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Dormancy, germinatibn and emergence in the field:

CHAPTER 7

Experiments in the previous chapters have considered the influence

of some environmental factors on the dormancy and the timing of

germination of Eucalyptus pauciflora seed under controlled conditions.

The studies in this chapter examine changes in dormancy and germination
of the seed and the emergence of seedlings in the field in order to
test the importance of the responses noted in the laboratory under

field conditions.

The responses noted in Chapters 4 and 5 suggest that the strength
c dormancy of seed which becomes moist at high temperatures will be
increased and as the temperature declines to temperatures below §°C
dormancy will be broken. “he first study in this chapter tests whether
there are changes in the strength of dormancy or germination of seed

planted in late summer and relates the changes to ‘the physical

environment.

Successful fegeneration -dependé on seed germination and seedling

,emergence at ‘a timé when conditions are suitable for survival and

growth of the seedllng Experiments in Chapters 3,” and 6 have shown

that diffepences in- the germlnatlon behav1our of aeed from d1fferent

altitudes:qare not llkely to result from varlatlon in the temperaturef"

pesponse of breaklng dormancy or - germlnatlon but are more llkely to be'[

assoclated w1th the Stpength of dormancy The dlfferences in the

*strength of 1nnate dormancy seed collected at hlgher altltudes

is seed would be less llkely to germlnate 1n autumnur'

“ sUggests that th

: than “seed Irom' lower‘ altltudes (Sectlon -3‘2 SeCtlon‘" 2 1)‘

’f'second sectlon of thlS hapter examlnes the emergence‘o




Dormancy, germination and emergence in the field:

seed transplanted between altitudes with a view towards assessing the

ability of the transplanted seed to produce emergent seedlings at

altitudes other than those of its origin.

As soil temperatures decline during autumn, the conditions will be
less 1likely to induce dormancy and will become increasingly favourable
for germination of the seed and, in late autumn for the breaking of
dormancy. The time of planting of seed could therefore be expected
to have a critical influence on survival of the seed and the number of

seedlings which emerge in . spring. The final study in this chapter

investigates the emergence of seedlings from seed planted at a range of

times during autumn and in late winter.
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7.1 Changes in dormancy and germination in the field

Methods:

Bags made of fine Synthetic mesh (120 mm X 80 mm) were divided
. . i,
into 3 sections and 0.3 g (51.9 viable seeds) of cleaned seed, Ve

coilected near Dicky Cooper Ck., was placed in each section.

A plot (1.5 m X 2.0 m) loecated on the southern edge of a clearing

in a stand of E. pauciflora near Rennix Gap (1610 m) was cleared of

vegetation and leveled in October 1982. On February 8 1983, forty-four

bags of seed were buried at approximately 10 mm depth. The plot was

fenced to minimize disturbance by animals.

Five bags of seed were randomly selected for retrieval at

approximately fortnightly intervals during the period February 15 to

May 5 and again on May 28 1983. Field germination during spring was

assessed by retrieving one bag at weekly intervals, beginning on August

28. Bags were retrieved with the surrounding soil intact (to a depth

of 15‘ mm) and were sealed in a plastic bag to minimize changes in the

moisture content of the seed.

-0n the day follow1ng retrleval the 'soil surroundlng the mesh bags

was brushed off and used for determlnatlon of grav1metrlc 5011 m01sture

The mesh bags COntalnlng the seed were rlnsed to remove the

content.

remnants :of. soil. Seed was removed from each section of the bag and}

bseeds whlch had: germlnated in the fleld were counted and: dlscarded The'f';

seed- whlch remalned was placed on fllter paper in a 60 mm petrl dlSh tO'f'

yl*R funglclde in water (O 2 g/l) had been added 3‘:’

B whlch 2 O ml of Benom
| ch bag was stratlfled 5°C)*for=e1then7

The seed from one sectlon of ea
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0, 4 or 8 weeks and then set to germinate at 15°C.

A CR21 data logger (Campbell Scientific Inc., Logan, UTAH), was
used for continuous monitoring of the eclimatic environment in the
field. The previous experiments had shown the importanc; of
temperature and moisture availablility in determining the changes in
dormancy of seed and it was decided to monitor these aspects of the
environment closely. Screeﬁ temperature (1.5 m), and soil temperatures
at 0.01m, 0.1 m, 0.2m depth were samnled every 30 minutes using
matched, calibrated thermistors. Rainfall was measured with é tipping
bucket rainguage and soil moisturé was monitored by daily readings of
gypsum soil mcisture blocks (Beckman Instruments Inc., Cedar Grove, NEW
JERSEY) -installed at 0.t m and 0.2 m. Raipfall, gravimetric soil
mqisture content (core from the surface .to ‘0.05 m), and soil

temperétures at 0.5 m, 1.0 m were monitored weekly in addition to the

continuous records from the data loggér.
Results:

(i) Weather measurements-

Rainfall, soil moisture .and‘ soil tempergture (0.01 m) dgtakare'

summarized in Figure T7.1. The soil moisture blocks were found to be

unreliable  ‘and therefore .the weekly  gravimetric soil moisture.
‘ ‘ ts : as an indication of soil moisture status. -

measurementsvhave been usedv 5 an lndieation o2 + . ‘

: »’;

v

¢
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Figure 7.1  The changes in dormancy in relation to the climate
’ ' during spring and autumn 1983 at Rennix Gap (1610 m).
a. % germinated seeds at retrieval

b. % germinated seeds at 15°C
c. %.germinated seeds at 15°C after 4 weeks at 5°C

d. % germlnated seeds -at 15°C after 8 weeks at 5°C

(soil temperature is the mean temperature of
.30~ mlnute samplings. for ‘each day) »

i

"(ii)fChanéespin dormancy during autumn

.‘Tﬁe>“anaifsis vof the germlnatlon capacltles of the seed retrleved

7ane stratlfled pPlOP. toz germlnatlon at 15°C conflrms that there are‘q

51gn1flgant dlfferences 1n the response of seed retrleved at dlfferent
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TABLE 7.1

retrli:zzagz OfRanaly31s of dev1ance for germlnatlon capacities of seed
om Rennix Gap in autumn and germlnated in the laboratory.

