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GENETICRESOURCESOF (Ua.w otúÓeJta. (H.B.K.) Cortés~ lN 1HE

BRAZILIANAMAZON

Márcio de Miranda Santos1, Edson Barce1os1, José Car10s Nascimento2

1. Introduction

Since the late fifties, Brazilian governm.ental institutions in conjurtion

with primary sectors, have supported programs for the collection of genetic
resources of Ua.W olúóeJta. and its use in breeding programs for the

production of hybrids from this American species and the African species
Ua.W gLÚneenó.0~Jacq. (CONDURUet: af.. 1983).

Brazi1 today has the first populatiou of these inter-specific hybrids in

the WO~ld,-'Stab1ished in BeLêm in areas formerly be.Iong.ing to IAN and IPEAN,

presently renarned as CPATU-EMBRAPAQNASCIMENTOet af..1981). ln view of the

increasing interest in enhancing the genetic variability in the National

col1ections of Ua.w otúfiefta. genrrplasm, various expeditions for the co11ec
tion of genetic material of this species were organized in the Brazilian

Amazon , main1y after 1980, the year when the Oi1 Palm National Research

Program of EMBRAPAwas created (OOr et af. 1981, ANDRADE1982, PACHECO1982 ,
SANTOS1983 & BARCELOSet af..1984).

The purpose of this paper is to show the distribution and. occurrence of
E.oteióeJta. genetic resources, presenting data indicating the existence ln

the Brazi1ian Arnazonof exce11ent material bearing characteristics that

furnishes promising resu1ts for the breeding program to produce hybrids for
commercial usage.

1Agronomist M.S. Geneticist. CNPSD-EMBRAPA-Cx.Postal 319 - CEP. 69.000- Ma .•
naus/ AM.- Brazil.

2Agronomist Ph.D. EMBRAPA- Ed. Venâncio 2000 - CEP. 70.000 - Brasília --DF.
Brazi1.
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2. Occurrence and Distribution of Elaei6otei6~ ín Brazil

Native of South and Central America, the species Elaei6 otei6~a may be found

ín palm groves of Costa Rica, Panama, Ní.caragua , Colombia, Venezuela, Surinam

and Brazil (MEUNIER1975, ESCOBAR1981, RAJANAlDU1982). .
ln Brazi.I, E.otú6eJUL occurs.in var'ious: Local it ies of the Amazon, having been 1'-.'

found until now ín groves located ín the State of Amazonas and Territory of ~~
Roraíma (ANDRADE1982, PACHECO19~2), as shown ín Fig. 1. ?:e? ,A.; ;-,.'"j, ti

In general, the species occurs ín popul'}t~ons localized, ~se to the margins 1f,~
of large rivers and their tributaries ~ areas of firm land that are not ~
subject to periodical flooding. In this case, the species is mainly associated \t
wíth a highly fertile soil of antropogenic origín known as "índian black soil". ':~~

"This si tuation is observed ín almost alI the surveyed populations ín pr imary <, ~--and secundary forests ..or clear cut areas ín the nud- Amazonas river, Made ira river
and its tributaries as wel las ín pa.rt of the Solímões rrver. On the other hand,' ín the :.Z
area of the BR-174 highway that 1 inks Manaus (AM) to Caracaraí (RR) and " m ~~
some localíties of the Salímões and Negro r ivers , the characteristic populations .•~~
are found .in flooded areas followíng smal.Lcreeks that penetrate the forest, fÍV\.O~ ,.~

as "Igarapês", . ~~ ~

Occasionally; E. oteJ6~ is found growing ín highly fertíle'''\oíl.s situated at

the edge of great rivers and subject to periodical floodíng as occurs with some -~~
of the several popul.at í.ons found in the Solimões river and Manaus areas. ~1

In view of this but mainly due to the strong assocí.at ion between the occurence '(~~
of E.o.e.ei6~a.and "índían black so í.L, it has been suggested that the majority of t~:; .~
the papulations surveyed ín the Brazilian Amazonhave been formed from seeds > <,

introduced through mí.gratory movements of indian. populations that employed the.~ ~J
E.otun~ seeds for the production of cooking oil and beverages. For these ,~I'J..~~_.:
reasons, they cannot be considered of native occurrence. This fact may be furtherc ""
emphasi~ed by the observation that the species distribution i;; more jntEmse. L-}:!n ..J<.Y'.' ~> _,

wAA ~,'l:IJ~ ~~f.'
the State of Amazonas, gradually decreasing as one moves~ to ~. Thus in "'_.

the ímmediate area of the town of Parintins, o~~tl;~\~~~, l~yeiirz+eQ-r~his ~\ -
speciesis no longer found. In addition, the~rarmity ~ the material found at •
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.i~
the majority of the localities visited,~suggest! that this species is not
native~f. thi~wregion. ~Jrts natural occurrence could be a consequence of
the àissg~tioR starting from populations localized close to the Brazilian
border andcharacterized by growing in permanently or periodically flooded
ª-I~as~ol+owing "igarapés" of areas l''l(H1101ty s~tuat~d in the pr imary fortk?:s. • 'P
IK.;t 'ré~ cn..~~ofcJ;d~~ ~_~" ~ 1.-.. ,ÃIÚ. ~~_~ ~'. o' wUIt

:tL dt.4~'~~~~:~ u-: ~ &H~I'~a-.;t ..·'/';Q~· ~ ~Á.l ~~~,:va....!;,,-'~'~~:fn('~~lfc.· .~~C::S~.C~ " -~~~~j _ .' ,.-'.. :
3: Cha~aétérlsti~s of coít:~tedMat~~iài-'-"-' -- ,"'-""0 ~ <.,., , '0.t'- -:.u-j . 0.--._

...•..•.

3.1. Vegetative Development

Some important differences were observed concerning the vegetative
development of the surveyed oil palms. The most significant may be the fact
that the height of palm trees belonging to populations visited along the
BR-174 highway in the north of Amazonas State is consistently inferior .to
that observed for E.olúóeAa. populations ofother regions when subjec'te4,'to the. •..
same ~erWir~mm~ntjllljs~.n4i1~iqp.s~Vigorous palm trees with exceIlent productionof
leaves and bunches are found in areas of secondary jungle and mainly in
areas deforested for agricultural purposes. This is in contrast with those
trees found under forest which then show few elongated fronds and low bunch
production, possibly due to the shading they are subjected to. According to
data collected during the 1982 survey,conducted conjointly by the Empresa
Brasileira de Pesquisa Agropecuária - EMBRAPA and the Institut de Recherche
pour les Huiles et Ol.êagírieux- IRHO, of 299 leaf measurements, the length
of the foliar rachis varied from 3.93 to 6.47 meters and the lengtb of the
petiole between 0.63 to 2.76 meters, which permit fronds with more than 9
meters of length in the extreme cases observed. Independent of the habitat
were they may be growing, it is always possible to find plants with the
characteristic prostated trunks of E.oleióeAa. (See Table 1).

3. 2. ~aeteFi.tj cs ooEtàe'~unch and fruit 'r"'1.:~
*~61Under .item we discuss only characteristics with a greater

weight in breeding programs.
relative

/
•
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A great variation has been observed in the bunch weight. Among205 bunches-- -----------
co11ected in 1982, the weight varíed between 0,9 and 18 kg wi, th an average

of 6,7 kg. (Tab1e 1). Barcelos et ai 1984 observed a variation of 0,66 kg to
13,26 kg among64 samp1es. Very smal1 bunches can be found a10ng the BR-174
highway and in some loca1itíes of the mí.d-Amazonâs' river. Signifícant diffe /'

I

rences for thís characteristic were not seen for bunches samp1ed in the other

regions surveyed.

Extreme1y low va1ues have been observed for the percentage of bunch sta1k

(penduncle)matería1co11ected in Bra~il. Ooi etai (1981) emphasized this
characteristic, pointing out that in some bunches this vasas 10was 6%.This was

confirmed 1ater by Andrade(1982) ,Pacheco 1982and.BarceIos & Santos(1984)whofound

even lower values. The variation observed in the bunches samp1ed between 1932-

84 was in the range of 1,8% and 26,81% (Table 1).

The of the most noteworthy characteristics at the material co11ected variation
observed for the percentage, in weight, of normal frui ts ,with va1ues that for
whích varíed between 11,2% and 90,5% (Tab1e 2). "S'i.m.i.La r Ly , the va1ues

measured forthe percentage ofparthenocarpíc fruit fluctuated betweén 0,0% and
45,7%- (Tab1e 2). Bunches co11ected at many loca1íties did not present parth~

nocarpic frui t, This fact together with the pattern of formation of fruits in

the bunches which showed theír bases and those of the spike Lets with a majority \
of nonnal fruit.Led to the observation that there was a rích insect fauna that

visíts fernale flowers, being responsib1e, in part, for the good conformation
of the bunches of some of the popu1ations ví.s i.ted . (LUCaUNI et ai. 1984).

Ooí et al 1981 pointed out some advantageous general i.t íes.rtn 19 bunches

co11ected in 3 different regíons of the Braz.i.Lí.an.Amazon, important for pl.ant
P.t.-o1'~<!.TfONs .

breeding. The resul ts of subsequent 5Ynre)'5 confírmed that some samp1es

co11ected in Brazi1 has characteristics never before seen ín other regions of
America.

The values observed for the average we.í.ght; (g) of normal fruít varied

between 3,4 and 14,7 wíth an average of 8,3,consideríng 253 bunches co11ected
between 1982 and 1984 in dífferent parts of the State of Amazonas.

Another notab1e fact was that of t.he 245 bunches ana1ysed du rí.rig the,
c >:'~'1:.,.,.1 0;./

1982.survey, 45 presented va1ues for the percentage of mesocarp inthe fruít
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superior to 50% whi1e the average was 46% (Tab1e 2). The va1ues found for these
characteristics were in some cases superior to 60%, according to Ooi e;t ai 1981,
who found va1ues equa1 to 60,1% and 62% among 19 samp1es ana1ysed. ln 1984
Barcelos e;t ai observed that among 64 samp1es, the average for this characteris
tic was 45,54%.

Concerning the percentage of she11 on the fruit, in some samp1es the
values were very low. The variation was between 10,8% and 56,9% for 175 samp1es
(Tab1e 2).

Another characteristic of obvious importance for breeding in this species is
the percentage of oi1 in the dry pu1p. The samp1es co11ected in 1982 in diffe
rent regions of the State of Amazonas revea1ed promising values although they
were extreme1y variab1e. The range of variation for this characteristic was
16,1 to 57,2% among 171 analyses performed (Tab1e 2).

The percentage of insaturation verified in 167 samp1es of oi1 ana1ysed
varied between 60,0% and 77,7%,with an average of 70,1% which is in agreement
with resu1ts obtained by other authors studYing materi~ co11ected in other
countries (MAC FARLANE e;t ai 1975).

4. Conc1usions
. ,"" - ...~ .,.: """,I~

f'1tçfP e;<;-ffnt' 5 . -.- _ .The ~ó»s for the colLect ionof E.o.tunVUt-germpiliasTIr·-~orgamzed-regu1ar1y by
EMBRAPA have contributed significant1y to a better definition of the areas
of occurrence of this species,permitting a greater elucidation of the distribu
tion of these natural populations in the Brazilian territory.

Results of the ana1ysis performed with genetic material of ~~ o.teióVUt ,
col1ected in palm greves from .theBraz.i1ian Amazon., put in evídence the exce11ent
qualities of this germop1asm in the majority of characteristics impor~ah~~~~
breedingpurpcses - Result.saf breed.ing pragr?..Jr...0e product ion afeffiYb':i-- _

..•E~c]:al mater ial between thí.s specres ando - (~e..<..ógc.une.e.YL6"w) are /
highly promising.

•



06.

At present 17 1ines of E.ol~6~ are p1anted at theCNPSD's Urubu

experimental Field Station, 140 K~ from Manaus. There are more than 192

(about 7000 individuals) in mrrsery ~~ be takeu out f~r plantÍ!lg

the field in 1985 where they wi1l be~nserv.ed.~~ua~ed~~

RÍver
1ines

lU
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TABLE 01 - ~lant-size and bunch qua1ity characteristics of Ela~ otein~ ~ollected
in palm groves of Brazi1ian Amazon.

frond bunch
rachis

1ength (m)
petio10

1ength (m)
weight

(Kg)
.:~ta1k normal

(%) fruits %
Parth.

fruits %

Mean 3.9 1.5 6.7 10.6 57.9 9.S

Range 1.9 - 6.5 0.6 - 2.8 0.9 - 18. O 1.8 - 26.8 11. 2 - 90.5 0.0 - 45.7

Number _of
observations 299 299 205 252 235 157

•••
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TABLE 02 - Fruit quality characteristics of E~~ oLeió~ collected in the Brazilian
Amazon.

weigth
(g)

mesocarp shell oil/mesocarp
% o

'li %

unsaturar i.on
Si'-o

Mean 8.3 46.0 41.1 42.8 70.1

Range 3.4 - 14.7 14.6 - 62.3 10.8 - 56.9 16.1 - 57.2 60.0 - 77.7

Number of
observations 253 245 175 171 167

..



" OIPIXUNA
,~,
I ,_i --'-.....--__
\', ,

<, OIlOCA 00 ACRE .I' :Hõ(:"--~=_---==::::::::::::]AC ""'''' ,- PORTO va.t«>~
•.••..•. /-_<11'-''_ MT

r:
.,;

~ .....-._.,.-.-.r....

I B~ VISTA

t...._.RORAIMJ
1\ /~ (..•..·--CARACARALd.--_. '-' \ \ _.'

! i .-1 \'-. ./ \'._ ... li'; I
I,,,
\

&I AREA OF OCCURENCE

AG. 1- CONFIRMED OCCURENCE OF Elaeis oleifera IN BRAZIL

•



11

Sarz.r. B::::-eeding Frcgra.r.:ne (SBP)

by

J

- ----,;,~~:'~~'~ .•.,,:.e'\,:;.;.-,:n.~~

organised by
lntcrnat.cnal Sociery for oil Pa!rn õrecders (I:,OPB)

Palm 011 Rescarch Institute of I"lalaysía \PORIM)

sporisoreo by
In terriatioriz! L-ocrd fur Plant C'~!1etic Resources (lBPGR)



Abstract

'lhe Sabah Breeclli1gProqr'arrrreShONSthac Banting duras

(ex Chemaraex Serdang palms - 5, 7 and 23) had high yields.

They have also perforrred extremely ~ll when crossed to WAIFOR

teneras especially WI'I (32.3005). These duras had qcod yields

when selfed or crossed with other palrns ,

•••

... 2/-
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Sabah Breeding prograrme (SBP)

N. Rajanaidu1, MaIy Ngui2, OngEng Chuan3and Lee ChongHee4

1. PalmOil Research Institute of M3.1aysia

2. Deparbnent of Agriculture, S=lbah
3. Guthrie Research Chemara

4. HMPB

Introduction

Hr. C.Ttl. Hartley, as a consultant to the Sabah Governrrent,

initiated a breeding prograrrmeaimed at producí.nqhigh yielcling_

planting material suitable for the Sabah agroclirnatic conditions.

