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ABSTRACT
Chromosomal analysis of eleven species (14 cytotypes) of ferns from
the Nilgiris, south India has been made. All the species, except for
Adiantum raddianum have been cytologically investigated for the first
time from the Nilgiris. Microsorum membranaceum with n = 72 is a
new cytotype for south India.

Diploid (n = 57), tetraploid (n = 114) and octoploid (n = 228)
sexual cytotypes are recorded for Adiantum raddianum from the
Nilgiris. Additionally one sterile  octoploid  cytotype  is  also
recorded.  Colour  variation  of  the  sori  in Trigonospora  caudipinna
has been observed for the first time and it has been compared with
another cyto-morphotype for Kothayar Hills, south India. From 14
cytotypes of 11 species presently analysed, six cytotypes are diploids,
four are tetraploids,  two  are  octoploids,  one  is  16-ploid  and
another one  is  triploid apogamous. Sexual cytotypes account for
85.71% while the incidence of polyploidy amongst the recorded
cytotypes is 42.86%.

INTRODUCTION
Work on the cytology of ferns of the Nilgiris, south India was started in 1992 and the
present paper reporting chromosomal analysis results for 11 species is a continuation
of our earlier three papers ((lrudayaraj, Bir & Manickam, 1993; lrudayaraj & Bir,
1994; Bir, lrudayaraj & Manickam, 1996) in which cytological information for 32
species was given.

MATERIALS AND METHODS
Young, developing sporangia from fertile frond portions of wild plants were
squashed in acetocarmine after being fixed in 1:3:6 mixture of chloroform, glacial
acetic acid and 100% ethyl alcohol for 24 hours and then preserved in 95% ethyl
alcohol. Meiotic chromosomes were observed in several cells for establishing the
correct counts. In two cases mitotic chromosomes were also counted. Vouchers are
deposited in the herbaria of St. Xavier's College, Palayarnkottai, Tamilnadu (XCH)
and Enviommental Resources Research Centre, Thiruvanamthapuram (ERRC), both
in south India. Details of exact localities for material of various species are set out in
Table 1.
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TABLE I .  Chromosome numbers of some ferns* from the Nilgiris south India.
* First report from the Nilgiris except Sp. No. 3b (see text for reports from other
regions). **During meiosis in SMCs multivalents, bivalents and univalents are
noticeable and the resultant spores are bad and abortive. +First report from India.
++First report from south India.

Sp.
No.

Name of the
species

Locality &
altitude

Voucher
number/s

Chromosome
number

Ploidy &
reproduction

1 Parahemionitis
arifolia  (Burm.f.)
Panigrahi

Sholur,
1,500 m

ERRC
4160

n=’2n’=90
(Fig. 1A)

triploid
apogamous

2 Adiantum
lunulatum Burm.

Keelnadugani
1,300 m

ERRC
4292

n=60 tetraploid
sexual

3 Adiantum
raddianum
C.Presl

(a) Kothagiri
1,800 m

Kothumundi
1,800 m

  (b) Nadugani
1,300 m

(c)  Kothagiri
1,800 m

(d) Sholur
1,500 m

ERRC
4214

ERRC
4146

ERRC
4198

ERRC
4218

ERRC
4227

n=57

n=57

n=114

2n=228
(meiosis
irregular)

n=228
(Fig. 1B)

tetraploid
sexual

tetraploid
sexual

octoploid
sexual

octoploid
sterile**+

16-ploid
sexual+

4 Nephrolepis
multiflora (Roxb.)
F..M. Jarrett

Keelnadugani
1,300 m

ERRC
4188

n=41 diploid
sexual

5 Stegnogramma
pozoi (Lagasca)
K.lwats.

Sholur
1,500 m

ERRC
4248

n=72 tetraploid
sexual

6 Pronepherium
articulatum
(Houlston & T.
Moore) Holttum

Keelnadugani
1,300 m

ERRC
4204

n=36 diploid
sexual

7 Trigonospora
caudipinna
(Ching) Sledge

Nadugani-
Gena pool
Forest

XCH
1589

n=36
(Fig. 4A)

diploid
sexual

8 Diplazium
polypodioides
Blume
(non Diplazium
polypodioides
auct. of the
Himalaya)

Keelnadugani
1,300 m

ERRC
4205

n=41 diploid
sexual
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TABLE I cont .  Chromosome numbers of some ferns* from the Nilgiris south
India.
* First report from the Nilgiris except Sp. No. 3b (see text for reports from other
regions). **During meiosis in SMCs multivalents, bivalents and univalents are
noticeable and the resultant spores are bad and abortive. +First report from India.
++First report from south India.

