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Abstract

A brief history of the evolution of the oil palm crop is provided, from domes-
tication and small-scale production in Africa (its centre of origin/diversity) to 
crop expansion, especially in South-east Asia, in becoming the world’s top oil 
crop. Knowledge of the biology and genetics of oil palm are fundamental in 
understanding how the crop can be developed through crossing and breeding, 
and key biological factors such as flowering, outcrossing and genetics are de-
scribed. A prerequisite for breeding is the crossing of parental lines that carry 
desirable traits; thus, the germplasm (genetic variation) available to breeders 
is critical for success. Traditional traits of interest are yield and quality. More 
recently, disease and pest resistance have become important, as too have novel 
traits that may be exploited in developing a crop that can be harvested mech-
anically. Crossing is not only performed to develop and improve elite breeding 
lines but also is an essential component of commercial seed production.

1.1 History of Oil Palm Cultivation and Crop Facts

Oil palm has the Latin name, Elaeis guineensis Jacq.; the genus name is de-
rived from the Greek ‘elaion’, meaning oil, and the species name indicates 
its West African origin. The crop was discovered by travellers to Africa in 
the 15th century, but the first plantings in Indonesia, which led to its rise as 
the world’s pre-eminent oil crop, did not occur until the late 19th century. 
Large-scale plantations were established in the early 20th century in both 
Africa and South-east Asia as interest in the crop developed. These initial 
plantations were composed of Dura palms, which were characterized as 
having thick-shelled fruits (Fig. 1.1). In the 1920s, the first crosses were 
made in deliberate attempts to improve the crop through plant breeding, 
and in the 1950s to 1960s, the more productive Tenera types (a result of 
crossing Dura with Pisifera) took over as the favoured commercial material 
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in both Africa and South-east Asia. Tenera genotypes are thin shelled, have 
thick, oil-bearing fruit flesh, and yield 30% more oil than Duras. Thus, 
crossing became an essential and major component in commercial oil palm 
seed production as well as in breeding.

A review of the oil palm crop is given by Corley and Tinker (2008). Oil 
palm is grown in the humid tropics, between 20° latitudes north and south 
of the equator, and covers over 8.5 million hectares (Mha) worldwide. The 
crop is highly profitable and is grown both on large-scale plantations and by 
smallholders (Sayer et al., 2012). Ripe fruit bunches are harvested continu-
ally and sent to local mills for oil extraction. Oil palm fruits provide both 
crude palm oil (CPO) and palm kernel oil (PKO), extracted from the fruit 
flesh (mesocarp) and kernel (endosperm), respectively. CPO is made up of 
palmitic (43%), oleic (39%), stearic (5%) and other fatty acids (Siew, 2002), 
and is a major source of provitamin A and vitamin E (Barcelos et al., 2015). 
PKO is a high-quality oil containing lauric (up to 50%), myristic (15%) and 
other essential fatty acids (Sambanthamurthi et al., 2000). Since oil palm is 
harvested continually, CPO represents a relatively stable commodity com-
pared to annual oil crops. The main CPO-producing countries are Indonesia 
(53% of global production) and Malaysia (38%); the largest consumers are 
India (28% of the market), Europe (22%) and China (22%).

1.2 History of Oil Palm Breeding

Although the oil palm has been used by humans in West Africa since ancient 
times, its commercial exploitation is of recent origin. With the realization of 
the economic potential of the crop, concerted efforts towards its improve-
ment started as early as the turn of the 20th century in both West and Central 
Africa. An account of the history of the development of the various breeding 
programmes in Africa has been explained briefly by Hartley (1967, 1988). 
This early effort includes the works of the Institut National pour l’Etude 
Agronomique du Congo belge (INEAC) and two major West African pro-
grammes: namely, the West African Institute for Oil Palm Research (WAIFOR) 

(a) (b) (c)

Fig. 1.1. Fruit types of oil palm. Fruit cut in half to show: (a) Dura, thick shelled; 
(b) Tenera, thin shelled with a fibre ring around the shell; (c) Pisifera, no shell, 
with traces of a fibre ring around the kernel.
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in Nigeria, Ghana and Sierra Leone, and the Institut de Recherche pour Les 
Huiles et Oleagineux (IRHO) in Cote d’Ivoire and Benin.

