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Les cladodes sont traditionnellerœnt définis ocmœ étant des ti9es 

r'J. , 
aplat:ies, à croissance détermin~, essentiellanent à cause de leur FOs,i-

tian axiale. Cependent les écrits historiques traitant du sUJet sont 
~ , 

renplis de contJ;OVerse~ sur N int~rétation ITOrpOOlogique de ces organes. 

Etant donné c~ circonstan'ces, une étude du déveloj::paœnt du c~adode ~ 
J 

ccrrpar,aisOn avec celui de la feui~le et de, la ~1ge ~t entreprise poor 

quatre espèces étroitement reliées d' Asparagac~ ; Ruscus aculeatus L., 

~ raeerrosa M:>ench, Sesœle ~ Kunth et :Asparagus serengeri 
, , 

Regel. Les rêSultats obtenus à l'aide de techniques de microscopie 

électronique à bal~yage, d'épi-illumination ~t de cOupes seni-fines 

révèlent tout, un cimt'inuum en ~ qui a trait au développarent du cladcde: 

. dés forrieS de Danae ressanblant aux feuilles,' aux fonnes int:erIOOdiares - , 

, de oladodes fertiles et tenninàu.x de'~ Ruscus aux fonnes de SaTlele et 
~ ) 

d!Asparagus r~.?~lant a~ ti~es. 'Dans chaque espèce cependant, un 
• <2 

rœlange de caract~resde feuilles et de tiges est oœervê. Ces 

caractères, s'il soot CXX'1siderés êgaleœnt, nous dênDrD'ent que le 
~ .... 'w~ 1 • 

clad::de dans ce groupe est un _ org~e in1:èrtré:iiaire partiellement haro-

logue à une feuille et à une ;tige. Il: ~t donc une foI'lTe dl innovation 

évolut~aire et un exenple du phênatÈne d'l'x::In5oose, qui signifie lé 
, ~ 

transfert, de caractèreS d'~ organe à un autre./ ( 
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ABSTRl\CT 

-
Pbylloclades are traditionally' defined aS/flatt:ened, determinate, 

~af"like'8tems prima[ily on the hasis ot their axillary posi tian. 

Historically, however, the' litereture 'ls repleté wlth controverst over 

what ,the IlIOrphologlcal idterp'k-~tation of thes~ organs 1s. In vlew of 

~h1s, a study of phyllocrède developm,ént ln' comparison with leaf and 

stem development ,was undert~en ln f"ou,r closely related species of the .. 
Asparagaceae: Ruscus .> aculeatus L •• ~ racemosa Moench, Semele ... .J 

:-
" 
" 

andronna Kunth . ./ 
epl,:,,1l1umlnatlon 

J 

and 

and. 

Asparagus .J Serenger! Regel. Results of SEM, 
, , 

thin plastic sectionlng techniQ,ues r-eveal a 
4 

... 
continuum in phylloclade development from very leaf-like forms such as 

! 

those of Dàndê to more 1nterme41ate types such as the fertile and 

terminal R.h)'lloClades ~ of Ruscus, ta the gradually 1DQre shoot-lilte 
, -

forms of 'Semele and Asparagu~. j each species t , h~'èver. ''a~ 
~omb1n~ t1;n ot shoot and leaf-l-ikVcr.~ract~f~fiJt,i~S i s seen. whicq whe~ 

"le. o 

welghted equally. demonstr8l.:es that the phy l~oclade ln th:l:,s, group" is 

an Intermediate' org~n, paiUally homolog~us ~o a leaof and a stem. lt 

19 8 form of evolutlonary novelty and exemplifies the phenomenon of 

" hOIDoeosis, whlch 18 the transference of characters from one orgap to 

another. 
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INTRODUCTION - )' . , 

Ac,cordLng tOtclassical plant morphoIogy, the hlgher plant body 18 

organized basically into three kinds of organs; root, stem (caulome) 

, "li' "-
ana leaf (phyllome) (Sattler 1974, Foster and Gifford, 1974; Cusset, 

1~82) • These organ catego~ies are considered as taltually exclusive 

and are d[stinguished on the baS1s of criteria such as position, 

symmetry (and thus a180 vasculartzat1on) and apical medstematic 
". 

activity. Of these criteria, position has played the most céntraI 

role in morphological Interpretation. Lé ~ frequently· invoked to 

. discern, the difference between organ categ~ries. For example,. stem 

and leaf May be distlnguishea by determining which is axlllary (stem) 
) 

and which Ls- axillant (leaf). ... 
Syntmetry. which 19 aIso used ln the discrimination between stem!! 

o 

and Leaves, can he described as the proportlonal distr1.bution' - of 

materfal (such as that of an l?rgan) "about an aXis such that all ~rt.s 
, 

formed are equivalent and mlrrqr images of one anoth~ (Bateson, 1894; 

-
Slnnotç, ,1960). Depending upon th{! f.lUmber of proportional axes tl'\at 

may be drawn, three kinds of ~ymmetry may be distingul~hed". When ooly , 
one axis may be drawn through the structure, it is termed 

'dorsiventral, typ1cal, examples of which are lea'les and oth"er 

phyllomes. 
f 

, 

If two axes of 1 symmetty may be obéerved, t'he structure la 
1 

tel"Oled bilateral, wherea'S if more than two axes can he recogoized. It 

ie- radial. , '. 
Typical examples of t'he se latter lnclude stems and 

" 

other caulomes.' In te~s of incernai morphology, ,sy~etry can aiso be 

. • 1. 
ob~erved wi th regard ta vascularization;. The term vascularization can, 

he used ln this cont~t both to indicate ~he arrangement of v8scular 

bundles present aod the orientation 'of xylem and, phloeœ (inverted, in 

• 

", 
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whlch the xylem t:1s located abaxiaUy' ,versuS' the normal adaxlal 

po&ltlon). Leaves typleally have a planar arrangement of vascular 

-
bundles wl th eoÇtllally oriented xylem. in contrast to stems which have 

a radial endarch arrangeme.nt. Thus. symmetry can be distinguished 
<> 

either on the basis of external or Intern'ill morphology alone. or 
,\ 

both. (See Table 1). 

Another criterion often employed in the morphologieal distinction 

of organ categ6ri'e,s 
, \ 

la the phenoÏnenon of apical 1ner1stematle . aettvi ty, , . 
whleh for pUr"poses of . thls work will be restricted to two aspect 9: 

, 
duratlon and org~nogenetie potential.' Of the two, duration 

nec~ssarily ..implies a time referenee, and Is u~ed in a relative sense. 

Thus,~ organs may have - determinate (l1mlted) or indetermtnate 

(unli\llited) modes of growth.. Organogenetie potential 18 a broader 

term whieh implies not ooly the abflity to produce othër organs but 

.1180 the abiUty to branch. Typleally, caulomes have Indeterminate 

-
growth, give rise to· ottu:r organs and are capable of branehlng. 

Conversely. phyllomes typieally are of -c!eterminate growth. do oot give 

r1 se to other organs or branch. 

When an organ «Joes nllt fit into one of the three aforementioned 
;1 

... ca tegories, 1t poses problems - ln terms of the 

classlcal sho'Ot model. An example o~ sueh an organ ls the phylloclade 

of - the Asparagaeeae, (sensu Dahlgren and Clifford. 1982; - Asparagus 

and Ruscaeeae. Dahlgren, Clifford, Yeo, 1985) which 16, traditionally 

considered ft determinate leaf-like stem primarl'ly on the basis of Its 

\ \ 
position. 

Termlnologic~lly. however., De Martius (cited in Clos, '1861) 

10troduced the_ word cladode to emphasiZ'e the branch-like featu.res of 

.' 

'r 



these structures. Late,' "81schoff '(c1ted 1n Duchartre, 11:185) co1ned 

the ten phylloclade" to deno~e the physlolog1cal and morpholog~cal 

.. resemblance to leaves' and as a result, the two terme have often been 

used synonymously. Reinke (1898), in lm exhaustive study of 

asslmllatory O'l'g.an.' in the Aspar8~,:eae, trled to delimit the use of the 

two by suggestL'lg that the term cladode be restricted to those 

J 

instances where the a881~llatory shoot represented 8 flattened 

internode aloné, while the ~erm phylloçlad~ be used only ln those 

cases ln whleh the flattened assimllatory organ represented a "fusion" 

produet of leaf apt! stem. Goebel (1905) similarly proposed that 

determlnate stems with extreme resemblance to leaves be called 

phylloclades "",hereas other Indeterminate flattened shoots or stebls 

wl th less well developed similari ties to leaves be termed cladodes. 

Troll (1937) accepted this but preferred to substitute the tenn 

platyclade ("Platyk.ladium") for cladode ("Kladodium") since the 

1itl!ral meaning of cladode refers to structures that only' resemble 
.1-

shoots but are not equlvalent. For Troll, the term platyèlade Is used 

to signHy flattened indeterminate shoots. In this work, for lack of 

a better -wo_rd, the term phylloëlade has, been ad~pted. lts use, 

however, is meant-to be ln a oeutral sense; by uslcg the term no 

automatlc homologization with 'shoots 18 Intended. Rather 1t 18 hoped 

that by using the word phylloclade (leaf & stem) the acknowledgement 

of equal contribut ions of leaf and stem features 101111 he denot ed. 

Historically, phylloelades have been the su bj ect of mu eh 

eontroversy 1n the l1terature. Their ,morphologiesl Int:erpretation has 

revolved around three main hypotheses wh1ch will now be reviewed. 

) 

) 
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Foliar Hypothesls. - The earl1est known Interpretation of the 

phylloclade was t~at of Theophrastus, who sometime in ,300 B.C. wrote 

that ..... some 1eaves are fruit as the Alexandrian . bearing , ... 
laurel, which has its fruit attached ta the leaves, "(Hort, 1916:77) 

and "the priclc.ly myrtle (butcoer,'s broom): bath have their fruit on 

the midrib of the leaf." (Hort, 1916:267). In both t-hese sp~d.es of 

Roseus, the fruit ls inserted on the phy11oclade, so for Theoptrt'astus, 

phyllaclades in these cases were leaves because they looked ure 

leaves: they were dorsiventral, determlnate, green (photosynthetie) 

structures whase pos1tlqn was irrelevant .. LinnE and Willdenow, 

severai centuries later, interpreting the phylloclades o~ Buscus 

srrlved st the same conclusion (Schlittler, 1953:207) • 

. Later "botan18t.!'l, however, were more mindful of the classieal 

"dictum of position that states leaves cannot 'axl11ate ather leaves. 
~ 

To accoUlodate the leaf-l1lte morphology of the phylloc1ade, yet remain· 

. 
with.ip '. the framework. of the elassical mode!, required that the 

phy110clade be Interpreted as a leaf born on an abllrted, reduced or 

short shoot.· Such an Interpretation was advanced by De Candolle . 
(1827) for AsparaguS, by DJval-Jouve (1877) for the st:erlle 

phylloclade of Ruscus aculeatus and Velenovsky '(l892, 1903, 1907) for 

~ and the sterile phylloclades of Semele' and Ruscus, whlch were 

thought to he the terminal leaves of "aborted short shoots. Troll 

(1937) subsequently re-examined Velenovsky 1 s d~ta and unable to 

accept the concept of terminal leaves considered the sterile 

phylloclades to be pseudo-terminal leaves. Joyeux (1928) studied the 

anatomy and morphology of both sterile and fertile phy lloclades in 

Il 
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Ruscus, Semele and Danaë and concluded that the phylloclade in this 

group was the prophyll of an aborted ax111ary bud,. Since, eccord1ng 
.. 

to the clessical model, ,leaves could not bear ot her organs,) the 

position of the inflorescence on the phylloclade in Ruscus and Semele 

was described by Joyeux as being adventit1ous. SchUttler (1953) in a 

more comparative-- morphological approach, texam-ined mature struct\lres 

(stem, leaves and phyl1oclad~s) of the Asparagoidae in compaTison with 

those of the Luzuriagoideae and agreed with earlier investigators that 

the sterile phylloclade reprebented e pseudo-terlllinai leat of a 

reduced axlltary shoot. Buscal10ni (1914) earlier had also supported 

a foliar i~erpretation of the phylloclade as did Stefanoff (1932) wno 

ignored the criterion of posi tion, interpreting the phylloclade of 

Asparaaus as being a phyllode because of Hs basal articulation aAd 
-,~ 

character1stlc pet101ar anstomy. Arber (1950) after re-reading 

Stefanoff's c1aims concurred with him. rejecting her~ two earlier 
, 

Interpretations. Finally, Van Iterson (1955) in an article on the' 

unu8ual orientation of va8cular atrands in dorsiventral leaves, 

.,; 
suggested that the phylloclades of Danaë) Ruscus and Semele be tre~ted 

as leaves regardless of their inverted xylem • 

Cauline View. - By far the IDOst widely (and .... one might add, most 

.r 
tenaclously) held view, however, 18 that the phylloclade 18 a modified 

caulome with or without appen,dages. This interpretation began with. 

Turpin who in 1820 stated that the lateral flattened leaf-l1ke organe 

of. Kuscus were bral)ches because they vere axillated by minutoe scale 

léave8 and ln some cases bore inflorescences. The pre.~'ence of 

terminal non-ax1l1ated phylloclades offered fur~her evi,dence for !ts 
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cauline "nature". A. P. de C~ndolle (182l' and latèr De St. Hilaire 

0840, cited in Arber, 1924a) 8upported this hypot-hesis al~hough:De 
. 

Ca~dolle attempted t6 explain the phylloclade's symmetry in terms of' . -
correlation by postulating the "abortion of true leaves" in Ruscus. 

The phylloclad.e's axillary position and !ts abil1ty to give r1se to 

other organs were the decisive factors in the cauline Interpretations 

of the phylloclades of Danaë,~ Ruscus and Semele, by authorl~ BUch as 

Clos (1861), Cauvet (1877), Dickson (1886), C. de Candolle (1890), 
'-

Celakovsky (1893), Reinke (1898), SZafer q91O), Zweigelt (1913), 

Goebel (l905) and Motte (1938, 1939), a11 of whom only examined the 

mature structure. 

c The criterion of p061tlon has also been of prime importance in 

the Interpretation' of the phylloc1ades of Asparagus and Myrsiphyllum 

which havë either been regarded as sterile pedlcels or peduncles by 

Wydler (1845), Kunth (1850), Clos (1861), Duchartre (1885), Celakovsky 
~ 

(1893), Relnke -(1898), Velenovsky (1903,1907), Goebel (1905) and 

Jessop (1966), or as naked vegetative axes (reduced shoots) by Van 

" Tieghem (1884), Arber ,(1935) and Troll (1937). Arber (1935).rescinded 

her pr~v10us opin,ion (l924b), that the--'needles (phyll:odades) of 

Asparagus bore vestl~1a1 leaves while Mas sert (1894) ear11er Md 

stated tlult the phylloc1ades of Aspara8,Us represented the on1y known 

example ,of "baslp~ta~ branching". 

More recent studies baye 'focused on deve10pment as a basis for 

interpretation. Wenck (1935) ex..amlned the early development of 

phylloc1ades ln Danaë, Ruscus, Semele and Hyrslphyllum yet stiH. ... 
concluded that because the phylloclade (with the exception of the 

'. 
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termina! phylloc1ade of Ruacus) was initiated in the ax.1l of a buet, , 
and because BOIlle phylloclades fonned, br~ct8 ln whose axUs other 

()rg'8ns developed, phylloclades were Shoota. Troll (1937 ~ eapedally 

agre~ with this last point,. considering the fertile phylloclades of 

Ruscus and Semele to be eaulomes. Kau8smann (1955) in a most detailed 

comparative developmental study reinforeed this Interpretation, again 
0, • 

emphaslz1ng' the criteria of position, and esrly 8hoot-like 

h1s'togenes1s. Hirsch (lf/77) eoncurred with both Wenck and Kaussmann 

ln spite of adm1tting t!lat "the lntergradat10n of stem and leaf-l1ke 
~ 

features ~an be elearly seen in the sequentiel d~velopment of the 
, ' .V'.. • 

latera! Bppendages açrl terminal phylloclade of Ruscus-.' 

Fusion Hypot'heses. - At a1>,out- the ume Ume the 1 caul1ne hypot,hes18. w)ls 

becOIIIing estab,Ushed, another view of the phypoclàde was em,erging, 
. 

whlch in some ways could be conSi~ered an outgrow~h - dl.-.the foliar. 

hypotheses. ln order to not only explain the pos:~ion of the 

·phylloclade in the axll of a reduced scale leaf and i.ts abllity ta 

bear an inflorescence yet account f~r its extreme resemblance to a 

leaf, the prophyllar fusion' hypothes15 was proposed. Unl1ke. 

the foUar Interpretation; however, this hypothesis rel1es heavily 

upon the concept of ~congenit.1" or phylogenetic fusion which 1& by 
\ 

deflniUon a non-observable process. lt i8 a neéessary co~rollary of 

the elassical model. ('For a critique see Croizat, 1960, 1973; SatUer 
~ 

1974 a,b,c; Dickinson .and Sattler. 1974). 