Breecling:rraterials for this Sabah Breeding Proqrarrrrev.Bre

obtained through an exc,hangescherre, organised between 4

Malaysian and 3 African participants. 'lhe programrrecontained
African tenera selections crossed with f~a1aysianDel.í, dura

selections as well .-~:::;I)cli dura selfs and 'crosses , Similarly

AErican Leneras were selfed and ~rossed.

The Malaysian part.í.c.ipant.sv.ere Chem:rra,HMPB,Socfin

and the Federal Departrrent;of Agricul ture (ncw t.l"B trials are
rnanagedby PORTI,i).TlE West African part í.cipant.s were the

Nigerian Institute for Oil Palm Research (fornerly WA..ll'OR),

Unilever Nigeria ~~ Unilever C&ueroons.
...

In this paper, v.Batterrpt to descr í.be +he perforrnance of

the SBP:rraterial planted at Ulu Dusun, Guthrie, HHPBand Socfin.

Weconsider this paper as an intrcduction to SBPand more eetailed

papers will te produced in due course.
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MateriaIs and Methods

TheMalaysian participants contributed the Deli dura

r~terial. The origin of the Deli dura population could be

traced back to four palrns in the BogorBotanical Gardens in Java

(Figure 1). In addition, Cremaraalso contributed teneras

of rnixedDeli dur~ and Congoorigins (Figure 2) .

Thebreeding scherreintended for the the prograrnneat its

inception was the Reciprocal Recurrent Selection (RRS). The
RRSoriginated fran rnaí.zebreeding research and is adapted in

oil palrnbreeding. Basically it involves the repeated selection

of parents based on the per'forrranceof progeny test cross. RRS
in oil palrnbreed.ing is outlined in Figure 3.

The system practised in JRHO· and other WestAfrican

organisations cl?se~y ~ollo~s the RRSsystem and is ref~ed
to as RRSin this corrmunication. The choice of parerital fanúlies,

is based on DxTprogeny test crosses evaluated in replicated

trials.

Anothermathod, practised in rrost.oil palrnorganisations

in 1>alaysia, is shcwnin Figure 4. Crosses within the respecti ve

populations are planted in replicated trials. Durarnother palms

are selected on farnily and individual perfonnance. The pisifera

parents are selected on their sib tenera perfonrance, and on

DxPprogeny test results. This systern, apparently, avoids the
effects of inbreeding depression by obviatLDgthe use of selfs.

The schemeadopted by Ulu Dus1IDis a COIPbinationof both
systerrs. As problems such as pollination and germi.n3..tionhave

sorretiJreshindered planting of crosses, the proçeny testir!g is

also backed up by conp:rrisonof the parental families through

replicateà. trials. Tnis has turned out, to be a more flexible

sys+em. In manycases where l,..e had DxTproqeny test resul ts,

selection is pract.í.sed as per RRS. In t.heir absence, farnily
and individual selection vp.....re carried oot.; fo.lIrxced by DxP

proqeny testing.

•••
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The RRSprograrme has certain useful feature si narrely one

generation cycle is saved by planting both +he parental crosses

and the test crosses simultaneously. 11oreover, serre specultative
combLnationof DxD and 'IXT crosses are planted and where sele cted r

will save another ger.eration tiITe. Furthermore in the Sabah
)

Program~, sarre crosses were planted by other participants,

sorre in widely different environrrents, thus providing additional

genetic information from genotype x environment studies.

SITES

1. Ulu Dusun

A total of 17 trials were planted rrostly bebveen 1966-1970.

'Ihe trials were arranged as single palm plots with 50

replicates each. In trial 1-11, 6 years of yield data
were collected whí.Lst; 4 years data are available from trial

12. Most of the palms in +hese trials were also analysed
at least thrice each for bunch analysis.

2. Banting

The trials, lal:::elledPT 27, PT 28 and PT 30, were planted

between 1966-67. Twentyfive progenies were planted in

RCBDof 6 replicates and 12 palms/plot. Five years of
yield records were collected l:::etween1970-75 and bunches

analysed during t.he pericx:i 1971-75.

3. Cherrara

The SBPmaterial at Cherrarawas planted, between 1967-68,

in trials GB30 and GB41. 'fuey were planted in RCBDof

4-5 replicates and 16 palms/plot. A total of 65 progenies

were tested, 53 in GB30 and 12 in GB41. Seven years of

yield recoràs were collected in the latter while 5i years

recoràs are available frem GB30. Bunches\\ere analysed
for oil content l:::eu..een1973-77.
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4. Socfin

The trials v.ere planted in block 20Cand 190 in 67 and 69 respectively

Three to four years yield data we~e collected between 1973-76
and bunches analysed during 1974-76.

we attempted to assemble tte l~eld and bQDChanalysis

data of aI.L +he COr.1TDnprogenies planted at Ulu Dusun, Banting,

Cberra.ra and Socfin. 'lhe data were analysed for progeny and site

differences. There v.ere however certain shortcoroings in the

analysis. No adjusbTents v.ere made for differences betxceentrials

and years. It was not possible to test the interaction item
l:ecause of insufficien~ data.

Results and Oiscussion

Table 1 shcws the performance of teneras in DXI'progeny

testing. TWoof the crosses are extrerrely out-stanàing viz.

DT34 (B06bx wr1) and DT33 (BD5ax vVT1). In addition DT65
(DA(O)7a x URI'1)and DT43 (JLD5ax ~?I'3)have per forrred rather

h~ll. wr1 Ls the palrn 32.3005 of Waifor (nc:wNifor). It is of
-DmahiaDxPfrom Calabar. The Banting palrns B6b and BD5aare

deri ved frorn Serdang avenue palrns (5, 7, 23 via Chemar'al , JLD5a

is derived frem JL 4096whilst OA(O)7a derives from 4/38.4.

In the case of teneras, URT1originates fran 378/2 whilst vIT3
corres from 4.838 (a cross between Aba dura and Carreroon tenera»)

(see l:elc:w).

Dura 631.838 (AbaDura)I -
Dura 2.3242 planted in 1941

Tenera 3/1355
I

pisifera 1.25928x
I

4.838 (T)

In Table 2, the duras of families DT34 end DI' 33 are clearly

w.e highest yielding.
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Table 3 showsthe selfs of t.re duras t.hat;~re involved

in the progeny testing (DxT), DS 122 (BD6B)was fhe highest

yielder, shcwí.nqli ttle inbreeding depression. URD5abchaved

similarly but to a lesser extent. HCM'8Verthe yield of DS 121

(BD5a)was lCNl even though in the progeny testing (DxT)i t "Ja.S

prornising.

Table 4 and 5 show+be perforrrance of duras and teneras
in +he tenera selfs. In general, the perf'orrrance of the selfs

is pcor poss.í.b'Iydue to inbreeding depression. Sorreof the

teneras e. g ~1J~1which had cornbined~ll in th2 DxTprogeny

testing shov.edpoor results in the tenera selfs. In the selfs,
URT1is quite pranising and it also comb.ínedweLl, with sorre

duras ~ the DxTprogeny testing.

Table 6 showsthe parforrrance of sorte of the speculative

crosses planted in the SBPwhich could be utilized for a 2nd

cycle of dura selections. It is wor~ hoting that progeny DD201

was promissing. This progeny was createc1by t:w:J outstanding palrns,

viz. BD6band BD5a. These had cornbinedweLl, with WT1in DxT

crosses, as discussed earlier.

Tables 7 and 8 showthe r:;erforITanceof duras and teneras

in TxTcrosses. The teneras of family TT517 involving URT1x 2
e

wer'e the testo Tt-eduras of this family it rraybenoted ~re-- ~

also extrerrely outstanding.

A numbarof DxPcrosses ~re planted at Ulu Dusunand"

Banting. For FFBthe yield of DP312 appeared gccd.

..
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Conelusion

'I'l-B Sabah Breeàing Prcqr'amrecontains valuable breeding

rraterial whieh eould be used to produce high quali ty seeds.

Since the selfs of outstanding duras and teneras are planted

along with their DxTcrosses, it will provide an opp:>rtunity to

test the ef fieiency of the RRSbreeding scherre, A numl::erof

speculative crosses (DxD and Tx"Tcrosses) are yielcUng extrerrely

v;ell and these can te used in the next cyele of breeding.
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Table 1: Performance of te~eras in D x T crosses

FFB O/B O/P
Items df M.5 .MS .~

TreatJ:ent (T) 23 1135.50** 5.18** 109.69**
Site (S) 1 4953.20** 164.28** 3.52 NS
S x T 23 155.37 1.32 17.52

Treabrent M2an Mean r·1ean

1 ur26 BD4b x Ler3 143.05 26.50 37.5
2 ur34 BD6b x \'lI'1 191.20 29.40 . 56.0
3 CT33 BD5a x wn 184.90 27.80 ' 51. O
4 ur45 BD5a x wr4 146.95 26.10 38.0
5 ur46 BD6b x WT4 132.45 28.35 36.5
6 ur74 BD8b x URT3 160.10 26.45 42.0
7 ur11 URD1 a x Ll'IT3 133.35 29.35 39.5
8 DT15 URD1 a x LNI'4 108.70 25.55 27.5
9 DT12 UPJ)2b x LNT3 113.70 27.50 30.5

10 DT28 URD4b x Ler3 152.90 27.25 41.5
11 ur38 URD6b x 1tll'2 130.80 30.10 39.0
12 DI'42 URD6b x vlI'3 144.40 27.45 39.5
13 m'67 URD7 a-x IJRT1 144.85 28.10 40.5
14 DI'68 URD8b x URI'1 150.85 27.70 42.0
15 DT79 UPD7a x URT4 152.85 26.60 40.5
16 ur80 URD8b x URI'4 141.90 28.30 40.0
17 ur13 JID1 a x LNI'4 103.80 24.40 25.0
"ig DI'47 JLD5a x ~IT4 106.40 28.85 30.5
19 DT44 JLD6b x Í'JT3 149.25 28.60 42.5
20 DT43 JID5a x WT3 ' 171.05 26.40 45.0
21 ur48 JLD6b x wr4 129.75 29.00 37.5
22 DI'75 JLD7a x URT3 146.65 31.15 45.5
23 ur71 JLD7a x -DRT2 103.70 30.45 27.0
24 DT65 DA(D) 7a x URT1 167.55 28.55 . 48.0

Overall rnean 142.13 27.91 39.27
•••

SE. TreatIrent mean 8.81 0.81 2.96

Note: UIu DuS1.ID and Bant.iriq (2 sites)
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Table 2 Performance of duras in O x T trials

FFB

Source df ms

Treabnents (T) 17 996.04**

Site (S) 1 5172.01**

S x T 17 200.82

Treatment Mean

1 DT 26 B04b x LCr3 159.15

.2 DT 34 B06b x wn v 180.40

3 DT 33 BD5a x wrl ' 173.60

4 DT 45 BD5a x wr4· 159.00

5 lYI' 46 BD6b x wr4 153.40

b Ul' ."t BD8b x URl'3 ,174.30

7 DT 15 LW1a x LNI'4 121.85

8 DT 12 URD2b x INI'3 104.95

9 DT 11 URDIa x LNI'3 132.45

10 DT 28 URD4b x rcrs 176.10

11 DT 38 URD6b x wr2 115.05

12 DT 42 URD6b x wr3 150.55

13 DT 67 URD7a x URl'1 ·148.30

14 DT 79 URD7a x lJ'RT4 152.65

15 DT 80 lJ'RD8bx lJill4 151.25

16 DT 75 JID7a x LJ-m'3 130.90

17 DT 71 JID7a x URT4 119.45

18 DT 65 DAD7a x lJ-m'l 149.30

Overall mean 147.37 Note: Mean yielà (FFB)
of duras in D x T f~ilies

S.E. oÍ treabnent rnean 10.62 plcnted at UIu Dusun ano
Bant.i.nq ,
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Tables 3: Perfannance of duras in Dura Selfs

ItEffis

Treabnents (T)

Sites (S)

SxT

df

7

1

7

Treabnent Mean

1 DS 106 BD 2b 148.6

2 DS 114 BD 4b 141.35

3 DS 121 BD 5a 137.45

4 DS 122 BD 6b 179.75

5 DS 129 BD 7a 126.40

6 DS 108 um 2b 121. 55

7 DS 123 TJ1ID 5a 161.00

8 DS 139 um 9a 143.15

Overall rnean

S. E of treabnent rnean

= 144.91

== 9.26

* Ulu DuSW1 + Banting (2 sites)

ms

698.87*

286.46 NS

171.67



- 11 -

Table 4 Perfonnance of duras in tenera selfs

ItEms

Treabnent (T)

Sites (S)

T x S

df

5

1

5

Treament Mean

1 TS 419 l:.JRr3 lll.90

2 TS 417 URI'1 131.95

3 TS·407 LCT3 133.55

4 TS 406 ICT2 87.00

5 TS 409 wrl 98.95

6 TS 411 wr3 70.30

OVerall mean

S.E. of treabnean

= 105.61

= 6.88

* Ulu Dusun + Banting (2 sites)

ms

1260.59**

2244.07**

94.63

..
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'I'abl.e 5 Perfonnance of teneras in terera selfs

------,j- ~ i
\ r.~ '\n,\UR~Pl'I\. q,tio- !li ,",I, •

=,"$'

'-----

FFB ü/B ü/p
ItEmS df rns rns rns

Treabnent (T) 5 645.18 NS 8.11 NS 40.33 NS

Sites (S) 1 5905.20** 99.19** 65.33 NS

SxT 5 357.74 9.87 30.73

Treabnent rnean rnean rnean
,

1 TS 419 URI'3 112.40 24.40 27.0

2 TS 417 URT1 126.25 26.65 33.5

3 TS 407 I.CT3 119.75 24.85 29.0

4 TS 406 I.CT2 83.40 26.40 21.0

5 TS 409 Wrl 84.85 27.75 23.5

6 TS 411 wr2 109.85 22.1 24.0

Overall rnean 106.08 25.36 26.33

S.E. of Treabnent rnean 13.37 2.22 3.92

Note (Banting and VIu Dusun Sites)

•
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TabIe 6 ANOVA - Duras famiIies (D X D)

Itens

Treatmenst (T)

Sites (S)

S x T

df

7

1

7

ms

1876.01**

239.48 NS

97.45

Treatment Hean

1 DD 203 BD2b x Ia ' 174.75

2 DD 207 BD3a x 4b 89.60

3 DD 201 BD6b x 5a 170.30

4 DD 215 BD7a x 8b 167.95

5 DD 219 BDI0 x 9a 148.70

6 DD 208 URD4b x 3a 174.15

7 DD 212 URD5a x 6b 143.4

8 DD 214 JID8b x 7a 119.0

Overall mean

S .E. of treatment X
= 148.48

6.98=

••Vote: Banting + UIu Dusun (2 sites)
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Table 7 Performance of duras in T x T crosses

FFB ojB o/p
Ite:ns df rns ms

Treabnents (T) 5 1733.12* 19.09** 198.53**

8ites (8) 1 569.94 N8 15.19** 1.33 N8

8xT 5 194.32 .19 11.13

Treabnent Mean Mean Mean

1 TI'519 URI'3x4 141.00 18.80 16.50

2 TI'517 URT1x2 192.25 23.40 45.00

3 'IT520 URT1x4 151.10 21.50 32.50
<.

