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FOREWORD

India has intensified efforts for survey, inventorization and documentation
of all components of its biological wealth, particularly after the recent ratificabion
of international agreemenis and formulations of several national strategies on
hiodiversity conservation. The Botanical Survey of India being the premier
organisation on plants for this purpose, has contributed immensely in the form

of district, state, regionual and national floras.

During these studies, lower groups of piants the cryptogams in general-
have received less attention. In the recent years, however, efforts have been
underway to streamline the studies on Algae, Fungi, Lichens and Bryophytes.
Among the cryptogams, the fungi with about 14,500 species known, constitute
a dominant group in India after the flowering plants. The fleshy fungi represent
the majority of macrofungi and play an important role in being mycorrhyzic, edible,
poisonous, decomposer system and raw material for indusiry.

The anthors, Dr. I.LR. Sharma and Dr. K. Das have been engaged in the studies
on macrefungt of Himalaya. The present publication on such a diverse and complex
group, is the first major contribution on fleshy macrofungi from Botanical Survey
of India. Every aspect of this treatise proclaims the sound knowledge of the
authors and reflect their long experience of working on this interesting and
economically important group of plants. I hope, that this book will serve as a

useful reference and identification manual and will be welcomed by students,

mycologists, agriculturists, mushroom hunters, and foresters atl over the world.

1 congratulate the authors for accomplishing this arduous, yet masterly task

exceedingly well.

/ (M. SANJAPPA)
' Director
Botanical Survery of India
Kolkata



PREFACE

Russulaceae is one of the largest, most beautiful and economically
important families of fleshy macrofungi. The family, represented by the

genera Russula and Lactarius, dominates the macrofungal flora in Himalayan
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forests which provide sufflcwnt vegetational diversity, rich environmental
conditions for the growth and development of these fungi. This family
includes some of the most poisonous fungi, few edible and medicinally
importtant species besides a very rich percentage of ectomycorrhizal species,
serving the obligate requirement of the forest trees. Though so important,
yet only a little information is made available particularly from Himalaya.

This manual is divided into three parts. The first part is the “Introduction”
giving a general account of the work done on Russulaceae both at international
and national level and justifying the objectives of the study. The chapter

n “technical terms” deals with the terms used to designate the characters
in the manual. This is followed by & chapter on “methodology” depicting
the methods of work followed during the course of this study. The chapter

n “study area” gives a summary of the different areas surveyed with
their names, type of forests, dominant tree species and approx. altitude
in meters above mean sea level. The second part deals with the detailed
taxonomical descriptions coupled with field photographs, line drawings
depicting the macro- and microscopic characters of all the taxa collected
from the study area and & parsimonious molecular tree justifying the placement
of few confusing taxa. The third part is about the “ecological data” gathered

on each taxon during the field survey.

We wish to extend our deep gratitude and indebtedness to Dr. M.
Sanjappa, Director, Botanical Survey of India, Kolkata for providing facilities
and the financial assistance to the senior author. Special thanks are due
te Dr. D, K. Singh and Dr. M. §. Mondal, BSI, Kolkata; to Prof. R.P. Bhatt,
H.N.B. Garhwal University, Srinagar for their constant guidance and
encouragement being indispensable for the completion of this work,

We are especially thankful to Dr. N.S, Atri, Punjabi University, Patiala
for supplying literature and reviewing the manuscript and making critical
suggestions for its presentation.

We are also indebted to Dr. A. Verbeken (Belgium), Dr. L. Montoya
(Mexico), Dr, M. T, Basso (Italy), Dr. B. Buyck (France), Ir. R. Walleyn
(Belgium), Dr. J. Vesterholt (Denmark), Mr. J. Vauras (Finland), Dr. F. Krauch
(Germany), Dr. R. M. Fatto (USA), Dr. GF. Bills (USA) Dr. 5.L. Miller (USA),
Dr, E. Horak (Switzerland), Dr. V.M. Bandala (Mexico), Br. D.L. Hawksworth
(Spam) Dr. J. He1lmann Clausen (Denmark), Dr. H, Knudsen (Denmark),
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(Hong Kong) for providing help in identitication, valuable suggestions
and critical appreciation threugh regular correspondence and / or for providing
some inaccessibie literature. Our sincere thauks are due to Dr. V. K. Bhatt
(Dehradun), Dr. GS. Rawla (Chandigarh), Dr. P. Lakshminarasimhan {ex Indian
Liaison officer at Kew), Prof. T.N, Lakhanpal (Shimla) and Prof. K.R. Samaddar
{Kalyani) for providing literature and assistance in many ways.

Dr. L. Montoya helped in obtaining the Scanning Electron Microphotographs
of basidiospores and Dr. §.L. Miller provided the result of the gene sequencing
F an
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Dr. P. Lakshminarasimhan, Royal Botanic Garden, Kew (K) and Mr, J.
Vaurus, ABO Akademi University (TUR-A) kindly facilitated the loan of
some Type specimens.The curators of the herbaria of Botanical Survey

of India, Northern Circle (BSD), University of Ghent (GENT), Instituto
de Ecologia (XAL), Museo Cantonale de Storia Naturale (LUG), National
Museum of Natural History (PC), University of Wyomimg (Botany Department),
ABO Akademi University (TUR-A) and Botany Department, H.N.B. Garhwal
Untversity (GUH} are thanked for arranging the submission of the herbarium
specimens.

Thanks are alse due to Sh. B.P. Uniyal, Sh. 8. K. Singh, Sh. M. Kandwai,
Sh. M. Singh, Sh. O.S. Karki, Sh. S. Kumar, Sh. C.5. Badoni and Sh. M.K.
Das for assisting in the field during survey work. We would also like to
acknowledge sincerely the assistance received from Dr. S. Kumar, Er. A K.
Pathak (BSI, Dehradun), Sh. S.K. Ghosh (ZSI, Dehradun) and research
scholars, particularly Miss Dipika Bisht in the compietion of this work.
To Sh. Sanjay Unival, Data Eotry Operator, BSI, NC, Dehradun we owe
special thanks for providing assistance in all the computer generated work.

We alone, however, are responsible for the errors in this book. We
shall always welcome suggestions for improvement in the subsequent editions.

We dedicate this work to our dear parents.

K. Das
J.R. Sharma
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INTRODUCTION

The foundation for the systematic study oa fungi was laid by Perscon in a
series of papers “Observations Mycologicae” (1795-1799) leading to the
monumental work, “Synopsis Methodica Fungorum™ (1801). E.M. Fries became
known as the “Linnaeus of Mycology” for his “Systema Mycologicum” vol. i-
IIT (1821-1832) and “Elenchus Fungorum” vol, I-II (1828) which were the most
important works on systematics especially with reference to the Hymenomycetes
and remained the starting point for nomenclature of Hymenomycetes until recent
past. His final concepts on the group were included in “Hymenomycetes Europei”
(1874} according to which hymenomycetes with lamellate hymenophore were
grouped in one order i.e. “Lamellato”. This order included 20 genera and
constituted what came to be known later as Agaricales.

The family Russulaceae, established by Roze (1876) as “Russulariees™ (nom.
nud) to include the genera Russula Pers.. Fr. [from a latin word ‘Russulus’ (=
reddish)] and Lactarius Pers.: S.F, Gray [from ‘Lac’ (= milk)] has generally found
its place under the order Agaricales (Singer 1962, 1975, 1986; Smith 1973, Pegler
1977, Stuntz 1977). Kithner (1980), Kreisel {1969) and Hawksworth e al. (1983)
however, have raised it to the rank of order Russulales. Bucholtz (1902) however,
attempted to separate the family from Agaricales and proposed a relationship
between two genera of Russulaceae and certain hypogeal and epigeal genera of

Hymenogastrales. Malencon (1931) drew a closeness between gasteromycetoid
family Asterogastraceae and agaricoid family Russulaceae and postulated a separate
order Asterosporales for them. Supporting Malencon (1931), Heim (1938) placed
Russulaceae and Elasmomycetaceae under the order Russulales. Singer (1986)
placed Russulaceae with family Bondarzewiaceae Kotlaba & Pouzar under a
separate suborder Russulineae of the order Agaricales.

The systematic studies on the family Russulaceae started parallel in Europe
and North America and many systematists have dealt with the taxonomy of Russula
and Lactarius. A significant start on European Russula was made by Maire (1910),
He published several classifications of the genus and also improved upon the
earlier classification given by Fries (1821, 1836-1838). Knauth & Neuhoff (1937)
initiated the monographic study on the genus Lactarius for the first time. Neuhoff
(1956) recorded 69 species from Furope. Schaeffer (1952) published his monographic
work and described 68 species in addition to the identification key for 104 taxa
of Russula. Similarly, in North America Peck (1872, 1884 & 1907) and Burlingham
(1907a, b, 1908, 1910a, b, 1913, 1915, 1918a, b, 1921, 1924, 1932 & 1940) started
working on Russulaceae, Burlingham (1915) studied 115 species, placed them in
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25 groups and also developed a key for their easy identification. She (1910b)
also gave a comprehensive account of Laciarius flora of North America.

Relf Singer (1926), one of the all time great mycologists produced a
monograph on the genus Russula “Monographie der garung Russulg™ which
he revised in 1932, His works {1923, 1024, 1925, 1926, 1928a, b, 1931, 1932,
1935a, b, 1936, 1938a, b, 1952, 1957, 1938, 1975, 1982, 1986) on the genus
froma all over the world have undoubtedly proved him the most outstanding
warker on Russnlaceze known =0 far In his n'nhh.r‘ﬁhnn (1986 chrflr has
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recognized 317 species for the genus Russula under 11 sections (Pelliculariae,
Delicoarchaeae, Plorantes, Crassotunicatae, Compactae, Pachycystides,
Metachromaticae, Decolorantes, Ingratae, Rigidae and Russula). Following
Svdney code (1982), Singer and Machol (1983) published the present status
of the genus Russula. He also recognized a number of species of Lactarius
species of Lacrarius under 9 sections (Panuoidei, Lactariopsidei,
Polysphaerophori, Dulces, Plinthogali, Albati, Russulares, Lactarius and

Dapetes).

Romagnesi also worked actively on Russulaccae of Europe. He (1936, 1940,
1542, 1943a, 1945, 1967, 1970, 1972, 1985, 1996) worked on the Russula of
France. In his monograph (1987) he gave a very comprehensive account of
the genus and divided it into 9 subgenera (Compacta, Heterophyllidea,
ingratula, Russula, Incrustatula, Tenellula, Polychromidea, Coccinula and
Insidiosulg). He also investigated the Lactarius flora of France (1939, 1943b,
1949, 1958, 1963, 1974). Blum (1964, 1965) during his studies on the Lactarius
flora of France worked especially on the sections Aurantiacus, Pipergius and
Lactarius. Almost at the same time another European, Pearson (1948)
significantly dealt with 66 species of Lactarius from Britain and divided them
into & sections. Another important contribution was made on British Russula
by Rayner (1968-1970).
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Hesler & Smith { T d, o
sections of Lactarius occurring in North America. The most comprehensive
and detailed study done so far on North American Lactarius is their (Hesler
& Smith) monumental work i.e. “North American species of Lactarius”
published in 1979. Here they treated 200 species and 60 varieties ard grouped
them under 6 subgenera (Lactarius, Plinthogalus, Lactifluus, Piperites, Tristes
and Russularia). Shaffer (1962, 1964, 1970a, b, 1972). Bills (1984, 1985, 1986a-
¢, 1989) and Bills & Miller, Ir. (1984) described South Appalachian Russulaceae
in detail. Miller et al. (1973) worked on Russulaceae of Alaska and Canada.

'H—

Pc_flm'e recently, European Lactarius has been revised and an outstanding
contribution on the genus is given by Heilmann-Clausen er al. {1998). They
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divided the genus into & subgenera (Piperites, Russularia, Plinthogalus,
Lactifluus, Lactarius, Lactariopsis) and modified the subgenera Piperifes and
Russwiaria given by Hesler & Smith (1979). Another monographic contribution
on Eurupean Lactarius is given by Bon (1980). Kytovueri (1984) solved the
taxonomic riddles within subsection Scrobiculati of European Lactarius.
Studies on European Lactarius has been furthered by Basso (1994, 1997, 1998,
1999a, 2000) and Basso et al. (2001). She has also published a monographic

work “Lactarius Pers” under Vol. 7 of Fungi Enropaei series in 1999
tarmg Pars, ol
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a, b) have made significant contributions on Russulaceae of Mexico.

The work on the rich African flora of Russulaceae particularly on Russuia
has been undertaken by Buyck (1988, 1989a, b, 1991, 1993, 1994, 1993, 1997),
His contributions culminated in “Flore illustrée des champignons d’ Afrique
Centrale” published by the Narional botanical Garden of Belgium (1993-1997).
Currently Buyck (1995) is working on the Russufa of the world.

The most updated and important contribution on the Lactarius flora of
Africa and South East Asian tropical Rain forests has come from Verbeken
(1995a, b, 1996a-d, 1998a, b, 2000, 2001), Verbeken & Horak (1999, 2000),
Verbeken & Walleyn (2000) and Verbeken ef ql. (2000, 2001). Verbeken not
only surveyed and studied vigorously but has also emended descriptions
different subgenera {Lactifluus, Plinthogalus, Lactariopsis), Verbeken (2000)
during her studies on tropical African mycoflora emended the subgenus

Pri u:‘hnanh and hun J"i‘l"ll"ﬂ-l" |1' |nh'1 thraa n-r"hnnn 'I.J'I'l' ot ”Iﬂ'rﬂ-n!‘ﬂﬂfﬂ-i‘
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Verbeken (so far comprising only African represemtatives), sect.
Pseudofuliginosi Verbeken and sect. Plinthogali. Verbeken (1998a) clearly
defined all the pattern of pileipellis which has proved to be the most important
parameter for the infrageneric classification of Lactarius.

Recently, Fatto (1996a, b, 1998a, b, 1999, 2000) has also made some
contributions on the Russula of North America. Kibby & Fatto (1990} have
published a comprehensive key on the Russula of North America,

The knowledge on European Russula has been enhanced by Krauch
(1994, 1998, 1999, 2001), Krauch & Krauch (19953, b, 1997), Jurkeit & Krauch
(2000, 2001) from Germany and Vesterholt (2002) from Denmark.

An outstanding monographic work has been published recently by Samari

[lﬂﬂﬂ": on the ﬂurnpﬂnn Rurecnula, It daals with the critical ﬂnﬁlvcu of all the
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nomenclatural problems and is probably the most practical clamﬁcatmn of
the genus. He has divided the genus into 6 subgenera (Compactae,
Heterophvilidia, Ameenwly, Ingratula, Russulue and Incrustatule. His study
has stressed more on microscopic features.
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Adhikari {1988, 1990, 1999), Adhikari & Dwurrieu (199%) have made
contributions on the Russwlae of Nepal, while Ying {1951), Wang (2000), Wang
& Liu (2002) have contributed towards the Russulaceae of China.

Others who have contributed significantly to our knowledge of
Russulaceae are: (Quelet 1886, Earle 1902a, b, Bataille 1908, Coker 1918,
Ferdinandsen & Winge 1923, 1924, Melzer & Zvara 1927a, b, Zvara 1931,
Melzer 1932, 1934, Konrad & Josserand 1933, Beardslee & Burlingham 1944,
Murril 1948, Schaeffer et al. 1949, Schaeffer 1948, 1966, 1968, Pouzar 1968,
Svreek 1967, Groger 1968, Blum & Heim 1970, Heim 1970, 1971a, b, McNabb
1971, Bon & Gaugue 1972, Homola & Shaffer 1975, Homola 1976, Pegler &
Fiard 1979, Pegler & Singer 1980, Lalli & Pacioni 1981, 1989, Bon 1988,

Ruotsalainen & Vauras 199, 1994 and Grgurinovic (1997).

The family Russulaceae has had a rich taxonomic history. The earliest
infrageneric classification system, based purely on macromorphological and
macrochemical characters were gradually replaced by classifications based
on microscopic features, especially in the pileipellis. The recent classifications
though more successful in approximating a natural classification, are still
complex and largely incongruent and have been inadequate in resolving
arguments regarding evolutionary relationships. Understanding of modern
taxonomic tools will be very handy for solving integrated taxonomic problems
such as refinement and circumscription of taxa, delimitation as well as
identification of confusing taxa and evolutionary reiationships. Phylogenetic
analysis based on DNA sequencing of ribosomal genes by Miller & Buyck
(2002) has given a hope to understand the evolutionary principles among
members of Russulaceae and evaluate characters useful in taxonomy of the
family and then construct a more natural classification.

WORK DONE IN INDIA AND KUMAON HIMALAYA

The taxonomic study of fungi dates back to Linnaews who is considered
as the first person to name a mushroom from India in the 18th century. Most
of the macrofungi were collected incidently by naturalists and plant taxonomists
during their study on Indian flora. Records and descriptions of these
collections are scattered in the literature.

Berkeley {1851, 1852, 1854 & i876) rendered an invaiuable service by
reporting many Indian Agaricales including nine species of Russula and five
species of Lactarius, collected from Eastern and Western Himalaya by Hooker
{1848-1850). All the collections are deposited in the herbarium of the Royal
Botanic Gardens, Kew (K). After that, the study paused for a century till
Ramakrishnan et al. (1953) recorded Russula lepida from Tamil Nadu and Chona
et al. (1958) Lactarius cilicioides from Delhi.
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Besides, the contributions from Patil & Thite, 1978 (Western India),
Natarajan 1978, Sathe & Daniel 1080}, Vrinda ¢ al. 1997 (South Indiz), Ray
& Samajpati 1980 (Eastern India), Shajahan & Samajpati 1995 (Eastern
Hlmalaya) a number of valuable contributions have been made by Bakshi

Ahraham et a:! (1980 1981), Smm & Am (1981 1993) Saml el aI (1982 1993}
Manjula (1983), Rawala & Sarwal (1983), Sarwal (1984), Abraham & Kaul (1985),
Atri & Saini (1986-1990), Atri er al. (1991-1997), Rawala (1994-2002), Bhatt &
Lakhanpal {1988, 1990), Bhatt ¢ &l (1999, 2000). Das & Sharma (2001-2004),
Sharma & Das (2002, 2003), Das er gl. (2002-2005), Sharma ez al. (2004) on
the Russulaceous flora of western Himalaya,

The family Russulaceae was known only by 192 taxa from India out of
which only nine taxa namely Russula delica, R. densifolia, R. foetens, R.
gracillima, R. heterophylla, R minutula var. robusta, R. nitida, R. versicolor
and Lactarius subisabellinus var. murrillianus were reported from Kumaon
Himalaya (Rawla 2001 & 2002) till the present study was undertaken,

Keeping in view the vast area, presence of suitable microclimates, plenty
of mycorrhizal hosts, favourable ecclogical conditions, the reported number
of taxa appeared an underestimate and called for a thorough and systematic
exploration of the group in Kumaon Himalaya. Further, many of the reported
species were not thoroughly worked out in the fight of modern taxonomic
tools and their taxonomic¢ circumscription remained insufficiently or
incompletely known. The ecological data like mycorrhizal hosts, distribution,
frequency of cccurrence and constancy of species in different woodlands of
different climatic zones was also unknown or not completely known. To fill
all these gaps the present study on Russulaceae of Kumaon Himalava was
undertaken.

ECONOMIC IMPORTANCE

Out of the three well known functional groups (soil inhabiting, wood
inhabiting saprotrophs & necrotrophs and ectomycorrhizals) to which the
macrofungi are attributed, the family Russulaceae belongs to the
ectomycorrhizals, The family includes a very rich percentage of ectomycorrhizal
species serving the obligate requirement of the forest trees besides some of
the most poisonous fungi, few edible and medicinally important species,

Most of the members of Russulaceae are found closely associated with
forest trees such as Quercus, Rhododendron, Shorea, Pinus, Cedrus, Abies,
etc. furming a symibiotic association between the fungal hyphae and the rootiets
of forest trees. During this association, the accumulated soluble carbohydrates
in rootlets of plant growing in strong sunlight, production of one or more
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growth promoting or growth inhibiting metabolites, in addition to thiamine
and one or more B vitaming attract the fungal symbionts from the soil to grow
on the surface of roots and cause infection. The fungi in turn provide
phosphorus, water and produce substances related to auxin that result in
characteristic morphogenesis in short roots with which the symbiotic
association has been estabhshed These ectnmycorrhlza} fung1 also pruwdc

of toxic heavy metals (Wllluns 1991 \‘ﬁlkmsan & chkmmn 1995) reducmg
host water deficit under conditions of mild drought {Parke et al. 1983) and
protecting seedlings from infection by soil born root pathogen (Marx 1972;
Chakravarty and Unestam 1987), In India also, the members of the family have
been introduced (Singh & Lakhanpal 2000) in Mycorrhizal bictechnology in
the forest nurseries to get the significant growth and development of seedlings
of important forest trees.

Some members of the Russulaceae like Lactarius deliciosus and L.
sanguifluus are taken as food in Europe, Asia and North Africa. Lactarius
resimus, L. scrobiculatus, L. torminosus and L. piperatus are highly prized
in many countries of the world where they are mostly salted or pickled. In
Africa, some species viz., Lactarius edulis, L. gymmocarpoides, L. longisporus,
L. xerampelinus (Verbeken et al. 2000) are reported edible and have familiar

focal vernacular names. Lactarius deliciosus, L. sanguifluus, L. subpurpureus,
i. hygraophoroides, L paradoxus, Russula virescens and R, hrevipes are ealen
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as delicacies in Hlmalayan v1llages. Lactarius subpurpurens is more popularly
called as ‘khooni cheuon’ by the local Himalayan people.

However, some species such as Russwia foetens, R, subnigricans (Hongo,
i960), R. emetica, Lactarius helvus, L. pailidus, L. baliophaeus and L.
brachystegiae are known to contain irritant principles which bring about
“‘gastro-enteritis” by direct action on the mucous lining of the intestine. They
are rated among the highly poisonous fungi responsible for carrying specific

poisoning.

I

A few members of KHSSHIG such as K. delica and oihers are CGDSlﬂETEﬂ
as 8 good source fi ially tyrosinase.
genus Lactarius are a good source of various raw materials for drug
production. Lactaroviolin isolated from L. deliciosus has the antimicrobial
(antibiotic) activity against Mycobacterium tuberculosis. Similarly, L
chrysorheus shows antiblotic activity against gram negative bacteria such
as, Escherichia coli and Shigella sonnei whereas, L. deliciosus and R, delica
show the antimicrobial activity against Bacillus cereus and E. coli.
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TECHNICAL TERMS

A brief account of the technical terms to denote the morphology of
various structures is presented below. An excellent account of these
structures has also been given by Singer (1962, 1973, 1986); Largent (1973);
Hesler & Smith (1979); Ammirati et al. (1985); Verbeken (1998} and Heilmann-
Clavsen er al. (1998).

1. Macremerphology :
{a) Pileus :

(i) Size : Size of the pileus is measured at its widest dimension. It ranges

from a few millimeters to about 280 mm. It is often variable among collections
of the same species from different locations.

22 i of R R L

(ii} Shape : The outiook of the pileus is sometime characteristic for a
given species. One of the most commonly found pileal shapes in young stage
is convex i.e. regularly rounded or of an inverted bowl, The width of a convex

cap (pileus) is normally greater than its height. Most convex caps continue
to enlarge laterally with age, causing the width / height ratio to increase.
Often this results a shape of planeconvex, then appearing almost flat ie. a
shape called applanate. Margin of the cap starts turning upwards to give
at first a shape called planoconcave and finally becoming uplifted. Sometimes
a cap contains a protrusion or bump called an umbo and the cap is called
umbonate, The umbo occasionally could be sharply delineated but not
elongated, giving the pileus a breast-shaped structure, known as papiflate.
The opposite condition from a bump is the development of a depression in
the centre of the pileus, The pileus is called depressed and is often
correlated with uplifting of the pileal margin. The depression may resemble
a funnel, cailed infondibuliform. The depression might be of smail diameier
{(narrowly depressed) or of large diameter (broadly depressed). Fig. 1 shows
different shapes of pileus.

(iii) Colpur : The colour exhibited by basidiocarps is as varied as in
flowers, Common terms for colour used here are after Kelly & Judd {1953).
As colour is often affected by the age of basidiocarps and the environment,
so the colour range of young and old basidiocarps of one type is always

recorded.

(iv) Margin : Margin of a pileus may vary from completely unexpanded
to completely expanded. If the margin is rolled inward so that it points
rowards itself, it is cailed inrolled. When it is less curved i.e. pointing to
the gitls, is called incurved. It might be more or less parallet or pointing to
the stipe and termed decurved. As the pileus expands. the margin usually



Fig. 1. Shape of pileus: a. Convex b. Planoconcave ¢, Applanate d, ¢ & 1. Papillate
{. Depressed g. Umbonate h. Infundibuliform.
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becomes pulled upwards to become plane or pointed upward, called uplifted.
The Shape of the pileal margin of a young basidiccarp begins to be a perfect
circle, a condition known as entire. As the basidiocarp gets older, the margin
bacomes tnterrupted to different degrees. If the interruptions are regular, {ike
the edge of a scallop, the margin is said to be crenate. If the margin is
broadly wavy, it is termed undulating. Often the surface of the margin appears
to have lines of varying lengths orented radialiy. The lines or striations might
represent an image of gills secn through the top of a wct pileus, a condition
known as translucent-striate. If the lines are not the image of the lamellae,
hut the part of the pileus itself, the margin is striate. When the lines form
definite grooves, the margin is called sulcate, I smali bumps are present oo
the striae, the margin is called tuberculately striate. In certain species
particularly belonging to Lactarius the margin is characteristically hairy and
this is very helpful in their identification. Fig. 2 shows different types of
miargins.