" Al though no evidence was offered; Koch (l837~ ci ted in Arber, 

1924a) first ~ put forth the, idea that the basal half of the 

.' 

• 1 1 

, 
ft , ... 

- , ,f - ; 
~ :-

1 
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phyl},oclade, whether sterile or fertile, consisted of a fusion product 

'of a leaf (prophyll) and an axillary '~ranchJ wher.p.~s t>he upper half of 
... 

the phylloclade represented the leaf alone. lt was lef t to 

Duval-Jouve. (1877) to provide the Uret suppot"t for this 

Interpretation ln the fortll of the vascular ana,tom1 of the mat.)re 

structure • Recause transverse sections of the basal half of the 
• 

fertile phylloclBde of Ruscus aculeBtus L. exhibited a central 

vascular cylinder' reminiscent of a stele and. because the vasculature 

àbove the inse,rt'ion of the inflorescence was leaf-like, i.e. a planar 
"" 

Brrangemeqt of v8scular bu~dle8, Duval-Jouve agreed with Koch that the 

fertl~e phylloclade was a congenital fusion ,product oi an ax,il)ary 

branch w,ith Ha prophyll. He saw additionsl copfirmàtion of this ln 

the eplphyllous inflorescences of Tll1a~ - Bpugalnvillea, Thesium, 

Erythrochlton and Chailletia. In the case of the sterile pqylloclade, 

as has already been mentionéd, 'wval-Jouve cl~imed it wa~ entirely' 

foliar. Van Tieghem (1884) also saw the sterile p~yll,ocllld,e as .the 
, ~ 

prophyll of a~ aborted axillary shoot but considered ft to b~ a 

"congenital fusion" product. stating tha~ at iu' ~ase one could see. 

vascular evidence 'of the aborted, axllJary branch ln the fonl' of a 

central' vascular cylinder. , Further, support for this Interpretat'ion 

\las seen .1n the (lnverted) orientation ofl the xylem of the phyllocl~de 
'" 

towards iU axiUaht l,eaf, a point Van Tieghem criUéized IAlval-J,?uvé 

for Dot observing. lJ.ke both ~val-Jouv.e and Koch, Van Tieghem 

considered the' fertile phylloclade tQ be a "congenital fusion" 
. , 

product, however, he saw an Increase in corDple~i tf of the structure 

frOID Ruacu8 t-o Semele. ~ter, Velenôvsky 0,892, 1903, 1907, l~h3) and 

Do 

1 , 

~. 

• - F -

/ 
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, 
Danelt (191~) expanded on these ideas (although no citation of Van 

Tiegh~, appeared), by ~nterpret1ng the fertile phylloclade, of Ruscus 

as 8 fusion 'produ.ct of a ."lnged inflorescence axis and tvo med1~n but 
o 

unequai bIaets. Tnmsverse sections of the v8scular anatomy of the 

mature fertile phylloçlade 'as weIl aS the venat10n pattern itBelf was 

aubmitte:t as evldence for" this. ~d1tlonally, teratologlu, ln which 

the axial component was separate from the brset were taken as further 

conUrmation. Like .Van Tiegnem, Velenovsky and Danek. '9aw the fertile 

phylloclade of Semele as a' complex structure~ but instead of 

• explaifing lt' in terms of a repeat1ng b~furcatlon p.attern as had Van 

Tieghem, Danek and Velenovsk.y cçns1dere~ tt to be composed of 'severa! 

-
co?genitally fused ~nits, each ,of which was equivalent ta one fertile 

phylloclade of Ruscus. 

Finally, Arber (1924a~' 1925, 1950) recogn1zed in the phylldélades , 

of Ruscua, Danaë and Semele s'nexampl; of her "partial: shoot theory" 
fII"""'-""'" " " ", 

1n wh1ch "the leat h,as an: urge towsrds self_-complet~n as a whole 
a '. , 

s,hoot" (Arber, 1950:93) •. ~he saw no diff~rence between sterile and' 

fertile phylloclades, statlng th~t, "the phylloclade. consiats of, a 
t 

lateral'shoot completeJ,y ~nate to !ts OIo1n prophyU" (Arber, 1925:147) 

but that ~the union whic,h the adnation represents is a fusion of an 

excess1vely intimste n,sture,' 1n which one partner ,t- the prophyll -', 
\ 

has,gai~ed such complete ascendancy that 1t 1s useless to lopk for the 

structural boundaries of the adnate axis; the prophyll has, ae lt ' 

~ere, absorbed the àx1s wlthout mak1ng aqy concessions to it,' ~nd has 
.. 

rèt'ained. 'its own foliar type of anatomy unalte~~d'" 'CArber,. 19~4a: 

, ,255). Thus for Arber thè concept of conge~l tal fusl~n' de>es not-
" 

" 

• 1 
~ 

'i 

, , 
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lnelude the u8ual!y impl1t:it tenet of "vascula-r cooseryatism". As 

Croint (973) ~ bas noted, lt ~s s~l11 nevertheless unfortunate that 

Arber chose the language she did to' express herseif. 

. Finllly. Schllttler ,(1953) conciuded Vthat fertile 

p~~loelades Of. ~7~' and Semele, re~resented 

products of an axlllary shoot w1th its prophyll. 

congenitally fused 

Alternati\'e Hypotheses. - ,The above three hypotheses, which have ln 

,vadous ways' attèmpted to e~plain the unusual IIOrphology ,of the, ," 

phylloelade 'in t·erms of the classical model, have not _ go~e 

unchallengeèi • Robert, <,1964) after an' histologie'al study of RuS'CU8 
. 'r; 

aculéatus' w~s not able to' arrive at' a conclusion of what the 

phylloclate was,. Jeremie and Cusset (1972) ln la detalled 8nalysh o~ 

mitotie activity of the phylloclac1es of ASl;!aragua denalflofUs (Kunth) 

Jessop. concluded tnat ,the morphogenetlc proce88e~ loperating 

within these structures weré' not. s1mlIar to those ~f typicaI stems or 

l,e,&ves and for this reason. the phylloclades were ne!ther stems nor 
~- • l , j 

actuàl leavea. C.rolzat (973) ,volced the sam~ opinion. 8+though he.' 
r 

offered no data, tbat the phylloclade 1~ the ~sp8~8geae was the result 
-

.of "the 8g~~eg8t10n. at the merlsteal lev!!l'" 'of patent!al foHar' ând 
, " 

axtal "meriStems ln series whlch, falUng to glve origln to ful,ly 

•. individual1zed ~dies - "fo.11ar" or "axial" - give brigin to 'bàdles-
, ' , 

tl'lat effectlvely belong neither to ,the êa,tegQO' "Leaf" not "Stem", 'but 

share tn the t~b" (Croizat 1913:146-7). Sattler (19748,1984) prop~sed 
! 

that organs sharing characteristics ~f' different categories b, 

acc:ep~ed as s,",ch. He' argued that organs sueh as the phylloclades of 

' . 
, " 

.;/ ' 

\ 

, ",:, 

1 • 

'., ' 
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Ruacu8" and, +aparagus' be consldered as iotetÎD!!d1a'te org~ns in vhich 
\' fJ 

total 'homologizat:f.on vith ieai or Item. v~s not p08s~ble. 

ln light of thts controveraY'a 'detaUed developmental :8t~dy' of ,., 

four species of the A1par~gace8e: Ruscua aculeatus L. , Semele' 

androgyna Kuntb, Danaë racemosa Hoench ~d, Aspar.agus aprengeri "Régel, 
1 , 

"aa und,ertaken. the purpose ,of 'this investigation W88 ~o relat~ the .. 

developme~t of ph)"'l1ocl~des vi th th~,t of DIOP!' typ1cal forms of plant 

CO~8truction such 8.s' stems and 1eaves in order to determine ~ vhich 

ontogel1tic and ... phylogenetië 
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~TERIALS ~ METHODS 

Rhizome buds, young aerial shoots and mature, phyllo(;,l'ades of 
l ,_ ~...... , 

, • ~ r-:' 1 ~ _ .. 

Roscus aculeatus" L., l1anaë raCTImosa Hoench, Semel~, and!oaYna Kunth, and 
• .. J ' • 

Asparagus sprenseri Regel w~re collectèd pèriodically February thropgh 
, -

Hay 1982-1984 ,from plants groim in the HcGiÙ University Greenhouse!, 

!wo 

. J(ew 

of the plants, Danaë ~ndsemele sndr~~na orig1nated from 

Gardens 1n England and did not ~Pt weU to growi~ conditions in' 

Hontrea'1. For ,this resson\. a small amount of material was obta~ned 

from the Jardin des Plantes in Paris. Ad4it1onally, Dr. A. Siegert ~f 

the Un(versitit Hainz and Ur. RoH Rutishauser of the UniyersÜiit 

l ' ' 
Zuri èh:, each kind1y suppl1ed FAA fixed material of Semele 'androgyna • 

Of a11 the maeerial. available, over 100 shoot tip's of Ruscus aculeatu8 

L. and approximately 50 shoot dps df each of the three remain1ng 
\- • t 

species were,examined. . ' 
, \ 

Material was, ident1Ued according to Thlseltoq .. Dyer (896), 

Hut~hihsori ~lg34),' YeQ (1968), Dahlgten and Clifford (1~82) and 

ha-tügren~' 'tUfford and Yeo' (I985'). Voucher specimens 'of, ava.uable .... ....-
_ ".. ~ , Il • .. 

" m,a'terial' have, ~en deposi t~d ,in the' Hc<;111 Universi ty 'Hetbarium Bt . ..', 
/' , 

~~donalq College, St~ Anne de Bellevue, Quebee. Fresh materla1 was 

firet d1ssectèd out in' cooled distilled water oi: bùffer and then 

vaC':lUlllj'~nftit,ratéd. in either formal1n'::acetic acid-alCohol (FAA) or 3~ 
/ 

..gluiatd!ie·hY~~ in 0.1 H sodium ph<fSphate buffer at pH 7.Z'. The length 

of Ume' in the fixative varied from indefinite storage ln FAA to 6-12 
, • \ ... J 

~o\sr'1! in g,lùtaràldehyde at 0" .C.·' So'!le m8t~rial was subsequently 

postflxed in buffered IX osmium cetroxid~,fo~ 2 hours at 0° C. 
:- ' \ " . , 

, ' . , 
, . , . 
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, 
Mature p.bylloclades vere fixed ln FM", and èleare<1 according to 

the technique of Fuchs (1"963). 

, Light 1I1croscopy ParafUn embedded lIatèr1al was Urst Uxed ln FM 

. 
and ti'en stained in 8lcohollc acid fuchsin to facUltate orientation' 

durlng embedding. Followltig dehydration throug4 a graded· tertlary 

,but yI alcohol seri'ts the speeiuaens vere Inflltrated vith eit"'er Tissue 
, , J 

Prep or Paraplast H.P. 61 0 C. Seria! Bections of, 7 - la u ~ vere eut 

on an .~.O. spencer rotary microtome. and 8tain~ vith elther 

Delafield 's hematoxyl1n, Feulgen vith fast green. counterstalD. or a 

mod1fled ToluldlDé " Blue ,0'; in vhich sl1des, vere 
.. 

deparaffinized and oven dried prior, to stalnlng. This pr!lduced a morf! 
, ...... J 

even and more inhanced metachrollatic stain7' Of t~e "three .methods,j._. 

Delafield' s gave the beat retJul ts' vith lIe~1etemat1c tissue and 

Tolûidinè JJlue O. vith differentiated material. 

Haterial to be sectioned in .plastic vas usually fixed in 

glutaraldehyde vith 'or without osmium PO·8t~lxat1on.: Several washes ln 

,cooled buffer followed by 'a dose in diatUled water were uaac!e before 

the specimens vere, dehydrated ,thtôugh à gradated ethanol series. ln 
, , \ 

general, pqst~lxatlo~ seemed tl> give better results ln terms of 

contrast, , 
J' 

.Infiltration vas àccomplished gradually over a perlod o'f 2-3 dAys 

for Spurr plastic CSpur-t; 1969; 0,' Brien and HcCullY, 1981) and JB-4 

émbedd1ng media (Polysclences, Inc. Dat. sheet 123). Haterial 

'. 

embedded in LR white resln (data sheet ava1lable' fr~ J~8. E.H." 

serv~ces. Inc.) wa8 infl1trated f~r 2~3 weeks. This resln .. ppears 'to 
',: 

, . 

1 
" i 

! 
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lt has'. l~ng Ihelf lUe and ',..)j~e the be8t ,~ ... 1te1ftfor plattt tl,lue. 

penetratea vel/." Spuu leems to give ~he ~le~ie.t lmage once 
~ 

'<, ' 

.< 

lec:tioned but Hs use 18 limited by 1ts viscos1 ty. Only .xtremely 

.. ~ll pieces of tlllue v1th'thin cutlc~eB infiltrate vell. JB-4.g.ve 

results cOlllparable to paraffin but was IDUch IIIQFe time consuml~ and 

dlfflcult to section. 
\ ~ 

All, pla.He embedded I118terial vaS aeeéioned' at 2 ~ m u'slng glas~ 

Itnives 00 • Sorval Porter Blum MT-2 ultramicrotome. Sections vere 

floeted onto beacls oi diltllled vatel' on cleaned glass IUde.. Sl1des 
- >, .. .' 

were placed on ,a hot plate, and sections vere Itretched using xy'lene 

fumes to eUminate wr1nkles end insure .dheslon. ~;er dryin~ they 

~ere, .talned vith heat using elther 0.1% TÇlluidlne Blue 0 in lX Borax 

or o..lX M~thylene Blue ln 1% Borax.) ... 

Specimens for epi-illumination lDieroscopy were fixed in FAA, 

dehyclrated, .stalned and dls6ected accordiog to ,the techniques, of 

A 
Sattler (1968) and Po.luszny, S,cott and Sattler (19,s0) •• 

'" 

Scanning electron microscopy (SEM) - Materia! examined vlth SEM vas 

fixed in glutaraldehyde with , or vlthout , osmium' 

p08t-flx~tlon and prepared accordlog to the techniques 
) ,J ... ' 

Po a tek . and, 'fuc~er (l971), Gersterberger and Leins 

AIlthony', Sattler and Cooney-Sovetts (1983). 

,« 
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OBSERVATIONS 

Ruscus BculeBt'us L: 

Organography Ruscus aculeatu8 L. 1s a rhlzomat.ous shrub of, 

the· Me4iterranean ~egi6n and the Middle East. Its plag!otropic 
, . 

rhizome, 18 sympodially branched and· in all th~ material examined, 

consi~t..!, of usually "fivè (or sometlmes seven)' co~pletely ensheathlng 

scale: le~v'e8 per sympodium (Fig. 1). "Whlle the ax1J,s of. tne Urst tw~ 

scale leaves are empty and that of' the third sometimes contalh.s a 

r~newal bud, the fourth ana fifth axiis 'regùlarly do,. ~Fig. ,1). 
. . 

" 'The branchiÏlg pattern of the latera! dormant aeria! shoot buds iB 

the. same as that 9~\ the main' aerial shoot' eXcept t'hat lt i~ oriented 

in a plan~ perp~ndicular to' the original. The ,aeria! shoot buds 

remaln d~rmant for th~ first year, usually growing out the followlng 
, ' , 

sprlng. If the main'" a~,r1âl shoot ls damage~, however, one or 'both of 

the aerial Sh()ot bude break dormancy and resume the growth of the 

plant. 
, . 

The orthotr0P.'ic aerial shoot.J.s .cOllJposed of ~atE!tal second order 

branches in les basal r'eg,lon with phy~loclades distally (Fig. 8). 

Each second arder bran ch is axlllated by a' scale leaf and ln turn - . ' 

produces ~cale Ieav~s in whose axils' are 
.. 

lo~ated ~Ily llocladeà 

(Fig. 8). Both the main aerial shoot and its laterai branches are of 

determinate growth, endlng In â terminal phylloclade .(Fig~ 2). 
,. 

Esch lat~ral phylloc1âde undergoes a ~OD tôrslon at tts base and 

là axiUated \ by' a reduced scale leaf in contrast to the teminal 
, , 

phylloelade whlch 1s not (Fig. 2). AlI phyUoclades whether l,~teral 

'-

. :.. ... 

. , 

. . 

