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Introduction

The east Asian genus Rohdea A. W. ROTH (1821)
named in honor of Michiael ROHDE, a physician and
bothanist from Bremen who did early descriptive work
on Cinchona (ROHDE, 1804), has two species. Rohdea
japonica (THUNBERG) A. W. ROTH occurs in the warm
temperate regions of Japan and China (OHWI, 1965 ;
Flora Reipublicae Shinicae, 1978 ; Iconographica Cormo-
phytorem  Sinicorum, 1976), whereas R, watanabel
HAYATA (= Campylandra waianabei (HAYATA) DANDY,
1933)is described as endemic to Taiwan (HAYATA, 1915,
1916; LI et /., 1978). In the older taxonomic literature,
Rhodea is an often seen, orthographic variant and
synonym of Rolidea.

In the Englerian system (ENGLER, 1888 : KRAUSE,
1930}, Rehdea is placed in the tribe Convallarieae and
the subtribe Aspidistrinae with Goniescypha BAKER,
Campylandra BAKER, Tupisira KER,-GAWL,, and Aspidi-
stra KER.-GAWL. Except for the additional genus,
Evrgrdiells GAGNEPAIN, HUTCHINSON (1934, 1959) has
grouped Rohdea with the same Englerian genera, but
has raised the group to tribal rank, the Aspidistreae.
HUTCHINSON, furthermore, indicates that it is from this
group that there is further development to the Araceae,
tribe Orontieae. Interestingly enough, Rokdea japonica
is based on THUNBERG's (1784) Orontium japonicum.

Two extremely interesting, but dated, reports of
snail pollination in Rohdea japonica have been summa-
rized by KUNTH (1909). However, critical in the field
observations and confirmation are needed for these
reports. Numerous illustrations of R. japonica have
been published (AGARDH, 1858 ; BLUME, 1834 ; SCHNIZ-
LEIN, 1846 ; KITAMURA ef al., 1975; Flora Reipublicae
Popularis Sinicae, 1978 ; Iconographica Cormophytorum
Sinicorem, 1976). Cytologically, this often cultivated
species is known to be 2n=38 (MATSUURA & SUTO,
1935; SATO, 1942 ; NAGAMATSU & NODA, 1870).

This report on the floral vascular anatomy of R.
Japonica presents the vascular network underlying the
berry fruit, and provides additional information for a

future evaluation of its tribal grouping and the broader
question of the evolution of the berry fruit within the
Liliaceae and the Convallarieae.

Materials and Methods

Floral material of Rohdea japonica used in this
study consisted of two inflorescences with approxi-
mately 30 flowers each, Each inflorescence had floral
material which ranged in age from closed buds to
flowers in late anthesis. This floral material had been
fixed in FAA from cultivated material in the gardens of
Kyoto University (KYO), Japan, and was given as a
research gift by Gen MURATA of Kyoto University for
which the author is indebted.

A sample of twenty five flowers of varving age from
both inflorescences were embedded in wax following the
traditional TBA series. Standardized paraffin section-
ing {12-16 xm) and staining (safranin-methylene blue)
techniques (JOHANSEN, 1840 ; SASS, 1958) were employ-
ed on a total of 20 complete, serial cross-sectionally
prepared flowers as well as five longitudinally prepared
flowers. Checks on these preparations were made by
cbserving whole flowers which had been ¢leared in 10%
NaOH and stained in 1% fuchsin (FUCHS, 1963 ; UTECH
and KAWANO, 1976). Permanent slides from this study
have been deposited in the slide collection to Carnegie
Museum of Natural History (CM) as a voucher.

Photomicrographic composites (Figs. 1-3) show
selected aspects of the floral morphology and the
associated vascular floral anatomy of R. japonica.
Summary diagrams (Figs. 4-3) which emphasis the
continuity of the vasculature from the pedicel to stigma
are also presented. The methodology of vasculature
diagramming and presentation parallels that used in
our previous liliaceous studies (UTECH, 1978 a-e, 1979 a
-b; UTECH and KAWANO, 1975, 1976a, 1976b, 1980,
1981).

