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ABSTRACT 

Five oil palm breeding populations were 

s tudied �or heritability ,  phenotypic correlat ions , 

iii 

path coe��icient analysis and yield per�ormance s  

involving oil yield , number o� bunches, single bunch 

weight , percentage �ruit-to-bunch , percentage mesocarp

t o-�ruit and percentage oil-to-wet mesocarp . The 

breeding populations consisted o�  di�ferent famili e s  

of  Deli Duras ,  Teneras and Pisiferas grown a t  Banting 

between 1968 and 1 970. 

Two methods , namely , parent o �fspring 

regres si on and c ombined ( genotype x year ) analyses 

were used to estimate heritabilitie s .  Heritabilities 

using combined analysis  were larger than tho se 

e stimated using parent o��spring regression .  However , 

both methods showed that heritabilit i e s  �or total 

bunch weight were lower than those of it s component 

charact ers . 

The c orrelation studi e s  �or oil yield and 

i t s  component s showed wide variation in association 

in both magnitude and direction. Neverthel e s s , 

number o� bunches and single bunch we ight negatively 

and signi�icantly correlated in four o� the �ive 

populations studied. 
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Re-examination o� the correlation c oe��iciente 

by path coe��icient analyses  indi cated that number o� 

bunche s  contributed signi�ic antly to  oil yield in 

Population A. Single bunch weight and percentage 

�ruit-to-bunch contributed signi�icantly t o  o il yield 

in Population B .  Contributi ons o �  the c omponent 

charact ers to oil yi eld in Populations C ,  D and E were 

not signi�i cant . 

The yield per�ormance o� the various progenie s  

were generally good with high pos sibil i ty of  selecting 

promi sing genotype s  �rom all the populations studied.  

The foll owing promising Deli Duras were �ound in 

Populations A, C and E :  un 410/9 , UR 427/28 , UR 422/15, 

UR 444/1 0, BM 163/36 , BM 1/42, BM 1/8 ,  BM 1/175, 

BM 1 76/49 and BM 176/24 . The promising Pisi�era l ines 

were BM 119/18 , BM 119/16 , BM 215/4 , BM 390/10 , 

BM 384/2 and BM 390/16 . Nine promi sing Deli � 
p�ogenie s  were ident ified in Population B and three 

Tenera progenie s  in Population D �or s election and 

�urther testing. 
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CHAPTER I 

INTRODUCTION 

Oil palm i s  an important sourc e  of veget able 

o i l , highly in demand for cul inary and industrial 

purpo s e s .  The contribution of palm o i l  t o  the world ' s  

o il s  and fat s output i s  increasing rapidly. In 1 9 60 , 

the world palm o i l  produc t i on was only 103 mil l ion 

metri c  t ons making up 4.7 perc ent of the t otal 

produc t i on of the worl d's  edibl e o il s  and fat s ,  but 

in 1 9 77 , the world palm o i l  produc t i on increased to  

3 . 6  million metri c t ons taking 6 . 7  perc ent of the 

t o t al veget able  oil product ion (I.T.C . 1 978). 

The o il palm industry contribut e s  signifi c antly 

in vari ou s  ways t o  the national economy and to  the 

welfare o f  the peopl e of  the producing c ountri e s o  

Malaysia i s  currently the sin�l e l are e st world producer 

and exporter o f  palm oil ; earning a substant ial amount 

o f  hard currency needed t o  pay for e s sential import s .  

In 1971 , Malaysia export ed 0.5 mill ion me tric t ons o f  

palm o il valued a t  $356 . 1  mil l ion.  In 1977 , the palm 

o il export increased t o  1 . 5 mi l l ion metric t ons gaining 

$1 , 651 mill ion in foreign exchang e (I.T .C . 1978) .  In 

the pas t few years, th e oil palm plan t at i ons in 
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Malaysia have been expanding to  meet the high palm oil  

demand ( Tam , 1976) . Henc e , i t  is  of  utmo s t  importance 

to s t ep up sys t emat i c  research into the breeding and 

o ther improvement aspec t s  t o  sus tain the industry .  

