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1
Introduction

Fungi represent one of the most important groups of plant kingdom. The study of Fungi is known
as Mycology. Etymologically mycology means study of mushrooms [Gr. Mykes = mushroom; logos =
study]. Through the name mycology was originally meant to include only the mushrooms, now a days
it has a broads meaning. It encompasses all the fungi. The reason for mushrooms being the first to be
studied among fungi is that they are one of the largest among fungi and hence attracted the attention of
naturalists even before the invention of microscope.

With Leeuwenhock inventing the microscope in the seventeenth century the systematic study of
fungi began. Pier Antonio Micheli-the Italian botanist did a great lot to found the science of mycology
and with justice the deserves to be called the Father of mycology. In 1729, he published Nova
plantarum genera in which he included his researches on Fungi.

What are Fungi?
It is really rather difficult to define the term fungi giving enough justice to its scope. Without

entering into any hair splitting argument we can generally accept the definition given by Alexopoulos
(1952). He defines fungi as “nucleated spore bearing achlorophyllous organism which generally
reproduce sexually and asexually, and whose filamentous, branched, stomatic structures are typically
surrounded by cell walls containing cellulose or chitin or both”.

Present day Fungi include such common plants like mushrooms, puffballs toadstools, toadstools,
morels, rusts, smuts and a host of other members.

Fungi and Mankind
Of what importance is the study of fungi to mankind? This question can be very easily answered

by listing both the good and bad done by fungi to man.
Fungi are friends as well as foes of mankind. Through the systematic study of fungi is only two

and a half centuries old, the manifestations of this great group of organism on human beings has been
felt since time immemorial.

Alexopoulos in a lighter vein mentions “Eversince the toast was proposed over a shell full of
wine, and the first loaf of bread was baked fungi are known to mankind”. It is perhaps impossible to
imagine how the word would have been without these Fungi. Without fungi of course we would not
have had such deadly plant diseases like rusts and smuts which take such a heavy toll of our wheat
crop. Our potatoes would not have had the notorious late blight, areca palms would have been safe
without kole roga, grapes would not have suffered with mildew disease, and we need not have
bothered about our food articles which now get the attack of molds; not much of care would have been
needed to maintain aseptic conditions in the laboratory. Our clothes, shoes etc. would be free from the
green moulds and we would not have heard such deadly diseases like moniliasis, ringworm etc. Well
one may exclaim-the world would have been a real paradise to live in without these ugly creatures.
But at the same time let us view the other side of the coin. Mankind would not have heard anything
about alcoholic beverages-the famous champagne would be non existent, there would be no bakeries
and perhaps there would be dead bodies of organisms all around for there would not be any
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saprophytic fungi to decompose them, there would not have been that great potent frug-penicillin-the
cinderella of antibiotics, and we would not have been had such fine delicacies like mushrooms and
morels; well these are a few of the favourate things we would missed. And really we cannot afford to
miss these. To provide both good and bad fungi are there and it is in his own interest that man is
striving to have an intimate knowledge of these organism, so that he can improve the race in which he
is interest to try to check the growth of others that are harmful to him. The above explanation is just a
representative of what the fungi are capable of doing.

GENERAL CHARACTERS

Fungi comprise more than 3,900 genera and 80,000 species.

Occurrence
Fungi have a great potentiality for quick adaptation, hence they have colonised all possible types

of habitats. Primitive fungi are aquatic in their habitat. Gradually higher and higher fungi adopt
amphibious and terrestrial habitats. Majority of the terrestrial form are saprophytic in the soil or on
animal an plant remains.

The Fungi constitute a group of living organism which do not have chlorophyll, roots, stems or
leaves that are familiarly met which common plants. They are usually filamentous and multicellular
(could be unicellular also). With few exceptions they exhibit little division of labour.