~{v) Surface : The system of hyphae which-comprise the surface of
pileus is called pileipellis or pileus cuticle. The surface can be shiny, as
if it were polished or it can be dull, lacking a lustre. The surface of the cap
is dry if it has no moisture at all, Some caps have a tacky to sticky feeling
when moist, due to water absorbtion by the surface. As a result the surface
shows a liquid glue or jelly like consistency. If the consistency of the surface
is like liqu_id glug, then it is called glutinous and if it is jelly-like, then the
surface is gelatinous. Depending upon the strickyness, the surface may be

subviscld or viscid.

The hyphae of pilear surface are arranged and associated in various
ways. Often the cap is bald, evenly smooth like a waxed surface  a condition
described as glabrous. If the pileus is covered with a fine powder as il it
were sprinkled with a very fine flour, it is pruinose. When the powder is brun-
like in size and the pileus appears scurfy, it is furfuraceous. Sometimes,
the hyphae agglutinate laterally on the pilear cuticle and form a texture with
visible filaments or fibrils. A cap with this type of surface is called fibrillose
and appressed fibrillose when the fibrils are appressed on it. When the
fibrils have the appearance of cotton flannel, the term floccose is used. If
the fibrils are densely matted and wooly, like a woolen blanket, the term
tomentose (velvety) is used. A condition close to lomentose where the fibrils
are matted and interwoven, appearing like a felt, is called matted-fibrillose.
Agglutination of ij;brils can occur at the }iPS of the hyphae as well as laterally.
When the tips stick together, a scale is formed. A scaly surface is cailed

S[]llﬂ]‘llﬂﬂﬂ-

A smooth surface has no cracks, wrinkles or pits. The surface can be
split, usually in a radial manner, with the splits normally extending through
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Fig. 2. Margin of pileus: a. Inrolled h. Decurved c. Incurved d. Entire e. Crenate £
Tuberculately striate g. krregutariy lobed h. Uplified i. rregularty wavy to folded |,
Hairy.
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the cuticle. In this case, the pileus is called rimose. If the splits and cracks
atc deep, cutting the surface into rather lurge sepments, the surface is cailed
lacirate. If the surface gets torn into shreds or splits are irregular and results
in the formation of block-like areas like those formed when a mud flat dries
up, the surface is areolate. A finely and irregularly wrinkled cap surface is
rugulose while a coarsely wrinkied one is called rugose.

(h) Lamellae :

|"I'| Artachment : The manner in which the lamellae are attached to the

apex of the stipe is an important feature. The s:tuatmn where the lamellac
(gills) do not meet the stipe at ail, is termed free. Adnexed applies to the
simation where the gills appear as if only a portion of their width 1s attached
and the resultant shape is as if a large triangular piece had been removed
from that portion of the gill where it meets the stipe. Emarginate applies if
the gills appear sharply adnexed. Notched describes gills that appear as if
a small notch has been taken out at the point where they meet the stipe.
The situation where the gills are more or less squarely attached to the stipe,
meaning along most of the gill width, is called adnate. Decurrent is the tetm
used when the gills run down the stipe. If the distance down the stipe is
relatively short, the attachment is said to be subdecurrent. Fig. 3 shows
different types of attachments of lamellae,

{ii) Spacing . This is an arbitrary feature but is sometimes useful in
ulm:n:nunung closely relaied taxa. The S}‘J&Cii‘lg of g:ub 15 considered from
the margin excluding the lamellulae. To make the spacing more specific teoms
like distant (up to 4 per cm), subdistant (5-6 per cm), clase to rather crowded

{7-10 per cm) and crowded (more than 10 per cm) are used in this manual,

{iii) Margin : The feature of the gill edge is important. When the colour
of the gill edge is same as the face, it is concolorous and it is called
marginate when different. When the gill edge is minutely torn or fringed
and the tears are so large that the edge appears toothed like the edge of
a saw, il is serrate or serrolate. If the margin is regularly wavy like the edge
of a scallop, the term crenate is used and it is crisped the waviness is quite
small, more or less regular.

{iv) Branching : Some basidiocarps produce gills that are branched or
forked. Short veins may connect the face of one giil to another or extend
nnnnnnnnnnnnnnnn L. o el r"l'l('\ F I:I’.‘ n*F .‘h'(‘ matiiro AR -1 Aﬂ.r‘n"'lh rl
1I:II.U l'.u:l.‘: lllLClapdl,E l:..rl:l.wcl..u l.wu Elira. AFIIS O LNE palulc arc GORCrinCd as

interveined.

{v} Colour : It is very important to note the colour of young and mature
gills, Colour changes after bruising are also very important and should be
recorded carefully. In case of Lactarius, colour of the cut edges (after reacting
with the latex) also forms an important character.
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Fig. 3. Lamellar attachment: a. Adnate b. Adnate to adnexed c. Adnexed d & f.
Adnexed to subdecurrent e. Notched g. Subdecurrent h. Decarrent.
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(vij Lamellulae : Some gills do not extend the full distance from the
cap edge to the stalk and such short gills of different iengths are called
lamellulae.

{c} Stlpe ¢ It refers to the qta]k or stem of the baaldmcarp The lenglh

The width at the tthkBSl portion is recorded.

(f) Attachment to the pileus : The usual pattern called central for the
stipe is to attach in the center of the pileus. If the attachment is at the
margin of the pileus, it is called lateral. Any attachment intermediate between
central and lateral is termed excentrie.

(£} Shape : Stipe having same diameter from apex to base in longitudinal
view, ig c}fﬁgdﬁr It may be tapered in one direction or another. A club shaped

stipe, 1s termed clavate or suhclavate.

(iii) Surface ; The surface can be smooth without any striation. The
surface may be ridged or wrinkled. If the ridges are just fine lines, and the
lines tend to be longitudinal and more or less paraliel to one another, the
surface is called longitudinally striate. If the striations are interconnected
and form wrinkles, the surface is rugnlose (finely wrinkled) or rugose {coarsely
wrinkled). When the wrinkles are more definite and have rounded edges, the
surfaces are called veined. When the wrinkles are irregular and broad giving
the surface an irregular wavy shape, the surface is called longitudinatly
grooved (L. capitatus). Occasionally, the surface appears scaly or scurfy.
Sometimes the surface has nearly transpareni spois {(scrobiculate) (L.
mayawatianus) or pits (pitted) (L. abbotanus).

{iv}) Context : The context of the stipe varies from the solid (hyphae
closely packed) to hollow {centre becomes empty), stuffed is an intermediate
condition between solid and hollow. The context on exposure usually does
not change in colour, but sometimes such a colour change on exposure is
characteristic.

AL slan

fif'} Colour ; Colour of the SLW fro <

mostly from white to yellowish, pink red or brown to black. The stipe may
be concolorous with pileus or differently coloured. Sometimes, the colour
at stipe base (R. mukteshwaricus) ot at stipe apex (R. brevipes. var. acrior)
is important and help in sepration of closely ailied taxa. Colour changes after

bruising also form an important taxonomic character in certain species.

1
g g

[l ﬂ nn n—rlnrl -\_i‘l nnnnnn
= t—ﬂrh I--Tl eCOroCa and \"{J.I.IC‘}
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(d) Spore print : The colour of spores en rnasse, is mostly white to pale
yeilow and usually does not form as imporant taxonomic character. However.
in case of the subgenus Amoenula, the colour codes of Romagnesi (1996)
heiped to some extent in the segregation of closely related himalayan taxa.
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{¢) Latex : The flesh and gills of Lactarius produce a milk-like or watery
substance referred to as latex. It is the most important identififying character
of the genus.

2. Micromorphology
(a) (Pileipellis) and (stipitipellis) : Fig. 4

The hyphal arrangement and shape of terminul cells in the upper most
layer i.e. suprapellis and the next layer t.c. subpellis are important features
in the separation of taxa at various levels. In case of Lactarius, terminology
used to define the arrangement specifically, is following Verbeken 1998,
Heilmann-Clausen et af. 1998.

fal) Pellis without inflated elements or sphaerocytes, composed entirely
of filamentous hyphae :

i) Curis : Consisting of thin-walled hyphae, which are more or less
repent and parallel or slightly intermixed.

{ii) Ixocutis ; Like a cutis, but the upper layers of hyphae embedded

in a gelatinous layer.

(iti) Trichoderm : Consisting of thin-walled hyphae, which are ascending
from a basal Iayer and then ascending ot oblique. In the most typical

case all terminal elements are ascending and form a dense turf of

erect hyphae.

(iv) Ixotrichoderm : Like a trichoderm, but with the ascending hyphae
embedded in a gelatinous layer.

(v) Lamprotrichoderm : Like a trichoderm but the ascending terminal
elements are clearly differentiated and thick-walled.

{a2) Pellis with a distinct layer of inflated elements or sphaerocytes:

(1) Epithelium : Cellular to subcellular structure, pseudoparenchymatic
structure, with upper layer of more or less isodiametric cells.

{i7} Palisade : Upper layer of ascending, elongated, hair-shaped elements

and an underlying dense 2nd compact layer of isodiametric cells.
({ii) Lampropalisade : A palisade with thick-walled terminal elements,

(iv) Hymeniderm : Special case of palisade where the terminal elements
are not elongated and septate but clavate; the underlying layer of
isodiametric cells is often rather thin, the whele structure reminding
of a hymenium.
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Fig, 4, Pileipeilis; a. Trichoderm b. Lampropalisade ¢ Hyphoepithelium d. Palisade
e. Hyphoepithelium f. Lampropalisade g. Lamproirichoderm h. Hymeniderm .
Trichopalisade j. Two layered; suprapellis hyphal, subpellis celiular
(pseudopurenchymatous) k. Exocutis,
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(a3) Pellis with isodiametric cells or sphaerocyies, but never forming
a distinct laver ;

(i) Trichupaiisade . Beiween a tnichoderm and a real palisade. This may
ook like a trichoderm where parts of the ascending, anticline hyphae
are inflated or almost rounded. It may also be a structure where some
of the terminal elements are ascending from isodiametric ceils, others
are ascending from hyphae.

have h:ckened Izls

In case of some species of Russula, walls of some hyphae of pellis may
be incrusted due to the deposition of various materials. Often, the pellis of
the spe:c:es of Russuia is characterised with hyphae and dlstmctly

callcd plleocystldla on the surface of pllEllS and caulocystld:a when present
on the stipe surface.

The cystidia may be cylindric having parallel sides, a rounded apex and
relatively narrow width; resembling a cylinder in shape. Cystidia which appear
club shaped, are called clavate. The term fusoid or fusiform applies where
cystidia are spindle shaped; tapered at both ends. The shape may be
veniricose which is broadest in the middie and tapering towards ends. The
apex of cystidia may be pointed i.e. acute. In capitate cystidia, the apices
are rounded or with a round distinct head. Apex may be mucronate,
narrowing abruptly into a pointed protuberance.

{b) Hymeniom :

(i} Basidia : The basidium is typically single celled and thin walled.
Normally, it bears 4-basidiospores and is subclavate to clavate when mature.

Bac;dhll‘h heare tha hacidinenneras an olla_chamad amisal axtencione. ~allad
SELREIEIAL LALRRG Wi WOOGLULISARILG Gl SICKIS- OISl Aprivitl CATLiir PRI, waliieu
sterigma (sterigmata = plural).
(if) Basidiospores : Fig. 5
Qmm ghana 1 18 detarminad with tha haln of enonre auntiant Dndiant (Y
APl DraRsr Al A L AENRRAR AL TF ALEA e Hsap 4 leprara HMLFRLCALL, [ FASAFRIRANE |

1 o pore 1
= L/W) is calculated considering the mean value of length and width. The
shape of spores is distinguished as: globose (Q = 1.00  1.05); subglobose
(Q = 1.05 1.15); broadly ellipsoid (Q = 1.15 1.30} and ellipsoid (Q = 1.30
1.60).

The ornamentations of spores are ohserved in Melzer’s reagent.
Basidiospores of Russulaceae are mainly amyloid {a blue to black reaction).
Based on four variables i.e. the height of the ornamentation, the shape of
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Fig. 5. Basidiospores: a. Isolated warty b, Warty with short ridges c. Partial
{incomplete) reticulum d. Zebrowd e, Winged f. Reticulate g Broken reticulom.
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the basal ornamentation, the degree and mode of connection between the
basal units and finally the overall pattern are considered i an analysis of
spore ornamentation. These patterns are described below.

® The isolated warty to spinese type lacking significant amyloid
connecting lines between the elements. The warfs or verrucae may

e am e e ireot n‘. = | R |

[JC l.UI..I.ll.LlULI L-J"l.ll.l.u.ll.Ld.l. COLLC, aclus ol I. LEL T.I.I J" ﬂ[JCLl

® With warts and short ridges (crests), but mostly unconnected.

@ Broken reticulum i.e. many of the ndges are so placed that the ends
are continued to form reticulation.

® ‘Zebroid pattern’ i.e. composed of unconnected ridges and warts,
running parallet and resembling the strips on a zebra.

® Partial reticulum i.c. in 4 number of instances the lines fuse to form
an enclosed area often more or less pentagonal or hexagonal in shape.
Type three differs from type five in that the ridges seldom actually
connect to each other.

® Reticulate i.e. the meshes of reticulum are mostly complete, and
unconnected warts and ridges are rare to scattered.

o Wi nged i.c. occasionally, the ridges of basidiospores are too long
nd give winged appearance.

{tii} Hymenial cystidia . Fig. 6

{1} Plenrocystidia and Cheilocystidia @ They are the commonest type

of f“\fﬂhr‘lﬂ fonnd both in Tactarins and Ruscula and arice nnua.“u friom daan

AR AL AR R REE AAE A FRET B WRLLWE IR LEREE AR LT RiLT LS EEE LIRS

in the hymenium and may be thin- or thick-walled. TheY are called
pleurocystidia (face of lamellae) or cheilocystidia (edge of lamellae) and play
and important role in the identification of the taxa in Russulaceae. In the
genus Lactarius, the ends of the lactifers also project beyond the hymenium
and are called psendocystidia. To differentiate the true cystidia from the

im WA

pSEliuﬂt.}YSilﬂla. the term, pleurnmacrucysuum and EIIElIDmﬂEI‘ﬂC}’SIIﬂIH have

been used in case of Lactarfus (Heilmann-Clausen ef af, 1998). In case of

Russula, as there are no lactifers and pseudocystidia, so the terms
pleurecystidia and cheilocystidia only are used to representi the hymenial
cystidia.

The cysiidia may be cylindric, fusiform, clavate, ventricose or janceoiate
{narrowly elliptical, tapering to each end). The apex may be rounded, capitate.
mucronate, moniliform (cylindric but contracted at regular intervals like 2
string of beads) or appendiculate (with small appendages) or lageniform (like
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. Appendiculate (fugeniformed or taifed) £, Mucronate g. Capisate h. Moniliform i,
Pseudocystidia j. Paracystidia
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a pourd); or aculeate (tapered so that only the very basal portion is relatively
swoller), Cystidia may be characterized with needle-like granular dense
contents.

(2) Paracystidia: The smooth, sterile, cylindrical to clavate organs of
the same size as basidia found near the edge of lamellae in species of

Janrariue ara anllad marasvetidin Thav ara -:nhunwn thin_wallad with ronined
ALEL FLET P8 Gl % WDl lwhd t-'u].“h: LWL NN J.lJ.‘r: LAL W e J = wilhkall FT Wbl LWl FT LLAIL LAFfiddind

apices and without specific contents.
(¢} Subhymenium :

The subhymenium is a region of tissue from which the hymenial elements
originate. In Russulaceae, subhymenial layer is mainly cellular i.e. composed
of mostly isodiametric to ellipsoid cells.

(d) Trama

It is the central (core) sterile tissue of the hymenophore. One of the most
striking characters of Lactarius is the presence of Lactiferous hyphae (lactifers)
distributed all through the trama. The trama of Russula and Lactarius is
termed heteromercus because of the presence of sphaerocytes (globose cells).
These sphaerocytes occur in clusters, called rosettes. The complexes of
sphaerocytes mostly consist of only one primary rosette in Lactarius, while
in Russula several primary rosettes accumulate, resulting in much larger
complexes of sphacrocytes than observed in Lactarius. Traditionally, the
hymenophoral trama in Russula is considered cellular, i.e. composed of
numerous rosettes, and in Lactarius composed mostly of filamentous hyphae
intermixed with some sphaerocytes in tropical species. But there is no clear
cut distinction as some temperate species also contain sphaerocytes in gill

T'hey are the latex containing hyphae which are mostly non-septate, often
ich a

1d 4 15 um hroad Under the microscope, the latex ghearved
pm broad. 1der the macroscope, the latex

lactlfers appears as an emulsion of numerous very small guttules (0.5
l pm in diam.). The guttules of this emulsion sometimes conglomerate to larger
miittnloo Tt thae amiseloimem abhecomos mecialle: fratoa cwmanll hoamt mcerctal. Tl
EMRLELWG FUE WU wIRILOIR) LIIGIIEGD LI_UIL]\.IJ’ LLLAAY aJILALy LPCLIL L-I._TDI.I:I.IG. L 1IN,

the contents of the lactifers in dried material look like a dense mass.
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METHODOLOGY

A. Collecting

Coilections were made during the survey and collection tours undertaken
every year during June to October to different parts of Kumaon Himalaya
(Pl. 1-4), Members of Russulaceae are fragile (brittle), so one representative
specimen of each species was collected and wrapped in waxed or blotting
paper in such a way that moisture did not enter. The wrapped basidiomes
were then placed in a basket and carried to base camp for further study.
Additional specimens of each species were brought to the base camp in
separate paper bags. The specimens were properly labelled with collection
number, type of habitat, date of collection, frequency of occurrence, name
of the associated host, forest type and name of the collector.

Al the collections have been deposited in the Cryptogamic Herbarium
(BSD), Botanical Survey of India, Northern Circle, 192, Kaulagarh Road,
Dehradun 248 195 and a part in the He:!hanum. mmmtmﬂmany, HNB

of the specimens are also dcposued w1th A Verbcken Umvermty nf Ghent
(GENT), Gent, Belgium; Dr. L. Montoya, Instituto de Ecologia (XAL), Xalapa,
Mezxico; Dr. M.T. Basso, Via Valbona 61, Alassio-Moglio (SV), {taly &
Herbarium, Museo Cantonale di Storia Naturale (LUG), Lugano, Switzerland:
Dr. B. Buyck, National Museum of Natural History (PC), Paris, France; Dr.
S.L. Miller, University of Wyoming, USA and Mr. J. Vauras, Herbarium
TUR, (TUR-A), University of Turku, Finland.

B. Preservation

(i) Dry preservation : Freshly collected specimens were kept in the base
camp for 24 hours and then wrapnﬂﬂ in a gheet of filter paper an nd kﬂp' in
the open air under sunlight or near the artificial fire place. Larger specimens
were sectioned longitudinally and then dried. Dried specimens were poisoned
with mercuric chloride solution (1:1000 ml) or paradichlorobenzene and dried

again to avoid insect damage. These specimens were then enclosed in the

standard herbarium packets with naphthalene balls.

(ii} Wet preservation : Tt was done for some specimens in alcohol-formalin
solution following Ainsworth 1971 [Formalin (40%) 25.0 mg; Alcohol (95%)
50.0 mi; Water 1000.0 ml]

C. Macroscopic studies

The shape, size and identity of the Russulacean taxa fade away
considerably on drying. Therefore, alt the specimens were studied for their
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macroscopic characters after reaching at base camp and on the date of
collection, Measurements of pileus, lamellag and stipe were made on mature
basidiocarp only. Following macroscopic features were noted:

{i) Pileus : Shape (before and after maturity), size, pileipeilis texture.
colour, colour change after broising and details of margin.

(it} Lamellae @ Attachment of lamellae, spacing (density) of lamellae
{excluding lamellulae); details of margin, forkation, colour, presence or absence
of lamellulae and taste.

(ifi} Stipe : Length and width, shape stipitipellis surface, overall colour

and colour change afier bruising.

(iv) Context of pileus and stipe ; Solid or hollow, colour change after
bruising, odour and taste {distinctive or not).

{v) Spore print : Spore prints were obtained in the base camp by placing
the pilens down on both a white and black piece of paper and covering the
whole with a jar or by placing both the basidiocarp and paper in a plastic
sandwitch bag. In case, where only one or two specimens were found, a
small holc was made in the paper for the stipe without remeoving it (Malloch
1971) or a piece of pileus was removed and put on a piece of paper.

i) Chemical . T1 ‘ ] : fres|
specimens were recorded following Largent er al. 1977 with 10% aqueous
NH,OH, (10gm of NH OH dissolved in 90 ml of water) Sulfcbenza]dehyde

(C"DA'\. Danlfnn il amun-.l'l Aiotillad sntan i el e
LUV Y SUNGYaniniii I\I l..l.lE-l"lI.ll.llllll &Elll, umuuw ol TLr llll, LU, .bl.ill)l]l,.lllk,

acid-16ml), 10% aquous KOH and results recorded only wherever they were
significant and helped taxonomically. However, in Russula the reaction with
Fe30, shows a change in colour to saimon pink except in a few species. This
reaction is recorded as FeSO,(+) or FeS0,(-).

D. Microscopic studies

In the laboratory, microscopical characters were studied with the freehand
sections of fresh as well as preserved material. The observations were made
at original magnification of 1500x for basidiospores, 1000x or 500x for cystidia,
basidia and hyphae and of 500x for other microstructures. Measurements of
basidiospores, busidia and cystidia have been represented by numbers carrying
the length and breadth separated by a sign (x). However, exceptionally small
or large basidiospores are represented by including the respective numbers
in parentheses.

(i) Basidiospores : Basidiospores (mostly taken from the spore print}
were mounted in Meizer’s reagent (lodine-i.5 gm, Potassium-lodide-5 gm,
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Plate 1: a, b & c. Typical temperate deciduous forests.

23
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Plate 2: a, b & c. Himalayan coniferous forests.
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Plate 3: Russulas on the forest floor growing either closely to the forest trees
forming mycorrhizae (a & b) or in a characteristic fashion forming fairy ring (c).
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Plate4: a & b. Confirmation of ethnomycological data in the field c. Russula
virescens growing in close association with the roots of Pinus wallichiana.
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Chloral hydrate-100 gm and distilled water- 100 ml} following Largent er al.
(1977) and examined under cil immersion to study ornamentations.
Basidiospores were usually measured in face and / or side views. The length
(L) and width (W) of at least 20 species (selected at random basis) 1s
measured. Spore measurement of length and width 15 experessed as a range,
with the length given first. Quotient (Q = L/W) wus calculated considering
the mean value of length and width. The measurements presented in this
mannual are excluding the height of ornamentation.

{ii} Hymenium : Hymenium was studied with the freehand sections of
mostly dry material. A wedge shaped section of pileus was removed. From
this piece of tissue tangential sections were cut through the pileus including
lamellae. Thin sections were mounted in 5% KOH {5 gm KOH dissolved in
35ml water); Lactophenol (5gm lactic acid, 3 gm phenol, 10gm glycenne, Sml
water); cotton biue (50mi of 1% aquous solution of Cotton Biue, 100gm
Lacticacid, 100gm phenol, 150ml glycerine, 50ml H,O); Carboi {0.1% cotton
blue in 60% lactic acid); Fuchsin and Congo red {(2gm of Congo Red
dissolved 1 98ml water).

(it} Pileipellis and stipitipellis : Thin sections were cut from the wedge
shaped tissue taken from pileus and stipe to observe the details of pileus
cuticle (pileipellis) and stipe cuticle (stipitipellis). The arrangement of hyphae
in suprapellis and subpellis, shape of the terminal cells of hyphae and shape
of dermatocystidia {if present} were also recorded.

E Ecological Studies
Following features were noted in the field for each species:
(i} Substratum : exposed or shady, meist or dry, type of forest, ete.

(ii} Habir : erect, decurrent, inverted, solitary, gregarious, caespitosc
or crowded, etc.

(iii) Prevalence : abundanti, common and rare.

(iv) Mycorrhizal association : mycorrhizal associations were ascertained
in almost all the recorded species ol Lacrarius and Russula with roots ot
hardwood or coniferous trees by establishing the association between the
fungal hyphae and the rootlets.

E  Presentation

The distinguishing characters of the family Russulaceae are followed by
4 key to the genera. Each genus and all subgcnera under each genus are
defined with a summary of the identifying features as found applicable to
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the Himalayan collections. All the species and varieties belonging to a
subgenus are keyed out based on the characters gathered from the materials
studied and as applicable to the Indian specimens. The genera, subgencra
under each genus and species under each subgenus are treated alphabetically.

Each taxon is provided with a currently accepected correct taxonomic
name, detailed description depicting the macro- and microscopic featurcs
coupled with field photographs and line drawings, Data about the frequency
status, associated host plant(s} and forest type(s} is provided under
“Ecology”. The personnel experience and judgment supported by the number
of basidiomes encountered at each study site and then averaged for each
forest type formed the basis for assigning the frequency status to each taxon
as Rare: (1-10 basidiomes, present in 5-10 of the localities surveyed);
Common (approx. 100 basidiomes; present in about 50% of the localities
surveyed) and Abundant: (>100 basidiomes, present in almost all the localities
surveyed). Under the “specimens examined” each collection no. is preceded
by the name of the state, district, place of collection, month of cotlection
and the name of the collector(s}. The critical “notes” including the
distinguishing characters of each faxon and its separation from the closely
related taxa are given at the end of the description.

