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A B S T R A C T  

The paper gives an account of the taxonomy of the genus Ophioglossum of which ten species ate 
found in India. In doing so morphology of the leaf, stipules, spore and epidermal characters are 
taken into account and a key based on all characters is given to identify species. They are 
also summarked in a table. The question of confused taxonomy of species hke 0. reticulam, 
0. vulgatum and 0. Aitchisoni has been specifically discussed and the probable phylogeny of Indian 
species is schematically represented. The characters of stipules which wereoverlooked so far a= 
given in detail. 

INTRODUCTION 

The family Ophioglossaceae is characterised by 
thick-walled sporangia borne on a spike subtended 
by leaf. Some of the recently discovered members 
of the Coeno teridineae have also similar large, 
stalked, thici-walled sporangia; and this has 
aroused interest in the group afresh. The genus 
Ophioglossum, type genus of the family, represents 
a primitive type of fern, quite different from many 
others. It is of world wide occurrence comprising 
30 species according to Claussen (1938). The genus 
.has been validated by Linnaeus (1753) who had in- 
cluded it in his "Species Plantarum" (Ed. I ,  vol. z,  
pp. I&%-64) using Ophioglossum vulgatum as 
the type. However, the genus had been known 
even before Linnaeus, having been described by 
two French brother botanists, Bauhins, Casper 
Bauhin (1620) who described three species of it in 
his "Prodromus Theatri Botaniceae" and J .  
Bauhin and Cherlero (1651) who described two 
more. Strangely enough Linnaeus (I 753) besides 
describing four species of it, namely, 0. vulgalzem, 
0 .  Eusitanicum, 0. reticulatum and 0. palmatum, 
also included a species of Lygodzum and another of 
Osmunda under that generic name. They were, of 
course, removed from them later. Further workers 
on the taxonomy of the genus have becn Presl 
(I 845), Pr'mtl (I 883-84), Bitter (1900). etc. The 
family was monographed by Claussen (1938) and 
its, various aspects have been described by many 
botanists. The present paper is main1 concerned 
with the phylogeny and taxonomy of t K is genus as 
it occurs in India. There are ten species of the' 
genus in India, although earlier authors such as 
Clarke (1880), Beddome (1883), H o p  (1903) 
Blatter and dYAlmeida (1922), ,d'Almeida (1922), 
Chakravarti (I 9.5 I), Balkrishnan, Thothathri and 
Henry (1960) have given each a different number. 

In the present investigation the below mentioned 
teu species were' collected and identified b me. 
Inforrnatlan concerning them in the Kev derba- 
riuw was supplied ta me by Mr. F. Ballard, Pteh 

dolo ist at the Kew Herbarium to whom my best 
than e s are due. It was supplemented with my o m  
observations, 'during my two visits to that Herba- 
rium in 1954 and 1959, and I have to thank the 
authorities of the Kew .Herbarium for this help, 
especially Dr. Taylor and Dr. Hubbard. The 
material was collected at various places in India 
anil the distribution patterns of the different species 
would be discussed elsewhere.* 

The list of species is as follows: 

I.  0. reticulatum L. (Text fig. I and P1. fig 2). 
2.. 0. vulgatunt I,. (Text figs. 2-4). 
3. 0 .  japonicum Prantl (Text figs. 54 and P1. 

fig. I). 

4. 0 .  peduwulostcm Prantl sensu non Desv. 
(Text figs. 7 8  and PI. figs. 4-5). 

5. 0 .  nudicuule L (Text figs. 91 I and Pl. 
fig. 8). 

6. 0. lusitanicum L: (Text figs. 12-15). 
7. 0. fibrosztm Schum. (Text figs. 16-17 and 

PI. figs. 6-7). 
8. 0. gramineum Willd. ('Text fig. 18 and PI. 

figs. p1 1). 
g. 0. Aitchisom' d'Alm. (Text figs. ~ g z o  and 

P1. fig. 3). 
10. 0. pendulum L. (Text figs. 21-22). 

OBSERVATIONS 

There appears to be a good deal of controversy 
over the taxonomic status of some of these species 
and, therefore, it was thou ht warthwhile studying 
them as critical1 as possib e with a view to dietin- Y 8 
guishing t l~em rom each other and tracing theit 
phylogeny. Table I giver a summary of the broad 
lnorphological and anatomical characters in them. 



