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PREFACE 

WE have much pleasure in presenting Memoir 4 as a Special Publication 
of this Society. 

There are four Symposia. three on Evolutionary Problems in the 
Pteridophytes, Gymnosperms and Angiosperms and a fourth on 
Parasitism dealt with in its broadest sense. Much thought and effort 
have gone into the preparation of these papers and I extend warmest 
thanks to all Chairmen of the Symposia and to the individual partici
pants. 

These Symposia were held in 1961 and 1962 at the Roorkee and 
Cuttack Sessions of the Indian Science Congress. We offer our grateful 
thanks to the authorities of the Indian Science Congress Association 
for the use of their forum for holding these Symposia. 

University Botany Laboratory, 
MADRAS, August 1963. 

EDITOR. 
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CYTOLOGY AND PHYLOGENY OF THE 
PTERIDOPHYTES 

By A. ABRAHAM 

Ptofeswr of Botall)" Vnhersity vf Ketala, 7riwnd/,1i/ll 

THE use of cytology as a valuable tool in elucidating phylogenetic relation
ships of plant groups has been well recognised, though this has not till 
recently been possible in the pteridophytes due to the technical diffi
culties inherent in the cytological study of this group. Manton (1950) 
in her pioneering w0rk on the pteridophyte flora of Britain and Madeira 
followed by that on Malaya (1954) and Ceylon (Manton and Sledge 
J954) has demonstrated that cytological study of the ferns may yield 
information of great value in evolutionary, phylogenetic and taxonomic 
considerations of the group. Since then pteridophyte cytology has 
receiv~d a great deal of attention in other countries including India. 
Investigations on the South Indian Pteridophytes were started in 19S2 
in the Botany Department of the Kerala University, and importallt 
findings on the microphyllous pteridophytes and fern allies have alrea<ly 
been published (Abraham and Ninan, 1954, 1958; Ninan, 1955, 1956 a, 
b, c, d, e; 19580, h, c). In addition, cytology of over lOa species of ferns 
have also been studied. In the present paper discussion on some a:spects 
of phylogeny of the Pteridophytes is attempted in the light of informq_ 
lions gathered from this study. 

Phylogenetic relationships of j;'rns.--ln Ophioglossaceae, Ophio_ 
glossum and Botrychium with the lowest haploid numbers n = 120 
and 45 respectively are traceable in origin to a common basic numb{!r 
IS. Though the haploid number n = 94 in Helminthostachys is slightly 
higher than an exact multiple of 15, it is also in ultimate origin referable 
to the same number (Ninan, 1958 c). This indicates that these thr"e 
genera might have arisen from a common ancestor in the distant past 
thus lending support to the contcntion of Eames (1936) that Ophil,: 
glossum, Botrychium, and Helm;nthostachys, though unlike in appearan(:e 
are closely related. Bower (1926) has treated Ophioglossaceae &5 
having some degree of affinity to the Marattiaceae and Osmundaceae. 
But cytologically tht Ophioglossaceae with the basic number )5 indicates 
relationships neither to the Marattiaceae nor to the Osmundaceqe 
which show basic numbers 13 and II respectively. 

There exists much disagreement among pteridologists as to whic,h 
of the three genera in Ophioglossaceae is primitive and which is advance<l. 
Bower (1926) considers Helmil1lhostachys as the most primitive, and 
Ophioglossum as the most advanced, while Nishida (1952) regards 
Heimil1thoslochys as the most advanced. Cytological study of the 
three genera indicates that Ophiog/osslIm with very high chromosome 

BM I 



i MEMOIRS OF THE INDIAN BOTANICAL SOC1E'IY 

numbers like n = 120, 240, 480, c.570 and c.630 in the different species 
is e~tremely specialised in comparison to He/minthostachys (n = 94) 
and Botrychium (n = 45, 90). 

Bower (1926) has suggested Marattiaceae to have analogy in the 
structure of the sarus to the Gleicheniaceae and Matoniaceae. Cyto
logical evidence supports this view in as much as members of all these 
three families have chromosome numbers in multiples of 13. In this 
connection it may also be noted from evidence of chromosome numbers 
in ancient genera like PSi/otum, Marattia, Matonia, Hymenophyllum, 
Dicranopteris, etc., that chromosome number 13 might have been widely 
prevalent in the past in primitive groups of Pteridophytes (Manton, 
1950; Ninan, 1956 b, c). 

Schizaeaceae is supposed to be the ancestral stock from which 
advanced leptosporangiate families like the Pteridaceae and the 
Marsiliaceae might have arisen (Bower, 1926; Copeland, 1947). Cyto
logical situation in the Pteridaceae shows that Pteris and subsequent 
genera form a cytologica\\y uniform group with haploid numbers 29 or 
30, or their multiples. Certaih genera like Adiantum, Chei/anthes, 
Doryopteris, Pifyrogramma and Pel/aea show both n = 29 and n = JO 
(as in Lygodium, the most primitive genus of the Schizaeaceae). Manton 
and Sledge (1954) have suggested that the haploid numbers 29 and 30 
characteristic of the advanced Pteridaceae might be primitive numbers 
which are still retained in these genera through some direct ancestor 
in the Schizaeaceae in close relation to the genus Lygodium, and this 
view is supported by evidences from the S. Indian Pteridophytes also. 

Haploid chromosome numbers n = 38 in Anemia and n = 19 in 
Regnellidium offer strong support to the suggested alliance between the 
Schizaeaceae and MarsiJiaceae. The Marsiliaceae might have arisen 
from the Schizaeaceous stock in close relation to Anem;a. 

Holttum (1947) has suggested a line of evolution of the Pteridaceae 
from Dennstaedtia (n = 34). In the presence of consistent base numbers 
like 29 and 30 in the Pteridaceae this relationship is not supported by 
cytological evidence. 

Ceratopteris has been described by Copeland as having originated 
from indusiate ancestors, most probably from Pteroid ferns. Ninan 
(1956 e) reported II = 77 and 2n = 154 in C. fhalicfroides (= C. sili
quosa) and Pal (1959) further reported 2n = 80 in this species. The 
Schizaeoid affinity of the genus is clear from the presence of a common 
haploid number of n = 77 in Schizaea (Mehra, 1961) and Ceratopteris. 
Ninan (1956 e) suggested that in the possession of haploid number in 
multiples of I I Cera/opteris and Osmunda (11 = 22) might be related 
(see also Bower, 1928). The report of n = 40 and n = 77 in the same 
species of Ceratopteris however makes it difficult to trace the relation
ship of this genus. In view of this, further work on this problematic 
genus is much to be desired before its relationship can be more definitely 
established. 



PHYLOGENY AND EVOLUTION IN PTERJDOPHYTES ;) 

The primitive members of the Aspidiaceae are considered to hav~ 
an origin cognate with the Cyatheaceae (Copeland, 1947). Bower 
(1928) regards the Woodsia and Dryopteris group of genera as having 
originated from the Cyatheaceae, while Holttum (1947,1949) advocates 
a Dennstaedtioid origin for this. Bower's suggestion of relationship 
between Dryopteris and allies with the Cyatheaceae is not supported by 
cytological evidence in that the number 41 common in Woadsia and 
Dryopteris cannot be related to the haploid numbers 69 and 70 in the 
Cyatheaceae. Holttum's suggestion is also not in agreement with 
cytological evidence as the haploid numbers 40 and 41 in the Dryopteroid 
group are quite distinct from that in Dennstaedtia. 

Holttum places Thelypteris and near allies in a family Thelypteri. 
daceae suggesting that they may be allied to Gleicheniaceae an<l 
Cya\heaceae. The relationship of the Thelypteridaceae to the Cyathe. 
aceae is supported on cytological grounds as the haploid number n = 3$ 
in Tizelypteris may be related to n = 70 in the Cyatheaceae. 

Regarding the relationships of the Blechnaceae Copeland has 
suggested an origin of Bleclznum from Athyrium. Bower (1928) is of 
the view that Blechnum and its allies have originated from the Cyatheaceae 
by way of a reduced ancestor, Metteuccia intenned;a. Cytological 
evidence is against Copeland's view, since the base numbers 40 and 4! 
in Athyrium are evidently unrelated to those in Blechnum (28, 31, 32, 
33 and 34). Holttum (1947) places Blechnum near Asplenium derivinJ,; 
It uilimately from the DennstaedliOld stock. In the possession Of 
common haploid numbers 33 and 34, Blecl1llum may be related t() 
Dennstaedtia. But the relationship of Blechnum to Asplenium seems 
rather r.emote as it is nDt easy to reJate the base numbers jn Bleclmum 
with n = 36, so characteristic of the genus Asplenium. Aspleniui1t 
has been associated with Athyrium by certain authors because of th~ 
similarity in soral structure (Bower, 1928)., Holttum (1947) proposed 
that Asplenium is derived from something like Davollia, and he regard" 
that the similarity in soral structure of Asplenium and Athyrium is th~ 
result of convergent evolution. Cytological evidence indicates that 
Asplenium (n = 36) is neither related to Athyrium (n = 40 and 41) nor 
to Davailia (n = 40). . 

Polyploidy, hybridisalion and apofamy.- In addition to being " 
useful tool jn assessing phylogenetic relationships of f .. ;-_milies, cytoIogy 
also offers valuable clues regarding the probable manner of evolution of 
species and groups of species in the Pteridophytes. Most of the evolu. 
tionary mechanisms described in the flowering plants like polyploidy, 
hybridisation) etc., have also been found operative in speciation in the 
Pteridophytes. 

Polyploidy, more than any single factor, is seen to have affected the 
Pteridophyte flora as a whole. A good number of pteridophytes are 

. found to be high polyploid strains, and in the attainment of high levels 
of polyploidy, the pteridophytes have gone far beyond any other groul' 
of plants. Chromosome numbers like Jj = 120, 240, 480, c.570, c.630 . 

" ". 
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etc., in species of Ophiogiossum (Abraham and Ninan, 1954; Ninan, 
1958 c), n = 104 in Psilolum (Ninan, 1956 c), n = 108 in Equisetum 
(Manton, 1950 and Ninan. 1955). 2n = 408-420 in Tmesipleris (Barber, 
1955), 2n = 502-510 in Phyl/ogiosstlm (Blackwood, 1953), etc., are 
examples of this. On the contrary, low chromosome numbers like 
n = 9 in Selaginella (Manton, 1950). n = !O and 11 in Isoeles (Manton, 
1950; Ekstrand, 1920; Takamine. 1921 and Abraham and Ninan, 1958) 
and n = 13 in Hym,nophyl/um (Manton, 1950; Mehra and Singh, 1957) 
indicate that in the distant past the cytological situation of Pterido
phytes has been very simple, starting from fundamentally low numbers, 
and that the high numbers observed in some of the modern genera 
might have been the cumulative effect of polyploidy working for millions 
of years, and maintained through the interpolation of vegetative modes 
of reproduction. 

As regards the grade of polyploidy attained by South Indian ferns, 
the commonest chromosomal type in them is the tetraploid. while hexa
plaids. octoploids and even still higher levels of polyploidy also occur, 
though less frequently. Data of chromosome numbers from Ceylon 
(Manton and Sledge, 1954) also indicate the preponderance of poly
ploids. Regarding the type of polyploid changes, it is to be noted that 
allopolyploidy and aneuploidy have played significant roles in the evolu
tion of species. Of all pteridophytes so far studied, Psi/alum is the 
only clear case in which a natural autopolyploid series has been demon
strated (Manton. 1950 and Ninan, 1956 c), the positive criterion of this 
being multivalent pairing. Mehra and Loyal (1959) have also studied the 
role of autopolyploidy in the diversification of the genus Marsifea. It 
is quite probable that multivalent pairing, during the course of millions 
of years, might have been replaced by bivalent pairing consequent 011 

the accumulation of inter- and intra-chromosomal changes. This indi
cates that all species exhibiting regular bivalent pairing may not 
necessarily be of allopolyploid origin. What we are currently stUdying 
merely represe.nt upper members of a series whose bases have been lost, 
and as such we cannot decide whether auto or allopolyploidy or a combi
nation of both might have been operative at different stages in their 
evolutionary history. 

Several clear instances of aneuploid changes resulting in speciation 
could also be noticed. Haploid chromosome numbers like 29 and 30 
in species of Adiantum, Doryopteris, Cheilanthes, etc., are examples of 
aneuploid changes (from 30 to 29) resulting in speciation at the diploid 
level. Chromosome numbers like n = 58 (29 x 2) and 57 (58-1) observed 
in Adiantum furlher illustrate aneuploidy coming in at the tetraploid 
level. 

Cytological data on the South Indian ferns have further revealed 
that hybridisation has also been a significant factor in evolution of 
species. Several clear instances of hybrids with irregular pairing 
behaviour at meiosis as well as apogamous forms (diploids, triploids 
and hexaploids), which might be related to hybrid origin, have also been 
encountered. The various species of the genus Adiantum investigated 
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in this laboratory with chromosome numbers I! = 30 (21! = 60), I! = 60, 
n = 57 (2n = 114), 2n = 90 (irregular pairing), 2n = 171 (irregular 
pairing) and n = 2n = 171 illustrate how polyploidy, hybridisation, 
aneuploidy and apogamy account for the evolutionary diversification 
of a single genus. 

Chromosome size in relation to phylogeny.-Litardiere (1921) has 
shown that there is a phylogenetic reduction in the absolute size of 
chromosomes in the leptosporangiate ferns. Among the ferns, accord
ing to him, the Osmundaceae and Hymenophyllaceae have relatively 
larger chromosomes, the Cyatheaceae and Polypodiaceae have medium
sized chromosomes and the vegetatively reduced and reproductively 
specialised heterosporous family, Salviniaceae, have the smallest chromo
somes. Chromosome studies in the South Indian ferns show the smallest 
chromosomes occurring in Marsilea (I' 7-2' 8 1') and the largest in 
Osmunda (6· 6-101')' Considering the pteridophytes as a whole, 
starting from Psilotum (4· 5-18 1') there is definite decrease in chromo
some size as we go on to the more specialised leptosporangiate ferns. 
Most of the ancient genera as a rule show large chromosomes, While in 
the advanced genera they are relatively smaller in size. Pierce (1937) 
has noticed that lack of phosphorus in the nutrition of Viola results in 
considerable reduction in the size of chromosome. Tobgy (1943), 
from his studies on Crepis neg/ecta and C. ju!iginosa, found that differ
ence in the degree of coiling of chromonemata and distribution of 
heterochromatin may be responsible for the size differences of chromo
somes. In Psi/a tum also certain chromosomes have been found to carry 
large blocks of heterochromatin. It is known that heterochromatin 
is not actually inert in a genetical sense, but that it is non-specific or 
indiscriminative in its activity (Darlington and Mather, J 950). Evi
dences from Zea mays, Cimex, Sorghum. Seeale, etc. (Darlington and 
Mather, 1950 and Darlington and Thomas. 1941) suggest that in certain 
cases it is possible to eliminate the inert chromosome or parts of chromo
somes, which are useful and at the same time not indispensable, with
out upsetting the normal cell functions, and that in still other cases the 
inert chromosomes are preserved by positive selection, as in some Way 
they might be useful to the cell and the organism containing them. This 
would indicate that in the Course of evolution inert segments of large 
chromosomes might have been eliminated by natural selection resulting 
in a decrease in size of chromosomes, while in others they might have 
been retained by positive selection; and this may well account for the 
differences in the size of chromosomes in the pteridophytes as well. 

Regarding the relation between chromosome size and chromosome 
number in closely related forms like the different species in a genus, 
two tendencies are met with. The more common of these is the in
crease in absolute chromosome size corresponding with an increase 
in the chromosome number. The genus Isoetes (Ninan, 1958 h), which 
shows relatively larger chromosomes in the triploid 1. coromandelina 
(3·3-6p» when compared with those in the diploid form (2-41<), 
furnishes convincing evidence in favour of this. In other genera like 
Ophoglossum, Adiantum, Blechnum, etc., also this tendency is very 
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marked. The opposite tendency of decrease in chromosome size 
associated with increase in chromosome number is observed in a few 
instances among the South Indian ferns. In Doryopteris concloor 
"itll 2n = 60, the chromosomes vary from 2-4" in length, while in 
D. luddns with 2n = 232 they sho" comparatively smaller dimensions 
ranging from 1·3-3·3 v. Therefore it may be seen that the generally 
accepted idea that within closely related species higher chromosome 
numbers ar·e associated with relatively smaller size of chromosomes 
(Sharp, 1943) is of no general validity as far as the pteridophytes are 
concerned. 

It is clear from the foregoing that cytological studies can help to 
throw valuable clues to phylogeny and evolution in the pteridophytes 
also. 

The observations mentioned in this paper have been drawn from an 
extensive work on the cytology and phylogeny of the pteridophytes in 
progress in the Botany Department of the Kerala University .. The 
co-operation and assistance of Dr. C. A. Ninan and Mr. P. M. Mathew 
in this work have been most valuable. 
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PHYLOGENETIC STUDIES IN 
POLYPODIACEAE (SENSU COPELAND, 1917) 

By G. P~N1GRAHI~ AND S. N. PATNAIKt 

Botanical Suney of India, Shil/t.'rg 

THE family Polypodiaccae (sensu Copeland, 1947) is characterized by 
epiphytic ferns, very rarely terrestrial, rhizome usually covered with 
peltate scales (bristles or hairs in a few primitive members), fronds simple 
to pinnate, very rarely more compound, venation usually reticulMe 
with free included veinlets in the areoles, sori typically cxindusi~tc 
and round, rarely elongate to form linear coenosori a"nd sometiwes 
acrostichoid, spores without cpispore, or rarely with thin cpisporc. 

Cytology of nearly 40 species of the family was studied by Manton 
(1950, 1954) and Manton and Sledge (1954), the majority of the species 
coming from Ceylon and Malaya. Recently, 36 species have been 
cytologically investigated by us (Panigrahi and Patnaik, 1961 band 
Patnaik and Panigrahi, 1963; and Panigrahi, 1962) out of nearly 100 
Indian species studied as herbarium specimens at the Regi0l1al 
Herbarium of Botanical Survey of India, Shillong, Herbari,lm 
of the Forest Research Institute, Dehra Dun and Central Nali011a\ 
Herbarium, Sibpore, Howrah. Several other species of the family 
have also been worked out cytologically by other Indian workers, 
viz., Nayar (1958), Bir (1960), Ghatak (1961), Malhotra (in Mehra, 1961 '0) 
and Pal (1961). 

While competent fern taxonomists have made serious attempts to 
postulate the phylogenetic evolution in ferns at the family or orOer 
levels from the time of Bower (1928) to Mehra (1961 a), there are serious 
disagreements between them with regard to the relationships between 
different genera inclUded within the family and on the question of the 
relative primitiveness of different genera inc1uded amongst the four 
families of Polypodiales (Pichi,Sermolli, J 958). This paper, therefore, 
attempts to review our existing knowledge on the formal taxono~y 
in the group, particularly with reference to the genera occurring III 
India (Chart 1) and to re-evaluate the various hypotheses on "the affinity 
between genera on the basis of available cytological and taxonomic data 
on lhe family Polypodiaceae (Copeland, 1947). 

The genus Dipteris, whose fossil history extends to Rhaetic, is 
considered to be the most primitive genus on account of its terrestrial 
habit, bristle-like appendages and solenostelic condition of the rhizome 

• At present, Botanical Survey of Indi?, Contral Circle, Allahabad, 
t At present, Departm~nt of Botany, O. M. College, Sambalpur, Orissa, 



• • • • • • • 
• • • • • 

• • • • 
• • • 
• • 

, 
'! -~ i: "'~.;; 

• ~ 

J 

L 
-i ~ 
t 

• . 
• ........... 

• • : :.~-. 
• • • • • 
• I i ~ 
• I ;; H 
• E. · ~ • .. L ••••• ... -. 

............... -; · ........ _........... ...-,...-, , 
• • , 
• 
o 
o 
• o 

• • 

, 
~ r.+--·~~ .. r: t Ii t. L .. 

Q.. ... ... .. 
'. . ...... '.: ... ., .. ..: 

0
'· ................. .. 

'. 
~ •••. 

• 

lL 

• 0 .......... 
.: ~ 
'," .. • • :'. .. ... ':. It: ... ... ... , .. .. 
: ' .... ~ 
.. .. .:.' 
: 0.. 

o • · · • · • 
• .......... .......... .. 

.." .. .. .. ': .: .... ~ : :~:; .. :.. .. .. 
.. : ..... :. I; : ; 

.. ...- .. '" 
• : o· : ~ 
'.. .. u '.. ..-
... .. LI. 

o C .. ......... ~ · ~ • • • • • • • 

:> 
~ 

~ 

> 
t 
r 

" .. : ....... '..--..... : o. • -I· .... a:' p:,.. ______ , 
• 
• • 

~ 

• • • • • 

• 
• • 

• • .................... :~\ • , 
• • • • • • 0' • 

· -' ...... \ : ,,;:,.-

l \ 
• 

! : 
! .. 
.j: ................ i3 • • •• • 0 • • • h-

, 
• , 
• i • ! ! • • .:; 
• 

• • ~ • • • a 
" , 

~ • · , • "i i 
, 

• I i • ! j ! • • • • i( • : ................ . 

... 
0( 
III 
U 
0( 

i5 
0 .. ,. ... 
0 .. 
Z ~ 

~ 
III " 0 U 

Z ,., 
II< 
f-,. 
III! 
c( 
Z 
0 
~ 
;) ... 
0 
> 
III 



PHYLOGENY AND EVOLUTION IN PTERIDOPHYTES 9 

and dichotomous branching of the main veins. A genus of eight known 
species, it is characterized by discontinuous distribution, within its 
range, three species being endemic, viz., two species D. nieuiwenhuisii 
and D. quinquefurcata (Bak.) Christ to Borneo and D. H"allichii (R. Br.) 
MaNe to Eastern India. Considering the possession of primitive 
characters and the relict nature of its distribution Bower (1928), Ching 
(1940) and pichi-Sermolli (1958) have erected the family Dipteridaceae 
comprising of only one genus, Dipteris. Its affinity with Matonia and 
Gleichenia was stressed by Bower (1928) on the basis of venation, ana
tomy, soral characters, and gametophyte. Pichi-Sermolli (1959) also 
attributes its probable origin with Matoniales from Gleichenioid 
ancestry. The affinity of Dipteris is also suggested with another pri
mitive genus Cheiroplellria of the family Cheiropleuriaceae (cl Nakai, 
1928; Ching, 1940; Pichi-Scrmolli, 1958). Stokey and Atkinson 
(1954 b), from their studies on the gametophytes of Cheiropleuria, not 
only support its affinity with Dipteris but advocate the distinctiveness 
of the Cheiropleuriaceae from Polypodiaceae. But the possession 
of certain common features, viz., the reticulation of the smaller veins 
forming areoles with free included veinlets and the exindusiate sori with 
a tendency towards mixed condition, which are shared by other members 
of Polypodiaceae and the anxiety" to establish the probability of the 
family, viz., Polypodiaceae as a phyletic unit", led Copeland (1947, 
p. 174) to include Dipteris within his Polypodiaceae as its most primitive 
genus. He, however, recognised its distinctive status by attributing to 
it an ancestry more remote than the austral origin of the remaining 
genera of Polypodiaceae (Copeland. 1947, p. 174). The cytology of 
Dipteris conjugata Rcinw. from Malaya revealed n = c.33 at meiosis 
(Manton, 1954). Dipteris wallichii (R. Br.) Moore from Khasi hills 
shows clearly 66 bivalents at meiosis and is, therefore, proved to be a 
tetraploid species. Thus, cytology of Dipteris with this unCommon 
basic number (viz., x = 33) together with its primitive morphological 
and anatomical features may support the ancestra1 nature of the genus 
within the family Polypodiaceae and may justify an independent family 
rank for it (Pichi-Sermolli, 1958). The discovery of n = 33 in two 
species of Cr)"psinus (Manton, 1954) and n = 22 in a single species of 
Lepisorus (Panigrahi and Patnaik, 1961 a) is, however, highly significant 
and suggests very close affinity between the two families Dipteridaceae 
and Polypodiaceae whose origin may be sought for from a common 
ancestral stock characterised by x = 11. 

Seward (1922) considered the four genera Matonia, Dipteris, 
Cheiropleuria and Neoc/zeiropteris as phylogenetically related on the 
basis of their resemblance to each other in frond habit, venation and 
restricted and overlapping range of geographical distribution. Simi
larly, Bower (1928) suggested the ~genus Neocheiropteris [through 
N. palmatopedata (Bak.) Christ with reticulate venation, large-naked 
sari in rows"one on either side of the main veins as in Di'pteris lobbiana 
(Hk.) Moore], as a link between Dipteris and other reticulate veined 
species of Polypodium (sensu lata). Holttum (1947, p. 126), in agree
ment with Bower, envisaged N. palmatopedata (Bak.) Christ with dicho
tomous branching of the main veins and peltate scales as the connecting 



10 MEMOIRS OF THE INDIAN BOTANICAL SOCIETY 

link and hypothesised that "if Neotheirap/eris produced offsprings 
with simple unlobed fronds, they would exactly resemble Lepisorus 
and it is most probable that Lepisorus originated in this way. The 
production of a simple frond from the pedately lobed Dipferis
Neocheiropteris type seems to me a main step in the evolution of 
Polypodiaceae". But Copeland (I.e., p. 184), while suggesting Micro
sorium-Phymatodes group as more primitive than Pleopeitis1 considers 
(/.c., p. 189), Neocheiroptelis evidently related to P/eope/tis, as apparently 
too recent to be a possible connecting link between Pleopeltideae and 
Microsorieae, and, therefore, between Dipferis and Pleopeltideae. It 
may, however, be stated that the study of the two Indian species 
N. phyllomanes (Christ) Ching and N. lancifolia (Alston) Dickason 
with their peltate scales, dictyostelic condition of the rhizome, reticulate 
venation and scattered arrangement of sari (covered when young 
with peltate paraphyses like Lepisorus) around the costa, and the 
discovery of n = 36 and 2n = 72 in N. phyllomanes, collected from 
Khasi and Jaintia hills, suggests that Neocheiropteris is not only 
characterised by a different basic chromosome number but also possesses 
too advanced morphological features to have arisen from Dipteris-like 
ancestors, the latter genus characterised by x = 33 and solenostelic 
rhizome, covered with bristle-like hairs and dichotomy of the frond. 
Thus, the possession of the reticulate venation and large-naked sori 
on either side of the main vein as in N. palmatopedata (Bak.) Christ 
can no more indicate ancestral relationship (Bower, 1928, p. 219) with 
Dipferis lobbiana (Hk.) Moore than of N. palmatopedata (Bak.) Christ 
with any species of Lepisorus or Pleopeltis. This suggestion of close 
affinity between Lepisorus and Neocheiropteris on the basis of compara
tive morphology gains support from the discovery of common base 
number, viz., x = 36 in the two genera. 

Considering the geographical distance between the American 
genus Pleopeltis [one P. lanceolata (Linn.) KIf. extending to South 
India and Africa] with non··clathrate paleae and pelt ate scales and the 
Asiatic genus Lepisorus with "often clathrate" paleae and ovate 
lanceolate scales, Christensen (d Copeland, 1947, p. 183), Ching (1933 a) 
and Holttum (1947) regard them as two distinct genera. But Copeland 
(1947) regards these morphological distinctions as rather inconstant 
and cites Lepisorus as synonymous to PleopelUs. Three species of 
Lepisorus studied by Manton and Sledge (1954) showed three different 
haploid numbers as n=35, 36, 74 whereas two Indian species L. excavalUs 
(Bory) Ching, and L. macrospilael'us (Bak.) Ching studied by uS showed 
n = 35 in each case and a few other species of Lepisorus from Khasi 
and Jaintia Hills showed n = 22, 23, 47 and again 2n = 39. Study 
of the chromosome number in Pleopeltis laneeolata (Linn.) KIf. from 
South India is of urgent necessity to settle not only the relationships 
between Lepisorus and Pleopeitis but also to establish the basic chromo
some numbers characterizing the group Pleopeltideae. 

Lemmaphyl/um, a small genus, comprising nearly 8 species, is 
represented in India by only 2 species, viz., L. subrostratum (C Chr.) 
Ching and L. carnosum (Wall.) Pro But Ching (1940) assigns these 



PHYLOGENY AND EVOLUTION IN PTERIDOPHYTES II 

two species to the genera Lemmaphyllum and Lepidogrammiti, respec_ 
tively, assigning round or imperfectlY fused sari to the former and 
linear coenosori to the taUer. Lepidogrammitis as a valid genus is not 
accepted by Copeland (1947) or Holttum (1954), since these distinctive 
soral characters are found to be very inconstant in the non-Indian 
species, viz., L. microphy/lum Pres I and L. drymoglossoides (Bak.) Ching 
which show completely fused, half-fused and distinctly separate round 
sari on different parts of the same frond. While the cytological study 
in L. carnaSum (Wall.) Pr. with linear coenosori is essential to settle 
the relationship between Lemmaphyl/um and Lepidogrammiti,. 
L. subrostratum (C. Chr.) Ching with round sari on each side of th~ 
costa shares its chromosome number, i.e., 2n = 72 with Le/)isorus 
longifolius (BI.) Holtt. This finding may, therefore, support clOSe 
affinity between Pleopeltis-Lepisorus group on the one han" and the 
genera, viz., Lemmaphyl/um, Neocheiropteris and Microsorium, etc" 
on the other. 

Holttum (1947, p. 127) postulates the derivation of Microsoriuhz 
from Lepisorus-like ancestors by the loss of peltate paraphyses and 
increase in the number of sari, and of Phymatodes from Lepisorus-like 
ancestors by the strengthening of main veins and development of lobes 
in the leathery fronds. Ching (1933 b) considered M. normale (Don) 
Ching with simple narrow frond, peltate paraphyses and irregular rows 
of sori on either side of the costa as the transition between Lepisorus 
and Microsorium. Copeland (l.c., p. 184) on the other hand treats 
Phymatodes under Microsorium and due to the austral origin of Micro_ 
sorium-Phymatodes group, considers them to be more primitive than 
Pleopeltis and Lepisorus. Both Holttum (1947, p. 127) and Copeland 
(I.c., p. 199) attribute the origin of Colysis from Microsorium. While 
HaltttUll WGukl der~ve Lep/U"drllt!!'S from C(lt~':fis-like ancestors by the 
contraction of fertile frond, Copeland would derive it directly froIll 
Microsorium through forms like M. /ongissimum, since, according to 
him (I.e., p. 198), the terrestrial genus Colysis could not have been the 
immediate fore-bearer of the epiphytic genus Leptochilus. But Cope_ 
land's (1947) treatment of Leptochilus of restricting it to the single 
species L. axillaris (Cav.) KIf. and treating L. decurrens BI. (whicIi 
occurs both as epiphyte and terrestrial) at first under Paraleptochilus 
(Copeland, I.c.) and then under Anapausia (Copeland, 1950), the latter 
derived from Microsorium through M. zippelii, has not been accepted 
by later workers like Holttum (1954) and Sledge (1956). The finding of 
n = 36 in Parafeptochifus decurrens (BI.) Copel. (Bir, 1960) agrees with 
the basic number x = 36 in Leptochilus (Manton and Sledge. 1954) 
and together with the unsatisfactory morphological distinctions bet_ 
ween the two genera, provide no justification for the separation of 
L. decurrens BI. from other members of Leptochilus. The occurrence 
of the same basic chromosome number, viz., x = 36 in the four genera 
Microsorium, Phyma/odes, Colysis and Lep/ochilus undoubtedly indicat"s 
close affinity between them. 

The morphology of the three Indian species of CO/J';s together 
with the discovery of same basic chromosome number in this genus and 
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Leptoehilus shows an interrelationship between them. C. hemionilidea 
(Wall.) Pro shows round sori with a tendency to elongation and fusion 
resulting in linear sori in mature condition. C. e/liptiea (Thbg.) Ching 
as well as its variety pothi/olia (Don) Ching are characterized by linear 
sori on pinnately lobed fronds and C. peduneulata (Hk. el Grev.) Ching, 
by linear sari on narrow long stipitate fertile frond. More pronounced 
dimorphism in this direction may ultimately result in the production 
of narrow acrostichoid fertile frond simulating the condition in 
Leptoehilus. The sterile leaf of L. decurrens BI. resembles that of 
C. peduneulala (Hk. el Grev.) Ching as well as the frond of C. hemio
nitidea (Wall.) Pr. in texture and venation and the lobed fronds of 
L. decl/rrens Bl. forma laciniata Sledge resemble the pinnate fronds of 
Co lysis elliptiea (Thbg.) Ching. Thus, Colysis occurring in diverse 
habitats and with variable nature of frond fOllTIS and soral characters 
[unstable soral condition in C. hemionitidea (Wall.) Pr.] might have 
acted as a potential SOurce for the origin and evolution of other allied 
genera including Leptochilus, as postulated by Holttum (1947). 

The Drynaria group comprising of Drynaria and Aglaomorpha, 
etc., are considered both by Copeland (1947, p. 199) and Holttum (1947, 
p. 127) to be derived from Microsorium through a form like M. musi
folium (B!.) Ching. Christensen (1938) remarked that the specie, of 
Aglaomorpha are intermediate between Phymatodes and Drynaria. 
The genus Drynaria with its two distinct types of fronds, viz., short 
shallowly lobed ones for humus collection and long deeply lobed ones 
for bearing sporangia, may be considered Jess primitive and more special
ised than Aglaomolpr,a, Drynariopsis, and Pseudodrynaria (Copehlnd, 
1947, p. 204) in which both the functions are carried out by the same 
frond, the base being shallowly lobed and dilated for humus collection 
and the upper part deeply lobed for bearing sporangia. The occurrence 
of n ~ 37 in three different species of Drynaria (Manton and 
Sledge, 1954) in contrast to n ~ 36 in Microsorium, Phymatodes, 
Colysis, Leptochilus presented difficulties in the derivation of Dr)naria 
group from Microsorium-like ancestors. But our discovery of n = 36 
in Drynaria propinqua (Wal!.) J. Sm, and in the relatively primitive 

'genus Aglaomorpha [vio., in A. eorOnans (Wal!.) Cope!. in Khasia Hllls] 
may bridge the evolutionary gap between the two. Accordingly, 
Aglaomorpha may serve as the connecting link between Microsorium~ 
Phymatodes on the one hand and Drynaria on the other. The evolu
tionary sequence from M. musifolium (Bl.) Ching to A. heraclea (Kze.) 
Copel. and then separately to Drynaria and A1erinthosOfUS has no serlOUS 
gap in it. The discovery of n ~ 36 in Photinopteris (Manton, 1954), 
devoid of humus collecting adaptations, may confirm Copeland's (1947, 
p.203) suggestion of the aberrant nature of the genus in Agiaomorpha 
group. 

The genus Crypsinus of the group Crypsineae (Copeland, 1947) 
is presumed to be related to Mierosorium. Crypsinus with 40 Or more 
species shows a great degree of morphological variations from simple or 
pinnatifid to pinnate fertile fronds and also ranging to typical dimorphic 
condition. Copeland (1947, pp. 206 and 209) conSIders several speCIes 



PHYLOGENY AND EVOLUTION IN PTERIDOPHYTES Li 

of Crypsinus as aberrant enough to constitute potential minor genera 
though he did not feel the necessity to separate them from Crypsinus 
which is, according to him, a natural genus. Out of the six species 
studied cytologically by Manton (cj. Manton and Sledge, 1954) and 
the present authors, 3 species [including e. crenatopinnatus (Clarke) 
Capel. from Shillong] have haploid number n = 36, one species, viz., 
e. oxylobus (Wall. ex Kunze) Sledge studied by uS showed n= 35 whereas 
the other two species, viz., e. enervis (Cav.) Capel. and C. "'rayi (Bak.) 
Capel. from Malaya showed n = 33 in each Case (cl Manton, 1954). 
Accordingly, she has aptly marked them as discordant elements within 
the genus. Thus, the Cj tolog;cal findings corroborate Copeland's observa
tions regarding the diversified nature of the genus Crypsinus. Further 
cytological investigation of the other species of different morphological 
types is essential before postulating interspecific relationships within 
the genus Crypsil1us. But the finding of n = 36 in both Phymatodes 
and Crypsinus point to the existence of strong affinity between them 
as postulated on morphological ground by Copeland (/.c.). 

The genus Arthromeris having pinnate fronds with articulate pinnae 
is combined with Crypsinus within the same group Crypsineae (Copeland, 
1947) because of both having' distinct raised main veins and cartila
ginous margin of the pinnae. Accordingly. Copeland expressed the 
advisability oT merging Arthromeris with its parent genus Crypsinus 
to form a natural group although he recognised some practical incon
veniences by such merger. OUf discovery of n = 37 in A. H'al/ichiana 
(Sprg.) Ching from Shillong in contrast to n = 33. 35, 36 in the genus 
Crypsinus affords cytological proof in favour of the validity of the two 
genera established on morphological differences between them. 

Polyp odium and Goniophlebium are the only two genera of Copeland's 
Polypodieae group represented in India. Holttum (1947. p. 127) postu
lates some Asiatic species with simple venation to bridge the gap between 
this group and Phymatodes. The two genera Polyp odium and Gonio
phlebium were distinguished from each other by Presl (1836) by the 
formation of areoles with one excurrent veinlet in Goniophlebium and 
free veins without the formation of areoJes in Polypodium. But Cope
land (1947, p. (81), while admitting hesitatingly the generic distinction 
of the two genera, considered Presi's criteria of generic distinction as 
unreliable and assigned the species having pinnately lobed and pinnate 
fronds with non-articulate pinnae to Polyp odium and species pOssessing 
only pinnate fronds with articulate pinnae to Goniophlebium. He 
(I.e., p. 209), however, would like to merge Goniophlebium with its parent 
genus Polypodium to form a natural group of species although he 
recognized that such merger would result in practical inconveniences. 
Ou: unambiguous discovery of n = 36 in three species of Polypodium 
and one species of Goniophlebium in Khasi hills, viz" p, amoenum 
WaiL. P. lachnopus Wall. and P. mierorhizoma Clarke and G. argu(um 
(Wall.) I. Sm., considered together with the report of n = 37 in 
P. amoenum Wall., P.lachnopusWall., P. argutum Wal!., P. erythrocO/pum 
Mett. and P. microrhizoma Clarke from Mussoorie and Darjeeling 
(cf. Mehra, 1961 a) and of n = c. 37 in P. subauriculatum Bl., 
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P. persicifolium Desv. and P. verrucosum Wall. from Malaya (Manton, 
1954) and of x~37 in P. vulgare complex from Western Europe, would 
suggest that we are yet very far from unravelling the cytological picture 
in Polypodium-Goniophlebium complex. Since Malayan species of 
Polypodium studied by Manton do really belong to the genus Goniophle
bium (cf Copeland, 1947 and Panigrahi and Patnaik, 1961 a), cytology 
provides yet no proof against Copeland's (1947) suggestion for merging 
the two genera on morphological grounds. 

The genus Platycerium by its dichotomous branching of the main 
veins is associated with Dipteris and Cheiropleuria but is given a separate 
family rank Platyceriaceae by Ching (1940). Copeland (1947, p. 222), 
though combines Platycerium with Cheiropleuria and Christiopteris 
ill a single group. remarks that its affinity with these genera as also 
with Dipteris is not intimate. He (l.c., p. 179) considers the resemblance 
of Platycerium as rather more evident to Pyrrosia. Holttum (1947. 
p. 127) also attributes common origin for Platycerium, Pyrrosia and 
Drymoglossum on the basis of the presence of stellate hairs on their 
fronds and peltate scales on the rhizomes and also because of some 
Chinese species of Pyrrosia having repeated dichotomous fronds like 
that of Platycerium. Pyrrosia, though a genus of nearly 100 species, 
shows great uniformity in the character of the frond such as simple, 
fleshy, lanceolate entire fronds with stellate paraphyses and a great 
degree of structural specialisation in fronds for control of water and, 
accordingly, Copeland considers the genus "a most natural one". 
Plalycerium on the other hand shows a type of specialisation in frond 
characters as exhibited by Drynaria and possesses two types of fronds, 
normal fronds being stipitate, dichotomously branched and bearing 
sporangia whereas sterile scale fronds being sessile, broad, almost entire 
and soon becoming dry to collect debris. Holttum (1947, p.126), 
therefore, considers Platycerium as a very specialised genus which is 
not on the main lines of evolution of the majority of Polypodiaceae. 
The finding of x = 37 in both Platycerium (cf Manton, 1954) and 
Pyrrosia, however, may support close affinity between the two genera 
postulated on morphological similarities between them. These together 
with the evidences from the gametophytes of Platycerium and 
Cheiropleuria (cf Stokey and Atkinson, 1954 a, b) suggest Platycerium 
as a primitive member of the Pleopeltideae group having affinity with 
Pyrrosia. The genus Drymoglossum is more specialised than Pyrrosia 
with the combination of dimorphic fronds and continuous linear 
coenosori. Pyrrosia nummularifolia (Sw.) Ching shows distinct 
dimorphism like Drymoglossum pi/osel/oides (Linn.) Pro but it differs 
by the possession of scattered sori on the whole surface of the frond 
characteristic of Pyrrosia. But Pyrrosia confluens (R. Br.) Ching, 
with unbroken coenosori on uniform frond type, is presumed to be 
the meeting point of the two genera (Copeland, 1947. p. 194). However, 
study of cytology of Drymoglossum sp. in India is essential for the 
discussion on affinity between them. 

Loxogramme is another isolated genus within the family with its 
distinct morphological characters like simple fleshy fronds with linear 
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and oblique sori. Ching (1940) gave it a separate family rank advocat
ing its affinity with Vittariaceae. Copeland (1947, p.217) suggested 
the derivation of Loxogramme from Grammi!is and included it in 
Grammitidaceae (Copeland, 1952). But Holttum (1947, p. 127) 
postulated its derivation from Lepisorus in an independent line and 
repudiated any affinity hetween Loxogramme and Grammitis because 
of their differences in the vascular anatomy, scales and venation. The 
present cytological study of Loxogramme lanceo/ata (Sw.) Pr., L. al'enia 
(Bl.) Pr., L. scolopendrina (Bory) Pro from Khasia hills established them 
as diploid species showing 35 bivalents at diakinesis while L. involuta 
(Don) Pr. from Shillong is a tetraploid species showing n = 70. Thus, 
the genus Loxogramme is characterised by a base number of x = 35 and 
not x = 36 (cj. Manton and Sledge, 1954). Manton, however (personal 
communication in 1961), accepts our evidence on the base number 
x=.. 35 for Loxogramme and states that this number has now turned up 
in Be/visia and Sel/egliea. Though the cytology of none of the 
species of Grammitis has yet been studied, the Grammitis group of 
genera like Ctenopteris, Xipliopteris and Prosaptia show varying base 
numbers, \·iz., n ~ 36-37 and n = 37-38 but none of them show n = 35 
characteristic of Loxogramme. Thus, Loxogramme cannot be treated 
as a member of Grammitidaceae both on morphological and cytological 
grounds. It is, therefore, rightly treated by Holttum (1947) and Pichi
Sermolli (1958, 1959) as a member of the Polypodiaceae with close 
affinity with Levisorlis, the latter along with Be/visia of the Pleopeltideae 
group sharing the base number x = 35 with Loxogramme. Similarly 
Ching's (1940) suggestion on the affinity of Loxogramme (x = 35) 
with Vittariaceae (x = 30) has to be discounted on the basis of different 
base numbers between them. 

The overall cytological picture of the family Polypodiaceae (sensu 
Copeland, 1947) reveals different base numbers (Table 1), viz., x = 13, 
x = 22, x = 23, x = 33, x = 35, x = 36, x = 37, x = 47 of which 
36 and 37 are more frequently prevalent within the family. The per
centage of Polyploidy in the family seems to be very low (Table II), 
in comparison with other families Jike Aspleniaceae, Blechnaceae, 
Aspidiaceae, Pteridaceae and Vittariaceae. Out of the total of 85 
species studied cytOlogically, only 14 species are polyploids, the highest 
grade of polyploidy being only hexaploidy discovered in 4 species. 
Thus. it appears that polyploidy has played much less effective role in 
the evolution within the family in which morphological variations might 
have arisen largely by the origin of different base numbers even within 
a genus or by genic mutations. But the discovery of a range of haploid 
chromosome numbers, viz., n = 22, 23, 35, 36, 47, 74 in different species 
of Lepisorus and detection of a natural hybrid in Lepisorus in Khasia 
hills showing 2n = 39 and formation of 17 bivalents plus 5 univalents 
in one cell. 11 bivalents and 17 univalents in another cell together with 
other types of cytological aberrations in a large number of cells (Panigrahi 
and Patnaik, unpublished), provides significant evidences to show that 
the genus Lepisorus is in a fluid state of evolution. 
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TABLE IT 

Showing the percentage of polyploidy discOI<fed in var/au, families 
of po/}pod/aceae, sensu lata, cyl%gically inve~tigated 

up-Io-dale 

I Aspleniaceae : Aspidi""eae \ Blechnaceae I Dovalliaceoe 

. T-ota-l-n-o·-. o-f-'ax-'.-C'-'-Ol-O-gi-c.-u-,-stt-,-di-e-Ca 1r--
49 

221 9 18 --

Total no. of taxa with polyploidy., 

Percentage of polyploidy 

'fotal no, of tax';l cytolq~k';,\ny~t\ld\eD 

Total no, of taxa ~ith 1.t)ot1pl(li..d~ " 

Percentage of polyploldy 

39 

80 

PoJypodiaceae 

85 

14 

17 

SUMMARY 

87 

39 

142 

62 

44 

5 

56 

9 

8 

89 

2 

II 

1.- A review of our existing knowledge on the formal taxonomy and 
phylogenetic trends of evolution ill Polypodiaceae (selJsu Copeland, 
J 947) is presented in this paper. 

2. On the basis of cytological data available on 85 species investi
gated up-to-date, all attempt has been made (0 re-evaluate the various 
hypotheses on the affinity and relative primitiveness ~etween genera~ 
particularly with reference to the 27 genera of PoJypodIaceae occurring 
ill India. 

3. The discovery of only 17 per cent of polyploidy in the family 
appears sIgnificant against the finding of different base numbers even 
within a .genus, viz., Crypsinus, Lepisorus, Pyrrosia and PolJpodium. 
But the dIscovery of n ~ 22 and the detection of a natural hybrid with 
t l bivalents and 17 univalents in one cell in Lepisorus nudus complex~ 
provide clearest proof of the occurrence of the lowest base number, 
viz., x = II so far known in Polypodiaceae. 
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EXPLANATION OF PLATES 

PLATE I 

Lepisoms excavatus n = 35 (x 1,000). 

Lepisol'us macrosphaerlls, 11 = 35 (x 1,000). 

Lepis()l'IIs pseudonudus, n = II n __ 171 (x 1,000). 

Lepisorus sp., n = 22 (x 1,000). 

Pyrrosia malin ii, n = 37 (x 1,000). 

Pyrrosia mollis, 11 Cc 74 (x J ,000). 

PLATE II 

Luxogramme arcnia, II = 35 (x 900). 

Loxogramme lanceo/ala, n = 35 (x900). 

Loxogramme sc%pendrina, !1 = 35 (x 1,0(0). 

Crypsinus cr('llutopinnalUs. ,,= 36 (x900). 

Microsorium sllper/icia/e, n = 36 (x900). 

Microsorium membranuceum, 1/ = 36 (x700), 
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SOME EVOLUTIONARY TRENDS IN 
FAMILY THELYPTERIDACEAE WITH 

PARTICULAR REFERENCE TO 
HIMALAYAN SPECIES 

By D. S. LOYAL 

Botany Department. Paniab University, Chandigarh-3 

THE family Thelypteridaceae represents a group of advanced lepto. 
sporangiate ferns, chiefly distributed in (he tTopics ar.d only a rew aIe 
met with in the temporate regions. According to the traditional 
taxonomic treatment, these ferns were usually groupod under the old 
composite genus Drycpteris due to their morphological similarities 
especially of the sor~s and indusium. These features of resemblance 
with Dryopteris (sensu stricio), according to some modern workers, 
Tfp:'esent a case of parallel evolution between the two eroups rather 
th:ll1 true phyletic relationship. 

Christensen (1938) was the first to group them in the tribe 
Theiyp:crideae, subfamily Drycpt<fidoideae of his family Pol) pediaceae. 
Ching (1940) raised it to the family rank and this has been upheld by 
Dickason (1946) as well as Holttum (1947). The recent studies of 
morphology, anatomy and cytolo!!.y of the princ:pal genera, indicate 
conspicuous naturalness of this assemblage and Ching's treatment of 
these ferns, therefore, seems justified. 

This paper discusses some trends of evolution amongst the thelyp· 
teroid genera, chiefly based upDn the results, obtained by the present 
writer on the Himalayan species. 

Cytological consideralion.-Nothing can be stated at present as 
to the origin of the thelypteroid ferns. Holttum's suggestion that 
they belong to the gleichenioid stock (Ho]ttum, 1947), although may 
be held valid on certain morphological grounds, but the cytological 
data thus far gathered in the family Gleicheniaceae indicate that at 
least none of the living forms of this family can be ancestral to thelyp. 
teroid ferns. 

The cytological information for Thelypteridaceae is now available 
for 51 species distributed in four genera, namely, Thelypteris, Cyciosorus, 
Abacopteris and Ampelopteris. Out of these 51 species, 32 possess 
a gametic set of 36 chromosomes. The last three genera are eXClusively 
based on n = 36. In view of the preponderance of this number the 
writer is inclined to believe that forms with this number perhaps 
represent the ancestral condition. It is suggested that from this stock, 
along two parallel lines. arcse various species of The1)pt<ris (n = 36) 
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on the one hand and on the other a prominent stock of Cyc/osorus with 
the basic set of 36 chromosomes (Text-Fig. 1). A single morphological 
character, which probabJy has brought about the segregation of these 
two lines, is the increase of laminar extent which resulted in the anasto
mosis of the basal one or more pairs of veinJets-a condition seen in 
Cyclosorus. This view is borne out by the occurrence in certain species 
of Cyclosorus of both the thelypteroid as well as goniopteroid venation. 

AncestrlLl st.cl< 
p 

1 

Dlctyocline 
n.? 

TEIIT-FIG. I. Ttte interrelationships and probable evolutionary course within 
the family Thelypteridaccae as visualized on the basis of cytomorphological data. 
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The evolution within the genus Theiypteris has presumably been 
through aneuploidy because there occur seven basic numbers, viz., 
36, 35,34,32, 31, 30 and 27. Of these the base numbers 32, 30 and 27 
are not represented in the Himalayas. 11 is interesting to note the 
nearly sympatric distribution of the species with various base numbers 
in the different parts of the world. Some of the species with base 
number 31 and some with lower numbers, as well as those with 36 have 
been previously placed under such genera as Phegopte!'is and Lepto' 
gramma because these possess non-indusiate sari and in some the sari 
elongate along the veinlets. On morphological grounds too, the species 
with base number lower than 36, seem to have evolved from the main 
thelypteroid stock because of certain important unifying characters 
of the frond form, rhizome, stelar pattern, leaf· trace, dermal appen· 
dages, spores and gametophyte (Loyal, unpublished data). In view 
of the above the present writer believes that the reasons for including 
all these variants under the genus Thelypteris are stronger than those 
for the retention of old genera Phegopteris and L'ptogramma. 

It is of interest to point out here that there exists strong isolation 
barriers between the various chromosomal lines, for, not a single 
hybrid has been discovered SO far even when species with such close 
numbers as n = 36 and 35 grow as mixed populations. 

From the stock to which Cyclosorus belongs, have descended such 
genera as Abacopteris, Ampe!opteris, Goniopteris and some more, doubt
fully referred here by Copeland (1947). But the evolutionary 
mechanisJllS involved seem to have been different from that seen within 
the genus Thelypteris. The presence of 11 = 36 in all the species of 
Cycloso!,us, Abacopteris and monotypic Ampelopteris indicates complete 
chromosomal stability in this assemblage and this in turn strongly 
suggests that perhaps the evolution of this group of plants has occurred 
chiefly through mutations, gene andior chromosomal. From morpho. 
logical standpoint, however, the differentiation of these genera from 
Cyclosoru. involves the same factor which segregated Cyclosorus from 
Thelypteris, namely, the increase in the extent of 18mina followed by 
the anastomosis of veinlets. This tendency seems further augmented 
in these various geneTa and can best be observed in Abacopteris, 
Meniscium, Goniopteris and in the monotypic Dictyocline. The I~tter 
ge-nu~ possessc'6 a comptete anastomosis of the \Ie-inlets in the c):,:panded 
lamina. The cytology of many of the genera in this group is still un· 
worked, and in all probability may turn out to be the same as in 
Cyc/osorus. 

[n the matter of speciation and taking into consideration the entire 
cytological data available at present, it may be suggested that, besides 
aneuploidy and mutations, the role of euploidy is well marked because 
of the presence of 57'69%,41'17% and 28·5% polyploid species 
in Thelypteris, Cyclosorus and Abacopteris respectively. Another 
important point that emerges from the present study is the compIete 
absence of the phenomenon of apogamy in these ferns. This is in 
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strong contrast to a number of genera of advanced leptosporangiate ferns 
notably Pteris and Dryopteris. 

Morphological consideration.-The interpretation of the morpho
logical data has certain obvious limitations especially when taken in 
the light of newer approach which is based on the idea that the 
evolutionary processes occurring in a species are inft.uenced by the genetic 
make-up of the species on one hand and by the physiological and eco
logical environments in which it lives on the other. To the writer's 
knowledge this approach in understanding morphological variation in 
any particular group of ferns has been applied but by very few students 
of morphology. Some evolutionary trends discussed here are chiefly 
based on the Himalayan species of the genus Thelypteri.1 and these are 
considered at present to be of tentative nature. 