The chapter on ecological studies includes a summarized account of forest

turwe myucrnrrthizal haete altitudinagl ranca af dictribuation and fr#nn#ﬁﬂu nF
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occurrence for each taxon recorded during the course of this study. It i
followed by the analysis of the data and a note on the conservation stialus
of Russulaceae.

A parsimonious molecular tree based on the sequencing of ribosomal
DNA (Fig. 79) was obtained from Dr. 8.L.. Miller, Wyoming University, USA.
for certain specimens whose detailed morphological and anatomical features
were not enough to justify their position. These studies not only confirmed
the status of some new taxa but also proved their closeness with the already
described taxa,

Russula abbotensis Das & Sharma and R. vawrasiana Das & Sharma are
new species while R. amoenicolor Romagnesi var. ramgarhensis Das, Sharma
& Bhati and R, flavida Frost var. dhakurianus Das, Sharma & Bhatt are new
varieties proposed in this manual. Russula nothofaginea Singer and R.
decipiens (Singer) Svrcek have been recorded from India for the first time.
All the taxa proposed as Russula sp. in this work are under consideration
of publication with suitable specific epithets and expected to appear in the
ensuing volumes of MYCOTAXON.
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STUDY AREA

Kumaon is one of the five geographical zones i.c.- Nepal, Kurmanchal,
Kedarkhand, Jalandharkhand and Kashmir of the Himalaya. 1t is believed that
the word Kumaon is derived from “Kurmanchal™ which means the land of
Kurmavatar (The tortoise incarnation of Lord Vishnu).

Kumaon Himalaya exiends from 78° 45" to 81° 05" East and 28° 45" to 30°
49" North, covering an area of about 21035 sq. Km. It is separated from Nepal
by the river Kali in the East and Kailas Mansarover region of Tibet is to
the North. The Garhwal Himalaya are in the West, while Uttar Pradesh borders
it in the South. The region is spread over 6 districts, 31 cities and towns
and about 7238 villages.

Geographically, Kumaon can be divided into four almos? parailel zones:
1. Tarai-Bhabar-Shivaliks, 2. Lesser Himalaya, 3. Greater Himalaya and 4. Tethys
or Trans Himalaya. Except for the tarai, Kumaon is totaily hilly, beginning
at 230 meters above mean sea level (msl) and rising up to 7816 meters msl.

racinan miay ha dioidad imtn theaa muioiae alimeaotioa ooasean i 3L domeas o
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or subtropical up to 1500 m, ii) temperate (1500-2800 m), iii) alpine zone
(above 2800 m).

Since Kumaon is a region of great physical diversities, its ¢limate is also
diversified depending upon situation, aspect and elevation. The basic patterns
of climate as determined by monsconal rhythm are divided into four principal
seasoms, viz., the winter {December March), the summer (March June),
the season of rains {June September) and the season of retreating monsoon
(September November),

Temperature is low for nine months of the year. During the coldest
month of January, typical ridge and high locations along the lesser Himalaya
and low altitude valleys record a mean monthly temperature between 5.5¢
and 8° C and between 13° and 21° C along the foothills. By March, the
temperature begins to rise progressively till early June when hill locations
record a mean monthly temperature between 19° and 22° C, while it ranges
between 30° to 40° C in foothills.

The rainy season {monsoon) usually commences by middle of June and
is associated with lowering of temperature during the following months. July
15 the rainiest month, when temperature falls down to 30°-36° C in the foothills.
By Navember, the temperature begins to lower down at all locations and the
month of December marks the advent of the winter season.

During the course of these studies regular and repealed survey and
collection tours, each of ¥ to 28 days duration were undertaken every vear
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trom July to October. The various places surveyed, their approximate altitude,
major forest type and dominant tree species growing there are given in the
following pages.

Survey site District Forest type  Dominant Altitude
tree species (m)
(1} (2) 3 4) {3)
Ahbhat Monnt ot Nascidnnne luerrue M
LRUILMUFL AYALFUI NI \-_,-I.I.ﬂl.l.l.l.l'ﬂwﬂl A JLL AL LR Ty YWOEEL T L M, - LR
Coniferous, Cedrus
Mixed
Almora Almora Coniferous Pinus 1650
Askot Pithoragarh Coniferous Pinus 160}
Baijnath Bageshwar Coniferous Pinus 1200
Baram top Pithoragarh Coniferous Pinus 1400
Bhatalia Nainital Mixed Quercus, (800
Cedrus
Bhowali Nainital Coniferous Pinus 1706
Binsar Almora Deciduous Quercus,
Rhododendran 2310
Champawat Champawat Coniferous,  Cedrus. 1671
Deciduous Quercus
Chilta Devi Bageshwar Alpine 3000
forest medow
Dafia Dhura  Pithoragarh Deciduous Quercus, 2300
forest Rhododendron
Dandeshwar  Almora Coniferous Cedrus 1800
Devidhura Champawat Coniferous Piniis 2000)
Dhakuri Bageshwar Mixed Querciis, 2700
Abies
Dhakuri top Bageshwar Deciduous Quercus, 2900
Rhododendron
Dhanachuli- Nainital Deciduous Quercus 1500
bend
Didihat Pithoragarh Mixed Quercus, 1750
Cedrus
Dwali Bageshwar Mixed Querciy, 2575

Cupressuy



fed
——

(1) (2) (3) (4 (5

Furti (3 km Champawal Mixed Quercus, 1950

away From Pinus.,

Mayawati) Rhododendron

Gagar Nainital Mixed Quercus, 1900
Piituy

Haldwani Nainital Deciduous Haldinu, 80X
htercus

Hingladevi Champawat Deciduous Cuercus 190X)

forest

Jageshwar Almora Coniferous Cedrus 1870

Jaitoli Bageshwar Deciduous Quercus 2440)

Jauljibi Pithoragarh Deciduous Shorea 1400

Kaladhungi Nainital Deciduous Shorea 1700

Kannar Pithoragarh Deciduous Quercus, 2100
Rhododendron

Katarmal Nainital Coniferons Pirtus 1800

Kausani Bageshwar Coniferous Pinus 1890

Khati Bageshwar Deciduous Quercus 2210

Lohaghat Champawat Coniferous Cedrus 1750

Loharkhet top Bageshwar Deciduous Quercus 1800

Maitly Pithoragerh Coniferous,  Pinus, 1600

mixed, Ouercus
deciduous

Raododendron,
Cedrus
Mornouia Almora Deciduous, Quercus 2110
mixed
Mukteshwar Nainilal Mixed Cuercus, 2290
Cedrus
Nainital & Nainital Mixed Quercus, 2200
Naina pcak Pinus, 2700
Cupressus
Ogla Pithoragarh Deciduous Quercus 1600
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1. Dwaii. 2. Jaitoli. 3. Khati. 4, Dhakuri. 5. Loharkhet. 6. Song. 7. Kapkot.
8. Baijnath. 9. Kannar. 10. Dafia Dhura. 11. Maitly. 12. Dharchula. 13. Baram.
t4. Askot. 15. Jauljibi. 16. Didihat. 17. Sandev. 18. Thal. 19, Baijnath,
20. Kausani. 21. Someshwar. 22 Binsar. 23. Katarmal, 24, Jageshwar.
25. Almora. 26. Ranikhet. 27, Mornoula. 28. Sahar Phatak. 29. Mukteswar,
30. Bhatalia. 31. Dbanachuli. 32. Ramgarh. 33. Gagar. 34. Nainital.
35. Bhawali. 36, Bhimtal. 37. Kathgodam. 38. Haldwani. 39. Abbot Mount.
Morodkhan. 41. Lohaghat. 42, Mayawati. 43. Hingladevi forest.
44. Champawat. 45, Devidhura. 46. Tanakpur. 47. Khatima. 48. Ramnagar.

Plate 5: Study arca: Kumaon Himalaya, Uttaranchal,
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{i) (2) (3) {4 (5}

Binsar (from Coniferous Pinuy

Almory)

Phurkiya Bageshwar Subalpine, Rhododendron. 3200
lree line Ouercus

Ramgarh Nainital Mixed Quercus, 1739

Pinus

Ramnagar Nainital Deciduous Shorea 3K

Ranikhet Almora Coniferous Pinis 1830

Sahar Phatak  Almora Deciduous Quercus 2100

Sandev Pithoragarh Deciduous, Quercuy 1904
Mixed

Someshwar Almora Deciduous Ouercuy 1400

Song Bapeshwar Mixed Cuercus 12000

Tanakpur Champawat deciduous Sherea 800
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ABBREVIATIONS
Cil circa; about
Col Collectoy
etc. et. cetera; and others
et ul, et alie; and others
Fig. Figureis)
i.e, that is
TUCN Internatioral Unien for Conservation of
Nature and Natural Resources
KD Kanad Das
m metar
mi millliter
Hm millimeter
Pl. Plate
5B Sulfobenzaldehyde
sp. species
Sp- DOV, species nova
8. km square kilometer
SV Sulfovanilline
I43] Micro meter
var, varigty
var. noy variety nova

videlicet; namely
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Family Russulaceae Lotsy
Vortr, Bot, Stammesgesch 1: 708 (1907)

Basidiomes stipitate; pileus often vividly coloured, fleshy and typically
brittle with basidiospores produced on lamellae; lamellae attached or free,
crowded to distant, with or without lamellulae; stipe usually central, usually
not anpulate or volvate, spore print white, cream colot, buff, ochraceous
or yellowish orange, basidiospores globose to elliptical, lacking apicat germpore,
ornamentation mostly amyloid, composed of isolated warts or in combination
with fine lines or ridges or wings of parallel arrangement; basidia subclavate
to clavate; 2-4 spored; lamellar trama composed of filamentous hyphae;
hymenial cystidia often present; pileipellis hyphal or pseudoparenchymatous
or in combination of both; dermatocystidia sometimes present: pilear and
stipe trama often composed of hyphae and groups of sphaerocytes; clamp

connections absent; mostly ectomycorrhizal. The family has two genera:
Lactarius and Russula.

KEY TO THE GENERA

la. Latex present, exuding when the basidiome is cut or broken; lamellar
trama usually lacking sphaerocytes, except where it grades into the
PLEAT TAMA .ot nesrens o LACLATIOS

b. Latex lacking; lamellar trama uswally containing sphaerocyies
eensnreecnn. RUSSUER

.............
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Genus Lactarius Pers.: 5.F, Gray
Nat. Arr. Brit. PL. 1: 623, 1821

Basidiomes stipitate; pileus convex, infundibuliform to uplifted at maturity,
dry to viscid, azonate to Zonate, smooth to velvety white to vividly coloured;
margin entire or forked, smooth, crenate or wavy, naked to hairy; lamellae
adnate to decurrent, crowded to distant, white to yellowish, unchanging
or changing after bruising; lamellulae usually present; stipe central, rarely
excentric, smooth fo pruinose or pitted; taste mild or acrid; odor spicy,

fruiry, aromatic, fishy or indisninenished: latex frangparent fwnTFrU\ white,

ALtar ¥y CRILAIIIGCAS y A6TLY WL SLARALOFRLLI S A i ridy SRV Al P RS Al L o LA

yellow, orange, red, brownish, bluish, unchanging or changing on exposure;
spore print whitish, hasidiospnres glnbc-se to eilipsoid ornamentation amyloid
Wiul Wdllh, II.IH;F-! or lli:tl\’}' uugca H-HI.IHIEE llibulllylclc or LUIUPI’;I.F lﬁlllvl.llulll
to zebroid (parailel) or winged paitern; basidia mostly subclavate to clavate,
2-4 spored; pleuromacrocystidia, pleuropseudocystidia, cheilomacrocystidia,
and paracystidia mostly present; pileipellis ixocutis, trichederm, lamprotrichoderm,
hyphoepithelium, hymeniderm, palisade, trichopalisade or lampropalisade;
hymenophoral trama usually lacking sphaerocytes; pilear trama with characteristic
lactiferous hyphae {lactifers} and sphaerocytes. About 450 taxa in the world:
75 taxa in India and 33 taxa from Kumaon Himalaya.

Type species : Lactarius piperatus {L.: Fr.) Pers.

Literature : Burlingham 1908; Hesler & Smith 1979; Bon 1980} Kytovuorn
1984; Singer 1986; Grgurinovic 1997; Heilmann-Clausen ef ai. 1998; Basso
1999.

KEY TO THE SUBGENERA

la. Laiex yeilow, orange, reddish brown, blue, white or transparent: piteipellis
ixocutis to trichoderm s ; ; i

(P. 68)

b. Latex white to yellowish white; pileipellis lamprotrichoderm, hyphoepithelium,
trichoepithelium, lamproepithetium, hymeniderm, trichepalisade, palisade
OT EPHRCTIUM oo e et et s

2a. Pileus mostly grayish to blackish; piteipellis palisade to trichopalisade
or hymeniderm .......cococccervvri e SUbgenus Plinthogali

{P. 9%
b. Not with the above combination of characters ..o, 3

3a. Latex white to yellowish white, unchanging; pileipellis an epithelium
to a hyphoepithelium..............cooooovvieiiieecen subgenus Russularia

(P. 12}
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Not with the above combination of characters v oriiircinnne &

3

.Ii" & Ilnmnrana I';(‘fld‘ln' hy

i3 LLELEAT AR L PR o L1 P s § 1

.....................

... subgenus Lactiflous
(P51
Not with the above combination of characters .o 8

Elements of suprapellis erect to suberect, typically thick walled..........
wioveneee. sbgenus Lactariopsis

(P. 38}

Elements of suprapellis repent, thin wailed ......... subgenus Lactarius

{P. 43}




38 BOTANICAL SURVEY OF INDIA

Subgenus Lactariopsis (Henn.) R. Heim
Prodr. Fl, Mycol. Madagascar 36, 1938; Emend Verbeken, Mycotaxon
66: 387, 1998

Pileus dry, convex with depressed center, infundibuiiform at maiurity:
pileipellis subvelvery to velvety, white to yellowish pink; margin incurved
to uplified; lamellae subdecurreat, white to greetish yellow; latex white.
slowly greenish vellow to brilliant yellow on exposure; basidiospores broadly
ellipscid, ornamentations of low warts or ridges, sometimes forming incomplete
reticulation: pleuromacrocystidia and cheilomacrocystidia present; pileipellis

a lamprotrichoderm. Two taxa in India, both known from Kumaon Himalaya.
KEY TO THE SPECIES

la. Basidiospores 6.5-8.5 x 5-6.5 um; lamellae distant .
.. L. suhvellereus var. subdmtans

b. Bastdiospores 7.5-11 x 7-9 um: lamellae close ................... L. vellereus
Lactarius subvellereus Peck

Bull. Torrey Bot. Club 25: 369, 1898. var. subdistans Hesler & Smith,
North American Species of Lactarius, 203, 1979; Das & Sharma, Ann.
For, 13(2005)2; Phytotax. 4(2004)5.

D1

TR
1

4 i
- U, I.E,. f

Pileus 55-110 mm diam., convex when young, depressed to vase shaped
in age, sometimes torn from the margin towards the center; cuticle dry
velvety, azonate, white to yellowish white, tinged pale vellowish 10 greyish;
murgin decurved and sometimes uplifted. Context white, gradually yellow
and orange with KOH. Lamellae subdecurrent, distant (3-4 per cm) with 2
rows of lamellulae, forked, white, light greenish yellow when mature, dark
yellowish to dark brown after bruising. Stipe 25-40 x 14-20 mm, white to
yellowish white, velvety, cylindric or tapering at base; context white, gradualiy
light greenish yellow. Latex white, slowly light greenish 1o brilliant yeliow
on exposure,. Taste acrid. Odour pleasant. Spore print white.

Basidiospores 6.5 - 8.5 x 5-6.5 pm, amyloid, broadly ellipsoid, ornamentation
with very low warts (up to 0.5 um high). Basidia 48-60 x 7-10 um, clavate,
4-spored. Pleuromacrocystidia cylindrical, subfusoid to somewhat acute,
60-80 x 4.5-8 pm. Cheilomacrocystidia 43-55 x 3.8-6 pm, subfusoid to somcwhat
acute. Pileipellis a lamprotrichoderm. Pileocystidia 130-190 x 3-5 pm, thick
walled; wall up to 1.82 um thick.

Ecology : Abundant, grows in close ectomycorrhizal association with

Quercus leucotrichophora A. Camus in moist subtropical to temperate deciduous
forests.
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Fig. 1. Lactarivs subvellereus var. subdistans: u. Basidiomes b, Basidia c.
Basidiospores d. Pleuromacrocystidia . Cross section of pifeipellis. Bars: a = 10

mm; b-¢ = |} pm,
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Specimens examined : Uttaranchal, Nainital, Mukteswar, August, 2002,
col, K.Das, KD2161; Uttaranchal, Champawat, Abbot Mount, September,
2002, col. K. Das & J.R. Sharma, KD4517, KD4527, KD4530; Uttaranchal,
Pithoragarh, Sandev, September, 2002, col. K. Das & J.R. Sharma, KD4012.

Notes : L. subvellereus var. subdistans is characterized morphologically
by whitish, velvety pilear surface, distant forked gills, white latex which
slowly turns yellow on e¢xposure and anatomically by the presence of thick
watled lamprocystidia in pileipellis and inamyloid spores with very low
Wirts.

The present variety resembles closely with L. subvellereus var. subvellereus
Peck and L.vellereus var. virescens Hesler & Smith. However, the close
to crowded lamellae in the former and larger spores {7.5-9 {10) x 7.5-9 pum]
in the latter, easily separate them from the present taxon.

Lactarius vellereus (Fr.) Fr.

Epicr. Syst. Myeol., 340, [R38. Agaricux vellereus Fr., Syst. Mycol

1, 76, 1821; Berk., Hook.J. Bot. 4(1852); Rawtia, Bio. Ind. (2002) 243;

Rawla, Ind. Sci. Cong. Proc. (1994) 32; Atri et al., Curr. Res. Pi. Sci.

{1994) 90; Das & Sharma, Phytotax. 4(2004)4. Pl 6; fig. 8

Pileus 80-280 mm diam., convex with depressed center, broadly infundibuliform
at maturity; pileipellis tomentose to subvelvety, yellowish white to buff;
margin inrolled to incurved. Lamellae adnate to subdecurrent, close {5-7
pcet cm), forked, yellowish white to light yellow with ochraceous edges.
Stipe 30-65 x 20-50 mm velutinous, mostly cylindric, yellowish white. Context
solid, white to light yellow on exposure, Latex white, slowly light greenish
yellow on exposure. Taste mild. Spore print white.

Basidiospores 7.5-11 x 7-9 um, globose to ellipsoid {Q=1.03-1.40); omamentation
amyloid, composed of irregular to [inear warts, forming almaost camplete
reticulum. Basidia 50-60 x 8-10 pm, cylindric to subclavate, 4-spered.
Pleuromacrocystidia 58-80 x 8-10 pm, abundant, mucronate to moniliform.
Chgilnmnrrnr}mﬁﬂin D540 x 5.8 um, cvlindric to clavate, Pilgipg!]ig a

AT EaEiirs A F SRAReEdn SFopeemay o Faiiiiialan ¥ R

tamprotrichoderm; pileocystidia 80-200 x 5-7 pm, cylindric, thick wailed,
Ecology : Rare, grows in ectomycorrhizal association with Quercus
sp. in moist subtropical to temperate deciduous forests.
Specimens examined ; Uuaranchal, Nainitai, Mukreswar, August, 2002,
col. K. Das, KD2123; Uttaranchal, Bageshwar, Dhakuri, September, 2003,
col. K, Das, KDD7099,

Notes : The whitish to buff, larger basidiocurps becoming broadly
infundibuliform at maturity are sufficient to recognize this species in the
fteld from a distance. The larger basidiocarps and basidivspores, closer

lameliae and shape of hymenial cystidia separate £. velfereus from L. subvellereus
var, subdistans.,



RUSSULACEAE OF KUMAON HIMALAYA 41

Fig. 8. Lactariuy vellereus: a. Basidiomes b. Basidiospores c. Pleuromacrocystidia
d. Cheilomacrocystidia e. Basidia £, Cross section of pileipelis. Bars: a= 10 mm; b-
F=10pum.
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WY

Plate 6: a & b. Lactarius subvellereus var. subdistans ¢ & d. L. vellereus.
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Subgenus Lactarius Pers. : S.F. Gray
Nat. Art. Brit. P}, 1: 623, 1821.

Pileus dry, glabrous, azonate, whitish, margin incurved to uplifted: lamellue
broadly adnate 1o decurrent; stipe subclavate, cylindric or tapercd towards
base. solid; latex white, light greenish yellow on exposure; basidiospores
subglobose to ellipsoid, ornamentation amyloid, composed of irregular warts,
isolated or sometimes connected to form somewhat broken reticulum; hymenial
cystidia present; pileipellis twe layered, subpellis cellular, suprapellis composed

of mostly repent hyphae. Three taxa in India; all occur in Kumaon Himalaya.

KEY TO THE SPECIES

la. Pileus 84-130 mm diam; lamellae distant without any forkation............
.. L. dwaliensis

2a. Latex yellow On XPOSULE .vvveirreeiiesirensesessmnnssnsesmssensesireres Lo PIPETatis
b. Latex olive green on exposure ................L. piperatus var. glancescens
Lactarius dwaliensis K Das, J. R, Sharma & Verbeken

Mycotaxon 88: 334, 2003, Pl. 7: fig. 9

Pileus 84-130 mm diam., convex with decurved margin, planoconvex
to umbilicate with depressed center when matire; pileipellis dry, shiny,
glabrous, azonate, white. Lamellae subdecurrent to decurrent, distant {3-
4 per cm) with 3 rows of lamellulae, yellowish white, Stipe 50-145 x 17-30
mm, cylindrical, white to yellowish white. Context white, gradually light
greenish yellow when bruised. Latex copious, white, slowly light greenish
yellow on exposure, Spore print white.

Basidiospores (7.6) 8-10.5 x 7.2-8.6 pm (Q = 1,00-1.20). subglobose to
breoadly ellipsoid; ornamentation amyloid, up to 0.5 pm high, composed
of irregular warts, often aligned and connected; plage inamyloid. Basidia

Aq qq " u 'I [ 1] i‘I'I. l""l.l'iﬂ.l’lﬂl" fl’\ E‘I'Ihl'"lﬂ“ﬂfp‘ d Eﬂﬂl"‘ﬂ‘l’q Dl.ﬁlll’ﬂmnr‘fﬂf‘l!(“ll" A;
rl.l e FLlLEWLEW Lrprar AT R L W Jn.'l'l-l.'l-lll-l -

65 % 4-7 pm, abundant, narrowly cylindric, with rounded or slightly tapering
apices and granular contents. Pleuropseudocystidia 50-70 x 4-6 pm, scarce,
cylindric to subclavate, sumetimes with mucronate apices. Lamellae edge
sterile; marginal cells 20-30 x 4-7 um. Cheilomacrocystidia 40-55 x 5-7 pm,
cylindric with acute apices and needle like contents. Subhymenial layer
up to 22 um thick. Hymenrophoral trama cellular, composed of abundant
sphaerocytes with some hyphae; lactifers, up 10 10 pm broad. Pilcipellis
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Fig. 9. Lactarius dwaliensis: a. Basidiomes b. Pleuromacrocystidia c. Basidiospores
d. Basidia e. Cheilomacrocystidia {. Cross section of pileipellis. Bars: a = [0 mny b-

e 14 g
B = JLr LT
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two layered; subpellis up to 125 um thick, composed of globose to subglobose
cells of 10-40 um diam.; suprapellis 30-50 pm thick, composed of mostly
repent hyphae; hyphae thin-walled, frequently septate, 3-4 (6} pm broad.

Ecology : Rare, grows in ectomycorrhizal association with Quercus
leacotrichophora A. Camus in subtropical to temperate deciduous forests.

Specimens examined ; Uttaranchal, Bageshwar, Dwali, Uctobe 3,
n-,u FNel? fffful‘.lﬁ{‘l‘\ﬂ‘ ﬂﬂopﬂhwnr Khati ﬂ{'rnhn‘-'r'q 9‘9
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as & J.R. Sharma, KD698.
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Notes - Lacrarius dwaliensis can easily be distinguished in the field
by white, smnooth, shiny pileus with usuvally long, white stipe, white context,
distant lamellae and the white latex changing to greenish yellow on exposure.
Microscopically the two layered pilipellis with a suprapellis of repent hyphae
and cellular subpellis, is very distinct. The combination of characters places
the species in the subgenus Lactarius (sensu Heilmann-Clausen ef al. 1998),
where it reminds of L. piperatus (L.: Fr.) Pers. and related species,

Lactarius dwaliensis differs from L. subpiperatus Hongo because the
latter has smaller basidiocarps and spores (6-7.5 x 5-6 pum) and lacks
pleuromacrocystidia (Hesler & Smith 1979), L. rexhoffii Hesler & A.H. Sm.
also seems closely related to the presem new taxon, but differs by having

denser lameliae, shortes bupc {30-50 mim) and ihe more \ruwmy Ddblulﬂtal'pb

(Hesler & Smith 1979).
Lactarius piperatus (Fr.} S.F. Gray

Nat. Arr, Brit, PL 1: 623, 1821, Agaricus piperatus Fr., Syst. Mycol. 1:
76, 1821; Atri & Saini, Geo, N. R. 5(1986) 102; Saini & Airi, Ind. Phytopath,
46(1993) 361; Bhaut & Lakhanpal, Ind. Phytopath. 43(1990) 161; Das
& Sharma, Phytotax. 4(2004)5. Pl 7, fig. 10

Pileus 42-90 mm. diam., convex with depressed center, broadly infundibuliform
to uplifted at maturity; pileipellis dry, smooth, cracked (areolate), often
concentrically wrinkled towards margin, white to yellowish white, cream,
sometimes with brownish tinge at maturity; margin incurved to decurved,
often plane to uplifted at maturity. Lamellae crowded, repeatedly forked,
— yeliowish white 1o cream, yeilow to brilliant yellow after bruising; tamellulae

numerons. Stipe 35-70 x 15-25 mm, subclavate, eylindric or slightly tapering
downwards, dry, smooth, yellowish white, becoming brownish at base. Context
solid, white, slowly lemon yellow on exposure. Latex white, slowly light

to lemon yellow on exposure. Taste slowly acrid. Spore print white.

