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The ecological importance of the EFNs and their interaction with insects, have motivated many authors to
study the morphology, distribution and frequency of these structures in different plant taxa. The diversity
in nectar shape and location taxonomically valuable in addition to their ecological role in plant insect
interactions and hence in the present study the location of the gland size and shape and micro-
morphological characteristics of Cassia hirsuta are examined and presented with relevant images. Further,
the attachment of gland with main stem indicated  non-vascularised nature of the gland. The SEM images
of the surface of the gland showed ruptures in the matured gland  through which the nectar oozes out.
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INTRODUCTION

Plants have evolved a myriad of traits that attract, reward and
exploit animals for vital tasks, such as pollination, seed
dispersal and herbivore defence (Schoonhoven et al.,
2005;Bronstein et al., 2006). Extrafloral nectaries (EFNs) one
of such trait in certain plants,are plant-secretory glands most
commonly linked to defensive mutualisms (Doak et al. 2007).
The ecological importance of the EFNs and their interaction
with insects, have motivated many authors to study the
morphology, distribution and frequency of these structures in
different plant taxa (Zimmerman 1932; Bentley 1977; Metcalfe
& Chalk 1979; Elias 1983; Oliveira &Leita˜o-Filho 1987;
Oliveira &Oliveira-Filho 1991; Koptur, 1992; Morellato &
Oliveira 1994; McDade & Turner 1997). Species of Genus
Cassia bearing EFNs are widely distributed around the world,
and more common in tropical than in temperate environments
(Pemberton 1988, Oliveira and Leitao-Filho 1987; Oliveira
and Oliveira-Filho 1991) and its role in insect attraction
(Koptur 1992). 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). The distributional patterns of glandular hairs on the
calyx-tooth were examined in 30 species of subgenus Vicia by
Endo and Ohashi (1998). They observed two types of glandular
hairs; a few glandular hairs scattering on the whole surface, or
many glandular hairs densely gathering at the center of teeth.
Stpicznska(2000) studied extrafloral nectaries located int

stipules in four Vicia taxa, V.sativa subsp.angustifolia. The
occurrence of EFNs in leaves of Pterodon polygalaeflorus
Benth and Pterodon pubescens Benth (Fabaceae:
Papilionoideae) were detected in adult specimens, at the time of
production of new buds and flowers. The EFNs occur in the
rachis and are located under the insertion of each petiole. Each
gland consists of a small elevation whose apical portion is
deeply invaginated, resulting in a depression (secretary pole), a
common characteristic of both species. Unicellular, non-
glandular trichomes occur along the rachis, being less
numerous in P. polygalaeflorus while in P. pubescens they
cover entire EFNs. (Pavia.et.al, 2001). Cassia hirsuta is chosen
for the present study to examine the actual location and point of
attachment  on the main plant and its micro-morphological
characteristics of extrafloral nectar gland of C.hirsuta, growing
widely in the University compus.

MATERIALS AND METHODS

Plants occur as weeds, especially near sites of human habitation
where there has been destruction of the natural vegetation.
They favour riparian situations where sandy alluvium has been
deposited, but are also to be found in disturbed grassland or
forest margin. Short-lived perennial shrub with erect, sparsely
branched stems up to 1,5-2,7 m high. Stems ridged, villous
when young with dense straight slightly upward  pointing,
greyish-white hairs, becoming densely pubescent.
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Petiole 2,5-4 cm long including basal pulvinus; petiolar gland
at distal end of pulvinus, sessile, cylindric, finger-like, slightly
narrowed at base, blackish, 2 mm long Inflorescences in axils
of middle and upper leaves, 3 cm long, 3-6-flowered. The EFN
glands are collected from Cassia hirsuta growing in the
university campus. Before collecting the glands, plants are
observed for an hour to note down the movement of ants across
the plants. Photographs are taken in the field itself focusing on
the location and distribution of EFN gland in the plant. Mature
and young glands are collected. Cross sections of the different
size glands are observed under phase contrast microscope and
images are photographed. To examine the surface configuration
of gland, the processed gland sample were dried with co2 for
few minutes and mounted on double adhesive tape on stubs and
sputter with ions, then the samples were observed in 15.0kV
using Hitachi S-3400N and SEM images are obtained.

