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GERMINATION IN Pinus pinaster ATT
SUMMARY

Germination of seed of Pinus pinaster varies greatly in the nursery with
seedlot, ‘storage conditions, pretreatment and year of sowing. This bulletin
reports studies carried out to define a standard ‘testing technique which will
provide for precision and reliability in nursery sowing. ’ \

Germination behaviour was found to vary with season, temperature,.light,
environmental preconditioning, stratification and .genotype. The most suit-
able test procedure defined employs a seven day cold soak, three week strati-
fication at 3°C and four week incubation at' 15°C with 14 ‘hours’ light each
day. Precision in testing is dependent on correct subsampling of seed batches
and the provision of a light stimulus to the seed, during extraction from the
cone. ;

To obtain maximum .g:srmination in the nursery, pretre_ated seed should
be sown in August.. Stratification greatly improves the energy of germina-
tion but does not necessarily increase total germination. Germination may .
be seriously reduced if the seed does not receive a light stimulus before
sowing. - Normally, exposure during extraction from the cone is adequate. -
and surface drying of stratified seed in sunlight, pI'lOI‘ to dr1111ng, 7W111 over-
come further light deficiencies.

Germination was seriously 1mpa1re(t at temperatures above 20°C and
bzlow 15°C. The most favourable test temperature was 15°C no advantage
being obtained with fluetuating temperature regimes.

Germination for this species is a most complex and sensitive process.
Highly significant effects were associated with genotype and interactions
between genotype and environment while viable seéed was ' retained
on the tree. The .preconditioning. effects are not understood  but could i
1nﬂuence the economy Wlthm seed orchard management.

GERMINATIO’\I IN Pinus. pmaster AIT

I THE PROBLEM
Introduction

Pinus Pinaster is a forest tree species of commercial value in ‘southern
Europe, northern Africa, South Africa, southern Australia and South America
(Scott, 1962). Generally, seed has been plentiful and’ most art1ﬁc1a1 establish-
ment involves direct sowing into the field.-

~In Western Australia, this exotic .has been planted over. 40,000 acres
(16,000 ha) and extension proceeds at the rate of 2,000 to 4,000 acres (800 to.
1600 ha) per annum to a probable target of 150,000 acres (61,000 ha). Within
the State economy, the species has commercial value provided that. estabhsh-
ment and maintenance costs are kept to a2 minimum. : Machine planting of
,nursery raised seedlings has been found essentlal to these condltlons :

* Note: Metric equivalents are given in the text but not in accompanymg tables or
appendices.
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Problems are ‘associated with seedmg in- cultural practice. Dav1d and
Guerindon (1951) have shown that seed of Pinus vinaster is- subject to a
dormancy- condition. Further work: in Western Australia (Hopkins, 1960),
Uruguay (Bonilla and Rava 1963), South Africa (Donald, 1963) and France
(David, 1962; Guitton; 1965) indicates: that germination is considered to-be a
_ broblem throughout the range of use of the species. From published work
it appears that both: seed: coat inhibition and a: natural dormancy process may-
mﬂuence practical results. - Harding (1952) has also shown that mechanical
'treatment during. winnowing. may -significantly - influence: germination.

In:Western Australia. periods of up:to 12 weeks: have been associated with
germination of untreated seed. Total germination, measured over this perlod
has' varied from:20: to-80; nercent. with seedlot ‘and year. Pre-treatment by
cold: soaking and: stratification (Hopkins; - 1960) ' has. eﬁ‘ectlvely reduced the-
germmatlon* period within the. nursery and improved: uniformity in plant size.
“Percentage germination does however, still vary considerably with -seed ‘batch,
- length- of storage year of. sowing . and other unknown causes.

The: local plantation programme for Pinus pinaster recently increased from
2,000 to. 4,000 acres (800-to 1600-ha) per annum. This increase, coupled with
a-need to-reduce nursery and establishment costs and to plan for seed of orchard

* origin (Perry and I—Iopkms 1967); focussed further attention on seed perform-
ance. Recent problems stem- more from the need for a satisfactory procedure to-
predict germination percentages cobtainable in the nursery than from a desire
to-further inerease the. energy -and.total.germination.of any seed- batch

“The present bulletin is an-extension of work previously reported (Hopkins,
1960) -and is concerned with factors which: influence the germination of seed of
- Pinus pinaster of the Portuguese provenance. The report covers a scattered ser-
les-of experiments, carried out over -a period of years, with the cbjective of de-
" - veloping a standard testing technique effective inr predicting the correect amount
.of seed to sow in the nursery. Interesting behavioural patterns or responses to
temperature, light,” seed’ maturity, genotype and environment are reported.
These assist one to appreciate the extent of the problem associated with
handling seeds of this species. A:suitable technique for germination testing
has also resulted. ) : ’ '

This report does little towards exploring the physiology of germination in
the species and it is hoped that its presentation may stimulate research in
this field. Further explanation could lead to appreciable economies in im-
‘provement programmes conducted for the species in France, Portugal South
Africa and: Australia.

Previous Testing Procedure .

A Treliable ‘estimate of the germinative performance of any seed lot to be
sown is essential. for sound nursery practice: Without this- estimate the rate
of sowing cannot: be regilated with -any degree of certainty -and-spacing within
rows may. be too- close or excessive: Extremes- of spacing influence both
seedling survival in the field and; within: a large nursery -programme, economy-
of nursery space. Pinus pinaster in Western Australia is. sown.in August with
seed imported from Portugal. The germinative performance expected in Aug-
ust is predicted from- tests carried out some time in the preceding six months.
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The standard procedure used to determine germinative capacity has been
to test batches in six inch (15 cm) pots, filled with sand and standing in a
one inch (2.5 cm) depth of water. A clean sheet of glass is placed over the
pot, the seeds being lightly covered with sand. All tests were. carried out in
the open and a nine week germination period was employed. It had been -
suggested that this procedure simulates nursery conditions and provides an
estimate- of the number of plants which will develop, rather than a value
relating to seeds which will germinate to some extent but may not survive
nursery conditions. ’ : o

The technique is unwieldy and there is no reason why it should give a
superior figure for germination than that of many other simpler, artificial
procedures. David and Guerindon (1951) have recorded that the germination
of P. pinaster seed varies with season. Since the local tests have to be carried )
out prior to the month of sowing, the test results may have little direct bear-
Ing on the seasonal result in August. Although operators conducting the
standard testing at Como had commented that germination rate did appear
to vary with the incidence of cloudy or clear weather, no monthly calibration *
had been carried out tg ascertain the significance of seasonal variation to the
test procedure. ‘ )

Criticism of the technique led to the Seeds Branch carrying out monthly
comparisions in the periods 1958-59 and 1960-61. Variability in performance
with season was verified. In 1964 detailed studies into the germination .
behaviour of P. pinaster seed were initiated as backeground research to the iree
improvement programme for the species. This work continued into 1969 and
is considered to be completed from the current operational viewpoint.

(i) Tests of Standard Procedure

Monthly tests comparing the performance of five pots each containing 100 .
seeds of P. pinaster were carried out in the standard facilities at Como from
October 1958 to September 1959 and August . 1960 to July 1961. Different
seed batches, each recently imported from Portugal, were used in each casz. '
Pinus radiata and several other species were included in the trials for purposes
of comparison. For each monthly unit, counts were made at weekly intervals
for nine weeks. Results are expressed in Figure 1 to indicate germination for

-each monthly trial (commeneing date) as percentage of the -highest value

achieved during each twelve monthly period. . : ,
The maximum germination values obtained for' P. pinaster in the 1958-59

and 1960-61 trials were 76 and 84 per cent., respectively. Minimum values were
15 and 21 per cent., respectively. It is obvious from these ranges that poor choice
of the month for testing could lead to erroneous estimates of germination in
August and to expensive results in practice. ‘

From Figure 1 it can be seen that within a single year’s testing, variation
between months is. great. Variation is also considerable between results
obtained in any one month for the two years of testing. R

The data for P. radiata are included in the figure in an effort fo separate
seasonal effects from species trends. For P. radiata the general level of. germ-
ination is higher (maximum for 1958-59 and-1960-61 being 83 and 88 per cent.
respectively) and more even. The: differences between summer and winter
performance for both species follow a similar pattern.

(2)—75394 rd



mér'

80t

ot
=
T

, @
b=
T

'S P‘pinasier 1958—59‘
© .Ppinaster 1960 ~6)
A Pratiata 195859 -

A Pradiata  1960-86]

PERCENT OF MAXIMUM GERMINATION FOR.THE YEAR
o U
T

Figure 1.

. Variability in germination obtained by .sowing at monthly intervals in the open. Results
for both -P. pinaster and P. radiafa are compared over two separate twelve month periods.

Results revealed that monthly germination may depend on species, seed
' batch and ambient conditions (Figure 1).  From the data it appears safe to
say that the best time to test P. pinasier w1th the standard technlque is-in
April-May and July-August. The poorest time, wh1ch was for both species and
is hence probably assomated with ambient conditions, is during the months
October to January. Assuming that test conditions approximate nursery con-

AUG ‘ SEPT l ocT ]VNUV l DEC I JAN ] FEB IMARCH l APRIL] MAY IJUNE I JULYT

ditions the trial confirms the fact that July-August is the best time for

nursery sowing in j;he Perth Metropolitan region.
TABLE 1

Ratio (per cent) of Germma,tlon at Four Weeks to Germmatlon at Nine Weeks for Seed Tested
Monthly in Open Beds in Different Years.. Seed Batches Used in Separate Years are Different.

