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ABSTRACT 

The study of Stem- Node- Leaf continuum in the members of solanaceae has been made to describe the 

vascular pattern in the internode, the node and the petiole. The Stem- Node- Leaf continuum was studied 
in Capsicum annuum, Datura fastuosa, Datura metel, Lycopersicon esculentum and Withania somnifera. 

The intermodal structure in all the five species studied here showed almost similar pattern but the 

characters like outline of stem in transeverse sections, number of vascular bundles and description of 
epidermal and cortical tissues etc. differed. The node is of unilacunar unitrace type in two species 

(Lycopersicon esculentum and Withania somnifera), unilacunar double trace type in two species 

(Capsicum annuum and Datura metel) and unilacunar three trace type only in single species (Datura 

fastuosa). The petiolar vasculature has been classified (Howard, 1963). It is broadly ‘U’ shaped in all the 
species. The results are discussed with respect to the evolutionary conception of the node. 
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INTRODUCTION 

The study of nodal organization has an important bearing in understanding the main course of vasculature 
and its subsequent supply to various plants organs, both vegetative and reproductive and their accessories. 

The information so derived could be helpful in inculcating structural and developmental sequences of 

these organs and also a criterion for systematic studies. 

The node is defined as either a joint or a place where a leaf, two opposite leaves or a whorl of leaves may 
be borne. The word node has also been associated with internal structure of the stem, where the term 

indicates the relationship of the vascular supply of the leaf base or the petiole with that of the stem. The 

stem and the leaf may be said to have a continuous vascular supply. The unit of conducting tissue which 
enter the stem from the leaf or conversely depart from the stem and enter the leaf have been termed traces 

and their association with the total vascular supply of the system such that a lacuna or gap generally filled 

with parenchymatous tissue is present. Although each lacuna normally has one trace, two trace, three 

trace or more groups of vascular strands have also been associated with a lacuna. The type of node for a 
family of the genus is generally constant but the deviation from the main type does exist thus making this 

character to be family- genus specific. There are some species of Solanaceae family which been worked 

out to understand the nodal vasculature. All the species showed here also belongs to the same family 
whose vasculature has been studied with the same orientation. 

The present paper deals with the details of nodal organization in Capsicum annuum, Datura fastuosa, 

Datura metel, Lycopersicon esculentum and Withania somnifera and its morphological implications.  
 

MATERIALS AND METHODS 

The five economically important plants belonging to family solanaceae were taken as experimental 

material during the present investigation. For the study of Stem- Node- Leaf continuum, internodes, nodes 
and leaves were collected from mature plants plants. The collected material was fixed in Formalin- Acetic 

acid-Alcohol (FAA) consisting of formalin, acetic acid and 70% ethanol in a proportion of 1:1:18 for 

about 48 hours and dehydrated through tertiary butyl alcohol (TBA) series and embedded in paraffin. 
Serial transverse sections of internodes, nodes and leaves were taken awt 8-10 µm. and affixed the 

paraffin ribbons to slides. Houpt’s adhesive was used for affixing solution. The dried slides were then 

stained with Tannic acid-Ferric chloride, saffranin and light green combination (Johansen, 1940). 
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RESULTS AND DISCUSSION 

Observations 

 

(A) Morphological Characters 

Characters C.annuum D.fastuosa D. metel L.esculentu

m 

W.somnifera 

Habit Hqerbacious, 

perennial about 

1-1.5 M. in 
height.  

Annual and 

puberculous 

herb, wildly 
grown about 4-

5ft in height 

Annual wildly 

grown and 

sub glabrous 
spreading 

herb 

Small 

cultivated, 

perennial 
herb 

Erect, wildly 

grown as perennial 

shrubs 

Stem Aerial, erect, 

branched, 

herbaceous and 
cylindrical 

Aerial, erect, 

branched, 

herbaceous and 
cylindrical 

branches in a 

zig-zag manner 

Aerial, erect, 

dichotmously 

branched and 
herbaceous  

Aerial, 

erect, 

pubescent 
and 

herbaceous 

Aerial, branched, 

flexuose and 

densely tomentose  

Leaf Simple, 

stipulate, entire 
and oblong.  

