CHAPTER 2

LITERATURE REVIEW

2.1 Origin and Biology of Oil Palm ‘é J | __{:3'
4
%

2.1.1 Origin and Distribution i \ X

The oil palm, Elaeis guineensis Jacq. is w@grown nne@gﬂy in the Southeast

Asia, Africa, Equatorial America and S ;Tl Dac‘i\f I}e N name guineensis shows
o
ONect

N
ed ine&%esl Africa. The oil palm is

e
originated in West Africa (Ze\e. 1%7). Zern QG@Midered the main oil palm belt
1

that the first specimen described w

/&y

ertdleone, Liberia, Ivory Coast, Ghana,

&

ial @mea, Gabon, Zaire and Angola. From

—

o

Central West Africe ‘s&\-fough Zaire, Tanzania, Mozambique and to

1 pajm
g HJ’
Madagascar. He §¢I™Wfed that the spr@'was due to man. Its introduction to Southeast
A S
Asia has be Nne of the most important economic crops especially for Malaysia and
133

Indon@ alm was endemic to West Africa and it came to the East via Mauritius
island in 1848, where four seedlings were planted in Indonesia and then went to
Singapore Botanical Gardens in 1870 and then to the Malaya in 1875 (Whitmore, 1973).
The four seedlings were planted in the Botanical Gardens, Bogor in Java in 1848 and later

distributed to Sumatera between the years 1853 to 1856. The oil palm planted in



Deli, Sumatera gave rise to the Deli dura palms. The oil palms in Indonesia and Malaya is
derived from these four seedlings and their offsprings. In Malaya. palms of rigin
were planted in Rantau Panjang, Kuala Selangor around 1912. The plannr@?l came
into bearing in 1917, and seedlings from these palms were planted in T amaran and
Elmina Estates. By 1925, Malaya had 3438 hectares of oil palm oil palm industry

gained full momentum only after 1930. By 1940, the alé Rex oil palm in Malaya
| S

reached 31 000 hectares (Latiff, 2000).
O

A

2.1.2 Taxonomy and Classification

s’
The oil palm belongs to the genus Elaeis undc)e amﬂ‘f 0 reca@’e. The family of

'ays Qmed a distinct group

palms, the Arecaceae formerly known as the\na%
of plants among the monocotyledons. igcoa& js @ as any other family of

] Q-
flowering plants with fossils dlSCO\N nJC us é s dating back some million

years (Purseglove, 1972). Th ac b@el the order Arecales. The oil

a
<]

.P

palm, Elaeis guineensis J N Pu hé&cov the coconut in the subfamily
- S S

=l

Cocoideae.

\ ¢ !
co ’
Q' l N
The wenu% Y ‘oxY%ﬁl Greek word elaion which means oil. The

specific nam ensis shows th&) the first specimen of oil palm described was

—

collecte %«ea West Africa and was described by Jacquin in 1763. There are

curre thffe accepted species of Elaeis. These are Elaeis guineensis, the African palm
oil, Elaeis oleifera, the American palm oil and Elaeis odora (Wessel-Boer, 1965) which

is not cultivated and little is known about it.



The keys to distinguish between Elaeis guineensis and Elaeis ya are

presented in Table 1 below: ! %\

Table 1: Keys to Distinguish between Elaeis guineensis and Elaeis olwv

Keys Elaeis guineensis aeis oleifera
Trunk Tall trunk 10X, erect, procumbent
U
Leaflet Arrangements Pinnate-leaved, arranged in eafl the-plane.
upper and lower on each have o q{ugmhﬂ
side of rachis % | C—,
Female Inflorescence At anthesis, the spat Pgrsiste spa?e ripe

‘bu{ s areedvered by

he 0
the female ﬂowex ren
uncovered

2.1.3 Habitat and Growing Envnonmen \?

Q W
In its natural habitat, £.guineensis OCN 1vel sﬁ‘dfren associated with Raphia

N
(Chevalier, 1934) or in fresh v gamp (‘Vat slo@ 3). Its natural habitat is in the
'y
' An

&

poorly drained and floode \S n a and North Colombia (de Blank,

1952). The biggest ar gui;@nsis groves in the lowland regions of

¢

. 4
Western and Centra liesfpetyyedn 1 (N and 10°S. which have a marked dry season
:

lasting up to fou o% months? It 1s ‘g',é{& ally known that Elaeis thrives well between a
mean minin npel ature of 20°C to 23°C and a mean maximum temperature of 28°C
o 32°CY normally occurs in tropical countries. In Malaysia, oil palm can be grown

on a wide range of soils such as coastal alluvial clay in Peninsular Malaysia and the

riverine and coastal alluviums in Sabah (Latiff, 2000).