Nutrition and Growth
As fungi are achlorophyllous, they obtain nutrition by heterotrophic mode. This is of 2 types.
1. Parasitic method: [Gr.Parasitos = eating beside another] Parasitic fungi live on other organisms

(plants, animal including human beings), and obtain their nutrition from a living host. In the
process that may cause disease to the host. Parasites may be ecto-parasites or endoparasites
depending on their location in the body of host. Ectoparasites live on the body of the host (Eg
Erysiphales), while endoparasites live inside the tissues of the host.
Parasites may also be classified into obligate parasites and facultative parasites. Obligate
parasites are those which can live only on a living protoplasm, while facultative parasites
depending on the circumstances may live on dead organic matter or on living organisms.

2. Saprophytic method: (Gr. Sapors = rotton + bios = Life) Fungi which obtain nutrition from
dead and decaying organic remains are called saprophytes. Saprophytic fungi can be easily
cultured in the laboratory. Saprophytes are also of 2 types. (1) Obligate saprobes and
(2) Facultative saprobes. Fungi which live on dead organic matter and are incapable of
infecting living organism are called Obligate saprobes; those capable of causing disease on a
living host or of living on dead organic matter depending on the situation are called
Facultative saprobes.

Mycorrhiza: (PI. Mycorrhizae)
The association between the roots of higher plants and fungi is known as Mycorrhiza

(Myces=Fungus; Rhiza=root). The term mycorrhiza was first coined by Frank (1885) who first noticed
the association of fungus and roots of cupuliferae. During the past two decades much research has
been carried out on mycorrhiza, particularly for its benificial role in plant nutrition. It has been
estimated that more than 90% of the vascular plants have one or the other kind of mycorrhiza. Kumar



10 College Botany - II

and Mahadevan (1984) who have conducted a detailed study of mycrrhiza report that they have
concentrations of highly toxic substances such as alkaloids, phenolics, terpinoids, tannins etc.

Classification of Mycorrhiza
Basically mycorrhiza are of two types depending on the location of the fungus with reference to

the roots. These are - Ectotrophic mycorrhiza (Ectomycorrhiza) and endotrophic mycorrhiza
(Endomycorrhiza). Some people recognize a third type Ectendotrophic mycorrhiza (Ectendomyco-
rrhiza) which seems to be more or less a combination of the first two types.

Ectotrophic Mycorrhiza
In this type the fungus forms a mantle or sheath around the small roots and sometimes the hyphae

form a net called ‘Hartig net’ (named after Hartig who first described it).
It terms of distribution ectotrophic mycorrhiza occurs in only about 3% of plants majority of

which are forest trees like pines, spruces, firs, oaks, beeches, birches, eucalyptus, chestnut etc.
The mycorrhizal association makes the roots swollen and stumpy. Further, the roots undergo

repeated branching forming clusters. Anatomically the ectotrophic mycorrhiza shows that the fungus
forms a pseudoparenchymatous sheath around the root sending branches both externally (into the soil)
and internally (into the root). The hartig net is formed in the middle lamella between the cortical calls.
The cells of cotrex in contact with the fungus are more radially elongated than the uniinfacted calls.

The fungi that form ectotrophic mycorrhiza mostly belong to the class Basidiomycetes and
particularly to the series Hymenomycetes and Gasteromycetes.

Hymenomycetes: Amantia, Boletus, Gomphidius, Entoloma, Russula etc.
Gasteromycetes: Rhizopogon, Scleroderma

Fig. 1.1: Ectotrophic Mycorrhiza

In some instances even ascomycetes such as Tuber, Elaphomyces etc may also form ectotrophic
mycorrhiza.

Mushroom

Stele

T.S. Root of (mycorrhizal)

Mycelial strands

Anqiospermic plant
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of hyphae between

cortical cells
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mycorrhizial root
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The fungi of ectotrophic mycorrhiza secrete various growth promoting substances such as auxins,
cytokinins and Gibberellins. In addition they are known to produce some antimicrobial substance
which protect the roots against soil borne pahtogens. The fungi absorb the nutrition from the host in
the for, of soil borne pahtogens. The fungi absorb the nutrition from the host in the form of glucose,
fructose or sucrose which they convert into mannital, trehalose and glygocen.

