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PREFACE

This book deals with the Biology of ‘Mushrooms included in the

syllabus ‘of 6 months durationn Certificate Programme in Mushroom .

‘Cultivation offered by Dr. B.R. Ambedkar Open University. The topics -
generally cover the core area of the subject. The syllabus for the sake of
convenience, is divided into Blocks, each of which comprises a number of
units. Each Block generally covers a specific area of the subject. The units
are prepared by the specialists in accordance with a format so designed as
to enable the student to read and understand them without much difficulty.
Each unit begins with a statement of its contents followed by objectives. In
order to check the students understanding- ability some questions are
introduced here and there in the unit. The students can write the answers in
the space given below every question and compare their answers with those
given at the end of the unit. At the end of each und surnmary and model
examination questions are given for quick readipg yind to acquaint the

student with the type of questions that appe the examinations.

This paper on Biology of Mushro is included mainly to acquaint
~ the students with various aspects s O?lzssiﬁcation of plant kingdom,
- general characters, morphology, ¢ cture, nutrition, reproduction, life
cycles, classification, growth¢fdaquirements and economic importance of
Fungi. An introduction to MushGoms is also given in which the history,
distribution, occurrence, description of various edible and poisonous
mushrooms are included. Nutritional medicinal and industrial importance.
of Mushrooms and'export potentxal of various cultivated mushrooms are
lso gwen '

The University hopes that this meterial will help the students to
understand the Biology of mushrooms before they study the Cultivation -
 aspects of importantedible mushrooms in the second course viz. ,Cultivation
of Mushrooms, Criticalsuggestions forimproving the textare most welcome
~“and they will be incorporated in the future edition.
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| UNIT-1: INTRODUCTION AND CLASSIFICATION
OF PLANT KINGDOM

Contents

1.1, Objectives

1.2. Introduction :

1.3. General Characters of Plants _
1.4. Differences between Plants and Animals =~
1.5. Classification of Plant Kingdom

1.6, © Summary ' _ '

1.7. Check Your Progress : Model Answers

1.8. Mode! Examination Questions

1.1. OBJECTIVES

After going lhrough.this unit you will be able 10 :
* explain the general characters of plants, '
*  list out the differences between plants and anim-als\-@

- #  describe the various classifications of plant kin@

1.2. INTRODUCTION ©
g ®
The word "Taxonomy" was fi ropged by AP. de Candolle in 1813, This study
reflects the differences and simi among the organisms. Some of the important
objectives of plant classilication are "¥1. Identification, 2. Nomenclature on the basis of

similarities and differences, 3. Arrangement and grouping of plants into various taxonomic
ranks in a natural way, 4, To build up the evolutionary history of a taxon and 5. To. follow
the Intemnational Code of Nomenclature (set of rules for naming plants) for naming a taxon.

The living world comprises of four main groups : 1. Primitive life forms (Viruses),
2. Moncra (Bacteria and blue green algae), 3. Protista (Protozoa, Algae and Fungi) and
4. Modem Plants and Animals. But, many biologists recognise only two kingdoms, namely
plant and animal kingdoms. Haeckel (1894) felt the necessily of a third Kingdom, Protista.
Plants at the cellular level possess cellulose cell wall in addition to the plasma membrane,
while animals have only the plasma membrane limiting the cells, Nutritionally, the plants
in general can prepare their own food duc to the presence of chlorophyll (dulolrophs) while
the animals arc heterotrophs.

Of late, modem biologists have recognised the following four kingdoms of the I_i\_fing
world: Monera, Prolista, Metaphyta (Plants) and Metazoa (animals). Bacleria and blue green
algac are included in Monera. ‘Th¢ protista includes algae, fungi, slime molds and the
protozoans. From these (wo primilive kingdoms, the modern plants and animals are said
to have been evolved. However, we are still following the 2 kmgdom (Plants and Animals)
comcpt :




- Check Your Progreés -1

- What are the four kingdoms recognised by the modem biologists in'the iiving

what are the organisms that are included under each onc of them ?

‘Note : (a) Write the answer in the space’ given below.

(b) Compare your answer with the on¢ given at _the_.clnd of this

y world? And

unit.

.......

...............

.......................

......................................................................

.................................................

..................................................

13. GENERAL CHARACTERS OF PLANTS
Plants synthééize‘ théir own food m by photosynmesis. A typical plant body

is difforentiated into stem, roots .and lea owcver, lower plants (Alg
Bryophytes) do not have such a ty structure and their plant body is
Root sysiem is usually undergrg nd%elps in absorption of water and
" The stem is the acrial part of ,Ql ant body which bears the entire foliage.

ae, Fungi and
called thallus,
nineral salts.
Stem performs

the function of conduction of wWater and food materials to various parts of t
Leaves are the green, glofeqynihetic structures which synthesize food m
also bear flowers which a «

he plant body.
terials, Plants, -

e sexual reproductive structures, Gynoecium and androecivm’

are the female and male reproductive parts of the flower respeciively, w ilc calyx and
corolla help in protection and pollination. In lower plants, the reproductive structures do
not resemble o flower of higher plants. Plants bear fruits and seeds. Sceds arc the main
propagating units of plants. The lower plants propagate by means of spores.

Plants in general reproduce by three methods, They are-vegetative, asexual and sexual
methods. Vegetative propagation in higher plants takes place by means of stem and roots
tubers, runners, suckers, bulbils ete,; where as In lower planis it occurs by means of
fragmentation, accidentul breaking etc. Asexual reproduction takes place by means of spores.
Sexuul reproduction in lower plants takes place by means of gameles produced in speclal
structures called antheridia and archegonia, - |

NIMALS

‘The question arises as to what Is the fmidamem_aidii-’ferencc'betwcen plants and animals.
To & casual observer plants donot move while animals do. But there are plants like algae-

which move and animals like sponges which do not. At the cellular level plant cells have

14. DIFFERENCES BETWEEN PLANTS AND A

4



an external covering called the 'cefl wall' while in animal cells 'plasma membrane' is the
outer-most covering of the cells. A clear-cut distinction between the plants and animals
lies in the way they nourish or feed themselves i.e., the mode of nutrition. Planis do not
eat, but animals eat. Usually plants synthesize their own food by photosynthesis. On the
other hand animals depend for their food upon plants and other animals.

Check Your Progress - 2
State the main differences. between animals and plants.

Note : (a) Write the answer in the space given below,
(b) Compare your answer with the one given at the end of 1h1s unit.

...............................

..............................................................

--------------------------------------------------------------------------------------------------------

---------

1.5. CLASSIFICATION ORPaNT KINGDOM

Karl Linnaeus (1707-1778) wa first to devise the taxonomle classification. He
{s also known us the father of taxonomy. Linnneus developed the binomial nomenclature
as 4 system for naming the planis and andmals, In thls system an organism is given two
latin numes, the "generic” und the ”.spec{ﬁc“ names.

In Cyeas revoluta the first name i3 of the genus and the second name is of Lhe specles.
Capital letter is used for the firat letier of the genus ag It Is normally & noun. The specific
name has & small frst leter as 1t I8 usually an adjectve, The generle and the specific
names are printed in lwiles. Therefore when they are writlen with hand or typed they
are underlined. '

Famlly 15 a group of generd W1th close fesemblaﬁce Genera in a famlly hava some
common characteristics; e.g., those in cruclferae have eruciferous flowers, tetradynamous
stamens ele., Famllies showlng afflnitles and slmilar evolutlondry trends are. included In
an erder,

Simitarly, orders wilth closer affinities are lncluded 1n & aubuclnss and the sub-elusses .
in @ stlll higher unit, class, the classes into a Divislon and all the dlvigions collectively
form the Plant Kingdom. '




L M

Methods of classifying plants and animals evolved by Linnacus is followed even now.
More than four lakhs of planis have becn described till 1o-day. |

The Fifth International Botanical congress at Combridge in 1930 was held to formulate
rules and regulations regarding nomenclature throughout the world. Thus, the Intemational

Code of Botanical Nomenclature came 1mo being. Some of the 1mpondn1 rules of the
International Code arc : ‘

1.. All species should have a ]dtm name. Author's name should be given in abbrcv:ated'
form at the end. ‘

2. Herbarium sheet, a diagram, slides etc., of the author's original collection should be
preserved as the type specimen.
3. Date and place of collection, a reference name should pleCidL aulh(rrs name.

4. Use of specific names as generic names (e.g., Sassafras sassafras) 1.¢..jlattonyms are
not allowed. Homonym is also discarded. Earlier name. is wvalid. llu,r names or
duplicate names are called synonyms.

5. Ambiguous names are rejected. ' o _ |

6. If a specics is transferred from one genus to the other, the species name should be
retained if that name is not there in that genus. The name of the oriLinai auwthor is
kept within brackets and the name of the author who is &ug(rt:bting ihe: change should

come after the bracket. ' ‘ _
1. The plants should have description. It shom@published validly tl'n'T"Jugh scientific

journals,

8. A varicty of a species should be indi y var, and [omm as fommJ These should
come after the name of the spagigs and the author's name follows.

[

9. For the original type materighthe %rm holotype is used. Neotype is the term sugested

- Tor the specimen which s pr substituting the original material waich is missing.
Isotype is the specimgn whi is exactly like the holotype. Terms sudh as Paratype,
Co-type and synty also used. '

Cheek Your Progress - 3 | |
What is binomial nomenclaure ? Who has developed it 9 |

Note : (a) Write the answer in the space given below,

(b) Compare your answer with the one given at the cnd of LhiS! unit.

. ......J....-u.u-un-u.."“....
A R AR R R R LARI RN EARY

History of classification dates back to pre-historic man. Man in the ancient past

distinguished the palatable, non-palatable and poisonous plants. This was the beginning
of plant classification,

Theophrastus (372-287 B.C.) wrote a book entitled "Causes of Plans” in six volumes.




Earlier he wrote nine volumes on "History of -Plants” in Greek. Dioscores-(SO B.C)
described 600 medicinal plants in his "Materia Medica” . Phny (32-75 A.D.) also described
- more than thousand plants, most of which were mcdn 1)

William Turner (1557), "Father of Eng!z.sh Borany", and Jo}m Gerard (1597) wrote

~ ‘Herbals" and described many plants. They attempted the classification of plants based -

on their utility to- man. Plants were classified based on the characters of seeds and the

embryo by Caesalpin (1519-1603) and an Iialian Botanist Kespar Bauhin (1620) made

the first attempt to use binomial system of nomenclature. though, it was fully devcloped
later by Linnaeéus. .

_ John Ray (1627-1?(}5) gave his classification of plants in his book "Historia Plantarum”

(1686-1704). He divided the plants into two major groups Herbae (Herbs) and Arborae .
(trees and shrubs). Herbue is subdivided into 1. Imperfectae (the cryptogams) and 2,
Perfectae (the following plants) with monocotyledons and dicotyledons. The arborae was-
also sub-divided into monocotylcdons and dicotyledons.

Rudolf Camerarias (1665-1721) re'éo;,mised sexuality in flowering planis He establizhied
the stamens as male, ovary as female parts and the 1mporlance of pollen transfer in seed
production.

Linnaeus (1735) published “Systema Na_furae" and- proposed sexual system of
classification. On the basis ol sexuval characters (stamens aNg carpels), Linnaeus formed
24 classes of which 1 to 23 belong 1o flowering plants agd e 24th class includes non-

flowering plants, i.c., Crvptogamia. ) IQ ' -
. ' Jussieu (1789) in s work entided “Genera | rum secundum ordines naturales

disposita"” recognised 15 ciasses of which the ¢ Acotyledons included the Thallophyta,
Bryophyta, Cryplogams and some flowciigy plents. Classes 2-13 included the flowering
plants. . . _

A.P.de Candolle (1778-1841 s bobk cntitled “Theorie elementaire de la botanique”
proposed two major groups-1. -V@s {(Cotyledonous plants with vascular bundles) and
2. Cellulares (plants without cctyleddns and vascular bundles). Robert Brown (1773-1858)
showed that Gymnosperms have naked ovules. Endlicher (1805-1849) recognised two
important groups in the plant kingdom. They are 1. Thallophyta with algae, lichens and
fungi and 2. Cormophyta with mosses, fems and seed plants. Lindley’s system (1846)
recogmsed Phanerogamia and Cryptogamia. '

Bentham (1800-1884) and Hooker (1817-1911) in their famous work "Genera Piantarum _
divided plant kingdom into cryptogamia and phanerogamia as two subkingdoms. Eichler
(1839-1887), Engler (1844-1930) and Prantl (1849-1893), Bessey (1845-1915), A.B. Rendle
(1865-1938), Hutchinson (1926-1934), Oswald Tippo (1942), Benson (1957) etc. classified
plants variously. In gencral Plant kingdom is divided into three major groups. Thaflophyta,
Bryophyta and Trachacophyta. In view of the recent study empIOymg Electron Microscope,
-Scanning Electron Microscope, newer strains, bio-chemical and genetic studies, changes -
are often brought specially in the classification of lower plants. Some 1mp0rtant broad
systems of class;ﬁcatlon arg summarized in table-1.




Table-1.1 Comparative survey of the classification systems’ (Adapted from Beld, 1960)

Eichler, 1883 . Tippo, 1942 . : Bofd, 1956 | common name
fand modificarions) o L ' :

PLANT xmcbom—---—-—_—')mm xmcbou—-—-—-—-_—')'mm KINODOM

A. CRYPTOGAMAR > Abandooed
DIVISION 1, muwmrm—m---—)sunxmonom THALLOPHYTA —-—)Abandmad
. q“ 1. .‘J... } .lL A q .
Cyanophys » PHYLUM L C‘YANOPHYTA-—DN[S!DN 1. CYANOPHYTA -
Chlarophry > BHYLUM 2. CHLOROPHYTA—————HDIVISION 2 GILOROPHYTA
PHYLUM - 3. BUGLENOPHYTA—————IDIVISION 1, EUGLENOPHYTA )
: DIVISION 4, CUAROPHYTA' ALOAE
Phasaplry - —JPHYLUM 4. PHAEOPHYTA—————DIVISION 5. PHAEOPHYTA
Rhbodophyces . - PHYLUM 5. RHODOPHYTA ~——DIVISIGH 6. RHODOPHYTA
Di - SAPHYLUM 6 CHRYSOPHYTA-——————DIVISION 7. CHRYSOPHYTA
) ‘PHYLUM 7. wgaqnmu'—mwlsmlv - 8 PYRROPHYTA
. . CLASS 2. FUNGI Mbardancd : S -
’ $chizomy —3PHYLUM 8 SCHIZOMYCOPHYTA——3DIVISION 9. SCHIZOMYOOTA | . BACTERIA .
: PHYLUM 9. MYXOMYCOPHYTA———-r-3DIVISION 10. MYXOMYCOTA SLIME MOULDS
Eumy - —3PHYLUM 0. EUMYCOPHYTA ~~—~—-— Abandaned ' :
o " Clum 1. Phycomy —SDIVISION 1l. FHYCOMYCOTA o
Lich 3 Cluss L A 3 DIVISION 12. ASCOMYCOTA . FUNGL
_“""--—-—-.._...._._) Qs 3, Hasidiomy - ) DIVISION 13. BASDICMYCOTA
. DIVISION 2 nkmmfm-—-—-———-—)mnum 11. BRYOPHYTA : ] )
- Claxy 1. Hepati 3 Class 1. ivar - 3 DIVISION (4. HEPATOPHYTA LIVERWORTS
Clam 2. Mm—'*-—'-——-—)CIau 2 Mm. . — ———yDI\ClSION I5. BRYOQPIIYTA - - MOSSES
DIVISION 3. PTERIDOPHY T A——— Abandoned
PHEYLUM 12 TRACHEOPHYT& —-—)mmsmd . . 5 :
) Sub-phylum 1. Peilopsid 3 DIVISION 16. PSILOPHYTA PSILOPHYTES
| Claas 1. Lycopodinas —3 Sub-phylum’ 2. Lycopsida= ~~—3DIVISION 7. MICROPHYLLOPHYTA .. CLUB MOSSES
Clem 2. Equisets ———— Sub-phylum 3. S‘pllnnupldl — 3 DIVISION 8. ARTHROPHVTA HORSETAILS AND
: i : : : - SPHENOPSIDS
Sub-phylum 4. Presopeids . .
Clam 3, Fummu——-—————é Qass L. Filicinae DWISION . FPTEROPHYTA FERNS
B. FHANEROOAMAE Ab . : . :
DIVISION 4. spsmammrn—é Abandoned
Cla 1. Gymmoap 3 Clam 2 Gymmon : ¥ Aband S
. Subdass 1. cmdnph DIVISION 20. CYCADOPHYTA CYCADS o
Subcalss 2 O ~———3DIVISION 21. GINKGOPHYTA ‘MAIDEN HAIR TREE -
DIVISION 22. CONIFEROPHYTA CONIFERS
. ’ IVISION 23, GNETOPLIYTA NQ COMMON NAME
Cliss 2 Angitapormac Class 3, 1p ——————————————3 DIVISION 2. ANTHOPHYTA FLOWERING
: - PLANTS
The arrows indicate the falg of 1awy in sucessively more modern system of classification. When the name
of a group is used later 4 igher rank. as, for example, in the chonge from chlorophyceae to chivrophyta,

R
Plant Kingdom is divided into two major groups, thcy are : Cryptogams and
Phanerogams. Cryptogams are the plants bearing concealed reproductive| organs (Cryptos
: hidden; Gamos : reproductive organs). Hence they arc called flowerless lor non- -flowering -
plants. Cryptogams are divided into three divisions by Eichler 1886). They are Thallophyta,
Bryophyta and ‘Preridophyta. Thallophyta includes all the planis having simple plant body
known as “thallus” (a plant body not ‘differentiated into root, stem and ledves). Division
: Thallophyta lS divided into two subdivisios, Al},ac and Fungi. ' '

.. the name cy' the lower gro usually retained as a subs;dmry under the h:g}aer

Green. autotroph:c (symhcsnzmg their own food malcnals) 1hallophytcs are called algaé.
The study-of algae is called phyc_ology (phykos : scaweeds; logos : study).

Non-gmen. heterdlroph_ic (not S)}hlhesizing their.own food and depending for food on
other sources) thallophytes are called Fungi. The thallus of fungi-is called mycelium. Study
of fungi is called Mycology or Mycetology (mykes : mushrooms logps + study).’

Division Bryophyta includes all thalloid or foliose plants that tive in damp and shady
areas, VasCuial_tissues are absent in them. Study. of bryophyla is called bryology and in
the hfe tyecle of bryophytes gametophyte is 1he dominant stage..

Dmsxon Plendaphyta consusls of [)I"lmlLIVB vascular Tand planls The plam body is

8 . oo




differentiated into root, stem and leaves.

‘Phanerogams are the flowering plants which produce sccds Phanerogams are again
divided into two dWlSlOHS based on whether the seeds are naked or enclosed wlthm the
fruit and they are Gymnosperms and Angmsperms respecmely

Gymnosperms (Gymnos : naked; _sperma : seed) include the plants bearing naked seeds
(ovules not produced within the ovary). The dominant stage of the plant body is sporophyte.

Angiosperms (angios : covered or enclosed; sperma : seed) are the plants bearing
enclosed seeds. Sporophyte is the dominanit stage and is divided into root, stem and leaves,
Angiosperns are again divided into two classes - dicotyledonae and monocotyledonae based |
upon the number of cotyledons present in the embryo.

1.6 . SUMMARY

_ The term taxonomy means the science of classification. Carl Linnaeus introduced the
binomial nomenclature i.e., giving two names to any living organism, one generic and
the second specific. The plant kingdom with modern plants is said to have evolved from
protista which comprises of protozoans, algae and fungi. Plants and animals show distinct
differences. :

The fifth Intemauonal Botanical Congress held ini Cm@ in 1930 formulatcd rules
orld

ous taxonomists classified

and regulations-regarding nomenclature throughout the ]
plant kingdom in different ways. But in general it 1sd into three major groups. They
-are Thallophyta, Bryophyta and Trachaeophyla. o '

17. CHECK YOUR PRO@S: MODEL ANSWERS

1. Monera, Protista, Metaphyta a tazoa are the four different kingdoms recognised

by the modem biologists in the living world. Bacteria and blue green algae are included

. under Monera; algae, fungi, slime moulds and protozoans under protista; all plants
under Metaphyta and all the animals under Metazoa. :

2. The main differences between plants and animals are : i) Plants 'do not move while '
animals do. However there are plants like algae which move and animals like sponges
which do not move. (i) Plant cells have an extemal covering called the cell wall '
while in animal cells plasma membrane is the outer-most covering of the cells. (iii)
Plants do not eat, but animals eat. (iv) Plants synthesize their food by photosynmcms
and on the other hand, animals depend for their food npon plants.

3, The naming of piants and animals with two different names i.e., generic ard specific
names is called binomial nomenclature Linnaeus was the first. man (o devclop IhlS
system. :




i

18. MODEL EXAMINATION QUESTIONS

1 Answer the following questions in about 30 lines each.

1. What are the important rules and regulations of Intemational Code of Botanical
Nomenclature? wo :

2. Describe briefly about the classification of plant Kingdom.
- IL Answer the following questions in about 10 lines each.

1. What are the contributions of Linnaeus to plant ciassiﬁ_cétion__

2. Write briefly about the binomial system of nomenclatue. |
3. State the general chariiters of plants.
4

Write a note on the differences betweeﬁ plants ‘and animals, |

i

. Dr. M. Ramachandraiah




"UNIT - 2: GENERAL CHARACTERS OF FUNGI

Contents

2.1. Objectives

2.2, Introduction

2.3, Habitat and Habit

2.4. Vegetative Characters

2.5, Reproductive Characters

2.6. Staws of Fungi in Living World

2.7. Summary

2.8. Check Your Progress : Model Answers -
2.9. Model Examination Questions

21 OBJECTIVES

After going thmugh this unit you will be able o :

* ' explain the habitat and habn: of fungi, _

* descnbe the vegetatwe and reproductive characters of fu andl
* recogmse ;he status of fungi in living world b B

2.2, INTR_ODUCTION R O "

Fungi are achlorophyllous (chlorophyl ) organisms and are commonly known
as moulds. They depend upon other so their food materials (heterotrophic). They
consist of the true nucleus in their cel ryonc) and may be uni~~ilular or multicellular.
The plant body is called mycelium wh made up of branched or unbranched, septate

thread like structures called hyphae (sing : hypha). Fungi reproduce asexually by means
of -zoospores and conidia. Sexual reproduction occurs by means of planogametic (motile
gametes) union, gametang1a1 contact, gametangml union, spermatisation and somatogamy
(fusnon of vegetatwe hyphae). : _

23 HABITAT AND HABIT.

Habitat is a place where a pamcular orgamsm lives, The fungi grow ina vancty of
habitats. Many of them occur in soil and water. Somg live in tissues of animals and plants,
while others grow on dead and decaying organic materials, They prefer to grow in moist .
shady places. Fungi living in water are called 'water moulds' and are the primitive forms.
Examples of watermouldsare Saprolegnia and Achlya. The fungi found in doil are Pythium,
Trichoderma eic. Fungl like Mucor, Penicillium grow on decaying materials like fruits _
‘and vegetables. Examples for fungi growing on plant tissues are Phytophthora, Plasmopara,
Puccinia, Ustilago etc., Species of Avpergtiius like A. ﬂavus A. fumigatus, A. niger and
also Monilig occur as human pathogens

11




E
|

Fungi can not prepare their own food materials and hence consist of| varied modes
of nutrition. They live as saprophytes, parasites or symbionts. Organisms grpwmg on dead”
organic matter are called saprophytes (Penicillium, Mucor). The fungi that live in the living
- bodies of plants. animals and other organisms are called parasites. The organism in which
the parasite lives is called the host. The parasitic fungi include Phytophthora, Ustilago, -
Puccinia, Cercospora etc., The parasite in due course destroys the host partially or totally.
Symbionts are those which live in association with other organisms for mutual benefit.-
Lichens, where algac and fungi live together forms a typical example |for symbiosis.
Mycorthiza, where fungi establish relationship with the roots of forest trees like Pinus.
is another example for symblosm The Fungi in mycorrhiza absorb watet and minerals
" and perform the function of root -hairs which are lacking in' that region. In turn, fungi
derive food from the trees. : :

Check Your Progress - . .
What are symbionts ? Fumish two examples for symblonc fung1 ?-

"_Note : a) Write the answer in the space given below,
b) Compare your answer with the onc given at the end of-thiS unit,

---------

2.4. VEGETATIVE 'CHAR@RS

- Fungus consists of vegetative ar%mductive phases in its Hfe-cycle. The vegetative
phdse may. be unicellular or cellilar, Some of the lower fungl such as Synchytrium
and yeasts (Flg. 2.1) conslst OKglngle celled thallus. Duting reproduction, the entlre cell
functions. as- a reprod nit. Such fungl are called holocarplc fungi,: -

1~
-

Flg 2 1, Syns&yiﬁum eudabmﬂeum. A. Thallus (Zmporanglum) ) msperap

Many fungl possess multleellular thallus In the forn of fllaments ané such fungl are
called ﬂlamentous fungl Fungal spore geminates and produces & germ tube: The germ
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tube grows into a thread-like structure called hypha. The hyphae branch repeatedly to form
a mesh-like structure called mycelium. The mycelium may be colourless or coloured due
1o the presence of pigments. The hyphae may have cross walls or septa and called septate
mycelium. Mycelium without septa is called aseptate or coenocytic (Fig. 2.2 A&B). The
septum corsists of a central pore. This may be single without any thickenings and called
simple pore septum. - - ' B

In some higher fungi septaie mycelium may have barrel-shaped thickenings
(parenthosomes) covering the pore of a septum and this type of septum is called dolipore

septum. : '

Fig. 2.2 Fungal hyphge, A. chnocytic-hy;phae. B. Sefigate hyphae.
Check Your Progress - 2 ' N

Write the important vegetative characters of fungl.o

Note : a) Write the answer in the space g?bclow.
b) Compare your answer wi otk given at the end of this unit.

......

.......

_ Scptate hyphae may have multinucleate cells (with many nuclei), binucleate cells or
‘uninucleate cells. The mycelium having Wnucleate cells is called dikaryotic mycelium while
the mycelium with uninucleate cells is called monokaryotic mycelium,

2.5. REPRODUCTIVE CHARACTERS )

The fungi mainly reproduces by spores. These spores may be produced by either sexual
or-asexual methods. Sexual reproduction involves the union of protoplasm and union of




- nuclei resulting in a diploid zygote followed by meiosis to restore the haploid phase. Asexual -
reproduction does not involve such union. Asexual reproduction takes place by means of
(i) arthrospores or oidia which are the broken bits of mycelium into thin watled cells with
flat ends. (ii) budding, which is a multiplication process in yeast. Here a new cell is formed
from a small outgrowth on the parent cells. e.8., Saccharomyces (i) fission, a process
in which unicellular organism splits into two by constriction of the nucleys and the cells.

-e.8. Schizosaccharomyces. : ' : '

Asexual reproduction also takes place by means of aplanospores (non-motile spores
produced within a' sporangium) or zoospores (motile spores produted inside the.
zoosporangium) or conidia (bome extemally at the hyphal tips). Zoospore$ are the motile
spores produced. within the. zoosporangium, Each zoospore is a naked protoplasmic unit

~ having flagella. E_lcclro'n microscopy revealed the fine structure of flagella] There are two
- types of flagella in fungf whiplash type and tinsel type. Tinsel type of flagellum has many
hairy outgrowths (cilia) -all around its- surface and whiplash type of a flagellum is long
thread like structure which is rigid at the base with eleven fibrils and thinner -towards
 the apex as the 2 central fibrils project out. The latter portion is flexible. -

Flagella- are _a[tﬁlchcd 1o a basal granule called blepharoplast. It is connec:ted' to the
nucleus by a strand called rhizoplast. Flagellum consists of eleven fibrils. Two are present
in the central region and. these are covered by. nine separate fibrils forming a sheath,

Flagellum is made up of a protein called flagetlin (Fig. 2.3).

I-jg'. 2.3, 'The 9+2 structore of flagelum. 1. Membrane. 2. Outer fibrils (9). 3. Central fibyils (2).

The sporangiospores are formed within a sac-like siructure called sporan rium. Conidia,

- the non-motile spores- are produced either . dircetly from the mycelium or pn specialized
structures, the conidiophorcs. S o '

Sexual reproduction takes place by fusion of motile gametes (planogametic copulation),

gametangial contact, gamenlangial copulation, spefmalisation (non-motil¢ cells called

. Spermatia come in contact with female gaxhctangiu_m) and somatogamy (fision between

~undifferentiated ‘vegetative cells). S . S

14




Check Your Progreés -3

What is the ‘main difference between tinsel type and whlplash type of ﬂagella ?
Note : a} Write your answer in the space gwcn bclow o

b) Compare your answer with the one given at the end of this unit.

..................

The spores produced either sexually -or asexually are disseminated by means of air
currents, insects, water and animals, Then they germmate and the germmated spores develop
into new fungi. :

2.6, STATUS OF FUNGI IN LIVING WORLD

The living organisms are divided into plant kingdom and Animal Kingdom. There
are some microscopic organisms (Bacteria, algae, fungi and protozoa) bearing the characters
of plants and animals. Haeckel (1894) included all such organisms under a separate kingdom
- called protista. Modem biologists include the prokaryotic 0@3 like bactena and blue-
green algae in yet another kingdom : Moners,

Linnaeus classifled the fungi as a sub- dmsmr Thallophyta. Eichler (1886)
classificd bacteria, fungl and slime mouldsy Mophyta only. Gaumann (1952)
proposed three classes namely Schizomycetes (b&). Myzxomygetes (slime moulds) and
Eumycetes (fungi). ) YR - _

Tippo (1942), Alexopoulos (1962) andgold (1957) have pmposcd a separate division
for fungl, the Mycota. Mycota her divided into Schizomycophyta (bactera),
Eumycophyta (trug fungl) and Myx pphyta (slime moulds). Ingold treated fungi as
a separate kingdom. Many taxonomists still conslder fungl as a separate divislon under
the plant kingdom Itsell {Alnsworth, 1973) :

27. SUMMARY

Fungl are achlorophylious, heterotrohle, eukaryotie, unicellular or multicellular organisms
with absorptive nutrition. Mycellum s non-seplate or septate. Asexual reproduction takes
place by the productlon of arthrosperes, budding, flsslon, zoospores and ecnidla. Sexual
reporduction Is by planogametie copulation, gameiangial eontacl, gametanglal copulatlon,
gpermatisation and somaiogamy. Many taxonomisis eonslder ﬁmgl 4y & geparate dlvigien
under the plant kingdem Illself

2.8, CHECK YOUR PROGRESS : MODEL ANSWERS

1. Symblonts. are the organisms that 1lva In associatlon with other organlsms for mumal

or BRACU  Acc. Not Qt’-—ucvbb 6
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benefit, Lichens (a symbiotic association hetween algae and fungi) qnd mycorrhiza,
(between fungi and roots of some forest trees) are the (wo. examples| for symbionts.