Simple, 

exstipulate, 
alternate,cauline 

and ramal  

Simple, 

exstipulate, 
alternate and 

sub- opposed 

in unequal 
pairs 

Alternate, 

unevenly 
pinnate, 

rough, 

cauline and 
ramal, 

exstipullate  

Simple, green, 

ovate, acute at the 
base and sub acute 

at the top 

Flower Solitary axillary, 

umbellate 

inflorescence 
colour white to 

bluish, ovary 

superior placed 

obliquely on 
thalamus 

Solitary axillary, 

purplish outside 

and white 
within, 

ebracteate, long 

pedicel, ovary 

superior placed 
obliquely on 

thalamus, axile 

placentation 

Solitary 

axillary, white 

in colour 
pentamerous 

with long 

pedicel ovary 

superior 
placed 

obliquely on 

thalamus 

Solitary 

axillary, 

umbellate 
cyme 

yellow in 

colour, 

persistant 
star shaped 

calyx 

Sub sessile 

umbelliform 

cymes, greenish or 
yellow in colour, 

ebracteate and 

complete  

Fruit Green berries 

maturing into 
yellow, orange 

to red 

Globose 

capsule, 
persistant calyx 

Globose 

capsule, 
persistant 

calyx and 

slender spines 

Glabrous 

and shiny 

Small berry and 

globose, enclosed 
in the enlarged 

inflated and five 

angled pubescent 
calyx, orange in 

colour 

Seeds 

 

 

 

 

 

White or 

creamish in 

colour, almost 
circular having 

long placental 

connection 

Smooth, discoid, 

black in colour, 

compressed, 
approx 4mm in 

diam 

Smooth, 

discoid black 

brownish and 
compressed 

 

 

Flat, kidney 

shaped, 

hairy 
greyish in 

colour  

Small, smooth 

yellow and 

reniform, curved 
embryo embedded 

in endosperm. 
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1A 

 
1B 

 

 
1C 

 
1D 

 

 
1E 

 
1F 

 
Figure 1: Transverse section of axis and petiole in Capsicum annuum. A Part of internode 

vasculature X100, B Departure of leaf traces from main axis X100, C First marginal bundle 

separates out from the edge of the petiolar vasculature X100, D The petiole vasculature showing 

marginal bundles housed in the ridges X400, E Marginal bundle supply to the lamina X400, F 

Shortening of the petiolar arch vasculature and approach to the leaf tip structure X400. IC inner 

cortex, LT leaf trace, MB marginal bundle, MC middle cortex, OC outer cortex, VEB vein bundle 
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2A 

 
2B 

 

 
2C 

 
2D 

 

Figure 2: Transverse section of axis and petiole in Datura fastuosa. A Part of internodal 

vasculatureX100, B Showing an axillary bud and leaf trace X100, C Showing an axillary bud and 

forming a crescent shaped structure in the cortexX100, D showing separation of the marginal 

bundles X100. AB axillary bud, E epidermis, IC inner cortex, IV intermodal vasculature, LT leaf 

trace, OC outer cortex, LAB large axillary bundle, MB marginal bundles 
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3A 

 
3B  

 

 
3C 

 
3D 

 

 
3E 

 
3F 

 

Figure 3: Transverse section of axis and petiole in Datura metel. A Part of internodeX100, B 

Internodal region showing two vascular groups preparing as a trace to a leaf X100,C Formation of 

axillary bud X100, D showing petiole vasculatureX100, E More marginal bundles separates and get 

housed into the ridgesX400,F Midrib vasculature near the leaf tipX400. IC inner cortex, IV 

internodal vasculature, LT leaf trace, OC outer cortex, AB axillary bud, PV petiole vasculature, L 

Lamina, MB marginal bundles, MRB midrib bundles 
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4A 

 
4B 

 

 
4C  

4D 

 

 
4E 

 
4F 

 

Figure 4: Transverse section of axis and petiole in Lycopersicon esculentum. A Showing intermodal 

structure X100, B Departure of the vascular groups preparing a leaf gapX100,C Formation of 

axillary bud X100, D Separation of marginal bundles from the large arc shaped vascular group of 

the petiole X100, E Showing laminar and midrib vasculature X 100, F Showing midrib vasculature 

near the leaf tipX100. LT leaf trace, LV Laminar vasculature, MB marginal bundles, MRV midrib 

vasculature, ABV Axillary bud vasculature 
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5A 

 
5B 

 

 
5C 

 
5D 

 

Figure 5: Transverse section of axis and petiole in Withania somnifera. A Part of intermodal 

structure X100, B Internodal section is showing vascular groups preparing as traces to the leaf 

X100, C Separation of vascular bundles from the large arcuate vascular group of the petiole X100, 

D midrib vasculature near the leaf tip X100. IC inner cortex, LT leaf trace, OC outer cortex, PH 

phloem, PI pith, X xylem, L lamina, LAB large arcuate bundle, MB marginal bundles, MRV 

midrib vasculature. 

