Chapter - 1T

Studies in lMeliola diospyricola Hansf.
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I) INTRODUCTION ANUD HISTORICAL RUVIEW

Our knowledge of tropical fungi largely depends
upon the foundations laid by the contributions of
Berkeley (1857), Cooke (1872), Henning (1927), Rehm (1887)
and Leveille (1845). At present with greater facilities
at our disposal, closer contact with regions and better
conditions for collections, the number of workers on
exotic fungi have been greatly asumented. Our knowledge
of tropical fungus flora is also rapidly increasing. The
Meliolales have been studied extensively by Sydow (1927,
1930, 1938); Theissen (1913-a, 1913-b, 1913-c, 1916);
Theissen and Sydow (1915, 1917, 1918); Stevens (1927,
1928-a, 1928-b); Hansford (1963) from the stand point
of their morphology and classification. But very little
work on cytology and development of the members of this
order have been carried out so far. This has probably
resulted from the fact thalt most of these fungi are being
parasites on host plants lacking economic importance. As
pointed out by Wellman (1972) .... "Now here are these black
mildews being made a subject of major pathological study,
although agriculturists who observe their crops well, know
that at times these fungi are very damaging in their effects.”
A better understanding of the biology of these fungi is

needed. With the advancement application of idea that
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taxonomy should be an expression of phylogeny, more
detailed studies are needed. This type of investigation
needs the recognition of more fundamental facts regarding

the life history of an organism.

In this way Tard (1882, 1883) studied the genus
Meliola, but his conclusions regarding rudiments of sex
organs were enfirely hypothetical. Bornet (1883) hag-
given the most detailed account of the development of
leliola. As regards sexuality in this genus he has stated
that the original pyriform branchlets bearing the elements
of fruiting body may be considered as an archicarpium;

(De Bary in 1863, proposed this word to that part of the

body which becomes the ascus in Podosphaera) while

antheridial branch produces the antheridium and perithecial
wall. Gillard (1891, 1892, 1893) believed that two types
of hyphopodia can be readily recognized and distinguished in
to "hyphopodies mucronees" and "hyphopodies capitees", but
all hyphopodia do not produce the perithecia. Ward (1883)
made no such distinction and considered them as merely
hyphal branches with arrested growth. Gillard (1891, 1892,
1893) described the presence of only single protective

wall about the ascocarp and without aﬁy indication of

ostiole.




the typical antheridial cells, found in this family were
the "hyphopodies micronees" of lleliolae. He further
concluded that the capitate hyphopodia may develop in %o
ascocarp while the mucronate hyphopodia do not develop
further and therefore they can be considered aégntheridia.
Bucholtz (1897) observed well developed ostiole in the
ascocarp of Eg;;glg at the time of maturity only, though in
early stages of development none was apparent. He also
observed periphyses protruding through the ostiole at
maturity but no paraphyses were seen. In young condition
interior of ascocarp appears to be parenchymatous in nature.
Von Hohnel (1907, 1917, 1918) in studing a number of species
of Meliola and related forms came to the conclusion that
thyriothecium is not a single structure but composed of
two portions a protective shield and a true peritheciunm.

He also found that the perithecium is not inverted but
upright in its developmsnt. Thus suppvorting Gillard (1891,
1892) on this point. Arnaund (1918) was of the opinion that
the hyphopodia were rudiments of perithecia. Thus till
Graff (1932) all workers were not definite and firm

about their conclusions which might be due to lack of
detailed study of lleliola. Thus much of,the confusion of,
the past was found to hinge upon a misconception of vhat
constitutes a perithecium and loose use of the word in
reference to outer portion of ascocarp when a stroma is

pPresent.
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Graff (1932) studied lieliola circinance Zarle and

brought to light many facts with evidence. He showed the
important events in the formation of ascocarp, asci and
ascogpores. He found true sex organs, antheridium and
ascogoniunm, beneath the protection of already formed stroma.
In this species he never observed the haustoria, which
represents the extreme ectoparasitism. According to hin
lieliola should be placed in Dothidiales either on the basis
of stromatic development or perithecial formation. On the
other hand he is also of the opinion that this group should
be excluded from Dothidiales because of well developed
ostiolate - perithecium with protruding periphyses. DBessey
(1965) treated the family leliolaceae under Zrysiphales
because there is Pseudoparenchymatous tissue filling the
perithecial cavity prior to the formation of asci. However,
there is an apical opening - ostiole - with protruding
peripayses and the ascospores are forcibly discharged through

it, the family is better placed in the order Sphaeriales as

suggested by Booth (1966) and Thite (1973). Graff (1932)
hag finally concluded that "further cytological studies among
lleliolales including nore species of ﬁéiiola and relatved
genera are much needed, it is, therefore, obvious that it

is difficult to settle the systematic, position of lieliolaceae

without the cytological and developmental studies of large

numbe» of specieg". It is with this idea attempt is being
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nade to study Indian species of Lieliola i.e. K.dispyricola Hensf.

IT) LIATZRTALS ATD 113770DS

The leaves of Diospyvros montana Roxb. infected with

lieliola diospyricole Hansf. were collected from Castle-Rock

in the months of October-llovember at an attitude of O to 200
neters where the average annual rainfall ranges from 230 cms.
to 500 cms. and temperature from 14°C to 32°C in different
places. They were then fixed orn the sgpot and also in the
laboratory in the Tfixative F.i.k. Later on they were passed
rough various zrades of alcohol to paraffin. [icrotome
sections o the thiclkmess 5 o Tu wrere cut and stained in
Heidenhein's Haematoxylin and counter stained in Orange G.
for differentiation 4% Iron Alum and saturated Picric acid

solutions were used which gave the satisfzctory resultcs.

ITI) RISULTS

i) Dascription of the funzus :

One of the largest gernera Leliola of the family
leliolaceane was e2gtablished by Iries in 1825 with Ilgliola

amphitricha as a type species. AT present this genus

1

conmprises well over thousand speciles »Darasiting various

hogt families distributed 2all over the world. Stevens

(1928-b); Hansford (1955); Hansford cnd Thirumalachar (1948);



Kapoor (1967); Kar =nd ilaity (1971); Thite and Fulkarni
(1973, 1975, 1976); Thite and Patil (1978) have reported

—

about 35 gpecies of

=

icliola from India. lMeliola diospyricola

was Tirst revorted b Zensford (1953) from 17.S. Tales on

Diosgnyros auctiralis and from Fhilipoines on Diospvros

pnaritina. Laber it was ra2norted by Thite (1974) fron

Ay A G ety Gl ot v IO -
Annods (Uycors Stase) growing on the lesves of Diognyros

e

pontena Roxb. (Ibeniacceae). This fungus u

~

1

by the author from Cogitle-Rocl mrorins on sane nost (Flas

The fungus is characterissd by amphisenous colonies,
nogtly hymopayllous dengs, velvety 2-3 w1 diom., sometimes
confluent. Hyphae substral 1o o undulate, cells mostly

15-25 p long, branching oppogite at wide angles, closely

\)

reticulate, capitase hrphopodia opoosite, morz or less

ag also col .zch g

O"I)o

antrose, straisht or bent, 16-24 1 long; Stalk cell cylindric,

4=6 y long; head cell ovats To cylindric, about glizhtly
recurved above, envire &-10 u. OSetae nunerous, scatvered
straight, sindle, acute, 8-10 x 650-700 u, porithocia

scastered verrucose, Zloboge, 200~240 . diam. Ascosporss

oblong, obtuse, 4-sgeptate, slizhtly constricted, 16-18 x

40-46 u (Plate-II, Fi~.A, B, C, D).

ii) Relaolionships of the liycelium with the Hogt :

The incrusting type of growth developed by the

species of Leliola upon leal surface of vast nunber of
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tropical and sub=tropical plants raises the Cuestion as

to Their saprophytic or parzeitic habit and relations

to tlhe host substratum. It has never been adeduately shown
vihether vhey are primarily saprophyiic and dependent for
their food supply upon maiverial asccumulated from the air

or the excretion of leaf innhabiting insects or parasitic

end ©che amount of injury they nay cause to the host leal.

