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\sEARCH for the ori gin or an y group or pl.rnts : oday is beset with diln
culties as it is 1101 ea sy ·to defi ne exact ly what is r ri miti ve. It is poss ible 
to recogni ze what is ad va nced , but not th e pr imit ive, as; what could 
be prim iti ve might as wel l be reduced ; a nd hence a rctrosp:::c tive search 
for the origi n of any gro up may not a lways be successful. G enerally, 
what one cons id ers primitive is onl y a reAex o f what one 1:h~·n s of tlw.,...,.... 
opposite ; and that may be wrong as a ll pa rts do not evo lve ;,Wt~a rly, 
a nd as a ll the fac ts of Evoluti on are not reproducible, it , processes 
often being irreversibl e. The strange t hing abo ut Evo l ut p1 is the 
sur viva l of the simple or 1he primitive with the adva nced hn"'ether a t 
the same time. ]n s uch a n ensemble search for the origin of any group 
is a search in a dark labyrinth, e.g ., search for the origin of angio
sperms, ori gin of life, etc. Having engaged myself in st udi es on ferns 
for the past 35 years, .I thought l m ight venture to do so, a s som~ new 
li ght on the problem has been thrown during this period from the recent 
work on their cytology, culture of sporophyt1c tissues, especially the 
stelar tissues, gametophytes, in addition to morphology, past and pre
sent distribution. At the same t ime much new material of early 
vascular plants has come out , a nd their origin is now firmly established 
in the Silurian period and not in the Devonian as we used to think 
(Lang and Cookson, 1935 ; Leclercq , 1954, 1956 ; Danze-Cor3in, 1956; 
Andrews, 1959 ; Cha loner, 1960, 1967; Stewart , 1960 ; Baxter, 1961 ; 
Obrhel , 1962; Bank s, 1964; Rich ardson, 1964, 1965 ; Eggert and Delevo
ryas, 1967; Streel , 1967). Still it is yet not easy to point ou t a. particular 
genus or a larger ta xon as the ancestor of ferns. T he difficulty here 
arises from the fact that whereas our knowledge of their morphology, 
life-history , cytology, a natomy is complete, it cannot be gainfully applied 
to fossi l ferns - whose st ructure we well understand . Bu t a las ! they 
are all extinct . The chronologically most pr_i miti ve ferns have di s
appeared by the end of the Carboniferous period ; only the later mem
bers like the Schizaeaceae, Gleicheniaceae, Matoniaceae, Osmundaceae 

• Presidential Address to the lndian Botanical Society, 48th Sess ion, 3rd .January 
1969, Bombay. 
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continued further. The great bL_il ~ f the present-day ferns, the 
Polypodiaceae, begins tJ_ appear std~ r,y er from the _Jurassic onwards. 
The vast assen~blage o_f the Devo111_a11 and Carboniferous fern s, Pre
f~rns ,_ Protoptends, ~tendosperms, Psilop!1ytes suffered terrible destrnc~ 
tion m the cold climate of the Pern1Lan. Most of them have not· 
left even a single representative unlike the other greet~ groups of Pterido
phytes, the Lepidodendrales and Articulates. Wt are, therefore 
forced ~o take_ a recou_rse. to the study of li~ing ferns and compar; 
them with. ther: pre-Tn~ss1c predecessors. This creates a highly un
~alanced s1 tuat1 on, as m one's eagerness to trace their origin, one 
1s !ed_ ~o compare the mo~t prim1t_ive among t~1e living whh the most 
pnm1_t1ve among the ancients , without knowmg what that primitive 
was m the most ancient period. The time gap between the two is 
approximately of the order of 350 million years; and hence such a 
compari son loses much of its value. Even then the search has to be 
on, and that is the chitf purpose of this paper. 

The question naturally arises, how to compare a very primitive 
a11;cie~t group with another primitive group among the living. Some 
cntena have to be used such as follows:-

J. Morphology- form venation, sporangia. 

2~ .natomy-Stele and leaf trace. 

3. {i,10/ogJ'-Chromosomes. 

4. Palynology-Spores , their kinds and sporoderm. 

5. Behavioural pattern- in genetics, physiology and experi
mental studies on the culturing of gametophytic and sporo
phytic tissues m the laboratory. 

They are the same as have been adopted for other groups by 
Linnaeus (1737), Bentham and Hooker (1862-83), Engler and Prantl 
(1902) , Hallier (1905), Bower (1923, 1926), Copeland (1947), Holttum 
(1949, 1954), Takhatajan (1954) and others. Biosystemati~s is useful 
in narrow circles of affinities as shown by Manton (I 950), Nman (1956), 
Verma (1956) , Mehra (I 960), Panigrahi (1960), Abraham, Ninan and 
Mathew (1962). Weittstein (1935), Wetzel (1938) and others have 
used biochemical characters. Stokey (1951), Allsopp (1955), Mahabale 
(1962 a), Nair and Surjit Kaur (1968) have used gametophytic features, 
and Wetmore (1951), Wardlaw (1952, 1955) and others, the_cultural 
behaviour of tissues and meristems. Still the origin of angwspe~ms 
or ferns is problem~tic. In ang;iosperms hom?xyJy .· ar~~ tracheida: 
nature of xylem provide useful cntena fo~ chec~111g p11m1t1veness, bu 
that is of no significance · here. The fact 1s during the long conq~eS t 

of land by vascular and non-vascular plants, too many cha_nges ~ave - · - . I · I r lines taken place too many a tune at too many p aces on s1m1 a ' 
resulting in a number of ge~eraJised patterns . a~d stru~tures. - T~us 
the primitive and the ·advanced coexist and it 1s 1mposs1ble to derive 

. ,-I 
I ' 

\ f 
( ' 



\ 

\ ' 

I ' 
f. 

