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Commercial oil palm plantings in Malaysia are primarily composed of single 

crosses. These crosses have limitations in their genetic potential, thus hindering 

efforts for further yield improvements. The primary objective of this study was to 

evaluate the yield potential, bunch characteristics and vegetative traits of oil palm 

progenies created from single (SC), three-way (TW) and double crosses (DC) and 

to assess their suitability for higher density planting. Thirty Dura x Pisifera (D × P) 

crosses were created using different parental lines to produce three samples of 

varying cross types, SC (10), TW (10) and DC (10) and planted in a randomized 

complete block design (RCBD) with three replicates (16 palms per replication). 

Except for a single round of vegetative measurements, palm yields and bunch 

characteristics were evaluated for a period of five years. All data were analysed 

using a Statistical Analysis Software (SAS ver. 9.4). The yield performance 

summarized by cross type showed significantly higher fresh fruit bunch (FFB) 

production in DC (210.42 kg per palm per year) compared to SC (187.00) and TW 

(196.94). The highest broad sense heritability estimates calculated decreases in the 

order: SC > TW > DC. There were no significant differences between the three 

cross types for all the bunch components analysed except for mean weight per fruit 

(MWF); approximately 17% higher in both TW and DC compared to SC. 

Estimated fresh fruit bunch yields per hectare (FFBHa) was 12.5 and 6.8% higher 

in DC compared to SC and TW, respectively. Oil yield per hectare (OHa) and oil 

yield per palm (OYP) for DC was 17.6 and 10.7% higher than SC and TW, 

respectively. There were no significant differences between cross types for any of 

the vegetative traits quantified in this study. For the same parameters, within crop 

types, DC showed the most significant differences between progenies indicating 

the highest segregation of vegetative traits. Progenies DC2, SC8, DC9, TW7, TW2, 

SC1, SC3 and DC1 with short fronds showed the greatest potential for higher 

density planting. The DC2 with the shortest fronds planted at a density of 201 
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palms per hectare is estimated to yield 10.66 t ha-1 oil annually. Strong significant 

positive correlations existed between OYP/OHa and average bunch weight (BWT), 

mesocarp to bunch ratio (MB), oil to bunch ratio (OB) and FFBHa. There was no 

significant correlations observed between any of the vegetative traits with yield or 

bunch components. Path coefficient analysis carried out showed contrasting results 

between SC and both TW and DC. In all three cross types however, fruit to bunch 

ratio (FB) and MB possessed the greatest influence over OHa both as a direct effect 

and indirect effect through other traits. Creation of multiway crosses did improve 

yield potentials with DC showing a clear advantage over the others. The creation of 

multiway crosses is therefore a vital step in breeding leading to higher segregation 

enabling the selection of an array of traits useful in the endeavours to improve 

commercial yields nationwide.  
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Penanaman kelapa sawit komersial di Malaysia terdiri terutamanya daripada salib 

satu hala. Salib ini mempunyai batasan dalam potensi genetik mereka yang 

menghalang usaha untuk penambahbaikan hasil selanjutnya. Objektif utama kajian 

ini adalah untuk menilai potensi hasil, ciri-ciri tandan dan ciri-ciri vegetatif progeni 

kelapa sawit yang dicipta daripada satu hala (SC), tiga hala (TW) dan dua hala 

(DC) dan untuk menilai kesesuaian mereka untuk penanaman ketumpatan yang 

lebih tinggi. Tiga puluh salib Dura x Pisifera (D × P) dicipta menggunakan ibu 

bapa yang berbeza untuk menghasilkan tiga sampel salib yang berlainan jenis, SC 

(10), TW (10) dan DC (10), dan ditanam dalam reka bentuk blok lengkap rawak 

(RCBD) dengan tiga replika (16 pokok sawit setiap replikasi). Kecuali pengukuran 

vegetative yang dilakulan pada akhir tempoh, hasil sawit dan ciri-ciri tandan telah 

dinilai untuk tempoh lima tahun. Semua data dianalisis menggunakan Statistical 

Analysis Software (SAS ver.9.4). Prestasi hasil yang dirumuskan mengikuti jenis 

salib menunjukkan pengeluaran Tandan Buah Segar (FFB) yang lebih tinggi dalam 

DC (210.42 kg setiap pokok sawit setahun) berbanding SC (187.00) dan TW 

(196.94). Nilai keterwarisan secara luas yang dikira berkurangan dalam perintah 

itu: SC > TW > DC. Tiada perbezaan ketara antara ketiga-tiga jenis salib untuk 

semua komponen tandan yang dianalisasikan kecuali berat min bagi setiap buah 

(MWF) iaitu kira-kira 17% lebih tinggi dalam kedua-dua TW dan DC berbanding 

SC. Anggaran hasil tandan buah segar sehektar (FFBHa) adalah 12.5 dan 6.8% 

lebih tinggi dalam DC berbanding SC dan TW, manakala hasil minyak sehektar 

(OHa) dan hasil minyak setiap sawit (OYP) bagi DC adalah 17.6 dan 10.7% lebih 

tinggi daripada SC dan TW masing-masing. Tiada perbezaan yang ketara antara 

jenis salib untuk mana-mana ciri-ciri vegetatif yang dikuantitikan dalam kajian ini. 

