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Abstract

Field testing – trialling – of oil palm is subject to many factors, chief among 
them being the basic biological features of the crop (it is a long-lived peren-
nial) and the traits to be assessed (mainly yield, thus mature palms need to 
be produced). Trialling is the next step after breeders have produced progeny 
from deliberate crosses, and this in turn is dependent upon the genetic vari-
ation available to the breeder (see Setiawati et al., 2018, this series). Trialling 
allows the selection of progenies and palms based on field performance, and 
these can then be promoted to variety status and commercial production 
(see Kelanaputra et al., 2018, this series). Oil palm, Elaeis guineensis, is the 
world’s most important oil crop. Although it has been used to some extent 
as a food since ancient times in its centre of origin (West Africa), it is a rela-
tively modern crop, with Southeast Asia now being the main production 
region. A brief history of the development of the oil palm crop (significant 
dates and eras) is given. Improvement of the crop through breeding and 
trialling is relatively recent, with beginnings in the early 20th century. Since 
breeding is dependent upon access to traits of interest, germplasm collec-
tions from the centre of origin have been made. In addition, variation is 
being produced by mutation induction and selection (see Nur et al., 2018, 
this series). Thus, oil palm breeders have access to a rich germplasm base 
and can create progenies which combine novel traits (e.g. disease resistance) 
with traditional traits (e.g. thin-shelled fruit type), which then need to be 
tested in field trials.

1.1 History of Oil Palm Cultivation and Crop Facts

Oil palm (Elaeis guineensis Jacq) is a species of the humid tropics; the centre 
of diversity of the species is West Africa, but semi-wild and cultivated forms 
are found in other parts of Africa, Southeast Asia and South America. 
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Oil palm is the highest yielding of all oil-bearing crop plants – for example, 
oil palm produces 11 times higher yields per land area than soybean, the 
second highest oil crop plant. Oil is extracted from the oil palm fruit, from 
both the fleshy mesocarp and the kernel.

Oil palm’s Latin genus name is derived from the Greek word elaion 
meaning ‘oil’ and the species name indicates its West African origins in and 
around Guinea. The crop first came to the attention of the outside world 
due to travellers to Africa in the 15th century (see Corley and Tinker, 2015 
for more details on the history of oil palm). The first plantings in Indonesia, 
which led to its rise in importance to become the world’s top oil crop, did 
not occur until the late 19th century. Large-scale plantations were estab-
lished in the early 20th century in both Africa and Southeast Asia. Initial 
plantations were composed of dura palms which are characterised as having 
thick-shelled fruits (Fig. 1.1a). In the 1920s the first crosses were made in 
deliberate attempts to improve the crop through plant breeding, and in the 
1950s–1960s the more productive tenera types took over as the favoured 
commercial material both in Africa and Southeast Asia. Tenera genotypes 
are thin-shelled (Fig. 1.1b) and have thick oil-bearing fruit flesh that yields 
30% more oil than dura fruit forms. Tenera (thin-shelled) types are pro-
duced from deliberate crossing of dura (thick-shelled) and pisifera (no shell) 
parents (Fig. 1.1). Thus, artificial crossing became an essential and major 
component in commercial oil palm seed production as well as in breeding.

Indonesia is currently the main producer of palm oil. Cultivation in 
Indonesia started when four oil palm seedlings from Mauritius and the 
Netherlands were planted in the Bogor Botanical Garden in Java in 1848. 
Ten years after these seedlings were planted, seeds were distributed to 
other areas of Java, and to the neighbouring island of Sumatra, but no in-
dustrial plantation was established until 1911, when Belgian and German 

(a) (b) (c)

Fig. 1.1. Anatomy of fruit forms of oil palm. a) Dura fruits have a thick-shelled 
nut (‘dura’ is derived from the Latin meaning ‘hard/thick/tough’); b) Tenera 
fruits have a thin-shelled nut surrounded by a fibre ring (‘tenera’ is derived 
from the Latin meaning ‘soft/tender/weak’); c) Pisifera fruits have a naked, 
no-shell kernel surrounded by traces of a fibre ring (‘pisifera’ is a description 
of the kernel, derived from the Latin meaning pea-like).
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companies planted oil palm at Sungai Liput, Pulu Radja and Tanah Itam 
Ulu, in Sumatra, Indonesia. From this basis, the oil palm industry grew in 
Indonesia to a planted area of 2,760 ha in 1915, which had increased to 
12,307,677 ha by 2018.