Bornet (1883) studied real parasitic nature of
lleliola and was of the opinion that the lesions observed
occasionally on leaves are due to the action of numerous
nites whose remains were often found on leaf surface.
Gillard (1892) has agreed to this and further added theat,
by examining numerous leaf sectionsg, he had satisfied
himself that, the lLeliola is entirely superficial and do
not in any way injure the tissue of host plant upon which
it grows. Berkeley (1857) without direct evidence was

very positive regarding the effect of Leliola on hogt leaf.

Ward (1883) has stated that on the underside of the
hyphae there were bright spots which were the points of
J & 'O
attackment of the hyphae to the host epidermis and night

be regarded as haustoria of very rudimentary nature.

Ilaire (1905, 1908), Arnaud (1918), Doidse (1920),
Hansford (1946, 1961) have demonstrated the presence of

haustoria in sixbeen species of lleliola. In tw7o of these



haustoria pinetrate in to subepidermal cells in the same
manner as that of Asterina althouzh remaining simple and
unbranched. Doidge (1920) was unable to observe the
haustoria in lieliola bifida. Jard (1883) found no evidence
of hanstoria in an unidentified species of lleliola, though
he had no difficulty in clearly demonstrating thelr presence

in various species of Asterina. In lLieliola circinance

Graff (1932) had found no svidence of +the presence of
haustoria and the fungus appearsd entirely superficial,
however, the cell walls of the hyphae were seen to be markedly

thinner at the point of contact.

Thite (1973) in lleliola osyridicola observed that

when the growth of the mycelium takes place the head cells
of capitate hyphopodia are in close contact with surface of
tha host cell. These head cells are provided with small
circular hyaline pores which may have the function of
rudimentary apvresorium. Some hyphopodia continue their
growth in association with stomata of the leaf and after
reaching certain size, produce a 'foot5 or 'stomatal plug!
which fills the epidermal depression between subsidiary
cells., This plug neither penetrate the stomatal opening
nor produce the hyphal branch.' Apparently it serves only to

securs a better cohtact with the surface of the host.



23

It is, therefore, evident that there are three grades
of parasitism in the genus lleliola. (1) Most frequently
haustoria of simple type are formed and they penetrate the
cuticle of the leaf; (2) There are some species wvhich develop
haustoria of Uncinula tyve (Smith, 1900) that penetrate upto
nesophyll region; (3) Some species are entirely superficial

which fail to come in direct contact with the host.

In lleliola diospyricola when the growth of the myceliun

takes place the head cells of the capitate hyphopodia are in
close contact with the surface of the host cells. Some
hyphopodia continue their growth in association with stomata
of the leaf and after reaching cerftain size produce a "foot"
or "Stomatal plug" which fills the epidermal despression
between the subsidiary cells (Plate III, Fig.l). Same type
of 'stomatal plug' was observed by Thaung (1976) in

Prillieuxina dipterocarpi Syd. but it does not show further

growth. The 'stomatal plug' in lleliola diospyricola shows

further growth through the Stomatal opening and this endo-
phytic hypha finally reaches to the mesophyll cells (Plate
III, Fig.2). Thus the fungus obtains nourishment by special

hyphal branches, as described by Arnaud (1921) in Phyllactinig

corylea (Pers.) Karst.

iii) Initiation and Development of the Stroma

Considering the presence of a ascocarp as a sign of

maturity it is found that the colonies of lleliola diogpyricola
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vary from 2-3 mn. diam.. Though ascocarps usually begin to
appear on the colonies when they have reached a diameter of
approximately 3 mm, they will occasionally be found on some-
what smaller colonies. The growth of ascocarp is always
centrifugal. Initially their presence is not visualized on
the margin of the colony but as the growth takes place in
.circular nanner they become cuite evident, when the diameter
of the colony is about 3 mm. the hyphal growth ceases but
the growth of ascocarp continues until they are at least
found near the outer limit of the infection spot. At
maturity the central portion of the colony bresks while the
marginal portion remains still quite firmly applied to the
host.

Besides the usual type of branches, numerous, sterile,
simple, scattered hyphae or setae may be produced from various
parts of vegetative mycelium measuring about 700 u long and
8=10 u wide at the base. At the basal region of ascocarp
they are forming hyphal cushion as reported by Bornet (1883)

in Heliola furcuta. In ascocarp one can differentiate three

hyphal systems in two or more highly evolved groups and their
origin can be summerised as follows : (1) tissue derived
from the ascogonium, (2) vegetative protective tissue
developed from the surrounding mycelium, (3) Secondary

protective tissue formed due to the stimulus of the ascogoniun.
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The tissue derived from the ascogonium coangsists of
the ascogenous hyphae and the asci. The ascogonium which
may or may not be fertilized by an antheridium gives rise
to ascogenous hyphae which ultimately produce the asci.
The ascogenous hyphae are generally broader than the young
vegetative hyphae with densely stained contents. Typically
they grow out in a radiating manner to form a plate or
hollow disc in lower part of fruit body, but in more primitive
groups they ramify throughout the central tissue of the

ascocarp.

In lleliola diospyricola stromatic initials are first

seen as a short two celled lateral branches growing fron

the sides of vegetative hyphae and are called hyphovodia as
stated by Gillard (1891). These hyphopodia which continue
their further development generaly are in association with the
stomata of the leaf. AZter reaching certain size they produce
foot or a stomatal plug which fills the stomatal opening.

The first division of the terminal cell of the hyphopodium
takes place by the formation of a septum vertical to the

plane of the mycelium as described by Ward (1883) and Graff
(1932). The exposed cell walls are thickened and dark
coloured. Thus in this funsus the stromatic growth is

purely vegetative. Due to further growth ultimately the
stroma develops in to a peltate structure (Plate IV, Fig.3

and 4) as described by Thite (1973).



iv) Initiation and Development of Perithecium

The peritheciunm begins its development by the

* growth of hyphae from stalk cell of the ascogonium. These
hyphae grow in a horizontal direction at least in their
early stages, following the general ascogonial contour.