Sp.
No.

Name of the
species

Locality &
altitude

Voucher
number/s

Chromosome
number

Ploidy &
reproduction

9 Diplazium
esculentum
(Retz.) Sw.

Keelnadugani
1,300 m

ERRC
4203

n=41 diploid
sexual

10 .Asplenium
laciniatum D.Don

Sholur
1,500 m

ERRC
4177

n=36 diploid
sexual

11 Microsorum
membranaceum

(D.Don) Ching

Keelnadugani
1,300 m

ERRC
4207

n=72
(Fig. 4C)

tetraplod
sexual++

RESULTS AND DISCUSSION
Information about the recorded chromosome numbers, level of ploidy and mode of
reproduction for the 14 taxa (11 species) analysed is provided in Table 1. There is
only one triploid apogamous fern and one octoploid sterile fern while all the rest are
characterised by sexual reproduction with the production of 64 normal spores per
sporangium. These spores look well-filled, healthy and functional. Amongst the
sexual taxa are included six diploids, four tetraploids, one octoploid and one 16-ploid
(Table 1).

I.   Parahemionitis   arifolia  (Burm.f.) Panigrahi, Indian Fern J. 9(1-2):224. 1992
(1993), Amer. Fern J. 83(3):90. 1993.
Hemionitis arifolia (Burm.f.) T. Moore

This common fern of Tamilnadu and Kerala States of south India grows abundantly
in the Nilgiris at l,000-2,000m altitude on fully exposed roadside rocks or in forest
clearings in full or partial shade. Very often vegetatively produced plantlets are seen
in the notch or deep sinus of the sterile leaf where the petiole joins the lamina.

Sholur material is triploid and apogamous as it shows 90 ‘bivalents’ in spore
mother cells (SMCs) from 8-celled sporangia ( Fig. I A) and each of such sporangia
has extremely regular meiosis producing 32 viable spores. On the other hand, the
SMCs forming 16-celled sporangia show highly irregular meiosis with usually  30
bivalents  +30  univalents  (variations  in their number are  not infrequent) giving
2n= 90. The ratio of 8-celled and 16-celled sporangia per unit fertile area is usually
5:1 but different populations of the species show highly variable ratios not only from
the Nilgiris but also from elsewhere since the number of 8-celled and 16-celled
sporangia depends upon the degree to which the apogamy has been established. This
triploid apogamous fern is extremely common in south Indian mountains because of
vegetative propagation (Bir & lrudayaraj, 1991:159-160, Fig. 1).
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The majority  of the reports for the species pertain to its triploid apogamous
Figure 1. Meiosis in spore mother cells. Scale bar = 20�m for A-B.
A. Parahemionitis arifolia (Burm.f.) Panigrahi, with n=‘2n’=90. B. Adiantum
raddianum C.Presl, n=228.

nature with n = ‘2n’ = 90 = 3x (Abraham, Ninan & Mathew, 1962; Ghatak, 1977; Bir
&  Vasudeva,  1979; lrudayaraj  & Manickam, 1987; Manickam  & lrudayaraj, 1988)
but Mathew (in Fabbri, 1965:689) and Kuriachan & Ninan (1976) recorded it as
tetraploid  apogamous  with n =  '2n'  =  120.  The  species  exhibits  highly variable
plant and leaf size because it can grow abundantly on rocks both in fully shaded and
partially shaded or even exposed situations along roadsides. Morphological
variations are very evident in triploid apogamous plants from the Nilgiris as well as
Kothayar Hills. Tetraploid apogamous material was not available for comparision.
The origin of these two apogamous cytotypes is still unknown.

