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propagation is adopted. In cardamom, seed propaga-
riom has the advantage of not spreading katte, a viral
dsease. The seeds are subjected to scanficanon with
20% nutric acid for 10min before sowing to enhance
germination. The selected seeds pass through a
primary mursery for a shorter period and a fairly
lengthy secondary nursery. Seedlings 11 to 18
muonths old are preferred for planting in the mam
field except in cashew and cocoa where 3—6-month-
old seedlings are used.

In view of the high variability exhibited by
seedling progenies, vegetative propagation & pre-
ferred for large-scale planting of plantation crops
wherever clonal propagation & feasible. It has the
added advantage of precocsous bhearing. In coffee, a
single-noded green wood cutting with leaves clipped
and dipped in 5000 ppm indole butynic aad (IBA)
strikes roots in 3 m 4 months. In tea, single-node
semihard wood cuttings with a leaf dipped n
200 ppen mphth:lene acidic acsd (NAA)} can be
rooted easily. Patch budding 5 a successful method
of clonal propagation of rubber and cocoa whereas
in cashew it is softwond grafting In cardamom
rhizomes with two or three shoots ensure early
bhearing.

See also: Primary Products: Oils. Production Sy
and Agranomy: Oi Palm and Cocorut: RAubber. Seo-
ondary Products: Rubber Production.
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Introduction

Perenmial crops such as il palm |Elaeis guimeensis)
and cocomut (Cocos mucifera) have played and wall
continue to play importane roles in the agriculiure of
the humid and semihumid tropics where they are
cultivated on a large scale in both plantations and
smallholdings for food and nonfood  mdustrial

FpOseS.

The seed of the modern oil palm industry was
sown during the previous cemtury when four seed-
lings from West Africa, the center of origin and
diversity, were planted m Bogor, Indonesia in 1545
(il palm was initially planted as ornamental and the
first commercial plantings in Southeast Asia stanted
in 1911, The crop diversification policy in Malaysia
i the late 1950s, which was later followed h}
Indonesia, stimulated the rapid expansion and
masdernization of the industry.

{In the other hand, coconuoe is endemic to M:lﬂu,
and later spread to many coastal ropical and
semitropical areas. Cocomst s the “tree of life™
which mp-pl:iu the hasic necessities of food, fuel, and
shelter for rural people in many of these areas.

This armicle deals with the achievemenss and
limitations of improvement and biotechnology of
these two important food and industrial crops m
bridging the yield gap from the wild state o the
thearetical limit.

Qil Palm
Crrigin and Distribution

The oil palm genus Elseis (Arecaceae) has two
species, E. guwimeensizs (Im=32) and E. oleifera
(2= 32). The ol pﬂ]rn of commerce |somerimes
called the Afmcan oil palm), E gwineensis, is
indigenons to the wild and semiwild groves of
tropical and subtropical Wese Africa diseributed from
Senegal south to Angoela and Zaire.

There & a secondary distribution of oil palm
growing in semiwild groves on the Atlantic coast of
Brazil, predominantly in Bahia, bt it is beleved that
they were brooght to Brazil from Africa by slave
traders in the seventeenth century.

Elaeis oletfera is native to tropical areas of Central
and South America, growing wild with very hirtle
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Figure 1 Young oil palm with fruft bunches. Upper

rsart: Mature bunch; lower Insert: cross-section of mature frult showing separate

sowoes of paim oll om the mesocarp and palm kamel of from the endasperm of kemel.

large-scale planting compared to E. grineensis. This
1s partly due to the very low yield despete the high
quality of the oil. However, E. oleifera may play a
very important role in the future with respect to
interspecific hybridization and bsotechnology.

Biology

Oil palm s an unbranched monoecious plant, with
male and female Bowers in separate inflorescences
(Figure 1). It grows to a height of 30-40m and can
live to more than 150 years. It is a feather palm with
its stem topped by 35 to 60 pinnate fronds bome on
a columnar stem. It has an adventitious root system.

Ol palms produce about two to three fronds per
month. Separate male and female inflorescences are
bame on the same palm in altermate cycles and oil
palm 1s essentially a cross-pollinated {allogamous)
plant. The duration of each flaral cycle is dependent
on both genetic and envir | factors. The
flowers are besexual in ongin, but in “males,” the
stigmas are suppressed while in “females” the sta-
mens are underdeveloped. Each male inflorescence
produces a large quantity of pollen, averagng 30g.

Each female mflorescence may have from 700 to
1500 flowers, which are receptive for 36 to 48 h after
anthesis. The flowers within an inflorescence open
sporadscally, taking ap to 4 weeks between the mital
and the last Aushes. Normally, most flowers are
receptive (up to 82%) on the second day after
anthesis, which would be the most suitable tme for
pollmation.

