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A hstrad 

Primary globular callus from immature zygotic embryos and friable embryogenic tissue derived from mature 
zygotic clllbryos wcre used to establish suspension culturcs, Callus cultures were established either on modified Y3 
or MS II1cdiulll containing 475-500 pM 2,4-D or 250 pM picloram and 0.3 % (w/v) activated charcoal. Suspension 
culturcs of hoth ccillines wcre established in modified Y3 medium containing ]0 pM 2,4-D. The establishment of 
ccll suspensions from friable embryogenic tissue took only 2 months, in contrast with suspensions frol11 primary 
globular callus which took 3- 5 l110nths to establish. Embryo differentiation was observed only in cell suspensions 
dcrived rnlll1 the rriablc cmbryogcnic tissuc artcr plating aliquots on rcgeneration medium. Germinated embryos 
werc rccovercd and plantlcts werc sLlccessfully established under greenhouse conditions. 

: \/JIJ/('I'i( ttio/ls : CET - compact cmbryogenic ti ss ue , rET - rriab1c embryogenic tissue, ClM - ca!:lus induction 
lllCdilllll . \,(;e - primary globular callus, 2.3-D - 2,4-dichlorphenoxyacetic acid Y3 - Eeuwens' medium, MS ­
1\ 11I1'.lsllige 8.: Skoog Illediurn. PYP-40 - polyvinylpyrrolidonc, KM - Kao & Michayluk vitamins, ABA - absc isic 
a,:id 

Intmdllction gation methods by raising differentiating embryos in 
large batch cultures. Oil palm embryo regeneration 

Oil palm docs Hot prod llce ax i lIary basal shoots rrom meristematic clumps maintained in liquid culture 
and Illicropropagation or this species has utilized the was reported (Touchet, et al. 1991). Here, we descri be 
somatic emhryogenesis process resulting from solid methods for isolation and long-term maintenance of a 
culturcs or young leaf or root explants (Jones 1984; friable embryogenic tissue (FET) which serves as the 
Penneticr, ct al. 1(81). Somatic embryos and plant lets inoculum to establish embryogenic sllspensions lead­
ha ve been produced from mixed cultures of com­ ing to the production of somatic embryos and plantlets. 
P,ICt and semi-friablc embryogenic calli (Rabcchault 
& Martin 1<)76; Ailcc, ct al. 1981). Up to now, then' 
is no information on the indlle I Illultiplical i aterials and met!. 
of i'ri'lblc embryogenic ccll I . palm, de s! 
thcir importancc for thc produclioll IJl high freqll l . !{( II t IIIate,.i a Is 
cy, 
gellic L'c ll suspcllsiolls as in ;)tilcr 1l101IllC()[ SPCLlCS(1'1'1 - tile piant material uscd in this rcsearch was collect­
01 i 8.: Siinll<thl IlJXl)). cd ,II the Cocoa Rescarch Center (CEPLAC). Bahia 

The availahility of high qualilY elllbryogenic sus­ State. B rn1.i I. Mat urc and i mmat lire l.ygot i c emhryos of 
pl' il ~ iolls derived frull1lllatllrc dile palill cxplanls will Eie(/is glli/lcmsis (.Iacq .) wcre collcctcd froll\ "'I\; nera" 
k~ld to thc utilil<ltioll of morc dliciellt Illieropropa- hy brid pl<lIlts dcri ved frol\l crosses bet wccn "Uura" and 

()f 
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7iliJ/e f. Solid and liquid culture media used for oil palm cell pro lifer:lliOIl and elnoryo reg~ncfali\l n . 

Callus l"kdiulll for 

Imlllaiure Elllhryos 

CallUS Inducti on Mediul1l 

for MUlun:[lIIoryos (CIM) Suspension Medium (SM) Regcner:1Ii (l 1l 1\1<,<1illln (1{t-. l 1 

Yl salls (I.ll x ) r"IS macro salls (05 x ) 

t-.1S micro salls (1 .0 X ) 

YJ salts (I .ll x ) Y .1 salts ( 1.0 x ) . 