. Some of them may originate from the stalk cell of the

| antheridium but are not as numerous as the others. Since

the protective cover is already present these hyphal
filaments do not form intimate contact:with the ascogenium
and antheridium during their czarly development as described
for the members of the Arysiphaceae by Harper (1895-a, 1895-b,
1895-c). To accoﬁgdaie the growth of these sex organs the
perithecium increases in size and assumes a hemispherical
form. The perithecium at this stage is usually one cell

in thickness, but later on becomes two celled by the
formation of a new layer from within (Plate-IV, Fig.5).

At maturity the sides of perithecium may be three or four
celled in thickness (Plate-X, Fig.25). This extra thickening
usually projects inwards towards the basal portion of the
perithecium. As the growth procezsds this basal perithecial
thickening extends arour.d the entire ascocarp from within

(Plate-IV, Fig.6).

The growth of comparatively large asci with their

large agcogpores has a rarked effect upon the entire inner
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structure of the perithecium. Tith the incrcased growth
of the ascogenous ayphaes and the attendant ascus develop-
ment, the inner perithecial layer becomes rmch Lflattened
until its cells become shrunken and elongated, with poor
cycoplasm. The entire perithecial structure seems to
serve as nurse tiscue and become more and more compresed
as development procesds. The draft of the material nouriching
the ascogenous hyphas and the develcping asci may even
extend in come degree>to the innerstromatic layer. Thus
all parts of ascocarp cortex except possibly the outer
most protective layer of heavy walled cells nay contribute

to their maintenance and growvth and serve as nurse cells.

Paraphyses make their eppearancs early during the
ascus formation. They are alvays few in nuwmber, regular
in their arrangement and scattered among the asci. They
grow upwards as slender unbranched structures with thin
walled cells. The nuclei in older paraphyses are elongated
and appear in the gtate of degeneration. The younger and
newly formed paraphysss have a homogenous cytoplasm and
nornal nuclei (Plate X, Fig.25 C). The tips of periphyses
then protrude out and then the exposed ends become rounded,
slichtly enlarged vith thick and dark walls. Thus the
formetion of the apical opening is similar to lleliola

circinance as reported by Graff (1932), Leliola osyridicola




and Meliola jusminicola as revorted by Thite (1973). “Tard

(1883) described in an unknovm species of lleliola a slisht
papilla at the apex of ascocarp. He also noted that the cells
of inner wall of perithscium converse towards the spot and he
concluded that "this is at least a weak point through -/hich
the spores escape". Bucholtz (1897) found that in lleliola

cymbagsterina there is a well developed verithecial ostiole

from which periphyses were seen protruding at the time of

maturity.

During maturity the verithecial cells at the base
remain unbvrotected by stroma, but in direct contact with
the host. These cells vecome heavily thickened and dark
coloured as those of exposed stromatic cells. As the
growth proceeds the nunder of ascogenous hyphae and the
ascl increase and remain scattered inside the cavity of
the perithecium. The paraphyses and periphyses help in
dispersal of ascospores throuzh the ostiole. The process
of ostiole formation and maturity of asci are usually
similtaneous as reported by Bucholtz (1897) and Graff (1932)
(Plate ¥, Fiz.25 A).

v) Initiation and Development of sex organs :

According to Ward (1882) the initiations of the sex
organs takes place throtgh a fugion or at least a contact

of the first two celis formed by the hypvhopodium. One of
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these cells is in the nature of Tthe "archecarpiunm'" of De Bary
(1863). Thaxter (1893) has stated that the '"hyphopodia
muicronees”" resemble the antheridial cell in the group
Laboulbeniaceae. This stabenent seems to carry the impli-
cation that he considers Gillard's (1891) mucronate and
capitate hyvhopodia to be the two sex organs or atleast to
have to certain extent, similar function. In lLieliola

diospyricola it was found that under the protection of

young peltate stroma two shert stalks arise from the
adjacent sides of the stalk cell of fthe hyphopodium. One
of them is the antheridium while the other is the ascogo-
nium. Such type of sex orzans have besn described by

De Bary (1863) and Harpsr (1895-a, 1895-b, 1895-c) for

Sphagrotheca, Zrysiphe and Phyllactinia. The growth of

these organs is usually parallel to the leaf surface,
which may be due to their point of origin and relation to
the protective shielding hood of stroma. Rarely they tend
to assume an upright positiorn ~hen the curvabure of the
protective stromatic shield is such as to allow then
sufficient space as described by Graff (1932) in leliola

circinance.

Ascogonial and antheridial development seems ©o
take place simltaneously and they have a point of origin
very close to one another. The stalk cells from which the

sex organs arise are much shortened and more broad than
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long. The sex orzans develop as elongated, oblong—oval
cells with 2 gingle nucleus and dsnse cytoplasm. The
antheridium is slightly longer, more slender nearly
eylirdrical, uninucleate (Plate V, Fig.7 & 8). The sex
organs of lleliola are Jrysiphaceous in character but are
protected by the small peltate hood. Thus the ascogenium
and the antheridium are closely associated in origin as

in 3rysiphaceas and as young stromatic srowth is attached

to the vegetative hyphae by a single stalk cell, the leliola

must necescarily be homothalic.

vi) Initiation of Dikaryon ond Origin of Asci

The antheridium grows towards the ascogonium and
directly presses its wall firmly as the trichogyne and the

receptive haphae are absent. The intervening walls beteen

the ascogonium and the antheridiun dissolve at the point of
contact allowing free passage of the cytoplasm and the nale
nucleus from the antheridium to the ascogoniun. The nale
and female nuclei remain associated forming a dikaryon,

resulting in a plasmogamous copulation. No nuclear fusion

was observed at this stage. The antheridium is now empty and
remains in close association with the binucleate ascogoniun
(Plate V, Fig.9). The dikaryon in the ascogenium now migrates
in to the developing ascogenous hyphae after the conjugate

nuclear division (Plate VI, Fig.10).
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The penultinate cell of the ascogenous hyphae
elongates and bends over to form the characteristic "hook"
or the well-known "crozier" (Plate VI, Fig.11 & 12). The
nuclei in this hook divide conjugatzsly but nmitoticaly as

observed by singleton (1953) in Neurospora with a set of

chromosomes passing to each pole. The spindles of these
two mitotically dividing nuclei are oriented more or less
parallel to one another, thus forming four daughter nuclei
(Plate VII, Fig.13). Two of them which are of different
sex origin lie close to each other at the apex of the bend,
while Tthe other one which is located at the tip of the hook,
passes in to basal region of the penultimate cell by disso-
Jution of the wall and lie in close association with the
remaining daughter nucleus (Plate VII, Fic.14). Two sepnta
are laid down separating the binucleate crook cell and the
binucleate basal cell (Plete VII, Fig.14). The crook cell
now assumes the role of ascus mother cell. This ascus
mother cell now elongates and the dikaryon occupies the
central position there ultimately "Karyogamy" tekes plece.
The young ascl so formed are always with a single diploid

nucleus (Plate VII, Fiz.15).

s in the Agcus

"

vii) Nuclear Iven

a) Introduction :

The basic knowledge regarding cytologicol studies

in Ascomycetes is derived from the pioneser investigations of

I3



Dangeard (1294, 1897, 1904, 1907); Blackman ond Fraser
(1905, 1906); Haerper (1895-a, 1895-b, 1895-¢); llaire
(190%-a, 1903-b, 1905, 1908); Guillermond (1904, 1905,