2.1.4 Morphology and Growth Yv

Elaeis guineensis is a large, pinnate-leaved palm having a solitary cq nn; stem with
short internodes. There are short spines on the leaf petiole and within?ﬂmt bunch. The

N@his. Oil palm 1is

kly pn the same plant

aet t‘mch. The

| &
G@CS the palm

leaves are separate upper and lower ranks of leaflets on

monoecious, with male and female inflorescences occur s
developing in the axils of the leaves. The fruits are borng on

fruit pulp which provides palm oil surrounds a nut, thtaghell of

kernel. z \

The oil palm is unbranched tree whm Q‘ W &QO m tall. For several

years the trunk is completely covered by bas S wl h st to fall off when the palm

reaches more than three years old whe Aj é% it full diameter in the form

of inverted cone, after which 1% al el‘ orf tﬁ@' place. The stem width diameter

of 22 cm to 75 cm, beals wn f\d ],é‘ﬂﬂmescences derived from a single
S

meristem located in th t p ,}? dw nsists of 40-50 pinnate leafs arranged in

two spirals. Each E 1a }1 enao ed texmmal cone for about two years before
nW\al Spear (PUISC”IO%X.QSS)

%\ th of the seedling is the formation of a wide stem base with a single

termin 1stem. During the first few weeks of growth, the seedling 1s entirely

develop into a

dependent on the supply of stored material from the endosperm. Alang et al. (1988) found
out that the endosperm contained 47% fat and 36% galactomannan, a carbohydrate which

the seedling utilized before the fat. A trunk is not visible until the palm is three years old



when the apex has reached its full diameter in the form of an inverted cone. The base of
the trunk is about 60 cm in diameter and the trunk about 40 cm in diameter.\ ate of

trunk extension is about 25 c¢cm to 50 cm per year. All mature palm 9 a solitary

columnar stem with persistent frond bases. The stem supports a crovafronds (Corley

and Gray, 1976) \)

The frond consists of leaflets, each with a lamina an

yi1rib. Ja central rachis to

which the leaflets are attached, a petiole and a frond shegth. THe 1 ﬂMb{Rﬂ'anging
from 55 cm to 65 cm and narrow with a width from ™ cm ip .0 gm. Téek leaflets are
arranged alternately in two planes. The crown cgasis ofﬁ \0 op%& fronds and the

central cone a further 40 to 50 fronds in v&aages 0 elo@ms. The number of

fronds produced annually increases to 3 A&I @.\and later declines to 18
)

inflorescences are &m frohd a\ faphrodite inflorescences bearing both male
and female stru%x‘:! are occasionaéggl.aroduced especially during the early years of

production. and female inflorescences normally occur in different cycle, reducing

the cha oY self-pollination (Turner and Gillbank, 1982). At anthesis, the male and

female inflorescences have the same aniseed scent. The scent attracts numerous insects
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such as the weevil, Eleidobious kamerunicus. This species of weevil which was imported

to Malaysia from Cameroon, plays a dominant role in oil palm pollination i&c 979).

Fruit bunches ripen five to six months after pollination. The num of fruits per
bunch varies with age. normally 1000 — 1500 fruits and 10 — 60 k%‘lch weight. Fruit

size and shape vary according to fruit position in the bunch. htW’ fruits are normally

fully formed because of ample space for their devel Io the inner
fruits, which tend to be somewhat flattened, qmalle@ss pigmeg E? il palm
fruit is a sessile drupe, spherical to ovoid or elonoa sh e I urir Jout 2 cm to

5 cm in length and average weight per fruit ew gt ( her and Gillbank,

1982)

J’
.1/
/7),

The exocarp of the fruit is sn\ nd 48 @‘\ge of colours when ripen

depending on the pigmentation nam e nipreseperls (r
| S
orange) and albescens (pale yellowyl Th 1 11? he most important part of the fruit

' ‘@auo ends on the fruit form with dura 35-

N ! S

65%. tenera 60-96% aE iferd s st *
O 7

\
or the shell is a ha;% X la)éx $N o @-55% of the fruit by weight and ranges from

>
5to 8§ mm 1\ ess. Inside the & carp is the kernel covered by dark brown testa,

COMPrisine % by weight. It is also rich in oil, known as palm kernel oil, a source of

ish black), virescens (greenish

’:%

for oil production. Th

(¢}
w
=y
—
|
=t

umex and Gillbank, 1982). The endocarp

lauric a urner and Gillbank, 1982).

