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ABSTRACT 

Callus cuJture~ from axillary bud:; of 2-4-~c.1r-o!d olT~hoots or Phoenix dactyli/era L. have yielded pIam ­
Icts adventitiously. Ad\'cnti\'e embryo) originated from meristcmalic cytoplasm-rich cells located in the 
epidermal and adjacent :)ub·cpidcrrnal portions of the periphery of callus on a ba!ial medium supple­
mented with 2A-D and is.opentcnyladcOIr.c. The rormation of adventive embryos is. described . Morpho~ 
I;cnctic.l ll y c{)mpClcnt ccBs proliferate into globular pr~rnbryos which diITercmia!c into bipolar struc· 
lUres. Tran..rcr to a medium d\:!\oid of hnrmones enhances embryo d('vcloprncnt and promotes pla.ntlet 
grClwth. Comparative studies w'~re made tClwecn zygotk: and adventivc embryos in various stages or 
de\dopmcnl. 

Key words: Phoenix (/oo)"II/('ra L., date pain-,. Palmac. adventive emb.yogcncsis. histo logical develop­
ment. 

I NTRODUCTION 

The date palm (Phoenix dacrylifera L.) is a dioeeious. arborescent monocotyledon. Date 
palms are propagated commercially through offshoots , v,.hich arise from axillary buds. 
Only a limited number of offshoots arc produced in the lifetime of a palm. Propagation 
ria seed is impractical for two reasons: (I) about half of the progeny will be male and 
halfwili be females. and there is no wa y to determine the sex of the palms until the time 
of flowering, and (2) fruit from female seedling palms is usually inferior in quality to 
that of established clonal trees. Plant tissue cu lture was employed to produce plantlets 
rrom economically important date palms. Such procedures should lessen the dependence 
on offshoot production. 

During the last IO years. numerous attempts have been made to grow arborescent 
monocotyledons in tissue culture (Ammar and Benbadis, 1977: Corley. Barrett a nd 
Jones . 1976 ; Eeuwc ns, 1976: Eeuwens and Blake. 1977: Rabechault , Ahee and Guenin, 
1970; Reuveni , Adato and Lilien-Kipnis, 1972; Reuveni, 1979; Schroeder, 1970: Smith, 
1975; Smith and Thomas, 1973). Some success has been reported in the initiation of 
adventitious plantlets from embryo callus of the date CAmmar and Benbadis, 1977 ; 
Reynolds and Murashige. 1979) and oil palm (Corley er al., 1976; Rabechault el al., 
~970). Recently, tissues explantd from lateral buds, shoot tips, stem and rachilla, and 
xClsed embryos of date palm have been reported by the first author to initiate plantlets 

rTisserat , 1980). In this studv, lateral bud cultures orown on a defined medium initiated 
~lIus and plantJcts. The pr~eess of plantlet gencr~tion was studied histologically and 
oUnd to be a type of adventitious embryogenesis. 
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MATERIALS AND \IETHODS 

Llleral buds were obtained from two to four-yca r-old olTsh,?OlS cut from seed ling date 
palm, at In dio. Californl~. LSlng a ha tchet and a ~0Irc. of),hoot le~I\'cs \\erc removed 
acropetally. revealing t h~ a\i!l~lf\' buds. Buds 0·5 mm and grea ter In length \\cr'~ c'.c;sed 
and temporaril y stored in ~n aqueous soluti on of 150 mg I - I ci tr ic acid and I CO m£ 1- 1 

:lhsorhic acid until suri':I~" >lcriliza ti on co uld he carried out. .1\11 explant ;; \\cre surface­
sterilized by soak in g in I r ei' cen t sodium hvpochloritc soluti on (containing one drop of 
T\\ ce n-201 emu lsifier pcr IQ{lml so lution) for 15 min. Bud ex plants \\erc initially Cultured 
on a basal nutrient medium composed of t\·lurashige and Skoog sal ts. 170 mgj' l 
"a)-I)O.,. H,O. 100 m~ I I l-inosilOl. n·.; mg I' I thiami ne HC!. 3 per cent sucr~se . 
3 mg I-I N-(':"'- "opent\ 11<!,;cnine (2iP). 30 mg I '2+dichloro phen oxyacetic acid (2.4-Dl. 
O.J per cent Si f'll1<l ae t i\'at~J chClfcoal tn cu tral lzed) . and (l·S per cent Phytagar. The pH of 
the medium \\as adjusted \(\ ~ '7 "ith 0·1 ~ NaO Il or HCI prio r to the addition of agar. and 