TABLE I 

Epidermal 
cells on the Size of Stomata1 Dermal Attachment Sizr of No. of Leaf Roots Remark 

Specie .Rhizome Sterile lamina Venation lo\versurface stomara 
of the leaf lie appen- of fertile spore rporangia traces 
and size in p in (r dages spike in p pcr spike -- - 

1. 0. l u r i ~ i c u m  SmaU, round, Lineo-lanceo- No free vein-endings, Elongatrd 60 ~ 4 5  Transverse Hairy Above the 42 x4" 8-16 Silrgle htonarch, Few stipites pre- 
tuberous late, spathulate arcoles elongat$xl 159x 28 or obliquc middle diarch sent on rhizome 

2. 0. gramincum Small, erect Linear No free vein-ending, Elongated 63 X 33 Parallel or Scaly Below the 35 x 38 4-1 0 Single blonarch 
areoles elongated 90 X 16 irregular middle 

3. 0 .  ailchironi Erect, Lanernlat~ Areols large, Elongated 72 ~ 4 6  Transverse Hairy Above the 47 20-30 Double Monarch, Old stipites 
elongated elongated 121x26 or oblique middle on diarch, present on 3 

Lamina polyarch rhizome 

4. 0. nudiconb Small,  lightly Linear to ovate Free vein-endings in Elongared 58 X 34 Transverse Scaly Above the 28-30 3- 8 Siltgle Monarch 
tubemus the marginal loop. 78 X 25 or oblique middle 0 

5. 0. mlgalum E ~ w ~ ,  dong- Ovate, or closely small Elongated 73 x 63 Parallel or Scaly At the 40-50 15-20 Single -do- 
ated cylindri- oblong, hafted meshes all over the 133 X 33 irregular middle 
cal leaf 

J 

6. 0 .pedwulo-  Erect, cylin- Ovate to ovate "Venalio marcti" Elongated 59x40 Transverse Scaly Below or at  30-36 I4 Single -do- Few stipulx 
sum drical a t  the orbicular 79x27 or the middle scales present 

base and oblique on rhizome r, 
tuberous at  
the top 

7.  0. japonicum Erect and Elliptical or ' ' V ~ ~ l i o  mardi", Elongated 92 x Parallel Hairy Above the 32 -40 20-30 Double hlonarch, 
cylindrical elliptical oblong meshes elongated, 198 X 33 or middle 

irregular 
diarch 

irregular 

8. 0. reticrrlahmr Erect, cylin- Cordate A dense net-work of Broad 62 X46 Arch-like Scaly A+VE the 40-42 40-60 Double Monarch, Led scars very 8 
drical, cur- broad, irregular 86 ~ 6 1  m~ddle diarch prominent on 
date and meshes with many rhizome g 
tutted free vein-endings > 

9. 0 . f ibrosm Large, round Ovate-lanceolate A net work of broad, Broad 
and distinctly regular, polypnal 89 140  
tuberous meshes with vanom- 

Iy branched veinlel 

10. 0. pmdulurn Small and 'kibbon-like, "Venatio morginiaroc" Broad 
dorsiventral strap-shaped or polygonal 

did~otomously 112x86 
divided 

65x40 Transvene Hairy ALmvr the 30-37 25 
or middle 

oblique 

87- 105 Parallel Stiff Far below 40-50 
x 56 scales the middle, 

with a very near the 
few bas? of thc 
hairs sterile 

lamina 

Dpuble Diarch, A rim for the 
triarch insertion of 

leaves at the top 
of the rhizome, 
root fibrous 

Multiple Diarch, Leaves pendu- 
polyarch lous ; stomata 

have a ring of 
concentrically 
arranged celis 
around them 
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The following p in t s  emerge from the Table: 
0 .  fibroszsm has a distinct round corm-like 

rhizome, with its apex deep situated and hence it 
cannot be mixed up with any other species (Text 
figs. 16-17 and PI. figs. 6, 7). The rhizome of 
0 .  lusitanicum is also round and tuberous, but it is 
not cormatous being rather erect (Text figs. 12-15). 

The, rhizome of 0. reticulatum, 0. vulgatum 
and 0 .  gramineum is cylindrical and erect (Tekt 
figs. 1-4, 18 and Pi. figs. z, 8). It is distinctly 
tubular at the base in 0. Aitchisoni (Text figs. 
~gzo),  0.. reticulatum (Text fig. I )  and 0. nuda- 
caule (Text figs. 91 I). It becomes progressively 
enlarged towards the apex in 0. reticulatum and 
0 .  gramineum. It is rather small, about z mm. 
broad and round in 0. nudicaule. In1 epiphytic 
0 .  pendulum it is also small, 2-5 mm. broad, and 
stout ; only a few roots arise £ram it (Text .fig. 21). 