Endotrophic Mycorrhiza
In this, the fungi directly invade the interior of the root without forming a mantle or sheath

around the root. Normally some portion of the invading mycelium remains externally as a loose mat,
but they never form a closely appressed mantle.

Endotrophic mycorrhiza is divided into three types- Vesicular-arbuscular (VA) mycorrhiza,
orchidaceous mycorrhiza and Ericaceous mycorrhiza.

Vescicular-arbuscular mycorrhiza (VAM): The fungi that form VAM are mostly aseptate
belonging to zygomycetes. These fungi infect a great range of plant species that include - bryophytes,
pteridophytes, gymnosperms and a great number of angiosperms. Among the angiosperms that
harbour VAM, forest trees and a host of agricultural crops such as - maize, legumes, cotton, tabacco,
potato, sugarcane, citrus, coffee, tea, Cocoa etc. are common.

The most characteristic feature of
VAM is the formation of two special
structures in the root cortex. These are
arbuscules and vesicles. Arbuscules are
dichotomously branches brush like
haustoria developed within the cortical
cells. Vesicles are thick walled, spherical
or oval in shape and are borne at the
tips of hyphae in the intercellular spaces
between the cortical cells. Sometimes
vesicles are found within the cortical cells
also. Vesicles are food storage organs of
the fundus.

The VAM also has some external
hyphae that grow in close proximity of
the root but never form a mantle. The
external hyphae are dimorphic in that
they are composed of thick and thin
walled hyphae.

The fungi that form VAM belong
to three genera namely - Endogone
Rhizophagus and Pythium.

The significance of YAM lies in
its influence on plant nutrition specially

in elements like phosphorus. The external hyphae extend the area of absorption and translocate the
phosphorus to the roots. Plants growing in phosphorus deficient. Soil have a well developed YAM.
Phosphates absorbed by the hyphae reach the host plant via arbuscules.

Fig. 1.2: T.S. of a vesicular-arbuscular mycorrhiza.
(A. arbuscules, AP. appresorium, PH. permanent hyphae,

SLH. shout-lived hyphae, V. vesicle)

Spore
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Orchidaceous mycorrhiza: This is a special
kind of relationship existing between roots of orchid
and fungus. The fungus is mostly from the genus
Rhizoctinia with perfect stages belonging to either
basidiomycetes or ascomycetes. Unlike in VAM
here the fungi are seprate. The orchid plants are per-
manently dependent upon the fungus for germina-
tion and further nutrition. The seeds of orchids are
minute and practically have no food reserve. The
seeds fail to germinate unless they are infected with
the fungus. Some seeds might germinate, but they
fail to develop further, unless the seedling gets the
infection. The fungal hyphae penetrate the cortical
cells of the host and form hyphal coils ca1led
Peletons. These peletons are nutrient rich and make
the food available to the orchid plant. This is an
unusual association where the fungus provides food
to the host. After the orchids develop green leaves

they become independent and perhaps at this stage there is reversal of food flow is., from the orchid to
the fungus. This is called Phase separation symbiosis. Some orchids (Neottia - birds nest orchid)
however remain achlorophyllous and are dependent on the fungus throughout their life.

Ericaceous mycorrhiza (EM): Mycorrhiza formed in the two families Encaceae and Epacridaceae
arc refered to as EM. Here the fungus forms dense intercellular coil in the outer cortical cells of the
host root. The fungus that forms the EM belongs to the class ascomycetes (Pezizella ericae). It
stimultaes the uptake of nitrogen and enhances plant growth. In Rhododendron a member of Ericaceae
Clavaria spp is known to be the fungus causing mycorrhiza.