autoclaved . 
Excised embryos werc obtained from mature seeds of 'Deglet Noor' fruits. Seeds 

wc re soa~ cJ in tap w:ttcr -+ ~ h prior to surface steriliza tion . .l\n anv il h:J.nd CUller was 
used to O[lcn seeds and th;' eXN"ed embryo, \'.ere removed and planted \\i th the aid of 
a scalpel. Secd, Clnd C\CI<:-1 embryos were cu ltured on medium tkvoid of hormones. 
Cultures \\ere maint:llncd ,,,:7 C under 100 ft- ca ndl e (Jro Lux I' gllts for 16 h each dJ' 

in ;\ iCi11r':.?r~ttllr(: con trol)..:' ....: room, . 
T hSUC culture, and pl..ntlc h u,ed in hi,tolo~ 'Ic:!i obscf\':!lions were fixed in FAA 

(form"iin: "laLial uce[;,' .,,, id. :'0 per ce nt ethanol · 5:5:90 \) \ .' \). dchydrated in 
3n ,·t iUIlO! ,,·ne'.. elnd e !~",,',l tkd in p:Hapl"sr. Lmbeddccl t i>sue Wel, ,cc tioned 5·-7 lim 
thick and sw ined \\i lh :<l:r.lnin =lnJ f~q gr~cl~. S..:c tions ~)r true t.:mhr~os \\crc stained 
\\ Ith :Hliiine hlue' black :lro\~ controls wcrc Inetilntcd in trypsin a nd pepsin. Procedures 
Ila\ e described pr'e\'iou,l; (Dc \ 1 a,on. 19''1). :\ II ,ec tle)nS were photographed \\ ith a 
No. 29 or No.2::' " od,lf. \\ 'r:ltlcn ftlter. H i,t"in~ical obscn 'a tions \\ere made of the 
expbnted em tw,o, and ,':cbr\oid, at corr~,ponclin-~ stai1cs of difTerentiatlon. Cell sizes 
were detcrmlned wi th an ocuiar mi.:rometer. Call us sec tions \\ crc made from cultures 
tha t wcre gro\\1l for 2 \\C ';'" on media \\itl1 and \\ithout 2A-D and 2ip. 

OBSER \' ,\TfONS ;\~D R ESL!L TS 

Dere/opolcill 01 c Ycisl.'d li.:h' C'lHhryos (Jilt! sceds in \ I{ro 
ExplJ/llcd \\ hite. ovate cmbryos from mature seeds ave raged 2111m in length . The 
embryo at this stage sho\\s till' rud imentary morphological organ iLation found in the 
la ter developmental stages. C.g. epicot,,1 shoot apex , root pole (rad icle and hypo.:otyl) 
and cotvkdon (Pla tc h ). The shoot apex is enclosed by the cotyledon. During normal 
I!crmina tion, the distal end of thc co tyledon remai ns wi th in the seed coat and funlliO

ns 

;s the haustorium which absorbs nut;'ients from the eridosperm doring the germination 
process. An internal C:l\;t~ \\ hich sepa ratcs the shoot tip region from the rest of thercs 
co tyledon occurs \\ithl!1 the cmbr\'o (Plate IA. u). Initials of three rudimen tary ka 

, , arc visi ble at this stage t Pla te 111). Procambial strands are visible in the embryo and 
. ..,t.. ex tend from the hypocot\ I into thc di,tal portion of thc cotyledon (Pla te L\). .ln 

The mai n portion of th e co tyledo n is com posed of cells th at a re 3bout 40 i,nl 
diameter. Thesc cel l:; cvntai n numerous protein bodies as evident by positive s t a ln l~g 
with aniline blue black. The shoot apex region is composed of smaller cell s; usua::~oavera~in~ around 15 //111 ill diameter. These cdls are charac teri zed as being dcns ,) 
cy toplas;;'ic. and the)' Il:l\ e th inner cell walls than those found in the cotylcdonary 

portion of the embryo. 
I tvlemion of J. Trademarl... or proprietary product in this paper does nO( consti tll U: a guarantee: : 

warranty of the product by ihc U.S. Dcp.artn~,cnt of !-\griculturc and doC's not imply its appro":"!! 10 t 