. » Month
“Year of Comparison - -
A’S‘O’N1D(J’F.M'1A‘M1J J
|

1
26 |67 |8 80,8
i

: : : : | .
1958-1959.... .. e | 771 89| 75|33 | 35|42
1960-1961.... ... | 37188 | 60|96 86 46'48 70 | 58 | 63 | 55
| 8 \
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In Table 1, the ratio of germination at four weeks to that at nine weeks is
calculated to compare the influence of season on germinative energy.
Agreement between years for any month is poor. -Of the 24 monthly values
cnly nine provide more than 70 per cent. of the total germination .(recorded
for that month) in a four week period.

These data illustrate the slow and erratic behaviour of P. pinaster seed
with season. The species is more difficult to. evaluate than P. radiata and a -
serious adverse effect on germmatlon is common to both species in early to
mid summer. It was not possible to ascertain whether this -adverse effect is
-of seed origin or due to ambient conditions. The latter would appear to, be
more logical since both species performed similarly under the conditions.

(ii) Tests on the Laboratory Bench

Preliminary . investigations were limited by facilities available and aimed
to define a reliable laboratory procedure for seed.testing. ‘While developing
techniques, monthly performance within the laboratory was compared to verify
previous results obtained under completely uncontrolled conditions.

Two separate seed batches, one collected and extracted locally and another
imported from Portugal, were compared. Five replications of 100 seed” units’
were germinated on filter paper in petri dishes, monthly, durmg 1965 and 1966.
Results are expressed in Figures 2 and 3.

’ e S.L.P. 195 - A §3352 1965
100 o SL.P. 1966 A\ §3352 1966

PERCENT GERMINATION (42 DAYS)

PN

\ - .
‘ FEB. "MARCH f APRIL [ MAY l JUNE ’ JULY ’ AUG. I‘SEF‘TA l 0cT. l NOV.’ DEC._]

- Figure 2.

Seasonal variation in two~ seed batches of P. pinaster
genninated in the lab
he bench, at monthly -intervals for two .consecutive years oratory, on
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‘ 42 -Days

80

PERCENT GERMINATION

S0

T T '
l FEB. IMARCH | APRIL | MAY [ JUNE IJULY l AUG. |SEPT. ] 0CT- l NOV. ‘ DEC. 1

Figure 3.

Progressmn of germination by season for 14, 28 and 42 day germination periods. Tests
: were carried out in petri dishes on the laboratory bench

The use of petri dishes.in a fixed position on the laboratory bench provided
some further degree of control to the testing system. It can be seen from
Figure 2, however, that monthly variation was still present. It followed the
same trend for each seed batch within. any one year but there was liitle
general relationship in the trends between years. Germination was best in
most tests in July and August and was consistently poor in summer. The

_ current trial provided completely different results for autumn each year reveal-
ing that, apart from the two periods mentioned above, monthly variation may
" be quite unpredictable. :

In Figure 3 it is shown that germination within petri dishes follows a
consistent pattern whether results are expressed for 14, 28 or 42 days. It is
therefore possible to further studies using a 14-day germination interval, if
trends are all that are required and if time for testing is a limiting factor.

Discussion .

‘ Prior to the present study, the complexity of germination behaviour . in
Pinus pinaster was not appreciated. The monthly variation under ambient
* conditions. represents a factor which can seriously affect operational results.
Early departmental work which separated August as the sowing date for this
species in Western Australia reﬂects a sound appra1sa1 of seed performance

10



under field conditions. Results from the current tests in open beds or on the
bench (Figures 1, 2 and 3) suggest that delaying this sowing date by only one
month in the Metropolitan area could lead to a serious deficiency in nursery
plants.

The experimental programme which developed to define a precise and
predictable germination technique is reported in sections concerning tempera-
ture, stratification, light and seed maturity and genotype. In fact, most
experiments were factorials and considered two or more of these factors at
any one time. To sort out the complexity found and to explain variable results,
‘the sectional presentation was considered to be most desirable and practical.

Testing Technique

All further work reported followed a standard procedure. Seed batches
used were maintained in cold storage at 4°C. Prior to testing, seed was

soaked in water at room temperature for seven days, all floating seed being
discarded. Where stratification is involved the soaked seed was placed in

polythene bags and maintained at 3° to 4°C for the required period.

Prior to testing, all seed was surface dried either in the sun or in a
forced draft at 30°C for four hours. It was then lightly dusted with Captan,
a fungicide. A test unit consisted of 100 seeds on filter paper placed on an
inverted watch glass contained in a 11.0 x 1.5 cm petfri dish. Water was added
to the dish as necessary and distributed over the filter paper by cotton wicks.

Counts were made at 7-day intervals, the seed with radicles developed to
at least the width of the seed being removed from the dish and recorded. Results
were expressed as percentages, transformed to angular arcsine and analysed
for (a) 14 day, (b) 28 day germination and (¢) germination energy ((a) divided
by (b)). ' ‘

Early studies were ¢arried out on the laboratory bench or in standard
incubators with no refrigerated control. Major studies were developed in a
specially constructed incubator which could maintain temperatures within the
range 5°C to 30°C. Twin circuits and a coupled time switch permit automatic
control of any two temperature regimes between these limits. Lighting can be
supplied by either fluorescent tubes (4 Mazda 40 watt daylight tubes at 18
inch distance) or incandescent lamps and can also be automatically controlled
to two schedules within each 24 hours. The incubator can accommodate 72
units for any one trial and provide temperature control to within one degree
centigrade. i

For later studies, several refrigerated cabinets centrolling fixed tempera-
tures from 5°C to 30°C were also available for use.

II. THE INFLUENCE OF TEMPERATURE
Introduction
The object of the study was to develop a testing procedure, for seed of
Pinus pinaster, which will provide precision of result for any month of testing.
The result obtained must also allow for a reasonably accurate prediction of
the total germination, obtainable from the seed batch, under nursery conditions.

11



Previous experience with germination behaviour and knowledge of con-
ditions pertaining to the ldboratory bench suggested that temperature was the
major factor influencing seasonal variation in results. An incubator was
cbtained and attempts were made to carry ocut monthly tests at a standard
temperature of 25°C. This temperature has been used to accelerate germination
of Pinus radiata and also was the lowest temperature that could be consistenly
maintained in the incubator, throughout the year.

The trials were a failure. Little or no germination could be-‘ obtained at

'25°C, mould often formed on the seed under incubated conditions and it became

obvious that no simple solution to the testing problem was available. As a
result, suitable germination cabinets were ordered to allow for testing over
a wide range of temperature and light conditions. Procedures to prevent
fungal contamination were developed and a reproducible test procedure was
evolved. Further trials were designed to fit the capability of testing equipment
as it became available. Initially, the test programme was focussed onto the
influence of temperature. : :

(i) Optimum Germination Temperatures

The failure of seed to germinate at 25°C and variability under ambient
conditions posed the initial question as to what is the optimum temperature
for germination. Monthly trials indicated that it should approximate the
July-August conditions in Perth.

An initial shortage of controlled temperature cabinets necessitated that
germination performance. over a wide temperature range be tested in several
trials. Results for a single large seed batch collected in South Lane Poole
Block, Gnangara, are presented in Table 2.

TABLE 2

Percentage Germination Obtained Within Different Tempe}ature Regimes. The Trials were
Carried out in April and June with Non-stratified Seed Collected in South Lane Poole Block.

Germination Temperature
Germination Period - -
15°C ‘ 20°C 1 25°C Ambient
14 days 27 } 10 1 19
28 days 75 | 48 4 58
Ratio (per cent) 36 l 21 ‘ 25 33

Seed was unstratified and results are combined from two trials carried
out in April and June. A temperature of 15°C proved most satisfactory and
temperatures above this depressed germination. At 25°C the depression was
severe and at 30°C zero-germination has been consistently obtained. The
latter result is not included in Table 2 as the separate trials at 30°C could
not be tied in with ambient conditions defined in Table 2.

From the 14 and 28 day ratios in Table 2 it appears that temperatures
which favour the highest germination percentage may also favour higher
germinative energy.

12



Results expressed in Table 3 refer to a further trial testing the suitability
of the 15°C temperature for two seed batches under both stratified and
unstratified conditions.

TABLE 3

Percentage Germination with Temperature, Seed Batch and Stratification.

Stratified Not stratified
Germination
period ’ |
: 15°C . 20°C Ambient 15°C \ 20°C ‘ Ambient
I
Seed S.L.P. 12/66
14 day 68 45 52 - 26 10 18
28 day e 89 75 86 78 69 48
Energy 76 60 61 33 15 37
Seed West Gironde
14 day o 62 4 52 19 5 12
28 day 90 73 92 72 37 73
Energy ‘ 69 56 57 26 14 16

Variation with seed batch is evident but for both lots the 15°C tempera-
ture provided maximum germination for both stratified and non-stratified seed.
With stratification the germination was greatly increased but no great inter-
action was  observed betwezn  stratification and temperature. Germinative
energy was favoured by stratification and, to a certain extent, by the opt1~

mum temperature.

(ii) Seed Lots

To finalise temperature, comparisons, use was made of four incubators
‘to test seed concurrently at 10°C, 15°C, 20°C and 25°C. Seven different seed
lots were .employed to obtain a general result for a wide range of seed condi-
tion. These lots consisted of both stratified and non-stratified seed from the
South Lane Poole and West Gironde seed production areas (Gi Ei So; Gi E;
S1; Gz E; So; G E; Sy) and stratified seed from both sources which had been
extracted without light exposure (G; E; S;; Gs» E, S,). The final batch was
unstratified seed imported direct from Portugal (Gs E: So). Inclusion of the
three different seed sourczs and variation in stratification and light satura-
tion was anticipated to cover as wide a range of germlnatlon possibilities
as could be met in practice.

