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Morphology and life cycle of Agaricus

Introduction

The genus Agaricus comprises a group of 200 species which are heterotrophic, true
nucleated, multicellular, macroscopic and fleshy in nature. T his group includes fungi whose
fruiting bodies are commonly known as mushrooms. The umbrella shaped mushrooms

(which are edible), toadstools (which are nonedible or poisonous) beautify this earth with

their presence in almost all seasons except the extreme summers and winters. The fruiting
bodies of some species appear in early spring and disappear in summers, others appear

only in rainy season and some appear sporadically whenever moisture is available. Hence

the moist season (rainy weather) is the best season to explore, observe and collect the
most beautiful, colourful (earthy flowers) fruiting bodies of mushrooms in hills as well as in

plains.

The word mykes (from which the term Mycology is derived) means mushrooms and
etymologically, mycology is th e study of mushrooms. This group has been extensively
studied in detail because man collected the fruiting bodies of mushrooms from diverse

habitats to consume them as food, medicines etc.
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Figure: The image shows different stages of development of basidiocarps and basidiospores

Source:
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Systematic position

Mycologists have since ancient times  classified mushrooms under  Basidiomycetes which  in

turn have been grouped i n different categories of different ranks at different levels
based on specific characters like the type of mycelium , nutrition , occurrence
reproduction \life cycle, their molecular and phylogenetic relationship with other fun gal

groups . Some specific systems recognized and followed are as followed
G.C. Ainsworth (1973) :

Division : E umycota

Subdivision : Bas idiomycotina(Basidiomycetes) .

Class : Hymenomycetes .

Alexopoulos,C  .J. and Mims, C . W.(1979):

Super Kingdom : Eukaryonta .

Kingdom : Myceteae .

Division : Amastigomycota .

Subdivision : Basidiomycotina .

Class : Basidiomycetes .

Alexopoulos C.J. Mims,C . W. and Blackwell, M.(1996) :
Kingdom : F ungi

Phylum : Basidiomycota

Class : Basidiomycetes

Order : Agaricales

Webster,J. and Weber,R .W.S. (2007):

Kingdom : Fungi(Eumycota)
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Phylum : Basidiomycota

Class : Homobasidiomycetes
Order : Agaricales

Family : Agaricaceae

Genus: Agaricus

Hab it and Habitat

Agaricus is a multicellular, macroscopic, mostly saprophytic corticolous , parasitic and
mycorrhizal in  nature. Agarics are cosmopolitan in nature and occur in a wide variety of
habita ts ranging from the arctic to the tropics. Most of the species do show the
preference to the diverse kind of substrata for example: -
1 In upland woody forests on decaying wood (lignicolous) , decaying fallen leaves
(foliicolous) eg . A . lanipes , A. langei , on moist soils (terrestrial) , compost and

dung (coprophyllous) eg . A. bisporus, A. bitorquis .

Figure: Agaricus lanipes a wood decayer

Source:
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T In open areas like gardens , lawns, grassy lands and pastures, eg

fuscofibrillosus, A.arvensis , A. campestris, A. macrosporus

Figure: A. fuscofibrillosus

Source: http://upload.wikimedia.org/wikipedia/commons/1/18/Aqgaricus_fuscofibrillosus 797

40.jpg

1 The mycorrhizal forms occur with certain type of vegetat ion eg. Ectomycorrhizal

association with conifers & eg. Paxillus (gilled) ,Gomphidius (gilled) etc .

Figure: Gomphidius

Source : http://upload.wikimedia.o rg/wikipedia/commons/5/56/Gomphidius glutinos

us 131007.ipg
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1 On the body of the basidiocarps of other mushrooms (fungicolous).

Figure: Volvariella surrecta  mycoparasite on  Clitocybe nebularis

Somatic stru cture (vegetative thallus)
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The fruiting bodies (sporophores) of mushrooms as seen on the surface of
substratum by the naked eye do not exhibit the ¢ omplete fungal thallus but these
are the sexual reproductive bodies bearing meiotic basidiospores on the part of

mycelium .

The somatic structure or vegetative thallus of Agaricus  consists of the mycelium
(mass of hyphae) which is septate , thin walled , hyaline typica Ily a basidiomycetous
type . Here it arises as a primary mycelium from th e monokaryotic  basidiospores ,

which later become dikary otic and tertiary mycelium
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Figure : Agaricus campesteris : Diagrammatic repersentation of the anatomy of the

basidiocarp witht hree types of mycelia.