c~c1 u s io!l of olhc;' producl, Iho.! ma; olso he <uilahlc. • ~ l~ 
~ lit> r16~);r.ct J}" Cbfj C0­
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Within the fir st 14 day ,> of culture, exciscd embryos undergo a general green ing accom ­
panied by 2- 4 Clll elongat ion of the mid-portion of the cotyledon. oftcn referred to as the 
cotvledonary pe ti ole (Tomlinson. 1960) (piJte 10). Mature XYlem in vascular stru nd s 
bee'omes evident at this swge (Plat~ Ill). During thi s samc time th e shoot tip regio n 
becomes highl y mcristcma ti c. forms add iti onal foliar leaves, and thc root ti p forms a 
root cap. The hau sto ria I end of the t:Otyledon is charactcri7ed as a round . finger-I!k~ 
rrojec tion (Plate I D. 1.1 . It is composed of parenchyma intermixed wi th scvcral thick­
\\'alled cells vv hich contain tannin·like substances. 

In thc following 2 weeks in culture. the sheath of the co tyledon enl:irgcs considerably. 
and the fokn ka\'cs a];;o enlarge. Elongation olthe primary root and emergence of the 
plumule fro m the cotylcJonary shea th usu:llly occur after 4-6 weeks III culture. These 
c\ents mayor may no t be sim ult:lncous (Plate 2,\. Il). The firs t true leuf emerges from the 
eotvledon th rough a dcprc'>sion III the cotyledonary sheath called 'the slit·sh:lped 
op~ni ng' which may be sc\eral cm in length. The prima ry root elongates from the base 
of the embryo. Subscq uent roo ts arc adventitious in origin. Germinating roots grm' 
downwards and the shoot tips grow vc rti cally Up\\':lfds. 

DC\';:;!opment of seeds and excised .::rnbrvo> of date p;,lms arc simi lur except for minor 
devia tions in tll(' co tyledon;,ry she:!l h and hau storiunl de\'clopment (Plates 1.-\. C and 2). 
The cotviction emcrges from tile ,eell throu1!h Ihe cen tral ly-located pore: it grows at a 
right angie for ahou t 0·5 cm and the n c.xhibi ts a geotropic response by growing down­
\\ards. EXpalbitln of the roOl and shoot tips occur after the shea th rC:Jches 2-4 cm in 
Icng th . Thc colyledon of the c.\eised embryo ll sua llv docs not ex hibi t a gcotrophie 
!"esponse. but gro\l>,s Oil the slI rfa c!.: of the agar fl1!.!dium often twisting several l imes 
(Pla tc 2 x). On 1.-. after clller1!encc of the plumule and elongati on of the prim:Jry root is 
therc an ex hi hi tion of natur:,] geot ropism. In cxcised I-'mhryos thc haustorium is round 
and blunt and much red uced in ;ize \\ hen eomna n:d to the h:Ju sto rium in the seed (Plale 
i E). The seed hau storium initdh' is bloa ted. bl:tdder-li~e in shape a nd then event ually 
aSSllmes the shu pe of the displaced cnJos perm (cf. Plate I c , F). 

IllitiafiUIl (~r adl'l'111il'(! enlOr.l"OS 011 IHCdilll l1 c(m/ailling hormones 

Following repeated cu ltures a t S-\\eek inten·als. bud cultures gave risc to a white a nd 
nodu lar ca llu s. Plantlct form:Jt ion occurred after the bud cu ltures were tr:J nsferred to a 
medium de\'o id of 2iP and 2.4-D. White nod uLtr callus ori~in ~ t cd from the leaf margins 
of bud explants followi ng 2 months in culture. This callu s "could be suh-cu ltu red (Plate 
3'\). Adve nti ve embryos were initiated from th is callus following 4 months in cu lturc. 
Sectioned ca llus cons;"sted of t\\O distinct types of ti ssues. a loose friable ti ssue and com­
pact agg rega tes (Plate 3 ill. The friable po rti on of the call us was composed of large single 
cells and disorganized clumps of highly \'ucuolated cells ranging in diameter from 
20-40 I' m. This tissue did not arpea r to be imoh'ed in embryo formation and was 
generall y fou nd su rroundi ng the aggrega te cl umps. 

