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PREFACE

This book deals with the Cultivation of Mushrooms included in the gyllabus of
six months duration 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 the
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 student’s 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 thbjy answers with those given
at the end of the unit. At the end of each unit and model examination
questions are given for quick reading and to int the student with the type
of questions that appear in the examinations®

This paper on Cultivation of M ro%is incladed mainly to acquaint the
students with the names of diﬂ‘er%mmrooms which are cultivated, the mor-
phology and commercial produgtion ofbutton mushroom, oyster mushroom, paddy
straw mushroom, shiitake m%om, black ear mushroom, milky white muish-
room etc. The preparation of spawn for these mushrosms, different methods of
cultivation, harvesting, processing, preservation techniques and marketing are
also dealt with. In addition to these, various problems caused due te competitor _
moulds and diseases caused due to fungi, bacteria and viruses and also the dam-
age caused due to various pests and nematodes are also clearly given along with
control measures. To acquaint the students with various recipes of mushrooms, -

‘the ingredients and method of preparation of the Western and Indian recipes of
several kinds are included in this volume. There are three assignments at the
end of the book and the students are expected to answer any two of them and
submit to the coordinator/Asst. Director/Dy. Director of the concerned study
centre,

The Uhivér’sity hopes that this material will help the students to understand
the methods of cultivation of mushrooms. Critical suggestions for improving the
text are most welcome and they will be incorporated in the future edition.
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UNIT - 1 : CULTIVATED MUSHROOMS

- Contents
" 1.1. -Objectives
'1.2. Introduction
1.3. Historical Account. ‘
1.4, Commonly Cultivated Mushrooms in the Werld
1.5. Distribution of Cultivated Mushrooms
1.8 Production of Mushrooms in Various Countiies

1.7. Food value of Cultivated Mushrooms
18 Summary

1.9. Check Your Progress : Model A_n’sWeré
. -1.10. Model Examination Questions

1.1. OBJECTIVES B
After going through this unit you will be able to 0

- o-give the historical account. of mushrooms ' ' |
®.list out the commeonly cultivated mush & all over the world,
® descrlhe the dlstnbutmn of cultlva ushrooms in the worid,

® describe the productlon of r@mm& in various countries,

1.2. INTRODUCTI

_ Mushrooms are the fleshy spore bearmg organg of some fungl. Fungi are
non-chlorophyllous erganisms living mostly as sapropkytes. The majority of
the mushrooms belong to the class Basidiomycotina and a few te Ascomycotina
~under kingdom Fungi. The fruit bodies of hasidiomycetous fungi are commonly
called basidiocarps or basidiomata. The basidiocarp has a fleshy stipe or stalk,
‘a membranous veil or annulus and the cap or pileug. The basidiospore bearing
layer known as hymenium is present in the gills situated on the underside of the’
pileus starting from the apex of the stalk and radiate out towards the margin, e.g,,
Agaricus. Numercus pores may be present in the fruit body e.g., Boletus. Fruit
‘body may be covered with teeth like structures e.g., Hydnum. Fruii bodies whirh
are angiocarpous (closed) and open by an apical pere at maturity are produced
in Gasteromycetes e.g., Lycoperdon. Other fleshy fungi like Morchella belong to
Discomycetes of Ascomycotina produce ascospores in a sponge fike fruit body.
“Around 2000 species are edible throughout the world and ail of i‘hem are uok

cultivated.




1.3. HISTORICAL ACCOUNT

" For the first time in the world in China about 1000 years ago, a [species of '.
Auricularic (Black ear mushroom) was cultivated. Later on, about '900 years

ago, Lentinus edodes (Shiitake-mushroom) was produced in China only In the

year 1650 Agaricus bisporus (Button mushroom) was cultivated in France. About =~
tivated i -
demy of

300 years ago Volvariella volvacea (Paddy straw mushroom) was
Kwangtung Province in China, Tournefort in the year 1707 at Royal
Science demonstrated the compost preparation and mushroom cultivation. Miller

' (1731) introduced the French method of Agaricus cultivation in England. In tﬁe_

year 1779 Abercrombie described a method of compostmg stable manure instacks.

Chambry, a French gardener (1810) grew button mushrooms in underground

quarries in Paris. In the year 1831, Callow cultivated button mushrooms ix

cropping houses, He warmed the cropping rooms by fire heat and got good yleld T
of 1.5 1bs/sq ft. In the year 1893, Costanin emphasized the need of changmg )
of growing area due to the danger of disease incidence. In 1902, F“Ji;guson m_.l .

America published his work on spore germination and growth of myceli

1ab0ratones in America. Q _
In 1915, Mushroom growers in U.S. Ai nced the second phase of éi(jmpostiﬁg'
called sweating out. Flack (1917) d d the cultivation of Pleurotus ostreatus -

~ on logs and tree stumps. (1929) discovered that spawn could alse
be prepared from single sp ures of Agaricus. This led to the further

in Sweden. Lundberg (1

development in improvi%tz_ Itures: Above ground cultivation has originated -

done useful work on composting and environmental control.- In the last 30 years
much has been done in the field of mechanisation. France, Taiwan, U.5.A:; UK.,

Holland, China, Japan, Korea, Italy, Malaysia and other countries are makmg o

significant contributidns in the production of mushrooms in the world.

Sinden (1937) observed that about 1 / 3 of monospore cultures of A. b:sporus were

not pmducmg fruit bedies. Sinden and Hauser (1950) introduced "short method"

of composting. In 1951, Pleurotus was grown on saw dust mlxtures by Lohwag
‘Hau, Block and Tsao cultivated large number of Pleurotus fruit bodl_e on sterile

~saw dust and oat meal mixtures. In 1962, Bane and Srivastava used y straw”
based substrates for the cultivation of Pleurotus. In 1961, Bano etal obs{rvedthat '

 Pleurotus yields are more on paddy straw. Hybridization method of A, bizporus was
developed by Robert Miller (1971). In 1973, Somycel, a French firm introduced A.

bitorquis strain (strain no.2017) commercially. In 1974, Purkayastha and Chandra
reported a wild edible fungus, Calocybe indica for the first time in India from the

forests of West Bengal. Due to its colour it is popularly known as milky white
mushroom, :

4 .

Duggar
(1905) was successful in preparing mycelium ures from the tlssue of button .
" mushroom caps, a significant breakthrough fdxth _estabhshment of mrny spawn

scribed the method of growing mushrooms in green .
houses. Sinden (1932) patehted grain spawn process. Sinden and Tschierpe have. . .

Ta



Fig.1.1. Commonly cultivated mushrooms. A. Agaricus bisporus. B, Pleurotus
florida C, Calocybe indica. D. Auricularia polytricha. E. Lentinus edodes.
F. Vo!va.r_'ieila volvacea (Courtesy of NCMRT and Chang and Miles)
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38 @, b }mcuﬁm re sorisly -,f Tndia.
Dr B.L Koy (1896- '}’? b Lﬂf‘u iz \ﬁedl.,m uu} age conducted th o chethicsl analy-

sis of the mushrooing docurring in local caves snd wines. Sir David Pai (1908)

conducied the survey of edible mushrooms. Bose, in the year 1821 cultured
two agsrics on stevile dung medis. During 1939-45 Voirarie/la was enltivated hy

. the Departmeni of Agriculture, Madras, on experimental busis. Asthana (1847)

carried ouf the chemical analysis of Paddy straw musbroom He glse suggested
that Aprib-Jdune m.ah y most suhanle germd fcr crrr-wing V 15 o 1~,!*»'>'-s3=;,s:-a}. in 1961,
" Himachal Pradesh “indlen Council
of -Agnc*';?’;m':ﬁ Eﬁ sEarch) Pu,ar*cad a scheme at Solan on + rulfivation
where serisus ab amp.,s were raade for button mushrcom growing. 1
ton mushroom was grown by CSIR (Council for Suientific and En&wm; iad Research)
and state government at Srinagar in Jammu and Kashoir, Frow: 1865-72 Mush-
room expert, Dr. EFX Mantel, FAQ (Food and Agricultural Orgwloa‘tlon)
guided and assisted the Department of Agriculture for construction of a well
_ equipped spawn laberatory and a fully air conditioned mushroom farm house. In
1974, Mushroom expert, W.A. Hayes, F.AO., asBigted in imperving the raethod of
compast preparation, pasteurization and mggekient of mnportant parameters
in the farm. Department of Herticnlt Yachal Pradesh in the|year 1977,
launched 1.27 crore Mushroom Devel ¢ Project under V.N.DP. (United
Nations Dev esopment ProgramimepnJrom 1983, NCMRT (National Centre for
Mushroom Besearck and Training ted funciioning. AICMIF (All Tadia Co-
ordinated Mushroom Impr ent’ Project) was sanctioned by ICAR (Indian
conncil of Agricultural Rese ) during VI plan in April 1883 ab = total cost of
" Rd.16.72.800 /- with he witiers at NGMRTg Solan, The six centres sanctioned
initiaily are G.5.Pant UnNgfBsity of Agriculture and Technolugy, Pantnagar (Uttar
. Prades‘a" } unjab Agricultural University, Ludhiana (Funish), Tenul Medu Agri-

[

cultural {niversity {Coimbatore), Bidhan Chandra Krishi Viswa V idyals, Kalyani -

(West Bengaly, MP AU Cellege of Agricuibure, Pune (Maharashizay, snd C.8,
Azad University of Agriculture & Technology, Kanpur (Utiar Pradesh). [Siuce then

significant research work ¢o cultivated mushrooms has boen carried out at other

centres also like NCMRT (ICAR), Solan, Division of Mycelogy snd piant pathelogy,
IARY (Indian Agriculiural Research Institute), New Deolhi. Indien Ipstibute of
" Horticuiture Besearch, Hasss ragut.m, B&ncajm e, ICAR Researth complex, North

T

Eastern b A;Iz"u ,\_-ral”a,na, Regioual Research Laboraiory (UBIR), bunagar, Indira
Gandbi Kilchi Vidyalays, Raipur (Madhya Fradesh) et

Man has been interested in mushroors s?u”iwaao‘l gince ancierd tymes. Bose
(1921) was successful In culturing two sgarics, Sue and Setn (1840) entlined the
procedurs of the spawn production of Volvariella. Munjal{1982) has didoussed the
prosperts of mushroom sultivation in India. Indian Coundl of Agvichifural Re-
search angd Government of Himachal Fradezh started the experimental sultivation
of mughrooms at Solan in 1‘%65 This was strengthened by By, BFE. ] HWante pl; the

&

?}‘A..-"d )

4 1964, but- -




FAG expert. The conversion of Mushreom Research Project, Solan into an ICAR
Ceordination Research Schere with main centre at Solan and three subcentres at -
Ludhizna, New Delhi and Bangalore gave a further filli ip to mushroom production
; Commercial production of mushrooms was first started in New Delhi -
‘alan, Later it has spread to Jammu and Kashmir, Nilgiris, Punjab, Haryana,
Chandigarh, Uttar Pradesh, Maharashtrs, Madl:va . adesh, Gujarat, Bangalore,
biadras and Andhre Pradesh
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cuy Progress - 1 & 2
L Whay are maushrooms 7
2. Wame the first cultivéts_ed mushra@m in the world ?
Mote : ) Write _yoiir answers in the space provided below. _
(i1) Compare your answers with those given at the end of this unit.
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1.4. COMMONLY CULTIVATED MHRO@MS IN
THE WORLD

. Thers are more than 2000 edible fu roughout the world. However, there
ie ne sufficient technology available for &fltivating all mushrooms. Four types of
mushrooimg are cultivated in dif ountries for centuries. They are white
tan mushroom {(Agaricus QrspoNgs or A. biforquis), paddy straw mushroom
{ Yolvariellu spp, ), oyster r om {(Pleurotus spp.} and shiitake mushroom
(Leniinus edodes 3. '

Becently s0me Othel ‘mushroems are also grown in dlfferﬂnt pa_rts of the.
world, They are black ear mushroom (Auricularia polytricha ), nameko mush-
roome (Fholicte nameko ), enckitake mushroom (Flammulina velutipes ), giant
im‘rus;{.&fmpharia rugoso-annulata }, truffies (Tuber melanosporum ), jelly fungus’
(Tremelic fusiformis ) apd milky white mushroom {Calocybe indica ). Commonly

guitivated mushrosias and thelr taxonomic posmon are glven in Table 1.1

a

Takle - 1.1: Conumonly cultivated mus_hraoms.

Gonues Farmily : Order " Sub class Class
Agaricns Agaricaceue Agaricales Holobasidiomycetidae Basidio
' ' mycetes
Auricularia  Auriculariaceae  Auricularizles  Ph ragmobamdlom Jr-::e ' '
: E tidae . -
Tremelln Tremeilacease Tremellales " "
Toprinus Coprinaceae  Aguricales Holobasidio-

mycelidae -




Sul clags

- Tuber

R Check Your Progress - 3
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Genus Family Order

 Flammulina Trichslomatacesae. ’

- Lentinus " ' " -
Pleurotus " v
Tricholoma D .
Dictyophom. Phallageze Phakiales K

_ Hericium ‘Hericlaceae Aphy iimhc
Hypholoma Hyphﬁlorzia . Agaricales

L ' _ taceae

. Kuehne- Strouha- " "
romyces riaceas .
Pholiotd '

- Stropharia o " "
Volvarielld  Pluteaceae o i

_ Tuhérac_eée Tuberaies - H VINENGE qcmmf"et;(k‘m A

e world 7
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1. 5 DISTR}'BU’“EON OF. GUL’E&V&N B
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’I‘he cultlvatea 1nu§=}nooms are wctnbuﬁ;ed vf(s“?d

been cultlvated m US, f«L Chma, Fv‘aqcp hmsaﬁd

mushroomsa Paddy straw mus h} Gor hdb been dmtnbl.a-teu n muaﬂ,
Thailand. ‘Japan, Ching, Taiwan and more recently Eure 4‘ ¥
~have been cultlvatmgf"hutake mushroom ( Lentiniis msdas ),
‘types of mushrooms like black ear mu%hrfmms, jelly fung
nameko eic., have bee‘ﬂ c-u?.t.wdted in differen

‘Dai"*e« {\;. u"§<

widez.
jahr .

f“a

o

W3

1.6, PRODUCTION OF
COUNTRIES

I%EI"’ jite]

Slnce worlfi war IL ¢

the world.

8
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e
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he pr adm‘morl of wtahrooms h& heen ineressing sieadil
The table - 1.2 shows t”r & percentage production o
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¢ adible mushrooms {%)

{Eourcs @ Chang and i’E.‘%E&:{s}«
T9750%) ' L%‘w?“”') 1989-90(%) .

73 56 38

| 1.3 A 24

5 Paddy sraw 5 & . ' 55
g, Ejh’i‘?'*e' i4 4 104
5. Black ear Bt ' 5.5 11
6. delly PFangus 8.2 LE 2.8
7 i8 1 1.4
3. 43 4.6 - 3.8
3.5

4oud

e
P e
L)
i
én

Agorieus blsporue, the white huttms_uushmom is being cultivated commerma]ly
in many countries like U.S.A. (23%), China (15%), France (13%), Holland (9%),
United Kingdom (7.7%), Italy (65%) and otizer countries (26%). The major oyster
ahy

mushroom preducing. countries are : China (59%)N8.Korea (21%), ltaly (6%),
Tarwan (5%) and others {&!H kajor countrias pro ihg paddy straw mushreom
are . China (58%), Thailsnd (34%), Taiwag /%) and others (3%). Shiitake
Musgarooin s being rzodu 2d 1 countries HN an {61%), China (38%), Taiwan

groom production in India is around

s

{15%) and others (259

15000 tennes Der vear

Approximate

.

gy Progress -

Name the leading country i8 swoduction of p@ddy straw mushrooms?

Mote + (1) “Jh:ie;rm\ angwer it the space given helow,

(ii; Compars your suswer with the one given at the end of this unit.
-n«aovgea-quenvg.-.-‘a:n..'e-vnpns:.-aoaaa-;-a-.‘-n«‘oe';:eounﬁuw»eavocon.-o-oa-.aotooo--
-49',—'l*uo-\'-‘uw.ﬂt\-'le-).rlitéuca'.e!dw\\-'he‘\-leoo',wt.nl-o‘-“-.ﬁ..C“".'.'..I.....-CC.

ssental that seg.rch muui he 12 fle :cr_aiternate sources of energy and food.
Mushrsoms contain all esseniial amineacids, olements, proteins, vitamins and
otirers. They contain mors waler and lesser values of fab, starch and cholesterol.
it forms healthy diet for geople suffering from diabstics and cardiac problems.
Tr solve protein hunger and malnuirition cultivated mushrooms become a great
seurce besides being a pood ssitrce of energy. Mushresms form a low calorie diet.

llvwing bable gives an insight inte different nutrients present in edible

g
g
.':\
?5”
h--l




Table 1.3: Composntmn of wmmoﬂ ss‘hbﬁs mushrocrss (g.f [ o0y of freskh

- wexght) _
s. No, Mushroom Monsture Protein Fas  Carboe- Fibre Ash '_ {Jsiories'_ '
. __ S " hydrate . o

.. Agaricus 901 28 63 50 09 08 86

o bispoms\_-__ - o ' _ - T :

9. Volvarielle- 901 - 21 ~ 10 47 11 10 : 36
volvacea. . I o o
3. Plewrotus 902 25 82 B2 13~ 08 35

. sajor-caju

* S_oim:e : G’opaian_'éta!, (1971). Nutrltm, Value of I dla"l Nnuds N T N Hy derabad.

1. 8. SUMMARY

Mushrooms are t:he ﬂeshy, macroscoplc spore bear,ng structures of some fung

belongmg to Basﬂmmycotma and Ascomycotina, Fungi donst confam chloreph lel'
:111 them and thus- depend upen others for food either as saprop hytes or par asites.
' There are nearly 2000 types of edible mush]oo:s available throughout the coun- -

try. Cultivation of mushreems started aro 00 years ago. In India, N.W.

 Newton was the first to exhibit mushrpeigs :¥¥an ‘hort;ouitur& show. in 1961
_ICAR in collaboratlon with the state g @ nent of hlma_cnal Pradesh started a
_ scheme on "Mushroom culi 1vatlot%tbn Slowly. mushroom cultivation has

Wties and Horticultural Instiures in India.
White button (Agaricus bisp ), o¥ster mushroom (Ple rwﬂzs sppl, paddv straw
'mushro_om'(Volvariella'-spp)-- fud shiitake mushroom (/ Lentinus edodes ).are the
most commonly cultiv ushrooms in i:ho world, Other mushrooms like black
ear, nameko, enokitake, fungus, truifle, giant fum +us also have been culilvated
to some extent. The cultivated mushrooms have been distr'ited throughout the .

become popular among various Un

- world. U.S.A., China, Taiwan, France, Engaand Italy, Korza. Japan have been

~engaged in the productlon of mushrooms and mushroom plu ocuon hﬁs become

a technology

1.9. CHECK YOUR PROGRF 35 MODEL ANS WER‘“

1. Mushrooms are the ﬂeshy spere hearmo‘ organs of some mngl

) 2. Auricularia (Black ear IHUDIITOOID) 1S the first. cultw&tsd musm oom m ihi:

world

3. '-'_Whlte button oyster shntake and psddy Stl aw mushrooms are the com-
.monly cultwated mushrooms in the werld.

4, Chma is the- Ieadmg country n the pmductlon oF paddy straw mushroonv-

10



1.10. MODEL EXAMINATION QUESTIONS

L. Answer the foliowing questions in about 30 lines.
1. Write briefly the historical account of cultivated mushrooms.

2. Write a brief accouni; on the cultivated mushrooms in the world and add a
note on their distribution.

IL. Answer the following questions in about 10 lines each,
1. Write a note on commonly cultivated mushrooms,

2. Write briefly about the production of mushrooms in various countries.

Ms. K. Prasunamma
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UNIT- 2 : MORPHOLOGY AND
COMMERCIAL PRODUCTION
OF BUTTON MUSHROOM

Contents
2.1. Objectives

2.2. Introduct_ion
2.3. Morphology

2.4. Production _ _
2.4.1. Production in D.eveloped Countries
2.4.2. Production in Developing Countries.
2.5. Prospects of Cultivation in India
2.6. Farm Design o

2.7. Summary

2.8. Check Your Progress: Model Answers.

2.9. Model Examination Questions : Q
o . ‘

2.1. OBJECTIVES .

After going through this unit you will he ab@

@ describe the morphology, occurren and distribution of button mushroom,

¢ estimate the cummer(:lal ion of button mushroom in developed
countries, ‘ ’

¢ estimate the commerct roductmn of button mushroom in developmg
countries particularly in India,

e describe the environmental conditions required for the cultivation of hutton
‘mughroom.

'2.2. INTRODUCTION

Button mushroom which is also known as white button mushreom or European
mushroom is being cultivated all over the world. Forty percent of the total world
production of mushrooms come. from the white button mushroom only. In the
year 1650, this mushroom was first cultivated in Paris (France). The mushroom
derives its name due to its closed, button like fruiting body during young stage.
The fruit body is divided into various parts viz., stipe (stem), pileus (cap), lamellae
(gills) and veil.

Button mushroom is grown on small to large scale all gver the world. Since
last two to three decades many Asian countries started its commercial cultivation,
Developed countries like U.S.A,, France, Netherlands, UK., Italy etc., started
using bulk pasteurization system and computer controlled enwronmental opera-
tions. In India, button mushroom production was started by Maharaja of Patiala

Cin-O6 67
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“at Chail, Himachal Pradesh in the vear 1965 India, being an agricuiture conntry
is having the cxcellent apportunities for growing button mushroom copmercially.

Whiie designing the farm house for growing button Imus ;rooms bne shouid
be careful in choosing the site, while constructing the composting yard, bulk

chamber, growing rooms ete. |
‘ . _ |

2.3. MORPHOLOGY

The mushroomn is a {ruiting body connecied te the rost ks seruciure known
as mycebum made up of filaments calied hyphse. It is made of u cap (the
pileus) and a stalk (the stipe). Undernesth the cap is spore bearing tissue cailed
hymenium made of gills. In early stage gkh‘: are covered by veil which breaks
when mushrooms are mature and remains of this con be seen ag a ring around
the stalk. The basidiocarp of button mughroom can be divided into pileus, gills.
veil, and stlpe. Each one of them is described below. o

a) Pilews ; This part 18 thick, flesby, smooth, eap ke, round structwile. {t is also
cailed cap.

b) Gills @ Gills or lamellae are situated underneath the cap stavung {rom the
apex of the stalk to margin of the cap andear brown, short, el? ipsold and .
smooth spores. Lamellae wh1t1=m m‘uh]v { turn to pink and finally to the
colour of spores :

¢) Vei} : This covers the gills extend nn the margin of cap tg the stalk
With the development and matority waed breaks swvay zaau.‘.:‘-.nc some t)c;rtlon
attached to the cap’'s margin a; pearance of a ring on the stipe. This is
called anrulus, - : |

d) Stipe @ This is also kno alk centrally attached to the pileus. It 1s solia
and cylindrical connegsed toYeot like mycelium spread in smlrro'nlpom
' |

Fig: 2.1, Busidiocarp of Agoricus bisporus 1 Pilews or
cap. 2. Gills or Lamelae 3. Annwlus. 4, Stalk or stipe

2.4, PRODUCTION |
Button Mushreom is the maost pf}prﬁdr throughout the world ,md| grown on

small tolarge scale in many countries Initially its cultivaiion siarted m. France
. . |
N

16




and later on spread to UK, 1L.8.A. and cther Eurcpean countriss. During the
last two to three decades its cultivation on cominercial scale. stavtad n Asian
countries viz., China, India, Japan, Taiwan, South Kerea, Ho gkong, Singapore
and Australia, Its cultivatior is alzo being done in some Afvican countrias. At
present the button mushroom production is estimated fo be around. 1.5 million
tonnes per annum. - ) '

2.4.1. Production in Developed Countries

The major mushroom producing countries are develnped ones viz, LA,
France, Netherlands, UK, Italy etc., (Table: 2.1.). The technology b ng nged
‘in these countries are based on bulk pasteurizatisn system and envirc mental
factors are controlled by the computer, There are minor variaticas where some
farms do phase 1 (outdoor) and phase 2 in bulk chambers and even Bp&WY TUnNing
is done in thess chainbers. Growing is done in shelves using beds or polythene
bags. '

The button mushroom cultivation started about 16830 in Trance, Chambry’s
year round production in protected area represent the beginning of yushroom
industry. There is very little information about early stages in eve. tion of
cultivation methods adopted. Basicaily the process of cultivation is almost same
with more precision in compest and spawn productiog and environmental conirel
system whether it is grown in racks, trayvs, polythege b¥gs or on shelver. Howeyar
the biology'of cultivation is same irrespective of m d adepted.

The total annual production of white bul @ ushroom in wiajor eouniries ig
given helow. : E L :

Table-2.1. Annual Production of white%on mushrostn in maior couniries
(Tonnes X 100) . . S

Country | 19 1981 1ss2
France ' _ : -..’? ' i31.2 143.2
Holland o 0.9 65,0 710 |
UK . - 818 : - 63.8 EERE
Italy 44,0 440 432
- West Germany : 35.0 37.8. ' 30,0
" Belgium/Luxemburg 13.0 - 13.0 . 135
Ireland ' . 6.7 ' 8.5 9.5
Denmark 8.5 T 5.9 6.2
USA - 213.3 : 2240 o 2299
China (Estimated) 66.8 _ 30.9 -' 87.0
Taiwan 64,4 ' 55.5 BZE
Spain T R 325 . a2.0
Canada . 29.1 228 Coaz2an
South Kores 25, : 189 R R
Anatralia . - 8.3 8.3 9.4
Japan o h.6 4.5 : 4.5
Switzerland 3.3 28 3.5
Sweden - o 2.1 2.3 23 _
Total - | 8122 831.7 850.1

(Source: The Bislogy and Techr, ology of cultivated mushroom;
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2.4.2. Production in Developing Countries ‘

In India button mushroom production is being done in Himachal Pradesh
(H.P.), Jammu and Kashmir, Haryana, Punjab, Uttar Pradesh, Karnataka, Andhra
Pradesh. Kerala, Maharashtra, Madhya Pradesh and West Bengal. This mushroom
was introduced in H.P. during 1965 by Maharaja of Patiala at Chail. [nitially its
production in the country was quite low however in recent years it has picked up
particularly due to big units coming up for export market. There are large number

of small and medium growers mostly during seasonal cropping as i_nil Northern

s.,ates

2.5. PROSPECTS OF CULTIVATION IN INDIA

In India more than 85 per cent population live in villages and thelr main
occupation is agriculture. The food grain production has 1ncreaseﬁ|i after the
green revolution in mid sixties. Thus there is little pessibility for further increase
in crop preduction. With the raise in agricultural production, the fa}'mers have
been facing problem of utilisation of these wastes These agrlcultura} wastes on

burning lead to pollution and alse waste of org8ic material.

based protein deficiency 1s more prevai

In India. the population is mostly ve:ari d as the Indian d'|el; is cereal
less land and can utilize the aggicultuts wastes effectively yielding valuable
protein. Thus mushroom growin%l the protein gap to a large extent in our

country g“ _

They earn foreign e to the country. Besides there has &Jeen lot of
awareness about mushr in our country. Thus mushrooms have both domestic
and international demand” APEDA (Agricultural and Processed Fodd Products
Export Development Authorlty, suggested the following points r(,jardlng the
prospect of mushroom production in Indla

1. Due to the high nutritive and medicinal values mushroom consumption is
increasing day by day in the world.

2. Mushroom cultivation is labour intensive. There is decline in prPductmn of
mushrooms in Taiwan and South Korea due to high labour cost. Thus India
enjoys its advantage.

3. Due to the fall of production in developed countries the world trade i‘s’ declining.
Thus India has excellent opportunities in button mushreom production.
Check Your Progress - 1

Write the future prospects of button mushroom production in India?

certain areas. Mushrooms reguire

-



L Note : (a) Write the answer in the space given below. = - :
' {b) Compare your answer with the one given at the end of this unit.
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2.6. FARM DESIGN

Button mushroom cultivation is horticulturai activity where hygiene is most
important. Hence farm should not be constructed near the other mushroom
farms or business which would affect.it. Since button mushroom cultivation is
indoor activity, it does not take much land area.

1. Building plot : While selecting plot one muSWkeep provision for future
expansion. Plot should be app'roa_cha_ble by road e delivery of raw materials
and removing materials, spent compost There should he proper water.
electricity and sewage facilities. Farm la;@muld be prepared after drawing
the plan of the farm. However, farni@®wauld be constructed in phased manner,
for example, if farm is of 12 roomgonl¥ first 3 or 4 rooms should be constructed

‘initially, In India there are %nedium and big farms. Generally small

and medium farms have gogventional steam pasteurization rooms along with

spawn running and cropp%oms using wooden trays for both pasteurization

and cropping or only for paSteurization. Cropping_is done either in shelves

or in polythene bags. However, some medium and large farms are having

bulk pasteurization chambers for compost pasteurizetion and cropping is done

_ either in shelves or bags. Some big farms are using cold storage as one zone

F system i.e., all the operations (pasteurization to cropping) are carried out in
~ shelves in same room. ~ '

2. Design of farm : There are different typts of mushroom farm designs in
different parts of the world suiting local conditions. However. the Dutch farm
design is becoming more popular with modifications to suit local requirements.
In the Netherlands cropping rooms with 200 m? cultivation surface are used
in which there are two rows of shelves each having 5 beds one above the other.
The room size is: breadth 6.00 m x length 17.75m x height 3.80m. In front of
the room 4 m wide passage is provided where as in backside cemented area is

- provided to facilitate compost filling. With the introduction of bulk chamber
big farms are adopting it and such farms go for 12 rooms (200 m? each and
20 tons of compost in bags) with one composting platform (100’ x 45') with
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provision for further expa.nsmn ’Ikvo bulk chambers (20 ‘tons. capac1ty) are_ SR
prcmded Lo T e S T R -

) 1) Compostmg platform : It is advisable to have spaclous platform with 2 .
parts, one at lower level with slope and medium size tank to- colle%t seepage
- water and another about 3’ above ground level with small tank for collection
‘of seepage water and it should be provided with shed. Platform should have
- road approach for delivery of raw materials. For 10 tons compost 50' x 25’ sxze
' farm can be ut1hzed and ‘mg platform should be’ used for big pm_]ects'.

’

_: o 50" — v OIT 3.‘,(3‘!'2._._..-.. :
]
oL COMPOST!NG
-« " PLATFORM i |
 wieE 7o, “en - |
' T‘f ? ‘T* 8-+  PR= PASTEURIZAT]ON
R . . " ROOM |
o : W SR SPAWN RUNNING -
ROOM -

CPR: CASING SOIL

ve P Y 1 PASTEURIZATION
D fpp SR p. ROOM .
| l T 1 l o f B - BOILER ROOM o
1§ _ CR'= CROPPING ROOM
1 R I T . TD §'=STORE
Cos SR 2D D oo0- QFFICE CUM
| ?Egv I - 1 1 = L " PACKING ROOM -
door ¢~ 1 I _ T AC - AIR CONDITIONER
D %‘? _D-D-.'C_B D' D= DOOR . .
| ; RS R B YCL= VENTILATOR.| "~
) 4 & ;. CEILING LEVEL ... -
R N t T VGLz VENTILATOR| . -
S p CR b pCR D - GROUND' LEVEL .
% v l $ vi i W= WINDOW
) S - - _-'.E'_: EXHAUST FAN
ROET .
T — '

£
'z
i
1
}
|
§
4
i

Fig. 2'_.2'. -Fa_rm lhyo_ut of wh_ite Butt;in mushroowm.




“ii) - Bulk chamber : The size of chamber depends on the compost to be loaded. .
- For 20 tons capacity bulk chamber with 36' x % x 12’ (length x breadth x:
-+ height) dimension is used; wall should be well insulated. The plenum should

. _be-3 deep on the side of fan and other end 6" deep; this helps in uniform
+ distribution -of air. Grated floor is prowded with either wooden or iron with
. 25-30. % of the total area left in the form of gap for movement of steam and.
.- air. Walls are provided with 5cm thick insulating material between brick wall
.. (9"wide) and inside plaster. Roof is also insulated and surface is sprayed with

bituminous paint to serve as a vapour barrier. The chamber will have two

exhaust vents, one for rec:irculati_on exit and the other for exhaust of gases on

¢ ..introduction of fresh air via filters. Doors (provided at both ends) should also
- be insulated and air tight. _ '

" One way valve

One'ﬁay valve opening c opening towards ' Fresh alr
towards outside : outside - Control inlet
g
Plenu“ .
Wooden hold - + Steam

(v thick wood) -

Centrifugal. fan
1440 R.P. M,

Fig. 2.3. Cross section of bulk chamber

During pasteurization an airflow of 150-200 m®/hour per ton of fresh compost -
is required. Compost filling should be 90(]-1()[!0kg/m2 floor area with depth of
2-2.2m. There will be a loss of about 25-30% dry matter. Filling in tunnel should
be always loose and uniform. There may be loss of about 10% moisture content.

In India small chamber 22’ length x 8 width x 10" height with iron door (6’ x
4') has been used after providing proper insulation. The boiler with a capacity of
300 p.s.i and coal/wood/oil fired will be enough. The blower is used to introduce
and recirculate hot air, The blower has 24" fan with an opening for fresh air from
~ one side with provision to control air by adjusting shutter. The blower is run by

- 1440 rpm motor and pulhng 6" x 3" is used to run blower (6" fitted with blower '
and 3" wﬂ;h motor).
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: |
In India many farms have conventional pasteurization rooms where compost

is filled in trays and stacked in centre of the room. On one side steam pipe
(perforated™ is provided at about 4’ ht. from ground; on this side| only, fan is

provided at shont 75 om away from the vent at ceiling level. Trays are. stacked

in cenire leaving 3' gap from ceiling to provide free movement of aJr from the
duct. At 1-2' above ground level on other end of duct ventilator with wire mesh i is
provided for the escape of gases. The size of pasteurization room shduld be same
as spawn running and cropping or a little smaller. It should be 1nsulated or made
of hollow cement brick wall. |

Growing reoms : Growing rooms should be insulated. Bricks or ce'ment hollow
bricks are used for construction. Generally ground is not insulated. There shouid
be provisien for forced sir circulation system installed centrally on top of the
entry door. There should be provision for humidity control. Vents with fine
wiremesh are alse provided at about 3 above ground level on both sides of door

and backside. Though in Furope cropping rooms are quite big in size, in India we

use different sizes viz 15x17'x10- 12//26'x15/10-12'/35'x20'x12' and 35'x25'x12"
{particularly for shelves holding 18-20 tonneg compost). The depth of compost
should be low Le, 5"-7" in places where Q]ut }oor temperature is! higher and
moderate and 7"-¢" where outside temperat low. This helps to control bed
temperature. When polythene bags ed generally 10-12" dee;ll compost is
filled. The gap between 2 shelves is 2088 in case of bag cultivation, whereas in
shelved beds it ig 18-24". Many s are still using wooden trays 3'x2'x6"-8"
{depth) and 6"-8" legs. For s syshem trays are used for corpost pa$teui'izat,i0n,
spawn runmng and cr oppm@’l’ley should be used to shift trays frdm one place
to other. Manually op%ﬁd tPolley is available costing around Rs.10,000/-.

Check Your FProgress -2 & 3 l

2. What is a bulk chamber ? Write the parameters for construction of bulk
chamber ? o |

) |
3. What are growing rooms? '

. Note : {a) Write your answers in the space given below. !

(b) Compare your answers with those given at the end of thi:-:;_ unit.

...........................................................................
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2. SUMMARY

Button mushroom isa fnutmg bodywhlch i8: eormected to the root like structure
known as mycehum .The fruiting body is divided into the plleus (cap) and the
stipe (stalk), Pﬁaus is.the fleshy, smooth, cap like striicture which bears gills
underneath the-cap. Stipe is the stalk which is cetrally attached to the pileus.
In nature, buttbn mushroom (Agancus bzspams ) grows. on nitrogen rich: soils,
hieap of organjc’manures etc and dlstnbuted in the Northern hemiisphere, Arctic
region, European countnes, Slbena, North Afnca and also in other tropics. Button
mushroom cultﬂatmn was starfed initially in France and spread to UK., U.S.A.
and other Eurbpe&n.muntrnes Asian countries started cultiv ating this mushroom
on commercial ac;almnce the last three decades. In India, the button mushroom is
being produced in Himachal Pradesh, Jammu and Kashmir, Haryana, Punjab, UK,
Karnataka, quml Nadu and' Andhra Pradesh. InéNorthern states, large number
of small and méﬂmﬁ growers are doing seasonal cult:vatxon Button mushroom
growing is labonr mtenswe, needs agrlcultural mstes as raw mat;enals Hence,
India suits weli ‘for button mushroom productmli. SRR

o Button mushmom cultwatmmsanmdaoractl'.'_’_ .an eeds teéhnical ex;;emse

‘Hence precautidns are to be taken while selegting¥e area and’ designing the
farm, The bulldin’k‘plot is to be approacha Yoad for raw material delivery
and d:sposal of Qpent compost. Though, fhere & ,dxﬂ‘erent types.of farm d931gns, -
Dutch farm design mth few modificati ts local requirements.’ A spacious
composting platfbrm with slope a ‘collecting. tank are to be constructed for
compost prepa;‘;twn. Bulk chamb should be constructed for pasteunzatlon of
_the compost. Iusuhted gro%ooms are esaentlal for momtormg the inside
enmonment i . T : ’ . ;

2.8.- CHECK YOUR PROGRESS MODEL ANSWERS

1. Due to the d@llablhty of labourers at cheap cost, plenty of agricultural wastes, |
decrease in thushroom production in ‘developed countries, India has excellent
opportumtne& m fut;ure for button mushroom productmn

2. Bulk chambqr is a pasteurization chamber designed to pasteunze the compost.
For 20 fons Mpacxty 36'x9'x12 (lengt.h x breadth x height) dimension is used.
The plemmi ] 3‘ deep on the side of the fan and 6" deep on the other end.
Grated ﬂoorimade up of either wooden or iron with 25-30% of the total area
left in- the foﬂn of gap for free movement of steam and air should be provided.
Walls' should be. provided with 5cm thick msulat‘.mg material between brick
wall (9"_wid -and ingide plaster, Roof is also to be insulatediand surface is
sprayed with tm:mnous paint. ‘Two vents one to recirculating duct and the
other ta autﬁe are to be provxded Doors should be msulated and air tlght
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3. The rooms whero the button mushroom is grown are called growing rooms
or crop roorss, They should be insulated and have provmon for| forced air

c:rculatxon system and hmmdlty cont.rol

Y

2.9 MODE‘L EXANIINATION QUESTIONS

1. Answer the follomng qnwtlons in about 30 lines each:

1. Write an essay on but.ton mushroom production in developed ond tleir_elopih_g
countries. Add note om its future prospects n India. . - '

-2, Descnbe m detail the farm desngmng of button mushroom

1. AnsWer the followmg qtestions in about 10 lines oach.

1. Write a néte on t.he morphology of t,he fru1tmg body (basxdmmrp of button
- mushroom '

.2 erteashci't note on. bulk chamber | :  ‘

'\ DnRP.Tews
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UNIT-3 : RAISING OF PURE CULTURE
B AND SPAWN PREPARATION
_OF BUTTON MUSHROOM

Contents
- 3.1, 'Objectives

3.2. Introduction

3.3. Preparation of Pure Culture

' 3.3.1. Cuiture Media ~

3.3.2. Isolation of Pure Culture

-3.4. Preparation of Spawn Substrate
3.5. 'S-pawn Preparation o
3.6. Storage and Transporation of Spawn -
3.7. Quality Control in Spawn Making

3.8. 'Summaxy' o _
'8.9. Check Your Progress : Model Answers 0

3.10. Model Examination Questions. . . Q |

3.1. OBJECTIVES i g

After going through this unit you %gif¥e able to:
® describe the method of @ation of ci:lture media, -
e list out and descfibe the isolation methods of pure ¢ulture,
® describe the method of preparation of spawn suhstrat_:e-, |
» describe the preparation of spawn,

. expia.i‘n the storage methods, trans?portati'oﬁ and quality control of spawn.

3.2. INTRODUCTION

The pui'e cultures ¢f button mushroom can be prepared either by germinating
the spores or by growing pieces of inner tissue of mushroom om & suitable and
sterilized culture medivwm.

Duggar in 1905 made the significant discovery that a piece of the inner growing
tissue of mushroom is capable of producing mycelium. Since then, the potential
of this method for isolating pure cultires has been utilized. Ferguson ( 1902) first
discovered the use of germinating basidiospores of Agaricus for making spawn,
Although the use of basidiospores is a betier and more safe method of making
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~ spawn, tissue culture due to easy handling had laid the foundamoni for spawn
raaking industry. E : _ S

- Sinden’s (1932, 1936) use of cereal grain as the substrate for mushrL)om.spawn :

" was an advance in making commercial spawn, Duggar (1915), Ware an Glasscook

| (1946) and Davis (1946) provided description of basic methods and ‘equipment
used to make spawn. Stellar analysed a number of practical problemsl'm modern
spawn making. ' ' _ |

" In‘the Western Countries highly specialised and sophisticated batch| system for -
making spawn was developed. The system however, incorporated bulk- blending
and precocking of grait’: Plasti¢ bags (fitted with a "breathing strip filter) filled
with pre-cooked grain are sterilized. When cooked each bag of grain is/inoculated
with mushroom myceliuri, I : _ | 3

Recently Maul etal (1980) described a system that can be used to make spawn
entirely by a bulk operation. ‘A cooled, sterilized substrate mixture is|inoculated
with mushroom culture and semiautomatically transferred from a large rotary

" blender to sterile polythene bags aseptically in which the mycelial colenisation of

" the substrate occurs. \D

'3.3. PREPARATION OF p® CULTURE

" Pure culture of a desired niu'shr&wecies can be grown on a suitable medium.
wi

Mushroem culture should be ' thout contamination. The wh'oi’e process
should therefore be carried Q;Wder strictly aseptic conditions. The culture is

prepared either by gery ing the spores or by growing pieces of irmér tissue of
mushroom in a suitable terilized culture medium. |

3.3.1. Culture Media - : B o |-_

The medium on which the pure mushroom mycelium is grown is calhed culture
medium. These media vary widely in form and composition depending on the
organism to be cultivated. Some of the common media used are: _
1.'-Po_tato Dextrose Agar (PDA) Medium : Wash, peel and cutJ into small

pieces about 250 gm of potatoes. Boil them in 1000 ml distilled water till they

are soft but not over.cqigked. Filter' through a cheese cloth, collect the liquid -
- in a graduated cylinder. Restore the volume of the decoction to 1000 ml by

.adding fresh distilled water and heat it. Then add 20g of Dextrose and 20g of

Agar powder and boil with occasional stirring until agar and dextrose dissolve.

Transfer the medium in 10 ml. test tubes and plug with non absorbent cotton.

2 -Mal_f Extract Agar (MEA) Medium : Dissolve 50 gm of commerl:ially avail-
. able Malt extract Agar in 1000 ml.. of distilled-water. Boil it and poyr it in L:ésb
‘tubes and plug with non-absorbent cotton. ' B
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3. Complete medium (CM) : This medium is constantly used for Volvariella
culture. The chemical components are:”

. MgB80y4 THy0 | o 0.50g
KH,PO, ' ' 0.46g
KoHPO, 1.00g
Bacteriological Peptone . .. 2.00g
Dextrose .. 20.00g
Agar (Sigma- type IV) ' - 20.0g
Thiamin-Hel w 0.50g
Distilled water =~ o 1.0 Iitre. '

Mix all the mgredlents in distilled water, boil and fill in the test tubes and
sterlhze ' -

It should be noted that most mushreooms prefer a neutral to slightly acidic
range of medium. Hence the pH of these media should be between 6.5 to 7.0.
- For Volvariella pH between 6.8 to 7.8 is preferred. All media should be sterilized
immediately after their preparation. Sterilizationjs e by steam. Sterilization -
can be done in autoclaves at 15 lb pressure, which 'a temperature of 121°C.,
This temperature is maintained for 15-20 :Qer_ sterilization the tubes are
immediately taken out and kept .in an inclin osition for one day to get the
slants. If sterilization is being done in p cooker, it should be sterilized for
1 hour,

1. All the glasswares being hould be washed thoroughly and rinsed with =

distilled water before use,

The following precautions 2 to dg taken while preparing culture media.

2. Welgh the 1ngred1ents correctly, |

3. Only dlstllled water should be used for media pfeparation.

4. Care should be taken that all the .ingredier.l_ts are dissolved. |
.5. pH of the medium should be tested by pH paper before sterilization.

6. The medium should be poured in tubes while it is. stlll hot. Care should be
taken to fill only 1/3 vol. of the tube. :

7. The tubes should be properly plugged with nonabsorbent cotton. The. plugs
should not be loose. As an extra precaution aluminium foils can be used to -
cover over the cotton plugs to prevent any moisture or steam entering in the
tubes.

8. Sterilization should be properly done.
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6. The tubes should be slanted whiie stili hot and kept in that posttion fm_'.one
day. | |

10. If any bacterial or fungal growth is seen in the tubes, such tubells should be
immediately discarded. o

Tnitial mushroom culture can be obtained by any of the following four ways:

3.3.2. Isolation of Pure Culture

1) Sub-culture
‘i) Single spore culture
tii) Multispore culture,

iv) Tissue culture _ ‘

- ij Sub-Culture : A small piece of pure culture obtained form other laboratories
can be inoculated on fresh medium {o get f:esh culfure. '

ii) Single Spore Culture : A mass of mus n spores are o be cellected by
taking a spore print. For taking a spgfe phint the stalk (stipe) of the basidiocarp
is cut and the cap is placed on a sterMggaper. After sometime the spore mass
is collected and spore susperasia?g(epared in serile distilled water. Further,

it is diluted to obtain a cpmeenifation of 20-25 spores and one ml is poured
~in sterile petriplates con M medium. The plates are incubated at 25°C
and observed under %sc pe. After germination, mycelium developed from
single spores is pickeapd transfered to the slants, '

- iii) Multispore Culture : Spores obtained by spore print are picked with a needle
and added directly in the sterilized slanis or petriplates containing meditim
under aseptic conditions. ' o ‘ '

iv) Tissue Caliure : The slants ave inoculated with pieces of tissute tL‘re)m a fresh
mushroom,. The mushroom selected should be healthy and of desirable size.