As stated earlier, these ferns are essentially the tropical forest 
dwellers and from ecological standpoint the Himalayan species of 
The/ypteris fall in the following four groups: 

I. Mountain ferns, 6,000 ft. and above: 
(i) T. aurita (Hook.) Ching 

(ii) T. brunnea (Wall.) Ching 
(iii) T. leviagei (Clarke) Ching 
(iv) T. elHesii (Baker) Ching 

2. Species of lowland forests, 4,000-6,000 ft.: 
(i) T. esquiroli (Christ) Ching 

(ii) T. repens (Hope) Ching 
(iii) T. j1accida (BI.) Ching 
(iv) r. subvillosa (Moore) Ching 

3. Sun ferns: 
(i) T. xylodes (Kze.) Ching 
(ii) T. erubeseens (Wall.) Ching 

4. Lowland tropical ferns, from plains to 3,000 ft.: 
(i) T. uliginosa (Kze.) Ching 
(ii) T. ornata (Wall.) Ching 

(iii) T. oppositipinna (v.A.v.R.) Ching 
(iv) T. serra Swartz (cultivated in the gardens of 

unknown wild origin) 

A comparison of the forest ferns (2) with those of sun ferns (3) and 
inhabitants of lowland open valleys (4) shows that these two types of 
habitat reflect the origin of two types of frond forms (characterizing 
these groups), namely linear-Iance"late with gradually shortened basal 
pinnae in the forest ferns (Text-Figs. 2 a, b, c, d and e) and deltoid or 
triangular form in those which live in the open unshaded localities 
(Text-Figs. 21; g). The linear-lanceolate form of the frond is met with in 
the largest number of the species with n= 36 and 35 and also in various 
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TEXT-FIGS. 2-9. Diagrammatic representation of the \>urious organs of the spore
phytc in the Himalayan species of Thelypter;s. Figs. 2 a-g. Frond forill; 
Figs. 3-5. To show the shoot posture and external morphology, C.S. also shown; 
Figs. 6 a-e, Soral types; Figs. 7 a-e. Soral position and shape of tre ultimate 
plnnules; Figs. 8 a-c. Show variation in the spore structure. Figs. 9 {{- f. Der
mal appendages. 

species of Cyclosorus growing in the similar situations. This tendency 
to have basal pairs of pinnae gradually or abruptly shortened. is quite 
understandable in situation where light conditions are rather difficult 
so far as the basal part of the frond is concerned. This tendency is 
discernible not in thelypteroid ferns alone but in some other species 
of diverse phyletic affinity as well. This frond form may be considered 
as the derived condition from a linear-Ianceolate one which is observed 
in a sizable number of species. 

The creeping posture ofthe shoot seems the basic type (Text-Fig. 3), 
for it is present in almost all the species except one (T. oppositipinna) 
which grows in the small crevices of rocks, that it is short and more or 
less erect (Text-Fig. 4). However, from physiological standpoint concern
ing the growth rate in length of the shoot in relation to the number ofleaf 
primordia differentiated during One active growth period, there are 
two types distinguishable. In the first type the growth rate of the shoot 
in length is comparatively slower but the rate of leaf-primordia differ
entiated is comparatively faster during the same period. This results 
in a stout creeping shoot with very compactly arranged leaves and the 
leaf primordia form a crown around the growing apices of the shoots 
(Text-Fig. 3). Tn the second type the shoot grows in length at a much 
faster pace thall i,l the former type and the number of leaf primordia 
differentiated during the same period is much less than in the former 
case. This results in comparatively fragile shoots with sparsely arranged 
leaves and generally a single leaf-crozier may be present in contrast 
to many in the first type (Text-Fig. 5). It seems logical to conclude that 
the thelypteroid ferns possess only the creeping type of shoot with 
minor departure in those occupying special habitats. 

A comparison of the soral types in the genus Thelypteris indicates 
that a non-indusiate sorus and its slight elongation along the vein let 
is a derived condition from a zygomorphic, lopsided sorus with a horse~ 
shoe-shaped indusium (Text-Figs. 6 a-e). This view, however, is not in line 
with that of Holttum (1947) who considers this condition as primitive 
in these ferns. In the writer's opinion his assumption is primarily 
based on his ideas regarding the phylogenetic relationship of these 
ferns with Gleicheniaceae which possess non-indusiate rounded sorus. 
The writer's view is based on a number of species as intermediates, 
which show a weJl-marked tendency to have fugacious indusium-a con
dition between the non-indusiate sorus on the one hand and a completely 
naked one on the other. Secondly, the writer is inclined to assume 
that the rounded, naked sorus in the living members does not imply 
geological primitiveness because wherever this condition occurs due 
to geological primitiveness, it has perhaps been retained as such up to 
the present day as seen in Gleicheniaceae. Furthermore, wherever 
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this condition has arisen secondarily in the higher members of lepto
sporangiate ferns, the sorus in such cases tends to elongate along the 
vein let as seen in thelypteroid ferns and in many other families of higher 
leptosporangiate feflls. This tendency has led to the origin of 
acrostichoid condition seen in many advanced families and is a glaring 
instance of parallel and convergent evolution (Copeland. 1946). In 
short, the writer believes that a lopsided sorus with a horse-shoe-shaped 
persistent indusium is the "parental" or ancestral type amongst the 
living forms. The persistent nature of this horse-shoe-shaped indusium, 
which envelop tIle sporangia on all sides up to the stage when the spores 
are ready for dispersal, perhaps hinders their adequate dispersal. There
fore, the forms with either the small-sized indusium or with its fugacious 
nature seem to have overcome the difficulty of proper spore dispersal. 
A completely naked, rounded sorus thus evolved, then started elonga
tion along the veinlet. 

With regard to the shape of the pinna, position of the sorus, and 
the number of sporangia per sarus, the various species fall in two nearly 
distinct groups. (I) In this group the species live under shade, possess 
sub-bipinnate fronds with ultimate segments linear or oblong 
and the sori ate i.n two distinct rows eith.er prQKi.mal to the costa or 
almost along the central line between the margin and the costa (Text-Figs. 
7 a-c). The number of sporangia per sorus is comparatively large. (2) The 
ferns of this group grow in low altitudes and comparatively more ex
posed localities. These show bipinnate. tripinnate or subquadripinnate 
condition and decrease in the extent of lamina. The ultimate segments 
are roundish or oblong and the sari come to lie below the sinus (Text
Figs. 7 d-e). A comparatively low sporangial output per sorus is a 
conspicuous feature of these lowland me,mbers. s.uch as T. 1IliginosG, 
T, serra and T. ornata. 

The spores of these ferns are of three types so far as their shape 
and the nature of the exosporium is concerned. (l) The spores are 
roundish, brownish-black in colour and the perlsporium is broken up 
into more or less sharp spines (Text-Fig. 8 a). To this belong species of 
Thelypler;s with n = 36. 35 as well as some species of Cye/osoras all 
with n = 36. (2) The spores are more or less oblong, brownish with 
verrucose perisporium (Text-Fig. 8 b). This type is exemplified both by 
some species of Theiypleris as well as Cyciosorus. (3) This type is 
exclusively met with in species of Thelyplel'is with Ii = 31 and perhaps 
species with les.ser numbers also possess the same ty'p~. They are more 
or less bean-shaped with poorly developed exosporium which may 
be reduced to the extent of being apparently absent in some cases (Text
Fig. 8 c). The spores are yellowish-brown. 

A strongly unifying and constant character of these ferns is the 
presence of unicellular needle-like hairs or bristles on all the various 
parts of the plant (sporophyte) including sporallgium in those caseS 
where the sorus is naked (Text-Fig. 9 a). It is interesting to note that in 
T. ornata which grows in the exposed valleys in Northern Sikkim, there 
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exist all stages from needle-like hairs to the formation of fully formed 
scales especially on the stipe al1d the rachis {Text-Figs. 9 a-fl. 

for gametophytic studies species of Ti1elypteris belonging to two 
dillerent chromosomal lines. viz .. 35 and 3l were selected. Broadly .. 
the development and structure are identical in both the groups except 
that in spedes with 3l chromosomes these are not strictly cordate (Loyal, 
unpublished data). The margins of the protlJa)Jus are devoid ofunicellu
lar. glandular hairs in the early stages but they start appearing on 1-11; 
months old pro thalli. These develop directly on the marginal cells 
of the rrothaHus. No marginal mamentous projections were observed. 
This character is also shared by other aflled genera, viz" CYc/OSOl'lIS, 

Abocopteris and Ampe/opteris. Thus, 11 15 clear tlJat like the attributes 
of'the sporophyte of this group, the characters of the gametophyte also 
indicate a close affinity. 
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VARIATION AND EVOLUTION IN 
ONYCHIUM 

By S. C. VERMAt 

D~PQftmenl of Botan)" Panjah University, Chandigor];, h:dio 

To be able to postulate the probable course of evolution in a grOtlP 
of species on indirect evidences, like morphology, anatomy and cytology, 
is One of the aims of modern phylogenetic research. Onychium 15 a 
small genus with major distribution in the Sino-Himalayan region, whi"h 
is the primary reasOn to discuss the extent of variation in this genUs 
and to visualise the evolution of the polyploids in it. 

Till recently three species'were recognized in the Himalayan region, 
namely Onychium siliculasum (Desv.) C. Chr., O. japanicum (Thun\).) 
Kze. and O. cantiguum (Wall.) Hope, and their cytology was report"d 
preliminarily earlier by Mehra and Verma (1957). Present Himalay~n 
collections have revealed the existence of at least six distinct 'tax~' 
and their taxonomic treatment even with the help of Ching's (1934, 
1937) excellent works remains uncertain. It is likely that Prof. Chiog 
never saw a fully representative collection from Sikkim and Eastern 
Himalayas. However, from an overall survey of the various taxonom~c 
accounts including Hope's (1901) and Kummerle's (1930) monographle 
study and the present collections, the genus comprises nearly of t~n 
sgeeies (cf. Table 1\ of whieh ot\.e (0. strictum Kze,\ is endemic in West 
Indies and one [0. melanalepis (Dcne.) Kze.] is commOn to Africa aOd 
Asia. The rest of the species are well represented in the Sin()-Himalay~n 
region especially Yunnan-Himalayas, which may aptly be stated as 
the centre of distribution of the genus. Presently, except for the t,<'o 
S.W. Chinese species, namely O. maupinense Ching and O. {enuilrons 
Ching, the entire Sino~Himalayan element is investigated cytotaxo· 
nomically. 

In spite of the small size of the genus, the study has revealed con
siderable variation in morphology, stelar anatomy and cytology, which 
thus justifies an attempt made here to trace the evolution of the polY
ploid 'taxa' tentatively in cognizance with morphological data. The 
extent of variation in the genus can conveniently be dealt with under 
three heads, namely, Morphology, Anatomy and Cytology, and tpe 
evolution of the polyploid' taxa' is taken up at the end under Evolution 
of Polyploids. 

'" The writer is grateful to Prof. P. N. Mehra for consl.wt er..couragt:m(f,1 vrd 
criticism. He is deeply indebted to Dr. R. E. Ho1ttl,m (K{w) fOJ tjs keen int{f'~1 
and identification of the specimens. 
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TABLE I 

Distribution of species in Onychium 

Species 

O. siliculosum (Desv.) C. 
Chr. 

*0. chrysDcarpum (Hk. et 
Grev.) C. Chr. 

O.japonicum (Thunb.) 
Kze. 

O. lucidum (Don.) Spr. 
[= O.japonicum var. 
lucidum (Don) Christ] 

O. moupinense Ching 

O. ipii Ching 
(?) Sikkim material 

O. tenuijrDns Ching 

O. strictum Kze. 

O. melanolepis (Dcne.) 
Kze. 

Distribution 

Farmosa. Yunnan, Himalayas, New 
Guinea, Malaysia, Philippine Islands 
and Cochin China 

North India (Himalayas) 

Japan, Polynesia, Philippines, S. W. China 
(esp. Yunnan, Szechwan), Himalayas 

Sikkim, Darjeeling, S. W. China 
(esp. Yunnan and Szechwan) 

Szechwan (S.W. China) 

Hupeh (S.W. China) 
N. Sikkim (Chungtang) 

Yunnan, Szechwan 

Cuba, Porto Rico, Hispaniola 

Abyssinia, Nubia. Eritrea, Arabia, Sinai 
Peninsula, S. Persia, East Indies 

9. O. contiguum (WaiL) Hope Yunnan, Szechwan, Nepa/, Sikkim, Hima
layas, Tibet (Yatung) and Siam 

10. *O.p/umosum Ching Yunnan 

:t Reduced to O.siliculosum and O. contiguum respectively by the prescr.t wriler. 

MORPHOLOGY 

The evaluation of various morphOlogical characters like: rhizome 
posture, scales, colour of stipe, nature of sari and indusia, colour of 

. ripe sori (capsule), size of sori, nature of spores, and texture has indi
cated that the genus Onychium can be grouped into four distinct sections, 
namely, Silicu/osum, Melano/epis, Japonicum and Contiguum (cj. Table II). 
The first group corresponds to section Euonychium and the rest three 
to section Leptostegia of Ching (1934) based on sorallength and presence 
or absence of yellow waxy powder coating. Ching's (l.c.) division 
of Onychium into the above two sections is quite correct and Kiimmerle 
(1930), too, subdivides the genus into two sections. Leaving aside 
section Si/iculosum (one representative), section Melanolepis (one 
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rel'resentative) and O. strictum (less safe in Onychium, cf. Copeland, 
1947), the rest of the species fall in two groups, section Japanicurn and 
section Contiguum in which the two basic species O. japonicum and 
O. cOlltiguum (s.s.) are diploid sexual with n ~29. 

ANATOMY 

It is interesting to observe that at least in the Sino-Himalayan 
element, the morphological grouping holds good admirably on the 
basis of rhizome postufe and stelar organization, thus confirming further 
their distinctness (ef. Table II). It needs to be pointed out at the outset 
that Ching (1934) describes the stelar structure in the rhizome as 
typically solenastelic with two comparatively broad leaf traces which 
unite upwards as a garter-shaped strand as in Athyrjum. Copeland 
(1947) describes the rhizome to be creeping and solenostelic or more 
often short and compact. Present observations are not in perfect agree
ment with the earlier concept. In order to stress the identity of each 
elf the morphological group, the anatomical observations are dealt 
with separately for each section. 

Sect. Sj/jcu/osum: 

Jt is characterized by ascending to sub-erect rhizomes and 
is represented by only O. sj/iculosurn (including O. chrysocarpum). 
The plants inhabit dry rocky crevices and the short somewhat 
ascending to occasionally sub-erect rhizomes are attached by a 
thick mat of roots. It has a typical solenostele with a central medullary 
strand which may branch and anastomose. The central strand is 
encircled by a parenchymatous zone followed by a sclerenchymatous 
one. The outer broad cylinder is also encircled both internally and 
externally by a parenchymatous zone, the lalter is followed by a broad 
sclerenchyma (middle cortex). A unitary U-shaped leaf-trace departs 
from the outer cylinder and its hollow is occupied by sclerenchyma 
derived from the inner sclerenchymatous zone encircling the central 
strand. The foliar gap gets closed immediately by a small daughter 
strand (commonly known as 'compensation strand ') from the medullary 
stele. The plant, in spite of close setting of leaves, thereby retains 
the solenosteEc nature of its outer cyEnder by an immediate closure 
of the foliar gaps. Such a system affords to bear closely set leaves 
and yet retain large surface for bearing numerous roots for perfect 
anchorage and absorption. It also provides the necessary strength. 
This species thus provides an excellent example of a correlation between 
habit, habitat and internal structure, which is decidedly an advantageous 
adaptation. 

Pinna-trace is marginal and the xylem core in the rhizome is inter
mixed with sufficient parenchyma. 

Sect. Mefanofepj$: 

Neither the posture nor the internal structure of the rhizome 
is as yet investigated, but in its marginal pinna-trace (cJ Davie, 
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1918) it is certainly not related to Japonicum and Contiguum groups 
(the two other segregates of sect. Leplostegia Ching. cf. Table II) with 
invariably extramargina1 pinna-trace. 

Sect. Japanicum: 

It is characterized by short or long creeping rhizomes, usually 
with 'dorsiventra1' symmetry and alternate lateral bearing of leaves. 
However, the condition is not strictly dorsi ventral since the roots 
also arise from the dorsal face as well which is most likely the 
result of submerged nature of rhizomes. Three species are investigated 
in this group. 

Onychiumjaponicum and o. lucidum (= O.japanicum var. lueidum) 
have internally two fiat ribbon-shaped, or little curved, meristeles lying 
dorsiventrally, enclosing much elongated foliar gaps laterally. Binary 
foliar trace departs from almost the middle of a gap. However, 
initially it is a perfect solenoste1e from which the mature condition is 
derived later due to overlapping of the elongated foliar gaps. Usually 
two foliar gaps are observed in every section. Wetter (1952) reports 
also' dictyostelic' condition in O. japonicum due to morc than two rows 
of leaves but presently 1 have not observed it even in specimens from 
Japan. But aU the same it is interesting to note in Abb. 8, II of Wetter 
(1952) for o. japonicum that the additional foliar gaps arise in the dorsal 
meristele alone, which confirms its 'dorsiventral' nature. This 
'dictyostelic' condition may be occasional and such types may aptly 
be stated as Facultatil'e Solenoste/ic, a term applied by Wetter (I. c.). 
These species are further characterized by the absence of sclerenchyma 
and by the presence of well-defined and marked endorlermis, narrow 
zone of xylem intermixed with little of parenchyma. Pinna-trace is 
extra marginal. 

The third species Onychium ipii (?) from N. Sikkim is truly 
solenoste1ic with an irregular arrangement of leaves. Though in general 
it conforms to o. japonicum, yet this type may be strictly transitional 
to radial types. Foliar gaps are much smaller and a C-shaped structure 
appears in every section. Even if two foliar gaps per chance may 
overlap, the stele never gets the Japonicum pattern. Foliar trace de
parts just at the point of initiation of the foliar gap and splits before 
complete abstriction into a binary trace. Pith region is sclerenchy
matotis and a portion always extends into the foiiar trace. Xylem 
core is thin, intermixed with little of parenchyma and the pinna~trac{; 
is' extramarginal. ~ 

Sect. Contiguum: 

It is characterized by wide creeping radially symmetrical 
rhizomes where the leaf bases on the ventral face are secund. 
Rhizomes are thicker and truly dictyoste1ic with usually three 
to five (occasionally six) small meriste1es in a transverse section. 
Dictyostely is not the result of close setting of leaves but is due to excep
tionally elongated foliar gaps from the middle of which binary leaf 
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trace departs. Meristeles afe much smaller, different from the Japo
nicum group in shape, appearance, in having inconspicuous endoc:lermis 
and sufficient parenchyma admixture in the xylem core. This type is 
further marked by the presence of sclerotic patches in the ground tissue. 
The two foliar strands as usual unite high up in the petiole in a 
Athyrioid manner. Pinna-trace is extramargina1. 

The foregoing account reveals that the internal structure is quite 
distinct in each group and thus can be used reliably in the present cyto
taxonomic and evolutionary study of the genus. It seems likely that 
the original type is solenostelic and dictyostely is derived through facul
tative solenostelic forms by way of elongated foliar gaps, probably 
as a natural consequence of the creeping habit. 

CYTOLOGY 

Chromosome determinations are made only for six Himalayan 
'taxa' and the only remaining ones for the Sino-Himalayan region are, 
O. tenui/rons and O. moupinense (and also perhaps true O. ipii). The 
latter are S.W. Chinese endemics of the Japonicum group, and their 
study seems essential since all the species of this group are sympatric 
at Jeast in Yunnan. Chromosome determinations are summarised 
in Table III. 

TABLE TIl 

Chromosome numbers in the Himalayan Onychiums 

Species 

Sect. SUimlosum ; 
O. si/iculusltlfl. (DtSv.) 

c. Chr. (8yn. O. aura
tllm KIf.) 

(incl. O. crysocarpum) 

Sect. /ap01ticum .' 
O. iaponicum CThunb.) 

K.<e. 

O. luddMll (Don.) Spr. 
fonna 'tenuisata' 

O. ip# Ching (n 

Sect. C01diguum: 
O. contiguum (Wall.) 

Hope,8.s. 

(vat. maior) 

Locality 

Df'rjeeiing, Manjib.r-Teesta;' 
pony road, 13adamtam, 
Rongdong bridge, 
beyond Teesta (Sikkim) 

Mussorie, Karponang 
(E. Sikkim) ::md Meerut 
(cult. ) 

Darjeeling: Lebong forest 
D;_l.rjeeling: Llyod Botani· 

cal Garden 
North Sikkim: Chnngtangh 

North Si1,;_kim: Lachen 
Natnital: Lands end 
Darjeding: Below Tonglu 

monastery 
Darjeeling: Neat Tonglu 

I 
n,ch,omo'l 

.sume 
mlmber 

29 

29 

58 
58 

87 

29 

'58' 

'87' 

Ploidy 

Diploid &exuaJ 

Tetnploid sexual 

He,,:aploid s~xual 

Diploid sexual 

Diploid apoga-
mOllS 

Triploid apoga· 
mOllS 
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In the group Contiguum three cytological races, namely diploid 
sexual, diploid apogamous, and triploid apogamous, are noticed within 
the broad limits of the Himalayan species 0, contiguum, The Japonicum 
group on the other hand contains a diploid sexual (0, japonicum), a 
tetraploid sexual (0, lucidum, two forms) and a hexaploid sexual (0, ipii) , 
Polyploid 'taxa' in the two groups do not show any intermediate or 
combination of characters which serve to distinguish the two groups 
(Japonicum and Contiguum), This by itself is apparently suggestive 
of the absence of hybridization between these groups, These groups 
are perhaps very distinct genetically too and may be a strong barrier 
to crosss ability exists between them, Furthermore, distinct altitudinal 
lonation of the two groups~ even if occurrlng in the Same region, is 
perhaps an additional factor (Japonicum group occurs usually up to 
2200 m" while Conliguum group occurs between 2600 m, to 3500 m,), 
Hence the evolution of the various polyploid 'taxa' presenty recorded 
have to be sought for within the groups themselves, 

Onychium silicu/osum (incl. 0, chrysocarpum) in the sect. Siliclilosum 
is throughout diploid, n = 29, 0, melanolepis is as yet not investigated. 

EVOLUTlON OF POLYPLOIDS 

The small size of the genus, limited distributional area, overall 
distinctness of the two diploids have in fact facilitated the problem, 
As pointed out above, the evolution of the polyploids is discussed 
within the groups themselves, 

Sect. ContiguufH: 

Ching (1934) includes two species 0, contigullm and 0, plumosum 
in this group, which are distinguished on the basis of length of 
sori and compact or lax nature of fronds. However, due to inconstancy 
in Ching's description, it appears that both belong to 0, contiguum, 
Secondly 0, plumosum is based so far only on the type collec
tion from Yunnan and it is not unlikely that it represents a natural 
variant of O. contiguum in Yunnan, where the latter is common. 

The three cytological races, 2 x sexual, 2 x apogamous, and 3 x 
apogamous agree broadly with 0, contiguum (WalL) Hope, based on 
rhizome posture and structure, frond shape, texture, broadly ovate 
and finely dissected lamina, straminous stipe with black base, tuberculate 
(girdled) spores, membranaceous contiguous indusia, apiculate, ends 
of the fertile segments and nature and colour of ripe sori (cf Table Ill, 

Diploid sexual and diploid apogamous types resemble so much 
that morphologically it is hard to separate them and this is the reason 
why only diploid apogamous taxon was reported earlier (Mehra and 
Verma, 1957), The latter is confined to Darjeeling, while the sexual 
form ranges from Western to East-rn Himalayas, These 'taxa' tally 
almost exactly with 0, contiguum (WaiL) Hope (s,s,), though these 
are more open in branching than Wallich's original specimen, The 
triploid also belongs to 0, contiguum but the sori are longer (4-7 mm,) 
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and the segments are broader. The branching is also more open and 
lax. This form, because of its morphological distinctness, may be desig
nated presently as var. major. Triploids as well are restricted only 
to Tonglu in Darjeeling District. Unfortunately 16-celled sporangia 
are not so far recorded in both the apogamous 'taxa' and thus a part 
of the direct evidence is lacking. 

Except in Cyc/osorus experimental hybrids (cf Panigrahi and 
Manton, 1958), all the hybrids and polyploid' taxa' investigated cyto
taxonomically especially by Prof. Wagner and his associates (Michigan, 
U.S.A.) show always intermediate characters between putative parents. 
On the basis of morphological intermediacy of the polyploids, Wagner 
(1954) visualised a reticulate evolution in Appalachian Aspleniums, 
In fact some of the polyploid 'taxa' have actually been synthesized 
later by Prof. Wagner and his students (cj. Wagner and Darling, 1957; 
Wagner and Whitmire, 1957) from the previously suggested parents. 
It is, therefore, logical to rely, apart from experimental evidence, on 
morphological characters for tracing the evolution of the diploid and 
the triploid apogamous 'taxa' here. 

Apogamous taxa have so far been believed to be of hybrid origin 
(cf Manton, 1950) and hybrids between distinct taxa are generally 
intermediate, which condition can admirably be retained by the very 
nature of reproductive system in apogamous ferns. The broad morpho
logical similarity of the diploid sexual and diploid apogamous forms 
most likely suggests that the only other diploid in the area, Onyehium 
japonicum, is not involved in the origin of the diploid apogamous 
taxen. Onychium japonicum is both morphOlogically and anatomically 
very distinct from O. contiguum (cf Table II) and it is inconceivable 
that none of the Japonicum characters would be represented in such 
hybrids. The only other possibility which seems highly probable is 
the origin of the diploid apogamous taxon in a previously sexual 
species which still exists and has a wider distribution. The restricted 
occurrence of the apogamous taxon coupled with its extreme similarity 
with the sexual taxon strongly supports this hypothesis. No doubt 
the direct experimental evidence and the nature of chromosomal associa
tions in the 16-celled sporangia are lacking but the small size of the 
genus, limited distributional area, overall distinctness of the two diploids 
(0. contiguum and O. japonicum), permit reasonably good reliance 
on the indirect evidence. 

However, it is not intended to generalise this hypothesis, parti
cularly for those diploid apogamous taxa which resemble very closely 
their sexual relatives. Each case needs to be evaluated critically on 
its own merits, but one can safely conclude that apogamy may not be 
always preceded by hybridity (at the species level). Such a possibility 
is certainly not new since it has already been referred to by Manton (1950) 
in Pteris cretiea L. although rejected in favour of hybridity. Theoretical 
possibility was, however, suggested by Wagner (1951). Recently Loyal 
(1960) seems to have hinted at such a possibility, though not explicitly 
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stated, i" case of the Himalaya" diploid apogamous Dr'yopteris paleacea 
(Don) Hand-Maz7. {= D. wallichiana (Spr.) Hyld.J. 

The triploid again presents the same situation. Qualitative analysis 
reveals it to be a true Contiguum representative with no Japonicum 
character in it. Quantitatively the triploid is gigas as compared to 
the diploid sexual and apogamous taxa. The gigantism is best mani
fested in the soralleugth and size of ultimate segments. Sixteen-celled 
sporangia probably do not occur in sufficient number so as to be detected 
in few field fixations. The origin of the triploid apogamous form is 
conceivab~e sine the diploid s 'xual and a-pogamous forms cccur in 
the same area. The restricted distribution of the triploid favours this 
hypothesis and the gigantism in some characters is most likely due to 
its being an 'auto/rip/oid'. It is likely that both the apogamous taxa 
are of rccent origin and as yet have not spread appreciably. Further 
work on th ~ distribution of C) totyp:s is in progress. 

Sect. Japonicurn: 

So far three taxa have been discovered in the Himalayas: Dnychium 
japonicum (diploid). O. lucidum (tetraploid) and O. ipii? (hexaploid). 
From a morphologIcal comparIson of the entIre Japonicum group, 
it is possible to trace out the evolution of the two polyploids. Pending 
their synthesis, the suggestions regarding their parents are to be 
treated - as tentative. 

Onychium lucidum [= o. japonicum var. lucidum (Don) Christ):
This Himalayan and Western Chinese fern occurs in two morphological 
forms, both being tetraploid sexual. They undoubtedly share the 
general pattern ,?f D.japonicum from which itis separated by larger 
size, stouter habit, coarser texture wIth thIck slIpe shaded rufo brown 
(D. japonicum may also have such stipes) and somewhat larger sari. 
Close and critical morphological comparison of diploid O. japonicum 
and tetraploid o. lucidum reveals an overall similarity in pattern, and 
yet the two ace quite distinct for treating the latter as a distinct species 
on cytogenetical grounds. The very fact that the tetraploid has been 
taken to be a variety of (7, japonicum, indicates that probably the latter 
reprcsents one of the parents. Secondly, tbe somewhat contiguous 
indusia, pale brown-lemon-coloured ovate scale, somewhat deeply 
undulated to slightly erased indusial margin and acute teeth of the 
sterile fronds (in some populations) in the. tetraploid are essentially 
the characters WlllCh characterISe D. tenui/rons (Western Chinese 
endemic). Possibly the latter is the other parent involved in the origin 
of O. iucidum. Some of the tetraploid popUlations COme closer to 
O. tenuifrons especially in the acute teeth of thc sterile fronds, pale scales 
and erosed indusial margin but still are intermediate between o. japo
nicum var. Iucldum and O. tenuifrons (typical). The tetraploid sbows 
variations probably connecting the two parents. It is significant that 
Ching (1937) bas referred D. lucidurn Klimm. pro parte as a taxonomical 
synonym of o. tenuifrons. The intermediacy in morphological 
characters of the tetraploids between D. japonicum and D. tenuifrons 
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is expected in genomic alloploids. All the three taxa ~O. lucidum, 
O. tenuifrons and O.japoniec'm)are sympatncm Western Chma espectally 
in Yunnan (eJ. Table I and Ching, 1934). A logical conclusion arises 
that O. tenuifrons should be entirely diploid or has diploid races. This 
awaits confirmation; however, an examination of spores by me shows 
that the structure and size is like the other diploids in the sect. Japonicum. 

Onychium ipii? Hexaploid :-It agrees very closely with Yunnan 
(Hupeh) endemic O. ipii, though it still requires confirmation. Accord
ing to Ching's (1934) key it resembles O. japonicum var. lucidum but 
the upper part of the stipe and rachis and also the lamina are darker 
than Wallich's specimen No. 69 quoted by Ching. Further, it differs 
from var. lucidum in scales, rigid texture and indusial margin; above 
all in anatomy and less pinnate fronds with lamina narrowly lanceolate 
on a deltoid base. These characters are equally characteristic of both 
O. ipii and O. moupinense, though the latter is dimorphic with the sterile 
leaves being much smaller. Sari are 5-7 mm. in O. maupinense and 
2 mm. in O. ipii. In the present case these vary between 2 and 3· 5 mm. 
Fronds are much larger than both, rigidly herbaceous and have raised 
veins. In the absence of a truly dimorphous nature, the present taxon 
is taken tentatively to be O. ipii. which is a totally fresh record in 
Himalayas, being plentiful in N. Sikkim at Chungthang. 

Meiosis in the hexaploid is perfectly normal which possibly implies 
cytogenetically that three different genomes are involved. Its close 
resemblance in its rigid texture, general shape of fronds, less pinnation 
and raised veins to O. maupinense is perhaps indicative of the latter 
being parental to hexaploid O. ipii. Both these taxa are met with in 
S.W. China especially Szechwan (Maupin) and Hupeh. The only 
tetraploid encountered here and also available in Szechwan (Maupin) 
is the widely distributed O. fucidum, to which incidentally the present 
taxon can be referred to, following Ching's key (1934). Thus, morpho
logically it seems probable that O. lucidum and O. moupinense are 
parental to O. ipii (6 x). It is not unlikely that such assumptions may 
prove incorrect with further search in S. W. China especially Yunnan 
which may reveal some more elements that could altogether change 
the pattern of discussion .. 

. Stated in brief, the present results. indicate that morphological 
vanatJOn Iil the Japomcum group IS mtr1l1SlC and specIation in it is 
possibly the result of genomic allopolyploidy. On the other hand, 
the sect. Contiguum has developed the apogamous habit within itself 
at the diploid kvel and the limited extent of variation is due to apogamy 
followed perhaps by a back-cross with the diploid seKual resulting in 
the' autotriploid' apogamous type. Detailed accounts of the investiga
tions shall appear separately. 
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EVOLUTION IN THE INDIAN MEMBERS OF 
THE GENUS ASPLENIUM LINN. 

By S. S. BIR 

Bolan}' Depal/men!, Panjab Unirer$ity, Chandigarh-3. lr.dia 

THE interest in fern phylogeny bas been revived during the last two 
decades and now sufficient morphological and cytological data on 
Pteridophytes bave accumulated so as to enable us to follow evolution 
in any particular genus. Asplenium Linn. has been taken up parti
cularly because it is the most distinct and is the large central genus of 
the family Aspleniaceae which has been my main interest. Further
more, it is one' of the earliest recognized genera and was included 
amongst the fourteen genera of ferns listed by Linnaeus (1753) in 
Species Planlarum. There is one more advantage and that is. the 
genus Asplenium is cosmopolitan in distribution, flourishing practically 
in all the habitable lands and that is why its study has received so much 
attention. So far, it is perhaps the best understood genus. 

In the present communication the evolution in Asplenium has been 
explained from two aspects, namely, morphological and cytological, 
with a main stress on the data available from the studies of the Indian 
members. 

v,. 'cl .... ?o.'<>""'<>"',<;.." "" £. 'l'<>,,"\>,''<>'' 

The genus exhibits extreme types of diversity as far as the outline 
of frond, venation and soral characters are concerned. It is such a 
vast genus that without the study of good amount of material from 
different regions nothing can be postulated about various groups within 
it. However, during the course of study of the Indian mem bers some 
different elements have been noted. A brief outline of these is given 
below. 

(I) Asplenium Dalhousiae-paucivenosum group.-This group of 
Asplenium species has only pinnatifid fronds which are thick and 
opaque, small in size and very similar in outline to Ceterach officinarum 
Lam. el DC. Only two ferns, namely, A. Dalhousiae Hook. and 
A. paucivenosum (Ching) Bir. are included here. The venation in these 
is free as a rule, but in A. Dalhousiae one or two veinlets near the margin 
casually anastomose, thns showing an intermediate condition between 
Asplenium and Celerach (Text-Fig. I). It may be pointed out that in 
Celerach the veins typically anastomose towards the margin (Text
Fig. 2) but in few samples of C. officinarum from Kulu in the Western 
Himalayas, the veins are free as in A. Dalhousiae with only one or two 
fusions (Text-Fig. 3). Here is a clear indication as to how Celerach 
has possiby evolved fom Asplenium through A. Dalhousiae, Ching 
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TEXT-FIGs. 1-9. Fig. I. Pinna lobe of A. Dolhf)lI~ioe showing fusion of one 
or two veinlcts near the margin. Fig. 2. Pinna lobe of Ceter(1ch (/jJicinartllll show
ing normal venation. here almost all the vein!ets rear the margin anastomose. 
Fig. 3. Pinna lobe of C. officinal 11m ~howing abnOTmal venation where practically 
all the veinlets arc free. Fig. 4. Portion of a frond of Asp/enium nidus sr.cwjng 
the venation near the margin. All the veinlets are connected ..... ith each ott.er by 
intramarginal vein. Fig. 5. Portion of a frond of A.jillfoysollfaTlII11I showing the 
fusion of vein lets near the margin resulting in the formation oi areolae without any 
included veinlet. Fig. 6. Portion of frond of Phyllitis sc%pelldrium showing 
• island' type of areolae arising from a single "einlet and geminate sori. Fig. 7. One 
pinna each from IIl1idiploisexuaj • diploid' hybrid, and' triploid' hybrid individuals 
founJ in Asp/ellillm /atera/e species complex. Fig. 8. One pinna from A. excisum, 
this is very similar to the pinna line in case of A. lilli/otero/e. Fig. 9. TwO 
fronds from octoploid and tetraploid individuals of A. pOlicivenoslim. 
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(1940 b) has based a genus Celerachopsis on these two species of 
Asplenium referred to above and A. Dolhousiae typifies it. These two 
species exhibit so many characters of Asplenium that they cannot be 
removed from here and either raised to a new genus or added to Ceterach 
as was done by Christensen (1906. 1938) in case of A. Dalhousiae. By 
so doing the entire definition of Ceterach will collapse which shows an 
advancement in the fact that the indusium is totally abortive. The 
loss of indusium is possibly due to the fact that the undersurface of 
the frond is densely covered with scales and the protective function 
of the indusium has been obliterated. The presence of scales is an adapta
tion to the xerophytic environments in which the members usually grow. 

(2) Bird's nesl Iern group.~In this group there is an advance
ment over the previons one. It is represented by A. nidus, grevillei 
and simosianum and is characterised by the presence of a transverse 
intramarginal vein connecting the apices of veins or veinlets and by 
the presence of sori on the side of veinlet towards the apex of the frond 
(Text-Fig. 4). These ferns are simple-leaved. The presence of the 
connecting vein has the obvious advantage of protection from any 
tearing-off of the frond which in case of A. nidus may reach a metre or 
more in length and 10--20 cm. in width. Out of these, A. nidus typifies 
Neottopteris J. Smith (or Thamnopleris Presl). 

(3) The third group is represented by Asplenidictyum of J. Smith 
and only one species, A. finlaysonianum is met with in India which inci
dentally typifies the genus. The veinlets in this case anastomose 
completely towards the margin of the frond so as to form areolae with
out included veinlets (Text-Fig. 5). This fern has very variable type 
of frond outline, [rom simple to pinnate, and wben simpJe sometimes 
there is no fusion of veins, indicating that this is not a constant feature. 
However, it points out the advancement over free-veined representatives. 

The foregoing evolutionary tendencies in Asplenium are recognizable 
only when the modern concept of the genus is accepted. Each of these 
elements had at one time or the other been elaborated by the creation 
of a genus. But these genera, namely, Ceterachopsis, Neottopteris 
and Asplenidictyum, which represent each group, cannot stand because 
of plastic characters. Earlier authors like Christensen (1938) and 
Ching (1940 a) recognized these genera but with the advancement of 
knowledge several modification< have been suggested. Copeland 
(1947) merged all these in Asplenium which is a very sound proposition. 
The present-day complexities represented by Neottopteris, Ceterachopsis 
and Asplenidictyum are -the cases of specialization over Euasplenium 
and are, therefore, the end-points. 

About the. group of ferns represented by Phyllitis (= Scolopen
drium) Bower (1928) remarks" Phyl/itis, even in its most condensed 
and derivative leaf forms, is a natura! genus sprung from a Blechnoid 
source and that Blechnum punelulalum var. krebsii gives a true key to 
its origin". Similar is the origin of Camptosorus according to Bower. 
However, the cytological evidence points otherwise. Phyllilis and 
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Camptosorus have the same basic number 36 as in Asplenium, while 
Blechnum has 28, 32, 33, 34. Furthermore. Phyllitis and Asplenium 
hybridize freely in nature which shows that genetically these two genera 
arc very close to each other. TIlere is no hybrid so far known between 
Phyllitis and Blechnum. This disproves at least on cytological grounds 
the evolution of Phyl/itis and Camptosorus from a Blechnoid source. 
I am of the view that in all probability Phyl/itis and Asplenium have 
evolved from a common source. The morphological similarities of 
Phyllitis scolopendrium and Blechnum punctulatum var. krebsii are 
probably due to the homoplastic developments. 

Copeland's (1947) contention of complete merger of Phyllitis with 
Asplenium does not hold good. Phyllitis h1S a special type of venation and 
double sori and so far no Asplenium is known which has got the venation 
of the type seen in Phyllitis. In Phyllitis scolopendrium (= A. scolQ
pendrium Linn.) the venation is of most interesting type, each vein 
bifurcates usually once and rarely twice. The veinlets in turn oftell 
bifurcate towards the margin, and then fuse together to form a sort 
of areolae and this may happen twice on a single veinlet. Hardly there 
is any fusion of primary vein lets to form areolae (Text-Fig. 6). This 
'island type' areolae arising from a single veinlet is characteristic of 
at least the type species of the genus ... The sari in Asplenium are some
times double but they are never in pairs as in Phy/litis. On the basis 
of these two characters of peculiar venation and geminate sori, Phyl/itis 
deserves a special status. In order to avoid the multiplicity in the 
number of genera and to giv-:: prop::.r r pr"s 11 aLon fO those elements 
in Asplenium that show geminate sori and p -culiar venation as pointed 
above, it is sugg,gted that phyllitis may be f,cognized as a subgenus 
with;n large and comp'ehon ive g,n'.ls Asplenium. The clements 
npns'nt,d b; Phyllitis show advanc,m-n t over Euasphnium in the 
position of SO( 2_nd p,;:culiar v:nation. 

CYTOLOGICAL EVOLUTION 

The Himalayas are one of the important centres where A'plenium 
flourishes very well in number of individuals as weIJ as of species. It 
is represented by a total of 36 (unpublished data) species in the area, 
out of whicb 23 species spreading over 36 taxa have been worked out 
by the auth.or. A preliminary report on these findings has already been 
publiShed (cf Bir, 1960). It may be pointed out that there is no other 
work done so far on the Indian members. In the following pages the 
details about the interesting species are enumerated: 

(I) Asplenium unilaterale Lam.-This species presents one of the 
most interesting cytological situations that has been observed in the 
ferns so far. In this' species complex' in addition to the sexual race 
profusely flourishing. near Darjeeling in the Eastern Himalayas~ two 
dibasic natural hybnds have been detected. The present specIes IS 

based on x = 40 which is in strong contrast to the rest of the worke~
out species of the genus throughout the world. 
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It is distributed throughout the Himalayas, South India, Ceylon, 
Burma, Malaya, China, Japan and Tropical Africa. There is good 
amount of morphological variation in the present species, mainly 
noticeable being the size and colour of the stipe, the extent to which 
the midrib runs parallel to the lower margin and finally the size and 
outline of the pinnae. In Darjeeling area where extensive investigations 
have yielded interesting results, the typical form grows abundantly on 
the forest floor near Lebong, 5,000 ft. The individuals Cover large 
areas. The following three' cytotypes' within the morphological range 
of the typical form have been discovered. 

(i) A ' diploid' sexual with n= 40.-The course of meiosis is regular 
and normal viable spores are the result. This is by far the commonest 
race. 

(ii) A . diploid' hybrid sholVing 2 n= 76.-This is a totally asynaptic 
form, indicating that the two genomes contributed by the parents are 
altogether non-homologous. All irregularities of meiosis are noticeable 
and the abortive spores are the ultimate result. 

(iii) A . triploid' hybrid showing 2 n= 112.-Here the pairing 
phenomenon is somewhat different. The number of univalents varies 
between 36-44 and bivalents 34-38 indicating that two sets are homo
logous while the third is non-homologous. This too produces bad 
spores as the result of irregular meiosis. 

Repeated attempts were made to grow the spores of these hybrids 
but without success. Even the diads produced by the 'diploid' hybrid 
were not fUllctional. 

The two hybrids are very rare. As far as the morphological differ
ences arc concerned, the hybrids are not in any way significantly different 
from the sexual race. In fact, in the field these cannot be segregated 
from the sexual race (Plate Ill, Fig. I). One pinna each from the diploid 
sexual, 'diploid' hybrid, and' triploid' hybrid individ uals is shown in 
Text-Fig. 7. In the extreme cases one can make out some differences 
amongst these 'cytotypcs', however, from the amount of variation 
noticed in sexual race one cannot put forward a case for their morpho
logical distinctness. The details about stomatal size, their distribu
tion pattern and structure are rather uninformative. The question 
that arises next is how the hybrids have come into being? The diploid 
sexual race may be represented by AA, . diploid' hybrid as AB and 
'triploid' hybrid as ABB, where A represents a genome of 40 and B 
of 36 chromosomes. About the parentage of the hybrids nothing can 
be inferred except that one of the parents is the diploid sexual race of 
A. unilaterale which has played a dominant role as far as the phenotypic 
characters are concerned. The other parent is definitely based on 36. 
There is only one spccies of Asplenium, namely, A. tenuiJolium Don 
which is diploid (n = 36) in the area but that cannot be the other parent 
because of the large-scale differences in the morphology of frond and 
the rhizome. So the other parent of these hybrids can only be found 



46 MEMoIRS OF THE lNDIAN BOTANICAL SOCIETY 

amongst the closely allied members of A. unilaterale, which are 
A. exciswn, A. obscurum and A. che;losorum. Recently Holttum (1954) 
adds A. normale to this group. Out of these, A. cheilosomm cannot 
be one of the parents of the hybrids because it is a triploid apomict 
with 2 n= 108 (c/. Manton and Sledge, 1954; Mehra and Bir, 1960), 
The second species, A. normale, is a tetraploid (n=72) in the HimalayaS 
(II Bir, 1960) and Ceylon (cf Manton and Sledge, 1954), while a diploid 
(n= 36) in Malaya (cf. Manton, 1954). The other two species are still 
unworked. Attempts were made to cross A. unilaterale (n= 40) with 
A. normale (n= 72) but these were unsuccessful. Asplenium excisam 
is very nearly allied to A. unilaterale and often confused with it and 1S 
also met with in the Eastern Himalayas (N. Sikkim) growing practically 
by the side of the other species (Text-Fig. 8). Therefore the two pos,i
bilities about the second parent of A. unilaterale hybrids are: 

(i) There already exists in this 'species complex' hitherto un
discovered a form with n= 36 and the species is dibasic or 

(ii) The closely allied species, A. excisum, may be based on 36 and 
has served as one of the parents. 

For the proper understanding of the problem efforts are beir1g 
made to work out cytologically A. unilaterale throughout its distri
butional range. The dibasic hybrids with 2n = 76 (40 + 36) and 
2n = 112 (40+ 36 -;- 36) referred to above are the first cases known 
to the author in ferns. This formation of a hybrid with 2n = 16 
(40 + 36) paves a way for the evolution of a new secondary basic 
number in the genus Asplenium. 

In addition to the twical variety of A. unilaterale, two varieties, 
namely, delicatulum Par. and udum Atk. are also met with in Hle 
Himalayas. These are much smaller in size as compared to the typical 
form and are sexual diploids based on x=40 and this confirms tbe 
results for A. unilaterale. Furthermore, there exists in nature ne(1f 

Darjeeling a triploid hybrid with 211= 120. In this case during 
meiosis multivalents are commonly formed and phenotypically this 
hybrid is exactly similar to var. udum Atk. Therefore, this taxon 
has been considered to be an autotriploid of var. adum Atk. 

(2) Asplenium varjans Hook. et Grev. exists in two forms in the 
Himalayas, of which the diploid (11= 36) is the commonest throughout. 
A tetraploid (n = 72) was collected in North Sikkim where a diploid 
also grows nearby. The quantitative differences in size of the frond 
spore and stomata arc not well pronounced here. 

(3) Asplenium paucivenosum [Ching) Blir.-Like the previouS 
species, this fern has two 'forms', a tetraploid (n = 72) and an oetO
ploid (n= (44), the former being rare, having been collected only once, 
while the latter is quite abundant near DarjeeIing and in North Sikkil11, 
There are marked quantitative differences in the 4 x and 8 x individuals. 
The octoploids show broader and larger frond size (Text-Fig. 9) and 
possess bigger stomata and spores. 
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(4) Hybrids.~Out of the six hybrids detected in the Himalayas, 
two dibasic hybrids and one autotriploid belonging to the A. unilaterale 
'species complex' have already been referred to above. The other 
two are, diploid (A. griffithiallum with 2 n= 72) and tetraploid (A. 
laciniatum val'. suNntegrifolium with 2n =144). Asplenuim griffithianum 
is perhaps the most beautiful fern of A. ensifarme group. The indi
viduals of these hybrids survive year after year through rhizomes. The 
sixth hybrid is, A. chei/asarum, a triploid apogamous rem with 211=' n' 
= lOS. This is the only apomictic' spleenwort' within the Darjeeling
Sikkim Himalayas. From cytological considerations it is a very interest
ing species and has been worked out in detail by Mehra and Bir (1960). 
In 16-celled sporangium roughly the pairing position is 36" + 36, 
while in S-celled sporangium which is the result of failure of premeiotic 
mitosis, 108 'autobivalents.' are present at meiosis. The spores from 
8-cclled sporangia are normal and viable. Quite often double premeiotic 
divisions fail leading to the formation of four giant mother cells with 
216 'autobivalents'. Some of the spore mother cells from 4- or S-celled 
sporangia undergo irregular cytokinesis due to an irregular lobing 
and cleavage of the nucleus. as a result of which unequal cells with 
variable number of 'autobivalents' as 39, 43, 47, 63, 72, 113, 116, 117, 
124, ctc., are discernible in different cells. The species is well spread 
io the Himalayas and several populations have shown similar results. 
Populations from Ceylon likewise are triploid apogamous (cl Manton 
and Sledge, 1954). 

CONCLUSIONS 

The existence of the kind of cytological variations as ,shown above 
in the Himalayan members of Asplenium is very interesting from 
evolutionary viewpoint. Moreover, the detection of several' cytotypes' 
within various species from the Himalayas reveals that polyploidy and 
hybridity have played a significant role in the evolution of' micro-species' 
ill the region. The available datal (cl Mehra and Bir, 1957; Bir, 
1959, 1960) for the Indian species is presented in Table [.2 

The analysis of Table I shows that amongst the sexual taxa which 
are 83· 33% of the total investigated, the tetraploids are the most common 
while in case of the hybrid taxa, the triploids are in abundance. It 
also indicates that in the Himalayan 'spleenworts' the incidence of 
hybridity (16'67%) is substantially high. Furthermore, the percentage 
of polyploidy within the genus in the Himalayas with warm to cold 
temperate climate' is significantly high (77· 78%) but polyploidy is 

1 The two species not reported cerhcr arc: A. septentrionale (L,) Hoffm. 
(Kashmir), n = 72; and A.sarelii Hook. (Simi<l), 11 = 72; ro1h teing tetraploid 
sexual. 

2 All the taxa have been investigated flam the Himala)as. 
S At the foot of the Himala)'as particularly in the east, up to 4,000 ft.. tte cliruale 

is tropical or sub·tropical but very few species (Aspleniumjalcafum, macrophYllum. 
indus finlaysonianum and nitidum) grow in this belt and the majority are found 
betw~en 4,OOO~lO,OOO ft. thaI is under warm temperate climate. 
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TABLE T 

Summary <!f the cvtalagical work done on Asplenium in India 

Grade of 2x 3x 4x 8x Total Percent-
Ploidy taxa age 

Sexual (fertile) 6 23 1 30 83·33 

Hybrids (sterile) 2 3 1 6 16·67 

Total 8 3 24 1 36 100 

Percentage 22·22 8·33 66·67 2·78 

known only up to an octoploid level. When compared with other 
genera of ferns from the Himalayas, namely, Athyrium, Dipla,ium, 
Dryopferis, etc., Asplenium shows the highest percentage of polyploids 
in the area which clearly indicates that the genus is in an active state 
of evolution in this phytogeographically important region whose fern 
flora has similarities with that of Burma, Malaya and China (Yunnan 
Province). Further, a comparison of cytological data on Asplenium 

. from the Himalayas and other areas, such as Ceylon and Tropical 
Africa, North America and Europe gives a clear support to Manton's 
(1953) observation that the grade of polyploidy is definitely higher in 
the tropics than in the temperate. 

The entire data on the genus throughout the world shows that 
Asplenium unilaterale is the only species with x = 40 while the rest are 
based on 36. This detection of x=40 in A. ullilaterale gives some support 
to Hayata's (1927) segregation of this species into a new genus Hymena 
splenium which was erected on certain supposed anatomical pecu
liarities of A. unilaterale, the type species of the genus. However, 
Tagawa's (1938) and Holttum's (1954) referel1ce of A. cheilosorum 
and A. normale also to the genus Hymenasplenium is untenable on cyto
logical grounds since both of these species are based on 36 (cr. Manton 
and Sledge, 1954; Manton, 1954, Mchra and Bir, 1960; Bir, 1960); 
The morphological similarities of A. cheilosorum and A. normale with 
A. unilaterale go to prove that the evolution of all these ferns is from a 
remote common element in Asplenium. Since there are no specific 
morphological or anatomical characters on which Hymenaspienium 
can stand separately from other Asplenium species, therefore a genus 
cannot be recognized on purely cytological grounds. Hence A. uni
laterale deserves a place in Asplenium as has long been thought. There
fore, the different basic number in A. unilaterale clearly shows that the 
genus Asplenium is dibasic, composed of cytologically two distinct 
elements although not so morphologically. The basic number 40 
in all probability has evolved by aneuploidy from 36. 
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EXPLANA nON OF PLATE III 

FIG. 1. Fronds from the diplOid sexual (n = 40), 'dip]ojd' hybrid (2n = 76), 
• triploid' hybrid (211 = l(2) indi\'id\l<\ls discovered in Asplenium unUatera{e species 
complex. 

BM 4 



lkD1N BOT. SOC. 
Memol, I v. PI. 111 

211=112 

I 
S. s. Bir FIG. 1 



EVOLUTIONARY TENDENCIES IN THE 
GENUS AZOLLA 

By T. S. MAHABALE 

University of P()ono, Porma 

THE paper gives an account of the main evolutionary tendencies in the 
genus Azalla which is essentialJy a Tertiary genus. It is one of the 
heterosporous ferns the origin of which is still shrouded in mystery. 
Some botanists trace heterosporous ferns back to Westphalian genus 
Mittag;a (Emberger. 1949), some to Jurassic genera (Knowlton, 1919) 
and some to Carboniferous coenopterid Staurapteris (Andrews, 1960). 
Among living ferns, Azalla is considered to be related to Salvinia, both 
of them being thought to show Hymnophyllaceous affinity on account 
of their peculiar sporocarps, elongate receptacle with basal growth, 
sporangia with long stalks lacking annulus, thin and papery indusium
the covering of the sporocarp. The latter are often homologised with 
sori included under thin indusium as in Hymenophyllaceae or 
Cyatheaceae. 

The main parts of this plant that seem to have materially changed 
in Course of evolution appear to be (1) massulae in microsporocarps, 
(2) float carpuscles associated with megaspores in megasporocarps 
and (3) vegetative body of the plant and its reduced stem stele. Chrono-
10g'rcallY tne most ane'rent specres 01 tne genus 'IS tne 1niiran member 
belonging to Eocene period, called Azalia inlertrappea by Sahni and 
Rao (1943). In this .species the massular segments are 8. The fioat 
corpuscles are 8-9 and the stele is a simple protostele with a few 
tracheids. The long and delicate glochidia are anchor-shaped but 
apparently with no partition walls in them. Characters similar to 
these are seen in the living species A. jiliculoides, A. maxicana, 
A. macrocarpa and A. rubra, each having some variation in the detail 
of anchor-shaped glochidia or massulae. But all o( them agree in 
having anchor-shaped gloehidia. They constitute a group of species 
by themselves that may bc called Azolla filiculoides complex. 

In the second group of species the number of float carpuseles 
is 4-8 and glochidia are simple, hair-like, branching occasionally. The 
plants are smaller th~:l those of A. filiculoides and have much more 
reduced stele-a protostele made up of one or fWD tracheids. The 
living species A. pinnala of India, Japan and Australia belongs to this 
group. But curiously enough it is found in fossils in the late Tertiary 
formation of Holland and Volga basin. It is largely an Oligocene 
form continuing since then till today. 

. . Howe,:er by far the most interesting features are presented by the 
11Vlng specIes of A. nilotica from West Africa described by Demalsy 
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(1953). In this species plants afe much branched and the stele is 
amphiphloic slphonostele. There are 8 float corpuscles, but surprisingly 
the number of massulae in a microsporangium is reduced to 4-2 and 
they have no glochidia. There is thus (I) a progressive reduction in 
the stele either in size or character, both in A. filiculoides complex and 
A. pinnata and (2) in the structure of massulae which have anchor
shaped glochidia in primitive species and have many partitions in them. 
Progressively they appear to lose both partitions and blade of the anchor 
and have become hairy as in A. pinnata, and eventually become eglo
chidiate as in A. nilotica. The species thus may be arranged in the 
following series on the basis of reduction in the structure of glochidia. 

