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: SUMMARY ,

germinative ability of Pinus pinaster Alt. seed imported into Australia
it Portugal may be significantly improved by using pre-sowing t1eatments
mmamng both c¢old soaking and stratification technigues,
Tn trials earried out in Western Australia in recent years both the rate of
nination and the total germination have been significantly increased. Seed
o i 1958 gave 80 per cent. of the total germination in 28 days as com-
with a 38 per cent. germination for untreated seed under the same con-
ms. Comparable values for 1959 trials over a 23 day penod were 86 per
i and 55 per cent. respectively,

he final results of treatments tested were markedly influenced by both the
1 'of the soaking and the length of the stratification technique employed.
; Tavourable responses have been obtained by stratifying the seed for
n 1o nine weeks at 36°F. after soaking for eight days in water at room
nperature. Drying the seed before sowing was not detrimental to the treat-
i effect. : .
Treatment is practical for large quant1t1es of seed w1th e:ther shght or
_p;nnunnced dormancy tendencies.

v

INTRODUC'I‘ION
D of Pinus mnaster Ait, imported from Pmtugal foz' pla,ntatxon establish~

L.in Western Australia, has consistently given pocn germination results
nder local nArsery conditions.

s The seed has both a slow rate of seedling emergence and a low total

cmination percentage.  Generally, within three weeks of sowing only
sional seedlings can be expected. From three to eight weeks emergence
ceds at & steady low rate to provide a total germination averaging between
and 60 per cent. at eight weeks. Under certain circumstances seedling
rence may continue up to 16 weeks in the nur sery beds and total germina-
it may range between 40 and 80 per cent.

This behaviour is not restricted entirely to seed received from Portugal.
i Western Australia it has been observed with seed batches obtained from
¢h and Corsican sources and with seed of the Portuguese race collected
mi local stands. David and Guerindon (1952a) indicate that poor germina-
i3 is also a characteristic of the French races in their native habitats.

" In the nursery, the disadvantages associated with this tardy gammation
s anainty connected with the use of mineral oil weedicides and the incidence
denths through soil pathogens and drought.

Local nursery practice employs mineral oil weedicides as both pre- and

emergence sprays (Harding 1952¢).  The weedicide, to bé fully effective,

b be applied while the weed crop is in the tender juvenile stage, but at

a time not to burn the emergent pine crop. The time for post emergent

ying is, therefore, determined ag that minimum interval following sowing

S%hich will allow the pine crop fo emerge and harden suffciently to resist
ipinage from the weedicide.




The eight-week germination perfod normal to Pinus pingsfer delays post
emergent spray application permitting the weed crop to develop g degree of
resistance to the weedicide. Often hand weeding and further spray treatments
are required under these conditions.

Nursery deaths ascribed to damping-off and unknown root-rotting
pathogens have not been a general problem in local nurseries. In cerfain yesrs,
however, losses due to these causes can be considerable. Gibson (1956) has
pointed out the possible increased damping-off risks involved when seed of
poor viability is closely sown to obtain reasonably dense seedling populations
in the nursery rows. The risk of damage by mest soil pathogens and sus-
ceptibility to drought must also be increased the longer the seed remains in
the soil and the weaker the germinative capacity. Both factors operate against
the use of seed with pronounced dormancy tendencies,

During the period 1940-1952 wark was initiated hy the Western Australian
Forests Department to investigate the posaibilities of stimulating germinafion
in maritime pine seed {o overcome fhese nursery problems, Numerous pre-
sowing trials including hot and cold soeking; meachanical abragion; chemical
treatment with thiourea and potassium nitrate; and both dry and moist
cold storage were carried out, Results were generally negative and offen con-
fusing. Hot soaking proved lethal in all trials, while cold soaking was either
slightly advantageous or had no detrimental effects. Chemical stimulants and
mechanical abrasion were ineffective.

Harding (1852b) was able to show that stratification, when not magked
vy winnowing effects, could be an effective measure against dormancy. David
and Guerindon (19523 have since shown that the germination performance of
maritime pine in France can be effectively improved by utilizing a combined
pre-soaking and stratification treatment,

In 1958, in the face of recent poor nursery returns, the Western Australian
Forests Department dscided to follow up the earlier stratification work with the
object of developing a standard pre-sowing treatment applicable to the State’
annual maritime pine seed requirements. Methods of handling large gquantitie
of seed were adapted from procedure outlined by Wakely (1854) for southern
pine sead. Treatment requirements have followed those outlined by Davi
and Guerindon {(1952a and b).