,)'/:ARCH FOR A PRIM I TIVE FER ,V 
3 

~ne from the_ other._ So we have to u<,c.: all the availab le data collec
tively. ln .. th1;) .r-art1 cu lar pro?Jem. we ha ":c_ a double handicap a') the 
~ph1oglossace~c supp osed to oc very pr1m1 t1_vc among the Ji ving ferns 
h~ve_ no fo ss il rec c~ rd and th e Protoptcr1d s and Pre-fern s of the 
S,J~r, a~ an cJ _DCv(r1 a_n period _ha ve left no li ving repre:)entatives. 
Be51des, t~ c1r 1~~.-JLl ty 1s bogged in the midst of numerou;, unidentifi
able and 1cJ ent if1 ab le Psil ophyte <, . Several of them look li ke an alga 
a f ern , a fc rn~ally or a pr ogym nosperm. Archaeopteris is a class icai 
cxymplc of 1h1 s Jumble, ':> l ow ly getting cleared up through the work 
ol Leclcrcq (1954, 1956), Baxter (1961) , Hueber (1964) and Banks 
(1968 a: h) . The earl y fern s became a di stinct group only in the late r 
Carboniferou s, and more so after th e Permian and Tria~~ ic. 

However, in thi s connec ti on it ;., necc'>sa ry to remember that 
fern s des pi ~c their checkered r,a .., I arc th e ffrq successfu l conquero rs 

"\ of land which produced num erous rcr,rc'>c ntafi vcs fr om the De\'onian 
10 Carboniferou s. For cxarnr, lc, Hank~ (1968 a) has ci ted twent\·
t hrcc iden Ii fla bJc spore s or the Devoni an plant <,. some of which shouid 
be of fern s. Eve n th e Devoni an ~pore<, like Lophotrileres, Leicotri
letes ex hibit triradiatc mark a lth ough they vary in thei r sporoderm 
ornamentati on. They had various pattern s of foliage but not all were 
ferns . The triradi ate mark is a di stincti ve feature of thP spores 
of early land plants, the Hryophytes and Pteridophytes. ,J.:!ueber 
(J 961) has already recognised H epaticites de ronicus in the .Jevonian 
of New York and a search for liver worts elsewhere is bound to be 
rewarding. But the triradiate mark only suggests a common method 
of sim ultaneous spore formation in which tapetum envelops each 
tetrad till the spores ripen. Ripening in all such cases was abo\·e 
water in wet mud under subaerial conditions. The spores of aquatic 
algae with a few exceptions like Tamnogametum indicum or T. cylindro
spermum, Debaria jogensis, D. smithii have no mark. In these green 
algae there is a straight or sigmoid " Riss-linie ., which is the precurs or 
of triradiate mark. ln the rest of the algae the spores are formed in 
water and are turgid and round. In subaerially growing fungi such 
as Ascomycetes varied ornamentation of sporoderm i.s de\·eloped bur 
no colpi or triradiate mark. In the underground Tuberales e.xosporium 
is ornamented but no co1pi. This character, therefore, though not 
con1mon suggests a far remote ancestral connection that binds the 
Bryophytes to Pteridophytes (Mehra, 1968). 

However, notwithstanding the common features such as dichotomy 
of vegetative parts, presence of antheridia , archegonia ~nd embryo_: 
there is a great hiatus between . the B~yopbyta _ and ~te~1dophyta as 
Bower (1935) pointed out, due to the _difference 1;11 their l1fe-~ycle ~md 
the cytological status of the alternatmg gene_rat10ns. The f~rns cer .. 
tainly are not the vascularized sporogonia of ~1 ven\·orts, nor lJ\·en,·ons 
devascularized ferns having lost the trache1ds. 

Anaton1ically, ferns are distinguished by their stelar structures 
and leaf-trace pattern. This rules out the entire set of non-vascular 
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plant s fr om the Silurian, Devo nian and Carbonif · 
all the Bryophytes in ouv search. Even then it is n e; ous period, and 

~hernh!rom Pre-fern s, and pl ants like Aldanophyton o~ oet~% ~~-fep~rate 
ITT V: l~h ve,sse ls a re not ye t fo und. The Psil ophyta lcs have dic~~t ytes 
of a~n aJ parts, _swo \l en bases, mona ngia l or synan ial thic _ ,0 my_ 
termin a l sp orang1a, simple vascular st rand s bu t nc r~ots L k wa~led 

I had suggest~d ,that roo t is a second_ary or~an of al',sorp.t ion °~f I ~~~ 
plants, th e .pnmary ?rgan ?f a bsorp~1on bemg foot (Mahabale 1947 
The Lycops1da desp1 te the1 r other snni Jar characters had end' . )· 
Pro th all · Th A · 1 h · ospori c 

1. . e rt1cu ates ad relati vely small leaves and spo · 

( 

r ~·, 

ph ore_s. ~e ~now nothing of their gametophytes. The cl ai~nf~~~ 
Rhyma minor 1s t he gametophyte of Rhynia gwynne-vaughani as made 
out ~y Me_rk er ( 1958, 1959) an~ _Pant (1960) looks pla usible due to 
the d 1scove1 y of vasc ula r proth a ll I in Psilotum triqu etrum by Hollowa 
( I _939). But. w~a t abo ut the gam etop hytes of t he stately Ca/a mite~ 
0 1 Sphenops,ds: ! Co uld r _the dark du st obtained sometimes from the ~ 
?asc of Calam1tes be lhc1r deco mp osed prothalli? One can only con- · 
Jectu~·e. But lh c sporoph ytcs o f th ese groups are 4uite distinct from 
th e tern s m orph o log ica ll y and anatomically and one cannot mi stake 
one fo r lhe o th er . 

