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NATIONAL CENTRE FOR MUSHROOM BESEARCH
AND TRAINING _ AN OVERVIEW

'What a lot ol these lunguses there are about here !' remarked brother Tonj
presently.'l can't see what use they are 1n the world.'...'I dessay they'rc sent for
some wjse purpose', said Mr. Coombes.

H.G. Wells,'lhe Purple Pileus, 7897

H.S. Sohi
Officer on SpecialDuty

NationalCentr€ lor Mushroom R€search & Trainn,g
Chambashat, Solan-173 213.

The Indian Council of Agricultural
Research (ICAR) sanction€d the
creation of National Centre for
Mushroom Research and Training
(NCMRT) during VI Plan on October
23, 1982 with ihe objectives of
conduciing research on probl€ms. of
mushroom produciion, preservation
and uiilization and to impart iraining
to scientists, teachers, extension
workers and interested growers. li has
also sanctioned an All India Co-ordi-
nated Mushroom Improvement Project
(AICMIP) at six centres in five states
for multilocational testing of available
technology. The Centre started
functioning with effeci from June 8,
1983. As per the Memorandum of
Undersianding sign€d between LC.A.R.
and H.P. Krishi Vishva Vidyalya,
Palampur, all buildings and adjoining
land terraces at Chambaghat were to
be transferred to the Cenire by the
Unive.sity. Some buildings including
spawn laboratory, cropping rooms and

mushroom hous€ have not yet been
transferr€d. The Director of the
National Centr€ is also th€ Project Co-
ordinator of AICMIP. The Centre
functioned under the administrative
control of the Director, Central Poiato
Research Institute, Shimla uptil
March, 31, 1986. The post of Director
is still lying vacant. The work of the
Centre is being supervised by Dr. H.S.
Sohi, F.N.A., Offic€r on Special Duty
as Scientist lncharge w.e.I July 19,

1984. The Centre had a sanctioned
strengih of nine scientists, eight
adminstrative, two technical, seven
supporting and one auxillary staff
during Vl Plan. Fourteen more posts
have been qdded during VII Plan.

OBJECTIVES

As mushroom growers lace number
of production and post harvest
technology problems resulting in low
economic re{urns, the main focus of
research is devoted to develop new



technology for high€r productivity
based on recycling of agricultural
waste materials. The priorities and
new areas of thrust of research in VII
Plan are as follow :

(i) To undertak€ surveys, coll€ct,
identify and catalogue mushroom
flora for building up a depository
of germplasm.

(ii) To identifu various €dible
mushrooms for explo;ting their
cultivaiion.

(iii) To select and evolve strains for
tropic and sub tropics besides
id€ntify and exploit sources of
resistance against pest and
oFeases,

(iv) To develop cheaper compost
based on locally available sub-
strates for comm€rcial cultivation
of various edible fungi.

(v) To study ihe ecological beha-
viour of growth of wild Ilora
under natural conditions and
explore the possibility of their
planned cultivaiion.

(vi) To investigate regional adap-
tabilty of strains and production
technologg.

(vii) To evolve technology wher€
different mushroom typ€s can be
grown in rotation throughout th€

(viii) To undertake basic studies on
growih and storage of mushrooms
to achieve improved yield and
better shelJ life.

(ix) To study and develop methods of
mushroom preservation.

(x) To irain scieniists, extension
workers and growers in
mushroom cultivation.

ACHIEVEMENTS

In order to meei ihe above objec-
tives, necessary laboratory facilities
have been created. Ten r€search
projects have b€en undertaken in the
disciplines of Mycology and Plant
Paihology, Genetics, Physiology,
Biochemistry and Nematology. The
research work at this Cenire is
devoted to :

(i) Survey and germplasm collection.

(ii) Studies on breeding, compost,
casing, diseases, nematodes,
growth & morphogenesis and
post harvest storage of
Agaricus bisporus.

(iii) Studies on substrates, cultivation,
genetics, diseases, chemical steri'
lization of substrate, biochemical
changes and post harvest storag€
of Pleurotus species.

(iv) Exploitation of other edible fungi
Auricularia spp. and Morchella

spp.



The salient res€arch findings in
various fields are given :

SURVEY & GERMPLASM

For collection and identification of
fleshy fungi, hilly areas of Himachal
Pradesh and Jammu & Kashmir were
surveyed from time to iime especially
during rainy season in last two years.
The large number of specimens
collected include agarics, boletes,
polypores, puffballs, earih-stars, iooth
fungi, jelly fungi, morels etc. Out of
ihese 50 haee been identified.
St'rophaiia rugoso annulata and Nolania
sericae are new reports from India
while Amaniia caesarea, Auriculafia
polytricha and Coltricia cinnamonea
are new records from Himachal
Pradesh. Out of 50 identified species,
5 were poisonous and 17 were edible.
Two edible collections, Auricularia
polyiricha and a Pleurotus species
have been succ€ssfully cultivated on
wheat straw (details ahead).

During the course of surveys a
number of interesting and rare
agaricolous moulds were collected as
mycoparasiies on various fleshy fungi.
Of these Nycfalis asierophora and
Mycogone perniciosa were collected
from Laciarius and Russula spp. and
were found pathogenic on Agarjcus
bisporus on ariificial inoculation.
Cladobotryum yariospe.mum was
collected from fruii bodies of
P,homifopsis insulare and Polyporus
verstcolor and ii was pathogenic on A.

bisporus and PIeu.of us sajor-caju.
Sepedonium chrysospermum and its
sexual stage Hyphomyces chryso-
spermum were collected from Boietus
spp_

Besides culturing edible species (like
Morchella spp., Auricularja spp.,
P/eurotus sp.) collect€d from nature,
cultures of different edible fungi were
Procured from various sources. At
present the Cenire has 42 cultures of
14 different edible fungi. The collection
is being maintained by periodic
subculturing. Aitempts are also being
made to procure germplasm from
abroad.

AGARICUS

Breeding

Eflorts were made to evaluate and
improve the available germplasm of
Agaricus bisporus_ Screening of
available strains on composts prepared
by long and short method of compost-
jng showed that ihe strains S1l and
5310 are good yield€rs on both the
compost preparations. Sirain 5649
gave good yield only on compost
prepar€d by shori method. Strain NC
7, though not among the b€st yield€rs,
had desirable'quality traits lik€ tough
fruit body and longer shelf life. The
results of strain mixing on composts
prepared by both long and short
methods of composting showed that
the mixture ol spawn of any two
strains out of the five tested could not



outyield either one or both the parents
indicaiing little scope of strain
improvement by this simple approach.
From growers poini of view this
demonstrates the importance of using
pure culture spawn and drawback of
intermixing strains,

For achieving sfrain improvement
through s€lection and hybridizaiion,
48 fertile single spore isolat€s from
three strains were_€valuaied and 14
isolates could outyield the parent
strains. Promising isolai€s will be
further €valuated at this Centre and
co-ordinating Centres. A planned
hybridization programme involving
isolation of non,fertile single spore
isolaies and iniermating the compatible
isolates from different strains has been
started for the first time in the country
wiih the aim of combining wider'
adaptability of S11 and S31O with
good quality and yields of other
strarns.

For spawn production of A. bisporus
and of various other mushrooms,
standard method using wheat grain
was followed at the C€ntre and has
given satisfactory results.

Compo€t

Efforts were made to r€duce
composting time, evaluate different
compost formulations and determine
optimum depth of compost in a bag. In
the long method of composting it was
found that there was good spawn,run
in samples tak€n after the sth

turning from central and peripheral
zon€s of heap; and compost from
central zone after sth turning gave as
good yields as that obtained after 8th
turning (28 days) indicating, thereby,
the possibility of reducing the com-
posiing time. Out of four formulation
the one consisting of wheat straw (300
Kg), chicken manure (125 Kg), wheai
bran (15 kg), urea (15.4 Kg), and
gypsum (20 Kg) with a nitrogen
content of 1.56% gave the highest yield
whil€ compost mad€ with cotton seed
meal as nitrogen source gave poorest
yield.

In an experiment with different
depths of compost in poiythene bags
(keeping quantity of compost same),
depth of 15 cm (6") and 23 cm (9")
gave the maximum yields (13.58 and
13.72 Kg/qtl compost respectively in 6
weeks) followed by 30 cm (12") and 38
cm (15"). ln 46 cm (18") and 53 cm
(21") depths there was decrease-in the
yield. In 15 cm (6") depth maximum
number of fruit bodies (per kg
compost) were obtained and 45% of
total yield was obtained in the first
week. In another experiment wh€re
bags containing 15 kg compost filled
up to 46 cm (18") depth were reversed
after two months of cropping and
recased, a good flush of healthy
mushrooms could be obtained in
5310, S11 and NC7 indicating that
some nutrition is left at the base of a
bag and marginal farmers taking only
single crop per year may benefit from
this Iinding.



Casing

A new casing material for A.btsporus
and optimum casing thickness have
been determined. Moss is abundantly
available in hilly areas of Himachal.
This material in combination with
garden soil (2 : 1) gave early pinnjng,
even flushes, higher yield and heavier
fruit bodies than the other treatmenis
viz., garden soil, spent compost + soil
(2 : 1), forest litter + soil (1 : 1) and
standard casing material (FyM + soil 1
: 1). This (moss + soil 2 : 1) casing
medium had desirable atiributes like
high waier holding capacity, high
porosiiy, low electrical conductivity
and high pH. The casing thickness of
3.4 crn (1y2") was considered best oLrt

.of 2.5 cm (1"), 3.8 cm (tb1, S.O cm
(2") wh;le using standard casing
material.

Diseases

Studies on diseases and competitors
of A. bisporus revealed that
Trichoderma virde was an important
destructive ageni as ii competed with
the myc€lium of A.bispoftrs in compost
(ihus affecting spawn run) and aiso
caused brown spots on sporophores.
Bavistin could check the growih of ihis
moutd even at a Iow concentration of
25 ppm. During ihe course of
experimenis a number of other
pathogenic fungi and competitor
moulds were noiiced in the composi

as well as on fruit body producing
distinct symptoms_ B€sides tviride,
Mycogone perniciosa and Papulaspora
byssjna were found pathogenic and
adversely affecied the yields.

N€maiodes

For control of nematodes infesting
mushrooms, six commonly used
pesticides were screened in uitro for
their effect on mycelial growth of
A.bisporus and P/eurotus saior caju;
nematicidal aciivity against Apheien
choides composticola, and fungicidal
effects against various competitor and
pathogenic fungi. Based on these
resulis, in vivo trials were conducted
and it was found that addition of
carbofuran (400 ppm) at 4th turning
dunng composiing by long method is
safe and can iake care of nematodes,
parhogens/competitor moulds and
phorid and sciarjd Ilies infesting

Plant extracts of castor and neem
were highly effeciive against the
nematode A. composticola both under
rn uitro and in vivo conditions and
incorporation of these dried plant
maierials led to increase in yields up to
27 pet cent. Neem extract inhibited the
growth of 20 competitor/pathogenic
fungi (15 of which wete found to be
the hosts of nematode) and encoetraged
the growth of various aniibiotic produc,
rng and nematode trapping fungi.



Growth and Morphogenesis

While studying biochemical chang€s
during fruit body d€velopment of A.
br'sporus, total protein and soluble
protein contents increased initially but
declined further till maturity. Total
soluble sugars and phenols increased
with size of the cap, the reducing
sugar content being low€st in primordia
and highest in fully mature cap with a
decline in b€tween.

Addition of 100 ppm of iron (Fe+)
ia the soil significantly delayed pinhead
formation and reduced the yields,
there being no effect of 25 ppm iion.

Post harv€st stomge

White button mushrooms kept b€st
at 5C in non perforated polythene
bags. Perforations and temperature
above 5C increased weight loss,
blackening and veil opening. In an
attempt to dehydrate A.bisporus, sliced
mushrooms (3mm thick) dehydrated
faster, contained less moisture in the
finished product and rehydrated better
than the whole mushroom. Blackening
of mushroom could b€ reduced with
0.5% potassium metabisulphite a
concentration too high to be of
significance.

PLEUROTUS

Substratee

A number of agricultural waste
materials including wheat and paddy

straw, dried haulm of peas, brassica
and methi, dried stem ot Euphorba
royleana (Thor) were tried icr Pleurotus
cultivation. Good spawn run and fruit
body formation were noticed in all
cases showir'rg their suitability for
cultivation of oyst€r mushroom.
Att€mpts on casing of P.sajor-caiu
during cultivation on wheat straw in
trays gav€ boor results.

Cultivation

Seven Pleurotus species viz., P.
saior-caju, P.oslreatus P. f labell atus,
P.sapidus, P.florida, P.eryngii and
P.fossulafus were cultivated on pasteu-
rized wheat straw. P.s'ajor-caju gav€

best yields Jollowed by P.sapidus and
P, llab ellat us. P. sajor - caju andP.sapidus
gave maximum yields with 4 and 3 per
c€nt rate of spawning (wet weight
basis) respectively. A new Pjeurotus
species collected from Jammu on
dried Thor st€ms (Euphotuia raybanal
has been successfully cultivated on
wheat straw like other Pleurotus
species and has given !10% conversion.
Yet another species P.citrinopiieatus
has also been cultivated on wheat
straw.

Genetice

Observations on sporophore morp-
hology of various Pieurotus species
show that fruit body colour, shape,
size, stipe length and its position etc.
are greatly alfected by the environment.
So efforts are being made to se€ the



inter-relationships in Pleurotus species
complex at g€netic and morphological
level. The intermating of single spore
isolates of P.sajor-caju has revealed a
tetrapolar mechanism of incompatihlity
in this speci€s.

Direases and Chemic.l stenlization

Present technique of cultivation of
oyster mushroom on steam pasteuriz€d
wheat straw (80C for 2h) is cumber-
some (especially for marginal farmers)
and straw is easily colonized by
different moulds especially Trichoderma
viride resulting in decreased yield or
even complete crop failure. Bavistin at
a very low concentration (25ppm)
could check the growth of this fungus
under both in vifro and in vivo
conditions . lts complete control aould
also be obtained by steeping the straw
in Bavistin solution (25ppm) overnight
followed by steam pasteurization.

A new and simple technique for
cultivation of .Pleurotus involving the
use of chemicals only for sterilization
of wheat straw has b€en standardized.
This involves steeping of wheat straw
in Formalin + Bavistin solution (500 +
75ppm) overnight (18h) and then
spawning. Satisfactory yields of
P.saior-caiu hav€ been obtained using
this technique. Out of 35 mould fungi
isolated from various treatments their
incidence was almosl negligible in the
treatments involving the use of
Formalin, Bavistin and Bitox.

Biochernicd choge-r

Biochemical studies ot P.citrino-
pileatus show that total protein,
free amino acids, total soluble
sugars and dry weight decreased with
the dev€lopment of fruit body and
there was no definite trend in reducing
sugars and phenols.

Poat harve3t stohge

For post haruest siorage of P.sarbr-

caiu oven drying at 55 and 90C
temperature was not found suitable as
it gave a brown product with very
poor rehydration quality. Sun drying,
especially after beading in the open on
sunny (20-25C) and dry days was
found suitable as it gave a product of
acceptable colour and good rehydiation
qualrty.

OTHER EDTBIT FUNGT

AuriculrrL

This mushroom is collect€d by tribal
and hilly people for consumption, but
has not been cultivated in lndia till
date. Tissue and multispore cultures
from Auricularia poiytricha and
A.tenuis basidiocarps collected from
nature were prepared. The in vitro
studies on pH, rice bran supplemen-
tation, eflect of chemicals on mycelial
growth and evaluation of locally
available substrates were undertaken
and it was found that A, fx>Uricha gave

best mycelial growth in acidic pH



(5.5'6.5), low rice bran (2-5%) enhanced
and high amoLrnts (20%) retarded
mycelialgrowth, and this fungus could
colonize a wide variety of locally
available substrates- Fruit body forma-
tion after casing the colonized substraie
in peiriplaies could, however, be
obtain€d in corn cobs, wheat straw
and paddy straw only.

A.polytricha has been successfully
culiivated both on composted and
fresh wheat straw. Supplementation of
straw with 4% ric€ bran gave beiter
resLrhs. The fruit bodies appear as
slightly hairy, pinkish primodia. With
development a depression appears in
the centre, margins ihin out, and
eccentric growth iakes place and
colour of fruit body changes from lighi
pink to brown. The fruii bodies unlike
other mushrooms did not decay easily
on substraies and so could be allowed
to grow for few days. Furiher, they
can be easily sun dried where ihey
shrivel signif icantly.

Morchella

Morchella collected from the forest
areas is a prized mushroom in the
International market. Aitempts on its
cultivaiion have not given much
encouraging results. During various
surveys in Himachal Pradesh it was
found growing under all iypes of
vegeiation ranging Irom pines, oaks,
deodar, barren land and field crops, in
the months of March-April and

July August. Fourteen cultures ol
M.esculenta, M.conica, M.angusticeps
and M.crassipes were grown on seven
syntheiic medja and Richard's medium
was found to be the best lor mycelial
grctwth of all the cLrltures. The
optimum pH for ihe growth of
Morchella species ranged between 5.0
and 8.0. Spawn culture of M.coni,.a
was embedded in forest areas and no
fructification appeared in or near the
bags. However, the sclerotia remained
viable for 10 months. Forest liiter,
wheat straw and their combinaiion
wiih moss and synihetic compost
were also inoculated with above
culture under r-n vitro conditions but
despiie good mycelial colonizaiion no
fructificaiion was noticed.

EXTENSION

Training was imparted to growers in
training programmes organised by
Deptt. oI Hotriculture (H.P.). Sixiy
one sub-cultures of edible fungi were
supplied to the mushroom sci€ntists/
extension workers and growers,

LIBBARY

A good library facility has also been
established af the Centre. At present
50 journals from various disciplines are
being subscribed and back volumes of
important joumals have been procured.
There are about 300 books which
include most of tbe important books
on mushrooms and allied fields.



PUBLICATIONS

Bhandal, M.S. and K.B. Mehta. 1986.

Natural occurrence of Aoricularia
polytricha (Mont.) Sacc. from Himachal

Pradesh. Abstract. Presented at the
annual me€iing oI lndian Phytopatho_
logical Society at Bhagalpur.

Bhandal, M.S. and K.B. Mehta. 1986.

Cultivation of Auricuiaria in India.

Abstract. Presented at the annual

meeting of Indian Phytopathological
Society at Bhagalpur.

Bhandal, M.S..and K.B. M€hta. 1986.

Comparative evaluation of strains of
Aganbus bisporus on composi prepared

by long and short method. Abstract.
Present€d at the annual meeting of the

Society ol Mycology and PIant
Paihology, at Coimbatore.

Bhandal, M.S. and K.B. Mehta. 1986.

Strategies for breeding Agar,cus
bisporus (Lange) Sing. Abstract.
International Symposium on Scientific
and Technical asp€cts of cultivating
Edible fungi, Pennsylvania.

Dhar, B.L., B.Vijay, R.C. UPadhYaY

and H.S. Sohi. 1985. Effect of compost
depth oo yi€ld of Agaricus bisporus.

Abstract. Presenied at annual meeting

of Socieiy of MycologY and Plant

Pathology at Pantnagar.

Dhar B.L., B. Vijay, R.C. UpadhyaY

and H.S. Sohi. 1985. Eflect of casing

thickness on yieid of Agaricus bisporus.

Abstract- Presenied at annual meeting
oI Society of Mycology and Plant

Pathology at Pantnagar.

Dhar, B.L., B. Vijay, R.C. UPadhYaY

and H.S. Sohi. 1985. Effect of chicken
manure supplementation in compost

on yield of Agari'.us bisporus. Abstract
Presented at annual meeting of the

Society of Mycology and Plani
Pathology at Pantnagar.

Grewal, P.S. 1986. 'Pests of mushroom
and their control' in successful
mushloom production, Published bY

G.B. Pant University of Agriculture
and Technology : 55-57.

Grewal, P.S. and H.S. Sohi. 1986

lntegrat€d control of pests & diseases

in mushroom cultivation. PaPer
presented for the "Pesticides lndia

Award" competition at th€ annual

meeting of the SocieiY of MYcologY

and Plant Pathology, at Coimbatore.

Grewal, P.S. and H.S. Sohi. 1986.

Studies on the €ffect of different
pesticides on the growth of Aga.icus
bisporus (Lange) Singer and Pleurofus

sajor'caju (Fr.) Singer. Mushroom
Journal for the Trcpics (Accepted)

Grewal, P.S. and H.S. Sohi 1986.

Ini€grated control of Pests and
dis€ases in mushroom cultivation.
Paper accepied at the International
Symposium on 'Technical and Scieniific

aspects of cultivation of Edible fungi'
pp11 held at Pennsylvania-



Grewal, P.S. and H.S. Sohi. 1986.
Effect of different pesticides on the
growth of Pleu.ofus sajor-caju (Fr.)
Sing. and Agancus bisporus (Lange)
Sihg. Abstract. Presented at the
annLrai meeting of the Society of
Mycology & Plant pathology, at
Coimbatore.

Prasad. T., R.C. Upadhyay and B.L.
Dhar. 1985. Observaiions on Lyconeila
sp. (Diptera, Lycoridae) infesting
button mushrooms. J.Indi.an Soc. Soil
Bio/., Bangalore.

Rai, R.D. and H.S. Sohi. 1985.
Nutritive value of mushrooms-lndiat
Horticulture.

Seth A., P.S. crewal, N.K. Sharma
and H.S. Sohi. 1986. Screening of
som€ plant €xtracis against
Apheler'choides compostr'cola infesting
mushrooms. Submiited to the
Mushroom Joumal for the Tropics.

Sohi, H.S. 1985. Diseases and compe-
titor moulds associated .with mush-
room culture and their control.
(Bulletin 

-14 pages).

Sohi, H.S. 1985. Know your edible and
culiivated mushrooms (Folder).

Sohi H.S. and P.S. crewal. 1985.
Some interesting Agaricolous fungi
from Himachal Prad€sh. Indian J
Mycol. and P|. Pathology (Accepted).

Sohi, H.S., R.C. Upadhyay and p.S.
Grewal. 1985. Rare Agaricolous fungi
from Himachal Pradesh. Abstract.

Presented at the annual meeting of
Indian Phytopathological Society ar
Bhagalpur.

Sohi, H.S., R.C. Upadhyay and
P.S.Grewal. 1986. Some interesting
edible fungi from Himachal pradesh.
Absiraci. Pr€senied at the annual
me€ting of ihe Society of Mgcology
and Plant Parhology;at Coimbatore.

Sohi H.S., P-S. Grewal and A. Seth.
1986. Pr€liminary studies on ihe effect
of plant extracts on the mycelial
groqrth and yield of Agarjcus bisporus
(Lange) Singer and fungal flora in the
compost. International Symposium on
'Technical & Scientific aspects of
cultivation of Edible fungi, pp.6 held at
Pennsglvania. (Accepted).

Upadhyay R.C. and H.S. Sohi. 1986.
Strobilurus stepharocystis (Hora)
Singer, a new record from lndia.
Current Science (Accepted).

Vijay, B., and H.S. Sohi. 1986.
Cultivation of oyster mushroom
(Pleurotus sajor-caju (Fr.) Singer.) on
chemically sterilized wheat siraw_
Communicated lo Mushrcc,m Joumal
for the '[ropics.

Vijag, B., H.S. Sohi and R.C.
Upadhyay, 1986. Control of green
mould (Trichoderma unde) by use of
Bavistin in the cuhivaiion of pleuroius
sajor-caju (Fr.) Singer. Abstract.
Presented at the annual meeting of
lndian Phytopathological Society at
Bhagalpur.
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STAFF

Name & qualification Designation Date of joining

N.C,M.R,T.

A. Scientists
I. Mycology & Plant Pathology.
1. H.S. Sohi, F.N.A.

M.Sc. (Hons), Ph. D. (lARl)
2. R.C. Upadhyay., M.Sc.
3. B.L. Dhar, M.Sc. (Asri.)
4. B. Vijay, M. Sc.
5. Ydsh Gupra (Miss), M.Sc. (Agri.)
6. Kirdn B. Mehld (Mi"s). M.S<., Ph.D.

II. Genetics and Cytogenetics
1. Manjit Singh M. Sc.Ph.D. (Genet).

III. Biochemistry and Plant Physiology
1. R.D. Rai, M. Sc., Ph.D. (Biochem).
2. Sanjeev Saxena, M.Sc.

IV. Nematology and Entomology
1. P.S. GrewalM.Sc. (Asri.)

B. Technical

Officer on
Special Dutg
Scientist S 1

Scientist S-1
Scientist S-1
Scientist S-1
Scientist S-1

Scieniist S-1

Scientist S 2
Scientist S-1

Scientist S 1

19.7 .1944

7.12.1983
8.6.1983

31.10.1983
26.11.]944
26.17.1984

6.3.1984.