Two replications of 100 seed units were employed for each of the 28
treatment combinations. Table 4 includes the 28 day results for each treat-
ment combinations.

13



TABLE 4

Percentage Germination Obtained for Seven Seed Lots under Four Fixed Temperature Regimes.

Germination Temperature
Seed Source

10°C 15°C 20°C 25°C

1. Imported Not Stratified (G; S,) o 3 37 - 25 13
2. S.L.P. Light. Not Stratified (G, E; S,) 5 61 52 13
3. W.G. Light. Not Stratified (G, E; S,) 2 62 52 15
4. S.L.P. Light. Stratified (G; E; S;) ... 12 70 64 19
5 W.G. Light. Stratified (G, E, S;) 8 - 65 - 73 24
6. S.L.P. No Light. Stratified (G; E, S)) 11 - 66 65 17
7. W.G. No Light. Stratified (G, E, S;) ... 6 48 60 - 26
Mean ... 6.4 57.0 56.6 18.1

Of the seven different seed bateh combinations tested, five provided the
highest germination at 15°C and two wzre highest at 20°C. Mean values
at the four temperatures for all batches were 6.4, 57.0, 56.6 and 18.1 per cent.
for 10°C, 15°C, 20°C and 25°C respectively. -

The two greatest discrepancies from an optimum at 15°C are associa-
ted with the West Gironde seed batch (sources 5 and 7). The. batch was
a large one collected from a heavily thinned stand of 12 year old trees. It
was collected at the same time as sourcz G from South Lane Poole which
is a heavily thinned stand of 26 years of age. The original seed for both
stands was imported from Portugal in different shipments. All seed handling
from time of collection was identical for the two batches.

It will be noted in Table 3 that an earlier collection from the West Gironde
seed production area gave significantly better germination at 15°C than at
20°C in a previous t;ial.

Results in Table 4 do not however, vary with seed origin alone. Results for
treatments 3 and 5 (G. E; S and G: E; S;) indicate that stratification
has altered the germination response to temperature in the West Gironde
seed. Results for treatments 4 and 6 (G; E; S, and G: E, S;) suggest that
exposure of seed to light during extraction may also influence the response of
germination to temperature. These data reveal that temperature is not the
only factor to be considered in a standard testing programme and that a
suitable standard temperature must be the one which favours most practical
seed conditions and not necessarily all seed conditions.

Data provided in Tables 3 and 4 indicate conclusively that a temperature
range of 15° to 20°C is desirable for a standard test procedure for P. pinaster
in Western Australia. Consideration of the individual responses of the seven
seed lots in Table 4 and those in Table 3, representative of a wide range of
batch and handling conditions, indicates that the most favourable and consistent
reponse was obtained at 15°C. This is considered to be the most suitable single
temperature for standard test purposes.

14



(iii) Maximum Germination

Apart from tasting fixed tamperatures during germination, trials were made
with fluctuating day and night temperatures of 20°C day and 5°C night and
20°C day and 10°C night. Fluctuating tempsratures are more realistic and have
often proved most beneficial in studies with other conifer seed. The temperature
combinations tested were an attempt to approximate the normal ambient
conditions in August when germination on the bench or, in the open, reaches
a maximum value.

The fluctuating temperature regimes were either not as good as the 15°C
fixed temperature or no better. Details of the trials are not reported as they
offer no advantage over the material already considered.

The final consideration of temperature effects in seced testing technigues
must. be the precision in testing under the standard temperature conditions
and the relation that test results have to the maximum under ambient cond:i-
tions, i.e. whether testing at 15°C in a cabinet provides consistently reliable
values which are equivalent to the values expected in the nursery.

Germination at 15°C was compared with germination on the bench for a
number of monthly periods. Results are expressed in Table 5.

TABLE 5

Comparison of Percentage Germination at 15°C with Ambient Conditions

Stratified } Non-Stratified
Month i ; |
of 15°C Ambient | 15°C | Ambient
Testing i
14 day | 28 day | 14 day ’ 28 day | 14 day | 28 day | 14 day { 28 day
| . .
Seed S.L.P. 12/66
April ... e | e l 28 71 19 47
June .. .. | 68 | 89 52 | 86 2 | 78 18 69
July ... - 29 82 13 59
September  ...| 79 91 | 80 9 37 82 39 85
Octoler e | e ‘ 27 82 31 79
Seed West Gironde
April .. ] . | S 20 59 5 “34
June ... 62 90 52 92 19 72 12 73
July ... . | 85 95 65 87
September 83 97 |79 92 38 82 19 73
October I 16 72 20 73
i |

Results for both stratified and non-stratified seed at 15°C in Table 5 are
reasonably uniform within each seed batch and treatment. They are equivalent
to the maximum germination obtained on the bench. Results for April at 15°C
are inexplicably low and must be related to a variation in cabinet technique. '
This point will be discussed in the report concerning light requirements.
Results from June to October in the cabinet were carried out with a constant
light exposure during germination. ’ V
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Figure 4.

Variation of germination percentages with season from tests within a cabinet at 15°C and
on the bench under ambient conditions. Results for April in the cabinet were obtained
’ with no control of light.

Figure 4 plots the results obtained for South Lane Poole, unstratified seed,
in the cabinet, against results obtained each month on the bench. These
data were analysed to show a highly significant month by temperature inter-
action. Except for the April value however, the results in the cabinet do. not
vary significantly with month.

Discussion

The complexity of the nature of germination in seed of P. pinaster is illus-
trated by the foregoing experiments. Seed source, year of collection, stratifica-
tion and possibly light have complicated a simple definition of the most suitable
temperature on which to base standard test procedures.

. In commencing the temperature study, it was assumed that this factor
had the greatest single influence on germination under standardised procedure.
This has generally proved so and a range of 15 to 20°C can be definitely
delineated as the most acceptable for practice. Most evidence supports the
use of a temperature of 15°C for a standard testing medium. It has been
suggested that variable performances, at this temperature, may be controlled
by standardising other aspects of the testing procedure, i.e. stratification and
light. These aspects are to be considered further in the report.
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Repeated results with two large seed batches which are representative of
local seed stand production (Table 5) indicate that testing at 15°C for at
least part of the year can provide reasonrable precision and accurate estimates
of the maximum germination obtainable under ambient conditions.

The introduction of variable factors such as stratification and light and
seed batches into this treatment of temperature response was unavoidable. It
was essential to test a wide range of seed conditions to devise a useful stan-
dard testing technique. If a broad spectrum of seed had not been employed and
a single batch had been tested, results obtained may have been misleading in
general application.

In particular the response of seed from the West Gironde production
area to 15° and 20°C temperature, for different years of collection, is em-
phasized (Tables 3 and 4). All trials were carefully implemented and replication
within treatments provided minimum variation. Results were statistically
analysed and there can be no doubt that treatment effects are real. This will
become obvicus when further factors influencing germination have been dis-
cussed in Section V. '

Conclusion

For standard testing of seed of Pinus pinaster in Western Australia a
tempsrature of 15°C is recqmmended. Temperatures below 15°C and above
'20°C may drastically restrict germination.

III. THE INFLUENCE OF STRATIFICATION
Introduction

Hopkins (1960) has shown that stratification is beneficial to germination
for the seed of the Portuguese provenance of Pinus pinaster. This determina-
tion supports previous knowledge concerning germination stimulation in the
Landes provenance of the species (David and Guerindon, 1951) although
stratification procedures varied somewhat in treatment times for the two
provenances. An eight day soaking followed by seven to nine weeks stratifica~
tion was found optimum for the Portuguese seed; longer stratification times
proved less efficient. Both the cold soak and the stratification process were
important.

From the initial work (Hopkins, 1960) it was recommended that further
trials with a number of seed batches were desirable to separate a general
reatment period suitable for routine seed. -This report concerns further
work carried out, since 1960, to define a general stratification procedure for
operational use and ‘standard testing procedures.

(i) Stratification Period

In the period 1958 to 1963 stratification trials were conducted annually
with the seed of P. pinaster used for nursery sowing. All ftrials produced
beneficial results from stratification, the improvement obtained being of a
magnitude- sufficient to recommend the procedure as a standard nursery

prescription. The following points arising from these trials required recogni-
tion:— -

17



- (1) An_eight day pre-soaking period proved superior to shorter
‘ periods.

(2) Soaking alone may have beneficial effects on the early results
of germination.

(3) Soaking plus three to six weeks stratification at 3°C appeared to
be optimum for the range of seed batches tested.

(4) Periods of cold storage of longer than nine weeks duration may
depress germination below the maximum obtainable with shorter
storage periods.

(5) Storage in polythene bags during the cold period is more satis-
factory than packing in calico bags and a moist medium.

(6) Drying the seed naturally, following stratification, is acceptable
but drying by electrical means has, in some instances, resulted
in a depression in germination percentage.

Treatment response has shown considerable variation with different seed
lots. Combined with rather variable results with respect to length of cold
storage, the overall data still leave some doubt as to the optimum treatment
for routine working. ‘A further trial was conducted in 1964 to clarify this
aspect.

Three imported seed batches, serials 3056, 3181 and 2875 were employed.
The batches provided germination percentages of 85.6, 31.2 and 36.6 respec-
tively, following a nine week germination period in sand flats. The following
treatments were compared for each seed batch:—

(1) Control. ‘

(2) 8 days soak.

(3) 8 days soak -+ 2 weeks cold storage at 3.4°C.
(4) 8 days soak + 4 weeks cold storage at 3.4°C.
(6) 8 days soak + 6 weeks cold Storage at 3.4°C.
(6) 8 days soak + 8 weeks cold storage at 3.4°C.
(7) 8 days soak 4+ 10 weeks cold storage at 3.4°C.