,. 
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or terminal exhibit dorsiventral symmetry, determlnate growth. ending 

1 in a 'splny Ùp a~ may be ~ither sterile or fertile. In the case of 

the fe~tile ,phylloclade, the inflorescence 18 inserted median11 on the 
1 

adaxial surface of. the phylloclade in the-axil of the inflorescence 

.. ~ brac::t (Fig. °2). 

• 

Shoot development '- The "shoot apex of the rhizome 18 broad and 'dome-

shaped (Fig. 5). 'The scale leaves that ensheath It are initlated 

dist1chously and are of dorslventra! symmetry (Fig. 5). 

Histologically, the apex consists of a two layered tunica and a corpus 

(Fig. 25). Se-cond order laterai aeriaI buds are initiated in the 

axlls!lf the forSiventrai ,séaJ,e lea.ves by periclinal divisons within 

the corpus and are del1mited by a shell z'o.ne (Fig. 25). 

As the shoot apex becomes"' ortnotroplc, the phyllotaxis changes , ' 
, , 

from dist,ichous ta a 2/5 'spiral (Figs 5. 4. 6, 7) w~lch secondarlly 

becomes irregular., Second order ~ranch prlmordla a~e initiated in the 

ulIs of dorsiventral scale leaves (Fig. 6). 'The morphology of the 

scale leaf.. of the orthotropic shoot 'changes irom, the ensheath1ng. 
't 

hooded form characteristic ~f the rIlizome~ to a non-ensheathing 'more 

lanceolate f~rm (c:ompare FIg. 5 with Fi~8 b, 7). The scale leaf 18 

d'or'siventral from the beginning, whereas the lateral bran ch It 
, 

subtend s 18 bilateral (Fig. 6). 'As· the ~t'anch grows, the symmetry 

changes fram bilateral (Fig. 6) to dorsiventral (Fig. 7) and finally 

to radial (Fig. 13)'. 
• 1 

Mter producing severa! lateraI branch prll11ord!8, t~e 'shoot ap~x 

becolIIes more dome~shaped, 

production (F~g. 4). Beçause of irr~gularities ln the tr~n8it1.on 
. ' 

~ . 

.' 
.' 

, . 
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zone it is difficult to determlne which Jf the prilllOrd1a will develop 

as branches or as phylloclades (Figs 7, 8). However, after more than 

th~ee or four phylloclades have been produced in succession, the shoot 
. 

apex usually oo1y produces phylloclade primordia (Fig. 4). 

The scale lesf primordia that subtend the phylloclades of the 

Uret order axis. are initiled ,ln a spiral 3/8 phyllotaxis (Fig. 4). 

Each is tirst visible as s( dorsiventral bulge on the periphery of the 

shoot apex (Fig. 4). During the third or fourth plastochron, a 

~ phylloclade prlmordlum Is sean within lts axii (Fig. 4). 

At the time phylloclade primordia begin to he 1nitlated on the 

first order axis, the oost basal second order branches bagin to 

produce Bcale leaf and phylloclade primord1a (Fig. 3). As on the 

rhizome, the scale leaf primordia of the second order branch are at 

first initiated distichously (Figs 3. 9) but in contrast to thase of 

the rhizome a graduaI spiral phYllotaxis with a divergence angle 

varying between 2/5 to 3/8 Is achieved (Fits la, 13). The shoot apex 

whlch is dome-shaped and somewhat triangular is approximately 200 um 

, in 'diameter (Figs ID, 13). lt 18 composed of a two layered tunica and 

corpus (Fig. 26). Periclinal divisions within the second tunica layer 

indicate the initiation of the scale 1eaf pr1l1ordium (Fig. 26) whlch 

when visible externally manifests the pame symmetry as that of the 

first order shoot (Figs 4, 7, 10, 13). Throughout its development, 

the scale lesf remaina dorsiventrally symmetrical (Figs 13, 14, 26, 

33) and receives on1y one Median vascular trace (Fig. 30). The rate 
~ ~ 

of development of the scale leaf primordium at first equals that of 

!ts axUlary phylloclade (Fig's la, 13, 26) but later on, exceeds· it 

(Fig. 33). More pronounced celi elongation slong the abaxial side, 
t 

J 

... 
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of the scale lesf primordium contributes to the upwards curvature and 

en~lo8ur~ of, the axillary phylloclade (Fig. 33). 

Deve10pment of the lateraI sterile phylloclades - The phylloclade 

primordiüm is initiated 1mmediately after tqat of its subtendlng Bcale 

leaf (F1gs 4, 10, 13) by. perielinal divisions with1n the corpus and 

anticlinal divisions with1n the tuniea (Fig. 26). Ini tially 1t 1a' 

biisterally symmetrical (Figs 10, 13) or perhapa slightly dors1ventra1 

in the case of t~. first order axis (Fig. 4). Very quiekly thereafter 

(within the second or third plastochron in the second order shoot) it 
( 

becomes dorsiventral (Fig. 10). The young phylloclade primordium"has 

two outer ce Il layers which at first divide only antic1inally 

(resembling· somewhat the organ1zat1on of a shoot apex) (Fig. 27) • 

Addit1onally, a faint shell zone ean be observed (Fig. 26). '1;'h1s 

shoot-lUte histologieal: organization soon, d1sappe~rs leaving 1nstead 

ouly a protodermal layer that d1vides 'anticl1nally (Fige 33, 34). In 

cross section ouly the ce1l division pattern charaeteristic of a leaf 
\ ' . 
ls observed '(Figs 30, 31). As the phyIloc1ade grows further, a fàster 

rate of maturation along the (abaxiaJ, side contributes to !ts inward 

curvature. simil~r to that of its subtending leaf (Figs 33, 34). When 

the phylloclade is approximately 500 u,m 1n width (400 um ln length) 

tts distal portion begins to protrude (Fig. 18). At maturlty, this 

region becomes sclerifiea (Fig. 39) resulttng in a terminal spiny tip 
a 

(Fig. 2) of radial symmetrYl. The' middle and basal regions of the 

phylloclade. 

37). 

however. remain dorsiventr~Üy symmet;:ical (Figs 35 J 
• j ? 

In terms of vascu1art'zatlon, the phylloclade rece1ves its first 



'. 

procambial strand within about the third plaatochrori. This procambial 
. 

strand, which '" is median, differentiates acropetally from the 

provascular trace of the subtending scale, leaf (Fig. 34). Somewhat 

latp.r, two lateral traces depart from provascular atrands within the 

stem, enfering the phylloc1ade as do eventually other ,bundles, forming 

a dors~ventral arrangement (Figs 30-32) • This dorsiventral 

arrangement i8 malntained in the mature form (Fig. 37). The median 

vascular 'bundles of the base are 8urrounded by an ellipse of 

sclerenchyma (Fig. 35). Above the base, the bundles' are separa te and 

are arranged in a venation pattern characterlsdc of monocotyledonous 

leaves (Flg. 37). The xylem of some. but not all, of the bundles 18 

inverted (Figs 35, 37). 
\ 

Development of the fertlle'phylloclade - Llke the sterIle phylloclade, 

the fertile Is inlt1ated in the axil of a' scale leaf and its 

development thereafter ls equlvalent to th.at of the sterile except for 

the pre~ence of the inflorescence. ln Rusc~ ..hypophYllum, L. the 

inflorescence ls' init1ated on the abax1.al side of the phyllocl.ade 

(Fig. 17). whereas ln Ruscus aculeatus L. it 18 inltiated adaxlally 

(Figs 11, 12, 15. 16) although exceptions alao <H:cur (Fig. 23). The 

inflorescence bract prlmordium i8 inttiated directly in a median 
" 

position by ant,t.clinal divisions withln the protoderm and pericl1nal 

divisions withln the subprotoderma1 layer' of . the 'phylloclade 

(Fig. 27). From the beg:f.nnlng, it ls dorslventrally symmetrlcal and , 

remains 80 throughout i~s development (Figs. 12, 15, 16, 28, 29). 

On1y one va8cula~ ttace is p!"esent whlch dlfferentlates' acropetally 
J 

from the median procambi",aJ, strand of thé phylloclade (Figs 16, 28, 
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.. 
29). The inflorescence pt'imordium is in1tiated in' the axii of its 

bract as a result of deepIy,.,orig1nating periclinal divis10ns (F1g. 

28). The inflorescence apex 1s dome-shaped with a two layered tun1ca 
1 

and corpus (F1gs 16, 28, 29). Extern411y the struture. is first 

visible as a 

(F1.gs 15, 16). 
1 

flattened primordium with 
\ 

bilateril symmetry 

At maturity, cross sections through the base of the fertile 

phyIIoclade show that the vascular bundles, are 1n a more or less 
t-

dors1ventral .rrrangement and are surrounded by sclerenchyma (Fig 36). 

The xylem of the bundies 1n the med1an region nearest· the adaxiai 

~urfacé 1s inverted (Fig. 36). The xy lem of the ... If'undles nearest the 
J 

a.baxiali' surface is not (Fig. 
1. . 1 

36). Above ,the insertion of the 

inflorescence the vascular bundles are sepàrate ye,t are still in a 
. . 

dorsiventral arrangement (Fig. 40). On1y soine 'of the bundies have 

• 
invert,ed xylem (Fig. 38).~ At .the 'Up of ·the fertile phyllocladé the 

med1.an and outér vascular bundies merge (Fig. 42). 

De:velopmerlt of the ter'lllinai phylloclade - After each second and first 

order "\hoot apex has finished production of bract and Iateral 

phyI10ciade primordia, as ind:ftcat;ed by the basal elongation of the 

tiret order shoot, the t~rminal pbylloclade primôrdium 
. 

appears 

(F1.gs 14, 33). lt results from the direct tra~format1on of the shoot 
• 

apex (Flg. 33), no subtending bract 18 ini tiated. . ", ~ 
The fint 

indication Of 'the termblal phylloc1ade priJpordium 1s an elongatlon of 
" 

the shoot apex· (Fig~ 33). The symmetry of the apex at this tlme and 

thus the young phylloc1ade pdmordium 18 bilateral. As the i shape 
, 

becomes more triangular,' the '. prlmordium 
\ 

becomes ,'"dorsi vèntral ..., 

.. ," . , 

/ 

~ .-, 

/ . 
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(Fig. 14), A$ Wl-th the laterai phylloclade, Pr11Dord'ia, the terminal 

phylloclade maintains this dorslventral symmetry at maturity except 

for its scler1fled ,spiny tip which 18 r,dial . (Figs 2, 19-2 q • 

Simllarly, the terminal phylloclade may or May not be fertile 

(Figs 2,19,20,41) and displays the sallie histology as that of the 

lateraI phylloclade , ' 
primor~ia. 

AbnormaliUes, variations When the shoot apex is in trans1tipn as 

during the changeover from' bran ch to phylloclade production and from 
, _ e 

lateral to terminal phylloclade production, morpholog ieal 
.. 

lrregularities occur. ln the 'first instance during the changeover 

from branch' to phylloclade production, the irregularity May either be 

sirnply a phylloclade in a branch' position (Fig. Es) (i,e. a complete 
, -

transi t10n) or more aberrant reflecting' lerhaps an incomplete 

transit10n.' For eKample, where a ptanch would have been expected, 

\!ltruetures that might be described as abnormal ph1~loclade8 (J1g 22), 

or abnomai branches (Figs. 24) may he present. 
, 

Additionally, the 

teminal phy lioclade i tself May al so exhi b.it similar ~rregu.lari ties 

8ueh ;8S variable .~'b.f lorescence posi tion, or Lt may even besr another 

phylloclade (Figs 19-21, 23h 

1 ". 

J 
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~ racemosa Moencll 

organography - I)ana~ racemosa Moench 1 s a mon01:yp1c rhizomatou's snrub 

occurring ln southwest Asia and the Southeastérn Balkan peninsula. "The 
_ 0 , 

~ plagiotroplc _rhizome 18 sympodial and in the .mateçlal examined, 

consists of five scale leaves 1. per sympodium (Fig;, 43) 'that are 

ensheatll:J .. ng and are arranged distichously (rigs 47-49). The axils of 

the fiut 1:WO I1cale l.eaves aepear empty, whlle those of the third and 

four th eontain buds (Figs 43, 47). Tlle bud in axil five u8ually grows 

out as -an aerial shoot followlng the emergence of the main aeriai 

shoot. 
, 

The main aerial shoot is orthotropic and bears spir.ally arranged 
\ 

scale leaves in whose ax.ils are u8ua11y located second order branches t 

Q01: al! of which reach mJlturity. ln the first two leafaxils are 

sh~.ts that bear ,third order branches. -Occasionally the more apicaUy . 
located second order shoots also bear thlrd order bran~hes. Each 

CI -
,shoot regardless of tank. is of determinate growth . and either remains 

. 
sterile 

, 
or pr()duces a terminal faceme (Fig. 44) • No terminal 

phy lloclade 18 produced .. 

-' Phylloclades 'are found in the upper, region of the first order'>" 

shoot and along the, second and third order shoot axes. The oumber of 

phylloclades per shoot varies fran as few as two to as man~ ___ as eight 
6 

or more. " Eaeh phylloclad~ 1s subtended by a scarious seale leaf and 

usually undergoes torsion. AU are steril~, of dete~inate growth and 

" dorsiventral'symmetry (Fig. 44). 

i. Although norm"al foltage le~ve8 hav~ bee~ reported '.for both the 

seedl1ng and mat.~re plant by Arts'er', (1924a), noné· were observed 

, in . the' material examined -for this study • 

• \ 

'" , 

. , 

, . 

'" 
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ShQot development - At the t1l1le of scale leaf Ini tiation, the rhizome 

apex is broad and sl1ghtly convex (Fig. 48). The :prilIIordlulD arises 'aS· . ' 
, 

a cr,escent-ahaped tmound slong J:he periphery of the rhizome ~pe~ 
, ' 

~ : (Fig. 48). Gro,,"th upwards bèlow the Up resulta in the character1stic: 

,hood, .., whlle extension of thè basal marg~ns (Fig,s, 47-49) eventually 

produces the ensheathing matur~ forme Al~ of the scale leaf prl,,,ordi8~.~ 

are In1tiated in a dlsUchous phyllotaxy aneL are I;>f dorslventral 
" l' ' , 

symmetry (F1gs 41-49). Durlng lateral ~ud, ~nlt1at1on, the shoot apex" 

18 approximately 320 UID iri diameter and ls compos~d of a two-layered . 
, 

tunlca and a corpus (Fig. 59). l!:ach lateral bud primordium orlg1nates 
/ 

in the ~1l pf' a scale lesf frOID di~isions witllin the second tunica 
1 , 

layer and corpus (Ug. 59). \ Il ' 

As' the sho,ot bec~~s orthotrop~c, a ~hange in t~ s~ shape 

of the apex 18 noticeable (Fig. 50? A corr,esponding change in the , ' 

morphology of the scale leaves ls, a180 apparent. They becollle more" '. reduced' and non-ensheathlng ('F,lgs 50-53). Additionall'y, ,'à change ~ in 

'phyllotaxy from distlchous to a 1/3 spirAl occura (Fi~. 50). '. The" 
Î -._, , 

dorsiventral .ymmetry, of. the, léaves, however, does not" change .. , and .. 

they ce>ntlnue, to origlnate 4S crescent shaped mounds along the 

perlp'nery of the shoot apex (Figs 50, 53) and retaln' tlUs symmétry 
1 

throughout development (F1ge 51-53). , , 

Although at first. secOÏld orde)': branch' primordia are ~ot v'i8ibl~ 

in the axils of the ç,rthotropic Bcale leaves (Fig • .:50), c;hey later are 
~I ~ 

cleariy evident· as. bÜateraUy symme'tr1cal str~ctures that ,?ecome,. 

sl1ghtly dorslventral (11gs 51-53). After the firet order "shoor: ~s 

finlshed produclng lateral branch pr1mord~a, phy lloc1ade primordia 

begin to be init1ated ln the 'l~af dUe (Fige '51-53),! ,Aga1n there 11 

: ., 
, ' ,. 
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• change' in phy~lotaxy, thIs time' from ,sp,irai baek to distichoU8 

(Fig. ,53-).- -Subsequently, (in the seventh or elghth plaBto~hrotl)'the 

young second-, order bra,nches begin ta IniUate bract and phylloc1adé' 

primordla' '( Figs' 45.' 57)'. The shoot apex i8 approxi,mat.ely 200 um in 
- f 

diameter and 1s. composed _ of a two,..layer~ t'uni ca and a' corpus 

..... (FI~:" 57). The sc81~ ,led 'primordia' are inHiated 1n" 8 d1st:~chO~S 

ph)'11ot~xy fr0ll! peri,cHn,l. d1vis.10ns, within "the 8êcond, tu'niea layer 

and 'concolD1tân~ anticlinal divisions ip' the outer 1~yer.'(Fig6 45, 

,,', 57). Each is... of dors~veittr~l symmetry ('Figs 45, 57) and grows at' a -
. , \ 

'-rate equal.' to or slightly faster than that 'of ita axI11ary phy 11oc1ade 
·f... l' ....... 