Untuk ciri-ciri yang same, dalam setiap jenis salib, DC memiliki perbezaan yang 

paling ketara antara progeny yang menunjukkan segregasi yang paling banyak. 

Progeni DC2, SC8, DC9, TW7, TW2, SC1, SC3 dan DC1 dengan pelepah pendek 

menunjukkan potensi terbesar untuk penanaman ketumpatan yang lebih tinggi. Jika 
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ditanam pada kepadatan 201 pokok sehektar, DC2 dengan pelepah terpendek 

dianggarkan menghasilkan 10.66t ha-1 minyak setiap tahun. Korelasi positif yang 

ketara dilihat antara OYP/OHa dan purata berat tandan (BWT), mesocarp kepada 

nisbah tandan (MB), nisbah minyak kepada tandan (OB) dan FFBHa. Tiada 

korelasi dilihat antara mana-mana ciri-ciri sayur-sayuan dengan hasil atau 

komponen tandan. Analisis pekali laluan yang dijalankan menunjukkan keputusan 

yang berbeza antara SC dan kedua-dua TW dan DC. Walaubagaimanapun, dalam 

ketiga-tiga jenis salib, nisbah buah kepada tandan (FB) dan MB memiliki pengaruh 

terbesar ke atas OHa sebagai kesan langsung dan tidak langsung melalui ciri-ciri 

lain. Dari kajian ini jelas bahawa penciptaan salib pelbagai hala telah 

meningkatkan potensi hasil. DC menunjukkan kelebihan yang jelas berbanding SC 

dan. Oleh itu, penciptaan salib pelbagai hala adalah langkah penting dalam 

pembiakbakaan yang membawa kepada pengasingan yang lebih tinggi 

membolehkan pemilihan pelbagai sifat berguna dalam usaha untuk meningkatkan 

hasil komersial di seluruh negara. 
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CHAPTER 1 

1 INTRODUCTION 

The Malaysian oil palm industry had in 2019 contributed RM64.84 billion to the 
Gross Domestic Product (GDP) accounting for approximately 29% of the world 
palm oil production (MPOB Statistics, 2020). The oil palm is believed to have been 
first introduced in Malaysia in the early 1900s, owing primarily to optimal 
environmental conditions (tropical climate), suitable soil and absence of pests and 
diseases commonly found in Africa. The oil palm thrived in Malaysia and it was 
only in the 1960s that oil palm as a crop found stability. The impetus came with the 

the rural areas. The government established the Federal Land Development 
Authority (FELDA) tasked with the challenge of providing land for the landless 
and jobs for the jobless (NST, 2017). The land area in hectares planted with oil 
palm grew from 5500 in 1960 to a total of 5.90 million by the end of 2019 (MPOB 
Statistics, 2020). Production of palm oil increased from less than 100,000 tonnes in 
1960 to approximately 19.86 million tonnes in 2019 (MPOB Statistics, 2020). 
About 90% of the annual production is exported to over 200 countries worldwide 
making up approximately 37% of the world exports (MPOB Statistics, 2020). 

Despite the incredible progress and contributions, the oil palm industry has made in 
recent years, the industry is plagued with an array of issues. These challenges 
might significantly hinder the future development and expansion of oil palm in 
Malaysia. The external factors that could affect the industry are other alternative 
vegetable oils, concerns of deforestation, availability of labour and immigration 
policies. Those involved in the research and development and cultivation have little 
control over these issues. Their primary concern is stagnating yields. The estimated 
yield in 2019 averaged across mature plantings in Malaysia is 3.42 tonnes of crude 
palm oil (CPO) per hectare. From 1990 to present, the yield per hectare has been 
fluctuating around 3.6 tonnes CPO per hectare annually (MPOB Statistics, 2020). 
Low quality planting materials coupled with sub-standard agronomic practices are 
amongst the factors contributing to stagnating national yields. Currently, it has 

agricultural land (10.49 million hectares) leading to a constraint in new arable land 
available for oil palm (Nambiappan et al., 2018).  

