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ABSTRACT

Morphological and physiological changes in developing Pinus radiata D. Don
seed and the effects of early cone collection and post-harvest treatment on
seed quality

Anto Rimbawanto

This study aimed to characterise the sequence of cone and seed
development, investigate morphological and physiological changes occurring
during artificial ripening and assess the potential of artificial ripening
in commercial practice.

In general, the results show that cone and seed development of Pinus
radiata exhibit a pattern similar to other coniferous species, but seed
development and the acquisition of germinability proceed at a rate much
faster than the maturation of the cone itself. Seed germinability is
attained in June when cone dry weight and size are at maximum; cone colour
and specific gravity changes occur much later, thus lessening the
effectiveness of these two parameters as indices of maturity. Therefore, a
cone with a green colour and high specific gravity does not necessarily
contain poorly germinable seeds.

The aquisition of germination capacity is closely associated with the
level of moisture within the seed. The seed requires a low level of
moisture to switch on the germination programme. A moisture level of
between 20 - 25% is suggested as the ‘required’ level. The seed needs to
remain at this critical moisture level for a period of time to allow the
developing seed to complete the process of switching. The more developed
the embryo and megagametophyte, the better the germination performance.
Immature seeds collected in March are not capable of germinating despite
desiccation during artificial ripening.

Artificial ripening of P. radiata seed for three weeks substantially
improves the germinability of early collected seeds (April and May). For
the late collected seeds (June onwards) artificial ripening has little
scope to improve it since initial germination was high. Although further
storage has little effect on the final germination, it reduces the speed of
germination indicating a process of deterioration. During artificial
ripening, no further development of embryo and megagametophyte of the early
collected seed is observed nor are there any increases in dry weight.
Moreover, the main protein complement of the seeds remains proportionally
the same irrespective of time of collections and artificial ripening.
These suggest that artificial ripening of P. radiata seed is a maturation
process rather than a developmental one.

The practical implications of these findings are potentially gocd.
Brown cone colour is no longer a pre-requisite indicator to commence cone
harvesting. Infact cone collection as early as autumn/winter is
justifiable provided that the cones are allowed to dehydrate at a
temperature not exceeding 20°C for at least six weeks, or until the
specific gravity drops below 1.00 because at this point seed extraction can
be successfully done by the kilning method. Cone storage for more than
nine weeks would not be advisable since the seed will begin to deteriorate
owing to unfavourable storage conditions. At this stage seed should be
extracted from the cones and stored separately at 5°C.



ii

ACRNOWLEDGEMENT

I would like to extend my sincere appreciation and thanks to many
people and organization who have supported me during the period of my
study. I am particularly grateful to the New Zealand Government for
financial support and to the Department of Forestry of the Government of
the Republic of Indonesia, the Seed Technology Centre, Massey University
and the Forest Research Institute of the New Zealand Forest Service who

made it a reality.

I am deeply indebted to Dr P. Coolbear of the Seed Technology Centre
for two years of interaction, quidance, enthusiasm, fertile discussion and
most of all encouragement which have culminated in the production of this
thesis. I am also deeply grateful to Dr M.J. Hill, the Director of the
Seed Technology Centre for his tremendous support, advice and concern in
ensuring that my study proceeded well. I also thank Dr A.M. Dourado for
her involvement in the early preparation of this study.

My deep appreciation also goes to Mr T. Firth of the New Zealand
Forest Research Institute, Rotorua for his most helpful assistance in the
cone collection and constructive criticism during the course of the
experiment. I also appreciate the valuable discussion and suggestions made
by Dr C.J.A. Shelbourne of the New Zealand Forest Research Institute,
Rotorua. Thanks also due to Dr R. Burdon of the New Zealand Forest

Research Institute, Rotorua for reading the manuscript.

As a foreigner, I have appreciated the opportunity to study at the
Seed Technology Centre, Massey University and I am particularly happy with
the friendly and helpful reception by the staff which have made my staying
a pleasant time. I particularly thank Mrs A.M. Davies for typing this
report.

Last but not least, tremendous moral support, love and encouragement

from home has been a great benefit for me.