2.  Adiantum lunulatum  Burm. f., Fl. Indica. 235. 1768.
Adiantum philippense L.

This is the most widely distributed fern on the Indian subcontinent, being  reported
from the Himalaya and western, central, and southern Indian mountains. In the
Nilgiris, it is a common occupant of moist shaded situations such as roadside earth
cuttings and slopes as well as the crevices of moist rocks and often forms small or
large colonies. The triploid apogamous form (n = '2n' = 90) has the widest
distribution but diploid sexual (n = 30), diploid apogamous (n ='2n' = 60) and
tetraploid sexual (n = 60) forms are also recorded (Bir & Verma, 1989).
The Nilgiris material from Keelnadugani is tetraploid sexual,  (n = 60) like the east
Himalayan material (Darjeeling: Verma, 1961) and south Indian material (Peermade
and Ponmudi, Western Ghats: Abraham, Ninan & Mathew, 1962). The species shows
a wide range of morphological variaitons and comparison of the tetraploid sexual
from the Nilgiris and triploid apogamous specimens from PUN did not yield any
significant morphological differences.
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3. Adiantum raddianum  C.Presl, Tent. pterid. 158. 1836.
Adiantum cuneatum Langsd. & Fisch.

It commonly grows on stony clearings in fully or partially shaded situations in a
broad altitudinal range of 500-1,800 m in the Nilgiris but is very common between
1,500-1,800m. Often this fern is abundant in moist localities of the sholas.  It
provides very interesting results in the fact that three sexual cytotypes (n = 57 = 4x,
n = 114 = 8x and n = 228 = 16x) and one sterile cytotype (2n = 228 = 8x) have been
encountered from different localities in the Nilgiris (see Table 1). The 8x sexual
recorded from Nadugani (1,300 m) confirms our earlier count of n = 114 from
Conoor 1,600 m (Bir, lrudayaraj & Manickam, 1996). Assuming basic chromosome
numbers of x = 29, 30 for Adiantum, cytotypes with n = 57, 114, 228 are all
aneuploids. In all probablity, cytotypes with n = 114 and n = 228 are polyploids
based on n = 57 and may possibly be autoploid in origin although both form
bivalents at meiosis. An autopolyploid origin of tetraploid Asplenium rutamuraria
L. and tetraploid A. septentrionale  (L.) Hoffm., both with 72 bivalents was clearly
demonstrated by Lovis (1964). Support for an autoploid origin  in  Adiantum
raddianum   comes from  the  preliminary  RAPD  (Random Amplification of
Polymorphic DNA) analysis by means of Polymerase Chain Reaction (PCR)
undertaken by Dr. Helena Korpelainen (Helsinki) on plants with n= 114. The results
indicated that octoploid plants with n = 114 are possibly the autoploids from
telraploid plants with n = 57 (pers. comm. to V. lrudayaraj). Taking this clue one
could assume that 16-ploid plants with n = 228 (Fig. IB) may also be of autoploid
origin from those with n = 114. Earlier reports of the same species or under the name
A. cuneatum Langsd & Fisch. record n = 57, 2n = 114, 4x (Abraham, Ninan &
Mathew, 1962); n = 58, 4x (Ghatak, 1977); n ='2n' = 87, 3x apogamous (Ghatak,
1977); n = 60, 2n=120, 4x (Roy & Sinha, 1961, 1962); n = 60,4x (Bir & Vasudeva,
1979; lrudayaraj & Manickam, 1985); and n = 114, 8x (Manickam, 1984; Bir,
lrudayaraj & Manickam, 1996). These indicate the role of 'aneuploidy' at  at least the
4x level leading to evolution of an array of chromosome numbers in the ' species'
which is polymorphic morphogenetically. The question of the origin of tetraploid
plants with n = 57, 58 and 60 is intriguing. It seems possible that there may exist in
nature three types of diploid individuals of A. raddianum with n = 28, n =29 and n =
30, and diploid individuals with n = 28 and n = 29 produced tetraploid plants with n
= 57 through allopolyploidy while diploid plants with n = 29 and n = 30 produced
tetraploid plants with n = 58 and n = 60 through autopolyploidy as explained above
for 8x and 16x plants.
Bir, lrudayaraj & Manickam (1966) noted that the Nilgiris, Shevaroy and Western
Ghats (possibly Yercad) materials of octoploid sexual (n = 114) exactly resemble one
another. As far as 4x,  8x and 16x plants and also 8x sterile plants of A. raddianum
are concerned, they do show some variations in morphology (Figs 2A-B, 3A-B)
since there are differences in their habitats. Tetraploid plants grow in fully exposed
places on dry soil as solitary plants or forming isolated small colonies. These tend to
grow even on exposed rocks. In contrast, the octoploid plants grow along shaded
roadsides on wet soil, intermixed with many other ferns, forming large colonies. The
association of other ferns with the tetraploid cytotype is very much limited  as
compared with octoploid plants. The sterile cytotype shares the same habitat of
octoploid sexual cytotype. The 16-ploid cytotype grows among or beneath the tea
bushes.
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4. Nephrolepis multiflora  (Roxb. ) F.M.Jarrett ex Morton, Contrib. U.S. Natl. Herb.
38:309.1974
Davallia multiflora Roxb.

