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ABSTRACT

The nodal structure, behaviour of vascular bundles in the axis, course of vascular strands
in the petiole and lamina, and floral anatomy of the flower of dristolochia bracteata, A. clematitis,
A. indica, Asarum europaeum and Bragautia wallichii ave described.

The nodes are trilacunar in all cases. KEven number of traces of the median gap is
considered to be fundamental for the family. The present study does not support the applica-
tion of telome theory to the angiosperm leaf,

The behaviour of vascular strands in the floral tube supports the appendicular origin of inferior
ovary. On the basis of vascular anatomy the stigmas are considered to be true stigmas.

We are thankful to those who have helped us in procuring the material and to Drs. V. Puri,
Meerut College, Meerut, and K. Subrahmanyam, Botanical Survey of India, Caleutta, for going

through the manusecript and to B. N. Mulay, Birla College, Pilani, for his encouragement, facilities
and suggestions.

Members of Aristolochiaceae have attracted attention for a number of
reasons. The anomalous secondary growth in the stem, the structure of the
flower, and the special method of pollination are features of interest. Further
a peculiar analogy is found among Aristolochiaceae, Araceae, Asclepiadaceae,
Cucurbitaceae and Orchidaceae.

The systematic position of the family is controversial. Engler and
Prantl (1889), Rendle (1952), and Gundersen (1950) included it in the Aristo-
lochiales along with the Rafflesiaceae and the Hydnoraceae. Hutchinson
(1959), while accepting the relationship among the three families, included
the Nepenthaceae also under the Aristolochiales. He thinks that the order
is derived from the Ranales through the Berberidaceae. A Ranalean rela-
tionship was also suggested by Wyatt (1955). Hallier (1912) accepted the
position assigned by Engler and Prantl (1889) but derived it from the Lardi-
zabaleae which, according to him, gave rise to the Monocotyledons. Bentham
and Hooker (1883) placed the family in the advanced Multiovulatae terrestres
of the Apetalae while Bessey (1915) included it in the Myrtales. On the other
hand, Strasburger (1930) and Wettstein (1935) treated it under the Poly-
carpicae along with Magnoliaceae, Annonaceae and other primitive families.
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While Thorne (1958) found relationship between the Magnoliaceae and the
Aristolochiaceae, Wagner, _Q(cf Gundersen 1950), and Johri and Bhatnagar
(1955) considered that the Annonaceae is related to the Aristolochiaceae.
Mez and Baldacci (cf. Gundersen 1950) considered that it is related to the
Myristicaceae and the Menispermaceae respectively. Curiously enough, this
family is sometimes placed near the Dioscoreaceae though not a monocot
(ef. Willis 1955). Therefore, a reassessment of the systematic position of the
family is necessary taking evidences from all fields of botanical studies. In
this paper the nodal anatomy and flower of gsome members are dealt with in
a comparative manner,

Previous Work

The family includes six genera and 400 species distributed in tropical
and temperate regions (Lawrence 1959). A genus like Aristolochia was known
from the time of Dioscorides (Arber 1953). Sinnott (1914) gave a brief
account of mnodal anatomy of the Aristolochiaceae. Metcalfe and Chalk
(1950) dealt with the anatomical features of the family. However, no men-
tion of Bragantia has been made by them. The earlier studies of the stem
are confined to the mature structure; little attention has been given to the
origin and development of the hundles or to trace their course through succes-
sive internodes. These are mnow described for Aristolochia clematitis, A.
bracteata, A. indica, Asarum europaeum and Bragantia wallichis.

Van Tieghem (1884) dealt with the floral morphology of Aristolochia.
He interpreted the gynostemium to be the thickened connectives of the
anthers coherent laterally inte a tube covered with stigmatic papillae. This
interpretation was challenged by Henslow (1888) who later (1890) stated
that the gynostemium is a compound structure formed by the adnation of
stamens and styles. Saunders’ (1939) account of the floral anatomy of
Avristolochia sipho, A. clematitis, A. pistolochia, A. rotunda, Asarum europaewm,
A. caudatum and 4. canadense is inadequate. She interpreted the gynoecium
according to her theory of carpel polymorphism. Further, the present obser-
vations, on Asarum, are not in full agreement with those of Saunders (1939).

