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Presently an attempt is made to get detailed information on anatomical architect of the nectariferous
tissues present in the ventrally folded stipules in 
SEM images. The anatomical studies revealed that nectar secreting tissues are present both on ventral 
and dorsal fold of the stipules located on both s
stipule show upper and lower ends made of epidermal tissues and secretary paranchymatous tissues in 
between. The paranchymatous cells are found to be loaded with nectar and spreading towards upper 
and lower epidermis. However, a closer observation on the SEM images it is noticed that amount of 
nectar is seen more on the lower end than upper side confirming the higher degree visitation of ants to 
the lower side of the stipule for nectar. The secretion is 
after hydrolyzing the nectar. The nectariferous cells are devoid of any intracellular bodies as found in 
other nectaries. Therefore, it is presumed that nectar oozes out either through pores in the epidermis 
or by rupturing epidermal layer. This aspect requires further SEM studies to find out the way out for 
the nectar.
 

Copyright © 2016, Savitha Veeraragavan and Ramamoorthy
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
 
 
 
 
 
 

 

 

 

INTRODUCTION 
 
Extrafloral nectaries (EFNs) are nectar-secreting vascularized 
or non-vascularized structures not directly involved with 
pollination (Elias,1983;Koptur,1992a), which are especially 
common on leaves, petioles, young stems, stipules and 
reproductive structures (e.g. buds, calyx, inflorescence axis, 
flower peduncles, fruit) (Rico-Gray, 1989, 1993; Rico
et al., 2004).The diversity of EFN shapes, nature of secretary 
glands and locations has been used for taxonomic purposes 
(Irwin and Barneby, 1982). Given such taxonomic value of 
EFNs (Bharathi Bhattacharya and Maheshwari, 1970; Lersten 
and Brubaker, 1987), and their role in ant
studies on anatomical features of these secretary glands /cells 
have become the concerned topic of taxonom
ecologists. Moreover, the ecological importance of the EFNs 
and their interaction with insects, have motivated many authors 
to study the morphology, distribution and their anatomical 
architect of these structures in different plant taxa (e.g. 
Zimmerman 1932; Bentley 1977; Metcalfe and Chalk 1979; 
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ABSTRACT 

Presently an attempt is made to get detailed information on anatomical architect of the nectariferous
tissues present in the ventrally folded stipules in Cassia alata using cross section of stipule and its 
SEM images. The anatomical studies revealed that nectar secreting tissues are present both on ventral 
and dorsal fold of the stipules located on both sides of petiole in 
stipule show upper and lower ends made of epidermal tissues and secretary paranchymatous tissues in 
between. The paranchymatous cells are found to be loaded with nectar and spreading towards upper 

ower epidermis. However, a closer observation on the SEM images it is noticed that amount of 
nectar is seen more on the lower end than upper side confirming the higher degree visitation of ants to 
the lower side of the stipule for nectar. The secretion is tested for sucrose using Benedict’s solution 
after hydrolyzing the nectar. The nectariferous cells are devoid of any intracellular bodies as found in 
other nectaries. Therefore, it is presumed that nectar oozes out either through pores in the epidermis 

