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Abstract:

Phytolacca dioicéhas a primary vascular system which includes medullary bundles. The primary
structure of these bundlescomposite, consisting of two to four collateral vascular strands with
their phloem poles oriented toward a common ceAteambium is formed betweehe xylem

and phloem of the strands and extends to enclose the phloem of the whole bundle. After a period
of cambial activity the medullary bundles become amphivasal. As is typical of species with
helieal phyllotaxy, the primary vascular system is orgahiato sympodia. The medullary

bundles form the distal portions of the median leaf traces and continue in a medullary position
for the number of nodes equal to the denominator of the phyllotactic frati@wacterizing a

given stem. As anedullary bundigasses out into a leaf, two or three vascular strands pass

inward from thevascular cylinder to form a new medullary bundle. The number of medullary
bundles in a stem is, thus, maintained. Variatwirkis pattern occur in the basal regions of

juvenile foots and in the basal and apical regions of adult flowering shootsel@henship

between leaf arrangement and the passing of vascular strand into the pith is discussed and a hew
classification ofvascular systems with medullary bundles is proposed.

Des faisceaux médullaires sont présents dans le systeme vascuRtingalacca dioicdL.).

Form& de deux a quatre bringasculaires collatéraux, ayant leur poles libériens orientés vers un
centre commun, la strueture primaire de ces faisceawogtosée. Un cambium est formé

entre le xyleme et le phloeme des brins et s'étend pour esrderphloéme de tout le faisceau.
Aprés une période d'activité cambiale, les faisceaux médullaires deviennent amphivasaux.
Comme c'est le cas pour les especes a phyllotaxie en hélice, le systeme vasculaire primaire est
organisé en sympodiums. Les faiscemédullaires forment les parties distales des traces

foliaires medians et continuent en position médullaire pour un nombre de noeuds égal au
dénominateur de la fraction phyllotactique caractérisant une tige donnée. Lors du passage d'un
faisceau médullairdansune feuille, deux ou trois brins cribk@sculaires se détachent du

cylindre vasculaire pour former un nouveau faisaeadullaire. Le nombre de faisceaux
médullaires dans une tige est ainsi maintenu. Des variations sur cc modele sont piasentes

les regions basales des pousses juveniles et dans les regions bas ales et apicales des pousses
floriféres adultes. Les auteurs discutent des relations entre la phyllotaxie et le passage des brins
cribro-vasculaires dans la moelle et proposent une nousdlalisification des systémes

vasculaires a faisceaux médullaires.
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Article:

INTRODUCTION

The Phytolaccaceae are a chiefly tropical and subtropical family of trees, shrubs, woody
climbers, and herbs, somewliose members possess anomalousrstary thickening
(Solereder 1908; Metcalfe and Chalk 1950, 1983). In addibidhis anomalous thickening the
vascular system d?hytolacca dioicancludes medullary bundles. Solereder (1908, &itelier
authors), Balfour and Philipson (1962), and WI{@877) have described these bundles as
concentric, but detailed investigation of these bundles has never begertaken.

Despite continuing interest in the pattern of evolutioprohary vasculasystems (Beck et al.
1982) there are fewstudies of primary systems which include medullary bundi@ses (1912)
and Wilson (1924) are the only authors to provilatively detailed reconstructions of primary
vascular systemsith medullary bundles. FRiawska (1972) partially reconstrudtse primary
vascular system d@ougainvillea glabrgNyctagnaceae) and Balfour and Philipson (1962)
provide a brief aoount of this system iRhytolacca dioicaDescriptions ohodal vascularization
and medullary bundle structure with@itempts to reconstruct the overall vascular pattern are
morecommon (Dastur 1925; Maheshwari 1930; Inouye 1956; D864 ; Pant and Mehra
1961;Govil 1972;Pant and Bhatnagar 1975).

The aims of the present study Bndioicaare twofold:(i) to obtain exact knowledge of the
anatomical structure of the medullary bund(@¥;to obtain a detailed understanding of the
organization of the primary vascular system and the rekdtiprof the medullary bundles to this
system. The latter wilbrovide the basis for a study of the secondary body inclutmgrigin of
the successive cambia. In addition to the abogationed aims we will clarify some of the
relationshipetween phybitaxy and the direction of leaf trace divergeand will provide a
brief review of the organization of tlmeedullary bundle system in various species.