In the past , the breeding mat erial s in mo st  

palm o il produc ing countries  were phenotypically 

select ed within the available populat i ons of  narrow 

gene t i c  bas e . Lat e r ,  more c omprehensive breeding 

programmes were ini tiated by the Ins t i tut Nat i onal pour 

l ' Etude Agronomique du Congo B eIge (INEAC) in Zaire in 

19 50 (Hardon , 1976) , by the Nig erian In s t i tute For Oil 

Palm Research (NIFOR) in 1957 ( Sparnaaij � �, 1963) , 

by Ins t i tut de Recherch e s  pour l e s  Hui l e s  e t  Oleagineux 

(IRHO) in Ivory Coast in 1957 and by the various oil 

palm res earch stations �such as Chemara R e s earch 

Station (CRS) and Oil Palm Research Stat ion (OPRS)-l 
in Malaysia around 1950 ( Hardon and Thomas , 1968) . 

Preliminary re sul t s  o f  some of  the se programm e s  

e stab l i shed the superiority of  the Tenera hybrids from 

cro s s e s  betwe en � (D) as female and P i s i fera (p) 
as mal e ,  for c ommercial palm o i l  product ion. Due t o  

some suc c e s s  i n  thi s approach , the objectiv e  of  modern 

oil  palm bre eding has been t o  develop through 

bre eding and selection improved Duras and Pisi feras 
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whi ch are art ificially pollinated t o  produc e D x P 

( Tenera ) plant ing mat erial s with high oil  production 

po tent ial� Towards thi s end , and in order to increase 

the genetic variability of the breeding material s,  oil 

palm breeders have introduced the necessary parent 

stocks of � , Tenera and Pisifera materials from o il 

palm breeding stations in Nigeria , Malaysia,  Ivory 

Coast , Angola and Zaire . Sel e c t ed palms from thes e  

stocks are cro ssed i n  various combinat ions to create 

� x � , Tenera x Tenera , � x Tenera and � x 

Pisifera progenies  for evaluat i on and exploitation.  

�Expected gene tic progre ss  and effi c i ent selection ,  

however , depend o n  the pre senc e ,  magni tude and the 

identificat ion of gene tic variabi lity in the important 

eoonomic characters and the interrelationship of these  

characters . In addi t i on ,  palm oil i s  made up of a 

number of  measurable component s ,  viz . , number of bunohes ,  

single bunch weight, fruit-to-bunch ratio , me sooarp-to

fruit rat io and oil-to-wet mesocarp ratio . However , 

there are differenc e s  in the genet i c  variation of thes e  

component characters from population to population and 

various environment s may oause differences  in phenotypic 

variation in the components and the final yield . 

Conse quently, i t  i s  desirabl e  to evaluat e the relative 

effect s of the s e  charact ers on the oil  yield in the 

various populations under different environment s in 
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order to estimate heritabilities o� the characters. 

The objectives o� the present studies are, 

there�oret to examine the oil yield and its components 

of �ive oil palm breeding populations in Malaysia with 

respect to the progeny and population meanst herit

abilities and correlation coe�£icients. These genetic 

parameters are discussed in relation to the various 

yield characters o� the parent breeding lines and 

their progenies in the light of selection �or improved 

oil yield. It is hoped that the �indings may be used 

to improve the breeding methods o� oil palm. 



CHAPTER II 

LITERATURE REVIEW 

20 1 Oil Palm Breeding Populat ions 

The o il palm (Elae i s  guineensi s  Jacquin)  is  

native to W e st and Central Africa from where introduc

t i ons have b e en made to o ther part s of  the tropic s  

(Zeven , 1967 ) . Oil palm was introduced t o  South East 

ASia , as four ornamental palms and planted in t he 

Bogor Botani cal Gardens ( Indone sia )  in 1848 ( Jago e , 

1952 ) .  Hart ley (1967 ) tracing the development o f  oil  

palm plantat ions in  Afri ca and South East  A sia noted  

that the first oil  palm plantat ions were establ i shed 

5 

in Sumatra in 1911 and in Zaire in 1920 . Other 

c ountrie s  like Malaysi a ,  N igeria , Ivory Coast , Republic  

of B enin , and Ghana foll owed later  wi th plantations of 

various size s .  

In the pas t , unsystemati c  phenotypi c mass 

sel e c t i ons were made from the natural palm grove s in 

Afric a  and the ornamental avenue palms in South Eas t  

Asia , t o  e s t abli sh the early commercial plantations . 

However later , i t  was di scovered that oil  palm breeding 

populati ons were made of the thre e basic fruit form s , 

� ,  Tenera and Pisifera . The s e  fruit  forms are 
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distinguished by the variation in their shell thickness. 

The � fruit form has a thick shell; the Tenera has 

a thin shell with a characteristic fibre ring around 

the shell; and the Pisifera is shell-less. 

