STUDIES IN FLORAL ANATOMY.

II. FLORAL ANATOMY OF THE MORINGACEAE WITH SPECIAL
REFERENCE TO GYNAECEUM CONSTITUTION. 1

By V. Puri, D.Sc., Meerut College, Meerut.
{Communicated by Dr. P. Maheshwari.)
(Read January 1, 1942.)

INTRODUCTION.

The Moringaceae is a small family confined to the tropics and occurring
mainly in North Africa, India and the East Indies. The only genus, Moringa,
contains about ten species. The systematic position of the family has long
been a debated question. Jussieu (1789)2 placed Moringa in the family
Leguminosae. It was Lindley (1836)2 who first recognised the family Morin-
gaceae and included it in the Violales, while putting the Cruciferae, the Cappari-
daceae and the Resedaceae in the Cruciales and the Papaveraceae with the sub-
family Fumarieae in the Ranales. Bentham and Hooker (1862) regarded the
family as anomalous and provisionally placed it next to the Coriarieae after the
Sapindales. Wettstein (1924/1935) puts it at the end of the Rhoeadales along
with the Papaveraceae, Tovariaceae, Capparidaceae, Cruciferae and Reseda-
ceae. Hutchinson’s (1926) Rhoeadales includes only the Papaveraceae and
Fumariaceae, while the Capparidaceae, Moringaceae and Tovariaceae are
grouped under the Capparidales and the Cruciferae under the Cruciales. The
most recent arrangement is that of Harms (Engler and Prantl, 1936) who
divides the Rhoeadales into five sub-orders:—

Rhoeadineae (Papaveraceae).

Capparidineae (Capparidaceae, Tovariaceae and Cruciferae).
Resedineae (Resedaceae).

Moringineae (Moringaceae).

5. Bretschneiderineae (Bretschneideraceae).

W

The lack of agreement among these authors, all of whom have relied
mainly upon the usual taxonomical data (i.e., flower structure) emphasises
the need of evaluating evidence from other sources like anatomy (floral as well
as vegetative 3) and embryology for the solution of the problem. Having

1 Part of the thesis approved for a D.Sc. degree of the Agra University.

2 Quoted from Engler-Prantl.
3 Some three years ago Professor 8. J. Record of the Yale University wrote to me
that be was studying the wood structure in this and the allied families.
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done with the embryology (Puri, 1941a), I propose to describe in detail the
floral anatomy of Moringa oleifera, which is very commonly seen in N. India
as a planted tree.

ExXTERNAL MORPHOLOGY OF THE FLOWER.

The inflorescence is an axillary panicle whose ultimate ramifications end
in cymes consisting of three flowers of which the central is the oldest (Fig. 2, A).
The flower is slightly zygomorphic owing partly to the variation in size of
members of the same whorl and partly to the difference in the level of origin
of the floral leaves on the anterior and posterior sides. The thalamus forms
a cup-shaped structure with the ovary inserted somewhere in the bottom and
the other whorls on its edge. Posteriorly highest, the wall of the cup goes on
decreasing towards the anterior side (Fig. 2, K).

There are five, spathulate, reflexed and unequal sepals which remain free
from one another and almost equal the petals at maturity. The cells of
epidermal layers are radially elongated and often produced into uni-cellular
hairs, especially abundant on the inner surface (Fig. 1, A). Stomata are

Fia. 1. (x100.)
A & B.—Sections of sepal and petal respectively through the middle region.

present only on the outer side. The mesophyll tissue is more or less spongy
and the hypodermal layers are very rich in a dark brown substance [myrosin,
according to Solereder (1908)], which becomes precipitated in alcohol. Usually
there are two such layers below the outer epidermis and one below the inner.
Sometimes some of the myrosin cells are scattered more or less irregularly
in the mesophyll tissue. _

The petals have no definite mid-rib but a cross section shows that the
middle region is the thickest in size and the richest in food material. The two
posterior petals are the smallest and become more reflexed than the others.
They have a dense coating of hair on their inner surface, while on the other
petals this is very scanty or even absent. Myrosin, whenever present, is
confined to the inner hypodermis (Fig. 1, B).
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Fra. 2, A-S. (x26.)

