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ABSTRACT. The present study analyzed the characteristics in the leaf of Terrestrial Orchidaceae member i.e
different species of Habenaria Wild (H. plantaginea Lindl., H. ovalifolia. Wight., H. multicaudata Sedgw., H.
crinifera Lindl, H. heyneana. Lindl., H. elwesii Hook.f., H. longicorniculata J.Graham., H. pelorioides Par. &
Rchb. f. (Odisha cleistantha S. Mishra). Anatomical characters are important in identification and ecological
adaptations. The anatomical characters have served as a tool for the genus’s systematic. The plants were collected
at different forest types from Shimoga district. Materials were fixed in FAA solution. Transverse sections were
obtained by freehand sections, stained with 1% safranin. Leaf anatomical organization of Habenaria species
(Stomata, epidermis, mesophyll, vascular bundles, hypodermis.) was observed. There was a distinct variation in
the anatomical characters of the leaf. Detailed leaf anatomical characters can be used to distinguish species from
others. Leaf anatomical characters with structural adaptation help plants to survive in different vegetation. The
implication of this study is the importance of leaf anatomical features to support species identification and to
increase understanding of orchid biology which are important in orchid conservation.
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INTRODUCTION
Orchidaceae with 25,000-30,000 species shows a high level of specialization and a great capacity for adaptation

to different environments, which have contributed to the morphological and physiological, vegetative
organization, that vary between species (Dressler, 1993; Frander et al., 2017; Udupa, 2011). Orchidaceae is one
of the largest family among monocots. Orchidaceae is the second largest flowering plant family of herbaceous,
perennials that includes terrestrial, saprophytic, lithophytic, and epiphytic species (Pridgeon et al., 1993).
Orchids are associated with an endophytic symbiotic fungus, mainly in their root terrestrial orchids mainly
grows in the floor of the forest and grassland.

Habenaria Wild is an orchid genus of about 600 species widely distributed throughout the tropical, subtropical
and temperate regions of the world. This genus of terrestrial orchids is one of the genera having the largest
number of species. In India, it is represented by 17 species in Western Himalaya (Jalal and Jayanthi, 2015). In
Habenaria Wild. Prominent paired tuberoids with a small third tuberoid is also seen in this species (Pande et
al., 2010).

Flowers are highly attractive. The species can be easily identified when in bloom, but the vegetative
characteristic (number and size of tubers and leaves, stem height) overlap in many of these. These structural
and physiological variations permit plants to survive and reproduce in a variety of environmental conditions
and contribute to protection against stress and herbivore damage (Frander et al., 2017.) Particularly in the
anatomy of groups are of a descriptive nature, and have focused upon the search for similarities or differences
that contribute to the taxonomic determination.
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MATERIALS AND METHODS
STUDY AREA

Shimoga district is a part of Malnad region of Karnataka and is also known as the ‘Gateway to Malnad ’, There
is a seven taluks Soraba, Sagara, Hosanagara, Shimoga, Shikaripura, Thirthalli and Bhadravathi, district situated
between the latitudes 13°27* and 14°39! N and between the longitudes 74° 38 and 76° 04! at a mean altitude
of 640 meters above sea level (NRDMS Centre Z. P Office Shimoga). Peak Kodachadri hill is at an altitude of
1343 meters above sea level is the highest point in the district. Shimoga district is rich in diversity of flora and
fauna. The district covers evergreen, semi-evergreen, deciduous, scrub forest, and grasslands. (Figure. 1.)
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Fig.1. The map shows Shimoga district is the study area

METHODOLOGY

The present study was undertaken in Shimoga district during the year 2019-2020. The Terrestrial Orchids of
eight different Habenaria species were collected at different regions from Shimoga district at different
vegetation types includes evergreen, deciduous and open forest type. (Table 1.) Habenaria species were
identified with the help of available manuals and floras (Gamble, 1935; Rao, 1998). To evaluate the leaf
anatomy, samples were fixed in FAA 50% for 48 hours and then transferred to Ethanol 50% (Johansen, 1940).
Histological slides were prepared by freehand section. Each one was sectioned in the midline, freehand sections
were obtained using a razor blade. Transverse sections were subjected to staining with 1% safranin (Kraus and
Arduin, 1997). Leaf sections were analyzed in a light microscope. In leaf section number of layers in the
epidermis, hypodermis, mesophyll and vascular bundles were observed and noted.