Observations
Rohdea japonica is a glabrous, evergreen perennial
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from a stout, ascending to creeping rhizome with thick oblanceolate to lanceolate, basal leaves. Overshadowed
adventitious roots and has two-ranked, coriaceous, by the slightly lustrous, surrounding basal leaves is a

Fig.1. Floral close up of a part of an inflorescence of Rohdea japonica showing the fleshy campanulate corolla and
the broadly tri-lobed stigma (x2). B. Lower receptacle base showing the three parted subdivision of the three
pedicel zone bundles, see Figs. 4B-C, 5B-C (x35). C. Lower gynoecial cross-section showing the formation
of the three fusion dorsals (D), see Figs. 4D, 5D (x35). D. Lower gynoecial cross-section showing the early
departure of the three fusion dorsals (D), see Fig. 4D-E, 5D-E (x35). E. Gynocecial cross-section showing the
terminating departure of the three dorsals (D) and the inward formation of the ventral supply which consists
of three pairs of continuing bundles (=< 35). F. Cross-section through the floral tube and the outer carpellary
wall showing an outer tepal trace (OT), an outer stamen trace (OS) and a dorsal bundle (D) (x45)
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central, densely flowered, simple spike. The essentially The short, free tepal tips are incurved. Subtending each
sessile, pale yellow flowers of the spike have a highly flower is a small, broadly deltoid bract. The showy
connate and breadly campanulate corolla (Fig. 1 A). berry fruits are normally red and congested along the

Serial cross-sections through the gynoecium of R. japonica. A. Opening of one of the three locules following
the passage of a dorsal bundle under the unopenned locule region (x 45). B. Three openned locules ; centrally
are the three paired ventrals with a fusion septal axial being formed between each pair (x40). C. Attachment
of the lower ovule rank ; stigmatic tissue present around the funicular region; paired ventrals and septal
axials present (< 40). D. Section showing the maximum of two ovules per locule ; central gynoecial zone not
subdivided (x40). E. Subdivision of the central gynoecial zone evident with the distal septal wing tips freed ;
paired ventrals (V) and septal axial (SA) present in each septal wing (x40). F. Upper gynoecium showing an
ovule pair ; the funicular bundle of each ovule is derived directly from a ventral ; stigmatic tissue is present
on the septal wing tips (x40).

— 99 —



itz - SRR HIE H1E BF1574 6 A

inflorescense axis.

Pedicel and Receplacle Vascularization : Since the
pedicels are normally only several mm long, the flowers
are essentially sessile. However, within this short
distance of the floral axis, there is a distinct three

bundle vascular configeration in cross-section (Figs.
4A ; 5A). Below the base of the receptacle each of the
three bundles simultaneously undergoes a three-parted
division which yields a nine bundled, ring configeration
in cross-section (Figs. 1B ; 4A; 5A). The three bundles

Fig. 3. Serial cross-sections through the floral tube, upper gynoecium and stylar region of R. japonica. A. Upper
gynoecium and part of the surrounding floral tube ; a dorsal (D) and the upper ovule of each locule are shown
(x35). B. Upper gynoecium and lower stylar region; three dorsals (D) are present ; lateral closing of the
three locules occurs along the dorsal radii (x40). C. Style (circular in cross-section) ; the three dorsals are
absent ; stigmatic tissue completely lines the stylar canal (x50). D. Upper style (triangular in cross-section) ;
opening of the stigmatic surfaces occurs along the dorsal radii (x50). E. Floral tube and freed filament of
an inner stamen ; inner stamen trace (IS) indicated ( x50). F. Section above E showing the adaxial attachment
of the openned anther sacs; inner stamen trace indicated (IS) (x50).
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which are in the central position of each triplet product
are in themselves compound bundles and further up the
floral axis supply via additional divisions the vascula-
ture of the three ocuter tepals and the three outer
stamens. In the lower receptacle area, these same three
ceantral bundles of each triplet are denoted as the
common outer tepal and outer stamen bundles (common
OTS). The two lateral bundles of each triplet, on the
other hand, undergo addition fusions and civisions and
subsequently supply the inner tepals, the inner stamens
and all of the carpellary vasculature comprising the
dorsal and ventral supplies. -

Due to the three triplet divisions which resulted in
the nine bundled, ring configeration, there are two
lateral bundles adjacent to and on each side of the three
common OT-08S bundles. Each adjoining pair of lateral
bundles, and there are three such pairs, is composed of
a right and a left bundle which were derived from
different pedicel bundles. In cross-section, the three
common OTS bundles are 120° apart. The radii passing
through these three bundles will eventually pass
through the three dorsals (D) {Figs. 4B ; 5B), Midway
between the three common OTS bundles is a gap.
There is 120" between each of the gaps. Eventually the
gaps are closed by fusion products which are formed by
adjoining lateral bundle pairs (Figs. 4B-C; 5B-C). In
cross-section, a given lateral bundle is 30° from a
common OTS bundle and 30° from a gap.