by rupturing epidermal layer. This aspect requires further SEM studies to find out the way out for 
the nectar. 
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Elias 1983; Oliveira and Leita˜o
Oliveira-Filho 1991; Koptur, 1992; Morellato and Oliveira 
1994; McDade and Turner 1997).The extrafloral nectary 
(EFN) of Hibiscus pernambucensis, 
occurring in mangrove, occurs as furrows with a protuberant 
border on the abaxial surface veins of the leafblade. Each 
nectary consists of numerous secretory multicellular trichomes, 
epidermal cells in palisade-
vascularized parenchyma tissue (Rocha and Machado, 2009). 
Bharathi Bhattacharyya and M
1962), (Figier 1971), Tarkowska
(1988) and Fahn (1990) who observed the presence of nectar
secreting glandular trichomes on the stipules of
As well as, Stpiczyñska (2000) noticed extrafloral nectaries 
on the stipules in Vicia sativa
sativa subsp. sativa, V. sepium
ultrastructure of secretory trichomes and their underlying 
epidermal and subepidermal cel
been studied in great detail by (Wrischer 1962), Figier (1971), 
Tarkowska et al. (1981) and Davis
Bhatachria and Maheswari (1970) indicated based on 
phylogenetic clad that EFN is not present in 
reports of Massazi et al. (2012) is contradictory to findings of  
Bharathi Bhatacharia and Maheswari (1970) quoting suitable 
evidence that C. alata has extra floral nectar secreting tissue
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just on the ventral side of stipules embedded within the tissue 
of stipule. Keeping these contrasting finding on the presence of 
nectariferous tissues in C. alata, previously the authors have 
examined and confirmed the presence of secretary tissues in 
the stipules of C.alata (Savitha and Ramamoorthy, 2015). 
Presently an attempt is made to get detailed information on 
anatomical architect of the nectariferous tissues present in the 
ventrally folded stipules in Cassia alata using Cross section of 
stipule and its SEM images. 
 

METHODS AND MATERIALS 
 
Cassia alata, the candle bush, is an important medicinal shrub 
as well as an ornamental plant in the subfamily 
Caesalpinioideae. The plant is also known as, ringworm tree, 
or candle tree. The shrub stands 3–4 m tall, with leaves 50–
80 cm long. The inflorescence looks like a yellow candle. The 
fruit, shaped like a straight pod, is up to 25 cm long. Its seeds 
are distributed by water or animals. C.alata is growing in the 
university campus as well as distributed both in urban and rural 
areas of Pondicherry town.  Observations on the extra floral 
nectary substances/gland are made in relation to presence and 
visitation of ants into such plant parts. A thorough observation 
on the whole plant-from base to tip; of the each branch are 
made; similar observation was made in 10 healthy plants. To 
verify whether the modified stipular secretions are having 
sucrose as most of the floral nectar are rich in sucrose, 
Benedict’s reagent is used after hydrolyzing the secretions in 
Dil.HCl. The isolated stipular sections are observed under 
Digital portable but computer guided microscope (USB Digital 
Microscope-CE FC) followed by cross sections of stipules and 
its SEM images to examine the secretary cells present in both 
of upper and lower side of the stipule. For SEM images the 
material  were fixed in FAA then 70% ethyl alcohol, 
dehydrated with an ethanol series and critical-point dried using 
critical Point Drying Apparatus (FL 9496 Balzers). They were 
mounted onto stubs, sputter coated with gold and scanned with 
a Jeol SEM (JSM-T20) at 20 kV at central services lab., CIF 
 

 
 

Fig.1 Cassia alata growing in the wild 
 

RESULTS 
 

Observation on 100 plants on lobed stipules of Cassia alata 
obviously revealed that  C .alata possesses EFN tissues in the 
ventrally folded paired stipules located at the base of both sides 
of rachis. The modified stipular EFN tissues with their 

secretions are also visible under digital microscope at the 
ventral side of the stipular lobe (Fig.2-4).  
 

 
 
Fig. 2. Nectaries material on the uppr surface of secretary sipule 

under 500 x magnification 
 

 
 

Fig. 3. Nectary secretions found on the lower surface of secretary 
sipule under 500 x magnification 

 

In cross-section of nectar gland, it constitute of simple 
secretary epidermal layer beneath the layer mass multilayered 
of parenchyma cells. (Fig.2). The nectariferous cells are 
embedded in the secretary parenchyma cells of both upper and 
lower side of the ventrally folded stipules; howver, the 
secretary/secretions are more at the inner side/lower side of the 
stipules under phase-contrast microscope seen. On the upper 
surface, in each of stipule each nectary consists of numerous 
secretory multicellular trichomes, epidermal cells in palisade-
like arrangements and non-vascularized parenchyma tissue. 
The SEM images showing the internal cellular 
arrangement/nectariferous  parenchymatous, is given as               
(Fig 5-7).  
 