2. Important vegetative characters of fangs are o () Fungi -are . Clﬂ‘lBl]‘ unicellular or
multicellular, .(b) The unicellatar fungi are holpcampic in nature. (c) ’lf ¢ multicellular
thallus is filamsentous. (d) Hyphae may be branched or unbranched, septate or ascptate
(e) Sepiate hyphae may be multinucleate, bmur.lc;ltc or uninucleate,

- 3. The tinsel type of flagellum bear a large number of halr like projections all- :uound
its surface where as in whlplash Lype 1hLSC hair hke projections ar¢ absem

29, MODEL EXAMINA’I‘ION 'QU_ESTIONS

I.  Answer the following questions. in about 30 lines each.
1. Descnbc the vegetauve and reproductive characiers of fungl
2. Descnbe in detail the habltdl and habit of fungi.

II Answer the following questions in about 10 lines e.lch
L. Wr;te a shon note on the status of ﬁmgl in Iwmg world

2. Write a bne_f dLC.OUIll on rcproduct:ve aracters of fungi. -
3. Write briefly about the vegetative cagactdrs of fungi. ) S
. | O - Ms. K. Prasunamma |
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UNIT-3: MORPHOLOGY, CELL STRUCTURE,
NUTRITION AND GROWTH OF FUNGL

Contents

3.1.  Objectives.

3.2.- Introduction -

3.3. Morphelogy and Cell Structure

3.4, Different Somatic Structures

3.5. Nuuition of Fungi

3.6, Growth of Fungi

37. Summary o
3.8. Check Your Progress : Model Answers
3.9, Model Examination Questions

3.1. OBJECTIVES

After going through Lhis unit you will be able 1o 3
*  deseribe the morphology and cell siructure of fungi'o

% list out dilferent somatic siructures of fungi,
*  explain the nutritional aspecis of fungi and -
#  describe the growih of fungi, : ?\

3.2. INTRODUCTION i '_ Q

Fungi are achlorophyllous, hetcrotrophic organisms having a typical cell structure, The
vegetative hyphac of fungl are modificd into specialized structures performing different
functions. They grow in any type of cnvironment having suitable food, temperature and
moisture. The optimum (emperature range for their growth is 20-30°C, '

33. MORPHOLOGY AND CELL STRUCTURE

Fungi may be unicellular or filamentous in their structure. The unicellular thalli may
produce chain of cells in succession and may: look like a filament., Such a structure is
calied Pseudomycelium (c.g., Yeast). The multicellular thallus may be poorly developed,
thizoid-like and called rhizomycelium (Fig. 3.1). The higher fungi consist of a well
‘developed, branched structures called mycelium, Fungl like Taphring (a pathogenic fungus)
consist of mycelial thallus in the host and a yeast-like thallus in culture, Such thalli are
called dimorphic thalli. '

Each filament of mycclium is called hypha. It is a wbe-like structure cnclosing
protoptasm and reserve food. The diameter of hyphae range from 0.5 to lmm. The hyphae
' ' ' 17




branch repeatedly and the type of ranching is either dichotomous or laterhi. The hyphae
- may be septate or aseptate. The septa are of two types : primary and adventitious; Primary
- septa are formed during cell division while adventitious septa are formed due to the local
concentration of cytoplasm and not associated with the cell division. Aseptate hyphae
produce septa at the region of formation of reproductive structures,

- Fig 3.1, Merpholagy of vegetutive structures of Fungl. A, Unleellular urlaueleate rounded thallus of
Synehyirum, B&C. Unieeliuiar uninueleate elongated in Harpuehyirlum sp, D, Rhlzomyeelium ln
Nowakowskislia sp.E.Epnregermlnnﬂm.F.Aseputehyphae.G.Sepmtahyphas.ﬁ.spherleal ¥phal -
eolony with radiatlng hyphae, 1, Flagellum. 2. Hesteell. 3. Fungal thallus 4. Rhilzomycelium,
8. Germt tube: 6, Spore wall 7, Hyphal tlas; 8 Hyphal branehes, 9. Septa, 16, Radlating hyphae;

. Many fungl possess a central pore in the septum. Such septa are calipd porous of -
perforated septa while the septa without pores are calied non-porous septa. The septal pere
18 of two types, simple and complex: A simple pore i8 net eurrounided by 4 ewollen rim
made up of emorphous matedal, A complex pore 1§ surrounded by a swollen fm and
is ealled a dolipore septum (Fig. 3.2), The swolien rim eonsists of barrel-shaped thickenings
called parenthosomes, : : i . I

The structure of a fungal cell In both unicellular and fllamentous ﬁmsl is %mast similag,
Fungal cells are surrounded by a three layered eell wall and the plasma membrane delimita
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_ Fig.3.2. Types of Septa, A.Simple pore septum. B, Dolipore septum,

the cytoplasm. Fungi are eukaryotic (having true nuclei) in nature, The reserve food is
in the form of glycogen, A remarkable feature of a fungal cell is the occurrence of
lomasomes. Lomasomes are the vesicles formed in between the cell wall and plasma
membrane duc to the invagination ‘of plasma membrane. (Fig. 3.3). The function of
lomasomes is unknown, Main cell inclusions are mitochondria, vacuoles, ribosomes,
endoplasmic reticulum, nucleus, dictyosomes and centrioles. Mitochondria may be spherical
or elongated and similar to that of higher plants. Ribosomes are also similar to those found
in higher plants and animals. The vacuoles are surrounded by W distinct membrane called
tonoptast. They consist of crystalline and amorphous incl3jonsyand also pigments. The
muclei of fungi are very small ranging from 2-25)1 igedigmeter. A living fungal nucleus

. consists of a central dense area surrounded by a clea and is surrounded by a nuclear

membrane. The nuclear membrane is continuous with eiiOplasmic reticulum. Endoplasmic
reticulum of fungi is ‘not closely packed as in plants and animals. Centricles are
observed only during miclear division, one ipeach le of the nuclear spindle. Dictyosoines
consist of a pile of membrance bound ; ' '

Cell walls contain 80-90% carb atesand the remaining being proteins and lipi.(js.
An important feature of cell wall. is | sence of chitin, Glucans, mannans and cellulose
arc also reported. ' ' '

~—1
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Fig. 33, Ultr:_:_slructﬁre of hypha. §. Cell wall, 2. Plasma membrane. 3. Lomnsbme.
4. Mitochondrion. 5. Vacuole, 6. Nucleus, 7. Endoplasmic reticulum. 8. Ribosomes,




" Check Your Progress --1 & 2
1, What is.a dohpore gsenium’ ?

2. What are lomasomc,s 7

i ' Naote :'a) Wme lhe dnc,wm ) m the space given below

- b) Compclre Your answers with ﬂlose glven ai the Lnd of thlS‘ urut

----------------

..........................

3.4, DIFFERENT SQMATI((!jRUCTURES

Special forms of mycelium al?hed to perform special functions. They are. (a)
Rhizoids (b) Haustoria (¢) R s (d) Stromaand (e) Sclerotium. Rhizoids are root-
like structures used as holdfa are feeding organs e.g., Rhizopus nigricans. Haustoria -
(singular: _Hau'storium%ie cialjzed hyphal branches which are sent inside the living

Fig. 34, F\ingal tls'm.le;{plect.enchy'maj. A Psendoparenchyma B, Prosenchyma. '




cells of the host for absorption of food. They are knob-like, elongated or lobed. Rhizomorphs
are thread like structures made up of loosely aggregated hyphae. A stroma is a compact
mass of vegetative hyphae produced in fungi and a sclerotium is hard and firm with a
rind and consists of a mass of hyphae. It serves as.a s.....7 brr‘v resistant to unfavourable
conditions. Due to aggregation of vegetative hyphae fungm tiisues are also formed and
such fungal tissues are called- Plectenchyma €. g prosenchyma and pseudoparcnchyma
(Flg 3.4).

35 _NUTRI_TION IN FUNGI

Fungi require carbon, hydrogen, oxygen, nitrogen, ph‘osphofus potassium, ma'gnesiem
sulphur and also minor elements like iron, zing, copper, manganese and molybdenum Some
fungi require vitamins also cspecially thiamine or biotin.

In nature, fungi obtain the above food materials from living or dead plants. These
- food materials exist in complex form. So fungi breakdown these matérials and assimilate
them. These processes are carried on by enzymes secreted by fungi. Enzyrnes are org,anlc '

catalysts produced by hvmg cell. : :

Fungi lack chlorophy!l and hence depend upon oth'er sources. Parasites and saprophytes
feed on dead organic matter. The parasites and saprophytes agg further divided as obligate
parasites, facultative parasites and faculiative saprophytes. % parasites require a living
host for the completion of their life cycle. e.g., rust fun hese are also known as
'biotrophs’. Facultalive parasites are those fungi that % saprophytic life but when they:
come in contact witha host, they are capable of pagilZing. e.g.. Pythium. Facultative
saprophyles are basically parasites but can li\? saprophytes also. e.g., smut fungi.

Two living organisms-may live inegsociffion with one another and are called
symbionts. However, they are helpful t@wthcr ¢.¢., lichens, mycorrhizae. A lichen

M

is an association of an alga and ajdyngu ycorrhlzae means fungus roots.
Check Your Progress - 3 %

Dlstmgmsh between obligate parasites and facuhauve para51tes
Note : a) Write the answer in the space given below.

b) Compare your answer with the oné- gwen at the end of this-unit.

.................................

36. GROWTH OF FUNGI

Many fungi grow between 0 and 35° C. The o.pti'mum temperature required for the
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growth of fungi bemg 20- 30°C Some fungi can w1thstand low tcmpcrature even up 10
-195° C for at least few hours.

Fungl prefer an acid medium for growth, ie., a pH of 6. Light is not essential-for
_the growth of fungi but to some extent it is necessary for sporulation and spore dispersal.
‘Many fungi are facultativeanaerobes und some are- strict aerobes. During respiration free
oxygen is used by the fungi. 'Facultative anaerobes perform anaerobic respiration which
does not involve free oxygen The-amount of growth in fung1 is affected by the oxygen

supply.

The growth of fungus siarts from &
about one thousandih of an inch iz¢. The contents of a fungil spore are colourless
and contain oil as reserve food. % gpore selfles upon a suitable substratum and.
germinates under the proper. [{oiTs of temperature und humidlty, At the flest Instance,
the fungal spore sends out a%le thread like structure called germ tube which grows in

slze and called hypha, ypha branches repeatedly 10 Form a dense muss of myecllum
- resembling a colion w ig 35} :

'37. SUMMARY

Fungl are sither unleeliular or multicellular organisms. The fllamentous strugtures of
multicellular fungl are called hyphae and the entire thailug s cailed myeelium, The hyphae
may be asaptate or sepiate, The septate hyphae conslst of 4 central pore which may be
elther simple or complex. Sepium having complex pore 1s called dolipore sepium.

“The structute of a fungal cell is similur both in unicellular and multieelluiar fungi.
The reserve food of fungi 8 glyeageﬁ. A sp@cial feature of fungal eell ig the occurrence
. of lomasomes, . '

Fungai eeli also c@ﬁsists of other ineiusi@ﬁa tike mit@ch@mdns, ribospmas, endsplasamic
retleulum, vacuoles, nucleus, dietyosomes and cenirioles. 80-90% of cell wall {8 made up
ef carbohydrates and the remalning are proteins, lipids and- ehitin,

Fungal rﬁy@eiium {s modified into various forms o perf@rm eartuin special funetions.
They are r_hlzoids, haustoria, - xﬁim_m@rphs; stroma and sclerotiura, The 'fungal hyphae
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aggregate to' form tissues like prosenchyma and pseudoparenchyma.

Fungi live as saprophyles, parasites or symbionts. They requirc many elements like
carbon, hydrogen, oxygen, nitrogen, _phosphorus,\potassium, magnesium, sulphur and
molybdenum for their growth, :

The optimum temperature requ1rcd for the gmwth of many fungi is 20- 30° C. They
prefer an acid medium for growth (pH 6). Though light is not essential for growth of
the fungi, certain amount of light is necessary for sporulation and spore dispersal. Growth
of fungi starts from the germination of spore which give ris¢ 10 germ tube, hypha and
myccllum respectwely

338, CHECK YOUR PROGRESS : MODEL ANSWERS

1. The fungal hyphae are divided into cells with the help of cross walls with a small
pore in the cemtre. These cross walls are called septa. The septum without any
Lhu,kcmngq is called simple pore septum and the septum with barret shaped thlckcmngs
around the pore is called dollporc seplum. -

2. Inthe fungal mycchum some small particles or vesicles are pncqem in between the
cell wall and plasma membrane. These are called lomasomes.

3. Obligate parasiics.are fungi requiring a living host for ¢ completion of their hfc
cy~le. e.g., rusts. Faculiative parasites are those fungiy ad a saprophytic life but:

when come in contact with & host they are ca(ab,s drasuumg e.g., Pythium.

39. MODEL EXAMINATION QUBSTIONS

I. Answer the following questions in%o'ut_ 30 lines each.

1. Describe the merphelog ell structure of fungi.

2. Wrile an essay on growth and nutrition of fungi,

IL. Answer the following questions in about 10 lines each.
1. Write bricfly about different somatic structures that you come across in fungi.
2. - Wrile a briel note on the structure of a fungal cell. | '

3. Write a short note on nutrition of fungi.

- Dr M. Ramachandmiah'
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' A
41. OBJECTIVES = O e
After going through this unit. you?&vc able to .: | ' ' ‘
* list out the types of rep in fungi, _
*  describe different (,pes reproduction in fungi, ) ‘

*  explain the term @Udllly dnd describe different stages in 1t ar‘d
* describe the life-cycles of major groups of fungi.

4.2.. INTRODUCTION

Most of the fungl reproducc by spores. These spores are produccd either by asexual-
or 'sexual means. The asexual. reproduction is sometimes called vegelahvc or somatic
reproduction. Except Deuteromycetous lungi, all other fungi possess both asc‘:xudl and sexual
stages in their life-cycle. Deuteromycetous fungi reproduce only asexualy and sexual
reproduction is absent in their life-cycle. :

'4.3. REPRODUCTION | |

Formation of new md1v1duals from old ones hdvmg all the characters typlcal to that
of a specics is- called reproduction. Two types of reproduction ecommonly occur in fungi.
They are asexual and sexuval reproduction. Every mdmdual consmts of cgctanve phase
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and reproductive phase in its life ¢ycle, During. reproduction either the whole thallus or
a part of it is converted into reproductive organs. The fungi wherein the whole thallus
is converted into reproduchve structure are called holecarpic (Gr. holo : whole;. Karpos:

fruit), e.g., unicellular fungl such as Qlpidium, Synchytrium cic, Tn ronjority of fungi, a
part of the thallus functions as reproductive structure and such fungi are called eucarpic
(Gr. Eu : good: Karpos : fruit). e.g., Afbugo Rhizopus etc., The holocarpic forms are
regarded as primitive members. :

Check Your Progress - 1

Differentiate between holocarpic and eucapic fungi
~ Note : (a) Write the answer in the space given below.

(b) Compare your answer w1th the one gwen at the end of this" unit,

4.3.1. Asexual Reproduction o
~ Non-sexual produciion (not accompanied by the fugiag of. ductive units) of special
reproductive cells is called asexual reproduction. In fexual reproduction takes place
by means of fragmentatio, Ludding, fission and spoO ' - o
- Fragmentation. is ‘the division of fung.! hyghal into one v more fragments, ¢ach
of which develop ifito a new mdmdual gmeRntation may be accidental or a nommat
mode of reproduction. : N - :
Budding is a multipli'cation' in yeasts. A new cell is formed from a small
outgrowth .on the parent cells. e.g., haromyces (Fig. 4.1) ' :

“ Fission is a process by which an. unicellular oiganism splits into two by Iconsmcuan
of the nucleus dnd the Cytopldsm eg Schzzosaccharomyces (Flg 4.1,

Iig. 4.1. Asexual chrodu_ctlon'. A. Budding. B. Fisston,




Asexual reproduction also takes place by the production of aplanospores (non-motile
sporangiospores borne inside a sporangium) or zoospores (motile spores prOduccd-inside_ .
the’ zoosporangmm) or comidia (borne extemally at the hyphal tips).

_ Sporangrospores are formed within a sac-like structure catled sporanglum Sporangua -
are. present on erect stalks, sporangiophores (Flg 4, 2)

F‘ig 42; Asexual reproduction through spores. A. Sporangluspores
* B.Zoospores, C. Arthrospores D. Chlamydospores E. Counidia

Lower fungl produces threc types of zoospores. They are umﬂagcll‘te zoospore with
a. posterior whiplash flagellum, umﬂagcllate zoospore with .an anterior tinsel type of °
- flagellum and biflagellate zoospore w1th whlplash and tinsel type of (flagella attache'd
apically or laterally (Fig. 4.3). ' '

: Conidia are produced by mitosis elthcr directly from mycelxum r on spccnahzed
. structures, the commophores (Fig. 4.2). . The apical cell of the conidiophore is the
conidiogenous’ cell. Conidiogenous cell enlarges and blasts out a bal] like structure; the
conidium. This development is called blasticc. When both the waP layers of the
conidiogenous cell contributes for the formation of conidium, the deve opment is called
holoblastic and when only the inner wall contributes for the formation |of COl'lldll.lm. the

i |
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. Fig. 43. Three types of Zoospores. A. Posteriorly uniflagellate (whiplosh type).
B Anterlorly uniflagellate (Hasel typed. C, Blllageliate rnmpurus (Whlplash&tinucl type).

development is called enieroblastic. Conidia are also produced on a bottle shaped structure
called Phialide. Conidial chains are formed when conidium after conidium are produced
on the conidiophore at different points.. As the conidium falls down, a scar is left on the
conidiophore. These conidia some times arise in special structures like pyenidium (flask
* like), sporodochium (disc-like), acervulus (saucer like) and synnema (broom stick - like).
Conidia may be one or many celled. They may be colourless or coloured. They may be

longitudinally septate or tranwc:scly bCplaLC. or both, _ .
In some fungi the hyphae break up into short thin w sells with flat ends and

are called oidia. O :

Check Your Progress - 2 -

What is a conidium ? o E '

Nole : (a) Write Lhe answer In the spa glven below.

(by Compuare your answe@the ohe given at the end of this ualt,
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4.3.2, Sexual Repreductlon

Fuston of lwo nuclel of dlifferent parenty to form 4 diplold zygote is called sexual
reproduction. Sexual reproduction invelves the followlng three events, -

. Plusmogamy ; The eoming together and unlon of pmtaplams of two sex cens.

Karyogamy ! Fuslon of two nuclei brought together leading to the f@ﬁﬂaticﬂ of dipleld
. nueleus.

Meiosls : Reduction division of the diploid nu_@léus by whieh the haplcid number 14 restored,

In some higher fungl karyogamy {8 delayed. In such casey the twe nucle! of different
parentage lle In the same cell. This phase Is called dikaryotie (di : two; Karyon : nuelel).

; The sex organs Invelved are gametangla vz, antheridium (male gametangium) and
oogonium o ascogonium (fbmale gametanglum), The following are the different methods

27




- of sexual reproduction in fungi.

1, Planogametic Copulation : Union of two motile ‘gametes is callefl planogametic - ‘
copulation. When the two fusing gamefes are similar the process is calleg isogamy. The- '
fusion between two dissimilar gametes is called- anisogamy. Heterogamy is the union of « -

a motile gamete and a non-motile female egg pru;ent m oogonium. ¢.g., Aflomyces, Chytrids,
Monoblepharis.

o2 Gametangial Contact ‘Male and temale gamelangia come closer and male gametcmglal'_ N
protoplast mlgrates into. oogomum through a pore or tube. e.g., Albugo

3. Gametangial Copulatlon The entire. contents of d1391m11c1r or s1m11dr wnetahgia fuse
' and form a diploid zygote e.g., Rhizopus, Saccharomyces. '

4, Spermatlsatlon : Minute, non-motile cefls (speérmatia) come in conthet with female
gametangium resulting in femhzatlon e.g., Neurospora. '

5. Somatogamy : Fusion takcs place between two undiffercntiated v%ctahve cells and
all cells are compatible. e.g., Peziza. Different methods of sexual reproduction are shiown

in Flg 4.4, -y
N A

Fig. 4.4. Varlous types of sexual reproduction. A. Planogametle Copulation. B. Gametanglal
Contact. C. Gametangial Copulation. D. Spermatisation. E. Somatogamy . 1.|Isogamy,
2 Ani'mgamy 3. Heterogamy, 4. Ocgonium. 5. Antheridlum, 6. Male  gametangium,
7. Fainale gametangium, 8. Spermatia. 9. Receptive hyphae. 10, Hyphae of opposite mating types.
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4.3.3. Parasexuality

_ Parasexuality is a process in which plasmogamy, karyogamy and haploidization take

place in sequence, but not at specified points in the life cycle of an individval. It was
discovered in Aspergillus nidulans by Pontecorvo (1952). Afier this, the parasexual
phenomenon has been identified in several other Imperfect fungi (Deuteromycetes). The
sequence of events in parasexuality are given below !

i) Formation of Heterokaryotic Mycelium : The presence of genetically different nuclei
in the same protoplast is called heterokaryosis. Most commonly, the heterokaryotic
“mycelium is formed by anastomosis of somatic hyphae or spores of different genetic
constitutions. Mutation is also reported to be the cause of heterokaryosis.

ii) Nuclear Fusion and Multiplication of Diploid Nuclei : In the heterokaryotic mycelium,
fusion takes place between the haploid nuclei of different types and this results in the
formation of helerozygous diploid nuclei. All these diploid nuclei multiply mitotically along
with other haploid nuclei. ' o

i) Mitotic Crossing Over : This is the most important phase in the parasexual cycle.
During the multiplication of the diploid nuclei, mitotic crossing over takes place. This
results in the formation of new genetic combinations. - '

iv) Sorting out of Diploid Strains : The segregation of diploid strains oceurs during the
conidial formation. The diploid nuclei are incorporated into_some conidia. These diploid
conidia germinate and produce diploid mycelia.’ : : : '

v) Haploidization : Some diploid nuclei undergo haploidi?wién in the mycclium during
growth and are sorted out. Some of them are gene different from both the original
“parents because of mitotic recombinations. The hapiOidi#8tion is not by reduction division
(meiosis) but by ancupioidy. Aneuploidy is a enon in which chromosomes are lost
during mitotic division. Thus the parasexual cygle involves plasmogamy and karyogamy -
(haploidization without meiosis). Q~ '

Check Your Progress -~ 3 @

Defing parasexuvality ?
Note : a) Write the answer in the the space given below.

b) Comparc your answer with the onc given at the end of this unit.

4.4, LIFE-CYCLES

in the life history of fungi, haploid and diploid nuclear phases alternaic with cach
other, Haploid phase begin with the completion of meiosis and diploid stage starts with
the nuclear fusion. Usually, fungi consist of both asexual and sexual modes of reproduction
in their life cycle, The following are the various life-cycles of major groups of fungi.
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4.4.1. Ammmlhk-(bde : | S r

Some fungi ‘multiply only by asexual mproducuan They do not repmf*uce by sexual
methods. e.g., membeis of Deutemmycotma _ :

;Asexual

/ ._ —pore \ -

- Sporangium ~Spore germination

ASEXUAL CYCLE.

Vegetative bbdy(n]

gpore germination ' Odamé‘éangia Gawnetes

~ Spore (n) 4 :3 .  N - L -
| ' :t) - . ;ametic or
| o o - Gametangial
fusion

SEXUAL CYCLE

 Meiosis |

Diplophase

ngote N o,
o * - Raryogamy|

(2n)

Fig. 4.5. Hanlontlc.i.ife-(:yele.




4.4.2. Haploid Life - Cycle (Haplontic)

Fungi r?,profiiicfe both asexually and'sexual_ly.- Dominant phase is the haploid phase.
N!Jcle_ar fusion is immediately followed by ‘meiosis and the resultant cells are haploid,
Diploid stage is only a -temporary phase, €.g. SOME ‘members of Mucorales and

Ascomycetes. _ _
// Cconidia \\
| ©+ -conidial

conidiophore o
_germination

ASEXUAL CYCLE

. Vegetative body. (n)

Ascospore _ '{\:Efmetangial
-gérmihatidn _ _ U / union
: _ 'HaplOphaSe(::) \
Ascospores Q“E -
(n) ' @ o

_ PlasmOgamy(n+n)
—- MeioSisS — SE?PALHCYCLE
| Dikarypphase - Ascoqenous'
yound ascus Diplophase — : _
o — ‘hyphae n+n

(2n)

Ascus motner cell
' (n+n)

Karyogamy

_ Fig. 4.6. Haploid - Dikaryotic Life-Cyde.
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443 Haplmd anaryotlc Life - Cycle

In some fungi haploid phase is followed by pmlonged dlkaryonc ph
but compatible hapleid nuclei come closer in a cell, making the cell to becg
Karyogamy is delayed in these fungi. Karyogamy is 1mmedlately followed t
members of Ascomycetes and Basidiomycetes.

Budding

: ' _' Yeast cells
T e N
/.' . T
- Ascus with . ' "
ascdspores - O

ase. Dissimilar
yme dikaryotic,
y meiosis e.g.,

o © Meiosis __wplophase 'Fusion of two
o o Q~ . . cells
_ _ _ | |
Dipleoid cell - | “P,
.(2_n) Plasmogamy

'SEXUAL CYCLE
Diploid c€ll . piplophase
" budding

(2n) | S Karyogamy

(2n)

Diploid cell
(2n)

Fig. 4.7. Haploid and Diploid Life-Cycle.
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4.4.4. Haploid and Diploid Life Cycle

Haploid phase of the fungus alternates with the diploid stagé of the fungus and boﬂl
_phases share the life cycle equally. e.g., Saccharomyces cerevisiae (yeast).

4.4.5. Diploid Life-Cycle (Diplontic)

Haploid stage is confined to gamelahgium or gametés only. The thallus is diploid and '
undergoes meiosis just before gamete formation. Thus, haploid phase is for a short period
and diploid phase forms the major part. e.g., Saccharomyces ludwigii (yeast). .

Yeast cell
(2n)

Meiosis

Ascus
with

yd - ascospores.
Haplopha .(n)
Diploid cell ' ' .

(2n) germination S _
| ? - Fusion between

\ _ _ Q* ascospores _
Di i ' '
tploid ,CE'J-(‘ @ (n+n)

Diplophésé

(2n)

Karyogamy

Fig. 4.8, Piploid Life Cycle.

45. SUMMARY °

Fungi reproduce by asexual and sexual means. Asexual reproduction takes place by
‘fragmentation, budding, fission, zoospores, aplanospores, conidia etc. Sexual reproduction
involves plasmogamy, karyogamy and meiosis. Various types of sexual reproduction in
fungi are planogametic copulation, gametangial contact, gametangial copulation, spermatisation
and somatogamy. Parasexuality, a phenomenon where plasmogamy, karyogamy and meiosis
do not occur at specified points is seen in members of deuteromycetes.

~ Different groups of fungi-show different life-cycles'and they are asexual life-cycle,
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|
' I

haploid life cycle, hapknd dlkdly()llc life-cycle, haploid and diploid life cycle and diploid ‘
lile-cycle. ‘ o |

-
4.6. CHECK YOUR PROGRESS : MODEL ANSWERS
: |

1. The holocarpic fungi arc those fungi in which the whole thallus is converled into
reproductive struclure. In cucarpic fung1 a pam of the thallus is |L,onvertcd into a
reproductive structure.

- I

2. Conidium is an asexual, non-motile spore produced exogenousl y over the conidiophore.

3. Parasexuality is a process in which plasmogamy, karyogamy and haploidization takes
place, but not at specified points in the life-cycle of the fungus. |

47. MODEL EXAMINATION QUESTIONS |

|
I
1. Explain briefly different types of reproduction in [ungi. |

2, Write an essay on various types of kﬁual reproduction in [‘lﬂngi‘

Describe different types of life ¢yC fungi. |

I.  Answer the following questions in-about 30 lines each.

“l

11, Answer the following questions bl_:l 10 lines each.