Hands, working srea and the mushroem itself should be disinfected with
rectified spirit to gef rid of the surface contaminants. Ths mushmerii fruit body
ghould be eut out lungitudinally into two halves and small piece of int|ernal tissue
'should be taken. In case of oyster and paddy straw mushroom, small pieces from
the upper part of the stipe should be taken (Fig. 3.1 ' '

Care should be taken to do everything in aseptic conditions. All the work
should be performed near flame. : '
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Fig. 3.1. .'.I‘ra'nsi‘erring the .to medium.,

After inoculation the tubes should b __ai;ed at 25-300C for growth. When
the mycelium has fully covered th@ed m, it can be used to inoculate spawn

substrate or if not in use can be s m refrigerator for further use.

Check Your Progress - 1

1. What are the common media used for raising pure culture of button mushroom?

2. What is subculture?

Note : (a) Write your answers in the space given below. _
(b) Compare your answers with those given at the end of this unit.
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LI I I R I LI TN I R Y L R R R R I I R I I R N I .-
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3.4. PREPARATION OF SPAWN SUBSTRATE

- The word spawn in the mushroom ‘industry means the planting material, whrch
consists of the vegetative body (mycelium) and its substrate. In other words spavfm _
-could be regarded as analogous to the seeds of the higher plants. : 3

Spawmng was the essentral and first step in the earli development o mushrootn
cultivation. Initially sma‘l inasses of infected manure from naturally infected
beds was used. Subsequently, more reliable forms of spawn e.g., French flake and
English brick spawn were developed. Brick spawn consists of compressed brlcks
of horse or cow manure “and loam or leaves colonized hy- ‘mushroom mycelium.
Flake spawn is dried mycehum—ﬁlled compost. Like natural spawn; however, flake
and brick spawn were not pure cultures. Neither the 1dent1ty of the mushromn
spemes nor the absence of pests was assured.’

_ A number of materials alone and in diﬂ'erent combmations are used as spawn
substrates The materials vary from. place to place and on econoinic grounds In
Hong Kong the followmg types of substratesareNgeing used. . :

' 1. Used tea leaves » Used tea lea _v_vash,ed, dr_ained.and 9% calcium
carbonate is added to ad_]ust the pHNBHe substrate is mixed thoroughly and
“put in bottles, plugged and ster S S

Ciagn

2. Cotton waste : The "grade of cotton waste is -usually' cb'osen".' It is
washed and 2% calcj arb nate is added to adjust the pH

8. Straw spawn : Paddy straw is soaked for two to four hours, cleaned and cut
out to pieces of 3 to 5 cm long, mixed with 1% calciurh carbonate and 1- 2%
rice bran, then put inte bottles, plugged and stenhzad )

.In Thailand spawn substrate is made by m.lxmg fresh horse manure and lotus
" husks in egual amounts after they have been steeped in water until they have
swelled or absorbed enough moisture to prevent their drying out.

~In Philippines the foHoWiIrg types of substrates are used.

' 1) Coffee pulp : Fresh Coffee pulp gwes umform mycellal growth on both outerl
and i inner surfaces of the pulp '

i) Ipll-lpll leaves spawn : Dried ipil ipil ( Seucaura glauca ) leaﬂets with cmr
dust or saw dust is soaked in water and fermented for three to four days. The

fermented mixture will be washed with three changes of water. 15% rice bran
“is added and then the mixture is bottled,
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3.5. SPAWN PREPARATIGN

- Grain as the substrate for spawn production is the more popular and niost_
widely used method. The details for the preparatwn of grmn spawn is. glven
~ below. . .

Facilities Required : The facilifie_s reQuire_d for ‘spawn preparation are:

1. Preparation and autoclave room.

Inoculation chamber (5' x 6' x 7' ) fitted with ultraviolet tube (3' in length),
one table and doeuble door entrance.

b

. Chamber for spawn gmwth
. Autoclave

. thty to bml grain like hot plate or gas stoveo .
Contamer for boiling '

Milk or _glucose. bottles o ' O
Non-absorbent cotton © | ?5

. Spirit lamp | | Q~ |

10. Rectified spirit . :

1L Inoculatwn needle | @ o

12, Jowar or wheat grains

113, Chalk powder

© @ 2w e

114, Gypsum.
Method of Preparation

Jowar or wheat grains are washed in water and boiled. Care should be taken
that the grains are not over boiled and broken. Excess of water is drained off
and boiled grains are spread on fine wire mesh for about one hour. This helps
to break lumps and reduces moisture. Chalk powder (6%) and Gypsum (2%) are
mixed in boiled grains which are then filled in the bottie or pp. bags. Mouth of
bottles are cleaned and plugged with non- absorbent cotton Plugs are wrapped
‘with paper and bottles are sterilized at 22 Ib. pressure in autoclave for 2 hours.

a1




Sterlllzed bottles are transferred to moculation chamber and 2% formaldehyde
is sprayed inside the chamber. Next day ultra violet tube is put on for half an hour

the chamber for mocu.latmn

to-1 hour-prior to inoculation. U.V, light should be switched off wthe entermg

For moculatlon, a blt of culture, about 1 cm is taken out from a chlture tube
havmg pure culture. This piece 4f culture is inoculated in the bottl?s with the
‘help of inoculation needle. The culture should be preferably, transferred in the
middle- i;gwards wall side so that the growth can be noticed. Inocu]atlon should
be done over the burning spirit lamp to aveid contamination,

After inoculation, bottles are transferred to spawn growing chambér ‘where
temperature should be 25 £ 2°C. Once a week all bottles should be checked and
contaminated bottles should be removed. -~ . = - . ‘ o

Fig. 3.2. Pure mushroom spawn in glucose bottle.

- The spawn prepared from the culture can be further used to multiply spawn @
1 bottle for 20-25 bottles, by transferring few grains (2 teaspoons of spawn[bottle,
_over apirit lamp. This helps in faster multlphcatmn of the spawn,. However, pure
_ culture of hlgh yleldmg strains should be used for spawn production.

'The' followmg figure. shows 1 various steps in ralsmg pure culture and spavm
preparation. (F1g 3.3.)
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HEALTHY MUSHROOM

- FROM COMPOST
SPAWN TO SPAWN

. "’_’L_JLTIPLICATION

/’ C LONGITUDINALLY

MATURE MUSHROOM

CUT MUSHEOOM

A

CULTURE

I- l:.“.‘! ’ .
INOCULATION .
TO SPAWN BOTTLE \ / SUSPENSION,
. . !
STORED !
! ‘  MYCELIAL _. ) INOCULATION !
] INCUBATION - :
B . i

Fig.3.3. Raising of pure culture and spawn preﬁaratinn of white bqttcin mushroom.

3.6. STORAGE AND TRANSPORTATION OF SPAWN

. It is always advisable to use fresh spawn. When the spawn needs to ébe' stored,
it should be stored at 0-4°C for 4 to 6 months. Spawn should not be, stored at
room temperature. When the spawn is stored at low temperatures, it should be
allowed to attain room temperature and should be used for spawning.




Spawn should not be transported at high temperature. It should be
either in refrigerated vans or during night time when temperature i
~-ispawn should be used immediately or stored in cold storage rooms us
.use. o ' a ‘

fransported
; low. Such

ntil further

‘3.7 QUALI‘I‘-YCONTROL" IN SPAWN MAKING

. A major seurce of cont.ammatmn of growmg mubhroom mycehum'

makmg plant is the grain used to prepare the substrate. Modern
and facilities for sterilization and maintenance of sterile conditions
of reducing flmgal a.'nd bacterla.l contamination to 0.1% of the spawn

Quahty contirol i m spawn makmg consists essentnally of mspectw

in a spawn
pquipments
are capable
unit_,s.

ns to elimm-

~ nate spawn unlts v151bly tontanunated or exhibiting unacceptable differences in
appearance, gruwth colour or odeur. In addition, study of pessible role of spawn

- cultures and sources of spawn cultures as carriers of bacterial diseas

e is needed

in view of the reported attachement of bacteria on spores and hyphae of the

mus“hrooms

Care should 8.].80 be taken that spa
cultures should be raised from virus fr

- 1, Use of unb:oken and h

2. Boiled grain mixed

more than 18 hours

. Bottle shouid be plugged and sterlhzed properly.

- S~ T N

tight inoculation room.

e

Inoculation should always be done facing the burner.
. Give minimum time for removing and placing the piu"gs.

Shake the bottle thoroughly after inoculation to get ei&ly and unif

gm virus. For this pt

_ shroems and this can bel
the help of eleciron microscope. vother things to be borne in m

ed grains only for spawn produttio.

. Sterilized bottles should be inoculated after 2 days of sterilizatio L

irpose stock
tested with
iind are :

@ime and gypsum should not be kept unsterilized for

The bott.les should be kept uhder UV rays for 30-60 min. before inoculation.

. The whole process should be carrled out in a double chamhered closed air

\ria growth.

10. Incubate bottles at 25 + 2°_C'aﬁ,er inoculation.

11. Store bottles at a temperature of 4‘_’0_ after complete growth.




Check Your'Progress 3&4 _
3. What are the precautlons to be taken before and after moculatzon of sterlhzed
hottles ? ' :

4. How do you store and transport the spawn 7

Note : (a) Write the answers in the space given below. :
(b) Compare your answers with those given at the end of this unit.

Q.C...C‘.‘...C.O.....O....O._......l'..'...’........- ............................
n.'5.00Q.Q.l.t_....Q.Q.O.QO..‘.O‘.l.l..l...."cQ.O...!..._.I.l."‘....t_‘- .........
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
N N N T N N N I R

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

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

3.8. SUMMARY

The pure culture of button mushroom is the one which contains the mycelium

of button mushroom only. It can be prepared either by germinating the spores-

of button mushroom or by growing a piece of inner tissue of the mushreom (at
the place where stipe and pileus are attached) in a sultable and sterilized culture
medium. Transfer of a bit of tissue or spores of the mushroom aseptically into
the culture medium is called inoculation. After moculatlon the test tubes or

petriplates should be incubated at 25- 27°C for growth When the mycelium is

fully grown on the medium, it can be moculated to the spawn substrate or stored
in refrigerator at 0- 4°C for further use.

Spawn is the planting material that consists of vegetative mycelium and its
substrate. It is analogous to the seed of higher plants. Spawn preparation is an
important step in mushroom cultivation, Various spawn substrates like wheat or
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gowar grams used tea leaves, cotton waste, paddy straw are used of whlch wheat
and jowar grains are the most commonly used substrates. Half-cooked grains are
drained to remove excess water and dried for one hour. Chalk powder (6%) and
gypsum (2%) are mlxed in the grains and filled in glucose bottles or polypropylene :
bags (2/3rd of the bottle or bag). They are then plugged with non—absorbent
cotton and wrapped with paper and sterilized for 2 hours at 22 Ib pressure in an
autoclave. After sterilization the bottles are kept at room temperatiure for two
days to check for any fungal or bacterial growth in the spawn substrate The
bottles aré then shifted to UV-chamber sterilized with 2% formalin ahd UV lamp *
should be switched on for half an hour to one hour. Prior to moculatllon UV light
should be switched off. A bit of eulture of about 1 cm is taken out frdm a culture
tube with the help of inoculation needle and inoculated into the spawn Substrate.
The bottles or bags are then incubated at a temperature 25+ 2°C. The bottles
or bags should be checked for contaminants once a week and such bottles or bags
should be removed. The spawn prepared from the culture is called master spawn
or mother spawn which can be used for further multlphcatlon of spamm

the spawn needs to be stored, it should bastoded at 0-4°C for 4 t;o 6 months.

Always fresh spawn should be used for g'ro ng mushrooms However, when
Spawn should be transported either in :e;ﬁsedvans or during night time

~ when the temperature is low. Quality « 1 is very important in spz:mm making.
', One needs to take every precauticis to tain the quality of spawn.

'~ 3.9. CHECK YOU JRESS : MODEL ANSWERS

1. - The Common m%ed for raising.the pure culture of hutt01|1 mushrooin
are: Potato Dextros®Agar(PDA) Medium, Malt ExtractAgar (MEA) Medium’
and Complete Medium (CM). : |

2. Subculture is the inoculation of small p1ece of pure culture'on fresh mediﬁm
to get fresh culture. . :

3. The sterilized bottles of spawn substrate are to be transferred to an inec-
ulation chamber sprayed with 2% formaldehyde. The UV lamp should be
switched on for half an hour to one hour prior to inoculation, - UV light
should be switched off while entering the inoculation chamber.|Inoculation

“should be done over the burning spirit lamp. The inoculated bottles should

be 1ncubated at 25 -+ 20C. The bottles should be checked oncé a week for
contarmnatlon

o | | |
4, Button mushroom spawn should be stored at 0-42C for 4 to 6 momths Spawn _ \
should be transported either in 1efr1gerated vans or during mghl; time when
‘temperature is low. :

|
|
i_
a6 |




3.10. MODEL EXAMINATION‘.QUESTIONS N

I. Answer the following questions in about 30 lines each.
1. Write an essay on raising of pure culture of button mushroom.

2. Describe in detail about the prépai'ation of spawn of button mushrooin.

IL Answer the following questions in about 10 lines each.

1. Write a short note on the culture media used for ralsmg pure culture of
button mushroom. '

2. Write a brief note on various spawn substrates used f‘or preparing button
mushroom spawn.

3. How the storage and transportation of spawn is made ?

4, What are the precautions to be taken in mamtammg the quahty of button

mushroom spawn.
O- Dr. R.P. Tewari
) Ms. K. Prasunamma
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UNIT _4 PREPARATION OF COMPOST

AND CULTIVATION OF

- ~BUTTON 1 ‘\/IUSHROOM |

Contents

4.1, Oljectives
4,2, Introduction
4,3, Composting

.4.3.1, Materials Used for Compost Makmg

" 4.3.2. Different Compost Formulations . -

4.4,
45.
46
- 47)
48,
. 4.9,

4.3.3. Methods of Compost Preparation

4.3.4. Quaht:es of Good Compost

-Growing Systems

Spawing and After Care o

Casing

Cropping and Harvestmg ' 0
Summary ' ' :

Check Your Progress : Model An

4.10. ‘Model _Examlnatlon Quest1§~
~4.1. OBJECTIVES ¢ '

After going throog_h- t}@t you will be able to:

@ define the oompost

o list out the matenals used for compost makmg, .

‘e list out the various- compost formulations,

o describe the methods of compost preparatlon,

‘o explam the qualities of a good compost and advantages of bulk pasteurization,

o describe the procedure of spawning, casing and cropping of button mushrooms.

4.2. INTRODUCTION

Agaricus bisporus and A.bitorquis are popularly called white button mushrooms.
These mushrooms are coprophilous and require dung or synthetic compost for

its growth and development, It is the product of fermentation of o
inorganic substrates brought about by many mesophilic and thermopk

rganic and
ilic fungi, -

Compost is the 'decompose'd substrate in which the mushreom mycelium grows, '.

The compost is mixed with the mushroom spawn and incubated for myce

lial growth




-, ..

at 24 £ 1°C. When the compost is fully impregnated with mushroom mycelium
casing soil should be spread over it. Casing soil initiates the fruit body formation.
Button mushroom cultivation needs high technical expertise and to be grown
under controlled environmental condltmns -

Check Your Progress - 1
What 1s a Compost?

-Note : a) Write the answer in the space given below.

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

P T R N N R NN N R R RN NN AN AL
oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

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

4.3. COMPOSTING

White button mushroom '(Agaricus bisporus @garfcus bitorquis ) being .
coprophilous require dung or synthetic compost foNi{# growth and development.

Initially decomposed horse manure was the ipal medium for its cultivation. -
However, in recent times other materials 1 eat/ barley/ oat/ paddy straw
and hay are being utilized as base mat: or synthetic compost as horse dung *

materials specifically suited to

s not avialable every where, Thgm se of composting is to make the raw

_ mycelium for its growth.
4.3.1. Materials Us r Composf Making

Though main bulk material for compost preparatxon comes from horse dung
and cereal straw, there are equally useful materials which can be exploited for
compost making. Composting materials can be divided on the basis of thdir role
in compost making which are given below. '

1. Vegetable base material : This includes straw of wheat, paddy, Harley, rye,
oat, maize stalks and vegetable plant wastes. They provide cellulose, hemicellulose
and lignin which are utilized during spawn running and fruiting, they also provide
some quantity of nitrogen. Besides, these materials provide physical structure in
heap which facilitates air exchange for aerobic microbes. :

2. Supplements : There are several materials which are added to prepare
balanced compost and are source of additional nitrogen and carbon compounds.
These are further divided into 4 categories on the basis of their nutrients.

' Ca_tegory - 1: Animal Manure : It includes horse 'dung,_ chicken, pig, sheep, '

mule, yak, goat, cow, bullock and elephant manure. They provide good amount of -
nitrogen which may vary from about 1% to 5%. Carbohydrates are also present.
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Both nitrogen and carhohydrates ave relensed slowly particuiarly 1o cas¢ of chicken
. manure. They also condritiute Lo ﬁz-‘:::al density of corannst,

Categorv. -2 ‘llhi;-e.'}';i’av_ides _-r_ée"‘- ily available nitrogen am}. carbiah_'y'\dra‘-;es.

2 A Nt wﬂsgenncﬁa. Nitragen fertilizers like Ammmonium sulphate, Urga, Caicium

ammoniwm nitrate r.,Dl‘L in high nitrogen and corbon compounds are either pil or

very fow.

2 B. Carbohydrates ; Molasses, wet browers grain, potato wasie, molasses. -
sugar-beet puln, apple and grape punice dlld pk oprietary activators containing -

molasses. -

"Categar'y L%: Coneer frmed muajs : -‘ere bath hitrogen and carbohydrates

“are available and are relensed slowly viz., dried brewers’ grains, uninolassed sugar

‘beet pulp, corn cobs, wheat/rice h*zm, seed meals of cotiton, soyabean, castor,
linseed, sosame ete. Nitrogen contents range from 3-12% p:\ﬁnpt pnmolassed
- sugar- beet pulp and corn ceb where it 1s about 1%. The il and minergls available
_in some are of s;gn_lf'..cance w muhhroom nutrition, '

Category -4 : S_u.pplg‘em{mts o rectify } deficiencies : This includes
fertilizers like potask, superphusphate ‘e metal migtures, gypsum and chalk
powder. Gypsum 2lso helps to avold g % ess in compost.

- 4.3.2. Dlﬂ'erent (,ejmgm.st | mmat:ons

_ For selectmc materials i
-in view, -

-

1. The physical and ch
~ nitrogen centent..

- 2. Initial tota! pitrogen conient should be between 1.49 - 00 oi dxv matter. This
is achieved by adding animal manure and other llltz'ﬂge.nom Qunplpments like
urea, b: ewer’s grain, cotton saw bran ete, '

3. Cate gcnes 1,2 and 3 are most impol orisnt for compostmg pl acess and| inadequate

level of carbehydrates result in loss of cellulose/hemiceliulose and [drv matter.

This roay also resuli in a narrow {”’N ratlo i {inal com-pa.sbt-._

Seme C{m_lp@st formmulae being used in inmd and abroad.
1. Horse mantive 430.00 Kg
' Wheat straw B ) 250.00 S _
Chicken manure E S 160.00 N
Brewer’s grain _ 8000
Ures. L - 700"
Gypsuma - 2000 " o

: _,nst preparation f(,l}owmg points should be kepL '

T chdraa.,a‘rzeﬁcs of b%e mdte rials parfjeularlv the



_'1_009.00

{Chalk Powder)

10.60-

2. Horse manure Kg
Chicken manure - 8090 "
Sugar beet puip . 340"
Cotton seed meal EERER
Gypsumn - 7.72 "
3. - Wheat straw 106000 Bg
Chicken manure. S 100000 "
Gypsum 80007
4, Wheat straw 300.00 Kg
Chicken manure C120.00
Rice bran 20.06
Brewer’s grain 22.00 "
Urea - B00 "
Cotton seed meal 500 "
- Gypsum “10.00 "
5. Wheat straw 110p0.00 Kg
- Chic}{en manure o @0 "
Brewer’s grain - . ~ 00"
Urea ,_ O 14.05 "
Gypsum o o 30.06 "
6. " Horse-manure ‘?‘ "~ 1018.00 Kg
- Chicken mz’murer . 101.06 "
Molasses : : 38.05 "
Cotton seed@' 15.24 "
Gypsum - 1524 "
7. Paddy straw _ 3.00 tonnes
o Chicken manure’ 1 % o
Wheat bran 125.00 Kg
Gypsum - - 9000 "
8. Wheat or paddy straw . 200.00: Kg
Ammonium sulphate or - '
Calcium ammonium nitrate 5.00 "
‘Super phosphate 8.00 "
Urea ' 4.05 "
Wheat bran S 30.00 "
or ' B
Rice bran 1500 "
Gypsum 12.00
- Calcium carbonate "




Paddy straw . 15000 Kg -,

- maize stalk’ : 150._00 " ‘ |
Ammonium sulphate 900 " ‘
‘Super phosphate - - 300" .|

Urea .. = . o 405 "
" : ] ‘

Rice bran - 50,00

" Cotton seed S 800" |-

Gypsom ~  ~  1200"
Calcium carbonate 3 10.00 * B

10. -

Paddy straw . 60000 Kg ‘
Rice bran - - ' 100.00 '
Urea | o 10.00 "
Cotton seed T 1200 " ‘
Gypsum R 2400 " - !

|

11

* Wheat straw " 30000 Kg
.~ Molasses " o 12,00 " .
- Urea L O\ B0O0O " ‘ .

Wheatbran N/ 5000" |

Cotton seed l_neal , O _ 500" | .
g ke

ST

G meor |

Paddy straw, Q o -300.00 Kg |

'MtjlassesQw ‘ o 1200
Urea /Yy . Ce00 |

Muriate of potash o ' e 2,00 " ‘ . _
Cotton seed meal | L BOD " | . ‘

13

Qty: used per _m2- in Kg" | N
‘Wheat or paddy straw . 30.03 .. |
Ammonium sulphate I - .0.06 ‘
‘Urea - 0. 15 - |
Superphosphate = - 0.06
Calcium Carbonate 009

14.

42 .

Strawy horse dung ~ 1000.00 Kg
'Chicken manure . o 100.00 "
Urea - . - 808"
Rice bran _ 20.00 * ‘
‘Gypsum ~ - . .2500 " . ‘




4.3.3. Methods of Compest Preparation

In compost preparaiion water and air play vital roie, Water in compost plays
an important rele to support microbial fermentation and growth of nlughrooms.
However, excessively wet compest does not aliew alr thtaugh the compost resulting
in anaercbic conditions, unfavourable for aerobic microhes. The microbial build
up on straw In initlal stage causes rapid incresse in tewperature which irn turn
kelps in uptake of watei by straw and its easy breakdown. High temperatures : |
have also beneficial effect on aeration inside the heap which provides oxygen for ‘
the growth and multiplication of microhes. This i turn infiusnces fermentation
process. There are two most popular metheds of composting. ‘Long’ and ‘Short’
Method.

Long Method :It takes about 26 days and 7 to § turnings ave given at varying

intervals without pasteurization. The long method of composting reducss the |
nutritional value of compost and may be easily sttacked by weed moulids, pathogens, |
insects, mites and nematodes. However, this method is more pepular with small

growers who cannot afford beiler for pasteurization. The schedule of turning

should be -2D, OD, + 6D, + 10D. + 13D, + 18D, & 18D, + 22D, 25D, + 26D

compost filling. :

Day - 2: The straw is kept wet for 48 he} i stacked in o heap of 6 x 5/
length. The mixture of fertilizers and rice /whggifiran sre mixed and watered 24
hours in advance of zero day separately! '

L der

Day 0: At this stage moisturefodten? of straw should be 75-77%. Now mix
the wet mixture of fertilizers andQran with straw thoroughly and stack in a
dimension of 6’ x 5' length. % dry patch is noticed it should be watered. To
have firm stack, wooden mouil\y@ig.4.1) should be used and pressing shouvid be
given from top. Any increase in height may cause anaerchic fermentsation and
low height will result in loss of heat which is required for corvect ferpentation.,
The temperature of the heap will rise to 65-76°C on seecnd day

Fig.4d.1. Assembled weoden meulds for making comnest sile
{v B ES
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Day + 6: The first turmng is gwen -For turning break a portlon of stack, loose
it for air exchange and do watering if required. Then fill up the mould and press
it to make firm stack. Take side boards forward leaving end board and grect them
with the help of wooden support and fill up with the compost as done earlner :
.. Thls way one may turn ‘compost 1o one line and in a required dmuanm.on.

Day + 10 Second tummg is given in the same way except it will he in backward
position i.e., heap stacked in Day 0 posmon Chalk powder (Calcmm carbonate)
is added during turning. Do watering if required, pressing of heap sh"o‘uld-"be
reduced: | ' : SR

Day +13 : Third tﬁrning is given in forward position and gypsum.-is added.
nght pressmg is requnred ' ' ' ' '

Day +16: Fourth turmng is glven and cotton seed added (1f reqmred according '
_to compost formula) .

Day + 19 Flfth turnmg is glven ‘Care aho@ taken to avoid lumps. Pressing
_is not required. : : : ' R

Day +22: Sixth turning is give%y'now ammonia smell should disappear or
it should be very low. Do wg @ o 1f required. N

Day +25: _Sev_enth @g is given. Spread t,he compost on platfof_m, break

1umps if-'any and stack. atering if moisture is less. -

ell is stﬂl |
t the filling
onia and

. Day +26: Compost is mixed and filled in trays In case ammonia s

hoticed, one more turning should be given before ﬁ]hng the trays
~stage: compost will be dark brown in colour, It must be free from
~ moisture content should be 65- 70% '

" Short method This is the most popular method fm commercia productum
of white button mushroom, It is ‘completed in two. phases Phase [[ also called
outdoor composting takes 7-12 days while phase I, called indoor p steurlzatmn :

: has 3-7 days duration. In this method filling is more and yield performance is

_ hlgh with efficient disease control. The most common schedule is -4D, -2D, OD,

+2D, +4D, +6D, +8D, + 10D and 12D compost filling in trays for P teurization.
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SN
A

' —— -

GYPSUM  UREA WHEAT STRAW  CHICKEN BREWER'S
30 XG 14.5 KG  (WETTED)1000KG MANURE 400KG GRAIN 72 KG

pum—y

PUDDLING WITH ENOUGh WATER

. ARAEROBIC STACK (q uAYS)

ADDED AT 3RD
. TURNING

" TURNING AFTER EVERY 2 DAYS.

TURNING AFTE RY 2 DAYS

S S p_AsTURIZATI_ON' TUNKEL
. 5-6 DAYS FOR PASTEURLEALION® 4 POST |
AND CONDITIONING @ - COMPOS:

-6 HR3.57-60%¢

a) PASTEURIZATION 4-6
b) CONDITIGNING 5 DAYS 48-53

Fig4.2. Pfepar'atinn of mmpost. by short method.

Phase I |

Day-4: Preliminary stacking is done putting straw and other ingredients except
gypsum and fertlhzers in layers Add sufﬁment water to wet the stack. The stack -

| should be 1- 2! helght
45
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Day-2: Tum the stack, do watering reduce the stack size by 1/ 2! and add water.

Day &: Atthis stage moistuie content should he 75 T7%. MLX urea and prapare -
standard stack (6’ x 5' x length). i

Day +2: - First turm'w as descrlb;ad earher and do watermg if requn'e&.
 Day +4: Second tur nmg, add gypsum and do watermg if requu'ed
‘Day +6: Third turmr_;g '

| _Déy +8 -Fou;*th turning

Day +10: . Fifth burning

Day +12: Compost is filled in t,rays for phase II. At t.]:llS stage compost colour -

 will be dark brown with strong smell of ammonia. Mmst:ure conten\t should be
T0-72% : :

: Phaﬁe H: Ik bas two main objectives. They are :

" a) To complete fermentation of the compost suitable for the mushroom mycelium -
but not for sther weed moulds. Here uniform layer of compost in trays enables
proper aeration and temperature control dulNpg fermentation, :

b) To kili iim@nted microbes, nematodgg, mite and insects.

The most sffective method of paste tion is by the use of live steam. This
process can be divided into e. stages (1) Prepasteurization
{i1) Pasi_:eurizatmn and (i) Bgst p teurization. o ' '

i) Prepasteurization : Tr d with compost are stacked in the centre of -
pasteurization room ig/flers. Sufficlent space is left between 4 walls and trays
for air movement. Th between top tray and ceiling should be about 3 '
After stacking trays water 1s sprayed on walls, floor and sides of trays| to increase
relative humidity to almost 100%. Fan is switched on to recirculate the air which
‘eliminates temperature gradient within the room. All inlets are closed and steam

" is passed through perforated pipes te increase air temperature upFo 40-45°C.
By closed ventilation and higher air temperature, microbial activily increases

resulting in rise of compust temoerature upto 50 55°C. This is maintained for
.94 hOUxb : ’ - . S l

it} E‘aateumm tiom: After 24 hours, live steam is mt.roduced through perforated
" pipes o increase the air temperature upto 60°C and is maintained for 2-4 hours
to complete the nasteunzatmn Due to this, compest temperature alsL) rises upto
60°C resulting in the pasteurization of compost. The difference etween top
and bottom trays temperafure should not be miore than 26C. In cdse compost
temperature gues up, open the ventilators and reduce steam supp}y eep fan on
* for the recirculation Of an '

iii) Poat- paﬁﬁeawma*mn After completmn of pasteurlzatlon ventilators are
kent 1/ 3 cpened.and composf temperature is mamtamed between 50-55°C for 2-3




days. This temperature (optimum 53.5°C) range is best suited for the conversion
of ammonia into the protein, At the end of it there should not be any smell
of ammonia. Ventilation during this period is very important otherwise there is
a risk of high level of carbon dioxide which may encourage the develdpment of
mould like Chaetomium, the olive green mould. Once the compost is free from
ammania, temperature is lowered by mtroducmg fresh air. It takes about 2 days.
Once temperature is about 25 + 20C spammg iz done. The moisture content of
compost should be 68-70%. ' : _ S

Some times weed moulds appear in the compost which show shortcomings
during pasteurization and are called mdlcator moulds Most comrmon moulds are-
as follows :

i) Ink cap mushroom (Coprinus spp.) : It shows the presence of ammonia in -
“compost, indicating over ﬁitrogen' in phase I or improper phase II

ii} Olive green mould (Chaetommm olzvaceum ¥ It indicates lack of sufﬁment.
oxygen during phase II and higher carbon dioxide in compost.

Composting has great bearing on mushroom crop hence one should take care -

of the following aspects _ _
'i) Dimension of stack : Any significant incrébr decrease may adver_sély __

affect the quality of compost. ~ - Q o
ii) Moisture content : It should be maintwifled in required range otherwise

it will affect fermentation pro_cess%w moisture will not favour microbial
 activity and higher moistun@n will inhibit air movement in compost,

very toxic to mushroo gelium. Hence at the time of spawning compost

iii}) Ammonia : Its préseh' e dulipg: composf;ing is essential. However it is
should be free from it. %

iv) Air: During turning proper ‘air exchange 18 1mportant to rnamtam quallty
' of compost..

Pasteurization in bulk chamber : Bulk ch amber is made of insulated walls
and with false perforated floor to help in circulation of inside air mixed with-10-15%
of fresh air. The capacity of these chambers may be 20-100 tonnes and accordingly
their sizes vary. Bulk chamber with a capacity of 20 tonnes will be 3x4x12m. It is
connected with the blower to circulate air of 150-200 cubic meters/ton of compost.

.Fresh air (filtered) is mixed through another duct connected to the blower. The
blower may be mstalled either at the ground level or on top of the chamber but
air circulation should be blown under false floor.

Once compost is loaded its temperature starts rising and gets established in
10-12 hours. Compost and air temperature is maintained between 58-60°C for -
8-10 hours to achieve pasteurization. During this, period fresh air requirement is
negligible and provided only to maintain teniperature. This helps to kill harmful

< microbes, insects, mites and nematodes. After this, temperature is lowered to
- 50°C gradually and mamtamed till ammonia drops below 10 pnm Durmg this
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perlod frash air supply s maintained for aercbic fermentation and it t!akes about

3-4 days. This helps to complete the fermentation resulting in compost with

biomass {ree from amymonia spd hzmng meistare content about 65-68%. At i;hlb

stage nitrogen content should be about 2- 2.2% on dry weight basis. This process

results in Inss of shout 30% of dry matter. Compost is rapidly cooled down at
95°9C. The whole process is cotmplefed in 5-6 days :

4.3.4. Qualitias af a Gaosi Compost ' |

A good cornpe s is 53 1 brown in colour. It has a distinct inoffensiye smell It
is free from the smell of ammonia. The moisture content is 68-70%. The compost
will not be greasy or &t "ay pH of the compost 1s 7.2-7.8. The compost should
_be free fron: insects, nematedes and should not have any visible g'rovg*th of other

| MiCroorganisms SECEp t fire fangs. _ |
Check Your Progress -2 & 3 : |
2. How in_aﬁy methods of composting are there 7 What are they ?

3. What are the gualities of a good compost? o |

Note ; (a} Write the answers in the space giveq below. : |
(b) Compare your answers with thoshgivén at the end of this unit.
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Some important 2 _ner,ho s in the evolution of mushroom prodl‘ctlon are given
below,

Outdoor ridge beds : Tournefort (1707) for the first time described the process
of cultivation in vidge beds. The beds are made in the open area, s'pawned and
cased with 2.54cm of rotten leaves. At this stage people had recognised the
importance of cooling of the corapost before spawning. The ridge bﬁds were 1.2-
1.5m wide drawn into 2 sharp ridge of 1.2-1.5m high and 15m long. Parallel ridges

were laid side by side keeping enough space to walk. |

4.4, GROWING SYSTEMS

Ridge beds nuder cover : In England people started using coveﬂs sheds and
glase houses to grow under cover, In France caves were used to grow mushrooms.

.- | o




Early shelf 'system :  Ridge beds are modiﬁed as flat, well drained floor beds
of about 12m long and 2-4m wide, back and end walle supported by 0.6m wide -
shelves. This was the most popular methéd adapted in U. S A for 1bout 70 vears
~and has formed base for future development :

' Development of shelf system : Since caves were not available t¢ every one,
people started using shelf system and improved it. During 1894 first commercial
farm was started in U.S.A. well known as ' Amencap double” wzth several tiers
of wooden shelves. This system formed the base for the presant systems. and
helped U.S.A to become maj or mushroom growing country in the world. With the
improvement in ventilatien system production has increased, This system was also
adapted by other Eumpean eountries parti_cuiarly' Dutely people who were more

aggressive resulting their dominance in the world: They further improved and

- mechanised the system and also developed bulk "hamherts for tne Dastewlmtion
of compost, _ _ B

included mechanisation similar to tray system relaipindingle zone shelf method,

These racks were made of metal frame with ghor
shift for both filling and emptying, This helfled t§ do cultivation in single zone:

Rack system : This was a variation to shelf syste: adopied in Enpland. “This
k£

ves in four tiers easy to

Tray system : The tray system wa ?wped to facilitate the movement
particularly in multizone system of #¥ivation. Knaust brothers (1934) developed -
two zone system i.e., spawn run : cropping in separate rooms which iater on

helped to carry out 3-5 zone%m This was very convenient partlcularly for
small growers. This also helpe develop mobile shelves using large trays.

" Bag system Plastic bags holding 15-30 kg. cnmpost were filled to a depth of
60-70 cm. Now a days polythene bags are being widely used as these are more
convenient and can be kept in shelves and shifted easily. Initially trays were
required to pasteurize the compost. The bag system made an ideal container in
Ireland for i mexpenswe polyhouses, ' '

Trough system : This system was developed by utilizing bulk pasteurization
where Phase IT of composting (pasteurization) and spawn running are -arried out
In one place. o

Now a days cultivation technoiogy is based on bulk tunnels and environmentally
controlled cropping rooms. The envirenment of both tunnels and cropping rooms
are controlled by computers with software to take corrective (iecmons as and
when required to maintain requlred parameterb '
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4.5. SPAWNING AND AFTER (‘ARE

Spawmng rneans broadcastmg spawn in- compost; This provrdes pomts of further
. g‘rowth of inughroom myceliim in compost. Generally grain spawn pr vides more
. pomts of cont,act for faster mycehal growth, There are three metho ds %f spawmng

1. Surface evawmng As name indicates it is done almoet onto the surface of
" cornpost Aboat 1- 1 inch top compost is lifted and gram spawn is br adeast and

ruffled with fingers mto 1-Z inches of compost. After spawning, hﬁ;e compost is -

~ put back and pressed lightly to make uniform top suzface. In th 18 method one
- spavm bottle (500 ml) witl be enough for 3 trays 5'x 2 % 6'),

2. Layer Spawning : In tlns method spawning is done in two layers. F1ret,
layer is spawned about 3-3 5 L inches below from the top by removing Pmpost and

" second as surface snawnmg Here one spawn. bettle will cover two trays.

3. "T_hljough _spawm_ng ¢ Grain spawn is mixed -evenly_an_d throL.\ghout_ ‘the
compost. One spawn bottle is used to cover,gnd\gr two trays. 3 :

 Spawn running: Aﬁer-spaﬁming con 'e Ij'ressed to liave uniform top surface

- and trays are covered with newspapers dippfd in 2% formaldehydé solution. Trays -
are checked everyday for moistur%&ent. If top gets dried watering shoul d be
dene. First 24 hou_rS are Cru@ chre should be taken that compaost temperattlr_e
does not increase beyond 34°C%gtherwise mushro-om mycelium may be Pama'ged If
temperature shows m@g tendency, watermg should be done and ventilators '_
should be opened Twice¥or thrice watermg should be done on theLwalls, floor,

linm from

trays, and newspaper to mamtam high humldrty After spaw mng, myce
grain spawn starts spreadmcr and permeates through the compost. Thls process. is

called "Spawn. runmng" The method of spawning aud temperature mﬂuences the . .

.spawn running .. It cevers the entire compost as whitish grey thread llke strands =

* - of the fully grown mycelium in about 14- 18 dayq perlod and turns co post’ colour '
. from dark brown to hght brown. T .

Envlronment Temperature, relatwe hLm.dnLy a.nd air are 1mport'¥nt env1ron
mental factors affectmg spawh running; During this period room t; mperature
should be 25 & 2°C (Optimum 24 £ 1°C), Low or higher temperature results
in slow growth and beyond 34°C may be lethal to mushroom mycelium. Relative
humidity should be about 90%. Muahroom mycehum produces COy which to
some point stimulates mycelial growth but at higher level inhibits the growth
'Hence in closely packed rooms occaswnaliy a1r should be replaceri Even partial
' gpening of ventilators may serve the purpoee - R ‘ ' '
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Reasons for poor spawn running : Too wet or dry comp_bst;.will' delay Spaﬁn :
run. In dry compost spawn will appear sparser whereas in wet compost it forms
white fluffy growth. thman had given following reasons for poor spawn running. .
i) Excessive moisture or dryness |

ii} Excessive temperature (bver 30°C)

iii} Improper composting: Manure too green ant anaerobic manure in poor physical
_condition, over composted or under-composted, encouraging unwanted moulds.

iv) Improper-pasteuriz_atioﬁ' : Compost temperature too high (over 65.5°C).

v) pH too high (over 8.0) : ‘This is really due to improper composting; under
composted may have a high pH. -

vi) Presence of pests, competitor moulds and pathogen which attack spawn.
Check Your Progress - 4 |
What is spawning ? How many metho'.ds of spawning e there ?.

“Note : (a) Write the answer in the sphce g_i@low.

(b) Compare your answer with the on en at the end of this unit.

.....................................
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4.6. CASING

It has been known for the last two hundred years that compost fﬁlly grown
with mushroom mycelium must be covered with a layer of soil to initiate fruit -
body formation. This process is known as casing. '

The various functions of the casing layer are as follows :
(a) To provide water for the growth and development of mycelium and fruit bedies,

(b) To protect compost layer against drying out and fast diéappearance of metaho-
lites, o : - N o

(e) To provide suitable environment conductive for the growth of both mushroom
mycelium and cei'.t_ain bacteria useful for fructification. '

. b1




() To allaw gases like carbon diexide to escape,

(e) To provide physical support to fruiting bodies. ol

A good casing material must have the following -pr’operties.
() Good water if'mfi ng capacity wrtl‘out seaimg effect. |
(h) pH shouid he 7 {anrnum i.h). L . |

* (¢) Texture should be light and open. Its porosity ‘should be mch that carbon
dioxide and other gases formed can escape. |

;
{d) I should be [zee from disease causing orgamsms and under cwmposed orgamc

‘matters.

The following materials are used for casing soil.

i
i) Peat : It is most commonh used matena@asmg Peat is I'ﬂJlXBdJ. in dlﬂ‘erent

ratios with limestone and soil.

, ) _ ' |

i) Soil and sand (1:1) or sandy soil, O | |
iil) Kotten cow dung and soil (3:1?5

_ | |

iv) Farm yard manure and 1)

V) ‘%pen' compeost, sul hme (4:1:1),
|

Cow dung, {3rm vard rnanure and spent compost should be more than 2 years
old. Lime or chalk powder is added to adjust pH. Peat has very high water holding
capacity without creating sealing in casing layer. It 1s bemg widely use'd in western -
countries and in India some farmers are using it. Mixtures like shredded tree
bark and paper mill waste have also been used.

' |

Pasteurizaticn ' |

Pasteurization is a must to eliminate harmful microbes and insect pests from
casing material. There are twet ways to achieve it, i.e., (i) Steam pasteurization,
and (i) Chemical pasteurization. At the time of pasteurization casing material

should be loose and moist. |
. ; _ |

i) Steam pasteurization: Though harmful micrebes and insect pests are killed
at 65°C for 30 minutes it is difficult to achieve this temperature in all parts of

- casing material in shori time, Hence to have effective pasteurization moist casing
material is filled in wooden trays (6-7" deep) with 2" légs and stacked in the centre
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‘The perforated pipes are laid at ground leve! and trays ars stacked

of casing pasteurizeticn chamber in tiers leaving gap between walls and trays.

d ab about 2 feet
above the ground with brick support which should not block steam mmovernent
Door is closed and steam is reisased to mainiain casing material’s temperature at
65°C for 5 to 6 hours. Steam pasteurization shonld be done 24 hours in advance

of casing. Btem is most efficient way of pasteurization.

ii) Chemical pasteurization: Chemical pastevrization is done when there is no
facility for steam pasteurization, Fermaldehyde, mothy! hromide and « _}tv_cp‘c*m
are the chemicals used for pasteurization. However, formaidebivde is most popular.
For Methy! bromide closed chamber should be used and care shauld be saken to
avoid inhaling this gas as it is odonrless and poisonous. Moist casing material
is spread on cement floor and is drenched with 5% formaldehvde solutien (50
ml/litre of water). Fifteen litres of solution is used for 1/2 cubic meter of casing
material. Sclution should be poured after making channels and covered with
removed soil. After chernical treatment, it should be covered with peivihene

sheet. After 2 days, soil is turned and turuing is Nepeated every aliernate day

till casing. This helps te remeve formaldehyde 1 asing material, Chenucal
treatment 1s performed 2 weeks in advance sing 35 it fakes tine for getting

casing material free from formaldehyde sm

conipost, spawi, vaie and envigonmowtal conditions eie.

Depth of casing : At the ti%gf of casing compest should be uniform, Casing

1"

thickness ranges between 1-1 L for soil, 1" - 2" for peat, farm yard manure and
spent compost. Covrect and even thickness of casing Inver 18 an important factor

for good cropping.

Water management : The water content of the casing and amouni of water
sprayed affect the mycelial growth and subseguently vield. When moisture in
casing is low it results in the grewth of fine hyphae whereas highar moisture
content encourages thick strands but slow growth. The water management also
depends on the casing material viz., peat moss, farm yard compost and spent
compost can held more wuter content than soil. A casing which has besn ke epi
moist from the start should present little problem but one showld aveid excessive
watering in early stage of casing as it may not allow mycelivm Lo come ¢u top

~surface due to sealing effect. It should be preferred to hri ing casing maierial to

saturation point gradually. Some growers ruffle the casing layer after 6-8 days of
casing. It helps in uniform distribution of mushroom mycelium 10 casing layer

'resulting i uniform crop (Fig. 4.3).
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Fig.4.3. White button mushroom growing at a glance.

47, CROPPING AND HARVESTING |

After casing in about a week;s time mycelium spfeads' in the casing SOﬂT At
* this stage the temperature of the cropping rooms to be brought down [to 14-18%C.
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Temperature range and other enwronmenta] conditions for Agaricus bisporus
and A. bitorquis are given below : '

A. White Button Mushroom Mgarzcus bisporus )

Mushroom mycelium in its vegetative stage continues to grow after spawning
and casing. Once mycelium has grown through casing layer it is transformed into
reproductive stage by changing environmental condition., particularly tempera-
‘ture. Room temperature at 23°C 3 29C is maintained for 8-10 days after casing.
During this period there is little necessity of watering and fresh air. This period
is required by mycelium to reach on top of casing. This is the time when fruit
body formation is initiated by lowering down the temperature to 16° + 2°C and
introducing fresh air to reduce carbon dioxide level between 0.05 - 0.08%. Relative
humidity should be mamtamed at 90% to prevent drying out of fine hyphae at
this stage.

Watering should also be increased. Sudden changes in climatic conditions result
in transforming vegetative mycelium into fruitification in casing layer. This is the
most important stage in the whole process of mushggom cultivation. Tschierpe

‘has explained these environmental changes in d%’n his opinion fruiting is
established by creating carbondioxide gradier tween high levels in spawn run
cbmpost and low levels in the growing room@sphere Simultaneous changes
in air temperature, compost temperatur ty and composmon of air results
in fruit body initiation and after ni et)%crurs one can see the pmheads or -

primordia,
Once fruiting is. establis ese conditions are maintained until the end
of crop. The crop needs roo perature of 14-16°C and enough fresh air to

maintain the carbondioxide below 0.1% and relative hum.ldlt.y at 80-90%. Hence

~ventilation and watering are important factors during cropping. Fresh air is
required not only to meet the demand of oxygen during fruitification (frult_
bedy formation) but also to flush out excess carbondioxide from the surface of
casing layer. Enough water is required to prevent easing from drying which may
otherwise create dehydration of mycelium. restricting translocation of nutrients
through casing layer and ultimately affecting the production. Watering should
be done regularly and evenly. :

The fruitification starts with the initiation of large number of pmheads or
primordia but only a few develop into fruit bodies and rest abort. There will be a
flush at every 7-10 days interval. However, the first crop is considered most crucial |
in overall mushroom production. There is no information about the mechanism
of flushing or breaks. The crop starts producing mushroom in 3rd week after
casing and continues for 10-12 weeks: Growers in advanced countries take crop
for shorter duratlon of 5-6 weeks which enables them to have 6-7 Crops per room
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per annum. In India commercial farms take crops for 7-10 weeks or b crops per

room per annuin. |
Mushrooms are picked by gripping the cap and twisting gently to brelak off from
the base without disturbing other growing mushroomnis. Mushmgms are harvested
when they are still closed or buiten stage. Their keeping quality is always better
thau opened ones. Mushirooms increase in their weight upto opening stage. Once
opened, mushreoms market value is reduced. Button stage is generaily preferred
for canning purpose. After barvesting mushrooms, staik 1s trimmed from the soil
* portion, cleaned gently with soft cloth and packed in perforated yolythene bags -
(100 guage). Holes left in the beds after harvesting should he filled with sterilized
: |
|
The yield reported in western countries is about 20-38 kg/Sq.m apd in India
10-16 kg/Sq.m. With the introduction of pasteurization system -highfﬁr vield has
been achieved. It is also influenced by the compost filled in per S¢.m area. With
the proper composting procedures one tonne of dry straw makes 2.5 tonnes of
‘compost giving an average yield of 450 kg fresifNpushroom in UK Injmushroom
~production, selection of strains for particular asdh or place is equallylimportant.
At the end of cropping, spent compost 1d be disposed off far away from the
farm. It can be utilized as farm-manura' ' ' |

casing material.

