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Btndiwrml;-.r al mushrooms plays a very
tmportant role in any ecosystem functioning,
Mushrooms found to ogeur in #oil, humus plapg
litter, herbivore dung, termite hill and alse o
| living plants, Mosi of the mushrooms are
tosmopolitan eccurring both in trepical and
lemperate region of course some of them |jke
- Lentinus are more confined to tropical and
- fublropical regions and some Jike Higgrophorms o
the temperate regions. It was studied that the
Sgaric diversity of East Africa and the affintties
ol different species to different forest iype. In
A970s hardly anyone worried aboat the effect of
=t collecting some popular edible mushrooms
In 1980 repart started appearing about the
prominent decrease of some Eroaps of
mushrooms in some countries the ase of
mushroom as food and in medicine by the people
India has been age old. References to thers
» ence and utilization are found in religiows
poks such an Vedas and Bible and medical
tments of India, Sambhita of Atravacharak
period dating back to 3000 4 500 B.C. However,
utilization has definitely increased with the
fEisition of more knowledge about the edible
A poisonous species and technological
Bdvancement of s cultivation. India is a vast
with people in different regions having
feod habits. The Use of mushroom as
bod and medicine in the present day s
pread with tribal poople all aver the
goaniry. In view of their intimate association
A rature. knowledge of mushroom epecics of
man valoe is masimam with these people. This
tion remains to be documented Fully.

- Some of the species utilized by tribals of
Hfmdlrrﬂ.gth’rnumpnuﬁ, Comitteereliica
¥ Copriss spp: Lewimus nrbnuhu,.'.l"mmgu:

Tricholoma spp; Mlewrotios gppr Bolebis ipp,
ifiorima (nquenens; Podukis peshrllarts and Tuber

5,1 Explaration of Biodiversity of Edible Mushrooms in Rajasthan

Mushiroom Linit, Depariment of Pliastt Putlsology, Rajsthan Cillege of Agriculture, Mukarana Pratap Limiversity
of Agriculiure amd Techwology. Udaipwer-313001{Raf. )

Spp. In Switzerland, France and Germany up o
78 distinct wild varieties of mushroom are
offered for sale in the market. In India, oo sale
of wild mushrooms in cities during raify seasons
18 nol uncommon now, particalarly in hill regioms
Merchella spp. (Guchhi) and Plewrotus spp.
(Dhingri). It was reparted that the collection anf
eensumption of 123 tons of 8 wild edible species
In West Bengal. Rajasthan is the second largesy
state of India and represent the 10 % of the land
area of the country. However, 57% of the state
conzists of the great Thar Desert, which has been
designated as one of the biosphere reserve and
us the representative of the desert ecospslem in
India is especially important from 1he
eonservalion angle. Occurrence of edible
mushroom kike Agaricus, Plewrotus and Copriimics,
Termitomyces eurhizug on termite NESt, Bome mew
and additional hosts of Pleirodus species and sorme
specles of Agaricales from Rajasthan have
described. Later om in1902 =“harma et.al,
Awricularia auriculs juiae, A. meseriricd , Phellorima
iquinans, Padagis Fiakillurls, Holetus sprcies,
Termilomiyees mricracarpus, Termitomyces atriatus,
Meurotus pulmoonarius, P ostreatis, F.oapidus, P
sdfor-cafu, Agaricun compesiris, Volvariella
bmbycing, V.pecioss and Lepints $pp. Reported
from Rajasthan. Minety four specios of macra-
fungl belonging to 52 gencra and seven families
were reported in 1994, Among them 78 Apcies
are edible, eight species poisonous and 12 are
nat known for their edibility. Some of the
Basteromyceles genera were reported in 1994,
Occurrence and distribution of 173 species of
mushroom coming eunder 95 BEnera were
reported in 1997, All the collections carried out
from the five major agro climatic zones of the
state,

Host ranyge of Auricslaric 5o Ganmderma spp
and Schisophyllum commine was reporled in 2000,
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Further 225 wild mushrooms from different parts
of Rajasthan was documented in 2008, Maxidium
34 species were reported fram poraid
aphyliopherales followed by 32 species ol
Tricholomatacae and 26 [rom Gasteromycetes.
Ohit if these Podaris pistiflaris, Phellarinis irquines
and Phellorinia herculne are collected in lanes
during rainy seascn and sold in the market [resh
as well a8 in dry form at the rate af Bs 50-60/kg
from tone 1 ab, lab, Mab, 1¥aband V.
Genera of poroid aphyllophorales were
confirmed only in two sones that s pone IV &, b
and rone V common are wood rotting fungi guch
as Cenoderma fuchlium, Gamoderma, Feugie.
Ganoderma applamium, Polypores sitlphenrens and
Corioluus persicolour

Tricoholomataceas gencra alse confine o

gone TV a, b and zone ¥, most of the genera are
edible some important are Armillaria, Calocybe,
Tricholoma, Collybia, Flammulina, Pleuratus anid
Muteus.in Agaricales 12 species of predosiinant
gencta Agaricus are recorded and mast of them
are edible.

In Rajasthan only three mushroaims have b
exploited commercially ae far, there are hon-
conventional species such as Phellorimia nquina,
Pheltarinis herewlar, Podusis piatillaris which should
also be tried. Further, wild strains ol Aguricu,
Pleuratis, Auricularia and Calocybe should be
stilized for breeding purposes to develop
temperature ftolerant, disganw [ imaect peal
resistance and with higher ylold and keeping
guality strains.

5,2 Molecular Diagnostic Tools for Genetic Characterization of Edible

Mushrooms
5. K. Singh
Senior Scientist, National Res. Contre for Mu

angl are often microscopic, usually

filamentous, spore hearing organisms that
have few phenotypic markers that can be used
1o differentiate between individuals in a
population. This limitation has hampered the
studics of their population biology. 1n the past,
pathologists had to rely on phenotypic markers
such as vegetalive compatiility, mating 1y or
specifie aviralence genes to dilferentiate
individuals Although, these markers proved
wery uselul for differentiating cirtain groups in
a species bul lacked sufficient resolution ko
distinguish among all the individuals in a
population.

