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ABSTRACT 

The morphological characters of the spores were studied. The size, shape, colour 

and surface pattern of spores were analysed. The spore is two different types as observed 

such as advanced spores (monolete) and primitive spores (trilete). The spore size ranges 

from 24 to 300 µ. Selaginella radicata megaspore was the largest one with the size of 289 

× 300 µ. Granulose were found in maximum of the spores surface. The remaining spores 

observed were showing different surface patterns such as reticulate, verrucate, psilate, 

gemmate, rugulate, cristate, echinate and tuberculate. Asplenium genus’ spore types, 

sizes, shape, colours were same but a surface is different such as reticulate, rugulate, 

ornate and cristate. In the present investigation the perine structures were also studied. 

Among 43 species studied, most of the species were primitive with trilete - non - perinous 

spores. The spores of 12 species were with the most advanced structure of monolete 

visible perine. The species were less common in the study area. 

KEYWORDS: Kolli Hills, perine, Pteridophyte, spore morphology. 

 

INTRODUCTION 

The Kolli Hills are part of the Eastern 

Ghats, which is a mountain range that runs 

almost parallel to the east coast of Tamil Nadu. 

Kolli Hills are located in Namakkal district of 

Tamil Nadu. It extends to an area of about 418 

Km
2
 between 11

0
10’-11

0
30’ latitude and 

78
0
15’-78

0
30’ E longitude. Its elevation ranges 

from 700-1000m. (Fig.1) The vegetation is 

prominently dry deciduous with patches of 

moist deciduous and semi-evergreen forests. 

Foot hills have dry deciduous shrub forests. A 

survey of literature shows that these hills are 

rich in the diversity of plants including the 

angiosperm to the lower group such as 

pteridophytes, bryophytes, lichens, fungi and 

algae. But the works carried out with the lower 

group of plants are very limited. The 

pteridophytes occur in abundance in the 

tropical, subtropical and moist deciduous forest 
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of India. At present 11, 500 homosporous ferns 

species and 500 fern-allies were found in India. 

The spore character study has played an 

important role in the classification and in the 

phylogenenical studied. Spore morphology as a 

distinctive taxonomic character of high 

significance in assessing phylogeny and 

relationships of ferns by Devi (1977). 

Palynology data are very useful for taxonomic 

purposes at all level of fern family and it’s 

below, Yea et al., 2000). The jelly like perine 

layer acts as a flexible, floating organ that 

covers the spores only for a short time and 

appears to be an adaptation of ferns to 

amphibious habitats (Schneider & Pryer 

2002).  This paper is prompted by the 

declination in the spore morphology in 

phylogenetic studies. It is an advanced 

character to protect the spores from desiccation. 

The perine structure is unique phenomenon in 

the evolution of the fern spores. The present 

investigation is based on the morphological 

characters of homosporous and heterosporous 

of pteridophytes belong to the study area.   

 
Figure 1. Map of the study area - (Kolli Hills). 

MATERIALS AND METHODS 

A throughout taxonomic surveys were 

made periodically from July 2014 to May 2015 

in the Kolli hills of Eastern Ghats. Among the 

43 species of fern and fern-allies under 29 

genera of 18 families were identified (Table 1). 

Identification were made with the help of 

literatures and floras like Beddome (1892); 

Satija & Bir (1985); Manickam (1986); 

Manickam & Irudayaraj (1992); Namby & 

Madhusoodanan (1998); Dixit & Sinha (2001). 

The herbarium was prepared for the identified 

species. Voucher specimens were prepared 

using standard methods and the specimens were 

deposited in the Centre for Cryptogamic 

Studies (CCS), Department of Botany, St. 

Joseph’s College (Autonomous), 

Tiruchirappalli, Tamil Nadu, India.  



STUDIES ON THE SPORE MORPHOLOGY OF PTERIDOPHYTES FROM KOLLI HILLS, EASTERN GHATS, TAMIL NADU, INDIA –  

P. Vijayakanth and S. Sahaya Sathish              2016 Vol. 4 (Issue 1) Page 3 

Table 1. The Morphological characters of spores of Pteridophyte from Kolli Hills 

S.No Family & Species Type/Shape/Colour Size (µ) P/E Surfaces/Perine 

 Lycopodiaceae    

1.  
Huperzia phlegmaria (L.) 

Rothm. 
Trilete/Tetrahedral/Whitish brown 

29 × 33 

Medium 
Granulose 

2.  
Selaginella intermedia Spring 

 

