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PREFACE

Theeighth International Conference on Mushroom Biology and Mushroom Productsisacontinuum of the conferences
organized by World Society of Mushroom Biology and Mushroom Products since 1993 after every threeyearsinoneor
other part of theworld. Theseventh conferencewasheldinArcachon, Francein October 2011 wherewe agreed to hold
the eighth conferencein India. Considering the changestaking place all over the globe and impetus towards growth of
mushroom research and development in India, thiswasan apt decision and theinteractionsduring theevent will help all of
usto promotethe research in variousfacets of mushroom biology and mushroom products.

Wethank our colleaguesfrom all parts of theworld for their overwhelming responseto the call for presentationsand
participationin e ghth Internationa Conference on Mushroom Biology and Mushroom Productsjointly organized by World
Society of Mushroom Biology and Mushroom Products (WSMBMP), | CAR-Directorate of Mushroom Research, Solan
(ICAR-DMR) and Mushroom Society of India(MSl) at New Delhi from 19-22 November 2014.

Inthisconferencetherewere 231 contributions as abstractsthat weregrouped into 10 sessions. Full paperswerereceived
for 90 presentations. The presentationswere grouped into 10 sessionsthat are: (i) Biodiversity and taxonomy, (ii)
Genomics, geneticsand breeding, (iii) Bioinformaticsand nanotechnol ogy, (iv) Biology, biochemistry, physiology and
development, (v) Waste converson & utilization, substrates, casing and crop management, (vi) Myco-molecules, medicind,
nutritional and nutraceutical properties, (vii) Mycorrhizal, entomopathic and other novel mushrooms, (viii) Pestsand
diseases, (ix) Vaue addition and mushroom products and (x) Economics, social, I T and marketing issues. Volumel
containsthe papersincludedin sessions| to V.

| would liketo thank al membersof Scientific Advisory Committee and Organizing Committeefor their hel p and support.
| particularly thank my colleaguesat I CAR-DM R who have been working for this conference sincetheinception of the
concept to organizethe conferencein India Wethank Indian Council of Agricultural Research and Department of Agriculture
and Cooperation, Government of Indiafor their financial support for thisconference. | thank Mrs. SunilaThakur for her
secretarid support.

W -
(Manjit Singh)
Chairman, Steering Committee
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A GLOBAL PERSPECTIVE ON THE HIGH FIVE: AGARICUS, PLEUROTUS,
LENTINULA, AURICULARIA& FLAMMULINA

DANIEL JROYSE

Professor Emeritus, Department of Plant Pathology and Environmental Microbiology
The Pennsylvania State University, University Park, PA 16803, USA
dird@psu.edu

ABSTRACT

World production and consumption of mushroomshasincreased at arapid rate, especialy sincethemid 1990s. Not only
has production and consumption increased as the world’s popul ation hasincreased, but per capita consumption of
mushrooms hasincreased aswell. Over a 15-year period (1997 to 2012), per capita consumption of mushrooms
increased from about 1 kg/year to over 4 kg/year. Chinaisthe main producer and consumer of mushrooms. Thedemand
for mushrooms has been phenomenal — production to meet the growing demand isaperformance seldom duplicated in
agriculturetoday.

K eywor ds: world mushroom production, per capita consumption

INTRODUCTION

Theworldwide mushroomindustry hasgrown at arapid s
rate since the late 1990s (Fig.1). World mushroom
production hasincreased morethan 25-fold during thelast
35years(fromabout 1 billionkgin 1978to about 27 billion 2
kgin2012). Thisisaremarkableaccomplishment, especidly
considering the human popul ation hasincreased 1.7-fold
during that same period (fromabout 4.2 billionin1978t0 1w

about 7 billionin2012). Thus, per capita consumption of

mushroomshasincreased at arelatively rapid rate and now

exceeds 4 kg/person compared to only about 1 kgin 1997, o

IN2012, nearly al consumption of mushroomsin China, the LN 190 - Vg S0F B0 N W gk
EU and India was supplied from domestic sources.
Alternatively, nearly dl mushroom consumptionin Russawas
supplied fromimportswhileconsumptioninthe United States,

Canada, Japan and Australiawas supplied mostly by domestic sources but also by substantial amountsof imports (USITC
2010).

15 == "World populaton
== Mushroom production

Figurel1. World population (billion) vs. total world mushroom
production (billion kg)

Fivemain generacongtitute ca. 85% of theworld’smushroom supply (Fig. 2). Agaricus(primarily A. bisporuswith some
A. brasilensis) isthe major genus, contributing about 30% of theworld’s cultivated mushrooms. Pleurotus, aclose
second, with 5to 6 cultivated species, constitutes about 27% of theworld’s output while Lentinula edodes (shiitake),
contributesca. 17%. Theother two genera, Auriculariaand Flammulina areresponsiblefor 6% and 5% of thevolume,

respectively.

Chinaisthe main producer of edible mushrooms. The Chinesenationa government hasincreasingly encouraged Chinese
growersto shift their agricultural production out of traditional cropsto value-added cropslike mushroomsfor export
(USITC 2010). Estimatesof mushroom productionin Chinafrom 2002 to 2010 vary considerably (Fig. 3). For example,
FAOSTAT (2014) estimates mushroom and truffle production in Chinain 2002 at 2.8 milliont whilethe Chinese Edible
Fungi Association (CEFA) estimatesproduction at 9 milliont—a3-fold difference. Thisconflictiseven morepronounced
in2010 where FAOSTAT estimates production at 4.8 milliont while CEFA estimatesvolumeat 21.52 milliont—a4.5-fold
difference. Whilethesediscrepanciesremain unexplained, they may berel ated to the cons deration of primarily A. bisporus
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Figure 2. Estimated percentage of world production of edible mushrooms by genusin 2010

25

LLLLd

Year

ECEFA
B FADSTAT

Figure 3. Conflicting estimates of mushroom production in China
(2002-2010): Chinese Edible Fungi Association (CEFA, Li 2012)
and Food and Agriculture Organization of the United Nations
(FAOSTAT, 2014)

insomefiguressupplied by FAOSTAT and to somedegree
of over estimation by CEFA. Regardless, Chinaisavery
large producer of mushroomswith asmany as30 million
growers, processors, suppliersand merchandizersinvolved
intheindustry (Chang, 2005).

AGARICUS BISPORUS

Production of A. bisporus has continued to increase
worldwide especialy sincethe 1950s. Beginning in about
1998, Chinabecametheworld’sleading producer of this
species(Chang, 2005). According estimates provided by
the CEFA (Li, 2012), Chinaproduced over 2.18 milliontin
2010, whichisabout 6 timesthevolume (350 thousandt) in
the United States, the second largest producer of A.
bisporus.

Inthelast few years, production of mushroomsin Chinahas gradually moved northward as climatic conditionsin the
northern provincesare more conducivefor mushroom production and raw materialsare morereadily available compared
to southern provinces. Li (2012) expectsthistrend to continuefor theforeseeablefuture. Inthe United States, production

of A. bisporushasincreased only about 4.6% over thelast
10years. All of thegrowthin production of thisspecieshas
occurredinthe brown varieties (portabellaand crimini) with
thewhitevariety showing adlight decline (-3%) over this
period (Royse, 2013).

Inthe Netherlands, thethird largest producer of A. bisporus,
over 90% of productionisin the southeastern part of the
country, i.e., in the provinces of Limburg, Brabant and
Gelderland (Baars, 2012). Approximately 90% of thecrop
isexported either as canned or frozen (60%) while nearly
30% isexported asfresh mushrooms. The UK purchases
about 41% of the fresh supply while Germany, France,
Norway, Bel gium and Sweden bought most of theremainder
of thefresh mushrooms.

2

1500 2500

plicill

Figure 4. Estimated production of Agaricus bisporusin selected
countriesin 2010
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Production of A. bisporusin Europe continuesto move eastward (Royse, 2013). Poland hasbecome amajor producer
of mushrooms and now nearly equal sthe output of the Netherlands. Many Dutch-style farms have been constructed
recently in Poland —especially inthe eastern part of the country (Bienieckaand Dreve, 2012). Nearly 80% of Poland’s
mushroomsare destined for thefresh market, with Russiaand countriesin Western Europeimporting substantia quantities.
Currently, about 90% of the Russian market is supplied by Poland but it isanticipated that the Ukrainewill capturea
considerable portion of that market in the not-too-distant future (Rozendaal, 2012).

PLEUROTUS SPP.

Oyster mushroom production hasincreased at arapid rateworldwideinthelast few years(Table 1). From 1997 to 2010,
Pleurotus spp. production increased from 876t to 6,288t (618%). Chinawasresponsiblefor most of the production
increase and accounted for over 85% of theworld’ stotal output in 2010. Approximately 25% of China’smushroom
production in 2010 was from two species of Pleurotus:. P. ostreatus and P. cornucopiae. Inthelast fiveyearsor so,
however, substantial increasesin production of P. eryngii and P. nebrodensishave occurred. In Chinag, administrativeand
professional agenciesaredevel oping plansto guidefarmersintheir selection of regionswhere production and utili zation of
resources may be optimized for mushroom production. The northeast of China, wherethe climateis cool and sawdust
readily available, isparticularly suitablefor production of P. ostreatus, P. eryngii and P. nebrodensis(Li, 2012).

In Japan, production of Pleurotus spp. increased 198% from 1997 (13,300 t) to 2010 (39,600) (Table 1). Pleurotus
eryngii experienced thelargest gainsin production, intermsof percentage (+452.8%), increasing from 6,734 tin 2000to
over 37,000 t in 2009 (Yamanaka, 2011). Most P. eryngii is cultivated on sawdust of Japanese cedar, or ground
corncobs supplemented with bran, and contained in polypropylene bottles.

Other countriesinAsia, particularly South Korea, Taiwan, Thailand, Vietnam and Indiaaremgjor producersof mushrooms.
Oyster mushroom production in theseand other Asian countries collectively haverisen nearly 800% from 1997 to 2010
(Tablel).

Table 1. Comparison of production of Pleurotus spp. in various countriesin 1997 and 2010

Country Production (x1,000t) % increase
_— _— _— _— 1997-2010
1997 % 2010 %
China 760.0 86.8 53910 8.7 609
Japan 133 15 39.6° 06 198
Rest of Asia 84 101 786 125 739
NorthAmerica 15 02 86 01 473
Central & SouthAmerica 02 - 15 - 620
BJ 6.2 0.7 320 05 416
Rest of Europe 58 0.7 280 05 3333
Africa 02 - 13 - 550
Total 875.6 100 6,288 99.9 618

Sources: Chang 1999, Li 2012, USDA 2014, Sanchez and Mata 2012, Royse 2013; 22009 production (Yamanaka2011)

LENTINULA EDODES

Until thelate 1980s, Japan wastheworld’smain producer of L. edodes (shiitake) (Fig. 5). Shiitakewastraditionally
cultivated in Japan on natura logsof the shii tree—thusthe derivation of thename shiitake. Using sawdust-based techniques
that reduces crop cycletimeand increases production efficiency, however, Chinabecamethe maor producer of shiitake
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by 1990. From 1995 to 2000, Chinese farmersincreased 5
shiitakeproductionfromabout 0.5milliontto over 2milliont 1%
—ahugeincrease by most standards of measuring change. .

In 2012, itisestimated that Chinaproduced over 4 milliont e
of shiitake and now accounts for more than 90% of total ; I

M 1
el

B Othess
8 Japan
B Chima

production. Entirecommunitiesin Chinahave been lifted
from poverty because of the economic opportunity afforded 15
to them by growing shiitake (Chang, 2005). 1

0%
Production of dried shiitakein Japan has been decreasing p = . - I
steadily since 1984 (Yamanaka, 2011). Duringthe 10-year 1990 1965 190 195
period 2000-2009, dried L. edodes production declined by s
37%whilefresh L. edodesproductionincreased by 11.6%.  Figure5. Growthinworld shiitake production, 1980-2012 (Chang
Productionincreasesfor fresh L. edodeswere due mainly 2005, Li 2012, USDA 2014, Yamanaka2011). Author’sown

to growersincreasing production tofulfill consumer demand estimatefor 2012

left by adecreaseinimportsinfresh L. edodesfrom China. Tota production of L. edodes (based onfresh L. edodesand
dried L. edodes converted to fresh weight) was 101,392 t in 2009, which ranked third with 22% of total production of
ediblemushroomsin Japan.

Moo MM MND MAZ

Inthe United States, most shiitake production ison nutrient supplemented, sawdust-based substrates (Royse, 2009).
Many growersuseal7 to 20-day spawn run then removethebag for browning of the exterior surface of the*log” while
other growers conduct spawn run and browning insidethebag. Ingeneral, alonger production period isrequired when
logsarebrownedins dethebag compared tologsbrowned outsidethebag. Inaddition, higher ratesof nutrient supplement
may be used whenlogsare browned outside thebag resultingin higher yield potential compared tologsbrownedinsidethe
bag. Over thelast 10 years, shiitake production in the United Stateshasremained relatively steady (USDA, 2014).

AURICULARIA SPP.

" Now widely cultivated in China, Taiwan, Thailand,
15 Philippines, Indonesiaand Malaysia, black fungusor wood
ear mushrooms (Auriculariaauriculaand A. polytricha)
arewiddy condderedto betheearliest cultivated mushrooms
(Tang et al., 2010). Production of wood ear accountsfor

1; I I about 6% of theworld'stotal output of mushrooms (Fig. 6).
1 Annual production of Auricularia spp. in China alone
. I reached nearly 3.6 milliontin 2010 making them the second

m B
1951 1% M N 200

.1

15

(1L
most widdly cultivated mushroomsinthat country (Li, 2012).
Chinesegrowersin thetwo mgjor productionregions, i.e.,
" Changbai shan and Shennongjiahave been abletodomesticate
wild-type strains using selections over an extended period
Figure6. Growthinworld production of Auricularia spp., 1986- (Tang et al., 2010). Some of these selections now have
2010 (Royse 1997, Chang 2005, Li 2012) been introduced to new cultivation regionslocatedinthe

Northern and Southeastern regionsof China. Successof thewood ear industry in Chinamay beattributed, in part, tothe
genetic diversity of cultivarsadapted to the prevailing differencesin climate, cultivation methods and cultivation seasons
(Tangetal., 2010).

1986
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Figure7. Clockwisefromtop left: 1) Auricularia auricula productionin bottles (Hawaii, USA), 2) close-up of A. auricula emerging
from bottles (Hawaii, USA), 3) sundrying A. auricula on large mats (China), and 4) sliced A. auricula (China)
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Figure 8. Growthinworld production of Flammulina vel utipes,
1980-2010 (Royse 1997, Chang 2005, Yamanaka 2011, Li 2012)

FLAMMULINA VELUTIPES

From a production standpoint, volume increases of
Flammulina vel utipes (enoki) in Japan and Chinaaresimilar
to thosefor shiitake. Japan once dominated production of
F. velutipes—until themid 1990swhen Chinaequaled then
surpassed Japan—asimilar pattern to shiitake except for the
magnitude (Figs. 5& 8). Production of F. velutipesin China
hasincreased from about 0.12 million t in 1995 to about
1.57 million t in 2010 (+1,208%). On the other hand,
productionin Japan hasincreased from about 0.11 milliont
in 1995 to about 0.14 milliont (+27%) in 2010.

In the last five years, many new enoki farms have been
constructed in China based on bottle technology first

developed in Japan. Inadescription of onerecent new farmin China, Dreve (2014) describesthefirst stage of alarge
climate controlled plant covering 6.7 hectaresof land producing 60t of enoki per day (21,900 t/year). Thus, thissingle
farm produces an equivalent of about 6% of the total enoki production in Japan. About 80% of the farm’soutput is
destined for the domestic market whiletheremainder isexported to countriesin Southeast Asiaand Europe.

OUTLOOK

If history isaguide, themushroomindustry will continueto expand at arelatively rapid rate. Since mushroom production
isarelatively |abor-intensiveindustry, mushroom expans on isexpected toincrease at afaster ratein countrieswith lower
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labor costs. Inindustridized countries, greater use of mechanized systemsand bulk handling of materialsfor preparation of
substrateis expected.

Therecent discovery of bioactive componentsin mushroomswith application toimproving human healthwill providean
additiona boost for the consumption of mushrooms. Health-conscious consumerswill ook to mushroomsto help satisfy
their needsfor ahedlthy diet.

Much moreresearch is needed on the bioactive componentsin mushroomsto determinetheir biological responsesin
humans (Feeney et al., 2014). Promising evidence suggeststhat ergothioneine, vitamin D, 3-glucan, and selenium offer
positive effectsonimmunefunction, intestine function, and weight management. It remainsto be determined how often,
how much and what species or mixture of species should be consumed to bring about adesired biological responsein
humans. Inthe meantime, we can enjoy the culinary characteristicsand unique delicaciesthat mushroomsoffer.
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ABSTRACT

Mushroomsare animportant and integral component of the ecosystem. Status of Indian Agaricaleswasreviewed first by
Sathe and Rahalkar making 1825 asthe base and then by Manjulain 1983, providing avery exhaustivelist of Agricoid
fungi from Indiaand Nepal. The systematics of Agaricalescan bedivided into three phases: Phasel (1825-1899), Phase
=1 (1900-1969) and Phase-111 (1970-onwords). Thefollowing groups became activein phaselll; Natarajan and his
group in South India, Satheand his Co Workers, in South West India, Kapoor and associatesin and around Delhi, Rawala
and hisstudents, Saini and Atri and their studentsin North India, Lakhanpa and hisco-worker, Kaul and hisassociatesand
Upadhyay et. al & DMR Solaninthe Himaayan region. A family wiseexploration which began with family Boletaceaein
1976 culminated in family wise monographic trestment of Boletaceae, Amanitaceae, Russulaceaeand Mordls.

K eywor ds: Agaricales, systematic, Boletaceae, Amanitaceae, Russulaceae, morels

Mushroomsarethemacro or larger fungi which possessfleshy, subfleshy, or sometimeslegthery, umbrellalikefructifications,
which bear their spore producing surface either on lamellae (gills) or lining the tubes, opening out by means of pores.
Usudly thelamelate membersarecalled* mushrooms' or toadstools depending uponwhether they areedibleor poisonous
and the tube bearing poroid members, asbol etes. Mushroomsare seasona fungi, which occupy diversenichesin naturein
theforest ecosystem. They predominantly occur during therainy season and al so during spring when the snow melts.

Mushrooms have been by far most extensively studied in most of the countries of theworld in the West. Though many
papers compilations and treatments have been published periodicaly, “ TheAgaricalesin Modern Taxonomy” by Singer
[1] isstill themost standard treatment. A new revised systematic trestment of al thefungi including mushroomshasbeen
presented by Kirk et al. [2] inthe” Dictionary of Fungi” based on molecular characters. M utationa rearrangementsand
placement |east challenge the content given by Singer. Many other regional compendiaand lists have been published
periodically from different partsof theworld.

Indianfungi hasachequered history, it wasleisure past timefor British amateurs, the pioneersintheinvestigations. Mushrooms,
therefore, have abel eaguered history with gapsand punctuations. One of the reasonsmay bethelack of communication
facilitiesand unapproachabl e destinationswhich arenow comparatively easily ble. Thefirg list onIndian Fungi was
published by Butler and Bishy [ 3], and then revised by Vasudeva[ 4]. Severa additiond listsappearedin between culminating
with thefungi of Indiaby Bilgrami et al. [5]. Statusof Indian Agricaleswasreviewed first by Sathe and Rahalkar [6]
making it asthe base and then by Manjula[ 7], providing avery exhaustivelist of Agaricoid and Boletoid fungi from India
and Nepd. Thisissofar thebest list which enumerates 538 valid generaand 20 familiesintheAgaricaes. Thislist hasbeen
recently updated by Natrgjan et al. [8]. The systematics of Agaricalescan bedivided into three phases; Phase | (1825-
1899), Phase |l (1900-1969) and Phase 11 (1970-onwards). Themain key player inthefirst phasewasBerkeley [9, 10,
11, 12, 13]. But Frieq[14] appearsto bethefirst to report and describe Lentinusalopecinus Fr. ex Fr. and L. sajor-caju
Fr. fromIndia. In 1855, hereported L. molliceps, Fr. and Marasmiuskorthalsi Fr. from Nicobar 1dands[15]. Montagne
[16] reported Trogia belangeri (Mont.) Fr. (as Agaricus crepidotus), T. montagnei Fr. (as Cantherellus aploruitus
Mont.) Xerotus pessotteitii Lev. from Nilgiri hills (as Agaricus catervarius Lev.), Lentinus javanicus L. (as L.
decaisneanusL ev.) from Bombay and L. pergameneus L ev., thetype of which wasdeposited in Pariswith theremarks
“Herbde Canddle, Indes’.

Berkeley made major notable contributionsto thefield of Agaricology inIndia[9, 10, 11, 12, 13]. Hedealt with 159
speciesof mushroomscollected from Assam, Darjeding, Sikkim, Cal cutta, Masulipatnam and M adhya Pradesh. Cooke
[17] recorded nine mushroom speciesfrom Bombay, Andaman, | and, Saharanpur, Madrasand Nepa. Henning [18, 19]
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described 72 species of mushrooms Bose and associates [ 20] added nearly 34 mushroom speciesto the Indian records.
Similarly Ginai [21] recorded two species of Coprinusfrom Punjab, Benerji [22] listed 180 speciesof hymenomycates
from Cal cuttaand suburbswhich included 41 agarics bel onging to 14 genera. Ghosh and Pathak [ 23] described three
speciesof Macrolepiotafrom Lucknow (UP).

Inthe second phase Massee[24] recorded 32 speciesof mushrooms. Thefollowing groupsbecameactiveinthelll Phase:
Natrajan and hisgroup in South India, Sathe and co-workers, in South-West India, Kapoor and associatesin and around
Ddhi, Rawlaand hisstudents, Saini and Atri and their sudentsin North India, Lakhanpa and hisco-workers, Kaul and his
associatesand Upadhyay et al. at DMR Solaninthe Himalayan region.

The Hima ayasrepresent theloftiest chain of mountainintheworld. Himacha Pradeshissituated between 30°22' -33° 12
N and 75°47 -79° 04’ Einthe North-Western Himalayas a ong the northern border of India. It hasaentirely mountainous
terrainwith atitude varying from 300 mto 7000 m. Physiographicaly it ischaracterized with hilly terrain with anintricate
mosaic of hills, valleys, mountain range and snow clad peaks. It possessesarugged topography with rich temperateflora.
Theforestsvary fromtotropica to apine pastures. Thevegetation predominantly consstsof pinespecies, (Pinusroxburghii,
P. wallichianaand P. gerardiana), high altitude conifers (Picea smithiana, Abies pindrow, Abies specabilis), Taxus
baccata, Cedrus deodara and Quercusincana, Q. leucotrichophora and Q. semecarpifolia. These forests serve a
congenid habitat for al sortsof fungi, especialy mushrooms.

Onthe North-western Hima ayan mycoflora, the prominent publications have been by Watlilng and Gregory [25], Hongo
[26], Horak [27], Kaul and Kachroo [28], Abraham et al. [29], Saini and Atri [30-33], Saini et al. [34] Rawlaand Sarwal
[35], Sharmaand Lakhanpal [36], Lakhanpal et al. [37-39], Sharma[40], Bhatt [41], Kumar [42], Shad [43-44], Kaisth
[45], Sharma[46-48], Chaturvedi [49], Thakur[50], Lakhanpal and Shad [51-52], Lakhanpal et al. [53], Bhatt and
Lakhanpal [54-56], Sagar and Lakhanpal 57], Kumar et al. [58], Lakhanpal [59], Lakhanpal et al. [60]. From asurvey
of mushroomintheN.W. Himalayas L akhanpa and hisassociatesrecorded agarics bel onging to 300 species, 59 genera
and 15familiesof Agaricales. Thissurvey providesan inventory of the speciesoccurringintheHimalaya, alist of species
of mushrooms, which enter into mycorrhiza relationship with forest trees; and alist and description of non-conventional
edible speciesdiscovered during the surveys.

Watlling and Gregory [25] presented acomprehensivelist of 119 taxafrom Jammu and Kashmir. Abraham [62] published
alist of agaricswith ecological notesfrom Kashmir Himalayasreporting 250 species. Lakhanpal reviewed exploratory
work on the Himal ayans agarics and concluded that the taxarecorded are least commensurate with the vastness and
diversity inthe mountainousrange[62]. Atri and Saini [63] reviewed thework on Russulaceousfungi theworld over and
reported the I ndian contribution, Atri and Saini [64] published the checklist of Indian Russulaceouswherein 48 speciesof
Lactariusand 67 taxaof Russula have been listed. Saini and Atri [65] reviewed exploratory work on mushroomsfrom
Punjab and listed 94 taxa spread over 24 genera. Guptaet al. [66] reviewed Indian work on Agaric systematics. While
working on thetaxonomy of the genusfrom North West India, Gupta[67] made 261 collectionsfalling in 66 taxa, which
include 4 new species. From South Indian region, excluding Kerala, Natarajan [68] reported 457 species of agarics
spread over 76 genera. Work on mushroomsfrom Keralahas been reviewed by Bhawani Devi [69]. Patil et al. [70] listed
212 speciesof agaricsgoread over 63 generafrom Maharashtra. Vermaet al. [ 71] listed 95 additional speciesof mushrooms.

Thewild mushroom seemto have beentraditionaly consumed by man sincevery early times, but these were then probably
considered afood in wilderness, which now have cometo occupy avery popular placeinthe modern dietic regimen
because of itsnutritivevalue.

AGARICALES

A systematic survey of mushroomsand toadstoolsof N.W. Himaayaswas started in 1976 and hasbeen carried through
al theseyears[36, 72, 73]. SinceAgarica esisalarge assemblage of mushroomsand toadstool s, comprising morethan 20
families[13], instead of initiating work on al families, it was decided to begin family wise survey, starting with thefamily
Boletaceae[36, 40, 46, 72, 73].
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Inthe family Boletaceae 7 generaand 57 species were recorded. The seven generarecorded are Austrobol etus (1),
Boletus (37), Gyproporus(2), Leccinum(6), Srobilomyces (3), Quillus (5)and Tylopilus(3). Thiswork included 5 new
speciesand an equal number of new varieties. Thework on Boletaceae was compiled into amonograph: Mushrooms of
India-Boletaceae [ 73]. The systematicswas supplemented with data on 22 edible speciesin Bol etaceae, Boletusedulis
being the species of choice. Mg ority of the specieswere new recordsfor Indiaand B. hoarkii sp. nov. wasdesignated as
anew species. About 22 speciesof boleteswere observed to form mycorrhizawith different predominant conifer tree
species, especially with C. deodara, P. wallichiana, A. pindrow and P. smithiana.

In 1981, the mushroom expl oration was extended to the familiesAmanitaceae, Russul aceae and Cantharellaaceae. The
collectionswere primarily made from Shimlaand adjoining areas. I n these coll ectionsthe genus Amanita in Amanitaceae
was represented by 12 species; genus Lactarius and Russula in Russulaceae by 14 and 22 species, respectively and
genus Cantharellus and Craterellus by 5 and 2 species respectively [41,74-76]. In 1983, work was extended to
different partsof Himachal Pradesh and 6 more speciesin Amanitaceae were collected bringing thetotal number to 18in
the N.W. Himalayasand 25 in India[42]. Thisresulted in the publication of “ Amanitaceae of India’ [77]. Thiswork
included 4 taxanew to science, 13 specieswere mycorrhizal with different trees species. Out of thisonly Amanita
caesariaand A. vaginata were reported to be edible and consumed locally by the people. Typical A. muscariawasnot
recorded however; only A. muscaria var. flavivol vata was recorded. Similarly the exploration wasalso intensified on
Russul aceae and Cantharellaceae [41].

Thefamily Cantharellaceae wasrepresented by 2 genera Cantharellusand Craterelluswith 5 and 2 species, respectively
and out of which one specieseach isnew to science. Cantharelluscibrariusand C. minor and Cratellus cornucopoides
are edible speciesand theformer two are a so mycorrhizal with Cedrusdeodara. Inthefamily Russulaceae, the genus
Lactatiusisrepresented by 14 species and Russula by 22 speciesand theseinclude 4 speciesin theformer and 5 new
speciesinthelatter. Onthefamily Russulaceae very extensivework hasbeen carried out at Punjabi University, Petialaby
Saini and Atri [30-34, 63-65, 78-89]. They described 50 species of Russula from H.P. in addition to Watling and
Gregory[25] and Rawlaand Sarwal, [35]. Bhatt et al. [90] described 4 speciesof Russulafrom Uttrakhand. Eleventaxa
arereported to be mycorrhizal with different trees speciesand 13 speciesare observed to be ediblein literature out of
which only Lactarius delicious, L. sanguifluus and Russula brevipes are the most favoured onesin the Himalayan
region. A monograph on Russul aceae and Cantharellus has been prepared but not yet published (Bhatt and L akhanpal,

unpublished).

The systematic work wasfurther extended to familiesAgaricaceae, Hygrophoraceae, Pluteaceae and Tricholomatatceae
(Lakhanpal [91]; Kumar [42]). Inthefamily Agaricaceae 6 generahave been recorded: Agaricus, Cystoderma, Lepiota,
Macrolepiota, Leucoagaricusand Leucocoprinus. Thelast two were unrecorded from N.W. Himaayaearlier. Inthe
genusAgaricus 8 speciesarereported from N.W. Himalayas[18, 25, 92-96]. L akhanpal [91] and Kumar [42] described
4 speciesinthisgenusfrom Himachal Himaaya; AgaricusangustusFr., A. arvensis Schaeff. A. campestrisL.ex Fr.And
A. placomyces Peck. Atri and hisstudent have described around 25 speciesin the genusfrom different partsof Punjaband
Dhancholiaand Bahukhadi [97] described two speciesfrom Garhwa Himaayasin Utrakhand.

The genus Cystoderma was so far unrepresented from N.W. Himalayas. One species, C. amianthinum (Fr.) Fayod, has
now been reported in the genusfrom N.W. Himaaya[91, 42]. The speciesismycorrhizal with Cedrusdeodara.

No. speciesin the genus Lepiotawas so far known from N.W. Himalaya. The two speciesknown from the Himalayan
regionarefrom Eastern Himal ayas. Lakhanpd [91] and Kumar [42] recorded three speciesinthisgenus. L. acutesquamosa
(Weinon) Kummer, L. clypeolaria (Bull ex Fr.) Kummer and L. cristata (Fr.) Kummer, Thelast two aremycorrhizal with
Cedrus deodara.

The genus Leucocoprinusisrepresented by L.cepaestipes (Sow. ex Fr.) Pat and anew species Leucocoprinus sp. nov.
andinthegenusLeucoagaricus, only one species, L. rubrotinctus (Peck) Singer hasbeen recorded. M. procera (Scop.
ex Fr.) Singer anew species, Macrolepiota sp. Nov., A. angustus and Leucoagaricus rubrotinctus are new records
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fromIndia A. arvensis, C. amianthium, L. acutesquamosa, L. clypeolaria, L. cepaestipes have been recorded for the
first timefrom N.W. Himalayaand A. campestrisand L. cristata have been recorded for thefirst timefrom Himachal
Pradesh.

Inthefamily Hygrophoraceae, only two genera Hygrophor us and Hygrocybewere represented inthe N.W. Himalayas.
Kumar [42] aso recorded Camerophyllusfor thefirst time. In Hygrophor usthefoll owing taxahave been described: H.
ebureneus (Bull. ex Fr.) Fr., H. pudorinus (Fr.) Fr., H. pudorinusvar. fragrans (Murr.) Hesler and anew variety in H.
pustul atus. Earlier only two speciesin the genuswere known. In Hygrocybe only one specieswas known so far from
N.W. Himalayai.e. H. psittacina (Schaeff. ex Fr.) Kummer. Kumar [42] described 3 more species: H. conica (Scop ex
Fr.) Kummer and H. calopus sp. nov. which formsmycorrhizawith Q. incana.

The genus Camerophyllus has been found to be represented by one species C. pratensis (Pers. ex Fr.) Kummer, andis
recorded for thefirst time. Earlier it wasknown only from Maharashtra. Only one species Gomphidius macul ates (Scop.
ex Fr.) hasbeen reported inthefamily Gomphidiaceae[91]. However, earlier Weatling and Gregory [25] reported Gomphus
clavatus (Pers. ex Fr.) S.F. Gray inthefamily Gomphidiaceae from Kashmir.

Inthefirst family Pluteaceae, out of thethree generarecorded from India, two are represented in the N.W. Himalaya.
Theseare Pluteusand \olvariella. Out of the 6 speciesof Pluteusin Indig, 5 are represented in the Himal ayan region but
only onei.e. Pluteus cervinus (Schaeff. ex Fr.) Kummer in N.W. Himalaya[25, 42]. Inthe genus \olvariella, only V.
volvacea (Bull. Ex Fr.) Singer wasso far known from N.W. Himaayas[19]. Lakhanpa et al. [38] described V. bombycina
(Schaeff, ex, Fr.) Singer from H.P. collected on theliving decorticated trees of Picea smithiana (7000-9000ft.). It wasa
low temperatureloving speciesand could be cultured easily. Lakhanpal [91] and Kumar [42] respectively listed and
described V. pussila (Pers. ex Fr.), Kumar [42] described anew speciesof Volvaridla, apparently which was collected
onsoil, associated with C. deodara. Natrgjan et al. [8] list two additional speciesin Pluteusand 12 inthegenus\olvariella.

Inthefamily Pleurotaceae,the genusPleurotusisrepresented by 6 species, dl collected from Jammu & Kashmir (Watling
and Gregory)[25]as: P. dryinus (Pers. ex Fr.) Kummer, P. ostreatus (Kaul and Kachroo[ 28], P. membranaceus M assee
and P. fossulatus (Cooke) Sacc. Lakhanpal [91] recorded P. ostreatus from Himachal Pradesh and Chaturvedi [49]
conducted experimental trialsonitscultivation.

In the genus Lentinus only two speciesare known from N.W. Himalayas, L. strigosus (Schwein) Fr. and L. tigrinus
(Watling and Gregory [25], Lakhanpal [91], Natragjan et al. [ 8] treat thesetwo generain Polyporaceaelisting two species
in Lentinus and threein Pleurotus.

Thefamily Tricholomataceaeisoneof thelargest familiesof theAgrica eswith itsmembersdistributed far and wideand
occupying avariety of ecological niches. Out of the 98 generareported fromall over theworld, 41 generaarerepresented
inIndiaaswell (Manjula, [7], However, Natrgjan et al. [8] reported 34 generain thisfamily from 1984-2002. Twenty five
generahave been reported fromthe Himalayaand only 5 from N.W. Himalaya. Thesegeneraare: Armillaria, Tricholoma,
Collybia, Leucopaxillusand Meanoleuca. Kumar [42] recorded in addition to these, 8 more generafrom N.W. Hima ayas.
These are: Asterophora, Clitocybe, Lepista, Mycena, Oudmansiella, Tricholomopsis, Laccaria and Marasmius.
L akhanpa [91] hasa so recorded these and two additional genrai.e. Lyophyllumand Flammulinafrom N.W. Himal aya.

Sofar only A. mellea (Vahl. Ex Fr.) Kummer, and A. obscura (Pers. ex Secr.) Romagn are known from Himalaya. We
haverecorded only A. melleafrom Himacha Pradesh. Smilar hasbeen the case with the genus Asterophorainwhich only
onespeciesA. lycoperdoides (Bull ex Mirat) Ditmat ex Fr. wasfor thefirst timerecorded from Indiaby Kumar et al. [98],
whichwas collected growing gregarioudy on the carpophores of Russula.

The genus Clitocybe hitherto unrecorded from N.W. Himalayas, isknown to be represented by four species (Kumar,
[42]; Lakhanpdl, [91]). C. clavipesFr.) Kummer, C. dilatata Pres. ex Karsten, C. gibba (Fr.) Kummer and C. squamulosa
(Fr.) Kummer. All thefour have been seen to form mycorrziza. Only three speciesin the genus Collybiaare so far known
from N.W. Himalaya. Out of these C. peronata (Boltr. exFr.) Kummer wasrecorded from Mussoorie (U.P) by Hennings
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[19]. The other two wererecorded by Watling and Gregory [25] from Kashmir viz. C. dryophila (Bull ex Fr.) Kummer
and C. fuscopurpurea (Persex Fr.) Kummer. InthegenusLaccaria, L. laccata (Scop. ex Fr.) Cooke, and L. amethysta
(Bull ex Gray) Murrill (earlier knownfrom Nilgiri hills) hasbeen recorded from N.W. Himaaya Thefungushasgained
much prominenceinthelast few decades being agood mycorrhizal species, which formsmycorrhizal associationswith
many trees. InthegenusLepista, only onespecies, L, nuda (Bull. Ex Fr.) Cooke, hasbeen recorded from N.W. Himaaya
[42, 91] whichismycorrhizal with Quercussemicarpifolia.

Inthe genus Leucopaxillus, four species have been reported from N.W. Himalaya[ 25]; L. albissmus(peck) Singer var.
piceinus Peck) Singer and Smith, L. laterarius (Peck) Singer and Smith, L. amarus (A& Sex Fr.) Kuhn, L. rosebrulles
(Murr.) Singer and Smith and L. giganteus (Sow, ex Fr.).The genus Marasmius surprisingly has been reported to be
represented by just one speciesin the N.W. Himalaya, M. cohaerens (A& S. ex Fr.) Cke & Quel. Kumar et al. [99]
reported anew species, M. ellipsoidosporus and anew record M. siccus (Schw.) Fr. fromH.P.

In the genus Melanoleuca two species M. subpulverulenta (Pers. ex Fr.) Singer and M. melanoleuca (Pers. ex Fr.)
Murr. wereso far known from Kashmir Himalaya[25, 42] recorded M. alboflavida (Pk.) Murrill from H.P. for thefirst
time. ThegenusMycenaissofar represented by five speciesintheN.W. Himaayas: M. aetites(Fr.) Qud ., M. atrocyanea
(Fr.) Gillet, M. golericulata, M. epiterygia (Scop. ex Fr.) Kummer. Thelast two have been reported from Himachal
Pradesh[42, 91]. The genus Oudemansiella, isobserved to berepresented only by one speciesi.e. O. radicata (Relh.)
ex Fr.) Singer from N.W. Himaayas[42, 91].

Tricholoma, awidely distributed and represented genus the world over, hasonly T. terreum (Bull. ex Fr.) Kummar
recorded from N.W. Himalaya[25]. Two more species have been now recorded from N.W. Himalayas. Theseare: anew
species of Tricholoma and T. virgatum (Fr. ex Fr.) Kummer. The latter has been observed growing in mycorrhizal
associationwith C. deodara[42, 91].

The genus Tricholomopsisis so far represented by two speciesfrom India, onefrom U.P. [92] and other from eastern
Himalaya (T. rutilana) [92(a)]. Kumar [42] and Lakhanpal [91] recorded T. rutilans (Schaeff. ex Fr.) Singer and T.
sul phureoides (Peck) Singer from N.W. Himalayafor thefirst time. In the genus Flammulinaonly F. velutipes (Curt ex
Fr.) Karst. hasbeen reported so far from Indian and Himalaya. The genus Lyophyllumisrepresented by four speciesin
India. Lakhanpal [91] recorded L. decastes (Fr. Ex Fr.) Singer fromHP. In the genus Resupinatus Watling and Gregory
[25] recorded R. applicatusfrom Kashmir and in the genus Xeramphalina, out of the three speciesrecorded from India
and Himalaya, X. auraraHorak and X. campanella (Batsch. ex Fr.) Maire, have been recorded from N.W. Himaaya
[25].

SYSTEMATICSOFMORELS

The genusMorchella (Ascomycetes) commonly known asmorel sand * Guchhi’ in theIndian market hasbeeninvestigated
for different aspects of morel biology (Shad [44]; Lakhanpal and Shad [100], Shad and Lakhanpal [101], Thakur [102],
Rana, [103], Lakhanpal et al. [60]. All the six classical speciesviz. M. angusticeps, M. conica, M. crassipes, M.
deliciosa, M. esculenta and M. semilibra have been collected and described from the Himalayan region. In addition M.
tibelicaand M. simlensis sp. nov have been recorded from HP. The polymorphism and genetic analysisin the species
Morchella has been assessed at molecular level [60].

Similar studieshave been conducted on the taxonomy, ecol ogy, physiology and nutritional requirements, ethnic usesand
analysisof nutritive components[104]. On Helvella crispa, Gyromitra esculenta among members of Ascomycotina,
Lactariusdelicious, L. sanguifluus, Macrol epiota procera and Russula brevipesamong gilled members and Boletus
edulis, B. erythropus, B. horakii, Cantharellus cibarius, Hydnum repandum, Ramaria botrytoides and Sparassis
crispaamong the non-gilled members of Basdiomycotina. These mushroomscan beexploited for cultivation asthey are
aready accepted for consumption by local people.

11
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Nutraceutical potentia of morelshasbeeninvestigated [60]. Nutraceutical attributesof morelscomparefavourably with
themushroom specieslisted above. They are even abetter source of polysaccharides, crudefibre, nucleic acids, mineras
especidly Se, Zn, K, Cu, Na, and Ca, Vitamin(B,, B,, C,A, D and K; proteinsand al theessential amino acids. They are
freefrom cholesterol. Hencethey are of good nutraceutical use.

Ethnomycologica sudieswereinitialy conducted on morelsand someother mushrooms: Lactariusddicious, L. sanguifluus,
Amanita veginata, Russula brevipes, Sparassis crispa, Hydnumrepandum, specie of Clavaria, Macrolepiota procera
etc. [45, 104-106]. Thegeneral mythsare almost the samefor al these mushrooms. Eventherecipesaresimilar but the
varietiesaremore. Previoudy most of these mushroomsweredried for useinwinter months by thelocal inhabitantswhen
most of theareasin HP are snow bound. Now the useisdeclining withtheready availability of vegetablesand other crops.

Theecological datawas collected fromforest lying in the outer, middle and inner ranges (TaraDevi, Glan and Jakhu
Forests) and a so along agradient with atitude varying from 6000-10,000 ft. mdl. (Narkandaforest). The studieswere
amed at (i) to determinethedistribution/occurrence of particular speciesof fungi in different el evationa /vegetationd zones
(ii) toidentify the speciesof fungi entering into mycorrhizal association with particular speciesof trees, and (iii) to quantify
fruiting phenlogy of different speciesof fungi.

Cultivation technol ogy was devel oped for two mushrooms. Cultivation of Lentinula edodes (Shitake) was achieved for
thefirsttimeinIndiaonlocal sawdust substitutes[107, 108]. Similarly package of practiceswas devel oped for thefirst
timefor Calocybeindica[109, 110].

Theresearch on ectomycorrhizaat HP University during the last three decades has been carried out on almost all the
dominant conifer species. P. roxburghii, P. wallichiana, P. gerardiana, Cedrus deodara, Abis pindrow, Picea smithiana
and Taxus baccata. In addition studies on the mycorrhiza of Oak, Rhododendron arboreum, Monotropa, Orchids,
Aesculusindicaand Applehasalso been carried out [ 72, 102, 106, 111, 113]. The survey of mushroom that entersinto
mycorrhizal synthesiswith different speciesof conifersprovided the specific mushroom speciesfor in-vitro myconhizal
synthesiswhich hasbeen achieved successfully.

[1.HYPOGEOUSFUNGI

Truffleand trufflelike Fungi arevirtually unknownin Indiaexcept Tuber indicum Cooke & Massee. There havebeen no
systematic explorations. The author hasrecorded thefollowing generafrom N.W. Himalaya: Astreus hygrometricus,
(Pers.) Margan, Gauteria trabuti (Chatin) Pat., Histerangium membranaceum Vitt., Melanogaster broomeianus
Berk., Rhizopogon rubescens Var. Ochra ceousA.H. Smith, Tuber mesentricumand Trappeinda himalayasis[112,
114].

Theseareleast representative of thevast Hima ayan rangeswith so great diversity of vegetation and climate. Theseneed to
be explored moreintensvely and extensively. Neverthe ess, asmal and humbl e beginning hasbeen madefor enthusaststo
pursuefurther.

Itisclear that mushroom diversity so presented, holds great promise and potential for exploration, experimentation and
amelioration of theenvironment. It demandsgreat interest, commitment and of course, encouragement fromlivingfossils-
thesystematics.
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ABSTRACT

Mushroomsare consumed all over theworld as part of theregular diet. They are consumed for their ample nutrition,
medicina valueand enticing flavour. In Kenya, both cultivated and wild mushrooms are consumed, thelatter forming an
integral part of along standing cultural practice. However, many people shy off from such wild sourcesdueto fear of
poisoning. That notwithstanding, these wild resourcesrisk extinction dueto climate change, over exploitation and wanton
destruction of their natural habitat. Toimproveontheir utilization, asurvey was conducted in coastal Kenyato document
the edible specieswhich areknown by communities but completely unknown to science. Speciescollected wereidentified
and characterized using habitat, morphol ogical featuresand any phenotypic featureseasily identifiableand categorized as
edible hence afood source, poi sonous or ornamental . The edibleincluded Ganoderma spp, Cantharellus spp, Agaricus
Spp, Pleurotus spp, Russula spp, Auricularia spp and Termitomyces spp; poi sonous speciesincluded the deadly Amanita
sop, Lactariusspp and stinkhorn spp while ornamental included the beautiful ringed Microporousspp. Thesurvey reveded
arichdiversity of economicimportanceespecialy for food security if well exploited. Information obtained can be used as
abasdinefor future studieson genetic diversity, trends associated with climate change and on speciesfor domesti cation.
Thisinformation can aso be used toimprovethe management strategy on sustainabl e utilization of edible speciesfromthe
forests. However, further studies using modern methods of characterization involving molecular toolsarerequired to
improveon such strategies.

K eywor ds. indigenous mushrooms, edible species, poi sonous species, ornamental species, sustainable utilization.
INTRODUCTION

Mushroomsare consumed all over theworld aspart of theregular diet. While someare cultivated, somearejust collected
fromthewild and consumed. In Kenya, mg ority of thelocal sdepend on wild mushroomsto spicetheir dietsascultivated
speciesare exorbitantly expensive and unaffordableto many. Of the 42 tribesliving in the country, 38 are known to
consumethem[1]. They formanintegra part of along standing cultural practicewhich ispassed on from generationsto
generationg 2]. Extensive consumption ishowever hampered by cultura biasin some communitiesand lack of adequate
knowledge on edible and poi sonous species.

According to Hawksworth [3] and Bates[4] the estimated number of fungal speciesworldwideis1.5million speciesand
lessthan 5% have been described. Fungi produci ng conspi cuous sporocapsare collectively called macrofungi andinclude
gilled fungi, bracket fungi, coral fungi, jely fungi, stinkhorns, birdsnest fungi and puffbals[5]. A mushroomisdefined by
Chang [6] asamacrofungi with adistinctivefruiting body large enough to be seen with the naked eye and to be picked by
hand. Each mushroom hasitsown special ecological nicheand occursonly in certain habitats. They arefound growing
prolificaly all over theworld [7] and have been used sincetimeimmemorial aspart of human diet. To date, they are
collected and sold in over 80 countries and collectionsamount to several million toneswith aminimum value of USD 2
billion[8].

Mushrooms can solveworld’sfood shortage problem because of thefact that they occupy aplace above vegetablesand
legumes but below thefirst class proteinsin meat, fish and poultry [9]. They can also solve most of theworld'shealth
problemsbecausethey are endowed with bioactive compoundsthat are of medicina value[10]. Duetotheir good nutrition
and medicina values, mushroomsare consderedided for vulnerablegroupsin the society such aschildren, breast feeding
mothers, the old and the sick especialy those suffering from diabetes, heart diseases, cancer and HIV/aids.

In Kenya, severa exotic varietiesare cultivated which include Agaricus bisporus, Pleurotus spp, Lentinula edodesand
Ganodermalucidum[11,12]. However, thereispreferencefor wild speciesasexpressed during aK ARI’ sstake holders
work shop held in February 2007 [13]. But they risk extinction dueto climate change and wanton destruction of their
natura habitat which aso posesathrest to biodiversity conservation. Thewide spread practice of collecting wild mushrooms
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for consumption among local communitiesa so posesthe danger of illnesses and possible deathsfrom poisonous species.
Cultivated mushroomsare thereforethe only safe and sustainabl e source of thisdelicacy, necessitating domesti cation of
thesewild types.

However, there exists scarce knowledgefor thesetypes of mushroomsin Kenya Many different kindsare consumed from
thewildand though well known by thelocal communities, they arecompletely unknown to science. Studieson thetaxonomy
and diversity of the sameare gaining importance asmany arefacing extinction dueto globa warming, habitat destruction
and or overexploitation. The present study was undertaken to collect, identify and characterize important indigenous
mushrooms (both edible and poisonous) of K enya, conserve specimensin agene bank and document indigenoustechnical
knowledge (I TK) about them from thelocals. Thispaper highlightstheidentification and morphologica characterization of
the mushroom species collected during the study.

MATERIALSAND METHODS

Field surveyswere conducted among the key indigenous mushroom consuming communitiesin coastal Kenya. Arabuko
Sokokeforestin North coast and KayaTelezaforest shrinesat the South coast were surveyed. Theforestswerethemain
target but farmswerea so visited for collections as mushrooms grow everywhere during therainy season.

A brief description of thesites

Arabuko Sokokeforestisthelargest stretch of coastal dry forest extending from south of Somaliato Northern Mozambique.
Theforest comprises Brachystegiawoodlandswhich areaperfect habitat for Mycorrhiza fungi. It extends3° 19 60" and
39°52' 0" inDMS. Average annual preci pitation rangesfrom 900mm inthe Northwest to 1100 mmin the East with mean
temperatureof 31°C. Theeevationis138 mabovesealevd. TheKayaTdezaforest shrinesare part of SmbaHillswhich
areanaturally rich biodiversity, barely disturbed for many years. The areaissituated between 4°10° N and 39°10’ S.
Elevationis251 metersabove sealevel. The annual precipitation ranges between 400 and 1680 mm with about 90%
occurring between October-December (short rains) and March-June (long rains). Theannuad meanair temperatureis25°C.