Ectendotrophic Mycorrhiza
These share the characters of both ecto and

endotrophic mycorrhiza. The fungus forms an ex-
ternal hyphal mantle as well as the ‘Hartig net’ in
the cortex like the ectotrophic mycorrhiza and
also form haustoria and hyphal coils in the cortex
of the host like the endotrophic mycorrhiza.

A well studied example of the above is that
of Monotropa indica- the Indian pipe. The plant is
non chlorophyllous and usually grows near the
roots of conifers in forests. A fungus Boletus
forms a common mycorrhizal association between
the conifers and Monotropa. The. behaviour of the
fungus however is different with conifers and
Monotropa. With Monotropa, the fungus is
ectotrophic, but with conifers, it is endotrophic.
Thus the fungus forms a bridge between the two
plants. Using tracer technique, Bjorkman (1960)

Fig. 1.3: Orchidaceous mycorrhiza

Fig. 1.4: Ericaceous Mycorrhiza

SoilRoot

Peleton

Degreding peleton

SoilRoot
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showed that the common fungus conducts nutrients from the conifers to Monotropa. He showed the
movement of labelled sugars from conifers to Monotropa via the fungus.

Physiology of Fungi
Fungi can synthesise all their nutritional requirements if they are initially supplied with an

organic food such as carbohydrates. Laboratory studies have indicated that fungi require all the
essential and trace mineral elements for their growth. They can synthesize their vitamin requirements
generally.

Fig. 1.5: Monotropa symbiosis

While some of the fungi are omnivorous and
can grow on any moist organic matter, others are
specific about nutrition and grow on only particular
species.

Most fungi are capable of growing in the
temperature range between 0 and 35oC, the optimum
lying between 20 - 30oC.

But they can withstand at least for few hours
such low temperatures as 195oC. As a contrast to
bacteria, fungi prefer an acidic medium for growth
with a pH of 6 being most suitable.

While light is not very much necessary for the
growth, it is needed at least at the time of spore for-
mation.

Somatic Structure
The plant body of a fungus generally consist of

thread or tube like cylindrical filamentous structure
called hypha (pl.hyphae, Gr.Hypho = web). A hypha
consists of a thin wall and has an inner lining of
cytoplasm. A hypha may or may not have cross
walls. The cross walls are called septa (sing. septum
L. Septum = hedge or partition.) A hypha with septa
is called septate; without, it is know as aseptate.Fig. 1.6: Somatic Structures of Fungi

Nutrients
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Cell wall

Septum

(b)(a)
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Cell Wall Composition
The chemical composition varies in different Fungi. While cellulose is the chief component in

some, in most of the higher fungi the wall is mainly composed of chitin. Besides these, hemicellulose,
lignin like substance have also been found in fungal cell wall. However none of these occurs in
isolation, the fungal cell wall being very complex. The composition of the wall may vary in young and
old hyphae, in different pH etc.

All fungi have a definite nucleus. During nuclear division definite chromosomes are organised.
Some mycologists belive that nuclear division in fungi is not directly comparable to mitosis.

The aseptate hyphae usually have number of nuclei distributed in them, the condition being
termed coenocytic. (Gr.koinos = common + Kytos = a hollow vessel). In septate hyphae the cells may
be uninucleate, binucleate or multinucleate. Vacuoles, oil drops and other inclusions are generally
present in the cytoplasm.

Fig. 1.7: Types of Haustoria in Fungi
A-saccate haustorium, B-branched haustoria
(In above cases, the hyphae are intercellular)

A fungal plant body usually consists of a mass of hyphae called mycelium (pl.mycelia). In
forming a plant body the mycelia may be loose or form thick strands called - Rhizomorphs (Gr.rhizos
= root + morphal = shape). In this, the mycelial strands are closely united to form root like structures
exhibiting division of labour. Rhizomorphs are resistant to adverse environmental conditions.