Source: http://nsdl.niscair.res.infhandle/123456789/177
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The myceli um of Agaricus is of three kinds

Primary mycelium : The monokaryotic, haploid, basidiospore of (+) and ( -) strain

germinates immediately after dispersal on the substratum or on the moist soail

(at 10 - 15 d egree temperature , 80 0 90% relative humidity, and 5.8 0 6.0 ph)
by absorbing mineral nutrients directly in soluble form to give rise a germling

or primary hyphal initial . This hyphal initial cell undergoes mitotic divi sion to
form monokaryotic, uninucleated, haploid , hyaline, thinwalled primary mycelium

which has a very short life in nature.

Secondary mycelium : The primary hyphae or monokaryotic hyphae with
(+) or (-) strain haploid nuclei come in contact with each other to form

dikaryotic or hetrokaryotic mycelium by two methods : -

i. Somatogamy : The somatic cells ( vegetative cells) of primary or
monoka ryotic hyphae of opposite srains (+ and - ) when they come

in contact with each other directly on the substratum , the cell wall

between the two cells (+ and- ) dissolves , fusion of two protoplasms
( pla smogamy) takes place , two nuclei (+ and-) lie near each o ther to
form a dikaryotic , haploid cell (somatogamy) . This dikaryotic (n) cell
undergoes multiple  mitotic divisi ons to form thin  walled h
multicellular, branched secondary mycelium . Each cell of this mycelium
carry two genetically distinct (compatible) nuclei (+ and-) an d is strictly
heterokaryotic, dikaryon . fig.

ii. Clamp connection 3 This method is very commo n to develop
heterokaryotic , secondary mycelium from primary mycelium of opposite

mating types . In this process the two compatible cells of opposite strain

(+& -) of monokaryotic hyphae come in contact wit h each other, the
cell wall between them dissolves , nuclear migration takes place
The nu cleus of this dikaryotic cell divides mitotically and the daughter

nucleus migrates in the adjuscent cell with th e help of a characteristic
structure or a connection i.e. a short appressed hyphal branch which

bypasses the transverse septum and connects the two adjuscent

daughter cells laterally called Clamp (or buckle ) connection . It sis a
method which ensures that when a dikaryotic mycelium divides , each
cell of these hyphae will contain two ge netically distinct nuclei

Institute of Lifelong Learning, University of Delhi 8
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: Dikaryon (n)

Figure : Formation of secondary mycelium through s omatogamy and c lamp connections
Source: Author

Secondary , dikaryotic or heterokaryotic mycelium is multicellular , thinwalled, branched,
cottony in ap pearance, the hyphal cells of which are bi nucleated or

multinucleated , haploid dikaryons.
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Tertiary mycelium : The dikaryotic , secondary mycelium carrying  opposite
strain( + and-) haploid nuc lei inthe hyphal cells branch profusely by mitosis and
the hyphal branches anastomose with each other to form a complex tissue

of fruiting body (basidiocar p).

Vegetative or hyphal cell

The Agaricus hyphal cell consists of outer cell wall (chiti n microfibrils and
glucan ),inner plasma membr ane (selectively permeable), tru e nucleus , haploid of +
and - strain or both , cytoplasm , mitochondria, ribosomes , endoplasmic reticulum
golgi apparatus, small vacuoles and glycogen granules as reserve food material
etc.
1 Structure of septum: The septum (the intersecting wall between each
hyphal cell of septate hypha) in ea ch cell of monokaryotic and dikaryotic
hyphae of Agaricus is pierced by a narrow 0.1- 0. 2 ,um width which is
surround ed by a barrel called septal swelling. This kind of septal pore is

known as Dolipo re septum. This pore is overarched with a perforated cap
i.e an extension of endoplasmic reticulum . This perforated cap is called
parenthesome or pore cap which has several pores in it from which

organelles like mitochondria can pass.

« Parenthesome

A

Figure: Dolipore septum (arrow)

Source:

Institute of Lifelong Learning, University of Delhi 10


http://www.mycolog.com/chapter5a.htm

Morphology and life cycle of Agaricus

Reproduction

Asexual reproduction

The species of Agaricus undergo asexual reprod uction very rarely. It produc es two
types of asexual spo res i.e. oidium (thin walled , fragmented spore), and

chlamydospores (thick walled, rest ing spore).

1 Oide um or fragmented spore . Oidia or arthrospores are thin walled,
hyaline , fragmented , spores which are produced by the dissolution of middle
lam ellar wall between the adjuscent cells on the aerial branches of monok aryotic
and dikaryotic hyphae. The monokaryotic oideum fuses with the hyphal cell
of the opposite strain to form the secondary heterokaryotic mycelium . The
oidia of dikaryotic type germinate directly to give rise heterok aryotic
mycelium eg. Coprinus lagopus . These type of spo res are produced during
favourable conditions i.e temperature 10 -15% , relative hu midity 80 -90% and
ph 6 -6.5 .