The work in Nigeria was started by E. Smith, of the Nigerian Department 
of Agriculture, by exploiting the genetic variation in the oil palm popula-
tion of Calabar, Aba, Nkwele (Umuahia) and later Ufuma in natural groves 
of the ten eastern Nigeria regions. He planted 800 oil palms at Calabar 
in south-eastern Nigeria. The yield and bunch composition of these plants 
(arising from seeds of open-pollinated bunches collected from local wild 
grove palms) was collected from 1922 to 1928. From this he selected nine 
Duras (fruit with thick-shelled kernels) and ten Teneras (thin shelled). Twelve 
of the selected palms were self-pollinated to form the Calabar F1 (first) gen-
eration, and the progenies were planted in four stations of the Department 
of Agriculture between 1930 and 1935 (Ogba, Umudike, Ibadan and 
Nkwelle). These stations supplied extension work seeds (EWS) and seeds for 
experimentation and performance testing (Barbosa and Chinchilla, 2003).

In Indonesia, similar work was initiated by the Algemene Vereniging 
van Rubberplanters ter Oostkust van Sumatra (AVROS) and based on four 
palms received from Africa and planted as ornamental palms in Bogor 
Botanical Gardens, Java, Indonesia. Seed from these four palms was widely 
distributed throughout Indonesia as ornamentals (often used to line roads in 
rubber plantations), but was later used to supply oil palm estates (from 1911 
onwards). Selection programmes started at various centres in Indonesia 
from 1920 onwards and gave rise to a breeding population of Duras gen-
erally referred to as ‘Deli Dura’ (Hardon and Turner, 1967; Hardon, 1976).

The superior oil content of the Tenera (T) over the Dura (D) fruit types 
led to the distribution of T×T seed for commercial planting in Congo in the 
early 1930s. This was not a successful strategy as, in 1938, it was found that 
as much as 25% of progeny were sterile. The underlying genetics of this 
was explained by Beirnaert and Vanerweyen (1941), who described clearly 
the simple one gene (Sh) inheritance of the shell thickness character (ex-
amples given in Fig. 1.2), which dismissed the prevailing theory in Congo 
at the time that Tenera types were a ‘degenerating form’ of oil palm. They 
explained that female sterility (of Pisifera types in the progeny) could be 
prevented by D×T or T×D crosses and that these could replace T×T produc-
tion in which 25% of the progeny were expected to be female sterile Pisifera 
types. Working in Nigeria, Africa, they demonstrated the predicted 1:2:1 
segregation ratios (D:T:P) in Calabar Tenera selfings (described in Hartley, 
1967). The understanding that shell thickness was controlled by a single 
gene exhibiting simple Mendelian inheritance revolutionized the oil palm in-
dustry, as it was understood that 100% Tenera progeny could be produced 
from D×P crosses (although Pisiferas are female sterile, there is no problem 
with pollen production and they may be used as male parents). Commercial 
Tenera production from D×P crosses including Deli Dura mother palms 
as parents was initiated and became established in the 1950s (Corley and 
Tinker, 2003).
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1.3 Biology and Genetics of Oil Palm

Oil palm (E. guineensis) is a long-lived perennial. It has a single apical 
meristem and does not branch. After germination, there is a 3-year juvenile 
stage before inflorescences appear. These are produced in each leaf axil and 
are either male or female (monoecious); the first are normally male. Oil 
palm is an outbreeding species, and pollination is effected predominantly 
by the weevil, Elaeidobius kamerunicus, which depends on oil palm inflor-
escences to complete its life cycle. Oil palm inflorescences are large and typ-
ically give rise to bunches containing 100–4,000 fruits, depending on palm 
age. Fruits mature at about 150 days after pollination, turning from black 
to red, and begin to fall out of the bunch when ripe. The fruit is a drupe 
(stone fruit) composed of a fleshy mesocarp and a central kernel protected 
by a shell (endocarp). The kernel contains the products of fertilization: 
embryo and endosperm. In the wild, the mesocarp of fallen fruit rots or 
is eaten, leaving behind the kernel; germination takes place in favourable 
conditions by the emergence of a seedling shoot and root through the germ 
pore (operculum) in the shell. Generally, one seedling is produced per seed, 
but up to three may occur.