Fruits

The fruit consists of epescarp, mesocarp, endocarp,
embryo, and endosperm. The epicarp consists of a
thin layer of parenchymatous cells. The mesocarp,
the pnmary oil storage of the fruit, consists of

Figure 2 Difforont types of of paim truits: duwa « pis¥ars =
mﬂmnr?m"mﬁ

parenchymatous cells containing oil droplets. The
endocarp or shell consists of stone cells. The testa
cells have brown c The end m cells
contain oil droplets while the aleurone grains have
crystalloids. The kemel (endosperm), being the
secondary ail storage of the frust, 1s oval in shape
and about 3cm in length.

Fruits of E. guineensis are classified into three
distinct forms based on shell thickness (Figure 2): (1)
dura, homozygous dommant ($h* Sk ™), which hasa
thick shell (2-8mm); (2) pisifera, homozygous
recessive (Sh™ Sh7), which is shell-less; and (3) temera,
heterozygous hybrd (S6° Sk7) resultng from a
dura x pisifera (D x P) cross, which has a thin shell
(0.5-4 mm). However, there sull exists, within each
fruit form, considerable variation in shell thickness
under apparent polygenic control.
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The ratio of mesocarp to bunch of the dura is
2545%, femera T5-R5%, and pj'n'ﬁra 45%. The
pisifera has bower kernel content, while the dure and
temera are similar (5=10%). The pisifera s generally
female sterile. (ccasionally, there may he fertile
pisiferas bt the fruit set is generally low and odl to
bunch ratio seldom exceeds that of temers. This,
pisifera is not explosted as planting matersal. 1t is
however, used as the male parent in dure = prisifere
(D % P) crosses o produce tenera hybrids.

Fruit color (nigrescens, virescens, and albescens)
can ako be med as a marker to distinguish between
rypes of E. guineensis but it makes no significamt
contribution o oil yeld.

Development of tenera

Une of the major factors in yield improvement has
come from the exploitanon of genes affecting shell
rhickness. This discovery was the cormersoone which
led to the commercial utilization of dure = risifere
(D% P) or temera planting materials. There is no
:.ppu'ﬂ:izbh differences m fresh frunt bunch (FFR)
yield between temere and dure but the oil to bunch
ratie [(WB] of the temera (24%) is higher than that of
the dwra (18%), giving an approscomately 30%
higher ol yield (Table 1).

The hybrid mature of terera requires the separate
selection of dwra and pisifera populations. Recipro-
cal recurrent selection and modified recurrent selec-
mon methods are wsoally wsed in improvement
programs. Extensive progeny testing is essential in
the selection of pisiferes for good general combining
ahility andior specific combining ability with dieres.
The selected pusiferas are med as male parents to
comhbine with selected divra female parents for
the production of commercial quanesties of D= P
{tewrera) seeds.

Breeding Populations
The primary ohjectives m il palm breeding are:
# increased oil yield per hectare

* improvement of oil qualsy
# reduced height increment rate

Tabls 1 Average bunch composition (%) of ol palm gur
and fansa

Componants Do jsh™ sh™) Tanara (s " sh)
Frultbanch B0 O
Mesccarptnit B0 BO
Shalfnit 30 1]
Kemaisru 0 1]
Oifwal masocarp 50 50
Oibunch 18 24

# pest and disease tolerance

# improvement of physiological traits (bunch index,
total dry matter, and bunch dry matter)

# explomation of genotype x environment imterac-
tiom.

(ther traits of interest include high eady yeld,
kernel yield, yield profile, carotene level, vitamin E
content, and other mimor components.

In il palm, hreeding and selection & symonymous
with the developments of four Deli dira seedlings
mtroduced to Bogor in 1848, Currently %0% of
glohal D% P seed production is based on the Deli
dura as the female parent. This is not surprising as
the Deli duras are early beanng and supenor m
bunch and fruit charactensmics.

It is inceresting to note thae, although the palms
have very marrow genetic base and were imitally
groevn as ornamentals, by chance the Deli dyrg had a
valuable genotype and is still considered the best
dura for breeding and seed production. The pisiferas
which are used as male parents also onginared from
a limited number of palms from Africa.

dura and teneralpisifers Breeding Populations

Modem dwra  breeding populations are  almost
exclusively derved from the Deli dsra population.
Some other notable duras are Serdang, Elmina,
Gunung Melayu, Dabon, Lofindi, Dami, Coto, and
KIFOR. There have been introgressions amongst
these dire and other population % that has lted m
some overlap between different breeding programs.