Repeated divisions and fusions are characteristic of
the lateral bundles. Each lateral bundle undergoes three
progressive radial divisions along the floral axis. Each
division occurs within a distinctly different plant along
the floral axis. Furthermore, each division is associated
with the formation of a fusion product.

The first radial division among the lateral pairs
results in three fusion products which are formed and
close the aforementioned gaps. One trace from each of
the two adjoining the lateral bundle divisions is involv-
ed in the formation of the fusion product, whereas the
other parental bundle remains in the same position. In
cross-section, there is a 12-bundled ring configeration—
the three common OTS bundles, the three newly
formed, gap closing bundles, and the six (3 pairs) of
continuing Iateral bundles (Figs. 4C; 4D). It is from the
gap closing, fusion products that the inner tepal and
inner stamen vasculature will be derived {Figs. 4C-E:
5C-E), These fusion products are denoted as the
common inner tepal-inner stamen bundles {common
ITS).

The second radial division among the continuing
lateral bundles again results in fusion products. Where
one trace from each of the two adjoining lateral bundle
divisions is involved in the formation of a fusion
product, the other division branch remains in the same
parental position. The fusion products formed in this
second tier of radial divisions are the three dorsais (D)
(Figs. 1C-D; 4C-D; 5C-D) and they lie along the
common OT-0S radii.

The third radial division among the continuing
lateral bundles again results in fusion products. The
fusion products formed in this third radial division are
the three septal axials (SA) (Figs. 2E ; 4E-F; 5E-F) and
they lie along the common ITS radii, The six remain-
ing bundles in the lateral position function directly as
the ventrals (V).

The three sets of progressive radial division all
occur within the lower receptacle area. It should be
noted that there iz an alternation in direction which is
associated with the formation of the fusion products (cf.
arrows, Fig. 5). The first set of fusion products formed,
that is the three common ITS bundles, close the gaps
along the IT-IS-SA radii. The second set of fusion
products formed, that is the three dorsals (D), is along
the OT-05-D radii. The third set of fusion products
formed, that is the three septal axials (SA), is again
along the IT-1S-SA raélii.

Gynoecial  Vascularvization: In  cross-section, the
upper receptacle prior to the formation of the floral
tube has 15 bundles arranged in several concentric
whorls (Figs. 4D: 5D). From the outermost whorl
inwards, the bundles in each whorl are as follows: the
three common OTS bundles, the three common ITS
bundles, the three dorsals (D), and the six lateral
bundles which are grouped in three pairs. In cross-
section, the cummulative angular distances between
the radii of these bundles are as follows: common QTS
and D—{°, lateral—30°, common ITS and SA -—60",
lateral—90°, and the next common OTS and D—120".
The vascularization of the floral tube by the respective
tepal and stamen traces occurs as the floral tube is freed
from the superior gynoecium. At this level there are
nine gynoecial bundies in the circular cross-section
—the three dorsals (D), and the six (3 pairs) laterals
(Fig. 1E-F). The septal axials (SA) are formed further
up the floral axis.

With the formation and isolation of the floral tube
from the gynoecium, the three dorsals (D} depart
outward under the unopenned locules along the OT-0%
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-D radii. There is no further division among the dorsals
which remain unbranched in their peripheral position
into the region of the style-stigmas, However, as the
dorsals teach their peripheral position, the lateral
bundle pairs between each dorsal undergo their final
division and fusion to form the three septal axials (SA),
The formation of the septal axials {SA) occurs in three
independent ventral plexuses as the lateral bundle pairs
move inward. The formation of the plexuses are co-
planar, but exist only for a short vertical distance along
the floral axis. It is from these plexuses that the fusion
septal axials (SA) arise as well as the continuing
laterals which function directly as the ventrals (V). All
of the gynoecial vasculature has normally disposed