. |
B. White Button Mushroom (A&&Js bitorquis) |
* This variety has good scop%ﬂbtropical regions as it can be grown ih mederate
temperature range of OC YOptimum 24 + 2°C). However this variety drew
attention due to its res ce to die-back (vius disease). Agaricus bisporus is
known to be susceptible to viruses. A virus infected farm can be made v;’;rus-free by
growing, A.bitorquis and taking strict hygienic measures. It has better tolerance
to COz"and superior shelf-life due to solid fruiting bodies. The commercial
production is done in some FEurcpean countries viz., The Netherlands where
growers take its cultivation during sumumer in rotation with A. bisporus. |
The composting process is similar to A bdisporus.” However, after spawning
temperature of 28-30°C and relative humidity of 90-95% are to be maintained.
~Casing, is also similar to A. bisporus. After casing temperature at 128-30°C is
maintained for about 7-10 days when mycelivm impregnates the casing |layer. This
is the time when required fresh air is introduced and temperature is lowered to 24
< 20C. The pinheads start appearing within 3-5 days and they take unntlﬁei‘ 3-5 days
when mushrooms are cleaned with seft cloth and packed in perforated polythene
bags. This variety produces 10-20 kg/100 kg compost. Since this variety is grown
at higher temperature it is proune to various diseases and competitor moulds.
hence immediately after spawning mixture of bavistin (0.1%) and formalin (1%

: ' ' |
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should be sprayed at weekly intervals. Just betore und after casing, the miziure
of these chemicals should be sprayed on compost and cssing soil respectively.

Check Your Frogress - §
What are the temperature requirements for Agaricus bitorguis 7

\ Note : {a) Write the answer in the space given beluw. |

‘ (b) Compare your answer with the one given at the end of this unit.
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4.8. SUMMARY

White butten mushrooms are coprophilous fungi, Technical know how is
‘ needed for their cultivation. The first step in butgon Yguoshroom growing is the

preparation of compoest. Vegetable base materials iNewfhaat, paddy, barley, 1ve,

gorles of nutrients viz., animal manuresgfiorse dung, chicken, pig, shaep, mule,

oal. matze stalks and other vegetable plant v are supplemented. Four cate-

vak, goat, cow, bullock and elephant manWres), nitrogen fertilizers, {(anmumonitum
sulphate, urea, Caleinn ammoniu e) and carbohydrate sources (molasses,

wet brewers grain, potato wastgeiniased sugar-beet pulp, apple and grape pomice

and concentrated meals such a i hrewers’ grains, unimeiassed sugar beet pulp,
_ corn cobs, wheat/rice bran, seed meals of cotton, caster, snvabean, linseed etc
and minerals (Potash. super phosphate, trace metal mixtures, gypsum and chalk
powder). Various compest formulations are in use according e the availability of '
’.. raw materials and supplements where they are cultivated. There ave two methods
of compost preparation namely long method and short method. Long method
requires 28 days and the short method takes about 10-17 days for conipost prepara-
tions. Leng method is more popular among small growers who cannot afford boiler
for pasteurization. This method reduces the nutritional value of compost and easily
attacked by weed moulds, pathogens, insects, mites and nematedes, Short method
1s popwlar among comunercial growers. it consiets of two phasea. Phase- 18 accom-
plished in nutdoors and requires 7-10 days while phase-I{ 13 done indoors and re-
quires 3-7 days. Bulk chamberisalso used for phase-IL. In shortmethod vield is very
high with efficient disease control. A good compost is dark brown in colour with

68- 70% moisture content.
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There are different kinds of growing systems for button mushroom cultivation,
- They are outdoor ridge beds, shelf system, rack system, tray system, bag systemetc.
Broadcasting of spawn in the compost is called spawning. There are Elifﬁferent kinds
of spawning methods viz., surface spamﬁng, layer spawning and through spawning.
Spreadjng of mycehum from grain spawn into the compost is called spawn running. -
Spawn running completes within' 14-18 days. Optimum temperatuqe for spawn
running is 24- £ 1°C and relative hutmd.lty is 90%. After spawr] running is
~completed the compost must be covered with a layer of nutritionally deficient
soil called casing soil for ik« initiation of fruitbodies. Various formpulations are
in use for caging layer. They are peat mixed in different ratios WltP]l lime stone
“and soil, soil and sand (1:1), rotten cow dung and sml (3:1), farm yard manure
and loam (1:1) and spent compnst, sand and lime (4:1:1). - In about a week’s
time after casing the mycelium spreads throughout the casing léijer.' At this -
stage the temperature of the growing rooms should be brought q:lowu to 14-
18°C and the carbon dioxide level should be reduced to 0.05 - 0.08%. Relative _
humidity should be maintained at 90%. Pinheads ‘appear due to \the sudden
change in the environmental conditions whichNgrow in size to fully developed

- fruiting bodies, Of the two species of AggricuSh. bisporus requires 24 = 1°C for

_spawn running and- 14-18°C for pinhedg nation where as A. bitorqhis requires
a temperature range of 28-20°C for spWh running and 24 &+ 2°C for pinhead
formation. A. bitorquis is resistaNf t8 a virus disease called diebatk where as

A. bisporus is susceptible f isease. Apart from this, A. bitorquis has better
tolerance to COy atid erids shelf-life of the fruit-bodies. H@Wﬂ{(er, being a
high -temperature vari is prone to various diseases and c_ompe_titor moulds.

4.9. CHECK YOUR PROGRESS : MODEL ANSJWERS -

|
1. Compost is the fermentatmn product of orgamc and inorganic substrates

brought about by many mesophilic and thermophilic fungl |

2. There are two methods of composting namely long method and sl'Jort method

3. A good compost is dark brown in colour with 4 distinct inoffensive smell.
The moisture content is 68-70%. The con:post should not be| greasy and
- should be free from visible growth of chro orgamsms ‘

4. Spreading or broadcasting of spawn in the compost is called spawning. There
" are three types of spavmmg namely surface spawning, layer sp wnmg and
~ through spawning. o - _ |

5. Agaricus bitorquis requires 28- 30°C for spawn runmng and 2/-11 + 20C for'
~ pinhead formation, o o : |



4.10. MODEL EXAMINATION QUESTIONS

L Answer the follomng questlons in- about 30 hnes each

1. Write an eassy on various compost formulations commonly used.-i in button_" L

mushroom cultlvatmn

oy ,

2. Describe in detaﬂ about long method of compustmg for growmg burfun.

" mushrooms.

3. Write an eas'ssr on the method of cultivation of button muﬁhl‘ooms ‘
L Answer the following in about 10 ines each. .
1. Define compost. What are the quélities of 2 gooa _'"Um'ilm-si' P

2, What is casing 7 What are the various formulatmns of casmg ?

3. What are the growing requlrements of Agancus bttorqms 7 |

. Dr. R.P.'-_Tewar_i;.

o ?,O e
| Q)Q* o
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UNIT 5: FACTORS AFFECTING BUTTON
| MUSHROOM PRODUCTIdN

Contents ' _ o o o ‘

5.1. Objectives. ' |

5.2. Introduction . _

5.3. Environmental Factors | | |
53.1. During S_pawn Run 5 o _ | ‘
5.3.2. During Cropping '

'5.4. Abiotic Disorders o .

5.5. Biotic Disorders - ' : oo ‘
5.5.1. Competitor Moulds - ' ]
5.5.2. Parasitic Moulds - -

5.5.3. Bacterial and Viral Diseases ° . . |

5.5.4. Pests and Nematodes
5.6. Summary : 0
5.7. Check Your Progress : Model Ansyers \

5.8, Model Examination Questions. é

' 5.1. OBJECTIVES ?"-

~ After going through t@itaou _WiII_ be able tor

8 describe the enviro ental factors required during spawll ruti eqf'nd cropping..

o list out the abiotic dlsorders affectmg whlte button mushz oonl
and o . |

cultivation

o list out the biotic disorders affecting white button mushroom cultivation,

5.2. INTRODUCTION

Cultivation of white button mushroom is mainly based on thé-quaﬂity of com-

post, casing soil, spawn and environmental factors. Uniform climatic
throughout the period of cultivation shall not give good results for
room. The fungus demands different environmental factors during

conditions
this mush-
spawn run

and cropping. Like any other organism, mushroom is affected by many abtotic -
- and biotic disorders. Hence, one should be careful in manipulating dnh m‘maﬂmg

‘the climatic factors and biotic disorders respectively. ‘



5.3. ENVIROCNMENTAL FACTORS

The success of white button mushroom cultivation depends on the quality
of compost, spawn and abiotic or environmental factors. The management of
environmental factors viz,, temperature, relative humidity, moisture content and
air is important for spawn run and fruit body formation of mushrooms.

5.3.1. During Spawn Run

i) Temperature : The mycehum grows hest at a temperature range of 24-
279C for A bzspoms and 28-30°C for A bitorquis. During early stages of
spawning compost temperature goes up due to microbial activities particularly
during first 48 hours. Spawn running also génerates heat. The dose of spawn

influences the growth and heat produced. Spawn dose should be 0.5-0.75 per -

cent (1.e., 500g-750g spawn for 100kg compost, otherwise it may raise compost
temperature. The temperature above 28°C (A. bisporus }and 32°C (A. bitorquis

} results in poor growth and a temperature of 34°C and above is lethal for

button mushroom mycelium. Temperature starts ising between 7th and 8th
days due to very active spawn growth, hence p nu should be provided to
check 1t by introducing fresh or cooled ai by spraying water.

matntained between 90 and 95% insidégpaln running rocm. Moisture content _

ii}) Relative humidity (RH) and mo%i Content : The R.H. should be

of compost should be 68-70% i s/shelves and in polythene bags it sheuld
be 85-68% since moisture loss polythene bags is slow. News papers are
spread over compost and d be kept moist by wateung so that meisture
content in compost is well tained.

Watering should be done frequently during dry season or when fresh air is
introduced o maintain temperature, particularly on floor and walls, Similarly
during humid weather or rainy season, watering should be reduced. Moisture
loss frem paper also indicates low R.H. If top layer of compost shows dryness

paper should be removed and water should be sprayed and again covered with -

paper. Water spraying is done mainly to prevent moisture loss from compost
and 1n no case moisture content should be increased through watering, This can
also be managed hy covering trays/shelves with thin polythene sheet and closing
the mouth of polythene bags. However, it demands more attentmn as there is
o possibility of rise in temperature.

iii) Air : During spawn run requirement of fresh air is low and it needs carbon
dioxide upto 4% for good spawn growth. This can be -asily achieved if coinpost
temperature 1s maintained without fresh air. Hence, fresh air should he
supplied only when it is must to check rise in temperature as femperafive

maimntenance is the most 1mp0rtant step

61




5.3.2. During Croppi'ng' o |

i}

Temperatﬁm ": Afier casmg air 't-émpérature between 24-25°C

(A bisporus ) and 28-30°C (A. bitorquis ) should be maintained foy mycelium - "

_'to grow ih casing soil. After 10 days of casing when mvceelium coyers casing -

soil the tempersture should be maintained between 14-18°C (A. bisporus ) and

22.96°C (A. bitorguis ) for fruit formation.. Mushroom yield is affected both -

in very low or high temperature. ‘The initial stage or pinning of A |bisporis is
sensitive to temperature and need about 16°C. However, once pins are Smm
and sbove they grow very fast in higher temperature and those (ruiting bodies
smaller than 5 yam cease te grow and die. Hence utmost care should be taken

to maintain low temperature. However, there are some reports where tem-
- perafure is manipulated to control cropping. Initially low temperature (16°C)

“is provided for pinning and once fruit size is 5-7 mm and above, temperature

iz raised for faster. grdwth:- When mushrooms a_re-' ready for havvest again

‘teémperature is lowered for next flush to start, However, it needs cdreful study

~at high temperature ie., 24 % 2°C,

i)

~ diameter, pea size, they need more

as strains may differ in their requirement. However, A. bitorquis grows_well '

Relative humidity (R.H.) and moistureNgontent : Relative humidity of

80-90% should be maintained during cropPipg)Higher Relative huhﬂdi{;y- may
reduce yield. When pind are 5 inm

cause bacterial blotch and low R.H o/,
@ . At this stage casing soil should be

‘¢asing material and ventilation Wovided. Casing soil should be always moist
‘ and not allowed to dry a pinheads may fail to dévelop into mushrooms.

sprayed with water. The water?{irement also depends upon the quality of - '
X

More amount of water is Meguired during I and I flush when maximum crop

i produced. As th decreases watering is alsc to be redu{:ed.i

iii)

Air : Requirement for oxygen increases during -cropping peried. "This also
reduces the carbon dioxide concentration inside the cropping room! The guan-
tity of air required can be worked out from the principle that for elvery Kilo of
mushroom there must be 1 m® air/ m?/hr. at compost té.mperaturei of 16-18°C
and for every 1°C increase in temperature 20% extra air should be provided.
Air should be changed 10 mS/m? per hr. at 18°C when yield iy 10 kg/mz.
This should be achieved shortly before and during harvesting of mushreoms;
This process is to be started with 5 msjm‘z/hr. When pinning starts the

. amount of air should be gradually increased to 10 m3/m? /hr. With reduction

in yield air requirement also decreases. There will be continucus production of
COg in cropping rooms. However to get good crop COg concentration should
be 0.07-0.09% (700-900 ppm). When COy content is high in cropping room,
mushrooms-appear elongated and in case 002 is too high mushrooms appear

‘with very thick stalk and small cap which also indicates that aeration is poor
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in cropping room. The speed of the air should be 0.2-0.4m/sec. buf should not
be more than lm/sec. High speed of air may cause scale formatiod and cracks
in caps particularly when relative humidity. is low. o




Check Your Progress -1 _
What is the amount of air required durihg cropping ? |

| Note : (a) Write the answer in the space given below. :
(h) Compare your answer with the one glven at t.he end of this umt

5 4. ABIOTIC DISORDERS

'« Environmental or abiotic factors play akey role in button mushroom cultivation.
_ lI*'he following abiotic disorders are commonly observed durmg the cultivation of o
white button mushrooms. : :

i) Brown dxscolouratlon In seasonal mushroom farms browning of small pm o o

~heads occur. This may he due to high temperature, spraying water at high
pressure (maximum pressure is 0.4 atm.), spraying of high concentration of -
~ chlorine water (maximum rate is 500 ml per 100 11tres water) or spraymg

mushrooms with formalin solution. - : _ __ _
ii) Stroma and Sectors : Agg'regatmn of mug! r(')'. yceli'um on the spawned

eompost or casing is called stroma. An extr. e, extra-dense, fluffy portion of
spawn in the compost or on the casing is cs apBector. Formation of stroma and

sectors are genetically related traits d | e spawn and also sometimes induced
due to the exposure of spawn ul chemicals, detergents, petroleum -
‘based fumes during preparati e or transportation to the farm. -

- #ii) Flocks, hard caps and veils : Malformation of mushroom’s cap and
gill tissue is called a flock. cap is the cap or pileus of the mushroom that -
appear disproportionately small when compared to stlpe s diameter, Premature

-opening of veil with abnormally developed gills is called open veil. Diesel
exhaust, certain anticorrosive chemicals in steam boilers and certain diseases
like false truffle, die back and brown plaster induce flock and hard cap formation
and open veils. Open veil also occurs when the fungus undergo water stress -

—of 1 to 3 days followed by generous watering.

iv) Weepers, leakers and stinkers : Weepers are those mushrooms that exude
water from mushroom cap which flows from the mushrooms. Mushrooms that
“exude water in the form of droplets from the stem or cap are called leakers.
Water that is collected on the casing soil beneath a weeper develops an offensive
" odour and such mushrooms are called stinkers. Low moisture compost (less -
~ than 64 per cent) and high moisture casing may be the probable reason for the
- formation of weepers, leakers and stinkers.

'- v) Scales or crocodlles : ‘The surface tissue ceases to grow due to poor climatic
control like high air velocities and drying while the cap continues to develop
further leading to the appearance of scales The so called crocolee gkin is




also formed when the cuter layer of the }'alf-grown mushroom tears-off and
the mushreom coniinues to grow. This is formed due to strong. vapoum of
pest- control produz‘ts and formaldehyde. . -

'vi) Hollow core and brown plth Circular gap in the centre of the stem is
callet! hollow core. When the hollow cut end portion is brown Yu |colour it is
called brown pith. These are due to abnormahtles that occur during wat.enng

) Rose mm‘éz Rose comb is the formation of swellings and largle lqmps on the
- cap or piteus of the raushroom which may oceur due to the pollpted casmg

soil, vapours frcm paint or oil products etc.

viii) Purfple stem : Within few hours of harvest the cut ends of stlpe appear purple
' in colour whitl is due to the excessive formatien of enzyme polyphenol oxidase
“ai, the later fiushes of mushreoms. Irregular watering before harvest may he
 the reason for the formation of excessive amount of enzyme

1x) Long Stemmed Mushrooms Formannn of long stems is due to thh con- ]
. ceatration of COZ In cropping yooms. : _

x) Cryptomummy dlsease (pmheads death) It is due to over watering of |
. the beds. N

" 'Check Your Progress ¢ &3 Q( . -
2. Differentiate between a weeper 7

| 3. What are stroma and sector "

Note : (a) Wnte the answer e space given below.
(b) Comparﬁ )u vets with those given at the end of 1h18 umt
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5.5. BIOTIC DISORDERS

- White buiton mushrooms though grown under controlled conditions are prone
to certain biotic disorders. Biotic disorders are the abnormalities caused by living
-organisms like fungi, bacteria, viruses, pests and nematodes. The organisms
that affect white button mushrooms are differentiated into competltor mould.s, :
parasxt.lc moulds, bacteria, viruses, pests and nematodes, :
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5. 5 1. Lompetn‘.or Moulds

Competitor moulds are those fungi that compet,e thh button mushmmn for
‘the substrate (compost or casmg soil), The common dmeases cnused hy cornp etitor
moulds are as follows :

1) False truffle ( Dzehhamyces mwmsporm ) .3 White to-cream coloured

- small tufts of mycelium is formed in the compost and casmg soil, The disease

- commonly appears when the temperature of growing room exceeds 259C. The

temperature of the rooms should be brought down to 15- 18°C and treatment
with 2% formalin or 0.05% bawstm at the affected areas shall bnng down the .

disease incidence. '

ii) Brown plaster mould (Papulospora byssifm ) Whit.ish rdund patches.
‘inthe compost or casing soﬁ turning to msty brown.’ When the moisture content
is high in the compost and the compost is prepared from old matenals the'
disease appears. Moisture iu the cnmpost should be maintained at W0%.

fii) Inky caps (species of Copnnus hke C’. comatus, C. atmmentamw},
'C. lagopus and C. fimitarious) . They consist of long stalks with thin
caps which disintegrate rapidly to form a black coloured mgss. Ammonia should
be removed completely from the compost ' :

-iv) White Plaster Mould ( Scopulamopam fir a) : White patches of
mycelium giving flour like appearance on cgiPost: andrasmg soll are ghserved.
The pH of the compest should be less thgn 8. Bamstm (0 05%) or Thu'am
(0.1%) at 10 days interval should be spsgyed.

. v) Oltve green mou!d { Chaet E olivaceum and C.globosum)
“Tiny white ball like structures ning to olive green appear on the com-

post. Proper pasteurizationsef theeompost, supply of sufficient oxygen during
composting and mainte helow 62°C temperature durmg composting

help to reduce the incidenceMd disease. -

vi) Green mould { Trschoderma viridae, T hynov'um. Penicillium ap.,
Aspergillus sp., Gliocladium sp.) : Blue or green coloured cushions
appear on the compost and casing soil. Proper pasteurization of compost and’
maintenance of hygienic conditions in cropping reems raduce the spread of
disease. Bavistin (0.05%} can also be sprayed on infected tr ays.”

vii) Yellow mould (A yceiaophthom lutea, Sepedonium makeshwars-
anum, Chrysosporium sp.) : Patches are light yellow i calouz ¥ "“h
fluffy edges. The percentage of mtrogen should be adjusted to 1.6 - 1.75%.
Chicken manure should not be used for long method of composiing. Tsicium
hypochlorite (0.15%) should be sprayed on infected portien. :

viii) Lipstick mould (Sporendonema purpurescens) : White mycehial
growth changing to pink or buff colour. The infection may come threugh workers,
air or casing soil. Proper moisture (68-72%) in the compost should be maintained.
Pasteurization of compost and casing soil should be done properly. '
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ix) Black whisker mould ( Dorvatomyces stemonitis) : B | k whisker
‘mould forms grey or black bristles in the compost. The mould ugually ap-
pears whien nitrogen is less in the compost. Compost should be prepared with. -
 correct nitrogen percentage. The infected portions should be treated with 2%
formalin. - _ | -

x) .'Ciﬁ'na_mén_'ﬁiﬂwn;maidd_ (Peziza ositracoderma) i White mycelial
" patches with saucer shaped yellowish brown fruit bodies appear on casing soil.
The relative humidity in growing roorus should not be more than 95%. The
 casing soil should be sterilised with the recommended amount of {formalin.

5.5.2. Parasitic Moulds

' Parasitic moulds of mushrooms are those fungi that live on the mushroom
myeelium. ‘There are three parasitic moulds that usually appear on button
mushroom. They sre given below.: R - _ _

i) Dry bubble (Verticillium’ fungicola) : The mould causes downward
_ splitting of stipe, mis-shapen and bent cap along with brown spots on the cap.:
" Dithané M-45 (0.2%) or Bavistin 0.05% should be sprayei once| in '10 days.
Hygienic conditions should be maintained. B L
ii) Wet bubble (. Mycogqne-pem_icidaaQ&ushrobm tissite gets decayed
" with whitish mouldy growth and offeggive*Smell. Erown to amper coloured
. Yiquid oozes out from the infected piphedds. Distorted and swollen stipe occurs
with mis-shapen cap (pileus). }jthane [-45 (0.2%) should be sprayed once in -
* 10 days. Hygienic conditions i rowing rooms should be maintained.

§if) Cobweb (Cladobotryd{gldendroides) : Pinheads and butfons are en-
: gulfed hy the ﬁmg‘u%es ing in the rottage. Greyish to pinky red cottony

wn casing soil. The infected portions shou d be treated
with 0.15% calcium Wybochlorite solution. Dithane M-45 (0.2%) should be
sprayed. Excessive humidity in the growing rooms should be avofd_ed. '

mycelial patches apf i

‘Check Your Progress - 4 &5
" 4. What are the competitor n@_ou_lds ? .
- 5. Write the symptoms produced by wet bubble disease.

Note : (a) Write the answers in the spacé given below. - : S
{b) Compare your answers with those given at the end of this unit.
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5.5.3. Bacterial and Viral Diseases

Bacterial blotch is caused by Pseiidomonas tolaasii. Yellowish brown patches
appear on the stipe and pileus; Pinheads die prematurely and turn brown. in
colour. Water should not be sprayed on pinheads directly. Bleaching powder
(0.05%) should be sprayed once in 7 days. Diseased pmheads should be removed
to prevent the spread of the disease.

Common viral diseases on mushrooms are La France, Watery stipe, X disease
and die back of mushrooms. Mycelium affected with virus penetrates partially into
the casing soil. Pinhead appearance is delayed and appear in clusters. Mushrooms
‘consist of long and bent stipe which is loosely attached to the substratum. The
bags and trays should be sprayed with 2% sodium pentachloro phenate and 0.5 -
1.0% sedium carbonate. Strict hygiéne should be maintained. 'I‘he room and the
compost should be heated upto 70°C for 12 hrs after the crop. :

5.5.4. Pests and Nematodes

Mushroom mites (Tarsonemus myceliophagus ), mushroom flies (Sciarids,
Phorids and Cecids) and springtailes (Lepidocyrtus cyaneus ) are the common
button mushroom pests. -Mushroom mites affect the spawn run by feeding on
mushroom mycehum Stipe shows reddish brown olouration. The compost
after the crop should be treated at 70°C for 20 in,J Kelthane (O 1%) can be

- sprayed on the mfected trays. R _ - .
 Mushroom flies are seen in the compostered by long method and in

lmproperly pasteurised compost during -Il by short method. The:larvae

feed on mycelium affecting spawn ey make tunnels in the stipe and

pinheads turn brown and leathen@or--mndane 0.3 to 0.4% should be added
d

with Nuvan or Malathion ( The. room along with the compost should be

in the compost when it is prepgged bhlong method. Casing soil should be treated
heated for 8-10 hrs at 70°C, E% the crop.

Springtailes are the small wingless insects that usually jump in the air. They
make tunnels in the stipe and cap and also feed upon mushroom mycelium. BHC
at the rate of 400g/tonne of compost should be added during last turning.

Mushroom nematodes are of two types they are saprophagous (Rhabditids sp. )
and myceliophagous nematodes (Ditylenchus myceliophagous and Aphelenchoides
composticola ). Saprophagous nematodes reduce yleld when they are present in
large number and not harmful in small numbers. Myceliophagous nematodes feed
on mushroom mycelium and affects spawn run severely. Pasteurised compost is
. recommended for use. Carbofuran (0.04%) may be added at the 4th turning
{400g/tonne of straw) when compost is prepared by long method. The trays
should be treated with 2% farmalin after the crop. The infected compost should
be cooked out at 70°C for 8-10 hours. o

~5.6. SUMMARY

White .hutto_n mushroom cultivation 'de_mands so much care and attention,
- One should be careful about the quality of compost, casing soil, spawn and the
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environment. During spawn run the temperature range of 24-27°C L::r Agaricus

bisporus and 28-30°C for A. bitorquisand relative humidity at 90-95% .s'rire required.
Moisture content of compost should be 68-70% in trays and shelvea whereas in
~ polythene bags it should be 65-68%. Durmg cropping the temperature range of
14-18°C for Agaricus bzsporus 22- 26°C for A b:torqzus and relative humldlty

- 80-90% are reqmred

Ablotl'c disorders affect- button mushrqom cultivation drasti'cally' leading to-

poorer . vields. Brown discolouration, formation of stroma, sectors,

caps, open veils, wee_pérs, leakers, stinkers, scales, crdcodiles, hollow| core, hrown
pith, rose comb, purple stem etc,, are some of the diseases seen| due to the
abnormal environmental factors. White button mushrooms are alsq affected by

living organisms. Some of them are competitor moulds like false truffle, brown .
~ plaster mould, mky caps, white plaster mould, olive green mould,

‘een mould '

yellow mould, lipstick mould, black whisker mould, cinnamen brown mould etc. ,'
parasitic moulds like dry bubble, wet bubble, cobweb etc., bacterial, viral diseases, . -

~ pests and nematodes

5.7. CHECK YOUR PROGRESS\ MODEL ANSWERS -

" 1. Fresh air .reqmrement durmg cropping t be m air / mg/hr at éompOst

. extraairisto be provided. .

2. 'The mushrooms .:that_.ex de_% from mushroom cap which ﬂ?ws.ou't fram '
- the caps are called wégg whereas the mushrooms that exu xude water in

~the form of droplets fr

3. Stroma is the age

he stlpe and cap are called 1eakers

ion of mushroom rnycelmm on the spawned compost

and casing soil. Sector is an extra whlte, extra- dense ﬂuffy pmtlon of spawn -

in the compost or casing.

- 4 _Competltor moulds are the fungi that compete w1th mushroom mycelium

for the suhstrate (compost, and casing. 3011)

5. :Decay of mushroom tlssue, whltlsh mouldy growth w1l;h oﬂ‘answe smell,
distorted; swollen stipe, mis-shapen cap and oozing out of brown to amber .

coloured liquid from the infected pmheads are ths. symptoms

.wet buble disease,

produced by

~ 5.8. MODEL EXAMINATIO“N QUESTIONS

L Answer the following questions in about 30 lines each.

|

1 Write an essay on the environmental factors reqlured dunng, Spawn run and

croppmg of white button mushroom. -

2 . Give an dccount cf ablotlc dxsorders of whlte button mushmom_? - |
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3. erte bneﬂy on bmtlc dlsorders of white buttoh mushroom
r I1. Answer the followmg questlons in about 10 lines each.

1. Write a note on abmtlc dlSOI'deI‘S of whlte button mushroum

2. What are parasitic moulds 7 |

3. Define competitor moulds. Add a note on the competltor moulds of white
- button mushroom, - :

4. Write a short note on iiacterial and viral diseases ?

" 5. Give a brief note on pests and nematodes of white batton mushroom ?

Dr. M. Ramachandraiah




. AND MARKETING OF
~ BUTTON MUSHROOM
: I
61 Objectives - o A
6.2. Introduction N L T TR S P
63, Packing of White Button Mushrooms -~ ‘ S
64. Preservation of White Button Mushrooms .~ .
- B5. Marketing of White Button Mushrooms. - B ‘
"6.7. Check Your Progress : Model Answers. - .
6.8, 'ModeI'Exénlination Questions. | .

‘6.1. OBJECTIVES _

 After going through this unit you will hagbleted”:

K describe the packing methods of w Jutton mushrooms, -
@ describe the preservation -metl%f white bu_tto_n' mushrooms alld "

. ® explain the marketing %%J white button mushrooms_ N

6.2. _INTRODI@I‘ , |

White button mushrooms are highly perishable and become urisuitable' for
human consumption due to many physiological changes that occur after harvesting .
the mushrooms. They are made up of a mass of intricate delicate hyphae which
continue to grow even after the harvest. Hence, the correct size of mushroom
during harvesting is very important to arrest the post-harvest g'rowtﬁ. The white
‘button mushrooms should have the cap size of 30-45 mm in diameter at the time
of harvest. They consist of 90% moisture. Free exchange of water vapour from
inside the mushroom to outside air takes place dize to the presence of interhyphal
spaces. Due to the loss of water the mushrooms loose their _tufgidiiy, the stipe
and pileus toughen and contract. Freshness and weight of the-mushrooms are - ‘
" lost. Mushrooms when stored at 15°C, loose 25% of the initial weight after .

|
|

- 96 hours. Mushrooms contain an enzyme polyphenol oxidase that changes the
white. colour of mushrooms to brown after harvest. Moreover; fresh mushrooms :
respire at a high rate enhancing rapid deterioration. Hence keepihg all these

" factors that reduce the market acceptability in view, methods of storage should be

followed to check the physiological changes of mushrooms and to elgfsuré longer -

- shelf-life. ‘Mushrooms are packedin plastic crates, high density (HD) plastics, -

. expanded polystyrene (EPS) cans etc. The white button 'mushroers can be




preserved by various rethods like canning, pickling, dehydration, freeze-drying,
low-temperature storage, steeping preservation etc., of which canning is the miost
suitable method. These mushrooms have good matket in metropolitan cities,
- Delht provides the largest market for fresh mushrooms, Beinbay, Bangalore,
Hyderabad and Madtas are also good market centres. These mushrooms have a
good export potential,

§.3. PACKING OF WHITE BUTTOMN MUSHROOMS

Before packing mushrooms are to be graded on the basis of the size of buttons,
opening of gills and shape of the pileus. Buttons are graded No.1 and bave high
acceptability. Cups are graded No.2 and umbrella shaped ones are graded No.3.
The mushrooms are washed in clean water to remove the residues of compost
and casing seil. They are then washed in a solution of sodivum or potassium
metabisulphite (0.625 to 0.05 percent) to retain the whitness of mushrooms. The
mushroom tissues should not be damaged during washing. Damage of mushroom
~ tissue causes discolouration during storage, :

Mushrooms are usually packed in packings of 200y ur 400z and 256g or 500g.
They are packed in polythene bags of less than 146 gauge thickness. It has
been reported that the polythene bags should nc@;erfumteé and sheuld be
sealed properly. These airtight packs stored at 5MN\ghl! retain their freshness
for 4 days. Expanded polystyrene or pulpffodd punnets over-wrapped with
differentially permeable polyvinyl chloride % or polyacetate films are also

used for distant transprot. The over-wrdpnings create a modified atmosphere in
the punnets by preducing about 10 perceM carbon dioxide and 2 percent oxvgen
that helps in conserving freshness, ushrooms for about 3 davs at 10°C. Gther

packing systems broadly in use abr¥gd are 5lb platic trays (400 x 300 x 100mm
height and 0.66mm thicknesg/Wikh perfortated polythene cever (225x135mm), 5
1b expanded polystyrene con (EPS) of 330x280x145mm height and i3mm
thickness with thin card lid consisting of four 18mm holes and 10 1b EPS containers
(400 x 300 x 167 nim). |

The preserved mushrooms are packed in polypropylene bags, polythene bags.
pouches lined by aluminiur feil, cans, jars ete. .

Check Your Progress -1 & 2

1. What are the factors involved in rapid deterioration of white button mushrooms
after harvest 7

2. What are the packing methods of white button mushreoms ?

Note : (a) Write the answers in the space given below. _ ‘
{4) Compare your answers with these given at the end of this unii.

L R R R N I Y LI R N R R LTI I I T L A I T T R I LN IR Y
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PRESERVATION OF WHITE BUTTON |
MUSHROOMS | |

White button mushrooms can be preserved by various methods h*(e canmng, :
_ dehydratmn, freezing and steepmg preservation.

- Usually the costliest mushrooms are used for caniling Whlle the cheaper ones
for dehydration. Further, for canning only very small buttons without stem are
used, while the opened mushrooms are used for drying (also used subquuently in
soup mixes). Freezing has its own advantages over canning and hence mushroom

: freemng is considered to be the latest method ingushroom processmg4 Important.- _
processmg aspects are given below (Fig. 6. 10 |

= FROZEN

'FREEZE DRIED | |

Fig. 6.1, Preservation of Button Mushrooms |




1. Canning

- ‘Button Mushrooms are mamly used for canning purpose. The mushrooms |
with small buttons and with 0.5.to 1 cm stems are to be selected, and then stalk is '

cut close to the button. The buttons are then blanched for ahout 5 min in steam

- or boiling water followed by prompt cooling. Blanching reméves gases; inactivates

enzymes, improves texture and gives greater drain weight in the cans. To im-
prove the colour any of the treatments like use of 0.1 to 0.2% citric acid solution
for blanching purpose, immersing in brine containing ascorbic acid and EDTA
( Ethylene diamine tetra acetic acid ) at 0.1% and 1000 ppm vespectively, Im-
mersing in KMS (Potassium metabisulphite) solution before blanching could also
be done. Blanching causes 25-30% loss in weight, which is an unavoidable one.
Blanched buttons are filled in plain cans. Filling rate is to be kept at about 200g/1
Ib jam size can with about 250 ml brine so as to get atleast 4-5% drain weight.
Boiling hot brine containihg 1-2% salt and 0.1% citric acid should be poured to fill
it upto brim leaving 1.5 cm Head-space. Brine with 2% salt, 2% sugar, and 0.3%
citric acid has also been in use for this purpose. Tomato juice has also been tried
successfully as a new canning medium at the Indian Institute of Horticultural
Research, Bangalore. Next step is exhausting where filled can is heated to attain
the temperature of 80°C in the centre of the can. This will remove extra {ill as
well as air entrapped both in the mushroom tissue %id the llqllld media used.
After exhausting, the cans are hermetically Seme@vrocefssed in a retort for
for 15-20 minutes at 15

about 25-30 minutes at 10 lbs/psi/steam pregs _
should be increased by 2 min-

lbs/psi/steam pressure. Further processing
utes for every 500 elevation from sea lgvel..
* processing and then only cans should be

- canning line is essential for this p@

Fig.8.2. An automatiec canning line (courtesy : Teg's Masrado, Chail, H.P.).

Abinpt cooling is necessary after
: ] in a cool dry place An automatlc
ig.6.2. )




2, Dehydraticn . | . | ‘

i) Crdinavy dehydraiion: “q"&»ua e Mushrooms with fuli stalk are u\sed fcr dry-
ing purpese. Harly bresk (Le. Ist flush) consists of low tyrosine conteht and gives
better produse. I ieay he dried whole or diced. After washing, they are blanched
for 3-5 minutes in five siopm or botling water. Blanched mushrooms are given
b minutes dip in sidphiie and chlaring sslutiens of 300 ppm | S50g and 400 ppm {,12
' respecta‘fel for betisy solovr and lesser bacterial count. Drymu ean be done in
sun or in & raechonical deier (at 50-60°C temperature). Dried mushrooms would
weigh about 1/8 s 1/12th of their original weight depending ox the shecies used.
The moisture content in dried product should be about 5 percent.) The dried
mushrooms ars puckad o !."mrmgmcally sealed air tight tins for retention of qual-

ity and then storad af a cool dry place. For reconstitution, sucrose smutwn with
ascorbic acid iz preferved. However, the dried mushreoms are normal] ly powdered'
and used for preparation of seup mixes. Drying of white bution mushrooms is
very less i prachice. :

ii) Freeze' drying 1 ‘Agaricus bisporus’ is used for this purpose. It should be
processed within 3 hours of harvest. For inhibiting the activity of, pelyphenol
oxidase enzyine, it may be dipped for 30 minutes.either in 0.5 percent sodium
metabisulphite solution or 2 percent sodiim dgride solution. Then blanching i is
done for 2 priades iy bolling water foillowedly Nrompt cooling. Musghrooms are

. . . - ,.,.. . |
diced/sliced intes & pro thick pleces and f

rozwwdit -34°C by dipping in Freon-12
for ahout & minnie, as guick {“re::?m ¢ a better quality product. Frozen
mushrooms are wien dried withm 6-5Nageh |

vaculm £o 2 3 perfent moishuve For better retention of quslﬂity,_' fieere
dried mushrooms :ﬂ‘ ‘w}‘ii} he pagkedUn aluminium foil containing pouches under
Ng (Nltroges;} st ldlien stored at lower temperatere. 12 kg fresh
mushroom gives L ki fr Mod product which can yield 8 kg. of reconstituted
material. ' : ' -

8. Freezing

s

‘A bzspomq is used at the bution stage as in case of canning. The buttons
are pre-cocled fo 2 ko 4%0; then weshed with water containing nD pbm chlorine
followed by 2 to 3 minutes blanch in waler containing 0.1% atric acui They can
then be frozen as such or after packing in pouches. Freon-12 is used for quick

- freezing., Frozen mushrooms are to be stored only at -20°C. Entire chain used
for its marketing (.2 i’k oR fﬁ’eezing til! it is consumed) hss to be a refrigerated
one maintaining a temperature of - 20°C throughout. Quick frozen mushrooms
have got better d;em nd in the wmiﬂ market because these could be stored even
upto 1 year in storage charaber of the deep - freeze without any lossref flavour.

! ‘.’:

1
"
L

4. Steeping preeervation

After washing, mushrooms :310 uld be b]anched for 5 minutes in wate] |r contgining
0.1% citric ac*é. folivwed by waehing in cool plain water. Then raushroems are
put in 15 per -:“en salt sslution confaining 0.05 per cent citric acid and 100 ppm
‘S80q. By this method nmshrooms are preseri_fed ondy for a short period (about 2
months or 86} -
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6.5. MARKETING OF WHITE BUTTON
MUSHROOMS | :

In India white button mushroom is produced and consumed mostly in big cities,
A fraction of the produce is canned in India. U.S.A., Germany, Belgium, UK and
Denmark are the main consumers of fresh mushroom. After harvest, mushrooms
-are graded as buttons, cups and open or flats. Buttons are prefered for canning:
Closed cups are taken fresh, Open and flat types are considered to be low grade
and sold at cheaper rates, ' '

Delhi provides the largest market for fresh mushrooms. From various pro-
duction centres Delhi receives mushreoms in bulk during winter and low supply
- during the rest of the year. It is relatively cheaper to produce mushrooms at the
hills; but their marketing poses difficulties due to long distance transportation,
increased costs and loss due to deterioration in transit. Production must be regu-
larised in such a way that continuous supply is ensured for atleast five months, if _
marketing is to be integrated with production. However price fixations are very
high in Delhi market. : '

Bangalore, Hyderabad and Madras are also good arket centres. In fact the
South Indian markets are more stable providing a\amt price of Rs, 40/- to
Rs. 50/- per kg as compared to Delhi. In Bombay an®Calcutta they are sold at
Rs. 80/~ to 90/- per kg fresh mushroom. In 1@ the market price range from
Rs. 20/- to Rs. 50/-. - ' '

There is good scope of export. IOrganis%arketing by Governmental agency
like APEDA will be of great help i field, o E
Check Your Progress - 3 & 4 L o
3. Enumerate the various me of preservation of White button mushrooms,

4. What is meant by canning ?

Note : (a) Write the answers in the space given below. :
(b) Compare your answers with those given at the end of this unit.




6.6. SUMMARY

White button mushrecms dus to post harvest phystological changes are per-

ishable when stoved st roorn temperature for longer periods. The size of the.

mushroom (cap size 30-45 muen diam.} ‘st the time of harvest 1s di.n_important
factor to check further g

erieration. Dhie to the presence of an enzyme, polyphe-
nol oxidase. the initisl colour of mushreems changes to brown after harvest.
Moreover, mushrooms eonsist of high rate of respirations even afte + the harvest
causing rapid deterioration. Hence, proper methods of package andereservation
are essential for this rushreom, The mushrooms are packed in polythene bags of
less than 160 gsigs thickness, expanded polystyrene (EPS) and plastic punnets.
The preserved mushrooms are packed in poiythene or polypropylene bags of less
than 100 guage thickness, pouches containing aluminium foil, cans and jars.

White button raushronms sre preserved for long time by canning| dehydratien
(ordinary and freeze drying) freezing and steeping preservation. Sanning and
freeze drying ave the common methods usually followed for lonig term storage.

In India white bution mnshrooms ave marketed mestly in big citigs like Delhi,
Bangalore, Madras, Cajcutia and Hyderabad. hese raushrooms have very good

export petential

§.7. CHECK YOUR PHO@BSS : MODEL ANSWERS

1. Presence of U0 pereent moisty zgence of an engyme po.lypl,Lenol oxidase
that ig responsible for by coldur of mushrooms and high rate of respiration

are the main factors invs n rapid deterioration of buiton mishrooms.

2. Various packing of white button mushrooms are packing in polythene
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or polypropylene bafgfl less than 100 guage thickness, expanded polystyrene
containers or puip-board punnets over-wrapped by nolyvinyl ch‘lr)ride or poly-
acetate films, cans, 3ars and povches lined by aluminium foil.

3. Various methods of preservation of white button mushrooms are canning,
- dehydration {erdinary, and freeze drying), freezing and steeping preservation.

4. Canning is one of the methods of preservation where 1;i1tt0n mushrooms are
bianched in 0.9% citric acid (for 5-5 min), filled in cans containing hot brine
selution (1-2% sali and 0.1% citric geid), exhausted at 80°C, sealed, processed
for 25-30 minutes at 10 Ibs/pst stean pressure and promptly cooled.

_ . _ i

6.8. MODEL EXAMINATION QUESTIONS ‘

1. Answer the following questions in about 39 lines each.

1. Write an essay on presexvation of white buttor mushrooms,

2. Give a brief account on packing, preservation and marketing oﬁ white button
vaushrpems. '




II. Answer the fbllovﬁng questions in about 10 lines each.
1. Write a note on packing of ‘mushrooms.
2. Write a brief note on canning of mushrooms.

3. How many methods of dehydranon of mushrooms are generally followed 7
What are t.hey ? . _ o

4. Write a note on steeping preservation. . . . 7

5. What are the market potentialities for white button mushrooms ?

Dr. M. Ramachandraiah
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UNIT - 7 : MORPHOLOGY AND

COM MLRE‘E AL PRODUCTION

OF OYSTER Nﬂ? H’ €l Oy i

Ry
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7.4. Cultivation Process for Comraeraal Production
7.5. Various Cultivation Systems

7.6. Harvesting and Paclung
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7.9. Prospects and Potentiaiities of Oy%ez Mushroom Lmiw-swo:s
7.10. Summary _
711, Check Your ng?%u : Model Answers

7.12. Model Examinatien Questions O
7.1. OBJECTIVES

After gaing through this unit you @ e able o

¢ describe the morphology gffMEricud species of ayster mushraan,

®  describe their cultivation prowfss including harvesting, hygiene st

7.2. INTRORUCTION

Mushrooms helong to a group of plam: kingdom kuown as fungi, They lack

chlorophyll, hence can not produce their own food and depend u
matter for their nutvition. They grow saprophyvtically on varigpus subsirate
parasitically and symbiotically on or with liviug plants.

On the basis of the natural habitat they are divided into 3 groups
1. Humicelous fﬁngi e'.gb, Voluarielle sp.
2. Lignicolous fungi e.g., Pleurotus sp.
3. Copl ophilous fungi e.g., Agaricus sp.

Generally the term "Mushroom" is referred to fv !mi
oyster mushroom (species of Pleuroius ) grows und

or dead woody branches of treas as saprophytes and a5 primary decom ORErs,

i fanpn,

YRS 0 brees

ROl organic
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Pleumtus is one of the choicest edible mushrooms which can be cultivated in
troplcs In Europe it is known as oyster mushroom, while in China it is called
abalone mushroom. Cultivation of Plexrotus on tree stumps and logs was first
described at the beginning of 20th century (Flack, 1917). Twelve years later,
Etter (1929) produced fruiting bodies of Pleurotus. Life cycle of the mushroom

was studied by Kaufert (1935), Block etal (1958, 1959) appeared to be the first to

‘write an extensive acéount on the reqmrements of the mushroom cultlvatlon ;

- The earlrest record for Pleurotus cultivation in India appears to be |that of Bano
~ and Srivastava (1962). Jandalk (1974) ﬁrst 1ntroduced the trop1cal Pleurotus sp.

like P. sajor-cajis.