M ushroomssurvey and sampling

Themuseumsof Kenyaand key informantswere used inthe sl ection of suitable sitesfor mushroom collection. Themgor
criteriaused for site selection was knowledge and utili zation of mushroomsby thelocal communities. Fruit body surveys
were considered for the primary basi s of documenting mushroom diversity and werelimited to epigeous macromycetes of
soil and wood inhibiting fungi that were of appreciable size. Samplingin theforest was done acrossalong transect toa
distance of 1000 m x50 m aong theforest line. Communitiesare not ableto go deep into theforest for fear of dangerous
wild animals. Sampling was done from three communities, twoin north coast (from Malindi and Kilifi) and onein south
coast (Matuga). Collection of variousmacro fungi was made and occupational habitat, morphol ogical featuresand any
other phenotypic parametersnoted whilethe mushroomswere sill fresh. Where possible, sporesprintswerea sotakenfor
colour. Specimensof fruit bodieswerelater dried using afield drier at atemperature not exceeding 40 °C. Dried specimens
were carefully tagged, packed and tightly sealed in polythene bagsfor transfer to the museums of Kenyafor further
identification and characterization.

According to natura habitats, mushroomswere placed in any of thefour habitation groupswhichinclude

0) Humicolousor Folicolous: humusinhabiting mushroomswhich may beeither purely saprophytic or growingin
symbiotic with green plantswithout parasitic tendencies.

i) Lignicolous: wood inhabiting fungi someof which arepurdly saprophytic but othersfacultative or obligatory parasitic

1) Coprophilous: dunginhabiting mushroomsand sgprophyticin nature

\Y)] Fungicolous. fungusinhabiting and saprophyticin nature

Fruit body identification and description

Specimenswereinitialy marched with descriptionsin booksto facilitate classification. I dentification was based on their
reproductive structuresvisible to the naked eye above the ground. Specimenswerelater described for morphological
characterssuch assize, shape, odour, texture and col our. Other morphol ogical characters such asthe ornamentation on the
surfaces of the pileus and stipe, the presence of aring on the stipe and volvaat the base of the stipe were also used to
describe and identify themushrooms. Asthereisvery limited reference collection, each specimen wasfully described and
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wherepossible, spores print taken for colour to confirm the specific taxon. Thelisted taxonswereaccordingto[14]. The
specimenswere d so preserved in aherbarium at the Museums of Kenyato be used | ater for spawn production and further
dudies.

RESULTS

During thesurvey, severa speciesof mushroomswere collected and described. The photosbel ow provideasampleof the

Figure 7. Termitomyces spp Figure 8. Lactarius spp

A

P11

Tl

Figure 10. Amanita spp Figure 11. Russula spp Figure 12. Pleurotus spp
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The survey collected mushroomsfromthefirst threeinhabitations (see Table. 1)

Table 1. Shows species collected, their habitation, morphol ogical features noted, local name where applicable and possible usage

Speciesof mushroom Habitation M orphological Local Possible
features name usage
Ganoderma spp Lignicolous-Found growing on Cap thick, hard, flat and Medicinal
(Bracket mushroom) decaying logs and stumps of shinny, kidney-bean shaped.
Fig.2,6 hardwood creamy whitemargin, yellowish
in the middle orangeto red at
the center. Pileuslarge (6-10cm).
Pores on the underside.
Spore print brown.
Cantharellus spp Foliculous- Found growing on Cap (3-5cm), smooth, Choga Food
(Gilled mushroom) forest floor on roots of yellow or orange, funnel Kapilipili
Fig.4 Brachystagia trees shaped and depressed at the
centre. Gillsforked and run al
the way down to the stipe
(decurrent). Stipe fleshy and
centrally placed. Same colour
onentirefruit body. Smells
nice and has amildly peppery
taste. Spore print white
Agaricus spp
(Gilled mushroom) Carpophilous- Found growing Cap, thick, conic, whitein colour Food
on the forest debri. and button shaped. Stalk hollow
and short with aring. Dark brown
hymeniumwith gills. Spore
print brown
Pleurotus spp Lignicolous- Found growing Carps are spongy, funnel shaped Food
(Gilled mushroom) ondecidous trees and white growing in clusters.
Fig.12 Stipe reduced and off centre.
Gillswhitein colour and
decurrent. Spore print white.
Havefishy smell
Russula spp Hemicolous- Found growing Cap pinkish to purplish, Hakoranyani Food
(Gilled mushroom) on the forest floor on roots convex toflat (5cm). Gills
Fig.11 of hardwoods whiteto cream, forked near
the margin. Fresh whiteand skin
easily peels. Stipe long and
whitein colour. Spore print white
Amanita spp Humicolous- grown on Cap greyish covered with Choga Poi sonous-
(Gilled mushroom) forest floor on roots of pyramid likewarts, thick and Nyere Industrial
Fig.10 trees conical. Stalk well visiblewith
aring and volva at the base.
Microporous spp Lignicolous- found Cap hard and corky with Ornamental

Fig.9
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Speciesof mushroom Habitation Mor phological Local Possible
features name usage
Lactarius spp Humicolous grown on Caps(5- 6 cm), white, convex Choga Poisonous-
(Gilled mushroom) forest floor on roots of toflat. Gillswhite, decurrent Mazia Industrial
Fig.8 deciduous trees and exude amilky substance
with a peppery taste. Stipe
long and white without
aring. Spore print white.
Auricularia spp Lignicolous- found Caps ear shaped and smooth. Food
(Jelly mushroom) growing on dead Fleshjelly-like, elastic texture.
Fig.5 decaying wood, many Caps dark brown with apurplish
clustered together tint. No gills. Stalk very short or
absent.
Termitomyces spp — Coprophilous- found Caps very large and white in colour. Choga Food
(Gilled mushroom) growing on soil with Stipeislong with a subterranean Nyama
Fig.7 termites elongation
Trametes spp Lignicolous-found Caps thin but tough. Ornamental
Fig.1 growingonfallen Flat and round. Show concentric
woody logs zones of different colourswith
a conspicuous brown zone.
Pores on the underside.
Mushroomsgrow intiled
layerslacking astipe.
Stinkhorn spp Humicol ous — found Cap pink and spherical. White Poisonous
Phallaceae growing on wooden coloured stalk with avolva at
Fig.3 decomposing debri the base. Mushroom covered in
afoul smelling slimewithinsects
DISCUSSION

Speciesfound utilized by the communitiesincluded Cantharel lusspp (Fig. 4), Pleurotus spp (Fig.12), Russulla spp (Fig.
11), Auricularia spp (Fig. 5) and Termitomyces spp (Fig. 7). Among them the Cantharellus is the most prominent
especialy in North Coast, having been harvested and traded locally and internationaly [15]. The mushroom hasalso been
reported by [16] to be popular in Tanzaniawhereit isharvested from the Miombo woodlands. Despiteitsgood prospects,
themushroom cannot begrown artificialy because of itsdependency on aliving plant host. Thesamegoesfor the Rusulla
sppwhichisaso mycorrhizal. The Pleurotus spp and Auricularia spp are promising asthey can beartificialy grown.
Thesetwo mushroomswere only found in South Coast and are not popul ar with thelocalsbecausethey are not abundant.
Their occurrence dependslargely on the presence of decaying logsintheforests. The description of the Auricularia spp
from south coast match the description of that collected from K akamegaforest, which hasbeen fully described by [17]

The Termitomyces spp isanother popular mushroom among the local sgrowing near homesteads on areaswith termites.
Itistypified by symbioticlifewith termitesand therefore quite difficult to grow artificially. Themushroomisatropical
speciesreported in many parts of Africa. The genus comprisesof thelargest mushroomsintheworld suchasT. titanicus
of West Africaand Zambiawhose cap reaches Imin diameter [18]. Thetermite mushroomsareagreat contributor to the
livelihoodsof rura communitiesinAfricathroughincomegeneration and food security [ 8]

The precious Ganoderma spp (Fig. 2) isutilized by very few inthe community perhapsbecauseitisalso arare occurrence
and thelocalshavelittleknowledge of itsmedicina benefits. The mushroomishowever reported to have aworldwide
distributionin both tropical and temperate geographical regionsincluding North and SouthAmerica, Africa, Europe, Asa
andAustralia[18]. The Agaricus spp whose description matchesthat of Agaricusbisporusishardly utilized by thelocals
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for fear of poisoning. The speciesis said to resemble the Amanita species which the locals say is deadly. Agaricus
bisporusistheworld premier mushroom and 95% of K enyan production comprisesthismushroom[11, 12]

Amanitaspp (Fig. 10), Lactariusspp (Fig. 8) and Stinkhorn spp (Fig. 3) weredl | abeled poisonousby thelocal communities.
Although Amanitas are alwaysfeared to be poisonous, Smith [ 7] indicatesthat some 81 edible speciesare reported from
31 countries. For example A. ceasareaisreported to be highly valued in Mexico, Turkey and Napal. The Lactariusspp
also hassevera speciesreported asedibleand traded in Europe. The Lactarius described aboveresemblesL. piperatus
(no other Lactarius spp exudes apeppery milk substance) whichisa so reported by Metzler and Metzler [19] astoxic.
The Stinkhorn (Fig. 3)which hassuchanawful smdl isdifficult to consumeand passesout easily aspoisonousthoughit may
not be. Thelocalsusesmell asone of thewaysto identify poi sonous species.

The Trametes spp (Fig. 1) and Microporous spp (Fig. 9) are unpal atabl e but display unmistaken Beauty. Withlittlevaue
addition, these species can be of economic importance as ornamentals. However, the Trametes spp described above
whichresemblesT. versicolor could be of medicinal value. Thereisscientific evidence from the[20] that substances
referred to as polysaccharides derived from parts of the mushroom may be useful against cancer. Polysaccharide-K
displaysanticancer activity in preliminary human research [21]. Careful studieson such speciesmay bevery beneficia

It was noted that the communitieshighly utilizemushroomseither collected from theforest or within the homesteads. This
was established to be because of knowledge of edible speciesaswell asmethods of preparation of collected mushrooms.
Forests closetsto homesteads had | owest speciesrichness duetowood collected for fuel and perhaps over exploitation.

CONCLUSION

The survey hasdemonstrated that Arabuko Sokoke and Kaya Telezaforests provide ahabitat for diverse macro fungal
speciessome of which areused by thelocasasfood. Some of the edible species collected are mycorrhizal and cannot be
cultivated necessitating employment of good management strategiesfor sustainable utilization. The speciescollected canbe
recognized for industrial usage, ornamental display, pharmaceutical application or food security. Theinformation obtained
can beused asabasdlinefor future studiesincluding funga genetic diversity and populations, future trends associated with
climate change, indigenous knowl edge gpplication to current usage of mushroomsand specieslikely to go for domestication.
Theinformation can a so be used toimprove the management strategy on sustainable utilization of al the ediblemushroom
resourcesfromtheforests.

RECOMMENDATIONS

Further studiesusing modern technol ogy of characterizationinvolving molecular toolsshould be undertaken on economically
important indigenousmushroomsamong thecommunities. Thisisbecauseeffective srategiesfor conservationand utilization
of fungal resourcesrequireaclear understanding of the populations of the target mushroom species. Population genetic
studiesof sdlected ediblemushroom specieswill provide moreinformeation about genetic diversity within singlespeciesand
contributeto improving management strategy on conservation and utilization of indigenousediblefungal resourcesinKenya
Genetic studieswill aso giveamushroom ascientific namewhich can clearly tell whether mushroom isedibleor not and
also provideaclueto other important properties. Further research isalso required to map out mycorrhizal partners of
edible species. A database linking edible speciesto tree hosts woul d also hel p to devel op management strategiesfor
sustainable use. Investigation on culturing, nutrition and pharmaceutica studiesof these speciesshould also be undertaken.
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DIVERSITY OF RESUPINATE, NON-POROID AGARICOMYCETOUS FUNGI
INTHEHIMALAYA ANDADJOINING AREAS

GURPAUL SINGH DHINGRA
Department of Botany, Punjabi University, Patiala 147002, Punjab, India
dhingragurpaul @gmail.com

ABSTRACT

An account of more than 400 taxa belonging to more than 105 genera of the different families and orders of class
Agaricomycetes (phylum Basidiomycota, subphylum Agaricomycotina) has been given. These include one genus
(Confertextum), 12 species (Byssocor ticium microspor um, Confer textum macrosporum, C. microsporum, Corticium
mussooriens's, Cylindrobas diumindicus, Leptosporomycessingularis, Tomentella garhwaliana, Vararia himalayana,
V.indica, Xylodon mussooriensis, X. subglobosus and one variety (Scytinostroma phaeosarcumvar. angustispora)
new to science;six genera (Cordochaete, Dendrophlebia, Hallenbergia, Radulomycetopsis, Repetobasidiopsis,
Trimitiella), two sub genera (Sereum subgen. Acanthostereum, Stereum subgen. Acul eatostereum), as many as 48
species (Aleurodiscus himalaicus, A. indicus, Athelopsis parvispora, Candel abrochaete himalayana, Ceraceomyces
bizonatus, Clavuliciumhallenbergii, Conohypha grandispora, Cristinia tubulicystidiata, Dendrophlebia crassispora,
Flavophlebia sphaerospora, Fibulomyces cystoideus, Hallenbergia singularisa, Hyphoderma bicystidiata, H.
clarusproprietas, H. densustextum, H. hallenbergii, H. parvisporum, H. sikkimia, H. sporulosum, H.
subglobosum, Hyphodontia caulicystidiata, H. dhingrae, Leptocorticium indicum, Leucogyrophana thimphina,
Paullicorticiumindicum, Peniophora hallenbergii, Phlebia crassisubicul ata, P. interjacenoides, P. microspora, P.
kamengii, P. singularisa, P. thindii, Phlebiopsisdarjedingensis, P. himalayensis, P. mussooriensis, Radulodon indicus,
R. acaciae, Radulomycetopsis cystidiata, Repetobasidiopsis grandisporus, Scytinostroma pulverulentum, S.
renisporum, Sstotrema angustispora, Sstotremastrumroseum, Sereumpeculiare, T. kalatopii, T. unicusa, Trimitiella
indica, V. longicystidiata) and 8 varieties (Amphinema byssoi des var. macrospores, Botryobasi dium subcoronatum

var. crassispora, Ceraceomyces sublaevis var. grandisporus, Conohypha albocremea var.
angustisporum, Hyphoderma roseocremeum var. minutisporum, H. setigerum var. bicystidium, Tomentella
cladii var. grandii, Tubuliciumvermifer var. hexasterigmatum) published new taxaand 225 new reportsfor the Himalaya.

Keywords: Agaricomycetes, non-poroid fungi, Auriculariales, Cantharellales, Corticiales, Gloeophyllales,
Hymenochaetal es, Polyporal es, Russulales, Sebacinales, Thelephorales, Trechisporales

INTRODUCTION

Resupinate, non-poroid agaricomycetousfungi aregeneraly lignicolouswith unilateral and gymnocarpic hymenium and
bel ong to class Agaricomycetes (phylum Basidiomycota, subphylum Agaricomycotina). Thesefungi have been assigned
to two subclasses Agaricomycetidae (orders Agaricales, Atheliales, Boletal es) and Agaricomycetes incertae sedis
(orders Auriculariales, Cantharellales, Corticiales, Gloeophyllales, Hymenochaetal es, Polyporales, Russulales,
Sebacinales, Thelephorales and Trechisporales). The diversity study of thesefungi is an outcome of extensivework
of amost threeand ahalf decades in the Eastern and the North Western Himal ayaand adj oining areas covering adistance
of about 2500 km from West to East, with 100400 km average width a ong the entirelongitudinal extension and lot of
variationinaltitudegradients. Based on macroscopic and microscopic observations of morethan 4150 collections, using
standard techniques, more than 400 taxa have been identified, which belong to more than 105 genera of the different
familiesand orders. Detailed decriptions supported by photographs and line diagrams have been given for the new taxa,
distribution inthe Himal ayawith herbarium numberswithin bractsfor the new taxaaready published and tabul ated account
for new recordsfor the Himalaya.

MATERIALSAND METHODS

Fungi havebeen collected from thevariouslocalitiesof the Himalayaand adjoining areasfrom 1978 to 2014. Microscopic
detailsrelated to hyphae, cystidia, basidiaand basi diospores of the specimensand their arrangement were studied by

24



Proceedings of the 8" International Conference on Mushroom Biology and Mushroom Products (ICMBMP8) 2014

making crush mountsand hand cut sectionsinwater, 3-5% K OH solutionsand staining in Congo red, Phloxine, Cotton
Blue, Méelzer’s Reagent and Sul phovanillin and line diagramswere made by using compound microscope and camera
lucida. Color standards are as per M ethuen’sHandbook of colorsby Cornerup and Wanscher [1]. Specimensarekeptin
herbarium of Department of Botany, Punjabi University, Patida, India(PUN), Herbarium of Department of Botany, Panjab
University, Chandigarh, India(PAN) and someduplicatesin herbariaof University of Gothenburg, Gothenburg, Sweden
(GH) and Biology Institute, University of Odo, Blindern, Odo, Norway (O). NomenclaturefollowsBlackwell et al. [2],
Jameset al. [3], Hibbett et al. [4], Kirk et al. [5], Bernicchiaand Gorjin [6] and www.mycobank.org (2014) asfar as

possible.

NEW TAXA

Genusnew to science

Confertextum Priyanka& Dhingragen. nov.
Mycobank MB810722

Thenew genusdiffersfrom Phlebia on the basi s of densetexture dueto the presence of microbinding hyphae aongwith
generative hyphaeand having different shapeof basidia

Basidiocarpsresupinate, effused, closely adnate; hymenia surface smooth to tuberculate, grayish whiteto orangewhiteto
pal eyellow; marginsthinning, paler concolorousto abrupt. Hypha system dimitic. Generative hyphae branched, septate,
clamped; basd hyphaepardle tothesubstrate, loosdly arranged; sub hymenid hyphaeverticd, densdy packed. Microbinding
hyphaethin, laxly branched, without septaand clamps. Cystidiafusiformto cylindrical, thin-walled, with or without oily
contents, with basal clamp.Basidiaclavateto subclavate, 4—sterigmate, with basal clamp. Basidiosporesellipsoidto
subcylindrical, apiculate, thin-walled, smooth, inamyloid, acyanophilous.

Type species. Confertextum microsporum
Digtributionin India: Himacha Pradesh

Remarks: Thisgenusiscloseto Phlebiain having branched, septate, clamped generative hyphae, somekind of cystidia
and ellipsoid to subcylindrical, acyanophilous, inamyloid bas diospores, but differsonthe basisof densetextureduetothe
presence of microbinding hyphae a ong with generative hyphae and having different shape of basidia. The new genusis
being described on the basis of two new species.

Species new to science

Byssocorticium microsporum Samita, Sanya and Dhingrasp. nov.

Mycobank 808608

Thenew speciesdiffersfrom B. lutescensin having clamped hyphaeand small ellipsoid to subglobose basidiospores.

Type: India, Uttarakhand: Tehri Garhwal, SurkandaDevi, onlog of P. roxburghii, Samita6019 (PUN, holotype), September
02, 2012.

Etymology: Theepithet refersto the smaller size of basidiospores.

Basidiocar p resupinate, effused, loosely adnate, up to 130 um thick in section; hymenial surface hypochnoid to smooth,
grayish yellow to paeyellow when fresh, not changing much on drying; marginsthinning, fibrillose, concolorous, to
indeterminate. Hyphal system monomitic. Generative hyphae up to 4.5 umwide, septate, clamped, thin-walled; basal
hyphae parallel to the substrate, less branched, with crystalline encrustation which dissolvesin 3% of KOH solution;
subhymenial hyphae, vertical, more branched. Cystidia none. Basidia 12.0-18.0 x 3.0-4.5 um, clavate, somewhat
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Plate - 1

Fios 1-5. Byssocorticium microsporum sp. nov,
1=2. Basidiocarp showing hvmenial surface (1. fresh, 2. div);

a I-.|5.||,I-i-'1g.|:-c:||'4-s'._ 4. basidia; 5. gonermtive h'|.'||h.||

sinuous, 4—-sterigmate, with basal clamp; sterigmataup to
3.0pmlong. Basdiospores2.0-2.5x 1.5-1.8 um, elipsoid
to subglobose, thick-walled, smooth, generdly uniguttul ate,

inamyloid, acyanophilous.

Remar ks—Thisspeciesdiffersfrom B. lutescensin having
smaller basidiospores (2.0-2.5 x 1.5-1.8 um ascompared
to 3.54.5 ym) and hyphae with clamps at all septa as
compared to hyphae with scattered clamps (Plate 1).

Confertextum macrosporum Priyanka& Dhingrasp. nov.
Mycobank MB810723

Thenew speciesisdifferent from C. microsporumin having
two typesof cystidiaand bigger basidiospores.

Type: India, Himachal Pradesh: Shimla, Kandiyali, on
decaying wood of C. deodara, Priyanka 4620 (PUN,
holotype), August 06, 2011.

Etymology: The epithet refers to the bigger size of
basidiospores (Plate 2).
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Basidiocar p resupinate, effused, closely adnate, up to 350
pmthick in section; hymenia surface smoothto tuberculate,
creamish whiteto paleyellow when fresh, becoming pale
orangeto grayish orangeon drying; marginsthinning, paler
concolorousto abrupt. Hyphal system dimitic. Generative
hyphaeupto 4.5 umwide, thin-walled, branched, septate,
clamped; basd hyphae pardld to the substrate; subhymenid
hyphae vertical. Microbinding hyphae up to 1.9 umwide,
thin-walled, laxly branched. Texture dense due to the
presence of microbinding hyphae along with generative
hyphae. Cystidial elementsof 2kinds: i) L eptocystidia
66.0—74.0 x5.0-8.8 um, subcylindrical, with broad base,
thin-walled, smooth, with basal clamp and oily contents. ii)
31.0-37.0%9.3-10.6 um, bladder shaped with pointed apica
region, thin-walled, res nousencrustation present ontip, with
basal clamp. Basidia 12.5-18.5 x 3.7—6.3 um, subclavate
to clavate, 4—sterigmate, with basal clamp; sterigmataupto
3.8umlong. Basdiospores6.2—7.5x 3.1-3.8 um, dlipsoid
tosubcylinrical, apiculate, thin-waled, smooth, inamyloid,
acyanophilous, with oily contents.

Plate - 11
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Remarks-Thisspeciesissmilar to C. microsporumin having densetexture, dimitic hypha system, presenceof microbinding
hyphae, but isdifferent in having two typesof cystidiaand bigger basidiospores.

C. microsporum Priyanka& Dhingrasp. nov.

Mycobank MB810724

Itisdifferent from C. macrosporumin having smaller basidiospores

Type: India, Himacha Pradesh: Kangra, Nargala, on wood of Ficusreligiosa, Priyanka4618 (PUN), August 24, 20009.
Etymology: Theepithet referstothesmaller size of spores

Basidiocar p resupinate, effused, closely adnate, up to 950 um thick in section; hymenial surface smooth, orangewhiteto
yellowish whitewhen fresh, brown on bruising, becoming pale orangeto yellowish orangeto golden yellow on drying;
subiculum paler colored and visiblethrough the cracks; marginsthinning, paler concolorousto abrupt. Hyphal system
dimitic. Generative hyphae up to 3.8 umwide, thin-walled, branched, septate, clamped; basal hyphae parallel to the
substrate; subhymenia hyphaevertical. Microbinding hyphae up to 2.0 umwide, thin-walled, laxly branched. Texture
dense dueto the presence of microbinding hyphae along with generative hyphae. Cystidia 57.0-70.0 x5.0-6.3 um,
subfusiform, thin-walled, with basal clamp and oily contents. Basidia 13.4—20.0 x 3.1-4.7 um, clavateto subclavate, 4—
sterigmate, with basal clamp; sterigmataup to 2.2 um long. Basidiospor es4.3-5.3 x 2.8-3.1 um, ellipsoid, apicul ate,
thin-walled, smooth, inamyloid, acyanophilous (Plate 3).

Plate- 1l - Remarks: The newly described speciesismarked by the
presence of densetexture, cystidiawith oily contentsand
smdler, dlipsoid basidiospores.

Corticium mussooriensis Samita, Sanyal & Dhingrasp.
nov.

Mycobank 808613

This species differs from Corticium albidocremeum in
having larger basidiaand broadly ellipsoid bas diospores.

Type: India, Uttarakhand: Dehradun, Mussoorie, Mall road,
on angiospermous log, Samita 6069 (PUN, holotype),
August 20, 2010.

Etymology: Theepithet referstothelocality of collection.

Basidiocar p resupinate, effused, adnate, up to 80 pumthick
in section; hymenial surface poruloseto smooth, grayish
yellow when fresh, not changing much on drying; margins
thinning, paler concolorous, to indeterminate. Hyphal
system monomitic. Generative hyphaeupto 5.5 umwide,
septate, without clamps; basal hyphae pardllel to substrate,
thick—walled, lessbranched; subhymenia hyphaevertical,
short celled, thin~walled, more branched. Cystidia absent.
Basidia 20.0-34.0 x 5.8-7.5um, clavate to subclavate,
somewhat Sinuous, 4-sterigmate, without basal clamp, with

Froa 1=T. Conferfexinm microspornn

1-2. Basidiccarp showing hymenial surfisce (1, fresh, 2 dryy, 3 bhestdiospores OI |y Contmts; gal gmataup to 75 urn Iong Bas dloq)or es
A basiding 5, genemtve hyphoe, 6. mecrobindemg byphae; 7, cystidia 60—83 X 40—55 urn’ broajly d | | pm| d, th| n_vva”aj’ W|th
oily contents, inamyloid, acyanophilous(Plate4).
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168 1-T. Corticium mussooriensis sp, nov,
-2. Basidiocarp showing hSymenial surface [1. fresh, 2. dry];
. basidiospares: 4. basidia; 5. genemtive hyphae; 6. V.5 of basidiocarp;

+ Microphotograph showing basidia and basidiospores

Remarks: This species differs from Corticium
albidocremeum Rehill and Bakshiin having larger basidia
(20.0-34.0 x 5.8—7.5um ascompared to 11.2-14.4 x 4.8~
6.4um) and broadly €l lipsoid basidiosporesin comparison
tooval or pip-shaped.

Cylindrobasidiumindicus Samita, Sanyal & Dhingrasp.
nov.

Mycobank 808607

Thisspeciesdiffersfrom C. evolvensin having smpleseptate
hyphae, absence of cystidiaand larger basidiospores.

Type: Indig, Uttarakhand: Tehri Garhwal, Dhanaulti, on
angiogpermousstick, Samita6006 (PUN, holotype), August
21, 2010.
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Etymology: Theepithet refersto the country of collection.

Basidiocar p resupinate, loosaly adnate, effused, gelatinous,
up to 450 pm thick in section; hymenial surface smooth to
cracked, brownish red to reddish brown when fresh, not
changing much on drying; shrinking with cracks appearing
prominent; margins thinning, paler concolorous, to
indeterminate. Hyphal system monomitic. Generative
hyphae up to 5.0 um wide, septate, without clamps; basal
hyphae parallel to the substrate, thin—to somewhat thick—
walled compactly arranged, less branched; subhymenial
hyphae vertical, loosely arranged, thin—walled, more
branched. Cystidia absent. Basidia 48.0-80.0 x 5.5-6.3
KM, narrowly clavate, somewhat Snuous, 4-sterigmate, with
or without oily contents, without basal clamp; sterigmataup
to 5.0 um long. Basidiospores 9.3-14.4 x 4.5-5.5 um,
fusoidtolacrymoid, thinwalled, smooth, with oily contents,
acyanophilous, inamyloid (Plateb).
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Fics 1-5. Cylindrobasidium indicus sp. nov,
1-2. Basidiocarp showing hymenial surface (1. fresh, 2, div];

3. basidiospores; 4, basidia; 5. generative hyphae
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Remar ks-Thisspeciesdiffersfrom C. evolvensin having
simple septate hyphae, absence of cystidia and larger
basidiospores (9.3-14.4 x 4.5-5.5 um ascompared to 7.5~
9.5x 4.3-5.0 um).

L eptosporomycessingularis Samita, Sanyal & Dhingra
Mycobank 808610

This species is peculiar in having membranaceous
basidiocarps, grayish red to brownishred hymenia surface
and smple septate hyphae.

Type: India, Uttarakhand: Dehradun, Mussoorie, La Tibba,
on angiospermous stump, Samita6022 (PUN, holotype),
August 19, 2009.

Etymology: Theepithet refersto the unique combination of
characters.

Plate - V1

3

Fi:s 1-5. Leptosporomyces singularis ap. nov,
1-2. Basidiocarp showing lymendal surface {1, fresh, 2. div);

3. basidioapores; 4, basidia; 5, generative hyphae

Basidiocar psresupinate, adnate, effused, membranaceous,
up to 250 pum thick in section; hymenial surface smooth,
grayish red to browni sh red when fresh, not changing much
ondrying; marginsthinning, somewhat fibrillose, whitishto
paler concolorous, to indeterminate. Hyphal system
monomitic. Generative hyphae up to 5.2 umwide, septate,
without clamps, with oily contents; basal hyphaeparalél to
the subgtrate, thin—to somewheat thick—walled, lessbranched,
with or without oily contents; subhymenia hyphaeupto 2.0
pumwide, vertical, thin-walled, more branched. Cystidia
none. Basidia 19.4-30.0 x 4.7—7.5 um, narrowly clavate,
somewhat sinuous, 4-sterigmate, without basal clamp, with
or without oily contents; sterigmata up to 4.3 um long.
Basidiospores 2.9-3.5 x 1.7-2.3 um, €llipsoid, thin—
walled, smooth, uniguttulate, inamyloid, acyanophilous
(Plate6).

Additional collection examined— India, Uttarakhand:
Dehradun, Mussoorie, La Tibba, on angiospermouslog,
Dhingra6023 (PUN), August 19, 2009.

Remarks: Thisspeciesispeculiar in having membranaceous
basi diocarps, grayish red to brownish red hymenia surface
and smpleseptate hyphae. 1t doesnot match with any of the
known speciesof thegenus, hence described asanew taxon.

Tomentella garhwaliana Samita, Sanya & Dhingra
Mycobank 808625

Differsfrom rest of speciesof Tomentellain having deep
violet to blackish basi diocarpsand basidiawith covering of
greenishmaterid.

Type: India, Uttarakhand: Tehri Garhwal, Dhanaulti, on
angiospermous stump, Samita 6329 (PUN, holotype),
September 02, 2012.

Etymology: Theepithet refersto Garhwal region of thestate
of Uttarakhand.

Basidiocar p resupinate, effused, adnate; up to 300 umthick
insection; hymenial surface smooth, deep violet to blackish
when fresh, not changing much on drying; marginsthinning,
paler concolorous, to indeterminate. Hyphal system
monomitic. Generative hyphae septate, without clamps, basal
hyphaeupto 7.7 umwide, parallel to the substrate, thick-
walled, distantly septate, lessbranched, dark brown, with
rough to spinulose outer wall; subhymenia hyphaeupto 5.6
umwide, vertical, closely septate, thin- to somewhat thick-
walled, more branched. Hyphal cordonsup to 20.0 um
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Plate - VII
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Fias 1-8. Tomentella garfuvaliana sp nov,
1-2, Baskliocarp showing hymendal surface (1, fresh, 2. div);
3. basidiospores: 4. basidia: 5. generative hyphae; &, portion of hyphal

cardon; 7-8. Microphotogmphs |7. basidium; B. hyphae)

wide, dull brown, individual hyphae up to 3.3 um wide,
septate, without clamps. Cystidia none. Basidia 70.0-88.0
x 10.0-12.5 um, narrowly clavate, somewhat sinuous, 4—
gerigmate, thin- tothick-walled, covered by athick, greenish
materia, without basal clamp, with or without oily contents;
sterigmata up to 12.5 ym long. Basidiospor es 8.0-10.6
MM across, irregular in outlineto lobed, thick-walled, with
oily contents, echinulate, yellowish brown (Plate 7).

Remar ks-Thisspeciesispeculiar in having smooth, deep
violet to blackish basidiocarps, simple-septate hyphae,
narrowly davatebad diahavingacovering of greenishmaterid
and irregular to lobed basidiospores and does not match
with any of the known species Larsen, Kdljalg, Rattan,
Dhingra, Dhingraand Rani, Harpreet et al. [ 7-10].

Vararia himalayana Samita, Sanyal & Dhingra
Mycobank 808623

30

Thisspeciesdiffersfrom V. gomezii in having dendrohyphidia
only inthesubhymenium, very long gloeocystidiaand longer
basdia

Type: India, Uttarakhand: Tehri Garhwal ,SurkandaDevi,on

stump of Q. leucotrichophora, Dhingra 6263 (PUN,
holotype), September 28, 2012.

Etymology: Theepithet refersto the Himalayan region of
collection.

Basidiocar psresupinate, adnate, effused, up to 410 pm
thick insection; hymenid surface smoothtotubercul ate, pae
orangeto grayish orangeto brownish orange when fresh,
not changing muchondrying; marginsthinning, fibrillose, paler
concolorous, toindeterminate. Hyphal system monomitic.
Generative hyphae septate, without clamps, thin—walled;
basal hyphae up to 6.3 umwide, parallel to the substrate,
lessbranched, heavily encrusted; subhymenia hyphaeupto

Plate - VI
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Fi1gs 1-10. Varario himalayana s, nov

1-2. Basidiocarp showing hymenial surface 1. fresh, 2, div];

3. basidiospores; 4. basidia: 5, genemative hyphae: 6. gloeocystidinm;
7. dendrohyphidium; 8- 10, Microphotographs (8, basidiospores;

O, basidiag 10, gloeocysatidia)
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3.5umwide, vertica, more branched. Dendr ohyphidia few, present only in the subhymenium, dichotomoudy toirregularly
branched, branchesthick—walled, with blunt to somewhat pointed endings, dextrinoid. Gloeocystidia 87.0-166.0 x 6.3—
10.0 pm, tubular, smooth, thin—walled, without basal clamp, with oily contents negativeto sulphovanillin, projecting upto
30 um out of hymenium. Basidia80.0-108.0 x 8.8-10.0 um, narrowly clavate, sinuous, 4-sterigmate, with or without oily
contents, without basal clamp; sterigmataup to 6.5 umlong. Basidiospores11.1-15.5 x 4.4-5.5 um, subfusiformto
navicular, thin~walled, smooth, with oily contents, acyanophilous, inamyloid, sometimesin groupsof two or three (Plate8).

Remar ks—Thisspeciesdiffersfrom V. gomezi in having dendrohyphidiaonly in the subhymenium, very long, thin~walled
gloeocystidiaand longer basidia(80.0—108.0 x 8.8 — 10.0 umin comparison to 34.0-45.0 x7.0-8.0 um).

Varariaindica Samita, Sanyal & Dhingra
Mycobank 808624
Differsfrom V. éllipsosporain having bigger, € lipsoid to ovoid basi diospores.

Type: India, Uttarakhand: Pauri Garhwal, Adwani, on stump of Q. leucotrichophora, Dhingra6265 (PUN, holotype),
July 23, 2011.

Etymology: Theepithet refersto the country of collection.

Basidiocar p resupinate, adnate, effused, up to 160 pm thick in section; hymenial surface smooth to somewhat tubercul ate,
grayishwhiteto grayishyelow when fresh, paeyelow to grayish orange on drying, marginsthinning, paler concolorous, to

s INdeterminate. Hyphal system monomitic. Generative
o hyphae up to 3.0 um wide, septate, without clamps; basal
hyphae thin—to thick—walled, parallel tothe substrate, less
branched; subhymenia hyphaevertica, thin~walled, more
branched. Dendr ohyphidia abundant, present bothinthe
hymenium and subhymenium, dichotomoudly toirregularly
branched, branchesthick—walled, with blunt to somewhat
3 pointed endings. Gloeocystidia 70.0-75.0 x 10.0-11.8 um,
S . UM l e variablein shape, generdly fusform, tip pointed, moniliform
' to round, base narrow to swollen, smooth, thin—walled, with

oily contentsnegativeto sulphovanillin, without basa clamp,
projecting up to 30 um out of hymenium. Basidia41.0—
65.0 x 6.5-7.2 um, clavate to subutriform, somewhat
constricted, 4-sterigmate, without basal clamp; sterigmata
up to 5.0 um long. Basidiospores 12.7-17.3 x 5.4-7.2
pm, ellipsoid to ovoid, thin—to somewhat thick—walled,

U Y H L V6 \ 9 smooath, with or without oily contents, acyanophilous, amyloid
4 (Plate9).
N 7F %%i £ : Remarks— This species differsfrom V. ellipsosporain
=5, = @& }g ) “.UI'F having bigger (12.7-17.3 % 5.4-7.2 umin comparison 8.0—
N | H‘ 12.0 % 5.5-6.5 um), elipsoid to ovoid basidiospores.
H B & -
S 7 10 Xylodon mussoriensis Samita, Sanyal & Dhingra
Fios 1-10. Vararia fndica sp, nov
1-2. Bassdiocarp showing hymencal surfacs (1. [resh, 2 dry): MyCObank 808620
A, basidiospores: 4. basidia: 5. generative hyphae; 6. gloeocystidia:
Tt Ir'||-I:|I:I|_Fn. |VZ|I-I:|.-:. 8-10 r-1|-.'1l.-::]|l.-tu;,;|-.:| -Ilm :J.‘:i I'.'JﬁllI:-:qx'-l:'; The new w $dl ffa‘s.from X- a$erus' n Imkl ng Capl tate
9. cvatidiam: 10, dendrohyphidia) hyphd mdsl n the a:ul e .
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Plate - X

Fios 1-6. Xylodon mussooriensis ap. nov.
1-2. Basidiocarp showing lymenial surface [1. fresh, 2. divls

3, basidiospores; 4. basidin; 5. genemtive hyphae; 6. V.5, of basidiocarp

Type: India, Uttarakhand: Dehradun, Mussoorie, Mal Road,
onangiospermoud og, Samita6207 (PUN, holotype), August
20, 2010.

Etymology: Theepithet referstothelocality of collection.

Basidiocar p resupinate, effused, adnate, up to 320 pum thick
insection; hymenid surfaceodontioid, aculel dense, conicd,
paeorangetograyish orangewhenfresh, not changing much
on drying; margins thinning; paler concolorous, to
indeterminate. Hyphal system monomitic.Generative
hyphae, branched, septate, clamped; basal hyphae up to
4.5 um wide, parallel to the substrate, encrusted, thick—
walled, loosdly arranged; subhymenia hyphaeupto3.5um
wide, vertical, thin—walled, compactly arranged. Cystidia
like hyphal endsnone. Basidia 21.0-24.0 x 4.1-5.2 um,
narrowly clavate, somewhat Snuous, 4-gterigmeate, with basal
clamp; sterigmataup to 4.0 um long. Basidiospor es5.2—
5.8 x 3.1-3.5 um, ellipsoid to broadly ellipsoid, smooth,
thin—walled, with oily contents, inamyloid, acyanophilous
(Plate10).
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Remar ks-Thisspeciessdifferent fromtheclosdly related
X. asperusin lacking capitate hyphal endsin theaculel and
smdler basidiosporeswith oily contents.

Xylodon subglobosus Samita, Sanyal & Dhingra
Mycobank 808621

Thisspeciesispeculiar in having odontioid hymenia surface
and small, subglobose basi diospores.

Type: India, Uttarakhand: Tehri Garhwal, Dhanaulti, on
angiospermous stump, Samita 6208 (PUN, holotype),
August 21, 2010.

Etymology: Theepithet refersto the shape of basidiospores.

Basidiocar p resupinate, effused, adnate, up to 300 pmthick
insection; hymenia surface odontioid, acule dense, conicd,
pale orange when fresh, orange gray to grayish orangeon
drying; marginsthinning, fibrillose, paler concolorous, to
indeterminate. Hyphal system monomitic. Generative

Plate -XI

i i
Fios 1-6. Xylodon subglobosus sp. nov.
1-2. Basidiocarp showing hymenial surface 1. fresh, 2. dry];
A, basidiospores; 4. basidia; 5, generative hyphae: 6. V.5 of basidiocam
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hyphae, branched, septate, clamped; basal hyphae up to 4.7 umwide, parallel to the substrate, thick—walled, loosely
arranged, encrusted; subhymenia hyphaeupto 3.5 umwide, verticd,, thin—walled, compactly arranged. Prominent patches
of encrustationintheaculel. Cystidialikehyphal endsnone. Basidia 20.0-26.0 x 4.7-5.3 um, clavate, somewhat
sinuous, 4-sterigmate, with basal clamp; sterigmataup to 4.0 um. Basidiospor es4.2-5.2 x 3.0-5.0 um, subglobose,
smooth, thin—walled, inamyloid, acyanophilous (Plate 11).

Remar ks-Thisspeciesdiffersfromtheclosdly related X. pruni in having smaller (4.2-5.2 x 3.0-5.0 um), subglobose
basidiospores ascompared to bigger (5.5-7.0 x 3.5-4.5 um), ellipsoid ones.

Scytinostroma phaeosarcum var. angustispora Samita, Sanyal & Dhingravar. nov.
Mycobank 808622
Thenew variety differsfrom S phaeosarcumin having narrower, suballantoid to subfusiform basi diospores.

Type: India, Uttarakhand: Pauri Garhwal, Adwani, on burnt stump of R. arboreum, Samita 6256 (PUN, hol otype),
August 23, 2011.

Etymology: The epithet refersto the shape of basidiospores.

Basidiocar p resupinate, adnate, effused, up to 210 pm thick in section; hymenial surface smooth to tuberculate, pale
orangeto grayish orange when fresh, not changing much on drying; marginsthinning, paler concolorous, toindeterminate.
Hyphal system dimitic. Generative hyphae up to 4.5 um wide, branched, septate, thin-to thick-walled, without clamps.
Pae - X1 SKeletal-binding hyphae up to 5.3 pmwide, dichotomoudy

- toirregularly branched, restricted to basal zone, aseptate,
thick-walled, cyanophilous. Gloeocystidia 36.0-54.0 x
5.2—7.0 um, subcylindrical, smooth, thin-walled, with oily
contents positive to sulphovanillin, without basal clamp.
Basidia 29.0-48.0 x 4.7-6.0 um, clavate, somewhat
sinuous, 4-sterigmate, without basal clamp; sterigmataup
to 5.5 um long. Basidiospores 8.0-11.2 x 2.9-3.5 um,
suballantoid to subfusiform, thin-walled, smooth, with oily
contents, acyanophilous, inamyloid (Plate 12).

Remarks. The new variety differs from Scytinostroma
phaeosarcumin having narrower (8.0-11.2 x 2.9-3.5 um)
incomparisonto (7.5)-8.0-10.0-(11) x 4.5-5.0-(6) um],
suballantoid to subfusiform basidiosporesin contrast to
broadly ellipsoid ones.

New taxa already published
New genera

Cordochaetec Sanyal, Samita, Dhingra& Avneet PSingh,
Mycotaxon 123: 103, 2013.
7 Didgtributioninthe Himal aya— Uttarakhand
Dendrophlebia Dhingra& Priyanka, Mycotaxon 116: 157,
2011.
Fin 11 Soptinovrvmn phaestnoi ik angirpuravar: oy Digtributioninthe Himaaya—Arunachd Pradesh
1-2. Basidiocarp showing hymenial surface (1. fresh, 2. diy): Ha“mberg|a Dh| ngra& Pr|yanka, MyCOtaxon 118 289,
2011.

b | !l.Ln|x|i-;}.|>-|-h; 4. basidia; 5. skeletal-binding hyphae; 6. generative

hyphas;, T, glosccysticia
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DigtributionintheHimaaya—Bhutan

Radulomycetopsis Dhingra, Priyanka& J. Kaur., Mycotaxon 119: 133, 2012.
DigtributionintheHimalaya—Bhutan

Repetobasidiopsis Dhingra& Avneet P. Singh, Mycotaxon 105: 421, 2008.
Digributioninthe Himalaya- Arunacha Pradesh

Trimitiella Dhingra, Mycotaxon 97: 125, 2006.

Digtributioninthe Himalaya- Arunacha Pradesh

Digributioninthe Himaaya- Manipur

New subgenera

Stereum subgen. Acanthostereum Boidin, Parmasto, Dhingra& Lanquetin, Persoonia 10: 320, 1979.
DigributionintheHimaaya- Manipur
Sereum subgen. Aculeatostereum Boidin, Parmasto, Dhingra& Lanquetin, Persoonia10: 320, 1979

New species

AleurodiscushimalaicusManinder K, Avneet P. Singh, Dhingra& Ryvarden, Synopsis Fungorum 32: 5, 2014.
Digtributioninthe Himaaya- Himachal Pradesh [PUN (5200, 5985, 5986)]
A.indicusRyvarden, SK. Sanya & Dhingra, Synopsis Fungorum (Odlo) 30: 14, 2012.
Distributioninthe Himalaya- Uttarakhand [PUN (4413, 6292)]

Athelopsis parvisporus Avneet P. Singh, Dhingra& J. Kaur, Mycotaxon 113: 327, 2010.
Digtributioninthe Himaaya- Himacha Pradesh[PUN (4860)]

Candelabrochaete himalayana Dhingra, Synopsis Fungorum 29: 26, 2011.
DigtributionintheHimaaya- Bhutan [PAN (19430)]

Ceraceomyceshizonatus Dhingra& Avneet P. Singh, Mycotaxon 106: 399, 2009.
Digtributioninthe Himaaya- Himachal Pradesh [PUN (3612, 3613)]

Clavulicium hallenbergii Avneet P. Singh, J. Kaur & Dhingra, Mycotaxon 120: 353, 2012.
Digtributioninthe Himaaya- Himachal Pradesh [PUN (3683, 4898)]

Conohypha grandispora Dhingra, Synopsis Fungorum 29: 28, 2011.

Distributioninthe Himalaya- West Bengal [PAN (19286,19323)]
Crigtiniatubulicystidiata J. Kaur, Dhingra& Hallenberg,Mycotaxon 127: 89, 2014.
DigtributionintheHimaaya- Himachal Pradesh [PUN (4763)]

Dendrophlebia crassispora Dhingra& Priyanka, Mycotaxon 116: 159, 2011.
DistributionintheHimalaya- Arunacha Pradesh [PAN (19726)]

Flavophlebia sphaerospora Man. Kaur, Avneet P. Singh & Dhingra, Mycotaxon 126: 231, 2013.
Digtributioninthe Himaaya- Himacha Pradesh[PUN (5166)]

Fibulomyces cystoi deus Dhingra, Synopsis Fungorum 29: 30, 2011.
DigtributionintheHimaaya- Bhutan [PAN (19365)]

Hallenbergiasingularisa Dhingra& Priyanka, Mycotaxon 118: 289, 2011.
DigtributionintheHimalaya- Bhutan[PAN (19548)]

Hyphoderma bicystidiatum Priyanka& Dhingra, Mycotaxon 119: 255, 2012.
Digtributioninthe Himaaya- Himacha Pradesh[PUN (4928)]

H. clarusproprietas Dhingra, Synopsis Fungorum 29: 32, 2011.

Distributioninthe Himalaya- West Benga [PAN (19239)]

H. densustextum Dhingra, Synopsis Fungorum 29: 33, 2011.

Distributioninthe Himalaya- West Benga [PAN (19229)]

H. hallenbergii Man. Kaur, Avneet P. Singh & Dhingra, Mycotaxon (in press).
Distribution in the Himal aya- Himachal Pradesh [PUN(6962)]

H. parvisporum Avneet P. Singh, Priyanka, Dhingra& Singla, Mycotaxon 111: 71, 2010.
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DigtributionintheHimaaya- Himachal Pradesh [PUN (1623)]

H. sikkimia Dhingra, Synopsis Fungorum 29: 37, 2011.
DigtributionintheHimaaya- Skkim[PAN (19349)]

H. sporulosum Dhingra, Synopsis Fungorum 29: 39, 2011.

Distributioninthe Himalaya- West Bengal [PAN (19526)]

H. subglobosum Priyanka & Dhingra, Mycotaxon 119: 257, 2012.
DistributionintheHimaaya- Himachal Pradesh [PUN (4299)]

Hyphodontia caulicystidiata Dhingra, Synopsis Fungorum 29: 41, 2011.
Distributioninthe Himalaya- West Benga [PAN (19262)]

H. dhingrae Samita& Sanyal ,Mycotaxon (in press).

Distributioninthe Himalaya- Uttarakhand [PUN (5199)]

L eptocorticiumindicum Samita, Sanyal & Dhingra, Mycotaxon (in press).
Distributioninthe Himalaya- Uttarakhand [PUN (6092)]

L eucogyrophana thimphina Dhingra, Synopsis Fungorum 29: 44, 2011.
DigtributionintheHimaaya- Bhutan [PAN (19566)]

Paullicorticiumindicum Dhingra, Synopsis Fungorum 29: 46, 2011.
Distributioninthe Himalaya- West Bengal [PAN (19255)]

Peniophora hallenbergii Samita& Dhingra, Mycotaxon 126: 235, 2013.
Distributioninthe Himalaya- Uttarakhand [PUN (5167, 6285)]

Phlebia crassisubiculata Avneet. P. Singh, Priyanka, Dhingra& Singla, Mycotaxon 112: 21, 2010.
DigtributionintheHimaaya- Himachal Pradesh [PUN (1405)]

P. interjacenoides Dhingra, Synopsis Fungorum 29: 49, 2011.
DigtributionintheHimaaya- Bhutan [PAN (19628)]

P. microspora Dhingra, Synopsis Fungorum 29: 51, 2011.

Distributioninthe Himalaya- West Benga [PAN (19203)]

P. kamengii Dhingra, Synopsis Fungorum 29: 51, 2011.

Distributioninthe Himaaya- Arunachal Pradesh[PAN (19690, 19693)]

P. singularisa Dhingra, Synopsis Fungorum 29: 54, 2011.
DigtributionintheHimaaya- Bhutan [PAN (19612)]

P. thindii Dhingra, Synopsis Fungorum 29: 57, 2011.

Distribution in the Himalaya- West Bengal [PAN (19249, 19305)]
PhlebiopsisdarjeelingensisDhingra, NovaHedwigia, 44: 222, 1987.
Distributioninthe Himalaya- West Bengal [PAN (19199)]

P. himalayensis Dhingra, NovaHedwigia, 44: 222, 1987.

Distributioninthe Himaaya- Arunachal Pradesh [PAN (19862, 19888)], West Bengal[PAN (19202)]
P. mussooriensisPriyanka, Dhingra& N. Kaur, Mycotaxon 115: 255, 2011.
Distributioninthe Himalaya- Uttarakhand [PUN (3405)]

Radulodon indicus Jyoti & Dhingra, Synopsis Fungorum 32: 38, 2014.
DistributionintheHimaaya- Jammu and Kashmir [PUN (5987)]

R. acaciae G Kaur, Avneet P. Singh & Dhingral27: 111, 2014.

Distributionin the Himalaya- Chandigarh [PUN (5982, 5983, 5984)]
Redulomycetopsis cystidiata Dhingra, Mycotaxon 119: 135, 2012.
Digtributioninthe Himalaya- Arunacha Pradesh [PAN (19767)]
Repetobasidiopsisgrandisporus Dhingra& Avneet P. Singh, Mycotaxon 97: 116, 2006.
Distributioninthe Himalaya- Arunacha Pradesh [PAN (19706)]

Scytinostroma pulverulentum Boidin & Dhingra, In Boidin & Lanquetin, Le Genre Scytinostroma
Donk.(Basidiomycetes, Lachnocladiaceae), BibliothecaMycologica114: 94, 1987.
DistributionintheHimaaya- Bhutan [PAN (19598)]
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S. renisporum Boidin, Lanquetin & Gilles, In Boidin & Lanquetin, L e Genre Scytinostroma Donk.(Basi diomycetes,
Lachnocladiaceae), BibliothecaMycologica114: 97, 1987.