A.—Vertical section through a young cymule; each of the lateral buds is situated
in the axil of a large bract. B-G.—Vertical sections through buds of varying ages
showing the acropetal origin and differentiation of floral leaves. H-K.—Drawings from
free-hand sections of buds to show the formation of the floral cup as also the course of
the vascular tissue entering the gynophore (x12). L-R.—T.s. of a young bud from
base upward. For explanation see text. 8.—T.s. of & younger bud showing sepals
arising in regular order.
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The five stamens have swollen papillose bases. The posterior ones are
the longest (about 1 em.) while the others gradually decrease in length towards
the anterior side. The anthers are one-celled and bent downward forming a
sort of hood through which the style protrudes out at maturity. Alternating
with the stamens and forming an outer whorl are 3-5 staminodes which also
have swollen papillose bases. The missing staminodes were always those of
the posterior side.

The gynaeceum is tri-carpellary, syncarpous and is borne on a small
gynophore usually arising from the posterior wall of the floral cup. The place
of origin of the gynophore is, however, not fixed. In some flowers it arises very
close to the bottom of the floral cup while in others it separates at a com-
paratively higher level. The ovary is continued into a long hollow style which
is narrowest in the basal region.

The gynophore, the ovary and the style are all covered with fine hairs
which are seen even in the interior of the ovary. These are similar to the hairs
borne on other parts of the flower. The myrosin usually occurs in one or two
hypodermal layers. Running along the whole length of the ovary there are
three grooves, which according to the current view correspond in position to
the mid-ribs of the three carpels (Fig. 4, K-L). The ovules are borne in two
longitudinal rows on the placentae.

ORGANOGENY.

The younger flower bud is a small protuberance consisting of homogeneous
cells and arising in the axil of a bract, large enough to cover it completely on
the anterior side (Fig. 2, A). The floral organs arise in the usual, acropetal
succession. The first sepal arises on the left side (Fig. 2, Q). Subsequently
others also appear and by the time the primordia of the other organs can be
made out the sepals have increased enough to overlap one another on the top
(Fig. 2, B). Thus the period which elapses between the appearance of the first
sepal and the primordia of the next whorl seems to be quite long.

The petals which are the next to arise are closely followed by stami-
nodes and stamens (Fig. 2, C-E). It is curious that for a time the stami-
nodes and the stamens grow quicker than the petals so that they protrude out
of them. But later on the petals elongate more rapidly and finally cover the
stamens on the top. Soon after, the central apical part of the axis becomes
inactive and around it appears an annular outgrowth which forms the gynae-
ceum (Fig. 2, F-Q).

A young bud shows the typical hypogynous condition with the ovary in
the centre and the other parts around it at a somewhat lower level (Fig. 2, H).
The sepals are arranged spirally with a divergence of 144°, while petals and
stamens show the cyclic arrangement.

When all the parts have differentiated, the peripheral region of the recep-
tacle bearing sepals, petals and stamens undergoes rapid elongation and forms
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Fie. 3, A-J. (x18) EK-M. (x12)
Serjal microtome sections of a bud from base upward. For explanation see text.
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a cup round the ovary. This elongation is, however, not uniform all round.
On the posterior side it is more and this is probably responsible for carrying
the ovary to a higher level along this side (Fig. 2, I-K). The effect of this
unequal growth is noticeable even in so young a stage as shown in fig. 2, L-R,
where the fourth sepal, occurring on the posterior side, separates after the fifth.
While in younger buds, where the peripheral region of the receptacle has not
undergone this growth, the five sepals arise in regular order (Fig. 2, S).

VASCULAR SUPPLY OF THE FLORAL ORGANS.

The pedicel of the flower contains an unbroken siphonostele (Fig. 3, A),
which later on expands and begins to give out traces, first on the anterior
side and then on the posterior. Bundles are given out on both the sepal and
petal radii almost simultaneously (Fig. 3, B-E).

Sepal.—Every one of the sepals primarily receives three traces. The
mid-rib bundle leaves a distinct gap in the stele, while the two marginal veins
are derived from adjoining petal trunk cords (Pt.). Every one of the petal
trunk cords splits up into three bundles, the central, destined to supply the
petal and a marginal for a sepal on either side (Fig. 3, G-H). All these three
bundles may be formed simultaneously or the trunk cord may first divide into
an inner and an outer bundle and then the latter may again divide into two
marginal veins. All the three sepal traces are approximately of an equal size
and every one of them divides several times (Fig. 3, K-M). Towards the tip
these bundles diminish in size and ultimately disappear.