The oil palm starts bearing bunches at 30 to 36 months after field planting and

involves two to three harvesting rounds per month. The bunch weight increases with age
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from 5 to 7 kg for three to four years old palm to 20 kg or more for 15-year old palm. The

oil palm economic life span is 20 to 25 years, bearing 5 to 20 bunches pefged (Turner

and Gillbank, 1982). A)
2.1.5 Inheritance of Fruit Characteristics Vz

Based on the shell thickness, oil palms can be classified it :ee '1'uit forms that are
dura (D), tenera (T) and pisifera (P). The first step of genc® infpro ent{?-oil palm

was based on the discovery of shell thickness inheritgge wheje 101 ozy@s dominant,

thick shelled dura (sh'sh”) was crossed with l%X;o L’\cbssiveg\:vl-less. pisifera

(sh'sh’) producing a 100% heterozygous, K%sh’sh' im@~ and Vanderweyen,

1941). Dura fruit form was described %\ R

sterile with mesocarp comem%

mesocarp content of 60 - 90@ ] ztgéy. 1988). The shell thickness gene

has major effects on bu1@1p } (l?o‘ia having about 30% more mesocarp

P |

and hence 30% grea@mell 1 n h;g) \an duras (Corley and Tinker, 2003).

Y

& ¢ <>
The pro&m of oil palm pl@&é material (DxP) through hybridization of dura

(maternal) an\[/‘cm (paternal) palm was sparked after the discovery of shell gene
(dura.t@and pisifera) by Beirnaert and Vanderweyen (1941) in Congo. The DxP
known as fenera was used as planting material in Malaysia. The selection of thin-shelled

tenera is due to high oil-bearing content in renera fruit mesocarp (75-85%) than duras

(20-65%) (Kushairi and Rajanaidu, 2000).



Recently, molecular markers have been identified to distinguish between dura,
tenera and pisifera at the preliminary level (Rajinder et al., 2013). Rajinde&t . (2007)
reported an effective method to develop simple sequence repeat (SSR) Yark€rs where a
set of 12 informative SSR markers was identified and found suitable gerprinting the

oil palm tissue culture. Wong et al. (2015) tested SSR mark Genotype oil palm

I'S

breeding and commercial planting materials of restricted nxid parentage from

screening 33 palms using a selected set of 17 highly

Advanced Agriecological Research Sdn Bhd (AAR)gand ¥he fres obt{?ed from

| &
h§ agd in@nam'e SSR

N
obtained from an initial set of 23 SSR showed ll%cl es‘il\s and s8s within crosses

S

could be separated by DNA fingerprints. , O<<
Rajinder et al. (2014) also identiil;;sge wrescenl (VIRHeene which controls fruit
“« Q-
B 5 S xs . N &% i =
exocarp colour and the indicator of rip S pengs 1t mutant alleles of VIR were

identified in over 400 acessiox%; sub—.r hay }'Aiﬁ'a that account for the dominant

negative virescens phcnol)@ idelm Tegtion Qé‘[R will allow selection of the trait at
the seed or early nurscches. 36 )

}slb £ fruits are produced, greatly advancing

Introgression into eE dn}g na
. . V . - . .
Babu e& ®(17) also identi shell specific cleaved amplified polymorphic site

(CAPS) 1%\1‘ differentiation of oil palm fruit type which produced two alleles (280

N ™
4.

and 25 n dura genotypes, three alleles (550, 280 and 250 bp) in fenera genotypes
and one allele (550 bp) in pisifera genotypes. The identified shell specific CAPS markers

benefits the oil palm breeders and seed producers in certification of high yielding seed



production by selective breeding of DxP crosses and it is useful to identify the true

female sterile pisifera palms without going for recurrent selection of TxT oﬁiz Crosses.