Basidiospores 7-11 x 5.8-7.6 pm, subglobose to ellipsoid (Q=1.11-1.45});
ornamentation amyloid, composed of minute warts and ridges (less than
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Fig. 10. Lactarius piperatus var. piperatus: 2. Basidiomes b. Basidiospores c.
Basidia d. Cheilomacrocystidia e. Pleuromacrocystidia £, Cross section of pileipellis.
Bars: a= 10 mm; b-f= 10um.
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(.5 pm high), mostly isolatcd, sumetimes aligned forming an incomplete
reticulum. Pleuromacrocystidia 40-60 x 6-9 pm, emergent up to 30 um, subcylindric
to subclavate, content refractive. Pleuropseudocystidia up to 7 pm broad.
cylindrical. Gill edge sterile. Cheilomacrocystidia 35-50 x 5.5-9 ym, abundant,

cnhr‘]ﬂl:raf.ﬂ tn clasrata cnntant fafr..ir*h'lj’fl DIIPIHP”'IQ A h\fﬁhﬁl‘ﬂirh?]]llm (R
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layered; suprapellis composed of repent to suberect hyphae {(up to 4 ym
broad); subpellis celluiar. Stipitipellis same as pileipeliis.

Ecology : Abundant, grows in ectomycorrhizal association with the
species of Quercus, Cedrus, Pinus in subtropical 10 temperate deciducus,
coniferous and mixed forests.

Specimens examined : Uttaranchal, Bageshwar, Loharkhet top, September
15, 2003, col. K. Das & I.R. Sharma, KD7002, KD7005; ibid. October 26,
2003, col. K. Das & J.R. Sharma, KD7076; Untaranchal, Champawat, Mayawati,
September 2002, col. K. Das & J.R. Sharma KD4558; Uttaranehal Almum

Champawat Lehaghat September 20[}2 el K Das & J R Sharma KD4S]D
Uttaranchal, Champawat, Abbot Mt., September 2002, col. K. Das & J.R.

Cho TuAZ X% TTeare o L I I WH u [ |
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August 2001, col. K. Das, KD908; Uttaranchal, Pithoragarh, Sandev, September
2001, col. K. Das, KD4015.

Notes ; Lactarius piperatus var. piperatus is one of the most abundant
Lactarius found in all types of forests in Kumaon Himalaya. Microscopically
Lactarius piperatus var. piperatus 1s somewhat close to L. dwaliensis.
But the latter however, differs from the present species by having distant
lamellae and exceptionally long stipe. Further, the pilear surface never ¢racks
in L. dwaliensis and remains smooth throughout, while the surface starts
cracking in the present taxon with age.

Lactarius piperatus (Fr.) S.F. Gray

var. glaucescens {Crossl.) Hesler & A.H. Smith, North Amertcan Species
of Lactarius, 186, 1979. Lactarius glaucescens (Cross., Naturalist
1900: 5, 1900. Agaricus piperatus Fr., Syst. Mycol. b: 76, 1821; Atri
et al., 1. Ind. Bot. Soc. 72(1993) 158; Das & Sharma, Phytotax. 4(2004)5.

P1.7; fig. {1

Pileus 40-70 mm diam., convex with depressed center, gradually infundibuitiform
to slightly uplifted; pileipellis dry, glabrous, areolate, vellowish white to
cream; margin regular, inrolled. incurved at maturity. Lamellae broadly adnate
to decurrent, crowded, often forked. yellowish white to cream, greenish
yvellow 1o olive green after bruising; lamellulag numerous. Stipe 29-50 x



Fig. 1. Lactarius piperatus var. glaucescens: a. Basidiomes b. Basidiospores ¢.
Pleuromacrocystidia d. Cheilomacrocystidia e, Cross section of pileipellis. Bars: a
= 10 mm; b-e = 10 pm.
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12-18 mm, cylindrical or tapering downwards, concolorous with the pileus.
Context solid, whita grppmeh on exposure. Latex whﬂp qlnwlv alive green
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on exposure. Taste acrid. Spore print yellowish white,

Basidiospores 6-8 x 5.8-7.2 pm, subglobose to broadly ellipsoid (Q=1.1-
1.25); composed of isolated warts and few ridges (less than 0.5 pm high),
sometimes forming somewhat broken reticulum, Basidia 3548 x 7-8 um, subclavate
io ¢ylindric, 4-spored. Pleuromacrocystidia 44-55 x 7-9 pm, emergent up
to 30 pm, mostly found towards lamellar edge, cylindrical to subclavate;
content refractive. Plewropseudocystidia up to 6 pm, cylindrical with rounded

by annta aniras (23] adaas atasilsa fhailamoarasvetidio sylindsisal ta alioghtlio
Y O LI tll..l'l.!-l.-ﬂ LEN11 WE‘J SIS, rlirlILFllIG] w! [~1YL¥ Y -] ‘-rJ AL RES L%-LR1 RLALF ﬂllsllll:

ventricose; content refractive. Pileipellis a hyphoepithelium, two layered;
suprapellis hyphal; hyphae erect to suberect, septate, thin walled; subpellis
pseudoparenchymatous.

Ecology : Common, grows in ectomycorrhizal association with the species
of Quercus in temperate deciduous forests.

Specimens examined ; Uttaranchal, Pithoragarh, Sandev, September
2003, col, K. Das & I.R. Sharma, KD4005, KD400R,

Notes : Lactarius piperatus var. glaucescens differs from the typical
variant (Hesler & Smith 1979) by having latex which turns olive green and
erect hyphae in pilear suprapellis.
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Plate 7: a. Lactarius dwaliensis b. L. piperatus var. piperatus c. L. piperatus var.
glaucescens.
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Subgenus Lactifluus (Burl,) Hesler & A.H. Sm.
North American Species of Lactarius 58, 1979; emend. Verbeken.

Mycotaxon 66: 370, 1998. Lactaria subsection Lacrifikae Bull., Mem.

Torrey Bot_ Club 4: 89 1908

Pilcus dry, matted to velvety, with or without papilla, orange yellow

to reddish brown; margin decurved to incurved; stipe mostly concolorous;
basidiospores globose to ellipsoid, ornamentation amyloid of isolated warls
or sometimes forming complete to incomplete reticutum; pteuromacrocystidia
present or absent; cheilomacrocystidia capitate, cylindric fo fusoid; pileipellis
a lampropalisade; hymenophoral trama cellular, Nine taxa in India; six taxa
in Kumaon Himalaya.

la.

2a.

3a.

KEY TO THE SPECIES
Pleuromacrocystidia PreSent .. ... ereces &
Pleuromacroeystidia absent .. A
Basigiospores 8.1-11.5 x 7.4-11 pm; pileus never with papilla ...............

.. L. corrugis

Basidiospores 6.4-10 x 5.8-8.9 um; pileus sometimes with an acute
PAPIIIA 1ttt sttt bt e b s et st ates

Pileus almaost smooth often papillate; pileipellis orange yvellow to hrown
in all stages of basidiome deve]npment oeas

L. volemus
PIIELI nhva elvety to velvety without p nilla- nilainallic huff to nehraceons
sl r WET lJ B Tl l'v!-'r TN NS F_r’-lluq 1—" "l‘r"‘ LLF LFEL A WA e
i all th stages of basidiome development..................

Hymenial cystidia subcylindric to cylindric, flexuous, fusoid or ventricose
BUL NEVET CAPILALE ....vreecrerecsivan et bttt s e

. Odour strongly alkaline; latex thky unchanging ..

.. L. hygrophnrmdes var, odoratus

Odour indistinctive; latex nonsticky, changing slowly to brown droplets
aN EXPOSUre ...occerevveeceecnnnnnn. Lo hygrophoroides var, lavendulaceus
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Lactarins capitatus K.Das, J.R. Sharma & Montoya
Mycotaxon 90: 286, 2004, Pl, §, 10; fig. 12

Pileus 50-80 mm diam, planoconvex to slightly depressed when mature,
pileipellis dry, matted pruinose to veivety, sometimes minutely areolate
towards center at maturity, medium reddish to grayish-orange, grayish-
red, medium to brownish-orange, often dark red at the edge; margin incurved
to decurved, wavy, often crenate. Lamellae decurrent, clese at first sight
but subdistant when excluding the lamellulae (5-6 per cm}, light orange to
orange-yellow, light to medivm reddish-brown after bruising; lamellulae
in five different lengths. Stipe 33-63 x 10-18 mm, dry, matted, cylindric or
slightly tapered towards basc, nften longltudmally graovcd dry, matted

turning slowly browmsh Latex at flrst whey lrkc later white to pale buff,
droplets turning very slowly to pinkish, finally dark reddish-brown to brown,
staining the white paper medium brown. Qdour spicy to fishy. Spore print
white

Basidiospores (6.4} 7-8.8 (9.6) x (5.6) 6.4-7.8 (8) um (Q = 1.03-1.11),
globose to subglobose, ornamentation amyloid, 0.6-0.8 pm high, composed
mostly of conical isolated warts, at times connected or somewhat alipned,
— under SEM the ornamentation appears of subeylindric warts, broadened
towards base, apex rounded, isolated or aligned and even interconnected
at base level, at times with rounded, sinuous or truncate ridges; with suprahylar
plage. Basidia 34-44 x 8-10 pm, subclavate to clavaie, 4-spored; sterigma
up to 7.5 um long, Hymenial cystidioid elements abundant, mostly capitate,
sometimes subcylindric, septate, wall 0.8-1.6 pm thick, with hyaline or slightly
yellowish and dense contents; at lamellae surfaces 38.4-92 x 5.6-8 um, terminal
segments 12-24 x 5.6-8.8 jn; at lamellae margins 33-70 x 4.6-7.5 jim, abundant,
often septate, terminal segments 14.4-28§ x 4,8-8.8 um. Pseudocystidia abundant,
subeylindric, 4-6.4 um broad. Pileipellis a trichodermis of two layers, up
to 225 pm thick; ciements of suprapeilis 20-135 x 5.5-13 pm, filamentous,
capitate or subcapitate to cylindric, mostly hyaline or with dense yellowish

contents, often septate, wall 0.8-1.6 um thick; subpelils pscudnparcnchymamus.
cells 7-34 x 6-24 um, wall 0.8-1.6 (-2.4) um thick. Hymenophoral trama

mneflu Pplhﬂnr enha#rm*}nﬂc 9. "J'E um diam hunhan 4.4 R Lm Ihiﬂ'l’ laticifers

8-11. 2 mm diam, subhymenium thick and cclIular. Stlp1t1pclhs two layered,
elements of suprapellis 18-125 x 4-12 pm, capitate or subcapitate to fusiform,
nfita o membm PO T Y | I DR | [ | I— _11:

Giiell s r.yu;u;., INICK walled; wall up 1 1 jgm Uluuu, aunpcula
pseudoparenchymatous of subisodiametric cells, 10-20 x 6-14 pym.

Ecology : Rare, grows under Quercus leucotrichophora and Rhododendron
arboreum in temperate deciduous forests.
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A

Fig. 12, Lactarius copitatus, a. Basidiomes b, Cross section of pileipeilis ¢. Basidia
d. Basidiospores . Cross section of stipitipellis £ Marginal cystidioid elements g,

Pleuropseudocystidia. Bars: a= 10 mm: b-g = I um,
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Specimens examined : Uttaranchal, Bapeshwar, Loharkhet top, September
15, 2003, col. K. Das & J.R. Sharma, KD7001, KD7004, ibid., September
26, 2003, col. K. Das & I.R. Sharma, KD7065,

ATl ifme v T oo . f Al ki erdol A albo. Pa 1.1 Tomng s o
INGIES ) LAdCigriNs LH_.U&IH‘H;} I.D I.I.I-DtlllE.l.l-lDlll:-u I.Il ine rieid IJJ' LHd¥itig

the pileus and stipe surfaces matted, prumose to velvety, reddish to brownish-
orange, the lamellae and context are paie to light orange-yellow or ochraceous,
latex droplets turning slowly o pink and linally dark reddish-brown to
brown, and mild spicy odor in the fresh material. Moreover, the verrucose
hasidiospores and presence of typical capitate to subcapitate thick walled
cystidicnd elements in the hymenium and suprapetlis of both pilevs and
ulmﬂ make the enpmnq very distinet,

Lactarius capitatus is closely related to L. luteefus. The lader differs
in that the basidiomes lack reddish tinges {being buff, white or whitish-
buff (Peck 1896, Hesler & Smith 1979)]. Moreover, L. luteolus presents
white latex droplets staining brown, and as observed in the holotype it
has elliptic basidiospores {(Q=1.3) and thin walled ar slightly thick walled
(0.8 pm shick) marginal cystidioid elements.

Lactarius nonpiscis Verbeken shares with the present taxon capiiate,
sepiate and thick walled elements of the suprapellis, stipitipellis and hymenial
marginal cells, as well as verrucose basidiospores (Verbeken et al. 2000},
However, L. nonpiscisc differs by having smaller basidiomata [pileus 13-26
mem diam, stipe 20-40 x 3-7 (-10) mm}, strongly wrinkled pileipellis with small
veins, more ellipsoid basidiospores (Q = 1.31-1.36) and higher basidiospore
ornamentation {up to 1.5 mm),

Lactarius corrugis Peck

Ann. Rep. N.Y. State Mus. 32: 31, 1880; Atr1 & Saini, Geob. N. Rep.
5(1986) 102; Bhatt & Lakhanpal, Ind. Phytopath. 43(1990) 139; Saini
& Airi, Ind. Phytopath. 46(1993) 362; Das & Sharma, Phytotax. 4(2004)4.

Pl. 9; fig, 13

Pileus 60-105 mm diam., planoconvex to depressed or sebinfunduliform
when mature; pileipellis dry, subvelvety to velvety, rugate to areolate, sometimes

rrmmnes vallawich ninlk madin raddich aranca orav raddich aranos davel
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reddish orange to light reddish browin; margin incurved to inrolled. Lamellae
adnate to sebdecurrent, entire, close (excluding lamellulae), ochraceous-

¥ 7

bruising, lamellulae numerous, Stipe 38-80 x 12-22 mim, central, subcytindric,
slightly tapered towards base, tomentose to subvelvety, brownish crange
to light reddish brown. Context ochraceons yellow, brown on exposure.
Latex whita, qlﬂwlv CTeam on exposure Crdor indigtinet. anrp print white .
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Fig. 13, Lactarius corrugis; a. Basidiomes b. Basidiospores c. Cheilocystidia .

gy, b-f = H) um,
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Spores 8.1-11.5x 7.4-1) pm, globose (0 subglobose (Q= 1-1.13); ornamentation
amyloid, up to (.8 um, composed of ridges forming complete reticulum.
Basidia 40-54 x 8.3-9.6 um, clavate, 4-spored; sterigmata up to 7.5 pym long,
Plevromacrocystidia 33.1-118 x 6.6-9.96 um, abundant, fusiform to fusiform-
sinuate, very thick walled; wall up to 4 ym broad. Cheilomacrocystidia 49-
61 x 6.6-7.5 ym, subfusiform, very thick walled; wall up to 3 pm broad.
Hymenophoral trama cellular. Pileipellis a trichoepithelium up to 120 pm
thick; elements of suprapellis 55-77 x 3.9-5 um, subcylindric, fusiform to
lanceolate, septate, thick walled; subpellis composed of pseudoparenchymatous
thick walled cells. Pilear trama with abundant sphaerocytes {up to 23 pm
diam).

Ecology : Common, grows under Quercus leucotrichophora in temperate
deciduous forests.

Specimens examined : Uttaranchal, Pithoragarh, Maitly top, September
28, 2001, col. K. Das & J.R. Sharma, KD4022; Uttaranchal, Pithoragarh, Dafia
Dhura, September 29, 2001, col. K. Das & J.R. Sharma, KD4045; Uttaranchal,
Champawat, Mayawati, September 29, 2002, col. K. Das & J.R. Sharma, KD4598.

Notes : The species is easily characterized by its fairly thick walled
pleuromacrocystidia and velvety brownish pileus which usually cracks at
center and becomes areclate. The white latex changes slowly to cream on
gxposure.

L. corrugis shares many characters with L. volemus (Fr.: Fr.} Fr. However,

the nrecant cnariac ie canaratad hy emallar enaree and nilancvetidia Maranvar
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unlike the present taxon, the pileus is lighter and often found with a papilla
in L. volemus.

Lactarius hygrophoroides Berk. & Curt.

Ann. Mag. Nat. Hist. 3rd ser. 4: 293, 1859. var. lavendulaceus Hesler
& Smith, North American Species of Lactarius. 176, 1979; Bhatt er ai.,
Ind. Phytopath. 52(1999) 238; Das & Sharma, Phytotax, 4(2004)4.

Pl. §; fig. 14

Pileus 50-90 mm diam., convex to planoconvex with depressed center
or infunduliform when mature; pileipellis dry, slightly velvety, azonate, light

to medium orange yellow, light orange; margin inrolled when young, gradually
n]ane at maturity, resular, Lamellae broadly adnate to subdecurrent, distant

SRR O SRSy N EMANE, ARl 8L ARSI QIR SRS a1

(excluding lamellulae) entire, cream yellow to pale yellow, lamellulae prescnt.
Stipe 25-45 x 10-20 mm, mostly central, sometimes eccentric, cylindric or
slightly tapered towards base, glabrous, concolorous with the pileus. Context
solid, white, unchanging. Latex white, changing slowly to brown, nonsticky,
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Basidiospores <. Basidia d. Elements of suprapellis . Cross section of pileipeliis.
Bass: a= 10 mm; b-¢ = L0 um.
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staining lameliae pinkish at first then vinaceous buff after sometime. Odour
indistinct. Spore print yeliowish white.

Basidiospores 7.2-9 x 3-7 pm, broadly ellipsoid (Q = 1.2-1.4); ornamentation
amyloid, up to 0.5 um, composed of isolated warts and ridges forming partial
reticulum, Basidia 35-32 x 8-11 pm, clavate, 4-spored. Pleuromacrocystidia
absent. Pleuropseudocystidia vp to 7 pm broad, irregularly cylindric.
Cheilomacrocystidia 24-38 x 4-6.5 um, cylindric to subclavate, scattered.
Pileipellis a trichoepithelium to lampro epithelium, up to 100 pm thick,
composed of two distinct layers; elements of suprapellis 33-67 x 2.5-8.5
apices, slightly thick walled (wall up to 1.2 um thick}; subpellis composed
of pseudoparenchymatous isodiametric rounded cells; cell diameter up to
22 ym. Stipitipellis made up of two layers as pileipeliis, elements of suprapetlis
are thicker than that of pileipellis. Stipe context heteromerous with abundant
spherocytes.

Ecology : Common, grows under Quercus leucotrichophora and Pinus
roxburghii in subtropical to temperate deciduous and coniferous forests.

Specimens examined ; Uttaranchal, Bageshwar, Kausani, August 10,
2001, col. K. Das, KD916, KD926; Uttaranchal, Pithoragarh, near Mailly

TFT A ™M™ TV .- L_1 WT_1__.

ULIUD'.‘:I’J LUUI coi. K, Das & J. R. anarmd, RL24UD S, uuaram.,nm. l‘lull]ll.dl
ramgarh, August 20, 2002, col. K. Das, KD2139; Uttaranchal, Bageshwar,
Loharkhet top, September 25, 1999, col. K. Das & J.R. Sharma, KD [083.

Notes : The distinct yellowish to orange basidiomes with indistinctive

odour separate this taxon from other variants under this species.
Lactarius hygrophoroides Berk, & Curt.

Ann. Mag. Nat. Hist. 3rd ser. 4: 293, 1859, var, odoratus, Hesler & Smith,

North American Species of Lactarius. 173, 1979; Bhatt e al,, Ind. Phytopath.

52 {1999) 239; Das & Sharma, Phytotax. 4(2004)4. Pi. 8 fig. 15

Pileus 55-85 mm diam., convex to planoconvex with depressed center;
pile lﬁuiﬁ dry, '\"Eﬁ"l’:'-l‘.jf, dzonaie, grayish reddish orange, soft reddish brown;
margin decurved to incurved when young, gradually plane at maturity, regular.
Lamellae broadly adnate to subdecurrent, distant (excluding lamellulae),
entire, pale orangish yellow, lamelinlae present. Stipe 30-60 x 9-18 mm, central,
cylindric or slightly tapered towards base, glabrous, concolorous with
the pileus. Context solid, white, unchanging. Latex white, unchanging, staining
tamellae pinkish grey on exposure, sticky. Odour strongly alkaline. Spore
print yellowish white,
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Fig. 15. Lactarius kygrophoroides var. odoragtus: a. Basidiomes b, Cheilocystidia
¢. Bastdia d. Basidiospores e. Cross section of pileipellis f. Elements of suprapellis.
Bars: a= 1 mm; b-f= 10 pm.
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Basidiospores 7-9 x 5,8-7.5 pm, broadly ellipsoid to ellipsoid (Q = 1.17-
1.4); ornamentation amyleid, up to 0,5 pm, composed of isolated warts and
ridges forming partial reticulum. Basidia 28-54 x 6-10 pm, clavate, 4-spored.
Pleuromacrocystidia absent. Pleuropseudocystidia abundant up te 8 um
broad, irregularly cylindric. Cheilomacrocystidia 24-45 x 3-5.8 cylindric 1o
subcylindric, scattered. Pileipellis a trichoepithelium to lamproepithelium.
up 1o 130 um thick, composed of two distinct layers; elements of suprapellis
30-90 x 3-8 um, mostly subcylindric to cylindric, with rounded to acute
apex, slightly thick walled (wall up to 1.3 pm thick); suhpellis composed
of pseudoparenchymatous isodiametric rounded cells; cell diameter up to

28 um. Stipitipeltis made up of twe layers as pileipellis. Stipe context heteromerous

with ahinndant enherncvtecn
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Ecology : Common, grows under Quercus leucotrichephora in temperate
mixed forests.

Specimens examined ; Uttaranchal, Champawat, Mayawati, August 15,
2002, col. K. Das, KD2113; Uttaranchal, Nainitail, Ramgarh, August 20, 2002,
col. K, Das, KD2144.

Notes ; The darker bastdiomes with strong alkaline odor in Lactarius
hygrophoroides var. odoratus separate it from the closely related variant
Lactarius hvgrophoroides var. lavendulacens.

Lactarius volemus (Fr.) Fr.

Epicr. Syst. Mycol. p. 344, [848. Agaricus volemis Fr., Syst. Mycol.
1: 69, 1821: Saini & Atri.. Soc. Ind. Natn. Sci. Acad. 48(1982) 455 Atri
& Saini, Geob. N. Rep. 5(1986) 102; Saini & Atri, Geo. N, Rep. 3(1984)
5; Rawla, Ind. Sci. Cong. Proc. (1994) 32; Das & Sharma, Phytotax,

4(2004)6- PL O fig. 16

Pileus 37-80 mm diam., planoconvex, planoconcave or infunduliform
when mature with or without papilia; pileipellis dry, glabrous, slightly areclate
towards center, light to medium orange yellow, medium or deep to brownish
orange, light reddish brown: margin incurved when young, mostly regular.
Lamellae broadly adnate to subdecurrent, rather close (excluding lamellulae),
entire, sometimes forked, ochraceous-white to light orange yellow, brownish
orange or light reddish brown to brown after bruising, lamellulac numerous.
Stipe 58-65 x 8-16 mm, central, cylindric or slightly tapered towards base,
glabrous, concolorous with the pileus or slightly darker towards base. Context
solid, ochraceous yellow, brown on exposure. Latex white, unchanging.

Qdour strong fish like. Spore print white.

Basidiospores 7-10 x 6.6-8.9 um. globose 10 subglobose (Q = 1-1.15);
ornamentation amyloid, up to 0.7 um, composed of ridges forming almost
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Fig. 16. Lactorius volemus var. volemus: a. Basidiomes b. Cheilocystidia c.
Basidiospores d. Plevromacrocystidia e. Cross section of pileipellis. Bars: s = 10
mim; b-e = 10 pm.
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complete reculum, Basidha 39-70 £ 9-12 pm, cylindric 10 subclavate, 2 to 4-
spored. Pleuromacrocystidia 68-87 x 8-12.5 um, emerging up to 35 pm,
aumercous, fusiform to subfusiform-acuminate, very thick walled; wall
up to 4.5 pm broad. Cheilomacrocystidia 36-48 x 4-7 pum, fustform, very
thick walled; wall up to 3 wm broad. Hymeophoral trama cellular with abundant
sphaerocytes. Pileipellis a trichoepithelium up to 125 pm thick;: elements
of suprapellis 17-53 x 3.5-8.2 pum, cylindric to subcylindric, lanceolate, sometimes
septate, thick walled {wall up to 2.5 pym broad}; subpellis composed of
pseudoparenchymatous thick walled celis. Pilear trama with abundant lactiferous
hyphae (up to 13 pm broad). Stipitipellis of two layers as pileipellis.