The compac t aggregates serve as the source of cmbryoids. Aggregate clumps \\'ere 
mul ticellular str uctures composed of a va ri ety of ce ll types which measured from 8­
20 I'm in di:Jmete r. The aggregate clumps were composed of scm i-vaeuointed celis 20 I,m 
1!1 diamete r found in the interi or regions and more densely cy toplasm ic meristematic 
cells located in the peripherial layers (Plate 3c, D). Both ty pes of celis had prominent 
centrally-positioned nuclei com monl\' containing 2 nuclcoli. Early mcri stematie initials 
or l.oci were associated \\'ith aggrega tes loca tcd i~ both the epidermal and subepidermal 
regio ns (Plate 3c , D). These loci \\ere meri stematic cells that were 8 ,11m in diameter. 
light microscope observations revealed that these meristcma tie loci had definite frag­
~ental1on Jines produced by thjc~cned cd l walls \\ hich separatcd the smaller. meristematie 
-nd cytoplasm rich ce ll s from the surrounding la rger. Icss-meristematie and more 
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vacuolated cell s wi thin. the aggregate (Plate 30). The loci expanded to produce separate 
aggregate clumrs and ;o r blrolar embryos. 

It is susrec ted that si ngic cell s loca tcd in both the epidermal and sub-eridennal por­
ti o ns of thc agg rega te clumps were the precursors to the Illc ristematic loci and embryoids 
The merist cma tic loci we re in c~ose associa ti o n "'ith the call us clump.. A seq uence of 
embryoge nesIs could be traced Trom a Si ngle cell to a blrolar embrYOid (Plates 3E, F 

and 4A , Il) . Single cells were: obse rved to undergo transvcrse divisions to yield a 2-celled 
sp herical proembn'o (Pia te J E). Further divi sio ns often lead to the formation of a 3­
and .j-ee1led srherical proembrvo (Plate 3 L) and eventually a spherical embryo of 8 and 
16 cel ls (Pla te 3 rl ..-'\ multicellula r O\'ate proembryo developed , often characterized bv a 
th ick cell wall cnclosi ng it (Pla te 4A). hcn tua ll y, thi s enclosing wall was ruptured 'by 
further cell divisi o ns giving "'ay to a multi-celled bi polar structure (Plate 4n). The 
bipola r structu res comi sted of a meri stema ti c end and a less meri stemati c highly vacuo­
lated oppos ite ti p . The opposing ends of the bip:Jiar structure were thc precursors of the 
sho'o t a nd roo t pole region and hau stori um at the tip of the cotyledon , respectively. 
Further divi sions of the binular structure gave ri se to cylindrical embryoid s which corres­
po nded to the excised embrvo fuund in the mature seed prior to ge rmination. No 
suspenso r of the embryo was obse rved. Sometimes a 4-edlcd linear proemhryo occurred. 
Buddin g or prolii'cration of meri stemat ic centres from a single locu s origi n were com­

monlv obsen 'cd (Pl3 k 3<' ). 

f) e t 'c/opmeJ1 1 0/ orir('1l 1il'(' emhryn.\ 011 mrdium dcroid of /JorlJl()IJ CS 

Transfcr of thi s c" nus. containing meristcmatic loci and earl y embryoid stages, to 
medi um de\'oi d of ~..l-D resulted in the fo rma ti on of plantl ets thro ugh the enla rgement 
of exis ting embryoids (Pla te 4 c . 0) . Generally. the o\'c rall callus arpc:l ra nce became 
loose r in co nsistenc\' \"ith enla rged emb ryonic structu res be ing prominent on medium 
devoid of ho rmo ne,: (Pla te 4 c). Sectioning of thi s callus re\'ea lcd that the haustorium 
protruded from the c:~lIus while the r00t pole cnd of the embryo remained cmbedded in 
the callus mass ( Pb t~ 4 I) ). The root pok continued to be in physical contact with the 
surro unding callu s un ti l the expansion 0f the pluillule and primary rout. During the 
pcri od preceding the emergence of the plumule and primary root , the root pole region 
was und cr!2oin!2 r00t and shoot different iati on. Cells of the ha ustorium exhibitcd lillie 
meri stemati c a~ti\·it\· du ring thi s same period, The haustori:li region of the embryo was 
cha rac ter ized by t·he same dC\'elopmen131 pattern found for the excised zygotic embryo. 
The hausto rium of the embryoids were much red uced in si ze compared to tha t found in 
the seed. Following 2 weeks o n mcdium withou t 2,4-0 , the appea rancc of embryoids 
with definite shoot and roo t ti ps similar to those found in excised embryos were common 
(Pl a te 40). Later asexual embryo germinalion stages compared very closely wi th those 
found in the ge rmina ting excised zygotic cmb ryo (Plates 2 a nd 4E) , The formation of 
vascu lar bundles wi th in the asexual pbntict at the 8-week-old stage corresponded to 

that fo und in the zygotic seedling. 