DigtributionintheHimalaya- Meghalaya[PAN (19029)]

Sistotrema angustispora Dhingra, Synopsis Fungorum 29: 63, 2011.

Distributioninthe Himalaya- West Bengal [PAN (19233)]

Sistotremastrum roseum Jaspreet and Dhingra, Synopsis Fungorum32: 26, 2014.

Digtributioninthe Himaaya- Himacha Pradesh[PUN (5057)]

Sereum peculiare Parm., Boidin & Dhingra, Persoonia 10: 311, 1979.

Distribution in the Himalaya - Manipur [PAN (19093, 19787,19789, 19798, 19803, 19820, 19833, 19847, 19864,
19876)]

T. kalatopii Dhingra& Malka, Synopsis Fungorum 32: 30, 2014.

DigtributionintheHimalaya- Himachal Pradesh [PUN (1748)]

T. unicusa Dhingra& Malka, Synopsis Fungorum 29: 32, 2014.

Digtributioninthe Himaaya- Himacha Pradesh[PUN (1756)]

Trimitiellaindica Dhingra, Mycotaxon 97: 126, 2006.

Digtributioninthe Himalaya- Arunacha Pradesh [PAN (19722)]

V. longicystidiata Samita, Sanyal, Dhingra& Singh, Mycotaxon 120: 357, 2012.

DistributionintheHimalaya- Uttarakhand [PUN (4413)]

New varieties

Amphinema byssoidesvar. macrospores Dhingra& Avneet P. Singh, Synopsis Fungorum 32:10, 2014.
Digtributioninthe Himaaya- Himacha Pradesh[PUN (3528)]

Botryobasidium subcoronatum var. crassisporaDhingra, Synopsis Fungorum 29: 25, 2011.
DigtributionintheHimalaya- Himachal Pradesh [PUN (4891)]

Ceraceomycessublaevisvar. grandisporus Dhingra& Avneet P. Singh, Synopsis Fungorum 32:13, 2014.
Digtributioninthe Himaaya- Himacha Pradesh [PUN (3560)]

Conohyphaalbocremea var. angustisporum Priyanka & Dhingra, Synopsi s Fungorum 32:14, 2014.
Digtributioninthe Himaaya- Himacha Pradesh[PUN (4453)]

Hyphoderma roseocremeum var. minutisporumPriyanka& Dhingra, Synopsis Fungorum 32:18, 2014.
DigtributionintheHimalaya- Himachal Pradesh [PUN (4470)]

H. setigerum var. bicystidium Dhingra& Singla, Synopsis Fungorum 32:18, 2014.

Digtributioninthe Himaaya- Himacha Pradesh[PUN (1469)]

Tomentellacladii var. grandii Dhingraand Maka, Synopsis Fungorum 32:28, 2014.
DigtributionintheHimalaya- Himachal Pradesh [PUN (1749)]

Tubulicium vermiferum var. hexasterigmatum Jaspreet & Dhingra, Synopsis Fungorum 32: 33, 2014.
Digtributioninthe Himaaya- Himacha Pradesh[PUN (5069)]

New Recordsfor theHimalaya

S.No. Nameof thetaxon Herbarium No.
1 Acanthophysallum lividocoeruleum (Karst.) Parmasto PUN (5007, 5008)
2 Aleurodiscus amorphous (Pers.) Schrot. PUN (5003)

3 Aleurodiscus cerussatus (Bres.) Hohn. & Litsch. PUN (6290, 6291)
4 Aleurodiscus lapponicus Litsch. PUN (5005, 5006)
5 Aleurodiscus oakesii (Berk. & Curt.) Hohn. & Litsch. PAN (19450)

6. Alutaceodontia alutacea (Fr.) Hjortstam & Ryvarden PUN (4924)

7. Amethicium luteoincrustatum Hjortstam & Ryvarden PUN (6951)

8 Amphinema byssoides (Fr.) John Erikss. PAN (19620)
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Amyloathelia crassiuscula Hjortstam & Ryvarden
Asterostroma boninense Suhara& N. Maekawa
Asterostroma cervicolor (Berk. & Curt.) Mass.

Athelia bombacina Pers.

Athelia pyriformis(Christ.) Jilich

Athelia salicum Pers.

Athelia tenuispora Jilich

Athelopsislunata (Romell ex Bourdot & Galzin) Parmasto
Athelopsis subinconspicua (Litsch.) Julich

Boidinia furfuracea (Bres.) Stalpers & Hjortstam
Boidinia lacticolor (Bres.) Hjortstam & Ryvarden
Botryobasidium botryosum (Bres.) John Erikss.
Botryobasidiumlaeve (J. Erikss.) Parmasto
Botryobasidium obtusisporum J. Erikss.

Botryobasidium pruinatum (Bres.) J. Erikss.
Botryobasidium subcoronatum (Hohn. & Litsch.) Donk
Botryohypochnusisabellinus (Fr.) J. Erikss.
Byssomerulius corium (Fr.) Parm.
Ceraceomycesborealis(Rom.) J. Erikss. & Ryv.
Ceraceomyces cystidiatus (J. Erikss. & Hjortstamin Jilich) Hjortstam
Ceraceomyces sublaevis (Bres.) Jilich

Ceratobasidium obscurum D.P. Rogers

Clavulicium delectabile (Jacks.) Hjortstam
Clavuliciummacounii (Burt) J. Erikss. & Boidin ex Parmasto,
Conferticiumochraceum (Fr.) Hallenb.

Coniophora arida (Fr.) Karst.

Coniophora betulae Karst.

Coniophora cordensis Rattan

Coniophora deflectens (Bres. & Sydow) Parmasto
Coniophora fusispora (Cooke & Ell.) Cooke

Coniophora olivacea (Fr.) Karst.

Conohypha terricola (Burt) Julich

Corticiumroseum Pers.

Crigtinia helvetica(Pers.) Parm.

Crustoderma corneum (Bourdot and Galzin) Nakasone
Crustoderma dryinum (Berk. & M.A. Curtis)Parmasto
Crustoderma testatum (H.S. Jacks. and Dearden) Nakasone
Cylindrobasidiumevolvens (Fr. : Fr.) Jilich

Dacryobolus karstenii (Bres.) Oberw.
Dendrothelealliacea (Quél.) PA. Lemke

Dendrothele Mexicana (PA. Lemke) PA. Lemke
Dendrothele seriata (Berk. & M.A. Curtis) PA. Lemke
Dendrothele strumosa (Fr.) PA. Lemke

Deviodontia pilaecystidiata (Parmasto) Hjortstam & Ryvarden
Dichostereum kenyense Boidin & Lang.

Dichostereum peniophoroides (Burt) Boidin & Lang.
DuportellaMirandaBoidin, Lang. & Gilles
Fibriciellumsilvae-ryae J. Erikss. & Ryvarden
Fibriciumrude (Karst.) Jilich

Fibrodontia gossypina Parm.

PUN (4841)

PUN (6214, 6215)
PAN (19253)
PUN (1851, 3415)
PUN (6017)

PUN (6016)

PUN (6015)

PUN (4859)

PUN (4863)

PUN (4199, 5001)
PUN (5000)

PAN (19289)
PUN (6502)

PUN (3429, 4890)
PUN (3603, 3604)
PAN (19235)
PAN (19622)
PAN (19633)
PAN (19533)
PUN (4842)

PUN (1849, 3416)
PUN (4542)

PAN (19392)
PUN (6058, 6059)
PUN (5015, 5016)
PAN (19420)
PAN (19575)
PAN (19546)
PUN (6025, 6026)

PAN (19427, 19583)

PAN19355, 19544
PUN (4504)

PUN (3419, 3579)
PAN (19477)
PUN (4444,4447)
PUN (3491, 4450)
PUN (3816, 4451)
PAN (19462)
PAN (19641)
PUN (4902)

PUN (6088, 6089)
PUN (4906)

PUN (6090, 6091)
PUN (6103, 6104)
PUN (4971)

PUN (5145)

PUN (6266, 6267)
PUN (1408, 1834)
PUN (1835, 1837)
PAN (19669)
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Fibulomyces cystoideus Dhingra

Fibulomyces mutabilis (Bres.) Julich

Galziniaincrustans (H6hn. & Litsch.) Parmasto
Gloeocystidiellum clavuligerum (H6hn. & Litsch.) Nakasone
Gloeocystidiellumlactescens (Berk.) Boidin

Hastodontia halonata (J. Erikss. & Hjortstam) Hjortstam & Ryvarden

Hymenochaete luteobadia (Fr.) H6hn. & Litsch.
Hymenochaete rhabarbarina (Berk.) Cooke
Hymenochaete separate G. Cunn.

Hyphoderma argillaceum (Bres.) Donk

Hyphoderma cremeoal bum (H6hn. & Litsch.) Jilich
Hyphoderma deviatum (S. Lundell) Parmasto
Hyphoder ma guttuliferum (P. Karst.) Donk
Hyphoderma luridum (Bourdot & Galzin) J. Erikss. & Hjortstam
Hyphoder ma macedonicum (Litsch.) Donk
Hyphoder ma medeoburiense (Burt) Donk

Hyphoder ma obtusum J. Erikss.

Hyphoderma occidentale (D.P. Rogers) Boidin & Gilles
Hyphoderma or phanellum (Bourdot & Galzin) Donk
Hyphoderma pallidum (Bres.) Donk

Hyphoderma praetermissum (Karst.) J. Erikss. & Strid
Hyphoderma puberum (Fr.) Wallr.

Hyphoderma rude (Bres.) Hjortstam and Ryvarden
Hyphoderma sambuci (Pers.) Julich

Hyphoderma setigerum (Fr.) Donk

Hyphoder ma sibiricum (Parmasto) J. Erikss. & A. Strid
Hyphodermaterricola (Burt) K.J. Martin and Gilb.
Hyphoder ma tsugae (Burt) J. Erikss. and A Strid
Hyphodontia abieticola (Bourdot & Galzin) J. Erikss.
Hyphodontia alutacea (Fr.) J. Erikss.
Hyphodontia aspera (Fr.) J. Erikss.

Hyphodontia barbajovis (Bull.) J. Erikss.

Hyphodontia hastata(Litsch.) J. Erikss.

Hyphodontia juniperi (Bourdot & Galzin) J. Erikss. & Hjortstam
Hyphodontia nespori (Bres.) J. Erikss. & Hjortstam
Hyphodontia pallidula (Bres.) J. Erikss.

Hyphodontia propinqua Hjortstam

Hypochnicium caucasicum Parm.
Hypochniciumcremicolor (Bres.) H. Nilsson & Hallenb.
Hypochnicium erikssonii Hallenb. & Hjortstam
Hypochnicium geogenium (Bres.) J. Erikss.
Hypochnicium punctulatum (Cooke) J. Erikss.
Hypochnicium sphaerosporum (Hohn. & Litsch.) J. Erikss.
Hypochnicium subrigescens Boidin

Intextomyces contiguus (Karst.) J. Erikss. & Ryvarden
Kneiffiellamicrospora (J. Erikss. & Hjortstam)
Kneiffiella subalutacea (P. Karst.) Julich and Stalpers
Lauriliasulcata (Burt) Pouzar

Laxitextumincrustatum Hjortstam & Ryvarden
Leptosporomyces galzinii (Bourdot) Julich

PAN (19365)
PUN (1468, 3511)
PUN (4907)

PUN (6209, 6210)
PAN (19502)
PUN (6105, 6106)
PUN (3081, 3082)
PUN (6119, 6121)
PUN (3449)

PAN (19221)
PUN (4221)

PUN (3353, 3355)
PUN (4459, 4460)
PUN(5134)

PUN (4463, 4464)
PUN (1883, 3752)
PUN (4465)

PUN (4051)

PUN (4619)

PAN (19609)
PAN (19501)
PAN (19512)
PAN (19837)
PAN (19753, 19871)
PAN (19534)
PUN (4203, 4615)
PUN (4504)

PAN (19106)
PUN (6184)

PAN (19625)
PAN (19433)
PUN (4948)

PUN (4950)

PUN (4952)

PAN (19745)
PAN (19475)
PAN (19267)
PAN (19011)
PUN (4516)

PUN (4508)

PAN (19121), PUN (4500)

PUN (3824, 4507)
PAN (19005)
PUN (4520)

PAN (19550)
PUN (6188, 6189)
PUN (6190, 6191)
PAN (19642)
PUN (4174, 4966)
PUN (4864)
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Leptosporomyces raunkiaerii (Christ.) Jilich
Leptosporomycesroseus Julich

Leptosporomyces septentrionalis (J. Erikss.) Krieglst.
Licrostroma subgiganteum (Berk.) Lemke
Lophariacrassa (Lev.) Boidin

Megalocystidium luridum (Bres.) Jilich
Odonticium flavicans (Bres.) Nakasone
Pachykytospora tuberculosa (Fr.) Kotl. and Pouzar
Paullicorticium delicatissimum (Jacks.) Liberta
Peniophora limitata (Fr.) Cooke

Peniophora ovalispora Boidin, Lang. & Gilles
Peniophora pithya (Pers.) J. Erikss.

Peniophora rufomarginata (Pers.) Litsch.
Peniophorella clavigera (Bres.) K.H. Larss.

Peniophorella echinocystis (J. Erikss. & A. Strid) K.H. Larss.

Peniophorella praetermissa (P. Karst.) K.H. Larss.
Phanerochaete calotricha (P. Karst.) J. Erikss. & Ryvarden
Phanerochaete filamentosa (Berk. & Curt.) Parm.
Phanerochaete galactites (Bourdot and Galzin) J. Erikss. & Ryvarden
Phanerochaete septocystidia (Burt) J. Erikss. and Ryvarden
Phanerochaete sordida (Karst.) J. Erikss. & Ryvarden
Phanerochaete tropica (Sheng H. Wu) Hjortstam
Phanerochaete velutina (DC. : Fr.) Karst.

Phlebia cornea (Bourdot & Galzin) Parmasto

Phlebia deflectens (P. Karst.) Ryvarden

Phlebia expallens (Bres.) Parmasto

Phlebia gaspesica

Phlebia griseoflavescens (Litsch.) J. Erikss. & Hjortstam
Phlebia livida (Fr.) Bres.

Phlebia ochraceofulva (Bourdot & Galzin) Donk
Phlebiarufa (Pers. : Fr.) M.P. Christ.

Phlebia segregata (Bourdot & Galzin) Parmasto

Phlebia singularisa Dhingra

Phlebiella ardosiaca (Bourdot and Galzin) K.H. Larss. and Hjortstam
Phlebiella allantospora (Oberw.) Larss. & Hjortstam
Phlebiella grisella (Bourd.) Larss. & Hjortstam

Phlebiella subflavido-grisea (Litsch.) Oberw.

Phlebiella tulasnelloidea (H6hn. & Litsch.) Oberw.
Phlebiopsis gigantea (Fr.) Julich

Pseudotomentella atrofusca M.J. Larsen
Pseudotomentella tristis (P. Karst.) M.J. Larsen
Punctularia atropur purascens (Berk. & Br.) Petch
Radulomyces confluens (Fr.) M.P. Christ.
Resiniciumfriabile Hjortstam & Melo

Scotoderma viride (Sacc.) Jilich

Scytinostroma albocinctum (Berk. & Broome) Boidin & Lang.
Scytinostroma alutum Lang.

Scytinostroma galactinum (Fr.) Donk

Scytinostroma hemidichophyticum Pouzar

Scytinostroma ochroleucum (Bres. & Torrend.) Donk

PAN (19431)

PAN (19557), PUN (4866)

PUN (5088)

PAN (19520), PUN (4909)

PAN (19768)
PUN (3663, 3664)
PUN (6130, 6131)
PUN (4578, 4579)
PUN (4899)

PAN (19615)
PUN (6279)

PUN (3839)

PAN (19002)
PUN (4459, 4460)
PUN (6162)

PUN (1880, 3432)
PUN (4200)

PAN (19414)
PAN (19104)
PUN (4552)

PAN (19464)
PUN (4222)

PAN (19581)
PUN (3445)

PUN (4548)

PUN (4908)

PUN (4624)

PUN (3682)

PAN (19618)
PUN (4529)

PUN (4156)

PUN (4531)

PAN (19612)
PUN (4622)

PAN (19631)
PAN (19263)
PAN (19245)
PAN (19713)
PAN (19410)
PUN (1766)

PUN (5037)

PUN (6100)

PUN (4362)

PUN (4922)

PUN (3493)

PUN (4979)

PUN (4980)

PUN (6257)

PUN (6259)

PAN (19147)
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Scytinostromella heterogena (Boud. & Galz.) Parm.
Serpula himantoides (Fr.)Cunn.,

Sderalunata (Romell ex Bourd. & Galz.) Miettinen & K.H.Larss.

Sstotrema binucleosporum Hallenb.
Sistotrema heteronemum (J. Erikss.) A. Strid

Sistotrema octosporum (J. Schrét. ex Hohn. & Litsch.) Hallenb.

Sstotrema porulosum Hallenb.

Sistotrema subtrigonospermum D.P. Rogers
Sistotremastrum niveocremeum (H6hn. & Litsch.) J. Erikss.
Sistotremastrum suecicumLitsch. ex J. Erikss.
Sereuma canthophysatum Rehill & Bakshi
Sereumaustralel loyd

Sereum gausapatum Fr. : Fr.

Sereumhirsutum (Willd. : Fr.) Gray

Sereumostrea (Blume& Nees: Fr.) Fr.,

Sereum sanguinolentum (Alb. & Schw.) Fr.
Stereum subtomentosum Pouzar

Subulicystidium meridense Oberw.

Suillosporium cystidiatum (D.P. Rogers) Pouzar
Thelephora atra Weinm.

Thenatophorus obscures (D.P. Rogers) P. Roberts
Thenatophorus ochraceus (Massee) P. Roberts
Tomentella asperula (Karst.) Hohn. & Litsch.
Tomentellabicolor (Atk. & Burt) Bourdot & Galzin
Tomentella brevispina (Bourd. & Galz.) M.J. Larsen
Tomentella chlorina(Mass.) Cunn.

Tomentella cinereoumbrina (Bres.) Stalpers
Tomentella cladii Wakef.

Tomentella clavigera Litsch.

Tomentellafibrosa (Berk. & M.A. Curtis) Kdljalg
Tomentella galzinii Bourdot

Tomentella griseoviolacea Litsch.

Tomentella lapida (Pers.) Stalpers
Tomentellamuricata (Ellis & Everh.) Wakef.
Tomentella nitellina Bourdot & Galzin
Tomentella olivascens (Berk. & M.A. Curtis) Bourdot & Galzin
Tomentella puberula Bourdot & Galzin

Tomentella pyrolae (Ellis& Halst.) M.J. Larsen
Tomentellaradiosa (P. Karst.) Rick

Tomentella scobinella G. Cunn.

Tomentella stuposa (Link) Stalpers

Tomentella subalpine M. J. Larsen

Tomentella subclavigera Litsch.

Tomentella subilacina (Ellis & Holw.) Wakef.
Tomentellaterrestris (Berk. & Broome) M.J. Larsen
Tomentella testaceogilva Bourdot & Galzin
Tomentella variecolor Malencon
Tomentellaviridula Bourd. & Galz.

Trechispora praefocata (Bourdot & Galzin) Liberta
Trechispora coharens (Schw.) Jilich& Stalpers

PAN (19442)
PAN (19688)
PUN (4859)
PUN (1404)
PUN (6062)
PUN (6064)
PUN (1406)
PUN (4900)
PAN (19542)
PUN (6352)
PAN (19895)
PUN (3453)
PAN (19132)
PAN (19664)
PAN (19804)
PAN (19071)
PUN (5026)
PAN (19857)
PUN (1845)
PUN (1747, 3709)
PUN (4923)
PUN (1840)
PUN (1748)
PUN (5040)
PUN (5041)
PAN (19519)
PUN (6331)
PUN (5048)
PUN (5042)
PUN (6332)
PUN (5043)
PUN (5044)
PUN (1741, 5045)
PUN (1737)
PUN (3412)
PUN (1764, 1765)
PUN (1754)
PUN (5046)
PUN (6333)
PUN (1757)
PUN (5050)
PAN (19322)
PUN (5051)
PUN (5038)
PUN (5052)
PUN (5053)
PUN (5054)
PUN (6350)
PUN (5066)
PUN (1841, 3623)
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209. Trechisporafastidiosa (Pers.) Liberta PUN (5064)
210. Trechisporamicrospora (P. Karst.) Liberta PUN (1472, 1842)
211 Trechispora mutabilis (Pers.) Liberta PUN (3112)
212, Tubulicrinis borealis J. Erikss. PUN (4604)
213. TubulicrinisconfususK.H. Larss. & Hjortstam PUN (4607)
214. Tubulicriniseffugiens (Bourdot & Galzin) Oberw. PUN (4610)
215. Tubulicrinis orientalis Parmasto PUN (4612)
216. Tubulicrinissubulatum (Bourd. & Galz.) Donk PAN (19626)
217. Tubulirinis calothrix (Pat.) Donk PUN (4605)
218. Vararia ambigua Boidin PUN (6260)
219. Vararia minidichophysa Boidin & Lang. PUN (4990)
220. VarariarugosisporaBoidin, Lang. & Gilles PUN (4991)
221 Varariasphaericospora Gilbertson PUN (3637)
222. Vararia trinidadesis Welden PUN (6261)
223, Vel uticeps abietina (Pers.) Hjortstam & Telleria PUN (4911)
224, Xylobolusfrustulatus (Pers. : Fr.) Boidin PAN (19012)
225. Xylobolus subpileatus (Berk. & Curt.) Boidin PAN (19678)
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ABSTRACT

The present investigation was undertaken to conserve, characterize, domesticate and commercidizethePleurotusvariability
prevaentindifferent geogragphica regionsof India Thespecies/isolaesvaried greatly inther culturd, nutritiona, morphol ogicd
and agronomica characters. All the species/isolatesweretropical in naturerequiring 25-30 °C for both vegetative growth
and sporophoreinduction. Among thefive species/isolates studied, the M adurai isolate showed molecular resemblanceto
P. floribundus, theisolate from Western Ghats showed resemblanceto P. djamor var. roseus, pink isolatefrom Balaghat
forest region of Madhya Pradesh belonged to P. djamor, the white isolate from the same region also showed 70%
resemblanceto P. djamor group. The Balaghat isolates showed very high contentsof iron and zinc content and hencecan
play animportant rolein mitigation of malnutritionin India.

K eywor ds: conservation, India, Pleurotus, variability
INTRODUCTION

Pleurotus speciescommonly called as‘ oyster mushrooms' are one of the most gregarious of the cultivated mushrooms
withwide adaptability intermsof environment and growing substrate. India, duetoitsvaried geography and forest typesis
richin mushroom diversity which awaitsits conservation and domestication. The present investigation wasundertaken to
conserve and characterizethe variability of Pleurotusspeciesfound in Indiafor abetter scope of diversification of the
[ndian mushroomindustry.

MATERIALSAND METHODS
Explorations

Explorationswere undertaken in thewestern Ghats of Karnataka (Shimogadistrict) lying between thelatitudes 13°27' and
14°39' N and between thelongitudes 74°38' and 76°04' E at amean altitude of 640 metersabove sealevel. Shimoga
digtrictisapart of theManad region of Karnatakaandisa so known asthe* Gateway toManad’ or * Ma enaadaHebbagilu’
inKannada. A pink Pleurotusdjamor was collected from thisregion. The second exploration wasundertakenintheforest
of Madhya Pradesh (Balaghat district) located at 21°48 N 80°11’ E. It hasan average el evation of 288 meters. A pink
and awhite Pleurotus spp./isolateswere collected from theseforests. Thethird expl oration was donein the Hessaraghatta
campusof [IHR in Bangaloredistrict lying in the southeast of Karnataka. Itispositioned at 12.97° N 77.56° E at an
average €l evation of 920 meters. Bangaloreislocated in the heart of the Mysore Plateau (aregion of thelarger Deccan
Plateau). Theblackish gray P. cystidiosuswas collected growing on Singapur cherry tree (Muntingia calabura) fromthis
area. Thefourth exploration was undertaken in theforest region of Madurai circlein Tamil Nadu. Madurai islocated
between |atitude: 9°55' 59” N and longitude: 78°07' 00" E at an elevation of 136 meters. A white Pleurotus spp/isolate
was collected fromthisregion.

Pureculture

Tissue culture of the species/isolateswereraised from sporophores collected from wild on malt extract agar medium
(MEA) comprising of 50 g malt extract agar powder (HimediaPvt. Ltd. Mumbai) dissolved in 1000 ml of distilled water,
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sterilized at 121 °C, 15 psi pressurefor 20 minutesin glass culturetubes. The cultureswere purified by sub culturingin
Petri plates (90 mm diameter) onthe samemedium. The pure cultureswere stored in refrigerator for further studies.

Validation studies

Mother spawnwas made on half boiled sorghum grainsin 500 ml glassbottlesby thetraditional grain spawn method and
incubated at 27+2 °C. Thefully colonized mother spawnwasused for further inocul ation of planting spawn. Thesubstrate
for planting spawn wassimilar asmother spawn but the contai ner used was 800mm x 1200mm, 150 gauze polypropylene
(PP) bagsand plugged with non absorbent cotton. Spawn substrate preparation, sterilization and incubation weredoneas
described earlier. After compl ete col onization, the planting spawn was used for sporophoreinduction studies.

Sporophoreinduction was studied on sterilized (121°C, 15 psi pressurefor 15 minutes) paddy straw having 65+2%
moisturefilledin polypropylene (PP) bags (1000mmx 1200mm, 150 gauzethickness). Each bag contained 1000 g of wet
paddy straw and inoculated with 50 g of planting grain spawn. The bagswereincubated at 26+2 °C for spawn running
after which they were shifted to cropping roomsand pierced with 25 mm diameter holes (4 holesper bag). Temperature of
26+2°C, humidity of 80-85% and light (two 40 w fluorescent tubesfor 8 hour per day) was maintained in the cropping
rooms. Ventilation was through 4 mesh (insect proof) open ventilators (590 x 450mm) in each cropping room. The
sporophoresof thefirst flush were harvested and fresh tissue culturesrai sed and conserved asdescribed earlier.

Cultural characterization

Culturd characteristicswereinvestigated by eva uating variousphysiological factors(media, temperatureand pH) required
for optimal vegetativegrowth and conservation. Mediatested for optima culturegrowthincluded: malt extract agar (MEA),
potato dextrose agar (PDA), potato malt agar (PMA), potato carrot agar (PCA) and oatmeal agar (OMA), ready-to-use
dehydrated powder from HimediaL aboratories Pvt Ltd, Vadhani Industrial Estate, LBSMarg, Mumbai, India) and Raper’s
Complete medium (RC) containing 20.0 g glucose, 2.0 g peptone, 2.0 g yeast extract, 0.50 g magnesium sul phate, 0.46 g
potassium dihydrogen phosphate and 20.0 g agar powder per liter of distilled water. Wheat extract agar (WEA) andrice
bran agar (RBA) was prepared by boiling 30.0 g of wholewheat grain or rice bran powder in 500 ml of distilled water for
one hour, followed by decanting and filtering through several thicknesses of cheese cloth padded with cotton. Thefinal
volumewas madeup to oneliter with distilled water and 20.0 g agar powder wasadded. All themediaweresterilizedin
autoclaveat 15 b pressurefor 20 minutes. The effect of temperature on mycelia growth was conducted on MEA. Plates
of MEA mediawereinoculated with 7 mmmycdlia discstaken from the periphery of 10 daysold pureculture. Plateswere
incubated at variabletemperatures (15-40 °C at intervalsof 5 °C) and theradia growth wasrecorded at aninterval of 2
days. Theeffect of pH was studied in malt extract broth (malt extract powder 30.0 g, peptone 5.0 g per litre of distilled
water) of variablepH (3.0-8.0, at intervalsof 0.5 pH) and themycdlia dry weight wasrecorded asthe measure of mycdia
growth. Microscopic studiesof the vegetative mycelium and bas diosporeswere a so undertaken.

Agronomical char acterization

Fruiting trial sfor agronomical characterizationwere conducted asdescribed under vaidationtrids. Monthly crop eva uation
wasdonefor threeyears.

Nutritional characterization

Thenutritiona analyssincluded estimation of protein, fat, carbohydrate, vitamin B and mineras. The proximate nutritiona
compositionwasdetermined by themethodsof AOAC [1]. Proximate analysi s studiesincluded the determination of crude
fat (A.O.A.C. 7.056, 1980), crudefiber (A.O.A.C. 7.061, 1980) and crude protein (A.O.A.C.47.021, 1980) using the
conversionfactor (N X 6.25). Carbohydrate was determined by phenol-sul phuric method of Dubois[2]. Mineral nutrient
analysiswasdonewith oven dried (70p C) samplesasper the method described by Piper [3] using KjeltekAut-Anayzer,
Gerhardt, Germany and atomic absorption spectrophotometer (AAS). Water solublevitaminsbiotin (B7), niacin (B3),
pyridoxine (B6), pantothenic acid (B5), folic acid (B9), cyanocoba amine (B12), thiamine (B1) and riboflavin (B2) were
analyzed by UPLC-MS/M Sas per methodology given by Esteveet al.[4]
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RESULTSAND DISCUSSION

Tablesl (a-c) representsthe observationson cultura characterization of different Pleurotus speciesisolates collected from
different geographical regions. All the species/isolates could grow in atemperaturerange of 15-35 °C except P. cystidiosus,
which showed mereinitiation of growth at 15 °C. The optimum temperaturefor mycelia growth of al the species/isolates
was 25-30 °C. Theupper limit of temperature tolerance was 40 °C except for P. cystidiosus, which could not berevived
after exposureto thistemperature. The other speci es/isolates could be revived when brought back to optimal temperature
after high temperature (40 °C) exposurefor 12 days(Table 1a).

Table 1a. Effect of temperature on myceliagrowth of wild Pleurotusisolates/species

Temperature(°C) Radial growth in mm/day
Pleurotus djamor Pink Pleurotusspp.  WhitePleurotusspp. P. cystidiosus White Pleurotus
(Shimogaisolate) (Balaghat isolate) (Balaghat isolate)  (Bangaloreisolat€) (Madurai isolate)

15 554 246 182 Only initiation 7.39

2 803 9.00 818 434 1054

5 1285 150 150 684 1270

0 1107 150 1491 6.25 14.26

K3} 7.69 7.68 321 157 1097

0 No growth 0.00 0.00 No growth (lethal) 000

CDat 1% 090 0.86 071 022 035

Table 1b. Effect of pH on myceial growth of wild Pleurotusisolates/species

H Mycdial dry weight (mg)
Pleurotus djamor Pink Pleurotusspp. WhitePleurotusspp. P. cystidiosus WhitePleurotus
(Shimogaisolate) (Balaghatisolate)  (Balaghat isolate) (Bangaloreisolate) (Madurai isolate)

3 No growth No growth No growth 52 000

35 7396 67.2 84 6.02 0.00

4 66.1 22 816 52 52.34

45 61.23 1024 1302 918 67.40

5 146.26 157.6 1088 10214 103.62

55 23740 2208 1274 33158 13208

6 2022 184.6 1514 34834 13994

65 27543 2204 2082 4369 14380

7 250.23 2582 2322 382.36 14728

75 2722 1326 2336 33813 13898

8 250.63 289 20 364.38 134.36

85 2349 164.2 2208 357.06 13386

9 2853 984 2346 3502 130.70

CDat 1% 465342 150.72 84.86 5745 415
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Table 1c. Effect of different mediaon myceliagrowth of wild Pleurotusisol ates/species

Media Mycdial dry weight (mg)

Pleurotus djamor Pink Pleurotusspp. WhitePleurotusspp.  P.cystidiosus ~ WhitePleurotus
(Shimogaisolate) (Balaghatisolate)  (Balaghatisolate) (Bangaloreisolate) (Maduraiisolate)

MEA 1285 180 180 3H 1279
RC 221 180 180 461 1248
PDA 1125 170 180 374 125
OMA 921 1433 1233 321 7.76
WEA 94 Not studied Not studied 4901 879
RBA 1075 Not studied Not studied 439 1233
PMA 1208 17.86 180 291 833
PCA 1041 180 180 375 7.08
CD at 1% 0.99 189 121 048 029

MEA=Malt extract agar, RC= Raperscompletemedium, OMA=0at meal agar
WEA=Wheat extract agar RBA=Rice bran agar, PDA=Potato dextrose agar
PMA = Potato malt agar, PCA = Potato carrot agar

ThepH toleranceof P. djamor (Shimogaisolate), pink and white Pleurotus spp. (Balaghat i sol ates) was 3.5-9.0 optimum
being 5.5-9.0 (Shimogaisolate), 5.5—7.0 (pink Pleurotus spp, balaghat isolate), 6.5—9.0 (white Pleurotus spp, balaghat
isolate), 5.5—9.0 (P. cystidiosus) and 5.5—9.0 (white Pleurotus spp, Madurai isolate). All the species/isolates could
grow onthe commonly used mycological medialikeMEA, PDA and RC medium. However, P. cystidiosusshowed better
growthon WEA.

Phenotypic variability among the speci es/i sol ates has been shown in Table 2. The sporophore color was pink (Shimoga&
Balaghat isolates), white (Balaghat & Madurai isolates) and black (P. cystidiosusfrom Bangal ore). The sporophore color
gradually becamelighter on maturity. The pileusmarginvaried from smooth tolobed. Stipevaried from rudimentary towell
formed cylindrical among theisolates. Position of the stipevaried from eccentric to sub eccentric to central. The agronomical
variability hasbeen shownintable 3. All species/isolates could be grown on sterili zed/pasteurized paddy straw. P. djamor
(Shimogaisolate) and pink Pleurotus spp. (Baaghat isolate) were short duration cropswith acropping cycle (period from
spawning to getting 80% harvest) of 18-32 days. White Pleurotus spp. (Balaghat isolate) required 25-62 days, white
Pleurotus spp. (Madurai isolate) required 35-48 daysand P. cystidiosus (Banga oreisolate) required 35-48 days. Pleurotus
djamor (Shimogaisolate), white Pleurotus spp. (Madurai isolate) and white Pleurotus spp. (Bal aghat i sol ate) gave higher
sporophoreyield compared to pink Pleurotus spp. (Balaghat isolate) and P. cystidiosus (Bangal oreisolate). The post
harvest shelf lifeof P. cystidiosus (Bangal oreisol ate) was superior than other isolates. It could be stored for 3-4 daysat
room temperature (27-29 °C) and for 15-30 days at 4-5 °C depending on maturity at the time of harvest. The other
species/isol ates showed poor to moderate shelf life (Table4).

Tables5a& b show thenutritional status of different species/isolates. Highest crude protein was observed in white
Pleurotus (Madurai isolate), followed by pink Pleurotusisolates (Balaghat & Shimogaisolates). Highest carbohydrate
content wasin pink Pleurotus (Shimogaisolate) and lowest in P. cystidiosus (Bangal oreisolate). The highest crudefiber
content wasin P. cystidiosus (Bangal oreisolate). Among the mineral sboth white and pink Pleurotus (Bal aghat isol ates)
andwhite Pleurotus (Madurai isolate) showed highest iron content. Highest zinc content was observed in Balaghat isolates
followed by Shimogaisolate. In genera al theisolateswerelow on calcium and high on potassium (Table 5a). Highest
biotin content wasfound in pink Pleurotus spp. (Baaghat i solate) followed by white Pleurotus spp from the sameregion
and P. cystidiosus (Bangd oreisolate), highest niacinwasinwhite Pleurotusspp. (Ba aghat isolate) followed by P. cystidiosus
(Bangaloreisolate). Pyridoxinewashigher in pink Pleurotus spp. (Balaghat isolate) followed by P. djamor (Shimoga
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Table 2. Phenotypic variability among wild Pleurotus isolates/species

Phenotypic
characters

Pleurotus djamor
(Shimogaisolate)

Pink Pleurotus spp.
(Balaghat isolate)

WhitePleurotusspp. P. cystidiosus

(Balaghat isolate)

(Bangaloreisolate)

WhitePleurotus
(Madurai isolate)

Color of pileusat
pinhead stage

Color of pileus
at mature stage

Shape of pileus

Margin of pileus

Rink

Pink (lighter as
compared to
pinhead stage)

Pleurotoid

Smooth

Pileus height Range- 30.19-66.34

(point of attach-  Average-49.9

ment to stipeto

the edge of pileus)

(m

Pileuswidth Range- 25.18-40.19

(fromoneedge  Average-33.94

of the pileusto

theother edge)(mm)

Color andtexture Pink, tough

of stipe a pinhead

stage

Color of gtipe Same as above

a harvest stage

Position of stipe  laterd

Stipelength(mm) Range-12.79-39.61
Average- 25.40

Stipethickness  Range-3.21-7.29

(mm) Average- 5.56

Color of gills Fink

Coremia No

Color of spore Whitewith some

print pink shade

Microscopic Hyphaedimitic,

features basidiospore
cylindrical
(1850x11.731)
with numerous
sterile spores
(2201x12.46)

Rink

Pink (lighter as
compared to
pinhead stage)

Pleurctoidlike
flower dueto
central stipe

Lobed becoming
likeaflower

Range—35.27

Average—26.95-52.70

Range-19.50-56.32
Average-32.21

Whitish pink

Same as above

Eccentricto centrd

Range-24.79—-47.47
Average- 32.47

Range-5.86—11.37
Average-8.75

Rnk
No

Whitewith some
pink shade

Hyphaedimitic,
basidiospore
cylindrical
(19.48x10.94 1)

White

White

Pleurotoid becoming
funned shaped on
maturity

Wavy

Range—25.8—-38.5
Average—31.5

Range—27.5-62.7
Average—37.22

White

Same as above

Eccentricto centra

Range—33-57
Average—41.79

Range—8.66- 12
Average—10.33

White
No

White

Hyphaedimitic,
basidiospore
cylindrical
(19.56x9.791)

Black

Black, sometimes
fading to brown

Pleurotoid

likeon maturity
Smooth

Range-56.84-130.5
Average—73.92

Range-72.07-100.5
Average—82.60

Gray brown, hard

Same as above

Laterd

Range—33.05-84
Average—45.92

Range—9.05-16.2
Average—11.90

Creamishwhite

Yes, black heads
withwhitestalks,
singlecdled

White with grayish
tinge

Hyphae monomitic,
conidiaonecdled,
basidiospores
cylindricdl,
(12-14x4-54)

White

White

Pleurotoid
becoming
flattened plate

Smooth

Range8.6—23.5
Average-15.46

Range-17.7-31.6
Average—25.26

White

Same as above

Eccentricto centra

Range—8.6-34.35
Average-25.75

Range-3.83-6.23
Average-4.63

White
No

White

Hyphaedimitic,
basidiospore
cylindrical
(2341x11.201)
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Table 3. Agronomical characters of wild Pleurotusisolates/species

Agronomical parameters  Pleurotus djamor

Pink Pleurotusspp. WhitePleurotusspp. P. cystidiosus

WhitePleurotus

(Shimoga (Balaghat (Balaghat (Bangalore (Madurai
isolate) isolate) isolate) isolate) isolate)

Spawn running period (days) 1819 1819 2324 24-32 2022
Timetaken for 1% harvest after 67 67 910 1327 1920
opening of bags (days)
Averageyield of 1% flush 106.37 7438 11751 4210 12068
(g per kg wet substrate)
Averageyield of 2™ flush 3362 26.00 4815 59.76 55.16
(g per kg wet substrate)
Averageyield of 3¢ flush 3270 1682 5133 4473 46.66
(g per kg wet substrate)
Period to obtaining 80% or more 410 410 7-33 1960 1531
of total yield after opening of bags
(days)
Cropping period from spawning 1832 1930 2562 42-90 3548
to getting 80% or more of total yield
(days)
Cropping cyclefrom spawning 2034 21-32 27-64 4P 37-50
to cleaning of rooms (days), 2
cleaning days common for all
Number of possible cropsin 18.25-10.73 17.38-11.40 1351-5.70 8.29-3.96 9.86-7.3

365 daysin agiven space

Table 4. Post harvest storage studies of wild Pleurotus isolates/species

Specieslisolate

Post harvest storagein trays
wrapped with antifogfilm (27-29 °C)

Post harvest storagein trays
wrapped with antifog film (4-6 °C)

Pleurotus djamor
(Shimogaisolate)

Pink Pleurotus spp.
(Balaghat isolate)

White Pleurotus spp.

(Balaghat isolate)

P. cystidiosus
(Bangaloreisolate)

White Pleurotus
(Madurai isolate)

Shelf life 1-2 days depending on the harvesting
stage, sporophore color fades faster on storage.
No aerial hyphae visible on sporophores even
after 48 hours, not soggy

Similar to pink isolate from Western ghats

Same asfor pink isolate from the sameregion

Shelf life 3-4 days depending on the

harvesting stage, color fades on storage.

No aerial hyphae visible on sporophores even
after 3-4 days. The black sporophores show
better shelf life than lighter colored sporophores,
not soggy

Shelf life 1-1¥2 days, browning starts after 24
hours, aerial growth visible on stipe by 36 hours,
becoming soggy

Shelf life 4-6 days depending on the harvesting
stage, color fades slowly on storage, No aerial
hyphae visible on sporophores, not soggy

Similar to pink isolate from Western ghats

Same asfor pink isolate from the sameregion

Shelf life 20-30 days depending on sporophore
maturity, no odor or softening. No aerial hyphae
visible on sporophores even after 25-30 days
storage at low temperature, not soggy

Shelf life 3-5 days, aerial growth visible on stipe by
5" day, becoming soggy
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Table 5a. Proximate composition and mineral content of wild Pleurotusspecies/isolates

Nutritional parameters Pleurotusdjamor  Pink Pleurotusspp. WhitePleurotusspp. P.cystidiosus ~ WhitePleurotus

(Shimoga (Balaghat (Balaghat (Bangalore (Madurai
isolate) isolate) isolate) isolate) isolate)

Crude Protein (% dw) 29.81 30.87 24.56 24.68 36.25
Carbohydrates (% dw) 5059 5141 5322 343 Ul
Fat(% dw) 45 51 49 504 ul
Crudefiber(%) dry weight basis 132 159 142 27.80 Ul
Nitrogen (%) dry weight basis 477 494 393 3% 58
Calcium (%) dry weight basis 0.001 012 0.005 021 0.002
Potassium (%) dry weight basis 223 166 171 21 287
Phosphorus (%) dry weight basis  1.09 060 060 055 149
Magnesium (%) dry weight basis 009 0.102 0085 012 011
Iron (ug/g) dry weight basis 192 30 284 5°] 22
Zinc (ug/g) dry weight basis 156.56 201 169 1m 10

Ul = under investigation

isolate), white Pleurotus spp. (Balaghat isolate) and P. cystidiosus (Bangal oreisol ate). Pantothenic acid washighestin
white Pleurotus spp. (Balaghat isolate) followed by pink Pleurotus spp. (Balaghat isolate), P. cystidiosus (Bangalore
isolate) and P. djamor (Shimogaisolate). Folic acid was highest inthewhite and pink Pleurotus spp (Balaghat isol ates)
followed by P. djamor (Shimogaisolate) and P. cystidiosus (Bangal oreisolate). Cyanocobalaminewashighest in P.
cystidiosus (Bangaloreisolate) followed by white and pink Pleurotus spp (Balaghat isolates) and P. djamor (Shimoga
isolate). Thiamin washighest in P. cystidiosus (Banga oreisolate) and in white Pleurotus spp. (Balaghat isol ate) followed
by pink Pleurotus spp. (Balaghat isolate) and P. djamor (Shimogaisolate). Riboflavin washighest in pink and white

Pleurotus spp (Baaghat i solates) followed by other i solates/spp (table 5b).

Table 5b. Water soluble vitamins of wild Pleurotus species/isolates

Vitamin Pleurotus djamor Pink Pleurotusspp. WhitePleurotusspp. P. cystidiosus WhitePleurotus
(Shimoga (Balaghat (Balaghat (Bangalore (Madurai
isolate) isolate) isolate) isolate) isolate)
FwW DW FwW DwW FwW DwW FwW DW

Biotin (B7) mg/100g 0236 1269 0324 2160 0274 1724 0198 1081 ul
Niacin(B3) mg/100g 1968 10585 1321 8807 3659 23021 3216 17551 ul
Pyridoxin (B6) mg/100g 0102 0549 0124 0827 0094 0591 0071 0387 ul
Pantothenic acid (B5) mg/100g 0949 5104 1159 7727 1959 12325 1312 7160 ul
Folicacid (B9) pg/100gm 3200 17212 4800 32000 5200 32717 2100 11460 ul
Cyanacobdamine(B12) pg/100gm 0761 4.093 0954 6362 1742 10962 2612 14257 ul
Thiamine (B1) mg/100g 0106 5753 0103 687 0117 7402 0139 75%4 ul
Riboflavin (B2) mg/100g 0226 1216 0654 3693 0286 1799 0214 1168 ul
FW = Fresh weight DW =Dryweight Ul =under investigation



Proceedings of the 8" International Conference on Mushroom Biology and Mushroom Products (ICMBMP8) 2014

Numerousstudiesin Indiahave been conducted earlier onthe occurrence of indigenous Pleurotus species|5, 7]. However,
noneof these studieswerefocused on end to end study from conservation to domestication and commercialization. Thisis
thefirgt attempt to present acompleteinvestigation on Pleurotusvariability of Indiawith aview to conserveand develop
acompletetechnology for the utilization of thewild species. Similar studieswere conducted by Lechner etal. in Argentina
[8]. Theauthorsreported the occurrence of threevarietiesof P. djamor: var djamor, var. cyathiformisand var. roseus
and P. cystidiosus. These two species seem to be widely distributed in the tropical and subtropical regions. Thewild
specieswerevery highinVitamin B, protein, iron and zinc content. Hencethese wild speciescan play apivota rolethrough
fortificationin mitigating minera manutrition and for breeding nutritionally rich commercid strainssuitablefor India
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ABSTRACT

A widevariety of mushrooms, including the edible, nutraceutical and medicinal ones, are present in Italy, asmall country
characterized by agreat habitat richness. Inevitably, the extensive action of many mycophiles collecting sporophores,
mainly for culinary uses, can impact on thisimportant source of biodiversity. In order to protect theraretaxa, also
collecting their biological material for application purposes, conservation ex situissuggested.

Wood-inhabiting fungi were collected from Italian Alps, Apennines, wood plainsand M editerranean areas. Pure culture
isolation wascarried out from fruiting bodiesin experimental sterile conditions. The culturecollection hasbeenregistered at
theMycological Laboratory of PaviaUniveraty (Italy). Infew yearsabout 150 specieswereisolated and, among them,
some rare and precious taxa such as Ganoder ma pfeifferi Bres., Laricifomes officinalis (Batsch) Kotl. & Pouzar,
Lenziteswarnieri Durieu & Mont. and Perenniporia meridionalis Decock & Staplersdeserveto be mentioned. Itis
well known that medicina mushroom bioactivities could depend not only on biological characteristics(i.e. thegenetic
profile) but also on the geographical origin and the substrate. Therefore, Italy could really become anew resource of
different fungal ecotypes, characterized by different and potentially useful propertiesworthy to beinvestigated.

K eywor ds. medicinad mushrooms, mycelia, oporophores, wood-inhabiting fungi
INTRODUCTION

Italy islocated in Southern Europe and comprisesthe boot-shaped Italian Peninsulaand anumber of idandsincluding the
twolargest, Sicily and Sardinia. Most of theland issurrounded by Mediterranean sea. It iscrossed by ApennineMountains,
which arelike abackbone, whilethe Alps form most of itsnorthern boundary, where Italy’s highest point islocated
on Mont Blanc (4,810 m/15,782 ft). Thelongest river isthe Po, that flowsin the Padan plain, bounding area of the
continental climatefrom the Mediterranean one. Inthenorth afew lakes, dueto glacia deposits, lead to M editerranean
microclimatestoo. The country issituated at the meeting point of the Eurasian Plate and the African Plate, leading to
considerable seismic and volcanic activity: thereare 14 volcanoesin Italy, four of which aretill active.

Thanksto thelongitudinal extens on of the peninsulaand to themostly mountainousinterna conformation, theclimate of
Italy ishighly diverse. Inmost of theinland northern and centra regions, theclimaterangesfrom humid subtropica to humid
continental and oceanic. The coastal areas generally fit the Mediterranean climate stereotype (Koppen climate
classification Csa). Conditions on peninsular coastal areas can bevery different from theinterior’shigher ground and
valleys, particularly during thewinter monthswhen the higher dtitudestend to be cold, wet, and often snowy. The coastal
regionshave mild wintersand warm and generaly dry summers, athough lowland valleys can be quite hot in summer.