True to the type mushroom stock cultures are
met maintained as fruit body or as spore culture
due to different sexuality patterns. Moreover,
fruit body morphalogy within a given laxan i®
highly vartable and micrescopic characters are
quite homgenous. Therelare, stock culhurds are
invariably maintained as tiasue cultures. Further
it is impossible to designate apecics to any

ghroem, Chambaghat, Sole, 173213 (HF)

mushroom cultare without fruiting trials by
eanventional methods. Except for a few edible
mushrooms, species lewel ddentiflcation s stilll ®
challenge to the traditional laxonomists. This has
led to & great taxonomic chaos in mushroom
genera with large number of species

The limitations of laxonomic identification af
fungal strakns based on phenotypic markers can
be overcome by the use of DNA markers like
Restriction Eragment Length Polymorphism
(HFLP) and PCR based fandom Amplified
Polymorphic DNA (RAPDs), since they detect
variation direcily at DNA level and are nol
influenced by the environment (lest comdition)
Moreover, PCR based RAPD are fast, lest
cumbersome and very litle template DNA e
required for analysis and therefore, & larg
aumber of samples can be handled in & ver
short period of fime. These properties make D
arkefs very useful in studying genetic/ strains
variability in fumgl
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Sequencing of conserved genes: The use o
mpdern methods such as RFLP analysis and
direet seuencing o investigale the gene coding
hor production of 165, 585 285 and 55 r DRA (r
BNA) has allowed assessments and comparisons
of phylogenetic relationihip of organisms over a
wide range of taxonomic levels. The
breakthrough in amplification and direct
sequencing of fungal ribosomal BNA gene for
phylogenetics came with the description of
nuchear ITS primers. Recent studies have
demonitrated thad F'II':. |'|_'||:IrF||'||I|I| im the Indermal
Transeribed Spocer (ITS) regions of 555 fONA
[ribosomal DNAY has proved adequate o
improve systematics of a wide range of fumg
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Fig. 1. Puwifiom of comservad punies i furgpal preoms

Further, creation of National Centre for
Botechnelogleal Informatlen (WNCEN, USA and
other world data bases have only allawed
quick molecular identifications but alsa validated
ipecies level ideniiiications ol microbes. These
fecent advances in molecular taxanomy has
#ddressed the banic question of edibifity of
mushroams “PFolsonous or edible® and can
¥alidate food poisoning related forensic
LR PR T

Fhe 585 r DNA gene encompassing ITS-1 and
-2 regions can be amplified using ITS-1
Flborward primer 5'- TOC GTA GGT GAA CCT
GO0 G- 3) and 1TS54 (Reverse primer 5. TOC
TOC GCT TAT TGA TAT L3 in a PCR. The
#mplified product appears as single band on 1%
Cdgurose pol in Tris-Acctic acid-EDTA (1 x TAE)
bufter (Figs 2 &3)
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Fig-L Preder-spocies ITS sonpdifiead proadurts

FLE products can b sequented Jdifectly by
using aniversal ITS primers, ITS=4 reverse primes
MequEnces are revesse complimented by using
Lene Dor campuler software programme
Miutleohde BEUCHICE COmparisans are perfonmed
by using the Basie Local Alignment Search Tool
(BLAST) network services against ihe Mational
Cenire lor Biotechnology Information databases
The lungal species are designated ta the
sequenced based on 3|m:|].j_r||:|-' with the besi-
sligned sequence af the BLAST search

RAFD analyses: The most popular method
has been to use the product of RAPD io
differentiate among individuals, In ihe
procedury, an arbitrary 10 base pair nocleotide
scquence annedls to complementary templaie
sequences throughout the genome and act as »
primer for cotension by @ heat stable Tag DMNA
piymerase osing FCR. The resulis are 3 siries
of DNA fragments that are amplified in each
individual. Each individual has a specific
amplification pattern that may differ a5 o result
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of miamarch between different primer and
template sequence (Figd)

FiggAd. FEAPTY prailnd of Cemuslerse: fromy of arnrminma

In arder to determing lengths of madividwal
.J,mphi'm.! fragment. 1Kb ladder of known
fragment length s also run simol aneeesly on
both the sides of the gel to soore pressnce and
absence of individual fragment at 8 partkcakar
bade pair lengih o lest saiples

The gel phirtographs are sorred for presence
and absence of scorable bands as I and 0,
respectively, with the ssumjrtion of pasitional
homology. To estimate the genetic distancis
between isolates, similary ceefticient are
calculated and dendrogarm drawn using
UPGMA algarithm (Unwelghed Pair Group
Method aeing Arithmatic Averages) of the
MNTSYS- e Version L0Th programmie (Fig3)

Reatriction Digestion af ITS (ARDEA-
Amplified Ribossomal DNA Restriction
Analysis): In order io develop RFLP profiles of
aenplified ITS fragments. dilferent restriction

eneymes are wied to develop very speaific RFLP
profiles. These profiles serve 28 a reproducible
anid reliable metbiod of distinguishing individwals
having similar IT5 lengthae. MCR product of 115
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Fig 3. Piplopenaic refavians ameng 14 acorsiams af
franaierma ypnriey

conaerved gene 4 digesied with restriciion
enrymes Hke Tag Ala 1, Eto B-1.0u R-1, Hin §-
1. Map 1 ste. In presence of Buifer [specific o
restriction engyme) and waler at aoitable
temperatures, The unldque restriction fragment
prefiles  generated by the restriction
endonncleases enable us 1o identify marker
fraginemn Bransls 1o diltln,g_u:luh indiwidiaals within
and pmongst species. This technigue can be uied
for rapid fdentification of wild specimens o 8
cheap aliernative io direct sequencing for
mushroom garmplaam cataloguing