Soaking and placement in cold storage were arranged to allow all treat-
ments to be completed on the same date.

Germination tests were carried out in petri dishes on the laboratory
bench. Six replications of 100 seed units were provided for each treatment

and results were tabulated for 7, 14, 21 and 28 days after commencement. .

The tests were carried out within the period September 28 to October 26. -

Results for total germination at 7, 14, 21 and 28 day periods were
transformed and analysed. Replication differences were not significant except
at the seven day count. Significance at the 0.01 level was found for seed and
treatment effects and for the seed by treatment interaction at each period
of assessment. Mean percentage values for each treatment are compared in
Figure 5. Results for the 14 and 28 day veriods are presented as Table 6.
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CERMINATION AT 7 DAYS

0
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GERMINATION AT 14 DAYS

GERMINATION PERCENT
=

GERMINATION AT 21 DAYS

90

0
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- GERMINATION AT 28 DAYS

TREATMENTS

1-1. conTroL
2.50AK

3. SOAK+ 2 WEEK COLD

_ 4. SOAK+ 4 WEEK COLD

6. SOAK +8 WEEK COLD

7. SOAK+10 WEEK COLD

Varlatmn of germmatlon obtained- for three seed lots under seven soaking and strati-

5.SOAK+ 6° WEEK COLD
- Figure 5.

ﬁcatxon treatments
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With a seven days germination period the effects of treatment tended

to increase with the length of cold storage (Figure 5). This effect is also

apparent after 14 days when a depressing effect for treatment 7 (10 weeks
cold storage) in serial 2875 is more pronounced and significantly different
0.01 level) to treatment 6. Treatment 5 for serial 3056 is also out of sequence
and significantly less than treatments 4 and 6. This latter result must reflect

an error in procedure. Up to 14 days, treatment 6 is definitely the superior
TABLE 6

Mean Germination Percentages for Stratification Treatments at the 14 and 28 Day Measurement
. ’ ‘ : Periods )

i

14 day Period 28 day Period

Treatment No. | . Seed lot o ' Seed lot
3056 3181 2875 Mean 3056 3181 2875 Mean
1 34.2 5.5 0.9 9.8 | 80.4 | 26.2 | 201 | 418
2. 48.7 8.6 14.2 21.9 73.2 20.3 24.7 38.6
3. 42.9 16.9 19.3 25.6 69.7 25.3 28.2 .| 40.6
4. 56.4 27.6 25.8 35.9 80.5 32.3|.°29.2 47.7
5. 39.6 24.2 26.4 . 29.8 60.9 28.4 27.8 38.6
6. 62.2 33.4 35.6 43.6 | 73.0 37.6 39.8 50.2
1. - 62.8 32.7 24.4° 39.4 44.8

70.6 | 34.4 29.5
! .

At°28 days (Table 6 and Figure 5) no treatments in seed lot 3056 sur-
passed the control and treatments 3, 5 and 7 were significantly lower ‘than
the control. All treatments except 2 in serial 2875 were significantly greater
than the control and in serial 3181 treatments 4, 6 and 7 were significantly
better than the control. ,

) On considering ‘the range of freatments investigated, treatment 4 (soak
plus four weeks cold storage) appears best suited to all seed batches. This
treatment provided highly significani increases over the control for the three
serials up to 14 days and for two serials up to 28 days. For germination
periods longer than seven days, no other treatment gave results that were
consistently and significantly higher. ) ’

TABLE 7

Percenfa.ge, of the Maximum Germination Achieved as Obtained With and Without Treatment

' Serial 3056 Seria.l‘3181 - Serial 2875
Treatment ‘ { - Daily Pex}ioéil of Germination
I7‘14\21'28 7‘14’21'28 7|14 21‘28
1. Gontrol 10|43 ’ 90 1100 | 0| 15|50 |69 0! 3|38]50
- 4. Scak 4 4 weeks 43 | 71 | 93 1.00 38 | 73| 82 | 85 || 47 , 70 7T 79
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The improvement resulting from treatment can be readily appreciated from
Table 7. Stratification has greatly accelerated the germination rate in all
serials. For two serials the germination percentage was increased, over the
total period, with treatment. ’ '

The trial clearly illustrates the advantage available from pre-treating
seed. For poor seed, both the rate and total germination may be increased over.
any practical field germination period. With good seed (3056) the total germina-
tion may be similar for treated and non-treated seed after a month but the
rate, or germination energy, is increased greatly by pre-treatment. This latter
aspect is important when considering survival in- the nursery, timing for post
emergent nursery operations and uniformity of nursery stock. . For the three

" seed lots tested, soaking plus four weeks cold storage gave over 70 per cent. of
the possible germination in 14 days, exceeding the control value by approx1-
mately two, five, and 20 times for different seed ‘batches (Table 7).

" The 51gmﬁca.nt depression in total germmatlon obtained in some treatments
with the good seed (serial 3056) can be explained. Some seed had commenced
to germinate on removing treatments from the refrigerator. On drymg, this
was killed and only a part of the total germination could be obtained
with testing. This effect has consistently been recorded with good seed
and is a problem which could be met in operations. It can be avoided by
using cold storage temperatures of 2°C, instead- of the 3.4°C used in the
trial, and limiting length of storage to four weeks maximum. Since most -
routine seed to be available in future will have only minor dormancy prob-
lems, the eight day soak plus four weeks cold storage at 2°C is the recom-
mended treatment.

(ii) Drying Following Treatment

In all experiments reported in t_h.is\bulletin stratified seed was surface
dried prior to testing. Drying normally consisted of exposure in open. dishes
in the sunlight or four hours exposure at 30°C in a forced draft drying
cabinet. :

The object of drying is to permit dusting with minimum quantities of
fungicide prior to setting up each germination trial. Under operational con-
ditions, seed drying is required to permit application of the fungicide and
to allow smooth tracking through the seed drill when sowing. When drying,
the criterion has always been to surface dry the seed rather than reduce
it to a definite moisture content. Sowing is within several days of drying
and no depression of the stratification effect results for the condition men-
tioned. Drying at higher temperatures and for longer periods in an electri-
cally operated cabinet has caused depression from the maximum germination
in one or two instances. .This is probably the result of heat induced dormancy.

" The dusted, surface dried, stratified seed has been . stored at a tempera-
ture of 4°C for two months with no depression in germinafion. -Other con-
" ditions of drying and post treatment storage have not been tested as they
have no place in operational practice.. Air drying at low temperatures and
sowing as soon after treatment as possible is recommended practice.
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(zzz) Seed Source and Tempemture

Significant interactions between seed source and the degree .of response
to stratiﬁcation"ocqurred in -the previous trials. 'The fact that this may be

& real effect is verified in a further trial.

Seed sources G: and G. were compared stratified (S;) and unstratified
(80) for Germination temperatures of '10°C, 15°C, 20°C and 25°C. A highly
significant interaction between stratification szed source and temperature was
recorded. - I can be seen in Figure 6 that stratification has greatly improved
the germination percentage for the one batch of seed at 20°C and 25°C. This

effect is pronounced with the Gz‘séed source. . -

80 ( Lo
‘ . —A SEED .LOTS
: — \
0 F - . /p. \\\\\\ . ;/,/ \ o G§
S oa—— T el . ..
/ A ~~~a \ ®°GS,)
. / . . .

0F . : A 6,5
& 50+
=
<C
=
=
oz
B 40k
]
=
|25}
f)
= .
o 30

20 +

10

0 S - - 1 it 5

10C . i5C . 200 25C
GERMINATION = TEMPERATURE '
: . . Figure 6.
The influence of stratification on germination at limiting and non-limiting germination
s temperatures.

Discussion

From Figure 6 it can be seen i;hat stratification improves seed performance 2
. over the whole range of effective germination femperatures ffom 10°C to 25°C.

The use of stratification as an operational procedure can be expected to be
beneficial under any ambient germination condition. - R

‘The seed sourcs by stratification interaction ‘(variation in efficiency of
response with seed lots) is common. It was-shown in the first experiment
(i’ that this efféct produces no complications in routine practice so long
as unduly long cold exposure periods. are not used. ‘
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Studies carried out were not designed to identify the physiological effects
of stratification on P. pinaster seed. It has been shoewn however, that straight
soaking can be beneficial to early germination responses. Also seed can be
soaked for at least up to 14 days without any serious depression on viability.
It would appear therefore that part of the stratification function is to assist
imbibition through a reasonably thick and impermeable seed 'coat.

Stratification provides for rapid germination and most efficient germination
over a wide range of temperature conditions. It will also be ~seen from
Chapter IV that the stratification stimulus may operate independently to a
light stimulus. . .

Many of the past problems met with in Western Australian nursery practice
concerning low germination appear to be connected with poor storage conditions.
Seed collected locally and recent importations ffom Portugal provide germina-
tion precentages in éxcess of 80 per cent. Full-sib seed produced in the breeding
programme, on removing the empty or non-viable seeds which float-on water,
give germination percentagés of 95 to 100 with stratification. Since past
storage has been at room temperature, for pericds up to four years, and no
attempt has been made to control moisture content during storage, decline in
viability and .dormancy can be expected. Seed imported from Portugal has
been tested to record. over 10 per cent. moisture while in storage. Facilities
have now been provided to store seed at 2 to 3°C with moisture content
adjusted to below eight per cent.

Conclusions

. Stratification is beneficial to germination in Pinus pinaster seed. A treat-
ment comprising eight days cold soaking followed by four weeks stratification
at 3°C is recommended for routine practice.