The approach to oil palm breeding to establish 

the early plantations differed in A frica and South East 

Asia, because of the differences in the available baSic 

breeding materials. In Zaire, the breeding objective 

of the Institut National pour l'Etude Agronomique du 

Congo Belge ( INEAC ) was to develop good Tenera fruit 

form palms only, since the � palms were found to be 

of poor quality (Van der Vossen, 1 974 ) .  Some of the 

Teneras developed from these programmes have contributed 

8ubstantial1y to the improvement of bunch and fruit 

component c haracters of the materials in the breeding 

programmes in Ivory Coast, Indonesia and Malaysia 

( Hardon ��, 1 976 ) . In Nigeria, the � and Tenera 

fruit forms were of comparable quality and the materials 

of the two forms were developed simultaneously by the 

Nigerian Institute For Oil Palm Research (NIFOR ) . 

Consequently, the Nigerian Dura palms and/or Deli � 
palms ( Bogor origin ) are utilised as � mother palms 

in the NIFOR and Ghana's Oil Palm Research Centre,for 

the � x Pisifera ( Tenera ) seed production programmes 



OIL PALM FRUIT FORMS 

THICK SHELL 

(llIacroca 1)'0) 
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INTER:'IEDIATE 
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( pisifera) 
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SECTION 

. .. 

·11 
- - ' . 

TRAJ�SVERSE 

SECTION 

The principal" forms" of oil palm fruit, distinguished by 

their internal appearance. 
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( Sparnaaij � �, 1963 ; Van der Vos s en ,  1969 ; Hartley ,  

1977) . In Malaysia , on  the other hand , sele c tions �or 

the early plantations were l imited t o  the Deli � 
populations o f  Bogor origin because they were the o�y 

available planting material at the t imeo Later , with 

the planting of � x Pi si�era ( Tenera ) hybrids in 

the plantations , the Del i  � palms remained the only 

source o� � c omponent o f  the hybrid in Malaysia and 

als o  in Ivory Coast seed product i on programme s  ( Rardon 

and Thomas , 1968 ; Rardon 1972 ) .  Teneras are preferred 

t o  Duras because they have relat ively more oil bearing 

me Socarp t i s sues and therefore can produce more oil per 

bunch ( Rardon, 1976 ) .  On the other hand , Pisiferas are 

not planted in c ommercial plantations because they are 

in mos t  cases female s t erile due t o  early abortion o� 

the developing �rui t s . 

Further prospections in the African oil palm 

groves and subsequent selections from the established 

plantations resulted in the development o� a number of  

local breeding populations with charact eri stic  features .  

But thes e  populations have been c onveniently grouped 

according t o  the thic knes s  of  the shell and the source of 

the material (Hardon and Thomas ,  1968 ; Hartley. 1977). 

The � group i s  charact eri s ed by a small number of  large 

bunches with thick shelled fruit s .  Thos e  originating from 

the Bogor palms are known as Deli Duras and are identified 
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in the breeding populations as ex-S er dang, ex-SOCFIN 

or ex-Guthri e e t c . The Deli Duras ( ex- SOCFIN) were 

select ed  in the breeding progrrunme of the Societe  

Financiere de Caoutchouc s ( SOCFIN ) with characteristics 

of high yields , low s ex-ratio ( rati o  o f  female to total 

inflore scence ) and heavy bunches . In a separat e sel ec

tion progrrunme , Guthrie Ltd,  al s o  creat ed a di s t inc t Del i  

� populati on ( ex-Guthrie ) with high yields and high 

sex-rati o  ( Sparnaaij � �, 196)) . Those Duras developed 

in the African breeding programme s  are i denti fied as Duras 

from the Cameroons , Angola ,  Dabou , or NIFOR (Aba ,  Calabar 

or Ufuma ) Van der Vos sen , 1978 ; Sparnaaij ��, 196) ; 

Meunier and Gascon , 1972) . The Tenera and Pisifera 

populat ions c onstitut e the o ther group whi ch i s  charac

teri sed by a large number of small bunche s .  Some o f  the 

breeding mat erial s ident i fi ed under this group are c on

veniently referred t o  as coming from the following 

sources :  Yangamb i , Sibi ti , La Me , Pobe , Yocoboue , AVROS ,  

Angola and NIFOR . ( Meunier and Gascon , 1972 ; Van der 

Vos sen , 1974 ; Hardon � �, 1976 ; Hartl ey ,  1977 ) . 

