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Abstract

Van DER Vossen, H, A, M. (1974) Towards more efficient selection for oil yield in the oil palm
(Elacis guineensis Jacquin). Doctoral thesis, Wageningen. ISBN 9022005232, (vii) + 107 p., 24 tbs,
23 figs, 8 photographs, 93 refs, Eng. and Duich summaries.

Also: Agric. Res. Rep. (Versl. landbouwk. Onderz.) 823.

Detailed studies are made of the variability and heritability of a number of components of oil
yield in the oil palm using published data of the breeding programme of the NIFOR in Nigeria and
results of a number of experiments carried out at the OPRC in Ghana during the period 1965-1571.
Estimations of 42 for oil yield components are presented. Values are very high for some of the fruit
quality components. A fairly high negative genetic comrelation (ra = -—0.58) was found to exist
between the two most important components, number of bunches and single bunch weight. Maximum
selection progress for increased bunch vield may be obtained by intercrossing widely divergent sub-
populations. Experimental evidence is produced of the nature of inheritance of the ratios shell to
fruit and mesocarp to fruit in oil palm fruits. Consequently, selection for these components requires
considerable revision. The efficiency of determinations of the oil-to-mesocarp ratio, an important oil
yield component with a rather low heritability, can be enhanced considerably by applying a modified
indirect method based on the fact that the dry fibre-to-mesocatp ratio has a high heritability. The
effect of different periods of water stress on bunch yield and its two components, as well as on vege-
tative growth of the oil palm was investigated, The implications of the results of these studies for oil
palm selection are discussed in detail and outlines of a medified breeding programme assuring con-
tinued selection progress are given. Essential are (1) the re-establishment of new, genetically highly
variable and very divergent subpopulations, (2) the estimation of genotypic values of all components
of oil yield from the first 3—4 years of production when the disturbing influence of competition for
light between palms is still negligible, (3) information from special plant density-progeny trials about
the optimum combination of genotype and spacing in a particular enwronment required for a con-
tinued high production level beyvond the first four years.
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Stellingen

1
Bij de veredeling van de oliepalm wordt nog steeds veel te weinig gebruik gemaakt
van de zeer grote idiotypische variabiliteit die aanwezig is in de voor dit gewas
belangrijke genencentra in West Afrika.

Dit proefschrift.

- II ,
Antherencultuur als hulpmiddel bij de ontwikkeling van nieuwe rassen van over-
blijvende tropische zelfbevruchtende cultunrgewassen dient meer aandacht te krijgen
dan tot nu toe het geval is geweest.

J. P. Braak, 1972, Landbouwk. Tijdschrift 84: 50-55.

o III
Gezien de vrij hoge negatieve genetische correlatie tussen het aantal vruchttrossen en

het gemiddeld trosgewicht in de olicpalm, dient al het voor de praktijk bestemde
plantmateriaal verkregen te worden door kruising van ouderbomen die zijn geselec-
teerd uit genetisch zeer uniteenlopende subpopulaties.

Dit proefschrift.

v
Voor de selectic van de oliepalm zeer waardevol kwantitatief genetisch onderzoek

verliest aanzienlijk aan waarde, wanneer het uitgangsmateriaal bestaat uit genetisch
zeer enge populatics. :

J.J.Hardon, R. H. V. Corley & 8. C. Ooi, 1972. Euphytica 21 : 257-264,
8. C. Ooi, I. J. Hardon & S. Phang, 1974. In press.

v
Het aanplanten van overblijvende gewassen samen met viinderbloemige bodembedek-

kers in de humide tropische gebieden in West Afrika kan dezelfde functie vervul-
len als herbebossing,. :

VI :
Uit de dikte van de vezelmantel in door middel van groeihormonen gefnduceerde

parthenocarpe vruchten van een pisifera olicpalm is niet vast te stellen wat voor
schaaldikte de tenera nakomelingen zullen hebben.

NIFOR annual reports 1966-1968.
Dit proefschrift.



VI ,
Bij bemestingsadviezen voor de olicpalm op West-Afrikaanse latosols dient meer

rekening gehouden te worden met de mogelijkheid van meeropbrengsten door fos-
faatbemesting. :

J. de Geus, 1973. Fertilizer Guide for the Tropics and Subtropics.
H. A. M. van der Vossen, 1970, Ghana J. agric. Sci. 3:109-129,

VIIL _
Hoewel waterconservering door regelmatige grondbewerking in jonge oliepalm-
aanplanten in West Afrika, speciaal gedurende de droge tijd, aanvankelijk tot aan-

zienlijke oogstvermeerdering kan leiden, is een dergelijke methode te beschouwen als
een ernstige vorm van rocfbouw,

R. Ochs, 1963. Oléagineux 18: 231-238,
IRHO rapports annuels 1968-1971,

X

Het selecteren op voor hoge plantdichtheid geschikte planttypen dient een centrale
plaats in te nemen in veredelingsprogramma’s van overblijvende tropische gewassen.