Trilete/Tetrahedral/Yellowish 

brown 

49 × 57 

Large 
Verrucate 

Trilete/Tetrahedral/Brown* 
208 × 222 

Gigantic 
Psilate 

3.  Selaginella radicata hort. ex 

Alston 

Trilete/Globose/Brown 43 × 47 Medium Granulose 

Trilete/Globose/Greenish brown* 
289 × 300 

Gigantic 
Psilate 

 Psilotaceae    

4.  Psilotum nudum (L.) P. Beauv. Monolete/Ellipsoidal/White 
35 × 76 

Large 
Tuberculate 

 Marattiaceae    

5.  
Angiopteris evecta (G. Forst.) 

Hoffm. 
Trilete/Globose/Brown 

24 × 24 

Small 
Tuberculate 

 Pteridaceae    

6.  Pteris camerooniana Kuhn Trilete/Tetrahedral/Reddish brown 
52 × 63 

Large 

Tuberculate/ 

Perinous 

7.  Pteris argyraea T. Moore Trilete/Tetrahedral/Red 47 × 41 Medium Gemmate  

8.  Pteris quadriaurita Retz. Trilete/Tetrahedral/Red 
51 × 61 

Large 
Gemmate 

9.  Pteris confusa T.G. Walker Trilete/Tetrahedral/Brown 39 × 44 Medium 
Tuberculate/ 

Perinous 

10.  
Doryopteris concolor (Langsd. 

& Fisch.) Kuhn 
Trilete/Globose/Brown 

41 × 46 

Medium 
Echinate 

11.  
Cheilosoria mysurensis (Wall. 

Ex Hook.) Ching & K.H. Shing 
Trilete/Globose/Yellowish brown 

39 × 45 

Medium 
Granulose 

12.  
Pityrogramma calomelanos (L.) 

Link 
Trilete/Tetrahedral/Reddish brown 

42 × 50 

Large 
Reticulate 

13.  

Pityrogramma calomelanos var. 

aureoflava (Hook.) Weath ex. L. 

H. Bailey 

Trilete/Tetrahedral/Reddish brown 
49 × 52 

Large 
Reticulate 

14.  Adiantum raddianum C. Presl 
Trilete/Tetrahedral/Yellowish 

brown 

39 × 46 

Medium 
Perforate 

15.  Adiantum latifolium Lam. Trilete/Tetrahedral/Brown 
28 × 40 

Medium 

Perforate  

or  

Granulose 

16.  
Antrophyum plantagineum 

(Cav.) Kaulf. 
Trilete/Tetrahedral/White 

43 × 50 

Large 
Psilate/Granulose  

 Dennstaedtiaceae    

17.  Pteridium aquilinum (L.) Kuhn Trilete/Tetrahedral/Brown 27 × 34 Medium Tuberculate 

18.  
Microlepia speluncae (L.) T. 

Moore 

Trilete/Tetrahedral/Yellowish 

brown 

32 × 35 

Medium 
Granulose 

 Lindsaceae    

19.  Lindsaea heterophylla Dryand. Trilete/Globose/Brown 
31 × 34 

Medium 

Psilate with 

Vacuoles 

 Oleandraceae    

20.  
Oleandra musifolia (Blume) C. 

Presl 
Monolete/Elliptic/Brown 37 × 45 Medium 

Spinulose/ 

Perinous 

 Nephrolepidaceae    

21.  
Nephrolepis cordifolia (L.) C. 

Presl 
Monolete/Ellipsoidal/Dark brown 25 × 31 Medium Ornate 

22.  
Nephrolepis multiflora (Roxb.) 

F.M. Jarrett ex C.V. Morton. 
Monolete/Ellipsoidal/Brown 37 × 45 Medium Ornate/Verrucate 