TABLE OF CONTENTS

ABSTRACT
ACKNOWLEDGEMENTS
LIST OF TABLES
LIST OF FIGURES
LIST OF PLATES
LIST OF APPENDICES

CHAPTER 1 INTRODUCTION

CHAPTER 2 LITERATURE REVIEW OF CONE AND SEED DEVELOPMENT,
PARAMETERS OF MATURITY AND ARTIFICIAL RIPENING
Cone Development
Seed Development
2.2.1 Cytological development
2.2.2 Physiological development
2.2.3 Metabolic and hormonal development
2.3 Parameters of Maturity
2.3:1 Introduction
2.3.2 Physical indices of maturity
2.3.3 Physiological and morphological indices of
maturity
2.3.4 Biochemical indices of maturity
2.4 Artificial Ripening of Conifer Seeds

CHAPTER 3 MATERIALS AND METHODS
3.1 Introduction
3.2 Cone Procurement
3.2.1 Collections in 1985 (Preliminary study)
3.2.2 Collections in 1986 (Detailed study)
3.3. Experimental Strategy
3.3.1 The preliminary study
3.3.2 Detailed study of artificial ripening of

cones at different stages of maturity

idd

ii
vi
vii
X1

xii

132
12
18
21
22
22
23

25
26
28

33
34
34
34
37
38
38

39




CHAPTER

CHAPTER

CHAPTER

=9

u

(o]

Cone Assessment

Seed Extraction

Seed Quality Assessment

3.6.1 Morphological assessment

3.6.2 Moisture content and dry weight
3.6.3 Seed germination and vigour
Physiological Studies on Seed Development
3.7.1 Respiratory test

3.7.2 Electrophoresis

RESULTS OF PRELIMINARY STUDY
The Effects of Artificial Ripening on OP and CP Seeds
Seed Vigour

RESULTS OF DETAILED STUDY

Cone Development on The Tree and in Artificial Ripening

Seed Quality on The Tree and in Artificial Ripening

5.2.1 Fresh weight, dry weight and moisture content

5.2.2 Seed coat colour changes

5.2.3 Anatomical development

5.2.4 Germination

5.2.5 Stratification and seed vigour

5.2.6 The effect of storage conditions and kilning
extraction on germinability

The Rate of Respiration

Protein Changes During Seed Development

DISCUSSION
Introduction
Preliminary Study
6.2.1 Seed maturity

6.2.2 The effect of artificial ripening on seed quality

Cone Development

6.3.1 Fresh weight, dry weight and moisture changes
6.3.2 Dimensional changes

6.3.3 Maturation

iv

40
40
43
43
44
44
46
46
47

50
51
54

an
O

90
102
105

108

109

110

111

112
114
114
115
116



6.4

6.5

CHAPTER 7
7+1
T2

BIBLIOGRAPHY
APPENDICES

Seed Development

6.4.1

6.4.2
6.4.3

Physiological and morphological development in
relation to germinability

The stage of maturity and vigour

Indices of cone maturity in relation to seed

development

Artificial Ripening

6.5.1 The dehydration process and the onset of
germinability

6.5.2 Other physiological changes during artificial
ripening

6.5.3 The effect of stratification on germination and
vigour

6.5.4 Practical implications

CONCLUSION

General Conclusion

Scope for Further Investigation

117

117
124

125
126

126

130

133
136

137
138
140

142
155




Table

Table

Table

Table

Table

Table

Table

Table

Zad

5.1

5.2

5.3

5.4

5:5

5.6

5.7

vi

LIST OF TABLES
Page
ANOVA of germination percentage in relation to
extraction methods 42

The percentage of embryo-megagametophyte dry weight
relative to total seed dry weight 77

Mean values of germination percentages of artificially
ripened seeds from different samples: April 56'
May 512, June 59 88

Mean Te values (days) of radicle emergence,

germination and cotyledon emergence of non-stored seeds

in relation to time of collection (data pooled over
stratification treatments) 9]

Mean T50 values (days) of radicle emergence,

germination and cotyledon emergence of artificially

ripened seeds collected in April, May, June and July

in relation to storage periods (data pooled over
stratification treatments) 97

Mean Tg, values (days) of radicle emergence, germination
and cotyledon emergence of artificially ripened seeds
collected in April, May, June and July in relation to

stratification (data pooled over storage times) 98

Changes in germination percentage of artificially
ripened seeds stored under different conditions and
extracted by the kilning method 100

Changes in oxygen uptake (QOZ) and respiratory quotient
(RQ) during imbibition of seeds collected at different
maturity 103



Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

2l

2.2

23

3l

k)

4.1

4.2

4.3

4.4,

5.1

LIST OF FIGURES

Morphology of ovuliferous structures of young
megasporangiate strobilus (A) and morphology of fully
developed cone (B) of Pinus spp.

Median longisection of ovule showing female gametophyte
with two archegonia, Pinus spp.

Early embryogeny in Pinus spp.

