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Abstract. The five sepal primordia arise successivelyin clockwise sequence. Interprimordial growth initiates a short calyx tube. The petal primordia are formed
almost simultaneously alternate to the sepal primordia. They are followed by the
antesepalous stamen primordia which also appear simultaneously opposite the sepal
primordia. The primordia of the antepetalous stamens are formed after the
inception of the gynoecium. They are inserted inside the antesepalous stamen
primordia. The floral apex grows up into a crescent-shaped.gynoecial primordia.
In floral development Cassia differs from members of the Papilionaceae and
Mimosaceae. The position of insertion of the leguminous carpel on the floral
apex has been discussed and it was concluded that the carpel of Cassia is ~ttexnfmal
structure.
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1. In~oduefion

Cassia is the largest genus o f the Caesalpiniaceae with about 380 species distributed
chiefly in the tropics. Several species have been studied with regard to various kinds
of organs. While Rao and Sardar (1958) worked out the floral anatomy, Datta
(1934), Pantulu (1945, 1951), Ran (1950) and Pellegrini (1954) investigated the embryology. Trease (1931) described the seeds in three species and Biswas (1955) and Daniel
(1957) reported on the floral abnormalities in C. occidentalis and C. kleinii respectively. Balansard and Morel (1940) made some observations on the morphology
and anatomy o f C. sieberiana, and Sugimoto (1955) on the morphology o f asynaptic
sterile plants of C. tora. Since the investigations on floral development of Cassia are
completely lacking, the present study on the organogenesis o f flower o f Cassia fistula
has been undertaken.

2. Materials and methods

Inflorescences o f Cassia fistula L. in all stages o f development were collected in June
1975 from the trees growing in the Botanical Garden o f Meerut College, Meerut.
They were immediately fixed in formalin-acetic acid-alcohol (FAA) and later
preserved in 70 % alcohol. To obtain pictures of the three dimensional developmental stages, immature inflorescences were stained in 0.5 % solution o f acid fuchsin
in 95 ~o alcohol. They were differentiated in 70 % to 95 ~ ethyl alcohol and then
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dissected and photographed completely immersed in 100 ~o ethyl alcohol, following
the technique outlined by Sattler (1968).

3. Observations

3.1. Organography
The bright yellow and showy flowers of Cassiafistula are borne in long axillary pendulous racemes. They are bisexual zygomorphic, pentamerous and slightly perigynous.
The calyx is five partite with a very short calyx tube. The five petals are nearly equal,
obovate and shortly clawed. The androecium consists of ten stamens arranged in
two alternate whorls of five each. All the ten stamens are fertile. Three anterior
stamens have long thick filaments and large anthers, four to six intermediate ones are
with short filaments and small anthers, and the remaining one to three posterior stamens axe with still shorter filaments and indehiscent anthers. The gynoecium is
monocarpellary with a stalked unilocular ovary having many ovules on marginal
placentation. The style is curved and the stigma is terminal.
3.2. Organogenests
A low dome shaped floral apex is formed in the axil of a bract. The first primordia
formed on the floral apex are those of the sepals. They arise successively in a clockwise sequence (figure 1). The first sepal primordium (Kz) is always formed adaxially.
In the later stages of development interprimordial growth initiates a calyx tube which
remains very short even in the mature flower. The sepal primordia grow very fast
and soon overarch the other floral appendages.
After the inception of the fifth sepal primordium, five petal primordia are formed
almost at the same time~ They alternate with the sepal primordia and arise distally
on the floral apex. The petal primordia become subequal in size during very early
stage of development (figure 2) and this zygomorphy is reflected in the mature flower.
The stamen primordia of the outer (antisepalous) whorl appear nearly simultaneously opposite the sepal primordia (figure 3). The primordia of the inner (antipetalous)
staminal whorl are formed after the inception of the gynoecium (figures 6, 7). They
also arise almost at the same time. The antipetalous stamen primordia are inserted
inside the antisepalous stamen primordia (figure 8). Difference in the size of the
stamen primordia becomes evident during early stages of development (figure 5).
The three anterior stamen primordia are the largest. Each stamen primordium soon
differentiates into a filament and an anther (figure 6). As a result of anther formation,
it first becomes two-lobed and then four-lobed.
After the formation of the antisepalous stamen primordia and before the inception
of the antipetalous stamens, the floral apex grows up in a crescent shaped gynoecial
primordium (figures 3, 4). It is highest along the abaxial side with its margins scarcely touching (figure 5). As it grows upwards its margins come in contact with each
other and eventually fuse postgenitally (figures 9, 10). Its upper portion develops
into a style with a stigma, whereas the lower portion forms the ovary wall. At first
the style grows slowly but after anthesis it elongates rapidly.
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Figures 1-6. (see captions in p. 221)
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Figures 7-10. (see captions in p. 221)
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The primordia of numerous ovules are formed alternately in two rows along the
carpel margins before they cohere. All ovules initiate nearly simultaneously. Each
ovule primordium forms two integuments and the ovule becomes campylotropous at
maturity. The micropyle is directed towards the distal end of the ovary.
As the ovary transforms into fruit, it becomes plurilocular by the formation
of ridges from the inner surface of carpel wall which divides the ovary cavity
transversely.
During the later stages of development the flower develops a slight degree of perigyny as a result of some upgrowth in a ring zone below the sepals, petals and stamens.
4. Discussion