In parasitic fungi, the hyphae produce special absorbing branches to draw nutrition from the host.
These are called haustroia (sing.haustrorium.L.haustor = drinker). Haustoria are produced in mycelia
which are intercellular. They may be knob like, elongated or branched like a miniature root system
(Fig. 1.7B). Haustoria are not produced in artificial culture.

Saprophytic fungi do not produce haustoria as they absorb the food by direct diffusion causing
disintegration of the organic matter.

Fungal hyphae have a great longevity. As Alexopoulos states, fungal colonies of more than 400
years old are known in nature and it is probable that some mycelia are thousands of years old.

A mycelium starts its life as a short germ tube produced by the germination of a spore (Gr.Spore
= Seed), Spores are asexual propagating units of fungi.

Hyphae

Host
Cell Wall

Haustoria

Host Cell
Nucleus

Host Cells
(b)(a)
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In higher fungi, the mycelium has a tendency to organise into compact or loosely interwoven
tissue to form compact macroscopic structures. The general term Plectenchyma (Gr.pleko = I weave +
enchyma = infusion i.e., a woven tissue) is used to designate all types of fungal tissues. There are 2
general types in plectenchyma - Prosenchyma (Gr.pros = toward + enchyma = infusion i.e.,
approaching a tissue} is a loosely interwoven tissue in which the hypae can be identified. They are
arranged more or less parallel to one another: Pesudo - parenchyma (Gr.pseudo = false +
Parenchyma = a type of plant tissue) Consists of closely packed more or less isodiametric or oval cells
resembling the parenchyma tissue of higher plants. In this type of tissue the hyphae lose their identity
and are not distinguishable (Fig. 1.8)

Fig. 1.8: Type of fungal tissues
A-plectenchyma, B-pseudoparenchyma (a cross sectional view)

Fig. 1.9: Modification of mycelium into a sclerotium
A-entire sclerotium, B-cross sectional view of a sclerotium

(b)

(a)

(b)
(a)
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Prosenchyma and pseudo prachenchyma tissues compose many somatic structures in higher fungi.
Two such structures are Stroma (pl stromata Gr.Stroma = mattress) and the Scelerotium (pl.sclerotia;
Gr.skleros = hard). A stroma is a flat compact mattress like structure in which fructifications are
formed. A sclerotium is a hard resting body which is resistant to adverse environment conditions. It
remains dormant and germinates during favourable season (Fig. 1.9)

Reproduction
Fungi reproduce both asexually and sexually. In some fungi, during the formation of reproductive

structures (asexual or sexual) the entire thallus is used up. Such a case is common in lower fungi and
they are called Holocarpic (Gr.Holos = Whole + Karpos = fruit). In higher fungi however only a
portion of the thallus produces reproductive structures so that vegetative and reproductive phases can
occur together. These fungi are called Eucarpic (Gr.Eu = good + karpos = fruit) Holocarpic nature is
regarded as primitive.

Asexual Reproduction
Asexual reproduction is a frequent occurrence in fungi than sexual and it is that which accounts

for the rapid distribution of fungi. Asexual reproduction takes place by a variety of methods. They are:
(1) Fragmentation, (2) Fission, (3) Budding and (4) Spore formation.

Fragmentation
This is of 2 types; (a) accidental and (b) purposive. In the first type when the mycelium

accidentally breaks up into several fragments each one will develop into a new individual. In the
second type, fragmentation of the mycelium takes place as a normal means of propagation. The hypha
breaks up into individual cells. Each such isolated cell is called Oidium (pl.Oidia, Gr.Oidion = small
egg) or Arthrospore (Gr.arthros = joint + spore = seed). Each arthorspore develops into a new
individual. During unfavourable conditions arthrospores surround themselves with thick wall; such
spores are chlamydospores (Gr.chiamys = mantle). They can withstand the unfavourable conditions.

Fission
It is the simple splitting of the cell into two daughter cells. First, constriction of the nucleus and

of the cell takes place followed by the division of the nucleus and formation of a cell wall. Fission as a
means of reproduction is seen in unicellular forms like yeasts and bacteria.