4 TI'506 r.cr2x3 143.80 21.15 30.00

5 TI'503 lNT3x4 100.40 14.80 15.00

6 'IT509 wr1x2 137.30 17.70 24.00

OVerall mean 144.31 19.56 28.85

8.E. of treabnent
mean 9.86 .31 2.36

Note: Ulu Dusun + Banting (2 sites)
Note: :Planted at Ulu Dusun & Bantirg
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Table 8 Perfonnance of teneras TXI' Crosses

FFB O/B O/p
Itens

Treabnent (T)

Sites (S)

S x T

df

9

1

9

ms ms ms

r410.64** 7.81 NS

1956.24** 54.78**

153.09 2.85

162.98**

1.80 NS

22.24

Treabnent

1 'IT 518 URI' 2 x 3 119.25 28.65 34.5

2 'IT 517 URI' 1 x 2 177.05 29.60 52.5

3 'IT 519 URI' 3 x 4 147.7 25.40 37.5

4 'IT 5~0 URI' 1 x 4 146.55 28.30 41.0

5 'IT 506 I.CT2x3 153.75 27.70 42.5
. 6 'IT 505 r.cr 1 x 2 118.05 28.80 33.5

7 'IT 504 INI' 1 x 4 108.25 23.85 25.5

8 'IT 503 LNI' 3 x 4 93.00 24.55 22.5

9 'IT 509 wr 1 x 2 143.20 26.60 38.0

10 'IT 511 wr 3 x 4 103.20 25.70 26.5

Overall mean

S.E. Treabnent mean

131.0

8.75

26.92
1.19

35.4

3.33

...
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TabLe 9: Perfonnance of teneras ( O X P)

df FFB OjP

Itens ms ms ms

Treabnent (T)

Site (S)

SxT

4

1

4

649.20** 7.62 NS

509.80* 22. 5 NS

38.28 4.13

35.75 NS

.10 NS

20.85

Treabnent Mean Mean Mean

1 OP 307 B05a x wp9 148.75 23.25 34.5

2 OP 308 URD6bx WP9 114.05 25.45 29.0

3 OP 312 URD7ax UR(P)5 161.00 25.35 40.5

4 OP 306 JID66 x WP9 136.30 27.00 37.0

5 OP 310 JID7a x URP5 129.20 28.45 36.5

Overall mean =137.86 25.90

1.44

35.50

3.23S.E of treabnent mean = 4.38

Note: UIu Dusun + Banting (2 sites)

•



~

St at icn
\

\
Ser d anq Expt .

)'f (19}5-371
Elain. Estat!!

(1920)

/

Serddnq ~venu~ Palas
/ ••• ~ m;Z2l

~ 'I ~ Ulu Dusun,
Bcqor EIaeis Est ate ~.O.A. Satlah
(18~6) ~ tini) (1%6-19701

lIanhat t •
aaris ~lu Reais, Chea.ra ~
st ate (19~-521 /

~usun Ourian, H~C
l1~)

Johore laOls, Socfln
(1n6-~O ,19~8)

Fig. 1. ORI61H DF OEU OURA FAIIIllES IH THE SA811H BREEO!N6
PROGRAME

,~

~ ~rrenerãf
\OxT prOQeny testl ~

I~ ~~\t~ \, ~[ T 5elfs[1 ~IG,i s", ',,'·17 1
[li 5e! tS I úd oroe. test IT Selfs l

r\g. 3. RECIPROCAL RECURRE~T SELECTIDN IH GIL PAL~ BREEOIH6

~'dian Est. ) Lcbe , Caleraon-
1\930) (195~) \

_______ 11 r ove Uni ~ver5, Ihgena

~ Co_ao Est . j
~C.I.~~,~ ,,~

\\9121 -- U.uaoi a ~'HFOR --'? Ulu
(1931l (19H-!9591 Dusun7 111"-701

tanqa.ol. /
11'331 ~

Bagar ) Ulu Re.is
(18,,81 Chel ••ra(19~91

- 17 -

CalHaOn -----

!\Iqer\ a

Ar.goia

Q

5u:rra Leorie

Conqa

Indol1e51a

Fiq. 2. QRI&!NS OF T~ERA FAIIILIES IH íHE SABAH 8REEDIN6
PR(l6RN'I/'\E __

- -- ---.....-;

DxO cr055i!1 ~ »> ITx T crosses 1
\ ~ ,,./'~r? e:pr oq. seeu

t es oroa

~\ÜlG :rcsse'il
I

re~ut

~

Ft q, 4 IIGOrF1ED ~S KS PRACTISED 111 PElI!)/SULAR IIAlAYSt~



INTERNATIONAL

~-; Workshop
1 ,P. ~~el

on

The Gen~tic Base af Oil Palrn Breeding Populations

by

E A Rosenquist

organised by
International Society for,oil Palm Bíeeders (lSOPB)

Palm Oil Rcsearch tnstitute of l'1aJaysia (PORIM)

sponsored by
lnternational Boarç! for Plant Genetic Resources (IBPGR)

••



For the ISOPB Workshop, Bangi 26 - 27 March

The Genetic Base of Oil Palm Breeding Populations

by

E ft. Rosenqui st

Introduction

In October 1984 I received a letter from the Secretary of ISOPB saying that the
Society would like to request me to present ~-paper o~ the "Genetic Base of Oil
Palm Breeding Populations" at a Workshop to be held in March 1985.
Much of my time between October and March was a1ready commi tted to other
projects anà in practice the paper had to be written in under two weeks.
With the limited time available the scope has been restricted to listing some of
the main oil palm breeding populations with a brief description of their origino
ln general no attempt has been made to assess their characteristics.
Inevitably I have given more attention to the oil palm populations with which I
have worked.
It has not been possible to verify accuracy in detail. During the course of the
workshop I shall be most ~rat~ful to receive corrections.
The paper has been drafted as a communication to practicing Oil Palm breeders at
t he workshop. Oil palm j.argon such as "ffb" and "O/B" has been used with no
e~planation. The paper is not suitable for publication in its present formato

...

~:!~~~e it s 1 i m:t at i,~l#1 it i s hoped t hat I SOPB members wi 11 fi nd t he paper

-);..
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Breeding Populations of restricted origin (BPRO)

It is possible to trace the orlgln of a number of oil palm breeding populations
back to wild palms ar to unimproved palms closely related to wild palms.
The breeding populations are frequently derived from rather few ancestral palms,
frequently les s than twenty. A1though a breeding population may have been
introgressed with other populations there remains a considerable number of
breeding populations derived exc1usively from a few ancestral palms.
This paper considers only breeding populations of restricted origin (SPRO) vlhich
are in at least the second legitimate generation. Some of the populations are in
the fourth or fifth generation.
Some breeding populaticns of restricted orlgln have been introgressed with other
BPRO: and although their genes survive the original BPRO has been lost. Whether
ar not it is des irab 1e to make a pos it ive effort to conserve BPRO' s wi 11 be
discussed at theend of the paper.
The list of BPRO's is certainly incomplete and in particular the IRHO breeding
populations mainly in the Ivory Coast and the NIFOR populations in Nigeria are
inadequately covered.
The attempt to survey E. guineensis breeding populations proved onerous enougn
and this paper makes no reference to E. oleifera.

De1i dura
The origin of Deli dura has been reviewed by many authors. Belgarric (1951)
Toovey and Broekmans (1955) and more recent1y by Hardon and Thomas (1968).
Toovey quoting Hunger (1917) and Rutgers (1922) suggests that the four Boqor
pa1ms planted in1848 come from the island of Reunion rather than from Mauritius
which is geographically close by but is now a separate country. The oi1 palm is
not indigenous in either country so the exact origin of the Bogor palms is in
doubt.
There is however general agreement that the Deli population is descended from'
the Bogor palms. Belgarric (í95l) states that there were trial plantings on
estates from 1859 but these were abandoned a1though some pa1ms remained as.
ornamentals especially on tobacco estates.
A population of palms derived from the orignal four in the Botanical Garden was
p1anted in the Economi c Garden at Sogor in 1878 and Hardon and Thomas (1968)
indicate that trial plantings and ornamental avenues were established from 1884
using seed from these pa1ms. This does not rule out the 1859 trial plantings
described by Belgarric. •
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Development of Deli dura in lndonesia

A number of plantatiop companies started oi1 palm breeding programmes
independent1y of each other. Marihat Research Station has produced a most
valuable book1et on the history of oi1 palm breeding in lndonesia (Adlin Lubis
1984): He gives a diagram to indicate the evolution of Deli dura oi1 palm
breeding in Indonesia (Fig. 1).
The di agram shows that many of the formal breedi ng programmes started after
~935, Hart1ey (1967 p. 17) states that in 1925 there were 30,000 ha of oi1 palms
but by 1938 this had risen to over 90,000 ha, This means that when the formal
breeding programmes started there were over 50 million oi1 palms in Sumatra.
;\lthough the geneticbase was narrow the population availab1e was large. Most
De1i dura breeding programmes started by observing populations of severa1
thousand pa1ms on plantations.
A pr oqr asme was started by a German Company (later P.T.P. Lama) on Marihat
Baris. A diagram to i11ustrate the origin of various Marihat Baris De1i dura is
taken from Adlin Lubis. (Fig. 2) Hartley (1967 p. 196) states that this
programme started by y ield recording 2000 palms which had been p1anted in 1915.
Initia11y 15 palms were selected and se1f pollinated and their progenies planted
at 5g. Panchur and Poloni~, .
A programme started by the Dutch company HVA gave rise to several populations
inc1uding as an example Dolok 5inumbah. (Fig 3). This may be the programme
mentioned by Hartley (1967 p~ 196) that 1ed to the se1ection of 50 palms from a
population of 24,500. ..
Quite independently 50CFINDO established a Deli dura breeding programme in 1927
by planting legitimate progenies from selected palms at Mopoli. According to
Belgarric (1951) these originated from the 1859 oil palm tria1s and are probably
distinct from the material described by Ad1in Lubis. By 1933 selfed progenies of
selected palms were being planted at Bangun Bandar where breeding is st ill in
progresso Belgarric refers to 17 selected Deli dura which originated from Bogor.
lt is almost certai n that the Dabou popul ati on to be descri bed came from
SOCFINDO in Sllmi\i:""i! (Bredas 1969).
A 5wiss company started p1anting Oil Palms on Gunung Melayu estate in about
1919. A selection programme which gave emphasis to a slow height increment and
h~gh oil in mesocarp was started later and legitimate progenies were p1anted in
'1936/37. These were stil1 yielding 18 tons p ha 42 years later. The original
genetic b lock s (1936 - 1942) contained about 2000 palms. From these 37 pa1ms
w2re selected for further breeding which -i s being continued by London 5umatra
lndonesia on Bah Lias estate (Bah Lias Annual Report 1981 p 59).

Development of De1; dura in Ma1aysia

•In 1933 there were on1y 25,000 ha of oil pa1ms ;n Malaysia but there was much
interest in the new culture and three organisations were operating breeding
P-~~,..~~~s - t he !'\",,,,,,, ••trnent ,,1= 1\""1·C"1t,,,...0;>t ,,,, ••ri,,,,,, "nri nn ~lm;n;> ~c::t~t~ o,',I V~I UllUtíC \..11 u'-tJ •..•.••...1.1"-11 VI I\':J' ....• I •..•••...•• '- ••.•.•..• -.J •....••..•....•• 1::1 ...•.•• -- .., .. _ ........•.• c_t::, _ ..

Pa1ms of Malaya (OPM) on Ulu Remis and Elaeis Estate and SOCFIN on Johore Labis
estate. The evo1ution of these programmes is indicated in Fig. 4.
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Department of Agriculture

Serdang Avenue Palms

In r~ay 1922 the 86 "Serdang Avenue" Deli palms were planted on the Federal
Experiment Station at Serdang. After yield recording to estimate the production
of clean fruit a formal progeny trial to compare legitimate progenies was
planted in Nov 1930 (Bunting, Georgi and Milsom 1934).

Legitimate crosses combining the best Serdang Avenue palms were planted on
El aei s Estate i n 1931 and were 1 ater i ntrogressed wi th Ul a Remi s se 1ect i ons to
produce the Chemara Deli dura. In the later generations of material developed
from this population genes of Serdang Avenue palms 5, 7 and 23 are found in many
or the best progenies (Breure, Konimor and Rosenquist 1982).

Serdang Avenue progenies were also planted by NIFOR in Nigeria but of the 10
progenies none contained Serdang Avenue 5 or 23 and only two contained Serdang
Avenue 7. Records of the Serdang Avenue plantings in Nigeria hav~ been presented
by Toovey and 8roekmans (1955).

Two progenies at Lobe in Cameroon are derived from selections in the Serdang
Avenue population at NIFOR. (Lb 140 ex S.Av. 65x7 and Lb 157 ex S.Av. 19x65) but
apart from these I have no knowl edge of any other survi vors from t he Serdang
Avenue population which contributed much to the success of the oil palm in
Malaysia.

Elmina selections

Jagoe observed 589 Deli palms in a 1920/21 planting on Elmina Estate in detail
and in 1938 about 12 selfed progenies from selected palms were planted in
replicated trials at Serdang (Bunting, Georgi and Milsom 1934). Leaf ana1ysis of
che se progeni es showed major differences between them (Coulter and Rosenqui st
1958) and this study encouraged the introduction of leaf ana1ysis in Malaysia.

Some crOSC::~5 from se l ect ed pa1ms in the 1938 planting were distributed to
various plu.;,L.j"tion companies as part of a combined breeding programme. No

r- resul ts of thi s ;'··:·-;:--Clmmeappear to have been pub 1i shed but i tis known that
several companies dr~ ~sing De1i pa1ms of this origin for seed production (Arasu
- persona1 communication).

The "dumpy" palm

One palm at Elmina was selected because of its short trunk and unusua1
conformation. It 's seHed progeny was p1anted at Serdang in 1938. The progeny
was uniformly dumpy. Compared with two other selfed progenies and two crosses
the records showed

E268 E268x E206 E152x
se lfed E206 se lfed E206

Yield kg/palm/an 100 NA 101 NA
Height to crown m 4.7 4.1 2.9 4.1
Girth at 1 m 2.5 2.5 2.7 2.2

E152
se lfed

..
r.0'+

4.2
2.1

The dumpy was multiplied by selfing and sib-crossing but these progenies gave
poor yields (The Oil Palm in Malaya 1966 p 5). The poor yield was no doubt due
to inbreeding depression.
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Dumpy material was very widely distributed and two pure dumpy progenies which
reached Lobe (Cameroon) in 1969 showed more resistance to vascular wilt in
nursery tests than any other material. At Binga in Zaire a different dumpy
progeny was field planted in 1973 and is showing except iona l wilt resistance.
There have been no deaths among 72 palms despite an average of 16% deaths in the
trial which compares 22 progenies in a randomised block designo Other material
containing on1y 25% dumpy genes shows better than average wi1t resistance. The
durnpy i s 1ikely to find a place in the vascu1ar wilt resistance breeding
programme.

~lthough the pure inbred dumpy was not a success dumpy genes are found in the
pisifera parents used for seed production by at least two organisations in
Malaysia and one in Indonesia where RISPA distribute a strain described as Dumpy
-o x P.

