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INTRODUCTION

T ~ E ~ is an ever-increasing volume of evidence that the cellular organization
at the vegetative apex is fundamentally different from that at the inflorescence apex in angiospermot~s plants (Gr6goire, 1935; Louis, 1935; Thompson,
1936; Foster, 1939; Majumdar, 1945). It has also been reported that
there is a great difference in morphology, both external and internal, of the
vegetative and flowering axes in many of them, particularly in the herbaceous species (Deats, 1925; Mirskaja, 1926; Wilton and Roberts, 1936;
Graigner, 1943, and others). But the cause or causes responsible for these
differences in the two axes of a flowering plant, are yet unknown, and
a careful investigation is needed before an explartation can be offered.
Some work, however, has been done by plant physiologists to give a
nutritional basis to flowering (Kraus and Kraybill, 1918; Nightingale, 1927;
Finch, 1935; Roberts, 1936, and others), and attempts are being made to
show the existence of a "positive correlation between the character of growth
of a plant and its reproductive condition" (Roberts, 1936). Kraus and
Kraybill (1918) suggest that when the ratio of carbohydrate to nitrogen
rises above a certain value (?) the plants flower. Recent researches, however, do not uphold this theory, though it is admitted on all hands that a
high value of carbohydrate nutrition is necessary for flower initiation.
It is a common knowledge that in many cases a land plant flowers more
or less throughout the year. From this fact among others, Graigner (1943)
considers that the flower initiation may be independent of the attainment
of a 'photosynthetic maximum'; yet he maintains that a high carbohydrate
supply should be guaranteed either by storage or by photosynthesis before
a flower could be initiated, and the reason is quite obvious.
On the other hand, very little work, so far as the author is aware, has
been done to find out the causal anatomy of the axes responsible for the
production of the flowers. Graigner (1943) .thinks that with the data at our
disposal we can only state the problem, but not its solution. Wilton and
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Roberts (1936), who made investigations on a number of herbaceous species
to determine the relation, if any, between certain anatomical features in the
axes and the production and non-production of flowers (p. 45), conclude
that the differentiation of the structure of the flowering stem, precedes or
accompalfies, and is not the result of flowering, but both, i.e., special anatomical features and flowering, are due to some physiological condition yet
unknown.
In the Laboratories of the Presidency College a systematic study has
been going on for some time past, on different types of shoot apex organization in herbaceous angiosperms. In Leonurus sibirieus L. a correlation
between the reduction in the size and form of the leaf, branching and cambial
activity and development of an endodermis in the axis and flowering, has
been noticed. As these observations appear to the author to be interesting
and perhaps made for the first time in this country, he considers it worth
while to record them here.
The materials for the study were all collected from the plants growing
in the College compound. Freehand and microtomed sections were made,
and iodine and potassium iodide solution, chlorozinc iodine, phloroglucin,
safranin, Delafield's ha~matoxylin, safranin and fast green combinations
were tried with equal success. All figures with the exception of Text-Fig. 1,
are drawn under camera lucida at magnifications given in the explanations.
MORPHOLOGY (FIG. 1)

Leonurus sibirieus L. (Family Labiat~e) is an annual weed growing in
waste places; the square stem is erect, stout and grooved, and is normally
2-6 feet high. Stem and leaves are covered with hairs and glands. At the time
of flowering the vegetative shoot continues into the flowering one. The
leaves are 2-4 inches in length, exstipulate and are arranged in opposite
decussate phyllotaxis. Long slender petiole is grooved throughout the
entire length on the adaxial surface. The incision of the leaf-blade is a
characteristic feature of the plant and it shows a progressive variation
from an almost entire palmate blade in the seedling stage, to toothed, lobed
and multisected ones in the vegetative region; finally the blade becomes
reduced to a single linear lanceolate piece at the few crowded nodes near
the apex of the flowering shoot.
Lower leaves are reticulately palmate
veined, but they are uniseriate pinnate near the apex in the floral region.
The adult stem is naked for the few lower nodes by the early fall of leaves
at these nodes.
Branching which is confined to the 4-6 upper nodes of the vegetative
region, is conspicuously absent in the flowerip.g region. But in case the
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flowering point is injured in the early stage of growth and development,
branches are developed at the first and second nodes near the base, and the
plant assumes a bushy appearance, as is often seen in the field.
The first few nodes are very short and woody, the next four or five are
much longer in comparison with the lower ones and show much vegetative
growth. After this, particularly in the flowering region, the internodes
decrease in size, the shortest ones being noted near the tip. The leaves are
also seen to vary in size and area according to their position on the axis, the
loweL being bigger than the one next above it.
Leonurus sibiricus is a plant of short duration, does not live for more
than 3 or 4 months, but there is a constant succession all the year round. It
generally flowers at the commencement of the rainy season, but also more
or less throughout the year.
ANATOMY