6.3.1984
23.1.1985

13.3.1985

1. Jia Lal Mushroom

Sr. Clerk
Sr. Clerk
Jr. Clerk
Jr. Clerk

1.6.1983

C. AdministrativeStaff

1. Lalit Kumar
2. Sita Ram Sharma
3. R.K. Bhatnasar
4. Rajinder Sharma

D. Supportins Staff

1 Joginder Paul
2. DhaniRam
3. Lekh Raj Rana
4. Ram Sawroop

Chowkidar
Chowkidar
Lab Assistant
Lab Assistani

1.12.1983
5.7.1984

19.3.1984
10.6.1985

4.1.1984
6.2.1944

14.3.1986
17.3.1986
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ALL INDIA CO-OBDINATED MUSHROOM
IMPROVEMENT PROJECT (AICMIP)

AICMIP started functioning in 1984
with Dr. H.S. Sohi, Officer on Special
Duty N.C.M.R.T., Solan as its co
ordinator and includes six centres in
Agricultural Univ€rsities at Coimbatore,
Kalyani, Kanpur, Ludhiana, Pune and
Pantnagar. (Kanpur centre is being
replaced by a new centre ai Jabalpur
w.e.f. 1986)-

The main objectives of these c€ntres
are : survey, collection and identifica-
tion of mushroom flora; regional
adapiability trials on promising strains;
selection of cheap and locally available
substraies for compost and casing and
standardization of cultivation techniques
for higher yields.

During surveys conducted by
different centres, 19 edible fleshy fungi
were identified. Cultures oI Audcularia
polytricha, Pleurctus citrinopjleatus,
Pleurotus sp. and Tricholoma k)bayense
were established to exploit them for
cLrltivaiion.

-Research work conducted on
Pleurctus sajor caju at various centres
indicates thai sorghum grains are
suitable substrate for spawn; there is
no effeci of rate of spawning from 1 to
4 per cent; four complete layer

spawning gives good yields; waste
cotton, cotton stalks, paddy siraw etc.
are sujtable substraies for cultjvation;
supplementation of paddy straw with
horse gram powder, cotton s€ed meal
or fertilizers has no effect on yield;
polythene bags are suitable coniainers,
and 10 kg subsirate per bag is
optrmum amount of substrate. Evalua-
tion of 5 sp€cies of Pieurotus show
P.sajor-calu to be superior over others
and its strain M2 was reported to give
better yields.

For cultivation of A.bisporus storing
of spawn for 15 to 45 days at 25 C had
no effect on yield. Experiments on
casing using locally available materials
re.rreated that mtxlLrre of rice husk-+
dung (1 :3) gives sood yields. Further
sterilization o{ casing soil with Benlate
also gave good results as compared to
Formalin and Dithane M 45 treatmenis.

During the cultivation of paddy
straw mushroom (Volva.iella spp.)
supplementation wiih neem Ieaves and
cotton waste gave about 15% more
yields. Further seriate beds made with
paddy straw gave 20% mor€ yield than
square beds; and commonly used
horse gram powder was best out of
vanous supplements tried.
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MUSHROOM CULTIVATION IN INDIA _ HISTORY
ANDPROSPECTS

The lirst or superflcial view which the obs€rving mind takes of any objat ol
knowledge is always an illusory view; all 6cience, all true knowledge comes by
going behind the supefiicies and discovering the inner truth and hidden hw.

- Sri Aurobindo, Evolution, 1921

P.K. Seth
Deptt. of Mycolo$, and Plant Patholo$,

Dr. Y.S. Parmar University of Horticulture and For€5try
solan-173 230 (H.P.)

In India cultivation of edible mush-
rooms is of recent origin, though
methods of cultivation for some was
known for many years. ln 1886, some
specimens of mushrootts were grown
by N.W. NeMon and exhibited at the
Annual show of Agriculture - Horti-
cultural Society of India. In 1908 a
thorough search oI edible mushrooms
in India was instituted by Sir David
Pain. During 1896-97, Dr. B.C. Roy of
the Calcutta Medical College, carried
out chemical analysis of the local
mushrooms prevalent in caves or
inines. Bose (1921) was successful in
culturing two Agarics on a sterilized
dung media, details of which were
published in the Indian Science Cong-
ress at Nagpur during the year 1926.
Bose advocated its cultivation for rais-
ing it as a daily food item and
visualised its importance for becoming
a major industry in India.

Experiments in cultivating the paddy
straw mushrcrom (Volvariella) were

first undertaken in India during 1939-

'15 
by the Deptt. of Agriculture, Madras,

although these were discontinued later
on. Padwick (1941) reported successful
cultivation qf Agaricus bisporus from
various countries but without much
success in India. He suggested the
possibilities and difficulties in the
cultivation in this country. Thomas et
al., (191II}) mentioned details and gave
full directions about cultivation of the
paddy straw mushroom (V.diplasia)
in Madras. Asthana (1947) obtained
better yields of paddy straw by the
addition of red powdered dal to the
beds. He suggested April-June as the
most suitable period for cultivating this
mushroom in the Central Provinces
and also carried out chemiaal ana\Eis
of this mushroom. Bano et al., (1962)

obtained increased yields of Pleurotus
species on paddy straw. Subsequent
work was undertaken with many
modifications by various research .

workers in the country.



A sedous attempt in the cultivation
of edible mushroom, A.bisporus was
carried out by the Deptt. of Agriculture,
H.P. Solan, in collaboration with the
I.C.A.R., during the year 1961, when it
started a scheme entitled "Develop,
ment of mushroom cultivation in H.P."
Work was initiated in growing mush-
rooms on cow dung, which met with
partial success. During 1964 the Deptt.
succeeded in growing mushrooms on
horse manure compost and thereafter
the basis for scientilic research work
was establish€d.

During 1965 Dr. E.F.K. Mantel,
FAO Mushroom Expert guided and
assisted the Deptl. of Agriculture for
establishing spawn research and an
experimental mushroom farm at Solan.
He planned the construction of a

modern spawn laboratory and a fully
air-conditioned mushroom house for
this purpose. Experiments for evaluat-
ing high yielding strains and use of
various agricultural wastes and organic
manures and fertilizers for preparing a
synthetic compost were also worked
out. Among the strains tested, No. 11
(White) was recommended for co-
mmercial adoption, whereas a compost
programme using synthetic additives
was finalized by the long method of
compost making. The use of a new bin
with nemagon for.fumigation purposes
was also finalized. This bin, however,
m€t with various nematode problems
and hence could not meet the require-
ments of the growers. Dr. Ma4tel's

consultancy concluded after a period
of 7 years.

In 1974, the services of Dr. W.A.
Hayes, FAO, Mushroom Expert were
available for further improving the
method of compost preparation, past-
eurisation and management of im-
portant parameters in the mushroom
house. A compost formulation consist-
ing of chicken manure or horse
manure or both was evolv€d which
raised the yields of mushrooms Irom 7
to 74 k{m2 (Hayes and Shandilya,
1976). The use oI farm yard manure +
loam soil as a casing matedal was also
finalized (Hayes et a1., 1975). Important
parameters like nitrogen content in
the compost, moisture in the casing
soil, air movements and maintenance
of proper environmental factors during
oasing and during cropping were also
studied and released to tha growers
(Shandilya et al., 1978). The mushroom
house was also fully air-conditioned
and made available for research work.
The method of growing mushrooms
was thus made sound and stable. Dr
Hayes prior to leaving India made a
number of recommendatibns for
adoption in future research in the
country, thereafter in 1977, the
services of Mr. James Tunney were
made available. He got a bulk pasteur!
sation chamber constructed, and mad€
available ready made compost and
casing soil to the growers of H.P.
Thereafter a plan was initiated wherein
mushroom grow€rs were sold compost
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and casing soil at subsidised rates and
fresh mushrooms grown by them were
purchased by the HPMC at a support
price of Rs. 14/kg. ln this manner
problems of bofh technology and
marketing were solved and only grow-
ing was handled by the farmers. l_ater
mushrooms were collected at various
focal points and these were trans-
ported to important marketing centres
in Delhi under refrigerated conditions.
A lot of work on various aspects has
been done by other scientists in the
country on A.bisporus since 1965,
alihough many faciliiies were inade-
quately provided.

Due to work on mqshrooms, a
pur€19 synthetic compost using straw
and inorganic fertilizers and organic
substrates was successfully chosen as
an ideal medium for future commercial
production (Sefh, 1978). l-ater results
revealed a break-through in the selec-
tion of spent compost (3 year old) as
casing material (Munjal, 1978). The
work on pathogens, competitors and
p€sts of mushrooms was intensified
(Seth, 1978) and methods to eradicate
them were also finalized and released
to the growers. The extension work
for passing scientific information to
growers/scientists was also stepped up.

On the basis of research work done
by th€ scientists at Solan, I.C.A.R.
esiabished a National Centre for
Mushroom Research & Training in
1982, wiih Solan as ihe main research
centre and subcentres located in six

different stations all over the country,
The objectiie was to handle problems
of the mushroom industry at national
level.

As a consequence of these eftods
commercial mushroom growing was
established at New Delhi, Srinagar,
Jammu, Jalandhar, Amritsar, Patiala,
Chandigarh, Ambala, Sonepat,
Faridabad, Meerut, Hapur, Nainital,
Jabalpur, Pune, Oatacamund,
Coimbatore, Mysore etc.

Dr. Y.S. Parmar University of Horti
culture and forestry at state level is
now fully occupied in locating better
high yielding strains, evaluating cheap(i
substrates for compost making, man-
agement of pathogens and pests and
$owing other edible mushrooms which
can easily be cultivated all over the
country. Besid€s supplying pure culture
spawn to growers, training various
growers/scientists of the country and
on-th€,spot-advise to the growers it
also collaborates with the state Deptt.
of Horticulture for training its growers.

Scientists in the country have
successfully cultivated other €dible
mushrooms like PJeurotus flabellatug
P.sajor-caju, P.eryngii p.sapidus and
Calocybe indica. Attempts to cultivate
Flammulina velutipes, Agtocybe aeg-
erita and Macrolepiota procera on a
small scale were also a success.
Similarly many reports are available on
the cultivation of paddy straw
mushroom (VolvaneJla spp_).



As a consequence of the success
achieved in cultivating A.bisporus,
approximalely 200-300 growers are
now producing 1500 metric lonnes of
fresh mushroom valued at 3 crores
annually in the country. About 3500
persons ar€ employed in the business
of growing, whereas infrastructure and
buildings worth Rs. 1.5 crores have
come up. The total expenditure
incurred on mushroom research since
1961 hardly touches one fourth of the
total amount produced annually.
Therefore, from a handful of important
research achievements a sound and
stable industry has be€n established in
the country, providing employment for
many and scope for the much needed
foreign exchange for the country.
Thus r€search has been well awarded.

Prospects ar'd future outlook

Mushroom growing has been well
established in the north€rD and to
some extent in the southern regions of
the country but it is yet to advance in
other states. In order to keep with this
rapid development, it is imperative
that a quick followup plan be drawn
up for extensive cultivation of mush-
rooms in other Parts of the country.
Since cheap raw material is available
alongwith inexpensive labour and
convenient environment, mushroom
growing can llourish rapidly.

The UNDP Project should establish
more bulk units in H.P. inord€r to
meet the demand of compost. With
the acceptance of this technology, the
yields of mushrooms would be

enhanced and, therefore, marketing
facilities shall have to be stepped up to
keep pace with €nhanced productions.
A large number of canning units shall
have to be established in the public
and private sectors for handling
enhanced production.

At present spawn is being suppli€d
by the Mushroom Research LaLrcr-

atory, Solan, as well as by some
private latroratori€s. With the expected
enhanc€d cultivation, the National
Centre shall have to share this re-
sponsibility inorder to meet the d€-
mands of additional spawn. The
training progiammes shall have to be
reoriented inorder to equip the
growers with the latest growing
techniques.

The Uiliversity has come up with
technology for growing other suitable
€dible mushrooms. As most growers

are usually fr€e for almost 6 months
they must cultivate other edible
mushrooms inorder to make their
financial position sound. Suitable types
are P.saior-cait, P.ostreatus or
P.flabellatus. The cultivation of
A. bitorquis, a temperature tolelant
mushroom, also offers greater poss-

ibilities for cultivation during periods
when A.bisporus cannot be grown.
This mushroom has a number of
advantages both foi the table as well
as for preservation. Therefore, the
production of non-conventional foods
can be stepped up so that the food
habit of the people be changed inorder
to reduce the pressure on consumption
of cer€als and oth€r vegetables.



APPROPRTATE MUSTIROOM CIJLTTVATTON
TECHNOLOGY FOR INDI.A

...... and scientific opinion is always a force both btt its power ot well-ascertained
truth and its continued service to humanitv.....,

- Sd Aurobindo, Evolution, 7927

R.L. Muni.t
Em€ritus Scientist

Division ol Mycolo$' & Plant Patholo$',
Indian Agricultural Research Institute,

Ne Delhi.Uo 012

The cultivation of paddy straw
mushroom (VoJvanella spp) was taken
up on an experimental scale in several
laboratories in lndia since 1940, yet
€ven after four decad€s, its commercial
cultivation has not taken roots so far.

Cultivation of white button
mushroom was started under an ICAR
: HP Govt. Scheme at Solan in 1961.
Its preliminary success induc€d the
Govt. of India to seek the services of

Haryana, Rajasthan and Western UP.
Lately its cultivation has also been
taken up in Maharaghtra, Karnataka
and Tamil Nadu. In most places, only
one crop is taken during winter season

except Kashmir valley, where it is
grown during summer. Some people
take two crops, which may occasionally
overlap each other. Howevea some
mushroom larms at Shimla, Chail and
Kasauli in Himachal Pradesh, at Ooty
in Tamil Nadu, at Pune in Maharashtra,
at Hoshiarpur in Punjiib and at
Ghaziabad in UP have started its
cultivation round the gear by providing
environment control facilities. During
the last two decades, the production
of this mushroom had risen from 50-
100 tonnes to about 1000 tonnes per
year.

The third type of mushroom which
has been successfully cultivated
experimentally in some of the research
laboratories in various parts of the
country is Pleurotus species (Dhingri).

FAO expert to support this
programme,
commercial
mushroom in

which resulted in the
cultivation of this

1965, through establish-
ment of a spawn laboratory at Solan
and a mushroom farm at Chail
coupled with a few satellite growers in
that area, largelg due to the patronage
of H.H. Maharaja Amarinder Singh of
Patiala. This attracted the attention of
others interested in mushroom culti-
vaiion which later spreiid to Kashmir
and Punjab (initially at Patiala) in 1966.

Since then, it extended to Dolhi,
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Some farmers have started its com,
mercial culiivation but its large scale
cultivation has not yei been iaken up.

With the available inadequate
financial support and research facilities,
tbe scientists in lndia have done
commendable work. They have to
their credit som€ innovations such as
use of spent compost and farm yard
manure as casing soil, which is now
catching the imaginaiion of advanced

Considering the facis that a large
population in India is vegetarian,
abundance of raw materials, vast
market potential for home consumption
and export, and that keenness of
numerous persons to take up com-
mercial mushroom cultivation, it is
indeed a matter of great concern as to
why the pace of its commercial
exploitation has been so slow. I am of
the opinion that mushroom cultivation
technology needs improvement to suit
our local conditions. The reason for
this belief is that Taiwan which is an
agricultural country like India with
tropical and subtropical climate, has
mad€ a phenominal progress in the
past iwo and a half decades, and it has
now become the ihird largest producer
and the foremost exporter of edible
mushrooms in the world. Korea,
which took up mushroom cultivation
about a decade back has also shown
immense progress, whereas we remain
at the bottom of ihe list among the

world mushroom growers, so far as
production is concerned.

I define Technology, as technical
knowledge including t€chnical edu
cation for successful production-

In any agricultural production
technology, seed is ihe primary input.
S€ed for mushrooms spawn,
prepar€d under dusg, high temp€rature
conditions often gets contaminated
thus adding considerably to the cost of
production ol commercial spawn. The
spawn prepared in glass bottles in the
cool hilly places, though pure, often
gets contaminated through the rough
packaging and transpori methods,
r€sulting from the breakage of glass

boitl€s or loosening of the plugs
during transit. lf it were prepared in
polypropylene packs and marketed in
cardboard cartons, it will considerably
bring down the cost of spawn for
mushroom grower in the plains
particularly. Grain spawn has replaced
other types of spawn because it
provides large number of foci of
primary inoculum. Whereas in other
countries, commercial spawn is pre-
pared on small grain (millets), we in
India still continue to prepare it on
wheat or cholam oowar) thus putting
ourselves to much disadvantageous
posrllon.

The next important production
component is substrate. For the culti,
vation of paddy straw mushroom, in
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Itdia we have concentrated only paddy

Straw as a substrate, which also
happens to be very suitable food
material for many competitors of this
mushroom. Therefore if the environ-
mental conditions during spawn run
are not favourable, it results in failure
of crops. Banana leaves are being
srrccessfully utilised for commercial
cultivation oI paddy straw mushroom
in South East Asia, but this substrate
has received scant aitention in lndia,
although banana leaves are available in
abundance in certain parts of Gujrat
and Maharashtra.

For the cultivation of white button
mushroom, a few formulae have b€en
devised, which result in successful
crops. However, if large parts of
northern plains, where conditions
become suitable for successful cultiva,
tion of this mushroom during winter,
long method of composting has been
advocated. This t€chnique of com-
posting has been rejected all over the
world except India. This is because we
have developed a wrong feeling in our
mind that the Indian farmer is too
poor to adopt short method of c6m-
posting, which involves the use of
boilers. The reality is that the
mushroom r€search scientists in India
have been denied this faciiity except at
Solan, where it became available in
late seventies. Unless this facility
.becomes available to ihem, theg cannot
experiment and give their firm opinion
regarding ihe economics on use of

boilers. The same applies to the bulk
pasteurisation techniqu€ or in a

broader sense the use of modern
meihanization of mushroom cultivation
in lndia. Earlier it was thought that
mechanization of agriculture in India
woulil result in unemploymeni but it
has been proved wrong in at least 2
states in India namely Punjab and
Haryana. The same might prove
applicable at places where there is a
very heavy demand for mushtooms.
The use of Loilers may also prove
helpful for successful cultivation of
paddy straw mushroom on pasteuris€d
compost, as has been reported by
Chang in Hong Kong. This will be
especially useful for localities in lndia,
where summers are hot and winters
are mild, so that we can grow both
straw mushroom and button
mushroom successfully.

Last but the most important
production component is growing
conditions. This is our weakest link,
which involves the design of cheap
mushroom houses. At no stage we
have involved engineers for their
expert advice in providing suitable
environmental conditiqns. Prop€r in,
sulation of mushroom house, their
resislance to steam pasteurisation,
installation of cheap mechanical gad-
gets for providing reqUired amount of
air, water, steam, the spray machinary
are important ingredients ih which few
mushroom scientists are competent to.
give exp€rt advice. This lacuna needs
to be filled immediately.
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Regarding Technical Training we
need to have a fresh look at our
training programmes. A large number
of training courses are held every year
but an insignificant number actually
adopt ihis vocation. Some with im-
perfect knowl€dge give it a trial and
fail, which dampens the enthusiasm of
others as well. I would suggest that we
design different types of training
courses to satisfy varied clientale.
Some would like to take it up a hobby,
others will like io make it as a

commercial activity. In ihe latter.
category will be included those who
have lot of money to invest, they
would need basic information on culti-
vation techniques, its economics and
trained personnel. If ihe training

c€ntres do not have m€chanized culti
vation facilities, where will these
technicians be trained; then we have
smaller enterpren€urs, who would in-

volve thems€lves in this vocation but
hav€ limited financial resources and
cannot take risks, they wouid like to
be trained for semi mechanised or low
cost mushroom houses with suitable
limited environmental control, and
courses frir small farmers who would
like it as subsidiarg activity, for whom
we must have the right type of
structures simulating village houses.

Our development staff who are
assigned mushroom €xtension work
must have und€rgone rigorous training,
so that they can .ender the right
advice to mushroom growers,

WE LOST THEM ...... FOREVER

Fred. C Atkins OBE died in Pelerbolough on 23rd JanLlary 1983 al the age ot 70

His conlribul ons are well known to both mushroom growers and scienlists. His death

lefl a gu t in mushroom grow ng

Proi Or. G. Eger HLrmmel d ed unexpected y on 2nd April 1986 al the age of 58

She w ll always ive through her conlr butions in mushroom research.

S Man Singh Projecl Dlreclor (Co-ord nator) llushroom Project FAO/UNDP

Deparlmenl of Horlicullure, Solan, H machal Pradesh d ed in an accident on 1.5.1984

al the age ol 56 yeafs. He contributed signil cantly to the developmenl oi mushroom

nduslry in Himachal Pradesh.

Dr. A D. Sharmat Jr. Myco ogist at lvlushroorn Resealch Laboratory, So an, died on

l01h February 1985 at the young age of 35. He, n hs shorl career, conlrbuled 10

laxonomy of lung and Pleurolus crllwalton
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PRESENT POSITION OF SPAWN PRODUCNON
IN INDTA

The E.Hauser spawn laboratories grow their own mycelium on rye grains "'
Today, infact, gnin spawns are their greatest money fiaker ...

- Beth Dag, in Reader's Digests 1970

S. KUMAR
Mushroom Res€arch tnboratory

Dr. Y.S. Parmar University of Horticulture & tor€slry
Solan.1T3 213 (H.P)

Cultivation of the edible mushrooms
in India is of recent origin as compared
wiih some other advanced countri€s
of the world. The first serious and

scientific effori on the culiivation of
white button mushroom (Agaricus
bisporus) was made by ihe Department
of Agriculture, Himachal Pradesh and

a scheme €ntitled "Development of
mushroom cultivation in Himachal
Pradesh" was started in collaboration
with the Indian Council of Agricultural
Research, New Delhi for the experi_

menial cultivation of this mushroom at

Solan in 1961. ICAR later strengihened
this scheme by providing the services
of a F.A-O. Mushroom expert,
Dr.E.F.K. Mantel. This resulted in
successful transfer of technology on

composting, casing material and
spawn. production, As a consequence
of the success in growing mushroom
crop, a first commerical mushroom
farm was established in a rented
buildins at Solan in 1965 by
Mrs. Madhu Kohli of New Delhi. In
1968 another mushroom farm was

established at Chail by Maharaja of
Paiiala under th€ technical guidance of
Dr. E.F.K. Mantel, the F.A.O. Mush-
room Expert. After that a number of
commercial mushroom farms were

established at Shimla and Kasauli.
With th€ success of these mushroom
farms to grow mushroom on a

commercial scale, a number of
mushroom farms have come uP in

Jammu & Kashmir, Uttar Pradesh,
Punjab, Karnataka, Maharashtra,
Delhi and other parts of the country.

Mushroom Research Laboratory
located ai Solan was only laboratory
supplying the pure culture spawn on a
commercial scale to mushroom growers

of the country. This laboratory started
supplying the spawn with 36 bottles in
1964-65 and in 1979-80 spawirr supplied
to mushroom growers o{ th€ country
went upto 24000 bottles. U.N.D.P.
Mushroom Development Project was

started in 1977 in Himachal Pradesh at
Solan and since then the mushroom
industry is taking roots in India and

2l



the demand for pure quality spawn in,
creased many times. Keeping the
above fact in mind, I was sent to The
Netherlands, Italy and U.K. in 1980 to
learn the latest techniques on breeding
of new strains and spawn production
of cultivated mushrooms on a large
scale because the quality of spawn is
determined by the biological value of
the sirain and to some extent by the
technology appli€d in the muliiplication
of spawn. After my return I made a
tew suggestions in my report.

As th€ comm€rcial production of
Pure spawn and its supply to the
growers and research on spawn are
two separate aspects,l sugg€sted that
multiplication of spawn on a commercial
scale may be taken ov€r by the
Department of Horticulture, Govt. of
Himachal Pradesh and spawn research
may be retain€d with ihe Himachal
Prad€sh Krishi Vishva Vidyalya,
College of Agriculture, Solan. Likewise
a number of spawn muliiplication
laboratori€s may be established in
various states of the country depending
upon the number of mushroom
growers and their demand of spawn.

Govt. of Jammu & Kashmir was
quick_ to anticipate the problems of
availability of pure quality spawn weli
in time due to the increasing number
of mushroom growers in the State
everv yeaf, two spawn laboratories
wer€ established in the state and
mushroom growers of the state do not

have any probiem of availability of
spawn. No other state Government
except J & K has established the
spawn laboratories so far and the
mushroom growers of the concernecl
states are facing the problems of non
availabilitg oI spawn whicl is one of
the biggest constraints in the
development and expansion of mush-
room industry in the country.