RESULT

The EFN glands in Cassia hirsuta is located at the base of the
petiole. Each petiole beared one gland on  the upper side of the
base of the petiole(fig.2). The gland is spherical with dark
violet in colour and the size ranged between 1.0 to 2.0±0.3mm
and attached to the petiole by very short stalk (Fig.3).

The gland is attached to the petiole but there is no vascular
supply to the glandular cells; the vascular bundle is terminated
before the glandular paranchymatous cells (Fig.4).The size of
gland at the middle of the plant is larger than the
upper/terminal and base of the plant. The surface of the gland
showed variation in the surface configuration according to their
position in the plant and this is also seen in SEM image of
surface of the young gland located in the upper
portion/terminal portion of the plant both young and mature
gland(Fig.5).

Fig 1 Cassia hirsuta Linn

Fig 2 Location of EFN gland in Cassia hirsuta.

Fig 3 EFN gland with short stalk

Fig 4 Microscopic  view of  TS  of  gland  showing  attachment  of  gland
with petiole.

Fig.5 SEM images of  Surface mature gland with and without ruptures
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DISCUSSION

In general, EFNs represent a heterogeneous multitude of
secretary structures, from simple glandular trichomes and
cryptic secretory tissue embedded within EFN-bearing plant
parts to conspicuous, complex vascularized glands, all of which
produce and secrete nectar (Zimmermann, 1932; Elias and
Gelband, 1976;Fahn, 1979; Schmid, 1988; Vogel, 1997;
Bernardello, 2007). EFNs are found in many tropical genera of
the family Caesalpiniaceae. The Genus Cassia Linn. comprises
of 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 Bhattachariya. 1970). The diversity in gland shape
and location taxonomically valuable in addition to their
ecological role in plant insect interactions (Bentley 1977,
Bentley & Elias 1983, Koptur 1992, Rudgers & Gardener 2004,
Wackers & Bonifay 2004, Diaz-castelazo et al. 2005;  doak et
al. 2007). From the field observation on the occurrence of
EFN gland in 100 plants of Cassia hirsuta, it is quite obvious
that the position of nectar is at the base of petiole and found
constant in all the plants observed in the wild (Fig1 & 2). It is
understood from the available reports that  the location of
these glands vary conspicuously among the members of
different families such as Cythraceae where the EFNs present
in the leaf blade, in Vochysiaceae EFNs seen in the stem,
peduncle, petiole and in Chrysobalanaceae and Malphighiaceae
the EFNs located in leaf blade. In families like Ochnaceae,
Fabaceae, Rosaceae, Malvaceae, Myrsinaceae, Bigoniaceae,
Verbanaceae the EFNs are present in the stipules, rachis,
petiole, leaf blade, stem (Machado, 2008).  Besides in members
belong to families Apocynaceae, Boraginaceae, Cactaceae,
Compositae, Convolvulaceae, Meliaeceae, Tureraceae the
EFNs are located in nodes, bracts and phyllaries also (Cecilia
diaz-Castelazo, 2005). The shape of such glands varies very
conspicuously in many other species. Chamaecrista fasiculata
has cup shaped while Senna marilandica and S.hepecarpa are
clavate (Lenore T. Durkee, 1999); as Hair like structures
(trichomes) in Hibiscus pernambucensis (Joecildo Francisco
Rocha, 2009). Elevated EFN in plants such as Terminalia
argentea, T.brasilium, Lafoensia pacari and Enterolobium
gummiferum. Flattened type of glands are present in Licania
humilis, Ourateaspectabilis, and in O.castanaefoliait whereas
in Bauhinia rufa, Rapanea guianensis, and R.lancifolia, it is
has glandular trichomes (Machado, 2008). The
macromorphological features viz. shape, size and colour
revealed that the EFN of Cassia hirsuta is spherical in shape
which is attached in the basal portion of the petiole through a
very short stalk. The colour of the gland are dark brown to
black. With regard to size of these glands, as such there is no
report on the size range of glands in the species hence,
presently an attempt was made to know about the size range of
EFN in cassia hirsuta and found that the maximum size of
nectar gland ranged between 1-2mm diameter. Further the size
also could be categorized into 3 types namely the glands in the
middle portion of the whole plant is little larger than the other
two i.e. lower and terminal portion. The number of glands in
each plant differ from one another as glands are present at the
base of each petiole evenly. The no. of glands is depending on
the number of compound leaf in a plant which in turn vary