Therefore, evenif Italy isarelatively small country it ischaracterized by numerousdifferent habitatswhere many fungal
speciesarepresent [1, 2] aswell asmany mycophilescollecting fruiting bodiesmainly for culinary uses. Anyway theuse of
wild fungi asofor other purposes datesback to ancient civilizations, for instance Amanita caesarea, Caesar’smushroom
[1]. Despitethelong tradition thetoxicity or edibility of some non-timber forest product isstill dubious. Keeping onthis
topic, itiswell known that the genus Amanita includes various species edibl e or not, poisonous and sometimes even
deadly: among the group of thewhite ones, Amanita ovoidea is described as both edible and with agood taste, on the
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other hand thismushroom seemsto have caused several casesof poisoning, at least inItaly, classified asalenic norleucine
syndrome. Phytochemical screening showsavery low presence of amino acidsand for thisthe poisoning by allenic
norleucine seemsto beexcluded. In respect to the environment, A. ovoidea, liketheedible A. caesarea, can accumulate
high amounts of heavy metalsand could therefore be harmful to humans[2]. Finaly, assaid before, therearetill to solve
numerous questionsevenif scientific and technological progressisincreased. In spiteof thenumerousactivitiesof Itaian
mycol ogists, belonging to scientific research centres or amateur groups, concerning different aspectssuch asbiodiversity
and mapping [ 3, 4] theimportance of fungi in nature conservationisstill limited and it hasto bevigoroudy promoted.

Besdes, duringthelast decade, theinterest in medicina mushroomshasbeenincreasing, especialy becauseadmost al the
better-known specieshaving officina propertiesgrow intheltalian areas. In order to protect thesefunga speciesfroman
extens ve collection threatening the raretaxa, conservation ex situ could be suggested [ 5, 6]. Culture collectionsplay a
key rolein preservation and maintenance of fungal genetic resources and they are animportant tool to get biological
material for application purposes [7].

Aimsof thepresent work are: @) toinvestigate sel ected areasfavorabl eto the devel opment of wood-inhabiting bas diomata;
b) to identify the speciesby meansof the morphol ogical approach; c) toisolatethe myceliain pure culture; d) to confirm
thedtrainidentification by molecular andysis.

MATERIALSAND METHODS
Sampling sites

According to thespecific research activities of the authors, someltalian environmentswereinvestigated morein detail and
for alonger timethan others. Wood-inhabiting fungi were collected from different habitats of Itdian Alps, Apennines, wood
plainsand M editerranean areas. Theattention hasbeen particularly focused on both “ polyporoid” fungi and Corticiaceae
[8-11].

Purecultureisolation

| solation of myceliain pure culture was performed according to the methodol ogy provided by [12] and [13]. Each one of
thefollowing gepspresupposeshigh attentionin preventing fungd materid and culturemediumfromany externd contaminants;
decayed and/or infested specimens were avoided aswell. 1) The sporophores were opened aseptically to make the
context accessible; 2) few mm? of context were drawn by meansof lancet; 3) drawn materia wasinocul ated by penetration
into Petri dishes containing culture medium (e.g. MEA 2% or PDA 4%); 4) most speciesgrew well at 25 °C, during their
initid phase. At firgt, antibioticswere added to the cultura medium. Each strain wasregistered at the Mycotheque of Pavia
University (DSTA) and to the Culture Collection of Miconet Srl (PaviaUniversity-academic spin off). Cultureswere
maintained at 4 °C on 2% Malt Extract Agar (MEA) plates (Biokar Diagnostics).

Molecular analyses

Culturesweregrownin 200-ml Erlenmeyer flasks containing 50 ml of malt extract broth on arotary shaker (100 rpm) for
10dat 25 °C. Biomasswas collected in microcentrifuge tube and DNA was extracted with CTAB method [ 14].

CTAB (hexadecyltrimethylammonium bromide) lysisbuffer (2%) were added to fresh biomassand myceliumwasground
with sterile pestle. Extraction was performed with aphenol-chloroform- isoamyl a cohol (25:24:1) solution. Afterward the
phaseswere separated by centrifugation and DNA was precipitated from the agueous phase with an equal volume of
isopropanal. Total nucleic acidswere collected by centrifugation, the pellet was rinsed with 70% ethanol, and the nucleic
acidsweredissolvedin 100 ul steriledeionized water.

Internal transcribed spacer- I TSregionwasamplified usingtheprimer pair ITS15 -TCCGTAGGTGAACCTGCGG-3
and ITSA5 -TCCTCCGCTTATTGATATGC-3' [15]. Each PCR reaction contained 1 pl of fungal DNA, 1X DNA
polymerase buffer, 0.2mM dNTPmix (dUTP, dATP, dGTP, dCTP), 0.21M (each) of ITSLand I T$4, and 0.025 U/il of
Taq DNA polymerase (5 PRIME, Germany) in atotal volumeof 25 pl.
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Theamplification reactionswereruninaBIORAD thermocycler withaninitial denaturation of 5minat 95 °C, followed by
39cyclesof 35secat 95°C, 35secat 55 °C, and 50 sec at 72 °C, with afinal extension step of 72 °C for 8 min. PCR
productswereanayzed by el ectrophoresisinal% agarosegel in 1X TAE buffer [(40mM Tris, 20mM aceticacid, 1 mM
EDTA (pH 8)], stained with ethidium bromide. Furthermore, the PCR productswere purified usng theWizard SV Gel and
PCR Clean-Up System (Promega) and sent to Macrogen (The Netherlands) for sequencing. The obtained sequences
were assembled, corrected and subsequently analyzed by BLA ST searchesusing the GenBank (NCBI) and Mycobank
(CBY) databases. Taxonomic assignment were based on similarity to reference sequences of these databases; afterward
genotypicidentification was compared with phenotypeidentification.

RESULTSAND DISCUSSION

Infew yearsabout 150 specieswereisolated, anong them there are somerare and precioustaxa both with well known
medicinal properties, such asLaricifomesofficinalis(Batsch) Kotl. & Pouzar (1.2.L01 & 1.2.L02) and Ganoderma
pfeifferi Bres. (1.2.Gpf1), and others never investigated before, such asLenziteswarnieri Durieu & Mont. (1.2.Lw1,
12Lw2, 1.2 w3, 1.2.Lw4) and PerenniporiameridionalisDecock & Stalpers(1.2.Pm1). Tothebest of our knowledge,
thestrainsof dl these speciesaremaintained inthe Mycotheque of PaviaUniversity (DSTA) and in the culture collection of
Miconet representing thefirst Italianisolations.

Molecular analysiswerecarried out in order to confirm theisol ates or to supplement morphol ogical identification of those
fungd strainsbel onging to taxa whoseidentification wascritical. The comparison of the obtained | TS sequences obtained
with the ones deposited in the avail able databases has a | owed to confirm the taxonomic assignment at the specieslevel,
withasimilarity higher than 99%. Ganoderma resulted the genuswith major di screpanci es between morphol ogical and
molecular analyses, however itiswell knownthat it presentsagrest variability in macroscopic charactersof basidiocarps,
thusleading to confusion in thetaxonomy of the genustoo [ 16]. The same authors declared that Ganoder maisthe most
difficult genusof al polypores. Almost al the species present in Europe have been collected during this study, for many of
them themycelium was successfully isolated in pure culture. Themost remarkable strain resulted G. pfeifferi, agpeciesthat
growsquiteexclusively in Europe, till now poorly investigated. Someinteresting datapublished inthelast yearsreport the
identification of new chemical substancesrelated toit, named ganomycinsA, B andK [17, 18]. G. pfeifferi hasbeen
reported only infew Italianlocations, mostly in Tuscany (Centrd Italy) [3].

Among the macrofungi famousfor their medicinal properties, L. officinaliswas detected, alignicolousfungusstrictly
related to the hol oartic mountains, ontheAlpsit growsexclusively on old and thick larch trees (Larix decidua), aspecies
endemicfor Europe. Thefungus hasbeenwell known since 1st Century A.D. for itshealing properties, being used to treat
severa diseases, especialy pulmonary ones. It isnowadaysrecognized that L. officinalis producesantibiotic substances,
particularly efficient against Mycobacteriumtuberculosis[19, 20]. Dueto the past extensive collection, L. officinalis
became so rareto be supposed a most extinct. Consequently elght European countries (Italy not included) includeditinto
theRed Lists of threatened species. In Switzerland, for example, programsof habitat protection together with aspecific
censuslet L. officinalisspread again [21]. InItdly, till now, the sporocarpsof thisspecieshave beenregisteredinonly four
locations: inthe Graian Al pstwo reports (2000 and 2013), onereport in the Retic Alps (2013) and one nearby the* Monte
Rosa’ (2014). Consequently, itsinclusionintheltalian Red Listsas near threatened (NT) has been recently proposed
(personad communication). Themycdiumwasisolated from Graian (Fig. 1) and Retic (Fig. 2) specimens, both collectedin
late summer 2013. Thesporophoresdid not present al themorphologica charactersuseful toidentify to speciesleve. The
exact identification wasobtained by DNA analysis(Fig. 4) of liquid culture of themycdiaisolated from Graian (1.2.Lo2—
Fig. 3) and Retic (1.2.L01) specimens. Sequencesare going to be deposited in GenBank as soon aspossible.

Among theuncommon or rareand poorly investigated species, L. warnieri and P. meridionalis deserve more attention.
Both prefer warm environmentsand are considered rarein Europe. However, in recent yearsthe reports of theformer in
Italy aresteadily increasing. TheAuthorscollected L. warnieri indifferent sitesof Northern Italy, from humid plainsto
Apennines. It wasregistered alsoin other few Italian areas[3]. Thedtrainsof thisspeciesarenot dwaysarepresentinthe
International Culture Collections. Inthe Mycotheque of the PaviaUniversity four different strains(all collected in Pavia
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Figure2. Specimen from Retic Alps (2013)

ib 1d 1e 3¢ 3a 3b

Contr

Figure3. Myceliumin pureculture (1.2.L02) Figure 4. Elettrophoretic running of PCR products: 3a and 3b
respectively belongto Retic and Graian strains (1.2.Lo1 & 1.2.L 02)

province) have been maintained till now and their identification has been confirmed by meansof theanaysisof ITS
sequences, compared with Mycobank and GenBank databases. The genus Perenniporiawas revised by Decock and
Stalpers[22] withthe assessment of P. meridionalisat specieslevel, previously named P. medulla-panis. Despitethis
taxonomic problem, the speciesisquiterarein our Country [3, 5]. It was collected only once, in Northern Italy, nearby the
Iseolake. Alsointhiscase, the DNA analysis agreeswith the morphol ogical identification. Finally, recent studies[23]
revealed that both the detected speci es possessinteresting enzymatic activities, when they grow on anatural substratum.

CONCLUSION

Itiswell known that medicina mushroom bioactivitiescould depend on different characteristicssuch asthegenetic profile,
the geographical provenance and the substrate [24]. Therefore Italy, as already happened for other countries, could
becomeavery interesting source of different fungal ecotypes, characterized by new and different propertiesworthy to be
investigated. Furthermore, some species collected by theAuthorsin Italy (for exampleL. officinalis) areclassified as
endangered and protected speciesin other European countries. Their in Situ conservation woul d be consequently necessary,
avoiding the destruction of the habitat and preserving thesefungi from uncontrolled actionsof picking. Moreover, asquoted
by other authors[25 the ex situ conservation by meansof culture collectionsisan indisputabletool to get biological
material for application purposesand to improve sustai nabl e agriculture and economy.
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ABSTRACT

Family Pluteaceaethe” pink spored family” fallsunder order Agaricales. It includes4 generaspread over 346 species
[7]. Presently, 30 speciesfalling under 3 generaof thisfamily, Pluteus,\olvariella and ol vopl uteus, have been collected
fromvariouslocalitiesof NorthWest India. Of these 7 species, 4 varietiesare presented asnew to scienceand while 11 are
recorded for thefirst timefrom India. The genus Pluteusis defined by the presence of bilateral convergent tramaand
carpophore stipelacking both theannulusand volva, whilegenus \olvaridla hashbilatera convergent tramawith the stipe
lacking an annulus, the genus Vol vopl uteusisanewly constructed genus on the basis of sporesizemorethan 11 um and
stipewith volvaand no annulus. The pluteoid mushroomsoccur in abundancein thetropical region, they comeupearly in
themonsoon season, mostly they areterrestria, few arefolicolousand lignicolous, only genus \Volvariellawas collected
from coprophilous habitat. In the study area\olvariella bombycina, V. diplasia and Vol vopluteus gloi ocephalus are the
other commonly hunted mushrooms from thewild for human consumption. These speciesare also being cultivated
commercialy. Their wild relativesare of common occurrencein North Western India. From the surveysit hasbecome
gpparent that thereisenoughwild germplasmfor utilization in strainimprovement programmein paddy straw mushroomin
study area. Various availablewild species of \Volvariella, namely V. bakeri, V. terastia, V. taylorii and V. cubensis, etc.
possessesacceptabl e agronomic feetureswith possibilitiesof introductioninto cultivated commercid strainsthrough breeding
experiments.

Keywor ds. systematics, pluteaceae, new species, new varieties, new records, India
MATERIALSAND METHODS

Themateria wascollected from Punjab plains. Themorphologica detailswererecorded from fresh carpophores. Thefied
characterspertaining to gross morphol ogy, shape, color and size of the pileus, stipe and lamellag, presence or absence of
annulus, etc were noted down onthe‘Field key’ provided by Atri et al. [ 1] and the colour terminology used isthat of
Kornerup and Wanscher [8]. The specimenswere hot air dried and packed in cellophane paper bags containing 1-4
dichlorobenzene. The microscopic detail swere studied by cutting free hand sectionsof revived part of the dried specimen
and staining themin 1% Cotton blue or 2% Congo red. The sporeswere studied from the spore print aswell asfromthe
crush mountsof thelamellae, amyloid reaction was checked in Melzer’sReagent. Thedried specimensweredepositedin
the Herbarium, Department of Botany, Punjabi University, Patiaa, (Punjab), Indiaunder PUN for further reference.

RESULTSAND DISCUSSION
Pluteustransitus sp. nov. [Figs. 1(A) & 3]
Etymology: Epithet namerefer to transition phase between two sections of genus Pluteus.

Carpophores4.7-7.2 cmin height. Pileus 2.9-4.6 cm broad, plano-convex to flattened depressed; with acute umbo;
surfacepastd ydlow (3A4) with grayishydlow (4C7) a centre; moist; marginregular, splitting at maturity, striated;; cuticle
not peeling flesh white, unchanging, up to 0.3 cm broad; odor mild. Lamellaefree, close, broad (up to 0.6 cm), yellowish
white (4A2), changing to pinkish white (7A2) or reddish white; lamellulae unequal; gill edges smooth. Stipe central to
somewhat excentric, 4.2-6.3 cmlong, up to 0.3 cm broad above, up to 0.6 cm broad at the base, most equal indiameter,
with somewhat bulbousbase, white above pa eydlow (4A3) bel ow, unchanging; smooth; solid; exannulate; volvaabsent.

Basidiospores[20/2/1] (4.0-) 4.8-7.2x (4.0-) 4.8-6.4pum, (L =5.6-6.4pum;L’ =5.9um; W =4.8-5.6 um; W’ =5.2 um;
Q=1.0-1.28(-1.33); Q' =1.15); globose, subglobose to broadly ellipsoid; inamyloid; wall smooth, thick, double;
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apiculate, apiculusup to 0.8 umlong, open poretype. Basidia19.2-32.0x 5.6-8.0 um, clavateto sub cylindrical, granular,
tetragterigmate; sterigmataup to 3.2 umlong. Pleurocystidiametuloid, 43.2-69.0x 11.2-19.2 um, clavate, fusoid withtwo
tofive hooksor prongsat the apex, granular, thinwalled. Cheilocystidia27.2-64.0 x 13.6-25.6 um, broadly clavateto
fusoid, blunt tipped, granular, thin walled. Pileus cuticle subcellular, made up of 16.0-32.0 x 16.0-29.0 um, globose,
subglobosetodlipsoid, thinwaled cells, intermixed with thinwal led, septate, branched, 1.6-8.0 um broad hyphage; pileus
context made up of loosdy arranged, tangled, septate, 1.6- 12.8 um broad hyphae. Hymenophora tramabilatera convergent.
Stipe cuticle made up of longitudinally tangled, septate, 2.0-4.1 um broad hyphae; stipe context made up of septate, thin
walled, 8.2-16.4 um broad hyphae. Clamp connections absent throughoui.

Coallection Examined: Punjab, Pathankot (600 m), Dhar, growing scattered, on dead wood, in angiospermic forest,
Yadwinder Singh, PUN 6448, September 01, 2011.

Distribution and Ecology: Present collection has been found growing scattered on dead angiospermic wood from
Punjab inlate monsoon.

Remar ks: Under genus Pluteusthe presence of metuloid pleurocystidiawith hooksor prongsisthe character of section
Pluteus, whilethe cellular pileuscuticleisadistinctivefeaturein section Celluloderma, asdescribed by Fyod [30, 31].
The presently worked out collection has aunique combination of both these characters of different sections of genus
Pluteusi.e. it hasametalloid pleurocystidiawith hooks and prongs asin section of genus Pluteuswhereasin having a
celular pileuscuticle. It seemstofall under section Celluloderma. Although, itishaving ayelow cap but it doesnot match
with any of the known yellow capped species of thisgenus. The present collection was compared with Pluteus conizitus
whichisasynonymwith P. chrysagius according to Pradeep et al. [24] and asin Mycobank. But in P. conizatusthe
pleurocystidiaarewith smpletipslacking prongsand pileus cuticleistrichodermal . Further the present collection was
matched with P. subcer vinuswhi ch possesses pleurocystidiawith 3-6 prongsat thetipsbut the cap color inthisspeciesis
greyishto fuscous brown rather than pastel yellow of the present collection. From P. agaeothel esthe present collection
differsasinthisspeciesthecapisoff whiteathough the pileuscuticleistrichoderma, pleurocystidiaand cheilocy<tidiaare
with 2-5 prongs. In P. leoninusthe cap color issomewhat similar to the present collection but the cuticleishyphal and the
pleurocystidiaare simple. The present collection wasfurther compared with another yellow capped Pluteusi.e. P. cagtri
but in P. castri the pleurocystidiaare with very small finger like excrescencesand the prongs & hooksarelacking. This
species seemsto be representing atransition phase between section Pluteus and section Celluloder ma. Thus, anew
species Pluteustransitus sp. nov. has been proposed to accommodate this collection.

Pluteus calvitio-stipus sp. nov. [Fig. 1(B) & 4]
Etymology: epithet namerefersto thewhite stipe of carpophore.

Carpophoreupto 10.0 cmin height. Pileusup to 6.0 cm broad, planoconvex with uplifted margins; umbonate; surface
greyish brown (5D3), covered with appressed fibrill ose scal es, white flesh seen through dissociating fibresnear margin;
dry; marginirregular, splitting at maturity; cuticlefully peding; fleshwhite, unchanging, upto 0.4 cm broad; odor disagreegble.
Lamellaefree, close, broad (up to 0.7 cm); light brown (6D4), changing to dark brown on bruising; gill edges serrate;
lamellulae unequal. Stipe central, upto 7.5 cmlong, upto 0.8 cm above, up to 1.3 cm at the base; tapering upward; white,
changing to yellowishwhite (4A2); smooth; solid.

Basidiospores[20/1/1] 6.4-8.0x 5.6-6.4 ym, (L =6.4-8.0pum; L’ =7.2um; W =5.6-6.4 um; W’ =6.0 um; Q =1.12-
1.25(-1.28); Q' =1.18); subgloboseto broadly €lipsoid; inamyloid; wall smooth, thick, double; apiculate, apiculusup to
1.6 umlong, open poretype. Basidia19.2-32.0x 6.4-8.0 um, clavate, granul ar, tetrasterigmateto bisterigmate; sterigmata
upto 3.2umlong. Pleurocystidia35.2-69.0 x 11.2-24.0 um, clavate to fusoi d-ventricose, blunt tipped or sometimeswith
finger like projectionson the apex. Cheilocystidia43.2-72.0 x 9.6-27.2 um, clavate to narrowly clavateto fusoid, blunt
tipped, granular, hyaine, thinwalled. Pileus cuticlemade up of radially arranged, thin walled, septate, 8.0-19.2 um broad
cystidioid hyphae, with acuteto subacute or few are broadly rounded tips; pileus context made up of loosely arranged,
intermingled, septate, 11.2-22.4 um broad hyphae. Hymenophoral tramabilateral convergent. Stipe cuticle made up of
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longitudinally tangled, septate, 2.4-6.4 um broad hyphae; stipe context made up of septate, thinwalled, 4.8-24.0 um broad
hyphae. Clamp connectionsabsent throughout.

Collection Examined: Punjab, Hoshiarpur (295 m), Khadiaa Saniyan, growing solitary, on humicolous soil, Yadwinder
Singh, PUN 6450, July 16, 2008.

Distribution and Ecology: The present collection hasbeen found growing solitary, on humicoloussoil inmid July.

Remarks. The present collection fallsunder section Hispidoderma asit hashyphal pileuscuticle. It was compared with
closely allied speciesof thissectioni.e. Pluteus spilopus (Berk. & Br.) Sacc.and P. albostipitatus (Dennis) Singer. But,
P. spilopus differ from the present collection by possessing dark fuscous brown cap with a stipe covered with black
fibrillose-squamulesand internally the pleurocytidiaand chellocystidiado not exceeded 52.0 umin length ascompared to
72.0umlongin present collection and habitat on wood rather thanterrestrial in the present collection. Further, from P.
albodtipitatusit differsin P. albogti pitatusthe habit islignicolous and the cap isstriate at the margin the sporesarelarger
i.e.7.5-9.0x 5.5-7.0 umin comparison to 6.4-8.0 x 5.6-6.4 um in presently examined collection and the pleurocystidia
arewith subapical constrictionswhichisnot inthecaseinthe present collection. The present collectionisrecognized by
greyish brown cap, whichiscovered with appressed fibrill ose scal es, white flesh seen through dissociating fibres near
margin, non striate cap margin and stipewhite, changing to yellowish white on handling, non fibrillose, basidiospores
subgloboseto broadly dlipsoid; pleurocystidiaand cheilocystidiaclavate, fusoid to fusoid-ventricosein shape. The present
collection does not fit into any of the known species of Pluteusin section Hispidoderma. Therefore, anew species
Pluteus calvitio-stipus sp. nov. have been proposed to accommodate present collection.

Pluteus ortonii sp. nov. [Fig. 1(C) & 5]
Etymology: epithet name dedicated tothe P.D. Orton for hismonumental work on genus\olvariella and Pluteus.

Carpophores7.5-7.8 cmin height. Pileus5.0- 5.8 cm broad, convex; broadly umbonate; surface pinkishwhite (10A2),
covered with reddish grey (11B2) to brownish grey (7C2) to greyish brown (7D 3) appressed fibrill ose scales; moist;
marginirregular, splitting at maturity, seemsto be striated may beformed dueto dissociation of fibresalong margin; cuticle
fully peeling; flesh white, unchanging, up to 0.4 cm broad; taste mild to disagreeabl e and odor mild to disagreeable.
Lamellaefree, close, broad (up to 0.7 cm); creamish whiteto orange brown (5D6), unequd; gill edges serrate; lamellulae
present. Stipe central, 6.8-7.3 cmlong, up to 0.7 cm broad, tapering upward, with marginate bulb; off white, longitudinal ly
striated, twisted, with greyishwhite scales, solid.

Basidiospores[61/2/2] (4.0-) 5.6-6.4x (4.0-) 4.8-5.6 um, (L =5.6-6.4pum; L’ =6.0um; W =4.8-5.6 um; W’ =5.0 um;
Q=1.14-1.33; Q' = 1.19); subgloboseto broadly dllipsoid; inamyloid; wall smooth, thick, double; apiculate, apiculusup
t0 0.8 umlong, open poretype. Basidia22.4-33.6 x 6.4-8.8 um, clavate, granular, tetrasterigmate; serigmataupto 2.4 um
long. Pleurocystidia33.6-70.4 x 8.0-24.0 um, clavate, lageniform to fusoid to fusoid-ventricose, blunt to tubular tips,
densely granular at apex, covered with avery conspicuous mucilaginousdeposition at thetips, thinwalled. Cheilocystidia
35.2-83.2x 8.0-38.4 um, clavateto fusoid, blunt tipped, hyaline, thinwaled. Fileuscuticle hyphal, made up of thinwalled,
horizontally tangled, septate hyphae giving risetoradialy arranged, 8.2-16.4 um broad, granular, septate hyphae; pileus
context made up of loosdly arranged, intermingled, septate, 12.3-27.0 um broad hyphae. Hymenophoral tramabilateral
convergent. Stipe cuticle made up of longitudinally tangled, septate, 2.0-12.3 um broad hyphag; stipe context made up of
septate, thinwalled, 8.2-24.5 um broad hyphae. Clamp connections absent throughout.

Collection Examined: Punjab, Ropar (394 m), water house, growing solitary, on humicolous soil, Yadwinder Singh,
PUN 6443, July 18, 2010; growing solitary, on humicolous soil, Yadwinder Singh, PUN 6444, July 19, 2011.

Distribution and Ecology: ThisPluteus specieshasbeen collected growing solitary, on humicolous soil from Punjab,
India
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Remarks. Thepresent collection fallsunder section Hispidoderma asit hasahyphal pileuscuticle. It isrecognized by
pinkish white cap, having reddish grey to brownish grey to greyish brown appressed fibrillose scales, stipeiswitha
marginate bulb and itsterrestria habitat. It was compared with aclosdly allied species Pluteus pear sonii Orton but differs
from present asin P. pearsonii olivaceousblack colored capispresent. Further, it differsfrom P. depauper atus Romagnes
asinthisspeciesthe capiswhitewith paleclay buff centre, with strongly striated margin and the stipe lacking marginate
bulb. Duetothesmaller sized carpophore, |acking marginate bulb, presence of cellular pileuscuticleand lignicoloushabit
of P. semibulbosus (L asch apud Fries) Gillet, the present collection differsfromit. P. boudieri Orton differsin having white
cap with olivaceous-buff or grey-olivaceousat centre, habitat on wood and larger (6-8 x 5-7 um) sporesize. P. granulates
Bresadol apossessesacinnamon or cinnamon-buff cap, scaly at centre, smooth and striateat margin. P. murinus Bresadola
hasadate brown or umber cap but with planeto dightly depressed cap centreand larger (6-8 x 5-7 um) sporesize. It does
not fitinto any of theknown speciesof section Hispidoderma. Therefore, anew speci es have been proposed to accommodate
thiscollection.

Volvariella bumelia sp. nov. [Fig. 1(D) & 6]
Etymology: Epithet namereferstolarge size of carpophore.

Carpophoreupto 13.5cmin height. Pileus9.0 cm broad, convex; broadly umbonate; surface white; covered with white,
cottony fibers, marginirregular, splitting a maturity; cuticlefully pedling; fleshupto 1.0 cmthick, white, unchanging; watery
latex on cutting; odor mild. Lamellaefree, unequd, crowded, broad (upto 1.4 cm), yellowishwhite (4A 2), unchanging; gill
edges smooth; lamellulae present. Spore deposit white. Stipe centrd, upto 11.5 cmlong, up to 1.5¢cm broad above, up to
2.0cmbroad at the base; cylindricd ; surfacewhite unchanging, watery latex on cutting; scaly above and smooth towards
base; solid; volvaup to 3.5 cm, saccate, 51obed, large, fleshy, white, light orange (5A4) at areola.

Basidiospores[37/1/1] (4.0-) 4.8-6.4x 4.0-5.6 (-6.4) um, (L =4.8-6.4um; L’ =5.8 um; W =4.0-5.6 um; W’ =4.3 um;
Q=1.0-1.33(-1.40); Q' =1.14); globose, subgloboseto broadly ellipsoid; inamyloid; wall smooth, thick; apiculate,
apiculusupto 0.8 umlong, open poretype. Basidia30.4-43.2 x 6.4-9.6 um, clavate, granular, tetrasterigmate occasiondly
bisterigmate; sterigmata up to 4.0 um long. Pleurocystidia 35.2-86.4 x 12.8-32.0 um, claviform to fusoid to fusoid
ventricosewith long tubular tipsto sometimesblunt tips, densely granular at tips.Cheil ocystidia36.8-88.0x 11.2-30.4 um,
claviformto fusoid to fusoid-ventricose,with long tubular to sometimesblunt tips, granular. Pileuscuticle hypha made, up
of thinwalled, granular, septate, horizontally tangled hyphae, giving riseto turf of radialy arranged, septate, granular, 4.1-
20.45 um broad hyphae; pileus context made up of loosely arranged, intermingled, septate, 8.2-31.0 um broad hyphae.
Hymenophoral tramaconvergent. Stipe cuticle made up of longitudinally tangled, granular, septate, 6.1-12.3 um broad
hyphae, with no projecting e ements; stipe context made up of septate, thinwalled, smooth, 8.2-20.4 um broad hyphae.
Volvahypha madeup of closdly septate, thinwalled, granular, gelatinized, 4.1-10.2 um broad entangled hyphae. Clamp
connectionsabsent throughouit.

Collection Examined: Punjab, Patiala (250 m), growing solitary, on soil, under Duranta sp., Yadwinder Singh, PUN
6477,August 25, 2011.

Distribution and Ecology: Present collection has been found growing solitary, on soil, under Duranta sp. from Punjab.

Remarks: Theabove examined collectionissomewhat smilar initsappearanceto \olvaridlabombycina (Schaeff. : Fr.)
Sing. asit possess ng white cap, covered withwhite cottony, shiny fibrilsand thevolvaisyelowishwhiteasin V. bombycina.
But, the present collection differsfrom V. bombycina in possessing arobust carpophore, which giveswatery latex on
cutting of the cap or stipe, thereisno yellowishtingeat the cap surface, stipeiscylindrical, lacking bulbousbasewhere as
inV. bombycinaitisnot so. Further, thebasidiosporesaresmdler insize (4.0-) 4.8-6.4 x 4.0-5.6 (-6.4) um) in comparison
t06.6-10.4 x 4.4-6.7 um basidiospores of V. bombycina, eventhecystidiaare smaller insizein present collectionin
comparisonto the size of cystidiadescribed by Shaffer [28] for V. bombycina. Further, V. bombycinaisawaysknownto
belignicolousin habitat whilethe present collectionisterrestria in habitat. The present collection wasa so compared with
another white capped \olvaridlai.e. V. smithii Shaffer, asV. smithii also has5-lobed volvaand terrestria in habitat. But,
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in'V. smithii cap has pinkish buff centre, densely pubescent stipe and ochraceous volvawith cinnamon touch. Also the
sporesizegivenfor V. smithii by Shaffer [28] is4.7-7 x 3.1-3.9 um. Based upon the above discussion anew species
\olvariellabumelia sp. nov. isproposed. V. bumelia sp. nov. ischaracterized by in possessing awhite cap with no pink
or yelowishtinge, dl partsof carpophoresexuding watery latex, acylindricd stipewithout bulbousbaseand the sporesize
varying from (4.0-) 4.8-6.4x 4.0-5.6 (-6.4) um.

Volvariella albida sp. nov. [Figs L(E& F) & 7]
Etymology: Epithet namerefer towhitecolor of carpophore.

Carpophores8.0-8.3 cmin height. Pileus6.5-6.6 cm broad, convex to planoconvex; with or without umbo; surfacewhite
(1A1), whitishgrey at centre; covered withwhite, appressed fibrillose scales, marginregular, fimbriate, splitting a maturity;
cuticlefully pedling; flesh upto 0.7 cm broad, white, unchanging; odor mild to disagreeable. Lamellaefree, crowded, broad
(upto 0.6 cm); unequa; whiteto pinkishwhite(7A2), unchanging; gill edgesserrate; lamellulaetruncate. Stipecentra, 5.0-
7.5cmlong, upto 0.7 cmabove, upto 1.3 cm broad at the base; obclavate, with bulbousbase; surfacewhite, unchanging;
smooth; solid; volvaupto 3.4 cm, large, lessfleshy, saccate, 3-1obed, whiteto creamish white, with areolate surface,
brown at areola

Basidiospores[34/2/2] 4.8-5.6x 4.0-4.8um, (L =4.8-5.6 um; L’ =5.0um; W =4.0-4.8 um; W’ =4.5um; Q=1.0-1.20
(-1.40); Q' =1.14); ovoid, globose,subgloboseto broadly ellipsoid, occasionally elipsoid; inamyloid; smooth, thick
walled; apiculate, apiculusupto 0.8 umlong, open poretype. Basidia19.2-28.8 x6.4-8.8 um, clavate, granular throughottt,
tetrasterigmate; sterigmataup to 3.2 umlong. Pleurocystidia40-67.2 x 9.6-32 um, claviform to fusoid with small tips,
Chellocystidia29-90 x 11.2-32 um, claviformto fusoid. Pileuscuticle hyphal, made up of thinwalled, granular, septate,
radialy arranged 8.2-20.4 um broad proj ecting hyphae, arising from subhorizontaly tangled hyphae; pileuscontext made
up of loosaly arranged, intermingled, septate, 8.2-29.0 um broad hyphae. Hymenophora tramabilateral convergent. Stipe
cuticle hyphal, made up of longitudinally tangled,septate, 4.1-12.3 um broad hyphag; stipe context made up of loosely
interwoven,septate, thinwalled, 8.2-37 um broad hyphae. Volvahyphal, made up of closdly septate, thinwalled, 4.1-20.4
im broad tangled hyphae. Clamp connections absent throughoui.

Collection Examined: Punjab, Patiaa, Punjabi University Campus (250 m), growing solitary, on soil, near Azadirachta
indica, Yadwinder Singh, PUN 6460, July 7, 2008; Punjabi University Campus (250 m), growing solitary, on soil, near
Azadirachtaindica, Yadwinder Singh, PUN 6461, July 22, 2008.

Distribution and Ecology: Thisnew specieshasbeen found solitary under Azadirachtaindicaduring July at an altitude
of 250 mfrom Patiala

Remarks: Thiscollection morphologicaly looksvery similar to \blvariella bombycina (Schaeff. : Fr.) Sing. However, it
differsfrom V. bombycinainlacking yellow tinge at the umbo of the cap, sporescomparatively smalleri.e 4.8-5.6x 4.0-
4.8 uminstead of 6.6-10.4 x 4.4-6.7 um of V. bombycina. Pleurocystidia40-67.2 x9.6-32 um and cheil ocystidia29-90
x 11.2-32 um of present collection aresmaller in comparison to 26-122 x 8- 57 um pleurocystidiaand 26-144 x 8-46 um
cheilocystidiadescribed for V. bombycina by Shaffer [ 28]. Further, eventhe shape of pleurocystiadiaand chellocystidiais
mostly clavateto fusoid with small blunt tipsinthis collection as compared to fusoid to fusoid-ventricosewith tubul ar tips
in\olvariellabombycina. Present collection hasbeen found growing terrestrially instead of lignicoloushabitat whichis
known for V. bombycina[28]. Thus, based on these differences, anew speciesV. albida sp. nov.have been proposed to
accommodatethiscollection.

Volvopluteus shafferii sp. nov. [Figs. 2(G) & 8]

Etymology: Epithet namededicated to R.L. Shaffer for hisremarkablework on genus\olvariella.

Carpophores 3-18 cmin height. Pileus 1-11.2 cm broad, convex to flattened; broadly umbonate; surface greyish orange
(5B3), orangegrey (5B2) at centre, with pinkish tinge towards margin; scal esappressed fibrillose, greyish brown, more
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concentrated near the centre; marginregular toirregular, splitting at maturity; dry tomoist; cuticlefully pedling; fleshupto
0.4 cmthick, white, unchanging. Lamellaefree, subdistant, broad (up to 1.5 cm); orange grey (6B2) to pinkish brown,
unchanging; edges serrate, white, floccul ose; lamellulae present. Spore deposit light brown (6D5) to brownish orange
(5C,). Stipecentral, 7.0-16.5cmlong, upto 1.8 cm broad above, upto 2.5 cm broad at the base; yellowish white (4A2);
narrowing upward, with dightly bulbousbase, fibrillose scaly; hollow; exannulate; volvalobed only inyoung carpophores
then become membranous, tightly packed with stipe base asbroken patches, creamish white.

Basidiospores[120/4/4] 11.2-16x 7.2-12.8 ym, (L =11.2-12.8 ym; L’ =12.3 ym; W =8.0-10.4 pm; W’ =9.7 um; Q
=1.14-1.55(-1.60); Q' = 1.28); ovoid, broadly €l lipsoid to ellipsoid, occasionaly subglobose; inamyloid; smooth, thick
walled; guttulate; apiculate, apiculus up to 1.6 um long, open poretype. Basidia17.6-34.0 x 8.9-16.0 um, clavate,
granular, tetrasterigmeate, occas onally bisterigmate; gerigmataup to 4.8 umlong. Pleurocy<tidiaand chellocystidiaabsent. Gill
edgesgterile. Pileuscuticlehyphal, gelatinized, made up of horizontally tangled septate, granular hyphae, giving riseto turf
of radially arranged, septate, granular, 2.4-12.3 um broad hy phae; pileus context made up of loosaly interwoven, septate,
thinwalled 8.2-20.4 um broad hyphae. Hymenophoral tramabilateral convergent. Stipe cuticle hyphal, made up of
longitudinally tangled, 1.6-6.4 um broad, septate hyphaeinterspersed caulocystidiapresent, caulocystidiael ongated,
narrowly clavate, granular, 12.8-48.0 x 3.2-11.2 um; stipe context made up of thinwalled, septate, 3.2-19.2 ym broad
hyphae. Volva e ementsmade up of septate, 3.2-11.2 um broad hyphae. Clamp connections absent throughout.

Collection Examined: Punjab, Hoshiarpur (295 m), growing soliatry on leaf litter of Eucalyptus perriniana and under
Cannabissativa, Yadwinder Singh, PUN 4026, July 19, 2008; L udhiana, Punjab Agriculture University (254 m), growing
scattered, on humicolous soil under Ficus, Baljit Kaur, PUN 3934, July 18, 2009; Sangrur, Nadampur village (231m),
growing scattered, on humicolous soil. Jagdeep Kaur, PUN 4094, July 25, 2009.

Didributionand ecology: Present collectionwascommonly found growing solitary to scattered ingroups, on humicol ous ol
or onledf litter of Eucalyptusfromdifferent locditiesof Punjab during July-August a andtitudevarying from 231-295m.

Remarks:. Inthe presently worked out collectionsthe sporesare morethan 11 um and pileus cuticleisgelatinized thus,
they fall under genus Volvopluteus Vizzini, Contu & Justo. In gross morphologica and anatomical charactersthe
presentcollectionsarein somefeaturessimilar to Vp. speciosa asdescribed by Justo et al. [6]. But, they differ from Vp.
Speciosain possessing smaller sporesizerangei.e.8-16 x 6.8-12.8 um, instead of 11.7-20.9 x 7.2-12.4 um reported for
Vp. speciosa by Justo et al. [25], pleurocystidiaand cheil ocystidiaboth are present in Vp. speciosa, whileareabsent in
the present collections. The present collectionsa so share some characterswith Vp. gloiocephalus (DC.) Vizzini, Contu &
Justoand Vp. earle (Murrill) Vizzini, Contu & Justo [6] in having sporesmorethe 11 um, gelatinized pileuscuticle, but it
differsfrom these speciesin possessing larger carpophoresizeupto 18 cm, lacking lobed volvaand lacking pleurocy<tidia
and cheilocystidia. The presently worked out collection isuniqueinitscharactersasit possesses abroadly umbonate
greyish orange cap with orange grey centre, with apinkishtingetowardsthe margin, thevolvaislobed only intheyoung
carpophoresat maturity it becomes membranous, tightly packed around the stipe basein theform of broken, creamish
white patches, basidiospores8-16 x 6.8- 12.8 um. The present collection does not compl etely matched with any known
species of genus Volvopluteus, thus based upon the above discussion, anew species Vp. shafferii sp. nov. isbeing
proposed to accommodatethis collection.

Volvopluteus diversisporus sp. nov. [Figs. 2(H) & 9]
Etymology: Epithet namerefersto different shapes of basidiosporesi.e. divers = varied + sporus= spores.

Carpophores3.7-8.7 cmin height. Pileus4.1-5.9 cm broad, convex; umbonate; surface orangewhite (6A2); dry; atomate,
glabrous, marginirregular, splitting at maturity, striated along margin; cuticlefully peding; flesh upto 0.3 cm broad, white,
unchanging; taste sour or dightly peppery; odor mild. Lamellaefree, subdistant, moderately broad (up to 0.3 cm); greyish
orange (6B3), unchanging; gill edges smooth; lamellul ae attenuate. Stipe central, 3.6-8.5 cm long, up to 0.4 cm broad
above, upto 0.6 cm broad at base; tapering upward, with dightly bulbous base; white (2A 1), unchanging; smooth; solid;
exannulate; volva, upto 1.5 cmwide, small, membranous, tightly packed at base, light grey.
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Basidiospores[20/1/1] (8.8-) 11.2-16.0x 7.2-14.4ym, (L =9.6-16.0um; L’ =12.1 ym; W =8.0-14.4 ym; W’ =9.1
um; Q=1.1-1.78; Q' = 1.35); subglobose, ovoid, obovoid, oblong, amygdaliform somewith ashort blunt snou, broadly
ellipsoid, ellipsoid, eongated, or more broader and shorter inlength 7.2-14.4 x 9.6-19.2 um, triangul ar to typically heart
shaped;inamyloid; double walled, smooth; vacuol ated; apiculate, apiculusup to 1.6 umlong, open poretype. Basidia
25.6-46.4x 9.6-17.6 um, clavate, granul ar, tetrasterigmate, occasionally bisterigmate, rarely unisterigmate; sterigmataup
t0 8.0 umlong; lamellae edges heteromorphous. Pleurocy<tidia20.8-86.4 x 8.8-34.0 um, broadly clavate, fusoid to fusoid
-ventricose, granular, with blunt to long tubul ar tips, abundant; cheilocystidia32.0-80.0 x 9.6-40.0 um, clavate, fusoid to
fusoid-ventricose, granular, densely granular at tips, with blunt, rounded to small knob liketo tubular tips, thinwalled,
abundant. Pileuscuticle hyphal, gelatinized, made up of thinwalled, septate, horizontally tangled hyphae, givingriseto
radially tangled, gelatinized, 4.1-16.4 um broad hyphae; pileus context made up of loosely and irregularly interwoven,
septate, 8.2-20.4 um broad hyphae. Hymenophora tramabilaterd convergent. Stipecuticlehyphd, madeup of longitudinaly
tangled, septate, 4.1-12.3 um broad hyphae, with no projecting e ement on the surface; stipe context made up of septate,
thinwalled, 8.1-29.0 um broad hyphae. VVolvahyphal, composed of septate, granular, 1.6-14.4 um broad tangled hyphae.
Clamp connectionsabsent throughoui.

Collection Examined: Punjab, Patiala, Bahadurgarh (250 m), growing scattered, among grasses, along road side,
Yadwinder Singh, PUN 6480, May 28, 2008.

Digtribution and Ecology: Theaboveexamined collection hasbeen found growing solitary to scattered among grassesin
themonth of May from Punjab.

Remarks. Themacroscopic and microscopic detail s of the presently worked out collection of Volvo pluteusare not very
convincing when matched with theallied species Vp. gloiocephalus(DC.) Vizzini, Contu & Justo and Vp. earlel (Murrill)
Vizzini, Contu & Justo ashoth these speciesare with large sized carpophores, the basidiosporesare either ovoid, broadly
ellipsoidto ellipsoid and are with comparatively lesser breadth, where asin the present collection the carpophoresare
smaller, basidiospores are having diverse shapes. On the basis of diverse shapes of the bas diosporesthiscollection was
matched with Volvariella heterospora Menolli & Capelari asdescribed by Menolli & Capdari [10] and hastwo different
typesof basidiosporesbut, it differsfrom the present collection in possessing dark grey cap color and lacking angular or
heart shaped spores. Thus, based upon the above observationsanew speciesi.e. Vp. diversisporus sp. nov. isproposed.
Vp. diversisporussp. nov. ischaracterized in possessing an orangewhite, glabrous, umbonate cap, without any scaleson
the surface, basidiosporesof diverse shapesi.e. some smaller subglobose, ovoid, obovoid, oblong, amygdaliform with
short snout tolarger sporeswhich aremuch broader angular totypically heart shaped, both pleurocystidiaand Cheilocytidia
present.

Volvariella bombycina (Schaeff. : Fr.) Sing. Lilloa 22: 401, 1951 var. parvavar. nov. [Fig. 2(1) & 10]
Etymology: Variety namerefersto small size of carpophore.

Carpophoreupto5.4cminheight. Pileusupto 2.8 cm broad, convex; lacking umbo; surface white; decorated with white
appressed fibrillose, shiny scales, marginregular, fimbriate or toothed; cuticlefully pedling; flesh white, unchanging; taste
and odour mild. Lamellaefree, crowded, unequal, white, unchanging; gill edgessmooth; lamellulaetruncate, spore deposit
white (2A1). Stipecentral, up to 4.0 cmlong, up to 0.8 cm broad; subcylindric; white, unchanging; smooth; exannulate;
volvasaccate, large, fleshy, 2-lobed, whitefrominner side and yellowishwhite (4A2) from outside.

Basidiospores[32/1/1] 4.8-6.4x 3.2-5.6 um, (L =4.8-5.6 um; L’ =5.4um; W =3.2-4.8um; W' =4.3um; Q=1.17-
1.50; Q' =1.30); ovoid, broadly dlipsoidto dlipsoid; inamyloid; smooth, thick walled; guttul ate; apiculate, apiculusupto
0.8 umlong, open poretype. Basidia20.8-27.2 x 6.4-8.0 um, clavate, granular, tetrasterigmateto bisterigmate; sterigmata
upto2.4umlong. Pleurocystidia32.0-72.0x 9.6-19.2 um, claviformto fusoid. Cheilocystidia22.4-62.4 x 11.2-27.2 um,
fusoid, clavate, blunt tipped. Gill edgessterile. Pileuscuticle hyphal, made up of thinwalled, septate, horizontally tangled
hyphae, giving rise aturf of radially tangled, 2.4-9.6 um broad hyphae; pileus context made up of loosely arranged,
intermingled, septate, 3.2-14.4 um broad hyphae. Hymenophoral tramabilateral convergent. Stipe cuticle made up of
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longitudinally tangled, septate, 4.1-12.3 um broad hyphae; stipe context made up of septate, thinwalled, smooth, 8.2-24.5
um broad hyphae. Volvacons stsof septate, branched, thinwalled, 4.1-20.4 um broad hyphae. Clamp connectionsabsent
throughout.

Collection Examined: Punjab, Patiala, Punjabi University, Botanical Garden (251m), growing solitary, on sandy soil,
Yadwinder Singh, PUN 6454, August 3, 2007.

Distribution and Ecology: The above examined collection has been found growing solitary, on humicolous soil from
Punjab.

Remar ks The present collection hasawhite cap, covered with white shiny appressed hair like scales, the stipeiswhite
withyelowishwhitevolva Thus, initsgross morphol ogy and the microscopic detail sit fallsunder \olvaridlabombycina
(Schaeff. : Fr.) Sing. But, the present collection having smaller basidiocarp with small sized cap of upto 2.5cmas
compared to cap 5-20 cm broad cap reported by Shaffer [28] for V. bombycina. The cap a so lacking yellowishtinge and
the spore size, pleurocystidiaand cheilocystidiasizeisalso smaller than the sizereported for V. bombycina by Shaffer
[28]. The present collection wasthen compared with another white colored speciesi.e. V. smithii Shaffer, but, thisdiffers
in having white cap with pinkish buff centre, while stipeisdensely pubescent having 5-lobed volva, whichisfibrillose
externally, ochraceousto light cinnamon in color, and spores are much narrower 3.1-3.9 um rather than 3.2-5.6 um of
present collection. The present collectionissimilar to V. bombycina, but, dueto the presence of smaller carpopohore
somewhat smaller sporerange, smaller size of cystidia, itisproposed asavariant of V. bombycina. Therefore, anew
variety V. bombycinavar. parvavar. nov. isproposed to accommodate present collection.

Volvariellabombycina (Schaeff. : Fr.) Sing. Lilloa 22: 401, 1951 var. terricolavar. nov. [Figs. 2 (J) & 11]
Etymology: Variety namerefer to the habitat from which present taxon have been collected.

Carpophores4.8-13.5 cmin height. Pileus 3.5-8.4 cm broad, companul ate to convex to flattened; umbonate; surface
white (1A 1) to yellowishwhite (4A2) with paleyellow (4A3) to yellowish brown (5D4) at centrewith maturity; covered
with white, appressed fibrillose, shiny scales; margin regular, fimbriate; cuticlefully peeling; fleshupto 1.0 cm, white,
unchanging; taste mild to spicy; odor agaricoid to disagreeable. Lamellaefree, closeto crowded, broad (upto 1.4 cm);
unequal; yellowishwhite (4A2), or pinkishwhite (7A2), or orangewhite (6A2), or orangegrey (6B2), unchanging; gill
edgesserrate; lamellulaetruncate. Stipe central, 4.2- 11.8cmlong, upto 1.1 cmabove, upto 1.3cm broad at middle, up
to 2.0 cm at the base, obclavate, with bulbous base; surface white to yellowish white (4A2), to pale yellow (4A3),
unchanging; scaly; hollow; volvaup to 3.3 cm, saccate, large, fleshy, 3-lobed, yellowish whiteto creamish white, with
areolate surface.