Early research programs in Africa concentrated on
breeding and improvement of terere populations and
the improvement of tererafpisifera in Southease Asia
was largely hased on the African elite pusiferas such
as AVROS, Yangambi, La Me’, and Ulu Rems.

The mtrogression of different breeding popula-
mons in seed production,, especially in most common
sources of introgresssons such as Deli dura with
Yangambi pisifera and others, has led to the “derived
pisifera.” The most nomble derved pisiferes are
Dumpy-AVROS, URT-AVROS, and URT-Cameroon.
The development of these derived pisiferes some-
trmes reflect differences in emphass of the breeding
programs. For examples, m Ulo Remis pisifera the
emphasis is on mprovements in yield, while Dumpy-
AVROS pisifers emphasizes both yield and short
palm heighe.

Selection of Parental Palms

Reciprocal recurrent selection or modified recurrent
“Izmnﬂ are u“d I[0r mEaEntam Jl'ld “JEI:I m&#ﬂ.'
dently separate lines of dwres and temeras. The
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procedure is also able to avoid inbreeding effeces
and o allow some characteristics to be selected m
dura and temera lines to overcome problems of
negatively correlated trams. For example, bunch
number and average bunch weight are negatively
correlated and it is nor possible ;o0 maximize both m
the same palm except through high selection
pressure over a long period. Usually, average bunch
weight, fruit to bunch, kernel to bunch, and shell
to fruit are emphasized in the selection of dura
parents, while bunch number, mean fruic weight,
and mesocarp to fruic are stressed in femera
lines. Selection for oil is emphasized in both parental
lines,

Different descendent bines of Deli drra have been
developed through selfing and sib-mating. Some of
these superior Deli diera lines were introgressed with
other duras. Family selection followed by mdividual
palm selection is commonly practiced to overcome
low heritability estimates of some characters. For
example, heritability of bunch vield and its compo-
nents is low, while bunch quality traits such as
mesocarp and oil contents of the fruits have higher
estimates.

Selection of pisifera is indirect and troublesome
compared o diere selection because ther frum
production s so poor. The strategy & to evaluate
or progeny test the pisiferas on the basis of actual
testerosses with selected duras as well as using terera
with dwra crosses. Thus, the evaluation of pisiferas
in progeny test of DxP, D«T, or TxD is an
mtegral part of breeding scheme such as the
reciprocal recurrent selection and modified recurrent
selection. Breeding designs and spectic mating
systems such as Morth Carolina Model 1, duallel or
simply m hiparental combinations, are used to
generate these progenies. In-depth scrutiny of
genetic variance components, hentability estmates,
and combinmg abilities follow these mating designs.
In the Morth Carolma Model | mating design,
one pisifers is crossed with several, soally three 1o
five dwres, and the mean performance owver all
crosses is taken as a measure of the breeding value
of the pisiferas, which allows the exploiation of
general combining ability for the production of
commercial seeds.

Duoe to the large demand for seeds conpled with
long breeding cycle and other testing requirements
{eg multlacation tests m ﬂil:ﬁr.irlg areas|, i1t 15 not
possible to confine seed production only to those
cromses between the duras and pisiferas thar have
undergone progeny testing. The normal procedure in
commercial productnon is to select the dura and
pisifera independently and only selected diera would
be combined with any selected pisifera.

Impartant Traits
There are several components of ol yield but the
mast mmportant are fresh fruit bunch and  fromn
quality characters. Fresh fruit bunch yield s highly
correlated to the weight per bunch and number of
hunches per palm. Bunch number and average bunch
weight and froit to bunch ratio and fruie weight have
negative correlatons. Positive  relamonships  are
shown between fresh frort bunch and its components,
mean fruit weight and mesocarp m fruir, bunch
number, and ol yield.

Individoal palms are selected from superior
families on the basis of the mesocarp o fruit, shell
o fruit, oil to dry mesocarp, and @il to bunch. Other
characters such as front o bunch and kernel contenes
are given special attention to ensure that the traits are
at reasonable levels

Performance of Oil Palm Worldwide

4l palm is unique in that it produces two types of
oil, palm oil from the mesocarp and palm kermnel il
from the :ndu:per.m {kernel). This can cause confu-
sion as the general public thinks that these two oils
are the same. The fatty ackd composinon of palm il
1s signihcantly different from that of palm kemel il
and coconut oil (Table 21 S%ome of the similanties
hetween palm kernel oil and coconut oil are due o
their derivation from the endosperm.

The theoretical oil yield from odl palm is esttmated
at 18.6tonnes ha™" vear™ (Table 3), thus making
the highest oil-bearing crop of any cultvated species.

There have been tr dous improv s i ol
yield and is components in cthe last 100 years. The
average oil yield from the wild and semiwild groves
is about 0.2 tonmnes ha™' }m:r" | Table 3.

