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ABSTRACT

KUSMINTARDIQ, 1992, Ap Evaluation of Osmotic Pre-sowing Trcatment as a
Poteniial Method for Tmproving Lhe Germination

Performance of Pinus radiata D. Don Sccds

Supervisor: Dr Peter Cooltbear

This study was conducled (o characlerise optimum conditions [or osmolic pre-sowing
treatment as an effective means of improving the germination and/or emergence

performance of Pinus radiara from different seed grades.

The results indicated that osmolic treatment could reduce the germination and/or
emergence times of Pinus radiata secds by 409% of controls, if treated seeds were not
subsequently dried back to original moisture contents. Osmotic treatment did not alter both
the uniformity and final percenlage germination. Rapid germination at this rate was only
obtained if seceds were treated in optimum treatment conditions, 1.¢. with a -1.0 MPa solution
for 10 d a1 20°C. The correct choice of water potential and (reatment daration is crucial in
determining the level of treatment benefits, At high water potential, seeds were 1ost duae fo
pre-germination during treatmenl, while af low water potential ircalment benelits were legs.
Treatment with salt solutions {(KNQOy + KHyPOy4) was beller than with polyethylene glycol,
an effect which scemed 1o be a result of differing seed moisture content atlained during
trealment as no pre-germination occurred duaring PEG treatment while the moisture content
of PEG-treated sceds attained following drying was less than that attained by salt-treated

secds,



Since seeds are kept in the imbibed state during treatment, the prevention of microbial
proliferation is of prime importance. The use of Thiram at 1% sced weight and applied
before osmotic treatment gave good proteclion against microbial attacks without tosing
(reatment benefits in terms of rapid germination. Application of Thiram beyond its optimum

rate should be avoided as it can delay seed germination.

Treated seed should not be dried back to low moisture contents rapidly, even at
ambicnt (emperatures (22-27°C, 50-6-% RH) as drying for 4 d in these conditions resulted in
a complete loss of treatment benefit. However, slow drying of osmotically treated seeds at
high relative humidity (20°C, 80-85% RH) prevented the adverse effects of desiceation on
germination performance. Sced dried back in this way had 30% less in median germination

times refative to untreated controls.

The response of osmotic treatment applied o different seed grades gave consistent
resulls, Rapid germination due to osmotic treatment occarred n alf seed grades at similar
rates and was reflected in a significant increase in scediing dry weight., As the increases in
scedling dry weight were more evident in larger or heavier seeds than in smalier or lighter
secds, it is suggested that osmotic treatment seems to influence relative growth at this stage

of seedling development,

Osmotic trealment reduced the storability of seed, atthough applications of this
treatment after storage restored the level of vigour of aged seeds which just begun to decline,
Although totat dehydrogenasc activity in osmotically treated seeds was higher than in
untreated controls, there was no dilference in oxygen aptake between treated and untreated
conlrols prior (o radicle emergence, It was suggested that factors other than energy

production are perhaps responsible for ensuring rapid germination of treated seeds.



The commercial implications of this study are potentially good. Osmotic treatment in
trec sceds is no longer restricted 10 using only polyethylene glycol. Improved seedling
growth as a result of ecarly emergence can help low vigour/moderate vigour scedlings become

more vigorous and meet standard speeifications required for outplanting.



CONTENTS

ACKNOWLEDGEMENTS

ABSTRACT

CONTENTS e s s e s ee e s a e e e s e e b e e et sb b bbb rbin e

LIST OF TABLES

LIST OF FIGURES

1. INTRODUCTION

IT. LITERATURE REVIEW s

2.1 Sced Quality and VIZOUT .o et e e e st e e e s mmeme s g mae
P D B 1T 0 . T ) 1 1s a3 o T PP

2.LET Vigowr conceplst ISTAvS AOSA e

2.1.1.2  Vigourvarnations: The eflcct of sced size

2.1.2 Physioloegical Basis of Poor Vigour and Deterioration ........oeeeciiininnannn
2020 GENETAI CAUSES woeeeereiereeeeseoeserinsoeseesseseremsaeseesemseenn,
2.1.2.2  Mechanism of sced deterioration during ageing wveeciicreniinin

2.1.2.2.7  Enzyme changes ...
2.1.2.2.2  Respiration changes e
2.1.2.2.3  Changes in nuclelc geids e

2.1.2.24 Hormonal changes ...iicovviriiciccieccccececnennns

vii

PAGE

.1

. XIv

. XVii

12

................ 12

13

................. 16

16

18



2.2

2.3

[n.