according to the age of the plant.  Further it is also observed
that attachment/emergence of these glands from petiole
indicated that the vascular bundle of the main stem is extending
in to the glandular part; rather it terminates at the base of the
gland itself and hence EFN gland in Cassia hirsuta becomes
non-vascularised. In most of the members in Caesalpeniaceae,
the EFN glands are vascularised i.e. the gland has the supply
from the vascular system of the plant  and they are also
involved in secretion and transport of such secretion ; but in
few members of Malvaceae such as Eriotheca gracilipes, are
non-vascularised similar to a condition found in Cassia hirsuta
studied presently.

SEM images were examined to understand how nectar from the
gland comes out as a food/attractant and made available to
foraging ants at the surface. SEM images showed ruptured
regions on the surface of the epidermis and these ruptures are
more in the larger gland in a single plant; it is also noticed that
the surface of the gland from terminal portion of the plant is not
having such rupture and then ruptures are not very clear in the
glands from basal portion of the plant (spent gland); the former
condition may be due to immature nature of the gland; later is
the one that has shrunk due to age. Visiting of ants to such
larger glands with ruptured epidermis are more frequent than in
smaller glands (spent and immatured). Therefore, in view of
the SEM images and frequency of ants visit noticed in the field,
it is presumed that the epidermis of EFN gland on its
maturation the size of the gland increases resulting ruptures
thro which nectar oozes out. To feed on the nectar, ants move
around such matured glands for their food. Such observations
are in close conformity with the observations made in
Cucurbita maxima by Fernando Lopez-Anido (2007) that when
the gland matures cuticle rupture occurs through which the
nectar ooze out. It is to be highlighted presently that though
present investigation has recorded ecologically and
taxonomically important morphological structural attributes of
EFN gland in Cassia hirsuta for the first time, still there is a
need to study the anatomical/histological features of glandular
cuticle/epidermis in relation to different phases/stages in
secretion in Cassia hirtusa. Thus, present findings on relating
to gland location in the plant, size, shape,  colour of EFN  and
its maturity based distribution along the plant and the non-
vascularised characteristic of Cassia hirsuta would help to
understand not only evolutionary significance and taxonomical
studies  but also to understand  whether EFN and its
characteristics, are species specific among the members of the
Genus Cassia.

Acknowledgement

Authors are thankful to department laboratory assistants for
their help in getting images from the phase-contrast
microscope and photography and also extend their thanks to
technicians of CIF of our university who helped in getting SEM
images.

References

1. Bentley B.L. (1977) Extrafloral nectaries and protection
by pugnacious bodyguards. Annual Review of Ecology
and Systematics, 8, 407–427.



Sharmila Tamby S and A.Yogamoorthi., Studies on micro-morphological characteristics of  Extra floral nectar gland
of Cassia hirsuta Linn

3907 | P a g e

2. Bentley, B.L. & Elias, T.S. 1983. The biology of
nectaries. Columbia University Press. New York.

3. Bentley, B.L. 1977. Extrafloral nectaries and protection
by pugnacious bodyguards. Annual Review of Ecology
and Systematics 8:407-428.

4. Bernardello, G., 2007. A systematic survey of floral
nectaries. In: Nicolson, S.W., Nepi, M., Pacini, E.
(Eds.), Nectaries and Nectar. Springer, Dordrecht, pp.
19–128.