+ .
ECWE oG

and Rhododendron arboreum in temperate deciduous forests,

Specimens examined : Untaranchal, Bageshwar, Dhakuri, September 26,
1999, col. K. Das & J.R. Sharma, KD1090; ibid., September, 2003, col. K.
Das & LR. Sharma, KD7060; Uttaranchal, Nainital, Mukteshwar, August

12 HUWN) nnd ¥ Thaoas Ty 2. ITitaramah n] Dathasooambih Coards o b o g b e
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27,2001, col, K. Das & J.R. Sharma, KD4014; Uttaranchal, Champawat, Mayawat,
September 29, 2002, col. K. Das & J.R. Sharma, KD4581,

Notes : The yellowish orange to brown, glabrous basidiomes with or
without papilla, yellowish white lamellae becoming brown after bruising

L T Y- - N N ot nmmaian smn Bl o R

and distinct u.ahjf odor characterize the PIesCiil Specics in g field. Moreover,
very thick walled pleurocystidia, globose to subglobose spores with almost
complete reticulation are also very characteristic. Lactarius corrugis with
which this species resembles, has more velvety pileus without papilla and

larger spores
r

Lactarius volemus (Fr.) Fr.

Epicr. Syst. Mycol. 344, 1848. var. flavus Hesler & Smith, North American
Species of Lactarius. p. 165, 1979; Agaricus volemus Fr., Syst. Mycol,
1: 69, 1821; Atri & Saini, Geob. N. Rep. 5(1986} 101; Saini & Atri, Ind.
Phytopath. 46{1993) 363; Das & Sharma, Phytotax, 4(2004)6.

Pl. & fig. |7

Pileus 30-55 mm diam., planoconvex, applanate or planoconcave with
slightly depressed center; pileipellis dry, subvelvety to velvety, often cracked,
pale yellow, buff yellow, pale to light orange yeilow or light yellowish brown:
margin decurved, mostly regular, sometimes splitted. Lamellae emarginate
to subdecurrent, rather close (excluding lamellulae), entire, sometimes forked,
yellowish white to pale yellow, light brown to pale reddish brown after
bl’ll.llSlng, lamellulae numerous. Stipe 45-70 x 9-12 mm, central. cylindric or
slightly tapered towards base, glabrous, concolorous with the pileus. Context
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Fig. 17. Lactarius volemus var. flavus: a. Basidiomes b, Basidiospores ¢.
Pleuromacrocystidia d. Cheilomacrocystidia e, Elements of suprupetlis £ Cross
section of pileipellis. Bars: a= 1(tmm; b-t'= 10} pm.
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solid, yellowish white, gradually brown on exposure. Latex white, unchanging.
Odour strong fish-like. Spore print white.

Basidiospores 6.4-8.3 x 5.8-8 um, globose to subglobose (@ = 1-1.13);
ornamentation amyloid, up to 0.7 pm, composed of ridges forming incomplete
to almost complete reticulum. Basidia 38-55 x 6-10.4 um, clavate, 4-spored.
Pleuromacrocystidia 61-95 x 6-12 pm, numercus, ventricose fusiform to fusoid,
very thick walled; wall up to 4 pm broad. Cheilomacrocystidia 33-74 x 4.5-
7 um, fusiform to subfusiform, very thick walled; wall up to 3.2 pm broad.
Hymeophoral trama cellular with abundant sphaerocytes. Pileipellis a
trichoepithelium up to 85 pm thick; elements of suprapetlis 18-40 x 4-8 pm,
cylindric to subfusoid or lanceolate, sometimes septate, thick walled (wall
up to 2.2 pm thick); subpellis composed of psendoparenchymatous thick
walled cells. Pilear trama with abundant lactiferous hyphae, up to 15.5 ym
broad. Stipitipellis made up of two layers as pileipellis.

Ecology : Common, grows under Quercus lexcotrichophora and Pinus
roxburghii in subtropical to temperate, mixed or coniferous forests.

Specimens examined ; Uttaranchal, Nainital, Mukteshwar, August 19,
2002, col. K. Das, KD2143; Uttaranchal, Pithoragarh, Maitly, September
30, 2001, col. K. Das & J.R. Sharma, KD4022; Uttaranchal, Almora, near
Binsar, August 9, 2001, col. K. Das, KD971.
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o buff, velvety, smaller basidiomes and slightly smaller
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Plate 8: a. Lacrarius hygrophoroides var. odoratus b & c. L. hygrophoroides var.
lavendulaceus d. L. capitatus.
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Plate 9: a. Lactarius volemus var. flavus b & c. L. corrugis d. L. volemus var.
volemus.
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Plate 10: a. Scanning Electron Micrographs of basidiospores: 1-4. Lactarius
capitatus (Mycotaxon 90; 289). Bars = 10 im.
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Subgenus Piperites (Fr.} Kauffman
The Agaricaceae of Michigan p. 88, 1918; Lactarius (Tribus) Piperites
Fr., Epic. Syst. Mycol. p. 333, 1838; Lactarius section Piperites (Fr.)
Quel., Champ. Jura et Vosges p. 194, 1872.

Pileus viscid, slimy or dry, smooth to hairy, azonate to zonate, buff,
orange vellow to greenish blue; margin inrolled to plane; lamellae subdecurrent
to decurrent; stipe mostly concolorous; latex white, yetlow, orange, reddish
brown or blue; basidiospores ornamentation amyloid, in parailel or reticuiate
fashion: pleuromacrocystidia present or absent; cheilomacrocystidia present
or absent; pileipellis an ixocutis to trichoderm. Thirty two taxa in India;
thirteen in Kumaon Himalaya.

KEY TO THE SPECIES

la. LateX Watery OF WERILE vvriiieiiiiiiris s criissinbsiieee s st rensara e s sreserannnes 2

b. Latex orange, very red or deep to dark reddish brown or deep greenish
BIUE 10 DLUE ettt et st s s e ananns B

2a. Latex watery (transparent).........cccnesnccsresescnnnnnenee. L dhakurignus
b LateX WRITE ...t sre s sesbecsreareres 3
3a. Pileus dry; pileipellis a trichoderm .....oco.cvveienissirneicnennn. L dafianus
b. Pileus viscid; pileipellis an ixocutis to ixotrichoderm ... 4

4a. Pileus grayish; spore ornamentation of zebroid pattern.....c.vei

verveereeneenee Lo, Maitlyensis

b. Pileus white to yellow; spore ornamentation as partially complete to

INCOMPIELE TEHCUIMIM ..o sasinrsa res e anre e e eny 3

5a. Pileus yellowish white to pinkish buff, azonate ..... .... L. controversus
b. Pileus azonate to zonate, yellow, grayish yellow, crange yellow with a

SUIVETY TUSIT vt a s er e e st et ane O

6a. LateX UNCRANZINE oot ee et ra s s arassrsnsranens T
b.  Latex YEllOW OR EXPOSUIE .........cceuvrsiirerreerennms e ssimraicresanitesseessesssnse e enss 8
7a.  Pileus distinctly zonate ..............cccoevevincsercennnirnseenennnen.. Lo ZODAFIUS
b.  Pileus azonate ..., L.. alnicola
Ba. Hairs at pileus margin very sticky: stipe pitied or scrobiculate .........

........................................................................................... l.. abbotanus
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b. Hairs at pileus margin nol sticky: stipe not scrobiculate .oooovvvveeees
verveenenns L THAYaWatianus

9a, Latex deep greenish blue ...ooccoovvcvccivciniieence e Ly subindigo
b. Latex orange, red to dark red or reddish brown .......ccooceeveve v v, 10
10a. Latex orange to orange yellow .......coeiivicinneeinean L. deliciosus
b. Latex red to reddish Brown s s s s sssssssenens 11
11a. Latex red; basidiomes grow in association with Pirus ...
veerenrreainen L FUbrifluus

b. Latex reddish brown; basidiomes grow in association with Abies
12

12a. Basidiomes distinctly reddish brown after bruising; pileus margin sulcate;
lamellae and lamellulae relatively distant ..........cocoviieivccnininiecirnen

vereeee -Lee SUDpUrpUTeus

b. Basidiomes distinctly bluish green after bruising; pileus margin regular:
lamellae and lamellulae relatively crowded ...............

veeem e Lo paradoxus

Lactarius shhoetanus K. Das & 1L.R. Sharma

wr LT A

Mycotaxon 88; 378, 2003, Pl 13; fig. 18

Pileus 64-83 mm diam., convex with depressed center, becoming deeply
depressed to funnel shaped with age; cuticle glutinous, sticky, azonate,
increasingly hairy towards margin, dark to deep orange yellow when young,
brilliant yellow to orange yellow at maturity; margin decurved to inrolled,
hairy, hairs long, up to 7 mm, siimy, sticky. Lamellae broadly adnate, distant
(4 per 10 mm), yellowish white, lamellulae in two rows. Stipe 38-45 x 14-18
mm, cylindrical or with broader base, hollow, yellowish white to pale yellow
becoming soft orange yellow after bruising, distinctly scrobiculate or pitted,

—pits medivm 1o soft orange ycilow, base hairy. Context pale yellow, brilliant
yellow on exposure. Latex white, immediately brilliant to yellow on exposure.
Spore print not found.

Basidiospores 8.3-10.5 x 7.4-8.0 um (Q = 1.06-1.34), subglobose to ellipsoid.
amyloid, ornamentation up to 1 pm high, composed of uneven ridges with
acute edges forming partially complete reticulation, often spiny, connected
with fine lines. Basidia 32-43 x 5-7 um, subclavate, 4-spored. Pleuromacrocystidia
55-74 x 7-11.5 pm, abundaat, fusiform 1o conical, projected up 10 48 um
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Fig. 18. Laciarius abborunus: a. Basidiomes b. Basidiospores ¢. Pleurocystidia d.
Cheilocystidiae. Pileipellis. Bars: a= 10 mm; b-e = 10 um.
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beyond hymenial layer. Cheilomacrocystidia 39-47 x 7-8 um, clavate to subciavate,
Paracystidia 26-30 x 8.5-9.5 pm, densely crowded, clavate. Subbymenium
narrow, up to 10 pm thick, cellular. Pileipellis an ixocutis, about 500 pm
thick, composed of densely interwoven thin walled hyphae, hyphae 2.5-4
pm broad. Lactiferous hyphae abundant in pilear trama,up to 8 um broad.

Ecoloow » Rare. orowe 1n cloge aseociation wiat
a2y ! kare, gt Cloge agsociation wy

in temperate deciduous forests.

Specimens examined @ Uttaranchal, Champawat, Abbot Mt., September
23, 2002, col. K. Das & J.R. Sharma, KD4524; Uttaranchal, Champawat, Furti,
September 27, 2002, col. K. Das & J.R. Sharma, KD452%.

Notes : Lactarius abbetanus can easily be recognized in the field by
the azonate, glutinous pileus with glutinous marginal hairs, distant lamellae,
chalky scrobiculate or pitted stipe and white latex turning brilliant yellow
immediately on exposure. Abundant pieuromacrocystidia and fairiy thick
pileipellis also make this taxon distinct.

The above mentioned characters place this taxon into subgenus Piperites
{Fr.) Kauff., section Fiperites Fr. and subsection Scrobiculasi Hesler &
A H. Sm. It is closely allied with L. citriolens Pouzar, L. delicatus Burl.
and L. aquizonatus Kyttv. But unlike the present species, L. citriolens
{Hetlmann-Clausen ¢t al. 1998) has dry marginal hairs, medium crowded

Inmallna ctinae withnut soerahiculag or nitg and emallar SHhOTas (R 2 1 w
LG ilitie, DRl TFALLMWHL Fwiriiuies PA¥S R oHIIRLLEL TRAL D (WS _..r 1

4.7-6.4 um). Distinctly zonate, glabrescent pilevs, faintly to nor-scrobiculate
stipe and smaller spores (7-9.5 X 6-7 um) separate L. delicatus (Hesler &
Smith 1979} from the present taxon. In L. aguizonatus (Heilmann-Clausen
et al. 1998}, the pileus is distinctly zonate, gills crowded and spores are
smaller (6-8.5 x 4-6 pm).

Lactarius alnicola A.H. Smith.

Brittenia 12: 319, 1960; Atri & Saini, Geob. N. Rep. 5(1986) 103; Kavaka
16(1988) 17; Das & Sharma, Phytotax. 4(2004)4. Pl. 12; fig. 19

Pileus 45-90 mm diam., convex-depressed, broadly infundibutiform at
maturity; pileipellis viscid to glutinous, matied fibrillose, obscurely spotted,

pale yellow to light yellow, graduaily orangish after bruising; spots medium
ugllnwmh orange. L amellae decurrent, distant (3-4 per cm), forked, often

L3 LWL i F. ) VL TR 1] IR 2 2L ROLRRRLD iy EFLARIIL FEF 4 LA NNy WA A dd

mtervemed ycllomsh white to cream, lamellulae numerous, Stipe 40-50 x
15-22 mm, cylindric, fibrillose in places, scrobiculate, yellowish white, white
above, gradually orangish towards base after bruising. Coniexi hard, hoitow.

pale to light orangish yellow. Odour mild. Taste acrid. Latex white unchanging.
Spore print yellowish white to very pale yellow,



Fig. 19. Lactarius alnicola: a. Basidiomes b. Cheilocystidia c. Basidiospores §.

Pleuromacrocystidia e. Pleeropseudocystidia f. Cross section of pileipellis. Bars: a
= 10mm; b-f= 10um.
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Basidiospores 8.6-10.2 x 7.5-9.2 ym, globose to broadly elhipsoid (Q =
1.01-1.27); ornamentation amyloid, up to 1.4 pm high, composed of warts
and ridges forming partially complete reticulation. Basidia 35-45 x 8-11 pm,
clavate, 4-spored. Pleuromacrocystidia 45-70 x 5-8 ym, almost fusiform with
wavy walls near apex. Pleuropseudocystidia 5-7 um broad, cylindrical. Lameliae
edge sterile. Chellomacrocystidia 30-40 x 6-10 um, clavate. Hymenophoral
trama composed of interwoven hyphae and lactifers. Pileipeliis an ixocutis
to ixotrichoderm, 250-300 um thick, composed of repent to ascending hyphae
{up 10 4 pm broad). Stipipellis composed mostiy of repent hyphae.

Ecology : Rare, grows in ectomycorrhizal association with the species
of Abies in the temperate mixed forests.

Specimens examined : Uttaranchal, Bageswar, Dhakuri, Seprember, 1999,
col. K. Das & J.E. Sharma, KD31036, KIDD1045.

Notes : The species can be distinguished by buff 1o vellowish basidiomes,
scrobiculate stipe, matted fribillose pileus with naked margin and white
unchanging latex. Lactarius alfnicola is close to L. scrobiculatus but the
latter has smaller spores (Heilman-Clausen, 1998).

Lactarius controversus (Er.) Fr.

o B |

Epicr. Syst. Mycol. p. 335. 1
1: 62, 1821; Wailing & Gre

838; Agaricus coniroversus Fr., Syst, Mycol.
%71 gory, N. Hedwigia 32(1980) 536; Abraham
et al, Kavaka 9(1981)38; Rawla, Bio. Ind. (2002) 226; Das & Sharma,
Phytotax. 4 (2004)4, Fig. 20

Pilews 70-110 mm, convex to planoconvex with depressed center,
infundsbuliform at maturity; pileipellis viscid, azonate, yellowish white, pinkish

Lameilae adnate to slightly decurrent, rather crowded (8-9 per em), light
pinkish yellow; lamellulae in different series. Stipe 30-45 x 13-20 mm, cylindric
or slightly tapering downwards, yellowish to pinkish buff. Cojtext white,
stuffed, hpHow at maturity. Latex white, unchanging. Taste slowly acrid.
Spore print pinkish buff.

Basidiﬁspums 6-7.7 x 5-5.8 pm, broadly ellipsoid to ellipsoid (Q=1.17-

1.45); ornamentation amyloid, up to 0.5 pm high, composed of ridges and
few warts forming partially complete reiiculation. Basidia 45-35 x 7-10 pm,

cylindric to subclavate, 4-spored. Pleuromacrocystidia 40-54 x 7-10 um, emergent
up 10 10 pm, cylindric to fusiform with mucronate to moniliform apices,
often with irregular subapical consirictions. Pleuropsendocystidia up to
5 pm broad, cylindrical with rounded apices. Lamellae edge sterile.

Cheilomacrocystidia 30-40 x 4-6 pum, fusiform with mucronate apices. Paracystidia
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Fig. 20. Lactarius controversus: a. Basidiomes b. Basidiospores c. Paracystidia d.
Cheilocystidia e. Pleuropseudocystidia f, Pleuromacrocystidia g. Pileipellis. Bars: a
= lﬂmm: b—g =10 pim.
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14-20 x 5-8 um, cylindric to subclavate. Piteipellis an ixocutis, up to 380
um, composed of parallel to subparallel hyphae (up to 3 ym broad).

Ecology : Rare, grows ectomycorrhiza with the species of Quercuy
and Rhododendron in the temperate mixed foresis,

Specimens examined : Uttaranchal, Champawat, Mayawati, September,
2002, col. K. Das & J.R. Sharma, KDD4555; Uttaranchal, Almora, Mornoula,
October, 2002, col. K. Das & J.R. Sharma, KD4573.

Notes . Morphologically, L. controversus resembles L. piperatus but
the latter has no tinge of pink in the basidiomes and has the white latex
which turns cream to yellow on exposure.

Lactarius dafianus K. Das, ].R. Sharma & Verbeken
Mycotaxon 88: 338, 2003 Pl 13; fig. 21

Pilcus 65-75 mm diam., convex, applanate with depressed center when
mature; pileipellis slightly moist, medium to dark reddish orange becoming
deep reddish purple or blackish at center, zonate; zones more distinct towards
periphery. Lamellae rather dense (3 per ¢m), emarginaie to subdecurrent,
forked, Jamellulae in several rows, light yellowish pink. Stipe 25-32 x 8-11
mm, cylindric, slightly tapering towards base, medium reddish to rusty brown;
context hollow, pale to pale orange yellow. Latex watery white, unchanging.
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Basidiospores pm (Q =1 3,
ellipsoid; ornamentation amyloid, up to 1 pm high, composed of rather
spiny warts and ridges, often aligned or connected, never forming a complete
reticulum, at most a very incomplete reticulate pattern, but isolated warts
and ridges mostly quite abundant; plage not or very slightly distally amyloid.
Basidia 35-45 x 10-12 um, subcylindric to subclavate, 4-spored. Pleuromacrocystidia
55-84 x 6-11 pm, abundant, fusiform with mucronate to moniliform apices,
with needle-like contents, originating rather deep in the hymenium. Lameltae
cdge with scattered basidia and cheilomacrocystidia. Cheillomacrocystidia
54-70 x 5-10 pm, lanceolate to fusiform, contents as in pleuromacrocystidia.
Hymenophoral trama composed of hyphae and abundant sphaerocytes,
lactifers up to 8 um broad. Pileipellis a loosely interwoven trichoderm, up
to 80 pm thick; terminal elements 30-60 x 3-6 pm, cylindric.
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Ecology : Rare, grows in close association with Rhododendron arboreum
in temperate deciduous forests.

Species examined : Uttaranchal, Pithoragarh, Dafia Dhora, October
3, 2001, col. K. Das & ).R. Sharma, KD4039; Untaranchal, Pithoragarh, Kannar,
Ociober 4, 2001, col. K, Das & L.R. Sharma, KD40ORS.
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Fig. 21, Lactarius dafianus: a. Basidiomes b. Basidiospores c. Pleuromacrocystidia
d. Basidia ¢. Cheilomucrocystidia f. Pleuropseudocystidia g, Pileipellis. Bars: u= 10
mm; b-g = O pm.
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Notes ; The dry pileus, urnchanging latex, non-scrobiculate stipe, trichoderm
pattern of pileipellis and incomplete reticulate arrangement of warts and
ridges on basidiospores place this species under the subgenus Piperites
{Fr.) Kauffman, section Celorati (Bat.) Hesler & A H. Sm. Lactarius dafianus
resembles L. rufus (Scop.: Fr.) Fr., but the laiter differs by the azonate pileus
with a distinct umbo. Furthermore, in L. rufus, spore print is “cream buff
to pale pinkish buff” in colour and spores are larger [8.5-10.5 (12} x 6-7.5
{(-8) ym] (Hesler & Smith 1979).

Lactarius deliciosus (Fr.) Gray

Nat, Arr. Brit. Pls, 1: 624, 1821, Agaricuy deliciosus Fr., Syst. Mycol.

1: 67, 1821; Berk., Hock. J. Bot. 4{1852) 134; Saini & Airi, Soc. Ind.

Natn. Sci. Acad, 48(1982) 456; Geob. N. Rep. 3(1984) 5; Atri & Saini,

Geob. N. Rep. 10(1991) 107; Rawla, Bio. Ind. (2002) 228; Das & Sharma,
4
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Pileus 40-100 mm diam., convex with depressed center, pianoconvex
to broadly infundibuliform at mn[ﬂrltv nﬂmnp‘llm vizcid digtinctly rzonate
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with broad and narrow concentric zones, soft to very orange darker at
the zonatmn whmsh between two concentnc rmgs. graylsh green after

dlstanl‘. (3 4 per cm) soft orange to orange yellow, sln:)wl}r grayish green
after bruising; lamellulae in different series. Stipe 35-70 x 8-22 mm, cylindric
to clavate, concolorus with pileus, grayish green after bruising. Context
hollow, light yellowish orange. Latex very orange yellow to soft orange,
staining lamellae grayish green afier sometime. Gdour fruity. Taste mild.

Basidiospores 8-10.5 (11) x 6-7.6 um, broadly ellipsoid to ellipsoid
(Q = 1.17-1.6); ornamentation amyloid, np to 0.5 pm high, composed of
mainly ridges forming incomplete reticulation. Basidia 40-55 x 9-12 pm, cylindric
to subclavate, 4-spored. Pleuromacrocystidia 50-72 x 7-10 pm, uncommon,
subfusiform with mucronate to moniliform apices. Lamellae edge sterile.

Cheilomacrocystidia same as plewromacrocystidia. Paracystidia 18-28 x 7-

10 um, nhlmrlsmr rnnurl-u clavate, Ptlmnpllm an ixocutis, up to 100 um thick
F L et Flll RLLES By

composed of branchcd septate hyphae hyphae up to 6 pm broad.

Ecology : Common, grows in close association with the species of
Quercus, Rhododendron and Abies in the temperate mixed forests.

Specimens examined : Uttaranchal, Bageswar, Dhakuri, September, 1999,
col. K. Das & J.R. Sharma, KDi007, KD1013, KD1019; ikid., September,
2003, col, K. Das & J.R. Sharma, KD7013, KD7016, KD7040, KD7(42, KD7043.

Notes ; Lactarius deliciosus is distinguished easily in the field by
viscid zonate orange pileus which changes to grayish green after bruising,
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Fig. 22. Lactarius deliciosus: a. Basidiomes b. Basidiospores ¢. Paracystidia d.
Pleuromacrocystidia e. Basidia f. Pilejpeliis. Bars: a = 10 mm; b-f = [Q pm,
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carrot orange unchanging latex, zonate pileus, fruity odor. Lactarius sanguiffuus
which resembles with Lactarius deficiosus, can be separated by brownish
red latex {(Heilmann-Clausen ef af. 1998).

Lactarins dhakurianus K. Das, Basso & J.R. Sharma

Myeotaxon 91: 3, 2005. Fig. 23

Pilens 60-90 mm diam., convex, planoconvex with slightly depressed
center at maturity; pileipellis slightly slimy, unpolished, smooth, irregularly
granulose all over, light to medium orange yellow, brilliant orange yellow
or ochraceous; margin incurved to decurved, regular, sometimes splitted.
Lamellae broadly adnate to adnexed, distant (2-3 per cm), concolorous with
the pileus, often with brownish spots at maturity; lamelluiae of similar length.
Stipe 50-65 x 16-23 mm, cylindric or tapering towards base, upper part concolorous
with pileus, paler towards base, often with irregular brown spots towards
base. Context solid, yellowish white to pale yellow, slowly becoming slightly
brownish. Latex transparent, watery, unchangmg Odour aromatic. Taste
acrid. Spore print yellow white.

Basidiospores 5.7-8 x 4.2-6.3 um, subglobose to eliipsoid (Q = 1.28);
ornamentation less than 0.5 pm, amyloid, composed of numerous irregular
warts, not or rarely connected by fine lines; plage inamylioid, distinct. Basidia
28-50 x 6-9 pm, subcylindric to clavate, 2 to 4-spored; sterigmata up to 5
pm long, Pleuromacrocystidia absent. Pleuropsendocystidia 4-7 pm broad,
irregularly cylindric with rounded apices, contents dense. Paracystidia 35-
50 x 6-8 um, ¢ylindric to clavate. Lameliae edge fertile. Cheilomacrocystidia
absent. Cheilopsendocystidia up to 6 pm broad, cylindrical. Paracystidia
subclavate to clavate. Subhymenial layer up to 28 um thick, cellular. Hymenophoral
trama cellular with sphaerocytes and few hyphae; cells up to 40 um diam.
Pilemplhq an ixocotis, cnmnn‘:nd mostly of repent nnmllpl and interwoven

hyalme hyphae submerged under a very thln gluten layer; hyphae up to
3.5 pm broad. Stipitipellis a cutis, composed of paralle! hyphae; hyphae
up to 5.5 pm broad.

Ecology : Rare, grows in association with species of Rhododendron
and Quercus in deciduous temperate forests.

Specimens examined : Uttaranchal, Bageswar, Dhakuri top, September
19, 2003, col. K. Das & J.R. Sharma, KD7025; ibid., September 29, 1999,
col. K. Das & J.R. Sharma, KD1008.