MATERIALS AND METHODS

Shoots ofPhytolacca dioicavere collected from juvenile plangsowing on the Giat Ram

campus of The Hebrew University of Jerusalem. Adult as well as juvenile shoots were harvested
from alarge tree growing on the grounds of the School of Gardeningamdscaping in Petah

Tigwa. A voucher specimen from this tree vdaposited in the Herbarium of The Hebrew
University of JerusalerfLaston 783-77-1).

Sections of both formaldehyde alcohold acetic acid fixed90 mL70% EtOH, 5 mL glacial

acetic am, 5 mL 40% formaldeyde) and fresh material were cut with a Reichldling

microtomeat 70, 100, and 200 1.1m. The sections were then tied onto slidswsred. Young

pieces of stem were dehydrated through a tertiary butyl alcohol series, embedded in paraffin, and
sectioned with an America@ptical model 820 rotary miotome at a thickness of&) pm,

depending on the age of the tissue. The sections were mourdkdesnwith Bissing's modified
Haupt's adhesive (Bissing 1974). Free



TABLE . Phyllotactic patterns in Phyiolacca dioica

Direction of Number of shoots  Number of shoots

Phyllotactic  helix locally  with sinistrorse with dextrorse
fraction reversed helices helices
3/8 No 13 6
3/8 Yes 2 l
2/5 No 1 —
2/5 Yes —_ —
2/7 No | -
2/7 Yes — 1
Total 17 8
Irregular —_ 1

hand sections were used to allow rapid investigation of variabilitpdal and intenodal

structure. A total of 8 juvenile and 19 adult stemese examined. An additional juvenile stem
was cleared for the stuay the primary vascularization he sections were stained with a mix
ture of safranin @ind alcian green (Joel 1983), destdiin ethanoland either dehydrated,
transferred to xylene and mounted in Cedrax (artificial Canada balsam), or rehydrated and
mounted in glycerin jellpr Karo syrup (Johansen 1940). Freehand sections were mounted in
50% glycerin.

Clearings were made [spaking the material in laetic acid followky 5% sodium hydroxide
and hydrofluoric acid. The cortex was thearefullystrippedaway. After initial observation the
vascular cylindewas stained with 1% basic fuchsin in an ammonium hydroxidéicol(Boke
1970). Staining improved the distinctness of the vasstilands only slightly.

Connections between vascular strands determined by the @ietiveds were confirmed, in part,

by staining the xylem of the vasculaundles of a living shoot. The blade of a lower leaf was
removed from a juvenile stem and a dye reservoir eontaining a dilute aqueadios slu

methylene blue was attached to the cut petiole (Green 1925). After approximately 3 h the stem
was harvestedna the course to thatye was followed by sectioning with a Reiehert sliding
microtome.

Phyllotactic fractions were determined by the external superposititgaves along a stem and
verified by an examination of the vascutgstem. A justification of tisimethod is provided in
Kirchoff (1984).

RESULTS

Shoot types and phyllotaxy

Phytolacca dioicas aSouth American dioecious tr¢eig. 1) of very rapid growth. Flowering
specimens produdmth adult and juvenile shoots. The former bear flowetsrminal racemes
and are renewed by the growth of an axillang which produces a shoot similar in structure to
the parenshoot. The juvenile shoots generally occur as root sprouts and continue vegetative
growth for a whole season. They are mtlabkerthan the flowering shoots and may reach a
consideable length in one growing season. The largest juvenile@served in the present
study was 1.1 m high and produazd 50 leaves.



The phyllotaxy ofP. dioicais variable. All of the adulshoots examied have either 3/8 or

irregular phyllotaxy, whilehe phyllotaxy of the juvenile shoots are 2/7, 2/5, 3/&regular.

Shoots with 2/7 phyllotaxy are characterized by a divergence angle of approximately 99.5°,
while those with 2/%r 3/8 phyllotaxy haveivergence angles of approximatély7.5 (Dormer
1972). Two types of phyllotactic irregularitiescur in the shoots studied. In a single juvenile
shoot a 2/'phyllotactic pattern changes abruptly to a more or less bijydgieotaxy. The more
common phifotactic irregularity is the reversal of the genetic helix in a local region of the stem.
This usually involves only two leaves in any one region and appedes caused by a reversal of
the sequence of leaf initiation.i#t often associated with an alymally short internode between
these leaves.