Basidiogpores[121/3/3] 6.4-10.4x 4.8-6.4pym, (L =6.4-8.0pm; L' =7.7 um; W =4.8-6.4pum; W’ =5.6 um; Q= (1.11-
) 1.14-1.67; Q' =1.37); ovoid, obovoid, broadly dlipsoid to dlipsoid, occas ond ly subglobose, rarely elongate; inamyloid,;
smooth, thick walled; apiculate, apiculusupto 0.8 umlong, open poretype. Basidia19.2-43.2 x 6.4-11.2 um, clavate,
granular throughout, tetrasterigmate; sterigmataup to 3.2 umlong. Pleurocystidia28.8-118.4 x 9.6-54.4 um, claviformto
fusoid-ventricosewith long to small tubular tips, granular with crystalline depositionsingde. Chellocystidia32-118 x 9.6-
45 um, smilar with pleurocystidia Gill edgesfertile. Pileuscuticlehyphd , madeup of thinwalled, granular, septate, radidly
arranged 1.6-20.4 um broad hyphae; pileus context made up of loosely arranged, intermingled, septate, 3.2-27.2 um
broad hyphae. Hymenophora tramabilateral convergent. Stipe cuticle hyphal, made up of longitudinally tangled, septate,
1.6-16.4 um broad hyphae, granular with yellowish pigment; no projecting elements; stipe context made up of loosely
interwoven, septate, thinwalled, 3.2- 37.0 um broad hyphae. Volvahyphal, made up of closely septate, thinwalled,
granular, 1.6-28.6 um broad entangled hyphae. Clamp connections absent throughout.

Collection Examined: Punjab, Patiala, University Campus (250 m), growing solitary, in open grassy lawn, Yadwinder
Singh, PUN 6451, June 27, 2008; Hoshiarpur, Bhagana (295 m), growing solitary, on soil, Yadwinder Singh, PUN 6452,
July 20, 2008; Mansa, Gagowal (217 m), growing solitary, on humicolous soil, Harwinder Kaur, PUN 6453, August 6,
2010.
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Distribution and Ecology: Present collections have been found growing on humicol oussoil among grassesfrom different
locditiesin Punjabin the monsoon season between Juneto August.

Remarks: Thediagnostic characterswith regard to their morphological and anatomical detailsarein conformity with
\olvaridlabombycina (Schaeff. : Fr.) Sing. except of itsterrestrid habitat. Itischaracterized by large s zed white carpophore
pileal surface covered withwhite shiny hairs, margin exceeding thelamellae. It isinteresting to notethat V. bombycina has
awaysbeen collected from various countriesin lignicolous habitat. It hasbeen collected solitary to scattered or gregarious
on decaying trunksor largelogs or stumps of maple, beech, elm, etc, by Smith[31], Coker [3] from North Carolina,
Shaffer [23] from North America, Orton [14] from England, Monoson et al. [11] from Illinois, Seok et al. [27] from
Korea, and Menolli and Capelari [10] from Brazil. Lakhanpal et al. [9] collected it from North West Himalayas on
decorticated trunksof Picea smithianawhile, Pradeep et al. [ 18] found this species on the stumps of dead Mango tree
from Keraa Whilethe present coll ection hasbeen found growing on humicol oussoil among grassesfrom different locdities
in Punjabin themonsoon season from Juneto August. Thus, based ontheobservation of itsterrestria habit from 3 different
localities of Punjabi.e. Mansa, Hoshiarpur & Patialaduring monsoon season collected in three different yearsanew
variety isproposed as \olvariellabombycina var. terricolavar. nov.

Volvariellaterastia (Berk.& Br.)Sing., Mushr.& Truffl: 114, 1961 var. magnacystidiata var. nov. [Figs. 2 (K) & 12]
Etymology: Variety namerefer tothelargesizeof cystidia e ements.

Carpophores 10-10.5cmin height. Pileus 8.6-9.7 cm broad, convex to plano-convex; broadly umbonate; surfacewhite
(5A1), with brownish beige (6E3) to brown (5E4) appressed scal es, more concentrated in the centre; margin regular,
splitting at maturity, fimbriate; cuticlefully peding; flesh upto 1.0 cmthick, white, unchanging; tasteand odor mild. Lamellae
free, close, broad (upto 1.1 cm); unequal; orange white (6A 2), unchanging; gill edgesserrate, white; lamel lulaetruncate.
Sporedeposit orangegrey (6B2). Stipecentral, 8.6-9.3cmlong, 1.3cm above, 1.5 cm broad inmiddleand 2.2 cm broad
at the base; narrowing upward, with bulbous base; white (5A 1), unchanging; scaly; volvaup to 5.3 cm, large, fleshy,
saccate, 3-51obed, aerolate, greyish brown to yellowish brown.

Basidiospores[53/2/2] 4.0-5.6 x 4.0-4.8 (-5.6) um, (L =4.8-6.4 um; L’ =5.1 um; W =4.0-4.8um; W’ =4.5um; Q=
(1.0-) 1.17-1.20; Q' = 1.13); subgloboseto broadly ellipsoid, occasionally globose; inamyloid; smooth, doublewalled;
apiculate, apiculusupto 0.8 umlong. Basidia22.4-30.4 x 6.4-8.0 um, clavate, granular, tetrasterigmate, occasionally
bisterigmate; sterigmataupto 4.0 umlong. Pleurocystidia38.4-96.0x 11.2-36.8 um, clavateto fusoid to fusoid ventricose,
blunt tipped to tubular tips, hyaline, thinwalled. Chellocystidia27.2- 85.0 x 9.6-32.0 um, clavate, fusoid-ventricose, with
blunt tolong tubular tips, hyaline, thinwalled. Pileus cuticle hyphal, made up of granular, septate, horizontally tangled
hyphae, giving riseto turf of radially tangled, thinwalled, septate, 1.6-24.5 um broad hyphae; pileus context made up of
loosely intermingled, septate, 8.0-33 um broad hyphae. Hymenophoral tramabilateral convergent. Stipe cuticlemadeup
of longitudinally tangled, septate, granular, 4.1-14.3 um broad hyphae; stipe context made up of septate, thinwalled, 8.2-
33.0 um broad hyphae. Volvamade up of closely septate, intermingled, granular, branched, 4.1-24.5 um broad hyphae.
Clamp connectionsabsent throughoui.

Collection Examined: Punjab, Patiala, Bahadurgarh (251 m), growing solitary, on humicolous soil, Yadwinder Singh,
PUN 6463, September 3, 2008; Punjabi University campus (251 m), growing solitary, under Azadirachtaindica, Yadwinder
Singh, PUN 6464, August 16, 2008.

Distribution and Ecology: Theabove examined collections hasbeen found growing solitary, under Azadirachtaindica
inthe monthsof August and September from Punjab.

Remar ks Themorphologica and anatomica detail sof thesecollectionsaresmilar with thedescription givenfor \olvaridla
terastia (Berk. & Br.) Sing. asdescribed by Pegler [17] except for thelarger carpophoressize, larger pleurocystidia
(38.4- 96 x 11.2-36.8 um) and cheilocystidia (27.2-85 x 9.6-32 um) ascompared to pleurocystidia (35-50 x 15-221im)
and cheilocystidia (32-36 x 13 um) described by Pegler [17] for V. terestia. In present collection thesize of thebasidia
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(22.4-30.4 x 6.4-8.0 um) isalso comparatively larger. On the basis of these differencesfrom V.terastia, anew variety V.
terastia var. magna-cystidiata var. nov. have been proposed.

Volvariellavolvacea (Bull. : Fr.) Sing. Lilloa 22: 401, (1949) 1951 var. lignicola var. nov.
[Figs.2(L) & 13]

Etymology: Variety namerefer to the habitat from which present taxon have been collectedi.e. lignum=wood, cola =
habitat.

Carpophores 8.5-13.5 cm in height. Pileus 10.5-14.0 cm broad, convex; broadly umbonate; surface brownish grey
(5D2), withapaler centre, brownish orange (5C3) at maturity; covered with hairy, greyish black to shiny scales, margin
regular, splitting at maturity; cuticlefully pedling; flesh upto 0.6 cmthick, white, unchanging; tasteand odour mild. Lamellae
free, close, broad (upto 0.8 cm); unequal; pinkish brownin young becomes brownish orange (6C5) at maturity, unchanging
on bruising; gill edgesserrate; lamellul ae attenuate. Spore deposit brownish orange (6C3) to paered (7A3). Stipeexcentric,
9.0-12.5cmlong, upto 0.8 cmabove, upto 1.1 cm broad at the base; subcylindric; creamish white, unchanging; smooth;
solid; volvaupto 2.5 cm, saccate, 2-1obed, large, fleshy, dark greyish.

Basidiospores[34/1/1] 5.6-9.6 x 4.8-6.4um, (L =6.4-8.0pum; L’ =7.2pm; W =4.8-7.2um; W’ =5.3um; Q=1.14—
1.50(-1.57); Q' =1.24); broadly dlipsoidto dlipsoid, occasondly subglobose; inamyloid; smooth, thick walled; apiculate,
apiculusupto 0.8 umlong, open poretype. Basidia19.2-40.0 x 6.4-9.6 um, clavate, granular, tetrasterigmate, occasiondly
bisterigmate; sterigmataup to 4.0 umlong. Pleurocystidia37.0-109.0 x 11.2-33.6 um, claviform to fusoid with blunt to
elongate, tubular tips. Cheilocystidia29.0-101.0 x 9.6-24.0 um, fusoid, clavate, blunt to e ongate, tubular tipped, densaly
granular near thetips.Gill edgesfertile. Pileus cuticle hyphal, made up of horizontally tangled, septate, thinwalled,
granularhyphae, giving riseto turf of radially tangled, thinwalled, granular, septate, 4.1- 16.4 um broad hyphae; pileus
context made up of loosaly interwoven, septate, 4.1- 24.5 pm broad hyphae. Hymenophoral tramabilateral convergent.
Stipecuticlehyphd, madeup of longitudindly tangled, granular, septate, 4.1-12.3 um broad hyphae, with granular, closely
septate, projecting hyphae, asif volva elements,19.2-49.6 x 3.2-9.6 um; stipe context made up of septate, thinwalled,
smooth, 8.18- 20.45 um broad hyphae. Volval elementshyphal, granular, with pointed tips, branched, closely septate,
projecting upward, passess ng brownish to olivegreenish pigment, 4.1-29.0 um broad. Clamyp connectionsatbsent throughout.

Collection Examined: Punjab, Ropar (250 m), growing scattered in small groups,on decaying trunk of Ficusreligosa,
Yadwinder Singh, PUN 6478, July 18, 2010.

Distribution and Ecology: The present collection has been found growing scattered in groups on dead trunk of Ficus
religosainmid July.

Remarks: The present collection issimilar with the description given by Shaffer [28] and Orton [14] for Volvariella
volvacea (Bull. : Fr.) Sing. except pileus brownish grey to brownish orange, paler at centre, covered with greyish black,
hairy, shiny scales, stipewith dark greyish volvaand sporessmaller in length (5.6- 9.6 x 4.8-6.4 um) in comparison to
fuliginousto greyish brown cap, blackish brown at centre and brownish volvaand larger spores(6.9-10.4 X 4.6-7 um) in
V. volvacea. It dso differsfrom V. volvaceainitslignicolous habitat. Earlier, V. volvacea has been reported on avariety
of decaying plant material like paddy straw compost piles, saw dust etc. by Shaffer [28], Orton[14], Coker [3], Monoson
et al. [11], Seok et al. [27] and Priest and Conde [25]. From Indiatoo it has been collected from similar habitat by
Nataragjan and Manjula[12], Bhavani Devi [2], Patil et al. [16] and Pradeep et al. [ 18] from South India. Pathak et al.
[15] and Hennings[ 5] reported it from North West Himalyas and Garcha[4] documented this speciesfrom Ludhianain
Punjab. According to Orton [ 13] the substratum of speciesin genus\olvariellaismost important and al so stated that V.
volvacea grows on compost and isnot lignicol ous, but the present coll ection has been collected growing on decaying tree
trunk. Based upon thelignicolous habitat of present collection and the differencein cap color and comparatively smaller
sporesizefrom V. volvacea, anew variety of V. volvaceai.e. var. legnicola var. nov. have been proposed.
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Figure 1. A. Carpophore of Pluteustransitussp.nov. growingon dead wood. B. Carpophore of P. calvitio-stipus sp. nov. growing in soil
and cap surface greyish brown, covered with appressed fibrillose scales. C . Carpophore of P. ortonii sp. nov.growing in its natural
habitat. D. Carpophore o f Volvariellabumelia sp. nov. growing initsnatural habitat. E. Carpophore of Volvariellaalbida sp. nov. inits
natural habitat. F. Underside of cap of V. albida sp. nov. with free, crowded, yellowish white lamellae and stipe with saccate, white to
creamish white volvawith areol ate surface, brown at areola
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Figure2. G. Carpophore of Volvopluteus shafferii sp. nov. growinginitsnatural habitat on leaf litter. H. Vp. diversi-sporussp. nov. Cap
surface orange white, atomate, glabrous and underside of cap showing subdistant, greyish orange lamellae. |. Volvariella bombycina
var. parvavar. nov. White carpophore growing inits natural habitat. J. Carpophore of V. bombycinavar. terricolavar. nov. K. V. terastia
var. magna-cystidiata var. nov. with white cap having brownish beige appressed scal es and with fimbriate margins. L . Carpophore of V.
volvacea var . lignicola var. nov. growing on decaying trunk of Ficusreligosa

66



Proceedings of the 8" International Conference on Mushroom Biology and Mushroom Products (ICMBMP8) 2014

U5 ferwagh pilrus cutisle cuticl & conlril

Figure 3. Pluteus transitus sp. nov. Figure 4. Pluteus calvitio-stipus sp. nov. Figure 5. Pluteus ortonii sp. nov.

Figure 6. Volvariella bumelia sp. nov. Figure 7. Volvariella albida sp. nov. Figure 8. Volvopluteus shafferii sp. nov.
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Figure 9. Volvopluteus diversisporus sp. Figure 10. Volvariella bombycina Figure 11. Volvariella bombycina
nov. (Schaeff. : Fr.) Sing. var. parvavar. nov.  (Schaeff. : Fr.) Sing. var. terricola var. nov.
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Figure12. Volvariellaterastia (Berk.& Br.) Figure 13. \olvariella volvacea
Sing. var. magna-cystidiata var. nov. (Bull.: Fr.) Sing. var. lignicola var. nov.
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During fungal foraysto different localities of North-Western India 10 taxawererecorded for thefirst timefrom Indiaviz.
Pluteus dryophiloides PD. Orton (PUN 6447), Pluteus ephebeus (Fr.) Gillet (PUN 6445, PUN 6446), \olvariella
volvacea var. nigricans Kawam. ex Hongo (PUN 6476), Volvariella volvacea var. masseel Singer & Wasser (PUN
6473), \olvopluteusearle f. acystidiatus (N.C. Pathak) Vizzini & Contu. (PUN 6491), \olvariellajamaicensis(Murr.)
Shaff. (PUN 6465), Volvaridlanullicystidiata Menolli & Capelari (PUN 6474), \blvaridlalepiotospora Singer (PUN
6472), \olvariella peckii (GF. Atk.)Shaffer (PUN 6470), Volvariella bakeri (Murr.) Shaff. (PUN 4025), Volvopluteus
medius (Schumach.) comb.nov. (PUN 6490).

CONCLUSION

Earlier from India28 taxaof \blvariella, 24 taxaof Pluteusand 2 taxaof Volvopluteus arerecorded till date (Pradeep
& Vrinda[19-21, 23, 24, 26, 32-34]. Asaresult of the present work 3 speciesof Pluteus, 2 specieseach of Volvariella
and Volvopluteus areintroduced as new to science, while 4 varieties of Volvariella are described asnew to science. 6
speciesof \olvarielaand 2 specieseach of Pluteus and Volvopl uteus arerecorded for thefirst timefrom India. Although
thereisno clear cut test for determining the edibility of mushroomshowever, investigated taxawere screened into edible
and i nedibletypes based upon theinformation gathered from thefield and availableliterature. Inthe study area\blvariella
bombycina, V. diplasia, V. vol vacea and Vol vopl uteus gl oi ocephal us are the commonly hunted mushroomsfrom the
wildfor human consumption. These speciesare a so being cultivated commercialy and have an established edibility and
nutraceutical potential asconfirmed from theliterature. Sometimesthe edible specieslike Vol variella volvacea causes
gastrointestinal disordersin somepeople. Most of Volvariella and Vol vopl uteus specieswerefound growing on grasses
intherainy season. Volvariella bakeri, V. bombycina, V. diplasia, V. terastia, V. volvacea var. nigricans, Vol vopluteus
gloiocephaluswere edibletaxaasreportedin literature and of the 15 taxareported to form putative ectomycorrhizal
associaions 10wererecorded for thefirgt timein putativeectomycorrhiza association. Thewildrelatives Pleutoid mushrooms
areof common occurrencein North Western India. From the surveysit hasbecome apparent that that thereisenough wild
germplasmfor utilization instrainimprovement programmein paddy straw mushroomin study area. Variousavailablewild
speciesof Volvariella, namely V. bakeri, V. terastia, V. taylorii and V. cubensis, etc. possesses acceptable agronomic
featureswith possibilitiesof introductioninto cultivated commercid strainsthrough breeding experiments.
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ABSTRACT

Macrofungi formanintegra part of al forest syslems. Themain god of the present study isto expand the basdline database
for macrofungal documentation, diversity anditsdistributionin theWestern Ghats of Chikmaga ur digtrict for establishing
aninventory of the macrofungi species. Twenty transects each measuring 50 x 20 m werelaid in sampling stations of
Chikmaga ur district. Thestudy siteswere selected randomly and macrofungi were collected during 2007 to 2011. A total
of 6,950 sporomaswere collected. Therel ationship between macrofunga speciesrichnessand sampling plotswasanayzed
using linear regression. Dacrymycetaceae, Ganodermataceae, Polyporaceae and Russul aceae were found to bethe most
dominant families during study. Armillaria, Calocera, Ganoderma, Panaeol us, Polyporus, Psathyrella and Russula
werethemaost dominating generaduring five yearsstudy (2007-11). Cal ocera viscosa, Ganoder ma car nosum, Panaeol us
fimicola, Psathyrella candolleana, Russulaatro purpurea, Scutellinia erinaceus, Termitomycestylerianusand Trametes
hirsuta werethe maost predominating species. The Shannon and Simpson diversity indiceswerefound to be highest during
2007 (H'=4.35; D=0.031), respectively.

K eywor ds: epigeous macromycetes, sporoma, diversity, dominance
INTRODUCTION

According to Hawksworth [1], the estimated number of fungal speciesworldwideis1.5 million and lessthan 5% have
been described. The number of fungi recorded in Indiaexceeds 27,000 speciesand formsthe largest biotic community
after insects[2]. Fungi of varioustaxonomic groups producing conspicuous sporocarpsare collectively known asmacrofungi
whichincludegilledfungi, jelly fungi, cora fungi, stinkhorns, bracket fungi, puffballs, and bird’ snest fungi [3]. They grow
prolifically and arefound in many parts of theworld [4]. Macrofungi studiesare of interest to scientistsdueto their
important roleinfood industry, in medicinally effective productsand in biodegradation [5]. Despitetheir great ecological
significance, the community ecol ogy, biogeography, and conservation status of macrofungi arepoorly known. In Karnataka,
knowledge about diversity, abundance, fruiting pattern of mushroom and their ecol ogy is scarce and only documentation
hasbeen done. Ecol ogicd studiesof macrofungi based on sporocarps are hampered by the erratic nature of fruitingandthe
short duration of sporocarps. The present work has been undertakento study thediversity of macrofungi in Chikmagal ur
district of Western Ghats. The climatic condition and humusformation favourstheluxuriant growth of macrofungi inthe
study area.

MATERIALSAND METHODS
Sudy area

The study was conducted in Chikmagal ur district, Karnataka, India, apart of naturally rich biodiversity, situated between
12°54' 42" and 13°53' 53" North latitude and 75°04' 46" and 76°21' 50"’ East longitude. The geographical areaof the
districtis 7201 sg. kmwith aforest areaof 200485 ha. Theaverageannual rainfal inthedistrictis1762 mm. Theannual
mean air temperatureis 17 °Cto 20 °Cinwinter and 32 °C to 35 °Cinsummer [6].

Survey

Macrofungi wereidentified by the presence-absencefor sporomasand werelimited to epigeous macromycetes of soil and
wood-inhabiting macrofungi that were visibleto the naked eye (>1mm). Survey can be performed just after therain[7].
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Thedifficulty wasthat only small proportionsof macrofungi werevisibleonasinglevisit. Hence repeated surveyswere
donein all sampling plotsduring January 2007 to December 2011.

Sampling

Thefruiting phenology of macrofungi variesall through the year, depending on temperature, relative humidity, different
adtitudes[8] and regions. To circumvent this, study siteswere plotted in Chikmagal ur district. Twenty transectswerelaid,
each measuring 50x 20 m. Thestudy sitesweresdlected randomly and macrofungi collected within transectsand characterized
for further analysis. The geographic coordinates of each study siteswereintegrated into ArcGl S9.2 softwareto generatea
study map for spatial distribution of sampling locationsin Chikmagalur district. Thereadingsof latitude/longitudewere
taken using handheld GPS (Garmin GPSMAP® 76CSx).

Coallection

Fresh specimenswere collected with great care without any damage and soil debriswasremoved using asoft brush. Wood
inhabiting macrofungi were collected a ong with the substratum [9]. The habitat and morphological characteristicsof the
macrofungi werenoted [10] and photographed using NIKON D60 digital SLR camerafor further diagnosisduring the
collection [11]. Fleshy sporomaswere wrapped in waxed paper or newspaper [12] and labelled with the collection
number.

Dryingand preservation

The sporomasweredried in air-vented mushroom drier. The dehydrated collectionswere removed depending upon the
delicate nature of specimens. Tough and pliable collectionswerekept for longer durationsfor drying and the dehydrated
specimenswere sealed in polythene covers containing napthal ene ballswhich prevent the attack of mitesand insects
damage. The sealed sporomaswerelabelled with collection code and date of collection. The representative specimens
were deposited in the Department of Applied Botany, Kuvempu University, Shankaraghatta, Karnataka.

Char acterization

Macrofungi were assessed for the presence/absence of several morphological characterssuch asvolva, annulus, gills/
pores, peridium and gleba. Accurate and consi stent notation of sporomas, colour, including colour changes of mature
sporomasand coloursof different devel opment stageswere noted [ 13-18].

Morphological characters

Every morphol ogical feature (basidiocarp, basidia, basidiospores, cystidia, ascocarp, asci, ascospores) hasataxonomic
significanceat different level sof taxonomic groupsin classification. Colour notationswere described from Kornerup and
Wanscher [19]. They wereidentified in thelaboratory using morphol ogical features, appropriate keysand monographs.
Taxonomic classification of speciesiszoneaccordingto Kirk et al. [20] and fungal nomenclatureisbased on Mycobank
(http:/Amww.mycobank.org/Biolomi cs.aspx? Table=Mycobank& Page =200& ViewM ode=BasiC).

Microscopical characters

The specieswere also identified based on observations of microscopic structures. The sporomaswere cut into small
fragmentsfor free hand sectioning using arazor blade. The microscopic characters such as size, shape, ornamentation,
clamp-connectionswere clearly observed for basidia, cystidia, asci, basidio/asco spores, capillitium, and exo/endoperedial
elements. All the observations of the microscopi ¢ Structureswere made under an oil-immersion objectivewith an Olympus
CX31 microscope. Microscopic measurementswere cal cul ated using calibration (with ocular and stage micrometer).
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Data analysis

Qualitative analysisentailsdetermining threeattributes of the speciesinthe community: density (number of sporomas per
unit area), whichisameasure of the numerical individualsrelativeto species; frequency (how many samplescontain
sporomas of agiven species), which measuresthe commonness of the speciesand dominance, theincidence at which the
speciesoccursmost inthesampling area[21].

Density

Dengty isan expression of thenumerical strength of aspecieswherethetotal number of sporomasof each speciesinall
transectsisdivided by thetotal number of transect studied. Density was calculated asfollows

Density (De) = Total number of sporomasin all quadrats/ Total number of transect studied
Dominanceand Abundance

Dominance (D) for generaand family were estimated by the highest number of species and species dominancewas
estimated by highest number of total sporomas. Abundance was estimated by number of sporomasof different speciesin
thecommunity per unit area. Sampling wasdonerandomly at several placeswithin transectsand the number of sporomas
of each speciesissummed for al transectsdivided by thetota number of transectsin which the speciesoccurred. Dominance
isrepresented by theequation

Abundance(A) = Total number of sporomasin all transects/ Number of transects of occurrence

Frequency

Theterm frequency refersto the degree of dispersion of individual speciesinan areaand usually expressed in termsof
percentage occurrence. Sampling wasdonerandomly inthestudy areaat severd placeswithintransectsand recorded the
name of sporomasthat occursin each sampling units. Itiscalculated by theformula

Frequency (F) = Number of transects of speciesoccurrence/Total number of transects studied
AlphaDiversity

Shannon-Weiner’ sdiversity index, ameasure of richnessand evenness[22] and Simpson’sdiversity index of dominance
[23] were measured for each year in Chikmagal ur district and also each for the completedistrict.

Shannon-Weiner diversity Index =H’ =-% (pi X Inpi)

. N ni (ni-1)

Simpson’sDiversity Index=D=%Y ———

N (N-1)

Where, ‘i'" species= oneof all theenumerated species
Pi = theproportion of the‘i™" species= (ni/N)
ni =number of individualsof the'i™ species

N =total number of individuals.

Regression Analysis

Regression analysi swasdetermined through the satistical software (Minitab 15) in Chikmaga ur district to discern whether
the sampling plotsinfluenced the speci esrichness of sporomas. Transectsareequaly efficient in sampling macrofungi from
agiven sampling plots. Alternatively, macrofungi were strongly dispersal limited, they weresampled inalimited transects.
Similarly, thedisperds on-limitation predicted more speciesto devel op in arestricted transect. Theandysiswasrun separately
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for each year of 5year study (2007-2011) in overall Chikmagal ur district. The statistical significance of theincluded
variableswas determined by R-Sq test with 0.05% significanceasacriterion.

Principle Component Analysis

Principle component analysiswas peformed on top 20 abundant speciesfrom four substrates (coprophyllous, folicolous,
lignicolousand terricolous). The scoresof first two componentsfrom the PCAswere used to compare differencesof the
macrofungal communitiesamong thefour substrates. The software Xlstat 13 wasused to performthe statistical analysis.

Pear son Correation Coefficient

The speciesrichnessof each family and generaof Chikmagalur district was subjected to analysisusing Microsoft Excel
2007. Theandysiswasperformedintermsof least significant difference (LSD, ) in speciesrichnessof each family and
generaamong thetota rainfall.

RESULTS S
-
1500 e
Sporoma ~ \M‘\?
A total of 6950 sporomaswere collected in Chikamagal ur Elm -0
district during 2007-2011 and maximum productivity was B 500
recorded during 2007 with 1832 individualsfollowed by
1620 individual sduring 2009, 1404 during 2008 and 1175 b
20057F SIS M 2010 2011
3%
0 Figurel. Total sporomain Chikmagalur district during 2007-2011
15
S A intheyear 2010. L owest sporomaswereencountered during
E % last year of study (2011) with 905 individuals(Fig. 1)
e Families
0 A total of 29 familieswere enumerated fromdistrict during
2007 2008 2008 00 2011 2007-11. Speciesof 29 familieswererecorded during first
Yiear

Figure2. Total familiesoccurring in Chikmagalur district during

2007-11
three consecutiveyears (2007-2009) accounting for highest o
familiesfollowed by 26 and 24 familiesduring2010and ~ « 40
2011 respectively (Fig. 2). £ l l
L} ]
Genera
o
Atota of 64 generawere encountered during 2007-11. Sixty i o oo i L
generawereencountered during 2009 accounting for highest et
and 59 in 2007 followed by 56, 52 and 48 genera during
2008, 2010 and 2011, respectively (Fig, 3)_ Figure 3. Total generaoccurred in Chikmagal ur district during
2007-2011

Mor pho groups
Fleshy gilled fungi ranked first with 61% followed by bracket fungi (18%) and cora fungi (6%) (Fig. 4).
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Figure4. Macrofungal morpho-group percentage of Chikmagal ur district

Satistical analysis

M acrofungal speciesrichnessver sussampling plots

Therelationship between macrofungal speciesrichnessand sampling plotsof Chikmagalur district wasanalyzed using
linear regression. Thepooled dataof fiveyearswere considered for analysisin Chikmagalur district. Thelinear regression
plotsindicated astrong positive associ ation between macrofungal speciesrichnessand sampling plots Thelinear regression
plotsfor macrofungal speciesrichnessversussampling plotswere andyzed for Chikmaga ur district. Positive correlation

wasobserved and found significant inthe study area.

Table 1. Resultsof Linear regression analysisrelating macrofungal
species richness versus sampling plots surveyed in Chikmagalur
district

Sudy area p R?

Chikmagalur district <0.000*** 0214

p<0.05* p<0.01** p<0.0001***

Table 2. Resultsof Linear regression analysisrelating macrofungal
species richness versus sampling plots surveyed in Chikmagalur
district

Sudy area p R?
2007 <0.000*** 0.77
2008 <0.000*** 0.76
2009 <0.000*** 0.72
2010 <0.000*** 0.78
2011 <0.000*** 0.72

A total of 90 species occurred with 6950 sporomasin 5
yearsfrom 2007-2011 in Chikmagalur district. Thelinear
regression plots of macrofungal species richness versus
sampling plotswasgenerated. Significant postiverdationship
was observed between the componentsin sampling plots of
Chikmagadur digtrict (Fig. 5).

160
140 - -
120 4 H £ S

{1117}

Ll

Epeclon richeeis

Sampling plars

Figure5. Correlation of macrofungal species richness versus
sampling plots
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Density
Family density

In Chikmagalur district, Agaricaceae wasfound to bethe
densest family during dl thefiveyearsof study (2007-2011).
During fiveyears study, Agaricaceae ranked first followed
by Psathyrellaceae being second and Polyporaceae third
denser familiesinthe study sites(Fig. 6).

30
25 | Agaricus
20
45 - Calocera
10 | = Coprinellus
2007 2008 20090 2010 2011 Toial Polyporus
3 ® Psathyrella

years

Figure7. Dense generaof macrofungi in Chikmagalur district
(2007-2011)

Species Density

In Chikmagal ur district, Psathyrella candolleana (2007),
Cyathus striatus (2008), Micropor us xanthopus (2008),
Coprinellus disseminatus (2009, 2010, 2011) and
Calocera viscosa (2010) were found to be most dense
speciesduring respectiveyears. During five years study,
Coprinellusdisseminatusemerged asfirst denser species
with Cyathus striatus and Cal ocera viscosa being second
and third denser speciesin the study sitesof Chikm galur
digtrict (Fig. 8).

140
120
100 5 Agaricaceans
B0 I B Dacrymycemcaass
[ | B Inocybacoan
40 I B Marasmiacoasn
.- B Pzathyrellacoae

2007 2008 2008 2010 2011 Totls
yoars

Figure9. Abundant families of macrofungi in Chikmagalur
district (2007-2011)
GeneraAbundance

In Chikmagalur district, Psathyrella (2007), Armillaria
(2008) and Calocera (2008, 2009, 2010, 2011) werefound
to be the most abundant genera during respective years.
Calocera, Armillariaand Psathyrella ranked first, second
and third most abundant generain the study sites(Fig. 10).

76
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T

60

ﬁ' B Agaricacaas
30 Clavaniaceae
20
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(3 118 148 (s s Fim o

2007 2008 2009 2010 2011 Total
5
Years

Figure6. Densefamilies of macrofungi in Chikmagal ur district
(2007-2011)

Generadensity

InChikmagalur district, Psathyrellaranked first during 2007
and Coprinellus was most densest for four years during
study (2008, 2009, 2010, 2011). During five years study,
Coprinellus, Psathyrella and Polyporus ranked first,
second and third denser generarespectively inthestudy sites

(Fig. 7).

15
10

5
< iand Ei_shi

2007 2008 2009 2010 2011 Total .
5 5 Microporus xanthopus
years

Figur e 8. Dense species of macrofungi in Chikmagal ur district
(2007-2011)

Abundance
Family abundance

In Chikmagalur district, Dacrymycetaceaewasfound to be
the most abundant family during 2007, 2008, 2009, 2010
and 2011. Dacrymycetaceae cameforth asmost abundant
followed by Agaricaceae and Psathyrellaceae during five
yearsstudy (Fig. 9).

B0 Boletus
60 Calocera
20 = Gymnopus
o il Ll U aal X
2007 2008 2009 2010 2011 Total » Marasmius
5
years B Microporus

Figure 10. Abundant generaof macrofungi in Chikmagalur
district (2007-2011)
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Frequency
Family frequency

Polyporaceaeranked first during al thefive years (2007-
2011) and Agaricaceae shared first position during 2008in
thestudy sitesof Chikmagal ur district (Fig 11).

Generafrequency

Frequent generaof macrofungi occurring in Chikmagalur

e

41111

2007 2008 2009 2010 2011 Total

Figure 11. Frequent families of macrofungi in Chikmagal ur

5
years

= Polyporaceae

Psathyrellaceae

§ Schizophyllaceas

district wasevaluated during 2007-2011. In Chikmagal ur district (2007-2011)
digtrict, Microporuswasfoundto bethemost frequent genera
duringal thefiveyears(Table3).
Table 3. Generafrequency of macrofungi in Chikmagalur district (2007-2011)
Genera Fregquency

2007 2008 2009 2010 2011 Total
Abortiporus 01 01 01
Agaricus 04 04 04 03 03 04
Antrodia 01 01 01 01 01 01
Armillaria 01 01 01 01 01 01
Bjerkandera 01 01 01 01 01 01
Bovista 03 03 03 03 03 03
Calocera 01 01 01 01 01 01
Cantharellus 01 01 01 01
Chlorophyllum 01 01 01 01 01 01
Clavaria 02 02 01 01 01 02
Clavulinopsis 02 02 02 02 02 02
Clitocybe 03 03 03 02 02 03
Collybia 01 01 01
Cookeina 02 02 02 02 02 02
Coprinellus 05 04 05 05 05 05
Coprinopsis 01 01
Coprinus 01 01
Coriolopsis 01 01 01 01 01
Crinipellis 01 01 01 01
Cyathus 03 03 03 03 03 03
Daldinia 01 01 01 01 01 01
Fomitopsis 01 01 01 01 01 01
Ganoderma 02 02 02 02 02 02
Geastrum 02 02 02 02 02 02
Gloeoporus 01 01 01
Gymnopus 02 02 02 02 01 02
Hemimycena 01 01 01 01 01 01
Hygrocybe 01 01 01 01 01 01
Hypholoma 01 01 01 01 01 01
Laccaria 01 01 01 01 01 01
Lentinus 01 01 01 01 01 01
Lepiota 02 02 02 02 01 02
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Genera Fregquency
2007 2008 2009 2010 2011 Total
Leucoagaricus 01 01 01 01 01 01
Leucocoprinus 02 02 02 02 02 02
Lycoperdon 01 01 01 01 01 01
Lysurus 01 01 01 01 01
Macrolepiota 01 02 01 02
Marasmius 02 02 02 02 02 02
Melanoleuca 02 01 02 01 01 02
Microporus 08 08 08 08 08 08
Mycena 03 03 03 03 01 03
Oudemansiella 01 01 01 01 01 01
Panaeolus 03 03 01 03 03 03
Paxillus 01 01 01 01
Phallus 02 02 02 02 02 02
Pleurotus 01 01 01 01 01
Pluteus 01 01 01 04 01
Polyporus 04 04 04 04 04
Porodaedal ea 01 01 01 01 01 01
Psathyrella 02 02 02 02 01 02
Pycnoporellus 01 01 01 01 01 01
Pycnoporus 02 02 02 02 02 02
Ramaria 01 01 01 01 01
Rhodocybe 01 01
Schizophyllum 05 05 05 05 05 05
Scutellinia 02 02 02 02 02 02
Termitomyces 03 01 02 01 01 03
Trametes 01 01 01 01 01 01
Tricholomella 02 01 01 01
Tubaria 01 01 01 02 02
Vascellum 01 01 01 01
Xeromphalina 01 01
Xerula 01 01 01 01 01 01
Xylaria 01 01 01 01 01 01
Speciesfrequency 0.8
or
Microporusxanthopusranked first during fiveyears study 0.6
(2007-2011) and in total five yearsin the study sites of ::
Chikmagalur didtrict (Fig. 12). 03 I‘-‘rlﬂlﬂs striatus
0.2
Dominance 0.1 ® Microporus xanthopus
a
Family dominance 2007 2008 2008 2010 2011 Total

5
Dacrymycetaceae, Ganodermataceae, Polyporaceae and i
Russulaceae comprised of highest speciesaccounting for Figure 12. Frequent species of macrofungi in Chikmagalur
dominant family in Chikmagalur district duringeachyear from district (2007-2011)
2007-11.
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Generadominance

In Chikmagalur district, Armillaria, Cal ocera,Ganoder ma, Panaeol us, Polypor us,Psathyrella and Russulawerefound
to be dominant during the study period.

Speciesdominance

50
45
In Chikmagal ur district, Psathyrella candolleana accounted 35
for most dominant speciesinfor first two yearsduring 2007 25 |
and 2008. Inthenext threeyears, Caloceraviscosabecame 42 1B . Liwt 1
the most dominant speciesin the next threeyearsduring 19 " !l I I ! |H 'm | HH I
2009, 2010 and 2011(Fig. 13). iddidddiddd Seidindd
. . 335552688822 28858533
Species richness among trophic groups of macro EEE%E‘!%%EEE £ §E§ E‘Egé
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In Chikmagalur district, Coprinellusdisseminatus (CDI)
featured highest and Polyporusarcularius (POR) wasfound Figure 13. Dominant species of macrofungi in Chikmagal ur

to belowest among represented taxain lignicol ous. Cyathus district (2007-2011)

; ] RS driatus(CY S) and Bovista plumbea (BPL ) were prominant
" eos with former being highest and I atter being lowest among
2: ool ® cv represented variablesin terricol ous. Marasmius praecox
0y | ——lommolusAM o . 'j’i,_, Lignicalous (MPR) wastheonly speciesamong foliicolousduring five

oL e | Felder yearsstudy (Fig. 14).

S aﬁﬁ— @5 Shannon-Weiner'sdiversity index
04 uﬁﬂl:"-
06 1 Shannon Weiner’sdiversity index of Chikmagalur district
038 T wasfoundto be4.35,4.18, 4.32, 4.14, 4.01 during 2007,
1 : 2008, 2009, 2010 and 2011 respectively. Diversity reached
1 08060402 0 02 04 08 08 1 itspeak intheyear 2007 (H’ = 4.35). The Simpson diversity

Ei 14, Speciesrich oot . i index was cal culated and diversity wasfound to be more
gure 14. ECIES I'CNNESS among tropnic groups or macrorungi . _
in Chikmagalur district (2007-2011) during 2007 (D= 0.015).

Simpson’sdiversity index

Simpson diversity index was cal culated for Chikmagal ur district for five yearsstudy. Theindex valuewashighest during
2007 (D=0.031) showing maximum diversity followed by 2008-09, 2010 (D= 0.032) and 2011 (D= 0.033).

Influence of rainfall on macrofungal speciesrichness
Three speciesinthestudy sitesof Chikmagalur district werefound to besignificant with rainfal (Table4).
DISCUSSION

The status and diversity of Chikmagalur was found to be found to be maximum during 2007-2011. We found that
environmentd factorslikelight, temperatureand rdaivehumidity greetly influencethegrowth and devel opment of macrofungi.
Thereduction of themacrofungi sporulation occursmainly dueto reductioninrainfal andfruiting diversity dependsonthe
treepopulations. Thisdiversity isdueto luxuriant substrate humusand relative humidity inthe study area. The Shannon
diversity indiceswerefound to be morein 2007 and gradually decreased over theyears. The ssmpson diversity index
increased withthevaueof 0.02infiveyears. Thefamily Agaricaceae, Polyporaceae and Psathyrellaceaewasfound to be
dominant in al thefiveyears (2005 to 2010). Our study revealed theloss of 29 speciesin Chikmagalur district. The
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Table 4. Pearson correlation coefficient of macrofungal familiesin Chikmagalur district

Sl. No. Family Chikmagalur district Sl. No. Family Chikmagalur district
1 Agaricaceae 0.98293** 16. Meruliaceae 0.56429
2 Cantharellaceae 0.80566* 17. Mycenaceae 0.86543
3 Clavariaceae 0.84650 18 Paxillaceae 097086
4, Dacrymycetaceae -0.0337 19, Phallaceae -0.361%4
5 Entolomataceae 0.13200 2. Physalacriaceae -0.09704
6. Fomitopsidaceae 0.86416 2L Pleurotaceae -0.29383
7. Ganodermataceae 0.24364 2. Pluteaceae 016192
8 Geastraceae 0.83430 23 Polyporaceae 0.93821*
9 Gomphaceae 0.80130 24, Psathyrellaceae 049103
10. Hydnangiaceae 0.79664 5. Pyronemataceae -0.02812
1 Hygrophoraceae 069342 26. Sarcoscyphaceae 0.91168*
12 Hymenochaetaceae 0.86998 27. Schizophyllaceae 0.23390
13 Inocybaceae -0.09872 28 Strophariaceae 0.70525
14. Lyophyllaceae 0.93450* 29, Tricholomataceae 0.7969%5
15. Marasmiaceae 0.97149* 0.

* Significant 0.05 %,; ** Significant 0.01 %

Table5. Pearson correlation coefficient of macrofungal generain Chikmagalur district

Sl. No. Genera Chikmagalur district Sl. No. Genera Chikmagalur district
1 Abortiporus 1 33 Leucoagaricus 0.75823
2 Agaricus 049486 A, Leucocoprinus 0.58629
3 Antrodia 0.76826 5. Lycoperdon -0.14008
4, Armillaria -0.02461 36. Lysurus -0.16284
5 Bjerkandera 065707 37. Macrolepiota 0.80566*
6. Bovista 042256 3B Marasmius 0.79787
7. Calocera -00337 0. Melanoleuca 0.64065
8 Cantharellus 0.80566* 40. Microporus 0.75593
9 Chlorophyllum -0.04012 41 Mycena 0.79645
10. Clavaria 0.71219 42 Oudemansiella 0.22030
1 Clavulinopsis 0.26085 43. Panaeolus 082919
12 Clitocybe 081787 4. Paxillus 0.97086
13 Collybia -1 45. Phallus -053134
14, Cookeina 0.91168* 46. Pleurotus -0.29383
15. Coprinellus -0.19256 47. Pluteus 0161929
16. Coprinopsis 0.89097* 48. Polyporus 0150434
17. Coprinus 0.13200 49. Porodaedalea 0.869982
18. Coriolopsis 0.94279* 50. Psathyrella 0.743252
19. Crinipellis 0.97471** 5L Pycnoporellus 0.144552
20. Cyathus 0.9061.3* 52. Pycnoporus 0.834348
2L Daldinia 0.54663 53 Ramaria 0.801306
2. Fomitopsis 014329 4, Rhodocybe 0.132004
23 Ganoderma 0.24364 55. Schizophyllum 0.233907
24, Geastrum 083430 56. Scutellinia 0638913

(0]
o
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Sl. No. Genera Chikmagalur district S. No. Genera Chikmagalur district
5. Gloeoporus -1 57. Termitomyces 0.942689*

26. Gymnopus 0.82989 58. Trametes 0.929818*

27. Hemimycena 0.85424 50. Tricholomella 0538428

28 Hygrocybe 069342 60. Tubaria -0.09872

2. Hypholoma 0.70525 6L Vascellum 0.997461***

0. Laccaria 0.79%664 62. Xeromphalina 0.890978*

3L Lentinus 0.19310 63. Xerula -0.41409

32 Lepiota 083328 64. Xylaria -0.54664

* Significant 0.05 %; ** Significant 0.01 %; *** Significant 0.001 %

development in Dictyophora cinnabarina wasfound to be abnormal with thereductionin height of the sporocarp, length
of inducium and many eggsdid not opento giveriseto receptacle. The speciesof Xylaria polymorpha, Sereumostrea,
Daldina concentrica, Pycnocar pus cinnabarinus, Termitomyces sp. and Daedel opsis sp. were observed because of
climatic variation. Some macrofungi werefound to be medicinally important (Ganoder ma lucidum, Cordyceps sp.) few
were edible (Pleurotus, Termitomyces) and some were poisonous. Some were found to be new to India. The culturing
and chemica congtituentsof macrofungi investigation isunder progress.

The present study was conducted from January 2007 to December 2011, isconstituted first systematically. Long-term
monitoring in Karnataka, although therewere differencesin speciesrichness. The present study noticed speciesrichnessas
well asnumber of sporocarpsvaried between years. The decreasein number of speciesand sporocarpsfrom 2007 and
2011 may bedueto avariation of weether conditions. A mgor problem for theaccurate definition of macrofungal communities
inaparticular steisrelated to sporocarp production depending on weather conditionsand the sporadic fruiting of species
[24]. Finding speciesto be deleted in every subsequent sampling year from 2007 to 2011 isin agreement with other studies
that recommended |ong-term monitoring to assessfungal species[25]. Highest fruiting bodiesrecorded (speciesand
sporocarps) during therainy season (July to October) and somefruiting inwinter (November to February). Thistogether
withthecorrdationanayss, suggeststhat fruiting phenol ogy of macrofunga peciesisdirectly related withweether conditions,
especidly withrainfdl and rdative humidity.

CONCLUSION

The present study conducted from January 2007 to December 2011, isfirst systematically congtituted, |ong-term monitoring
of macrofungi in Chikmagalur district. Thecontrasting patternsof macrofunga diversity are suggested to be aconsequence
of many macrofungal species, whichistheresult of fruiting of macrofungi, being unableto produce fruitbodiesor to
produceinconspicuous ones. Other explanationsincludelarge differencesin reproductive and explorative strategiesamong
macrofungi. In addition, the optimum fruiting conditionsfor some species may not have occurred during years. Despite
theselimitations, thecurrent fruit body survey isgtill auseful way to assessthemacrofungal diversity.

Among 90 macrofungi, 61 specieswererecovered during last year of study. Disappearanceor lossof specieswasconsdered
only based on visiblefruitbodies and does not necessarily mean absence of myceliaof particular speciesin the habitat.
Although, theloss of species cannot be revealed with precise lucidity, thefield observation showed the disturbancein
habitat was greatly affected by wood inhabiting speciesand human interference added to the loss of speciesinthe study
stesof Chikmagaur didtrict.

Interpreting theresultswith ecol ogical parametershasawaysremained achallenging task and theresult hasdemonstrated
that rainfall isstatistically significant with avail able dataand theinformation can be used asbaselinefor future prospects
associated with climate change and conservation strategies owing to maintain the ecosystem health and stability. The
information on common, threatened and rare macrofungi isvery lessin different partsof the country. Hence, the assessment
and conservation of al macrofungal specieshasto beaccomplishedfor local, stateand nationd territories. Thediversity,
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distribution and devel opment of macrofungi are definitely affected by the changing scenarios of the climate change. The
scarcity of basdinedataon theinfluenceof climate changeon fungd digtribution hasto be undertaken because of macrofungd
interdependencieswith other organisms. Inthispersuit, thereisaneed for long term monitoring of macrofungal speciesin
Chikmagad ur district for assessment of impact of ecologica and other supporting parameters.
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ABSTRACT

The present paper dealswith thediversity of poroid membersof family Hymenochaetaceaein Punjab. Fourteen species
belonging to four generai.e. Fuscoporia (F. gilva), Inocutis(I. rheades), Inonotus (1. patouillardii) and Phellinus (P.
fastuosus, P. badius, P. xeranticus, P. grenadensis, P. rimosus, P. pectinatus, P. melleoporus, P. purpureogilvus, P.
rhabarbarinus, P. robustus and P. conchatus) are being described. Ten speciesare being described for thefirst time
fromthestudy area.

K eywor ds: Basidiomycota, Agaricomycetes, Punjab
INTRODUCTION

Family Hymenochaetaceae (Agaricomycetes, Hymenochaetal es) ischaracteristic in having resupinateto pileate, smooth
to poroid basidiocarps, xanthochroic tissue, hyphae without clamps, presence/absence of setae, two to four sterigmate
bas diaand thin- to thick-walled basidiospores. Severa taxaof thefamily arereported to be implicated in many diseases
of broad-leaved and coniferoustrees, causing varioustypes of rotsand diseases. A large number of the specieshave
medicina and nutritional importance[1].

OBSERVATIONS

Key tothegenera

1. Hyphal SYSEEM MONOMITIC .....eiieitiitesiesiesieeeeee ettt e e e e b e sbe s b e b e e se e st et et e benbenbesbesbesbesneeneenens 2
I o 1Y o] S (= 011 [0 oS 3
2. SELAl SEIUCLUMES PIESENT .....eveeeee it ettt ettt ettt e e st e bt e e e bt e e e s se et e e beeseesbeeneeebeeneeebeeneesbeeneeseeeneenes Inonotus
2. Setal SITUCIUrESBISENT .......c.eivieeiiicet et e e sn e n e nn s Inocutis
3. Generative hyphae usually ENCIUSIEA ..........coieiiieiireerese e st Fuscoporia
3. Generative hyphaeusually NOL ENCIUSIEA .........ccveuiiiieeecese e sae e eneas Phellinus

1. Inonotuspatouillardii (Rick) Imazeki, Bulletin of the Tokyo Science Museum 6: 105, 1943. —Polystictus patouillardii
Rick, Brotéria Série Botanica6: 89, 1907. Plate 1 (Figs. 1-7).

Basidiocar p annual, pileate, applanate, solitary; pileusupto 15 x 7 x 4 cm; abhymenial surface smooth to tomentose,
somewhat zonate, pale orangeto greyish orange when fresh, brownish orange on drying; hymenia surface poroid, orange
grey to brownish orange, when fresh, greyish orangeto brown on drying; poresround, 3—4 per mm; dissepimentsthin,
entire; context up to 9 mm thick, light brown, homogeneous, fibrous; pore tubes up to 5 mm long, brownish orange;
marginsthinning, obtuse, wavy toirregular, sterileupto 5 mm, greyish orange onthe hymenia surface, concolorousonthe
abhymenial surface. Hyphal system monomitic. Generative hyphaeup to 5.0 imwide, branched, simple septate, thin- to
thick-walled, subhyalineto yellowish brown. Setal hyphae up to 115.0 x 15.2 im, thick-walled, abundant, mostly
horizontal intrama. Setaeup to 33.0 x 8.8im, ventricose, thick-walled, dark brown. Basidia 30.0-36.0 x 7.2-9.81m,
clavateto somewhat sinuous, subhyaline, with oily contents, s mple septate at the base, 4-sterigmate; sterigmataupto 4.7
imlong. Basidiospores5.2—7.6 x 4.0-5.81m, broadly ellipsoid, smooth, pal e yellow, thick—walled, with oily contents,
cyanophilous, inamyloid.