DISCUSS ION 

At o ne time. tissu e culture and plantlct initiation in mo nocotyledons was considered 
difficult (Jo hri, 1971 ), Several investigators have bcen able t~ induce plantlets fro~ 
numerous herbaceous monoco tyledons in viTrO (Constabc1, Miller and G amborg, 1971, 
Hussey, 1975; Picrik and Steegmans, 1975 ; Wilmar and Hellendoorn , 1968) . Th~ 
asexual embryogenes is process for Bromus inermis Leycs. cell suspenSIOns has bee 
described (Constabel et 01.. 197 1). Asexual plantlet s arose fro m embryoids exhlblllflg 
the structures found in norma l germination . They observed a n intermediate globula.r 
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structure that preceded the formation of bipolar structures. This embryogenic stage was 
unique to the ill vitro germination process. Less success In the production of plantlets 
from palms through tissue culture has been reported (Eeuwcns, 1976; Eeuwcns and 
Blake, 1977 ; Rcu ve ni et 01,,1972; Schroeder, 19 70). However, Rabechault el 01. (1970) 
reportcdthe formation of asexual embryos from Elaeis guineensis Jacq. (oil palm) usi ng 
e.xcised embryos. Similarly. Aml11ar and Benbadis (1977) reponed formation of plantlets 
from date embryo ca llu s. Neither of the se reports elaborates on thc mode of p\antlet forma­
tion . Reynolds and Murashige (1979) reponed that plantie ts from embryo callus arose 
through an asex ua l embryogenetic process \\ hi eh paralleled zygo tic embryogenesis. 
They described simila r embryogenic structu res which have been confirmed in thi s study. 

Few dcn iicd stu dics of palm embryology ha ve been ca rried out (Guignard , 1961; 
Johansen. 1950). Guignard ( 196 1) has described Chamaerops humi/is L. zygo tic embryo­
~e nesis in dew i!. The C. hUllliiis L zygotc divides transversely to form a 2-cellcd pro­
~mbryo. A subsequcnt longitudinal divi sion yields a 4-ce ll ed spherical proembryo. 
Further partiti o ns lead to the formati on of a multi ce llular stagc composed o f four 
superimposed quadrants. La ter divi sions o f these quadrants yield a spherical mass 
of twO supe rimposed octan ts. E\'cntua ll v, the dividing cmbryo differentiates epicotyl, 
cotyledo n, and root polc. Davis (1966) consi ders this type of embryoge ny to be an 
example of the Asterad type of Johansen (1950). Embryo development has a lso been 
observed in Actill ophio(,lIs and Areca, bo th of which conform to the Onagrad type 
(Davis , 1966). Jn neither of thesc two embryo types is a linear cmbryo formed because 
the upper celioI' the t\\ o-celled cmbryo divides longi tudinally . Early date pa lm embryo 
development occu rs ncar the micropyiJr tip of the seed (Lloyd. 1910). Later a spherical 
embryo migrates to thc mid- portion of the secd close to the centrall y-l oca ted pore \\ here 
fu rther devclopment co nt in ues. The embryo assumcs a cylindrica l shape with the root 
end towards the pore opening a nd the shoot end poi nti ng towards the endosperm 
(Sachs, 1887 ; Ll oyd . 1910). In date seed germination the embryo's eoiy1cdon is no t 
crect or ph otosynth etic, The di stal portion of the co tyledon serves as the sucto rial 
haustorium or bladder-like abso rbing organ, providing endosperm nutrie nts to the 
cpicotyl reg ion. The cotyledonary sheath emcrges through the centrally-l ocated pore of 
the seed and contains the epicotyl shoot a pex at its tip . Germination of palm seeds can 
be described as two distinct phases: (I) the shoo t and root tip s are pushed from the seed. 
sti ll enclosed within the co tyledona ry sheath , and (2) t he plu mu le breaks through the 
sheathing o rgan , and leaves become externall y visib le (Carpcnter, 1964 ; Sachs. 188 7 ' 
Tomlinson , 1961). 