They are thick and very brittle. Thus on the basis 
of rhizome all these species can easily be distin- 
guished as follows :- 

A. Rhizome oormatous, roots fibrous, 
num- ... ... ... 0.JFbrosum. 

B. Rhimme rodd, roots not fibrous ... 0. lusitanicum. 
C. Rhizome cylindrical 

Leaf cordate ... ... ... 0. retinrlatum. 
Leaf ovate ... ... ... 0. vulgahnn. 
~ e a f  lanceolate, mucronate .. . ... 0. Aitchironi. 
,&VW ovate or ovate l andate  . . . 0. joponbm. 

ovate oblong . . . ... ..; 0. psdunnrlos~m. 
Rhizome small, roots thick and brittle, 
plan$ epiphytes .. . ... ... O.p&Im. 
Plants minute, leaf ovate or ovate oblong .. . 0. nuditauk. 
P b t s  minute, leaves sickle-shaped . +. 0. gratnbtem. 

In order to distinguish the s ecies further, epi- 
dermal characters' of the l e d  suc as stomata, vena- 
tion a ~ r l  stipulea were studied. 

1 
It was found that the lie of the stomata in 

ditiesent species is different (Text figs. 23-34). Be- 
sides, rhe shape and arrangement of guard cells in 
0. endu1,um are quite distinct from the rest of the t spe les, in as much as, they are encircled by a ring 
of concentric cells as in Helminthostachys (Text 
figs. 31,. 32). This character is not seen in any other 
species of Ophiogtossum nor in Botrychium. 

The genus Ophiogtossum is easily distinguished 
from the rest of the members of the Ophioglossaceae 
or perhaps the Marattiaceae, with the exception of 
Kaulfussza, by its reticulate venatim, which is 
furcate in .all other genera of the Eusporangiatae. 
The degree of the reticulation however, dsers in 
various species, as also the presence of midrib, 
areolae and vein-endings. Text figs. 35-47 illustrate 
them and an analytical key cam be made on the 
basis of these characters. The presence or absence 
of free vein endings has been used by Prantl to 
distinguish the species of ,the subgenus Euophio- 
g,lossurrt i$o two sections Paraura  and Ptib- 
fieerra. In the section Pmdniura thew are no free 

I 0  

vein endings, whereas in Ptiloneura they are al- 
ways present. In Ptilmura the leaf trace as a rule 
is double whereas in Paraneura it is single. In the 
sub-genus Cheiroglossa and Ophioderma it is mul- 
tiple. No information is available about this 
character in the sub-genus Rhizoglossum. 

On the basis of these 0. vulgatum, 0. reticulatum, 
0. pedzmculosum, 0. fibrosum, 0. jaenicum are 
distinguished from the rest by "Venatio anaxeti" 
(Text figs. 38-47). 0. Aitchisoni also has similar 
veins, but they form two sets of meshes, large, thick 
nerves forming superficial areolae in which there is 
a close network of secondary' veins (Text fig. 44). 0. 
pendulum has very large vein and meshes. They 
are without veinendings except at the distal margin 
tof the leaf (Text fig. 35). In 0. lusitanicum free 
veins occur only near the margin (Fig. 37). This' 
type of venation is know,n, as "Venatio margznkrrae". 

Key to Indian species of Ophwghsum based on their venation. 
I. Midrib present 

(a) Areola elongated, irregular ; fkee 
vein-endings divaricating, ascending or 
'descending . . . ... ... 0. jllponiw. 

(b) Areoles broad, regular, often hexagonal ; 
free vein endings dividing repeatedly 
in a scorpoid or dichopodial manner in 
the areolw ... ... ... O.~brosurrr. 

11. Midrib absent 
(c) Areoles elongated and regular 

(i) Areola completely filled with a 
dense net work of m n d a i y  
areola . . . 0. Ah- 

&) Areola not fili'cd with :net work 
of secondary areola and dthodt 
free vein endings 
1. Submarginal cornmisoure 

present . .. ... ... 0. psRdukmt. 
2. Submarginal comnkure absent 

No fiee vein-endin in tht 
-1s but only the c t h  i m p  
near thc margina ... ' ..; 0 . g r h .  
No free vein-endin a in the 
meda but s few cfub&aped 
ends. of veinlets at the 
margxna ... .,. ..; 0. l u r i t a h ,  
Marginal loops closed but a few 

divancating veinlets resent in 
the marginal and sut-gina 
areola ... . . . . .. 0. n u d a .  