Arthrospores (oidia)

A
Fragi_: n;ﬁ :ted
I

— Aerial Glycogen (RFM)
Hypha B Fragmented Cell Wa
spore

Nucleus Inner Wall

{n)

Figure: Asexual reproduction by  oidia formation (rare)
Source: Author

1 Chlamydospo res or resting spores ;It is a thick walled resting spore
or perennating s pore (seed like) produced during unfavourable conditions
(drying of substratum, rise in temperature, and change in ph) . The h yphal
cells loose extra moisture content, glycogen particles (reserve food) get
converted into fat droplets , cell wall becomes thickened by chitin deposition.
These spores produced in chains are initially light ¢ oloured but later

become dark brown, get separated from the rest of the parental mycelium

Institute of Lifelong Learning, University of Delhi 11
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and parennate in unfavourable conditions in the soil or on the substratum,

eg. Coprinus lagopus (Lewis 1961) and  Volvariella  volvacea (Chang and Yan
1971) . Chlamydospores during rainy season germinate by absorbing

moisture and minerals from the substratum at 10 -20°% , ph 58 -6.0 and

give rise the young m ycelium on the substratum

N i |
- ( Germling

Intine
Fat Droplets

Figure: Chlamydospores and their germination
Source:Author
Sexual reproduction

Agaricus does not have well defined sex organs or sexual gametes. The somatic
or vegetative cells of primary hyphae of opposite mating types (+& - strains)

function as sexual gametes. The two somatic cells of haploid primary hyphae

of opposite strains (+& -) come in contact with each other by a process of
somatogamy , oidization or by clamp connection and fusion of protoplasms (
plasmogamy) bring two compatible nuclei (+& -) near each other . Homothallism is

rare in agaricales eg. ( Coprinus sterculinus ). Most of the species exhibit either

unifactorial or bifactorial homothallism . The two significant steps that is
karyogamy (nuclear fusion of opposite mating +& - strains) and meiosis ( reduction
devision) take place in the basidial cells of fertile layer (hymenium ) of frui ting
body i.e. basidiocarp . The basidiospores (meiotic) are produced on the probasidial

cells exogenously at the abaxial(ventral) surface of the basidiocarp .

Basidiocarp
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Figure: Mature basidiocarp showing basal remnant of mycelium, stipe annulus and pileus.

Source: http://nsdl.niscair.res.in/bitstream/123456789/178/1/Funqi -

IlI+revised+formatted.pdf

The fruiting b ody or the basidiocarp formation is regulated or influenced by the

interaction of multiple environmental factors:

Institute of Lifelong Learning, University of Delhi
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Light: Diffused light.

Relative humidity: 80  -90 %.

Temperature: 12 -1806c

pH of the substratum: 5 .8-6.0.

Mineral nutrients (amm  onium salts etc.) and aeration.

These conditions favour the formation of fruiting bodies or the

basidiocarp on the substratum . The initial steps in fruiting body formation are:

1. An intricate hyphal lattice is formed by the interaction of hyphal

branches .

2. From this hyphal | attice the bunch of aerial hyphae appear
which eventually produce a round aggregation of tightly interwoven

hyphae to form a button orabud like structure, creamish white in

colour called bud primordium ( first b asidioca rp stage) on the
substratum .

3. The bud primordium grows in size and as it reaches 1.0 mm in
diameter , a presumptive stipe , hymenium (fertile layer) and terminal

pileus (cap) get differentiated simultaneously .

4. The e longation of stipe, expansion of terminal pileus in to upper
(adaxial)smooth and lower(abaxial)infolded gilled lamellar structure and
production of basidiospores occur quite rapidly and dramatically in

the life cycle of Agaricu s.
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B
Pin Head Young B
| ) B“d_ Basidiocarp
Tertiary e Remnants
Hyphae of Hyphae
1 (Lattice) II III v
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Lamellar b £
Chamber
T veil
Stipe
Figure: Diagrammatic representation of development of basidiocarp from pin head to

mature fruiting bo  dy.
Source: Author

In agaricales the three basic types of basidioc arp development have been

recognized(Singer 1975) :

Institute of Lifelong Learning, University of Delhi
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Hemian giocarpous development :The hemiangiocarpous basidiocarp development is

characterized by the following facts:

1 The hymenium or fertile layer is enclosed by tissues (tertiary mycelium) of

the bas idiocarp even during early stages of its development

1 The margin of the pileus is connected to the basel stipe by a membrane

called inner veil .