It has been shown experlmentally ‘that stratification may interact s1gmﬁ-'
cantly with seed lots and temperature.

IV. THE INFLUENCE OF LIGHT
Introduction '

Investigations to determine conditions optimum for germination testing
of ' Pinus pinaster seed have revealed that both stratification following cold
soaking and a constant temperature of 15°C. are required. A further factor,
light, was considered worthy of investigation.

In practice, P. pinaster is covered following sowing and light during the
germination period is not considered an operative feature. In testing, however,

- variable cabinet desigh and different handling techniques.normally expose the

germinating seed to light at some stage of the investigation. The reason for

" the present phase-of the study programme was to determine favourable light

conditions which allow uniform and prec1se testing procedures under artificial -
conditions. ,

There is no previous published report concerning the positive effects of
light on P. pinaster germination. From the general literature it is obvious- that
light of varying wave length and periods of exposure can influence the
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germinative performance of many seeds. Despite the fact that no factual
evidence ex1sted to show that this was the cast with P. pinaster, some light
influence- was suspected. Although much of the variability associated with
seasonal germination of P. pinaster can be removed by stratification and the
use of favourable temperatures, minor inexplicable discrepancies in testing
still have occurred from time to time (i.e., results for April in Table 5). It
was believed these were related to a light effect.

For standard testing, a cabinet temperature of 15°C and 14 hours fluorescent
light per day has been adopted. This lighting provided a constant standard
condition. which was convenient for testing with the facilities available and
which certainly does not prevent satisfactory test results. With the possibility
of testing under other cabinet conditions it is essential to determine whether
altera,tmn in the light condltlons would significantly influence test results.

Investigations into light effects were carried out concurrently with tempera-
ture and stratification investigations.  The report on this work is hence not
separate from the previous two reports provided but is an adjunct to them.
All studies were factorials incorporating temperature, stratification, light and
often seed source. This section w111 emphasize and attempt to deﬁne the mﬂu-
ence of the hght factor.

(i) Preliminary.Investigations

Prior to obtaining a suitable controlled incubator, several trials
carried out on the bench provided for complete exposure to window light
during germination (the normal practlce) and complete exclusion of light.
Althcugh’ it appeared that light during germination had some beneficial
influence, results within tests were extremely variable and inconeclusive. These
inconsistencies - were considered to be associated with the variable -ambient
conditions on the bench and, possibly, with differences in seed batches. To
define the situation it was decided to commence from the beginning, to use
seed which had never been exposed to light and to work within a factorial
framework. .

(ii) Exposure Trials

In September 1966, a large batch of cones was collected from the South
Lane Poole seed production area. Seed was extracted in an electrically operated
kiln with half the cones in opaque bags to prevent exposure to light. The
seed from these cones was extracted and stored.in the dark .(E,). The other
half of the cones was extracted, cleaned and stored Wlth the normal exposure
to Wmdow light (E;).

A tr1a1 was designed to compare the Eo and E; seed with stratification (S)),
without stratification -(Se), with light during germination (I,) and  without
light during germination Iy). Three replications of 100 seed units were
employed and treatments were compared on the bench (T.) in December and
simultaneously in the cabinet (Ty,) with 20°C day and 10°C night temperature.

On the bench, light (Iﬁ) was normal window light. In the cabinet
fluorescent lighting was provided during the 14 hour day period. A green safe
light was used in setting up and counting the. units, as necessary.
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Treatment levels compared were:—
Temperature—
To—ambient cond;tlons on the bench
T:—20°C day (14 hour) and 10°C night.
Exposure—
E,—seed extracted and stored in dark.
E,—seed extracted with window light.
Stratification—
S¢—not stratified.
Si—stratified.
Light— \
Le—no light during germination.
L;—14. hours light per day during germination.

Preliminary analysis of the 14 and 28 day germination results showed a
s1gn1ﬁcant third order interaction. This can be rartly explained by the differ-
ent light conditions used on the bench and in the cabinet. The trial was
therefore evaluated as two factorials (Table 8), .one under bench conditions
(T.) and one under controlled cabinet conditions (Ty).

TABLE '8

Analyses for Trials Comparing Pre-Exposure (E) Stratification (S) and Light (L) During Germin-
ation on the Bench and in the Cabinet

Significance
) Degrees :
Source of Variation of Cabinet Bench
Freedom
14 Day 28 Day 14 Day 28 Day

E... . 1 .01 .01 ' 1) R 13
S .. 1 .01 .01 - .01 .01
Lo 1 .01 .01 .01 - .01
ExS -1 .01 .01 .01 .01
ExL .. 1 .01 .01 ’ .01 .01
SxL 1. N.S. N.S. .05 N.S.
ExSxL ) 1 .05 N.S. .01 .01
Residual . ....- 14 ) v

Blocks ... . .. 2 N.S. N.S. N.8. N.S.

Generally, germination under cabinet temperatures was slightly superior
to that on the bench. 'The greatest portion of the treatment variation was
accounted for by exposure (SS = 1550) with stratification (SS — 317) of
lower importance. For both the cabinet and the bench trials the highest
germination was obtained by the E, S; I, and E:; S; Lo treatments which
varied only within a range of 69 to 74 per cent. The lowest germinations were
. obtained in the E; So-Io and Eo S: Lo treatments in both cases. These values
were approximately seven per cent.

Both the E X L and E X S 1nLera.ct1ons ‘were h1gh1y significant; the
L X S interaction was not 51gn1ﬁcant The nature-of these interactions is
displayed in Figure 7. ) ' '
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exposure of seed and light during germznatlon

_ pre-

Within -the E X L interaction, the major influence is due to exposure.
Under both bench and cabinet conditions' seed exposed during extraction but
without light during germination (E; Lo) provided superior germinations tec

In the cabinet a similar high germina-

tion value was obtained by the exposed seed with or without light. On the
bench, where it is known that temperature was limiting, light during germ-

ination did improve the performance of the exposed seed.

For unexposed

seed without light (E, Lo¢) germination was almost a complete failure and light
during germination, Whether artificial or window light, greatly 1mproved the
germination.

unexpected.

during extraction
superior stimulus to the almost constant light during the 28 day germination
period. P. pinaster seed normally used on an operational scale is extracted
in sunlight and would receive adequate pregermination exposure

The eftect of exposure during seed ‘extraction is . dramatic and quite
Under both the cabinet and bench conditions, light exposure

(several hours window light at the most) provided a

The E X S interaction in Figure 7 shows that stratification improves

germination. of unexposed seed to some extent but has. a much -greater
improvement with exposed seed. It would appear that stratification and pre--
exposure of seed have separate and independent . influences on stimulating
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germination. © The response was greatest with seed tested under limiting
temperature conditions on the bench and a further influence of E X 8 X T
is probable. o

. From the 8 X L interaction expressed in Figure 7, it is obvious that light
during germination significantly increased germination for both stratified and
non-stratified seed. ’

These results, provided with adequate replication and duplication under
near optimum and limiting temperature conditions, leave little doubt of the
Importance of light to germination in P. pinaster. Fluorescent light and
window light provided similar effects but were not as effective as light exposure
during seed extraction. For exposed seed the pre-exposure completely replaced
any further effect of light during germination, at near optimum germination
temperature conditions. The importance of ensuring that seed has adequate
exposure during extraction is obvious.

Inconsistencies of previous trials are acceptable with knowledge provided
by the present study. Most seed tested previously had been extracted in
sunlight and pre-exposure should have been adequate. Variability in trial
results could have arisen with differences - in stratification, light and
temperature conditions. .

It was considered essential to confirm the exposure effects for a range of
different seed batches. This required seed extracted without exposure to
light and could not be accommodated until a new cone crop was ripe in the
following spring. In the interim period, two additional trials were conducted
with the 1966 seed to further investigate effects of stratification and temperature.

(#ii) Light During Stratification

Prior to stratification, seed is cold soaked for seven to 10 days. It has been
reported that brief light exposures during stratification or while the seed is
in an imbibed condition may materially influence germination response (Nyman,
1963; Ackerman and Farrar, 1965). A trial was carried out to determine ~
‘whether light exposure during soaking or stratification, and different stratifica-
tion periods, could produce variation in standard testing procedures. .

Both exposed (E:) and unexposed seed (E,) was stratified for three periods
of two weeks (8;) four weeks (S:) ‘and six weeks (S;) respectively. During the
first week of the stratification, seed was exposed to both window and incandes-
cent light for zero time (P.), two hours (P and 10 hours (P,). The 18 treat-
ments were germinated with light in the cabinet at 20°C day and 10°C night
temperatures for four weeks. Three replicates of 100 seed units were employed.

No interaction proved significant after a 28 day germination period. Means
for main effects were as follows:—

E, = 60.9 ' S; = 63.0 P, = 65.9
E, = 69.8 S; = 674 , P = 654
S; = 65.7 , P. = 64.6

Only the exposure main effect (E) proved to be significant. Neither light
exposure during stratification nor length of stratification period had any real
affect on decreasing the affect of lack of exposure during extraction. This
statement is made with the reservation ‘that some stratification was proved

" beneficial in the previous trial. The current trial purely shows that a two week
period of stratification, with light during the germination period, is adequate
to provide stratification requirements. Further, light during stratification in
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this trial was only supplementary to some window light received in the cabinet
during germination. It had no benefit over the brief exposure to window light
during extraction.

(iv) Temperature

The unexposed (Eo) and exposed (E;) seed was compared stratified (S;) and
unstratified (S,) under the three temperature. conditions of 15°C (T,), ambient
in February (T:) and 25°C (T;). Germination was evaluated only over a 14
‘day period.