 

(B) Anatomical Characters  

The Internode:- The internodal structure in all the five species studied here showed almost similar pattern 
but the characters like outline of stem in transverse section, number of vascular bundles and description of 

epidermal and cortical tissues etc.differed. 

The outline differed from oval and cylindrical to pentagonal. Capsicum annuum is showing almost 
pentagonal having five low ridges alternating with furrows (Figure 1A). Cylindrical outline is found in 

Datura fastuosa, Datura metel and Withania somnifera (Figures 2A, 3A, 5A). Oval shaped internodal 

structure is found in Lycopersicon esculentum (Figure 4A).  

Vasculature is in the form of ring of about 10-20 conjoint, collateral and open bundles which are 
generally of same size in all the species. Epidermis was single layered with thick walled cells and thick 

cuticle. Epidermal hairs are uniseriate and multicellular in Datura fastuosa, Datura metel, Lycopersicon 

esculentum and Withania somnifera. Cortex is divided into two to three parts (a) outer cortex- of 2-3 
layered collenchymatous cells (b) middle cortex- of 3-4 layered chlorenchymatous cells and (c) inner 



Indian Journal of Fundamental and Applied Life Sciences ISSN: 2231-6345 (Online) 

An Open Access, Online International Journal Available at http://www.cibtech.org/jls.htm 

2015 Vol. 5 (3) July-September, pp.71-80/Bhati 

Research Article 

© Copyright 2014 | Centre for Info Bio Technology (CIBTech)  78 

 

cortex- of 4-5 layered parenchymatous cells having intercellular spaces. Pith in all the species is broad 

having parenchymatous cells and intercellular spaces. 

The Node:- The vascular cylinder forms an unbroken ring. A single crescent shaped group of vasculature 
separates from the axial ring, leaving a single gap, supplies the leaf. The node is of unilacunar unitrace 

type in two species Lycopersicon esculentum and Withania somnifera (Figures 4B,4C,5B). The leaf gap 

made due to this is filled by differentiation of procambial tissue after the axillary bud has received its 
vascular supply from the axis. In Capsicum annuum and Datura metel, two large adjacent vascular groups 

depart as leaf traces leaving a single large gap. The two traces to the leaf on opposite side depart at 

slightly higher level confirming the placement of two leaves at a node as sub-opposite. The node is a 

unilacunar double trace type (Figures 1B, 1C, 3B).  
The leaf gap formed is filled in by differentiation of fresh procambial tissue and the axillary buds are 

supplied from this. The two vascular bundles enter the petiole base and remain separate till they prepare 

for laminar supply. In Datura fastuosa, three groups of vasculature depart simultaneously from the axis 
vasculature and constitute three traces to a leaf. All the vascular groups depart from the axis and enter the 

petiole as separate units the node is of unilacunar three trace types (Figures 2B&2C). They are arranged to 

form a crescent shape structure. When the cortical tissues of the petiole start detaching from the axis, 
three more vascular groups start as traces to another leaf. The level of departure of the traces to two 

successive leaves confirms their relative placement at about 45
0
 apart from each other. 

The Petiole:- The shape of the petiole vasculature remains crescent shape throughout the petiole and 

midrib in all the five species except Datura metel. Branches from the edge of petiole vasculature supply 
the leaf lamina. The size of the petiole or leaf vasculature decreases as it moves towards the tip of the leaf 

(Figures 1D,1E,1F,2D,4D,4E,4F,5C,5D).  

In Datura metel, the crescent shaped vascular group changes to horse shoe shaped at the base of petiole 
(Figures 3C, 3D). The small vascular groups, one each the adaxial side of this vasculature, separate as two 

marginal bundles and each get housed below the two small adaxial ridges (Figure 3E). These ridge 

bundles enter into lamina and supply it. The remaining larger vascular group forms the midrib vasculature 

and supplies the remaining part of lamina at higher levels (Figure 3F). 