In P. dioica the direction of rise of the phyllotactic helixay be either sinistrorse or dextrorse.
A summary of the phidtactic patterns observed in the shoots examined is preserfatle I.

All of the terms and diagrams used here to desanmigeillustrate phyllotaxy are based on
observations from theutside of the stem. The terms anodic (in the direction of the rise of the
phyllotactic helix) and cathodic (in the directiopposte to the rise of the helix) refer to
phyllotactic helices thaise from older to younger leaves.

Structure of the medullary bundles

The medullary bundles #. dioicahave been described esncentric vascular bundles
(Solereder 1908; Balfour arhilipson 1962; Wheat 1977). However, a developmesttaly
reveals that they become so only through the activiey\atscular cambium. In their primary
state the medullary bdies consist of two or three collateral vascular strands withgh&em
poles oriented toward a common center (Fig. 2ridnary medullary bundle is, thus, a
composite structure. In thellowing we will distinguish between the individual vascud&nands
and the medullary bundles composed of these strands.

As reportedoy Balfour and Philipson (1962), the vascidarands depart from the vascular
cylinder to give rise to enedullary bundle which traverses a number of internodeslepalts

into a leaf to form the median vein. The patterdepbarture from the vasculaylimder and the
pattern ofsplittings and fusions of the vascular strands along the bumdigsliffer even in a
single stemHowever, somgeneraliations may be made. Two or three collateral vascular
strandggenerally leave the vascular cylinder, enker pith, and giveise to a medullary bundle
(Figs. 3, 8). Just before leaving ttyinder all or some of the departing strands form
connectionsvith adjacent vascular strands which remain in the cylinder. When three strands
enter the pith two of them $e just abovéhe point of entry so that only two strands can be
distinguished in the medullary bundle immediately above this level (Fi§gsahe medullary
bundle attains a more central positiorthe pith, the two component vascular strands reor@nt s
thattheir phloem poles face each other (compare Figs. 2 asgldjings and fusions of the
xylem and phloem groups occwofften independently, along the course of the medullary bundle.

Just below the insertion of a leaf, changes occur intieatation of the vascular strands of the
medullary bundlevhich enters the leaf. Three strands normally enter a ledfrtesst of which

is centrally located and normally oriented,, with the phloem toward the outside and xylem
towards thecenter & the stem. The other two strands are much smaiiegrted, and are situated
on the outer sides of the larger strand with their phloem poles facing the phloem of the larger



strand(Fig. 4). This difference isizebetween the vascular strarglgsts thraighout the length

of the medullary bundle and msost pronounced just below the node. It can already berodéd

at an early stage of medullary bundle differentiatidren more vessel elements can be seen in
one of the vasculatrands than in the othey(@ig. 2).

The cambium of the medullary bundle first appears between the primary xylem and phloem
groups of the component vasaustrands and then extends laterally to form a complete ring. The
presence of a functioning cambium is identified byapparance of xylem fibers. With

continuing cambial activitthe medullary bundles achieve a more amphivasallike-struc

FIG. I. A mature tree oPhytolacca diaota growing on the grounds of the School of Gardening and Landscaping in Petah
Tigwa, Israel FIG. 2. Cross section of a young medullary bundle consisting of two vascular strands immediately above the level
at which it departs from theascular cylinder. The arrows indicate the protoxylem poles of the developing strands, X425. FIG.
3. Cross sectioshowing the departure of two vascular strands from the vascular cylinder. x 128. FIG. 4. Cross section of a
medullary bundle just below the insertion of the leaf to wiinéé bundle departs. The arrow shows the direction in which the
leaf base lies. x8FIG. 5. Cross section of a medullary bundle aftertidginning of cambial activity. The arrows indicate the
primary xylem poles. x96. Fla. 6. Cross section of a medullary bundle with secgndast just above its departure from the
vascular cylinder. fie arrow indicates the area of cambial discontinuity. C, eambium, X93