S,.3 Biodiversity, Conservation and Utilization of Edible Mushrooms in

Chhattisgarh Region
M. P Thakur, ©%5. Shukla and V. E. Yadav

Depit. af Plant Pathalegy, Indirg Gamdiel Agriculbuns! Wair, Rafper 452 008 (06

jodiversity refers (o the variety and
quruh:'lﬂ:. among living arganisms andd
mrlnﬁwa.'l rmnph.'iﬂ.- in which they occur It ;'-1.';!.'1!
a significant role in nature by entiching sail,
maintatning water and climaie cycle, hamdediiy
precipitation, conservation and recyeling of

waste materials Into noirienis. Biclogical
resourees copatifute a capilal asset with gres
potential for yielding sustainable benefit. It s
belicved that the modern develspmental
sctivitles are detrimental for Eodiversity and it
in felt that develapment is inversely proportioal
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to bistiversity. Rich bioalivernity s an indicatos
of healthy halsitat and s petential bo sustain life

India beng the top ten megaillveriity has
ample spocies of wild mushrosms which neckr
during rainy season Thw diversity of climatic
conditions prevalent in India made this
A natural habital for & number of mushroon
There are about 2040 species of edible fung

W0 man out of 10,000 specios of macm

Tungi. Indlis is richer in firwering plants than wy

- other country of its size, the lungal wealih of

Indis Is alse expwcted 1o be equally diverse. Lot

of studies have been made 1o documeny

mushraam wealth from East, West, North wind

saath India bit, the efforts made in Central India

ncluding Chhattisgarh and Madhys Pradesh
States reoeived very limited atfeniion

Chhattisgarh State of India i highly rch in
Bledivenity inclusting mushroom diverity, The
dimatic conditions prevailing in Chhattisgarh
‘made the natural habitas for a large maniber of
‘muthroom flora. The detailed information for the
Presence of natural agaric (lora in differeni
sproclimatic zones of Chhattisgarh was started
with the inception of All Indis Coordinated

ton of fleshy fungi of this state. Bur,
fler, the systematic work was started o
Mplore the kind of wild pushraom flora
Wailable snd exploit their prodisctivn potenilal
8 comumyrcial scale
Chhatiisgarh in the third stabe in thi
ving largest aren wider fovests, i has several
wild life sanchuaries which have LT e T
oo diversity which is sl commaervisd aned
| ified. Most of the mushroam wealth in
= parts reenain untooched, while these part
H!h.l].- rich in mshroom diversity due to vas)
st covers of 431% in C.G. and 37 percent in
P Comservation, ideniification Al creation of
Mareniess reganting such mushroom diversity
It H;Hrmphﬂnﬂhnmhqﬁmm Riview
#am (Conatituted by ICAR for reviewing the

Mushroom work all over the country) visibed
Raipur on September, 2005 The boam ottt ngy
Dr. 5. Karaalyan as Chairman, QRT on Muslroom
and Chairman, Nationa) Miativersity Authority
Chunnial sugpested to hold o twa days workshop
o “Awareness creation on Biodiversity and
Contervation of Mushreons®. Accordingly, a
twe day workshop on above theme was held at
ICAU, Ralpur on Decrmiber 1-2, 2N

The forest cover of Chhattisgarh s
predominantly inhabited by tribals whaose
livelthood is dependent an foresi produce,
mizkhroam being one of them. They collect ihe
mushrooen (rom these forest areas, constsimne them
and bring them to the Jocal markess, Towwng g
cities for sale during mansoon periml, Many
onally consumpd #ince e ages
and mistaken identity is a fproblem in many areas
which caused casunltivs, |n Clhihattisgarh 10-15
causalitien from palsanuus mushroom s reported
every year in daily newspapers.

The work on survey, collection, isslation and
preservation of naturally growing fleshy fungi
during monsoon season was initiated in 1963
MNearly 50 tans af natrally growing edible fleshy
tungl is collected fram Bastar alone daring
aanan season, A survey for the presence of
naturally occurring fMeshy fungd was conducted
from 1989 to 1995 The forest area ol
Chhattisgarh was surveyed in 2000 and eollected
edible and wild mushmoms. Enormous wilil
mushraam (lera existing im Chhattisgarh wan
Feporied in M5 andl some of the mushmom flors
was isolated, identified and character| Fural.
Various species of mushroom frosm Bilaspur
division and some mushroons have ddititumanr,
antibacterial, antifongal and antiviral Propesties.
The apecies of Agaricus, Russule, Tiermftanryors are
being used for treatment of golire, woond and
small pox respectively, During survey, most
commanly avallible mushreoms encinberad
were Russuls spp, Vilpsriells #pjr, Tenititomyrem
- Tuber spp, and Canthiereling ipg. bl
g rowartrivias efe, The fleshy fungl were collected
Irom didferent arseas of Chleaitisgarh with reaprci

Malanal Postum. Tlodiversity and
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{0 habitat, season, distribution and sthnie
information. Most of these fungh were idemitified
using standard monographs.

Dhie fa increasing siresses of population,
urbanization and human greed, there is @ Taphd
decling i the greal maishrootn divemily present
in this part of the country. In spite of mounting
efforts over last 2-3 decades, the loss of world's
bindiversily from habital destruciion (1ike
defaresation), over harvesting. pollution and
other manmade problema like introduction of
ewetic species has contimeed. 1t iecessitates the
copservation of biodiversity fa situ.  An
awarensss programme is requindd 1o conserve
wild mushroam flors particularly mycorrhizal
mushrooms prevadling not only in Chhattisgarh
st I cithier parts of the country s as to conserve
thirn elfectively and protect them [rom erosicn.
1i needs to be isolated, identified, charactetized
and catalogued using conventional and
intechnalogical techniques. A need Is alsin felt
4o monibor and map e mushiroom diversity of
fasest peosystem using Satellite Remote Sevining.
GPS and GIS lechnigees.