All the structures common to zvgotie embrvogenesis were observed in the asexual 
phenomeno n. M cWilliam, Smith and-Street (1974) ;bserved thattheinitia l embryogenetic 
cells could no t be di stingu is hed from meri stemat ic cell s involvcd in aggregate prol ifera­
tion. Similarly, initial precu rsor and 2-celled proembryoids could not be absolutely 
Identified in the date palm callus. Perha ps there is no difference at thi s stage between 
cell di Vision and in it ial embryogenesis segmentation. Howeve r, suspected ini tial precu rsor 
and 2-eelled proembryoids corresponding to the zygo tic stages were frequent ly obse rved. 
~orresponding sp herical 4-. 8- and 16-cell ed stages were also recognized. Further d iv is­
Ions of these embryon ic centers lead to the development of mcristematie loci, Early­
devel oping embryoid loci may readily be identified in sections of callus aggregates 
examined with the light microscope, Definite cleavage walls separated the loci from 
~~rrounding vacuolated cells in the aggregates. Funher cell divisions resulted in the 

rma tl on of bipolar cmbryoids wit h shoot and root poles and a haustorium . The root 
~Ie region of the embryo was always cmbedded within the callus of origin while the 

~stonum prot ruded from the callus onto the agar surface or grew free in the atmo­
~p ere. The hau storium of both the excised embryos and embrvoids was much reduced 
In siZe and nutritional importance compared to the hausto;ium found in the seed 
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during ill I'ilro gcrmin~tion. Arnarently. most of the nutri ent s neceSS:lry for embrvo 
developmcnt wcre ahsorbed throu ~h th e: root pole region of the asexu:.l1 and exeis~d 
zygotic cmbryos. The JC\c!ormcnt of the haustorium with its peculiar shape in the 
seed is a function of the emios rerrn sh:we :md is not inherent to the dcvelopment of 
e.\ciscd embryos . In hoth the excised emhryos and emb rvoids. the h~ustorium is essen­
tiall y a nonfu nclional structure. Ho,,·c\·cr. thc hau sto rium of excised embryos and 
embryoids rCla lflS if' t :l nn ;n cells. Similarly. Fisher and Tsai (1978) notcd that the 
haustoria of cultu red COC0 nut emhryos were al so much reduced in size a nd function. 

In s u ,o~ n sion cultures. carrot proemb,,'os at the globubr and heart-shaped sta~e ar~ 
r.:leased (r0Ill thc ph)'sin! r~ s traint ; (\1' thc callus and arc allo\\'cd to develop' free­
noali n ~ (\Ic\Villiam " I (i i . 197-1 ). Date palm callus and cmbry0ids in agar nutrient 
mcdium d~\' clop in cl.O\c nhslc~1 contact until thc cxpansion or the cmbn'oid's plumule 
~nd root lip. Starch ~ra i n c(;\clopmcnt has [lscribed v,nious roles in asexual embrvo­

,"*,'. genesis in carro t culturcs (Halpe rin. 1970: McWilliam ('I (I/.,1974). Starch grains ,,'er¢ 
. conspicuously absent in all stages of date palm zygotic and asexual cmbryogenesis 

In this stud \' . "sc.\uClI cr-:br\'ogc nesis in date ralms was descrihed. Thc developme nt 
or asc.\uai cmbryos from cdluS ci o<,ely p:Hallclcd excised 7ygo tic cmbrvo germination 
il1 "ilro. Thi , palm spec lcs j, an csreciall\ suitable plant materia l in \\'hich to s tud y asexual 
cl11brvo!!cncsl s in arhPrc<ccnt mon()~,)t"'edons. To datc, sevcral cOi11mercial and 
cxpc;in;cntally.de\c!(lped da te ralm euliiva rs have b~cn succes"l'ully ti ssue cultured 
P rod ucti o n 0 1' plantlc" fr,':''-, ~'allu; ma\ oller a potenti;d mean" to ci on<: surerior date 
genotyr

es 
on an aCCl:icr;l1c-: <.iI~. Im!'ll(\ uction of ne\\ culti\'Jfs or increasing the ;:~is t i ng 

date ac reage \\ i:h cion;ll \ ;1~le t ic s \\ auld no lo ngcr be limited [() ol1\ hoo t rroductio n. 
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EXI'LA NA TlON OF PLATES 

Abhrcw'{)fions : Ai\1 = apical mcristcm. C = coty ledon. CA:::. compact aggregatc. E = err:Mry oid, 
FE = four·ccli~d cmbry~id. FT = friable t issue. H = haustorium. LP = Ic"f primordia. PS = pro· 
cambial ~trand. RP = root r-ol~, SC = suspected singlc,celled embryoid initi31 , TE = [\h\ ·cclJcd 
embryoid, X = xylem. 