Such a common origin for sepal marginals and petal mid-ribs is reported
to be a very common feature in the Cruciferae (Arber, 1931) and in many other
families (Saunders, 1934, and others).

Petal.—The petal trace whose origin has already been traced above,
frequently tends to become concentric. Like the sepal traces it undergoes
several divisions to form a continuous band of vascular tissue running through
the whole breadth of the petal as seen in transverse section (Fig. 3, L-M).
Higher up this band separates into smaller bundles which finally fade away.

Stamen.—Every one of the 3-5 antherless staminodes receives one trace
given out on the sepal radius. The missing staminodes are often represented
by stubs of vascular tissue which can be observed to come out for a
short distance and then disappear. The stamens also receive one trace each.
The staminal trace is usnally more massive than that of a staminode and higher
up it gives rise to several distinet groups of vascular elements, three being the
commonest number.

Saunders’ observations (1937) that in the Moringaceae the staminal
bundles pass out conjoint with the perianth mid.-ribs could not be confirmed
by the writer.

Gynaecewm.—Though occurring usually on the posterior side of the cup,
the gynaceum receives its vascular supply from all sides. On the anterior
side traces for sepals and petals are the first to be given out. They are followed
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by those for the staminodes and the stamens. The remaining vascular tissue
from this side runs more or less obliquely or in some cases horizontally across
the centre to reach the posterior side to enter the gynophore. In some extreme
cages it separates off from the staminal traces at a level higher than that of the
origin of the floral cup.- Naturally then it has to take a ‘dip’ to come out on
the posterior side. It is for this reason that the stelar tissue on this side is
. out twice in fig. 3, D.

The behaviour of the vascular tissue supplied to the gynophore from the
posterior side is somewhat different. Although traces for sepals and petals
are usually the first to be given out yet in some cases those for the gynzceum
separate off first. This is evidently connected with the position of the ovary.
If it is situated at a higher level the sepal and petal traces will pass out first
but if it is lower down it will receive the first traces. Further it has been
observed that the vascular tissue from this side does not directly enter the
gynophore but goes up a little beyond the level of the latter and then bends
downwards to pass into it (Figs. 2, K and 3, H-I).

A young bud presents, however, a comparatively simple appearance,
Traces for sepals and petals arise almost simultaneously on all sides (Fig. 2, 8).
Traces for staminodes and stamens arise as usual. The remaining vascular
tissue from all sides now passes in almost horizontally and forms a narrower
ring for the gynophore in the centre (Fig. 2, H). The ‘bending’ in the course
of the vascular tissue entering the gynophore seems, therefore, to be induced
by further growth in the peripheral region of the receptacle (Fig. 2, I-K).

At the base of the gynophore there is a complete ring of vascular tissue
(Fig. 4, B). A little higher up it becomes triangular in cross-section (Fig. 4, C)
and then from each of the three angles two bundles begin to pass in (Fig. 4,
D-E). The vascular triangle is thereby broken into three more or less straight
bands of vascular tissue. The two bundles of each pair then swing apart in
such a way that the adjacent two of adjacent pairs come to lie on the inner
side of the corresponding band. Thus the bundles a, b, d approach f, ¢, e
respectively and fuse in pairs to form inversely oriented bundles which give
out traces to the ovules and remain quite distinct from the outer bundles
(Fig. 4, E-H). As the bundles a, b, ¢, etc., proceed inward, they may be fol-
lowed by some very small bundles which are of very short duration.

The vascular triangle is again completed. The gynophore now passes
into the ovary and the connecting ‘bridges’ of the procambial tissue become
invaginated, as it were, by the three grooves appearing on the outer side of
the ovary (Fig. 4, I). Just opposite to each groove and somewhat on the inner
side of each ‘bridge’ a very small bundle makes its appearance. It is very
trivial in the region of the ovary, very often consisting of a single xylem element
and a little phloem (Fig. 4, I-M, bundles X, Y & Z). But in the stylar region
it enlarges and finally becomes as prominent as other bundles.