Mushroom growing has proved as am
important aclivity for generation of il arymait
in riztal areas. Mushroom |s very much liked by
the rural peeple and form an impartant
ingredients im thoir daily diet Mushroom
growing in rusal areas/ wenker sections o e
spclety can improve the financial and miatritbonal
siatun of tha people who ane malnourished ansl
bobow tha poverty tine. 11 will be a boon o uplift
them, Chiattisgarh being the rice bowd produce
about 30 lakh tons ol paddy siraw and other
substrate every year, and part uf this stiaw made
inio hoaps are exposed 10 rains produce Toi od

5,4 Recent Advances in Malecular Breeding of Button Mushroom Agaricus

species

Aiahesh C. Yadav

Nativaul Research Contee for Mileroom, ICAR, Chambaghut, Solan -173213 (HF)
mushroam indimtry has a continuing need

for wew and improved varioties with well-

paddy siraw mushrooms, As per one of ihe
cifimate BO0-1000 tonnes of natrally ocoureing
mushroom are being sold in CG matkel
including 546 tons per day i Ralpur cily ahane
during rainy seanon from July to September
Most of this Mora some time fatch very low price
when available in abundance during lavourable
mansoen periad. The people of this area are well
aware with different varicties of wdilsbe
muabrecenss which they collect from fomest dreas
growing naturally on wood logs, dpoummpesed
leafy materials, sandy loam snila, termile
maunds and devomposed paddy straws

Cheap and easy mushroom production
technolagy needs to be evalved for the peopie
wha are mainly dependent on lorest produce
including mushroama. Mushrooms belig, hbghdy
rctritiioues and having potent medicimal sttribules,
it ahoruld be made essertial in mid day meals o
schoed children, in daliys, in Dal fhat Centres,
in Aaganbadi programns: and other progranimes
run by the Department of Women anid Child
Developsent and in Gove. Canteens il Fhowpatal
Wards, A policy framework and programme i
required to blend mushroom powder in AL
Jafia, or dul, papad, hadi, muriu to improve the
nutritbonal qualities of food particulagly in the
state of Clihattisgarh where 88% of the chilsdren
and 70% af the women arc anenic. The potential
o mandkcinal mushroo i Indaa is untapped snd
weed 10 evelve into a sueoesaful Tntechnalogical
icdustry for the benafit of the mankingd. Codd
quality mushroam spawn laboratary, eold
storage facility. and small scabe processing anite
i a distriet place need to be established 1o
facilitate mushroom production, precessing and
marketing

defined characterintice. The application ol
mileclar techniguies to the genetic impro

@
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programmes has lattoduced innovative TN A
based markiers and provided much-needed fillip
iz the on-going research in bution mushreosms
Coenietle diversity i limited tn Agaricus Mgporus,
s lanprovenients can best be made by exploliing
thet diversity present in the geines Aguricus or by
ising mobecular bresding. The berm “moleculsr
breeding’ has bewn used 10 characterise breeding
programmes thal are s by the s of
| DNA-based technology, DNA markers are
heritable differences in nucleotide sequences of
DA from two individuals, which follow & simple
Mendeln pattern of Inheritance. These markers
are dotectod by veplaying two basle rechnigues:
1) Southern blot rbridization and i} Palymerase
Chiarn iteaction (PCR). The molecular analysis of
apecies relatec e, clonlng amd charscterisation
ol genws are the frondier arcas of research

Altheugh exrrent breeding practices have
been very successful in producing & continuous
range of Improved hybrids andd straing in button
misadirooms. receid developments in the field of
malectlar grnetics and bivtechnology can be
employed o enhunce mushroom breeding efforts
Aand to speed up the creation of improved
cultivars, The mushrooms are mainly
(characietized on the basls of varkations in the
lruiting by, spore musrphologies and myceliom
haracteristics. The pawcity of morphological
markers, stage specilic expression and the
Influence of rcobogical factors on the exprousion
iin, these traits are some of the limitations of the
merphalogicsl markers. However, the rocent e
M DNA markers has circumvented thess
limitations and has led 1o the precise

mblficatbon and classification of wild collectinm
Epto species level in guick lime. DNA markors
e the potential toaid the mushroam breeding
augh & number of ways including DNA
rprinting, rellably assessment of genetic
ariation anl incrvasing the efficlency of selection
M difficult trabte. Exhanced understanding of
pretic comdvols and ldentification of molecalar
farkers closely linked to the gones/QTLa
cdated with important traits would help
tis design more eilective and Largeted

tremding strategies. DNA markers such as HFLI",
RAPLY, repetitive DNA sexpuences, [T5 sequenciing
and more recenily AFLP have boon wiblized in
molecular breeding of button mushrooms. Thie
recent advances in molecular breeding have
tnfluenced the following wreas related o il
geoetic improvenent in buton mushosems;

Assessment of genetie diversity: A low level
of gpenctic diveraity amongst commerriul white
Plleus straitis of A Meporus was defecied using
RFLE, RAPD and repetitive sequences. In contras)
1o commutreial lises, the wild collecthne from
Agarws Resource Programme were found 1o be
genetically highly vartable waing nuclear and
mituchimdrial RFLP, and sepetitive sequence
analyeed. Becently AFLP tharhers were used [
assesument of genetic relationbip and variabilisy
i A, bisparus and A Bifmrgels,

Identification of homokaryatic breeding
lings: Cenetic analysis and hybrid breeding of
culfivated mushrooms require the isolatinn of

from beterobaryotic parental lines
This s difflcult in- A Fiyporus because of its
unusaial lifie eycle. Now, wiih 4 combsination of
Bozymies, RFLPs and RAPMDs the identification
of hamokaryons is o routine process in Agaricus
breeding programmes. Hybridizations in A
bisparan can be confirmed by the use of DMA
markirs - RFLPs and RAPDs. RAPD analysis has
provided reliable basis for selection of parents
and identification of hybrida

Cenomis inter-relationship:  The
interspecies consanguinily ebween A Ilignivirs
arud A beforgwis was not foumd as chime i esproctod
with RAPDY markers. The genomic relationship
siudies usling ITS-11 and a portion of 285 rRMA
pine in the getus Agarieni revedled that the
Apechen A Mlsngiie, A. cirmpestriv and A denomirmsiz
are more ¢losely related to A, hisporis than (he
A, waibhoderivd and A, sroewsis, Restriction
analysis of KGR and ITS regions have indicaied
genomic diversity in Agericus. Thus, the
maolecular studies on genomac inter-relationahips
amang sprecics within g genos or elwern genera
are of parameint importance for intragression
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ol genes from related species and eatablishing
phvlogenetic relanonahig.