2.2.1 Development of Oil Palm Breeding Populations V

Oil palm breeding and selection is synonymous to the de @vt f'De ura based on

four palms introduced to Bogor in 1848. The early S ections gmofe opekvolhnated
descendants of the Bogor palms, notably in the %lsll 0
intended on commercial value but were mea an

re a@ue% including those

\ *
10191 e sye?lhpse palms were highly

“« Q-
productive and bred true-to-type (}N el pp&%’b) formal programmers at
N
various centres in Malaysia lnzmwla 111@05 gave rise to the Deli dura
, 'y
breeding population, wide l d for iu y duc@l(ushairi and Rajanaidu, 2000).
Q

In 1920s, thc e ne 1(?;&&:“4’6 (DOA) in Serdang and Elmina Estate

2.2 QOil Palm Breeding Programme in Malaysia

flpeh i Sun\'@'ﬂa were not

\'0 tl @gnucs Informal

O

initiated oil palm 5 pgodra alaysia using Deli dura materials. By 1933,

two other com S, th Oil Palm 0®!ﬂayd (OPM) of Kumpulan Guthrie Berhad in Ulu
Remis and%quale and Sociate Financiere de Caoutchouces (Socfin) in Johore Labis
Estateggstar their breeding programmes (Kushairi and Rajanaidu, 2000). The
programmes by DOA, Guthrie and Socfin resulted in the Serdang Avenue, Elmina, Ulu

Remis and Johore Labis (Breeding Populations of Restricted Origin or BPRO)
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(Rosenquist, 1986). Besides that, United Plantations Berhad introduced materials from
Sumatera and Africa in 1927 and later their Research Department was formﬂkgn'ned n
1964 (Sharma and Tan, 1999). Other plantation companies such as Runldps, Pamol.
Golden Hope and Felda also started their breeding and seed progralv in 1950’s and
1960°s (Kushairi and Rajanaidu, 2000). Malaysian Ag‘c%wﬂ Research and

Development (MARDI) leased DOA oil palm breeding mat

Palm Oil Research Institute of Malaysia (PORIM) noyg kno®n gs ;séan%%alm Oil
| 1Fe

Board (MPOB) was formed to managed the oil pa Qenegc ma I’l&l?f the DOA

V
collection. V

The progress of oil palm breeding in aysia begl iniQiual programme had

benefited the industry from the joint re "IQS lﬁ%e eaf}’h centres in Malaysia and

2.
Africa since 1950°s (Hardon et al., TSO). z\\g 431@. the notable collaborative
lzedmgL

programmes were the Coopera% . ch ]}d ( ), Oil Palm Genetic Laboratory

40

(OPGL) and Sabah BreediKNorm@BP) (Kashairi, 1998).
L

N O

9 she Dum/Tcni' %Iﬁ)r/ B i

The basic pop@ breedirfg pro@ﬁmes worldwide is almost exclusively derived

for '10 years. In 1979,

from the D Na population from the four Bogor palms (Kushairi and Rajanaidu,

bunch with short spike rather than long spines as found in African dura. The fruits are
large and contain more oil bearing mesocarp than the African dura. The fruits also pale in

colour and had slightly lower oil content than the African dura (Corley and Tinker, 2003).



Rosenquist (1986) traced the developments of breeding populations and fomned the term
Breeding Populations of Restricted Origins (BPRO). The Dura bleed% ulations
fands Estate

developed in Malaysia were Serdang Avenue Dura, Elmina Dzua.&

Dura, Ulu Remis Dura, Banting Dura and Johor Labis Dura.

The Serdang Avenue dura (SA) were widely used in WUcllon and breeding

programmes in Malaysia and Africa (Rajanaidu et al., palms were

higher oil yielding and had a higher kernel to fruit pe@oe thgn th c’n&@lma 1 Deli
dura (Hartley, 1988). The Ulu Remis dura is the m del_ 1s tedY‘Q};)alm genetic

material worldwide (Rosenquist, 1986). The a 11 ra }x‘ known for high

number of relatively small bunches (Rosenguist; 9f§
0

In Malaysia and Indonesia, 11 m of 1 1& a/ fela was based largely on

/7),

the African programmes (Kusham 19 ? e 11 swmﬁcam import to Malaysia

) 03 ! 0
was the AVROS cross, plamed\as 1494 f&geo et al., 1999). Other importations

included bulked piw’f'cz ‘a §0 n

y OK alm of Malaya from Congo in 1947,

O

these were crossed o 11 digras t p‘o (?Iene -gs which were then intercrossed or
N
crossed with Nm 101 b Gpresydbng crosses were planted at four time normal

>
density and tl %« and feneras Vk& removed once the fruiting started. The pisiferas

formed E%les of Guthrie Research Chemara (Yong et al., 1999).