Higher up in the ovary the vascular triangle again breaks up into separate
bands which follow the contour of the ovary wall (Fig. 4, K-L). The bundles
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S;, 8g and 83 now decrease in size, while the three bundles supplying ovular
traces become practically used up as the end of the ovary region is reached.
If any traces of them are still left they approach the bundles on their outer
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Fre. 4, A-P. (x26.)

A.—Diagrammatic representation of the ground-plan of Moringa ovary, with both
ends cut so as to face the observer. Every one of the placental bundles (smaller ones)
is formed by the fusion of two marginal veins at the base. B-P.—T.s. of ovary from base
upward. For explanation see text.

sides and ultimately fuse with them. This is clear not only from the concentric
nature of the resulting bundles but also from the fact that some ovular traces
may still be given out by these bundles (Fig. 4, M).
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The base of the style contains six prominent bundles (Fig. 4, N). Of
these, 8;, S; and 8; split up into two each (sometimes into three) by radial
constrictions (Fig. 4, O-P). The daughter bundles thus formed continue up
to 300-250 microns beneath the extreme tip. The remaining three bundles,
X, Y and Z, continue undivided and disappear somewhat earlier than the
other bundles.

‘ Ovule.—The ovule is anatropous and bi-integumentary. To begin with
it has a more or less circular outline in cross-section (Fig. 5, B), but after
fertilization growth becomes more active at three equidistant places in the
outer integument. This results in a triquetrous ovule which later on becomes
three-winged.

A small procambial strand appears on the funicular side of the ovule at a
stage long before fertilization. This runs along the inner region of the outer
integument and may extend up to the chalazal end even at the two-nucleate
stage of the embryo sac (Fig. 5, A). A transverse section of a young ovule,

H e

Fia. 5, A-J.

A.—Shows attachment of ovules to ovary wall; ovular traces have reached the
chalazal end (x 26). B.—T.s. of a young ovule having only one bundle on the funicular
side (x60). C.—Diagrammatic representation of vaseular plan of ovule. A single
bundle (X) entering the ovule divides into two (¥ & Z) at the chalazal end. D-J.—Serial
microtome sections of an ovule cut approximately at levels marked in €. (X 18.)

therefore, shows only a single vascular strand on one side (Fig. 5, B). At the
mature embryo sac stage it splits up, in the chalazal region, into two daughter
bundles, Y and Z (Fig. 5, C and I). These two branches elongate with age
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and finally reach the micropylar end (Fig. 5, C). A transverse section at a
later stage shows, therefore, three vascular bundles in the middle of the ovule
(Fig. 5, F-H). Newman (1934) has also described a similar behaviour of the
funicular bundle in Acacia.

For the sake of comparison I also cut some sections of Moringa aptera
Gaertn. and M. concanensis Nimmo., only herbarium material of which was
obtainable. The vascular ground-plan of both the species is almost identical
with that of M. oleifera. TFig. 6, A-D shows the origin of various traces in

Fia. 6, A-K. (x26.)

A-D.—T.s. through base of a bud of Moringa aptera. Sepal mid-ribs and petal
trunk cords pass out almost simultaneously on the anterior side. Petal trunk cords give
off sepal marginals in the usual way. E.—Vascular triangle in the base of ovary. Mid-rib
bundles differentiate at three angles. F.—Shows the inverted placental strands on the
inner side of the mid-rib bundles. G.—A ring of vascular tissue in the style. H-J.—
T.s. through the base of a bud of M. concanensis. Sepal mid-ribs and petal trunk cords
arise as usual. K.—T.s. of ovary of the same. No placental bundles could be seen here
but the attachment of an ovule on the inner side of mid-rib bundle indicates that they
both lie on the same radius.