Oil palm is diploid, with 16 pairs of chromosomes, but is thought 
to have evolved from an ancient tetraploid species as there is extensive 
genome duplication (Singh et al., 2013). It is highly heterozygous, owing 
to its outbreeding reproductive system. Oil palm can be self-pollinated ar-
tificially but suffers from inbreeding depression. Genetic maps of the oil 
palm genome have been developed (Billotte et al., 2005) and the genome 
has been sequenced (Singh et al., 2013); thus, genetic markers may be 
deployed in screening for genes of interest in progeny from deliberate 
crossings.

Parents Dura Dura Tenera Tenera Dura Pisifera

Phenotype Thick
shell

Thick
shell

Thin
shell

Thin
shell

Thick
shell

No
shell

Genotype Sh/Sh Sh/Sh Sh/sh Sh/sh Sh/Sh sh/sh

Cross X
↓

X
↓

X
↓

Progeny 100% Dura
(Sh/Sh)

25% Dura (Sh/Sh)

50% Tenera
(Sh/sh)

25% Pisifera
(sh/sh)

100% Tenera
(Sh/sh)

Fig. 1.2. Expected segregation ratios in progeny from various fruit type crosses 
(D×D, T×T and D×P).
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1.4 Pollen Biology of Oil Palm

Although pollen is vital in plant reproduction, and specifically in breeding 
and seed production, there are few reports on the pollen biology of oil palm. 
This is particularly concerning for oil palm as pollen is not only essential 
for breeding (crossing) but also for commercial success in the production of 
Tenera seed from Dura × Pisifera crosses.

Pollen development takes place in the anthers of male florets in oil palm. 
Pollen grains are the end products of meiosis in which chromosomes recom-
bine, reassort and are packaged into gametic cells that develop into pollen 
grains. Male meiosis occurs in specialized cells in the anther, known as pollen 
mother cells (microsporocytes), these are diploid (2n = 32 chromosomes), and 
results in uninucleate cells (microspores), which are haploid (n = 16 chromo-
somes). The single nucleus of each microspore then divides (first mitosis) to 
produce binucleate microspores. These two nuclei have separate destinies; one 
is vegetative, the other generative. At maturity, oil palm pollen is binucleate (in 
most plant species, the mature pollen is trinucleate as the generative cell divides 
to produce two sperm during pollen development). The binucleate nature of oil 
palm pollen is thought to be a factor that allows oil palm pollen to be stored 
(more than 10 years). In oil palm, the division of the generative nucleus does 
not occur until after the pollen has reached a receptive stigma on a female floret 
(pollination) and after pollen germination; it takes place in the pollen tube as it 
grows down the style towards the embryo sac of the female floret (see Fig. 1.5).

A detailed account of pollen development, including the timing of events, 
is given by Nasution et al. (2009); a simplified scheme is given in Fig. 1.3. 
Pollen grain development occurs inside the anther and can be divided into 
the following stages based on cytological examination:

Mature pollenPollen

Microsporogenesis

MicrosporeMeiosisPMC

Fig. 1.3. A simplified schematic of pollen development (microsporogenesis) in 
oil palm, from the pollen mother cell (PMC) to mature pollen.