MATERIAL AND METHODS

Aristolochia indica collected at R:;nny, Kerala State, in June and July
1959, was obtained through the courtesy of Mr. C. K. Abraham. A. bracteata
was collected at Pilani. Additional collections of this were made from
Rohtak in September 1959, by Mr. C. L. Keswani. Bragantia wallichii was
collected at Perunna, Changanacherry, Kerala State, during May-July 1958
and 1959. Fresh materials were fixed in formalin-acetic-alcohol. For the
study of nodal anatomy of Bragantia walliehii and nodal and floral anatomy
of Awristolochiu clematitis and Asarum europaewm only herbarium materials



N. C. NAIR & K. R, NARAYANAN |, STUDIES ON THE ARISTOLOCHIACEAE 213

were available. They were treated with 3 per cent potassium hydroxide
solution at 60° C for 48 hours, washed in running water for an equal length
of time and then fixed in formalin-acetic-alcohol. Usual methods of de-
hydration and embedding were followed. Sections cut at 14-15 p for floral
anatomy and 18-24 p for nodal anatomy were stained with erythrosin and
crystal violet and safranin and fast green respectively. The observations on
nodal anatomy are based on serial transections of three consecutive nodes,

OBSERVATIONS

1. Nopar AnNaromy.—Aristolochia.—The vascular system of the axis
immediately below the node in A. clematitis consists of twelve vascular
bundles (Fig. 1) of which two are conspicuously larger than the rest. The
bundles marked BB’ and II' when traced downward are observed to be the
fusion products of two bundles. In the nodal region. the bundles 4, BE’
and A" along with F' and F’ form the supply of the leaf (Figs. 2. 3). Closely
above, bundles CDE and C'D'E’ divide into three bundles each, C, D, E
and (', I)', K’ respectively (Fig. 3). In the middle of the internode the
bundles ¥ and ¢, and £’ and G’ fuse (Figs. 4, 5). At about the same time
11" comes closer to H and remains closely associated to separate again imme-
diately (Figs. 4-8). The bundles G and E'G’ divide into two each to form
bundles £, ¢, £’ and &' (Figs. 7, 8). Long before the formation of these.
the bundles C' and " give rise to a bundle each, J and J’ which fuse to form
a single bundle (Figs. 7, 8). At the next node above, the bundles H, H’
and I/’ along with ¢ and G’ form the supply of the leaf. Thus the nodal
structure is trilacunar. The median system cousists of three traces. As
pointed above the middle trace of the median system is formed by the fusion
of two bundles. Al the three traces of the median system, after entering
the base of the petiole, divide into two each. Each daughter bundle of the
middle trace fuses with a similar bundle of the adjacent trace so that the
~ petiole shows six bundles at this level. Of the six bundles the adjacent
ones fuse to form three prominent bundles of which the lateral ones fork
again as the laminar region is approached. Figure 29 shows the behaviour of
the bundles in the petiole.

In A: bracteata the vascular system of the axis immediately below the
node congists of nine large, widely separated collateral bundles (Fig. 9). As
they ascend upward, the bundles DE, D'¥’, BC, B'C" and GG’ divide into
two each to form bundles D, E, D', ', B, C, B’, C', G and &' (Fig. 10). Of
these bundles £ and E’ along with A and A’ constitute the leaf supply
(Figs. 11, 12). The leaf traces are demarcated far below the nodal level.
All the four bundles divide into two each to form eight bundles. Adjacent
bundles, leaving the two peripheral bundles, fuse in pairs to form five bundles
and all of them enter the lamina to display the palmate venation characteristic
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of the species. Figure 30 shows the behaviour of the bundles in the petiole.
As the nodal level is approached bundles C and ¢’ divide repeatedly to form
a large number of bundles which arrange themselves in a ring which sub-
sequently becomes two-lobed (Figs. 31, 32). Ultimately each lobe becomes
a stele. Peripheral of the two supplies the axillary bud while the inner the
accessory bud (Fig. 33).

