
UNIVERSITI TEKNOLOGI MARA 

GENETIC VARIABILITY OF KULAI-
NIGERIAN X URT-CALABAR OIL 
PALM POPULATION BASED ON 

MORPHOLOGICAL & MOLECULAR 
MARKERS FOR THE 

DEVELOPMENT OF SHORT 
HEIGHT INCREMENT DXP 

PROGENIES 

SITI KHADIJAH BINTI MOHD RAIS 

Thesis submitted in fulfillment 
of the requirements for the degree of 

Master of Science 

Faculty of Plantation and Agrotechnology 

November 2022 



ABSTRACT 

In breeding, progeny and individual palm selection are the most suitable approach for 
improvement of secondary traits in oil palm because their phenotypic expression 
strongly influenced by environment factors. Thus, progeny selection approach applied 
in this study for the selection of high fresh fruit bunch (FFB) and oil yield in short height 
progenies. The most crucial operation in oil palm plantation is harvesting the fresh fruit 
bunches. Tall palms difficult to harvest either to unavailability of skilled harvester, high 
cost or longer time needed for bunch harvesting. Shorter palms may help to solve those 
issues.Crosses between Kulai-Nigerian dura with URT-Calabar pisifera resulted into 8 
full-sib DxP progenies with total of 108 palms in the progeny testing. Data were 
collected for four consecutive years on fresh fruit bunch yield and bunch components 
while vegetative traits were recorded 3 times at 5,7 and 12 years old. Progenies 
performance of FFB varied significantly and it ranged from 193.8 kg/p/yr to 254.8 
kg/p/yr. Mean progeny of palm height increment was below than 40.8 centimetres per 
year at age of 12 years old in KD-Nigerian x URT-Calabar population and this result 
showed that this population have slow height increment. Highest mean progeny of oil 
to bunch was recorded in KD-Nigerian x URT-Calabar population of 26%. Broad sense 
heritability (h2B) was found very low (below than 47%) for all yield traits. Inbreeding 
coefficient values showed that Kulai-Nigerian x URT-Calabar progenies were highly 
outbreeding. 8 short height progenies produced moderate FFB yield (ranged from 185.7 
to 233.3 kg/p/yr), moderate bunch weight (ranged from 9.3 to 11.8 kg/palm) and higher 
bunch number (ranged from 17 to 23 bunches/palm/year). In addition, selected short 
progenies possessed average annual palm increment of 32.9 cm/year with ranged of 
30.4 to 37.3 cm/year at aged of 7 years old (mature age for oil palm) which was 28% 
shorter than the current planting material. These short palms also produced higher oil 
to dry mesocarp (O/DM) of 70.6 and oil to bunch (O/B) ratios of 26.0% that contributed 
to higher oil extraction rate (OER) indirectly. The results from fresh fruit bunch (FFB) 
yield performance, bunch components and vegetative traits showed that the Kulai-
Nigerian dura and URT-Calabar pisifera has potential to be utilized as parental palms 
of short height materials in future commercial production. 

iii 



ACKNOWLEDGEMENT 

Firstly, I wish to thank Allah SWT for giving me the opportunity to embark on my 
master and for completing this long and challenging journey successfully. My gratitude 
and thanks go to my supervisors, Associate Prof. Ts. Dr. Shamsiah Abdullah, Prof. Dr. 
Mohamad Othman and Dr. Teh Chee Keng. 

My appreciation goes to my immediate superiors in Sime Darby Research Sdn Bhd, 
who provided the facilities and assistance during the project done. Special thanks to my 
colleagues and friends for helping me with this project and supports. 

Finally, this thesis is dedicated to the loving memory of my very dear late father and 
my mother for the vision and determination to educate me. My passionate husband and 
my lovely children for the motivation and understanding. This piece of victory is 
dedicated to all of you. Alhamdulillah. 

iv 



TABLE OF CONTENT 

Page 
CONFIRMATION BY PANEL OF EXAMINERS ii 
AUTHOR'S DECLARATION iii 
ABSTRACT iv 
ACKNOWLEDGEMENT v 
TABLE OF CONTENT vi 
LIST OF TABLES vi 
LIST OF FIGURES xi 
LIST OF SYMBOLS xii 
LIST OF ABBREVIATIONS xiii 
LIST OF NOMENCLATURE xvi 

CHAPTER ONE : INTRODUCTION 
1.1 Oil Palm in Malaysia 1 
1.2 Research Background 2 
1.3 Research Questions 2 
1.4 Problem Statement 3 
1.5 Scope and Limitation of the Study 4 
1.6 Objectives 4 
1.7 Significance of Study 5 

CHAPTER TWO : LITERATURE REVIEW 
2.1 The African Oil Palm (Elaeis guineensis Jacq.) 6 
2.2 Short Palm Populations 7 
2.3 Kulai-Nigerian Dura Population 10 
2.4 URT-Calabar Population 11 
2.5 Morphology & Palm Growth 12 
2.5.1 Trunk Height 12 
2.5.2 Fronds 14 
2.6 Oil Palm Architecture 16 
2.7 Variation in Oil Palm Populations 17 
2.8 Correlation 18 
2.9 Heritability Estimate for Bi-parental Mating Design (BIP) 20 
2.10 Development of Molecular Markers in Oil Palms 20 

CHAPTER THREE : RESEARCH METHODOLOGY 
3.1 Plant Materials 23 
3.2 Methods 25 

V 



3.2.1 Yield Recording 25 
3.2.2 Bunch Analysis 26 
3.2.3 Vegetative Measurement 27 
3.3 Statistical and Genetic Analysis 28 
3.3.1 Analysis of Variance Full-sib Families 28 
3.3.2 Genetic & Heritability of Traits in Oil Palm 29 
3.3.3 Phenotypic Correlation Study 30 
3.3.4 DNA Extraction 30 
3.3.5 Genetic Variability Parameters 32 
3.3.5.1 Inbreeding Coefficient 33 
3.3.5.2 Genetic Variability 34 

CHAPTER FOUR : RESULT AND DISCUSSION 
4.1 Comparison between KD-Nigerian x URT-Calabar and KD-Nigerian x AVROS 36 
4.1.1 Analysis of Variance (ANOVA) and Means of Full-Sib Families 36 
4.1.1.1 Yield and Yield Components 36 
4.1.1.2 Bunch Components Analysis 41 
4.1.1.3 Vegetative Parameters 48 
4.2 T-test of Yield, Bunch Components and Vegetative Growth Parameters 57 
between KD-Nigerian x URT-Calabar and KD-Nigerian x AVROS Populations 
4.2.1 Fresh Fruit Bunch Yield 57 
4.2.2 Bunch Quality Performance 57 
4.2.3 Vegetative Growth Parameters Performance 58 
4.4 Broad-sensed Heritability of Yield Components, Bunch Components 

And Vegetative Parameters of Short Population 
4.4.1 Yield and Yield Components 61 
4.4.2 Bunch Components Analysis 62 
4.4.3 Vegetative Measurement 62 
4.5 Correlation Coefficient of Yield, Bunch Components and Vegetative 66 
Parameters 

4.5.1 Correlation Coefficient in KD-Nigerian x URT-Calabar Population 66 
4.6 Genetic Variability Using SNPs Marker 69 
4.6.1 Genetic Variability of 12 Short Parental Palms 69 
4.6.2 Genetic Variability of 8 Short DxP Progenies 70 

61 

CHAPTER FIVE : CONCLUSSION 72 
REFERENCE 73 
APPENDICES 80 
AUTHORS'S PROFILE 84 

vi 