At present, there is a capacity to produce nearly 400 million DxP seeds in

Indonesia, Malaysia and other countries (Rajanaidu et al., 2016). The Djongo/SP540 from

Congo, the Yangambi (Congo), Calabar (Nigerian), Ekona (Cameroon), La Me (Ivory
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Coast), URT (Guthrie) and AVROS (Indonesia) are the major contributors of the paternal
(pisifera) lines used in seed production and breeding (Kushairi et al., 2%2 On the
maternal side, the Deli dura derived from four Bogor palms played a ma&r rae. To date,

the DxP known as renera was used as planting material in Malayswjanaidu et al.,

2016). Y,

2.2.3 Breeding Objectives in Oil Palm Breeding \d
e
| o5
The discovery of shell thickness inheritance in oil y Beirfac®fan ‘v\ﬂnderweyen
o5

(1941) is a major contribution to the oil palm industrg Ut \‘hﬁ sin%&éne inheritance

\ 3 l (_)C)
2000). ’ &
N
i oo 1
The oil yig palm is*the predfict of the fresh fruit to bunches (FFB) per palm

&
and oil coqu' bunch. The FFB per palm per year is the product of the number of
{

—

bunches average of bunch weight. In bunch analysis (Blaak et al., 1963). fruit to

bunch (F/B). mesocarp to fruit (M/F) and oil to wet mesocarp (O/WM) are estimated.
Similarly, the kernel to bunch (K/B) ratio is computed by multiplying the F/B and kernel

to fruit (K/F) ratio. Several variables are involved in the computation of oil yield. It is less



1%

heritable and highly influenced by the environment. Therefore, selection for the most
heritable bunch quality components such as M/F and K/F may be mor. egcti\'e to

improve yield (Rajanaidu et al., 2000). s )

The DxP planting materials grow at the rate of 40-75 cm pgr ye§y and are difficult

xtremely low height

t oducgp shorter DxP

to harvest. The dumpy E206 from Elmina dura possesses gepes

increment and this trait has been introgressed into piseg

s
planting materials (Soh et al., 1981). Commercial planti 1ateridl pro ufec‘&.crossing
A
the dumpy AVROS pisifera with Deli dura is 20% ¢ int\& hei.gl?.~ Germplasm
o e . \Y
collections in Nigeria by PORIM have prmnd@tnpo?ﬁan

urc dwarf palms for
breeding. From the Nigerian germplasm, mn 19,

<§
On\ S IIQJC and it has many
| Mol &G NS
attributes such as high yield, short and cO (Rq ana et 2000).
o
Crops such as soya bean adYuze l,a t yie

g @inereased by either increasing
'S
their planting density using speCiiiglgenotybpasraby breeding with high harvest indices

1e 06@ thI@ a sufficient genetic variability for a
N | (&
higher planting densily% 5o pafmgdiith ez@ler bunch index. Efficiency in conversion

N
of dry matter has creadl Qcha cled into short palms with shorter fronds thus
ok s
minimizing in competition (R@)aidu and Zakri, 1988).

6 es differ in their response to environmental changes, such as rainfalls, soil
and type agronomic practices. Rajanaidu et al. (1993) studied the GXE in the

germplasm material and the DxP planting materials. The DxP showed yield ranging from

(Breure and Corley, 1983

>

85 kg/p/yr at Kudat with poor soil to 184.4 kg/p/yr at Carey Island with fertile soil. The
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pooled data over the sites showed significant GXE for yield, bunch number and average
bunch weight. The stability of the progenies was studied by 1'egressi0n{ ysis and

coefficient of variation (CV). The experiment involving germplasm mate 'alsllowed that

the FFB vyield ranged from 148 kg/p/yr at Kluang with less fertile s 173 kg/p/yr at
Klang with more fertile soil. V

2.2.4 Breeding Methods in Oil Palm \d
g

involves intercrossing among the selected parents aa car \_\proge (R forward to the

next cycle. Unlike the reciprocal recurrent @RR

MRS allows introduction of new genes the \qug

yq'%ramme to increase the
>

]
genetic variability (Hardon, 1970). I\%mell d, a aﬂdolﬁsel of duras are crossed in
K,
various combinations using Nqrth ling Magifg D@l\gn (NCM 1) (Comstock and
v] N
e