At about the middle of the internode, bundles D and D’ give rise to two
daughter bundles H and H’ respectively (Figs. 11,12). A little above, bundles
F and H, and ¥’ and H' unite (Fig. 14). The bundles D and D’ give rise
to two bundles I and I’ respectively (Figs. 13, 14). These daughter bundles
are comparatively smaller. Meanwhile, bundles B and B’ have divided to
form two new bundles J and J' which unite to form JJ’ (Figs. 12-15). Now
the bundles [ and I’ join with parent bundles D and D’ respectively (Fig. 15).
While approaching the node close above, the bundles JJ', DI, D'l', FH
and F'H’ divide into two each and form J and J', D and I, D" and I’, F
and H, F’' and H' respectively (Fig. 16). The leaf at this node is supplied
by bundles ¢, ', I and I’. The bundles ¢ and ¢’ form the median system.

The primary vascular structure in the stem of A. indica consists of a
ring of closely packed but separate vascular bundles (Fig. 17). At the nodal
level three traces emerge each causing a gap in the central stele (Fig. 19).
Of the three traces the median one arises a little earlier (Fig. 18). All the
three traces enter the petiole. Before entering the leaf base the median
trace divides into three (Fig. 20). The lateral branches, in the petiole of the
leaf, fuse with the strands of the lateral system to result in three traces
(Fig. 21). All the three traces extend into the lamina of the leaf (Fig. 22).

Even before the gaps formed by the leaf traces are closed, the central
stele becomes bilobed and it ultimately breaks up into two (Figs. 20-22).
One of them supplies the axillary inflorescence and the other continues in
the main axis (Fig. 22). In the lowermdst region of the peduncle there are
only eight bundles. But as they ascend some of them divide to form 10
bundles.

The leaf in A. clematitis and A. bracteata are broadly cordate and they are
palmately veined. In A. indica they are oblong to elliptical and pinnately
veined. The stomata (Fig. 34) are present only on the lower surface and they
are of the Ranunculaceous type (cf. Metcalfe and Chalk 1950).

Fics. 1-34 (if, inflorescence; me, median trace). Figs. 1-8. Course of vascular bundles in
the stem of Aristolochia clematitis. Figs. 9~16. Course of vascular bundles in the stem of
Aristolochin bracteata. Figs. 28-25. Course of vascular bundles in the stem of Bragantia
wallichii. Figs. 26-28. Nodal anatomy of Asarwm europaeum. Fig. 29. Course of vascular
bundles in the petiole of Aristolochia clematitis. Fig. 30. Behaviour of vascular strands in the
petiole of A. bracteata. Figs. 31-33. Supplies to the axillary and accessory buds in 4. bracteata.
Fig. 34. Stomata of Bragantia wallichis.
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Bragantia.—This genus comprises four Species, of which two are found
in India. B. wallichii which is a small shrub, reaching a height of 0-6-1-5 m,
extends from Concan southwards, and to Ceylon. The leaves and roots of
this plant are of medicinal value and yield the Alpam root (Hutchinson
1959). Locally the root and leaves are effectively used for a variety of
diseases of the livestock animals and for snake-bite. .

The leaves are alternate, petiolate and pinnately veined. The stomata
are confined to the lower epidermis and as in other Aristolochiaceae are of the
Ranunculaceous type (Fig. 34). The petiole shows four vascular bundles
(Fig. 25) of which the two central ones. forming the mid-rib of the leaf and
closely approximated for more than one-third the lamina, fuse finally. As
long as they remain independent each bundle vascularizes the corresponding
half of the lamina. The two lateral strands, which are not very prominent.
converge towards the tip of the leaf. These lateral strands are related to
independent gaps and the two median strands are associated to a single gap.
Thus the nodal anatomy of Bragantia is trilacunar and closely resembles that
of A. bracteata although the further behaviour of the vascular strands, in their
outward course, is different.

Below the nodal region the young stem shows 10 vascular bundles
(Fig. 23). As the nodal region is approached the bundles AB, A'B’, DE
and D'E’ divide into two each to form A and B, 4’ and B’. D and E, D’ and
E' respectively (Fig. 24). Of these 4 and A’ form the median system of
petiolar supply and D and D’ form the lateral strands.