Preliminary trials were carried out in 1958 to investigate technigues invelved::
in handling large quantities of seed. Follow up trisls in 1959 were designed
on the basis of the 1958 results, to determine the optimum jreatment time
invoived.

MATERIALS AND METHODS
TN 1958, 140 lb. of seed of batch No. 2110 and 16 1b, of bateh No. 2109 wer
used for germination stimulation investigabions.
gix treatments of the following soaking and storsge combinations wer

compared:—
(1) Soaking for eight days plus seven weeks' moist cold storage. See
sown moist.
(2) Soaking for one day plus seven weeks' molst cold storage. See
sown moist.

(3) Soaking for three hours prior to sowing.

(4) As for treatment (1) with seed dried prier to sowWing,
() Ag for treatment (2) with seed dried prier %o sowing.
(8) Control. Unireated seed sown drv.
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sfore soaking, the seed was weighed into 5 ib. lots and stapled into 15 in, x
in. calico bags %o form a dry pack approximately 12 in. x 12 in % 14 in,
i1 hag was labelled with an aluminium perme-o-tag to indicaté the seridl
ahor and treatment data.

ffonking was carried out in a large enamtel bath, ensuring that the water
me was at least four times the seed volume, One hundred and ten pound
#f seed was soaked for eight days and 40 b, was soaked for one day.

Clalvanised iron bins of internal diameter 16 in. and depth 2 ft., fitted
with n loose lid, were used fo hold the seed during storage. A slatted wooden
¢ bottom 3 in. deep was placed in each bin to facilitate bottom dralnage
ad neration throughout the cold storage period. FHessian covers over these
d bhottoms prevented the packing medium from draining away with
155 water,

. (Clean pine sawdust moistened by 24 hours’ soaking and two hours’
“dradning was used as the stratification medium.

- Bing were packed to separate the seed bags with at lemst 3 In. of sawdust
ihpbling 25 1b. of geed to be stored in each bin.

The slx bins were placed in cold storage for seven weeks under a
perature range of 35°F. to 38°F. Two temperature tests taken durihg
‘Hutage gave readings ingide the bing of 36°F.

Blight drying of the sawdust surface was noticed after three weeks and
Lifled by spraying with cold water.

On removal from cold storage, hand samples taken from each bag for
i the eight day and one day soaking lots were grouped and used to commence
nination tests for treatments (1) and (2). The remainder of the seed,
drying for I8 hours in ah electrically heated unit employed for seed
Araction, was used fo test treatments (4) and (5},

Treatment {3) was set out for testing at the same time as treatments (1)
i (2). Germination tests for the remsining three freatments were started
“H4 hours later.,

All germination testing was on the basis of six replications and & 100 seed
Crundb carvied out in sand flats, under glass, with bottom waberihg., Nursery
wpections and counts were also made for treated seed at several nursery
L Ebres.

- In 1959, affer examining the 1958 results, seven treatments covéring the
Cofpilowing soaking and stratification combinations were tested:—

(1) Confrol. Untreated seed,
(2) Sosking for elght days.
(3) Soaking for eight days plus stratification for six weeks.
(4) Soaking for twe days plug stratification for nine weeks.
(5 Soaking for eight days plus stratification for nine weeks.
(6) Scaking for two days plus stratification for 15 weeks.
(7) Sosking for elght days plus siratification for 15 weeks.
All treated seed was dried before sowing.
Beed uged in the 1959 trial was of the single batch serial No. 2367. ‘The
vigtment procedure employed was identical to that outlined for the 1958

tigly with the exception that only 4 Ib. seed lots were placed in easch Bag‘_ &ﬁo
ive o thinner bundle for packing purposes. A total of 40 Ib. of seed wasd uged.
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RESULTS

Percentage germination values vecorded over a 59 day pericd, in sand:'

flats, for the six treabménts employed in 1958 are set out in 'Fable 1 and:

expressed graphically to compare progressive results after 21, 37, 46 and 59
day germination periods in Figure 1. :

Table ImMean Percentage Gelmmatlon Values for Tleatments,
Serial 2110 1958.

