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RESUME -

3

Les cladodes sont traditionnellement dsfinis comme &tant des tides

#

aplaties, & croissance déterminge, essentiellement & cause de leur posi-

tion axiale. Cependent les &crits historiques traitant du sujet sont
\ ?

renplis de controverse sur IN interprétation morphologique de ces organes.
Etant donné ces ci.rconstan"ces, une &tude du développement du cladode &
comparaison avec celui de la feuille et de la +fige fut entreprise pour

quatre espéces é&troitement reliées d'Asparagacées : Ruscus aculeatus L.,

Danae ratempsa Moench, Semele androgyna Kunth et -Asparagus sprengeri
Regel, Les résultats obtenus & l'aide de techniques de microscopie

&lectronique & balayage, d'épi-illumination et de cdupes semi-fines

Ay

révélent tout.un continuumen ce qui a trait au développement du cladode:

-

‘dés formes de Danae ressemblant aux feuilles, aux formes intermédiares

. de cladodes fertiles et terminaux de” Ruscus aux formes de Semele et

d!Asparaqus ressemblant aux tiges. ' Dans chaque espéce cependant, un
mélange de caract:resde feuilles et de tiges est cbservé, Ces ‘

caractéres, s'il sont considerés également, nous démortrent que le

cladode dans ce groupe est un organe intémédiaire partielfement homo-
logue & une feuille et & une tige. Il est donc une forme d'innovation
évolutionnaire et un exenple du phénamene d'hamdeose, qui signifie 16

transfert de caractéres d'un organe & un autre.”



ABSTRACT
r

Phylloclades are tradiiionally’ defined as, flattened, determinate,

- ‘&ﬂe\af-like'atems primarily on the basis of their axillary position,

Historically, however.. the literature 18 repleté with controversy over
what the mrphological iﬁterﬁi':émtion of these organs is, In view of
this, a study of phyllocl;édle developmeént in’ comparisoi with leaf and

stem development was undertaken in four closely related species of the

3

Asparagaceae: Ruscus -aculeatus L., Dana@ racemosa Moench, Semele

androgzna Kkunth and Asbaragustprengeri Regel., Results of SEM,

‘ A [
epirillumination and. thin plastic sectioning techniques reveal a

continvum in phyliloclade development from very leaf-— like foms such as

e -

those of Dandé co more intermediate types such as the fertile and

terninal phylloclades ; of Ruscus. to the gradually mqre Bhoot-like

~

forns of ‘Semele and Asparagus. // each species; however, "a,”

combinacion of shoot and leaf-—,lik aracte;istics is seen, which when

weighied equally, demonstran:es that the phylLocladé in this group”is

an intemediate‘orgdn, partially homologéus to a 1ea°f and a stem., It

Y
»

.. 1s a form of evolutionary novelty and exemplifies the phenomenon of

B ~ .
homoeosis, which is the transference of characters from one organ to
- ® * v

another. S

[
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- INTRODUCTION

~

According toﬁclassical plént morphology, the higher plant body is

organized basically into three kinds of organs: root, stem {caulome)
N . ’ \

and leaf (phyllome) (Sattler 1974, Foster and Gifford, 1974; Cusset,

1982). These organ categories are considered as mutually exclusive

¥

and are distinguished on the basis of criteria such as position,

symmetry f(and thus also vascularization) and apical meristematic

v

activity. Of these criteria, position has played the ;nost central

role in morpholoéical interpretation. It &frequentlﬂy« invoked to
’ a0

discern the difference between organ categories, For example, stenm

and leaf may be distinguished by determining which is axillary (stem)
™ 0 }
and which is axillant (leaf),

Synfmetry, which is also used in the discrimination between stems

and Léaves, can be described as the proportional distribution’ -of

o

materidl (such as that of an qrgan) "about an axis such that _all parts

formed are equivalent and mirror images of one another (Bateson, 1_894;

éinnot;, 1960). Depending ubon the number of prgportional axes that

" may be ‘drawn, three kinds of gymmetry may be distinguished, When only

one axis may be drawn through the structure, it is termed

-

‘dorsiventral, typlcal , examples of which are leaves and other

phyllomes., If two axes of symmetry may be observed, the structure is
i ‘ R ,
termed bilateral, whereas 1f more than two axes can be recognized, it

is radial. Typical examples of these latter include _stems and
other caulomes. In terms of internal morphology, symmetry can also be
observed with regard to vascu'larizaéion'.. The term vascular’izatien can,

be used in this context both to indicate the arrangement of vascular

bundles present and the orientation of xylem and phloem (inverted, in

.
roc,
“
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which the xylem s \located abaxially ' versug the normal adaxial
position). Leaves typically have a planar arrangement of vascular

bund:les with rormally oriented xylem, in contrast to stems which have

i o s

a radial endarch atrangement, Thus, symmetry can be di;tinguished
either on the baaisl of external or internal morphology alone, or
both. (See Table 1)

Another criterion often employed in the morphological distinction'

of organ cétegb—r‘i'e's is the phenomenon of apical Teristematic - activity,
N — y 7 '
which for purpoéés of - this work will be restricted to two aspects:

duration and organogenetic potential.: " Of the two, duration

necgssarily Jmplies‘a time reference and is used in a relative sense.

-

Thu's,, organs may have ~ determinate (limited) or indeterminate
(unlimited) wmodes oflgrowth. Organogenetic potential is a ‘broader
term yhicjh imélies not only the abflity to produce othér organs but
also the ability to branch, Typically, caulomes have 1nd’eterm1nat.e
growth, give rise to- other orgéns and are capable of branching.

Conversely, Iphyllomes typically are of determinate growth, do not give

rise to other organs or branch,

-

When an organ does nvt fit inso one of the three aforementioned

.categories, it poses problems - in terms of the

.

classical shoot model. An example of such an organ 1s the phylloclade

of the Asparagaceae (sensu Dahlgren and Clif{ord, 1982; = Asparagus

o

and Ruscaceae, Dahlgren, Clifford, Yeo, 1985) which 1s traditionally

considered a determinate leaf-like stem primarily on the basis of its
} ' : \ '

position,

KN

Terminologically, however, De Martius (cited 1in Clos, '1861)

introduced the.word cladode to emphasize the branch-like features of



these structures, Late- Bischoff ‘(cited in Duchartre, 1885) coined
the term phyllocladeﬂ to denote the physiological and morphological
_resemblance to leaves'and as a result, the two terms have often been

*

used éynonymously. Reinke (1898), 4in Ban exhaustive sgtudy of

-

assimilatory otgans in the Asparacveae, tried to delimit the use of the

i
?

two by suggesting that the term cladode be restricted to those
instances where the assimilatory )shoot represented a flattened
internode aloné, while the Eerm phylloclade be used only in those
cases in which the flattened assimilatory organ Vrepreaented a “fusion™
product of leaf and stem. Goebel (1905) similarly proposed that
determinate stems with extreme resemblance to leaves be called
phylloclades whereas other indeterminate flattened shoots or stems
with less well’ developed similarities to leaves be termed cladodes,
Troll (1937) n;ccepted this but preferred to substitute the term
platyclade ("Platykladium™) for <cladode ("Kladodium™) since the
Literal meaning of cladode refers to structures that only resemble
shoots but are not equivalent, Fof‘ Troll, the term platyclade 1s used
to signify flattened indeterminate shoots. In this work, for 1lack of
' a bettet word, the term phylloclade has been adgpted. Its use,
however, is meant " to be in a :;eutral sense; by using the term no
at;tomatic homologization with'shoots is intended. Rather it is hoped
that by using the word phylloclade (leaf & stem) the acknowledgement

of equal contributions of leaf and stem features will be denoted, '
) Historically, phylloclades have been the subject of mch

controversy in the literature. Their morphological interpretation has

revolved around three main hypotheses which will now be reviewed.



2

Foliar Hypathesis., - The earliest known interpretation of the

phylloclade was that of Theophrastus, who sometime in 300 B.C. wrote
that’ "ee» BOME leaves are fruit 'bearing, seo as the Alexandrian
laurel, which has its fruit attached to the leaves, "(Hort, 1916:77)
and "the prickly myrtle (butcher's broom): both have their fruit on.
the midrib of the leaf.” (Hort, 1916:267). In both these species of
Rugcus, the fruit {s inserted on the phylioclade, so for Tr‘xeophrasms,
phylloclades 1n‘ these cases were leaves becau;e they 1looked life
leaves: they were dorsiventral, determinate, green (photosynthetic)
structures whose position was 1;te1evant, Linné and Willdenow,
several centuries later, interpreting the phylloclades of Ruscus
arrived at the same conclusion (Schlittler, 1953:207),

Later 'botanists, however, were mre mindful of the classical
'di‘ctum of position that states lefives cannot 'axillar.e’ other leaves,
To accomodate the leaf-like morphology of the phylloclade, yet remain.
within ,the framework of the classical mod‘el, required that' the
phylloclade be interpreted as a leaf borm on an aborted, reduced or
short shoot. © Such an interpretac:ion was advanced by De Candolle

(1827) for Asparagus, by Duval-Jouve (1877) for the sterile

phylloclade of Ruscus aculeatus and Velenovsky (1892, 1903, 1907) for

Danaé and the sterile phylloclades of éemele‘and kdscus, which were
thought to be the terminal leaves of.aborted short shoots. Troll
(1937) subsequently re-examined Velenovsky's data and wunable to
accept the concept of tem%nal leaves considered the sterile
phylloclades to be pseudo-terminal leaves. Joyeux (1928) studied the

anatomy and morphology of both sterile and fertile phylloclades in



.

Ruscus, Semele and Danagé and concluded that the phylloclade ip this

group was the prophyll of an aborted axillary bud, Since, accordfng
b - v -~
to the classical wmodel, leaves could not bear other organs, \the

position of the inflorescence on the phylloclade in Ruscus and Semele

was described by Joyeux as being adventitious, Schlittler (1953) in a
more comparative- morphological approach,“‘\_examined mature structures

(stem, leaves and phyllocladgs) of the Asparagoidae in comparison with

.

those of the Luzuriagoideae and agreed with earlier investigators that
the sterile phylloclade represented a pseudo:—terminal leaf of a
reduced axilfary shoot. Buscalioni (191&)1 earlier had also supported
a foliax" iuerpretationtof the phylloclade as did Stefanoff (1932) wno
ignored r.t;e criterion of position, interpreting the phylloclade Z

Asgai‘agus as being a phyllode because of its basal articulation and

=

characteristic petic;lar anatomy. Arber (1950) after re-reading

Stefanoff's claims concurred with\him, rejecting her- two earlier
a

-

interpretations, Finally, Van Iterson (1955) in an article on the

unusual orientation of wvascular strands in dorsiventral leaves,

N

suggested that t(he phylloclades of Danaé&, Ruscus and Semele be trea;t;d

-

as leaves regardless of their inverted xylem.

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

tenaciously) held view, however, is that the phylloclade 18 a mgdified

caulome with or without apbeqdages. This interpretation began with

o

Turpin who in 1820 stated that the lateral flattened leaf-like organs

of. Ruscus were branches because they were axillated by minute scale

leaves and in some cases bore inflorescences., The presénce of
" .

-

1
terminal non~axillated phylloclades offered further evidence for its

L. ) a



cauline "nature”. A. P. de Candolle (1827 and latér De St, Hilaire -
(1840, cited in Arber, 1924a.) supported this hypothesis al;hougthe
Candolle J.attempted to explain the phylloclade's symmetry in terms of '

correlétion by postulating the "abortion of true leaves™” in Ruscus,

-

The phylloclade's axillary position and its ability to give rise to

other organs were the decisive factors in the cauline interpretations

of the phylloclades of Danaé, Ruscus and Semele, by authors such as

-

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

Celakovsky (1893), Reinke (1898), Szafer\(l,910). Zweigelt (1913),
Goebel (1905) ‘and Motte (1938, 1939), all ‘of whom only examined the
mature structure,
e °  The criterion of position has also been of prime importance in
the interpretatior’ of the phylloclades of Asparagus and Mz'rsiehzllum
which have either been tega'rded as sterile pedicels or peduncles by\
Wydler (1845), Kunth (1850), Clos (1861); Duchartre (1885), Celakovsky
(1893), Reinke (1898), Velenovsky (1903,1907), Goebel 1(1905) and
Jessop (1966), or as naked vegetative axesn(reduced shoots) by Van
Tieghem (1884), Arber (1935) and Trc;ll (1937). Arber~(1935).rescinded
her previous opinion (1924b), that the- "needles (phylloclades) of
Asparagus bore vestigial leaves while Massart (1891;) earlier had
stated that the phyllocladeé of Asgaraggs reptesented, the only known
’example of "basipetal branching". .