Residual Change F
Model terms d.f. deviance RMD d.f. deviance CMD Ratio

Total 104 3492 33.58
Retr "+Strat 96 605.9 6.31 8 2886.1 360.76

v . . . . 79.37 0.005
Retr .Strat 84 . .381.8 y,55 12 224.1 18.68 4.11 0.005

Retr =Date of retrieval from Rennix Gap
Strat=Stratification treatment (0,4,8 weeks)

The germinaticn capaelty of seed samples after various periods of
stratification permits an assessment of the strength of dormancy since
seed with a lower bgermlnation eapacity after a certain duratlon of
stratlflcatlon has'a stronger dormancy. The trends in the germination
capacity of the seed show that the seed became strongly dormant w1th1n
a week of planting and fthat there was a progressive weakenlng of

dormancy in late autumn as the soil: temperatures fell and the 3011

vmoisture rose to hlgh levels (Flgure 7. 1) Weakening of dormancy in:

late March -and Aprll was flrst apparent in .the seed netrleved on Aprll

13 whlch showed an 1ncnease 1n germlnatlon capa01ty after 8 weeks

otratlflcatlon but not . after oy weeks stratlflcatlon. By Aprll 28 the
germlnatlon capa01ty
to rise whllst the germlnatlon
weeks ~rema1ned at a h1gh level Thls trend contlnued untll the flnald

retrleval durlng autumn (May 28)

v

n had a mean temperature of}}hi

The refrlgerator used for stratlflcatio

f the seed stratlfled for M weeks was beglnnlng-ryl'“

napa01ty of the seed. stratlfled for 3,'4
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‘fhls occurrence would be expected to have reduced the rate at which
dormancy was‘ broken and may have resulted in the very low germination
capacity of seed stratified for 8 weeksiafter retrieval on that day

compared to seed retrieved in subsequent weeks. The contrasting iack

of difference in the germination capacity of seed retrieved on February
15 compared to subsequent weeks' after 4 weeks stratification is
probably accounted for ‘by the inability to break the dormancy of the

seed,
(iii) Changes in.dormaney and germination in spring

The weakening of dormanoy due to low temperatures continued
throughout winter. By August 28 the seed was non—dormant at 15°C, and
in the ensuing weeks the seed germinated in the field. The daily mean

temperatures during this period did not exceed 5°C (Figure 7.1).

(iv) Seed mortality

The number offviable seeds in the samples retrieved from the field

were analysed in order to 1nvest1gate mortallty of seed due to storage

in the P1eld over the autumn perlod The number of v1able -seeds was

.caldUlated 'as the sum of:those seeds which germinated before and after
PEtrieval from the fleld and the seeds Judged to viable by squashing at

the end -of the laboratory germlnatlon perlod Analysws of varlance

showed that the tlme of refrleval may have had a 31gn1flcant effect on

'the number of v1able seeds (p O OM8), but tnere was no 51gn1flcant.

trend 1n the mean number of v1ab1e seeds w1th date of retrleval from

Renniijap;(linéar regre551on p=0 155) durlng autumn.
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TABLE 7.2
The mean number of viable seeds for each of the days of retrieval
Date (1983)» -FEB 15 MAR 1 - MAR 16 MAR 30 APR 13 APR 28 MAY 28

Day from Jan 1 46 60 75 89 103 118 148

Viable seeds 51,9 56.9  58.7  50.1  53.8 8.7  52.5

LSDges = 7’.5.8

Seed recrieved in spring also showed significant differences in
the number of viable seeds (ANOVA, p=0.004); however, there was no
trend in the number of viable seeds with time of retrieval between

August 28 "and October 4 (linear regression, p=0.58). The mean number

of viable seeds in the autumn and spring retrievals were not

significantly different indicating that there was little mortality of

seeds due to storage in the soil during winter.

Discussion:

Changes in the dormancy of seed stored in the 5011 in the fleld

have an ;mportant bearlng on the chances for successful germlnatlon -and

“seedllng establlshment aeed planted 1n late summer became stronglv

dormant as a’ result of the exposure of molst seed to hlgh 5011

tenperatures; thisy'behaviOur T is- con31stent ‘w1th the ‘nductlon of

dormancy noted “in Chapter

moistuneidunlng early Aprll when temperatur

toi‘be:,ﬁfoken; At thi
bnt no further‘ strengthenlng of dormancy was observed As the soi

lth 5011 m01sture at a’hlg, l,vel

temperatures;decllned“durlng Aprll W

."tne‘dormancy of, thefseed.beCame progressL ely we

4

Y. Ralnfall caused an 1ncrease 1n so;l L

és were too hof for dormancy

s tlme a low prOportlon of the seeds germlnated




Pormancy, gernination and emergence in the rield:

Dormancy was broken at temperatures below 9°C in the laboratory
(Chapter 9). Flgure 7.2 shows that the increase in the germination
capacity after‘q weeks stratification of seed retrieved from the field
was associated with- the duration of exposure (number of 30~minute

periods) to temperatures below 9°C in the field.

GERMINATION CAPACITY (%)

Q

00 B00 1200 1800 2000
NUMBER OF 30-MINUTE PERIODS LESS THAN 9°C

germlnat;on capacity of seed stratified for A weeks

Figure 7.2 ~ ~ The
tne number of 30~ mlnute periods below

‘ plotted against
© 9%, .

