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Selecting pollen with high viability and vigor are important for ensuring the success of oil
palm seed production through controlled pollination. Therefore, an estimation of pollen
viability and vigor is essential for fruit and seed setting. This study consist of three
experiments. In the first experiment, pollens from three oil palm fruit-forms of 20-year
old dura, pisifera and tenera palms were collected at Malaysia Palm Oil Board (MPOB)
Research Station, Kluang and MPOB/UKM Research Station, Bangi. The objective of
this study is to establish a favorable medium pollen germination medium for the
assessment of pollen viability and vigor in three oil palm fruit-forms. Three types of
media: two solid media prepared with two types of sugar i.e. 11% sucrose and glucose
and another is sucrose liquid medium (sucrose 2.5%+0.01% boric acid) was investigated.
Pollen was incubated at 35°C for 2 hours. Experiment was carried out by using

completely randomized design with four replications. Data were collected at 60, 120 and



180 minutes. Dura pollen germination percentage as well as pollen tube growth showed
good response in solid sucrose medium compared to other media. Solid sucrose media
yielded highest pollen germination percentage among the media tested at 60 min (69.7%)
to 180 min (75.8%) which is significantly higher than liquid medium but no difference
with glucose solid medium. Liquid media gave longer pollen tube (409.0um) but with no
significant difference with solid sucrose medium (405.7um). Only liquid medium caused
the rupturing of pollen tubes. Solid glucose medium produced only shorter pollen tubes
and was significantly shorter than solid sucrose and liquid sucrose medium. The effect of
liquid sucrose medium was more pronounced in pisifera pollen. Solid sucrose medium
emitted longer pollen tube length (372.1 um) with smooth and slender tubes without
bursting which is no difference with liquid sucrose medium (419.6 um). At 60 min after
incubation exhibited was the highest pollen germination rate (PGR) and pollen tube
length rate (PTLR) was the most important counting time. For PTLR, at 60 min counting
time, all media tested were not significantly different for dura pollen. Solid sucrose and
liquid sucrose media had significantly higher PTLR than solid glucose in pisifera pollen.
For tenera, solid sucrose and solid glucose media provided significantly higher PTLR

than liquid sucrose medium.

In the second experiment, the study was carried out to investigate the effect of different
pollen sizes (small < 32um and large>32um) on pollen germinability and vigor.
Experiment was carried out by using completely randomized design with four
replications. Data were collected with 60 min interval up to 180 min. Results showed that
small pollen generally have a higher germinability and is free from impaired factors such

as slower tube growth rate and hypertrophy effect. Both rates of germination and tube
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growth were highest at 60 min after incubation and increase with the declining rate up to

120 min and 180 min.

In the third experiment, pollen was taken from three different fruit forms of 20 and 8-year
old oil palm and stored in sub-zero condition at different temperature regimes (0°C, -5°C,
-10°C, -15°C and -20°C). Experiment was conducted by completely randomized design
with four replications. Percentage of pollen germination (PG), rate of pollen germination
(PGR), pollen tube length (PTL) and rate of pollen tube growth (PTLR) from 180 min
measuring time was evaluated in each storage temperature level with 2 months interval
until 6 months. Generally, all the tested pollen sources decrease viability and vigor with
storage time. The germination percentage and vigor of all pollen sources were maintained
during the first two months after storage. This experiment pointed that -15 °C was the
best storage temperature among all the other tested temperatures regimes for both traits,

pollen germination and tube growth.
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Fakulti: Pertanian