Fe rn s as a cla ss a rc esse ntially macrophyllous plants having a solid 
core of xy lem in rare in stances like Thamnopteris. But in others the 
l~rge ~f imposes alteration in stem ste le which becomes phyllo
s1 ph on1 c- amphiphloic or dictyostel ic as Jeffrey (1917) pointed out. 
The leaf trace also with a few exception s becomes fluted. It is rarely 
a sing le so lid strand , e.g ., in Thamnopteris sch/echtendalii, but in most 
of them it is abstricted by opening out of the stem stele at one end 
as in G/eichenia , but more often by abstricting alternately two strands 
marginally fr om th e two end s of a broken semilunar stele. In others 
it is m ade up of many leaf- trac·: bundle.s as in Polypodiu m or Angio
pteris. In fos sil fern s al:;o it is so, but in Clepsy dropsids it w-1s extrudeJ 
as a pariphera l bud or included in a patch of thick or thin-walled 
parenchyma in th e cortical li st:-ues as in R eimannia or curved as in 
Fubicau/is or nea rly fre e from the cortex as in Jridiopteris. 
Phy.losiphonic stem stele and marginally abstricted leaf trace are 
di st in ct characters of fern s, whether I iving or ancient. Their other 
morphologica l characters such as dichotomised aerial axes, flat tened 
or cylindrical , leafless or with leaf enations, accompanied usually by 
tracheidaJ strand s, tetrad spores, give half-hearted support to the_m 
as fern s, becau se many, of the Psilophytes like Aneurophy ton, .Hedew. 
Swalbardia , Hyenia, Taeniocrada had branch-like kaves and leav~s 
looking like b1 anches. They provide excellent examples of telom_,c 
structures but not only of ancient ferns. The thick-walled sporang1a 
single or in bunch are clear in Taeniocrada or Do wsonites. Th ey_ were 
radially arranged a round the parent axis in Botryopteris symetncal_lf 
and possibly spirally in Zygopteridineae. From their va ried fruct_1~: 

cations, eusporangiate sori producing homo- or heterospores, sac-ltk t: 
or panicle-Jjke sporangiferou s parts on leaf, or di stinci-1~ separate on 
lateral or terminal stalks as in different species of Bo1ry c/11u111-subtended 

,/ 
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by a bract 01 without it. we get 1w :1ss ur:111l.'c tli ;1t l li l·y wl·1r :ill k 111 ·, . Some of them might as wet I rL·prcsc 11 t Psi lnpsids nr / ,y/',<> P , id ~.. ;\ 11<1 , therefore, barring Rhacoptcris. Pruro11t('l'idi11111 . · lfri111r11111 /u , !l rur ·11 n ,·
1
,!n 11 in which the majori ty of char:1dcrs L·oi ncitk wi I Ii t li () '-, l' i II l'n11 ..., , 1 l1 \' rr •, I .of "hem cannot be taken as true krm;. 

The same th~ng is true or t hci r vcn:1 t ion. l.11nsse11 (I X I ')) , l\() wt.: 1 ( 1923), Zimmerma nn ( 1930) ha ve Lmph :1si1.c.d lh c re l;i I i()11 h t.: 1 wr..; ,· 11 I li e expansion of an ax is into a lamina tcrmi11;1ll y or suhll:rn1i11:illy , in the same plane as that of the parent :,xis :1s in lh c Prolopl cri din c:1<.; , or in varied planes as in the Zygoptcridincac. Vcn:tlio11 is 1111 ,;1.: rt:1in in Silurian and Devonian genera and dcccpt ivc in ( ':1rhonikro1 1s, ,,.., it gets mixed up with that in th e members or the Ptcridospcr rm . W1.:, are. therefore. left with very few genera as ferns lik e RlwrnptNis, Proto preridium as true ferns. Fur ca 1c venation bcl icvcd to bt.: a f't.:rn charac-ter is rather confusin g in the ea rly ptcridophytcs and pro-gyn1 nos11cr ms, · j ust as stele is in the Asteroxy lales ~,nd ~eimonnio. Thick -wallt:d sporangia or homospory a \so have proved u nrcl ia blc as in an ear ly fern such as Stauropteris /mrntislondica Su ran ge ( 1952), Chal on~r ( l 95X and Richard son ( 1964. 1965 ) found hetcrospory. 