31

3.2

2.1.3 Current Problemsin P. radiota Forest Establishment in New Zealand ...
2.1.3.1 The role of large sized sceds

2.1.3.2  Causes of seed s12e VATIALION .ttt ee et e e raana e

Pre-sowing Sced Trealmentfor the Improvement of Seed Performance ..
2.2.1 The Need for Pre-Sowing Treatmenl

2.2.2 Methods of Pre-sowing Hydration Treatment ...

2.23 Mechanisms of Action of Osmotic Treatment ...oiinmneeee

2.2.3.1  Water relation in 0smotic [realmienl i i sireaeens

22,32  Physiological and biochemical changes in osmolic treatment ...

22327 ATP Chanfes i erinnn s s s

22322 Changesin DPNA e

22323 RNA changes ..o

2.2.3.2.4  Changes in protein and enzymes e

2.2.3.25 Hormonal changes e

2.2.32.6  Respiration changes ...

Osmolic Trealment of Forest Tree Seads oo eeceeavnean

[
o]
o

MATERIALS AND METHODS

Osmotic Pre-sowing Treatments oo

Drying Secd ATLer TRealment ..ot e

321 SUFFACE GIVIBE oottt bbb bbb e seaneet

viil

25

34

30

32

33

33

34

35

35

35

39

. 4l

41

43



33

3.4

3.2.2 Drying back fo [ow moislure CORIENT ...t ere e ee e aerres

Gencral Testing Procedurces
3.3.1 Germination and scedling growth measurements ...
3.3.2 Moisture content determinatlon ...

3.3.3 Data colleclion and statistical analysis ..o e e,

Orpanisation of ExPerimenls ..o e e
3.4.1 Experimeni 1. Preliminary Study on the Effects of Salt

Treatment and Subsequent Drying on Grade 1V Pianus radiata Sceds ...
3.4.2 Experiment 2. The Elfcets of Salt Treatment Daration and

Fungicide Applications on the Germination Performance of

Grade IV Pinus radigtaSeeds ... i
34.3 Experiment 3. Comparison of Polyethylene glycol and Salt

Treatments and Interactions with Deying Back oo
3.4.4 Experimeni 4. The Effcet of Slow Drying After Salt Trecatment ...,
3.4.5 Experiment 5. Germiration and Scedling Emergence [rom Different

Grades of Salt Treated Pinns radiafa SCEds i ssereaeinon
3.4.6 Expcriment 6. Evaluation of Osmotic Treatnent for Improving

the Germination Performance of Artificially Aged Secds e,
3.477 Experiment 7. Respiration Studies in the Early Germination

ol Osmotically Treated Sceds ...
3.4.8 DExperiment 8. Measurements of Dehydrogenase Activity in

Osmoticatly Treated Seeds e

43

44

44

45

45

46

47

48

48

49

50

53



Iv.

4.1

4.2

4.3

4.4

OPTIMISING THE PRESOWING TREATMENT . 55
Experiment 1. Prelimirary Study on the Effects of Osmotic Treatment and
Drying Back Treated Pinus radiata Sceds e 55
4.1t Pre-germination and Moisture Content ol Sceds During Osniotic

T 111 1 O OO U PO
4.1.2 Final Percentage Radicle Emergence and Normal Secdling Production ... 57
4.1.3 Mcdian Times (Tgg) and Spread Times (Tyg-Tyg) of Germination ... §7
Experiment 2, The Ellects of Sall Treatment Durations and Fungicide
Applicalions on the Germination Performance of Grade 1V Pinus radiata
4.2.1 Pre-germination and Moisture Conlenl i 61
4,2.2 Final Percentage of Radicle Emergence and Normal Seedling

ProdUction .. e e aran 63
4.2.3 Median Times (Tg() of Germination 64
4.2.4 Mcan Spead of Times (Tgp - T} of Germination i 67
Expertment 3. Comparison of Polyethyicne glycol and Salt Trealments and
Their Interactions with Drying . 68
4.3.1 Seced Moisture Contents Following Drying . 69
432 The Final Number of Germination ......cooccviiivin i cinenessesse e aeseaeinn 03
4.3.3 Mecdian Times (Tgg) of Germination 70
434 Mean Spread Times (Tyg - Tyg) of Germination 71
Experiment 4. Effect of Slow Drying After Salt Treatment ..ooccvvvveiiviveveenees. 71
4.4.1 Moisture Losses During Drying 72



4.5

V.