More recent studies have Yocused on development :;s a basis for

B

interpretation. Wenck (1935) examined the early development of

phylloclades in Dana&, Ruscus, Semele and Myrsiphyllum yet stil-lﬁ

concluded that because the phylloclade (with the exception of the

1



terminal phylleclade of Ruscus) was initiated in the axil of a bract,

° and because some phylloclades formed bracts in whose axils other

¢

organs developed, phylloclades were shoots. Troll (1937) eépecially
agreed with this last point, éonsidering the fertile phylloclades of

Ruscus an‘d Semele to be caulomes, Kaussmann (1955) in a most detailed

T

comparative developmental study reinforced this 1r;terpret:ation, agaipn
5, v .

emphaaizing' the criteria of posj:tion, and e;arly shoot:-like
histogenesis. Hirsch (1977) concurred with both Wenck and Kaussmann
in spite of admitting that "'the intergradation of stem and leaf-like
features can be clearl; seen in the sequential ?évelopmené of the

lateral appendages and terminal phylloclade of Ruscus”,:

¥
'

\

Fusion Hypot\heses. - At about. the same time the' cauline hypothesis was

becoming established, another view of the phylloclade was emerging,

which in some ways could be considered an outgrowth‘dﬁﬁr.he foliar

\

hypotheses. In order to not only explain the posiiion of the
-phylloclade in the axil of a reduced scale leaf and 1its ability to

bear an inflorescence yet account for its extreme resemblance to a

leaf, the prophyllar fusion- hypothesis was proposed. Unlike
4 >

LA "
. the foliar interpretation, however, this hypothesis relies heavily

1

upon the concept of “-congenitéi" or phylogenetic fusion which is by

definition s non-observﬁble process. It is a neéessary cqrollh‘ry of
Y

the classical model. (For a critique see Croizat, 1960, 1973; Sattler
{3 M Pl

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

hlthough no evidence was offeredﬁ', Koch (1837, cited in Arber,

2

1924a) first™ put forth the. idea that the basal half of the

¢

4
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phyl},oclade, whether sterile or fertile, consisted of a fusion product
-of a leaf (prt;phyll) and an bxillaﬁry%ranch, whe;egs the upper half gf
the 'phylloclade represented the leaf alone, It was left to
Duval-Jouve . (1877) to ©provide the first support fo:} this
interpretation in the form of the vascular anatomy of the matire
structure. Because transverse sections of the )basal half of the

fertile phylloclade of Ruscus aculeatus L., exhibited a central

vascular cylinder .reminiscent of a stele and .because the vasculature
above the insertion of the inflorescence was leaf-like, i.e. a plﬁnar
arrangement of vascular bundles, Duval-Jouve agreed with Koch that the
fertile phi{lloclade was a congenital fusion "pro_duct o?; an ax‘illlary

branch with its prophyll. He saw additional confirmation of this in

the epiphyllous inflorescences of Tilia, ggﬂainvillea, Thesium,

Erythrochiton and Chailletia., In the case of the sterile phylloclade,

«

as has\alrea‘dy been mentioned, ‘Duval-Jouve claimed ic was entirely
foliar, Van Tieghem (1884) also saw the sterile pl}ylloclad\e as the
prophyll of an aborted axillary shoo; but consideregl it to be a )
“congenital fusion” product, stating that at‘ its base one could see ,.
vascular evider‘xce ‘of the aborted. axiL.,lary branch in the form of a
central vascular cylinder. . Further\supporr. for this interpretation
was seen .in the (1pvetged) ori'entaii:m of’ the xylem of the phylloclade
towqrds_ its axillaﬁt( l'eaf, 4 point Van Tieghem critiéfzed Duvql-Jquvle
éor not obse;'ving. Like both Dyval-Jouve and Koch, Van Tieghem
considered the  fertile phyllochl‘ade to be a “congenital f}xs'ion“

product, however, he saw an increase in coﬁpleg:’it); of the structure

from Ruscus to Semele, Later, Velendvsky (1892, 1903, 1907, 1913) and

a



Danek (1919‘)~ expanded on these ideas (although no citation of Van

Tieghem appéared), by interpreting the fertile phylloclade of i{uscus

as a fusion \producc of a winged inflorescence axis and two median but

unequal bracts. Transverse sections of the vascular anatomy of the

mature fertile phylloclade -as well as the venation pattern itself was

submitted as evidence for, this, Qdditionally. teratologies, in which

Y

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

confirmation. Like Van Tieghem, Velenovsky and Danek Baw the fertile

phylloclade of Semele as a - complex structure, but instead of

3 ,
explai(ing it in terms of a repeating bifurcation pattern as had Van

Tieghem, Danek and Velenovsky cénstdered it to be éomposed of 'several

copgenitally fused units, each .of which was equivalent to one fertile

phylloclade of Ruscus.
Finally, Arber (1924a,° 1925 1950) recognized in the phylloclades

of Ruscus. Danaé and Semele an examplq, of her A"partial_. shoot ’theory"

in which "the leaf has an urge towards self—completa‘on as a whole
shoot (Arber, 1950: 93). - She saw no différence between sterile and
fertile phylloclades, staiinﬁ'thqt, "the phylloclade. consists of a

[§
lateral shoot completely adnate to its own prophyll” (Arber, 1925:147)

- but that "the union which the adnation represents is a fusion of an

excessively intimate nature,' in which one partner -~ the prophyll -‘-‘

e 4
has. gained such complete ascendancy thal: it is useless to look for the

structural boundaries of the adnate axis, the prophyll has, as it

were, absorbed the axis without making any concessions to it, and has P

©

re:aingd.'ita own foliar Cype of anatomy unaltexje:d (Atbet,. 19_24a:

-255). » 'fhus for Arber the cépcept of 'congergital fusio’n does not -

¥

-
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Ni

i L v
e include the usually implicit tenet of “vascular conservatism”, As

¥
. ¢

Croizat (1973), has noted, it is still nevertheless unfortunate that

’

-

Arber chose the language she did to express herself, ;
_FinAlly, Schlittler (1953) concluded “that the fertile
Y phylloclades of R”t‘w s,.a‘nd Semele re;&i‘esented congenitally fused

N

products of an aiill;arjy shoot with its prophyll,

. ) Alternative Hy;;otheses. -~ The above three hypotheses, which ha\;e in

2

phylloclade "in  terms of the classical model, have not - gone

) unchallenged. Robert (19614) after an histological at;udy of Ruscus

8

aculeacus wés not able to’ atri‘ve at" a conclusion of what .the

-

phylloclatle was, Jeremie and Cusset (1972) in a detailed analysis of

mitotic activity of the phfrlloclad'es of Asparagus densiflorus (Kunth)

- Jessop, concluded "tnat the morphogenetic processes ‘operating

within these structures weté'not_ similar to those of typical stems or

‘ ¢+ leaves and for rhis reason, the phylloclades were neither stems nor

kg

various ways attempted to explain the unusual morphology of the

. . - . . . ) 1 f
actual leaves, Croizat (1973) voiced the same opinion, although he’

offered no data. that the phylloclade in the Asparageae was the result

|}

' B (BN . . « "
¢ .- + of "the aggregation, at the meristem level" of potential foliar and

axiél "meris’tems“in series which, failing to give origiﬁ to fully

\ - share in the two" (Croizat 19:73:]106-7). Sattler (1974a,1984) proposed

oo _"' . accepted as Buch. He argued that organs such as the phylloclades of

>

N -
', . B \
'

.individualized bodies - "foliar” or "axial” - give origin to ’'bodies -

that effectively‘belong peither to the categary "Leaf" nor "Stem”, ‘but

t.hat org'ans sharing characteristics bf* different categories be
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Ruscus . and 'Aspata'g'us‘ be considered as 1nteringd1a‘ie organs 1in which
\ . . :
total *homologization with leaf or stem was not possible,

f

In ldght of _this controversy -a ‘detailed developmental -study ' of

' four species of the Akparggaceae; Ruscus aculeatus L., Semele .
¢ . ’ - - r———
' androgyna Kunth, Danaé racemosa Moench and. Asparagus sprengeri .Regel,
was undertaken, The purpose of this investigation was to relate the..
development of phylloclades with that of more typical forms of plant
" construction such as stems and leaves in order to determine by which
" ontogeritic and »phylogenetié¢ processes they,k may have arisen.
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'MATERIALS AND METHODS

£

~

Rhizome buds, young aerial shoots and mature pﬁyllocl‘n&ea of

Ruscus aculeatus L., Danaé rassmosa Moench, Semele nndtﬁgzna l(unth and

Asparagus sprengeri Regel were collected periodically February through

May 1982-1984 from plants grown in the McGill University Greenhouse,

Two of the plants, Danaé racemo&a\’nd‘bemele androiyna originated from

, Kew Gardens in England and did not adapt well to growing conditions in

Montresl, For this reason,La small amount of material was _obta,ined

from the Jardin des Plantes in Paris. Additionally, Dr. A. Siegert of

the Universitét Mainz and Dr, Rokf Rutishauser of the Universitit

Zuri&:t]xj, each kindly supplied FAA fixed material of Semele ‘a‘ndronnh.\

0f all the 'material-available, over 100 shoot tips of Ruscus aculeatus

Q

L. and ‘epproximately 50 shoot tips of each of the three remainiﬁg

-

species were, examined, .

Co . (
Material was. identified according to Thiselton-Dyer (1896),

© Hutghthson (1934).' Yeo (1968), Dahlgren and Clifford (1982) and

b&ngren, %lifford and Yeo (1985). Voucher dpecimens of available

s
-

mnerial have been deposiced in the McGill University Hetbarium at
Macdonalc; College, St. Anne de Bellevue, Quebec. Fresh mat:erial was
first dissected our. in - cooled distilled water or buffer and then

vacuum‘ 1nf11trated in either formalin-acetic acid-alcohol (FAA) or 3%

glucaraldehyde in 0. l M sodium phosphate buffer at pH 7.2 'l'he length

~—

of t.ime in the flxative varied from indefinite atOrage in FAA to 6-12

. hours in glutaraldehyde at 0° C.- Some matérial was aubsequent1y~

pos:fixed in buffered 11 osmiun :etroxidew for 2 hours at 0° C.
v

ol
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Mature phylloclades were fixed in FAA. and cl'ea;'ed'according to

the techﬁique of Fuchs (1963).

‘Light microscopy - Paraffin embeddeq material was first fixed in FAA

and tFen stained in &lcoholic acid fuchsinl to facilitfste orientation
Followidg dehydration through a graded. tertiary

during embedding.
.butyl alcohol serigs the specimens were infiltrated with either Tissue
Serial sections of 7 - 10 um were cut

Prep or Paraplast M.P, 61° C.
on an A.0, sp‘encer rotary niicre:ome, and atai'neq with either
Dela;field's hematoxylin, Feulgen with fast gre'gn’counteretain, Qo} a
modified  Toluidine =~ Blue .0, in’  which  slides . were
deparaffinized and oven driied prior to staining. This prpdu:ced a ,norg

!

-

even and more énhanced metachromatic stain, Of the “three .methods‘,iy
~ Delafield's gave the best results' with meristematic tissue ahd

Toluidine Blue O.with differentiated material,
Material to be sectioned in .plastic was usually fixed in

i

glutaraldehyde with or without osmium postfixation. Several washes in

\

. cooled buffer followed by a rinse in distilled water were made before
the specimens were dehydrated 'thtéugh a éi‘adated ethanol series. In

Y
[

general, pgstfixation seemed to givé better results in terms of

.

: Lcon/c\rlasc'. ‘
T ,Infiltrratiqn was acc\ompl:lshed gradually overda period of 2-'3 d-&ys
for Spurr plastic (Spurr, 1969; Of/Brien and McCully, 1981) and JB~4 -
~ ‘ H{ate_r'igl ‘

embedding media (Polysciences, Inc. Data sheet 123).
embedded in LR white resin (data sheet available from 3‘.8. E.M,

se"rvi.ces, Inc,) was infiltrated for 2~3 weeks. This resin appears to

Pl
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be the best suitedffor plant tissue. It has a long shelf life and

/
’\,, -~

penetrates welY, - Spurr seeoms i.o give the \cllea,r'en image once
sectioned but its use 1s limited by its viscosity. Only extremely

small pieces of tissue with thin cuticles infiltrate well. JB~4 gave

\

P

results comparable to paraffin but was puch more time consumig’g and

~ .

difficult to section, -

- All éuuu embedded material waé sectioned at 2 pm using glass
knives on a Sorval Porter Blum MT-2 ultramicrotome, Sections were
floated onto beads of distilled water on cleaned glass slides. Slides
were placgd on a hot plate and sections were stretched using xylene
fumes to eiiminate wrinkles and insure ndhesion'. :}%\f!ger drying tt;ey
were. stained with heat using either' 0.12 Toluidin_e Blue O in 1X Borax
or 0.1% Methylene Blue in 1% Boi'ax., »

Spécimens for epi-iliumination microscopy were fixed 4in FAA,
dehydrated,_ptained and dissected'according to .the techniques . of
S'a;tl;r (1968) and i’oslusznyl, Scott and Satt'f:r (1980). -

7

Scanning electron microscopy (SEM) -~ Material examined with SEM was

Y

fixe‘dl in  glutaraldehyde with . or without . osoium °

¢ ’
A

post-fix:atiori ‘and prepared according to " the techniques of

ot

%

Y

o

Postek . and Tucker (1977), Gersterberger and Leins (1978), and

! 9

Anfhany‘, Sattler and Coonéy-Sovetts (1983).
. ‘ ' . ™ ‘
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DBSERVATIONS
Ruscus aculeatus L, )

Organography =~ Ruscus aculeatus L.‘_ is a rhizomatous shrub of,

the: Mediterranean region and the Middle East. Its plagioiro‘pic

rh‘:l'zome.is sympodially branched and 4in atl th'e material exémine‘d,'
co;'xsiat& o{ vsually five (or sometimes seven)' conlpletely ‘ensheathing
oscale; leav‘eﬁ per sympodium (Fig. 1). ‘While the axils of. the first t;xq
scale leaves are empty and that of the third sometit;les contains a

renewal bud, ‘the fourth and fifth axils ‘regularly do. (Fig..l).

. The branchii&g pattern of the lateral dormant aerial shoot bu;is is )

ARt

the same as that pf\ the main’ aerial shoot 'e'xcept: that it is oriented

inh a plane perpendicular to' the origi‘nal. The  aerial shoot buds

remain dormant for the first year, usually growing out the following

&£

spring, If the maim ae'lr.iél shoot is damaged, however, one or ‘both of

i e

the aerial shoot buds break dormancy and resume the growth of the
plant, . ' ’ 2 C ' T

4

The orthotropic aerial shoot ;is.composed of lateral second order

A

_ branches in its basal region with phjlloclades distally (Fig. 8).

Each secot;d orde‘r bracch 1;: axillptqd by a scal;e leaf and in vturn
p;'oduces scale leaves \in vil'nose'ﬂ axils are lo‘cat‘ed ﬁhyllocladeé
(Fige 8)s Both the main t;erial shoot and its lateral branches are c;f
détet‘minate growth, ending in a terminal phylloclade (Fig. 2).

Each lgtgtal phylloclade undergoes a Y0° torsion at its base and

is axillated' by- a reduced scale leaf in contrast to the terminal .