Robinson. 1952). NCM 1 1s a nes d ﬁl é ary male is mated to a number of
Nl )

N | 0

ae (@ifariance components such as additive

% ense heritability (h%,). The specific and
N

general combinim%y J '1/'(1@0 can be estimated. If the mean performance

>
ith a number o li duras, then the pisifera is considered to have a

=]

of a pisifera i

15

good gelf%bining ability (GCA). After four years of planting and yield recording,

the palr selected for seed production. Outstanding dura palms are selected for seed
production so it can be recombined to generate the next cycle of improved dura mother

palm (Rajanaidu and Jalani, 1995).
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23 Collections of Oil Palm Germplasm
2.3.1 Genetic Base of Oil Palm c\z

During 1973, the oil palm breeding materials were based on an extreiggly n rTow genetic
;n

base. The narrowness of gene pools had been a major obstacle to progress in oil

palm (Arasu and Rajanaidu, 1975). It was the concern genfy 1ez by this situation that

l

provided the initial development for the prospection of o1 m g 1 tenals in the
centres of origin such as West Africa. Genetic 1esoulﬁ®:1aml e} oﬂ u1 ma]ox
steps that are germplasm collection, evaluation, utiliAgfion wa A genebank

is a place where collected genetic xesouxcesgy 101*4{0 seeds, plants or

tissues. In Malaysia, the first 1ntr0ducnoxcf germ’ Ta gu ed out by Malaysian
\

I)&as involved in a joint oil

Agricultural Research and Developme te' (M
K\

palm germplasm prospection with oe“ n Isthute & Oil Palm Research (NIFOR)

| Q
in 1973. Open pollinated bu bwexe m% 19 palms (595 duras and 324

teneras) from 45 sites. A @all ev atloq'%as done in Malaysia (Rajanaidu and
\

Rao, 1988). This colle c%\as trin ed ﬁ‘?) ORIM which was established in 1979

- <
(Rajanaidu, 1994) ’ v.): é\
: 3

Q)

The o ves of the o1l palm\énetlc resources are to find new source of genes to

oil palm Mefplasm of natural palm groves in Africa that are disappearing due to rapid
development of the land. Another objective is to introduce novel genes such as fatty acid

composition, high iodine value, dwarfness and high bunch index. The current breeding



materials had limited variation on these traits. Besides that, this programme can also
create new oil palm breeding population based on the new introductions, \@m the
level of natural variation of the o1l palm species and to study the organ@f variation
between and within natural oil palm groves. The information can b?!ful to devise a

sampling strategy for germplasm collection in the wild and ﬁiwm'ation (Rajanaidu,

..

232 Collections and Establishment ‘é | __{3,‘
P g
%y

\'mum é@ﬂmt of genetic

Br@ﬁ. 1975). The basic

A'g\nany sites as possible
\

1986).

The objective of germplasm collection is to % the

over a broad range of environments. carged it n@ﬁber of plant exploration in

-

Africa and South America si CGV. T,le ects were carried out with the
l
a

cooperation of the host countrie Law{ ?Yif)‘Rajanaidu (1986) used fruit and

i
\a&\ron ‘S@milic@ve from each of 40 sites from the

¢
PORIM Nigerian coll %10 eterrkne lej?esl sampling strategy for collecting and
N
alm® ptio%A sampling method for the collection of

vegelalive measurements

conserving a wil 1

>
germplasm is based on minh‘ﬁ) pattern, soil types and density of palm groves.
Five to tgi s per sites were sampled. The number of sites visited in a country
depen ofly on the density of the palm groves. A bunch was harvested from each of

the sampled palms and the fruits from each bunch were kept separate until field planting.

The seedlings derived from a bunch were considered as an open-pollinated family. The



collections have been made in Cameroon (1984), Zaire (1984), Tanzania (1986),
Madagascar (1986), Angola (1991, 2010), Senegal (1993), Gambia (1993), 'ez Leone

(1994). Guinea (1994) and Ghana (1996) (Rajanaidu, 1994). s j

2.3.3 Evaluation and Selection Vz
The oil palm genetic materials collected were planted %!Zm if open-pollinated

families at PORIM Research Station, Kluang, Johor. Experigptal dM‘UCh as cubic

4

| N
lattice, randomized complete block (RCBD) and co ely randonéfed dég?gn (CRD)
e

L 4
were used to study the performance of the materig.![ 1 wer \ﬁected on an

individual palm basis. They were fresh fru@ yi }r%and bunch quality
acid ¢ 1701 'égysiological parameters
o \

and flower census. » Qc')
N
Based on the performar oiigopul i

iongpapd AQmilies within populations, elite
s

components, vegetalive measurements, fa

s

1gh JQgTne values and high kernel content.