NII.IC:! ('267 5 nlglJ) 

Yl v ilaillins (1 .0 x ) Cyslcinc (500 Illg/ I) 

Inosilol (100 IIlg/l ) 

Cyslc inc (SOn nlg!I) 

Nicolinic Acid ( I ()O Illg/ l I 

'! l; \' il:llnins ( I .n x ) 

I!losilol ( I O() 1lIg/l) Nkotinic Acid (Il .'i IIlgIII 

·1I1i'.I: llil1c (25 lng/I ) 

Pyritio.sinc CO .R lllg/l) 

Bi otin (0.02 JIlg/l) 

Panl othcnic Acid <0.2 IllglI) 

glycine (2.0 Illg/ I) 

Thi:lIni n" (~ 5 11 11' /1) 1111 " il l) l ( I (10 II I!!/l ) 

; .) r ido ~: in t' ( (\ i: i \!.~/ I) 

Ch"rcoal (1).3 % ) 

pvp-~o <O..'i % ) 

2.4-D (SOO ~IM) 

Cysteine (500 mg/I) 

sucrosc (J .O% ) 

KM Vi1 :unins (1 .0 X ) sucrosc (~ 'k I 

Inositol (100 lng/II 

A scmbic A cid (250 Ill!!/I) NAi\ (I:; ,1t-.·I) 

SllcrOSt: ( I .5 '7() 

PVP-40 (05 Lk) glucose «I.:; S~ ) ABA (2 11t-. l ) 

sucrose n .O,* ) 2A -1) (or l'iclor:lI1l) ( 10 ~lt-.l) 

Geldtc (0.2 <)',, ) charconl (O Y7o ) pH (Ii .O) G~lrile (O.:'!. ) 

2.4 -0 (475 ~M) 

pH (60) Piclor<llll (250 11M) pH (6 0) 

Gelritc (0.2 %) 

pH (G.O) 

Abbreviations : YJ salts (Eeuwcns 1976; 11978). 2,4-LJ (2.4 -dicloroplrenox yncclic acid). MS sail S 

(Muraslrigc & Skoog 1962). PVP-40 (polyvinylpyrrolidone). KM Vilamins (Kao & Michn)-ll.Ik If) ; ) ). AIlA (:iI'sc isic :rc' i" ) 

"Pi sifcnl" plants. The pollen source was the "Pisifera" 
tn;c , No.2 114, while the "Dura" plants were select­
ed from a "Deli Dura" population introduced froJll 

Malaysia. 

Culture procedures 

Callus lines were induced from mature zygot­

ic clllhryos cultured 011 a modified MS mediulll 
(Murashige alld Skoog, 1962; Table I) or from imma­
ture 'l.ygo1ic embryos cultivated on 1'3 hasal lllediulll 
(Eettwells 11.)7(1, I()7X) . AIII11edia wen; slerilil.ed hy 
autoclaving and till' pll a!'ter autoeiaving was (dl. 

Primary globular callus derived frolll illllllature 
emhryos was illoeu 'latcd in[o Y3 liquid JIlediulll supple­
mented with KM vit~lIl1ins (KilO ~lnd Miclwyluk, 1975 ) 
to establish slIspension cultures (Tahle I). BcI'ore in()c­
ulation into 'Iiqttid Illediulll , sectors of oxidi/HI tissues. 
cS[1 cc i~tl!y parenchymatous and cpiderIlIal 1'l'lIl1lant" 
were rellloved. Calli were then chopped tlwroughl), 
witll a r;1.l.Or blade in a plastic petri dish containing .5 
rill of suspension lIlediulIl . 

Several lines or rET wen~ isul ~llL'd Croll 1 Ill ,l\l!re 
embryo callus after 4--6 months (\ 1' pl'liodi c slIbcullllre 
Oil callus inducli on mediullI (ClM). Suspcnsion cIII­
turkS were cstahlisllcd hy placin g rEl in :;Ollli \If the 
SuspclIsioll tv1cdiulll (SM; Table I) cOlllained ill 125 
III I Erlenmeyer llasks. Cultures were grown ill the Jark 
at 26-·2JOC on a gyratory shaker ;It 14() rpill. Rapidly 
growing cell suspension s were Illaintailled tlmlll )! it a 
hi-weekly subculture rcgillie in which 7Y !c oi lh ~ old 
medium was exchanged with fresh IlH.·diulIl. 

The rl'gl'llcr;)lillll c; IP ~It'ily or I ~ I ;. T S ll S I' , .' ll.~i (l 11 l'l ll ­
tures was sludicd ;111 ' I' Irall skr 10 sfllid III liquid 1 · ~ I·.l'f.' 1l 

eralioll MediulIl (l<tvl : '1:lhk I) . 