¥

phylloclade which is not (Fig. 2), All phylloclades whether l"a,ti.elx'al

.
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or' terminal exhibit dorsiventral symmetry, determinate growth, ending

' in a‘spiny tip and may be either sterile or fertile., In the case of

the ferjt:ile“phyl;oclade, the inflorescence is inserted medianly on the
- /

adaxialw surface of.the phylloclade in the axil of the inflorescence

bract (Fig. 2).

Shoot development '~ The “shoot apex of the rhizome is broad and ‘dome-
shaped (Fig. 5). ‘The scale leaves that ensheath it are initiated
distichously and are of dorsiventral symmetry (Fig. 5).

-

Histologically, the apex consists of a two layered tunica and a corpus
(Fig. 25). Second order laterai aeri‘..al buds are initiated in the
axils _?f ‘the éorsiventrai»sc’al,e leéaves by periclinal divisons with;.n
the corpus and are delimited by a shell zone (Fig. 25).

As the shoot apex ‘becomes *or/t:liotr;)p;c, the phyllotaxis changes
from distichous to a 2/5 ‘spiral (Fiés 5, 4, 6., 7) v;}gich secondarily
becomes irregular.,. Second order branch primordia (ar’e initiated in the
axils of doraiventr:ll scale leaves (Fig. 6). ‘The morpholoéy of the
scale leafe of the orchoti:opic shoot changes from.the ensheathing,
ht;oded form c.haracteriatic of the tﬁizo;ne; to a hon-—ensheathing ‘more

lanceolate form (compare Fig. 5 with Figs 6, 7). The scale leaf is

dorsiventral from the beginning, whereas the lateral branch it

* subtends is bilateral (Fig.’ 6). - As the branch ’grows, the symmetry

Fl

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

to radial (Fig. 13), .,

After producing several lateral branch primoi'dié, the 'shoot apex

becomes more dome-shaped, signaling the beginning of phylloclade

........ > %

iarod‘uction (Figs 4). Because of 1rr§gularit1és in the transition

MY

P . @ .
R .
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zone it is difficult to determine which o‘f the primordia will develop
as brgnches or as phylloclades (Figs 7, 8). However, after more than
three or foull phylloclades have been produced in succession, tl;e shoot
apex usually only produces phylloclade primor;ia (Fig. 4).

The 8cale leaf primordia that subtend the phylloclades of the
first order axis, are initisted in a spiral 3/8 phyllotaxis (Fig. 4).
Each is first visible as & dorsiventral bulge on the periphery of the
shoot apex (Fig. 4). During the third or fourth plastochron, a
phylloclade primordium is seen within its axil (Fig. 4). !

At the time phyiloclade primordia begin to be initiated on the
first order axis, the most basal second order branches begin to
produce scale leaf and phylloclade primordia (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 those of
the rhizome a gradual spiral phyllotaxis with a divergence angle
varying between 2/5 to 3/8 is achieved (Fifs 10, 13). The shoot apex
which is dome-shaped and somewhat triangular is approximately 200 u:n

in ‘diameter (Figs 10, 13). It is composed of a two layered tunica and

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

indicate the initiatic;n of the scale leaf primordium (Fig. 26) which
when visible externally manifests the same symmetry as that of the

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

the scale leaf remains dorsiventrally symmetrical (Figs 13, 14, 26,

33) an(}‘ receives only one median vascular trace (Fig. 30). The rate
K \\‘ i3

of development of the scale leaf primordium at first equals that of
its axillary phylloclade (Figs 10, 13, 26) but later on, exceeds it

(Fig. 33). More pronounced cell elongation along the abaxial side

EEY =

4N
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of the scale leaf primordium contributes to the upwards curvature and

enclosure of the axillary phylloclade (Fig. 33).

Development of the lateral sterile phylloclades ~ The phylloclade

primordiuvm is initiated immediately after that of its subtending scale
leaf (Figs 4, 10, 13) by periclin;I divisions within the 'corpus and
anticlinal divisions within the tunica (Fig. 26). Initially it is’
bilaterally symmetrical (Figs 10, 13) or perhaps slightly dofsiventral
in the case of the first order axis (Fig. 4). Very quickly thereafter
(within the second or third plast?chron in the second order shoot) it
becomes dorsiventral (Fig., 10). The young phylloclade primordium" has °
two outer cell layers which at first divide only anticlinally
(resembling  somewhat the organizatzion' of a shoot apex) (Fig. 27).
Additionally, a faint shell zone can be observed (Fig. 26). This
shoot-like histological organization soon disappears leaving instead
only a protodermal layer that divides 'anticlinally (Figs 33, 34;. In

cross section only the cell diviaion pattern characteristic of a leaf

%is observed (Figs 30', 31). As the phylloclade grows further, a faster

rate of maturation along the ‘abaxial side contributes to its inward
curvature, similar to that of its subtending leaf (Figs 33, 34). When

the phylloclade is approximately 500 um in width (400 um in length)

1

ite distal portion begins to protrude (Fig. 18). At maturity, ‘this
region becomes sclerified (Fig. 39) resulting in a terminal spiny tip
(Fig. 2 ) of radial symetryl. The "‘middle and basal regions of the

phylloclade, however, remaiti dorsiventraily aymt;tiic)al (Figs 35,
- i
!

’

7). . Ty

In terms of vascularization, the phylloclade receives its firsﬁ

°
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procambial strand with;ln about the third plastochror;. This procambial
sttand: which * 1is median, differentiates acropetally from the
provascular trace of the subtending' scale leaf (Fig. 34). Somewhat
later, two lateral traces depart from provascular strands within the
stem, entering the phylloclade ‘as do eventually other bundles, forming
a dorsiventral arrangement (Figs  30-32). This dorsiventral
arrangement 1z maintained in the mature forgn (Fig. 37). The median
vascular ‘bundles of the base are surrounded by an ellipse ;)f
sclerenchyma (Fig. 35). Above the base, the bundles are separate and

I3

are arranged in a venation pattern characteristic of monocotyledonous

leaves (Fig. 37). The xylem of some, but not all, of the bundles isi

inverted (Figs 35, 37).

~ °
v
b

Development of the fertile'phylloclade « Like the sterfle phylloclade,

the fertile is 1initiated in the axil of a  scale leaf and its

development thereafter is equivalent to that of the sterile except for

the presence of the inflorescence. In Ruscuye J'\ypophy'llumu L. the
inflorescence isinitiated on the abaxial side of the phylloclade

(Fig. 17), vhereas 1in Ruscugs aculeatus L. it is initiated adaxially

(Figs 11, 12, 15, 16) althougtr eicep;:iona also occur (Fig. 23). The
inflorescence bractl primordium is :lnitg.ated directly in a median
position by anticlinal divisions within the. protoderm and periqlinal
divisions within the subprotodermal layer  of _ttﬁle ";)hylloclade
(Fig. 27). pFrom the beginning, it is dorsiventrally syme;rical and
remains 80 throughout its development (Figs. 12, 15, 16, 28, 29).
Only one v_gsculat"‘ trace is present which differentiates’ a.cropetally

from the median procambial strand of the phylloclade (Figs 16, 28,

€

..
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29). The inflorescence primordium is initiated in- the axil of its

Y

bract as a result of deeply,originating periclinal divisions (Fig.
28). The 1nflorescenqe apex /is dome-s'haped with a two layereud tunica
and corpus (Figs 16, 28, 29). Externally the struture 1is first
vigible as a flatteng\d Iprimordium vith bilatel"é"l symmetry
(Figs 15, 16). ’

At maturi‘ty, croas sections through the bagse of the xfertile
phylloclade show that the vascular bundles,K are in a more or less
doreiv;antral _fr:angement and are surrounded by sclerenchyma (Fi'g 36).

The xylem of the bundles in the median region nearest: the adaxial

surface is inverted (Fig. 36). The xylem of the.bundles nearest the

abaxials surface is not (Fig.) 36). Above ,t"he insertion of the '

inflorescence the vascular bundles are separate yet are still in a

dorsivéntral arrangement (Fig., 40). Only some ‘of the bundles ha‘;e
4 °
inverted xylem (Fig. 38).- At the tip of -the fertile phyllocladé the

median and outer vascular bundles merge (Fig. 42).

L]

l

—

Develoymetft of the terminal phylloclade — After edch second and first

order %hoot apex has finished production of bract and lateral
' phylloclade primordia, as 1indicated by the basal elongation of the
first order shoot, the )terminal phylloclade primordium appe,ars’
(Figs 14, 33). It results from the direct trapsformation of the shoot
apex ‘(Fig. 33), no subtending “bragt is 1initiated. The‘ fir;;t:
:lnd;Lcation 6£ ‘the terminal phylloclade pri:gordium is an elong_at'ion of
the shoot apex’ (Fig. 33). The symmetry of the apex at this time and
thus the young phylloclade primordium is bilateral, As the’ shape

becomes more triangﬂular, the - primordium  becomes -.dorsiventral

’ o~

{

A

e
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i [y
(Fig., 14), As wiFh the lateral phylloclade, pri‘mord.ia, the terminal
phylloclade maintains this dorsiventral symmetry at maturity except

Y

for its sclerified _spihy tip which is radial (Figs 2, 19—21).

Similarly, the terminal phyllociade may or may not be fertile

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

lateral phylloclagie primordia.

o~ a

Abnormalities, variations — When the shoot apex is in transitipn as

during the changeover from< branch to phylloclade production and from

lateral to terminal phylloclade production, morphological

3

1rreg\;larities occur. In the first instance during the changeover
from braﬁch' to phylloclade production, the irregularity may either be
simply ;a phylloclade in a branch position (Fig. &) (1.e._ a compléte
transition) or more aberrant reflecting [perhaps an incomplete

transition,. For example, where a branch would have been expected,

structures that might be described as abnormal phylloclades (Fig 22),
or sbnormal branches (Figs. 24) may be present. Additionally, the

terninal phylloclade itself may also exhibit similar irregularities

sut.:h :as variable jnflorescence position, or it may even bear another
phylloclade (Figs 19-21, 23). K

!

i
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Danagé racemosa Moench

-~

Organography - Danaé racemosa Moench is a monotypic rhizomatous shrub

occurring in southwest Asia and the Soute:heaeter:n Balkan peninsula."The'

“plagiotropic rhizome is sympodial and in the nmaterial examined,

consists of five scale leavesle per sympodium (Fig.-43) "that are
engheathing and are arranged distichOusly (Figs 47-49). The axils of

the first two scale leaves appear empty, while those of the third and

fourth coutain buds (Figs 43, 47). The bud in axil five usually grows °

I

out as an aerial shoot foflowing' the emergence of the main aerial

shoot., .

The main aeria.\l shoot 1s ofthotr“opic and bears spirally arranged
st;ale leaves in whose axils are ‘usuaially located second order branches,
not all of which reach maturity. In the first'two leaf axils are
shogts that bear third order branches, Occasionally the more ap;cally

located second order shoots also bear third order branches. Each

) ' -7 -
. shoot regardless of tank 18 of determinate growth-and either remains

}

sterile or produces a terninal faceme (Fig. &4). No terminal

phylloclade 1is ptoduced.

Phylloclades -are found in the upper regiou of the firet: order® .

shoot and along the second and ‘third order shoot axes. The pumber of

phylloclades per shoot varies from as few as two to as many as eight

. i [
or more, Each phylloclade is subtended by a scarious scale leaf and

usually undergoes torsion. All are sterile, of determinate growth and

[N

dorsiventral ‘symmetry (Fig. 44).

i Although normal foliage 1eavea have been reported for both the
seedling and mature plant by ArBer- (1924a), none- were observed

.in the material examined -for this study.

| »

\
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Shoot development - At the time of scale leaf initiation, the thizome

. apex 18 broad and slightly convex (Fig. 48). The .primordium arises as -
] a cr,escént-éhaped ?mound along the periphery 6f the rhizome Spe:g

.- (Fig., 48). Growth upwards bélow the tip results in the characteristic

L

‘hood, while extension of thé basal margins (Figs.47-49) eventually
£ A .

produces the ensheathing mature form. All! of the scale leaf primordig “

}

are initiated 1in a distichous phyllotaxy and,‘are of dorsiventral

. & LT
"symmetry (Figs 47-49). During lateral bud 1initiation, the shoot apex”
is approximately 320 um in diameter and is composed of a two-iayered

tunica and a corpus (Fig, 59). E&ach lateral bud primordium origin.ates‘
t s - " ’ o8

in the gxil of a scale leaf from divisions within the second tunica -
' {

N

layer and corpus (Fig. 59).

a

)

As the shoot becomes orthotropic, a change in the s

. \- . -

of the apex 1is noticeable (Fig. 50). A corresponding change in the
o \

e and shape

*

morphology of the scale leaves is also apparent. They become more”
Y

reduced’ and non-ensheathing ¢Figs 50-53). Additionally, “a change in

'phyllotaxy from distichous to a 1/3 spirdl occurs (F'ig. S0)e ~ The = .
do/rsiventra.l symmetry of the leaves, however, does not’ change, , and_-

A ’ .
they centinue to originate as crescent shaped mounds along the

. periphery of the shoot apex (Figs 50, 53) and retain this symmetry

.~

. throughout developument (Figs 51-53).
Although at first. second orﬁe‘;‘ branch primordia are_not visible

in the axils of the orthotropic scale leaves (Fig, -50), they later are

M- f

cleariy evident “as. bilaterally symmefrical structures that become .

