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Abstraet. Two-dayand eight-dayold seedlings of Asclepiascurassavica,Calotropisprocera
and Leptadeniapyrotectmicawerestudir The basipetaUydifferentiatingr
vasculature and the root-hypocotyl-cotyledonaryvascuIatureate ontogeneticaUysepaxateunits. The
cotyledonarynode is unilacunar two-trace and the foliar nodes, unilacunar one trace. The
unilacunar two trace cotyledonary nodes in advanced families like Apocyanaceae and
Asclepiadaceae seem phylogeneticallysigniticant.
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1.

Introduction

Vascularisation of the seedling is of particular interest because it is the first
representation o f the vascular coordination between root and shoot foreshadowed in
the procambial system of the embryo. Investigations which help to build an overall
picture of this coordination are of great value (Banerji 1961; Kavathekar and Pillai
1977; Pillai and Goyal 1979). This report forros part of an extensive investigation on the
seedling anatomy of Bicarpellatae.
2.

Materials and methods

Seedlings of Asclepias ctzrassavica L., Calotropis procera (Ait.) R.Br. and Leptadenia
pyrotechnica (Forsk.) Decne were grown in pet¡
and pots. Two-day and eightday old seedlings were fixed in formalin-acetic acid-alcohol (F~,), dehydrated in raA
sedes and embedded in parat¡ Sedal transverse sections cut at 10-15 #m were stained
with safranin-light green combination.
3.

Results

Germination is epigeal in all the species. The vascular pattern in the 2-day and 8-day old
seedlings was basically similar and the measurements presented from eight-day old
seedlings represent distances from the radicular end.
The primary root is diarch. In Asclepias and Calotropis there is a plate ofxylem in the
centre flanked by the two phloem groups (figure 1). Leptadenia shows a small pith. The
origin of the pith, marked by the development of a few parenchymatous cells, is
observed at 1-06 cm in Asclepias and 2-17 cm in Calotropis (figure 2). Pith becomes
increasingly prominent at higher levels (figure 3). In Asclepias the metaxylem appears
bifurcated at 1.14 cm level. Fresh xylem differentiating in situ from parenchymatous
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Figures 1--6. Sedal transverse seetions of the seedling of Calotropis (1-2, 5-6) and Asclepias
(3--4). 1. The diareh root ( x 400). 2. Shows cambium like celis and beginning ofpith ( x 400). 3.
Shows xylem arras, four phloem groups and developing pith ( x 250). 4. Shows two xylem amas
and differentiation of xylem from cambium like cells ( x 500). 5. Shows four collateral bundles
and epicotylar procambium ( x 400). 6. Shows departure of cotyledonary traces and vascular
elements differentiating from epicotylar procambium ( x 300).

cells inner to the pericycle add to the xylem arras. Cambium-like cells inner to the
phloem cut off some xylem to the inside (figures 2,4). In Leptadenia cambium-like cells
develop at 2.56 cm level and are less prominent and less active than in the other two
species (table 1).
In all the species, lateral expansion of the phloem is followed by the demarcation of
each phloem arc into two, making a total of 4 groups. Collateral condition is attained
following this and 4 collateral bundles are formed, two flanking each protoxylem pole
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Table 1. Seedlingmeasurements.

Species

Type of
Appearance Formation Appearance Obliteration Departure of
germi- Appearance Beginning of cambium- of collateral of internal of proto- cotyledonary
nation of laticifers of pith
like eells
bundles
phloem
xylem
traces