Fleld germlnatlon of seed would be very uﬂllkely in early ‘winter

since seed retrleved from »the fleld on May 28 requlred a further 4

weeks stratlflcatlon at: 5°C in the laboratory for garmlnatlon to occur_c

, at 15°C ' Stratlflcatlon of Seed 1n the fleld is llKely to take**

con51derab1y longer because ‘the 3011 temperatures wlll be lower than.’

5°C; and w1ll recult 1n a- much slower breaklng of dormancy (Sect10n ' 

VIM 3. 1) ‘h duratlon ‘of stratlflcatlon requlred would be furthen»t
'-1ncreased because, gepm]natlon at the,aow 5011 temperatures occurrlngV:*
fdurlngm:autumn . -would nece551tate a much»longer per;od of’

'Estratificetl
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The absence of significant mortality of seed in the field during

the autumn and winter period is not consistent with the results of

laboratory experlments which showed that mortality was ass001ated with

the induction of dormancy in moist conditions at 15°C. Grose (1963)

also ‘observgﬁ mortality of E. delegatensis seed during the autumn and

winter period. : Thg 1afgé variation in the rumber of viable seeds per

replicate in‘ithe present experiment may have masked a low level of"

mortality during autumn and winter.
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1.2 Seedling emergence from,Seed planted at four altitudes.

Seasonal changes_in’dornancy and gehnination of g; pauciflona seed
tend to delay ‘the gernination of most‘of the seed in the soil until
spring. - Seed from hlgher altltudes has ; ~stronger 1nnate dormancy.than
seed from lower altltudes.: ‘The 3011 temperatures in autumn become more
favourable forfstratlflcatlon at hlgh altitudes and 1t is p0551b1e that
.seed w;th ,weaker‘dormancy would have an increased risk of germination
during ‘winter‘ at. higher valtitudes. On the other hand, at low
altitudes; the strong dormancy of the seed from higher altitudes may

delay' ‘the germination of seed beyond the period of favourable

conditionsf during»spring. This section examines the extent and ‘timing

of seedlingfemergence from seed planted at‘fourAaltitudes.

Methods:

Seed" fhom ‘four altitudes, Waste Point 5(960 m), Sawpit- CK.
(12140 m) Dicky " Cooper’ " Ck. (1740 m)- and "Baker's Ck. (1910'm).was
d1v1ded into~'units. (1 0 B Waste P01nt the rest. O. 5 g) .The.

‘approx1mate namber of v1able seeds ‘in-a unlt of . each seed source is

shown 1n Table 7 3
i Fourf:sites 1n clearlngs w1th northerly aspects and a slope not
greateh than 5%,; were
"Ranger Statlon ;(1215 m),
5At each 31te four plots (0 7 m X 0 7 m) were cleared of vegetatlon andf
’
f_th

.1nemoyed to provide

selected near- Waste P01nt (960 m), SaWplt Ck~dv”

Rennlx Gap (1610 m) and Plpers Gap (17u0 m) S
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germination’and emergence in the field:

EVE

TABLE 7.3

The -numbers. of viable seeds in un
its of the seed collected
Waste P01nt Sawpit Ck., chky Cooper Ck. and Baker's Ck.. e

SEED SOURCE - SAMPLE ~ MEAN NUMBER OF
SITE ALTITUDE" 3ZIGHT OF VIABLE SEEDS® -

Waste Point 960 m

: » 1.0 g 24.9 + 6.0

_ Sawpit Ck. . 1240 m- 0.5 ¢g 27.5 + 8.8
Dicky Cooper Ck. 1740 m 0.5 g 32.0 + 5.6
0.5 g _ 43.0 + 5.4

Baker's Ck. =~ 1910 m

_‘ Means of 8 replicates : standard deviation

The . sites of ,planting were not identical to the sources of the seed

because - of difficulties in collecting the amount of seed required f

attempt. was made to collect seed from populations of g; pauciflora

a wide altitudinal range (960 m to 1910 m).
On February 8 end'April 13 1983, two of the plots at each altitude

sources, u51ng ‘a latln square de51gn Thls de51gn was used to permlt

- since 'someg
replieate;>of,Seed>was_conflned to an area w1th1n the plot by a sectlon
of 7PVCV;waste‘;Water,‘pipe
depth of 90 mm to form a rlng,

from dlfferent sources

trees at sites which could be easily accessed during spring. . An

were plantedd witn:ffour. repllcates of the Leed'from each Qf-the_seed,

an analy51s of’ the effect of slope (rows) on the emergence of seedllngs[

5011 and water movement across the plot was expected ‘Each’ -

(75 mm dlameter) pushed 1nto the- s0il to a.
the rlngs prevented the m1x1ng of seeden

due to dlsturbance by needle—lce and runoff}f ‘ “/i:L

o S,

e e
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th d ranging from ‘ . ’
© Seed ramging from Omm to 10 mm in an attempt to remove any

differential effect of depth of Dlantlng on the germination response of

the seed.

After planting, each le¢ REE Ldvered with a fine white gauze to

minimize. any effects due to- ﬁa;n”:no splash; the whole plot was then
covered with a chicken wire 0age \10 mm mesh), to prevent disturbance
by animalsf The -gauze was removed from plots at low altitddes in

early August, and after snow melt at higher altitudes.

Measurements of soil temperature at 0, 0.1, 0.2, 0.5, 1.0 m depth,

grass minimum temperature and rainfall were made at each site on a

weekly Dasis. The temperature environments at the various sites were

compared - using temperature recorded at 0.5 m, because this was the
shallowest debth at which the fluctuations in‘temperature,observed over

the 6 hours taken to visit all sites were negligible.