In properly managed growing areas, the yield is
much higher, but s dependent on inputs |e.g.,

Table 2 Faity acid composiion (%) and joding vake (%) of
paim of, paim kernal cil, and cooonut of

Composiion  Faimod  Paimkamalof  Coconuf of
Cucs - 03 05
Cica - 42 80
Cies - ar 64
Cizs oz 487 7.3
Cius 11 155 175
Cigcs 440 75 84
Cin @l - -
Ciges 45 18 28
Ciki |z 148 58
Clincs 101 25 18
G a4 = =
Gz o4 - -
Oithars - 08 14
loding valug 513 178 80
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planting materials, agronomic practices) and the
environment |e.g., soils, rainfall distribution). In the
four largest palm oil-producing countres {Table 3),
the average oil yield ranges from 3.9 to 2.1 tonnes
ha ' year™'. A good commercial plantagion in Ma-
laysia is capable of producing 5.5 tonmes ha™ year™
of oil yield The yield is, however, dependent on the
ownership of the crop which reflecrs the levels of
inputs. Independent smallholdings produce an aver-
age oil yield of .1-.3t|mn=:ha"yﬂ.r".. organieed
smaltholdings average 3.8 tonnesha™ year™, amd
private plantations veeld 5.5 tonnes ha™ year™ . The
average oil yields of the best plots, the best progenies,
and the best individuals are 8.6, 11.5, and 14.%ton-
nesha ' year™”, respectively (Table 3) and the best
individual yield & almost 80% of the theoretical
yiekd.

Tabds 3 O yiold of odl palm on the basis of ol dry mador
prociuction

Yiakd class Talaf dry Ol yinda!
mattar fannes ka"
production ymar
formas ha™
yaar!
Masimum thaoretical yiekd £ 1B.E
Bast expanimental yidd
Bas? individual paims 14.9
Bast selociad proganies 1.5
Basi piots B BE

Good commancial yickd = 55
{Malaysia)
Average nadional yeokds:
Coinmbia 35
Malaysia o0 37
Irdonasia 19 3.4
Bhgaria 18 1

Wild and samiwild groves oz
{adrical

Tabls 4 Yiold pariormance of ol palm planting malorials

Improvements in Oi Yield

The performance of the unselected original progenies
of the Deli dura was quite spectacular, with odl yield
of 2Ewnnesha"year' (Table 4). The ol yelds
from the unselected, firse, and fourth cycle selection
of Dehi dura were 2.7, 3.4, and 4.5 tonnes ha ™" year™,
an average improvement of (.43 onnes per selection
cycle. These duras were used as commercial planting
materials from 1910 until eady 19605

In the early 19%60s in Malaysia, temera (D= P}
replaced the dwra as commercial planting material
and oil yield mcreased o 4.9 tonnes ha ™" year™.
Subsequent plantngs with mproved selections
has resulted i further mprovemenes of ol yield

({Table 4).

Improvement through Agromomic Practices

The substantal increase m yield has been obtained
through a combination of selective breeding and
improved agronomic practices and factory efficiency.
There was a gross mprovement of il yield from
13eonnesha™ vear™ in 1951 to 5.34tonnesha™
year' im 1991, Changes in fertilizmer application,
improved nursery practices and soil'water manage-
ment, and improved factory practices have all
contributed to this mprovement.

The reduction in the perwsd to fArst froiting from
36 to 30 months after Reld planting together with
ather traits, such as toderance to discases (Ganoder
ma and Fwesarimen) and drooght should help o
further increase productivity.

The Role of Introduced Pollinating Insects

Prior to 1981, it was normal practice for oal palm
plantations in Malaysia to conduct assisted pollina-
ron o palms up to 10 years old to improve fruie ser.
The resules were costly and not satisfactory. The

Madonais Vaoar af planding Frash fral bunoh O o burch (5] Progocted ol yiokd
tonnes fa! o fonnas ha " paar

Deura

F, Bogor (unsakciod) 1B7E 16.5 178 28

Tg Morawa junsaiecisd) 1885 16O 174 27

[Elmina (15t salaction cyclaj 1933 201 170 34

OFRE (4th salaclion cyck) 1965 24.8 183 45
Tenera

DD = CRUASEP 1962 226 219 49

0D = AVADE 1964 .0 23s 73

0D = AVADE 1568 iR} 231 [-1-]

DD = AVRADE 1870 HE 24z T8

00 = Dumpy-AVIROS 1979 333 258 -1-]

DD = Yangambi 1988 35.1 260 a5

DD = YangambiNigenia 1852 3ESE s 1.2
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imtroduction of the pollinating weevil Elaedobius
kamerwmicns from Africa was made in 1982 with
great success and the weevil has spread throughowt
the coumtry and o Indonesia, the Pj'l:ilippims, amd
Thailand. Effective pollination has resulted in higher
fruit set, higger kernels, and bigger bunches, and the
weevil has not had any detrimental effects on the
local insects or environment. The mtroduction of
the weevil has increased bunch weight by 28%, the
flower to frue ratio h} 78, and the kernel to Fros
rane by 17%. The oil yield increase due o
pollination by the weevil amounted to 1.2%.