: |
1.  What is heterokaryosis qual compatibility ? |

2. Write a note on agagual §eproduction in fungi.
3. Write a brief noQWegetativc ieproduction in fungi. |

_ _ |
| .
b ) - Ms. K, Prasunamma
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UNIT - 5: CLASSIFICATION OF FUNGI

Contents

5.1, Objectives

- 5.2. Introdudlion _

53. Key to Divisions of Fungi
531 Koy to Classes of Myxomycola
532.  Key lo Sub-Divisions of Eumycola
533,  Ouline Classification of Division Myxomycola
534, Oulline Classification ol Sub-division Masligomycotina
535, Quuine Classification of Zygomycotina -
5.3.6.  Oulline Classification of Ascomycolina
5377 Outline Classification of Basidiomycolina
5,3.8.  OQuuine Classification of Deuteromycoling

5.4. Position ol Mushrooms in Fungi

5.5, Summary

5.6. - Check Your PIOEFCQS : Model Answers

5.7. Modet Examination Quesiions

P

5.1. OBJECTIVES '_ \>
After going through this unit, you will be abli. to :O

% describe the system of classification _propos% Ainsworth (1971),

* give the key o Sub-divisions of Bu ta, '
*ogive the key 1o classes of X0t ol I\'Iasl:gomycotma. Dculcromycolm.l,

Zygomycoling, . As‘comycotirm ‘lsldlomy(.mma,

*  describe (he outline classification of WMyxomycoly, thu&,omyuoum. Deuteromycotina,
Zygomycoling, Ascomycoling and Basidiomyeoting and

# o expldin the important changes broughtl aboul by Hdwksworlh, Sutton and Almworlh_
(1983) in th clagsitication of lung,l

5.2, INTRODUCTION

Although fungi are plant-like in having a cell wall and reproduction by spores,
mycologists now believe that most fungl have originated lrom some angestral prolozoans
like Nagellutes and are therefore, unielated to plants. There 18 an increasing tendency among
Laxonomists @y separae the Tungi from the plant kingdom, Edwards (1976) and Whiltaker
and Muasgulis (1978) scgregated fungi into u kingdom of their own; kingdom Myceluae'
S (Fungh), -

Tlmu;gh several systems of c,ldsslfflcmon bave.been proposed from Lime o Ume, the
clugsification ol fungi s stll in a siate of lux, Sacewrdo as early as 1884 clussified (ungi
into six clwses; (1) Schizomyeeles (bucterin), (2) Myxomyceles (slime molds), (3)
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Phycomycetes, (4) Ascomycetes, (5) Basidiomycetes and ..(6) Deutero| yeetes. de Bary
(1887) and Bessey (1950} placed slime molds (Myxomycetes) in animal kingdom, but today
many botanists consider them related to fungi. Ainsworth (1966, 1971) kept Myxomycetes
in a separale division Myxomycota and included plasmodial forms. Alexopoulos (1962)
“inctuded all fungi under division Mycota. He subdivided the division Mycota into two
sub-divisiors, Myxomycotina (slime #oulds) and Eumycotina (true fungi). Eumycotina is
further divided into eight classes (Chytridiomycetes, - Hyphochytridiomycetes,
Plasmodiophoromycetes, Oomycetes, Trichomycetes, Zygomycetes, - Ascomyceles,
Basidiomycetes) and one form-class Deuteromycetes. Ainsworth (1966) treated fungi either
“as a separate kingdom or as a sub-kingdom with two divisions, the Myxomycota for
Plasmodial forms and the Bumycota for mycelial forms. The scheme proposed by Ainsworth -
(1971) is mostly in use and an outline of scheme of classification of fungi by Ainsworth
(1973) is given in this unit -

Check Your Progress 1 & 2

1. State the rank given to the fungi in living world by Edwards.
2. Which is the most widely used classification system for fungi ?
Note : (a) Write the answers in the space given below.

o (b) Compare your answers with those given at the end of this unit,

T S VN NSO
(TP (L L by a7 A bR E s h s a4 ereerans

[TTTPRPRRRR P P vevene rosies .
. lunuv-uuuun

53. KEY TO DIV%WS OF FUNGI

AL LEL TR PN

Plasmodium or Pseu;op[asmodium present....... Myxomycota.

Plasmodium or Pseudoplasmodium absent, assimilative phase typically filamentous....
Eumycota. ' : :

5.3.1. Key to.Classes of Myxomycota

I.  Assimilative phase fl'e-::?living amoebac which unite as a psucdop'las%modium before

reproduction..... Acrasiomycetes, '
Assimilative phase a plasimodium ... 2. '
2. Plasmodium formi-ﬁg a net work ("net p!aémodium") .............. Hydm{myxomyceres.

Flasmodium not forming a network .......... 3.

3. Plasmodium saprobic, free-living & plasmodium parasitic within the dells of the host
plant..... Plasmodiophoromycetes, : '

5.3.2. Key to Sub-divisions of Eumycota

Eumycota has been sub divided into five sub-divisions on the basis of motility of

spores, perfect stage (sexual stage) and type of sexual spores.
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1. Motile cells -(Zoospores) present, perfect state spores typically OOSPOTES........

Mastigomycoting.
Motile cells absent ........... 2.

2. Perfect state absent ... ... Deuttromycotina.
Perfect state present ... 3. :

3. Perfect state spores Zygospores ... Zygomycotina
Zygospores absent ......... 4. '

4, Perfect stale SpOTES ascOSPOIES ... Ascomycoting.
Perfect state spores basidiospores ... Basidiomycotina.

Check Your Progress - 3 & 4 .

3, Name the divisions assigned to plasmodiat and ‘mycelial forms of fungi.
4. On what basis the division Eumycota was further subdivided ?
Note : (a) Write the answers in the space given below.

{b) Compare your answers with those gwen at the end of this unit,

.......

Mastigomycotina has been divided j thg classes based on number and position
of flagella of the zoospores :

Key to Classes of Mastlgum@a - |
1. Zoospores posteriorly uniflagelid (flagella whiplash type) ..o .. Chytridiomycetes.
Zoospores not posteriorly un:ﬁageilalc .......... 2

2. Zoospores anteriorly uniflagellate (flagella tinscl Lype)...o. Hyphochytrfdiomycetes

Zoospores biflagellale (posterior ﬂag,ellum whiplash type; anterior tinsel type); cell wall
celiulosic....... Qomycetes.

Zygomycotina has been su;)dwldcd into two classes bascd on either saprobic, parasmc
or predacious nawre of the organisms and a]so .whether they are endoparasites or
cc,toparaqllcs '

Key to Classes of Zyg,omycotma

Saprobic or, if parasmc or predacious, having mycelium immersed in host tissue ......
Zygumycetes. :

Associated with arthropods and attached to the cuticle or digestive tract by a holdfast
and not immersed in the host tissue ... Trichomycetes. '




Key to Classes of Ascomycotina ' ‘

1.. Ascocarps. and ascogenous hyphac absent thallus myccli_al or yeast like.....
Hemiascomycetes, ' '

Ascocarps and ascdgeno_us hyphae present; thallus mycelial ... 2.

2. Asci bitunicate; ascocarp an ascostroma ... Loculpascomycetes. ‘

- Asci typically unitunicate; if binulicate ascocarp an apotheciuim : SR
3. Asci evanescent, scattered within the astomous ascocarp, aseptate ........ ‘ Plectomycetes.
Asci regularly arranged within the ascocarps as a basal b'r pcr'iphera] rlﬁyer -4
4. Exoparasiles of arthropods; thallus reduced; ascocarp a pemhcuuw asci mop\ reulate
... Laboulbeniomycetes.
Not exoparasites of arthropdds ........ .5

5. Ascocarp typically a perithecium which is usually ostiolase (ii aslomows, ascl e
evanc%cnt), asci inoperculatc with an apical pore or sk ... PArEROIY TGS,

Ascocarp an apothecium or & modified apothecium, frequently macro‘carpic.. Epigsal
or hypogean; asci inoperculate or operculate ... Discomyceies.

Key to Classes of Basidiomycotina

Bawa’zomycorma has bcen subdmdcd into thre®yelasses based on pn;s‘(;ni.‘c OF abseice
of basidiocarp and type of basidiocarp.

{.  Basidiocarp lacking and replaced by e'@ es or chlamydospores (encypied pobasidia) -
grouped in sori or scattered within. Pest tissue; parasitic on vascliar pials ...

Teliomycetes
Basidiocarp usually  welldeycloped; basidia typically organised as| a hymenium;

saprob'ic or rarely parasitig/m™:. 2.

2. Bamdlouup typica nocarpous or scmi«angibcarpous; -basidia phragmobasidia
(Phragmobwdxomy ) or Holobasidia (Holobasidiomycetidae)) basidiospures
" ballistospores ........ Hymenomyceres. '

Basudmc(up typically angiocarpous; bawhd holobasidia; b’l%lleSpOI‘C’i noi balhslosporcs
. Gasteromycetes.

Key to Classes of Deuteromycotina

Deuteromycotina has been sub divided into three clasqcs based on presence or abscnce
of true mycelium and type of asexual spores.

1. Budding (Yeast or yeast like) cells with or withoui pscudomycel_iurjr; characteristic.
true mycelium lacking or not well developed ... Blastomycetes.

‘ Mycelium well-developed, assimilalive budding cells absent ......... 2'..

2. Myceliufn sterile or bearing spores directly or on special branches (sporophores) which
may be variously aggregated but not in pycenidia or acervuli .,.... Hrphomycetes.

Spores in pycnidia or acervuli ... Coelomycetes.

5.3.3. Outli_ne Classification of Division Myxomycéta

The Division | Myxomycota is divided into four classes. ‘Thév are |




Class [ Acra'si.omycete's |

Class 1l Hydromyxomycetes
Class 1II Myxomycetes
Class IV Plasmodlophoromycetes

Class I : Acraszomyceres is divided into three sub-classes. They are : Sub- Class : )
Protostelidae which includes  single order : Protosteliales; Sub-Class 2 : Acrasndae includes
a single order: Acrasiales; Sub-Class 3. Dicryosreh‘dae consists of an order : Dictyosreh‘aies .

Class II : Hydrom}xomyceres ¢onsists OF wo orders. They are 1. Hydromymles antf ‘2 '
Labyrinthulales. : :

© Class IIY : Myxomycetes includes thrce sub-classes. The sub-classes and the orders in each
sub-class are as follows. - :

Class 111 Myxomycetes
Sub-Class : A. Ceratiomycetidae
Order : Ceratiomyxales | _
Sub-Class : B. Myxogastronlycctidac '
Order @ 1. Physarales. '

' -3 Echinostcliates . -\
" 4. Trichiales o O

Sub-Class : C. Stemonitomycelidae '
Order : Stemonitales. - _

Class IV : Plasmodiophoromyceres inOMdes" a single order . Plasmodiophorales.
5.3.4. Outlme Uassﬁncatm@ub -Division Mastigomycotina '

The Sub Division : MastigomycBting is divided into three classes The Lidqses and
their respective orders are as follows @

Class 1 Ckymdzomycere?
- Orders 1. Chytndldlcs
' 2. Harpochytnales

3. Blastocladiales

4. Monoblepharidales.
Class Il Hyphochytridiomycetes
Orders : 1. Hyphochytridiales.
Class I Qomyceres
Orders 1. Saprolegniales

B} L;plomitalcs.

3. Lagenidiales -

o4 Peronosporéles.




5.3.5. Outline Classification of Zygomycotina

Further classification of Zygomycotina into repsective classes and orders is as o
follows : '

Class 1 Zygomycetes

Orders 1. Mucorales
2. ' Entomophthorales 7 |
3. Zoopagales. |

Class 1UI Trichomycetes ' » ‘

Orders 1. Harpellales |

- 2. Ascllariales _ ‘
3. Eccrinales |
4.. Amoebidiales.
'5.3.6. Outline Classification of Ascomycotina

The classification of Ascomycotina into classes and their respective orders is
as Tollows : '

Class 1 : 1. Hemiascomycetes 2. Plectorﬁycemﬁlabouibeniomycetes 4

Pyrenomycetes
5. Discomycetes 6. Loculoascomycetes.

Class I Hemiascomycetes O
Orders 1. Protomycetales

2. Endomycetales

3, "i"aphrinQ“ |
Class Il Plectomycgpeg o
Orders 1. G@scales o

Eurotiales

Ascosphacrales

2

3

4. -Elaphomycetales
5. Microascales

6. Ophiostomatales

Class I Laboulbeniomycetes )
Orders : Laboulbeniales . ‘
Class 1V Pyrenomycetes
Orders 1. Meliolales ) ‘
2. Erysiphales
3. Coronophorgles
4. Sphaeriales

Class V : Discomycetes ‘ .
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| Orders :

Class VI ;

Orders

AT

1
2
3.
4.
35
6
7

Medeolariales
Cyttariales
Tuberales
Pezizales
Phacidiales
Ostropales
Helotiales

Loculoascomycetes
1.

Microthyriales
Myriangiales.  °
Dothideales

- Pleosporales

‘Hysteriales

5.37. Outline Classification of Basidiomycotina

The classification of Basidiomycotina into respecuve classes, sub- classes and orders
~ is given below:

" Class I ¢
Orders .

Class 11 :

Sub-class
Orders

Sub-class
Orders :

Class IIT :

Orders .

Teliomycetes

1.

2

—

—

Phragmobasidiomycetidae ?\
Tremellales Q~ .

" Auriculariales

Septobasidiale

. Holobasidiomycenidae

Exobasidiales

Brachybasidiales

Dacrymycetales

Tulasnéll ales
Aphyllophorales

Agaricales.

Gasteromycetes

Podaxalcs
Phallales
Hymenogasterales
Lycoperdales

Gautieriales

Urcdinales | i 0
. Ustilaginales O
Hymenomycetes .
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- 6. Tulostomatales

7. Nidulariales
Melancgasterales

9. Sclerodennataleé._

5.3.8. _Outline-C!assificafion of Deuteromycotina

The classification of Deuteromycotina into respective classes and orders is as {ollows.

Class I : Blastomycetes (This class is directly divided into families
Families 1. Sporebolomycetaceae
2. Cryptococcaceae
Class II : Hyphbmyceres
Order : Moniliales
Class IIl : Coelomycetes |
Orders : 1. Melanconiales

2. Sphacropsidales

Check Your Progress - § & 6 : _
5. What is the basis of classilication of the su ision Mastigomycatirn

classes ?

6. What is the basis of classﬁ" on OPMAscomycotina into classes ?
nYhe space given below.

Note : (a) Write the answers i

‘but not orders).

a into respective

(b) Compare you s with those given at the end of this unit.

The older discriptions are inadequate for most of the ascomycetous and
fungl Critical understanding of the microscopic structure and morphogenesi

hasidiomycetous
is of basidiocarp

is necessory for the development of more naural groups in basidiomycetes. Hawksworth,
Suttan and Ainsworth (1983) in their classification syslem of fungi bgought out some
important changes. The most important change is the compleie integration Qf lichen forming

fungi. Secondly the ranks above the order within Ascomycoting are no
place of Teliomycetes of Basidiomycotina two classes Uredinomycetes and U
have been recognised and the class Blastomycetes is not recogniscd. -
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5.4. POSITION OF MUSHROOMS IN FUNGI

Mushrooms are the fruit bodies of some higher fungi. They fall into two groﬁps
Ascomycotina and Basidiomycotina. The edible fungi belonging to Ascomycoting are
commonly called morels and truffles. ' : . o
Most of the edible fungi belong 1o the order ; Agaricales of sub division : Basidiomycotina.
The following table shows the-list of some common mushrooms and their place in the
clasgsification (Tablc_.- 5.1. R )

Tatfie - 5.1, List of common mushrooms ahd their -taxonomic position
(Chang & Miles, 1993). .

Genus Family ' Order Sub-class Class
1. Agaricus Aparicaceae Apacicales Holobasidiomycetidae Rasidiomycotina
2. Psallista " " " "

3. Amania "o Amanilaceae . _ " "

4. Termitomyces " " - “ *

5. Boletus Boletaceac " " "

6. Coprinus Coprinaceat . “ " "

7. Clitopilus  Emomolulaccac Agaricales " "

8 Flammuling . Tricholematacese Agaricales N "

9. Lentinus ' " " " "

10. Pleurotus
11. Tricholoma
12. Armillarifella " "

13, Marasmius - ) " - "
14, Siropharia Stropharisceas ot " oo
15. Voharielia Muteaccac . » " . . n

16. Hypholoma Hypholomataccae

V7. Lepiota : Lepiotaceae " ' "

18. Cantharelius Cantharellaceae " "

19. Hericium - Hericinceae ! "
20. Diciyophora Phallaceae - . ' "
21, Awricularia Auriculariaceac " Phragmobasidiomycelidae "
22. Tremella Tremelaceac " "
23, Tuber Tuberaceae Hymenoascomycetidue Ascomycotina
24, Peziza * Pezizdocae ' . " B "
25. Marchella . Morchellaceae " " ST

5.5. SUMMARY

Grouping of individuals based on the characters of similarity and difference is called
“classification, Due to their complexity in approach and daia presentation a perfect
classification could not be proposed. The commonly followed systems of classification are
of Alexopoulos and Ainsworth. Alexopoulos included all fungi under the division Mycota
and divided it into 2 sub divisions, MyxAmycotina and Eumycotina. Myxomycotina includes
only one class, Myxomycetes and Eumycotina. was divided into 8 classes viz.,
Chytridiomycetes, Hyphochytridiomycetes, . Plasmodiophoromycetes, Oomycetes,
Trichomycetes, Zygomycetes, Ascomycetes & Basidiomycetes and one form class,
Deuteromycetes. o

“Ainsworth included all fungi under Fungi' 'and divided it into 2 di_visions viz.,
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Myxomycota and Eumycota. The division Myxomycota is divided into |four classes and
Eumycota is divided into 5 sub divisions viz.,, Mastigomycotina, Zygomycotina,
Ascomycoting, Basidiomycotina and Deuteromycotina, Mushrooms are ingluded'in iwo sub
divisions of fungi, viz., Ascomycotina and Basidiomycotina. Ascomycolina includes few
mushrooms and are catled truffles and morels. Most of the mushrooms belong to the sub-

division Basidiomycotina,

5.6. CHECK YOUR PROGRESS : MODEL ANSWERS

Fungi have been elevated to the rank of a kingdom along with planis and animals,
The classification system of fungi proposed by Ainsworth (1971) is widely in use.

The Plasmodial and mycelial foms of fungi have been kept in two divisions
Myxomycola and Eumycota respectively.

Eumycota has been divided into five sub-divisions based on mdtility of spores,

production and non-preduction and type of scxual spores.

Mastigomycotina has been divided into 3 classes based on number and posi'tion of
[agela of the zoospores.

and type ol ascocarp.

‘Ascomycotina has been divided into 6 cla@ised on production and non-production

5.7. MODEL EXAM_INATI@'UESTIONS

L.

IL

Answer the following th; about 30 lines each.
1. Write the outlige 0;2 ification of Myxomycota, '
2. . Describe the e classification of sub-division Ascomycotirila.
3. ~ Write the outline classification of Basidiomycotina.
Answer the following questions in about 10 lines each,
1. Write the key 10 classes of Myxomycota.

Write the key to orders of Qomycetes.

2
3. Write the key 10 sub-divisions of Eumycota.
4

Write the key 10 classes of Deuteromycotina.

Prof, A. Janaki Bai
Ms. K. Prasunamma




UNIT -6 : REQUIREMENTS FOR GROWTH OF FUNGI

- Contents

6.1. Obijcctives
6.2. Introduction
6.3. Nutritional -Requirements For Growth
6.3.1. Carbon
6.3.2.  Niuogen
6.3.3. Minerals
6.34.  Vitaming .
6.4. Physical Requiremenis-For Growth
6.4.1.  Temperature v '
642. Light
.6.43. Moisture
644, Aecration ,
64.5. Hydrogen lon Concenlration
6.5. Summary : :
6.6. Check Your Progress @ Model Answers
, 67, Model Examination Questions :

6.1. OBJECTIVES = \)
By the end of this unit you will be able 10 : O
*  listout the essential clements required for owth of {ungi,

*  list out (he non-metallic elements a allic elements required for the composition
of fungus mycelium, : . S :

*  describe the role of nutrients ]ii@an, nitrogen, minerals and vitamins in the growth
“of fungi, B '

*list out the pi‘1ysical Tactors nccessary for growth of fungi and

* describe (he range of temperature, light, moisture, acration, and pH for the growth
. of lungi, ' S : S '

6.2. INTRODUCTION

Fungi arc heterotrophic (depend upon other sources for food) in nutrition and are in
direct contact with their nutricnts in the environment. Smaller molecules such as simple
sugars and amino acids which are in squL'_ion in the watery film surrounding the hyphae
can be directly absorbed by the hyphae. Larger insoluble polymers such as cellulose, starch
and proteins must undergo a preliminary digestion before they are utilised. Fungi have
a large number of digestive enzymes and these control hydrolysis reactions which cleave
the large molecules into simpler substances. These substances after absorption into the cell
are further acted upon by intracellular enzymes. Growth of the [ungus occurs cqually well
on-substratum containing cither complex or simple nutricnts if the necessary enzymes are
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present.-In addmon the physmal reqmrcmc,ms such as temperature, hgn moisture, acration
and pH determine the rate and amount 0[ growm

Check Your Pr_ogress -1

1. What 1s the mode of nuirition in fungi?
Note : (a) Write the answer in the space gwcn bclow

(b) Comparc your answer with the one given at the -end of this unit..

6.3. NUTRITIONAL REQUIREMENTS FOR GROWTH

. Fungi require some essential slements for their growth, These are of two types, macro-
¢lements and micro-elements. The fungal-mycelium is composed of non-metallic clements -
(macro-clements) such as carbon, nitrogen, hydrogen, oxygen, sulphur and phosphorus and
the metalic elements like potassium and magnesium.. Thcs(, clements aTr_c, required in
compamtwcly larger quantities by Iungl - '

6.3.1. Carbon Q ‘ |
" About half of the dry weight of - the Jinga Is consists of ‘carbon. Protoplasm,
enzymes, cell wall and reserve I"oo‘d_'m_a stored within the cells ar¢ composed of
“carbon, Fungi use a large number of orgal_ bmpounds as a source of czrhon including
c,arbohydrates orgamc auds, and e glioxide, '

(.arhohydr.ltes: .-lrhohydrd
polysaccharides. Monosacchar
“aldehyde group (-CHO) ¢;

ivided inlo monosaccharides, disaccharides aricl _
- _u_mplc sugars and cach molecule| has either an
ses or a ketone group (=CO) called keloses. The number
of carbon atoms in a ch y be five (pentoses) or six (hexoses). Glucose is used by
many fungi and is nearly a¥iniversal carbon source. Many fungi can make equally good
“growth on three naturaily occurring hexoses d- glucose, d- fructose and d- mannose, 0of
the naturally oceurring pentoses, d- xylose and I-arabinose are the most qasily available
and more extensively used than other pcmom,s Many-sugar alcohols sugh as sorbitol,
glyccrol and mannitel arc widely distributed in nature and many fungi appear to utilize

~ the corresponding sugars with greater facility than the sugar alcohols, Acidy derived from,
sugars dnd glycosides may serve as a Lmbon soufce. -

"Check Your Progress - 2

2, Whm are monoeacchmides ? Name the wmmonly used monosacchy lc{e'as carbon
murce by most of the: Iuny : :

Note : (a) Wmu the answer in the spac,e ;_,wcn below

(b) Compare your angwer with the one given at the end of this unit.

'.un'uu-u-nu||||un--u-u..au'uu|u_'--ia.uu||||u.n.n|||unuu.u|u.-u.-n-|-nuuu|||.n.nu.n-..-u.nunu----u- O T T TR F P E T YYY T ITI)
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 Disaccharides and Polysaccharides are also important sources of carbon for fungi in
nature,. Simple sugars or their derivatives may combine to form complex, -chain-like
~ polymers. If the polymer consists of only two' monomers (monosaccharides), it is &,
disaccharide and longer polymers are p'olysacchaﬁdes. The extra-cellular digestive enzymes
of a funigus can cleave the sugars and -their derivatives from di-and polysaccharies -and
utilize them in the same fashion as it would utilize a freely occurring sugar. The most
commonly occurring disaccharides are maliose, cellobiose, lactose and sucrose. These are
“digested to their component molecules by the enzymes maltase, cellobiase, lactase and™
_sucrase respectively. Maltose and cellobiose are widely available to fungi. Sucrose is utilised

by few fungi and even fewer use lactose. - . - .

Polysaccharides such as glycogen, starch, cellulose, pecting, hemicelluloses, lignins and
gums arc widely available in nature and are utilized by 2l least some fungi. Starch, cellulose
and glycogen are widely utilised as carbon sources by fungi. The utlization of these
substances by fungi is dependent upon the secretion of hydrolytic enzymes. They yield:
glucose on hydrolysis. Organic acids include monocarboxylic and dicarboxylic acids and
may serve as a sole source of carbon for some fingi. ' '

Check Your Progress - 3

~ Name the widely used polysaccharides as carbon sourg fungi.
Note : (a) Wrile the answer in the space given j |
(by Compare your answer with the one at the. end of this unit,

P TR TR LT T IR LT TP N Eraaegvas

6.3.2. Nitrogen-

Nitrogen is used by fungi for functional as well as structural purposes. Not all Tungi
use nitrogen sources with equal facility, and a fungus may have -a requirement for nitrogen
in a specific form. Fungi may use inorganic nitrogen in the form of nitrates, nifrites or -
ammonia or orzanic nitrogen in the form of aminoacids. A few fungi are able 1o fix nitrogen.
Spccies of Phoma isolated from roots of Ericaccae fixed significant amounts of nitrogen,
Numerous fungi ulilize nitrates as a form of nitrogen. Nitrates occur in the soil and thus
arc a natural source of nitrogen. A fungus which utilizes nitrate nitrogen (NO,) must be
able to reduce the nitrogen to the oxidation level of ammonia. Any fungus which can
reduce and assimilate the nitraie fon can utilize any form of nitrogen with an oxidation
level equivalent to that of ammonia. Nitritcs (NO,) may serve as the sole source of nitrogen
[or' some fungi. Some nitraic ulilising fungi may be able to utilize nitrites also. Nitrites
tend 10 be toxic o most species of fungi. Those fungi which are unable o utilize nitrates -
as a source of nitrogen may use nitrogen in the form of ammonium ion or in the form
of organic nilrogen, which has the same oxidation level as the ammonium ion. In the
soil both nitrales and ammonia usually occur together but the preferential use of ammonia
over nitrate is duc 1o less energy requirement by the fungus to use the reduced form of
nitrogen. All fungi utilize nitrogen supplied 10 them in the organic form, though small
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number must obtain their nitrogen in this lorm, Fungi decompose LrUTE i nature o
their component amino-acids, which can be assimilated, - o

6.3.3. Minerals

. Metallic elements 'rcq'uircd in frace quantities by fungi areisa wing, o
and molybdenum. These micro-clements are usually required in ¢ 1 {rom
0.001 to 0.5 ppm. Molybdenum is nceded in such smaii quantitids and ¢ awe. Tange
between 0.1 10 10 ppb. The micro-clements are réquired for activation of va: g Cnzymes,
for synthesis of vitamins and other metabolites and for normal growth and sporulation,
Excess -of micro-clements than the required amount are gencrally toxic. '

6.3.4. Vitamins

-"--'-ngam:sc

~Vitamins are organic compounds that [unction.as coenzymes or ‘constituent parts of
coenzymes, which catalyze specific reactions. They are effective in very small guantitics
and are not used inthe manufactare of struclural parts of the cell. Some fungi are able
0 -syntehsize all the vitaming they require if supplied with a sugar, nitrogen source and

- minerals. Other fungi may- have a partial vitamin deficiency. Fungi do not have a need

for vilamins A, D and E and require the water-soluble B vitamins and vitamin H(biotir;)..

Vilamins manufactured by fungi are thiamine (Vilamin B ), biotin (Vitaniin H), pyridoxine

(Vitamin B ), nicotinic acid (Vitamin B,) pantothenic acid (Vitamin B,), riboflavin (Vitamin
B,), irfositol {(component of vitamin B-Complex) and p-aminobenzoic acid (part of Vitamin
M). Fungi are most deficicnt for thiamine. It had\g role in the regulation of carbOhydrale_
- metabolism, Numcrous fungi are deficient for d its role is only vaguely understood.
It is apparently involved in the synthesis,gf aspflic acid: and fally acids as oleic acid.
Pyridoxine (Vi,tamin B is re_quircd_'by ‘ j fungi’ than either thiamine or biotin, The
coenzyme form of pyridoxirie serves as a ryme for vairous enzymes involved in amino
-acid metabolism. o : ' - ' :

Check Your Progress - %

4. Nawral source of g en for fungt are, _ ' -
‘5. Metallic elements rcQufled by fungi in trace. amounts. are

6. Name the vitamins manufacturcd by many fungi.

‘Note :‘_(a) Wwrite the answers in the space giv.c'n above and below. -
by Compare your answers with those given at the¢ end of this uniL _

T TP T TP P ErTRR AR e r Rk At

6.4. PHYSICAL REQUIREMENTS FOR GROWTH

Fungi must be exposed to fei\'«’our_'able physical environmental factors such as temperature,
light, moisture, acration and pH. For each factor, there is a range in which. growth will -
oceur delimited by a minimum point and a maximum point below or above which no
15 _ o . _ A . :




- grewlh will occur. Thus aH reactions of a cell tend to have their own minimum, optimum
and maximum of the physical (actors.

6.4.1. Temperature

Temperature is extrcmcly 1mporlanl in detx,rmmmg the amount and rate of growih
of an organism. Beginning with the mirimum temperatuse pcrmmmg growth, the amount -
of growth of the fungus increases w1t_h the increase in temperature until the optimum is

- reached.. The growth rate becomes more or less steady at the optimum range. Above the

opiimum temperature, the growth rate - declines. In general most fungi have similar
temperature requirements. The optimum temperature is between 15 and 30° C with a-
minimum temperature of O to 5° C. However, some fungi can grow.at temperatures as
low as -5 to -8° C and some fungi above the maximum tempeartures of 35-40° C. The
minimurm, optimum and maximum temperatures differ for growth, mproductlon and spore

germination, : )

Increasing lemperature has the gencral cffect of mcreasmg enzyme. and chemical
activity. Temperature. directly. al‘fect the synthems of vitamins, aminc acids or oiher
mctabolites. : :

6.42. Light

Light may affect the growth rate and synthetic capacity of some fungi, buf growth
of most [ungi is apparenily not sensitive to light. The mogt wide-spread effect of light
"on fungal growth is that of inhibition in strong light. Th%s of light on reproduction
in fungi are complex and the intensity, duration and qual light play a role. It may
affect the formation of reproductive structures and yriented phototrophic movemenis, -
Light may be either stimulatory oF mhlbltory to th ghation of reproductive structures
and spores. ' o

On the basis of response of fungi ipedigh&thcy may be divided into five groups :
(1) Those which are apparently indif light; (2) those in which sporulation is
- decreased or prevented; (3) those which reyire alternating light and darkness to sporfulate; .
_{4) those which are ablc to pro ss number of viable sporcs in complete darkness
but sporulate more abundantly witlNg&posure 1o light; (5) (l.ose waich require hght in

order to produce reproductive structures and spores.

The wave lengths of light which induce or inhibit reproductive struclures are in the ,
violet, blue, blue-green, near ultra-violet, or ultraviolet regions. The photo-receplors are -
present in lhe hyphae of l]ght sensitive fungi.