The interaction between exposure and stratification was significant, the
stratification being more effective on exposed seed, as in Figure 7 for trial (ii).
Mean germination percentages for main effects were as follows:—

E, = 83 S, = 11.3 © Ty (15°C) = 35.6
E, = 28.8 S, = 25.8 T, (ambient) — 10.4
' T; (25°C) = 9.7

Very real effects of exposure, stratification and temperature were recorded.
1t should be noted that the 28 day result for the E X S interaction in the
previous trial (iii) was just not significant. At 14 days it was highly significant,
as with the present result.

A mean germination of 71 per cent. was obtalned in the E1 S: T, treatment
at 14 days. This was comparable with the best result obtained in the first
exposure trial (i) for the same germination period. The current trial confirms
results in the previous trials while showing that the same limiting temperature
conditions apply to both. exposed and unexposed seed.

(v) Different Seed Batches

In September 1967 two separate seed batches, one from the South Lane
Poole seed stand (Gy) -and "one from the West Gironde stand (G.) were
‘collected, extracted and stored as pre-exposed (E;) and unexposed (B, lots.
Germination was compared: in the cabinet at 15°C for stratified (S.) and -
unstratified (So) condifions with no light (I.,) and 14 hours fluorescent light
per day (1,). Three replications of 100 seed units were employed for each of
the 16 treatments compared. When necessary, the (E,) and (I,) treatments
were manipulated and counted under a green safe light.

Results for analyses of the 28 day germination counts are set cut in Table 9.

Mean percentage germination at 28 days for the experimental main effects
were as follows:—
G, = 359 ' Eo = 251 S, = 321 L, = 20.6
G: = 39.1 E;: = 49.8 S1 = 432 L, = 545

For germinative energy, the E X S interaction was significant. Differences
between seed batches were not found to be significant in analyses.

Results for the E X S X L interaction for both the 14 day and 28 day
counts are shown in Figure 8. At 14 days the highly significant effect of
stratification on E; seed is paramount. At 28 days, results are quite regular
showing definite advantage for stratification, light and exposure.

Results for individual seed batches in the 1967 trial and the 1966 South
Lane Poole seed treated in the cabinet (Gs) are compared in Figure 9. 'The
very real effect of pre-exposure (E,;) con germination is evident for all three
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batches. ' Maximum germination was_obtained in all cases with pre-exposure,
stratification and light during germination. Without pre-exposure or light,
germination was a virtual failure even with stratification. Stratification is ob-
viously not a replacement stimulus for the light effect but exposure and light
can provide a major stimulus in the absence of stratification.

TABLE 9
Ana]ysés of Results for the 1967 Seed Exposure Studies

Significance
Source of Variation Dl‘ggregs of ] -
reedom 28 Day Germination
Germination Energy

Source ... G 1 N.S. N.S.
Exposure B 1 .01 .01
Stratification ... S 1 .01 .01
Light ... L. 1 .01 .05
G xS .. 1 N.S. N.S.
GxE .. . 1 N.S. N.S.
GxL .. 1 N.S. N.S.
SxE . 1 N.S. .01
SxL .. 1 N.S. N.S.
ExL .. 1 .01 N.S.
GxSxE 1 N.S. N.S.
GxS8SxL 1 N.S. N.S.
GxExL 1 N.S. N.S.
SxExL 1 N.S. N.S.
Residual 30

Blocks ... S 2 N.8. N.S.

The value of Figure 9, apart from confirming general results in both
trials, is to observe the variable effect of seed source on results. Seed sources
1 and 3 were from the same seed stand collected in different years. A major
difference in results between these two lots is for the exposed (E;) seed. In
1966 it appeared that pre-exposure fully provided the light requirement under
cabinet conditions but not on the bench (Figure 7). The same seed source in.the
1967 collection, and the West Gironde seed source, reveal however, that pre-
exposure may not necessarily provide total light requirements. Light during
germination was as effective as pre-exposure.

Differences in response with year from the South Lane Poole seed could
have been due to different pre-exposures. or environmental by source inter-
actions. The following report on variation in germination with seed maturity
would suggest that the latter possibility is the pertinent one. Pre- exposure in
1967 and 1966 was identical from all experimental considerations.

Discussion

These trials demonstrate without doubt that light is .a factor of major
importance to- P. pinaster germination. Light may influence germination
results whether exposure is during seed extraction and cleaning or during
the actual germination process. The E X L interaction obtained in exposure
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germination and stratification obtained in the

R_,esults are means for two separate seed batches tested.

trials (i) and (v) were highly significant and incorporated different seed

lots and different temperature regimes.

This interaction for trial (v) is of

similar trend to that displayed for germination at ambient temperature in

Figure 17.

response. to irradiation obtained.

Pre-exposure and light were not consistently equivalent in effect
‘nor was either means of irradiation consistently associated with the total
Perhaps the most significant result of

the whole study is the effect that a brief exposure of indirect window light,

during seed drying and extraction from the cone, has on the ovarall behaviour

of germination.

In normal operatlons seed is extracted from. the cones by exposing them

to the sun for several days.
than that provided in the trial.

This degree of exposure is infinitely greater
Several pilot frials comparing light during

germination with no light, for such seed, produced conflicting results for a

light cffect.

It is possible that exposure during natural seed extraction may
fully satisfy the light requirement of the species.

Stratification -does not replace the light effect but may mteract to pro-

duce a greater response with light freatments.

This effect is not great after

28 days’ germination and, for light saturated seed, may not be a significant

effect.
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brobably reflect the exposure by stratification by temperature interactions
obtained in current trials.

This work by no means explains the mechanism .of stimuli by light and
stratification on seed germination. It does in fact open up a most interest-
ing field for basic study. Trials have been adequate to show that light is
a major factor in the germination process of P. pinaster seed. For routine

- testing it is essential to see that seed receives adequate exposure before
storage or testing. Probably this exposure should be by sunlight when the
seed is at a high moisture content. It is also. considered that light during
routine testing is to be recommended. This exposure would not lower germi-
nation results and, in limiting circumstances, may increase them slightly and
lead to precision in testing (Figure 4).

Conclusion

Light is a major factor which influences the germination of P. pinaster
seed. Natural extraction and stratification probably ensure that light exposure
is not limiting to germination in nursery beds. . In standard testing techniques
it is considered advisable to provide light during the germinative period.

V. THE INFLUENCE OF SEED MATURITY AND GENOTYPE
Introduction

Within the tree improvement programme in Western Australia it is general
practice to collect hand-pollinated cones of Pinus pinaster in October and
November and to extract the seed directly, following drying in the sun. Even
in extremely hot, dry summers, cones do not naturally open and commence to
shed seed from the tree before early December. Local collection practice is
hence based on the premises that maximum ripening time under natural
conditions is desirable. Results from such collections have given no reasons to
doubt this premise and, combined with the relative ease of drying and extraction
at the particular time of the year, cone collection in early summer is a
satisfactory practice.

The practice of taking cones from the tree earlier than spring offers some
operational advantages. Early collection from the orchard reduces the time
of exposure to birds and hence could restrict cone losses by cockatoos ( Calyptor-
hynchus baudinii). The ability to use immature cones dropped to the ground
by birds could markedly reduce collection costs in plus stands. Collection
during the extended period March to October could also make better use of
labour available for seed collection.

Early studies of cone maturity showed promise but ‘were not replicated
or sufficiently well-designed to serve as a basis for operations. In 1967 a
further study was carried out to positively determine the earliest month in
which cones could be satisfactorily removed from the tree for operational seed
extraction. This study revealed that conditions for cone maturation markedly
influenced germination results.

Procedure

All collections tested were made in 1967 from clones planted in 1959 and
1960 in the Neaves Road Scion Arboretum. :
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To allow for tree to tree variation, five cones from the grafted clones
E19, E22, E32, E37 and 10 cones from E24 and E47 were collected each month
from January to October. Each clone was represented by at least ten ramets
and it was possible to. pick large, healthy cones throughout the study.

Following collection, cones for each clone were retained separately in
ventilated polythene bags in a cool, dark cupboard.- Seed from all batches was
extracted in November 1967. o

Two germination trials were employed to test the seed.

Trigl A. Unstratified seed of monthly collections from clones E19, E22
and E37 were tested in January 1968, under both ambient and 15°C tempera-
tures. - .
A 100-seed unit without replication was tested under each temperature
condition. Prior to testing, the seeds were soaked for eight days in water,
all floaters were removed and the surface-dried seeds were dusted with “Captan”.
Germination counts were made at weekly intervals for four weeks and 14-day,
28-day and germinative energy data were analysed. ‘

' Trial B. The second frial compared collections in March, May, July and
September for clones E24 and E47 under both stratified and unstratified
conditions. Germination was at 15°C in a controlled temperature cabinet.
Three replications of 100-seed units, were employed for the 16 treatment
combinations. Results for 14-day and 28-day germination and germinative
energy were analysed. : ‘

Following extraction, variation in seed size, colour and weight between
months and clones was obvious. Variation in seed weight and percentage
floaters (empty seed) is shown in Table 10.