1. A. filiculoides, A. maxicana.-Glochidia long, anchor-shaped 
and with many partitions. 

2. A. rubra, A. prisca, A. intertrappea, A. primaeva.-Glochidia 
anchor-shaped, partitions few or probably none. 

3. A. pinnata.-The blade of the anchor lost; massulae hairy. 

4. A. nilotica.-Both the blade of the anchor and its stem are 
lost, massulae becoming eglochidiate. 

Reduction in the structure of the glochidia thus seems to have 
played important part in the evolution of the species. This seems to 
have been associated with the reduction in the number of massular 
segments in a micro-sporangium from 8, as in A. filiculoides complex, 
to 4 as in A. pinnata, to 2 as in A. nilotica. However there does not 
seem to be a corresponding reduction in the number of fioat carpuscles 
in a megasporangium; nor these two characters seem to have moved 
equally well in the same direction in evolution. 

As regards the stem stele, large forms met with in A. filiculoides 
complex and A. pinnata have proto stele ; but in A. nilotica which is 
also a large form, the stele is amphiphloic siphonostele. This character, 
tlrerefore, seems to be more related with the size of the plants, and their 
floating habit in deep or shallow waters. 

The main evolutionary changes in the genus thus are largely 
concerned with the male organs, the massulae and glochidia. This 
is quite understandable as the plants often thrive in small sheets of 
water in isolated manner in both temperate and tropical countries. 
Their clones often get repeatedly isolated from each other and their 
ability to survive depends upon their capacity of reproduction. It 
is well known that glochidia of massulae attach themselves to long 
hairy processes on the megaspores below float corpuscles. Unfortunately 
exact place and mode of fertilization are not known with certainty 
in different species. We do not know whether the megaspore sinks 
first to the bottom of lake in which the plants grow before fertilization, 
forms a megagametophyte and then comes to surface exhausted by 
the developing female gametophyte making megaspore lighter, so that 
it could come up to the surface for fertilization, microspores attaching 
themselves to it by means of glochidia; or whether both male and female 
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gametophytes are formed at the surface of water and the megaspore 
with female gametophyte having fertilized archegonia sinks to the 
bottom and comes to the surface again after the first two leaves of the 
sporophyte have been formed and food material in the lower part of 
megaspore exhausted by the developing embryo making megaspore light. 

Another important point about the genus is its geographical 
distribution in the past and present. 

The present-day distribution of the genus is peculiar. A. flliculoides 
complex occurs in Central and South America, Europe, Australia 
(A. rubra) and its fossils are found in the Tertiary formations of British 
Columbia in the North America lA. primaeva), in the Miocene strata 
of the Island of Wight near London in England, and in Tertiaries of 
Holland, Germany, India, etc. A. prisco, a British fossil form from the 
Island of Wight has typical anchor-shaped glochidia as in A. maxicana, 
but the fossil Columbian form is very small with delicate, short glochidia. 
The Australian form found in bore core deposits near Melbourne is 
more like A. rubra which is considered to be only a variety of A. flli
culoides by some. A. intertrappea is closely related to A. flliculoides 
living and to Columbian Tertiary species A. primaeva. A. pinuata 
occurs in Australia and India, but its fossils are found in the late 
Tertiaries of Holland and in the Volga basin (Russia) as stated above. 
A fossil Azalia having eglochidiate massulae like those in A. nilofica 
is not yet known. 

What must be the causes for such varied discontinuous distribution 
of the three major complexes in Azolla can only be inferred. The 
chromosome number in all the species is fairly constant (n-8) but several 
races which inhabit either only temperate or tropical waters or both 
are known. Apogamy also may have played its own part in ihe evolu
tion of the genus as in Salvinia (Mahabale and d'Mello, 1952). The 
plants often grow in isolated ponds having a variety of pH, temperature 
range and other conditions. All these factors seem to have operated 
in various directions in evolution. Apparently the floating aquatic 
nature of plants and discontinuous existence in space is largely res
ponsibie for their discontinuous distribution facilitated by the capacity 
of plants to propagate successfully in ponds with varied conditions. 
The reduction or elaboration in the size of plants and stem stele seem 
to be due to these feasons. The most crucial stage in their life-cycle 
is fertilization. The parts that seem to have been affected in this respect 
are microsporocarps, especially the glochidia, rather than float carpuscles 
of megaspores. Evidently the male reproductive parts have been 
affected more than the female reproductive parts either megasporocarps, 
megasporangium or the float carpuscles. But this is not to be wondered 
at all, as in many other groups of plants also"such as fungi, gymnosperms, 
angiosperms, the parts reduced or greatly altered seem to be male 
reproductive organs. For example, in higher plants like gymnosperms 
and angiosperms the male gametophyte and gametes have undergone 
more substantial change than female parts. A strange fact that emerges 
Qut of this is, it looks, as if tile extremes of opposite conditions namely, 
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lack of water for fertilization as in conifers and angiosperms, or its 
excess as in the water-ferns seem to have evoked simi1ar response in 
the male reproductive parts of these plants. 
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SHOOT APEX ORGANIZATION IN 
LYCOPODIALES>t 
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INTRODUCTION 

SHOOT APEX organization in Pteridophytes was at one time considered 
to be a simple atfair. The oCCurrence of a single apical cell with two 
or more cutting faces was believed to be the rule. Lately with the 
appearance of more detailed alld systematic studies we have begun 
to realize the complexities of the subject. Even in the living lycopods 
there is considerable variation and specialization (see Sifton, 1944; 
Wardlaw, 1950, 1952 and 1953). Although the problem of shoot apex 
organization in the living lycopods has attracted good. deal of attention, 
there are still certain points that Can be opened up profitably. Besides, 
it may be worthwhile to see if there are any trends of specialization 
exhibited in these genera. 

MATERIAL AND METHODS 

The present study deals with fifteen species, of which six 
belong to Selaginella (S. monospora Spring; S. involvens; 
S. chrysorrhizos; S. adulIca; S. remoli/olia and S. tamariscina); six to 
Lycopodium (L. lucidulum; L. serratum; L. squarrosum; L. clavalum; 
L. nikoense and L. complallatum) and the remaining three to [saetes 
(I. coromandelina: L. engelmannii and L. japonica). Most of the material 
comprising spical portions of growing shoots was fixed in F.A.A., but 
some apices of I. coromandelina, L. serrtaum and L. squarrosum were 
fixed in a mixture of absolute alcohol and acetic acid (3: I). The 
material Was dehydrated and cleared with ethyl alcohol and tertiary 
butyl alcohol and embedded in paraffin. Sections 6 to 18 microns thick 
were cut and stained with Safranin-fast green, Haidanhain's haematoxylin 
and Delafield's haematoxylin·fast green, the last combination giving 
better results. 

OBSER VA TION:-; 

Se/agine/la Sl'ring.-Vegetative stem al'ices of only mature plants 
were studied in the present investigation. They are in most of the 

'" Research contrjbution No. 29 from the School of Plant Morphology, Meerut 
CoBege, Meerut. 
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species dorsiventrally flattened except in S. tamariscina where the 
extreme terminal portions are radially symmetrical, the plant being erect. 
In most of the species, as the plant creeps on the ground, the growing 
tip bends upward in crozier fashion, a feature becoming more pro
nounced during dehydration. It is, therefore, always difficult to get 
a good median horizontal section or a vertical transverse section of 
the tip. Vertical longitudinal sections, however, are easy to obtain 
and several of them have to be co-ordinated together to have a complete 
picture of the apex. 

The growing point in Selaginella is well protected by ligulate leaves 
that are much crowded. The apical protuberance is mostly conical 
in form and projects considerably above the youngest leaf primordium. 
I n a vertical longitudinal median section the apex is slightly more conical 
than it is in a horilontallongitudinal section. At the tip there is generally 
one, rarely two (perhaps due to section being oblique), prominent, 
thin-walled, triangular apical cell (Text-Fig. I). An examination of 
sections on either side of this median one reveals a few other similar cells 
which together form a horizontal plate. These cells, though larger in size, 
are somewhat less cytoplasmic than the cells occurring beneath them. 
Sometimes they appear prismatic in nature, i.e., their cytoplasm is 
more or less trans·parent and the walls arc shining in nature. The 
nuclei in an of them are, howcver~ similar in shape and size. It seems 
probable that they divide rarely, or else the divisions in them are very 
quick and have eluded US (cf. Ball, 1960). These apIcal cells on their 
lower side are followed by a hump of meristematic cells which can be 
distinguished into an outer superficial layer on the flanks and 
an inner core (Text-Figs. I and 2). The former is composed of densely 
stained columnar cells which divide both anticlinally and pericIinally. 
The underlying tissuc consists of irregularly arranged, homogeneous 
isodiametric cells. These are slightly smaller than thOse of the super
ficial layer, thin-walled and densely cytoplasmic and divide irregularly 
in different directions, transverse divisions being more frequent. 

In horizontal longitudinal sections the apex is somewhat oval in 
appearance and at the tip there is generally a plate of three or four large 
and somewhat rectangular cells (Text-Figs. 2 and 4). These are less cyto
plasmic and bigger in size and correspond to those cut serially one after 
another in vertical longitudinal sections. Other cells of the superficial 
layer and inner tissue are as described above. 

In a transverse section the stem apex is mostly oval in outline and is 
surrounded on all sides by young leaves and ligules (Text-Fig. 6). Herein 
the peripheral cells show a morc regular arrangement than the inner 
ones. in extreme apical region there is seen a plate of three or four 
larger cells surrounded by some smaller ones that are obviously obliquely 
cut (Text-Fig. 3). It may be emphasized here that in none of the cases 
there was any indication of there being a single, thrce- or four-faced, 
apical cell. In S. tamariscina also where the apex is radially 
symmetrical there exists a group of cells rather than a single apical 
cell. Further work on this species, however, is still in progress. 
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~ 
. i\0V 3 

5 MONOSPORA 

4 6 
S. REMOTIFOLIA 

I. COROMANDELINA 

FiGS. 1-8, Fig. 1. Median vertical longitudimll section of the sUm apex of 
Sel£lginella mOllospora cut at right angles to the dorsiventral surface. Fig. 2. Median 

. horizontal longitudinal section of the same cut parallel to the dorsivt:ntral surf~~cc. 
Fig. 3, Transverse section of the same showing a plate of cells. Fig. 4. Mcd~an 
vertical longitudinal section of the stem apex of Selag;nclfa remot(fo/io, Fig. 5. Medlan 
longitudinal section of the same. Fig. 6. Transverse section of the same shoWing 
dorsiventrally flattened apical tip. Figs. 7 and 8. Median longitudinal sccti()r.s 
of the $hoot apex of /s()etes cowmandelina, of a vety young plant and of a middle
sized plant respectively. All Figs. ~xcept Fig. 6, x 285, Fig. 6, X 28. 

From the preceeding account of Selaginella species it is clear that 
the vegetative apices that are mostly dorsiventrally flattened. have a 
group of conspicuous apical cells at the top. These are arranged 
horizontally in a file and are generally less cytoplasmic and appear to 
divide rarely in comparison to cells on the lateral flanks down below. 

Lycopodium L.-In the case of Lycopodium also stem apices of 
only mature plants have been studied here. In all the species the apical 
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protuberance is protected by a rosette of acropetally developed leaves. 
The growing point shows some variation in form in different species. 
For instance, it may be mostly flat as in L. lucidulum or it may be a 
low mound about 630 microns above the youngest leaf primordium 
as in L. serratum and L. squarossum (Text-Figs. 9 and 10) or it may be 
eonieal projecting considerably above the youngest leaf primordium as in 
L. nikoense, L. camp/ana tum and L. clavatum (Text-Figs. II and 12). In 
the last species it projects nearly 2,100 microns vertically up from the 
youngest leaf primordium. It is significant to note that most of the 
species having elongated apices belong to the sub-genus Rhopalostachya 
while the rest belong to the sub-genus Urostachya which are generally 
slow growers. It is, therefore, obvious that the form of the apex is 
correlated with the mode of its growth. Slow growers as a rule have 
ftat and rapid growers, conical apices. 

All the species studied here have a more or less discrete outer super
ficial1ayer covering an inner dome of irregularly arranged meristematic 
cells. This outermost layer is composed of somewhat prominent cells 
whose outer walls are somewhat thickened. In L. serratum, L. squarassum 
however, a few central cells of this layer appear to bemoreprominentthan 
those present on the lateral flanks (Text-Figs. 9 and 10). In L. nikoense, 
L. clavatum and L. complanatum, although the division figures are 
more common on the sides, there is no apparent differentiation, all 
the cells of the superficial layer being almost equal in size (Text-Figs. 11 
and 12). In general the inner region of the shoot apex is composed of cells 
that are irregularly arranged and somewhat smaller than those of the 
outer layer. They are thin-walled, less vacuolated and divide in different 
planes. Transverse divisions are, however, more numerous than 
longitudinal. On the lateral flanks, below the foliar buds, the cells 
are densely cytoplasmic and undergo frequent divisions. 

Isoeles L.-In Isoeles also the stem apices of only mature plants 
have been studied. In case of I. coromandelina, however, axes of different 
ages have been studied as they were available locally. In very young 
axes, having about 6-15 leaves as well as in older ones with more than 
100 leaves, the apices are somewhat flattened while in the prime youth 
of the plant it becomes dome-shaped or somewhat conical, a feature 
obviously connected with the mode of growth of the apex. 

The apical protuberance in [soetes is distinguishable into two well
demarcated regions (Text-Figs. 7 and 8). The outer layer is composed of 
columnar cells that are equal in size, thin-walled and somewhat poor 
in cytoplasm. The cells here divide most frequently by anticlinal divi
sions, but those on the sides may also show some periclinal divisions 
(Text-Fig. 7). No one of these cells looks like an apical cell. The under
lying tissue is composed of irregularly arranged somewhat larger cells 
(Text-Figs. 7 & 8). These are thin-walled, sometimes vacuolated, and 
divide in different planes. Below a newly-formed foliar buttress, how
ever, the divisions are more frequent than elsewhere. It should be 
pointed out here that the stratification and arrangement of these inner 
celh do not indicate any direct relationship with the cells of the super-
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ticial Jayer and so it cannot be suggested that they have been derived 
directly from the superficial cells, rather it appears to be a self-perpetuat
ing zone, like the superficial one. 

I..SERRA rUM L. SQUARROSUM 

l. COMPLANA TUM L . CLAVATUM 

FIGS. 9- 12. Median longitudinal sections through the stem aplclcs of 
L. serralflllf , L. squarrosum , L. ('omp/anatfUlf and L . clava/um respel:lively. 

All Figs. X 130. 

DISCUSSION 

It is generally SeeD that in the shoot apices of angiosperms and 
gymnosperms there is a marked tendency towards elimination of peri
elinal divisions in the superficial Jayer or layers that become somewhat 
distinct from the inner irregularly dividing zone. Such a differentiation 
of the apcial meristem.is en visaged in the so-caIJed tunica corpus concept. 
No such differentiation has been reported for any of the lower vascular 
plants. 

In Selaginella, generally two conditions have been reported envisag
ing a single apical cell or a group of apical cells. The presence of 

• a single two-sided apical cell was first described by Pfeffer (1872, quoted 
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from Sifton, 1944) in S. martensii. Barclay (1931) too reported a 
tetrahedral three-sided apical cell in S. willdenol'ii, and so did Hsu 
(1937) in S. sinensis. Russow (1872, quoted from Sifton, 1944), on 
the other hand. is said to have suggested the occurrence of a group of 
cells in the stem apex of Salaginella. De Bary (1884) also held that 
the apical constitution in Selaginella is so as to form a transitional series 
betwecn a structure with a single apical cell and an apex with a well
differentiated meristem. Bruchmann (1897, 1909, 1910) reported 
in S. poulteri a three-sided apical cell which, according to him, changes 
into a group of apical initials as the apex enlarges. Wand (1914) 
suggested that there is in Selaginella everyintergradation from a three- or 
four-sided apical cell to a group of apical cell-a viewpoint 
adopted by many text-book authors (see Bower, 1935; Smith, 1938 
and 1955; Foster and Gifford, 1959; etc.). Strasburger (1873, quoted 
from Sachs, 1882) and Williams (1931) described two initial cells each 
in Selaginella wallichii and S. grandis. Wardlaw (1950, 1952 and 
1953), in the same manner. recognizes the presence of a group of con
spicuous apical cells and so does Cusik (1955) in S. willdenovii. 

On the basis of observations recorded here, we are inclined to 
believe that in Se/aginel/a, at the extreme tip there is a group of large 
conspicuous cells which appear to divide rarely in comparison to the 
cells that they cover. The tissue which i~ present on the lateral flanks 
and below these conspicuous cells can be distinguished into an outer 
superficial layer which divides both anticlinally and periclinally and 
an inner tissue which divides in various planes. In no case was the e 
seen a single apical cell. Individual vertical longitudinal sections, 
however, may show a single prominent cell that has sometimes (see 
Barclay, 1931) been confused in the past with an apical cel!. As also 
brought out by Williams (1931) this is obviously the result of incomplete 
observations. 

[n Lycopodium also the shoot apex has been described to have a 
single apical cell or a group of cells. Nageli (1846, quoted from Turner, 
1924) was perhaps the first to describe a definite apical cell in L. clavatum. 
Subsequently Hofmeister (1862) and van Tieghem (1891) supported 
this view. Strasburger (1872), on the other hand, is said to have applied 
the histogen hypothesis to the apex of Lycopodium (Turner, 1924; 
Foster, 1939). He believed that there are two superposed tiers of 
initials, the outer tier which has a single cell gives rise to dermatogen 
and periblem and the lower one which is two or three cells deep gives 
rise to p1erome. De Bary (1884) confirmed this view although he 
reported a group of 2 to 4 ce]ls in the upper tier and a single cell or group 
below it. Subsequently many other workers (e.g., Jones, 1905; 
Campbell, 1913, 1940; Schuepp, 1926; Turner, 1924; Williams, 
1932-33; Chowdhury, 1937; Bower, 1935) supported it. Sachs (1882) 
pointed out that the growing apex consists of smaJl-celled primary 
meristem which is not distinguishable into dermatogen and perib1em. 
Wigglesworth (1907) observed in L. complanatum several large ceUs 
of equal size that divide hath anticlinally and periclinalJy. He did 
not, however, say anything about the cells formed by the activity of • 
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this group. Spessard (1928) speaks of an apical meristem extending 
about 15 microns from the extreme tip and a sUb-apcial group up to 
70 microns below. The apical region according to him consists of 
aclively dividing epidermis and inner fundamental tissue. Hartel 
(1938) also found a single terminal group of initials at the apex of a 
few species of Lycopodium and compared it with the corpus found in 
angiosperms. Wardlaw (1950, 1953) also speaks of a group of super
ficial inconspicuous cells, a situation regarded intermediate between 
the several conspicuous-celled condition in Se/aginella and a weak 
zonal constitution in angiosperms On the basis of the present observa
tions we are inclined to conclude that the apex in Lycopodium consists 
of a hump of meristematic cells distinguishable into a peripheral layer 
and an inner mass. The former divides antic1inally and periclinally 
like the outer layer of the lateral flanks of Selaginella. But divisions 
in the central region of this layer are very rare in such species as 
L. lucidulum and L. serratum. The cells of the inner mass, on the other 
hand, divide both transversely and longitudinally. No definite apical 
cell could ever be observed in any of the species examined nOr does the 
cell arrangement in apical protuberance warrant the postulation of an 
apical cell. 

In Isoetes also the growing apex is described to have either a single 
apical cell (Hofmeister, 1862; van Tieghem, 1891; Scott and Hill, 
1900) or a group of meristematic cells (Bruchmann, 1874; Farmer, 
1890; Smith, 1900; West and Takeda. 19\5) (for details see Bhambie, 
1957). [n all the species studied here there is a group of meristematic 
cells distinguishable into two regions, an outer prominent superficial 
layer and an inner dome of irregularly arranged cells. In the former 
the cells undergo mostly anticlinal divisions while in the latter they 
divide irregularly. 

From this brief analysis it will be seen that there is no uniformity 
in these three genera in so far as the organization and structure of their 
shoot apices are concerned. As in many other features, they are highly 
specialized in their own way in this respect as well. Selaginella, Lycopo
dium and Isoetes appear to form an ascending series in so far as the 
complexities of the shoot apex organization are concerned. We have, 
however, no intention of suggesting that they constitute a phylogenetic 
series. Ontogenetic studies in our understanding have little to contri
bute to phylogenetic speculation. Such an attitude in our opinion will 
~avoid much confusion. 
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ANGIOSPERMS form the dominant flora of the world and a hierarchy 
of groups like species, genera, families and still higher categories have 
been recognised on systematic grounds. [f phylogeny of every group 
is represented by a diagram in the form of a branching tree, the various 
diagrams present a different shape and the evolution of each group 
may be regarded as a 'pattern'. To start with, evaluation of the pro
gressive steps in evolution was JargeJy based on work in tradltional 
descriptive fields of systematics and morphology. In recent years 
there has been increasing co-operation and interchange of ideas among 
workers in the various fields of biological enquiry and consequently 
it has become possible to have a broader conception of the processes 
of evolution. 

Evolution is visualised primarily as the resultant of interaction of 
environmental variation and the genetic variability occurring in a 
population. The chromosomes form the physical basis of heredity and 
therefore of the genetic variabi\ity and as sm:hare regarded as forming the 
genetic system of the organisms. What changes effect these, also effect 
the evolution of the species for a proper study of which a reliable under
standing of variations in the species is essential. The rise of genetics 
in recent years dealing with relationships between groups of organisms, 
between individuals in a species and species in a genus, has opened up 
new opportunities to the student of evolution and has brought to the 
fore the need for synthesizing and combining the results from cytology 
and genetics in any approach to solve evoltttionary problems. Chromo
somal apparatus, particularly the number of chromosomes and their 
behaviour at meiosis, is one of the primary elements of the genetic 
system. The amount of genetic recombjnatjon in any particular mating 
group is determined by the chromosome number, amount of crossing
over in each,chromosome which in turn is determined by the chiasma 
frequency. Other factors that count in evolution are hybridization 
in nature, polyploidy and breakdown of sex mechanisms and apomixis 
and natural chromosomal aberrations. 

In studying cytogenetic evolution the following provide valuable 
criteria: .. 

(i) Karyotype in relatiml to alteration in basic number, form and 
size of chromosomes, number of satellites and secondary constrictions' 
and the distribution of euchromatin and heterochromatin. The 
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latter is important for, when it is present in considerable amount in the 
chromosome complement, alterations in form, size and number of 
chromosomes can be accomplished (without sacrifice of euchromatic 
portions) by unequal translocations involving breaks which usually 
take place in the heterochromatic regions. Thus heterochromatin 
is desirable and is present in organisms showing dynamic evolution 
as a safety factor. 

(ii) Morphology and behaviour of meiotic chromosomes including 
the morphology of pachytene chromosomes. This could only be 
studied so far in a few plants and prominently in maize and its occidental 
relatives. The size, the differentiation of the chromosomes, the 
symmetry or asymmetry of the arms and other details can be studied 
in the meiotic chromosomes particularly at the mid-prophase stage 
in a greater detail than in the somatic chromosomes. Through study 
of pairing relations at pachytene in hybrids one could learn about homo
logies of the chromosomes and see what amount of genetic recombi
nation is possible. 

(iii) Polyploidy, (iv) apomixis and (v) aberrations. 

Applying the above criteria evolution has been studied in a few 
plant groups and it may now be considered as to how far these criteria 
could be applied to a study of interrelationships in Maydeae, possible 
origin of its members and generally gain an idea of the cytogenetic 
evolution in this group. Previously the interest in this group was 
largely centred round maize, which is not only one of the most important 
crop plants of the world but also has been one of the most favourable 
materials for elucidation of cytogenetical processes. 

Maydeae, to which maize belongs, is one of the subtribes of the 
tribe Andropogoneae. It comprises eight genera, five of which are 
oriental and three American. The oriental Maydeae include Caix, 
Scleraehne, Poly toea, Chionaehne and Triiobaehne which are all native 
to the region extending from India and Burma through East Indies 
to Australia and the Polynesian [slands. The American genera are 
three, namely Zea, Euehlaena and Tripsacum. "Botanically the 
Maydeae are characterised by the presence of unisexual spikelets, the 
staminate and pistilate spikelets placed in separate portions of the same 
inflorescence, the staminate above; sometimes the spikelets are placed 
in totally separate inflorescences as in maize. The staminate spikelets 
are placed in pairs or ill threes) they are two-flowered with the lower 
floret imperfect; the pistillate spikelets are placed usually single, also 
two-flowered, the lower floret sterile. They are embedded in hollows 
of a thickened articulated axis and rail together with the joints, some
times they are enclosed in an osseous involucre. The genus Zea is 
anomalous, the pistillate spikelets are crowded on much thickened axis" 
(Henrad, 1941). Of the American Maydeae, maize has attained a 
pan-global distribution in cultivation while Euchlaena (E. mexicana, 
E. perennis and E. floridanum) is distributed in West Central Mexico 
and Southern florida. Tripsacum is a native of Mexico. 
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Much attention has been paid to elucidate the origin of maize and 
many theories have been put forward and in this connection recourse 
to the study of the maize and its relatives was made. In all recent 
studies on the subject, cytogenetic evidence relating to the American 
relatives of maize has only been used and no such information to any 
satisfactory extent is available in respect of the oriental members of 
the tribe. The information so rar available in Maydeae including 
observations made by us on the oriential members of the tribe during 
the course of last few years is presented below with a view to examine 
and consider what bearing it has on the cytogenetic evolution in 
Maydeae. 

J. CHROMOSOME NUMBER 

Significant differences of the chromosome numbers are found in 
Maydeae. Haploid chromosome numbers of 5, 10, 18 and 20 followed 
by high degrees of polyploidy are found (Mangelsdorf and Reeves, 
1939; Janaki Ammal, 1939; Longley, 1937; Simmonds, 1954; and 
Avdulov, 1931; cf. Chromosome At/as of Flowering Plants). Polyploidy 
has obviously played a significant role in the delimitation of the species 
and genera. The genus Tripsacum is characterised by a different 
basic number in the tribe and n = 18 is found in five species while 
n = 36 is found in four species. In addition varying numbers of B-type 
chromosomes have been located in Zea mays (Randolph, 1928), 
Euchlaena (Longley, 1937), Tripsacum (Maguire, 1952) and Coix 
aquatica (unpublished data from this laboratory). 

Whether the basic number is 5 or 10 or both is not quite clear, 
The lowest number is found in the genus Coix (n = 5) in which also a 
significant series of chromosome numbers is found. A much better 
picture of the chromosome morphology is obtained by a study of the 
pachytene chromosomes in these genera which invariably present a 
more detailed structure of the chromosome than by a study of the 
somatic chromosomes. 

I!. CHROMOSOME MORPHOLOGY OF THE PACHYTENE 
CHROMOSOMES 

The pachytene chromosomes of the corn are not only the best 
known in Maydeae but in all plants and observations on the pachytene 
chromosomes in Maydeae are given below. 

(a) Length range.-The length range within the set is from 80-40/L 
in Zea and Euchlaena while in Tripsacum (Tripsacum fioridanam) 
the average length of the chromosomes is about half that in corn. The 
longest four chromosomes of T. floridanam are only as long as the 
shortest chromosomes in corn (Longley, 1941). According to our 
own observatjons, in Coix aqua/ita chromosomes are the 10ngest in 
Maydeae so far studied with a length range of 112-70 f1, while in 
C. lachryma-jobi the range is from 85-35/L which is somewhat nearer 
to Zea mars. There seems to he a significant difference between Coix 
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lachryma-jobi and C. aquatica in this respect. Unfortunately no 
such data are yet available in other oriental members. The above 
length range is also reflected in the somatic chromosomes. 

(b) Position of the centromere and length of the arms.-In maize 
except chromosome 5, all have submedian centromeres with unequal 
arms, chromosome 6 having the shortest short arm which has a nearly 
terminal nucleolus organizing body (Rhoades, 1950). The comple
ments or Zea and Euchlaena show more submedian chromosomes 
while several of Tripsacum chromosomes bear sub-terminal centro
meres (Longley, 1937). In Coix aquatica three of the chromosomes 
of the haploid set are about median and the rest of the two submedian 
while in C. lachryma-johi, they are mostly submedian as in COfn. 

(e) Nucleolus organi::er. ---One of the short chromosomes bears 
a subterminal nucleolus organizer in maize and in Euchlaena. In 
Tripsacum the nucleolus organizer is median in position. J n C. aquatica, 
however, the nucleolus organizer is nearly terminal in one of the rncdian 
c~1fomosomes. The nucleolar chromosome in C. lac!lryma.jobi 
resembles Zea mays in the position of the nucleolus organizing body 
and the position of the centromere (Text-Fig. I). 

(d) Knobs.-Knobs are round in twenty-two different positions 
in the corn pachytene chromosomes. Eighteen of these are intercalary 
while four are terminal (see Rhoades, 1955). In Euchlaena mexicana, 
which agrees most with maize among al! its relatives, thirteen knob 
positions are located (Longley. 1937), six of which being much in the 
same positions as in maize. The knobs in Tripsacum jforidanum, 
T. zopi/otens, and T. dacty/oides are essentially terminal c[ terminal 
whHe in two othey species (T. austra{e and T. mnizar) thcn~ are either 
)1one or few (Randoiph and Hernandez-Xolocotzi, [950). In Coix 
aquatiea all chromosome.) have termilMl knob~ though they are rather 
~mall while 10 C. lachryma~jobi C011SpicllOUS terminal knobs occur as 
in maize. 

(e) Euchromalic and hetero('hromatic segmellts. - The chromosomes 
of maize are described to be undifferentiated in the sense that there ar{', 
no prominent heterochromatin segments such as OCCu: in the pachytene 
chromosomes of tomato (Brown. 1949; Barton, 1950) and several 
Solanaceae (Gottschalk, 1954), Plantago (Hyde, 1953), castor (Jakob, 
1956) and a few others. This is aho true of Euchlaena and races of 
Cuix lachryma-jabi (Plate lV; while TI ipsa cum chrcmosornes are differ
crtiated into he:-eroch;'omati2 and euchromatic segments, the deeply 
stained heterochromatic regions being situated on either side of the 
centromere, a situatjon also again prominently seen in [Coi.\- aquatica 
and some races of C. lachryma-jobi (Plate IV). The same type of structure 
is indicated for C. poiianeii, another five chromosomed species of Coix 
growing in Orissa, as seen in the chromosomes of tapetal cells by 
Nirodi (1955). 

From the:a bove characters it can be seen that', cytologically corn 
and Euchlaena resemble each other very closely and that C. lachrym(l. 
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jobi (some races) also is nearer the above while C. aquatica and Tripsacum 
are much different. Meagre information available on Polyloca and 
Chionachne shows that they are unlike Coix (Nirodi, 1955). There 
is no information yet on the chromosome morphology in Trilobachne 
and Sclerackne. 

III. CROSSABILITY 

Corn readily crosses with Euthlaena and the hybrids obtained are 
highly fertile. The pairing of the chromos0mes is regular and meictic 
behaviour is normal. Beadle (1932) reported frequent crOSSing over 
in these hybrids. Thus the chromosomes of these two genera are homo
logous to a great extent. Corn crosses with Tripsacum also easily when 
it is used as a male parent (Maguire, 1952), but when corn is used as 
female it requires special techniques. The hybrids of the cross are 
highly sterile and meiosis is irregular showing that the chromosomes 
are not completely homologous. [n a trigeneric hybrid between Zw, 
Euchlaena and Tripsacum obtained by Mangelsdorf and Reeves (1945). 
the hybrid has thirty-eight chromosomes presumably containing the 
genomes of the three. fn meiosis the maize chromosomes pair 
with those of Euchlaena while Trlpsacum chromosomes remain un~ 
paired and lag behind. Crossability experiments have been conducted 
at Waltair between Coix aqua/ita or C. lachr;ma-jobi as female and 
maize as male parent and although about twelve hundred pollinations 
have been made only twenty-eight seeds were obtained. Only three 
of these germinated and the seedlings turned out to be Coix. Probably 
no fertilization took place but apomictic development was induced. 
This phenomenon is quite common in grasses in general. Harada 
et al. (1954) has also reported having obtained seed from Coix and 
maize crosses but the seeds are yet to be germinated. Probably these 
are also apomictically produced. 

From the cytological data obtained in Our laboratories with special 
reference to a study of the pachytene chromosomes it is found that 
Coix aquatica resembles Tripsacum in possessing a differentiated chromo
some structure more than it resembles Euchlaena (teosinte) while 
Coix lachryma-jobi shows several resemblances to maize and teosinte. 
However, some of the races of C. lackryma-jobi examined by us are 
chracterised by differentiated chromosomes. In a way it may be looked 
upon as occupying an intermediate position between the American 
and the Oriental members. From the available information which 
undoubtedly has to be augmented by more work on the oriental members 
it appears as though the two groups (Oriental and American) originated 
in different regions of the globe in the remote past and evolved on 
independent lines and that from among the American Maydeae, 
Euchlaena and Zea are very closely related. In fact some people have 
proposed the amalgamation of the two genera impressed by homologies 
of the chromosomes. Coming to Coix aquatica, a cytological analysis 
of populations made in our laboratories has uncovered small proportions 
of plants showing spontaneou~ly occurring translocations, triploidy 
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TEXT-Fla. 1. Nucleolus organiziog cl.u'<lIDOSc.mes o r (A) Zea, (B) Ellchlafnu, 
(C) Coi.x aquorica, (0) Coix iachnma-jobi (undifferentiated), (E) Coix Jodl/}'uma
jobi (differentiated) and (F) TripsacuflI respectivel)', x 2,540 (Tripsc.cultl dra\\j1 
from Longley. J 937, X 2,<l<lO). 
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and tetraploidy. No dou'lt a detailed analysis will reveal the existence 
of duplications, deficiencies and inversions and other phenomena asso
ciated with organisms showing active evolutioll at the time. The genus 
is highly polymorphic and the presence of signiJlcant quantities of 
heterochromatin in Colx aquatica chromosomes and some races of 
C. iachryma-jobi affords a flexible system promoting breaks and other 
changes in the genetic system and bestowing adaptive significance. 

In the end it may be mentioned that successful crossing has been 
achieved between sugarcane and maize by Janaki Ammal (194J); in 
some Andropogoneae like M anisuris there are njne chromosomes in 
the haploid set. that is. just half the number of]8 chromosomes making 
up the haploid set of Tripsacum. Further Tripsacutn and Manisuris 
are very similar morphologically, the essential difference being in 
flowers. In Tripsa~'um the flowers are unisexual wl1ile in Manisuris 
they are perfect. Weatherwax (1935) and others have even snggested 
that both thesy genera should be placed in the same tribe. Thus a 
cytologicaJ study of the members of Andropogoneae. outside Maydeae. 
may throw some light on the interrelationships and cur under
standing the cytogenetical evolution of the Maydeae. 
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EXPLANA nON OF PLATE IV 

FlO. 1. D:tf':f..!Jtiated chromosomes of Co/x aquatica (n =, 5) at fr.e pac}·_)'tuestuge. 

FIG. 2. Difi'elentiated chromosomes of a race of Co/x lac/Jryma-jebi (II = 10) f{(,m 
Assam'llild. 

FIG. 3. Difi'.!rentiated chromosomes of Coix iacill),oma-jobi at the rneiGtic mid
prophase collected from Ass<lm cultivated. 

F{(]..4. Un !iffer~..,tiated pachytene chromosomes of a race of Coix lachryama·johi. 
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CYTOGENETICAL MECHANISMS 
UNDERLYING SPECIES DIFFERENTIATION 

IN THE TUBER-BEARING SOLANUMS 

By M. 1. MAGOON AND S. RAMANUJAM 

Division of Botany, Indian Agricultural Research blstilute, New DeJIij·12 

THE evolutionary history of any large, widely distributed group of 
related organisms is apt to be long and difficult to trace. For, the 
origin of species is the result of the interaction of a complex of factors. 
In addition to a large number of external factors, different genetic 
factors or processes are usually involved. Many of these genetic pro
cesses, which provide new hereditary material, or set up new internal 
conditions which make differentiation possible, may often be going 
on simultaneously and it is not always possible to disentangle the role 
played by each of these factors. 

The exact Call notation to be attached to the term species has been 
a matter of controversy. Modern experimental taxonomy, however, 
taking advantage of the knowledge gained from Cytology, Genetics 
and Genecology, has succeeded in giving us more objective criteria by 
which to delimit the different taxonomic categories at the speoific and 
infra-specific levels. The 'New Systematics' recognizes that in the 
final analysis the morphological, physiological and ecological or etho
logical differences between the species rest on differences in genetic 
constitution. When two popUlations, differing in their genetic consti~ 
tution, have developed a certain degree of reproductive isolation, they 
can exist side by side in the same geographical region, and continuously 
diverging from each other, can adapt themselves to exploit different 
ecological habitats in the locality. Such a process has, perhaps, been 
responsible for the immense, and often bewildering, diversity of organic 
life met with even in relatively restricted habitats. Thc consensus 
of informed opinion, therefore, agrees in holding that the development 
of such barriers to free gene exchange is one of the most important 
steps in evolution. 

Such reproductive isolation may be brought about by a variety 
of mechanisms acting at different stages in the life-history of the 
organism. Broadly, they may be classified into External Factors-such 
as spatial or seasonal isolation, which tend to prevent the ocCurrence 
of hetero-fertilization and Internal factors-which act after the gametes 
have united in fertilization, i.e., during the development of the zygote 
to the stage of reproduction or even in later generations. The purpose 
of the present paper is to examine some of the internal mechanisms 
which may have been responsible for the development of reproductive 
isolation between the various tuber-bearing species of Solanum, 
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The tuber-bearing Solanums constitute a closely knit group of 
about 100 species with a natural distribution in a relativelY restricted 
area in Central and South America. This group has been divided by 
taxonomists, on the basis of morphological criteria, into seventeen 
different. distinct series. Though these species differ markedly from 
each other. extensive cytogenetical studies have revealed the existence 
of certain peculiarities of behaviour, not commonly met with in other 
groups (see Magoon and Ramanujam. 1960, for a review). 

There is much evidence in favour of the belief that structural altera
tions of chromosomes has been a very important source of hybrid 
sterility and consequent reproductive isolation of even sympatrk popu
lations. Perhaps the classical case in which the role of structural differ
ences has been clearly worked out is Crepis. Unfortunately, however, 
the group under consideration at present-the tuberiferous Solanums
does not [end itself easily to such studies. First, the somatic chromo
somes are comparatively small and i( has been difficult (i\[ now to get 
satisfactory preparations in which the morphology of the chromosomes 
can be critically studied. Furthermore. the chromosomes are devoid 
of any morphological features which could serve as landmarks in the 
comparative evaluation of karyotypes. Nor has the study of meiosis 
in hybrids between different species led to any decisive conclusions. 
Analysis of the pachytene has proved quite difficult and little useful 
information bearing on the presence or absence of structural difference 
has been obtained so far from such studies. Reliance has. therefore, 
had to be placed on the data obtained from the later stages of meiosis 
which are more amenable to critical evaluation. Earlier workers (see 
Swaminathan and Howard, 1953) reported that there was a remarkable 
absence of meiotic disturbances due to lack of homology between (he 
chromosomes, even in hybrids between taxonomically distinct species 
and suggested that this could be taken to show that there were no gross 
structural differences between the genomes involved. Recent studies 
on an extensive series of interspecific hybrids (Magoon and Ramanujam, 
1960) have not fully substantiated such an assumption as various 
meiotic abnormalities, such as the occurrence of quadrivalents, belated 
separation of paired chromosomes, inversion bridges with and without 
fragments, T -chromosomes and various other me.iotic aberrations, 
some of which clearly point to the existence of gross structural changes -
between the genomes involved, have been recorded. However, the 
exact role played by such gross structural changes in the differentiation 
of the species in this group is not quite clear. For one thing, structural 
differences and the resultant meiotic upsets, though definitely present, 
are not as extensive as one would expect them to be, especially in wide 
crosses such as those between species belonging to different taxonomic 
series. Nor does there seem to be any correlation between the occur
r":nce of such meiotic abnormalities and the apparent taxonomic relation
ship of the species involved. Again, even hybrids between clones of 
the same species sometimes exhibit some of these irregularities, though 
to a markedly lesser extent. In view of the fact that these species are 
maintained predominantly through vegetative propagation, it is possible 
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that structural changes have accumulated even within the various clones 
of the same species (Magoon, Cooper and Hougas, 1958 a, b), It, 
therefore, becomes rather difficult to evaluate the role of such structural 
changes in species evolution in this group of plants. 

Stebbins (1950) was the first to point out that structural differences 
between chromosomes could conceivably co-exist with high degree of 
regular meiotic pairing if it is assumed that the chromosome sets 
concerned differ by a large number of small structural differences. 
He also suggested that one way of detecting such' cryptic' alterations, 
which cannot be recognized cytologically, would be to compare the 
frequency of multivalent formation in. amphidiploids with that in 
autotetraploids of the two concerned parental taxa. A study on these 
lines was undertaken by Howard and Swaminathan (1952) to test the 
existence of such' cryptic' structural differences between the genomes 
of various diploid specie, of Solanum. They found that the F1 hybrids 
of all the seven interspecific crosses studied by them showed regular 
pairing and were fertile. Much fewer quadrivalents were formed by 
the amphidiploids obtained from five of these hybrids than were formed 
by the concerned autotetraploids. They interpreted this as showing 
the existence of 'cryptic' structural differences between the chromo
SOmes of these five' species. The other two amphidiploids showed 
a similar frequency of quadrivalent formation as the corresponding 
autotetraploids and as such were held to be free of such 'cryptic' 
structural differences. However, in one of these latter cases, when 
a different clone of the male parent was used, a highly significant lower
ing of the quadrivalent frequency in the amphidiploid was observed. 
This, as well as the fact that some species belonging to the same taxo
nomic series show evidence of' cryptic' structural differences while amphi
diploids of other intra-series hybrids behave more or less like autotetra
plaids, would appear to suggest that caution is necessary in using this 
t~st in tuber-bearing Solanums. It may be pointed out here that most 
of the interspecific hybrids between the species of Solanum at the same 
level. say between diploids, show fairly good fertility. . 

It has been assumed above that reduced homology between the 
chromosomes of the parental species is always due to structural differ
ences. This, however, is by no means clear for chromosome homology 
is not a precise but only a relative concept. Cases of pairing between 
non-homologous regions, apparently as a haphazard response to the. 
tendency of single parts to pair, has been recorded whiCh, incidentally, 
could not be distinguished from homologous pairing, even when 
chromomere patterns were compared. Tt is also well known that 
pachytene pairing of even homologous regions is subject to genetic, 
environmental and mechanical interferences. It may well be possible, 
then, that specific pairing may vary not only from one locus to another 
but also between different alleles at the same locus. For, if the extra
polation commonly made from the observed local specificity of pachytene 
pairing to a specific pairing affinity between homologous loci is accepted, 
it follows that wideJy different aJJe/es at the same locus may possibly 
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show lesser affinity than allelic pairs which differ only slightly. There 
appears, however, to be little evidence available in the literature bearing 
on this question of whether' heterozygous genes' have as strong an 
affinity for each other as 'homozygous' ones have. Till evidence can 
be obtained on this point, therefore, it may not he fully justifiable on 
theoretical grounds, to attribute reduced homology solely and wholly 
to structural changes. 'cryptic' or patent, and the possibility of this 
phenomenon having a genic basis must also be taken into account. 

It may also perhaps be desirable to briefly consider whether it is 
possible to distinguish operationally between genic and chromosomal 
basis for haplontic sterility. One criterion which has been sought to 
be used in such an operational distinction is the improvement in fertility 
which follows doubling of the chromosome number. However, as 
shown by Oka (J 955) in rice, the increase in fertility on chromosome 
doubling could be explained as well-by postulating a number of comple
mentary genes determining gametophytic development. Therefore, 
this criterion does not help us to positively distinguish between genic 
and chromosomal haplontic sterility. As mentioned before, the test 
of preferential pairing in amphiploids can no! be considered a theo
retically very satisfactory criterion. Nor, as Stebbins (1958) has shown, 
are genetic criteria depending on linkage with qualitative characters 
or the segregation r~tios observed quite satisfactory in arr\ving at a 
clear demarcation between these two. Of course, the evidence 1S not 
incompatible with the existence of 'cryptic' structural changes involving 
as few as two genes or even one gene. It may, perhaps, be pointed 
out that at this level the distinction between a genic change and a chromo. 
somal rearrangement becomes a rather academic one in the light of the 
recent ideas concerning the fine structure of the gene (Bemer, J957). 
It is a fairly commonly accepted working hypothesis now that the coding 
of the genetic material may be in terms of triplets of nucleotide pairs 
and as suggested by Beadle (\957), gene mutations may be the result 
of structural changes within such triplets involving deletion, duplication 
or substitution of nucleotides. To distinguish operationally, therefore, 
between a duplication Of inversion in what we may consider to be the 
functional genetic unit and one involving one, or at the most very few 
such functional units as suggested by Stebbins in the case of rice, is 
likely to present almost insuperable difficulties. 

Polyploidy i, an e.xceedingly efiective process of reproductive 
isolation since hybrids between taxa with different chromosome numbers 
ar; bound to be highly unbalanced and sterile to a high degree. That a 
polyploid series occurs among the' tuber-bearing Solanums is quite 
clear (Magoon and Cooper, 1959). The nature of the ploidy, i.e., 
whether auto- or aJloploidy is, however, a matter of controversy. At 
the hexaploid level, of course, many investigators agree that at least 
one of the genomes involved is partially differentiated from the other 
two (Magoon el al., 1959 b). The position at the other levels is not 
quite so clear. Some authors consider the cultivated potato, S. tubero
sum, to be an autotetraploid while others feel that it is more likely to 
be an allotetraploid or at least a segmental allotetraploid. Also, there 
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is considerable disagreement regarding the basic chromosome number 
of the genus and hence of the real status of the' diploids' (Magoon, 
1957; Magoon, Cooper and Hougas, 1958 a, b; Magoon and Rama
nujam, 1960). So far as reproductive isolation is concerned, both auto
and allopolyploidy are likely to be equally effective in isolating the 
new taxon from the parents, though the latter is more likely to result 
in divergent evolution. It may be noted, however, that though a poly
ploid series occurs in the tubcriferous Solanums, effective internal 
barriers to crossing between species at various levels have apparently 
not been so well developed since crosses can often be effected between 
species at different levels of ploidy. The reason for this is not quite 
clear, though as will be suggested later, the predominantly vegetative 
method of reproduction may possibly have some bearing on the matter 
(Magoon, Hougas and Cooper. \,)Sg n. b, c, and 1959 a and b). 

Gene mutations underlie the whole complex of morphologicai 
and physiological differences between species and in this respect, there
fore, accumulation of gene mutation and species differentiation may 
be considered to be almost synonymous. There are a class of gene 
mutations, however, which have a more immediate part in bringing 
about reproductive isolation. Such are the genes which lead to hybrid 
inviability or breakdown or result in weak and unthrifty progeny in 
later generations. The immediate causes of hybrid inviability may 
be incompatibility between parental chromosomes and genes, inter
action between the genes of one species and the cytoplasm of the other 
or incompatibility between the zygote and .the maternal tissue. The 
last aspect of the problem has received comparatively little attention 
but the few investigations suggest that such diplontic sterility might 
have playcd' some part in species differentiation within this group. 
Dwarf and unthrifty plants have been noted by a number of workers 
(Magoon and Ramanujam, 1960) in the F, gencration of crosses between 
different diploid species. The occurrence of such aberrant plants may 
perhaps indicate that there are 'cryptic' structural differences between 
the chromosomes derived from the two parents. But, such unthrifty 
plants in the F 2 may also be the result of the random segregation of 
species-specific modifier complexes (Harland, 1936) or to the effects 
of the imposition of inbreeding on the self-incompatible and hence 
naturally cross-pollinated diploid species of Solanum (Swaminathan 
and Howard, 1953). The results obtained by Hawkes (1958), however, 
do not completely support the latter suggestion since large numbers 
of F, progenies have been raised (chiefly with S. sparsipilium) in which 
no unthriftiness occurs. 

A probable example of hybrid breakdown at a somewhat later 
stage is the case recorded by Koopmans (see Magoon and Ramanujam, 
1960) who found many floral abnormalities among the F2 individuals 
of the cross, S. rybinii Y S. chacoense. Though she attributes these 
to plasmatic effects, such breakdown of the hybrid progeny can per
haps be also due to disharmonious interaction between the combinations 
of parental genes resulting from their random assortment during meiosis 
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in the hybrid. However, Stephens (1950) prefers to explain such genetic 
imbalance as being due to the random distribution of deficiencies and 
duplications for small chromosomal segments, resulting from the exist
ence of 'cryptic' structural differences between the two species con
cerned. It must be noted here, however, that such cases of hybrid invia
bility or breakdown or even sterility in the F 1 of crosses between species 
at the same chromosomal level are not very frequent in the genus 
Solanum, section Tuberarium and hence such diplontic genetic sterility 
cannot be held to have played a very important role in 'species differenti
ation in this group. 

We have so far been considering only mechanisms involving 
nuclear determinants. It is well known, however~ that cytoplasmic 
differences do exist between different taxa. Such cytoplasmic differ
ences have been shown to exist between different species of Solanum. 
For instance, a number of workers have reported that the cytoplasm 
of S. tuberosum is not conducive to the normal meiotic behaviour of 
foreign genomes and leads to sterility while the reciprocal hybrids are 
quite fertile (see Magoon and Ramanujam, 1960, for review). Buck 
(1960) has recorded the occurrence of male sterility in certain inter
specific hybrids involving S. verrucosum and has shown that this is 
due to the interaction of the verrucosum cytoplasm and a nuclear factor 
carried by the other diploid species involved. 11 may also be that the 
floral abnormalities noted by Koopmans in crosses between S. chacoe_nse 
and S. l'ybinii may be due to a similar interaction between the ctyoplasm 
of one species and the genome of the other parent. Magoon, Cooper 
and Hougas (1958 b) have also adduced evidence which suggests that 
not only do such differences in plasmon properties exist but that they 
may be modified to different degrees in different species as a result of 
polyploidy induction. 

However, the exact role played by such factors in species differentia
tion appears to be problematical. For. not only can gene exchange 
.between the two taxa occur through the reciprocal hybrid but even 
clones of the same species often show differential behaviour. As such, 
it would appear that isolating mechanisms based on nuclear elements 
are likely to have been of much greater significance in divergent evolu
tion than cytoplasmically determined factors. 

One striking point, which emerges from a consideration of the 
crossability relationship of tuberiferous Solanums is that though most 
of the internal isolating mechanisms considered above are present, 
barriers to crossability between species appear to be rather feebly deve
loped. This becomes very clear when we compare the situation with 
that obtaining in the non-tuber-bearing species belonging to the same 
genus, where they appear to be much more strongly developed (Magoon, 
RamanuJam and Cooper, 1962). The reason for such a difference 
in two closely related groups is not quite clear but it may perhaps lie 
In the fact thaI where highly efficient means of asexual propagation 
has been developed the advantage of securing variability through 
occaslOnal crosses between differently adapted forms may outweigh 
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the disadvantage caused by the lowered reproductive efficiency of 
the hybrid or its progeny. Selection pressure favouring complete 
reproductive isolation may, therefore, be relatively weak in such a situa~ 
tion as compared to the intensity of such pressure in a situation where 
reproduction is wholly sexual. This may perhaps be one reason why 
comparatively wide crosses can be successfully made in the tuber-bearing 
Solanums unliKe in the non-tuberiferous species of the genus. 

Before concluding, it may also be pointed out that, thanks to the 
extensive vegetative proplgation met with in this group, multitudes 
of , micro species' and intergrading forms, which confuse the taxonomic 
treatment of the group, could result through a process analogous to 
. random drift' characteristic of small populations. In all studies on 
the interrelationship of the various members of this group, the role 
played by asexual propagation must, therefore, be always kept in mind. 
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APPLICATION OF PACHYTENE ANALYSIS 
TO EVOLUTIONARY PROBLEMS IN THE 

GENUS ORYZA 

By S. V. S. SHASTRY 

Dh·i.~ioll of Botany, Indial/ Agricultural Re.H;'orch Imfitllfe, New Delhi 

ALTHOUGH cytological investigations in the genus Oryza date back 
to 1910 by Kuawada, present knowledge concerning the interrelationships 
between the 26 valid species, on the nature of genetic differentiation 
between the two subspecies of O. saliva and of the genome analysis 
is too fragmentary. Analysis of post-diakinetic stages of meiosis for 
the studi~s on chromosomal pairing and of somatic metaphases for 
the study of karyomorphology, both of which are of limited value in 
species with small (0' 7-2'8 f' at meta phases in root-tips) chromosomes 
seem to be the major reasons for this situation. More recently, how
ever, rice cytologists have been employing pachytene analysis for the 
study of karyotypes (Shastry, Rao and Misra, 1960; Shastry and 
Mohan Rao, 1961), and the analysis of intervarietal (Yao, Henderson 
and Jodon, 1958; Shastry and Misra, 1961 a, b) and interspecific 
hybrids (Shastry, Sharma and Rao, 1960, 1961). The present paper 
deals with the experimental results secured by the author and his 
collaborators at the Division of Botany, Indian Agricultural Research 
Institute, New Delhi, during the year 1959-60. 

I. Karyotypic evolution in the genus Oryza.-In several plant 
genera, the karyotypic data revealed that the primitive taxa have more 
symmetric karyotypes than the more evolved ones. Stebbins (1958) 
recognized two forms of asymmetry, ~!iz., the varratlO11 in size between 
the smallest and the largest chromosomes and the predominance of 
sub-telocentric chromosomes. Based upon the two criteria, he suggested 
12 groups under which the variation with r~gard to asymmetry can 
be classified. Karyotypic data thus far collected by pachytene analysis 
(Shastry and Mohan Rao, 1961; Misra and Das, unpublished) led to some 
interesting indications. The primitive species of the genus, O. australi
ensis, O. perennis and O. stapjii arff characterized by more symmetric 
karyotypes (group 2-b of Stebbins, 1958) than those of O. sativa (group 
3-c of Stebbins, 1958). Within the species, O. saliva, the japonica 
types have more asymmetric karyotypes than the indica types. 