The dumpy is a BPRO derived from a sing1e pa1m but it should not be allowed to
disappear.

Chemara (Guthrie Corporation)

In 1931 legitimate Serdang Avenue progenies were p1anted in rows on E1aeis
estate and 1ater 430 pa 1ms were recorded i ndi vi dua 11y. Seed from Sumatra had
been used to plant on Ulu Remis and from June 1934 severa1 thousand palms were
recorded. Those which fai1ed to yie1d 200 kg per year for three years were
discarded. Some 400 pa1ms were recorded for longer periods.

Genetic b10cks I and 111 were planted in unreplicated progeny rows from Sept. 35
to April 1939 and Genetic blocks IV' and V were planted from Nov. 1939 to April
1941. In total these contained 338 progenies from 175 parents and a total of
over 20,000 palms. Despite the war six years yield records were avai1ab1e from
al1 those palms by the end of 1954. As a contribution towards increasing the
yield of bunches this was a magnificent contribution.

Bunch analysis did not start until Nov. 1937 and by October 1939 bunch analysis
data (6 bunches per p a lm) was only avaí l ab l e for 62 palms. 8y this time the
crosses with which to p1ant Genetic b l ocks I - V had a1ready been made. A
genetic b10ck designed to improve oi1 to bunch was not p1anted because of the
war (Che~~ra ~~~ua1 Report 1957).

?'ür'Ulermore, after the war it tcok some time to re-organise the bunch ana1ysis
laboratory. No bunch ana1ysis vias carried out on pa1ms in the genetic b l ock s
unti1 1954. From 1954 to 1956 the fruit to bunch and mesocarp to fruit was
.détermined- for most palms but oil in mesocarp estimation only re-started in
1957. (Chemara Annua 1 Report 1957).

-
Palms with high oil-to-bunch have been carried forward into later generations by
chance. More rapid progress could have been made if bunch analysis had been
given more attention in the early years.

Toovey (1955) reported 44.0% oil i n mesocarp for De1i pa 1ms as agai nst 47.3 tõ
48.8% for local Nigerian p al ms both gowing in Nigeria. This emphasises the
importance af giving attention to oil-in-mesocarp when selecting Del; pal~s.
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Banting (HMPB)

Oil palm breeding started at Banting when twenty of the best Chemara D x D
progenies were planted at Klanang Bharu in Oct. 1957. Al1 except one contained
genes from the Serdang Avenue progenies planted on Ela~is estate. When selecting
these 20 progenies preference was given to parents whith produced large numbers
of relatively small bunches.

Further distribution of Chemera/Banting material

The BPRO created by Chemara i n 1935 to 1941 i s st i 11 bei ng deve 1oped by both
Chemara and Banting. In addition it has been further distributed as follows-

to Pamol Estate (Kluang) and to Dunlop estates in collaboration with
Chemara and Bant i ng i n a project known as the "Oi 1 Pa 1m Genet i c
Laboratory"

though the OPGL to Lobe (Cameroon) and Binga (Zaire) in small quantities

to Dami Research Stat i on i n Papua New Guil}_~a where 12 progeni es from
Banting were planted in 1968 -,

to Costa Rica in small numbers

from Dami to Colombia (still in nurseries)

to I RHO i n the Ivory Coast (Gascon, Noiret and Meun-i ér 1976)-

This list is almost certainly incomplete. The Chemara BPRO must be one of the
largest and most widely distributed in the world. It is now breaking up into
subunits as the various research stations follow their own selection procedures.

SOCFIN

~ SOCFIN in Malaysia imported Deli dura planting material from Sumatra and planted
i t at Johore Labi s i n the 1930 I s . It i s poss i b1e that at 1east part of the
material imported consisted of legimate crosses between selected palms that were
part of the Mopo1i and Bangun Bandar programme bei ng carri ed out by a si ster
company in Indonesia.

The SOCFI N De1i dura breedi ng programme cont i nued after 1945 and under the
combi ned breedi ng programme materi a 1 was exchanged with other compani es i n
Malaysia.

IRHO introduced SOCFIN Deli dura to the Ivory Coast in 1950/54. The original
import carne from six palms on Johore Labis (Gascon et al 1976). ..
Progeny SOC1386 (JL 1133 x JLl1l3) has been descri bed by Berchoux and Gascon
(1965) as having a small number of large bunches.
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Dabou Deli dura
lhe RobertMichaux plantation was planted near Dabou between 1924 and 1930 using
mainly Oeli dura material probably imported from SOCFINDO in Sumatra. IRHO
acquired control of the 2000 ha plantation in 1946 (Bredas 1969).
Over an area of 300 ha pa 1ms were observed from 1946 to ,1950 and 250 were
selected as seed bearers and their progenies were tested.
A hundred crosses between the best Del i dura parents were made and pl anted
between 1955 and 1967. It is this population which Bredas (1969) describes. The
8abou Deli dura popuLation is still of major importance to the IRHO programme.

Genetic base of Deli dura populations
Although it is believed that a11 Deli dura are descendants of only four palms
the population had expanded to several million before systematic breeding
programmes were started.
One programme has sometimes overlapped with another but it is suggested that the
following could be considered as independent breeding populations of restricted
origino
Indonesia

Gunung Bayu
PabaTu Blocks 87.88
Dolok Sinumbah - linjowah - RISPA
Pabatu Block 54
Marihat Baris
Mopoli/Bangun Bandar
Gunung Melayu

Adlin Lubis

Belgarric -1951--
Bah Lias An Rep 1981

Malaysia
Sedang Avenue (O of A)
El n.ína (O of A)
Ulu Remis
SOCFIN - Johore Labis

Hartley 1967
Hartley 1967
Chemara An Rep 1954

IÍJory Coast
Oabou (from 1946) Bredas (1969)

Most of these programmes started by the observation of several thousand palms
growi ng on p1 antat ions. Withi n these popu1 ati ons a very restri cted number of
pa1ms were se1ected for further breeding. There has only been limited
introgression between the programmes.
The programmes have progressed with varying speed. Most have now reached the F~
ar F4 and in many cases direct descendants of the original selections are stil1
available.
lhe same selection criteria have not been used in a11 programmes and there could
be substantial differences between the populations. There is a lack of
comparative data.
The chances of fi ndi ng substanti al di fferences between the popul ati ons may be
related to the residual variations within populations which will now be
considered.
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Characters of an advanced generation Del; dura BPRO
The purpose of this paper is to look at the genetic case of oil palm breeding
populations and not to consider what has happened subsequently.
The following notes on Trial 210 at Dami Research Station in Papua New Guinea
may however help to clarify the concept of a BPRO.
In trial 210 there are 24 D x D progenies planted with a commercial D x P as a
controlo
The ancestry of one progeny (DM 651) is i11ustrated in Fig. 5. in such a way
that the pathways of descent can be seen 50 that the inbreeding coefficient can
be calculated.
The estimate of the inbreeding coefficient depends upon the values assumed for
the ancestral palms. In the figure the values proposed by Hardon (1970) have
been used. On this basis the inbreeding coefficient is estimated at"fx = 0.29.

In several of the BPRO's to be discussed there is evidence that selfed prog~nies
of some palms show little inbreeding depression. Sensitivity to, inbreeding
depression varies from palm to palmo In trial 210 10 to 20% of the progenies
with an inbreeding coefficient of about 0.30 have given a higher ffb yield than
the D x P control in which there is no inbreeding at a11. It is possible that
over the generations Deli palms more resistant to inbreeding have been
unconsciously selected.
Vari abi 1ity in tri a1 210 is cons iderab 1e and for most parameters -there are
significant differences between progeny means. The trial was designed to improve
growth characters of the population and one progeny combines very high oil yield
with very small fronds. There is no doubt that progress can be made.
Experiments 73/36 and 73/37 at Binga (Zaire) contain progenies from a very wide
range of ori gi ns. It is .of some interest to compare the coeffi ci ents of
variation in the two cases:-

Coefficients of variation
Expt No of ffb Oil to ----Bü-nch Petiole Frond

Progenies Yield Bunch Index Cross-section Area
Dami 210 24 9 3 6 10 6
Binga 73/36 36 16 10 13 10 8

73/37 36 17 9 12 9 9

The Deli population at Dami has been intensively selected for ffb yield and oil
to bunch over several generations. Indirectly over several generations and
directly in the last generation there has been selection for bunch index. There
has been no selection for petiole cross-section nor for frond area. The Deli
population is less variable than the mixed population at Binga in respeêt of
characters for which there has been intensive selection.
Although there is still useful variability in the advanced generation Deli dura
material greater variability can be found in the African material.
lhe Dami Deli dura BPRO has been used as an example4 Other advanced generation
Deli dura BPRO are probably basically similar. As already stated there is a lack
of data to compare the various Deli breeding populations and there has been
limited introgression between them.
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The Ekona population at Lobe (Cameroon)
The selection procedure to find the foundation stock for the Ekona population
was very similar to that employed for the Deli dura population and it is
therefore considered next.
The oil palm is of course indigenous in Cameroon but plots were being planted as
early as 1903 (Farquhar 1913). By 1913 there was a well established p1antation
industry in Cameroon (Wright 1958). The German owned lkassa estate was planted
at about this time probably using seed from the Ekona are a of Cameroon .

.From 1912 to 1916 a p10t of 800 palms was ~stablished at Ca1abar and
subsequently observed and used for breeding purposes (Hart1ey 1967 p 213)

·Unilever p1anted Ndian estate from 1928 and seed was obtained from lkassa and
the Calabar plots. Selection started at Ndian before 1933 but in that year fruit
analysis started. Subsequently seed was produced from contro11ed pol1inations to
p1ant 40 ha on Ndian 70 ha on Cowan estate in Nigeria. ln addition 800 se1ected
palms were used to produce open po11inated seed for further areas on Cowan
Estate which reached over 2500 ha (Green AH 1969 and 1973)
ln 1948 a 1arge scale programme for selection. breeding and wilt resistance was
started us ing the pa 1ms on Ndi an and Cowan estates. There were some De 1i dura
pa1ms on both Ndian and Cowan but their identity is known and they have been
excluded from the fo110wing account.
The populations at Ndian and Cowan under observation a11 come from selected
palms at lkassa (some 1egitimate, some open pollinated). Although a few pa1ms
may have originated from Ca1abar the majority were from the Ekona origino lt is
certain that none of the pa1ms originated in Zaire or the lvory Coast and the
"Ekona" population can be regarded as a separate BPRO mainly descended from wild
palms in the Ekona area of Cameroon. The evolution of the Ekona programme is
illustrated in figure 6.
When selection started in 1949 yield records were available from 35,000 palms
growing under plantation conditions on Cowan and Ndian. lt is this feature which
makes them similar to the basic populations of Deli pa1ms which have been
described above.
Bunch allalysis '."fere c ar ricd out on high yie1ding palms and se1ection was
primari1y on the ~~rLentage oi1 to bunch. By 1951 the number of selected pa1ms
was reduced to 24 tenera and 18 dura details of which are given by Green (1973).
By the end of 1951 a programme was planned using 19 tenera, 6 dura and 2 fertile
pisifera. The programme started by producing crosses and then changed to self
pollinations. From this programme 18 crosses and 5 se1fswere p1anted on Lobe
estate (Cameroon) in 1954/55 and a further 17 tenera and 5 dura selfs in 1957.
A point of interest is that 27 selfed F1 progenies gave ffb yie1ds which ranged
from we11 above the mean of the crosses to very 10w 1evels. Some of the parent
palms were evidently rather resistant to inbreeding. As shown in Fig. 6.
Selections in three Fl selfs have again been selfed and the F2 selfs are still
yielding reasonably wel1.
Selections were made in the 1954/S7 plantings and the next generation was
planted at Lobe from 1966 to 1971. Data re1ating to pure Ekona progenies are
summarised in Fig. 6 which a1so f ndic ates their ancestry. The progenies which
combine high yield and wilt resistance (nursery t est ) are Lb 130 158/376, 200
and 344. These are derived from only five ancestral palms. Palm 2/23111
transmits good ffb yield, very high oil to bunch and resistance to vascular
wilt.
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Progeny Lb130 was incl uded in the Sabah Breedi ng programme as TT 505. It gave
the second highest yield of oil of the 17 progenies in the trial. As Bg 89N it
gave the third highest oil yield of 16 progenies in Expt 70/09 and showed
extreme resistance to vascular wilt in the field (1% lcs s against a trial mean
of 18%). lt a1so gave very high oil yields at Coto in Costa Rica as progeny CAM
236. Thus, apure Ekona progeny has given yields equal to some of the best Deli
x pisifera material.
Thi s Ekona BPRO has been descri bed in some detai 1 because it may have an
important role in the future of oil palm breeding.

History of Yangambi:
The Yangambi population at Binga

Beirnhaert (1933) described the early work at Yangambi in considerable detail.
The following notes are based on Vanderweyen (1952) and Hartley (1967).
Ringoet introduced open pollinated progenies from selected palms in various
parts of Zaire to Yangambi from 1922 to 1927. He restricted his choice to palms
with a thin shell and a high percentage of mesocarp. The progenies were planted
at high density to reduce the area required and subsequently thinned by cutting
out dura and poor tenera.
The most notable introduction was from a palm in the botanic garden at Eala.
This palm became known as "Djongo" (t he be st ). Other introductions were from
Yawenda, N'gazi and Isangi which are in the Yangambi area.
Beirnhaert studied those introductions and crosses between them were planted in
late 1933 and 1934. One palm, with a short trunk (16R), was self pollinated but
this was exceptional.
$;.;:j 'Íl'omthe Djongo palm at Eala was sent direct to Sungei Panchur in Indonesia
anJ ~~ of the surviving palms is SP 540 which will be discussed later.

<.

r> Seed was al so sent from Yangambi to Sumatra but the exact percentage is no
10nger known. Seed of known percenLàge went to the Ivory Coast where it has been
developed as a breeding population. Seed from this BPRO also went to Sumatra as
"Pisifera Yangambi" (Fig. 7).
Other seed from Yangambi was distributed to many reasearch stations world wide
and Pisifera pollen from Yangambi went to Chemara at Layang Layang in 1947 and
was crossed onto Deli dura and planted in Ulu Remis Genetic B10ck VI in 1949.
Unfortunately work at Yangambi was interrupted by po1itical events and has not
been resumed except on a small scale. Fortunately a large col1ection of Yangambi
material has survivied at Binga. ..
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History at Binga

Vanderweyen (1952) shows that Bi nga was a centre for prospect i on, a "centre
d'acc1imatement" and also a centre for seed production. This Yangambi substation
is located on Binga plantation owned by "Societe de culture au Zaire" rscz i. In
1968 a joint research scheme was started at Binga betwen sez and "Plantation
Lever au Zaire (PLZ)". The "jRS" is still very active at Binga.

The "bloc d'acclimatement" at Binga was planted between 1950 and 1953. It
inc1uded 33 progenies as listed by Gu1dentops (1979). Ten of those F2 progenies
were used to produce seed for the F3 progenies. In addition pol1en from three
progenies at Yangambi were included in the crossing programme. Some of the F2
palms still survive.

Fig. 8 shows the lineage af 13 progenies selections in which were used to create
the F3 generation. Hartley (1967) listed 21 Yangambi selections which were
stated i n 1941 to be among the best. Ei ght of these are i n the ancestry of the
Binga F3 as shown in Fig. 8.