5.1

52

xi

4,42 Final Pereentape Radicte Emergence and Normal Scedling .. 72
4.4.3 Median Times (Tgg) and Spread Times (Tgg - ) of Germination ..., 76
| Tt T o OO O 78
4.5.1 The Oplimum Osmotic Treatmenl ... e 78
4.5.2 The Effcets of Fungicide Application ..., 82
4,53 Effect of DilTercnt OSmMOIICH oo rccrermrinas e aa e earne s s eeaa e 83
4.54 The Elfeets of Drying Alfer Trealmont ..o 84
APPLICATIONS OF SEED TREATMENT ... aeinineea s e eea e 87

Experiment 5. Germination and Seedling Emergence {rom Different
Grades of Salt Treated Pinus radiata Secds ... 87
5010 Laboralory BXPOUrIIENT o oty

5.1.5.1 Final percentage radicle emergenee and normal

seedling produclion ... e 88

5.1.12  Median time (Tgg) of germinalion ... 88
5113 Mean spread of times (Ty-T ) of germination ..., ¥8

5.1.2 Glasshouse BXPEIImCOE Lo v rveres s s resaa s 93
S50.21  Secdling emErEenCe i et an s 93

5.1.2.2  Median times (Tgg) and spread times (Tgy-T o) of
secdling emergence o 93

5,623 Mean scedling dry weipht e 93

Experiment 6. Effect of Sale Treatment Applied Before or After Ageing ... 96

52.1 Moisture Content Afer AZEing .o sanrrs e meeeernamee. 0



it

5.2.2 Final Percentape Radicle Emergence and Normal Seedling

ProdUetion .o e e ra e e v aa e e a b s 96
5.2.3 Median Times (Tgg) of Germinalion ... 99
5.2.4 Uniformity (Tgy-Typ) of Germination ... 103

5.2.5 Mean Seedling Bry Weighl e e 103

5.3.1 Osmotic Treatment in Dilferent Grades of Secd oo ae e, 109

532 Effcct of Qsmotic Treatment and AgCING oo i1l

Vi. PHYSIOLOGICAL EFFECTS OF SEED TREATMENT ... 115

6.1 Experiment 7. Respiration of Osmotically Treated P. radiata Sceds ............... 116
6.1.1 Oxygen UpLtake e 116

6.1.2 Roespiratory Quolients (RO) e s s e 120

6.2 Expcriment 8. Changes in Dehydrogenase Activily of Osmotically

AL BSOS oot e et r e eee e e e e et et s v e e e e e e reat e e e e seesaam e e raeaeeseer et ssaeeentns 121

6.3.1  RESPITALION i eeeriirsenasneceessnne s eessesrssmsnnssennesassessssnonenss 121

6.3.2 Dchydrogenase ACLIVILY ..o e e cera s s s 125



VII. GENERAIL DISCUSSION i

7.1  Besi Conditions Tor Osmotic Treatment and Problems with Prying Back

AFLer Trealment oot e aanns
7.2  Application of Osmolic Treaiment in Diffcrent Seed Grades and

72,1 Effcet on Dillerent Secd Grades o s

7.2.2 Effects 00 Agod SCEAS it e svrar e

7.3 Physiological Changes Associated with Osmolic Treatment ...

7.4 Limitations of Study and Scope of Further Work

8.1 LS Tt 3 T T O

8.2 Commercial Applcations ... cera e e e rasar e s as e

REFERENCES

®iii

128

130

130

132

133

135

138

138

139

.14k

164



Xiv

LIST OF TABLES

PAGE

Table 2.1 The cifects of size or weight on laborailory and for lield

performance of different (ree seeds {0
Table 2.2 Seedling specifications for radiata pine (FRI 1988) .. 21
Table 2.3 The elfectiveness of osmotic treatment in differcnt tree seeds ... 36
Table 3.1 The diameter and weight of sced from different grades ..., 41
Table 4,1.1  The percentage pre-germinants of grade 1V Pinwus radiate seceds

during treatment in mixed salt solution at diff erent water

potentials and treatment dUralions ... 58
Table4.1.2  The moisture contents {% [resh weight basis) of grade 1V

Pinus radigia sceds after salt treaiment at different water

potentials and treatment durations lollowed by drying back

al ambient {CMPCratires i e e aaneas 30
Table 4.2.1  The number of pre-germinants of grade IV Pinus radiuta sceds

during trcatment at -1,8 MPa for different durations .oooccoceevnvcinvicees. 63

Table 4.2.2  The motsture contents of grade IV Pinwus radiata seeds after
diff erent durations of salt treatment at -1.0 MPa foliowed by

drying al ambicnt temperature (percentage [resh weight basis) ... 63



v

Table4.2.3  Mean spread of times (Tgy-Tq) of radicle emergence of grade 1V
Pinus radiata sceds which were treated at -1.0 MPa of mixed
KNO3 + KHyPOy4 solution {1:1 w/w) for diffcrent treatment

T AT EOTIE . ortoottetrsee e e e sere e et e e e e e e et e e e et ee e reseesmae e e e eseeennnasvassnrannanssrran 67