2. Genetic diJlerelltiatiofl betl'reen the subspecies, ·japonica and 
indica.-Si~ce the ti1?e Kato recognized two subspecies, japonica 
and indica In the specles, O. sa ava, the nature of genetic differentiation 
between these subspecies and the causes for sterility in the inter-sub
specific hybrids have received the attention of several workers (Kuang, 
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1951; Mello-Sampayo, 1952; Sampath and Mohanty, 1954; Yao 
et al., 1958; Henderson, Yeh and Exner, 1959, and Oka. 1957). All 
these investigators except Oka and his collaborators (cJ. Oka, 1957) 
agreed upon the cryptic structural differences between the karyotypes 
of these subspecies. Oka, on the other hand, postulated that the 
sterility in these hybrids is due to the operation of complementary 
lethal genes (Gamete development, Duplicate fertility). This contro
versy is attenuated by the citation of evidence from M. I and A. 1 data 
alone and has not led to any dependable conclusion in favour of either 
of the views. 

Shastry and Misra (1961, a, b) for the first time reported that the 
pachytene pairing in some of the japanica-indica hybrids is extremely 
abnormal (Fig. I). In one hybrid, 31 per cent. of the total chromatin 
remained unpaired either as terminal or interstitia] differentiai segments. 
They pointed out that these differential segments might represent cases 
of trans locations for reasons that (I) typical inversion loops are most 
infrequent and (2) inversion heterozygosity can lead to sterility only 
as a consequence of bridge formation, which is infrequent, as pointed 
out by Henderson et al. (1959) and was apparent in their data. This 
investigation highlighted the fallacy of considering all cryptic structural 
hybridity in the form of inversions, as was done by Yao el al. (1958) 
and Henderson et af. (1959) and the absence of inversion bridges in the 
hybrids as a proof for genic sterility as was done by Oka (1957). 

Another significant observation was that the percentage of chro
matin length unpaired, designated by them as "Differential Index" 
bears a positive relationship to slerility. This may be cited as evidence 
for the major contribution of translocations in the origin and mani
festation of differential segments. Recent evidence of Mizushima and 
Kondo (1960) thar the Sp locus occupies non-allelic positions in 
japanica and indica varieties will be an additional support to such a 
view of the role of translocations. 

Pachytene data in the japonica-indica hybrids not only account 
for sterility, but also the accompanying genetic effects, viz" non-recovery 
of recombinant phenotypes which might be considered to arise from 
crossing over in the paired regions of the bivalents leading to origin of 
deletions (in a system balanced for viability by structural changes) and 
for the origin of abnormal (albina) and" mutant" plants in selfed pro
genies, which might owe their origin to small viable deletions arising 
from a complex cryptic structural hybrid. 

3. Genomic relationships between the section) Saliva and Officinalis.
Morphology of the panicle, size of the spikelets and anthers and the 
shape of the caryopses are the recognized characters in distinguishing 
the sections, Sativa and Officinalis. The tYPIcal members of these 
sections, O. sath'a and O. afficinalis, hybridize but result in a hybrid 
which is completely sterile and which forms 24 univalents at metaphase 
I (Ramanujam, 1938; Gopalakrishnan, 1959). These observations 
led Richharia (1960) to consider that there is no homology between 
the genomes (P and 0) of these species, 
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The study of meiosis of the hybrid O. sativa X O. officinalis by 
Shastry. Sharma and Rao (1960) revealed that the anaphase disjunction 
of univalents was regular (12-12) in 29·3 per cent. and nearly regular 
(11-13) in 30· 5 per cent. of the total 82 PMCs studied at anaphase I. 
These observations led tl,em to suspect pairing at prophase. At 
diakinesis, varying number of bival.nts were recorded while at diplotene 
2-12 bivalents per PMC were observed (Fig. 7). At pachytene, the 
pairing was exceedingly normal (Fig. 2). Complete pairing at pachytene 
and the drop in the associations with the progress of meiosis (Figs. 4, 
5, 7) led them to postulate that there exist no restrictions to homology 
between the chromosome complements of O. sativa and 0 officinalis 
and that the high degree of univalent formation at M. I is due to desy
napsis between the chromosomes which have enough structural homo
logy to pair at pachytene, but which have been enough differentiated 
by gene-mutations to affect viability accompanying their substitution 
by independent assortment. It will be clear how misleading the meta
phase pairing alone can be for elucidation of homology. Further, 
this offers another example that chromosome structural differentiation 
and isolation are unrelated in their origin and complexities of mani
festation. The divergent morphological specialization between the 
sections, Sativa and Officinalis might owe its origin to a primary eyent, 
the development of isolation barrier by desynapasis. The non-comple
mentation of the chromosomes of O. ojficinalis and O. sativa, which 
might be considered as the main reason for complete sterility of this 
hybrid, might be cited as an additional evidence in favour of functional 
diploid nature of the species of Oryza with 2 n = 24. 

4. Timing imbalance in meiosis of the FI hybrid, O. sativa X 
O. australiensis.~ The species, O. australiens;s, which is endemic to 
Australia is similar to O. perennis in the rhizomatous stem and spikelet 
and anther lengths and to O. ~tJicinalis in its panicle morphology. 
Further, Gopalakrishnan (1959) recorded a maximum of 8 bivalents 
in the FI hybrid O. sativa (bearing the same genome as O. perennis) X 
O. australiensis and only 4 bivalents in the FI hybrid. O. sativa x O. offi
cina/is. Morphological and cytological data cited above were considered 
enough to place this species in an intermediate position between the 
sections, Sativa and Officinalis (Richharia, 1960) and to consider that 
it has originated by hybridization between the species belonging to 
these two sections (Gopalakrishnan, 1959). 

High degree of heterochromatinization of the pachytene bivalent,;, 
high symmetry in the karyotypes and the non-occurrence of O. officinalis 
in Australia appear to be the major objections to the hybrid origin of 
O. australiensis. Since the meiotic data contributed the critical evidence 
for the hypothesis of hybrid origin, this cross, O. sativa X O. australiensis 
was reinvestigated by Shastry and Rao (1961). Contrary to the observa
tion of Gopalakrishnan, no true allosyndetic bivalents were observed. 
The most frequent associations were non-chiasmatic, end-to-end 
pseudobivalents (Fig. 3) followed by 1-2 autosyndetic bivalents of 
O. sativa. The size difference between the chromosomes of the consti
tUent species of the cross rendered identification of the complements 
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possible at all stages of meiosis from diplotene to anaphase I. Further, 
at the early prophase (diplotene) only australiensis chromosomes were 
visible (enough condensed) while those of sativa were barely visible 
as ghosts and were secondarily associated. At diakinesis, the number 
of univalents was variable (the full complement of O. australiensis with 
variable number of sativa univalents). At M. I, the univalents of 
australiensis migrated to poles earlier than those of sativa (Fig. 6). 

The above observations clearly point out the timing imbalance 
in the condensation and migration of univalents of O. sativa and 
O. australiensis. Fm\\\er, at no stage, the true allos~ndetic bivalent, 
were recorded which might indicate either that no homology exists 
between the complements of the species or that the timing imbalance 
is responsible for the lack of pairing. In any case, there is enough 
reason to consider that O. australiensis (in comparison to O. officillalis) 
is more distantly related to O. sativa, an inference in total contradiction 
to that of Gopalakrishnan. Further, it is pointed out that O. austra
liensis might represent an isolate from the pre-Sativa and pre
Officinalis complex. 

5. Pairing as a Niterion of homology.-The basic theme of the 
theory of meiosis is that homology is a prerequisite for synapsis. Des
pite the great impact of this concept on evolutionary problems and 
the cell mechanics, our knowledge concerning the mechanism of pairing 
and causes for failure of pairing are exceedingly meagre. Further, 
it is paradoxical that inferences on homology are by and large drawn 
from the pairing data from diakinesis and M. I stages, although it is 
well recognized that pairing is initiated much earlier and that terminal
ization, de synapsis, etc., greatly obliterate the persistence of the asocia
tions. An additional limitation in this concept is the recognition of 
homology and non-homology as two discontinuous steps in the evolution 
leading to pairing or failure of pairing respectively. 

Distinct genome symbols thus rar proposed in several plant genera 
(Triticum, Gossypium, Brassica, Oryza, etc.) were all based upon the 
data secured from M. I stages, with the implication that no pairing 
occurs between the genomes. Recent work in bread wheat (Riley 
and Chapman, 1958), however, showed that homologous segments 
do occur between which the pairing is suppressed by a superimposed 
genic mechanism. Evolutionary significance of such phenomena 
cannot be underestimated since these might be a part of the natural 
trend towards diploidization of polyploids. From an original genetic 
pool, the origin of two distinct genomes is best visualized by a series 
of chromosome structural changes leading to failure in pairing. The 
consequence of such a differentiation is mainly the preservation of the 
integrity of the taxa. If the term genome is applied for cases where 
no homologous segments occur between the complements of two tax.a~ 
there exists no example in literature where this is unequivocally demon
strated. Even in cases where it can be demonstrated that pachytene 
pairing does not take place as between O. sativa and O. australiensis, 
It has not oeen possible to decide whether the lack of pairing is due to 
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lack of homologous segments or due to timing imbalance. The genetic 
differentiation between O. sativa and O. officinalis, on the other hand. 
as judged by pachytene pairing appears to be extremely limited and 
hence there is no justification in considering them under different 
genomes. If it is considered that all taxa whose chromosome comple
ments retain their integrity with no recombination as belonging to 
distinct genomes, the genome concept loses its distinctiveness from other 
isolation mechanisms such as diplontic sterility, cross-incompatibility, 
and balanced lethals. To consider all taxa differentiated by any <me 
of these various mechanisms as belonging to distinct genomes will be 
to disrupt the very concept itself. 

The next problem to be considered is whether in all cases synapsis 
at pachytene can be considered as a result of homology. While the 
concept appears to be largely true, as established by pairing in gross 
structural hybrids, several reports of not realizing the expected pairing 
behaviour (see Ting, 1958 and Maguire, 1960) do exist in literature. 
However, for lack of another line of approach to this problem, at present 
it is safe to assume that during meiosis, homologous pairing takes place 
right down to molecular level and that stages closest to zygotene, where 
pairing is initiated, are to be relied greater than the later stages of 
meiosis. In conclusion, the merits of pachytene analysis may be 
summarized as follows: 

(l) This is the most stable stage during meiosis, the condensation 
differences being comparatively less if PMCs at mid-pachytene are 
chosen. 

(2) This is the earliest stage in the meiosis where analysis of the 
entire chromosome comp}ement js possjbJe. 

(3) The primary unit of evolutionary change being a chromosomal 
segment, microscopic examination of structural hybridity is greatly 
facilitated by the juxtaposition of the chromosomes to be compared. 

(4) A low degree of condensation in comparison to somatic meta
phases renders this method ideally suited for species with small chromo
somes, which have thus far been less investigated. 

(5) Serial differentiation of the chromosomes, (eu- and hetero
chromatin), which is difficult to demonstrate in somatic metaphases 
can be readily demonstrated at pachytene. ' 

SUMMARY 

(l) The karyotypes of the wild species of Oryza are more symmetric 
than those of the cultivated species. Within the species, O. sativa 
the karyotypes of japonica types are more asymmetric than those of 
indica types. 

(2) The differentiation between the subspecies japollica and indica 
is probably achieved by a series of translocations. The hybrids between 
them exhibit a high degree of abnormalitty in pairing at pachytene, 
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(3) Complete univalent formation in a majority of PMCs of the 
F, hybrid, O. sativa x O. officinalis, is due to desynapsis rather than 
due to lack of homology between the complements of the species. 

(4) No pairing was observed between the chromosome comple
ments of O. sativa and O. australiensis. The meiosis of the hybrid 
between these species is characterized by a timing imbaJance in conden
sation and migration of univalents. 

(5) The concepts, genome and homology were discussed in relation 
to interspecific genetic differentiation in the genus Oryza. 
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EXPLANATION OF PLATE V 

FIG. 1. Pachytene. F j hybrid, T. 21 (indica) x A-18 (japonica). Note severaL· 
differcrttial segments and heteromorphic ends of bivalents. 

FIG. 2. Pachytene. F J hybrid, O. safivaX O. officinalis. Note the regular pairing. 

FIG. 3. Metaphase I. F J hybrid, O. sath'a X O. australiensis. 2 univalents of 
O. australiensis at the poles. 4-end-to-end allosyndetic pseudobivalents. 

FlO. 4. Metaphase!. Fl hybrid,O.sati~'axO.officinalis 241, Notethecoagression 
on the equatorial plate. 

FIG. 5. Metaphase!. F1 hybrid O. sativa,)( O. officinalis 241, Note that the size 
difference between the univalents of the species is not clear. 

FiG. 6. Meta~anaphase 1. F} hybrid, O. safiva X O. australiensis. Note the large 
univalents of O. australiensis at the poles and the small univalents of 
O. sativa at equator. 

FIG. 7. Diplotene. F) hybrid, O. sativa x O. ojftcinalis. 6 bivalents with one 
chiasma ea.ch and 12 univalents. 
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CYTOGENETICAL EVOLUTION IN 
ANEILEMA SENSU LATO IN* 

EASTERN INDIA 

By O. PANlGRAHI AND R. V. KAMATHyt 

Bot(lnieol Saney of india, ShillonK 

OF LATE. the family Commelinaceae has been subjected to serious 
taxonomic and cytological investigations both in India and abroad. 
The recognition of Aneilema and Murdannia as two distinct genera 
and gradual transfer of the species of Aneifema sensu lato to Murdannia, 
raised interesting problems of nomenclature. Transfer of all but one 
East Indian species of the sections Euaneilema to Murdannia and 
retention of all but one species of the section Dictyospermum in Aneilema 
raised genuine doubt regarding the interspecific'affinity of species included 
in different groups as proposed by Clarke (e!. Hooker. 1894). Further. 
the existence of various morphological forms within the polymorphic 
species Murdannia (~Aneilema) nudiflora including A. nudiflora var. 
lerminalis Wight called for intensive studies in experimental taxonomy 
for their solution. Discovery of aneuploidy, polyploidy and other 
cytological aberrations in the family as a whole, coupled with their 
perennial habit and easy vegetative propagation necessitated the 
cytotaxonomic revision of the family Commelinaceae in India. While 
our observations on problems of nomenclature, with citation of literature, 
important morphological characters of taxonomic value and notes on 
the habitat and distribution, etc., and our findings on cytology of the 
10 East Indian species are being published elsewhere, this paper 
summarises all available cytological data induding our own on the 
genus Murdannia and Aneilema sensu stricto in a tabular form (Table I) 
and discusses the cytogenetical evolu.tion in the genus Aneilema sensu 
lato. 

DISCUSSION 

Study of the relevant literature suggests that basis of classification 
in the genus, Aneilema sensu lato is provided by the number of ovules 
and seeds in each cell of the tricarpellary ovary, all the Indian species 
of the genus being included in the subgenus Tricarpellaria Clarke. 
While the three sections of this subgenus are distinguished from each 

• The Junior author (Viz. K.V.K.) made the cotological preparations of the 
East Indian species cited in the paper; the senior author (viZ'. G. P;) is sofely 
responsible for the preparations of the text and the conclusions embodied in 
this paper, which was written up and communicated in APlil 1962. 

+: At present Botanical Survey of India, Central Circle, AlIal1~bad. 
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TABLE I 
Cytological data of Aneilerna sensu lato from India and abroad 

Subgenus 1. Tricarpellaria Clarke 

)MitOSiS! MeioiSis 

SECTION 1 
EVANE1LEMA; 

1. 3IurJa1t!lia dil'cr" 

2. .1/. data 

( = Anti/ema //f'I" 
MawJI) 

3. J[, srirata 

(=A.spiratu1I!) 

4. 31, triqudr,: 

(=A. ;tudijll)
r/(m) 

6. iiI. 1tt1d,/lora 

Wlr. term£1Uliis 

7 .• H. simpJi'x 

( = A. sinicuIJI) 

8. JII. g(raltte,l 

SECTlON 2 
DIGTYOSPERMUM: 

9. jlI. z'agi1td<l 
(=A. l'agi}w

tn'm) 

10. Alleile1fla f'rotm· 
sum 

11. A.1JWHta1tUNl 

.Excludtd spail'S 
12. A. aequi1todia/c 

4() 

42 

20 
40 

40 

20 

20 

4() 

30 

21 

20 

9 

10 

10 

lSll+lJJJ 

20 

\ :: 
11 

14 

24 

Shillong 

Hongo, 
India 

Assam 

Shillong 

D;.rjeeling 
Plains of 

South 
India 

l\fysore 

DibrugaJh 

Shillong 

South· East 
A"ia 

Plains of 
West 
Bengal 

Marghelita 

Investigators 

Panigrahi and Kamathy, 
1961 

Sharma and Sharma, 1958 

Panigr:lhi and Kamath:; \ 
1901 

Panigrahi and Kamathy, 
198\ 

Sharma and Sharma, 1958 
Murthy, 1934 

Raghavan and'Seshagiri, 
Rao,1961 

Panigrahi and Kamathy, 
196\ 

Panigrahi and Kamathy. 
1961 

Simmonds, 1954 

Sharma, 19;;5 

Panigrahi ,mel Kamathy, 
1961 

South India Shettyand Subramanyam, 
1961 

Mysore 

As 'am 

Shillong 

Plains of 
\Vest 
Bengal 

Raghavan and SE'shagiri 
Rao, HHH 

Panigrahi and Kamathy, 
1961 

Panigrahi and Kam;J.thy, 
1961 

Seshagiri Rao ct al., 1960 

Sharma and Sharma, 1958 

SbiUong Panigrahi and Kamathy, 
1961 

South India Shetty 'lnd Subramanyam, 
1961 

Darjeeling Panigrahi and Kamathy, 
196\ 
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other again on the number of ovules per cell of ovary (viz., 2 ovules 
iri EUANEILEMA, 4-20 ovules 'per cell in D[CHAESP[RMUM and 
1 ovule per cell in DICTYOSPERMUM), further subdivisions within 

. each section is based on the manner of disposition of leaves on the 
flowering axis. Recent authors, however, recognise two genera, viz" 
Aneilema R. Br. sensu stricto and Murdannia Royle within the limits of 
Aneilema sensu Jato, on the manner of disposition of the fertile stamens 
and sterile staminodes with respect to petals and in relation to anterior 
or posterior side of mother axis. 

Accordingly, of the 16 species of Alleilema sensu lato, described 
by Hooker to occur in Eastern India II species belong to Murdannia 
Royle, of which 9 species are included in EU'NEILEMA section whereas 
only one species belongs to each of the other two sections. The re
maining 5 species, viz., Aneilema thomson ii, A. montanum, A. conspicuum, 
A. protensum and A. cequinoctiale are treated under Aneilema sensu 
stricto. 

Although llO cytological inve,tigation has yet been made on 
M.lzamiltoniana of the DIcHAr'-PERMvM section and only one chromosome 
number report, viz., 2n "~ 40 is available for M. vaginata of the Dictyo
spermum section, they are undoubtedly very different in their morpho
logical features and ecological amplitude, not only from each other, 
but also from the members of the EUANEILEMA section. 

Of the 9 species of the EUANEILEMA section studied here, M. scapi
flora with its radical leaves and with the panicle borne on leafless scape 
and M. triquetra with 1 ~~3 flowered, axillary cymes borne on semipros
trate leafy stems, are easily distinguished from the other 7 species in this 
section. 

The four species, M. divergens, M. elata, M. hookeri and M. spirata 
all share panicled inflorescence borne on leafy stems, and 3 fertile stamens 
alternating with 3 sterile, trilobed staminodes (cf. M. elata has stami
nodes bilobed like those in typical Aneilemaj. Among these M. diver
gens and M. elata on the one hand and M. hookeri and M. spirata on 
the other appear more closely allied to each other both in general habit 
and in their preference for ecological habitats. 

Although M. nudifiora (including var. terminalisj, M. simplex and 
and M. gigantea share 2-ovuled ovary and 2-seeded capsule with each 
other, there are rather striking differences between them in their general 
hahit. While M. simplex and M. gigantea each show great uniformity 
in morphological features and restricted nature of their distribution 
in Khasi Hills, M. nudifiora is rather a polymorphic species showing 
a great range of morphological variants spread almost all over India 
in varying ecological niches. M. nudiflora var. terminalis possesses 
intermediate morphological features between M. nudijlol'a complex and 
M. simplex. 

Studies in cytology reveal interesting aspects of evolution in the 
group. 
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Discovery of n = 10 in the biotypes of M. nudiflora from Shillong 
(1500 m.) confirms the number 2n = 20 reported earlier for the species 
by Sharma (l955) from the plains of West Bengal and by Simmonds 
(1954) from S.E. Asia. Therefore, M. nudiflora is a diploid species 
based on x=IO. Whereas Sharma and Sharma (1958) report 2n = 20 
in the biotypes of M. spirata from Darjce/ing 0800 m.), our finding of 
n = 20 from Shillong ()500 m.) is in agreement with that of 2n = 40 
in the South Indian biotypes of the same species (cf. Murthy, 1934). 
But the report of II = 9 in M. spirala from Mysore by Raghavan and 
Seshagiri Rao (1961) shows the prevalence of a different base number 
within the species. So, three cytological types, viz., n = 9, 10, 20 
characterise the popUlation of M. spirata. These two species, therefore, 
confirm Sharma and Sharma's (1958) contention of the absence of any 
correlation between altitude and polyploidy in the genus Murdannia. 

Again, the finding of n = 30 in M. divergens and n = 40 in M. simp
lex suggests their hexaploid and octopi aid nature, respectively. The 
reports of n = 20 in M. simplex (Aneilema sinicum) by Shetty and 
Subramanyam (l961) and of n = 30 by Raghavan and Seshagiri Rao 
(1961), however, indicate that three cytological races, viz .. 4 n, 6 nand 
8 n also occur in M. simplex. Therefore, the four species, M. nudif/ora 
(2n), M. spirala (2 n, 4 n), M. divergens (6 n) and M. simplex (4 n, 
6n and 8 n), constitute a polyploid series based on x = 10. All these 
cytological races form regular bivalents at diakinesis, without any sign 
of multivalents Or univalents, form good pollen grains stained red with 
warm acetocannine, and are characterised by good seed-setting. It 
is, therefore, rather difficult to postulate the role of autopolyploidy 
in the speciation in this group, unless the very smaIJ size of the chromo
somes met with in the genus Murdannia, may account for the failure 
to form multi,'alents. Or, il may be that autopolyploill origin of these 
species occurred long long ago so that, due to structural cbanges in 
chromosomes, the tendency to form multivalents is gradually lost. 
It is, therefore, essential to carry out both intraspecific hybridisation 
(e.g., in M. spirala between 2 nand 4 n) and interspecific hybridisation 
between these four species before hypothesising the process of evolution 
in the group. 

This satisfYing cytological picture of euploidy based on x = 10 
in four species of the genus Murdannia, however, is complicated by the 
discovery of n = 11 in M. gigantea and of n =21 in M. elata. M. gigantea 
forms 11 clear bivalents and M. elata shows distinctly 21 bivalents 
in a large number of cells at diakinesis. There are no univalents or 
multivalents, they form good pollen grains and yield good seeds 
profusely, Thetefore, the existence of four different base numbers, viz.) 
x = 10 or 5, x = 21 or 7, x = 11 and x = 9 or 3 within a small group 
of Indian species cytologically investigated, is strongly suggested. 

However, M. gigantea, with its striking morphological features, 
an odd base number together with the very large size of chromosomes 
can at once be set apart from all other species of Murdannia and, there, 
fore, its evolutionary significance in the group can hardly be minimised. 



94 MEMOIRS OF THE INDIAN BOTANICAL SOCIETY 

Similarly, M. e/ata (Anei/erna herbaceurn) with its bilobed staminode 
characteristic of Aneilema sensu stricto shares its arrangements of sta
mens and staminodes in the flowers with that of Murdannia and is treated 
as M. elata by recent workers. But the discovery of n ~ 14 in Anei/ema 
montanum (Shetty and Subramanyam, 1961) and our finding of n = 21 
and 2n ~ 42 in M. e!ata together with the possession of bilobed stami
nodes might suggest the retention of M. e/ala under Anei/ema sensu 
stric(o, the former serving as a connecting link between the two genera. 

The clue to the origin of these different base numbers is yet shrouded 
in mystery and may only be conjectured from the oocurrence of 2 n = 39 
in M. nudi/lora var. term ina/is and n~59 in A. protensum Wall. Whereas 
M. nudif/ora, the diploid species, forms clearly 10 bivalents, its variety 
term ina/is growing sympatrically shows 18 bivalents and 1 trivalent at 
diakinesis and 20-19 separation of chromosomes at anaphase I. This 
variety may, therefore, he looked upon as a tetraploid cytotype 
(i.e .. 4 n- 1), from which one chromosome is lost during the process 
of speciation from M. nudifiora with n ~ 10 or its derivatives. The 
formation of 2 types of pollen grains, one with 19 chromosomes and 
the other with 20 chromosomes~ in M: nudiflora var. terminalis and the 
production of profuse viable seeds open out vast possibilities for micro
evolution and may explain the prevalence of a large number of morpho
logical intergrades between M. nudiflora and its variety terminalis. 

Similarly, Aneilema protensum with 59 bivalents at diakinesis forms 
good pollen grains and produces good seeds profusely. A. protensum 
with fI - 59 or (12 f1 ~ 2) shows that even a typical species of Aneilema 
sensu stricto mllst have arisen from a base number x = 10 in the same 
way as the origin of x = 9 in M. spira to or of 2 n ~ 39 in M. nudiflora 
var. terminaUs, discussed above. 

Anei/ema aequinoctia/e Kunth from Africa to which Amelina 
wallichii Clarke from Darieeling ls synonymous is treated as an excluded 
species from the scope of Aneilema sensu iato by Hooker (1894) in the 
Flora of British India. The root-stock producing 2 or 3 stout branches 
at the ground level, the hairy stems and pubescent leaves, older basal 
stems bearing dried up leaf-sheaths, the inconspiclious terminal in
florescence bearing only a few flowers and a few seeds and the Indian 
distribution of the species restricted to Darjecling only, mark out the 
species as very distinctive amongst the Indian species of Aneilema sensu 
lata. 

Does, then. cytology also provide any evidence in favour of 
Hooker's treatment as stated above? Presumably, it does. The dis
covery of n = 24 in Arne/ina wallichii Clarke from Darieeling showing 
formation of a quadrivalent and 23 bivalents in one cell and of clear 
24 bivalents in other cells together with the invariably end-to-end pairing 
of bivalents at diakinesis, present an altogether different cytological 
picture from that of all other Indian species of Anei/ema sensu iato. 
The peculiar end-to-end pairing, despite its comparatively larger chromo
somes (cf. the very small x-shaped or ring-shaped bivalents in M. simp
lex), suggests the lack of homology involving very large segments of 
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allelomorphic pairs. The formation of only terminal chiasmata invol_ 
ving 24 pairs of chromosomes (except a single tetravalent seen in Ol\e 
cell only) may suggest certain amount of genetic disharmony between 
the two genomes and may explain the low output of good pollen grail\s 
and viable seeds from the very few flowers produced during the seasOll. 
Despite formation of 24 bivalents at diakinesis, therefore, Aneil.ema 
aequinoctiale Kunth or Amelina lVallichii Clarke behaves as a parhally 
sterile hybrid, which propagates itself largely by vegetative means. 

Thus, the possession of n = 24 in this species provide a differel)t 
base number x = 24 or 6 within the genus Aneifema sensu lata. Yet, 
this finding or the end-to-end pairing of chromosomes at diakinesis 
no more provide evidence for the exclusion of Amelina }rallichii frOIn 
Aneilema sensu [ato (nor from Aneilema sensu stricto) than the dh
covery of n = 59 in A. protensum would justify the exclusion of the 
latter from Aneifema sensu lata. 

Thus, meiotic studies involving a few of these species in Eastern 
India reveal a typical euploid series based on x = 10 or 5, viz., M. nudi
flora (2 n), M. spirala (2 n, 4 n), M. vaginal a (4 n), M. triquetra (4n), 
M. divergens (6 n), M. simplex (4 n, 6 n, 8 n); two euploid species based 
on x = 14 or 7, viz., Aneilema man Ian urn (4 n) and M. elata (6 n); one 
species based on x = 11 in M. gigantea (2 n); one cytotype based On 
x = 9 in M. spirata; one species based on x = 24 or 6 in A. aequinoctt"ale 
(2 n or 8 n) and two species/varieties characterised by aneuploidy, viz., 
A. protensum (n = 59 or 12 n - 2) and M. nudiflora var. terminalis 
(211 = 39 or 4 n - I). Although there are very strong reasons, both 
from morphological similarities and sympatric nature of distribution 
to suspect autopolyploid origin for at least some of the intraspecif\~ 
cy!co}.f}g.icJ!.J ~rxe..f S2.l,['.L~ u_'lS j.-r:! i¥. .,lftu'r.,r.t.o .£liM 31: .,~~wltk~; c£vnpl['ic .2h"['A1t,\,? 
of multivalents in them together with the discovery of taxa with aneuploid 
base numbers, viz.) x = 9 in M. spirafa and 11 = 59 in A. protensWn 
and of typical aneuploidy, viz., 2 n ~ 39 in M. nlldiflora var. termina/;s 
establish Aneilema sensu lala as a genus of great evolutionary significanQe 
within the family Commelinaceae from the cytogenetical point of vie"". 
Considering the significance of the discovery of similar cylologic"l 
picture both in Aneilema R.Br. sensu stricto and Murdannia Royl~, 
both of which share the base number x = 7 in A. man/anum and in 
M. elata, together with the presence of bilobed slaminodes in 
M. triquetra, M. elata and M. hamiilonianQ and the possession e,f 
beardless staminodes and the reduction of the third fertile stamen to 
a bearded filament with a sterile stump as in M. nudiflora var. terminali~_, 
M. simplex and M. gigantea and absence of all the three staminod"s 
from M. hamiltoniana, it appears that there are no fundamental differ_ 
ences, morphological or cytological. between Anti/ema R.Br. and 
Murdannia Royle, at generic level, since they are connected by a ranae 
of morphological forms between the two extreme types illustrated in 
Text-Fig. 1. It is, therefore, best to treat the Indian species under tlle 
,single genus Aneifema sensu lato, as was done by Clarke, Hooker, 
Gamble, Cook, Haines et al. 

BM 7 
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Aneilema Mardaonia 
TEXT-FIG. 1. Floral diagrams 

FinaUy, none of our preparations show any interbivalent connec
tions or secondary associations in any of the species of Alleilema 
semu laro including A. nudiflorum. Although the evidence of occur
rence of different basic numbers, vi=., x = 5. 6, 7, 9 and 11 seems to be 
there. there is no evidence, direct or indirect, to postulate x = 4 for 
Aneilema sensu 1010. despite Sharma's (1955) hypothesis of the common 
origin of Aneilema. Commelina, Cyanofis and ., so-caJled Cyanotis 
axillaris" from an ancestral stock based on x = 4. 

SUMMARY 

I. Clarke's system and nomenclature of the genus Aneilema 
R.Br. includes all the Indian species under the subgenus EUANEILEMA. 
Yet. Bruckner's (1930) revival of the genus Murdannia Royle (1839) has 
necessitated the transfer of 23 of the 32 Indian species of Alleilema sensu 
larD to the genus MurdanJlia. This paper presents our observations 
on the cytology of II species of Murdannia and 4 species of Aneilema 
collected from Eastern india and attempts to visualise the cytogenetical 
evolution in Aneilema sensu lalo. 

2. Both mitotic and meiotic studies, including our own. involving 
only 13 taxa of Aneilema sensu lato, reveal a typical euploid series based 
on x = 10 or 5 in eight species, on x = 14 or 1 in two species. on x = J 1 
in one species, on x = 24 or 6 in one species, discovery of aneuploid 
base numbers, viz. , n = 58 in A. pro/ensum Wall. and Il = 9 in M. spirala 
in addition to the discovery of aneuploidy with 2 n = 39 in Murdannia 
nudifiora var. rermina/is. 

There is evidence for the occurrence of different basic numbers 
( iz., x = 5, 6, 1, 9 and 11) for Alleilema sensu laID. But there is no 
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evidence, direct or indirect, to postulate x = 4 for Anei/ema sensu lata, 
despite Sharma's (J 955) hypothesis of common origin of Anei/ema, 
Commelina, Cyanotis and C. axillaris from an ancestral stock based 
on x = 4. 

3. Considering the significance of the discovery of similar cyto
logical pictures both in Anei/ema R.Br. sensu stricto and Murdannia 
Royle sharing common ba;;e number x = 7 together with presence of 
bilobed staminodes in M. triquetra, M. elara and M. hamiltoniana and 
the possession of beardless staminodes and the reduction of the third 
fertile stamen to a bearded filament with a sterile stump as M. nudiflora 
var. terminalis, M. simplex and M. gigantea and absence of alJ three 
staminodes from M. hamiltoniana, it appears that there are no funda
mental generic differences, morphological or cytological, between 
Aneilema R.Br. and Murdannia Royle both of which are connected 
by a host of intergrading forms between the 2 extreme types illustrated 
ill Text-Fig. 1. It is, therefore, suggested to treat all the 32 Indian species 
under Anei!ema R.Br., a view shared by Clarke (1874,1881 a, b), Hooker 
(1894), Fischer (1931) and Haines (1924). 

ACKNOWLEDGEMENT 

Grateful thanks are due to Rev. Father H. Santapau, S.J., Chief 
Botanist, Botanical Survey of India, Calcutta, for his keen interest and 
kind encouragement in pursuing the cytotaxonomic scheme of investi
gation in the Regional Circle of the Botanical Survey of India and to 
the authorities of the Council of Scientific and Industrial Research for 
the award of financial assistance including the grant of Junior Research 
Fellowship to the Junior author. 

REFERENCES 

BRUCK;NER, G. 1926. Engl. Bot. Jahrb., 61, Beibl. 137: 1-70. 

---, 1930. In Eng1. etPrant1. Nat. Pflanzenf. ed,2, 15 a (AcCGUI1t en MUldcl1l
nia on p. 173). 

CLARI\E, C. B. 1874. Commelinaceae et Cyrfandraceae Bengalellses (paucis alliol 
ex tef/is adjacentibus additis). Calcutta. 

---. 1881 a. Notes on CommelimlCcae. J, Bot, 19: 193-202. 

---. 1881 b. Commeljnaceae in DC. Monogr. Phan. 3. 

FISCHER,C.E. C. 1931. Elarao/the PlesiJelley of kfadras, London, FaIt 9, 1533~ 1552. 

HAlNES, H. H. 1924. The Botany of Biha! and Orissa, London 6: 1074- 82. 

HOoKEn, J. D. 1894. The FIorI) oj British India, London, 6. 

MU:a.1HY, K. L. 1934. Gametogene~is anJ embryogeny in some Ccmmcjinuceac. 
CUfr. Sci. 3: 258-59. 

PANIaB.AHI, G. AND KAMA1HY, R. V. 1961. Studies in the c)llcrr.orphoJog)l of 
Aneilema sensu lata in E.lndia. Proc. 48th In.dian Sci. Congr., Part IV, 97-98. 

RAGHAVAN AND SESHAGIRl RAo, R. 1961. Curro Sci, 30: 31{l-11. 



9S MEMOiRS OF THE INDIAN BOTANIcAL SOCIETY 

ROYLE, J. F. 1839. In Illustr. Bot. Hima!. 403, t. 95, Fig. 3. 

SESJIAGllU RAO, R., PANIGRAHI, G. AND KAMA1HY, R. V. 1960. Cytota}!oIloJnic 
studies on Indian Commelinaceae. A preliminalY note. Proc. 47th India" 
Sci. Congr., Part III: Abstracts, p. 366. 

SHETIY, B. V. ANI;) SUBRAMANYAM, K. 1961. Cytology of some taxa of Commt=li
naceae. Proc. Indian Sci. Congr .• Part HI: Abstacts, p. 299. 

SHARMA, A. K. 1955. CytolOBY of some of the members of CommelinaceaeaJ'ld 
its bearing on the interpretation of ph~logMY. Genetica 27: 323-93. 

-- AND SHARMA, AR,CHANA. 1958. Furtherio\lcstigatiolls on cytology ofrnembeI,s 
of Commelinaceae with spedal reference to the Iole of polyploid, and the orism 
of <colypes. J. Genet. 56 (I): 1-21. 

SIMMONPS, N. W. 1954. Chromosome behaviour in some tropicaJ plants. Heredity 
8: 139-46. 



INDUCTION OF "REDUCTIONAL 
GROUPINGS" (SOMATIC REDUCTION) 
BY CENTRIFUGATION FOLLOWING 

COLCHICINE TREATMENT 

By D. SRrNrvAsAcHAR * 

THE role of polyploidy, with or without previous hybridization, is well' 
recognised as a factor in evolution as more than half of the angiosperms 
are said to be polyploids. If polyploidisation constitutes an important 
process in evolution it is also reversible. Polyploidy and endomitosis 
on one hand appear to be compensated by the process of chromosome 
elimination on the other. If somatic reduction (" reductional groupings" 
in our terminology) occurs in a ployploid and a reduced tissue is formed 
in which sporogenous cells undergo ordinary meiosis some gametes 
will be formed which may approach the ancestral types. East's (1934) 
recovery of a 7-chromosome ancestral type gamete from a 42-chromo
some strawberry and Kiellander's (1941) recovery of 18-chromosome 
Poa resembling P. trivialis from a 72-chromosome P. pratensis could 
be explained on the basis of somatic reduction followed by ordinary 
meiosis or gametophytic reduction following meiosis. Either of these 
types of double redudion could give rise to progeny resembling 
ancestral fOfms. Such cases of reversions have not been much empha
sised because the possibility of contamination with foreign pollen or 
accidental admixture of seeds cannot be entirely ruled out. 

Spindle abnormality in the megasporogenesis resulting in chromo
Some reduction from 118 to 86 has been reported by Parthasarathy (1951) 
in the case of the sugarcane variety C. 0·421 which is a complex hybrid 
between Saccharum officinarurn and S. spontaneurn. Such chromosome 
reductions might give ·rise to new secondarily balanced chromosome 
numbers which may form the basis of different lines of evolution. 

Colchicine-induced autotetraploids of Eruca sa/iva were found 
by Rajan, Haridas and Parthasarathy (1950) to give rise to triploids 
and aneuploids under natural conditions. The breakdown is attributed 
to the formation of functional gametes with unbalanced chromosome 
numbers in both micro- and megasporogenesis, natural crossing of the 
tetraploids with their diploids and to disturbances in spindle mechanism 
leading to chromosome elimination. 

Where fertility in new combinations, particularly in interspecific 
hybnds, IS Impaired by synaptic irregularities meiotic divisions often 
serve as regulating mechanism to produce balanced gametes. Similarly 

• Present address: Division of Botany, Indian Agricultural ReseaIch InstitutC', 
New Delhi-l2. 
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where sterility is due to chromosomal imbalance or genic incompatibility 
somatic elimination might serve to establish compatible complements. 

Several instances of reduced cells occur in literature. High inci
dence of somatically reduced cells has been reported in Ribes (Varaama, 
1949). Huskins and Chounard (1950) obtained from two tetra
ploid Rhoeo discolor plants 168 tetraploid, 16 triploid and 7 diploid 
main roots and one diploid shoot. Srinivasachar (1958) found in 
onion roots two prophase nuclei containing 7 chromosomes each 
in neighbouring cells with unbroken cell-walls. Brown (1947) has 
reported a case of reduced tissue in a complex polyploid hybrid 
of cotton. The cytologically unbalanced nature of the polyploid plant 
probably favoured development of a reduced tissue. Swaminathan 
and Singh (1958) found a haploid branch in an X-rayed diploid water
melon. Sam path (1950) has noticed variations in chromosome numbers 
in the root-tips of a hybrid Oryza sativa x O. eichingeri. In these cases 
"reductional groupings" are probably involved. 

Huskins (1948) focussed our attention on the spontaneous occur
rence of "reductional groupings". Besides sodium nucleate which 
has been shown by Huskins (1948) to increase the frequency of 
~'reductional groupings", there are several chemicals such as sodium 
phosphate, vitamin K, chloral hydrate, sodium cacodylate, etc., which 
produce similar effects. The observation by Huskins and Cheng (1950) 
that cold shockS also increase the frequency of" reductional groupings" 
could not be confirmed by Srinivasachar and Patau (1958). Colchicine 
is also said to cause" reductional groupings". This waS made use of 
by Franzke and. Ross (1952) in practical plant breeding. 

The· author while working at the University of Wisconsin under 
the guidance of Late Dr. Leonard C. Huskins foulld that the propor
tion of metaphase "reductional groupings" could be greatly increased 
if colchicine treatment is combined with centrifugation. The preli
minary observations made in this regard are reported herein. 

Bulbs of one of the pickling varieties of onion were allowed to root 
on vials containing tap-water and when they were grown sufficiently 
they were transferred on t,o. vials containing o· 5~ aqueous colchicine. 
After half an hour of colchlcme treatment the rootmg bulbs were centri
fuged for 5 minutes at 1,500 r.p.m. Roots picked at random were fixed 
in acetic alcohol, 1: 3 and squashed after the Feulgen procedure. The 
slides were scored for metaphase "reductional groupings" only. Out 
of 1,830 mitoses scored 429 (23,4%) showed metaphase" reductional 
groupings". As compared to this ollly 3'9% of such groupings were 
found in the untreated controls. Cursory observations indicated 
that anaphase "reductional groupings" were not so preponderant. 
However, no systematic scoring was made either of anaphase Of prophase 
"reductional groupings". It is yet to be seen how many of these meta
phase "reductional groupings". could be realised as reduced cells. 

Centrifugation probably helps groupings of the chromosomes 
which are floating free in the plasma due to the disturbances in the 
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spindle mechanism such as described by Darlington and Thomas (1937). 
If the spindle or spindles should be more or less parallel to the line 
determined by the centres of the two groups ordinarly cell-wall forma
tion could isolate reduced nuclei in cells of their own. It is also con
ceivable that in some cases as in Ribes where there is a high frequency 
of somatically reduced cells a special genetic situation exists such as 
the presence of sub-lethal genes which could be eliminated by somatic 
reduction. Thus the observed frequency of reduced cells may, in part, 
have been due to intercellular selection by means of superior division 
rate of certain types of reduced cells. 

SYNOPSIS 

The author while working at the University of Wisconsin found 
that the frequency of metaphase "reductional groupings" (somatic 
reduction) could be greatly increased if colchicine treatment was 
combined with centrifugation. In onion roots grown in Q. 5% aqueous 
colchicine and subjected to centrifugation at 1,500 r.p.m. for five minutes 
23 '4% metaphase "reductional groupings" were obtained as against 
3'9% in the untreated controls. Centrifugation probably helps group
ing of chromosomes which are lying free in the plasma due to the para
lysis of the spindle mechanism by colchicine. 

"Reductional groupings" occur sporadically in nature. Their 
frequency can be greatly increased by sodium nucleate. Other chemicals 
such as chloral hydrate, sodium cacodilate, sodium phosphate, vitamin K 
and colchicine also increase their frequency. Reduction of chromo
somes in mitosis has been reported in many CaseS including Rhoeo, 
onion, Ribes, cotton and water-melon. "Reductional groupings" 
are probably inVolved in these cases. 

The role of polyploidy is well recognized as a factor, in evolution. 
Where fertility in new combinations is impaired by synaptic irregularities 
meiotic divisions often serve as a regulating mechanism to produce 
balanced gametes. Similarly where sterility may be due to chromosome 
unbalance or genic incompatibility somatic elimination might serve 
to establish a compatible complement. If polyploidy is important 
in evolution it is also reversible; autotetraploids may throw off diploid 
shoots and complex polyploids may revert to ancestral forms. 

PolyploidY and endomitosis on the one hand appear to be compen-
sated by chromosome elimination on the other hand. . 
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THE ARCHEGONIUM IN GYMNOSPERMS: 
A REVIEW 

By P. MAHESHWARI AND MADHULATA SANWAL 

Department 0/ Botany, VniJer3i1y o} Delhi, Dellii· 6 

OF the various fossil orders of gymnosperms (Pteridospermales, 
Cay toni ales, Pentoxylales, Cycadeoidales and Cordaitales) only a few 
members of the Pteridospermales and Cordaitales have yielded well
preserved female gametophytes showing archegonia. All living 
members of the gymnosperms are characterized by the presence of 
archegonia excepting only Welwitschia and Gnetum. A comparative 
account of the more important forms is given in the following pages, 
laying special emphasis on the papers which have appeared since the 
publication of Chamberlain's (1935) book on gymnosperms. 

PTERIDOSPBRMALES 

In Lagenostoma ovoides (Long, 1944) the female gametophyte is 
differentiated into an outer layer of radially elongated cells and an 
inner part of polyhedral or rounded cells. The apical end of the 
prothallus is prolonged into the lower part of the cavity of the lage
nos tome and thus corresponds to the tentpole occurring in several 
other palaeozoic seeds and in Ginkgo. Tn one fortunate section Long 
saw three ovoid archegonia at the apical end of the gametophytc around 
the tentpole. Each consists of an egg cell, about 0·3 mm in length 
and surrounded by a definite jacket layer. The jacket cells are smaller 
than the surrounding prothallial cells and also appear to have thick 
walls, but there is no indication of the pitting seen in cycads. 

The gametophyte of Pachytesta hexangulata, described by Stewart 
(1951), also shows a short tentpole with three archegonia around it. Tbe 
carbonised cytoplasm of the egg, which measures 342 p X 525 p, is in 
the form of a network. 

CORDAITALES 

As early as 1879 Renault figured archegonia in CycadinocarpuS 
angustodunensis. Since tben Neely (1951) bas described tbe game to
phyte of Taxospermurn undulatum. This is raised into a low tentpole, 
with one spherical or elliptical arcbegonium on either side of it. A 
tentpole is also seen in the gametophytes of Cardiocarpus spinatlls 
(Andrews and Felix, 1952). One of these showed two jacketed arche
gonia having a maximum diameter of 500 ". Further details are not 
known so far. 
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CYCADALES 

There are usually 2-6 archegonia in an ovule. They occur singly 
and are restncted to the mIcropylar end of the prothaIlus (Text-FIg. I A). 
In Macrazamia reidle; (Baird, 1939) they are arranged in a circle around 
the apex. In some abnormal ovules two or three circles have been 
seen and many gametophytes belonging to a particular Cone shOlved 
a lateral group of 12-15 archegonia. The genus Microcycas is excep_ 
tional in having a very large number of archegonia (Reynolds. 1924). 
Not only do they occur at the micropylar end but also on the lobes 
sides and base of the gametophyte, and rarely even within the tiSSUe of 
the prothallus so as to open into the middle cleft. However, the 
micropylar archegonia alone are functional. 

The archegonium initial ceIl divides to form a primary neck cell 
and the central cell. The former divides antic1inally to form two Ileck 
cells. By the time the nucleus of the central cell is ready to diVide 
the neck celIs become very large and turgid, and project into the arche: 
gonial chamber (Text-Fig. I A, B) except in Microcycas, in which they 
remain small. Exceptionally four neck cells may be seen in MicrocYcas 
(Reynolds, 1924), Macrozarnia (Brough and Taylor, 1940) and Cycas 
(Swamy, 1948; De Silva and Tambiah, 1952), although in C. circi~alis 
Rao (1961) reports only two. In Zarnia umbrasa the presence of four 
neck cells seems to be a normal feature (Bryan and Evans, 1957), and 
in Encephalartos (Sedgwick, 1924) the original pair of neck cells lnav 
occasionally divide to give rise to several cells. ~ 

The central cell may grow for several months before its nUCleus 
undergoes the first division. In Zamia the division spindle is irllra
nuclear (Bryan and Evans, 1956). The egg of cycads is perhaps the 
iarges"( In ale prlmt llirrgu\mr, it's" ,T1l"O\eu" ",\rITe" k""Iirg " u'Jam",'q Of 
400-500 microns or more, The ventral canal nucleus moves up Into 
the neck of the archegonium where it soon disorganises, Occasion'llly 
however, it enlarges and simulates the egg nucleus. Sedgwick (l'l24) 
suggests that in Encephalartos such a ventral canal nucleus is capable 
of "fertilizing" the egg nucleus but this needs confirmation. In ZOmia 
umbrasa (Bryan and Evans, 1957) sometimes the egg and ventral c"nal 
nuclei are of a similar size; the latter often becomes variously lObed 
and may even fragment into smaller segments. De Silva and Taml,iah 
(1952) observed" protein vacuoles" in the mature archegonia of C.vcas 
rumphii which become more numerous after fertilization. 

Bryan and Evans (1956) report that in the egg nucleus of Zamio the 
chromosomes gradually contract into a globular mass which decreases 
in diameter from 15 microns to 6 microns, Another interesting feature 
observed by them is the modification of the. nuclear membrane in\o a 
reticulate pattern of ridges and furrows, and simultaneously theI'e is 
an extrusion into the cytoplasm of some globular bodies which are 
Feulgen negative, vacuolate and capable of limited growth. SUC:h a 
phenomenon has not been reported previously for any other Cycad 
but similar observations have been made on the large egg nuclei of 
certain lower animals. 
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CYCAOALES MICROCYCAS 

TEXT-FIG. I. A. B. Diagrammatic representation of the female gametophyte 
!lnd achegonium in Cycadales. C. L.s. gametophyte of Microc),cas sho~ing 
Irregularly arranged archegonia. D, E. Female gametophyte and archegonium 
of Ginkgo. 

GINKGOALES 

In Ginkgo there are two, rarely three or four, archegonia (Text-Fig. 
1 D). The initials appear very early, even before the gametophyte is 
fully cellular (Lee, 1 955; Favre-Duchartre, 1958). The primary neck ceJl 
divides to produce two and then four neck cells which become swollen 
and project above the surface. As the central cell enlarges, the adjacent 
cells form a well-organised jacket layer. According to Lee (1955) the 
dense cytoplasm and large nuclei of the neck cells suggest a secretory 
function. The central cell divides to form a small ventral canal cell and 
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the egg (Text-Fig. I E). Herzfeld (1927) occasionally found the ventral 
canal nucleus and egg nucleus lying side by side, and separated by only 
an incomplete wall. Favre-Duchar!re (1958) observed both starch 
grains and lipoprotein granules in the vacuoles distributed in the egg 
protoplasm. 

The nucleus of the central cell is extremely large and with the 
Feulgen stain it appears nearly colourless. Tn early stages the egg 
nucleus, formed from it, also reacts similarly except that the DjqA 
appears confined within a small globule. The quantity of DNA seems 
to be similar to that in a jacket cell nucleus (Lee, 1955). 

A few sterile archegonia have been observed in which the neck 
ceUs are present but the central cell fails to enlarge (Lee, 1955). 

CONIfERALES 

Pinaceae.-A large number of genera and species have been investi
gated (see Schnarf, 1933). The archegonia, one to seven in number, occur 
singly at the apical end of the gametophy!e (Text-Fig. 2 A, B). Rarely 
lateral archegonia have been observed in Pinus (Konar, 1960) and Tsuga 
(Sterling, 1948 b) as shown in Text-Fig. 2 C. Tn Pinus and Cedrus arche
gOllia may occur even at the chalazal end (Bell, 1925; Roy Chowdhury, 
1961). In Cedrus two superposed archegonia occur sometimes but 
lhe lower is then devoid of a neck. One gametophyte showed arche
gonia all over its surface although most of these were only imperfectly 
developed. 

The archegonial initials are superficial and the deep-seated appear
ance of the mature archegonia is due to the upward growth of the 
neighbouring cells of the prothallus. The neck consists of two to four 
tiers of four to eight cells each. In Cedrus atlantica ahe neck ceUs are 
arranged somewhat irregularly; according to Smith (1923) they may 
sometimes become multinucleate. 

The nucleus of the central cell moves up and takes a position just 
below the neck. Its division is intranuclear and a definite ventral canal 
cell is cut off (Fig. 2 B). This may either degenerate or persist for some 
time after fertilization. In Pinus roxburghii (Sethi, 1929) the chromo
somes at the upper pole may start degeneratin~ even before they acquire 
a nuclear membrane. In Cedrus atlantica (Smith, 1923), C. deodara 
(Roy Chowdhury, 1961) and Keteleeria davidiana (Sugihara, 1943) 
the wall between the ventral canal nucleus and the egg may sometimes 
break down so that the two nuclei come to lie together. In some 
species a few supernumerary nuclei have been seen at the apical end 
of the archegonium, but their origin is not clear. As pointed out by 
Hutchinson (1915) in Abies balsamea, it is probable that in such cases 
the ventral canal nucleus is also fertilized and subsequently divides to 
form a few free nuclei. 

The egg nucleus increases in volume and moves down to the centre 
of the cell. Many radiating fibres arise in the cytoplasm around it, 
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TAXODIACEA~ a 0 E 
TEXT-FlO. 2. A, B. Female gametophyte and archegonium in Pinaceae. 

C. Abnormal prothallus of Tsuga with four lateral archegonia. D. Gametophyie 
or_~ typical member of the Taxodiaceae showing an apical archegonial complex "ith 
a wmmon jacket. B. Single archegonim from the same showing a definite ventrJlI 
canal nucleus. F_ Gametopbyte of Seouoia, the archegonial complexes (ae) are in 
contact "'it h the lateral pollen tube (PI). 
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particularly on its upper side. The egg cytoplasm shows a number 
of "proteid vacuoles" which look like nuclei. Most authors agree 
that they have a nutritive function, and Ferguson (1904) calls them 
"nutritive spheres". Takao (1959), who made cytochemical studies 
of ti,e proteid vacuoles in tire egg of Pinus thunbergii finds that with 
the maturation of the egg they increase in number and their protein 
staining reaction reaches its peak just before fertilization. After ferti
lization their number declines and they disappear almost completely 
by the time the proembryos are formed. They cOlltain not only 
proteins but also nUcleoproteins and some polysaccharides. 

Shimamura (1956) states that in Pinus thunbergii the newly formed 
egg and ventral canal nuclei are Feulgen positive, but with increase 
in size the former becomes Feulgen negative. In the nucleus of the 
fertilized egg the portions contributed by the male and female nuclei 
are both Feulgen negative and only the Jine of contact is Feulgen posi
tive. In some fused nuclei, on the other hand, a positive Feulgen 
reaction was observed in both portions. This would indicate that 
the DNA disappears in the ventral canal nucleus as well as the male 
and female nuclei, but reappears in th,e zygote. 

Vazart (1958) studied the effect of different fixatives on the localiza
tion of nucleic acids in the archegonia of Pinus sylrestris and P. nigra. 
Of the four fixatives employed only acetic alcohol permitted a fair 
detection of RNA, although all enabled the identification of DNA 
by the Feulgen method. The distribution of RNA was studied by 
staining with Unna's mixture.' During the growtll of the archegonia 
there was a notable increase of the ribonucleoproteins which were 
abundant in the cytoplasm and the nucleoli of the egg as well as the 
jacket cells. No DNA could, however, be detected in the nucleus of 
the central cell until the time of its division. During the course of 
division the chromosomes were distinctly stainable. In telophase 
the chromosomes of the ventral canal nucleus retained their stain
ability but not those of the egg; the latter were again recognizable when 
the nuclear membrane became organized. 

r n Pinus a large circular space appears in the egg cytoplasm just 
below the neck. This is referred to as the" receptive cavity", because 
it receives the contents of the pollen tube. 