 
 

Fig. 4. Cross section of stipule showing secretary materials both 
upper and lower sides of folded stipule 

 

 
 

Fig.5 SEM image of upper surface of stipule 
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Fig. 6.  SEM image of lower surface of stipule 
 

 
 

Fig.7 SEM image showing upper and lower surface of stipule with 
nectary substances (1.00mm) 

 

 
 

Fig. 8.   SEM image showing upper and lower surface of stipule 
with nectary substances (500ʮm) 

 

DISCUSSION 
 

The Genus Cassia Linn. comprises 600 species occurring 
mostly in the tropics and subtropics, especially in India. Cassia 
is the only genus in Cassieae in which some species are 
characterized by the presence of extrafloral nectaries on the 
petiole, leaf-surface and rachis (Bharathi Bhattacharyya, 1970) 
and found distributed widely around the world, and more 
common in tropical than in temperate environments 
(Pemberton 1988, Oliveira and (Leitao-Filho 1987; Oliveira 
and Oliveira-Filho 1991). They are found on several different 
vegetative plant parts (e.g. leaves), as well as on inflorescences 
(e.g. pedicels) and the outside of the outer floral organs not 
directly involved in pollination (e.g. sepals). Fahn (1990) 
mentioned the presence of nectar-secreting glandular trichomes 
on the stipules of Vicia faba. The detailed studies on the EFN 
glands of Vicia faba have been  done by (Devis and Gunning 
(1991, 1992) and Davis et al. (1988). Morphologically, EFNs 
represent a heterogeneous multitude of secretory structures, 
from simple glandular trichomes and cryptic secretory tissue 
embedded within EFN-bearing plant parts to conspicuous, 
complex vascularized or non-vascularised glands, all of which 
produce and secrete nectar (Elias and Gelband, 1976; Fahn, 
1979; Schmid, 1988; Vogel, 1997;Bernardello, 2007). One 
such type of EFN tissue embedded within EFN-bearing plant 
parts-stipule has been reported in Cassia alata  (Savitha & 
Ramamoorthy, 2015). In Cassia alata, the presence of actual 

gland is reported to be absent (Bharathi Bhatachriaa and 
Maheswari 1970) but reports of  Marazzi et al., 2012) with 
relevant evidences claimed that extra floral nectar secreting 
tissues are present in C.alata just on the ventral side of stipules 
at each node. Keeping these contrasting finding on the 
presence of EFN in C.alata our previous studies confirmed the 
presence of nectariferous cells in the ventrally folded stipule 
located at the base of each rachis (Savitha and Ramamoothy 
2015). In the present study, the nectar secretion by those 
stipules are confirmed through cross section and SEM images 
of the stipules as well as chemical testing for the presence of 
nectar using Benedict’s reagent. Cross section and SEM 
images of  stipules  revealed obviously that C.alata possesses 
EFN secreting tissues in the ventrally folded paired stipules 
located at base of rachis one on each side. The upper and lower 
sides of the stipule are having whitish substances secreted and 
sent out side directly. (Fig 6&7) show the close up view of the 
surface (upper) and lower surface with nectar substances. SEM 
images clearly show the nectar present more at the lower end 
and lesser in the upper end. The field observation also in 
support of presence of more nectar in the lower side of the 
stipule by witnessing ants mostly attended/visited lower side of 
the stipule for nectar than the upper side.   
 
Present observation are conformity with the reports of 
(Stpicznska 2000) that stipules with nectariferous tissues are 
present in four Vicia taxa, V.sativa subsp.angustifoin lia in 
Hibiscus pernambucensis (Rocha, 2009) and in Croton 
urucurana (Leandro Fretas 1999). Simple anatomy consisting 
of an upper/outer epidermis immediately with a mass of small, 
closely-packed parenchyma cells are found in Chamaecrista 
fasiculata and Senna hepecarpa (Lenore T. Durkee, 1999) 
could also be cited here. One of the notable feature understood 
from SEM images of the EFN secretary cells that these 
secretary cell or the parenchmatous tissues are not having any 
vacuoles, droplets or vesicle as found in Croton urucurana 
(Leandro Freitas 1999). Hibiscus pernambucensis (Rocha and 
Machado, 2009)  Croton urucurana (Leandro Freitas 1999) or 
starch grains as in Ricinus communis (Kalman and 
Gulyas,1974). 
 