Some botanists like Banks (1968 a) , Arn old ( 1947) and Andrew~ (196 1) are inclined to take Cladoxylales as lhe ancestors of' fern s or what Andrews (1961) designates '' pre-ferns''. But i l is necc.s>;a ry to add here that they had secondary growth and polystelic structure. Both the se are advanced characters, so rare in modern ferns. Th us we are on the horns of a dilemma. The early Lower Devoni an or Silurian plants are too simple to be called forns, and the mid-Devoni an and Carboniferous ones are too advanced to be considered as the progenitors of ferns. But thi s has always been so in Evolution . The fern s or Filicophyta were struggling throughout Devonian to shape themselves distinctly as ferns apart from the several other different members already differentiated or advanced as the Psi lophytes . They ~cem to have succeeded in doing so only after the mid-Devonian. Like early P,si lophytes, they also seem to be different from each ot her and might have taken their origin from pre--fern stock derived fr om several green algae. But unlike Lepidodentrales they did not survive. Po :; c; ibly, their prothalli were not endosporic or protected , but were exposed for years · together to Permian frost, like those of modern &1uisetum ram.osissimum exposed to fros t or snow in will(er, and di e. Their expanded lamina was not followed up by commensurate internal tissues , the ratio of vascular tissues to cortical pith in them bein g adverse (Bower, 1923). This disparity was removed later by the reducti on of cortical pith and augmentation of the woody and stelar ti ss ues, and by the development of subdermal sderenchyma in ste m and rachises . That made the emergence of Gleicheniaceous O/igorarpia , Schizaeaaeous Senjienbergia , Klukia or later of Psaronius, Osmunda or Marattiopsis possible. Several members of these families have survived till today except the genus Psaronius. The general impress ion , therefore, that all Psilophytes, Protopterids or Coenopterids are simple 
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or prn111t1\'e is un\\' ai· r~:mt ed ~1s Lcclcrcq (1954) pointed out long 'lg Only a fe v,1 of them may be primiti ve. T_hey a ll seem to reprc~e~t the end products of ea rl}' pre-ferns. ferns . Psllophylcs whi ch we re quite a_dvanced in their own time. They could ha rdl y, therefo re, be co nsidered as ancestors of the existing fern s, primitive or adva nced. J\t best they indica te a few flim sy bonds with them. The great heterogeneity among the ancient ·· Sporae dispersae ··. t.!ie ir exi ne patt ern <; o r venation of leaf suggest pol yphyletic ori gin fo r fr rns, m odern 0 ; ancient. Thi s is a conclusion that needs close sc rutin y of the socalled primiti ve fern s li ving today. 

In our search for the ancestors of fern s in fossils we have been land ed in the midst of li ving ferns which may have survived over ages, because we believe that the survivors of any group today contain some unchanged , some fully changed and some half-changed members. The Devoni an and Carboniferous fern s seem to contain advanced m embers representing a, high level of differentiation and adaptation. But since most of them a re extinct P a laeobotany does not help much to locate the ancestors of Protopterids . We have , therefore , to scrutinize the claims of primiti ve members in the li ving ferns on their own merits, u sing the same critiria as we used for the fos si l ferns making an allowance for the possible progress they might have made through millions of years through which they have been evolving. The most advanced amongst fern s are the Hydropteridineae, as they have heterospores protected in capsules, endosporic prothalli, provision for the nutrition of the embryo, and effective means of dispersal. With all these they have not discarded the zoidogonial mode of fertilization which was advantageous in the climate of the Carboniferous, but a distinct di sadvantage in the arid or semi-arid climate of the Triassic and later periods of the progressively desiccating terrain. They were, therefore, slowly pushed into ~he background by members more suitable for the subaerial life such as pteridosperms, gymnosperms and angiosperms. This was a big setback to them in. the conquest of land and they started growing on wet lacustrine , riparian or esturian so i ls or in ledges of wet rocks. 

Naturally, they sought asylum in isolated corners in high hills , moisture-laiden valleys, crevices of rocks fed by underground sources of water. They are the lar·gest group of land pl ants (10,000 species and 305 genera) next only to angiosperms (1 ,95 ,000 species and ,, 10 000 genera). Still they do not seem to be co-dominant all over ex;ept at high altitudes and in secluded valleys. They practically cease to spread beyond 30° N. and 40° S._of ~quator, being_ a bsent in_ desert s. According to Manton (1?54) there 1s high concenrat10n of their ge_nera and species in the tropics , but less species in the temperate re~10ns, though the members of an individual spelcies _may be n~me_ncally superior there. One, therefore, meet~ ferns again an~ agam in the hills like perigrine creatures. You s1!11ply cannot avoid them there,.. In dry deciduous forests they abound m monsoons on trees, wet . rock river-banks, ~ravel, alluvium, ~rassy plains or mossy slopes. ft 1s no 
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small task to locate the most primitive among them in such a bounti

ful multitude .ranging from trees as in Cyathea, Alsophila, Cibotium 

reaching a height of 20- 25 m to minute Gymnogramme leptophy lla 

hardly 3-4 cm. or Ophioglossuni simplex or 0 . gramineum seldom more 

. them 1- 3 cm. Using the simple or hai ry character of the st ipules, 

erect nature of rhizome, si mple or divided lamina, furcate venation , 

aphlebi ae, th ick-w111ed sporangia , green cordate prothall i resembling 

liverworts, bilat~rally or .radially di stributed embedded reproductive 

organs, numerous spermatozoids, alike spores, pteridologis ts have 

thought that the " Eusporangiatae" and in them the Ophioglossaceae 

seem to represent the most primitive stock of ferns. But the difficulty 

here is, whereas the Marattiaceous types begin to appear fro in the 

Upper Carboniferou~ onwards, there is no record of any fossil s belong

ing to the Ophioglossaceae . What happened to them in the earlier 

or later period is a matter of conjecture. Pre-Ophioglossums, Proto

pterids and Coenoptcrids di sappea red by the end of the Carboniferous. 

From Jurassic period onwards the Maratt iacecfe begin to be conspicuous . 