NS
\
A

'EUCalyptus pauciflora seedlings emerge from the : soil with the

_—

cotyledons folded and often partially
(persoﬁeiepdbsefvatibn).' Tﬁe seed ¢
expedd. ":A‘ seedllng was
.eotyieddde were fully expanded
each - ,Sfidg "and the ndmbeh of dead
approxlmately weekly }déefyele,

removed.:

f@Théf stddy PePOPted

enclosed in the seed ‘coat”
'ycoatefells off as the cotyleddhs-
013551fled aS‘ hafingi emergeddbﬁhen the
The numbers of emergent <eed11ngs 1n’-
seedllngs were recorded ate

and the tops of dead seedllngs were;

A R PO : 5 y
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in = which soil moisture remained high throughout the period of

emergence.
Results:
(1) The emergence of seedlings in autumn.

Seedlings began to emerge in early April at Waste Point and-the
timing of the first. emergeﬁce was progressively deiayed"at_higher
al;itudes. The emebgence of seedlings in autumn is reflected in the

number of emergent seedlihgs observed on May 28, 1983 (Table 7.1).

TABLE 7.1

The total number! of seedlings which had emerged. by May 28 from
seed collected at four altitudes and reciprocally transplanted on two
vccasions.

ALTITUDE S 960 m : o 1610 m 1740 m-

OCCASION ~ FEB APR F } FEB APR  FEB APR

SEED SOURCE

1240m
1780 -m

each plantlng tlme

S emer in in 8 repllcates at )
Sum Of Seedllng ; 8 seeds per. repllcate~

at each altltude.» + The: approx1mate number of
_1s~g1ven in Table 7 3

seedllngs ’whlch emerged ”in'autumnvwa§i§ma;l;iny,ﬂ

" The  numbér: of




Dorn , germination |
Jormancy, germination and emergence in the field:

planting, although-thisvtrend was reversed at Waste Point (960 m) where

more seedlings emerged from seed planted in April than February.

.

(ii) The emergence of seedlings in spring

| There are two aspects of the emergence of seedlings to be
considered.  The first is the general relationship between emergence of
the seedlings and climate, and the second is variation in the emergence
‘of the seedlings due to seed source at the different altitudeS~of

planting,

The' emergence curvesv generally show a gradual rise to a plateau
(corresponding to the maximum number. of emergent seedlings):then a
decline as seedlings beéin to die (Figure 7.3). The number of
seedlings dying was negllgible during the  time when the number of

seedlings emerging was increasing.- There were, however, two notable

departures: from th1s trend Severe needle—lce activity at Waste P01nt

(960 m) durlng the week endlng September 7 (day 250) resulted in the

deaths_ of most‘ of the seedllngs whlch had- emerged by that time. The

marked *heduction in. the numbers of seedllngs at Sawplt Ck. (1215 m)

afte ¢ tember 27 (day 270) was due to floodlng of the plots whlchd

caused death of most of the seedllngs 1n the plots planted on ApPll 13‘{1
and substantlal mortallty ‘in’ the plots planted on February 8 ;ﬁThe’

dlfferences in. the mortallty of suedllngs emerglng from seed planted att

1fferent tlmes appeared to be due to the p051t10n of the plots and notf~;

to‘fdiffereneeS* the characterlstlcs.

xcluded from further analyses. “'

SaWpithk site’

of seedllngS. The data fromz'nff'””
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germination and emergence in the field:

Spring emergence of ‘seediings predominated at all altitudes of
planting, with differences in the tlmlng of emergence shown in Figure
7.3. Seedllngs from seed collected at 960 m emerged rapidly at 960 m
and 1215 m compared to those from seed collected at higher altitudes.
The difference in emergence of seed from 960 m compared-with the other
sources. amounted to .20 days at 1215 m. The peniod from the emergence
of the first seedling until the maximum number of seedllngs had emerged
decreased with altitude of planting. Conditions were suitable for
germination over a’ long period at Waste Point; the higher soil
temperatures may have penmitted a fuller expression of the strength of
dormancy of the seed both within and between the seed sources. The
emergence of seedlings at higher altitudes was probably delayed by low
temperatunes under snowu. When the soil temberatures began to rise
following‘ the snow melt, a greater proportion of the seed germinated

and the seedlings emerged and established rapidly.

Seedling mortallty 1ncreased in late December at the same time as

soil moisture levels began to decline rapldly (Flgure 7.3) and’ 1t is.

a55umed that the mortallty was related to drought. The onset of

mortality was delayed at lower altltudes ‘eéven though the decllne_in

soil moisture showed a similar pattern at all altltudes. This is‘

.probably because the seedllngs at lower altltudes viere larger (personal

Obseryation) and presumably had deeper root systems, and therefore

better : aocess ;to water than those at hlgher alt1tudes.s Thls;~

1;nterpretatlon may be further

ShOot ratlos of seedllngs grow1ng at olfferent altltudeo whlch were not;.

'slnvestlgated

compllcated by dlfferences in, root tod:"'
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germination and emergence 'in the field:

of the seed emergi o . ‘

L ISreShs. Neither could the comparison of the seed
ource : , ‘
sources be based on absolute differences in the number of ‘emergent
,seedllngs because differences 1n the processes which lead to emergence

would be confounded with differences in the 1n1t1al numbers -of" v1ab1e

vse?qﬁg (Tahle 7.3). Howaver comparisons of the behaviour of seed from

each source planted at a range of altitudes will indicats whether there
was any difference in emergence due to altitude df planting. The
plateau region of the emergence curves of Figure 7L3 was used to
investigate the differences due to seed source; the sampling was not
intense - enough to ‘investigate the rising pars.5f the curves;eand the
curves of the different seed sources show little variation after they
reach ' the plateau. The.variation in the number of emergent seedlings
on November 16 will now be considered ln detail, | |
‘The .analysls summarized ln Table 7.5 shows that the number of
seedlings emehging from seed from different seed sources. was
51gn1flcantly different (Source, p<0 001)

number of v1able "seeds for each source (Table 7 6) w1th the estlmated

number of seecs planted (Table 7 3) shows that a hlgh proportlon of the
seed emehged ‘as‘,seedlings (960 m,v
1910Hm,>83%).