1 The hymenium remains enclosed till the terminal cap (pileus) expands and

matures .

1 The veil tears from the margin of the pileus shortly before the spores

mature and remains attached to the stipe as a ring or annulus.

T (In some species the veil tears in such a manner that it hangs down
from the cap(pileus) like a thin cobwebby curtain called Cortina and in
others the entire primordium is covered by a universal veil. This universal
veil breaks and leaves a cup shaped body around and bulbous base of
the stipe . The remains of the parts of universal veil are seen as scales on
the cap. These features hel p in classification and identification of many

species as this feature is evanescent in other species)

Gymnocarpous and Pseudoangiocarpous development . In these two methods
the hymenial (fertile) layer is formed ini tially on the outside of the fruiting
(basidiocarp) body . In gymnocarpous development the hymenial tissue is not
covered and remains naked till maturity . In pseudoangiocarpous method the
hymenial tissue later becomes enclosed by the development of the outgrowth of

the incurving margin of pileus and the stipe . The hymenium remains enclosed till

the basidiocarp matures and the pileus expands to reveal the hymenial tissue

In t hese methods the vestigial structures are not seen at the maturity of the

fruiting bodies (basidiocarp)
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Figure: Figure representing different types of basidiocarp development

Source: Author
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Structure of Basidiocarp :The basidiocarp of Agaricus which bears basidiospores

consists of the following tissues:

a)

b)

Hymenium : The fertile layer of anastomosed secondary hyphae is found
beneath the pileus (terminal cap). It lines in the gils or lamellae

exogeno usly which hang below in the ventral (abaxial) surface of the pileus.

Gills: The gills are the thin strips of tissues which radiate from the margin
of the pileus in towards the stipe. The structure and position of the inner
edge of gills towards stipe is a valuable and interesting feature in many

agaricales for taxonomists. The gills in some species are free from stalk

while in others they are attached directly to the stipe called adnate . The
decurrent gills are attached and run down t he stipe for some distance

Trama : The trama ( L. Trama -Woof) is the inner most tissue which lie in
the center of the gills . It is an important feature of taxono mic interest Singer

(1975). The central tis  sue (trama) is of two types

U The trama consists of plectenchymatous tissue which is m ade up of

elongated hyphae

U The trama tissue contains large , globose or oval cells called sphaerocysts
scattered along the elongated hyphal cells (eg. Russula and Lactarius ).
The trama is surrounded on both sides by the fertile layer (hymenium) in
which closely packed layer of basidia are interspersed with bas idioles or
cystidia or both in some species. The cystidia are long and extend from

one gill to the next to keep the gills apart from each other (Coprinus ).

Institute of Lifelong Learning, University of Delhi 18
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Figure: Diagrammatic representation of a A. V.L.S. fruiting body; B. V.L.S. gills; C-D. Part

of gill magnified
Source: Author

Basidium . The basidium is a cell or a structure found at the terminal end of
dikaryotic hypha in the hymenial layer of the gill exogenously. In the basidial cell
the dikaryotic nuclei fuse with each other ( karyogamy) to form diploid nucleus (2n)

which immediately undergoes meiosis (reduction division) to form a definite number

of basidiospores (n). Each basidial cel | bears a definite number of haploid
basidiospores (2 or 4) which at maturity are forcibly shot off to disperse and fall

below the pileus under the influence o f gravity on the substratum . In still air these
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haploid basid iospores (+ and-) get deposited below the pileus in a mass to form

the spore print.
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im
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Cell 2n)
Karyogamy Meiosis
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(n)
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Figure: Development of basidium and formation of spores

Source: Author

Basidiospore: The haploid, monokaryotic basidiospore varies in size, shap e, colour
and is thick walled and multilayered (3 -5), eg. three layered in Psilocybe sp .and
Agaricus brunnescens (bisporus ). It consists of protoplasm, haploid nucleus (+or -
), ribosomes , mitochondria , lipid bodies, vacuoles, g lycogen granules as reserve food
material . The basidiospores exhibit distinct colours eg. in Chlorophyllum

molybdites  spores are green ,in Russula sp . the spores are yellow and in other
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species spores are white , pink, brown , black and smoky -grey. The spore colour is
not always the same as that of gills and is determined by making a spore print

on white and black paper .
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Basidiospores and formation primary hyphae

Diagrammatic | ife cycle of Agaricus sp.
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