It commonly grows in small or large colonies at low altitudes and is at its best in the
crevices of rocks or masonry in fully exposed situations. The material from
Keelnadugani is diploid sexual with n = 41 while the earlier  reports  by Kuriachan
(1968) for south Indian material indicate the presence of two cytotypes with 2n = 82,
2 x; n = 82, 2n =164, 4x.
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5. Stegnogramma pozoi (Lagasca) K.Iwats., Acta Phytotax. Geobot. 19:124. 1963.
Leptogramma totta J.Sm.

This tetraploid sexual species, exhibiting 72 bivalents in SMCs is a common fern of
the Nilgiris growing between 1,200-1,500 m along shaded or partly exposed stream
banks in the shola forests' interiors or at their edges. The recorded number n = 72
agrees with earlier reports from south India (Palni Hills: Bir & Vasudeva, 1978,
1979; Manickam & lrudayaraj, 1988; Shevaroy Hills: Ghatak, 1977) as well as
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western Himalaya (Khullar, Sharma & Singh, 1983). Manton & Sledge (1954) have
reported a diploid cytotype (n = 36) from Sri Lanka.

According to Kunze (1851) and Sledge (1981) the Nilgiris plants belong to the
variety mollissima  (Kunze) Sledge. However, lrudayaraj, Manickam & Dominic
Rajkumar (1996) suggested that infraspecific division/s in this species cannot be
established due to the presence of great morphological variations amongst
individuals of different populations form south India.

6. Pronephrium articulatum  (Houlston & T.Moore) Holttum, Blumea 20:116.1972.

This rare fern of the Nilgiris was observed a few times between 1,000-1,300 m
growing alongside fully shaded small water channels. As in Pseudocyclosorus
tylodes  (Kunze) Ching, the sori are pink in colour. The present material from
Keelnadugani is diploid sexual with 36 bivalents in SMCs. The only previous report
of cytology from south India is from Anamalais by Manickam & lrudayaraj (1989,
1990). This diploid species possesses a massive ascending rhizome in contrast to the
related tetraploid species Pronephrium triphyllum (Sw.) Holttum that has a long
creeping rhizome (Manickam & lrudayaraj, 1990).

7. Trigonospora caudipinna (Ching) Sledge, Bull. Brit. Mus. (Nat. Hist.) Bot.
8(1):15. 1981.
Lastrea calcarata var. ciliata Bedd.