The exact estimates of spawn pro-
duciion in India are not available. At
present, there ar€ two private spawn
laboratories established at Dochi near
Chail and Saproon, Solan besjdes
research laboratory at Chambaghat
under the control of Dr. Y.S. Parmar
University of Horticulture & Forestry,
Solan in Himachal Pradesh which are
supplying the spawn to the mushroom
Qrowers of Himachal Pradesh, Punjab,
Haryana, Uitar Pradesh, Delhi and
Chandigarh.

In 1984-85 roughly about 66600 bags/
bottles of spawn we.e supplied to the
mushroom growers of Himachal
Pradesh and other states. In 1985-86 a
number of new commercial mushroom
farms have been set up in the neigh-
bouring states and roughly 109500
bags/bottles of spawn were supplied
only by the tbree laboratories
esiablished in Himachal Pradesh.

There is good scope for the deve-
Iopment of mushroom industry ,in
India due io ihe abundant availability
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of raw matedals, cheap labour, suitable
environment to cultivate different edible
mushroom throughout ihe y€ar.

At present many mushroom
scientists are engaged in teaching,
commercial spawn supply and advisory
services, with the result that they are
unabl€ to do justice to th€ research
which is the back bone for the
development and expansion of any
.industry. We are at a stage now where
research on spawn and production of
commercial spawn must be s€parated.

Technology for commercial spawn
production und€r Indian conditions
has been standardized and the same is

availabie for taking up production on a
large scale, State Governments and
private sectors may come forward to
establish the spawn production
laboratories.

Mushroom Research Laborato.g
located at Chambaghat, Solan has the
Iimit€d facilities to produce spawn on a
commercial scale and it will not be
possible to meet the increasing spawn
demand of mushroom growers of
other states. state Governments must
tak€ action to establish the spawn
production laboratories in each state
to safe guard the interest of the
mushroom growers of the country.
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MUSHROOMHYBRIDS

"Top yield ol today is the average of tomonow"

Improvement in genetic pattern of a

cultivar is one of ihe easiest ways ol
improving yield and qualitv. Use of
hybrids in various crop Plants was

realized since long and has led to
tremendous increase in crop producti
viiy. However, in white bution
mushroom this approach was not

exploited till recently, primarilg due to
lack of compleie undersianding of its
breeding system. Earlier, there were

lew random efforts to Produce
'hybrids' by mixing the strains during

culiivation but these cannot be

consider€d tru€ hybrids The compleie

sexual life cycle of this mushroom was

elucidaied in early seventies; planned

work on hybrid Produciion based on

complete understanding of breeding

system was initiated in mid seventies

in a few laboraiories of the world; and

it was only in 1981 tbat fitst true

commercial mushroom hYbrid was

released.

Hybrids in general are known to
give maximum Yield P€rformance
under optimum condiiions and show

phenotypic stability under siress.
Besides, in hybrids joint improvement

- Slogan of Danish Mushioom Experiment Station in Sixties

Maniit S. Bhandal and Kiran B. Mehta
Naiional C€ntre ior Mushroom Res€arch and Trainins

Chambashat, Solan l73 213

of negaiively associated traits without
disturbing individual harmonious set of
traits from diverse parents is possible.

In mushroom also, the few hYbrids

developed till date have shown good

yields and quality. Unlike manv oth€r
crop plants where hybrid seed is io be

produced afresh, in hybrid mushrooms

ihe desired culture can be maintained

and multiplied easilY bY further
subculturing. Also, if the hYbrid
mushroom culture tends io degenerate

with time or virus infestation, the same

can be reconstituted from the parents

Besides, ii is possible to avoid culture
piracy as, only ihe breeder can
produce the Parents from which the

hybrid has been developed-

The first planned br€eding Pro_

gramme was iniiiated by Dr. Fritsche

in 1975 at ExPerimental Station,
Horst, The Neiherlands with ihe aim

of combining iharacteristics of white

and offwhiie strains. This work
involved isolation of single spore
c uliu res, id€ntification of less
frequently occurring non_fruiiing
isolates, intermating of compatible
isolates from two parental stralns
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followed by evaluation and selections.
Initial screening was canied out in
small trays and selection was done on
the basis of colour, size, shape,
scaliness, firmness and total numb€r
of mushrooms, In this programme,
from nearly 80 strains judged for yield,
progress of flushes and quality in small
trays, only three could reach the final
phase of selection. Consequ€nt upon
ihese efforis, the Duich hybrids were
released in 1981 as U1 (Horrondo) and
U3 (Horwitu). These were the first
commercial hybrids and have lived
upto expectations in both qualiiy and
productivity.

Th€ other example ol hybrid strain
production is from Taiwan. The hybdd
strain now being grown there is also
the resuli of hybridization between an
offwhite and snowhite strain. Peng had
mated 41 slow growing mycelia of
offwhite strains wiih 47 of snowhiie
and obtained 323 successful crosses.
After iniiial screening only 19 cultures
were retained out of which five could
reach final evaluation trials and only
one was selected for commercial
exploitation.

From breeding poini of view, the
populaiion size in both the above

experiments appears quite small.
Therefore, for more improvements, it
will be obligatory to produce, handle
and evaluate larger number of cultures.
But, even to produce a few hundred
cultures it needs a good laboratory
effort and ihorough evaluation under
controlled environmental conditions,
Therefole, there is a necessity to
devise simple and shorter procedures
for hybridization as well as to identify
parameters correlated with yield
potential. The improved hybridizaiion
techniques will enable the breeder to
produce strains with good yield,
quality, pest resistance and phenotgpic
stability more €fficiently. "

In.lndia, though a good deal of
research has been carried Out on
various aspects of mushroom, the
improvement of strains through
hybridization siill remains to be
exploited. At National Centre for
Mushroom Research and Training,
Solan, work has been started on
isolation of single spores, identification
of non-fruiiing types and th€ir inter-
mating, with th€ ultimate goal of
producing mushroom hybrids suitable
for lndian conditions. Th€ only
limiiation at pres€nt is the availability
of limited germplasm in the country.
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DEVELOPMENT OF COMPOST AI\D COMFOSTING
TECHNOLOGY IN INDIA

"lt is one of the oldest and quite the /,ost baftIing of the Manwal Laws that the
longer you keep manure the shorter it becomes"

- Sellar and Yeatman 1936

T.R. Shandilta
Mushroom R€s€arch Laboratory

Dr- Y.S. Parmar University of Horticulture and Forestry
Solan-U3 213

Compost is the substrate on which
mushroom grows. This material is the
result of decomposition process
governed by a number of micro-
oganisms which produce iftportant
chemical reactions there by making it
selective for Agaricus bisporus. The
nutrients for mushroom groMh are
provided in compost which traditionally
was prepared from horse manur€ and
wheat straw. Satisfactory development
of spawn in unfermented horse
manure is prevented by self generation

of heat and competition from other
microorganisrns. It is therefore necess-

ary to compost the manure in order to
produce a medium which will remain
stable and in which quantity of readily
available nutrients for competing
microorganisms is considerably re-
duced. Due to scarcity of horse
manure efforts have been made by
scientists since 1929 to develop
altematives bas€d on vegetable origin.

Higher plants obtain nutrients from
the soil and synthesize organic matter

in leav€s through photosynthesis.
Horr€ver mushroom being heterotrophic
organism has to get all nutritive
elements from the substrate - the
compost. Therefore compost plays a
more compreh€nsive and -important
role in mushroom production than
does soil in higher plant growth. What
exactly happens in compost pile is not
fully known but composting performs
the following functions :

- It provides a selectiv€ medium for
A. bisporus.

- Some of the food already present

is made more acceptable.

- Avoids heating up tendency of
composting materials.

- Improves the physical structure of
the compost.

Production of A. bisporus to a
greater extent depends upon quality of
mushroom compost used. Abroad
much attention has been paid to
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evolve appropriate compost rr.ix, and
horse manure compost based on short
method of composting (SMC) is the
most common formulation used in
many countries since its inception.
Since horse manure is g€nerally not
available in our country especially in
areas with cooler climatic conditions
suited for growing this mushroom, a

synthetic compost based on wheat
straw and other inorganic fertiliz€rs
(CAN, Urea, Potash and Superphos-
phate) was recommended for com-
mercial ' cultivation in 1964.65 totally
depend€nt on outdoor composting
(long method of composting - LMC)
without pasteurization by Mantel ef
a1., (7972). Larer Seth and Shandilya
(1975) used a lormulation in which an
inactive compost was prepared over a

'composting period of 28 days with
nemagon incorporated as a chemical
pasteurizing agent, a procedure which
was practised on many mushroom
farms in India before the introduction
of pasteurization technique.

It has been conclusivelg proved that
pasteurization of compost is a pre-

requisite as pasteurized compost gives

better gield and insect pest, diseases,

nematodes and moulds are effectively
controlled. A new break-through was
further ushered with switch from long
method of composting to short method
of composting bas€d on wheat siraw
and chicken manure developed and
standardized by Shandilya (1976) and
Hayes and Shandilya (1977). They

outlined a procedure of composting in
which anaerobic period of 4 days in
the prestacking time, 8.10 days
outdoor and 4-5 days indoor condi
tioning of compost under controlled
environm€ntal conditions was re-
commended. By adopting this n€w
technique highest yield of 11-12 kg
mushroony'sq.m, were achieved under
Indian conditions not only at the
Research Labomtory but at farmers
level also when used in conjuction with
new casing technique. This was the
most significant contribution made by
them in mushroom cultivation as the
yields of mushroom were doubled
through this technique.

As only few formulaiioni were
known for growing mushrooms under
Indian conditions, it was felt necessary
to use the local substrate for compost
preparation. Keeping this in view,
Shandilya (1979) d€veloped six for-
mulations based on short method of
composting which were designated as

MRC-FI to MRC-F6 out of which first
five (MRC-FI to MRC-Fs) have been
recommended to mushroom growers,

which have given better yields.
Different ingredients used in these
formulae were as follows :

MRC-F1 :Wheat straw, chicken
manure, br€wer's grain, urea
and gypsum.

MRC-F2:Horse manuie, wheat straw,
chicken manure, br€wer's
grain, urea and gypsum.
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MRC'F3 : Wheat straw, chicken
manure, brewer's grain, rice
husk, urea, cotton seed
meal 2lnd gypsum.

MRC-F4:Paddy straw, maize leaves,
molasses, urea, wheat bran
and g],psum.

MRC'Fs :Wheat straw, maize leaves,

molasses, urea, wheat bran
and gypsum.

Though the yield obtained in horse
manur€ compost was higher but due
to its non availability, formulation bas€d

on wheat straw plus chicken manure
has become the standard formulation
and is being adopted by all the com'
mercial mushroom units in the country.
Various formulations have been d€-

veloped by various workers from
differ€nt regions of the country mainly
based on locally available materials by
long method of composting. In south,
Tewari and Sohi (1976) reported the
utilitg of maiz€ stalks and paddy straw
in equaf proportion where 2.69 kglftay
(3'x2'x61) yield was achiev€d. Garcha et

aL, (1981) deieloped seven formulations

based on different agricultural wastes

for making of compost for Ar bisporus
under Punjab conditions in which yield

of 0.295 to 5.845 kg/sq.m was
achieved. Kachroo et al., 11979)
recommended two synthetic formu-,
lations RRL-F1 and RRL-F2 based on
wheat straw and paddy straw res-
pectively. Shandilya (1986) have done

a more comprehensive and detail
study on paddy straw compost
formulations (PSC-F1 and F2) based
on short method of composting in
which yield of 220kg and 206kyton of
paddy straw fresh weight could be
achieved.

Supplementaiion of mushroom
compost with various additives has
been suggested by various workers.
Hayes and Randle (1969) have found
improvements in the productivity of
the compost bg use of molasses as a
soluble carbohydrate supplement for
the preparation of compost based on
horse manure. Incorporation of
molasses into MRC-FI formulation
have been suggested by Shandilya
(1980) who reported the enhancement
in yield upto 13.5 kg/sq.m. Sohi and
Tewari (1984) have found increase in
yield of mushroom to a level of 4.179

kg/tray by supplementing paddg siraw
with maize stalk prepar€d by long
method of composting. Addition of
yeast extract for enhanc€ment of yield

upto a maximum of 7.25 kYsq.m has
been suggested by Singh and Jain

11982).

Composting process b€ing a

fermentation process leads ultimately
to the decomposition of plant residues
by microbes. Quite a good amount of
work has b€en done abroad in mic-
robiology and chemistry of compost.
In India, Munjal et al. , (1974) (eported
several fungi during th€ compost making
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in long method of composting. Later,
Dhar and Munjal (1976) have also

report€d the occurrence of micro-flora
in long method of composting.Garcha
and Kiran (1981) have also reported
fungi and actinomycetes occurrence
in different stacks under Punjab
conditions. There is no report available

on the microbiology of compost made

by short method of composting except
that of Shandilya (1986) who has

r€ported a number of fungi, bacteria
and actinomycetes during different
process€s of compost making,

Shandilaya and Munjal (1983) hav€

studied th€ chemical characteristics of

MRC-FI formulation. Various para_

meters pertaining to quality of compost
in this and C : N ratio were high at the
start which later decreased with the
progress of composting. Six organic
acids w€re detected during compost
making, whereas only fout viz., citric,
fumaric, malic and succinic acid were
pr€sent at the spawning time. Shandilya

and Munial (-1983) found that
quantities of chicken manure, Per'
centage of nitrogen at the start, pH

and ammonia Percentage of the
compost at the time oI filling for phase

Il, percentage of ammonia and PH at

spawning affected the yield of mush_

rooms considerably. There was total

loss of mushroom yields when
ammonia in the compost rose to 0.1%

at spawning.

Bulk pasteurization was introduced
in lndia in 1980-81 by the FAO/UNDP
aided mushroom proi€ct with Mr.
Jarhes Tunney as proiect manager at

the central composting unit at Solan.

Mr Tunney adopt€d the formula of the

compost standardized by Mushroom
Research Laboratory of the Univ€rsity.
Extensive research on bulk pasteuri-

zation has been done abroad bY

Gerriis. In lndia, Tunney (1980)

introduced Tunney Bulk Technology-
TBT and yield of 12.98 to 13.60

Kg./sq.m was achieved during different
cropping seasons. These yields were

significantly better during first and

fourth crop whereas second and third
crop performance of traditionally
pasteurized compost (TPC '12.84 to
13.3 Kg/sq.m) was better than TBT
past€urized compost (Shandilga 1985).

Recently Shandilya and Khurana
(1985) and Shandilya et. al., (1986)

have suggested modified procedur€

for bulk pasteurization of compost
through which it has been possible to
achieve a-record yield of 17 to 18

kg/sq.m bed area in a 60 days cropping
period with 80 kg of compost under
Indian conditions.

KNOWLEDGE......

Knowledge is of two krnds. We know a subiecl ourselves or we know where we can tlnd

inlormation' 
- samuerJonnsor
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DEVELOPMENT OF CASING MEDIA IN INDIA
..............We, Diet on water, On crumbs of shadow, Bland-mannercd, asking Ljttle
or nothing .

Sylvia Plath, Mushrooms 1 7

T.R. Shandilya
Mushroom Res€arch Laboralore

Dr. Y.S. Parmar Univ€rsity of Honiculture and Fo.esry
Solan 173 21s (H.P.)

Casing layer in the culture of
Agaricus bisporus is the medium in
which the growth of cultivated
mushroom switches lrom vegetative
phase to reproductive phase. Despite
ihe lack oI definite information about
casing materials , different media are
capable of supporting fruit bodies, but
the yield is not the only criterion which
has importance; quality consideration
are equally important. It is well recog,
nised fact that varying compost in,
fluence the yield differently, but ihis
fact has been ignored in respect oI
casing soils by the r€searchers and
amaieur growers. The functioning of
the casing layer is known to be
influenced by its water holding capacity,
physical, chemical and biological
characteristics.

Production of fruit dies on uncased
compost has been reported but their
number is sparse, Thus casing layer is
an important aspect in mushroom
growing and under commercial culti-
vation a casing layer must be applied
io obtain adequale mush.oom y;eld.
The way a casing material is made and
managed after application has a

consideraule bearing on its perfor-
mance in terms of yield.

Mush.oom growers in different
countries have been using different
type of casing material depending
upon their availabilitg (Table l.)

Table 1 i Casing materials used in
different countri€s

Country Type of casing material
used (source Chang &
Hayes 1978)

Peatlchalk
Local sub soil mixture
Black peat/moss peat/

Farm yard manure + loam
soiTcaco3.Farm yard
manure + 3 years old spent
compost (Shandilya and
Agarwala, 1983)
Clag loam sub soiy
hydrated lime
CIay loam sub soi/
hydrated lime
Moss peat/chalk
Local subsoils, peat/ chalk

Denmark
France
Holland

lndia

Korea

Taiwan

U.K.
U,S,A.
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The aim of much of the recent
researches which involv€ different
casing types has been the commercial
evaluation of possible casing media. In
established mushroom growingcoun-
tries research is being aimed at finding
alternativ€s to peat or soil. ln countries
which are developing this industry,
r€search is being done to find suitable
local casing mat€rials.

Since sphagnum peat or any material
of good quality which can be used for
casing the beds is lacking in India and
materials available in India for casing
differ markedly from those used in
iraditional mushroom growing coun-
tries, Mant€l (1973) recommended and
advised the use of one year old sp€nt
compost when properly treated for
use as casing for Indian farms. Hayes
et al., 119761 and Shandilya (1978)

reported a number of irregularities
during the crop production as yields

were poor with one year old spent
compost. The flushes were in patches
and there was high salt concentration.
Hayes and Shandilya (1977) examined
the suitability of a range of materials
readily available in India as casing.
F.Y.M. (farm yard manure.lx years

old), clay soil, loam soil, forest sub soil
and one g€ar old spent compost were
compared. Mixture of F.Y.M. and
loam soil (1 : 1, v/v) was adopted as a
siandard casing which helped in imp-
roving the yield of A. bisporus when
used in conjuction with improved tech-
nique of composting (Shandiba, 1976).

Later, Amarinder Singh (1978) working
at commercial farm has also found old
cattl€ manure giving good results.

Sehgal (1979) presented a paper at the
National Mushroom S€minar held in
New Delhi on Jan. 20-21 on the use of
farm yard manure as the basic sub'
strate for casing and its influeoce on
increased mushroom yield. Later
Garcha and Sekhon (1981) while study-
ing 21 casing combinations have
recommended the use of paper mulch
+ 2 years old spent compost giving
highest yield of 8.78 kg/sq.m in 80

days cropping period under natural
conditions of Punjab. Singh et. aL,
(1985) have recently recommended
the use of farm yard manure + apple
garden soil. It seems from the
foregoing account that farm yard man-
ure has become the standard casing
for Indian conditions and have always
given better yields than any other
material available commercially. F.Y.M.
being rich in bacterial flora is capable
of helping in pinning. Role of.such
biological factors has also been men'
tioned by Hayes €t. al., (1969) in lrish
peat casing soil notably the Ps€u-

domonads.

During the past 20 years in other
countries much attention has be€n
paid to research in various chemical,
physical and microbiological asp€cts of
casing but in India the research has
beeh confined mainly to the develop
ment of substrates for casing. Keeping
this in view, Shandilya (1982, 83)



carried comprehensive study on diffe-
rent casing materials viz. tree bark
(fermented), tree bark (non-fermented),

Kashmir peat, farmyard manure, loam
soil, compost (1,2,3 years old) and
Irish peat for their suitability as casing
material. Aerated steam pasteurized

farm yard manure in combination with
tree bark has given the best production

amongst all the media tested. This
combination has proved sup€rior in
pilot scale trials ev€n to the combi-
nation of lrish p€at + chalk used by
mushroom growers in U.K. These.
findings being new seems to hav€ a
bright future in India where good
quality peai is not easily available.

Oth€r parameters taken into account
w€re bacterial population, changes in
colony types, salt concentration and
pH changes taking place during cropp'
ing. There has been higher population

of bacteria between + 14 to 21 days
after casing coinciding with pinning.
There has been inhibitory effect on
bacterial population by a group of
microorganisms which release some
inhibitory substances that interfere
with the mycelial growth. Since the
implication of such inhibitory organisms
in casing materials has not been
reported from any country so far, it
opens a new avenue of research to
explain the vexed factors controlling
the yield. The pH of casing media
decreases and salt concentration
increases with the progress of the
crop which is detrimental to fruit body
formation. Various ions responsible

for the salt accumulation have been
identified by Shandilya and Hayes
(1983).

Mantel (1973) recommended the
treatment of. casing material with form-
aldehyde which is still in vogue in
many mushroom farms and research
centr€s in the country but Shandilya
et. al., (1976) recommended the treat-
ment of farmyard manure + loam soil
standard casing with live steam (60C

for t hour) plus benlat€ which gielded

better than formaldehyde treatment.
It was noted by Shandilya (1978) that
bacterial blotch (Pseudomoras toiassii)
and bacterial pit (cause unknown)
occurred in fruit bodies from trays
cased with farm yard manure. In order
to gei blotch free pilei, Shandilya and
Mun al (1983) suggested the treatment
gf standard casing material with live
stedm at 65 C 4 hours. In case

facilities for boiler are not available,
Shandilya (1986) suggested drum
rnethod of steaming the cadng material
which is an improvised method of
pasteurization. Singh et ai., (1981)

have also suggested the sterilization of
casing mixture with steam which was
better than chemical treatment.
Shandilya and Munjal (1983) have
further suggested the exact time of
casing, as the mycelium is active after
a certain p-eriod and this critical period
(CP) of mycelial activity in the compost
is an important factor in deciding the
time of casing. Garcha et al., (1981)

have suggested the supplementation
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of casing with pgrite and zinc which
resulted in increase ol 72.7% and 50%

respectively in mushroom yield under
climatic conditions of Punjab.

ln recent years there has been a
rapid progress of mushroom cultivation
in India esp€cially after the adoption of

improved compost and casing t€chnique

developed and stardardized by Shardilya
(1976), Hayes and Shandilya (1977)

and Shandilya and Hay€s (1976) with
which the yields of mushrooms have

been increased by aboui 133%. Table
2 shows yields obtained under Indian
conditions since its inception in 1962.

Table 2 : Yield levels ol button mushrooms in India during diff€rent years

Year Yield

19&-65
1970-71

r974.75
1980-81

1982,83

2-3 kg/sq.m
5-6 kg/sq.m
9-10 kysq.m
12-13 kg/sq.m
13-14 kg/sq.m

Introduced improved compost technique

based on short method of composting

in conjunction with new casing technique

with farmyard manure as basic substrate.

Bulk Technology Introduced by Tunneg-Tunney Bulk
Technioue -TBT
Modified Bulk Technology (MBT) plus improved

management of crop technolos/
1985-86 17-18 kysq.m

Repeated trials have prov€d the
importance of highly improved tech-
nology of compost, casing and manage-

ment of crop in obtaining high yields

under lndian conditions, Himachal
Pradesh in particular. lt is obvious
from Table 2 that Bulk pasteurization

t€chniques have led to higher yields.

People in India do not have the

necessary structure, machinery and
knowhow. Therefore op€ning of central
community composting units (CCCU)
in different regions of the country as

such will coniribute to the continuous
improvement and in coming Iew yeats

can make India the largest mushroom
producing country of the world.

ADVICE TO GROWERS ......

You should sludy enough o1 lechnology and science to understand the resulls ol
research and development, not only to be able to take advanlage ot lhe new inlormation

- J.W. Sinden.1961.

bul a so 10 protecl yourselves from it.
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DISEASES, COMPETTTORS ANDWEED FUNGI OF
AGARICUS BISPORUS - THEIR PREVENTION

AND CONTROL

Hygiene is a matter ol prioities in thaf a spotJessJy c lean farm may glitter as
being the model of hygiene sfandards but have great technical failings ...... Simply
sweeping the problems down the drain will not corecf thinas.

- G. Ganney, 1983

B. Vijay, R,C. Upadhyay and Ya6h Gupta
National Centr€ tor Mushroom R€s€arch and Trainins

Chambadat, Solan-173 213

Hygiene is of utmost importance in Shoes should always be soaked in
mushroom cultivation. Unhygienic 2% Formalin solution b€for€ entering
condiiions in and around mushroom the growing room.
growing houses may cause infeciion of
diseases and competitors, which may - Disinfected tools should be used for
result in lhe crop losses and some- harvesting.

times complete crop failure. Hence
care should be taken to keep clean - Mushroom butts should not be left

riness in and around mushroom house. on ihe bags/travs and harvested
pdttion should be cased immediately.

Following precautionary measures
should be taken :

- Compost should always be prepared
on the cemented and roofed floor and
the floor should be disinfecied with 2%
Formalin before the stacking.

Spawning should be done in clean
and well disinfect€d room and any
contaminated spawn bottle should
outrightly be rejected.

- Open and diseased mushrooms
should immediately be harvested and
dipped in Formalin solution.

- Proper preventive measures should
always be taken against the spread of
any pest/disease/competitor and its
furth€r dissemination in other trays or
bags.

- Spent compost should not be kept
in the vicinity of cropping rooms.