Table 4.2.4  Mean spread of times {Tgy-Tyg) of radiclec emergence and normal
scedling production of grade 1V Pinus rediaca seeds after salt

reatment and fuagicide applicatIONS ..o 68

Table 4.2.5  Mean spread of times (Ty-T() of radicle ecmergence and normal
seedling production of grade 1V salt-treated Pinus radiata sceds

after drying al ambient (EMPETALUTES oviicviie e e vee e 68

Table 4.3.1  The moisture content of grade 1V Pinuy radiata sceds alter 13d

treatment at -1.8 MPa of diffcrent osmotica following by drying back ... 69

Tablc 4.3.2  Median times {Tgqy) of radicle emergence of grade 1V Pinus radiata
seeds after osmotic trealment with different osmotica and drying

back af ler IPCATIMEIT oo et ceeeresveesveetereararesctovsssnsennsesnsrnsensnee  F0)

Tablc 4.3.3  Median times (Tg) of normal scedling (days) ol grade IV Pinus
radigta seeds after osmotic treatment with different osmoltica

and drying back sl (Cr treafment et 71

Table 4.4.1  Mean spread of umes {(Tyg - T ) of radicle emergence of sall
treated prade V Pinus radiata seeds afier drying to different

FIOISEETEC COTLETIIS  1onivenvieerneinencsieemieaneaemeeerasasstnasancsrarnsssneesntmsrionsnecsoarosneees 183



Table 6.1.1

Table 6.1.2

Cumulative percentage radicle emergence of osmotically treated
and natreated control grade V Pinus radiaia seeds at different

period of imbihition ... rnnen.. 119

Respiratory quotients of osmotically treated and untreated

control grade V Pinus radiata sceds during carly imbibition .............0 120



Figure 4.1.1

Figurc 4.1.2

Figurc4.1.3

Figurc 4.1.4

Figure 4.2.1

Figurc 4.2.2

xvii

LIST OF FIGURES

PAGE
The final percenlage radicle emergence of grade 1V Pinus radiata
sceds which were osmotically treated lor either | week or 2 weeks and
dried back at ambient Lemperatires e 38

The final percentage normal seedlings of grade [V Pinuys radiaia sceds
after salt treatment at different waicr potentials and treatment durations

Tor clEher Tweek or 2 WeCKS oottt era e 59

The median times (Tsg) of radicle emergence of grade IV Pinus radiata
sceds after salt treatment at dif(crent waler potentials and treatment

durations for either 1 week 0F 2 WeeKks oo eecesrvvrseesevveme e vennees G0

The effects of drying back on the median times (T gg) radicle emergence
of grade IV Pinus radiata seeds al'ler salt {recatment at different waler

The effects of fungictde Thiram applications on the incidence
ol infected seedlings from grade 1V Pinus radiata seeds after salt

ETCLIIIETIL Liuintviniiiuaarernsnneanemoasresensrtnsantmmn amaerrrararatssssonsnssnnassnssnnnessassssanssars 65

The elfects of different durations of salt treatment and drying
after treatment on the median times (Tgg) of radicle cmergence of

grade IV Pinas radigfa sceds oo 66



Figurc 4.4.1

Figurc 4.4.2

Figurec 4.4.3

Figurc 4.4.4

Figurc 5.1.1A

Figure 5.1.1B

xviil

The moisture losses of sali-treated grade 1 Pinus radiata sceds
during drying at 20°C and 80-85% relative humidity (RH) and

subsequent drying over silica gel or at ambient temperatures ... 73

The final percentage radicle emergence of salt-treated grade V
Pinus radiata seeds after drying back to diffcrent seed moisture

Red colourcd formazan developed from megagametophyte and
embryo lissucs of secondary dormant salt-trated Pinus radiata

sceds which were dired £0 < 5% BOISIUTC CONLCTE oeeieeeeeeeee e eeeeeaaee 75

The relationship belween moistuzre contents af(er drying and
the median times (Tg)) of radicle emergence of grade V Pinus

radiata sceds which were sali treated at -1.0 MPa at 20° Clor

Percentage radicle emergence from different grades (I-V) of
Pinus radiata seeds which were previously trealed witha -1.0
MPa solution of mixed KNOy + KHyPOy4 for 10 d at 20°C and dried

back slowly to around 8% sced maoislure content ... 89

The effccts of sced grade on mean final percentage normal

seedling of Pinus radiagtasecds ..., 90



Figurc 5.1.2

Figare 5.1.3

Fignre 5.1.4

Figore 5.1.5

Changes in median times (Tgg) of radicle emergence from different
grade (I-V) of Pinus radiata sceds due to osmolic presowing
treatment with a -1.0 MPa solutiop of mixed KNOg + KHoPO,4 (1:1

w/w) for 10d at 20°C and dried back slowly Lo around 8% seed

MEOTSIETE COMEEIIL oiiivuiieseruieenrereevssesveemnsansvmnnsrramnstarestrtesnsententaresessssssnnssen