5. Bharathi Bhattacharyya &Maheswari J.K (1970).
Studies on  Extrafloral nectaries of the

Leguminales.Vol.37, B, No. 2.
6. Bronstein JL, Alarcon R, Geber M. 2006. The evolution

of plant–insect mutualisms. New Phytologist 172: 412–
428.

7. Cecilia Di´Az-Castelazo1, Victor Rico-Gray1, Fernando
Ortega and Guillermo A ´ Ngeles. Morphological and
Secretory Characterization of Extrafloral Nectaries in
Plants of Coastal Veracruz, Mexico., Annals of Botany
96: 1175–1189, 2005.

8. Davis, A.R. and B.E.S. Gunning, 1991.  The modified
stomata of the floral nectary of Vieux fabaL. Stomatal
number and distribution as selection criteria for
breeding for high nectar sugar production. ActaHortic.,
288: 329-334.

9. Davis, A.R. and B.E.S. Gunning, 1992.  The modified
stomata of the floral nectary of Viciafaba L. 1.
Development, anatomy and ultrastructure. Protoplasm a,
166: 134-152.

10. Davis, A.R., R. L . Peterson and R.W. Shuel, 1988.
Vasculature and ultrastructure of the floral and
stipularnectaries of Viciafaba(Leguminosae). Can. J.
Bot., 66: 1435-1 448.

11. Dı´az-Castelazo C., Rico-Gray V., Ortega F., A ´ ngeles
G. (2005) Morphological and secretory characterization
of extrafloral nectaries in plants of coastal Veracruz,
Mexico. Annals of Botany, 96, 1175–1189.

12. Doak, P., Wagner, D. & Watson, A. 2007. Variable
extrafloral nectary expression and its consequence in
quaking aspen. Canadian Journal of Botany 85:1-9.

13. Elias T S (1983) Extrafloral nectaries: their structure
and distribution. In The Biology of Nectaries (eds B.
Bentley and T.   Elias),   pp. 174-203.   Columbia
University   Press, New York

14. Elias T.S., Gelband H. (1976) Morphology and anatomy
of foral and extrafloral nectaries in Campsis
(Bigoniaceae) American Jouranal of Botany, 63, 1349-
1353.

15. Endo, Y. and H. Ohashi, 1998.  Morphological and
anatomical features of nectary on calyx-tooth of the
genus vicia (Leguminosae) and their systematic utility.
J. Jpn. Bot., 73: 92-101.

16. Eriksson, M., 1977. The ultrastructure of the nectary of
red clover (Trifoliumpratense). J. Apic. Res., 16: 184-
193.

17. Fahn , A. 1979 . Secretory tissues in plants. Academic
Press, London, UK.

18. Fahn, A., 1990.  Plant Anatomy. 4th Edn.,Pergamon
Press, Oxford, pp: 175-178.

19. Fernando lopez-Anido & Jose Vesprini. 2007.
Extrafloral nectaries in Cucurbita maxima
Sub.andreana (Naudin) Filov. Cucurbit Genetics
Cooperative Report 30:38-42.

20. Joecildo Francisco Rocha  And  Silvia Rodrigues
Machado. Anatomy, ultrastructure and secretion of
Hibiscus pernambucensi sArruda (Malvaceae)
extrafloral nectary. Revista Brasil. Bot., V.32, n.3,
p.489-498,  2009.

21. Koptur S. (1992) Extrafloral nectary-mediated
interactions between insects and plants. In: Bernays E.
(Ed.), Insect–Plant Interactions. CRC Press, Boca
Raton: 81–129.

22. Leandro Freitas & Adelita A. S. Paoli. Structure And
Ultrastructure Of The Extrafloral Nectaries Of Croton
Urucurana Baill. (Euphorbiaceae).,Bol. Bot. Univ. sao
Paulo 18: 1-10, 1999.

23. Lenore T. Durkeel, Matthew H. Haber, Lisa Dorn, And
Ann REMINGTON (1999). Morphology, Ultrastructure,
and Function of Extrafloral Nectaries In Three Species
of Caesalpiniaceae. Jour. Iowa Acad. Sci. 106(4):82-88.