Fig. 4. Serial -cross-sections of R. japonica from the
'pedicel zone to the stigmatic zone. A. Circular
pedicel zane section showing the three-bundled
configuration ; each bundle is compound. B.
Circular receptacle base zone section showing
the three parted subdivision of the pedicel zone
bundles ; each resulting triplet has two laterals
{black) and one, common outer tepal-stamen
bundle (White). C. Circular lower receptacle
zone section showing the formation of three
fusion products {white) from the laterals
(black); these fusion products are the common
inner tepal-stamen bundles. D, Formation of
the fusion dorsals (whit¢) from the laterals
{black); both the common outer and inner
tepal-stamen supplies are in a peripheral
position. E. Formation of the surrounding
floral tube: subdivision of the common outer
and common inner tepal-stamen supplies into
tepal bundles (black) and stamen bundles
{white) ; the dorsals (white) are in an outer
carpellary position and the paired laterals
{black) are in a ventral position, F. Formation
of the fusion septal axials (white) between the
ventral pairs (black); dorsals have passed
under the unopened locules. G. Opening of the
three locules with a large central plancental
area present ; lohing evident in the floral tube.
H. Enlargement of the locules, zone of ovule
attachment ; nurse cells present along inner
locule surface. 1. Subdivision of the central
placental zone; paired ventrals and septal
axials {white) positioned ; each ventral bundle
supplies a single ovule; fioral tube not shown.
J. Upper gynoecium zone section showing the
closing of the locules; nurse cells lining the
inner surface ; dorsal bundles present, ventrals
and septal axials have terminated ; floral tube
not shown. K. Upper stigmatic zone section
showing the tri-lobed stigmatic surfaces;
dorsals absent ; floral tube not shown, hut it is
this upper area that there is further subdivision
of the outer and inner tepal bundles into latral
bundle pairs.

xylem and phloem.

The gynoecium is essentially circular in cross-sec-
tion from its freed base to the area of stigma divergence
(Figs. 3A-D; 4; 5). The three locules open along a
perpendicular to the OT-0S-D radii (Figs. 2A; 4G;
5G). At mid-gynoecial height, the central area compos-
ed of fused inner septal wing tips is sub-divided {Figs.
2B-D; 4H-I; 5H-1). The septal arms are relatively
thick, and when the septal axials (SA) are formed, they
occur within the wing tip areas (Fig. 2E). There is no
inter-connection between any of the elements in the
dorsal supply and those in the ventral sﬁpply. Both
supply Systems are simple and direct. Whereas the
dorsals are fusion products, the ventrals are not. In the
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plane. The outer stamen bundles {OS)
are formed at i lower level than the
inner stamen (IS) bundles, At or above
the midgynoecial height filaments for
the three outer stamens are cut off (Fig.
3E-F) and at a slightly higher level up
the floral axis, the three inner filaments
are freed. The filaments are short and
the anthers are attached to their mid-
point to the adaxial surface of the
respective filaments, The introrse
anthers dehisce laterally,

The floral tube is relatively thick
from its base to the upper open area

where slightly recurved tepal tips are
present. Rhaphides are found scattered
throughout the floral tube as well as the
outer gynoecial wall.

Basal vascularization of the floral

tube occurs as follows. Each of the

common tepal-stamen bundles divides
into a common tepal bundle and a
respective stamen bundle. There are
three outer stamen bundles {OS} and

Fig. 5. Rohdea japonica, the same cross-sections as presented in Fig. 4.
following transformational projections of each section and

three inner stamen bundles (IS). The
outer and inner common tepal bundles
are along the respective medians. The
six common tepal bundles, there are
three in the outer tepal median position
and three in the inner tepal median

selected vascular bundles connected, The letters of each section

correspond to those presented in Fig. 4.

upper gynoecium, the only remaining vasculature is the
three dorsals (D) (Fig. 3A-D). A short vertical common
style occurs, but it soon is sub-divieded into the three
broadly lobed and recurved styles which characterize
this species. Papillae {nurse cells) line the upper surface
of stigma as well as the common style. A different type
of nurse cell, one which lacks the extended papillae,
replace the former and is continuous downward into the
septal wing tip area of the gynoecium.