1908, 1911) and others. According to their studies it is
Imovm that the Ascomycetes are characterissd by the

]

occurrencs of a sesual phase in their life cycle which
results in ths droduction of pverfect spores, the ascosvores,
besinning with the »lasmozany ~nd bterminating in karrvormany
wwith the intervening dikaryovhase. It is also lmown that

o

in This group there is an alternation of generation as in
the rust funzi. Regarding she nuclear fusion in this zroup
two theories have been put forth. (1) Single fusion thaory
or "Clausggmen type" of nuclear behaviour orizinally pronosed
by Dangeard (1907) and Claussen (1912) in which a single
fusion occcurs in the ascus nmother cell followved by a single
reduction division in the ascus. This tyve of nuclear
fucion has been knowm to be of common occurrence in the
vast, majority of the Asconyczites go far studied and Laove
been supported by Colson (1S38), Hirsch (1950), Singleton
(1953), Olive (1S4S, 1950, 1953) and nany others in rocoant
vears. {(2) The othsr is "Double Ffusion® or "lorper tyne"
according to hich two fusions toke vlace; one in the ncco-
soniun and the othar in the accug mother cell, TFollowed by

B - e d e o K S . Daam A Tra s : . T,
cwo raductional divisions called as "3Brochynelogis" hich ras

395=-2) ond was sunnoriaed Dy cubssruent

C')

provosad by arper (L



Blocknan and Fraser (1906), Fraser (1908), Cuiiing (1509)

e o st P PR, PR R X I s

Recent sxperimental —orl: bagsd on a nors reiined

e it PRI o e PR A R S !
cvtolorical ilcrrovachnicduse —rith Detisr stniniag me

Ty BTy e T 1 < TR R P - oy~ ]
hags revealed that the "doubnles Zusicon Thzeory" no nore nholds

4 . N =) - K5 o T S
zood for larze nunler of Agconmyeetas go far invessisetled as
SR =S T IR ] T . .

avidoncad Trom vhe criticol oz of Cliwe (1950), ilirech

The inmvortant cruvolozical studies In Afcomycstes
wvere brousiy out through the pioneer invesstigations of
Harper (1895-2, 1895-b, 1895~c); Danzeard (1894) who 2rhloyed

such studies for determining the nuclear life cycle and the
orgonication of nuclzar structures in Powdery liildew fungl.
Later Dodzge (1S27); Drayton (1934); Guynne-Veuwshan (1937);
Colson (1934, 1938); Olive (1949, 1950, 1953, 1956, 1965);
Singleton (1953); and recently Kowalski (1964, 1965, 1966);
Berthet (1964~-a, 1964~b); Rozers (1964, 1965-a, 1965-b, 1967,
1968-a, 1968-b, 1968-c, 1969-a, 1970); Uecker (1967); Furtado
(1970); Kulkarni (1963); Jells (1970); Conham (1969); Joo and
Partridze (1969); luthappa (1967); Thite (1971, 1972);
Par-uey~Leduc, (1972); Zicklaer (1973); Upadhyay; and Ravgi (1973);
Kimbrouzh (1974); Komat ond Tllass (1974); Harris ond Roth

(1974); O'Donnell, ot cl., (1974, 1976); Rogers ond Sticrs
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(1974); Rogere (1973, 1975, 1978); Rai and Chowdhary (1974);
Ullasa ond Pande (1975); Saokai (1975); Rannali and Irma
(1275); Ranza Roo and Iukarii (1972); Paden and Linton (1976);

Bezerra snd Timbrough (1976); Jaoin ond ongan-Jones (1973);

Ll T

LM -

Stiers (1976); Raju (1978), Rai ond Saxena (1979); Patvardhan

O]

and Badhe (1979); uang (1976); Hill (1975, 1977); Jagtap
(1975, 1978); Gottwald and Cemeron (1980); 31lis (1981);
Jones (1981) and neny others have contributed to the voluni-

nous literature to this field. The Lgliolales have beon

studied 1 ; arzely fron the stand point of their morpholo~y and

tazonony, but very litsle convribution on cytolozy and develop-
ment of the nembers of this order is to be found in the
literature. IHowever, particular mention muist be nade thatb
Gaunznn (1926) hag studied cytolozy of Lanomycss op., lard
(1883) made the developmental studies of unlmown species of

lieliola, while Graff (1932) made such studies in case of

lelicla circinance and Thite (1973), Goos (1974, 1978), Goos

and Palm (1979) hove studied cytolozy and development of the
Meliola. As compared to large number of species of this
order the literature on this aspect of study is rather inade-~

quate. The phylogenetic position of the group Lleliolales

is alsgo a point of dispute and writh the help of such cytolo-
zical and developmental studies it will be possible to throw
some lizht on this aspect and to £ill the gap between the

groups arysiphales and Sphaeriales.
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1

c¢) Nuclear Tvents in the Ascus

The diploid nucleug so formed occupies the central
position in the developing ascus and can be seen as densely
stained mase of chromatin with intaet nuclear membrane
(Plats VIII, Fig.16) corresponding to the condensed nucleus

reported by Rogers (1965-a) in Coniochaeta lignaria, Canhan

(1969) in Hypocrea ceitrina, Thite (1974), in leliola

osyridicola. Like many other Ascomycetes the first division

takes place along the longitudinal aris of the ascus or in

a slightly oblique nmanner. The two daughter nuclei so formed
remain in the centre of the ascus (Plate VIII, Fig.l7). The
second nuclear division is also slightly oblicue but four
nuclel thus formed also remain in the central portion of the
ascus (Plate VIII, Fig.18). As a result of the third division
eight danghter nuclei are formed, which assemble in the middle
part of the ascus and so nake it difficult to trace their

relationship to one another (Plate VIII, Fig.l9).

viii) Ascosporogenesis @

Ascospore organization in the Ascomycetes is
known to be brought about through the sgeveral mechanisms.
This has been recently summerised by Reeves (1967).
Accordingly four mechanisms of ascospore organization have

been reported in this group.
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(1) Gjurasin (1893) reported that +the division of the
nuclel in the ascus were karyokinetic and that asters were
associated with the division process. In the eight-nucleate
stage of the ascus he described the foldings of the rays of
the asters around the individual nuclei. Harper (1897, 1900)
expanded these obgervations of nuclear behaviour and designa-~
ted it asg "Free Cell Formation", a unidue process that is of
common occurrence in Asconycetes. A summary of events in the
process of free cell formation is as follows : (i) in the
eight nucleate ascus, each of the haploid nucleus forms a
beak with a persistent central body on the asteral rays
at the tips of the beak. (ii) The asteral rays swing
outwards and dowvmwards and form a thin nembrane which cut
out young spores. (iii) The nembrane around each spore
separate the sporoplasm and include the nucleus, leaving
epiplasm in the ascus. With few exceptions these ideas
have been verified and expanded by majority of subsequent
investigators. Dodge (1927) believed that the large
abnormal multinucleate spores obtained in some species of

Heurospora were the results of multilinear activity among

the asteral rays of several nuclei although the process was
similar to that described by Harper (1905) for Powdery lildew

Fungi.