Oil palm was introduced to Malaysia in 1870, through the Botanical 
Garden of Singapore, as an ornamental plant (these were probably derived 
from palms from the Bogor Botanical Garden). The Malaysian oil palm 
industry commenced around 1917, at a similar time to that of Indonesia. 
A distinct new era began in Malaysia in 1960 when the rubber price fell and 
plantations moved into oil palm as a more profitable alternative. The oil 
palm plantation area grew from 31,000 ha in 1960 to almost 600,000 ha in 
1980 (Pamin, 1998).

A comprehensive review of the oil palm crop is given by Corley and 
Tinker (2015), and only a brief description is given here. Oil palm is grown 
in the humid tropics between 20° latitudes north and south of the equator. 
The crop covers over 8.5 million ha worldwide. Oil palm is highly profitable 
and grown both on large-scale plantations and by smallholders (Sayer et al., 
2012). Ripe fruit bunches are harvested continually 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 mainly palmitic (43%), oleic 
(39%), stearic (5%) and other fatty acids (Siew, 2002), and is a major source 
of pro-vitamin 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 continu-
ally, CPO represents a relatively stable commodity compared 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), China (22%) and Europe (22%).

The future demand and supply balance in the oil palm industry is not 
easy to foresee. Demand is expected to continue to increase because of the 
expansion of the human population and increasing living standards (see 
Jalani, 1988). This trend may impact on the main markets for oil palm prod-
ucts, with China, India and Pakistan becoming major importers and con-
sumers (Mielke, 2001). Estimates of the increasing demands for foodstuff in 
the next 30 years are usually expressed in terms of cereal demand, and this 
is expected to increase by roughly 50% by 2030. The demand for fats/oils 
will be expected to increase proportionally more rapidly, and Mielke (2001) 
predicted that the demand for oil palm would double by 2020 compared 
to 2001. Palm oil is sold mainly as a commodity, CPO, but it is likely that 
breeding will introduce new, novel oil quality traits for specialised end-users 
and adapted to changing consumer demands – for example, biofuels and 
bioplastics. Thus, quality traits and new products are expected to impact on 
future markets.
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1.2 History of Oil Palm Breeding

Current oil palm breeding primarily aims to maximise oil and kernel yield, 
and thus contributes to plantation profitability. The breeder therefore aims to 
select for high yields of fruit and high kernel oil content and make crosses be-
tween the best individuals. Subsidiary objectives may include reduced height 
(for ease in harvesting) and resistance/tolerance to diseases and stresses. To 
date there has been very little selection for oil quality, though this is expected 
to change in the future (Chapter 7). In order to make progress, the breeder 
must start with a population of palms in which there is genetic variation 
for yield (and other target traits). Starting with a variable population, the 
breeder must then decide which characteristics to select for, and this is de-
pendent upon trialling (Selection criteria and methods of measurement will 
be discussed in Chapters 6 and 7.) It is relatively easy to make improvements 
from one generation to the next (selection progress) for characteristics that 
are highly variable, and for which much of the variation is controlled by 
genetic (heritable) differences, and less by environmental factors. However, 
for some traits (e.g. resistance to Ganoderma, a cause of major oil palm 
fungal disease), there is no or little variation in the primary gene pool and the 
breeder may be forced to introduce desirable traits from wild or semi-wild 
gene pools. However, this would involve a long, protracted breeding scheme. 
Accelerated breeding methods may be adopted in such cases. For example, 
mutation breeding (Nur et  al., 2018), transformation (Masli et  al., 2009; 
Masani et al., 2018) or gene editing (Murphy, 2018).