Notes : Lactarius dhakurianus was found only at the survey sites in
the forests surrounding Dhakuri, It can easily be distinguished in the field
by the orange yellow to yellow ochre pileus, distant lamellae with a single
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row of lamellulae and watery (transparent) unchanging latex. Microscopically,
the absence of hymenial macrocystidia is also very characteristic,

Lactarius dhakurianus resembles Indian species L. himalavana Rawla

2 Qarwal and tha Amariecon crariae T willarsawnafure iR AL Hoagwavar tha
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pale yvellow pileus, the crowded lametlae with 1-3 rows of lamellulae, the

pruinose stipe and the different spore ornamentation with warts “mostly
joined by thinnish ridges to form a partial network with few meshes” and
cutis arrangement of pileipellis separate L. himulayana (Rawla & Sarwai
1983} from the present taxon. Similarly, the zonate villose pileus, subdistant
famellae, the reticulate pattern of basidiospore ornamentation and the presence
of pleuromacrocystidia are the characters which separate L, villozonatus
{Hesler & Smith 1979, Burlingham 1932) from L. dhakurianus.

Moreover, the present species also shares some features with L. aureifolius
Verbeken and L. aurantifelius Verbeken, both African species. L. aureifolius
(Verbeken & Walleyn 1999), however, differs in the presence of white latex,
lamellae with 3-5 rows of lamellulae, basidiospores with suprahilar plage
and with a central amyloid spot. L. aurantifolius {Verbeken 1996) has white
latex, white fimbriate lamellac edge and larger basidiospores (7.4-9.6 x 5.9-
7.3 pm).

Lactarius maitlyensis K.Das, J.R. Sharra & Verbeken

Mycotaxon 88: 336, 2003, PL. 13; fig. 24

Pileus 40-70 mm diam., convex, appianate with slightly depressed center
at maturity; pileipeliis viscid, faintly zonate to azonate, greyish to deep
grey-reddish brown with pale yellow areas and darker center; margin decurved,
somewhat wavy. Lamellae adnate to emarginate, subdistant to rather dense
(4-5 per cm), with two rows of lamellulae, yellowish white to pale yellow,
Stipe 38-50 x 7-10 mm, subcylindric or tapered towards base, yellowish
white, grey-yellowish brown towards base. Context firm, yellowish white
bc\.—ﬁi’i’iiﬁg uulg}f b].l-}'“f"j.r Latex Wlul.l;, uﬁCGi‘ﬂiﬁg 1igu|. Efﬁﬁi’iiSu }'Euﬁw on
exposure. Spore print yellowish white.

Basidiospores 6.5-8 x 5.7-6.7 ym (Q = 1.02-1.21), globose to broadly
ellipsoid; ornamentation amyloid, wp to 1.5 pm high, composed of ridges
and warts in a distinct zebra-like pattern; ridges often with a somewhat
knoity aspect; plage not or very slightly distally amyloid. Basidia 35-50 x
um). Pleuromacrocystidia 50-90 x 9-14 um, abundant, emergent up to 33
pm, irregularly subclavate to fusiform, apices subacute to often very long
and narrow, with needle-tike contents. Pleuropseudocystidia moderately
abundant, cylindric, but often with very irregular, knotty apices, 3-4 pm
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Fig. 24. Lacrarius maitlyensis: a. Basidiomes b. Pleuromacrocystidia ¢, Basidia d.
Basidiospores . Marginal cells f. Pleuropseudocystidiz g. Cross section of
pileipellis. Bars: 8 = 10 mm; b-g = 10 um.
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broad. l.amellae edge sterile; marginat cells 25-40 x 4-7 um, subclavate to
fusoid or ¢yhindric. Cheilomacrocystidia absent. Cheilopseudocystidia 25-
40 x 4-7 pm, subclavate 1o fusoid. Hymenophoral trama cellular with sphaerocytes
and hyphae, lactifers abundant, up to 10 um thick. Pileipellis an ixocutis,

up to 150 um thick, composed of thin, 3-4 pm broad, hyaline hyphae.

Ecology ' Rare, grows in ectomycorrhizal association with Quercus
leucotrichophora in the subtropical to temperate mixed forests.

Specimens examined @ Uttaranchal, Pithoragarh, Maitly, October 20,
2001, col. K. Das & J.R. Sharma, KD4030; Uttaranchal, Pithoragarh, Maitly
top, October 3, 2001, col. K. Das & J.R. Sharma, KD4034.

Matee + Yacrtaoriae
faintly zonate to azonate greyish brnwn pileus, white latex, changlng e
lemon yellow on exposure. Microscopically, zebroid spores, irregularly subclavate
to fusiform macrocystidia with needle-like contents and a pileipeliis of ixocutis

arrangement are also very characteristic.

morn Alnoinn LR ET)
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Lactarius maitlyensis belongs to subgenus Piperites (Fr.) Kauffman,
section Glutinosi Quél,, subsection Pyrogalini Singer and resembles L.
pyrogalus (Bull.: Fr.} Fr. and L. flexuosus (Pers. : Fr.} Gray, both European
species, Distinctly zonate pileus, smalier spores (5,2-7.7 x 4.5-6.2 pm), and
plenrocystidia with acute to mucronate apices without needle-like contents
(Heilmann-Clausen et al, 1998) separate L. pyrogalus from the present
taxon. Similarly‘ larger (30-11{} mm) basidiocarps, unchanging white latex,
lﬁfgﬁf SpOCEs (6-8.6 x 5-6.9 j.ii'ﬂ} and lcgumuy shaped pleurocystidia without
needle-like contents (Heilmann-Clausen et al. 1998), are the characters which

separate L. flexuosus from L. maitlyensis.

The present species also shares some features with Lactarius xanthogalus
Verbeken & E. Horak and L. cristularus Montoya & Bandala, both having
spores with zebroid ornamentation patterns. Lacrarius xanthogalus even
has white latex, which immediately changes to sulphur yellow on exposure
and subglobose to broadly ellipsoid spores (Q = 1.16-1.23 in average) (Verbeken
& Horak 2000). L. xanthogalus, however, differs in colour of basidiocarp,
which is “orange-yellow, evenly orange, with age gradually changing to
paler concolourous, cream-coloured or whitish” and the larger spores (8.8-
9.8 x 7.5-7.9 um) in average (Verbeken & Horak 2000). Lactarius cristulatus
has basidiocarps which are grey in colour, although these tend to present
olivaceous tinges, the latex is invariable and the spores are definitely more
ellipsoid “.., 'Q" = 1.26-1.38...” (Montoya & Bandala 2003).
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Fig. 25. Lactarius mayawatianus: a. Basidiomes b. Basidiospores ¢. Pleurocystidia
d. Cheilocystidia e. Pileipellis. Bars: a = [0 mm; b-e = 10 pm.
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Lactarins mayawatianus K. Das & J.R, Sharma

Mycotaxon 88: 380, 2003. Pl 13; fig. 25

Pileus 40-75 mm diam., at first convex with depressed center, later umbilicate

11 A1NE11 RAdafil e A8 il ARy AR UJ||'\.-'H.'|.-\-

with center deeply depressed, often cracked at maturity; cuticle smooth
at center, increasingly hatiry towards margin, hairs sometimes confluent
to form adpressed triangular scales, viscid, faintly zonate when young,
azonate with age, brilliant to light orange yellow, paler at maturity; margin
inrolled, hairy when young, forming a roll of cottony tissue almost covering
the gap between the edge of margin and the stipe, hairs deep yellowish
brown when matore, margin gradually expanding and tomentose to smooth
when mature; context yellowish white. Lamellae medium crowded (7-9 per
cm ), decurrent, yellowish white, lamellulae in many rows. Stipe 40-92 x 9-

16 mm, Pvlmdnrnl or narrower towards base, hollow, non-serohiculate, Latex
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white, pale greenish yellow (lemon yellow) on exposuare, Spore print pale
yellow.

Spores 7.5-9.0 x 5.8-7.0 pm (Q = 1.22-1.38), broadly ellipsoid to ellipsoid,
amyloid, ornamentation up to 0.7 pm high, composed mainly of ridges with
acute edges forming an incomplete reticulation, few isolated warts present.
Basidia 33-41 x 6.5-8.5 ym, subclavate, 4-spored. Plenromacrocystidia 53-
76 x 9.5-12 pm, fusiform to lanceolate, apex mucronate or sometimes with
forked apical appendices, projecting up to 36 pm beyond hymenial layer.
Cheilomacrocystidia cylindrical to fusiform with acute apices, 44-63 x 8-

10 pm. Subhymenial layer up to 10 pm thick, cellular. Pileipellis an ixocutis,
up to 76 um thick, mostly composed of parallel hyphae, hyphae thin walled,
2.5-3.5 ym broad. Lactiferous hyphae up to 8.5 uym broad, abundant in
pilear trama.

Ecology : Rare, grows in ectomycorrhizal association with Rhododendron
arborewm Sm. in temperate deciduous to mixed forests.

Specimens examined : Uttaranchal, Champawat, Mayawati, September
28, 2002, col. K. Das & J.R. Sharma, KD4549; Uttaranchal, Champawat, Furti,
September 29, 2002, col. K. Das & J.R. Sharma, KD4551; Uttaranchal, Aimora,
Mornoula, October 6, 2002, ¢ol. K. Das & J.R. Sharma, KD4582,

Notes . It is readily recognized by the presence of a roll of cottony
lissue at young age, which disappears slowly and the pilear margin becomes
glabrescent to smooth at maturity, brownish adpressed pilear hairs, crowded
lamellae with numerous lamellulae and a non-scrobiculate stipe.

Morphologically, L. mayewatianus seems to be closely related 1o
L. gossypinus Hesler & A H. Sm. and L. scrobicularus (Scop.:Fr.} Fr.
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But L. gossypinus (Hesler & Smith 1979) can, however, be separated from
L. mayawatianus by zonate pileus, lamellae with pinkish tinge, watery,
unchanging latex, white spore deposit and lower spore ornameniation (up
ta 0.2 um high). The basidiomes of L. screbicufatus (Heilmann-Clausen

et af, 1008) are larger {60-200 mm), mntensely Upl]r“:u with dmflpr‘ﬂ_v hl"lT‘IF}J’

A FFGy el ahian erns LEELER Laiiiciacraes SrEinAYY PV ARAL WicrvaRlwa

coloured zones, and the above all scrobicuiate stipe has irregularly shaped
brown pits. Microscopically, the warts and ridges on spores are up to |
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Mycologia 32: 584, 1940, Atri & Saini, Geob, N. Rep, 3(1930) 102; Rawla,
Bio. Ind. (2002) 232; Das & Sharma, Phytotax. 4(2004)5. Pl. 12; fig. 26

Pileus 45-75 mm diam., convex with depressed center, slightly infundibuliform
at maturity; pileipelis viscid, indistinctly zonate, greenish yellow, dark yellow,

medium to dark orange yellow with silvery lusture, pale green, light to
medium bluish green or deep to dark bluish green after maturity or bruising:
margin inrolled to incurved when young, slightly decurved at maturity.
Lamellae subdecurrent to decurrent, subdistant (5-6 per cm); medium orange
vellow, dark vellowish pink or medium reddish orange, changing deep
bluish green, dark yellowish green, dark green to dark bluish green after
bruising or maturity; lamellulae numerous. Stipe 40-62 x 10-20 mm, cylindric
to clavate, mostly concolorus with pileus. Context hollow. Latex copius,
dark reddish brown (vinaceous brown), staining the lamellae distinctly greenish
on exposure. Odour indistinct. Taste mild. Spore print yellowish white to
paie yellow,

Basidiospores 8-9.3 x 6-7.2 um, subglobose to ellipsoid (Q = 1.14-1.58),
ornamentation amyloid, up to 4.5 um high, composed of broken reticulum.
Basidia 40-51 x 10-12 pm, subclavate to clavate, 4-spored, sterigmata up
to 9 pm long. Pleuromacrocystidia absent. Pleuropseudocystidia, up to 6

um hrnnrl n.hundn.n'r contants denga Chei nmgnrnnuuhrhn 40-50 x 3-5 pm,
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cy]mdncal with acute to rounded apices. Pilclpelhs an 1Xoculis, up to ]DO
pm thick.

Ecology : Rare, grows ectomycorrhizally with the species of Quercus,
e deciduous to mixed foresis.
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Specimens examined ; Uttaranchal, Bageswar, Dhakuri, October 1999,
¢ol. K. Das & J.R. Sharma, KD1052: Uttaranchal. Pithoragarh. Dafia Dhura.
October, 2001, col. K. Das & J.R. Sharma, KD4060, KD4068.

Notes : Lactarius paradoxus is quite close to L. rubriftuns and L.
subpurpureus. But both L. rubriffuus and L. subpurpureus have distinctly
distant arrangement of lamellae and lumellutie. Moreover. latex of L. riebrifliesny
is dark 1o deep red.
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Fig. 26. Lactarius paradoxus: a. Basidiomes b, Cheilocystidia ¢, Basidia d.
Basidiospores e. Pleuropseudocystidia f. Cross section of pileipellis. Bars: s = 10
may; b-1 = [Gum.
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Fig. 27. Lactarius rubriffuus: a. Basidiomes b. Basidiospores c. Basidia d.
Pleuromacrocystidia e. Cross section of pileipellis. Bars: a = 10 mm: b-e = 10 pm.
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Lactarius rubriflous Gillet

Linn. Normandie Ser. 11, 4: 255, 1870; Sharma & Das, Phytotax.
as & Sharma, Phytotax. 4({2004)}5. Pl. 11, fig. 27

SAAFRRSA Fer

Bull. Soc. L
2(2002) 14: Da

Pileus 30-55 mm diam., applanate to depressed; pileipellis smooth, viscid,
zonate, dingy orange, brownish orange to light brown, reddish orange to
very red soon after bruising, dark bluish green to deep green after sometime;
margin somewhat incurved, irregularly elevated to loabed, reddish, Lameliae
subdecurrent to decurrent, distant (ca 4 per cm), forked, light reddish orange,
deep greenish blue where bruised; lamellulae present. Stipe 17-30 x 5-10
mm, central, equal, medium orange yellow to reddish orange, sometimes

with deep yellowish green to deep bluish green patches. Latex dark to
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Basidiospores 8-10 x 5.7-6.6 ym, amyloid, broadly ellipseid (Q = 1,25-
1.40); ornamentation amyloid, up to 1 um high, composed of incompiete
to complete reticulum. Basidia 40-50 x 8-10 um, clavate, 4-spored.
Pleuromacrocystidia 41.5-53.2 x 9-12 pm, ventricose. Cheilomacrocystidia
not found. Subhymenial layer up to 19 pm, cellular. Hymenophoral trama
interwoven; hyphae up to 3.5 pym broad, lactifers numerous up to 5 pm
broad. Sphaerocytes abundant in pileus trama, up fo 22 pm diam. Pileipellis
an ixocutis, about 60-70 pm thick, composed of somewhat parallel septate

hyphae.

Ecology : Rare, grows in ectomycorrhizal association with the species
of Pinus in the subtropical 1o temperate coniferous forests.

Specimens examined : Uttaranchal, Almora, August, 2001, col, K. Das,
KD9(2: Uttaranchal, Bageswar, Kausani, August, 2001, col. K. Das, KD922.

- Lacrarius rubrifiuus is distingoished by light brown pileus,

for o
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zoned with reddish margin, light reddish orange, dlstant Iame]lae, bruising
deep greenish blue. The red to deep red and unchanging latex is also quite
distinct in the field. In the exudation of coloured latex, the present species
appears closely related to L. sangwifiuus (Paulet) Fr., reported eartier by
Lakhanpal, er af. (1987). But in L. sanguifluus the dark to deep reddish
brown latex turns greenish on exposure and the lamellae are also closer

as compared to the present species.

Funhe r, L. rubrifluus is also easily separated from L. paradoxus Beardsfee
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Fig. 38, Lacrarius subindige: a. Basidiomes b, Basidiosporcs v.
Pleuropseudocystidia ¢. Basidia e. Cross section of pileipellis. Bars: a = [0 mm: b-
e=0pum.
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Lactarius subindigo Verbeken & E. Horak

Aust, Syst. Bot, 13: 651, 2000; Sharma & Das, Mycotaxon 88(2003)
382; Das & Sharma, Phytotax. 4(2004)5. Pl. 11, fig. 28

Pileus 35-70 mm diam., at first convex with depressed center, later urnbilicate
when mature; cuticle viscid when moist, zonate, medivm greenish to medinm
blue with silvery lustre, sometimes medium yellow with age; margin strongly
incurved when young, plane when mature. Lamellae decurrent, crowded
(10-14 per 10 mm }, lamelluiae in several rows, light to medium greenish
blue, deep to very deep greenish blue after bruising. Stipe 25-40 x 6-10
mm, cylindrical or gradually tapered towards base, concolorous with pileus,
scrobiculate, hollow. Context brittle, light greenish to light blue. Latex dark
to deep greenish blue, unchanging. Spore print yellowish white.

Spores 7-8.5 x 5.5-7.2 pm {Q = 1.18-1.38), broadly ellipsoid to ellipsoid,
armyloid, ornamentation up to 0.5 pm high, composed of blunt ridges forming
partial to incomplete reticulation, isolated warts abundant. Basidia 40-64
x 7-8.5 um, subclavate, 4-spored. Pleuromacrocystidia and Cheilomacrocystidia
both absent. Pseudocystidia abundant, shape irregular, 30-53 x 3-5 pm. Subhymenial
layer 12-14 um thick, cellular. Pileipellis an ixocutis, 50-80 pm thick, composed
of interwoven hyphae, hyphae up to 3 pm broad. Lactiferous hyphae abundant
in pilear trama, up to 7 pm broad.

Ecology : Common, grows ectomycorrhizally with Quercus leucotrichophora
in the temperate deciduous and mixed coniferous forests.

Specimens examined : India, Uttaranchal, Champawat, Abbot Mount,
2200m, on ground, September 24, 2002, col. K. Das & ] .R. Sharma, KD4525;
Uttaranchal, Champawat, Mayawati, September 30, 2002, col. K. Das & ].R.
Sharma, KD4550; Uttaranchal, Almora, Mornoula, Qctober 6, 2002, col. K.
Das & JR. Sharma, KD4584,

Nates : Lactarius subindigo belongs to section Dapetes Fr. and is
quite common in Kumaon Himalaya. It can be identified by overall indigc
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surface with a silvery lustre, biuish latex and scrobiculate, hollow stipe.

This species is distinguished from the closely related L. indigo (Schwein.)
Fr. by the absence of true pleurocystidia, cheilocystidia and smaller spores
(ca7-9.5 x 6-7.5 pm in L. indigo) with wider and more rounded ridges (Verbeken
& Horak 2000). The overall bluish appearance, L. subindigo may also share
with L. quieticolor. But the pate yellowish pink 1o light orange lamellae,
orange latex turning reddish brown on exposure and true cystidia clearly

ool s Ty

separate L. guieticolor from L. subindigo.
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Fig. 29. Lacrarius subpurpureus: a. Basidiomes b, Basidiospores ¢. Cheitocystidia
d. Pleuromacrocystidia e. Pleuropseadocystidia f. Cross sectiog of pileipellis. Burs:
a=10mm; b-f=10pum.
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Lactarius subpurpureus Peck

Ann. Rep. N.Y. State Mus. 29: 43, 1878, Watling & Gregory, N. Hedwigia
32(1980) 537; Saini & Atri, J. Ind. Bot. Soc. 69(1990) 475; Atri & Saini.
Geob. N. Rep. 5(1980} 102, Das & Sharma, Phytotax. 4{2004)5,

Pl. 12; fig. 29

Pileus 47-110 mum diam, convex with depressed center, gradually planoconvex
to infundibuliform at maturity; pileipellis viscid, zonate, vellowish gray,
gray yellowish brown, pale to medium yellowish pink, pinkish gray, dark
to very deep red at the margin and at the concehtric zones, ochraceous
with silvery lustre when mature, often light to mediam bluish green at the
center; margin curved when young, plane at maturity, sulcate. Lamellae
subdecurrent to decurrent, distant (3-4 per cm) thick, pinkish yellow, few
forked near the stipe; very dark to deep red after bruising on exposure;
lameltulae present, Stipe 41-50 x 12-24 mm, equal to subclavate, silvery
white ring at the juncture of lamellae and stipe, dark yellowish pink, light
redish brown, often with a silvery lustre at maturity. Latex dark reddish
brown (vinaceous brown). Spore print pale ochraceous.

Spores 8-10.5 x 6-8.2 pym, broadly ellipsoid to ellipscid [Q = (1.12) 1.18-
1.5], ornamentation amyloid, up to 0.5 pm, composed of ridges forming
incomplete reticelation. Basidia 30-35 x 8-11 uym, clavate, 4-spored; basidioles
frequent. Pleuromacrocystidia 50-75 x 6-9 um, emergent up to 26 um, fusoid
to subcylindric with acute apices, hyaline. Pleuropseudocystidia irregularly
cylindric, Lamellae edge fertile. Cheilomacrocystidia 28-38 x 6-8 pym, clavate,
hyaline. Pileipellis an ixocutis, up to 220 um, composed of almost parailel
hyphae. Hymenophoral trama heteromerous.
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the temperate mixed coniferous forests.

Specimens examined : Uttaranchal, Bageswar, Dhakun, September, 1999,
col. K. Das & J.R. Sharma, KD1026, KD 1046, KD1042, KD} 1050; Uttaranchal,
Bageswar, Dhakuri, September, 2003, col. K. Das & J.R. Sharma, KD7086.

Notes : Lactarius subpurpureus is distinguished by the distant lamellae,
zonate sulcate pileus and dark reddish brown latex. It resembles L. paradoxus
but can be separated from the fatier by the disunctly zonate pileus with
sulcate margini comparatively distant arrangement of lamelluae and lamellulae,

LBl 213438 L e e

Lactarius zonarius (Bull,) Fr.
Epicr. Syst. Mycol. 336, 1838, Agaricus zonarius Bull.; Saini & Atr,
Ind. Phytopath. 35(1982) 267; Atri & Saini, Kavaka 16(1988) 17; Das
& Sharma, Phytotax. 4(2004)6. 1782, P1, 104,
PI. 12: fig. 30

Pileus 44-110 mm diam., convex with depressed center, deeply depressed
to infundibuliform at maturity; Pileipellis viscid, glabrous, distinetly zonate,
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Fig. 30. Lactarius zonarius: a. Basidiomes b. Basidiospores ¢. Basidia d.
Pleuromacrocystidia e. Cross section of pileipellis. Bars: a = 10 mm; b-¢ = 10 ym.
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achraceous to orange yellow; margin incurved, tomentose when young,
slightly uplifted and quickly naked at maturity. Lamelilae subdecurrent to
decurrent, close (7-10 per cm), sometimes forked near stipe, vellowish white,
ochraceous where injured, lamellulae present. Stipe 23-50 x 7-18 mm, central,
cylindric or tapering at base, scrobiculate, concolorus with pileus. Context
yellowish white to pale ochraceous, hollow. Latex white unchanging. Odour

fruity. Taste acrid. Spore print yellowish white.

Basidiospores 7-9.2 x 5.2-7.5 um, subglobose to broadly ellipsoid (Q
= |.11-1.28); ornamentation amyloid, up to 1 um high, composed of warts
and ridges never forming reticulation, Basidia 34-50 x 7-10 um, subclavate,
4-gspored. Pleuromacrocystidia 35-60 x 5.5-7.5 pym, emergent up to 14 um,
fusiform to moniliform. Pleuropseudocystidia up to 5.5 uym broad, medium
abundant, irregularly cylindrical with rounded apices. Lameltae edge sterile.
Cheilomacrocystidia 23-39 x 3.3-6.4 pm, fusiform. Piteipellis an ixocutis, up
to 150 pm thick; hyphae up to 5 um broad.

Ecology : Abundant, grows ectomycorrhizally ‘with the species of Quercus,
Rhododendron in the temperate deciduous forests.

Specimens examined : Uttaranchal, Nainital, Gagar, August, 2002, col.
K. Das, KD2136 ; Nainital, Mukteswar, August, 2002, col, K. Das, KD2118§;
Uttaranchal, Almora, Mornoula, October, 2002, KD4562, KD4571; Uttaranchal,
Champawat, Mayawati, September 2002, col. K. Das & J.R. Sharma, KD4546,
Uttaranchal, Bageswar, Loharkhet top, col. K. Das & J.R. Sharma, KD7080.

Notes ; Lactarius zonarius appears one of the common Lactarius in
Kumaon Himalaya and can be easily distinguished in the field by viscid
zonate ochraceous to yellow orange pileus, which is vnchanging after bruising,
scrobiculate concolorus stipe, white unchanging latex and fruity odor. Lactarius
evosmus Kithner & Romagn. are very close to L. zonarius. But L. evosmus
has paler and less distinct zonate pileus, lamellae which change to pink
and non scrobiculate stipe {Heilmann-Clausen ef al. 1998). Microscopically
L. evosmus has pleuromacrocystidia which are never emergent.
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Plate 11: a. Lactarius zonariusb. L. subindigoc,d & e. L. rubrifluus f. L. deliciosus.
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Plate 12: a. Lactarius alnicola b. L. paradoxus c. L. subpurpureus.
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Plate 13: a. Lactarius dafianus b. L. maitlvensis ¢ & d. L. abbotanus e. L.
mayawatianus.



RUSSULACEAE OF KUMAON HIMALAYA 99

Subgenus Plinthogali (Burl.} Hesler & A H. Smith
North American Species of Lactarins 99, 1979; emend. Verbeken,

Persoonia 17: 373, 2000.
Lactaria group Plinthogalae Burl,, Mem. Torrey Club 14: 83, 1908.