The epidermis of leaves was peeled from the fresh leaves to observe the structure of the stomata. The most
important aspects were recorded with a digital camera attached to an Olympus microscope.

RESULT AND DISCUSSION
The results of this study showed leaf anatomical features of Habenaria Wild Species in Shimoga district,
comparable data among the species supports species identification and to helps to understand their structures
adaption to different habitat in a district. The leaf anatomical structures showed organizations of components
forming leaves, consisted of stomata, cuticle, epidermis, mesophyll and vascular bundles, hypodermis in cells
are particular in orchid species.
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1. Habenaria heyneana Lindl.: Leaf transverse section of H. heyneana showed a tetracyclic type of stomata,
cuticle was thick and smooth, The epidermic was uniseriate with elongated shaped cells, hypodermis was not
clear. Mesophyll was homogeneous consisted of 10-12 thin-walled, round-shaped, parenchymatic cell layers,
filled with chlorophylls (chlorenchyma) vascular bundles consisted of xylem and phloem, arranged collaterally.
There were 4 large and 4-6 small arches arranged in a row with parenchyma cells bundle sheath surrounded the
vascular bundles, sclerenchyma cells in vascular bundle were not observed (Figure 2. A, B. Figure 4. 1)

2. Habenaria Plantaginea Lind1: H. Plantaginea anatomical characters showed that stomata were cyclocytic,
cuticle was relatively thick and smooth. The epidermis was a single layer composed of elongated shaped cells.
Mesophyll was 13 -15 layers, consisted of elongated parenchymatous cells, chlorophylls were present in the
parenchymatous cells of the mesophyll. Vascular bundles were arranged within parenchymatous cells of
mesophyll layer. Vascular bundles consisted of 7-9 Arches of xylem and phloem. Bundles sheath was thin-
walled surrounds the vascular bundles (Figure 2. F, G, H. Figure 4. A)

3. Habenaria longicorniculata J.Graham. : H. longicorniculata anemocytic and tetracytic stomata
configuration, cuticle layer was thick and smooth, epidermic was uniseriate composed of polygonal-shaped
cells. Hypodermis was not observed. Mesophyll was 14-15 layers of homogenous polygonal-shaped
parenchymatous cells. Vascular bundles consisted of xylem and phloem arranged collaterally. Sclerenchyma
cells were not associated with vascular bundles, bundle sheath cells were thin. There were 8-9 arches of xylem
and phloem arranged in a row embedded within parenchymatous cells of mesophyll. (Figure 2. I, G Figure .4
B)

4. Habenaria elwessi Hook.f : H. elwessi had anemocytic stomata configuration and cuticle was thick and
smooth, Epidermis is had one layer made up of elongated shaped cells. Hypodermis was absent or not clear.
Mesophyll was Homogenous with 15-16 layers consisting of polygonal-shaped parenchymatous cells.
Chlorophylls were present in mesophyll cells. Vascular bundles consisted of xylem and phloem arranged
collaterally. There were 9-10 xylem and phloem arches arranged in rows embedded in parenchymatous cells.
Vascular bundles are surrounded with thin bundle sheath. (Figure 3. A, B, C Figure 4. J).

5. Habenaria crinifera Lind1. : H. crinifera had tetracyclic stomata configuration with thick and smooth cuticle.
Epidermis is single-layered with elongated cells. Hypodermis was not clearly distinguishable. Mesophyll layer
is made with Homogenous parenchymatous cells. Mesophyll cells stores starch grains and water. There is a
large water storage cells were present. Mesophyll cells with 12-13 layers of parenchymatous cells, they were
polygonal in shape. Vascular bundles with 10-11 xylem and phloem arches arranged in rows embedded within
parenchymatous cells. (Figure 3. D, E Figure 4. H)

6. Habenaria ovalifolia Wight: H. ovalifolia had tetracyclic stomata configuration with thick cuticle layer. The
epidermis was uniseriate with polygonal-shaped cells. The hypodermis is not clearly seen. Mesophyll was 14-
15 layers with homogenous polygonal shaped parenchyma cells. Vascular bundles consisted of xylem and
phloem arranged collaterally. Sclerenchyma cells not associated with vascular bundles. Bundle sheath was
indistinct. There were 5-6 arches of vascular bundle arranged in a number of rows embedded within
parenchymatous cells of mesophyll. (Figure 3. F, G Figure 4. F, G).