Dewelopment of Dwarf Palms

There is great mterest in breeding dwarf palms as
these are easier to harvest. Several dwarfing geno-
rypes are available; a notable one is Dumpy E206.
This has been mtrogressed into prsifera and yields are
comparable o pisifera but with 30% shorter plans.
The Malaysian Palm (%l Board germplasm collection
from Africa contains other mmportant sources of
dwarf palms for breeding and there are a number of
ongoing infrogression programs using these materi-
als. Early results of progeny testing showed that the
hemght increment of the progenies averaged 45cm
year™ which is 40% less than the current commercial
[ " materiabs.

Breeding for High Unsaturation Gil {(High
lodine Value]

Palm il has an wdine vahee of 53 and is semsolid at
room temperature. On fractionation, it can be split
mte 55% liquid olein and 45% solid stearm. Olem
fetches a higher market price and one objective in oal
palm breeding is to further increase the proporon of
olein to stearin. There are two approaches to achieve
this ohjective: conventional breeding and bentechnol-
ogy (see below). The screening of germplasm has
wdentified plants with iodine values that exceed &0
which have been used to produce high iodine value
selectioms for commeercial planting.

The wedine value of E. oleifera 15 very high, up to
80. The interspecific hybnds between E. oleifera and
E. guimeensis have an iodine value of 65 bor the
hybrids have il yeld too low for commercial

explodtation.

Breeding for High Lauric il

Palm kermel oil is an important source of lauric odl
which is in great demand for lawric acid with the
expansion of oleochemical industry worldwide. The
supply of launc oil from coconut s dwindling, partly

due to its low yeeld and dechining culivabon and
palm kernel oil & one way to increase supphy.

Tabls 5 Composion (%) of caoiencids of palm o derved
Trom E. guinoonsis, £. olotiara, and Sair Fybrids

Typa E. guirerss E clefera  E oleilon <
E. guinaansis
Ty
127 14z 183
i fecamniang oER a4s .38
Phytofluang 006 Trace Trace
P-Caroions 5502 54,08 EL53
a-Casrinrs B0s 40.38 =278
o a-Carniena .48 230 137
C-Caroiana DuEd 03s 113
Carchana 033 oo az23
s-Carchena ik <] [ake ] 24
Kaurosponena .29 o 023
P-Zuacarcfeng oTa asy 1.03
a-Faacanfeng o3 043 0.35
Lyoopana 1.30 oo 005
Total (mgi™) 500=T00 43004500  1250-1800

Screening of germplasm has revealed a consader-
able level of vanaton for kernel to bunch which
coubd be the basis for explostation of dite materials
with high kernel contene. High-yielding elite dura
palms with high kernel to bunch contents have been
mtrogressed to produce new planting materials with
|1|311 kernel to banch {over 10%) as nm'np:ul:‘ o the
current commercial planting materials with &%
kernel to bunch. Planting matenak with high kernel

COtents IH|'III SO bﬂ l'ElEI!Eﬂ F‘ﬂﬂ' CDI‘I'I.ITUEJ'I:III

planting.
High Carotenaid and Vitamin E Content

Palm wil contains very high level of carotenes and
vitamin E which are very wseful for pharmaceutical
and nutracentscal purposes. There is considerable
variation within and berween species of oil palm and
their h}'lxrlds {Table 5). E. EWINEERIEIS has a lower
carotene comtent | 500-Tmg 17°) than E. oleifere
(4300-4600mg ™) while their hvbrids are inter-
mediate (12501 B{M} mg r1b between the rwo par-
ents. The vitamin E content also follows a similar
pattern | Tahle &

Breeding for Resistance to Pests and Diseases

The oil palm industry m Southeast Asia is relatively
free of major pests and diseases. Basal stem rot
caused by Gamoderma bowinense s probably the
only major diseaze. Omly recently, a technique has
heen developed enabling the screening of germplasm
and existing materials to select resstant palms for
hreeding purposes.

In Africa and some parts of Central and South Am-
erica, vascular wilt caused by Fusariom oxysporiums
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is quite prevalent, causing death to both young and
old palms. Tolerant genetsic materials mgether with
effective nursery screening technique for E oxyspor-
inom should be able to produce planting materials
resistant to this disease.