Flow chart of the experimental procedures of the
preliminary study

Flow chart of the experimental procedures of the
detailed study

Changes in seed moisture content during artificial
ripening at 30°C (A) and 20°C (B)

Changes in the final germination of OP and CP seeds
during artificial ripening at 30°C (A) and 20°C (B)

Final germination percentage under water stress after

artificial ripening at 30°C (A) and 20°C (B)

Changes in vigour calculated as times to 50% cotyledon
emergence following artificial ripening at 30°C (A) and
20°C (B)

Changes in fresh and dry weight of cones during the

second season of development

vii

15

L

35

36

52

53

55

56

59



Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

S42

LS

5.4

5.5

5.6

5.7a

5.7b

b.le

5.7d

5.7e

Chronological changes in the moisture content and
specific gravity of cones during the second season of

development

Specific gravity changes during storage of cones from
different collections

Cone colour changes during storage for different ’86
collections as indicated by a colour index based on the
British Colour Standards

The extraction efficiency (%) of cones from different

'86 collections following storage at 20°C

Chronological changes in fesh and dry weight, and
moisture content of seeds during the second season of

development (’86 collections)

Changes in the dry weight and moisture content of seeds
during artificial ripening. The cones were collected
in March ’86

Changes in the dry weight and moisture content of seeds
during artificial ripening. The cones were collected
in April ’86

Changes in the dry weight and moisture content of seeds
during artificial ripening. The cones were collected
in May ’86

Changes in the dry weight and moisture content of seeds
during artificial ripening. The cones were collected
in June ’'86

Changes in the dry weight and moisture content of seeds
during artificial ripening. The cones were collected
in July ’86

viii

60

61

65

67

68

70

71

12

73

74



Figure

Figure

Figure

Figure

Figure

Figure

Figure

5.8 Chronological changes in germination (arc sin
transformed data) of non-stored seeds during the second

season of development

5.9a The course of radicle emergence, germination and
cotyledon emergence of artificially ripened seeds from

cones collected in March '86

5.9b The course of radicle emergence, germination and
cotyledon emergence of artificially ripened seeds from

cones collected in April ’86

5.9c  The course of radicle emergence, germination and
cotyledon emergence of artificially ripened seeds from

cones collected in May ’86

5.10 Changes in vigour of non-stored seeds calculated as
times to 50% radicle emergence, germination or
cotyledon emergence during the second season of
development in relation to time of collection and

stratification

5.11a Changes in vigour of artificially ripened seeds
calculated as times to 50% radicle emergence,
germination or cotyledon emergence in relation to
time of ripening and stratification. The cones were
collected in April ’86

5.11b Changes in vigour of artificially ripened seeds
calculated as times to 50% radicle emergence,
germination or cotyledon emergence in relation to time
of ripening and stratification. The cones were
collected in May 86

ix

83

84

85

86

90

o3



Figure

Figure

Figure

Figure

5.11E

5.11d

J
=
9]

Changes in vigour of artificially ripened seeds
calculated as times to 50% radicle emergence,
germination or cotyledon emergence in relation to time
of ripening and stratification. The cones were
collected in June ’86

Changes in vigour of artificially ripened seeds
calculated as times to 50% radicle emergence,
germination or cotyledon emergence in relation to time
of ripening and stratification. The cones were
collected in July ’86

Changes in oxygen uptake (QOZ] and respiratory quotient
(RQ) of intact and decoated seeds collected in November
'86

Densitometer scans of P. radiata seed proteins extracted
from unstored cones of different maturity and
artificially ripened cones for 21 weeks collected in
April

94

104

107



Plate

Plate

Plate

Plate

5ad

5.2

53

5.4

xi

LIST OF PLATES

Page
Cone colour changes during the second season of

development 62
Seed coat colour changes during the second reason of
development 75
A comparison of the morphological status of P.

radiata seed between those extracted from freshly

collected cones and artificially ripened seeds for

21 weeks. Collections were made in March, April,

May, June and July 79

SDS-Polyacrylamide gel patterns of P. radiata seed

proteins extracted from cones of different maturity

and from cones artificially ripened for 21 weeks

(S21) collected in April 106



Appendix

Appendix

Appendix

Appendix

Appendix

Appendix

LIST OF APPENDICES
Composition of SDS-PAGE Standards

ANOVA of the effect of artificial ripening conditions
(20°C vs ambient) on germinability of seeds from
cones collected at different maturity and artificially

ripened for different period of time.

Volumetric changes (cmS} of tree-ripened cone harvested
at different time

ANOVA of the effect of extraction methods (hot water vs
kilning) of seeds from cones collected at different
maturity and artificially ripened at 20°C for different

period of time.

Composition of various solutions being used in

electrophoresis

Colour charts according to the British Colour Council

xii

156

157

158

159

161