Tepal and Stamen Vascularization: The campanu-
late floral tube has six bundles basally when it is freed
—the common OTS and the three common ITS bundles.
Divisions occur within both sets of common bundles and
the result is a set of stamen traces and a set of bundles
which will supply the floral tube (Figs. 4D-E; 5D-E),
The three outer stamen (OS) bundles, as well as the
three inner stamen (IS), are each formed in a distinct

position, may undergo an additional tri-

partite division in the upper floral tube,
This division is a similar to that observed among the
three bundles in the lower pedicel which underwent a
tripartite division. The central bundle of the tepal
triplet is the median, that is the outer tepal median
(OTM} and the inner tepal median (ITM) respectively.
The two lateral bundles of the tepal triplet are the
laterals, that is the outer tepal laterals (OTL) and the
inner tepal laterals (ITL) respectively. The total tepal
vasculature therefore consists of 3 OTM, 6 OTL, 4 ITM
and 6 ITL. There is no inter-connection between any of
the medians or laterals of either cycle in their vertical
ascend.

Concluding Remarks

The floral vascular anatomy of Rohdea japonica is
characterized by compound bundles which divide and
undergo repeated fusion. From the three compound
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pedicel bundles each of which undergoes a three parted
division the total floral vasculature is established. The
central bundle of each triplet directly eatablishes the
outer tepal bundle (median} and two laterals as well as
the outer stamen bundle. The two lateral hundles
resulting from each pedicel bundle’s triplet division in
association with adjoining triplet laterals undergo three
distinctive sets of divisions and fusions to establish first
the inner tepal and inner stamen vasculature, then the
dorsals and finally the ventral supply. The resulting
inner tepal bundles are compound and within the fused,
campanulate floral tube undergo another three parted
division which results in a median and two laterals.
The three dorsals and the three septal axials are all
fusion products. The two simple ventrals per carpel of
the fused tri-carpellate gynoecium supply a single ovule
each. Essentially all of the floral vasculature is
established below the superior ovary. Only the three
parted divisions within the floral tube which established
the outer and inner tepal laterals occurs above the
receptacle area. Furthermore, there is no terminal
fusion within the floral tube or within the gynoecium
between any of the various supply elements, that is
between the tepal laterals and medians or between the
dorsal or ventral supplies.

The three carpels are completely fused. There is no
indication of terminal septal glands, basal nectaries
within the floral tube or dorsal grooves or notches.
Rhaphides are commonly present in both the floral tube
and the outer carpellary wall. Two ovules are present
in each of the three carpels, but commonly only one
seed matures within the gynoecium.

This report on the floral vascular anatomy of
Rohdea is the first for the genus as well as for any
member of the Englerian subtribe Aspidistrinae, tribe
Convallarieae. It is certainly to soon to make any intra-
generic or tribal comparison or comment on the
relationships of Rokdea to associated genera. Reports
on members of the Englerian sister subtribe Conval-
larine, Theropogon (UTECH, 1979 a) and Convallaria
(UTECH and KAWANO, 1976 b), are so dissimilar
(UTECH, 1979 a) that a comparison here to Rohdea is
certainly premature. Additional work detailing the
floral vascular anatomy of members of both subtribes is
certainly in order and needed.

Summary
1. The floral vascular anatomy of Rohdea japonica is
established basally from a series of divisions and

fusions among bundles derived from three com-
pound pedicel zone bundles. Each of these pedicel
bundles undergoes a division into three bundles.
The central bundle of each resulting triplet directly
establishes the outer tepal and outer stamen
vasculature, whereas the lateral bundles of each
triplet in association w-'ith adjoining triplet laterals
undergo three distinctive sets of divisions and
fusions to establish first the inner tepal and inner
stamen vasculature, then the dorsals and finally the
ventral supply which has fusion septal axials and
paired ventrals, Formation of the various cycles to
bundles occurs below the superior ovary, No
terminal fusion occurs within the upper gynoecium
between any of the elements of the dorsal or ventral
supplies nor between any of the elements in the
floral tube.

2. The relatively fleshy, campanulate, floral tube is
subtended basally by a deltoid bract. The three
carpels are completely fused, and there is no
indication of terminal septal glands or nectaries
basally within the floral tube. Rhaphides are
present in both the floral tube and the outer
carpellary wall, Two ovules are present in each of
the three flowering carpels. A short common style
terminates into three broadly recurved stigma
lobes. '
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