 1. Pollen mother cell (PMC). This is a specialized cell that undergoes meiosis. 
The pollen mother cell, like the parent palm, is diploid with 32 (16 pairs of) 
chromosomes.
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 2. Tetrad. These four cells (microspores) are the product of meiosis of one pollen 
mother cell. Each of these microspores contains one haploid nucleus consisting 
of 16 single chromosomes. The four cells are clumped together to form a tetrad.
 3. Empty microspore. The microspores have separated from the tetrad into indi-
vidual entities and appear to be empty (highly vacuolated with little cytoplasm).
 4. Starch-filled microspore. The cytoplasm of the microspores develops and 
fills up with starch, giving a granular appearance when viewed under a light 
microscope.
 5. Late uninucleate. The nucleus becomes more apparent as it prepares to 
divide (first mitosis).
 6. Binucleate. The microspore contains two asymmetric haploid nuclei: one 
vegetative nucleus and one generative nucleus. The vegetative nucleus ap-
pears larger but less dense than the generative nucleus.
 7. Mature pollen. At maturity, the oil palm pollen is binucleate, is triangular 
in shape and has a protein-rich exterior and a germination pore. In nature, 
it is viable for about 6 days after anthesis.

Pollen production is affected by palm development, health of the palm and 
the environment. Male inflorescences are usually the first to appear once 
the juvenile palm becomes mature (3–5 years after germination). Stress con-
ditions such as drought promote the development of male inflorescences. 
Factors that affect pollen development, anthesis and viability include: hu-
midity; temperature; and rainfall. Oil palm pollen may be collected, dried 
and stored, as described in Chapter 3 of this manual (see also Ekaratne and 
Senathirajah, 1982).

1.5 Embryo Sac Biology of Oil Palm

The embryo sacs of flowering plants have been classified into various types 
(Davis, 1967). A key feature in this classification is the number of mega-
spores that give rise to gametic cells of the embryo sac. Four megaspores 
cells are produced by meiosis from each megasporocyte (megaspore mother 
cell). However, the fate of these cells varies: some may die, whereas others 
may produce gametic cells. For example, in the tetrasporic class, all four 
megaspores contribute to the gametic cells of the embryo sac; in the mono-
sporic class, three of the four megaspores abort, leaving one to divide mitot-
ically to produce all the gametic cells of the embryo sac.

The development of the embryo sac of oil palm is not fully understood. 
Light microscopic studies of oil palm embryo sacs described them variously 
as polygonum type (monosporic; Kajale and Ranade, 1953) and adoxa type 
(tetrasporic; de Poerck, 1950). Both studies agree that the embryo sac of oil 
palm is composed of eight gametic (haploid) cells but disagree on the origins. 
The polygonum type is generally accepted as more likely, although the real 
situation may be mixed. In both cases, embryo sac development begins with 
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the megasporocyte (embryo sac mother cell), which is a specialized cell that 
undergoes meiosis to produce four megaspores. In the polygonum type, three 
of these perish, leaving just one (monosporic); this undergoes two rounds 
of mitosis to produce an eight-celled embryo sac. In the adoxa type, all four 
megaspores survive and undergo one round of mitosis to produce a similar 
eight-celled embryo sac. In both types, the eight cells are organized into: one 
egg cell; two synergid cells; a central cell composed of two fused cells; and 
three antipodal cells. A simplified schematic of polygonum and adoxa embryo 
sac formation is given in Fig. 1.4. The embryo sac is positioned inside the ovary 
of the carpel (female floret), which also comprises the style and the stigma.

1.6 Fertilization in Oil Palm

Pollination is the arrival of pollen on the stigma. Pollen may be transmitted 
by various modes: wind; water; insects; animals, etc. Oil palm is naturally 
insect pollinated, predominantly by a weevil (see Section 1.3 above), but 
may be artificially pollinated, as described in Chapter 6 of this manual. 
Once the pollen grain arrives on a receptive stigma of a female floret, it 
begins to germinate (see Chapter 4 of this manual for artificial pollen ger-
mination in vitro). A pollen tube emerges from the germination pore of the 
pollen grain and grows into the style towards the embryo sac. The vegetative 
nucleus appears to act as a chaperone in taking the generative nucleus down 
the pollen tube (Nasution et al., 2009), similar to other species, Brassicas for 
example (Dumas et al., 1985). While in the pollen tube, the generative cell 
divides (second mitosis) to produce two sperm, one of which is associated 
with the vegetative nucleus; this union is known as the male germ unit (Tian 
et al., 1998). The pollen tube grows into the micropyle, which leads to the em-
bryo sac. The male germ unit is thought to have a role in positioning the 
two sperm for double fertilization, with one fertilizing the egg cell and the 
other fertilizing the central cell (Russell et al., 1990; Yu and Russell, 1994).