Groll'!" t/e/l'lmiJ/II/i(J/I 

Tell culiure replicates ill J 25 Erklllllcyn I];) ,:I-:.s WCll' 

randoll"Y sckctcd I'm caktllalill~~ rrl':~ it :uld ( iI\' II' c i l~ lll 

ralios . (;rowtlt curves were ha,:cd Oil I!'<' sit \\'c i ~ hl ' Il f 
cell suspensions Illeasun.:d hy the cel! CIUIlI[1S collclicd 
on 520 ~III screens. Cclls were then Irallsf'cnccl In a 
pelri di ,;11 and weighed . Petri di shes cOlllaining rre sh 
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'0 10 10 '0 

Cuhurc l'oriod (dny) 

Fig. I. 
(<lIlIj ';l\,, 111 c ;;I,)\\.h of c,JI sllspen ,iolls of oil palm (EidciI !)lIillCesllis Jacq.) cultllr~d on 50 1111 of lllodilic:d Yl Ill'.!dilllll cOlltaining 10 >1M 

2.1 I) 

(Ai CI:1I :, IJ,jlCIISIOII" (kli ve(\ frolll Primary Gl obular Callus (PGe) Each poinl r~pre scll ts the av~ragl! fresh weight from eight ilasks. 
(ll) Gr()\\lh of PGC- lill~ cc:1I smpensions. PGC cell susp~lIsions (A) wcn: platcd on solid medium and fast growing coloni~s were used to 

initiat" the I)Cj C - tin~ cell sllspensions. Each point r~pre se nls the a\·~rage of three flasks. 
(e) Cdl 'liS I',:Il " jons derj\·ed (10111 FET 


Fad! " " jilt rcprcscnt, Ihe a,·erage or live fla sks. 


\\·c i)! iil ,,; illlp1k:; Wl:re lilcn placcu ill a ()()OC oven for 24 
Iltllll ,; ;lIltl weighcd aner being cooled in a desiccaloL 

.'\ ll.lly :, i·; (II Ile:, 11 ailli dry weight growth curves 
tlldi c<llCd tltdt the llSe of fresh weight tu evaluate 
cI:11 gl()\\th in oil palm sttspensions is as precise as 
dry \\..: igil t (r~ = ().l)~l3; data not shown). Whenev­
cr I' ll ssihit: . assessnlenls of growth were made using 
11 ,- it \'.Clgill tllCaSurCllll:nts . Gruvi th rates and uoubling 
tittIL':-- ()r , u~Jlell.,illn linL's \V,~re CValll<lkd acconJing to 
S i Il,!L'1 \ Il)~'()). 

(\' 11 su ~ pL'nsillils were established fronl two tissue 
S:)lll<:l:S: Jllilll~lry globular callus (PGC) and friable 
elllill)ugcllic lissuc (i'ET). The percentage of imma­
ture' clllhry() cxpLlllts yielding PC;C varied from () to 
_:X 6 1

.; , ikJlL'!Hliltg upon titc stage of cmbryo dcvel­
()I)l llL' II1. TIi,: 111:ljucncy of I'EI' induction was highly 
dq )c li,iL'It! (Ill th l: ~!cn()tYJlc and rangcd frolll ()C) 10 21 % 
(Llllk .:) 

O.\itidtil)1l and phenolic ;lccumuli.!tion in the sus­
pcn ~io ll illcdiulil ub scrvcd in prelill1inary experiments 
well: clililinalcd by chan ging several culture proce­
ullIi,'~ . Tite"l' included autoclavtng tite sugar sources in 
11i ,' 1'11'", 'lkl' ()r aClivated dlarC()~t1, addition of aSCI)I­
I)i, ;l l· id ;llld q ·stl:inL t() litc IllCdiulil. ;Illd se it:cti()n oj' 

.11'111)1 li :.·'II"~ 1·llIILlillill !.: ~ll·livL'iy ~:r()winF cells. 

Cdl SIISPCIISiulISjiDlJl PGC 

A fine cell slIspellsion was established fWIll the PGC 
after 3 Illonths of repeated subculiure (Fig. lA, 8). 
Although these tine PGC slIspensions consisted· of 
small, fast -growing cells, they were unable to dif~ 

ferenliate into embryos aner plating on regeneration 
medium. 

Cdl.\lIs/)(! I/.\ion!imll FET 

Cel 'l suspensions were also successfully established 
from FET isolated from mature embryo callus. The 
growth pattern of FET sllspensions is :,ilown in Fig. 
Ie. An increase in fresh weight from 2.6 g 10 14 .0 g 
was observed after 39 days of culture. No oxidation 
or hrowning was ohserved in these embryogenic cell 
suspensions. For these FET cell sllspensions, the opti­
mum inoculum size was 1.5 g of cell fresh weight for 
SO ml of liquid Illeuium. As the cdl densit y increased, 
Ihe growlh rate decreased ,lIld Ihe doubling lillle (dL) 
increased exponentially (uata not shown). 