Very probably the Permian cold followed by Triassic dryness seems 

to have conspired to kill all Protopterids and Coenopterids . The 

only thing which possibly helped the Ophioglossaceae to survive these 

trying times mus t have been the geophilous habit with limited growth 

in time and space, and aestivation of the plants again and again. One 

does not expect woody or hard tissues in tuberous plants, but only 

fleshy ones. However, scJerenchyma, hard woody parts, and even 

cambium were not uncommon in the early pteridophytes. The Eus

porangiatae on the other hand have soft tissues, large leaves, bulky 

fleshy stem and large rachises as in many monocots. Arber (1925) 

has shown that the large leaf in monocotyledons is due to the con

densation of phyllopodium and suppression of laminar expansion. 

So, it is in the Ophioglossaceae. In Ophioglossum pinnae or lobes get 

condensed to form a fleshy leaf. There is no fibrou s tissue in the 

leaf as in Drynaria, Acrostic/mm or Pipal (Ficus religiosa). The oeo

philous habit of their gametophytes also encouraged tuberizationb of 

stem and prothalli and their survival. The prothalli of pteridosperms 

were helped to survive by their endosporic nature, but the prothalli 

of Coenopterids were possibly exposed to air like those of Equisetum 

and died under the_ st~ess of_ extreme cold of Permian followed by 

severe dryness of Tnass1c. On the other hand, Anthoceros-like prothalli 

of the Schizaeaceae, Gleicheniaceae, Osmundaceae survived due to 

their perennial habit. In the warm climate of Jurassic the Marattiaceae 

is abundant but no Ophioglossaceae. fn India one species of Marattia 

M_. maaocarP.a and five <?f Daneopsis ~re ab•~ndant in tr.e R aj Maha'! 

Hills. Here 1t looks as 1f the Marattiaceae 1s more ancient than the 

Ophioglossaceae. Both the families have fleshy leaves , large stumpy 

non-soboliferous rhizo~e wit~ a loose dictyostele, two or many leaf

trace bundles arranged m a Clfcle, long cordate prothalli, occasionally 

underground in Angiopteris, embedded reproductive organs and thick

walled sporangia . . Their roots, however, differ much in anatomy. The 

sporangia in the Marattiaceae lie superficially on sporophylls. fn the 

Ophioglossaceae they form a highly controversial organ-the spike, 

r -- ~ 
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\ ''t 111,, rp h()l_l\\.!.i(:1I 11 ;11urc () r it h:1::-, been -., c11 led :ts fo liar b 

~I IIU) " '~P lou_nd rh ;11 (h e 1,, l1 leaf tr:1ces enter the base Ir~:rys ler 

.1-.,_ \\ LI i .1-.. :--.p1kl· l' \ ,H.: 1·1.\ 1h c ,,:1, the,· do in lhe ..:- pore b . e leaf 
I t · • . · • 1.., - eanno part 

,i · u, 11 11 w n i- H 11r.\ 1/co. T he -., r ikc h·1s ·1 ce11rr•11 ·ct ·t b s 
J · · · • · ' · ' ' 1111 n) on the t 

~1
l_ l" 1) / ." h1 ~· h "f1t)I :1 ng. 1:1 lie. I r h:-i:-, sio ma ta. Numerous v· · r wo 

nl l '1L' , jl l k l Ill rc l;1, io11 (() !ca r :md in its br:rnchino oc~ur .~, t:~ tvns 

I ll j() _,7 ( i\ Li h:1h:1 k. IY.:n a. h). Thi? branchin a o?'s nl..1·1. "' ,~ns ·1bs owedl 
. . . . . =- - t~ t\.t:: , norma 

'P1..'L_11 1 L' ll '. n r ol !he qc r1k p1nn :1c may be in differen{ planes io z. _ 
/

1tc 1 n (i\ Ll h:1h;1k. 1_')3 7 h) . In l!c/111 i11 rlios ra ch1 ·s the spike lets f_lgo _ 

h L; 11 1nm,1_1<1 II ~ k:tl~ :1 ppu1d:1g~, i:-- in ~ or _in c>p!cris. A green. ofla :
0
; ~ 

p1H11 1u l 11;11l- l kl · 11p ., prL' \llll 111 th e ~pike of 0j>/iioa/oss111n in seve· l 
I /J I · ·, · · ~ , a 

' P, Lll'-. 11 <1f r1 < 1111111 , p1" c~ :ire d1...,l111ct l) :-, ta lked as in Helmintho-

, 1<11/11, ht1 1 lh L) :1 1\: mu ch 111rn L' hr.i nched . They al l a re thick-walled 

:1, 11 1 P r~o 10 1.il r~d ~ or ( ·<)L·nn pl l' I id ..,_ hul in 0phioglossum they get em

h, dtkd 111 I li c 11 -..~ ll L~ () I lh l' .., p ,kv. I hl' rc i'-1 no :-. imi larity between the 

,_11.1 11• 11 1_:il l_, l 111h l'd<kd :--. 1: nr:111 µ i;1 n l 011!1io~ ln.,s11111 a nd th ose of any 

ll i-.., tl k m . I 1-,0 111 1l ~ mf\l dlc , 111 :1 ,c 111" enter a lte rnate ly at the base 

1d rhr , pnr.1_11 J.!. 1;1. \ 1r1Hk11c_\ t<l l' ()n d c m c. rhu ...: f'orc. is ve ry clea r in 

1 li e ' r' ' k L' nl 0 ; 1hio.t!)o_.,.,_u111 :t nd i 11 i h lc.: :LVC'-1. In / !elminthosracl,ys the 

p11111:1L· :ire pcd:tfl' I~ d,, 1dvd :ind h:1, c d i'-lli nct midr ib . and furca te vena

t 1l11 1. 111 IJ 011Tc ·l,i111 11 !he lc:1r may be '-l impl c a~ in 8 . lt,naria or B. 