The aim of present-day oil palm breeding programmes is the develop-
ment of thin-shelled tenera (commercial) palms. Shell thickness is controlled 
by a single gene, Sh (Beirnaert and Vanderweyen, 1941; Singh et al., 2013; 
Chapter 9). Earlier breeding programmes were largely based on phenotypic 
mass selection combined with family selection in bi-parental crosses. Today 
a primary objective is the production of duras (mother palms) which when 
crossed in combination with pisiferas (male parents) produce high yielding 
teneras (see Setiawati et al., 2018, this series). Female sterility of pisiferas de-
termines the direction of these crosses, i.e. pisiferas are used as male (pollen) 
parents, and because the heterozygote is the shell type for exploitation, it 
necessitates progeny testing programmes for which various forms of recur-
rent selection may be adopted (Hardon et al., 1976a).

Although oil palm has been used by man in West Africa since ancient 
times, its commercial exploitation is relatively recent as a world crop. With 
the realisation of its economic potential, concerted efforts towards oil palm 
improvement began at the turn of the 20th century in West and Central Africa. 
An account of the history of the development of the various breeding pro-
grammes in Africa has been described by Hartley (1988). These early efforts 
include the work of the Institut national pour l’étude agronomique du Congo 
belge (INÉAC), and two major West African institutes: the West African 
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Institute for Oil Palm Research (WAIFOR based in Nigeria, Ghana and 
Sierra Leone) and the Institute de Recerche pour Les Huiles et Oleagineux 
(IRHO) in Cote d’Ivoire and Benin.

The work in Nigeria was started by E.H.G Smith of the Nigerian 
Department of Agriculture by exploiting the genetic variation in oil palm 
populations from Calabar, Aba, Nkwele (Umuahia) and later Ufuma in nat-
ural groves located in eastern Nigeria regions. Smith planted 800 oil palms 
at Calabar in south-eastern Nigeria. Yield and bunch data of these plants 
(arising from seed of open-pollinated bunches collected from local wild palm 
groves) were collated from 1922–1928. From this, Smith 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 hybrid generation 
and the progenies were planted in four breeding stations of the Department 
of Agriculture (Ogba, Umudike, Ibadan and Nkwelle) between 1930 and 
1935. These stations supplied seed for extension work and for experimenta-
tion and field trialling (Barbosa and Chinchilla, 2003).

The oil palm industry in Indonesia has been promoted through re-
search and development. A major step forward was the establishment of 
the Algemeene Proefstation der AVROS (APA), a research station of AVROS 
(Algemeene Vereniging van Rubber-planters ter Oostkust van Sumatra) in 
Medan, North Sumatra, in September 1916. While the primary intention of 
APA was to conduct investigations into rubber, its research also evaluated 
oil palm. In 1922, Rutgers compiled investigations on oil palm that had 
been conducted by AVROS and concluded that oil palm planting in Sumatra 
was very successful. The variety planted (tenera), performed better than 
the dura crop of West Africa, giving earlier and higher yields, but Rutgers 
noted that further improvement was possible through selection (see Pamin, 
1998). It is believed that the material tested originated from the four palms 
at the Bogor Botanical Garden, Java, Indonesia (received from Africa via 
Mauritius and the Netherlands). Seeds from these four palms were widely 
distributed throughout Indonesia and planted as ornamentals (often used to 
line roads in rubber plantations), but later used to supply oil palm estates 
(from 1911 onwards). Selection programmes started at various centres in 
Indonesia from the 1920s and gave rise to breeding a population of duras 
generally referred as ‘Deli dura’ (Hardon and Turner, 1967) (the ‘Deli’ name 
refers to an old region in North Sumatra, Indonesia). A detailed history of 
the Deli dura breeding population is given in Corley and Tinker (2015).