Construction of linkage map: The gemetic
linkage map of A. Hiporus has b conatrucied
gsang malecular markers and musre Uhan #9 lod
have been placed on 13 different chromosatnes.
Among the imporiant geres mapped ane MAT-
mating type gene, BSN - gene determining
basidial spore number are located on
chramosome 1 and cap colour-determining hocus
FPCT on chromosanme B,

Breeding behaviour and sexuality: The
charscterieation af brecding systems and inter-
spocies relationships within the genms Agaricus
are aseful to (1) identify potentlal wild species
for direct eultivation and (i) b provide sources
af novel varlation for introgression into
A, Wegrs, The RAPD and 175 sequencing wene
used to elucidate the breeding system in the
speches of genue Agaricss Hetepathallinm in
A campeniris was confirmed by RAPD amalysis of

5.5

single spore progenies and heterokaryins,
whereas, A, subfloccoris was shown (o be
omothallic hased an the homogeneity of RAPD
prafiles. ITS sequence analysis revealed
unilactorial heterothallic Hie cycle that permit
both inbreeding and homokaryotsc fruting in the
species of srctian Arponsrs

DNA fingerprinting and mushmad variely
protection: Morphological markers have
provided the deseriptors los reglstration and
ilentification of novel varieties and hybrids in
field ereps. While in the mushmame, th failure
of DLUS. based on morphalogical data, has
prompted broeders o use DNA fingerprinting
profiles for mushroom wariety protection.
Molecular markers could successiully be used for
legal protection of wir indigenous it h i
genetic resaurces al national and international
level and the new mushroom hybride and
varieties ran be fingerprinted and registered.

Button Mushroom Production with Innovative Methods of Pest

and Disease Control During Cropping

B.L. Trhar

Matianal Rescarch Contre fir Mushroom, [CAR. Chardwagit , Salast <1TAXII (HF)

rop of bunton mushroom Agaricis  Beper

was grown organically, following the
Organic laws of US Department of Agriculture
1900, Under this law the crop has 10 be grown
without the use of chemicals / pesticides /
fertilizers and non use of genetically engineved
permplasm of sewage water. Thi compast s
prepared with modified method of enmpesting
developed o the Centre, emarring thie climbnation
ol pesticides detecied from composting
ingredimts, during high temperature wruldimdT
fermentation in phase-1 of composting . The pes
exclinbon way snasred with use of steam for
pasteurization of subsirate [ casing and
exclusion of the pests from the cropping cycle by
nan cherical means, The phiysical traps were used
for controlling the (ying insects like mushroom
fliés and diseased fruit bodies sppeaning on crop

beds  were ialated physically by inserting e
cronm cups over the disvased mushrooms of
burying the affected fruit bodies with pawdered
common salt . Use of clean portable waler fof
spraying on the crop beds and use of ¢lean wales
spraying squipment was ensured Use of
pesticides is stricily probibited al any stage of
crop raising under Organic laws . The pesticide
resliline analysis of All bave materials used for
composting , compost before and after steam
pastearization , casing material , spawn , wale
and the fruit body was done to verify the
freedom of frodt body from pesticides below
permissible levels under intemational standards
for foed crops . The frult body harvested was
evaluated for quality characteristien like wisile
mushroom welght , mushroom length . cap dis,
cap thickness | cop welght . stipe length. stipn

@
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dia , stipe weight, cap- stipe ratio . frun body
whiteness , truit body dry waeight , N-contens of
mushroom and othess, These parameters were
comnpared with mushavom fruit body  harvested
from non- organic sulstrabes used normally for
growing bukton mushepems,

Extensive use of pesticides fehemvicals over
hmger perinda of tme for obtaining higher crop
yields has rendered agricultural practices
pesticide/chemical dependant, resulting in
tngestion of pesticides on 2 lurge seale by human
populations caunbig serious ailments, discase and
saiffering o mankind. It has been a tradition snd
& commoen practoe fravf line imomemardal in
Indin 1o grow agricultural crops organically. It
Is only in eecent times that there has beon
pressure of population on tw limited area of
farming land forcing the farmers in India to
sdopt o estensive wie of fertilizers and

- pesticides 10 harvest increased quantities of farm
prodoce. af the coat of the quality of the produce.
This ereated o distisrbance in the natural cropping
pattern {normal succession of crops for
 maintenance of sobl lertility and sl haalth.
Mesides, this resulted in tons of pesticides/
harmiful chemicals gaining entry into the soll
body, water body and the Wslal envipenment
| Frstem mwpportng e like on mother certh. The
ips grown in these soils with ose of
foniaminabed water for irtbgatbon resulied n the
tramsport of these harmiul chemicals fnto our
Hood materials and all agricoltural crops grown

such sils slrwed foxic chemdeal residues on
ralyain

For button mushroom production, agro
yproducts like cerval straws are used as base
Is for subsirate proparation, which are
Rppiemented for nlirogen with andmal manunes,

ummie 8o cakes, wheat/ rlce brany brewer's
m and other such agro-wantes for recyeling
these agro-byproducts. Spawn (mushroom
tadl) s prepared an wheat grain, which again
= pesticide reidues inia the growing eycle.
Phen the caving layer of 3-4cm thick necessary