Pemilihan debunga dengan kebernasan dan kecersagan yang tinggi adalah penting bagi
menentukan kejayaan pengeluaran biji benih kelapa sawit melalui pendebungaan
terkawal. Oleh yang demikian, anggaran kebernasan dan kecersagan debunga adalah
sangat penting untuk pembentukkan buah dan bijibenih. Kajian ini mengandungi tiga
eksperimen. Dalam eksperimen pertama, debunga daripada tiga jenis bentuk-buah sawit
iaitu dari pokok sawit berumur 20 tahun dura, pisifera dan tenera yang diperolehi dari
Stesen Lembaga Minyak Sawit Malaysia (MPOB), Kluang dan Stesen Penyelidikan
MPOB/UKM, Bangi. Objektif kajian ini adalah untuk menentukan media yang sesuai
bagi mendapatkan percambahan debunga yang optimum untuk penilaian kebernasan
debunga dengan mengukur panjang tiub debunga dan kadar kebernasan untuk tiga jenis
bentuk-buah kelapa sawit. Tiga jenis media digunakan iaitu; dua media pejal disediakan
dengan menggunakan dua jenis gula iaitu 11 % sukrosa dan glukosa dan media ketiga
adalah satu cecair sukrosa (sukrosa 2.5 % + 0.01 % borik asid). Debunga disimpan pada

35 °C selama 2 jam. Eksperimen dijalankan dengan menggunakan rekabentuk rawak

Vi



lengkap dengan empat replikasi. Data diambil pada setiap selang 60 minit(min) sehingga

180 minit(min).

Debunga dura mencatatkan peratus percambahan dan pertumbuhan tiub debunga yang
baik di dalam media pejal sukrosa berbanding jenis media yang lain. Media pejal sukrosa
merekodkan peratusan percambahan tertinggi berbanding media yang lain pada 60 minit
(69.7 %) sehingga 180 min (75.8 %) di mana ia lebih tinggi secara bererti berbanding
media cecair tetapi tidak berbeza dengan media pejal glukosa. Media cecair memberikan
pertumbuhan tiub debunga yang lebih panjang (409.0 um) tetapi tidak menunjukkan
perbezaan yang bererti dengan media pejal sukrosa (405.7 um). Hanya media cecair yang
mengakibatkan kerosakan tiub debunga. Media pejal glukosa menghasilkan tiub debunga
yang pendek dan ketara lebih pendek berbanding tiub debunga dari media sukrosa pejal
dan media sukrosa cecair. Kesan media cecair sukrosa lebih jelas ke atas debunga
pisifera. Media pejal sukrosa menggalak pertumbuhan tiub debunga yang lebih panjang
(372.1 pum) dengan tiub yang licin dan halus tanpa meletus di mana ia tiada perbezaan
dengan media cecair sukrosa (419.6 pum). Pada 60 minit selepas pengeraman merekodkan
kadar percambahan debunga(PGR) dan kadar panjang tiub debunga(PTLR) yang tertinggi
ialah masa pengiraan yang paling penting. Untuk PTLR, pada 60 min pengiraan, semua
media yang diuji adalah tidak berbeza secara bererti untuk debunga dura. Kesan media
pejal dan cecair sukrosa mempunyai PTLR yang paling tinggi dan perbezaanya adalah
ketara dengan pisifera debunga dalam media pejal sukrosa. Bagi tenera, media pejal
sukrosa dan pejal glukosa memberikan PTLR yang lebih tinggi secara bererti berbanding

media cecair sukrosa.
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Dalam eksperimen kedua, kajian dijalankan untuk melihat kesan saiz debunga yang
berlainan terhadap kebolehan debunga untuk bercambah dan kecergasannya. Eksperimen
dijalankan menggunakan rekabentuk penuh rawak dengan empat replikasi. Data
dikumpulkan pada setiap selang 60 min sehingga 180 min. Keputusan menunjukkan
bahawa debunga kecil secara umumnya mempunyai kebolehan bercambah yang lebih
tinggi dan bebas daripada faktor penghalang seperti kadar pertumbuhan tiub yang
perlahan dan kesan hipertrofi. Kedua-dua kadar percambahan dan pertumbuhan tiub
debunga adalah tertinggi pada 60 min selepas pengeraman dan dengan peningkatan kadar

yang semakin berkurangan sehingga 120 min dan 180 min.