(Figs 45, 46, 54, 57) •. h greater rate' of e~ongat~on along the abadal 

.' 
, si'de ot the scde' leaf primordlulll contri'bu'tee to its upward curvatùre 

(Fig. 57) ': ~ furlng the third plastochton of the' second, o'rder shoot, 
" , 

the b'ract pflmordium 'r~eeives its first provascular trae~. The 

, \" 

(j ,procambial strand 'l.s media'n and 18_ deriv8d from ax:t outer '~lDdle within . 

.. ' 

the stele (Fig., &6). ~ter en'tering thé braet. however. ,this strand;. 

80metimes br~nches (Fi.8: 65). '. <' 
" 

When the shoot apex bas finiBhed prod~cing btact and phylloclade 
, 

pri1DOrdia, one of two things may occur. Either it 'remaina eter',1lé 1n­

whicb', case' the apex :18 graduàlly u,sed up' (Ffgs 54" 55, 60) or 'it ,', 
" , 

becomes reproductive'· (Figs '46, 56, 5.8). ,The r~productlve apex 
-1 • ~ J 

mainuins the two-laye'red .. tunica and the corpus of ~he vegetat:f:vè 1 < 

, ~ \ It ... _ 

shoot but undergoJ"s a notÙ~a~le cha~e in size and shape (Fige 

46, 5~, 58)., 

• 

,. 

, ' 

In' t~J! earl)' stages of' trane1t1on, the apex' elôniate",. 
"'" \' 0{ , j 

, , 
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con.lderably (f181 46, 5d).~ alcbOugh lt. d1 •• ëtér 1. not .. ch -' 
<i 

diff.rent frOID ~hat of .the 'vegetative lut'e (176 WII vs 200 um). Vith 
. \ ........ -'" ~ 

l , 
che production of nover -prlaord1a. hoIIever,. ,the .hape of the apex 

becomes more fla~tened •• nd its .r~~ gr.d~allY dimlnis,hes (Fig.' 56,).,' 
. , 

Like the phy'lloclade pr1aordia, the flO!ltr prlmordi. Ire in1Uated in' , 

. the axile of '.cale leav~. (Figs 4&. 56. 58). They ~rlg~n.te ff~" 

"divillona ~re deeply withln the corpua than do "che ,a,xlllary braeu ' 

(F.ig. 58) -9'1 are eon.iderably aore precocioua in the1r developlle,nt, 
, , 

(Figs 46,' 56, 5ti~. 

,. 

Phyl1gclade develo2m~nt - Ou'ring tbe' _cond' plastochron of t.Ite aecond 

order .boot, the phylt'oclade pr,iaordi'UIII 1a already, visible in the .xll .. ' . 
1 " 

of the acale leaf .8 • c:onàpicuoui srouplns ~f pe!riclinal d~vl .. 1on8', 
~ 

wlthin fhe second tunlca 1aye1r "tth concomlta.nt divl8ions within 1: he' e 

corpus (Fig. 57). At its base, one can Almost' di~cern ',the eell 
o 

division' pattern characterbtic of a Ihell zone (Fig. ,57). ,- ~s 
l ' 

'or&a~1za~1fQ 8qoo d1aappe~r8. however, and in l.ter ,plastoéhrons. 
, . 

'there ,la • protodermal cell l.)'er ln whi,ch ~only' ao'tlcUnal divisions 
.. ' p. • -: -. 

'occur (Fige 57. 58, 60)~ ln r.ro55 aectlon~ the cell'arra~ement pattern 
, ',?f 0 ' 

"', , \ , l' .. '~ ~ 

1s-1ndl.tiogulahable frOID tha.t of. typlcÜ 'leafe tige 61, 62~'65). 1 
~ \ " J \ .' , 

. ln terma of syllllletr'y .. thé p~llocl.de p-r1. .. ord~ulll first appears a8 
\, 

• b~l.ter.lly ,y_ecric:al .tru.ctur~' rapldly ~ecomes 
, 

'lbia chan,ge in eyametry ls at least 

in part related to .~ 'tncreaeed rate of cell elonsation -along 'the 
\ ~ 

~baxlal eide wbich 'contributee tei' the phylloc1ade' a Inward curv.t~re 
, 

(~~gs S&. 60). Wh~n a lens~~ of approxillllteiy 111= 1 ~s been reaehecl, 

" , 

l' , ,. ' 
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'if, , pOlnced, t.ip. As growth proceeda; the phy llociade 1ncreases in -length.' 
__ 'J~ '1 

the tip bec.omes nart'owèr and ,more acuminate'. wnl1e the blade increasès , 

in 'wld,th beèom1ng more ovatè. 
~.' ~: 

Th~' margins of the mature phy,llocladè 

ilia)' either curve. upwards or remaln flat· ln w.hlch calle the ~a8e often: 
1 • l ' f, ' 

undergoes torsion (Figs 44, 64). 

The vasculartsaUo,n of t~e phyl1ocl~de 18 independent of that of ~' , 
.J~'~ 

lts aubtend1ng bract', (Fig. 66). ~t the base àf the young phylloc~ad'6' 
, ' 

_, prtmord\um three Ifrocamb1al tri\ces ar~ visible' (~ig •• 66). 

rate of, dlfhl'entiat_ion 9f th~ _JDedlaQ bund.le ls faster ln 

Since the 

compar180n 

with t'hat of the two latera! ones, 'only : the-'medlan procamb1al strand 
" co', 

~, '. 
ls '9bservable in cro$~, secdans ,through' ,higher~ levels (Fig. 65). 

, ,At 'maturity only somè of the xylem of the vaacular bundle's 18 

lriverted '(Fig. (3). 
, ,-

The orîentation and dist ri butioh of t,he ,bu'ndles , ' 
, , 

,giv~~ rise to a pa~al1el venation pattern trpical of that, se'en 1n 

"D\onocotyledonous 'le~~es (Fige .&2.' '64)~ : 
• .... l , ,~ 

'f 

SeJJlele afldrogyna I<unth 

,Orgallography -iSemele ~ndrogyna Kunth 1s a- rhizomatous" cl1mb1ng ~hrub 

lts plagiotropic sy,mpodial. 

rMzome conaista of the or ,sev~- enaheathing 8cde le"svea that are . ~ .. . . 
dist1cho~sly ',arrangeil (Fig;' 67).' In 'trn. ,mate.r1a1 examined ~l 'Beale 

.. ~ , . 
leaf-axils cont~1fi axUIery,' buda (F1g{ 67). 

" ' 

." \ , ~ 

If ,l,they develop, they 
J,\i - • 
G> -

have the same architectural branching p8tter~ as the, main sympodium 
, .. ~ ~ .. ~ \ -

except fo r', the plane, of ,orientatfon whlch has been turned nine~y 
-, 

degrees. ,., 
, .... 

, , . : 
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, " 

ln contrast to the rh1z~me, the main aeriai éhoot is orthotropic 
• 

and ,at '1~8 Due bears splrally arranged scale leaves in whose axils , 
" , 

.are IbcaFed second order' branches. Apically, the phyllotaxy reverts 

ta ~stlchy and the scale l~afaxll1J ~onta1n. phylloclades (Fig. 68). 
, \ ~ 

, This '-Saure patt'ern Q~ dlst1cho~s phyflotaxy and phYllocl,ade arrangement 

ho Ids fol:: the 'secQ~ 'order shoots as well, (Figs 69-70).' AlI shOots 

\ 
regardle$s . of rank" are of' determinat~ ~rowth ending with the 

'production of lateraI phY,lloclades. / - No terminal .. 'Phyllaclade was 

observed (Figs 68-70).' 

, J " ' 
Lateral phylloclades', wbich are 1anc,eolate, dors1ventral and:: 

-det~rmina'te~ usually uod.~rgo torsion at their base '(Figs 68, 70). . " ~ , 

'l'hey~ay be e1thet- ster,i~e (Flg~ 68) or fertile (Figs69-7Q,94).In the. 
',,.r'" , 

Lttter 'instance, .the inflorescence, la anos~ commonly s1.tuated along ,the 

mar.gin of ,the p~ylloclade in the 8xll of tlle in!lorescence bra~t ' , , 
, ' 

, ' 

(F1gs 69,. 70). although' olher p081t1~ns are occas1.Onally obse'rvecL 

" 

Shoot developmenc - The rtiizome shoot a.pex ls approximately 150, um 1.,n 

diameter and Is enaheaChed by dist,ichoùsly arranged, 8cale. leaves 

'(Fig. 71). Each scale l,eaf arises along the perlpherY of the', apeX: as 
( 

a crescent-shaped ~und. 
. , 

t~ primo·rdlum .g~aduaf~· 

71). ,Even tuaIt y the sJteX 

The shape of 

ch~~ges to a hooded ensheathing form (,Fig. 

1s totally enveloped by the dorsiventral leaves •. 'The latera! bud 

primord1a that are in1tiated in the axils of 'c~esè scale leaves are 

also dors1.ventrally Bylllllecrical, at 1east at, the beglnning (Fig. 71)" 

When the first-order shoot becomes ol:thotropic,. a not1ceable 

change in the size and sha~e of .. ,the Apex 8S well as \ leaf ÙlO,,:"phology 

/, 

" 

" " 

, " 
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occurs. The apex bécomes rounder vith age and aUal'lls a d:l. ... eter of 

about 225 Um '(Pige 72). It bas a three-l.yered tuni,ca and a corpus 
, .1 

'(UJ. tll). The scale lea~ prlmordla that subtend branch ,~j.mardla are 
-

lnitlated ln 1/3 spiral phyllotaxy and are dorsiventrally symlDetrical 
t> 

'(Flg. 72). "ln compariion vith those of tl1e rhizome, they are IaOre 

reduced, , lanceolate. ln, ,8hape and are not ensheathing. Branch 

primor4ia are ~nlt1.ted tn the axils of these lICale leaves; they- arise 

. ,froiD anticl1n~l divi8ion~ in the tunica and perlc1il'1al divis'ioris 

beneath the third tunica làyer' (~igs 72,. 83)~ , At firat they appear 'as 

dor'~iyentral structures al tbough in Iater development they are more 
, , 

bUateral '(Figs 72, 77) "and eYen~ually their axila bécomes radial 

(Fig.'- 76). , . . 
At the stage when bract and phylloclade primordia begin to 'tom 

on the second, order shoot, the. apex of the lattèr iIJ highiy' 

dome-shaped (250 um wide and 120 Um hlgh) .and consista bf • . 
two-layered -tun:l.ca ~nd a c~rpus' (Flgs 74, 75~" 85) •. ~ primordla 

1 • 

thàt subtend phylloclades, are in1,tlated from perlclinal di'{lsions 
J. . 

within the second tuniu layer. and· concomitant anticlinal divlstons ln 

the outer l,ayer; they arise ln a distichous phy.l1otàxy like those of 

tbe fiut order shoot (Pigs 77, 85-87). V.cuolation and cellular-

. ~ .. " 

d~ffere~tiat1on occ~r - Urst aloDg. the abaxial -s~de (Figs 85,- 87). 

EXternally this process Is reflected in the leaf' s. eleatly 

,dor:sive,ntra-l- fotm.. In ,earliest stages it is visible. 'as a creaceat 
- . 

8~aped bulge skl,rting the' shoot 80th léa! apex (Fige 74-77). 
..J 

initiation as well('as ~ate of development are initially 1!l0re advanced 

10_, relaUon ~o t bat 'of the phy lloclade - (Fige 73-78, 84-87) • 

._J 

Throu"gbout i.ts dèvelopment, the leaf receives only one medi~n, vascular 
1..-- ".' 

, . 

'-

, ~ 
" 
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trace. .The prbcambium of this trac~ ~s' forme~' acrop~tally d\,lrlng the 

s'econd - plastochron but 18 most "consplcuou~ during t,he r~, -fou l'th 

(F1g. 81). 

Wlth further growth the seate leaves eventually enclose thé shoot 
, 
apex (Figs 73, 84). At the same time the apex diminishes in size as 

it 18 gradually ,ù~ed up in "the producUon 'of leaf and pily lloclade 
J 

, prlmord1a (Fig-s 73, 84). 

Phylloclade development - The phylloclade Is inltiated ~n the ax11 of , 

its .brac~ from anticlinal divisions within' the seçond tunica layer and 
" , 

underly1ng, divisions wlthin' the ,cor,puB (Fige 85-81"Y~, .. Concomitantly, 

anticlinal divisions occur ln the outer tunica layer. Even though" it 

<-
is. initlated durlng the second plastochron, tbe phylloc1ade prlmordium 

:1s 'not visible externally uni'il the third or f~urth (F'ig. 74). It.18 

a dO,rslyenttal strùcture from' the beginni~g and 're~ain8 this wmm~try 
. 

throughout its development (F)1.gs '76, 79-82, 92) thus resembl1ng a· 

, ' 

", 

leat. Yet, in',very early stages,_ ~t sometimes appears ta have/a faint.-" , 

• 
'shell zon~, thud resemb~l rig ~he organlza tian of a shoot, apex (Figa 85,. • , .. 

H7).' This" cellular d'ivisi~n pattern. however., quickly disappears anA:." 
, " 

, ' , 

in, 'la ter stages 'the. phylloclade primordium has only a one. ~àyered 

pr~toderlll that divides antièlinàUy (Fig. 84)~ Altt:aough cella seem ta 
; , ~ 

dif.ferentiate m,ore quickly a1008 the abax;lal s~de; thus ~antr1buti,ng 

ta the phyllaclade's inward 'curvature .. thé overaU rate' of growth and 

eventual expansion of the primordilim i6 .delay!!d uqtll the shoot apex 

" ls nearly exhausted (Figs 73, 84). , . 
At, the ,leve! of insertion on thé stem. ih~ va~colarlè~tion of the 

,.. 
1 

" 
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phy lleclade 18 Independent ~rom that of lts subtending bract (Figs '84, 

8~). Three p,rova,scular traces enter the base of the primordlum frOID 

the stele (Fig. 8~). The 'pro"ascular bundles are thus Initially. 

arranged in a dorsiventral planar arrangement. Later, when the 

, ellipse of v'aSCUlar l'ndles phyl1oc~ade matures,_ a flattened uu somewhat 

resembl1ng a stele ia vISible in i'ts base (Fig. 92). The xylem of 

some' ,of these bundles 18 Inverted ,(Fig. 92), Above thls reglan, the 
, , - . 

vascular bundies divide ta form a parallel venation pattern typical of 

~o~ocotyledonous leaves (Figs 90, 91, 93). At the tip of the 

phylloclade the outer va8cular bundies of each marg1n converge. Th~' 

medlan bundle ends blindly (Fig. 93). 

" 
, 

Fertile phylloclade tle.velopme~t - ln terms of overall 'morphology, the 

fèytile phylloclade primardlum bears a striklng resemblance to a young 

• ~econd order ahoot (hga 79, BO, 82). .raet~ 1;1ua'od' alo~g the 

marg;i.ns of the phylloclade ln a lItore or less distichaus phyllotaxy 

,with two orthostiches (Fig. 82) aithough dev1atlons in ar~angemènt_ 

occur (Fige 79, 80). Each bract rece1ves one median procamblal t~ace 

that 'differenUates acropetally and Is separate from that of the 

inf loresçence pr Imordium (fig. 88) • The inflorescence, prlmordlum Is' 

inlt1ated ln the axU of the bract directly on the phylloclade 

prllJ10rdium (Figs 79,80, 82,88). 

'8 
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• 
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Asparagus Sprengeri Regel 

Organography - Asparagus Sprengeri Regel 18 a widely cult:1vated 

ornamental whose plag1otropic rhizome produces orthotropic aeriai 

shoots that bear acarioua leavea more or less in a spiral phyllotaxy. 

'l'he leaves have a thorny outgrowth at their abaxial base. 

, o\.t the base of 'the aerial shoot. the lowermost leafaxils have 
') 

axlllary meristems that rare1y if ever grow out. Above these in the 
, 

middle region of the shoot, second order shoots and sometimes 

inflorescence huda are found in the leaf uils. Inflorescence huda 

appear to grow ou~ in the early summer, one or two years after the 

aeria! shoot has emerged from the ground. At the most distal po~tion 

of the shoot, clusters of phy lloclades occur in the lesfaxHs. 