The diiferent spec1es of Pleurotus grow well ‘within a temperatln‘e range of

15 to 3500 The morphology of various Pleurotus spemes is detailed below :

7. 3._ MORPHOLOGY

i) Pleurotus sa_}or-ca_;u : It is an mdlgenous species first cultlvated on banana

- pseudostems by Jandaik in 1974. The species is naturally feund growing on
Euphorbia royleana plants in Jammu and Deh dun region. The fru1t1ng bodies
are oyster shaped, often lobed and white to own in colour with goed 'aroma.
Surface is smooth, margin irregular rved. Temperature requirement for

the initiation of the fruiting bodies. from 15°C to 30°C and, also for the

mycelial growth Y -
ii) P. cornucopice : It gro & 3 wood of Quercus, Fagus etc. It grows well at
15 =+ 2°9C. The stipe is ;ent .or eccentric and pileus is dull brownish yellow or.

pallied whltleh to lig w colour, 4-10 cm in diameter and lobecil

iii) P. ﬂabellatus Sporophores grow on dead trunk or on ground Base of

- sporophores are sponge like, fruit body short, fan shaped, first pmk then pure
white in colour with eccentric stipe. Fruit bodies always appear.in large clusters.
JThe pileus is having thin flesh with mild aroma. On cooking it gives slightly -

leathery or fibrous texture, specially the stipe portion. Temperaturelrequlrement

-~ varies from 15 o 28°C for prunodml initiation and 20 to 30°C for my*ehal growth '

-iv) P. ﬂor:da Sporophores fan shaped and the colour of th1s species changes

. with temperature. At low temperatures (about 5°C) the pileus ig light brown in

colour; at maximum temperatures (26°C to 27“0) it turns palel to d pallid’ yellow
or white, '

'v) P. ostreatus : It is a wood destroying saprophytic fungus alth ough sometimes
appears as parasme, is wide spread in temperate zones. It can fruit at{ temperature
upto 15°C. The p11eus is stemmed at the side and i is spatula or tongde shaped and
later depressed. It grows to 5 to 15 cm and is of grey brown or z.late g’rey colour
Its spores are known to be causmg allergy in many cases, :




vi) P. eryngii : This is a typical fungus of the flora of subtropics and steppes. It
is widespread in southern Europe and the areas of Central Asia and North Africa,
In India, it is found in Jammu and Kashmir. It occurs as parasite on Eryngium
campestre and other hosts. The pileus is reddish brown, grey brown to dirty
yellow, 4 to 5 cm wide. The weight of simple fruit body is 300 to 400 gm. The
lamellae are white or greyish, decurrent The stipe 1s white, 3 to 10 cm long, The
mycelium grows slowly and is Very much susceptible to other microorganisms.

Check Your Progress - 1
-~ What are the temperature reqmrements for various Pleurotus spp.
Note : (a) Write the answer in the space. gwen below

(b) Compa.re your ansv\rer w1th the one glven at the end of thIS unit.

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

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

- 7.4. CULTIVATION PROCESS f COMMERCIAL
PRODUCTION

~ Preparation of Substrate : The q; species has the ability to break down

cellulose and lignin bearing mater: 'well ventilated place having a cemented
floor can be used for raisin mushroom crop. Oyster mushroom is usually

grown on various agricultur: d materials like wheat or paddy straw, maize

stalks, maize cobs, cotton waste, wooden logs, saw dust, vegetable plant residues

etc. Paddy strawis widely used because it is easily available. Any substrate should .
be selected in such a manner that it is fresh, dry and disease free.

The mushroom is usually grown on chopped paddy straw (1-2 cm long) in -
wooden trays measuring 100 x 50 x 15¢cm each or in polythene bags. The straw is
soaked overnight in water. This is done to achieve the moisture content of 70%..
It also helps in the removal of some surface contaminants on paddy straw.

In case of maize stalks or maize cobs soaking peried should be 30- 40 hours.
Old, broken and rotten straw and stagnant water should never be used. Wet
_substrate is spread on wire mesh to remove excess moisture. :

Pasteurization : Pasteurlzatlon is done by either of-the three ways glven
below : : : :

i) Chamica_l__ pasteurization : It is done with fumigants like formaldehyde, _
Chloropicrin, methyl bromide and vapam. These chemicils are used before




soaking the substrate in water. During fumigation turning should be given for

sufficient aeration, Usually 125 ml of formaldehyde and 7g of bavistin mixed in

100 litres of water iz used for sterilizing 10 kg of straw.’ Straw should be soaked
for 12-16 hrs in that smutmn

: : H) Steam }:aﬁbﬁ*ehmzatmxz : Steam pasteurization is done by ejecting thp steam
!  generated in the boeiler to a chamber stacked with substrate material to be
disinfected. Thorough disinfection occurs only if the temperature 1s maintained
in the chamber at 80-65°C for 4 hr or 80°C for 30 minutes.

| - i1y Hot waier pasteurization : Hot water treatment is given Vuy plunging the
' substrate in hoiling water (80-85°C) for 30 min. Heating should be continued
te carry oul the disinfection process effectively. The stem pasteurization or hot
water {reatment iz many times advantageous over chemical treatment for having
no residual effect with substrate and also the higher temperature ensures the

thorough killing of the pathogens and competitor moulds. '

Spawmnb Spawning is the process of broadcasting the Spawn on substrate.
This coulid be regarded as analogous to seed sowing. When pasteurized substrate
is cooled down to rsom temperature, it is ready for filling and spcmnmg At this
‘stage the moisture content should be 656%. @(ﬂoumd polythene bags (35 x
50cm, 80 gange) and trays are uised for its culbigation. 2% spawn on the basis of
weight, of wet straw is used. The follo ethods are employed for spawning
(Singh, 1981}, - - L

a) Surface spawning : Spawn c% broadcast evenly ‘on the su |‘face of the
- ‘substrate (chopped paddy sty @ _ :

b} Doukle layer spa : The substrate is filled, to a depth of 8-10cms gently
pressed and spawned 2- layer. Again substrate is filled upto 3/4 of the bag
" and spawned (2-5cms layer) at the surface.

e} Throngh spmming : Spawﬁ is mixed thbroughly with the subst:rate.
_ _{i} Qh&k& up wpawmng Substrate containing active mycelmm is thoroughly
rm‘<ed ang p;aced 1n the new trays.

e) Spot sg:aamng Spawn is placed in lumps 15 x:15¢m apart on t e surface of
the substrate at a depth of 2.5¢m. '

f) Aetive my&eiium The substrate is ISpawned by surface spawnihg method

and when completely impregnated it is used as active mycelium to spawn the
bads. : :

Double layer spawning and through spawning are superior in giving higher
yields. The lowest yield is obtained by shake up spawhing. Also the spot spawning
and the shake up spawning encourage development of other saprophytic moulds.

84




Spawn running : After the eperation of spawnivg is combleiad, the fravs are
covered with polythene sheets in order to retain the moisture. In the cose of
polythene bags the mouth of the bag is tied with a thread. Spawned ftrave/bage
are kept in a dark place with minimum air movement. The room is kept moist hy
sprinkling water at intervals of twice a week .in both cases. The polythene sheet
is remaved after 15-20 days of spawning or the polythene bag is removed and
- watering is done once daily. It prefers a little hlgh TGy, 4 \,\unn& SHAWH TUTHLnNg.

During spawn running relative humidity of "ar(m.nd 0% 1s mainiained, The
temperature is kept around 21-28°(,

Cropping : Twenty days aft,e*' spawning, there is.complete myecsiial .
in the substrate which becomes white in colour due to the coitony gre uf:,h of
the fungus. At this stage the vegetative mycelium enters the productive nhase,
Apart from the culture factor of genetic origin; a number of other enviranmaental
factors influence the develepment of fruit bodies. Zadrazii and Schner derert (1572)
studied the effect of some environmental facters on fruit body develepment. The
effect of light bevond certain optimal conditions makes the stipes very long and
pleus gets reduced. Insufficient ventilation (1-2% &y vol COq) and low light
exposure induce a bunched growth regeneration.

- Light is the initiating factor in the devnloof primerdia and is therefove
needed for atleast 15 minutes per day, Temp®wa#lire and humidity too have an

effect on the yield {Singh, 1981), : : o

Signiﬁc_antly better yields are ob hen average temperature and relative
humidity are in the range of 1 - 38°C and 65 - 85 per cent regpectively. .

Check Your Progress - 2,3 &

2. What is meant by chemical pasteurizatibn ?

3. What is meant by double layer spawning‘?

4. What are the requirements for cmp.ping ?

Note : (a) Write the answers in t_he. space given below.

(b) compare your answers with those given at the end of this unzt,

L R R I I I I R R R A L

L R R N R L I I I R R R
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- 7.5. VARIOUS CULTIVATION SYSTEMS

L. Pillar system of cultivation : A self supporting structure is created by
inserting a perforated cement or PYC tube inside the pillar cdntainit_lg_ pasteurized
substrate. As the size of the container increases the bed temperature rises. The
perforated tube gives chimney effect for exhange of gases. Polythene tubes with
1-1 % ft diameter and a height of 5-6 ft would accommodate a minimum of 25 kg

dry straw and yields a maximum of 12 - 15 kg. of fresh mushrooms. o

11. Bed system of cultivation : The racks made out of bamboo cah be utilised

for this type of cultivation. The inoculated substrate should be spread on the

racks to a thickness of 9 inches and covered with polythene sheet for good spawn

run and also to minimise the evaporation of water. The size of the ﬁed may vary
‘but the thickness should not be more than 10 inches. By this method a minimum
of 4-5 kg. fresh mushrooms can be harvested from 10 kg of dry substrate.

ITL. Tray system : Wooden trays measuring00 x 50 x 15 cm size can be used:
The trays are filled with steeped straw u@eight of 15cm and spawning is

done all over the surface of the substrgia, A wéond layer is placed over the first
and spawning is repeated. The trays ’en covered with polythene sheets in

order to retain moisture. Polythege sh®et’is removed after 20 days jof spawning.

~ IV. Tunnel system : Sub%c be colonized in bulk by 'PZeumfus in special
‘buildings (tunnels) with aifecycling. In such system the COg ,-fmd Og con-
centration can be co d. To obtain an optimal condition during the entire
~ growth period of myce ' a concentration of 20% by vol COy can be regulated
by adding gas. The mycelial growth will be accelerated. More fastidiously aerobic,
‘competitive microorganisms can be excluded right from the start. After substrate

colonisation in the "mass" is completed the substrate can be tr sferred into
smaller containers for the production of fruiting bodies. &T

Tunnel incubation in mass allows very quick colonisation, but it is

_ very difficult
to achieve without practice and theoretical knowledge. -

_ V. Cultivation in pressed blocks : The spawned substrate can be packed in

‘plastic foil and pressed into rectangular blocks for the mycelium growth period.
To obtain a harvest two opposite sides are laid open and fruiting bodies develop
*in this surface. - ' .

VL Polypropylene bags : At present non-coloured polypropylen:_e bags (35 x
50 cm., 80 guage)_ are the best containers for oyster mushroom cultivation. About
800 g of dry paddy straw can be filled in these bags. The pasteurized substrate
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1s filled in the polypropylene bags and- Spawne_d simultaneously in inoculation
chamber or in a sterilized room. The mouth of the bag is tied and kept for spawn
running. "

General cultivation method : There are many methods of cultivation of Pleu-

rotus spp. with little or minor modification (Bano et al 1974).

Dried paddy straw is cut into 1-2 cm long bits and soaked in water overnight.
Excess water was drained off and the wet straw is treated with chemicals or boiling
. water as described earlier. The substrate was then spawned following any method
of spawning. The bags were kept in a room at 20-30°C. The mycelial growth
appears between 15-20 days by permeating the substrate in bags. It is necessary
to cut open the polythene bags from sides without disturbing bed. Water is
sprayed onto the beds twice a day. The mushroom crop starts coming up within
3 to 4 days. ' ‘ ' :

Cheék Your Progress -5

What is meant by tray system ? - | Q
Note : (a) Write the answer in the Space giire helow”

lo _
{b) Compare your answer with the on at the end of this unit.

The mushroom should be harvested when the pileus is about 5-8 cm in diameter
and before spores are released. The fruit bodies should be harvested by twisting
them, so that broken pieces are not left out in the frays and surrounding fruit

bodies are not disturbed.. For the same reason harvesting by cutting is not

recommended as cut portions develop bacterial growth which may spread to the
healthy mushrooms. After harvesting, the lower portion of the stalk with adhering
debris should be cut with the help of clean knife or blade. This mushroom may be
consumed fresh or dried in sun or in mechanical drier at 50-55°C. This mushroom
can be easily dried and revived after remoistening. The dried mushroom can be
powdered and stored in air tight container and used whenever required. -

The dried mushroom can be powdered and stored in air t'ig'ht_ container and
- used whenever required. '
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The dried mushroom can alse be kept in air tight slkathene bags and seni 1o

the market, [t can sleo be stored i refrigerator for 5-8 Aays.

Cheeck Your Progress - G

How are Mushrooos havvested and ai what stage ?

Note : (&) Write the answey n the space provided below,

() Compere vour answer with the cne given at the end of this unit.

4.-eenya.~-.auu\co‘-x.-s-(.ou,.-au:-e«onow»peeo--:-uon.nn.uo--w-a--l.ca->.a-‘-eow:orq;o-»
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7.7, MODEL MUSHROOM HOUSE

A el mroshroem house of twe cropping Tooms, one Spaws FUBNILE YooV,

[ : . o et fot . - Tl s N
one substrate proparation room each of 15 NS size will enable the grower Lo

obtain an vield of 510 kg daily. Bince therd pecies tolerating wide raugs of
temperatures, oysier mushroom can bg/g™

very meagre investment viz., thatche .@
material and polythene tenfs, Bri 211 with thatched roof will be an appropriate
house in 8 rursl set wy. ' i

JtionWoom should have a tub to soak a mintmum of 15
kg straw and a i:‘.-é'.’!'{}e..i‘a.: itainer to boil water {or pasteurizabion, e
be n wive meshed gide (afiz to spread the pasteurized straw for cosling snd also

The substiate prepy

R TR T
I T BEE

to allow the excess of water o drein off. There should be one more side tables
with zinc sheet surface o carry out bag filling operation. :

Cropping and spawn vunning chamber should be provided either with pamboc
rocks er plastic suguler racks o stack the polythene bags. Hach room should
have % to 3 ventilators and all the windows and deors should he g'rav?f_dai? with
additional fine wire wmesh shutiers bo prevent the entry of insect pests. The
platform should e either cemented or stone slabs can be apread over the flour.
Rvery raom should have a good drainage system. Carpet pit mrust be there In each
roormn to held the diginfectant solution. The substrate preparvation rcom can akss
ke utilized for the package work of mushrooms, Growing trees around mushrecio
house w of further halp in keeping the house cool all over the year, Thf\ farm lay
out of oyster mushroom with six cropping rooms ie given below.
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Fig.7.2. Farm layout fur oyster mushronm with six eropping rouvims.

7.8, PROGRAMME OF HYGIENE

i. Surrounding area should be kept neat and clean. Fine wire mesh should be
vsed on ventilators to prevent the entry of flies.

2. The spawn running and cropping room should be sprayed with 0.1% Nuvan
ang 5% Pormalin 2 days prier to transferring the bags to the chamber.




3. Nuvan spray should be repeated at weekly interval and 2% Formalin spray
twice a week. During cropping, spray sheuld be given between the flushes
after harvesting mushrooms and Nuvan spray should be avoided.

‘4. If any weed mould is noticed on bags the spot should be treated with formalin
(4%) or Benlate and Dithane Z-78 0.2% should be sprayed after harvesting

mushrooms.

5. At the end of the cropping Nuvan (0.05%) and Formalin (5%) should be sprayed
and after 24 hours of treatment the spent compost should be disposed.

" How the hygiene is maintained in the mushroom house ?

Note ; (a) Write the answer in the 'space given below.
(b) Compare your answer with the one given at the end of this unit.

ooooooooooooo

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

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

| |
Check Your Progress - 7

' 7.9. PROSPECTS AND P TIALS OF OYSTER
MUSHROOM CULTIRAZION

L Low production cost : to Ehe abundant availability bf ~aw material like
paddy straw, cotton waste, mafze cobs and some other agricultural wastages which
can be utilized for mu@n production, the cost of production can be kept low.

2. Employment of unskilled labour : It extends employment opportunities
for unskilled labour which is a peculiar problem in our country.

3. It can generate employment opportunities for women, retired personnale,
unemployed youth and part time employment for many others.

4, Foreign exéhange : Mushroom consumption is increasing all over the world;
hence mushroom industry will have good opportunity in finding foreign market
and foreign exchange. -

5. Good source of valuable protein, minerals and salts : Mushrooms are
good source of protein, fibre, calcium, phosphorous and iren. Due to its high
~protein content, it can find an important place in the vegetarian diet. '

6. Additional Income : It can provide additional ihcome to the farmers during
the lean months of the farming. : -

7. The produce can be easily sun dried and .preserved for long periods. -
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8. Being an indoor actmty, its cultlvatlon is-a hoon to the landless, small and

" marginal farmers who are facmg the land resource problems,

- 9. Mushrooms can be good compamon crop In vine yards

10. The spent up compost.can be. utlllsed for manuring and fertlllzmg the hOI‘tl- __
cultural crops and vegetable ﬁelds N

Check Your Progress 8
What are the advantages of oyster mushroom cu.ltlvatlon ?

Note : (a) Write the answer in t.he space gwen below
(b) Compare your answer w1th the one glven at the end of this unit.

' 7.10. SUMMARY

Oyster mushroom is cultivated on variousye
.Species are grown under various temperat' '
grown. It is usually grown on paddy stra e paddy straw is cut into 1-2" pieces
and soaked in water and it is sterilized i%mg water for 30 minutes. Beds are
prepared in polythene covers of 3§ 80 cms size by keeping 2" straw layer in the
cover. On top of this layer handful € spawn is spread on the periphery and again
2" straw layer is made and sifaghmyis placed. Process is repeated until 3/4 of the
cover is filled. Then the bag is and put in the dark room for incubation. After
15-25 days ie., after complete development of white mycehum over the entire
bed the plastic cover is taken out and kept in the croppmg room for 1n1t1atmg the
fruit bodies. Humidity (of 85%), light, ventllatmn, enr should be provided in the
room. After one week fruit bodies will appear all over the bed. Through out the
crop period complete hygiene should be maintained in the Mushroom house.

7.11. CHECK YOUR PROGRESS : MODEL ANSWERS

The temperature requirements for vai'ious species of Pleumtus are :

1. a) Pleurotus sajor-caju - 15°C - 80°C ; b) Pcomucop;ae 15 + 2° C; o
' Pﬂabellatus 20°C 309C ; d) P, ﬂarzda 26°C - 27°C; e) Postreatus 15°C

2, Chenncal pasteurization is the process of sterlli‘zmg the substrate (paddy‘straw)
by soaking in the chemical: solutlon (formaldehyde 125 ml + 7 g bawstm in
100 htres of water) . R o .
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Double laver spawning is the proceas of adding spawn in 2 layers
top and b {;tmm of the substrate :

4, The: eq*vre"n ente for cropping are humidity, temperature, air, ventilation and
light.

5. Trav system is the process of mushreom growing in wooden trays of 100 x 50

% 15 cms,

6. Mushrooms ave harvested when the gills are completely opened d when the
ends of plous will necrma thin. They are harvested just by slight!twisting..

:-]

Surroundings shoukd he neat and rlean Two daysnefme keeping the bags 5%
formalin and 0.1% muvan must be sprayed in the rooms. . Repeal the spray
every week. ' - ‘

The advantages of oyster mmhroom cultivation ave :

& a) low production cost, by empioymentgeneratmn c} sawng fmelgh exchange, _

d) good source of pr utem and e) additid ne.

i

MODEL EXAMINATIQN QUESTIONS

ioz_ m about 30 lines each. - ‘ :

tures of various Pleurolus spp.. ‘

1. Write about the %x £
2. Write briefly about Whe cultivation process of oyster mushrooms,

1. Answer the following

3. Write ahout the various cultivation systems of oystér 1nushroo$ns.
II. Answer ibe fellowing questions in abéut 10 lines each.
.1‘ What type of hygie:ne %ras' have to maintain in the mushroom house ?
2. Vﬁwi are the prospects and pct-.entiafli'ties of stter m.ushrooml;s ?
| | Dr. K. Suhasini

e, at the



UNIT - 8 : PREPARATION OF PURE.
. CULTURE AND SPAWN

OF OYSTER MUSHROGM

Contenis

8.1.  Objectives

&2, Introduction

23, Haising of Pure Cuiture

8.4,  Spawn Preparation

B.5. Spawn Storage _

8.6. lidentification of Contaminated Spawn |
87, Swmmary

8.8. Check Your Progress ;: Model Answers
8.9. Model Examinativn Guestions

\

8.1. CBJECTIVES OND

By the end of this unit you will be able to - O
¢ describe the methud of tissue culture ?pore culture,
# describe the methed of prepma@ other spawn and spavwn.

8.2. mﬁ?m}mmﬂo%

Spavming is the essential first step in the early development of mushroom
cultivation, The art of locating, recognising, and ebtaining mushroom myealium
from compost heaps and other sources {Natural spawn) forms an important part

of mushroom  cultivation. Subsequently, more reliable forms of spawn f(e.g.,

French flake and Finglish brick spawn) were developed. Brick spawn consisted
of compressed bricks of horse and cow manure and loam or leaves colonized by
mushroom mycelium. Flake spawn wag essentiaily dried mycelium filled compost
- obtained from specially prepared small mushroom beds. Like natural spawn,
however, flake and brick spawn are not pure cultures. Neither the identity of the
mushrootn species nor the absence of pests was assured.

Use of cereal grain as the substrate for mushroom spawn was importani in
making cemmercial spawn. The metheds of spawn preparation can be divided
into three steps. ' - :

1. Raising of "pure eu.ltui_‘e" _
2. Preparation of "mother culture” from pure culture

- 3. Preparation of "spawn” from mother culture. _




5.3. RAISING OF PURE CULTURE

Pure culture is'pr;_apared either from _(zi) tissue culture raised from L mushroom
tissue or (b) ‘spore culture raised from single or multispores ;o '

a) Tissue culiure : A big healthy fruit body with veil still intact is selected
‘from cropping tray for tissue culture. Lower portion of the stipe is (i:ut off at the
soil level with the help of a pre-sterilized knife and fruit body is cleaned with a
‘bit of cotton moistened in 50 per cent ethanol to remove the soil particles if any.
and finally dipped in 0.1 per cent mercuric chloride solution for 30-60 seconds to -
avoid any chance of contamination. Small pieces of the tissue from the junction of
stipe and pileus of fruit bodies are cut out under sterile conditions and inoculated
onto nutrient medium or Potato Dextrose Agar medium, These tissues develop
and can provide the starting point for subsequent spawn preparation (Fig 8.1).
The inoculated tissue. grows into a colony. o

_mﬁitbody"",' | | ‘ |

U

Surface sterilize with 0.1 curic chloride

Wasil .the fruit b_p . s’eve _ .1_;_.i'mes in distilled water

. Plate fhe tissue on PQ-De;ctmi Agar. med’iuﬁl in stg—:-rii.'e pét;‘*idjsh -
i Mycelium @radially on :i;}{'e .l.nediwn in sterile,pe‘tridish- |

. Preparation o‘f Agar slants an} inoculation wif.,h pljré culf:ur_e |

Fig.8.1. Flow chart for tissue culture

. Spore culture : A big and healthy fruit hody with veil still i.ntict but tightly
_stretched is selected for basidiospores. collection. - Lower portion of the stipe is
cut off with the help of a presterilised knife and the fructification is washed
- with distilled water dipped in 0.1 per cent mercuric chloride -solukon for 30-60 .
seconds to avoid any chance of contamination. The fruit body is then mounted on
a sterilized petridish. This is covered by a sterilized beaker for 24-48 hours. After
a thick deposition of spore mass, the glass beaker and mushroom are removed
and sterilized 1id is placed on the petridish which is then used for raising pure
culture either thr_ough single spore or multispores. Raising of n}:j\re ‘culture by
multispore is the best but it should be compared with the original strain before
the mycelium is propagated on a large scale. - . -
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Check Your Progress -1 & 2

1. What is meant by tissie culture ?
. 2 What is meant by spore culture ? _
Note : (a) Wnte the answers in the space gwen helow

(b) Compare your answers with those glven at the end of this unit.

----------------------------------------------------------------------------
R R R R I T N N RN N RN
T R T ey e N N RN R RN R R R R

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

8.4. SPAWN PREPARATION =

. Facilities Required S
1. Preparation and autoclave room ‘ - L 0 . | . :
2. Inocnlation chamber (5’ x ' x 7*) fitted mt@hvidl_et-tube ¥ in_length), one -
table and deuble door entrance. - o : '
3. Chamber for spawn growth v
| 4. Autoclave _ Q~ .
5. Facility to boil grains (hot%_or gas) |

6. Container for boiling

' 7 Milk or Glucose bottle
8. Non-absorbent cotton

9. Spirit lamp

10. Rectified spirit

11. Inoculation needie

12. Jowar or wheat grains
13. Chalk powder

14, Gypsum

Preparation of spawn Spawn is the furigal seed mat'erial Itis thé mycelium
growing on seed which is the substrate and nutrient source, The foIlomng is the
procedure for spawn preparation. :
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Jowar or wheat grains are washed in water and half boiled for 40- 45 munutes.
Maize grains alsp can be used as substrate for spawn production. Care should be
taken that the grains are not over boiled and broken. Fixcess water is drain_ed off
and boiled grains are spread on newspapers for about one hour. This helps to
break lumps and reduces meisture. Calcium carbonate or chalk powder (6%) and
Gypsum (2%) are mixed with half boiled grains and then filled in milk/giucose
bottles, not more than 2/3 rd of the bottle, Mouth of bottles are cleaned and
plugged with non- absorbent cotton. Plugs are wrapped with paper and hottles
are sterilized at 22 1b. pressure in an autoclave for 2 hours. Inoculation chambers

" are cleaned with surface sterilizing agents such as 2% formaldehyde.

~ Sterilized botties are transferred to inoculation chamber. Next day ultra vielet _
tube is switched put on for half an hour prier te inoculation. 1.V light should be
switched off while entering the chamber for inoculation.

For inoculation, a bit of culture (about 1 cm) is taken out-from a culture tube
having pure cutture. This piece of culture 1s inoculated into the bottles with the
help of inoculation needle. Inoculation should be done near the burning spirit
lamp to avoid contamination. ' ' '

After inoculation bottles are transferred @lspawn growing chamber where
temperature is around 25 + 2°C Howeyer, ould not be more. than 34°C
for Oyster mushroom. However, pa(@aw mushroom can grow upte 40°C
(optimum 33 + 2°C). Once in a week al les should be checked, contaminated
bottles should be removed from th ber. The fungal mycelium spreads on o

the grains and occupies the le Bottle. This full grain culture in spawn bottle
~ is called mother spawn. . S S

The mother spawn %further used to multiply spawn. One bottle of mother
spawn can be used to rad around 30 bottles of spawn by transferring about 10
gms {2 tea spoons) of spawn into each bottle over spirit lamp. This helps in faster
multiplication of the spawn. :

Precautions : A major source of contamination of growing mushroom -
‘mycelium in a spawn making plant is the grain used to prepare the substrate.
Modern equipments and facilities for sterilization and maintenance of stevile con-
- ditions are capable of reducing fungal and bacterial contamination to 0.1% of the
spawn units. '

Juality control in spawn making consists essentially of mnspections te elimi-
nate spawn umits visibly contaminated or exhibiting unacceptable differences in
appearance, growth, colour or odour, In addition, study of possible role of spawn
cultures and sources of spawn cultures as carriers of bacterial disease is needed
in view of the reported attachment of bacteria on spores and hyphae of the nmush-

“rooms. Care should also be taken that spawn is free from virus. For this purpose
stock cultures should be raised from virus free mushrooms and this can be tesied
with the help of electron microscope. - ' ' |




Some other things {e be borne in mind are :

1. Use of nubroken and half cooked grains only for spawn production.

2. Bolled grain mixed with lime and gypsum should not be kepl unsterilized for
more than 10 heurs.

3. Battles should be plugged and sterilized properly.
4. Sterdlized bottles should be inoculated after 10-i2 hys. of sterilization.
5. The bettles should be kept under UV-rays for 1§ hours befure ineculation.,

¥

6. The whole process should be carried out in a double chambered closed air tight
tnoculstion room, . :

7. Inoculation should always be done facing the burner.
& Give mimimum time for removing and placing the plugs.
9. Bhake the botiles thoroughly after ineculation to get early and uniform growth,

10. Store botties at & temmerature of 4°C when they are fully impragnated with
the piveehivm untif sold.

11. Tncubate bottles at 25 + 1°C after inoculatje
Check Your Progress - 3 & 4 ' O
3. What is meﬁnt.by mother spawn 7
4. What 1s meani by spawn ?

Note : {a} Write the anawer: space given below,

(b} Compare your answers with those given sl the end of this unii
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8.5. SPAWN STORAGHE

Stovage conditions affect its productivity. It is observed that spawn taken
directly from the incubation room grew faster than spawn kept at 2C. Observations
showed that there is no reduction in yield from spawn of any vayiety due to storage
for two vears, The yield from oyster mushreom was almost the same when spawn
s stored for two months at room temperature or in the refiigeratien, However,
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spawn stored in refrigerator for four months did produce mushrooms. It is also
observed that yield was less as compared to spawn stored for a peried of two
months. Proper hygiene has to be maintained in storage localities. Duration,
temperature and moisture are some of the important factors affecting the viability
and survival of spawn. Based on the above the quality of spawn wiil ﬂ)e assessed,

8.6, IDENTIFICATION OF CONTAMIN ATED [SPAWN

Spawn is subjected to contamination mostly by fungi and sometimeé_ by bacteria.
Grain spawn is usually susceptible to green moulds. Brown, yellow, black and
green patches due to mycelial growth of contaminated fungi will appear in spawn
bottles. Such contaminated bottles have to be removed immediately and such
contaminated spawn has to be destroyed. Fungi like Aspergillus, Penicillium,
Cladosporium, Trichoderma, Aliernaria, Curvularia, Drechslera and
contaminants. The contaminants may also originate from seed or due to non

others form

hygeinic conditions. It may also be due to improper sterilization, neﬁgligence and
also due to rough handling of materials withoutgbserving the scientific procedure
in spawn preparation:

8.7. SUMMARY O

Bpwan is prepared in 3 st TZ:culture or spore culture is the first step in
spawn production. From tissi§ culture or spore culture mother spawn is prepared
which ts the second s%&pawn production. From the Mother spawn spawn is
prepared which is the 3rofep and growers use this for cultivation of mushrooms.

8.8. CHECK YOUR PROGRESS : MODEL ANSWERS

1. Tissue culture is the process of taking out the tissue {(small piece of 1 cm) from
the mushroom and inoculating it on the nutrient medium. '

2. Spore culture is the process of inoculation of mushroom spores on the medium.
3. Mother spawn 1s the full grain culture of mushroom mycelim in spawn

bottle which is obtained after inoculating a small piece of pure culture on the _ ‘
presterilised grain anedium.

4. Spawn is the pure mushroom mycelium obtained after inoculating the mother ‘
spawn on the presterilized grain medium. i




8.9, MODEL EXAMINA.TION QUESTIONS

| 1.__Answei- the following tiuesﬁoi;’%';i‘h;hbaat_so lines each.
1. W_rite about the tissue culture and spore culture methods.
2. What are the facilities required for spawn production ?

3. Write about the spawn preparation process.
II. Answer the following questions in about 10 lmes each.

1. What are the precautions to be taken in spawn productlon ?

2. Wnte a note on tlssue cult.ure

'Dr. K. Suhasini
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UNIT - 9 : CULTIVATION METHODS
~ OF OYSTER MUSHROOM

Contents )
9.1. Objectives
9.2. Introduction
9.3. Substrate Selection
9.4, Substrate Sterilization =
' 9.4,1, Chemical Sterilization.
89.4.2. Hot Water Treatment
'9.4.3. Fermentation
: 9.4.4. Steam Pasteurization
9.5. Substrate Supplements '

'9.6. Bed Preparation :
9.7. Cropping Room _az_1d Maintenance

9.8. Summary _
9.8, Check Your Progress : Model Answelo _

9.10. Model Examination Questions O

' 9.1. OBJECTIVES g
By the end of this unit you j##dl be%able to}

z b - I .
o list out the different Ee substrates used for .oyster mushroom cultivation,

" @ mention any five sp of Pleurotus,

e define sterilization, list out the dlﬁ'erent methods of sterlllzatlon and descnbe
~ them in detail, _ S . !

) describ_e in detail the procedu.re of bed preparation for oyster muyshroom,
e describe croppmg room and 1ts maintenance, |

e list out the substrate supplements and different fungal contaminants in mush—
room beds. o

9.2. INTRODUCTION

Oyster mushroom is a cellulose loving fungus and can be grown easily on any

agrowaste round the year as several species of this mushroom are available and
‘they can be grown artificially under varied climatic conditions.

Substrate preparation technique is very simple, less time consuming and less
‘labour intensive. Oyster mushroom colonises the substrate very fast in the
sterilized straw and produces good quahty mushrooms with less crop management
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9.3. SUBSTRATE SELECTION

Pleurotus, the commonly called oyster mushroom is a well known mushroom

that is edible and commonly ecultivated. Several species of the genus are availahle

for cultivation which include Pleurotus sajor-caju, P. ostreatus, P. sapidus, P. .

florida, P. cornucopiae, P. eryngil, P. cystidiosus, P. flabellatus and P. opuntiae.
These species are characterised by quick growth under wide range of temperature
and has the ability to colonize the substrate in a short span of time. These spectes
can be successfully grown on a wide variety of agro wastes and inexpensive

substrate. This can be grown on different substrates like straw of wheat, paddy,

ragi, stalks and leaves of maize, jowar, bajra, cotton, sugarcane bagasse, jute.
cotton, corncobs, waste paper, used tea leaves and oil palm mesocarp waste,

While selecting the substrate its availability round the year-and its cost have

to be taken into consideration. Generally, wheat or paddy straw are used for
cultivation as they are the commonly available substrates. While. selecting the
substrate care should be taken to see that substrate is fresh and not exposed

to rains. The wet or damp nature encourages other icroorganisms which also

compete for nutrition, air and space. They may also ete some toXxic secretions

-which will have an impact on spawn run an t the yield.

9.4. SUBSTRATE STERILIgATION

means killing or inactivatin
promote the growth of mushr
achieved by the following methods, -

organisms present, in the substrate so as to
mycelium. Sterilization of substrate can be

Once the s_ﬁbstrate is selecteE it hz o be subjected to sterilization. Sterilization

1. Chemicall sterilization

2. Hot water treatment

3. Fermentation _

4. Steam pasteurization

9.4.1. Chemical Si;erilization

Take a drum and fill it with 100 litres of water. Cut the selected paddy straw

into bits of 2-3 inches size and dip them in  water. Add 125 ml of 40% form

aldehyde at 7.5 g of bavistin and close the mouth of the drum with"a polythene
sheet. Allow the paddy straw bits to soak for 12-18 hours. Then remove the

soaked straw and keep it on clean slanting concrete floor. Allow the excess of

chemical solution to be drained and then it can be used for spawning.
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1 9.4.2. I—Iot Water ’I‘reatment T |

. In hot water treatment, the bits of paddy straw are cut as in case! of chemlca.l
sterilization and boiled in hot water at a temperature of 70- 7500 fdr one hour.
: The substrate is put inte basket and water is drained off. Care should be taken =
o  that the paddy straw does not hold excess water. The indication being that when
l ~ boiled straw is squeezed water dreplets should not fall However 1t should be

.:9 4. 3. Fermentatlon

In thlS type of sterilization paddy straw blts are made mto plle of 3—4 he1ght and
" 5 wide and kept as such for 2-3 days. This results in mlcroblal fermentation whlch -
increase the temperature of the heap and causes the death of rmcroorgamsms _
The fermented straw after cooling can be used for spawnmg ' '

9. 4 4. Steam Pasteunzatron o _' : :

In. this the straw bits are pre-wetted and are placed in wooden trays or plled
into a heap. In the pasturization room, it is subgected to a high temperature of
. 15- 80°C for 2 hours under steam condltlon e stea.m sub]ected straw is allowed _
- to cool down and used for spawning. o\ S

9.5. SUBSTRATE SUPPL@TS

Oyster mushroom does not rer%\ other supplements and can b grown with
_ease on any of the agrowa @ (ter sultable sterilization. However, some of the',
- supplements like amm gulphate or urea @ 0.5 to. 1% and lime @ 1% can . -
~ be used. Chicken o manure @ 10% can be used in place - of nitrogen
- fertilizers and can be supplemented to the paddy or wheat straw substrate After
supplementlng these to the substrate, a- heap of 75-90 cm is to be made and kept
for 2 days after w]:uch a turning is given with the additional dosel of 1% super .
: phosphate and '0.5% lime. The mixture thus obtained can be used’ as such or can
be autoclaved for. 2 hours at 15 lbs pressure and can be used for spawnmg

9.6. BED PREPARATION L |

. Take polythene bags of 60 x 30cm and tie a rubber band to tlre closed end
.- Remove the pure spawn in a neat tray smeared with dettol with the help of a
steel rod dipped in dettol solution. Add 60 g of any prestenhzed pulde powder and
mix the spawn theroughly. Place one layer of sterlhzed straw in the polythene
- ‘cover upto 5 cm height and sprmkle the spawn all along the circumference of
" the bag. Put layer after layer of spawn and straw bits till the baglis full. Press
the straw bits to make a compact ‘bed and tie another rubber band to close the ©
* bed. Make atleast 20-25 holes for prowdlng aeration. Now these bags are incu-
bated in a neat and clean croppmg room. for 15-20 days The crop- cycle is of 45 days




3 crops can be harvested from each bed. Daily w&te_ring and maintaining of 76%
- R.H. (relative humidity) should be taken care off. Proper hygeine and care are - y
important. o A | | |
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Fig. 9.1. Oyste, roomm production. A. Spawn bottle.
B. Straw bits. - awning. D. Bed afier spawning.
E. Bed with mycelinm. F. Bed with mushrooms.

9.7. CROPPING ROOM AND MAINTENANCE

The spawned beds are kept in neat and clean cropping room. The room should
be thoroughly washed with water and 2% formaldehyde is to be sprayed 48 hours '
‘ before the beds are kept in the room.

The room should be provided with a door and an additional door with_ﬁne' |
| - mesh for protecting the beds from rats, lizards and bats. BHC dust should be
dusted to avoid ants. : ' o '

In order to maintain 25-27°C temperature and humidity of.90-95% new wet
gunny bags are hanged all along the room and sprayed with water once or twice
-as per the weather conditions prevailing outside. A layer of sand is also provided
at the flooring and spraying of water is done to maintain cooling. Racks prepared
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with bamboo or am' ‘othay {ype are provided fm keeping the beds. Darkness
for a pertod of 10-15 days is maintained m the room for quick growin of the
wycelium n the heds. Complete aseptic conditions are to be maintained once
the mycelium covers the bed with whitish my celium, the beds are cht open with
a blade avd the polythene cover is removed. Care should be taken tug digcard the
contaminated beds mfected with fungal orgsnisms viz., inky caps, Aa.pe? willus,
Rhizopus, Penicillium and Trichoderma. Semstimes the growth of the mycelivm
is completely stopped or arvested by bacterial contamination showing oily or greasy
droplets and such beds are also to be discarded. ' _ ' ‘

f a4 the fa\mumhm conditions viz., temperature hum;ldlty and aeration are
'prowded and spraying of beds with fresh water regularly after twe dajys of spening
of the beds, 1 to 11 kg of mushioom can be produced from each bed in two to
three flushes. A marimum of 3 pickings can be taken up from each bed.

Chefiﬁ Your Progress - 1& 2 - _ T

i LlSL any five different, substrates wlnch can be used for oyster nmushroom
cultivating.,

- 2. What are the different types of stermz wf. used for the subjtrate during
oybte'r mushroom cultivation -

Note : 1) Write your answers in ace given helow. ‘
2) Conupare your anspgr with thoze glven at the end of this| umt

I L Tt I N U . N ) 4 A F 2D NS R FY U RTTADTED R SR E kAL A Ad AR TD DSOS
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3.8, SUUMMARY

Oyster mushroom i is the easiest mushroom to grow as it can be gmwn en a
vumty ol substrates like paddy and wheat straw, corn cobs, used J,ea leaves, oil
paim mesecarp etc. Further several species of this mushroom sre available and
thus can he grown artificially under varied environmental cunditiollns round the
year. N N ' . S

Of the diff>rent technigues used for sterilisation of the substrate {‘fm-.bef_i prepa-
ration chemi. al sterilization can be adopted with care for large seale comumercial
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cultivation. Spawn inoculation of bed can be done by two methods i.e., dirccily
mixing the required quantity of spawn with paddy straw in bulk and the filling
‘in bags or spawning can be done in layers in the bags and incubated at room’
temperature for 15-20 days in a clean and. hygeme mamtamed eropping room for
maximum productmty : :

CHECK YOUR PROGRESS : MODEL ANSWERS

1. Paddy straw, wheat straw, sugarcane. hagasse, jute and corn cobs are the ﬁve .
~ different subtrates used for oyster mushreom cultivation. '

2. Chemical sterilization, hot water treatment fermentation and steam pasteur-
© ization are the different types of sterlluatmn used for the substrate during
oyster mushroom cultivation. '

 9.10. MODEL EXAMINATION QUESTIONS

L Answ:er the tallowmg questlon in about 30Jin

1. Write in deta_ll the different technique, ived in the preparation of sub-
strate, its sterilization, spawning meth d cropping room maintenance.

IL. Answer the following questions i out 10 lines each.

1. Differentiate between che erilization and hot water treatment of

" substrate, o L
2. Write in brief on croppinoom maintenance. —

Dr. HAK. Sarvar
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10.1.

ati
OBJECT% S

After going threugh this unit you will be able to: B - ‘ _

e distinguish the stage of harve.st'ing of oyster mushrooms, = ‘

. describe the method of grading of oyster mushrooms,

o describe different methods of preservatlon, packing and marketing of oyster |
mushrooms, :

10.2.

INTRODUCTION . O

The recent advances in the cultivation technology have encoura'ged‘the adoption
of mushroom as a cash crop by the farmers and also the urban elite population. The
interest in mushroom cultivation has gone to many folds in mushroom growers.

- But the short shelf life of mushroom poses a big problem for growers due to its
quick perishable nature which causes loss to the growers., Therefore, thereis
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a need for proper ha.rvestmg of mushroom at a proper st:age and also reere a
thorough processing, preservatmn and. tlmely marketmg in polythene packets for
“maximum profit '

- 10.8. HARVESTING AND METHOD OF PICKING

‘The oyster mushroom shou.ld be harvested when the cap begins to fold and has

'attamed a diameter of 5-8 cm. The fruiting bodies are to be pl(.ked up carefully
by cutting with a sharp knife without any damage to the picked up fruiting body
or to the adjacent fruiting body. After picking up or harvesting, the fruiting body
quickly looses water with a proportional loss in weight with the result it becomes
liquiscent and losses its texture, becomes shiny and sheds off spores. This leads

‘to deterioration in quality and ultimately develops undesirable look and emit foul

smell. The shed spores are known to cause allergy in some people causing high
fever, joint pains etc. Therefore they are to be harvested properly at the proper

stage,
Check Your Progress - 1

" At which stage the oyster mushroom is to be harvesied ?

Note : (a) Write the answer in the space give . belotw '
' (b) Compare your answer with the o @ n at the end of this unit.

10.4. GRADING Q)a |

~ Mushrooms have a short shelf life and are highly perishable. They ar€ delicate

and fragile and are to be marketed afresh. It is advisable to collect the mushroom
~ in plastic baskets or trays without heaping. Ageing may result in breakage and
may damage the fruiting bodies, due to over weight or compressing. The collected
mushrooms are graded size wise and packed accordingly in polythene packets for

marketing. Half matured mushrooms:are considered to have more shelf life and

with many nutrients, hence graded as good ones. Fully grown mushrooms are

prone to mechanical damage, biodeterioration a.nd are with less nutrlents hence -

consuiered as low grade

'10.5, PROCESSING AND PRESERVATION

To avoid deterioration in mushroom quality due to delay in consumptio_h or
marketing certain techniques of processing are required which increase the shelf -

life of mushroom. The different techniques of processing are freezmg, freeze-
drying, steepmg presewatwn,dehydratlon and canning. :
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10.5.1. Freezing

In thiz method the collected mushrooms ave cleaned, washed and treated
with hguid nitrogen at 1209C for 6 minutes and later stored at -25°C in deep
freeze. This treatment make the mushroom intact as such without any change in
colour or guality. Such reushrooms are called frozen mushrooms. But if storage
te'mperature is decreased to -129C it may cause brown colguration on mushroom
and make thera unfit fer consumption.

10.5.2. Freez Drying |

Tu this treatment mushrooms are frozen at -20°C and dehydrated b)!’ the process
of sublimation. This can be done by heating the frozen rmushrooms under very
low vaccur of less than one tonne for 2 period of 12-16 hours. This resulis in
loss of water 1o an extent of 0% of the total weight of fresh mushroom reducing

- approximately 16 kg of iresh mushrooms to 1 kg of dry frozen mushroom product.
This rmakes the preduct brittle and lighter in weight due to reduction in weight
to ten times Lo that of the original but in appearance they look similar to the -
origingl cnes. o ' ‘

16.5.3. Sieeping Preservation : '
e i

First the collected mushrooms are to hacl , washed and blanched. Blanch-
ing‘can be done by immersing the om in boiling water containing 1%
cormmon salt or 0.1% citric acid. [ The Yoffing is to be done for 4-5 minutes by
constant stirving. The foam devel%n the top while boiling is to be removed
with the spoon. The blanch ushrooms are collected and dried on-clean blot- -
ting paper. The dried blanc%.\shmnms are preserved in steeping solution of
Sodium chloride (2%), o8 acid, sodium carbonate and potassium me"fa bisulphite
(0.15%) and kept at 21-: for lonig term preservation for increasing the keeping
quality of the mushroom. ' I

10.5.4. Dshydration | | . ‘

The oyster mushioom should be washed in clean water, blanched for 3-5
minutes in live steam or boiling water and cooled immediately. The blanched
" mushrooms ars dipped in solutions of 300 ppm potassiura metabisulphite and 400
. ppm chlorine solution for better colour. Then they are dried under sun for 36.to
48 hrs or in & mechanical drier at 50-60°C. '

18.5.8, Canning ‘

The blanched inushrooms after drying on blotting papers are tinned in tin cans.
Clean and dry tius are filled with blanched, graded mushrooms to three fourth

- capacity of the iins and then filled with blanching solution in a concentration of
15 g of salt/litve of water along with a preservative, citric acid @ 1g. per litre
of water. The filled cans arve subjected to exhaustion by keeping them in boiling

1

water bath so that a temperature of 859C is attained in the centre of the can. The
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cans are then sealed by hand or by antomatic sealers. The sealed tins are to be
sterilized to avoid spoilage of the contents during storage. This can be achieved
by autoclaving at a temperature of less than 118°C, and are cooled by keeping '
them in galvanised iron tank with constant over flow of water.