Taxodiaceae.-The majority of the genera have an apical archegonial 
(complex in a COmmon jacket (Text-Fig. 2 D), but a few have lateral 
archegonia (Text-Fig. 2 F). The number of archegonia varies consider
ably, and rarely the archegonial complex occupies a basal position. In 
Cunninghamia sinensis (Miyake, 1910) there is a ring of 13-16 arche
gonia around an apical mass of sterile tissue. Sciadopitys (Tahara, 

1 TI1IS is a m}tilyl gr~Jll-pyrof1in stain for the detection and estimation of RNA. 
The various cel1 constituents stain from pink to red according to the concentration 
of RNA. The chromosomes stain light to dark green according to the concentra-
tion of the nucleic acid (Darlington and LaCour. 1960). / 
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1940) differs from the other genera of the family in having no arche
gonial complex; the four or five archegonia are arranged singly. 

In Sequoia, Sequoiadendrol1 (Looby and Doyle, 1942) and Athro
taxis selaginoides (Brennan and Doyle, 1956) the pollen tubes grow 
along the side of the female gametophyte (Text-Fig. 2 F). The pollen tube 
swells after coming in contact with the pro thallium and produces an 
invagination in the latter. The number of archegonial groups usuall~ 
corresponds to the number of pollen tubes. The archegonial initials 
are definitely superficial and not deep-seated as reported previously 
by certain authors. As a rule they are produced only in contact with 
the pollen tube and their number varies from 16 to 36. 

There are 2-16 neck cells in Taxodium ; 4 in Cryplomeria, Sciado
pitys, Cunninghamia and Sequoiadendron ; and 2 in Sequoia and Athro
lax is. In Sequoia (Buchholz, 1939; Looby and Doyle, 1942) and 
Atltrotaxis (Brennan and Doyle, 1956) the ventral canal nucleus is 
not produced regularly. In Sequoiadendron (Looby and Doyle, 1942) 
also its occurrence is probably not a regular feature. A definite ventral 
canal nucleus is observed in Taxodium, Sciadopit]ls and Cunninghamia 
(Text-Fig. 2 E); in Cunnin!(hamia it is ephemeral, while in Taxodium 
and Sciadopitys it may divide to produce a few nuclei. 

Cupressaceae.~ The archegonia are found in compkxes which 
are usually apical in the Cupressineae and lateral in the Callitrineae. 
Some forms also show gradations betweeu the two lypes. Among 
comparatively recent records, Thuja occidentali, (Martin, 1950) shows 
an apical complex with 5-7 archegonia; in C. funehris (Banerjee. 
1959) there are 10-17; in Chamaecyparis pisifera (Sugihara, 1938) 
5-17; in Biota orientalis (Singh and Oberoi, 1962) 15-28; and in 
Thujopsis dolabrata (Sugihara, 1939) 7-9. 

In Callitris verrucosa there are numerous archegonia forming a 
lateral complex. Two complexes organise when two pollen tubes are 
present (Looby and Doyle, 1940; Baird, 1953). In Widdringtonia 
cupressoides, Moseley (1943) found 25-100 archegonia. One group 
abuts on the swollen tip of the pollen tube but several additional groups 
occur near its upper part. The latter are said to be deep-scated and 
devoid of any neck cells. In W. fUlliperoides (Saxton, 1934 b) the arche
gonia sometimes extend along almost the whole length of the prothallus 
and their number goes up to 200. 

In Filzroya cupressoides (Doyle and Saxton, 1933), which seems 
to be intermediate between the Callitroideae and the Cupressoideae, 
there is usually an apical archegonial complex but there is a strong 
tendency towards the formation of lateral archegonia. 

As a rule there 'is a 4-celled neck, but in Actinostrobus (Saxton, 
1913 a) and Fitzroya (Doyle and Saxton, 1931) there are only 2 cells. 
In Cupressus funehris there are 4-8 cells in two tiers (Banerjee, 1959), 
while in Thujopsis there are 8 cells in a single tier (Sugihara, 1939). 
In Callitris, Widdringlonia and Biota the neck cells disappear just before 
or at the time of fertilization. 

BM B 
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Shortly before the division of the central celt, peculiar aster-like 
bodies called" Strahlungszentren" and" asteroids" have been observed 
in the cytoplasm in Juniperus communis (Noren, 1907: Nichols, 1910; 
Mathews, 1939), Fitzroya (Doyle and Saxton, 1933), T!Juja (Land, 1902) 
and Tetradini, (Saxton, 1913 b). They may be two or more in number, 
and at least one of them is always associated with the nucleus of the 
central cell. Some investigators consider that the asteroid is res
ponsible for producing the spindle fibres for the mitosis of the central 
cell nucleus ("e Mathews, 1939). Tn Juniperus virfliniana (Mathews, 
1939) it is produced just three days before fertilization and is generally 
evanescent. At times it may persist as in Tetraclinis (Saxton, 1913 h), 
and in Ca/litris it may even divide (Looby and Doyle, 1940). In Biota 
(Singh and Oberoi, 1960), Fit=roya (Doyle and Saxton, 1933) anct 
Thujopsis (Sugihara. 1939) the asteroid may sometimes occupy a lateral' 
position. 

Land (1902) believes that in T!Juja occidentalis occasionally both 
the ventral canal nucleus and the egg nucleus may become fertilized. 
The probability of such an QccurrenCe is strengthened by his finding 
a group of four or eight nuclei at the upper end of the archegonium. 

In Juniperus (Mathews, 1939) and Thujopsis (Sugihara, 1939) 
numerous proteid vacuoles begin to appear at the time of the division 
of the central cell but are never as conspicuous as in the Pinaceae. 
Several" paranuclei" have been seen in the egg of Cupressus funebris 
(Banerjee, 1959); one of them, of a rather large size, is invariably found 
associated with tl\e egg nucleus. 

[n those members of the Cupressaceae which have lateral arche
gonia the pollen tube grows along the side of the gametophyte and 
travels down to about one-third or half of its length. The tube 
definitely lies outside the megaspore membrane and never penetrates 
the prothallus, althouglj it may appear falsely so by the subsequent 
growth of the prothallial tissue. 

Araucariaceae.-The archegonia are confined to the upper half 
or one-third of the gametophyte. Although apparently sunken they 
probably arise as usual from superficial initials which later come to lie 
at a lower level as a result of the upgrowth of the gametophytic cells 
(Text-Fig. 3 A). In Araucaria the archegonia are oriented in a ring 
around the apex of the prothallus while in Agothis they form three 
groups-a small terminal cluster and two uneven encircling croWns 
at short intervals. There is a tendency towards the formation of an 
archegonial complex for sometimes the archegonia are closely adjacent 
without intervening sterile cells. The number of archegonia varies 
from 3 to 25 but not all mature or become fertilized. 

The neck is dome-shaped (Text-Fig. 3 A, B) and comprises about 12 
wedge-shaped cells in a single tier. These are so compact and their 
walls so thick that the pollen tube enters from a side. Frequently the 
entire neck is shed. In Araucaria the neck cells leave a narrow passage 
in the centre. 
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ARAUCARIACEAE 

PODOCARPACEAE 
TEXT-Flo. 3. 'A, B. Female gametophyte and archegonil m in Araucariaccae. 

C. Female gamctophyte of a member of the Podocarpaceae, tbe dOlled area repre
sents a cone of smaller cells. D.E. Female gamcfophyte and archegoniLm in 
Taxaceae. F. Gametophyte of Torre),(! taxi/alia with a single apical archegonium. 

An ephemeral venlral canal nucleus (Text-Fig. 3 B) bas been seen in 
Ago/his (Eames, 1913; Ghose, 1924) being always cut orf towards one 
side. Burlingame (1914) failed to observe any ventral canal l1ucleu~ · 
in A raucoria. 
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Podocarpaceae.-There are 2, rarely 3, archegonia in Podocarpus 
andinus (Looby and Doyle, 1944) and P. nivalis (Boyle and Doyle, 1953); 
1-3 in Dacrydium colensoi (Stiles, 1911); 2-6 in Pherosphaera hookeriana 
(Elliott, 1950); 3 in Saxegothaea (Looby and Doyle, 1939); 2 in 
Phylloc1adus glaucus (Holloway, 1937) and probably also Acmopyle 
(Sahni, 1920). Usually they lie singly but at times neighbouring arche
gonia have a common jacket layer and occasionally there is no jacket 
at all. The distribution of archegonia approaches that in Cunninghamia 
where they form a ring with a common jacket and surround a central 
mass of sterile tissue. In M icrocachrys letragona (Lawson, 1923 b) 
there is a complex of 5 or 6 archegonia with a common jacket layer. 

The range in the number of neck cells is shown by the following 
examples: 4 in Phyllocladus (Holloway, 1937), 4 or 8 in Pherosphaera 
(Elliott, 1950); 6-10 in Saxegothaea (Looby and Doyle, 1939); 5 or 6 
(rarely in two tiers) in Podocarpus nivalis (Boyle and Doyle, 1953); 
and 10-15 in P. andinus (Looby and Doyle, 1944). 

The division spindle of the central cell is obJiq ue in Podocarpus 
nivalis (Boyle and Doyle, 1953), and consequently the ventral canal 
nucleus lies on one side. Normally evanescent! it sometimes persists 
until fertilization and may even undergo some enlargement. 

The mature archegonium is generally long and narrow with a taper
ing base (Text-Fig. 3 C). Three kino plasmic masses were observed in 
the central cell of Podocarpus nivalis. Of these the upper becomes 
denser and the egg nucleus moves into it. 

Taxaceae.-Therc are 4-8 archegonia in Taxus canadensis (Dupler, 
1917); 6-25 in T. cuspidata (Sterling, 1948 a); 3-5 in Austrotaxus 
spicata (Saxton, 1934 a); 2-5 in Torreya cal!fornica (Robertson, 1904) 
and only I in Torreyo taxi/olia (Text-Fig. 3 F) (Coulter and Land, 1905). 
In Taxus cuspidata (Sterling, 1948 a) the archegonia are arranged in a ring 
around the invagination produced by the pollen tubes (Text-Fig. 3 D). 
When there are two or more gametophytes in the same ovule, as is some
times observed in Taxus (Dupler, 1917) and Austrotaxus (Saxton, 
1934 a), in the upper gametophyte the archegonia may develop towards 
either the chalazal or the micropylar end, while in the lower they are 
placed normally and abut directly on the pollen tube which grows bet
ween the two gametophytes. In Taxus cuspidata (Sterling, 1948 a) 
some of the archegonia are said to be hypodermal. A few are super
posed and are presumed to be derived by the periclinal division of a 
single initial. The internal archegonia generally lack neck cells. Each 
archegonium has its own jacket but there is some tendency towards 
the formation of an archegonial complex. 

The neck comprises 4-6 cells in Torreya cali/ornica; 2 in T. laxi, 
folia; several in Taxus canadensis; 2-4 in T. cuspidata; and 16 in Austro
laxus spicala. In the mature archegonium the neck cells are flattened 
and inconspicuous. 

[n Torreya taxifolia (Coulter and Land, 1905) and Taxus canadensis 
(Dupler, 1917) the nucleus of the central cell has not been observed to 
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divide; probablY the cell functions directly as the egg (Text-Fig. 3 E). 
In Taxus cuspidata, according to Sterling (1948 a), the ventral canal 
nucleus is H rarefy if ever formed '-', In Austrotaxus spicata a ventral 
canal nucleus has not been seen, although Saxton (1934 a) believes 
that it is probably present as in other gymnosperms. 

Cepfra/otaxaceae.-ln Cephalotaxus drupacea there are 2-5 arche
gonia situated singlY at the micropylar end of the gametophyte (Singh, 
1961). The neck comprises 2-5 celis. In unfertilized ovules two equal 
nuclei are sometimes seen in the archegonia, in addition to the ventral 
canal nucleus. These are probably the products of a parthenogenetic 
division of the egg nucleus (Favre-Duchartre, 1957). In the cytoplasm 
of the archegonium, Singh (1961) found the usual "proteid granules" 
which are probably the same as the "sonderophilic granules" of 
Favre-Duchartre. 

EPHEDRALES 

The number of archegonia varies from I to 6 and these are usually 
arranged singly at the micropylar end of the gametophyte. Mahesh
wari (1935) reported an example of the existence of two archegonia 
within a common jacket in E. Joliata and Narang (1956) gave examples 
of the occurrence of archegonial complexes in E. campy/opoda, E. torrey
ana, E. alte, E. distachya, E. sinica and E. americana. In E. forreyana 
and E. distachya there are 4-8 archegonia in a complex, and 2 or 3 in 
E. americana. ,In E. alte the occurrence of an archegonial complex 
is specially common and separate archegonia are less frequent (Text-Fig. 
4 A). Rarely, lateral archegonia occur even in the lower half of the 
female gametophyte, either singly or in groups, in E. campy/opoda, 
E. sinica, E. fa/iota, and E. afte (Text-Fig. 4 A). 

It is difficult to count the exact number of neck cells since they 
merge into the adjacent prothallial tissue. Maheshwari (1935) reported 
30-40 in E. foliata. Narang (1956) found a neck of 9-12 tiers of cells 
in E. sinica; 8-10 tiers in E. americana, E. alata, E. torreyana, and 
E. foliata; 6-8 tiers in E. campy/opoda and E. distachya; and 4-5-tiers 
in E. alte. . 

The nucleus of the central cell divides as usual into the egg and 
ventral canal nuclei. Berridge and Sanday (1907) suspected an amitotic 
division of the ventral canal nucleus but this has not been confirmed 
by other workers. Normally the nucleus begins to degenerate SOOn 
after it is formed but Herzfeld (1922) and Khan (1943) report that in 
E. campylOl.>oda and E. fo/iata it may even get fertilized and divide to 
produce a' few ephemeral daughter nuclei which simulate the pro
embryonal nuclei but soon degenerate and disappear. 

W EL WITSCHIALES 

In Welwitschia (Pearson, 1929) the cells belonging to the micro
l'y1ar re\lion of the gametophyte contain several larl,le nuclei. Th~ 
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EPHEDRA 
AllE 

8 
WELWlTSCHIALES 

C 
GNETALES 

TBXT·Flo. 4. A. Apical and lateral archegonial complexes in the gametophyte 
of Ephed,.a a/te. B. L.s. nucellus of Welwitschia ; the embryo-sac tubes (1'1) are grow
ing upwards, and the pollen tubes (pI) are growing downwards. C. Gamctophyte 
of G"elum; egg cells (ec) are differentiating under the stimulus of tile pollen tube. 

cells begin to grow up toward the micropyle in the fonn of 
slender tubes. The cytoplasm and nuclei also migrate in the same 
direction so that the lower parts of the cells become almost empty. 
These tubes grow out through the wall of the gametopbyte into the 
nucellus, and have been designated by Pearson as "embryo-sac tubes" 
(Text-Fig. 48). Each tube grows independently of the rest and most of 
them continue to elongate until a pollen tube is encountered. The 
nuclei in an embryo-sac tube lie close together in early stages, but later 
they become arrang~d in a row. The nucleus which lies foremost is 
likely to become fertilized. 

GNETALES 

In Gnefum there is nothing comparable to the archegonia of other 
~yrnnosperms. . Thompson (1916), Fagerlind (1941) Land Sanw&l 
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(1962) observed that in Gnetum gnemon after a pollen tube comes in 
contact with the embryo-sac one or two of the free nuclei in its vicinity 
become conspicuous by their larger size. These are the egg nuclei; 
the cytoplasm around them becomes denser and more striated. In 
G. ufa (Vasil, 1959) there are a few groups consisting of half a dozen 
cells situated in the upper, nuclear part of the gametophyte. In each 
of these groups one or rarely two eggs differentiate after the entry of 
the pollen tube (Text-Fig. 4 C). 

CONCLUSION 

None of the gymnosperms has any neck canal cells in the arche
gonium, although a ventral canal cell and neck are present. There 
is a tendency towards shortening of the neck and elimination of the 
ventral canal cell. Many gymnosperms have no ventral canal cell 
but only a nucleus, and in a few conifers even the nucleus has not been 
seen. 

The archegonia are usually situated towards the micropylar end 
of the gametopl-yte but this is not always so. In M icrocycas their 
arrangement is irregular. In Sequoia and Widdringtonia, where the 
pollen tube follows a lateral course, the archegonia also show a lateral 
position. Exceptionally such lateral archegonia are found in many 
conifers and even in Ephedra. 

In Wefwitschia and Gnetum archegonia are eliminated completelY. 
Welwitsclda shows the formation of emoryo sac tu/Jes which grow 
upward and meet the pollen tubes. In Gnetum certain free nuclei 
become differentiated as eggs. Ephedra differs from both these genera 
in having normal archegonia with a large neck, and as in conifers lateral 
archegonia have also been reported in some prothalli. 

On the basis of this study the view that Ephedra stands apart from 
Welwilschia and Gnelum and is closer to the conifers than to these genera 
appears to be well founded. 
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ORIGIN OF GYMNOSPERMS-RECENT 
EVIDENCE 

By K. R. SURANGE 

Birbal Salwi Institute of Palaeobotany, Lucknow 

FOSSIL HISTORY of gymnosperms dates back far into the geologic time, 
covering a span of more than 300 million years. Their origin still 
remains an unsolved riddle. The gymnosperms are supposed to have 
come by way of ferns and two fairly distinct major lines of evolution, 
Phyllospermae and Stachyospermae (some recognise more), have been 
recognised by many workers. These lines remain distinct as far as 
the fossil records go. 

Pteridosperms and Cordaitales were undoubtedly the first among 
the gymnosperms to appear on the face of the earth. The first sure 
records of seeds are from the Lower Carboniferous. This was perhaps 
the age when gymnosperms came into existence. However, by this 
time the seed structure was so much advanced that it suggests a 
Devonian origin for the gymnosperms. 

During the later part of the Devonian, heterospory was either 
established or was in the process of being established in a number of 
diverse phyla. It appears that the seed habit was also developed some
time during this period; distinguishing the higher plants from the' 
spore-producing members. Thus it follows that the plants of this age 
are likely to give us some indication about the origin of gymnosperms. 

The Devonian period is usually divided into the Lower, the Middle 
and the Upper. The plants of the Lower Devonian (and perhaps also 
of the Silurian) were small and simple. The landscape must have been 
covered with small straggling vegetation with no trees or shrubs. The 
plants consisted simply of dichotomising vascularized axes with their 
terminal branches carrying sporangia. The branching of the axes was 
accomplished in different ways. With varying differentiation of the 
different parts of the sporophytes, there resulted a diverse assemblage 
of plants. The well-known examples are Psilophyton, Cooksonia, 
Taeniocrada, Trimerophyton, Hedeia, Zosterophyllum, Protobarinophyton 
Pectinophyton, Gosslingia and others. Some forms are more evolved 
than the others and show rudiments of leaves. However, we are not 
concerned with these at the moment. 

As we pass on to the Middle and the Upper Devonian, a marked 
change is evident in the plant life. Among the small herbaceous plants 
there appear on the landscape some arborescent forms with well-deve
loped secondary wood having gymnospermous characters. No dOUbt, 
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our knowledge of the reproductive structures of many of these is very 
scanty, but at least some have come to be known better in recent years 
and have for the first time given us a glimpse of rather unusual plants 
comt,ining both gymnospermous and pteridophytic characters. They 
are evidently important from the Jloint of origin of gymnosperms. 

The plant Eospermatopteris bearing Aneurophyton type of leaves 
is one such case in point. The plant is fairly well known from the 
Middle and the Upper Devonian rocks of Germany and New York. 
It is a tree of about 40 feet height with a loose crown of fronds. 6 to 9 
feet long. The stump with numerous slender roots radiating out is 
bulbous in shape, up to 3 feet in diameter, and quickly tapers to a more 
slender trunk. The stumps have been found as casts and nothing is, 
therefore, known of their internal structure, except a coarse reticulate 
pattern on the stem casts suggesting the characteristic cortical fibre 
strands found in the later pteridosperms. 

The foliage attributed to Eospermatopteris has been shown to be 
that of Aneurophyton (KraUsel and Weyland. 1935). It is a thrice 
pinnate frond with ultimate ramification that is little more than a 
dichotomising termination of the branch system. This type of frond 
or the branch system appears to be derived from the psilopsid type 
of dichotornising axes. However, the rachis consists of a central 
triangular core of primary wood surrounded by secondary wood com
posed of tracheids with numerous series of circular bordere<;l pits and 
tall uniseriate rays. It has been shown that the larger stem and its 
small branches are similar in structure. 

Some of the dichotomously forking ultimate branches terminate 
in ovoid bodies, 6 mm. long, which were originally thought to be seeds, 
but have now been shown to be sporangiate organs. The sporangia, 

. like the leaves, are indicative of psilophytic origin. However, the 
solid primary xylem surrounded by compact secondary wood indicates 
pteridospermous affinities. 

So here we have a plant showing unmistakable gymnospermous 
characters in internal structure but at the same time, according to the 
evidence available at present, reproduced by cryptogamic method. 

We can take another Upper Devonian plant, Tetraxy/opteris 
schmidtii, described by Beck in 1957. The plant attained a height of 
about 9 feet. and consisted of a stem to which were attached spirally 
arranged fronds m branch systems. The sterile frond had a mono
podial axis consisting of a rachis and three lesser orders of axes with 
bilobed ultimate divisions. The branching was opposite or sub
opposite and decussate. The fertile fronds bore large terminal ex
annulate sporangia in their apical portion, again suggestive of 
psilophytic origin. They have no specialized means of dehiscence. 

The primary xylem is (etrarch with mesarch protoxylem. Both 
secondary xylem and secondary phloem occur in the stem. The 
secondary xylem consists of tracheids and numerous uniseriate or muJtj
seriate rays of varying heights. The pits on the tracheidal walls are 
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circular, bordered and alternate, usually hexagonal and crowded like 
the araucarian pits. The presence of extensive amount of true secondary 
xylem is a strong pteridospermic character in this plant. However, 
the reproduction is still by cryptogamic method. 

Beck (1960 a) made another astonishing discovery of a specimen 
showing Archaeopteris and Callixylon in organic connection. These 
two are among the most widespread and well-known Devonian genera. 
Archaeopteris is based on large vegetative and fertile bipinnate com
pound leaves, and is commonly believed to be a fern. Callixylon 
(Arnold, 1930) is based on large petrified stems and roots with compact 
secondary xylem and is, therefore. placed in Cordaitales. 

In accordance with the rules of priority the whole plant is now known 
as Arehaeopteris (Beck. 1960 b). It was a large tree, about 60 feet tall, 
with lateral branches bearing large spirally arranged bipinnate leaves. 
The axis discovered by Beck in organic connection belongs to the species 
Callixylon zalesskyi. The pith is small, septate and surrounded by 
primary mesarch bundles. The secondary wood is, for the most part, 
of the coniferous type and consists of tracheids and uni- or biseriate 
rays. The tracheids have multiseriate bordered pits, segregated in 
groups on the radial walls. The wood is thus similar in organization 
to that of Cordaites. 

The fronds are large bipinnate with a strong striated central rachis 
having primary branches bearing wedge-shaped pinnules. Sporangia are 
attached to the pinnules and have no special mechanism of dehiscence. 
The spores have a remarkable similarity to the pteridosperm genus, 
Crossotheea, and in fact the leaves as such are comparable to those of 
the pteridosperms in their general morphological features. 

It may be pointed out that in the attached specimen only one kind 
of spores have been found; nevertheless, some of the species of 
Arehaeopteris . have been known to be heterosporous (Arnold, 1947). 

A tree closely related to Callixylon is Pitys and is known from 
the Lower Carboniferous. Another is Arehaeopitys with a single 
species known from the Upper Devonian of Kentucky. It has a 
secondary wood like that of Callixylon with multi seriate pitted tracheids 
and rays. Yet another is Palaeopitys (Kidston and Lang, 1923) from 
the Middle Devonian. It has a secondary wood very similar to that 
of Protopitys. Walton (1957) has recently described a heterosporous 
fertile specimen of Protopitys-P. scotica. This genus has a stem of 
gymnospermous type, but the fertile specimen shows sporangia borne 
terminally on the ultimate divisions of the frond. There is no distinct 
annulus. Some sporangia bear large spores (1471'}. some bear small 
(821') ones and still others have spores of intermediate size. Here, 
it seems heterospory was in the offing. 

In addition to the above, there existed other plants with secondary 
wood of gymnospermous type. Beyond that we do not know anything 
about them as yet. 
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From the foregoing account it becomes fairly evident that during 
the Devonian time, prior to the emergence of true gymnosperms, there 
were present several distinct and highly evolved phyla of plants of 
arborescent habit with gymnospermous internal structure but with 
cryptogamic reproduction. They perhaps became extinct before the 
Upper Carboniferous. Are these the ancestors of gymnosperms? 
As stated earlier, the available evidence suggests that heterospory was 
being established in a number of phyla during the later part of the 
Devonian. Perhaps the seed habit was also being evolved about the 
same period. This must have given a distinct advantage to some 
of the arborescent plants over the other small) herbaceous) spore
producing members. 

That brings us to the question, how must have the seed originated? 
There is the telomie concept in which it is supposed that one sporangium 
(fertile telomc) became surrounded by sterile telomes which fused 
together to form the integument. • 

Professor Andrews (1961) has recently given another concept which 
he terms • nucellar modification concept'. He starts from the mega
sporangium of Stauropteris burntislandica described by me (Surange, 
1952). This megasporangium is rather unusual. It has an elongate 
body and a tapering apex with a minute opening. More than half of 
its lower portion is sterile, while the upper portion is hollow and con
tains two megaspores. A slender vascular strand runs through the 
sterile portion, indicating the most extensive vascularization of any 
fern or fern~like sporanglum, It obviously is not an ordinary sporan
gium, but it is not a seed either. Andrews derives the seed from 
such a sporangium through the following stages: (I) reduction of 
two megaspores to one and an increase in size of the latter, (2) sinking 
of the megaspore towards the basal part of the sporangium, and (3) the 
displacement of the vascular strand and its divisiop into two or more 
bra!,ches which grow up around the megaspore. 

From this point two possible lines are postulated by Andrews. 
With slight modification of sporangium wall and apex as well as the 
vascularization of the nucellus, the medullosan type of seed is reached. 
With somewhat extensive modification or specialization of tissue in 
the peripheral wall of the megasporangium, a seed of lyginopterid type 
results. 

While this scheme does offer an explanation for the vascularization 
of the nucellus in the Medullosan seeds and the apparent fusion of 
integument and nucellus of the Iyginopterid seed, there still remains 
a big gap between heterospory and the seed habit. We still have to 
find evidences for the intermediate stages in the evolution of a seed 
in the fossil record. 

Coming back to the groups of plants showing both gymnospermous 
as well as pteridophytic characters, it appears very likely that they 
comprise the ancestral complex from which major groups of gymno
sperms had evolved (see Beck. 1960 b). 
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Beck (1960 b) has in fact proposed a new class-Progymnospermop
sida-for grouping such plants together. Under this he includes 
Aneurophytales (Aneurophyton, Eospermatopteris, Tetraxyiopteris), 
Protopityales (Prolopilys), and Pityales (Pitys, Archaeopteris, 
Caliixyion, Archaeopitys). I am sure, as our knowledge progresses, 
some more plants will be added to this class. 

The class Progymnospermopsida includes plants which appear 
as likely ancestors of gymnosperms. In a number of morphological 
characters they arc remarkably similar to the two groups of gymno· 
sperms, viz., Pteridospermales and Cordaitales which most probably 
represent the Cycadophyte and Coniferophyte lines of gymnospermous 
evolution. Also, certaill primitive features of these groups suggest 
that Progymnospermopsida are descended directly from some 
Psilophyte·like ancestors. 

It follows that there is no necessity to consider any group of ferns 
as ancestors of gymnosperms. The true ferns appeared much later, 
probably in tI,e Lower or the Upper Carboniferous time. It is true 
that stratigraphic sequence is often of limited use, yet its importance 
cannot be minimised. A true fern is yet to be discovered from the 
Devonian, although it is probably correct that the fern line was also 
in the process of being evolved perhaps from simple Psilophytalean 
type of plants or from some other stock at the same time when gymno· 
sperms were also evolving. 
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POLLEN GRAINS OF EPHEDRA AND 
WELWITSCHIA AND THEIR PROBABLE 

FOSSIL RELATIVES 

By D. C. BHARADWA] 

Birha! Salmi 1m/ilute '?! Palaeobotany, LJI(ku)w 

INTRODUCTION 

AMONG the living gymnosperms. the order Gnetales with its 3 genera
Ephedra, WellVitschia and Gnetum-has been of considerable academic 
interest in the past. The morphological individualities of these genera 
have given rise to phylogenetic speculations .as well as controversies 
and taxonomically they have taxed the imaginations of many syste
matists who have suggested various methods of subgrouping them. 
The last in this line has been the suggestion to put each of these genera 
into a separate order, viz., Ephedrales, Welwitschiales and Gnetales 
(Eames, 1952, sensu stricto). 

An important factor contributing to the confusion in the syste
matics and phylogeny of Gnetales (sensu lato) has been the lack of their 
significant fossil history. As opined by Seward (1919), the paucity 
of fossil Gnetales is " the result of the imperfection of the geological 
record and the difficulty of distinguishing between fragmentary remains 
of Gnetalean genera and vegetative or reproductive organs of similar 
external form belonging (0 other plants". Seward (1919) believed that 
_, in view of the morphological features characteristic of the present 
members of the Gnetales and the geographical distribution of the species 
of Ephedra, Gnetum and Welwitschia, it would seem safe to conclude 
that the absence of fossil forms is not explicable on the bypothesis of 
a recent origin of the group". . 

In recent years, fossil pollen grains closely comparable to those 
of Ephedra and Weilritschia have been observed in sedimentary rocks 
of various ages extending to Permian. This lends support to the above
mentioned observations of Seward. 

The pollen grains in the three living genera are fairly distinguishable 
from each other. However. in Ephedra and Weilritsrhia, the longi
tudinally striated, oval, nOll-saccate pal1en grains are very characteristic 
and are unlike all others (excepting Spathiohyllum-Araeeae) known 
from any living or fossil plant. Tn Gnetum the circular, finely spiculate 
pollen grains, without any germinal mark) are not so distinctive 
because comparable forms also occur in a number of conifers. 

BM 9 
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DESCRIPTION 

Ephedra lo/lata Boiss.-Mature pollen grains broadly oval. ends 
pointed with a rounded contour, exine thick; structureless, thickest 
at the ends, bearing 9-18 psi late, longitudinal ridges separated from 
each other by a groove. Ridges mostly with well-defined wavy to 
straight vertex and grooves straight but faintly apparent (Plate VI, 
Figs. l. 2). Ridges normally meeting at the pointed ends but occasionally 
also meeting before reaching the ends (Text-Fig. I). Transverse section 
of nearly mature pollen grain more or less circular with 9-18 tooth
like projections (the ridges), each WIth an acute apex and a broad base. 
contiguously arranged over a thin, glistening layer of exine overlying 
a darker lining layer (Plate VI, Figs. 2, 3). Ridge exine in fully mature 
pol1en grains seen with a cavity inside due to separation of sexine from 
nexine (Plate Vr. Fig. 2; Text-Fig. 2). 

Immature pollen grains oval and ridged like the mature pollen grains 
but smaller in size, ridges rounded at apex without a defined apex, and 
grooves more prominent optically. In a transverse section ilbmature 
pollen grains showing a hemispherical outline with one side of the grain 
straight or even depressed a little (Plate \11. Figs. 3, 4). 

Acetolysed, mature pollen grains oval and ridged, sexine always 
closely appressed to the nexine. sexine without structure (Plate Vl. 
Figs. 5-13). Ridge vertex straight(Plate VI, Figs. 5,7) or wavy (Plate VI, 
Figs. 6, 8-10, 12). Certain grains so folded as to appear niono
colpate (Plate VI. Figs. 8-13). 

Tetrads tetragonal (Plate \If, Fig. 14), the four pollen grains being 
vertically grouped together. 

Olher species oj Ephedra.-Steeves and Barghoorn (1959) have 
studied the pollen grains of most of the living species of Ephedra. In 
general, the pollen morphology of E. joliata described here agrees with 
that of the other species of Ephedra. However. Steeves and Barghoorn 
(1959) find the pollen morphology in the genus slightly varied, falling 
into four categories based upon variation in the nature of the ridges. 
According to these authors, their Ephedra-pollen-types A, Band C 
possess mostly distinct colpi (germinating grooves) at the base of each 
furrow between the ridges but those of type D do not show any distinct 
col pi; the sexine being extremely thin in the furrows. 

Fossil Ephedra-like pollen grains.-The earliest recognition 
of a fossil pollen of Ephedralean affinity was done by WOdehouse 
(1933) from the Eocene of Green River Formation. The resemblance 
of this dispersed grain was so complete with Ephedra pollen th"t it was 
referred to as Ephedra eocenipiles by Wodehouse. Subsequently 
Wodehouse (1935) recognised Ephedra pollen in Pleistocene of Kashmir. 
Thiergart (1938) described a Gnetalean pollen grain from Mi0cene as 
Gnetaceaepollenites ellipticus creating a new genus for dispersed 
eph~droid fossil pollen grains .. Kirchheimer (1950) has described ephe
drold pollen grams from Ohgocene. ThlOrgart (1944) has likened 
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some pollen grains recovered from Upper Cretaceous (Paleocene 
strata) to Ephedra and Cookson (1956) reports Ephedra type of pollen 
grains from Paleocene to . Eocene of Tasmania and Australia. 
Bolkhowitina (1953) has descnbed, from a cretaceous formation, ribbed 
pollen grains similar to those of Ephedra or Welwitschia, but has named 
them as We/l1'itschiapites. Kuyl, Muller and Waterbolk (1955) 
describe Ephedra strobila.'ea type of pollen grains fr0111 Upper 
Cretaceous of Venezuela as well as Nigeria. Steeves and Barghoorn 
(1959) describe an ephedroid pollen grain from Cretaceous. Scott 
(1960) considers striated, longish-oval pollen grains from the Upper 
Triassic of Arizona as dose}y similar to those of Ephedra. Jansonius 
(1961) has described a number of striated non-saccate pollen grains 
comparable to cphedroid organisation from the Lower Triassic of 
W. Canada and has assigned them to Gnetaceaepollellites (including 
Ephedripiles BolkllOW'). Wilson (1959) has illustrated a number of 
non-saccate, striated pollen grains from Middle Permian of U.S.A. and 
has referred them to Ephedripites. Recently, I (Bharadwa], 1962) have 
described some striated non-saccate pollen grains (comparable to those 
of Wilson, 1959)from the Upper Permian of Raniganj Coalfield (Plate VI, 
Figs. 15-18). These grains are broadly oval with structured and longi
tudinally striated exine, the striations sometimes bifurcating and joining 
adjacent ones. Between the striations the ridges are low and rounded 
without any distinct vertex or a crest. The characters of these grains 
answer best the circumscription of the dispersed spore genus 
Welivitschiapiles Bolkhowit. 

Welwitschia mirabilis Hook.-Mature pollen. grains longish oval 
with rounded ends (Plate VIT, Figs. 19,20) in polar view but with pointed 
ends in lateral view (Plate VII, Figs. 21, 22). In polar view, colpus 
distinctly seen, slightly biconvex in shape and extending to full length 
of the grains. The lips of the colpus thickened and dense. Exine 
thick, structureless, bearing 16~2S longitudinal striations, demarcating 
round-topped ridges. In transverse section (Text-Fig. 3; Plate Vll, 
Figs. 21-23) the grain variously cup-shaped with two halves. The 
free end of each half fairly thick and longitudinally striated on both 
faces as well as frequently bent away from that of the other half. 
Approaching the middle of the grain closer to th" sulcus floor, each 
flap longitudinally striated only on the outside. sexine as thick as around 
the free edge but on the inner side it being non-striated and thinner 
(Text-Fig. 3). Between the walls the cytoplasmic contents scanty and 
alveolar. 

. Immature pollen gmins longish-oval in polar view with broadly 
pOinted, rounded or truncate ends (Plate v lI. Figs. 24-26). In lateral 
vIew (Plate VII, Fig. 27) the grains spindle-shaped with colpus-bearing 
SIde mOre buldging and the exine drawn out like a spout at the ends. 
Longitudinal striations on the exine crossing over the edge of the 
s[lout and converging to meet a little backwards in the colpus (Text
FIg. 4). Besides longitudinal striations, a large number of closely 
spaced. stnatIons present and appearing to run across the length of 
the gram (Plate VII, Figs. 31-33). These cross-striations tending to become 
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faint and even obliterated at some places in mature grains. As seen 
in a transverse section, colpus made up of two, smail, raised up flanks 
with a broad floor where the sexlne is very thin, almost invisible (Text
Fig. 5; Plate VII, Figs. 23, 28-30). The inner cavity of the grain filled 
copiously with granular cytoplasm. Exine structureless with only 
two distinguishable layers: the outer hyaline, and the inner opaque. 
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TEXT-FIGs. 1-7. Figs. 1-2. Ephedra folia/(/ Boiss. Fig. 1. A, B, Brar.ched 
ridges in PQiar and sljghtly oblique views respectively, Mar.eshwai slide (I), Fig. 
2. T.s. mature pollen grain; Maheshwari slide (1). Figs, 3-5. We/wit.schia 
mirabilis Hook, fig 3, A-D. T.s. mature polk:n grains Ma"'.estwRIi slide (0). 
Fig. 4, Pt»)i);r vicw showing the e)(tcllt of co/pus and the convergir;g strj,!licrs on 
the spout. Maheshwari slid.e (b). Fig. 5. A-C. T.s. immature pollen grair.s wjth 
bigger ccl] c~1Vities, MatJeshwnri slide (b). Figs. 6~7. Welwitschia mirabihs Hook. 
Acetolyscd grains in pclar vicw. Fig. 6. Striatior.s with vertical com:ectillg stria
tions. Fig. 7. Wrinkl{!d sex icc and ttc colpus. 

Acetolysed grains broadly oval, usually with the sexine irregularly 
loosened from the pollen grain to a varying degree (Plate Vll, Figs. 34-
38). Sexine bearing longitudinal striations as well as a few to many 
vertical striations irregularly connecting the longitudinal striations (Text
Fig. 6; Plate VII, Fig. 36). Colpus usually not to be made out but for 
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the occasional folds of the loose, inflated sexine (Text-Fig. 7; Plate VII, 
Figs. 37, 38). 

Fossil pol/en grains related to We:witschia.-Monocolpate, longi
tudinally and cross-striated pollen grains as described here for 
WelwitscMa have not been frequently reported in fossil condition. 
Kuyl, Muller and Waterbolk (1955) describe a grain from Middle 
Cretaceous ofIraq as of Ephedra trobilacca type but it shows a distinct 
longitudinal colpus and could more reasonably be a Welwitschia type. 
Decus satisporites L.eschik (1955) is monocolpate but the exine is c16sely 
striated only at right angles to the length of the grain (Plate VII, 
Fig. 35) as has been described here in immature grains of Welwitschia. 
Decussatisporites is descrjbed from Triassic horizon. Recently Bharad
waj and Salujha (under preparation) have discovered some longi
tudinally as well as cross-striated monocolpate pollen grains (Plate Vlf, 
Figs. 39, 40) from the Upper Permian of Raniganj Coalfield. Morpho
graphically, the closest approach of these pollen grains is to Welwitschia. 
Balme and Hennelly (1956) have described longish-oval, monocolpate, 
longitudinally striated pollen grains from the Permian of Australia 
as Marsupipollenites s';nuosus (Plate Vll, Fig. 41), now transferred by me 
to Gnelaceaepol/enites (Bharadwaj, 1962). This corresponds, in 
general morphology, to the pollen grains of Welwitschia. Some other 
monocolpate grains with strongly structured exine (Plate VII, Figs. 42, 
43), and Vitlatina as well as some saccate pollen grains having body 
exines bearing horizontal and vertically connecting striations from Upper 
Permian of Raniganj Coalfield (Bharadwaj, 1962), may also be probable 
relatives of Welwitschia. 

DISCUSSION 

The pollen grain in Ephedra is organizationally a polycolpate grain, 
as every groove between the ridges is structurally a potential germinal 
furrow or colpus. As is apparent from a study of these pollen grains 
in various stages of maturity) polycolpate organization is differentiated 
early. Normally the germination of the pollen grain in Ephedra occurs 
by a split along only one of the colpi as is known in the case of E. aft;s
sima (Berridge, 1909) or E. joliata as well as E. gerardiana (Mehra, 
1938) where the split extends a little on the other side also. Structurally 
all colpi are alike so that prior to germination it is not possible to tell 
which colpus will split. However, among acetolysed pollen grains of 
E. joliata, some acquire monocolpate appearance, apparently due to 
the collapse of the wall following loss of inner contents rather than the 
presence of any organizational characteristic suggestive of a mono
colpate condition. On the other hand, the pollen grain in Wellvitschia 
possesses only one col pus differentiated early during its development. 
The thinner exine at the base of the colpus in Wehvitschia suggests, 
as also observed by Strasburger (1892), that the col pus is functional 
and for that reason the rest of the pollen wall converges to protect this 
germinal furrow. This monocolpate condition in Wehritschia is also 
a primitive feature shared by Cycadopsida, It is thus apparent that 
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the polycolpate and monocolpate condition present a difference, bet
ween Ephedra and Welwitschia, of a fundamental nature, connected 
with the important process of their germination. This organisational 
difference in the pollen grains of these genera has also been marked by 
Wodehouse (1935), Cookson (1956) and Wilson (1959). 

The pollen grains in Ephedra as well as Welwitschia have longi
tudinally striated exine. In the former genus the ridges as well as the 
furrows are mostly well defined, with characteristic undulating or zig
zag patterns and the grooves in furrows are the colpi. On the ot},er 
hand, in We{~vitschia the ridges are low and the furrows are mere notches 
bct\veen two adjacent ridges and being not connected with germination 
of the pollen grain, are only of ornamentational significance. 

Striated exine similar to that of Wehrilschia pollen also occurs in 
the central bodies of the saccate pollen grains of Latc Palaeozoic to 
Middle Mesozoic ages (Bharadwaj. 1962). This similarity and the 
occurrence of reduced or vestigial sacci in some specimens of the latter, 
led Tchigouriaeva (1954) to postulate the origin of Wellrilschia type 
of pollen grain from the horizontally striated saccate pollen grains 
of the Permian. However, he failed to comprehend the importance 
of the difference in the direction of the colpus with reference to tIle 
direction of the striations between the two. Thus. a direct derivation 
of one from the other seems improbable. On the other hand, the 
similarity in the nature of striations between them indicates some phylo
genetic nearness, as if due to common ancestry, 

It is apparent that on grounds of pollen morphography Ephedra 
and We/wi/scllia are unrelated to each other, the similarity in the striated 
nature of the exine between these genera being of a superficial nature. 
This fact is also supported by differences exhibited by these genera in 
floral morphology, male and female gamctophytcs, ovule and seed 
structures as wen as stomatal apparatus and the cuticle. Whereas in 
respect of these features Ephedra shows nearness to prlmitive conifers 
and Cordaitales (Pearson, 1929; Eames, 1962), Welwitschia points 
to Bennettitales as its close relatives (Pearson, 1929; Florin, 1931). 
In this regard the monocolpate nature of the pollen grains, common 
to Wehl'i/schia and Bennettitales, is an additional evidence,· 

SUMMARY 

The pollen grain of Ephedra folia/a Boiss is described in detaiL 
Its exine consists of a number of ridges with intervening furrows, each 
with a groove which is supposed to be a potential colpns. Fossil pollen 
grains comparable morphographical1y wtih those of Ephedra are traced 
to Permian strata. 

The pollen grains of Welwilschia mirabi/is Hook., having striated 
exine, are described in detail and shown to be rnonocolpate with a 
structurally defined colpus. Fossil pollen grains resemblIng those of 
Welwitschia are traced back to Permian age. 
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It has been shown that pollen grains of Ephedra and Welwitschia 
are polycolpate and monocolpat~ respectively and thus fundamentally 
dIfferent from each other. The slmllanty In the longitudInally striated 
nature of the exine of the two genera is of a superficial nature. In 
pollen morphology, Welwitschia is close to Bennettitales. 

I am extremely thankful to Prof. P. Maheshwari for the loan of 
slides containing sections of pollen grains of Ephedra and Welwitschia 
and to Prof. G. Erdtman for the slide containing acetolysed pollen 
grains of Welwitschia. 
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EXPLANATION OF PLATES VI & VII 

PLATE VI 

FIas.1-14. Ephedra fa/iata Boiss. FJOs, 15-18, Ephedra-like rolltn graim, 
AU figures, x 500. 

FIG. 1. Pollen grains in various views (microtome sections) ph. No. 246/32. 

FIG. 2. Pollen grains in various positions (microtome sections) Ph. No. 246/35. 

FlO. 3. T.s. immature pollen grain, Ph. No, 246/29. 

PIG. 4. Immature pollen grains. Ph. No. 246j34. 

FIG. 5. Acetolysed large pollen grain with straight ridges and grooves, Ph. No. 
246/25. 

FIG. 6. Acetolysed small pollen grain with Vlavy ridgc-clcst. Ph. No. 246/19. 

FIG. 7. Two acctolysed pollen grains in different foci. Ph. No. 246/22. 

FIGS. 8-10. Acetolysed pollen grains in polar and lateral views and in succes-
sive foci. Ph. Nos. 246/11-13. _ 

".: 
FIG. 11. A pollen grain in lateral, optical section. Ph. No. 246/20. 

FIos. f2, 13. Two acetolysed poI1en grains in polar and lateral views, the latter 
simulating a monocolpate appeanmce in successive foci. Ph. Nos. 
246/15, 16. 

FIG. 14. A pollen tetrad and an adjoining pollen grain with mOllocoipate appea
rance. Ph. No. 246/37. 

FlGs.15-18. Ephedra-like pollen grains from Upper Permian of Raniganj Coal
field. Ph. Nos. 135/29. 106. 110/7, 168/18. 

PLATE VII 

FIGS. 19-33, 35-38. Welwitschia mirabilis Hook. Figs. 34, 39-43. 
pollen grains related to Welwitschia. Fig. 35, X 365; all others, 
x 500. 

FIGS. 19-20. Mature pollen grains in polar view. Ph. No. 246/6, 7. 

FIG. 21. Mature pollen grain in lateral view and in t.s. Ph. No, 246/8, 
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FIG. 22. Mature polien grains in lateral and oblique twnsvcrse views. Ph. No. 
239/20. 

FlO. 23. T.s. mature polien grains. Ph. No. 246/10. 

FIGS. 24-27. Immature pollen grains in various views. Ph, Nos. 245/5, 245/3, 
245/3, 239/2. 

FIG. 28. Immature pollen grains in lateral and transverse views. Ph. No. 245/4. 

FIGS. 29, 30. T.s. immature pollen grains. Ph. Nos. 245/10, 245/9. 

FIGS. 3J-33. I!l1n:wture pollen grains showing horizontal striations at successive 
focI. Ph. Nos. 239/31, 30, 29. 

FIGs. 35-38. AcetoJyscd poHcn grains showing striations and colpus in various 
views. Ph. Nos. 245/11, 247/19, 246/3, 247f19. 

FlO. 34. 

FIGS. 39, 

DecHssatlspofties, Genotype sketch after Potorie, 1958. 

40. Pollen grains possibly related to Decussatisporites from Raniganj 
Stage, India, Ph. Nos 180/161. 

FIG. 41. Gnetaceaepollenites sinuosus (B. & H.) Bharad. from Raniganj Sta~e 
(Uppder Permian), India, Ph. No. 147/22. 

FIGS, 42, 43. Pollen grains possibly related to Welwitschia frem Ranigarj Stage 
(Upper Permian), Ph. Nos. 158/1,165/35. 
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CYTOGENETICAL EVOLUTION IN THE 
GYMNOSPERMS 

By T. N. KHOSHOO 

Post-Graduate Department 0/ Botany, Jafnmll and Kashmir University 
Naseem Bagh, Srinagar, Kashmir 

THE basic cytogenetical processes of evolution in the gymnosperms 
are gene mutations, hybridization, karyotypic alterations, polyploidy 
and apomixis. Out of these, the most apparent, but not necessarily 
the most important, type of evolutionary process is the karyotypic 
alteration. This will be dealt with first. 

KAR'iOTYPIC ALTERATIONS 

A detailed survey of karyotypic alterations as evolutionary factors 
in this group has already been presented elsewhere (Khoshoo, 1960, 
1961). Only the important conclusions will be presented here. 

Except for Cycadaceae (x = 8, 9, II, 13) and Podocarpaceae 
(x = 9-13, 15, 17-19) a single basic number can be recognised in the 
remaining II living families of the gymnosperms: Ginkgoaceae 12, 
Araucariaceae 13, Pinaceae 12, Taxodiaceae II, Sciadopityaceae 10, 
Cupressaceae 11, Cephalotaxaceae 12, Taxaceae 12, Ephedraceae 7, 
Welwitschiaceac 21 and Gnetaceae 22. If, however, the karyotypic 
c\lolut1on in Podocarpaceae ha~ been unidirccti.ona1, then most of the 
karyotypes in the family can be derived from 10 metacentric, or 20 
telo- or sub-telocentric chromosomes, depending upon whether frag
mentation or fusion has been the physical basis of evolution. The 
inference can, therefore, be drawn that Podocarpaceae is also mono
basic. The multibasic nature of Cycadaceae is understandable because 
it is an antique family and has seen a 10t of vicissitudes during the course 
of its evolution. The present-day genera are regarded as the terminal 
points of a long and a continuous series. The links have perished and 
it is therefore not possible to interrelate the various numbers. 

Usually the familial distinction is based on gain or loss Of a chromo
some. This is clear by taking the example of conifers. If it is true 
that the basic number of the Coniferales is 12, then Araucariaceae 
(x =13) arose by the addition of a chromosome, Taxodiaceae and 
Cupressaceae (x = 11) arose by the loss of a chromosome, and 
Sciadopityaceae (x = 10) also arose by further loss of a chromosome. 

The genera within a family (except for Cycadaceae and Podoear
paceae) have the same chromosome number and are at a homoploid 
level. The notable exceptions within Pinaceae (x = 12) are Pseudo/suga 
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(x = 13) and Pseudolm'ix (x = 22), and in Taxaceae (x = 12) are 
Torreya and Amenlolaxus (in both, x = 11). Out of these, the high 
number in Preudolarix can be relegated to 12 metacentrics because 
the composition of its karyotype is 2 metacentrics + 20 telo- or sub
teloccntrics. If we view karyotypic evolution within Podocarpaceac 
in terms of the number of chromosomal arms (Robertson's law), then 
most of the genera can also be relegated to the same basic number. 

Basikaryotype is generaHy constant within general except jn 
PodocaJ'pus and Docrytijum. J11 these genera basikaryotype is constant 
within some sections, but if we apply the revised interpretation, then 
the basi karyotype is constant in the entire genera. 

Groups of genera within a family resemble in karyotype and often 
on morphological and also genetical grounds these genera are very 
close and form compact taxonomica1 aHiances. Examples are: 
Ceratozamia-Zamia (Cycadaceae), Picea-Tsuga (Pinaceae) and 
Cupressus-Chamaecyparis (Cupressaceae). 

Species within a genus differ in absolute chromosome length and/or 
number, nature and location of secondary constrictions and satellites. 
Some interspecific and probable intraspecific hybrids show that the 
species are differentiated by segmentat interchanges and cryptic structural 
hybrid'ty. 

Intraspecific differences, though nearly of the same nature as the 
interspecific differences, are relatively of a minor character. However, 
both inter- and the intraspecific differentiations show that the rigidity 
in similarity of karyotypes, ascribed to the gymnosperms earlier, is not 
present in the absolute sense. 

Decrease in chromosome number and absolute chromosome size 
in conifers appears to be correlated with the phylogenetic advancement. 
This is clear from the comparison of Pinaceae with Taxodiaceae and 
Cupressaceae. The former has l2 long chromosomes, while the Jatter 
two families have 11 smaller chromosomes. Furthermore they are 
phylogenetically more advanced than the former. 

Increase in karyotypic asymmetry js often characteristic of genera 
that show specialization in morphology in their respective evolutionary 
series. This is true to a varying extent in the case of Cycas, Microcycas, 
Ginkgo, Pseudolarix. Welwitschia, etc. In the last genus probably all 
the chromosomes appear to be telocentric (Khoshoo and Ahuja, 1962) 
which fact goes very well with its specialized morphology. 

The various factors responsible for the karyotypic evolution are: 
unequal translocation, segmental interchanges., peri- and paracentric 
inversion and cryptic structural hybridity. The karyotypic repatterning 
exercises its genetic effects because it leads to reshuffling in the linkage 
groups. Out of the new gene sequences, those with an adaptive value 
are preserved and further moulded. It is in this manner that the 
karyotypic repatterning exercises its evolutionary effects. 
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GENE MUTATIONS AND HYBRIDIZATION 

Tn the ultimate analysis all changes revolve round changes in gene 
arrangement and structure. The karyotypic alterations are one way 
by which new gene arrangements can be brought about. The point 
becomes clear from the fact that Taxodiaceae (x = II) has not evolved 
from Pinaceous ancestors (x = 12) merely by the loss of a chromosome. 
but that the differences are more fundamental in character and extend 
to their very genes. This is how the role of gene mutations comes in. 
There are, however, no data to show that gene mutations contribute 
to evolution as soon as they arise, but initial1y they add to the" gene 
pool". Then the new mutations are recombined in various ways with 
the already existing variation to produce new adaptive systems on which 
natural selection acts. For this reason the role of hybridization also 
comes in, and the two processes (gene mutations and hybridization) 
are not mutually exclusive. 

Cross-pollination coupled with the lack of double fertilization 
in gymnosperms increase the chances for hybridization. Recent work 
on conifers. in particular on Pinus (Duffield, 1952), shows that within 
a genus, hybridization is very easy among members of a series and in
creasingly difficult between members of two series or sections. It is 
almost impossible between two subgenera. 

Cytological studies on hybrids have shown that meiosis is nearly 
regular resulting in 50-60% normal poJlen and the secd fertility is even 
higher (cf Sax, 1960, etc.). The hybrids arc usually vigorous. This 
renders the task of both breeder and nature very easy. From such 
hybrids new adaptive systems Can arise by recombination. Such 
systems in gymnosperms, particularly in conifers. can get stabilized 
principally through two ways. These are: selection from amongst 
the segregating progeny and introgression. 

There are now enough data for angiosperms to support the fact 
that new stabilized taxa can arise out of the segregating progeny from 
illterspccific hybrids in response to particular selective factors. In 
gymnosperms. we have a fine example in the genus Abies (Mattfcld. 
1930; Stebbins. [950). Abies borisii-regis has arisen as a result of 
ancient hybridization between A. alba and A. cephafonica. The former 
grows in northern and western part of the Balkan Peninsula and 
extends southward to northern boundary of Greece. Abies cephafonfca 
grows in the mountains of Central and Southern Greece. Both these 
species are present in the purest form in these regions. However, the 
intermediate populations constituted by A. borisii-regis are found in 
North-Eastern Greece and parts of Bulgaria. A logical explanation 
supported by the fossil evidence put forward by Maltfeld is that 
A. horisii-regis arose sometimes in Pleistocene when A. alba was pushed 
southward and came in contact with A. cephalonica. The two hybridized 
and the stabilized hybrid segregates have persisted since then. 