Pileus grayish yellow to brownish black; stipe mostly concolorous;

basidiopore ornamentations amyloid as light to heavy bands and ridges.
with or without reticulum; pleuromacrocystidia and cheilomacrocystidia
present or absent; cystidia mostly with brown intracellular pigmentation;
pileipellis a palisade to trichopalisade; hymenophoral trama cellular, Twelve
taxa in India; five in Kumaon Himalaya.

la.

2a.

3a.

da.

KEY TO THE SPECIES
Spore ornamentation up to 2.7 um high, never forming any reticulation
... L. nontoyae

Spore ornamentation not more than 2 pm high, forming incomplete to
almost complete reticulation . 2

Lamellae edge always cONCOlOTOUS ... ceecerveninrin i e eeir e 3
Lamellae edge not CONCOlOrONSs .ooiviieiieiniimeeirommaeneenereneceenrrrases &
Stipe 35-50 mm long; pleuromacrocystidia ahsent; pileipellis trichoepitheliom

veeee Lo picinus

Stipe 50-100 mm Iong pleummacmcysndla present pllc1pclhs trichopalisade
10 hymeniderm ... i .. L. lignyotus

Pileipellis radially wrinkled; lamellulae in 3-4 rows; spore ornamentation
up to 2 um high; pleuromacrocysiidia Present ... i,

«. L. lignyotus var. canadensis

Pileipellis not wrinkled: lamellulae only in 2 rows; spore ornamentation
only up to 0.7 ym high; pleuromacrocystidia absent .........cccccociecnie

... L. gerardii var. subrubescens

Lactarius gerardii Peck

Bull. Buffalo Soc. Nat. Sct. 1: 37, 1873, var. subrubescens (Smith &
Hesler) Hesler & Smith, North American Species of Lactarius: 114,
1979 Lactaries subrubescens Smith & Hesler, Brittonia 14: 384, 1962;
Das & Sharma, Ann. For. 13(1005) 6; Phytotax. 4(2004) 4.

Pl. 14; fig. 31

Basidiocarp caespitose 1o gregarious. Pileus 27-74 mm diam., convex

1o plunoconvex with a very small umbo, becoming applanate to uplifted
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Fig. 31. Lactarius gerardii var. subrubescens: a. Bastdiomes b, Basidiospores c.
Cheilomacrocystidia d. Plenropseudocystidia e. Basidia f. Cross section of
stipitipellis g. Cross section of pileipellis, Bars: a= 10 mm; b-g = 10 um.
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without any umbo: cuticle dry, subvelvety, azonate, light to dark greyish
yellow or light orange yellow with tinge of dark yellowish brown, somewhat
cracked radially when mature; margin more greyer, slightly decurved becoming
upturned in age, wavy. Lamellag subdecarrent to decurrent, entire, subdistant
{2-4 per cm} with 2 rows of lamellulae, pale cream, medium pink on bruising.
Stipe 20-45 x 8-15 mm, cylindric or narrow at either or both ends, velvety,
concolorous with the pileus, often darker at apex. Context white, light pink
after bruising. Latex white, unchanging. Spore print yellowish white.

Spore 7.5-11 x 7-10 pm, globose to broadly ellipsoid, inamyleid, ormamentation
up to 0.7 pm high forming partial to complete reticulation, Basidia 37-50 x
9-12 um, clavate, 4-spored. Pleuremacrocystidia absent. Pleuropseadocystidia
up to 6.5 um broad, abundant, cylindrical. Cheilomacrocystidia abundant,
25 -47 x 4-8 pm, clavate to subcylindric. Subhymenium layer up to 25 um
thick. Pileipellis a palisade, up to 80 pm thick, composed of 4-6 layers of
spherical cells; terminal elements up to 7.5 pm broad, fusoid to subfusoid,
cylindrical or subclavate, with brown intercellular pigmentation. Stipipellis
a palisade to trichopalisade, composed of 3-4 layers of cells; terminal element
up to 7 pm broad, fusoid to cylindrical with intercellular pigmentation.

Ecology : Common, grows under Quercus semecarpifolia and Rhododendron
arboreum in the moist temperate forests.

Specimens examined : Untaranchal, Pithoragarh, Dafiadhura, October
8, 2001, eol. K. Das & ].R. Sharma, KD4062, KD4073: ibid., October 9, 2001.
col. K, Das & J.R, Sharma, KD4094; Uttaranchal, Bageswar, Dhakuri, October

3. 1999, col. K. Das & J.R. Sharma, KD1092; ibid., September 16, 2003, col.
K. Das & LR, Sharma, KD7014,

AR LR A Wl JEaN 12 L) b

Notes : Lactarius gerardii var, subrubescens is characterized in the
field by yellowish brown and subvelvety pilear surface, distant lamellae,
changing pink after bruising and white unchanging latex. Microscopically,
the absence of pleuromacrocystidia, presence of clavate cheilocystidia and
comparatively larger spores with almost compléte reticulation, make this

taxon distinct.

Both Lactarius atro-olivaceus Hesler & Smith and L. gerardii Peck
var. fragicola (Smith & Hesler) Hesler & Smith, resemble closely with the
present taxon, but are separated by their lamellae turning brownish after
bruising. The spores are  smaller (7-9 x 6-7.5 ym} in the former.
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Fig. 32. Lactarius lignyvoius var, lignyotus: a. Basidiomes b. Basidiospores ¢
Basidia d. Pleuromacrocystidia e. Paracystidia f. Cross section of pileipelis g.
Cross section of stipitipeHlis. Bars: a= 10 mm; b-g = {}psm.
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Lactarius lignyotus Fr.

Monogy. Hymen. Suec. 2: 177, 1863; Das & Sharma, Ann. For. 13(2005)1.
Fig. 32

Basidiocarp solitary to gregarious, Pileus 35-70 mm diam., convex to
planoconvex with decurved margin; center depressed to infundibutiform
when mature and with a papiun l.uu:jpcum often wrinkled, pluuiuau Le
felty, dry, dark grayish brown to brownish black. Lamellae broadly adnate
to subdecurrent, subdistant to distaat (4-3 per cm), cream to pale ochre,
light to deep yellowish pink after bruising; edge councilors; lameilulae
in different rows. Stipe 50-100 x 7-11 mm, felty, dry, cylindric or tapering
towards base, sometimes grooved longitndinally, mostly concolorous with
the pileus, pale yellow to pale orange yellow at base. Context stuffed,
yellowish white, changing to yellowish pink. Latex white, unchanging.

Odour indistinct. Taste mild. Spore deposit pale yeltow to ochre.

Basidiospores 8.5-10 x 7.7-9.2 um, globose to broadiy ellipsoid (Q =
1.02-1.17); ornamentation amyloid, up to 2 ym high, composed of irregular
ridges with spiny extremes, forming an incomplete reticulation, Basidia
45-55 x 9-13 pm, subclavate to clavate, 4-spored; sterigma ap to 6 pm long.
Pleuromacrocystidia 40-65 x 6-9 um, irregular. Pleuropseudocystidia up
to 7 pm broad, cylindrical. Paracystidia 20- 50 x 4-6 ym. Cheilomacrocystidia
15-34 x 4-6 um, cylindrical to subclavate. Pileipellis trichopalisade to hymeniderm:;

terminal elements of suprepellis 30-60 x 8-16 um, clavate, cylindrical or

fusoid, thin walled, with brown intraceliular pigmentation; subpellis composed
of mostly ¢ylindrical cells. Stipitipellis a trichopallisade; terminal elements
of suprapellis 25-45 x 8-13 pm, cylindrical to fusoid, with brown intraceilular
pigmentation: subpellis composed of globose to elongated cells. Stipe
trama with numerous sphaerocytes,

Ecology : Lactarius lignyotus var. lignyotus is rare and forms
ectomycorrhizal association with species of Piceg and Abies in moist coniferous
to mixed temperate himalayan (2000-2800 m) forests,

Specimens examined : India. Uttaranchal: Bageshwar, Dhakuri, September,
2003, col. K. Das & I.R. Sharma, KD7101; Pithoragarh, Shandev, October
8, 2004, col. K. Das & I.R. Sharma, KD12088.

AF a L - ol Frnldnr snmdsrms O el pa— L .
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murphulng}r wnh high ornamentations, brown intraceflular pigmentation
in the cells of suprapellis and the anatomy of pileipellis and suprapellis
place this taxon 1n the subgenus Plinthogali (Burl.) Hesler & A H. Smith.
Lactarius lignyotus var. lignyotus can easily be distinguished by its papiliate
pileus, radially wrinkled piletpellis and mtild taste. Besides, the presence
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of pleuromacrocystidia make the species distinct among other taxa of this
subgenus. The other variety i.e. L. lignvotus Fr. var. canagdensis A H. Sm.
& Hesler reported from India (Das & Sharma 2004) has marginate lamellae
and prefers different ectomycorrhizal association.

Lactarins lignyotus Fr.

var. canadensis Smith & Hesler, Brittonia 14: 398, 1962; Das & Sharma,
Mycotaxon B9(2004} 293, PL. 14; fig. 33

Pileus 40-75 mm diam., convex, becoming depressed center with a papilla;
pileipellis wrinkled, somewhat felty, dark gray brown to brownish black;
margin decurved, sulcate to irregularly loabed at maturity. Lamellae subdistant
to distant (4-5 per cm), sometimes intervenose, cream to pale ochre, pinkish
when injured; lamellulae of different sizes; edge brownish black. Stipe 34-
50 x 7-9 mm, dry felty, cylindric, mosily concolerous or slightly paler towards
base. Context hollow, yellowish white, slowly pinkish at the base after exposure.
Latex white unchanging. Odour indistinct. Taste mild. Spore print pale ochre
or buff.

Basidiospores 8.5-11 x 8.2-9.7 um, globose to subglobose (Q = 1.00-
1.14, av. 1.01-1.04); ornamentation amyloid, up to 2 um high, composed
mostly of irregular ndges with spiny extremes, forming an incomplete reticalation,
plage amyloid. Basidia 35-52 x 11-14 um, subclavate, 4-spored; sterigma

up to 7 um long. Pleuromacrocvstidia 55-64 x 9-11 um, rare, subfusoid.
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Pieurnpseudncystldla up to 7 pm broad, cylindrical. Lamellae edge stertle.
Cheilomacrocystidia 18-54 x 4-11 pm, abundant, clavate, ventricose or ¢ylindric,

with hevaun intarsallinlar mearmantabion Dhlainallic o hymanoemirthallig Ao
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of short chains of vesiculose cells; terminal cells cylindrical to clavate,
19-42 x 9-18 pm, thin walled, with brown intercellular pigmentation. Stipitipellis
with numerous cystidia. Caulocystidia 16-90 x 6-13.4 um, cylindrical to clavate
with brown intercellular pigmentation: wall up to 1 pm thick, Stipe trama
with abundant sphaerocytes.

Ecology . Rare, grows ectomycorrhizally with species of Quercus and
Rhododendron in moist deciduous temperate forests, preferably among
mosses,

U dl‘!mﬂﬂ(‘ averminad - ITttaramcahal Bagaciuar Nhalnr: Qamtambar | A
WP LEREE Y EAGIIACE . Vildldficiidl, Ddptawal, LAUdRlri, SRR 1o,
2003, col. K. Das, KD7006; Uttaranchal, Champawat, Mayawati, October

6, 2002, col. K. Das & J.R. Sharma, KD5000.

Notes : Lactarius lignyotus var. canadensis is recognized by its papillate
pileus, radially wrinkled pileipellis, distinctly margined 1amellae and mild
taste. Moreover, the presence of pleuromacrocystidia make the species
distinct among the other taxa in this subgenus.



asidiomes b. Pleuromacrocystidia

Fig. 33. Lactarius lignyotuy var. canadensis. 4. B
¢. Basidiospores d. Basidia e. Cheilomacrocystidia f. Caulocystidia g & h. Cross
europseudocystidia. Bars:a=10mm:b-i = 10 pm.

section of pileipellis i. Pl
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The smaller spore ornamentation (up to 0.6 pm) and abseace of
pleuromacrocystidia distinguishes L. gerardii Peck var. subrubescens (Smith
& Hesler) Hesler & Smith from this species. Besides, the present taxon
can be separated from the other variants (Hesler & Smith, [979) by its
habitat (among mosses), stipe base which changes pinkish on exposure,
margined lamellae and wider caulocystidia.

Lactarius montoyae K. Das & J.R. Sharma
Mycotaxon 89: 291, 2004. Pl. 14, fig. 34

Pileus 30-60 mm diam., convex, planoconvex to applanate or slightly
planoconcave at maturity, center sometimes depressed and with umbo; pileipellis

alahrane fos nrninnes dem ich uallnuwich ta Aael orauvich wvalles oh hrauarm
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grayish to deep grayish brown; margin slightly decurved or plane, sometimes
broadly wavy, often crenate in older specimen. Lamellae adnate or / to
subdecurrent, distant {ca 4 per cm), edge smooth, concolorous, paie ochre
to orange yellow, unchanging when bruised, lamellulae of different sizes,
Stipe 25-58 x 7-12 mm, central or slightly eccentric, cylindric or slightly
tapering downwards, sometimes slightly longitudinally grooved, glabrous,
dry, concolorous, often yellowish white at the base. Context stuffed to
hollow, yellowish white, Latex rather sparse, white, unchanging. Odour mild.
Spore print pale yellow ochre to orangish yellow.

Basidiospores 7.5-10.0 {10.3) x (7.0) 7.24-9.3 pm, globoese to broadly
ellipsoid (Q = 1.03-1.15 (1.2), av. 1.06-1.09); ornamentation amyloid, up to
2.7 um high, composed of ridges arranged in somewhat parallel and / or
in a spiral pattern, rarely branched, never reticulate; often shorter ridges
occupying the gap between the main ridges; plage amyloid. Basidia 44-60
X 9-12.5 um, subclavate to clavate, 4-spored, sterigma up to 7.5 um high.
Pleuromacrocystidia absent. Pleuropseudocystidia up to 8.5 pm broad,
abundant, mostly cylindrical with rounded apex. Lamellae edge sterile,
Cheilomacrocystidia absent. Paracystidia 45-56 x 8-11 pm, subclavate to
clavate, sometimes narrower towards apices. Hymenophorai trama mixed,
composed of hyphae, sphaerocytes and laticifers. Pileipeilis a trichopalisade,
up to 110 pm thick; terminal elements of suprapellis cylindrical to ventricose,
long slender, 18-65 x 4-9 pum, thinwalled, with brown intracellular pigmentation;
subpellis composed of mostly globose cells, up to 27 pm diam. Stipipellis
a trichopalisade; terminal elements of suprapellis, cylindrical, slender, 15-
50 x 3-7 um, thin walled, with brown intracellular pigmentation; subpeliis
of globose cells. Stipe trama with numerous sphaerocytes.

Ecology ; Rare, grows in close association with species of Quercus
and Rhododendron in moist deciduous to mixed temperate forests, preferably
AMong mosses.
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Fig. M. Lactarius monivyae: s. Basidiomes b. BRasidiospores .
Pleuropscudocystidia d & e. Cross section of pieipellis £, Paracystidia g, Cross
section of stipitipellis h. Basidia. Bars: a= [0 mm; b-h = 10 ym,
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Specimens examined : Uttaranchal, Bageswar, Dhakuri, September 29,
1999, col. K. Das & J.R. Sharma, KD1065; Uttaranchal, Bageswar, Dhakori,
September 16, 2003, col. K. Das, KD7003; Uuaranchal, Bageswar, Dhakuri
top, September 25, 2003, col, K. Das & J.R. Sharma, KD7080, KD7081.

Notes : Lactarius montoyae was repeatedly collected from the forests

surrounding Dhakuri only. Morphologically, it closely resembles L. romagnesii
Bon, However, the latter differs in having globose to broadly ellipsoid spores

ALl RIS g LL L p, L LASRIE ARIRER Al &

with the ornamentations forming a reuculate pattern (Hellmann Clausen
et al., 1998} and the shorter (10-35 x 4-9 pm) terminal elements of suprapellis.
Lactarius montoyae also comes closer to L, pterosporus Romagn. However,
the pileus of L. pterosporus is strongly wrinkled in the center, “olivaceous
buff to dark grayish buff or clay-buff” coloured, crowded lamellae and white
latex which turns pale grayish pink when drying (Heilmann-Clausen, 1998).

Lactarius picinus Fr.,

Epicr. Syst. Mycol. p. 343, 1838, Das & Sharma, Ann. For. %{2001) 284;
Phytotax. 4(2004} 5. Fig. 35

Pileus 52-72 mm diam., convex (o applanate or slightly depressed, cuticle
dry, pruinose, velvety, dark greyish brown, brownish black to black or dark
olive brown; margin slightly decurved, often irregular, Lamellae adnate to
slightly decurrent, entire, rather crowded (12 per cm) pale ochraceous yellow,
dark reddish brown after bruising; edge concolorous with the face. Stipe
35-50 x 10-18 mm, cylindric or slightly narrowed below, greyish brown to
black, whitish near base. Context whitish, quickly pale reddish brown after
bruising. Latex white, strongly acrid. Spore print not found.

Spores 7.1-9.2 x 6.6-8.5 um, globase to broadly ellipsoid, ornamentation
up to 1.5 pm high forming almost complete reticulom. Basidiz 38.50 x 10-
12 pm, cylindric to subclavate, 4-spored. Pleuromacrocystidia absent.

Cheilomacrocystidia 30-46 x 3-6 pm, thickwalled, often with dense contents,
Parmasvatidin ": AN« £ 2, wlimdranl s onvhfiaonid Dils .
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100-120 pm thick, terminal elements cylindric, 20-48 x 5-7 pm.

Ecology * Rare, grows in ectomycorrhizal association with Quercus
leucotrichophora in subtropical to temperate, deciduons to mixed forests.

Specimens examined ; Uttaranchal, Almora, near Binsar, August, 2001,
col. K. Das KD602, KD631; Uttaranchal, Nainital, Gagar, August 2001, col.
K. Das, KD2144.

Notes : The dark grey to blackish, velvety basiodiocarps having whitish
to pale ochraceous, crowded lamellae are so characteristic and help in easy
recognition of this taxon in the fietd. Further, the pileipeitis being a typical
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¥ig. 35, Lactarius picinus: a. Basidiomes b, Basidiospores ©. Paracystidia §

Pileipeilis e, Basidia, Bars: a = Hommib-¢
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trichogpithelium, absence of pleuromacrocystidia, presence of thick-walled
cheilomacrocystidia, spores with broad and stout ornamentations also make
this species easily recognizable and unique. In the colour and morphology
of the basidiocarp, Lactarius picinus is close to both L. fuliginosus (Fr.:
Fr.) Fr. (Heilmann-Clausen et al., 1998) and L. lignyotus var. lignyotus Fr.
(Hesler & Smith, 1979). However, L. fuliginosus differs in having greyish
brown to ¢lay-buff slightly wrinkled pileus, less crowded gills and spores
with comparatively more isolated warts and lower ornamentations, Whereas,
the basidiocarps in L. lignyotus var. lignyeotus lack any acrid taste and
the spores have heavier ornamentations than the present species.
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Plate 14: a. Lactarius montoyae b & c. L. lignyotus var. canadensis d. L. gerardii
var. subrubescens.
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Subgenus Russularia (Fr.) Kauffman
Agaricaceae of Michigan p. 105, 1918; Lactarius (Tribus) Russularia Fr.,
Hymen. Europa. 431, 1874.

Pileus dry or slightly sticky, smooth to rugose wrinkled, with or without
umbo or papilla, light yellowish orange to deep reddish brown; lamellae
broadly adnate to decurrent; latex white to yellowish white, unchanging,
watery to sticky on exposure; basidiospores globose to ellipsoid, ornamentation
parallel, incomplete to almost complete reticulum,; pileipellis an epithelium
to a hyphoepithelium. Seven species in India; four in Komaon Himalaya.

KEY TO THE SPFECIES

la. Pileipellis typically rugose-wrinkled to vetned; hyphoepithelium with
trichodermial tufts ..o s L. sanjappae

2a. Latex yellowish white, sticky after exposure; basidiospores with typically
zebroid OrnamENtAtIoN ... cvvvs it L. verbekenae

b. Latex white, watery unchanging; basidiospores not with zebroid
OTNAMENLATION .ovivrrscrissms s s e s s s e e s e s 3

3a. True hymenial cystidia present.......nenicrmnn. L. mukteswaricus
b. True hymenial cystidia absent ..........cooeminnscnsecscscnsnennes Lis S€TiflUus
Lactarius mukteswaricus K. Das, J.R. Sharma & Montoya

Fungal Diversity 16: 26, 2004. Pl. 15, 16; fig. 36

Pileus 30-50 mm diam., convex to plane with an umbeo, disc gradually
depressed, papilla conical, persistent; surface smooth, somewhat leathery,
azonate, pale reddish-brown, brownish to deep orange or pale brown, often
paler towards margin; margin decurved (o inrolled, often wavy. Lamellae

. i ca >-Tpercm a
margin), lamellulae of different sizes, orangish-yetlow, brownish after bruising.
Stipe 30-65 x 5-8 mm, cylindric, concolorous to rather darker towards base,

smooth. Context hollow, pale orange to light brown. Latex copious watery

{1 ] m!!_k'«l' \Ijhi!_f‘ 'I_'I!'I_I__‘_.l'_la!'!l:l'i!'!ﬂ'_ Odonr not dictinet bt cniry whan dAry Srare
* ’ SIfE. LSUoUr Ol dISHDC: DAR SPICY wWadn Ory. Spore

print whitish.

Basidiospores 7.5-9 x 5.8-8 pm, (Q = 1.1-1.22), broadly ellipscid: omamentation
amyloid, up to 0.6-0.8 (-1.2) pm high, reticulate or forming a partial reticulum,
1s0lated warts present, plage not distinct; under SEM the ornamentation



Fig. 36. Lacrarius mukieswaricus: a. Basidiomes b, Basidiosporey ¢
Cheilomacrocystidia d. Cross section of pileipellis e. Pleuromacroce ystidia £ Basidm.
g. Pleurupseudocystidia. Bars: a= 10 mm; b-g = 10 um,
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is composed of continuous, interconnected ridges, with some free extremes,
bands with irregular lobate margin. Basidia 38-50 x 8-12 ym, subclavate to
clavate, 2- to 4-spored with long sterigma (up 10 8 pm long). Pleuromacrocystidia
50-80 x 7-12 pm, oblong to oblanceolate, acuminate to moniliform at the
apex, somewhat emergent (up to 8 pm);, with refractive contents.
Pteuropseudocystidia subclavate to clavate, up to 8 pm broad, numerous,
Lamellar edges fertile, with basidia and few cystidia. Cheilomacrocystidia
30-45 x 6-8 um, clavate to fusiform, infrequent. Subhymenial layer up to
14 pm, cellular. Hymenophc)ral trama with sphaerocytes and hyphae, laticifers
ijl-.l i'U 1U l.l.lll Ul'Ud.L.l I'IIBIEJCIJJE a II}'}JIIUCPILIIBII I.Hll, l.-llJ' l.'l.l ?U ,.llll 'l'\’ldl: auuyclua
composed of subglobose to vesiculose cells, arranged in 5-6 layers, cells
12-22 X 8-15 ym; hyphal elements up to 5 mm broad, scarce.

Ecology : Rare, grows in ectomycorrhizal association with Quercus
feucotrichophora in temperate deciduous forests,

Specimens examined : Uttaranchal, Nainital, Mukteswar, August 2002,
col, K. Das, KD2163; ibid., KD2175.

Notes : The present species is distinguished by its papillate and applanate
pileus and its rather stocky habit, unchanging watery white latex, basidiomes
without any particular odor when fresh, but spicy when dry. Microscopically,
the presence of macrocystidia is distinctive. Lactarius mukteswaricus is

cloes tn T actariue ramnbhavatuce ({Rall - ]:r Y Fre hut the ]ﬂl’hll‘ h-:m gy
R L F R NS AW FREF F MRS h“‘lf.yrl‘uf (S N g H“ll [ l.-; F kg VY RIS LRARTRL “ ul—"\f"’

odor 1n fresh condition, crowded lamellae, and a different ornamentation
pattern in basidiospores.

Lactarius sanjappae K. Das, J.R. Sharma & Montoya
Fungal Diversity 16: 24, 2004. Pl. 15, 16; fig. 37

Pilens 30-50 mm diam., plane, soon becoming deeply depressed to funnel
shaped, typically without an umboe or papilla; pileipellis mat, dry, azonate,
radially rugose-wrinkled to venose, often pitted; veins distinct forming a
broken reticulum; pale reddish-brown to pale brown, paler towards margin,
veins darker, deep to dark brown; margin incurved, wavy. Lamellae subdecurrent,
close (6 per cm near margin), pale orange-yellow to light brown, lamellulae
of different sizes. Stipe 40-110 x 5-7 mm, cylindric, concolorous, rather darker

towards base. Cunlex{ solid to stuffed but not hollow, medium orangish-

yellow to light brown. Latex copious, watery 1o milky white, unchanging.
Qdor mild. Spore print not obtained,

Basidiospores 7.5-8.8 x 6.2-7.6 pm, (Q = 1.15-1.23) broadly ellipsoid;
omamentation amyioid, 0.8-1.2 (-1.8) um high, a partial to a complete reticulum
with isolated ridges and warts, plage not distinct; under SEM reticulum
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Fig. 37. Luctarius saryappae: a. Basidiomes b. Basidiospores ¢ & h. Cross section
of pileipellis d. Plevromacrocystidia e. Cheilomacrocystidia f, Pleuropseudocystidia
g. Basidia. Bars: a=10mm; b-h=10pum.
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is composed of continuouws bands, with irregular margin, with some free
exiremes. Basidia 28 40 x 5 10 K, quhclavate to clavate 4-spored; steri gma

acute to mstral;e emerging 12 20 um; contents refractlve P]EUIDPS'EEUdGC}fSHdlEI
c¢ylindric to subclavate, rounded at apex, up to 6 pm broad, numerous.
Lamellar edges composed of basidia and cystidia. Cheilomacrocystidia 30-
50 x 6-8 um, lanceolate to narrowly fusiform. Hymenophoral trama cellular,
with sphaerocytes and hyphae, laticifers up to 12 pm broad. Pileipellis a
hyphoepithelivm; subpellis a stratume up to 58 pum thick, composed of imegularly
shaped, sebisodiametric cells, frequently arranged in 3-6 layers, elements
£5-35 x 10-20 um; suprapellis of anticlinal, scattered, septate elements, frequently
arranged in tufts (even in mature specimens), terminal ceiis i4-23 x 4-5
pm, thin walled.