Changes in mean spread times (Tyg - T1g) of radicle emergence and
normal scedling produciion from different grades (1-VY of Pinus
radiata seeds due to osmotic presowing treatment with -1.0 MPa

solution of mixed KNO3 + KHy POy for 10d at 20°C and dried back

slowly to arcund 8% sced MOISIUTC CONTENL oviireriiii i e e,

Changes io median times (Tgg) of seedling emergence in the
glasshouse [tom different grades of Pinus radiata sceds due to

psmolic pressowing treatment with a -1.0 MPa solution of mixed

KNQG3 + KHyPO, for 10 d at 20°C and dried back slowly to around 8%

SCed MOISIIEE CONTEIT oo s iririreois e re e e eemnvasscnrmmararsbatrm s amee aasantnn taeennns

The relationship between mean dry weight of seedlings grown 45 d
in the glasshouse and mean 100 sced welght of Pinus radiaty
seeds which were treated or untreated at -1.0 MPa of mixed KNO+
+ KH, PO, solutions for 10 d at 207C and dried back slowly to

around 8% secd moisture content

a1

92

94

95



Figure 5.2.1

Figurc 5.2.2

Figure 5.2.3

Figure 5.2.4

Figurc 5.2.5

Figure 5.2.6

XX

Percentage radicle cmergence of grade V Pinus radiata seeds
which were osmoltically treated hefore ageing (TBA) or after ageing

(TAA) compared to untreated aged controls (AO) .oiivcnniiiicniecvicnnnnn. 97

Percentage normal secdlings produced by grade V Pinus radicta
sceds which were osmotically treated before ageing {TBA) or afler

ageing (TAA) compared to uatreated aged controls (AOY e, 98

Fungal infections during 10 d osmotic treatment of grade V Pinus
radiate sceds which were previously aged at 45°C and 20% sced moisture

content {or different periods of time e, 100

Median times (T} of radicle cmergence of grade V Pinus
radiata seeds which were osmotically treated before ageing (TBA)

or after ageing {TAAY compared to untreated aged controls (AQ) ... 102

Relationships between the percentage of radicle emergence (A)
and normal seedling production (B) and their median times (Tgq)

of germination of grade V Pinny radiata secds oovveriiievneveveicicenn. 104

Mean spread times (Tg-T1g) of radicle emergence of grade V
Pinus radiata sceds which were aged at 45°C and 20% sced

moisture content for different periods of ime i 15



Figure 5.2.7 Mean spread times (Tgg-Tqq) of radicle emergence of grade V
Pinuy radicta sceds which were osmorically treated before ageing
(TBA) or after ageing {TAA), compared to untreated aged controls

N @ ) OO 106

Figure 5.2.8 Mean dry weight of seedlings from grade V Pinus radiata sceds
grown for up to 12 d after Tgp of normal seedling at 20°Cin the

Figurc 5.2.9 Relationships belween cither pereentage normal scedlings (A) or
median times (Tsg) of radicle emergence (B) ol grade V Pinus
radiafa sceds and their mean dry weight of seedlings grown at

207 C 0 the LaDOFALOTY veiiieeeeeeeeeeee et ene e esronernseenes 108

Figure 6.1.1A Osmotic treatment-induced changes in oxygen uptake doring

early germination of grade Vintact Pinus radiatasceds oeveveennnnne. 117

Figure 6.1.1B Osmolic treatmont-induced changes in oxygen aplake during

early germination of grade V decoated Pinus radiatasceds ... 118

Figure 6.2.1 Dehydrogenase activity from imbibed embryos of osmaotically
treated and untreated control grade HI Pinus radiata seeds
which were imbtbed in 2,3,5 Tripheynly Tetrazolium Cliloride (TTC)

for different periods of LIME e 122



Figure 6.2.2

KX1l

The initial rate of formazan production {rom embryos of
osmotically treated and untreated control grade HI Pinus
radiata secds which were imbibed in 2,3,5 Tripheynly Tetrazolium

Chloride (TTC) for different periods of lime ..o, 123



Appendix I.

Appendix II.

Appendix III.

Table A.1

Table

Table

Table

Table

Table

LIST OF APPENDICES

Worked example of calculating the desired
water potential of mixed KNC 4 +
KH2P04 .........................

Worked example of calculation to produce
the desired water potential using poly-
ethylene glycol solution (PEG 6000) .....