Asarum.—Tt is a north temperate genus of 30 species. In the subnodal
region of a young stem of A. europueum there are four pairs of vascular
bundles (Fig. 26). As the nodal region is approached the bundles 4, A’
and ¢’ diverge out from the stele and enter the base of the petiole (Figs. 27, 28).
The remaining four bundles B, B’. D and D' divide once to form eight bundles
in the stem.

2. Axatomy or THE REPRODUCTIVE SHOOT.—Asarum.—The axillary,
actinomorphie, bisexual flower has a companulate, regular, and tripartite
perianth. Three small teeth often reported as alternating with the perianth
lobes, could not be observed in the material. The 12 stamens unlike the
other investigated members are free and arranged in two whorls. The outer
whorl is opposite the carpels. The stamens have short filaments and extrorse,.
dithecous anthers with well developed fibrous endothecium (Fig. 51e). The
inferior six carpellary ovary is hexalocular at the base and becomes uni-
locular above. The short style shows a large stylar canal. According to
Saunders (1939) there are only six stigmas in Asarum europaeum. The style
in the material examined always terminated in 12 stigmatic branches. Figure
35 shows the vascular ground plan of the flower. Saunders’ (1939) statement
that the flower base in Asarum consists of two alternating rings of six bundles
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each could not be confirmed in the present study. The pedicel shows a ring
of eight widely spaced collateral vascular bundles. Four of them divide.
forming a ring of 12 bundles. Six of them on the radii of the loculi of the
ovary diverge outwards and ascend through the wall of the floral tube. In
their upward course each gives two lateral branches. Adjacent branches
meet on the septal radii to form six bundles. These bundles ultimately he-
come the supply of the inner whorl of stamens. The vascular bundles in line
with the loculi divide tangentially into two bundles each. Saunders (1939)
did not mention the tangential division of these bundles. The peripheral
of these divides into three branches and enter the tepals. The lateral branches
of adjacent traces fuse at the base of the tepal. Close above the level of
departure of the tepal traces. the perianth gets separated from the floral
tube. Immediately after the separation of the perianth the vascular bundles
on radii of the loculi give out a trace each to supply the filaments of the
outer whor} of stamens. The staminal supply becomes bilobed as the region
of the anther is approached. After the staminal traces have departed the
parent bundles divide into two each, forming twelve daughter bundles that
supply the stigma lobes. '

The bundles left over in the centre fuse to form a siphonostele. This
feature is not mentioned by Saunders (1939). The loculi of the ovary appear
at this level. Closely above, the siphonostele breaks up into six inversely
oriented bundles opposite the loculi. As the ovular region is approached
these bundles split into two ventrals each and they move to the septal radii
on either side, where two similar bundles fuse, forming the inversely oriented
placental bundles. At this level the septa recede to the peripherv. The
placental bundles, in their upward course, give a few branches to the wall of
the floral tube. After the anatropous ovules have been supplied, the ventrals
get separated. The ovular supply extends up to the chalaza. Fach ventral
bundle ultimately forms the supply of stigma.

Bragantia.—The chocolate coloured bract-opposed flowers are borne in
two rows, alternately, on an axillary four to five flowered inflorescence.
They are regular, hermaphrodite and epigynous, measuring 3-5 to 5 cm in
length. The gamophyllous, hemispheric, perianth consists of three thick.
ovate, saccate and valvate lobes (Figs. 37, 48) which get separated above.
Prominent unicellular hairs are present on the inner surface of the perianth
tube. There are 12 stamens united by their filaments and connectives into
three groups of four, opposite each tepal (Figs. 62, 63). In the higher regions
the stamens of each group separate. The stamens have dithecous, extrorse.
and dorsifixed anthers. Theyv are not united with the style and stigma to
form a gynostemium (Fig. 48). The anther wall consists of epidermis, fibrous
endothecium, two middle layers and a secretory tapetum. The nonaperturate,
globose pollen grains have sculptured exine. The tetracarpellary inferior
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ovary is four-locular. There are large numbers of ovules arranged on parietal
placentas. The floral tube continues above the ovary to form a slender
structure (Figs. 37, 48). The short style, provided with a four-lobed stylar
canal, terminates in eight finger-like stigmatic branches (Figs 48, 65).