- Formalin (2%) should be sprayed in
the growing room 24 hours in advance, - Atter termination of the crop the

b€fore bags and trays are kept there trays should be thoroughly disinfect€d

for spawn running. by dipping in 2% Formalin solution
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- The room should be disinfected
with 2% Formalin spray after ihe
termination of the crop.

Like other crops, mushroom crop
also suflers from the ravages of nature,
physiological disorders and diseases

caused by other organisms, Diseases

appear on the sporophore in gen€ral,

while the competitors ar€ present in the

compost and compete with A.bisporus
mycelium for the subsirate resulting in

delay of crop, low yield or even comp_

lete crop failure. Weed fungi also draw
.utrition from th€ compost and interfere

in the normal gro\tth of A.bispotus.

Following are the important diseases/

competitors of mushroom (A. bisporus)

and iheir control.

Nameofihe Causalorganism

disease/competitor

Symptoms Control

Dry bubbl€ V€rticjllium fungtola

Wet bubble

Light brown spots on the

cap and downward

splitting of stem resulting

in shail€red app€aranc€.

Whitish mouldy growth on

sporophore Iollowed by

oozing ol brown liquid with

unpleasant smell,

Spray Benlate @ 0.05%

at 10 days interval.

Cobweb disease

Bacterial blotch

Spray Dithane M-45 @

0.2% and reduce

humidity io 80%.

Reduce humidity, run

fan aller spraying of

water and spray l5oppm

chlorine water.

Treat infect€d paiches

with 2% formalh and

regulate moisture in lhe

composi (70%).

Mycosone peniciosa

Papulaspora byssina

Spray 0.05% Benlal€ or

Bavistin.

Dactyliun dendrodes Cottony white mycelial

patches on the casing soil

and on sporophore.

Pseudomonas loiaasii Circular yellow io brown

sunken spots on the cap.

Brown plaster

mould

Whitish patches on th€

composi in the initial

siages, later on light brown

lo rusi brown.
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Olive green

mould

Green mould Tlichoderma v ide

Whiteplaster Scopu,ariops,sjlrnicola

mould

Chaetomiumoliezceum Grayish whit€ mycelium in proper 
Fasl€urization ol

the compost alongwith compost along with
A. bisporus mycelium ampl€ supply of air

during p€ak heating.

Spray wilh 0.2% Dithane

M-45.

Small blue green cushions

on spauned and cased

trays, Also grows around

the d€ad butts of muqhroonL

spawn run is aff€cted, dry
sunken brown spots on the

stem and cap,

Spray Bavistin @ 0.05%

at 7 days inteNal. D€ad

mushroom butts should

ngt b€ left on the trays.

Spray 0.04% Captan at
7.10 days interval.

Compost should be
properly prepar€d with
less than 8 pH.

Maintain good farm

hy9en€.

Maintain p.oper hygiene

and low€r down the

temp€rature io 15-I8C.

Eliminate ammonia lrom

compost ai ihe time ol
filling ol trays and

rcugue out the caps,

White mould Cephalolfieciurn roseurn White mouldy grolrth iurns

Lipstick mould Geotril.hum sp.

pink in due course in
compost or casing soil.

Dens€ white patches of
mycelium on cornpost and

casing soilgiving flour like

app€arance.

Whit€ mycelial groi,,th on

compost or casing soil

changing to pink and bull
colout.

White creamy rnycelium on
compost turning lo thick,
solid wrinkled mass resemb-

ling b.ain like siructure.

Sporophores develop

rapidly often b€fore actual

mushroom app€ars. At
maiurity disintengraie into

black slimy mass of spor€s.

False kume

Inky caps Copdnus spp.

Dehliomyces

mjoosporus
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MITES IN MUSHROOMS

Life creates in its envionmeni the condiiions favourina its existence.

- V.I. Vernadsky, 1965

C.D. Thapa
Mushroom Research Laboratory

Dr. Y.S. Parmar Universiiy olHorticullure and Foreslry
Solan.173 213 {H.P)

Differ€nt types of miies have been
found to be associated wiih the
mushroom crop. Some of them are
known to be harmless but they ari?

potentially dangerous distribuiors of
diseases wh€reas others have been
found to be serious p€sts of edible
mushrooms such as white buiton
mushroom, paddy straw mushroom
'and others. The mites are small, sub
microscopic, with white, yellowish
brown or reddish brown colourations.
These are different from insects and
belong to the class Arachnida and
order Acarina. The body of a mite is
saclike with piercing and sucking iype
mouthparts and the cephalothorax
and abdomen being broadly joined
without any distinct segmentation. ln
some cases they have glist€ning
bodies. They bear developed palps on
the head and possess four pairs of
legs.

Several species of mites belonging
to different gene.a such as Tyropbagus,
Tarsonemus, Tyroglg ph us, C alogly -

phus, Rhizoglyphus, Oppia, Linopodes,
Pygmephorus, Siteroptes, Brennanda

nia, Parasitus, Digamesellus, Arctoseius
and Gamasus have been reported to
be associat€d with the mushroom
crop in different parts oI the world.

These tiny creatures create nuisance
in the mushroom house in various
ways. The harmful mites lik€ species
of Tarsonemus, Tyroglyphus, Tyrop
hagus, Oppia etc. damage the crop
directly by feeding on ihe spawn and
mycelium, nibbling holes in mushroom
caps and stalks.

Sometimes they chew the mycelial
starnds around the bases of the stalks
leaving them rounded and rust colorl
red. Tyrophagus putrescentiae has
been reported to be the most common
and serious pest among mites in the
mushroom growing countri€s inclLld
ing India, and causes small, irregular
pits in stalks and caps which become
slimy with bacterial decqmposition and
ihe buitons are compleiey hollowed
out. Other mites belonging to the
genera Pygmephorus, Parasitus,
Di;qamasellus, Arctoseious, Gamasus
etc. do not damage the crop directly-
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Almost all of them teed on the weed
moulds only but may create difficulty
for workers as they crawl all over the
body paris. They are also reported to
carry disease spores on their bodies

and sometimes mushroom viruses

Mites are generally attracted by the
mycoflora like Trichoderma, Chaeto'
mium, Sepedonium, Aspergillus etc.

developed rn a substandard compost
in which they feed and reproduce
readily. Phoreiic behaviour of mites

with mushroom flies like sciarids and
phorids have been reporied. lmproperly
pasteurized compost, casing soil, older
infested beds, spent compost lying

nearby, contaminated implemenis and

mushroom flies are the common
sources of mite infesiaiion in ihe new

The mites generally complete their
life cycl€ in four stages i.e. egg, larva,

nymph and the adult siage. Eggs are

laid in batches which hatch and six

legged larvae come out ol eggs. They

feed on the mycelium and undergo

moulting into eighi legged nYmphs

which are similar to the adulis in

morphology but are smaller in size and

lack genital pore. A generatjon gener

ally iakes 4 days at 77F,5 daYs at 68 F

and 7.5 days at 60 F. The humid.

atmosphere and l5'20 C temperature

in the mushroom house have been

found io be favourable ior the growth
and reproduction ot ihese mites.

Proper hygienic conditions a1l

around the mushroom farm and a

properly peak heated, good qualitY

compost will not encourage the othe.
weed moulds to g.ow in it and as a
result the growth of mites also gets

discouraged. Similarly proper sterili
zation of casing soil, timely spray oJ

diazinon 20 E.C. (Ditaf) @ 30 ppm in
the compost at the time of filling ot
kelthane 18 E.C. (Dicofal @ .01 .02%)

on tbe mushroom beds, drenching of
mushroom houses from time to time

wiih endosulfan, diazinon and dicofal
{ollowed by cook out of the b€ds at

ihe end of ihe crop at 71 C for 10-12

holrrs have been found to be ihe most
effectiv€ control measures against

mites. Spraying of other chemicals like

Birlame, Sumithion, Lebaycid, EPN,

Triihion or Metasystox @ 1 g/m2 (on

a.i. basis) on the beds immediatelv
a{ier spawning and before casing was

found io give good control oi miies
withoLri any crop reduction (Han et

al., 1977). Szudyga (1978) also re-

commended treatmeni with DDVP in

the form ol aerosol sprays againsi the

attack of mites on Stropharia rugoso

annulaia whereas Delmas (1978) re

commended addiiion of lindane dust

at first turning and diazinon at each

turning of compost and on ihe beds

before and afier casing.
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BIO-CONTROL OF MUSHROOM NEMATODES :

A PROMISING PROPOSITION

Larye red mites hanging on the legs of some adult female Sciarids gave me some
encoutagement that biological control was following natutal selection.

- C. Ganney, 1984

P.S. Grewal and H.S. Sohi
National Centre for Mushroom Resea.ch and Trainins

Chambashat. Solan-173 213

Nematodes are the most dreadful
pests of mushroom, being incipient
and difficult to control once infestation
occurs in the mushroom beds. They
have a .tremendous rate of multi
plication and cause 26 100% losses
depending upon the initial inoculum,
nematode species involved and time of
gntry into the compost. The source of
infestation are variable including almosi
every ingredieni, implement or organism
aslociated with the mushroom culture.
Nematodes can aiso manage to escape
the heat of pasteurization or the toxic
effect of chemicals used against them.
They can even survive in the absence
of ihe main host (mushroom) in soil or
on organic decay fungi, thus perpe-
iuating for Ionger duraiions.

The use of pesticides is generally
recommended for th€ control of
mushroom nematodes bui, the potential
pathogenic ability of the nematode,
the safe concentration of the pesticide,
the degree of control achieved and

the duration of the crop poinis out for
some appropriate and economical
alternative. Siudies carried out at this
Centre reveal that pesticides cannot
be safe, viable, appropriate and
economical in cont.olling these tiny
but inimical organisms. In view of
these facts, biological control seems to
be one ot the promising possibilities
besides proper pasieurization.

Aitempts are being made to control
the nematodes by the use of plant
€xtracts. Out of the various plant
extracts tried against Aphelenchoides
composticola, seven have showed
promising results. The plani extracts
besides being toxic to the nematodes,
increased the mycelial srowth of
Agaricus bisporus by 17 125 per cent.
The incorporation of dried plant
materials in the composi before
spawning also gave 627 per cent
increase in yields. ln addition, these
extracts have an added advantage of
being selectively fungicidal. Oui of 20

39



commonly occLrrdng competitor moulds
the neem €xtract was effective against
most of them, The incorporaiion of
this exiraci in the compost also
changed the mycoflord. It €ncouraged the
growth of some desirable fungi including
nematode trapping and antibiotic
producing fungi and inhibited th€
growth and sporulation ol most of the
unwanted competitor and pathogenic

fungi. Furiher studies rev€aled that the
fungal extracts were toxic to the
nematodes and none of the fungi were
potential competitor of A. b,sporus.

Thes€ studies indicate towards ih€
development of a balanced ecological
system in which ihe incorporation of
the dried plani materials in the
compost increased the yields of
mushrooms on one hand and suppres
sed nematode population by way of
iheir direct ioxicity and indirecily by
encouraging the mycoflorainhibitory
io nematode and other fungi. However,
these aspects need further study so as

to confirm the possibility of above
approach on a larger scale.

PARASOL ANTS

The iood ol Att ne anls are the Bas diomycelous lungi especially ,4gazbus and olher
genera oi mushrooms. They. galher eal malerial rnlo lheir subslerranean nesls and use il

as a substrale fof growrng lhese fung. The larger ants cril lhe large leal pieces into

smaller fragmenls and pu p il by conlinuous lick ng and pressing with the margins ol their
mandibles. The tiny ants lend the Iungi in the fungus garden and as the fungus gfows on

iis substrale il produces shorl aer a hyphae which terminate in swollen, cyloplasmjrlled
organ sm called gonglyd a. These nulr ent rich cel s are ealen by the anis and fed to their
larvae. Whenever new eal lragmenls are added lhese are noculaled wilh minule tults ot

hyphae plcked up by lhe worker anls from the tungus garden The food lungi convert lhe
ind gestib e subslrate especially cellulose inlo proleins and carbohydrates and form the
gong ydia for lhe anls Th s lungLrs surpris ngly does not frurt within the nesls and cannol
exisl naturally in lhe free 1iv ng stale ouls de the nesls a though lhey can be cuitured rn

iaboralories. Thus lhe lungus is g ven sheller and nutrienls in the lorm oi carbon rich

eaves and n lrogen rich ana droplets by.the anls. As, only one species ol lungus grows

n lhe nesls oi any parl cular ant, lhe maintenance of pure culiure ol lhis lood fungus by

the anls is the mosl remarkab e ach evemenl ol nalute.
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MUSHROOM _ A PERFECT FOOD

Is a mushroom a fruit or a vegetable ? I know it is fungus. But, 'Eaf more lungus"
62Do< n^^r r.^A;^-

- F.C. Atkins, 1945

R.D. Rai
Nalional Centre for Mushroom R€search and Training

Chambaghat, Solan . 173 213

Mushrooms have been devoured
since time immemorial for their
flavour,' texture and iaste but their
nut.itive value was recognized recenily.
Knowledge of nutritive value of any
food item increases its consumption
and helps formulate balanced diets,
correct inadequacies through judicious

use of available lood siuffs and plan
.agricultural policies. Elite and common
man alik€ are quii€ conscious about
healih and nutrition.

It is now fully recognized that
mushrooms are highly nutritive - a
good source of good quality protein,

vitamins and minerals. Average Indian
diet is primarily ce.eal-bas€d and
abundant in calories but it is highly
deficieni in protein. Widespread
protein malnutrition (kwashiorkar,
marasmus, anemia) particularly in
children and women of ihe vulnerable
groups is the biggest nutritional
problem in our country. Requirement
ol protein is more of quality than of
quantity. Based on the contents of the
essential amino acids, the proteins

have been classified as good, inter'
mediate and poor quality proteins. In
general, as single source, Plant
protei;s (cereals & puls€s etc-) are of
poorer quality than animal proteins
(milk, egg, fish, meat). Ii has been
recommended that one third of total
protein intak€ should be of good
quality protein i.e. oI animal origin.
Deficient intake of protein, particularly
'first class' protein is the main dietary
defect in India. Mushrooms contain
20'35% protein (dry weight basis)
which is higher than in v€getables and
fruits and mushroom protein is of very
good qualitg and, as per recent
studies, are as good as animal protein.

Cereals, the staple constituents in
Indian diet, are deficient in two
essential amino acids namely, lysine

and tryptophan; mushrooms are very
rich in lysine and trypiophan and can
effectively supplement cereals in our
di€t. Keeping in view the declining per

capita availability of pulses, mushrooms
fii in very well in the diet of
predominantly vegetarian popuiation

of our country for bridging the 'protein
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gap'. Mushrooms have been recognized
by the F.A.O. as food contribution to
the protein nutrition of the countries
depending ]argely on cereals.

In addition to good quality protein,
mushrooms contain fairly good amounts
of vitamin C and vitamins of B complex
group particularly thiamine, riboflavine
and niacin. Folic acid and vitamin B12
which are so much needed by the
pregnant and lactating women and are
almost absent in vegeiabl€ food, are
present in mushrooms. They contain
high quantities of potassium, sodium
and phosphorus but comparatively
deficient in calcium. Though iron is in
low quantity but it is present in
'available' form and has been shown to
maintain blood haemoglobin level. As
compared to oiher food substances
potassium : sodium ratio in mushrooms
is very high which is desirable for the
patients of hgper'tension.

Mushrooms are a low calorie food
with very little fat and are highly
suitable for obese persons. With no
starch and very low sugars, they are
the 'delight of the diabetic'. Fat content
of mushrooms ihough low is rich in
linoleic acid, an essential fatty acid.
Cholesterol, the dreaded sterol of the
heart patient, is absent and instead
ergosterol is preseni which could be
converted by body to vitamin D. They
have also be€n reported to contain
specific blood cholesierol reducing sub,
.siances. Mushrooms with low fat which
is rich in linoleic acid and is fr€e

of cholesterol are the 'dieticians diet'
for the heart patients. Mushrooms due
to alkaline ash (high sodium and
potassium) and high fibre content are
highly suited to the patients with
hyperacidity and constipation.

There is a wrong notion, primarily
due to higher price, that white button
mushroom is more nutritious than
other mushrooms- Pleurotus and
Volvariella are as nutritious as
Agaricus. It is gen€rally thought that
mushrooms are beyond the reach of
poor malnourished people due to pro-
hibitive prices but this notion has
crept in when the poor are thought io
be th€ only consumers. In lndia, more
than 90% of the people below poverty
line live in villages where consumers
are producers also so far as food is
concerned. Moreover, mushrooms can
be cultivated by landless workers also
as ii does not require land, can be
cultivated indoor on a variety of agri-
cultural wastes which are abundant in
rural India. Pleurotus and Voivariella
should particularly be recommended
in this regard. Small farmers and
landless workers should be motivated
to produce and consume Pleurot'us
and Valvariella d]ue to simplicity of
cultivation.

Owing to ihe nutritive value and
their capability to produc€ one of highest
amounts of good quality protein per
unit area and time from worthless agri-
cultural waste, production and consump-
tion of mushroorhs ought to increase.
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COOKING WITH MUSHROOMS

"Ol coorse mushrooms contain no additives"

N' Dickie in 'Mushrooms as a Food'

Kiran B.Mehta and Maniit S- Bhandal
NarionalCenire for Mushroom Rpsearch and Trainins

Charnbashat, Solan.173213

Owing to recent commercialization
and introduction of mushrooms in
Indian , markets, the housewives are
hesitant to cook it. Besides possessing
good nutritive value mushrooms have
appreciable culinary quality and are
easy to cook. Looking into the vege-

tadan food habit of Indians there
appears to be a tremendous scope of
mushrooms linding a place on table
menu. ln fact, in marriages or other
important ceremonies mushroom dishes

have occupied a prestigious place.

Mushrooms can b€ cooked into a
variety of dishes like salad, sandwich,
omelette, soups, stew, souffle, sauces,
pizza, vegelable stuffings and curries
in combination with oiher vegetabl€s,
rice pulao, pakoras and pickle.

Mushroom being a new vegetable
has often led to various misconceptions
in the consumers mind. The mush-
rooms cultivated commercidlly are
neither poisonous nor they turn
poisonous on storag€. . Besides, open
mushrooms with exposed brown

coloured gills are also consumable. In
fact, for some recipes in Europe, only
open (cup mushrooms) are used as

they have stronger mushroom flavour.
However, care should be taken to
purchase fresh and healthy mushrcoms
which can be asc€rtained by absence
of rotten sm€ll. Insect laivae also
damage the mushroom by boring
tunnels into it which can be clearly
seen by cutting open the mushrooms.
These are very simple tips which
become clear with little experience.

Before cooking, mushrooms should
be cleaned gently with running tap
water to remove sticking debris.
Mushrooms are never peeled; instead,
are cut, preferably vertically, into 2 to
4 pieces. Mushrooms unlike other
vegetables, retain their shape and do
not dissolve into the curry while
cooking. Hence a single steatn pressure
is enough to retain the nutrients as
w€ll. Mushrooms can be cooked in
curry or non curry recipes alongwith a

variety of vegetables like green peas,
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capsicum, tomato, cottage'cheese i?tc.,
the pea mushroom being the most
common recipe. Cooking can b€ done
in the traditional Indian style and
mushrooms are added only after frying
the 'masala' (normally containing onion,
garlic, ginger and other condiments
and spices as per taste). The mush-
room can be fried a little (they tend to
leave surplus water on frying) which is
followed by addition of vegetable and
water (if desired) as per normal cooking
procedures. Mushrooms grounded
finely in a mixer (with litile water) can
be added to thicken ihe gravy and to
incorporate extra fl avour.

Mushrooms can also b€ grated or
sliced into a stuffing for sandwich,
omeletle, pizza, souffle, sauce, vege-
tables (like capsicum) pattv, hotdog,
bamburgar or even dosa or may be
used for garnishing rice, vegeiables,
dessert etc. The finely cut slices can
be used for decorating salad or added
into rice for preparing rice mushroom
pulao.

For preparaiion of soup, mushroom
pieces are fried lightly alongwith onion

and boiled for 5 minutes with water
and milk. The soup can be thickened
by Iurther cooking with liitle corn
flour. For preparing pakoras whole or
sliced button mushrooms can be used.
The paste of gram flour with necessary
spices should b€ thick enough to stick
properly around the mushrooms.

For making pickle, cut mushrooms
are fried in mustard oil till brown and
cooked. Various condiments including
onion, gailjc, ginger, methi, ajwaen,
zeera, kaloili;, chilli€s, salt etc., are
fried in sufficient oil separately and
added to the fried mushrooms. Like
other pickle preparations, ihe oil cum
masala should be suflicient to soak th€
mushrooms. The pickle can be kept in
sun for a few days for curing. Vinegar
and potassium metabisulphite can be
added for longer storage..

The mushroom recipes available in
foreign books are more suitable for
European taste but looking into the
diversity of pattern of cooking, it will
not be at all difficult to blend them into
any of our Indian recipes.

IMPBESSIONS

We judge ourselves by what we leel capable of do ng,

we have already done.
while olhers ludge us by whal
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MUSHROOM CULTIVATION AND
RURAL DEVELOPMENT

Wfut bre the villages so important ? One of the obvious reason, of cource, is that

the vast maio ty ol the people ol our country live their lives out in the villages lf
there were no other reasons, this single one should have been sufficient for the

villages to rcceive our utmosi posslbJe attention.

- Jaya Prakash Narayan

Mira Madan
Centr€ for Rural Developnent and Approp.iate T€chnolosv,

Indian Inslitute of Technolosy, Hauz Xhas, New Delhi-110 016.

As ihis title goes, one should not
understand that mushroom cultivaiion
is synonymous to rural development.
However, one should recall to ones€lf

that Govemment of India is concerned
with poverty alleviation. Poverty is
lurking in India, mostly in the villag€s,

because of unemployment, underem_
ployment, and below sustaining levels

of living. There are large number of
people who are landless, marginal and

small farmers. Artisan families cannot
make their both ends meet. Govern_

ment of India is utilizing various m€ans

and methods to improve th€ lot of
villagers in multifaceted dimensions.

Any new technology, improv€d
methods in anything related to agri'

culture is bound to give boost to the

rural economy. Il one thinks of poorest

of the pooi and also s€eks the deve_

lopment of women in vocation, which

has income generating potential is
really talking of rural development, in

that sense, one can say mushroom
cultivation for development, without
hesitation.

Anything which does not demand
too much land, costly seeds, fertilizer,
irrigation input should be the choicest
approach in the village. Less time
consumption, no drudgerg, in-door or
nearby space availability are the

advantag€s of rnushroom culiivation.
This activity can bring money in

abundance when markeied to elite

and city dwellers. Hence pursuance of
this vocation incr€ase the family income

and purchasing power of the family
Food problems in our country are of
varied kind. Mushroom plays an impor'
tant role io enrich human diet. Mush_

room is good source of protein, vita_

mins and minerals and hence is an



important alternate source of energy,
human development and growth and
nutrition well being. One should reach .

thai Iarge majority of lndian population
which are v€getarian and mushroom
can fill in the gap for protein and other
ess€ntial vitamins and micronutrients.
The protein of edibl€ mushroom is
also known for its nutritiv€ and bio-
logical value. The starch content of
mushrooms is very low and therefore,
the same becomes ideal food for
diabetic patients. Mushroom continue
to b€ a delicacy with the rich and thus
spins lot of money on marketing. The
food value being good, promotion of
mushroom consumption can -be done
for the poor families. This will go a
long way to corribat malnourishment
as prevalent in the villages. Th€ cost
and €ffort of mushroom growing is
very low as straw, dried leaves, som€
weeds, dung and waste from food and
cottag€ industries needed for mush-
room cultivation is availabl€ in plenty.
The above named materials remain
unus€d except fo. a limited amount
which is used as cattle feed.

Mushroom growing as a matter of
fact, is th€ proc€ss of recycling these
waste products efficiently and has
various advantages like :

- conserves available national resour-
c€s;

- recovers useful products like food
(microbial protein);

post harvest waste of mushroom
residues becomes fuel to be used
in biogas production;

- the spent residue is fertilizer (rich
is nitrogen when Pleurotus spp.
are groiun) in form of slurry or as
such;

- the spent residue (Pieurotus spp.)
is useful as cattle feed.

At present thre€ €dible mushrooms
Agaricus bisporus, Pleurotus spp. and
Volvariella spp. are commercially
cultivated in our country and the
technique for th€ir cultivation has
been standardis€d suiting the local
lndian conditions.