The pa~tern of organizat1on seen in the leafaxils shows a 

correlation with the locatIon of the node on the plant (Fig. 95). In 

the mlddle region of the aerisl shoot, nodes typlcally have the 

following p~i:tern. In the axil of the subtending lesf Is located the 

second.. order 'shoot (Fig. 95a). Lateral to the second order shoot on 

either side are two phylloclades, each axillated by a reduced scde 

leaf (Fig.' 95a). Lateral to each of the se. is usually the 

inflorescence 'and les aubtending Dract (Flg. 95a). This architectuul 

pattern la baslcally maintalned for nodes ln the apical reglon of the 

plBnt except that in the position occupied by the second order shoot, 
" ' 

a phy110clade ls observed (Fig. 95b). Simllarly in the place wbere an 

inflorescence wouid be 'expeceed, a phylloclade ie sometIJ1les observed 

(Fig. 95b)~ Thue tt ia possible to have 8 cluater of five 

1 ' 

", 

" , . 
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phylloclades Inste.fd of the usual three. 

(seven) have been reported (Arber, 1924b j Kausmann, l'55). 

The branching pattern of tbe first order shoot is basically 

repeated in the second order shoot 1 except that inforescences and 

tnlrd order branchel;! are less frequent. Inflorescences if present, 

grow out one or two months after those occurring on the first o>rder 

shoot: • AlI, shoots whethel'> tiret or second order are determinate, 

endlng ln a cluster of phylloclades. 

EacH phylloclade is of bllateral J, dorsiventral symmetry, linear 

to strap shaped, and terminates in a spiny tip (Fig. 96). AU ... are 

sterile (~ig. 96). 

ShoQt development - The apex of the young orthotropic first order 

shoot lB approximately, 125 ~ m in diameter and more broad than high 

(Fig. 97). Scale leat primordia are initiated along the perlphery of 

the apex in 

(Fig. 97). 

...- , 
a" spiral phyllotaxy (Fig. " 97). Each ls .dorsiventral , 
As the lesf grows, its basal abaxial portion protrudes 

~ . ---, . 
fot;'llling at matul'tty a pointed sclerenchymatous thorn-like structure. 

Second order shoots are initiated in the axils. of the sc'le 

leaves as 'l\att-ened 
1 

structures with a bUateral to d.:>rsiventral 

8ymmetry (Figs 97, 110) • When they are about .130 Il m wide, the:!.r 

lower flanks begin tq bu!ge, indicat:lDg the initiation of two latera! 

bract prlmordla, (Fig. 97). Adaxiill growth between' the two primordia 
" . v 

leads to the lormat:(on of a sem1-circular structure (F1gs UO, 112) 

that has been interpreted ss a prophyll (see, e.g., Wenck. 1935). 

'f ,/ 

.. 
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" 

This structure is, present on1y in basally located second order shoots 

(compare Figs llQ-1l2 with Fig. 1P>. Lateral phylloclade pr1mordia 

arise in the axils of the lobes of this structure at a very early 

stage (F1g. 111). 

After a rumber of butt and second order tsranch primord1a have 

been produced. the morpholôgy of the firat order shoot apex changes by 

becom.1ng round~r and mo:o: dome-shaped (Fig. 98). This change . .... 
correlates with the production ofax1l1ary meristems that give rise to 

braet and phyllQc1ade primordia (Fig.- 98).' Bath the fi;st 'order shoot 
u 

and its second order shoots appeat to' pJoduce these struètures during 

\ 
the same Ume perlod (F1gs 9(S. 107", 113). . . 

The shoot apex at this stage consists of a two-layered tuniea and 

a corpus (Fig. 114). The scale leaf prirnordium that subtends the 

~ 

axillary mer1atern arises from anticlinal divisions w1thin the first 

tunica layer and periclinal divisions w1thin the second (Fig. 114). 
" 

Like the leaf that subtends a second order shoot, lt originate6 in a 

spiral phyllotaxy and ls dorsiventral (Figs 98, 99). There ls, 

however, a reduction in size. Each scale leaf ,recel ves ,one procamblal 

trace which 18 median (Fig. Il 7). An ax1l1ary mErri8t~ 18 inltiated 

in the axil of the scale leaf in the second 0'; third plastoc,hron 

(r.tgs 98, Ut.). lt arises from anticlinal divisions within the tunlca 

layers and concomitant divisions in vari-ous planes in the corpus 

. 
(Fig. ,114). ln earl~. stages, the external form of these structures i! 

dorsiventral in fint arder shoots or perhaps a'llll.9st bilateral in 

---...... second orde~~ots (Figs 98, 101. 102, 107). V~ry- q~1ckly, however, ~, 

these.- latter cases alao become dorsiventral (Figs 99-102). Th~. 

" procambial strand to the ax:Ulary mer1stem 1s m~1an and 18 

/ '. 
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• 
differentiated from that of the subtendtng leat' (Figs 117, 118). 

As t.he shoot ,Df:JarS the end of it~ l1~espan,- tbe shape of the apex 

becomeâ triangular and its size is gradually reduced (Fig. 99). ' ln 

Ha final phase, the Iast scale l~af primordium ls ·initisted almost 

opposite to the penultimate one (Fig. ,100). 
l 

The remainder of tt'le 

-
shoot apex is transforll)ed into the lase axillary meristem ,whid'l then 

sequentially gives ri se to the terminal c1uster of. pltylloclade 

primordia and their subtending scale leaves (Figs 100-103; 108, ,115). -
pàttern of phylloc1ad!! initiation - Wheo the axillary medstem is 

. 
about 120 om wHle, its distal reglon begi~8 to protrude' Indicating the 

differentiation of the median phylloclade primordium (Figs 100, 102): 

Concurrently, the lateral flanks of the axillary meristem 'begin to 
" 

form bract primordia (Figs 100, lOi). The position of the~e primordla 

ls sl1ghtly .adaxial sinee the axillary meristem ls sl1ghtly curved 

(Figs '100,' 102). When the' med1an phylloclade primoJ;dium 18 'about' 

8U um wide and 70 u m high,' lateral pl?Ylloclade primordla are ioitated 

, f!.' 
in tlte,' axi). of Urst one seale leaf' prlmordium and lthen the 'other 

(Fig. 104). La ter , as the lateral phyl.1oclade primordla tbemselves 
4 

reach 80-90 Um leogth, cellular divisions cao be observed st tbeir' 

bases more or leS8 opposite to each phylloclade' s subtending, scale 

leaf (Fig. 106). These represent the initiation of ,two more bract 

primord~a (,Figs 105. 106, 1(9) •. ln tbe axll of each bract primordium 

" an ax1l1ary meristem arise,s that develops into' another phylloclade or 
o., 

an inflorescence' (Figs 109. 116). In some cases t the mer.istem appears 

'b ,-
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-- not ta develop. or becomes dormant (Fig. 1081. Thus oo1y three 

phylloclades p,et cluster would be formed instead of the usual four or 

five. 

Phylloclade development - The phyl10clade primordlum Is initally 
. . 

dorsiveQtral (Figs 100. iOl. _11~). 
" 

Dy the Ume lt has reached 

70-130 um however. it is bllate;ral &lld dome-shaped, (Figs LOI. 

103.104). The-scale leaves that s~end p~ylloclades are dorsivenX~al 
l ,_ 

from the begirîning and 'ramain ad' throughout the1.r developmen~ (Figs 

103, 105, ,109, 114, 119,_ 121).- . \, 
Ir 

Histologleally, tne lIledian phylloclade prlmordium at first has , , 

·two outer - cell layers that d!vide anticl1nally (Figs 114. 115). At 

H. b •• ~patte~n thot re:embl •• a falnt .hell zone con be 

observed (Figs 114, 11~). This shoot-like organizatlon 80001 becomes 
, 

transformed into a pattern that is characterist1c for leaves 

(, Figs 114. 116, 121). 

'J'he fint procambial str.lnQ to the median phylloclade 1s ït:self 

\ 

median and ls connected to that of""'o-the ,scale leaf subtending the 

~Vary medstem from wbich the phylloclade primordia arises-· 

(Fig. 119). Each of the two latera! phylloclo\lde pdmordia 'receives 

one procambial strand (Fig. 120). No provascular trace was observed. 

in any of the lateraI bract prlmordia • 

When tbe phy lloclade prlmordium bas reached ap proxima tely ·100 u m 
~ 

in length, lts most distal portion begin~ to exttmd (Figs 105,.106). 

The cells ln this. area . continue to eloogate untll ev~ntually a ~plny 

-tip with...ra.diaI symmetry is formed (Figs L08. L09). At matùrity it 

-' , 
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becomes sclerenèhymatous. As the tlp differentiates, the middle 

, 

portion of the' phyi10clade expands laterally (F1gs, 105, 106. 108, 

109). ln cross-section the 8y~ëtry at this level 18 bllateral, and a 

" large procambla1 bundle may be observed (~ig. 121). At maturity this 
• 0\-" '" , 

sol1tary va~cular bundle has an anomalous structure (Fig" 122-124). 

ln the .mature phyllo'clade the basal region 18 dorsiventral iQ 

c,ross-section. Hence, the phylloclade as a whole ,is dorslventral wit~ 

a bllatera~ portion. 
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DISCUSSION 

The ... ' present' investigation del!l0ostrates that . the pl)y lloclade in 

the Asp~rag~ceae ls a comp~ex structure. On the: one hand lt resembles 

a shoqt becauae of tts po8ition t early histogenesis and in some cases 

lts inlttal bilateral syU1lDetry and ~bility to Iproduce other orgav: , Y~t, on the -other band t 1t 18 like a leaf becauae of Us determinate 
ttl. ..... 

growtl). and final dorsiventral sYUUDetrY. When aIl of. these features of 

the space-time ex~ension of the phylloclades are weighted equallYt the 
If 

naturai conclusion one arrives at is that the phy lloclade ls an 

intennediate M'gan (Sattler, 19bbt 1974à, 1984) that combines stem and 

leaf f~àture& (Jeremie a~d Cusset, 1972; Croizac, 1973). Inc~rpr~t1qg 

cne phylloclade in 'this manner ~ot only provides a mo~e comprehensive 

, 'aÎld Ùynamlc explanat,ion of morphogeqes1s but at the same z:1me' avoids 

. the essentlalist!c trapplngs' that pla~e other vie'ols~ For example. 

»toponents of the foliar hypothes~8 such as de Candolle (182·7), 

Uuval-Jouve <f877), V~lenovsky (l892~ 1903, 190n, Ttoll (1937), 

Joyeux (1928), Buscal10ni (1914), Schl1ttler (1953) and at one point . , 

Arber (1950) 'have emphasized the,?hylloclade'e leaf~lik~ attributes ln 
• 6 

'their interpretation'; and to -bring 1t into l1ne 'olith the accepted 
,~ 

"" model of plant conCitruction (the classical model) 1 they have 

postulated that the phylloclade Ile the t~rminal or p8eudo-t~rmlnal 

leaf of '8 reduced or aborted shoot. Yet .no redueed or abor~el shoot 

ia observed dur1ng development. Phylloclades are either ini,~iaied 

directIy ln _the axil of a scsle leaf via divisions within the .. corpus 

and tunica as in the cases' of lateral ~hylloclades or result fran the 

., . 
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'ethect transformation of either t.he shoot ,pex ln the case. ~f the, 
, 

termlnal phyl.loclade of llusc:u!. Whlle one could .rgue (Rut't.hsu~er· 

l " 

.nd Sattler, 1985) t~a_t - thia L l .. t point 'offera IlUpport for the 

,Interpretation of Schlittler:'(l953) and Ar ber. (1950) that -the 

terminal phy'lloclade ln Ruscus 18 a leaf. with "an urge teward s 1Iho1e 

shoot c~ra~ter8" (Arbe~. 19~O)"to do,so wdu~d be limltl~ because it 

disregard. i~s incep.tion. .' ,p 

..... 1 ~ 

Liltewlae, those who .dvoc:at~ the opposite' vlew that the 

phylloclade be, equaud wl~h a caulome primaril)' 'becaûse of Its 

pos~1on (1'urp~n, 1820; A.P. de CandoJle, 1827; Van Tieghelll" 1884;, 

Ar~r 1924b, 1935) or ~U' ablUty to give' rise to other st'Tuctur,'s . 

(Clos,' 1861; Cauvet, 1877; 'Dickson, 
" 

18l;J6; c. de Candolle, 1890.: 

Ce1ak~vâky •. 1893; . BelDke, 1898.; Szafer. 191(,);' ~wf:!ig'elt ~ 1913; Goeb~1. 

1905; .lQtt. 1938, '1939) or becaulJe 1~,~' initial histogeneets and' 

"- \ 

,·symmetry '~s snoot-like (W~nck, 1935; Tr~ll, 1937; 1Caus,8ma~n, 1~55; 

Hi~8ch, ,1977)'obt'Àin an equally l1mlting v'1ew. Although 'phylloclades 

are 1n1tiated' JD!)re or 1e88 like fIatteried shoot' apic:es and at flrs't , . ..,. 

appear to have.a celI division ~atte~ characteri8tic of a 8hel1~zo~e, 

thus resembl1ng" the l.teral br~nch In1\!,tlon observ'ed ln Ruscus and 

Semele, they do not continue to deYelo~ ~l,ke, shoots. Very early .in 
, ' 

. the1.r developDlent (8ometime~ ~en ~t :lncepdon) th~lr BYlIIIDetry 'becomes '. 

dorsiventral. ln croaa-.e~tion, the ceU arrangement pattern 
, 

'charaéteriat1c of a leaf 18 observées. The pat~ern cil ·vascul.arisation 

• 
seen in the "hylloclades of', Ruscus. Danaë, and Semele strong1y 

resembles that found in monocotyIedononous leav,s ... In terms. of 
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,] 
8uch as the fertile phylloclades of RUSCÙ8 Bnô Semele do give rise to 

" 

other o~gan8, their ab,i1ity to do so is by no menns unique to shoots. 

Dickinson and Satcler (1974) have shown that leaf primordia in 

Phyllonorna give rise to bract and inflorescence primordia. Sattler 

and Maier (1977) have: described t'he initiation .of epiphy 110us 

,.J.l.. 
appendages in Begonia. Dickinson (1978) e~tcB other examples and 

documents the widespread occurrence and slgn1flcanec' of epiphy 11y in 

general. 

The .above has shown that by weight.ing criteria or restrlc.ting an 

lnvest1gati~n ta only one morphologieal !"eature or developmental stage 
, 

ortly a partial understanding of phylloc1ade morphogenesis' is .~ 

possible. The following illustrates how science can actually be 

• 1 

hampered by BUch; an approaeh. Proponents of the prophy llar fusion 
, 

hypothesis, such as Koch 0831';'- cited in Arber, 1924a), Duval-Jouve 

(1877), Van Tieghem (1884), and with modifications, Velenovsky (1892, 

1903, 1907, 1913), Oanek (1';119),' Arber (19248, 1925, 1950) and 

Schlittler (1953), po's~ulate in variouB ways that the phylloc1a~e in 

Ruscus and Semelt:i is B. congeni~al fusion product of a laterai branch 

wlth its attendant prQPhyll. Evideoce to support this contention 18 

offered in the, forro of the vascular anatomy of the mature stFueture. 
\ 

Cro8s!..sections taken through the 'bases of both sterile and fertile 

phyllo~lades in Ruscua show a more or leBs flattened v8s~ulBr c,ylinder 

that somewhat resembles a stele thus indica~1ng supposedly where the 

branch and leaf had fused. Above the insertion of the inf loresceh;;e 
.{ 

and above the Osse ift the' case of the sterile phylloclade, the 

vaseular bundies are arranged in Il plane lll<.e a leaf, yet Borne of the 

• , 
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x)'lem la, inv~rted. serving !lB it were as a Und of vestiglal rem1nder 

ôf the fusion. "Whlle congenital fusion 1s b)' definitlo~' a -

non .. obsex:vable· process.. lt neverthele$s UlUst be polnted out' that no 
,/ , 

ontogenetic evidence for fusion exlstfJ. FintlYt as has' already b~en 

8ts'çed, phylloclades are Initiated directl)' as a contlnuou8 
, " 

transfotination of the .aplc~l or axÜlary me.rlstem. Furthermore, ln 

the case of the fertile phylloclade, the inflorescence ls inlt~ated in 

th~ ax;l.! of the inflorescence buet diree,tly- on the 8daxi~ surface of , 

the phylloclade prlmordlum ln Ruscus and along the margin 'in Semèle. 

Second~y wlth regard to vasculature, the process of vascu'Iar 

development occ~rring in RuSCU8, 'Danaë, Semele and Asparagus does not 

support 8uch an hypothesls, neither in.t,~s ot organisatlona! pattern 
, " 

nor tissue differentlation. In 'Ruscus, the first procambial trace ta 
- \,. 

the 'phyllocade, 18 Median and differentiates' aeropetally. Shortly . , 

thereafter two lat~ral strand s differentiate on either 'side. At the 
i 

'base of the young phylloca~e prlmordium ln. ~ ~~ Semele, three' 

procambial traces in a ,dorslvent~al' arrangement are ~so observed. 