Analysis of variance (Anova) for percen-
tage radicle ewregnce of salt treated
Pinus radiata seeds at different water

potentials, treatment durations and

drying back after treatment.............

Anova for median radicle emergence times
at 20°C of salt treated Pinus radiata

seeds at different water potentials,
treatment durations and drying back
after treatment..... ... ... .o

Anova for mean spread radicle emergence
times of salt treated Pinus radiata
seeds at different water potentials

Anova for percentage normal seedling of
salt treated Pinus radiata seeds at

different water potentials, treatment
durations and drying back after
treatment. ... ... i i i i e

Anova for median neormal seedling times at
20°C of salt treated Pinus radiata seeds
at different water potentials, treatment
durations and drving back after
treatment. ... ..t e e i

Anova for mean spread normal seedling
times of salt treated Pinus radiat
seeds at different water potential,

wxiii

Page

Io4

167

168

168

169

169

170



Table

Table

Takle

Table

Table

Takle

B.1

treatment durations and drying back
after treatment. ......... ... .0 00

Anova for final percentage radicle emer-
gence of dgrade IV Pinus radiata seeds
after treatment at -1.0 MPa with
different durations, fungicide applica~
tions and drying after treatment........

Anova for median times of radicle
emergence of grade IV Pinus radiata
seeds after salt treatment at -1.0 MPa
with different treatment durations,
fungicide applications and drying after
treatment. . ... . i e e

Anova for mean spread times of radicle
emergence grade IV Pinus radiata seeds
after salt treatment at -1.0, MPa with
different treatment durations, fungicide
applications and drying after treatment.

Anova for percentage normal seedling of
grade IV Pinus radiata seeds after
treatment at -1.0 MPa with different
durations, fungicide applications and
dryving after treatment...........veen..s

Anova for median times of normal.
seedling of grade IV Pinus radiata seeds
after salt treatment at -1.0, MPa with
different treatment durations, fungicide
applications and drying after treatment

Anova for mean spread times of normal
seedling of grade 1V Pinus radiata seeds
after salt treatment at -1.0, MPa with
different treatment durations, fungicide
applications and drying after
treatment. .

170

171

171

172

172

173

173



Table

Table

Table

Tabkle

Table

Tabkle

Table

Anova for percentage radicle emergence from

grade 1V Pinus radiata seeds after salt
treatment at -1.0 MPa with different
osmotica and drying after treatment......

Anova for median times of radicle
emergence of grade IV Pinus radiata seeds

after salt treatment with different
osmotica and drying after treatment

Anova for mean spread times of radicle
emergence dgrade IV Pinus radiata seeds

after salt treatment at -1.0, MPa with
different treatment durations, fungicide
applications and drying after treatment...

Anova for the percentage normal seedling
emergence from grade IV Pinus radiata

seeds after salt treatment at -1.0 MPa
with different osmotica and drying after
Lreatment ., ... ittt i i e et r e e

Anova for median times (T50) of normal
seedling production of grade IV Pinus
radiata seeds after salt treatment with
different osmotica and drying after
treatment ..., . i e i it e

Anova for mean spread times (T90 - T10) of
normal seedling production from grade IV
Pinus radiata seeds after treatment with
differnt osnmotica and drying after
treatment ...... .. il i i i e,

Anova for mean seedling dry weilght from
grade 1V Pinus radiata seeds after salt
treatment at -1.0, MPa with different

XXV

174

174

175

175

176

‘176



Takle

Table

Table

Table

Table

Table

Tahkle

Takle

osmotica and drylng after treatment ......

Anova for percenatge radicle emergence of
different grades Pinus radiata seeds
following osmotic treatment...............

aAnova for median times (T50) of radicle
emergence from Jdifferent grades Pinus
radiata seeds after osmotic
treatment....... i i i i e e

Anova for mean spread times ({(T90 - T10) cof
radicle emergence from different grades
Pinus radiata seeds after osmotic

treatment . . . . L i e e e

Anova for percenatge normal seedling
production from different grades Pinus
radiata seeds following osmotic
treatment. ... . i e s s e e

Anova for median times (T50) of normal
seedling production from different grades
Pinus radiata seeds after osmotic

treatment. .o it i i i s s s e e

Anova for mean spread times (T90 - T10) of
normal seedling production from different
grades Pinus radiata seeds after osmotic

Lreatment. ... . i i i i e e

Anova for percentage seedling emergence
from different seeds grades Pinus radiata
seeds in the glasshouse...................

Anova for median times (T50) of seedling
emergence of treated and untreated control
Pinus radiata seeds from different grades

XXV

177

178

178

179

179

180

180

181

181



Table E. 10

Table E.11

Table F.1

Table F.2

Table 7.3

Table F.4

Takle F.5

Anova for mean spread times (790 - T10)
in the glasshouse of treated and
untreated Pinus radiata seeds from
different grades. ... .. it inan .