The lowermost region of the peduncle shows a ring of 10 collateral
bundles. In the pith some of the cells show tracheidal thickenings (Fig. 50).
Corresponding to each bract, one bundle passes out from the main stele
(Fig. 52). It divides into five bundles after entering the bract (Figs. 54, 55).
The vascular mass left after the departure of the bract supply divides into 15
bundles arranged in two groups of five and ten (Figs. 53, 54). At a higher
level the group with five bundles forms the supply of the bract-opposed flower
(Fig. 54), while the other group constitutes the supplies of the succeeding
flowers in a similar manner (Figs. 55, 56).

The vascular tissue in the pedicel does not undergo any change. As the
receptacular region is approached, one of the five vascular bundles moves

-towards the centre and becomes concentric (Figs. 56, 57). As the loculi of
the ovary appear, this bundle gets dissected into four inversely oriented
placental bundles along the septal radii (Fig. 58). These placental bundles
after giving ovular traces continue upward for a while (Figs. 59, 60) and finally
fade out as the level of the perianth is approached (Fig. 48). The peripheral
ring of four bundles which are opposite the loculi continue their course through
the floral tube (Figs. 58, 60). As the top of the floral tube is reached the
bundles spread laterally, and fuse with the adjacent bundles to form a conti-
nuous cylinder of vascular tissue (Fig. 61). From this cylinder descend
down, a little, through the cortex of the floral tube. six traces to supply the
gamophyllous perianth with a little saccate base (Figs. 48, 61). Three of
them are the mid-rib traces of the tepals (Fig. 61) and they arise a little earlier
than the other three. Each dorsal trace immediately after its origin gives
rise to two lateral branches (Fig. 61). The other three traces after entering
the base of the perianth divide into three each (Fig. 61) of which the median
branch, after extending for some distance in the perianth, disappears. All the

Fias. 35-51 (br, bract; fl, flower; p, perianth; sg, stigma; sf, stamen). Fig. 35. Dia-
grammatic representation of the vascular ground plan of the flower of Asarum europaeum.
Fig. 36a. Diagrammatic representation of the arrangement of the flowers as seen in a T.s. of
the inflorescence in A. indica. The numbers indicate the successive arrangement of flowers
and bracts from the base upward. Fig. 37. Flower of Bragantia wallickit. Fig. 38. Flower
of Aristolobia indica. Fig. 39. Flower of Aristolochia bracteata. Fig. 40. A glandular hair
from inner perianth surface in Aristolochia bracteata. Figs. 41, 43, 44. Unicellular glandular
and uniseriate hairs in Aristolochia indica. Fig. 42. Stigmatic hairs of Aristolochia indica.
Figs. 45-47. T.s. peduncle showing vascular supply to flower in Aristolochia indica., Fig. 48,
L.s. flower bud of Bragantia wallichii. Fig. 49. L.s. lower bud of Aristolochia indica. Fig. 50.
Pith cells of the peduncle of Bragantia wallichii showing tracheidal thickenings. Fig. 5la. Part
of anthor wall of Asarum europaeum, Fig. 51b. Part of anther wall of Aristolochia indica.
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other bundles extend up to the tip of the perianth, each perianth segment
having five bundles (Figs. 64--66).

From the remaining vascular tissue there diverge out four traces for
each group of stamens (Fig. 62). The filament of each stamen receives a trace
that extends up to the tip of the connective without any further change.

After the departure of the staminal traces, the vascular tissue now
consists of four patches of undifferentiated procambial strands, opposite the
stylar canal (Fig. 63). At the region where the style divides into eight stigmatic
branches no vascular tissue is noticed.