 Hyminophyllaceae    

23.  
Crepidomanes minutum (Blume) 

K. Iwats. 
Trilete/Spheroidal/Greenish yellow 

43 × 55 

Large 

Granulose  

with  

papillae 
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 Gleicheniaceae    

24.  
Dicranopteris linearis (Burm. f.)  

Underw. 
Trilete/Spheroidal/Brown 

43 × 55 

Large 
Psilate/Areolate 

 Telypteridaceae    

25.  
Macrothelypteris torresiana 

(Gaudich.) Ching 
Monolete/Spheroidal/Brown 

43 × 55 

Large 
Cristate 

26.  
Thelypteris xylodes (Kunze) 

Ching 
Monolete/Ellipsoidal/Dark brown 

34 × 45 

Medium 
Spinulose 

27.  
Pseudocyclosorus ochthodes 

(Kunze) Holttum 
Monolete/Ellipsoidal/Dark brown 

34 × 45 

Medium 
Spinulose 

28.  
Christella parasitica (L.) 

Holttum 
Monolete/Ellipsoidal/Dark brown 

43 × 55 

Large 

Vermiculate/ 

Granulose 

 Aspleniaceae    

29.  Asplenium decrescens Kunze 
Monolete/Ellipsoidal/Reddish 

brown 

27 × 41 

Medium 

Reticulate/ 

Perinous 

30.  Asplenium yoshinagae Makino Monolete/Ellipsoidal/Dark brown 
42 × 58 

Large 
Rugulate/Perinous 

31.  Asplenium laciniatum D. Don Monolete/Elliptic/Brown 
28 × 30 

Medium 
Ornate/Perinous 

32.  Asplenium inaequilaterale Willd. Monolete/Elliptic/Brown 
33 × 45 

Medium 
Ornate/Perinous 

33.  
Asplenium aethiopicum (Burm.) 

Bech. 
Monolete/Elliptic/Brown 

39 × 40 

Medium 
Cristate/Perinous 

 Athyriaceae    

34.  
Diplazium cognatum (Hieron.) 

Sledge 
Monolete/Ellipsoidal/Brown 

35 × 51 

Large 

Tuberculate/ 

Perinous 

35.  
Allantodia aspera (Blume) 

Ching   

Monolete/Ellipsoidal/Whitish 

brown 
33 × 41 Medium 

Granulose/ 

Perinous 

 Tectariaceae    

36.  Tectaria gemmifera (Fee) Alston Monolete/Elliptic/Brown 34 × 42 Medium 
Granulose/ 

Perinous 

 Dryopteridaceae    

37.  
Arachniodes aristata (G. Forst.) 

Tindale 
Monolete/Elliptic/Brown 

53 × 50 

Large 

Granulose/ 

Perinous 

38.  
Egenolfia appendiculata (Willd.) 

J. Sm. 
Monolete/Elliptic/Brown 

60 × 69 

Large 
Ornate/Perinous 

39.  Bolbitis prolifera (Bory) C.Chr. Monolete/Elliptic/Brown 
37 × 40 

Medium 

Verrucate/ 

Perinous 

 Polypodiaceae    

40.  Pyrrosia lanceolata (L.) Farw. Monolete/Elliptic/Brown 34 × 42 Medium Verrucate 

41.  Leptochilus decurrens Blume Monolete/Ellipsoidal/Yellow 
38 × 45 

Medium 
Spinulose 

42.  Leptochilus thwaitesianus Fee Monolete/Ellipsoidal/Yellow 
43 × 55 

Large 

Perforate with 

chlorophyll 

 Azollaceae     

43.  Azolla pinnata R. Br. Trilete/Globose/Brown 
63 × 65 

Large 
Reticulate 

* Megaspore  

The fern spores were collected from 

directly the living plants the field. Spores were 

washed with 95% alcohol and mounted in 

glycerin jelly and observed in light microscope 

to study the spore morphology such as shape, 

size, colour and surface by Erdtman (1952 & 

1957). The size of the spores was measured by 

calculating mean averages of a minimum of 10 

readings of each sample for the length of the 

Polar axis (P) × Equatorial axis (E) (µm) by 

Devi (1977) & Elzbieta (2012). The spore size 

was categorized on the basis of classification 

proposed by Erdtman (1957). Abnormal and 

underdeveloped spores, whenever found are 
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omitted. All the measurement were made using 

micrometry in the light Microscope (10X). 

Palynological terminology is used to describe 

the characters of spore as per Punt et al. 2007. 

The entire specimens were observed and 

photographs were taken on an Olympus-CX21 

Research Microscope under 40X and 100X 

magnification. 

RESULTS AND DISCUSSION 

In the present study the morphological 

characters of the spores of following 

pteridophyte species of Kolli Hills were 

analysed. The family wise character is as 

follows.  

Lycopodiaceae 

Huperzia phlegmaria is the only 

representative of this family collected from 

Madhikettan sholai. Spores were trilete, 

tetrahedral shape, medium size (29 × 33 µ), 

with granulose surface all over (Fig. 2. a). 

Selaginellaceae 

Two species were studied in this family 

such as Selaginella intermedia and Selaginella 

radicata. Both are heterosporous and the 

megaspores and microspores were found in the 

same plant. The spores are trilete, tetrahedral 

and globose in shape. Microspores were 

medium and large sizes with verrucate and 

granulose surfaces. Megaspores were gigantic 

sizes (289 × 300 µ) with psilate surface. This 

spore colours is brown and yellowish brown 

(Fig. 2. b-e). 