Anova for mean dry weight of seedling
grown for 45d 1in the glasshouse of
treated and untreated Pinus radiata

seeds from different grades............ .

Actual moisture content after different
durations of contrelled deterioration
{(at a nominal 20% SMC) of grade V Pinus
radiata seeds which osmotically treated
and untreated with mixed KNO, + KH,PO,
=70 3 RS 0 ol Ko T« V=T

Anova for percentage radicle emergence
of grade V Pinus radiata seeds which
were subjected to salt treatment (-1.0
MPa for 10d at 20° C before and after
different durations of controlled dete-
rioration at 45°C and 20% SMC......

Anova for median times (T50) of radicle
emergence of grade V Pinus radiata seeds
which were subjected to salt treatment
(-1.0 MPa for 10d 20°C) before or after

different durations of controlled dete-
rioration at 45°C and 20% SMC.......

Anova for mean spread times (T90 - T10)
of radicle emergence of grade V Pinus -
radiata seeds which were subjected to
salt treatment (~1.0 MPa for 104 at
20°C} before or after different dura-
tions o©of controlled detericoration at
459C and 20% SMC. .t uveinnvnnoncaannn.

Anova for percentage normal seedling
production of grade V Pinus radiata

Xty

182

182

183

183

184

184



Table F.6&

Table F.7

Table F.8

Table G.1

Appendix IV

seeds which were subjected to salt
treatment (-1.0 MPa for 10d at 20°C
before and after different durations of
controlled deterioration at 45°C and 20%
= L 1

Anova for median times (T50) of normal
seedling production of grade V Pinus
radiata seeds which were subjected to
salt treatment (-1.0 MPa for 10d 20°C)
before or after different durations of
controlled detrioration at 45°C and 20%

s

Anova for mean spread times (T90 - T10)
of normal seedling production of grade
VvV Pinus radiata seeds which were sub-
jected to salt treatment (-1.0 MPa for
10d at 20°C) before or after different
durations of controlled detrioration at
45°C and 20% SMC. «ivtvrennunnnnnnnnns

Anova or mean sedling dry weight from
grade V Pinus radiata seeds which were
subjected to salt treatment (-1.0 MPa
for 104 at 20°C) before or after dif-
ferent durations of contrclled detrio-
ration at 45°C and 20% SMC. .........

Anova for the values of respiratory guotient during
imbibition of decomted or intact coats of grade V
Pinus radiata seeds which were treated or untreated

at -1.0 MPa or mixed KNO3 + KH9PO4 for 30d at 20°C.

Significant test for constants of
regression line. ..... .ot

Xxxvi

18:

18¢

18¢

186

187

188



I. INTRODUCTION

In the early days of forest establishment arouad the world, natural forests were viewed
as an infinite resource to be utilised as markets demanded. Because they have not been
managed sufficiently, the depletion of natural forest is inevitable. With important shifts of
social and economic attitudes as well as increases in human populations, natural forests could

no longer provide enough timber and other forest products.

New Zealand is no exception. Kauri, the indigenous tree, is no longer or hardly
available in the market, the "kauri era” having finished a long time ago in the early 1900s.
Since then the "radiata era” started to emerge as more and more timber was produced from
the exotic radiata plantation (Simpson, 1973). New Zealand has perhaps the world’s most
intensively managed and productive forest resource. Radiata grows very well and performs

better than if grown ia its site of origin in central California (Roche, 1989).

Forestry in New Zealand is carried out on a huge scale by both the state-owned New
Zealand Forest Service and private companies, notably New Zealand Forest Prodncts
Limited and Tasman Pulp and Paper Limited. Both these companies have extensive
integrated {orestry operations whick include the care and development of.forest stock, tree
felling, timber milling, the manufacture of timber building boards, plywoods and veneers,
pulp-processing and paper-making, as well as the production of other related forest products.
Up until now New Zealand exports to 60 different countries. Therefore it is not surprising
that timber and related products now generate about six percent of New Zealand’s export
earnings. These products, mainly from radiata plantations, are predicted to account for 15
percent by the end of this century when forestry production is projected to reach 300,000,000

cubic metres a year (Anonymous, 1986). This is an ambitious effort from the forestry sector.
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Since seedling propagation scems to be the most efficient and economic method for
plant establishment, a large number of sceds are needed for annual planting, particularly
genetically improved seed from selected trees. The “268" multinodal breeds, for instance, are
those trees which are considered to have.fast growth, straight stems, an even multinodal
branch habit, freedom from forking and resistance to Cyclareusma needle cast. Similarly,
the "875" breeds, despite having the same growth characteristics as the "268" breed, has

higher wood density (Shelbourne, 1986).