+ A 7

slightly dorsiventral (Figs 51-53). Afi:er the first order ‘shoot _hhs

finished producing la.teral branch ptimordis,' phylloclade primordia

>

begin to be initiated in the ‘leaf axils (Figs '51-53),  Again there is
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" E
’(Figs 45, 46, 54, 57).- A greater rate of elongation along the abaxial

- gide of the scale leaf primordiuui contributes to its upward curvature

\ ’ L Lo
a chanée'in phyllotaxy, t.his time: from spiral Isack to distichous
(Fige 53)s Subsequently, (in the sevench or eighth plastochrop; the
young second - ordet branches begin to initiate bract and phylloclade'
primordia (Figs 105, 572. The shoot apex is approximately 200 um in i
diameter and 18 . composed of a :wo:-layered t:unics and a corpus
(Fig. 57). " The scale leaf primordia are Initiated in- a distichous

hyllo:axy from periclinsl divisions within the sécond tunica layer

and concomicann anticlinal divisions in t\"le outer 1ayet (Figs 45,

57). Each 1is of dorsi_ventrpl symmetry (Figs 45, 57) and grows at 'a

Tate equal -to or siightly faster than that of {ts axiliary phylloclade

AN

W -

(Fig. 57). 'During the third plastochron of the- second. order shoot,

the h’ract primprdium receives its first provascular t‘racé. Ipe

-procambial strand 18 median and is. derived from an outer bundle within -

4

the stele (Fig. 66)«< After entering the bract, however. this strand\/

3

sometimes branches (Fig, 65). . . ' L .

When the shoot apex has finished producing bract and pﬁjrl\loclade

\

primordia, one of two things may occur. Either it remains sterile in~

]

which case 'the apex is gradually vused up (Figs 54, 55, 60) or-it.\.
becomes reprsductise-- (Figs ‘46, ' 56, 58). Tt;e rgproductive apex ‘

maintains ‘the t:wo—layered tunica and the corpus of t:he Vegetativez

i“-

shoot but undergoés a noticqatgle change in!size and shape (Figs

46, 56, 58),, In the early stages o‘i_’ transi‘}.ion’, the sp‘ex'elbnéat_es

[ . ' - -

N
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consi&ernblyx (Figs 46, 58),. although its diameter 1s knot‘

oo . < : ’
different from that of the vegetative state (176 um vs 200 um),
. N N

/ . -
the producuon' of flouer primordia, however, the shape of the

becomes wmote flattened, nnd its ofze graduany diminighes (Fig.

‘€he axils of 'scale leavss (Figs 46, 56, 58). They p/rig;nate

28 .. .

dch
witn

apex

56)0' °

Like the phyhochde priuordia. the flwer prinord:l.a are initia:ed 1n‘

from .

 divisions more deeply within the corpus than do /che,a.xnlary bracts

(F‘ig.' 58) 'nnd are considerably wmore precoc;ou—s in their development~

(Figs 46, 56, 58).

L
-

\ Y [
. .

Phyugclade development - During the - second plaatochron of the oecond

order shoot, the phylloclade primordiunm 1: nlready visible 1n the

b,

axil

of the scale leaf as a conspicuous grwping of peticlinal divisions .

°

within the cecond tunica ‘layer with concomitant divisions within the

corpus (Fig. 57)s At its base, one can almost - discetn -the
o tow . .

d:l:vision ‘pa'ttern chatacteristic of & shell zone (Fig, 57).

3!

cell

|"l'his

organizati@n soon disappears, however, and in lttet plastoéhrons,

there is » ptotodermal cell layer 1n which only Ant:lclinal divisions,

occur (Figs 57, 58, 60)¢1In cross lection, the cgn arrangement pattern

. is- 1ndiltinguiahable from, thn.t of a typicil lenf( Figs 61, 62"65). '

In terms of sympetry, the phyllochde ptinordiun tirst appears as

a bilaterally gymetrical structure | but rlpid].y pecomes

A

in par:‘ related to an ‘increased rate of cell elongation -along
f \ L

' dorsinntral (Fié's 45, 54, 65). This‘ change in uyfametry 1s,at least

‘the

sbaxial side which contributes to the phylloo'lade's inward curva‘t'ure

.

(Figs 58, 60), When 8 l‘eng:\'){ of ’lpproxiu‘ueiy 1m, hus been reached,/
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,poi&r‘»r.ed,up. As growth proceeds, the phylloclade increases in “length, -
the tip becomes narrower and more acuminate, while the blade 1ncreasés
{n width Beéoming more ovate. The’ margins of the mature phyllocladé

pmay either curve, upwards or repain flat in which ca;e the }base often .

undergoes corsion (Figs 44, 64).

The vascularisation of the phylloclade 18 independent of that oflf
fte subtending bracc,(Fig. 66)a At the base of ‘the young phylloc:],advar
‘iprimord um three procambial Ifra,ces are visible (Fig. 66). Since the
rate of diffex‘entiation of the mediau bundle is fascer in compartson
with that of the two lateral ones, only the~median procambial strand

L.
is observable in cross. sectitms through higher, levels (F;lg. 65).

iAt: maturity only some of the xylem of the vascular bunqle's is
;invefted '(,Fig. 63) . ’I‘h‘e ;)riéntatioh and distributio‘r; of the ~bu'ndle‘s':
givgé rise to a parallel venation pattern ty;i:lcal of that. ée'er; in
'monocotyledor}og's '1e;a\fes (Fi‘gs-bz,'k6‘4)\. :
. ) -
.. Sepele apdrogyna Kunth

- . r - .

\ ganogtaphy -‘Semele andtogxna Kunth is a rhizomatous climbing shrub

‘ nat;ve to the Canary Islands and Madeira. Its plagiotropic sympodial
rhizome.cpnsiats of five or ,se_ven ensheathiﬁé scale 1€aves that are’
diséichodsly Vsarrarfgea (F:-I.gs" 67).‘ In ‘thehate_rial examined éll .scale
leaf-axils contain axillary buds (Fig{ 67). ,;;hey de\'velop, tl;ey
have the same arcfxitectural branching patterp as the ‘main sympodium

except for the plane of orientation which has been turned ninety

» bR

degrees. . ’ o .

-

.
-



In contrast to the rhizome, the main aerial shoot is orthotropic
\ h :

"' and -at ‘its base bears spirally arranged scale leaves in whose axils

' ére ‘locared second order’branche;; ‘ Apically, the phyllotaxy reverts

%

to ”&'Lptichy and ch;. scale leaf axilp contain phylloclades (Fig. 68).

This ‘same patt:ern o& distichous phyl’lotaxy and phylloclade arrangement

holda for the ‘second order shoots as well (Figs 63-70)," All shoots

regardleésvof rank\\‘- are of determinate growth endiﬁg with the

"production of lateral phyllpclades, , - No terminal .phylloclade was

observed (Figs 68-70),
s

rdeterminate, usually undergo torsion at their base (Figs 68 70).

'I‘hey may be eithet ateri—le (Fig. 68) or fertile (Figs 69-70,94) .In the.

ldatter ‘instance, the inflorescence‘is most commonly situated along -the

margin of the phylloclade in the axil of the inflorescence bract

(Figs 69, 70), although' other positions are occasionally observed. .

1

(Ffg. 69). - : ‘ = : o

"
)
N

N ' N . i . -
Shoot develg)mem: = The rtiizome shoot a_pex is approximately 150 um in

diameter and is ensheached by distichously arranged scale leaves

'(Fig. 71). Each scale leaf arises along the periphery of the apex as

a crescent-shaped ngound. The shape of the primo-rdlum -gradually-

chhhges to a hooded ensheathing fom (Fig. 71). Eventually the ap’:e.:\:

is totally eénveloped by the dorsiventral leaves,. The lateral bud

primordia that are initiated in the axils of ‘these scale leaves are

" also dorsiventrally symmetrical, at least atg the begin}xing '(Fig.. 71')“

When the first-order shoot becomes orthotropic, a notlceable

t

change’in the size and shape of - the Epex as well as \leaf morphology

o

Lateral phylloclades», which arel‘lalnceolate. dorsiventral and’ ’
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¢ A

occurs. The apex becomes rognder with age and attains a diameter of

about 225 um (PFig. 72). It has a three-lsyered tunica and a corpus

(Fig. 83). The scale leaf primordia that subtend branch primordia are

initiated in 1/3 apirai phyllotaxy and are dorsiventrally symmetrical
- -3

%

"(Fig. 72)¢ ..In comparison with those of the rhizome, they are more’

reduced, ' lanceolate 1in. shape and are not ensheathing. - Branch

primordia are initiated in the axils of these scale leaves; they. arise

from anticlinal divisions 1in the tunica and periclinal divisiors
N - ]

beneath the third tunica la‘yer‘ (Figs 72, 83)., At first they appear ‘as

dorsiventral structures although in later development they are more

bilateral (Figs 72, 177) and eventually their_ axis becomes radial

. (Fige 76). .- . ’\ ’ -

K

At the stage when bract and phylloclade primordia bbgin io form .

El

—

on the second order shoot, the -apex of the latter is h:lghly
dome-shaped (250 um wide and 120 um high) .and consists of a
L two-layered -tunica and a corpus (Figs 74 75, 85). | Leaf primordia
that subtend pnylloclades _are 1n1tiated from periclinal digisions

within the second tunica layet and concamitant anticlinal divisions in

the outer layer; they ar:lse in a distichous phxllotaxy like those of

the first order shoot (Figs 77, 85-87). Vacuolation and cellular-

\

'd:l,fferentiation 6cc9r " first alon'g, the abaxial "side (Figs 8~5N,— 87).

Externally this . process 18 reflected in the Jleaf's. clearly
dorsiventral form. . In ’earliest'; stages 1t is visibla ‘as a crescent

shaped‘ bulge skirting the ' shoot apex (Figs 74-77).  Both léaf
- - - J R .

[

initiation as vell a8 rate ofAdevelopment are initially more advanced

»

in. relation to that ‘of the phylloclade "(Figs 73-78, 84-87).

L}

Thrdﬁghout its de\'velopment, the }eaf receives only -one me.diavn»ﬁ vascular'

[

4

‘e

,
[



trace. .The prbcambium of this’t'race is formed- acropetally during the

second” plastochrod but 1s most -conspicuous during the r;‘fourth‘

‘ (Figé 87).

A

With further growth the scale leaves eventually enclose the shoot

;pex (Figs 73, 84), At the sat;ue time the apex diminishes in size as

\

it 13 gradually used up in ‘the produc;ion of leaf and phylloclade

primordia (Figs 73, 84), o

AN

Phyll.oclade development - The phylloclade is initiated 1}1 the axil of

its .bract from anticlinal divisions within the second tunica layer and

underlying divisions within the _corpus (Figs 85-87)’. Concomitantly,

anticlinal divisions occur in the outer tunica layer. Even though it

is initiated during the second plastochron, the phylloclade primordium

is -not visible externally until the third or fourth (Fig. 74). 1t is .
a dorsivent‘ral structure fron' the beginning and "tetliains this gymmeti-y :
- s N f

throughout its development (Fdgs ‘76, 79-82, 9-2) thus resembling a -

leaf. Yet, in very early stages, it sometimes appears to have, a fainb

‘shell zone, thus resembling the organization of a shoot .apex (Figs 85,

87). ' This cellular division pattern, however, quickly disappears ané‘

in -later stages ‘the phyllocl'ade primotd'ium has only a one. layered '

' v

protoderm that divides ant‘ic‘linélly (Fig. 84); Although cells seem to
' . . 4

differentiate more quickly along the abaxial side, thus tmntributing

to che phylloclade's inward curvature, thé overall rate of growth and

-

- eventual expansion of the primordium is 'delayed until the shoot apex

.

is nearly exhauated (Figs 73, 84), .

At.the level of insertion on the stem, the vasculariﬁacion of the

. s
: .
‘ .
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phyllocla;:le is independent from that of its subtending bract (Figs ‘86,
8Y). Three provascular traces enter the base of the primordium from
the stele (Fig. 8Y), The. *proVascul;r bundles are thus initially.
a;:'ranged in a dorsiventral planar arrangement, Later, when the
'phylloc;ade matures, a flatte’ned ellipse of wvascular }Sundles somewhat
resembling a stele is visible in its base (Fig. 92). The xylem of
some’ of thése bundles is inverted (Fig. 92). Above this region, ‘the
: /
\;ascuiar bundles divide to form a'pa'rallel venation pattern typical of
indt;ocotyleéonous leaves (Figs 90, 91, 93), At the tip of the

phylloclade the outer vascular bundles of each margin converge. The'

median bundle ends blindly (Fig. 93).

Fertile phyllt;clade development — In terms of overall ‘morphology, the

féertile pi\ylloclade primordium bears & striking resemblance to a young

“second order shoot (Figs 79, 80, 82). Braccs\a e initiated“along the
-

marging of the phylloclade in a wore or less distichous phyllotaxy

. with two orthostiches (Fig. 82) although deviations in arrangement =

occur (Figs 79, 80)., Each bract receives one median procambial trace

. that differentiates acropetally and is separate from that of 'the.

'infloiesqen;:e primor&ium (Fig. 88). The inflorescence primordium is‘l

‘initiated 1in the axil of the bract directly on the phylloclade

primordium (Figs 79, 80, 82, 88). '

1

B .
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Asparagus Sprengeri Regel

Orgsnography - Asparagus Sprengeri Regel is a widely cultivated

o:rnamental whose plagiotropic rhizome produces orthotropic aerial
shootg that bear scarious leaves more or less‘ in a spiral phyllotaxy,
The leaves have a thorny outgrowth at their abaxial base..

At the base of ‘the aerial shoot, the lowermost leaf a;(ils ha\,;e
axillary meristems that rarely if ever grow out. Above these 1in the
middle region of th; shoot, second order shoots and sometimes
inflorescence buds are found 1;1 the leaf axils. Inflorescence buds
appear to grow out in tlhe early Bum;let, one or two years ;fter the
aerial shoot has emerged from the ground. At the most distal portion
of the shoot, clusters of phylioclades occur in the leaf axtls,

The pattern of organization seen in the leaf axils shows a
correlation .with the location of the node on the plant (Fig, 95). In

’
the middle region of the aerial shoot, nodes typically have the
following pé{tern. In the ax:li of the subtending lesf 18 located the
second_ order ' shoot (Fig, 95a). Lateral to the second order shoot on
either side are two phylloclades, each axillated by a reduced scale
leaf (Fig.- 95;). lateral to eachﬂ of these 18 usually the
inflorescence and its subtending bract (Fig. 95a). This architectufai
pattern is basically maintained for godeé in the apical region of the
plant except tha; in the position occupied by the second order shoot,

a phylloclade 18 observed (Fig. 95b). Similarly in the place where an

inflorescence would be ‘expected, a phylloclade is sometimes observed

" (Fig. 95b)". .Thi:s it 1s possible to have a cluster of five

\
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phylloclades 1nstegd of the usual three, Inibe literature even more
(seven) have been reported (Arber, 1924b; Kausmann, 1955).