7. Habenaria multicaudata Sedgw. : H. multicaudata leaves has cyclocytic stomata configuration. The cuticle
was thick, the epidermis was a single layer with elongated cells. Hypodermis cells were not clear. Mesophyll
was 13-14 layers made with homogenous, rounded to elongated shaped parenchyma cells. Chlorophylls were
abundantly present in mesophyll cells. Vascular bundles were arranged with 4-5 arches. Sclerenchyma cells
were not associated with bundle sheath cells. Bundle sheath cells are thin cleanly visible. (Figure 2 D, E Figure
4.D).

8. Habenaria pelorioides E. C. Parish & Rchb.f. (Odisha cleistantha S. Mishra): Leaf transverse section of H.
peloriodes showed the stomata with anemocytic and tetracyclic configuration. The cuticle was thick and smooth
in nature. The epidermis was uniseriate with elongated-shaped cells. Hypodermis was absent or not clear.
Mesophyll was homogenous consisted of 14-15 layers with thin walled parenchyma cells. Vascular bundles
consisted of xylem and phloem arranged collaterally. There were 4-5 arches arranged in rows embedded with
parenchyma cells. Sclerenchyma cells were not associated with vascular bundles. Thin-walled bundle sheath
surrounded the vascular bundle. (Figure 3. H. I. Figure 4. C, E).
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DISCUSSION

The leaf outline was ‘V’ shaped in all Habenaria species. In all species studied, the cuticle was smooth on the
leaf surface. The cuticle thickness was greatest in all studied species. The cuticle is a thick, hydrophobic
membrane composed of a polymer matrix (cutin) and associated with solvent-soluble lipids (cuticular waxes)
(Rasmussen, 1987); Angela et al., 2015). Plant cuticle plays an important role in the interaction of the plant with
the environment, helps to reduce water transpiration (Fahn, 1982; Rindyastuiti et al., 2018). Habenaria species
has a variation in cuticle thickness, the thick cuticle is an ecological adaption to reduce transpiration (Moreira
et al., 2013).

The epidermis is the outer cell layer of a leaf, act as a barrier between the leaves and environment it is also
important in maintaining the external stimulus (Dietz and Hartung, 1996). The epidermis is important to protect
mesophyll and vascular bundles from higher solar radiation. Thick epidermis cell helps to reduce water
transpiration.

The large epidermal cell in many species of orchids serves water storage (Guan et al., 2011). Size of the
epidermal cell is significantly different among species. Larger epidermal cells support the species to be more
adaptive to the warmer environment. The epidermal cell has various shape among species such as polygonal,
isodiametric, rectangular and elongated. (Aybake et al., 2010).

The hypodermis is a structure beneath the epidermis this structure can be present or absent in orchid species
(Pridgeon, 1982; Stern, 1997; Rindyastuti et al., 2018). Along with epidermis, hypodermis protects the
mesophyll cells and vascular bundles.

Table 1. Ecological traits of Habenaia species collected in Shimoga district.

Sl.no SPECIES SOURCE FLOWERING VEGETATION TYPE
locality PERIOD
Habenaria Shimoga, hosanagara, ~August- October  evergreen, semi-evergreen,
longicorniculata J. Sharavati valley grasslands
Graham.
Habenaria elwesii Soraba, Sagara July- October semi-evergreen forest,
Hook. f kodachadri hills grasslands, forest edges,

Habenaria heyneana.  Shikaripura, Sagara August- October  Hills, evergreen to semi

Lindl. evergreen forest.
Habenaria crinifera Thirtahalli, Sagara, July- September  Grasslands, evergreen to
Lindl. Sharavati valley semi- evergreen forest, hills
Habenaria plantaginea Sagara Bhadravati, July- September  Semi-evergreen, Deciduous
Lindl. Soraba, Shikaripura forest Scrub forest

Habenaria ovalifolia. Hosanagara,, Sagara ~ August- October  Semi-evergreen , Scrub forest
Wight.