(d) Areoles broad, irregular with "Vunatio 
w s t i "  

5. Free v e i n - d i g s  spread all 
over the leaf ... 0. re-. 

4. Free vein-endings B ' L t  h m  
the central core of elongated 
meahea constituti the median 
elevation on the%& side of 
the leaf . 
L e veins at the baae of the 
thyamina five ... O.@#&ndam. 
Large veins'at the i&w of the 
lamina eleven or more ... 0. M l l g a ~ .  

There is always a certain amount of comfusipn in 
identification of 0 .  . reticulatum - a d  0. vutgioturn 
(Text figs. I and 2-4).* These.two spec;es apart fqm 

*During my recent visit to many herbaria in U.S.S.R. I 
have hundreds .of ecimem 6f 0. oarlgaimn and I .+ve 
m d o z i t  dit quite a d&xeqt spedc~ -tb.n 0. ru$dakrnr. 
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the shape of the leaf, cordate in,'O. reticulatum and 
ovate in' 0. vulgatum, differ in having a midvein 
running halfway En the leaf in 0. reticuEdurn and 
right upto the apex in 0. v J  atum. The stomata1 
lie also in them is different h e x t  figs. 29-30 0 33- 
34). But more distinct and reliable character is the 

e of epidermal cell% In 0 .  reticulatum the 
cells are broad and have corrugated walls 

ext figs. 33-34 but not so in 0 .  vulgatum which 1 has elongated, s ightly wavy walls (Text figs. 2930). 
0. Aitchisoni is sometimes called 0. capense 

Prantl, as one of sheets in Calcutta herbarium bear- 
ing that name is from Prantl's collection from 
South Africa and i y  named as such. The question 
here, therefore, is one of nomenclature as per pre- 
sent International rules. The stipules (persistent 
sheaths) in-0. cqense however, are rather long and 
reddish compared .to those in 0. Aitchzsoni. 
Perhaps the are two different: varieties. But it 
would be ris 1 y to call them identical without exa- 
mining some fresh African material of 0. capense 
and'comparing it with that of 0 .  Aitchisoni from 
India (Text figs. 1920). The leaf structure in the 
rest of the species is too distinct to be confounded. 

Claussen (1938; pp. 143-152) in his monograph on 
the Ophioglossaceae first created a number of sub-, 
species in 0. nudicaule, but later he rightly felt that 
many of them are mere varieties, perhaps ecologi- 
cal variations, not worth of any nomenclatorial 
distinction (Loc. cit., p. r72T I agree with this view, 
as the plants of this species grow under very varied 
conditions a11 over the country from Himalayas to 
AnnamaIlis and as such only they look diierent 
(Text figs. 9-1 I and PI. fig. 8). 

Another very important character of Ophioglos- 
sum is stipules or the so-called persistent leaf 
sheaths. As this has escaped the attention of earlier 
workers, it may be @en in detail here. Text figs. 
484% illustrzte the sii ules in all the species studied. 
The leaf in O p h i o ~  ssum in oung condition is " . endrcle6 by cylindrical ochrea-li e sheath (Fig. 48). 
Its margins are obliquely twisted and overlapping. 
They thus encircle wrthin them the next successive 
young leaf as well as the rudiments of all subse- 
quent leaves growing with it. This becomes 
very clear in a median I.: S. of rhizome of 0 .  
Aitchisoni (Text fig. 48), in which one sees primor- 
klia of young leaves and stipules encirclin each 
other near the growing point of rhizome. &ere is 
also some intercalary growth between stipule and 
the growing point of stem in some species. The 
sheath is open at the apex by a pore through which 
the leaf-tip, which is erect, and not circinate, comes 
out as in some species of Pteris, and the air outside 
reaches to the growing apex. As the leaf grows, the 
stipule matures and gets split into two parts which 
d n s  attached to the leaf base on the rhizome. 
These parts persist till the leaf dries and falls off; 
leaving bison coloured stipites (Text figs. r ,  4, 8, 
~bao). Thus both the stipules M well as stipites. arq 

visible on old rhizome between the roots and root 
scars. 