Aristolochia.—While the inflorescence is one or two flowered in A.
hracleuta, it is three to six flowered in 4. indice (Figs. 36a, b) and seven to
twelve flowered in A. clematitis. Tt may be terminal or axillary. The lateral
branches of the peduncle develop alternately in two opposite directions, i.e.
it is a monochasium where each successive branch is alternate on one side
and the other of the relatively main axis, and all the flowers are in one plain
(Figs. 360, b). When the secondary peduncle does not develop in As bracteata,
as it usually happens, the single flower has a bract on the posterior side
and is sessile, large, leafy, and subreniform (Fig. 39); it is small and semi-
cordate in A. clematitis and linear in A. indice (Fig. 38). The monochla-
mydeous, zyvgomorphic, bisexual, and epigynous flowers of all the species
are similar in essential features and attention to differences, if any, will be
drawn later. The tubular perianth is petaloid. Tt is inflated at the basge,
narrow in the middle and drawn out into a dialated oblique limb (Figs. 38,
39). The margin of the limb in A. bracteata are revolute. Prominent multi-
cellular. glandular hairs are present on the inner surface of the perianth
(Fig. 40). They are very small in the inflated region becoming larger towards
the tip of the perianth. In A. ¢ndice in addition to glandular hairs there
are long unicellular and multicellular hairs on the inner side of the perianth
(Figs. 41, 43, 44). The swollen base of the perianth containg the gynostemium,
formed by the fusion of the stamens, connectives and stylar column (Fig. 49).
The gynostemium is produced above the anthers into six finger-like stigmas
which in turn bear prominent unicellular hairs on the sides. There are six
dithecous, extrorse anthers arranged on the periphery of the gynostemium,
equidistant from one another and alternating with the carpels. The anther
wall consists of five layers of cells and the endothecium develops fibrous
thickenings. Only after the anther has reached maturity, the middle layers
disappear. The tapetum is binucleate and glandular. When it disorganizes
globular oily depositions have been observed in A. indica (Fig. 51b) and A.
bracteata (see also Johri and Bhatnagar 1955). The nonaperturate pollen
grains are spherical and possess an exine which is simple in A. bracteata
and A. indica and sculptured in A. clematitis. The inferior ovary
(Fig. 49) is six lobed. It is hexalocular at the base; but at a higher level,
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the placentae recede again to the periphery making it unilocular (Figs. 72-
75). There is a central canal extending up to the apex of the gynostemium
and lined by unicellular hairs. The floral tube continues above the ovary
into an internode-like region, in between the perianth and the ovary, whose
lower limit forms a rim (Figs. 38, 39) consisting of dark staining parenchy-
matous cells. This region is very prominent and attains a length of 1-5 cm
in 4. indica. After fertilization the perianth with the gynostemium separates
from the ovary at the base of the rim. )

The peduncle shows a ring of 10 bundles in 4. wdicu (Fig. 45), 12 in 4.
clematitis and eight in A. bracteata. One of the bundles diverges outwards
(Fig. 46) into the bract and divides to form three bundles (Fig. 47). The
laterals again divide into two each so that the bract shows five bundles. The
stele at this level becomes two lobed and ultimately breaks up into two
(Figs. 46, 47). The stele towards the farther side of the bract is smaller;
it consists of three bundles and forms the supply of the pedicel. The larger
stele divides and forms 10 bundles in A. indica (Fig. 47), 12 in A. clematitis
and eight in A. bracteate and behaves in the manner described above, while
supplying the succeeding flowers.

The lowermost region of the pedicel shows three large collateral vascular
bundles. One of them divides so that four bundles are formed, (Fig. 67).
In the higher regions some of the bundles divide further and seven bundles
are seen (Fig. 68). At the base of the ovary one of them moves inward and
hecomes concentric (Fig. 69-71). Portions of phloem from each of the peri-
pheral ring of vascular bundles is cut off and they move to the centre to fuse
with the conspicuous concentric vascular strand (Fig. 70). A little above,
the concentric strand becomes a siphonostele and breaks up to form an
inner ring of six inversely oriented bundles and now the loculi of the ovary
appear (Fig. 72). The receptacle is six angled in this region. The inner
ring of vascular bundles is on radii alternating with the peripheral vascular
bundles. Higher up, each of the bundles becomes a placental strand and
supplies the anatropous bitegmic and cressinucellate ovules (Figs. 72, 73).
After the ovular supply, the placental bundles divide into two each. The
daughter bundles swing back and fuse with the peripheral ring of vascular
bundles (Fig. 75).