13.6. PACKING

Packing of mmushroom is an important item of marketing and this aspect. should -
not be neglected. Packing can be done by packing the blanched, graded fresh . ‘
mushrooms in polythene packets of 200g or 400g, 250g or 500g with or without -
labelling depending on the supply and demand. If information is to be required
then the polythene packets are tc be printed giving the information about the

- produce, manufacturer, batch and piece ete. -

If the dried mushrooms are to be packed, the mushrooms after proper blanching
are to be dehydrated. Dehydration can be done either by sun drying or oven drying.
Sun drying can be done by beading the mushrooms in a thin wire and exposing -
1t to dry hot sun. Dehydration by oven drying is to be done at a temperature
of 55 te 60°C. Due to this the mushreom becomes fficiently dried, loose ten
times of their weight and hecome brittle. The drle@)rooms can be packed in
polythene packets of 200g, 250g, 400g, 5{}0 kg@ 2, 4 kg, or 5 kg polythene
packetc _ _ , -

Bulk Packing : Bulkpackingisto be%ﬂced in large units or big commercial

" mushroom farms. Under such condifidns bitlk packing can be done in 1 kg weoden
‘boxes, 4 kg plastic crates, plastic ets, plastic trays, expanded polystyrene
containers, plastic cans. Pac ontainers prepared with paper base have the
environmental advantages as tBgy/can be easily degraded and are not hazardeus.

'10.7. MARKETING

Oyster mushroom is to be marketed afresh to gel maximum profit. As it
is a perishable product it degrades qulckly after harvest and become unfit for
consmnp‘tmn

Marketing is not organised for mushrooms like that of vegetables, fruits, grains
ete., hence the absence of an established market channel forces the producer to .
have hig own marketing w}uch in turn w1]1 have an adverse effect on gwmng of
mushroormss, "

Hence there is a need to organise marketmg through government or through
cooperative agenmes ' '

sales. Hence the middleman makes all the profit and dictate terme to the producer
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'_ by purchaﬂng them from the producer at lower rates end sell_ing a_t l?ftigher r_ates o
; to the interested CONSWINETS. - : - ! .

Necessary mcentwes for export may be prov1ded by the governrhent to the

| interested cultwatere as there exists an ample scope for export. Eeeldes this,

mushroom receipes are to be improved and suggested from time to t1|me to, make )
it popular and nnprove the marketmg of mushroom. |

CheckYour Progress 2 _ - L

_ Llst out the- dlfferent techmques employed for processmg and pre|servatlon of

- _mushrooms

" Note': (a) Write your answer in the space glven below S R
(b) Compare your answer mth the one. glven at’ the end of tHis um_t._ ‘

...o--'.c!0‘:‘.-‘.----aso-.-.‘.-Aa'o'o-a.'.cit...l.l.o'no_to -------------

_10.'3‘. SUMMARY o

Mushrooms are now est @ as cash crop by the farmers and also by the

. urban elite especially the ives, unemployed youth and students. ‘But the
- short shelf life and abs _ rgal_nsed market posing a threat to _t_h e mushroom
e

1
._.‘_ :

In order to have good mushrooms, care should be taken to harvest and pick .
them up. Mushrooms are to be picked up ‘without any damage when the caps
begin to fold, then they are to be graded according to 1nternatlonal standards
- as size and weight. The mushrooms are either marketed afresh or Iproceseed by

the. processing techmques like freezing and drying, and then preserved for long. -

- term use. Similarly the marketmg aspect is not to be neglected and it has to be

' organised by government or through farmer cooperatives to stabhlrze the prices -

otherwise the middle man in mushroom market will take the beheﬁt Hence

N marketing has to be properly orgamsed for the beneﬁt of the actual mushroom.-_ -

I
growers '
I

. 10.9. CI—IECK YOUR PROGRESS MODEL ANSWERS

L Oyster mushroom is to be harvested when the cap has attamed |the dmmeter .
of 5-8 cm. - - L :




2. The different techniques employed for processing and presewatlon of eyster .

mushrooms are freezmg, freeze drymg, steepmg preservatl on, dehydratlon and
-canning,

I

10.10. MODEL EXAMINATION QUESTIONS

L. Answer the following questlons in about 30 lines each

1 Descrlbe briefly the method of ha.westmg, procesem preservation and
marketing of oyster mushroom.

- 2. Describe in detail the methods of preservation of oyster mushroom

11. Answer the following questmns-ln about 10 lines each

1. Differentiate hetvveen freezmg and freeze drymg
2. Write a brief note on canning of mushroom

3. What is dehydratlon ? How are. the oyster mushrooms dehydrated ?

0’ Dr. HAK sm_'war
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11, 1 OBJECTI@

By the end of this unit you Wﬂl be able to : o ‘ '

1-_.{-.2. I_NTRODUCTION_

° 'hst out the abiotic and biotic disorders of oyster mushroom

e explain the ablotlc factors affecting oyster mushroom productlon hke pH
temperature, relative humidity, light, oxygen and calrbon dioxide. :

¢ ‘deseribe the -.;ymptoms-cau&ed by competltor moulds a_nd other pa_thogens.

The growth and development of oyster mushroom is controlled by various.

. abiotic (environmental) factors like relative hulmdlty, temperature, light, pH

and carbon dioxide. The yield of oyster mushroom is also Slg’nlﬁCHEﬂy affected .

by competitor or contaminant moulds (Aspergillus, Mucor, Rhizopus, Tricho-

11z

derma, Penicillium ) and pathogemc moulds (Vertzczllzum, Sibiring fingicola,
Ghocfadmm : r]




~11.3. ABIOTIC FACTORS AFFECTING OYSTER
MUSHROOM

Varmus physmal (abiotic) factors that 111ﬂue‘1ce the growth and deve}opment _
of oyster mushroom are given below, =~ N . :

11.3.1. Hydrogen Ion Concentratmn (pH)

The optimum pH range for the growth of mycelium is about 6.0 to 7.0. The
water used for spraying must be clean and should not be either acidic or alkaline.
It should not be stored in rusted iron drums as the fruit body formation gets

. delayed in the presence of iron. : : :

11.3. 2. Temperature

~ Temperature is an important factor that influences the oyster mushmem.

production. Oyster mushroom (Pleurotus spp.) shows good myecelial growth at a

temperature range of 20- 300(, Frult body formation takes place between 2 wide

range of temperature i.e., 10 to 28°C in various species. Species like Pleurotus

florida, P. ostreatus, P. saptdus P. sqjor-caju, P. flabellatus, P. eryngii and

P. fossulatus are hlgh temperature species and- reguire 20 to 30°C for their -

growth (Table -11.1). While all these species yield a '

after a low temperature shock treatment (14 to 2 he colour of the cap or
perature range of 10 to -

pileus is light brown in P. florida when gro a
15°C and white to pale yellowish at 20- 25°se of P.- sq;or-‘,aju the fruit

~ bodies are dull white at 15 to 18°C and hrown*w25 to 30°C.
Table - 11.1. Yield perfc.:mance and temperdfre mqmrement of varous Pieumtus spp.
. Optimum O a Temp. No.of No.of Yield
_ ~ femp. templ,- range - days - days - per-
‘S.No. Species - for dt 0 requi- for formance
' ’ mycelial ting - can  redfor froitat  (Biclogical -
run . grow substrate optimum ' efficiency %)
@y  Pcy  (°C)  coloniza- temp. L
' B tion at opti-
mum temp. -

Summer cultivated species- ' _
P. flabellatus 25-30 222 1628 1214 . 18-22 £0-90

1.
2. P sgjor-coju 25-30 - 24+2 1730 1214 1895 50-70
3. P. sapidus 25-30 2742 2030 79 - 8-12 40-70
5. P. citrinopileatus 25-30 - 26%2 20-30 12-14 20-28 30-60
6. P eous 25-30 24+2. 1628 2022 2530 30-50
Winter cultivated species 4 o .- : SR
7. P ostreatus = . 2530 20-22 . - 1825 20-25 30-35 30-50
: strain-1 - ' .
_ - strain-1I1  12.29 7-22 " o "
8. P florida - 25-30 202 1222 1618 - 25-30 50-00

9. P cornucopiae 2530 -+ 20+ 2 1225 16-18 25-30 40-70
~ 10..- P. fossulatus 18.22 1842 "12-25 5055 65-70 (20-30
11. P eryngii  18-22 162 1224 5560 . 70:75 20-30

o Source. R.C. Upadhyay, 1990 Technical Bulletin No. 1, NCM'RT, Solan, India. - o
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" insufficient mushrooms give poor yield with lo

" The mushrooms grown at Tower. temple_ratureé._c‘o:nsijét_ of high dry %Tla‘tt‘?l_‘:_ S
11.3.3. Relative Humidity =~ - I
- Various speties of oyster ‘mushrooms’ require. a range of -r'el'a_tilv_;e humldlty g
between 70 to 85% for. fruit bedy _fqrmation. '_I_‘hel relafcive humidity of _ tpe__g_rop'p';?g
. room may be adjusted by sprayin_gwater_frequently or by u:éing'ahl'lrnic}'ﬂﬁg:._ Blgger :
fruit bodies which contdin less dry matter are produced at high relative _hunudlrty .
(85-90%) levels. At a relative humidity range of 65-70% the fruit bodies are small
with high dry matter. S - S g
' 11.3.4. Light . |
o Light.is required for initiation of fruit bodies in oyster 'm_ushroom!'pro’dut:j_t_iﬁn'.; .
. Light is essential to promote fruiting of oyster mushroom and it was first noticed
by Kaufert (1935). The formation of mushroom primordia requires light.of 200
lux intensity for 12 hours. The development of fruit body requires light ef 50

o 500 lux intensity. Thus, over all, one to two hours diffused light per day.

" during cropping period is sufficient. The, colour of the pileus is influenced by .

~ the intensity of light. The pileus is dark brown, black or grey coloured in bright
light where as in diffused light the fruit bodie are white coloured. When light is -
 stipes and small caps (pileus)..
'11.3.5. Oxygen and Carbo-n' ] Content . | R
L During spawn run 'oyster_rﬁuShmoi_n saaf toletrate -hi:g_h carbon digxide concenr
* “tration (upto 20,000 ppm or 20%).\I} oncentration of carbon dioxide should be

ol g -

less during cropping (600 ppmmor §6%). Abnormal fruit bodies are formed due’
to poor ventilation. The 5@1‘;{ long with small, funrnel shaped caps. High
carbon dioxide contentyig theh ropping room yields. deformed fruif bodies with =
~ long stipe and profu‘se-%khihg. I B

" Check Your Prbgi‘ess_ -1&2

. 1. What are the optimﬁm pH and relative humidity re'.quired for oyﬂs_tér mu_shfootn -
- production ? I : ) L SR
2. Whichare the.disorders_that'appear in oyster mushroom due-to'.po_eipr'\:rent.i-l.atio-n\. |
and high carbon dioxide content ? - T '
. Note : (a) Write the answers in the space given below. o .
~ (b) Compare your answers with those given at the end of this unit.
i.ioo.ng_'t.oos-i .

----------
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. coloured growth of the moulds are found jn th®

11.4. BIOTIC FACTORS. AFFECTING OYSTER
MUSHROOM o

,Pasteuri-zed and partially sterilised substrates are used for oyster mushroom o

cultivation. Non sterilized and incompletely sterilised substrates are usually
associated with a variety of microorganisms. ‘Of which, few organisms may be

“beneficial to the mushrooms as fermentors, nutrient suppliers etc., Many microbes -
that are associated with the substrates used for oyster mushroom cultxvatlon affect

the yield adversely.
11.4.1. Competltor moulds

Many fungi are present in the suhstrate and compete with- the mushroom :
mycelium for nutrition, thus reducing the growth, These are called weed moulds--
or competitor moulds. Such moulds de not ¢ause much damage once the mush- -
room mycelium is established in the bed used for production. Examples for such
moulds are Penicillium Gliocladium, Trichoderma, Aspergillus, Mucor, ‘Rhizo-"

pus, Sclerotium, rolfsii, Coprinus, Fusarmm Pezlza Chaetomium, Cladospormm :

Arthrobotrys, Stachybotry efc.

".The diseased fruit bodies are deformed with § cap.. White, green or purple

 11.4.2. Pathogens Q o
. Some fung1 are also known to damage frmes dlrectly attackmg them.

_ péds. Cladobotryum apiculatum,
Cvarium, Gliocladium virens, G.delique G.roseum, Vertzc:llmm fungwola,

: _Szbmna fungicola etc. are known to e _ -
Pseudomonas infects the fruit st-When proper ventllatlon is absent in the :

_ croppmg room. @ _ _

A virus affecting P, florida hadeen deteoted in In'dla Elon'gatlon of the stalk
and premature spore shedding are the typical symptoms of the disease. 'I‘hus
~ there are many pests and diseases reported oh oyster mushroom.

11.4.3. Control

Preventlon is better than cure for all the dlseases Bavxstm spray (0.01%) is

more effective, Spraying should be done only on the substrate. Incidence of .

flies can be controlled by spraying Nuvan @ 0.1% (1 1l i in 1 litre of Water) The ,

mushrooms should be harvested before spraymg
Check Your Pro gress - '

Name few competitor moulds that nccur commonly in the substrate of oyster
mushroom ? . L _

" Note ; (a) Write the answer in the space glven below.
(b) Compare your answer w1th the one glven at the end of this unit.
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11.5. SUMMARY =

Oyster mushroom productmn is greatly influenced by abiotic factors like tem-

) perature, pH, light, relative humidity, gases etc., and hiotic factors like competitor
" moulds and other pathogens Optimum mycehal growth and fruit body formation
-requires a temperature range of 20- 30°C, pH between 6.0 - 7.0 and relative humid- .

o ete., and pathogens like species of Cladobotryum Verticillium are,prevalent in T

: respectlvely

ity of 70-85%. Formation and development of fruit bodies require di

ffused light. .
Poor ventilation results in the formation of abnormal fruit bodies. Qompe_tite_r’
moulds like species of Penicilium, Aspergillus, Trtchoderma Mucor Rhizopus

the substrates. Bavistin and Nuvan are recommended for. fungal attack and flies

11 6. CHECK YOUR PROGRESS MODEL A"JSWERS

1L Oyster mushroom production requires an optlmum pH of 6.0 - 7. 0 and relatlve

2. Abnorma] fruit bodies with large stipe

humidity of 70 to 85%

and Sl funnel shaped caﬁs are formed
- due to poor ventilation. High carbd @» ide content results m deformed frult
bodles with long stipe and profuse Drefiching.

3. Common competitor moi !s en dunng gyster: mushroom cultlvatmn are

- species of Penicillium '«@* adermi, leclthum, Aspergillus, Mucor, Rh_zzo-'

o pus etc.,

' 11.7. MODEL EXAMINATION QUESTIONS

L -AItSWef th_e'-followix_i.g guestions in about 30 l'ines eaeh.

B Desc__ribe the abiotic factors influencing the pr:,“.;ctlon of oyster mushrop’ms_,.

II Answer .th'e followi’ng' qtlestions inh about 10 lines each.

2. Write an essay on factors influencing oyster mus.hroom production. -

1. Wnte a note on the effect of light and temperature on oyster mushroom

2. erte a short note on competitor. moulds

Ms. K Prasunamma
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UNIT - 12 : CULTIVATION OF PADDY |
STRAW MUSHROOM

Contents

12.1. Objectives

12.2. Introduction

12.3. Morpholagy o

124. * Growth Requirements

12.5.  Cultivation Technique =~
12.5.1. Preparation of Spawn

- 12.5.2, Production of Mushrooms
12.6. Harvesting, Preservation and Marketing

12.7. Common Diseases and thelr Management
12.8. Summary : -
12.9.. Check Your Progress Model Answers
12.10. Model Exanunatxon Questmns S

12.1. OBJECTIVES _

After going through this unit you will be able

@ list out the morphologlcal characterg of Q straw mushroom,
® explam the growth requirementg of y straw mushroom,
o describe the preparation of sQ‘ﬁ\ .

@ list out the hai'vesting_ @)ds, preservation techmques and marketmg_
aspects of the mushroom, S

d productmn of mushrooms,

‘e describe the symptoms of common diseases of paddy straw mushi'oom

12.2. INTRODUCTION

Paddy straw mushroom (Volvariella sp.) belongs to the family Pluteaceae,
order, Agaricales, subclass, Holobasidiomycetidae and class, Basidiomycetes. The
genus Volvariella consists of about hundred species distributed all over the world.
Many cultivated forms of Volvariella belong to Volvariella volvaceae. V. esculenta
and V. diplasia. It is commonly known as Chinese mushroom, since it was
_first cultivated in China about 300 years ago. This mushroom is mainly grown in
tropical and subtropical countries of Asia like China, Hongkong, Taiwan, Indonesia,
- Phillippines, India, Sri Lanka etc on paddy straw substrate. Hence it is referred
to as tropical mushroom, warm mushroom or paddy straw mushroom. As early as
1822 it was cultivated by Buddhist monks of Nanhua temple of Choahsi in Northern
Guangdong Province in China and hence also termed as "Nanhua Mushroom”.
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Paddy sti'aw mushroom is a fast growing mushroom and requires onls-lﬂil

days from spawning to harvesting. It grows at a temperature range of 28-35°C
and relative humidity of 80-90%. In India, in between the period when oyster
and white button mushrooms cdnnot be grown, paddy straw mushroom can be
cultivated successfully as gap filling crop.

12.3. MORPHOLOGY

The fruit bodies of the genus Volvariella consists of thick volva, free gills and
pink elliptic spores. The basidiocarp or the fruit body of paddy straw mushroom
for the sake of convenience is divided into six stages. They are pinhead, tiny
button, button, egg, elongation and mature stages (Fig. 12.1). The pin head and
the tiny button stages are formed by the interwoven hyphae and are covered by
a membrane which is called universal veil. the pin head stage is very small and

"madeup of tiny knot of hyphal cells. The tiny button stage is round in shape. The

button and the egg stages are ovoid in shape, Al these stages, the mushrooms
have great demand in the market. The button stage is covered by an universal

- veil. In the egg stage pileus protrudes out of the veil whereas stipe is hidden. At

this stage, veil covering the stipe is called "volva". In the elongation stage upper
part of the stipe elongates. From the lower of the pileus oné can see many
lamellae hanging in the form of thin stran@ssue from the margin extending
till the stalk. '

Fig. 12.1. Different stages of paddy straw mushroom. A. Pinhead.. B. Tiny
button. C. Button. D. Eggstage. E. Elongation. F. Maturation stage,
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Check Yoﬁr'Prdg‘ress' 1& 2
1. List out the various stages in the d.e\}elbpment of _péddy .straw m_uShr:oolm 7"
2. What ié m_.eant. by volva " ' |
Note : (a) Write your answers in- the space given below. _ :

(b) Compare your answers with those given at the. end of thxs umt

i2.4. GROWTH REQUIREMENTS

- Paddy straw mushroom as its name indicates grows well on paddy straw. Many
other agricultural wastes have been tested for ﬂ%}ﬂl but resuited in poor
yields. However, cotton waste compost gave an € ent yield in Hongkong.
Substrates having glucose and polymers of gl%supported the growth of paddy

straw mushroom to a great extent. In 1977,"®Mang, Ho and Yee reported that
mannose and starch support the growth o?’mushroom. Paddy straw mushroom

is unable to utilize lignin, Organig/M¥rogdn supports the growth of paddy straw

mushroom. Hence it is necessaryto supplement the straw, cotton or other
cellulose substrates with org itrogen. Addition of vitamins like ascorbic acid,

pyridoxine, riboﬂavin',' thiami owth promoters like glhberelhc acid and also
L-amino benzoic acid gives 31gn1ﬁcant yleld :

The mushroom requires a temperature range of 30-35°C for mycelial growth

28-30°C for fruit body formation. The pH required is 6-7 and relative humidity is
80-90%. Light acts as a trigger for fruit body formation and hence diffused light
for 8-10 h per day should be provided. Good ventilation which provides more- Oy
and removes excess COq are necessary durmg fruit body formation. :

Check Your Progress - 3

- Mention the optimum. temperature required for the mycelial growth and

fruit body formation ?

Note : a) Write your answer in the space given below.
b) Compare your.answer with the one given at the end of this unit.
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12.5. CULTIVATION TECHNIQUE

The cultivation technology of paddy straw mushroom is simpleand best suited
to Indian conditions, The method of cultivation basically consists of two steps
They are preparatlon of spawn and mushroom productlon

12.5.1. Preparatmn of Spawn

Spawn may be defined as a medium coated wnth mushroom mycelium that
serves as the ‘seed’ for cultivating the mushrooms. Before producmg the spawn
for mushroom cultivation starting cultures are requu-ed They can be obtained
by two ways. They are tissue culture and spore culture ‘methods. These cultures
are to be grown on culture mediz under sterile conditions. Preparatmm of culture
media aml lsolatlon of starting cultures of paddy straw mushroom are given below,

Culture media : A medmx_n is the one-whxch ‘have ‘all -nutrlents required for
the growth of the fungus, There are various culture media on which mushreom
cultures can be grown. Two commonly used megdia are given below.

A. PDA (Potato dextrose agar) Mediuni
Peeled and diced potato - 250g O n

Dextrose . _ - 20¢
Agar agar powder - |
Distilled water oo 10

- Diced potatoes are boile Stilied water for 15-20 min and the decoction
is strained through chgéSegloth. The liquid is collected in a graduated cylinder
and the volume is mad¥gsto 1000 ml by adding fresh distilled water. To this
solution dextrose and agar are added and boiled by stirring occassionally until the

- agar is completely dissolved. The medium is transferred to tubes and flasks and

plugged with non- -absorbant cotton. They are then sterilized in: an autoclave at
15 1b pressure (12 100) for 20 min, '

B. Malt Extract Agar (MEA) Modinm

Malt extract - 25 g
Agar agar powder - 20g
Dlstllled water - 1000 ml

Malt extract and agar powder are added to 1000 ml distilled water and boiled
while stirring occasionally until the agar is dissolved. The medium is then poured
in test tubes (10 ml per tube) and plugged with non-absorbant cotton wool. The
tubes are then sterilized in an autoclave at 151, pre‘ssure (1219C) for 20 minutes.

Isolation of starting cultures : Starting cuztures can be ralsed elther through

tissue culture or spore culture methods

122



A. Tissue culture method : A mature unopened mushreom is washed thor-
oughly in water and dried gently with tissue paper. The fruit body is cleaned with
a cotton swab and dipped in 0.1% mercuric chloride solution (100 mg Mercuric
Chloride in 100 ml sterilized water) taken in a sterilized beaker for 30 seconds
with the help of a sterilized forceps. The fruit body is then washed 4-5 times
serially in sterile distilled water to remove excess chemical. The fruit body is
dried superficially with sterile tissue paper and cut lengthwise. At the inner
~ surface from the point of junction of pileus and stipe small bits of tissue are taken
and placed on the agar surface of the test tube. The entire process should be
carried out under sterile conditions. The instruments and the surrounding area
should be sterile. The test tubes are then incubated at 30-359C for 6 to 7 days.
White mycelium is seen coming out of the tissue. Contaminated tubes arc to be
discarded and healthy ones are to be used directly in spawn subs_trates.

Tissue culture method is the most widely used one for large scale production
of spawn.

B. Spore culture method : Spores of the paddy straw mushroom are collected
by taking spore prints. A spore print is nothing but a mass of spores collected
from the mushroom on a clean surface. The techniquiof taking spore print is as
follows : o '

1. A mature and opened mushroom is cut upper end of the stalk and

placed it on a clean paper. After 10 tes spore print is seen which is to be
discarded, since microorganisms ma;%esent in the first print.

2. The mushroom is again placed M rile petriplate and covered with a clean
beaker, In about 20-30 mipfhes th® speres are shed on the petri_-ate and are
ready for inoculation. '

Collection of spores through spore porint and inoculation are to be carried out
under sterile conditions, The spore masses are lifted with the help of a sterilized
inoculation needle and transferred on to an agar slant, The tubes are incuaied at
30- 32°C for 4 to 5 days for mycelial growth.

The cultures thus obtained are to be used directly for inoculating the spawn
substrate, -

Spawn substrates : A variety of substrates are used for the preparation of paddy
straw mushroom spawn. They are grains like sorghum, wheszt, rye, rice, straw
cuttings, cotton waste, used tea leaves etc.

A. Cereal grains : Cereal grains like sorghum, wheat, rye etc are boiled for
20-30 minutes to increase the moisture content of the grains to 40-50%. The
grains are dried for few hours, They are mixed with 2% calcium sulphate and
0.5% calcium carbonate on the dry weight basis of the grains to adjust the pH
of the substrate to 7.5 and to keep the grains dry and separated.
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~ B. Paddy straw substrate : The paddy straw 1s cut into 2.5 te 5 em long hits,
_soaked in water for 2-4 hours. The excess water 1s dramed out and mixed with -
1% calcium’ carbonate and 1 to 2% rice bran. 5 '

€. Used tea feaves : Used tea leaves are collected and washed thoroughly

with water to remove debris and drained. They are mixed w1th 2% calcinm
carbonate, :

‘D, Cofton waste subsirate : Card waste grade of cotton waste from textile

industry is soaked in water for few hours and dramed Further, 2% calczum
carhonate is added. o

- Any of the above spawn substrates are filled in bottles or polypropylene bags

(300 g per bottle or bag) and plugged with non- absorbant cotton. In case of bags

polyprepylene rings are used to provide mouth for bags and plugged with cotton.
They are then sterilized in an autoclave at 221b. p.si pressure (126 59C) for about’
2 hours. . .

The substi‘at‘e 'contain_ers hﬂer sterilizing are cooled-_' to room temperature and
inoculated with paddy straw mushroom mycelium growing on culture medium in
the test tubes under sterile conditions, Thesg bottles or bags: are incubated at
30 - 35°C for about three weeks. Such ul re is called "master culture or
master spawn’. From these bottles sp ms MBculated into other bottles or bags
to form cemmercial spawn which can ed directly by the grower, Spawn of
12-20 days old is most ideal for cultivatiig the paddy straw mushroom.

Check Your ?rogress

-4 Menho’; various method rmsmg startlng cultures ?

What 182 m.ibter s

Note : (2) Write your answers in the space g1ven below.
t2)) Compare your answers w1th those given at the end of the umt
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12.5.2. Pmduction of Mushrooms

Though a variety of waste materials like padd& stréw, cotton waste, oil palm

| bunch, water hyacinth, banana leaves, saw dust and sugarcane bagasse are used

far eultivation. The most widely used are paddy straw and cotton waste. Common
methods for growing paddy straw mushroom are (a) outdsor cultivation (b) cage
culture (c) cotton waste compost method and (d) polybag technique.

A. Gutdoor cultivation by using paddy straw : Clean fresh dried paddy straw _
is takeu 3nd 32 bundles (800 g -1 kg each) are made by tieing each of t mem at one _



excess water the hundles are dipped in boiling water for about half-an hour. The
straw bundles are spread on slope to drain off excess water. The beds are to be
laid on raised (75-90cm) wooden or concrete platforms, Four bundles are to be

kept length wise with butts on one end and loose ends on the other. Another four
bundles are placed in line with first four bundles, but with butts on the otherside. .

This forms the first layer and consists of eight bundles. This layer is spawned at

ehout 3-4 inckes away from the edges. Another eight bundles of paddy straw are |

placed over the first layer in the same manner as the first layer and spawned.
Thus third and fourth layers of straw and spawn are to be placed one after the
other. The whole bed is pressed lightly and covered with a polythene sheet and
supported by a bamboo frame work. The polythene sheet helps to increase both

the temperature and humidity. Such beds are usually made in east-west direction

under the shade created by trees or creepers. After four days the sheet is removed
and slight watering is required on 6th day. However, when mushroom pinheads
appear spraying of water is not necessary. '

B. Cage calture of paddy straw mushroom (mdoor cultivation} : In this

‘method paddy straw bundles are arranged in wooden cages (1m x 50 cm x 25 cm),
R N Verma et al (NCMKT, Solan} followed this method of cultivation and were
successful. Fresh, dry paddy straw should beselem%‘

long and 10cm thick) of paddy straw are made for cage. The bundles are
sosked in hoiling water for 20-30 min and oling, excess water is drained
-out. The zage and polythene sheet are disinfdeted with 4% formalin. Ten straw
bundles are arranged as the hottom la d spawn is spread over the straw

of bundles and spawn are arrange

md 60 bundles (each 25cm -

er the other to fill the cage. The beds-

bundles. Again second layer of ten lee d spawn are placed. Thus six layers .

beds are then covered with p ne sheet and tied with a twine. The spawned

are sprayed with the solu.tio@o % malathion and 0.2% Dithane Z-78. The
“cages are kept in a room or a shég for the mycelial growth. During this peried, a

warm temperature sround 30°C gives better growth of the mycelmm Pinheads

start appearing after 10-15 days of spawning.

C Cotlon waste composting method ;: The method is widely used in Hongkong
for commaercial production of mushrooms, The yields are 25-40% higher in cotton
waste compost thar in paddy straw.

The compsst is prepared by using cotton waste obtained from textile industry,
- rice or wheat bran{4%) and lime stome (1 to 3%) to adjust pH. The mixture is
sprayed with water and a stack of 1.0-1.5m height is made. The stack is left for
2-4 days for fermentation to take place, One turning is to be given in between
this period. The compost is filled in special beds made of iron frame lined

with polythene sheets (4mm) and steam is sent through the compost raising the
 temperature to 85°C for 2-4 hours. Then fresh air is let in and cooled to room
temperature, The spawn is mixed W1th the compost and are incubated at 32-349C,
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D. Polybag method : Finely chopped paddy straw and small pieces of waste
paper bits (1:1) are soaked separately in water containing formalin and bavistin
(125 ml of 35-40% formalin and 7 g bavistin in 100 litres of water for 16-18 hours),
The soaked straw bits and paper pieces are spread on a clean cemented fleor or
wire mesh for half an hour. They are then mixed throughly with spawn and filled
in polypropylene bags of convenient size. Few holes are made in bags. The bags
are tied with thread and incubated. After ten days the bags are eut open and
incubated for mushrooms to appear. Regular spraying of water is necessary.
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Check Your Progress - 6
What are the common meth% ing paddy straw mushroom ?

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

12.6. HARVESTING, PRESERVATION AND
MARKETING

Harvesting : In about 10 days paddy straw mushrooms appear in the beds. They
are usually picked at egg stage only, before the volva breaks and are not allowed
to grow to their maximum size. They should be carefully harvested by slight
twisting at the base without damaging the growing mycelium. During cropping
fresh air, diffused light and 80-80% relative humidity are to be provided. 70-90%
of the expected yield is obtained from the first flush itself which appears in about
10 days after spawning. After 3 to 5 days second flush appears which gives only
" 10-30% of the total crop. In between flushes thorough watering is necessary.
In a peried of 15-20 days paddy straw mushrooms of about 2.4 t0 7.3 kg/m are
“obtained.

127 |

o




Preservation : Fregh paddy straw mushrooms picked at button stage have shelf
Nfe of about -8 hours ab room temperature. The fresh mushroem undergo
autolysis {self digestion) 2t 4°C. They can he stored in perforated polythene hags
for 4 days at a temparature of 10- 159C. The straw mushrooms can e blanched
by immersing then in 16% brine solution and by air drying can be stored upte a
weelk. By sun drving or drying ina mechanical drier at 50-55°C for 5-&‘ hours the
mushroome can he preserved.

Marketing: The straw mushrooms packed in polybags are to be marketed in fresh
form within 8-8 hours of packing. In China, fresh mushrooms are transported by
hoat or rail in wooden cases baving three compartments, Mushreoms packed in
the middis comparizuent and the other two compartments being packed with ice.
They are packed in bamboo baskets and are transported by air frieght in Taiwan
and Thailand. At the centre of the basket an aeration channel is pr’nvi.ded and
dry ice is wrapped in paper and placed on the top of the mushrooms.! '

Check Your Progress ~ 7 a ‘ _
What is the shelf life of fresh paddy straw n@om ? |

‘Note : (2) W\:iﬁé_ the answer in the spaen below. o |
(b} Compare your answer vvi'th tMewefic given at the end of this unit.

PR I I tecemo kAT P e IR E R E X R R I I T i

12.7. s::@MM@N%SEASES AND THEIR
AN AGEMENT

Paddy straw mushroom is attacked by various weed moulds and i:lnsect pests.
Competitor moulds like Coprinus spp., Rhizopus stolonifer, Penicillium spp..
Psathyrella spp., Trichoderma spp., Aspergillus spp. and Sclerotium. spp. Scle-
rotium spp. causes ‘button rot’ disease. Collembola infestation is found in
‘gomme parts of Seuth India. Rhizoctonia solani which reduces the formation of
“sporcphores has been reported on the substrate of paddy straw mushroom. Bahl -
and Choudhary {1981) have reported that Podosora faurelii inhibits th;ie growth of
mushroom mycelium completely and is a serious competitor. Mites (Scheloribates
‘spp) also devesges tke butions of paddy straw mushroom. |

The disesses of paddy straw mushroom are prevented by manipulating en-
vironmental fectors like temperature, humidity and ventilation. Sanitation and
hygiene gives & Jittle chance for the incidence and spread of diseast:. Spraying
with captan and zineb (0.9%) have been reported to reduce the disesses.
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12.8. SUMMARY o

 Paddy straw mushroom (Volvariella sp ) is a tropical mushroem which grows
at a temperature range of 28-35°C and produces mushrooms within 8-10 days
from the day of spawning. The fruit body consists of six stages. They are pin
head, tiny button, button, egg, elongation and mature stages. The fruit body or -
the hasidiocarp at the young stages is covered by means of a membrane called -
“volva". The mushroom grows on many agricultural wastes but gives better yield
on paddy straw and cotton waste compost. The starting cultures are raised either
by tissue culture or spore culture method. However, tissue culture method is
commonly followed by commercial producers. From the starting cultures master
spawn can be grown on various spawn substrates like cereal grains, used tea leaves,
- paddy straw and cotton waste. Commercial spawn is prepared from the master
spawn on any of the spawn: pubstrates mentioned above. There are four common
methods of cultivation. The¥.are outdoor cultivation, cage culture, cotton waste
compost and polybag technique. In about 10-days after spawning mushrooms can
be harvested. The harvested mushrooms are packed W fresh form or dried and
marketed. The fresh mushrooms have a shelf lif\of about 6 to 8 hours. The
paddy straw mushroom is.commonly attackedypgnany competitor moulds and
_ hey hlating environmental factors
or maintaining strict hygiene or sprayingsgith chemicals like zineb (0.2%) and

9. CHECK YOURRROGRESS : MODEL ANSWERS

1. Pinhead, tiny button, button, egg, elongation and mature stages are the various
stages that appear during the de\gelOpment of paddy straw mushroom.

2. A membrane covermg the stipe is cailed volva,

3. The temperature required for mycelial growth is 30- 35°C and for fruit hody
formation on 28- 30°C

4. Tissue culture and spore culture are the two methods used for ralsmg starting
cultures.

5. A culture that is prepared directly from the starting culture Whlch is used for
the preparatmn of eommercml spawn is called master spawn.. '

6. Outdoor cultwatmn, cage culture, cotton waste composting method and polybag
techmque are the common methods of growing paddy straw mushroom

7. The shelf-life of paddy straw mushroom i is 6-8 hours.
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--’-"-12 10. MODEL_EXAMIN‘ATIQ:N QUESTIONS |

L ﬁmswer the i‘o]lowmg questions in about 30 hnes each. _
" Describe bneﬂw, varicus methods of preparatlon of spawn of pbddy---sttaw

mushroom 7 _ _ -
.2 Fxplam in detail t‘le different. methods of productlon of paddy straw mush-
Tl E'OOITIS ? : . . Vg ’ L .

II Answer the follomng questions in about 10 lines ench. S

i '1. Wrnte & note on. growth requlremeuts of paddy straw mushmoms 1

2 Gwe a bnef nete on dmeases of- ’Jadd}f straw mushmems and tﬁiexr manage
- ment. : I : PR [ o |

o . Ms K.Prasunamma
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OBJECTIVES

- - After. going through thls unit you will be able to :

[:]

explain the lmportance of Lentmus edodes, Aurzcularza spp and Calocybe )

indica,

list out the morphologlcal characters and growth reqmrements of the three

mushrooms,

describe the methods of preparatlon of spawn and cultwatlon of the three

. mushrooms,
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# list out the harvesting methods, preservation techniques and mwarkeling
aspects of the three mushrooms and '

¢ describe the symptoms of commmon diseases.

13.2. INTRODUCTION

Shiitake mushroom (Lentinus edodes), Black ear mushroom {Auricuinria spp.)
and Milky white mushroem (Calocybe indica) are three sther edibie mushrooms
‘whose production in India is increasing in recent times,

Lentinus edodes belongs to the family : Tricholomataceas; order: Agaricales;
subclass : Holobasidiomycetidae and class : Basidiomycetes. I is commonly
known as black forest mushroom, shiang-gu (Chinese name) or Shiithke mushroom
(Japanese name). The name Shiitake mushroom has come from the ‘Shit’ tree
(Castanopsis cuspidata) on which it was growing naturally in Japan. It sccupies
third place in the world’s mushroom production after Agaricus bisporus (button
mushroom) and Pleurctus sp (oyster mushroom)., Anzual production of this
mushroom is about 3,983,000 tonnes. It is mostly cultivated in Japan, Feople’s
Republic of China, Taiwan, S Korea and United States of Amelt‘ica. Shiitake
mushroom occupies first place in the e@ndusm‘y in. Japan. It is popular

for its unique taste, flavour and medicin ues, The specific flavour of the

mushroom is due to the presence anidine 5 - monophosphate. Wu shuy,
a Chinese doctor (1368-1644) wrot ut this mushroem that it cures cold,
improves blood circulation andvkces plasma cholesterol level [thus lowering
hypelrtension. !

Auricularic belongs toNhe Yamily : Auriculariaceae; order : Auriculariales;
subclass : Phragmo diomYcetidae and class: Basidiomycetes. | This was the
first cultivated mush® @ around 600 AD. in China. The name Auricularia is
derived from the Greek word "Auricule” meaning ‘ear’. Hence it is called by
different common names such as ‘wood ear’, ‘Jew’s ear’, ‘ear fungus’ ‘tlack ear
mushroom etc’. Though there are nearly 10 species available waorld wide, the
species that are commercially cultivated are A. auricula, A. polytricha and A.
fuscosuccinia. In South East Asian Countries its cultivation now has become an
occupation. About 80% of Taiwan'’s dried produce is being exported te Hongkong,
. ' ~ Japan and U.S.A. Thailand is the major importer of this mushroom for Iocal use,
' Its total annual production is 199.07x100 metric tonnes and uccupieis fifth position
among the cultivated mushrooms (Chang, 1987). The mushroom grows under
natural climates in North Eastern Hills of India. The cultivation of black ear
mushroem in India has begun recently. Though the mushroom does not have any
specific taste, it is popular due to its cartilaginous texture and medicinal value.
It cures anaemia, sore threat and on regular intake also cures celii,am digestive

disorders especially piles.

Calocybe indica belongs to the family; Tricholomataceae; order : Agaricales;
- subclass : Holobasidiemycetidae and class : Basidiomycetes. "It‘ 18 commoenly
called ‘Milky White Mushroom’ due to its attractive white colour. It is a wild
edible fungus growing in the forests of West Bengal, It was first identifiad by -

132




i

Purkayastha and Chandra (1974) in India, The mushroom grows on humus rich
soil in forests. It 1s sold in village and city markets of West Bengal. Attempts to
grow this inushroom artificially were made by many workers and were successful,
Milky white mushroom is catching its attention by many growers due to its taste,
long shelf-life and attractive white fruit bodies. Young pinheads consist of low
- protein (15% on dry wi. basis) while mature fruit bodies consist of high contents
- of protein (17.2% on dry wt. basis). This mushroom consists of 12 aminoacids of
which glycine is in large amounts (10.8 g/100g protein). '

Check Your Progress - 1
| Name a mushroom that reduces plasma cholesterol level ?

Note : (2) Write your answer in the space given below.’ o :
(b) Compare your answer with the one given at the end of this unit.

l-.cco-oo--o-ont.-o-...oa-uoo.a0---oIl....ttl.-I..Qt.a.l.clno...-l.--.n_?‘...

13.3. LENTINUS EDODES

Shiitake mushroom (Lentinus edodes) usually on wood of deciduous trees

-ltke heech, Oak, Chestnut etc. Q
13.3.1. Morphology and Growt equirements

The basidiocarps (fruiting bodieg)are ¥ccentric or centrally stipiate (Fig. 13.1).
Pileus, the upper umbrella-like p Rgrows upto 11 cm in diameter, first convex, _
later on depressed and consisfs of Bgrker scales in the centre. Gills are crowded,
first white in colour later o@gﬁng to brown or grey. Stipe (3-4 x 0.8 - 1.5 cm.
in size) is solid and consists ofgark brown scales at the joints. A colourless ring
called cortina is present on the stipe of young fruit bodies. The fruit bodies are
fleshy when young and tough when mature, Spores are smooth, cylindrical and
non-amyloid. ' ' : : :

Fig.13.1. Lentinus edodes (Shiitake mushroom). A. Fruitbody. B. Spores.
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. _ |
... Shiitake mushroom isa saprophytlc (growmg on dead organic matter), wood
rottmg fungus. It grows on the cambium-of dried logs. The bark of the wood
'prot.ects the growing mycehum and plays a major role in ‘the formation of fruit
bodies.. ’I'he mushroom ma.mly grows on the broad leaved members of the farnily

Fagaceae, that includes many oak species. Wood from other trees are also used -
- for growing. the mushroom. List of trees on whlch the mushroom grows is. gwen
- 4in the following table. (Table - 13. 1) S |
_ Table 13,1, List of trees sultable for wood log met.hod of cultlvatlon of shntake
' mushroom : o L B
S.No.__Scient_iﬁc. nome_- . _-"Comnioli-"hdroe' - Growth rating - Reference | -
-1 Acernigrum '___Black.ins_p_lgl-__'- ©7 Fair " Kuo&Kuo, 1983
2. A plctum ".'Jap'an.ese.‘ g;;ap_re' - Fau‘ - Singer & Harris 1987
8. Alnus serrulata Hazel alder . °  Good San Anﬁnio, 1981
4  Betulalues  ‘Sweethich - Good “ " Kuo & Kuo, 1983
5 B mgra - 'I'.Red birch o Good . '_ : \' Kuo & Kuo 1083
6. -Carpinus laxiflora Horn bean . - -Exc nt- . ..  Singer & Harns 1987
7. - Castanea crenata - Japanese chestnut. lght - Singer & Harris 1987
8. Costanopsis . Shii Oxcellent Singer &'ILIar-r'is 1987
cuspidata . . .. . _
9 N C. s:eboldu _I Shu _ ?\ Excellent '. Smger & H-Iarns 1987
10.  Osytria virginiang Iron g oy '.Ex_cell_ent -~ Kuo & Fup, 1983
11 _.Quercus alba - WhthQ " Excellent o Smger& Harris, 1987
' _12. Quen:us qcutissi_.. e . : Excellent L Smger& I|-1arns, 1987.—
18, Quércus sp. '_ | oak : . .“Excellent. B Smger-& Ha_rrrs, 1087 -
4. Salixnigra - Blackwilow Bxcellent  San Antonia, 1981 -
_ _ —
* Source S.R. Sharma, Caultivation of spec:a]rty mushroom, NCMRT Solan

|
Artlﬁclally this mushroom grows on vanous substrates mixed with sawdust

_andbran co R - |

Optrmum temperature for mycehal growt;h rs 24 28°C and for fruit hody for-

mation is 12-20°C. The relative humidity should be between 85 and 90%. Medium

" light intensity (500- 600 Tux) stimulates to form fruit bodies more raprdly whﬂe low
- light intensity (120-200 lux) lengthens the ciltivation period. pH range should -

~ be 5. 5-6. Chemical substances like tannic acid (500- 1000ppm) and | Caffeine

(50 100ppm) have been reported to stlmulate the frult. body formatron ) :

Check Your Progress -2 o S :
What are the optlmum physrcal factors requlred for shn’r,ake mushroom ?
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Note : (a) Write your answer in the space glven below

(b) Compare your answer W1th the one given at the end of this- umt

I..l!.l.c..c....-.I..ll...'l!‘.0‘..CO'.-..‘.....I.I.....'.l... ...............
L N N Y I T s

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

13.3.2. Preparation of Spawn

The spawn culture (master culture) of shiitake mushroom is a dikaryotic

mycelium. This may be obtained by tissue cultue method from a dlkaryotlc :

mycelium (secondary mycelium) or by spore culture method.

The stock cultures are grown on any suitable media like malt extract agar or
potato dextrose agar, whose composition is given below :

Malt Extract Agar Potato Dextrose Agar

" Malt extract - - 25 g.  Potatoes (Peeled & diced) - 250 g
Agar-Agar powder - 20 g. Dextose - - 20 g.
Distilled water - 1000 ml. Agar-Agar powder _ - 20 g

: ' ' Distilled water - 1000 ml.

The medium is filled in test tubes (10ml ) plugged, and sterilised in an -

~ autoclave at 121°C (15 ]b. sq. inch pressure) min. The tubes are made into
slants by keeping them in slanted positipm, The tubes are ready for inoculation
when the medium is cooled. : Q . ' '

Tissue culture method : As in th% se of other mushrooms a mature fruit body
should be chosen for the p e fruit body is cleaned with cotton swab
and dipped in 0.1% mercuric ide solution for 30 seconds. The fruit body is
further thoroughly washed in sterile distilled water for 4-5 times serially. The
fruit body is cut lengthwise. From the point of junction of pileus and stipe small
bits of tissue (2x2mm.) is taken and placed in the tubes containing medium. The
test tubes are incubated at 25°C. After 4-5 days the mycelium is seen growing out
of the tissue, This method is the qulck and widely followed one for commercial
spawn productlon :

Spore culture : The speres are collected from the fruit bodies by taking spore -

prints. These spores are inoculated on petriplates. When they germinate the com-
patible monokaryotic (having uninucleate cells) mycelia are grown in a petriplate
from which after mating dikaryotic mycelium is obtained. This methed is lengthy,
involves high technical skill and usually not carried out by a commercial grower.