This ,pattern of ·.organ~sation is consistent with that repo)'ted by 

Fisher (1971) for 'the leaf of Cladlum. 

in the. mature ster1le phyllo~lades ot Ruscus, Semele' ~and ~. 
, / . 

the vascular' bundles, although more numerous'i are still maintained in .4 . / 

" this Qlore or 1es8 dorsiventral arrangement~ ev en -in the base of the,'­

pnyllocl~de. i superficial resemhlance to .~ stde 'resuIts' beçause 'a 
;- , . 

fIat tened cy l1ndei of sclerj!~chy~ ,urrounds, the bundles in the base. 
Çi-

MQ.re'"~f a case could he made for the fertile ph)'lloclade of Ru'CU8 in - ~ , . .-.-
which major '''axial'' bundles are arranged dor8iventrally~, "hUe smaIlet: 
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1 

cortlèal bundles and selerenchyma suHound ,them in· a 80mewhat 
; 

elliptical" "pattern. Th~ vaacular arra,gement' in both types of 

phylloclades. however t can be ex'plained in a developmental ~ashloD' 

accord~ng to ideas expressed by Zlmme~ann and Toml1nson (1972). 

These ~utho.rJ have demC?~strated that the pattern 'of vascular 

'conn~r'i'on in monoc,otyledons 18 a compU,cated pfQcess related not only 

~to th~ ~r'esence and' size' of certain p~s1ol~glcal Hgrowt,~ 'centers". 

(1'.e •• later81 appendage prlmordia -leaf and branch) but a180 to the 

timing of their '1~itiat).on (see &l80 Maze. 1,977) .. 
" , , 

Axl11ary prlmordia 

, 'that' ar~ lnitiated 'relat1-vely eBrly. 1.e •• 1n close p~oxlmlty to the. 

~e~iBtemadc cap act as a It1nd of "Blnk" ln attractlng "part of the, 

axial v8sculàr system.' The phylloc1ade prlmordia ln~. Ruscus and 

Semele or1ginate wi'thln the second or ,third ~la8tochron and thus may 

act a8 li "s1nk". - Since vasèular connéctlon between an ax!p'8ry 
, 

strùcture, and the axis can occur over a long perlod of time, more than -

one type ~f vaàcular èonnectlon Is possible' (Zimmermann and fomlinso~. 

1972)'. 'th1a wou Id tend to s!lPport the presence and 'arrangement of 'the 
, 

cortical bundles in the sterile phylloc14des, 

another "growth center" (the bract and inflorescence primordlà) were 
, , 

·,~Ü _lnitiate o~ the young phylloc1ade prlmo~dium while it was 8til~ •• 

élose to the meristem~ttc cap. perhaps 'even more axial vasculature 

would be dlverted into the phylloclade .. , That the inflorescence does' 

lnitiate relatively early and that there are more vascular bundles 

8een at the base of the mature fertile phYlloclade of Ruscus wou1d 
. • '. ,.f ' . , 

seem ln agreement wltb tMs. Conversel)'. the presence of only one 

Nucula.: bundl~ ln the phylloclade oLAspara$Us. whlcb has been part 
, 

of the basis f~' lts lnterpretat19n as' a phyllode. ~ay slm~ly 'be 'the, 
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tne resuit of a later In~tlation, smaller primordial size and les~ened 

, , 

,physiologiesl requlrements (for further crlticism of· the phy~lode ~ 

-hypoÙesls-ln relation to monocotyledons-, 8ee T~mUnson, 1970). 

Findly as a' lut polnt, the ptesence of inverted xylem in the 
" . { 

matu-re ptiyllQclad~s of Ruscus and ~ may also -be explained in terms1' 

of development. Fisher (i971) has elegantly shown that ~he' lnverted 
, " 

yasçular bundles found in Cladium reault when procambial st.r~nds 
-:J 

dHferentiate in close prO'Ximity to one another. In contrast when 
," , 

pr6cambium' differentiated in isolation the xylelD was oriented in its , , 

normal adaxial position. One may. assume that. s~tnilar dév~lopmental 

\~ ... } 

mechanisms - May occur in 'Ruscus, Danaë, Sem~l.e and Asparagus. TItus . ': ~ 

when tbe presence or· absenc~ of inverted xylem can he explained in 
1 

morphogenetlc terms, the rel lance upon the principle of vascijlar 

'conservatism whereby the lnverted xylem ls a vestige I;>f the presumed .. -
congenital fusion seems not only u~neces8ary but also misleading. 

The foregol:ng discussi0':l has uiustrated some of the in~deq~acieS 

of 'thlnk.ing in terma of eith~r/or (Sattler, _ 1974 a, b, c," 1~84,f '\ 
, 

• 19~6). The weakness of the f~liar and cau11ne hypotheseé 18 that ~hey 

are l1mite'lf. Each al one le(lds to oaly a fragmented or par~lal 

understand1ng of the lIlorphology of the phyllo!!lade. Schüepp "(.1969) , 
, 

,Ru t 1 B'I~au se r (1983). Sattler (1984, 1986) and Rut1ahal;l8er and Sattler 

-\ 
. (I985) have proposed that contrasting points of vi,ew be ~eg8rded as 
-, 

'different perapective's of the Bame 'ph~nomeDoll., and _ thus as 
.. , . ,~ 

cO~:lem~nt.~ ,to~e r~th~ rath,r than .ntagonistic. ~ ViêWf~ ,the 

'fo'~iar .nd calfd,~~~ in, th manner we obtaj,n ~t, once &. r~solutiorï 
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of the c:onflict and a more comprehensive account of' phylloolade 

morphogenes1s. Phylloclades' bec(>IBel are nei, ther stems nor, leàves- but 
, ' 

\, somethlng that incorporates features o.f both. 

Sattler (1974 a" 1984) has proposed a new model of the, shoot of 

lligher plants that takes situations such as these i'nt,o, consider,ation. 

Thus the three fundamental organ ~ ~ries of' the classical mode! J 

~ '.. • I~ , 

root, stem and leaf ,are; not considered as IIIJtually exclu'si~-e,' ~ut 
" 

1 • "'~ather as end points dong a \Dorphological continuum., Graphic~lly 

this ,can be vi/Jual1zed' as a pyramid (see Sattler, 1986) 'whose four 

corners are occupied by' the followi.ng categories: ~aulome (stem), 

phyllome (l,eaf), shoot (stem and leaf)-and trichom.e. Intèrmediates 

(i.e.,' organs !1haring features of one Or more' of the above) are 

.tlccepted 8S such and~ are .percelved as ocçupying a portion of a 'face or 

the interior of the pyramide ' 

'AcCording ta thls model, thé phylloclades of the J\"8paragaceae as 

" well as those of P!o/llocladus ~Keng, 1974, 1977;' 1tergr~, 1960) and 

" 
Phyllanthus i 

t 
Banchllhon: ~ 1972) (Roux" faU withln the 1968; 

~ shoot-phy llome-:caulom,e èontinuum. ln the Asparagaceae, the sterile 

c' phy 1l0c14des oi Dana-ë, Ru!cus and Semele occupy che more leaf-l1ke 
'" , 

region of thé continuum. They become dorsiventral ve~ esrly ;1n their .. .. 
developÙlent, their' anatomy ls Hke that "of a leaf, they are of 

\0 ~ 1 ... 

deterlnl~~te growth and no other structùres are inltiatéà on them. 

More towards the Middle of the contihuum are the .'fertile phyllocladés 

... of Rcscus. They share d~ ot the le~f-like features of the pJ;eceeding 

.. ' 

. group e:ltce~t for the' initiation of: a bract and an inflorescence 

primôr,dium on the adaxial surface. TOSiards the shoot-l1k~ 'reg'ion' of 

th~, continuum ~ré 'the phylloc;lsdes of ASparagÛs ,açd the fertile 

, " 
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.. 
pbylloclades. of Semele. The latter, while primordia, give rise to, 

bract and flower primordia along the1r margins and thus bear a 

st;iking resemblance to the y~ung flat ~C~nd ~hoots of Semele, 

~_ and to a le..&ser extent RUSCU8. Th~ phylloclades ot Asparagu\ 

are included in t.he shoot-l1ke region Qf the contiriuum because of 

'th~ir pattern of 1nit1at10n and organog~netic potecc1al. The axillary 

meristem that glves rise to these phylloclades 1& ln a contlnuous 

state of morphological fluidity" sb much sa that 1t 18 ~1ff1cult to 
. 

. descr1be in terms of --conventionsl concepts of, plant morphology. 'As ... . 
soon as the apical portion of the ax111ary merl stem beglos to form a 

,~' 

median phylloclade, a 90° '8witch in polarity accura an.d !ts flanks 

begin to protrude, fonni08 lateral, bract primordla. In the axils of - , . 
the"se braet p,rimordia, lateral phy,lloclade prlmordia develop which 

o -V ' -

then go on to partially repeat this pattern (i~-e., they give rise to 

bract primordia.t tlle bàse of one of their margins). In the axils of 

these lat ter brecta, otber- phy lloclades or sometimes inflôrescences . . 

develop. The axtllary' meri'stemà ,~hus'" exhibit a ceit~in plasticity or 

'morphogeheti~ po.tentiaUty - for fo11owi08 different dev~l.opmental 

pathways1l This plastic1ty ia also, reflected in the morphogenetic 
, ';) . 

potential1ty of' the axillary Meristeme ln gener.al. Whlle in ~ and 

Semele the axillary mer:tstems appe,sr to produce either rhizome buda. 
~ .. 

• 0 ' 

secopd order shoots or phylloclades in a character1stic order. with 

'11 tUe deV'iation1.,' the axUlary meristems of Asparagus do not. In 

,~. 1. A e1.mllar situation with regard to pote~~lal1 ty has been 

" 

, ~ observed ln Fl1cklgeria a sympodial rhizomatous orchid, where 
buds developed, as main shoots, branches or inflorescénces in 

"correlation with tl)e locatibn 00 tbe plant (Rasmussen, 1982). 
o 'f 
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J 
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some instances they differentiate into a second order shoQI= and two 

lateral phylloéi)ades and, ln othe~s, into a median phyl~ocl8de with tWQ 

laterèl phylloclades. This morpho~enet1c potentiality to undergo 

4 different" types of development 18 si~"lar to that observed in the 

areole of Opuntia polycantha (Mauseth and Halperln, 1975).. The 

" 

axillary, meristem in this specles normally g1ves, rise to an areolê 

that in some caseS develops as a leafy shoot and in others as spines. 

" 
The. ax1l1ary meristems of Ruscus cao switch back and' forth between 

branch and ptv 11 oclade, product 10n especially in the transition r' 

where structures inFermediate between the·cwo are somtimes produce 

Alr of these situations are interesting in light 
, 

in developmental pathways between leaves' and stems that havé been 
--" , 

observed in. surgicd experim.ents bn ferns (Warlaw, 1949i Cutter, 19~6; 

St~eves t' 1961 ... 1966; Haight and Ku:hnart, 1971; Von Aderkas and Hicks, 
. 

'19,85> and recently.angiosp,enns (Smith, 1984). While in th~ majorhy 
1 
1 ~ \ .... ..a ' 

of cases' .complete leaf to shoot. interconverslon ls accompli shed t 
l , , 

/ - , " 

(
intermed~ate or~ans sharing leaf and stem features are sometimes 

produt~ t,Halght and I<uehnart ~ 1969; Suu ex .. 
, ' ~ 

1955; 

1959; Hanawa, 19'60. 

Snow and 
t 

Snow, 

" 

Changes in developmental Integration that lead to .th~ expression 
. 

of diffecent developmental pathways and, thus Intermediate organs may 

be examples of the phenomenon of homeosis. First' def1ned by Bate';on 

(694) and later elaborated on by Leavitt (1909), homeosls 1s the 
, 1 

ass~mption by one part of an o.rganism of the 11~ene88 characterlstic 

of another ~rt such that devélopm~ntal pril~esses common to on~ organ 

category appear 1n a new location (Corner, 1956; Z1QJ111ermaml, 1961; 

SattlèJ1, 19741if <bweneel, 11/76; Sachs, 1982). Th'e second order shoots 



'. 

and the phylloclades of the Asparagaceae could thus be thought of 8S 

exemples of where lesf developmental processes have been expressed 1n 

locat10ns characteristic of shoots. The integration' of leaf 

developmental processes ln the cases of the second order shoots has 

only èeen s11ght, as evidenced by the expression of only a tew leat 

features (i.e •• determlnate growth and early dorsiventral symmetry). 

A gr~ater Integration of leaf developmental processes 19 suggested by 
"\ 

the phylloclades, especlally t~ sterile phylloclades of ~, Semele 

and Ruscus. Less Integration is suggested in the cases of the fertile 

• 
phylloclade of Semele and the phylloclades of Asparagus, especially in 

"4~ 

. the case of ~ plumosus where the phylloclades have a radial symmetry 

(Kaussmann, 1955). 
li \. 

The progression of integration seen in these phylloclades' may be 

suggestive of an evolutionary trend within this group. For example, 

one could postulate' that ainee oost of the Asparagaeeae' 8 close 

/relatives bave typical leaves and axillary _ .!Jhoots, that plilnts with 

~\ pltylloclades could have evolved from prants having typical axil1ary 

SI100\:8. lt ahould be kept Jn mind, h?wever. that structures (i.e., 

phylloclades) do not evolve from the modification of other structures 

(.leaf or shoot) bu.t through the combination or Integration of 

developmental processes typieal of different org~n cagétorles.· 

ln th1s respect, the phylloclade 1& an example of morphologieal 

novel ty and is not an ancient or relie structure as bas been proposed 

,in the tue of Phyllocladus (Keng, 1974, 1977). 

Bomeosis may 81so be useful in explalning other organs that 

combine leaf and shoot features such as the phyllomorph of 

- . 



/ 

Streptocarpus .(Jorig and 1rtt" 1975; RDsenblume and 

The ." Indetermlnate leaves" of Lygodium (Bierhout • 

Basile, 1984). 
t 

1971; Mueller, 

1~82, 19!53), Guaria (HaDberly,. 197~isher, 1984) apd Chisoche.ton 

(Fisb>er, 1984; Rutishauser and Sattler, in prep.) for example may ~e 

casés where developmental processes characterlstic of caulomes, have 
1 

combined with those typical of leat sites. CODversely, the appear~nce 

". of non-appendicula~ fronds (i.e., leaves thài: are the ~ dire~t 

continuation of the stem) in certain ferns (Bierh9X'st, 1973, 1!H4) may 

be si tuations tlhere leaf developmental processes. combine with tpose of 

the apical meristem and thus would De simllar to the condition 1.n the 

terminàl phylloclade of Ruscus. 
<, 

Homeotic transformat lODS such as these not ooly provide Insight 

"" into how instances of evolutionary novel ty can arise but ,at the same 

time point out inadequacles Of traditional defin1tionll of homology 

that requi re 1: 1 correspondences (Stevens:; 1984). l.odkiDa (l9830) has 

addressed the problems' encountered ",hen organs aharing ~haracteril!tics 

<:ommon to different orga,n categories are nomologized • Sachs (1982) 
. , 

has propos.ed that the terro :'hybrid" Of'gan he used to gescribe thue 
... 1 

situations. Sattler (984) bas argue.d chat homology should be based . ,. 
On the "hybridizatipn" of the developmental processes that lead to 

, . 
, , 

these k.inds of organs, rather than ~n the final structure. This type 
, 

of approach is obviously one ol degree and' suppor.ts the notion of a 

partial (Heyen, 19(3) or 8emi-quantit~t1ve holilol~y (Sa'ttler. 1966, 

1974 8, 41984, 1986). The .phy lloclades of t:l1e Asparagaceae are 

illustratlve of, this. 'llley are parUal.ly homologou8 to both stems 
'0 .. 

.and leaves becauSè they shar~ developmental pro!!e&ses chara~teristic 
.,. 

, 

.' ,. 

j ..... -
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of both. Thia important réali~4t.t-On alloWS for a more flexible and • • 
h0118~ic morphology (Cu'sèet, 1982) that does, not forc~ a.typica! fot'l'lls . , ) 

8uch as Phyl.~oclades lnto-fundamental molds df organcategor1zatlon • 
. '. - . 
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Figure 1 

-. 

-. 