TABLE 10

Variation in Weight per 100 Seeds and Percentage of Empty Seeds within Clones for Different
Months of Cone Collection )

Seed Origin
Month i . N
- of E24 E47 E32 E19 E22 E37
Collection :
Wt (g) | Wt (g) | Wt (g) | Wt (g) | % | We () | % | Wt(R) | %
January 4.1 2.9 4.8 4.3 | 14 3.9 |20 2.6 |15
February 4.4 3.5 6.5 6.0 81 5.4 |20 4.3 9
March 5.4 3.7 6.9 7.1 9 7.2 4 4.4 11
April 7.4 3.9 6.5 7.1 4 6.1 8 4.0 15
May 6.6 4.0 6.6 7.0 7 6.0 |11 4.3 8
June 7.0 4.2 7.7 7.1 6 6.3 10 4.2 10
July 6.7 4.6 7.1 7.0 14 7.7 6 4.7 12
August 7.1 3.9 - 7.4 7.2 8 6.3 8 4.5 17
September .... 6.7 4.2 7.2 7.8 5 6.2 8 4.4 6
October 4.1 7.5 | 7 6.6 8 4.4 11

From this table it will be seen that the weights of 100 seeds for all clones
were }owest in the January and February collections. Seed from most clones
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had reached maximum size and weight by April. Generally, most seed collected
after March appeared to be normal. January and February collections were
light in colour, small in size and Iooked abnormal.

Percentage floaters obtained for clones _E19, E22 and E37 in Table 10
vary greatly. This may be the result of non-uniform cleaning procedures as
the small batches involved had to be hand treated. Winnowing could have
varied in effectiveness with size of the batch or size of seed. Normally, good
quality seed from large local collections weighs approximately 6.0 grams per
100 and contains about 4 per cent. of floaters. Such seed provides between
80 and 90 per cent. germination following stratification.

Time of Collection and Germination
Results for the 28-day germinafion period in Trial A are presented in
Table 11. ' :
TABLE 11

Percentage Germination of Three Clones for Seed Collected from the Trees in Different Months

Month of Collection

Clone | Replication

Jan | Feb |March| April | May | June | July | Aug Sept | Oct

E15 A ol 3| 40| 20! 36| 34| o 36| 2 5

1§ 0| 13| 47| 59| 47| 73 50| 15| 42

E22 A O 0| 78| 32, 8| 8| 79| 75| 64| 72

C 4 4| 87| 44| 94| 99| 99| 69| 96| 91

E37 A 0 o 11| 17| 19| 2| 2| 10 3 4

, c 0 0| 57| 21| 53| 52| 63| .65, 71| 29

Mean 071 33| 53| 34| 56| 61| 45| 511 42 42
- {

- A—Germinated on the laboratory bench—Ambient.
C—Germinated at 15°C in a cabinet.

Variation in performance by the three clonal groups was considerable.
Mean values for the 10 monthly collections for E19, E22 and E37 were 27, 63
and 26 per cent. respectively. Maximum values received for any one month
were 59, 99 and 71 per cent. respectively. - Since all ramets were adjacent, on
a uniform site and of identical age, clonal differences displayed can be attributed
to genetical causes. The pollen cloud available for fertilisation came from
over 40 clones on the area and an adjacent plantation.

The monthly trend in germination was also not consistent for each clone.
In all instances the germination from January and February collections was
virtually a complete failure. For E19 and E22 the maximum germination
was obtained for the June collection and for E37 it was July. These high
values were not maintained for the remaining Iater collections as expected. In
fact, E19 failed to germinate from the July collection and was greatly depressed
in September, E22 was low in April and both E19 and E37 were. severely
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depressed in October. Although germmatlon was consistently better in the:
cabinet at 15°C than under ambient conditions on the bench, the trends
expressed above are reasonably consistent for both temperature conditions.

Stratiﬁcatyion

Trial B was designed to confirm results in Trial A and to see whether
stratification influenced the final germination values of seed from prema.turely
plcked cones. Results are expressed in Table 12

TABLE 12

Percentage Germination of Stratified and Non-Stratified Seed from Cones of Two Clones
Collected at Four Stages of Maturity

E24
Month of
collection . ’
Stratified Not. Stratified Stratified ! Not Stra,tlﬁed

March 32 15 96 ! 96
May ... 84 73 80 77
July ... 47 42 41 42
September ... e 95 93 : 99 96
Mean e 56 19 ‘ 4 \ 64

From Table 12 it will be seen that stratification has not removed the
variation associated with time of collection. For E47 near maximum genera-
tion was obtained in the March collection while the highest value for E24
was in September_. It is of interest to further note that for both seed lots,
whether stratified or not, the depressed germination for the July collection,
evident for E19 in Table 11, was repeated for new data in Table 12. The
influence of stratification also interacts 51gn1ﬁca,ntly with month of collection
and genotype. :

Discussion

The excessive variation in seed performance, as expressed for the separate
clones, has been experienced consistently in germination studies for P. pinaster.
In this instance it can be associated with ¢lonal characters. In previous studies
similar variation has been associated with seed lots from different stands of
the same age, stands of different ages and for collection from the same
stand, in different years. It is obvious that germination performance is depen-
dent upon both genetical and pre-conditioning factors which are not understood.
Within this study, examples -of the latter situation are the unexplained low
germination for certain batches in July and to a lesser. extent -in April, Sep-
tember and October. :

Size of cone, method of collection, storage procedure and extra.ction pro-
cedure. were identical for all collections. Why E19, E24 and E47 should show
depressed germination in July when E22 and E37 provided near maximum
performance is inexplicable.. Particularly as the clones with depressed germina-
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- tion gave near maximum values for collections in previous and following
months. Apparently some envifonmental effect in' June or July affected these
clones and not the others. o ’

Pdssibly the unexpected low germination values obtained for some clones
in September and October also reflect a similar cldnal-envir_onmental inter-
action in this period. These unexplained values are of interest in that -they

show that seed set and ripening is a complex process and not as straight forward .

as one may wish to believe. With large sums of money involved “in tree
breeding and seed orchard establishment throughout the world it is considered
that basic studies into factors associated with seed set and seed ripening
would be well repaid. ' :

For operational practice one must consider the trial results with respect to
large batches of seed representing a broad, rather than a narrow, genetic
basis.  On this scale, the results from the two trials can be pooled and it is
safe to say that cones picked from March onwards (19 months after fertilization)
‘ean provide satisfactory seed for plantation establishment. This recommenda-

tion assumes that such collection will be stored until spring in a satisfactory

manner and extraction will take place in early summer.

Conclusion

Results of the study reveal considerable -variation in germination per-
formance due to clone by environmental interaction. This phenomena is unex-
plained in our present state of knowledge and warrants further study. ' For
large scale collections, as normally apply 0 operational procedures, the geno-
type environmental interaction need not cause great concern at present.

In standard procedures to assess germination behaviour it is -essential
to ensure that the test sample is representative of the seed batch. Unrepresenta-
tive samples could lead to excessive variation in results or misleading results,
or both.

VI. GERMINATION REQUIREMENTS
Introduction ) ’ ‘

. The objective of the work programme reported was to provide a tech-
nique for testing germination in Pinus pinaster which will allow confidence
and precision in nurscry sowing. ~This objective has been achieved.

The recommended test procedure incorporates the following features:—
(1) Seed extraction to allow exposure to a light stimulus. '

(2)- Seed storage at 3°C in sealed containers with the seed moisture
content adjusted to eight percent. : :

(3) Prior to germination the seed is soaked in water at room tempera-
ture or less for five to eight aays.

(4) The water 'and floating seeds are drained from the viable seed

which is then placed in sealed polythene bags for four weeks at

3°C.
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(5) Stratified seed is surface dried, preferably. in sunlight or in a
- forced draft at 30°C or less.

(6) For testing, the seed is lightly dusted with “Captan” fungicide
and set out in 100 seed units on filter papéer over an inverted
watch glass (or on vermiculite) in a petri dish. The filter paper
or. vermiculite are kept moist by adding- water as necessary dur-
ing the incubation period.

© (1 Germination potential is assessed by incubating the seed at 15°C
- with 14 hours lighting per day for 28 days.. Provision of light is

not essential - but either standard light or no light system is
desirable for maximum precision between tests. .

The germination.value obtained represents the maximum possible with
stratified seed sown in the nursery in August. - Variation in weather and other
seasonal conditions will often produce less than maximum performance in
the nursery. Provided spacing is regulated in the nursery rows according
to the predicted germination, later germinations, delayed by inclement weather
or deep sowing, should develop into plantable stock.. This -possibility is
lessened if seed density within rows is increased above predicted values.

" Current nursery practice developed for seed bed sterilization and form-
ing, seed dusting and sowing, weed control, irrigation and fertilization should
realize the predicted germination “potential. This however, can only be
ascertained from. experience over several years of operations.

Any framing of - operational prescriptions can be done only with the
realization that improvement is always possible and variations will be war- '
ranted " to - meet specific circiimstances. The complexity of germination
behaviour found in this study and limitations in study procedure ‘also reveal
that knowledge of the subject is by no means complete. It is therefore
considered - essential that fest procedures and nursery results should be con-
tinually referred to the findings of this study. At some stage operational .
results will again be found limiting and further development of the investi-
gation will be _warranted.

This final section of this report summarizes what is'known and, in some
: instances, what isn’t known conc:irning germination in P. pinaster.

Seed Source

The 1nvest1gatlon was undertaken on-the understandmg that future seed
‘would be obtained from seed orchards and local seed production stands. In most
instances, the interactions associated with seed source in the study will be
accounted for by testing and will not seriously influence operational results.
They could lead to errors in testing and variability in the nursery unless seed
batches are .adequately subsampled for testing and mixed before sowing.

The variation in germination attributable to the effects of genotype and
interaction between genotype and environment is also not necessarily important
to nursery procedures provided seed orchards contain a number of genotypes
and seed is well-mixed before using. It is probable however, that variable
response to environmental preconditioning, detected in this study, represents
an important aspect of crop yield. Improved knowledge of the subject may lead
to economic advantages in managing seed orchards.
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The variation in germination associated with seed source, determined: for
collections from different seed stands, or for ‘the same seed stand from
different years of collection, points to . the desirability of replicating seed
sources for experimental work on germination. There is no unique response for
the. species but rather a broad pattérn of behaviour in germination which can
be related to certain ranges of ervironmental stimuli. Germination techniques
in ‘the present programme provided excellent agreement between replicates.
Two replicates were normally adequate and, particularly in large factorial
experiments, replications of ‘seed sources offered greater information and
confidence in results than did replications within treatments. -

Season of Germination.