M. aptera. There is, however, a little difference in the arrangement of the
vascular tissue in the basal part of the ovary. Just as in M. oleifera, the
vascular tissue in the gynophore is arranged in the form of a triangle in trans-
verse section (Fig. 6, E); but here the bundles corresponding to S;, Sp and S
(see Fig. 4, L) differentiate at the three angles and not in the middle of the
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sides. The course of the bundles corresponding to a, b; ¢, d; and e, f towards
their ultimate positions could not be traced. The only thing noticeable is
the occurrence of three inversely oriented bundles on the inner side of S;, 8,
and S; (Fig. 5, F). However, it seems quite evident that they arise in much the
same manner as in M. oleifera. In the style the number of bundles varies
- from 9-12 (Fig. 6, G).

The material of M. concanensis proved to be even less satisfactory than
that of M. aptera. For this reason the vascular supply of different parts
could not be studied in detail; but enough has been observed to conclude that
in broad outlines it corresponds to that of M. oleifera (Fig. 6, H-K).

Discussion.
(1) Nature of the ‘Floral-cup’ and position of the gyneceum.

Although a misnomer, the term ‘calyx-tube’ is still retained by some
taxonomists for the cup-shaped receptacle met with in the Rosaceae, Legumi-
nosae, Moringaceae and many other families.

As a result of her studies on the floral anatomy of the Rosaceae, Jackson
(1934) has concluded that in most of the genera having a superior ovary the
floral-cup is appendicular and is formed by the fused basal portions of the
sepals, petals and stamens. In Rosa itself only the upper part of the cup is
appendicular while the lower is axial. She presumes that in course of phylo-
geny an invagination of the terminal portion of the floral axis has taken place
here with the result that the carpels have come to be situated at a lower level
than the other organs of the flower.

The condition in Moringa oleifera is very much similar to that in Rosa.
On the posterior side, where the wall of the cup is higher than on the other
side, the lower portion of the cup is traversed by stelar bundles which give out
traces to the various floral organs at a somewhat higher level. Naturally,
therefore, this portion of the cup on the posterior side has to be regarded as
receptacular. On the anterior side, though the vascular traces for different
whorls are usually cut off even before the level of the cup is reached, it cannot
be argued that immediately after their detachment from the stele they begin
to run in the tissue of the organs they have to supply. For some distance at
least they must pass through the tissue of the receptacle. Finally the recep-
tacular tissue passes insensibly into sepals, petals and stamens whose bases
fuse together to form the rim of the cup.

In determining the position of an organ considerable significance has been
attached to the ‘down-turning’ in the course of the vascular tissue entering
it. Thus Bechtel (1921) reported that the ovular trace in Boehmeria (Urtica-
ceae) does not pass out directly into the ovule but ascends the ovary wall for
a short distance and then turns abruptly down and descends to the base of the

ovule. This unusual behaviour of the vascular trace was interpreted by him
6
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to indicate that the ovule, which is basal now, has descended from an originally
lateral position in the course of evolution. The ovule itself does not give any
clue into its past history but the vascular bundle has slightly lagged behind,
as it were, in the race of evolution and is believed to give evidence of the former
high position once occupied by its recepient, the ovule, by first going up and
then bending down !

Jackson (1934) has also observed such a down-turning in the course of the
vascular traces entering the carpels in certain Rosaceae and she also interprets
this as the natural outcome of the descending down of the ovaries from higher
positions.

This also appears to be the most logical and plausible interpretation of the
down-turning in Moringa and the present-day position of the gynsceum in
this species is, therefore, a derived one.

(ii) Nature of the Carpels.

(@) The Current View.—The gynazceum in the Moringaceae is usually
believed to be composed of three valve carpels fusing by their margins. The
mid-ribs of the carpels are believed to correspond in position to the three
longitudinal grooves running in the wall of the ovary and the swollen placental
regions are interpreted as the fused margins of the adjacent carpels. The
bundles X, Y and Z (Fig. 4, L) are the dorsals while the two bundles with
opposite orientation in the placental region have to be regarded as branches
of the same placental strand. This view is represented diagrammatically in
fig. 7, A.

A fg | c
Fie. 7, A-C.
Diagrammatic representation of the various interpretations of the Moringa gynzceum.
Dotted lines in 4, B and C respectively delimit the carpels according to Current view,
Saunders’ view and the Author’s view.

Such an interpretation is, however, not supported either by the external
morphology of the gyneceum or by its vascular supply. There are, of course,
only three carpels but their nature and limits have to be differently interpreted.