To increase oil palm yields, the focus should shift from individual palm yield to 
yield per given land area. In this respect, planting density can be exploited to 
improve yields. Efforts are needed to shift from the low density (120-148 palms per 
hectare) to high density of 150-180 palms per hectare (Latif et al., 2003). This 
could increase yields per hectare by 20 to 25%.  
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The primary objective of oil palm breeding programmes is the creation of planting 
materials with a high yield potential. The germplasm material known as Deli dura 
was the first generation of commercial plantings in Malaysia (Rajanaidu et al., 
1979). In 1941, the discovery of the single gene inheritance for shell thickness 
revolutionized the oil palm industry worldwide. Thinner shell or endocarp meant 
thicker mesocarp, the oil-bearing pulp, and hence higher yield potentials 
(Sambanthamurthi et al., 2009). In 1953, the Department of Agriculture (DOA) 
began with commercial plantings of dura by pisifera hybrids, better known as D×P 
hybrids. By 1959, the entire oil palm indust
footsteps and switched to D×P planting materials (Kushairi et al., 1999).  

The parent germplasm used by most agencies in Malaysia has not changed much in 
the past few decades. Breeding programmes focused on selfing and inbreeding to 
carry forward the same genetic stock to the next generation. This led to increased 
homozygosity and reduced variability. Due to this, there is at present increasing 
pressure to create new materials with higher variability and genetic potential for 
breeding and selection. Materials capable of high-density planting has been a goal 
for breeders. Long term density trials with currently available tenera materials 
showed that at a higher density of 183 palms per hectare fresh fruit bunch (FFB), 
bunch number (BNO) and average bunch weight (ABW) was reduced 
(Ramachandran et al., 1973). There is a need to create palms with smaller 
vegetative growth characteristics, such as short fronts and height while maintaining 
the individual palm yield.   

Cross-fertilization had frequently resulted in increased size, vigour and 
productivity of offspring compared to self-fertilization (Stuber, 1994). These 
improved traits seen in the progeny is called heterosis or hybrid vigour. Hybrid 
breeding to capitalize on heterosis was first introduced in the United States in the 
early 20th century. Since then, maize yields have increased five-fold and rice 
varieties have gained 11.3% in grain yields (Prohens, 2011; Jiang et al., 2016). 
Hybrid crop breeding strategies was adopted by oil palm breeders with the biggest 
and most significant breakthrough being the creation of tenera crosses to produce 

 

Creation of multi-way crosses is a technique that can be used in the oil palm 
industry to increase heterosis. Heterosis is usually at its highest when both parental 
lines have the most genetic distance with different but complimentary traits. As 
such, creating more diverse parents through the introgression of multiple 
germplasms or breeding lines should theoretically increase the level of heterosis 
especially if individual parents with complimentary traits are selected and crossed 
(UPB Internal Report, 2015). In oil palm breeding, the highly homozygous Deli 
dura is the perfect maternal parent with its large average bunch weight, high 
receptivity to hybridization and good seed yield per cross. The paternal parent, the 
pisifera, on the other hand comes in many varieties with the commonly used 
germplasms being AVROS, Yangambi, Yocoboue and JenTT. These germplasms 
have been maintained as pure lines maintaining its homozygosity through 
successive inbreeding and have to a certain extend reached its maximum genetic 
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potential for yield when combined with the Deli dura (UPB External Consultant 
Report, 2019). Introgression of these lines, such as JenTT/Yocoboue or 
JenTT/Yocoboue//Yangambi to create new paternal parental lines could bring 
together complimentary traits and increases the genetic distance between parents. 
These three-way and double crosses with the Deli dura form the basis of multi-way 
crosses.  

1.1 Problem Statement 

The primary concern for researchers and cultivators of oil palm is the stagnating 
yield. Among the factors for stagnating yield is the planting materials used. Present 
germplasms used by most agencies in Malaysia has not changed much in the past 
few decades and may have reached their cap in terms of yield potential. As such, 
there is increasing pressure to create new materials with higher variability and 
genetic potential. Faced with limited germplasm and difficulties in importing newer 
breeding materials, breeders are left with no other choice but to move away from 
single crosses and begin forming three-way and double crosses. These crosses, 
however, have not been tested to determine the theoretical yield potential to further 
improve commercial yields. Besides that, it is also believed that the introgression 
of multiple breeding lines would lead to higher segregation and as such create more 
variability. This variability could theoretically be exploited to create progenies with 
improved vegetative traits capable of higher density planting.  

1.2 Research Objectives 

The main objective of the research was to develop oil palm tenera planting 
materials with high FFB and oil yields capable of planting at a higher density to 
maximize returns on a given area of land. The specific objectives were: - 
 

i. To quantify and evaluate the yield, bunch components and vegetative traits 
amongst single, three-way and double crosses. 
 

ii. To estimate heritability values for each trait of the oil palm population. 
 

iii. To estimate the gain in yield (if any) obtained through increasing heterosis 
and estimate the commercial yield potential obtainable through 
conventional breeding. 

 
iv. To select for progenies with improved vegetative traits (such as shorter 

trunks, smaller fronds and thicker canopy) and high individual palm yields 
suitable for higher density planting.  

 
v. To investigate correlations and path coefficients amongst all these 

quantified traits (yield, bunch and vegetative) to facilitate future selections.  
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