The second way in which the products of hybridization can be 
stabilized is introgression. An excellent example of allopatric intro-



EVOLUTIONARY TRENDS lN GYMNOSPERMS 139 

gression is available in the genus Juniperus (Hall, J952). In this case 
pure and typical J. virgilliana occupies the central core (Kentucky and 
Tennessee) of its distributional range. This region has remained stable 
both geologically and floristically. On its periphery, the species has 
come in contact with 4 different species namely, J. barbademe in south
east, J. ashei in south-west, 1. scopulorum in north-west and J. horizontalis 
jn north. Furthermore, 1. virginiana has given rise to four different races 
or subspecies at the points of contact, which have been shown by Hall to 
be the result of introgression of J. virginiana into fOUT species surronnd
ing H, illtrogression has also been reported among the species of 
Pinus. 

Due to introgressioll. a species becomes po{ytypic as has happened 
in J. virginiana. The taxonomic work on conifers is replete with such 
polytypic species. Furthermore, there are several cases 1n which natural 
species hybrids have been recognised by taxonomists as good species. 
It is, therefore, reasonably clear \,hat hybridization has played an 
important role in the evolution of the gymnosperms. 

POLYPLOIDY 

The role of polyploidy in evolution of gymnosperms has been 
evaluated by Khoshoo (1958, 1959). Only the most pertinent points 
will be brought out here. Polyploidy has been encountered in isolated 
seedlings and trees in Qtherwise strictly diploid species. There are 
very few species and genera which arc of polyploid constitution. 

Polyploid seedlings and trees are always found in nurseries, farms 
and estates. All these habitats are characterized by the fact that there 
is no competition and 1n fact of late breeders have been focusing their 
attention on these aberrants. We have no such cases reported in the 
wild populations. 

Regarding the second category of polyplolds, we have 12 Cases 
(Larix gmelinii, Sequoia sempervirens, Juniperus chinensis-pjitzerianu, 
J. squomata-meyeri, and eight species of Ephedra). It is evident that 
polyploids are so rar totally unknown in Cycadales, Ginkgoales, 
Welwitschiales and Gnetales. [n Coniferales about 1·8% and in Ephe
drales 44· 4% of the species are polyploid. On the whole, gymnosperms 
have 4·5% polyploids. These figures are very low in comparison to 
angiosperms and pteridophytes. The reasons for the lack of poly
ploidy have been discussed earlier by Khoshoo, and here only principal 
facts will be brought out. 

There are reasons to believe that the ratio between the nuclear 
size and the cell-size has reached an "upper limit" (Darlington, 1937) 
In gymnosperms. With polyploidy the number of chromosomes 
multiplies but cell-size doe~ not increase proportjonately. Therefore, 
change jn the ratio is detrimental to growth processes which cannot 
proceed normally in polyplOids. 

A proof for this contention is available. All the seedlings and 
trees of natural and artificial polyploid origin in gymnosperms are short, 
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stumpy and very ,low growing, It is unlikely that seedlings and trees 
with such characteristics can be a success in nature, where for any niche 
opened for colonization there are hundreds of competitors. As such~ 
only fast growing individuals would be at a selective advantage, 

The other reason advanced by Khoshoo (1958, 1959) was that in 
gymnosperms there is evidence of an ecospeciftc differentiation between 
the compatible taxa, As such polyploids resultiJ<g from the hybrids 
involving even morphologically distinct species will be largely aut<l- or 
segmental alloploid in constitution, That such polyploids have been 
unable to diverge into perfect alloploids is clear from the fact that even 
though polyploid seedlings constantly arise in nature, yet polyploidy 
is rare in this group, Polypi aids with such cytogenetical properties 
will have very small chance of survival, particularly because of their 
being poor competitors and lack of vegetative reproduction and agamo
spermy, It is well known that the latter features are very useful in 
averting the bottle neck of the initial sterility, 

ApOMIXIS 

Following the classification of Gustafsson (1946), apomIXIs is 
distinguished into vegetative reproduction and agamospermy, Strictly 
speaking, vegetative reproduction is known only in some cycads and in_ 
Ephedra. Regarding agamospcrmy there are doubtful reports in two 
species namely, Pinus pinaster (Saxton, 1909) and Pseudotsuga menziesii 
(Allen, 1942; Orr-Ewing, 1957), It has been suspected to oCCur only 
in unpollinated cones, The probable mechanism for agamospermy, 
as believed by these workers, is either adventive embryony or, what 
appears to be more plausible, the fertilization of the egg nucleus by 
the ventral canal nucleus. In titerature there are several suggestions 
for the latter process, The gymnosperms are well worked out embryo
logically, and it is strikingly clear that agamospermy has not been found 
so far as a normal feature in any species. This is an interesting point 
and needs some explanation which will be put forward elsewhere, 

CONCLUSION 

The foregoing short survey reveals that in gymnosperms much of 
the cytogenetical evolution has taken place through gene mutations, 
hybridization and karyotypic changes, Polyploidy and apomixis have 
played negligible or no role at all. 

A more detailed discussion of the cytogenetical evolution in gymno
sperms will shortly appear elsewhere, 

REFERENCES 

'" ALLEN, G. S. 1942. P<lrtheflocarpy, parthenogenesis <llld self-sterility of Douglas~ 
fir, J, Por. 40: 642-44, 

Darlington, C. D. 1937. Recent Advances ill Cytology. London. 



EVOLUTIONARY TRENDS IN GYMNOSPERMS 141 

DUfFIELD, J. W. 1952. Relationships and species hybridization in gu.~s Pil ~'s. 
Z. FOfStgeneJic v. Fon,lpfianzenzuchtung, 1: 93-97. 

GUSIAFSSON, A. 1946. Apomixis in higher plants. 1. The mecnanism of. aro~ 
mixis. Lunds Arssker. N,F. Avd. 11, 42: 1-67. 

HALL, M. T. 1952. Variation and hybridization in Juniperus. Ann. Mo. bot, 
Gdn. 39: \-64. 

KHOSHOO, T. N. 1958. Cytological invcstjgations on some conifers aT.d natuHd 
polyploids in some angisoperms. Doctoral Thesis, Panjab Vniv.) Chandig<uh. 

----. J 959. PolypJoidy jn gymnosperms. EI!olufion 13: 24-39. 

---, 1960. Cytogenetical evolution in the gymnospcrms-karyo1Yrc. Pl'oc. 
Summer School Bot. India (Darjeciing). 119-35. 

---. 1961. Chromosome numbers in gymnosperms. Silwle Genetica 
10: 1-9. 

-- ANI) AHUJA, M. R. 1962. The karyotype in Welwitschia mirabilis. Nature, 
Lond. (In press). 

>\< MATIFELD, J. 1930. Ober hybridogene Sippen der Tannen. B:blicgr. bot., Stuttgart 
25: 1-84. 

OR.R-EWING, A. L. 1957. Possible occurrence of viable unfcItilized seeds in 
Douglas-fir. For. Sci. 3: 243-48. 

SAX, K. f960. Meiosis in interspecific Pine hybrids. For. Sci. 6: 135-38. 

SAXTON, W. T. 1909. Parthenogenesis in Pinuspinaster. Bot. Gaz. 47: 406-09. 

STeSBINS, G. L. 1950. Var;al;ofl aNd EYolnlion if! Plall/s. New York. 

'* Not consulted in original. 

au 10 



XYLOTOMY OF THE GYMNOSPERMS 

By C. G. K. RAMANU.1AM 

Nizam College, Hyderafod 

IN his classification of the gymnosperms Arnold (l94S) has discarded 
the traditional taxon Gymnospermae and instead, clubbed the various 
orders of gymnos.perms into three divisions of equal rank, viz., 
Cycadophyta-including the pteridosperms, CycadeoidaJes and Cyca
dales; Coniferophyta-including the Cordaitales, Coniferales and 
Ginkgoales; and Chlamydospermophyta represented by Gnetales. 
Johansen (1951) and Andrews (1961) while agreeing in principle with 
Arnold, have replaced the taxon Gymnospermae by an even greater 
number of phyla ar divisions, vic., the Pteridospermophyta, Cycadophyta, 
Ginkgophyta, Coniferophyta and the Ephedrophyta (Gnetophyta). 
For xylotomical purposes it would perhaps be more convenient to 
retain Ginkgoales under Coniferophyta and then deal with four major 
groups of equal rank, riz., Pteridospermophyta, Cycadophyta, Coni
ferophyta and Chlamydospermophyta. 

It is proposed to study the structural specialization of xylem of 
the above four groups, one after the other. Because of the lack of 
truly comprehensive data regarding the ,tructural variability of the 
wood structure and also due to instances of convergent or parallel 
evolution, one should be rather cautiou, in utilizing the xylotomical 
characters in the discussions pertaining to the classification and 
phylogeny of the diverse gymnosperms. 

Pteridospermophyta.-A very uniform feature of the stems of these 
primitive gymnosperms is that the volume of the wood produced is 
quite meagre because of the sluggish activity of the vascular cambium. 
It is obvious that in these archaic plants the woody tissue is incon
spicuous and concerned mainly with the function of conduction. In 
these plants the cambial activity thus seems to have been something 
of a 'new improvement' (Andrews, 1961). 

The primary wood of these plants is mesarch and in weli-preserved 
specimens shows scalariform, bordered and transitional type of pitting. 
The secondary wood is manoxylic and does not show any seasonal 
growth. Xylem parenchyma is absent as a rule. The only elements 
of the wood then, are, the vertical tracheids and the horizontal xylem 
rays. 

The tracheids are quite large (72/, in Lygillop/eris oldhamia, 1281' 
in Medul10sa sp.) and probably the largest in gymnosperms (Andrews, 
1940). They are further unique in being extremely long (6-24 mm.) 
(Bailey and Tupper, 1918). Both the radial and the tangential facets 
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of the tracheids are often profusely pitted. It is interesting to note 
that the tangential pitting is commonly present in such primitive forms 
as Tetrastichia and species of Heterangium and sporadic in the highly 
advanced types like Medul/osa and Sutcliffia. Jeffrey (1917) was of the 
opinion that the tangential pitting in the gymnospermous woods deve
loped only in the Mesozoic era and that there was a definite correlation 
between its origin and the appearance of growth rings. However, the 
OCCllrrence of distinct tangential pitting in the Palaeozoic pteridosperms, 
which did not possess any seasonal growth, indicates that this type of 
pitting was not new to the Palaeozoic gymnosperms and that its origin 
was not necessitated by the appearance of the growth rings. 

The highly characteristic radial pitting is of an unspecialized type. 
The pits are small, numerous, multiseriate and crowded, covering the -
entire radial facets of the tracheids. They are angular, variable in size 
and shape and irregularly seriated in contradistinction to the regularly 
aligned vertical rows in the cordaitean and other woods. Palin
genetically, this reticulate-bordered pitting is considered to be the primi
tive type for the mctaxylem and the secondary tracheids of the pteri
dosperms. No scalariform pitting has been observed in the secondary 
xylem of this group. However, since we do not know the xylotomy of 
all the diverse pteridosperms discovered so far, the possibility of finding 
such a type of pitting in the future xylotomical studies of these plants 
cannot be ruled out. 

The xylem rays constitute the most important elements of the 
pteridosperm woods. Tn general, the rays are very high (well over 
1·5 em.) and broad (4 to 12 or more seriate) and heterogeneous 
(Andrews, 1940). As seen tangentially the sides are nearly parallel. 
Low uniseriate rays are very rare. The multiseriate rays often anas
tomose with the tracbeides in a zig-zag manner to form large systems 
of composite or aggregate rays. The ray cells are thin-walled, smooth, 
unpitted and angular. 

When all the significant features of xylotomy of these plants are 
taken into consideration, it would appear that it is of a unique and 
very unspecialized type among the gymnosperms. This is, as it should 
be, in conformity with the extremely low and un specialized organi
zation (both exomorphic and endomorphic) of the vegetative and re
productive organs of this group of plants. 

The wood structure of the pteridosperms differs very much from 
that of Cordaitales, their palaeozoic contemporaries. One may safely 
conclude that xylotomically they show little or no relationship with 
the latter. 

Cycadopizyta.--The stems of these plants possess a large pith, wide 
cortex and a meagre amount of xylem. Except in the species ~f Buck
landia and Salillioxyloll (Bose, 1953; Bose and Sah, J 954) seasonal 
growth is usually absent. 

The primary wood of the stems is always endarch and the transi
tional zone between the primary and early secondary tracheids i.s quite 
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broad (Bierhost, 1960). The primary wood shows scalariform pitting 
in the transitional zone. Subsequently the wood comes to have 
numerous, multiseriate, circular bordered pits in vertical rows. 

The seconclary wood is manoxylic but in Bucklandia and Sahnio
xylon it is dense and pycnoxylic. The tracheidal elements, although 
longer than those of the conifers and Gnetales, are shorter and narrower 
than those of the pteridosperms. The radial pits in most of the extant 
Cycadales are large, multiseriate, circular and alternate or opposite. 
In the Mesozoic Cycadeoidales, however, the tracheids are mostly 
scalariformly pitted. It may be of some significance to note that 
Sahnioxy/on, a recently created genus of cycadeoidean woods (Bose 
and Sah, 1954), shows both scalariform and circular, multiseriate radial 
pits. 

The xylem rays are either small and extremely narrow (1-2 seriate) 
as in most of the extinct cycadeoids, or fairly long and broad (3-6 
seriate) as in many extant Cycad ales (Greguss, 1955). The rays are 
parenchymatous, homogeneous with rounded to oval cells, the horizontal 
and tangential walls of which are thin, smooth and unpitted. Accord
ing to Greguss (1955) this condition represents the lowest step in the 
evolutionary ladder of the xylem ray development. At this juncture, 
it may be mentioned that in pteridosperms too, the rays are primitive 
i.e., they are thin-walled, smooth and unpitted. 

Some of the Cycadophyta, viz., the Cycadales, show a fair amount 
of xylem parenchyma. This tissue, however, does not represent a 
conspicuous element of the secondary xylem of the CycadeoidaJes. 

The xylem of Cycadophyta shows many similarities with that of 
pteridosperms, but can be distinguished from the latter in some 
important details of its tracheidal elements (both primary and secondary) 
and xylem rays. With Coniferophyta and Chlarnydospermophyta, 
however, there seems to be little or no xylotomical relationship, barring 
a few exceptions. 

Coni[erophyta.-The Coniferophyta including the palaeozoic 
Cordaitales, Lebachias (Voltziales), Coniferales and Ginkgoales 
possess a very characteristic type of wood structure. The indefinite 
cambial activity in Coniferophyta seems to have been a character that 
was acquired and established early in the evolution of this group. 

With the exception of a rew Cordaitales, the primary xylem is 
endarch. The transitional zone between the helical elements of the 
primary wood and the first pitted elements of the secondary wood is 
fairly broad in the Cordaitales and Ginkgoales (BaIley, 1925; Bierhost, 
1960). Because of the complete elimination of the scalariform type 
of pitting and the early appearance of the circular bordered pits in the 
developmental sequence, the primary wood of Coniferales and 
Ginkgoales is usually considered to be of a highly specialized type 
(Bailey, 1925). [n the Palaeozoic Cordaitales, however, scalariform 
pitting has been reported to be present in the primary wood (Seward, 
1917). 



EVOLUTIONARY TRENDS IN GYMNOSPERMS 145 

It is generally contended that the circular bordered pits of the 
metaxylem and of the secondary tracheids of the Coniferales and 
Ginkgoales originated phylogenetically from the scalariform pits by 
the 'breaking up' process. Bierhost (1960), however, suggests that 
the circular bordered pits in the conifers and Ginkgo developed indepen
dently of the scalariform bordered pits. 

In Coniferophyta the tracheids are long in Cordaitales and short 
in Coniferales (Bailey and Tupper, 1918). No scalariform pitting 
is present in the secondary xylem. The radial pitting, although exhibiting 
a good deal of variation, may be broadly grouped into two more 
or less distinct types, the cordaite-araucarian and the abietine~n. The 
former is characteristic of the palaeozoic Cordaitales, Lebachias and 
the modern Araucariaceae (Seward, 1919; Florin, 1951; Greguss, 
1955). The latter, though very well represented in Pinaceae, is also 
met with in various other families of Coniferales and in Ginkgo. 

Among the myriad types of pitting in gymnosperms, Boureau 
(1949) has distinguished three principal stages in their evolutionary 
development, viz., (I) the primitive multiseriate type of Palaeozoic 
era (cordaitean pitting), (2) the uniseriate type appearing early in the 
Mesozoic era, and (3) a lately developed, over-evolved multi seriate 
pitting now represented in the Araucariaceae. The relative evolutionary 
specialization of the araucarian and abietinean types of pitting and their 
bearing on the phylogeny of Coniferales has been and is still a very much 
debated problem (Grambast, 1960). Jeffrey (1917) and his associates 
regarded the abietinean type of wood (hence Abietineae) as the most 
ancient and primitive type and the araucarian type of wood as repre
senting the highly advanced modern type derived from the former. 
Gothan (1905), Thomson (1913), and more recently Greguss (1955), 
on the contrary, considered the araucarian wood to be the most primitive 
among the Coniferales, as it is closely related to the Palaeozoic cordai
tean and lebachian woods. Among the fossil conifers. the araucarian 
type of wood is the older one (Krausel, 1932). We may as well extend 
this to the entire gamut of the Coniferophyta in view of the available 
palaeobotanical evidence (e.g., the Devonian Pitys and its allies). The 
cordaite-araucarian type of wood structure goes back to the Devonian, 
while the abietinean type of wood did not become widespread until 
the Triassic period. 

Xylem parenchyma is represented in some of the Coniferophyta, 
e.g., Cupressaceae, Taxodiaceae, Podocarpaceae, Pinaceae, etc., as 
either diffuse resinous cells or groups of epithelial cells surrounding 
the resin canals (Greguss, 1955; Krausel, 1949; Sahni, 1931; Ramanu
jam, 1953, 1954). Xylem parenchyma is absent in the Palaeozoic 
Cordaitales, V oltziales, the modern Araucariaceae, Taxaceae and 
Ginkgoaceae. The solitary, smooth-walled parenchyma cells probably 
represent a simpler type than the pitted ones, particularly where the 
latter have developed into vertical resin ducts. According to Jeffrey 
(1925) and Takhtajan (1959), wood parenchyma originated during 
the Jurassic period and was correlate\l with the appearance oftbe annual 
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rings. However, there are many Palaeozoic forms, viz., Ca/Uxylon 
erianum (Arnold, 1947), Megalomyelon myriodesmon (Cribbs, 1940) 
and Dadoxylon sp, (Arnold, 1947), which do not possess any xylem 
parenchyma despite exhibiting distinct seasonal growth. 

Xylem rays are very small, mostly uniseriate but occasionally 
2 or 3 seriate, fusiform and often with resin ducts. The linear rays 
among the Coniferophyta are believed to be more primitive than the 
larger ones. The rays, as a fule, are entirely parenchymatous and 
simple, but in some of the Coniferales like Pinaceae, they are highly 
complicated, possessing ray parenchyma, ray-tracheids, and resin 
ducts. When entirely parenchymatous, the ray cells are either thin
walled, smooth and unpitted (primitive) as in Cordaitales, Ginkgoales, 
Araucariaceae and Podocarpaceae, or more or less thick-walled and 
variously pitted as in Pinaceae, Taxodiaceae, etc. (Greguss, 1950, 1955). 

The ray-tracheids, which were absent in the Palaeozoic Conifero
phyta, probably made their appearance for the first time during the 
Cretaceous period at the expense of the ray parenchyma. Gothan 
(1905), Bannan (1936) and others considered the occurrence and relative 
abundance of these elements as a definitely advanced feature. 

The cross-field pits among the Coniferophyta are of diverse types, 
viz., podocarpoid, pinaid, taxodioid, cupressoid, etc. When taken 
in conjunction with other characters, they provide a fairly reliable 
criterion for the indentification and classification of the fossil and 
modern woods of Coniferophyta. 

Lastly, resin canals which arc absent in the secondary xylem of 
the Palaeozoic Coniferophyta, seem to have appeared and established 
during the Mesozoic era. The well-developed system of resin canals 
in the fossil and modern Pinaceae indicates that they have reached their 
developmental climax in this family (Bannan, 1936). 

Chlamydospermophyta.-The xylem of Gnetales is the most highly 
speciailzed among the gymnosperms. The primary wood, where the 
scalariform or transitional type of pitting is completely eliminated, is 
of a highly modified type. The outstanding feature of the Gnetales 
is the presence of true vessels. However, here the vessels have origi
nated by the dissolution of pit membranes and tori of the circular 
bordered pits, in contradistinction to those of the angiosperms which 
arc formed, from tracheids with scalariform bordered pits (Thompson, 
19(8). This is a fealure of fundamental sinificance. The vessels of 
Gnefum and WellVitsch;a are more advanced than those of Ephedra, 
where they are longer and narrower, possessing circular bordered pits, 
crassulae. tertiary spirals and trabeculae (Florin, 1955). The simple 
p2rforations of the vessels of Gnetum and Wehritsc!z;a J according to 
Jeffrey (1917), Thompson (1918) and Bailey (1925) have originated 
from the foraminate type by the fusion of several smaller pores. 
Bierhost (1960), on the other hand, suggests that the fusion interpreta
tion cannot be applied to Welll"itschia, where the simple perforations 
seem to have originated by a reduction in the number of pores. In 
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Epherdra, however, the perforations of the vessels are typcially 
foraminate. 

Among the Gnetales, the genus Ephedra shows some resemblances 
with the conifers in its tracheidal pitting and in the possession of distinct 
bars of sanio. Xylem parenchyma is of the diffuse type and is fairly 
abundant. The xylem rays of Gnetales are uniformly broad and high. 
[n Gnetum, they are homogeneous while in Ephedra the rays are compo
site or aggregate and heterogeneous. The ray cells are thick-walled 
and pitted. 

The xylotomy of Ephedra, in its various features, is relatively simpler 
than that of the other two members. However. when all the significant 
features are taken into consideration, there can be no doubt that 
xylotomically Ephedra, Weiwitschia and Gnetum constitute a compact 
and natural group, more closely related to each other than to any other 
gymnosperm. 

It may not be a digression if it is mentioned that the absence of 
the scalariform pitting in the primary wood and the fundamental differ
ence in the ontogeny of the vessels negates any possibility of deriving 
the angiosperm wood from that of Gnetales (Bailey, 1953). 

A critical chronological survey of the developmental history of 
gymnosperms indicates in no uncertain a manner that they have evolved 
quite progressively and rapidly during the Carboniferous, Permian, 
Triassic and Jurassic periods, while from Cretaceous onwards they have 
been characterized by relative stability. In this connection it should 
be pointed out that the great majority of the Upper Cretaceous and 
Lower Tertiary petrified woods exhibit complete similarity with the 
woods of diverse members of the families like Araucariaceae, Podo
carpaceae, Pinaceae, Taxodiaceae, Cupressaceae, etc. (Krause!, 1949; 
Andrews, 1961). One may then safely conclude that very little change 
has taken place in the structural specialization of the gymnosperm xylem 
during the last 60-80 million years. 

I am thankful to Prof. J. Venkateswarlu, President of the Botany 
Section, for kindly inviting me to take part in this symposium. 
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THE PODOCARPACEAE IN INDIA 

By A. R. RAG 

D?partmenl of B~/arjy, University (I Luckn()w 

IN this Symposium dealing with the" Evolutionary trends in Gymno
sperms", I will confine my observations to just one group of Coniferales, 
namely, the Podocarpaceae and will discuss its stratigraphical sequence 
in India and the light it throws on the evolution of the family. 

According to Dallimore and Jackson (1948), the eight living 
genera (number of species indicated in brackets) of this group are distri
buted as follows: 

Acmopyle pancheri (I): New Caledonia. 

Dacrydium (16): Mostly New Zealand, but also Malay Peninsula, 
Borneo, Australia, Tasmania, New Caledonia and Chile. 

Phyl/oc/adus (5): Tasmania, New Zealand, Philippine Islands and 
Borneo. 

Phaerosphaera (2); Tasmania and New South Wales. 

Podocarpus (65): Mountainous forests of warm temperate and 
subtropical regions of the southern hemisphere; some occur in Japan, 
China, India, Malay States and Philippines. 

Saxegothaea (I): S. America. 

Microcachrys (l): Tasmania. 

It thus appears that all the genera are confined to the southern 
hemisphere except the genus Podocarpus which is the only one to cross 
the equator. 

The distribution of the fossil Podocarpaceae is also equally interest
ing in that they too were confined mostly to the southern hemisphere. 

Prof. Florin (1940) studying the tertiary fossil conifers of 
South Chile found that the assemblage of fossil conifers there was 
distinctly southern and free from northern elements. In this connection 
he also reviewed in detail the knowledge about conifers known from 
Mesozoic and Tertiary deposits of the southern hemi&phere and noticed 
that these strata are rich in podocarpaceous remains. He also expressed 
the opinion that Podocarpus was essentially a southern genus. 

Dealing with the Indian conifer flora he pointed out that the 
following species could all be podocarpaceous: 
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Mesembrioxylon ma/erianum Sahni, M. godaverianum Sahni, 
M. parthasarathyi Sahni. Retinosporites indica (Old and Morr.) 
R. Holden, Elatocladus tenerrima, E. jabalpurensis, E. plana, E. conferta, 
Cupressinoxylon coramandelinum Sahni. Other more recently discovered 
petrified woods referred to the Podocarpaceae are Mesembrioxylon 
sahnii Ramanujam, M. tiruvaikkarainum Ramanujam (1953) both from 
Tiruvaikkerai area; M. spedosum R1manujam (1954) f-om the 
Pondicherrj area; M. tirumangaiense Suryanarayana (1953) from 
Sripermatur and M. indicum Bharadwaj (1953) from the Rajmaha\ 
hills, Bihar. 

The above list includes only tbe vegetative parts of suspected Podo· 
carps. Prof. Sahni (J931), who too had already suggested a possible 
podocarpaceous affinity for some of these woods. had even prophesied 
that "undoubted Podocarpineae may be discovered in the Mesozoic 
rocks of India". It was, therefore, very gratifying when after a few 
years there came to light in the Indian Rajmahal fiora(Jurassic) a number 
of reproductive shoots and microspores which could be referred only 
to the Podocarpaceae (Rao, 1953). A very brief reference to these 
and some subsequently disocvered, undoubted podocarpaceous 
remains may [Jot be out of place here; particularly because they are of 
some importance in tracing the evolution of the Podocarpaceae, and 
have been found only in India. 

Nipaniostroblls sahnii Rao (Rao, 1943) is a petrified megastrobilus 
bearing single·seeded scales arranged in a lax spiral on a slender axis. 
The slightly dorsiventral ovule waS partly buried inside the scale. It 
had a two to three layered integument and a ventrally curved micropyle. 
The ovules were probably erect at first and later became inverted along 
with the scale. The cone in all its features offers comparison witb tbe 
genus Dacrydium. 

Nipanioruha granthia Rao (Rao, 1947), a pycnoxylic petrified shoot 
with intercalary thickenings and spirally disposed, needle-like decurrent 
leaves, bore cones exactly like Nipaniostrobus sohnii and appears to be 
again podocarpaceous. The cones in this case are more compact. 

Microspores with three inflated wings grouped on the ventral side 
occur scattered in the silicified blocks from Nipania, and ba,'e been 
designated Podosporites tripakshi (Rao, 1943 a). These could very 
well be compared with the micros pores of Microcachrys, Phaerosphaera 
or Podocarpus dacrydioides. Two winged micros pores found scattered 
in the matrix and known as Pityosporites nipanica Rao) Pityosporites sp. 
may also be podocarpaceous. Maselilos/robus rajmahalensis Rao 
(Rao, 1943 aJ is a part of a male cone bearing microsporophyl1s inside 
~me of which were found three winged microspores This cone, accord
Il1g to Mittre (1956), may be the microstrobilus of Nipal1ioruha granthia 
which is regarded as podocarpaceous on the basis of the characters of 
its foliage and cone. M. sahnii Mittre (Mittre, 1956), a part of another 
male cone may also turn out to be podocarpaceous. M. podocarpoides 
Mittre (Mittre, 1957) is yet another microstrobilus referred to Poda, 
carpaceae. 
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A solitary specimen of Stachytotaxus with Elatocladus conferta 
type of leaves found in the Raimahal Hills has also been referred to 
Podocarpaceae by Rao (1950). Strobilites sewardi, whose foliage waS 
probably Elatocladus jabalpurensis, was also regarded by Prof. Sahni 
as possibly podocarpaceous. 

Mittre (1957) added some mOIe structural details to our knowledge 
of the above conifers and described several new finds from the Raj
mahal hills in Bihar. Nipanioslrobus pogiophylJoides Mittre resembles 
N. sahni Rao in general features but is supposed to be borne on shoots 
of a different type with foliage like that of Pagiophyllum. A silicified 
female cone similar to the above but much smaller in size and borne 
on shoots with acicular leaves is described under the name N. aciculifolia 
Mittre. Mehtaia is the new name given to some pertified cones which 
differ from Nipaniostrobus in having seed scales with erect ovules and 
in being devoid of sterile parts. M. rajmahalensis, M. nipaniensis and 
M. santalensis are three new species of cones described under this genus. 
Sitholeya rajmahalensis represents another type of shoot with a single 
terminal inverted seed like that of modern Podocarpus. Mittre (\957) 
has also been able to add considerably to our knowledge of Nipanioruha 
granthia Rao and has described two sterile shoots Nipanioruha lanceo
lala and Nipanioruha curvi/olia. Indoph)1lum sahni, I. raoi and 
1. nipanica are some more sterile shoots described from the Rajmahal 
hills. The last one has also attached microstrobili whose micro
sporangia contain two-winged pollen grains comparable to those of 
the Podocarpaceae. The sterile shoots cannot be satisfactorily com
pared to definite genera of the Podocarpaceae, but according to Mittre 
(1957) their reference to this family is beyond doubt. 

Nipaniostrobuf is very much like Dacrydium in structure. Sitholeya 
is closely comparable to Podocarpus. Meiltaia, on the other hand, 
is not fully comparable to any podocarpaceous genus on the basis of 
the available data. But at the same time there is no other family of 
conifers in which this coniferous genus can be accommodated. Thus, 
although a generic comparison of Mehtaia must await further data. 
its attribution to the Podocarpaceae is quite evident. The fact that 
several species of each one of these genera have been found in the Raj~ 
mahal flora is significant. The rich podocarpaceous remains in the 
Indian Jurassic flora are summarized in Table I. 

The existence of this rich podocarpaceous flora in the Indian 
Jurassic strata in particular, and to a les~er extent in some of the Con~ 
temporaneous floras of the other Gondwana components suggests that 
the vertical range of the Podocarpaceae probably starts from the Rhaetic. 
Their present and past distribution shows that this group evolved in 
the southern hemisphere. Florin (1950) has already suggested that 
"Dacrydium presumably developed in the Upper Mesozoic from some 
centre in the East Australian Antarctic region. Acmopyle appears to 
have spread from an original centre of distribution in the Indo-Australian 
region to Antarctica and South America. Phyllocladus may also be 
looked upon as a genuine southern genus. The remaining genera, 
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Saxegothaea, Pherosphaera, and Microcachrys are hardly known in 
the fossil state but there is no reason to doubt their southern origin". 
In view of the Dacrydium-Iike aspect of some of the above-mentioned 
petrified strobili from Rajmaha\, it is not unlikely that Dacrydium 
evolved in the Indo-Australian region. 

Buchholz and Gray (1948), however, opine that the genus Podo
carpu'S could have originated in •. the area from Southern Japan, China~ 
Nepal. Sumatra to Australia including Tasmania and New Zealand 
and thence northwards to the Fiji islands and the Philippines". They 
are led to this conclusion because this area includes seven out of the 
eight sections into wllich this genus is divided. Judging from fossil 
evidence also, the region defined by Buchholz and Gray covers the area 
in which according to Florin, the Podocarpaceae had originated. They, 
however, also include Southern Japan, China and Nepal in this area. 

Prof. Florin, from his extensive knowledge of ~iving and extinct 
conifers, has suggested that from Permian onwards the" conifers divided 
into two groups one of which has its roots in the northern hemisphere 
and the other was a markedly southern group". This southern group 
could only be the Podocarpaceae, which had spread itself a\1 over Gond
wana land. To this day, some of the genera that evolved during the 
Jurassic period conbnue to live in their orlgina\ homes. 

As already pointed out (Rao, 1953), the Podocarpaceae were well 
represented in peninsular India during the Jurassic, but tOday this family 
is represented by only one genus, Podocarpus which grows wild only 
in some parts of peninsular India where it has also been found in a 
fossil state in the Tertiary period. On the contrary, Australia, a Permo
carboniferous neighbour of India, shows podocarpaceous remains in 
the present fiora as well as in the Jurassic and Tertiary periods. Indeed 
in the latter period they seem to be quite abundant. We do not fully 
know the fossil conifer flora of the other components of Gondwana 
land. lis testimony would indeed be very interesting. 

As already stated, in Australia the podocarpaceous remains 
continue from Triassic onwards (see Florin, 1940). The conifer flora 
of Antarctica, South America, New Zealand, Tasmania, and Australia, 
alsD shows some podocarpaccous remains in the Mesozoic although 
not to the same extent as that of India or Australia. However, there 
are many living Podocarpaceae in most of these lands. The fact that 
podocarpaceous genera are distributed in the Mesozoic strata of all 
these lands shows that this family was widely spread all over Gondwana 
land where it certainly evolved during the early Mesozoic timos. It 
is definitely a southern conifer family. While the rich podocarpaceous 
flora continued in the dismembered countries of the Gondwana land 
till Tertiary and recent times, it seems to have dropped off only from 
India by the end of the lurassic period, This is probably because 
peninsular India was the only mass of land that moved into the northern 
hemisphere when Gondwana land broke up into its component parts. 
The other separated units remained within the southern hemisphere, 
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enjoyed their earlier temperate climate and continued to support the 
indigenous podocarpaceous vegetation. The genus Podocarpus whicb 
had spread itself far and wide in Gondwana land is probably now in a 
position to migrate northwards and perhaps that explains the existence 
of this essentially southern genus in a living state in lands above the 
equator. The genus Elatocladus is represented by rather closely approxi
mating forms in the Mesozoic flora of almost all the Gondwana consti
tuents. It is not unlikely that this genus is the precursor of Podocarpus. 
The latter genus is evidently the most successful amongst the Podo
carpaceae not only in the evolution of its different species but also from 
the point of view of wide distribution. occurring as it does in both the 
hemispheres. 

The living Podocarpaceae show three main types of organization 
of the female strobilus, (a) a compact cone, as in Dacrydiurn, (b) a 
lax strobilus as in Podocarpus spicata and (c) a much reduced receptacle 
bearing a single seed, as in Podocarpus blumei. The petrified Rajmahal 
strobili referred to above suggest that the compact cone and the lax 
strobilus were more in evidence during the Jurassic period. We have, 
however, some evidence in the genus Sitholeya that a receptacle bearing 
a single seed was also present in the Indian Jurassic conifer flora. 

It thus appears that Podocarpus is the only surviving member of 
the indigenous conifer vegetation that India supported during the 
Mesozoic period. The various genera of conifers like Pinus, Cedrus, 
Abies, Taxus, Cephalotaxus, Cryptomeria, etc., that now inhabit the 
Himalayan regions are all northern genera that perhaps migrated south
wards when the Tethys Sea floor was elevated into the Himalayan 
ranges in the Pleistocene epoch, thus providing a hospitable climate 
for the growth of these conifers. 
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J HAVE pleasure in opening this symposium with an expression of thanks 
to Professor J. Venkateswarlu, President of the Botany Section of this 
49th Indian Science Congress at Cuttack. for inviting me to take part 
in it. 

[ propose dwelling here all some aspects of the vast question of 
fungal parasitism in plants, a subject that has attracted my attention 
for more than twenty years. I shaH also mention in a passing way 
about the phenomenon of symbiosis. Tbe term parasitism in a mundane 
sense means sycopbancy; a servile complaisance. In biology, how
ever, it means in a strict, or restricted 5ense, the condition of being a 
parasite, and in pathology, it signifies disease caused by a parasite. 
[t is also variously defined as antagonistic symbiosis or a close internal 
and external partnership between two organisms, detrimental to the 
host and beneficial to tile parasite-the parasite obtaining its nourish
ment at the expense of the host. It foHows that any agent capable of 
interfering with the life processes of a plant is a pathogen regardless 
of whether it invades one or more plant tissues. Thus Cassytha, 
DelldrophtllOe or Santa/urn which have numerous hosts on which they 
grow are to be considered to parasitize them albeit ability to syntllesize 
theil' own food-stuffs remains unimpaired. This is so because they do 
create a diseased condition on their host and consequently interfere 
with normal synthesis of the host by deranging vascular movement of 
minerals and the phloem translocatory stream, and perhaps, also inject 
metabolic inhibitors into the host tissues. Other speakers in this sympo
sium would, doubtless, draw our attention to many types of parasitic 
as weD as commensal associations as in the case of the mycorrhizal 
fungus which is known to be parasitic on the roots of trees, in some 
instances, and in others, to be beneficial by increasing root absorption 
and uptake of minerals from soils (Burges, 1936; Harley, 1952; Harley 
and Brierley, 1955). There would also be mention during tbis session 
of bacterial symbiosis as in the case of root nodules and a contrasting 
account on plant-virus relationships. Despite this, my task is DOt any 
lighter, as fungal parasitism of the obligate type and symbiosis as a 
general phenomenon are sufficiently complex to warrant cautious inter
pretation. 

Generally speaking, the more vigorous and destructive a parasite, 
the less the chances of its survival. As a matter of fact, the more tole
rant tbe bost is to a parasite, the more chronic the disease, and the 
greater the challces of survival of the parasite. Taking the case of the 
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rust, let us examine host-parasite balance in pathogenesis. If there 
is a loss in virulence in the pathogen, there would be greater survival 
of susceptible hosts and, therefore, the host-parasite balance would 
be at a lower level of parasitism. The converse is also true. Howevlr, 
resistance and virulence constantly get readjusted and reach invariably 
a balanced state and this might be termed in nature, 'the law of survival 
in pathogenesis' (McNew, 1960). In the United States, breeding of 
wheat for resistance to Puccinia gram in is is a classical example of match M 

ing man's ingenuity with that of nature and, inrieed, the germ plasms 
of Puccinia and Triticum and their interactions have been excellently 
studied and understood. Taking breeding for resistance programmes 
for the past fifty years, there has been a quick and dramatic succession 
of breeding of resistant varieties, to stem emergent situations arising 
out of the breaking of resistance periodically with the appearance of 
new races of rust. The stem rust susceptible varieties, Bluestem and 
Fife, were replaced by the rust escaping Marquis in 1910 only to be 
soon followed by another replacement with the Durum wheats in 1916 
after a severe rust epidemic. Rust race II subsequently made the 
growing of Durum varieties impossible and soon another replacement 
followed by introducing variety Ceres which continued to show immunity 
to the races of black stem rust from 1926 to 1934. In 1935, race 56 
became a menace to variety Ceres and, indeed, it was a tragic year for 
wheat growing in the U.S.A. The onslaught of race 56 was halted 
by replacing Ceres with Thatcher and later both varieties Thatcher and 
Hope and their hybrids with Durum parentage held fort. However, 
rust race 15 B upset the balance in favour of the pathogen in 1939 and 
in course of time produced a biotype 15 B2 which broke Durum resis
tance with devastating ease. Since 1953 the U.S. plant breeders started 
looking for resistant parents from elsewhere, particularly from Kenya 
varieties of wheat. lt has become evident that as soon as a new set 
of resistant genes was incorporated in the breeding programme, new 
virulence was seen to emerge from new races of parasites that are in 
constant proces.s of evolution progressively from non-parasitic through 
facultative parasitism to obligate parasitism. 

It seems unfortunate that plants do not seem to have the mechanism 
for antibody formation so common in higher animals and, therefore, 
our sole dependence is on breeding for resistance and adopting cultural 
methods that would minimize chances of infection. However, with the 
discovery of a defense reaction in orchid bulbs by the production of 
a substance called orchinol, which is present in large quantity in bulbs 
as compared with roots consequent on infection by micro~organisms 
(many fungi and bacteria have been tested), a new chapter in immunology 
appears to have been opened (Giiumann and Kern, 1959 a, b; 
Gliumann and Hohl, 1960). Not only are bulbs of Orchis militaris 
capable of producing orchinol in response to infection but stems 
and roots also are capable of synthesizing this substance. The 
activity spectrum of orchinol is relatively wide and almost aspecific. 
The first incitant of orchinol following primary infection protects 
tissues against homologous reinfections and further produces a poly
valent proteotion against secondary parasites and saprophytes. Tl:tis 
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is regarded by these authors as a genmne induced antibody formation 
in vivo. This is. indeed, a milestone in antibody production in plants. 

A disease outbreak depends on the inherent susceptibility of a 
host, the inoculum potential of the parasitic organism, and the effect 
of environment on parasitism leading to pathogenesis. It should be 
understood, however, that pathogenesis is only the result of a parasitic 
establishment in most diseases. As far as evidences go, the direct 
effects of parasitism is not so severe and it is the subsequent formation 
of abnormal metabolites or toxins in vivo consequent on infection that 
aggravate the situation. Once infection is established, the parasite 
generally enters into a specific intercellular relationship with the host 
cell. Ultimately parasitism develops, in some cases like rusts, from 
an intercellular invasion (aided by chemical degradation of the wall) 
into a haustorial relationship or as in the case of Erysiphaceae, from an 
external habit with haustoria developed in the host cell. 

Generally, there is little sign of damage in tissues colonized by 
obligate parasites for some time, although the cells may be penetrated 
by haustoria and heavy intercellular growth of hyphae is obvious. It 
has been suggested that the metabolism of host tissue in the proximity 
of lesion development is stimulated by metabolites produced by the 
invading pathogen and/or the host cell as evidenced by accumulation 
of C14. compounds in cereal leaves with lesions by Puccinia graminis 
and Erysiphe graminir (Shaw and Samborski, 1956). ff we assume 
that no stimulation and accumulation of nutrients by the pathogen is 
operative, then pathogen would grow only with energy from the 
invaded cell. Indeed, there is evidence that increase in metabolic rate 
of host cells takes place in most cases and this might well be a factor 
enabling establishment of parasitism. Indeed, the barrier to infection 
by plants resistant to fungal obligate parasites seems to be suscepti
bility of the host cell cytoplasm to products of metabolism of the fungal 
cell living in intimate association, and in extreme cases of obligate 
parasitism Hke in PJasmodiophora brassicae this association is in the 
cytoplasm itself (Wood, 1960). 

There are many types of barriers in plants that profoundly affect 
parasitism, such as, absence of essential nutrients, presence of inhibitory 
materials in vivo, physical conditions obtaining in the cell like pH and 
osmotic pressure, general metabolic condition of the host, and cell-wall 
barriers. Experiments with mutant strains of bacteria and fungi, defi
cient for certain amino~acids and other nutrilites, were less virulent 
compared to the wild types but it must be mentioned that notwith
standing these findings, a pathogen can effectively parasitize only in 
tissues that contain materials for its growth and proliferation. Among 
inhibitory substances in host cells, phenolic compounds have been 
studied in detail and, particularly, increased resistance of potato tuber 
to infection by Streptomyces scabies has been ascribed to the presence 
of chI orogenic acid. However, there is little clinching evidence on 
whether these in vitro inhibitions in the activity of these organisms 
could indicate its possible role in ViV9. Physical conditionS like pH 
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and osmotic pressure in vivo have also been considered in til is general 
question of induction of parasitism. While it is true that by inducing 
a change in pH in the invaded tissue the permeability of the pathogen's 
cen to toxins would be reduced, it llas another side to the question, 
namely that the pathogen's products of metabolism may reacl with 
toxins to form innocuous substances. Osmotic pressure, likewise, 
is regarded as a factor in the establishment of parasitism but its exact 
role in pathogenicity is not fully understood. In the obligate fungal 
parasites degradation of cell-wall barriers does not appear to be impor
tant as in the case of the non-obligate type. 

With obligate parasites resistance is generally understood to be 
a hypersensitivity of the cell to the onslaught of the parasite resulting 
in the death of cells consequent to invasion and, therefore, becoming 
unsuitable substrates. The exact role of the invading pathogen result
ing in the death of the cell still appears controversial, whether this 
is due to production of fungal toxins or due to rapid depletion of host 
celJ nutritive reserves. The successful micro-organisms, therefore, 
to be able to parasitize must possess the ability to utilize nutrients of 
the host cells without secreting toxic substances in vivo. How well 
these attributes to an ideal cell for infection could be proved in genetic 
susceptible material and equally, how well the causes that lead to resis
tance in tissues of resistant plants to the parasite together with analytical 
data on differences in biochemical status is still open for experimenta
tion and, indeed, would be a most rewarding field of enquiry as far 
as I am aware. 

Let us now turn to a general consideration of symbiosis. The 
best known and often quoted examples are the lichens and nodule 
bacteria. Much has been said about them in the past and, in fact, we 
have more than one speaker here who will unravel the many aspects of 
the role of rhizobia in symbiotic nitrogen fixation and lichen commen
salism. [shall, however, attempt to review some of the salient features 
of another promising line of symbiosis between the soil algae and the 
higher plant. The algae appear to have in common with most other 
micro-organisms the property of excreting their cellular products of 
metabolism (F ogg, I 96()). Many workers have reported that Chlamydo
monas and blue~green algae in cultures leave behind varying amounts 
of organic matter, mostly composed of nitrogen in a soluble form, 
also galactose, arabinose (Lewin, 1956) and polypeptide-like substances 
(Fogg and Boalch, 1958). However, little free amino-nitrogen has 
been found in cultures of Cafothrix brevissima although appreciable 
quantities of aspartic acid, glutamic acid and alanine were liberated 
(Watanabe, 1951). Many workers have detected liberation of anti
biotics by algae especially fatty acids with antibacterial activity. The 
liberation of extracellular metabolic products has undoubtedly eco
logical importance as, indeed, apart from their utilization by other 
soil micro-organisms there is the larger question of their availability 
to the higher plant. Capacity to fix atmospheric nitrogen by blue
green algae, particularly Cylindrospermum sphaerica (Venkataraman 
et al., 1959), an endophytic Nostoc strain isolated [rom the roo! nodules 
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of Trifolium alexandrinum (Venkataraman, 1960) and Anabaena cylin
drica (Fogg, 1960) has been unequivocally established, There are 
other cases of such association of blue-green algae, as for instance, 
in the coralloid roots of Cycas or in many orchids and these will be 
invaluable material for further investigation on this commensal associa
tion, The tropical soils and, more particularly, fresh water lakes 
and paddy field soils which abound in algae could be studied, if for 
nothing else, at least for supporting fundamental investigations on the 
role of algae in the rhizosphere of plants, 
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GENERAL ASPECTS OF PARASITISM 

By (MIss) L. SARASWATHI-DEVI 

University Botany LaboralO1Y, Madras-5 

"WITHDRAWAL il1to a unique ecological niche, such as the chemo~ 
lithotrophic nitrifying bacteria do_ is one highly effective means of 
meeting the biological challenge of competition." There is another 
method that has been adopted by a large number of organisms, parti. 
cularly microorganisms, to meet this challenge, namely, by adapting 
to existence in continued close assodation with some other form of 
life. This is the biological phenomenon known as Symbiosis, in the 
broadest sense of the term. "Symbiotic relationships can be classified 
into two groups: (J) mutualistic, from which both partners derive 
ecological advantages; (2) parasitic, from which one participant, the 
parasite, benefits while the second, the host, gains nothing and may 
even suffer more or less severe disadvantages (see Stanier et al., 1958), 

Parasitism is, by definition, Eving at another's expense, and is 
essentially dualistic and antagonistic. There is always a physiological 
association between the partners in it. "No doubt, the original basis 
of parasitism was the nutrition of the parasite, and although this is 
not the only basis in some instances, it has probably remained the main 
physiological feature of parasitism" (Lapage, 1956). 

A parasite is not necessarily a pathogen. For instance, man is 
relatively unaffected by the large number of parasitic microorganisms 
that make up the normal flora of his body. Nevertheless, since nutri
tion of the parasite is the chief characteristic of parasitism, in many 
instances the host is damaged, and hence the rather indiscriminate 
usage of the terms 'parasitism' and 'pathogenicity', tbough both are 
not synonymous. The injury suffered by the host may be relatively 
slight, or may be sufficient to cause what we call disease. This results 
chiefly from the methods used by the parasite to obtain food and to 
the reaction of the host's tissues against the parasite, either before or 
after penetration, or both, However slight the effects of the parasite 
on the host, they are always there. The injured or diseased condition 
can take many forms, such as structural modifications, poisoning and 
necrosis due to toxic substances released by the parasite or the parasite. 
host complex, and a host of other physiological disturbances leading 
to deranged metabolism. 

Parasitic relationship may be established between one animal and 
another, one plant and another, a plant and an animal, a bacterium 
and a plant or animal, a virus and a plant or animal, and finally, between 
a virus and a bacterium. It can occur in many graded conditions~ 
from the almost free-living fieas, through facultative parasitism, to 
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purely obligatory association, such as that of Plasmodium or viruses' 
to their hosts. 

In this special mode of life that is parasitism, the peculiar fact is 
that there is another living organism which forms a major part of the 
parasite's environment, and the differences that exist between free-living 
and parasitic organisms may be regarded as due to adaptations necessary 
for the conquest of this new environment. In what way this conquest 
has been made is debatable. The two possibilities are: (I) The direct 
path from a free-living to a parasitic condition, and (2) the indirect 
path, through commensalism and symbiosis (in its conventional sense) 
and thence to one-sided association of parasite and host. The bulk 
of evidence seems to support the former (see also Vines and Rees, 1959). 

The major adjustments, from the free-living condition, shown by 
parasites in general have been summarized as follows (Vines and Rees, 
1959): 

(I) The parasite has been able to find all its nutritional require
ments in the materials of the host cell or tissue, or in the food which 
the host acquires for itself. 

(2) The parasite is able to form a more or less permancnt attach
ment to the host from which it cannot be dislodged easily. In the 
extreme case of intracellular parasites, a constant pbysical attachment 
is achieved, but these run the risk of being exposed to physiological 
resistance reactions offered by the host. 

(3) The parasite has to be able to ensure that succeeding genera
tions can reach new hosts, particularly where there is host specificity. 

In achieving these major adjustments, to life in association with 
another organism, parasites have evolved many variations-structural, 
physiological and reproductive-from their free-living counterparts. 
Structurally, assocjated with thejr mode of nutrition and attachment, 
we find the development of highly specialized attachment and absorbing 
organs, such as the mouth parts of aphids, haustoria I and appressorial 
structures such as the hyphopodia and stomatopodia of the Peris
poriaceae, Erysiphaceae and CU5cuta, the sinkers of the mistletoe, etc. 

Parasites as a whole show a tendency towards degeneracy in many 
directions; structurally, as we go higher towards the highly specialized 
type, namely, intracellular parasitism, there is a great reduction in 
structure, of which the virus nucleoproteins represent perhaps the 
extreme. 

Associated with increased chances of successful dissemination 
among new hosts, we flnd production of enormous numbers of dis~ 
seminative units [fecundity, as called by Gaumann (1950)], high degree 
of resistance of reproductive bodies, such as thick-walled resting spores, 
zygotes, sc]erot18, etc., outslde the host, employment of specjaljzed 
reproductive phases in the life-cycle, such as polyembryony or partheno
genesls, and, use of alternate or alternative hosts. 
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Physiologically, associated with penetration, establishment and 
nutrition, we find the development of extracellular metabolites by which 
the host tissues are penetrated and digested. Cytolytic and cell-wall 
dissolving enzymes are known to be produced by a large number of 
parasites, such as Cuscuta, many fungi, bacteria, and even bacterial 
viruses (see Trager, 196D). Pectolytic and cellulolytic enzymes are 
produced hy many plant parasites, particularly of the facultative group. 
Although cuticular penetration is considered to be mechanical, because 
as yet no cutin-dissolving enzyme is known to be produced by any 
fungus (see Lilly and Barnett, 1951), the recent evidence for the utiliza
tion of the inner layer of the cuticle as a food source by the olive leaf 
spot fungus (Tenerini and Loprieno, 1960) points to a need for revision 
of this view. 

Associated with the particular nutritional requirements of the 
parasites, a variety of metabolites are found to be produced by the 
so-called primitive or un specialized up to the specialized parasites. 
Among plant parasites themselves, starting with parasites which obtain 
nutriment by damaging living but dormant tissues, such as fruits and 
storage organs, we have a whole range of parasites attacking active 
but tender tissues, such as seedlings and ground tissues, then more 
mature and active tissues of the roots, stem and leaves, and finally, 
the vascu~ar parasites colonizing specifically the vascular elements. 
All these parasites are destructive, inducing necrosis in host with the 
help of extracellular metabolites that have an action in advance. The 
production of these extracellular substances seems to depend to a great 
extent on the nature of the host tissue attacked. Strong enzyme action 
alone may be sufficient in order to obtain food from dormant storage 
organs, or even tender tissues such as has been found in the case of 
parasites like Bolrylis, Pylhium, etc., where presence of a separate toxin 
responsible for killing of cells has not yet been established (Brown, 1955). 
In such debility parasites we find the minimum of host specificity. Some 
of these primitive parasites can and do attack mOTe mature tissues" and 
cause extensive damage, as for example in the root and foot rots of 
plants. Perhaps there is a difference in degree or' their enzymic acti
vities. But in many such diseases, the parasite being confronted with 
more active cells is perhaps forced to secrete toxic metabolites. In 
the case of Armillaria root-rot, the fungus is cousidered to produce 
a toxic substance killing the tissues in advance of colonization (see 
Gaumann, 1950). 

Coming to the more advanced vascular parasites, production of 
extracellular toxins is known in quite a few instances, as for example, 
the vivotoxin fusaric acid produced by many species of Fusarium. The 
nature of these parasites is to rapidly proceed from the points of entry, 
whether a root-hair or a wound in a branch, towards the vascular 
strands. Although the toxins implicated in these diseases are generally 
considered to contribute to the final disease syndrome in pathogenesis, 
there is evidence to show that they may playa role, more significant 
than hitherto recognized, in the initial establishment of the parasitic 
pathogen. The 'wilt toxin' fusaric acid has been shown to be produced 
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in the rhizosphere of tomato plants 48 to 72 hours after inoculation 
with Fusarium /ycopersici (Kalyanasundaram, 1958). The parasite 
is essentially a necrobiont, colonizing chiefly the xylem vessels and 
permeating beyond into the ground tissues only in the advanced stages 
of the disease, after the plant is killed. But what happens up to its 
establishment in the vascular tissues, and how does it travel from the 
foot-hair to the xylem through the living ground tissue which inter
venes? Here, the small amounts of toxin produced in advance of the 
invading hyphae would undoubtedly be of importance in making this 
invasion, by killing the cells immediately ahead. 