Budding
The production of a new cell by the outgrowth (bud) of a cell is called budding. As the bud is

being formed, the nucleus in the parental cell divides with one of the daughter nuclei entering the bud.
The bud eventually breaks from the parent cell and develops into a new individual.

Spore Formation
By far, the commonest method of asexual reproduction is by spore formation. Spores vary in

color from hyaline through green, yellow,orange, red, brown to black; in size, from minute to large; in
shape, from globose through oval, oblong, needle shaped to helical; in number of cells, from one to
many; in the arrangement of cells and in the way in which the spores themselves are borne
(Alexopoulos 1952). As Alexopoulos states “it is this infinite variety of spores that makes the study
fascinating”. While some fungi produce only one type, others produce many types of spores.
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Spores formation may usually be categorised into 2 types- Internal and External.

Internal Spore formation
The spores are formed internally in some parts of the hyphae. The parts of the hyphae which are

set apart for spore production are called sporangia (Sing.sporangium; Gr.angeion = vessel). The
spores themselves are called sporangiospores. A sporangium may be globose or oval or scarcely
distinguishable from the rest of the hyphae. Generally it is a sac like structure whose contents are
transformed into many spores. At the time of sporangial formation, the tip of a hypha usually swells;
into which cytoplasm and nuclei migrate. Later this is cut-off from the remainder of the plant by a
cross wall. Protoplasmic cleavage takes place resulting in the formation of spores.

Sporangiospores may be motile. Usually, lower fungi produce motile spores. Motile spores are
called planospores or zoospores. (Gr.zoon = animal). In higher fungi the spores are non motile and
are called Aplanospores (Gr.A = not + planets = wanderer). The zoospores have locomotory organs
called flagella. Flagella found in fungi are of two types - whiplash and tinsel. The whiplash flagellum
is unbranched and has a basal rigid portion much longer than the terminal flexible portion. The tinsel
flagellum is a branched feathery structure consisting of a rachis with lateral hair like projections.

Flagellar Apparatus
This is a complex structure consisting of (a) flagellum (b) blepharoplast and (c) rhizoplast.

Blepharoplast (Gr.blepharis = eyelash) which is the base of the flagellum is inside the cell. Rhizoplast
is a thread like structure through which the flagellar base is connected to the nucleus. Electron
micrographas have revealed that the flagellum consists of eleven fibres of which nine are perepheral
and two centra1. This 9 + 2 arrangement is seen in all motile cells except in bacteria.

The zoospores are usually pyriform in shape. In some cases they are reniform also. The flagella
are terminal in pyriform and lateral reinform zoospores. On liberation from the sporangium, zoospores
directly germinate to give rise to a new individual.

External Spore formation
In some cases, the spores are formed by the cutting off of the tips of hyphae in basipetalous

succession. There are specialised branches of the hyphae for this purpose. They are called
conidiophores (Gr.konis = dust; phore = stalk). The spores themselves are called conidia
(sing.conidium). Conidia are non motile. They are wind dispersed. Either they directly germinate and
give rise to new individuals or give rise to zoospores. Conidia may be uninucleate or multinucleate.

Sexual Reproduction
As in other organisms the ultimate aim of sexual reproduction is the genetic recombination which

is accomplished by the fusion of compatible nuclei.
Fungi may be homothallic or heterothallic. In the former, both sex organs are formed on the same

thallus and in the latter they are formed on different thalli.
The sex cells are called gametes. They are produced in sex organs. Sex organs are called

gametangia, if they produce gametes internally, or Gametophores if they produce gametes externally.
Gametophores however are found only in the case of male. (Gr.Gametes = husband + angeion =
vessel). If gametangia produce only one type of gametes they are called isogametangia and the
gametes themselves are called isogametes. If the gametes are of two different types such gametes are
anisogametes or heterogametes and the gametangia are called heterogametangia. Heterogametangia
are of two types, male and female. The male gametangium is called the antheridium and the female
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oogonium (Gr.antheors = flowery, oon = egg + gonos = off spring). (the female sex organ in
Ascomycetes is ascogonium).