X

Bij de veredeling op resistentie tegen de koffiebessenziekte en bladroest in Arabica-

koffie in Oost Afrika is het essenticel om tegelijkertijd te selecteren op ‘tonic-"neutrale
genotypen.

E. Griffiths, 1971, Proc. 6th Br. Insectic. Fungic. Conf., p. 817-825.
X1

Ook de buitenlandse in ontwikkelingslanden werkzame wetenschappelijke deskun-
digen behoren in de gelegenheid te worden gesteld om zich middels een periodiek
verblijf aan een universiteit of hogeschool bij te scholen op hun vakgebied.

XII

De benaming ‘althobo’, voor een van de meest expressievolle instrumenten van de
houtblazers groep, verdient verre de voorkeur boven ‘Engelse hoorn’ (E. en Fr.:
cor anglais). De laatste algemeen gebruikelijke benaming berust op een verbastering

van ‘cor anglé’, Het instrument is evenwel noch van Engelse oorsprong, noch heeft
het tegenwoordig een gebogen vorm.

Proefschrift van H. A. M. van der Vossen
Wageningen, 3 oktober 1974
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1 Background and objectives

The oil palm, Elaeis guineensis Jacquin, has been the subject of intentional selection
since the advent of commercial oil palm plantations in Asia (Sumatra and Malaysia)
and Africa (Zaire)} around.1920 (Hartley, 1967).

The oil palm is an outbreeding perennial plant for which no practical method of
asexual propagation has yet been developed. Improvement of total oil yield was
initially pursued through phenotypic mass selection (individual sefection) and apply-
ing independent culling levels to components of oil yield, starting from genetically
narrow base populations (se¢ Chapter 3), Based on biometric studies carried out by
the INEAC! at Yangambi, Zaire (Beirnaert & Vanderweyen, 1941; Vanderweyen et
al., 19435, 1947) a more systematic breeding programme, incorporating recurrent selec-
tion for specific combining ability, was initiated around 1950 by the INEAC (Pichel,
1957). Soon after a more comprehensive selection programme for good genotypic
value was started by the NIFOR? in Nigeria (Sparnaaij et al., 1963) and a programme

“of reciprocal recurrent selection by the IRHO? in Ivory Coast (Gascon & de Ber-
choux, 1964). Exchange programmes between oil palm selection centres in Africa
and Asia led to similar selection programmes being adopted in Malaysia (Hardon
& Thomas, 1968). In recent years an impressive quantity of data on the performance
of progenies, especially from the NIFOR and IRHO breeding programmes, has been
published (NIFOR annual reports 19641968, IRHO rapports annuels 1967-1970).

A first interpretation of breeding results was attempted by Gascon et al. (1963, 1964
and 1966) and estimates of heritability of components of oil yield have been published
by Blaak (1965), Thomas et al. (1969) and Meunier et al. (1970). The most funda-
mental contribution has been made by Sparnaaij (1969), who produced evidence of
the additive inheritance of all major components of oil yield from data of the NIFOR
breeding programme and showed how this could be applied to estimate genotypic
values and thus to increase the efficiency of selection.

A new oil palm selection centre, the Qil Palm Research Centre (OPRC), was
established in Ghana, near Kade, in 1964. The majority of the breeding material was
identical to that of the NIFOR (van der Vossen, 1969a). By applying Sparnaaij’s

1. Institut National pour 'Etude Agronomique du Congo.
2. Nigerian (formerly West African) Institute for Qil Palm Research.
3. Institut de Recherches pour les Huiles et Oléagineux.



method of estimation to the progeny means published in the NIFOR annual reports
(1964 -1968), we obtained genotypic values for most of the parent palms represented
in the progenies planted in the OPRC selection fields (see Chapter 4). This formed the
starting point of the estimation and interpretation of genetic variances and covariances .
for the components of oil yield presented in Chapters 5 and 6. The next two chapters
deat with a sl:;ecial study to give experimental evidence of Sparnaaij’s (1969) hypo-
thesis on the inheritance of fruit quality components and experiments to develop
reliable and less expensive methods of mesocarp oil content determinations. In Chap-
ter 9 results are reported of investigations into important causes of environmental
variance in bunch production. _ ' ‘ ‘

The main object has been to contribute to a better understanding of the variability
(and covariability) and inheritance of the components of oil yield in the oil palm and
subsequently to indicate methods of selection which should result in maximum genetic
improvement per unit of time and effort expended.