As against these destructive, necrotrophic parasites, we have the 
more highly specialized, balanced or biotrophic, parasites, depending 
on actively living cells and tissues for growth and development. 
Naturally, the relationship is very different from that existing with the 
predator-like parasites, which cytolyze and kill the host tissues by power
ful enzymes and toxins. Of necessity, they do as little damage to the 
host as not to jeopardize their own development, at least till the time 
of reproduction. Some of the smuts are excellent examples of such 
balanced parasitism. The parasite seems so well adapted in its demands 
upon the host as to the ability of the latter to supply these needs and 
to continue to live and grow that both the parasite and the host develop 
together until reproduction of the parasite. 

(n balanced parasitism, the nutritional requirements of parasites 
which lie extracellularly, but derive their nutriments from within the 
cell, may not be very different from that of strictly intracellular parasites. 
When we consider the type of nutritional requirements of the parasites 
and the nature of host tissue from which these are to be obtained, we 
can well comprehend the basis for host specificity and parasitic special
ization, even to the extent of physiological races and biotypes. The 
obligate parasites would seem to require some as yet unidentified, per
haps labile, constituents of the active host cell. Despite this fastidious
ness, obligate parasitism is by no means rare; among parasitic 
plants alone, about one-fourth are obligate parasites (Yarwood, (956). 

Even in these instances of balanced parasitism, as for example in the 
bacterial viruses, viruses of plants and animals, rust fungi, etc., the 
association finally leads to death and dissolution of the host cells. 
Exactly how the parasites bring about this dissolution is not clearly 
known. 

Perhaps the most critical step in parasitism, and the most difficult 
to understand, is the initial establishment of the parasite. An elucida
tion of this may give us an explanation of parasitic specialization and 
host specificity. 

Just how a parasite obtains its food fron1 its host is not clear in 
all instances. Many parasites are known to have osmotic or suction 
pressures greater than that of their hosts (see Thatcher, 1942; Gliumann, 
1950). It may also be by the action of some secretion from the parasite's 
cells or haustoria on the plasma membrane of the host cells making 
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it more permeable to the contained solutes so that they diffuse ont and 
are absorbed by the parasite. Indeed, increased permeability has been 
noticed in many instances of parasitic attack, even in bacteriophages 
(see Trager, 1960). Evidence for lysis of host protoplasm during in
fection even by the so-called obligate parasites is presented by the recent 
work of Moore and McAlear (1961). 

In some cases of parasitism, we have the obvious effects of hyper
trophy, hyperplasia and neoplasia. These aspects are being dealt with 
in detail elsewhere in this symposium. Why these parasites should 
induce this overdevelopment of their hosts is a matter for conjecture. 
It is significant that in many cases, the stimulus to hypertrophy travels 
in advance of the invading organism. It is quite possible that, just 
as the necrobionts need previously killed tissues, these biotrophs 
require products of enhanced host metabolism. In many cases of obligate 
parasitism, a close association of the parasite's cell or haustorium with 
the host nudeus .is noticed, and in extreme cases the parasite may be 
completely intranuclear, as the polyhedral viruses of insects. It is 
only reasonable to conclude that this association directs the further 
metabolism of the host cell to the parasite's advantage. The extreme 
such redirection of host activity is seen in the case of crown gall, where 
once the TIP is formed in one cell, the presence of the parasite is no 
longer needed. The recent report about the possible role of nucleic 
acids in crown gall tumour induction (Manigault and Stall, 1958) is 
indeed interesting. This induced yet uncontrolled host activity reminds 
one very much of the similar activity of man-made nuclear weapons! 

It is common knowledge that the relationships of parasites to their 
hosts vary greatly. The same species may be innocuous in one but 
highly pathogenic in another; again, may be mutualistic under some 
circumstances but destructive under others. For instance, we do not 
norma11y think of the relationship between leguminous plants and root 
nodule bacteria as a parasitic one for the obvious reason that the plant 
gains much from the same. Tn recent years, however, it has been found 
that the association does not necessarily benefit the plant. With some 
strains of bacteria, the symbiosis established is ineffective, i.e., does 
not permit active nitrogen fixation. As a result, the plant receives 
little or no benefit from the association, though the bacteria that have 
established themselves in its roots still profit, because they are able to 
develop at the expense of materials produced by their host plant. In 
other words, a symbiosis that is normally mutualistic becomes parasitic 
in thO s case. "It is true that the parasitism is a mild one; nevertheless, 
the situation differs only in degree and not in kind from the one that 
occurs when a frankly pathogenic becterium invades a plant and estab· 
lishes itself within the plant tissues" (Stanier et al., 1958). This is 
a good example of the fact that the dividing line between mutualism 

. and parasitism is 'a hazy shifting one that can be crossed in either 
direction' (Stanier et al., 1958). 

An enticing problem is the origin of the parasitic habit. A factor 
in evolution of parasitism has been opportunity. Most of the evidence 
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would indicate that parasites arose from free-living organisms. The 
most primitive type of parasitism, in which microbes feed on secretions 
and detritus pf the surface tissues, would be only a small change from 
a purely saprophytic mode of existence. Life on the body surface 
of a host is highly competitive and any organism that can invade host 
tissues has a tremendous advantage, since it brings it into direct contact 
with the rich supply of nutrients in the host. This invasion has brought 
with it the various types of advanced parasitic abilities, ranging all 
the way from facultative to obligate parasitism. The obligate, intra
cellular parasites, such as Plasmodiophora and the viruses, represent 
an extreme of ecological specialization. In other words, parasitism 
is certainly a positive capacity, as suggested by Skene (1952), and' not 
a consequence of diminished capacity for independent existence, nor 
of reduction of vegetative structure: these have followed'. 

In this connection it is most interesting to ponder oyer Trager's 
(1960) suggestion that 'many of the present-day cellular organelles 
originated as infectious microorganisms which finally entered into 
wholly stable association with the host cell'. After all, in nature there 
is the inevitable balancing ·out of effects. In the words of Trager: 
"As the size of the intracellular bodies becomes smaller, and as we have 
less knowledge about them and fewer criteria for their identification, 
the problem of differentiating between a parasitic microorganism and 
a self-duplicating cellular inclusion becomes progressively more difficult. 
Eventual success, in cultivation of intracellular parasites or symbionts 
apart from the living host cell, is not in itself proof of their micro
organismal nature~ because there is no reason why conditions could 
not be found which would support the multiplication in vitro of any 
self-duplicating cellular entity." 

It is indeed a pleasure to thank Professors J. Venkateswarlu, 
Sectional President, and T. S. Sadasivan, Chairman of this Symposium, 
for having given me the opportunity to participate in these deliberations. 
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PHYSIOLOGY OF NODULE FUNCTION 

By N. RAJAGOPALAN 

University Botany Laboratory, Ma_r!raJ-5 

IN nature the capacity of root nodule bacteria to fix nitrogen in associa
tion with a host species varies widely. Based on this variation efTectiv:", 
ineffective and parasitic responses could be defined in relation to specific 
host and rhizobial strains. There are two important facets to the 
problem-one pertains to the physiological influetlce of the host plant 
in determining nodule number, volume, function and decadence, while 
the other to biological or chemical factors in the soil. 

The purpose of this article is to refer to factors of host physiology 
which have a bearing on the nitrogen fixing capacity of the effective 
root nodules. These complex factors involving the distribution and 
functional behaviour of effective, ineffective and parasitic strains of 
rhizobia are largely speculative. 

Virtanen ot a1. (1947) has shown that one determinant of effective
ness in symbiosis is dependent on the capacity of the root nodule to 
synthesize haemoglobin. Therefore spectrophotometric determination 
of the chlorophyll content in leaves and the haem of nodules were 
undertaken in relation to nodulation in Arachis hypogaea. 

Table I presents a pattern of nodule formation in Arachis in terms 
of the development of an effective symbiosis. a result of a detailed study 
of four varieties of Arachis hypogaea. The tabular representation 
throws light on the following points: (I) The influence of chlorophyll 
deve.lopment ln leaves on nodule. appearance, function and senescence; 
(2) The increase in haemoglobin content of nodules at every flush of 
flowering; and (3) The repeated formation of nodules during the time 
of active vegetative growth and flowering. It would therefore seem 
probable that the host more than the rhizobial symbiont plays a pre
dominant role in nodule formation. 

An additional support to demonstrate the influence of host factors 
becomes all the more evident from the data presented in Table II. They 
pertain to the relationship between the haem content in the nodules 
and chlorophyH content in leases in Arachis hypogaea in determining 
the number, volume and weight o'f nodules. 

It is apparent that the chlorophyll content of leaves and the haem 
content of nodules of the TMV 3 variety of A. hypogaea was higher 
than that of the variety TMV 2. Correspondingly the number, weight 
and volume of nodules were also proportionately higher in TMV 3 

EM 12 
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TABLE I 

Pattern Q{ symbiosis in Arachis hypogaea 

Rapid accumulation of 
chhrophyll in leaves 

Rhizobia in the Rhiz<Y 
sphe'e 

InfECtion through points 
of lateral root erner- I 
gcnce 

Nodule fonnation com
mences 

~owing 

Germination 

Apper..rance of 3rd pai. r 
of compound leaves 

Nodulf<S on primar), and Flowering commence 
lateral roots 

Haemoglobjn is detect
able 

Fluctuations in haemo.\ Minimal flushes in flower-
globin levels during ing 
the entire period of 
flowering 

i
DaYS-frOm 

sowing 

o 
(-5 

18-20-
25-28t 

28-30 

Maximum chlorophyll 
in leaves 

Maximum haemoglobin 
in root nodules 

M:uimum flower~ng of 48-.50 

Decline in Chlorophyll Haemoglobin degenera
tiol 

Haemoglobin changes to 
the green pigment 

Yellowing of leaves ., Plant senescence; nodule 
decay 

host 

Peg {ormation; fiowertng 60 
declines 

65-70 

Maturation of poJs 100 

-------,_._-'---- -----------'--
'" U lder fi ~Id cO'lditions. t Under gr.::cnhouse conditior:s. 

TABLE II 

Nodule number, weight and volume, haemoglobin in nodules and 
chlorophyll in leaves in Arachis hypogaea* 

Nodulest Haemoglobin I Total 

Variety 
p,g.!gram I t:hlorophyU I w,. in grams I Vo]>,me c.c. 

of fl-g.jJ. in 
Number nodules I leaves 

I ! I TMV2 "I 782 
! 

4·05 5·0 295 3259 

TMV3 I 1045 i 5·70 6'7 I 340 3506 "I i 

* PJa1ts ]:r.JW.1 under fi.Jld conditIOns for 60 d(lYs. An eff·xthe rhizobial strain 
(R,,) was applied as seed inoculum. 

t Total number of nodules per three plants_ 
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than in TMV 2 indicating a direct relationship between haem content 
and the volume, size and number of nodules. Richmond and Salomon 
(1955) observed the labelling of haem by 2-14C-glycine and 1-14C and 
2-14 C-acetate in homogenates of field-grown soya nodules. The 
author has further shown that glycine and acetate could be precursors 
for porphyrin synthesis in the formation of the haem protein in root 
nodules of leguminosae. Besides, glycine and acetate have been 
shown to be utilized by green plants in the synthesis of chlorophyll 
(De[[a Rosa ef al., [953). In the lignt of these findings it is possible 
to envisage that chlorophyll levels in leaves might regulate nodule 
number, weight and volume as well as the haemoglobin content of 
nodules. Still another aspect of effectiveness in symbiosis concerns 
the formation of the pigment haemoglobin in root nodules. It has 
been shown by Virtanen and co-workers (1947) that there is a positive 
correlation between nodule haemoglobin concentration and nitrogen 
fixation. Recently, Bergersen (1961) provides evidence that the haemo
globin content is correlated with the volume of nitrogen fixing tissue 

. in the nodules. Current work done on Arachis in our laboratory has 
shown an increase in haemoglobin content of nodules corresponding 
with every flush of flowering and a direct relationship between the 
haemoglobin concentration and the nodule volume. 

A point of considerable interest in nodule formation in Arachis 
hypogaea is the observation in the repeated flushes of formation of 
nodules in the four varieties studied. This could be explained on the 
basis of root excretions and their role in the rhizosphere. The excre~ 
tion of various organic substances by roots of higher plants into the 
rhizosphere has now become an accomplished fact (Sadasivan and 
Subramanian, 1960). Tam and Schendel (1954) and Virtanen and 
Laine (1939) have also reported the excretion of amino-acids by nodu
lated legumes. [n the light of these reports it becomes suggestive that 
such excretions into the rhizosphere might provide suitable substrates 
for renewed activity of rhizobia stimulating newer focii of infections 
and repeated nodule formation. 

Thus the importance of rhizosphcre studies in relation to nodule 
formation appears to be one of the promising lines of approach, since 
excretion especially of nllcleotides, fiavones and growth~promoting 
substances either stimulatory or toxic to symbiotic micro-organisms 
have been reported extensively (Lundegardh and Stenlid, 1944; Brown 
Robinson and Johnson, 1949; Nutman, 1951; Katznelson et al.: 
1954; Rovira, 1956). 

A great deal of evidence exists at present to show that rhizobial 
strruJ)s which areeffect)ve on one host may be jneffe-c·tive on cJoseJy reJated 
species or even varieties of the same host plant (Erdman and Mears, 
1954; Gregory and Allen, 19-3; Parker and Allen, 1952). This and 
related questions on the complexity of'rhizobia-Jegume' relationships 
are dIfficult to answer. From what we know it may be stated that the 
cultural aud physiological characterisiics of rhizobia (Burton and 
Lochhead, 1952; Jordan and Garrard, 1952 b) their antigenic structure 
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(K1eczkowski and Thornton, 1944; Vincent, 1944), colonial mutation 
(Jordan and Garrard 1952 a; Kleczkowska, 1950), phage sensitivity 
(Bruch and Allen, 1955) or sensitivity to antibiotic action (Abdel-Ghaffar 
and Allen, 1952) cannot be correlated with strain effectivity. The 
problem of strain specificity appears to be a multifaced one and it is 
perhaps a result of several undefined factors that playa cumulative 
role in the symbiosis between rhizobia and legumes. 

However, the idea that the host plant is a dominant participant 
in the symbiotic reaction is gradually gaining ground. For factors 
which govern the physiology of the host such as length of day (Sironval, 
1958). solar radiation (Diener, 1950), availability of nitrogen, seed varia
tion (Wilson, 1946), pollination character (Wilson, 1939), chromosome 
numbers (Wipf, 1935) and genetical factors (Nutman, 1949; Williams 
and Lynch, 1954) shoulrl obviously influence the extent and the 
efficiency of symbiosis. 
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VIRUSES AND PARASITISM 

By R. S. BADAMI 

Unive1.~ity Botany Laboratory, Madras-S 

. PLANT VIRUSES have a peculiar capacity of in vivo multiplication with 
ability to thrive and reproduce in living cells of host plants and also 
affect such cells to which they are not intrinsic. This, in fact, is the 
basis of their relationship. A brief consideration of closely interdepen
dent relationship of some of the following aspects as: virus and its 
constituents; the virus-host complex and virus-vector relationship, 
would reveal itself that in addition to obligate parasitism, there exist 
several degrees of pathogenicity ranging from ready expression of 
disease to masked symptoms now referred to as commensalism. 

VIRUS AND ITS CONSTITUENTS 

All plant viruses hitherto purified are known to be ribonucleo
proteins. [0 these, the central core of nucleic acid seems essential 
for infectivity while the protective protein covering confers not only 
stability but carries the serological specificity of the virus. 

I n plants infected with Turnip yellow mosaic virus. two types of 
particles are found, both superficially alike, but on purification from 
infected plant sap one could recognise: a non-infectious" top" compo
nent devoid of nucleic acid, while the infectious" bottom~' component 
contained the nucleic acid. Both these components exist in the ratio 
of I: 2 in vivo. 

Reports of activation of one tobacco necrosis virus by another 
introduces a new factor in relationship of serologically unrelated 
particles (Kassanis and Nixon, 1961). The smaller and larger particles 
are associated in a unique fashion, for the former will multiply only 
in presence of latter particles (found in the preparations of the Rotham
sted culture of tobacco necrosis virus). both being present in the plant. 

VIRUS-HoST COMPLEX 

Plant virus diseases are considered to be essentially disturbances 
in the host's nucleoprotein metabolism (Bawden and Pirie, 1952). The 
presence of highly deformed, blister-like areas, filiform and cup-like out
growths (enation) in Dolichos enation mosaic virus or in tobacco leaf
curl, shoe-strings in yellow cucumber mosaic virus on Nicotiana J5lutinosa 
and strains of tobacco mosaic virus and also in many other virus-infected 
leaves, are indeed suggestive of violent disturbances in host cell meta
bolism. In our studies with complex virus disease of Solanum jasmi
no ides Paxt., leaf abscission Was seen in Ph),salis floridana Rydb. 
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infected with potato virus Y isolate, which was one of the components 
of disease (Badami and Kassanis, 1959). There was no such abscission 
in healthy leaves of similar plants. Similar abscissions are known 
to be caused in other virus-infected plants, which are shown to be due 
to low auxin content in virus-diseased plants (Pavillard, 1955; Chessin 
and Dyson, 1961), or an upset in the auxin metabolism. 

Another characteristic feature of many virus infections is pro~ 
nounced stunting, mainly due to retardation of growth in such plants 
Where stunting is the maior effect on growth, auxin may not be involved, 
and recent work with the gibberellins suggest that these compounds 
may also be important for stem elongation in higher plants (Brain and 
Hemming, 1955). The effect of gibberellic acid as foliar spray on stunted 
plants of Nicoliona labocU/n and N. glut:lIosa infected by severe etch 
virus was studied by Chessin (1958). He reported that initially, the 
stunting was completely overcome by the treatment but this effect 
ultimately wore off, while there was no response in height growth 
when sprayed with indole acetic acid. 

Among other morphological changes noticed are: poor root 
development accompanied by considerable reduction in number of 
nodules (John, 1959). However, changes brought about in the nodules 
consequent on virus infection are sUB obscure. Another issue which 
centres around this is. whether the nitrogen fixed in nodules could be 
utilized for synthesis of virus protein. 

The concept of virus disease as disturbances of the host nucleo
protein metabolism almost necessitates the conclusion that the ability 
of viruses to infect, multiply and cause symptoms will vary greatly with 
changes in the physiological condition of the host. Almost every 
change in the growing condition that affects plant growth would also 
affect the behaviour of viruses. The increase in susceptibility to infec
tion by viruses when plants are pretreated to a period of darkness or 
an abundant supply of water, or nitrogen and exposing plants to high 
temperatures (around 36' C.) seems to support this view. 
However, responses to same treatments in post~inoculation period 
were not so spectacular. The response to pre-inoculation treatments 
is much pronounced than post-inoculation treatments. The latter 
fact is borne out by studies with cucumber mosaic virus and its strains 
in relation to a high temperature of 36' C. and darkness treatments 
(Kassanis, 1954; Bhargava, 1951; Badami, 1959). 

Inhibitors of virus multiplication, like thiouracil and 8-Azaguanine 
are known to act on viruses chiefly through the host system, as revealed 
by the. pronounced yellowing and curling noticed in the treated plants. 
ThIouracil inhibited the multiplication of tobacco mosaic virus (TMV) 
but had little effect against cucumber mosaic virus in tobacco, however 
the latter is inhibited by 8-Azaguanine (Badami, 1959). 

It is of common knowledge that plant viruses are pre-eminently 
paraSItes causing visible symptoms ranging from • Mosaic' to . Yellows' 
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besides producing several imperceptible changes such as occur in masked 
and latent virus diseases. The last two characteristics are seen in latent 
infections with the masked strain of tobacco mosaic virus, carnation 
latent virus, tobacco ringspot virus (with the well-known phenomena 
of apparent recovery from the virus infection), Dandelion latent mosaic 
virus, and paracrinkle virus. In all such virus infections . hidden' 
or 'disguised' have been used as synonyms for latency and masking. 

Bawden (1958) in the symposium on "Latency and masking in viral 
and Rickettsial infections" has put forth a new idea of' COMMENSAL
ISM'. He defines commensalism, as applied to plant virus as "the free
dom of an infected plant from visible lesions". He argues this concept 
to be more" appropriate since it conveys the idea of existing together 
in harmony, or harmlessness towards a given plant, without at the same 
time suggesting, as do latency and masking, that the lack of virulence 
depends on some change in the state of the virus, a change that makes. 
it no longer identifiable by methods applicable when the virus is obviously 
pathogenic". In fact, Cayley (1928) suggested that the" broken" condi
tion in the tulips can hardly be considered a disease in strict sense, but 
the relation of virus to host as symbiotic. Paradoxically enough, 
commensalism between virus and host in the Tulip break disease (oldest 
of virus disease 1637) has led to extensive trade of tulips in The Nether
lands. In earlier days Dutch bulb-growers knew how to transmit the 
symptoms of broken tulips to uncoloured breeder tulip by means of 
grafting a diseased tulip on a healthy one. But presently this practice 
of using virus-diseased bulbs has nearly outdated. However it would 
be possible to obtain or continue to grow Rembrandt-tulips and other 
beautiful broken tulips under special care without risking the health 
of other stocks. There was a time when fortunes were exchanged for 
a single broken bulb. 

VIRUS- VECTOR RELATIONSHIP 

In the absence of visible pathogens, proof of evidence of trans
missibility of such abnormal conditions as due to a virus has to be 
established. The chief criterion of a plant virus disease is its trans
missibility which could be accomplished through mechanical or/and 
biological means. It is the latter that stands out unique in virus-vector 
relationship. This could range from specificity to non-specificity, 
to loss or gain or change in transmissibility and even pathogenicity to 
vectors. The first two are well known to need elaboration. 

Cucumber mosaic virus has a very wide host range and is known 
to be transmitted by 34 different species of aphids (Day and Bennetts, 
1954). The strains of cucumber mosaic virus have also been found 
to differ in the ease with which they are transmitted by aphids (Bhargava, 
1951). The Spinach strain of cucumber mosaic virus isolated in 1946 
by Bhargava was readily transmitted by Myzus persicae Sulz. until 
1955, when it lost this property during propagation, while other strains 
remained transmissible. Aphis gossypii Glov., Myzus ascalonicus 
pon. and Myzus circumfleXlIs Buck!. transmitted thi,' strain but !lilt 
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M. persicae (Badami, 1958). A number of instances have been re
ported on loss/gain in transmissive ability, while an isolate was under 
observation (Black, 1953; Hollings, 1955; Watson, 1956; Swenson, 
1957; Badami and Kassanis, 1959). 

The high degree of specificity in leaf-hopper transmitted viruses 
may be correlated with their ahility to multiply inside the vectors, for 
example aster yellows in Macrosteles fascifrons Stal. (Kunkel, 1927; 
Maramorosch, 1952), clover club-leaf virus in its vector Agalliopsis 
novella Say. (Black, 1950), corn stunt virus in Dalbulus maidis Del and 
Wol. (Maramorosch, 1951), European wheat striate mosaic in 
Delphacodes pe/lucida Fab. (Slykhuis and Watson. 1958; Watson and 
Sinha, 1959) and potato leaf-roll in the aphid M. persicae (Day, 1955; 
Stegwee, 1960). Thus all these exhibit much closer relationship with 
their vector hosts. Maramorosch (1956) suggested that the fat-body 
cells rather than the salivary gland is the site of virus multiplication, 
possible because of the damage caused to fat-body cells. 

A very striking and interesting relation was noticed in the afore
mentioned virus-vector partnership. The evidence that plant viruses 
cause actual disease in the insects they invade was lacking till 1954 
(Black). However, recently three instances have been recorded of 
presumed adverse effects on insect hosts. Littau and Maramorosch 
(1956, 1960) found that fat-body cells in plant hoppers (M. fascifrons) 
carrying aster yellows virus appeared abnormal and underwent pro
gressive deterioration. Jensen (1958, 1959) reported that peach yellow 
leaf-roll virus strain of western X-disease affects the longevity of its 
vector (Calladonus montanus Van Duzee.), for the viruliferous insect 
(~ virus-bearing) survives to an average of 24 days as opposed to non
viruliferous ones surviving up to 51 days. Recently, Sinha (1960) 
reported of the pathogenic effects observed only in eggs of mothers that 
had fed on diseased plants as nymphs and had themselves infected plants; 
mothers that fed as nymphs on diseased plants, hut did not themselves 
become infective, laid healthy eggs. Egg mortality was, therefore, 
independent of the nutrition of the mother. something that provides 
further evidence for the view (Watson and Sinha, 1959) that wheat 
striate mosaic virus is pathogenic to the eggs of Delphacodes pellucida F. 
Authors noted that egg survival and the production Were poor in infected 
leaf-hoppers. They also found that the embryos did not survive in the 
eggs of plant hoppers. [nstances such as these suggest that viruses are 
true pathogens of the insect as well as of the plant. 

Apart from virus multiplication in leaf-hoppers, potato leaf-roll 
virus multiplies in the aphid M. persicae (Day, 1955; Stegwee and 
i'tJnsen, 1958). A consideration of the relationship hetween potato 
leaf-roll virus and the natural transmitter aphid-M. persicae-revealed 
a surprising factor of relationship between virus multiplication and the· 
intensity of respiration io the insect (Stegwee, 1960). He found from 
8 houTs onwards a significant decrease of the oxygen consumption in 
the viruliferous aphids. The lowest respiration rate was reached after 
~bo\lt 30 hours which was little longer than the incubation period of 
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the virus in the aphid. But virus was not detected after 8 hours in 
the insect blood. 

In Japan, Yoshii and Kiso (1957) reported that in some, but not 
all respects, the virus causing dwarf disease of satusma orange has a 
metabolic effect on the plant hopper vector, Geisha distinctissima Wal. 
similar to that found itt infected orange leaves. Both oKygen consump
tion and total phosphorus were reduced in a similar manner in host 
plant and vector. The authors do not indicate whether or not viruliferous 
insects have reduced longevity Of other evidences of adverse effects 
due to the virus. However, the decreased utilization of oxygen would 
suggest that infective vectors are more likely to be suffering than benefit
ing from the presence of this virus in their bodies. 

In virus host relation almost every possible observation was 
made on effects of tobacco mosaic virus infection on respiration such 
as increase, decrease or no change. However, among these the most 
striking effect is that observed in inoculated leaves, where respiration 
is increased by 10% within an hour after inoculation (Owen, 1955), 
maintained this increased rate for some days during which the virus 
content is increased and culminated in a fall in respiration rates much 
below the rate of uninfected leaves. A similar situation exists in 
s) stemically infected leaves when they have high virus content. The 
increased respiration rate of tobacco leaves inoculated with tobacco 
mosaic virus is unique, among virus-host combinations. This is not 
the case with TMV in N. glutinosa or potato virus X and tobacco etch 
virus in tobacco. All three latter viruses have greater effect on respi
ratory rates which increase from 20 to 40%. 

VIRUS DISEASES OF INSECTS 

The role of insects as vectors in disseminating plant viruses are 
too well known to be discussed here. There are over 200 insect viruses 
known that kill their hosts, but plant viruses and vertebrate viruses 
transmitted by insects have been considered harmless to their vectors. 
However, another relationship where the insect is itself parasitized 
through a virus disease, proving lethal to the host, affords possibilities 
of biological control of insect pests. Some virus diseases of insects 
(polyhedral disease, granulosis) have proved lethal to their hosts. 
Mostly larval forms of insects belonging to Lepidoptera (butterflies 
and moth), Hymenoptera (ants, bees) and Diptera a"Te susceptible to 
virus diseases. But methods of spread of viruses in these insects are 
obscure. So far destruction of Spruce forests in Central Europe by 
larvae of Nun moth (Lymantria monacha) pine saw-fly and common 
clothes moth have been effectively controlled (Smith and Markham, 
1954). Similarly the menace of hordes oflocusts (Orthopterous member 
gregarious in habit) or threat of aphids (the natural transmitter of plant 
viruses, clustering so many offarm and garden crops) could be reduced 
if only a virus epidemic could be started in these potential enemies. 
[n India, white-flies are the principal agents for transmission of plant 
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viruses and any means of biological control of these vectors through 
virus disease warrants attention. 

The widely divergent relationship ranging from lethal paraSItIsm 
to commensalism amongst viruses and its constituents, virus-host com
plex, virus-vector partnership and the role of insect viruses in biological 
contr01 of injurious pests are presented. 

I wish to place on record my grateful thanks to Professor 
J. Venkateswarlu, and to the Indian Science Congress Association for 
giving me this opportunity to take part in this symposium. 
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ECTOTROPHIC FUNGAL ASSOCIATIONS 
WITH ROOTS" 
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THE region of soil immediately surrounding living roots provide a 
micro-habitat characterized by active liberation of metabolites and a 
rise in the population of micro-organisms as a result of the enriched 
substrate in the root environs (Sadasivan and Subramanian, 1960); 
such a micro-habitat has been defined as the rhizosphere (Hiltner, 1904) 
and the observed difference between the numbers and activity of the 
microftora of the rhizosphere and that of the microftora of the soil away 
from roots is referred to as the rhizosphere-effect. The rhizosphere
effect may then be considered as one of the demonstrable interactions 
between roots and soil microflora. The innermost stratum of rhizo
sphere is known as the rhizoplane which comprises the root surface 
with the attendant microftora, discernible only after removal of the 
rhizosphere soil and subjecting the roots to repeated washing. In 
the following paragraphs. it is my intention to confine to the root
fungus interactions in angiosperms and elucidate the physiological 
significance of ectotrophic fungal associations with plant roots. The 
initial focus of such an association is the rhizoplane, and considerations 
of the biology of fungal associations in the rhizoplane have received 
little attention while emphasis has no doubt been placed on typical 
mycorrhiza formations. Indeed, Jahn (1934) had suggested the usage 
of the term peritrophic mycorrhiza for rhizoplane fungi to distinguish 
them from strict mycorrhiza formers. Since cortical penetration of 
the fungal hyphae is characteristic of mycorrhiza. the usage of the term 
peritrophic mycorrhiza was discontinued and instead, the terms root 
surface or rhizoplane rnicrofiora have come into vogue. Harley and 
Waid (1955) and Subba-Rao and Bailey (1961) have demonstrated 
methods by which active mycelia on the root surface could be examined 
and isolated by serial washing of root segments and plating them on 
suitable agar media. These fungi exist as mycelia on the surface of 
roots and the possible physiologic relationship between the fungi and 
the plant is not yet clearly understood although we have evidence to 
show that certain rhizosphere bacteria diminish or augment the supply 
of essential nutrients to plants from the soil. The manganese deficiency 
dIsease of oats, referred to as 'Grey speck' has been ascribed to the 
competItIon of certain rhizosphere bacteria with the host for the supply 

~ Sun;mary of paper presented in the symposium entitled 'Parasitism and 
symbl,osis under t,he Bot"oy Section of the 49th Session of the Indian Science Congress 
held in Cuttack In January, 1962. 
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of manganese (Gerretsen, 1937). The intensity of symptoms depended 
on the manganese content of the host. Seedling mortality by necroses 
of the leaf-tissue resulted when the manganese content was below mini
mum. However) at manganese content of the host ranging from 
5-35 p.p.m., the plants were free of symptoms. Addition of 5-10% 
of the original bacteria-infested soil to sterilized soil caused the grey
speck symptoms to reappear. These results indicate that a lowered 
resistance of roots to the invading organism is dependent on manganese 
deficiency. [n a similar study (Gerretsen, J 948), the part played by 
bacteria in the intake of phsophorus by plants has been shown in pot 
cultures of several plants which were grown on sterile and bacteria
infested soil after addition of insoluble phosphates. In many instances 
the plants growing in bacteria-infested and phosphate-enriched soil 
registered a rise in the avera\! weight of the plants and the phosphorous 
content as well. When pure cultures of bacteria were isolated from 
the soil and infected into sterile cultures of oats amended with phos
phate, the dry weight of the host plants increased and the phosphorous 
content rose from 16 to 54~~. The increased intake of phosphorus 
was accounted for by burying glass plates smeared with phosphorus 
containing agar into unstcrilized soil when clear solubilization zones 
were visible as distinct spots, especially under the root-tips of mustard 
seedling indicating thereby that the bound phosphate was made available 
to the plant in the vicinity of roots for absorption. More recently, 
Krassilnikov (1959) has shown the influence of soil bacteria on the 
accumulation of vitamins and amino-acids in plants grown in soil 
infested by these bacteria. 

While the foregoing studies have demonstrated the role of bacteria 
associated with roots of higher plants, we have no information concern
ing the part played by fungi of the root region in the physiology of the 
plant. A study in this direction was initiated employing techniques 
to achieve interaction between roots of seedlings grown under aseptic 
conditions and a particular fungus dominating the rhizoplane of the 
same species growing naturally in garden soil. Tn this investigation 
(Subba-Rao et al., 1961) two species of fungi dominant in the rhizoplane 
of tomato plants were used. The fungi Were Fusarium sp. and TricflO
derma sp., the former predominating the root surface of a variety of 
tomato, Bonny Best, while the latter was dominant on the root surface 
of the variety, Loran Blood. Plants were grown aseptically and the 
roots were infested with the particular fungus by pouring conidial! 
mycehal suspensiGlls of the fungus into the container in which the roots 
were growing and allowing the inoculum to establish on the roots for 
48 hours. The infested and the uninfested plants were then trans
ferred to solutions containing radioactive sulphur, phosphorus. 
bicarbonate and glucose. When appreciable radioactivity was detected 
in the shoot system, the tops of the plants were scissored off and the 
total radioact\\'i'.y measured. In addition, in glucose-treated plants, 
alcoholic extracts of shoots were chroma to graphed in two dimensions 
and radio-autographed to determine the relative distributions of CI4 
in the uninfested and infested plants. To a certain extent. both 
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Fusarium as well as Trichoderma suppressed the uptake of sulphur and 
phosphorus. This tendency was not seen so far as glucose was con
cerned; while Fusarium considerably retafted the uptake of glucose, 
Trichoderma accelerated it. Infestation of roots of the variety Bonny 
Best with Fusarium considerably reduced the amount of radioactivity 
entering amino-acids and increased the radioactivity of sugars. While 
in Fusarium-infested Bonny Best plants, radioactivity was traced in 
glucose, fructm.e, sucrose and faintly in organic acids, none was found 
in amino-acids. On the other hand. in plants free of Fusarium, aminc
acids such 3::' a:;partic acid, glutamic acid, asparagine, glutamine and 
alanine became radioactive and only traces of radioactivity wefC seeD 
in fructose and organic acids. Infestation of roots of the variety Loran 
Blood with Trichoderma had much less effect on the distribution of 
radioactivity in shoots. In this instance! the amount of radioactivity 
entering amino-acids was almost unaffected, but infestation with the 
fungus resulted in a reduction of radioactivity in sucrose. A notable 
inference from the foregoing results was that the presence of the fungus 
on the root surface not only affected the total amount of material entering 
shoots but also affected the subsequent metabolism of at least glucose. 
The cause for reduction in the uptake does not appear to be a simple 
case of physical interference with the uptake mechanism or a simp1e 
competition between the root and the fungus for the common substrate. 
The following physiological explanation may be offered to account for 
the observed differences in the further transformation of glucose enter
ing roots in infested and uninfested states: In the absence of Fusarium, 
the roots converted glucose to amino-acids for translocation up to 
shoots (Martin e/ al., J961), but the presence of the fungus on roots 
resulted in a decrease in the metaboJization of glucose in roots and it 
was, instead, transported to shoots where conversion to other sugars 
took place. In other words, infestation with Fusarium altered the 
ability of roots to metabolize glucose. The results appear interesting 
and although no general conclusion could be drawn from them, it is 
apparent that fungi in the rhizoplane influence the fate of substances 
absorbed by the roots. Hence, these studies should bc viewed as fore
runners to a more intensive study with regard to the physiological role 
of root surface flora in the metabolism of the higher plant. 

The two-way rransport in ectotrophic mycorrhiza.- Many earlier 
workers on ectotrophic mycorrhiza have observed a correlation bet
ween the nutrient level of soil and the intensity of mycorrhizal associa
tion. In soil deficient in nutrients greater mycorrhizal development 
takes place than in 501] enriched with avaiJable nutrients. This observa
tion naturally suggests the role of the lower symbiont in the absorption 
of nutrients. The work of Melin and Nilsson (1950, 1952) on intact 
seedhngs have demonstrated that the external hyphae of ectotrophic 
mycorrhlza of comfers act III a manner analogous to root hairs in absorb
ing and transporting labelled phosphorus and inorganic and organic 
mtrogen mto roots. Harley and his associates (see Harley, 1959) 
showed the transport of labelled phosphate from the fungus to the host 
111 eXCised roots of beech and reported that about 90% of the phosphorus 
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absorbed was retained in the fungal sheath. Employing an elegant 
technique, Melin and Nilsson (1952) have shown that Boletus variegatus 
is able to transfer nitrogen from a solution of ammonium salt to the 
tissues or the roots of pine. In fact, Kramer and Wilbur (1949) Were 
the first to produce autoradiographs of excised roots of loblolly pine 
after exposure to P" phosphate. These autoradiographs showed clearly 
a greater accumulation of phosphorus in mycorrhizal roots than in 
uninfected roots. 

The results of the foregoing studies have established conclusively 
that the fungal symbiont functions as nutrient absorbing structure. 
Is there a reverse flow of organic materials from the higher plant to 
the fungal associate? This question has been tackled by several investi
gators. Bjorkman (1942. 1944. 1949) established a correlation between 
the amounts of soluble carbohydrates in the roots and the frequency 
of mycorrhiza. His conclusions point out that excess of sugars in 
roots results in heavy mycorrhizal infection and conversely a deficiency 
results in poor infection. In other words. the establishment of the 
lower symbionl on the roots depends upon the availability of the photo
synthate in the root system. This hypothesis was extended by Melin 
and Nilsson (l957) who demonstrated the transport of C" labelled 
photosynthate to the fungal associate from pine seedlings. The radio
activity values of the fungal mantles were somewhat higher than those 
of uninfected roots indicating a higher concentration of labelled photo
synthate in the fungal sheath than in roots. 

Growth substances produced by the lower symbiont. - The majority 
of fungi producing ectotrophic mycorrhiza belong to the basidio
mycetes, particularly to the families Agaricaceae and Boletaceae. Most 
mycorrhizal fungi are heterotrophic to thiamine or one of its eonsti~ 
tuent moieties, pyrimidine or thiazole (Melin, 1954), although defi
ciency for other B-vitamins such as pantothenic acid, nicotinlc acid, 
biotin and inositol have been reported occasionally. Besides these 
vitamins. Melin (1953) discovered that exudates from excised roots 
of pine stimulate the growth of mycorrhizal fungi in media supple
mented with B-vitamins and amino-acids; Melin called this' M factor'. 
Laler Melin and Das (1954) showed that this factor was not specific 
to pine roots but were exuded by roots of several angiosperms. 

The root system of pine trees have long roots on which short 
laterals are borne. These lateral rools could broadly be classified 
morphologically as follows: (l) dichotomously branched and swollen 
roots, which under extreme conditions may become coralloid or .tuber~ 
cular, and (2) unbranched laterals which are often infected by non
mycorrhizal fungi; some of these were called 'Pseudomycorrhiza' 
by Melin. The typical morphogenesis of the root system has been 
attributed to the fungal associate of the mycorrhiza. Excised roots 
of pine were grown in crude culture filrates of Boletus spp. and 
forking and swelling of short laterals observed (Slankis, 1958). Addi
tion of indole acetic acid (IAA) to synthetic media on which excised 
roots were raised brought about similar changes in the morphology 
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of the root system (Slankis, 1958). When white and red pine seedlings 
were raised under aseptic conditions without change of nutrients and 
proper aeration, the short laterals got forked and the ends of long roots 
became swollen. Restoration of such seedlings to congenial conditions 
resulted in the elongation of the ends of swollen long roots and the 
forked short laterals (Subba-Rao, observation). Forking of pond 
pine roots were caused by such compounds as kinetin, sulphanilamide, 
pyridoxine and several amino-acids which arc chemicaJly unrelated 
to one another (Barnes and Na'ylor, 1959). IAA was chromato
graphically detected in the swollen and forked mycorrhizal short laterals 
of white and red pine but not in culture filtrate of Boletus sp. grown on 
tryptophane-free medium supplemented with pine root exudates 
collected from plants grown aseptically (Subba-Rao and Siankis, 1959). 
Sugar pine seedlings grown aseptically demonstrated typical dichotomy 
of short laterals even in the absence of the fungus and additions of 
IAA at concentrations of 10-6 M-10-ll M to aseptically growing excised 
ruots of sugar pine did not induce dichotomy of short laterals (Ulrich, 
1960). The culture filtrates of several mycorrhiza-forming fungi have 
been screened for indole compounds. All species of Boletus except 
B. badius produced IAA and the latter and other slow-growing ones 
needed tryptophane in the'medium. Coprinus comatus has been shown 
to have IAA oxidase system and it readily converted the IAA into several 
other compounds (Ulrich, 1960). 

The aforesaid results suggest that the factors involved in the 
characteristic morphology of mycorrhizal short roots are manifold 
and a greater understanding of the physiology of interaction between 
the two symbionts is essential for a proper elucidation of the cause 
of forking in pine roots. The observation of forking and reper,\ed 
dichotomy of short lateral roots of pine in sterile cultures need further 
investigation. As indicated earlier, forking of short laterals in aseptically 
growing white and red pine seedlings takes place under adverse cultural 
conditions. Similarly, it is quite conceivable that forking and repeated 
dichotomy of short laterals in naturally growing plants is a means to 
increase the absorptive area of the root and in order to accomplish 
this, the plants have exploited the seasonal changes in soil climate. 
In temperate soils, during ",,inter the soil is frozen and aeration is in
adequate, a condition analogous to prolonged aseptic culture of pine 
seedlings in an environmenL of unchanged nutrient and insufficient 
aeration. This adverse condition may probably favour the accumula
tion of certain metabolites (growth substances) in the roots responsible 

. for the initial dichotomy of short laterals during the first year of seedling 
growth. With the advent 0\ spring when adequate aeration is feasible 
for the normal activity of both the symbionts, the swollen ends of long 
roots grow vigorOUSly, the fungus grows over the root surface and the 
Hartig net gets established with an ectotrophic fungal mantle. As 
the r?ot system grows further, the interaction products of both the 
symblonts such as growth substances are translocated and again accumu
late during subsequent winter and cause forking of (he short laterals
followed by repeated dichotomy. The foregoing account is a bypo-
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thesis and therefore the possibility of influence of seasonal change~ 
in the soil climate on the symbiotic phenomenon and the consequent 
morphogenesis of the root system merit investigation. 

Production of antibiotics in soils, their uptake by plants and the 
importance of systemic fungicides in the control of plant diseases have 
now been well recognized (Brian, 1957). In view of the occurrence 
of a specialized fiora in tbe rbizoplane, an intensive study of the sub
stances produced on the root surface by these micro-organisms should 
be undertaken. I am referring to the possibility of eXistence of a physio
logical activity on the root surface akin to the role of root hairs in absorp
tion, whereby the organic substances produced by the micro-organisms 
in the rhizoplane are being constantly absorbed and utilized by the 
plant. Explorations in these directions need elegant techniques by 
which we could establish an interaction between a particular micro· 
organism or a group of dominant micro-organisms and the plant in 
the rhizoplane which will approximate conditions obtained on roots 
growing naturally in soi\. In other words, soil microbiologists and 
root disease patbologists must pay more attention to the energy relation
ship on the root surface, especially since root surface constitutes the 
primary locus of infection. Since rhizospbere population could 
materially be altered by foliar sprays (Ramachandra-Reddy, 1959), 
it would be possible to alter the thizoplane fiora and induce the establisb
ment of the most beneficial microbial community on the root surface 
and thus indirectly contribute to the well-being of the plant. Some 
of these and related problems need attention by soii microbiologists 
in future. 
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SYMBIOnC associations between micro-organisms and other micro
organisms or plants or animals are as varied as they are widespread. 
Associations so interpreted in the past include those of algae with fungi 
to form lichens. of algae (Zoochlorella, Zooxanthella) with freshwater 
and marine animals; of fungi with plant foots to form mycorrhiza, 
of yeasts and yeast-like fungi in the rumen of sheep and other animals 
and also associated with wood-feeding and plant-sap-sucking insects, 
of Septobasidium spp. with scale insects, of fungi and ambrosia beetles; 
of Rhizobium spp. with roots of legumes to form nodules, and of bacteria 
forming an essential intestinal microflora in many insects and animals. 
We shall try to summarise here the significant progress that has been 
made in understanding some of these relationships. 

The plant root-fungus associations seen in the ectotrophic and 
ectendotrophic mycorrhizae of forest trees have been investigated 
critically by many workers (Melin, 1953; Harley, 1959; Slankis, 1958, 
1961). From a study of mycorrhizae of pines, it has become obvious 
that a deep intracellular infection can be found in the cortical cells 
in the initial stage of the symbiotic relationship. Cytological studies 
have shown that, with increasing resistance of the host plant, most 
of the intracellular hyphae are digested by the host cells. The fungal 
hyphae thence remain intercellular and form "Hartig nets". Melin 
considers this phase one of mutual adjustment. According to Melin 
(1953), "since the mycorrhizal fungus invades the host, it may be con
sidered primarily as a parasite. Contrary to many real parasites it 
does not seem, as a rule, to be producing substances toxic to the host". 
The uniqueness of the association is that the fungus is parasitic but not 
pathogenic, and the host, in turn, is tolerant although infected. Nay, 
there is much more that is unique in this association, as may be seen 
from the physiological interactions between the two partners. The 
majority of the mycorrhiza-formers referred to belong to the Basidio
mycetes (Hymenomycetes and Gasteromycetes) and sporophore develop
ment takes place only in association with tree roots. Contribution 
of certain unknown factors favouring reproduction of the fungus by 
the plant roots is thus implied. Indeed, the rhizosphere provides the 
fungus with sugars, amino acids, vitamins and possibly other organic 
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substances required by the fungus. The obligately mycorrhizal Basidio
mycetes are incapable of producing cellulase except rarely and then 
possibly adaptively. The saprophytic activity of these organisms is 
thus severely curtailed and their requirement of sugar for growth has 
led to the suggestion that the main factor in mycorrhiza formation is 
the presence of soluble carbohydrates;n the roots (Bjorkman, 1944). 
However, isolated pieces of mycorrhizal pine roots survive and live for 
several seasons simulating chlorophyll-less plants. New normal-appear
ing mycorrhiza are formed by these segments. It is dear that the carbo
hydrates accumulated in these roots are derived from the soil through 
the fungus hyphae. Thus it appears that the explanation may not 
be as simple as proposed by Bjorkman. It has been pointed out that, 
wheninmycorrhizaJ association, fungus partners with cellulose-decompos
ing ability may not produce cellulase as long as soluble carbohydrates 
are produced by the roots, but that the cell wall and its constituent 
cellulose may form the substrate for their activity when the roots cease 
to offer sugars: a possible explanation of the ectendotrophic mycor
rhizae. Yet another interesting fact is that the fungi forming ecto
and ectendotrophic mycorrhiza enter the roots by producing pectolytic 
enzymes, but not all soil fungi which show this pectolytic ability form 
mycorrhizae. It is fltting to postulate that tree roots may excrete sub
stances toxic to certain fungi, but not others; such a postulate appears 
inescapable in order to explain further the ability of several mycorrhiza
forming Hymenomycetes to associate with only one or a few genera 
of trees. There is thus no doubt that the rhizosphere of these trees 
not only functions as a locale for the development of chosen mycorrhizal 
partners but also provides them with substrates required for their develop
ment, particularly growth factors for which they are heterotropllic and 
amino acids. On the other hand, what does the higher partner (the 
host) get in return? Much evidence is now available indicating that 
the ecto- and ectendotrophic mycorrhizae absorb nutrients and a mycorr
rhizal relationship is invariably beneficial and often essential. Mycor
rhiza-bearing plants have been shown to accumulate considerably more 
nitrogen, phosphorus and potassium than plants without mycorrhizae. 
Using labelled phosphorus, several workers have demonstrated accumu
lation of this ion in the roots via the fungal hyphae. Similar results 
have been obtained for labelled inorganic nitrogen and organic nitrogen 
in the form of glutamic acid. The morphological features such as 
repeated dichotomous branching of the coralloid mycorrhiza of pine 
are now believed to be induced by supra-optimal levels of auxin (? IAA) 
produced by the fungus. Increased auxin levels for the mycorrhizal 
roots as compared to the non-mycorrhizal roots have also been demon
strated. Apart from causing all the morphological abnormalities 
whlch are essential to the establishment of ecto- and ectendotrophic 
mycorrhizae of pine, the auxin exuded by the fungus affects the entire 
root system when translocated from the short roots to the long roots. 
The se9uence and the frequency of short roots would be governed by 
the aUXll1 concentration. The morphological abnormalities so produced 
would add to the absorbing surface of the root system of the tree and 
to the benefit the tree derives from the association. 
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We shall now consider the root nodules of legumes on which much 
outstanding work has been done (Thornton, 1954; Thimann, 1955; 
Allen and Allen, 1958; Hallsworth, 1958; Raggio and Raggio, 1962). 
Infection of root systems by Rhizobium is accomplished via root hair 
tips and this event is stated to be preceded by exudation of organic sub
stances from the root hair tips. It has been suggested that infection 
is correlated with production of polygalacturonase. Following infec
tion, the bacteria multiply rapidly and form a thread of numerous rods 
enclosed in a tubular cellulose sheath which is contributed by the host. 
Ceff-to-cell penetration follows. The occasional tetraploid cortical 
cells usually met with in legumes appear to be the primary foci of infec
tion. It is significant that colchicine treatment has been shown to 
improve nodulation. Tn the cortical cells of the root the bacteria multiply 
very rapidly and stimulation of cell division in advance of the infection 
such as is commonly observed suggests some diffusible substance being 
formed. The hyperplasia and the abnormally large and later degenerat
ing nuclei of the cells of the infected tissue could well be classified as 
pathological effects brought in by infection. There is as yet apparently 
no benefit to the legume from these internal changes except that the 
bacterium contributes auxin for nodule growth and development. The 
bacteria multiply in the new tissues laid down which form the nodule 
and are found as "bacteroids". Nodule development is obviously 
governed by initial nutritional supply to the area of bacterial activity. 
Indeed, in "effective" nodules a well-developed vascular supply connects 
the bacteroid zone of the nodule with the main vascular supply of the 
host root. [t is the effective nodules which partake in symbiotic nitrogen 
fixation and an understanding of these in comparison with the" ineffec
tive" nodules is a prerequisite for any discussion of the natl1re of the 
relationship. The accumulation of polysaccharide (dextrin?) between 
protoplast and cell wall of infected and adjacent uninfected cells of 
ineffective nodules of some species of Trifolium, but not in effective 
nodules, indicates perhaps that carbohydrate accumulation in the nodule 
may lead to ineffectiveness. In discussing effectiveness and ineffective
ness and the genesis of the root nodule, Thornton (1954) emphasized 
the balance of three processes which proceed distally: growth of meri
stem, progressive invasion of the inner layers by the bacterium, and 
the disintegration beginning at the base of the bacterial tissue. Both 
poor meristematic activity near the tip and rapid disintegration of the 
bacterial tissue from the base would contribute to limited volume of 
bacterial tissue and so to ineffectiveness. The substance of effectiveness, 
therefore, would be a balance between these two processes. The effec
tive nodule is characterised by the presence of leghemoglobin which 
neither partner is known to produce individually. The ability of the 
effective nodule to fix nitrogen is also not shared by the two partners 
individually. A direct correlation between the nitrogen fixing capacity 
of a nodule and its hemoglobin concentration has been demonstrated. 
While isolated effective nodules continue to fix nitrogen only for a few 
hours, it is remarkable that in association with the host the nodules 
remain active in the process until senescence brings in decay of the 
nodule tissue. It is therefore obvious that the host contributes sOjlle-
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thing significant to this process. The host plant also supplies the 
nutrients for the rhizobia which alone would permit the sequence of 
events just outlined. Ultimately the nodule disintegrates possibly 
due to cutting off of nutrients o' due to the production of some toxic 
substance. The rhizobia supply auxin required for nodule develop
ment. It must be admitted, however, that mere hyperauxiny would 
only contribute to simple abnormal growths devoid of hemoglobin 
and other pigments which arc characteris!'c of these nodules. The 
available evidence indicates that fixation of nitrogen in nodules starts 
only after multiplication of rhizobia and host cells ceases. The 
ability to fix nitrogen finally attained by the nodule is the consummation 
of a mutual association of give-and-take by the two partners. 

While the early stages of the association may be interpreted as 
being unilaterally beneficial to the bacterium. it would be interesting 
to know what the host receives in return, besides the unique consumma~ 
tion referred to above. There is little doubt that the plant is better 
supplied with nitrogen and grows better than its counterpart without 
the nodules. Evidence for definite transport of certain amino acids 
through the xylem of plants inoculated with effective strains is available 
and, indeed, the pattern of amino acid translocation is different for 
inoculated and uninoculated plants; in the case of peas, aspartic acid, 
asparagine and glutamine were detected in the sap from xylem of inocu
lated plants. It is pertinent to cite here the work of Virtanen, Moisio 
and Burris (1955) who have shown that photosynthetic products are 
necessary for nitrogen fixation in nodules. C"O, supplied to illuminated 
soybean leaves was translocated speedily to the nOdules where the C14 
appeared in amino acids. Indeed, Bergersen (1960) suggests that the 
host supplies" carbon compounds which are partially oxidized by the 
bacteroids and serve as the source of electrons for the reduction of the 
activated N. The products ofthe incomplete oxidation of the substrates 
then serve as acceptors of ammonia in the production of amino acids 
by the bacteroids. These amino acids diffuse away and become available 
to the host plant.·· Further, comparative data on nitrogen accumula
tion in the foliage, the roots and the nodules show that well over 50% 
of the N accumulates in the tops and much less ,in the fOOts and the 
nodules, although the figures vary for different host species (see Allen 
and Allen, 1958). 