The point upon which the acceptance or the non-acceptance of this current

view mainly depends is the determination of the nature of the two bundles
68
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in the placental region. As mentioned above, these have so far been regarded
as branches of the same placental strand 1. There is, however, no reason to
support such a presumption; for, none of them is a branch of the other, each
arising quite independently from the stelar tissue (see Fig. 4, E-I). If this
is so, the next question that arises is: ‘ which of them is the placental bundle ?’.
It is well known that the latter is usually formed by the fusion of two marginal
bundles and that this alone supplies traces to the ovules. Further, it often
disappears beyond the region of the ovules. Out of the two bundles in the
placental region it is only the inner one which fulfils all these conditions and,
therefore, it is this that should be regarded as the placental strand. In other
words this means that the bundles a, b; ¢, d; and e, f (Fig. 4, E) should be inter-
preted as marginal bundles.

This, the most logical and reasonable interpretation of the nature of these
bundles, leads us, nevertheless, to certain difficulties which are obviously
unsurmountable on the basis of the current view,

In all cases of the usual type of parietal placentation the marginal bundles
of the adjacent carpels fuse into normally oriented placental strands which
occur alternately with the mid-ribs but in the same ring. In Moringa, on the
other hand, the bundles supplying the ovules are always inversely oriented
and always lie on the inner side of other bundles which will presently be shown
to be mid-rib bundles. Such a behaviour on their part cannot be satisfactorily
explained by the supporters of the current view.

Again, according to this view the bundles a, b and similarly ¢, d and ¢, f
(Fig. 4, E) have to be regarded as marginal bundles of the same carpel; for
then alone the placental strands would be formed by marginals coming from
two different carpels, as the current view demands. It is difficult to imagine
how in such open carpels as are believed to be present in Moringa, the marginal
bundles of the same carpel could arise from the same gap when ordinarily they
leave quite different gaps, one on either side of the mid-rib.

The last but not the least important is the interpretation of the bundles
81, S and Sy, which occur on the outer side of the placental strands. They
are undoubtedly the most prominent bundles. It has already been pointed
out that they cannot be regarded as branches of the placental strand and no
other suitable interpretation of them can be offered on the basis of the current
view. ’

{b) Saunders’ View.—Saunders (1937) holds that there are six carpels in
the Moringaceae, three being ‘semi-solid’ and fertile and three ‘solid’ sterile
(Fig. 7, B). The expanded placental regions are interpreted as the ‘semi-
solid” carpels and the vascular bundles X, Y and Z (Fig. 4, K) with the surround-
ing tissue are regarded as constituting the ‘solid’ sterile carpels.

1 This is how such bundles have been explained by the supporters of the bi-carpellary
theory of the Crucifer gynsceum (see Arber, 1931 and 1937).
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In the first place my conception of a carpel is fundamentally different
from that of Miss Saunders. I cannot regard it as axiomatic that every bundle
represents a carpel. On the other hand, I believe that a carpel is primarily a
‘three-traced organ’. Besides, I bave shown that the bundles, X, Y and Z,
are too insignificant at the place of their origin to be given the status of
mid-rib bundles. As will be shown later, they are best interpreted as secondary
marginal bundles.

(c) Author’s View.—It is a well known fact that in ovaries with axile
placentation the marginal bundles of the same carpel fuse together to form the
placental strand which occurs in the central column of the ovary with its
xylem directed outwards (i.e. inversely oriented with reference to the dorsal
bundle). Such an orientation and position of the placental strand with respect
to the mid.rib bundle are characteristic features of the closed carpels, where
the margins of the same carpel fuse together to enclose a loculus.

A closer examination of the vascular supply of the Moringa gynsceum
reveals clearly that exactly similar conditions are obtained here. The bundles
81, S, and S; are the mid-rib bundles while @, f; b, ¢ and d, e are the marginals
of the three carpels. The two margins of the same carpel fuse together and
form an inversely oriented placental strand on the inner side of the mid-rib
bundle. As stated above, such a relation between the placental strands and
the mid-rib bundles constitutes a sound basis for regarding the carpels in
Moringa as of the closed type. The realisation of such a condition has been
rendered somewhat difficuit by the so-called solidification of the carpels result-
ing in the extrusion of the ovules and complete elimination of the loculus.