The stock cultures thus obtained are inoculated on the spawn substrates to
get master spawn and also ordinary spawn. There are mainly two types of spawn

substrates used in case of shiitake mushroom They are (1) saw dust and (u) wood

plugs.
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(i) Baw dust snbstrate @ Saw dusé substrate is prepared by using any of the
following ditfferent combinalicns, ' :

(i) Saw dust - T8% if) Saw dust - 400g.
Sucrose - 1% - rice bran - 100g,
Wheat bran - 20% Surcose - 15g.
Calchuin carbonste -1% ' Potassium nitrate - 2g. .
Water - 858% ' Calciwm carbonate - 3g.

- Water - 1900 ml.
1) Saw dust 85% '
Used tea leaves - 20%
Wheat bran - 18%
Water - 80%

Sawdust is thoroughly mixed with water and other mgrpdleus and filled in
emply giucoss bct?‘ns or polvpropviene bags. A ha:e mr inoculation is made in - -
the centre of the substrate with the help of 3 glass rod. The bottles or bags are
plogged with none absorbant cotton and covered wit h alummmm foil. They are
autoclaved at 28 1b. p.si. for 2 hours. Afier cooling, the bottles are inccenlated
with the mycelium (10-15 days old culture) andincubated at 259C for 25-30 days.

{il) Wood plug substrate : Small, wedge sh¥fed or cylindrical pieces of wood
are taken in the hotiles or polypropyi ags and are aulociaved at 20 1b p.sl.
for 2 houvs. The myeelhium i inocylatedWf these wood pileces. After incubation,

the mycelium grows on the wood s which wall he used as spawn in future.

13.3.3. Cultivation Wethods

% tinus edodes) is usually cultivated | by two methods.
GERTY pnlvua;, mwethod or Tarwan method.

Shiitake mushroon
They are (i) Ing method

{ '3} Log meihod : Logs of %180t dizmeter from 15-20 years old trees (listed
1 Table 13,1} are chosen. Autumn o gnvin'g is the most suitable period for
f’vti.ing the tree fov log roaking. Daring this time the logs contain high amounts
of carbohvdrates and other crganic suhstances, The bark is intact and tightly
attached with the wood. They contain optimum moisture content (45-55%) at
this time. The logs after cutting are left for 25-45 days as such due to which
the moisture content come down to 4G-45%. With the help of drilling machine:
smali holes of Ixlom and 1.5-20m. deep are made on the logs. The holes should
be alternate in position and are ai a distance of 20-30 em (ong axis) and Scm.
between eachi row. Saw dust spawn or wood plug spawn is inserted into these
holes and the holes are sealed with cellophane tape or paraffin wax. The logs are
kept in open place in piles. r’"ﬂev are covered with gunny bags to prevent loss of
moisture, . -

The mycelial growth is completed between 8-1% months, For fruit body forma-
Lion, sudden drop in femperatur& encugh light ar'd high humldlty are-required.
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sealed or tied with a twine or may be fitted with an iron ring and }'plugged with
non-absorbant cotton. Two holes of 15mm diameter and 20mm deep|are punched "

on opposite sides with the help of an.auger. The holes are covered with square
(33mm) adhesive medical tape. The time period between mixing the substrate

and sterilization should not be more than six hours. Otherwise, the substrate - -

undergoes fermentation. The bags can be sterilized in an autoclave at 12 1°C for 1
hour or on a brick and cement lined-tower at 90-959C for 5-7 hours. er cooling,
the tapes are removed in a sterile area and the spawn should be pressed into the
holes. The tapes are put back and the hags aré incupated in the grfwing rooms.
Spawn of about 750g. cen be vsed to inoculate 25-30 bags. Mycelial growth in
the bag takes place in about 18-100 days. During spawn run meny changes occur
in the substrate at different periods. (1) In about 2-4 weeks after inoculation
thick mycelial coat forms en the substrate. (i) Later on, clumps of mycelia called”
mycelial bumps are formed on the surface of many strains. Bumps are formed
due to high COg and fluctuating temperature. Hence proper aeration should be

- provided at this stage. (iii), Brown pigmentation is seen on the subsirate. (iv)

The mycelial coat turns hard and brown. At this stage the bags|are removed |

partially (half or one third). The moisture content at this stage is about 80%.
(v) Fruiting occurs. Factors like high humidity, temperature, soaking, less COq,
physical shocks are to be induced to give belpr yield. ‘During incubation the
substrate does not require watering. - i

Msubstrate is mainly saw dust and other
e bagasse etc. The pred}lction period

The polybag method is easy becausg
agricultural wastes like corn cobs, sugined

© . ig less. ‘But the quality of mus%s oh sy_nt'i'..etic log (Polybr~ substrate) is

~ poorer than natural logs. : . !
| - Check Your Progres -3‘2 ' , ' _ . |

Name the easiest m@nmei’cially followed r—sthed {or aultiv;zting shiitake

mushroom ? _ . y

| - Note : (a) Write your answer in the space given bhelow. - - |

“each log is 15-30% of the wet weight of the subsirate. '

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

....... _0000.o-ouesou0-Qat-.-l-e-oew(-cuo-oe'oos.0c..oQa!on--‘en..nlov.c..-..c.l

13.3.4. Harvesting, Preservation and Marketing '

Shiitake mushrooms shoﬁld be harvested at sn early stage. The yield from

Shiitake - mushrooms are consumed in fresh or dried forin, by canning or

* pickling in vinegar. They can he either sun dried orin a mechanical drier. When'

they are to be sundried, they should.be exposed to sunlight for 2 to 4 days. In a
mechanical drier, the drying should begin at 35°C for 5 hours during summer and

30°C for 7 hours during rainy season. Later on, the temperature can be raised to
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40 to 60°C for 12 to 18 hours. The moisture content of the mushropm should be




10 to 13%. When the moisture content reaches to 20% the mushrooms are affected
by moulds and insects. Hence they should be sealed in air tlght containers and
stored at 2 to 5°C for long storage '

Marﬁetmg of these mushrooms can be either in fresh form or dried. The dried
mushrooms are also marketed in powdered form.

Check Your Progress - 4

Mentirm the moisture content in a dried shiitake mushroom.

Note ; (a) Write your answer in the space given helow.
(h) Compare your answer with the one given at the end of this unit.

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

13.3.5. Common Diseases and Their Management

Trichoderma viride has been recorded from 15-25% in the supplemented bags
and 5-10% in unsupplemented bags during shiitake mushroom cultivation (Thakur
and Sharma, 1992). Bénomyl (Benlate 50 wp) at the ¢240g/200 litres/ 100m2
should be sprayed during first watering to 2 mmcidence of the above
fungus. Two bacteria were reported from Japag shiitake mushroom. They are

Pseudomonas fluorescence causing immatiyge browfiing (Komatsu and Croto, 1974)
and RLO (Rickettsia Like Organisms) cau;%]formation. The conditions.of the
cropping room should be maintained erly. Chlorine water at the concentration
of 150ppm may be sprayed at every%ﬂng. ' ' : -

In countries like Japan, Ch d U.S.A. viral diseases on this mushroom
have been reported (Ushiyama & Nakai, 1975). “They are either spherical, stiff
 or flexuous rods (20nm-1500nm.). The symptoms induced by the viruses are
unspecific and not easily noticeable in the early stages. There may be early
maturation of fruit bodies with elongated and slightly bent stipes. Strlct hygiene
should be maintained to prevent viral diseases.

Check Your Progress - 5

Name the common bacterial diseases that occur on shiitake mushroom 7

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




18.4. AURICULARIA 5pp-

|
Black ear mushroom { Auricularia spp.) grows on decaying wniori trunksa in
foresis (Fig.13.%2.).

13.4.1. Morphaiosgy and Grﬁwth Reqmrements

"

The fruiting bodies are leathery, waxy and are purplish brown te blsck in coin
They are first cup shaped which later on, expand. The opfimum ten&puratu
mwycelial run is hotween 20°C te 34°C while for fruit body formation i |1s 12 to 30609C
and the relative hunudity is aronnd 85%.

13
» for

Fig. 18.2. Auriculuric polyiricha (Black ear mushroom) A. Basidicarps. B. Spores.

Check Your ??ogre% -8 o |

muah; aom 7 |

Note : {a} Write your snswer in the space given below.
() Compare your answer with the one given at the end of this uail.
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The starting culbures of black ear mushroom ( Auricularia polyiviche ) are
prepared in the same way as in shiiteke mushroom, Spawn is prepared on the

13.4.2. Preparation of Spawn

146




substrate consists mz of saw dust (100g), rice bran (25g), Potassium nitrate (5g)
Calvinm sarbotiate {7g) and sufficient water to make the inedium wet, The
Si’ﬁﬁf“‘dfﬁ‘ i fillad in the ghicose hottles or polypropylene bags and sterilised in
an autaciave ab 20 Ih nsd, for 2 hours. Afier coeoling it is moculated with pure
culture and wmevhated Pfr 25-28°C for 3 weeks,

13,4 m‘ﬁ icultivation N.Eei;hods

Black car mushroom is culiivated by twe methods. They are log mebhod and
polvbag methad.

(i} Log methmﬁ Logs of trees like Acacia confuse, Bombax ceiba, cmus retusa,
Pongamia piangie, Gardenia jasminoides are commonly used. The trees selected
ul‘ Tc:uf preparation ave to be filled before sautumn when the nuirients are more.
tiogs (Im. length and 5-15cm. diam.) are placed in shade. Many simall
holes {1 to 15 cm io depth and lom. in diam.) are made with an auger and the
hales ave filled with saw dust spawn. The holes are covered with wax and the
logs ave kepl in slanted pesition under the shade, They are covered with plastic
siweats, The logs are turned upside down once in 30 days. The period of spawn _
run var u—:a ‘1'1 om one (o many months depending on the type of wood used. After
the mycelial growth the logs are shifted to cropping sheds made of bamboo or
straw on opeit shady places. The logs are placed ala d¥%ance of about 10cm, The-
frult bodies ave formed within 7-10 days after the tion of primerdia.

i1} Polybag method : The substrate used i i _
and Little ealcinm carbonate to adjust pil, Wheat straw supplemented with rice

bhran (4%} was found to ephance mycelial as well as yield at NCMRT, Solan.
The b‘!b‘?!_? ate is filled in polypropy hage (15-20cm length and 10-20cm. diam)
anxt sterilized at 100°C for one an n hour. After cooling, the bags are then

ated®at 25-28°C in small huts made with siraw
and bambos. When the mycel owth iz complete hoth ends of the bag are cut
open and are arranged on bamb¥ frames. Once or twice a day watering should

‘be done. Few hours of aeration and light are required at this stage. Each bag
vields shout 306-h00g,

fnogulated with spawn and in

The mushromn yields were good when grown on cotten hull (6-8 kg dvy
mushrsoms per 100 kg Cotton seed hulls) (Yin and Nieu, 1988},

13,44, ;iarvegtmg, Preservation and Pvlarketmg

e mushrooms have thick edges when young and slowly thins out towards
the margins. The mushreoms are usually harvested at this stage either by slight
twisting or cubting with a knife.

musnrocm stays for 7-10 days on the substrate after maturity. It is less
pm‘isimbie. The fruit badies can be sundried or in a mechanical drier and storod
Thev are marketed both in fresh and dried form.

H

3.4.5. Uemmon Diseases and their Management

Auricilaria polyiricha (Goltapeh et.al, 1999) shows white fluffy growth boih
on thve substrate and fruit bodies resulting in higher vield loss. This is due to




Cladobotryum verticillatum. Carbendazim (50ppm) spray is effective for control-
ling the disease. Apart from this, other competitors like Trichoderma, Aspergillus
and. Fusariim were also reported during the cultivation of black ear mushroom
(Sharma and Thakur unpublished). ' '

. Check Your Progress - 7 '

Name the fungicide used against _Cladbﬁot_ryum vertictllatuimn on Auricul’aria_?_
Note : (a) Write your answer in the space given below. o
{(b) Compare your answer with the one given at the end of this unit,

...........

13.5. CALOCYBE INDICA |

* Calocybe indica commonly known as milky white mushroom is grown on paddy
straw supplemented with wheat bran or maize meal. . '

13.5.1. Morphology and Growth equirements

'The basidiocarps are solif:a.ry, the stipe is 8gntral, white or pale colqﬁred, fleshy
in nature (Fig. 13.3.), spores are hyalima ellipsoidal and nonamyloid.

The temperature required is 25-309 relative humidity 90- 95%.

Fig.13.3. Calocybe indica (Mﬂky white mushreom). A, Basidiocarp. B. Spores.
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13.5.2. Preparation of Spawn.

The pure cultures can be obtained in the same manner as in the case of shiitake
mushroom and others. The spawn is prepared on cereal grains mostly wheat or
Jowar grains. The grain hottles or polypropylene bags are sterilised at 20 Ib. p.s.i.
for 2 hours and after cooling inoculated with the pure culture. The inoculated
bottles are incubated under light (6-7 hr/day) under a fluorescent lamp which is
kept 30cm away for 3-4 weeks,

13.5.3. Cultlvatlon Methods

Mllky white mushroom is cultivated on paddy straw supplemented with maize :
meal or wheat bran (5% wet wt. of the straw). Paddy straw bits (1lem long) are ' |
soaked in water for 18-24 hours. Then they are immersed in boiling water for 2-3. : ?
hours. Maize meal or wheat bran is mixed with the treated straw. The substrate o |
is mixed with spawn and filled in polybags or in small trays. 250g. of spawn '
is required for each tray of 2sq.ft. These trays are covered with sterile news
papers (disinfected or autoclaved) for 2-3 days. On fourthday, the newspapers
‘are removed and casing soil is applied over the growing mycelium. Casing soil is
prepared by mixing dried loam soil or garden soil and sand (1:1) and 12% calcium
‘carbonate of soil and sand mixture. Watering should Bg done periodically to keep
the substrate wet. Pinheads develop in 3 weeks a@ing and attain maturity
-in another 5-6 days. Thus the mushrooms appeag within 3-4 weeks after casmg |
About 150-200g of fresh mushrooms are obta @ rom lkg. of straw. '

Check Your Progress - 8 _ _
Give the composition of éasing soi%ﬂ)r milky white mushroom ?

Note : (a) Write your answerd e space given below
(b) Compare your answégynth the one given at the end of th1s unit.

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

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

13.5.4. Harvesting, Preserv'ation'and Marketing

The mushrooms are harvested by shght twisting at the base.  They can be
preserved in fresh form for 3-4 days at room temperature and 1week in refrlgerator
The mushroom has very-less marketmg problems due to its attractive colour and
long shelf-life.

13.5.5. Common Diseases and their Management

~ Various competitor moulds like Rhizopus, Mucor, Aspergillus, Coprinus, Sele-
rotium,; Trichoderma and Fusarium (Doshi et.al., 1991) have been reported from
‘the substrate. Sharma and Thakur observed high incidence of Cladobotryum
and Oedocephalum sp. in the casing mixture. Spraymg with Benomyl (240g/200
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litres/ ;{}Omi "} md 5&&’15”& (240g/ 206 liters / 100m?) reduces the incidence of clis-
ease, :

' Check Your Progress - 9 o

| N.ame. three comimon competitor moulds that occur on milky white

mushi‘aﬁxb ?

Note : {a) Write your answer in the space given helow.
(b} Compare your answer with the one given at the end of this unit.

L I I I I e R A AL I N N NN CRCICICIE I R
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15.4. SUMMARY

Cultivation of Lentinus edodes {(Shiitake mushroom), Auricularia spp (Black
sar mushroom) and Calocybe indica (milky white mushvroom) has been increasing
i receni deys dus to their importance in kumdp nutrition and medicine,

© Bhiitake mushmom congsists of a Mance that reduces plasma cholesterol
level. Optimum temperature for mydglipl growth is 24- 28°C and 12-20°C for
~ fruit body formation, Relative hu?ﬁ" by is 85-90%. Spawn is prepared on sawdust
~ substrate and wood p_lug'su fratd The cultivation of this mushroom. is-being
carried out by two methoflgy method and poly bag methed. Yield of this
mushroor is 15-13% of" e W weight of the substrate. Moulds like Trichoderma

viridae, bacteria like omonas fluorescence and RLO and spherical, stiff or
flexuous viruses affect iMis mushreoin. Strict hyglene should he maintained in
the growing area of the mubhroom

Black ear mushroom was the first cultivated mushroom in the world around
600 A.D. in China. Conpumption of this mushroom cures anaemia; sore throat

and other digestive disorders especially piles. The fungus requires 20-34°C for -

mycelial growth and 12- 30°C for fruithody formation, Relative humidity is 85%.

- Saw dust substrate is used for s BpAWn prepamtmn This has been cultivated by
log method and polybag technique. It is a less perishable mushroom. Moulds like
Cladobotryum verticiliatum, Trichoderma, Aspergilius aud Fusarium have been
reported on the substrate of this mushl ooln.

Milky white mughroom eonsists of white fleshy atiractive fruit bodies. Among
the 12 amino acids that occur in this mushroom glycine is predorninant.
(16.8¢/ 10{}g *)rotem) The fungus requires 25- 35%C temperature and 906-95% .
relative humidity for its growth. The spawn is preparsd on any cereal grains
but mostly wheat or Jowar grains are used. It is cultivated on paddy straw
pieces supplemented with maize meal or wheat bran. Casing seil is reguired for
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fruit body formation. The mushrooms appear in 3-4 weeks after casing. “This

mushroom has long shelf-life (3-4 days) at room temperature, Competitor moulds - .

like Mucor, Aspergillus, Coprinus, Sclerotium, Rhizopus, Trichoderma, Fusdriz_cm, _
Cladobotryum have been observed on the substrates of the mushroom. Spraying -
- with Benomy! and -Bavistix_l reduces the incidence of disease.

13.7. CHECK YOUR PROGRESS : MODEL ANSWERS

- 1. Lentin;ts edodé_as (Shiitake mushroom) reduces plasnia cholesteml level.

2. The optimum témpei'_'ature required for mycelial gi*m;#th is 24-28°C and for
fruit body formation is 12-20°C and a relative humidity of 85-80%.

3. Polybag method is the easiest and commercially followed method for shiitake
mushroom. o _ :

4. 10-13% should be the moisture cmitent of a dried Shiitake mushroom,

5. Immature browning and malformation are thecommon bacterial diseases -

of shiitake mushroom.
6. The optimum temperature reqﬁired fo . ear mushroom is 20-34°C for
: - mycelial growth and 12-30°C for fruit b riation and relative humidity
7. Carbendazim (50ppm) is useg/adaing Cladobotryum veriticillatur when it
- infects Auricularia, 5 _ - '
- 8. Dried loam soil or garde and-sand (1:1) and 19% calcium carbonate of

soil-san_d mixture,

9. Cbprin.us, Trichoderma and Aspergillus are the common competitor moulds
that occur in the beds of milky white mushroom.

13.8. MODEL EXAMINATION QUESTIONS

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

L.- Describe in detail the cultivation methods of shiitake mushroom ?'

2. Describe the cultivation techniques of black ear mushroom ? .

3. Give an account of spawn preparation. and cultiva_tioh practice of milky white
mushroom ? -




_IL Answer the followmg questlons in about 10 hntes each

o ]
1. Wrxte a note on the med;mnal uses of Sthtake, black ear and mllky whlt.e _
L .mushrooms .| _

2. 'erte a short note on dlseases of slmtake mushroom and then*
: ma;nagement 7. I .

s ' ' 1 _
3, Give briefly the nnportant dlseases on black ear mushroom and their man-
ageme“t , L . e . -

4. Writea bnef note on competltor moulds of mllky whlt.e mushrol)m and theu'
' management 9 T T L __|._ '

Ms, K. Prasunamma
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UNIT 14 E}E%Tﬁs AND DISEASES
OF EDIBLE MUSHROOMS

Contenis

14.1. Oljectives _
14.2. Introduction
14.3. Digeases
14.3,1, Fungal Diseases
14.3.2. Comnpetitor Moulds
14.3.3. Bacterial DISPaSOS
14.3.4. ‘flral Diseases
- 14.4. Pests
14.4.1. Insect Pests
14.4.2, Nematode Diseases . '
14.4.3. Envirenmental /Abiotic Disorders 0 '
14.5. Summary

14.6. Check Your Progress : Madel Answero '
14.7. Mode! Examination Questions

14.1.  OBJECTIVES Q, E
By the end of thig unit you v&ahle'_ to:

‘o list out the fungal, hacterial, viral diseases of edﬂﬂe mushrooms, -

¢ describe the characteristic symptoms, epidemiology and control of fungal
bacterial and vira! dizeases of mushrooms,

@ describe the competitor mab.lds of edible mushrooms and give tha control
measures,

® list out ths vavious pests that affect mushrooms and suggest their management,

& exilain abiotic disorders of edible mushrosms,

14.2. INTRODUCTION

Mushrooms are also attacked by several pests and diseases. Mushroom growing

is an indoor activity, hen ce the productivity and qualities are affected by many
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biotic and ablotlc fact;ors The common biotic factors include parasmc and antag-

onistic fungl, bacteria, viruses, nematodes and msect pests. The abiotic factors
are temperature, relative humidity, COq concentration and excess of m01sture
Mushrooms are grown on a specially prepared substrate. However if the process
of substrate prepa.ratron is not carried out properly, weed moulds develop which
reduce the yields significantly. The appearance of weed moulds indicate impraper

composting. Hence, they are also known as indicator moulds. Weed moulds com- |

" pete with mushroom mycellum for nutrients and space and are called competitor

moulds. The button mushreoms are often cultwated with out any environmental )

control and insulation in ordmary rooms, abandoned poultry sheds and thatched

" huts. In such cases poor hygienic condltmns and lack of dlsposa} facrlltles help in

the spread of various pests and drseases (Sharma, 1991}.

The mushroom cultivation in India is different from all the mushroom growing
countries of the world with regard to spbstrmﬂi system of cultivation and hence

the occtrrence of diseases is common, The ctléifation of oyster mushroom is now

_ plckmg up very fast in central and so parts of India. The growers are using
- yarious substrates for the cultwat?;l'hey are grown under natural conditions in
elvi

ordinary rooms or sheds wi t ronmental control. Few competitor moulds

are being observed during it ivation which. sometlmes may result in total crop

failures. Paddy stra room is grown in states like Orissa, Tamilnadu, West

Bengal Karnataka and Kerala by Small' fatmers. Now much work is being done

on pests and diseases of this mushroom in our country. Abiotic factors, pests and

' dlSeases are mainly responslble for low productl\rlty of mush1 ooms (Sohi, 1992,

Sharma and Gupta, 1993).

14.3. DISEASES

The diseases to mushroorns'are_mainly caused by fungi, bacteria and viruses. .

14 3.1. Fungal Dlseases

Common fungal diseases of Whlte button (Table 14.1.), oyster (Table- 14.2.) ancl
paddy straw mushrooms, symptoms and control measures are given below.
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.CheckYourProgress 1&2 - _ .-._ }

1. Iast out the 1mportant fungal dlseases of button mushroom | ‘
2. List out the unportant fu,ngal genera causmg diseases to oyster mushroom.

Note : (a) Wn’te your answers in the space gwen below.
(b) Compare your answers mth those given at the end of th1= unit.

..-'-o'--.--o_-.'-..c.----.---o----c-.-...-...--a.-....'- --------------------------

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

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

Fungal Disease’s of Padd:y Straw Mushrooms { Volvariella sp]L)

_ Paddy straw mushrooms are attacked by a number of dlseases/competltor
moulds like Mycogone perniciosaq, Scopulariopsis fimicola and Verncéllzum sp. in -
other countries. In India, large number of competltor moulds nameky Coprmus

. Psathyrella, Pemcrlhum Aspergdlus hazopus and Sclerotmm appea#mthe beds.

Bahl and Chowdary (1981) reported tha@spom faureliu is a competitor
~of Volvariella sp and it inhibits the growth he mushroom. B avani Devi
and Nair (1986) recorded hazoctonm i on the substrate whlch‘reduces the
'sporophore formatlon and causes % whtion of- frultmg prnnordla

- For controlling these fu with Captan or Zmeb @ 0. 2‘/% suppresses
“the growth of the wee competltor moulds without affectmg the crop of
paddy straw. mushroo '

14. 3.2, Competri:or Moulds SR ‘

Competitor moulds are moulds which adversely aﬂ'ect the growth f the mush-
room mycelium during the spawn run (colonization) of:the substrate (compost:
_and/or casing soil) through competition for 09, nutrients, water or space. Al-- "
though parasitic moulds can alse exhibit this competitive behaviour, they are
different from competitive category of moulds in that they damage the mycehum |
or the fruit bodies of the mushrooms mthout necessarily being lethal,

- Competiti_ve moulds are 'also described as weed moulds 1_:o_ 1nc_l1c ‘ te that they
are undesirable and-can spread quickly on a massive scale, or they j.re known as
indicator moulds The main competltor meoulds along w1th their symptoms and

~ control measures are brleﬂy glven in Table 14. 3 o ‘
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{heck Your Progress - 3
Wiai

‘nat are the commonly occurring cumpetltor moulds ?

Mate : (a) Write your answer in the space given below.
{b) Compare your answer w1th t.he obe glven at the end of this it

14.3.3. Bacterial Diseases

A large number of bacterial diseases have been rcported on f!l'FfPl ent mush-
roorns, There are various diseases that are 111duced by bactetia in mushrooms
vhich are as follows. '

1. Bacterial blatch or brown blotch |

2. (anger bloich.

Mununy disease S O
4. Pitl disease ' ?\ '
5. Drippy gill _

1. Bacterial blotch: (Pseud%s laasii). Th? most charact er}stxc SYMIBLOIMm

[

of the disease is the occurrenc ark brown areas of blotches on the soiface
of rhc cap. Several affected mushrooms may be distorted and the caps may split

where the blotch svmptoms oceur. The stalk may also he affectad.

Disease development : On many forms the pathogen appears to be endemic,
prohably su wviving between crops on surface, in dpbns, on tools and on varieus -
structures. The bacteria can be dispersed on debris, on mushroom spores, 1n
water droplets by flies and the handq of plckers In addition, once the disease
has become established in a crop watering will disperse the bacteria very rapidly.

‘nfection depends on the high population of the bacterium. The endargement of

ihe spots on the cap surface is dependent upon environmental conditions sl i
favoured by temperatures of atleast ZODC together w1t11 the presence of water.

Control: None of the commercial strains is resmtant te the disease, so following

points shouid be taken in to account.




1. Avoid surface condensat.lon on developing mushroom. e

2. | Stare all casmg mat,enals ‘before and after mlxmg in an area free from con-

taxmnatlou

3. Adjust the condmons w1t;h1n the cropping house so- that whenever possible,

evaporatlon shall be taking place from the surface of the developmg mushrooms -

4, When the disease’ is estabhshed remove all aﬂ'ected mushrooms and apply
measures to prevent the pat.hogeu spreadmg by plckers hand and or by watering.

5. Add ch]orme to the spraying water to give a concentratlon of 150 ppm at’ every

watermg

6. Stert the appucetion of cthrinated water before symutoms develop.

7. Blologxcal control can be possible with the use of antagomsts

.2, Gmger blotch This chsease, caused by Pseudomonas gmger whlch is closely -

related to the organism which’causes b 1 (brown) blotch (Pseudomonas N
tolaasii) has only recently _been des

d. e ginger colour of the blotches,-
which do not change with age, distin} ‘s this disease from brown blotch. As

far as is known the ecology of t

—

the casing materials are prphably{the most important __prlmary__s_our.ce _Control
measurés’a’re identicsl 'to ""comimnded.for bacterial'b"lo.tcl'i; ' '

3. Mummy disease y disease is commeon although it seldom causes -

- large crop losses. There is considerable doubt about the. cause of this disease.

A bactenum, Pseudomonas possxbly related to. Pseudomonas tolaasu may be__

responmble

_ Symptoms : -The symptoms of the dJseases overlap vnth those attributed to virus

diseases. The most characteristic feature of the disease is its fast rate of spread

'whlc-h is quoted as being 10-25:cm bed length pe__r_..day. Aﬁected ‘mushrooms

die and become very dry with the internal tissue discoloured. often with brown
streaks. When cut 'acrosfs, ‘the affected stipes sometimes show small pin head -
sized dark brown spots. The: cap may sometimes be dlstorted and is commonly
tilted. At the base of the stalk the mycehum is very stringy and there is often

" a basal swelling together w1th a growth of ﬂuﬂ‘y wiute myecelinm, - However.

another feature of mummy, dlsease affected crops is the almost complete failure
of subsequent ﬂushes In thls respect mummy dlsease is very similar to severe
virus attack. ' B
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Disease developmen!;': The only way in whiéh the disease ‘has .b.een- produced
consistently is by placing compost or casing from an affected bed into clean compost
“at the t1me of spawn runmng, there is no e\ndence of spread in any other way,

Control 1. Mark affected boxes or areas of beds by digging 20 cm wide channel
and treat them with 0.5% formalin, 2. Cook out at the end of cropping. 3. Follow
strict hyglemc measures. 4. Examme peak-heat to make sure that some compost.
s not becoming excesswely wet.

4. Pit disease : Although thls disease is fau'ly common, : 1t rarely causes large

crop losses. The cause of pit has not been established although it is thought to

result from attack by 4 bacterial pathogen Tites and nematodes have also been
imphcated.

Some dark (often black) and slimy pil;,s' appear on the cap surface of an otherwise -
heaithy mushroom. There is no particular distribution pattern for the pits and
their number varied from one to ten or more per mushroom. Generally, pit does.

not appear until fairly later in the crop and most frequehtly is seen in the third-
or later flushes. Same control measures as rec nded for bacterial blotch may

reduce the incidence and spread of the diseas

Control: Check peak-heat temperatymes e sure that these are high enough

to kill pests such as mites or nemathdes.

Check hygiene during C’I‘Op]@id also the cleanliness of areas used for.storing

and mmng casing ingredients.

If the problem persxsts apply a chlonne preparatlon at 150 ppm from the ﬁrst
watering after casing,

‘5. Drippy gill : This disease is caused by the bacterium, Pseudomonas agarici
and is of sporadic occurrence, although some farms have a persistent problem. -

Symptoms : Affected gills are often underdeveloped, showing small brown de-

caying areas with creamy-white bacterial ooze.on them; hence the name, drippy
gill. Little is known about the conditions which favour this disease. However, it

is likely that flies, plckers and water splash spread the orgamam within the crop.
Because the gills are affected before the viel breaks. More likely the bacteria are

systemic within the mushroom. Little is know about the disease and there are no.
specific control measures. Those recommended for bactemal blotch are usually
employed.




Several bacterial diseases have been reported ¢n oyster mushrooms caused by
Pseudomonas tolaasii, P. agarici, P. fluorescens and other Pseudomonas spp.
Bacterial diseases of oyster mushroom reported fror India are as follows.
1. Bacterial rot : The disease has been reported from west bengal inducing
water soak areas and yellow brown discolouration of young spores. ‘Retting. of

grown up fruit bodies starts from the '_c_'éntre towards periphery. The gills on the
lower surface turn yeliow and. caps get wrinkled and rolled upwards and inwards.

2. Brown spot :IPseudomohas s'tdtzeri has béen reported responsible for the
disease. The bacteritim is & common soil saprophyte, that induce brown spots
in the substrate in 27- 37% bags causing a reduction in the yield of P. sajor-caju
from 27-61%. S*reptomvcm dip beyond 100 ppm and forma]m dlp beyond 25 upm
controlled the bacterium. - '

3. Yellow blotch _(Pseudomonas”.t.lgar‘ici: ) : 'The disease appears as yellow
hazel-brown or orange coloured blotch on p_il:;us.' The infected fruit bodies rot

and emit foul smell under high temperatu d humid conditions: The slimy’

appearance on infected fruit bodies is @ haracteristic symptom of the disease.
Oxytetracyclins, streptocycline and soiwfn hypochlorite (400 ppm each) have
been reported effective for the _.tl\%gkment of the disease both under in vitro
and mushroom house con_ S - o |

- Check Your Progr ' '
List out the i.mpoftant bacterial diséasés of muéhrooms ?

: Note (a) Write the answer in the space gwen below.

) Compare your answer w1th the one glven at the end of this tinit.

..............................................................................
BT T T T T T

'14.3.4. Viral Diseases .
Virus and virus - like particles have been comrimonly observed in Agaric:«':s'
bisporus and few reports"ar'e' available in Pleumtus lspp ‘and Lentinus edodes.

Various mushr(mm viruses (MV) are recognised and t,hese are d1ffprentlated
according to the size and shape of the particles. From the literature it is evident
that the following types of viruses have been reported on mushrooms.
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MV 1 _ - Spherical particles, diameter 25 nr

MV2 - e Spherical particles, diameter 29 nim
MV 3 SN Bacilliform particles, 50 x 19 nm
MV4 : Spherical particles, diameter 35 nm
Mvs Spherical particles, diameter 50 nm

In addition, particles of different shapes and sizes have been described in
other countries, including club shaped particles in France. Mushrooms are often
affected simultaneously with move than one virus, It is not known exaclly Lo what
extent, each virus combination affects mushroom growth and yeild. MV 1 and
MV 2 can cause severe loss and MV 2 has been associated with the die hucik symp-
toms of mushroom mycelinm. MV 4 and MV 1 are now the most « sommen viruses
in UK. Significant yield reduction is often associated thh high concentrations uf
MV 4. The significance of MV 3 and MV 5 is unknown.

Symptoms : The viral infection shows following \ OMis.

1} Distortion of the sporophores, elongatiQ the stalks, tilting of the caps
- and very small caps on normal stal?s ' '

i) Cmp shows a patchy appeat d sometimes associated with death of

the mushroom myceliu

iii} Early maturity (premature opening) of sporophotes or slight discolouration

of mushrocms.

1v) Delayed appearance of pin heads of the first {lush or formation of fruitin g
primordia below the surface of casing laver can bé an important indication

of the disease.
v) Watery, spongy, thickened, barrel shaped stipes.

vi) A specific musty smell in diseased mushroon.

Epidemioiogy : Due to the wide variation in the symptomatology the econemic
impact of viruses on mushrosms is also variable. Various factors like time of
infection, culturai conditions and strain of the spawn used, greatly affect the
yiled. I artificial noculation the exient of lnss varied from 27.5 to 95.6% over

the control.
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Spread : Mushroom viruses can be spread from crop to crop in two basic ways.

number of ways such as :
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. infected mycelium
- infected spores

The spread of virﬁses' through infected spores or mycelium can

b)

o

. eY

£

g

a)
b)

o

d)

ej

N

9

h)

People (dirty clothing, foot wear etc. j.,

Mamgement-of virusproblemyo -
at

corridor with a 2% solution of commerdal formaldehyde.

Air flow (ventilation air or wind),
Phorid and sciarid flies,
Dirty contamers,

Means of transport which have not been dlsmfected

Inadequate or no cookihg' out,

spread in a

|
| | |
Poor or no disinfection of wooden floof\ang or side parts after harvesting.

Strict attention to hy@ i phases of crop productmn

Use of filtered z@ng peak heat and gpawn running. |
Change to A. bitorqilis for some period to enable the 1nocu1um

farm to reduce.

Whenever possﬁ)le, plck all mushrooms before they have oper
to ‘prevent the dlspersal of spores.

level on the

1ed, in order

For preventive measures spray the wood with 2% sodium pentachlorophen-

ate to which 0.5 - 1% Nag COg has been added. After drying,

hours spray with a large amount of water.

for about 5

After the appearance of ‘the disease the concentration of sodium pen-

tachlorophenate should be increased to 4% instead of 2%.

Just hefore spawnmg a.nd thereafter twice a week, d151nfect

The entire farm and its surroundings should be CIean._

the working




Check Your Pregress -5

List out the ways by which viruses can epread.
Note : (a) Write the answer in the space given below.
{b) Compare your answer with the orie given at the end of this unit.

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

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

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

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

14.4. PESTS

14.4.1. Insect Pests _ _

 Mushrooms like other cvups are attacked by a nu@ﬂf insect and mite pests.
Sciarid flies, phorid flies, cecid flies, springta_ily_linid beetle and mushroom
mites infest cultivated mushrooms in Igdia. “When conditions are favourable
for their development they increase in ber and damage the mushreom

crop causing economic loss to the rooh growers. Brief discussion on their
management is given below.

identification, life history, damage arft er ; :
Sciarid flies : Three Specie%-\ese flies have been recorded in India. Th:ey

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

are primarily pests of white button mushroom, however, in some cases they '

alsu attack oyster musbroom. ‘The adults are greymh black, delicate, two-winged

wnsects, 2.5-3.0 mm long with conspicuous bead like antennae. The larvae are dirty '

white with black head and 6-8 mm long. The female flies lay eggs on compost,
- casing or muahmoms The larvae feed on mycelial strands, pinheads, mature
mushr ooms and or gamc mattet. Larvae pupate in loose cocoons in the casing soll

The life cvcle i8 L(:mpleted in 14- 27 days.

I‘ne most obvious damage is ‘the tunneling of the mushrooms by the larvae,
The most serious damage is, however, to the pinheads and small buttons. With
the warming of the season from the second half of February, the number of
infested huttous increases, 11 larvae per 100 L,IIl of casing area produce more

than 30 per cent infested buttons.

Phorid flies :'_The flies have been recorded as pest of mushreoms in Himachal
Pradesh, Punjab and Tamil Nadu. The adults are two winged, light to:dark brown -
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Mies with 8 bamped therss measuring 2mm leng, The larvae (Maggois) are dirty.

. - ~ 3 o R i ] ? L
white, 9.5mm long with a narrow head and visible bizck mouth hooks. Pemale

flias profer spawned comoost for ege laying. As 25°C, the development period

from egg o sduli sraergencs Js 15 days. In severe winter, the {ly population

‘ declines due to crolanged munsl period. The flies mate outside fhe mushreom

hiouse in the open and {ly heck to the mushreom heuse for egg laying.

Yoth white butbon and oyster mushroom. Iu white button

l  Larvae

raushrasn, the larvne feed aregariously on nishroem tissues and move upward

in the stems and snier inte the cap forming tunnels in the stem and honey-corab

Hke holeg in the cop. Mushrooms when sitacked at pinhead stage do not grow
RS L _

further. In white buiten mushroom, maximum damage i3 caused in the beginning
and at the end of the winter seazon. In case of oyster maughroom, flies lay éggs
through the venie of the tulture bags, larvae feed on mycelium and form a clean

web zone avound the vent.

Management of Soiarid and Phorid Flies : The following mfs!Lsures siwould
be adopted fov their moauagement '

1. Checling the source of fly infpeiatioW’: The spent compost and casing

,ﬁ ome ideal substratum for breeding of
. . | N

e put in the compost pit and| covered with

soil thrown at molst and shady plac
the flies. These materials sho
10cm thick layer of manurgy MiGhroom flied are atbracted to mushroom and

spawn: odour, For chec gntry into the mushreom house, the doors and

ventilating spenings <% shroam heouse should be covered with wire or nylon
nets of net lesy than 3 Bl /om,

2. Preventive messures ; Incorporation of safe .insecti{iide in the compost and
casing reduces larval population in the mushroom beds. For this rfurpose 20 ml
of linden 2¢ EC after dilution with water sheuld be thoroughly mixed by spraying
in the compost prepared from 100ky of wheat straw at its last turning, If the
mushreemn: flies are present in the mopshroom house before casing, then 15 mi
of lindane 2¢ EC should he thoroughly mixed in 100 kg of readyrto uge casing
soil after dilution in weter. After these treatments, the residues of Jinden in the

firet flush mushrooms were found Lo be less than O.1 ppix, which is legs than the

maxinnnn rasidve o of 10 ppm.

L

Becently, difiubenzuron (a chitin synthesis inhibitor) was svalusted for the
contrel of sciard iy by incorporating it in compost and casing soil. Diflubenzuren

at 0.008 per cent in compost or ab .61 per cent in casing soil proved inare effective

than the siveady recomaendad linden sreatment. Its residues in mushreoms were

less thap meximorm residue Bmil of 0.1 ppro in the first fush mushroeoms.
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8. Curative measures : Presence of mushroeom flies in the mushroom house
helps in further build-up of the fly population reauafms 1in high infestation of
mushroorr's The flies should be killed with non-persisient and. '-omparanvely '

safe chemicals, For this, the flies should be controlied b v spraying 30 md of Nuvan

76 EC per 100" m3 of apace in fine spray droplets. After spraying, the mushroom
house should be rlnsed for 2 hours and dlrect spraying of the beds should be -
avolded. Interval of 48 howrs between spraying and p.’::K'ng’ sf mushrooms must
be observed. Twenty four hOl]I‘b after treatment, the residue of duvan in the
mushrooms was 0.28 ppm which is less than the ingximurs regudue lmit cf 0.5
ppm. ' | '

v

Cecid flies : Occurrence of cecid } larvae on oyster nims rooim wes recorded at

Jind (Haryana) and Chandigarh. The larvae are white, s pmcip shaped and 1.5-2.35
mm long. Larvae feed on ‘mycelium. The merher_;urm pf{:duce&' about 12 young.
ones and it takes 5-7 days to complete one genez tx.,iﬂn The me'eu adulés are
rarely formed.

ushroo-m-’c_rf;:p by this pest
in India. However, general cleaniiness and disposaNgi fpent compost and casing
materials or their cook-out wﬂ] help n chee ‘he infestation by this pest.

‘So far there is no repert of any serious damage to

recorded in Himachal Pradesh, Delhi; Pasthan and Pugab. Thess are tiny
wingless insects of ground eolour ing 1.5 mm- umcn Thpy ove by jumping -
and rarely by walking. At 30°Geegg nd nymphal periods are completed in about
20 days Under moisi condi adults can survive for more than 2 months.

Springtails : Three species of sprh§1i damaging muqhmoms have bheen

Population: declines during severe w*ntex* and dvy summer,

~ Adults and nymphs damage ali‘ types- af cultivated mushrooms, They feed on
mycelinm by seraping it from the spam grains and cutéing the mycelial strands
resulting in arrested spawn-run, They preduce pits on sporephores which turn
brown. In oyster mushroom, the damage is more serious because of its pref’erred
host. Springtails congregate at the base of the stem resulting in arrested growth
of young primordia showing withered look and small pits,

Management of springtails : Sprmgt.ﬂl;, have no wings, their entry iato the
mushr aem house is along “’ILh the orgam(, matter. '

F oilowmg_ measures are he‘lpful in minunizing their damage.
(i) Cleam'ﬁg'of the sunﬁundings and imside of the mushroom house,

(i) Dmpusal cf the speni comps»&t and camng soil as given under ‘Bshroom
flies,
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" (iii) - Raising the crop above the floor level.

) Efficient pasteurization of the comoost,

ty) Spraying of the infested places with 0.05, per cent malathmn emulsion.

(v1) In case of sprmgtall infested compost mlxmg of diazinou at 30 ppm dosage
(15 ml of diazinon 26 EC after dilution in 100 kg of compost) at the tn’ne of
filling kills the sprmgt.aﬂs present in the compost. | :

Staphylinid beetle : The only report of staphylinid beetle damiglng ayster
mushroom is from Kerala The larvae of this beetle are white, long, ca podeiform
with tubular terminal segment. ‘The adults have short elytra and lp;ge folded-
membranous hind wings. The females lay eggs in over matured pileus and
dlSC&Ided mushroom debris. The grubs feed on soft gills and crawl over the beds.
The life cycle is completed in ahout 3 weeks. The adults predate on mltes and

springtails.

Grub is the only damaglng stage of this m:e@—‘hey inhabit the gills and make

small 1rregular holes in the hymemum and the initial stages and later on

damage the developmg mushrooms _ O _ _ ‘

Management

- (i) Removalofthe mushre'aog de&és from the mushroom heuse and surrounding

“-areas prevents the a m egg laying and checks furthey build up of

the population @
(i) Over matured mus¥ooms should not be left ﬁhhalfirested, _

(1i1) _Bloa_c_hing powder repels the adults, its application in the mushroom house

- and premises helps in preventiﬁg the adults from egg laying. |

Mushroom mites: Mites are quite ¢ abundant in the compost during composting
and later during spawn-run and cropping. . All of them are not the pests of
mushrooms. Only a few of them are mycn phagous, others are saprophagous
having secondary pest status. Other than these, are the predatory mites which
feed on mubhroom pests '

: Occunence of this type of mites belonging to mycophagous gr up on white
_button mushroom have been reported from Himachal Pradesh and Punjab. They
are also known as red pepper mites and generally feed on weed moulda They often
swarm in vast number on the surface of the casing soil and muohrooms They
annoy the pickers by crawling over their bodies and contaminate the mushroom

buttons creating difficulties in canning of mushrooms.
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Mites of saprophagous group have been reported to be d.‘:imaging mushrooms in
. Himachal Pradesh, adjoining states and West Bengal. These mites are translucent
white having long hairs on their body. They are 0.3-0.5 mm long and much slower
in their movements than the red pepper and predatory mites. These mites feed
on mycelium and damage sporophores by causing shrunk caps and brown rusted
spots on buttons. They cause complete destruction of voung buttons of button
and tropical mushrooms. These mites can be introduced into the compost by the
mushroom flies, on whose bodies the migratory stage cling by means of suckers.
The migratory stage is produced when there 15 overcrowding. '

Management of mite pests : Improperly pasteurized compost and casing soil,
older infested beds, spent compost, contaminated implements and mushroom flies
are the main sources of mite infestation in the new beds. Following measures are
helpful in minimizing their damage :

(i) Efficient composting and peak heating of fresh compost.

(i) Fungal and bacterial contaminants are commogly found at the end of the
cropping period and sapfoﬁhagoﬁs mites bregd r&dily on such substrates.
An efficient cook-out (at 71°C for 2 hours).ee
cleaning of mushroom house and dispo .

- for avoiding saprophagous mites. . :
(ili) Disinfest the mushroom ho S aymg ﬂoor walls and premises thh

“dicofol 0.1 per cent as prophyMgtic measure.

e diSposal of the spent compost,

hll organic debris are essential

(iv) If mites are pr_eselit in co’mpo'st,‘ spray the compost with diazinoni
emulsion (15 ml of diazinon 20 EC in 100 kg compost after dilution).