The superior oil content of tenera (T) palms led to the distribution of 
TxT seed from commercial plantings in Congo in the 1930s, but by 1938 it 
was known that 25% of the progeny were female sterile (Beirnaert, 1940). 
Beirnaert explained clearly the inheritance of the shell-thickness character 
(a single gene trait), and brought forward evidence against the Congo 
theory, current in French West Africa at that time, that the tenera fruit type 
was a degenerate shell form. Beirnaert explained that to prevent sterility, 
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dura x tenera (DxT or TxD) should replace TxT production. A subsequent 
Calabar tenera self, and crosses in Nigeria, quickly showed this to be the 
case (Hartley, 1957). Dura x pisifera (DxP) crosses including Deli duras as 
parents were seen to provide 100% tenera progeny and this type of cross 
became standard practice. The genetic structure of these crosses is given in 
Fig. 1.2. The shell thickness gene, Sh, is semi-dominant with dura (Sh/Sh) 
being thick-shelled, pisifera (sh/sh) having no shell and tenera (Sh/sh) being 
intermediate/thin-shelled.

1.3 Germplasm

Parental selection for breeding and commercial production has been mostly 
empirical due to a deficiency of knowledge of oil palm genetics. The narrow 
origin of parental populations has set limits on improvement schemes that 
can be achieved, and it is generally accepted that further improvement will 
require a widening of the genetic base of both dura and pisifera germplasm, 
either by intercrossing or by introgressing with new introductions from un-
related and wild material (Hardon et al., 1973), or by mutation breeding 
(Nur et al., 2018). Transformation and gene editing are also possibilities; 
however, genetically modified (GMO) oil palm is currently unacceptable on 
a consumer basis.

Fig. 1.2. Crossing scheme of dura (female) with pisifera (male) to produce the 
commercial thin-shelled tenera fruit type.

Tenera
Thin-shelled
Sh/sh

Dura
Thick shelled 
Sh/sh

Pisifera
No shell
sh/sh

X
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Commercial seed production is based on DxP crosses, which produces 
the desired thin-shelled tenera fruit. The predominant parental lines in 
Indonesia, Malaysia and Papua New Guinea are Deli duras (females) and 
AVROS pisiferas (males). Crop improvement through breeding has been 
limited by the restricted 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 collec-
tions from wild, landrace and cultivated materials in West Africa (the centre 
of origin and diversity) have been carried out. WAIFOR, in Nigeria, was one 
of the first to do this. In recent years, major oil palm breeding companies 
have joined collecting expeditions in West Africa (e.g. Oykere-Boateng et al., 
2008; Sapey et al., 2012), and more recently there have been germplasm col-
lections in Nigeria (following the earlier collection carried out by Malaysia) 
and consortia have been set up to bring into Indonesia interspecific hybrids 
between E. oleifera and E. guineensis from South America.

The first germplasm collections in Nigeria were small and limited (60 
ha). They included groves at Aba (11 ha) and Ufuma (49 ha), as well as 
Calabar plot materials. In the early 1960s a collection in grove areas in 
eastern Nigeria was undertaken, and 72 open-pollinated progenies were es-
tablished at Nigeria Institute for Oil Palm Research (NIFOR). International 
collaborative research was established and continues to date. Collections 
have been carried out in Cote d’Ivoire at Yacoboué and Sasandra, and in 
Cameroon in the Widikum region by the IRHO (Corley and Tinker, 2015), 
and a prospection of the oil palm genetic material within and beyond the 
major oil palm belt of Nigeria has been set up between Indonesia and 
Nigeria for genetic conservation and exploitation.

Beginning in the 1970s, the acquisition of new germplasm was con-
ducted by the Marihat Research Station, North Sumatra, Indonesia, in col-
laboration with IRHO. Introductions into Indonesia came from Ghana, 
Ivory Coast, Cote d’Ivoire, DR Congo, Angola, Nigeria and Papua New 
Guinea, and the pollen of Elaeis oleifera (a related S. American species) was 
introduced from Colombia (Pamin, 1998).