=

i}e ({I}%ﬁa/year have been discovered in the
r.%

3 1@ annual height increment is 15 to 25 cm

Nigerian collection. 'Q- e allo 0
Py e .
compared to the dur DxP n¥tet al{yfth 45 to 75 cm (Rajanaidu and Rao, 1988).
Breeding for | %emel oil 1s also in&mam in oil palm breeding. An economic analysis
g. s

ing for the highest possible content of kernel in oil palm fruits yields the

palms were selected for high wgld. Wi

=]

Tenera palms yielding n% ar
¢

shows th
highest re from the oil palm (Rajanaidu and Jalani, 1994a). Some of the Nigerian

families had a mean kernel to bunch (K/B) of more than 12% compared to 6% in the



current planting materials. These findings can be useful to double up the kernel content in

N
Q0
X~

future oil palms planting material (Rajanaidu et al., 1979).

2.3.4 Utilization of Elite Oil Palm

Oil palm breeding and selection is time consuming and difﬁcwsually the newly

introduced gene pool has no potential for direct exploitation 'zlas 'to be introgressed

into existing advanced breeding material. The new gzne Dol ill qns'Qgred for

\
immediate exploitation if it possesses interesting tra d acc.rgp b yi!l%g Rajanaidu

et al., 2000). The oil palm germplasm has been eval&ated me o Nf¢ materials are

being utilized in a number of ways for oil pa\%ovemeg‘ O‘Q
A,

%)il o 1 Im@;@ le to current planting

“« Q-
Id m an Z&%’kg FFB per palm per year
N

and oil to bunch of more than I%. Nt hag@lbeeg™rade to clone the elite palms by
o
F he

t %@lite palms are used as explant. Elite

The Nigerian collection reneras

itf Yhe advanced pisiferas to study their
combining ability. Si deras and reneras were also progeny tested

to study their com &ability v 1th{)e.®u'as (Rajanaidu, 1994).
S <
The gut

ding dura and pisifera palms from the Nigerian collection were being
used tagnitiPe a new breeding programme, with the objectives of producing superior

alternatives to the current Deli duras and pisiferas. Special crossing programme have



o
(U8}

been developed to produce high yielding dwarf plant materials and high iodine value of

oil palm seeds (Rajanaidu, 1994). \z

Using the current oil palm material and the elite Nigerian maf% APOB has
developed PORIM Series 1 (PS1), PORIM Series 2 (PS2) and I%z Series 3 (PS3).
Planting material (PS1) was based on MPOB-Nigerian 1 1 17 The original

population 12 was planted in trial 0.149 in Kluang in enelanon of

‘
population 12 was evaluated in trial 0.337, Ulu Paka@ét Geperal y’&{%})u ation
isgertis fl~0§. outstanding
& N
progenies were tested with 33 Deli duras in tt Méﬁ at aka,"Nae deli duras had

large fruits and thick mesocarp compared to B 1gCid a_LRQT he progeny tested
?alﬁ(;.S 9’801&—6})1“ the crosses had total

&
nd V\ée 30 percent shorter than the

12 teneras were shorter than the DXP AVROS 001

crossed were evaluated at EPA, Johore

4/

economic product (TEP) of 10.5 ton I l’

DxP control. Hence. it 1s ca%y harvest Jﬂlgz)& amenable for mechanization

(Rajanaidu et al., 2013). %
A N
N O
The first Ango la%lplafm thiT Wa s(éalecled in 1991 and has been planted and

evaluated in Kl uan%%' 1‘% 1&_ ntial for FFB, oil yields and other traits such
as large fruit A(vh vitamin E an'tbono stalk (Kushairi et al., 2003a). Kushairi et al.