(2) A second method of the ascospore orgenization

was presented by Dangeard (1907). He was unable to find
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the asteral rays described by Harper. He described that

a sheet of material spreads from central part of each
nucleus and gradually envelops the spore. The absence

of asteral rays laid him to modified Harper's original
description. Similar observations were made by Fanl (1905).
He considered that the spores were delimited by the double
membrane of asteral rays and not through the mechanism of

asteral rays.

(3) Jones (1925, 1926); Jenkins (1934); Raymond
(1934); Hein (1932) and Hayman (1964) have described a
third nethod of ascospore formation. All of thesge mycolo—-
gists agree that the cytoplasm was divided into segments
around the nuclei without the 2id of asteral rays or centrioles.
Jones (1925) thought that the planes of cleavage were initiated
through the appearance of narrow vacudles along certain
points near the ascus wall. Raymond, Hein, Hayman were
unable to determine the mechanism involved in the segmenta-
tion of cytoplasm around nuclei. However, Hein (1932)
thought that the asteral rays and centrioles reported by
others were either artifacts of fixation or staining or

misinter-pretations of the figures of nuclear divisions.

(4) The fourth and the most radically different
method of ascospore delimivation was presented by Andrus
and Harter (1933, 1937), Andrus (1936) and Chadefamd (1943,

1965). These investigators believed that prior to sporo-
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genesis all the eight nuclei of the ascus were enveloped in
a very thin membrane (the ascus vescicle). Ascospore
organization occurrszd through the constriction of this
membrane around the individual nucleus. Ione of fthese
investigators obtained any evidence in the delimitation of
ascospores. Gwynne - Vaughan and Broodhead (1936) reinvesti-

gated the fungus Ceratostomella fimbriata studied by ndrus

and Harter (1933, 1937) and sugzested that the reported
ascus vescicle was actually a large vacuole. Chadefaud
(1965) has demonstrated that the "ascus vescicle" in his

naterial was not vacuole.

tudies on fres structural aspects of higher
Ascomycetes have been made by Moore (1963,1964); Ceruti et al.,
(1966); "Hilson (1937); Becket (1966); Rudolph and Giesy
(1966); Bracker and Tillieams (1966). Theszs investigators
found that prior to ascospore organization a double membrane
was formed around the entire mass of cytoplasm in which 21l
the eight nucleil were embeded; the ascosgpores were delimited
from the rest of the cytoplasm of the ascus through progre-~
ssive constriction af this double membrane system around the

individual nucleus. 311is (1981) in Thermoascus aurantiacus

also observed that the ascospores are delimited by the
progressive invagingtion of a pair of unit membrane and the
cell wall formation takes place between these ascospore

delimiting membranes and consisted of an electron transferent
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endospore and an electron dense evispore. Reeves (1967)

with the help of clectron microscope observed that in

Pyronema domesticun the "ascus vescicle" surrounding the

complenents of eight nuclei is composed of a two unit
membranes acting as the agents by which the spore delimita-

tion takes place. Hill (1975) in lannizzia Zypsea observed

the invagination of ascus vescicle. Hill (1977) in Herpomyces

Sp. (Laboulb—cniales) also observed that ascospores are

delinited by membranes derived from an ascus vescicle and
the wall forms between the »naired prospore nembrane.
Dilated cisternac and epiplastic membranes are associated

with wall formetion. Stiers (1976) in Ceratocystis fibriata

observed thalt the strands of double nembrane forms a large
ascus vegcicle which encloses the eight nuclei and nost of

the ascus cytoplasm. The ascospores are then delimited by

the formation of lobes of the ascus vescicle. According to
Reeves double nembrane system eppeared to be essentialy the
same as that described in the light of microscopic studies

by Andurs and Harter (1933, 1937); Andrus (1936) and Chadefaud
(1943, 1965); Thite (1973).

The process of ascosporogenesis in Feliola diogpyricola

based on nicroscopic studies esgentially agree with the mecha-
nisms provosed by Jones (1925, 1926); Jenking (1934); Raymond
(1934); Hein (1932) and Hayman (1964). o "ascus vescicle"

mechanism conposed of two unit membrane as reported by



40

Reeves (1967) was observed at any stage of ascospore

organigzation.

Though ordinarily, only two ascospores are Tormed
in the mature ascus of this fungus, the number of nuclei
prior to the ascospore formation is usually eight (Plate-
VIII, Fige19) like that of other iAscomycetes, and all of
thenm ftake part in early spore development. After the
completion of the nuclear divigions they arrange thenselves
in pairs. TFour binucleate spores are usually initiated at
this stage (Plate IZ, Pig.20) but only two develop further

while the remaining two degenerate (Fig.21).

Ward (1883) described the process of development in
an unknown species of leliole without any reference to the
mode of nuclear behaviour. The process of ascospore develop-

ment in leliola diospyricols is in accordance with lieliols

circinance as reported by Graff (1932) and lleliola jasminicola

as reported by Thite (1973). Graff (1932) states that even
though the nunmber of mature ascospores in each ascus is
usually two, there are rare instances where they may be four.
In the present investigations on the other hand there was not
a single casge where the number of mature ascosporses 1s nore
than two. The young ascospores are single celled and
binucleate. These nuclei undergo conjugate divisions and

form four daughter nuclei which get arranged in a median line.
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Two of hhese daughter nuclei remain in the centre of the

spore and the other two are sevarated by the formation of the
septa and lie on either side of the central pair, thus forming
three celled spore with the binucleate central cell and
uninucleate lateral or end cells (Plate IX, Fig.2l & 22).

Bach of these nuclei in the end cells of the ascospore divide
agair followed by the formation of septa. Thus the individual
ascospores in lleliola diospyricola are five celled at naturity
containing six nuclei, two in the central cell and one each in

the other cells (Plate IX, Fin.23).

As these two spores of the ascus increase in size
their adjacent sides become some what flattened by the
Pressure. The nuclei of the individual ascospores are
arranzed on a nedian line. Tith the continued growth, each
cell of the ascospore become somewhat rounded with much

thicker and darker walls, ultimately resulting in a slizhtly

constricted appearance (Plate IX, Fig.24).

The ascus wall is thin throuzhout and as the spores
mature, becomes distended and fits closely about their
contours. It readily tears away near the base when spores
are Tully matured and often continues to invest the paired
ascospores for some time. The free ascospores may also be
seen in the perithecial cavity ready for discharge (Plate

X, Fig.25) which are finally discharged through the ostiole.

3630
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IV) DISCUSSION

It

is clear from the higtorical account the chief

problems concerning sexuality and associated phenomenon

in ascomycetes are as follows @

1)
2)

3)

4)

5)

In

Are there definitely organized sex organs or not ?
If definitely organized sex organs (anthridia and
ascogonia) can be recosnised, Are they Tunctional
or not ?

If the functional anthridia and ascogonia are
present; does the Tusion of nuclei of opprosite sex
take place in the ascogoniunm or in ascus mother
cell or in both ?

If the fusion of sexual nuclei does not take

place in the ascogoniun, Is there close pairing or
not and the conjugate division of male and female
nuclei in the ascogenous hyphae orizinating from
ascogonium.