‘mushroom growth on top, baseally derived

from agen-wastes like Farm Yard Manure/Spent
Munhroom Sulstrate/ Colr Pih and other such
agro-byproducts, again were found fo carry the
peaticide rexidues indo the growing cycle. Water
Frum streams, springs, underground sostces
used st varloas stages of crop raising carry ihe
pesticide residues into the crop. Theds all
ingredients thal ge into production of button
mushroom show pesticide residues in various
concentrations and ultimately some of ihiese
trawel 1o the frult body. Controlling pesticidos
chemicals usage for cereal crop production,
fadder cultivation for andmals, grain caltfvation
far poultry feed and oiher such activities hat
contribute by-prodiect miterialn for myushroam
production is a difficelt wask. 1t o the farm
economy that guldes the [armer tor vee ol
chemical fertilizers/ pesticides 1o harvesy
scanamic erop vields, and control on entry of
pestbcidies at this stage soems to e a difficulf task
The second aption with the researcher s to
eliminate these harmful chemicals/ pesticides that
gain eniry al various stages of crop raising,
through improved substrate fermentation
process [ cultural practices. 11 18 this second option
that has bevn addressed in present investigation
mnd psperimentation, with s wwiematic approach
lollowing a three pronged strategy of - i)
improvement in substrale fermemiation process,
ii} wse of potential degrading microbes in
compesting procesa, i) elimination/avedding
entry of paatirides,/ chemicals during the growing
cycle.

The first country (o come out with Organic
Food Production Act (1990) was the Deptt. of
Agri, USA, adopted ns part of 1990 Farm Bill
This requires USDA to develap national
standards and regulations far arganically
prodiced agricaltural producte. The guidelines
for organic food production have alse beon
evalved by variows other nternational agencies
like “International Federation for Organic
Agricilture Movement (IFOAM}®, European
Unipn and Codex Standards. I India APEDA
(Min, of Commerce] has been given the
renponsibility. for promotion of arganic

anid Crop Dhisense
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agriculture in India and this organization
formulated rules fior National I'rogramme fof
Cirganie Procuction (MPCUY in May, 3000,

PFrojeet on Organle Mushroom Production
was imitiated at KRCM in the year, 2000 in
collaboration with Deptl. of Entomalogy, UHFE,
Maund, Solan, HP [Residue analyals). Seven trials
have so far been conducted wnder the project and
data an yield snd gquality of the latest teial
consboct in March-lune e period is presented in
this paper. The compost was propared
organically withoat the sise of chemical feniliars
and TN mtio of the compost balanced with use
il organic materiola rrnlr. Theiz rumpnl.tin!
ingredients and fechniques were modified and
stundard packoge of pravtices followed Tar
rabsing of the button mushromm erop [(Agericis
biigeran] wader controlled environmental
conditborn.  Colr pith {oolr industry waste) and
FYM were used an casing materials and whieat
gralin apawn of straln A-15 (Sylvan) was used in
the irlals. Steam was used lor pasteurization of
compost and casing. crop raised organccally
withaut the use of pesticides. Mushroom vield
ol 18 5kg [ Wk R oomgsost was abtained inabout
four wewks of cropping. Mushmom ies were

controlled by use of light traps and diseased
mushroams, when detecied, were snlated
physically with use of iee cream cups / sprinkling
ol common sali over eifected fruil bodies jand
its removal aubsequently). Excellent quality
maalireams werd harvested with average Frait
body welght of abowl 45 as comparcd o 10-

11 in non organic crops

Samples were drawn for all the ingredients
used i compost making, composts at various
slages, caslng, spawn, water and finally the
snicabiroimn fruit body for pesticide residues
analysis. In the initial trinls, the pesticides wene
detected  froum all the ingredients. composia.
caning. water and the friait body, Bub with ibs
improvement in compoating technology/
P-Wlﬂl.!l"ﬂ. of high temperatare lormentation, the
pesticids residues wore sither elimmated or
detected at wery low concentration, The arganic
piishrooin production threw up some interesting
fruding o the foad valun of the muslroom. 1
wias (oarnd by analyals that profein content of the
mashrosm inereased by growing on sulbetrate
prepared  organically, and fhere  was
improsement in the quality eharacteristios of the
fruit body.

5,6 Biodiversity and Utilization of Medicinal Mushrooms

R, Singh, KK, Mishra & Mandyi Singh'

Miishroun Kesearch & Traintng Centre, G.B. Pant Llsiversity af Agriculture ind Technology, Mantnagus- 265
145 (LIA) Degartnt of Pland Pathalogy, CSA Witin, of Ageicu!tune amd Technology, Kamgar -208 002 (UF)

1990, the magnitude of fungal diversity, that

8, the aciual number of species worldwide,
was enlimated conservabively to be st least 1.5
millien speeles. OF the 1.5 million estimabed
fungi, it has been estimated tha 14,000 species
produce frutting bodies of sufficient size and
suliable structure to be considered macro-fangi,
wivich can b called mushrooms. Of thise, about
50% or 7,000 specles are conskdered (o possess
varying degrees of edibility and more than 3,000
specien from 31 gepera are regarded as prime
edible mushirooms. Ta date, only 300 of them are
experimentally grown, 100 economically

cultivated, spproximately 60 commercially
cultivated and about 10 have ieached an
inlustiial scale of preduction n many countrie,

O the 14,000 pecies of mushrooms in the
world, around 700 have known for medecind
properties, Thus, mushrooms have wvail
proapecis as sources of medicines. The early
herbalists wire miore interested In the medicinl
properties of mushrooems than in thieir basic valus
ak & source of food. Humankingd has constantly
searched for mew substances that can |
biological functions and thereby make peop
fitter and healihier. About 3.5 billlon peop