’The altltude of the seed source had a 51gn1f1cant effect on the
numberj of emergent Seedlings.v Thls.

'.dlfferences in- the‘ numbers of

The resu1ts whlch are of partlcula

Sgtee BOTIE F

Comparison of the mean

71%, 1240 m, 91%, 17uo m, 93%,..

could be expected from the:;f_’;”

v1able seeds Whlch were planted (Tableefw“'

1mportance are the“_

seed sourcef'

T e f
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time'of~plentihg.

TABLE 7.5 -

Summary . of "analysis of variance! for the number of seedlings on
November 16, 1983 which emerged from seed, from four altitudes, planted
on February 9 and Aprll 13 at four altltudes

Sourcé of Variation d.f Sum of Mean veriance Significance -
: -Squares Square Ratio level

Altitude.Plot Stratum.

Altitude S 176.3  88.1
Time o 656.4 656.4
‘Altitude*Time ' 1408.8 T04.4
Residual’ 6 3000.5 500.1
Total : L 11 5281.9 U76.5

Altitude.Plot.Row Stratum 36 5478.8 152.2
Altitude.Plot.Column Stratum 36 L4410.8 122.5
Altltude Plot Row Column Stratum

Source - o "3 8397.1 2799.0 -
Altitude*Source v 6- 3196.5 532.7
Time*Source. = - - 3 71480.3 - 420.1
Altitude*Time*Source. =~ . 6 764.5 127.4
Residual | .90 12279.0 136.4
Total - .. 108 25897.4 239.8

Grand'Toﬁai‘ ' S ' 191’&102950

! Spllt plot with a Latln Square de51gn in the sub-plot -
Altitude - :Altltude of planting (960, 1215, 1610, 1740 m)
Time -~ - . -:Time of planting (February 9, April 13) ‘
Source '[;Source of ‘seed (960, 1240, 1740, 1910 m)-

Row, Column :Rows and Columns in the latin square ,
Plof - s :A full latln square (2 repllcate plots /tlme /altltude A'¢

B

The number of emergent seedllngs a53001ated w1th the 51gn1f1cant;i);
: show that seed»

vlnteractlon between altlfude of plantlng and seed source

from 960?mepfoduced$less'emergent_seedllngs as” the altltUde Of Plantlng“




Dormaney, germination. and emergence in the field: .

near Sawpitka. (1240 m) had a similar number ofvémergént séedlings at

all altitudes (Table 7.6). - S

Although +the time of planting did not have a significant effect
overall, lthe‘ interaction bétween time of -planting and seed source was

significant (Time*sburqe, p=0.031 Table 7.5)). When the emergence of

seedlings at each of the altitudes of : planting was considered .

separately, the ‘1ntenactlon petween plantlng time and seed source was
found to be.51gn1f1cant only for seed planted at Plper s Gap (p= O 002)

The means ‘for this,51te,show that the Lendency for the later plantlng

to”'produce fewer‘ seedlings from seed collected at high altitudes was

not 'apparent,\in the‘emergénce of seed from low altitudes (Tablen737).
The meain -"source of thls 1nteract10n is the large effect of planting

time on emergence of seed from chky Cooper Ck. (17M0‘m)’and Baker's

Ck. ‘(1910 m) compared to' the small differences in seed from lower

altitudes.
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TABLE 7. 6

The ~mean number of emergent se ;_;ugs at 960 m, 1610 m“end 1740 m
from seed collected at 1000 m, 1230 ™, 1610 m, 1740 m. o

PLANTING - ALTITUDE OF SEED SOURCE Mean for
Location Altitude = 960 m 1240 m iT40 m  1910.m Location!?

Waste Point 960 m 24.6 24.5 1 25.6 28.1 25.7
Rennix Cap 1610 m 15.6 27.1 32.2 36.9 27.9
Piper's Gap 1740 m 12.5 23.7 31.4 1.9 27.4
Mean for source? 17.6 = 25.1 29.7 35.7

For comparison between

Seed sources within an altitude of planting (rows) LSDgos = 10.6
Altitudes of planting within a seed'source (columns)LSDg,s = 8.2
Means for. altitude of plantlng (1) v LSDgos = 7.9
Means for seed source : (2) o LSDges = U.7.

Sawpit Ck. (1215 m) data omitted due to flood damage

TABLE 7.7

The. mean- number .of .- -emergent seedllngs from seerd collected at four
altitudes .and planted elfher on Fuoruary 8 or April: 13 1983 at Plper s
uap (1740 m) : ; - .

. e _ ALTITUDE QF.SEED:SOURCE._' J'IQ;MEAN FQR.f
. TIME OF PLANTING - 960 m - 1240'm. " 1740 m - 1916 m ¥ PLANTING

Febrdarj'B;f1983fiﬁ 201003 0 2600
;Appilﬁf 13;v]983‘;4,, 1uf .  '2174

PRSRTIRS

For comoarlson between o
Seed''sources within a: tlme of plantlng LbD°°5’=_9 2,m_
Tlme of plantlng w1th1n a seeo source _L$D°°5 = 859‘“
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- Discussion:

The 'differences observed i seedllng emergence may be attributed

to an 1ncrease in the strength of dormancy of the seed with altitude of ?“
seed source (Section 4.2.1) since seed from different altitudes showed

no differences in the temperature response of either'stratification

(Section 4,3) or germination (Section 6.2)., Differences in the number

of seedlings which emerge could be expecﬁed'to refleot differences in '};

the proportion of seed from each source which  has a .strength of ;

dormancy -which is appropriate for the enviromment of planting.