, im;>lc ·. ,. l 'I . tl'l' ll :ll l' _: 1~ i11 I:'. 1a11ut11111. B. dauci(oliu :11 or B. 11 irginianum. 

I Ile , c n:11 ll) ll 1:-- !:111-s h:1pcd :is in .5JJhenopterids . In 0phiog/ossum 

th L· lc:1r li :1~ lh) true midrib . T he so-ca ll ed midrib of 0 . aitchisoni, 

CJ . r c' li< 11/c1 r11m () r 0 . mlgatwn contai ns onl y elongated ce ll s. The leaf 

1r:1ec i, d oub le .in Ei, -ophioglossum, and multipl e in Cheiroglossa as 

in . 1n,t.iO/J feris (Mah abale, 1962 b). The leaf in 0phioderma (0. 

;1cnau/11111 ) i::-- s imple and strap-shaped , often di chotomously divided 

l)fll'C or t\\ ·ice. ln ep iph ytic 0. palmatum it has many lobes. Each 

1~1l"c be:11s ;1 spike at the po int of dichotomou s di vision of pinna into 

.lobe, . li is supp li ed by 1wo sHand s from the periphera l veins of the 

pa lm a tifl d la mi na .. exact ly ihe sa me way as in the spike of the small

l1.. ,1 , cd ::-- p ~ciet> of Eu-ophiog/ossum like 0 nudicau/e, etc. In 0. simplex 

1 hL ~p orang ia a re fu sed wit h the fla t sp ike at the m argin. It thus seems 

th a t 1h crc i~ a s tro ng tendency to fu se and condense on the part of 

pinna e and lobes jn 0. 1·ulgatum , 0 . aitchisoni or 0. silnpfex. The 

vcmnion as a res ult beco mes re ticulate in all species of 0phioglossum, 

smi! ll or large. In 0. airchisoni it form s even secondary areoles and 

1\:>current vei n~. The cond ensat ion of pinnae a nd of sporangia thus 

seem~ 10 be a n irnportan l factor in sha ping the fle shy reticulate leaf 

and ferti le sp ike in 0pliiog/ossum , li ke that in the fleshy, reticulately 

ve ined lea ves or epiphytic Plarycff ium or Pleopeltis. It is this reti

culate character of its vei ns that really is the stumbling block in con

sidering 0phioglossum as the most primitive genus in the family vis

L1-1•is ferns. Campbell (19 11 ) a nd Bower (J 926) think that Botrychium 

is th e most primi tive , and J think it to be Helminthostachys on 

account of its furca tc vein s and two-rowed spike like that in 0phio

Klossum but studded wi th sporangia having terminal appendages as 

in some members of the Coenopteridineae. The stele in Botrychium 

is protoste le and in H e/mi11th ostt1chys amphiph1oic siphonostele. In 
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0phiog/ossum it is a diffused dic tyos te lc without _e ndo?erm.i s . T!1ere 

is clear mesarchy in He/minthostachys and c~mb1un~ in Botrycht~m . 

The latter als o has vessel s with pits . Thus form , spike a nd venation 

in Botrychium suggests primiti veness but not its an atomy .. T~~ venation 

of le~f and spike s uggest Helminthostachys as the mos~ pnm1t1ve genu_s, 

but not its dorsivent,a l r;1izome. The double or multiple leaf trace in 

0phioglossum , sligJE periclerm formation in the rhizome o~ 0 ._ fibros~m 

and O. /usitanicum , highl y reticul a te a nd areol a ted venation in species 

like 0 . /usitanicum , in 0 . aitchisoni-developing secondary meshes , 

preclude it from being cons idered as a highl y primitive member among 

themselves. Morph o logy suggests Botrychium and Helminthostachys, 

but not their anatomy. The spike a nd leaf form s uggest 0phiog /ossum 

but not it s vena t ion. The conden sation of its sporangia rather 

s uggests its advanced nature in rh e family. ft is very difficult 

to say thu s which really is the most primitive on account of the con-

. flictin g suggestion s energing from th eir heteroieneous characters. 

The heterogeneity in them is evid e nt in their chromosomes also. 

Jn Helmint/rnstacl11's there ~,re n 90 chrom os omes, in Botrychium 45. 

In 0phiog/oss11111 they vary enormou sly from n =- 120 in 0. nudicau/e 

and 0 . gra111i11e11111 to 211 = 1,260 and odd in 0. reticulatum (Abraham 

and Ninan , 1954 ; Mehra, 1960 ; Verma, 1956 ; Mi ss John, 1966). In 

our investigations we found polyploicl races in 0 . nudicaule, 0. reticu

latum , 0. gra111i11u111 and 0 . pedunculosum. Ninan (1956) and Verma 

(1956) had seen them in 0. vulgatum, 0. re!iculatum and 0. nudicaule. 

Very high chromosome numbers are a special feature of the Jiving 

pteridophytes like Psi/otum which is the lonely survivor of the Psilo

phytaceae (n = 52- 54), Equisetu 111 (n = 108), Lycopodium (n = 34, 78) , 

Phyl/oglossum (n = 255). But the highest chromosome number in 

the plant kingdom so far known is in 0. reticulatum (n = 631 ± 10). 