Psilotaceae 

Psilotum nudum is monolete, ellipsoidal 

in shape, large size (35 × 76 µ), tuberculate 

surface and brown colour. This species were 

collected from Periya sholai (Fig. 2. f).  

Marattiaceae 

Angiopteris evecta were collected from 

Semmedu and Vazhavandhi sholai. Spores were 

trilete and globose in shape, smaller in size (24 

× 24 µ), brown colour and surface is tuberculate 

or ornate (Fig. 2. g). 

Pteridaceae 

This is the largest family with five 

genera and eleven species. The spores are 

trilete, tetrahedral and globose in shape. The 

spore size ranges between 28 × 40 µ to 52 × 63 

µ. In all the species of Pteris spore surface is 

tuberculate and gemmate, perispore were 

smooth and wider with red colour. There are 

four species in these types viz, Pteris 

camerooniana, P. argyraea, P. quadriaurita 

and P. confusa. Some of the spore surface were 

echinate, granulose and psilate. This type of 

spore is Doryopteris concolor, Cheilosoria 

mysurensis and Antrophyum plantagineum. 

Perforate spore surface were found in Adiantum 

raddianum and Adiantum latifolium. 

Pityrogramma calomelanos var. calomelanos 

and P. calomelanos var. aureoflava surface 

were densely net like structures with 

ornamentation. These spores were reticulate 

type with reddish brown and red in colour (Fig. 

2. h-o & Fig. 3. a-c). 
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Figure 2. a. Lycopodium phlegmeria, b. Selaginella intermedia, c. Selaginella intermedia 

(megaspore),    d. Selaginella radicata, e. Selaginella radicata (megaspore), f. Psilotum nudum, g. 

Angiopteris evecta, h. Pteris camerooniana, i. Pteris argyraea, j. Pteris quadriaurita, k. Pteris 

confusa, l. Doryopteris concolor, m. Cheilosoria mysorensis, n. Pityrogramma calomelanos var. 

calomelanos, o. Pityrogramma calomelanos var. aureoflava. 
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Figure 3. a. Adiantum raddianum, b. Adiantum latifolium, c. Antrophyum plantagineum, d. Pteridium 

aquilinum, e. Microlepia speluncae, f. Lindsaea heterophylla, g. Oleandra musifolia,  h. Nephrolepis 

cordifolia, i. Nephrolepis multiflora, j. Crepidomanes minutum, k. Dicranopteris linearis,                 

l. Macrothelypteris torresiana, m. Thelypteris xylodes, n. Pseudocyclosorus ochthodes, o. Christella 

parasitica. 
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Dennstaedtiaceae 

Two species were examined in this 

family such as Pteridium aquilinum and 

Microlepia speluncae. The spore surfaces were 

tuberculate and granulose with brown and 

yellowish brown colours (Fig. 3. d & e). 

Lindsaceae 

Lindsaea heterophylla is a single 

species belongs to this family. It is trilete, 

globose in shape, medium size (31 × 34 µ) with 

brown colour. Spore outer side surface were 

psilate and inside surface is tuberculate (Fig. 3. 

f). 

Oleandraceae 

Oleandra musifolia were found only in 

Kuzhivalavu. Spores are monolete, ellipsoidal 

in shape and medium size (37 × 45 µ). The 

perispore were winged-folded, brown colour 

and some spinulose and granulose were found 

on the surface (Fig. 3. g). 

Nephrolepidaceae 

Nephrolepis species spore have 

monolete, ellipsoidal shapes and with medium 

size. Surfaces were ornate or verrucate surface 

and colours is dark brown and brown (Fig. 3. h 

& i). 

Hyminophyllaceae 

This species were chlorophyll bearing 

spores, which were manifested as the clear 

green colour of Crepidomanes minutum (Fig. 3. 

j). This species is collected from Kuzhivalavu, 

Madhikettan sholai and Periya sholai. 

Gleicheniaceae 

Dicranopteris linearis species is the 

only collected from Kuzhivalavu and 

Madhikettan sholai.  Spore is trilete, tetrahedral 

shape and in large size (43 × 55 µ). Spore 

surface were smooth and some are with 

areolates and in light brown colour (Fig. 3. k). 

Telypteridaceae 

Four species were observed in this 

family. The spores were monolete, ellipsoidal 

in shape, dark brown colour and medium and 

large sizes. The spore surface is densely 

spinulose and vermiculate; these morphology 

characters were observed in Thelypteris 

xylodes, Pseudocyclosorus ochthodes and 

Christella parasitica (Fig. 3. l-o). 