The expansion of cil palm cultivation in Central
armd South America has been hampered by serious
diseases such as “sudden wilt™ or Marchirer, recently
identifed basal stem rot and bud rot. According to
one opmion, bud rot (“podricion de cogolle™ or
“amarelecimento fatal”] is cansed by biotic factors
which are yet to be identified_ As a result mterspecthc
hyhrids of E. oleifera and E. gnieensis, which show
some form of wlerance to bud rot, have been planted
in some areas in Central and Sooth America.
Although showing some form of tolerance, the
interspecific hybrids are slowly being affected by
bud roe. Another opmion, especially gained throngh
experience of a similar problem in Malaysia and
Indonesia, holds that bud rot is cansed by abionc
factors, namely poor soilwater management, and
imadequate  and unbalanced major and minor
nuETients.

Breeding for Physiclogical Traits and

Environmental Adaptation

Tor maximize yield i is desirable to have site-specthc
planting materials based on the knowledge that

Tabls 8 Compaosition %) of iocophenod and incofrionots of palm
il derived from E. gulngensis, E. clolfara, and thair Fybids

genotypes differ in their response to environmental
factors such as soil, rainfall, emperature, homidity,
and agronomic practices.

There & a need therefore, to breed for more
efficient palms with high harvest index (HI} for site-
specific environment. There is suffcient gemeric
variahility from the available germplasm to breed
for short efhcient palms for increased planting
density and high harvest or bunch index (BI).

Role of Germplasm

Almaost 90% of the world producton of oil palm
seed comes from descendants of Deli dura which can
be traced to the four Bogor palms. Realizing the
impartance of broadening the ol palm genetic base,
many expeditions have been mounted by different
groups to collect matenak from the wild and
semiwild groves in West Africa.

Biotechnology

Capitalizing on the palms high productovity, the
r:n:lmiq_u: of hlnbnd'mn]ng}' can be :rrlp]nj'zd b
divert the palm’s hiological resources towards the
production of novel, high-vale products. Biotech-
nology is being applied to complement and enhance

improvement of the palm through conventional
hreeding.

Genetic engineermg  Opportunities abound in the
area of genetic engineermg for oil palm by diverting
the intermedsates of oil synthesis ro the produoction of
industrial chemicals (bwplastics, polymers), nutra-

E. gunesrsis E cloiera E. ckdlom =
Thee - E. wr:..uh ceaticals, or even pharmaceuticals. With the knowl-
iyl edge of the pathways involved in fanty acd
hisynthesis, manipulating il composition through
a-Tooophard 21 is 3
s Tocolignal 23 =T o8 genetic engineering has been an attractive goal. In il
pTocoliensl 45 =4 42 palm, attempts are being made to produsce a more
5. Toootiend 11 4 Ll liquid oil by increasing the oleic acid content [iodme
. value 70). The pathway that needs to be manipulated
Teidpmg™)  E0O-1000 ORI - o achieve this ohjective & illustrated in Figure 3.
Cz+C32
In-my ACP synthase W
ca
I j-Koinacyl ACP syrihasa |
Feamacyd ACP syrinans | rpre——
Csap - ACF Cimp= MCP Cany - ACF
[Palmilay-ACF) (Stoarcyl-ACF) {DloaykACF)
Falmioyl-ACF l Stoarcyl-ACP Dlooyl-ACE
Hinasiorasa thinostorass thicesiorase
E’Im E’Il‘l:l c|.1
[Palmitic acid) [ Enaaric acid) (e acid)

Figure 3 Pathway Io achioving high okic of content in paim oil



PRODUCTION SYSTEMS AND AGRONOMY /Oil Palm and Coconut 967

G ics The e ic value of ge di
in a perennial crop such as oil palm lies in the abilicy
to identify genetic markers for carly selection. The
use of DNA markers could greatly reduce the
number of breeding cycles. Marker-assisted selection
requires the availability of genetic limkage maps and
genetic markers assocated with the trait of interest.
Genetic linkage maps for the location of genes which
are potentially useful as markers in odl palm have
been constructed. Quantitatnve traie boci (QTL)
affecting carotene and oleic acid content m palm
oil have been mapped. In addition, other ge
approaches are being applied to ail palm, mcluding
the gencration of expressed sequence tags (ESTs)
from various tissues and the use of the DNA
microarray for profiling gene expression.

Tissve culture  There s a need to augment the seed
production in ozl palm with clonal matenal produced
via tissue culture. In vitre micropropagation s an
attractive route to the production of ail palm
planting matenals. Recent field trials have indicated
that increase in yield is achievable throogh this
process. The efficsency of production through culture
can be further enhanced with the wse of liquid

suspension cultures.