83



Proceedings of the 8" International Conference on Mushroom Biology and Mushroom Products (ICMBMP8) 2014

e — F“Iill
Wpm g 90 i

RN L )
CH I
g

| 'li*'l‘-||'. 11

Plate 1: Figs. 1-7: Inonotus patouillardii: 1. basidiocarp showing
abhymenial surface; 2. basidiocarp showing hymenial surface; 3.
basidiospores; 4. basidia; 5. setae; 6. generative hyphae; 7. setal
hyphae. Figs. 8-13 Inocutis rheades: 8. basidiocarp showing
abhymenial surface; 9. basidiocarp showing hymenial surface; 10.
basidiospores; 11. Basidia; 12. generative hyphae; 13. cystidioles.

Collection examined —Punjab: Patida, Urban Edtate Phase
I1, on Alstonia sp., Gurpreet 7062 (PUN), August 13, 2013.

Remar ks— Thisspeciesischaracteristicin having smooth
to tomentose abhymenid surface, conspicuoussetal hyphae
and broadly ellipsoid basidiospores. Earlier it has been
reported from India by Sharma [2-4] and Harpreet [5].
However, itisbeing described for thefirst timefrom Punjab.

2. Inocutisrheades (Pers.) Fiasson & Niemel g, Karstenia
24. 25, 1984 — Polyporus rheades Pers., Mycologia
Europaea 2: 69, 1825. Plate 1 (Figs. 8-13).

Basidiocar p annual, effused-reflexed to pil eate, applanate;
pileusup to 5.5 x 3 x 2 cm; abhymenial surface sul cate,
indistinctly zonate, brownish yellow to brownto dark brown
when fresh, greyish orangeto dark brown on drying, with
brownish-black, hard cutis; hymenia surface poroid, orange
grey togreyish orangewhenfresh, brownish grey ondrying;
poresangular, 4-5 per mm; dissepimentsthin, entire; context
up to 5 mm thick, homogeneous, brownish yellow; pore
tubesup to 2 mm long, stratified with greyish brown zone
near thecontext layer and dark brown zonetowardshymenid
surface; marginsobtuse, wavy toirregular, sterileupto 1
mm, concolorouson both hymenia and abhymenia surfaces.
Hyphal system monomitic. Generative hyphaeupto 3.4
um wide, branched, simple septate, thin- to thick—walled.
Setal hyphaeabsent. Setae absent. Cystidioles10-12.5
x 3-3.7 um, fusoid, thin-walled, s mple septate at the base.
Basidia 10.6-13.5 x 5.6—7.5 ym, clavate to subclavate,
subhyaline, simple septate at the base, 4—sterigmate;
sterigmataup to 2 um long. Basidiospores5-6.5 x 4.3—
5.7 um, broadly dlipsoid to subglobose, smooth, dark brown,
thick-walled, with oily contents, inamyloid, acyanophilous.

Collection examined —Chandigarh (UT): lakereserveforest, on angiospermous stump, Dhingraand Gurpreet 7063

(PUN), August 15, 2013,

Remar ks—Inocutisrheadesis characteristic in having sul cate abhymenial surface with brownish—black, hard cutis,
absence of setal structuresand broadly llipsoid to subglobose basidiospoes. Earlier it hasbeen reported from Indiaby
Sharma[6, 7] asInonotusrheades. The present collectionisdifferent from the earlier descriptionsfrom Indiain lacking

thegranular coreand isanew report for the study area.

3. Fuscoporia gilva (Schwein.) T. Wagner & M. Fisch., Mycologia 94(6): 1013, 2002. — Bol etus gilvus Schwein.,
Schriften der Berlinische Gesellschaft Naturforschender Freunde 1: 96, 1822. Plate 2 (Figs. 14-20).

Basidiocar psannual, pileate, imbricate; pileus 7.0 x 4 x 0.7 cm, hard; abhymenial surface strigoseto hirsute, faintly
zonateto azonate, light orangeto orange when fresh, brownish orangeto light brown on drying; hymenial surface poroid,
greyish red to reddish brown when fresh, brown on drying; poresround to angular, 6-9 per mm; dissepimentsentire;
context up to 5 mm thick, brownish yellow to brownish orange; pore tubes up to 4 mm long, brown; marginsthinning,
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Plate 2: Figs. 14-20: Fuscoporia gilva: 14. basidiocarp showing
abhymenial surface; 15. basidiocarp showing hymenial surface; 16.
basidiospores; 17. basidia; 18. generative hyphae; 19. setae.

Key to the species of Phellinus

I =72 S o (o o= g 0] o1 == = S
R S T: S o (oo g 0] (== o 1 0 (= PP
VOV ([0 =S o= = | PSRRI
4. CyidiolESaSEN ... .. e ————————
S F= S Lo o lor= g ST (=S U] o] = =S
5. BaSIdIOCAIPSPIEALE . .. .. e e e e e e e e e

6. Pilear surfacerimose ..
6. Pilear surfacenot as above

7. Pilear surface deeply cracked form| ng polygonal woody scaleswnh age..
7. Pilear surface not deeply cracked, no polygona scal%

8. Basidiosporesdextrinoid ..
8. Basidiospores not dextrinoi d

9. Basidiospores subglobose, basdlocarpsconcentrlcally sulcate

acute, entire to somewhat wavy, sterile up to 1 mm,
concolorousonthe hymenia surface, paler concolorouson
theabhymenia surface. Hyphal system dimitic. Generative
hyphae up to 3imwide, simple septate, subhyaline, thin-
walled, frequently branched, encrusted; thin-to somewhat
thick-walled. Skeletal hyphae up to 4.1 im wide, rarely
branched, aseptate, thick-walled, yellowish brown. Setae
17.0-23.0x 7.0~7.6im, subulate, acuminate, thick-walled,
dark brownin 3% KOH solution, projecting up to 20im
out of hymenium. Basidia8.0-10.5 x 3.5-4.7im, clavate
to subclavate, subhyaline, simple septate at the base, 4-
sterigmate; sterigmata up to 2.4 imlong. Basidiospor es
3.54.7 x 2.0-3.3 im, ellipsoid, smooth, thin-walled,
subhyaline, inamyloid, acyanophilous.

Callection examined —Punjab: Hoshiarpur, Panydi Khurd,
on angiospermous stump, Gurpreet 7061 (PUN), August 2,
2013.

Remarks—A fairly common speciesin India, reported earlier
by Bose [8-10], Banerjee[11], Thind and Chatrath [12],
Dhanda[13], Singh[14], Bakshi [15], Sharma[16, 2, 7],
and Ledavathy and Ganesh[17]. However, itisanew record
for thestudy area.

2
5
.P. conchatus
.3
P. rhabarbarinus
4
P. pupureogilvus
P. xeranticus
.P. melleoporus
6
e 1

.............................................. P.rimosus
P. badius
.. P.robustus

.. P.fastuosus

9. Basidiosporesbroadly ellipsoid, basdlocarpsnotasabove....................................................................... 10

P. grenadensis
P. pectinatus
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4. Phellinusconchatus (Pers.) Quél., Enchiridion Fungorum in Europamediaet praesertimin GalliaVigentium: 173,
1886. — Boletus conchatus Pers., Annalen der Botanik (Usteri) 15: 24, 1795. Plate 3 (Figs. 21-27).

Basidiocar p perennial, pileate, suborbicular, sessile, solitary; pileusup to 27 x 21 x 15 cm; abhymenia surface sulcate,
indistinctly zonate, greyish orangeto orangegrey to brownish orangewhen fresh, brownish orangeto brown ondrying;
hymenial surface poroid, greyish orangeto brownish grey to brownwhen fresh, light brown to brown on drying; pores
round, 7-8 per mm; dissepimentsthin, entire; poretubesupto 1.6 cmlong, stratified, brown, separated by thin, homogeneous,
brown context layers, up to 4 mmthick; marginsindeterminate. Hyphal system dimitic. Generative hyphaeupto 3.4 im
wide, s mple septate, subhyaline, thin-walled, frequently branched. Skeletal hyphae up to 4.7 im wide, aseptate, thick-
walled, unbranched, dark brown. Setal hyphae up to 16.5 im wide, thick-walled. Setae 22.0-57.0 x 7.0-8.0im,
abundant, subulate to ventricose, thick-walled, reddish brown. Basidia not seen. Basidiospores5.0-6.3 x 4-5.1im,
ovoid to subglobose, smooth, thick-walled, pale brown, inamyloid, acyanophilous.

Collection examined —Punjab: Ludhiana, S.C.D. Government college, on the base of Melia azedarach, Gurpreet and
Avneet 7071 (PUN), September 8, 2013.

Remar ks—Thisspeciesischaracterized by the presence of setal hyphae, setae and ovoid to subglobose basi diospores.
Earlier, this species has been reported by Bose [18], Banerjee [11], Bakshi [15] as Fomes conchatus, whereas by
Sharma|[6, 7] and Kuldeep Ldlji [19] asPhellinusconchatus. Presently itisbeing reported for thefirst timefrom Punjab.

5. Phellinusrhabarbarinus(Berk.) G Cunn., Bulletinof the | S SR, N
1965. — PolyporusrhabarbarinusBerk., Annasand Magaz ' i

Collection examined —Punjab: Patida, Punjabi Univeraty
campus, on the trunk of Cassia fistula, Gurpreet 7066
(PUN), October 6, 2013.

Remarks—P. rhabarbarinusis characteristic in having
perennial, solitary, applanate, sulcate, glabrousbasidiocarps,
brownish context and smdler (3.7-5x 2.1-3.1 im) elipsoid
bas diospores. Earlier, it hasbeen reported from Punjab by
Kuldeep Lalji[19].

6. Phellinuspurpureogilvus (Petch) Ryvarden, Norwegian
Journal of Botany 19: 235, 1972. —Poria purpureogilva
Petch, Annals of the Royal Botanic Gardens Peradeniya6
(2): 138, 1916. Plate 3 (Figs. 28-34).

[

5 Ilﬁ %Ilillsll ;Il!ll:lifis .

Basidiocar p annual, resupinate, not easily separable, upto
2mmthick; poresurfacelight brownwhen fresh, brown on
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Plate 3: Figs. 21-27: Phellinusconchatus: 21. basidiocarp showing

thick-walled. Setae 13.0-37.0 x 5.6-8.7 im, subul ate, apex
pointed, thick-walled, dark brown. Cystidioles15.0-16.2
x 4.3-5.61m, fusoid, subhyaline, thin-walled, smpleseptate
at the base. Basidia 12.5-15.6 x 6.2-8.1 im, clavate,
subhyaline, simple septate at the base, 4-sterigmate;
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sterigmataup to 3.4 imlong. Basidiospor es5.6-6.2 x 5.0-5.6 im, broadly ellipsoid to subglobose, smooth, thick-
walled, inamyloid, acyanophilous.

Collection examined — Punjab: Patiala, Punjabi University campus, on angiospermouslog, Gurpreet 7064 (PUN),
August 2, 2013.

Remar ks—This speciesis characterised by resupinate basidiocarps and presence of subulate setae. Earlier, it hasbeen
reported by Sharmaand Ghosh [20] and Sharma[7]. However, it isbeing reported for thefirst timefrom Punjab.

7. Phéellinus xeranticus (Berk.) Pegler, Kew Bulletin 21 (1): 44, 1967. — Polyporus xeranticus Berk., Hooker’s
Journal of Botany and Kew Garden Miscellany 6: 161, 1854. Plate4 (Figs. 35-40).

Basidiocar p annud, resupinate, widely effused, not easily separable, up to 2 mmthick; pore surface greyish red to brown
when fresh, not changing much on drying, uneven, poresangular, 57 per mm, dissepiments|acerate, tubesnot stratified,
brown, upto 2 mmIong; marginsthinning, whitishto paler concolorous, toindeterminate. Hyphal system dimitic. Generative
hyphae upto 2.5imwide, smpleseptate, subhyaline, thin-walled, branched. Skeletal hyphaeupto 3.4 imwide, aseptate,
thick-walled, yellowish brown. Setae 26.0-58.0 x 6.8-8.8
im, subulate, abundant, apex pointed, thick-walled, dark
brown. Basidia 13.0-15.0 x 5.0-5.6 im, clavate,
subhyaline, simple septate at the base, 4-sterigmate ;
sterigmata up to 2.8 im long. Basidiospor es 4.3-5.9 x
2.5-3.7im, dlipsoid, hydine, smooth, thin-waled, with cily
contents, weakly cyanophilous, inamyloid.

Collection examined — Punjab: Ludhiana, Punjab
Agricultura University, on Dalbergia sissoo, Gurpreet 7068
(PUN), September 8, 2013.

Remarks—P. xeranticusis peculiar in having abundant
subulate setae. Earlier, from India, it has been reported by
Bose[10], Banerjee[11], Pegler [21], Rattan [22], Dhanda
[13], Thind and Dhanda[23, 24], Sharma[16], Singh[14],
Sharma[6] and Kuldeep Lalji [19]. However, it isbeing
reported for thefirst timefrom Punjab.

8. Phellinusmelleoporus(Murrill) Ryvarden, Mycotaxon
23: 177, 1985. — Fomitiporella melleopora Murrill, North
AmericanFlora9(1): 13, 1907.

Collection examined —Punjab: Patiala, Botanic Gardens,
Punjabi University, on bark of Pongamia sp., Gurpreet 7067
(PUN), September 6, 2013.

Remar ks—Itischaracterigticin having resupinate, yellowish
brown basidiocarp, absence of setae and small (3.24.2 x
2.3-3.21 m), pale brown basidiospores. Earlier, Dargan et
al. [25] reported it from the study area.

42

Plate4: Figs. 35-40: Phellinusxeranticus: 35. basidiocarp showing

9. Phellinusrimosus (Berk.) Pil&, Annales Mycologici
38 (1): 80, 1940. — Polyporus rimosus Berk., London
Journal of Botany 4. 54, 1845.

hymenial surface; 36. basidiospores; 37. basidia; 38. generative
hyphae; 39. skeletal hyphae; 40. setae. Figs. 41-47: Phellinus
robustus: : 41. basidiocarp showing abhymenial surface; 42.
basidiocarp showing hymenial surface; 43. basidiospores; 44.
basidia; 45. cystidioles; 46. generative hyphae; 47. skeletal hyphae.
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Collection examined —Chandigarh (UT): Sector 1, backside of SukhnaL ake, onthetrunk of Acacia p., Dhingra7070
(PUN), September 19, 2013.

Remar ks—Itischaracterized by pileate basidiocarps, abhymenia surface deeply cracked, forming polygonal woody
scaleswith age. Earlier, Kuldeep Lalji [19] reported it from the study area.

10. Phellinusbadius (Cooke) G. Cunn., Bulletin of the New Zealand Department of Industrial Research 164: 233,
1965. — Fomes badius Cooke, Grevillea14 (69): 18, 1885.

Collection examined — Punjab: Roopnagar, Balachaur, Maili, on angiospermouslog, Avneet 7060 (PUN), September
22, 2013.

Remarks—Itispeculiar in having pileate bas diocarpswith rimose pilear surface and broadly ellipsoid to subglobose
basidiospores. Earlier, it hasbeen reported from the study areaby Kuldeep Lalji [19].

11. Phéllinusrobustus (P. Karst.) Bourdot & Galzin, Bulletin dela Société Mycologique de France 41: 188, 1925. —
FomesrobustusP. Karst., Bidrag till Kénnedom av Finlands Natur och Folk 48: 467, 1889. Plate 4 (Figs. 41-47).

Basidiocar p perennial, pileate, applanate, suborbicular, solitary; pileusupto 14.0 x 11 x 7.5 cm; abhymenial surface
smooth to tomentose, azonate, yellowish brown to light brown when fresh, light brown to brown on drying; hymenial
surface poroid, brown when fresh, not changing much on drying; poresround to angular, 4-5 per mm; dissepimentsentire;
poretubesstratified, upto 5 mmlong, separated by very thinlayersof context, up to 5 mm thick; marginsindeterminate.
Hyphal system dimitic. Generative hyphaeup to 3.1 imwide, branched, s mpleseptate, thin-walled, subhyaline. Skeletal
hyphaeupto 3.4imwide, rarely branched, aseptate, thick-walled, yellowish brown. Setae absent. Cystidioles17.0—
19.3x 3.4-3.81m, fusoid, thin-walled, with tapering apex. Basidia8.7-14.3 x 5.3-5.7 im, clavate, subhyaline, smple
Septate at the base, 4-sterigmate; sterigmataup to 1.8 imlong. Basidiospor es5.0-6.2 x 3.7-5.7 im, broadly ellipsoid
to subglobose, thick-walled, smooth, yellowish brown, acyanophilous, dextrinoid.

Collection examined — Punjab: Patiala, Punjabi University campus, on trunk of Cassia sp., Gurpreet 7058 (PUN),
September 18, 2013.

Remar ks—P. robustusischaracterised by very thick, gpplanate, suborbicular basi diocarp, smooth to tomentoseabhymenia

surface and absence of setal structures. From India, it hasearlier been reported by Bakshi [15], Dhanda[13] and Sharma
[16, 6, 7], Singh[14] and Harpreet [ 5] from different areas. However, it isbeing reported asanew record for the study
area.

12. Phéllinusfastuosus(Lév.) S. Ahmad, Basidiomycetes of West Pakistan: 56, 1972. — Polypor us fastuosus L év.,
Annalesdes Sciences NaturellesBotanique 2: 190, 1844. Plate5 (Figs. 48-52).

Basidiocar psperennid, pileate, imbricate, woody; pileusupto 15 x 12 x 1 cm; abhymenia surface sulcate, concentrically
zonate, brownish grey to light brown when fresh, not changing much on drying; hymenid surface poroid, brownish orange
tolight brownto brown when fresh, brown on drying; poresround, 8-9 per mm, dissepimentsentire; context upto 1.5mm
thick, homogeneous, brownish yellow; poretubesup to 5 mm long, brownish orange; marginsthinning, obtuse, irregular,
sterile up to 9 mm, greyish brown on the hymenial surface, concol orous on the abhymenial surface. Hyphal system
dimitic. Generative hyphae up to 3.4 im wide, branched, s mple septate, thin- to thick-walled. Skeletal hyphaeupto 4.0
imwide, rarely branched, aseptate, thick-walled, yellowish brown. Basidia not observed. Basidiospor es 3.4-5.7 x
2.8-4.51m, subglobose, thick-walled, smooth, brown, acyanophilous, inamyloid.

Collectionsexamined —Punjab: Patiala, Baradari gardens, on base of Eucalyptus sp., Gurpreet 7065 (PUN), February,
10, 2013.

Remar ks—Chief features of thisspeciesare sulcate, concentrically zonate abhymenia surface, absence of hymenid setae
and subglobose basidiospores. Previously it has been reported from Indiaby Bose[26], Banerjee[11], Saxena[27],
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Singh et al. 28] as Fomesfastuosus and by Dhanda[13],
Sharmaand Ghosh [20], L eelavathy and Ganesh [20] and
Sharma[7] as Phellinus fastuosus. However, it is being
reported for thefirst timefrom Punjab.

13. Phdlinusgrenadensis(Murrill) Ryvarden, Norwegian
Journal of Botany 19: 234, 1972. — Pyropolyporus
grenadensisMurrill, NorthAmerican FHlora9 (2): 107, 1908.
Plate5 (Figs. 53-59).

Basidiocar p perennid, pileate, gpplanate, ungulate, solitary,
pileusupto 10.5 x 7 x 4 cm; abhymenia surface smooth to
rugose, zonate, greyish orangeto light brown to palered
when fresh, not changing much ondrying, with brown cutis,
hymenial surface poroid, light brown to brownwhen fresh,
not changing much on drying; poresround, 3—4 per mm;
dissepiments entire; context up to 2.5 cm thick, zonate,
fibrous, light brown; poretubesupto 1.5cmlong, brown;
marginsacute, somewhat incurved, sterileupto 3mm, light
brown on the hymenial surface, concolorous on the
abhymenial surface. Hyphal system dimitic. Generative
hyphae up to 2 im wide, branched, simpl e septate, thin-
walled. Skeletal hyphaeupto 3.7 imwide, rarely branched,
aseptate, thick-walled, yellowish brown. Setae absent.
Cystidioles17.8-18.7 x 4.3-5.31m, fusoid, with tapering
apex, thin-walled. Basdia 15.6-20.6 x 5.0-5.6 im, clavate,
subhyaline, simple septate at the base, 4—sterigmate;
sterigmata up to 2.2 im long. Basidiospor es 5.0-6.8 x
3.4-5.3 im, broadly ellipsoid, thick-walled, smooth,

Plate5: Figs. 48-52: Phellinusfastuosus: 48. basidiocarp showing vl owish brown, acyanophilous, inamyloid.
abhymenial surface; 49. basidiocarp showing hymenial surface; 50.

basidiospores; 51.generative hyphae; 52. skeletal hyphae. Figs. 53-  Collection examined —Punjab: Patiala, near Gol market,

59: Phellinus grenadensis: 53. basidiocarp showing abhymenial niabi Univers nangiosperm m rorect 7
surface; 54. basidiocarp showing hymenial surface; 55. F:)JJI? Y ters;[)y’ 01313013 OUSSIUMP, Gurpreet 7069
basidiospores; 56. basidia; 57. generative hyphae; 58. skeletal ( ), September 15, )

hyphae; 59. cystidioles.

Remarks—Thisspeciesischaracteristicin having applanate, ungul ate basidiocarp and absence of setae. From India, it
has earlier been reported by Dhanda[13] and Sharma|[7]. Hereit isbeing reported for thefirst timefrom Punjab.

14. Phéllinus pectinatus (Klotzsch) Quél., Enchiridion Fungorumin Europamediaet praesertimin GalliaVigentium:
173, 1886 — Polypor us pectinatus K lotzsch, Linnaea8: 485, 1833. Plate 6 (Figs. 60-66).

Basidiocar psperennid, pileate, imbricate, woody; pileusupto 5.5 x 5 x 3 cm; abhymenia surfaceirregulary sulcate, light
brown to brownto dark brown when fresh, not changing much on drying; hymenia surface poroid, light brownto brown
when fresh, not changing much on drying; poresround to angular, 7-8 per mm,; dissepimentsentire; context upto 2.5cm
thick, homogeneous, hard, yellowish brown; poretubesup to 5 mmIong, golden yellow; marginsthinning, obtuse, sterile
up to4 mm, deep yellow on hymenial surface, concolorouson abhymenia surface. Hyphal system dimitic. Generative
hyphaeupto 2.2 imwide, branched, simple septate; thin- to thick-walled, yellowish brown. Skeletal hyphaeupto 3.1 im
wide, aseptate, thick-walled, rarely branched, brown. Setae absent. Cystidioles 13.7-16.5 x 3.0-3.7 im, fusoid,
subhyaline, thin-walled, simple septate at the base. Basidia 8.0-8.7 x 5-5.6 im, subovate, smple septate at the base, 4—
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serigmate; sterigmataup to 2imlong. Basidiospor es4.2—
5 x 3-4 im, broadly ellipsoid, smooth, pale yellow to
brownish, thin- to somewhat thick-walled, weakly
cyanophilous, inamyloid.

Collection examined — Chandigarh (UT): Lakereserve
forest, on base of Acacia sp., Gurpreet & Dhingra 7059
(PUN), September 14, 2013.

Remarks — It has earlier been reported by Bose [2, 9],
Banerjee[1], Thind and Chatrath[12], Dhanda[13], Sharma
and Ghosh [20], Sharma[7] and Harpreet [5]. Hereitis
being reported for thefirst timefromthe study area.
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DIVERSITY OFWILD MUSHROOM FLORA FROM INDIANTHAR DESERT

PRAVEEN GEHLOT*, RUCHIKA SHARMAAND KAMNA SHARMA
Department of Botany, INV University, Jodhpur 342001, Rajasthan, India
drpg73@rediffmail.com

ABSTRACT

Indian Thar Desert harboursatreasuretrove of funga diversity especialy wild mushrooms. Through exploration resulted
in collection of 48 speciesbelonging to 21 generawhich were collected and studied. It was observed that these mushrooms
werefound to occur on avariety of substratesand in different habitats of Thar Desert. Threatsto mushroom diversity in
Thar Desert are of much concern dueto ever increasing anthropogenic activities, frequent droughtsand ahigh livestock
population. Conservation of thesewild mushroomsisurgent need of hour for their utilization asfood, medicineand for
utilizing activebiomoleculesinfuture.

Keywor ds. Basidiomycetes, Agricaes, wild mushroom, Thar Desert
INTRODUCTION

The Great Indian Desert, or Thar Desert, extends over about 0.32 million km? forming approximate 10% of thetotal
geographic areaof India. Morethan 60% of the Desert liesin the state of Rgjasthan, followed by 20%in Gujarat. This
desert from the eastern extremity of the great arid and semi arid belt of theworld. It isoneof the smallest desertsof the
world but exhibitsawide variety of habitatsand ahigh biodiversity dueto juxtaposition of Palaeoartic, Oriental and
Saharandements. Owingto strong variationsin climatic, edgphic, phys ographic, topographic and geologicd characteridtics,
Thar Desert showsawide variety of habitatsand ahigh biodiversity. Thar Desert harboursatreasuretrove of fungal
diversity especialy wild mushroom. In Thar Desert, wild mushroomshave an unestimated weal th of mushroom diversity,
which needsto be tapped properly astherearestill several undescribed speciesyet to beidentified. Effortsneed to make
toidentify and exploit these mushroom floras astheir biodiversity and conservation and utility for thefood security of a
country.

Thedimateof Thar Desertischaracterized by low rainfdl with erratic distribution, extremesof diurnd and annud temperature,
low humidity, highwind velocity and frequent dust storms. Soil profilesare characterized by low contentsof silt, clay and
humus but higher salt. Vegetation types are xerophytes thorn forest, mixed xerophytes woodland, lithophytic and
psammophytic scrub desert and aso halophytic vegetation.

InThar Desert area, mushroom fungi tend to appear seasonally. Themost productive monthsarethose of therainy season
(July-September). Thebest conditionsfor the occurrence of amassive population of mushroom fruiting bodies (basidiocarps)
arerelated with the presence of humidity inthe nutritional substrateandintheair, coupled with amild temperature. Thus
during different climatic conditions(rainy, dry, sunny), different typesof mushroom grow in different habitats, viz., onthe
ground in woodlands or associated with tree, on the ground in grasslands or open spaces, growing on trees stumpsor
woody debris, growing on burnt ground or brunt wood, growing on dung or enriched soil, growing on sand in sand dunes,
on termite’ snests and sometime parasite on living woods. Thisisbecause of acomplex pattern of interaction with the
climatic condition, soil profile, soil pH, soil humus, decomposed materids, plant debrisand plants.

Alexopoulouset al. [1] classified Hymenomycetesfungi into Tremellales, Agaricales, Aphyllophorales, Auriculariales,
Dacrymycetales, Ceratobasidides, Tulasndlaesand Gastromyceteslineage. TheAgricaesincludeshbas diomycetousfungi
whosefruiting bodiesare commonly called “mushroom”. Typically thefruit body consistsof anumbrellalikecapona
central and vertica stipe. Ontheunder side of the cap areradiating gills, upon which themicroscopic sporesare produced.
Singer [2] hasclassfied theorder Agricalesinto 17 familiesasfollows: Agaricaceae, Amanitaceae, Bolbitiaceae, Boletacese,
Coprinaceae, Cortinariaceae, Crepidotaceae, Entolomataceae, Gomphidiaceae, Hygrophoraceae, Paxillaceae,
Polyporaceae, Russulaceae, Schizophyllaceae, Strobilomycetaceae, Strophari ceae and Tricholomacese.
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MATERIALSAND METHODS

Aridand semi arid areaof Indian Thar desert viz., Jodhpur, Jaisa mer, Barmer, Bikaner, Churu, Jaloreand Pdli district were
surveyed for wild agarical esmushroom collection during 2001 to 2010. Standard methodswerefollowed for collection,
preservation and macro and microscopi ¢ studies of mushroom [ 3, 4]. Macroscopic detail s such as shape, size, colour and
odour of thefresh specimenswere recorded before preservation. Fascinating feature of fruiting body, edibility, medicinal
value, ectomycorrhizal association and other interesting feature were al so noticed. Field photography was doneusing
digital Nikon camera. | dentification wasmade onthe basisof critica observationsof the specimensand perusd of relevant
literature[2, 5-7]. Thefruiting bodieswere maintained in 4% formal dehyde sol ution in the laboratory and preservedinthe
herbariumdivison.

RESULTS

Inthe present course of investigation, 48 speciesof 21 genera were collected from different habitat viz., grasdand, pasture,
roadsides, wooded area, sand dunes, over dead stumpsand living trees. Detail ed accounts of theseswild mushroomwith
their familiesand taxonomic statuswere given asaccording to classification given by Singer [2]. Out of seventeenfamilies
mushroom belonging to eight familiesviz., Hygrophoraceae, Amanitacese, Entolomataceae, Tricholomataceae, Agaricacese,
Coprinaceae, Strophariaceae and Crepidotaceae were collected and studied (Table 1).

Table 1. Characteristicsfeature and habitat of wild mushroom occurring in IndianThar Desert

S.No. Nameof Mushroom Family Characteristicsand Habitat
1 Hygrophoropsis aurantiaca Hygrophoraceae Small orange-yellow basidiocarp with shallowly funnel shaped cap,
reminiscent of achanterelle but with true gills; in small troops on soil.
2 \olvariella bombycina var. Amanitaceae Bright-flavous basidiocarp with fibrill ose cap and white gillsfound
flaviceps solitary on tree trunks.
3 \olvariella earlei Amantitaceae White to pale gray basidiocarp found gregarious on soil.
4, \olvariella hypopithys Amanitaceae Medium sized white basidiocarp with long stipe found on humusrich
soil.
5 \olvariella pusilla Amanitaceae Grayish white small sized basidiocarp with flattened cap and pinkish
gillsfound on humusrich soil.
6. \olvariella speciosa var. Amanitaceae Dull white pearl gray ovoid basidiocarp, flesh pink gills, found on soil.
gloioceplala
7. \olvariella speciosa var. Amanitaceae Large sized palewhiteto light brownish basidiocarp found growing on
speciosa jowar straw on road sides
8 Pluteus subcervinus Amanitaceae Medium or large agaric with pale brown cap and pink gills, found on
rotting wood.
9 Termitomyces eurhizus Amanticeae Large, white, fleshy basidiocarp with abroadly umbonate perforatorium,
found solitary on termitaria.
10. Termitomyces heimii Amanitaceae Large, white basidiocarp with umbonate and long pseudorrhizafound
on the boundary walls of field on termite nests.
11 Termitomyces microcar pus Amantitaceae Small white basidiocarp, found in group amongst where termite nests
had been active.
12 Termitomyces tyleranus Amanitaceae Small whitish basidiocarp with tall stem and pointed perforatorium
found on leaf litter.
13 Termitomyces sp. Amanitaceae Medium, white basidiocarp with long pseudorrhiza. Grow on termitaria
soil.
14. Leptonia sericella Entolomataceae Very small sized basidiocarp, white cap, decurrent gills, found amongst
grass.
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S.No. Nameof Mushroom Family Characteristicsand Habitat

15. Clitocybe dealbata Tricholomaeae Small fleshy basidiocarp with whitish-grey, shallowly depressed cap
and white decurrent gills; trooping in rings on soil in lawns and
pastures.

16. Tricholoma |obayense Tricholomataceae Large fleshy basidiocarp with solid stipe swollen at base

17. Tricholoma sulphureum Tricholomataceae ~ Sulphur yellow coloured large fleshy basidiocarp found on soil and
amongst leaf litter.

18. Marasmiellus sp. Tricholomataceae Delicate white basidiocarp, found at the base of tree

19, Trogia infundibuliformis Tricholomataceae =~ Small brown basidiocarp with funnel shaped cap bearing deeply decurrent
gills, found amongst | e=f litter.

20. Marasmius confetus Tricholomaceae On soil amongest grass

21 Marasmius oreades Tricholomaceae Smallish, pale tan, fleshy basidiocarp, with blunt umbo and tough
rooting stem, typically in rings on soil in short grass or lawns.

2. Hemimycena pithya Tricholomataceae ~ Small, delicate, chalk-white basidiocarp with bell-shaped irregularly
grooved cap; inlarge troops or some somewhat tufted on plant debris.

23 Macrolepiota exocortiata Agaricaceae Large fleshy basidiocarp with white cap, gillsand stem withring; in
scattered groups on soil in pastures.

24, Macrolepiota rachodes Agaricaceae Large sized basidiocarpwith coarse brown cap scales on awhite
background, free gills and a bulbous base solitary to gregarious,
sometimes in caespitose clusters on garden soil.

5. Leucocoprinus cepaestipes Agaricaceae Medium sized basidiocarp, white scaly campanulate cap, commonly
found in parks, garden and roadsides.

26. Leucocoprinus zeylanicus Agaricaceae Pale brown basidiocarp, campanul ate cap with brown umbo found
growing on the trunk of tree.

27. Agaricus alphitochrous Agaricaceae Small size basidiocarp, cap creamish pal e with squamutes confined to
the center pink to brown gills, found in groups amongst grass.

28 Agaricus augustus Agaricaceae Medium to large basidiocarp with pale cap having fibrill ose squamul es,
in field on sandy loam soil

2. Agaricus bambusophillus Agaricaceae Small redish brown agaric, with dark center, appendiculate margin,
found on |eaf litter plant debris.

0. Agaricus benzodorus Agaricaceae M edium sized basidiocarp with grayish brown cap, broadly umbonate
found on soil or leaf litter.

3L Agaricus bisporus var. hortensis Agaricaceae Medium to large basidiocarp with whitish cap and stem, pink or
chocolate gills and ring on stem; in trooping groups often tufted.on
humus rich soil and plant debris.

32 Agaricus purpurellus Agaricaceae Cremishbasidiocarp with violaceoustins, appendiculate margin found
solitary in fieldson sandy soail.

3. Agaricus silvicola Agaricaceae Medium or large basidiocarp with creamy whie cap, pink or chocolate
gills, stipe with ring and bulbous base; in trooping groups on soil in
lesf litter.

A Agaricus silvaticus Agaricaceae M edium basidiocarp with reddish brown cap, with radiating scales,
flesh staining deep red, found on leaf litters.

5. Agaricus trisulphuratus Agaricaceae Bright orange coloured basidiocarp, campanul ate cap covered with
numerous squamules found on sail

36. Lepiota mericana Agaricaceae Medium sized basidiocarp, pinkish brown to reddish brown,

squamul ose, umbonate cap and afusiform to club shaped stipe on soil
in grassy habitats
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S.No. Nameof Mushroom Family Characteristicsand Habitat

37. Coprinus extinctorius Coprinaceae Tall, palebrownish basidiocarp, with conical cap, blackning; solitary orin
small groups, typically caespitose tufted, on stumps or wounds of broad-
lesf tree.

3. Coprinus lagopides Coprinaceae Tall, fragile, grey basidiocarp covered with whitish scurf, blackening
scattered or solitary on soil or charred wood.

30. Coprinus sterquilinus Coprinaceae White basidocarp with blackening gills, campanul ate cap covered with
white fibrillose scales, found in grassy habitats.

40. Panaeolus fimicola Coprinaceae Small grayish basidiocarp with mottled gills, becoming blackish, in
trooping groups on soil in lawns parks and other grassy situation.

1. Psathyrella magambica Coprinaceae Small basidiocarp with fuscous brown cap covered by numerouswhite
velar squamules found in tufts on wood.

2. Psathyrella pygmaea Coprinaceae Very small sized basidiocarp with brown cap, found in tufts on leaf
litter.

43. Psathyrella spadicea Coprinaceae Small brown basidiocarp forming caespitose clusters on dead wood
and leaf litter.

2, Psathyrella tiarella Coprinaceae Very small basidiocarp, clay brown umbonate cap, found in great
numbers on soil in rainy season.

45, Pholiota squarrosa Strophariaceae Large basidiocarp, straw-yellow covered with coarse rust scales and
with ring zone on stem, caespitose tufts at the base of living broad-|eaf
trees.

46. Stropharia semiglobata Strophariaceae Small or variable basidiocarp with domed dimy yellow cap, long slender

stem with ring zone, clay or purplish brown gills; in small trooping
groups, sometimes caespitose, on dung.

47. Crepidotus herbarum Crepidotaceae Very small, whitish, kidney-shaped cap with buff gills, moreor less
sessile on twigs, and other plant debris.

48. Crepidotus quitensis Crepidotaceae Very small, whitish to pale grayish cap, sessile, with dorsi-lateral
attachment to substratum, on twigs and other debris.

Family Hygr ophor aceae: Hygrophoraceaefamily ischaracterized by theability to producewhite, thinwalled basidiospores
from rather long, cylindrica basidia Lamelaearethick and waxy. Many membersof thesefamiliesare colorful producing
basidiocarps with white, yellow, orange or red caps. Only one species was collected i.e. Hygrophoropsis
aurantiaca. Repeated forked nature of lamellaeisthe main distinguishing character of thisgenus.

Family Amanitaceae: Thisfamily ischaracterized by presence of small to large basidiocarp, presence of both anannulus
and avolvaor thesevelar structuresmay be absent. Twelve specieswere studied in thisfamily belonging to three genera
viz. \blvariella, Pluteus and Termitomyces. \olvariella bombycinavar. flaviceps, V. earlei, V. hypopithys, V. pusiia,
V. speciosavar. gloicephala, V. speciosa var. speciosa, arewd | distinguished morphol ogically dueto typical characters
presence of volva, sporeand cystidiamorphol ogy. Pluteus subcervinusis characterized by the absence of velar structure
at maturity. Five strains of genus Termitomyces viz., T. eurhizus, T. heimii, T. microcarpus. T. tyleranus,
and Termitomycessp. Termitomyces was  distinguished by white basidiocarp with long pseudorrhizafound on the
boundary wallsof field ontermite nests

Family Entolomataceae: Only onegenusinthisfamily hasbeen collected and studied viz., Leptonia sericella whichis
well distinguished by infundibuliform pileus, centra stipe, angular sporesand presenceof cystidia

Family Tricholomataceae: Thisisavery largefamily. Itischaracterized by the tipe (if present), isconfluent with the
pileus. Basidiocarpsare minute and delicateto large and fleshy. The colour of the sporesisvariable and thelamellae show
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al possibleformsof attachment withthestipe; rarely free. Inthisfamily, eight speciesof six generawerestudied. Theseare
belonging to thetribes Clitocybieae, Collybieae, Marasmieae and Myceneae. In the Clitocybeage, three specieswere
studied namely Clitocybe dealbata, Tricholoma lobayense and T. sulphureum. The Marasmiellus sp. and Trogia
infundibuliformiswere studied under thetribe Collybieae. Tribe Marasmieae includes Marasmius confertusand M.
oredes. Hemimycena pithya was studied bel onging to the tribe Myceneae.

Family Agaricaceae: Thefamily ischaracterized by the basidiocarp that iswhiteto brown or grey-brown cap with free
gills, anannulusbut no volvaand astalk that readily separatesfrom the cap. Gillsmay belight in colour-often pink or white
but eventual ly darken. 14 speciesbel onging to 4 generaviz., Macrolepiota, Leucocoprinus, Agaricus, and Lepiota were
studied. These speciesareincluded under thetribes L eucocoprineae, Agaricaceae and L epioteae respectively. Tribe
L eucocoprineae included Macrolepiota exorciata, M. rachodes, Leucocoprinus cepaestipes, L. zeylancius. L.
zeylanicus is characterized by lamellar colour due to an effect of the weather. Tribe agariceae included Agaricus
alphitochrous, A. augustus, A. bambusophillus, A. benzodorus, A. bisporusvar. hortensis, A. purpurellus, A. silvicola,
A. silvaticusand A. trisulphuratus. In tribe L epioteae, Lepiota americana was studied.

Family Coprinaceae: Thefamily comprisesof theblack or brown large spores, basidiocarpsaretypically fragileand
bear shreds of ruptured cutis. Members of thisfamily may befound on dead wood, dung, soil and litter. Eight species
bel onging to 3 generacoming under subfamilies Coprinoideae, Panaeol oideae and Psathyrell oi deae were studied. In
Coprinoideae Coprinusextinctorius, C. lagopides, C. sterquilinus were studied. In Panaeol oideae, Panaeolusfimicola
was studied having deep purplish smooth spores. In Psathyrelloideae, P. sathyrella, P. magambica, P. pygmaea, P.
spadicea and P. tiarella werereported

Family Srophariaceae: Thefamily ischaracterized by the epicutisof the pileusthat iscomposed of appressed narrow
tubular often gelatinous hyphae. The basidiospores are brown and possess an apical germ pore or a minute apical
discontinuity. The stipe and pileus are confluent. Two members of thisfamily, Pholiota squarrosa and Sropharia
semiglobata werecollected. S semiglobata isincluded under sub family Stropharioideaewhile P. squarrosaisincluded
under the sub family Pholiotoideze.

Family Crepidotaceae: Family Crepidotaceaeischaracterized by fruit bodiesthat are shell-like, lacking astem and
lateraly attached to dead and decaying wood. The maturegillsand sporesrangein colour from cinnamon-brownto stuff-
brown. Two species Crepiodotus herbarum and C. quitensis were studied.

DISCUSSION

Considering the arid nature of thisarea, one may not think about the occurrence of mushroom because Thar Desert
generally recelves meager rainsin comparison to other parts of Indiaand thisfactor iscoupled with aprolonged hot dry
season. Therefore, itislogica not to expect the growth of mushroom which requireshigh humidity and low temperature.
Earlier, surveyswere conducted by Singh[8, 9], Nag et al.[10], Doshi et al. [11] in different areasof Rgasthan. Singh [8,
9] reported occurrence of edible mushroom from Rgasthanviz., Agaricusspp., Pleurotus spp., and Coprinusspp. Nag
et al. [10] reported 22 generaand 43 species of mushroom from Jaipur district. Doshi et al. [11] reported 94 speciesof
macro-fungi of 52 generabelonging 7 families. Later Doshi and Sharma[12] enlisted 173 speciesfrom 95 generaof
macro-fungi including Agricales, Aphyllophorales, Gastromycetes and Dacrymyceta esfrom Rgjasthan. Most of these
generahave been collected from humid areas of southern Rgjasthan but no intensive exploratory work was conductedin
thearid areasof Rgjasthan. Doshi et al. [ 11] collected only 13 speciesfrom 12 generafrom arid zone of western Rgjasthan.
Inthe present investigation, 48 speciesbel onging to 21 generaarereported from Thar Desert.

M aximum 14 specieswererecorded from the family Agaricaceaefollowed by 12 species of Amanitaceae, 8 species of
Tricholomataceae and Coprinaceae respectively, 2 species of Strophariaceae and Crepidotaceae respectively. 1 species
of Hygrophoraceae and Entol omataceae respectively. Asfar generic distribution isconsumed maximum 6 generawere
reportedin and family Tricholomataceaefollowed by 4 generain Agaricaceae, 3 generain family Amanitaceae and
Coprinaceae, 2 generain family Strophariaceae, and 1 genusbelongsto family Hygrophoraceae, Entolomataceae and
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Crepidotaceae respectively. Maximum 9 speciesbelong to Agaricus followed by 6 speciesof Volvariella, 5 species
of Termitomyces, 4 speciesof Psathyrella and 3 speciesof Coprinus were studied whiletheleft over generahad either
1 or 2 species.

It was observed that these mushroomswerefound to occur on avariety of substratesand in different habitats. Speciessuch
as Leucocoprinus zeylanicus, Agaricus purpurellus, Lepiota cepaestipes, Coprinus extintorius, C. strequilinus,
Psathyrella magambica and P. pygmaea werefound to occur on diverse habitats which have not been recorded earlier.
For instance, Leucocoprinus zeylanicus was alwaysfound from soil habitat but the during the present mycofloristic survey,
it was collected from trunk of living tree of Salvadora oleoides. Coprinus sterquilinus previously reported from the
mushroom beds but thisisreported from grassy habitat. Agaricus purpurellus isfound as solitary specimen but now
reported gregariously on soil. Psathyrella magambica wasreported onleaf litter but during the present studiesit was
found onrotting wood.

Threatsof lossof mushroom diversity inthe Thar Desert are of much concernsincethey play asignificanceroleinhuman
welfare. Over time, ever increasing anthropogeni ¢ activities have been accompanied by changesin thetraditiond pattern of
land use, resulting in substantial ateration of habitats. Frequent droughtsand ahigh livestock population are other thresats.
In morerecent years, there has been ecol ogical disturbancesdueto construction of the Rgjasthan Canal (IndiraGandhi
Nahar Project, IGNP).
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ABSTRACT

Inorder to contributeto therescue of thefast disappearing knowledge of mushroomsand their useheld by theMam ethnic
group living within the“ Tacandvol cano Biosphere Reserve” , in Chiapas, Mexico, the use and knowledge of mushrooms
wasinvestigated by applying open unstructured and spontaneousinterviews, to € derly speakersof theMam languagewho
were presented fresh biological materia. Of the 50 fungi shown, informantsacknowledged 16. Some namesof mushrooms
in Mam have no meaning in Spanish or Mam a though phonetically some namesare very smilar to Spanish words. Most
mushroomsare used for food, important mushroomsinclude Lycoperdon umbrinum, whichisboth edibleand medicind,
Amanita muscaria, which is poisonous and used as cattle feed and Agaricus sylvaticus known as Xch’ kbi [ak’ inthe
Mam language. The Mam-speaking i nhabitantshave devel oped waysof preparation and trestment for mushroom consumption
and can identify mushrooms depending on the shape, appearance (mature or immature) and sizethey present. Itisstressed
that the knowledge of mushrooms possessed by thisethnic group at the studied site, islimited and on thethreshold of

disappearing.
K eywor ds: wild edible mushrooms, Mam, traditiona use of mushrooms, toadstools
INTRODUCTION

Theknowledge and use of mushroomsinpre-Hispanic cultureslocated in what isnow Mexico, played animportant role
and hasbeen widely documented. Currently, in certain regionsof the country, themushroom-gathering tradition till persst
andiscarried out by thewholefamily for self-consumption (food, medicinal or religious purposes) and selling [1,2].
Empirical knowledge about the propertiesof mushroomsispart of the culture of many ethnic groupsin thiscountry. Many
groupsare ableto differentiate between edibl e, poi sonous and medicinal mushrooms|[1].

Like other statesin the country, Chiapasisknown for itsrich cultural and linguistic diversity. Of the41 indigenous
languages spoken, Tzotzil and Tzeltal are the most widespread, accounting for 36% and 34.4%, respectively. Mamis
among thelessrepresented languages, Mam speakers congtitute 0.75% of thetotal indigenous populationinthe state[ 3]
and liveinisolated communities, inthe mountains of the SierraMadre de Chiapas,which border Guatemaal[4]. TheMam
ethnic group bel ongsto themayatatonaco group, Mayantrunk, Mayanfamily, Yax sub-family andfeatures4 didecticavariants.
Thesevariantsare comprehens ble between each other mainly because the Mam settlementsare geographically relatively
close[5, 6]. Mam meansfather, but also has other meaningsand names, including “ mem” (stuttering, dumb) or “mame”
(grandfather). Thegroup isnow known asMam, Mameortokiol, all inter changeableterms[6-8].

In Chiapas, therearefew studieson fungi, and even fewer on theknowledge, use and cultura significancethat mushrooms
havewithinacommunity. Itisthereforeimportant to recover cultural, nutritional, medicinal and artisanal, knowledge,
providing aninsight that can be beneficid ineveryday life. Mushrooms may be considered by certain ethnic groupsasor
moreimportant than plantsand /or animals. Theaim of thisstudy wasto contributeto the rescue of mushroom knowledge
and use by the Mam ethni c group in the Tacana Vol cano Biosphere Reserve; justified by thefact that sudiesof thisnature
have not been carried out in thereserve, and that the Mam ethnic group and cultureischaracteristic of thisareabut isfast
disappearing, together with their cultureand knowledge.
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TheTacana Volcano Biosphere Reserve

The Tacana Volcano Biosphere Reserve (TVBR) is located between coordinates15° 00°36™ - 15°12°00" LN and
92°00"17"-92°15"00" LW, and includesthe municipalities of Tapachula, Cacahoatdn and Union Juarez, covering anarea
that stretchesfrom north west of the city of Tapachul ato the border with Guatemaa(Figure 1) (9, 10). Thedtitude of the
study arearangesfrom1300-4100 m abovesealeve; theprevailing climateis(A) of semi-warm, humidtemperate (according
to Koppen), rainfall between summer and winter (May to October),with temperaturesof over 18°C, April beingwarmest.
Themean annual temperatureis20°C, whilethe highest areas present amean annual temperatureof 10°C (10, 11, 12).
Ecosystem typesinclude: moorland, high and medium evergreen forest, montane cloud forest, pineand oak forest; with
56% of the areacomprising of high and medium evergreen forest, 25% montane cloud forest. Montanerainforests (9,13)
are present in some eco-regions of the SierraMadre de Chiapas.

MushroomsintheTVBR

Previousreportsindicatethat thereissignificant mycological diversity in Chigpas. For areview of thework reported, we
suggest revising thework of Andrade and Sanchez (14). Other later reportsinclude: Ruan-Soto (15), focusing on the
Ethnomycology of the Lacandon Jungle; Chanona-Gomez et al .(16) who studied macrofungi in LagunaBel gica Educationa
Park, Municipdity of OcozocoautlaEspinosa, Chigpas, Alvarez-Espinosa(17) onthediversty and abundance of macrofungi
in San Jose Bocomtenel té Educational Park, Municipality of Zinacantan; and astudy by Alvarado-Rodriguez (18) that
detailsZoque ethnomycol ogy inthetown of Rayon, Chigpas. Theonly mycologica study of the Tacana Vol cano Biosphere
Reservewas carried out by Perez-1barra(19) consisting of alist of macroscopic fungi that grow there during therainy
season from JunetoNovember. In thisstudy,42 species (37 ascomycetes and 5 basidiomycetes) were reported. Of these,
fourteen specieswere edible. Furthermore, 13 new speciesfor Chiapaswere recorded: Amanita fulva, A. gemmata,
Armillaria ostoyae, Cantharellus cinnabarinus, Cyathus limbatus, Helvella lacunosa, H. macropus, Lycoperdon
flavotictum, Ramaria botrytis, Russula emetica, R. sanguinea, Tremella mesenterica and Tricholomopsis formosa.
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Figure 1. Locationof Tacana Vol cano Biosphere Reserve
Source: Geographic Information Lab (LAIGE) ECOSUR-Tapachula
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MATERIALSAND METHODS
Sudy Subjectsand location

Thestudy concentrated on peoplethat lived within thereserve and that could spesk Mam. 15 peoplewith thesecharacterigtics
were detected, of which 11 were selected for thisstudy. Study subjectsaveraged 65 years of age, ranging from 41 to 80
years. At al times Spanish was spoken; aMam teacher from thelocal community hel ped with trand ating and any problems
with communication.