6.4.3. Moisture

The ability of a fungus to grow in nature on a substrate is partially determined by
the moisiure content of the substrate, Fungi tequire relatively high moisture levels and
high relative humidity. Most fungi grow to their maximur at 95 to 100% relative humidity
and the growth will decline or stop in humidity of 80 to 85%. Few funei will grow at
a relative humidity as low as 65%. Soil fungi grow better in moderate than ii fugu mioistures,
Many of the higher fungi are able (o. grow in the absence of free water,

6.4.4. Aeration _

All fuhgi require some acrobic oxygen for growth. Effective utilization of carbon and
nitrogen compounds as sources of nutrients may be affected by the amount of oxygen
available in the atmospherc. Oxygen is vital to cellular respiration in which an energy
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source is oxidised 1o carbon dioxide and water, and energy is made available to-the cell,
- High concentration of-carbori dioxide inhibits the growth of majority of the fungi. Some
lower fungi which occur in. stagnant waters can tolerates a higher carbon dioxide
concentration. Aquatinderella fermentous can tolerate a concentration up to' 99% and it
actually requires cuxbon dioxide for optimum grow!h :

6.4.5, Hydrogen Ion Concentration

 All fungi are in contact with aqueous solunons in- nature and the hydrogen ion
concentration (pH) of theseé solutions extends control over fungal growth. Fungi-have broad

pH range over which they can grow. Most fungi have optimum pH on
- of the scale, under pH7. Growth at low pH may be ‘the result of greater
and at hlgher pH due to the increased activity of enzymes with high j

The avallablhty of certain metallic ions is effected by pH. Merallic i ions

~The effect is. similar with Iron, Calcium and’ Zinc_ ions, The cell permes:
with different degrees of acidity or alkalinity. At a lower pH, the protopl
becomes saturated with hydrogen ions so that passage of essential cations

the acidic side
iron availability.
pH optima.,

form LOmplBKCS

which become insoluble at certain pH ranges. At higher pH magnesium and phosphate
form insoiuble complexes and thus the availability of these ions to the fungus is reduced.

bility is altered
Smic membrang
is limited, while

at a higher pH membrane becomes saturated with hydroxyl ions and thereby limits the
entrance of essential anions. External hydrogen ion conceniration also efffects pH within -

the cell which in turn affects enzyme activity. Enzyges are inactivated at either pH extreme,
but: they have different optimum pH levels fﬁ@ity. Optimum pH for most enzymes

lie between pH 4 and 8. _ .
N
O

6.5. -SUMMARY |

utilization, The fungi 1 non-metallic elements such as carbon, nitrogen, hydlogen
oxygen, sulphur and phosphorus in large quantmes and metallic eleme
* zing, copper, manganese and molybdenum in trace quantities. The fungi

o FUngi cbtain their nume@é‘ﬂcr from living or non-living organic maierials. With -
the help of digestive e% y cleave larger molecules into simpler sybstances before

nis such as iron,
ust be exposed

.10, favourable physical environmental factors such as temperature, llght moisture, aeration.
and pH. chh factor haq a range in which growth. will OCCur..

6.6 CHECK YOUR _PROG_RESS : MOD_EL  ANSW

/ERS

Fung1 arc heterotrophnc in their mode of nutntlon

Monosaccharides are simple sugars w1th cither an aldehyde group (aldoses) ora kctofle

_ group (ketoses). Glucose is - 1he Lommonly used carbon source by fungi among
monosaccharides. - :

The w1dely uscd polysacch’u:dcs by fungl are sLarL,h (,dlulose and
Nitrates.

glycogen,

Iron,” zinc, copper, manganese and molybdenum.




6. The v1tamms manufactured by many fungi are thiamine, biotin, pyndoxme. mcotlmc'
acid, pantothenic acid, nboﬂavm, inositol and p-ammobemow acid,

6.7. MODEL EXAMINA‘TION QUESTIONS: "

I. ‘Write the followmg quesuons in about 30 lines each.

1.
2.

Wnte a detailed account on the physical requirements for growth of fung1
Write in detail the different nutritional requirements for growth of fungi.

II. Answer the following questions in about 10 lines each,

1.

2
3.
4

Write the importance of temperatute on the growth of fungi,

Describe the effect .of hydrogen ion concentration on the ‘growth of fungi.
Write how funy utilise nitrogen for functional and structural purposes.
write the. importance of vitaming in the glowth of fungi.

Prof: A. Janaki Bal
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'UNIT - 7 : ECONOMIC IMPORTANCE OF FUNGI
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D

7.1. OBJECTIVES - . O

- By the end of ﬂm unit you will be Wlc™o :

*  describe, and dl'tferenuate %@ful d(,llVlll(,S of fungi from harm(ul
*  describe the role of jmgi inMmedicine, 2. J .

J
* list our various fung%mes that are useful in the productxon of
anyme% organic acids, - gibberellins, cheese vitamins cte and

aC[lVlllleS,

e0h01; bread,

* list out the fungi that are edible and also useful in the preparatlon of sow{e food-items,

2. ' INTRODUCTION

Several species of fungi. are economlcally 1mp0rtam to human beings. Mhn is being

benefited by these organisms both directly .and mdlrectly Fungi play an i
in agriculture, medicine and industry. Fungi also spoil our day to day goods;
stuffs, clothes, rubber, leather, paper, wood elc. The fungi are known to o
10 human beings also. Some species ofAspergilluscause human diseases which a

important role

such as food
ause diseases
re collectively

‘called  Aspergilioses (e.g., Aspergilloses df lungs, external ear etc.). Many fungi belonging |

. to Deuteromycetes live in the mucous membrane of throat, bronchn and Iu
the well known skin diseases. such as ring ‘worm, barbers itch are also cay
- fungi. :

Some chemcials produced by ﬁmgi are toxic 10 humari beings, plants

ngs. -Some of

sed by some -

and. poultry,




These toxic chemiczls are called mycotoxins, which are usuafly produced on stored grains
and other food producis. Aflatoring are most imporant subsiances produced by Aspergitlus
flavus and Aspergillus parasiticus. Groundnuis and their products, cotion seeds and copra

arz the most favourable- substrates for, Aflainxin production. Aflatoxins are assumed to be

one of the causes of cancer. Other important mycotoxins are produced by the species of

Penicillium, Pithomyces and Fusarium. The role of fungi in different areas is dealt with
clearly below. : '

'7.3. ROLE OF FUNGI IN AGRICULTURE

- Our country is mostly agriculture dependent. 'Fungi play both positive and negative
roles in agriculture. The harmful activities are more than the helpful activities.

7.3.1. Helpful Activities

~ Some of the saprophytic fupgi in the soil decompose the dead material of animals
and planis. The enzymes secré}ed by these fungi convert the fats, - carbohydrates and
nitrogen compounds of the dead ‘dnimals and plants into simpler compounds such as carbon
dioxide, ammonia, hydrogen sulphide, water and some other nutrients in a form available
to green plants. Some of them will be in the soil 1o form humus and the remaining go
into air where they can be used up as raw material for food synthesis. By liberating
carbondioxide these fungi parti¢ipate in maintaining the ngyeregding cycle of carhon in
nature. The carbon-dioxide is very important for green platig ipfthe prjeparatioh of food

materials by photosynthesis. __ _ . .
" Some fungi are-in symbiotic association with the of certain plants. Satisfactory
growth of the plant can be observed only when ccific fungal partner is present inside
- the roots of the plants. This type of associagign of¥g fungus and plani is called mycorrhiza.

Some nematodes are kKnown to caus  Josses 1o agricultural crops directly and
some transmit ceriain disease causinggwyusesWiso. A few fungi (e.g. Dactylaria) arc known
1o destroy the ncmatodes. These pr@ fungi produce mycelial loops. When the ncma-
todes ‘pass through, these loops get tighened up to carch the nematodes. Then the fungus

- sends special hyphae into the nematodes to absorb the nutrienis from them (Fig. 13.1).

Pythium is known (0 cause damping off disease in‘the secdlings of certain crops. Certain
fungi such as Trichoderma and Gliocladium arc known (o inhibit the gtowth of Pythium
in soil. In this way certain fungi serve to suppress the growth of discase causing fungi.

Fig.7.1. Predacious fungus. A-C. Different stages in ca’tcﬁing' the nematodes by the fungus.
1. Mycellui hypha..2. Hyphal loop. 3. Nematode, 4. Strangulated nematode. 5. Haustorlal hyphae.
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- 1.3.2. Harmful Activities

Several fungi are known 10 cause severe crop losses by causing diseases. About 20,000
diseases of crop plants are known 1o be caused by fungi. The fungal diseases of crop
plants have become a major problem for the agricultural farmers. The scientisis are seriously
trying to develop special techniques and chemicals to control these diseases. Some of the
economically important diseases of crop plants are given below, '

Damping off of Séed-!ings : Damping off has been recognised as a definite disease

responsible for poor germination of seeds and the death of seedirgs’ in nursery beds. The

young scedlings may be killed before they reach the surface of the soil or after they emeige

from the soil. Many kinds of plants are attacked by damping-off, They are tobacco, mustard,

beans, peas, tomatoes, cotton eic. Most common fungi responsible for the damping-oi¥

are Pythium, Phytophthora, Fusarium, Rhizoctonia, Sclerotivm and a ieve olbers.

Downy Mildews : These discases are characterised by leal spots of varicus sizes and shayes.
On the lower side of these spots downy growth appear on the petioles aiwd sicmis iy &oite
-cases. The affected plants are generally weak and show stunted SrOwEn TR AT
arc generally caused by the species of Sclerospora, Peronospora, e 30
ather gencra, The plants gencrally affected by this diseasc aic AT, JOWRE, Iarse e
crucifers, cucumbers, grapevines etc.

T [P
1t .

(PR A

Wilts : Wilting of plants can occur in all stages of plant growth, Wi ile olins
atacked by wilt pathogens. the growth of the plant ceases. the lower lecvoe shiiyzl
wither away. This is followed by the death of thN\plant. The importas
of cotton, flax, banana, cicer, pigeonpea, pea, 10Wgigdelc. The causal pro-

are species of Fusarium and Verticillium. _ -
Powdery Mildews : The diseasc first ap n the Ieaves and spreads o o

LRSS
areas. This disease is characterised b formation of whiic floury patciw. = g upner
side or both sides of the lecaves, pods,

intensity. The powdery milde
Podospheria and Phyllactinia ar®@l

are

occurrence and it is caused by Claviceps. The iafected kernels are transformed into thick
horny struetures. The consumption of these discased kernels causes crgolism in man and
cattle. This discase results: in nervous breakdown. Pregnant animals saffer from abortion
when they are fed with discased creps. o ' :

Smuts : The smut diseases are caused by Ustilago. The crops which are generally affected
are wheat, barley, sugarcane, oats, muaize, sorghum, bajra ete. Every head of the affected
plant may be eonverted into black mass of speres with no graing, In some cascs the carg
may remain shorter. They may be usually retained within the sheath for z long time or
some times (il to emerge at all, . :

Rusts : The rust discases cause severe losses to wheat, barley, oats, rye etc. The rusi
diseases are caused by several species of Puccinia. The disease first appears as elongated
brown pustules on the leaves, leaf sheaths and stalks of the plants. The pustules tumn to
black eolour in the later stages. The rust fungus has a marked effect on the physiology
of the plant, Transpiration and respiration are increased and translocation of carbohydrates
is. retarded., '
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d stems. The loss of crop depends ou the ¢inouse
¢ geherally caused by species of Erysiphe. Uncinula,
$0-known to cause powdery mildews. These fungi attack =

different crops such as OFiey. beans, corlander, wmip, cabbage, pumpkins, sotud,
sunflower, mango, casior, ewinc,. appic, dalbergia, feak etc.

Ergot of Graminaceous Plants : Ergot disease has been recorded on rye, oats, barley,
jowar, bajra, wheal, sugarcane and some cther grasses. This disease is of worldwide :



Wood Rotting : The members of Polyporaceae such as Polyporus, Coriolus, Poria, Polystictus,
Fomes, Daedaka and Lenzites destroy wood and timber of Dalbergia, mulberry, oak and
othier trees. There are two types of wood rotting - brown rot and white rot, In brown
rot only cellulose destruction takes place and in white rot only lignin' destruction takes
place. Wood rotting Tungi produce several enzymes which help in the degradation of wood.

Check Your Progress - 1 & 2

1. What are predacious fungi ?
2. What is the characteristic feature of powdery mildews ? Give some examples.,
l\mtu s {0} Wil thc answer in the space given below

(b) Compare your answer with the one given at the- end of this unit,

L E e 48 b T3 m s e g e PR RS 1T HE RS ddr st en {rrresy e 1e0e 40 haberandnsmarrratterens . PR

..............................

7.4, ROLE OF FUNGI IN MEDICINE

Some fungt are known to produce organic substances which inhibit the growth of certain
other ‘microorganisms. These are called antibiotics. These antibietics have gained a high
poputarity because of their extcnsive use in disease treatment. The production of antibiotics
by fungi was first discovered by Alexander Flemming in 1929, He discovered Penicillin,
the wonder antibiotic, which is produced by Penicillium notatum. Penicillin kills several
bacteria and it has no harmful effects on the human cells. Penicillin is now produced
commercially all over the world from improved strains of P. notatum and P. chrysogenum.
India is also producing penicillin commercially 'in a factory at Pimpri near Poona in
Maharashtra.

The limited use of penicillin against the vast number of diseases: made the researchers
to search for other aniibietics. This search resulted in the discovery of several other
antibjotics. Fumigallin from Aspegilfus fumigaws inhibits certain phages and amoebae.
Griseofulvin, another antibiotic from Penicillium griseofulvum, is used against the skin
diseases such as ring wom and athletes foot. TFhis anitbiotic interferes with the wall
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furmaiion of the disease causing fungi. Consequnetly the pathogens cepse 1o grow. The
compeund accumulales in skin and hair when taken orally and so it is elfective against
skin discases. A mixture of alkaloids from claviceps purpurea (causal organism of ergot
of rye) is highly poisonous. This is used to control bleeding during child birth.. Calvacin,
a substance cxiracted from Calvatia, prevents stomach tumours. !

| |

What arc the important antibiotics that are produced by fungi ? Mame the 'Fource organisms.

Check Your Progress - 3

Note : (a) Writc the answer in the space given beiow. ' ‘

(h) Compare your answer with the one given at the end of this unit.

. ....l--”. LTE T LT T PP PEPETT POy

......................

75. ROLE OF Fl@ INDUSTRY |
[

Fungi are used in ries for several purposes. The biochemical an':tivitics of several
fungi are used for the production of various industrial products. Most|important among
them are given helow. :

7.5.1. Brewing and Baking Industries

Yeasts arc used in both the brewing and baking industries to convert sugar into
carbondioxide and ¢*hyl alcchol. Alcohol is the main product in brewing‘ and wine making
industry, where as carbondioxide is a valuable product in baking industry. An enzyme
complex called zymase is secreted by yeast. Saccharomyces cerevisiae is the yeast commonly
employed. This enzyme complex converts sugars into alcohol and carbondioxide. Instead
of sugars, starch.is used as a substrate in the production of industrial al ohol. In this case
other fungi such as Mucor and Rhizopus are used initially for the corfversion of starch
into sugars. In the second stage, ie., in the conversion of sugars to alcohol and
carbondioxide, yeasts are uscd. _ N | '

7.5.2, Enzymes

The enzymes such as digestin,' taka diastase, polyzime, which are used for dextrinisation
of starch and desizing of textiles, are produced by Aspergillus only. The nzymes, amylase
and invertase, are extracted from Aspergillus and Saccharomyces, respectively,
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7.5.3. Orgamc Acids

-Several organic acids such. as Oxahc acid, Clmc acid, Gluconic amd Galhc acid and
Fumaric acid are produced commercially as fermentation products of Aspergtﬂu.s and
Pemczl!eum : :

7.54. Gibberellins

Gibbercllin is uwsed to accelerate the. | growlh of several horticulral and some
commercial fruit crops. This is produced by 2 fungus called Gibberella Sujikuroi. '

7.5.5. Cheese

Centain species of Penicillium (P. camemberti and P. roqueforti) are used in the ripening
‘of cheese in cheese industries. This is a big industry in foreign countries.

1.5.6. Vltamms

The dried yeast extract which is rich in vitamin B-Complex is being sold in the market.
Seme moulds and yeasts are also used in the synlhcsm of ergosterol. ThlS is a precusor -
to vitamin D.

Check Your Progress - 4

& wine 1ndusmes'?

What are the {ungi that are uscd in th conversion of sk@to aleohol in the brewing
~ Note @ {(a) erLc the answer in the space given . ' ' o
(b) Compare your answer with the ouc g it the end of this unit.

7.6. EDIBLE FUNGI

Several mushrooms (Agaricus bisporus, Pleurotus sp., Calocybe sp., Auricularia sp.,
Lentinus sp., Volvariella sp. etc.),pulfballs, morels (Morchella sp.) and truffles are edible
and they are grown commercially in several western countrics] in north India they are
becoming popular now and slowly expanding to south. These fungi are used in the -
~.preparation of different types of lood stuffq e.g., Mushroom Pizza. These are rich in proteins
and vitamins.

ln addition, in countrics like Indoncsia, China and Jdpan, many foods are fermented
with the help of fungi and these are extremely popular. For instance, ‘Tempeh', which
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is an important food for millions in Indonesia, is prepared by fermenting soyabcans with
Rhizopus oligosporuy. In lapan, ‘Miso' is prepared by fermenting soyabeans with Aspergilius
oryzae. ‘Shoyu' is another preparation made from soyabeans fermented with A. oryzae or
A. sayea. In Ching, rice is fermented with the help of Monoascus purpureus and the pigment
produced by the fungus give a typical red colour to the rice. This prCi_aaralion is known
as red rice or ‘Ang-kak': . ‘

Fungi are active decomposers of organic waste products in soil. 4‘5 symbionts they
help in the growth and heallh of plants. They also cause enormous damage to many of
our crop plants by inciting diseases like wilts, damping off of seedlings, downy miidews, _
powdery mildews, ergol, smuis and rusts. They also cause wood rotling of timber yileding:
plants. Fungi also produce mycotoxins which are harmful to humans and certain animals,
Antibiotics such as penicillin are produced by fungi and these are helpful in medicine.
Many fungi are employed in the industrial production of some enzymes,| alcohols, organic
acids and gibberellins. They are also useful in cheese tipening, brepving and baking
indusiries, Some fungi are edible and some are employed in the fermentation of certain
food products, _ ' '

7.8. CHECK YQUR PROG ' MODEL ANSWERS
1. The fungi which feed on an?g\re called predacious fungi.

2. The formation of white paches on the upper side or on both sides of the leaves,
pods and stems is the Wg@rderistic feature of powdery midiews. The examples for

pewdery midlews g the species of Erysiphe, Uncinula, Podospheria and Phyllactinia.

3. Penicillin, Fumigaly sriseofulvin are the important antibiotics produced by fungi.
Penicillin is produced by Penicillium notamum and P. chrysogenum where as P.
griseofulvum. produces - griscofulvin. Aspergillus fumigatus produces fumigallin,

4. Inbrewing and winc making industries Mucor and Rhizopus are used for the conversion
- of starch (o sugars and Saccharomyces cerevisiae the commonly employed yeast for
the conversion of sugars to alcohol..

L. Answer the following questions in about 30 lines each. -

1. Comment on the harmful ‘activities of fungi, ’
2. - Discuss in detai} the role of fungi in Industry . and Medicine.
H. Answer the following questions in about 10 lines each,

L, Write briefly about harmful activities of fungi in Agdculuure._"
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2. Write briefly about the role of fungi in medicine.
3. Discuss briefly about the role of 'fungi in Industry.
4. Write briefly about the helpful activities of fungi in Agriculture,

Dr, M, Ramachandraioh
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UNIT - 8 : AN ACCOUNT OF BASIDIOMYCOTINA
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8.1. OBJECTIVES

By the cnd of this unit you 'Will be able to : 0

. *  describe the somatic structure of the mem@r Basidiomycotina.
t

¥ describe the different types of asexualweprodfittion in Basidiomycotina,
* explain the sexual reproduction if, Basfflomycotina and |

as
*  describe the basidium, basidios@\nd basidiocarp.

-8.2. INTRODUCTION®

The members of this group are the most advanced of all fungi and includes mushrooms,
toad stools, puff balls, geasters, bracket fungi, stink horns and bird's nest fungi. This group -
also includes the rusts, the smuts and the jelty fungi which are primitive than the higher
basidiomycetes. The name of the group is derived from a special structure, the basidium,

“within which nuclear fusion and meiosis occur resulting in the produclnon of four

basidiospores exogenously. In-many of the Basidiomycotina these basidia are produced
in a basidiocarp which may differ in size and shape in different specics.

Basidiomycotina includes about 1100 genera and over 16,000 species. Of these the
rusts, smuls, agarics and polypores are important fungi. Rasts and smuts cause many
discases of cereals and destroy several million dotlars worth of crops annually. The-
polypores cause enormous damage o the forest trees as parasites and timber as saprobces.
The cultivation of mushreoms for food and flavour has developed into an industry in several
countries including India. However, some mushrooms like Amanita spp. are deadly poisonous
and species of Psilocybe produce haltucinogenic substances. ' :

The bd';:dlomycetous mycclium plays an lmponam role in the dccomposmon and
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_recycling of nutrients as it can produce various extracellular enzymes that act on the lignin -
‘and cellulose, . : : : _

83, SOMATIC STRUCTURE

- The basidiomycetes are typically mycelial but some have a yeast like state. In the
‘members producing basidiocarps, the mycelium passes through three distinct stages of
development, the primary, the secondary and the tertiary. The primary mycelium usually
develops from the germination of the basidiospores. This is usually of short duration.and
limited extent. Where well déveloped, the mycelium is branched, septate with uninucleate
(haploid), someiimes multinucleate cells, It is usuatly monokaryotic. The secondary
mycelium originates from primary mycelium. The primary mycelium undergoes ikaryotization
- either by spermatization or somatogamy resulling in the production of al secondary or
dikaryotic mycelium. In all the basidiomycotina, except the rusts, a specialized structure
known as’clamp connection (Fig. 8.1} is formed in the secondary mycelium. When a

binucleate cell, usually the terminal cell of a hypha is ready to divide, a|short branch, -

- the clamp, arises between the two nuclei and forms a hook. The two nuclei now divide.
© One nucleus divides in such -a fashion that the daughter nucleus fonns_‘in the clamp .
connection and the other forms in the dividing ceil. The division of second r'rucleus_ orients .
itself along the long axis of the dividing cell soqthat one daughter nuclcus forms near
one end of the cell and thé other near the olhﬁ of the cell. -Two. transverse. walls
are now laid down, one along the base of the wih and the other afross the cell
just below the level of the out growth. THE Ob growth is now a uninucleate clamp cell, -
 the terminal cell is binucleate and the subtdggipl cell is uninucleate. The clamp cell-fuses’
with the subterminal cell and Lransﬁ?inucleus into it by the dissolution of the wall

between the two. The remains of th amp connections are evident on the mycelium.

- Thus almost all fungi which $s Clamp connections in their mycelia Fclong 1o the
Basidiomycetes. The secondary M§cellum occurs commonly in nature and is often perennial,
growing centrifugally yeg er year and producing basidiocarps during eacDL season. The .

mycelium of Marasmius o s may:live up to the age of 400 years and form basidiocarps
- each year. The secondary mycelium undergoes certain morphogenetic changes to give rise
to a tertiary mycelium which actually takes part in the construction of b sidiocarps.

The scptal pore region in ceriain’ Basidiomycotina is more complex. In }Lhe members -
of Teliomycetes the septa arc either perforate with an open central pore, or the pore is
blocked by a plug, seems 1o block the cytoplasmic continuity between adjacent cells, In
other basidiomycetes the septal pore of primary and secondary mycelia is surrounded by
a doughnut-like, or barrel shaped thickening and this type of pore is called a dolipore
‘septum. The pore provides Ccytoplasmi¢ continuity between .adjacent cells. The dolipore .
septum is enclosed .on either side by a dome-shaped double membranous structure called
- parenthosome or the septal pore cap. This cap functions as a sieve allowing movements
of some organelles from one cell 1o the next and simultaneously, withholding the movement
of others, Under certain circumstances, nuclei may migrate between cells with| small pored
caps.

Chéck Your: Progress R 1& 2

]

‘1. What are the important. characters of the mycelium of basidiomycetes
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2. What arc parenthosomes ? |
Note : (a.)' Write the answers in the spéce given below.

(b) Compare your answers with those given at the énc_i of this unit.

....................................................................................................................................................................

............................................................
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'8.4. ASEXUAL REPRODUCTION

Asexual reproduction is much less frequent in this group in comparison to the lower
fungi and Ascomycotina. It occurs by budding similar to that in yeasts, by fragmentation
of the mycelium and by the production of conidia, arthrospores and oidia. Conidia occur
rarely and the urediniospores produced in rusts are conidialgn origin and function. Very
often the hyphae of many Basidiomycetes get fragmenteﬂ@:’inucleate sections called
- the arthroconidia or arthrospores without forming thick w ese may be uninucleate

or binucleate depending upon whether the myceli rimary or secondary, Oidia are
- produced on specialized, erect hyphal branches kn s oidiophores. The oidipphores
cut off oidia successively from their tips an esce in a sticky globule. These are .

* Fig. 8.1. Formation of clamp connections., A-F. Successive stages in the development of a clamp .
connection in the hypha. G-J. Different types of clamp connections. 1&3. Clamps. 2. Nuclear divlsion. ~




uninucleate, ¢ylindrical and smooth walled. Oidia produced from the primary mycelium
either germinate and produce primary mycelia or may function as spermatizing agents,,
thus behavmg like the microconidia.

_8.5_. SEXUAL REPRODUCTION |

" Sex organs. are not found in the Basidiomycotina except in the rusts. However,
plasmogamy,'karyogamy and meiosis takes place in. all Basidiomycotina, The sexuality
_in Basidiomycotina gets progresswely suppressed and the whole process is reduced to
copulation between vegetative mycelia (somalogamy). Spermatization of a receptive hyphd '
in Uredinales, and Qidization or Somatogamy in Hymenomycetes is seern,

_ In general, the life cycle is characterised by a short diploid phase (basidium) and a
 long haploid phase. The monokaryotic phasc is typically very short and dikaryotic phase
predominates during the greater part of the life cycle. It ends with the occurrence of

- karyogamy and meiosis in the basidium. The resuhmg four recembinant haploid nuciei
are incorporated in the four ba51d103porés

Méture : . Monokaryotic

basidium Basui@/. - mycelium
/ R L .
Meiosis ;
7 ®lopn

Karyogamy

Hyphal fusion

“(plaSmOgamy)

Dikaryotic
basidium ) _
‘Dikaryophase.
(n+n)
' . bikaryotic
: - mycelium
Dikaryotic -",/4/e/

basidiocaryp

ng. 8.2. A generalized Yfe cyle ofa basidiomycele,
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"The majority of the Basidiomycetes are reported to be heterothallic and about 10%

are homothallic. - o ' '

8.5.1. Basidium - i
The basidium (fig. 8.3) is the organ in which karyogamy and meiosis takes place resulting o
in the formation of four meiospores termed basidiospores. Basidia vary considerably' in .

structure, and the form of basidium is an important criterion in the classification of
basidiomycotina. A typical basidium is a club shaped, unicellular structure. Like the other
cells in the basidiocarp those cells which represent the young basidia are dikaryotic and
possess two. haploid nuclei. These nuclei fuse to form a diploid nucleus, which then
undergoes meiosis to produce 4 nuclei. Usually, the enlarging basidium forms four elongate
projections, the sterigmata, from the apex. The tip of each sterigma swells 1o form the
basidiospore initial. A single haploid nucleus and cytoplasm ‘migrate through the sterigma
into the basidiospore initial which becomes the basidiospore. Typicalty, four uninucleate
basidiospores are produced on each basidium. -Some times, a nucleus in a uninucleate
basidiospore may divide mitotically to form a binucleate basidiospore. If some of the nuclei
degenerate after meiosis fewer than four basidiospores may be formed. The mature basidivm
includes the probasidium, the- metabasidium ‘and-the sterigmata. The probasidium is the
portion of the basidium in which karyogamy takes place. The metabasidium is that
developmental stage of the basidium in which meiosis occurs. The sterigma are the
‘extensions of the metabasidum wall’through which nuclei migrate from the metabasidium -
1o the developing basidispore. There are three main types Qﬂsidia : the holobasidium,

Fig. 8.3. Structure and development of a basidivm with basidiospores. A.
dikaryotic terminat cell. B.C. Karyogamy, .). Young basidium.” E. Mature
basidium. 1&2. Diploid Nucleus. 3. Haploid nuclei. 4. Sterigma; 5. Basidiospores.
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phragmobasidium and teliobasidium. Holobasidium is that basidium in which metabasidium
is not divided by primary septa; the phragombasidia are those in. which the metabasidum
is divided by primary septa, usually vertical or transverse; the teliobasasidia those which
consist of generally thickwalled resting spores and -finite germ tube, produced by its
germination which bears the basidiospores. ' '

Check Your Progress - 3

3. . Differentiate between the probasidium and metabasidium, ‘
Note : (2) Write the answer in the 'space given below. o
" (b) Compare your answer with the one given at the end of thiT unit,
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8.5.2. Basidiocarp : .

In rusts and smuts there is no formation of basidiocarp. The basidioc4ms (Fig.. 84)

in other Basidiomycetes are typically macroscopic and exist in a variety of forms. They

may vary in diameter from a metre or more may be crust, like, gelatinuous, fleshy,
cartilaginous, thin and papery, corky, spongy, ha woody or of almost any texture. -
~“The basidiocarp may open from the begiffitng (gymnocarpic), -open'at"a later stage

“(hemiangiocarpic) or Lypically angiocalp_i ‘remain “permanently closed, releasing
~ basidiospores onl y after the disintegratio%{he peridium. The basidiocarps of Hymenomycetes

generally comprise of 3 basic types ofN¥pliae, these are generative, skeletal and binding
hyphae. The generative Lyphae in-Walled branched, usually septate, with or without
clamp connections. The skeletal%are thick-walled, have many branches [and are rarely .
septate. The combination phat used m the construction of basidiocarp are of five

principal coistructional t@(i)- Monomitic, which comprises of only the generative

hyphae, (i) Dimitic, compri ng of two hyphal types, generative and either skeletal or.
binding hyphae, (iii) sarcodimitic, which comprises of generative hyphae and ‘thick-walled

!