If the fusion occurs in ascogoniun (nuclear fusion
in the ascus is universal). Is thers any evidence
in the nuclear history of a double reduction

(brachemeiosis).

\ . , » .
the present studies there are abudent evidences

of the existence of definitely organised sex organs - the

anthridia

and ascogonia. They can be easily recosnised as
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distinet structures from the rest of the mycelium by their
size, shape and position. The existence of such specialized

sex organs is an agreenent with the obgervations of Harper

(1895-a, 1895-b, 1895-c¢, 1895-d, 1899) in Jrysiphe communis,

Phyllactinia corylea and Sphaerotheca castagnei. Blackman

and Fraser (1905) in Sphaerothceca humli. Graff (1932) in

Ileliola circinance. Thite (1973) in lleliola osyridicola

and lleliola jasminicola, but differs from that of De Buory

(1863), Dangeard (1907). Although they observed distinct

sex ocrgans but regarded anthridia as nonfunctional.

In lleliola diospyricola similar to lleliola osyridicola

and lleliola jasminicola the intimate association of anthridia

and the ascogonia with each other make it hizghly probable that
they are functional. Contact between these two sex orrans
is established by the dissolution of intervening walls.

There is a frecuent occurence of an empty anthridium in close
association with the binucleates ascozonium. This sugzests
that the nuclear migration took place through a small
copulation canal. The actuel process of nuclear migration
from anthridium to ascogonium has not been denmonstrated by
many investigators exzcept Harper (1897), De Bary (1868)

could not observe the brezking down of the walls between
anthridiunm and ascogonium in Irysiphe sp. and so supports

the absence of the process of conjugation in it.




44

Harper (1897) working on Sphaerotheca castasneil was

able to observe the actual nizration of male nucleus throusgh
the conjugation pore and the nuclear fusion in the ascozoniun.,
On the other hand Dangeard (1907) was unable to deteet the
conjugation pore between the sex orcsens. He claimed to have
zamined so much materisl that failure to find conjugation
pore rust be accepted as final and indisputable proof ol its

non-gxistence.

Blacknan and Fraser (1905) working with Svhaerothec

hunili had actually observed four cases in which the ascogo-

nivm and anthridiur wers in dir

(D

ct connection and they -ere

n

further convinced that the fusion of nale and female nuclei

took place in the ascogonium.

In 3rveiphe volvzoni A1len (1905) observed nucleor

nigravion directly from one hypha to the other -rithout “he

indicevion of Ttheir fusion.

Colson (1938) working on Phyllactinis corylea wras

s

convinced that the znthridial nucleus does not nigrabte into

4o
U

|.:.

the ascozoniunm at all, but dsrenerates in gitu. According

to her opinion the onvhridium is non-funcitionzl and Turther

o}

developnent of the asgcoronium is apogamous. The two nuclei
L

of different sizes occuring in The ascozonium af m ecarlier

its dovelonnent are derived from the original single
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ascosonial nucleus. Thoush ghe had Foiled to observe “he

A

nuclear diviesions which razsulited the hinucleste condition

of the ascozoniun.

In the

been observed in Tthe agcogonivn and T

3]

aggoclated o2 o dikaryon. The coenocytic condition of the

o

scononiun 1s thus restricted to binucleate stage only. As

a result of conjuzate nuclear divisions dikeryons nigrote

-

into the developing hyphas. TFurvher conjusote nuclear

divisions of the dikaryon continues in Tthe ascogenous hrohoe

and imiediavely Tollowed Dy vhe fermation of s2nta resultin

o

2> 2 R Y

in ths fornasion of ror of few cells. “he vennuliinate cell

containg tro nmuclel like Phvlloctinia coryles, Zolzon (1S38),

.

arysivhe geacias, Tare (1556).

-

The phenomenon of Aoudle raduction cof chrornocones
nunber (Brachomeicsig) usually depends upon Sha Drocess
oF doublz fucion. During Dresont invaotisation the intro~

Ao 2 ey m - - N Ol =T
nuclear deveils werre oo onaarvad.

The 2inlold nuclsun ccrudies ©o&

TEP < N N ey 0 Ay Ty Mmoo B et X
in <he develoning ~zcus ond con e seen ag lfaagely gvoined
Ay oot - T4 vy -7, S e angn -E Ao TN 2 T RN ;! o
nagg of chrowrasin rivh intact muclecr nenmbrone corresnonding

i

[

to tho condonsed nucleus reoporied by Rogers (1965-2)

Coniochaeto lismaria, Canhom (1969) in Iypocrse ceitrina,

Thite (1973) in lleliola osyridicola. ILike many other
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E .L‘ J

asconycetes first division tolies »lace along

the longitu~

dinel axis of the 2scus or in £lightly oblicue monner,

The two daughter nuclei so Jorned remain in the centre of

the ascug as reporied dy Thite (1973) in Leliola osyridicola.

The gecond nuclear divicion ig also sligntly oblicue but
four nuclei thus formed 2lso remain in the central porivion

of the ascus as observed by Thite (1973) in eliola

IS

dogminicola., In leliols ogyridicola at four nucleate ¢

age

the nmuclei do not remodin 2t the centrol nortion but thay

x

lie in o =inzle line from base to apex of the ascus. .8

a result of the third division cishi doushter nuclel are

N

formed, hich assgemble in ths niddle pert

a7 ey
vilg agcus na o

-

make 1t difficult to trace their melationcship to one onother.

In Meliola ascostrone initiation is

irmmltaneous "7ith the perithecial ini
does not banin to devslon till the growth of th
nrocecded for snoush To Droduce provective cover beneath

vhich the further developnent telieg place.

In the pagt rmuch confusion was Ffound to hinge up on
a nisconception of vhat constitutes a vperitheciunm and the
locse use of the word, with reference to outer portion of
an ascocarp, vhere the strona is pdprezent. The genus [leliols
offers a good illustration because according to the descirip-

tion 2f few speciecs so far otudied the outer Truit surfnce
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che surfacz of the stroma bensath which perithzciunm is

hidden.

Setae apnearing on the surfazce of this ascocarp are

called as "Perithecial sctag". s thoey are out orowd

vegetative. Origin ags hyphal setaes and to call then os

perithecial setae is rather misgleading. The sgetas of eliola

nay be droducsd strictly from the vegevative hyonoe, fronm
its hyphopadia or from the stromatic surface of the ascocarp,
while in some speciss they are developing from 211 the

three parte. All are therefore vegetative in origin.
Inspitz, of the similarity in aplearence the ornamenvally

branched setae of iLieliola furcata which are found on the

ascocarp have their origin in the sftrona while those of

Iilcrospera develop from the fTrue perithecial wall which

originates from stalk cell of the ascoganium.

The ascocarp in Lieliola diospyricola is initiated

through the growth of the hyvhapodiun which takes place
in a centrifugal manner and results in the formation of
a lenticular group of cells. The exposed c2ll walls

L

becone thickened and dark coloured in a nanner similar to
the walls of regular hyvhae. Thigs peltate stromatic

grovth is purely vegetative structure, the formation of
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which undoubtedly takes place in the manner described by
De Bary (1863) as neristvogenous rather than Symvhogenous.
This is in accordance with the observations made by Thite

(1973) in leliola osyridicola and Leliola jasminicola.