The F3 generation was planted mainly in 1973/74 but a few progenies were planted
as 1ate as 1978. The number of F3 progeni es descended from each of the F2
pragenies is indicated at the bottom of Fig. 8. Most are crosses but there are a
few selfs. The total number of pure Yangambi F3 progenies is about 50. There
were 72 planting points per progeny and there are about 3000 surviving F3 palms
(i n 1984).

The study of the F3 progenies is not yet complete but already two parental palms
of exceotional interest havé been identified.

• o '

Pa1m Ybi 69 MABi s tested i n 14 progeni es and 13 of these have a wi 1t status
better than the trial mean with 7 being significantly better. Yield and bunch
data from 11 progenies are available. The mean oil yield of these is 14% better
than control. This pa1m transmits a very high degree of resistance to wilt and a
very good oil yield to its progenies.

The other parent palm of exceptional interest is Bg 312/3 which was a selection
;~ progeny BGY3 (1342A x 2379D). The self of this palm is progeny Bg 143. This
;.:.-(ogelij ~5 pl an t ed ill 6.11 inbreeding exper irnent (73/40) in which the inbreeding
coefficient varies from O to 0.75. The inbreeding coeffiClentof progeny 143 is
estimated to be 0.56 but it has given the highest yield of oil of any progeny in

- the trial and also only 3.5% wilt losses against a trial mean of 30.2%. Palm
312/3 is resistant to inbreeding, and transmits high oil yields and wilt

-resistance.

A recogni sed defect of Yarlgambi materi al i s its excessi ve vi gour. The study of
growth data of the 50 pure Yangambi progeni es i s not yet complete but it i s
already clear that there is considerable variation between and within the
progenies and it should be possible to make pragress in this directian in the
next generation.

•
The average oil to bunch figures for pure Yangambi material is rather
disappointing. Again there are exceptions but the highest ail to bunch figures
:),,",t'"'I +""I'-~ ~•... _.~--- _...-.! -; --_1'- IVUOU 111 Ul..JICJ VI Jylll:>.

lt is planned to carry the Yangambi BPRO into another generation .

•.....-
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Yangambi populations elsewhere.
IRHO recieved pure Yangambi mõ~erial and planted it in the International
Experiment in about 1950. This line has been developed at La t~é but currently
limited use is being made of the pisifera because they transmit excess vigour.

The above list is probably incomplete. It is certain that the Yangambi
BPRO is very wi de ly di stri buted. The popul at ion descended from the 15
ancestral palms is 1arge and widely dispersed.

IRHO distributed pure Yangambi material to Marihat (Fig 7) and a lso to
. IFA in Colombia (Fig. 8) w~ere it was planted at E1 Mira in 1977.

Pure Yangambi material was p1anted at NIFOR in 1959 (and perhaps on other
occasions). Yangambi material reached Lobe both via NIFOR and via
Ya1igimba.

Djongo and SP 540
o.la is a suburb of Mbandaka which is a town on the south bank of the river

Za t re about half way between Kishasa and Kisangani. Before 1920 a botanic
garden was planted at Eala. It w~ here that Ringoet selected the palm now known
as Djongo (the best).

'The manager of Boteka oil palm estate which is not far from Eala assured me in
1981 that there are st i 11 pa 1ms in the botani c garden at Ea 1a but he di d not
know if the Djongo palm was still alive.
Open pollinated seed from the Djonqo palm was distr·tbuted to at 1east three
places:-

to Yangambi by Ringoet (Vanderweyen 1952 and Hartley 1967)

to Pa1mira (Co lornb i a ) in 1931 by Dr F Class, director of the Botanic
Garden Brussels and in 1936 by Dr M Riveso (Breure 1983). In 1945 Dr M
Patino p1anted T x T crosses at Ca1ima where the BPRO probably survives.

to Sungei Panchur ;n Indones;a by the Director of the Botan;c Garden to
APA, later AVROS and now RISPA or BPPM

At Sungei Panchur the famous SP 540 still survives. It was se1f pollinated to-
produce progeny Pol 820 which was planted at Polonia (Medan) in 1931. As shown
in Fi g. 9 this progeny was introgressed with a f er t i1e pi sifera from Bangun
(Bogor Rejo) which was the descendant of an ear1ier importation from Africa.
The more important programmes within this BPRO are shown in the Fig 9 but this
is incomp1ete.
In 1957 a T x P cross was planted at Banting and in 1968 sib crosses within the
-.----- ... ,--- -,-_ .•.~~ -+ n",.,..; fpNe) (Rrollro ot ~1 ,.Q_82),.lJ'u~elly wele ~lallL.CU u"," UUlnl \II''''''J \~.'- •..•••.•. _ •...•...•.• __
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In 1973 RISPA repeated the selfing of SP540 (Progeny Ap 73/1391) and produced
another generation of three progenies al1 of which were p1anted at Aek Panchur
in 1973. Excess vigour is a defect of this BPRO but there are variations in the
bunch Index of palms in the 1973 p1anting and selection of palms with better
growth characters is in progresso A crossing programme has started.
Current1y pisifera from this BPRO are being used for seed production by Marihat
and RISPA in Indonesia by Bantang in Ma1aysia and by Oami in PNG.
Although excellent as a parent this BPRO gives comparatively low yie1ds of
bunches. The repeat se1f of SP 540 (AP73/1391) is particu1arly low yielding and
suffers from inbreeding depression. There is much variation between individual
pa1ms in the SP 540 selfed progeny and it should be possib1e to find pa1ms that
are high yielding but with good growth characters.
This BPRO is 1ikely to be important for many more years.

Origins from the IRHO programme
The IRHO assembled a very extensive collection of breeding populations in their
Internat iona 1 Experi ment whi ch was p1anted from 1950 to 1953 (Gascon et a1
1976). The main collaborators were INEAC (Zaire), SOCFIN (Ma1aysia) and the IRHO
stations at La M'e (Ivory Coast l, Oobe (Oahomey) and Sibiti (Conço )'. Numerous
papers have been pub1ished to give the results of the experiment and these are
1isted in Oil Pa1m Research (pp 124 - 125). On pag-é 115 a- 1ist of "origins"
recognised by IRHO is given. Several of these origins have already been
considered.
A number of origins have been originated by the IRHO and some of these have been
distributed to various countries. The fol1owing notes merely mention the
existance of the BPRO's but give very limited detail.

\

La Me
The La Me popu1ation deve10ped from 21 tenera mainly on Bret P1antation
(especial1y from Bret. 10) which had been p1anted with seed from wild palms in
the Ivory Coast.

-A well known palm in this popu1ation is L2T whose se1fed progenies have produced
some outstanding pisifera. It is also the parent of the cross L2T x 0100
.described by Berchoux and Gascon (1965) and whi ch has been p 1anted in many
countries.
The La Mé population has been distributed to many countries including Indonesia
and Malaysia. It transmits good yield on palms with relatively short trunks.

Pobe
This population is derived from 14 tenera in Oahomey.
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New populations: Yacoboue and Angola

Popu1ations are being deve l oped from twc new or rq ms . r~eunier (1969) ~cribes a
prospection of wi1d palms in the Ivory Coast which resu1ted in the 5~~ctian af
19 tenera at Yocoboue as the foundation for a new breeding populaticm.

In 1970.a population derived from 14 tenera palms in Angola was pla ~d and is
being deve1oped.

A number of origins are however recognised inc1uding Aba, Ca l abar , l'ru,a and
Benin in Nigeria. Two popu1ations originating from Ca1abar are of interest .

Dabou De1i dura

The Dabou De1i dura population which was developed by IRHO has a7nady been
discussed.

NIFOR Populations

The NIFOR breeding programme d id not specifically attempt to t2ep base
popu1ations separate accordin9 to geographic origin (Hardon 1976 p .. 1

Ca1abar 2560 (see Hartley 1967 p 214)

The self of Calabar 256 was high yielding. A selection in the se1f W3 Nf 3.417
which was cgain seHed to produce progeny Lb 051 which also yie der! e l l . But I
other progenies derived from CA 256 'do not appear interesting aoo nave- lcw
oil/bunch.

Caiabar D X P

Sparnaaij et al 1963 p 135 describe the Cal abar pl ot planted in 191 - 16 and
the O x P crosses used to study she11 inheritance and p1anted at NIFfrom 1952
to 1954. Se1ections from this D x P popu1ation include NF 5.1654, 6.594, F
32.364, NF 32.2612 and NF 32.3005 which are of interest for t ::> fol lo inq
reasons.

IRHO use some pisifera in the fo110wing crosses

NF 5.1654 x NF 32.364 = WA3
NE 6.594 x FF 32.364 = WA9

and this popu1ation has been intrcduced to Indonesia (Fig. 10) to áf used for
seed production.

In Sabah breeding programme some Deli x NF 32.3005 progenies did wel at Banting
and gave very high oi1 to bunch figures. One progeny gave the hig'.ê5i oil yield
in the trial. •
At Lobe the self of NF 32.368 is Lb 370 and the self of NF 32.3005 '5 avai1ableõt Ulü Düsun ai.d ga~ting as 1T 409.
n ::re i s no BPRO but one coul d be cr eate í by cross i ng Lb 370 and TI •. 9. :h=re
is evidence that palms from 5uch a BPRO would combine well with De1i ~ra.

The above account may not do jus+ ice to the wcrk dane at N1FCí{ :!i! -~erE ~s ê
shortage of infor~atior..
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Minor BPRO's at Bing

These are some minorlt Binga which may be of interest in the future.

Mayumbe Nine croom this o r i q i n were p1anted in the "b1oc d'
acclimatement" follospection by INEAC between the mouth of the Zaire
river and the Congo-le border. These pa1ms are sma11. They were not used
in the Binga breedinnme.

Brabanta A P1aatBrabanta (Near 11 1ebo i n the Kasa di stri ct of
ZaireJ was plõnted wlings from local wild palms. A number·were selected
and their 'l eq it imat es s cp l ant ed at Yaligimba. There are ten progenies of
a second generation l. Bunch y ie l ds are good but oil to bunch poor and
there is not as muchlce to wilt as had been expected.

Pindi The deve of this population is the same as the Brabanta
population but origil Pindi plantation near Kikwit about 400 km east of
Kin Shasa. There are:nies at Binga.

Mongala Binga is~onga1a river and a nearby district is Mongana. Part
of Binga was planteded from wild pa1ms in Mongana. A few were se1ected
for inclusion in t hor-oqr amme. Pa1m 1080 Bi was an exceptional parent
(now de ad ) , There i se pure Mongana progeny ILb 142) the bunch yi e 1d i s
average ~ it i s wi 1t t but the progeny mean oi 1 to bunch (tenera pa 1ms )
is an outstanding 2éeved by a very thick mesocarp and a very high oi1
content i n the rne sthe fruit to bunch fi gure i s 1 ittl e better than
average.

Minor BPRO at Lobe

Bamenda 81 aak pd i n the Bamenda hi gh 1ands of Cameroon where the
populations were of1 and rather isolated. About 25 open pol1inated
progenies (10 palms re planted at Lobe and records are available . The
palms are low yie1d poor oil to bunch but they are very small and
compacto

..

Oiscussion

The paper shows dld t -e many "Breedi ng popul at i ons of restri cted or igi n" .
Evidently these popu~il1 be introgressed to produce seed and to generate
ortets.

Is it desirable thatO's shou1d be improved generation after generation
to conserve the pur'he popul ation? Or may it be sufficient to conserve
the base population .ervat ion" methods such as the retention of a few
seed at random from crosses as possible? Perhaps both approaches are
required.

•
Justification for co~ improving a BPRO could include:

the conservatgroups of genes or recess ive genes transmi tt ing
special charath as disease resistance

the greater c successful introgression if the populations to be
crossed have ~oved
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If it is accepted that each BPRO should be further developed without
introgression how big should each generation be? How many parents are required
from each generation, what shou1d the crossing programmes be and how many pa1ms
are required in each progeny?

Some of the BPRO's are very arge indeed and some are spread over two or three
countries. Wou1d resources be more effectively used if the size of the big
BPRO's was reduced and the resources released used to increase work on the sma1l
BPRO's?
Some of the small BPRO's are soecu1ative and of limited immediate interest to
the "commercial" research stat ions . In the longer term the small BPRO's are of
vital importance. Wou1d it be desirable and possib1e to organise some form of
international collaboration to ensure that the small BPRO's are given sufficient
attention?

•
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FIG. 4
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SLIDE C

l.Ist and orlalns of plantln, material usccJj.1\ IRHO prograrnmd ,I

-
Orlgin Date of Principal strains or parenta Ocnomination

introduction - oforigin in lhe IRHO
progrumrncs

lvol)' Coast Bingervillc 1924 -1930 21 teneras, 8rt 10, B 212 Le Me
Yocobouê 1969 19 tenera Yocoboue
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Adja-Ouéré

Yanpmbl, Zaire (INEAC) Palmeraie de Ia Rive, Ojongo 1949 - 1953 7R, 16R, 36R, 37R, 68R, Yangambi
Yawenda, Isangui, Barnboli DOR, 229R, 4S5R ...
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PHENJTYPIC VARlATION IN NATURAL POPULATIONS OF CAIAuB (Etaw o,f.JLJ...6eAa (H.B.K.)

Cortês) IN THE BRAZILIAN A~ON

Edson Barcelos1, Márcio de Miranda Santos 1, Maria Elizabeth C. Vasconcellos2

1. Introduction

The possibility of employing Ela~ ot~6eAa germplasm as a source of genetic
variability in breeding programs for oil palm (Ela~ guJ...neen6~ Jacq) is an
important strategy for the solution of problems presently hampering cultivation,
such as better quality of oil, greater disease resistance and slower trunk growth
(HARDON 1969, VALLEJO e;t ai: 1975, MEUNIER 1975 and 1976, MEUNIER e;t at: 1976).

Although the species is widely distributed throughout Brazil, little is known
.about. its characteristics as well as the pattern of variation existing among
mater ials collected in their matural conditions, factors of great importance in
defining programs for exploring genetic resources of a species (001 e;t at: 1979

and 1981, RAJANAIDU 1983).
X The present work, based on data obtained from natural populations of E.

ot~6eAa in the Brazilian Amazon and compiled during a j oint Empresa Brasileira
de Pesquisa Agropecuária-EMBRAPA! Institut de Recherche pour les HuileSet Olêagi
neux - IRHO survey; analyses the characteristics considered most important for
intra-and inter-specific genetic breeding programs. In spite of the great
environmenttl heterogenety acting upon the populations and which must have an
influence on some of the variables studied, the results revealead aspects of
the pattern of variation that exists in this species.

1Agronomist M.S. Geneticist - CNPSD-BVIBRAPA - Cx. Postal .319 - CEP. 69.000 - Ma
naus-AMo

2Agronomist M.S. Statistician - CNPSD-BIBRAPA - Cx. Postal .319 - CEP. 69.000
Manaus - AM.
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rI. Materüüs anel Meth6ds

The data presented here were obtained during a survey undertaken for the
co11ection of E.oteióeha seeds that =overed the majority of the area of
occurrence of this species in the Brazilian Amazon. "~I/:~_-LL',:~Jt- 0~' {I/,;"'!/'.;"i.' ,,-,pC

b 1;',:-;
The area surveyed was divided into 6 regions (Figure 1), with collections in

5 to 13 locations or popu1ations per region and samp1ing 2 to 2S p1ants per
location?'Dn1y plants presenting ripebrnches were samp1ed and the -char act eristi.cs-
1inked to habitat, population and to the vegetative and reproductive systems of
the plant were registered.