Other collections were carried out by the Malaysian Palm Oil Board 
(MPOB) in oil palm’s centre of origin in order to broaden the genetic base 
of oil palm planting material. Countries in Africa in which oil palm was 
explored included Nigeria, Cameroon, DR Congo, Tanzania, Madagascar, 
Angola, Senegal, Gambia, Sierra Leone, Guinea and Ghana. A total of 723 
accessions were collected to widen the oil palm germplasm for breeding and 
research purposes in Malaysia (Hayati et al., 2004).

Oil palm germplasm is conserved mainly as living palm trees, and to 
a lesser extent as pollen. The former requires large land areas but may be 
maintained for decades (some collections have trees more than 100 years 
old). Pollen, however 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).
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1.4 Traits

The basic biology of oil palm has direct effects on the traits of interest and 
how breeding, harvesting and trialling are conducted. Oil palm is a long-lived 
plant with many fascinating aspects relating to vegetative and reproductive 
biology, ecology, morphology and agronomy. The large size and long gen-
eration time of oil palm creates many formidable challenges for researchers 
and breeders, especially in comparison with the much smaller and shorter 
generation time of annual oilseed crops such as soybean, rapeseed and sun-
flower. It is therefore essential that oil palm improvement programmes are 
focused on a limited number of key target traits. By far the most important 
trait is oil yield, followed by disease resistance (especially Ganoderma in 
Indonesia and Fusarium in Africa), oil quality and composition, and toler-
ance to a range of pests. Currently, oil palm is harvested by hand, but several 
traits (e.g. long stem and retention of fruits) may be combined to adapt the 
crop to mechanical harvesting.

As with most crops, yield is the most important trait for oil palm 
breeding. Yield (but really oil yield) per land area is of particular import-
ance as the oil palm industry is under pressure to be more environmentally 
friendly and sustainable, by limiting expansion to conserve rainforest bio-
diversity, thus increasing yield per land area is a major target. Some target 
traits for oil palm improvement have been reviewed by Forster et al. (2018), 
they include:

• fruit type: fruit type is based on the thickness, presence or absence of the 
shell covering the kernel, the presence of a fibre ring and the thickness 
of the oil-bearing fruit flesh (mesocarp)

• short stature: reduced height enables longer plantation life
• frond length: reduced frond length allows greater planting densities
• precocity: early flowering brings early economic returns
• resistance to disease: wilt in Africa and Ganoderma in Southeast Asia
• mechanised harvesting: ripe fruit colour, long bunch stalk, fruit retention
• oil quality: to the allow development of specialised oils for specific 

end users
• non-food uses: cosmetics, biofuel, industrial.

It is difficult to determine future market demands as they change continu-
ally. In addition to the traits listed above there are now new eco-friendly op-
portunities for oil palm such as the production of biodiesel and bioplastics.

1.5 Trialling

The breeding, selection and evaluation of improved crop varieties are basic 
pursuits in which trialling plays a key role. The Nobel Peace Prize laureate 
for 1970, Norman Borlaug, made the important point that in order to 
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achieve crop improvement, both conventional breeding and biotechnology 
methodologies are needed, but that in the end everything has to be tested in 
the field. Field trialling is therefore vital, as are statistical principles in trial 
design and data analysis as these bring rigour in evaluating field perform-
ance (Smith et al., 2005). The breeding process starts with identifying the 
trait(s) to be improved. Desirable variation is then sought in available ger-
mplasm and crosses made to initiate the introgression of the trait into elite 
material (practical methods in crossing in oil palm are given in Setiawati 
et  al., 2018). The progenies are then tested at various stages in develop-
ment (from seed, to germination and seedling traits, through to maturity) 
for which trialling is essential. Trials allow the selection of superior lines, 
having improved traits that exhibit stability. These are then advanced for 
multiplication, official progeny testing and varietal release. The practical-
ities of field trialling are laid out in subsequent chapters.
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