’ Fig. 8.4. Basidiocarp of Po!ﬁ:ﬁ?:‘k's'ép. “A. Habit” B. Veatral surface of the pileus
showing pores. C. Portion of the hymenium. 1. Pores. 2. Basidia, 3. Basidiospores,
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very long fusiform, infiated cells whose ends taper to relatively narrow septa, (iv) Trimitic,
with all the three types of hyphae and (v) Sarcotrimitic, where generative hyphae give
rise not only to inflated fusiform skeletal cells but also to narrow, thick walled hyphae
resembling binding hyphac  in structure and function but differing from being septate.
The generative hyphae in addition to participating in basidiocarp construction give rise
to basidia and o structures such as cystidia, gloeocystidia, cystidioles, basidioles, sctae
etc. A special type of outer layer, the hymenium is characterized by the parallel arrangement
of the basidia and sterile elements. This covers the gills, pores, spores or other surfaces,
Both the basidia and sterile cells arise from a morphologically distinct tissue, the
subhymenium and any sterile tissue that separates adjacent hymenia is known as the trama.

8.5.3. Basidiospore

" A typical basidiospore is unicellular, hapleid structure with one or two haploid nuclei.
They may be globose, oval, fusoid, flavened with smooth or omimented walls: The spores
may be colourless or variously coloured ranging from white to black, (cream, green, yellow,
orange, pink, brown, purple). The colour of the spores may be duc. to the substances in
e cytoplasm or spore wall. The spore colour is used as an imporiant criterion in the
taxonomy of mushrooms. The basidiospore wall is made up of five wall layers or
integuments; endosporium, episporium, exosporium, perisporjum and ectosporium. The
germ pore is located at the apex of the spore through which the germination of the spore
takes place, giving rise to uninucleate mycelium. Some tlimesahe basidiospores may give
rise to tiny conidia by budding. These conidia ory ger‘minatigﬁu rise to mycelium. The
busidiospores that are discharged violently occur in majority basidiomycetes (except

Qled Ballistospores and  the
1SMOspares. _

in Gasteromycetes and Ustilaginales) and they .
basidiospores are gpassively discharged and are calle

Check Your Progress - 4

What are ballistospores ? - Q -
Note 1 (a) Wrike the answer In @re given- below, _ :
: (b) Compare your answer with the one given at the end of ihis unit.
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8.6. IMPORTANCE TO MAN

The divislon Busidlomyeeling includes rusts, smuts which cause serious diseases In
piants, mushrooms, toad stools, pufl-halls, brueket fungl ete,, which have much nutritive
and mediclnal values, Thus, this group & of much Imponance to man. Rusts and smuts
which belong 1o the class Tellomycetes ciuse enormous losses 10 economleally imporiant
crops by attacking them. Few examples are Pucelnla graminis tritlel (black stem rust of
wheat), Ustllago maydis (corn smut), Ustllago nuda var. tritlel (looss smut of wheat),
Ustilago scitaminea (whip smut of sugarcane) ete. Mushrooms have been used as food
since anclent times. Few common ones are Agaricus bisporus (White button tushroom),
Pleurotus sp, (Oyster mushroom), Volvariella sp. (paddy straw mushroom), Lentinus edodes
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(shiitake mushroem) etc. Fungi like Lentinus edodes, Amanita muscaria {
frondosa (maitake mushroom), Ganederma hicidum (Reishi mushroon
important and are reported to increase immunit_y of ihe body sysiem a

fly agaric), Grifola
n) are medicinally
nd also cure many

~ covering; exposing the fertile layer, hymenium) or semiangiocarpous (hyj

~ body disorders.

8.7. CLASSIFICATION OF BASIDIOMYCOTINA

The Sub-division Basidibmycotina is divided into 3
of each class are given below.

nportant characters

classes and the ir

- 1. Teliomycetes : B'asidiocaxp lacking and replaced by teliospores or chlamydospores
grouped in sori or scattered within the tissue; parasitic on vascular plants,

2. '-Hym'e_nomycetes : Basidiocarp well developed and gymnocarpous (hasidiocarp without
menium, the fertite
ed later on before

gmobasidia (with

layer with basidia and basidiospores covered at the beginning and expos
the spores mature); basidia either holobasidia (without scpta) or phry
sepra). I o

3. Gasteromycetes : -Basidiocalp typica:l'ly angiocarpous (the fertile part-of’_lhe-basidiocarp'
enclosed . within the basidiocarp tissue till the spores mature); holobasidia.

.Outline Classification of Basidiomycot@- o
- The _sUbdivision Basidiomycotina jewdivided into three classes, 1

~ Hymenemycetes and.- 3) Gasteromycetd classes are further dividd
~ the characters of each order are given “wefow. _ - I _
Class Teliomycetes : The class %Cetes is subdivided into two oAdem. They are 1)
Uredinales and 2) Ustilagi A L '
Olfder Uredinales : The telMgpores are terminal and germinate. to giVé a promycclimm
bearing basidiospores @ crigmata from which they are forcibly discharged. The order

urc_dinales'inclu’des thrégfamilics. They are 1) ‘Pucciniaceae, 2) Mcl'am_psoraccac, and 3) -
Coieosporiaceae. - :

Téliomycetes 2)
d into orders and -

basidiospores are
n sterigmata and
ree familics. They

Order Ustilaginale_s : The. teliospores are usually intercalary and the
produced either terminally or laterally but are sessile ie. not borne ¢
are not forcibly discharged. The order ustilaginales is sub.dividéd into th
are 1) Ustilaginaceae 2) Tilletaceae and 3) Graphiolaceae. -

Class Hymenomycetes : This is divided into 2 sub-classés, viz., 1) Phragm

and 2) Holobasidiomycelidae on 1lhe basis of presence of either phragm
- or holobasidia (ascptate). ' :

obasidiomycetidae
obasidia (scptate)

~Subclass Phragmobasidiomycetidae : The sub-class is divided into

l‘hrcé orders. They
arc 1} Tremélales, 2) Auriculariales and 3) Septobasidi:ﬂ_cs. -
- Order Tremellales : Mctabasidia are globose, pyriform, clavate or rarely
~ longitudinally or obliquely cruciate, septate, or aseptate. The order consi
Tremellaceae. : ' : -

spindle - shaped,
sts of the family:
Order Auriculariales : In this order metabasidia are more or less cylind

_ . rical, transversely
seplate, saprobic or parasitic on phanerogams, cryptogams or other fungi, ]

[he order consists
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“are 1) Thelephoraceae, 2) Clavariaceac, 3)

of the family ; Auriculariaceae.

Order Septobasidiales : The fungi are symbiotic or parasitic on scale insects and on living
plants. The order includes one family i.e., Septobasidiaceae.

Sub-cluss Holobasidiomyeetidae : The sub-class is divided im_o'six orders, They are 1)
Exobasidiales, 2) Brachybasidiales, 3). Dacrymycetales, 4) Tulasnetlales, 5) Aphyllophorales
and 6) Agaricales. _ - :

Order Exobasidiales : The fungi areinternal leaf paraSites Qf higher plants. Basidia emerge
10 form a hymenium. The order includes the family Exobasidiaceae.

Order Brachybasidiales : The fungi of this order are the internal Teaf parasites of higher
plants. Basidia emerge from the leaf in wfts. Family : Brachybasidiaceae is included in
this order. ' '

Order Dacrymycetales : The members. are not thc internal parasites of higher plants or
if parasitic have a distinct external basidiocarp. Basidia furcate (sterigmata 2), spores are
not repelitive. The order consists of ‘the family Dacrymycetaceae.

Order Tulasnellales : The members are not internal parasites of higher plants or if parasitic
have a distinct external basidiocarp. Basidia not [urcate (sterigmata usually 4), subspherical

to broad with stout finger like or inflated sterigmata, spores repetilive. Family Tulasneliaccae

is included in this order.

Order - Aphylopherales : The members are not internal para@ higher plants. Basidia
not furcate, sterigmarta relatively small, uninflated, sporesN\goL epetitive. Fruit body
development is- gymnocarpous (basidiocarp not coveredgma covering and with exposed
hymenium), hymenium unilateral or amphigeous (1'm borne on all sides of
basidiocarp), smooth or covered with dentale Progesses™ lining tubes, il tubular tubes
firmly united 10 the basidiocarp. The important f‘z‘i@,mm_ar@ included under this order
arcBaceae, 4) Hydnaceae, 5) Meruliaceae,
6) Polyporaceae and 7) Hericiaceac. o _
Order Agaricales : The members ¢ internal parasites of higher planis. Fruit body
development is hemiangiocarpous (t menium or feriile layer is enclosed by the
basidiocarp tissue at first but later becomes exposed) or gymnocarpous. Hymenium covers

‘tameliae on the lower surface of the pileus or lining tubes which are casily separable from

the pileus. The important familics that are included in the order .are 1) Agaricaceae, 2)
Amanitaceae, 3) Boletaceae, 4) Coprinaccae, 5) Entomolataceac, 6) Tricholomataceae, 7)

. Strophariaceae, 8) Pluteaceac, %) Hypholamataceae, 10) Lepiotaceae, 11) Paxillaceae and

12) Russulaceae.

Class Gasteromj'cetes : The class is divided into nine orders. They are 1) Podaxales,
2) Phallales, 3) Hymenogastrales, 4) Lycoperdales, = 5) Gautieriales, 6) Tulostomatales,
7) Nidulariales, 8) Meclanogastrales and 9) Sclerodermatales. :

Order Podaxales : Development of gleba (fertile tissuc) is either unipileate (from a single
tramal branch) or muliipileate (from a number of fraimal brz}nches) and stipiate (with truc
stipe). Gleba powdery at maturity, spores dark i colour. Family podaxaceae is included_ B
in this order. ' : _ o -

Order Phallales : Gleba fleshy or mucid at maturity, fruit body never with a true stipe.

Spores hyaline and bacilloid or ovoid and pale brown. The order consists of the family
phatlaceae. : ' C ' :
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Order Hymenvgastrales : Gleba fleshy to cartilaginous or gelatinous.: Original glebal
structure is mainiained till maurity. Fruit bodies hypogeous or epigeous. Spores ellipsoid
often ribbed. Family Hymenogastraceae is included in this order. :

Order Lycoperdsies : Gleba powdery, spores usually globose, never ribbed, peridium is
present. The order consists of the family Lycoperdaceac ' '
Order Gautierizies : Gleba carlilaginous, spores ellipsoid, iongitudinally f'ibbed, peridium
often absent. The order consists of the family Gauicriaceae. - :

Order Tulostomnatales @ Fruit body is truely stipitate. The family Tulostomataccae is
included in this order. ' '

Order Nidularisles : Fruit body sessile, 1 cm, in diameter. Glebu organised into peridioles
(sometimes a single peridiole). Spores smooth, hyaline, ofien large. The order Nidulariales
congists of the family Nidulariaceae.

Order Melanogastrales : Fruit body is usually more than 1 cm. in diamheter. Gleba not
$0 organized and fleshy at maturity. The family Melanogastraceae is included in this order.

Order Sclerodermatales : Frui body is greater than | cin. in diameter. Gleba is not well
organized and powdery at maturity. Family Sclerodermataceae is included in this order.

8.8. SUMMARY

L N ‘

fusion of haploid hyphae produced from idiospore. The dikaryotic mycelium is the
most predominant phase and compriscs e fcgelative mycelium and the tissues in the
- basidiocarp. Each cell is binucleate is condition is maintained by the formation of
- clamp connccetions, Basidium is,gne A the most important characters of BI sidiomycotina,
presence of dolipore septa, 1 ycelia (few yeast like), absence of tlagellated cells
are some other dingnostic charders of Basidiomycotina. The majority of asidiomycetes
form large, conspicuou wiocarps.

In the Basidiomyctoina sexual structui arc MCking and plasmogamy occurs by the

The basidomycelous Mgl are very much important to man, because they include
pathogenic fungi that cause cnommous losses 10 crop plants. A typical example, Puccinia
graminis tritici belong 10 this group. Apart from these the group also include mushrooms,
toad stools, bracket fungi, puff-balls etc., which are edible and also medicinally important.
Thus the entire group is aof great importance 1o manking,

8.9. CHECK YOUR PROGRESS : MODEL ANSWERS

b The distinguishing characlers of the somalic mycelium of Basidiomycetes are the
- oceurrence ol clamp connections. and - presence of dolipore septum,

2. Dome shaped double membranous Structures present on either side of a dolipore scplum
are called parcnthosomes.

3. A probasidium is the portion ol basidium in which Karyogamy takes place where as
a metabasidium is the developmental stage of the basidium in which meiosis occurs, _

4. Ballislospores arc (he basidiospores that arc discharged violenly.




* 8.10. MODEL EXAMINATION QUESTIONS

| I. Answer the following questions in about 30 lines each.
1. Write an account of asexual and sexual reproduction in Basidiomycotina.

2.  Write briefly about the somatic structures and cconomic importance of the
members of Basidiomycotina. :

1I. Answer the following questions .in about ‘10 lines each.
1. Write a brief account on basidium. '
2. Describe the vegetative mycelium of Basidiomycetes.
3. Write about the different typés of asexual reproduct-ion in Basidiomycotina.
4. Describe the construction of hyphal system in basidiocarp.

Prof. A. Janaki Bai
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UNIT-9: HISTORY, DISTRIBUTION AND
OCCURRENCE OF MUSHROOMS

Contents

9.1. Objectives

9.2. Introduction

9.3. History of Mushrooms

9.4. Distribution and Qccurrence

9.5, Summary

9.6. Check Your Progress : Model Answers
9.7. Model Examination Questions

9.1. OBJECTIVES

By the cnd of this unit you will be able (o

*  define mushrooms,
*  give the historical account of mushrooms and %abom their distribution in nature,

9.2. INTRODUCTION g | |

In general, the erm 'Mushroo

is §sed 1o represent the fleshy edible fungus. The
poisorious {lcshy fungi are know! agistools’. Scientifically, the mushrooms are epigeous
(above the soil), or hypogeous (beldy the soil) macroscopic fruiting bodies of ¢ertain fungi.
The mushrooms or the frug odics represent a short stage in the life-cycle of fungi
p]t)'ducing them, The fruiting ics are the spore bearing organs ol the fungi, The fungi
preducing mushrooms grow either saprophylically on a varicty ol substrates, symbiotically
with the roots ol other plants or parasitically on cerlain plants. The fleshy fungi belong
to the subdivisions Ascomycotipa and Basidiomycotina and majority of the tushrooms
belong o Basidiomycotina, A typical mushroom is divided inio pileus or cap, lamellac
or gills, veil, the stipe or stalk and volva (Fig. 9.1). The uppermost part of Lhc;mushroom
is called pileus or cap which is varlously shaped in different fungi. Undcmcztlh the cap
starling from the apex of the stalk and cxtending towards the margin of the ¢ap are the
plate fike structures called gills, Gills bear spores. The gills are covered by a4 membrane
- called veil, at the young stage. The stipe is the stalk of (he basidiocarp. Volvla is a thin
sheet of interwoven hyphae around the bulbous base of the statk, foundv‘in certain
mushrooms only, ' '

In Latin "Fungo' means to (lourish. This term was wsed later on, o reler to mushroom,
In Greek, this term (Mushroom) was derived from the word "sphonggos” or "sphoggos”
which means sponge. The term sponge refered to the sponge-like structures (Mushrooms)
of some fungi. The word mushroom is thought to be derived from the French words
"Mousseron” (Muceron) "mousse” "Moss" "muscheron” or "Mouscheron”. Consequently,

the name "mushroom” is originated in due course of time from the above words.
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Fig. 9.1, A typical mushreom. 1. Pilens 2. Annulus. 3. Stipe. 4. Valva. 5. Giils.

Check Your Progress - 1

Define Mushrooms ? _
Note : (a) Write the answer in the 'spacc given below?
(b) Compare your answer with the one Iiven ¢ end of this unit. _'

9.3, HISTORY OF l\@ROOMS

Three and a half million years ago, the Greek hero Perseus, being thirsty, chanced
fo take up a mushroom (Mykes), drank the water flowing from it, pleased of it and gave
the name Mycenae for that place. Thus, Mycenae one of the greatest civilisations of history,
was named after a legendary mushroom. From the same Greek word Mycology (Mykes
: Mushroom; Logos : .discourse) has been derived (Alexopoulos, 1962). -

In Sanskrit, the term 'ksumpa' refers 0 mushroom which has been evolved into Khumbi
in Hindi. This mushroom 'ksumpa' was later on identified as 'Phellorina delestri’ by scientists.
The fleshy capped fungi are later on called ‘Chatra’. Other. common Sanskrit words are
Kukurmutta; Kavaka, Bhustrana and Bhoomi Kavak. '

Around 1500 B.C. when Aryans migrated into the Indian subcontinent carried 'soma’
an intoxicating drink. The drink soma was used in Aryan religious rites. Wasson- (1969) '
“reported that Soma in Rigveda refers 10 Amanita muscaria. There are many songs on soma
in Rigveda. Mushrooms were worshipped and- considered divine in primitive cultures.
Records about the prehistoric people using fungi are very rare. Traces of puff balls and.

~ other. fungi carved-on stones were found by O Heer (1886). Mushroom shaped stone '

carvings. have been. found in Central America and the highlands of Guatemala. These are
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reported to belong to Mayan period and were used in ceremonies, Religious and astrological
paintings in Mayancodices depict figures holding “or offering mushroom-shaped objects
which resemble the fruit body of fly agaric (Amanita muscaria). Various names for fungi
like Agarikon, Amanita, Boletus etc.; have been given from classifical times, Minarets,
temples and cupola columns were constructed by architects in the shape of mushrooms.
In Roman times the most luxurous feasts were served with mushroom dishes. A Romah
poct Horace (Bomn 65 B.C) praised in one of his satires "Pratanses” probably the field
mushroom, as the best among all fungi. Pliny, the Roman naturalist (died in AD. 79)
- described Amanita caesaria and Boletus edulis as the most deticious’ mushrooms and said
that the mushroom’ preparations were served only to masters in special and costly utznsits.
- The mushrooms have been collected for food throughout the world since ages. High prices
were offered by the aristocrats as they are the favourites of princes. Dogs, bears and pigs
were trained for searching truffles and a special code of law was also made for this purpose,
Myths of ancienl Indian, Greek and Roman believe that mushrooms grow from a strolke
of lightning. Mushrounis occupicd a special position at the Royal tables aqid have been
praised for their delicacy Lill present. Later on,-the man started cultivating the mushrooms
according to his choice. One of which was Auricularia (black ear mushroom) which was
cultivated in China about 1000 years ago. About 900 years ago Lentinus edodes (Shiitake
‘mushroom) was cultivaled in China. In 1650 Agaricus bisporus (White button mushroom)
was grown in France. Around 300 years ago in Kwangtung Province in Chirla Volvariella
volvacea (paddy straw mushroom) was cullivated, Thus the mushrooms occu;kied a special
place in inmernational markets also. b ,

9.4. DISTRIBUTION AND O@IRENCE ]

The mushrooms ate disttibut veil wide geographical area. They occur frequently
in places which are warm, moist@mﬁy during spring, summer, rainy season and autumn,

They do not oceur. in verydQigh % very low temperatures, They are found growing In

mountains, plains, valleya@ﬁver banks ele., The vegetative part of ther mushroom,

which 15 the mycelium growhgt prophyticully in soil rich in organic matier, in or on dead

wood, In or on rotten logs or stumps, The hyphae spread {n every direction of the substratum

and absorb food [rom it, The individual hyphae are usually not isolated, but woven together

into strands which may develop into root=lke structutss often lermed thizomorphs. These

fungl are mosily saprophytic growing commonty 1n lawns, pastures and pgardens, e.g.,

Agaricus  campestris, Lepiota morgant. But some are also facultatlve pargsites on the

roots of trees and elsewhere, Very eommon one | Armillariella metlea which s known -
a8 the 'honey agarlc’, It causes foot rot of Larch, Agéin some are involved in mycorrhizal

assoclatlons. e.g., Amanita muscaria and Lactarius rifies, The vegetative mycellum burled

in the substraum sends up busidlocurps or frulting bodles at regular Intervals of months

or years, usually after souking rains, A mycellom established at & single pgint tends to

ramify radially in ail directions and dle out at the cenitre with the depletion of Te available

food supply. Successive crops of busidiocarps may thus be produced in successively larger

rings, often called Falry rings’ bused on the anclent belief that these circular ngs marked

the path of dancing fairles, The falry rings or fungus rings are very frequent i% grass lands

4nd not ureommon In woods (Fig. 9.2), ' :
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Fig. 9.2. Falry ring of basidiocarps,
Mushrooms are divided into the following groups on the basis of their natural habitat.

Humicolous or foliicolous

These are humus (decomposed organic maiter in the soil) inhabiting mushrooms, e.g.,
Volvariella specics, Calocybe species, Polyporus tubestar, Boletus spp., Amanita muscaria,
Lactarius rufus, Tuber and Morchelfa spp.

Lignicolous

These mushrooms inhabit the wood of plants either dCe6T living, These are divided

into saprophytic and parasitic mushrooms.

(a) Saprophytic : Plewrotus Spp., Auricu Lentinus edodes etc.

(b} Parasitic : Armiliariella meliea, Mar iy spp. and Cyttaria spp.

Coprophilous

These mushrooms commonl abit™he dung c.g. Agaricus spp., Coprinus spp.

Check Your Progress - 2 &

2. Name two mushrooms having mycorrhizal ussociations.
3 What are lignicolous mushrooms ? Give w0 examples for parasitic lignicolous
mushrooms ? '
Note : (x) Write the answers n (he space given below.
(b) Compare your answers with those given at the end ol his uril.




'9.8. SUMMARY

Mushrooms grow saprophytically on various substrates or parasitically and|symbiotically
on or with other organisms. Edible mushrooms belong to Ascomycetes and Basidicmyceles.
Mujority of the mushrooms belong to Basidiomycetes. The fypical umbrella like fruiting
body of mushroom has some or all the following parts - cap or pileus, gills or lamellae,
veil, stipe or stalk and vdlva or universal veil, Mushrooms are worshipped and considered
to be divine in primitive cultures. 'Soma' an intoxicating drink scrved in religious ceremonies
of Aryans was extracted from Amanita muscaria, a mushroom. They have been also under
cultivation since 1000 years. '

Mushrooms are distributed world-wide.'BasidiocaIps of Agaricus appedr in rings in
grasslands and popularly called Tairy rings or fungal rings'. On the basis ofl their natural
habitat, they are divided into humicolous, lignicolous and - coprophilous mushrooms.

9.6, CHECK YOUR PROGRESS : MODEL ANSWERS

1. Mushrooms are the 'ﬂeshy spore bearing structures that represent a short stage in the

life-cycle of fungi producing them. l
2. Mushrooms having mycorrhizal associations are nitg muscaria and Lactarius rufus.

3. Mushrooms inhabit'i'hg the wood of living plants are called lignicolous
mushrooms. Examples for parasitic lignidelefls mushrooms arc Arillariella mellea and

Marasmius spp.

9.7. MODEL EXAMIﬁ%} ION QUESTIONS

L Answer the following questions in about 30 lines each. ‘
1. Give an account of history of mushrooms.
2. Write a detailed account of (he distribution and occurrence of muLhrooms.

IL Answer the following questions in about 10 lines each,

L. Write an account on Lypes of mushrooms which are divided on the basis of their
natural habitat.

2. What are fairy rings ?

Ms. (I, Kunwar
Ms. K. Prasunamma




UNIT - 10 : EDIBLE MUSHROOMS
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10.3.8. Boletus spp.
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103,11, Morchella spp.
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10.4. Summary _
10.5. Check Your Progress : Model Angwers
10.6. Model Examination Questions

D

10.1. OBJECTIVES

o

‘ . After poing through this unit you w%biic 10 :
| m

* list out the important culiiv room species,
*  describe various edible mus s including morels, puffballs and truffles.

10.2.  INTRODUCTION

The umbrella - like, fleshy, sometimes hard fruiting bodies of fungi are popularly called

| mushrooms. Generally the fruiting bodies of Basidiomycotina are referrcd by the term
mushroom. The fruiting bodies of Ascomycotina which are large and fleshy may also be

called mushrooms. Some species of mushrooms are edible and some are poisonous. The

edible fungi, besides, mushrooms are known as morels, puff-balls and wruffles also. Morels

are species of Morchella. Truffles are the species, of Tuber. Both morels and truffles belong

I to ascomycotina. Puff-balls are specics of Lycoperdon. Lycoperdon and other mushrooms
belong to Basidiomycotina. In most cases mushrooms arc present above ground, but there

are some mushrooms whose natural fruiling bodies are located beneath the ground. (c.g.,

Truffles).

Large number of mushrooms grow wildly in nature. Théy are being used as food since
- time immemorial. Some of them like Morchella and Tuber are highly prized tor their taste
and flavour. This resulted in the temptation to domesticate mushrooms. Though there are

79




about 2000 edible mushrooms and many have been aucccssfu]ly citltivated, but only a few

are cultivated extensively. Thg important genera from the cultivation poing of view in the

world arc Agaricus, Lentinus, Volvariella, Pleurots and Auricularia. In lFldld Calocybe is

also promising, Other important edible mushroonis belong Lo thc species of Coprmus Boletus,
Flammuling and Termzromyces efc.

10.3.1. Agaricus Spp

This is the most popular edible mushroom Whlch is known as the white button
mushroom, button mushroom, ‘or simply the common cultivated mushroom. In western
coung:les cultivation of Agaricus has developed over the past 30 to 40 years, It grows
“in lawns, pastures, by road sides, even in gardens and cultivated fields,conifer forests,
under hardwoods ¢te. They are common in late summer and autumn, '

The. cap is white and some what silky, and expands to about 10 ¢t across, often
with picces of veil adhering 10 the edge. The short, raLhel stout stalk is jnot longer than
the cap's diamecter, and it tapers below. '

It is an umbrella shaped mushroom. In the gcnus Agan.:us the spores| at maturity are
cither purple brown or blackish with a purple tinge. The anuulus is present on the stalk,
though disappearing soon in some species. Gills are dark purple - brown (o black at maturity

Fig, 1% Agaricus spp. (Button-Mushrooms). A. Agaricus bisporas. - B. A arvensis A, cmripestr!s.
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aud are free from the stalk (though touching it in few species). The stalk separates easily
and cleady from the cap. No velva is present. Various species of Agaricus are edible.”
The common ones being A. bisporus, A bitorquis, A. arvensis, A. compestris. The fisst
three species are commercially cultivated. A. bisporus is the most commen, In casc of
A. bisporus the diameter of cap is about 1125 cm and the length of the stipe is about
6.25 cm. A. bitorquis is very much similar to A. bisoprus in size. In A. campestris cap
is about 12.5 cm. in diameter and length of the stipe is about 9.5 c¢m. In A. arvensis

cap is about 20 c¢m in diameter and the stipe is about 10 cm in height. A. biforquis can
tolerate little higher temperature, so it is very promising for tropical countries like India.

10.3.2. Lentinus edodes

Lentinus edodes, the cultivated species is commonly known as black forest mushroom;
the Chinese name is shiong-gu and Japanese name is shiitake, It is the second sost important
edible mushroom from the stand point of production.

Lentinus edodes grow naturally on dead wood of many hardwoced tree species under
different climatic conditions. Cultivation of the mushroom on natural wood logs is an -
important agricultural and industrial business in China, Japan and South Korea. It is

_ Cultivated in polypropylene bags also ("bag log" cultivation) containing saw dust. For a
fong period of time, this mushroom has been valued for its unique tasic and flavour and
as a medicinal tonic. :

Fruit bodies of this mushroom - are tough and pliant (ben casily), become hard when
old and dry. The genus differs from the other tough andyplidhg ones by the peculiarity
of the gills, the gills being notched or serraie on the edge™Ng@e fruit bodies are typical -
mushroom like. Cap is brown in colour and covered WiliTguracrous scales. Stalk is central
and has annulus, usvally scalcs of veil tissuc are prescRl DFOw the stalk, The cap measurcs

- about 11 cm in diameter and stipe 3-4 cm. i ngth,

Flg. 10.2. Lentinus edodes (Shiltake mushreem).
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10.3.3. Volvariella spp.

Although more than one hundred species, subspecies, and varicties of Volvariella have
been reported throughout the world, all the cultivated forms of Volvariella in South - East
Asia_are probably varieties of the species Volvariella volvacea. Volvariella volvacea is
commonly known as the straw mushrooin, paddy straw mushroom| or the Chinese
mushroom. It is an edible mushroom of ihe tropics and subiropics and hias been cultivated
on paddy straw in China and other Asian countres for about 2000 years. V. volvacea
is referred to as a "warm mushiroom" because it can grow at iclatively high temperatures,
i.e., vegetative growth at about 32 Lo 34° C._It'is a Tast growing mushroom and the time
requited from spawning tc harvesting is only about 8 to 10 days. No other mushroom
can be served as a table dish within such a short time.

The basiodiocarp of the straw mushroom is roughly divided into six different stages
in development, viz., "pinhead”, "bution", "egg", "elongation" and "mature” stages. The
egg and "butiton” stages are sold in market at bargain prices.’

1. Mature stage : At the "mature" stage, the whole strucwre is divided info three regions,
(1) the pileus or cap, (2) the stipe or statk, and (3) the volva. The volva is fleshy white
and cup-shaped with irregular margin around the bulbous base of the stalk, The stipe is
white, fleshy and without annulus. itis attached 1o the centre of the lower surface of
the pileus and connects it 10 the volva, The length of the stipe varies|according to the
size of the pileus. It is usually wbout 3 to § cm long and 0.5 o 1.5'¢m in diameter.
The fully cxpanded pileus is circular, with an cMire margin and a smooth surface which: -
is dark grey in colour at the centre, but light ey hear the margin. The diameter is about
5 to 12 cm. Gills do not touch the s ul are separated from it by about 1 mm,.

" stage is the "elongation” siage. It is similar
Al the pileus is nol opencd and the size is smaller.
length at this stage; hence, the, ngme “elongation”

2. Elongation stuge : Previous to Lhe s
‘in shape to the mature stage, exc
The stipe- is extended to almost fi
stage. '

Fig, 10.3. Volariella volvacen (Paddy straw inushroom).




3. Button and Egg stages : The "bullon” stage and the "egg" stage are sold in market
at 2 premium price. Both slages arc ovoid in this stage. In the “button” siage, the whole
structure is wrapped by a coal which is called the universal veil. Ingide the universal veil
is the closed pileus. The stipe can only be seen in a longiludinal section of the whole
structure. in the "egg" stage the pileus is pushed out of the veil, which remains to form
the volva. Here again the stipe is hidden. The pileus in these two stages is similar to
that in the above (wo slages except that it is smaller in size.

4. Pinhead stage : In the "pinhead” stage and the "tiny-button" stage the universal veil
is much thicker. On its removal, the tiny pileus can be seen with a dark grey centre and
white margin. The basal portion of the entire siructure is quite big compared to the pileus.