This fern grows well along roadsides as well as inside the forests of the Nilgiris
between 750-1,600 m.  It is delimited  with difficulty from T. ciliata (Wall. ex.
Benth.) Holttum found at 1,000-1,400 altitude. The basal pinnae are not reduced in
T. caudipinna wheras three pairs of basal pinnae are progressively reduced in the
other species i.e. T. ciliata. Also the pinnae lobes are cut down to three- quarters of
the way to the costa in the former and in the latter they are cut half-way to the costa.
Indusia in both Trigonospora  species are covered with acicular hairs. Plants from
Nadugani-Gena Pool Forest show 36 bivalents in SMCs (Fig. 4A) indicating these to
be diploid sexual. Previous reports from south India pertain to diploid sexual (n = 36)
from Tirunelveli Hills and Munar (Manickam & lrudayaraj, 1988) and tetraploid
sexual (n = 72) from Kothayar Hills (Manickam & lrudayaraj, 1988).

A great degree of variation in morphology of various individuals is exhibited by
the species. This manifests itself in the size of the plant, degree of lobing of the
pinnae and the amount of pubescence in the south Indian poplulations of the species
(Manickam & lrudayaraj, 1992 and the authors' field observations). Variation in soral
colour at a young stage has also been observed. The Nilgiri plants exhibit the usual
yellowish green sori of the diploid sexual (n = 36) while the tetraploid sexual ( n =
72) plants from Kothayar Hills show pink colour of the sori. Cytological status of the
Kothayar Hills plants was re-affirmed during the present study also (Fig. 4 B).
Chromosomal analysis of another collection from Kallar (ERRC4136), Kerala State,
showed that the plants have yellowish green sori and are of diploid sexual status like
the Nilgiris plants. There seems to be a correlation between ploidy level and colour
of the sori. With the aim of determining the influence of altitude and other
enviommental factors on soral colour, a plant with pink coloured young sori was
transplanted from Kothayar 1,100m to Thiruvananthapuram (Trivandrum), 500m
altitude. The rhizome produced few fronds within three weeks (though stunted) but
with pink coloured sori. But this type of soral colour and ploidy level correlation
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needs to be confirmed on the basis of intensive field study at the population level.
Both the diploid sexual plants with green coloured sori and the tetraploid sexual
plants with pink coloured sori have typically erect rhizomes. However, the 4x plants
from Kothayar are characterized by massive rhizomes and are more than a metre in
height.

Preliminary Thin Layer Chromatography and High Performance Liquid
Chromatography studies (Britto, Manickam & Gopal Krishnan, 1994) on different
cytomorphotypes of this species complex indicated an autopolyploid origin of the
tetraploid cytotype because of the presence of similar types of band patterns in the
two cytotypes.

8.  Diplazium polypodioides Blume, Enum. pl. Javae 194. 1828,  non Diplazium
polypodioides auct. of the Himalaya.

True Diplazium polypodioides is endemic to south India and Sri Lanka and reports of
its occurrence in the Himalaya are erroneous (see Bir & lrudayaraj, 1992). This
large-sized terrestrial fern is abundant between 1,000-1,400m altitude and prefers to
grow along fully or partially shaded water courses. Often, it may be found in the
deforested areas too, but here the plants exhibit stunted growth. It shows 41 bivalents
in plants from Keelnadugani (1,300m) and the result is in agreement with the reports
of Bir (1965), Manickam (1984) and Manickam & lrudayaraj (1988) from Palni
Hills, south India. Sankari Ammal & Bhavanandan (1993) carried out karyotypic
analysis and recorded 2n = 82 (2 pairs of M, 12 pairs of m, 14 pairs of sm, 13 pairs
of st chromosomes). The identity of the Himalayan fern hitherto named Diplazium
polypodioides auct. has been established to be D.  frondosum (Wall. ex C.B. Clarke)
Christ which is also diploid sexual, n = 41 (Bir & lrudayaraj, 1992). The tetraploid
cytotype (n = 82) attributed to  D. polypodioides  (Sankari Ammal & Bhavanandan,
1990) from lduki, Kerala is in all probability D. polypodioides Blume var.
brachylobum Sledge [D. brachylobum (Sledge) Manickam & lrud.]. This is also
recorded as a tetraploid sexual from Palni Hills (Manickam, 1984). It is characterised
by  having  secondary  pinnae  lobed  1/3  -  to 1/2 - way  to  the  costa  and  entire or
subentire indusia in contrast to secondary pinnae lobed nearly up to the costa and
finely fimbriate indusia in D. polypodioides Blume (Bir & Irudayaraj, 1992).