Aspleniaceae  

Asplenium genus spores were monolete, 

ellipsoidal and elliptic shapes, medium and 

large sizes and dark brown in colour. The spore 

surfaces were reticulate, rugulate, cristate and 

ornate. Perispore layer were winged folded and 

some spine and grains were observed in spore 

surface (Fig. 4. a-e). This four species were 

collected from Kuzhivalavu and Madhikettan 

sholai.  

Athyriaceae 

The spores were monolete, ellipsoidal, 

medium (33 × 41 µ) and larger (35 × 51 µ) in 

sizes with brown colour. Perispore were smooth 

with brown in colour, some are granulose and 

tuberculate. The species are Diplazium 

cognatum and Allantodia aspera (Fig. 4. f & g). 

This species collected from Periya sholai and 

Semmedu.  
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Figure 4. a. Asplenium decrescens, b. Asplenium yoshinagae, c. Asplenium laciniatum, d. Asplenium 

inaequilaterale, e. Asplenium aethiopicum, f. Diplazium cognatum, g. Allantodia aspera, h. Tectaria 

gemmifera, i. Arachniodes aristata, j. Bolbitis appendiculata, k. Bolbitis prolifera, l. Pyrrosia 

lanceolate, m. Leptochilus decurrens, n. Leptochilus thwaitesianus, o. Azolla pinnata. 
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Tectariaceae 

Tectaria gemmifera spore is monolete, 

elliptic in shape, medium size (34 × 42 µ) and 

brown colour. Perispore were wide folded with 

white colour. Some are granulose. This species 

is collected from Kuzhivalavu (Fig. 4. h). 

Dryopteridaceae 

Three species were examined; all were 

monolete, elliptic in shape and brown in colour. 

Two species were largest spore size such as 

Arachniodes aristata (60 × 69 µ) and 

Egenolfia appendiculata (53 × 50 µ). One 

species were medium in sizes (37 × 40 µ) 

(Bolbitis prolifera). The perispore were winged 

densely folded and the surfaces type is 

granulose, ornamented and verrucate (Fig. 4. i-

k).  

Polypodiaceae  

All the spore of this family are 

monolete, ellipsoidal and elliptic shapes, 

medium and large sizes. Pyrrosia lanceolata is 

verrucate with brown colour and Leptochilus 

decurrens is spinulose with yellow colour 

spore. Perforate chlorophyll surface and 

greenish yellow colour spores were found in 

Leptochilus thwaitesianus. The species were 

collected from Semmedu, Madhikettan sholai 

and Periya sholai (Fig. 4. l-n). 

Azollaceae  

One species, Azolla pinnata was 

observed. Spores are trilete, globose in shape, 

large size (63 × 65 µ) and brown in colour. The 

perispore were with ornamentation or reticulate 

and some granules are attached on surfaces. 

This species is collected from Periya sholai 

(Fig. 4. o). 

CONCLUSION 

Among the species collected from the 

Kolli Hills 43 fern and fern allies were 

identified and studied the spore morphology. 

The spores were monolete and trilete types. 

They are elliptic, ellipsoidal, globose, 

tetrahedral and spheroidal in shapes. The spore 

sizes were ranges from 24 × 24 µ to 289 × 300 

µ. The perinous character of the spore is four 

different types such as trilete - non - perinous, 

trilete -perinous, monolete -non- perinous and 

monolete- perinous. Most of the members of 

Pteridaceae family were with trilete - non- 

perinous. Only two species viz Pteris 

camerooniana and Pteris confusa were with 

trilete-perinous. Some of the advanced non- 

perinous spores were observed in the family of 

Nephrolepidaceae, Hyminophyllaceae, 

Telypteridaceae and Polypodiaceae.  The most 

advanced spores of monolete - perinous were 

found in the families of Oleandraceae, 

Aspleniaceae, Athyriaceae, Tectariaceae and 

Dryopteridaceae. Hence these species with 

perine were rarely distributed in the study area. 

Spinulose spores were found in Thelypteris 

xylodes and Pseudocyclosorus ochthodes. The 

exine is mostly granulose and rarely echinate, 

cristate, vermiculate (Fig. 5).  
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Figure 5. Types of spore surface of Pteridophytes. 

Some of the spores were greenish in 

colour because of the presence of chlorophylls. 

These types of spores are Crepidomanes 

minutum and Leptochilus thwaitesianus. The 

chlorophyll occurring spores were short 

viability and early germination.  Others were in 

brown, dark brown, reddish brown, yellowish 

brown, red, yellow, greenish yellow and white 

in colour.  
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