We searched for and collected mushroomsat varioussiteswithintheTVBR. Our transect followed an aready established
route,well known by the inhabitants of the community, that runsfrom thevillage of Chiquihuitesto thevolcano summit.
Mushroom gathering took place during therainy season, from May to October, onamonthly basis. Thebiologica materia
collected was described according to itsmorphol ogical and ecological characteristics, accordingto Diaz-Barriga[1];
mushroomswereimmediately placed in paper bagswith their corresponding record; and carried in aplastic basket to
facilitate transport on the steep vol cano dopes.

Interviews

Openandinformal interviewswere applied (intheform of talking) ontheimportance and use given to mushroomsinthis
region [21] Fresh biological materia was subsequently shownto interviewees. Thetopic of theinterviewswasnot limited
to mushrooms, but included some economic, socia and historical aspects, among others, al to avoid the stress of aformal
“interrogation’[22].

The questions focused on the concept native people have on mushrooms, nomenclature, use, phenology, the source
(subgtrate), location; and criteriafor theidentification of poisonousand medicina mushrooms, preparation use, abundance
and quality [23]. Theinterviewswere conducted during the six monthswe spent collecting biologica materid . Thequestions
did not change and were applied to the sameinformants and at the same site, as suggested by Martinez-Alfaro[24].

Drying and identification of mushrooms

The collected material wastransferred to thefacilitiesat the Ecosur Research Centre—in thecity of Tapachula. They were
dried, labeled and preserved inthemycological collection for further studies. Mushroom identification wascarried out
according to theliterature. The characterization and dehydration methodol ogy used was as proposed by Cifuenteset al.
[25]. For taxonomic determination, standard techniques (26), and variousgenera taxonomic keys|[20, 27- 37] wereused.

Analysisof results

Information obtai ned during theinterviews, wasrecorded in afield notebook. The data obtained from theinformantswas
organized to produce tables and graphs (38). Theinformation collected was analyzed so that it could be categorized into
adynamic constant comparison based on literature; each category was designated with adescriptive name[39].

RESULTSAND DISCUSSION

In thisstudy, mushroom collecting concentrated on speciesthat the respondentsuse or know. Most of these mushrooms
arelarge, solittle emphasiswas put on the collection of smaller fruiting bodies. Eleven peoplewith Mam originswere
selected and interviewed and more than 100 specimens of mushrooms (of which 50 were shown to the interviewees) were
obtained belonging to the Bas diomycotaand Ascomycotaphyla

Theeldest respondentsdid not visit the placeswhere the coll ections were made. They mentioned that mushroomsare
scarceand havebeenincreasingly harder tofind. They aso point out that few children and young peoplein the community
have any knowledgerelated to mushrooms, indicating that the tradition isnot being transmitted to the new generations.

Thenumber of specimensrecognized by respondentswas 16. Table 1 showsthescientific nameand nameinMamfor each
mushroom. It isnoteworthy that three of thel6 were not found (white mushroom Pleurotus sp, cob Morchella sp. and
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bluestain Lactariusindigo), for reasonsaattributabl eto the detrimental changes, which havetaken placein recent yearsin
the Reserve; themost important being: the presence of humansand animal grazing, burning and indiscriminatefelling of
trees. Coprinus sp.was another speciesthat wasnot observed, however the respondents describeit as. brown, umbrella
shapewith black lamella, and when broken up turn to black like chicken droppings, astypically described for the genus
[20].

Among the commonest generafound stand out: Amanita, Lycoperdon, Helvella, Boletus, Schizophyllumand Suillus.
Lesscommon generainclude: Lactarius, Auricularia, Lepiota, Agaricus, Geastrum, Cantharellus, Ramaria; sporadic:
Foarasss. The peak month for collectionwas June, whenthereisavast diversity and abundance of mushrooms, especially
inthehigher partsof the Reserve. Some of thefungi identified inthisstudy have previoudy been reported by Perez-Ibarra
[19]; furthermore, their namesin other languages and use by other ethnic groups have been reported by Guzman [40].

M or phology

The Mam respondents associate theterm “ mushroom” with fruiting bodies of the agaricoid type (e.g. Amanita). When
other fungi such asthe boletoid type are mentioned it iscommon to designate them as* coyote” and the coraloid typeas
“deer horn,” even though they all bel ong to the Fungi Kingdom. Thisisalso the caseregarding Xch' kbi lak’ (Agaricus
sylvaticus), afunguswithout trandl ation but considered as one of the most important and most represented fungi by this
ethnic group.

Tb'sj oTotui{Head) Respondentswere ableto recognizeand namethedifferent
structures of atypical basidiocarp, such asthe pileus, the
hymenium and gtipe; with theexception of ascomycota; unlike
the Tzotzil ethnic group who only have knowledgebased on

TraK; TXak! o Tiok therhizomorphic mycdiumor fruiting body, whichthey called
“kaalzamte’ or “root” [41].Thenamesused for each tructure

s areshownin Figure2.
Tig'an
(FoutRcniion orkal Thenamesused torefer to each of the structurescomprising

abagdiocarp isevidencethat the peopleof thisethnic group

haveacquired asubstantial amount of knowledgerelaingto

thefollowing fungi genera: Lactarius, Pleurotus, Agaricus,

Cantharellus, Coprinusand Amanita; unlike other species

and genera, where these structures are not recognized.

Figure2. .Nameof each part of amushroom recognizedby M oreover, themeaningsof thefungi partsin English (pileus

speakers of the Mam language —heed; hymenium=scratchesor cracksand tipe=foot) which

aregivento the samestructures of this phylum (Basidiomycota) are cons stent with the namesgiven to these partsinthe
Mamlanguage[1, 22, 42].

Phenology

Fruiting occursfrom March to November (according to respondents). During thelast two months of thisperiod (October-
November), thediversity and abundance of these organismsisconsiderablelower. The specimenswereinitialy collected
from May to September. Based on their mode of existence,11 speciesare mycorrhizal and 5 saprophytic (Table 1).

Somefungi show specificity towardsahost plant (for example Suilluswith Pinus), othersare associated according tothe
age and successiona stage of the plant or wood, such asLaccaria with young plants; Boletusand Lactariuswith adult
plants (Tablel: substrate) [43].

However, most of the mushrooms, Lactarius sp., Morchella sp., Sparassiscrispa, Agaricus sylvaticus, Macrol epiota
procera, Cantharellus cibarius, Ramaria botrytis, Suillustomentosus, Helvellalacunosa, Bol etus edulis(representative
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for the community mam), appear to be restricted to the vol cano summit. Thedistribution of other fungi speciesisnot
completely defined, and they may be associated with morethan onetypesof climate. Examplesof thisincludethe species
Amanitamuscaria, Cantharelluscibarius, Lactariusindigo among others. Other fungi known to the ethnic group vary
intheir distribution and werefound in areasranging from temperateto warm whereit iscommon to find saprophytic species
such as Pleurotus sp., Schizophyllum commune and Auricularia delicata asreported by Bran et al.[44].

Ecology

TheMamindigenousinhabitantsare ableto differentiate severa speciesof mushrooms.16 wereidentifiedin thisstudy, the
majority of them edible. Theidentification of thesefungi isbased on color, size, shape, texture, time of development and
growthtypeof fruiting body, featuresthat traditiona taxonomy al so takeinto account when discerning species.

Tryingtoidentify particular mushrooms can be challenging and confusing; however, the Mam identify them through their
ecology; examples being thered mushroom=Tx’ iag’ taporJak’ tap (Lactariussp.) usually foundon tree’ chicharro” and
other speciesthat arefound at specific sitesor substrates. M ost respondents commented that the fungi they recognizeare
found on the upper partsof the volcano. Each of these speciesmay befoundin different substrates (Table 1). Somestudies
provide ecological datafor each of the mushrooms (from the time of year they can befound to the type of substrateon
which they grow) matched with data provided by the studied community [1, 15, 20, 34, 44].

Criteria used by the Mam ethnic group for traditional classification of mushroomsin the Volcano Tacana
Biosphere Reserve

The Mam respondentsidentified mushroomsby their morphologica characteristics, specifically consistency, with all the
above mentioned species categorized asfleshy with the exception of Auricularia delicataincluded within the gelatinous
category. Therefore, they do not recognizethe ordering criteriamentioned by Mapeset al. [42] where by the classification
of fungi, hasvaried according to morphol ogy, phenol ogy and even ecology.

The Mam respondentsa so classify fungi, according to whether they grow on soil or on*trunks’ thusreferringtothetype
of substrate on which they arefound. Thistype of classificationiscons stent with that observed by severd authors[ 39, 45,
46] who separate diverse groupsof fungi populations according to thetype of substrate (terrestria fungi and fungi growing
onwood), sincethe substrates present propertiesthat result inimportant differences between both groups.

Brief grammatical comparison of vernacular names used by the Mam ethnic group in theTacana
VolcanoBiosphereReserveand in Guatemala

Thework of Arzu-FHoreset al. [43] describes namesin Mam of the mushroomsused for food in some partsof the Sierra
of Guatemalaand their trand ation into Spanish. The grammar isvery similar to that presented by thisethnic groupin
Chiapas; but itisinteresting to gppreciate the meanings given to known mushroomsin Guatemal abecause most of them do
not match those provided by membersof thecommunity under study, except one: Ramariasp., known by both communities
bel onging to the sameethnic group, as* deer horn”, XewisaMamname provided by both communities, but whichrefersto
different specieson both the M exican and Guatema an side; X’ ulmay indi cate the same speci es, but the meaning may vary.

Wetried to understand the meaning of each mushroom name obtai ned by comparing the namesin theexisting Carrefio’s
Mam vocabulary[7]; for examplefor theterm Tkach/tx’ i), no similaritieswerefound between thewords provided by the
group inour study and in thisvocabulary. Probably the described term does not bel ong to the dialect typeexisting inthe
study area. However, dataiscons stent with the prevailing criteriaused by the M am ethnic group for the nomenclature of
fungi, principaly animal forms, associated plantsor habitats, or mushroom colour.

Hosting et al. [47] do not specify the namesof variousfungi found in communitiesof Guatemal a; however, the presence of
Boletus edulis (Tpanku’ k squirrel’sbread), Amanita caesarea (Q’ antzu), Amanita muscaria (Xq ‘ antzu), Ramaria sp.
(Tuk’ aMisat) and Agrocybeaegerita (TTx' yolil B’agman) isconfirmed and the authors note that the edible mushrooms
Lactariusindigo and L. deliciosus do not present any namesin Mam.
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Many of the names provided by the Mam community, when trand ated into Spanish, arerelated with the morphol ogical
characteristics of mushrooms, such as “red mushroom” Tx’ iag'tap named after itsorange color and medium size, aswell
asappearing fleshier thanindividualsof the sameor other species, but lessdeveloped. The* cob mushroom” B’ gj lag’
because the shapeissimilar to acorncob. Another exampleis Xch'’kbilak’ (Agaricus sylvaticus), that doesnot describe
any particular featuresof the mushroom so the use of thename hasgradually declined over thegenerations(inthe Mamethnic
group) and hasno trandation. Inthe case of Tzl (Amanita muscaria), the essential featureisitsstriking red color, but it
does not have connectionwith thenamein Mam.

TheMam namesof some mushroomsare connected to their meaning in Spanish, and some otherspresent Smilar phonetics,
Tkach Tx’ig = horn or deer horn, projecting the sound “tkach’ related to Spanish word “ cacho” (horn). Chacén and
Guzman [48] mention that severa speciesof Auricularia (including Auricularia delicata) are knownto theinhabitants of
the Lacandon community as“chole”’, “ears’ or “gummy ear” but may a so have other common namessuch as* coolosh”,
“tzaan"inTzeta [40,41].

Regarding nomenclature, thedata provided by respondentsisin keepingwith Berlin'sstatement (49), that ethnobiological
nomenclatureusually refersto morphol ogicd featuresassociated withitsbiological referent.

Uses of mushrooms

TheMam community usesmost of their known mushroomsfor food, athough someareused intraditiona medicine. Meso-
American Indiansa so used mushroomsfor their medicina properties, an examplebeing moldy tortill ascontaining various
speciesof Penicillium (50) used to heal skinwounds.

There are mushroomsthat are used for food and medicinal purposes, such as Lycoperdon umbrinum (in Mam= Wutz
anim) “dead’ seye” with smilar applications asthose reported for Geastrumsaccatum (* soil star” incentral Mexico, or
ichlo-um, lol-lum, pupulik, pupush-lu-um, sorta-ojo, xpupul-ikil, inthe Yucatan peninsula) (40, 41, 51). Besidesbeing
used against theevil eye, boiled aone or with other plantsand infusions, it isal so used asapowder combined with other
plants against asthmaand to dry the navel of newborn babies.

In Chiapas, in addition to Lycoperdon umbrinum, there are other species such as Bovista fusca, Calvatia cyathiformis,
C. gigantea, Lycoperdon candidum, L. perlatum, L. pyriforme, Vascellumin termedium and V. pratense, that are
cons dered asedibleand have medicinal useswhen young (“when they arewhite”), such as coagul ating blood and healing
wounds, by directly applying the spores (“the powder™). These mushrooms are known by the name* bujté”, “ bursting
ball”,“bals’, “baby caves’ and“littleeggs’ in other regions[15, 41, 43, 50].

Themushroom X’ ew (Lactariusindigo) isused asafood both among the Mam and in the region of Acambay, Mexico.
It has a so been recorded as medicinal, asapurgative; however, itsuseinfolk medicineisrestricted [51, 52].

Themagjority of these mushrooms have been reportedin coniferousforest, followed in order of importance by: oak forest,
cloudforest, tropical forests, and agricultural and urban areas[53,54]; although Guzman [55] and Moreno-Fuenteset al.
[56] indicatethat most of thefungal biodiversity isfound intropical regions. Since many ethnomycol ogical studieshave
been conducted intemperate are as, thereisalack of availabledatain tropical areas.

Boletusedulis(inMam= X 0'j; English= coyote) isoneof thefleshy fungi consumed by theMam community, but itisaso
scarce and hard to find. There are recordsindicating that thisfungusis edible and common in the Mayaregion with
common namessuch as”zek umtulle® inTzotzil [50,51].

Amanitamuscaria (in Mam= Tz, without trand ation to English) isknown to be poisonous and isused aslivestock feed,
although thereis no record of the latter use. It isasacred mushroom in Latin America, aswell as having important
ethnomycological rootsin Meso-americaand possible ceremonia useamong Mayanswho identify A. muscaria asthe
“mushroom of Thunder”, “mushroom Ray” or “weed Thunder “[40, 50, 51, 57]. In other partsof theworld thisspeciesis
a so known as poisonous, medicina or asaninsecticide[58, 59].
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Schizophyllumcommune (inMam= X' itx’ k' ku’ ku) aso known inother regionsof Chigpasas*sulte” (wooden pedl), is
very popular and soldinthe markets of Guatemalaand isidentified by the name of “asam” . The studied community
considered S. commune as edible and was one of the most frequently observed fungi inthe study. It isone of the most
consumed and is known invarious parts of the country and the world [15, 34,39]. This speciesis also reported in
traditional Chinese medicine, used againgt leucorrhoea[60].

Auriculariadedlicata (Mam = xancuch’) recognized as ediblein both the Mam and L acandon communities[15]. Yinget
al. [60] refer to several speciesof the genus Auriculariain the Chinese pharmacopoeiaas medicinefor the stomach and
body, improving blood circulation and preventing bleeding.

TheMaminformantsare not aware of the existence of afunguswith recreationa use (asatoy); however, inthetown of
Teapa (Tabasco) peopl e recognized the genus Auricularia as having thisuse [39]. The Mam informants considered
Tx eok’ (Coprinussp.) edible, although Guzman [61] reported no practical propertiesfor thismushroom.

Theuseof speciesfound intheMam community during thisstudy wasdistributed asfollows: 14 edible, onemedicina and
onewithout use but recogni zed as poisonous.

Theseresults concerning Mam autochthonous knowledge on speciesof fungi aresimilar to thosefound by Hostinget al.
[48] in several Mam municipalitiesin Quetzaltenango, Guatemala. In astudy conducted between 1994 and 1998; the
authors mention that most of thefarmersin the study areasrecognized about six mushrooms by nameat most and twelve
asedible, inedibleor poisonous.
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ABSTRACT

Oneof themain problemsfor conservation of mushroom germplasmisthat thetraditional method of subculturing facilitates
aging and contamination of cultures. The conservation of strainsat ultra-low temperatureinliquid nitrogen (-196 °C) isa
widely used method, however, thismethod become expensivein collectionswith large number of strainsand requireshighly
specialized personnel. Theaim of thisstudy wasto evaluate the viability of spawn of A. bisporusand A. subrufescens
strainsfrozen at different temperatures (-20 and -80 °C). Two strainsof A. subrufescensand one strain of A. bisporus
were studied using spawn prepared in sorghum seeds. Fully-incubated sorghum seedswere placed in polycarbonatevias
with asterileglycerol solution (10% v/v) (G) or without glycerol (WG) and frozen at -20 or -80°C. After 3, 6 and 12
monthsthe sampleswerethawed (30 °C, 10 min) and the percentage of samplerecovery wasevauated. Mycdlia growth
wasaso evaluated in potato dextrose agar (PDA) or amedium with glucose and compost extract (C) recording mycelial
diameter after 7 daysof incubation at 25 °C. Theresults showed that in the samplesfrozen at -20 °C, therecovery was
minimal (2to 4%). However, the samplesfrozen at -80 °C showed arecovery of 100% from 1to 6 daysafter thawing.
Therecovered sampleshad asignificantly higher growthinthemedium C. Inall casesthe recovered samples produced
normal basidiomatawhen cultivated on compost substrate.

K eywor ds: white button mushroom, Agaricus subrufescens, ultra-low temperatures, edible mushrooms, germplasm
conservation

INTRODUCTION

Edible mushroomsof the genus Agaricusare currently valued not only for their nutritional propertiesbut alsofor their
medicinal and organol eptic qualities. Thewhite button mushroom, A. bisporus(JE Lange) Imbach, isthemost cultivated
edible speciesintheworld, with an estimated production of over 4 million tonnesannudly [1]. Itsnutritiona and culinary
propertieshavegiven it animportant placein theworld market preferences. Moreover, A. subrufescens Peck (named also
insome publications A. blazei Murrill or A. brasiliensis), popularly known as cogumel odo sol, almond mushroom, or
Himematsutakel sawell recognized speciesfor itsmedicina propertiesandfor itsdelicateflavor [2]. Oneof mainfeatures
of thislatter speciesisitsability to grow at relatively high temperatureswhich makesit ideal candidatefor growingin
tropical and subtropical areas[3].

Growersfacedifficultiesfor maintaining spawn under refrigeration for long time periodswithout lossof mycelium viability
and breeders and biol ogists haveto find new preservation methods of the genetic resources other than conventional
storage of mycelium at low temperature. Most of Basidiomycetesareusualy preserved by successvemycdid subculturing
but thismethod occas onally causes genetic degenerations, lost of commercial characteristicsand contamination by other
microorganisms (mainly mouldsand bacteria) [4]. Furthermorethismethod become expensiveto maintain collectionswith
many strainsand requireshighly specidized staff for managing them. On another hand, cryopreservationwith liquid nitrogen
at -196 °C has been successfully used for preservation of fungal species|[5]. Other methods have been also tested for
mycelia preservation [6], however oneof the cheapest method isto use spawn of the strainsas an aternative support for
preservation [3, 6-9]. The use of spawn asan alternative support for preservation of Agaricus genetic resources hasbeen
proposed by several authorsafter San Antonio and Hwang [10] and Mataand Pérez-Merlo [8]. Among Agaricus species,
A. subrufescensistheonly speciesof the genusknown to suffer damage when exposed for prolonged periodsat temperatures
of 4°Cor lower [11]. It diminishesitsability to grow inrelatively short periods of time[3]. With the objectiveto find
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options of spawn preservation, the aim of thiswork was to evaluate two different temperatures (-20 and -80 °C) to
preserve spawn of A. bisporusand A. subrufescens.

MATERIALSAND METHODS
Sudied strainsand spawn prepar ation

Threestrainsof Agaricusgenusfrom different originswerestudied: |E 623 strainof A. bisporusnativefrom Mexicoand
strainsof A. subrufescens| E 829 (= INRA Ca454) originating from Brazil and 1E 830 (= INRA Ca487) originating from
France, seeLlarenaet al. [12] for strain description. The strainswere maintained in culture medium of potato dextrose
agar (PDA). Thestrainswere cultured for 7 daysin Petri disheswith PDA. Spawn was prepared according to the method
of Guzman et al. [13] in sorghum seeds (Sorghumvulgare Pers.), 65% hydrated and sterilized at 121°Cfor 1 h. The
seeds, placed in Petri disheswereinoculated with adisc (= 0.5 cm diameter) of PDA with mycelium pre-cultures of each
strain and incubated inthe dark for 3weeksat 25 °C to alow the grainsto get completely covered by mycelium.

Freezing samples(-20 and -80°C)

For freezing samplesthe method proposed by Mataand Perez Merlo [8] was used. Fully incubated sorghum seedswere
placedin sterile polycarbonate (Nalgene) vials (25 seedsper vial) each vial containing 1.5 ml of sterile cryoprotectant
solution prepared with 10% glycerol (v/v). The seedsremained in contact with the cryoprotective solutionfor 1 h (G) and
then sampleswere placed in polycarbonate boxes and transferred directly into thefreezer at -20 or -80°C. Moreover vias
containing 25 seedswithout glycerol werea so prepared (WG) andimmediately placed into thefreezers. All sampleswere
kept frozenat -20 or -80°C for 3, 6 and 12 months(3M, 6M, 12M). After that time sampleswerethawed in polycarbonate
boxesby dippinginwater at 30 °C for 10 min[7]. Oncethawed, the vialswere cleaned for 1 mininanalcohol solution
(70% v/v) and then seedswereremoved from vialsand placed in Petri disheswith PDA and incubated at 25 °C.

Viability and vitality of thesamples

After treatmentsthe percentage of samplerecovery waseva uated through daily observationsof the seeds. A samplewas
congdered recovered when mycelia growth wasnoted by observing the seedswith astereoscopic microscope. Thedelay
for recovering was also recorded (maximum 15 days). For each treatment (G WG) and time of freezing (3M, 6M, 12M)
recovery was eva uated with 50 spawn seeds.

Moreover, myceliarecovered from freezing treatmentswere used to prepare new spawn in order to evaluate mycelia
growth in two culture media: PDA and other culture medium prepared with agar, glucose (100 g/l) diluted in compost
extract (C). Mycelia diameter wasrecorded by placing aspawn seed in aPetri dish with PDA and C on 2 perpendicular
axesafter 7 daysof incubation at 25 °C [14]. Ten sampleswere prepared per treatment and strain.

Basidiomata production test

To asses bas diomataformation, samples of 4 kg of commercial compost wereinocul ated with spawn (5%) prepared as
abovefrom each of the strainsrecovered after freezing at — 80 °C. After 15 daysof incubation at 25°C acasing layer of
5 cmwas added to the samples and incubation continued for another 7 days. To favor appearance of primordia, samples
were placed inaroom with relative humidity of 90 —95%, ventilationfor 10 min4timesaday, 12 hlight and 12 h dark at
18 °C for IE 623 strain and at 25 °C for |E 829 and |E 830 strains was provided. Formation of basidiomata was
registered.

Satistical analysisof data

Datarecorded for mycelia diameter wereanayzed using ANOVA followed by Tukey’smultiple-rangetest (p = 95%) to
identify statistical differencesintheaverage diameter of the myceliaobtained with different trestments.
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RESULTSAND DISCUSSION

Theresultsshowed that in the samplesfrozen at -20 °C therecovery wasminimal. Inthe 3M frozen samples, only one
strain of A. subrufescens (1E 829) exhibitsarecover percentage between 2 and 4%. No strain wasrecovered at 6M or
12M insamplesfrozen at -20 °C. However, the samplesfrozen at -80 °C with or without cryoprotectant (G WG) during
thefreezing timestested (3M, 6M, 12M) showed arecovery of 100% from 1 to 6 daysafter thawing (Table 1). Inall
strainsand conditionstested at -80 °C, the recovered myceliashowed normal appearancein color and texture, with no

apparent dteration (Fig. 1).

Table 1. Percentage of recovered samples after frozen at -20 or -80 °C with (G) and without glycerol (WG)

-20°C -80°C

v v LY 12M

G IE623 0 * (5) *(5) *(3)
IE829 2(14) *(2) *(5) *(3)

IES30 0 *(2) *(6) *(2

WG IE623 0 *(2) *(5) *(3)
IE829 4(14) *(2) *(5) *(5)

IES30 0 *(1) *(5) *(1)

* Meanstotal recovery of 50 samples= 100 % recovery.
Numbers in parentheses are days for recovery.

Figurel. Myceliarecovered after 12 months of freezing at -80°C
with glycerol (G) asacryoprotectant

InTable2 theresultsof themycelial growth of the strains
frozen at -80 °C are shown. In generd, al strains showed
higher growth in the culture medium C with significant
differencesfromthe average obtained in PDA themedium
of compost extract and glucose seemsto favor mycelial
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growth after freezing. The average growth of the samples
recovered from the WG treatment was46.1mmwhilein
treatment G was47.0 mm, soit wasnot possibleto establish
significant differences between treatments. Theseresults
confirm those obtained in other studieson therecovery of
myceliafrozenwithout cryo protectant using seedsasvectors
[3, 8, 14].

Thestrain |E 623 of A. bisporusshowed no differencein
their growth both 3M and 12M samplesintreatmentsG and
WG in both culturemedia(PDA and C). Further morethe
strains |E 829 and IE830 of A. subrufescens showed
significantly lower growth after 12 months. Under similar
conditions, using vectorsof sorghum seed, but frozeninliquid
nitrogen, these A. subrufescensshown greater recovery than
srainlE 623 of A.bisporus[ 3], however, theresultsobtained
inthiswork confirm that the strains of A.subrufescensare
sengtivetolow temperatures| 3, 6], and therefore, protocols
for preservation must be carefully selected and tested. The
averagemycelia growth in samplesrecovered fromthe3M
(49.9 mm) and 12M (43.2 mm) showed significant
differences, suggesting as lightly negative effect dueto
freezing.

Spawn prepared from myceliarecovered after freezing at -
80°C (3M and12 M) showed anorma growthin compost,
completely covering the substrate at 15 days and having
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Table 2. Micelial diameter in mm after 7 days of incubation in samplesrecovered from-80°C

IE 623 IE829 IE830
PDA C PDA C PDA C
G WG G WG G WG G WG G WG G WG
3M 20.6a 23.7a 50.8b 52.8b 44.6b 48.6b 725d 68.7cd 399% 330ab 75.3d 66.5C
12M 221a 24.3a 54.1b 55.3b 24.6a 3l.7a 618c 61.2c 30.1a 289  66.7Cc 58.3c

Different in the columns by speciesindicate significant differencesin mycelialdiametres using Tukey’s multiple rangetest (p=0.055).

primordial from day 21, which means 6 days after adding
the casing. The basidiomesobtained in all cases showed
norma morphologica (color, size, shape) and organoleptic
(odor) characteristics(Fig. 2).

Figur e 2. Basidiomata of Agaricus subrufescens (strain |E 830)
obtained after 12 months of freezing at -80°C

CONCLUSION

Samplesfrozen at -20 °C showed aminimal recovery (2to
4%), however, samplesfrozen at -80 °C showed arecovery
of 100% with or without cryoprotectant (G, WG) in all
freezingtimestested (3M, 6M, 12M). Therecovered samples
had asignificantly higher growth in the medium prepared
with compost extract and glucose (C), so thisculturemedium
could be recommended to favor recovery samples. The
resultsshowed adight decreasein growthinthe samplesof
A. subrufescens strains recovered if 12 M samples are
compared with 3M samples. In spiteof good resultsobtained
intherecovery of samples, Strainsof A. subrufescens appear
to bemore sensitivethan A. bisporusto freezing at -80 °C.
Althoughinall recovered strainsnormal basidiomatawere
obtained when they were grown in compost, it would be
advisabletotest freezing during longer periodsof time.

ACKNOWLEDGEMENTS

Theauthorsaregrateful to Carl os Ortega Sanchez of Indituto
deEcologiaA.C. for histechnica support. Dr. PhilippeCallac
from INRA-Bordeaux, France, helpsuswith thefinal files
of photographs. This work was funded by a bilateral
cooperation between Mexico (CONACY T project 115790)
and France (ANR-09-BLAN-0391-01) inthe“AgaSub”
project: “ Biology of the gourmet and medicina mushroom
Agaricus subrufescens, devel opment of itscultivation and
of new products of therapeutic interest or for diseases
prevention”.

REFERENCES

[1] Sonnemberg ASM et al. (2011). Breeding and strains
protection in the button mushroom Agaricus bisporus. In:
Mush. Biol. Mush. Prod. Savoie JM. et al. Eds. 7, 7-15.

[2] WisitrassameewongK etal. (2012). Agaricussubrufescens: A
review. Saudi J. Biol. Sci. 19: 131-146.

111



Proceedings of the 8" International Conference on Mushroom Biology and Mushroom Products (ICMBMP8) 2014

(3

4

E
(6]

(7]

(8]

9

(1]

(1]
(12

(13

(14

112

Mata G. and Savoie JM. (2013). Preservation of Agaricus subrufescens strains at low temperature by using cultures on sorghum
grains. Rev. Iberoam. Micol. 30: 96-102.

Salmones D and MataG. (2011). El Cepario de Hongosde I nstituto de EcologiaA.C. In: Recur sosgenéticosmicrobianos en la zona
Golfo-Sureste de México. Volumen 1. GamboaAngulo M. & RojasHerreraR. Eds. pp 110-123.

Hubalek Z. (2003). Protectans used in the cryopreservation of microorganisms. Cryobiology. 46: 2005-229.

Maia SC. et al. (2012). Low-cost and low maintenance preservation of Agaricus brasiliensis cultures. World J. Microbiol.
Biotechnol. 28: 2411-2416.

MataG et al. (2000). Viability and mushroom production of Lentinulaedodes and L. boryana strains (Fungi: Basidiomycetes) after
cryogenic storage of spawn stocks. World J. Microbiol. Biotechnol. 16: 283-287.

Mata G and Pérez Merlo R. (2003). Spawn viability in edible mushrooms after freezing in liquid nitrogen without acryoprotectant.
Cryobiology. 47: 14-20.

Colauto NB et al. (2011). Cryopreservation at -80 °C of Agaricus blazei onrice grains. World J. Microbiol.Biotechnol. 27: 3015-
3018.

San Antonio JP and Hwang SW. (1970). Liquid nitrogen preservation of spawn stocks of the cultivated mushroom Agaricus
bisporus(Lange) Sing. J. Am. Soc. Hort. Sci. 95: 565-569.

Kerrigan RW. (2005). Agaricus subrufescens, acultivated edible and medicinal mushroom, and its synonyms. Mycologia. 97:12-24.

LlarenaRC et al. (2013). Potential of European wild strains of Agaricus subrufescensfor productivity and quality on wheat straw
based compost. World J. Microbiol. Biotechnol. 29: 1243-1253.

Guzman G et al. (2013). El cultivo de los hongos comestibles. Con especial atencidnae species tropicales y subtropicales en
esquilmosy residuos agro-industriales. 3rd ed. 245 p.

Mata G and Rodriguez EstradaAE. (2005). Studies on laccase and biomass production invitro and culture by amexican wild strain
of Agaricusbisporus (J.Lge) Imbach: acomparison with commercial strains. Int. J. Med. Mush. 7: 431-432.



Proceedings of the 8" International Conference on Mushroom Biology and Mushroom Products (ICMBMP8) 2014

PHYLOGENETIC RELATIONSHIPSOF GANODERMA SPECIESBASED ON
MITOCHONDRIAL AND NUCLEAR DNA SEQUENCESFROM TAMIL NADU,
INDIA

K MALARVIZHI
Centrefor Advanced Studiesin Botany, University of Madras, Guindy Campus, Chennai 600025, Tamil Nadu, India
malar.kaliyaperuma @gmail.com

ABSTRACT

Phylogenetic relationship of Ganoder ma species confining to Tamil Nadu was assessed by three molecular markersviz.,
interna transcribed spacer region (ITS) 1 and 2, B-tubulin and ATPsynthase subunit 6 (atp6). Forty-threeisol atesrepresenting
11 speciesof Ganoderma wereidentified from ITSrDNA sequencedata. The nucleotidevariationsfoundinthel TS
region were suitablefor discriminating the eleven speciesviz., G australe, G. cupreum, G. lucidum, G resinaceum, G
tropicum, G. weberianum, Ganoderma sp. 1, Ganoderma sp. 2, Ganoderma sp. 3, Ganoderma sp. 4 and
Ganoderma sp. 5. Theterminal clade represent that speciesand/or species complex were consistent with geographical
originof theisolatesand cultura characters. The 3-tubulin gene phylogeny provided morerobust phylogeneticinformation
for separating ten Ganoder ma spp. than the I TS region and found to be suitableinidentifying the Ganoder ma species
and/or speciescomplex. Theatp6 gene sequence dataacquired highest phylogeneticinformative character than nuclear
DNA genes; however, due to the very low levels of nucleotide divergence, the geneis suitable at genus or lower
level. Ganoderma spp. inferred from these three un-linked loci resulted in arobust phylogeny. Theterminal clades of
nuclear DNA genesrepresented the speciesor speciescomplex and consistent with cultura characteristic, host relationship
and biogeographicd digtribution rather than atp6. Thisstudy impliesthat the higher variability inthe nucl eotide sequences
of thenuclear DNA geneshavethepotentid to betherobust markersfor molecul ar identification than atp6. Chlamydospores
in culture provided va uableinformation inidentifying Ganoderma spp.

Keywords: Ganoderma, ITSTDNA, B-tubulin gene, atp6, chlamydospores, multigene phylogeny, biogeography
INTRODUCTION

The genus Ganoder maiisamember of the Ganodermataceae, afamily distinguished by unique double-walled basidiospores.
Ganoderma hasaworld widedistribution growing on numerous perennial, coniferous and pal maceous hosts. Speciesof
Ganoderma arethe causal agents of root and stem rots[ 1] however, they are considered asthe ‘ herb of longevity’ [2].
The genus Ganoderma for the laccate and stipitate Polypor us lucidus W.Curt was established in 1881 [3] and later
erected to thefamily Ganodermataceae based on the unique double-walled basidiospores[4]. Mycol ogistsfrom different
partsof theworld used variouscriteriafor theidentification of Ganoderma sp. Approximately, 219 specieshave been
described so far and 30% of namein Ganoder ma have been proposed as synonyms|[5]. The macroscopic (pileus, stipe,
shape, size, color, context, tube) and microscopic (hyphal system, basidiosporesand pilocystidia) charactershave been
used to distinguish the species| 6]. However, themacro-morphol ogica charactersareinfluenced by environmental factors
[7], the speciesidentification and circumscription are of ten difficult and controversid [8] and thereare many synonymsand
several speciescomplexeshavebeenrecognized [6, 7, 9]. Besides basidiomatacharacters, cultural studieswereaso
investigated [6, 10-13] to discriminate the Ganoderma sp. The cultural characters are less polymorphic than the
morphologica characters[14]. The presencesof chlamydosporesin the culturesare considered to be useful character in
distinguishing betweenthetaxa[15]. Besdes, isozymeanaysiswascarried out to investigate the species[ 16]. Themolecular
datahavegreat potentia in € ucidation of therelationshi ps between taxaand together with recent methodol ogica advances,
haveingtigated aresurgence of interest in phylogeny reconstruction. DNA taxonomy system providesanew scaffold for
the accumul ated taxonomic knowledge and convenient tool for speciesidentification and description wheretraditional
micro-morphologica approacheshavefailed. Funga systematists have begunto explore various protein-coding genes,
including B-tubulin [17] and mitochondria ATP6 [18]. Thenumber of loci that are used infungal molecular systematicswill
continueto grow, especialy asmore completefunga genome sequencesare produced. For the past one decade, Ganoderma
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have been explored in different parts of theworld using mol ecul ar techniques. Phylogenetic studiesin Ganoderma using
rDNA region and confirmed that variation found inthe  TSrDNA could be appropriatefor the speciesleve identification
[14]. Their study implied that many namesreported earlier were synonyms. Similarly, ITS marker wasused to distinguish
the Ganoderma speciesin Australiaand South Americarespectively [16, 19]. InIndia, al studiesfor identification was
confined to macro-morphologica, microscopical charactersand cultura studiesof thebasidiomataaone. Therefore, many
names used could be synonym, especially G. lucidum, G australe and G. applanatumare more frequently described,
which led to contradictory view of Ganoder ma spp. in Indiaand thisal so emphasi zed theimportance of molecular tool in
taxonomic studies. Theaim of the present investigation istoidentify the Ganoder maisolates collected from Tamil Nadu,
Indiathrough ITSrDNA locusand toinfer the phylogenetic rel ationship of Ganoderma spp. Furthermoreitistoinvestigate
theutility of partial B-tubulin (nuclear) and atp6 (mitochondrial) genesinmolecular systematicsof Ganoder ma. Systematics
of Ganoder ma isolates are al so ascertained from the combined dataset of nuclear (ITS and partial B-tubulin) and a
mitochondrid gene (atp6).

MATERIALSAND METHODS
Organisms

Table 1 liststheisolatesfrom Tamil Nadu examinedin thisstudy, whichincludesboth basidiocarpsand culture collections.
Cultureswereraised from context tissue of thefresh basidiomataand grown on PDA medium (Difco) at 25 °C.

Cultural characters

The chlamydospore characterswere studied only in twelveisolates that could be cultured in vitro. The occurrence,
abundance, shape, size, and reaction to Mel zer’ sreagent were recorded. Theresultswerelater compared with molecular
data

Molecular techniques

DNA wasisolated using 3% SDS extraction buffer according to the method described el sewhere[14]. The I TS-rDNA
regionwasamplifiedusing primersI TS1and ITS4[20] inareaction volumeof 25ml, asfollows. 1.25mM of eechdNTR,
3.5ml of ddH,0, 2.5ml of 10x PCR buffer containing 1.5mM MgCl., 2.5ml of BSA (10 mg/ml), 10mM of each primer,
0.5 U of Tag polymerase and 10 ml of genomic DNA (5-10 ng). Thermal cycling wasasfollows. onecycleof 95 °Cfor
2min; 36 cyclesof 94 °Cfor 45s,50°Cfor 45 s, and 72 °Cfor 1.30 min; and onefinal cycleof 72 °Cfor 5min. Partial
B-tubulin genewasamplified by amodified method [21]. The PCR amplification of B-tubulin genewas performed witha
primer pair B36/B12 (5'-CACCCACTCCCTCGGTGGTG-3) and (5'-CATGAAGAAGTGAAGACGCGGGAA-3)
targeting exon 5 and 6 respectively. Mitochondria gene, atpéwasamplified by themodified method [ 18]. Theligonuclectide
primers, ATP6-3 (5 -TCTCCTTTAGAACAATTTGA-3) andATP6-2 (5 -AATTCTANWGCATCTTTAATRTA-3')
were used to amplify the partial atp6 generegion. PCR productswere purified with QIA quick PCR purification Kit
(QIAGEN) and sequenced by the Big Dyev. 3 Terminator Cycle Sequencing Ready Reaction Kit (Applied Biosystems)
according the manufacturer’ sinstruction, except that 2 ml of Big Dyewasused and thereaction volumewas10ml. PCR
templ ateswere sequenced in both directions using the respective forward and reverse primers. Sequencing reactionswere
runinan ABI PRISM® 3100 GeneticAnalyzer (AppliedBiosystems). Bidirectiona readswere assembled and edited in
Sequencher™ version 4.2.2. (Gene Codes Corporation, AnnArbor, M1, USA).

Phylogenetic analyses

First analysiswas conducted using only the Tamil Nadu sequenceslisted in Table 1 with the addition of asequence of
Amauroderma rude from Taiwan as outgroup taxon [14]. Sequence alignment was done manually and exported to
PAUP* [22] for maximum-parsmony (MP) analyses. MPanaysesin PAUP* was conducted asfollows. alignment gaps
treated as missing data, charactersweighted equally, 100 heuristic searcheswith random addition sequence keeping no
morethan 100 treesin each replicates, TBR branch swapping, and branches collapsed when minimum length was zero.
Bootstrap analyses used 1,000 replicates of random addition sequencewith TBR branch-swapping, keeping no morethan
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10treesper replicate, and retaining groupswith frequency > 70%. Themethod of ng the combinability of datasets,
and the one adopted in thisstudy, isby simply comparing highly supported cladesamong trees generated from different
datasetsto detect conflict [23]. If no conflict exists between the highly supported cladesin treesgenerated fromindividual
datasets, it suggeststhat thegenessharesmilar phylogenetic historiesand combining the datasets could ultimately increase
phylogenetic resolution and support. BLAST searchesinthe NCBI database (Genbank) were used to retrieved highly
similar sequencesto the Tamil Nadu sequences produced in thisstudy.

RESULTSAND DISCUSSION
Seventeen isolates of Ganoder ma were collected from different partsof Tamil Nadu werelistedin Table 1.
Cultural studies

Ganoderma sp. 1, 3, 4, 5 and G. australe do not produce chlamydospores in culture. Ganoderma sp. 2 produced
inamyloid and amyloid chlamydosporeswere observed in cultures. The sizerangesfrom 8 um x 9-11 um; globose or
eliptica; intercalary or termind in position. In G resinaceum, they weredlipsoidal, hyaline, smooth, dexrinoid, 8.5-14 x
11.5-24 um; intercalary in position and rarely termina .G tropicumproduceinamyloid cylindrical chlamydosporeswiththe
sizerangesfrom 4.5-6.0 um x 12-6 um. G weberianum produced abundant chlamydospore with the sizeranging from
4.5-7 umx 8-12 um,; globose, subglobose and dliptical shape but they werenot striated; intercalary in position; negative
inMelzer’ sreagent. In addition, gastrosporeswere observed after 5 weeks.

Phylogeneticanalysisof ITSrDNA region

PCR amplification of I TSregion of Ganodermawas ca. 560 bp. All the positionswere generaly ableto beaigned within
the collections of the same species; whereas alignment acrossthe speciesrequired gaps. Thel TSregionvariesinlength
from 546 to 562; thelength of 1TS1 rangesfrom 196 to 208 and sequenceswereaigned in 227 positions; I TS2 ranges
from 184to 199 and alignedin 212 positions. Thereisnegligibleamount of differencein AT% (50.3) and GC% (49.7) in
ITSregion. Seventeen different sequenceswereidentified among the native collections examined (Table 1). Of the 429
charactersincluded inthe maximum parasmony (MP) andysis, 240 were constant; 63 variable characterswere parsmony
uninformative; 126 were parsmony informative. Tree statisticswere; treelength=403, consistency index (C1)=0.6402,
retensionindex (RI1)=0.8294, resca ed cons stency index (RC)=0.5310, homoplasy index (HI)=0.3598. Parsmony andysis
based on an alignment of these sequencesindicated that theisolates were grouped into 10 well supported cladesas
measured by bootstrapping (Fig 1). Phylogenetic andysisof ITSITDNA wasuseful intheidentification and classification of
17 isolates of Ganoderma into 11 speciesviz., G australe (5), G cupreum (1), G lucidum (11), G resinaceum (2), G
tropicum (2),G. weberianum (1), Ganoderma sp. 1 (1), Ganodermsp. 2 (1), Ganoderma sp. 3 (7), Ganoderma sp.
4 (2) and Ganoderma sp. 5 (10) (Table 1). Thefive Ganoderma spp. 1, 2, 3, 4 and 5 remained unidentified sincethey
occupiedisolated positionin I TS phylogenetictree (Fig. 1).

Non-laccate species (Ganoderma subg. Elfvingia)

Twodrainsviz., Y ER03 and K39 clustered with intersterilegroups 1 and 2 of Taiwan isolates TAI-01 (94% Bootstrapping
(BS)) and TAI-05 (100% BYS), respectively. Although G. australe Group 1 (Yercaud) and Group 2 (Kodaikanal) were
collected fromdifferent localitiesbut they fall ondifferent atitudei.e. below 1500 mtsand above 2133 mtsrespectively.
Theresult obtained in the present study is consistent with the earlier reports[ 24, 25]. Ganoderma sp. Swasplacedin
isolated position with 100% BS, and hence considered asadistinct species. More sampleswererequired from other parts
of world to study the phylogenetic rel ationship.

L accate species (Ganoderma subg. Ganoderma)

G cupreumMY C1 tended to group together with collectionsfrom Australiawith 100% BS. Ganoder ma cupreumhas
beenreferred to as G. chalceumin previousliteratures[ 7] however, G cupreumhas nomenclatura priority [5, 16]. G
cupreumseemsto bedistributed inAustraia, Pacific, Northern Africa[26] and Asia(present study). Additional molecular
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Table 1. Ganodermaisolates sequenced in thisstudy and sequenced by Dr. Moncalvo

Deter mination Source & Geographical origin, Host GeneBank Accession
Collection Number?

G adspersum CBS351.74 Europe, Salix sp. X78742/X78763

G ahmadii FWP 14329 Pakistan, Dalbergiasissoo Z37047/237098

G australe YERQ3 Yercaud, | ndia, Bougainvillaea sp. AY 993914/AY 993915

G australe K39 Kodaikanal, India, Har dwood, AY993916/AY 993917

. australe RSH.0705 Taiwan, N.d. X78750/X 78771

G. boninense LKM24 Sabah, Malaysia, Palm

G. cupreum DFP389%6 Australia, Casuarina sp. AJ27586/A 627587

G. cupreum QFRI4336 Australia, Dead wood AJ627588/ AX627589

G cuperum MYC1 Coutrallum, India, Hard wood DQO051906/DQ015907

G capense ACCCh.71 China, N.d. Z37070/Z37104

G curtisii JIM96/80 North Carolina, USA, Check

G lobatum BAFC651 Chile, Dead stump AF169983/AF169984

G lucidum 15 Chennai, India, Hard wood DQ015904/DQ015905

G lucidum Gil4 Chennai, India, Borassusflabillifer DQO011079/DQ011080

“G lucidum’ ATCC32472 India, N.d. X87351/ X87361

“G lucidum’ RSH.G001 Taiwan, X87345/ X87355

G lucidum CCRC37053 Taiwan -

G lucidum RyVv33217 Norway, Hardwood Z37096/237073

G microsporum RSH.0821 Taiwan, Salix babylonica XT78751/X78772

G praelongum ATCC52410 Argentina, Platanusacerifolia (?) -

G resinaceum CBs15227 United Kingdom, N.d. Z37062/237085

G resinaceum PTK3 Chennai, India, Tamarindusindica DQO011095/DQ011096

G. subamboinense ATCC52419 Argentina, P. acerifolia X78736/X78757

G trophicum MYC6 Coutrallum, I ndia, Albizzial ebbeck DQO011093/DQ011094

G cf. tropicum RSH.1111 Taiwan, N.d. Z37068/237088

G valesiacum CBS282.33 United Kingdom, Larixsp. Z37056/237081

G weberianum CB3219.36 Philippines, Mangifera sp. X78734/X78755

G weberianum 19 Vandalur, I ndia, Polyalthia sp. DQO001761/DQ001762

G weberianum DFP8405 NSW, Australia, Mangiferasp. -

G. zonatum ME-GAN-33 Florida, Oil pam -

Ganoderma sp. CNB1TN Coonoor, Hard wood DQO011635/DQ011636

Ganoderma sp. MW1 Ontario, Canada, Chestnut. -

Ganoderma sp. CN2 Coonoor, I ndia, hardwood DQO011633/DQ011634

Ganoderma sp. TNAU-CRS1 Veppankulam, India, Cocosnucifera AY 508832

Ganoderma sp. QFRI8647.1 QLD, Australia, Dead wood -

Ganoderma sp. JMHK93.9 Honk Kong, Hardwood Z37069/Z37089?