.' 
DiagralIIIDstic representst 10n cif one &yllpod1ulI of the 

rhizome of, RuSCU8 aeuleatos L. Scale leafaxils one, t\olo 

snd three:ace eœpty. Dormant renewal shoot buds (shaded) 

are found in leu axils f6ur and five. HA, IDsin set:,!al 

shoot" ax 18 • 
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The termlnal phylloclade-(TP) 18 fert~le. A laterel 

phylloeladoe (P) la located ln ~he uU of l'ta braet (B). 

ligure. 3-7 Scanning electron ~crograph8 (SEM) of ·developlng 

" 

shoota. Flg. 3. Side vlew ai a youn~ 8~c~nd order ahoPt, 

',' 
in wnlch a bract priao~alum (b) and phyllocla~e 

prillordium (p)' are inlUating. ' Fig. 4. 'Top vlew of 'th!! . , 

apex qf a firat order-ah~9t th~~ la initiating bract,(b) 

.. 1 .~ il • , 

of the rhizome apex rith devel~l>ing scale' l~af 'prlJ11Ordla, (b) , 
-' 0' \ . one of ° wMch. ha8 been removed. Fig.;6. Obl1qu~, ~op v1~w, 1 

of ~ ,f~rst ord~r, 8hoot apex when ,it becoiiiea 

drthotropf~. BUateral second orde'r 8hoot pd~~rdia (::.r'. 

, are axillàted ~y do~alvén~ral scale leavsa (b). Fig. 1. 
, , 

,. ' - Top view of a fint order shoot apex during the , 
~ , ~, ) . ' ~ 

'c~ngeover from pr~ctlon of 8ec~nd order shoot , , 

pd.ordia, (8) to phyllo'clade pr1mo~d1a. ' 1t-"18 ~ncert~in 

, 'whether the primordium ln the u1:1 01 the bract 

pr1l1o"fd1,qm (,b) 18 that o~ a branch -'or a phylloclade. 

Figure 8. Portion of the transition zone in the mature plant. A 

, . 

'. , 

. , 
,-second order 'shoot (S>' has ro~d ln' the site n~~lly " " 

. -' 
occupied bY'a phylloclade' (p). Arrowhead indicates 8cer ;; 

of declduoU8 scale leef. 
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Figuree ~- ro 
" 

, , , 

1iEH of' second order' 'shoot apices 
1 

vith d,eveloPln~ 
," . ., 

~b) pr~ÎDordJ., •• , F18~ 9~ phyil~dà~è (p) 'and bràct 
, _. 

, 
A 

'ypung shoot ·1.n which the phyll,.otax18 11 -di8t1chotls " • ' 
• ... , r ~ • 

Fig. 10.' 'Oldét' Ihoot with -epiral pbyllota#I,,'8~oving 
~ : J 

,'-1nception 'of' a bl1àteral phylloc,l~de.:.pr1mordlum' in 'the 
'1 :' ',..' 

. .'.exil of ,it;1 dQrs'1vènt~al bract ptimord1ulI. 
, ,-

. , 

Fi~re8 li-12 SEH'ol tertÙe phyUoclade primordia where aD 

. " inflorescence 'br8~t primordlum (rb) has been inlt~~~ • 
H ~~. D 

, ! Fig. 11. Side view. F1g. 1-2. 'AdaxiaI viev. 
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Figures 13-14 Ept-lBu~lnatlon m1.eroseop~c v1-ew8 of' second order 

.- shoots. Fig. p. Top vieW8 of a shoot apex that 18 

"sUglitlY older than the atage aeen'ln Fig. ,10. Nole -- ~ 

~recociou8 lnltlat~on of the phylloclade prlmord1um (p~' 
- , 

in relation to the 8ub~endltig brrct pr1,~rdl~m (b). 
, " 

Fig. 14.~ Top vlew of an apex that has transformed lnto a 

terminel phylloclade primordium (tp). Lateral 
, , 

phylloclade primordla are located on ,either aide of the " 
~ 

- .' 
terminal phylloclade ln the axila o( scale leave8. that: " 

have been removed. 

'. 

Figures 15-18 Epi-illumination mlcrôs~opic vieW8 of phyllocladea of 

Ruscus.. -Fig. 15. Early stage of the initiation of .th~· 

' .. 

irifloreseence 'primordium (r) ln the axil of !ts buct . 
\ " 

, ~ " r 
pri~ordlum (rb) on the adaxlal 8u~face of the 

dorsiventral phylloclade primordium (p) of ~ aculeatus 

L. A portion of the braet (8) that aubtend!il the ' . 

phylloclade prlmordium ls remaining. Flg. 16. Older 

developmental stage of tbe fertile phyll'Oclade (PI' of' !!. 

aculeatua L. The brkt (rb) ,of the Inflorescençe 

prlaordlum (r) has only on,é proc:ambhl trace 

" (arrowhead). Flg. 17. Young fertile phylloelade of ~ 

hypophyllum L. The infIore8cen~e primordlum Cr) ie 

~nitiated ln the axil of the inflore8cence bract 

pri~ordlU11 (rb) on the abaxialr_urface of t~e phylloelade . . 
(P). Pig. 18. Adaxiai view ,of young sterile phyHoclade 

of R. aculeatus L. 
- ';;;;i---;";";;';';;;'~ 

Note leaf-like"appe.uance. 
}-

• sq:a-

• 1 

.' 

... 

" 

J 
, , 

" 

.) -, 



.. 

( 



t. -". 

- . 

Figures 19-p Morphologiesl variation. 0I; abnonaanUee in .. ture 

, , 

• 

F.igure' 24 

, , 

J,»hylloclad.a. "Fige. 19-21, 23. Aboormal terminal 

pn.yllocladu. Fig. 19. Terminal phyUoelade ÇTP) that 

1e fertile, ,vith unu&ual notched and deCllrrent .. arsin 
, , 

(àrrowhead). Fig. 20.' TemIna"! phylloelade (TP) t~t 

beau a lateral phY,llo'clade (p) on !ts lower surface-'llnd 
• Il, 

has an UQU6u81 outgrowth along It8 mid-r'lb (arrowOead). , 

Fig. 21. Term'inal phylloclade (Tf), be'aring laterai 

phylloclade (P) ln the axil_ of bract (B). ,Fig. 23. 

Fertile terminal pbylloelade (TP) vlth unu8uaL Qutgrowth 
• \ 1 ... 

, 
along its 'lower aurface. 'Th(;! tip' of the terminal 

phylloclade 18 not taper4!d and spiny but rounded., Fig. 
, 

2l. 
\ 

Lateral phylloclade taken tram transition' regton of 

sho~t. 'The inflorescence ls 1nserted on t,he adaxial" 

surface near a notch iD-the margine 

Structure frOID transition 'region of shoot tnat cou~d pe 
, 

~ . 
interpreted either a8 an abnormal petiolate phylloc~acle 

or an abnormal branch. R· inflorescertce. 
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Figures 25-26 Longitudinal sections of plastic embedded shoot'aplces. 

Fig. 25. Median ,section througfi the rhizome apex 4S It 

becomes orthotroPic. Two lateral aerial bud prlmordia 

(ab) have been initilted. Arrows lridicate shell zone 

und~rlying,younge~ unlabelled aerial,bud primordlum. A 
, 

second order shoot primordlum (s) ls inltlating in' the 

" axil of 1ts bract (1). Fig. 26., Near ~dian section of 

a second order shoot showing the initiation of a 
, 

phylloclade primordium (p)' in the axl1 .of the subtending 

bract primordlum (b). Arrows Indicate cell division 
1 

pattern that resembles a sbetl zone. An older 

vhylloclade and bract have been labelled to the right: 

" Figures 27-29 Longitudinal sections of developing' fertile 

o 

phylloclades. Fi'g. 27. 'Thé initiation of· the 

inflorescence bract ~aTrowhead). Fig. 28. The 

tnflorescenc~ primordium (r) i9 inltlated ln the axl~ of 

tts braçt primordlum (rb) on the adaxial 8Qrface of the . ' 

phylloclade prlmoréilum .(p). F1g. 29. Old,er stage. 
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.figures 30-32 Cross-sect 10ns .J:hr<?ugh dev~lop lng phy lloclades show mg , 

" 

. . 

Figure 33 

dorslventral symmet·ry and leaf-l1.ke organ1zat Ion. Figs. 

30-31. Sections through the midd1e of the phylloc1ade. 

Fig. 30. A leteral' sterile phylloclade 10 the exil of 

Its buet (b) that has one veseular trace (black. 

arrowhead). Three procamblal traces are v~slble 10 the 

phylloçlsde (~hlt~ arrowheads). 1'ig. 31. A lateral 

\ ' 
fertile phyll~cü~d~ sl1ghtly younger than that in Fig. 

16. The braet tbat 8ubtends the inflorescence primordium 
1 \ 

(rl has' only one procambial strand (arrowhead). Tnree 

procambisl traces are visible 1R the phy lloclade (white 

arrows). Fig. 32. Cross-sec;:t ion through the bases, of 

the phyUoclade and Its subtend ing bract (b). Only one 
, '" 

procamblal strand (arroll) iB present in,the bract; the 

phyllociade has, t.hree (arrowhéads). 

Med i~n' long itu~ inal sec~' t~rough a shoot ap"ex tl'tat ,has 
.. 

transformed into a terminal p,hylloclade prlmord1um (Tt). 

Figure )4', ',. Median longitudinal section through> e y,oung' s~er;Ue 

phylloelAde sholling 'vascular conn~c~ion with ,its 

, 'subtendlog bràct (B). 
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Figures 35. 37. 39 Croll-aectie>ns thre>ug~ the ... tur~ IterUe , 

" 

o 

phylloclade. Fig. 3S.. ln the base an elUpse of 

sélerenchym8 aurrounda the va.cular bundles. ArrowB 

indtcate the 4,trectton of the xylem. Ftg. 37. Se'cUon 

through the middle regton showing typical leaf-like 

. anatollly and symmetry,.: The xylem of the ,nedian vascular 

, 'bundl~e one to the left of 1t .~s inverted. Fig.-

39. Section Just beneat.h tne Up .. tUI shows 

dors-iventral . symmetry. Celle 1n the middl'~ regionof the 

section are di t'feren tiating as sclerenchyma. 

., , 

Ftg4res 36; 38. 4{l Croà.":sections through the mature fertile 

1'';' 

'. 

" 
phylloèlade. F~g. 36. ' Through the base. arrows indtc:.ate 

direction of xylelllo Fig. 38. Section througl} the regton 

just beneÀth the insertion of the inflorescence. Trace~ 

that supply the inflorescence are visible. F1g. 40. 

Section abl:>ve the insertion of the inflorescence. The 

v8sc:ulaf. bundles are.,in a dorst vent raI arra~eme,n~. 

~, 

') 
...... 

, ' 

-, 

" 

\ 

• 

., 

,-



• 

w W 
CD 0-

~ ~'"'-' , 

• 
-

_1 \' 
L..," '} 

,', 

1 ., 
( ~ 

tI 

... \>.>t,"\ 
.. 

::; 



...... 

Figures 4'1 .. 42 Clearings of uture phylloclades ahQw1ng, lea,f-l1k~ 

venation patternl. Fig. 41. Sterl1e,teralnal 

phyllocladé. Flg. 42. Lateral fer.t1le phylloclade. 
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F1gure 43 

" , 

J 

•• 

'D1agr ..... t1c representaUqn of one 8ympod1uII of the 

rhizome of Dana! raCtiaD8a Hoench~' Scale le~ axU. one 
~ 

and tvo are empty. Dc>raant renewlll buda (unshaded) are ;" 

found 1n the axila of 8~ale leavés- three and f~r. A 
1 

dorllumt: ser1al shoot bud 18 found·in IUf &leU five. 

HA, .. ail1 aeri.l .hoot •. xia. 
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Figure 44' Port ion ~f a matu te fert U e 'shoot of ~ racemosa 

Hoench. A bract (arrowhead) 8ubtends a lateral 

phylloclade (P). Ft flower. 

Fl~res 45-46 Side views talten with epi-Ulumination microscopy sholo71ng 

, developios.second order shoota. Fig. 45. A youhg 

,ster 11e· èhoot show ing the incept Ion of a phylloclade 

primordium 'Cp) :In the axU of a bract primordium Cb). 

F 19. 46. Slightly older Btage of 8 fert fle second order 

shoot with reproductive apex Cr). A flower prtmord1um 

(f) ia ioit lat ing in the al( 11 of Its br::act (fb). 

Figures ~7-,49. Top views of developing rh izome with ep'i-1l1ulI!lnation 

tn'icroscopy. Fig. 47. The r~1zome apex remdns ~~vered 

by the develôping hOoded· scale leaf pr lmordium (b). the 

IJcale leaf 8Ub~ending the ax1l1ary bud (ab) h~Uia bee'n 

removed. Fig. 4H. The rh izome tpex (v) with dev,eloping 

bract pr1.mordium (b). Fig. 49. The rhuane apex Just 

pr ior to becoming orthotropic. At this- stage the seale. 

leaf primordia ('b) are stll1 d1st'ict.OUèly arranged. 
" 

Figure 50 Top view of the young ort hotrop 1c firat order shoot .-

apex ~. "l'he phyllotaxy of the sèale lest prJmord la (b) 1s 

, ',\'tI ,1 
spiral •. .. 
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Figures 51-53 SEM from various angles of the first order shoot apex ln 

. Figùra 54 

" 

• 

t'ransltl~n from t,he production of branch primordla (s) ta 

pbyIlQclarle prlmordla (p), F~g. 51. Side v1ew showlng 

\ 
tbe 8ssoclated change from spiral to disUchous 

pbyllotaxy. The scale leaf Cb) subtends tbe last farmed 

second order shoot prlmordium. Fig. 52. The same apex' 

viewed 90 degrees opposite to scale leaf (b) in Fig. 51. 

. A phylloclade primordlum (p> 18 located in the axil of a 
1 

scale leaf promordiulII (b). Fig. 53. Top vlew of the, 

same apex. The phylloclade prlmordlum (p) has the same 

dors1veQtral symmetry as the priblordlum of lu scale leaf 

(b). 

, 
SEM of a sterile secona order shoot t..,at 18 becomlng 

determlnate. v, vegetative apex~ p, developing , 

phylloclade; b, developlng bract.· 

" 

. ' . 
... ' 

, .. .. . 

.,' 

• 

, ' 

" 
\ 

c, 

.J 

'.' 



1 

1 ,. 

) 



Figures 5~-5b Side vlews of second order shoots chat are becoming 

determ1nate. taken vith epi-illumination micro8coPY. 

Fig. 55. Slightly, oider stage than that of Fig. 54. 

v. vegetative apex remnant; Pt phylloclade; b, bract. 

Fig. 56,. Fert lle shoot of an oIder stage .than that of 

Fig. 4b. The reproductive c.. .. ex (r) luis produced three 

flover prtlnordia, .two of which are labelled (f) t one .,,'ith 

8 subtending bract ·primordium (fb) ~ A phylloclade 
, 

primordium (p) and the pr1mordlum. of subtencl!ng bract (b) 

have been ·labelled for comparl~on. 
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Figures 57-60 M"!dlan longitudinal Bections through the shoot apex. 

J) , 

Fig. 57. A young second order shoot shoving ea!'ly stages .. 

of the initiation of a bract primordium (b) to the left 

and simultaneously tQ the right the Inception of ft 

phylloclade primordium (p) in the ax'll of lU bract 

prlmordium (b). krrows indicate cell dlvl~lon pattern 

resembllng a shell zone. ,Fig. 58. Reproductive apex of 

a simllar stage as that in Fig. 46, f. flover priaordlumj 

p. last formf'd phylloclade prlmordium. Fig. 59. A 

younger stage of the rhizome apex than in Fig. 47~ 

shoving the initiation of a lateral bud primordium (s) in 

the adl of 'Ha bract (b). Fig. 60. Determlnate 

~tetlle second ord.er shoot of the same stage as that in 
<, 

Fig. 55. p. developing phylloclades, v. remnant of 

p vegetative apex. 
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.. Figures 61-63 Cross-sections through the aature phylloelade showing 

f'igure 64 

leaf-like symaaetry and anato.y. Fig. 610' Fr",. the \1p 

of the phylloclade. 'Fig. 62. From the Iliddle lcglon of 

é the phylloelade. The xylem of the vas culaI' bundles la 

inverted. Fig. 63. ln the base of the phylloclade an 

~ ellipse of IclerencjtiDa surroùndl the vascular bundies. 

Artow8 indicate direction of xylem. 

Clearing of mature phylloclade demons~rat1ng leaf-l1ke 

venation pattern. The sclerenchr-atotis basal port~ 

referred to in Fig. 63 has fallen off. ~ 

Figure 65-66 .cross-sections of a developing phylloclade showing 

dorsiventral symmetry an$! leaf-lite organization. 