The outer ring of vascular bundles traverses upwards through the floral
tube, opposite the loculi (Figs. 72, 75). Each of these bundles gives lateral
branches which fuse with the placental strands (Fig. 74). Out of the six
bundles, three bundles .in the radii of the perianth diverge outward, give
out two lateral branches each and become the perianth supply (Figs. 76, 77).
The remaining three bundles divide into three each. The median branches
of these diverge outward and enter the perianth (Figs. 76, 77). This feature
is not in agreement with the observations of Saunders (1939). The perianth
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shows six prominent bundles (Figs. 78, 84) and these produce lateral branches
in their upward course. At the region where the perianth splits open,
one of the bundles divides into two with the result that the distal limb of
the perianth shows seven prominent vascular bundles (Fig. 85). The re-
maining six bundles in the centre divide tangentially into two each. While
the peripherals of these supply the anther, the inner ones extend into the
tip of the stigma (Figs. 78, 83). The traces to the anther bifurcate and each
branch supplies a theca (Fig. 80),

Discussion

Sinnott (1914) from an extensive survey of dicotyledons observed that,
in most families and orders, the nodal pattern is reliably constant, it is either
unilacunar, trilacunar, or multilacunar. Recently Bailey (1956), after re-
viewing the work on nodal anatomy for the past four decades, has reappraised
Sinnott’s conclusions and stressed on the conservative nature of nodal anatomy
and its importance in classification. The nodal structure of members of
the Aristolochiaceae studied is uniformly constant and is trilacunar (see also
Sinnott 1914) although the traces attached to the median gap show significant
differences. )

Marsden and Bailey (1955) and Bailey (1956) stressed the need of closer
examination of strands related to the median gap of a trilacunar node and
tracing their extensions downward into lower levels of the stem and upward
into the petiole and lamina. The present study has been carefully made
with this point in view. In A. bracteata and B. wallichii the median gap
shows two separate vascular strands at the nodal level and these at lower
levels are related to two independent systems of vascular strands. This.
feature can be regarded as an evidence against the telome theory as applied
to the angiosperm leaf (cf. Bailey 1956).

The strands of the median gap approximate each other and along with
the lateral traces continue their course in the petiole. The two median
strands fuse in the lamina in Bragantia. In A. bracteata both median strands
divide in the petiole and the outer branches fuse with the lateral traces to
form five bundles. Thus, in these species, the vascular strands during their
outward course show a transition from an even to an odd number of strands.

In A. clematitis there are three strands attached to the median gap of
the node. Of these the middle represents a fusion praduct of two strands.
This becomes evident when it is traced downwards. In A. indica there is

Fies. 52-66. Bragantia wallichii (br, bract; brs, bract supply; di, median trace for tepals;
ped, pedicel; pl, placental bundle; sg, stigma; ss, staminel supply; s¢, stamen). Figs. 52-56.
Successive transections of inflorescence. Figs. 57-66. Successive transections from the base
of the flower upwards.
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02 mm

Flgs, 67-85.

Fias. 67-8b. Aristolochia indica (gs, supply to the gynoecium; of, ovular trace; p,
perianth supply; pl, placental bundle). Serial transections from pedicel upwards.
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only a single vascular strand attached to the median gap. The above observa-
tions indicate that within the family there is a change from even number of
strands to an odd number and that even number of traces attached to the
median gap is fundamental for the family.

The inflorescence in the family has been described as solitary, racemose,
or cymose (cf. Hutchinson 1959; Hooker 1885; Warming and Potter 1932;
Cooke 1956; Lawrence 1959). These terms are rather inappropriate (cf.
Rickett 1944, 1955). The inflorescence is one or two flowered in A. bracteata,
four or five flowered in A. indica and B. wallich#, six to ten flowered in A4.
clematitis and one to three flowered in Asarum. The basic inflorescence
appears to be a monochasium. The peduncle bears a terminal flower,
below which is a bracteole subtending a lateral flower. The two flowered
inflorescence of A. bracteata is formed in this manner. Sometimes the lateral
flower may be abortive resulting in a single flowered condition. Repeated
monochasial branching results in the inflorescence of other species. Rickett
(1955) distinguished four types of monochasial inflorescences. Since all the
flowers lie in one plane the inflorescence in the members studied may be
called a rhipidium.