How this has come about is a deep mystery. Stebbins (1964) has 

suggested duplication and endomeiosis as the cause of such high num

bers as in some Gramineae. Manton (1950, 1954) believes it to be 

the result of repeated polyploidy in quick succession in .,hort time at 

least in some species . But these provide only a partial answer. What 

caused such a quick succession at least 4-5 times from n = 120 in 

0. nudicaule , o r 0. vulgatum to 1,260 in 0. reticulatum is unknown. 

Some botanists th!nk that it ma~ be still many more times as they 

• take 15 as the basic number. It 1s ex1remely unlikely that such high 

polyploidation would not have produced adverse, unbalanced or even 

lethal effects extirpating those clones that had lower numbers in 

stru~gle !or survival. Bu_t possib)y the saving factor was geophilous 

habit which helped them m reducmg the stresses imposed by repeated 

polyploidy and survival of some individuals with balanced lethals. It 

also mus_t ha~e killed others whe~ re9uired to face repeated glaciation 

and des1ccat10n from Protop_tend times. Cytology, therefore, only 

suggests, that t~ey are t~e isolate~ left-overs of a long historical 

sequence, :unfoldmg a vanety ?f environments which they must have 

bee~ required to face. In this struggle 0phioglossum developed 30 

species all over the world growing today in all climates and altitudes 
' 
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an d B otr_rchium _about 1 ~ _a t hi gh al r~tudes on~y. Helminrhostachys 
became mon o1yp1c _ende~'.1c 1n the Old \\ orld tropi cs and is often foun d 
ne-ar the seashore rn _ Inoia a~d Ceylon. e.g .. Trl\'andrum . But it may 
ab~ be fou n~ at . hi gher . alrn:udes such a_s. G okakhpur on the Tarai 
Plains or at still h~ gher_ altitu de at Santa\·en m the Jager Valley o'i the 
Bab~ Bud~ an, ~ J!ls in \1ysore . . The presencef of relat i\·ely more 
spec1~s. \ aned st1pules. scaly or hany. and details of Yenation SU QQest 
th_e hi ghly p liable nature of the genus 0 phiog/ossum . \Yhereas the scaly 
st1pules in B otr_rchium an d H elmimhosrach_n and their leaf , ·enati on 
con sen·ati\e natu re. Of the f\\·o . H e/mimhosrach_rs is more i5olated 
and re~ tr icted in i h _di sr ri but! on. 0 phioglossum has the \\·idest spread-
ou l be1 ng co~m opol I Lan. It 1-, also capable of gro\,·ing under a \·ariet\· 
of 1.,oih and cl im atic cond itions (\1 ahabal e. 1938\ 

T he thick -\\ al led 1., pora ngia of the Protopteridineae or Coeno
p~ cridineae a~d Oph _inp. ln,,~1ccac _arc un dou_btedly similar but they 
dt fTer much in detail ,. ,\ n:11 nm1ca ll y Op h1oglossaceae indicates a 
lln\ er le, cl of org.:1 n i 1 ~11 inn t h:1 n G leichc n iaccac and Pterid ospermae. 
The th rec member, or l he Orh i oglo1.,1., accac . th erefo re. are quite di s
tinct ~111d is0 la tcd from eac h other . !!elminthostachrs is closer to 
Z~ g.o pterid inc :1c a nd Ptcri dm permac. Botrychium to Bo tryopteridineae 
and Psi/0 1111n. 011hiogloss11111 seem') to be th e lonel y survivor of an 
extremel y :rncient grou p which O\\'eS it s surviva l to geophilous habit 
and n1\Torrhi za. ll is well known th at mycorrh iza occurs in ancient 
and modern Psi lophytales in their underground parts and helps them 
in the perennation of the rhizome and prothalli. The roots and 
pro th alli of 0. ait chinsoni harbour a non-pathogenic strain of Fusarium 
oxysporum endophytica ll y. Those of 0 . pedunculosum, 0. nudicaule 
other stra ins of Fusaria. In 1933 . f collected prothalli in 4-5 species 
of 0 phioglossum (Mahabale , 1933 , 1937 c, d, e). In O. aitchisoni and 
O. pedun cu!osum they were branched dich otomously 3-5 times , their 
d ichotomi sed tips reaching the surface of soil and becoming green. 
r n O. fibrosum they were carrot-like and only underground. Bruch
mann (1904) and Campbell (1911 ) had a lso found a great variety of 
them in the species th ey studied. But the prothalli in Botrychium 
rirg inianum and B . /anuginosum were only white button-like or peg-
Ii ke undergrou nd bodies hi ghl y infected by mycorrhiza (Campbell , 
1911 : Rao, 1939). Prothalli of H elminthostachys described by Camp
bell ( 1911) and N ozu ( 196 1) we re non-green or green at the apex only . • 
The tuberi sation of the prothal I us and endophytic association seem 
to be secondary characters, b ut they seem to have saved them. I found 
that in the sporophyte of 0 . nudicau/e and 0. pedunculosum some roots 
could be without fungi and that the yo ung plants in them could grow 
without fungu s for some time, but they do not survive. The nutri
tional chain dependent on fungi seems obligatory in the later stages. 
It is also so in the prothall_i of Angiopteris evecta growing under pre
carious conditions on the vert ical wall s which bury them occasionally 
at Castle Rock . It is normally cordate but in such situation tuberous. 
I observed the same thing in the semituberous prothalli of Scolopen
drium vulgare. growing in Caucasus mountains in Georgia} U.S.S.R , 