According to such an interpretation the nature of the remaining three
bundles, X, Y and Z, can also be satisfactorily explained. They can easily
be regarded as the fusion products of the secondary marginal veins, given off
after the passing in of the first marginal veins to form the placental strands.
Their fusion has gone down so ‘deep’ that separate components can no longer
be distinguished now.

Thus, on this view, which is diagrammatically represented in fig. 7, C, the
behaviour and nature of all the bundles seen in the base of the ovary can be
satisfactorily explained. It is to be noted, therefore, that the Moringaceae
is peculiar in having all the three carpels of the solid type while in the Cruciferae
the solid carpels alternate with the sterile valves.

(iii) Solidification of the Carpels and extrusion of the Ovules.

Fig. 8, A-H is intended to show the probable way in which solidification of
the carpels in Moringa may have taken place. The main factor which appears
to have been responsible for solidification is perhaps the swelling of the mid-
rib, which encroached upon the loculus and reduced the space therein to such an
extent that the ovules were forced out through the opened margins into the
central cavity (Fig. 8, E). Later on the margins fused together and closed
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the loculus whose cavity became further reduced and finally disappeared
completely (Fig. 8, F-H). The ovules are thus extra-carpellary in the sense

Fic. 8, A-H.

Theoretical diagrams to show the probable way in which the Moringa gyneceum
may have evolved from an ancestor with three valve carpels.

that they do not lie inside the loculus of the carpel which bears them. Eames
and Wilson (1930) have already drawn attention to the extra-carpellary nature
of the ovules in the Cruciferae. But they have suggested a different mode of
extrusion of the ovules there (see Puri, 19415).

Early stages in the process of solidification, as outlined above, are evi-
denced to a certain extent in Reseda lufeola, a member of a closely related
family, the Resedaceae. In this species the gynaceum consists of three carpels
which are fused below but free in the upper region. The margins of each of
the carpels swing in ahd approach one another, much in the same way as shown
in fig. 8, B-D, But they do not fuse, so that the loculus still opens on the inner
side. Here, the only thing to be desired to make an approach to the gynee-
ceum of Moringa is the reduction in the size of the loculus to the extent at which
the ovules may be expelled into the common central cavity.

Dickson (1934) and Arber (1938) have actually observed such an expulsion
of the ovules in Platystemon californicus, a member of the Papaveraceae.
The ovary here is polycarpellary and each carpel has a loculus of its own,
opening into & common central cavity. Both these authors report that in
some cases, owing to lack of enough space in the loculus, some of the ovules
were seen pushed out into the central cavity (cf. Fig. 8, E).

In view of these cases it should not be at all surprising that ancestors
of Moringa gynmceum had such a tendency to expel their ovules into the
common central cavity. When once the loculi became empty their complete
elimination would be a logical consequence. The disappearance of the loculus,
or in other words, the solidification of the carpels in such cases need not be
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materially different from that of those which have lost their ovules altogether.
Woodson and Moore (1938) have described an interesting series of stages of
the solidification of sterile carpels in Pleiocarpa mutica. In one of the three
flowers examined by them the ovary was found to be composed of four fertile
carpels each having a loculus of its own. In the second flower there were only
two fertile carpels, the third carpel had a loculus but no ovule and the fourth
had lost even its loculus and become solid. In the third case again, there were
only two fertile carpels while the other two had become solid carpellodes.

Cases of such solidification are frequently seen in the stylar region. In
Platystemon californicus, for instance, the margins of each carpel fuse together
to enclose a loculus which, a little higher up, disappears completely leaving
what may be called solid styles. Arber (1937) has also reported similar cases
of solid styles in Hypericum hirsutum. And then a little search into the liter-
ature will reveal many more cases of this type. But it is not the purpose
here to cite all the literature on the subject. What is more important for me
is to illustrate the practicability of the scheme of solidification suggested here.
That purpose, it is hoped, is served by the few cases cited above.

(iv) Placentation.

In accordance with the view suggested here, we have in Moringa three
closed and solid carpels and the margins of every one of them have fused
together to bear a placenta having extra-carpellary ovules.