9. Diplazium esculentum (Retz. ) Sw., J. Bot. (Schrader) 1801(2):312. 1803.
Hemionitis esculenta Retz., Anisogonium esculentum C.Presl

Diplazium esculentum is more commonly found in the open places alongside streams
or water courses right from the foot of the Nilgiris and reaching up to 1,500m. The
material from Keelnadugani where this fern grows in abundance along a stream in a
large colony is diploid sexual (n= 41). All the reports from south India (Abraham,
Ninan & Mathew, 1962; Bir, 1965; Ghatak, 1977; Bhavanandan, 1981; Manickam,
1984; Manickam & lrudayaraj, 1988) and elsewhere from India i.e. Himalaya,
Parasnath Hills, western India, central India (Bir & Verma, 1989) record it as n = 41,
2n = 82. Bhavanandan & Sankari Ammal (1991) record it as tetraploid sexual with
n = 82 from Achancoail, Kerala. The two cytotypes cannot be differentiated on the
basis of size or other morphological features because of morphological variation
found in the diploid taxon. Small simply pinnate fronds on a short rhizome as well as
large sized bipinnate fronds on up to 60 cm erect rhizome have been found to be only
diploid in the Himalaya and central India.
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Figure 4. A-C Meiosis in spore mother cells. Scale bar = 20�m for A-C.
A. Trigonospora caudipinna (Ching) Sledge, diploid cytotype showing n=36 (XCH
1589).  B. Trigonospora caudipinna (Ching) Sledge, tetraploid cytotype from
Kothayar Hills showing n=72. Confirmed from counting 144 chromosomes in the
root tip. C.  Microsorum membranaceaum D.Don, n=72.

10. Asplenium laciniatum D.Don, Prod. fl. Nepal. 8. 1825.
Asplenium varians Wall. ex. Hook. & Grev.

This small-sized, herbaceous spleenwort is a very rare fern of south India but was
described by R.H. Beddome (1864: t.l29) in Ferns of Southern India as Asplenium
varians. It grows on moist, shaded substrate between 1,200-1,500m and can easily be
overlooked because of it being intermingled with grasses as it grows on shaded rock
boulders.

Hitherto, the name A. varians Wall. ex Hook. & Grev. had long been accepted for
this fern but in 1973 C.V. Morton observed "It is indeed unfortunate, that the
application of the name A. laciniatum D.Don must be changed, but I see no
alternative". The herbarium sheet of the holotype of A. laciniatum D. Don at BM has
a number  of plants numbered as  "1", "2" and "3". The three plants numbered "2'"
are on the left centre and are collected from Nepal by Wallich in 1817 and this
information is the same as given by Hooker & Greville (1830: t.l78) for their
Asplenium varians. These specimens agree with Hooker & Greville's figure as
verified by the author during  his visit to BM in 1980 by examining the holotype.
Morton (1973) is sure that the true A. laciniatum described by D. Don (1825) is
identical with the plants described as A. varians Hook. & Grev. as referred to above.
Thus on the basis of holotype identity and priority of publication dates,  A. varians
becomes a synonym of A. laciniatum (see also Singh & Bir, 1989) and the
Himalayan plant so commonly called A. laciniatum D. Don is named by Morton
(1973) as A. gueinzianum Mett., though tentatively. The late Professor T. Reichstein
from Basel, Switzerland was opposed to this name change (pers. comm. to S.S. Bir).