(FIGS. 2a-4b)

The structure of the innermost layer of cortex and vascular bundles
is described here. Detailed anatomy of the stem is given elsewhere.
,Starch Sheath and Endodermis.--In the seedlings and young plants this
layer is wholly in the starch sheath condition, i.e., with abundant starch
contents, but with no Casparian thickenings on the radial and transverse
walls of its cells (Fig. 2a). In the adult axis this layer is easily distinguished
as a single layer of thin-walled rounded parenchymatous cells densely packed
with starch grains. The Casparian strips are not developed at all. Near
the upper end of the vegetative region, these thickenings are seen just appearing on the radial and transverse walls indicating that the vegetative axis will
soon enter into flowering condition.
This stage has been described by
Priestley and others as the primary stage of the endodermis (Priestley, 1922;
Soar, 1922; Warden, 1935). With the appearance of the Casparian thickenings the starch grains begin to disappear.
In the flowering region, which is a continuation of the vegetative region,
a true endodermis is developed. The cells of this layer thickens more and
more till the whole of the radial and transverse walls are covered with Casparian thickenings. This is the secondary condition of the endodermis
according to Priestley and others (Fig. 2c-2e). The tertiary condition,
which means the enveloping of all the walls with secondary thickenings, is
not found in Leonurus. The starch sheath is crushed when secondary growth
has proceeded in the vegetative axis for some time.
Vascular Bundles.--In the vegetative axis four synthetic bundles, each
opposite a ridge, and one to three cauline secondary bundles, opposite each

CompaYative Study of Vegetative& FloweringAxes of L. sibiricus L. 13
furrow, are disposed of in a ring. The cambium is very broad and continuous through these bundles, and shows much activity.
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FIo. 2 (a-e).

T,S. of the portion of the stem showing starch sheath and endodormis
at different stages of development.

(a) Starch sheath (s.s.) in seedling and young plants ( x 450) ; (b) Primary condition of endodermis in adult vegetative plant; Casparian thickenings (Cas) appearing on the radial walls,
starch is still present (•
(c-d) Secondary condition of endodermis (End) in flowering
plants ; Casparlan thickenings cover whole of the radial and transverse walls, starch completely
disappears (x350); and (e) Endodermis in mature flowering plant (x550).

In the flowering axis the cambial activity is exhausted soon, and is
hardly, if at all, distinguishable, being completely differentiated into xylem
and phloem (Figs. 3a to 4b).

Amiya l)atta

I4

"

i

C,m

b

~e
FIo. 3 (a-e).

T.S. of the vegetative and flowering legions showing cambium (CanO
m the furrowed portions of the stem (•

(a) Vegetative regton showing many layers of cambium ; (b) Portion just below the roweling region showing only few !ayers of cambium ; and (c) Flowering region showing cambium
wholly differentiated into xylem and phloem.
DISCUSSION AND CONCLUSION