PLATE I -.. 
Stages of gcrmirh1J ion in the dato poll'll. Scak line = 0 ·5 mm. 

A. l ongitudirul scction through n2.rrow axis of a frcshly excised embryo rrom a 'Deglcl Noor' s.ccu. 
9, Cross section of a fres.hly exci5ed embryo from ~ ' Ocgle! Noor' seed. 

c. Longitudinal sec tion of a dC\'cloping embryo at the early stage of germination, :2 weeks after culture. 

D. Lotlgitudll1al scction of a de\'eloping embryo during the cotyledonary sheath elongation stage, 4 
wecks arter culture. 

E. Longitudinal section through the haustorium of an cxci scd embryo, 6 wteks aftcr culture. NOle the 
the excj~~d embryo's haustorium is 3 round and finger-likc projeclion. 

F. Trans\'ersc secti on through the haustorium or a germin:lling embryo, 6 weeks 3fter culture. Note 
the haustorium is bloaled and bladdcr liko in shape. 

PI.ATE 2 

Sequence or germination of' Deglci !':oor' dale p.alm exci£cd cmbf)'os and seeds under ill \,ilrO conditions. 

A, Gcrmination of an excised embryo. From kft to right: freshly excised cmbryo rrom malUre seed; 
stagc or early elongation of cotyledon. 2 wet::ks in culture: laler stage of ..!iong3tion of cOtyltdon. 
4 wce-ks in culture; cmerg~ncc of the primary root and the rlumuk from the cO!yledon3T)' shc.:1.th , 
6 weeks in culturc ~ plant le t \I,'ith photosynthelj~ Ica\'cs. 8 wceks in culture. xL 

B. Germination of a date palm seed. From lei', to righl: protrusion of cotyledon 'hrough centraily­
located rore; 2·wccks-old: elongation l)f cotyledon and dt::veloping primary roO!. 4-wecks-old: emer­
gence of fir>! leaf through sliHhapcd orening of cotylodonary sheath, 6-wc"<Oks-old; free living 
'-!eding. 10-wceks-o ld. x 1/ 2. 
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PL,T!. 3 

Morphogenesi' 0; date p,lm callus o n nutrient media containing 2.4·]) and ;'i l'. 
Date palm .:;tli u, } week, a ftcr culture. Note the nodular appearanc c of the call1l ; which represents 

procmbr~ onlc masse s. ! y. 2(0)
n. Tran" 'e,,e Sl!Ction through the calluS, :: weeks after culture, Several c",,,pact a~grcgatc; (CA) arc 

prcsent inte rdispcrsc.! among a matri, of loose friable tissue (FT ). Scale li ne = 50 I,m. 

c. An exom"ie of embry oId budding from a compact aggregate. Sca le li ne = 50 I,m. 
t). Occurrence of meriSlematic loci within a cali u, aggregate. Note the thick ",ailed fragmcntation line, 

dC1)1:lrc::ltIng each locu .... Scal~ line = 50 /
, 
m. 

E. Sectic>n through date palm callus, Trans,"er« div i,ion of the single cell (SC) embryogcnetic pro· 
genll O 

r 
, 'lei.!' a }.celled embryo (TEl. /\ further division yie lds a 4·cclled spherical tetrad e",brvo 

(F E I. Scale IlIle = 50 /' 01. • 
r . Example uj an R. 16.ccilcd emhryo, Note thick wall surrounding the proembryonic ",uewre. Scale 

line = 50 "m. PL'n. 4 

~ \ orrhogcnc.:;l'. or dale PJin1 embryoids,
,\. f\ l ulllce\ illIJ r ,phcric~1 " roemhr),on;e strUcture t'n med ium co ntaining 2,4·D and 2iP, Scale line = 

I\n exampk of an elrl, bipol " proembryo on mcd,unl containing 2.4 ·1) and 2i P. Scale line = 50 pm.SO I,m, 

c. /\n example "r a d~' C palm call liS cU lwfe on nutrient mcdium de\'oid "r ;' A,D lnd 2iP, 2 weeks 

a flcr cult ure. "i' Otc cnbrgcd cmhr)oniC strUClUrc..,. Y.. 200 
D, Ortent.~t i un of emrr ~ (M' In call1t< on nllt rient medIum de\oid of 2,4 D and 2i P. 2 wc'Cks after cullllre. 