1. Characteristics studied

Measurements were taken according to the methodology employed in studies
on oil palm _(CORLEY e;t a..t, sd). Information was collected on a total of 29
characteristics relating to vegetative and reproductive organs of the planto

On1y those characteristics relevant to breeding will be described III

this study although some analyses were performed considering alI the variables
originally involved.

The following variables were studied:

Xl length of foliar rachis - an
Xz weightof bunch - kg
x3 percentage of normal fruits
x4- percentage of parthenocarpic fruit

Xs percentage of mesocarp in normal fruit
/

x6 average weight of normal fruit - g

x7 percentage of oil in dry mesocarp
x8 percentage of oil Unsaturation



U,).

2. Statistical Analysis

Considering the number of different plants sampled per population as
well as the lack of standardization on the number of populations studied,
a hierarchical analysis was applied as a model for variance analysis in
order to determine the effect of plants in populations and the effect of
populations within regiors (KENDALL e;t ai: 1966, SEARLE 1971, SNEOECOR e;t ai.
1974, KEMPTHORNE 1979).

=

The total variation of each characteristic was detennined by cal.culatirg
the average, rninimum and maximum value, standard devíation and coefficient
of variation for each.

The average for each characteristic studied was compared with those
obtained for each region.

~ 3. Discriminant Analysisl"S'
(1'1The generalised distance method of mahalanobis was applied

employing a total of 29 vegetative, reproductive and oil characteristics
in order to synthetize the differences among regions in relátion to the
total of availab1e characterístics ~OBIS 1948, RAO 1964, KENALL e;t
ai. 1966, MEUNIER 1969 & RAJANAIDU e;t ai. 1979).

111. Resu1ts and Discussion

The total phenotypic variation for the 8 characteristics studied is
shown in Table 1. The coefficient of variation (C.V.)varied between 8,1% and
109,37. The percentage of unsaturat í.on.present.ed the lowest value (8,1% )
while the percentage of parthenocarpic fruits OIlthe bunch (X4) was
the largest one. The coefficíents of variatioIl found are in general hígher
than those found for the species in the experíment.a.l.p1antatíons in Costa
Rica (ESCOBM 1980) and similar to the va1ues found for natural populations
of oil palm that occur in the lvory Coast (MEUNlER 1969) and rn Nigérla
(RAJANAlDU e;t ai..1979).
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The values found for the characteristics studied were consistently sup~
rior to those found for the species in natural populations in Honduras, Nica
raguá, Costa Rica, Panamá and Colômbia (RAJANAlDU e;t ai. 1983) as well as
those found for material of various origins planted in experimental· .condi
tions in Costa Rica (ESCOBAR 1980).

This fact shows a more detailed description ofthedata presented earlier
(001 19,81)where characteristic of bunch and fruit of Brazilian otúnVta.
materiál were compared wi th that of different origins (Colômbia, Suriname
Costa Rica, KlM).

The variance analysis (I'able 2) indicates the existence of significant
differences among regions for alI the characteristics studied~ Si
milar differences were fround among the populations, except for the
characteristic percentage of oil in dry mesocarp (x7). Whenthé averages are
compared among regions (Table 5), it can be observed a .striking
difference between region 4 and the others for foliar rachis length (xl) and
bunch weight (X2) being much lower than the average values found
for other regions. The other characteristics studied (percentage of normal
fruit (X3), percentage of parthenocarpic fruit (X4), percentage of mesocarp
(x5),percentage of oil in dry mesocarp (x7) and percentage of oil uns atura
tion (x8) do not presented very significant differences among the various
regions (Figure 2 to 9). Figure 1 shows that region 4 (Manaus Caracaraí
Highway) is geographica1ly close to Surinam where the E.otúnVta. material
studied presents characteristics that are distinct from those of material
originating from Costa Rica, Honduras, Panamá, Nicaraguâ and Colômbia. This
lead to conclude that there is a .strong relationship between the material
from reg ion 4 and Surinam.

The variance decomposition (Tahle2)shows that the characteristic foliar
rachis (Xl) has its greatest source of variation (60%) due to differences
arong the regions and is mainly influenced by the low average (263,6) presented
by region 4 ~ Manaus Caracaraí, representing material with low vegetative
development, and by the high average (472,7) presented by region 6 - So
limões river, indicating material wíth a great vegetative development. ~e
other characteristics, with the exception of percentage of normal fruit
(x3) and the percentage of parthenocarpic fruit (x3) for which the II}3-inva.

riation istre-due tciintrapopulation differences (the latter beíng not significant),
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present as the malll component of variance the differences verified among plants
of a same population.

t.
The rnahalonobis differences (D2) computed among the regions, in function

of 29 characteristic (vegetative, reproductive, oil content etc), indicate the
existence of significant differences among alI the regions studied (Table4).
Considering these values as a measurement of divergence between materiaIs
occurring in different regions, one can observe that Region 4 - Manaus / Caraca
raí is the most distant region (Figure 9). This information can be employed to
guide breeding programs for this species, where region 4, for example, couldbe
crossed with any other region. Regions I - Manaus, 2- Madeira river and 3-
rnid-Amazon river shcul.d not be crossed among each other, the same being true
for the regions 5 - Negro river and 6 - Solimões river.

Electrophoresis of this material will eventually be performed in order to
better define the pattern of genetic variation of thi~ species in the Brazilian
Amazon.

" IV. Conclusions

Natural populations of Etaei6 o~ein~ occurring in the Brazilian AIDazon
present a phenotypic variation thats permits to be ranked into at least
two clearly defined groups : material from the region of Manaus-Caracaraí. that
is similar to material from Surinam, and material from the other reglons
similar to that of other regions of Central and South Arnerica.

The characteristics studied presented values (averages, rnini:murn.s and
maximums) superior to those obtained for this species in other countries. For
this reason, t.hegenrrplasm of Brazilian E. otei6eJLa has a greater" potencial
for success in breeding programs.

/

..
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TABLE 1 - Phenotypic characteristics observed on p1ants from natural popu1ations of Elaei6 ol~ó~ (H.B.K.) Cortês)
of the Brazi1ian Amazon, 1985.

-
O-IARACTER!STICA . N* .Mean. Min Max CJ C.V. t

Xl - Po1iar rachis 1ength - em 299 393 188 647 93,78 23,86

x2 - Bunch weight - kg 205 6,7 0,9 18,0 3,67 54,78

x3 - Nonna1 fruits (%) 171 59,42 11,2 90,5 15,74 26,50

x4 - Parthenocarpic fruit (%) 157 9,52 0,0 45-,7 10,39 109,37

x5 - Mesorcarp (%) 176 46,0 14,6 62,3 6,51 14,15

x6 - Average norma I 'fruit we í.gth 187 7,87 3,45 14,66 2,30 29,22

x7 - Oi1 (%) in dry mesocarp 171 42,84 16,10 57,20 6,52 15,23

x8 ~ unsaturation!oiJ (%) 171 70,11 59,98 77 ,66 5,69 8,12

N - number of observations .

•



TABLE 2 - Variance ana1ysis of pllenotypic characteristics.observed on p1ants from natural popu1ations of Eta~
otei6~ (H.B.K.) Cortês of the Brazi1ian Arnazon, 1985.

CHARACTERrSTI C S Mean square Variance components %
-
P1ant Popu1ation Region P1ant Popu1ation Region

Xl - Fo1iar radlis 1ength - em 2.340 15.460** 194.560** 20 20 60

x2 - Bunch weight - kg 9,21 19,42* 28,86* 78,2 18,8 3,6

x3 - Normal fruits(%) 66;6 634,4** 238,8** 30,8 69,2

x4 - Parthenocarpic fruit (%) 40,0 247,5** 321,2** 41,3 56,5 2,1

Xs - Mesocarp (%) 25,9 59,9** 164,2** 64,9 22,4 12,7

x6 - Average normal fruit weigth 2,4 7,3** 19,9** 57,3 28,1 14,6

x7 - Oi1 (5) in dry mesocarp 39,7 35,4 366,7** 69,9 - 30,1

x8 .- Unsaturation oiI (%) 6,5 21 4** 39,3** 58,0 35,9 7,0,

* significant at 5%•** significant at 1%.
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TABLE 3 - Comparison between mean values among regions for phenotypic characteristics observed on natural populations
of Ela~ oiei6~a (H.B.K.) Cortês of the Brazilian Amazon, 1985.

Mean value
Region xl x2 x3 x4 x5 x6. x7 x8

1 - Manaus 406, \c 8,Ob 59,2ab 15,6b 44,la 5,Ra 39,Sab 69,9abc

2 - Madeira river 399,2bc 7,4b 55,4a 7,la 4S,4a 8,4b 44,4c 71,7 cd

3 - Mid-Amazon'river 421,9c 7,Sb 67,Ob 10,Sab 44,4a 7,Sb 44,6c 68,5a

4 - Manaus - Caracaraí 263,6a 2,3a 61,Sab 7,la 46,9a 7,2ab 42,2bc 73,5d
-,

5 - Negro river 354,lb 6,6b 5S,Sab S,6ab 46,6a 7,3ab 46,2c 69,4ab

6 - Solimões river 472,7d 6,5b 55,2a S,lab 45,5a 2,55b 36,3a 80,Sbcd

Obs: The mean va1ues fo110wed by identiç aI letters do not differ significantly.

•
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TABLE 4 - Significance study of Maha1anobis distances among regions

Regions
Regions 2 3 4 5 6

5 - Negro rlver

3,45** 3,04** 7,72** 4,03** 4,71**

3,55** 8,56** 4,32** 5,13**

8,48** 3,82** 5,20**

8,01** 7,31**

4,62**

1 - Manaus

2 - Madeira iiver

3 - Mid- Amazon river

4 - Manaus - Caracaraí

6 - Solimões rlVBr

**significant at 1%

.•.
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PHEJ\D1YPIC VARlATION IN NATURAL POPULATIONS OF CAIAut (U.a.w o.te-<'Óe/1..a (H.B.K.)
Cortês) IN THE BRAZILIAN A~ZON

Edson Barcelos1, Márcio de Miranda Santos 1, Maria Elizabeth C. Vasconcellos2

1. Introduction

The possibility of employing E.taw o.te.-<-6eAagermplasm as a source of genetic
variability in breeding programs for oil palm (E.taw gu-<-neenó~ Jacq) is an
important strategy for the solution of problems presently hampering cultivation,
such as better quality of oil, greater disease resistance and slower trunk growth
(HARDON 1969, VALLEJO eX ai.. 1975, MÉUNIER 1975 and 1976, MEUNIER et: a.e. 1976).

Although the species is widely distributed throughout Brazil, little is known
about its characteristics as well as the pattem of variation existing among
materiaIs collected in their matural conditions, factors of great importance in
defining programs for exploring genetic resources of a species (OOr e:t .a.e. 1979

and 1981, RAJANAIDU 1983).
X The present work, based on data obtair.ed from natural populations oÍ E.

o.te.-<-ne/1..a in the Brazilian .Amazon and compiled during a joint Empresa Brasileira
de Pesquisa Agropecuária-~ffiRÁPA! Institut de Recherche pour les HuileSet Olêagi
neux - IRHO survey~ analyses the characteristics considered most important for
intra-and inter-specific genetic breeding programs. ln spite of the great
envi.ronmerrtáfhetn-·--_...,--.:-.cty acting upon the populations and which must have an
influence on some of the variables studied, the results revealead aspects of
the pattern of variation that exists in this species.

1Agronomist M.S. Geneticist - CNPSD-~rnRAPA - Cx. Postal 319 - CEP. 69.000 - Ma
naus-AMo •••

2Agronomist M.S. Statistician - CNPSD-~rnRAPA - Cx. Postal 319 - CEP. 69.000
Manaus - A\1.
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H , MateriaIs and Methods

The data presented here were obtained during a survey undertaken
collection of E.ot~6~a seeds that ~overed the majority of the
occurrence of this species in the Brazilian Amazon. /W'.(.' _fI" :-C/L /:!j'

for the
are a of
(.//: .. /'/ ..:... -,/~.~~,'

/;: '. :
The area surveyed was divided into 6 regions (Figure 1), with collections in

5 to 13 locations or populations per region and sampling 2 to 25 p1ants per
Iocat í.on/Dnly plants presenting 'ripetunches were sampled and the "charact.er i.st i.cs

Iinked to habitat, popu1ation and to the vegetative ard reproducti ve systems of
the plant were registered.

1. Characteristics studied

Measurements were taken according to the methodology employed in studies
on oil palm (CORLEY et ai, sd). Information was collected on a total of 29
characteristics relating to vegetative and reproductive organs of the planto

Only those characteristics relevant to breeding will be described in
this study a1though some analyses were performed considering alI the variables
original1y invo1ved.

The fo1lowing variables were studied:

Xl length of foliar rachis - em
Xz weight of bunch - kg
x3 percentage of normal fruits
x4 percentage of parthenocarpic fruit
Xs percentage af mesocarp in normal fruit
Xó average weight of normal fruit - g
x7 percentage of oil in dry mesocarp
xg percentage of oil unsaturation



-- .~--\
;; .' '-,:~\ \\~:.:<,;~).
\\.;~~.f~'"

',p
Considering the number ~f d~fferent plants sampled per ~opulatio~ as-: ~/

well as the lack of standardlzatlon on the nurnber of populatlons studled, .'
a hierarchical analysis was applied as a model for variance analysis in
order to determine the effect of plants in populations and the effect of
popul.ati.onswithin reg i.ors(KENDALL e;t a.1, 1966, SEARLE 1971, SNEOECOR e;t a.1,
1974, KEMPTHORNE 1979).

2. Statistical .4nalysis

The total variation of each characteristic was determined by caIcul atírg
the average, minimum and maximum value, standard deviation and coefficient
of variation for each.

The average for each characteristic studied was compared with those
obtained for each reglon.

~ 3. Discr~t Analysisl~
r'\\

The genera1ised distance method of mahalanobis was applied
employing a total of 29 vegetative, reproductive and oil characteristics
in order to synthetize the differences among Tegions in relátion to the
total of available characteristics ~AHALANOBIS 1948, RAO 1964, KENALL e;t
a.1, 1966, MEUNIER 1969 & RAJANAIDU e;t a.1, 1979).

111. Resu1ts and Discussiou

The total phenotypic variatiou for the 8 characteristics studied is
shown In.Table 1. The coefficient of variation CC.V.)varied between 8,1 % and
109,37. The perceutage of unsaturatiou presented the lowest value (8,1% )
while the percentage of parthenocarpic fruits ou the bunch (X4) was
the largest one. The coefficieuts of variatiou found are in general higher
than those found for the species in the experimeutal plantations in Costa
Rica (ESCOBAR 1980) and similar to the values found for natural populations
of oil pa.Im that occur in the Ivory Coast (MEUNIER 1969) and in Nigêrla
(RAJAN~AIDU e;t ~.1979). •
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The va1ues found for the characteristics studied were consistent1y sup~
rior to those found for the species in natural popu1ations in Honduras, Nica
raguá, Costa Rica, panamá and Colômbia (RAJANAlDU et ai 1983) as we11 as
those found for material of various origins p1anted in experimental condi
tions in Costa Rica (ESCOBAR 1980).