The branching pattern of the first order shoot 1is basically
repeated in the second order shoot, except that inforescences and
third order branches a.re less frequent, Inflérescences if present,
grow out oneo or two months after those occurring on the first o'rder
shoot. All shoots whether first or second order are deceminaté,
ending in a cluster of phylloclédes. .

Each phylloclade is of bilateral B& dorsiventral symmetry, linear
to.strap shaped, and terminates in a spiny tip (Fig., 96). All. are
sterile (Fig. 96). '

“ ) S

Shoot development — The apex of the young orthotropic first order

shoot is approximaht‘ely. 125 ym in diameter arnd more broad than high
(Fig. 97). Sf:ale leat‘ primordia are initisted along the periphery of
the apex in a spiral phyilotaxy (Fig.” 97)./ Each\ is Adotsi\ventral
(‘ljilg. 97). As the leaf grows, iti7 basal abaxial portion protrudes
forming at matu‘rity‘a pointed sclerenchy;matous thorn-like structure.
Second order shoots are initiated in the aafils ,of the scale
leaves as Tlattened structu:les with a bilateral to dorsiventral
symmetrx (Figs 97, 110). When they a‘re' ;bout 130y m wide, their
lower flenks begin t¢ bulge, indicating the initiation of two lateral
bract primordia (Fig.'97). Adaxial growth between:tt;e two primordia

- “ - [
leads to the formation of a semi-circular structure (Figs 110, 112)

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

‘v"
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This structure is, present only in basally located second order shoots
( compare Fig§ 110-112 with Fig. 113), Lateral phylloclade primordia
arise in the axils of the lobes of this structure at a ver; early
stage (Fig, 1l1).

After a number of bract and'second order branch primordia have
been produced, the morpholégy of the first order shoot ap;x changes by
becoring roundqr and mo:s dome-~gshaped (Fig. 98). This change
correlat;s with the production of axillary meristems that give rise to
bract and phylloclade primordi;a (Fig:- 98). ° Both the first rorder shoot
and its second order shoot; appear to produce these structures during
the same (time‘pet_‘iod (Figs 98L, 107, {'13).

The shoot apex at this stage consi‘sts of a two-layered tunica and
a corpus (Fig., 114}, The scale leaf primerdium that subtends the
axillary meristem a&rises from anticlinal divisionsa within_ the first
tunica layer and periclinal divisions vighin the second (Fig., 114),
Like the leaf that subtends a setond order shoot, it orig'inat;:s in a
spiral phyllotaxy and 18 dorsiventral (Figs 98, 99), There 1is,
however, a reduction in size, Each scale leaf a‘eceives .one procambial
trace which is median (Fig. 117). An axillary meristem is initiated
in the axil of the scale leaf in then ’eecond or third plastochron
(Figs Y8, 1}4). It arises from anticlinal divisions within ;he tunica
layers and concomitant divisions in various planes in the corpus
(Fig. 114). In early .st.agesl, the ucer’nal form. of these structures ig
dorsiventral in first order shoots or perhaps almost bilater_al in
.second orde.r\s&ots (Figs 98, 101, 102, 107). Very- quickly, however,
these latter cases also become dorsiventral (Figs 99—'102). The first

N Al

procambial sgtrand to the axillary meristem 1is median and 1is

~

Jr
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differentiated from that of the subt‘endfng leaf (Figs 117, 11‘8’).

As the shoot nears the gnd of if;s lifespan, the shape of the a;;ezz
becomes tr;angular and its size 1is gradually reduced (Fig. 99). ' In
its final phase, the last sc\ale leaf prfmordium is -initisted almost
opposite to the penultim'ate one (Fig. v106). The remainder of th;z
shoot apex is transformed into the last a;illary meri‘stem which then’
sequentially gives rise to the terminalA cluster of _phylloclade

primordia and their 'subt‘.ending scale leaveso (Figs 100-103, 10\‘8‘, 115).

Pattern of phylloclade‘initiation ~ When the axillary meristem is
/

about 120 um wide, its distal region‘ begins to protrude j:ndicating the

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

Concurrently, the lateral flankg of the axillary wmeristem begin to .

form bract primordia (Figs 100, 10’2). The position of these primordia
is slightly .adaxial since the axillary meristem is slightly curved
(Figs 100, " 102). When the median phylloclade primordium 1is ‘dbout

80 um wide and 70y m high,- lateral phylloclade primordia are initated

>

o N ' . . ) A D v
in the- axil of first one scale leaf- primordium and {then the ‘other

(Fig. 104). Later, as the lateral phylloclade primo;‘c!ia themselves

reach 80-90 unm lengt‘h, ;ellula‘r divisions ce:n be observed at their’

bases mor‘e or less opposite to each phyllo;:lade's subtending, scale

leaf (Fig. 106). These ref:res’en‘t the initiation of two more bract

primordi.a (Figs 105, 106, 1(_)9). "In the axil of each bract primordium

an axillary Qeristem arises ;;hat develops into another phylloclade or
o @

an inflorescence (Figs 109, 116), . In some cases, the mer.istem appears

N -
Ie
N

i

>



- h

-

-

not to develop, or becomes dormant (Fig. 108)., Thus oﬁly' three

phylloclades per cluscér would be formed inétead of the usual four or

v

five,

\

Phylloclade development - The phylloclade primordium is initally

dorsiventral (Figs 100, iOi, 119). By the time it has reached
70-80 uym however, it 1is bilateral and dome-shaped (Figs 101,

103,104). The scale leaves that sibtend phylloclades are dorsiventral
. ) .

from the beginning and ‘Iremain 8¢ throughout thetr'developmen; (Figs

Y

103, 105, 109, 114, 119, 121).-° . “ ¢

s

Histologically, the pedian [;hylloclade primoz;dium\at first has

‘two outer-.cell layers that divide anticlinally (Figs 114, 115). 'At'

1

its basé a cellular{pattern that resembles a faint shell zone can be

7

observed (Figs 114, 115), This shoot-like organization soont Secomea

transformed into a pattern that is characteristic for 1leaves

.t . P

(Figs 114, 116, 121). L.

L)

The first procambial strand to the median phylloclade is ‘itself

Al

median and 1s connected to that of~the :scale leaf subc\ending thé
apillary wmeristem from which the phylloclade primordia arises--
(Fig. 119), Each of the two lateral phylloclade primordia receives

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

A}

in any of the lateral bract primordia.

When the phylloclade primordium has reached approximately 100 um
“ - ~ -
in length, its most distal portion begins to extend (Figs 105,.106),

The cells in this area continue to elongate until eventually a spiny

‘tip with _radial symmetry is formed (Figs 108, 109). At maturity it

-



T

'
-4

i

/.' Cgg.
% ,

e
N -

: N .
becomes sclerenchymatous, As the tip differentiates, the middle

b

portion of the "phylloclade expands laterally (Figs_ 105, 106, 108,
109). 1In cross-section the symmetry at this level is bilateral, and a
large procambial bundle may be obaérveﬁ (Fig. 121)., At matu;ity this

solifﬂ?}‘vagculat bundle has an anomalous structure (Figs 122-124),

In the ,m;ture phylloclade the basdl region 1is dorsiventral in

cross-gection, Hence, the ph&lloclade as a whole is dorsiventral with

~0 hd

a bilateral portion,

-
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’ . ; DISCUSSION

’
. , [ 4

The «present 1nvesiigation demonstrates that 't{xe phylloclade in

, the Asparagaceae 18 a complex gtructure., On the‘one hand it resembles

a bhoqt because of jts position, early histogenesis and in some cases

its initial bilatefal symmetry and ability to produce other orga 8,
’ (
X
Yet on the other hand, it is like a leaf because of its determinate
. " .
growth and final dorsiventral symmetry, When all of* these features of

’

the gpace-time extension of the phylloclades are weighted equally, the

¥ .
natural conclusion one arrives at is that the phylloclade 1is an

- »

intermediate drgan (Sattler, 1906, 1974a, 1984) that combines stem and

leaf fqhmresf (Jgremie and Cusset, 1972; Croizat, 1973). Interpreting

* " the phylloclade in ‘this manner ot only provides a more compfehensiw)e

" and Yynamic explanation of morphogenesis but at the same time avoids

» “

" the essentialistic trappings - that plagq‘e other views, For example,

proponents of the foliar hypothesis such as de Candolle (1827),

. buval-Jouve (f877), Velemovsky (1892, 1903, 1907), Troll (1937),

Joyeux)(1928), Buscalioni (1914), Schlittler (‘1953) and at one point

4

Arber (1950) have enpt“lasi‘zed the phyiloclade's leaf-1ike attributes in

‘their interpret;ation’; and to- bring it into line with thé accepted
L] . ™ “ .

model of plant construction (the classical model), they have

postulated that the phylloclade be the terminal or pseudo-terminal

leaf of ‘a reduced or aborted shoot, Yet .no reduced or abor;led‘ shoot

is observed duiing development. Phylloclades are either 1n1“tiat'ed
directly in the axil of a scale leaf via divisions within the.corpus

and tunica as i;\ the cases of lateral ghylloclades or result from the

AN
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'direct transformation of either the shoot gpex' in the(”caae of the.

terminal phyl,loclade of uscug. Whtle one could argue (Rutichaueer- .
and Sattler, 1985) thut this . last point ‘offers support “for the\/

.interpretation of Schlittler' (1953) and Arber, (1950) that “the

terminal phy'lloolade in Ruscus is a leaf- with "an urge towards whole

shoot characters” (Arber, 1950), to do 80 would be limiting because 1t

~ s
) . *
& )

disregarde its inception. .

l.ikewise,‘ those who 'ldvocate the opposite view that the

N

phylloclade be . equatéd with a caulome primarily because of ltaa

posigion (Turpin, 1820; A.P. de Candolle, 1827; Vam Tieghen, . 1684;.

nrber 1924b, 1935) or its’ ability to give rise to other etructur\s

'(Clas,‘ 1861; Cauvet, 1877,,‘ Dickson, 1886 C. de Candolle, 1890'
_ Celskoviky, - 1893; Reinke, 1898; Szafetr, 1910; Zweigelt, 1913; Goebel,

1905; liott, 1938, '1959) or necauge itg initial histogeneius and

-symmetry is shoot-like (Wenck, 1935; Trell, 1937; Kaussmann, 1955;

Hirsch, f1977)=obt'nin an equany limiting v'iew. ’ Although'phylloclades.

are 1n1t1ated more or less like flattened _shoot apices and at fitst’

-

appear to have a cell division pattem characterintic of a shell-zone,

thus resembling the lateral branch mi\(__gtion observed in Rnscus and

Semele, they do not continue to develop like shaoots, . Very early in

: 'thetr development (sometimes even at inception) their symmetry becomes

dorsiventral. In cross-section, the cell arrangement pattern

. - . . S
‘charaéteristic of a leaf is observed. The pattern of vascularisation

. .
seen iIn the phylloclades of ~Ruscus, Danaé and Semele strongly

.

resembles that found in mon'ocotyledononous' leaves, In terms. of

gi‘nwth, phylloclades are determinate. Although Iceftain phylloclades

N
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such as the fertile phylloclades of Ruscus and Semele do give rise to

other organs, their ability to do so is by no means unique to shoots.

[

‘Dickinso‘n and Sattler (1974) have shown that leaf primordia in
Phyllonoma give rise to bx:ac!: and inflorescence primordia. Sattler
and Maier (1977)‘have’ described the iniéiation .of epiphyllous
a;‘)r")yéndages in Begonia, Dick\:l'ns‘on (1978) cj.'tes other examples and
documents the widespread occurrence and significance of epiphylly in
general.

The above has shown that by weighting criteria or restricting an
1nvest1gatié;1 to only one morphological feature or de{:elopuiental stage
only a partial undefstanding of phy)lloclade morphoéenesis “1s
possible. The following 1llustrates how sclence can actually be

.

li . /
bampered by such: an approach. Proponents of the prophyllar fusion

hypothesis, such as Koch,(1837?‘ cited in Arber, 1924a), Duval-Jouve
(>1877), Van Tieghem (1884), and with modifications, Velenovsky (1892,
1903, 1907, 1913), Dbanek (1919), ' Arber (1924a, 1925,1 1950) and
Schlittler (1953), postulate in various ways ttllat: the phylloclade 1in

Ruscus and Semele 1is a_congenital fusion product of a l_ateral branch

with its attendant prophyll. Evidence to support this contention is
offered 1n the form of the vascular anatomy of the mature structure,
Cross-sections taken through the bases of both sterile and fertile

phj;lloglades in Rugscus show a more or less flattened vascular cylinder

t

_ that somewhat resembles a stele thus indicating supposedly where the

7

branch and leaf had fused. Above the insertion of the inflorescence
.t N
and above the base 1in the 'case of the sterile phylloclade, the

vascular bundles are arranged in a piane like a leaf, yet some of the

L

i
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Figher (1971) for the leaf of Cladium. , =

i

xylem i's. inverted. eerving as 1t vere as a kind of vestigial reminder

- of the fusion, While congenital fusion 18 by definition- a

non~obgervable " process, it neverthelegs must be pointed out that no

ontc;genetic evidence fc;r fusion exists. Firstly, as has already been

stated, phylloclades are initiated directly as & continuous

transforination of the aplcal or axﬂlary meristem. Furthermore, in .

t:he case of the fertile phylloclade, the inflorescence is 1n1tiated in

the axil of t:he inflorescence bract directly on the adaxial surface of

the phylloclade primordium in Ruscus and along the marg:ln 4n Semele.
Y L]

Secondly with regatd "to vasculature, tne process of vascular

development occurring in Ruscus, ‘Dana'é, Semele and Asparagus does not

support such an hypothesis, neither inrtern'ns ot organisational pat:t:ern

E

nor tissue\ differentiation, In Ruscus, the first procambial trace to\

~

the 'phyllocade_, is median and differentiates acropetally. Shortly

" thereafter two lateral strands differentiate on either side, At the

’

‘base of the young phyllocade primordium in. Dana& and Sen{ele. three

S

procambial traces in a dorsiventral arrangement are also observed,

"This pattern of r_organj.sation is consistent with that reported by

s

In the mature sterlle phylloclades of Ruscua, Semele -and “’Danaé,

1

the vascular\bundles, although more numerousy are still maintained ‘in

.

this more or less dorsiventral arrangement, even "in the base of the.