Coconut
Origin and Distribution

Coconut  (Cocos mucifera; Arecaceae) s widely
distributed in tropical regions of the world, ranging
between 20° N and 20° S latitude. The fruit can float
and endure long journeys in seawater. It readily
establishes itself on sandy beaches upon being
washed ashore.

Coconuts are grown in 80 countries: in the Asaa-
Pacific region, the east and west coasts of Africa and
Central and South America. Coconut is the “tree of
life”™ as it plays a vtal role, in addstion to giving food,
drink and shelter, in the economies of many small
1sland countries in the Canibbean, Indian, and Pacific
Oceans. Most of the crop, up to 80%, 1s for local
consumption while the remaming 20% goes to the
mternational market.

Biology

Coconut is a perenmal momocotyledon (21 = 32). It
produces adventittious roots at the base of the stem
with a prominent bole as t grows older (Figure 4).
The palm has a single terminal mersstem producing
30-45 fronds on the top of its stem. Generally there
are three types of coconut, namely tall, dwarf, and
their hybrids.

Figure 4 Youl.g
and early bearng.

S

paim showing high yield, precocity

Flowerning occurs 3 to 10 years after planting. The
inflorescence is a spath and spadix type, with both
male and female flowers. Coconut being allogamous
with very fertile pollen, cross-pollination is very
common with hybeids showing hybrd vigor

The coconut fruit s a fibrous drupe with very thin
epicarp, very thick, fibrous mesocarp surrounding a
seed consisting of endocarp (shell) which has three
“eyes” contaming the embryo, feshy endosperm, and
water. The fruit normally matures 12 months after
fertilization.

Coconut has a long life span, over 80 years, and
grows to a height of 30 meters depending on the
environment. In plantations, palms are usually
replaced when they reach 60 years.

Uses of Coconut Palm

Coconuts have a variety of uses. The leaves provide
fodder, shelter, and materials for making baskets and
other traditional products. The husks are used as
fuel, planting substrate, ropes, and mats. The
endocarp (shell) is used as fud and for making
handicraft curios. The trunk = utilized as building
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materials, shi.ng]:s. Bm'nring, furnsure, curios, and
fuel. Both young and mature coconuts provide a
refreshing, healthy donk.

The :ndmpen'n, kermel, or meat is the mam
commercial commaodity of the coconut industry.
While in a fresh condition, the meat is processed to
produce coconut skim milk and desiccared shredded
coconut. After drymg, the meat is called copra (5%
masisture content) which upon further processing
yields coconut oil and palm kernel cake. Copra,
coconut oil, and palm kernel cake are traded in the
imternational market.

Breeding and Yield Performance

Breeding objectives  Copra production is dependent
on the mumber of nuts per palm and the quality and
quantrty of the meat in the nut. The average oil yield
of a coconut grove is about 005 ronnes ha™ year™,
which s very bow compared to palm il and palm
kernel mil. However, coconut mal has s own niche
and specialey functions. In order to be competitive
and sustaimable, the primary objectrve in coconut
breeding & therefore to mcrease yield. (dther im-
portant attributes are eardy bearing, resistance to
pests and diseases, and tolerance to abwtic stress such
as droaght, salinity, wind, and poor management.

Hybrndization followed by progeny testing and
selection is the most common procedure. However,
the emphasis is now on hybrids of dwarf = tall and
s reciprocal to exploit the advantages of dwarf
coconut (precocity, dwarfness, high not number) and
that of mll coconut (high copra content]. The best
hyhrids are further improved by reciprocal recurment
selection to exploit the traits with good combiming
ahilities and high hentability. Copra to nut has very
high heritability, while number of nues and copra
production have fairly high hersability estimares
{Table 7, thus mproving yield in coconut should be

reasonably easy.

Germplasm  Palm heighe and fruit color are used to
classify the different types of coconut: all and dwarf
for height and red, yellow, and green for the collor of
the immature fruirs. The varieties are named after
therr origin, color andfor height, such as Malayan
Yellow Dwarf, Brazilian Green Dwarf, Fijian Tall,
Cameroon Red Dhwarf, Tall, Wess Afncan Tall
Tagnanan Tall, and so0 on. The Coconut Genenc
Resources Database contams over 1300 cocomut
ACCESKInNS in variows countries in South Asia, Sooth-
east Asia, South Pactfic, and the Latin Amenca-
Caribbean region.