This fact shows a more detailed description of the data presented ear1ier
(001 1981) where characteristic of bunch and fruit of Brazi1ian olein~
rnateriá1were compared with that of different origins (Colômbia, Suriname
Costa Rica, KI.M).

The variance analysis (Table2) indicates the existence of significant
differences among regions for alI the characteristics studied~ Si
lnilar differences were fround among the populations, except for the
characteristic percentage of oi1 in dry mesocarp (x7). When:thé averages are
compared among regions (Table 5), it can be observed a striking

-,

difference between region 4 and the others for fo1iar rachis length (xl) and
h;mch weight (X2) being much lower than the average values found
for other regions. The other characteristics studied (percentage of normal
fruit (X3), percentage of parthenocarpic fruit (X4), percentage of mesocarp
(xS),percentage of oil in dry mesocarp (X7) and percentage of oil uns atura
tion (x8) do not presented very significant differences among the various
regions (Figure 2 to 9). Figure I shows that region 4 ~funaus Caracaraí
Highway) is geographically close to Surinam where the E.oleineJ1.a. material
studied presents characteristics that are distinct from those of materíal
originating from Costa Rica, Honduras, Panamá, Nicaraguá and Colômbia. This
1ead to conclude that t1''::l·eis a .strong relationship between the material
from 'region 4 and Surinam.

The variance decomposition CTable2)shows that the characteristic foliar
rachis (xl) has its greatest source of variation (60%) due to differences
amng the regions and is mainly influenced by the low average (263,6) presented
by region 4 ~ Manaus Caracaraí, representing material \~th low vegetative
development, and by the high average (472,7) presented by region 6 - So- ...
limões river, indicating material with a great vegetative development. The
other characteristics, wi th the exception of percentage of normal frui t
(x3) and the percent age of par thenocarp.ic fruit (x3) for whi.ch the rnain va,

riation ist re due tóintra population differences (the latter being not significant),
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present as the rnain component of variance the differences verified among plants
of a same population.

t.
The mahalonobis differences (D2) computed among the regions, in function

of 29 characteristic (vegetative, reproductive, oil content etc), indicate the
existence of significant differences among alI the regions studied (Table4).
Considering these values as a measurement of divergence between materiaIs
occurring in different regions, one can observe that Region 4 - Manaus/ Carac~
raí is the most distant region (Figure 9). This information can be employed to
guide breeding programs for this species, where region 4, for example, couldbe
crossed with any other region. Regions 1 - Manaus, 2- Madeira river and 3-
mid-Amazon river should not be crossed among each cther , the same being true
for the regions 5 - Negro river and 6 - Solimões rivzr.

Electrophoresis of this material will eventually be performed in arder to
better define the pattern of genetic variation of thi~ species in the Brazilian
Amazon.

IV. Conclusions

Natural populations of Eia~ oiei6~ occurring in the Brazilian Amazon
present a phenotypic variation thats permits to be ranked into at
two clearly defined groups: material from the region of Manaus-Caracaraí. that
is similar to material from Surinam, and material from the other regions
similar to that of other regions of Central and South America.

least

,

The characteristics studied presented values (averages , IIllill.ll1UlTIS and
maximums) superior to those obtained for this species in other countries. For
this reason, lhe germplasm of Brazilian E. oiein~a has a greater
for success in breeding programs.

potencial

••
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TABLE 1 - Phenotypic characteristics observed on plants from natural populations of Eta~ oició~ (H.B.K.) Cortês)
of the Brazilian knazon, 1985.

CI-IARACTERrSTICA N* C. v. %Mean Min Max o

Xl - Foliar rachis length - em 299

X2 - Bunch weight - kg 205

X3 - Normal fruits (%) 171

X4 - Parthenocarpic fruit (%) 157

X5 - Mesorcarp (%) 176

X6 - Average norma l frui t weigth 187

X7 - Gil (%) in dry mesocarp 171

X8 .".unsaturation!oiJ- (%) 171

393

6,7

59,42

9,52

46,0

7,87

42,84

70,11

188

0,9

11,2

0,0

14,6

3,45

16,10

59,98

647

18,0

90,S

45,7

62,3

14,66

57,20

77 ,66

93,78

3,67

15,74

10,39

6,51

2,30

6,52

5,69

23,86

54,78

26,50

109,37

14,15

29,22

15,23

8,12

N - numbe r of observations •
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TABLE 2 - Varianee ana1ysis of phenotypie eharaeteristies.observed on p1ants from natural popu1ations of E.ta.e-ú
oiuóeJta (H.B.K.). Cortes of the Brazilian Amazon, 1985.

CI-lARACTERrSTI C S Mean square Varianee eomponents %
-
Plant Popu1ation Region P1ant Popu1ation Region

xl - Fo1iar rachis 1ength - em 2.340 15.460** 194.560** 20 20 60

x2 - Bunch weight - kg 9,21 19,42* 28,86* 78,2 18,8 3,6

x3 - Nonnal fruits (%) 66,6 634,4** 238,8** 30,8 69,2

x4 - Parthenoearpie fruit (%) 40,0 247,5** 321,2** 41,3 56,5 2,1

x5 - Mesoearp (%) 25,9 59,9** 164,2** 64,9 22,4 12,7

x6 - Average normal fruit weigth 2,4 7,3** 19,9** 57,3 28,1 14,6

x7 - Oil (5) in dry mesoearp 39,7 35,4 366,7** 69,9 - 30,1

x8 - Unsaturation oil (%) 6,5 21 4** 39,3** 58,0 35,9 7,0,

* si.gni.ficant at 5%
** signifieant at 1%.
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TABLE 3 - Comparison between mean va1ues among regions for phenotypic characteristics observed on natural populations
of Eiaw o.tú6eJUt (H.B.K.) Cortês' of the Brazilian Amazon, 19S5.

'Mean value
Region xl x x3 x4 x5 x6 x7 Xs2

1 - Manaus 406,7bc S ,Ob 59,2ab 15,6b 44,la 5,Ra 39,Sab 69,9abc

2 - Madeira river 399,2bc 7,4b 5S,4a 7,la 4S,4a S ,4b 44,4c 71,7 cd

3 - Mid-~TIazon'river 421,9c 7,Sb 67,Ob IO,Sab 44,4a 7,Sb 44,6c 6S,5a

4 - Mrulaus - Caracaraí 263,6a 2,3a 61,Sab 7,la 46,9a 7,2ab 42,2bc 73,Sd

5 - Negro river 354,lb 6,6b 5S,Sab S,6ab 46,6a 7,3ab 46,2c 69,4ab

6 - So Limêes river 472,7d 6,Sb 55,2a S,lab 45,Sa 2,55lJ 36,3a SO,8bcd

Obs : The mean values followed by Ident í.c al Iet ters do not differ significant1y .

•
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TABLE 4 - Significance study of Maha lanobi.sdistances among regions

Regions
Regions 2 3 4 5 6

1 - Manaus 3,45** 3,04** 7,72** 4,03** 4,71**

3,55** 8,56** 4,32** 5,13**

8,48** 3,82** 5,20**

8,01** 7,31**

4,62**

2 - :Madeira Tiver

3 - Mid- Amazon river

4 - Manaus - Caracaraí

5 - Negro river

6 - Solimões river

**significant at 1%
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INI'RCOucrrON

The International Board for Plant Genetic Resources -

familiarly known as tlE IBPGR- was established in 1974 by the

Consultative Group on Int.erriat í.onaI Agricultural Research (CGIAR).

The basic mandate of the IBPGRis to help to organize a global

netv..ork of plant genetic resources centers whose activities will

serve to safeguard, ard to keep readily available for exchange

and use the genetic diversity of the major crop species and of

other plants of eoonornic irrportanoe.

When the IBPGRwas created it was faced with a <'1.aunting

task and. had to find its own way in the previously untrodden

frontiers of plant genetic resources oonservation. 'TI1erewere

very few properly organized national and international prograrrrres

and the priorities were only defined in broadest; terms and

action plans were lacking.

The IBPGRin close association with the United Nations

Food and Agriculture Organization (FAD)initiateà. its activities

first by developing a list of priori ties arronq crops and

geographical regions (IBPGR,1976) and seoond by translating

such priorities into action p~ogrammesby fielding oollecting

missions for major staple food crops - especially in the case

of emergency s.l+uat.í.ons, for example, sorghum and millet

collection in drought hit Sahelian zone of vJest Africa f'rom 1975

onwards. The priorities include oereals, food legurres, root

and tubers, oilseed crops, vegetables fibre crops, sugar and

l::everages. The Board' 5 strategy has been and will oontinue to te,
the assessment ~~d continued revision of priorities for action.

For instanoe sorghum and pearl millet rate::l +he highest global

priority in the 1970's but this was lo~ered to a seoond priority

in 1980's inview of the practical work already undertaken or

acccmpl.í.shed by the Board anel other insti tUtiODS Lí.ke I CRISAT.

At the sarne tirre in early 1980' s some major fruit crops were added

(IBPGR1981) to the list of priority crops and by 1982 forage

grasses and. Leqimes were added.

. .. 2/-



2

OU PALMGEl'lETlCRESCXJRCES

Although, oil palrnwas accorded second priority, relatively

a very high priority for action, the lBPGRinvolverrent in
collection anelconservation of Elaeis species was rní.nírraL Tn

accordance with the BoardI s mandate the majarity of its furrls

have been and will in the future continue to te allocated for

WJrkon major focd crops. HOdever,the lBPGF.has not neglected

oil palrn cor:pletely. Tn 1982 the Board has provided a grant to

Pa.lmOil Research Insti tute of Malaysia (PORTI1)to collect oil

palrn gennplasrnin Central Arrerica and also closely colla1:xJrated

with PORIMduring 1984 in its collecting efforts in Africa. The

lBPGRconveneda WorkingGroupon the Genetic Resources of Oil
Palm (Elaeis species) during September 19-21, 1984. The l-Varking

Groupreviewed the existing collections. Based upon t.~e information
-,

on existing collections the Group identified the geographical areas

for future collecting. They are: AnqoLa, centrcl and e'astern parts

of Zaire, Congoand Gaton, parts of Cameroon,lvory Coast and
Bahia regiOQ_of Brazil for Elaeis guineensis, and Venezuela,

Brazil, The Guyanasand Surinarre for ~' oleifera. As one might
expect the collection in Halaysia housed by PQRTI1was conaí.der'ed

to te rrost o:::rnprehensivein the world and since the Gaverrurentaf

Halaysia has offered that this oollection is fully and freely
available, . the Group suggested that PORTI·1collection to te

designated as a "Universal Collection" and collections in Brazil

and Ivory Coast to serve as duplicate reposi tories. The Board
ar .;:'" recent rreet.í.nqin February 1985 agreed to the a1:xJve

reccnmendat.í.onsof the WorkingGroup and 'rhe lBPGRSecretariat

in the near future will contact the relevant authorities in this

regard.

•••
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IBPffiAcrIVITIES NU) A.CCOfvlPLISHIfl-lTSD(JR.IN3 FIRST DECADE

(1874-1984)

Wh2nthe IBPGRwasestablished in 1974 there was littIe

awareness by the general publí.c anelgovernrrents of the Irrperat.íve

need for an Lnt.ez'nat.í.onal,prcqranrre for pl.ant. gerrrplasm

conservation.

By the t.írre the IBEGRcanpleted i ts first decade, th.e Leve.I

of general awareness had been raised mrrkedly. The IBPGRwas
Lnstirurrent.a.Lin focussing awareness on the need for crop ge:rrrpIasm

conservation and has in fact precipitated a great deal of action

world-wide to coIIect, conserve and ~ freeIy avaiIabIe for alI

users, significant parts of the genepools of numerouscrops.

This has been matched by the estabIishment of storage faciIities

to hol.d base and acti ve collections of gerrrpIasm. 'I'he conservation

rnovementhas not only recently pIayed a part in raisL~g t~e
understanding of general public for conservation of crop genetic
diversi ty but also the governrrents are becomingaware of their

responsibiIities in this fieId and in 1982 FAO Conference requested
+hat; an International Urrlertaking and a Canrnissionon PLant;

Genetic Resources should be fonred. The first rreeting of the FAO

Ccmmissionon PLant;Genetic Resources was heId, 11-15 March 1985

Tte IBPGRhad a rerrerkabIe cata.Iyt.í,c effect on international

action over the past ten years and to have provided heIp-both
technical and f.í.nancd.a L - to hundreds of centers worLd-wide, 'Ihe

deveIoprrents have ccxreabout Iargel y through IBPGRsupport to

various national, regional and international prcgrarr.rresand also

with the gcod wiU of scientists and their insti tutions, around ..••

the world a::rnprising al::out100 countries and 580 institutes,

particularly the International ÃgriCllltural Research Institutions'

of the CGIAR.
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Oneof the most striking results of the Board's activities

has been the rrobilization of test scientific advise 50 that the

collections, conservation and docurrentation of the samples can
te targeted to ernergencysi tuations and to fill i.rrp:)rtant gaps

in existing collections. This has resul ted in larger collections
teing available to plant breeders than ever existed before in the

history of plant breeding. 'I'lE IBPGRis greatful to the voluntar:y

ccoperation of the scientists.

Collection: Overpast 10 years +he IBPGRhas organized and/
or associated with 582 col.Lect.inqmissions in more then 90

countries and gathered over 121,000newseed samples.

The missions in rrost cases left corrplete sets of dupl.Lcat.es'
in the country of origino Althoughmost mí.ssí.onswere for seed

crops, action after 1980was initiated on clonally propagated
crops, especí.al.Lyrcot and tuter and plantation crops. In the

comingyears the collecting workwill te upgradedand makei t

more scientific. TheprincipIe emphasiswouldte on eco-geographical
surveys and rnuchgreater attention wí.Ll,te given to wild relatives

inorder to makeexisting collections, more fully representative of

the genepcx:lls.

Conservation: In 1978there 'V.ereonly six genebanksin the

world with suitable facilities and equiprrent to store gernplasm

for long-term securi ty . TheBoardover the years encouraging and

assisting countries in setting up ge,nebanks' It has provided

basic equiprrent to national genebanksin several countries.
During 1983the IBPGRprovided fÚndS to NaIaysia to set up a
rredium-termstorage facility at !-lARDI.The Boardduring the past

J.ecadehas designated 46 centers in 31 countries as base collections

anel they cover 30 seed crops. Of the 46 centers 25 are located

in 18 developing countries. The networkof base collections is

in place but it needs fine tuning. 'Ihere are manysarrples that

reed to te duplicated for safety within the network}crere are
rranyof these genebankswhí.chrequire their standards lcoking

at and beIp teing given to upgrade tre.í.r practical work. TheBoard

•••
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through i ts support; to research workon seed physiology has

developed bo+hconceptual and teclmical standards for seed

conservation. Based on t.hese +be IBPGRseed storage canrnittee

finalized star.dards for the international register of genebanks,

whichwill be used for rroní,toring the base collection network.