FET suspension cultures were maintained on 2,4-~ 
dichlorophenoxyacetic acid (2,4-0) or picioram. Inde­
pendent of the auxin source, these cell suspcnsions dis­
rlaycd similar color and Illorplwlogy, and they werc 
visu;dly distinguished hy Ihe prcscnce 01 Slllall cell 
;lggrcg;ltes hCfearter descrihcd ,IS "j:jIH: edl suspell­
sions" (I:ig. 2A, B) 

.. 
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fig 2. 

ESl~b'i shlllenl of cllli1ryogcnic c.; 11 suspensions using frianl<- cillbl ')'(l~'. cnic I issue, (I'E I ) dn i,'cJ r. O( n 1II:IIUI c I: ): () ti c <': 111 1.> 1: " :; I I i' " i I I'alill 
(Et(l !' ;s ~!I;lI rclI .\;S b cq.). 

(A) rET isolaled fro 11 I primary callus after 7 Illonths of cOlltinuous 'lIhculllll,! on III<,d ilied f\ I S IIlcdiulll cO lllaillill ,? 2 ~ () Il~ ' l' icl"I:1I1l :11111 (l .1':,' 
(IV/V ) aCli valed char':o:ll. Bar = 2.0 1\1 Ill . 

(B) IlIlIslr,llio ll of r ET cell II iar aggregalcs containing mund and :leti , cl y "i ,' id in!! ('l' ll s IIlL'a '\l rin ~' I {) ..]O )1I 1l in di.l1 l l1' l L' r 1l :1I = 7'i 1'111 
(C) 	Ex:tlllpk of l ille FETccll ~; l1 s pcnsi()n s cu II Ll,.cd onllll".lilied Y ' 1,;,,: til llL'd itt!1l c" IlI:li nin g IO"f\1 2. ·1 ·1) :li tl' l 2 11 1\ 11 1111 , ill liquid II tc ditlill . 

Frcs!1 Illcdilllll was proviJculwice a vicek . Bar = 1.3 CIII . 

http:l1spcnsi()nscuIILl,.cd
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'/(,hle .2. rn.:quen.;y of friable eJllbryog~ llic tissuc (FET) induction from callus derived from mature embryos of 
,neru l uil pa'i1n genotypes. TIle eillbryo:; we re excised nnd culturt:d for 15 - 26 weeks on BM med ium containing 
-1 7) p~.\ 2..J-D and 0.Y,1 (IV/V) activ"tcli charcoal. 

(j ell<lIYpc I":rlnd 0 1' Culture (Wed) Expbnt (No) (FET) (';') 

I) - I'I7t) 2? 502 06 
1)·1%(, 21 221 0.9 

I )-2 I 117 15 J:~9 .1-1 

I) I 'i 7-1 ~() ).'i H .1 -I 

])-2().I1l 26 25(, I·!;'i 

])- 22X9 26 605 210 

1\1\1 l\,edIUIll: l\ltlr,"hige and Sk,)"g's (1<)(;2) half-strength Illajor ,,,lb. full- st rength minor :;allS and irnn. 

Tile: I:ET lille: s \Vue: sue:e:essfully Illultiplie:d on solid 
IIle:tiiuIIl by pe:riodic subculture:. FETcultllrcS showed a 
tclllklle:y to difkre:lltiatc into emhryos afte:r a kw pas ­
sage:s Oil Illllitiplication lllcdium . Subculturc of small 
quaillil ie s or I 'F!' (ca I g or rre:sh we:ight) at 3-4 week 
inlerval ~, WdS ne:ce:s:;ary to lllaintain FET cdl lincs ill 
aCli ve growlh, tillis avoiding embryo differentiation, 

hldhil silillent 'If ccll suspelhi()ns frolll FET 
retjllired ill,proximakly 2 lllonlhs (Fig. 2C). Initial­
ly, the ,lading in(lculul11 was passed Ihrough <l 520 pill 
.S,·iL'CIl IUl'lillliILIIL' Llrt!!; L'clI augrcg;III.:s . Sucil scrcell­
inL! led III 111(: p"),lilh:tiOIl or line cell slIspe:nsillns. The 
ellliltYl'ge:IlIC l:c lh oj):-,crved in these FET suspensions 
"CI'e: ,-(llItH!. s H;III (I ()- _O pill diameler), and densely 
c) 1()pl , t~ ll\i,; (I:ig. 21 ) 