At the moment, production from seed orchards is around 4000 kg a vear which is
numerically enough to supply current requirements for reforestation and afforestation
throughout the country {Shelbourne, 1986), where planting activities are targeted at 40,000
hectares a year (Roche, 1989). Although seeds produced from orchards have quite high
percentage germination as indicated from laboratory tests (Section 4.2.2}, field performance
seems to be gquite low. Poor survival of planted seedlings has been reported, sometimes

being less than 50% {Dale, 1981). Causes of poor survival in pine could include:
i.  poor quality of planting stock;
ii.  improper lifting, handling, culling, storage before planting and transportation;
iii.  poor planting techniques, and

iv. unfavourable site conditions during and after planting {e.g. Rasanen, 1980;

Venator, 1981; Xydias, 1980}).

Poor seedling quality could be due to variation in seed size and weight, since large

seeds or heavy seeds of Pinus radiata produces larger and more vigorous seedlings needing
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a shorter period in the nursery compared to those from small or light seeds, This has
resulted in Pinus radiata seeds being sold commercially in four different seed size grades,
A, B, C and D; A being the largest sced and D the smallest one. Since seedlings produced
from low grade seeds very often do not survive well after planting (perhaps due to small size)
and the production of large grade seeds may be limited, the long term impact of any poor

survival in large scale plantations for 40,000 hectares a year would be very significant.

It kas been realised that seedling growth is governed by seced size, emergence rate,
available space for growth and genetic components. Nursery practice should therefore
minimise the adverse effects independently associated with those factors. In lobloily pine,
late emergence adverscly affected seedling morphology and increased mortality from < 1%
in seed emerged early to around 23% for those emerged later, while in Pinus ponderosa
comparable figures were < 23% for early emergents to over 50% for late (Mexal and Fisher,
1987}. The same effect of late emergence on seedling morphology has also been observed in
larch and Pinus caribaea (Venator, 1973; Logan and Pollard, 1979). It is possible that the
problems of low vigour and poor seedling establishment owing to late emergence may be
overcome by applying pre-sowing treatments to improve seed performance as have been
developed in agriculture and horticulture. Such pre-sowing treatments include hydration-
dehydration methods, also called seed hardening (May et al., 1962), low temperature pre-
sowing treatments (Coolbear ¢¢ af., 1984, 1987) and osmotic pre-sowing treatment or seed
priming (Heydecker and Coolbear, 1977; Bradford, 1986; Haigh and Barlow, 1987a).
Significant improvements caused by pre-sowing treatments in horticultural seeds in
particular include: (i) advanced germination times, (ii) reduction in the spread of
germination within a seed population (Heydecker and Coolbear, 1977; Heydecker and
Gibbins, 1978); (iii) increased tolerance of seeds or seedlings to adverse conditions during
seedling establishment (Coolbear and MeGill, 1990) and probabiy {iv) increased yield or

plant weight (Khan er g/, 1980; Brocklehurst and Dearman, 1983b).



Despite the successes of using osmotic treatment for enhancing germination
performance of agricultural and horticultural seeds, large scale applications have not been
adopted widely. This is, perhaps, partly due to the fact that every species of seed and even
individual seed lots require specific conditions for optimum results. For large seeds sown in
huge amounts, the cereals, legnmes and many tree seeds for example, setting up a good
priming system has not been explored far enough, and other problems may alse occur, snch
as: toxicity of osmofica, low availability and mobility of oxygen in PEG solutions (Mexal ef
al., 1975), microbial contamination during treatments, and also problems in drying back the
seed after treatment. The mechanism of improved germination performance of treated seeds
is very often suggested to be the inttiation of repair mechanisms during tréalment, however,
firm evidence underlying this hypothesis is sparse, although some biochemical changes have

been reported (see Literature Review, Section 2.2.3.2).

So far no one has published on the effects of osmotic treatment in Pinus raediata.
This study was thus designed to identify and avercome some of the problems associated with
osmotic treatment which might be encountered in developing a system for Pinus radiata n
New Zealand as well as some physiological aspects relating to the treatment. The specific

objectives of the study are:

1. Tocharacterise the best conditions of osmotic treatment for Pinus radiata seeds.
ii.  To investigate proper drying technigues which can retain maximum benefits of
treatment.

iii.  To determine the effects of seed treatment on different seed grades and their

effects on seedling growth.



iv.
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To evaluate the interactions of osmotic treatment with seed storage.

To conduct an investigation on some physiological aspects of osmotic treatment

with particular emphasis on respiration and the activity of dehydrogenase

enzymes.