In th2 comingyears the Boardwí.Ll,give priori ty to

ôeve.Iopí.nqa second tier of gerebanks - acti ve collections, whí.ch

will have rredium-tenn storage facili ties and will be responsible

for day-to-day work on rnultiplication, characterization and

evaluation, docurrentation and exchangeof materiaIs and inforrnation.

TlE Bcard started intensive work on cl.onal,crops since 1980

and has l:een supportin~ invitro research work for conservation,

especí.al.Lycyopreservation on cassava,' cocoa, banana, Citrus,

coconut, colocasia (taro) and sweet patato. Significant results
are beqí.nní.nqto stem frem that work, but it is tco earIy to

expect; any major results for irrpIerrentation as serre of tr.ese
projects have started al::outyear age. TheBoard is also estabIishing a

database on disease inàexing and biochernical characterization of

invitro cuItures and also support; work to deveLopnovel collection

techniques for clonally propagated crops and also for cacoa and

coconut.

.l.r.c.iorrrationarld docurrentation: The Board's strategy has

1:eento encourage and assist curators hol.dí.nqsigrüficant co.l.Lect.í.on

to organize a data rnanagerrentsystem for easy retrieval of

information. The IBPGRproví.dedtedmical assistance to many

genebanks in deveLopí.nqcountries to establish corrputerized

systems. 'fue Board has published internationalIy agreed descriptor

lists for about; 50 crops and inaddition publ.í.sheddirectories of

crc::pgermpIasmdirectories for rrost crops, surrrm.rrizingwhat is .•••

beLdwhere.
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Th2Board's recent errphasis has been to encourage the

estabIishITent of crop specí.fí.c data bases. The Board has also

found that crop dat.abases need to te Lí.nkedto centers where

~re is an active gerebank and where evaIuation VJOrkis in

prcgress. The IBPGRhas also involved in characterization and

evaluation of crop gennpIasmand hes provided funds to several,
national and international institution and this w:>rkwí.Ll,te

increased in tlE future inview of the great need for the data.

How=ver,tlE Board recognizes that these activities require rather

Larqe finding.

Training: Lack of trained rrBI1p)herhas been ore of tte

rrost serious drawbanksto buí.Ldí.nqLIpand inproving work on p.lant;

genetic resources, particuIarIy to tre deveIoping countries.

To bridge the gap, tle IBl?GR,since i ts inception, has been

supporting training courses, upto M.Sc. LeveL at +he University

of Binningham,UK,where a' specialized course on Genetic Resources

Conservation and UtiIization is offered to scientists from the

third VJOrIdcountries. About 200 students, of which 68%are from

45 deveIoping countries participated. In addition over '-,000

scientists/technicians were given speciIized training for short

periods in various fieIds of genetic resources work, Recer:tIy,
an intern: scberreat +he pre- and post-doctorc.l LeveI , has been
instituted by the IBPG"R.In a few years this scberrewí.Ll,have a

major impact on the world network.

During January-February 1985 the IBPGRprcgramre was

reviev;ed by a paneL of experts appointed by the Technical Aàvisory

Comnittee of the a;IAR. Dr. Hardonwas ore of the irrprotant

rnembersof that review panel. It was gratifYing to note that

tlE paneL at the outset stated that the IBPGRhas achieved what

a;IAR could have achieved in ten years ,

Th2review parel ' s report was discussed by the IBPGRat i ts
recent rreeting in February 1985. Th2Eoard consurred wí.th the v.i.ews

expressed by the pareL, Tte Board not.edwith satisfaction that
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t.be pan.e1l::e1ievedthat the IBPGRshould not only continue its

workbut that it shou1dtake significant newdirections - inorder

to respond most effective1y to changing needs of genetic resources

conservation an:i uti1ization.

A major reccmrendationof the report states that the IBPGR

should concentrate rrore of i ts attention to deveLopí.nqthe row

slender research base, whichpravides the scientific princip1es

for conservation and uti1ization of germp1asm. Tte pane1 considered
that th3 Board should be moreactive in pro,-,icUngcontract research

but in addition is firwly of the view that it should deve10pe
its awnin-hOU93research capabi1ity. CUrrently t.hí.s matter is

being discussed by the TAC. Thepane1 a1so recomrendedthat

changeof ernphasí.s in Board' s acti vi ties, should Lnc.Iuôegreater

attention to the evaluation and uti1ization of gerrrp1asmnoW in

store. TheBcard was in fu11 agreementwith +he pane1s

recomrrendation,realising very v.e1l the financial and other

implication.

•••
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LongTermConservation of Oil Pa.lrn

(Elaeis Guineensis) J.J. Hardon

------------------

i. The gecgraphic range of :clistribution
ii. Eco. systems and population structure

iii. Intra. specí.f.í,cvariation and its clistribution

Intrc:x:1uction

~ffierelong terrn conservation of a crap is consicEred, it has

to be established whyit is necessary, what should te preserved
and howi t should te dane.

Hence the first question that needs to be answered is,
whether loss of genetic cliversity is a ser.ícus problem in the

specí.es, 'Ib be able to aJ1.SW2rthis question requires inforrnation
on:

'lhe gecx:JTaphicrange of clistribution is generally given as

the tropical rainforest belt frornAngola to CapeVerde. Zeven

(1967) states that the natural habitats for oil palrn are those

areas which are toa v.et for a rainforest vegetation, i.e. sources

and banks of rivers, v.et valleys, swarnpsetc. The present wide
distribution of oil palrn is the tropical rainforest bel t of v.7est

Africa is ascr:iLed to hurnanconterferance.

t,

Prirnanary Population

Aasurrmí.nqthat ZevenI s (1967) definition of the rnatrura.L

habitat of the oil palm is correct, there SeeJTlSto be li ttle

infonra.tion published on prirnary papulations. Considering the

rrature of the habitat, it rrayte assumedt.hat;oil palrooccur

smal.Lclurrps of various dirrension. Eví.dence suggests that insect
pollination is important but that wind polLinat.í.onoccurs as we.Ll,.

. . .2/-
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In fact, wind pollination ffiêl.yte an adaptive trait increasing

the l.ikelihccd of isolated palms or very srnall clurrps to te

pol.Lí.nat.edby more distant popul.at.Ions, Distribution of seeds

takes place maJnly by birds, rcdents and by water , Hcweverit

would seeml.ikely that a rnajority seeds will remain within the

source FOPulationwhich suggests sarnedegree genotypic assortative

rnating. These largely speculative views indicate that effective
breeding populations mayte small, a situation similar to the

one reported by Ashton (1969) for tropical hardwoodspecies.

hJai.l1, assurningthat priminary populations can te identified,

frem secondary popul.at.í.onsby +he.í.rhabitat, they would seernto

be of considerable interest.

-,
Generally, in prirnary population prevailing environrnental

condí.t.í.onsof habitats or niches are mirrored in the genetic
characteristics of the popoLat.í.on,

He.nce,betweenpopaLat.í.ongenetic differentiation rnayte a

major item of variance.

SiIlce 50 l~b.l.e is kncwnabc:utpresurredprinary population

it would seern difficult to decide whether or not genetic

conservation activities are required.

At this point distinction should te rnadebeh\een "gene

pool, conservation" and "nature oonservation". Frankel (1970)

has po.irrtedout that nature conservation deals. with identifyable

habitats and conmunities while gen=~ conservation is
oonservation at the Leve.Iof species and popul.at.Lons, The need

for nature conservation to safe natural ecosysternsand bianas is

not in questione However;to decide on whether or not specific
action is needed to safequard prirninary populations of the oil
palm requires activities that are referred to as eco-çeoçraphí,c

surveys including infornation or inter and intra popul.at.í.on

variation.
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Secx:mdarypopulations

The result reported by Rajanaidu (this workshop) largely

c::oncernprobably sec::ondarypopul.at.i.onsestablished through sorre

forro of humaninterference. Thedistribution of the oil palrn
in the forest zone does not seernto be even, ranging fran isolated.
palms, to small clumpsand dense an::l extensive graves, becoming

rarer as one travels north to the àrier part.s and into the Sudan

Zone. The systenatic sarrrplingof populations carried out in

Nigeria and more recently in the Carreroonsanel Zaire are an

essential first steps in the understanding of these populations,

Tbe results indicate high variation within palms and muchless

between sites. It suggests that natural selection srd adapt:àtion
to specific environmentshas not yet lead to any extensi ve

population differentiation. Hardon (1974) suggested that whatever
pop.llation differentiation was observed maybe largely d1.Eto

genetic drift and srrall source populations rather than selecti ve

processo Tbe alternative of c::ontinuousvard.at.í.cnin a relatively
uniforro and stable env'i.rorment;as is scrret.ímesascribed to t.l,.e

rainforest of the humidtropics woul.dnot apply, as material was
'"also collected from the drier northern ragions with no apparent--- .

increase in genotypic differentiation.

These resul ts are c::onvincingsupport to the notion +hat;

the wide spread distribl'+-~':'!1 of oil palm in me rainforest zone

is indeed of recent origino Consiàering tbe nature of the

variation and the extensi ve occuren~ of oil palrns thoughout
i ts area of distribution i t wru.ldseemunl.ikal,y that as a gene

pool, this material is in danger of erosion in the forseable

future.

M3thcdsof Conservation

In sufficient infonration on pr.imínarypopulations and

their native habitats preclude decisions on the need for genetic

c::onservation. As for secondarypopul.at.í.ons, the conclusions is
that gerletic erosion rray rot, as yet be a serious t.hreat.



4

In spite of this, it would seemnecessary to start thinking

about;the rrost appropriate rrethods of conservation, as such

activities require long term strategies and planning.

Factors affecting medeof conservation at the species
Leve.Lare:

The geograpüc range of distribution

Intra-specific variation and its structure

Effective population sizes

The two major alternatives:

In situ conservation whic:his the maintenance of

self-perpectuating pcpulations in natural eco-systems.

Ex situ conservation which is the rraintenanre of---
genetic resources outside the natural ecosystem,

generally on the basis of sarrpling and under serre

form ar rranagerrent.

In Situ Conservation

In the world conservation stre.tegy prepared by the
International Union for conservation of nature and Natural

Resources (roor, UNEP, WIUF 198) the main objectives of in ~
\.:OÚ;-- ••- '- vat.í.onare given as:

to maintain essential ecol.oqâcal,processes and life

suppcrt systems

to preserve genetic diversity
•

to ensure the sustainable utilization of species

and ecosys+ems,
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HoweverI ~cientific principles on which the conservation of
?,' 1'_-" <;.\ -;1('.0 ~,~

ecosysternsand bí.crres are basid, are not neccessarily identical

~o those that should govem in si tu conservation of crop genetic

resources. Amajor consideration is that genetic resources of
oil palm cut across a wide range of identifyable ecosystems

distributed over large qeoqraphí.careas. It is assumedthat

prirnary populations can be identified as specific population

inhabiting suitable natural ecosyst.encus, Conservation of serre

of these ecosysterns is undoubtedl.yvaluable. H~ver it is

unlikely that a ITajor or representative part of the gene pool can

be rraintained in this rnannersuggesting the med for adclitiona1
ex situ conservation.

';-

The sarre, though pemaps "to a lesses. exte.nt rray apply to
seOJndarypopulations.

Apart frorn the difficulty of adequately representing the
c

total genetic variation in restr~ted conservation areas I there
are a nurnl:::erof important legal and rranagerrentconstraints.

Experience showsthat long ter:mtenure and the legal enforcerrent
c-

of protection of rnature resorves is often tenuous to say the

least. Considering the serious econcmí.cproblerns of a large
nurnl:erof countries in West and Central Africa. add to the insecuri ty

of in situ f":"'~~-~:':;~tion.

Ex:Situ Conservation

Ex situ conservatâon of qenet.í.c resources is rrost comnon

for eccoomí,cplants. Guldager (1975) recognises the follcwing

four objecti ves for ~ si tu conservat.í.onwith consequencesfor

the rrethodologyapplied:
••

-i. Static t-r,.e !TEl intenance of

gerotypes

"
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-2. Static conservation aimed at the rraintenance of

gene frequencies on genes (gene pools)

-3. Evolutionaty oonservation where within collections

gene frequencies are affected by natural selective
processes.

-4. Selective conservation in which gene frequencies are

delib2rately rrodified to satisfy J:etter the requirerrent
of breeding prograrnrres.

An extrerre exampleof this is the collection carried out by
INEACin the nineteen fifties selecting approxirrately 1 in 24000

palrns observed, often in cc:mrercial plantings frem INEACseed.

A r--:-"to::erexample is the palms selected in Yocobouein the Ivo:r:y
Coast by the IRRO(:t12unier,this ,workshop).

lüternative 2 - Static consezvatríonof gene.J?COlson gene

frequencies - best descril:es the recent FORIMcollection in West

A.frica. The original objective was to prov.ide 11alaysia with a

wider range of oí.l, palm material for breeding. Hcweverthe rrethod

of oollection, based on essentially randomsampling of nablral/

semi-natural populations is more similar to sarrpling genetic

variation for conservation.

If, as the author believes, genetic erosion of the gene .J?COl

of oil palm is rot at present a serious problem, i t woul.dseem
justified to aim collection at material useful to breeding prc:gramrres.

Collecting and Conservation Strategies ••

Considering the narrc:wgenetic base of rrost breeding prograrmes,
the need for Lnt.rcducí.nq neN unrelated materials wcul.d seem

convining.

"
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~lective conservat.íonrequires extensive Lnf'orraat.í.cnon

individual paIrnsor pcpulations before collection. This will

probably require systematic surveying of populations over a pericd

of tirre. Clearly that can only be done by institutions in the

country of origin of such population as for instance has been

dane by the IRHOin the Ivory Coast. It is still arguable ha'l

effecti ve detailed recording of grave pa.lrnsis corrparedwi th a

single check of highly heritables characteristics and the planting
of open pol.Lí.nated seeds fran such selected palrns,

The ideal si tuation wouldbe if a numberof insti tutions

aver the area of distribution of the oil palrnwouldcarry out
such surveys. Seeds from selected palrns could be planted in ex

situ living collections and serve as a gene pool for breeding

prcqrarrtres, It wouldseemjustified to have such an activity
financed by the oil palrn industry at large. A network of such

ex situ conservation collections could serve as a nucleus for

for further roere extensive conservation action if genetic erosion

becorresa problem.

Clearly Malaysiawouldenonouslybenefit by such a scherre
and therefor should be prepared.to share +he financial burden.

Hcwever,preceeding an organised selective conservation

progranrne, rnichrrore inforrration is required on distribution of

oil palm popllations, identification of rrajor areas of variation,
•

prãrnaryp::::pulationsand their genetic differentiation, populations

grCNffiin rrore extreme environrrents1 araJngstothers at me periphery
of geographic distribution etc. Tlinewoul.dseemto have cone to
ernbarkon nore systerratic research in +hese areas. Again, the

major oil palm prcxlucers should be prepared to finance such

activities. Essentially it requires field botanists to carry out

eco-geographical surveys. Considering the ernployrrentsituation

of graduates is for instance Europe, it wouldnot be difficult

be find v.'ell trained researchers for such work.

•

The cost involved wcoId be rninirral since eco--gecgraphical

surveys require few facilities and staff.
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