There are four types of stipules in Ophioglossum : 
( I )  those that are distinctly scaly with. thin-walled 
cells e.g. 0. pedz~nculosum (Text fig. 55), (2) ,Scaly 
with thick-walled cells e.g. 0 .  gramineum 
figs. 56-57), (3) Those with a few glandular ce ITeXt 1s at 
the margin e.g. 0. nudicaule (Text fig. 54), and (4) 
those that are disti~~ctly hair e.g. 0. fibrosum, -0. 
japoninrm, 0. reticuh*tm, 8. pndulum and 0. 
Aitrhisonii (Text figs. 49,53 and 58-60). On this basis, 
0. reticulatum having scaly stipules and short hairs, 
0. grmineum havin thick stipules without hairs % (Text figs. 56j, 0 .  f i  rosum (Text figs. 49, 60), 0. 
lusitmicum (Text fig. 58), 0. pendulum (Fig. 59) 
and other species with distinct1 hairy stipuks 
(Text figs. 50, 51, 52, 53) can easl ST y be recognised: 
Of _these. the stipules of 0 .  Aitchasoni are highly 
characteristic (Text figs. 50, 51). In the two other 
related enera of Ophioglossum, Botrychium and 8, Helmint ostachys, they are moitly scaly except 
in B. daucifolium in which hairs are resent. Sti- 
pules are also present in other mem ! ers of the 
Marattiaceae e.g. green fleshy acrescent stipules of 
Angiopteris or Marattia. According to the usual 
belief; scaly stipules are advanced and hairy primi- 
tive. From this point of view there is a full range of 
stipules in the genus Ophioglossum from hair). to 
scaly which indicates that it may notbe a primitive 
genus in the family. 

The spores in different species are also characteri- 
stic and are shown in Text figs. 61-72. Their charac- 
ters also can be used taxonomically ; especially of 
0. reticulatum, 0 .  nudicaule, 0. gramiwum and 0. 
pendulunz are highly ,significant. The spores in '  
the last-named species have tri-radiate mark extended 
upto edge of the lower circular half of spore (Fi s 
7 I ,  p), as in sowe species of Zsoetes like I. lithophi% 
I .  tenuissima etc. 

Anatomically the rhizome in Ophioglossum shows 
interesting transition from medullated protostele at  
its base to schizostele in the adult stem ; but the 
individual bundles do not seem to possess endoder- 
inis. Most of the plants in 0. reticulatum, 0. 
Aitchisoni, 0 .  nudicaule, 0. vulgutum or 0 .  pedun. 
culosum arise vegetatively from root buds (Text 
figs. I, 3, 4, 7, 8, 10, rg, 20). The rhizome in such 
plants is tubular at the base and m e  sees a complete 
transition from protostele to schizostele in one and 
the same rhizome at different levels. The structure 
of rhizome in 0 .  fibrosum is dierent. It is more 
like that in. the corm of Zsoetes in which leaf trace 
bundles lie scattered in storage parewhyma. Be 
sides there is also elight periderm formati~h~ in 0. 
fibrosum. Apparently there is no cauline stele in 
this species but only foliar, the leaf trace bundles 
joining one another to form a flat basket-likd 
network of' stele. 

Another important anatomical chaiacta .of the 
genus is leaf trace, i t  b single 41 0. pamineurn a d  
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PI. Figs. 1-11. Species of O$hbglosm in India. Fig. 1. 0. japainrm Prantl. Fig. 2. 0. reticulaturn L. 
Fig. 3. 0. A i t c h h i  d Alm. Fig. 4 5 .  0. dunculoswn Prantl. smnr n m  Dav. : Note bifurcuted 

spike in fig. 5 .  Figs. 6-7. 0. j b -  &hum. : Note the mrmatotu rhizome, fibrous 
roots in thb species and hranchd nporangiophore in Fig. 6. Fig. 8. 0. 

nudicuulc L. Figs. 9-1 1 .  0. g r n m i n m  Willd. 
(Fig, I, 2, 3, 6, 7,9~2/5 N. S. ; Figs. 4, 5, 8, 10, 1 1  ~ 4 / 5 N .  S.). 
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Pigo. 1-11, Species of Ophwglossum in India. 

Fig. 1. 0. r~~inchtrmr L. X )  N.S. Figs. 2-4. 0. ~ulgatwn L. x f N. S. Fig. 5-6. 0. japmicum Pranti. x N. 8. 
Pip 1-8. O.*+losum x r r  mn Dew. : Note mot-buds propagatibg plant vegetatively x 4 d S, 

Figs. 9-1 I. 0. nudiGaulc L. x t N. 3. 
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Figs. 12-22. Species of Ophioglossurn in India. 