. phylloclade, A superficial resemblance to "a stele ‘results because a

flattened cylinder of sclerenchym surrounds the bundles in the base,
Y«’r.

More"of a case could be made for the fertile phylloclade of Ruscus in

/*

"+ which major "axial” bundles are arranged dorsiventrally;. w'hile smallex:

~ ?

*o
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' . {
' cortical bundles and selerenchyma surround them in a somewhat

elliptical -pattern, The vascular arran{gement 1u both types of

phylloclades, however, can be explained in a developmental fashion'

‘

according to 1deaa expresaed by Zimmermann and Tomlinaon (1972),
These authors have demonstraced that the pattern of vascular

‘connedrion in monococyledons 18 a complicet.ed ptocess related not only

to the presence and size of cerl;ain physiological “growth -centers”

N

(1.e., latera.L appendage primordia —leaf and branch) but alsc to the

Eiming of their ‘ipitiation (see also Maze, 1977), Axillary primordia

' ‘that are initiated relatively early, i.e., in cloge proximity to the .

-

F merisiematic cap act as & kind of “sink"™ in attracting “part ef the.

“axial vascular system,” The phylloclade primordia in Dana&, Ruscus and

1

Seméle originate within the second or third plastochron and tlus may ‘

act as & "sink”. ~ Since vastular connection between an axjllary

.

structure and the axis can occur over a long period of time, wmore than’

one type of vascular connection is possible (Zimmermann and ‘l‘omlinson,

~
n

1972). This would tend to sppport the presence and arrangement of ‘the

,cortical bundles in the sterile pﬁyllocleaes. Additionally, {if

anot her “growth center” (the bract and inflorescence primordia) were

t,g initiate on the young phylloclade primo_réium while it was still

-

would be diverted into the phylloclade.  That the inflorescence dees‘

“ initiate relatively early and that there are more v'ascular' bundles
seen at t:he baae of the mature f;rtile phyuoclade of Ruscus wouid
seem in agreement with t.his. Coﬁvereely. the presence of only one

. ‘vaacular bundle in the phylloclade of. Asparagus, which has been part

-

close to the meristematic cap, perhaps even more axfal vasculature -

3

_of the basis fop its interpretation as a phfllode, may eimgiy 'be':he, ':‘

.o ‘- v

4

“
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- physiological requ‘irements (for further criticism of the phyllode

. 14
’ -

the result of a later initiation, smaller primordial size and lessened
hypothesis in relation to monocotyledons, see Tomlinson, 1970).
Finally as a' last point, the presence of inverted xylem in the

mature phylloclades of Ruacua and Danaé may also be explained in terms,

of development. Fisher (1971) has elegantly shown r.har. the inverted

&

vasgular bundles found in Cladium reault when procambial strands

]

.

.-

. differentiate in close proximity to one another. In contrast when

»

procambium’ dit’ferentiated in isolation the xylem was oriented in its
normal adaxial position. One may assume that .similar deévilopmental

mechanisms "may occor in ’Ruscus; Danaé, Seme,i,g and Asparagus. Thus

when the presence or. absence of inverted ixylem can be explained in

@

inorphogenetic terms, the reliance upon the principle of vascylar

‘vconservatism whereby the inverted xylem 1s a vestige of the presumed '

'

congenital fusion seems not only uqnecessaty'but. also misleading,

The foreg’oi:ng discussion has 1llustrated some‘of the 1n;deqnacies
of thinking in terms of eithe.'r/or (Sattler, 1974 a, b, c,- 1984,
1286). ’The weakness of the fql‘iar and cauline h):pc;tneses is that ;hey
are ‘limiteq. , Each alone leads to c;nly a fragmented or par;inl
unﬁerstanding of the mnrphology of the phylloclade, Sc"t‘\ﬁepp ‘(.1969)i,

Rutishauger (1983), Sattler (1984, 1986) and Rutishayser and Sattler

.(1985) haye proposed that contrasting points of VLW_\ be p‘egarded as

‘different perapective’a of the same 'phenomenon, and . thus as

AR Y

o

complementary to»e /E:othe

s in, th 8 manner we obtain at once a. reaolution

fo liar and caulik/

rather than antagonistic. By viewi'ng the

~
.
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. of the conflict and a wmore comprehensive account of'phyllo‘clade

morp'hogenesis; Phyllocladesr become/are neither stems nor leaves but,

N 4

something that incorporates features of boﬁh.

sattler (1974 a, 1984) has proposed a new model of the. shoot of

>

higher plants that takes situations such as these into consideration.

Thus the three fundamental oi:gan}ca%-é.;ories of the classical model,

- M 1,

root, st‘erlit and leaf \areﬁfriot consideréd as mutually exclu’six’iiiewb\u:
' "’,r”at‘her as end points along a l‘norph-ological con\tix/mum., Graphically
this  can be viisu.alized‘ as a pyramid (see Sattlér,{l986) 'whose four
cornerla Iare occupied by ‘thé féllowi\ng categories: g:aplbme (stem),
phyllome (Leaf); shoot (stem and leaf) and trichome, Intermediates

({.e., organs sharing features of one or more- of the above) are

.accepted as such and.are perceived as occupying a portion of a 'face or

) the interior of the pyramid, -
According to this mdei, the phylloclades of the ‘Ajsparagaceae as

'well as those of Phyllocladus (Keng, 1974, 1977; Bergrénn, 1980) “and

&

Phylianthus; (Roux, 1968; Banchilhon, ” 1972) fall within the

-, shoot-pixyllome—caulom\e ¢ontinuum, In the Asparagaceae, the sterile

o phylloclaides‘ of Danae, Rugcus and Semele occupy the more leaf-like
;fg’io‘n of t;he continuum, They .become dorsiventral very early in t"heix"

- de:glophent, their&' anatomy 1is like 'that vof la- leaf, they are of
determinate growth and no other structures are 1n1tiat€:d onb them,

More towards the middle of the contihuum are the fertile i)hj'lloclad‘es

N ?

- of Ruscus., They share all of the 1e9f-11ke features of the preceeding

~

i

- group except for the initiation of: a bract and an 1nfl’oreac_ence

-

primordium on tl‘xe adaxial surface. 'T"owards the shoot—liké 'reg“ion( of

Vo
¢

’
b

the continuum are ‘the bhylloqlades of A“sgata&ié .and “the fertile

~



phylloclades. of Semele., The latter, while primordia, give rise to'-

-

i ‘ ¢

Y
»

bract and flower primordia along their margins and thus bear a

A

. strillcing resemblance to the yéu’ng flat second ord¢r shoots of Semele,

Danaé.and to a lesser extent Ruscus, The phylloclades ot Asgaragu‘ﬁ

_are included in the shoot-like region of the continuum because of

'their.: pattern of initiastion and organogenetic poterncial. The axillary

r

meristem that gives rise to these phylloclades 1s in a continuous

state of morphological fluidity, sb much so that it is difficult to

-

.describe in terms of ‘:convenr.iona’l concepts of plant morphology. 'As

soon as the apical portion of the axillary meristem begins to form a

median phylloclade, a 90° -switch in polarity occurs and its flanks

begin to protrude, forming lateral. bract pi‘imordia. , In the .axils of

N

\

these latter bract

these bract p‘rimbrdia, lateral phylloclade primordia develop which,

. o~/

. then gb on to partially repeat this pattern (i.e., they give rise to

bract primordia at the base of one of their margins), In the axils of

develop. The axiilary'meri‘stems .thus exhibit a certain plasticity or

- morphogenetic potentiality. for following different devgl_opmental‘

pathways., This plasticity 18 also reflected in the morphogenetic

9

potentiality of the axiliary meristems in general. While in Danaé& and

Semele the axillary meristems appear to produce either rhizém: buds,

i

‘¥,

second order shoots or phylloclades in a characteristic order. with

‘little deviationle, the axillary meristems of Asparagus do not., In

A similar situation with regard to potentiality has been

" -observed in Flickigeria a sympodial rhizomatous orchid, where

‘buds developed. as main shoots, branches or inflorescences in
. correlation with the location on the plant (Rasmussen, 1982).

LS

!

s, other phylloclades or sometimes inflérescences o

-
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some instances they differentiate into a second order shoot and two

lateral phyllo&ades and: in othéi;s, into a8 median phylleclade with two

,(

laterdl phylloclades, This morphogenetic potentiality to undergo

different types of development is—sing}ular to that observed in the

areole of Opuntia polycantha (Mauseth and Halperinm, 1975).. The

axillary meristem in thihs species normally gives rise to an areolé
tt;at in some cases develops as :; leafy shooi and in others as spines.
Th;z.axillary meristens of Ruscus can swicch‘ back and(" forth lbetweeri
branch and ptgylloclad’e_ production e;apecially in the' transition région
where structures 1n,termed1ate_between the two are somtimes produce
All of these situat:ion; are interesting in light of the switche
in develéptygcal patt‘xways between iea\(es' ax;d’ stems that t}avé‘ been

observed in surgical experiments on ferns (Warlaw, 1949; Cutter, 1956;

o

Steeves, 1961, 1966; Haight and Kuehnart, 1971; Von Aderkas and Hicks,

)

.4
1

| -1985) and recently anglosperms (Smith, 1984). While in the majority

q

ARN

{ 'S .
of cases ,co/mplete leaf to shoot 1ntercpr;§rersion 18 accomplished,

.

/ . -
intermediate organs sharing leaf and stem features are sometimes

L] - ' | ) ° r
produted f}iaight and Kuehnart, 1969; Sussex, 1955; Snow and Snow,

N

, 1959; Hanawa, 1961).
Changes in developmental integration that lead to the expreséion
of different developmental pathways and -thus intermediate organs may

be examples of the phenomenon of homeosis, First defined by Bateson

¢

(1894) and later elaborated on by Leavitt “209,)» homeosis is the

assumption by one part of an organism of the likeness characteristic
of another part such that developmental processes common to one organ

category appear in a new location (Corner,‘ 1958; Zimmermann, 1961;
Sattler, 1974b3 Guweneel, 1976; Sache, 1982). The second order shoocs

. + . .
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and r.hé phylloclades of the Asparagaceae could thus be thought of as
examples of where leaf developmental processes have been expressed in
locations characteristic of shoots, The integration *of leaf
developmental processes in the cases of the second order shoots has
only been alight,,as evidenced by the expression of only a few leaf
features (i.e., determinate growth and early dorsiventral symmetry).
A ére,ater integration of leaf dev\slopmental processes 15 suggested by

the phylloclades, especially thg sterile phylloclades of Danaé, Semele

‘an_d Ruscus. Less integration is suggested in the cases of the fertile
phylloclade of _S_g_m_e_lg_' and thg phylloclades of Asparagus, especially 1in
.the case B'E A, plumogus where the phylloclades have a radial symmetry
(l&aﬁussmann, 1955).

The _progression of integration seen in these phylloclades may be
suggestive of an evolutionary trend within this group. For example,

one could postulate’ that since most of the Asparagaceae's close

/telatives have typical leaves and axillary shoots, that plants with

.'{\phylloclades could have evolved from prants having typical axillary

shoots, It should be kept in mind, however, that structures (i.e.,
phyll’oclades) do not evolve from the modification of other structures
(leaf or Tshoot) but through the combination or integration of
development”alr processes typical of different organ cagetories.

In this Yespect, the phylloclade is an example of wmorphological

’ ~
novelty and is not an ancient or relic structure as has been proposed

-

.in the ¢ase of Phyllocladus (Keng, 1974, 1977).

Homeosis may also be useful in expslaining other organs that

combine 1leaf and shoot features such as the phyllomorph ©of



-

Streptocarpus -(Jorig and rtt, 1975; Rosenblume and Bas%le, 1984),

The “indeterminate leaves™ of ngodium‘ (Bierhorst, ’1971; Mueller,q

1982, 1983), Guaria (Mabberlly,“ 197935, Fisher, 1984) agdr&hisocheton

(Fisher, 1984; Rutishauser and Sattler, in prep.) for example may e

cases where developmental processes characteristi;: of caulomes have

combined with those typical of leaf /siteg. Convere;ely, the appearannce

of n.on—appen;iiculan\ fronds\' (i.e., leaves that are the® dire'q:

contiguation of the stem) in certain ferns (Bierhqrst, 1973, 1974) nay

l;e situations ghere leaf deiilelopmem:al processes, combine with those of

the apical meristem and thus would be similar to the condition 1n the

terminal phylloclade of Ruscus. '

Homeotic transformations such as these not only ;)rovide insight

into how 1nstaf\ces of evolutionary novelty can a}ise but at the same

ti}ne point out inadequacies of traditional definitions °f, ﬁomol’ogy

that require l:] correspondences (Stevez_:s‘; 1984), lodkina (1983) has

addressed the pr’oblems’ encountered whenr organs ‘sharing‘ tharacteristics

r3 ° common to different organ categories are homologized, Sachs.r(1982)

> has proposed ;hat‘) tt;e term :'hybrid" ofgan be used to de(scribe these
——

situations, .Sa‘t“:tler (%‘984) has argued that homology should be based

on the "hy'bridiza:zlgn" of the developmental processes that lead to

’thelse kinds of c;rg‘ans, rather than \'o.n the final struc.ture. This type

"'of approach 1s obvio;nsly om; of degree and supports the notion of a

partial (Meyen, 1973) or semi-quantitative homoll#jy (sattler, 196;6,

1974 a, *1984, 1986). The ‘phylloclades; of rtl_\.e Asparagaceae are

;.llustrative oflthis'. They are partially homologous” to both stems

rs .

and leaves because they share developmental processes characteristic
. - . . o

4
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of both, This important realization al lows for a more flexibig and
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Figure 1|

Diagrammat ic representation of one sympodium of the

rhizome of Ruscus aculeatus L.j Scale leaf axils one, two

3 z k]

wr

and three_ sre empt&. Dormant renewal shoot buds (shaded)

are found in leaf axils four and five. MA, main aerial

v

shoot ' axis.
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Figures 3~7

‘changeover from prottuction of second order shoot

*whether the primordium in the axil of the bract

. primordium (b) is that of a branch or a phylloclade. »

R VY Af-s.\- viuel SiloUL wWitn pnyl;oclades.
The ternihal phylloclade (TP) is fertile. A lateral -

phﬁllocladé (P) 18 located in the axil of its bract (B).