2 General introduction to oil palm breeding

2.1 Economic importance of the oil palm and prospects of further selection progress

The oil palm has the highest production potential per ha of all oil bearing crops.
Its main products, palm oil and kernel oil, are important raw materials for the
manufacture of margarine, compound cooking fats, soap, stearine candles, etc. In

‘many countries in tropical Africa palm oil is also an essential ingredient of the local
diet. With a total estimated world production of 1.9 million t palm oil and 0.5 million
"t kernel oil in 1972 (Randag, 1972) the oil palm ranks fifth (8.4%) in the order of
importance of vegetable oils and fats producing crops.

National development plans aimed at planting vast new areas to oil palm have
been initiated in the past 15 years in Malaysia and a number of countries in West
- Africa (e.g. Ivory Coast, Cameroon). These programmes, together with the rehabili-

tation and expansion of important existing oil palm industries in Indonesia, Zaire,
Nigeria, and a number of smaller oil palm development programmes in West Africa
{e.g. Ghana) and South America, are expected to cause a threefold increase in the
world production of palm oil and kernel oil by 1985, The economic importance of
the oil palm is, thercfore, rapidly increasing,

Selected oil palm planting material may already produce, under favourable growth

_conditions, six to ten times the yield of the best semi-wild palm groves in West Africa.
Annual production levels of 2.5-3 t oil per ha in mature plantations can be obtained
in West Africa (IRHO rapport annuel, 1969) and even 5-6 t in the for oil palm
cultivation optimal areas in Asia (Corley et al., 1971a). Improved cuoltural practices
as a result of intensive agronomic research have, no doubt, contributed considerably
to the spectacular yield increases.

Prospects of further improvement of oil yield by selection are still favourable,
especially if one considers that present plant material is the result of only two to
three generations of selection in sometimes genetically narrow base populations
(Sparnaaij, 1971). However, a prerequisite to continued successful oil palm breeding
will be the mtroductlon of new germ plasm from the centres of high genetic varia-
bility.

2.2 Origin and centres of high genetic diversity

Elaeis guineensis Jacq., the most important of the two species in the genus Elaeis
. and commonly referred to as the (African) oil palm, has a West African origin (Zeven,

3 .



1964b, 1967). 1is present geographical dlstnbutlon in West Africa is the forest zZone
which extends from Guinea to Angola. r

The heliophile but comparatlvely slow growing oil palm cannot compete w1th the
faster growing tree species of the lowland tropical rain forest. Its natural habitat is,
therefore, believed to be at the edges of fresh water swamps and along river banks
where the large forest tree species are absent (Waterston, 1953; Zeven, 1967). The
special structure of the roots with aerenchym in the cortex of the roots and the ability
to form pneumatodes make the oil palm well adapted to seasonal inundation, al-
though it cannot stand permanent waterlogging. Its abundance in the forest zone of
West Africa must be largely attributed to unintentional spreading or deliberate
proyagatlon by man (Zeven, 1967), who in ancient times started to penetrate the
~ closed primary forests and to open up parts of it for habitation and cultivation.
Actually, one of the criteria used in West Africa to distinguish a true primary (un-
disturbed) forest from secondary forest is the absence of the oil palm in the foxmer '
(Aln, 1961).

It is now generally accepted that the seml-wﬂd oil palm groves in Brazﬂ are des-
cendants of seeds brought from West Africa in the 16th century through the slave
trade. The first introductions of oil palms to South-East Asia were made only about
125 years ago, i.e.in 1848 (Jagoe, 1952).

There are within the West African ‘oil palm belt’ some centres of high genetic
diversity, notably in eastern Nigeria and south-eastern Cameroon. These cenires are
most important sources of new germ plasm. In recent prospections in eastern Nigeria
some material was collected of remarkably good fruit quality (NIFOR annual report, .
1965). Prospection for genetic variability outside these gene centres has been rather
unreqarding (Vanderweyen, 1952; Meunier, 1969). '

2.3 Morphology, growth and ﬂorai biology

, A detailed description of the morphology and growth of Elaeis guineensfs, which
is a feather palm with a single apical growing point, has been given by Hartley (1967)
and Sparnaaij (1969). Broekmans (1957¢), who has made a detailed study of the -
growth and floral biology of the oil palm, concluded that the leaf primordia are
formed about two years before the'spear stage. There is principally one inflorescence
in the axil of each leaf and the floral primordia are formed at about the same time -
as the leal primordia. The inflorescence is fully developed and reaches the flowering
stage about nine to ten months after the supporting leaf has unfolded. The last four
to i.ive months are characterized by a rapid growth of the inflorescence and it is
during this stage that floral abortion may take place. Floral abortion which may be
up to 30-40%, during the first year of production is generally not more than 5-10%
in adult palms (Sparnaaij, 1960).

The oil palm is monoecious, produciﬁg inflorescences with either male or female
fiowers in alternate.cycles of various lengths. In adult palms there is little variation
in the number of leaves produced and thus in the potential number of inflorescences.
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