More essentially, mushroom cLrlti,
vation should be adopted by rural
women because with ihis part-time
activity theg can look after home
related chores. This techniqr.r€ in terms
of €quipment and skills are with;n her
reach and can have reasonable'return
for labour. Mushroom growing is a
labour iniensive activity as approxi-
mately 30 per cent of cost of production
is spent towards manual picking of
mushrooms. The advanced countries
are concentrating their energies to
deeelop labour saving devices through
mechanisation. On the other hand, in
India, we are looking for additional
avenu€s of employment for the under
employed in rur;l areas. This income
generating activity fits very well in our
present scheme of rural development,
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The professionals and the scientistg
should explore avenues in supplying
technology for various types of edible
mushrooms and promote large scale
culiivation. There is considerable need
of iraining at intermediary and grass
root levels with focus on women. This
challenge be acc€pted and be given

.highesi priority, commdhity awareness
and community participation in mush-
room cultivation appears the key.
Voluntary agencies of various types
can make in-roads in these efforts,

Highest priority for mushroom culti'
vation should be given to tribal areas
(wherein forest resources and biomass
are surplus) followed by areas having
scheduled caste population and other
backward regions.

As of now, heavy dependence
continues for spawn procur€ment on
few laboratori€s, which are sparsely
available and distantly locat€d. This
situation becomes an obstacle, Hence,
it is high time that private ventures
gome forward to make the mushroom
seeds widely available.

WOMEN - HERE TOO I

When a conference of French mushroom growers was convened in Patis in 1968, there

was a r pple ol surprised murmuring as the principal speaker ascended the roslrum. This

is Dr. E. HaLrser", asked one mushtoom farmet, "l had no idea Dr. Hauser waa a
woman". ..... so slarls lhe article written by Beth Day in Readels Digesl, Oclober 1970.

There are many more such names like G. Eger Hummel, G. Fritsche, D.G. Gandy, T.A

Qurrnio, C.A. Raper. This by no means is a complete lisl. There may be many more

women contribuling direcUy and indirectly to the mushroom development all over lhe

- [,4.S B.
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ROLE OF BANKS IN FINANCING
MUSHROOM PROJECTS

It is possjble io far-l in many wags .... while io succeed is possible only in one way.

- Ariistot/e
H. Bharatlr Xumar

Do (Tech) NAMRD, Bombav

The institutional finance has a
significant role to play in promoting
mushroom production in India. Culti-
vation of mushroom h€lps ihe small
and marginal farmers to raise their.
income, diversify economic activity,
and to create gainful employment
especially for unemployed youths,
weaker sections of the society, wom€n
folk etc. It also increases food
production from unused resources
.raising nutritional standards and also
create export potential.

Keeping in view the abov€ points the
National Bank for Agriculture and
Rural Development as an apex
insiitute for refinancing agricultural
and allied activities has taken initiation
in popularising mushroom cultivation
through credit. In this direction,
NABARD has prepared a model
scheme on mushroom development
and circulated to all the Banks
advising them to prepare technically
feasible and economically viable
project and implement in both traditional
and non-traditional areas. NABARD
has considered mushroom development
on commercial scale as one of the

innovative field of investment. As a

result of. NABARD's involvement,
several banks have tormulated and are

implementing mushroom schemes all
over the country.

The commercial banks and other
financial institutions provide long term
Ioan for mushroom production to the
extent of 85 to 90% of the total project
cost and charge interesi at the rate of
10% to small and marginal farmers and
12.5% io big farmers- The terms and
conditions of the loan will be at par
with the other agricultural cr€dit. In
turn comm€rcial banks gei refinance
from NABARD. Apart from the
normal lending, in traditional areas of
mushroom cultivation where the small
and marginal farmer cultivates mush-
room under open conditions, this
activity could be included und€r
integrated rural development pro-
gramme. In this case the loan
component will be reduced because
the government provides subsidy to
the iune of 50% to scheduled tribes
and 33.3% to oihers of th€ total
project cost.
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The various activities of mushrootn
production Ior which banks provide
loan are :

commercial cultivation of mush-
room-Agaricus as well as

Pleurotus

- mushroom production and setting
up of canning units

- spawn production unit
compost production unit.

Commercial production of mush-
room under controlled conditions
need a huge capiial investment in a
planned manner, This necessitat€s
the grower to go for bank loan. As this
is an innovativd type of activity with lot
of pot€ntial for internal consumption
and export, banks have no constraints
in considering technically Ieasibl€ and
economically viable mushroom projects.

too
@ ..o,

NABARD has sanctioned about 22

schemes (7 each in H.P. and Punjab, 2

in Tamil Nadu, one each in Kerala,
Bhar, Meghalaya, Haryana, Chandigarh
and Jammu & Kashmir) and disbursed
refinance to commercial banks io the
t:]ne of 27 lakhs as on June 1985.

Many more proj€cts are in the
pipeline. With the activ€ participation

of other research and extension
agencies combin€d with bank
Iinancing one can hope that the
consumption of mushroom will reach
the common man. R€cently NABARD
has commissioned a study on prospects

of Mushroom Development in Westerd
and Souihern parts of the country in
collaboration with FAO and r€pori of
tho <2mo i. ovno.roA

Donot aEfllY, i! Doashot
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ROLE OF UNDP/HORTICULTURE DEPARTMENT
IN POPULARIZING MUSHROOMS

IN HIMACHAL PRADESH

There is no doubt that the sctentist should have cornmunion with the grower and
the grower access to the laboratory, but jt should be in a spirit of mutual
understanding each respecting the position and needs o[ the other-

- J.W. Sinden 1961

H.L. Kochhar
Proje€t Director,

Mushroom Project, Deptr. of Horticultur€, Chambashar, Sotan

The agroclimatic conditions prevailirig
in HinEchal Pradesh are very congenial
for the dev€lopment of rirushroom
industry. This climate has been greatly
exploited by s;tting up a nucleus
infrastructure for the supply of high
quality spawn, compost and other
faciliti€s for encouraging the cultivation
of white button mushroom and dhingri
in the stat€.

During November, 1977, a l.2Z
crore Mushroom Deveiopment Project
was launched under the United Nation
Development Programme by the
Department of Horticulture (Himachal
Pradesh) with the assistance of FAO
under which an expert provided
technical knowhow to modemise the
mushroom production at all levels
covering Shimla, Solan and Sirmaur
disiricts. The U.N.D.P. project was
concluded during October, 1982 and
sinci: then the Departmiht of Horticul,
ture (H.P ) is running this project and

providing all the facilities and incentives
for the development of mushroom
industry in Himachal Piadesh which
were available to the- growers under
the U.N.D.P. Project. -

The scheduled castes/scheduled
tribes, small and marginal farmers and
unemployed graduates having annual
income below Rs. 7500/- ar€ being
given priority in settiirg up mushroom
farms. Some of the major incentives/
subsidies being given to the mushroom
growers by the Department of Horti-
culture Himachal Pradesh are as
follow.

- The govt. of H.P. gives priority to
the mushroom production units in the
matter of allotment of controlled
building material like cement, iron,
steel, etc. The civil supplies depart-
ment allots sp€cial quota for meeting
the minimum requirements of mushr@m
growers on the basis of recommeh-
dations from the Director of Horticul-
ture or his representative.

a)



A maximum subsidy to the tune of
Rs.2500/- is provided on capital

- The cases of mushroom cultivators
are sponsored io th€ comm€rcial
banks for providing loan on capital
investments up to a maximum of Rs.
2500/-and subsidy of 3% is provided on
the rate of bank interest.

- The quality compost is supplied on
50% subsidy to the scheduled caste
and scheduled iribe and 25% subsidy
to smalYmarginal farmers and poor
unemployed graduates up to 400
trays. Casing soil is supplied free of
cost to all the caiegories of growers.

Since compost is the major material
in the production of mushroom, there
is provision of freight subsidy to the
growers of the eligible categories. The
subsidy on lreight of compost and
casing soil is 100% upto 400 trays and
is born€ by the D€partment oI
Horticultur€ (H.P.). The growers
taking compost froin the department
on firll cost are provided transportation
facilities on departmental rates.

- During training a subsistanc€
allowance of Rs.8/- per day and to
and fro fare is provided to the
candidates of Himachal Prad€sh
belonging to eligible categori€s.

Durirg 1981, three bulk pasteur!
zation chambers having total capacity
of about 80 tonnes/month were

constructed to provide pasteurized
compost to th€ growers of Himachal
Pradesh. Previously this unit was run
by hpmc but recently it has been
transferred to the Department ol
Horticulture, (H.P.).

A mushroom training-cum-demons-
tration centre has been set up to
provide practical iraining to the
persons int€rested in mushroom
cultivation and the Department ot
Horticulture (H.P.) with the assistance
of scientists oI University of Horticul-
ture and Forestry and National Centre
for Mushroom Research and Training
have organised training camps in
which 1260 persons have b€en
provided practical training out of
which 1067 belong to Himachal
Pradesh.

Before this project came into
exist€nce the annual production of
mushroom was estimated to the order
of 50 tonnes which during the year
1985-86 was estimated to be 50O

tonnes as against a total annual
production of 1500 tonnes in the
gountry. During the year 1986-87 a
total budget of Rs- 16,14,000/- has
been ear marked for this project for
th€ development of mushroom industry
in the state. With the Dutch assisiance
a mushroom project is being establi-
shed at Palampur which is to be

started during the current year. With
the establishment of this proj€ct the
growers in Kangra district will get
incentives for mushroom cultivation,



DEVELOPMENT OF MUSIIROOM INDUSTRY IN
JAMMU&KASHMIR

"The kashmir Valley is probably one oI the tew ideal climates tor mushroont
cultivation in the world...,,..'fhe favourable clitnate, the general availability ol straw-
main taw rnaterial required for mushroom production, and the large number of
unemplot/ed justity its €stablish/Dent,,.

- Dr. W.A. Hayes

T.N. Kaul
Hpad, R€sional Research Laboraiory (Branch),

Sanat Nasar, Srinasa. - 190 ms

Though cultivation of mushroom

,hqs been common in many countries
of west and some countries in the east
for nearly three centuries, yet it was
non-existent in lndia till about two
decades back. Iddia, being a vasf
country with varied climatic conditions
and diverse vegetation, always posses-
sed abundant natural mushroom
wealth. In many regions of the country
these are collected locally and used as
food. However, these collections from
wild sources are not alwags dependable
and are subject to fluctuations in
climatic conditions. Also sometimes
due to the existence of poisonous
species in the market collections, they
pose a heaith hazard.

Cultivation of Agaricus bisporus
(white button mushroom) in Jammu
and Kashmir was started on an
experimental basis jn 1964 by Regional
Research LaLroratory, Jammu. With
initial success in experimental pro-

duction, some entrepreneurs in
Srinagar city started cujtivation on a
small scale in 1967 with technical
guidance of Regional Research Labo-
ratory (Branch), Srinagar. This activity
extended slowly to the rural sector
and by 1973 at'out twentyJive people
mainly school teachers in rural areas
were engaged in the activity. A major
breakthrough occurred in 1975, when
ninety growers having about T,OO0
trays were engaged in this activity in
rural areas alone. This activity caught
the imagination of rural people so
much that in some villag€s like Inder
(Pulwam; Tehsil) and Batahar (Badgam
Tehsil) practically everybody was.
involved in this activity in 1976.

The sale of spnwn from Regional
Research Latroratory ovei a decade.
increased from 111 bottles in 1969 to
1880 in 1974, 9,000 in t9Z6 and BO,0OO
in 1979. Besides, Regional Res€arch
laboratory, the Department of Agri-
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culture, J&K Govt. also sold spav"h to
the growers. About 200 tonnes of
fresh mushrooms were produced in
the peak year of 1979 in Kashmir
Valley. The production since then has

not gone up. It has been fluctuating
with the market demands. The activity
got extended to the Jammu province
subsequently. The current year's
(1986) estimate of production in
Jammu district alone has been put at
100 q fresh mushrooms, by J&K
Agriculture Department.

Dr. W.A. Hayes, FAO Consultant in
his report on mushroom industry in
Jammu and Kashmir oberved that :

"This laboratory (RRL) together
with the State Government, D€part-

,ment of Agriculture, Laboratory at
Lal-Mandi, have poineered a unique
and highly successflrl mushroom
industry, involving the villagers of the
Kashmir Valley. Thes€ laboratories
have manufactured and supplied
spawn to the villagers of the valley and
provided guidance and technical
advice on the cultivation of mushroom
in primitive situations".

Factors responsible for the pheno-

menal success of mushroom industry
in Kashmir are : (i) easy availability of
raw materials i.e. paddy or wheat
straw (ii) well developed canning
industry (iii) significant economic gains

as a motivating force (iv) cooperation
of banking institutions and (v) promo-

tional efforts of SFDA (Small Farmers'

Development Agency) and MFDA
(Marginal Farmers Development
Agency).

Cultivation mostly has been as
contract growing for canners. These
canners hav€ determined the volume
of annual production in the valley.
However people in rural areas are now
fully aware of cultivation technology
and market potentials. With suitable
incentives from appropriate agencies,
the mushroom industry can produce a
crop worth 20-30 crore rupees
annually.

B€sides the development work for
promotion of white button mushroom
industry in the region, investigations
were also started in 1964 for locating
other edible mushroom species and to
bring them under cultivation. We
collected a species of Pleurotus (later
identified on P. flabellatus) growing on
stumps of Euphorbia rcyleana in 7965
from Katra region of Jammu province.
Technology for its cultiviation on
paddy straw was perfected and
released to th€ growers in 1980. In
view of its ease of production and
preservation, it has now become
popular with the growers. in Jammu
and Kashmir with an annual production
of 5 tonnes.

In conclusion one would say that
firm foundations of mushroom indusiry
has been laid in Jamrnu and Kashmir.
With suitable promotional efforts, the
industry has a great future in the
r€gion.



MUSHROOM CULTIVATION AROUND DELHI
Today it is no longer a question ol prodocing a luxory food reserued for the few

only, but to produce an impofiant food stuff, a source ol impoftant nutrition,
which will probably in the not too distant luture have a comprehensive influence
on the menu of the ordinary fanily.

- Dr. C.'Ireschow, 1959

Nita Bahl
Djvision o{ Mycolosy & Plant Patholosy,

indian Agricultural R€s€arch Insiitute,
New Delhi,110012.

Mushroom farming is becoming
successful because of its very low
inputs. It is estimated that about 300
million tonnes of mushroom can be
produced in the world from just one
fourth of annual yield of siraw (2,235

million tonnes) providing 4,100 milljon
people with 250 g fresh mushrooms
daily.

Around Delhi mushroom growing
can be highly rewarding because of a
good market. The technologg can be
profitably considered in areas, where
land is a limiting factor and agricultural
residues such as straw, sugarcane
bagasse and wastes of truit industry
are abundantly available. Three types
of mushrooms (Agaricus bisporus,
Volvarieila spp. and P/eurolus spp.)
can be cultivated withoui much
temperature and humidity control
throughout the year: mid November
to mid March button mushroom
(A.bisporus); February io mid April
and S€ptember to November ' Dhingri
(P. sajor-caju); and mid June to mid

September paddy straw mushroom
(Volvariella spp.).

Bution mushroom cultivaiion in
Delhi was first started around 1965 by
Mrs. Madhu Kohli. She improvised the
techniques fo. home growing and was

able io do so in a garage at her
residence. She used to sell her
produce to foreign diplomats at a high
price, since she was the only grower at
that time- Laier, other people with
good financial background like Capt.
Sood and Sardar Paul undertook this
venture and yields obtained were 5

kg/m,- By 1970 ihe mushroom research
became well organized in Depariment
,of Mycology and Plant Patholosy,
l.A.R.l., New Delhi, devoiins more
time to practical problems in mushroom
cultivation. At the same iime a
progressive farmer Mr. Mohan Singh
started growing mushrooms at
Chattarpur village in the suburb of
Delhi- Gradually the impetus was
caught by other small farmers and
hobbyiesis. Today; mushroom growing
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has become so popular, pariicularly in

Chaitarpur village that it is known as
"Mushroom Village" or "Khumbi
gaon".

In villages around Delhi mushrooms
are being cultivated in mud houses,
which are built by digging 1-3 meters
lower ihan th€ ground level. Such
mushroom houses are made of mud
bricks and plastered with mud and
have thatched roof top which keeps
the 6ost nominal. The compost is
made of horse dung and poultry
manure. This operation is carried out
on a co-operative basis in groups,
which saves the cost of labour also.
To Catch the early market they start
cultivaiion operations by mid-August
and the crop is ready by mid-Ociober,
when the rates are quite high as ihe
crop that comes from hills (Nainital,
Kasauli, etc.) does not fetch good
market due to quality det€rioration
during transportation. At present
mushroom cultivation in rural areas is
suffering from certain problems.

In rural areas people are making
compost on Kacha floor, with a high
risk of nematode infestation.

- Mud houses are also the sources
of several diseases that affect mush,

- Thatched roof does not maintain
proper humidity.

- For commercial production
growe.s have to depend on Mushroom

Research Laboratory at Solan or
private agencies for getiing spawn.
Since spawn is not always free from
coniamination, growers have to suffer
as the season fo. mushroom growing
is lost.

- Growers start cultivation opera-
tions when the temperature is high. To
obtain low temperature for cropping
they put ice blocks in the room. The
result is that floor gets muddy and
becomes the source ol nematode
infection.

In urban areas mushroom culiivation
is betier organized since people are
educated and have financial resources.
The major constraint is lack of space.
Rented rooms for cultivation makes
th€ mushroom production expensive.
Garages and attics are used for
cultivation on a smail scale which are
sufficient io meet the demand of a
small family. The drawbacks of urban

The obnoxious smell of ammonia
ounng compost preparation causes
neighbour's displeasure-

- Difficulties are faced for obtaining
boxes for cultivaiion. Though wooden
fruit cartons can be a cheap substitute
but the variable sizes do not allow
shelfing which saves space.

- To maintain humidity water has
to be sprayed on the walls and floor
and this may result in seepage.



Delhi has a poteniial market for
button mushrooms. Hoials and vege

table shops in posh colonies are the
main buyers. In and around Delhi th€
period of button mushroom is 4-5

months under natural environment-
Th€ main problem is that most of ihe
sale is handled by middle man, who
buys it from growers at nominal price
and sells ii to consumers ai very high
rates. Often the middle man g€ts

supply lrom the hills and local growers

are exploited. lf local growers can
keep a regular supplg, the produce
from hills need not be sold in Delhi
markets and hence, the profit earned
by middle man may be reduced- By
improv€d technology in cultivation,
mushroom can be made a year round
crop and price variation may be
reduc€d,

At present mushrooms are grown

by enterprising people mostly in and

around Delhi to cater the need of the
city elite. Mushroom cultivation
involving simple methodology coupled
with low risk technology have a great
promise for 'adoption in villages
around Delhi as a kitchen garden

activity or a coitage industry. Besides
uiilizing ihe farm wast€s it will also be

a source of part time or full iime
employment for the poor farmers,
under employed and unemployed
youth. With more consumption of
mushrooms ihere will also be an

improvement in the nutriiional standard
of ou. rural population.

For popularising mushroom farming,
it is esseniial to remove some of the
preaent constraints that Jimit large
scale culiivation in rural areas.
Mushroom growing must be encoura-
ged under closed structure with
cemented construction insiead of mud
houses. Pasteurization of compost is
also essential.

Government agencies should take
ihe responsibility for preparation of
high quality compost and spawn and
supply it to small growers at subsidized
rates- The problems concerning
packing and marketing are not well
organized ai present, thus a good deal
of the produce does noi fetch a high
price. Better faciliti€s need io be

strengthened in this direction too. lf
cold store facilities are provided during
marketing the shelf life of mushroom
will increase-

It will also be very befitting to induce
both rural and urban women to take
up mushroom growing as a part tim€
business cum hobby. The understand'
ing of techniques is within their reach
and the time spent will bring economic
reiurns to th€ family. Thus by
iniensifying mushroom culiivation with
improved methods, it can reach the
common man and we may look
Iorward to avail ihis one time delicacy
as a part of our everyday meal.
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MUSHROOMS GAINING POPULARITY IN. SOUTHINDIA

lndia is a large country with a variety ol languages and faiths adopted and
accepted by the people. Each part has made an impressive contribution to the
develoDment of Indian culture, literature and art.

Dr. Rajinder Pftsad, 1959

K. Sivaprakasam and R. Jeyarajan
Tamil Nadu Agricultur€ University, Coimbatore

Edible mushrooms hold a unique
place in the world today and ihey are
in great demand everywhere for their
flavour and nutritional value. The total
world production of fresh edible
mushrooms was about 13.6 lakh
tonnes. Wh€n the annual production
of edible mushroom ranges from
90,000 to 1,65,000 tonnes in countries
like USA, France and Taiwan, it is
awfully low namely just 1500 tonnes in
India wbich includes 80% under
Agaricus, 10% under Volvariei,a and
5% under Pleurotu€.

Mushrooms can be grown success'
llrlly on a wide variety of inexpensive
substrates such as agricultural and
industrial by products and residues. In

India, the amouni of cellulosic waste
amouni to about 25 million tonnnes
and obviously ihey pose problems of
disposal. By the cultivation of suitable
mushroom fungi, these wasies can be

converted into an asset and recycled
thereby preventing environmental
pollution also. In Tamil Nadu, the

amount bf paddy straw available
amounts to about 84 lakh tonnes per
year. In parts of Tamil Nadu like
Thanjavur and Thiruchirappalli districts
considerable quantity of paddy straw
is wasied and obviously it poses
problems of disposal. Mushrooms can
be oblained all the year round
throughout Tamil Nadu with the
cultivation of straw mushroom during
severe summer and oysier mushroom
durins the remainins period. It is
possible that if only one tenth of
annual yield of straw is uiilised to grow
mushroom, about 2.1 lakh ionnes_ of
Iresh mushrooms could be produced.
Such an amouni would provide a net
income of Rs. 105 crore per annum.

Types suitable for cultivation
Paddy straw mushroom : ln India

cultivation of straw mushroom was

lirst standardised by the Agricultural
College. Coimbatore in 1943 by
Thomas and co-workers. Since ihen,
research on cultivation technology of
siraw mushroom (Volvarieila spp.) was



continued on a small scale with
distribution of spawn bottles. However,
the yields were low and hence iis
culilvation was noi taken up on a
commercial scale. Besides, ii requires
an opiimum temperature of 30 35C and
not below 25C for its growth.
Therefore it is not possibl€ io cultivat€
this mushroom in hilly regions as well'
as during winter season in plains of
Tamil Nadu.

European moshroom: Th€ possibili
iies of growing Agari..us bisporus in ,

temperate areas of Tamil Nadu like
Kodaikanal and Ootacamund have
been explored since 1970. This
mushroom has subsequenily established
its roots in Tamil Nadu where
commercial mushroom farms have
come up in places like Ooiacamund.
However, it requires extensive care
and great skill besides the proper
environmental conditions. It is not
possibl€ to cultivate this mushroom in
plains under natural environmental
condiiions.

Oyster mushroom: During 1974 the
cultjvation of oyster mushroom,
Pleu.otus sajor cdju was introduced in
Tamil Nadu and since then it is
becoming popular. Comparative growth
and yield of P.sajor caju, P.flabellatos
and P.osir€atus were studied to seleci
a suilable fungus for mushroom
cultivation in southern 6tates by
Kandaswamy and Sivaprak.rsam in
1980. Among lhe three fungitested, P.
sa/or caiu gave rapid growth and

found to be suitable for the iropical
temperature 32C, when compared to
the oiher iwo P/eurotus species. lt
also consisiently recorded high yields
with more numb€r of flUshes.

Pleurctus citrinopileatus Singer a
hew edible mushroom has r€cently
been brought into cultivation and
released by the Tamil Nadu Agriculiural
Universitg in 1986. This mushroom
was collecied from ihe siumps of
forest trees in Lower Palneys by Mr.
W.P.A.R. Rajaram, a progressive
mushroom grower trom Pattjveeran
paiii, Tamil Nadu. Production tech
nology was developed in the depart
ment of Plani Paihology, Coimbatore.
Il grows well and yield of 4l4g per bed
of 5009 of paddy straw substrate was
obtained which works out to 13 per
c€nt.increased yield over P.salo..calu
in poly bag method of cultivation. This
species produces whiie mushrooms
compared io grey mushroorhs of
P.sajoLcaju. They are laqe. in size
than P.s&r'caru and suit mushroom
Srowers. This is ihe first record of this
mushroom in India.

Prospects oI oyst€r mushroom

The oyster mushroom can be grown
under a temperaiure range of 15 to
31C and relative humidity of above
75",6 and therelore ii is suitable for
culiivation in different parts of the
country. The phenomenal interesi in
cultivation of oyster mushroom in
dilfereni parts of the country is
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evidenced from the steep increase in
demand for spawn bottles from ihe
University by mushroom growers in
Tamil Nadu, Kerala, Andhra Pradesh,
Karnataka, Gujarat, Maharashtra and
West Bengal as indicated by supply of
4514 boitles in 1985 as compared io
only 1031 in 1976.