Under this protection of young peltate stroma the
authridiun and the ascogonium arise, which are true sex
organs and are definitely of the same nature described by
the De Bary (1863) for Irysivhe, Harper (1895) for

Sphasrotheca, Graff (1932) for eliola circinans and Thite

(1973) for Lieliola osyridicola and ileliola jssminicola.

Perithecium begins its development by the growth
of hyphae from ths Stalk cell imrediately belor the
ascogoniun. Thege hypvhae grow in a horizontal monner
around bthe ascozonium. To accomodate the growth of the
anthridium, the ascogonium =nd the perithecium there ig also

an increase in the overgrowth of the Strona.

Paraphyses nake thelr appearsnce during sarly ascus
formation. They are Tew and usually scattered anong the
ascl and grow upwards as slender, unbranced, slightly twisted
or bent filaments of several thin walled cells. “Then the
agcocarp increases in size and the central cavity enlarses,
R %1

Tilamznts growing in uprer rezion from the inner wall of the

peritheciun, become more slender and are lmown as "perivhyses".
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They seperate from below vowvards and are directed towards
the apex of ascocarp. The ends of these perivhyses vush a
part the cells of the perithecium and the stromatic hood
at this point and form an ostiole through which ascospores

are discharged.

The fine sgtruciture involved in the procesg of
ascosporogenesis has been described by Moore (1963, 1964)

in Cordyceps militaris. IHe emphasized the role of the

endoplasmic reticulum in delimiting the ascospore wall.

He has reported that the ascospore initials are surrounded
by en outer matrix rembrane seperated by plasma membrane
with the development of investing wall over it. It was
also shown that the epiplasm vwhich is enucleate breaks
dovmn at the majority of ascospores. After further mitotic
divisions of these nuclei in the spore initials it was
seperated by the invagination of linear nuclear menbrane
to partitions the nucleoplasm into subunits termed as
"Karyosomes" and the process as "Karyochoresis" by lloore
(1963, 1964). During mitotic divisions of the spore nuclei

there is also a spore elengation.

It will be observed from the results obtained that
the pattern of the development of the ascus and the
ascospores in this tropical fungus is very similar in nany

respects to that of many other temperate asconycetes
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However, there are, differences as rezgards the number of
ascosopores in each ascus, nunber of celle in each ascospore
and the nunber and the activity of nuclei in each cell of
the ascospore. In majority of the ascomycetes eight uni-
micleate ascospores are produced but in leliola usually

two multicellular and mltinucleate ascospores are found.

lieliola diospyricola agrees with Ileliola jasminicola

and keliola circinans but it differs from Lleliola osyridicola

in the process of ascosporagenesis. In leliola osyridicola

each ascus initially produces only two ctuadrinucleate
ascospores while the mature ascospores are five celled and

gix nucleate. On Tthe other hand in lleliola diospyricolsa

at first four binucleate ascospores are formed in each
ascus out of which only two mature and other two elegenerate

as in lleliola circinang and ileliola jasminicola. The

mature ascospores of this funous are also five celled and
six nucleate. The nature ascospores escape from the thin
wall of the ascus and are finally discharged throusgh the

perithecial ostiole.

According to "lard (1283) the process of ascosporo-
genesis in Leliola is progrsssive one in which the first
act is a longitudinal cleavage dividing the ascus contents
into two halves followed by second cleavaze but at right

angles to the first. In lleliola diogpyricola on the other
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hand four spores are cut out simultaneously as four
fusiform cytoplasmic bodies in the act of spore delimita-
tion the greater portion of the cytoplasm is included rithin
the spores and only a very small amount of residual epiplasm
remains out in the ascus. Throughout the develonment of the
agscospores the entire cytoplasmic contents of the ascus

renain homogenous.

The process of delimination of the four ascospores

within the ascus, instead of eight, together with cutting

[}

of this cytoplasm. So as to include two of the eight nuclei
in each ascospore has also beesn reported in Podospora

-

ansering by Tard (1882) and in Ileurospora tetrasperma by

Dodge (1929). In Keithia chamaecyvarissi on the other hand

usually two duadrinucleate ascospores are delimited as
reported by Dodge (1928). There are instances where the

nunber of ascospores may be less than eight e.g. Phyllactinig

corylea (Colson, 1938); Laboulbenia grindarur (Faul, 1912)

where some of the nucleil dzgsnerate prior to svore delimitation
and only vhose retaining their normal size take part

in the spore formation. In Leliola diospyricola initially

Tour fusiform ascosporess are delimited in each ascus, but
ultimately only two reach the maturity at the expense of

osher two.
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There are three grades of Parasitism in the genus
lleliola. (1) lMost frecuently haustoria of simple type are
found and they penetrate the cutical of the leaf.

(2) There are some species vwhich develop haustoria of
Uncinula type (Smith, 1900) that penetrate uvto mesophyll
region. (3) Some species are entirely superficial which

fell ©o come in direct contact with the hoss.

In lleliola diospyricola when the growth of the

nyceliunm takes vlace the head cells of the capitate
hypovodia are in close contact with the surface of the
host ce2ll. Some hypopodia continue their growth in
association with stomata of the leaf and after reaching
certain size produce " a foot", or "stomatal pluge" which
fills the epidermal depression between the subsidiary
cells. Same type of Stomatal pluge was observed by Thite

(1973) in Leliola osyriiicola and lleliola jasminicolas

Thaung (1976) in Prillisuxina dipterocarpi Syd. but it

does not chow further growth. The stomatal pluge in

Keliola diospyricola caows further growth throuzgh the

stomatal opening and thais endophytic hypha reaches to the
mesophyll cells., Thus the fungus obtains nourishment by
specizl hyphal branches, as described by Arnaud (1921) in

Phyllactinig corylea.




V) SULLARY

The developmentel pattein and cytological phenomenon

of lleliola dilospyricolae has been studied.

(1) ilycelium is superficial and gets the nutrition
by haustoria reaching to mesophyll cells of the leaf.

(2) The Stromatic initiation is not simultaneous
with the perithecial initiation. The stroma is purely
vegetative in origin initiated throusgh the growth of the
hypopoeliun.

(3) The perithecial initiation does not beg in +ill
the growith of the Stroma has proceeded enough to produce
protective cover beneath which further development takes

place.

(4) Distinctly organized and recognizable anthridia
and escogonia are found which in all probability are functional.

Both of them are uninucleate.

(5) Dikaryophass is initiated by direct copulation
of sex organs.

(6) The vinucleate ascogoniunm after conjugate nuclear
divisions produces the ascogneous hyphae.

(7) The hyphae originating from ascozonial and

anthridial stalk cells develop to form perithecial wall.
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(8) The centrally placed pseudoparenchy-matous mass

disintegrates creating the gpace for the ascorenous hyvhae.,
) L T o

(9) The asci develop usually from the nenultimate

cells of the ascogenous hyvhas.

(10) The nuclear fugion is immediately fellovred by
the three successgive divisions one of them is reductioral,
ultimately resulting in the formation of two five celled
end six nucleate ascospores in each ascus.