SEM images further clearly revealed that multilayered 
parenchymatous tissue present in the middle of the stipule is 
not having any intra or inter cellular bodies or structures. Need 
for conduct of nectar is necessary generally when there is a 
nectar gland; but in C.alata the the secretary tissues are 
modified cells of stipule. Further, it is also clear from reports 
of (Kupicha 1976) that members of the genus Vicia the stipules 
are with nectariferous spots on abaxial surfaces in 
subgenus Vicia. (Stpiczyñska 2000) studied extrafloral 
nectaries located on the stipules in four Vicia taxa; V.sativa 
subsp. angustifolia, V. sativa subsp.  sativa, V. sepium and V. 
grandiflora. The nectariferous tissues consisted of secretary 
hairs building of four cells of head, one stalk and basal cell and 
2-3 layers of subepidermal cells. But in C.alata the upper 
epidermis is single layered with or with non secretary trichome 
followed by multilayered parenchymatous tissue and terminal 
fold, with rich secretary cells (Fig.7). SEM images further 
underlines absence of cuticle rupture which indicate that the 
cuticle is permeable to nectar, as pointed for a number of other 
species (Stpiczynska et al. 2005). 
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Secretory fluids that accumulate in subcuticular spaces may be 
eliminated via cuticular pores, cuticle rupture, or in more 
permeable cuticular regions, as described for other types of 
nectaries and secretory trichomes (Fahn, 1979). In P. crucis, 
the secretor fluids accumulate in the subcuticular space, 
indicating that the nectar must be released through cuticle 
rupture. As reported by several authors, the accumulation of 
secretion below a lifted cuticle (which later ruptures) is a 
general feature for EFNs (McDade and Turner, 1997, Nepi, 
2007 and Picazo et al., 2008). However, as cuticular ruptures 
or detachments were not observed, we do not think that this is 
the case for the species studied here. Because the epidermis 
here was deprived of stomata and contained microchannels, 
nectar may be released through these microchannels as 
reported for other botanical families (Freitas et al., 
2001, Koteyeva, 2005, Stpiczyńska et al., 2005 and Weryszko-
Chmielewska and Bożek, 2008). We are also compelled to 
believe that the main site of nectar exudation is the central area 
where thin-walled epidermal cells are found. The presence of 
thin-walled epidermal cells would weaken the barrier against 
nectar release. Moreover, (Francino et al. 2006) reported the 
presence of cuticular pores at the centre of the EFN concavity 
which may be the sites for nectar exudation in C. trichopoda. 
Further, (Marrazi et al 2012) have found out two distinct kinds 
of EFNs existing in two unrelated clades within Senna 
(Cassia). 'Individualized' EFNs (iEFNs), located on the 
compound leaves and sometimes at the base of pedicels, 
display a conspicuous, gland-like nectary structure, are highly 
diverse in shape and characterize the species-rich EFN clade. 
The stipule blade may be glabrous or covered by trichomes and 
is strongly asymmetric and cordate, forming one lobe that is 
modified in colour and thickness and includes the secretary 
tissue (Fig 2-3). Two distinct kinds of EFN morphologies exist 
in Senna, which is interpreted in relation to their degree of 
individualization, i.e. morphological differentiation and 
specialization, with respect to the organ that bears them. The 
newly discovered, cryptic EFNs are non-individualized EFNs 
(non-iEFNs), i.e. stipules, bracts and sepals that are EFN-
bearing organs, in which specific zones differentiate into 
nectar-producing structures. Such structures consist of 
nectariferous tissue embedded in the coloured stipule lobe. 
Presence of simple type of secretary tissues of ventrally 
embedded non-vascularised stipular lobe with in C.alata 
probably imply primitive nature of EFN in the evolution 
particularly in members of family Cassiaceae. 
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