Dalam eksperimen ketiga, debunga diambil dari tiga jenis bentuk-buah yang berbeza iaitu
daripada pokok berusia 20 dan 8 tahun dan disimpan pada suhu di bawah kosong (0 °C, -5
°C, -10 °C, -15 °C and -20 °C). Eksperimen dijalankan menggunakan rekabentuk penuh
rawak dengan empat replikasi. Peratus percambahan debunga (PG), PGR, panjang tiub
debunga (PTL) dan PTLR pada 180 min dinilai pada setiap suhu penyimpanan pada
setiap selang 2 bulan sehingga 6 bulan. Secara umumnya, semua jenis debunga yang diuji
menunjukkan penurunan kebernasan dan kecergasan dengan masa penyimpanan. Peratus
percambahan dan kecergasan debunga bagi semua sumber debunga adalah kekal pada dua
bulan pertama selepas penyimpanan. Kajian ini menunjukkan bahawa -15 °C adalah suhu
simpanan terbaik berbanding suhu yang lain berdasarkan kedua-dua ciri percambahan

debunga dan pertumbuhan tiub debunga.

viii



ACKNOWLEDGEMENTS

I am indebted to the Managing Director Myanma Perennial Crops Enterprise (MPCE),
Myanmar for the opportunity given to pursue this master’s degree. Special thanks are

also extended to the Food and Agriculture Organization (FAO) for the financial support.

I would like to express my deep appreciation to chairman of my supervisory committee,
Assoc. Prof. Dr. Mohd Rafii Yusop, for his patience, invaluable advice and guidance
and endless encouragement throughout my graduate study and research. |1 would like to
also thank my other committee members, Assoc. Prof. Dr. Sheikh Awadz Sheikh
Abdullah, Department of Crop Science for his creditable suggestions and comments,
close support on my thesis. Additionally, I am also grateful to Dr. Mohd Din Amiruddin,
Malaysian Palm Oil Board (MPOB) for his valuable inputs, comments and supplies of

pollen sources.

My gratitude also goes to the staff and workers at MPOB Research Station, Kluang and
at MPOB/UKM Research Station for their help in collecting oil palm pollen. I am very
much delighted to pay thanks for the warm and cordial friendship provided by all my
friends and fellow lab-mates especially Mr. Naing Maw Lwin, Mr. Banbang Surya Adji
Syahputra, Ms. Myint Thuzar, Ms. Juju Nakasha, Ms. Suryanti Bustam and Ms.

Normaliana Jali.

Finally, I would like to extend my greatest appreciation to my beloved father, U Thet

Tun (District Manager, Thaton Township, Mon State, MPCE) and mother Daw Aye,

iX



who always give their love, inspiration and support. | wish to express my sincere
appreciation to U Aye Pae (General Manager, Mayanma Perennial Crop Enterprise)
who always encouraged me to study without which the study would not have been

successfully completed.



| certify that a Thesis Examination Committee has met on 29 July 2010 to conduct the
final examination of Khin Aye Myint on her thesis entilted * Viability and Vigor of
Dura, Pisifera and Tenera Oil Palm (Elaeis guineensis Jacq.) Pollen” in accordance
with the Universities and University Colleges Act 1971 and the Constitution of the
Universiti Putra Malaysia [ P.U.(A) 106] 15 March 1998. The Committee
recommends that the student be awarded the Master of Science.

Members of the Thesis Examination Committee were as follows:

Mahmud Tengku Muda Mohamed, PhD
Associate Professor

Faculty of Agriculture

Universiti Putra Malaysia

(Chairman)

Adam Puteh, PhD
Associate Professor
Faculty of Agriculture
Universiti Putra Malaysia
(Internal Examiner)

Uma Rani Sinniah, PhD
Associate Professor
Faculty of Agriculture
Universiti Putra Malaysia
(Internal Examiner)

Mohd Haniff Harun, PhD

Principle Research Officer

Tropical Peat Research Institute (TROPI)
Biological Research Division

Malaysian Palm Oil Board

(External Examiner)

BUJANG KIM HUAT, PhD
Professor and Deputy Dean
School of Graduate Studies
Universiti Putra Malaysia

Date: July 2010

Xi



This thesis was submitted to the Senate of Universiti Putra Malaysia and Has been
accepted as fulfilment of the requirement for the degree of Master of Science.