This rare fern grows on small stones on the forest floor and the present record of
diploid sexual with n = 36 is in conformity with the previous reports from south
India: Kodaikanal (Bir, 1965), Eastern Ghats (Manickam & lrudayaraj, 1988;
Ghatak, 1977) and Western Ghats (Kuriachan, 1978). Diploid sexual cytotype is also
recorded from Palni Hills (Bir, 1965). Both diploid (n = 36) and tetraploid (n = 72)
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cytotypes are recorded from the Himalaya; eastern as well as western region (Bir &
Verma, 1989). Comparision of the diploid and tetraploid sexual cytotypes from
Sikkim State in the eastern Himalaya (2 x: PUN 2000, 4 x: PUN 1997, 1999) do not
show any pronounced morphological differences. Only the extremes are distinct and
the detection of various cytotypes in the field is very difficult. The stomata and
epidermal cells are not much different. However, the 4x plants may show larger size
of the lamina, greater number of pinnae (also larger), larger acroscopic pinnae,
greater number of annulus cells per sporangium and slightly larger sized spores as
compared with the diploid plants but size ranges sometimes do overlap. Kodaikanal
diploid plants (PUN 4795) are not in any way morphologically different from the
Himalayan counterparts (PUN 641-643, 2000, 2730,2731, 2840, 4180, 5085, 5086)
as investigated by S.S. Bir during the 1950s and the 1960s. It is interesting to point
out that recently only 4x sexual plants are recorded by Bir (1994) and Bir, lrudayaraj
& Singh (1994) from Kulu, Simla, Mussoorie-Chakrata, Almora and Pithoragrah
region in the western Himalaya.

11. Microsorum membranaceum (D. Don) Ching, Bull. Fan. Mem. Inst. Biol.
(Bot.) 4:293-352. 1933.

The simple leaved polypod Microsorum membranaceum (D. Don) Ching is an
occupant of either shaded boulders or the bases of forest tree trunks but is fairly rare
in south Indian forests as well as the Nilgiris. The fronds hang majestically from
shaded rocks alongside forest paths. The epiphytic plants from Keelnadugani show
72 bivalents in SMCs  (Fig. 4 C). So far only the diploid cytotype (n = 36) is
recorded from south India (Kuriachan, 1968; Manickam, & lrudayaraj, 1998) and the
present report is the first record of tetraploid plants from the Nilgiris. From the
Himalaya and central India only the diploid sexual, (n = 36, 2n = 72) is recorded (Bir
& Verma, 1989) although from Parasnath Hills numbers recorded are n = 37, 2n = 74
(Bir & Verma, 1989). However, from western India Mahabale & Kamble (1981)
record the tetraploid with n = 72. Both the cytotypes are morphologically
indistinguishable from each other. Himalayan fronds varying between 20-100 cm in
length all have diploid status.

CONCLUDING  REMARKS
Finally, it may be pointed out that so far cytological results have been obtained from
the Nilgiris for 42 fern species (cf. Bir, lrudayaraj & Manickam, 1996 and the present
investigations). An analysis shows that amongst these there are 18 diploid sexual,
five triploid apogamous, 16 tetraploid sexual, two octoploid sexual and one 16-ploid
sexual species. The incidence of polyploidy comes to 57.15% and apogamy is
11.90%. Additionally, there are three cytotypes (4x, 8x sterile and 16x) in the case of
Adiantum raddianum  (see Species No. 3 in text and Table I ) and overall polyploid
taxa are 60% and hybrids including apomicts are 13.33%. Bir (1973) presented a
total chromosomal analysis of south Indian Pteridophytes with 56.9% polyploid taxa
and the highest grade of recorded polyploidy being at 8-ploid level. For the Nilgiris
ferns that have so far been chromosomally analysed, the incidence of polyploidy is
nearly the same but the highest grade of polyploidy is at the 16-ploid level in case of
two species, namely Trichomanes schmidianum Zenker ex Taschn. (Bir, lrudayaraj &
Manickam, 1996) and Adiantum raddianum C.Presl (the present investigations).

It  may  be  noted  that  amongst  the  fern  species  dealt  with  here. Adiantum
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lunulatum Burm.  is used in Ayurvedic and Unani system of medicine (Henry,
Hosagoudar & Kumar, 1996). Several cytotypes are now known for this fern. This is
also the case with several other fern species which are used in Ayurveda. With the
availability of a variety of cytotypes for medicinal ferns in India, it is essential to
locate the suitable cytotype for determining the maximum efficacy of the fern drugs.
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