I( oot p"le region" ,mt'eddetl withIn thC callUS of ",i~ln . Scale line = 1 mm. 
\:. Sequt 

n 
" I,f ~e rmin",,'n of a<exu:d emhryos frum cali us on nll tricnt med ill m dC "oid of ::+D and 

2il', From left to rt ~hl : Cotyledon of ,,,ex ual emhr\'o " rntrthlc' from the callus aggregate. :: weeks in 
culture, ",ciSCO ernor,oid at early cot~lctlonary cI(\n~ation "a~e: 4 week, in cult ure: later cotyle· 
don'" cIOI1 g3ti"n ,I:t£e, (, wed.s in clliture: enlergencc "f li rst leaf a nd elo ngation prima!)' fOot, 

S w.;:c~~ In cU!llJr(: . ). I 
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ABSTRACT 

Callose deposit:; arc present both in degenerating megaspores or the hcteropoJar tetrad in OenorhcrlJ 
Jwokrri and in dcgcncralJng embryo sacs or the homopolar dcvcloring tetrad in O. bit'n"is, T hey arc 
partialiy ((),~!inuou~ with tht! cell wall and p:ulially enclosed in the degenerating cYlOpJa5m 'HH.I show 
ciecaon opaque bands within ales:, t.:kclron opaquc material. Vc,d dcs caBed caJjo:-,c grains are pre:.cnl 
in the degenerating cy(opla~m of the cmbryo sac In O. bil"l1f1i~. These show an elcL:troll Qpaqu~ fibrillar 
Of granubr con.:- su rrounded by a halo 0f !ow eICl'!fOn o~xl. city. 

Simi:arities in fine strUCture be twt"Cn caJJo5~ deposits or female gamelophytes which follow the degener­
ating palhv,:ay or dcvdopmcnt. and callo~e plugs prescnt in pollen tubes, during tneir S!TOWlh. are d!:,cusscLl. 

Keywords: Oello/hew, evening primrose, mcglgametogcnesis, megasporogenesis. c:llI05c. ultraslfucture. 

INTRODUCTION 

Megaspo re tc trads in species of Oenorhera may s how hcteropolar o r homopola r dc\'elop­
ment (Nohe r de Halac and Harte, 1975), Some of the c haracteristics of cells invoked in 
dcydopmcnt of the embryo sacs were investigated e:lrlier in relati on to polarity, Recent 
rapers deal with thc pattern callose deposition during megasporogenesis (Noher de Halac 
and Harte , 1977) , and with dictyosol11C and plas tid distribution in mcgaspores mother 
cells (MMC) and in megasporc tetrads in Onagr:lceae (Rodkicwicz and Bed nara, 1974; 
Rodkiewicz a nd Sniezko, 1978; Rodkicwicz, 1978), Somc aspccts of vac uolat ion, starch 
content and nuclear condition in young embryo sacs, afte r hOlllopola r megasporogcnesis 
in O. aiennis, ha ve also been irl\cstigated (Nohcr de Halac, 19800). Thc polarity of 
nuccllus in the ovule in relation to the polarity of the megaspores tctrad has also been 
examined. (Noher de Halac, 1980b), 

Despite the previous invcstigations, several questions about polarity in the Q\'ulc 
re main unanswered, This papcr deals with the fine structurc or degenerating megaspores 
and embryo sacs in Oenorhem spccies that follow heteropolar and homopolar megasporo· 
genesis , processes in which ca ll ose deposi ts are important. Taking into account the 
rr~sent obscrvations, a ncw approach to the understanding of callose deposi tion during 
female g~mctophyte development is prcsented. 

MATERIAL AND ~I ETHODS 

Plants of Oeno/her" hooker; Torr. et G ray and 0, biennis L. we re grown in the experi­
m~ntal garden of the I nstitute of Developmental Physiology of the Uni vcrsi ty Cologne 
(II ,. Germany), Pre-anthesis flowe rs loeatcd abo\'e the last open flower were collec ted 
dUring the morning. According to the observations of No her de Halac and Harte (1977) 
~t this tirne. ~ ~ 
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