®
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worldwide, all over hall of the warld
populations rely on plant-based medicines and
dietary supplements for their primary health
care, Of the plant materials involved in medicines
or health tonics, quite a few are fungi. The
practice of using fungi as herbal medicines can
be traced in different early records of the
‘materia medica’, The earliest baok on medicinal
matictials the “Shen Nongs Herbal® recorded the
- medicinal effects of several fungl such as
Canoderm lueidurm, Porta cocos, Tremella fuctformis
 Polyparws umibitlitas and other unidentified fungi
The meoat famous of all work on the traditional
meidicines “I'en To'ao Kang Mu® which was
compiled by Ll Shi-Zhin of the Ming Dynasty
tecorded the medicinal fungi totaling more than
bweniy species, including Gamoderma Hicldiom,
Porta oo, Polyparis umbellitus, Leirfinus edodes,
Termitowgees albunrinasus, Awrieilaria siricula,
Plewrmation uiirentus, Arilloe melles ate. A
umique inscct-infecting fungus, Corduoeps sfnemits,
was for e first time taken as & medicinal fungus
im the book * Exsentlals of Materia Medica®. There
- have been new discoverses and developments in
e field of medscinal fungl, which have greatly
eriched the treasure house of aur traditional
mdical and medicinal sciences. As a result of
large number of scientific studies on medicinal
mushrooms in the past three decades, the
traditional ses of many mushrooms have been
irmed and new wider uses found. Some
rastitionally important and Joading medicin
il in the Chriental medicines are presented

——

|

Ganpderma hucidion: G fecidiom [Lingzhi in
sy Heishi, Mannentake or Sachitakie in
anl Youngzi in Kovean) is a species of
kdiomyveetes which belongs o
ssnodermatacear  of  Aphyllophorales.
snmmonky it ks known as wood-deeaying fingus:
'nlln while rots on & wide variety of trees
W can thus be describesd as phytopathogenic
Because of ity perceived hoalth benefits,
b Iruiting body has gained wide popularity
iy an a dietary supplement not only in China
il Inpan but also in North America and obher

parts of the world. The reason it atltracts
Infurnational attention &8 o valuable herl (s due
te e varlely of its biological activitien, such as
anti-tumaor, immunomodulating, cardiovasculas,
respiratory, anti-hepatotosie and antinociceptive
#ffects. The divemity in the beneficial values and
ivitictnal #ffects may be attribuled bo 1l fact
that Gamaderma in composed of & vast number of
bivactive compounds. Thie mijor compounds with
significant pharmacological activities appear to
be triterpunes, polyssccharides and adenosines
although bioactive proteins, nucleic acids and
other substances have also been identified. Of
particular interest are a group of fungal
immunomodulatiory proteins-Fips, which have
been isolated from G. Jusidum,

Uttaranchal s gifted with a rich flora of
Ganmidersinn. Some of the forest arvas adjacen: 1o
Pantnagar, Haldwani and Ranikbel of
Uttaranchal were sitrveyed o collect the fruii
bodies of Ganederma. The substrates wheat straw,
coir path, saw dust chickpea straw, musiard siraw
and three lsolates of Gamoderma lueidowm
designated as Fantnagar solate (G=1), Haldwatsi
isalate {G-2) and Ranikhet isolate (G-3) were
used ueder experimentation. There was
signifscant difference to one another in terms of
yield. Wheat straw gave significantly higher yield
among all the substrates evaluated and minfrem
yield was given by coir pith. Among the
supplement, rice bran supplemented @ 5 per cent
gave significantly higher vield over all ihe
subatrabes

Among the different isolates, isolate G-1
fave significantly higher yield (8440 g/500 g dry
substrate] over wheat straw supplemented with
tice bran @ 5 pir cent. Mipimum yield was
obtaised from tolste G-3 over sll the substrates
The Inwest yvield was recorded frn the (solaio
-2 an the substrate coir pith (14.25 /500 g dry
substrate), All the inolaves of Canedermu fisiding
were alio evaluated for the prosenco of ganoderic
acid which ks responsible for immunomodularing
effect. Experimental reaults showed vhat this
mushroom conlained ganoderic acld and
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been isolated from G. Jusidum,

Uttaranchal s gifted with a rich flora of
Ganmidersinn. Some of the forest arvas adjacen: 1o
Pantnagar, Haldwani and Ranikbel of
Uttaranchal were sitrveyed o collect the fruii
bodies of Ganederma. The substrates wheat straw,
coir path, saw dust chickpea straw, musiard siraw
and three lsolates of Gamoderma lueidowm
designated as Fantnagar solate (G=1), Haldwatsi
isalate {G-2) and Ranikhet isolate (G-3) were
used ueder experimentation. There was
signifscant difference to one another in terms of
yield. Wheat straw gave significantly higher yield
among all the substrates evaluated and minfrem
yield was given by coir pith. Among the
supplement, rice bran supplemented @ 5 per cent
gave significantly higher vield over all ihe
subatrabes

Among the different isolates, isolate G-1
fave significantly higher yield (8440 g/500 g dry
substrate] over wheat straw supplemented with
tice bran @ 5 pir cent. Mipimum yield was
obtaised from tolste G-3 over sll the substrates
The Inwest yvield was recorded frn the (solaio
-2 an the substrate coir pith (14.25 /500 g dry
substrate), All the inolaves of Canedermu fisiding
were alio evaluated for the prosenco of ganoderic
acid which ks responsible for immunomodularing
effect. Experimental reaults showed vhat this
mushroom conlained ganoderic acld and

51

Maknnal Srmposiam "M kv eribly amd Bitechnology 1 Ealilble Aushrsoms
and Crap Ufecsss Mandgement® Noversher 05917, T00é



possessed anti-axidative properties such s
reducing power and chelating activity on Fr*

Auricularia auricuta: It ts commenly kivwn
25 juda’s ear, wooden ear, trew ear. The fruiting
boedy ks gelatinous, elsstie, semi-transtucent, cup
or ear shaped, red brown in colour and rubbery
in testure but becoming hard when dry. In
traditnnal Chinese medicines, the wooden car
s mild and sweet in nature. 1 activates the biood
arid stops the pain. |t is conabdered spcific for
esding. especially excessive ulering bleeding.
whdaminal and tooth pain. 11w ol dsed o tread
hemorthoids, 10 stimulate bowel moemenis, o
help build up energy amd to act a8 an ani-
an well an b sowrrew of distary flaee bor

ihe preventhon of gerkatric dinorder

A few villajes of Tarai, Bhabhar and foot hill
al U5 Nagar and Nainsital districts of
Usiaranchal ware surveyed to collect the (rail
bodies of Aurirularie Substrale whiai siraw,
mater dalk, rapeseed straw, paddy straw wis
ased for the yicld of locnl solates of Aunculana
Significamly higher yields of solates Auricularia
from aak (ALY and Auricularia from Neem (AN)
were obtalned on paddy atraw. supplemented
with wheat bran (3 per cent) The
supplementation of substrate ot the rite of 37
per cont resulied in at par yield of lselates
Aurbeularia light brown fram mango (AMLE) and
Auricufaria dark brown from mango (AMDE)
wehich dist ot diffes from the check (4, pelyirichs)
of Vsese bolates