Growing edible mushrooms is
gaining momentum in recent years-

The University took aclive steps to
create awareness amongst tlre people
on the culiivation and usefulness of
mushroom through th€ agency of
press and radio. Practical training in
iechniques of mushroom cultivation
includins spawn preparation was
imparted in ihe University io several
persons from Tamil Nadu and other
States. The response from the Iarm€rs
was tremendous and enquiries poured

in from all parts of the State and other
Stat€s enquiring about the spawn
supply and techniques of mushroom
culiivation.

The Stat€ Bank of India Iooking into
ihe poteniial of mushroom cultivation
in rural areas requested our Universiiy
to train ihe Rural Development
Officers in mushroom cultivation. The
Bank has come forward to finance
mushroom clrltivation and our Univer_

sity has prepared a report on tentative
cost economics for ihe cultivation of
oyster mushroom and sLlpplied the
same to the Bank.

Due to impact of technology ogster
mushroom cultivation has been taken
up as a commercial venture bY 23

progresslve mushroom growers ln
Tamil Nadu, Kerala and Andhra
Pradesh.

ErPI,OIT A],f 95 r'o
GRowuS llr RorATro:Y
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MUSHROOM CULTIVATION IN MANIPUR

"The entire meaning ol human expedence resides in the interminable conquest of
the unknown, in the eternal quest for new knowledge...."

Emile Zola

R. Ibotombi Singh and S. Mema Devi
D€pdnmenr ol As!lculiure. lmphal. Manrpur.795 ml

In Manipur ihe earliest attempts to
cultivate mushroom was made by the
State Agricultural Deparimeni during
th€ early seveniies. Spectacular resqli
was achieved by Dr. R.N. Verma at
I.C.A.R. Research Complex, Imphal in
the year 1978. In the year 1984,
Manipur Tribal Development Corporation
(M.T.D.C.) ventured a mushroom
project towards an objective of
establishing a managemeni system by
way of creating skilled man power
through training and demonstration,
esiablishing a laboratory for
pioduction of mushroom spawn, a
compost production unit for regular.
supply of compost to the growers, a
medium sized well-equiped mother-
unit of mushroom production for
demonstration-cum production pro
gramme and a dehydration unii for
demonstration of drying and packing
of P/eurotus mushroom along with R
& D support and markeiing system- li
is the begining of mushroom cultivation
in Manipur in a systematic approach.

As for the feasibility of ihe
approach, Manipur has three basic
things, (a) congenial climate (b)

sulficieni raw-materials and (c) man
power. Manipur has a subtropical to
temperaie climaie depending on the
Iocation and elevation The rains
usually start from middle of March and
continue to October and the tempera-
iure varies from 3 C io 45 C according
to location. Manipur has, therefore a

salubrious climate for growing Volva-
riella, Pleurotus and Agar;cus in
different pockets in different seasons
of.the year. As for example, Volvatiella
spp. can be growi in Manipur valley

1850m M.S.L) during April, May and
June, Pleuroius llabellaius duiing the
monihs of June, July and ALrgust, P.

sajor caju durjng the months of
August, September and Ociober,
P.ostreatus and Agaricus bispoius
during the months from October to
March (or, throLrghout the year in ihe
iills). Mushroom cultivaiion in
Manipur under naiural conditions has
become ihe easiest proposition as we
can grow one type or the other ol
ihese cultivars throughout the year.

Paddy straw is the bulk of the
materials required for mushroo.m
cultivaiion, which is readily available in
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Manipur as it is a paddy growing siate.
Caiile feed competition is almost
negligible in hill areas where big
pasture lands are available. Paddy

culiivation being the main-stay for
both the hill and plain areas of
Manipur, this bulk resource of
agriculiural waste will be maintained
for decades togeiher and there is no
likelihood that the proposed veniure
may disturb the social synergy in the
long run.

By and large, Manipur is a

traditional a.ea for mushrooms which
are found growing wildly in both the
valley and the hills. Of these, twelve
varieties available in the local market
as fresh mushrooms during rainy
season are ; Aga.icus, Auricuiaria,
Clitocybe, Lentinus edodes, Laciarius,
Pleurotus, Podosypha, Ramatia,
Schizophyllum commune, Termi'
tomyces, Tricholoma, and Volvariella.

The natLrral production of mushroom
is, howevei, not substantial to meet
the requirement. There is a long gap

during winier when no mushroom
appear naturally. This shortfall can be

made up by the cultivation of hitherto
siandardised species of Pleurotus,
Volvariella and Agaricus varieties.

This prospect has been engaging
the attention of the Govt. of India and

the State. Under the Govt. of India,

M.T.D.C. has started a training
programme for the tribal and scheduled

castes. A production base has already
been developed by iraining prospective

farmers, setting up a nucleus laboratory
with the technology transf€rred from
LC.A.R., Imphal branch and Horti'
culture Department, Solarr.

Tradiiionally, valley is the main local
market of mushrooms produced in the
hills. Asencies like NERAMAC, NAFED
and Star Hotels in Calcutta have
already shown their interesi to utilise
mushrooms produced in Manipur.
Once a prodLrction base is maintained,
programmes for large scale production
industry would be tied up with the
programmes of the institutions lik€
NABARD etc. Until the farme.s are
taken to this stage they are required
io be looked afier both technically and
financially.

All these ai hand, Manipur is march-
ing ahead with mushroom industry.
We siari with the available technology,
ihe adaptability of the selected
cultivars and the available aptitude and
enhanced skill of the trained hands.

We have to have a start wiih the
foolproof bulk pasteurizaiion of
compost to boost up the industry.
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COMMERCIAL CULTIVATION OF WHITE BUTTON
MUSHROOM IN BADHANAAREA OF HARYANA

I deem a single experiment to be ol greater value than a thousand opinions born
ol the imagination alone.

- Nikhailo Lomonosov

H.S. Sohi, R.C. Upadhyay and B. Viiay
NaiionalCentr€ for Mushroom R€s€arch and Tramns

Chambashat, Sobn rru 213

CLrltivation ol button mushroom Murate of potash 50 ks
200 ks(Agricus bisporus) is gaining popularity

in the plains of North India due to
ready availability of various agriculiural
wasie materials like wheat and paddy
straw and low iemperature during
winter monihs. One of the enterprizing
farmer, Master Jagdev Singh of village
Badhana took mushroom i:ultivaiion
training at Solan in 1980. Afierwards
he started cultivation of white button
mushroorn in his village on a small
scale- The success achieved by him
during the following year promot€d
many others to undertake training and
mushroom cultivation. This led to the
establishment of about iwo dozen
mushroom units in that village in 1985
86. Most of the growers prepared the
synthetic compost by long meihod
using various ingredienls in the
following proportions i-

Mushroom crop is raised in ihatched
huts made of mud bricks and
sarkanda (Saccharum sp.). Wooden
irays are no more in use and have
been replaced either by shelves or
polythene bags. The number oi
shelves varies from 3 to 6 according to
the height of the hut. For casing soil a
mixture of decomposed FYM and

sarden soil (1:i) or (2:1) is Lrsed. The
compost is generally prepared during
Ociober and complete spawn run is
achieved by the end of November and
the crop comes by 1st or 2nd week of
,December, after casing.

As per the information collecied
Irom the growdrs of the village, 80-90

Wheai bran
Single super
Molasses
Furadan
BHC
Gypsum

phosphate 50 kg
150 ks
5ks
5ks
200 kg
(at third
turning).

Chicken manure
CAN
Urea

20q
50 kg
50 ks
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tonnes of fresh mushroom was
produced during 1985. The produce
was sold in Delhi market at Rs.20l to
25/' per kg. It is interesting that almost
all the growers made 50 to 100% profit
(Table 1).

During 1986 a production. of 300 to
350 tonn€s is expected lrom the area
since about 25000 spawn bottles have
already been reserved by the growers
with various spawn producing units.
Recently the growers have formed a
co-op€rative society of mushroom

growers for strengthening mushroom
culture in the region. The Siate Govt.
has also started giving some incentive
throush D.R.D.A. projeci.

In order to reap maximum benefit of
mushroom culture in the North lndian
plains ihere is a ne€d to create
facilities for pr€paration and supply of
pasieurized compost to the growers,
supply of quality spawn at the site and
proper marketing of produce so that
more and more farmers undertake ihis

Table 1 : Mushroom yields ofthree farms in Badhana durins 1945-86

Total mushroom
yield (q) in:90 days

Av mushroom Net profit
yield (Kg/q compost) (Rs.)

320

450

400

11.3

7.1

10.0

35,000

23,000

44,000

36
32

40

VALUE OF RESEARCH

Growefs somelimes ask as whelher r-esearch has really contributed very much of value
lo lhe mLrshroom induslry....... No one can lake serrousy the suggestion somelimes
neard that any grower has tealdoubls as to lhe value oi tesearch.

-. F.C. Alkifs 1979

TAKE PRIDE IN GROWNG MUSHROOMS

People who have not succeeded In aiy other job can atways become a gardener I am
qu le sure lhal you can'l say lhe same about mushroom growers
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MUSHROOM PRODUCTION IN INDTA AND ABROAD

Had Marx been never there, the world would never have cared lor the poor. As a
saint I revere him. But as Wlitical prophet he was defeated by technology-

Baba Amte

Yash Gupta, B.Viiay and B.L. Dhar
Nariondl Cenir" for Mushroom Research and Tranrnq

Chambaghat, Solan U3213

Mushroom cultivation is of receni
origin in India- The first mushroom
cultivated in world as also in India was
paddy straw mustuoom (Valvariela
spp./ followed 6y Slliirake (Lentinus
edodes, and buiion mushroom (Agaricus

b;sporus). Today about 20 species of
mushrooms are cultivated all over ihe
wodd. Ol these, button mushroom,
Shiitake and paddy straw mushroom
contribute 75, i4 and 4 per cent,
respectively. The remaining 7 per cent
is contribuied by oihe.s (Table-1.).

In U.S.A., the highest mushroom
producer, mushroom production was

255,000 ionnes durjng 1983-84 showing
9% increase over 1981.82. OI this 50%

was produced jn Pennsylvania State
alone. Fresh mushroom sales in
U.S.A. accounled for 69% ol country s

production. Despite huge local produc

tion, lhe couniry imported
mushrooms from Asian countries. ln

Wcst Germany ihe mushroom produc

tion in 1984 was 34,200 tonnes as

.rgainsl 34,500 tonnes in 1983. This
dccounted for 22.5 per cent ol total
consumption in the countrY and
imports worlh 42,419 tonnes of fresh

mushrooms and 1,14,800 tonnes of
canned mushroom were made by ihe
country. Western Europe produced
41300 ionnes (47% o{ the world
production) in 1980 and remains the
principal produclion region inspite ol a
decrease in ils relative predominance.

The Far Easi produced 1,67,000
tonnes (19% of total produclion of the
world) in the year 1983 84.

China, Holland, Taiwan, France

and Souih Korea are the principal
exporiing couniries. conlributing 96%

of ihe export in 1980. Except for
France where home mark€t consumes
2/3 of the output, other countries do
not have significant home consumption
and they are export specialisis.
Taiwdn and South Korea which
dominate the iniernaiional markei are

facing a strong competition lrom
China. The export figures of China
.rlso include those of Hong Kong,

whose operation is largely reprocess

ing and €xporting mushrooms originally

from China and Taiwan. Chief mush-

room importing countrY is West
Germany lollowed by U.S-A.
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Table 1. World production of different cultivated edible mushrooms in 1975

(Delcaire. 1978. Mushroom J. No.96)

Name/species of Mushroom Production (tonnes)

White buiton mushroom (Agaicus bisporus)

Shiiiake mushroom (lertinus edades)

Straw mushroom (yolva ella volvacea)

Enokitak e ( F I a n m u I i n a ve I u t i pes )
Nameko (Pholiota nameko)

Oyster mushroom (Pleurctus ostrcatus P. abalonus

conucopae)
Jew's Eat (Auricularia auicuh and A polgtricha)
-fremella ('l renelk fusifomis)
Strophaila ( St rc ph a i a ru go so' a n n u I a t a )
Black'f rullle (Tuber ndanoswrum)

and P

6,70,000

1,30,000

42,Un
38,000

15,000

12,000

5,700

1,800

1,300

200

Total production 9,16,000

Situation in India

The production of culiivated mush_

rooms in India is aboui 2,000 tonn€s
(est.), besides the Lvild mushrooms
which are collected from the forests of
northern India, dried and marketed.
The common dried mushrooms avaif
able in ihe market are Dhingri and

Gucchi, the latter fetching a Price
beiween 800 and 1000 rupees Per kg

of dried product. India has been the

iraditional exporler of these mush'

rooms to European couniries.

Commercial cultivaiion of button
mushroom was underiaken at Solan in

H.P. during the yeat 1961 62, under an

ICAR project. This led to establishment

ot a number of mushroom growing

units in temperate area of H.P- and J

& K. Subsequently its cultivaiion was

extended to South India (Bangalore,

Ooty, Marcara and Pune). In the
plains of North India it is ai present

cultivaied during the winter months.
The produce is mostly sold fresh ior
immediate use as vegeiable. Some of
the progressive growers however pro'
cess the produce during the Period
when there is a glui in the market and

the prices are low. The technique for
the cultivaiion of paddy straw mush

room is known since 1943. Inspite ot

the fact that the base material i.e.

paddy straw is available in pleniy, its
culiivation has not been taken up on a

large scale in ihe countfy. Technique
for culiivaiion of Dhingri has been

siandardized in our country and good

strains are available. lts cultivation is

picking up almost ihrolrghoui the

country and has bright future.



Table 2 : Yearwise world production of Agaricus bjsporus

Country Production in tonnes in the years

1939' 1960' 19701 198tr 1983-843

U.S,A.

UK
France

Hungary

Denmark
West Cermany
Italy

The Netherlands

China
India

Japan

Taiwan

South Korea

2,13,300

61,800

1,31,700

6.600

35,000

44,000

60,000

66,800

1,500 {est)
5,500

64,4@

25,600

2,55,000

1yo

34,2U)

80,000

zPOO tn.O

17,000

6,800

20,000

800

400

300

50,000

21,000

35,000

1,000

2,5N
3,000

2,000

'j*
2,000

7A)

88,000

40,400

68,000

2,000

6,500

20,000

20,000

29,500

2,tyn

4,800

39,000

6,000

Totalworld 46,000 1,36,300 3,81,100 8,12,200

1. Delcair€, 1978. MushroomJ. No.96.
2. P.B.FIegs, D.M.Spenc€r & D.A.\,!,ood 1985.

3. M.Courvoisier 1984. Mushroom J. No.t(].

The consumption of mushroom in
India is confined to the elite of rhe
society and in the star hotels. As
compared to ihe world produciion and
consumption, India is lagging far
behind. There is a great potential for
export of mushrooms from India
provided the cost of production is
brought down and these are produced
all the !,ear round to have a conti
nuous supply.. This is possible only

The Biolo$/ and Technology ot rh€ Cutrjvated

when the produciion is iaken up on a
large scale using the modern techio
logy to its fullest advantage. The
labour and raw materials are cheaper
in india as compared to the developed
nations which could go a long way in
bringing down the cost of production.
This would not only popularize
mushrooms among the Indian folks
but also help fighi the protein
malnutrition in ihe country.



SCOPE OF AGARICUS BITORQUIS (QUEL.)
SACC. IN INDTA

If is advisabie for tropical and.sub{.opical count.ies to focus more on local
Agaricus species,..,,.

- P.Bels, 1981

D.S. Guleria
Mush.oom Res€arch Laboralory

Dr. Y.S. Parnar University of Horticulture and For€stry
Solan.173213 (H.P.)

Cultivation of ,4garicus 6rsporus has

been praciised in India as well as

abroad for ihe past many years. Being
a temperate mushroom, its culiivation
has been resiricted io hilly areas only
or cultivation extended only during the
winter months. This constraint of
cultivation has been a limiting factor in
the establishmenl of a strong mushroom
indusiry in the couniry throughoui the

9ear. Unfortunaiely, all research of
interesi for the growers has been

restricted to 4 b/sporus wfth limited or
scarce research on oiher cultivated
species of this genus.

A new species A.bitorquis which
possesses a number of clearly disiinct
and marked qualities from ihose
normally grown, has now be€n
introduced for cultivaiion in warmer
areas. This mushroom is often
refetred to as Psalliota 6/o.quls Quel.,
Agaicus rodmanii Peck, Agaricus
campest'ris var. edulis Vttt., Psaliota
edulis (Vitt.) Schaffer & Moller,
Agaricus peronatus Richon and Roze,
Psalliota bivela Vel., and Chitonia

edulis (Vitt.) Hurrfurih. lt is closely
related io the cultivated whiie mush

room and its properties as an edible

species are very similar and in many
regards rather better ihan those of ,4.

b/sporus. The l,r.' "lrdin ot A.bitorqui'
was introduced commercially in 1973

by a Frerrh frrm Somycel d. .lrdin
No. 2017 and later by Le Lion under
the name "Psalliota edulis". Unlike,
the two spored A. bisporus, generally

Iour spores per basidium are Iorn:cd
in A.bito.quis.

One of the promising qualities ol
rhis mLch"oom rs thdl il gro'v\ dl

higher temperaiure (25 2aC) and
requires a higher concentration of
carbondioxide and is specilically
resistant to virus diseases. It could be
kept for a few days longer than the
normal mushroom and does not
appreciably decline in quality. The fruit
bodies tend io b€ larger and more
.oliC ln gener"l il poi.e\5e- d ralh,l
coarse and short stalk. The caps are

smooth and silky and sometimes a

litile dented. Some canners appreciaie
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its firmness and suiiability for pres€r
vation while oihers like iis tasie.

Farms facing serious and persisieni
attacks due to die back virus disease
could, iemporarily srritch over to
cultivation of this species. It may be
realized. however, that resistance
applies only to virus diseases and not
to oihers. It is. therefore, essential that
such growers must pay eqlral attention
to the avoidance and conirol of
diseases and pests as ihey would
practice while cultivatins A. bisporus.

A number of mushroom growers in
The Netherlands and in othi?r well
developed couniries having ample
experience, have switched over to the
cultivation of A.bitorquis because of
low production costs, resistance to
dieback attacks, and are now generally
quii€ satisfied. There are growers in
Europe who colrivate A.bitorquis only
during the summer months b€cause
cultivation of A.bisporus poses prob
lems due io high costs of aircondiiion-
ing. Possibly A. bitorquis n.,ay ofter
new and interesting avenues for those
couniries possessing mild iropical
climates which is prevalent in our
couniry during most of the period in a

Cultivation o( A.bilorquis has not
been taken up conlmercially in Indla
because of lack of sufficient informaiion

aboui its cullivation under Indian
conditions and the incidence of ceriain
diseases which usually develop at high
growing temperatures. Sinc€ the
problems in cultivation are of differ€nt
nature, detailed studies on various
aspects are needed under the condi-
iions prevailing in India. Cultivation
trials conducted at Mushroom Research

Laboratory, Solan have clearlg demons-
trated that this mushroom can be

successfully cultivated on similar iype
of compost as for A.bisporus duJing
warmer climate when cultivaiion ol
A.bisporus is noI possible

Since cultivaiion of A.bisporus
during summ€r months (April io
August) is not possible due to high
temperature or cultivaiion costs are
exceedingly high, species like,4.
bitorquis wbich can tolerate higher
temperatures can be introduced and
growe.s can take two ddditional crops.
This would noi only help mushroom
growerc to cultivate mushrooms roLrnd

the year (thus keeping macbinery and
labour busy) bui will also enhance the
economy of growers, for, during
summer months, this species would
fetch comparatively betier prices in

the markei- Moreover, introduction of
A.bitorquis would reduce the chances
of iniroduction and spread of virus
diseases,
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SCOPE OF PLEUROTUS CULTIVATION IN INDTA

New opinions are always suspected, and usually opposed, without any other
reason but because ihey are not already comfion.

- John Locke

C.L. Jandaik
Mushroom R€s€arch Laboratory

Dr. Y.S. Parmar University ofHorticulture and Foreslry
Solan-u3213 (H.P)

The hisiory of man is the record of
a hungry creature in search of food.
Mushrooms are undoubtedly one of
Man's earliest food and history sings
high praises for virtues of edible fungi
(mushrooms). Ii is clear that mush'
rooms can be marshaled to aid in
solving many important slobal problems

including food shortages, resource
recovery and reuser energy shortages
and pollution.

Species ol Pleurotus are well know
edible fungi and are popularly know as
'Dhingri'. These include mainly Pleurc.
tus ostreatus, P. sajor caju, P. eryngii,
P. flabellatus, P. cystidiosus, P. tuber
regium, P.fossulatus and P.pulmonarius.
In lndia, many species ol Pieurctus arc.
collected from wild sources in different
parts of the country and form an

important item of local dishes and in
certain areas constitute an article of

The very interesting fact in cultivating
P/eurorus species is ihat this mushroom
can be produced successfully on both
fermented as well as non lermented

types of subsirates. Rapid growih oi
mycelium and so, speedy penetration

of the subsiratum lry Pleurotus
species simplifies the cultivation
process as a whole. For cultivation,
waste materials such as cereal straws,
shelled corn cobs, maize stalks, waste
newspaper, wood shavings, saw dusi,
treebark, coffee pulp, vegetable and
food industry wastes are cheaply and
easily available. Presently more than
half of the agriculture plant producis
remain unused as waste malter and
with suitable method of subsiraie
preparation, these wastes can be
utilised with advantage for successful

cultivation of Pleurotus species and
this would also help in easy disposal ot
these wastes which otherwise may

cause environmental polluiion and
healih hazards.

Pleurotus species can easily be
cultivated on cereal siraws, which
should be lleated either with hot
water or steam at 70C for t hour-
Alter spawning and throughout the
cropping period, temperature should
b€ in between 20 30C which is
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available in most ol areas in the
country during maximum.period of the
year. Secondly, in genus Pleurotus
both high and low temperaiure
requiring strains are known, cultivation
of Pleurotus throughoul ihe year
would be a worihwhile proposition.
The unique advantage in cultivation of
Pleurotus species is that it can easily
be dried €ither in the sun or
mechanical dehydrators (50C) and
revived after remoistening without any
loss in the flavour. This would not only
reduce the canning cosis but also
minimise the labour cost.

From nutrition poini of view,
Pleurotus species are also of special
inlerest. They contain about 10% dry
matter and 900,6 water (similar io
vegetables). The dry matier consists
ot approximately 20'35% proiein
(coniaining all essential amino acids) 1

2",6 faI and 5 io 10% ash (which
contains many minerals). The ,n yTto

digestibility of proiein varies from 70

to 90%. Among viiamins, ihiamine,
niacin and ascorbic acid are present in

remarkable proportions. As such,
incorporation of fruit bodies ol
P/eurorus in the human diet as protein
rich supplement, would help in
overcoming Protein malnutrition
problem, which has attracted the
aitention of the world. The gastro
nomical delights and nutriiional.
benefjls of Pleurctus species certainly
justify attempls to make ii more widely
available.

Nowadays, there is a need to
promoie ihe cultivaiion of mushrooms,

especially to introduce more varieties
Ior choice. Because of increasing
world population as well as more
inierest in renewable energy has been
realised with ris€ in prices ol fuel, it is
imperative to produce food in a

che;per and simpler way and this is ol
uimost significance in rural areas for
which '?/erlofus culiivaiion is the

For the growth oI Pleurotus industry
in India, cultivation of ihis mush.oom
should be organised on Taiwanese
model i.e. in small farmer's unit wiih
very ]ittle capital investment. Since
cultivation of Pleurotus does not
require that much exaciing conditions
as Agaricus bisporus, cultivation of
PJeurctus in ordinary built house on
farmer's unit will go a long way in
establishing P/eurolus industry in India
on a sound footing. P/eurolrs certainly
has a disiinci advantage over Agaricus
as it can grow on variety of substrates,
does noi need composiing and casing
and can easily be dehydrated.

Biologically, Pleurotus species have
the abiliiy to efficiently utilise iis
subsirate, to fruit on a single compo
neni substratum, to colonise the
subsirate rapid.ly while toleraiing high
carbondioxide levels (lethal to compe'
tetive microflora) and to produce
abundant crops (aboui hundred per
ceni biological efficiency) relatively
within a short period (two months). All
this makes Pleurotus species ideal lor
cultivation in the rural areas of the
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SCOPE OF VOLVARTELIA CULTIVATION IN INDI,A

The cukivation ol tropical mushrooms dates back a long time, but research in fhis
field is still rather yavng.

P.J. Beis, 19a1.

N. Sarnaipati
Mycolosy lnboratory, D€partment ol Botany

Universiry of Calcutia, Calcutta 700019.

The development of Indian economy
is not progressing due to ihe lack in
development of rural economy. The
Indian Science Congress has to be

congratulated lor introducing the idea
of local theme in its delibemtions since
1976 i.e., 63rd S€ssion. In ihe said year
the focal theme was "Science and ln'
tegrated Rural Developm€nt". Even in
1977, 1974, 1979, 1980 and onwards,
the recommendations of &th, 65th,
66th and 67th Sessions of the Indian
Science Congress include the ideas for
the development of rural people.