For the younger tiny butions only the top of the universat veil is brown, the rest is white.

The tiny buttons are found in shape. If a veriical cut is made through a very young iiny .
button, the lamellae are seen as a narrow band on the Tower surface of the comparatively

thick pileus. The "pinhcad” stage, by its name, is of the size of a pinbead. The universal

veil is spollessly white. With a vertical scction, the pileus and the slipe canict be secn

The whole structure is a tiny knot of hyphal cells.

10.3.4 . Pleurotus spp.

This mushroom is generally called the cysier mushroom, because the pileus or cap
is shell-like, spatulate and tonguc-shaped and the stipe cccentric or lateral. Pleurotus ostreatus
is one of the best known among the oyster mushrooms. Other cOygmonly cultivated species
are P. sajorcaju (grey oyster mushroom or phoenix tail mush®om)} P. cystidiosus (abalone
mushroom), P. gstreaws var, florida (white oysicr muspsagm); ¥. flabellatus (pink oyster
mushroom) and P. sapidus (black oyster mushroom). O @ ushrooms fruit during spring
and fall, and all summer if the weather is cool and Wee” Pleuronus species arc wood-
destroying, saprophytic (ungi and arc spread over 4 ; of the world. They have a fragrant
and delicious Navour. The size of the cap 10 15 ¢m on wood and 30 cm and
more on straw substrales. The gills are w pr grey. The stipe is short (1 0 5 cm).
The piicns is usually shell. or tonguc, sl 1, in case of older stages, depressed. The
cap hds-a smooth surface withoul s nd the whole fruiting body is soft and fieshy.
The colour of the. cap could be whitdwgreyish or greyish pink or dark blue.

I lg 104, Plewraius ﬂ_érida (white vyster mushroosn).
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Pleurotus species are comparatively easy to grow and of broad adaptability. They are
cultivated worldwide and their production has increased rapidly in recent years. However,
Pleurotus mushrooms discharge spores in tremendous numbers d_un‘ng1 the process of
cultivation, and this frequenty causes allergies and respiratory problems to workers in the
mushroom house. To overcome this drawback breeding for sporeless mutant varicties is
needed. Sporeless mutants of P. astreatus, P. pulmonarius and P. florida are- available,
Pleurotus florida was earlier called P. ostreatus var. florida.

10.3.5. Auricularia spp.

‘The name Auricularia is derived from the Greek word "Ausicula”, meaning ear,
_ 'Therefore, this mushroom is commonly called wood ear, Jéw's ear or si(thply ear fungus,

because of the shape of their fruiting bodics. The fruiting bodies are not nly shaped like
a human ear, but also feel Iike ears, duc to their rubbery, gelatinuous tate when fresh.
The fruiting bodies when dry are waxy and cartilaginuous and the colbur ranges from
purplish-brown to .black, Fruit bodies are 2-8 cra across. The brownish|outer surface is
velvety with fine grey hairs. This fungus is edible and it is said to be especially good
for soups. The Auricularia mushroom has been reported o be the first mus room cultivated.

Auricularia auricula and A. polytricha are the two most popular edible species. The
former is usually collected from its natural habitat and the latter is commonly cultivated
on logs of various trees or on sawdust with different supplements. They are saprophytic
fungi, 3

Fig. 10.5. Auricularia pelyiricha (Black car mushruoni}
10.3.6. Calocybe indica _
- It is commonly known as milky white mushroom. Calocybe_indica (Fig. 10/6) was

reported’ from West Béngal during 1974. It grows in nature on humus sdil in the forest.
It is collected from the forest and sold in the market. It has very atiragtive fruit body
and long shelf life. The fruit bodies are milky white in colour. The diameter of cap-is~
about'8 c¢m. The stalk is central,thick upto 8 cm long. It can be easifly:cultivated on.
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¥lg. 10.6. Calocybe indica (Mitky white mushreom).

paddy straw based substrate.

10.3.7. Flammulina velutipes:

It is commonly called winier mushroom or velvet
as enokitake. This wond-Gestroying mushroom _
saprophyte on trunks and stumps of some broad
of winter to early spring. In Japan it has
and nowadays it belongs (O artificially cuid
species being F lammuling velutipes. :

el and in Japan-it is known
all over the world, living as 2
trecs. Fruiting is from beginning
appreciaied as food for many centuries
ted mushroom in J2pan and Taiwan, the

Fig. 10.7. Flammuline velutipes. . S
: \
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Pileus is yellow to brown coloured, usually with a light brown margin, 1
almost white, the gills are white or light cream coloured and decurrent o th
pileus has a diamet
in diameter.

'10.3.8. Bolétus - spp.

~ This mushroom is truly fleshy, rapidly decaying, and often worm riddled

- mushroom is soft and fleshy and decays soon after maturity. The layér of t
‘under side of the cap can be. easily peeled off and $eparated. Large number

- grow on the humus in the ground, under hardwoods or in mixed woods. S¢
change colour when brised or cut. It is important to nole this character when the
is fresh. Species are usually Collected in warm, wet weaiher from July to

Although on first glance the (ruit body of a bolete may résemble a "typical”

there is one significant difference. Instead of. bearing gills on the underside o
-~ @ bolele possesses vertically arranged tubes. The pores visible on the undersu
cap are actually the open ends or moulhs of these. tubes. Fruit bodies are ofte
brightly colourcd. Pilcus is convex Lo expanded, smooth, firm and colour vari

1o the species. Stalk is stoul. Usually there is reticulate pattem or dots-on the stalk.

- vélva are absent. Boletus edulis, B. mirabilis and B. airantiacus. are some o
sepcies. Bolews_ edulis consists of cap ranging from 20-40 em in diameter an
the stipe is up to 30 ¢m. - B : '

Tig- 10.8. Boletus edulis,

10.3.9. '..C'Op'rfnus_ spp.

This i_s a group of gli]l..fungi_ in which the gilis_-'blacken at' mamiily and thd
mto a dark ink like liquid, thus completely destroying themselves. This “melti

gills is simply a process of aulodigestion, and the kinds of mushrooms whic

the C()prinus'specics, C. comatus, Lhe shaggy mane; has becn successfully
However, the poor keeping quality of the Coprinus fruit Bodies do not make
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- character are placed in the genus Coprinus. These are commenly called Inky cap

attractive commercially. Some specics have large rather fleshy fruiting bodies,
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are extremely small and delicate. Most of the larger ones are cdible if young stages are:
. obtained. Some grow on manure piles or in richly fertitized soil, some live on humus
in the forest, and a large number characteristically grow on wood.

Pileus is cylindrical or barrel shaped. Veil forms a loose ring around the stem. The
total height of the mushroom is 20-30 ct. The cap is rather thick at centre, i.e., where
it joins the stem, becomes comparatively thin where it spreads out over the gills. When
spores ripen and become black the colour of the gills changes. At the same time the cap
and the gills begin to dissolve into an inky fluid. As this accumulates it forms into drops
which dangle from the cap until they fall away. The cap now begins to expand cutward
more, $o that it becomes somewhat umbrella shaped. The extreme outer surface does not
dissolve so freely and the thin remnant curls upwards and becomes enrolled on the upper
side as the cap with gills becomes nearly flat. :

4

Fig. 10.9: Coprinus camatus (Inky cap'mushruom).

10.3.10. Termitomyces microcarpus

It is a highly valued mushroom gaihered in plenty each scason in Asia as well as
in Africa, 1t is comonty found growing on tcrmite nests. Man has not bee able to match
the skill of termites in cullivation of this mushroom, Fruit body is umbrélla shaped with
the stipe being long and with a veil or doubly velled. In Termitomyces microcarpus the
diameter of the cap ranges from 0.5-1.5 ¢m. and length of the stpe is about 2-4 cm.

87




Tig, 10,10, Termilonyces microcarpus.

10:3.11. Morchella spp. o _ '

These are commonly known as morels or sponge mushrooms. All morels are edible
and delicious. Indeed, with pessible exception of the European truffles, they are the most
delicious of all the mushrooms. Morchella is sold as "Guchhi" in India, the major produce
comes from Jammu and Kashmir and fetches a aggat deal of foreign exchange. Among
the most prized wild edible fungi are M. crassipesald. ddgulenta, M. conica ané M. semilibera.
Among these M. crassipes has the best flavour. urs mainly in the coniferous forests
or soils rich in humus. ' ' ' ' : '

Morels season is si. *L and doeg not Seefed one month in the spring. That is why
they are occasionally found in the »during the early spring. Morels are dried and
stored for future use. The fruiymedy & Morchella has two distinct, prominent parts, the
cap or pileus and the siem ‘The cap could be ovate, conical or cylindrical in

Fig. 1018 Morchella esculents (Morel).




shape and is always marked by broad pils, covefing the ‘entire outer surface, which are
separated from éach other by the ridges forming a network, resembling a sponge. The
colour varies from dirty greyish white to a dark-brown, depending on the species and age
of the specimen. The size varies from 2-5 cm or less to 10-14 ¢m in height. The stem
is usually quite stout. The cap and the stem are hollow from inside. '

10.3.12. Tuber spp.

Truffles are the species of the. genus Tuber. Besides just being edible, they have alrcady
earned i fame of special importance for their delicacy of flavour. When mature, their fruiting
bodies emit a powerful odour. The subterrancan fruiting bodies are gathered usually with
the assistance of trained dogs or pigs. When looking for truffles without the aid of trained
- animals some sort of rake is required. The truffles are most likely to be found on well-
drained calcareous soils, often amongst the roots of oak trees. They can sometimes be
detected by cracks in the soil and by a scorched look of plants growing over them. The
dogs and pigs locate them by their odour. In Italy and France they are canned for export,
The mycelium of Tuber grows in close acsociation with the roots of some trees {ectotrophic
mycorrhiza). For the last 100 years truffles are produced by half-or semi-culture technigue.
Although they have not yet been induced to fruit in culture, it is now possible to obtain
fruiting bodies -of Tuber on a regular basis in fair quantity. In semi-culture technique,
suitable host trees are planted along with the mycorrhizal fungus, Tuber. Various edible
species of Tuber are T. melanosporum, T. gestivum, and T.magnamm. The fruit bodies
of Tuber are hypogeous, closed, globose, ovoid or irregutar 4p shape, 10 cm. in diameter
and covered . with a rind. The frult bodies are usually dagk cdjoured and may be either
hollow or solid. :

10.3.13. Lycoperdon spp. _ | _
Members of this genus are commonly kno»%}’uﬁbai[s". They grow on tree stumps,

Fig. 10.12. Lycoperdon perlatum (Puff ball).
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on decaying logs, or on the ground in the woods. Some species, notably the giant puff-
balls can be found growing in city lawns, golf greens, and grassy open fields. All species
of puff-balls are edible, although some have been known when consumed?) cause intestinal
difficulties in some people, They' are best when pure white inside. As 'the spores form,
the centre of the puff ball begins to turn yellow and the flavour is spoiled by this time;
cven then, the puff-ball is generally not poisonous although it no longer tastes good. It
is always a good idea to section vertically any puff-ball collected for consumption since
some mushrooms produce a so-called "button stage” that resembles a puff-ball. In particular,
the young stage of Amaniia resembles some puif-balls,

The fruit body of Lycoperdon is enclosed by two peridial (wall) layers. The outer
exoperidium may be warty, spiny or granular. It withers away leaving the inner thin,
membranous endoperidium. In fact, the endoperidium is provided with a small central
opening from which the spores are puffed out when wind or an object sirikes the surface
of the fruit body, sugggesting the name puff-ball. L. periatum, L. gigantewm and L. cyathiforme
~are common edible species. When young fruit bodies range from 5 - 6.5 ¢m. height and
'35 - 5 cm. diameter. ' ' '

Check Your Progress - 1 to §

1. Which are the other edible fungi besides umbrella like mushrooms ?
2. Name the commonly cultivated genera of guushrooms,

3. Which species of button mushroom is @ﬂy cultivated ?
4. Why is Auricularia so named 7 |
5 Whé{L are pul'_'[’-balls 7 O

Note : a) Write the answers in \p@™pace given below.

b) Compare your grs ‘with those given at the end of this, unit.




10.4. SUMMARY

The edible fungi besides umbrella-like mushrooms are known ‘as morels, puff-balls
and truffles. The morels are the species of Morchella, Pull-balls are the species of Lycoperdon
whercas trulfles which are located bencath the ground are the species of Tuber. The important
fungi from the point of view of cultivation are Agaricus, Lentinus, Volvariella, Pleurotus
and Auricilaria. Other important cdible mushrooms belong to the species of Caiocybe, _
Coprinus, Boletus, Flammulina and Termitomyces ctc. Edible mushrooms can be identified
with the help of their morphologlcal characters such as shape size, colour, texture, presence
or absence of annulus, volva and veil -

105, CHECK YOUR PROGRESS : MODEL ANSWERS

1. The m.hcr edible fungl bcsuies umbrella—hke mushrooms are morels, puff-balls and
truffles.

2. The imporiant gencra from the cultivation point of view are Agaricus, Lentinus,
Volvariella, Pleurotus, Auricularia and Calocybe. '

3. Agaricus bisporus is the corhmonly cultivated ,'specicwtton mushroem.
W

4, The gchus name Auricularia is derived from the Gy 'Auricula”, meaning car,
- Therefore, this mushroom is commonly called asfwoo§ ear, Jew's ear or ear fungus. -

5. Fruit bodies of Lycoperdon are com_r'nOniy&Htf " puff-balls.

10.6. MODEL EXAMINATI(QQU’ESTIONS

I. Answer the following questio&bo’lit 30 lines each
1. Write in delail about Volvariella especially its various stages of devc]opmcnt '
2. Describe any four of the edible mushroonis which can be cultivated.

II. Answer the following questions in about 10 lines each.

Give a bref account of. Agaricus spp. \

Write a detailed account of Pleurolus spp.

Write briefly about Boletus spp.

Give a dctailed account of Coprinus spp.

Write about Morchella spp.

oA W N

Give an account of ruffles.

Dr. 1. Kunwar
Ms. K. Prasunamma
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UNIT - 11 : POISONOUS MUSHROOMS
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- 11.1. Objectives
11.2. Introduction :
11.3. Important Poisonous Mushrooms

- 11.3.1.  Amanita spp.
- 11.3.2.  Clitocybe spp.
11.3.3.  Gyromitra esculenta
11.34.  Coprinus spp,
11.3.5.  Verpa bohemica
11.3.6.  Psilocybe semilanceolata
11.3.7.  Paxillus involutus
11.3.8.  Armillariella mellea
113.9.  Galerina autumnalis
11.3.10. Helvella underwoodii |
11.3.11. Scleroderma aurantium
11.3.12. Boletus eastwoodiae
11.4.. Nature of Poisonous Mushrooms
11.5. Guidelines for Safe Mushroom I-Iuntingo
11.6. Summary '
11.7. Check Your Progress @ Model A @
11.8. Model Examination Questions !
11.1. OBJECTIVES Q‘E | |

By the end of this um will be able to :

* explain the nature of poisonous mushrooms,

* distinguish and differentiate some important poisonous mushrooms Jn the basis of
morphologeal characters, !

* list out rules for safe mushroom hunting, ‘

i1.2. INTRODUCTION

There is no visible sign on any mushroom nor is there any thumb rule which indicates
whether it is toxic or not. However, there are some visible features which| certain groups -
of poisonous mushrooms share, but no gencralisation is possible. The rules of edibility
of wild mushrooms have emerged over centuries of experience. The belicf by many that
those wild mushrooms which have been nibbled by slugs, insects, squirrels or rabbits are
edible, does not hold good. Earlier the term “mushroom” was used for umbrella shaped
edible species and "toadstool” was used 1o refer to non edible or pomonors mushrooms.
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1L.3. MORPHOLOGICAL CHARACTERS OF SOME
' IMPORTANT POISONUS MUSHROOMS

‘The different kinds of mushrooms vary in form. Some are. quite strikingly different
from others, so that no one would have difficulty in recoguising the difference in shape,
texiure and colour., For example a typical umbrella shaped mushroon: can be “easily
distinguished from a pufl ball or earth ball. Different species of a genus could be edible
or poisonous and in many cases Lhe species vary only slightly in form, so that it becomes
more or less difficult 10 distinguish them. As a result of mistake in correctly identifying:
the mushroom, poisoning occcurs, Mushrooms could be poisonous/non poisonous depending
- upen how they are caten and with what, or their reaction may vary from person 1o person.
Therefore eorrect knowledge regarding 'Ih'e_ identification of poisonous mushrooms is
essential. While identifying, atiention is to be paid to the cap, gills, stem or stipe and volva.
11.3.1. Amanita spp. - :

The most important species of Amanita which are higlﬂy poisonous are A. muscaria,
A, phalloides, A, verna and A. virosa. Amanita muscaria in some places is popularly known
as the fy agaric, since infusions of it are used as a fly poison. It is handsome and striking
because of the usually brilliant colouring of the cap in contgast with the white stipes and -

species (Fig. 11.1) is quite variable. Cap is while Moh yellow and oran

ge o scarlet

Fd [t

Fip, 1LY, Amaniia muscaria.
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or blood- rcd depending on the variety of 1he spec:cs On the surface of the cap are a
number of scales or warts, formed from the fragments of the upper part of the volva or .
outer veil. Gills usually white, the stipe is cylindrical, hollow or stuffed when young and
enlarged betow into a prominent bulb, Upper part of the bulb is marked usually by prominent
concentric scale forming interrupted rings. These are formed by the splitting of the outer
veil or volva and form the remnants of the volva present on the base of the stipe. Farther
up on the stalk, main ring or annulus is present.

Amanita phalloides and its various forms, or closely related species are the mosl
dangerous of the poisonous mushrooms. For this reason Amanita phalloides is known as
the deadly agaric or dcadly amanita or death cap. The mushroorn is very variable in colour
from purc white, or yellowish, green, or olive to brown. Variations also occur in the way
in which the volva ruptures, as well as in the surface characters of the stipe. The mushroom
usually occurs in woods or along the berders of the woods. It does, however sometimes
occur in lawns. It varies from 6-20 cm height, the cap from 3-10 cm diameter and the
stem 6-10 mm in thickness. Pilers is fleshy, slimy when moist, smooth, round to bell
- shaped, convex and finally exranded and in old specimens more or less depressed by the
elevation of the margin. The cap is often free from any remnanis of the volva, while in
other cascs portions of the volva or outer veil appear on the surface of the cap in rather
- broad paiches, or it may be broken up into 2 number of smaller ones quite evenly distributed
over the surface of the cap. The gills are white ang free from the stipe or only joined
by a marrow line. Stipe stuffed when young, b@ge nearly or quite hollow. It is
cylindrical,. 6-20 cm long, 6-12 mm. in thickness. In longer specimens the bulb is quite-
prominent. Stipe smooth, usually white excgpt ifydark forms. Volva variable, when quite |
thick it splits at the apex and a prominent fiag Jifnb remains at the base. But when volya
is thinner it splits transversely abou middie in circumcissile manner. There are - -
gradations in. between when voly tez%irregularly. )

Fig. 11.2. Amanila phalloides.
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@ Amanita verna is the most deadly poisonous mushroom known. It is particularly

-deceptive because the symptoms of poisoning are so late in appearing that first-aid attempis
r. are practically useless. A. veraa (7l 11.3) s of a puze white colour and commonly known

as TFool's mushroom, The mushroom is often jarge (caps upto 7.5 cm in diameter and
stipe upto 12.5 cm. height). The death cup or volva encloses the base of the stalk and
‘hefe are no uhiversal-veil remnants on the cap. The annulus or ring hangs like a skirt
from near the apex of the stalk, and gilis are free from the stalk and white I colour.

| - i s N Fig. 113, ita verna.
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Amanita virosa is commonly known as destroying angel (Fig, 11.4). 1t is deadly
poisonous when young, the pileus or cap 1y whiie, sticky, 10 cm in di:‘:mrztci”nr;d egg-
shaped with a slender stalk (15 cm. length). The cup lawr tums yellowish, ibreaks through
the sheath and carries the picces of skin. The swoilen base i hatf-burried and surrounded
by volva. The gills arc pure wiite and free isug ibe stipe. The flesh bds an offensive

-smell, B ' _ .
11.3.2  Clitocybe spp.

- The two important species of Clitocybe are €. qurantiaca md ©. thtdens. C. aurantiaca
occurs on humus, around bumed over areas, and around and on rolting Ipgs of conilers
and sometimes hardwoods (Fig. 11.5). Ir is abundant at rimes during ratHer dry seasons
in late summer and fall. Gills vary close to crowded, noticeably forked, brilliant orange
to orange-yellow. Variability is found in the colour of the cap. It is @lmost black in some
forms to dark brown, toned with orange in other, and paler forms occur |which in' their
extremes are almost white. The species produces different reactons in different people:
The cap is about 10 ¢cm. in diameter and stipe about 3 cm. height. ' '

e
G
2 fae

Fig, V.5 Chitveybe aurantinea. ) ‘

- C. illudens Truits during the late summer and carly fall or around gld 'l'r.a-n‘dm.ioc[ sturmps
and logs. The species in a few hours causes nausea and vomiting, but iccoyery is usually
complete. Clustered habit of growth, all paris of 1he fruiting body _\,‘*c-:llow-nrlngc in colout,
7-9 cm, in diameter and 12-15 cm. height, gills crowded, narrow, stulks tapered to the
base. When in fresh growing condition the froiting bodies, i 1aken it @ dark room, give
off a ghostly sight, This is why the name jack-o-lantern is oflen applicd 1o this mushroom,

11 3. G yromitra esculenta

~The most poisonous species of Gyromitrais G.esculenza, It resembics & norel in shape
has a shorier, thicker stem and a mop-like cap, The Gap is marked by plominent folds
and convolutions, resembling some what that of brain convolutions. Tl ranges from 5-10
¢m high and the cap from 5-7 ¢m diameter, in spite of its name i is wiser 1 ayoid eating
" this species as it containg a poisonous substance which may not be destroyed completely

during cooking,




i 114 {.’_f('iur'yrfrv $ndery,

1].3.4. Coprinus spp.

The species of {Lop:mm are {(mnm,ulv known

cap mushrooms, Cemmon
JHICOW s o) C plicarilis. 1t oceurs
prsined with aleoholic beverages.
ey, bt ..}H.(‘I"l quite large numbers

speeies of Conrinuy are arrrzmcnmrna, g 11

in lawng and othier pinssy 5 LS poisonous wil

The mushiroom soniem s i f|mriy or a fow M
of them (upto 20 or mare) ) appes inoa ',nmf] i cap i ey r-shaped or oval. It varies
in colour from silvery prey w0 dark ashy / OF SHoky u.own colour. The cap may

have a pallid overtone from a thin !n. witlC fibrils and in some forms rather distinct

._‘_
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~scales are present around the cenire. A layer of dark fibrils covers the base of the stalk.
This represents ihe remains of a veil. The veil breaks as the cap expands and a zone
is left at the breaking point which varies from regular to irregular in its boundaries. Above
this -zone the stalk is white and silky. The gills blacken first near'phc cap- margin and
the process continues upward. As a result of deliquescence of gills at maturity into a black
inky fluid it has got the name inky cap. The dlametcr of the cap' is about 4 cm, and

length of the stipe is about 9 cm.
11.3.5. Verpa bohemica

The most poisonous species of the genus; Verpa is Vérpa bohemica.
known as bell morel. It is the first to appear in spring, and is generally

It is commonly
found near the

trees and shrubs in the area that has been leafed out. It uswally grows in rich wet soil
along the edges of swamps or along streams. It is poisonous when eaten in [large quantities.
Lack of muscular coordination is noticed four to five hours later. The fungus produces
-long, thick, white to buff stalks (10 cm. height) bearing brown, bell-shaped caps (6 ¢m.
diameter). Because of their relatively small sized caps, appear dtSprUpOI’thf,latC to the stalk.

The cap is attached only to the top of the stalk, the sides hanging down'}

ike a skirt. The

outer surface of the cap has longnudmal ridges. The cap varies from crrey -brown 10 yellow

brown.

‘M’.?s/%‘o.m LA
Tig. 11.8. Verpa bohemica.
11.3.6. Psilocybe semdanceolam

The important species of Psilocybe which is poisonous is P. semilg
mushroom is hatlucinogenic and is caten to achieve this ecstatic effect, It
in’ Swamps, among Sphagnum, on peat, on sticks and decayed trunks, alg
08 '

inceclata. This
grows in mud,-

$0 on the earth
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in low clearings, margins of woods and in open coniferous woods but not on dung. It
is a small mushroom with companulate cap (1.5 cm. diameter and stipe 1 cm. height),
dull yellow ochraccous or with olive tinge, shghisy viscid, Gills attached, long thin stalk
that may or may not have an annulus. :

11.3.7. Paxillus involutus

Paxillus involutus is the most poiscnous species of Paxillus. This mushroom for some
unknown reason is. decadly poisonous in some geographical areas but edible in others.
P. involutus is the "babyc ookhy" of the Russian Farmer who considers it second rate-but
sells it in large numbers in years when other mushrooms are not available in sufficient
quantity. In Poland and Germany this species has caused poisonings, and it is now thought
necessary o boil it well and discard the liquid before using it for the table. This mushroom
is quite common in some places and is widely distributed. It occurs on the ground in
grassy places, in the open, or in woods and on decaying logs or stumps. e siem I8
central, or nearly so, when growing on the ground, or eccentric when growing cn wood,
especially if growing from the side of a log or stump the mushrooms are 5-7 c. height,
the cap 3-7 em broad, and the siem 1-2 cm in thickness.. :

The pileus is convex Lo expanded and depressed in the Lenue The colour of the pileus
varies greatly. The young mushroom when fresh is often olive umber, becoming reddish
or tawny when older. The margin with a higher shade. The figsh i3 yellowish and changes
to reddish or brownish when bruised. Gills greyish, then greenishyellow changing to brown
where bruised. Veil present or more ofien absent, The stem rt and of the same colour

" Fig. 119, Paxiffus involutas.

11.3.8. Armillariella mellea

Armillarielic mellea is the well known peisonous species. Earlier this species was
known as Armillaria mellea. Tt is poisonous when old and decayed. It is one of the most
common of lalc summer and gutumn fungi, and is widely distributed over the world. It
is a parasite on trees and other woody ptants. The entire. mushroom is often more or less

honey coloured, from which the mushroom geis ils specific name and is commonly known
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growing (ogether, the bases of their stems connecied with 4 blagk rope-like  strand
(rhizomorphy from which tiey ardse). s clustesd habit, the usually prominent ring on
the stems, and the sharp, blachish, erect scales which wsually adorn the centre of the cap,
mark it as an casy mushroom (o dolermine in most cases. The mushroom vajres in height
from 1015 cm, the cep from . -10 em broad, snd the stem 4-10 mm in [thickness.

as Honey mushroom. The mushrooms oeeur in aubis of chisters, several to manly individials

-
L

The colour of the cap is exceedingly variable but yellow may be present gn the margin
while the centre is some shade of pale 10 dark brown. Gills are auached |io the stalk,
whilish, and with age they become more or less dingy or stained. Stallc whitish near the
upper end, but dull brown or reddish brown below the annulus, Veil could be \membranous
and thin or quite thick, or in other cases may be absent entirely.

wE
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i, LLI Armillarielln mellea,
11.3.9. Galerina cutumnalis

The important specics of CGalering is G.aummnalis. It oceurs from spring| to fall and
may be found during warm wintcrs. Ti inhabits the wood of hardwoods, but|also Erows
on conifers. The distiguishing feamires of this mushroom are dingy yellow-brown, slighily
sticky cap (2.5 em. in diam) pale tawny gills, the narrow band like ring on atleast most
of the stalks in any clester, and the darkening of the sialk from the base upwards as the
specimen ages. The stipe grows wpio 5 cm. height. Clusters are typical, but solifary
specimens are not uncommon. The habit on wood is very impottent, but clusters may arise
from buried wood and hence appear terrestrial.

11_.3.10. Helvella underwoedis

Helvella urderwoodii is the most poisonous species. It s false morel clog ely related
Lo true morels. False morels have a wrinkled hesd whereas true morels (Morchella) have
a pitted head, ' '

H. underwoodii s characteristic  of hardwood foresis, The fruiting bodics are more
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Fig. ILIL. Galerine apims ;

or less scattered. 1ts ~-pet character is the monneg
away from the stalk. The <2 ie very massive an
diameter is about 7 cm.

W the edge of the cap curls
s upto 5 cm. height. The cap's

11.3.11. Scferoderma fczﬁ:-‘u:z»;:: o

Scieroderma aurantium is the well. oisonous specics. This is the commonest
of the hard skinned earth balls. It geeurs€during summer and grows on humus and on

; 101
Fig. 11.12. Ielvella underwoodst.
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very rotlen logs in conifer and hardwood forests, The patern of warts and the dingy
ochraceous to brownish ycllow colour are the best external distinguishing ¢haracters; the
eolour of the interior, which very soon (before the speciniens are two-thirds grown} becomes
purplish, is the best glebal characler. Sometimes a stalk like base consisting of a mass
of debris held together by threads of the gpawn is present. The bun-shaped fruit body
is 5-8 ¢m across. This fungus is poeisonous if caten in guantity. Nevertheless, it has been
used as a Subsli‘tut_c_: for truffles, but it entiﬁ:iyﬁ_l_z}clé_s the true

o

Whrale

_Kig. 11.14. Boletus eastwoodiae

i




the briliiani crarlet tube mouths, the olivaccous brown cap, 16 cm. in diameter and reticulate
stalk of ahout 8 cm fiight vith a varied colouration of red and ycllow, and by the broken
fTesh stuining blue. Bolams semunus (salan's boletus) has & paler whitish cap. The rule 10
avoid boletes with dry caps that turn blue when bruised, is a good thing.

Check Your Progress - 1, 2, 3 & &

1. Which Amanita is known as the deadly Amanita ?

2. What is the main differcnce between Helvella underwoodii and other poisonous
mushrooms?

3, Which is the most deadly peisonous mushroom ?
4. ‘Which mushroom is calen o enjoy the ecslatic effect 7

Note @ (a) Write your answers in the space given below.

(b) Compare your answers with these given at the cnd of this vt

MUSHROCGMS

1. Coenatn mushroows are poiswhcn raw and harmless when cooked, e.g., Clitocybe

mueda.