Predatory mites : These mites, often called gamasid mites, are frequently
encountered in mushroom houses. They feed on eggs and larvae of mushroom
pests. These mites are beneficial and should not be regarded as pesis. Two -
species of the genus Parasitus have been recorded from Himachal pradesh and
Punjab. These mites are heavily sclerotized, oval in shape and 0.90 to 0.95 mm
long. They move very fast on the mushroom beds in search of their prey. They
cause irrigation to the pickers when present in large number. -

14.4.2. Nematode Diseases

During mushroom cultivation number of nematodes are also encountered in
mushreom beds along with insects like flies, springtails and mites. The nematodes
are the small, microscopic (up to imm length) and thread like organisms and
found easily where slight soil and moisture is present. These small organisms

" may sometime cause complete failure of the crop..
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Generally, & ez of nomatede species are found i the mushroom beds,

t oprasiiio and animal

These can he myveehionha:

parasitic nemalodies, 1¢ myceliophagous nematodes are uo doulit the plant
parasitic ones ond they can feed on fungal mycelium gnly. These are known io
be most serious pects of mushreoms sometimes causing complete failure of the
crop. The saprophagous nematedes are also harmiui to the crops. The prodatory
nematodes are not harmful hut play heneficial role as hiocontrol agents. The
plant parasitic and animal parasitic nematodes are not harmiul to the erop and
are found as chance contaminants. '

a) Myceliophagous Nematodes : Seme myceliphagous nematoles such as

species of Ditylenchus myceliophagus, Aphelenchoides composiicola, seechart;,
A. saprophilus, A. agarici have been found to be highly pathogenic.

needle like

Nature of damage : The myceliophagus nematodes are having a
structure (stylet) in their mouth parts with the help of which they puucture the
hypha! cell and suck the contents resulting in destabilization of the mycelium.
The nematodes are capable of rapid multiplicabign (50-100 times a week) hence

their easy infestation may result in an epi form at a later sdage causing

complete failure of the crop. The flus y be dela'yed or their number can be
reduced causing loss of yield. o |

b) Saprophagous Nematodas : Spme saprophagous nematodes such as species

of Rhabditis, Caenorhabditi grblaim.us, Diplogaster, and Acro?{ofoids have
been o_bserved to be c onlY present in all types of mushroom lﬂfeds. These
nematodes create unhy conditions in the compost, or sometimes these may

produce toxins and carry harmful or pathogenic bacteria in their body parts.

¢} Predatory nematodes : Predatory nematodes (Monochus spp) are the
friendly nematodes as they feed upon olher harmful nematodes.

Symptomatology : The early infection /infestation due to nematodes may resuli
in one or all the following types of symptoms in mushroom beds.
‘ |

whiteness of spawn run slowly changes to brown and disappears.

Spawn run very slow

poor and delayed mushreom flushes ' : |

surface of compost siks ' ' |
- browning of pin heads, decline in yields

- complete crop failure




Cheok Your Progress - 4

Name the com mon nerratodes ihat ncour in mushroom beds 2

Wote : {a) Wyite the answex 1 the space given below.
(b} L'ompare your answer with the one given at the end of this unit,

...........................................................................
-'n-.zu-.--r‘.----,--yx.--..--.-..--‘-..u-.---.r---.-'-..--- -----------------
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Source of Nematode Infebtauon : Improperly pasteurized/ prepatred compost
and casing ingredients are known to be the main source of infestation, Spent
compost, uncieaned wooden trays, dxrty spray water, contaminated impiements
and compost components may be the sources of nematode contamination from. -
time fo time, Sometimes mushroom flies dnd rmites may also carry nematudes n
their heavy body parts,

Favourable environmental conditions : The environmental conditions
favourable to the development of mushrooms (14-28°C temperature, 70-90%
relative humidity, 6.5-8.0 pH and free flow of fresh st have also been found to
be suitable for the development and multiplicatio hese nematodes. Once

they escape from the heat (60-81°C) of comyf0Ming/pasieurization of compost,
and casing, due to negligence or faulty pasteu on process and enter into the
mushroom compost, then these nemat multiply at a rapld rate and start

damaging the myeelinm/mushreom g oro ores.
Management of Mushroom Ne

There 1s no curative metl@cc these nematodes are able to make their
entry in the mushroom beds nce only the preventive measures of control
with the following integrated pest management strategy should be adopted for
controlling these rematodes.

1) Strict hygiene should be maintained.

i) It is to be ensured that proper bed temperature during peak heat stage
of compost pasteurization at 60 &= 1°C for 3-4 hours and sterilization of
casing maxture (65 o= 1°C for 3-4 hours) are maintained uniformly and
satisfactorily, :

it} The composting ingredients should always be stored in ~ dry but coveed
store room.

v} Mix, pasteurize and store the casing mixture in a clean area and to be packed
inn polythene bags.

v) The spray water should be fly proof and insecticides should be sprayed
' (DDVP Thiodan) from time to time to kill the insects,




- vili) The wooden trays should be cleaned and disinfected bhefore Jgse or grow
mushrooms in polythene bags.

viii) Mix furadan -3G (1/2 g/kg straw) or neem cake on the final compost turning.

ix) At the end of the cropping period cook out the compost in situ (70°C for
10-12 hours), remove the spent compost and burry distantly ir* a pit.

14.4.3. Environmental/Abiotic Disorders

There are a large number of abiotic agents which create u.nfawa‘urahle envi--
ronment for the proper growth of mushroems resulting in the quantitative as
‘well as qualitative loss. These abiotic agents include low or high moisture in the
substrate, pH, temperature, COy concentration in the room, wind velocity, fumes
and relative humidity. Many of these agents make the substrate non selective for
mushroom mycelium and encourage other moulds and pests while some interfere
with the normal mushroom preduction. ' '

Management of environment is of great significance in mushroor cultivation
and any deviation from the optimum requirements may lead to various kinds of
abnormalities. Since a major proportion of bulten mushrooms is being produced
ander natural climatic conditions in India, tigfollowing abiotic disorcTers are quite

by fluctuation or unsatisfactory e ental factors. They may also be strain
linked. The following sym@ e been seen. h

i) Hollow stems : The. mudgrooms tend to be of poor quality b\ﬁt on the bed
they appear to be nor "O en they are cut for market, they are 1t und to have
partially hollow stem, of%én with a circular cavity surrounding a solid core. The
cut surface of the stipe then may split and curl packwards, giving tl‘te mushroom
an unattractive appearance, ' ' '

frequently observed. Q .
a) Distortion : Many forms of de'stor' can occur; many are probably induced

ii) Splitstipes: Thisis probably an extreme expression of the previous disorders.
The stipe begins to split at cutting or even before. The vertical splits are sometimes
associated with horizontal ones which enable stipe to cur]l upwards, downwards
or both. These symptoms are associated with periodic water stress u‘%n fluctuating
watering regimes, '

iii) Swollen stems : Sometimes mushroom stems have swel]ing:*j:‘either at the
base of the stem, in the middle or at the top. Only mn the later case the marketing
of mushrooms is affected. '

iv) Hard gill : The affected open mushrooms, when viewed frorlv below, have
2 pale colour and the gills are very shallow or even non-existent. If the cap is
broken it often seems unusually thick and it is then apparent that there is little
or no gill tissue. Hard gill is known to cccur in all strains but some strains are

affected more than others. :
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b) Misshapen mushroom : The symptoms range from rather knobby lumps
to recognizable mushrooms with rather misshappen caps. Fusing of individual
mushrooms can also occur. Incorrect environmental conditions are atleast part
of the cause. The problem does not affect a large proportion of the crop.

c) Water logging : Symptoms include clear water soaked areas, particularly in
the stems; the exudation of water from the mushrooms when squeezed; and in
extreme cases, a spontaneous release of large quantities of clear or cnlour liguid
from mature mushrooms which subsequently co]]apse

d)} Pinning disorders : These problems are more common and often ﬁmre
devastating disorders as they affect both the management or harvesting and often
the total yield.

i) Mass pinning : In this disorder unusually large number of pin heads are
formed. Mass pinning occurs when the environment has over conducive temper-
ature, humidity or water regimes.

ii_)_ Clumping: _It refers to the occurrence of large mounds of inushrooms, which
cause havoc to picking rates and mushroom quality. Some strains are more prone

to the dlsor_der than others The periodic low tempera res at pinning causes the

problem. . o

iii) Stroma : When the mycelium grows h the casing and appears on
the surface to form a mat, it is called ggtrom¥”. Mycelial cap formed on the
casing surface is impervious to water, cal%ater logging to the casing surface
and gradual drying of the lower rs Where it occurs, thus preventing ilie
cropping. The cause is probably a nation of high COs concentration, high

relative humidity and sometj igh temperature. Apart from. rectifying the

environmental conditions, the resource is to ruffle and lightly recase as soon
as the problem begins to develop. ' :

iv) Pin death : Pin heads may die even. thbugh the casing is well colonized, -

giving rise to non cropping patches. The symptom is usually seen in later flushes
and is often caused by water logging of the surface due to the presence of an
impervious mycelial layer on the casing. This is-attributed to under watering

'in the early life of the crop; enabling dense mycelial colonization of the drying

casing. Similar symptoms can be caused by very high temperatures, pestq and
pathogens (e g., mummy disease, v1rus, and sciarid larvae )

e) Carbon-dioxide damage: Themainsymptomisthe considerable elongation
of the stipes caused by build up of COy. As a disorder it is now rare because of
the universal adoption of forced air ventilation.

f) Rose comb : The pink gill tissue, often with a porous appearance, develops
on the surface of the mushroom cap. It may be in warts or in comb-liks structure,

or may appesr to have spread over the side of the cap from the gills. The

contaminated casing is often the primary cause of the trouble. The cause has
been attributed to contaminations by hydrocarbon, phenols and over dosing with



oms
rand

certain pesticides. The souwrce of the distorting material musi be idci:.ﬁt‘ii'ie:i anid
eliminated, '

s) Browning : When the staining of mushroom caps is light in colour and
diffuse, the cause is taken as chemical instead of bactevial blotch,| It appears
due to the combination of high humidity and the frequent use of S‘i;ﬂong sodium
pentachlorophenate for tray or bed-hoard treatments. '

k) Sealing: This is the natural reaction of the mushroom cap to dl‘yiz‘:ir. The ef-
foct is strain related. Air with low relative humidities moving over the mushroonts

. causes sealing. The relative humidities concerned are over 80% but generally be-

low 95%. The problem arises when the speed is out of ratio with the humidity.
A further cause is sodium pentacholorphenate fumnes from trays, In this case the
scaling is differentiated by brown edges of the acales, which do not normally occur
in rase of simple over-drying. o |

7€ scaling is a persistent problem, the strains grown, the air distrib uﬁ;ien, humd-
ification systems and the possibility of pesticide damage must all be considered.

i} Crypto-mummy disease : The main cause of the disease s c{nronic over-
watering. Drastic reduction in the applicatign ofwater, while not bringing avout
a complete recovery often resulls in the rea ance of healthy sporophores.

As compared to white button mush} there are few physiological disorders

recorded in oyster mushrooms. Reduce®’light in the cropping rooin resuifs in
longer and thicker stipes and pil % partly reduced. Insufﬁci.eny, ventilation
{1-2% carbondioxide) and lo t eXposure induce bunched growth regeneration.

14.5. SUMMA

Like all other crops, mushrooms are also affected adversely by a lgrge number
of biotic and abictic factors. Among the biotic agents fungi, hacteria, viruses.
nematsdes, msects and mites cause damage to mushrooms directly or indirectiy.'
A nomber of harmful fungi are encountered in cornpest, casing soil anld substrates
during the cultivation of edible mushrooms. Many of the fungi and competitor
suoulds attack the spawn run and fruit bodies at various stages of crgp producing
distinets disease symptoms. Different symptoms induced by the bacterial pathogens
are brown bistch, black spotting, yellowing and mottied fruit bodies. Viruses can
cause considerable reduction in yield. Distortion and growth abnormalities in the
sporophore giving elongated stipes, early opening of caps, and a.ngiecl"l caps are all '
symptoms that have been attributed to virus disease, The main abiotie factors are
{emperature, reiative humidity, carbondioxide and excess moisture. Gither alone
or iy combination all these factors may deviate from the optimum, resulting in
poor mayeelial growth. Therefore, poor cropping or distortion of the developing
or developed sporophore give symptoms such as hard gill, rese ¢ mb oY ass
pinning. When conditions are favourable insects damage the mughreom crop
causing econowndc loss to the growers. - During mushrenm cultivation a number

| |




of nematodes are also encountered in mushmom beds slong with insects like
springtails and mites.

14.6. CHECK YOUR PROGRESS : MODEL ANSWERS

1. -The mmportant fungal diseases of hutLon mushroom are web tubble, dry
bubble and cobweb chsea:,es

4. The fungal genera causing diseases to ayster mushroom are Cladobotrviom.

Gliodaclium, Arthrobotrys & Sibirina.

3. Commonly occurring competitor moulds are inky caps, green moulds, black
or grey moulds, white moulds, yellow moulds and false truffle.

4. The important bacterial diseases of mushrooms are bacterial blotch, ginger
blotch, mummy disease, pit disease and drippy gill.

5. The spread of viruses through infected spores,or mycelium occur in a
number of ways such as - air flow, phorid :L\‘Qrid flies, through dirty
coniainers, people, inadequate or no cookjag out™t the substraie and poor
ar no disinfection of wooden floor and ﬁparts after harvesting,

6. Comunon nematodes that sccur in aom beds are Ditylenchus, Aphe-
lenchoides, Rhabditis, Panogml? nuiand Diplogaster.

14.7, MODEL EXA TION QUESTIONS

i. Answer the following questions in about 30 lines each.

1.

o

Mention different fungal diseases of mushrooms, describe the specific symp-
toms and suggest suitable control measures 7

Discuss ahout the symptomatology, epidemiology and managernent of mush-
rooln viruses,

List out the bacterial diseases of mushrooms and their control measures.

Mention the important pests and diseases and their causal crgacisms of

edible mushrooms.

Write briefly about the competitor moulds of edible mushreoms and their

mansgement,




IL. Answer the -followin'g in about 10 lines each.

L

ease,

: 'Descrlbe the nature. of damage caused by phond flies ancl thelr control _

‘Write a brief account 611 abiotic disorders of edible mush-foonis.

Descrlbe the morpholog:cal characters and epldemmlogy of wet bubble dis-

measures

Write a bnef note on nematode disease management

D1scr1be the nature of damage caused by scland flies and suggest smtable
measures. : :

Dr. KVS. Meen@ Kumari
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15.1. OBJECTIVES | \2

After going through this unit you will be a_ble®

estimate the expenditure of spawn prn?ﬁbn,.
¢ estimate the expenditure for srn@b g size white button mushroom farms,
yst

mushroom and paddy straw mushroom

® estimate the expenditure
cultivation and

. describe the formulation of project reporﬁ. _

15.2. INTRODUCTION

- In recent years mushroom cultivation has hecome popular in many parts of
the country. Growers are doing mushroom production on small, medium and
large scale depending upon their capacity. However, it is 1mportant to note
that cultivation is profitable, hence one must know the economics of mushreom
- cultivation, The economics of mushroom cultivation depends on varicus factors
viz., materials used and their local cost, labour cost, production level, selling -
price, market demand etc. It differs from place to place. In this unit details have
been given which will provide guideline to work out the economics of spawn and
 mushroom production keeping in view the local cost factor as mentioned above.

15.3. ECONOMICS OF SPAWN'PRODUCTION -

Mushroom spawn production is skill oriented techmcal work and involves rather
higher mvestments for the establishment of spawn lab. In order to reduce the




investmert simall apd medinen sized rushroom units seed not have[ a spawn lab.
They can procurs spawn fromn goverament, spawn laboratories and veliable spawn
laboratories fram privete sector. The preliminary réquirement for rhaking spawn
is to have pure culture of the desired raushroom spesies on 2 suiffable medinm
which is further used to weake spawn bottles, The cultures may he either raised
frorn roushrenms (spores/tissae) or procured from a reliable source. An account
of the facilities reguired along with an approximate estimate of j st for spawin
producticn whick may vary from place fe place dus 1o local cost factor is given
below,

Spawn Produetion (30,000 spawn botiles/annum)
A, MNonreourring sxpeundiinre

Lo ‘ Value (Ke.)

it
1

“
o3
I

i Auteciave room (1021 K1LY

2. Kitchen {for beiling gramns and
filiing hottles with working
tabie) (12'x10'x16")

3. Office {(87210°x10°) 1,800,000
4, Stere room {(8'x10'x107)
5. Spawn muliiplication

room {10x10°%107) ‘
6, Inoculation chamber (5

{(lass and plywood fittin ,

UV tube 7, table an ble ‘

door entrance)} 14,000

25,000
g Mo 9,500
Grain hol @ ontalner - 2 Nos. ' - 150

Autociave - 1T

w oo =1
=)
k9
et
e
=
]

1. Spirit Jamp ¥ 4 Mos. : : 20
11, Yorcenes 12" - 2 Mos, - 75
12. inooulstion needle - 2 Nos. ' 20
13. Pressure covker - 12 Lirs, 1,206
14, Refrigeratoy 10,000
15, CAlr conditionsr {1 tonj : 40,600

“Total ; | | 2,73,035

Interest & 150
Depreciation ¢2 5% on
Building (Be 1.80,000) | 9,800
Deprsciation (2 10% an

temporary siruciure and : ‘

Hon B8.2.73,035.00 45,051

sguipments (. 90,200) 9,020
Bevreciation @ 20% on

Mige, Hems (Bs2,8358) _ 567
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B, Recurring expenditure

Y

Empty ghicose bottle (to be

recycled) - 3,000 Nos. _ 3,000
2. Non-zhsorpant cotton roll @ 40/roll- ' :
{500 gms each) - 200 Nos. 8,000
3. Jowar grain 40 q @ Rs.500;’~per guintal _ 20,600
4. Gypsum 100 Kg @ 0.40/Kg 40
5. Chalk powder 800 I&g @ Hs. 1.2/Kg 860 |
6. Media - 1Kg 1,000 |
7. Culmlre tube - 160 Nos.
@ Rs.b/- per tube Q0 :
8. Water charges ' _ 100
g, FElectricity charges 6,000
10. Permanent lahovrer - 1 Ng. 10,800
11. Casual labourer - 1 No, . 5600
- BR800
Interest @ 16.5% on working :
capital (Rs.55,600) 9,174
Tatal ; _ 64,774
Cost -of spawn production = Interest and ddgredation on mnon-recurring
expendifure + Recurring expenditure and i si: on it 1,28,412 Annual pro-

duction of spawn bottles = 30,000
Cost of spawn production/ bottle Rs. ?& 12 = 30,000 = 4.28 or 4.3

i8.4. ECONOMICS OF SIZE WHITE BUTTON
MUSHROOM

Economics of small size wha
crops/annum is given below :
A, Non-recurring expenditure

 huiton muskroom farm of 726 frays taking 6

SLNe¢. Items Value {(Rs.)
1. Compost platform (40'x50°x3’) - cne 30,000
2, Pasteurization room '

(15°'x17%x12") - One 3
3. DFAWH rursin ruom

Mx17x12) -

4, Cropping roont kl‘S’}JT x12 ) Six
5. Pasteurization room for

casings ol (A0XIH'x1Z) - One } $,00,0060
6. Boiler room (7Tx15x12") - One
7. Store room (7Tx15%1%%) - One
8. Cifice- -cum-packing room

(10'x15'x12") - One
9. Corridor (112’58'x12’) - Oue d

iRz
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10.

1L
12.
- 13.
14
15.

A ol o o

10.
11
12,
13.
14.

Cost of cultivation = Interest and depreciation on 'non-recufr'ing

Boiler (steam output 50 Kg/hr
at 75-100 1b p.s.i) - One

Air conditioner (2 tonnes) - Six
Humidity and air handling system
Water pipe, sprayer, fan, etc.
Trolley (hydraulic) - One

Wooden tray (3'x2 x8“) 900 Nos.
Total : : : :

Interest @ 16.5% on Rs.12,70,000
Depreciation @ 5% on

building (Rs.6,30,000)

Depreciation @ 10% on equlpment
(Rs.4,55,000) _

Depreciation @ 20% on wooden tray,
sprayer, fan etc (Rs 1,85 000)

Total :

Recurring expenditure

Paddy straw - 90 tonnes. 0

Urea - 1.5 tonnes. -
" Rice bran - 15 tonnes, O

Cotton sed - 1.8 to W
Gypsum - 3.6 tonn];%
Chalk powder - omes.
Chemicals & %es
Spawn (explading%cost of
bottle) @Qt?- per

botile - 432(Mbottles.

Casing soil -
Permanent labourer - 2 Nos. .
Casual labourer - 8 Nos,
Electricity, water and fuel charges
Transport charges.

Misc. expenditure,

Interest @ 16.5% on working
capital Rs.3,85,720 -

~ Total :

+ Recurring expenditure.

40,000

3,00,000

1,00,000
5,000
15,000

1,80,000
12,70,000

2,090,550
31,500

45,500

. 37,000
3,238,550

63,000
4,500
- 83,000
- 12,600
1,440
. 1,500
6,000

17,280

- 6,000
12,000
58,400

©1,00,000

60,000

- 10,000

3,856,720

63,644

4,49,364

expenditure

and interest on it. 3,23,550 + 4,49,364 = 7,72,914




C. Profit ._ o |
profit = (Anticipated yield x selling price) - (cost of cultivation)

Ta_bie - 15.1. Profit at Different levels of yield, _

Sl Yield/ Total Selling Gross . Costof = Net

No. tray yield/ price/ return  culti- Profit
(Kg)  annum Kg(Rs.) - (Rs.) vation Rs.)

36 crops - . (Rs.) '

x120 trays B

®e) | |
1. 5 21,600 40 8,64,000 © 7,72914 = 91,086
2, 5.5 23,760 40  9,50,400 7.72,914 1,77,486
3. 6 25,920 40 o 10,3_6,800 - 1,72,914 2,63,886
4. 6.5 28,080 - 40 11,23,200 71,72,914 3,50,286
5.

7 _ 30 240 40 12,09,600 . 17,72,914 4,36,686

Check Your Progress 1&2

1. What is the approximate non-recurring and recumng expenditure for estab-
lishing a spawn production unit ?

2. What is the approximate non-recurring and re expenditure for a small

~ size white button farm ? - Q ;
Note : (a) Write the answers in the spae ow.

ven
(b) Compare your answers with- th%_ven at the end of this unit.

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

15.5. ECONOMICS OF BIG SIZE WHITE BUTTON
MUSHROOM .PL_ANT

Economics of White button mushroom farm yielding about 3, 000 tonnes pro-
duction per annum a 100% E.O.U. (Source : N.CM.R.T. Solan, H.P., India), is
given below (Table : 15.2) :




Tahle - 15.2. Feonomics of White Button Mushroom Farm of amu~t 000 T.P.A

{tonbes per annum)
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1. Pacility Unit Size Total | Cost Total Cost
No. (ft) ares of {Bs)
Constn.,
(Bs/Sit)
1. 2 3. 4, 5. 8, 7.
A. Land procurement |
& Developraent 1 - 6 Hectares 45,00,000.00
B. Composi Unit : '
1. Pre-wetting 1 150x 15500 {(Sq.ft} - 50 7,50,000.00
area 100 . g
2. Composting 1 300x 36,000 (Sg.ft) 125 45,00,000.00
yarg < 120x '
. . 14 .
3. Pasteurization 9 70x12 7,560 {Sq.ft) 209 22,68,000.00
tunnels x13 . ‘ _
4. Casing soil 4 - 3b6x12 1,680 (5q.1%) 300 5,04,000.00
pasteurization x10 :
rooms A D .
5. Underground 1 120%9 106864 (Sq.1t) 200 ‘ 2,16,000.00
service room x9 -
6. Spawning area 1 120 2,400 (5q.ft) 200 4.60,000.00
7. Boiler reom 1 1 270 (Sq.ft) 200 £4,000.00
X . _
2. i’addystlaw and Q’— 30,000 (Sa.ft) 56 | 15,00,600.00
I“:Ju}t“y manure ‘
shed @ -
Total Rs. : 'F,GZZ,TZ,O{]0.00 :
C. Production &
Canning facility
1. Cropping room 60  7bx27 . 1,21,500 300 - 3,64,50,000.00
-x13 '
2_.' Canning hall 1 7?}554 2,025 254 2,10,000.00
x .
3. A/CPRoom/Shed 1  75x27 2,025 200 4,05,000.00
x13
4, Cold room 1 327 1,000 404 4,00,000.00
x13
5.  Can store room 1 T5x27 2,025 200 4.,05,900.00
x13
6. Corridor in the 1 864x25 21,6G0 55 10,80,600.00
Cropping unit %13




. 2 3. 4 5 8. ¥
D. Spawn laboratory
1. Spawn lab 5] 20x18 1,600 Zh0 4,50,000.00
xid
E. Miscellaneous
Store/Tool room :
Office/Canteen 4 1?3;15 1,08¢ 200 4,32.800.0¢
x -

GRAND TOTAL = A+B+C+D+E = Rs.5,52,04,006.00

The foilowing plaut and machinery are required for the unit :

A Composting Uit

i) Imported equipmens
(tarners, aoil mixers. computer
control units, Gy, NHg measuring
equipments etc).

1) Indigenous equipment
Total Rs.

B. Growing rooms

i) Imported machinery

{(COg conirol, central computers,
air handling units etc)

it) Indigenous machinery
(racks, electrical panels,
water chilling plant,
ducting for Air
handling unit ete}
Total Rs.

C. Canning and Spawn Lab.
{Canning line, boiler, qualily
control equipments, spawn lahy

D. Misc. equipments and expenses
(Transformer, {reight and
insurance, erection of
machinery etc}

Total cost of the machinery

A, Compost unit '
B. Growing reoms
C. Canning and Spawn Lab.
b, Miscellaneous
‘Total Hs.

nit rate
1.75,00,650.00

50,00,000.60
2,25Q0,000.00

O,5ﬂ,ﬂemaw

2,50.00,000.00

6,00,00,000.00

1,50.60,000.00

1,00,00,000.60
Amount {Rs.)
2,25,00,000.00
6,00,00,000.00
1,56,00,000.00
1,00,00,000.00

10,75,00,000.00
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A&B)

i)

- 3

Land and Infrasiructure 5,52,04,000.00 _
C) Machinery - 10,75,00,000.00 |
~ Total: A+B+C = Rs. 16,27,04,000.00 '
Wages for Manpower 70,00,000.00
ii) Expenses on Raw materials ' |
(paddy straw, manure, chemicals, _ |
repair and maintenance etc) 2,10,50,000.00
ii1) Interest and Depreciation (Rs.) -
On land Cost Interest &
Depreciation. (Rs.)
15% interest 45,00,000.00  6,75,000.00
On building '
5% depreciation B
'15% interest. 5,07,00,000.00 - 1,01,40,000.00
On machinery - o '
10% depreciation 10,70,00,000.00  2,67,50,000.00
15% interest : :
Total Rs. 3,75,65,000.00
COST OF PRODUCTION 0 :
L Raw materials © 2,00,00,000.00 |
2. Wages for Manpower O 70,00,000.00 |
Interest and Depreciajjon 3,75,00,000.00
Total Rs. %* 6,45,00,000.00 |
Total production%% conversion - 2,700 tons I '
Total prod at*20% conversion - 3,000 tons -
Cost of pro n per Kg - Rs. 24/- at 18% conversion |
Cost of production per Kg - Rs. 21.50 at 20% conversion | -
CANNING OPERATION I :
Rs.
Cost of A-10 can 20.00 . o
Cost of Canning and : A
Brine solution 12.00 ' |
Cost of mushrooms 2 Kg - ' |
drained Wt. (3 Kg ' L
fresh mushrooms) 64.50 |
Total Rs. : 96.50 |
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Total cost of the Pr

oject

. Amount (Ks.)

Sale price of One case containing six A-10si

@ $ 28.80

1% = Rs.32/-

(or) '
$ 28.80 = Rs.921.60

Ze cans . |




Total A-10 cans produced from - 9,75,000 Cans (or)

- 3,000 tons mushrooms.. " 1,62,600 cases
Sales price of 1,62,500 cases _ o .
@ Rs.921.60 percase = Rs.14,97,60,000.00 . -

Total production cost of 1,62,500 cases = Rs.9,40,87,500.00
Net Profit at 20% conversion = Rs.5;56,72,5oo.00 "

15.6. ECONOMICS OF OYSTER MUSHROOM
CULTIVATION

Oyster mushroem can be grown both in temporary struct:ures hke polyhouses,
thatched huts or in permanent structures.: However, farm should be rat proof.
Polythene/Polypropylene bag is preferred as it retains moisture and protects from
contaminants and diseases. Economics of a medium size'mushroom farm taking
72 crops/annum using 800 kg straw/crop i.e. 800 bags/crop is glven below,

A. Non-recurring expenditure

Sl Items ' alue (Rs.)
No. ' \)V

1. Straw chopping shed (20°x35’) - 1 No. O 30,000
2. Straw soa]ungtank(w'm'xs_’)-sl\?,_ S 30,000
3.  Pasteurization (15'x20°x12") L .
Chamber/tank - 1 No. - Q“
Bag filling and spaw '
(20°x20°x12") - 1 No.

e

5. Spawn running room (35'x20'x12’) - 3 Nos 18
6.  Cropping room (35'x20°x12) - 6 Nos. 13,68,864
7. Store room (15'x15’x12") - 1 No. N
8. Office-cum-packing room
(20'x15’x12’) - 1 No.
9. Corridor (122'x10’x12") - 1No. S
10.  Chaff cutter with S
- 1/2 HP motor - 1 No. , 5,000
11.  Table for bag filling o
and spawning - 4 Nos. . 1,000 .
12. . Wire mesh frame - 4 Nos. - © 1,000 -
© 13, Rack (Bamboo/Casuarina) - 27 Nos.-" 30,000
14. Sprayer with 1/2 HP motor EEEE 3,000




Gl. Items . f Value (Rs.)
No. C -

15. Water boiling container with

_ c ]
heating coil - 5 Nos. _ o ' : 4,00E
16. Trolley - 4 Nos. _ T . 8,000
Total . . N 14,80,864
Interest @ 16.5% on Rs.14,80,864 . . _2,44,34% |
Depreciation @ 5% on building - e o
structures (Rs.14,80,864) . o - 71,443
- Depreciation @ 10% on equipments , L '
(Chaff cutter trolley) (Rs.13,0000 ~ . = - 1,300

- Depreciation @ 20% on table, rack, -
. _ ‘water boiling container, sprayer o -
- ' - - and wiremesh (Rs.39,000) R 7,800

| Total: . 73924886
| B. Recurring expenditure o 0 ' :
1. Paddy straw - 58 tonnes | 40,600
2. Spawn bottles 19,200 @ Rs.3/-\ SRR
- (excluding cost of bottle) o - 57,60&
3. Chemicals and fungigides § - . 6,00!
4.  Polythene bags - : 40,32&
5. Permanent Iab% 2 Nos. : S 12,00
6.  Casual labourer NNos. _ 58,400
7. . Electricty, water and o S
fuel charges _ .. b0,000
8.  Transport charges - 50,000
9. Misc. expenditure ' ‘ 10,000
| 1 3,24920
Interest @ 16.5% on workmg . . ' :
capital (3,24,920) IR : 53,612
2

Total: ~ - 3,7853

Cost of cultlvatlon = Interest and depreciation on non-recurrmg expenditure
+ Recurrmg expendlture and interest on it 3,24,886
+ 3,78,532 = 7,03,418 ‘

188




_ | ‘

C. Profit ' . S R | . :

Profit = (Anticipated yield x selling price) - (Cost of cultivation) .
Table - 15.3. Profit at Differeat Levels of Yield

Sl Yield/  Total  Selling Gross  Cost - Net'

No. Kgstraw  yield . price/ return  of profit
' (gm)  (Paddy Kg ~ (Rs)  culti- . (Rs)
straw 58 (Rs.) _ vation . :
tonnes) (Kg) _ (Rs.)
1 500 29,000 25 7,265,000 7,03,418 21,582
2. 600 34,800 25 8,706,000 7,03,418 1,66,582"
3 700 40,600 25 10,315,000 7,03418  3,11,582
4. 800 46,400 25 11,60,000 7,03,418 4,656,582
. 900 52,200 - 25 . 13,05,000 7,03,418  6,01,582
5. 1,000 58,000 - 25 14,50,000 7,03,418  7,46,582

15.7. ECONOMICS OF PADDY STRAW MUSHROOM
CULTIVATION - ' .

Paddy straw mushroom is grown on pad@'aw and yields 10-20% of the
substrate on dry weight basis. It can be grow thatched huts/polyhouses and
‘brick stone rooms with proper provisim%nentilation and light. Economics of
cultivation has been given for a fapm of $hatched hut with 8 rooms, 3 rows of
rack with 3 shelves accommodatit@*eds (20 Kg each) for spawn running and
- cropping. o

"~ A. Non-recurring expendi

S8l Items Value (Rs.)
No. . '
1. Shed (thatched) to prepare B
bundles (20’x35’) - 1 Ne. 7,000 -
2. Straw soaking tank (10'x5'%5’) - 3 Nos. 30,000
3 Pasteurization - '
(15'x20°x12’} - 1 No.
4.  Cropping room-
(20'x35'x17'%12") - 8 Nos. - : 85,000
5. Store room (15’x15’x15°x12) - 1 No. - ' .
6. Office-cum-packing room
(20’x15’x17’x15’) - 1 No. o
1. Wire mesh frame with stand - 4 Nos, 1,000
8.  Rack (hamboo/casuarina) - 24 Nos, 26,700
9,

Sprayer with 1/2 HP metor - 1 No, - ' 3,000




No.

Sl. Hems - ' | | ~* Value (Rs.)

10. Water boiling container with

" hestingcoil -5Nos. . S 4000
" 11, ‘Trolley - 4 Nos. ° S 8000
U Tetal: o 164700

Interest @ 165% on Bs. 184,700 - 27,176.00

Depreciation @ 5% on permanent

. gtructure (water tank) Rs.30,000 - 1,500.00

%" Depreéiation @ 20% on temporaty

-« ‘wiremesh, rack sprayer) (Rs.1,26 700}
... Depreciation @ 10% on trolley '

L4 (Rs8000) . S 80000
. Total : | | ' f_ | ' '54,816.0({

1 'Paddy straw - 210 tones - 1,47,000 -.

i2, * Supplement (like chicken mant

:gtructure (sheds, cropping room, . 25,34000

.- cotton seed husk 5%) | | - 2,100 .. |
- 3 'SpaWn bottles exclud' 'th. L

__fofbottle @ Rs.3/- pég o
"two bottles for egeh be . 21 024 Nos

4,  Chemicals and ides o | 6,000
5. Polythene sheet o C . 2452

8. Permanent labourer - 1No. S 6,000 .
7... Casual labourer - 4 Nos. L 20200
8 ;

Electricity, water and

o ﬁxel‘hharges' _ o - co 50,000
9. Trané;""oﬂ; charges ' oo e e 01,20,00
10. Misc. expendlture ' . P ~10,000

Interest @ 16.5% on workmg

__4_,57',90I o

capital (Rs.457,900) T -
“Total - EEETRE _._;'5;-33,4'54

. Cost of cultlvatlon = Interest and depreclatmn on non-recurrmg

Recumng expendlture and interest on it 54,816 + 5 33 454 5 88
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C. Profit | |
Profit = (Antlclpated yleld x sellmg prwe) (Cost of cultlvatlon)
Table 15.4. Profit at Different Levels of Yreld _'

SL - Yield/ = Total  Sellng Grcss S Cest - Net

"No. bed- yield price/ return  ofeul- - profit
{(20Kp = Ko Kg . ... (Rs) tivation (Rs.)
Kg - Rs) T -'_!._(Rs) -
1. 25 . 26,280 25 . - -B57,000 588270 68,730
2. 3 31,53 25 S T,88,400 . 5,88,270 2,00,130
3. 35 36,792 25 - - 8,19800 588270 3,31,530
4,

4 42,048 25 . 10,561,200  5,88,270 4,62,930

15.8. FORMULATION OF PROJECT REPORT

A full fledged Project report is to be prepared fm‘ gettmg ﬁnance for Mush-
room cultivation from funding agencies like - NABARD, DRDA, NHB (National .
Horticulture Board), Nationalised Banks, other Stat&\and Central Government
Organisations. The Project report is to be prepal'e il the following way :.

i) INTRODUCTION . R

i) OBJECTIVES | NS
iii) ELIGIBILITY ?* S

“iv): AREA OF OPERATION .

v) TECHNICAL ASPECTS

vi) ECONOMICS (FULL DE
PAYMENT SCHEDULE)

vii) -REFINANCE ASSISTANCE (FROM NABARD)
vii) MARKET AND DEMAND
ix) CONCLUSION

S OF INCOME, EXPENDITURE AND RE-

15.9. SUMMARY

Cultivation of Mushrooms has become very popular in our Country The
. economics of mushroom cultivation differs from place to place due to the difference
in the local cost of raw materials, labour cost, market and demand ete. Economics
- of cultivation of white button mushroom, oyster mushroom and paddy straw
mushroom are given in the unit. Funding agencies like NABARD, Nationalised
Banks, DRDA and other State and Central government orgamsatlons prov1de \
financial assistance to eligible growers ' :
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15.10. CHEC-K YOUR PROGRESS : MODEL ANSWERS
J

1. The non-recurrmg expendlture for the construction of spawn production :
unit is Rs.2,73,035/- (approx.) a.nd the recurring expenditure is Rs.64,774/-
(approx. ) . ‘

2. The approximate non-recurring and recurrmg expendltures f&ur a small size
white button mushroom farm are Rs.3,23 550/ and Rs.4,49,364/-.

15.11. MODEL EXAMINATION QUESTIONS'%

.I Answer the followmg questlons in about 30 lines each.

1. Writein deta.ll about the econonncs of white button mushrool:n cultwatlon
2. Describe in detail about the economics of oyster mushroom Jultlvatmn

3. Give an account of the economlcs of paddy straw mushroom L'ultwatmn

.lI..- Answer the following q_ue_stmn in a@lo lines each.

1. What are the different aspects vered while preparing a project report
for mushroom cultivation 7 g - . -
Write bneﬂy about the eco: 8 of spaWn production.

Write briefly about -recurrmg expendlture of a sm;r]l size white

button mushroom, cultation. _ o
4. Brleﬂy wnte ab@m-recurrmg _é}_;pendit.ure of oyster mushroom cultiva-

Dr!. R.P. Tewari
Ms. K.!P_rasu'nam'ma'




'UNIT - 16 : PRECAUTIONS IN
MUSHROOM CULTIVATION

Contents

16.1. Objectives

16.2. Introduction : -

16.3. Precautions to be taken in Mushroom Cultivation
16.3.1. Selection of Area
16.3.2. Spawn Preparation

16.3.3. Spawning

16.3.4. Spawn Run

16.3.5. Cropping

16.3.6. Harvesting
16.4. Summary
16.5. Check Your Progress : Model Answers
16.6. Model Examination Questions.

16.1. OBJECTIVES O
After going through this unit you will be %Ie to
¢ list out the precautions.to be While selecting the area,
& list out the precautions tn%en during spawn preparation, 5
® list out the precautions to be taken during spawning, spawn run, cropping and

harvesting.

16.2. INTRODUCTION

Mushrooms, since long time have been collected from nature for human con-
sumption. Later on, the method of indoor cultivation of mushrooms-through
scientific way have been fully understood. Being a cash crop, mushrooms re-
ceived much attention from growers of different regions of the world. Indoor
cultivation of mushrooms was started in 1630 in France. In India, in 1943, one
species of Volvariella was cultivated i in Coimbatore for the ﬁrst time,

Mushroom cultivation requires technical expertise and caution. Any disparities
in the factors involved may lead to yield loss. Hence, precautions at different
stages of cultivation are detailed in this unit.
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16.3. PRECAUTIONS TO BE TAKEN IN MUSHROOM
, CULTIVATION

'I‘hough the technology for growmg mushrooms is perfect some precautions
are mewtahle to avoid loss of crop.

16.3.1. Selection of Area

The followmg points should be kept in rmnd whlle selectmg ’rhe area for'
mushroom cultivation. - .

1. The ground should be firm to hold RCC structures -
ii, Plenty of greenery at the land site is essentla] to make the enwroument clean.

i, Availability of clean water at the site.

. The area should have drainage arrangement, to maintain hygiene .in_ the growing

- area.

* v. Uninterrupted electric power supply wit%élse_ facility should be provided.

vi: The site should be accessible to_raiOJa ays.
vii. In case of button mushroom cultiva the. compostmg platform should be
closer to the main road for the s convenience of discharging raw materials.

Close to the composting yapdghe Bulk chambers should be placed for operational
convenience. At the back Bse chambers cropping rooms are to be built.

~ viil, Provision for futur sion of the Umt is to be 1eft . ‘

- 16.3.2. Spawn Preparatlon

The word spawn (San Antomo, '1984) is derived from an old Irrench verb,
‘espandre’ meaning to expand. Quahty spawn is one which consists of vigorous
mycelical growth and free from all contaminants. Preparation of spiwn involves

_ sophisticated technology and mfrastructure ‘Hence, small growers can depend:
on: spawn laboratories run by government, voluntary and private grganisations
for spawn. However, the following precautions are to be taken while preparing
spawn. o S ‘ SR

i, Glassware and mstruments used for preparmg cultures should be cIean

" ii. Composition of culture media and spawn substrate as per the text should be
. followed strlctly while preparing them. '

'iii::' 'Proper pH (7-7.8) should be mamtamed - o - ‘
| |

iy, Culture media and spawn substrates should be sterilised. accoq ding to the .
recommended procedures : :




. Inoculation should be carried out under aseptic conditions. .

vi. Incubation of the inoculated tubes and bottles should be carried out at specified
~ temperatures only (35°C for paddy straw mushreom and 25°C for others),

vii. Always it is advisable to use fresh spawn. However, after complete growth
the culture tubes can be stored in refrigerator at 5°C for all other types of
mushroom spawn’ except for Volvariella which is'to be stored at 15°C for a
maximum period of six months. Cultures and spawn stored for longer durations
result in decline in the yield of mushrooms. | -

“viii. Refrigerated cultures or spawn should not be used immediately. after -taking
ouf of the refrigerator. They should be brought to room temperature and used.

ix. Transportation of spawn from spawn labs to growing area should be carried
out either in refrigerated vans or during night time when the temperature is
low.

X. Contaminated cultures and spawn bottles should be disposed properly. Prior
to disposal they should be autoclaved to kill the contaminants (at 15 1b. p.s.i.

for 20 minutes). _ _
. xi, Good strains should be selected for use depench@on the yield performancs
and quality.

~ xii. During the process of inoculation strwglene should be. followed.

16.3.3. Spawning
~ The process of mixing spawain 2 substrate for growing mushrooms is called
spaWn'mg. The following pr: are to be taken during spawning. -

_i.. Spawn should be uniformly distributed throughout the substrate.

ii. Rate of spawning is an important factor in determining the spread of mycehum.
In case of White button mushroom, the recommended dose 18 0.5 - 0.75 per .
cent i.e., 500 - 750 g for 100 Kg compost. In case of oyster mushroom it is 6.75

- 7.5 per cent i.e., 270 - 300g for 4 Kg dry suhstrate

About 3 percent spawn (800 g spawn for 26 kg dry suhstrate) is necessary in
case of paddy straw mushroom. : :

jii. Strict hygiene should be maintained at the area of spawning.
Check Your Progress - 1 & 2

1. Write any three precautions to be t_aken' while selecting the area for mushroom
. cultivation.

2. What is the rate of spawning for white button mushroom and oyster
“mushroom ?7




Neote : {a} Write the answers in the space ngen below. o L —
o is Umt

{h} Cnmpare your answers w1th those given at the end of t
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16.3.4. Spawn Run

Sprcad of the mycehum from the gram spawn - into the suhstrate is called

. ‘spawn run’. The following thmgs are to be kept in mind during sjawn run,

1. The ten"}erature of the spawn runmng room should be maintained. Optlmum _

‘temperatures for spawn run of:white button mugshroom is 25 f 2°C, ‘oyster
mushronm 21-28°C and paddy straw mushroom, 35- 40°C. -

1. Relative hunnchtv is to be mamtamed meﬁ 90 and 95 per cent in case of o

white button mushroom and 70-90 per ¢

n case of oyster and paddy straw
 mushrooms. : :

i, -_PI'O-per care should be takmvoid the incidence of competitor moulds,

parasttic moulds, bacteria, vir
1635 Crbpping Q“ )

ii.

11,

iv,

s, pests and nemaiodes.

The following pre s are to be taken dufil;g‘cropping period.

The recommended temperature is fo be maintained (23 - 25°C for Agancus
bisporus, 28-30°C for A.bitorquis, 20- 30°C for oyster mushroom and 34 37°C
in case of paddy straw mushroom) -

Relatwe nuxmdlty at $0-90 per cent in case of button mushroom, 65-85 per
cent in case of oyster mushroom and 85-95 per cent. in case of paddy straw
mushroom : : :

Spraying of wate'v should be done géﬁtly -

The Cropping rooms. should be’ furmgated qmte oﬂ:en to check !Jfle' unwanted
orgamsms ' - : o o

16.3.6. Harvesting

1.

.

196 -

Pmper care should be taken 'whilé harvesting mushrooms.

The correct stage of harvesting should be _}udged on the basis of c=]11ape and size
of the fruit bod y of different genera, .




i, They should be picked by gently holding them between the thumb and fingers
: by twisting slightly and pulling out gently. ' S

v, Lower part of the fruit body where ﬁhe- substrate is adhered to be cut and
removed. : '

v. As far as possible smaller stipes are to be kept.

vi. Sufficient ventil-at;iqn and light dm*ing the period yields mushroorms with shorter
stipes. ' '

16.4. SUMMARY

Mushroom cultivation requires technical expertise and csution. Proper care is
inevitable at évery step of the cultivation to vield good: regults. Selection of area
is the foremost important factor. The area selected for mushrourm cuitivation
should be accessible to rail or road, have uninterrupted power supply, availability
of clean water with provision for future expansion. Every precantion is to be taken
while preparing spawn. Contaminated cultures are to be disposed in a proper way.
Spawning plays a major role in the spread of myceli§g over the substrate, The
optimum temperature and relative humidity are@mntained during spawn
1

run and cropping. Harvesting of mushrooms@i e done with care and skill.
S

16.5. CHECK YOURPROG?s Y": MODEL ANSWERS
C

1. The area selected for mushr ulbivation should have rail or road acces-
sibility, plenty of water and nterrupted power supply.