• 
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Embryogc ny or I he Oph iog loss:1ce:1c is :tl so pccu I ia r . Sus pens o r 

s prcsen1 in Botrycltiu111 :ind IIC'llilinlltos/ac/1_1·s but no l in Ophio~lossu111. 
But 1 he cm bryon ic root in ;II I or l hem comes ou t Ii n; l lcavi ng the 
ga metop hy le . /\1 some s1age ii loo ks ;is ir 1hc who le embryo of 
_Opl.iog!ossu111 is :tll roo t, just as i I looks foot in Psi/olum (Mahabalc , 
1947) . The ad ult plant ;i ri ses :1s ;1 seco ndary bud on the primary root 
in Opltiog!ossum a~• in /:,'q11is<' lu111 dehi/e :ind oth er spec ies ( Ma habale, 
1945) o r as tha t ,n Charn . This happens when the root has wintered 
over, a nd co nditi o ns fo r the spro uting of rool-bud are favo urab le ; 
otherwise both embryo nic root prolruding oul of the gametophyte an d 
the gametophyte and primary root aestivate aga in or dje. To the 
best of my kn ow led ge thi s is rather unique mode of perennati on and 
survi va l, and I presume it has no para l le i in the plant kingdom except 
in Equisetum embryos. What abo ut 1he ancient Calamites and oth 
Articulates? Did they h:1vc th e same habit? We do not know . 

Taking a ll these characters and peculiaritits or the Ophioglossaceae 
inlo account we are led to conclude c1s fo ll ows: 

That the three living .members of the Ophioglossaceae seem 
to indicate three different tendencies in the early ferns from which 
three lines might have been evolved. They are persisting in thejr diffe
rent patterns of morphology, venation, anatomy, sporangiferous organs 
and reproduction without undergo ing much change. 

J n two recent papers Banks ( 1968 a, h) has given a new scheme 
of evolutionary concept of early land plants in which he has created 
a new group belonging to Coblenzian stage of the mid·Devonia 
period. Jn it he has created a new class " Trimetophytina'' derived 
from the family Rhyniaceae named after the genus "Trimerophyton''. 
From this hypothetjca l gro up , he derives four major lines of Evolu
tion: first the CladoxyJeans, second a bigger stock which gave rise to 
extinct Coenopterjds, Ophioglossales and Marattiales. The third 
derived from " Trimerophy ton" gave rj se to ferns other than the Euspo
rangiatae; and the fourth line gave rjse to Cycadophytes, Coniferophytes 
and pro-gymnosperms. T should I ike io modjfy this scheme in the 
light of the above di scu ssion as given below, as I presume that the 
Ophioglossales are an heterogeneous group in themselves, its three 
members havjng been derived from three different sources, related to 
one other inter se and to Coenop,terid s, Protopterids and also to the 
hypothelical group of pre-ferns fro)l1 which Trimerophyton may have 
been derived. Botr ychium, seems related to the Coenopteridinae. 
Ophioglossum and Protopteridinae though separate are undoubtedly 
closer to one another, and Jfe/minthostachys to Trimerophyton and 
Rhacophy ton; but they do not seem to: have arisen necessa rily in a 
1 inear sequence. The origin of early ferns has to be searched j n the 
ancestral forms of all these. The ferns as a stock apparently has been 
polyphyletjc. 

For _the _last f~rty minutes, I have been di scussing the origin of 
fe rns which 1s an 1m_portant fundamental problem in the s tudy of 
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ea rl y vascular plants. All fundamental problems 10 any branch of 
Botany are ve ry enticing. There is great need to build a potential of 
srecialists interested in tchem in all branches of Botany in our Uni ver
si tics and sc ientific in stitutions , as they are of classical importance . 
Young men and women are prone to take to more easier modern tfoe s. 
of work than the5e. as they need sustai ned work spread over several 
yea rs. I f they are unable to do that. they can apply their knowledge 
of Botany t o some problem s of practical utility a11d work on them 
over a stipul ated period. preferably as a group of individuals, interested 
in 1,o l vi ng a particular problem. I so lated individuals working on 
isolatrd hit s of v. ork wou ld seldom lead to substantial results. Team
wo rk 1s the cslic ncc of research today. 

OPHIOqLOSSU M 

80T~YCHIUM HELMINTHOSTACHYS CYCADOPHYT(S \ I MARATTIALES CONIFE~OPH't'TES 

R01AV0Pl[RIDI NE• f // I / / I PT[RIDOSPrRMAE 

\ PROGVMNOSPERMS 
\ r(RNS 
/,QF' NOPT£1\1D •I rr, 

/ /t/ 
TRIMEROPHYTIN• 

(PSILO:~v ; O_N PRINCE~, ClA~Q_NITE~ . TRIMEROPHY TON) 

RHYN IACE Af 
COOKSONIACEAE 

RHYNIOPHYT!NA 

(MODIFIED FROM BANK$, 1968, 

''EARLY HISTORY OF LAND PLANTS'') 

Thi s means we have to reorient our courses, lines of research , 
techniq ues, and top ics of interest. As the President of the Indian 
Botani cal Society, may I urge you to ponder over these and give new 
dimemio m, to botanical studies in our universities and scientific organ
i1.ati ons in the coun try both in fundamental and applied work? I thank 
yn u all ror patient hearing. 
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