We found no literature on the floral development of Caesalpiniaceae in general and
Cassia in particular. However, several other genera of Leguminosae (Papilionaceae and Mimosaceae) have been studied by earlier workers. Payer (1857), Guard
(1931) and Picklum (1954), who studied several papilionaceous genera found acropetal
inception of the five whorls of appendages and the order of formation in each whorl
from abaxial to adaxial. However, Frank (1876), Eichler (1879), Goebel (1884),
Schumann (1890), Schiiepp (1911) and Sattler (1973) observed diverse sequential
patterns which reflect zygomorphy in the development of the flowers in Papilionaceae.
The floral development of some species of Albizzia and Acacia (Mimosaceae) has
been studied by Hirmer (1918), Newman (1936) and Sattler (1973). They observed
an aeropetal sequence of the different whorls of floral appendages. Several staminal
whorls also arise centripetally.
The sequence of primordial inception in Cassia is sepals, petals, outer stamens
carpel and inner stamens. With the exception of the sepals, the primordia of each
whorl of appendages are formed almost simultaneously. The sepals are initiated in
spiral sequence. Thus in its floral development Cassia (Caesalpiniaceae) differs from
the members of the Papilionaceae and Mimosaceae.
There has been a great deal of controversywith regard to the insertion of leguminous
carpel on the floral apex. It has been considered as a terminal or a lateral structure.
The statement that the legume is a terminal structure was made by Saunders (1929).
The evidence presented in support of her claim was the direct continuation of the
residual vascular cylinder into the gynoecium in the Leguminosae. The arguments
put forward by Thompson (1929, 1931, 1936) in support of the above statement is
that the legume initiates from remainder of the floral apex after the formation of the
stamen primordia. Grrgoire (1931) also made a similar claim with regard to the
carpel in general.
Contrary to this, Newman (1936) claims on the basis of his detailed study of the
ontogeny of the carpels in Acacia longifolia and A. suaveolens that the legume is a
lateral structure. He considers that after the initiation of the carpel the floral apex
is suppressed and displaced laterally and overtopped by the developing carpel. He
has shown the disposition of the apex and legume (carpel) in progressive stages of
development by the photographs of plasticene models from serial sections.
Our observations which are based on fine dissection technique clearly show that
the centre of the floral apex forms the carpel primordium. The floral apex cannot be
differentiated from the carpel primordium as has been claimed by Newman (1936).
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The photographs (figures 40-50 o f N e w m a n 1936) o f the serial longitudinal sections
o f the central upper portion o f the floral axis along with the carpel show a dome shap.
ed structure which is claimed by N e w m a n (1936) as residual floral apex. This out.
growth corresponds t o what Endress (1972a, b) called ' Secundra Querzone ' (secon,
dary cross-zone). This structure has also been observed by Singh and Sattler (1977)
(figure 49) in Sagittaria cuneata which has numerous free carpels.
It m a y also be pointed out here that Arber (1928, 1930) has discussed several examples in b a m b o o s and outside the Gramineae of the occurrence of terminal leaf.
She states that in Gagantochloa and the other bamboos the entire shoot apexforms the
leaf and the axis is brought to vanishing point. Thus, according to her (Arber 1930),
the ' leaf m e m b e r not only has all the appearance of being terminal but actually is so'.
Thus the carpel of Cassia fistula (and so also in other Leguminosae) is a terminal
structure although such an inference m a y not be acceptable to the supporters o f the
classical concept of carpel. We conclude with the following words of Arber (1930)
t h a t ' facts are still facts, even when they have the misfortune to conflict withthe canons
of morphology.'
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Captions for figures 1-6 and 7-10
Figures 1-6. Cassia fistula. • 100. 1. Top view of a floral bud after sepal (K) initiation.
1-5. indicate sequence of inception. 2. Top view of a floral bud where sepal promordia
were removed to exhibit petal primordia (C). An indication of outer stamen primordia
can also be seen between the petal primordia. 3. Top view of a floral bud where sepal
primordia were removed to exhibit petal (C) and outer stamen primordia (Ao).
4. A floral bud showing gynoecial primordium (G); other floral appendages removed.
5. Top view of floral bud where sepal and petal primordia were removed to exhibit
outer stamen (Ao) and gyneocial primordium (G) during later stage of development.
6. A floral bud where outer floral appendages and gynoecmm (RG) were removed
to exhibit inner stamen primordia (Ai).

Figures 7-10. Cassia fistula. 7-9. •
10. x64. 7, 8. Two floral buds in side view
showing successive development stages of outer stamen (Ao), inner stamen (Ai) and
gynoecial primordium (G). 9. Side view of a floral bud showing prmordia of inner
stamen (Ao) and gynoecium. 10. Side view of a floral bud showing stamen and gynoecium during a later stage of devlopment.

Abbreviations used
Ai--stamen pdmordium of outer whorl; Ao--stamen primordium of inner whorl; C---petal primordium; F--floralapex; G--gynoecialprimordium; K--sepal prmordium; RG--gynoecialprimordium
removed.