)L } hat several palms with stalk bunch lengths 20 — 30 cm was identified
within oola collection. Bunch with long stalk are useful for the ease of harvesting
and could contribute to higher productivity. Based on the data from the first collection,

MPOB decided to carry out the second Angola germplasm prospection in 2010 to



improve the Malaysian oil palm materials (Marhalil and Rajanaidu, 2011). Marhalil and
Rajanaidu (2011) reported that the Angolan germplasm collected in 2@1 good
potential traits for breeding with several characteristic such as com %s for frond
length, long stalk and high mesocarp which can be further eval? and utilized to

generate high planting material. V

the cost of

production. In addressing the issue, MPOB has relcaqgd a numier of g' 1162)365 such as

dwarf MPOB-Nigerian population 12, palms with lonWstalk Jpudchgs, virvscens palms to
N

oilﬁuheve}%fgl'lere is a delay in

Harvesting oil palm bunches is one of the snalrWler 1411s

discerns ripeness of fruits and low lipase to mady

harvesting and processing. To date, up 1N 4ORIM

s 1@been released to the
r%

industry (Rajanaidu et al., 2016). % >\’? N
e [} “}

[’} Q-
&
2.3.5 Studies of Oil Palm Gern %at A‘JL@

S
Studies on oil palm gennplal{n terl %J&tﬂf level had also been done by several
die

gy olec{b§ markers on the genetic diversity in the
Ml 1.2,
sm fare 1 t

researchers and breederd.
MPOB oil palm ge péT

%’ 3
(germplasm  wigpmMimal + "tivg%anetic and maximal genetic diversity). The

: N
estimated g\ distance detcmlm%zi using molecular marker data may prove useful in

ropriate sampling strategies for conservation and also for future collection
oS (Zulkifly et al., 2012). In his study, a total of 330 palms originating from 11
countries were screened using 10 expressed sequence tag-simple sequence repeats (EST-

SSR). The 10 EST-SSR primers used successfully differentiated and clustered the



germplasm population indicating high genetic diversity in the germplasm collections thus

revealing that the germplasm collection is a good source for new genes reln&&o novel
traits which can be introgressed into current planting materials. : L ’

Ong et al. (2015) studied 219 oil palms collected from I\\'Rnatural Angolan

populations using a total of 62 single nucleotide polymorphism @mt were designed

from oil palm genomic sequences and converted to @n 1'ﬁes olymorphic

sequence (CAPS). The results obtained in the study sigfgly the sugces ,aﬁ&‘k’élion of
A
he

nine informative SNPs to analyze the diversity of t o nagardl gf palmopulations

Y e, Y'“:'
collected from Angola. V é
Okoye et al. (2016) used nine SR mWrk w y_ﬁ@genelic relationship
1O

N
M@sia. The 11 Malaysian

among 26 elite oil palm materials { 1g@ria o

genotypes included two dura and \hs(/‘ A fané breeding lines, three palms

=
from natural populations of I\% And I} p 1}&&??% from Angola and Madagascar
natural oil palm collectiong 'arichs ot palm(z/%genances showed significant genetic
}l} g:gqélic structure among the materials used.
The high genetic %&_Vol}s 0@11 MPOB'’s germplasm materials highlights
4
gl

the need for prodr characlerizalion@? entire NIFOR oil palm germplasm with SSR

markers to fa \L effective utilization in the breeding programme.

L Hhmmed et al. (2015) also studied the genetic diversity of oil palm germplasm
using two hierarchical clustering methods: single linkage clustering method and Ward's

method. 595 oil palm genotypes grouped into 44 accessions were morphologically



Characterized for yield traits, bunch quality traits, morphological and physiological traits
and fatty acids traits. The two clustering methods classified the accessiKsiEto eight
groups and the oil palm germplasm with different characteristics were sena led and the

genetic distance within and between the groups was estimated. Yv

Palm oil comprises mainly triacylglycerols (TAG) tl alvnt for about 0.95 of
Its composition. Lypolisis of TAG releases free fatt S ha{lefnen oxidized.
Impairing oil quality therefore lower endogenous lipafwgactivity 1s s'raktl"}for better
Quality oil. Wong et al. (2016) studied a total of p{ laa@rom Angola,
Cameroon, Guinea, Nigeria, Senegal, Sierra@. Talgzary and&re. screened for
lipase activity using the novel non—radioacli\ethﬁ\ né@ revealed significant

differences in lipase activity in palms 1)iffﬁl it ¢ 1tric§populalions and families

“« Q
and palms with low and high lipaseN ti :Ajden{ﬁ‘é{i. The three palms with the
]1

lowest free fatty acids (FFA) \% ere frdm s;éri@enegal and Guinea.
s
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