Asclepias Epigeal
Calotropis Epigeal
Leptadenia Epigeal

1-0cm
2-15cm
2.34cm

1.06 era
2-17cm
already
present

1.14cm
2.15cm
2.56em

1-15cm
2.18cm
2.27cm

1.16cm
2.27cm
does not
develop

1.25 cra
2.20era
2.70cm

3.12crn
5-47cm
4.01 cm

at 1-15 cm in Asclepias, at 2-18 cm in Calotropis and 1.27 cm in Leptadenia (table 1;
figure 5). Pith is well developed at this stage and many laticifers are found associated
with the pnloem and the cortex. Internal phloem develops at 1-16 cm in Asclepias and
2.27 cm in Calotropis (figure 5). Two-day old seedlings do not show internal phloem. In
Leptadenia no internal phloem is observed in the 2- or 8-day old seedlings. In Calotropis
meduUary phloem is present in well-established plants, but absent in the 2- and 8-day
old seedlings. Protoxylem is completely obliterated at 1-25 cm in Asclepias, 2.20 cm in
Calotropis and 2.70 cm in Leptadenia (table 1).
In Calotropis and Leptadenia, well-developed arcs of epicotylar procambium with
differentiating phloem patches are seen at a level where the cotyledonary traces are not
yet organised (figure 5). In Asclepias the epicotylar procambium becomes clear only
when the cotyledonary traces are in the cortex (figure 7). Near the cotyledonary node,
at 3.12 cm in Asclepias, at 5-47 cm in Calotropis and 4-01 cm in Leptadenia, each pair of
vascular bundles flanking the original protoxyiem poles are observed in the cortex to
supply the cotyledons (figures 6, 7). Thus the cotyledonary node in all the species is
unilacunar two-trace and the entire root-hypocotyl vasculature supplies the cotyledons.
In Leptadenia there is a gradual but pronounced reduction in the mass ofxylem in the
root-hypocotyl vasculature when traced from the root to the cotyledons. The paired
vascular bundles in each cotyledon are complete with xylem, inner and outer phloem in
Asclepias and Calotropis and without inner phloem in Leptadenia. In Asclepias and
Calotropis the traces remain separate upto about half the length of the cotyledonary
lamina giving off lateral branches after which they fuse, whereas in Leptadenia the two
traces fuse at the cotyledonary base. The arcs or strips ofepicotylar procambium forma
complete ring of vasculature above the level of attachment of the cotyledons (figure 8).
The ¡
(supply at 3-0 cm in Asclepias and 5-55 cm in Calotropis) pair of leaves are
supplied from this ring and the node is unilacunar one-trace.
Branched laticifers are observed at the base of the cotyledonary traces. They are
found associated with the phloem, cotyledonary traces as well as in the pith and cortex.
In Asclepias at the adaxiai base of the cotyledons epidermal structures are observed
which resemble extratioral ner
associated with foliage leaves but they do not show
further growth and development in the cotyledons. In Calotropis the first pair of leaves
show many adaxial extrafloral nectaries (figure 9).
4.

Discussion

There are many reports of splitting followed by rotation of xylem through 180 ~ du¡
transition from root to stem vascular structure (Eames and MacDanials 1947; Banerji
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Figures 7-9. Serial transverso sections of the seedling of Asclepias(7) and Calotropis(8-9).
7. Shows departure ofcotyledonary traces and formation ofepicotylar procambiurn ( x 250).
8. Shows cotyledons and the ring ofepicotylar vasculature ( x 250). 9. Shows cotyledons and
the first pair of foliage leaves with adaxial extrafloral noctaries ( x 250).
(C-cambium-like cells; CB-collateral bundles; CT-cotylextonary traces; EN-extrafloral
nr
EP-epicotylar procambium; EV-epicotylar vasculaturr FL-foliage lea_f;
IP - internal phloem; L - laticifers; LX - lateral extension of metaxylem; P - phloem; PI - pith;
PX - protoxylem).
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1961; Govil 1973). Reports from our laboratory (Kavathekar and PiUai 1977; Pillai and
Goyal 1979, 1983; Sharma 1981), as also the present data fail to support this. The fact
that protoxylem elements are discernible in situ for varying distances even after
endarch, collateral condition is established shows that the interpretation of torsion is
not applicable here and seems to agree with Bonnier (1900a, b) in conceiving a gradual
inward shifting of the pole of xylem differentiation along the axis.
Ir has been suggested that in dicots with epigeal germination, the collateral
vasculature o f the cotyledons is directly continuous with the radial root vasculature and
has no direct connection with the epicotyl vasculature. This is supported by Grassley
(1932), Esau (1940), Misra Raj (1970), Kavathekar and Pillai (1977) and Pillai and
Goyal (1979, 1983). In plants with hypogeal germination the traces for the first leaf
primordium seem to be connected with the primary vasculature of the root. Data on
Acacia, Albizia and Mimosa with epigeal germination and Pithecolobium showing
hypogeal germination support this (Sharma 198 I; PiUai and Sharma 1983). The species
reported upon here show epigeal germination and the root-hypocotyl-cotyledonary
and epicotylar vasculatures seem to be ontogeneticaUy separate units. This suppports
Thoday's (1939) suggestion of double origin o f vascular system. Esau (1965) suggests
that the discontinuity of xylem initiation in the two vascular systems may be related to
the patterned distribution of auxins.
The cotyledonary node is unilacunar two-trace in the species studied. Marsden and
Bailey (1955) proposed this as the most p¡
nodal condition. The occurrence of
unilacunar two-trace cotyledonary nodes in representatives of widely separated
families investigated in this laboratory (Goyal 1981 in Cruciferae, Compositae and
Pedaliaceae; Kavathekar and Pillai 1977 in Ranunculaceae; Sharma 1981 in
Mimosoideae) seems signiticant.
Bailey (1956) described 8 types of cotyledonary nodes in dicotyledons and a
transition from an even number (2) o f median traces at the nodes to an odd number (3
or 5) in the lamina. In the species studied, the two traces at the cotyledonary node fuse
before entering the lamina in Leptadenia (type 'D' o f Bailey) and almost half way up the
lamina in the other two (type 'C' of Bailey). The data presented also support Bailey's
(1956) conclusion that there is no universal correlation between the forro and venation
of the cotyledons and specific type of nodal structure.
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