The reducticon in the numben of seedlings which emerged from seed

from Vaste Point planted at altitudes above 1215 m is consistent with

the earlier germination; and death of seedlings, as a result of the

waaker dormancy Jof  that seed oompared to seed from higher altitudes.

The. reduction in the number of seedlings emerging_fnomjseed from Dicky

Cooper Ck; and - Baker's - Ck planted at” 960 nm could be explained by a

reductlon in . the 1number of seeds germlnatlng as a result of anf

incOmplete oreaklng of dormancy at 960 m compared to seed planted at

1610 m and 1750.m. "A high proportion ;'(91_%),_of the seed fr'om 'Saupi:"c,‘(‘:lgv.

emerged as'seedlings at»allfalpitudes of planting,

Di fferences *n 'the~'strength of dormanoy may explaln dlfferences

.obse"ved “in the response of. seed collected at - varlous altltudes to the -

f;

ltlme of plantlng at - the hlghest altltude (17H0 m\ (Table. 7 2) i Ine T

number «Jf seedllngs emerglng from seed from chky:

reduction in; the

Cooper Ck. and Baker Ck planted on Aprll 13 compared’to February 9x3ff-

vls unllkell“to ‘be due to thellnablllty of the condltlons at P1per s_C
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Dicky = Cooper Ck. planted on  August 28 at 1610 @ was able to break

dormancy  and emerge as seedlings. It .is possible that the lower number
germination of the seed during winter.

Conditions which were suitable for the breaking ofldormandy must

have occurred at Rennix Gap (1610 m) prior to April 13 because the

(Figure 7.1). ‘It could be expected that the onset of these cond1t1ons
would have”‘been earlien ‘at Piper's Gap because of genera’ly 1ower

temperatures at- the higher altitude. Seed planted on April 13 at

Piper's Gap would therefore have been exposed -to conditions which were
suitable for the breaking of dormancy from the time it was planted. In
contrast, the dormancy induced in the seed planted on February 8 would

be far stronger on April 13 than the,innate dormancy of the‘seed which

i
g

planted later in autumn.

There are two posslble explanatlons fo

'dlfferences

Feoruary and Apr1l at lower altltudes. the warmer ‘conditions at lower

altltudes after Aprll 13 may have permltted the 1ndu
in the seed thereb

winter at lower altltudes may hav

_delay ain germlnatlon

The breaklng of dormancy observed in’ seed

seedllng

'suhViQal of the

S

of emerged seedlings in the later planting was due to premature:

strength - of dormancy of ‘the seed had begun to decline by'that date

was planted on that “day. The germlnatlon of seed’ planted in late

summer - would1 thus be expected to- occurv at a later tlme than seed

r ’he absence of 31gn1flcant-'

in the umber of seedllngs emerglng from seed planted in’ -

ctlon of dormancy»

y delaylng germlnatlon, or ‘the shor Ser duratlon of ;57

e reduced the crltlcal nature of thed*flf

(caused by the 1nductlon of dormancy) for'thef;f
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possibleltOfdeterminé the éctualvcause_'

Intebpretion of»the results of ;he pnesént‘experimént in terms of
thé adaptatiop bf E; pauciflora 'to. variation in' énv;ronmental
“conditions . with altit@dé requirés an_assessment of £he characteristics
of the season in thch the study Qas cafried out compared £o the mean
climatic conditioné.i The temperature éonditions'during kﬁe,spring of
1983 were similar; tb- thé ‘aVefage (Figure. 7.43) and the monthiy

precipitation”“waé ~.very high during,September;'Oétober and November of

.

that year. The cénsistently high soillmoisture leyels dﬁring the épbing
of 1983 provided an’ ideal opporﬁhnity to examine the effects.of
altitude, , independent of .soil moisture constraints. The dry-
conditions - dﬁnihg October and November of 1982, whicﬁ resulted in the

mortality @ of almost 2l1 of the seedlings whiqb*éherged, shows the

critical'impdrtance of soil moisture .conditions in the spring following

dispersal for  the  successful establishment of new1y4germinateq :

seedlings. .
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7.3 The influence of time of planting on emergence of seedlings.

The previous experiment showed  that the emergence of seed
collected at a range of altitudes depended on the altitudinal
diffenence in the seed source and the site of planting. Cnanges in
the dormancy ofvseed planted in early autumn suggests that seed planted
at 1ater times‘might»oe expected to have a different dormancy compared
withv seed pianted in early February (Section 7.1). -Although replicate
studies of the‘ changes in’ dormancy of seed for different times of
plantlng‘ were not DOSSlble, some 1ndlcat10n ofvthe~d1fferences‘was
obtalned by examlnlng the emergence’ of the seedllngs from seed planted
at different times. This study describes -a . study. in-which the
emergence ofvseedlings from seed planted at a‘range of times in autumn

’

and spring was monitored.
Methods:

A‘_ploti (0.8.m X O 8 m) at the southern edge of a clearing in an
E. pauciﬂlora stand near Rennlx Gap (1610 m) was prepared in a 31m11ar'

déscribed in Secflon 7 2 Repllcates of seed

t

manner o the plots
(0 5 g, 32 v1able seeds),.collected near chky Cooper Ck.f(1740 m) were

planted in f1ve randomly selected r1ngs each fortnlght from Februany 15,}

to May 5 and then on May 28 All of” the seed for the autumn plantlngs‘

wasf welghed on: the same occa51on and was stored 1n dry condltlons 1n a

‘refrlgerator untll lt was requlred for plantlng
‘August 28 was undertaken 1n orde
vin .sprlng.,;:ne}vseed for the sprlng plantlng was from the