Discussion 

The stem outline is oval to slightly angular in Datura fastuosa, and Lycopersicon esculentum, pentagonal 

in Capsicum annuum and cylindrical in Datura metel and Withania somnifera. The cortex is demarcated 
into outer and inner in the two Datura species and outer, middle and inner in the remaining three species. 

Several discrete bundles joined with procambial tissue constitute the axis vasculature in Capsicum and 

Datura metel. In the remaining three species the axis vasculature is represented by a continuous ring. The 
data indicate that the species studied here, as also the previous ones by several authors, have specific 

combination of internodal histology. 

All the species studied here showed a unilacunar type of node. Variations in the basic type are seen in 

these species. In Lycopericon and Withania a single large vascular bundle originates as a leaf trace, in 
Capsicum and Datura metel two vascular bundles separates from common gap whereas in Datura 

fastuosa three vascular groups leave the stele from one gap. The uniform condition of node in one family 

has been recorded by earlier workers also (Kavathekar et al., 1979; Gupta and Murty, 1983; Jain et al., 
1984).  

Whereas, variations in the unilacunar condition within a family, the Solanaceae are also seen Gunckel and 

Wetmore (1946) in Ginkgo, Swami (1953) in Chloranthaceae, Kavathekar et al., (1979) in Pedaliaceae 
and Lavania and Govil (1991) in Solanaceae have also demonstrated the variations of nodal conditions 

within one taxon. 

Eames (1961) suggested a strong correlation between the simple leaf and unilacunar condition of node. 

Earlier Sinnott and Bailey (1914) put forward the view that majority of angioperms having unilacunar 
nodes did not possess stipules. Later Dickison (1969) and Gupta and Murty (1983) also supported this 

view. But Kshetrapal and Tyagi (1981) in Buddleia and Nicotiana and Negi and Sharma (2001) in 

Hamelia found that the unilacunar node was also associated with stipular supply. All the species studied 
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here have various types of unilacunar nodes and exstipulate leaves. The data are in agreement with 

Sinnott and Bailey’s (1914) observations. 

Conflicting views exist regarding phylogenetic advancement of nodal conditions. Sinnott (1914) 
described three types of nodal structures viz., unilacunar, trilacunar and multilacunar, and considered tri 

lacunar three trace types to be the most primitive condition. Marsden and Bailey (1955), Fahn and Bailey 

(1957) and Sharma and Pillai (1982, 1985) found the unilacunar double trace condition as the most 
primitive. Ezelarab and Dormer (1966) gave a suggestion about phylogenetic advancement of nodal 

structure starting from the trilacunar to multilacunar primitive type through unilacunar multitrace, 

unilacunar three trace to unilacunar one trace which was considered to be the most advanced nodal type. 

Three variations of unilacunar nodal conditions are recorded in the foliar nodes of all the species studied 
here.  

The cotyledonary node in Capsicum annuum, Datura fastuosa and Lycopersicon esculentum reported in 

the present treatise showed unilacunar double trace condition whereas the foliar nodes of these species 
were unilacunar two trace, unilacunar three trace and unilacunar one trace types respectively. This is 

suggestive of ancient nature of the unilacunar double trace condition. The unilacunar one trace (in 

Lycopericon and Withania) and three trace (in Datura fastuosa) might have arisen through reduction or 
amplification of traces. Amongst the species studied here Capsicum annuum seem to be most primitive 

and Datura fastuosa the most advanced species based on the nodal structure. 

Metcalfe and Chalk (1950) suggested taxonomic importance of petiolar anatomy and proposed nine types 

of vascular systems in dicotyledonous petioles. Howard (1963) also gave a preliminary classification 
relating to the nodal structure at the level of the gap to the vascular pattern obtained in the petiole. Hara 

(1943) reported different shapes of petiolar vasculature viz., ‘U’ –Shaped, ‘I’-Shaped or ‘O’-Shaped. The 

traces to a leaf fuse and form an arc at the base of petiole which is broadly ‘U’-Shaped in all the species 
reported here. Lavania and Govil (1991) also reported similar observations in some members of 

Solanaceae. Earlier Canright (1955) Philipson and Philipson (1968) stated that the petiolar vascular arc 

was derived through ontogenetic and phylogenetic fusion of several traces. The data reported here broadly 

agree with these suggestions. The ridges bundles observed in all the five species of Solanaceae may be 
considered as laminar traces because they become a part of laminar vasculature at higher levels. Metcalfe 

and Chalk (1950) have also reported similar results. 
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