Habenaria Hosanagara, July- September  Evergreen forest
multicaudata Sedgw. Thirtahalli,

Habenaria pelorioides  Sagara September- Evergreen to semi-evergreen
Par. & Rchb. f. December forest

(Odisha cleistantha S.

Mishra)
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Figure 2. Transverse section of leaf A. Habenaria heyneana Lindl B. Mesophyll in H. heyneana C. Vascular

region of H. heyneana D. T.S of Habenaria multicaudata Sedgw. E. Vascular region H. multicaudata F T.S of

Habenaria plantaginea Lind1. G. Vascular region of H. plantaginea. H. Mesophyll in H. plantaginea. I. T.S of
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Habenaria longicorniculata J. Graham. J. Epidermal region in H. longicorniculata. C-cuticle, UE-upper
epidermis, M-mesophyll, PVB-primary vascular bundles. X-xylem, PH-phloem, WSC-water storage cells.

Figure 3. Transverse section of leaf A. Habenaria elwessi Hook.f B. Mesophyll in H. elwessi
C. Vascular region of H. elwessi D. T.S of Habenaria crinifera Lind1. E Vascular region of H.
crinifera F. T.S of Habenaria ovalifolia Wight G. Vascular region of H. ovalifolia H. T.S of
Habenaria pelorioides Par. & Rchb. f. I. VVascular region of Habenaria pelorioide. C-cuticle,
UE-upper epidermis, M-mesophyll, PVB-primary vascular bundles. X-xylem, PH-phloem,
WSC -water storage cells.
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Figure 4. A. Cyclocytic stomata in Habenaria plantaginea Lindl. B. Tetracyclic Stomata
Habenaria longicorniculata J. Graham. C. Tetracyclic Stomata Habenaria pelorioides Par. &
Rchb. f. D. Cyclocytic stomata Habenaria multicaudata Sedgw E. Anomocytic stomata in
Habenaria pelorioides Par. & Rchb. f. F, G. Tetracyclic Stomata Habenaria ovalifolia Wight.
H. Tetracyclic Stomata Habenaria crinifera Lindl I. Tetracyclic Stomata in Habenaria
heyneana Lindl J. Anomocytic stomata Habenaria elwessi Hook.f..
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In the present study, hypodermis was absent or not clear in the Habenaria species.

The mesophyll is an important structure for leaves that are filled with photosynthesis component (chlorophyll)
to assimilate nutrients. The number of mesophyll layers in the present study varies. The thicker leaves support
the leaves succulence. The succulence level of leaves related to the parenchymal capacity of mesophylls, to
provide water supply for photosynthetic process and leaves cells, turgor mainly in the dry environment (Hsiao,
1973; Lack and Evans, 2001; Metusala et al., 2017). In the present study Habenaria elwessi Hook.f has more
mesophyll layers than the other Habenaria species. In the present study Habenaria species shows mesophyll
layer is made with homogenous parenchymatic cells.

The vascular bundle is a transport system containing xylem and phloem that are important in the water and
nutrient transport (Lack and Evans, 2001; Fahn, 1982).

The vascular bundle’s arrangement in the mesophyll of Habenaria species has aligned in rows in the centre of
mesophyll. Vascular bundles arrangement in a single row was reported in Habenaria cornuta, H. holothrix, H.
monorrhiza, H. occidentalis, H. odontoptala, H. snowtenii, H. vaginatum. (Stern, 1997) in the present study,
sclerenchyma cells were not associated with xylem and phloem. Bundle sheath consisted of cells surrounding
the vascular bundle. Bundle sheath cells were made with thin-walled parenchymatic cells. Fibre bundles, spiral
thickening, raphide bundles were absent or not clearly visible.

CONCLUSION

All the species studied possessed both morphological and anatomical features which are most suitable to
xeromorphic condition, species are efficient in water use and can adapt to very well even under water stress
condition. This study implied the importance of anatomical characters in species identification. Taxonomic
knowledge and species identification are important in the conservation, Therefore, Habenaria species need
more attention in conservation than the more adaptive species, for their future survival.

ACKNOWLEDGEMENT
I would like to thank Dr Krishnaswamy. K research guide for his encouragement and support given at the start
of the study. I am also grateful to my colleagues for cooperation to complete my research work.

CONFLICT OF INTEREST

The author declares that there are no conflicts of interest.