‘but?&was:

A further pldntlng on>Eﬁ;af»

r to examlne the breaklng of dormancyf;[:f‘
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ftlmes (Table 7. 8) and all of these ‘se
floWer’f number of emergent

'.plantings:;reflects the

Dormancy}'germination and emergence in¥the‘fie1d;

The 'plot- uas‘ inspected .at approximately weekly intervals for
emergent seedlings during autumn and spring. The number of seedlings
with- fully expanded cetyledons and the number of dead seedlings were

recorded, and the dead seedlings were removed,

Results:

“

(1) C;imatictconditions

The cllmatlc conditions durlng the period of plantlng and seedllng'

emergence are shown in. Figure 7. 5. This flgure also summarlzes the

relevant flndlngs of Sectlon 7 1 and shows that there was a progress1ve

breaklng of dormancy durlng the late autumn but that the proportlon of

seeds’ whlch germlnated durlng autumn was low.' Dormancy was broken

durlng the winter, and large proportlon of the seed germlnated in

September, the emergence of the seedllngs was however, delayed by more

than a month. The emergence of seedllngs w1ll now be con51dered 1n

more detall for seed olanted at dlfferent tlmes durlng autumn.

[
,

gs in’autumn and winterg

(11) Emergence of seedlin

;,5
Some ef‘the seed planted in: autumn emerged before w1nter, however,’
the seedllngs whlch d1d emerge were a55001ated w1th partlcular plantlngfxw

edllngs had dled by August 3
seedllngs '355001ated w1th thei earllen :

1nductlon of dormancy noted for seed planted on';

e

‘Febnuafy' 85
emergent

" resulted:
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- TABLE 7.8
. The total number of seedlings which had emerged by various dates
during autumn, ~ o : . :
NUMBER! OF EMERGENT SEEDLINGS
SEED PLANTING - DATE -OF OBSERVATION

Date Occasion® 13 APR 28 APR 5 MAY 28 MAY

FEB ‘ ' ‘ o1 (1)
'FEB ,
MAR

MAR

MAR

APR

Total number of seedllngs in 5 repllcates

from Figure 7.3 :
) “indicate the number of additlonal_seedlings which had

- -emerged but did not have expanded cotyledons,
Aﬁ(iii) Emergence of seedlings in spring

~.The counts of emergent seedlings at successiVe times‘represent ‘

repeatca meesures whlch are’ not 1ndependent of each other and therefore’

the counts at each tlme were analysed separately. The sprlng plantlng

of - 'seed ‘(August 28 [9]) was not 1ncluded in the analy31s because the?'

number of Jseeds whlch were planted was dlfferent and therefore this

treatment would be expected to show a 51gn1f1cant dlfference in thefj

-numbers of seedllngs whlch emerged

_ prlor to emergence of the seedllngs,‘two of these rlngs 1ncluded seed':f

The 3011 1n u rlngs was dlsturbed'ft

planted on May 28 [8] and these plots were 1ncluded as m1551ng values;tjvﬁ,

infthe_ana;ysisggw
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in

spring froi seed planted at different times in autumn was not

significantv (Table 7.9). The lack of 51gn1flcance of the effect of

plantlng“tlma on the number of emerged seedlings for all of the days of

"yfﬁQctober 18 ‘may be due to ' the large amount of

- the replicates (shown by the large value of’ the Least

ingfa: va\:_fpifferences LSD). The major differences‘in the types of

N ' L
resulted from varlatlon in the maximum number of emnrgent

the " rate at which the seedllngs emerged (Flgure 7. b)
T;é Amean 'number? of seedlings for _each planting date and day of
observatlon are’ shown in Table 7.10 to permit the comparison of. each of
the plantlng dates ~ They show that, generally, the ‘number of emergent
seedlings from seed planted on occasions 3‘(March 1), 4 (March 16),

~(March 30) and 8 (May 28) was lower than seed planted at: the other

[‘,

times.

TABLE 7.9‘

The summary of analyses of variance of the number of emergent
seedlings from seed planted at . various -times for_each observation
occasion in sprlnb. ’ o B :

-Dayl of . - . Source of = - Variande
" Observation. . Variation ratio

- 28Y Planting Date ~  2.10 0.075

291 Um0 62 0,031
298 " S 2,17 0,067
305 L R 2,27 1 0.056. .
320 T 005 0058

1983

Day from January 1,

germinatiqﬁvand,emeréeﬁce in the field: o 265..
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TABLE 7.10

The mean number of seedlings from each planting'date whicn had
emerged on each day of observation. ‘ N o

" DATE OF PLANTING
16 MAR - . 13 APR
T"MAR - . 30 MAR

DATE OF-

L . .28 MAY
OBSERVATION 8 FEB

15 FEB

20.4 11,
32,00 17.
33.2  18.
32.0 18.
o 31.4 18,

0 15.
14.6  26.

2 2T,
16.2  28.
14.0 . 29.6

11 0CT  16.4 1
18 OCT  '30.6 19
25 OCT  31.6 24
1 NOV . 32.4 25.
16 NOV  '31.8, 25

o 0 W Ul
O WUl oW
e e N) =
WO OoW
= OO OO
-
o
[ 2SN I I —Y's
O &0

WD
S E ooy o

' value fér significanti différence bétween means withini'a'déy 6f
observation at p=0.05. ' ‘ .