Figs. 12-15. 0. ~usilanicum L. X f N. S. Figs. 16-17. 0. fibrosum Schum. X &  N .  S. Fig. 18. 0. gramincum Willd. x & N. S 
Figs. 19-20. 0. Aitchisoni d'Alm. x 8 N. S. Figs. 21-22. 0. pendulum I.. : Note repeated dichotomy of the leafx 4 N, S, 
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Fig.. 23-34. Stomata and epidermis of leaf in Lndian species of Ofihioglossum. 

Fig. 23. 0. Aifchisoni. Upper epidermis of leafx60. Fig. 24. The same, lower epidermisx60. Fig. 25. 
0. grmninaum. Upper epidermis' of leaf x 60. Fig. 26. The same. Lower epidermis x 60. Fig. 27. 

0. pCdwrculosum. Upper epidermis of leafx 60. Fig. 28. The same. Lower epidermis x 60. Fig. 29. 
0. vulgahun. Upper epidermis x GO. Fig. SO. The same. Lower epidermis X GO. Fig. 31. 

0. P C d l u r n .  Upper epidermis ofleafx 60. Fig. 32. The same. Lower epidermis ~ 6 0 .  
Fig. 33. 0. rsticulaftun. Upper epidermis~f leaf x 60. Fig. 34. The same. 

Lower epidermis x 60. 
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Figs. 35-47. Venatibn in different species of Ophwghsum in India. 
Fig. 35. Q. pndulum. Note the long areola without free vein endings and a few ffee veins at the margin X  1.5: 
Fig. 36. 0. pamiwan. Note enlarged vein meshes x 3.75. Fig. 37. 0 .  lusilanicum. Note enlarged meaha 

without free veins in the middle and a few free veins at the margin showing "Vmatw marginiaros" ~ 3 . 7 %  
Figs. 38-41. 0. nudieadex 3.75. Fig. 3 8  Free vein-ending in an embryonic leaf. Fi 39-41. Pro- 
grasivelv older leaves with free vein-endings spreading from apex towards the ml$b. Fig. 42. 

0. pddunculosum leaf showing ''vena!M anuxdi" x2.25. Fig. 43. 0. japmnicum leaf showing "vcnatia &ti" 
and elongated veins in the middle constituting midrib x 3.75. Fig. 44. 0. Aitchironi leaf showing 
overlapping meshes of veins and free vein endings. Note large, elongated, swollen, hexagoaal 

areolae x 3. Fig. 45. 0.Jibrosum. Venation of leaf. Note regular hexagonal areolae with 
symmetrically bifurcated free vein-endings on both the sides in the free areohe. Note the 

enlarged meshes of the midrib x 3. Fig. 46. 0. retinrlahrfn showing "venatw anaxeti" 
with polygonal areolae and asymmetricall divided free vein-endings. Note the 
midvein h e d  by elongated cells ~ 2 . 2 5 .  Jg. 47. 0. uul atum showing el0 ated 
irrqularly hped w e ~ l u  rod ffee vein-endinp. Note $ tbick m i d ~ i n ~ . 7 5 .  
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Fig*. 48-60. Stipules in species of Ophioglosswn in India. 

Fig, 48. L. S. of rhizome of 0. Aitchisoni showing young 1eafi.s enclosed within the stipular sheathsX6. 
Fig. 49. 0. fibrosum. Hood of stipular sheathx40. Fig. 50. 0. Aitchisoni. Hood of the stipular sheath 

with a cluster of hairs (side view) x 40. Fig. 51. The same : branched hairs on the stipule X 40. 
Fig. 52. Stipules'in 0. juponincm x 40. Fig. 53. Stipule in 0 .  rctinclahun X40. Fig. 54. Stipule 

in 0. nudicauls X40. Fig. 55. Stipulm in 0. psdunculosum ~ 4 0 .  Fig. 56. Stipule in 
0. gramincum XQO. Fig. 57. Sti ule in 0. vulgotum x 40. Fig. 58. Stipule in 
0. lusitanhm ~ 4 0 .  Fig. 59. &iPule in 0. gaddm x 40. Fig. 60. Stipule 

in 0. fibrosum x 40. 
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Figr. 61-72. Spores in different species of Ophwglossum in India : X675. 

Pi. '61. 0. Mllgahmt. Fig. 62. 0. rericulotum. Fig. 63. 0. joponinmr. Fig. 64. 0. @ ~ ~ O S U ? L  Fig. 65. 
0. nudicauk. Fig. 66. 0. JFbrom. Fig. 67. 0. lusitaninrm. Fig. 68-69. 0. Aitchrson:. Flg. 70. 

0. gram&. Fig. 71-72. 0. pendulum. 