- -
Scahnrng‘electron hicroérdphs (SEM) of-developing ‘
sh&otl. Fig. 3. Side view of a young second order shoot
in which a bract prinordium (b) and phylloclade
primordium (p) are initiaging.' Fig. 4. 'Top view of ‘the
;pex _of a first order shoot thgq‘is initiating bract (b)

and phylloclade, (p) primordia. Fig. 5.0blique top“view

of the rhizome apex with devélnoinﬁ‘%éalevlgaf~pr1mordié, (b) B

-one of. vhdchrﬁas been removed: Fig. ‘b Oblique top view.

of a. first ordgr shoot apex when it becoies

[

drthottopic . Bilateral second order shoot primordia (:)i

< )l

are axillated by dorsivéntral scale leaves (b). Fig. 7.

- Top view of a first order shooc apex during the

primordia (s) to phylloclade primordia. ' Itis uncertain

4
Y

J

.

[ f ;

Portion of the tranaition zone in the mature plant. A‘

--gecond order shoot (S) has fbrned in- the site uorually

occupled by ‘a phylléclade'(P). Arrowhead indicates lscar s

of deciduous scale leaf. ' i L ‘

st/
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" Figures 9-10
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Figures 11-12

3N

- . N P,
\ : o : ‘ J

SEM of second order ‘shoot apices with developing

bhy_il;)cla“":]e (py) and bract tb) p'r‘iym'ordija.‘ Fi'g; $: A

young shoot -in w'h‘ich the phyllotaxis is didtichous , .’

"

Fig. 10.’ :b}dét'ahoog with spiral pﬁylldtax‘is,l‘sﬁowin‘g '.

‘1n¢£éption "of 'a bilateral ‘phylloc‘ladef.primord.idm’ in the

' N

axil of its dﬁrs‘ivént::al bract pi-imor:iiun. '

4
\

'
5

SEM'of fertile phyl\locladeN primordia where an

1hf1~9resce}1ce“braét primc{rdium (rb) has been 1niti,azéd.

Fig. 11. Side view. | Fig: 12. ‘Adaxial view. ,

i

’
“
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' Figures 13-14 Epi-illuﬁination microscopic views of second order

~

shoots, Fig. &3. Top views o£ a shoot apex that is

- v 7

‘alightly older than the stage seen in Fig. 10. Nofﬁ ‘:
e ptecocious initiat;on of the phylloclade primordium (p)‘
‘ 1n relation to the subtendifg bﬂnct primordium (b) '
Fig. l4.< Top view of an apex that has transformed into a
terminal phylloclade primordium (tp). Lateral
phylloclade primordia are Iocated on either side of the
terminal phylloclade {n the axils of scale leavea that

~

have been removed.

IR

Figures 15-18 Epi-illumination microscopic views pf phylloclades of
Ruscus. -Fig. 15. Early stage of the _miuauo:; of .the
'Q& iriflorescence primordiqﬁ‘(r) in the axil of its bract -
pridordiﬁk (rb) on the‘;daxiai surface of ;ﬁe
dorsiventral phylloclade primordium (p) of R. aculeatua
. L. A portion of the bract (B) that subtends the
phylloclade primordium is remainipg. Fig. 16. Older
develop;ental stage of the fgrtile phylloclade (P)‘ofslgL
acu&eatus L. The bEact (rb) of the inflorescence '
primordium (r) has only one procambial trace
(arrowhead).' Fig. 17. Young fer:ii; phylloclade of R.
hypophyllum L. The inflorescenée priﬁordium (r) 18
« Lnitiéted in the axil of the inflorescence bract

~ primordium (rb) on the abaxial surface of the phylloclade

(P). fig. 18. Adaxial viewiof young sterile phylloélade
! ' ¥

of.gl aculeatus L. Note leaf-lﬁfe"appeathnce.

.
]
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Figures 1Y-23 Morphological varistions or abnormalities 1in mature

phylloclades,  Figs. 19;21, 23. Abnot:ul terminal
phylloclades, Fig. 19. Terminal phylloclade (TP) that . , '
i fertile, with unusual notched and decurrent margin
: " . (arrowhead), | Fig. 20, ' Terminsl pnyilocxade (TP) that
e bears a lateral phywl.lo'cla‘dg (p) on its lower surflacev"and

P
s

has an unusual outgrowth alon§ 1its mid-r’ib‘ (m'x'm'vhead).w

®

-

Fig. 21. lTerm'inll phyllocladel (TP)\be‘armg lateral -

N phylloclllde (P)’ in the uﬂ: of bract (B).: Fig. 23.

‘ _ E‘ert;lé terminal ?hylloclade (TP) with unusual outgrowth
along its ‘lou/:.er surface, ’'The tip of tyhe temigal
phylloclade 1s not tapered and spiny but rounded., Fig.
2. lateral phy.ll;clade r.alu;n from traneition’ regton of

C s'hoo.r.. "The inflorescence 1is 1hnertedr on the adux‘ialu

1

surface near a notch in-the margin.

.
o .
“y
-t v]
‘ A f .
) N ' ‘. N
- - - "
'
LS

' -

Figﬁre' 26 Structure from transition 'regfon of shoot that could be

v

inc}:arpreted either as an abnormal petiolate phylloc;aﬂe

or an abnormal branch. R = inflorescerce,
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Figures 25-26 Longitudinal aeq}ions of plastic embedded shoot’' apices.
. Fig. 25. Hedian.;ection through the rhizome apex as it
becomes orthotropic . Two later;l aerial bud primordia
zab) have been initiated. Arrows 1ﬁd1cat§ shell zone
w» ‘ underlying younger unlabelled’aerial,bud primordium. A
second order shoot primordium (s) 1is 1n1t1;ting in' the
g& ;xil of 1its bract (b). Fig. 26. Near median section of
a second orde; shoot showing the initiglion ;f a
phyiloclade primordium (pf in the axil of the subtending
bract primyrdium (b). Arrows indicate cell division
pattern that resembles a shell zone. An older _

phylloclade and bract have been labelled to the right.
Figures 27-29 Longitudinal sections of dhvelgping fertile
. phylloclades. F#g. 27. ‘The initiation of' the
inflorescence bract (arrowhead). Fig. 28. The

inflorescence primordium (r) is initiated in the axil of

its bract primordium (Tb) on the adaxial surface of the

a ’ i

phylloclade primordium -(p). Fié. 29. Older stage. .

t
’

|






‘Fig.ures 30-32 Cross-gect ions through developing phylloclades show ing
r

dorsiventral symmetry and leaf-11ke organizat ion, Figs.
30—31.' Sections th;ough the middle of the phyllwoclade.
'H-F:lg. 30. A lateral® sterile phylloclade in the axil of
its bract (b) that has ;>ne vascular trace (;olack
arrowhead), Three procambial traces are visible in the
ph;lloglade (white arrowheads). Fig. 31. A lateral
fertile phyllqcla_dg slightly younger tt}aan thaé in Fig.h
(r) has only one procambial strand (arrowhead). Three
procambial traces are visible im the phylloclade (white
8‘!.‘1'0&'8)‘. Fig. 32. Cross-sect ion through the bases.of

the phylloclade and its subtend ing bract (b). Only one

.o . .

procambial strand (arrow) is present in.the bract; the
phylloc'l'ade has. three (arrowheads).

i’igure 33 , Median longitudinal sec;,l.g.?‘through a shoot apex that has
¥ -

¥ tfpansform:&i into a terminal phylloclade pr'imordjnni‘(’rg).

-

E3

Figure 314 "..Median longitudinal sect fon through a young sterile
T " phylloclade showing vascular connection with its

o 'subtenﬂing bract (B). - o -

"

FI o
v

, 1He The bract that subtends the inflorescence primordfium .
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Hgnrea 35, 37 39 Cross-sections through the.mature sterile,

phylloclade. Fig. 35. In the base an ellipse of

_ sclerenchyns sutrqlunds the vascular bundlea. Arrows
indicate the direction of the xylem. I-‘ig. 37. Section
through the middle reglion showing typical leaf-llke

_ anatomy and symetry,.— The xylem of the median vascular

e . : ‘bundl(_a-ame one to the left of it is 1nverted. Fig.-

¢ —_—

39. Section just beneath the tip still shows
dorsiventral symmetry. Cells in the middle region of the

" ‘section are dif'ferentiating as sc}erenchyma.

Figures 36, 38, 40 Crois-sections through the mature fertile

phylioélade. Fig. 36.- Throu"gh the base, arrows indicate
direction of xylem. Fig. 38, Section through the region
just beneath the insertion of the ‘Inflorescence, Traces

that supply the inflorescence are visible. Fig. 40.

|

Section above the insertion of the inflorescence. The

' £

vascular bundles are.in a dorsiventral artange'mefnt_.
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Figures 41-42 Clearings of mature phylloclades lhqwing»leof-like

venation patterna, Fig. 4l. Stérile,ternlnal

" phylloclade. Fig. 42. Lateral fertile phylloclade.
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‘ Diagrammatic representation of one sympodium of the

rhizome of Danad racemosa Moench. Scale lesf axile one‘ }

-

and two are euiyty. Dormant renewal buds (unshaded) are

found in the axils of scale leavé& three and four. A

dormant- aerial shoot bud is qu:;d'in leaf axil five.

. :
MA, main aerial shoot axis, .
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Figure 44’

¥
.

Port ion of a mature fertil e 'shoot of Danaé racemosa

. Moench, A bract (ai'rowhead) subtends a lateral

t

Figures 45—46

phylloclade (P). F, flower.

Side views taken with epi-illumination microscopy showing

. developing second order shoots, Fig. 45. A youung

.ster ile shoot ehbwing the inception of a phylloclade

~

Figures 47-~49.

Figure 50

primordium -(p) in the axil of a bract primordium (b),

Fig. 46, Slightly older stage of a fertile second order

- shoot with reproductive apex (r). A flower primordium

(f) is iniciating in the axil of its bract (fb).

¢
oo

Top views of developing rhizome with epi-1illumination

wicroscopy. Fig. 47. The rhizome apex remains covered

by the developing nhooded: scale leaf primordium (b). The

scale leaf subtending the axillary bud (ab) has been
removed, Fig, 48, The rhizome gpex (v) with developing
bract primordium (b). Fig. 49, The rhizome apex just

prior to becoming orthotropic, At this stage the scale.

-y

6

leaf primordia (b) are st1ll distdchously arranged.

¢

Top view of the young orthotropic first order shoot

apex.- The phyllotaxy of the scale leaf primordia (b) is

.

apiral, .

°

1
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Figures 51-53 SEM from various angles of the first order shoot apex in

"a

1

- Fig&re 54

transition from the production of branch primordia (s) to

_ phylloclade primordia (p)., Fig. 51. Side view showing

the associated éhange from spiral to distichou\e
phyllotaxy. The scale leaf (b) subtends the last formed
Second order shoot primordium. Fig. 52. The same apex'

viewed 90 degrees opposite to ecale leaf (b) in Fig. Sl.

" A phylloclade primord{um (p) is located in the axil of a

scale leaf promordium (b). Fig. 53. Top view of the

same apex. The phylloclade primordium (p) has the same

dorsiventral symmetry as the primordium of its scale leaf

(b). " !

- _ SEM of a sterile second order shoot tl;at'is' becoming

determinate. v, vegetitive apex; p, developing -

phylloclade; b, developing bract.

a . -
.
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Figures 55-56 Side views of second order shoots that are becoming

determinate, taken with epi-illumination micAroacopy.‘

Fig. 55. Sl‘ightly‘ older astage than that of Fig. 54.

v, vege‘tar.ive apex remnant; p, phylloclade; b, bract, -
Fié. 56, Fertile shoot of an older stage than that of
Fié. 46, The reproducti\;e t.ex (xr) has preduced three
flower prig:ordia, two of which are labelled (f), one with
a subtending bract primordium (fb). A phylloclade |
primordium (p) and the primordium. of subtending bract (t;) . .

have been -labelled for comparison.
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Figures 57-60 Median longitudinal s§ctions through the shoot apex.
*Fig. 57. A young 8second order shoot showing early si:.ages - ]
of the 1nitintiol; of a bract primordium (b) to the left
and simuyltaneously to the right the inception of a
phylloclade primordium (p) in the ax'il of its bract -
primordium (b). Arrows indicate 'cellLdivi,aion pattern
resembling a shell zone. [Fig. 58. Reproductive apex of
a éimilar stage as that in Fig. 46, f, flower primordium;
p, last formed phylloclade primordium. Fig. 59. A
younger stage of the rhizome apex than in Fig. 47, |
showing the initiation of a lateral bud primordium (s8) in
the axil of its bract (b). Fig. 60. Deteﬁinate
sterile second order shoot of the same stage as that in

Fig. 55. p, developing phylloclaées, v, remnant of

“ /r
- _vegetative apex. ‘ ,}
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. i’igurea 61-63 Cross-sections through the mature phylloclade showing
leaf~l1ike symmetry and ana'tony. Fig. 61." Frcu the gip
of the phylloclade. " Fig. 62. From the middle 1cgion of
the %;;lloclade. The xylem of the vascular bundles is
inverted.“ Fig. 63. In the base of the phylloclrade an
ellipse of sclerenc}nyi‘l;a surrounds the vascular bundles.
Arrows indicate direction of xylem,

° tn

°

Figure 64 Clearing of mature phylloclade demonstrating leaf-like

venation pattern. The sclerenchymatous b;sal portior
referred to in Fig. 63 has fallen off. /

’ . .