24. Machado S.R, Morellato L.P.C, Sajo M.G & Oliveira
P.S (2008).  Morphological patterns of extrafloral
nectaries in woody plant species of Brazilian cerrrado.
Plant biology,10 660-673.

25. McDade L.A., Turner M.D. (1997) Structure and
development of bracteal nectary glands in Aphelandra
(Acanthaceae). American Journal of Botany, 84, 1–15.

26. Metcalfe C.R., Chalk L. (1979) Anatomy of the
Dicotyledons. Claredon Press, Oxford: 276 pp.

27. Morellato L.P.C., Oliveira P.S. (1994) Extrafloral
nectaries in the tropical tree Guareamacrophylla
(Meliaceae). Canadian Journal of Botany, 72, 157–160.

28. Murrell, D.C., R.W. Shuel and D.T. Tomes, 1982.
Nectar production and floral characteristics in birds foot
trefoil (Lotus corniculatusL.). Can. J. Plant Sci., 62:
361-371.

29. Oliveira P S and Oliveira-FilhoA T (1991) Distribution
of extraflora lnectaries in the woody flora of tropical
communities in Western Brazil. In Plant-Animal
Interactions: Evolutionary Ecology in Tropical and
Temperate Regions (eds P.W. Price, T.M. Lewinsohn,
G.W.Fernandes and W.W. Benson), pp. 163-175. John
Wiley & Sons, New York.

30. Oliveira P.S., Leita˜o-Filho H.F. (1987) Extrafloral
nectaries: their taxonomic distribution and abundance in
the woody flora of cerrado vegetation in Southeast
Brazil. Biotropica, 19, 140–148.

31. Pemberton R W (1988) The abundance of plants
bearing extrafloral nectaries   in   Colorado   and
Mojave   desertcommunities of southern California.
Madroño,35: 238-246.

32. Rudgers JA, Gardener MC. 2004. Extrafloral nectar as a
resource mediating multispecies interactions. Ecology
85: 1495–1502.

33. Schmid, R. 1988. Reproductive versus extra-
reproductives nectaries-historical perspective and
terminological recommendations. Botanical review 54:
179-232.



International Journal of Recent Scientific Research Vol. 6, Issue, 6, pp.4904-4908, June, 2015

3908 | P a g e

34. Schoonhoven LM, van Loon JJA, Dicke M. 2005.
Insect–plant interactions, 2nd edn. New York: Oxford
University Press.

35. Stpiczyrnska, M., 1995. The Strucuture of floral
nectaries of some species of Vicia L. (Papilionaceae).
Actasocietatis Botanicorum Poloniaae, 64:327-334.

36. Stpiczyrnska, M., 2000. Structure of the extrafloral
nectaries of Vicia(L.) Fabaceae. Acta Agrobotanica, 53:
5-13.

37. Vogel S. 1997. Remarkable nectaries: structure,
ecology, organophyletic perspectives. I. Substitutive
nectaries. Flora 192: 305–333.

38. Wa¨ckers FL, Bonifay C. 2004. How to be sweet?
Extrafloral nectar allocation by Gossypium hirsutum fits
optimal defense theory predictions. Ecology 85: 1512–
1518.

39. Wilkinson, H.P., 1979. The Plant Surface (Mainly
Leaf), Part III: Extrafloral Nectaries. In: Anatomy
of the Dicotyledons. Metcalfe, C.R. and L. Chalk
(Eds.), 2nd Edn., Clarendon Press, Oxford, 1: 1 24-
1 31.

40. Zimmerman J. (1932) U¨ ber die extrafloren nektarien
der Angiospermen. Beihefte Botanisches Zentralblatt,
Abt A, 49, 99–196.

How to cite this article:
Sharmila Tamby S and A.Yogamoorthi., Studies on micro-morphological characteristics of  Extra floral nectar gland
of Cassia hirsuta Linn. International Journal of Recent Scientific Research Vol. 6, Issue, 6, pp.4904-4908, June, 2015

*******