Fig. 65. lAbp~e the base of the phylloclade only onèf 

procambial bundle 1s visible (wbite arrowhead). The 

bract subtending the phylloclade has one trace that 
1 

branches (arrows). Fig. 66. At the levél of 

insertion on the stem. Arrow, indi~ate8, separa te trace to 

the 8ubtending bract. Arrowheads, the three procambial 

bundies that enter the base of the prlmord1um of the 

phylloclade. 
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Figure 67 

.. .' . 

D1agralllUtic:" rêpreaentaUon of one aympodlulD of the· 

rhizoae of Semele androgyna Kun~b. Ail ecale leafaxila 

contain doraant axillary buds. MA, .. ln aer!al .hoot 

axia • 
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Figure 68 Portion of the mature shoot of Semele androgyna Kunth in 

whieh all phylloclades (P) are sterile." Arrowhead 

indieates the' éubtendlng scale leaf of, the phylloclade. 

, . 
F1gure1J -~ature fer.tlle phYlloclades.' Inflorescences: (arrowheads) , 

are usually Inserted in notches along the margin of the 

phylÏoclade. In Fig-. 69'. an' abn~tmal ,poai tian 1a indicatea 

by an arrow. . . 

Figures 71-73 EP{-lllum1nl!tion ~erpscopic views of tJu~/8hoot apex. " 

',' 

. ~ 
Fig. 71. The, rhizome apex wi th scale leaf primordium (b) . /' 
add an axillary bud (ab) whose sub'tt;nding seale 'leaf h~s 

,) . 
been rel!10ved. Fi.g; 72. The orthotropic first order aeria! 

snoot
ç 

with splrally arranged sçale lear primordia. In the 

, ~l of ~~e scale leaf primordium (b) f dorsiventral .' 

, second order shoot prlmordium (s) ls visible. Fig. 73. 'A 

second 6rder shoot 'that 18 becoming determinate. The . . , ',. 
vege'tative apex (v) has produc~d the last phylloc!ade (p). 

. 
.... The rate of development 'Of the seale leaves (Q) is greatet 

'than that of 'the phylloclades they.subtend. 
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Figuree 74-78 lEM viewa of developing aeconel, order shoots. Figs. 

74-7$._ Side and lateral vieva ot' • young apex ahoving 

.. 

1 • 

, -

,:i" 

the initiation and SUb8!quen.t developll8nt of buet 

• 
priaordia ,(b) and the IneepUon ~f a phylloélade 

prillOrd,ium (p). Fig. 76. To'p view ot an older shoot 

apex that i8 becomLog detenllinate. The phylloclade· 

prillOrdia (p) have the/slllle dorsiventral .~try 88 

their 8ubtending bracts (b). Pige 77. Top view of a 

shoot apex younger than that of Figa. 74-75. shoving 

diatiehou8 phypotaxy. Fig. 78. Side view of a stage 

aiallar to that ln Fig. 7~. Pt phylloclade prlàOrdlaj 
, 

b, bract primordia that, aubtend the phylloclade 

prillOrdia. 
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Figures 79-':82 SEM views of phy110clade primordia. Figs. 79, 80, 82. 

,? 

.. 

Fertile phylloc::lade prlmordia -that bear a striking 

resemblance to young s~cond order shoot primordia. 

Inflorescence primordia (r) are initiated in the axils 

of develop1ng ivf1o'rescence bra'Cts (rl!J.). Figs. 79-80 show 

disruption of the distichous phyllotaxy of the infloresence 

,brac,ts. Fig. 82 shows usua1 arrangement. ,Fig. 81. ~oung 

sterile phylloclade (p) with dorsiventra1 symmett;y. 
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F~ure8 

~ 

83-8~ Med lan loog itud inal .ectloos through the .hoot .-pex. 

F18. 83. ' First ord'ir " .hoot apex showiog the ine.pt ion of 

a second order shoot prbordium (s, in the ail of lU 

eubtend iog bract primordlum (b). Fig. 81t. A aeeond 

order shoot of a similar stage to tha't in Fig.73 showing 

the diminution of the shoot apex and the development of 

young phylloclades (p) 1n relation to their aubtending 

bracta (b). Fig. 85. Young second order shoot .8how1ng 

the incept10n of bract (b) and phylloclade (p) pr~ord1a. 

F~gures 86-87 Early stages of the _ iDeeption of bract (b) and 

phylloclade, (p) primordia. Fig. 86. Magnifiee! view of 

the right Bide of the apex in Fig.' 85. The arrow' points 

to D.rrow cells that ~ay have divided' reeently and be the 

earliest indication of the initiation of a ,buet 

primordlum. ' A phylloc1ade primordium has not yet 

been init1ated Ûl the axil of the more developed braet 

primordium (b) but :ts perhaps be1ng 1nit1ated (p) bene8th 

• 
1t. Fig. 87. Magnified. portion of another second order 

shoot Apex. A phylloclade primordium (p) s,eems tO be' 

1.nitiat1ng in the axil of t;he lower bract primordium 

(b). Black arrows indicate a·cellular division pattern 

resembling a shell zone. White arrow points to 

procambial trace to the bract primordium (b). 
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Figure 88 

Figure 89 

. , 

Median longitud,inal section of one side of a fertile 
') 

phylloclade similar in stage ta that in Figs. 79-80, 

showing the inception and subsequent development of' , 

inflorescence prlmordia (r) in the axils of inflorescence 

bracts (rb). 

Cross-8~ctlon through the base of a sterile phylloclade 

primordium and its subtendlng bract (b). One procambial 

bundle Is present in the'bract (arrowhead) while three 

enter the base of the phyllaclade'primordium (arrowheads). 
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Pigurea 90-92 Croaa-aection8 through the .. ture aterile phYlloclade 

ahoving dor8iventral'aymaetry and leaf-likè anatoay. 

F~g. 90. Section taken through the region of the tip. 

'. Three vas culer bundles ,are present. Fig; ·91. Section 

taken through the aiddle region shoving presence of 

cnlorenchyma and sto.ata along the adaxia1 aurfaee. The 

xyle. of the vascular bundle is inverted. ' Fig. 92. 

SectiQn through the base. The vascular bondies are 
• 

embedded ln a dOTsiventral band of 8clerenchyma. ArrowB . 
indicate the di~ectiQn of the xyle •• 

, Figures 93-94 Clearings bf .. ture phylloclades W1Lh ven,tion pattern 

1 , 

chaTacterlatte· of .ono-e-ot,.ledonou8 lellves. Fig. 93.-

Sterl1e phYlloclade. Fig. 94. Fertll, 'phylloclades. 

1nflorescenee. 
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" Pigure 9~ 
<1' 

1 • 

\" 

. -

Dl.gr .... tlc repr.aentation of the nodes of the firat 

~rd~r .hoot of Aaparasu.'Sprengerl Regel. A.) Fra. the 
\ 

- l 
aiddle 'region of the ae~lal shoot. A', ~he ftrlt order 

aerlal .hoot axis; A", the second order ah~ot axla; LP, 

latèral phylloclade; H, _'Çl~fe. that' re\U~n. donaant dt 
1 

produce,' an inflor.scence. B.) From the· apical portion 

-of the aerial a.lio-ot", ,"'. ,tiret order shoot ah, HP, 

àedl~Yl10~iade; 'LP, lateral phylloclade, Mt _r1stem 

that _y elthet: remaln d,ormant or produce an 

" inflorescence or another phylloclaae, 

.. , 

. -
• t 

", 

, -\, 

, '. 

, 

1 ~ 

, ;~ 

., , 

, , 

\ 



, , 

. \ 

, 

• 
al 

" , 

.. , 
\ ' 

0 ..... .. 

'0 

~ . 
10 

!/f 
" , .. ', -·m·' , .J 

• 

( 

, " 

• 
, - , 

, . 
• "f , 

t ' 
" 

\ 1 
,; 

.; 

, \ ,~ 

...... \ 

, .' 

.. 

, 

, . 

.' , , 

'\ 

t • .:. 

'.J 
w. 
(!) 
UJ 
cr: 
-cr: 
UJ 
Cl 
z· 
w. 
a: 

0, Q.. 
t en ' 
d), .. , 

o.::> ' 
,', Cl 
-..;". , ,," 
.,...... y-

. a:o

: 

,<C. \ 
':0,,0. 
:" 0': 

<C: . 

., . 

'" 

'0 

" . 

, .. 
'. 

, , ~ ... 
.. ' . 

. ' 

"', 

-. 

.. 

, . , 

," , . 
, , 

• 0'. \ ~ 

. " 



'. 1 f, 

t '" ~~ .. 

( . 
.}' 

.. 
, .' 

112 

Figure 96 

~ Figures 97-161 

, 1 

. , 
..... ' 

\ 

P9rtlon of th~ matur~ shoot of Asparagus Syrengeri 

Regel. A m~i~n phyllochde «HP) 1a situatalt between 

twO' Iaterai phyllocla~es one of whlch bae' been' 

Iabelled (LP). 

SEM of shoot apices. 
• Q 

Fig. 97. Sldè v;lew of:~,a tiret , . 
order shoot ap1!X that 1s produc1~ scale leaves and ln 

thelr axtis setond Qrder shoot pdmordia. Arl oider' 

second order shoot primordium -C-s) ~ iriitiating 

lateral braet pri~CarrOVheadS) along its 

flanlts. The scale Ieaf that 9ubtended (s) has been 

reoroved (b). ~. 98. Top view of a Urst order apex 

initiating seale leaf primordia, (b) 10 a spiral . 
. 
phyllotaxy. The axillary m~r1stems (am) 'of the se 

,br,act primord 14 are dorsiventral. F1g. 99. Top view 

of·a second order shoot ln whlch the apex Cv) Is . 

, 9tarting tQ beeomé'd~t~rmlnate. am, axillary' , , , 

" .~r1s~em; 'b~ 'bract p~imQrdb.m. Fig. 100Çs~cond 'oroer 

9hoot. The ax111ary me~i9tem (unlabelled) of the 

" ' , " ) 

, youngest' braet primord lum (b) r~presents a11 t~t 1s. 
1.. • .. • (. 

... , 
, ,-
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i ',' 

- ! ~ -, 
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. " 

, , 

. . 
~,lef.t of' ~ he-veS,etat ive. apex. The ax illary, m~r i8tem of 

.. , , 
àcale leave9 3 arid 4 have b!gun to form median 

phY,llo'clade pr1.in,?rdia (mp), latera! ,scale leaf 

", primord,la' Cb) and in the axil of one of these, a 
" 

" 
'iateral phylloc:1ade'primordium (lp).. Pig. 101., Older 

1 • 1 
. , r ~ . ~ 

. stage thàn Fig, 100. The ax1l1ary mer1stelll opposite 

bract primordJum (b).1s forming a median, phy110clade 

p'rimordJum CaP)' at the same' time its lower flanks are 
". , .. ~ ~ 

. bulg'1n.S (arrowhead),. An older median phylloclade 
, , 

_' ,primord1um bils beep labelle~ in the lOWér pOrt'ton of 

t,he, phbtogiaph. 
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Fl~,r,s 102-106 SEM of developing phylloclade prtmordia. F1&. 102. 

\ 

• ~ , t 

{ F1gur~ 107, 

'1 

The t~o youngest axlllary .~rlstems bave qot yet begun 
.... . 

. to fotm Median and lateral phylloclade p'r1mordia. The 

. ""~Y a.r18t'" of' the p.rtia~lY· ~' •• ected br.;t 

, primordium (b) Is foruing a Median phyllo'Cl,ade 

. 
pr1mord1um (mp). Fig. 103.. Old~r stage in die 

~4evelopment of the terminal cluster of p~lloclades. 

The axlllary medstems (uq of Fig. '~'02 have fonned .; 

Median phylloclades (mp) and lateral phylloclades 

(lp). The aubtending scale lèaf of one of the rateraI 

phylloclades bas been labelled (b). Fig. 104.' 

Fonnation of phylloc1ade c1us~er. Slde view of 
" ... ," .. 1. 

J' 

developing median phylloclade (mp), a lateral scale 

leaf primordium (b) and in its axll. the inception of 

a latersl phylloclade primordium (lp). Fig. 105. 

Older stages' fil the fqrmatlon of the phylloclade 

clUB ur. The med lan phy l10clade pr 1mord mm <mp) 18 

becoming pointed. Scale leaf primordla. (b) are 

~cat.ed at the,ba~e of lateral~~lloclade, prfmordia 

(lp). Fig. 106. The ~ncept1on of the lateraI scale 

,leaf primordia (bh mp, m-edian phylloc1adé 

primord,lumj lp, lateral phyl.}.ocl~de pr1m~rd'ium., 
, . 

, Abax la~ SEM v ~etrI of ,a second order shoot w Ith young 

axilla-ry mer'lstem' (am) that Is slightly bilateral. '. 
, 

v, shoot apex; b, S,cale )e~ primordium. 
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'igures 108-109 SEM views of/6lder atages in the foraation of 

d 

phylloc~ad~ çIustera. Flg. 108. Olde~ stage of 

" rig. 103,.. The cella in the tip of the median " 
phylloclade (mp) are elongatlng. The tips of the 

laterai phyllocaldes (lp).are becoming po1nted. 
, l, 

Arrowhead iQd~c~tes possible dormant aeristem. 

Fig. 109. 014er"sta~e of Figs. 105-106. mpt aediaD 

,phylloclade; Ip, latera! phylloclade 8ubtended by"a 

scale leàf (b). Another Beale leaf primordium (b) 18 

located more or le~ opposite. In its &XiI lB a 

meristem (arrowhead) that may give rlse to an 

inflorescence or a phylloclade prlmordium. 

.' 

o 

" 

,1 
1 

.J ". 

J 

1. 





• 

118 

Figures 110-113 Epi-illuaination ~cro8copic views of second order 

shoots. Figs. 110-112. Young shoots from the basa~ 

) 
portJon of the seriaI shoot showing the development of 

a seai-circular structure (b) that h.s been 

interpreted as a prophyll, .' v, shoot apex. 

Fig. 110. Top view of the Inception of (b). Fig. 

111. Top vlew of older stage. The semi-circular 

structure has been removed. A phylloclade prlmordium 

(p) i8 in the axi~ of one of the removed lobe8. 'Fig. 

112. Side vlew of the developing semi-circular 

structure (b). Fig. 113. Adaxial view of a shoot 

from the upper regioQ of the 'seriaI shoot showlng two 

separate Bcale leaves. v, shoot apex.,' 
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figurea 114-115 

Fig. 116 

Fig. '117 

) 

Median lODgl~u'!]nal "ctlone tbrough the ahoot t1p. 
" .... 

Fig. 114. SI1gtltly older auge t~ that of F1g. 98 

ahoving the iDitiation of an ulllary lIerlnem <am>; 

b, aubtending ac.le'"' le.f prÛlordiulD; ap, aed1an 
, 

phylloclade primordiu,m. Arrowa 1Ddlcate cel! division 

pattern faintly reseD!bling 8 aheH zone. Fig,_ ·115 

mp, m~1an S1mllar Btage D,O that in' Fig. 101. 

phylloclade primordium; b, youngelt Icale luf 

pr 1JDord !ua. 

Sl1gf'itly oblique longitudinal section through a 

latera! pbyl10clade (Ip) younger tban that iD' fig. 

109. Arrowhead 1nd lcates axil1ary 
,r 

meri.tem that l18y 

1 or phylloclade give' riBe to an inflorescence 

prtmord!um. 

Cross-section thtough the base of an axlllary. 

meristem. ArrfN points to provaacular trace. 
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Figure 118 

Figure 119 

" 

, Q 

Croa~-aection through young axl11ary meriatem vith one 
. . 

, ( 

procamblal bundie (wh1te arrowhead). Black arrowhead 

1nd1cates proeallb181 Btrand of the aubtendlng bract. . 

Cross-section -through an axUlary mer1stem that has 
-

formed a Median phylloclade prlmord1um 'and two laterai 

phylloclade prlmordia (Ip). White arrowhead polnt~ . , 

to aou.~arY provascular bundie in the med1an . 
phylloelade. b. aubtend1ng Bcale-Ieaf. 

Flgures 120-121 Cross-sections through oider phyllocladpa. Fig. 120. 

" 

" 

Through thè"base of la' phylloclade cl~ster. Arrows , . 
Indicate procamblal strands to Iaterai phylloclade 

prlmordta. Fig. 121. 'Through the mlddle regton of a 

median phylloélade prtmordium (mp). Arrow lndlcates 
l' ., 

anomalous provascular bundle. 
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Cr088-Îections,through a _ature phylloclade showing 
\, 

leaf-l1k~_ 8ymmetry and anatomy. Thè lo11téty va8cular 

bundie has an 'anomalouB '8ttueture. Fig. 122; Tak!n 

, fram' a reg,1on riear the t1p. Ug. 123;' Through the 

mld.dle'. F,ig. 124. Through the base. 
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