The members of the Supervisory Committee were as follows:

Mohd Rafii Yusop, PhD
Associate Professor
Faculty of Agriculture
Universiti Putra Malaysia
(Chairperson)

Sheikh Awadz B Sheikh Abdullah, PhD
Associate Professor

Faculty of Agriculture

Universiti Putra Malaysia

(Member)

Mohd Din Bin Amiruddin, PhD

Group Leader

Breeding and Genetics Group

Advanced Biotechnology and Breeding Centre
Biology Research Division

Malaysian Palm Qil Board

(Member)

HASANAH MOHD GHAZALI, PhD
Professor and Dean

School of Graduate Studies

Universiti Putra Malaysia

Date: 2 September 2010

xii



DECLARATION

| declare that the thesis is my original work except for quotations and citations, which
have been duly acknowledged. | also declare that it has not been previously, and is not
concurrently, submitted for any other degree at Universiti Putra Malaysia or other

institutions.

KHIN AYE MYINT

Date: 29 July 2010

Xiii



TABLE OF CONTENTS

DEDICATION

ABSTRACT

ABSTRAK
ACKNOWLEDGEMENT
APPROVAL
DECLARATION

LIST OF TABLES

LIST OF FIGURES

LIST OF ABBREVIATIONS

CHAPTER
1 INTRODUCTION
2 LITERATURE REVIEW

2.1 Origin and distribution of oil palm (Elaies
guineensis)
2.2 Classification of Oil palm based on fruit-form

2.3 Oil Palm Selection and Breeding Strategies
2.4 Reproductive structures of the oil palm
2.4.1 Male inflorescence
2.4.2 Female inflorescence
2.5 Pollen development and functioning
2.5.1 Oil Palm pollen germination and pollen tube
growth
2.6 Pollen viability tests
2.6.1 Staining technique
2.6.2 Invivo germination test
2.6.3 In vitro germination test
2.7 Factors influencing pollen germinability and vigor
2.7.1 Pollen germination media
2.7.2 Pollen size

Xiv

Page
i
i
Vi
iX
Xi
Xiii
XiX
XXVil
XXViii

© N oOo1Oo

11
12

15
16
17
18
18
19
20
22



2.7.3 Pollen storage

2.7.4 Rehydration

GENERAL MATERIALS AND METHODS

3.1 Materials

3.2 Pollen collecting procedure

3.2.1 Bagging and sterilization of male

inflorescences

3.2.2 Harvesting of male inflorescences

3.2.3 Pollen processing and handling
3.2.4 Heat treatment

3.3 Observation of pollen germination and pollen tube

length
3.3.1 Rehydration

3.3.2 Pollen suspension preparation and dropping

3.3.3 Incubation

3.3.4 Pollen germination counts

3.3.5 Pollen tube measurement

3.4 Calibration of the ocular micrometer

3.5 Use of the hemacytometer for the determination of

the concentration in pollen suspension

3.5.1. Loading the hemacytometer

3.5.2. Counting

3.5.3. Calculating Concentration

3.6 Statistical analysis

DETERMINATION OF THE OPTIMUM POLLEN

GERMINATION
DIFFERENT OIL
FRUIT-FORMS

MEDIUM
PALM

XV

ON
(Elaeis

THREE
guineensis)

23
25

28
28

28
29
29
30

31

31
32
32
33

34
34
35
35

36



4.1 Introduction

4.2 Materials and methods
4.2.1 Materials
4.2.2 Methods

4.2.2.1 Media preparation

4.2.3 Statistical analysis

4.3 Results and Discussion
4.3.1 Combined analysis on PG, PGR, PTL and

4.3.2

4.3.3

4.3.4

435

4.3.6

4.3.7

PTLR for dura pollen from 20-year old palm
Combined analysis on pollen germination
percentage (PG), germination rates (PGR),
tube growth (PTL) and rates (PTLR) for
pisifera pollen from 20-year old palm
Combined analysis on pollen germination
percentage (PG), germination rates (PGR),
tube growth (PTL) and rates (PTLR) for
tenera pollen from 20-year old palm

Effect of different germination media and
counting time on germinability of dura,
pisifera and tenera pollen from 20-year-old
palm