Numerous examples of absence of nodulation in legumes are known. 
While these may be ascribed to the absence of suitable rhizobium strains, 
the possibility that hOlt-governed limiting factors may be involved is 
obvious from the work of Manil (see Hallsworth, 1958) who demon
strated nodulation in Trifolium ambiguum following grafting of T. repens. 
T. ambiguum normally did not form nodules. On the other hand, 
by grafting susceptible red clover scions on to resistant stock and vice 
versa, it has been shown that host factors which may be involved, in 
reSIstance or susceptibility were flat transferred across graft unions 
(see Allen and Allen, 1958). 
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" G A relationship somewhat akin to that in leguminous nodules is 
se.en in the root nodules of non-legumes such as Alnus, Eleagnus, 
Hippophae, Shepilerdia, Casuarina and Myrica (see Bond in Hallsworth, 
1958; Bond, 1959; Allen and Allen, 1958), Non-leguminous nodules 
fix nitrogen better than or as well as leguminous nodules, The capacity 
to fix nitrogen is retained longer by excised nodules of non-legumes 
than of legumes. Hemoglobin has been found in nodules of Casuarina 
and possibly occurs also in Alnus and Myrica, Using N'" as an indi
cator, it has been shown that nitrogen compounds are translocated 
through the xylem in nodulated alder plants (Bond, 1956), The nature 
of the organisms partaking in the relationship and the physiology of 
the association need further elucidation, 

The symbionts of insects which feed on restricted diets such as 
wood, blood or plant sap will now be briefly considered (see Trager, 
1960; Richards and Brooks, 1958; Toth; 1959), Bacteria and yeast
like fungi arc associated with many insects and are restricted to special
ised cells (mycetocytes) Of special organs (mycetomes), That some 
at least of these associations confer mutual benefits on the partners 
seems clear from recent experimental \vork. One of the major steps 
in the elucidation of the problem has been the use of techniques to 
obtain aposymhiotic insects for comparison with symbiotic individuals 
or asymbiotic species, The work on the symbionts of the beetles Stego
hium pan;ceum and Lasioderma serricorne has shown that these, when 
infected by their natural symbionts, grew normally on vitamin-deficient 
synthetic diets which would not support growth of aposymbiqtic 
individuals or other asymbiotic flour beetJes. The symbiotic yeasts 
were shown to supply the insects with biotin, pteroylglutamic acid, 
thiamine, riboflavine, choline, pyridoxine, pantothenate, nicotinic 
acid and an essential sterol. The symbiotic yeasts obtained from 
Slegohium and Lasioderma are speciflcally distinct but are not host
specific since they can be interchanged. Similar work has been carried 
out on roaches. From long and close association with the insect host, 
the bacteroids of roaches appear to have become part and parcel of 
a system, It is debatable whether these bacteroids may not really be 
mitochondria or oth~r organelles, for attempts towards in vitro culture 
of these have failed. However, the fact that these bacteroids are stimu
lated by metallic ions (ea, Zn) known to be activators of enzymes 
strengthens the belief that they are micro-organisms (Brooks, 1960). 
While the earlier methods of obtaining aposymbiatic individuals cannot 
be considered perfectly satisfactory, the more recent study of aposym
biotic Blatel/a germanica raised from symbiont-free eggs by feeding 
parent roaches on a diet of ground dog biscuit and 0'1% aureomycin, 
has convincingly d'emonstrated that the aposymbionts would not do 
well on ground dog biscuit whereas normal roaches would. The sym
botic bacteria in these cases not only supply accessory growth factors 
which can be more or less replaced by a diet high in yeast, but are also 
probably concerned in the removal of urate which was seen to accumu
late only in the aposymbiotic individuals, Insects which feed throughout 
their life-cycle on blood invariably harbour symbiotic bacteria; a 
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natural corollary of the fact that blood is low in concentrations of vita
mins. The blood-sucking lice (Pediculus corporis), the tset'e fly 
(Glossina) and bugs such as Cimex and Rhodnius are examples. On 
the other hand, insects having a diet in which microbes are abundant 
during their larval stage but feeding on blood only as adults (e.g., 
mosquitoes) lack symbionts. FjxaHon of atmospheric nitrogen in 
vitro has been claimed for some symbionts of aphids, but studies using 
N15 do not confirm uptake by normal symbiotic aphids. There is evi
dence that symbionts of insects may be involved in digestion. For 
instance, the intestinal flora is thought to be responsible for digestion 
of wax by wax moth larvae (Galleria). 

Indeed, it is now generally agreed that the digestion of substances 
such as wax, cellulose and chitin by animals requires the participation 
of intestinal microflora. In the wood-eating termites intestinal protozoa 
and sometimes bacteria too are be1ieved to contribute to the associa
tion by the secretion of cellulase, although the chemical mechanisms 
underlying this association need further elucidation. The same may 
be said of the role of the intestinal microfiora and microfauna of 
ruminants, 

The. symbiotic nature of lichens has been repeatedly mentioned 
(see Quispel, 1959). The algal symbiont carries on photosynthesis 
and forms carbohydrates and other organic substances, some of which 
would be available to the fungus partner. Where one of the symbionts 
is a blue green alga, fixation of atmospheric nitrogen is also a possi
bility demonstrated in some cases. There is some evidence that the 
fungus partner may be supplied with certain growth factors by the alga. 
On the other hand, the fungus may supply its partner with inorganic 
salts absorbed by the former. Supply of certain organic substances 
by the fungus is a possibility which needs more detailed study. There 
is little doubt that the algae are protected against desiccation by the 
fungus. Work carried out with N' ·' has shown that lichens in which 
blue green algae are involved fix atmospheric nitrogen, but not those 
in which green algae are involved (Bond and Scott, 1955; Scott, 1956). 
This is quite in keeping with the fact that several blue green algae arc 
now known to fix atmospheric nitrogen (see Desikachary, 1959). 

We shall now consider the general picture of symbiosis which 
emerges from the examples covered. Although in most cases the 
symbionts may be inseparable and interpretation may be jmpossible 
for this reason, the negative attribute of one or both partners being 
unable to survive or complete their full life-cycle in the absence of a 
relationship is often stressed in defining symbiosis. This is undoubtedly 
true for some relationships in varying degree. Thus, in the caSe of 
the ectotrophic mycorrhizae, the mycorrhizal fungi are unable to produce 
sporophores in the absence of such a relationshlp. In the case of certain 
orchids which lead a partly or wholly saprophytic life, a suitable mycor
rhizal association ensures survival; the fungus partner utilises complex 
and varied forms of carbohydrates from the substrate and makes them 
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available to the orchid. In the same way, the aposymbiotic insects 
already referred to are able to survive only when supplied with complex 
growth factors or through the re-establishment of the symbiont within 
the insects. The survival of the chlorophyll-less Monotropa is achieved 
through a mycorrhizal relationship and it is likely that the fungus can 
survive effectively only in association with the roots of the host. In 
the case of the lichens, attempts have been made to study the symbionts 
in isolation, but without success. While it is desirable to know more 
about the independence of the symbionts in isolation, it may be. stressed 
that this need not be the sale criterion for assessment of symbiotic 
relationships. 

The rationale for this approach becomes evident when we consider 
examples such as the legume-rhizobium symbiosis. The rhizobium 
appears to be highly specialised in the choice of legumes as its effective 
partner; on the other hand, its nutritional requirements are neither 
exacting nor extraordinary. While it is known to survive in 50\[S 
effectively, it is nevertheless subject to microbial antagonisms, especiaHy 
from Streptomyces spp., and to phage action in soil and even within 
the nodule. It has been suggested that the legume rhizosphere, but 
not the rhizosphere of non-legumes, may be a suitable locale foc the 
development and multiplication of rhizobia. This perhaps is not true 
since there are reports of their occurrence in the rhizospherc' of Poly~ 
gonaceae, Malvaceae, Gramineae, etc. (see Manil in Hallsworth, 1958). 
On the other hand, there have been indications of the presence of factors 
inhibiting development of rhizobia in legume rhizosphere. Notwith· 
standing these observations, it is clear that the rhizobia do not show 
heterotrophy. Likewise, asymbiotic legumes can grow to maturity 
when supplied with nitrogen and other normal requirements. How
ever, thjs symbjotk assoclatioTI whjch js therefore not indispensabJe 
for the two partners is essential for symbiotic nitrogen fixatiolJ, and 
indeed for the events which lead to this consummation and are therefore 
significant. The essence of symbiosis in this case is the new abilities 
for nitrogen fixation which the" symbiotic system" as a whole has 
developed, but is not seen in the partners in isolation. 

It is also clear that the relationship should be of mutual advantage 
to the partner.. We have already noted that the degree to which each 
partner within a symbiotic system may benefit would vary. This raises 
the question of relative benefits derived by each of the partners in a 
system and whether one may not consider the partner receiving more 
benefit as a pathogen or at least the more aggressive of the partners. 
This question appears simple, but it may not be easy to state prec.isely 
which partner receives more. In some cases such as the ectotrophic 
mycorrhjza of pjnes, tbe orchjd mycorrhizae and the insect ~ymbioses, 
there is obviously considerable mutual advantage. The price of this 
mutual advantage is mutual tolerance of individual idiosyncrasies or 
whims Or requirements. It is possible to interpret one of the symbiont, 
(e.g., the rhizobium in root nodules, the fungus in the lichen thallus) 
as parasitic in that it infects the other partner, but yet normally the 
symbionts establish betw,en themselves a live-and-let-live assQciation, 
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When this association has evolved to a stage when it may be considered 
obligatory, the partners are tied down to the disadvantages that normally 
flow from it, apart from the advantages already stressed. Thus, the 
distribution of Mono(ropa may be governed by the distribution of its 
fungus partner and vice Versa. The distribution of some spec1e~ of 
pines or of Casuarina may be restricted by the distribution of their 
mycorrhizal fungi and vice versa. Each partner in symbiosis has to 
sacrifice something to receive something in return. Indeed, there 
is no doubt that the ability of both partners to live together in balance 
without destroying the other or being destroyed is the essence of 
symbiosis. 

That this balance is subtle and ddicate becomes clear from examples 
which are known wherein anything that interferes with this balance 
changes the relationship altogether from one of symbiosis to parasitism 
leading to pathogenicity. ln the case of the insect Pediculus it bas 
been reported tbat blood containing overdoses of B vitamins or yeast 
extract is jnjurious, more So for normal lice· than for aposymbiotic ones. 
The relation of salt composition of diets of cockroach to symbiosis 
is equaUy interesting. Mn, Zn and the Ca/Zn ratio of the diets appear 
to affect the host or symbiont or both in such a way that the association 
may prove deleterious. The bacteroids in this case could be inter
preted to have become pathogenic (see Richards and Brooks, 1958). 
Similar observations have been reported for legume-rhizobium 
symbioses also. One such weJI-known observation is that of Brenchley 
and Thornton (1925) who observed that boron deficiency leads to the 
absence or weak develorment of vascular strands in the nodule and 
the rhizobia then tend to become pathogenic, attacking the protoplasm 
of the host ceil. It was suggested by them that this change was concerned 
with the loss or reduced supply of carbohydrates normaHy brought 
into the nodule by the vascular strands. Thornton (1930) has pictured 
a defective vascular system in alfalfa due to boron deficiency, and I.ack 
of adequate photosynthesis eventually leading to pathogenicity of the 
rhizobia. l\-foreover1 during nodule senescence and degeneration, which 
come up as an anticlimax to past events of nodulation and N-fixation, 
the rhizobia are known to invade the intercellular spaces and the middle 
lamellae of cell walls and multiply there (see Allen and Allen, 1958). 
During this phase, increased pbage activity bas been recorded which 
may partly explain nodule decadence, but we certainly need more infor
mation about the causes for nodule decadence and more especialJy 
what at this stage may be interpreted as the pathogenic phase of the 
rhizobium, 

Diener (1950) has made the interesting observation that at low 
levels of phosphate, penetration by rhizobia may take place, but the 
infectioll remains !atent and no nodules are produced. Thu., infection 
does not imply symbiosis. It appears pertinent here to consider infec
tweness vis-a-vis effectiveness of rhizobium strains. An inverse correla
tion has been claimed for this and appears significant in any consideraUon 
of symbIosis versus pathogenicity. For, it is possible to interpret 
extreme llleffectiveness as parasitism leading to pathogenicity or some-



198 MEMOIRS OF THE INDIAN BOTANICAL SOCIETY 

thing akin to it. Evidence is available that truly pathogenic rhizobial 
strains exist (Garrard and Jordan, 1951; Jordan and Garrard, 1951; 
van Schreven in Hallsworth, 1958) and it has been suggested that a 
pathogenic strain may be characterised by either a loss of an essential 
enzyme system or the ability to elaborate a phytotoxin. Further work 
may show that effective pectolytic activity may be involved. On the 
other hand, clipping of clover and other legumes resulted in the shedding 
of nodules which were. replaced only when the plants put forth new 
growth (Wilson, 1942); there was no evidence of interim pathogenicity. 
The main point which emerges from considering these facts is that the 
distinction between pathogenicity and symbiosis is very subtle and is 
governed not only by the innate nature of the host and the innate nature 
of the symbiont but also the conditions under which a symbiotic system 
functions. 

Mention should be made of specificity in symbioses. This is a 
problem yet unsolved. One of the main difficulties is that. in the 
majority of cases, attempts at separating the symbionts and cross-inocu
lation have not succeeded. We have similar problems relating to various 
plant pathogens which show a greater or less extent of specialisation 
to hosts. The conclusion would perhaps be justified that similar varia
tion in specificity can be seen in symbioses also. The establishment 
of cross-inoculation groups in the rhizobia is necessitated by such varia
tion. In certain organisms we even come across not only the ability 
to infect and become pathogenic, but also the tendency to enter into 
symbiotic relationships. Thus, the ubiquitous fungus, Corticium 
solani, besides being pathogenic to various cultivated plants, is known 
to be a potential mycorrhizal fungus (see Har[ey, 1959), although differ
ences must exist between the strains involved. ArmWar;a mellea 
belongs in the same category. Both these fungi show the ability for 
free spread in soil, the former by ordinary hyphae and the latter by 
means of rhizomorphs. And yet, pathogenic and" symbiotic" strains 
exist. 

]t is therefore tempting to speculate on the evolution of symbiosis. 
It has been pointed out (see Garrett, 1956) that an evolutionary series 
from the obligate soil saprophytes to the" ecologically obligate para
sites" whose relationship with the host is one of symbiosis can be visua
[ised. The mycorrhizal habit is pictured as the end product of specia
lized parasitism. The truth of this thesis is apparent in several cases, 
but it may be difficult to state precisely whether the evolution has 
been in this direction or in the opposite direction. In the case of 
Rhizobium the possibility of its having developed from organisms origi
nally capable of nOll-symbiotic nitrogen fixation has been indicated 
by Derx (see Jensen in Hallsworth, 1958). Due to the morphological 
and cultural resemblance of Rhizobium to Beijerinckia, the hypothesis 
has been put forward that rhizobia are evolved from Beijerinckia by 
the twin processes of acquirement of root-infecting power and the loss 
of nitrogen-fixing ability in vitro. The idea of a primitive group of 
rhizobia with wide" promiscuity" is not new and has found favour 
with several students (see Jensen and see Norris in Hallsworth, 1958). 
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Norris considers the cowpea type of rhizobium as known today to be 
the ancestral and typical form of the organism, the Pisum- Tnfolium 
type with its narrow symbiotic range and its special requirements of 
high soil pH and available calcium being the" advanced-degenerate" 
type. In the case of mycorrhizac, it has been suggested that the 
mycorrhizal habit might a!low the survival of auxotrophic forms and 
that the host plant growing in nature would then become obligately 
mycorrhizal. In some orchids, the spontaneous appearance of albinos 
has been noted; the albino seedlings soon exhaust the food reserve 
in the seeds and eventually die. Plants associated with mycorrhiza 
may survive despite permanent loss of photosynthetic ability. It is 
not ulllikely therefore that saprophytic orchids might have originated 
in this manner (Hutner, 1953) and, what is more pertinent to this dis
cussion, that the mycorrhizal habit might have originated in this manner. 
The participants in the symbiosis obviously are thrown together with 
perhaps loss of certain independent functions, and mutual alignment 
becomes a necessity for survival. According to Norris (in HaI1s\vorth, 
1958), bacterial symbiosis in legumes must have arisen under wet tropical 
conditions of low availability of essential soj] nutrients, In the case 
nf the leguminous tree, Gilberliodendroll, the interesting situation has 
been reported that throughout the virgin part of the forest in the central 
Congo Basin, only mycorrhiza but no nodules arc seen on the Toots; 
on river banks and beside roaos, on the other hand, nodules were seen. 
These observations are considered to indicate that rhizobial symbiosis 
is an adaptation by the Leguminosae to a shortage of nitrogen (see 
Ha!Jsworth, 1958, p. 2J2). 1n the case of Jichens, attempts at studying 
the algal and fungal partners in isolation have failed. Attempts at 
synthesis by bringing together forms sjmilar to these symbionts have 
also failed. The similarity of the free-living members of these two 
groups and their morphological counterparts in lichen thalli is thus 
more apparent than real. The possible Enes of evolution 0\ the symbio~ 
tic relationship jn these cases can be suggested and evidence obtained 
for heterotrophic tendencies in the partners. ]t is hardly necessary, 
however, to consider the stages in evolution leading to heterotroph} 
of the partners as a downhill process since loss of certain obvious func~ 
tions may be accompanied by new synthetic abilities as well. For 
example, with reference to the ut\\ization of exogenous glucose by hetero
trophs, Hutner (1953) has outlined the following sequence of changes: 
"First, the phosphorylating enzyme for glucose, hexokinase, must 
be elaborated: second, an investment of energy must be made when 
phosphate is transferred to glucose from adenosine triphosphate. As 
hexokinase is not concerned with the endogenous synthesis of glucose 
from triose precursors, -it may be a newly elaborated enzyme in hetero
trophs. I n the end, teleologically speaking, the investment of energy 
is repaid with interest, else there would be no advantage in heterotrophy. 
1t seems likely that even simple substrates such as acetate require a 
preliminary phosphorylation if they are to be swept into the stream of 
metabolism and the steep diffusion gradients necessary for their efficient 
absorption maintained. By this view, autotrophy may be obligate 
in some plants which lack phosphorylases for external substrates." 
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Although no definition of symbiosis has been attempted by us and 
it has been held by some that true symbiosis does not exist, we may 
take the unconventional view that symbiosis is one of the commonest 
phenomena in nature. Past studies on nutritional requirements of the 
," autotrophic" higher plants, for instance, are deficient in the use of 
aseptic cultures; and evidence is on hand indicating mutual beneficial 
interactions between plant foot systems, for instance, and their rhizo
sphere microflora. Again, one might concur with Hutner (1953) that 
"the coupling of photosynthesis with complete autotropby is a historical 
accident: the first studied higher plants and algae happened to grow 
in mineral media. The degree of truth in the text-book statements 
that higher plants need only minerals, light, water, and CO, cannot 
yet be estimated ", Thus, it becomes obvious that numerous truly 
symbiotic phenomena can be counted. Pathogenicity may then be 
interpreted as the outcome of events interfering with the balance in 
any symbiotic system. Indeed, the shift from symbiosis to pathogenicity 
is essentially reversible and it is perhaps futile to speculate which of 
these is the primitive condition and formulate a general hypothesis. 

In concluding, let us state that these thoughts are purely speculative 
and wbat appears important for the future is to focus attention on the 
many little known symbiotic phenomena with a view to elucidate the 
physiology of the symbiotic system. With the aid of the many tools 
and techniques which are at the command of the biologist today, con
siderable progress in the elucidation of this fascinating problem can 
be expected in the coming decade. 

We are grateful to Professor J. Venkateswarlu and Professor 
T. S. Sadasivan for giving us the opportunity to participate in this 
symposium. 
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ABNORMAL GROWTH AND PARASITISM 

By B. TiAGI 

Depa,tment of BL)tany, UlliverJi1.V of Rajasthan, Jodhpur' 

PARASITrSM 

PARASITISM by certain organisms causes disease in plants and animals. 
Besides the commonly occurring symptoms on the host, viz., necrosis, 
canker, wilt, rot, atrophy, etc., the host tissues may show an abnormal 
growth, forming galls, tumours and witches brooms. Also caused 
by the parasite there are sometimes some profound secondary effects 
on the host which re~mlt in the transformation of various organs 
especially the floral parts into curious structures. 

Many higher plants are dependent on mycorrhiza and the plants 
lnay not survive in the absence of the fungal partner. The fungus acts 
as an intermediary, assisting in the absorption of food substances from 
the soil, mainly for the benefit of the host. The Indian Pipe plant-Mono
tropa (Pyrolaceae)-is regarded as a saprophyte, existing on decomposing 
organic matter. In fact, Jt/oflO(ropa is mycorrhizal and parasitic on 
a root-inhabiting fungus. Probably this is the case with other mycor
rhizal plants also. It presents, therefore. an unusual situation where 
a higher plant is parasitic on the fungus. 

Col/una vulgaris Salisb. (Ericaceae) is mycorrhiza1. The fungus 
grows profusely in and upon the roots and it may even penetrate the 
other parts of the plant. The fungus has an ability to fix nitrogen and 
the plant does not survive in its absence. Neverthe\ess, in the presence 
of an abundance of soil nitrogen, the fungus becomes parasitic and kills 
the host plant (Rayner, 1929). Such an association, therefore, points 
to the complexity of the relationship and the delicacy of the balance 
which exists between the two associates-higher plant and the fungus. 

Interesting ex.amples of dependent and parasitic relationship exist 
between the gametophytic and sporophytic generations of plants. In 
the bryophyta, the sporophyte is parasitic on the gametophyte by means 
of a conspicuous haustorium~the foot. There is some evidence, how
ever, that the sporophyte CJ:1 assimilate food materials and may even 
pass them to the gametophyte (Fulford, 1948). I n any case, the sporo
phyte is always parasltic on the gametophyte for water and minerals. 
The dominant phase is the sporophyte in pteridophytes and it depends 
UpOh the independent, rather inconspicuous gametophyte, at least 
in early stages. in seed plants, the gametophyte is parasitic on the 
sporophyte. The relationship of the two generations, therefore, is 
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comparable to that of a parasite and its host. Hence, it may be worth
while to seek answers of some of the questions involving parasitism 
in this field of inter-generation relationship. 

Besides these, parasitism occurs in the algae, fungi and flowering 
plants. Cephaleuros is an algal parasite causing red rust and canker 
on tea and other hosts. The parasitic mode of life, however, is more 
prominent and well established in fungi. That this dependent mode 
of life js not harmful in any way to the fungi is revealed in the progres:.: . 
and prosperity of this group from an evolutionary standpoint as well 
as in- number of species. Turning to the flowering parasitic plants, 
the chlorophyllous parasites are dependent on their host chiefly for 
water and minerals. Others depend completely on the host for their 
requirements. . 

The vegetative multiplication of Aeginetia indica (Orobanchaceae) 
recalls the highly efficient, polycentric mode of develor.ment and 
reproduction jn Ph}soderma. RhizomyceJit:m of PhyscdeJma forms 
storage cells which give rise to sporangia and rhizomycelium. 
Rhizomycelium, in turn, repeatedly gives rise to storage cells, sporangia 
and rhizomycelium. Similarly, a seed of Aeginetia, germinating on 
the host root gives rise to a flowering scape and a large number of 
fibrous roots. The fibrous roots, upon contacting a ho't root, repeatedly 
give rise to flowering scape and the fibrous root5. 

Dodders or Cuscuta spp. have a serpent like coiled embryo. Upon 
germination it becomes erect, assumes the attitude of a serpent in a 
striking position. Its free end move, and coils around the host. It 
falls down, if a host is not encountered but tries again and again till 
it can inject a suitable plant. Further, the embryo has the capacity to 
elongate itself at the cost of the material stored in its hinder part. On 
the woody plants, dodder's haustoria perenr.ate, regeneratir.g at the 
approach of favourable season. Dodders are Joose parasites and grow 
on a wisle variety of hosts. It has not to face, therefore, the conse
quences of over-specialization, "\.liz., an ult~mate extetmiration. To a· 
great length, all this reveals the urge and determination of the parasitic 
plants to live successfully. . 

ARNORMAL GROWTHS 

Agencies causing the abnormal growth in plants are insects, nema
todes, fungi, bactt:ria, viruses and various non-parasitic factors. Galls 
or tumours arc localised outgrowths in which the cells are stimulated 
to excessive growth by the para,ite. Enlargement of cells-hypertrophy 
or cell division-hyperpJasy, Dr both, may result in galls. Galls may 
be SImple anatomically or may show abnormal structures, very different 
from those f"Ound in normal tissues. 

• 
Galls are storage tissues for the use of the alien invader the parasite. 

Many galls are also used as food by man. Albugo galls on Ipcmoea 
replans; young Usti/ago galls on maize and wild rice; Sorosporium 
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galls on sorghum and tuberous aecidial galls on Urtita parviflora are 
used as food by man. 

Galls have been classified variously, depending upon the agent 
causing the gall, their pattern of development, morphology, and histology. 
Braun (1954) recognises (wo types of abnormal growths: self-limiting, 
possessing a definite pattern of development and non-self-limiting 
tumours in which cells proliferate irregularly and are transplantable. 
The diseased cells acquire autonomous development which permits 
their growth indefinitely. The nature of this acquired autoncmy is 
interesting since its study may be helpful in an understanding of similar 
cancerous growths in man and animals. Crown gall caused by Agro
hacterium tumefaciens, on a large number of wild and cultivated plants 
are of this nature. On the other hand, the self-limiting galls include 
root nodules, nematodes root-knots, insect, bacterial viral and fungal 
galls. Butler and Jones (1949) classify abnormal growths as histoid 
and organoid. The former, due to a local action of the parasite while 
the latter result from systemic infections and induce changes in habit 
and symmetry of the host. Under the influence of Puccinia ·but/en·, 
Launaea aspieniro/ia develops an elongated many branched leafy stem. 
Similarly, the house-leek becomes an erect leafy plant under the 
influence of Endophyllum. Gaiimann (1950) recogni,es four types of 
abnormal growths.: gall, tumour, witches brooms ar.d the activated 
rudimentary sexual organs. 

Gall formingjungi: (Bessey, 1950; Brocks, 1953; Butler and 
Jones, 1949; Fischer and Holton, 1957; Gaiimann,'1950, 1952: Hors
fall and Dimond, 1959; Mundkur, 1959; Subramanian, 1959).
Plasmodiophora brassicae cat;ses the well-known clubroot or finger 
and toe disease on the roots of Crucifers. There are reports of its occur
rence in India also. Sorodiscus radicicola forms convoluted coral
like galls on the roots of Gynandropsis gynandra (Karling, 1942). Ob,,,
vations made at Jodhpur reveal that the affected plants apparently do 

• not differ in any way from the healthy ones. The galls originate in 
the cortex. Their vasculature, however, is connected with the central 
stele of the root. Sorosphaera l'eronicae incites galls on Veronica 
chamaedrys. The galls, however, are restricted to the vascular r~gion 
of the host. Swellings develop at the apex in the procambial region 
of the shoot, extending backwards in xylem and outwards to the young 
leaf Dundles. 

Many species of Physoderma are gall-forming ones. P. alfalfae 
causes crown wart of lucerne, P. Umnanthemi (Thirlmalachar, 1949) 
forms tuberous gans on the leaf, stem and flowers of Limnonthfmum 
indicum. The profuse vascular supply of the gaU originates from 
a cortical bundle of the host. The gall is filled with a large number 
of irregular sari containing sporangia (Rao, 1962). The· galls on 
Aeschynomene indica caused by P. aeschynomenis appear to be very 
similar to those on Limnanthemum (Thirumalachar and Whitehead, 
1951). P. corchari attacks the jute plant, Corchorus alitarus and pro-
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duces hemispherical dark-brown galls on the stem and leaf midribS 
(Lingappa, 1955). 

Synchytrium occurs on a large number of hosts. Some of the 
simplest galls which may be confined to a single hypertrophied cell· 
are due to this fungus (Karling, 1955). S. endobiot/cum, now also 
known from Darjeeling, India, is a gall and witches broom-forming 
fungus on potato tuber. 

Albugo candidus is responsible for very pronounced hypertrophies 
and abnormal growth on the stem and flowers of Crucifers. Many 
other species of Albugo have similar effects on their hosts. Peronospora 
causes abnormal growths on the effected plant parts. Exobasidium 
resembles Albugo and Peronospora in its biological effects on the host
producing galls and witches brooms on some hosts. Protomyces is 
a well-known gall-forming fungus. It is found on the stem, leaf and 
flowers of Umbelliferae and Compo sitae. Protomycopsis converts 
the leaflets of Sesbaenia into swollen sac-like structures full of sporangia 
of the parasite. 

Many smuts Cause galls on their host plants. Large tumours due 
to Ustilago maydis on maize are well known. Mundkur (1938) described 
root galls caused by Urocystis brassicae. Tilletia lumefaciens is another 
remarkable gall-forming smut on Panicum antidotale (Mundkur, 1944). 
Melanotaenium lamii produces tuberous galls on the base of the stem 
and upper roots of Lamium album. Ustilago emodensis forms large 
woody galls on stem of Polygonum. Doassansia causes galls on the 
leaves of Sagittaria. Melanopsichium galls are of hard charcoal-like 
consistency on the soybean pods (Whitehead and Thirumalachar, 1960). 

Many rusts are also responsible for inciting galls on their hosts. 
Gymnosporangium-juniperi virginianae is a well-known example. The 
perennial telial mycelium in the shoots of the red cedar produces large 
galls-the cedar apples. Uromyces hobsoni allacks the leaf, stem and 
flowers of lasminum and forms orange-coloured irregular cushion ... 
shaped growths resulting in distortion and curling of the shoots 
(Thirumalachar, 1939). On Urtica parvifiora, Aecidium urticae forms 
large tuberous galls. Hapalophragmiopsis causes woody galls on Acacia. 

A number of fungi cause certain abnormal growths known as 
witches brooms. Under the influence of the parasite, dormant buds 
are incited to develop into a large number of closely grouped more or 
less parallel clusters of slender branches. Pericladium causes witches 
brooms on many species of Grewia (Mundkur and Thirumalachar, 
1952). Sphaeropsis tumeraciens forms knots and brooms on lime in 
Rajasthan (Prasad and Bhatnagar, 1960). Taphrina produces witehM 
brooms and plum pockets of the fruit on some temperate fruit trees. 
Witches brooms of" deodar' arc caused by Peridermium cedrL Broomi 
are also quite common on mango and bamboo inflorescenc>es:.'-;I'~i: -' .. ' 

Profound secondary effects are produced on the host by certain 
fungi. Ustilago violacae induces growth in the staminodes in female 
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flowers of certain Caryophyllaceae and fills them with smut spores. 
Similarly. U. vaillantii caUses the neuter flowers of grape hyacinth to 
develop stamens, full of smut spores. Sphacelotheca reiliana trans
forms the stamens and ovaries of Sorghum into leafy structures. 
Sorosporium reilianum also transforms the whole staminate head 
of maize into leafy structures. 'Bajra' attacked by Scierospora gram i
nieola converts the solid spicate ear into a loose green head composed 
of a mass of twisted green leaves. 

I am thankful to Professor C. V. Subramanian and Professor 
T. S. Sadasivan for encouragement; Professor J. Venkateswarlu for 
inviting me to participate in this symposium. 
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MORPHOLOGY AND ANATOMY OF THE 
ROOT NODULES IN ANGIOSPERMS 

By H. S. NARI,\' ANA 

Dzpartmel1t of B'Jtany, UniversUy of Rajasthan, Jodhpur, India 

[N conformity with the subject of the symposium it is consistent to 
dwell on the morphology and anatomy of a structure produced by the 
symbiotic life of micro-organisms and the root nodules in angiosperms 
provide an ideal material for such a consideration, The nodule is a 
desirable hypertrophy produced by mutual interaction of a micro
organism and a host on leaves. stems and roots of higher plants. It 
is the seat of biological fixation of vast stores of atmospheric nitrogen 
in contrast to the expensive) artificial fixation through several chemical 
processes. The nodules not only promote the vigorous growth of the 
host by providing nitrogen but also add to the soil nitrogen. 

Although root nodules are frequently associated with the legumes, 
they are not uncommon in certain genera of unrelated families of the 
Archichlamydeae, such as the Betulaceae, Myricaceae, Casuarinaceae, 
Elaeagnaceae. Coriariaceae and Rhamnaceae. In the Leguminosae, 
out of 438 genera and 10.000 species only 1.112 species of 213 genera 
bear nodules while 116 species of 30 genera are without them (Allen 
and Allen. 1959). Amongst the non-legumes 190 out of 258 species 
bear nodules (Bond, 1958). 

On the basis of the amount of nitrogen fixed, two types of nodules 
are recognjzed: (l) the e.ffectil'e nodule, fixing more nitrogen; and 
(2) the ineffective nodule, fixing much less nitrogen or none. Further, the 
nodules may be endogenous Of exogenous, depending on the participa
tion of stelar tissue in their formation. Among these investigated, 
the nodules of Arachis hypogaea (Allen and Allen, 1940) and Aeschy
nomene indica (Arora, 1954) are endogenous. In Vigna catjang and 
Dolichos bifiorus (Narayana, unpublished) although (he effective nodules 
are restricted to the primaty and secondary roots and the ineffective 
nodules to the secondary and tertiary roots; the former are not infre
quent on tertiary and quaternary roots. Effective nodules are pink, 
large, spherical, cylindrical, lobed or frequently branched into fan
shaped structures, whereas ineffective ones are quite colourless, smaH 
and never lobed or branched. 

Six species of Rhizobium are recognised as causing nodulation in 
legumes. However, the identity of the organisms causing nodulation 
in non-legumes is debatable and has been variously held to be bacteria, 
filamentous fungi, Plasmodiophorales, or different species of Actino
mycetes. 
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THE GENESIS OF THE LEGUMINOUS ROOT NODULE 

Entry of rhizobia is mostly through the root hairs which are curved 
(Thornton, 1930; Bond, 1948; Harris, Allen and Allen, 1949; Arora, 
1956 band c; Gothwal, 1962; Narayana, 1963) or less frequently 
through the ruptured cortex at the vicinity of rootlet emergence as in 
Arachis hypogaea (Allen and Allen, 1940) and Aeschynomene indica 
(Arora, 1954), or through the epidermal- cells alone as in Neptunia 
oleraeea (Schaede, 1940). Entry through root hairs has been seen by me 
in Vignacatjang and Doliehos biflorus (Figs. 1, 4). Two or more in
fected root halrs may initiate a nodule as in Medicago sativa \Thornton, 
1930), Cicer arietinum (Arora, 1956 c), Phaseolus mungo (Gothwal, 
1962) and in Vigna catjang (Narayana, unpublished). 

The number of the infection threads and their behaviour in root 
hairs are variable. Usually, the single thread is unbranched in the 
root hair, but branches after it enters the cortex. However, in 
Medicago sativa (Thornton, 1930) and Canavalia gladiata (Gothwal, 
1962) the single infection thread branches in the root hair itself. In 
Phaseolus vulgaris (McCoy, 1929), Glycine max (Bieberdorf, 1938) 
and Phaseolus mungo (Gothwal, 1962), and Vigna eatjang (Fig. I) and 
Doliehos biflorus (Narayana, unpublished) a cluster of two or more in
fection threads are seen in a root hair. 

The infected root hair may enlarge three to five times its original 
size and its wall may become thickened as in Canavalia gladiata, 
Phaseolus mungo (Gothwal, 1962), Vigna eatjang and Doliehos bifiorus 
(Narayana, unpublished). However, in Trigonella foenum-graecum 
(Gothwal, (962) the hypodermal cell enlarges greatly, but not the root 
hair. The cells of the root cortex through which the thread traverses 
have been reported to be generally larger than the adjacent cells, and 
this is confirmed by our work on Trigonella foenum-graecum and 
Cyamopsis tetragonalobus (GothwaJ, 1962; Narayana, 1963). The 
precise cause for this needs study. 

The penetration of the cortex by the thread is intracellular and the 
depth of penetration mayor may not have a correlation with the structure 
of the root. In Glycine max (Bieberdorf, (938), Trigonel/a foenum
graeeum and Canavalia gladiata (Gothwal, 1962) the infection thread 
penetrates three to four celJ layers of the thick' cortex of the tap root, 
but In the thm cortex of the lateral root it penetrates down to the layer 
adjacent to the endodermis, thus traversing five to six layers. A reverse 
condition is met with in eieer arietinum (Arora, 1956 c). On the 
other hand, in Pisum sat;,um (Bond, 1948) and Phaseolus rnungo 
(Goth~al, 1962) the thread penetrates up to the middle cortex irrespec
ltve of Its thickness both III the thick tap root and in the thin lateral roots. 

The mfectl?n thread bears blister-like swellings along its side. 
InMedleaga sativa (Thornton, 1930) and Cicer arietinum (Arora, 1956 c) 
It 15 enclosed by acellulose sheath only in the cortical cells and not in 
the root haIr. ThIS sheath is considered to have been deposited by the 
host cytoplasm as a defenSIve mechanism against the invading rhizobia, 
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and not by the rhizobium itself since it is absent in the region of middle 
lamella and its chemical composition is similar to that of the host cell 
wall (McCoy, 1932). The thread moves towards the nucleus of the 
cell, often enclosing the latter and apparently without causing any 
damage. 

In most cases the infection thread forms a funnel-shaped swelling 
close to the cell walJ through which the rhizobia pass into the adjacent 
cell. Several explanations such as physical effects (McCoy, 1929), 
shrinkage of the 'zoogleal mass' (Thornton, 1930) and accumulation 
of rhizobia (Harris, ef a/., 1949) have been put forward to account for 
this swelling. However, the indistinctness of the funnel-shaped swellings 
in the newly infected cells and their distinctness close to the wall in the 
enlarged infected cells appear to suggest that the swellings of the infec
tion thread are the con seq uence of emaciation of the thread in the middle 
as a result of enlargement of the infected cens (Narayana, 1963). 

Rhizobia1 spread in host tissues may be due to invasion of the 
newly produced cells (Harris, et a/., 1949; Arora, 1956 c; G,othwa1, 
1962; Narayana, 1963; Narayana, unpublished) or to the division 
of infected cells (McCoy, 1929; Allen and Allen, 1940; Arora, 
1954), or both (Bond 1948; Arora, 1956 a). The rhizobia are released 
into the cell by the bursting of the blister-like swellings of the threads. 
The nucleus shows signs of hypertrophy thereafter. 

On the basis of the tetraploid nature of the infected cells in legumes, 
Wipf and Cooper (1938, 1940) have hypothesized that disomatic cells 
are essential for release of rhizobia, tissue proliferation and nodule 
formation. Arora (1956 a and e) has observed both tetraploid and 
diploid cells composing the nodule meristem in Crotalaria juneea and 
Cieer arietinum. However, McCoy (J 929) and Thornton (1930) con
sider that the rhizobia elaborate some diffusible substance which stimu
lates much hypertrophy and cell division. 

The mature nodule consists of four regions: the nodule meristem, 
the nodule cortex, the vascular system and the bacteroid zone. It 
does not emerge through the root cortex as the rootlet does for the 
root cortex that surrounds the nodule sloughs off and exposes the nodule. 
However, in Aesehynom.ene indiea (Arora, 1954) the root cortex persists 
around the nodule. 

The nodule meristem may be distally prominent as in Vida villosa 
(Bieberdorf, 1938), Medieago'sativa (Thornton, 1930), Pisum sativum 
(Bond, 1948), Caragana arboreseens (Allen, Gregory and Allen, 1955), 
Crotalaria juncea and Cieer arietinum (Arora, 1956 a and c), Trigonella 
foenum-graeeum (0 athwal, 1962), and Cyamopsis tetragonolabus 
(Narayana, 1963) or may be peripherally diffused as in Phaseo/us vulgaris 
(McCoy, 1929), Vigna sinensis and Arachis hypogaea (Bieberdorf, 1938), 
Aeschy-nomene indica (Arora, 1954), Phaseo/us mungo (Gothwa1, 1962) 
and Vigna catjang (Narayana, unpublished). In Dolichos bifiorus the 
meristem is diffused in the beginning (Fig. 5) and the nodule is spherical 
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(Narayana, unpublished). Within 10 to 15 days of inception of the 
nodule, the meristem becomes prominent at the distal end leading to the 
development of a cylindrical nodule. Thus, the relative position and 
activity of the meristem determine the shape of the nodule (spherical, 
cylindrical or irregularly branched), a distally prominent meristem 
producing a cylindrical nodule and a peripherally diffused meristem 
giving rise to a somewhat spherical nodule. When the nodules are 
branched, the original meristem is split into as many bits as there are 
branches and usually appears to be distally prominent. 

The nodule cortex may be uniformly parenchymatous as in Vigna 
catjang and Dolichos bif/orus (Narayana, unpublished) or may be hetero
geneous with the middle sclerenchyma sandwiched between. the inner 
and the outer parenchyma as in Sesbania grandif/ora (Hams, ef al., 
1949) and Canavalia gladiafa (Gothwal, 1962). There may be tannin
or resin-filled cells as in Dofichos biflorus (Figs. 4, 5); the periderm 
may be continuous or discontinuous with that of the root. These 
protect the inner lying cells of the nodule from the invasion of extraneous 
micro-organisms. 

The vascular supply of the nodule appears as the procambia1 strands 
formed by the divisions of the cortical cells of the root below the region 
of infection. The procambial strands either extend towards the root 
stele (Figs. 2, 4) or are connected with the root stele by the radial elonga
tion of cells produced by the periclinal divisions of the pericyclic cells 
opposite the xylem and phloem of the root (Bond, 1948). 

The vascular bundle is composed of xylem tracheids, phloem fibres, 
sieve tubes and companion cells surrounded by a parenchymatous 
sheath and endodermis. 

There is variation in the number and orientation of vascular bundles 
that supply the nodule. One vascular bundle supplies the nodule in 
Glycine max (Bieberdorf, 1938), Sesbania grandif/ora (Harris, et al., 
1949) and Aeschynomene indica (Arora, 1954), and Phaseolus mungo 
(Gothwal, 1962); two in Vicia vil/osa (Bieberdorf, 1938), Pisum sativum 
(Bond, 1948), Cajanus indiws (Arora, 1956 a), Canavalia gladiata 
(Gothwal, 1962) and Vigna catjang and Dolichos biflorus (Fig. 5) 
(Narayana, unpubhshed); two to five in (rotalaria juncea (Arora, 
19560); three to five in Cicer arietinum (Arora, 1956 c) and four in 
Trigonel/a foenum-graecum (Gothwal, 1962) at different levels originat
ing from more than one protoxylem point. Further, the vascular 
strand branches as it extends towards the distal end of the nodule and 
forms a skeletal mantle around the bacteroid tissue and this process 
keeps pace with the growth of the nodule. The number of the strands 
vary at different levels of (he nodule: 6 in Aeschynomene indica (Arora, 
1954), 7-8 1~ Phaseolus mungo, 10-11 in Canavalia gladiata (Gothwal, 
1962),7-18 In Dolichos biflorus and 12 in Vigna catjang (Fig. 3), 20 
III e.eer anetlt1um (Arora, 1956 c), Caragana arborescens (Gregory, 
1949; Cited by Allen and Allen, 1954), 20-24 in Trigonella foenum
graecum (Gothwal, 1962) and as many as 126 in a one-year-old nodule 
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of Sesbania grandiflora (Harris, et ai" 1949), Differences in orientation 
ha,'c also been recorded: the strands are inversely collateral in Pisum 
satirum (Bond, 1948) and Trigone/lajoenum-graecum (GothwaJ, J962); 
amphicribml in Glycine max (Bieberdorf, 1938), Sesbania grandiflora 
(Harris, el aI" 1949) and Canavalia gladiala (Gothwal, 1962); both 
collateral and amphicribral in Aeschynomene indica (Arora, 1954); 
amphicribral or bicollateral at the base and inversely collateral higher 
up in Crolalaria juncea, Cicer arietinum (Arora, 1956 a and cJ; amphi
cribral at the base and amphicribral or bicollateral higher up in 
Phaseolus mungo (Gothwal, 1962), Vigna catjang (Fig, 3) and Dolichos 
bifiorus (Fig, 5) (Narayana, unpublished) and diarch in Caragana arbo
rescens (Allen, el ai"~ 1955), Wherever there is distal meristem in the 
nodule, the vascular bundles do not fuse at tbe tip, In Phaseo!us vulgaris 
(McCoy, 1929), Vigna sinensis (Bieberdorf, 1938), Phaseolus mungo 
and CanarD!ia gladiata (Gothwal, 1962), Dolichos biJlol'us and Vigna 
catjang (Narayana, unpublished) where tllere is no distal meristem, 
the vascular bundles exhibit distal anastomosis, 

In some species (Bond, 1948) a Jayer of cells with Casparian 
strips delimits the nodule cortex besides the one that surrounds the 
xylem and phloem, This layer of "nodule endodermis" is considered 
to restrict exchange of gases and nutrients within the bacteroid area. 

The extent of inreeted cells in the bacteroid tissue is variable: about 
100% in Vigna sinensis, Arachis hypogaea (Allen and Allen, 1954) and 
Aeschynomene indica (Arora, 1954), 50-70% in Vicia, Sesbania, and 
Caragaf/a (Allen and ABen, 1954) and Canaralia g/adiata, Trigonella 

/oenum-graecum, and Phaseo/us mungo (Gothwal, 1962) and 20-60% 
in Cajanlls if/dicus, Cicel' arietinum (Arora, 1956 b and c). In Dolichos 
bij/orus and Vigna caljang the infected cells are 25% and 55% respectively' 
while it has been suggested (Thornton, 1954) that the effectiveness of 
nodules is proportional to the volume of bacteroid tissue, no attempts 
appear to have been made towards a corre1ation between percentage 
of cells infected and nitrogen fixation by various genera. 

In some arborescent memhers (Harris, et aI" 1949; Anen, et al., 
1955) it has been found that certain large nodules bear rootlets each 
of which bears abundant root-hairs, In several cases these hairs showed 
curling and contained infection threads, 

The degeneration of the nodule is marked externally by change in 
colour of the nodule from pink to dark brown, by wrinkling of the sur
face and by loss of turgidity, Internally, the rhizobia clump together 
and lose stainability, The hypertrophied and darkly staining nucleus 
degenerates before the ultimate disappearance of the bacterial and other 
contents of the host cell, Many degenerating spots appear scattered 
in the bacteroid zone, These changes proceed either from the base 
upwards or centrifugally, The nodule cortex persists for some time 
as an empty shell, In annuals the nodules are short-lived, but in 
pereimials they persist for as many as six years (Jimbo, 1927) by virtue 
of an active meristem, extensive vascular system with secondary thicken
ing and protective cortical sclerenchyll1a (Allen and Allen, 1958). 
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. The effective and ineffective nodules are morphologically dis
tinguished by the size, shape and colour, Though there is no difference 
in the early course of development in both these types of nodules, the 
meristem in the effective nodule shows prolonged activity without early 
disintegration of the bacteroid tissue. On the other hand, the ineffective 
nodule is characterized by short-Jived meristem and meagre bacteroid 
tissue or none coupled with early disintegration (Thornton, 1954). 
According to Chen and Thornton (1940), the greater the mass and dura
tion of the active bacterial tissue, the more effective the nodule would 
be. In the light of anatomical studies, this view is plausible. Instances 
of ineffective nodules with early degeneration and less or no bacteroid 
tissue are seen in Trigonella (Gothwal, 1962). 

Atypical swellings, which are met with at the bases of secondary 
roots and in the root axiles (Allen and Allen, 1954), are composed of 
proliferated and hypertrophied cortical parenchyma with heavy deposi
tion of starch. According to Allen and Allen (J 940) such tubercles 
occur in plants of nitrogen deficiency. Atypical nodules with a peri
cyclic vascular supply are reported in Cicer arietinum (Arora, 1956 c). 
In Canavalia gladiata (Gothwal. 1962) these nodules are composed of 
hypertrophied parenchyma of the outer cortex with no sign of infection 
or any deposition of starch grains. No functional significance has 

. yet been ascribed to them. 

NON-LEGUMINOUS ROOT NODULES 

The root nodule of the non-legume develops as a lateral swelling 
on the root. Later, it becomes pear-shaped, enlarges and may be
come variously branched. The branching of the nodule is somewhat 
characteristic of the species: progressive dichotomous in Alnus, 
Elaeagnus, Shepherdia, Hippophae and Coriaria; irregularly branChing 
posterior to the apex in Ceanothus; and trichotomously branching in 
Casuarina and Myrica (AJJen and Allen, 1958). A rootlet which is 
devoid of root hairs and which does not bear nodules emerges from 
each lobe. The nodules are endogenous because of pericyc1ic origin 
(Fletcher, 1955). 

Although Fletcher (1955) concludes that the infection of the young 
root in non-legumes is through the deformed and branched root-hairs 
on the basis of the presence of micro-organisms in them similar to the 
one present in the inner lying host cells, the mode of infection. has not 
yet been demonstrated by the use of pure cultures. Penetration by 
the infection strands is intracellular, and the strands show great affinity 
to the host nucleus, growing towards and adhering to it. The nucleus 
in turn becomes hypertrophied and amoeboid a!. .. 

Tbe nodule consists of nodule meristem, central vascular cylinder .. 
and nodule cortex. Jt emerges as a spherical structure with great 
disturbance in the cortical cells of the parent root, unlike the lateral root 
which has a digestive cap and so cauSes little disturbance. 
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The nodule meristem brings about growth of the nodule by adding 
cells to various regions. The presence of an endophyte in the meristem 
is uncertain due to its rich tannin content. 

The central vascular cylinder is connected with the root stele and 
has xylem, poorly developed phloem, three to four layers of irregularly
shaped pericyclic cells and endodermis with its cells densely filled 
with tannin forming a "tannin barrier" beyond which the endophyte 
does not penetrate (Fletcher, 1955). In A/nus g/ufinosa, Hippophae 
rhamnoides and Myrica cerifera the tracheids are irregular and reduced 
in size (Allen and Allen, 1958). Secondary vascular growth as annual 
rings is seen at the base of the nodules (Spratt, 1912). 

The cortex of the non-legume nodule shows three zones in the 
development of the endophyte: (I) the zone of infection immediately 
behind the nodule meristem; (2) the middle zone of infection; and 
(3) the basal zone of degeneration. The extent of infection in the 
nodule is variable in different species. In A/nus the infection is through
out the length of the nodule while in Hippophae and Elaeagnus it con
tinues to the area immediately next to the apk81 meristem. ]n Myrica 
only three to four layers of cortical cells are invaded. The infection 
does not extend into the vascular cylinder or into the innermost cortical 
layers. The uninfected cells contain starch or tannin, and are smali 
while infected cells are two to three times larger with the endophyte 
(Allen and Allen, 1958). 

The degeneration of the nodule is marked by the disappearance 
of the endophytic cytoplasm, dissolution of the host cell nucleus, and 
aggregation of host and endophyte cell residues. It is not known 
whether the endophyte succumbs to phagic lysis or to enzyme action. 
It appears that the contents of the invaded cells are absorbed and assimi
lated by the neighbouring non-invaded tissues (Allen and Allen, 1958). 
However, Hawker and Fraymouth (1951) consider that the parasite 
absorbs the contents of the host cell and sporulates at the expense of 
its own cytoplasm and the spores escape to the soil through cracks in 
the nodule cortex. 

CONCLUSIONS 

The anatomical studies of the nodule not only have unravelled 
the important events regarding nodulation, but have evoked some 
points, physiological and otherwise, which need further investigation. 

Infection by rhizobium is a prerequisite for nodulation. The 
modes of its entry are different in different hosts. There are also varia
tions with regard to the number of infection threads that enter the root 
hair and their branched or unbranched nature in the root hair. It is 
not known whether all or a few root hairs are susceptible to infection 
by rhizobium and whether the plural infection threads and their branch
ing in the root hair can be attributed to the presence of any susceptible 
factor or to the number of disomatic Cells available in the cortex imme-
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diately below the root; or again whether the mode of entry has anything 
to do with the chemical constitution of the wall of the root hair, the 
epidermis Dr the ruptured cortical cells and the enzyme system present 
in the rhizobium aiding in infection. The further penetration of the 
infection thread into the cortex has been shown to depend on the distri
bution of disomatic cells. However, no correlation has yet been 
attempted between the depth of rhizobia! penetration and the extent of 
distribution of tetraploid cells in the cortex of roots and their bronches 
of different orders. Occurrence of disomatic ceBs in the cortex of 
non-legumes which do not nodulate is known. fn this context, the 
presence of disomatic cells in the root cortex of non-nOdulating legumes 
is also worthy of investigation to evaluate the role of ploidy in nodu
lation in nodulating legumes. The infection thread shows special 
attraction to the host nucleus. It moves close to the nucleus, may 
branch and enclose the latter without causing any damage. 

The nodule is initiated by the divisions of the infected and the 
uninfected cells situated in the vicinity of the infected cell. The nodule 
later differentiates into the central bacteroid zone surrounded by the 
nodule cortex, the network of vascular system and the nodule meristeni. 
The nodule meristem may be diffused or may be distinct distally or may 
be diffused in the beginning and become distinct later at the apex of 
the nodule as seen in Dolichos biflorus. A detailed morphogenetic study 
of the nodule would reveal not only the factors that bring about differen
tiation in the nodule but also the maintenance of the distal meristem for 
a long period in woody members. The normal function and longevity 
of the nodule are attributed to the well developed vascular system. 
Detailed anatomical studies have led to the clear understanding of not 
only the structure of effective and ineffective nodules, but also the 
morphology of the nodule. Since the time of Malpighi, this structure 
has been variously interpreted. Anatomical studies support the view 
that the leguminous nodule is not a lateral root because of the cortical 
origin, the type of emergence, the absence of central vascular cylinder 
and the multiple vascular supply from the root stele. It is also not a 
tumour because it is not autonomous, but only a gall due to hyperplasia 
ca~sed by the parasitic agent which later partakes in a symbiotic relation
shIp.. On the other hand, the non-leguminous nodule is distinctly a 
mo.drfied rootlet by virtue of pericyc1ic origin, prominent central vascular 
cyhnder with secondary growth, and development of a rootlet from 
each nodule lobe with a root-cap. Otherwise it appears to be a gall 
like the leguminous nodule. ' 

The recent work on physiology of nodulation (Nutman, 1958; 
Sadaslvan and Subramanian, 1%0) is obviously the outcome of the 
anatomICal studIeS done on nodules earlier. It must be admitted that 
the functional significance of several of the anatomical observations 
briefly reviewed here is far from clear. Further work will undoubtedly 
clanfy many of these and a clearer and correlated picture of nodule 
structure and genesis on the one hand and nodule function on the o~her 
WIll emerge. . 
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EXPLANATION of PLATE VIn 

Vigna catjal1g (Figs. 1-3) and Dolichos biflorus (Figs. 4-5) 

FIG. t. Root hair with five infection threads, x685. 

FIG. 2. T.s. r03t with three t.!gions ofinfection, see the differentiation of procambial 
strands below two of the infected regions, X 116. 

Fro. 3. T.s. nodule, X 21 . 

. FIG. 4 .. Early stage of the nodule with the infected root hair, X 142. 

FIG. 5. T.l.s. mature nodule with two distinct bacteroid zones, x 12. 
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