(11) The phenomenon of brachiqmeiosis has not been

A
observed.

(12) The ascosrore initials are organised through

the cytoplasmic divicsions into segments around the nuclei

without the aid of astral =a¥ys.

(13) Initially four binucleate ascospores are formed

but only two mature and other two degenerate.

(14) These ascospores at maturity become Ffive celled

and six nucleate.

(15) At the time of spore maturity, perithecial ostiole
is formed by the activity of Periphyses aricing from the

upper region of the inner wall of the Perithecium.
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VI) COUCLUSION

From the above studies it apoears that it is difficult
to make a generalised statenent regarding the se:melity and
associated phenomenon in acscomycetes. It is also edually
difficult to nmake similar statenent even for a single family
of this group. The outstanding phenomenon of triple division
of the fusion nucleus in the ascus is however, common to all
menbers of .iscomycetes and offers as has besn pointed out by
Harper (1895), a striking contrast to the double division of
the nucleus of the spore mother cell of the other groups of
plants. Harper (1897, 1905); Fraser (1908); Corrather (1911);
Gwynne-Vaughen (1937); have undoubtedly proved the occurrence
of double fusion and double reduction. However, Singletoﬁ
(1953) sumnerising the lmowledsge of meiotic phenomenon have
asserted that, "It is no longer possible to imagine that
by taking on a third division as a brachemeiosis, two reduc-
tions in the ordinary cells can be produced." Great
difficulties have been encountered by most workers in finding
suiteble stages of nuclear divisions anywherealse than in the
ascus and in following of the events in the ascogonium hich
becomes ienveloped by the hyphae forming perithecial wall.
The triple division in the ascus still offers & challenge
to the cytologists for investigations and satisfactory

thewretical explaination.
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The present study has brought to lisht many facts
with evidences, showing importont steps in the formation
of ascoearps, ascl and ascospores with the help of thes
studies. It is possilble to conclude that this group should
be placed in Pyrenamycetes and not in Plectomycetes as

treated by Dennis (1968) because there is a definite

t

ostiole. Graff (1932) has suggested to place the femily
meliolaceae under the order Dothideales on the Stromatic
development. Bessey (1965) and Yarwood (1973) treated it
under Srysiphales because there is pseudoparenchymatic

tissue filling the perithecial cavity prior to the formation
of asci. However, as there is an apical opening - an

ostiole - with protruding paraphyses and through which
ascospores are discharged, the family is better nlaced in

the order Svhaeriales as sugsested by Booth (1965) and treated
by Mller and Arx (1973). These conclusions are supported by

previous studies of Graff (1932) in lleliola circinans and

leliola jasminicola.




Descriptioh of Figures

Plate-I

A twig of Diospyros montana Roxb. infected with Meliola.

Plate-IT

Morphology of Meliola
Infected leaf

*e

Mycelium

¢ Fructification

Ude{bl

: Ascospore

Plate~IIT

Fig.1 ¢ Section showing stomatal plug (4A) x 600.
Fig.2 s Section showing Mycelial plug (B) x 600,

Plate-III A

Pig.1 A : Microvhotograph of Fig.l, Plate-~III.
Fig.2 A : Microphotograph of Fig.2, Plate-IIT.

2late-IV
Fig.3 ¢ Hypopodium growing in to peltate stroma.
and :
Fig.4 :

Fig.s ¢ Section showing young ascocarp x 600
A : Ascostroma

B Perithecial initials



Fig.6 :

Fig.3 A
Fig.4 A
Fig.5 A

e

-5

e

*e

Fig.6 A

Fig.7 & 8:

Fig.9

*»

Fig.7 A

-0

Fig.8 A

L1

Fig.9 A

Fig.10

*e

Section of the ascocarp x 600.
A ¢ Ascostroma
B

¢ Perithecial initials.

Plate-IV A

Microphotograph of Fig.3, Plate-IV.
Microphotograph of Fig.4, Plate-IV.
Microphotograph of Fig.5, Plate-IV,.
Microphotograph of Fig.6, Plate-IV.

Plate-V

Young perithecium with uninucleate sex organs x 600
A ¢ Ascogonium
B ¢ Antheridium.

Perithecium with sex organs x 600.
A : Binucleate ascogonium.

B ¢ Empty antheridium.

Plate-V A

Microphotograph of Fig.7, Plate V.
Microphotograph of Fig.8, Plate V.
Microphotograph of Fig.9, Plate V.

Plate~VI

Section of Ascocarp showing Binucleate

Ascogenous Cells (4A) x 600.



99

Fig.11 ¢ Section of the Ascocarp showing Ascogenous
hyphae with crozier (4) x 600.

Fig.12 ¢ Crozier with a pair of nuclei x 600.
Plate-VI A

Fig.,10 A ¢ Microphotograph of Fig.10, Plate VI.

Fig.11 A ¢ Microphotograph of Fig.11, Plate VI.

Fig.,12 A : Microphotograph of Fig.12, Plate VI.
Plate=VII

Fig.13 ¢ Crozier after nuclear division x 1500

Fig.,14 : Binucleate ascus mother cell x 600

Fig.15 ¢ Ascus mother cell showing fusion nuclsus x 600
Plate-VII A

Fig.13 A ¢ WMicrophotograph of Fig.13, Plate VII

Fig.14 & : Microphotograph of Fig.14, Plate VII

Fig.15 A ¢ Microphotograph of Fig.15, Plate VII.
Plate-VIIT

Fig.16 ¢ An ascus with single fusion nucleus x 600

Fig.17 ¢ An ascus with two nuclei x 600

Fig.18 ¢ An ascus with four nuclei x 600

Fig.19 An ascus with eight nuclei x 600,



Fig.16 A
Pig.17 A
Fig.18 A
Fig.19 A

Fig.20
Fig.21
Fig.22

Fig.23
Fig.24

Fig,20 A
Fig.21 A
Fig.22 A
Fig.23 A
Fig.24 A

Fig.25

Fig.25 A
and 25 B

1]

L 1]

(1]

(1]

-8

L 1]

e

*n

.

e

*e

*e

60

Plate-VIII A

Microphotograph of Fig.16, Plate VIII.
Microphotograph of Fig.17, Plate VIII.
Microphotograph of Fig.l8, Plate VIII.
Microphotograph of Fig.19, Plate~VIII.

Plate-IX

An ascus with four binucleate ascospores x 600
An ascus with two binucleate ascospores x 600

An ascus with 4 nucleated Ascospore and
ascospore with binucleate central cell x 600

An ascus with two Mature ascospores x 600

Mature ascospore with five cells and six nuclei x 600

Plate-IX A

Microphotograph of Fig.20, Plate IX.
Microphotograph of Fig.21, Plate IX,.
Microphotograph of Fig.22, Plate IX.
Microphotograph of Fig.23, Plate IX.
Microphotograph of Fig.24, Plate IX.

Plate-X
Section of mature ascocarp showing

A : Ostiole

B : Periphyses arising from inner wall of
Perithecium x 600,

Paraphyses
Plate-X A

c

Microphotograph of fig.25, Plate X.
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