This mode of placentation is to be clearly distinguished from parietal and
axile placentations. In the former case each placenta is formed at the point
of fusion of the two adjacent margins of two carpels and ovules lie in the common
central cavity. Thus each placenta is formed by contributions of two different
carpels. In axile placentation ovules are borne on the fused margins of the
same carpel and they lie within the loculus of that very carpel. But in the
case under discussion the placenta is formed by the margins of one carpel and
not by #+34 carpels as in parietal placentation and yet the ovules are contained
in the common central cavity.

As this condition appears to be quite common in the Rhoeadales (Fames
and Wilson 1928; Puri, 19415) it is desirable that it should be given a definite
name. For this purpose I venture to suggest the ‘extra-carpellary’ placen-
tation.

The presence of this new type of placentation demands a more restricted
use of the term ‘loculus’. So far it has been used for any cavity or chamber
containing ovules. The carpels in Moringa, as also the solidified ones in the
Crucifers and Capparids (Eames and Wilson, 1928) have lost their loculi and
yet the term is retained in the description of ovary, which is unfortunate.
It is, therefore, necessary to suggest that the term ‘loculus’ should be applied
only to the cavity enclosed by a single carpel as in axile placentation. The
cavity enclosed by more than one carpel, as is the case in parietal and ‘extra-
carpellary’ placentations, may be described as ‘ovarian chamber’.
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(v) Systematic position of the Moringaceae.

From the introductory paragraph of the paper it is evident that the
systematic position of the Moringaceae up till recently was doubtful. Of late
systematists have agreed to place it in the Order Rhoeadales. It is to be seen
whether or not the present study strengthens its inclusion in the order.

One fact which emerges out most clearly from the present study is that
the carpels in the Moringaceae are not of the usual type. They are all solid
in the sense that after having pushed their ovules into the common central
cavity or ‘ovarian chamber’ they have lost their loculi completely. Neverthe-
less, this difference is not of kind but of degree. The solid carpel is still a
three-traced organ like so many carpels of the ordinary type.

Such a specialization of the carpels is indeed a very important feature.
It is so far very rare, having been reported only in the Order Rhocadales (Ban-
croft, 1935), specially in the Cruciferae and Capparidaceae (Eames and Wilson,
1928, 1930). Its occurrence in the Moringaceae furnishes additional corobo-
rative evidence for the inclusion of this family in the Rhoeadales. The position
of the family within the Order will be discussed in a later paper of the series.

STMMARY.

The different floral whorls arise in the usual acropetal succession.

The ‘floral-cup’ is believed to be receptacular at the base and appendicular
at the top and the ‘down-turning’ in the course of the vascular tissue entering
the gynophore is interpreted to. indicate that the gynzceum has descended
from an originally high position.

The gyneceum consists of three carpels which are shown to be fertile
and solid in the sense that they have lost their loculi by reduction. The
grooves in the ovary wall which have so far been regarded as corresponding
to the mid-ribs of the carpels are shown here to mark the limits between the
adjacent carpels. The evidence, upon which such a conclusion is based, rests
mainly upon the vascular ground-plan in the base of the ovary.

The ovules are extra-carpellary in the sense that theyv lie outside the
loculus of the carpel which bears them. They are believed to have extruded
long before the margins of the carpels fused together to close the loculus.

The peculiar type of placentation is described as ‘extra-carpellary’ and the
term ‘loculus’ is suggested to be used only for the cavity enclosed by a single
carpel. For the central cavity enclosed by more than one carpel the term
‘ovarian chamber’ is suggested.

The inclusion of the family Moringaceae in the Order Rhoeadales is further
strengthened.

I take this opportunity of offering my sincere thanks to Dr. P. Maheshwari
for his helpful criticism. I am also grateful to Professor A. J. Eames of Cornell
University for examining some of my slides and confirming my observations.
To Miss E. R. Saunders I am indebted for some useful suggestions. Although
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my interpretations differ from her, she has very kindly confirmed most of my
observations in a general way.
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PosTtscrreT.

When this paper was in press I found out on re-examination of my slides
that the bundles X, Y and Z (Fig. 4) arise almost simultaneously with the
bundles a, b, ¢, d, ¢ and f; but due to their very insignificant size they were
overlooked in sections below the one drawn in fig. 4, I.