2

Some mushrooms are poisonous unless they are parboiled and then thoroughly cooked,
e.g., Gyromitra esculenta. :

3, Cerlain mushrooms arc poisonous irrespective of the manner of preparation. e.g.,

Amanita phalloides.

4. Some musirooms arc poisonous only under certain conditions i.¢., when consumed
with alcoholic beverages c.g., Coprinus atrameatariys.

5. Some mushrooms are poisonous only when they are caten in large quantitics, e.8.,
Verpa bohemica.

6.  Some mushrooms although classified, as poisonous are in fact only hallucinogenic even
then they are calen o achicve this cffect. They are not poisonous excepl in cases
ol overdoses or unexpected adverse reactions. e.g., Psilocybe semilanceata.

7. Somc mushrooms for reusons unknown are deadly peisonous in some geographical
arcas but edible in other arcas ¢.g., Paxillus involutus. '
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8.

Some mustaoms are poisenous when they are old, decayed or hit by frost but they
are edibie, wnen fresh and vosug e, Armillariclia inellea.

1.5, GUIDELINES FUi SAFE MUSHROOM HUNTING

9.

10,

“is partiovlarly difficull.

‘Avoid "LBMs" (little Brown Mushroons)y whose species can rarely be determined by

amateurs. There are many poisoncus species among these little mushrooms that defy
identification. - '

Do not eat any white capped mushroom which is not identified; some are diadly
PoIsOnous. ' o

Beware of mushrooms with a ring on its stall, The delicious Meadow NMushiroomnm,
Agaricus campestris, hag a riny on its stalk, bur so does 1he Destroving |Angel, Amanie
Viros.

Boware of mushrooms with a sack or cup at about the base of il staii-;. The cdicin

- Amanite fulva has such 3 sack at about 1= hase, but s¢ dous the Death Can, Amani

rheloidas.

“onviie o mushrooms with swollen staik base Many edible specics have & oroncanc:

Cswening at ihe base of their stalks, c.g., Gratariclla metlea, but TILZY peoaennmes

windl e
vradal Al

species of Amanita, ¢.p., Amanita muscariay as well; and in cageg whers the con
or boot like covering hay disiulegn i that is lelt is & swollen :

Beware of mushrooms with wagg, sca®s?or raised projections on it cu=n. The edibie

Parasol Mushroom, Lepiota prodggeas prominent scales on iis cap, Lrﬂ,ﬂ 00 many,

poisonous species, such agptye GRen-spored Lepiota, Chlorophytlum molybdies, aul
the Fly Agaric, Amanit ia. ' '

Avoid all- specics s, [leshy mushrooms with pores instead of gills on the
undersides of their ¢ hicl have red pore mouths or which stain blue en bruising.

Some of these species are edible, hut some are poisonous, and their differentiation

Avoid all brain like (Gyromira), saddlc--mmped (Helvella} fungi, or deformed "morels”,
In these genera some specics are known o be edible when parboiled and then
thoroughly cooked, but other species are known Lo be highly poisonous.

Always cut-all puffballs in hall to ezamine the contents of each specimen, Whose -

inside 5 not pure white and undifterentiated should be avoided. Those ‘with interior
structures resembling the outtine of a mushroom, can be deadly Amanita buttons. One
that is firm but discolored or black within can be an over ripe puflball or a poisonous
carthball, ¢.g., Scleroderma aurantium.

Do not eal mushrooms found growing on or near dung that you have not positively
identilied. Certain edible species of Coprinus and some mildly hallucinogenic psilocybies
grow on dung, but so do some poisonous specics,




1L6. SUMMARY

There is no thumb rule to distinguish an edible. mushroom from pmsonous one, It
is leamt by experience, Nature of poisonous mushrooms varies. They could be poisonous .
when raw, when consumed with alcohol, eaten in large quaniities of hallucinogenic -
mushrooms. They could be poisonous in one region and non-opoisonous in another. Some
are poisonous regardless of the manner of preparation. Mushrooms can be safely collected
if some ruels are followed while looking for them. Illness or death from wild mushrooms
can be aovided by following some precautions. Some of the important poisonous mushrooms
are Amanita muscaria, A, phalloides, A. verna, A. virosa, Clitocybe illudens, C. aurantiaca,
Gyromitra esculenta, Coprinus atramentarius, Verpa bohemica, Psilocybe semilanceolata,
Paxillus involutus, Armillariella mellea, Galerma aummnahs, Helvella underwoodii,
S‘ciemderma aurantium, Bolems easmwoodiae clc.

11.7. CHECK YOUR PROGRESS MODEI ANE WLRS

1. Amanita phalloides is known as the deadly am_anita;

other poisenous mushirooms has wrinkled head.

2. Helvella underwoodii is a falsc morel. It has a -wrinkle@\cad ‘whereas none of the

Amanita verna is the most deadly poisonous mmm.

4. Psilocybe semitanceolasa is hallucinogenic and ig to achicve this eestatic cifect.

118, MODEL EXAMINATIOQ),U 'STIONS

L Answer lhe fbllowin‘g q'uestio@buut 30 lines each.
1. Write bncﬂy awoul pm:-.onoub prCleb of Amanita & Clitocybe.

2. Write a brief account on any other five poisonous mushrooms,
3. What are the guideliens for salc mushroom hunting.
II. Answer the following questmm in about 10 lmes euch.
1. - Write aboul Amanita muscaria. '
2. Write about Coprmus atramentarius. Why 1s it called ink cap mu%hroom ?

3. Give a brief accoum of the nature of pmsonus mushroomnms.

Dr, I, Kunwar
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UNIT - 12 : NUTRITIONAL VALUE OF EDIi

MUSHROOMS

BLE

Contents

12.1,
12.2,
12.3.

Objectives

Introduction

Nutritional Aspects

12.3,1, Composilion of Mushrooms
12.3.2.  Compurative Nutritive Vaiue of Mushro

12.4. Summary :
12,5. Check Your Progress @ Modél Answers
12.6. Mode! Examination Questions

oms and Oth

er Diets.

12.1. OBJECTIVES

After going through this unit you will be able Lo :
* explain the nuuritional importance of edible mushrooms,
* list out the nutrients present in mushigomg

Oms with othér vegetarian

*  compare the nutritive value of

" diet.

and non-vegetarian

N

12.2. INTRODU@

Mushrooms hn a part of our dictary habits and regardec

sinee ages. Romans tredted mushrooms as the "Food of the Gods" while
them as 2 health food. These were used as hallucinogens by Mexi
religious ceremonies. :

‘Mushrooms du¢ to their high productivity per unit arca and fim
on land, ability to grow on varied agricultural wastes, high nutritive ay
form a good source 10 reduce malnutrition in developing countries. 1
observed that 100 o 200 g of dry mushrooms per day are necessary 1o
balance in a nermal human being weighing 70 kg, '

+ Mushrooms form a low caloried food with high quality proteins, 1
high fibre content, vitamins and minerals. They consist of about S0

The edible mushrooms lack cholesterol thus forms a good ilem
patients. Due to low .sodium and high potassium ratio, low fat (rich in

{ as a special food
Chinesc considored
can Indians during

e, less dependence
1d medicinal values
intzel (1941, 1943)
maintain nutritional

itfle fat and sugars,
per cent moisture.

n the diet of heart
linoleic acid), fibre -

rich, high alkaline ash, mushrooms form the choice of the deitician for people with

hypertension, obesity, constipation and hyperacidity: Starch is
suitable for diabetic patients. '
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12.3.  NUTRITIONAL ASPECTS

Mushrooms contain 90 per cent moisture, They consist of 35 to 40 per cent protein,
4 per cent profein, 4 per cenl [at, 45 per cent carbohydrates, 25 per cent fibre on dry
" weight basis. The stored carbohydrates are glycogen, hemicellulose, mannitol-and reducing
sugars instcad of starch. Less amount of sugars (9% on dry weight basis) are present.
Though the fal content is less it is rich in an essential fatty acid, linoleic acid (70% of
the total fal). Mushrooms lack a dreaded sterol viz., cholesterol, instead ergosterol is preserd

which can be converted to Vitamin-D by human body. Vitamins C and B complex (thiamine,

ribollavin, niacin, biotin and pantothenic acid) are present in mushrooms. Folic acid and

B-12, which are abscnt in other vegetables are present in mushrooms. The minerals like

potassium, phosporus, sodium, calcium and magnesium are in comparatively larger amounts
while copper, zinc, ifon, manganese, molybdenum and cadmium are in very less amounts.

Check Your Progress - 1

1. Name the Caiy acid avaitable in major amounts in mushrooms ?
~ Note : (@) Writc the answer in the space given below.

(b) Comparc your answer with the one given at the nd of this unit.

12.3.1. Composition of Mushrooms - O
Mushrooms are a good source of proteins, car%ulcs, vitamins and mincrals. The
d

following table shows lhe composition of cdible mushrooms. :
Table : 12.1. Composiljon oRthree edible mushrooms

(Percentag gesh weight basis),
S Mush- ' Mois- Ash Pro- Fat - Crude- Carbo- Mine- Energy
No. rooms ture ' tein fibre “hydrate rals  value
' : K.Cal,
100 g.
dry weight
basis

1. Agaricus o : ' :
bisporus - 895 125 394 019 109 245 0.90 328

2. Plewrows spp. 900 097 278 065 108 2.6 046 263
3. Volvariella spp. 884 146 498 074 138 5.1 042 276

Proteins : On an average mushrooms consist of 3.5 to 4 percent protcing on fresh weight
basis. Mushroom protcin consists ol all the cssential aminoacids required by a human body.
The following table shows the aminoacid composition of Agaricus bisporus (Whilc button
mushroom), o

107




Table : 122, Amino acid composition of Agaricus bisporus
(Hayes and Haddad, 1976).

Si.No. Amiho Acid ' _ per 100 g dry matter
1 Alaninge . 240 .
: 2. Arginine ' ' : ' - 190
_ GH Aspartic acid : . 3.4
| ' 4, . Cysteine B (.18
I 5. - Gluamic acid ' - 7.06
‘ 6. ~Glycine o 1.20
7. Histidine - 0.64
8. ~ Isoleucing ' 1.28
9. Leuciic : S 216
10. Lysine - _ PR
11. Methionine o i 0.39
12, Phenylalanine ' _ . 1.55
13. . Proline ' _ 2.50.
14, Scrine : : : 1.89
15. Threonine o : 148
16. Tryptoshan o _ 3.94

17. Tymsir: ' : 0.78
18. Vatine ' \ \ - 1.63

Compared to cysteine and imlhioryplopfmn and lysine are |presenl oi Digh
concentrations. These are absent jQcercd®®, (he staple food of Indian dict. Thus, these
can supplement the ceieals in our ™ Methioning and cysteine present!in low amounts
in mushrooms can be compep€ged By cereals, The digestatilily of mushroon: profein is72
‘1083 percent (Lintzel, 194@;@&[1@ of mushroom prolein is intermediate between

vegetable and unimm@:‘l. eing a protein food, consumption of mushrooms prevent

protein.malnutrition a ce the rate of diseases like Kwashiorkor, Marasmus, Anacmia
ele., in human beings. '

Also many crops of mushrooms can be produced per year, thus compensating for the
protein production. Mushrooms give an annual vield of 2 million Kg/hectare. Beel, cattle,
conventional agriculture yield 78 Kg/hectare, fish rearing upto 675 Kghectare while
Agaricus bisporus yields 65000 Kg/hectare dry protein (Wi Bahl, 1982).

Check Your Progress - 2

\ ' 2. Name the two amino acids that are present in mushrooms and absent in cereals ?
Note : (a) Write the answer in the space given below.

(b) Compare your answer with thc one given at ihe end of this unit.




o8 Of hqu:d compounds mdmhm, free fauy acids,
Vi woridis : wveerides, sterols, sterol esters and phospholipids. About
| T2% -of ihe '"am aa 1ds are u a»il.ur‘ucu fatly acids especially linoleic acid (70% of the.
‘ totad lasty acids). A dreaded sterol, cholesterol, responsible for heart aitacks is absent.
Insiead, crgosicrol, whu.,h can be converted to Vitamin D by the human body is present.

Some reporis reveal Lhat cream coloured varieties’ of mushrooms contain more fat than'

white ones.

" Carbohydrates : Mushrooms consisis of 2-5 percent c'ar_bohydra*.'es on {resh weighi basis.
Fresh mushrooms consist of 0.95 percent mannitol, 0.28 percent reducing sugars, 0.59
percent glycogen and 0.91 percent hemicellulose (Mc Connell and Esselen 194’}‘) Starch
is completely absent which is a- boon 10 dubenc patients.

Check Your Progress - 3

3. Name the Carbohydrates present irl Mushrooms ¢

Mote : (a) Wrile the answer in Lhe space given below ?

’ . f’b) Comp'lre your answer with the one ;,Wen at the end of ths unit,

‘ Fibre : Fibre helps in cxerclion of wasie and -prcven@uipaliom Mushrooms are rich
w fibre, The fibre content in Plewrotus spp. rogges from 7.4 to 27.6 pereent compared
o 4 10 20 pereent in Vedvariclla spp and 10.4 pe In Agaricus bisporus on dry weight

© husis, . - ' : '

| ~ Vitwming : Mushrooms consist of ViLam—ii_ (ascorbic acid) and B-complex group of .-
- vitaming fike bioln, niacin, pantatt gcld, riboflavin, thiamine, folic acld and B-12,
Folic avid and B.12 are essential for ant-and lactating women. Many vegetables lack
these two vitaming, Vilming A, D, E and K are lacking In mushrooms, Ergosterol; which
can be convered to VitD by the human body is present in mushrooms. The following

fable (Tabie-12.3) shows the vimin content of mmt. edible mushrooms. '

Table ; 12,3, ° Vitumln confeni of SOMe t.dlble Mushrooms
{Chang uud Milas, 1993) (In mg. per 1!}0 g. dry wt).

S.M¢,  Mushroom _ Asmvbic acid N_l_adn Ribuﬂavin Thlamine
1, Agaricus bisporus ' a1e | o 55.7 ' 3.(1 | 1.1
3. Lewinus edodey 00 549 49 18
3 Plawonwspp, 00 1087 4.7 4.8
4. Volvarialla tiﬁh’ue_:n}f;-:eti . "'2{.};2 o 3 - 919 3% _ 12

Minerals Mukhmunl‘ vonslsl of gu@d armount uf miue‘r“als (’1ablc 12.4), Potassium 1§
present i n.i;i_,h_ gmawnity foliowed by phosphorus; sedlum, calolum and magnestum,. Other
rinerals like copper, «ing, iron, manganese, molybdenw and cadmivim are presentdn minor
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- ' amounts, Minerals iike K, P, Na, Ca and Mg compriscs about 56 to 70 percent of the
' total ash content, Potassium ajone accounts for about 45 percent of total ash content. Sodium
and caleium are in equal amounts in all other edible mushrooms except in Lentinus edodes
where calcium i in targe amounis. Though siraw consisis of low zinc, Plewrotus spp.
consists of high zinc content than all dther heavy metils. This mushroom consists of copper
in compartatively higher amounts (12,2-219 ppm) while cadmiutn and lead contents range
from 0.3 to 0.5 ppm-and 1.5 10 3.2 pptn respeclively. However, the concentration of these

heavy metals arc under the presctibed limit of the Fruit Product Order and Prevention

of Food Adulteration Act, 1954,

~Table : 12.4. Mineral content of some edible mushrooms (In mg

(Chang and Hayes, 1978).

per 100 g dry wt)

S1.No. Mushroom Ca P Fe

1. Agaricus | bisporus : 23 1429° - 0.2 nd 4762
2. Lentinus edodes. 33 1348 152 | 837 3793
3. Plewrotus off.rrea'tus - 98 476 8.5 61 nd

4. Volvariella volvacea ____ 71 677 171

374 3455

* nd : not delermined.

Note : (a) Write the aMer in the space given below ?

{b) .Comj

~ Nucleic acid content ; Usually microorganisms consist of high cont

- % Duc 1o high polassium and low sodiur@nu'shrooms became the choice of patients
suffering from hyperiension, O ‘ .

_ Check Your Progress - 4 3 | _

4. Name the mincral pQ ent 1E higher amounts -in mushrooms ?

ur answer with the one given at the end of this unit

=nt of nucleic acid.

The suggested maximum intake of nucleic acids per day by the Protein Advisory Group

of United Nations Sysiem is 4g, half of which only should come fro
Urale oxidase, essential enzyme for the oxidation: of uric acid is la

11 microbial source,
cking in man, Uric

~ acid is sparingly soluble in purine bases, guanine and adenine. Accumulation of uric acid

in plasma result in precipitation of urate in tissucs, joints, stone formation in kidneys and

bladders. Of the¢ four edible mushrooms studied, the highest amoun

t of nucleic acid is

present in Pleurows saforcaju (4.06 percent on dry wt. basis) and ohe ¢an corisume 392.5g

of fresh P. sajorcaju per day. While the other mushrooms being low in
can be consumed in higher quantities. Hence, mushroons can be used
with fow nucleic acid content (Table 12.5). '

nucleic acid conteni
as a safe vegetable




. Table : 125 Nucleic acid content of edible mushruoms and other foods
(perLent on dry wt. basis) (Ch.mg and Mlles, 1993)

~ S1.No. 'Sample | | e B '_ Nuclelc acnd content e
1.  Algae | : | 3.0-8.0% dry wi,
2. Bacteria ' | - 8.0-16.0% -..do- |
3. Cereals : o | 1‘1-4.0g/100g_ protein
4. Meat and fish o . 22-5.7g/100g protein
5, Microrganisms B 8.0-25.0g/100g protein .
6. "Mushrooms ' - 2.7-41% dry - wi.
7. Yeast . C 6.0-120% dry wi.

12.3.2. Comparative nutritive value of Mushirooms and other diets

The cdible mushrooms being rich in protein, moderate in fibre and ash, low in fat,
carbohydrale content and encrgy.value provide rich addition to the diet. The nutritive value
of mushroom protein lic in beiween vegetables and non- vegetarian diet.” Mushrooms lack
wasle matier while ali other vegetables and non-vegetarian diet ogrprise moderate to higher
amounts, of waste maller, Vilamins are in appreciable amountg in ¥ushrooms than in other
vegetables. The following table (Table 12.6) shows the nufril alue of common foods
and. mushrooms, ' '

Table : 12.6, Numt:ve value of mushrodw§ and other foods
(Al vatues are per 100 g. %ible portion) -

SI.  Name of  Edible Moi'_sturéQ'c'Fat_'Minérals Fibre Carbohy- Energy
No. the article portion ‘ ' _ drate
_ (%) (@ @ @ @ (8) (g) (Keals)
Cereals ' : P
1. Rice 100 137 68 05 06 - 02 782 345
2. Wheat 100 128 118 15 15 1.2 71.2 336
3. Blackgram Dal 100 ~ 109 240 14 32 09 596 347
4. Greengram Dat 100 100 245 12 35 - 08 399 348
Yegetables ' , .
5. Amananth Leaves 39 857 40 05 27 1.0 6.1 45
6. Brinjal : 91 . 927 14 - 03 03 1.3 4.0 24
7. Cubbage 88 . 919 18 01 06 10 46 27
8.  Caulillower e 908 26 04 10 12 40 30
9. Tomalo (green) 98 93,1 19 01 06 07 3.6 23
10, Carrot 95 ge.00 09 02 11 12 . 106 - 48
Fruits e :
1. Apple 20 ge6 02 05 03 10 134 . 59
12, Banana (ripe} 71 701 12 03 08 04 272 116 -

13.  Guava 100 817 09 03 07 5.2 1.2 =
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14. Mango (ripc) 74 $10 06 04 04 07 | 16.9 71

15, Orange 67 §76 07 02 03 03 109 45
16, Sweetlime - ' ' ' -
(musambi) 71 884 08 03 07 0.5 | 93 4%
Mushrooms | _
17.  White buton 100 90.1% 35 04 09 09 | 50 36
18.  Paddy straw 100 90.1% 38 0.7 042 1.1 4.7 46
19.  Oyster 100 - 902% 47 02 046 13 52 33
20.  Milk (Buffalos) 100 810 43 8% 08 - | 50 17
21.  Yeast (dried) - 7.6 357  i8 84 -] 463 344
Non-vegetarian diet : _ :
22.- Egg (hen) . . 737 133 133 1.0 - - 173
23.  Fish (Pomfrct) 68 784 170 13 15 - v gy
24.  Goat Mecat - 74, 214 36 1.1 - | - 118
25.  Prawn 45 74191 10 17 - os 59

'(Sourcc_: Gopalan et al, Nutritive Value of Indian Foods, NIN, 1987),

Check Your Progress - 5 i
5. Mention the percentage of waste mam:l@u in mushrooms 7 |

Note : (@) Write the answer in the spage g belovs,

{s] C_o'mparc YOUr answer wi one given at the end of this unit.

2 : i

12.4. SUMM@ | |

- |
As the Indian diet is cereal b‘md there is wide spread occurrence of protein
malnutrition like Kwashiorkor, Marasmus and Anaemia. Mushroom. proteir} is intermediate
between vc;,cmbk and non-vegetarian protein in qualily. Hence mushrooms are hoon fo
the vegetarian population of our country in filling the "protcin gap’. Mushrooms consist
of vitamins like folic acid and B-12 needed by the pregnant and lactaling women. These
are absent in vegetables. Low fat content, absence of cholesterol and rich in linoleic acid
makes them suitable (o heart patients. High fibre content and alkaline ash helps in cxcretion
of waste materials and thus reduces constipation and hyperacidity. Low bcbdlum and high

potassium ratio, few calories, tow [al content controls hypertension and obesrly Mushroams
lack starch and thus become the choice of a dmbum patient,

12.5. CHECK YOUR PROGRESS : MODEL ANSWERS
| | | | |
1. The fatty acid available in major quantity in mushrooms is linoleic acid.
2. The aminoacids present in mushrooms and absent in cercals are tryptop"han and lysine.
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3. The carbohydrates present in mushroomq are mannitol, g,lycog,cn hemicellulose and
reducing sugars. :

4, Polassium is the mineral pre_scm in higher amounts in mushrooms.

5. .The percentage of waste’ malter present in mushrooms is zero.

12.6. MODEL EXAMINATION QUESTIONS

I. Answer the following questions in about 30 lines each.
1. Give a briel account of nutritive value of mushrooms ?

2. Explain briefly the nutritive value of mushrooms and compare with that of other
- common Indian foods.

il. Answer the following ques‘lmm in about Iﬂ lines each.

1. Writc a note on protein Lontcnt of edible mushrooms and l:hc:1r 51gmﬁcdncc in
©our Indian dict.

2. Wrile briefly on mincral content of cdible mushrooms.

3. Write a brief account on vitamin content of edible mushrooms.

| ' . ' O Ms. K. Prasunamma
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UNIT - 13: MEDICINAL AND INDUSTRIAL | |
IMPORTANCE OF MUSHROOMS | ‘

Contents . ‘ . o ‘

13.1. Objectives ' _ |
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13.3. Medicinal Value of Mushrooms
13.3.1. Haematological Effects :
.13.3.2.  Anliviral Effects _ . \ ' _ ‘
13.3.3.  Antitumour Effects .
13.3.4. Renal and Cardiovascular Effects : ‘ ‘
13.3.5. Carcinogenic Effects . .
13.3.6.  Hallucinogenicity _ .
13.3.7.  Allergic Reactions
13.3.8.  Other Medicinal Values ' ‘
13.4. Industrial Importance of Mushrooms ' _ ‘ -
13.5. Summary
13.6. Check Your Progress : Model Answers : ‘

13,7. Model Examination Questions : :

13.1. OBJECTIVES O I

‘After going through this unit you wil/be able to :

*  describe the medicinal va%&wushmoms, .
* explain the hematol |, artiviral and antifumour effects of mushroobs,

¥ describe the renal, (%ascular and carcih()genic effects of mushroo_i’ns, :
=

explain the hallucinogenic and allergic reactions of mushrooms and

*  describe the industrial importance of mushsrooms.

132. INTRODUCTION |

Mushrooms, the fruit bodies of some Basidiomycetous fungi arc.l_‘lol;eworﬂ’ly for their
" medicinal and Industrial uses. They have been used in medicine since ages. They consist
of an enzymc, polyphenol oxidase responsible for proper metabolism and good health. Some
: mushrooms have been used as universal remcedies {e.g., Polyporus officinalis) for all the
dis_orders, while others for specific ailments like jaundice, intestinal worms, bl_oo_.d

coagulation, anacsthesia, heart ailments, tumors ctc. Polyporus rigricans is usca in making

snuff while from Coprinus comarus ink is being prepared.




i3.3. SEDICINAL VALUE OF MUSHROOMS

Medicinal value of mushrooms were mentioned cven in "Vedas™. Greeks comsidercd
that the mushrooms give “Strength to soldiers in war". FAO (Food and Agriculiure
Organisation) has recommended the mushrooms as food especially where the prolfm
malnutrition is prevalent Le., in ‘under dcvelopcd and developing: countries,

Muthooms consist of varicd mcdlcmal propertics. They are antiviral, antitumourous

-and antibaclerial. The renal and cardiovascular effects of mushrooms are worth 1 mcnuomng
~ Various medicinal properties of mushrooms are described below, '

13.3.1, .Haematologlgal_ Effects

- Haematological effect is nothing but an interaction between the fungal protein, the
lectin and the surface 5lyL0pr0Lcms of red blood cells. Lectins are the prolein substances
that have special affinity towards ;,lycosylatcd ma[enal These Have been 1solatcd l‘rorr‘
few edible mushrooms.

Such lectins were purificd from Agaricus campestris and also Flamymdina’ veluiipes,
Volvatoxin - A, isolated from Volvariella vofvacea reduces hacmolytic effcet towards Q'
group red blood cells. . :

Fomes ignarius and F. fomentarius are used for Rlood coagulations. Polyporus

- officinalis when appleid externally stops biceding,

Check Your Progress - }

1. What is (he leclin isolated from V.ofva" valvacea ?
Note :(a) Write the answer in the gp ven below.

. _
(b) Comparc your answer WQB one given at the end of this unit ?

T T T P T  E P R TP P T TR PP TR P

13.3.2. Antiviral Effects

Antiviral propertics of mushrooms were reported by Cochran (1960} for the first time.
Liquid extracts of Shiilake mushroom (Lentinus edodes) reacted against influenza A/SW
15 virus infection in mice (Tsunoda et al, 1969). Lentinus edodes, Boletus edulis and
Calvatia gigantea arc reported to produce viruses and inhibit both influenza and polio
viruses. Ajinomoto company, Japan in International Conference in Imimunopharmacology,
1988 suggested that Lentinan sulphate i3 inhibitory to AIDs. Food and Drugs Administration
of USA also approved this and suggested that the extract of this mushroom can be used
dg‘unst AIDS in clinical trials. '

Reishi mushpoom (Ganoderma z’uudum) is comonly termed as "Mushroom of Immortality”
in Japan and marketed in the form of pills. This mushroom consists of immuno-regulating
compounds and thus help in controlling AIDS. In view of the immuno-regulating property,
this has been called “Longevily Mushroom" in Korea. Water extracts of maitake mushroom
(Grifola frondosa} has been reported 10 kill AIDs causing HIV virus in human beings.
This was found 10 be cqually effective 1o that of widely used  AZT drug for AIDS.
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Checlt . Your Pr(}“ress -2

2. Name the 1wo mushrooms mow,d IO be ef[ccuve HUd!ﬁbf AEDS ? |

(b) ‘Comparc your dnswer wuh Lhc one gwcn at the énd Of this umt _

13.3.3. Antltumourli,tfects R L o |

Note : (1) Wrile the answer in the space gwen bclow

Antitumour Lompounds like 'Lenunan (a polysacchande) from Lentinus edodes, 'Calvacin'
frem Calvatia gigantea (giant puff ball). 'Flamulin' and Flammutoxin frdm Flammuling .
veluripes and ‘Volvatoxin' from Volvariella volvacea have been reported. Th¢ antitumourous
activity has also been reported in maitake muashroom (Grifola frondosa). Mushrooms like
Pleumnn Agaricus bisporus, A. blazei are also reporLed f0 be antitumouroys. They inhibit
the respiration ol tumour cells, : : |

Lentinan (dnl.lLle()LllOle) rc,mman (fmucamerous) arc bcmg produued| by Ajmomoto
- Co., Japan :

Check Your Progress - 3 &4 . . . |

3. Lentinan is isolaled from : 0 —
4, Calvacin is isolated from - - Y o
‘Note @ (@) Wrile the answers in the s@;iven‘ above. |

lhose given at the end of this unit.

() Compure YOUI answer!

13.3.4. Renal and Card cu

r ECffects

Licquid extracis of BlewromsNajor-caju is reporied 10 rcduci, the Glomerular Filtralion,
Rale (GFR) in ruts, GF ciion reduces the rate of nephron dcwnomuor and incroases
Lhc, life sp.tn of ch:omc nal f.ulure padents, - : .

(mprizmv comary rcduced the blood qucosé in 1'1’1-Icé.'-(l?ﬁiley etal),

Wu Shu (Mm;ﬁ dyrm Ly. 1368-1644), a famous chinese doctor mc;lu’c’ that Lentnus -
- eures colds, generales staming, improves blood cireulation and also Jowers biood pressure,
Candiotoxie proteing have been isolated from Flammuling veluttpes and Volvarlello volvacea,
- Auriculurla pu.!yrricha. Agarizay bisporus and Lentinus edodes have been reponed (o show
hypolipldemic clieu. a property of reducing c,hokmro] level in the blacd.

Cheek Your Progmw- 5 &6

3. Menlen two mushmmm that slmw hypo]iplduﬁic elfeet ?

'6_; Whm I meunt by hypulipidemlc uflu,l ?
- Note s (1) Wrile the HORWETS in the spnc@ glven heimv I

by Qui-npujt, YOUI FRgwers wlt_ll those glven ot the end of thiy pnlt




13.3.5. Carcmogemc Effects

Edible mushrooms having toxic effccts are very rare. -However Agancus bisporus
consists of agaritine (chemical having a nitrogen- nitrogen bond) which when breaks ‘down
4 hydroxymethyl. benzene diazonium tetraflouroborate is formed. This is reproted to be

" gastric tumourigenic in swiss albino mice at an oral dose of 400 ug/g of body weight
(Toth et al, 1982). The negative effects of agaritine were seen only in large doscs in mice

but its health haz,drd in man is negligible.
13.3.6. Hallucmogemmty '

Hallucination is a sort of imagination by forgetting individual's present existence and

it rescmbles alcoho! intoxication. Some hallucinogenic mushrooms are Amanita miiscaria,
Stropharia spp.'and Psilocybe spp. They -contain psilocybin, a substance responsible for
hatlucination and is used- in the trealmcnt of mental disorders.