Germination carried out each month of the-year either in the open or on -
the laboratory bench showed great variation (Figs. 1 and 2). Sowing time
was found to be eritical. The most suitable time for nursery sowing in the Perth
Metropolitan climate was determined to be August. In southern nurseries this
season, could be increased in rangé to late August or early September.

- The use of stratification, constant temperature and light in a controlled
incubator has provided comsistent, high germination values over the period
April to October (Fig. 4). Maximum germination values have also been obtained
with different seed lots tested over the summer months. : .

David (1951) noted that a seasonal rhythm was experienced with French
seed of P. pinaster germinated in the dark under constant conditions of
temperature and humidity. This was considered to result from an inherent
" eyclic. rhythm and not through ‘environmental stimuli. It is desirable to
determine whether such a condition actually exists with Portugese seed of a
single batch tested monthly under the standard technique. .

For operations, the possibility of variation in test results with season is no
problem provided the nursery prediction is made from tests conducted in the
~period April to August. : ' .
Stratification

Numerous tests indicate that a five to eight day soak in water plus three to
four weeks stratification at 3°C is adequate to provide optimum benefit with
seed of Portuguese origin. Removal of floating seed while soaking can provide
for germination of up to 95 per cent. with fresh seed. In practice the cold soak
is carried out at 3°C in the refrigerated room. This is convenient and reduces
the possibility of mould for_mation. ‘It is not essential and all early work was
" soaked on the bench at room temperature. It should be advantageous to
change the water severa] times during the soaking process and this is normally
practiced. ’ o

In no aspect of this study has pcor seed, i.e seed with a very low untreated
germination value, been improved. by stratification to the fresh standard, i.e.
untreated seed with over 60 percent germination (Table 6). Germinative energy
can be greatly improved and total germinati_on‘can be significantly increased
with poor seed. But if seed is allowed to become very dormant or allowed to
deteriorate through faulty handling.or storage procedures, stratification or any
other known means will not rejuvenate it. Proper attention to collection,
extraction and storage procedures must be provided to reduce the dormancy
problem. -
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The. study has shown that stratification and: incubation temperature may
interact to. favour - germination. The 1nﬁuence of adverse temperatures on
germination is not effectively ameliorated by stratification and stratification
has no useful effect in improving germination in temperatures outside the
optimum range of 15 to 20°C (Fig. 6).

It has also been shown that stratification has no practlcal effect in
1mprovmg seed with a low germination potential induced by environmental
precondltlomng (Table 12). Germination of unfavourable, preconditioned seed
is improved by stratification but not restored to the maximum level.

- Stratification has no important positive influence on germination if the
seed has not received a light stimulus (Figs. 8 and 9). As with temperature,
stratification will not ameliorate germination in seed with limiting light stimuli

but it. can positively interact to improve .germination where light stimuli is
near optimum.

From the practical advantage of improving germination energy "in all
operational seed (Table 7) stratrﬁcatron is warranted in P. pinaster nursery
practlce

Temperature

‘Temberature is considered to be the major single factor influencing germ-
ination in P. pinaster. Sowing nurseries in August is critical to nursery results.

Adaptation to a narrow temperature range is highly developed in this
species.  'The optimum temperature range, determined as 15° to 20°C, is-
low for commercial species. The tolerance range is also low and the severe
depression or restriction in germinations obtained at temperatures of 25°C
and higher explains some of the reasons for the great seasonal var1ab111ty
peculiar to this snecres (Fig. 1).

For standard test procedures, a fixed temperature of 15 C is most sa,tls-'
factory and necessary for precision between tests In several trials it was ob-
served that an increase in temperature from 15°C to 20°C, for only three
days, appeared to depress germination below the optimum. The sensitivity
of the species to relatively minor temperature changes is considered to be a
major finding from the study

The influence of temperature in inducing dormancy in seed of this species
would be an interesting study. It is known that the buds enter into a -dormancy
condition at the end of the summer and require cold treatment for relief (Perry
and Hopkins, 1967). Depressed germination has often been associated with
drying stratified seed in an electrically heated cabinet without forced ventilation
and temperatures of 25°C and 30°C virtually prohibit germination.

It is probable that the effects of high temperatures on dormancy . are
only operat1ve when seed is exposed while in an imbibed condition. Recently,
imported seed was subjected to temperatures of 65°C for 0, 4, '8 and 24 hours
to assess-the influence of possible quarantine proposals. The seed was unstrati-
fied with a moisture content. of approximately 10 per cent. Germinations
obtained from the above treatments were 27, 31, 31 and 29 per cent. respectively,
showing no significant- variation. The seed was, however, of poor quality and
does not necessarily reflect the response of fresh seed under similar treatment.
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Present evidence suggests that heat sterilization of dry seed does not induce
dormancy while, with imbibed seed, temperatures of 25° to 30°C virtually
prohibit germination. For normal storage temperatures of 3°C and seed -mois-
ture contents of eight per cent. or less are recommended.

Light

The study reveals that light stimulus is essential for germination in Pinus
pinaster. Even a brief exposure to indirect window light during extraction
may have a dramatic effect on the success of germination. The normal exposure
to sunlight during extraction is apparently adequate to fully satisfy the light
requirement of ‘fresh seed. Whether this stimulus . is maintained over long
: storage periods ‘was not determlned .

Pinus pinaster can be added to.an appreciable list of pine species—Pinus
banksiana, P. caribaea, P. contorta, P. densifiora, P. echinata, P. mugo, P. nigra,
P. rigida, P. palusiris, P. ponderosa, P. sirobus, P. taeda, P. thunbergii, P.
virginiana, P. sylvestris—quoted by Nyman (1963) as being susceptible to a
light stimulus for seed germination. For P. sylvestris, Nyman (l.c) found that
a brief irradiation was adequate to provide the necessary light -stimulus for
germination under dark conditions, and that imbibition was not essential for
the seed to receive the irradiation stimulus. The stimulus was most effective
when seed- was irradiated several hours after imbibition commenced. 'The
stimulated germination, following irradiation.of the unimbibed seeds, decreased
with storage but was still significant after 17 months’ storage.

Ackerman and Farrar (1965) found that jack pine germination wunder
continuous light was rapid and complete in seven to eight days at incubation
temperatures of 21 to 27°C. Germination was .also complete at 16°C but a
longer incubation periocd was required. Germination' was markedly reduced at
all temperatures with the exclusion of light. Light did not become effective
in. controlling or “triggering” germination until a threshold moisture content
of approximately 10-20 per cent. of dry weight was attained. . Once. this
threshold moisture content was attained exposures. of two to -four mlnutes
provided complete germination at all temperatures tested.

These more detailed studies, cited for Scots and jack pine, suggest further
useful studies of the light effect on. P. pinaster seed. To a large extent they
support the limited studies carried out in the present programme and it is
believed that current investigations are adequate to - achieve the goals of the
programme.

For standard test procedures it is essential tc ensure the seed has received
irradiation during extraction. To make sure of the pre-exposure when seed
has been stored it-is considered advisable to carry out the seven-day pre-
stratification soak in the presence of window light. . Light during the incubation
period should further ensure that test results are optimal and maintain precision
between tests. - Pre-soaking seed for operational use in the presence of window.
light and surface drying in sunlight should also ensure that adequate light
stimulus is operative.

Environmental Preconditioning

The study of genotype and seed maturity was initiated with the major
cbjective of improving seed orchard management in the presence of bird.
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depredations, rather than to assist the seed-testing investigations. It has
shown that cones taken from the trees in March, nineteen months after
fertilization, may be used to produce seed for operational use. ’ -
Variable germination behaviour, depending on the period in which the
immature seed was retained on the trees after March (Tables 11 and 12),
explains why variation was found in other studies—with seed batches from
a single production stand but collected in different years. Clonal variation,
which can be related to genotype; was not unexpected and, with these clones,
has previously been shown to influence graftability (Hopkins, 1966), nutrient
uptake, the pattern of shoot elongation and other physiclogical and morpho-
logical reactions. The sensitivity of immature seed to environmental pre-
conditioning and its great effect on germination performance was not fully
appreciated. : :

There is nothing new in the concept of environmental preconditioning
(Koller et al, 1962; Rowe, 1964). Possibly, the effect, its reversibility with
time and the extent of the range of influence with stimulus (Tables 11 and 12)
has not previously been so dramatically displayed for conifer seeds, as in this
present study. With clone E47, for instance (Table 12), germination of seed
collected in' March, July and September varied from 96 to 41 to 99 per cent.
respectively. It is believed that the order and nature of this variation in
effective seed yield must warrant detailed study within the economics of seed
orchard management. : : :

Of immediate interest is whether preconditioning” has altered the light
or temperature requirements of the seed. Within the present study it was -
only possible to assess the influence of stratification and to'show that this has’
little effect in reducing adverse influences caused by preconditioning. A
whole new field of research with preeonditioned seed lies open and its pursuit

" may greatly improve our knowledge of seed physiclogy. -

Conclusions

The standard test devised for seed of P. pinaster- in Western Australia
adequately accounts for light, temperature and stratification requirements to
provide optimum germination in any month of the year. Application of results
from such tests to determine the number of seeds to sow and their espacement
should materially improve local nursery practice.
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