1'11: e:llti)lyogcnic ,;apdcilY Ill' FET slJsp,:nsions cul ­
tlirCS \\ 0\:- (iL-tlhli\',ILlku wilen suspellsion ccl,ls (Fig_ 
21)) 1\ ": 1": IlLite.! (1I11ll liquid or solid regeneralion 
IIIL'tll :\ :\ 11l'11 () II'L'I.'/-.', dllkrel1lldtillgelll!lIYlls werc 
()liscr ved (!-'ig . 2 1 ~ ;\lld l'). The rcgcneLlti(ln frequell­
cy ulls, '!'vct! was INO cillilryos per gr<l1l1 of settled­
cell Illiutile ()r 5,-1 00 e:1l1hryos per liler of slI.spension . 
TIIC Il uj" rilY (Ii' lil..: L'lllhIY()~ developcd into complete 
,lilt! III 1I111:11 pl.lIi Ilei s a her subcul t u re olll 0 hal f-si rength 
r-lS IlI..:uiulll dCloitJ of growth regulators and contain­
ing 03 tk (w/v) dctivated charcoal. The presence of 
arresled anu abnonnal emhryos were observed. Ger­
min;tkd clllhry ils underwent norlllal plant let growth 
alld Je:\ 'c l('llIl'!cnt ;Incr being transkrrcd to greenhouse 
c()Il,liti'1I1, (hg. 2(;). 

Discussion 

Oil palm cell suspension cullures were eSlablished 
using two Jifferent donor tissues: primary glob­
ular callus (PGC) and I'riahle embryogenic lissue 
(FE'!'), Establishmcnt of suspension cultures from PGC 
required thc n'iternalion of cultures in Iiquid-solid­
liquid phaseS in order 10 e1iminatc oxidation and maxi­
mize growth in the liquid phase_ After the line PGC sus­
pensions wcre established, they failed to demonstrate 
emhryo regelleration capacilY 'lIIHkr lile saille eullure 
cOlltiitillns uliliLed for the tinc rET sllspensions. FET 
cmhryngcnic suspcnsions ditTered in several aspects 
from PGC suspension cultures. The FET cell lincs led 
10 estilhiishllleni of fine cell suspensions ill hall' of the 
I i me re,-!uired for PGC-deri ved suspensi on~; _ FET cell 
slispensions containcd cellular aggregates composed 
or round, (knsc/y cytoplasmic cells whieh were small 
in diilllleler (10- 20 [11ll). COllverscly, cells ()r I'ClC 
suspensions were nut isodialllctrie and were l<tlger in 
size Iltan FET cclls (20-40 [_lin in length). Touchet 
et 31. (1991) describeu the establishment 01 oil palm 
'1iquiu cultures ~rom mcristemalic clumps giving rise 
to cell aggregates, which resembled our PGC-derived 
suspensions. 

Several reports describe oil palm callus as slow­
growing (Smith and Thomas 1973; Turnham & North­
cote 1982; Jones 1974), with doubling limes varying 
from 30-40 days on solid medium. Ahee el al. (1981) 
described a fast growing callus of oil palm Ihal pro­

(Ill I " LII,;d u .: lllll ar agg regale. froll embryogenic cdl suspensions, measuring from 20 to 40 Ilm in diameter. Bar =75 Ilm . 
(E) 	S,lI11"li..: e ll")I"}" " at Ihe globular siage Jfler 6 weeks of culture on modified liquid Y3 medium conlaining 15 flM ANA and 2 !IM ABA. 

IL1I 1. 1 el ll 
t 1:1 1)111.'",,1 Llil'd l'11l1" yns deri \'('Ii I rolll elllhryngcllie cell sllspen, ions ariel' 5 weeks or plating on Illodified Y:llllcdilllll conlaining (l.Y;" (w/v) 

;1.' 11\' ,,1,'.1 L'i",,-.:n;t1 Bar = .1 .0 "11\1. 