Members of the Aristolochiaceae investigated show considerable consis-
tency in their organography and floral anatomy. According to Nairne (1894)
Bragantia wallichii is dioecious. As in other members of the family this
taxon also produces only hermaphrodite flowers (see also Hooker 1885).

The gynoecium is hexacarpellary in Aristolochia and Asarum and tetra-
carpellary in Bragantia. Each carpel bears a large number of ovules on parietal
placentae. There is also gradual transition from a distinctly superior to a
completely inferior ovary (see also Wyatt 1955). The behaviour of vascular
strands in the flower supports the appendicular concept of the origin of inferior
ovary in the Aristolochiaceae.

Eames (1931) has shown that the vascular strands of organs of different
whorls may fuse together if they happen to occur close to one another radially
or tangentially (see also Puri 1951, 1958). The intimate association of various
organs in the flowers leads to the fusion of vascular strands, i.e. the carpellary
bundles, the staminal bundles, and the perianth bundles are fused right up
to the upper limit of the ovary and even beyond. This may be regarded as
an extreme case of reduction by adnation.

The floral tube continues above the ovary to form an internode-like
structure in all taxa except Asarum europaeum. The perianth consists of
three tepals which become free only at the tip. It is zygomorphic in Aristo-
lochia and actinomorphic in other genera. While the perianth is considered
to be trimerous in many taxonomic books, it is described as hexamerous in
Aristolochia clematitis by Warming and Potter (1932). These authors remark
that the presence of six bundles in the perianth indicates its hexamerous

3
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nature. The perianth is supplied by six bundles in Aristolochia but their
behaviour suggests that three are dorsals and the rest commissural bundles.
Of special significance in this connection is the condition in Bragantia where
eath of the traces alternating with the midribg of the perianth divides into
three branches of which the lateral branches function as marginals of adjacent
sepals while the median trace disappears after traversing for some distance
in the perianth tube. There are two possible explanations of such a situation:
The median bundles of these triplets can either be regarded as representing
the midrib bundles of the inner whorl of perianth or the outmost whorl of
stamens, that are suppressed externally. It is difficult to be definite on such
points, but in view of the flower being monochlamydeous and in view of the
general staminal situation in Bragantia it appears to be more probable to
interpret them as representing the midrib bundles of the inner whorl of
perianth that is lost in the course of evolution. If this is so then the ancestral
forms for Aristolochiaceae obviously had two whorls of perianth. Eames
and Mac Daniels (1947) have also reported similar bundles in certain species
of Aristolochia and they have also interpreted them in a similar way.

The stamens in Asarum are free in two whorls of six each. In Bragantia
they are united in three groups of four each (triadelphous) with the basal
part of the style. In Aristolochia the filaments are completzly fused with
the style to form a gynostemium. In all cases stamens are dithecous and
extrorse. Leeman (1927) reported that the endothecium does not develop
fibrous thickenings in Asarum. All the members investigated here possess a
fibrous endothecium. As pointed out by Johri and Bhatnagar (1955) Leeman’s
observations appear to be based on immature anthers.

According to Willis (1955) there is no stigma in Aristolochia. Referring
to stigmas he says that they ‘really are not true stigmas, but the connectives
of the anthers which have assumed stigmatic function’. A similar opinion
was held earlier by Van Tieghem (1884) who wrote that ‘the styles and stigmas
are abortive and the six carpels are reduced to their ovaries. It is then the
thickened connectives of the anthers, coherent laterally into a tube and
covered with stigmatic papillae, which now play the part of the stigma and
the style’. On the other hand Saunders (1939) remarked that there was no
connective for the stamen in Aristolochia. It may be recalled here that the
bundles traversing the gynostemium divide tangentially, at the level of
insertion of the anther, into two each. While the inner supplies the stigmas,
‘the outer diverges to the periphery and takes a place in between the two
thecae of each anther. As suggested by Henslow (1890), this behaviour indi-
cates that the column is a compound structure, formed by the fusion of the
stamens, connectives and styles.

3B
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