. Germination Fime, in Days

No. Treatment 18 1'22 . 28 | 32 53

37 | 42 l 467

Percentage Germination

1 | Soaking 8 days - T weeks’ stratifiention | 13 | 39 | 57 | 62 1 65§ 67 | 69| 70
2 | Socaking -t day -+ 7 weoks’ stratification | 0| 24 } 67 ) 64 69 1 72 T4 73
3 | Scaking 3 hours ... O B3 |26132 ;41 46.] 43| 51
4 | Boaking 8 days 4 7 weeks’ stmtlﬁcatlon

- drying 10140155 (6018470171173
& | Soaking 1 day - 7 weels’ stmtxﬁca,’mon

-+ drying " R 311527138 51646972
6 Control—Untreated ot ] 0| 9] 2837 45 |BL]54}EY

Table II sets out results of an analysis of variance carried out for
germination infervals of 21, 42 and 59 days.

Table II—Results of Analyses for 1958 Trial.

21 days 42 days 59 days
Treat-
ment ' : ‘ : :
. Diff. for Diff. for a Diff, for
Mean significance F. | Mean significance I. | Mean significance
1320 ' ) 67-2 715 !
2 1158|000 =11-6 71-3 10-01 = 14-8 6.7 1 0-01 = 11:0
3 | 131 015 | 470 74 | 525
4 22:8 1 0:05 = 8.6 69.3 | 008 = 10-7 74+1 | 0-06 = 8-0
5 12-2 632 735
6 | 2:3 516 62-3
!
¥ oat 0.01 = 3.0, B at 005 = 2.6,

All stratification treatments markedly increased the germination rat
dguring the early stages of counting; the eight day soaking-stratificatio
combination proved superior in this respect,

The shorter soaking combinations aithough slow to commence, levelle
with the eight day treatment after five weeks with the exception of Treatmen
(5). Resultd for this treatment indicate a depressmg effect due to dryin
which is not appsarent with the lenger soaking, ™™

After elght weeks, all stratification treatments gave a similar total germ
inationof approximately 72 per cent. which proved significantly ' superior;
(0:01 level)-to the eontrol value of 61 per cent. 'Treatment (3), soaking withoutb:
stratification, was inferior to the control at all stages. This depression was:
signifioant (0.05 level) only at the eight week count. '
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l*’:gme I—Mean Germination Percentages for 21, 37, 46 and 59 Day
’ Gelmmamon Periods for 1958 Tleatments

z Difference for sngmﬁcance at the 0-05 level

o ¢ .
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Tgure II sets out the progress of counts for treated and untreated Seed
wi in beds at Gnangara nursery. Results are of a sim:lsn trend to those of
& gontrolied germination fests.

Mlpure II—Germination of Treated and Unfreafed Seed in Gnangara
i Nursery Beds, 1958.
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Percentage germination valugs recorded over & 51 day germination period
for the 195% trial are geb out in Table III. 'These results are expressed
graphically for 16, 23, 30 and 51 day intervals in Figure IIL.

Table IIL-—Mean Percentage Germination values for Treatments,
Serial 2367, 1959,

Gormination Time in Days

No. Treatmetrh 16 23 30 h 37 44 \ 51
Percentage Germination
A . LI . e
1 | Untreated Seed .. . oot 16 l 46 45 49 50 i 81
9 | Honking 8 days .. e oo 13 27 36 40 42 43
3 | Sonking 8 days + © weeks’ strasification j 30 43 51 85 56 56
4 | Sonking 2 days + 9 weeke’ strotification | 24 86 43 49 50 51
5  Soaking 8 days - 9 weeks' stratification | 40 56 62 63 64 63
6 | Sonklng 2 days - 16 weoks’ stratificationt | 16 26 87 | 43 45 48
T \ 47 49 50

fonking 8 days -+ 18 wooks' stratification | 22 32 42
o

Details of analyses for the 16, 30 and 51 day intervals are contained in
Table IV.