Study of the morphology of the plant shows that at the time of flowering
the vegetative axis continues direct into the flowering shoot and the branching
which is confined to the vegetative region is conspicuously absent in the
flowering region. In the latter the leaf-blades become reduced in size and
their incisions more and more deeper till finally it becomes reduced to a single
linear-laneeolate piece at the apex.
The extreme reduction in the leaf-surface and the absence of vegetative
buds in the flowering region is correlated with the development of the endodermis with distinct Casparian thickenings. The Casparian strips place
he exchange of water and solutes through the primary endodermal cylinder
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FIo. 4 (a-b) Showing vascular btmdles in vegetative and flowering regions in T.S.
(a) Vascular bundle in the vegetative region showing cambium between xylem and phloem
(•
and (b) Vascular bundles in the flowering region showing tb.e absence of cambium
between xylem and phloem (•

under the control of living protoplasts (Priestley and North, 1922, p. 125).
Miss Soar ascribes this factor as contributory to the xeromorphy of the leaf
of Abietine~e (1922, p. 290).
When the anatomy of the vegetative and the flowering axes is compared
two interesting facts are observerd : difference in the cambial activity and the
behaviour of the innermost layer of the cortex in the two regions. In the
vegetative stem, both in young and adult plants, the cambium is well represented, being a many layered meristem, whereas in the flowering region
there is no organised cambium. Furthermore, thero is little or no cambial
activity in any part of the stem of an abundantly flowering plant of Leonurus.
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In contrast to this a non-flowering plant shows an active cambium throughout
its length. This condition has also been recorded by Wilton (1935)in
Cosmos, Chrysanthemum and other plants. Wilton thinks that the
absence of cambium is responsible for the death of the annual plants after
first flowering. She even goes to emphasize that resumption of vegetative
activity after flowering is dependent on the presence of certain amount of
cambium.
The innermost layer of the cortex in the vegetative axis is only a 'starch
sheath' with abundant reserve material in the form of starch grains, whereas
this layer represents an 'endodermis' with Casparian thickenings in the
flowering region. Starch grains are entirely absent in the endodermis. The
transformation of starch sheath has been followed from the seedling stage
to just prior to the changing-over of the vegetative axis t.o the flowering shoot.
As a matter of fact, the appearance of Casparian strips on the cells of the
starch sheath marks the beginning of the flowering phase of the growth of
the axis, as the change is effected only at the time of flowering.
Mirskaja (1926) noted the appearance of the endodermis with Casparian strips only on disbudding of the axes of Zinnia and Ageratum. Wilton
and Roberts (1936) report presence of endodermis with Casparian strips
in both the flowering and non-flowering stems of Cosmos, Chrysanthemum,
but not in flowering plants of Petunia (p. 62). Hence they conclude that
endodermis with Casparian strips is a characteristic of the species rather
than being associated with disbudding in Cosmos. We have, however, seen
that the absence of vegetative budding is definitely correlated with the
development of endodermis with Casparian strips. This is supported by
the occurrence of occasional small flowering plants, 8 to 10 inches high, with
conspicuous endodermis with Casparian strips.
All these facts show that the absence of branching, reduction in leaf size,
early cessation of cambial activity and development of a typical flowering condition of axis go together. The cessation of cambial activity and the development of an endodermis may be responsible for the non-production of vegetative
buds and size reduction of the leaves. This may cause a physiological
unbalance in the plant by reducing its photosynthetic activity. This may
stimulate the production of flowers, but what causes the development of
the Casparian thickenings on the endodermal walls and cessation of cambial
activity is yet unknown. From the data at our disposal it cannot be ascribed
to chronological age of the plant. On the other hand, an experiment coducted
in the Laboratory on water culture of Maize, showed that the production of
flowers could be forced by starving the plant. And we have seen in Leonurus
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Fio. 1
Adult plant with flowers. Also different sizes and shapes of leaves are
drawn according to their positions on the stem.
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that the development of a typical endodermis is responsible for the reduction
of food manufacture in this plant.
SUMMARY

In the study of the anatomy of the vegetative and flowering regions of

Leonurus, three important features have been observed:
1. The unbranched condition of the flowering axis with extreme
reduction of leaf lamina;
2. The greater activity of cambium in vegetative than in the flowering
region which appears to be due to the difference of photosynthetic activities
in the two regions of the plant; and
3. The endodermis which is well developed in the flowering region is
only a 'starch sheath' in the vegetative region. The change from starch
sheath to endodermis appears to be concerned with the xeromorphy of the
flowering region indicated by the extreme reduction of the leaf lamina in
this region.
The author wishes to express his deep sense of gratitude and indebtedness to Prof. G. P. Majumdar for his valuable help and guidance in the
course of investigation.
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