IJRAR2002665 \ International Journal of Research and Analytical Reviews (IJRAR) www.ijrar.org | 306


http://www.ijrar.org/

© 2019 IIRAR June 2019, Volume 6, Issue 2 www.ijrar.org (E-ISSN 2348-1269, P- ISSN 2349-5138)

REFFERENCE

Aybeke M, Sezik E, Olgun G. 2010 Vegetative anatomy of some Ophrys and Dactylorhiza (Orchidaceae) taxa
in Trakya region of Turkey. Flora 205:73-89 Cypripedioideae (Orchidaceae). J. Linn.Soc. (Bot.), 59,

309-41.
Ditz KJ, Hartung W, 1996. The leaf Epidermic: Its Ecophysiological significance. Progress in botany.
fortschritte der botonik. Volume 57. Springer, berlin. Dressler RL. 1993 Phylogeny and

classification of the orchid family. Oregon: Dreoscorides Press.

Fahn A 1982. Plant Anatomy, 3 Ed. Pergamon press. Oxford press

Dietz Kj Hartung W.1996. The Leaf Epidermis: Its Ecophysiological Significance. Progress In Botany /
Fortschritte Der botanic. Volume 57. Springer, berlin.

Frander B, Riveron—Giro Anne Damn, Alfredo Garcia—Gonzalez, Lislie- Salis Montero, Osiris Agular- Romeo,
Neptali Ramirez, Marcial and Guadalupe Nieto. 2017 Anatomy of the invasive Orchid Oeceoclades
maculate: Ecological implications. Botanical journal of the Linnean Society, 184, 94-112

Gamble JS. 1935. Flora of Presidency of Madras, Botanical Survey of India, Calcutta, India.

Jalal JS. And J Jayanthi. 2015 An Annotated Checklist of the Orchids of Western Himalaya, India Lankesteriana
15 (1): 7-50

Johansen DA. 1940 Plant Microtechnique. New York: Mc Graw Hill.

Kraus JE. and Arduin M. 1997 Manual basico de metodos em morfologia vegetal. Editora da Universidade
Federal Rural do Rio de Janeiro, Seropedica

Kumaraswamy Udupa ES, NR Santhosh, MR Gurudeva, and K Krishnaswamy 2011, Distribution of Ground
orchids in grasslands of Chikmagalore district, Karnataka J. Orchid Soc. India, 25; 81-85

Lack AJ Evans De. 2001. Instant notes of Plant Biology. Bios scientific Publishers Limited.Oxford.

Metusala D, Supriatna J, Nisyawati and Sopandie D. 2017 Comparative leaf and root anatomy of two
Dendrobium species (Orchidaceae) from different habitat in relation to their potential adaptation to
drought. AIP Conference proceedings, 1862

Moreira ASFP, Filho JPDI, Isaias RMDS. 2013. Structural Adaptations Of Two Sympatric Epiphytic Orchids
(Orchidaceae) to a cloudy forest environment in rocky outcrops of Southest Brazil. Revista De
Biologia Tropical 61(3): 1053-1065.

Pridgeon AM. 1993. Systematic Leaf Anatomy Of Caladenia (Orchidaceae). Kew bull48 (3):533-543.

Pridgeon AM. Chase P. Crib, and FN. Rasmussen. 1999. Genera Orchidacearum. Vol.1 Oxford University
Press, Oxford.

Rao TA. 1998. Conservation of Wild Orchids of Kodgu in the Western Ghats, KAAS, Bangalore, India.

Ridesti rindyastuti, Siti Nurfadilah, apriyono rahadiantoro, Lia hapsari. 2018 leaf anatomical characters of four
epiphytic orchids of Sempu Island, East Java, Indonesia: the importance in identification and ecological
adaptation. Biodiversitas, 19:1906-1918

Satish Pande, Niranjan S, Vishwasrao, Vivek and Datar, Mandar., 2010, Wild Orchids of Northern Western
Ghats. 10.13140/RG.2.1.3586.2887.

Stern WI. 1997. Vegetative Anatomy of subtribe Orchidinae (Orchidacea). Bot J Linn Soc 124:121136

IJRAR2002665 \ International Journal of Research and Analytical Reviews (IJRAR) www.ijrar.org | 307


http://www.ijrar.org/