The rural population of India is

about 80 per cent of ihe total popula-
tion (Table 1). It is needless to mention
that until and unless the economic
standard of this 80 per cent rural
people are uplifted there is no way to
beiter the present Indian economy.

The developm€nt ol a modern co
mmercial whiie button mushroom
(Agaricus sp.) farm in India will require
about 5-6 lakh Rupees for 2O0O trays
wiih 1000 sq.m. cropping area capacity.
Under the present technological

knowhow yield of such a farm will be
about 22 tonnes per annum. It is

obvious to realise that how difficult
and expensrve it is to develop such
farms in India. For this reason
development of mushroom industry in
India should be small scale cottage
industry bas€d. The real dev€lopment
ol mushroom indusiry can be possible

only by utilizing the opporiunities and
facilities of small scale cottage industrg,
resources of the Governmeni and at
the same time tlle human and natural
resources or rural India.

The best way io develop the industry
in rural areas is to utilise the .ural
population. This will not only help the
industry to flourish but at the same
time will help the rural people to come
out of their poverty line- Moreover this
will also help to secure the n€cessarg
finance {rom ihe Government. The.
potential of mushroom (Volvariella)
production utilizing the ruml manpower
has been estimated to be about 1-57

crore tonnes per annum which will
Ietch a price ol about 15.76 crore
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]-able l.Poteniial of Volvariella cultivation
on the basis of rural manpow€r in
India

52.54 crores

8.76 cror€s

Rupees (Table 1). On the other hand
main constituents of mushrOom com-
post in Indian condition is wheat or
paddy straw. As these straws are easily

available in rural areas, the develop'
ment of industry in rural areas will
always be economically profitable. in
rural ar€as than in any other areas.

The potentiaf of mushrcom (Votvadella)
production on the basis of available
straws has been estimated to be about
1.38 to 2.07 crore tonnes per annum
which will letch a price of about 13.8
to 20.7 crore Rupees (Table 2).

At present mushroom cultivation
has already been started in several
states of India including Himachal
Pradesh, Punjab, Jammu & Kashrnir,
Tamil Nadu, Maharashtra, Kerala, Uttar

Total fural population

Total rural household on
the basis of average 6 per'

sons/household

Total no. of mushroom

beds (@60 beds/
household)

Total amount of mush

room yield (@ 3 ks/bed)

Total value of mushroom
products (@ 10.00/kg)

525.44 crores

1.576 crcre

15.763 crores

Dala are from Siaiisiical Abstract. 1982.

Table 2. Pot€ntialof Voivaiella and le(lilizet woduction from availabl€

straw Irom lndia per annum

Quantity (Tonnes) Value (Rs.)b

mushroom & fertilizer

Total available straw (20%)

Mushroom (Volvarr:eila) production
per annum (Biological efficiency

10%

15%)

Fertilizer productiona itonnes)

13.8 crores

1.38 crore
2.07 crote

41474

13.8 crore
20.7 crore

13.72 Lakhs

a Calculation bas€d on one ionn€ oi dry slraw can produc€ 300 ks lertiliz€r
mushroom (Kurlzman, 1976).

b Th€ valu€ ot mushroom and lertilizer was calculated @ Rs. r0.00/kg and

Data from Alllndia Crop Esiimat€. 1984 85.
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Pradesh, Orissa, West Bengal, Assant,
M€ghalaya and Delhi. All these states
are producing a sizeable ainount of
mushroom every year though the
production in 1978 was 32.64 tonnes
only. The population of India has
already reach€d to atout 68.5 crores.
If every percon is habituated to take
10 g fresh mushroom (which is about
200 g in foreign mushroom growing
countries), the annual requirement will
be about 250025 crore tonnes- The
present annual production is far behind
their annual requirement.

For cuftivation of V6lvaie a, the
rural €nvironment conditions are quite
satisfactory and it does not requir€
any sophistication (Samajpati, 1985).

As such this species is quite suitable
for cultivation in rural areas of India-
Moreover the yield of mushroom will
be always much more higher than ang
other agricultural crop (Table 3). As
the mushroom culiivation does noi
require any cultivation land it will be of
immense help foi the marginal agricul,
tural farmers to have additional income
and also for landless labourers to have
a potential source of income.

I may be permitted to request yor.r

to consider the following two proposals
for the development of mushroom
industry which is still in its infancy.
Firstly to channel 50 p€r cent of the
resources available to any mushroom
workers for the mass publicity pro-
gramme in order to popularise th€

Crop and Mushrooms Yield (Kg/sq.m

Land area)

Tabl€ 3. Comparative yield of differenl
crops and mushroom per annum

Paddy

Wheat

Jute
Pulse

Oilseeds

Cereals

Agari,.us

Volvaridla

0.1144

0.2044

0.1394

0.0564

0.0384

0.vF
62ob

586c

aYield data of 1976.77, Statistical Abstract,
Bureau of Applied Economics & Satistics,
govt. ol West B€ngal
oschro€der er al. 1974 Mushroom NeB 22 : 15
cchang 1982. In Tropical Mushrooms -Bolosi€al nature and cultivalion methods €ds
S.T. Chans & T.H. Quimio pp 463-473

mushrooms among Indian people by
organising as many as possible De-
monstration-cum-TIaining Programmes
including free supply of spawn etc. and
other expertise services at Block level.
Necessary help for ihese may be
sought from the Ext€nsion Wing ol
Directorate of Agriculture, Gov€rnment
of lndia also in collaboration with
Extension Wing, D rectorate of Agri,
culture of the resp€ctive state. S€condly
io utilise the r€st 50 per cent of the
resources to develop cultivation
methods of Volvariella which will give
a stable standard yield and to increas€
the biolgical efficiency of the species
by developing high yielding strains anil
good quality spawn.
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EDIBLE AND POISONOUS MUSHROOMS
'fo conclude, few of them arc good to be eaten and most of them do suffocate anci
strangle the eater.

- Johi Gerard, the Herball, 1597

N.C. Pathak and Rita Goyal
Mycolo$/ Laboratory

National Botanical Research Insriture, Lucknow 226 001

Mushrooms have always been an
article of curiosity for nature lovers.
After rain when the sun shines, ihe
umbrella shaped structure growing on
ground etc: €atches the eyes of every
one passing by. Carlyle has rightly said
"Nature alone is antique and ahe

oldest art a mushroom". The word
mushroom is usually thought to be
derived from th€ French "mousseron"
(muceron), "mousse" or "moss", but it
is not used in quite the same sense. It
has been said that "mousseron" is a

barbarous name which has caused
endless confusion. Other versions are
"muscheron" and "mouscheron" and
from these it is easy to understand
how the count.y name of mushroom
originated. The earliest word in Sanskrit
Ior mushroom appears to be "ksumpa"
and in Hindi it has evolved into
"khumbi".

The use of mushroom as food, goes

back to ancient iimes. Their use in
InCian literature dates back to nearly
3000 B.C. Even during Greek and
Roman times mycophagy was known
to exist. Earlier mushrooms have been
regarded as an article of delicacy and

wer€ eaten almost entirely for their
culinary properties providing a flavour
and garnish for other foods. However,
wiih the passage of time ihe idea has
changed. Now mushrooms are
regarded as a source of protein to
enrich human diets. For a country like
India mushrooms have special signi-
ficance as most of the people here are
vegetarian and major population suffers
ffom malnutrition especially becaus€
of deficiency of protein and vitamins.

In the beginning mushrooms were
collected from ihe natural habitats but
with time their cultivation techniques
have been established, France being
the pioneer in this field. There, culii-
vation of the button mushroom
(Agan'cus bisporus) started in the year
1707. Gradually the iechnique spread
io couniries like U.S.A., U.K., Canada,
Japan, China, India and many other
Asian countri€s. Now noi only button
mushroom but other types of mush,
rooms like paddy straw mushroom
(Volvariella voivacea), Shiitake (Len,
tinus edodes) and Dhingri (P/eurotus
sp.) can be cultivated on commercial
basis. Even FAO has recommended



mushroom cultivation for ihird world

Mushrooms are not only edible and
nuiritious bui they are poisonous also.
Many people reserve the word
"mushroom" for edible mushroom and
"toadstool" for poisonous mushroom,
but scientificallg it is not true. The fact
is that many of the toadstools are
edible. There are a number of popular
misconcepiions about the toxicity of
fungi, that a poisonous mushroom will
cause silver to tarnish and garlic to
blacken, thai if a cap has been eaten
by a slug or animal it can safely be
eaten by man, that only diied fungus is
safe because toxins lose their strength
as the carpophore dries, that no
lignicolous (that is growing on wood)
fungus is deadly and ihat symptom
ot poisoning will appear immediat€ly
upon ingestion. But, facts are otherwise.
Although many lungi can cause a
stomach upset within 30,60 minutes,
the deadly poisonous Amanita
phalloides, A. verna, A. virosa do not
produce noiiceable symptoms until 8-
12 hours after ingestion. The toxicity
of fungi is a genetic character of the
species and the only way of establishing
ihe edibility of a species is to have
thorough knowledge of its morpho:
logicalcharacters.

Lincoff and Mitchel (1977) have
summarised the poisonbus mushrooms
as follows :-

- That some mushrooms aie
poisonous raw, but harmless when

cooked; e.9., the (Wood) Blewit,
Clitocybe nuda.

- Some mushrooms are poisonous
unless parboiled and then thoro
ughly cooked; e.9., Gyromitra
esculenta.

- Some mushrooms ar€ poisonous
regardless of the manner of thei.
preparatjon; e_9., Ananita phal-

Some mushrooms are poisonous
only und€r certain conditions, such
as when consumed along with
alcoholic beverages; e.g., Coprinus
atfamentafius.

- Some mushrooms are poisonous
only when eat€n in large quantity;
e.9., Verpa bohemica.

- Some mushrooms are classified as
poisonous, bnt since the charac-
teristic symptom is hallucinogenic
intoxication, and since these
mushrooms are gen€rally eaten io
achieve this eftect, they are not
considered poisonous by the users
except in cases of overdoses or
unexpected adverse reaction : e.9.,
P si 1 o cy b e semil anc e at a.

- Some mushrooms, for reasons
unknown, are poisonous to deadly
in some geographical areas but
edible in oihers; e.g., Paxrl/us

Some mushrooms become poiso-
nous (1.e., can cause stomach ups€t)
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when they are old, decaYed, or hit
by frost, although theY are edible
when fresh and youngl e.g,, Armil'
lariella mellea.

Cases of poisoning bY fungi are

mainly due to substance produced by

it. They are usually contained in the

fruit dy. These substances t€chnically

known as toxins have been divided

into four categories by Lincoff and

Mitchel on the basis of their physical

eff€cts and the tim€ of onset of
symptoms - ( time between eating

the mushroom and feeling its effects.) : '

._ Toxins causing cellular destruction,
liver and kidney damage, and death;

onset of symptoms alter 6 hours,
usually l0 hours of thgestion

Group I Deadly ciclopeptide (amani

tin) poisoning Genera involved :

Amanita and Galerina.

Group II Deadly monomethyl hydrdzine
(gyromitrin) poisoning. Genus involved

: Gwomitla (Helvella).

- Toxins principally aflecting the
autonomic netvous system; onset of
syfiptoms 20 minutes to 2 hours
Group III Coprine (Antabuse-like)

poisoning. Genus involved : Coprinus,

Group Muscarin€ (sweating) poison_

ing. Genera involved : Clitocybe and

lnocybe.

Toxins principary aftecting the

centtal nevous system; onset of
symptoms 20 minutes to 2 hours

Group V Ibotenic acid-muscimol
(delirium ) poisoning. Genus involved :

Afianita.
Group Vl Psilocybin-psilocin (hallu'

cinogenic) poisoning. Genera involved
: Psilocybe and PanaeoJus. .

- Toxitrs pdncipally causing g@stroin'

testinal irritation; onset of symptons
30 minutes to 3 hours
Group VII Gastrointestinal irritants.
Many genera involved.

The hallucinogenic mushrooms
although not poisonous in true sense

but their consumption gives the eIJect

of illusion, which could ot could not b€

accompanied by uncontrolled laughter.

However, effects differ with different
people. Besides, ther€ could be some

side eflects like severe dysphoria,
vomiting and prostration, even tempo'
I?ry paralysis. The potency of these

mushrooms varies with the iranner of
preparation and ingestion. They can
be eaten fresh and raw, dried and raw,
cooked or after an alcohol extract.
They could be psychoactiv€ when

died and smoked. The effects are

more powerful when they are eaten oir

an empty stomach, and regardless of
the manner of preparation or amount
eaten, the effects could begin within
15-30 minutes and last about 46
hours.

The hallucinogenic mushrooms are
usually srnall and inconspicuous and
are not likely to attract anyone. Most
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of the people who gather these mush_

rooms, deliberately look for those

containing hallucinogens. The charac-

teristics of these mushrooms is their
habitat - growing on or near dung in
pastures and blue staining of stem on
handling. However, not alt blue staining

mushrooms are hallucinogenic. A
number of Boietus spp. anal Mycenas

stdin blue but none is known to be

hallucinogenic.

The psychoactive compound of these

mushrooms was isolated bY Albert
Hofmann and were named as Psilo'
cybin and psilocin after the nam€ of
the mishroom Psilocybe fiexicana
from which they hav€ been isolated.

The compound was found to be

related to LSD, a synthetic drug
These compounds are indol alkaloids,

specifically hydroxyltryptamine deri-

vatives, related to bufotenin and sero-

tonin. Later on psilocybin was isolated

also from Conocybe cYanopus,

Panaeolus sp. and several other

According to Schultes the narcosis

induced by these mushrooms could be

of potential use in exPerimental
psychiatry - because the subiect gets

isolated from the world around him

wiihout getting unconscious. Albert
Hoffman found importance of psycho-

active drugs also in neuro and brain
chemistrg for investigating biochemical
processes which form the basis ol
nervous and psychic functions.

Thus some of the mushrooms hive
now been accepted as an item of food
for human consumption, the others
are poisonous, hallucinogenic or non-

edible and should better be avoided.

Since thete are no fool proof tests to
distinguish them from one another the
only alternativ€ is to know th€m
particularly morphologically and avoid

thos€ which one feels doubtful to
distinguish correctly especially when

collected from nature. However, the
cultivated mushrooms provide no such
problems.

TREATMENT OF MUSHROOM POISONING

Though many species cause toxlcity blt certain species of genus Amanlik, padicularly

A. phatloides are responsible lor almosl all latal poisonings ln case ot symptoms ol

mushroom poisoning {acute diarrhoea) and pain doclor should immediately be

summoned. The remains ol lhe ingested fungus should be removed lrom the slomach by

inducing vomiting, Pergalives may also be used lo clean intestines Dehydration should

be treated with glucose-saline. Amelioralion ol aclte symploms should nol be conslriled

as compleUon of treatmenl as il is afleMards lhal hreparable damage lo liver and kidney

is caused - Liver lunction test like SGOT, SGPT, serum bilirubin and urea should be

monilored. Administralion of Thioclic acid ( <-lipoic acid) 75 500 mg /day and strong

doses ol vitamin C have been reported ior lreatment ol amanita poisonings As acute as

well a chfonic elfecls are likely to be fatal CALL A DOCTOR R D B
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HALLUCINOGENIC MUSHROOMS
All is poison, nothing is without toxicity, and all is medjcine. Just one dose makes
a substance a poison or a fiedicine.

T.N. I-akhanpal
D€partmeni ofBo Sci€nces, H.p. Universiry,

Summer Hill, Shimla.lTr 005. {H.p.)

Hallucinogenic or psychotropic fungi
are those which affect the n€rvous
system of the consumer individual in
such a manner that he perceives non-
.existent sights and sounds or has
hallucinations. Such mushrooms belong
to a special category of poisonous
mushrooms whose toxicity is confined
to the induction of hallucinosis. AII
hallucinogenic fungi are not mush-
rooms, those containing alkaloids ol
ihe ergot group belong to Ascomycetes.
Mushrooms having hallucinogenic
elfects are generally classified into four
groups. To the firsi group belong
members of Agaric families Stropharia-
ceae, Bolbiiiac€ae, Coprinaceae and
Cortinariaceae. Almost all the speci€s
in the genus PsjJocybe (Strophariaceae)
are known to be hallucinogenic,.
whereas, in other families only some of
the sp€cies have psychotropic charac
teristics. Hallucinogenic principle in
these sp€cies is Psilocybin, Psilocin or
relat€d alkaloids with indole nucletrs
which on oxidation produce a blue
pigment. Usually Psilocybin occurs in
greater quantities than Psilocin but
boih exert similar effects. Psilocybin is

also produced artifically by culturing
Ps ocybe species in liquid media.
Psilocybin is chemically related io
Lysergic acid. Nearly all of the mush-
rooms used by the Mexican Indians
and in Guatemala belong here. These
have been used by people there for
c€nturies, especially during r€ligious
ceremonjes when a serious problem
was intended to be solved through
divine revelation, but they kepi ii so
well guarded a secret that until a few
decades ago only missionari€s visiting
these areas knew of their praciice
(Wasson and Wasson, 1957).

Psilocybin containing mushrooms are
often eaten afresh; dried mushrooms
are sometimes smoked or brewed into
tea. It has been noticed that people
who become addicts ol Psilocybe
species, age rapidly and may become
senile before attaining middle age.

The second category comprises of
members of Amanitaceae. They
contain hallucinogens different from
Psilocybin. Th€ir use goes back to pr€-
scientific times. It is eaten in Orgi€s by
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some Siberian irjbes, in the Kamachaitca
penninslrla. Wasson (1969) conclud€d
from the study of ancient Indian
literature that the 'Soma' of ancient
India is nothing but A. muscaria. More
than a thousand hymns have been
devoted to 'Soma' in the Rig Veda.
Chemical constituenis of A.muscaria
have been studied for over a c€ntury
bui ihe exact nature of all the com'.
pounds concern€d have still not been
fully determined. Two alkaloids isolaied
are Muscarine and Bufotine, but these
occur in such small quantities that
they can scarcely produce any psych-

otropic effect. Hallucinogenic principle
seems to be due to Muscimol, a cyclic
acid acting together with two cyclic
amino acids, Muscazone and lboienic
acid. A.muscaria is ingest€d fresh or
dried. Much oI the hallucinogenic sub
siances are known to excrete out
unchanged in the urine, and urine is
often us€d by natives of Norih-Eastern
Asia, which is reported to produce the
same hallucinogenic effect as the
mushroom itsell. (Rumack and
Salzman, 1978).

A. muscaria is one of the most
widely used psychoiropic mushrooms
in the United States- lt is a very
distinciive species which grows all
over United Siaies. k is mgcorrhizic
wiih conifers and hardwoods. We
have collected it growing with Bcea
smithiana, Abies pindrow and
Quercus d tata. lt is widely used as a

recreational drug in som€ parts of
U.S.A. (Ott, 1976). Althoush Wasson

(1969) presents convincing circum
staniial evidence in favour of'Soma'
being a product of A. muscaria,
further poiniing out that this
mushroom must have be€n acc€ssible
to the priests either from Himalayan
Iocalities or b9 introduction from
farther North-East, presently no where
in the N.W. Himalayan part, not even
in the tribal areas, this or any other
mushroom is being used for obtaining
supernatural elation. May be the use,

if at all it was there, has been gradually
lost with the passage of time. Instead,
people use preparations of Cannabis
and Daiura for recreational purposes
and for making divine revelations.

To the third group of hallucinogenic
mushrooms belong ihe species of
Russulaceae, Boletaceae and Strobilo-
mycetaceae. Riiualistic uses of som€
of these mushrooms have been
reported from Waghi river region in
New Guinea (Ross, 1936; Heim, 1965).

The hallucinogenic principle in these
mushrooms has not been identified
chemically as yet. These mushrooms
are eaten boiled or grilled with
vegetables and are repoated to cause a
state of hysteria like 'Follies' (Rumack

& Salzman, 1978).

In the fourth category are the
members of gastromycetes especially
puflballs and some mushroom species
of Paneolus and Pholiota but nothing
is knawn about their chemical nature,
thoush they have been mentioned in
ihe liieraiure as supposedly hallucino'
genic.
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NATURAL OCCURRENCE OF SOME INTERESTING
AGABICOLOUS FUNGI IN HIMACHAL PRADESH

The specializatiotr of science is an inevitable accomplishfient oI pto$ess....

- J.R. Oppenheimer, 7954

H.S. Sohi .nd R.C, Up.dhlFy
National Centre for Mushrooh Research and Training

Chambaghat, Solan-U3 213 (H.P)

During the course of surveys in the
forest areas of Himachal Pradesh in
the months ol July-October, 1985 and
February 1986, a number of interesting
and rare agaricolous moulds were
collected on various fleshy fungi in
nature and identified. On artificial
inoculation most of them were path-
ogenic on Agaricus bisporus and
Pleurotus spp. these include -'-
(i) Nycfalis astetophora (Fries) Fr.
The fungus was noticed to parasitize
old fruit Mies of Russula sp. in
nature. lt formed whitish cottony
growth consisting of branched septate
mycelium with brownish thick walled
stellate chlamydospores, 16'20mu and
creamish coloured small distinct agari-
coid fruit Mies with poorly developed
gills and stipe.

(ii) Mycogone pernicrbsa Magn. : It
was also collected on the fruit Mies
of RussuJa and Lactartus sp. showing
pinkish myc€lial growth of branched
hlphae with verticillate to subvertkillate
hyaline conidiophores bearing one to
thre€ celled terminal conidia. Thick

walled, amb€r brown mostly two celled
and sometimes one celled chlamydo-
srrores were form€d on short stalks
either terminally or laterally. It was
pathogenic on A.bisporus on artificial
inoculation.

(iii) Sepedonium chrysospermum
(Bull.) Link. : The mould was observed
as white flulty growth on sprophores
of Boletus sp. which later on tumed
into orange to golden yellow in colour.
Verticillately branched, hyalinecon-
idiophores with bottle shaped conidia
were noticed. Chlamydospores were
mainly globos€, orange colored and
terminal. Lateral chlamydospores were
lighter and smaller in size.

(ivl Hypmyc* chrysosF,ermum Tul. :

It was observed as orange colored
mouldy growth on rotten drying
sporophhor€s of Boletus sp. Numerous
globose to sub globose pear shaped,
stalked, dark brown, thick wall€d
perithecia were observed, which cont-
ained numerous 8'spored, cylindrical
asci. Ascospores were hyaline, bicelled,
fusiform and 13.5 - 19.0 x 5 mu.
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(v) CJadobotryum vanospermum (Link)
Hughes : This mycoparasite was co-
Ilect€d from fruit bodies of
Phomr'fopsis irsulare Muff. and
Polyporus versicolor L. ex. Fr. as
whitish mouldy growth on the lower
surface of the fructification. lt showed
hyaline, profusely branched, septate
hyphae with erect, long s€ptate
hyaline conidiophores, bianching
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irregularly and repeatedly terminating
in irlegular groups of phialides. Phialos'
pores were terminal, hyaline, non
septate to I' septate subglobose to
broadly ellipsoidal ihick walled. On
inoculation it produced irregular small,
brownish, iunken spots with profuse
conidial formation on A.br-sporus and
whitish mouldy growth on oyster
mushroom.
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MYCORRHIZA AND MUSHROOMS
There is a good possibility that.in the twilight of this wo d the forms of lite
predominating will be the lungi and those plants and animals sma.t enough to have
gone )nto partnerchip with them.

C.M. Chnstensen, -fhe Motds and Man, 1965

T.N. Lakhanpal
Deptt. oi Bio Sciences, H.P. Universiiy,

SummerHill, Shimla 5 (lndia)

The term mycorrhiza literally means
fungus-root association. It is a
symbiotic partnership between fungi
and th€ root systems of plants. This
association was first discovered by
Frank (1885) on the root systems of
conifers. Thereafier, mycorrhizal
condition has been observed to be
universally pres€nt in almost all plants.
This association is of great economic
and agricultural significance. It confers
a great ecological versatility to ihe
possessor. But it is only in th€ recent
years that this relationship has been
fully appreciated and und€rstood.

Frank defined two types ol mycor-
rhizae : ectomycorrhizae, characteristic
of broad leaf trees and conifer roots in
which the vegetativ€ mycelium of an
appropriate soil borne symbiotic
fungus forms an outei fungal mantle
covering the root apex; and endomy-
corrhizae characteristic of other
plants, in which th€ outer mycelial
sheath is relatively poorly developed
but the hyphae peneirate both inter-
and intrac€llularly. Now a third type,

ectendomycorhiza is also recognised
which is in some ways intermediate
between ecto- and endomycorrhizae
and possesses some of the features of
both of them. Endomycorrhizae are
further of two types : i) those
produced by septate fungi and ii)
those produced by non s€ptate fungi.
The former occur primarily in Orchi-
dac€ae, Gentianac€ae and Ericales
and the latter on more plant species
than any other type and are often
referred to as phycomycetous or
v€sicular arbuscular mycorrhiza (VAM).