Table IV.—Results of Analyses for 1858 Trial,

16 days 30 days 51 days
Treat{; . . - i e e ek - .
men . . .
Diff. for Diff. for Diff. for
Mean significance F. | Mean significance E. | Mean gignificance
T . N N
1 166 45-3 51-2
2 12-8 ¢ 0-01 = 17'6 358 | 0-01 = 189 43-0 | 0+01 = 165
3 30-0 512 568
4 24-3 4.6 | 43-2 ) 2-4 j BO-O 246
b 400 j 006 = 130 62.0 | 0-05 = 14-0 64-5 | 0.05 = 12:2
3] 157 367 476
ki 22:0 423 49-5
Foat 001 = 35 T at 0:05 = 2:4,

Trestment (5) proved the most satisfactory and over the period of testihg:
was responsible for a total germination percentage of 65 per cent. as compated:
with the control value of 51 per cent. This improvement Is significantly;
superior (at the 0,05 level) t0 ol the others with the exception of Treatment;
(3). Treatment (3> also increased germination performance Over all stages
of the testing period but was signifleantly superior to the control oniy at the
16 day count.

The longer soaking proved superiot to the shorter soaking technigue.
With the optimum nine week stratification intervel (Treatments (4 and (8))
the differerices in sodking technigues were significant over the 61 day germs
ination period.



Plgure II1-~Mean Germination Percentages for 16, 83, 30 and 51 Day
Germination Peripds for 195% Treatments,

@ Difference for significance at the 0-05 level
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SBoaking alone, without subsequent stratification (Treatment (2)) again
Appressed the germination capacity as in the 1988 trisl. '"This depression was
1wt significant.

DISCUSSION

- In both frials the rate of germination and the total germination was
sgpificantly increased as a result of treatment and both the time of soaking
wil the length of the stratification period employed proved to he important.
sl favourable results were obtained with an eight day soak combined with
# seven to nine week stratification stage.

: Results in the 1058 trial indicated that drying the treated seed pripr to
#wing had no defrimental effects with an eight day soak, but may have been
rimental with the shorter soaking treatments. This point with respect
# 10 day soaking was established by David and Guerindon (1952b),

In 1989 it was assumed that drying after treatment would have no
nificant detrimental effects and the treatments for this trial were designed
determine the optimum stratification time while still comparing the ghoyt
d long term scakings.

David and Guerindon (1952a) found a 10 day soak plus 12 weeks' stratifica-
igin provided optimum results with French seed and that performance
mproved with even longer cold storage periods up to 200 days. Figure III
ows that under the experimental conditions employed in 1959 the optimum
rage period was nine weeks and shorter or longer stratification, with the

ption of the six week period, provided significant depressions (at the 0.05

¥ from this value. Combining these results with those obtained in 1958,
slification for seven to nine weeks is considered satisfactory until further
irmatory trials can be earried out.
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Pre-soaking for eight days proved superior to shorter soaking times in
both the 1958 and 1959 trials. In the case of the nine week storage treatments
the shorter soaking period significantly depressed {at the 0.06 level) germ-
jnation over all stages of the 51 days of counting.

The seed of bateh No. 2110 used in 1958 showed more pronounced dormancy
tendencies than batch No. 2267 employed in 1959. Treatment was, however,
effective in both cases although results were not as highly significant with
the 1959 seed.

The fact that resulis have proved favourable with two different seed
lots, in two different seasons and that sand flat germination results were
duplicated in the nursery beds, indicates that treatment can be adopted 2s
8 general prescription. Procedure for treating the seed, as outlined, is satis-
factdry, with the modification of using 4 1b. instead of 5 b. seed packs {0 permit
improved storage conditions in the bins. '

Further ilsri_als need to be condugted with different seed batches to determine

the mast favourable stratification ‘period for ‘ail seed which may be received,

bearing in mind the difference in behaviour befween lpcal and French resuits.

bne deficiency in the trials, wthich may. appear to detraet from the work
earried out, is the omission of aitreatment employing stratification withoub
pre-soaking. This was omitted in 1958 on the basis of Harding's findings
in 1950 (unpublished data’ that soaking prior to stratification either improved
resiilts or had no detrimental effects. The lead offered by David and Guerindon
(1952a) also favoured the exclusion of non-soaking treatments. In 1958 the
longer soaking period proved superior to shorter periods and the 1959 trial
aimed to confirm this result. Direct stratification treatments will, however, be
compared in future work.
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