Ganoderma sp. JMCR.132 CostoRica, N.d. AF255138

Ganoderma sp. IM97/3 North Carolina, N.d. AF25504

Ganoderma sp TAI-01 Taiwan, N.d. AF255110/AF255111

Ganoderma sp. ME-GAN-14 Florida, N.d. AF255130

Ganoderma sp TAI-05 Taiwan, N.d. AF255193/AF255194

Ganoderma sp. MC3 Tambaram, India, Hard wood DQO011623/DQ011624

Ganoderma sp. G09 Chennai, India,Tamarindusindica DQ015908/DQ015909

Ganoderma sp. MC5 Tambaram, India, Pterolobium sp. DQ011625/DQ011626

Ganoderma sp. G05 Chennai, India, B. flabellifer DQO056318 /DQ056319

Ganoderma sp. ANN3 Chennai, India, Cassiaroxburgii DQ011097/DQ011098

Ganoderma sp. CPT Chengalpet, India, Mangiferaindica DQ011103/DQ011104

Ganoderma sp. IFE Chennai, India, Feroniaelephantum DQ011109/DQ011110

Ganoderma sp. BJ1 Indonesia, Elaeisguineensis AY 220539

Ganoderma sp. MUCL 27886 India, N.d. AF255190

Ganoderma sp. MUCL38595 Zimbabwe, N.d. -

Amaruoderma rude JM/ASP1 Taiwan, on buried roots X78753/X 78744
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bootstrap values
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tubulin gene sequences of Ganoderma spp. rooted with
Amauroderma rude IM/ASP.1. The bold names indicate the
Ganoderma species from present study. The numbers on
branches represent the bootstrap values

evidencesfrom Eastern Asiaor South Africaare needed for more studies on taxonomy and distribution pattern of G
cupreum, G lucidum (G214 and 15) closdly clustered with Asianisolateswith strong BS (74%). Thisclade comprisesof G
lucidumfromAsian counties. TheAsian G lucidumwere similar with alower level of nucleotidedivergence[14]; they
wereintercompetiblein di-monokaryotic mating sudies[ 12]. But reportsarenot avail ablewhether thisspeciesare conspecific
or not. Asian G lucidum collected from hardwoods produced chlamydospores, which agreeswith earlier reports[14]. G
tropicum(MY C6) wasclosdly clustered withAsian collectionswith 100% BS. Thisgroup produces abundant, inamyloid,
long, cylindrical chlamydosporeswhich wasconsistent with earlier reports[27]. Theseisol ates can be distinguished by
morphological and cultural evidences[12]. G resinaceum (PTK 3) wasclosely clustered with Indian (TNAU-CRS-1)
and NorthAmerican collection (MW1) with 99 % BSand thereisno nuclectidevariation. They werecompletely conspecific
irrespective of their geographical distribution or macro-morphological differences[6, 14]. Thel TSsequenceanalysis
clearly demarcated the popul ations of Europe, North Americaand SouthAmericaand they weregenetically isolated from
each other and hence these popul ations needs morejustification at the specieslevel [27]. However, additional sampling

117



Proceedings of the 8" International Conference on Mushroom Biology and Mushroom Products (ICMBMP8) 2014

from South East Asiaand Australiaisrequired to confirm the taxonomic conclusion. Thisgroup produced abundant
chlamydosporeswhichwere smooth, €llipsoid or subglobose; dextrinoid or inamyloid; intercaary or termina inposition[6,
13]. Thisspecieswasmore or lesscosmopolitaninitsdistribution. G tropicumisdistributed throughout the tropica and
subtropical regions. Only few collectionswere reported from Asian countries and additional molecular evidencefrom
Africawould providethefirm taxonomic conclusion of thisspecies. The monophyletic lineage of Ganoderma sp. 3, G
lucidumand G tropicumarewaswell resolved (75 % BS). G weberianumwas considered to be the counter part of G
resinaceumin tropical countriesand can be distinguished by cultural and molecular data. Theformer speciesclosely
clusteredwithAsa-Austraian isolateswith 72% BS. Therobustness of the G resinaceumand G weberianumcladewas
highly supported (93% BS) and comparableto literature[14]. Thereisstrong support for separating Asianand Australian
collectionsasreported earlier [16]. The chlamydosporesof G weberianumwere of two typesviz., elipsoid, striated and
ellipsoid, non-striated [13]. Thelatter typewasfound in G weberainumand was a so reported earlier in aTaiwanian
collection CCRC3708L1. In addition, globose, € liptical with echinulate and fissured gastrosporeswere also producedin
lessnumbersasreported earlier inAustralian [ 16] and Indonesian collections|[7]. Thisresult showsthat chlamydospore
and gastrospore producing groupswereclearly demarcated in I TS phylogeny tree of the present study. Thisspeciesseems
to be distributed in temperate and tropical Asia, Australiaand Pacific regions[16]. Ganoderma sp. 1 (CNB1) was
isolated initsposition but remain clustered with collectionsfrom temperate regionsrepresenting G lucidum sensustricto
and stands a onein phylogenetic analysiswith no clearly supported relationships. Ganoderma sp. 1isphylogenetically
distinct from other membershby >2.75% nucl eotide subgtitution in I TS region without bootstrapping, therefore, we consider
thistaxato be adistinct species. Members of thisgroup lack chlamydospores and seem to be distributed in temperate
region of both northern and southern hemisphere[14]. Ganodermasp. 2 differed with G resinaceumby >3.5% nucleotide
variationinthel TSregion. Thedistinction in cultural and molecul ar datawas consider, Ganoderma sp. 2 could bea
distinct species which might be closely related to G resinaceum rather than G weberainum. It produced abundant
chlamydosporesin culturewhichiscomparatively smaller than that of G resnaceumgroup but larger than G weberianum.
It produces both amyloid and inamyloid chlamydaospore. I TS phylogeny showsthat Ganoderma p. 2 might bedistributed
intropical and subtropical regions; till additional sampling from southern hemisphereisneeded to confirm thedistribution
pattern. Three strainsof Ganoderma sp. 3 representsonly Indianisolatesand standsaoneinthel TS phylogenetic tree
with highBS (100 %) and named asdigtinct I TS species. Additiond dataarerequired to confirmitsphylogenetic relationship.
Ganoderma . 4 closely clustered with pathogenic strainsisolated from pamwith 99% BS. I TS phylogeny clearly shows
that the Ganoderma sp. 4 might berestricted to southern hemisphere (Zimbabwe and India) (unpublished data). However
additiona molecular evidencewould provide moreinformation concerning thedistribution. The Ganoderma species, 2,
3,4, and 5 arerepresented by only afew collectionsfrom Asiaand South Americathusthe correct naming of species
remainsproblematic and additional sampling would provide moreinformation.

Phylogenetic analysisof B-tubulin gene

Partial B-tubulin, nuclear DNA genewasamplified with B36/B12 primer pair which yielded ca. 450 bps. The present
investigation revealed that the partia B-tubulin sequencesproved to be an excellent tool for theidentification of Ganoderma
species/'species complex and al so resol ved the rel ationship of Ganoder ma species. The nucleotide composition was
varied among the nuclear DNA genes; in B-tubulin, GC content was 55.5% and AT was44.6% whereasin ITSrDNA, the
GC (49.73%) content comparatively lesser than AT (50.3%). Thetransition and transversion ratio was comparatively
higher (2.84) than ITSrDNA (2.299) gene. 56.1% of GC content of B-tubulin gene was reported in “G. lucidum”
WCT721[21]. Heuristic searches performed under parsimony criterion (asdescribed in Materialsand Methods) produced
20 most parsimonioustreeswith treelength = 547, consistency index = 0.459, retention index = 0.631. Phylogenetic
andysisof B-tubulin sequenceswas concurrent with I TS dataset and provided greater resol ution asassessed by bootstrapping.
However Ganoderma sp. 5 (MC3, MC5 and G09) and G. australe (K39) has been eliminated dueto template or PCR
product contamination. The remaining nine speciesremain clustered with respective cladesand wereconsistent with ITS
rDNA gene (Fig. 2). The GC content was higher (55.5 %) than that of AT content (44.6 %) and the transition and
transversion ratio was comparatively higher (2.84) than ITSrDNA (2.299) gene.
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Phylogenetic analysis of atp6 gene

Themitochondrial protein coding gene atp6 was amplified with ATP3/ATP2 primerswhich yielded asingle PCR of
approximately 664 bps. Phylogenetic anadys sof atp6 gene showed that therewasl essnucl eotide divergencewhen compared
tothenuclear DNA genes (ITSrDNA and 3-tubulin). The percentage of the AT (73.5 %) content was comparatively
higher than GC (26.5 %) content. Theabundance of A/T transversion caused lowest transition/ transversionratio (0.730)
than the other two nuclear DNA genes. G australe, G. lucidum, G resinaceum, G. tropicum, G weberianum,
Ganoderma sp. 2, Ganoderma sp. 3, Ganoderma sp. 4 and Ganoderma sp. 5 were well resolved as assessed by
bootstrapping (Fig. 3). One of the strains of Ganoderma sp. 3 (CPT) conflictswith nuclear DNA gene and remain
clustered with G lucidum. When compared to ITSrDNA and -tubulin, atp6 provided very littleinformative character
towardsthe phylogenetics study. However it contributed important information for the resol ution of the Ganoder ma spp.

M ultigene phylogenetic analysis

Ganoderma phylogeny inferred from three unlinked loci resulted in arobust phylogeny that islargely in congruencewith
individual sequencedataset. Thetermina and deep brancheswerewdl | resolved when comparingthe I TS, B-tubulinand
atp6. Combined dataset clearly separated all the 10 species viz., G resinaceum, G. weberianum, G. tropicum, G
australe, G. lucidum and unidentified species Ganoderma sp. 1, Ganoder ma sp. 2, Ganoder ma sp. 3, Ganoder ma sp.
4 and Ganoderma sp. 5. However, Ganoderma sp. 3 (CPT) alone conflicted and closely clustered with G lucidum
cladewith moderate support (70 %) (Fig. 4).
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Figur e 3. Maximium parsimonioustreesinferred from partial Figure4. Maximium parsimonioustreesinferred from ITSr DNA
atp6gene sequences of Ganoderma spp. rooted with region, B-tubulin and partial atp6 gene sequences of Ganoderma
Amauroderma rude JIM/ASP.1. The bold names indicate the spp. rooted with Amauroderma rude JIM/ASP.1. The bold names
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CONCLUSION

Thisstudy has contributed important detail sto the understanding of the natura relationshipswithin the Ganoder ma species.
Now itisclear that thenuclear ITSrDNA and 3-tubulin genesdo contain useful information to resolvetherelationship of
species, species complex and closely related species of Ganoderma. On the other hand, though atp6 contained low
nucleotide divergenceit provided significant information towardsthe Ganoder ma phylogeny. However, atp6 based tree
topology wasin linewith themultiplegene phylogeny. Theresultswere cons stent with cultural and geographical distribution
of species. Sincethisisthefirst report of protein coding genein Ganoder ma phylogenetic study, no literatureisavailable
for thecomparativeanalyses.
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ABSTRACT

Thewild gtrainsof acultivated speciescongtitutean important breeding materia for the genetic enhancement of commercia
lines. Cultivated strains of button mushroom, Agaricus bisporus have narrow genetic base dueto their origin from few
high-yielding hybrids and single spore progeniesthrough tissue culture propagation. The genetic identities of wild and
cultivated strainsof A. bisporuswere established by DNA sequencing of internal transcribed spacer (ITS) regionsof 5.85
rRNA gene. Molecular variation among the different strainswas assessed using RAPD and AFLPmarkers. ITS1, 5.8S
rRNA geneand I TS2 were 290, 154 and 208 bases, respectively inlengthin all the strainsof A. bisporusstudied. SNPs
inITS2regionwereidentified, which digtinguished different srainswithinthegpecies. RAPD and AFL Pmarkersdifferentiated
all thegermplasm strains. White pileus cultivated strainswere separated from thewild brown strains by aphylogenetic
branch. Thewild strains possessed abroad range of genetic variation (53.4%) and exhibited 53.7% genetic distancefrom
thecultivated strainsand hybrids, indicating ahigh level of DNA polymorphismin thegermplasm. However, thecultivated
strainsshowed lessDNA polymorphism (16.8% genetic variation) ascompared to the hybrid cultivars (26.8% variation).
The cultivated strains showed agenetic distance of 33.6% from the hybrids and were clearly separated inthe UPGMA
dendrogramand PCO plot. Theseresultshavepractica implicationsfor thefuture breeding programmesasthesemolecularly
diverse germplasm strains coul d be sel ected for geneticimprovement of thiscommercialy important button mushroomin
India

Keywords: Agaricusbisporus, AFLP, ITSsequencing, RAPD, wild strains
INTRODUCTION

The button mushroom, Agaricusbisporus (Lange) Imbach isacommercialy important vegetable crop and significantly
contributesto theeconomiesof many countries[1]. Thisspecieshasasecondarily homothalliclifecycle[2] withlow levels
of crossing over and normal segregation [3-4]. Now, with the acquisition of alarge collection of wild typesthrough the
Agaricus Resource Program (ARP) [5-8], the A. bispor us speciesencompassthree different lifecyclesviz., primary
homothalismin A. bisporusvar. eurotetraspor us Cdlac et Guinberteau [9], pseudohomothallism (= secondary homotha lism)
intraditional variety, A. bisporusvar. bisporus, and heterothallismin A. bisporusvar. burnettii Kerrigan & Callac[10-
11]. Thewild relatives of acultivated speciesrepresent aval uable genetic resource and provide thefoundation for the
geneticimprovement. Thus, thereliable assessment of genetic variation andidentity of thewild Srainsand ther relationship
with the cultivated germplasm becomesthe prerequisitefor the planning of anew breeding programme. Thesewild genetic
resources can a so provide useful information on the evolution of the species. Theuse of DNA markersisconsidered best
for the above purpose asthe phenotypic traits are stage specific and their expressions are considerably influenced by
ecologica factors.

DNA sequencing providesthe ultimate fine scale measurement of genetic polymorphism directly at the nucleotidelevel.
Nuclear ribosomal RNA genes(18S, 5.8Sand 28S) evolvereatively dowly and areuseful for studying distantly related
organisms. Theinternal transcribed spacer (ITS) regionsevolvefaster and may vary among specieswithin agenusor
among strains of the same species[12]. Thel TSregionisan areaof particular importanceto fungal diagnostics. ITS
regions show more sequence divergence than flanking regions[13] and are often used to di stingui sh rel ated mushroom
gpeciesandtoinfer phylogenetic rdationships|[9, 14-16]. Mol ecular characterization based on random amplified polymorphic
DNA (RAPD) markershas been used for the assessment of genetic variation and strain identificationin awidevariety of
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fungal species[17-20]. DNA polymorphismsareeasier toidentify with RAPD markersthan with restriction fragment
length polymorphism (RFLP) markers[21]. In button mushroom A. bisporus, RFL Ps[22-23] and RAPDs[24-28] were
used for theassessment of genetic diversity inwild and cultivated strains.

Themorerobust and highly polymorphic amplified fragment length polymorphism (AFL P) markershave been utilized to
study thegenetic relationship and DNA polymorphismin plants[29-31] and fungi [ 32-33] including mushrooms[34-36].
Thus, the objectivesof present study werei) to DNA fingerprint and assessmolecular variationin A. bisporusgermplasm
that includesquondom cultivars, currently cultivated strainsand hybrids, and thewild strainsfrom Russia, France, USA and
Indiausng RAPD and AFLPmarkers, and ii) to determine the extent of intra-specific molecular variation among thewild
strainsand their genetic relationship with the commercialy cultivated white strainsand hybrids. In this paper wereport the
geneticidentitiesof ARPwild strainsof A. bisporususing I TS sequence dataand the presence of ahigh degreeof DNA
polymorphisminARPstrainsusing reproducible RAPD and AFLPmarkers.

MATERIALSAND METHODS
M ushroom strains

The mushroom strains included 42 germplasm accessions of A. bisporus that comprised of wild collections from
geographically isolated regions of theworld, guondom cultivars, currently cultivated strainsand hybridsinIndia, anda
strain of closely related species, A. subfloccosus(Table1).

DNA extraction

Genomic DNA from the somatic tissuesof young fruitbodiesof individua strainswasisolated usingthe CTAB method [37]
with modificationsasprevioudy described [38]. DNA sampleswere purified with RNaseand purified DNA wasrunona
0.7% agarosegel with diluted uncut lambdaDNA (25 ng/ml) asstandard to assay itsconcentration and integrity. DNA was
also quantified with UV/VIS spectrophotometer of Hitachi model U-1500 by measuring OD,,,,and OD.,.. The DNA

samplesshowing OD,,, /OD,, ratio of 1.8to 1.9wereused for RAPD andysis. Thequantified DNA sampleswerediluted
in TE buffer to makeafinal concentration of 50 ng/pl for PCR reactions.

Molecular analysis

ThelTSregions, comprising I TS1+5.8SrRNA gene + ITS2, wereamplifiedusng I TS1 ext B and I TSA ext A forward and
reverseprimers, respectively [16]. The PCR amplificationswerecarried out in 50 pl reaction volumefollowing the protocol
detailedinYadav et al. [28]. ITSamplified productswere purified using Qiagen columnsfollowing the QI AquickPCR
purificationkit protocol. Purified I TSDNA wasdutedin LmMTris-HCI pH 8.0. Cycle sequencing reactionswere performed
using ABIPRISM™BigDye Terminator Sequencing ready reaction kits (Applied Biosystems, UK) for sequencingthel TS
products. Thecycle sequencing reaction consisted of thefollowing components (10 ul): 2 ul Big Dyereaction mix, 1.6 ul
Primer (1pmole/ml), 1ml PCR product DNA (15-20 ng/reaction) and 5.4 ml delonized water. Thesequencing primersi TS1
and ITSA[12] wereusad for cyclesequencing reactions. The PCR conditionsfor sequencing were: 25 cyclesof 96 °Cfor 10
sec, 50 °Cfor 5 sec and 60 °C for 4 min. The contents of the sequencing reaction were spin down and processed as per
theprotocol of ABI Prism 3100 GeneticAndyser fromApplied Biosystems. Thesampleswered ectrophoresed at sequencing
facilitiesof Delhi University, South Campus, India.

RAPD reactionswere performedin 22 strainsof A. bisporusas per Williamset al. [39] protocol with minor modifications
to enhance reproducibility and consistency of RAPD profiles[38]. PCR ampliconswere separated on a1.5% agarose gel
pre-stained with ethidium bromide solution using 1X TAE buffer. Thegelswererunfor 4 hoursat 45V and the RAPD
amplicon profileswererecorded using Syngene Gel Documentation System using GeneSnap software. Thesize of the
amplified fragmentswas determined using 100 bp plusladder (MBI Fermentas, Lithuania) and Gene Toolssoftware. Al
RAPD reactionswere performed twiceto test the reproducibility of the amplicon profiles.
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Table 1. List of commercia strains, hybrids and wild strains of Agaricus bisporus and a wild strain of A. subfloccosus used in the

molecular analysis

S.No. Original code Genebank codet Sourcelorigin Germplasm description?

1 Sukl A-1 NRCM, Solan, India White pileus, commercial strain
2 U-3 A-13 NRCM, Solan, India White pileus, commercial hybrid
3 U-3 A-97 Wang Nan, EFI, China White pileus, commercial hybrid
4, MS-39 A-51 NRCM, Solan, India White pileus, commercial strain
5 S44 A-2 NRCM, Solan, India White pileus, commercial strain
6. S56 A-4 NRCM, Solan, India White pileus, commercial strain
7. S791 A-6 NRCM, Solan, India White pileus, commercial strain
8 RRL-89 A-7 NRCM, Solan, India White pileus, commercial strain
9 S310 A-10 NRCM, Solan, India White pileus, commercial strain
10. P-1 A-11 NRCM, Solan, India White pileus, commercial strain
1 ITCC-3708 A-44 ITCC, New Delhi, India White pileus, commercial hybrid
12 ITCC-3710 A-45 ITCC, New Delhi, India White pileus, commercial hybrid
13 ITCC-3709 A-46 ITCC, New Delhi, India White pileus, commercial hybrid
14. ITCC-1924 A-47 ITCC, New Dehi, India White pileus, commercial strain
15. ITCC-1933 A-48 ITCC, New Dehi, India White pileus, commercial strain
16. ITCC-3554 A-49 ITCC, New Delhi, India White pileus, commercial strain
17. ITCC-3609 A-50 ITCC, New Dehi, India White pileus, commercial strain
18 NCS100 A-68 NRCM, Solan, India White pileus, commercial strain
19. NCS101 A-69 NRCM, Solan, India White pileus, SSPfrom hybrid
20. NCH-102 A-70 NRCM, Solan, India White pileus, commercial hybrid
2L ARP-247 A-73 ARP collection, USA White pileus, strain

2. Hybrid-1 A-98 NRCM, Solan, India White pileus, New hybrid

23 WiI-1 - Wild collection, India White pileus, wild strain

24, Chail-1 A-80 NRCM, Solan, India White pileus, commercial hybrid
5. SM-110 A-82 SMF, New Ddlhi, India White pileus, commercial hybrid
26. SM-170 A-834 SMF, New Delhi, India White pileus, commercial hybrid
27. SM-210 A-85 SMF, New Delhi, India White pileus, commercial hybrid
28, SM-270 A-86 SMF, New Ddlhi, India White pileus, commercial strain
2. ARP-209 A-15 ARP collection, USA Brown pileus, wild strain

0. ARP-210 A-16 ARP collection, USA Brown pileus, wild strain

3L ARP-214 A-18 ARP collection, Russia Brown pileus, wild strain

32 ARP-216 A-20 ARP collection, Russia Light brown pileus, wild strain
3. ARP-217 A-21 ARP collection, Russia Brown pileus, wild strain

A ARP-224 A-28 ARP collection, Russia Brown pileus, wild strain

5. ARP-243 A-67 ARPcollection, USA Brown pileus, commercial strain
36. ARP-246 A-72 ARRP collection, France Brown pileus, wild strain

37. ARP-249 A-75 ARP collection, USA Brown pileus, wild strain

3. ARP-250 A-76 ARP collection, USA Brown pileus, wild strain

30. ARP-251 A-77 ARP collection, USA A. subfloccosus

40. ARP-256 A-91 ARP collection, USA Brown pileus, wild strain

1. ARP-257 A-92 ARP collection, USA Light brown pileus, wild strain
2. ARP-259 A-HA ARP collection, USA Brown pileus, wild strain

43, ARP-261 A-96 ARP collection, USA Brown pileus, wild strain

Mushroom Gene Bank, DMR, Solan-173 213, India; EFI = Edible Fungi Institute, China; SSP = single spore progeny; ITCC = Indian Type
Culture Collection, Mycology and Plant Pathology Division, IARI, New Delhi 110012, India; SMF = Swadeshi Mushroom Farm, New
Delhi, India; Agaricus Resource Programme, USA; 2Grow out tests of these genotypes were conducted at DM R during 2000-2005.

124



Proceedings of the 8" International Conference on Mushroom Biology and Mushroom Products (ICMBMP8) 2014

AFLPfingerprintswere generated based on the protocol of Zabeau and VVos[40] with dight modificationsenumeratedin
Yadav et al. [ 36] using PCR reagentsfromAFL Panalysissystemkitsof Life Technologies(Invitrogen), Cdifornia, USA.
AFLPfingerprintswere obtained using six AFL Pprimer-pairs, fivewith three sel ective nucl eotidesin each of EcoRI and
Msel primers(AFLPAndysisSystem1) and onewith only two selectivenucleotidesin ECORI and three sdlective nucleotides
inMsel (AFLPsmall genomekit). All the PCR reactionswere carried out in aPE-9600 thermocycler (Perkin EImer Corp.,
Norwalk Conn., USA). AFL Preaction productswere mixed with an equal volume of Formamide dye (98% Formamide,
10mM EDTA, 0.005% each of Bromophenol blueand Xylene Cyanal). Threel of each samplewereloaded on a5%
denaturing polyacrylamidegel, runin 1X TBE e ectrophoresis buffer. The gel wasdried for 2 h before subjectingit to
autoradiography for 1-3 daysat —70 °C depending on thesignad intensity. The size of thefragmentswas estimated using 20
bp size standards (BioWhittakar Molecular Applications, USA).

Satistical analysis

Thel TS nucleotide sequenceswere anayzed after generating the complementary and reversed sequencesof I TSA primer
and then comparing with the I TS1 sequencesusing GeneDoc software [41]. Multiple sequencea ignments of consensus
sequenceswere madeviaClustal X (1.83) agorithm [42]. The multiplealigned sequenceswere then utilized to generatea
bootstrap (1] = 1000) N-Jphylogenetic tree [43]. The treewas viewed with the help of TREEVIEW software (http://
taxonomy.gla.ac.uk/rod/treeview.html). Sequencedivergence (d) and base substitutionswere cal cul ated based on Kimura's
two-parameter model [44] and are presented as per cent value (d x 100).

The RAPD and AFLP amplification products (amplicons) were scored as present (1) or absent (0) for each primer-
genotype combinations. Molecular datawere entered into abinomial matrix and were used to determine Jacquard’s
samilarity coefficients[45] usng NTSY S-PC softwareverson 2.02h[46]. The dendrogramsdepicting thegeneticrdationship
were constructed employing the Unwei ghted Paired Group Method of Arithmetic Averages (UPGMA) algorithm and
Sequential, Agglomerative, Hierarchial and Nested (SAHN) clustering. The principal coordinateanaysis (PCO) was
carried out with NTSY S-pc using DCENTER and EIGEN procedures. The Jaccard’ ssimilarity matrix wasalso used to
generatea3-D plot of principa coordinatesto resolvethe patterns of variation among the strains. Thebootstrap anaysis
wascarried out using the WINBOOT program [47] with 1000 replications. Most informative primerswere sl ected based
on high polymorphism information content (PIC) valuesof individua primers. The PIC wascal culated using theformula
[48]:

n
PIc=Y {2xF(1-F)},where, Fisthefrequency of presence of amaker band, i.
i=1

The per cent genetic distance (GD) was measured using the Jaccard’ssimilarity coefficientsas. % GD = (1- average
similarity coefficient) x 100. Similarity matricesfrom high PIC primerswere compared with that of dl theprimersusng
MXCOMPsub-programaf NTSY Spc. Discrimination power (DP) wasestimated to test the efficacy of individua primersin
distinguishing the strains, employing theformulaDP = number of pairsof strainsdifferentiated /total number of pairsof
strains x 100.

RESULTS
Geneticidentity and I T Ssequence polymor phism

Gendticidentitiesof ARPwild srainswereestablished by amplifying and sequencing the 5.8SrRNA geneadong with flanking
ITSLand I TS2 spacer regions. Thel TSregionscomprising I TS1 + 5.8SrRNA gene+ 1 TS2wereamplified asasingle unit
from 21 strainsof A. bisporusaong with astrain of rel ated speciesA. subfloccosus. Inal cases, the PCRyielded asingle
product without any visiblelength variationsinthe I TS profiles. Thelength of the PCR product was approximately 755
baseson gel. Multiple nucl eotide sequences of the I TSregion were generated for asubset of 14 strains. Thefull lengthI TS
regionwas 756 bpinall the A. bisporus strainsanalyzed. The 5.8SrRNA gene sequenceswere found to be conserved
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within the speciesaswell asamong the species A. bisporus, A. bitorquisand A. subfloccosus. The I TS1 region, 5.8S
rRNA geneand I TS2 region were 290, 154 and 208 nucleotides|ong, respectively in all the genotypes of A. bisporus
studied. Within the species A. bisporus, nucl eotide sequence divergence ranged from 0to 0.43% with the average val ue of
0.21%. Thegenotypesof A. bisporusexhibited 1.6 and 3.8% sequence divergencefrom A. subfloccosusand A. bitorquis,
respectively. Thel TS2 region had single nucleotide polymorphisms (SNPs) at four base pair positionsof 509, 515, 550
and 590. The transition mutations (T—C) occurred at 509, 550 and 590 SNP positions, whereasthe SNP at 515 bp
exhibited atransversion mutation (C—A) inthewild strainsARP-224 (from Russia) and ARP-261 (from USA). The
presence of informativeindelsin I TS1 (atriplebase TGT deetionin A. bisporusand A. subfloccosus) and in ITS2 region
(adoublebase TG deletionin A. bisporus) were used to delimit thewild strainsinto the species A. bisporus.

RAPD fingerprinting

Twenty-eight decamer primersamplified identifiable and cons stent PCRampliconsthat ranged from 275 bpto 3500 bpin
length, and 283 RAPD marker bands, out of which 256 (90.5%) were polymorphic. A total of 2401 ampliconswere
produced in 22 genotypeswith an average of 3.9 amplicons per genotype per primer. Thewild strain ARP-224 from
Russiaexhibited the maximum number of amplicons (120), whereasthe A. subfloccosus strain ARP-251 produced the
minimum (93). The highest number of ampliconswas produced by the primer OPN-04 (166), whiletheleast amplicons
were obtained with primer OPO-18 (31). Twelvemost informative primers showing high PIC valueswereidentified as
OPN-02, 05, 06, 08, 09; OPO-01, 02, 03, 12, 13, 14 and OPO-20 (Fig. 1a-d).
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Figure 1. RAPD profilesof 21 germplasm strainsof A. bisporusand one strain of A. subfloccosus. M: DNA ladder, lanes 2-23; correspond to
germplasm strainslisted under seria No. 3, 25-28, 21, 25-43in Table 1 and N = ARP-234. DNA polymorphism obtained with primer OPO-12 (a),
primer OPN-05 (b), primer OPN-02: Horizontal arrow indicatesan OPN-02 . band whichispresent in whiteand off-white pileusstrainsand
hybrids; Vertical arrow indicatesan OPN-02,,  band whichispresent only in A. bisporus strains(c),and primer OPN-08 (d)

These primersamplified atotal of 168 bands (59.4% of the bandsamplified by all the 28 primers) of which 160 (95.2%)
were polymorphic. The PIC valuefor RAPD primersranged from 0.25 to 4.64. The maximum number of polymorphic
markers(18) wasobtained with primer OPO-14. The DP valueswere more useful in thediscrimination of strainsand were
varied from 25.5—98.7% with the average being 86.4 (Table 2). Primer OPN-02 proved useful for distinguishing the
pileuscol or and for speciesidentification. An RAPD band of goproximately 1200bp (OPN-02,,,,) waspresentindl thewhite
and off-white (light brown) pileus strains, while OPN-02,, , band which was present only in A. bisporusstrains (Fig. 2c).
Similarity indicesestimated on thebasisof al the28 RAPD primersinasubset of 22 strainsranged from0.30t00.94. The
white pileusstrainsand hybridsexhibited rel atively more genetic smilarity (0.710) in comparison to brown and off-white
pileuswild strains (0.488). The brown and off-white wild strains showed ahigh degree of genetic variation (51.2%)
amongst them. The highest genetic variation (69.7%) wasrecorded between brown strainsARP-251 (A. subfloccosus)
and ARP-246 (A. bisporus); while, the white pileus hybrids SM-110 and SM-170 exhibited the least (6.2% genetic
vaiation).
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Table 2. Efficacy of individual primersfor detecting DNA polymorphism and discrimination between 21 strains of button mushroomsA.
bisporus and one strain of A. subfloccosus

Primer Sequence(5'-3) No. of Size range pPIC Discrimination Number of pairsof strains
RAPD (approx. bp) value power (DP) not distinguished
bands (%) (Total No. of pairs=231)

OPN-01  CTCACGTTGG 7 400-2850 19% 913 20

OPN-02  ACCAGGGGCA 10 775-3500 29 R6 17

OPN-04  GACCGACCCA 13 450-2600 284 %.1 9

OPN-05  ACTGAACGCC 16 500-2500 419 957 10

OPN-06 GAGACGCACA 14 600-2700 442 983 4

OPN-07  CAGCCCAGAG 8 350-3200 163 D05 2

OPN-08  ACCTCAGCTC 14 375-3100 346 983 4

OPN-09  TGCCGGCTTG 17 750-2300 436 97.8 5

OPN-10  ACAACTGGGG 10 750-3000 273 935 15

OPO01  GGCACGTAAG n 490-3200 376 9.7 3

OPO-02  ACGTAGCGTC 15 400-1900 314 %.1 9

OPO03  CTGTTGCTAC 15 400-2900 464 957 10

OPO-04  AAGTCCGCTC 6 4752100 123 779 51

OPO05  CCCAGTCACT 7 650-2900 174 788 2

OPO-06  CCACGGGAAG 6 350-1350 147 879 2

OPO07  CAGCACTGAC 8 275-2700 15 87 D

OPO-08  CCTCCAGTGT 7 500-3000 134 86.6 3

OPO-09  TCCCACGCAA 2 650-875 025 255 172

OPO-10 TCAGAGCGCC u 650-3000 234 0] 3

OPO-11  GACAGGAGGT 10 700-3200 222 874 2

OPO-12  CAGTGCTGTG 14 4751900 439 97.8 5

OPO-13  GTCAGAGTCC 12 550-2400 343 %.1 9

OPO-14  AGCATGGCTC 18 425-2700 442 %.1 9

OPO-15  TGGCGTCCTT 10 550-2800 241 833 27

OPO-16  TCGGCGGTTC 4 550-1150 16 71 67

OPO-18  CTCGCTATCC 2 700-850 048 506 114

OPO-19  GGTGCACGTT 4 625-1800 0.66 59.3 A

OPO20 ACACACGCTG 12 325-2700 334 9.2 n

*Polymorphism information content
AFLPprdfiling

Six AFL Pprimer-pairsamplified atotal of 467 marker bandsin 42 strainsof A. bisporusand astrain of A. subfloccosus
with an average of 77.8 bands per primer. Out of 467 AFL Pmarkers, 431 (92.3%) were polymorphic and therest were
monomorphic (7.7%). Out of six primer-pairs tested, two (E-ACT + M-CAC and E-ACT + M-CAG) were ableto
differentiate al the genotypes studied and had the discrimination power of 1.00 (Table 3).

Wild brown strainsweredifferentiated by all the primer-pairs studied. Pair-wise Jaccard’ ssimilarity valuesvaried from
0.282t00.936 with average being 0.567. The highest genetically smilar strainswere S-44 and S-56 (0.936 similarity),
while strains S-791 (A. bisporus) and ARP-251 (A. subfloccosus) were found to be the least similar ones (0.28.2
amilarity). Theaverage genetic distance between white pileuscultivars(strainsand hybrids) and brown pileuswild collections
wasfoundto be’53.7%, indicating ahigh level of DNA polymorphism amongst the germplasm of A. bisporus. However,
thewhite pileusstrainshad lessDNA polymorphism (av. smilarity 0.832). Thewhitepileushybridsexhibited relatively
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Table 3. Primer-pairs used for selectiveamplificationin AFL Panalysisand their utility in molecular differentiation of whitepileuscultivars
and wild brown strains of A. bisporus

Primer - pair No. of Polymorphic  Discrimination ~ Number of pairsof strainsnot distinguished
AFLP AFLPmarkers power (total number of strain pairs=903)
markers (%)

E-AC + M-CAT a3 89.71 097 24 (pedigree related white pileus strains and hybrids were not
differentiated)

E-AAG+ M-CAT 3 86.84 095 43 (pedigree related white strains and hybrids were not
discriminated)

E-ACA+ M-CTT 5% 9107 097 25 (pedigree related white strains and hybrids were not
differentiated)

E-ACG+ M-CAA 70 9.29 099 1 (pedigreerelated white strains S-44 and RRL-89 were not
discriminated)

E-ACT+ M-CAC g 9231 100 0

E-ACT+ M-CAG 118 A2 100 0

moremolecular variation between them (av. smilarity 0.732) and had an average genetic distance of 33.6% fromthewhite
drans

Geneticreationship and DNA polymor phism

Thegeneticrelationshipsinferred from the nucl eoti de sequence polymorphismin thel TSregion of different genotypesof A.
bisporusaredepictedin Fig. 2. Three sub-clusterswere formed within themajor cluster of A. bisporus.
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Figure 2. Neighbour-joining tree inferred from sequence polymorphismsin the I TS region of wild and cultivated strains of
Agaricus bisporus. Numbers on the branches denote per cent bootstrap support to each node. The tree was
rooted using two related species A. bitorquis (NCB-2) and A. subfloccosus (RWK-1552)
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Thewild strainsfrom Russiashowed high sequence polymorphism and were placed in dl thethree sub-clusters. Thewild
sranARP-232 (from Canada) wasclustered withARP-243 (abrown strain from USA) within the sub-cluster 11 that aso
included thewild strainsARP-216 (from Russia) and ARP-249 (from USA).ARP-224, awild collection from Russia
aongwithwild strainsARP-250, ARP-259 (both from USA) and SM-270 (white strain) constituted the third sub-cluster.
Cluster analysisbased on RAPD markersgrouped all the white pileus strains and hybridsinto one cluster with 86%
bootstrap value, whereasthewild brown ARPstrainsformed several sub-clustersexhibitingahighlevel of genetic poly-
morphism(Fig. 3).
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Figure 3. UPGMAdendrogram constructed from the RAPD profiles of 21 germplasm strains of A. bisporus and one strain of
A. subfloccosus. The numbers on the forks denote per cent bootstrap support to each node (branches showing less
than 50% bootstrap values are indicated by asterisks). Mgjor clusters areindicated at the right margin

All the strainswere distinguished using aggregated primer data. Individua primerswereasoinformativein providing
specific RAPD polymorphismsfor strain differentiation (Table 2). However, noneof theprimerswasableto differentiateal
the 22 gtrains. Primer OPO-01 with 11 RAPD markersdifferentiated all the genotypesexcept three pairsnamely U-3and
SM-110, SM-170 and ARP-210, and ARP-246 and ARP-261. Wild brown pileus strains exhibited a high degree of
genetic variation and were clearly separated from cultivated white pileus strainsand hybrids. Genetic rel ationshipsamong
42 strainsbased on AFLPprofilesaredepicted in Fig. 4. Dendrogram based on UPGMA agorithmand SAHN clustering
clearly distinguished the strainsfrom the hybrids and the wild strains. Agaricus subfloccosus strain ARP-251 showed
average genetic distance of 68.3% from A. bisporusstrainsand clustered with wild strainsfrom USA namely ARP-249
(42.2% smilarity) and ARP-250 (40.7% s milarity) in the dendrogram constructed based on al the six AFL P primer-pairs

(Fig.4).

Withinthe A. bisporusaccessions, al thewhite pileus strains and hybrids were separated from the brown pileuswild
collectionsby aphylogenetic branch with 70% bootstrap value. Thewild brown strains exhibited awide range of genetic
variation (av. genetic variation 53.4%). Within thewild brown strains, collectionsfrom Penzaregion of Russawereclearly
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Figure4. UPGMAdendrogram constructed from 467 AFPL markers showing genetic rel ationships amongst 42 strains of
Agaricus bisporus and a strain of A. subfloccosus. The scale at the bottom represents Jaccard’s coefficients of similarity.
The numbers on the forks denote per cent bootstrap support to each node. Mgjor clusters areindicated at the right margin

separated, whereas, the collectionsfrom different partsof USA exhibited widegenetic variation and formed divergent sub-
clades. Thewild strain ARP-246 from France clustered with wild strainsARP-261 and ARP-243 of USA. White pileus
cultivated strainsand hybridsexhibited anarrow genetic base and collapsed inthe 3-D PCO plot (Fig.5). The Jaccard’s
similarity matrices obtained with theindividual AFL P primer-pairswere compared with the matrix of al thesix AFLP
primer-pairs. Thematrix correlation (r) val uesranged from 0.80 - 0.96 indicating good to very good it of thetwo matrices
compared. The dendrogram based on AFL Pdatafrom primer-pair E-ACT + M-CAC wasthemost similar to the dendro-
gram based on al the six primer-pairswith matrix correlation of r = 0.96 (p= 1.00).

DISCUSSION

Ribosomal RNA genesevolve cohesively within asingle species[49] and exhibit only limited sequence polymorphismin
thel TSregionsbetweenindividual s of aspecies[50]. Nucl eotide sequences polymorphismsof thel TS region have been
utilized in establishing the phylogenetic rel ationshi ps among species of the sameor rel ated generaof mushrooms[14-15,
51]. Four SNPswereidentified at 509, 515, 550 and 590 base pair positionsin I TS2 region which could distinguish thewild
strains of A. bisporus collected from geographically isolated regions. The presence of informative indelsin the ITS1 region
(atriple base — TGT — deletion in ITS1 of both A. bisporus and A. subfloccosus) and in ITS2 region (a double base — TG
—deletionin A. bisporusonly) unequivocally demonstratesthat the genetically diverse strains studied in thiswork belong to
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Figure5. A 3-D plot of the Principal Coordinates Analysis of AFLP data showing genetic relationships among brown pileuswild
collections from geographically different regions of the world and white pileus cultivated strains and hybrids of A. bisporus.
White pileus cultivated strains and hybrids exhibited a narrow genetic base and coalesced in the 3-D plot

the species A. bisporus. In the previous finding [16] a tetrasporic A. bisporus var. burnettii [10] was distinguished by a
single transition mutation (G—A) at 261 bp in ITS1, while the homothallic A. bisporus var. eurotetrasporus had the
characteristic deletion (asingle base—T—at 118 bp). Similarly, I TS sequence polymorphisms at five base pair positions, two
in ITS1 region and three transition mutationsin ITS2 region at 509 (T—C), 550 (T—C) and 628 (G—A) bp positions were
reported in the sexually diverse wild specimens of A. bisporus [9]. In the present work, we have compared the ITS
sequences from 14 strains (differentiated based on RAPD markers) of A. bisporus and found that the ITS1 region is
conserved (does not have base substitutions or deletion) perhapsdue to the absence of both the A. bisporus var. burnettii
and A. bisporus var. eurotetrasporus cultures in the germplasmanalyzed. In our study, we have found a transversion
mutation (C—A) at 515 bp position in the wild strainsARP-224 (from Russia) and ARP-261 (from USA) and an additional
transition mutation (T—C) at 590 bp position in the ITS2 region. The ITS sequence data of this work clearly validate the
presence of European strainsin USA as observed by Kerrigan et al. [10] using nuclear and mitochondrial markers.

RAPD fingerprinting wasfound efficient to revea usablelevelsof DNA polymorphism among whitepileusstrainsand a
very highamount of molecular variation among wild strainsof A. bisporus. A high degree of genetic homogeneity among
hybrids has been reported using RAPD markers[24, 26]. Wild strainsanalyzed in thisstudy arefrom the geographically
isolated regions(Russi g, France, Canadaand USA) and thusexhibited ahigh degree of DNA polymorphismwith RAPD.
Thewild strainsARP-217 (from Russia) and ARP-257 (from USA) exhibited unique bandsin some RAPD profilesand
consequently formed asolitary cluster in the dendrogram. AFLPmarkersrevealed the overall smilarity index of 0.57,
whichindicatesthe broad genetic base of germplasm. Thesmilarity vaueof 0.83 between white pileusstrainssuggeststhat
thelevd of genetic variation (16.8%) islow among the cultivated lines; whilethewhite pileushybridsexhibited relatively
moregenetic variation (av. smilarity 73.2%) and had an average genetic distance of 33.6% from thewhite pileusstrains.
However, AFLPmarkershavedifferentiated pedigreerelated and genetically close white pil eus strainsand grouped them
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into aphylogenetic cluster with 98% bootstrap va ue and form the strong point of the present investigation. Thewild brown
strainsanaysed with AFL Pmarkers showed ahigh degree of DNA polymorphismwith genetic variation of 53.4 per cent.

Inearlier studies, thewild collectionsof A. bisporusexhibited ahigh level of genetic variation using allozymes[53] and
nuclear DNA RFLPs[22, 23]. Thewild strains of the Agaricus Resource Program were characterized using nuclear and
mitochondrial DNA RFLP probes[5-8, 52-54] and repetitive DNA sequences[55] and werefound to be genetically
highly variable. However, alozyme and RFL Panalyses scan only alimited number of loci inthegenome, whiletheuutility of
RAPD and AFL Pmarkersfor thegermplasm characterization and assessment of genetic variation hasbeenwell documented
invariousfungal species[17-20, 32,33] including mushrooms|[24-28, 34-36].

CONCLUSION

Theavailability of geneticaly highly variablegermplasm from ARPhas opened new vistasfor researchin molecular genetics
and breeding of A. bisporus. Thisresearch representsone of the most comprehensive analyses of molecular variation
among thewild and cultivated strains of A. bisporus, and demonstratesthe effective use of RAPD and AFLPmarkersfor
multilocusgenotyping and assessment of geneticvariationinthegermplasmand for establi shing the geneti c rel ati onshi psbetween
wild and commercid strainsof A. biporus. Thel TSsequenceandyssunequivocaly ddimited thesegeneticaly highly variable
wildgtrainsinto asingletaxon of A. bisporus. Thesefindingshaveanimmediate practical application by the breedersto
involvethegeneticaly diversesrainsin hybrid breeding programmes.
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ABSTRACT

\olvarielavolvacea, the straw mushroomisan edible mushroom of tropicsand sub-tropics, valued for itsflavor, texture
and nutraceutical properties. However, itisamong theleast studied mushroomsin Indiawith respect to genetic variability
and srainimprovement programme. The present study aimed at studying thegenetic variability inwild \olvaridlagermplasm
collected from different regionsof the state of Odisha, India. Themycelia culturesraised from V. volvacea fruit bodies,
collected from ninedifferent locations spread in seven districts of Odishawere used inthe study. Out of total ten strains,
sevenwerefast growing (>90 mmradia growth), whilerest threeweredow growing. The strainsal so exhibited variability
inother mycelia growth characteristicsand extracel lular lignoce lulolytic enzymesactivity profiles. Fastest growing strain
OSM-1 exhibited highest activity of exo-glucanase, low of endo-glucanase and superior levelsof B-glucosidase and
xylanase. Laccase activity wascomparatively low in dow growing strainscompared to fast growing strains. In grow out
trias, four strainsincluding three d ow growing (OSM-5, OSM-8 and OSM-10) and onefast growing (OSM-2) did not
colonizethe spawn substrate. Highest fruit body yield wasrecorded in strain OSM-9 (23.60 kg/100 kg dry substrate),
followed by strain OSM-3 (17.47 kg/100 kg dry substrate). Rest four strainsgave negligibleyield. Thefruit bodies of
strain OSM-9werevery lightinweight (7.80 g) compared to strain OSM-3 (15.85 g). The strainsformed two separate
groupswith respect to length of their 5.8SrRNA gene amplicons and the neighbor joining tree deduced from the 5.8S
rRNA gene sequences. Group-1 comprised of al fast growing strains (OSM-01 to OSM-04 and OSM-07), while group-
I1 with three dlow growing (OSM-5, OSM-8 and OSM-10) along with two fast growing strains (OSM-6 and OSM-9).
The Clusta W2 anadysisexhibited del etionsat two base pairs, oneeachin ITS-1 and I TS-2 regions, and subgtitution at four
different placesin I TS-1 regionin strainsof group-11. The present study pavestheway for further breeding programmesin
thismushroom.

Keywor ds: V. volvacea, variability, morphological characteristics, enzymesactivity, yield
INTRODUCTION

The genus\olvariella comprises about 50 speciesworld over [1], including the cultivated V. volvacea (paddy straw
mushroom). Using the* strips’ recognized by Singer [2], severa morphol ogical/ecological groupshave been differentiated
within thisgenus.The straw mushroom (V. volvacea) ranks sixth among theworld’ s most important speciesinterms of
production [3]. It hassgnificant pharmacol ogicd properties, including anti-tumor polysaccharides, immunopromotive proteins
and immune modul atory lectins[4-6]. It isapopular mushroom of tropics/subtropics, growswell between 30-35 °C and
completesitscropping cyclevery fast, within three weekstime. Compared to many cultivated speciesof mushroomslike
Agaricus bisporus, Lentinula edodes and Pleurotus spp., the productivity of V. volvacea islow [7]. However, the
productivity of amushroom speciesisattributed to many factors, important among that arethe hydrol ytic enzyme production
potentia of themushroom species| 7], quality of substrate used, method of substrate preparation and the growing conditions.
Thehydrolytic enzyme production potential of amushroom specieshasdirect bearing onitsmushroom production potentid;
thecedllulasesplay roleduring substrate col onization stage, whilelaccase during sporophore devel opment stage[8, 9]. This
mushroom has also been found to produce an array of extracellular hydrolytic and oxidasesenzymes- i.e., endo-1,4--
glucanase (EC 3.2.1.4), cellobiohydrolase (EC 3.2.1.91), B-glucosidase (EC 3.2.1.21) and laccase (EC 1.10.3.2) [ 10-
15]. The enzyme copper binding regions and the N-terminal amino acid sequences have al so been used to generate
complete sequence of six number of laccase from thismushroom and out of theselacl and |ac4 have been suggested to
play rolein morphogenesisinthismushroom|[16, 17].
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Among morphologica characteristics, themycdlia growthrate, mycdlid growthintensity, and formation of aeria hyphae
and chlamydosporesare considered asimportant attri butesfor selecting apotential highyielding strain both for commercia
mushroom growing aswell as strain improvement programme[18]. However, selection of astrain based only upon
morphological characteristicsgives mideading results, asthese characteristicsvary under different cultural and growing
conditions[18]. Recently, genetic characterization by using molecular markershas helped in phyl ogenetic characterization
of thestrainsof different mushroom speciesand other related fungi without any effect of extraneousfactors[19-23]. The
present study wasamed at studying thevariability in V. volvacea specimens coll ected from different | ocations of the state
of Odisha, Indiaand to usethat variability for strainal improvement programme and for understanding the molecular
mechanismsof substrate utilization and fructificationin V. volvacea.

MATERIALSAND METHODS
V. volvacea strains

Themycelial culturesof different strainswererai sed from thefruit bodies collected from nine different locationsfalling
under sevendidrictsof Odisha. Theninedifferent locationsbel onged tofivedifferent agro-climatic regions. Maximumfive
strainswere collected from East and South eastern coastal plain, two from mid-central Tableland and one each from
Northeastern ghat, North central plateau and West-central Tableland (Table 1). The specimenswere brought to pure
culture by tissue culture method and coded as OSM-1 to OSM-10.

M orphological characteristicsof strains

Strainswere characterized for radial mycelia growth (dia. in mm) and colony morphol ogy on malt extract agar (MEA)
Petridishesand for downward mycelial growth aswell asmycelia growth density and the extent of mycelial growth on
pounded paddy straw filled in wide mouth test tubes. For each strain, the 6 mm (dia.) uniformly grown mycelial bit was
placed in the center of the MEA Petridish and thesewereincubated at 34+2 °Cfor 7 days. Threereplicationswere kept
for each strain. For downward mycelial growth the pounded paddy straw waswetted overnight and the substrate with
70-72% moisturewasfilled in wide mouth test tubes, plugged and sterilized a 20 psi for 1.30 h. The sterilized paddy straw
wasinoculated with onemycedia bit of 6 mm dia./tube. Theinoculated tubeswereincubated at 34+2 °Cfor 9 days. The
downward mycelid growth wasmeasured in mm aong theextent and thedengty of themycdia growth. Threereplications
werekept for each treatment.

DNA extraction and 5.85r RNA geneamplification

Themycelia culturesof al strainswere grown separately on MEA Petridishesat 30+2 °Cfor 7 days. Themyceliafrom
individual strainwere scrapped and put in 1.5 ml micro-centrifugetubes, kept at -85 °Cfor 2 hand freezedried for 16-18
h. Genomic DNA wasextracted from approximately 100 mg of freezedried mycdiausing DNeasy Plant Mini Kit (QIAGEN
GmbH, D-40724 Hilden) following the protocol suppli