Having thus explained the nature of sex organs, we may now learn the different types of sexual
reproduction met with in fungi. They are:

1. Planogametic Copulation
This type is mostly seen in lower fungi. This involves the fusion of two motile gametes
(planogametes). The gametes may be isogametes or anisogametes. In this case, fusion is
outside the gametangia. This is seen in some aquatic fungi belonging to lower phycomycetes.

2. Gametangial Contact
In a large majority of fungi, the male and female gametes are reduced to undifferentiated
uninucleate protoplasts. Here the Sex organs are antheridia and oogonia. In this method, the
two sex organs come in contact. Usually to effect the contact, a conjugation tube or
fertilization tube is formed from the antheridium which penetrates the oogonium. This forms
a passage for the migration of male nuclei into the oogonium. After the nuclei migrate, the
antheridium disintegrates.

3. Gametangial Copulation
In this method, the entire contents of the contacting gametangia fuse. At the time of
reproduction the two gametangia come nearer and become closely appressed. The walls in
between the two dissolve and the antheridial contents flow into the oogonium.

4. Spermatization
In some higher fungi, special erect branches of the hyphae (spermatiophore) are produced
which cut off uninucleate male reproductive cells called spermatia. (Gr.Spermation = little
seed). The spermatia are formed much the same way in which conidia are formed. The
spermatia are carried by wind or insects to the female reproductive structure - the receptive
hypha, the basal cell of which is fertile. The spermatium settles at the tip of the receptive
hypha. The walls in between the two dissolve and the spermatial nucleus migrates into the
receptive hypha.

Fig. 1.10: Sex organs of Fungi
Antheridium and Oogonium Showing Gametangial Contact
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5. Somatogamy
This is the most advanced type of reproduction in fungi. In this type no sex organs are formed.
At the time of reproduction, two vegetative hyphae of compatible mycelia, fuse. This is met
with in higher ascomycetes and higher basidiomycetes.

Stage in Sexual Reproduction
Generally in lower fungi like phycomycetes, sexual reproduction is accomplished in three phases.

In these forms, haploid phase is predominant with a short diploid phase restricted to zygote. The three
phases are

1. Plasmogamy (Gr.plasma = a moulded object + gamos = marriage, union). In this, the
protoplasts (male and female) fuse bringing the nuclei closer.

2. Karyogamy, (Gr.Karyon = nut, nucleus). In this phase the two nuclei fuse.
3. Meiosis (Gr.meiosis = reduction). This immediately follows karyogamy and restores the

haploid complement of the chromosomes. In short, plasmogamy fuses the two protoplasts.
Karyogamy brings about the fusion of two nuclei resulting in the formation of a diploid
nucleus. Meiosis restores the haploid condition.

In higher fungi (Ascomycetes and Basidiomycetes) however, after plasmogamy, Karyogamy is
delayed for a very long time. In the intervening phase the male and female nuclei just remain together
without fusing. This condition is called the Dikaryotic phase. Only at the end of the life cycle,
karyogamy takes place which is soon followed by meiosis.

As a result of the dikaryotic phase in the life history, three types of mycelia (with reference to
nuclear complement) alternate. They are:

(1) Primary mycelium: This is monokaryotic and haploid. Reproducing sexually after
plasmogamy, this produces (2) Secondary mycelium which is dikaryotic. This occupies much of the
life cycle. At the end of the life cycle, in some part of secondary mycelium karyogamy takes place.
These are (3) tertiary mycelia which are diploid. Karyogamy is soon followed by meiosis resulting in
the formation of haploid cells which germinate to give rise to primary mycelium.