1(i I hl, lhll ·,It"d pLlllllcb ;titer I IIlOlilit "I' Ir;tl\"kr 10 so il I\lix under HO'k ,h~dil\g ot greenhouse. BJr =2.5 em. 
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duced sonmtic embryos when subcultured onto regen­
er~lli()n mediulll, but no growth rates were provided, 
111 the prescnt work, FET cultures had rapid growth 
on soiid charcoall1ledium with a doubling time of 23 
days, Inoculation of FET into liquid medium resulted 
in a suhstantial increase in growth rate, with douhling 
tillll~S as sliolt as 7 days, 'rhercl'ore, hy using sui lahlc 
cell lines and o[ltilllal culture conditions, high rates of 
growth can be obtained for o il pahn cells, 

A critical factor afrccting the establishillent of 
embryogenic cell suspensions is the amount of inocu­
lum per flask, The growth rate decreased logarithmical­
ly with an increase in fresh weight [ler flask, In liquid 
Illedr illlll, with frt.:qul'nt suhcultures, nutrient depletion 
dot.:s IH1 '~ llppear t() ht.: tht.: Illain caust.: ()f POI)I gllllvth 
when cell dcnsity incrt.:ast.:s, Otht.:r factors, including 
oxygen deprival'ion, incrcascs in carbon dioxidc Icv­
el, secondary product accurnulation and changcs in pH 
may he involvcd, 

Oxidation ,111(1 phenol'ic acclIlllulation WCIC 1)'(> 
qucnt!y ll!1sc:rvl'd in callus lines of oil palllllll;lintained 
on silliclillediulll withllut charcoal. However, oxidation 
was not ohscrvcd in our fast-growing FET liquid cul­
tures, This difTcrcntial growth reaction in liquid phase 
is prohably due to belter nutrient ahsorp!ion by thc 
cells resulting in rapid cell growth, Aparavatjlut and 
BI ake (1977) suggested t hat tissue oxidation cou Id be 
controllcd by using a nutritionally ba lanced mcdium, 
Furti1elllllll'e, frequent IIlCdiulll re[lienishillent signifi­
cantly reduced the levels or phcn() ~ ics ami other toxic 
compounds, 

The isolation of friahle elllhryogcnic calli in cere­
als (Type II callus) has allowcd the cstablishment of 
long-term ~;olid ;Jnd liquid cultures (Green 1982; Pri­
oli & Sandahl 1989; Wang ct al. ]989), Type II 
callus described for cereals is similar in morphology 
and growth characteristics to the FET lincs descrihed 
here, The availab illity of suspension cultures with high 
regenerat ion capaci ty has bt.:en cri tical for rept.:alcd pro­
toplast isolation and regent.:n1tion in illiportant nllJllI)­
cot spcci(;,~, including Illai/.e (Prioli & Siindahl 19~jI)) 

and ricc (Wang et ,11, 1(89), Sill1ilar [0 the success in 
plant regeneration frOIll embryogenic suspensions in 
other rnonlJcols, the o i" pallll protllclJls dcscrihl..'d here 
will facilitate the applicatiun of n]()re advanced tech­
nologies for this crop, sllch as protoplast culture, ill 
vitro selection and transformation, 

Although cornpact embryogcnic tissue (CET) has 
becn uscd lor ll1icropropagatilln purposcs ill callus cul­
tures of oil palm (Pannetin et al. 1(81), an altern,Hive 
route for micropropagalion is indicated by the prcsent 

work, II is proposed that the isolation and lllainlcll;IIIL'l' 
of' F :; '1' cl..'ll lines Oil solid Illedia ,lIld Ihl' (";I:rllli~;11Il)l'1I1 
ofFET liquid cultures would kad III lhe pl'Il(itll'tillll (,J 

very large numbers of somatic cmhryos, 
This report descrihes pJ'lllocllls Illr e,(:lhli,hllll'llt 

of oil pall11 elllhryogenic ce lli suspclhi()l1~ Il'lll]l ;y!'OI 
ic emhryo tisslles and the rccovl'Iy oj pLlIltkls 1111(1('1 
greenhouse cOllditions, The PlLlduClill1l Ilj 11',1' ccil 
suspensions from som alic explants ol'llIalllll'lrcc's II ill 
be crucial for tlie lItililatil)[l III lhis prol' !.' ,S,S Illr L\lge 
scale ci'()nal pr()p,~gation of elite Ili\ pall11 illdi"idu­
als, Such fET liquid cultUles could be carried out ill 
bioreactor vesscls to increase the efiiciellcy of sOlll;llic 
l'lllhrYIl j1l'1llillClioll and, llillS, lI'dlll'illl' 11](' Illlil ('osl Ill' 
cacli rl'slillllI)' pLIIlIil'ls, 
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