Effect of different germination media and
counting time on germination rate (PGR) of
dura, pisifera and tenera pollen from 20-year
old palm

Effect of different germination media and
counting time on pollen tube growth of dura,
pisifera and tenera pollen from 20- year old
palm

Effect of different germination media and
counting time on pollen tube growth rate
(PTLR) of dura, pisifera and tenera pollen
from 20-year old palm

XVi

36
38
38
38
39
40
40

40

43

45

48

51

52

55



4.4 Conclusion

EFFECT OF POLLEN SIZE AND AGE OF
POLLEN SOURCES ON POLLEN
GERMINABILITY AND VIGOR OF THREE
DIFFERENT OIL PALM FRUIT-FORMS

5.1 Introduction
5.2 Materials and methods
5.2.1 Materials
5.2.2 Methods
5.2.3 Statistical analysis
5.3 Results and Discussion
5.3.1 Contribution of different pollen sizes in pollen
sources
5.3.2 Effect of pollen sizes on pollen germinability
and vigour

5.4 Conclusion

EFFECT OF DIFFERENT STORAGE PERIODS
AND TEMPERATURES ON POLLEN
GERMINABILITY AND VIGOR OF THREE
DIFFERENT OIL PALM FRUIT-FORMS

6.1 Introduction
6.2 Materials and Methods
6.2.1 Materials
6.2.2 Methods
6.3 Results and discussion
6.3.1 Combined effects of storage period and storage
temperature on dura, pisifera and tenera pollen
from 20-year old palm

6.3.2 Effect of storage temperature on dura, pisifera

XVii

59

60

60
62
62
62
64
65

65

65
98

101

101
103
103
104
105

105

106



REFERENCES
APPENDICES

and tenera pollen from 20-year old palms

6.3.3 Combined effects of storage period and storage
temperature on dura, pisifera and tenera
pollen from 8-year old palms

6.3.4 Effect of storage temperature on dura, pisifera
and tenera pollen from 8-year old palms

6.3.5 Changes in pollen germination percentages
with storage period and temperature

6.3.6 Pollen germination rates (PGR) at different
storage periods and temperatures

6.3.7 Pollen tube length (PTL) at different storage
periods and temperatures

6.3.8 Pollen tube length rate (PTLR) at different

storage periods and temperatures

6.4 Interaction of storage period and storage temperature

6.4.1 Dura pollen from 20-year old palm
6.4.2 Dura pollen from 8-year old palm
6.4.3 Pisifera pollen from 20-year old palm
6.4.4 Pisifera pollen from 8-year old palm
6.4.5 Tenera pollen from 20-year old palm

6.4.6 Tenera pollen from 8-year old palm

6.5 Multiple linear regression analysis
6.6 Conclusion

GENERAL CONCLUSION

BIODATA OF AUTHOR

XViii

109

110

112

116

118

121
123
123
125
126
128
130
132
136
142

144

146
155
156



	VIABILITY AND VIGOR OF DURA, PISIFERA AND TENERA OIL PALM (Elaeis guineensis Jacq.) POLLEN
	DEDICATION
	ABSTRACT
	ABSTRAK
	ACKNOWLEDGEMENT
	APPROVAL
	DECLARATION
	LIST OF TABLES
	LIST OF FIGURES
	LIST OF ABBREVIATIONS
	INTRODUCTION
	LITERATURE REVIEW
	GENERAL MATERIALS AND METHODS
	DETERMINATION OF THE OPTIMUM POLLEN GERMINATION MEDIUM ON THREE DIFFERENT OIL PALM (Elaeis guineensis) FRUIT-FORMS
	EFFECT OF POLLEN SIZE AND AGE OF POLLEN SOURCES ON POLLEN GERMINABILITY AND VIGOR OF THREE DIFFERENT OIL PALM FRUIT-FORMS
	EFFECT OF DIFFERENT STORAGE PERIODS AND TEMPERATURES ON POLLEN GERMINABILITY AND VIGOR OF THREE DIFFERENT OIL PALM FRUIT-FORMS
	GENERAL CONCLUSION
	REFERENCES
	APPENDICES
	BIODATA OF AUTHOR