Figure 65-66 -Cross-sections of a developing phylloclade showing
dorsiventr-al symmetry and leaf-like organization.
Fié. 65. ‘Above the base of the phylloclade only‘oﬁé“‘
procambial bu;xdle is visible (white arrowhead). The
. bract subtending the phylloclade has one trace that R -

branc[hes (arrows). Fig. 66. At the level of
i;mertion on the stem. Arrow: :lndic,ates, separate trace to
the subtending bract. Arrowheads, the three procambial

v £

bundles that enter the base of the primordium of the

) LY

phylloclade,

'
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Figure 67

\

'

Diagrannatic"ripteaentctton of one sympodium of the:
rhizome of Semele lndrégzna Kunth. All ecale leaf axils

éontain dormant axillary buds. MA, main serial shoot
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Figure 68

i’igures 71-73

. axil of one scale leaf primordium (b)

e -~

’ o
Portion of the mature shoot of Semele androgyna Kunth in

?

‘which all phylloclades (P) are sterile.“Arrowhead

indicates the subtending scale leaf of  the phylloclade.

L4

-

Figures ‘wature fertile phylloclades.' Inflorescences (arrowheads)

L]

' - -
are usually inserted in notches along the margin of the

[

‘phylloclade. In Pig. 69 an abnormal position is indicated

by an arrow. ¢ <y

)
~ i

- 0\

Epf-illuminqtion micrpscopic views of the ‘shoot ‘apex.
Fig, 71. The. rhi zome apex with scale leaf primordium (b)

a:’ui an/v axillary bud (ab) whose sub‘tgnding scale leaf has
) [

<

been removed. Fig. 72. The orthotropic first order aerial

shoot with spirally arranged scale leaf primordia. In the

dorsiventral

" second order shoot primordium (s) is visible. Fig. 73. A

‘second order shoot that is becoming detefginate. The

N : S
vegetative apex (V) has produced the last phylloclade (p).

The rate of deveiopment: of the scale leaves (b) is ‘greatet

. . T

" than that ?f'the phyiloclédes they'sub't:end.
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Figures 74-78 $EM views of developing second order shoots. Figs.l

r
1

o

the initiation and subsequeng develo{ment of bract
primordia (b) and the inception of a phylloélade
primordium (p). Fig. 76. Top view of an older shoot
apex that is becoming determinate. The phylloclade
primordia (p) have the’ same dorsiventral symmetry as
‘their subtending bracts (b). Fig. 77. Top view of a
shoot apex you'n’ger than that of Pigs, 7d;75. showing
distichous phyllotaxy. l'?ig. 78. Side view of a stage
similar to th&t in Fig. 76. p, phylloclade primordia;
b, bract primordia that subtend the phylloclade

primordia. %

El

74=75. Side and lateral views of a young apex showing
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Figures 79-82 SEM views of phylloclade primordia. Figs. 79, 80, 82.
Fertile‘ phylloclade primordia ‘that bear a étriking
resemblance to young second order shoot primordia.
Inflorescence primordia (r) are initiated in the axils
of developing igflorescence bracts (rb). Figs. 79-80 show
disruptilon of the distichous phyllotaxy of the infloresence

bracts. Fig. 82 shows usual arrangement. Fig. 81. Young

. -

sterile phylloclade (p) with dorsiventral symmetry.

[
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Figures 83-85 Median longitudinal sections through the shoot apex.

Figures 86-87

Fig, 83. .First ordeér shoot apex showing the inception of
a second order shoot prisordiun (s} in the axil of its
;ubtendlng bract primordium (b), Fige 84, A second
order shoot of a similar stage to that in Fig.73 show;ng
the diminution of the shoot apex and the ‘development ‘of
young phylloclades (p) in relation to their subtending
bracts (b), Fig. 85. Young second order shoot showing
the inception of bract (b) and phylloclade (p) primordia.
Early stages of the . inception of bract (b) and
phylloclade. (p) primordia, Fig. 86, Magnified view of
the right side of the apex in Fig, 85, The arrow'points‘
to narrow cells that may have divided recently and be the
earliest indication of the 1p:ltiation of a bract
primordium, . A phylloclade primordium has not yet
been initiated in the axil of the more developed bract
primordium (b) but #s perhaps being initiated (p) beneath
it, Fig, 87, Magnified portion ofs another second order

shoot apex, A phylloclade primordium (p) seems to be

"initiating in the axil of the lower bract primor&ium

(b)., Black arrows indicate a.cellular division pattern
resembling a shell zone, White arrow points to

procambial trace to the bract primordium (b).

L
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Figure 88

Figure 89

4

ﬁedian longitudinal section of one side of a fertile
phylloclade similar in stage to that in Fi;é. 79-80,
showing the inception at;d subsequent development of '
inflorescence primordia (r) in the axils of inflorescence
bracts (rb).
Cross-section through the base of a sterile phylloclade
primordium and its subtending bract (b). One procambial

bundle is present in the-bract (arrowhead) while three

enter the base of the phylloclade ‘primordium (arrowheads).

~

3
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Figures 90-92 Cross-sections through the mature sterile phylloclade /
showing doraiventralraynnetry and Jeaf-like a;lto-y.'
Fig. 90. Section taken through the region of the tip;'
Three vascuiar bundlgs are present. Figl~9l.° Section
taken through the middle region showing p;esence.of
chilorenchyma and stomata along the adaxial surface. The
xylem of the vascular bundle is inverted. ° Fig. 92.
Sgction through the base. The vascular buﬁdlei are
embedded in a dorsiventral.band of sclerenchyma . Arrows

indicate the direction of the xylem.

l
- Figures 93-94 Clearings ¢f mature phylloclades wicl: venation pattern

characteristic. of monototyledonous leéves. Fig. 93,
Sterile phylloclade. Fig. 94. Fertilgqphylloclades. R,- \

L 4

inflorescente. , ‘ . d)
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.. Pigure 95
y n

'

Diagrlﬁa\tic representation of the nodes of the first

order shoot of Aaparngg‘ n'Sprengeri Regel, A.) From the

N R w .
middle region of the aerial shoot. A', the first order

aerial shoot axis; A", the second order shoot axis; LP,

-

lateral phylloclade; M, meristem that repains dormant or

3

produceg an irnflorescence. B.) From the. aplcal portion

‘of the serial qﬁo’ot, A', first order shoot axis, MP,

ﬁedi;\?hyuoc'lade; LP, lateral phylloclade, M, meristen
that may either remain dormant or produce an '

inflorescence or another phyllocl?&e.

Y
.
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Figure 96

» Figures 97-101

Wiy
1

i

-

*

¢

starting to become determinate. am, axillary-

Port ion of the mature shoot of Asparagus Sprengeri

Regel. A median phylloclade MP) 18 situated between -

two lateral phylloclades ome of which has been” -

-
£
1

labelled (LP),
SEM of shoot apices. fig. 97. Side v,;'lew of'a 'fﬂi;'at
order shoot apex that is producing scale leaves and in
their axils setond order shoot pt;mdrdia. An older
Second order shoot primordium -(s) is initiating
lateral bract primoddja (arrowheads) along‘its‘

flanks. The scale leaf that subtended (s) has been

removed (b). kig. 98. Top view of a first order apex

" initiating scale leaf primordia (b) in a spiral

- v

ﬁhyllotaxy.\ The axillary meristems (am) of these

_brxacé primordia are dorsiventral. Fig. 99. Top view ‘

'of<a éecond order shoot in which the apex (v) is '

I ‘ & N
meristem; b, bract primordium, Fig. lOOQSecond order

shdot. The axillary merdistem (unlabelled) of the

youngest bract primordium (b)) represents all thpt is.

v

*lefx of the vegetative _apex. The ax:ulary meriatem of ’

{

N scale 1eaves 3 and 4 have begun to form median

phylloclade primordia (mp), lsteral .scale leaf
pri.mordia (b) and i.n the axﬂ of one of these, a
1acera1 phylloclade primordimn (lp). Fig. 10l. Older

~ .
atage than Fig, 100, The axillary meristen opposite '’

bract primordium {b).1s formirg a median phylloclade

primordium (mp) at the same’ time its lower flanks'are :

- bulging (arrowhead).l An older median phylloclade

-

primordium has been labelled in the lower portion of

) !

the phbtogtaph.
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~,l"igw.;‘t;es" 102-106 SEM of developing phylloclade primordia, Fig, 102,
’ The t\;o youngest axill'ar‘y meristems have noé yet begt;n
"to form median a;ad lateral phy Lloclade p,t"imord:la.‘ The
R axi y meristém of’ t‘he partia‘lly/dissected bract
" primordium (b) is forming a median ;;l\nyllucl‘ade
primordium (mp). Fig. 103. Older stage in the
$~'.ievelo;>ment of the terminal cluster of phylloclades. -
The axillary meristems (am) of Fig. 102 have formed .
- &’ N
med 1an phylloclades (mp) and lateral phylloclades
(lp). The subtending scale leaf of one of the lateral
phylloclades has been labelled (b). Fig. 104,
Formation of phylloclade cluster. Si:i'e view of
developing median phylloclade (mp), allateral si:ale
leaf pl.:imordium {b) and in its axil, thé incept fon of
a lateral phylloclade ;JrimOrdium (1p). Fig. 105,
- Older stages in th‘e formation of the \phylloclade .

,,; ' . cluster, The median phylloclade primordium (mp) is

o ar

- ‘ ' becoming pointed. Scale leaf primordia (b) are

locatéd at the base of lateral/&hylldclade ptgimordia

LI AN AN

(ip). Fig. 106. The inception of the lateral scale _

leaf primordia (b). mp, median phylloclade

primordiim; 1p, lateral phylloclade primérd';l.um.'

. 4 Fiéuré 107. . _'_Abaasia.]. SEM view of a second order shoot with young

v

axillary meristem (am) that is slightly bilateral. "
\ -

1 v, shoot ap’ex; b, scale leaf primordium,
i A

rd
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FPigures 108-109 ‘

SEM views of;oldér stages in the formation of

phylloclade clusters. Fig. 108. Older stage of

Fig. 103, The cells in the tip of the median

. phylloclade (mp) are elongating. The tips of the
?

latergl phyllocéldes (1p). are becoming poiﬂted.
Arrowhead indicates possible dormant meristem.

Fig. 109. Older stage of Figs. 105-106. mp, median

_phylloclade; lp, lateral phylloclade subtended by a

.4

scale leaf (b). Another scale leaf ﬁrimordium (b) 1s
located more or less opposite., In its axil is a

meristem (arrowhead) that may give rise to an

~ 1nflorescence or a phyllbclade primordium.

ot
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Figures 110-113

Epi-illumination mxéroscopic views of second order
shoots. Figs. 110-112. Young shoots from the basal
portion of the aerial shoot showing the dé@elopment of
a semi~circular structure (b) that has been v
interpreted as a prophyll, . v, shoot apex.

Fig. 110. Top view of the inception of (b). Fig.

111. Top view of older stage. The semi~circutar

structure has been removed. A phylloclade primordium

(p) 1s in the axi] of one of the removed lobes. ‘Fig.
112, Side view of the developing semi-circular
structure (b). Fig. 113. Adaxial view of a shoqt
from the upper region of the 'aerial shoot showing two

separate scale leaves. v, shoot apex, -

o~

a
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" Figures 114~115

Fig. 116

Hedun 1ongitud3nul lectiono through the shoot tip.
Fig. 1l4. Slightly older stage than that of Fig. 98
showing the initiation of an axillary meristern (am);
b, subtending scale~ leaf primordium; wmp, median
phylloclade primordium, Arro‘;s indicate cell division
pattern faintly reeel;ybliné a shell zone, Fig.. 115
Similar stage 8o that in° Fig. 101, mp, mﬁdian
phylloclade primordium; b, yonngént scale leaf\

primordium, N

SligHcly oblique longitudinal section through a
lateral phylloclade (1p) y;unger than that in Fig.
109, Arrowhead indicates axillary merie{ﬁm 'that may
give' rise to an inflotescence ot phylloclade
primordium, . o

'
”

Cross—-section throughﬂ the base of an axillary

-

meristem. Arrow points to provascular trace,

L

LR
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Figure 118

Figure 119
L4

a

Cross-gection through young axillary meristem with one

-

¢
procambial bundle (white arrowhead). Black arrowhead

indicates procambial strand of the subtending bract.

Cross-section through an axillary meristem that has '
formed & median phylloclade primordium and two lateral
phylloclade primordia (1p). White arrowhead points
to solitary prox;ascular bundle in the m;dian -

kphyllocléde. b, subtending scale-leaf.

* -

Figures 120-121 Cross-sections through older phylloclades. Fig. 120.

Through the base of ;a’phy:llbclac.le cluster. Arrows
indicate procambial strands to lateral phylloclade
primordia. Fig. 121. 'Through thel middle region of a
median phylloclade p‘rix'nordium (mp). Arrow indicates

anomalous provascular bundle. v
\ ©

'
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Figures 122~-124 Cross-o‘ect:lons\ through a mature phylloclade showing
:r ' \ <

S . leaf-like symmetry and anatomy. The solitdry vasculgr

bundle has an anomalous structure. Fig, 122, Taken "

‘from a reglion near the tip. Fig. 123, Through the

1

middle. Fig. 124, Through the base,
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