2. The rate of spawning l@é button mushroom is 0.5 - 0.76 per cent and
- 6.75 - 7.5 per cent for oystér mushroom; . '

16.6. MODEL EXAMINATION QUESTIONS

I. Answer the following questions in about 30 lines each.
1. Write an essay on the preéaut;ions to be taken during mushroom cultivation.

2. Write an account on precautiéns to be taken during selection of site and
spawn preparation. ' '

II. Answer the following questions in aboug 16 lines esch.
1. Write a note on the precautions to be taken during spawning,

2. What are the precautions taken during cropping and harvesting.

Ms. K Prasunamma




UNIT 17 : MUSHROOM RECIPES‘ )

Contents

17.1. Objectives o _ S

17.2. Introduction S L . _ ‘
17.3. Western Recipes - | ' _ ‘
17.4. Indian Recipes . S
17.6. Mushroom Pickles . ' : _ |
17.6. Mushroom Powder " o L
17.7. Mushroom Jam . _ L
17.9. Check Your Progress Model Answers . o ‘ i
17.10. Model Examination Questions - _ -

17.1. OBJECTIVES B

By the end of this unit y_ou will be able to :

- @ list out the various recipes of Indian amﬁi:tem, SRR
..‘ In

@ describe the method of prep_aratio reclpes and west»erﬁ. recipes,_

- describe the prebaration of picklel ders and jam. .'_ ' ‘ ..

iITLINTRODUCTI - e
. Mushrooms are high nutMgious, easy to cook, subtle in flavour, J:haractenstlc

_ stufﬁngs, rice pulao, pakoras, plckles a.nd ]am

of . their texture and 1ve in appearance. Mushrooms land themselves to .
several dishes like saladNefindwiches, omelette, curries souﬁle, soups, vegetable

e

‘Mushrooms bemg a new vegetable has ofien led to various misconceptions
in the consumers mind. The mushrooms cultivated commercially are neither
poisonous nor they turn on storage. Besides, open. ‘mushrooms with ‘exposed-
brown coloured gills are also consumable. However, care should be taken. to
purchase fresh and healthy mushrooms whlch can be ascertained by the absence
of rotten smell. Insect larvae also damage the mushroom by boring t.{umels into it

~ which can be clearly seen by cutting open the mushroom. These are very slmple

tips which become clear with little experlence

- Before cooking, mushrooms should be cleaned gently with runmn tap water to
remove sticking debris, Mushrooms are never peeled; instead, are cut, preferably
vertically, into 2 to 4 pieces. Mushrooms unlike other vegetahles,‘ retain their
shape and do not dissolve into the curry while cookmg Hence a single steam
pressure is enough to retain the nutrients as well. By following ones own style
of Workmg the mushrooms can be blended as per an mleldual’ ste, A few of
mushroom recipes are glven below. . - ‘
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17.3. WESTERN RECIPES

-1 Musli¥oonis Stuffed Chicken Breasts

Chicken breasts : 600 g

'Onions chopped fine : 200 g

Mushrooms - : 100 g

Spinach leaves- : 4

Tomato sauce : 2 table spoons (tbsp)
. Sprouted moong : 2 thsp :
Groundnut :15g

Coriander leaves : handful

Eggs 12

(Beaten, bead, crumbs

as required)

Green chillies : 2

Ginger garlic paste + 2 thsp

0il : 6 thsp.

Slice the chicken breasts inté half without sep@ the two pieces. Flatten
™ the chicken breasts with a meat mallet on a jqpdef™oard. Apply salt, ginger
garlic paste and pepper powder to the chickes
and spread over the chicken breasts. EHeat tWeo’table spoons of oil and saute
the finely chopped onion till light brown. the mushrooms, sprouted moong,

by

@ es. Parboil the spinach, drain

till brown and dry. Add the finely cltwpped coriander leaves. Spread a little of this -

groundnuts, tomato sauce and the Ql_ync opped green chillies. Stir well, cook
nd fold

mixture over the spinach lea 'S the chicken breasts. Fasten the edges
_ with toothpicks or tie with a A Dip in beaten egg and then roll in bread

crumbs and shallow fry till done. Serve hot. Remove the toothpicks or strmg
~ before serving ' o .

2. '-M_é.xica‘na -Muttoh Mince with Mushrooms

Mutton Mince :250g
Medium sized tomatoes : 150 g
Blanched and chopped

mushrooms . : 1/2 cup (100 g)
Capsicum chopped -+ 1/2 cup (100 g)
Medium sized onions ., ': 100 g
Coriander leaves '

chopped . 150 g

Chilli powder :bg

Lemon juice -~ 1 1tsp

Cumin :2g

Salt to taste _ )

Oi : 2 thsp.
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Chop the mushroems into fairly Big‘ pieces. Heat two tablespoons of oil and

saute the smions till soft. Add the mince meat and fry for sometie. Add the .

finely chopped lanched tormatees, capsicurns, chilli powder and cumiy powder and

© ¢ook till almost dry. Add the mushrooms and salt and stir well. Add the coriander

leaves just before you remove from heat, Remove and serve hot, sprinkled with
lime juice. _ B |
3. Indenesian Sivie Stuffed Chillies . - |

For this adapiable recipe you can substitute pine nuts or peanuts if you don’t
kave cashews. - - _ |

- Olive sil : 30 ml/2 thsp |
Medium onion, peeled and chopped @ 1 ) ',
Clove, garlic, crushed L
Turmeric : 2 thsp
Crushed coriander seed "~ i 1tbsp : |
Dessicated coconut o 2 2 thsp.

Mushrooms chopped - 1100 g ' |

Lemon juice

» o

200

Bulgar wheat : 75 . _
Raisins : Lo S@ .
Cleaned coconut ) . 25 |

Stock or water : @8{} ml l
Tomatoes, skinned and chopped 0g

Cashew nuts \ 150 g _
Small green chillies deseedegrgnd - |
cut in half lengthways - 4 '

: 2thsp _
Preparation : ' - '

1. Heat the oil and fry the onion and garlic until lightly browned. |

2 Add the tuhneric,, coriander and dessicated coconut and cook gently for about -
2 minutes. ' '

3. Add the zﬁushmoms and bulgar wheat and cock for a further 2 n?_inutes.

[l

. Add the rest of ingredients except the nuts, lemon juice, chillies, iand cooking .
stock and strumer geatly for 15-20 minutes vntil the bulgar wheat 1s cooked.

Toast the cashew nuds in a dr_'-,? frying pan until golden brown. |

- Bianch the chitlies in boiling water for 3 minutes. : |

'--'.I

Mix the nuts and lemuon juice with the rest of ingredients and fil} the chillies
with the mizture. ' '

8. Place the filled
arcund the pep

]

sppers on the bottem of a large casserole dish am|:l pour stock
ers.’ ' :
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8. Cook 180°C/350°F /gas mark 4 for 20 minutes.

i0.

Drain peppets and place on a hot plate to serve,. -

‘Time : Preparation takes 20 ninutes, cmkjéag takes 45 minutes,

- Freezing : The cooked chillies will freeze well for upto 3 menths.

4. Mushroors and Tofu in Garlic Buiter

button mushrooms : 328 g
Root ginger : 2.5 cm plece
smoked tofu _ 1226 g
butier ' : 100 g
Cloves, garlic, crushed = : 1+tbsp
Chopped parsley ' : 2 thsp

Preparation

1,

Wlpe the mushrooms with a damp. cloth,

2. Peel and grate the gmger _ N
3. Cut the smoked tofu into snﬁa}l 1.2 ecm or J#Ninch' squares,
4. Melt the butter in ii frying pan... ' 6 '.
5.
6
7

Add the crushed garlic and ginger anc%gently for two minutes.

. Add the smoked tofu and heat finally. _
. Add the mushrooms and c%ntlyfor 4-5 minutes until the mushrooms are -

softened. -

. Divide between 4 mdxwdudﬂy hot dishes, sprmkie with chopped parsley and

serve at once,

- Time : Takes 10 minutes, cooking 12 minutes.

5. Tofn Burgers _ . _ o
Serve these delicious burgers with mustard and pickles and accompany with a
salad. ' '

© bulgar wheat o B0 g
boiling water ' ¢ 100 ml
Small onion, very finely chopped N

" earrot, grated : : 126 g

mushroems, very fmeiy chopped 180 g

packet tofu = 1 250¢g

. Basil ' SR : 1/2 tsp

Oregano . - _ | 2 1/2 tsp
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Tomato puree | : 2 thsp A
Black pepper . : 5 thsp - ‘
Whole wheat flour . - +100g I
Qil for deep frying. Sufficient o ‘
_Preparatmn .

1 Put the bulgar wheat into a bowl and pour boﬂmg water over it. L*aave it agide
for 15 mmutes until all the water is absorbed. - ‘ :

9. Add .the onion, carrot and mushrooms to the bu]gar wheat and mix well
3. Drain the tofu and crumble into the bowl. - [ :

4 Add the basil, oregano, shoyu, tomate puree, a little black peppex{ and 1 table :
o spoon. of whole wheat flour, Mix together well. :

5. With wet hands, take heaped table spoonful of the mlxture, sqeeze together :
_ well ami shape into burgers. o - ‘

6. ._ Coat the ‘burgers with whole wheat flour. ‘
7. Heat the oil until very hot and fry the b@ Jor 4 at & time untxl golden :

brown, _ o Q _ ‘
8, Remove and drain on absorbeni kite paper o o ‘ .

Time : Preparatmn takes 1 ufes & cooking takes 5 minutes per batch

- Watch point : The oil must-g very hot otherwise the burgers will Hlelnt_egrate.'

. Freezing : Freeze fd to 3 mmutes Reheat by grilling or‘warmin_g in
the oven. - o ' ' )

6. SavouryRmeCake S I R ‘

An excellent way to use left over rice.
~ Medium onion, finely chopped ~ . : 1
 Clove garlic, crushe'd . o t1
Olive o1l - ~ : 2thsp
| . Fresh thyme chopped =~ :12tbsp
= . Red chilly, thinly sliced - .1
‘ ~ Green chilly, thinly shced ) 1
| Eggs beaten _ 4
’ . Salt and pepper '- -~ : Sufficient
Cooked rice S 1 6 thsps
~ _ " Natural yogurt . 3 thsp
5 " Cheddar cheese, grated . 5 g. _ o
‘ Mushroems chopped . : 1200 g - N )
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Preparation : o |

. Fry the onion and garlic in the olive il until soft. _

. Add the thyme and peppers and fry gently for 4-5 minutes.

..Add mushrooms and fry till soft brown

. Beat the eggs with the salt and pepper. . _
. Add the ¢ooked rice to the thyme and peppers followed by the eggs

S G e s N

. Cock over a moderate heat; stirring from time to time untll the eggs are cooked:
_ underheath. :

7. _Spoon the yogurt on top of the part-set'egg‘ and sprinkle the cheese over the'
tap. : A

8. Put under moderate grill and cook until puffed a’nd-goldieii -
. 9. Serve immediately, -

Time : Preparation takes about 15 minutes, cooking takes 15 minutes.
Serving Idea : Garnish with fresh thyme and s_er@fth green salad.

7. Mushroom and Apple Chutney O :

Onion - 1 - _

Apples : 500 g - ?\

Mushrooms : 500 g _ '

Red chillies 1125 g _

Green tomatoes : 3756 g @

Garlic : 2 flakes ‘
- White vinegar : 1200 ml -

Brown sugar :375g
1. Put the onion into o sauce pan, just cover with water and cook until tenﬂér,
when most of the water w111 have evaporated. _

2. _Add apples, mushrooms, pepper and tomatoes and half of the vinegar.
3. Crush the garlic, put it into muslin and add to the pan. '

4, Sunmer the mixture until it thickens and then add the fémaining vitie'éﬁr
gradually. When of a thick consistency, add the sugar and contmue to cook
until there is almost no liquid. Stir the mixture occassionally.

5, Remove the garlic, pour the chutney into clean, dry jars and cover. Yield
approx. 1 kg. : -

Check Your Progress - 1 _
Describe the preparation of mushrooms and tofu in garllc butter. -




_ Nete : (a) Write the answer in the space given below ‘

B,

17.4. INDIAN RECIPES |

(b) Compare your answer with the one g;ven at the end of t.hls umt
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The Indxan recipes of the mushroom viz., soups, curries, masala pa‘neer, Bhu_ua,

Koﬂ:a, Pulao, stuffed mushroom et.c are glven below.

1. MushroomSoup A R ‘

Mushrooms 50 g . .On'i'ons' . 1small - S ‘
Gingerr =~ = 10g = Garlic 5 ' -
- Refined flour  1thsp = Mik - ic

" Butter 1tbsp  Salt, ped sugar to taste, - :
Method Bml cut mushrooms, ped onions, grated ginger and garlic in 75'0

ml water. Slightly fry refined ﬂo il melted butter and add milk. Add meved

decoction of boiled mixtur il for 5-10 minutes. Adci spices to taste.
2, Onion Pepper N ' o} Soup _
Mushroom - 100 g Watet . 500mi
Capsicumn 2 no Chopped
S | _ . Coriander =~ 1thsp. _
~Onions =~ 3no ‘Grated cheese 75g ' ‘
- Garlic -~ - 7flakes. - Refined flour  2tsp. : ‘
. Tornatoes "2 thsp. ' : :

" Method : Cho'p 'capm.cum into thin strips, chiop tomatoes, slice mushroom and

onions. Coarsely grate garlic. Gently heat butter. Add refined flour. Add water

and bnng it to a boil. Add tomatoes and sliced mushrooms. Cook tﬂl‘ tender. Add -

- salt and pepper to taste. Serve hot w1th chopped corlander leaves. ‘

- Mushrooms . 160g
.~ Celery stalks __(chopped) bg

3. Lentil Mushroom. Soup .

Lentils 05 )
Onions Sliced and- chopped i0g ' o ‘




Carrots (sliced) \ 15¢

Tomatoes 30¢g
Sat - 2g .
Pepper - . 1cup
Stock or water - lcup
Vinegar - ltsp
0Oil ' 1tsp

Method : Bring the stock to a hoil and slowly add the lentlls Reduce to a simmer
and cook for half an hour. Meanwhile saute the onions and mushrooms i in il and

~ set aside. Combine all ingredients except vinegar and cook for half an hour, add
vinegar before serving, add salt and pepper and serve hot.

4. Mushroom Corn Soup
- Mushrooms - b0g

Corn . 10g . .

Onion 1 small o _

Ginger - 10 gm S

Corn flour ~ 1tbsp S N

Garlic 5 cloves o

Butter 20 g O :

Salt, pepper and sugar to taste - ‘ _
Method : Boil cut mushrooms, corn gr hopped onions, ground ginger and

_garlic in 1 litre water for 15 min. gitye t decqcti_on. Heat butter and fry corn
flour, Add decoction and spices fo@!! ' - _ o

5. Mushroom Curry % _
Mushrooms 200 g Turn¥éric  1/2 thsp

Onions 2 no ‘Cumin - 1/2 thsp
Garlic 6 flakes  Curd/milk 1 cup
Ginger 1 piece  Ghee 1 thsp

Tomatoes 2 large Chillies & salt to taste.

Method : Wash and cut mushrooms and tomatoes. Chop onions, grind garhc and
~ ginger. Heat ghee. Add cumin seeds to crackle. Fry garlic, ginger and onion to

- golden brown. Add spices and salt to taste followed by chopped tomatoes. Leave:
to simmer. Add curd or rmlk Add mushrooms. Simmer and water if desn’ed

6. Mushroom Peas Curry

Mus_hrooms" " 20g Tomato 2 large
Peas - 500g  Turmeric 1/2 tsp
Onions - 2ne - Cinnamon 2¢g
" Garlic 6 flakes  Chillies & salt to taste

- Ginger 10g




|
Method Wash and cut mushrooms. Shell peas. Chop onions, garhc and ginger.

. Heat ghee. Add cumin seeds to crackle. Fry all spices. Add tomatoes land simmer.
Add mushrooma~ and peas and cook till peas become tender Add water if desired.

7. Ml_lshroom Theeyal = = N |

“Mushrooms 250g Turmeric ~ -1/2tsp |
Coconut 2-cups Onions - 10 - '
Red chilliess - 3 . Green chillies 2 Nos N
Coriander seeds.  1thsp . Garlic - 2 cloves o
Fenugreek . . apinch  Coconutoil 2tsp. |
Pepper coms .= 4 Salt to taste - - - | .
A few curry leaves . ~ |

One marble size dump of tamarmd

Method : Clean the mushrooms and slice mt.o two. Roast chilligs, coriander
seeds, fenugreek and pepper along with finely grated coconut on alslow fire till =
coconut turns golden brown, Grind to a fine paste without adding water. Heat
oil and saute onions, split green. chillies and gnushrooms. Add tw cups water,
salt and cook. When cooked, add ground cegonW paste, cover and cook. Mix in
tamarind juice and boil. Remove from 6 eason with spluttqred mustard
seeds and curry leaves. - ' . '

8. Mushroom Yakni ' S _ - |

- Fresh mushrooms 200 g Q.ﬂloves 2 -

- ' Fennel powder 5 "\ ‘Salt to taste S |

- Aromatic Ginger 5% 01l 2b g B

White cumin seeds 5 g - Curds - 250g -
'Asafoetida powder a pinch ' -

Method : Wash and cut mushrooms mto twe halves. Heat oil and|deep fry the
mushrooms, Take out mushrooms when golden in colour. Put asafoetida, cloves
and cumin in the same oil, when cumin crackles put fennel and argmatic ginger
- and stir slowly. Add curds to this mixture and keep on stirring for few- seconds
and then add the deep fried mushrooms and cook untll the mushrobms are soﬁ

9. MaklehumbMasa]a o S | |
' |

Corn 250 g Green chillies - 4 _ _
Mushroom 450 g Ginger paste - 25g - |
 Ghee 150 g Garlic paste - . 25 g S N
Onions ~~ 250 g Red chilli powder 10g . : "
Ginger © 30g . Tomatoes 450 g '|

Method : Soak the corn in a pan full of water for 34 hours leen boil untll
tender. Wash and cut mushrooms. Peel, wash and chop onions and green chiilies.
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- Wash and chop tomatoes. Heat ghee in 2 Kadhai, add ohions, and saute over
medium heat till golden brown, add gmger paste, garlic paste and green chillies
and stir for 15-20 seconds. Now add red chillies and stir for a minute, Add
tomatoes and stir until the fat leaves the masala, add corn and mushrooms, bring N

~ to a boil and simmer until the liquid has evaporated. Sprinkle garam masala and
10. Laziz Khimbi

Mushrooms 600 g Tomatoes 750 g
Ghee . 150 ¢g Green.chillies 4
Cabbage - 100g Ginger . 30g
Garlic paste 20 g Onion. 100g
Whole Red chillies 4 . Capsicum 40g .
Corianderseeds b5¢g Salt, Garam Masala sufficient

Coriander leaves a few to taste.

Method : Heat 20 gms ghee in a pan and saute sliced mushrooms over medium
heat for 4-5 minutes, Drain and keep aside. Shred cabbage and saute over medium
heat in 20 gms of ghee. Heat the 50 gms of ghee i hai and add garlic paste
and stir over medium heat for 20 seconds. Add th®wfounded red chillies and
coriander seeds; stir over medium heat for 3 de add chopped tomatoes and
stir until the fat leaves the masala. The:ﬁ spped green chillies and grated

ginger stir. heat the remaining ghee in a ate kadhai, and sliced onions and
saute over medium heat. Add cut gdPhicurh and saute for 2, minutes, Transfer
' the masala from the first kadhai, addnushrooms and cabbage, stir constantly for

3-4 minutes. Adjust the salt a@\m powder. Sprinkle garam masala and fresh
coriander leaves and serve hot. :

11. quhr_dbm Paneer.

Mushrooms 200 g
Paneer 100 g
Onions 3 No
Garlic 8 cloves -
Cumin 8 cloves
Turmeric 1/2 tbsp
Coriander powder 1/2 thsp

- Garamasala ~ 1/2tbsp
Tomatoes | 1 or 2 Nos.
Ghee ' 2 thsp

Salt and chillies to taste

Method ;: Wash and cut mushrooms, Warm ghee. Add cumin to erackle. Fry
ground garlic, chopped onions and ginger to golden brown. Add other spices
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. followed by chopped tomatoes and leave to simmer. Add fried paneer and mush-
rooxes, Cook for 10 mmates Add water if 3 neceasary ' '

12. ‘\‘[ushroom Bhll]la
Mushrooms A 250 g

Potato 1 large .
* Onion : 2 large
- Tomatoes 2 large -
Asafoetida *  pinch-
Garamasala - 1thsp
Ghee . 1tbsp

Salt and chllhes to taste

Methed : Cut mushrooms. Boil potato and wash. Warm ghee Add asafoetida.
Fry chopped onions, Add spices and tematoes for eummermg Add wgshed potatoes
and mushrooms, Cock for 5 minutes. Add water if required. '

5 18 To:mato Mushroom Bhlljla g

" Tomatoes “180g - |
* ‘Mushrooms 150 g 0
: Onions | T 40g -
. Green chillies 2g o O
 Garlic . - 5g ?\
| Ginger : 2g
- Turmeric - 2g Qs
- Chilli powder =~ 2y |
CSalt %
0Oil o 20

Method : Take a flat bottom vessel and add 011 When oil is hnt add onions
and dry till light brown. Then add all the other ingredients and cpok till gravy
thickens. The mushrooms may or may not be chopped. |

: 14, Palak Mushroom

Spinach 150 g
Mushrooms -~ 150g -
- Onipns 56g

Garlic ig
Potato 80 g

Red chili ~  1g
Turmeric’ i'g
Cloves Clg

Fat 10

Ginger ig
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Method : Wash and chop spinach, onions and coriander leaves. Boil and Mash
potatoes. Grind cloves, red chillies, garlic and ginger to a fine paste. Hest fat, add
to it the spice paste and add mushrooms. Heat on low flame. Ceok spinach and -
grind well along with mashed potatoes in an electric blender. Now add the spinach
potato mixture to the coriander and chopped mushrooms Add sa.lt turmerlc and
cook for 2 minutes. Serve with lime. :

15, Mushroom Kofta

Dhingri mushroom 200 g

Red chillies powder . lthsp
Turmeric powder . o 1 thsp
Ground anardana g

Gram flour S 4 thsp
Salt to taste ' " '

Methed : Clean dhingri. Take dry gram flour. Add all spices and mash dhingri |
with hand into this mixture. Add little water if needed.. Make small balls and
deep fry A gravy preparation or cutiei:s can also gpared from this kofta,

16. CreamyMushrooms o
Mushrpoms '400g : : -

:Chopped onions = 15 ¢ _ ?\ .
¥resh cream ~ 60g Q~

Chopped coriander 15 g
Butter 5g .
Salt and Pepper according to

Method : Heat the butter and fry the onion for 1/2 minute. Add the prepared
mushrooms and fry for a further 1 minute, Add the cream, chopped coriander
' -leaves, salt and pepper and mix weli Serve hot with tooth picks.

17. Mushro_om Pulac

Mushrooms =~ 150g
Rice 5g
Onion 40 g
Ghee . 36g
Paneer - 4bg
Balt o ig
' Peas - 3cups
; Green chillies B

- Water .
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Method :  Fry cnions in ;.ghee _tﬂl_ge}.den brown. Stir in the ’Fmined rice,
Mushrooms, paneer and salt ate fried for § mins. Add shelled peas, chillies, hot
‘water and cover and simmer till cooked, Serve hot, _
For the Dough ~ Refined flour 60g | ‘

"~ Fresh yeast 5g . ‘

_ Salt o 1/Z2tsp _ _
¥or the topping Mughrooms 50 g ‘
. Tomatces 75 g _
Onion -~ 20g ‘
Cheese - 20g _
Butter 1tsp : ‘
Garlic -1 flake

Chilli powder a pinch S ‘

Method ;: Sieve the; flour with salt ; mix the yeast in the flour and add enough
~water to make a dough.' Cover the dough with a wet cloth until iq' is double in
size. Knead the doughroll out the dough. Gg véi_ he dough with a wet cloth until
it is double in size. Knead the dough angd rolwut the dough to 1 ¢m thickness.
Grease the pizza tray and place the ro ;@ t dough in the tray. Chop the onion,
tomatoes and mushrooms. Saute ge onidifs, garlic, tomatoes and the mushrooms,

Add chilli powder and salt. Cook *10 minutes. Spread the mixture over the
. rolled dough and sprinkie d cheese. Bake in a very hoT oven for 20
minutes. ' ' _ R '

' 19. Marinated M..@'m Salad

Mushrooms 500 ¢g Sugar g
Water 15 litre Onions sliced 4 ih number
Vinegar 300ml  Olive oil to taste
All spices 2 tsp ©"Salt to taste’

Method : Place washed mushrooms in water (1.5 litre) and salt and boil for 5 .
minutes, Drain the mushrooms. Prepare marianade by bringing to| boil vinegar,
all spices, and sugar. Stir till sugar-disso_lﬁes; Shice the hiushrolpms or leave
them whole. Pack them into a jar alternating with a layer of onion rings. When
marinade is ready pour into the jar. Press down the _mush_i'ooms to ensure all
air has been expelled. Store in fridge to serve as salad, drain of marianade, toss
“mushrooms and onions with pepper and add a little oil to taste.

20. Mushroom Stuffed Capsicums

Capsicums 6 large size - Fresh chillies 25& '
Mushrooms 250 g : Garlic _ 2 ﬂ%kes

Onions - 2 large Curry powder 5g
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Potato 1 large boiled : Cinﬁamon 2g |

Butter/oil 150 g - Turmeric powder '1/2 tsp.

Fresh ginger 25 g, _ . '
: Fresh coriander

Method : Wash capsicum and cut around th'é stalk. Drain out the stalks along

with theseeds. Cut mushrooms and potato into small pieces and mince seperately -

onions, ginger, chillies, garlic and coriander, Fry onions in fat till onions become
light brown. Add ginger, freshly cut chillies and garlic to it. Fry these for a

minute. Add a small amount of water to prevent sticking. Add cut mushrooms -

and hoiled potatoes along with spices. Stir till mixture is dry but not cooked fully.
Take the mixture off the fire. Stuff capsicums with it and replace the cap of the
stalk with a little force so that it gets well fitted in the stuffing inside. A small

piece of sewing thread may betied to keep the cap in position while frying. Deep

{ry the capsicums gently on slow heat. Make sure that capsicum does not lose its
'shape or get burnt. Arrange fried stuffed capsicums on a plate and garnish with
~ remainder of the stuffing,

21. Stuffed Mushroom 0
Large sized mushroom .10 no ' ~ -
Onions ' lno O
Bread - _ 4 piece

- Grated cheese | . Lltbsp ? o

-Salt and pepper to taste

Method : Wash mushrooms ove'gills and the longer portion of stem. Fry

ground onions and finely chop ushroom stems. Add bread crumbs, cheese,
salt and pepper. Stuff this into the inner portion of mushroom cap. Ba.ke for 10
minutes. Serve hot.

22. Stuf_fed Omelette.

Mushtrooms 50 g
Eggs . 2
Onion 1

Ghee - 1thsp
Green coriander leaves  1/2-thsp
Green chillies 1/2 thsp
Cumin - 1/2 thsp

Salt and pepper to taste

Method : Chop mushrooms and onions finely, fry i in small amount of. ghee and

put aside.  Beat eggs and add salt, pepper and chillies. Heat ghee in teflon

_ coated frying pan, Add cumin to crackle. Pour beaten eggs and spread mushroom
meture and othe:r apxces Hold omelette t111 golden brown. :




23. Marinated Mushrooms

Mushrooms * -~ 200g .

Green chillies - 6 no

Garlic 6 flakes

Gram flour ~  2tbsp

Ghee - for frying

Salt - to taste

Curd 1cup

- Vinegar 1thsp ‘
Red colour trace . . -
Method : Add salt to whole mushroom and leave for 1-2 h to remove

excess water. -
Dip in mixture of curd, vinegar and colour. Store in fridge for 48 h. Prepare a - .

. thin paste of gram flour. Add ground garhc and: chopped chllhes le mushrooms
into ti:us mlxt.ure and deep fry.. : . - ‘ R

24, Mushroom Frltters

Egg yolk -

W tb_sp
N fewp

Mushrooms 500g ‘
Flour = 1/2cup Mk ‘
Salt 1/2 tsp Soda water
: Pepper 1/4tsp . Stiffy beato .
0l Ltsp egg w ‘

rooms w1th lemqn juice. Mix ail mgredlents =

Method : Sprinkie the whole mu
from flour to egg yolk, gra eat in liquid. Make sure there : are no lumps
left. Let this mixture rps, covdred in the frldge fora couple of hours J ust before

iff ’@ en ¢

Heat oil in a kaﬁhal, dip the mushroom in the butter and fry tlll %olden brown.
25. Mushroom Pancakes B
| Mushrooms - 200 g b
j' Mitk - 500 ml |
‘ Eggs -3 ' ‘
flour -140g .
‘Butter -100g
Onion - 1 (medium size) ‘

Method : Chop the onion and fry lightly until the onion turns tender, Parboil

the mushrooms, chop finely and mix them with onion. Season to taste. Keep this
_mixture warm while you make the pancakes. For the pancakes, separate the eggs .

and beat the yolk with half the milk, add flour and mix te a smoot paste; add

Black pepper, salt and fresh parsley

the remaining milk, Whip the whites until stiff and pour into the mixture. Make

212




thm pancakes cooked on both sides, Put a apoonful of the mushroom mxture on
each pancake and roll it up.

6. - Mughroom Soufle
Mushrooms'" 150¢g

Flow - " 5g
Butter . 5g _ o i
Onions g - - | |
Milk . 60g " o . | |
Cheese 50 g ' a ' - o : o
Salt . 1g 3 L ) ) '
Pepper - 2g ' : ' L ‘
- Egg ~ 2nos

Method: Inalarge sauéepan melt butter and add onion. Cook until onion is soft
and not brown. Remove pan from heat and blend in flour Stir in sliced mushrooms
‘and milk. Return pan to heat and stir until mixture boils and thickens. Cool a
little, then beat in egg yoks, cheese, salt and pepper.\Beat. egg whites until stiff
and stir in one tablespoon egg white into the mush ixture. Fold in beaten -
egg whites quickly and lightly ; pour mnd’.ure an ungreased soufle dish and
bake t1]l golden brown. serve hot. | :

- 27. Mushroom Pakorah = K v )
Mushrooms _' 250 g Q‘ :
Onions . . 2small ' _
Green chillies . 4 . N/

: Bread pieces . 6 pieces -
Shelled peas 2 thsp
Ginger . 1 small piece
Gram flour . 2 large spoons
Ghee for frying

Raw manago powder and salt to taste.

Method : Cut mushrooms into vertical halves. Grate onions and gmgei' Dip the
bread in water and squeeze water. Mix mush:rooms with bread crumbs, onion and
\ ginger; dip these in gram ﬂour and fry in hot ml

28. Mushroom Samosa

For dough

Maida - : 40g
Fat =~ ' 10g
Salt | 2g
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For stuﬂ"'ing

-Mushrooms ] > 100,\&: AR .
Potatoes - 20g o | |
Peas o C . 20g : m N
 Onions S 2 ¢ o T
Green chillies R : 2 Nos
Coriander powder 2 thep
Chilli powder o  lisp
Salt 2w

Method : SLeve ﬂour, melt fat-and mix the ﬂour and salt. Add wath and knead
to'a stiff dough and leave aside for 1/2 hour. Boil potatoes and peas. Saute the
chopped onions and green chillies and season. Add mashed mushr yms, peas and
- potatoes. Make small balls. of dough and roll out into very thin ro inds. Cut the
Younds into half, form'mto a cone an ”our m'ﬂr "'""“tﬁfﬁn 5.8 ""al"' the two edges

together and, deep fry t.lllb

29, . Mnshroom Snacks
. mthoutstem 6 gt andlpepder
~ Egg 1 Fineyhi
* Flour 10g @ot §
Method : Beat the e d add flour,. baking powder, salt a.nd pepper and make N
a batter. 'Add little needed. Dip mushrooms in the batter and roll in -

:bread crumbs, Heat the oil and fry the prepared mushrooms like pakorae, a few
‘at a time, tﬂl they become golden brown.

_ 30 Mushroom Sandwmhes

_Mushrooms " B0g - Bread | - ._ t:wo shees
Tomat.oes e Salt_and IR Accordmg

Lemon juics owder . totaste

Method : Fry the. small hlts of onion. in' ghee Take a. small pan w1th httle water
To that add cut tomatoes, salt, pepper powder and little lemon Jmce Put the
onions and cut mushrooms into the pan and boil it till the water is évaporated
"and nicely tosst it with ghee. Now the mushrdom curry is ready fof stuﬂ'mgthe
bread. Take bread slices and keep the mushropm preparation between two slices
and toast it on a pan with ghee Ready to serve hot, with t‘.omato guce or ming
chutney
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3i. Mushroom Kheer

Mushrooms 50 g
Milk 2kg
Refined flour 1 tbsp
Sugar to taste

Dry fruits for garnish

Method : Slice mushrooms into thin slices. Cook in milk and refined flour tilk
the milk concentrates into thick gravy. Add, sugar, Add dry fruits to garmsh

32, Mushroom Ketchup

Fresh mushrooms 500 g- Cinnamon 1g
Salt 12 g " Dry ginger 2g
Cardamom 2g Red chillies - 2g
Pepper 2g Vinegar or glacial 500 mli
Cloves 2g Acetic acid

Mace 2g o

Method : Wipe off the mushroom caps with a _dQloth. Keep them ina
porcelain or an enamelled bowl for 12 hours @. rinkling with salt. Store the
mushrooms in vinegar for several days and blen¥\tife soaked or salted mushrooms

to a fine slurry and add spices. Heat th till it thickens to consistency of
ketchup; small quantity of meat e oB monosodium glutamate can also be
added to enhance the flour. While%ot the ketchup bottles are sealed with
corks and sterilised for 30 mi in boiling water. 'The bottles are cooled and
kept in a cool dry place. Use it¥g fuch or for sandwiches and omelette.

33. Mushroom Sauce

Mushrooms : 100 g
Butter : 3 spoons
Maida : 2 spoons
Milk : 1cup

Salt and peppel powder for tast'e

Method : Clean the mushrooms and cut into pieces. Add ghee, boil for sometune
and keep it aside. Take -another vessel and 2 spoons of butter, maida and milk -
and then boil with constant stirring. Add the mushroom and butter to the above '
Add salt and pepper powder Remove from ﬁre : :

34. Sweet Mushroom Chutnoy

- Mushrooms . 1lkg Garlic - 10 g
g Sugar ~ bb0Og Ginger L 100g
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- mixed. Finally add vinegar, heat to boiling and &l hot in bottles a

Salt 21/2tsp S Onions  B0g sl
N' 4 spices " 30g Green chillies @ 10g

Q’mmmon S Vine_gﬂr : BOml
:-_ e w . . Semum Oil R 50 ml
Pepper com - ltsp

' Method : Wash mushrooms, slice them lengthmse Chop omun,’ green clulh -
garlu: and gmger ﬁnely ‘Heet oilina pan., ‘Add onion and saute for 2 minutes. Add
"~ ginger, garlic, green chilli and cook for about 2 mmutes "Add sliceq mushrooms
and water (1/2 cup) and cook till tender. Add sugar and: cook tlll sugnar.leaves:
awater. Add salt, red chilli powder andvmegarandcook for 5 to 7 minutes. Lastly, L
add Fossted, powdered spnces and cnok for a mmut.e or so Ccml ‘and store’ m"_f__ -
sterilised bottles. R e

Howto prepare mushroom pulao TR e ‘

" Note : (a) Write your answer in the space given below E Rk
| __;v_sg;{b) Cumpare your answer mt.h the ne ven at. the end_ of the umt.

assyyee .:coqo--ao;uq-é---cpcpo... LR RN, A 8
[ P R o'ln"'-B._'-'r'\q;-__n-.'-o-.qic. r@_g,_-_-"_o cassue
c AR T P poo LS.l i :
[ EXTEY ;

TTE MUSHRO i L
g e

Mushr!:loms 1kg Mustard seeds g T
- Cumin seeds i5g Green chillies 12 Nos: - ' ‘
Fenugreek seeds - 15¢g - Vinegar 850g. - ‘
Coriander seeds = 25g Salt - 80g. .
Turmeric powder 20g Sesamum oil 350 ml o

Method Cook the prepared mushrooms in 150 il se sesamum oil w:t.h a‘;alt spnnk!ed'
over it in‘a covered stamless steel pan’ on-simmering flame for- 2&-30 minutes. )
and keep aside. Roast the cumin; fenngreek and coriander seeds. in Lm open-pan.:
_ Powder it and mix with ground mustard séeds and turmeric powder and it-is now:
mlled spice mixture. Slit the green chillies longitudinally and: lightly fry in.about
100 ml oil: Add the cooked miishrooms and the whole mass should thomughly- .
from the flame. Henttherestoftheoﬂand pour the cooledo:lm each bottle t.o '
cover the plckle completely Screw the. caps of the bott.le P ‘ -




Mete : Don't use groundnut oil and mustard ofl in the preparation of the plckle
as groundnui oi} is fornd to impart 3 little off flavour after a months storage and
the mustard o raashs vaushroem favour completely. : :

2. Mushroom § Sweet & Bowr Pickie
Mushmamrg B0 g
Ginger & Fhg
Garlic ' 71D flakes
Red chilly powder 1 thsp
Turmeric powder % thap
Jaggery 155 ¢
Mustard o 206 g
Vinegar 1w
Salt to taste

Method : Fry out mushyooms and remove from oil. In the: ‘same 011 fry ground
ginger, gazlic and add spices. Preparve jaggery syrup along with vinegar and add

to the spices. Add musiirecms, Keep in sun for 2-3

after filling in clean jar.

17.6. RAT) “’««sﬁﬁ%‘,ww*w POWDER

Dry Mushreoms P14 kg O =
Red chillies S IG0 g S
Corisnder Dby ; v
Cumin ¢ 1 sp{;mﬁ Qs .

Curry leaves 15 leave

Garlic -, @

Tamarind D dl g

0il LS L33

Meihod : Fry the rmushyrooms in oi] nke chips. Fry the red chﬂhes, coy ander,
curry leaves, curnins with s Hitle bit of oil separately and grind all of them n a
mixer. Latar, add tamoring, salt, garlic and grmd

Y, MUSHEROOM JAM
Mushreoms ikg
Sugar 1174k
Water : 1/4 Jitre
Mixed fruit essencs : 10 drops

* Grape colowr :2g

- Wash and eni the fragh mushrooms inte small pieces. Tie themina soft cloth,

' Dlp them in bailing water for &

Z minutes. Remove from the boiling water, Allow

to drain off the water from the mushrooms, Add 2 g of grape colour. Boil the
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mushrooms for 15 mins, then add sugar (1 1/4 kg). Again boil for 40 mins with
constgmdﬂgpntmuous stirring, se that it will net stick to the bottf}m Bemove
fromAhe fige:; Allow. it to.cool. Then add mixed fruit essence (10 drops). Bottle

‘the jam in a sterilised bottle. This can be eaten along with bread. |

17.8. SUMMARY |

_ Mushrooms like vegetables are purely vecretzu ian diet. They ave lp_lghly nutri-
tious, i.e., having good source of proiein, vitamins and minerals. They are easy
" to cook aud with excellent culinary qualities besides being valued fpr aroma. In
India, we have diverse taste in different regions, so the thumb rule for cooking
mushrooms is to fo]low in.one’s own style of cooking. These can be cooked -
ina varlety of ways hke sandwich, emelette, s oup, salad, pulao :md curnes n .

comhmatmn with other vegetables _ \ |
|

1T7.9. CHECK YOUR PROGREE»S WODEL A'\]SWERS

mins. Add the smeked tofu and heat it. Add Wte mushrooms, copk gently for
5 mts. Divide between 4 dishes and
- serve hot '

17 Melt t.he butter m a frymg pan and add c:shed ginger,. garhc zTnd fry for 2

nkle vnth c.hoppetﬁ ‘parsley and -

2. FU onions in ghee t111 golden n. Add rice, mushrooins, pan'eer and salt,
 fry it for 5 min and then add sh d peas, chﬂhes, add hot water, I cover it and -
-siminer till cooked. Se o : :

17.10. MODEL @MINATION QUESTIONS |

: |
L Answer the following questions in about 30 lines each. :

1 Describe the preparation of mushroom stuffed capsicums. |
2. Describe the preparatmn of Indcnesmn style stuffed peppers. |

3. Descnhe the preparation of mushrooms soufle and mushroom ipancakes.

4, List out the types of soups and give their- preparatmns _ '

1. Answer the following questions in al..at 10 lines each |

1 Write briefly about the: preparatmn of mushroom pickle. - |

2. Write a brief account on mushroom ketchup o |

3. Mention the preparation of mushroom Jam. '

. 4. Describe the preparation of mushroom and apple chutney. T

5. Describe the preparatmn of mushroom p1zza _ o _
~ Dr. K.V.S. Mdena Kumari
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DR B R. AMBEDKAR OPEN UNIVERSITY
FACULTY OF SCIENCE
CERTIFICATE PROGRAMME IN MUS]EII\’DOM CULTIVATION
COURSE 2 CULTIVATION OF MUSHROGMS
MODEL EXAMINATION PAPER

Time : 3 Hours

6

T e ma ——

“"'7
8.

10
11
12
13

14,
16

16
17

18,

SECTION ‘A’

Answer any four questions,

Max. Marks : 100
Min. Marks : 35

Marks : 4x15=60

Each question carries' 15-marks.

Answer the follomng qnestlons in, about 30 lines each

Wnte briefly the hlstonoal aceount of culuvated mushrooms and 'dd .note

on their dlstrlbutlon

Explain in detail about the short method’of compost preparatlon for growing

butt.on,mushrooms.

Describe in detail the method oﬁeuitxvatmn of hutton musghrooms.
Write an essay on varlous ctltivation systems fi oyster musbroom produc-

tion.-

Wnte an essay on t;he method of spa
room,

Descrlbe in detall abouﬁ_the.vax'le
Write’ 81T &&aay on the economicegf st
‘Give an account of Indian re

CTION ‘B

any five questions.

mushrooms

Marks : 5x8=40

Each question carries 8 marks.
Answer the followmg questlons in about- 10 lines éach.

Llst out the precautlons to be taken in mamtammg the quality of button

mushroom spawn.

Write a note on the growing reqmrements of Agancus bztorquzs

What is casing ? List out the casing materials.

‘Write a short note on model mushroom house of oyster mushrodmi.

Write a brief note on t:he cropping room maintenance for oyster miishroom

cultivation.
What is canmng 9

‘What are the growth requlrements of mﬂky w]nte mushroom ?
Write a short note on dry bubble disease.

Write a brief note on formulation of project report for Financial Asmstance

for mushroom cultivation.
How are mushroom pickles prepared ‘7

219
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DR. B.R. AMBEDKAR OPEN UNIVERSITY
FACULTY OF SCIENCE '

CERTIFICATE PROGRAMME IN MU SHROOM CULTIVATION
- COURSE - 2: CULTIVATION OF MUSHROOMS

ASSIGVMENT 1 o
Time : 2 Hours
Note :
1 Do not copy the answer directly from any of the books

N

. As far as possxble try to answer the quest.mns mdependently in your own
words. : . _

If it is necessary to quote any source, give the correct reference.
Use your own foolscap pages for writing the #xgignment,
Leave suﬁimont margin for the comments o evaluators,

Completion of this “assignment norn@hould not take more than two
hours time. - C -

L Answer the following questigus R;ol_l_tﬂo.lin_es each.
3% of white button mushroom.

2. Give a brief account e morphology of v’arious species of Pleurotus
( ayster mushroom), -

I A

1. ' Write an essay on farm de

3. Wnto an essay on the method of opawn preparation of oyster mushroom.
0. Answer the fo]lowmg queshons in about 10 hnos eaeh.

1. Write a short note on button mushroom productlon in doveloped and de-
_velopmg count;nes
2. Wnte briefly ahout abiotic disorders of butt.on mushroom,

What are the prospects and potentialities of oyster mushroom cultivation.

- 831







DR B. R AMBEDKAR OPEN UNIVERSITY
' FACULTY OF SCIENCE

CERTIFICATE PROGRAMME IN MUSHROOM CULTIVATION
‘COURSE - 2 CULTIVATION OF MUSHROOMS |

ASSIGNMENT-2 |
_ Time: 2 Hdﬁrs
Note :

1. Do net copy the answer dlrectly from any of the books.

2. As far as possible try to answer the questions mdependently n 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. S

~ Leave sufficient margin for the comments of the evaluators
" Completion of this assxgnment normally shquls hot take ‘more t;han two

o ;s w

hours time, _ _
1. Answer the following qﬁestionsl in ab@ﬂ lines each.

1. Explain the method of culti\}a ion df paddy straw ‘mushroom. .
2. Give an account of differe%ﬂvauon methods, mode of harvest and -

~ preservation of black e shPoom, . o -
3. Write an essay on the %tltor moulds of mushrooms.

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

1. Explain polybag method of cultlvatmn of shiitake mushroom -
2. What is wet bubble disease? R
3. What is dehydration? How are oyster mushrooms dehydrated?







DR. B.R.AMBEDKAR OPEN UNIVERSITY
FACULTY OF SCIENCE

CERTIFICATE PROGRAMME IN MUSHROOM CULTIVATION
COURSE - 2 : CULTIVATION OF MUSHROOMS

| ASSIGNMENT-3 |

' ' Time: 2 Hours

Note: .
1. Do not copy the answer dlrect;ly from any of the books,

- 2. As far as possible t:ry to answer the questions independently i in your own
words. :

3. If it is necessary to quote from any source, give the correct reference.
4, - Use your own foolscap pages for writihg the assignment. -
5. Leave sufficient margin for the comments of the evaluators.
6. Completion of this asmgnment normatily s]@not take more than two
hours time, : :

1. Answer the following questions in ab 0 lines each.
Give a brief account on the fuuga.l?ases of white button mushroems.

2. Describe briefly the pests & of mushrooms and their control mea-
sures, _ : o ' '
3. Write an account on d@nomics of oyster mushroom production.
qu

II. Answer the following ¢ ions in about 10 lines each.

1. Write a note on viral diseases of mushrooms. _
2. Write briefly about the method of preparation of mushroom jam.
3. Explain the preparation of Mexican mutton mince with mushrooms.