Sexuality
As we go from lower to higher fungi, there is gradual elimination of sex organs and in higher

fungi sex organs are entirely wanting. Sexual reproduction here takes place only by somatogamy. But
this should not be taken as loss of sexuality. Because in somatogamy there is no random fusion of any
two hyphae. The compatibile hyphae are carefully selected. the compatibility being determined by
genetic factors. Many of the higher fungi though lack sex organs are heterothallic that is they are self
incompatible. Heterothallism is of two types.

1) Bipolar heterothallism in which sexuality is governed by a set of factors (AB) and tetrapolar
heterothallism in which sexuality is determined by two sets of factors (Aa Bb). In these two cases only
thalli which carry the opposite factors (A and B in bipolar, AB and ab in tetrapolar) can mate.

This clearly indicates that there is no loss of sexuality in higher fungi. In fact it is the most
sophisticated type of sexual differentiation.

Classification
Fungi belong to the Sub-Division Thallophyta. Eichler (1886) divided thallophyta into algae and

Fungi. Fungi included bacteria, slime molds and lichens.
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Modern mycologists have placed fungi under 3 different classes namely.
1) Schizomycetes, 2) Myxomycetes and 3) Eumycetes.
Fitzpatric (1930), removed myxomycete from fungi and divided thallophyta into
1. Myxothallophyta (slime molds)
2. Euthallophyta including algae, fungi, bacteria and lichnes. Engler classified fungi as follows

Eumycetes (True fungi)
Section A - Lower Fungi.

Class 1: Phycomycetes.
Sub Class i - Oomycetes
Sub Class ii - Zygomycetes.

Section B - Higher Fungi.
Sub class i - Hemiasci
Sub Cass ii - Euasci

Class 3: Basidiomycetes.
Sub class i - Hemibasidii
Sub class ii - Eubasidii

Section C - Deuteromycetes or Fungi imperfectii.
Clement and Shear (1931) divided fungi into 5 divisions.
1) Phycomycetes, 2) Ascomycetes, 3) Basidiomycetes, 4) Promycetes and 5) Deuteromycetes.
Gwynne vaughan and Barnes (1926), classified fungi into 5 classes namely Phycomycetes,

Archemycetes, Ascomycetes, Basidiomycetes and, Deuteromycetes.
They divided
Phycomycetes into Oomycetes and Zygomycetes;
Ascomycetes into Plectomycetes, Pyrenomycetes and Discomycetes;
Basidiomycetes into Protobasidiomycetes and Autobasidiomycetes;
Wolf and Wolf (1948) classified fungi into phycomycetes, Ascomycetes, Basidiomycetes,

Myxomycetes and Deuteromycetes.
Guamann and Dogde (1928) followed the classification of Gwynne Vaughan in the main

divisions.
Tippu (1942) divided fungi into:
1. Schizomycophyta Eg. Bacteria
2. Myxomycophyta Eg. Slime molds
3. Eumycophyta
This includes four classes:

(i) Phycomycetes
(ii) Ascomycetes

(iii) Basidiomycetes and
(iv) Deuteromycetes.



21Mycology

Alexopoulos (1956) places all fungi in the Division Mycota. He however keeps away the order
Acrasiales and Labryinthilales from fungi as their affinies are uncertain.

The division mycota is divided into two sub-divisions.
1. Myxomycotina and
2. Eumycotina
Myxomycotina has only one class - Myxomycetes.
Eumycotina has the following classes:

(a) Chytridiomycetes
(b) Hypochytridiomycetes
(c) Oomycetes
(d) Plasmodiophoromycetes
(e) Zygomycetes
(f) Trichomycetes
(g) Ascomycetes
(h) Basidiomycetes
(i) Deuteromycetes
Smith G.M. has included all Fungi under two division- Myxomycophyta and Eumycophyta.

Eumycophyta is divided into class- Phycomycetes, Ascomycetes, Basidiomycetes and Deuteromycetes.