Lentimula edialeas L edoles [oomarmon name
black forest mushroom; Chinese name: Shiang-
A Japanese name: Shiltake) is the second maost
timportant edible mushroom i the world (rom
the stand paint of production. For a long time,
this mshroom has been valued for iis unigus
taste and favour and as @ medicinal onie 11 is
priadizated in medbcal treatmenis of cobds, meanles
in chibidren, bronchil inflammation,
hemlache, dizziness, dropsy, amallpox and even
mushroom poisoning. 1L is also valuable in
stimulating the immune system o incresse the
bodys ability 1o ward off cancenres lisues, viral

infertions and chronic fatigue syndrome. 11 s
claimed to accelerate vital energy, wards off
hunger fecling and defeats body fuid energy. It
fa the svuree of a well known anti-tumor
polysaceharide, lentinan, from the fraiting bodies
o1 myselia. Lentinan 18 a highly purified, high
molecular weight polysaccharide which doss not
attack vancer cells directly but produces jts
antirarmor effect by activating differenl imimune
respanses in (e host 1t ia offten unied A5 an
adjuvant to support mamune system funeiion in
cancer pationts during chemothesapy ami may
proleng the sirvival times

Thie cutiural charactors of two straine of L
sdodes wrre studied at Mushroom Kescarch &
Training Cenire, Pantnagar afid they wetr
cultivated over different substrates io stusty the
yaehl performance and iodogical effichency. The
ochamical makeup of both af the straine i
alio studied. The lindings indicatnd that the
strains wary extensively in their euftural,
morphological and biochemical characteristicn
Wheat straw supplemented with 10 per cont |
wheat bran fesulted in maximum yield and :
briciloggical efficiency in case of strain L, Thw peotal |
sugars, reducing and non-reducing sugars
content were 2t par and found io be 2236, 0.0
anid 2235 per cent respectively, In tie frilting
bl les ool Lrmiriiale edoddes.

Cordycrys sinemain: Theve speciis am uniqus
mushrooms that feeld on nsects. 1L is parsitic |
an the larva of Lepidopiera. Chinese herhal
doctors often ase this fungus us a tonic and|
tranquilizing medicine, It s used for treating
general debility after-illness, weakness, splifting
ol blood cawsed by tuberculosls, chronie coughing:
and asthma coused by senility, night sweating.
spontaneous swealing, ansomia and rrdlilj\l:ﬂ
tuimor. 1 has tnhibitory effect on the growth of
bacteria, sich as Streplocoecis, Bacierium -drn..l
Macillus amtrocis, Pasteurelle susepiics and
Stuphylacoceus. C atnemics has been reporied o
Tave anfi-temor activily against certain cancer
medigted through the host enhanced immand

funetion. The dried material composed of the

i
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fungal friniting body and thit insect body has boon
wsed as o medicine lor alleviating Ipasm
- epecially ehlldbesd conviilsbon op palpitation,
coughing and swollen thesst with inflammation

It has also been reported that it has atrong
witalixing effect,

Mushroom Hesearch & Training Centre,
Paminagar has already initiated the resenrch work
an this medicinal mushroam using its own
Fesources. (N survey teama have made seviral
- eoblections of the frilting bodies of the fungus
fromy Dharchuls and Munsiven rones. We have
. succerded bn generating mycelial culiure of this
Mungus uider laboratory condition. So far. we
- have been able 1o develop hyphal tip cultures
rom wild collections. These enlbures are bemg
ehmpareyd for their cultural and cal
yaruability. Entomopathogenic nature of the
(fungus is 10 be evaluated agxinst larvae of
dilferent Insects. The fruiting bodies ol this
fungus were ivaluated for anti-oxidative
L propertivs. The findings clearly indicated tha
thin fungus have anti-oxidative pPropetiics sich
a reducing; parwer and chelating activity on Fe
et the anti-oxidative properties of 1his

mushroom was !nunﬂmlzvlllﬂ:lﬂlj' lowoer than
fhat of Gamoderms Iupidiisg,

Grifuln fromdosas In Japan It |5 called as
{ which means “dancing mushroom”. Tt

i commidired a firet rank edible mushroom whes
Young, which has & good taste, & ETiep lesture
and an excollent aroma 1i has been freaguemily
tserdd for mprovieg spleen and sbmach afiments,
calming nerves and mind and Iedating
hemorrhoids, 1t his shown significant blssd-
pressure lowering effect and cholesterol.
lowering and hopatoprotective sctivities. Variou
isalated palysaccharides and polysaccharide-
protein compleses from G fromdie exhilie strong
unti-tumor activity. It may be effective for
treating beeast and colopectal cancers as well &
thempoutic active against AIDS.

The research achievements in medicinal
miuskiroom during last iwe decades give the
Impression, and the confidence, that medicinal
mushrooms have much to offer 1o health cars
system for hamans in the 1% century. In cises
where modern miedicines may not provide a
complete  remedy, complementation by
mushtoom autriceuticals may augment the
sccess of the treatenent. Preventlon of discnses
b beneticial to everyone and deserves the sAn
atiention that bs given to the curing of ifiseases.
EHorts directed to disease prevention can have
positive financial and sacial tmpact and on the
brliviclusl Basis cin masbntaimed o VRN PO
quality of life and human dignity.
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