Check Your Progress -7
7. Ment:on (WO halluunogemc mushrooms

8. - What is meant by hal]ucmauon ‘? S 0

Note : (a) Write' Lhc dmwcrs in lhc space gwen

M) Comparc your amwem wnh thosr., gl- ; 1h_c'end of -l.hi.s'-un_it.

13.3.7.. Allerg,lc Reactions
Inhalation of spores of PIeuratus spp devel()p allcrgy in some pcople The symptoms

~are latigue, fever; sinus pressure, joint pains, cough and nausca. The basidiospores are

deposited in smaller bronchii and induce asthmatic symptoms. The symptoms last [rom
1 10 2 days uplo onc week and disappear without treatment. The persons prone 10 allerg
are recommended (O use respiratory masks inside the growing rooms.

13.38. Other M'edicinal Values

Polyporus officinalis is used for all disorders and used under the name ‘agerick’. This '

is used (o stop night sweating in lubcrculoms to cure chronic diseases of lungs and breast,

gout, jaundice, rheumalism, instestinal worms, etc. Thls is also used as homcopathic dose -
under the name Bolets laricis or Agaricus albus. Lycoperdon giganteum 'is used for

surgical dressing. Calvatia gigantea is used for anacsthesia, Auricularia auricula is used
as & gargle for throat inflammation and also for inflammed ‘¢yes. Amanita muscaria is
used for epilepsy. swollen qlande, rheumatoid arthnus heart ailments and in homcopdthlc
doses under the names ‘agar', ‘agarus' and ‘agaric'. :
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From A. muscaria iwo chemical compmmds muscinol and 1bo‘temc a.olld are extracted.
These two compounds cure the brain . disease "Schizophorenia". which causes the -
| malfunctioning of "GABA. system” of brain. GABA is nothing but Gama Amino Butyric

Acid, a main inhibitory cempound of central nervous system causing ‘bram break’,

Flammuling mei!ae F, oddpn' A, campestris are dntibacterial and ate acuve agamst
Staphylococcus aureus, Salmonella typhii and Escherichia coli. Lentinus edodes, Cortinellus
shiitake and Coprinus comatus are antifungal in nature. Clitocybe illudens ylclds terpinoids

~ like Hiudin-M and Mludin-S. which are active agamst Piasmodmm gallinageum. Armdiana
meh’ea is a good purgalive. E :

Satit Thaithatgoon (1995) al Arunylk Mushroom Centre, Bangkok Thalland ccmducted

& pretest of Ganodermag lucidwn (Reishi mushroom) in about 200 patients. The prctest'

showed that the consumption of this mushroom not only cured allergies, tumours;,

rheumatism, diabetes, h:ghz‘low blood pressure, heart dlseases, cancers etc but also
prevented the discases.

* In China, a muahroom by name Yun Zhl (Corzolus vers:co!or) is ut,ed for cunng chronic
and acule hepatitis, cancer and for:strengthening one's physique. - 1 o

Phanasomba, an ayum,du, medicine is derived from Phellinus memilutand P. robinae,
This is applicd in gums to check excessive salivation. Mushrooms boiled with milk and
~ sugar is recommended for tberculosis patients in Ayurveda, "Nilamanga' which looks like
a mango is a rare, underground mushroom a.s08gted with old termite nests of the soil.
- This mushroom is repofted to cure a number. 0\@%1’3 of the body. Internal application
of its extract in sesamum oil cures. ear paig in dren. The extract omeushroom with
butler cures body obscissions on extemn ication. Body dehydration fis prevented by
~ consuming Lhe boiled water extract of NWasfanga in boiled milk and is a good remedy
for jaundice. : o :

Chéck Your Progress -

_ 9 Wh.u is the soun%\gcnck ? -
Note : (a) eru, the anSwer in the space given below.

(b) Comparc your answer with the one given at the end of this unit.

.................................

In 15th century, Wu Shui, a physician from Singapore reviewed the beneficial effects
of shiitake. This has been reported to enhance vigour, sexuality, energy and’ diminished
ageing, Study on medicinal mushrooms gained much attention in china. They have lisicd
nearly 107 medicinal mushrooms and are manufacturing nearly 20 types of commercial

- medicinal mushrooms, Some of Lthe prominent ones are liver protective agent.(Polysaccharide
of shiitake), anticancer (Polysaccharie-peptide of Coriolus versicolor), for dizziness and -
head ache (Armillariea mellea, honcy mushroom), as sedatives (Ganoderma Iuc:dum) and

antiradiation dmg (Tr cmdla Suciformis). All of Lhcm -are available in tablet form in chinese .
markeis




13.4. INDUSTRIAL IMPORTANCE OF MUSHROOMS

Mushrooms are also used in dyeing industry, as an ingredient in snuff, in making
flower pots, hats, piciure frames, as luminiscents and wriling nmw:ul

The dried and powdcred fruit bodics of Potyporus' nigricans arc used as an- mgrcdlcnt :
in snuff. A brown dye used for colouring silk, wool, cotton, shoes, furniture is extracted
from Polyporus bisporus. Fomes ignitarius yiclds brownish black dye and Polyporus
. sulphureus yiclds an yellow dye. The fruit bodies of inky cap mushroom (Coprinis comatus).
are. deliquescent and tum into black liquid which used for writing purposes. Daedalea
quercina is used for cleaning horses and also hair of men,

Polyporus squamosus and P, betu!muv are used for makmg rajor strop. Bottle corks
are made [rom Polyporus squamosus, Armelfarwﬂa mellea, Fomes anosus, Pleurotus
Japonicus, Boleus edulis, Collybia longipes etc., emit Tight, The emitted light Quminescence)
is often so bright that a printed page can be read in-dark, Asticles like handbags, picture
frames are made Irom the fruil bodies ol Fomes fomentarm\ and Ganoderma app!anazum

Lheck Your Progrf.ss - 10

10. Give (hree cxamples for luminescent mushrooms 2 - o ‘
Note : (a) 'Wrile the answer in thp?ip'acé given bcid@ -
(by Compare your answer with the one g ¢ end o!‘ this unit.

nuuu-'--....n.|nor-u.-.u--.|.n|n.uu-n-.||-n--u'-..u.n--uunGnn.un---u-|nnouu-.-na-|nunuu-..u-unuu ‘
' L L T L PR YR T T Ay TTTTLCL LU L L TR RN A ]

13.5. SUMMARY % E
Mushraoms have immense medicinal and industrial values. Polyporus officindlis, Fomes:
iguarius and F. fomentarius arc uscd as blood coagulants. “The, antiviral properties of
mushrooms arc noleworthy. Few examples are Lensinus edodes, Calvana gigantea, Ganoderma
Aucidum and Grifola frondosa. Mushrooms like Lentinus, Auricularia, Agaricus bisporus
are reporied 1o reduce . blood cholesterol level. The halluuno;_,emc property of some
mushrooms (Amantia muscaria Stropharia and Psilocybe) is being exploited in the treaiment '

ol mental disorders. Abomk whu.h is prepared’ from Polyporus officinalis is uscd to cure'
~many disorders. :

Mushrooms have also been used in m.lkmg decorating dl‘thlt.S. dycs, snuffa. and also
as luminiscents.

T I T L LR LR P LR LR PEE LR R L

" 13.6. CHECK YOUR PROGRESS : MODEL ANSWERS

1. Volvatoxin-A is the lectin isolated from Volvariella volvacea..




o N e Mok W

Gapoderma lucidium (Reishi mushroom) and ano!a Jfrondosa. (Mduﬁke mushroom)
aré the two mushrooms provcd o be ef fcu:ve against AIDS. |

Lentinus edodes. |

Calvatia gigantea. ' S |

Agaricus bisporus and Lentinus edodes show hypohpldcmlc r:tlcu; | .

. The property of reducing cholesterol -in the blood is called hypohptdcmrc effect.

Amanua muscaria and S tropharia are the two examples for ha]luunogehic mushrooms.

. Hallucination is a-sort- of imagination by forgetting individual's presem ex1slence

Agerick is extracted from Polyporus officinalis. _' . '1-

. Polyporus 5quamosus Armillariella me!!ea and Fomes anosus are the thrce examples

for lumlnmccnl muahrOOms |
|
|

13.7. MODEL EXAMINATION QUESTIONS -

- 1.

11,

‘100

Answer the following questions in about 30 lines each.

1. Wrile an account on medicinal values % mushrooms. |

2. Wrile briefly about the Industrial inﬁce of mushrooras.

Answer the following .QLlesti()lls i' t 10 lines eilch.. |

1. Write bricfly about antivigal_effcCts of mushrooms. :

2, Wrile a short note 'mLm;r and allergic reactions of mushrooms.
Q“ |

@_ < My, K Prasunamima
| :




UNIT - 14 : MUSHROOM EXPORT

Contents

14.1. Objectives

14.2.  Introduction.

14.3. - Mushroom Production in India -
144. Mushroom Production in Other. Countries
14.5. Prospects of Cultivation in India =~
14.6. Scope of Export from Indla

14.7.  Summary o
14.8. Check Your Progress : Model Answers
14.9. Model Examination Questions

14.1. OBJECTIVES

By the end of this unit you will be abie to :

* explain the staus of mushroom production in India ang other countries,

*  assess the potential of mushroom production in Indie,

* find oul the export potential of the country in@e of mushrooms.

14.2. INTRODUCTION ?s |

- The commercial production of uSh&m's is being done in U.S,A,, France, the
Netherlands, UK., Germany, Italy@, Taiwan, South Korea, India, Indonesia ete. At
present the world producton (TablesWA4.1 and 14.2) is. estimated to be around 4 million
tons per annum. There has been steady increase in. production in recent years. The total -

production which wus 2.1 million tons in 1986 has increased to 3.76 millions during 1988-
89 (Table 14.1). '

The most astonishing progress in this field has been in China. The major mushroom
producing countries are U.S.A., China and Frame In -India mushroom prot'u(,uon is
estimated to be around 25,000 tonnes per annum.

Table : 14,1, World Production of Cultivated Muslirooms 1986 and 1989/90
(From Chang & Miles, 1991)

1986 Fresh
Welght 1000 %
tonnes

Cultlvatéd species

1989/00 Fresh
Welght 1000 %
tonnes

Agaricus bisporus 1,227 8§62

Lentinuy edodes 314 144
Volvariella volvacea 178 9.2

1424 37.8
393 . 104
207 8.5
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Pleurotus Spp. 169 S A B Y

Auricularia Spp. 119 55 Ao 10.6 .
Others | 75 80 40 | 15
- Total o 2,182 100 3763 | 100

: : _ T :
* Tabie : 14.2. ‘World Production of Agaricus bisporus (From Chang & Miles, 1991).

| - 1986 - 1989/90

Country o Fresh Weight ~ ~ Fresh Welg,ht

: ' ' 1000 tonnes 1000 tonnes
USA. o | 285 o 3'{)2-
China 185 - 170
France | 115 S 200
Netherlands . S 15 C U140
UK. 95 118
Italy _ _ S T . 100
'C_aﬁada : 51 - D LSI :

- Spain e .. |
Taiwan’ ' L S O 15 o . FO
S. Korea - N 18 o _ i1'2
Belgium ?. A _16 TN }ZO_
Ireland : 16 o 23
Australia - Q‘ 14 | 20
S. Africa - @ o o pl' -
Poland . . T : S 08

Others _ _ L 58 : SRS
Towl . . 1177 ) 1424

|
In India mushroom production started during 1965 in Himachal Pradesh and for some
time this activity was centered in this state, The state Govt. and 1.C.A.R, ‘started research
and developmental activities to promote mushroom cultivation during same time. This
resulted in awareness about mushrpoms particularly button mushroom (Agancus bisporus) .
and their cultivation in this region. Later on its cullivation was taken up in Jammu &
Kashmir, Punjab, Haryana and U.P, Hills., The most distinguished contribution was made
by the Maharaja of Patiala and the Mushroom Research Laboratory, Solon. During 1983

- LC.AR. cstablished National Centre for Mushroom Research and Training at Solon to
carry out research and training activities.

14.3. MUSHROOM PRODUCTION IN INDIA
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In South Inclla muahroom production started when Mr. Nigel Steward started buttcm _
mushroom cultivation in Qoty during 1970-71 and Indian Institute of Horticultural Research,
Bangalore established Mushroom Culture Laboratory duting 1972 in temporary structures
and recently, full fledged Mushroom Culture Labomtt)ry with-{fully air conditioned cropping
rooms and-spawn production facilities (cap. 1,00,000 spawn bottles/pp hags p.a) became .
functional. Initially only button mushroom was being grown, Later on during 1976-77 oyster
mushroom (Pleurotus sqjor-caju) cultivation was’ introduced. These two varieties have
become most popular for comercial production in the country. For a long timé the progtess
was very slow. However, in recent years there has been a 1ot of awareness about mushrooms -
and their cultivation in the country.” Some of the projects are producing sizable quantity’
of mushrooms for export {Table-14.3), At present mushroom production is “being done in
Himachal Pradesh, Haryana, U.P. Hills, Karnataka, Maharashtra, Kerala, Tamtlnadu ‘Origsa,
West Bengal, Madhya Pradesh and Goa : :

Table; 143 Export of Mushrooms l‘rom Indld (1980 81 to 1990 91},

Year o ' ' o Q_ty._ (M) 7 Value (Rs. in Lakhs)
1980-81 - 47 235
1981-82 . S 421
1982-83 _ 45 L2380
1983-84 o : o 520 241
© 1984-85 . 30 0 | 143 -
198586 - 0 0 03 NS 174

1991-92

1986-87 _ _ : . 08 '_ ' 1013
1987-88 , o 70 o 1187
1988-89 o - U 658
198990 - ' - . 4?’._ o ~ 673
1990-91 e 700" 2768 -

. - A 4030

* Quantity not properly recorded'-”({} . o ST
The most impor_tant__cxp_on orientcd units in India are given in Table 14.4_.

Table : 14.4. Export Oriented- Firms and the Quantity Produced. by them.

Name of the Firm o © Quantity in M. Tonnes
Pond's Indta (Oot)’) o B S . . '35(}0'_'
Saptdnsl'u Agro Industnes (Madras) L L o 3500 .

Agro Dutch (Punjab) : o o . 4000

Flex Foods (Dehradun) =~ . L1500

Tegs Mushrooms (H.P.) R ' - 1500

Beside these, there are a few more projects in progreés in A.P., Maharashtra and oth_et '
parts of the country which will give further boost to mushroom production in the -country.
Some of the Indian Companies collaborating with foretgn firms for Mushreom Cultivation -

are glvcn below (Table : 14. S)
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~Table : 14.5 List of Indmn Compames Collaborated w:th Fore:g,n Firms for
Mushreom Cultwatlon : '

S.No.  Indian Company. Foreign Firm = Place of Project/
o ' Unit, estdbllshed

1. Tegs Masrado Agro Dalsem Véciap be.  Chail, Hlmlachdl Pradcsh
_ Farms Ltd. - - Agro Industries,, Holland _
" 2. Agro-Dutch Foods 1.d. e Tolapur Vllagc,_ '
- o . - . Patiala Dist., Punjab
3. Indo-Britain. -~ - ~Macon Agri Ltd., . ST Jyotipur, Hissar
“Agro Farms L. .(Tyrone) UK. a - )
4. Jain Group of Eldar Electromcs R Jalgaon, Maharashtra
- Industrics ' . - Israel ' o o '
5. ':'So_uth Asian . Macon Agri. Lid., ~ Umari Vill_agc,'R:;iso_h Dist.
- Mushrooms Lid. - ~ Notthern Ireland .~ - Madhya Pradesh- . )
6. Sugam Agrotech Lid.  Avi of Istacl, Isracl - Kakinada, |Andhra Pradesh

" Projects Being Established

©7. ASR Agro Lud. '_ M/s. Agricons ting,. © Vemulavalhsa Village
o ' _ England a ivis_ n of  Bheemili, Visakhapatnam

: Tray” , Andhra Pradesh
8. Monesm Agro Foods Ltd. SouLh Smgabore - Guntur, Andhra Pradesh

9. Agaricus Agro - AMg, Ventures Rawalkole| Village,
- Exports.Lid. - ' IM€rnational Lid. & -Medchal, Near Hyderabad
o | Q& il Engineering, Israel  Andhra Pradesh
10 Mfs. Premier N\ Tray Master Lid. Medchal, Near Hyderabad
Exploswes Ltd@ England . -Andhra Pradesh . . .

There are- several tiny, smail and mcdmm fanns of bulton and oyster mushrooms
producing mushrooms for local market. The most important is seasonal button mushroom .-
production (during winter)  in the villages of Haryana where 2000r3000 tonnes of
mushrooms are produced every year pamcularly for Delhi markel.

tropical region | is bemg produced mostly in Orissa. This variety is not much popular due
to its low yield and poor kecping quality. Recently another tropical m shroom’ has been
introduced by Purkayastha and Chandra of West Bengal known as milky miushroom
(Calocybe indfca)‘ This variety cam be grown in temp. range of 25-37° C.- ~ =

- The paddy.straw mushroom (Vo!vanet!a volvacea) though' very }uch suitable for

.Check YOur Pro;,ress -1 & 2

1. Name two tropical muv.hrooms best su1ted to Indlan conditions.
2. What are the important mushroom projects that are export orentcd in India ?
Note : (a) Write the answers in the ‘space given below. : ‘

(b) Compa're your answers with those given at the end of this unit. _




144, MUSHROOM PRODUCTION IN OHTER COUNTRIES

The main mushroom producing countries are U.S.A., France, Ching, The Netherlands,
U.X., [taly etc. Button mushroom is the major variety being produced. This variety
contributed 1,227 million tonnes (56.2%) during 1986 and 1.424 (37.8%) during 1989-
90. The major share is from U.S.A: (302000 tonnes) followed by France (2000000 tonnes),
- China (170000 tonnes), The Netherlands (140000 tonnes) U.K. (118000 tonnes) and Italy
© (100000 tonnes). However, the major increase in prodyctidy has been due to the oyster
~ mushroom. The production of this variety which was 169QUQFtonnes (7.7%) during 1986,
increased to 909000 tonnes (24.2%) during 1989#0®NThe major contribution was from
China. The next important varicty has been Jew' sushroom (Auricularia spp.) which
contributed 119000 tonnes (5.5%) during 198§ showed further increase 1o 400000 tonnes
- (10.6%) during 1989-90. This s also being %&in South Asian and far east couniries,
There has been negligible increase in uctln in case of paddy straw mushroom i.e.,
178000 tonnes (9.2%) in 1986 10 20% (5.5%) during 1989-90. Shiitake mushrocm
is most popular among Japanese le. Bs production has also increased marginally from
314000 tonnes (14.4%) to 393@771105 (10.4%) during 1986 and 1989-90. In recent
years Indonesia, Thailand and Vietham are also showing good progress in this ficld.

14.5. PROSPECT OF MUSHROOM PRODUCTION IN INDIA

India is a coumly of dwcmhcd agroclimate, There are temperate, sublmplcal and
tropical regions and seasons suitable for the cullivation of different mushrooms. Besides
agricullural/horticuliural wastes are available in abundance which can be utilised to grow
mushrooms. In recent years there has been a lot of awarencss about mushrooms. This
has resulted in more consumption of mushrooms. With increasing demand for mushrooms
both in domestic and international mwmaet mushroom production is bound ‘o increase in
the country. Here are the positive points mdlcalmg the prospect of mushreom production
in India -as suggested by APEDA.

1. The consumption of mushrooms is incrcasing worldwide due to its high nutritive value
and other health benefits. :

7. The world trade has been declining lor some years duc 1o fall ol production in

-
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 developed countries.

3. Due to high cost of labour there is dcclmc in mushroom ‘production m Taiwan and
South Koren, once major producers. :

4. China is also fdu_ng, quality problem, faces 1.5, ban on canns,

Opportunity for india : There are excellent opp_ortunitics -Tor India on account of the
following -reasons. ' :

-(a) The growing gap between demand dnd supp]y due to 1h<, mcrcabmg deLnand in the
domestic as well as International market. o ‘

(b) Rcducuon of the pmuuctlon by Taiwan. and South Korea due 1o hlgh

(c) Decline in export from China due to thly problcm in canns. _
. {d). Mushroom cualtivation and pzoeesqmg being labour intensive, Ind:a anO)T, dc{vantage '
(e). Growmg, domosuc mirket w1Il also plowdc 2 wider base. .

(1) Number of Inwegrated gr owing and proc,essmg, plants are commg up and cxisting oncs |
are lxkc]y 1o increase their production capauty '

SLaLc wise production of mushrooms in India during 1992- 93 is given bélow (Table:
14. 6)

(Source : Sharma ain®f Rak 1994)

State : O 199293 (tonnes)

- Uitar Pradesh g - . 2500
Himachal Pra_dcsh - ?\ o - 2000

Haryuna - Q‘ : - 1650 .

Punjab | @ - 1200 ‘ .
Tamil Nadu - ' _ 500

Table : 14,6 State Wise Productio@/lushrtmms in India

Karnataka o : R 500
. J:nnmi_x & Kashmir . - N 300-‘
Kerali | o 0|
Andbra Pradesh - o 300
Maharashtra - - ' 250
Madhya Pradesh . _ - . 200 ‘
Orissa - _ _ L .50 ‘
West Bengal | . 50 \
Gujarat - .. _ - 10
‘Rajasthan - S o 5
Bihar . ' R : ' 5 ‘
Others e C 500 ‘

Total Production S o ' 11520




{16, PROSPECT OF EXPORT FROM INDIA

There 13 creasing demand for mushrooms in International market which is estinated
i be 24.5% per annunt The consumption paitern is as follows.

(1) Canned - 50%
My Fresh 45%
(¢) Dehydrated 5%

The bulton mushroom covers 85% of the market demand. The major importers are
U.S.A. and Germany. The imports of preserved mushrooms in U.S.A. is shown in table
14.7. China is the major country which is supplying mushrooms to these countries. India's
cxport has been very litle in comparison 1o these. However, in recent veass it has shown
steady increase viz.. 673 lakhs in 198990 to 4030- lakhs in 1991-92, The Netherland is
another couniry which is doing export (Table 14.8), The world cauned mushrooms Lrends
«hown in chart shows that U.S.A., Germany, Canada wrsd lapan are major imporier: of
this and demand is increasing.

Tabte @ 14.7. Imports of Preserved Mushrooms in US.A. (In Millio = Litres).

* Origin 1980 1982 1984 1985 1986
Tajwan _ ' 43,3 2w 47,7 144 371
Ching ‘ a2 :7.70 50 378 38.7
Hong Kong 144 123" 124 256 340

Other Far East 16.6 %‘ 141 10.9 10.4
Spain | [11Qs . 12.7 8.7 3.7
The Netherlands o - 42 24 0.7

Table : 14.8 World Exporters of l’l‘(':cessed Mushrooms {(MT). (Chang & Miles 1993)

§Eurce T | 1*)‘5() ' '”"1985 1983 incréase over
| 1980 (%) _

Netherlands 48,900 _ 96,9649 9%

France 49,400 61,183 24
Benelux | 2,600 1,780 -15
Spuin 1,300 _ 15,000 (est) - -
Chiny 84,100 1,10,200 32
Taiwan 77,100 - 58,900 24
South Koret | 22,000 8,400 62
Hongkong | . 22,700 - Nat available -

Total world 3,10,000 - 3,580,000




There is going (o be more and more export of mushrooms from India as more and
" more projects particularly with buy back arrangements are coming up in different parts
of the country. Besides there is good scope to export dried oyster mushrooms ‘which is
at. present dominated by China. It is expected that in coming few years India is going
to be one of the major mushroom producing countries in the world. o

‘147, SUMMARY

Mushroom production is being done commercially in U.S.A., France, The Netherlands,
U.K., Germany, Italy, China, Taiwan, South Korea, India, Indonesia etc., In India mushroom
production started in the year 1965 in Himachal Pradesh. In South India Mushroom
production was started in Ooty during 1970-71, by Mr. Nigel Steward. The most important
mushroom projects in India are Ponds India (Ooty), Saptarishi Agro Industries (Madras),
Agro Dutch (Punjab), Flex Foods (Dehradun) and Tegs Mushrooms (HLP’.). Prospect of
mushroom production in India is excellent due to the large gap between dernand and supply,
reduction of mushroom production-in Taiwan and Korea, due to hlgh labour cost -and
demand in both domestic and mlcmatloml mdrketb

148. CHECK Y_OUR PROGREQS_ MODEL ANSWERS

1. Tropical mushrooms well suited to conditions are Volvariellavolvacea (paddy
straw. -rr'iﬁ_shroom) and Calocybe indict (Milky mushroom).

2. The most importanl mushroom ¥Projects “that are export oriented are : Pond's India
(Ooty), Saplarishi Angp.ust ies (Madras). Aﬁro Puich (Pun]ab). Flex Foods

" (Dehradun), and Tegs hroom (HP)

149. MODEL E AMINATION QUESTIONS

I. Answer the folloWing questioné in about 30 lines each.
. Write an cesay on mushroom eXport.
2. Give an account of prospect of muahroom produc,tlon and export in India.
IL. Answer the follomng QUE‘S!IODS in about 10 lines each.
1. Write. a note on mushroom producnon in other countries.

2. Write a- note on the prospects of muslhroom production in India,

Dr. R.P. Tewari
Ms., K. Prasuuamma :
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DR. B.R. AMBEDKAR OPEN UNIVERSITY'

FACULTY OF SCIENCF

CERTIFICATE PROGRAMME IN MUSHROOM CULTIVATION

COURSE -1: BIOLOGY OF MUSHROOMS "

MODEL EXAMINATION PAPER

SECTION A (MARKS 4 %15 = 60)

Answer any Four qucsnom
- Each Question Carrics 15 marks.
Answer the following in about 30 lines each.
Give a brief account of vegelative and reproductive characters of fungi ?
Discuss in detail about various types of tife cycles in fungi..

@Give a bricf account on the role of fungi in industry and medicine.

* Write an essay on distribution and occurrence of mushrooms, :
1

Give an account of any four edible mushrooms which ar ulti
Write an account of nutritional vatue of mushrooms.

Write briefly about the medicinal values of mus 15. .
Write an essay on mushroom export. ;

SECTION AQA‘mgs 5% 4=40)
@my Five questions.
Each Qfestion Carries 8 marks.

Answer the following in about 10 lines each.

Write a notc on the structure of a fungal cell.

What is the position of mushrooms in fungi ?

Write a notc on the nutritional requirements of fungi.

Give an oulline classification of Basidioﬁlycotjna.

Write a nole on ascxual réproduction in Basidiom ycotina.
Give a brief account of white button mushrbom (Agaricus).
Write a note on different Specics of Amanin

Wh_at are the guidelines for safe mushroom hunting 7
Write a short noe on industrial importance of mushrooms?

Write a note on Coprinus.

[Max, Marks 100

Min, Marks 35
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3,
4,
5.
6.

DR B R. AMBEDKAR OPEN UNIVERSITY

FACULTY OF SCIENCE
CERTIFICATE PROGRAMME IN MUSHR()OM CULTIVATION
COURSE - I: BIOLOGY OF MUSHROOMS

ASSIG NMENT 1 ] _
Time : 2 hours

Do not copy the answer directly from any of the books.
As far as possible try to ansver the queéstions mdepcndenuy in’ your own words

IT it is necessary to quote from any soureé, give the correct reference,

Use your own foolscap pages [or wriling the assignment,
Leave sufficient margin for the comiuents of the evaluators.:

- Completion of this assignment normally should not take more than two hours time,

Answer the following quesiions in about 30 lines €ach, | 0

Write bricNy abcut the general characters of fungi,

‘Give an account of sexual reproduction in fungi.

Discuss in detail about the various types of life cw fongl.

Answer the following questions inabout ines eu_{:h.
- Write a note on morphology ofa ell. - o

Give briefly about growth of fungi,

What is parasexuality ? -







Note :

e i e

Give an outline classification of basidiomycofina.

DR. B.R. AMBEDKAR OPEN UNIVERSITY
FACUL’I‘Y OF SCIENCE

: CERTIFILA’IE PRO(:RAM ME IN MUSHROOM LULTIVA’I ION

COURSE -1 : BICLOGY OF MUSHR()OMS
ASSIGNMENT - 2 L .
Time : 2 hours |
Do not copy the answer directly from any of the books.
As far as possible try (o answer the questions independently in your own. words.

If it is necessary to quote from any source, give the correct reference.
Use your own foolscap pages for writing the assignment,

Leave sufficient margin for the comments of the evaluators,

Completion of this ass;g._,mnem normally shouid not take more than (wo ]10[115 time,

Answer the following question's in about 30 lines each. 0

Wrile an essay on the physical requirements for gro ungi. .

- Wriie brieflly on the economic importance of V?\
Write an essay on the distribution and cgof mushruums

Answer the foltowing qucbtmr@uut 10 lines each.

Write a note on nitrogen requirements of fungi.

i

Write a note on asexual reproduction in Basidiomycotina ?

el







DR B.R. AMBi.OKAR OPEN UNIVERSITY

FACULTY OF SCIENCE
CERTIFICATE PROGRAMME IN MUSHROOM CULTIVATION
COURSE - I : BIOLOGY OF MUSHROOMS
ASSIGNMENT - 3
| ~ Time : 2 hours
Note .
1 Do not copy the answer directly from any of the books,
2 As far as possible try to answer the questions independently in your own words.
3 If iv is necessary Lo quole from any source, give the correct relerence.
4, . Use your own loolscap pages lor writin_g the assignment,
5 Leave sufficient margin for the comments of the evaluators.
6 Completion of this assignment normally should not take more than two hours time.

. Answer the following questions in about 30 lines each. 0

1. Enumerate the edible mushrooms that are cullivated @ ite their characteristic (catures ?
2. Write an cssay on poisonous mushrooms. Y :

3. Give an account of nugritional value 0@0 s, .

1I.  Answer the following queslio@out 10 lines each.

1 Writea note on carbohydrate and (aL composition of mushrooms.
2, What are hallucinogenic mushrooms ?

3. Wrilc a short note on prospect of export of mushrooms from India.
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