Type
Megasporogenesis

Megasporocyte Meiosis MitosisMegaspore

Megagametogenesis

Embryo sac

Polygonum

Adoxa

Fig. 1.4. Simplified schemes of polygonum (monosporic) and adoxa 
(tetrasporic) embryo sac development leading to an eight-celled embryo sac.
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After double fertilization, the egg cell becomes a zygote (diploid) and 
develops into an embryo, while the central cell becomes the endosperm 
(triploid). The endosperm becomes a food reserve for seed development and 
seed germination.

The events from pollination to fertilization of oil palm are described in 
detail in a timed cytological study by Nasution et al. (2009); the main fea-
tures are summarized above in Fig. 1.5.

1.7 Germplasm

Commercial seed production is based on Dura × Pisifera crosses, which pro-
duce the desired thin-shelled Tenera. The predominant parental lines have 
been Deli Duras and AVROS Pisiferas. Crop improvement through breeding 
has been limited by the genetic variation contained in these elite parental gene 
pools. In order to make progress in breeding, it became necessary to provide 
breeders with more genetic variation, and thus germplasm collections from 
wild, landrace and cultivated materials in West Africa (the centre of diversity) 
have been carried out. WAIFOR, Nigeria, was one of the first to do this. In 
recent years, major oil palm breeding companies have joined collecting exped-
itions in West Africa (Okyere-Boateng et al., 2008; Sapey et al., 2012).

Oil palm germplasm is conserved as living palm trees or as pollen. The 
former requires large land areas but may be maintained for up to 100 years, 
as oil palm is long-lived; pollen may be stored for up to 20 years vacuum 
packed in –20°C freezers. Another approach suggested for oil palm is to 
cryopreserve germplasm at –198°C in liquid nitrogen (Grout et al., 1983).

1.8 Target Traits

As with most crops, yield is the most important trait for oil palm breeding. 
Yield per land area is of particular importance as the oil palm industry is 

3 antipodal
cells

Central cell
(2 fused cells)

Synergid
cells

Micropyle

Style

Stigma

Ovary

Embryo sac

Zygote
(embryo)

EndospermEgg

Fig. 1.5. Events after pollen arrives on the stigma (pollination) leading to double 
fertilization (embryo and endosperm formation) in the kernel of oil palm fruits.
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under pressure to be environmentally friendly and sustainable (limit expan-
sion and to conserve rainforest biodiversity).

Other traits of interest include:

• Short stature: reduced height enables longer plantation life.
• Precocity: early flowering brings early economic returns.
• Resistance to disease: wilt in Africa and Ganoderma in South-east Asia.
• Mechanized harvesting: fruit colour, long bunch stalk, fruit abscission.
• Oil quality: develop specialized oils for specific end-users.

Target traits for oil palm improvement and methods in plant breeding have 
been reviewed by Forster et al. (2018).

1.9 Commercial Crossing

Tenera oil palm has become the predominant commercial fruit type. Tenera 
seed is produced by commercial seed companies by crossing Dura (thick 
shelled) with Pisifera (no shell) genotypes. Pisifera palms suffer from female 
sterility and are therefore used as male (pollen) parents in commercial pro-
duction. Pisifera pollen is therefore collected and stored ready for use in 
crossing. The shell thickness trait is controlled by a single gene: Sh, with 
Dura being homozygous dominant (Sh/Sh), Pisifera homozygous recessive 
(sh/sh) and Tenera heterozygous (Sh/sh). Seed production is a specialized 
and lucrative business: in 2014, Indonesian oil palm seed producers sold 
102,826,918 seeds at an average cost of about US$0.8/seed. The oil palm 
industry is therefore dependent on quality controlled crossing procedures.
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