Out of these the ectomycorrhiza
'has been studied mor€ than any other
kind but it is restricted almost entirely
to trees in a r€latively small number of
Iamilies like Pinaceae, Fagaceae and
Betulacea€. Some families like
Salicac€ae, Juglandaceae, Tillacea€,
Myrtaceae and Caesalpiniaceae have
both ecto - and endo-mgcorrhizal
species with both types occurring
occasionally on the same plant. There
ar€ many fungi known or thought to
be involved in'ihe formation of
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ectomycorrhiza. The {ungi producing
eciomycorrhiza are primarily higher
fungi belonging to agaricales and
gasteromycetes. About 3% of the total
number df plant species are estimated
to have ectomycorrhiza. The fungi
that enter into mycorrhizal associations
belong to a number of common
genera like B.letus, Amanita, Tricho-
Ibma, Cortinarius, Sur'Jlus, Lactarius
and Rhizopogon. The connections
b€tween the furuitbodies of species in
these,genera and the trees with which
they ar€ mycorrhizal can be easily
traced. Because mycorrhizal species
account for the bulk of the higher
forms of fungi, it is, therefore, not easy
to present an adequate list of the
fungal species and their resp€ctive
symbiotic plants. The situation is
further complicated by the fact that a
single fungus species may be associated
with various plant species or there
may be a specific two way relationship
between the fungus and plant. Such
mycorrhizal fungi may have a wide
host range but some have an extremely
restricted range; €.9. Boietus elegans

and B. gravillei are confined to species
of Larch, whereas, Septuiaiia
sumneriana, a cup fungus, is found
only ben€ath Cedars. Furthermore
th€r€ are speci€s like Phallus
impudicus which live saprophytically
but can also enter into mycorrhizal
associations whereas fungi like
Scleroderma aurantiacum which are
normally mycorrhizal with a wide
variety of herbs, also can survive as

sapropnyres,

ln this North-Westem Hilnalayan
part during the decade 1976-1986,

about 80 species in Agaricales have

been found to be mycorrhizal with
trees like, Betula sp., Quercus sp.,

Pinus wallichiana, Cedrus dadara,
Abies pindrAw and Pic€a smithiana.
Even Morchella deficr'osa has been
recorded growing in mycorrhizal
association with grass, fern and
strawberry roqts. The forests where
tree felling haal been rampant and soil
eroded, Helvella crispa and Suillus
sibrjcus w€re never present, whereas
they were recorded again when those
areas were regenerated with P.
walhchiana and C. deodara. This
clearly proves the beliel that the
symbiotic relationship leads to the
ecological success of both the fungus
and the tree ijnd allows both organisms
to exploit habitats in which neither
alone would grow successfully (Cooke,

1977 ).

Mycorrhizal roots are more efficient
than non-mycorrhizal roots in taking
up mineral nutrients from the soils.
The fungal sheath of hyphae increases
the absorptiv€ surface of the mycorr-
hizal roots, compeniating for the
absence of root hairs. This sheath
absorbs th€ nutrient from soil and
passes these to the plant roots
through the hyphae lying in between
the cortical cells. Such roots show 2-5

times increased uptake of mineral
nutrients from soil than non-
mycorrhizal roots. Therefore, the
mycorrhizal seedlings show better
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growth, development and su.vival,
especially in nutrient poor soils. In
addition, mycorrhizae also make
plants resistant to feeder root paiho-
gens. There are many instances
around the world where the failure of
plantations is attributed io the
absence of mycorrhiza,

There are edible fungi ihat grow in
symbiosis with forest plants but which
have eluded artificial cult;vation so far.
Boietus edulis, B.granulatis, Tticholoma
matsutake and species of the genus
Trjber are some of such fungi. They
have been now cultivated under field
conditions. This practice provid€s two-
fold benefits : artificial mycorrhizal
inoculation of known symbionts in

abandoned, deforested and denuded
sites makes r€forestation programmes
successful and production of fruiting
bodies by fungal symbiont offer the
possibility of an increased income to
rne grower.

Smith (1971) stressed the need fo.
systematically working out ihe myco-
rrhiza forming fungi and pointed out
that value of such studies to a
mycorrhi?a worker would be "that he
can expect closely relat€d species to
have rather similar biochemical pro-
cesses providing the same or closely
related compounds, and such a
classification (will) lurnish him with a
guide to what species to test for a
particular synthesis".

BIOLUMINESCENCE - THE PATH SHOWNG FUNGI

Some lungi be onging to basidiomyceles have lhe property to emil lighl. Ilyce ium or
tuil body or both may uminesce depend ng upon ihe species. Giow from decaying wood
rollrng tree roots and lruit bod es was known to anceslral man and may have been useo
as marker lor palhways in lorests The tight emilled by these lungi ts nol monochromalic
and emssion of ight is a biologicat degradaltve process requiring oxygen Why ths
phenomenof evo ved in basidiomyceles; whal is ils advantage lo ihe species. are the
queslons of nleresl. The common examples ol lungi having the prope y of
biolumrnescence are ,4millaria mellea and Pleurotus iaDonicus

- Ll.s.B
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MORCHELLA - A FASCINATING MUSHROOM

'Yoor are at the edge of prcmises and prophesies'.

O. Cromwell, 1653

S.C. Kaushal
Deparim€ni oi Botany

Panjab Universiiy Chandigarh-r60 014

'The Morels'of commerce, as the
species of Morchel/a are known, are
undoubtedly the most prized and one
of the highly delectable table delicacies
amongst edible mushrooms, with fairly
good protein value. Primarily a vernal
genus, Morchella is the safest io eat,
gentle and unheard of causing even the
slighiesi un€asiness to iis patron.
Alihough easg to recognize (infact

difficult to confuse with anything else)

with iheir pitted, honey comb like
spongy head with different hues of
pale brown to smoky brown coloura'
tion, the species of Morchella are
famous for hide and seek temperament
in the field. These have often baffled
the professional and amateur mycolo-
gists who spend sleepless nighi and
undertake long journeys io hills io be

able to collect these fungi from iheir
natural habitats. During my fungal
forays spread over eighteen years, I
have myself sometimes collected the

species of Morche/la from a spoi, with
a single gathering being as heavy as 2
kg and also been frustrated from the
same spot when revisited even on
three consecutive years. That is what
is a fascinating and challenging hide

and seek of morels, The reasons are,
of course, many fold and from simple
to complex.

Alihough principally the morels are
inhabiiants of temperate hills and/or
plains, an interesting exception is a

new variety of M.esculenta first
reporied by Sharma et ai (1977) frcm
Kathua in Jammu and Kashmir, under
tropical conditions. I made a gaod
collection of this variety in 1984 and
1985 in the months of November and
December- Infact I was astonished to
see it growing in abundance along th€
irrigational water channels meani for
wheat fields.

lnieresting observations and some
erroneous beliefs and myihs on
appearance of morels have dominated
the scene for quite som€time. The
appearance of morels on burnt soil led
to the view that ihese grow abundantly
on burnt up areas. In many countries
people started burning the woodlands
so that they could obtain a rich crop
of morels. This practice of burning
woodlands became a major cause of
forest destruction in Germany. To



prevent the people from this habit,
ultimateiy ii was banned by law.

People in our hills believe that
morels appear near the melting snow
and along the trenches in which the
snow water runs. They also link ihe
appearance of 'Morels' with th€
lightening and believe that after
lighiening and thundering soil 6ursts
open to let the morels appear. A
sizeable number of natives from
villages around Chamba and Bagghi in
Himachal Pradesh and from Kishtwar
in Jammu and Kashmir told me that {f
i wanted to collect maximum morels
from collection sites, I must go
covered with a blanket; and this I
faithfully did on several occasions
without much luck for a beiter
collection. One more myth which is
prevailing in Palampur area wiih
'Gaddi people' is ihat if one carries
some morels along with him, one will
be able to collect more morels.

The morels have de{ied commercial
culiivation in irue sense till today,
although there are reporis of harvesiing
rich crops ol this mushroom under
simulated natural condiiions. A few
fascinating earlier accounts will noi,
perhaps, be out of place.

Simer (1874) describes the composi
tion of the soil on which he successfully
raised the crop of morels. According
lo him the composiiion of the soil
should be'made as follows:

One quarter of two,year-oid tan
(wellrotted).

- One quarter of heath mould or leaf
mould-
One quarter of ordinary vegetable

- One quarter of fresh loam-
Addition of filth proportion ol mould
from some spoi where morel is know
to thrive.

He directed that the whole be
carefully mixed together for refilling
the pois with ihis fresh compost.
Beginning from Ociober, after three
weeks, sometimes a month, growih o{
the mycelium was found in these pois.
Then it staried disappearing and after
a few weeks, he found hundreds of
morels of the size of pinheads. The
most suiiable temperature was 47F at
beginning of the culture and 50F
'towards (its) c1ose.

In 1889, the Baron d' Yvoire
succeeded in growing these fungi.
Starting from a planiation of artichokes,
in May or June, he incorporated inio
the soil surface, pieces of morels. in
autumn, apple pulp was spread
around the artichoke sialks. One to
two weeks later, the bed of apple pulp
was covered with a layer of dry leaves
proiected wiih branches. This was
removed the following spring. The
substrate, fLrlly run with the mycelium
ol morels was maintained in a rather
moist condition and lruiting occurred
year after year from then on-
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Molliard (1905) by using sterilized
earth with the addition of various
organic substances and also sterilized
carrots (actual medium he did noi
describe) was able to grow morels. He
used spawn of M. esculenta and
inoculaied this in a pot filled with earth
to which he added some compost
from appl€s. The carpophores obtained
after a while (e.9. after 20 days) were
either rather small or few and isolated.
Spawn inoculated on beds in ihe open
experimental gardens, under modified
conditions gave better results. He also
observed that morels often grow on
residue of apples and on paper waste

an observation corroborated by
oiher French Mycologists including
Singer.

Constantin (1936) by repeating
Molliard's experiment obiained yield of
350 g/sq.meter of bed surface.
Mairuchot (1909, 1910) obtained fruit
bodies on paper pulp !^Tastes and
rotten wood mixed with sand. He
concluded that the fruiting mycelium
of morels utilizes cellulose subslrales.
Babee' (1936) repeated the cuhivation
ot Morchella cosiafa on ordinary
household garbage mixed with garden
earth and decomposing in lots near
the woods during one year. It has
been reported thai in France (Heim
1936) a rich crop was harvesi€d as a

r€su1t of crumpling dried morel
ascocarps on ground previously,
'fertilized' with apple mash obiained
from the cidar factories. I understand

natural seeding of Morchella in also
being attempied by NCMRT,
Chambaghat, Solan under stewardship
of Dr. H.S.Sohi who is now heading
the Centr€.

Physiological studies show that a
pH(6.93) relativly higher than the
optimum for most of the fungi is best
for the growth of M. esculenia, that
siarch, maliose, fructose, furanose,
glucbse and sucrose are good sources
of carbon and both ammonium and
nitraies can be utilized in addiiion to
urea, some aminoacids and surpris
ingly enoush NaNO2 as N source
(Brock,1951). On agar cultures, inulin
gave poorer results. This was contrary
to the earlier findings in which
Morchella esculenta \Nas found parasi
tizing roots of Helianihus iuberosus
which is notoriously high in inulin and
that attempts ai planting ariichokes
together with morels were particularly
sLrccessful. However, ihe reason is not
known. Ammonium citraie, thiourea,
hydroxylamine-Hcl and hydrazine,2
HCI were all observed to be toxic.

India is the major exporter of 'Black
Himalayan Morels' along with Pak'stan
and ltaly. An estimated 5060 tons of
dry morets are exporied every year.
The lucrative business is in few hands
who export the fungus to Europe
where jt sells at an av€rage price of
around U.S.$150 per Kg. However
there are severdl problems and a

conccrted effort is ne€ded to improve
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the standard of product and ihe
manner of expori.

Botanists working wiih crops like
wheai, have oiten asked, why so litle
has been done in the field of
mushrooms in lndia, €ven when the
work is going on since nearly three
decades. The reason is, unfortunately
that the Covt. of India has not

invested even ihe bare minimum funds
in research and development of
varjous types of mushrooms in general
and noihins ai all in morels. Still some
ol us are enjoying an obsession with
mushrooms .and have given far better
results in proportion ro financial
investment. However, none can
produce the results of wheat with
investment of mushrooms.

MUSHROOM STAMPS - CONTRIBUTION
OF MYCOLOGY TO PHILATELY

Mushrooms because ol thei colour, shape and appeannce at add places have
allracted lhe atlention of humatt being. The laryet fungi including both edible and
posonous fungi growing on diverce substrales undet differcnt habitats have appearcd as
stamps in number af countries hke Algeria, Andana, Austtalia, Botswana, Brazil. China,
Cenhal Aftican nepublic, East Gemany, Guinea, Fiji, Hungary, Kampuchea, Kuwa,
Lesolha Libya, Mexico, Norfolk lsland, St. Helena. Solomon lslands, Zambia, and many

- M S.B
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COMMITTEES

Tbe following committees were constituted for the inaugural function, seminar

on mushrooms and workshop of AII India Co-ordinated Mushroom Improvemenl
Project h€ld at National Centre for Mushroom Research & Training,Solan from
23rd to 25th SeDiember. 1986.

Lodging Committee Exhibition Cornmittee
Dr. R.D. Rai Dr. (Miss) Kiran B. Mehta
Sh. R.C. Upadhyay Miss Yash Gupta
Sh. Ram Swaroop Sh. R.C. Upadhyay

Transport Commitiee Sovenir Committee
Sh. R.C. Upadhyay Dr. Manjit Singh
Sh. B. Vijav Sh. B. Vijay

Dr. (Miss) Kiran B. Mehta
Ptogramme Committee Miss yash Gupta
Dr. H.S. Sohi Sh. Raiinder Sharma
Sh. R.C. Upadhyay Publicit!/ Committee

Dr. Manjit Sinsh
Regibtration Committee Dr. (Miss) Kiran B. Mehia
Miss Yash Gupta Sh. B. Vijay
Sh. R.K. Bhatnagar
Sh. Jia Lal Campus Cleanliness Committee

Dr. H.S. Sohi
Boarding & Hospitality Committee Sh. R.C. Upadhyay
Dr. R.D. Rai Sh. Lalit Kumar
Sh. Lalit Kumar
Sh. Sita Ram Building Maintenance Committee

Dr. H.S. Sohi
Relre6hrnent Commitlee Sh. Lalit Kumar
Dr. R.D. Rai

Sh. Lalit Kumar Retum Joumey Reservations
Sh. Sita Ram Sh. Sita Ram Sharma

Auditoriurn Commiltee Printing of Buletin & Atnual Repon
Sh. Lalii Kumar Dr. H.S. Sohi
Sh. Lekh Rai Sh. Lalit Kumar

Helpr?ndcr€d bySh. ts. Vri.y a.d l4iss Ydsh Gupra n ploolreadjnsand Sh. Rdjinder Sharma and
Sh R.K. Bhahdsar in ryDms isrcknowledsed

*
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WITH BEST COMPLIMENTS

F

R

o

M

HOUSE OF MUSHROOMS

M/s BLUE M0UI'lTAll{ F00D PR0DUCTS LIMITED,
LARK'S HILL, FINGER POST

OoTACAMUND.643 006.

Telephone No:2981 crams:MUSHROOMS
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FOR

QUALITYSPAWN
PASTEURIZED COMPOST

FRESH BUTTON MUSHROOMS

,t
**

ft

Please contact :

Phone : 52

HARMAN MUSHROOM FARM
Whispering winds, Xandaghat (Solan)

Pin. 173 215
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I TE63
MUSHROOM SPAWN

For best guality mushrooms
and for high yields,

always use TEG'S Mushroom spawn
Co ns u lta n cv Services a lso avi la ble.

T
C Lab:

tr

EG'S MAS
*

RADO PVT. tTD.
DOCHI P.O. SADHUPUL Distt. Solan H.P.173 215
New Moti Bagh Palace, Patiala 147 001 (Pb).

TEGS\^_-

PASTEURISED SPAWNED COMFOST & CASING SOIL
Available from the most modem composunq plant of India

TEG'IS CENTRALISED COMPC'STING UNIT CHEONTHE
P.O. SADHUPUL Distt. SOL-AN H.P. 173 215
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ATTENTION MUSHROOM
GROWERS & CAI{NERS

WE ARE A LEADING MUSHROOM CANNING & MAFKETING

ORGAN]SAT]ON /N IND]A. WE ARE LOOKING FOR SUITABLE

SUPPL]ERS FOR FRESH AND/OR CANNED MUSHFOOMS IN

8ULK, /F INTEFESTED PLEASE SEND LOWEST FATES WTH
SAMPLES.

KAYTIS FOOD PRESERVERS
REGD. OFF. :4, PAHABGANJ LANE, N DELHI-110 055.

Phone 111217O.7112159. Grams : KAYTIS NEW DELHI

with best compliments

MUSHROOM GROWERS WEI-FARE
ASSOCTATTON

District Solan & Sirmour

Head Office :

Chambaghat, Solan-173 213

F

r
o
m
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INCREASE YOUR MUSHROOM YIELD !!

USE

OURWLLOWDUST

JAGTAI{DER BOOK AGE]ICY
22-Bl5, ORIGINAL BOAD, KAROL BAGH,

NEW DELHI-1 1OOO5

For your all requirements of
lollculllria|. /lxD actlxttFtc loora l.rouix,rI-s

(PUNCHASE AND SALES)

WINSOME TEXIII.E INDUSTRIES LIMMD
ror

BEST QUALNY
COTTON, ACRYLIC AND POLYESTER BLENDED YARNS

Regist€r€d Ol6ce & Mitr: Chandigarh Oftcc :
2031, S€ctor 21-C,

r, rndustriarArea 9.!t1lPl9Arylry-9?
BADDI_174 101. PHONE 4340r & 4966

DISTT. SOI.AN (H.P.) CABLE 'WINSOME
TELEX 0395439 WTIL IN

PHONES : 563987, 563985
GRAM "PERIODICAL"

Please contact :
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WITH BEST- WTSHES
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*

KOVAI FOODS (P) LTMTTED.
COIMBATORE

8/5 RACE COURSE COIMBATORE-641 018
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CSIR COMPTEX PALAMPUR

A NEI/14Y SET UP INSffiLOE AND YOUNGtT lN tUE
CSIR NEVUORK ESTABL(SHED IN JULY /983

ATPALAMHJR (H,P,)

R & D WORK TAKEN UP IN THE DISCIPLINES OF:

1. HILL AREA TEA STATION

2. FLOURICULTURE FOR EXPORT

3. POST-HARVEST PHYSIOLOGY OF FRUITS

4. WOOD SCIENCE & WOOD TECHNOLOGY

5. CHEMISTRY

6. ENGINEERING SERVICE

7. WINDOW FOR TRANSFER OF TECHNOLOGY

COOR DI NATI NO DI R ECTO RS
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JSGW
PHONE NO : 20690 GRAM I VIGYAN

SDecialised in :-
A grade graduated glassware with works certificate'

Gas analysis aPParatus all types

Plant Physiology ApParatus.
Interchangeable ground glass joints assemblies and

distillation.
Laboratorv & Industrial Thermometers and Hydrometers'

Laboratory clamps, Stands & Burners.
Teflon Labwares.
vacuum Rotarv Flash Evaporator. T L.C. and other Laboratory

Equipmant
&

Any speciai glass apparatus according to specifications

Manufacturers:-

JAIN SCIENTIFIC GLASS WORKS
GYAN MARG, AMBAIA CANTT : 133 OO1 .
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only
HEXAMAR

Offers World renowned Pesticides to Indian farmer
CYPERMETHRIN (TECH) ENDOSULFAN (TECH) DIFOI-ATON 8Oq, WP
CYPERKILL 25% EC HEXASULFAN 35% EC STENsOW,P.
rcypermerhnn/ (Endosuhan/ (Carbendazrnt

CYPERMAR 10% EC PHENDAL 50% EC HEXACAP 50% WP
(Cypermethrin) (Ph€nthoate) (Captan)

FTN FEN 20% EC MARVEX SUPEB IOO HEXACAP 75% S.D.
(Fenv€larate) (D.D.V.P.) (Captan)

DECAMETHRIN2.8% EC

MONOPHOS 40 PARMAR M.sO EC BENOMYL 50% WP.
(Monocrotophos) (Parathion)

H.LX 25% EC HEMGOR 30% EC HEXAFURAN 3% GR
(Quinalphos) (Dimethoate) (Carbofuran)

HEPTACHLOR2O%EC BUTACHLORsO%EC ETHEPHON3 SOLU
. ETHEPHON IO% LS

CHLORDANE2O%EC HEXABAN2O%EC KAN 50% W.P.
(Chloropyriphos) (lsoproturon)

ALDRIN 30% EC M.S.M.A.34% SOLU KAN 50% W.P. (lsoproturon)

PHORATE 10 G HEXAKEL 18-5% EC MANZEB 75% W.P.
(Dicofol) (Mancoz€b)

MICROSUL M.H.3O%A.S. ORTHENE 75% WP
(Wettable Sulphur 80% WP) (Maleic Hydrazide) (Acephate)

ATRAZINE 50% WP HEMZINE 50% W.P. HEXURON 80% W.P,
(Simazine) (Diuron)

BHARAT PULVERISING MILIS PvT. LTD.
HEXAMAR Shriniketan 14, Queens Road. Bombay'40o 020 (lndia)

R€sd. Offic€; H€xama. House, SayaniRoad, Bombay-28

SERVING INDIAN Phot\es .292877 ,256\55
FARMERS FOR

THREE A\D HALF B!an' he< & Depa^ .

DECADES DELHI, MADRAS, CALCUTTA, BHAVNAGAR, DAMAN,
BAJUWA (BARODA). GUNTUR, KOTTAYAM.
BELLARY, MANGALORE,
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TFIERES A REASON
FOR NSC TO BECOME INDIAS

BIGGEST AND MOST REIIABLE
SEED SUPPUERS...

QUATITY
||SC SEEOS 6.€ produc€d in the b€sl asrodimdic ron€3 und€t th! 3o9€rulslon

ol €xoenencect iechni€l erpens. Froh s@inq lo ha.t€sting .nd p.ocessrng to
gr.di;g and packing. tia 3€€(l3 !r€ scisnttiic€llY lookod 3fte. ltd rcst€d lo. qGlny at

Afrer re$ing, seeds sre p€ct€d in conrcnlent .i:ed bt$ and gactets md s€aled
rirh NSC labels 6nd ce.tilicatun ra95.

To mlirnai. rhe lile oa lhs sonsitiv€ t€€dt thsss at t.Pt &r humidity controlled
sircondition€d godowns,

Mosr hode,o morhodi a.€ ss€d tor storalB lrd rsftportation ol NSC S-EEOS so
drlr no iniury is dooe ro ft€m and th3y .€ach lhe cu.tonsrs in.n alire and vqorous

On ths la.ngth ol qrhlity NSC hla ..Lrld ih. l ot[don l marlGt bssidet
.|rgplYrng s€dr ro m6t cosntty't cq.rittlngntl

NSC €ssures .egula. supplYolhigh qlalitY seeds ol a wide ranqe ol rmptoved
€rieries ol cer6ls, veg€rables, tibre. loddsr, oilseeds. and pusles crops

NSC invites Co-ope.ari€s, agro-seryice centres and unemploYed aqricullural
graduares ro pin NSC s d€alership ner'work,spread .ll oler rhe counrY, spec'al
re.ms oflo.ed ro th€ prima.y c@p€ratv€s

Fo. detailed enaori€s atlout seed availabihy and .l€al€rshrp re.ns affl
condatons. ole.s€ contact

NATIONAL SEEDS CORPORATION LTD.
(^ Cni..Ed cr Ld{ ut r..uriigl
o€ei ghaYan, P'rs.. tw Osl\r.r l0orZ

a
a
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WITH BEST COMPLIMENTS FROM

Itf /s KA PU R As999J t]"8?

WE PRODUCE & SUPPLY FRESH/DRIED

T,4USHROOMS AND QUALIry SPAWN PREPARED

UNDER MOST HYGIENIC CONDITIONS

Please Contact :

t./s KAPUB ASSOCIATES,
DEDGHRAT, NEAR AABSHAR,

KANDA GHAT DISTT: SOLAN (HP)
Phqe :64 PP
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WITH BEST COMPLIMENTS FROM

M/S GANGA SINGH COID STORAGE Pail ll
(The laryest mushroom growers in lndia)

P.O. Bhogpur, Distt jullundur
Tel : Bhogpur 3:85

Head Office 2514, Sector 35C, Chandigarh
Tele : 32387