2 . 2  Exchange Programme 

As breeding and select ion in o i l  palm advanced, 

the need for int ernat ional and nat i onal co -operat ive 

effort s became nec e s sary . Thus , between 1945 and 1973 , 

extensive Joint Int ernational Exchange Programme s  and 

National Co-operat ive Breeding Scheme s were organised 
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to exchange in�ormation and the various locally developed 

breeding materials. In 1946, on the initiative o� the 

Institut de Recherches pour les Huiles at Oleagineux 

(IRHO), an international breeding project known as the 

"International Experiment" was inaugurated. Five oil 

palm breeding countries, namely, Zaire (INEAC), Malaysia 

(SOCFIN), Ivory Coast (IRHO), Republic of Benin (IRHO) 

and Congo (Brazzaville) participated in this international 

breeding project (Haddon and Tong, 1959). 

Within Malaysia, the Ministry or Agriculture 

initiated a Co-operative Breeding Scheme in 1956 to 

avail itsel£ of land £rom the participating estates to 

redistribute promising Deli � breeding materials. 

The participants were, Harrisons and Cr08�ield Sdn. Bhd., 

Kumpulan Guthrie Sdn. Bhd., SOCFIN and United Plantations 

Ltd. The scheme was extended to include comparative 

studies in the "Dumpy" and Tenera/Pisifera populations 

too (Haddon and Tong, 1959). Between 1963 and 1972, rour 

private oil palm producing companies in Malaysia, namely, 

Dun10p Estate Bhd., Kumpulan Guthrie Sdn. Bhd., Harrisons 

and Cros�ield Sdn. Bhd., and Unilever Ltd., contributed 

to organise an Oil Palm Genetic Laboratory (OPGL) to 

encourage "the development o� a �undamenta1 basis for 

oil palm research in South East Asia" (Corley � �, 
1976). 
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In addition to the various mult ilateral 

exchange programme s ,  many oil palm bree ding organi

sations have b e en involved in bilat eral exchange 

programmes t o o .  A special exchange programme started 

in 1970 between the Oil Palm Re search Centre ( OPRC ) in 

Ghana and the Chemara Re search Stat ion in Malaysia. 

Some Tenera x Tenera seeds , Tenera pol l en and Dura x 

Pisi�era seeds were special ly bred and exchanged with 

a quanti ty of  Malaysian Del i Dura x Deli Dura seeds 

and poll en. ( OPRC : Ghana Annual Report , 1970 ) . In 

1973 , Nigerian Institute For Oil Palm Res earch ( NIFOR ) 

and Malaysian Agricultural Research and Development 

Institute ( MARDI ) organi sed a joi nt pro spection to  

Eastern Nigeria oil  palm groves t o  obtain new genetic 

material s and t o  conserve them for future breeding 

work. The genetic  material s collected have been 

dupli cate d  and grown in repli cated trial s  and progeny 

blocks in Nigeria and Malaysia (Arasu and Raj anaidu , 

1977 ) . The obj ective s of  the various pro spect ions 

and subsequent exchange and cros sing programmes have 

been to  create genetic variation in the oil palm 

breedi ng populations �or �rther improvement . Through 

active parti cipation in the various exchange programmes,  

Kumpulan Guthrie Sdn. Bhd. , and Harri sons and Cro s�i eld 

Sdn. Bhd. , have acquired and establi shed a wide range 
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of variable oil palm genetic materials for evaluation 

and exploitation. 

2 . 3  Variations In The Oil Yield And Its Components 

Oil yield is a product of component characters, 

namely, number o f  bunches, single bunch weight, 

percentage fruit-to-bunch, percentage mesocarp-to-

fruit and percentage oil-to-wet mesocarp. Studies have 

shown that wide variations exist for these characters 

with respect to the individual palms, progenies and 

fruit forms ( Sparnaaij, 1969; Hartley, 1977). The 

observed variations are reported to be partly genetic 

and partly environmental ( Blaak, 1965; Sparnaaij, 

1969 ) .  Progress in improving these characters would 

be influenced by the relative magnitude of the genetic 

and non-genetic components o f  the total variation of 

each of the characters and their interrelationships. 

Due to the large spacing requirement and the 

soil heterogeneity encountered in oil palm growing 

areas, the greater part o f  the variation in the bunch 

yield per palm is environmental ( Sparnaaij, 1969). 

In view of this situation it has been recommended 

to use progeny data to study genetic variation in oil 

palm instead of individual palm data. A well-planted 