50 r

40

MNob X + 08

30

20

10F

B

27 APR . LSDf 

MEAN NUMBER OF SEEDLINGS

0 R

— 580,300 320

S DAY FROM JANUARY 1, 1983

Fi‘urex7.6 : < o - -
'8 coe ' 'replica;esioffseed,planted ab_g;rgnge}of»§1mgs,dj.
.f1:,Febfuahy 8_ J;  ‘v'ﬁVQ-QH;”Marghv16:i, .';im

© 5: March 30- . . Ts April 27
. 9: Kugust 28 . L e

  TﬁethééhZ’hﬁﬁbe}:'df ;éeédlihgs'ﬁwhiéh"émerged\’ﬁrom 5
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Diszussion:

Although the varlatlon between repllcates Mmeans -that the effect 1sf
not statlstlcally significant,'sthe trend in seedling emergence shous
that - the time _of» planting. -can affect the‘numbereof-seedlingsvwhich
emerge. "tThis, tnemd is consistent,uith'the response predicted from

earlier studies in this thesis.

Seed Dlanted ongFebruary‘S; a@‘the;same time and at the'same‘site
as the seed;used'in the-experimentsvinvestigatgng changes in dormancy
during autumn%s(Section' 7f1)’ produced .a largeﬂnumberjof seedlings in
sphing._4 , bectlon 7.1 showed that the tempenature ‘and moistune
conditions ' were condu01ve to the induction of donmancy; following“
pianting -on Februany 8, and that only a small proportlon of the; seeds
germinated: (gé.' 2%) ‘and few see011ngs emerged durlng autumn (Table{i

7.8)0 - Seed'vplantedf,on February 15 produced.“a 51m11ar~numper of..

seedlings to3that.planted on Febnuary_B;

R

" The dny 'condltlons .fcllowxng plan 1ng on March 1 probably meant

that the seed planted on that occa51on would have responded 51m11ar1y:.:1 d

to the seed planted on March 16 because changes in dormancy occurrlng} »

at low seed m01sture content occur very slowly (Sect‘on o, 1 1) and the

seed would not have become m01st untll March 16 when 1t ralned The;

lower number' of seedllngs energlng sprlng from seed planted oni_

Manch'1 -

seedlings emenglng ‘
temperature condjtlons for germlnatlon folIOW1ng plantlng {However;
the I h: ‘ seedllngs whlch emerge

' plantlngsv cannot accovnt for the dlfferences 1n the numbers of merged

seed;ingS'

March 16 Maroh 30 were aTl assoc1ated w1th hlgher numbers Ofﬂ.':{f

1n autumn as a result of favourable m01sture andjm‘:
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germinated .than .emerged and  that all of these seedlings died before

spring.
8011 temperature and moisture conditions were apparently sultable

germination Capacity ofvséed'planted on February.9 began to weakin from
that time (see Figure 7 1 eurve d.).  The seed planted on,Aprilv13 and

April 27 was ther‘efor‘° exposed to conditions which con51stent1y broke
seed planted between March 1 and March 30.

‘The 1low number of seedlings ohiginating from seed planted on May

28 is'nOt_consistent with the'otheriobservations'in this chapter. The

low. numbers are- unliye\v fo be due to the premature germination of ‘the

be more severely affected through exposure to even longer perlods of

conditions: uitable for o"eaklng dormancy. The low. numbers are also

unlikely to

I

because»>a high proportion ’of
,beginning of,‘Spring,

studies 1n Sectlon

retrieved_ on

seed - from
section), th a high pro

numbers are alsof unlikely to be d

February 9 emerge since seed planted on Fe

'experiment produced a

&

“for che low numbe” 4

uhhééolyedl

for jthe breaking “of dOPmancy from about March 30 onwards since- the

dormancy . and pnoduced higher.numbers of seedlings in spring than‘the'ff

-seed because seed planted on Aprll 19 and Aprll 27 would be expected to:

be due to 1ncomp1ete breaking of the dormanoy of . the seed”

the seed planted on’ August 28 at the .

produced emergent seedllnga In addltion, the-

vgmie showed that seed planted on February 9 and_

May 28 had about the dame strength of dormancy as fresh -

the same source (the same qeed used for the studies 1n this’

portion of the former seed germinated The lowﬁ}'

ue: to a, failure of seed planted on

b”uarj 9 in- the present

large number of emergent seedlings.-'ﬁ?he_peasgnf‘F
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Planting seed in' spring V(Augpst 28) resulted in a different
germination behaviour compared to seed planted in autumn. Although the

absolute numbers‘-of seed cannot be compared,  the péttern of,gp'

i

shows -that .the seedAplaqted in spring broke dormancy and then‘émerged'

at a later time than the séed which.htad over-wintered in the soil(
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7.4 Conclusions

1. The cha§ges 3in; dormancy in autumn aré: consistent with the
results of . the 1laboratory. experiments since moist conditions and

températubesA.above' 9°C. resulted in the induétion'of'dormancy in seed

'planted‘in,late summer,

2. Th§ 'induction of dormancy kis” 1mportant ing-limiting the

;.

'germlnaolon of seed durlng autumn and in prevsnrlng germination durlng

w1nter

N3.-Seeqlgenmination in the field. ccurs whén the soil temperétuﬁés‘

¢
"y

are low at the end of winter (temperature at 10 mm did not exceéd PQC)HA

5. Seedling emergence .occurred about 30 .days after seed "

germination.

5. -The _proportion’ of séed'which'emerges~as,seédlings depends“dﬁ'“

B the altitudé of"seed Souﬁce ‘and the éltitude' of plantingg;ﬂThefa
o raductlon ‘in tbc proportlon of emergnnt seedllngs was most marwed wnen
. 'seed from. hlgh altltuaes was planteo at luw alfltudes and v1ce verqa.'
J 6, ‘Drought may result’ in 100% mortality of seedlings at'all
f .a;titudegl