Tabile 7 Harilability essmaies of imporant aits in coconud Yield improvement  There has heen impressive yield
p in coconut [Table Bl For examples,
Tonlt Dwart  Tabl Tall M09 here were differences in copra vield between
Humbar of bunches o.08 aes on oz Malayan Yellow Dwarf and Malayan Tall of 1.16
x"“"drﬂm‘“‘ Pt paim :x E:'; E; :? and 1.54tomnesha™ year" as “old varieties” amd
sl 224 and 2.30twnnesha™ year™ as “modern varni-
Coepn par paim s Iy N il erwes” respectively (Table 8).
Table B Copra yield from ciffarent types of coconut
Tyoes Number of nuisha ™ paar Copra tonmes ha ™" yaar" O fonnasha " yaar
Od varieties planbed im the
1940s and early 1950s
Malayan Yolow Dwarl = 118 0.75
Malayan Tall = 15 1.00
Hytirid = 338 213
0 kgl yhaldieeg vaniat - 2o 185
High yialding Bdocks - 29 1.4
Modern varioties
Malayan Groan Dwarl = 224 1485
Malayan Fed Draart = 218 140
Malayan Yolow Dwarl = 245 180
Malayan Tall 8855 Z3 15
Hytrid
MIAWA 28819 06 4.0
MATAG 28945 T 478

» o L bl o =
RAAWA, ol M, Wolow Dward = West Alrican Tall MATAG of Malayar Vllow of Fiecd Dwasl Tall feom

thaa Philippinas.
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Table 8 PFrococty and ary bearing of new coconul varkSes

Yoars after Numiser of nuts ha~'
N MAWA MATAG Malayan Tal
3 = =i} -
4 16200 2= =
5 14300 pracpra 1150
-] 20500 TS et-=)

However, upon crossing with elite germplasm
materials, the hybrnids have very high yield. The
MAWA (hybrid of Malayan Yellow Dhwarf x West
Afrsican Tall) and MATAG (hybnd of Malayan
Yellow or Bed Dwarf « Tagnaman Tall from the
Philippines] are yielding 6.06 and 7.24 tonnes ha™
year™ of copra or 3.94 and 4.73 tonnes ha ™ year™ of
coconut ol :':specm.-:h- {Table #). These J'u_.-l:!m:k,
especially MATAG, are also early-hearmg (Table 9).

Breeding for Local Adaptation and Resistance to
Pests and Diseases

In addition to low yield and high cost of production,
the expansion of coconot cultivanon in many
countries are hampered by several pests and diseases.
The lethal r\e"wmg_—lih diseases (LYD} have deva-
stated huge areas in many countries im the Lamm
America-Canbhbean, Africa, and Pacific regions. The
disease is thought to be cansed by phytoplasmas and
is probably the most important threat o glohal
coconut cultivation.

Almaost all of the imported germplasm and hybrids
succumb to these diseases but 2 number of local
varieties and a few imported selections show some
d:p’u of tolerance. Progenses of these types have
been sebected for Further screening o lower disease
incidence and slow rates of spread.

(ther diseases inclode stem bleeding caused by
Ceratocystis paradoxa, bud rot caused by Plhyto-
pthora palmimrz, basal stem ot cansed by G
bomineense and . lecidumr, and red nng disease
caused by the red ring nematode Rhadinaphelemchus
cocophiles. The notable pests are black headed
caterpillar {Opisima aremosella), red palm weewil
(Rinmchoplhorons  ferrugineus), rhinoceros  heetle
{Oryctes rhimoceros), termites [Odoototermes obe-
sies), and whitefly (Aleurodicns prleimats).

Biotechnology

The application of biotechnoogy to cocomast s to
facilitate the breeding programs in yield improvement
amd crop protection, especially lethal yellowing-like
dseases. Varioms DNA marker rnthnrn]ngm are used
for the evaluation of biodiversity in cocomut germ-
plasm, genomic analysis, mapping population, linkage

groups, and mdexing of pathogens of importance to
cocomut. It is now possible, using molecular markers,
m disnnguish coconut populanons from different
origins. This will help in the management and
utilization of germplasm. In addition the indexing of
cocomut pathogens by molecular markers would help
to facilitate the safe movement of germplasm.

I vitro multiplication of high-yelding hybnds and
individuals with deszrable attributes such as resistance
o lethal yellowing-like dseases and tolerance o
abiotic stress is a long-term hope for the producton
of homogeneous planting materials. Attempis m
somatic embryogenesis show that coconuot is a highly

recalatrant species m ir vitro culture.

Certam hguares and tables are reproduced with kind
permission of the Malaysian Falm Oil Board (MPOB).

List of Technical Nomenclature

Larex A visoous mixrure produoced in the hark
of some rropical wees from which

ruhber is derived.

Sew aizo: Dissases: Breeding for Disease Rasistance.
Flowering and Reproduction: Polination. Primary
Products: Oils. Production Syst and Ag ¥
Plantation Crops and Planiations. Secondary Products:
Rubber Production.
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