Ecology : Common, grows in ectomycorrhizal association with Quercus
feucorrichophora in temperate deciduous forests. It is interesting to record
that Lactarius verbekenae (see below) was always found at the type locality
of the present species.

Specimens examined : Uttaranchal, Nainital, Mukteswar, August 2002,
col. K. Das, KD212%; ibid., KD2172.

Nores : Morphologically, Lactarius sanjappae is characterized by the

I'li “ﬂfl‘f I‘nf{‘n‘](]’ I"I'Iﬂnﬁﬂ I'I.Frll'llrlﬂfl ﬂllﬂl'll‘ C"I'IrFﬂl"ﬂ 'Jﬂf" "hﬂ E:In'nrlnr h!ﬁk'l" l'\'F
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its basidiomes. The pileipellis is composed of a hyphoepithelivm and trichodermial
tufts, which is a wnique character of this taxon among the known species
of the sections Tabidi (Heilmann-Claussen ef al. 1998) and Rhysocybella
Bon (Basso 1999).

Lactarius serifluus (DC.; Fr.) Fr,

T

Epicr. Syst. Mycol., 345, i838. Agaricus seriffuus DC: Fr. Syst. Mycol,
1: 75, 1821. Agaricus serifluus DC., Flore Francaise 6: 45, 1815; Atri
et al., Ind. Phytopath. 44(1991) 185; Das & Sharma, Phytotax. 4(2004)5,

Fig. 38

Pileus 25-45 mm, convex to planoconvex with depressed center with
an umbo or papilla; pileipellis dry, smooth to slightly wrinkled, medium to
brownish orange or soft brown, darker towards center; margin incurved,
regular to slightly wavy. Lamellae broadly adnate to decurrent, subdistant
1o close (5-6 per cm) yellowish pink to pale ﬂrdnge ye]]nw lame]lu]ae in

to browmsh urange Context hﬂllew Lalex watery whnte unchanging. Taste
mild. Odour aromatic. Spore print yellowish white to cream.
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Fig. 38, Lactarius secifluis: a. Basidioines b. Basidiospores ¢. Basidia d.
Plenropseudocysiidia e. Cross section of pilcipellis f. Paracystidia. Bars: a = $0
mm; b-f= 10 pgm.
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Basidiospores 7-8.5 x 6-7.6 um, globose to broadly ellipsoid (Q = 1.04-
1.23); ornamentation amyloid up to 1 pm high, compused of elungate warts

ana 11u5\.-o POT luulE ALMNSs COMPp:elo ToliCWInIN, LE51414 24-24 pill,

subclavate, 4-spored. True hymenial macrocystidia absent. Paracysndla
18-38 x 8-16 um, clavate to pyriform. Pileipellis a hyphoepithelium, up to
110 ym thick; elements of subpellis are of cylindric, elliptic or rounded
cells; suprapellis thiner, elements cylindric {(up to 3 pm broad), forming
an collapsed amorphous layer.

Ecology : Common, grows in ectomycorrhizal asseciation with Quercus
leucotrichophora in subtropical to temperate deciduous forests.

Specimens examined : Uttaranchal, Nainital, Mukteswar, August, 2002,
col. K. Das, KD2170; Uttaranchal, Bageswar, Loharkhet top, October 1999,
col. K. Das & J.R. Sharma, KD1086; Uttaranchal, Nainital, Nainapeak, Scptamber
1982, ¢ol. N.S. Atri, PUN 552.

Notes : Lactarius serifluus 1s distinguished by its white unchanging
latex, aromatic odour, basidiospores with reticulate ornamentation pattern
and the absence of true hymenial cystidia. Macroscopically, it resembles
; . — Lindet but the | fiffers f : :
by having darker and more dull cap colours and more elongated paracystidia
{Heilmann-Clausen et al. 1998).

Specimen no. PUN 552, collected from Naina peak by N.S. Atri and
identified as Lactarius subisabellinus var. murrillianus (Hester & A H.
Smith) Hesler & A.H. Smith, clearly belongs to L. seriffuus,

Lactarius verbekenae K. Das, J.R. Sharma & Montoya
Fungal Diversity 16: 29, 2004. PL. 15, 16; fig. 39

Pileus 12-65 mm diam., convex, gradually plane with depressed center
to funnel shaped, with or without an umbo, surface more or less smooth,
azonate, grayish-reddish-orange, dark reddish-crange to pale reddish-brown,
paler towards margin, darker towards center, often with grayish to dark
grayish-purple tinge at center; margin incurved to inrolled when young,
gradually expanding, irregularly wavy to folded when mature. Lamellae emarginate
to decurrent, cluse to crowded (6-7 per ¢cm at margin), lamelullae of different
sizes, light to dark orange-vellow. Stipe 22-66 x 8-13 mm, cylindric to subcylindric,
mostly concolorous to slightly darker towards base. Context hollow, pale
orange-yeliow. Latex yellowish-white, unchanging in colour, sticky after
sometime. Odour strong, spicy, conserved when dried. Spore print yellowish
white,




Fig. 39, Lactarius verbekenae; a. Basidiomes b. Basidiospores ¢, Cross section of
piteipellis d. Chellomacrocystidia e. Pleuromacrocystidia f. Pleuropseudocystidia
g. Basidia. Bars: a= 10mm; b-g = 10 um.
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Basidiospores 6-7.8 x 5.8-7 pm {Q = 1-1.1), broadly ellipsoid; ornamentation
amyloid, op to 1.5 ym high, composed mostly of ridges and warts, which
arc arranged more or less parallel and in part giving the appearance of an
sprral arrangement or in spiral ceils (zebroid type), rarely branched, plage
not distinct; under SEM ridges appearing with regular margin, oriented in
bands, irregularly encircling basidiospore, interrupted warts also present.
Basidia 27-38 x 7-10 um, subclavate, mostly 4-spored; sterigma up to 6.4
pm long. Pleuromacrocystiia 50-70 x 8-12 pm, mnfrequent, lanceolate to narrowly
fusiform, acuminate to rostrate at apex, emerging up to 25 um, at times
with refringent contents. Pleuropseudncystﬁdia cylindric to subclavate with

Arrrmman 1 amallae
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edges with basidia and few cystidia. Cheillomacrocystidia 28-54 x 5-8 pm,
oblanceolate to fusgiform, Subhymenial layer up to 20 um, cellular. Hymenophoral

wrembn oo
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Pileipellis almost a hyphoepithelium, up to 70 pm wide. subpellis composed
of vesiculose to irregularly shaped cells, up to 6 layered; ceils 10-28 x 8-
18 pm; suprapellis elements 10-63 x 4-9 ym.

Ecology : Common, grows in ectomycorrhizal association with the species
of Quercus and Cedrus in temperate deciduous and coniferous forests.
Lactarius sanjappae described above was always observed in close association
with the present species.

Specimens examined : Uttaranchal, Nainital, Mukteswar, August 2002,
col. K, Das, KD213( Uttaranchal, Champawat, L.ohaghat September 2002

LY P A, B e R A I, AR A S, AR R, — 2T LR,

col. K. Das & I.R. Sharma, KD4523

Notes : Lactarius verbekenae is distinguished by white to yellowish
latex which becomes typically sticky after exposure, its spicy oder, basidiospores
with cristulate ornamentation pattern (of the so-called “zebroid type™) and
the presence of pleuromacrocystidia. Macroscopically, it resembles Lacrarius
fragilis (Burl.) Hesler & A.H. Sm. (var. fragilis), but the latter differs from
the present Himalayan species by its smaller basidiomes, maize yellow lamellae,
watery non-sticky latex and the reticulate ornamentation of the basidiospores.
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Plate 15: a. Lactarius sanjappae b. Lactarius verbekenae c. L. mukteswaricus.
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Platel6: Scanning Electron Micrographs of basidiospores: 1, 2. Lactarius sanjappae
3. 4. Lactarius mukteswaricus 5, 6. Lactarius verbekenae (Fungal Diversity
16: 31). '
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Genus Russula Pers.; Fr.
Syst. Mycol. 1: 54, 1821,

Basidiomes stipitate; pileus convex, planoconvex, sometimes infundibufiform
at maturity, dry to viscid, smooth 10 velvetry, white to vividly coloured;
margin entire or forked, smooth, sulcate or stnated; lamelae adnate to decurrent,
crowded to distant, white to yellowish, unchanging or changing after bruising;
lamellulae present or absent; stipe central, smooth to pruinose; taste mild
or acrid; latex absent; spore print white to yellowish, basidiospores globose
te ellipsoid, ornamentation amyloid with warts, lines or heavy ridges forming
incomplete or complete reticulum 10 zebroid (paraliel) or winged pattern;
basidia 2-4 spored; pleurocystidia present or absent; cheilocystidia mostly
present; pileipellis of varied pattern, often with suprapellis, subpellis and
hypodermial layers; pileocystidia mostly present, hyphae sometimes incrusted;
hymenophnral trama usually mntammg sphaemcytes About 800 taxa in

from Kumaon Hlmalayd
Type species : Russula emetica {Schaeff.: Fr.) Pers.

¥ g - nv
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1952: Rayner 1968 1970; Shaffer 1970; Singer 1986 Bon 1988 Klbb &
Fatto 1990; Buyck 1993; Buyck 19*}4, Romagnesi 1996; Buyck 1997, Grgurnnovic
1997, Sarnari 1998.

KEY TO THE SUBGENERA

la. Comtext solid, initially whitish, unchanging or browning to blackening,
sometimes preliminarily reddening; basidiomes initially whitish, unchanging
ot changing like the context; margin smooth; lamellae abundant; spore

print white {Ia of ROMAgRESi)....c.civviirec e e

.. subgenus Compactae

(P. 133

b. Not with the above combination of characters ... 2

2a. Pileus gelatinous; margin tuberculately striate; stipe with large cavity;
pileocystidia narrow {up to 6.5 pm broad) ............. subgenus Ingratula

{P. 176)
b. Not with the above combination of characters ..o.oooovoveveoei . 3

3a. Dermatocystidia absent; hyphal ends of pileipellis typically subulate
and up 1o 70 pm 1ong .. SUDZENUS AMoenula

(P. 125)
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b. Dermatocystidia present or absent; hyphal ends of pileipellis never
SIHDUTATE 1ovvveesriericitnsiisstiee et ers st tnie s ettt sars mmenmeensm st armanse s s snrost rateaes 4

4a. Pileus mostly greenish, sometimes brownish to violaceous; pileipellis
with narrow pileocystidia; basidiospores usually small; taste mild .....
.................................................................... subgenus Heterophyllidia

{P. 151}
b. Not with the above combination of characters .......ooocvviveevvieieeereeen 8

5a. Pileocystidia absent ..........ccoccccceveeveireeee e, SUBgeNUS Imcrustatula

(P. 166)

b, Pileocystidia present .........ccccoorvvvceiivvcresrecnsnisrcnneneen. SUbgenus Russula

(P. [93)
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Subgcnus Amoenula Sarnari
Monografia illustrata del Genere Russula in Europa 106, 1998

Pilens convex, planocoavex with depressed ceater or int torn
lamellae adnexed to subdecurrent, close to subdistant, yellowish white to
pale ycllﬁw lamellulae abundant; stipe white with light reddish purpie.
Eray ish piﬁ;{ or red in part or }r‘:‘:uuwmu at base; unmmuaWi‘ﬁ omamentations
composed of warts and ridges forming incomplete reticulum; hymenial cystidia
not graying or blackening with SBA; dermatocystidia absent; hyphal ends
of pileipellis typically subulate and up to 70 pum long. Four taxa in India;

three in Kumaon Himalaya.

KEY TO THE SPECIES
1a. Spore print pale yellow to light orange yellow (I1a - IIb of Romagnesi);
stipe base red to PUIPIC ..o e e s 2
b. aspore print white {1a oI Komagnesy); stipe base disincCily greemish
VEILOW e e er e Russula sp. 1
2a. Pileus dark to deep red; basidiospores 7.5-9.2 x 6.7-7.8 pm ...cccovnnee
....................................................................................... R. amoenicolor

b. Pileus gray to deep grayish purple; basidiospores 6.8-7.7 x 5.4-7.3 pm
..................................................... R. amoenicolor var, ramgarhensis

Russula amoenicolor Romagnesi

Russules d’Europe et d° Afrique duNosd: 929, 1967; Rawla & Sarwal,
Bib, Mycol. 91(1983) 34; Atri, Curr. Res. P, Sci. (1994)82; Das & Sharma,
Phytotax. 4(2004)2, Pl 17, fig. 40

Pileus 65-100 mm diam., convex, planoconvex with depressed center
to infundibuliform; pileipellis slighily pruinose centrally, viscid, dark to
deep red, medium red or paler towards the edge, often with soft orange
yellow spots at the center; margin feebly striate, casily peeling. Lamellae

broadly adnate to adnaxzed,. subdistant {5-6 nee cm), forked near the stina

LG g mbAmaa sy AL danailLonetay craeaiciaasafiiar J o Pard SAREfy RNCLER-RE RGN REES GRRPA

pale yellow, edge smooth, concolorous; lamcllulac of unequal lengths. Stipe
50-88 x 13-24 mm, central, subclavate, yellowish white, flushed with soft
L N PR - | P
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{+). Taste mild, Spore print pale yellow (11a-11b of Romagnesi). f

Basidiospores 7.5-9.2 x 6.7-7.8 pm, subglobose to broadly ellipsoid
(Q=(1.03) 1.06-1.22, av. 1.12-1.16); ornamentation amyloid, up to | pm
high, composed of warts and ridges arranged in incomplete reticulum. Basidia
40-50 x 9-12 pm, clavate, 4-spored. Pleurocystidia 80-108 x 13-17 pm, emergent
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Fip. 40. Russula amoenicolor var. amoenicolor: a, Basidiomes b. Basidiospores c.
Pleurocystidia d. Cross section of piteipellis. Bars: a = 10 mm; b-d = 10 pm,
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up to 36 uym, abundant, subfusoid to ventricose, thick walled; wall up to
i.4 [S1118 mosily -yuuuuu&u with rounded apex. ulcum}fauum absent, .auunymﬁmm
layer up to 15 pm thick, cellular. Hymenophoral trama intermixed, composed
of thick walled hyphae; hyphae up to § pm broad. Pileipeliis two layered;
suprapelits composed of suberect to repent subulate septate hyphae of

4-6 pm broad, pileocystidia absent; subpellis cellular.

Ecology : Common, grows in moist deciduous temperate forests,
forming ectomycorrhizal association with species of Rhododendron.

Specimens examined : Uttaranchal, Pithoragarh, Dafia Dhura forest,
September 2001, col. K. Das & J.R. Sharma, KD 407}, ibid., KD4079.

Notes : The specimens from Kumaon Himalaya match closely with the
Russula amoenicolor var. amoenicolor as described by Romagnesi (1996)
and Sarnari (1998) except slightly larger spores for the Indian specimens.

Russula amoenicolor Romagnesi

Russules d'Europe et d’ Afrique du Nord: 929, 1967. var. ramgarhensis
K. Das, I.LR. Sharma & R.P. Bhait var. nov.
PL 17, fig. 41

Eiymeology : Ramgarh, referrving to the type locality.

Pileus 70 82 mm diam., planoconvexus ad depressus in centru,

I8 23 mm, cylindricus, purpureus. Sporae in cue’u!o Iureae, 6.8 7.7x
5.9 7.3 um, subglobosae vel late ef!:psaldae Pfeurmysndm 100-160

x 11-16 ym, subfuscidae ad veniricosae, Pileocystidia nulla. india. Uttaranchal:

Nainital, Ramgarh, August 2002, leg. K. Das, KD3220 {Holotypus, BSD}.

[ ey mloammarAamusas ko ﬂi‘\ﬂl
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pileipellis slightly pruinose, viscid, grayish to deep grayish purple wil

black purple center, sometimes with medium yellow patches; margin feebly
striate; easily peeling. Lamellae broadly adnate to adnexed, subdistant
(5-8 per em), forked near the stipe, pale yellow, edge smooth, concolorous;
lamelulae of unequal lengths, Stipe 45-50¢ x 18-23 mm, central, cylindric
or gradually narrower towards base, pinkish purple, paler upwards; context
stuffed, light brown in Phenol. Spore print pale yellow (112 of Romagnesi).

Taste not known.

Basidiospores 6.8-7.7 x 5.4-7.3 ym, subglobose to broadly ellipsoid
IQ = 1.06-1.13, av. 1.08-1.1]: ornamentation amyloid, up to 1.2 um high,

composed of warts and ridges arranged in incomplete reticulum. Basidia
1542 « 711 am sgbelavate to clavate, 4- imm'ad Plrnrnruehdm HMY-160
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¥Fig. 41. Russula amoenicolor var. ramgarhensis: a. Basidiomes b, Basidiospores
<. Pleurocystidia d. Cross section of pileipellis. Bars: a= 10 man; b-d = IG pm.
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X [1-16 pm, emergent up to 50 pm, abundant, subfuseid to ventricose,
thick walled; content dense. Cheilocystidia same as pleurocystidia, Snbhymenial

Iayer up to 15 pm thick, cellular. Hymenophoral trama intermixed, composed

lnlr I‘Pnllnl“ I\lrn"l 1‘ 2 e wrad Thlainalls s 1-11“5:’1:{‘
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suprapellis composed of suberect to repent subulate septate hyphae, 4-
5 pm wide, pileocystidia absent; subpellis cellular.

Ecology : Russula amoenicolor var. ramgarhensis is rare and grows
ectomycorrhizally with species of Quercus 1n temperate mixed forests,

Specimens examined : India. Uttaranchal: Nainital, Ramgarh, August,
2002, lep. K. Das, KD3020 (Holotype, BSD), ibid., KD2185.

Notes : Russula amoenicolor var. ramgarhensis is close to R. amoena
Quéiet. However, the context of R, ameena turns violet with Phenol. Moreover,
the presence of narrower pleurocystidia (not wider than 10 pm) make R.
amoena distinct from the present variety. Furthermore, the variety in discussion

is close to the typical variety (Sarnari 998), but differs in the colour of
pileipellis and smaller size of spores. Besides, two varieties also differ in
their association with forest trees.

Russitla sp. 1

Pl 17; fig. 42
Pileus 65-130 mm diam., planoconvex, becoming umbilicate with depressed
center at maturity; pileipellis dry, viscid when moist, pruinose to subvelvety,
dark purple, deep to very deep purple or deep to dark violet, light to brilliant
or very greenish yellow at the center; margin slightly decurved, almost
plain at maturity, irregularly lobed, splitted, pesling up to 1/4* of the radius.
Lamellae broadly adnate to adnexed, close (7-9 per cm), forked from the
base, brittle, cream to pale yellow or light greenish yellow; lamellulae present;
edges even. Stipe 45-87 x 14-27 mm, cylindric to subclavate, dry, pruinose,
light reddish purple at the top, graduaily with white areas downwards
but always with a white rim between the juncture of lamellae and stipe,
pale greenish yellow (lemen ycllow) at the base. Context stuffed, cream,
changing light brown with phenol. Taste mild. Spore print white {la),

Basidiospores 7.6-9.3 x 7.3 8.2 pm, globose to subglobose (Q = 1
1.15, av. 1.05 1.10); ornamentation amyloid, composed of waris {(up io
0.75 um long) and ridges forming incomplete reticulum. Basidia 30 45 x
7 9 um, subclavate to clavate, 4-spored; sterigmata up to 6.5 7 um.
Pleurocystidia 80 110 x 11 17 pm, abundant, emergent up to 40 um,
veniricose, subfusiform to fusiform, thick walled, content dense; wall up
to 1.3 pm thick. Lamellae edge fertile, composed of basidia and cystidia.
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Fig. 42. Russila sp. 1: a. Basidiomes b. Basidiospores ¢. Pleurocystidia d.
Cheilocystidia e, Cross section of pileipellis. Bars: a= 10 mm; b-e = 10 pm.
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Cheilocystidia 70 100 x 11 16 pm, thick walled, same as pleurocystidia.
Subhymenium layer narrow, up to 12 pm thick, cellular. Pileipellis two layered,
upper layer composed of suberect to erect subulate, septate hyphae, 5
11 ym broad, pileocystidia absent; subpellis cellular,

Ecology : This species grows in close association with species of
Quercus it moist deciduous to mixed subiropical to temperate forests.

Specimens examined : India, Urtaranchal : Nainital, Mukteshwar, August
2003, col. K. Das, KD2120 (Holotype, BSD; isotype, TUR-A}; ibid., KD2127
(BSD, GUH); ibid., Pithoragarh, Dafia Dhura, September 2001, col. K. Das
& J.R. Sharma, XD4082 (BSD, GUH).

Notes : Typically subulate, up to 70 um long hyphal ends of
and absence of dermatocystidia undoubtedly place the taxon in the subgenus
Amoenulg Sarnari. Present species resembles with Russula amoenicoior
Romagnesi, R. vieleipes Quélet and R. amoena Quélet. However, all these
three species have a different colour of the spore print which vary from
[Ia-IIc (Romagnesi 1996). Moreover, red to purple colour of stipe base in
R. amoenicolor, presence of distinctly globose lower cells of pilear hyphae
in R. violeipes and comparatively narrower pleurocystidia and reddish
stipe base in R. amoena further separate these species from the present
taxon. Molecular analysis gathered from the rDNA sequencing has also
confirmed that the present taxon belongs to the subgenus Amoenula and
is the closest to R. violeipes on the parsimonious phylogenetic tree (Fig.

79).
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Plate 17: a. Russula amoenicolor var. amoenicolor b. R. amoenicolor var.
ramgarhensis c & d. Russula sp. 1.
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Subgenus Compactae (I'r.) Bon
Doc. Myc., 65: 53, 1986; Epicr. 349, 1838.

Pileus convex, planoconvex to infundibuliform; pileipellis dry to viscid,

margin smooth; lamellae adnate to subdecurrent, lamellulae abundant; context

hard chalky, changing or unchanging after bruising; basidiospore ornamentations
composed of mostly warts and ridges forming very much incomplete to
almost complete reticulum; cystidia narrow; pileipellis with or without cystidia.
Thirteen taxa in India; eight in Kumaon Himalaya.
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3a.

4a.
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KEY TO THE SPECIES
Context browning or blackening, on eXposure .........ooooooenveeeecenen. 2
Context unchanging On eXPOSBIT . ivivinenn i smeser s srsssssssssnissnseees O
Context changing brownish orange to soft brown but never blackening

creerrieeee. Ra COMpacts
i T iy, - NN R i [ O o . b
LUTICAL AlWwadys CIIANEZIINE 1O DIAUK ELIAILY .o s vana e s cnns -

Context quickly changing to black without showing intermediate reddening
............................................................................................ R. albonigra

Context showing intermediate reddening before turning to black 4
Pileus mostly arcolate at maturity; lamellae distinctly thick ..o,

carrene R Rigricans

Pileus never arcolate, 1amellae thin ..o ccesene 3

Lamellae rather crowded: basidiospores ornamentation up to (.7 pm
1171 OO UUO ST OURURPTPRNOUROROT O -1 T3 () [

Lamellae distant; basidiospores ornamentation up to | pm high..........
ceimrvenrecrens R delica

Lameliae close to crowded; basidiospores ornamentation up to 1.8 pm

Taste mild; lamellae margin and stipe apex not bluish green ........... ...
v Ro Drevipes

Taste acrid: lamellae margin and stipe apex both bluish green ...........
.......................................................................... R. brevipes var. acrior
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Russula adusta (Pers.: Fr.) Fr.

Stirpium Agri. Femsionensis Index: 57, 1825, Agaricus adustus Pers.,
Synopsis: 459, 1801; Rawla, Pl. Div. Him. (2001) 4; Atr1 & Saini, 1. Ind.
Bot. Soc. 69(1990) 344; Das & Sharma, Phytotax. 4(2004)2.

PL 18; fig. 43

Pileus 80-115 mm diam., convex to plancconvex with depressed center,
slightly infundibuliform at maturity; pileipellis viscid brownish pink to light
grayish brown to somewhat gray; margin irregular, often splitting, ponstriate.
Lameliae subdecurrent, rather distant (3-4 per ¢m) at maturity, thin, edges
smooth, white to cream, reddish brown after bruising; lamellulae present.
Stipe 54-80 x 27-37 mm, central, cylindric to subclavate, whitish, reddish
brown to gray at maturity, Fe50, (+); context solid, white, pinkish red,
slowly reddish brown to black after bruising. Taste mild. Odor of sour wine.
Spore print white,

Basidiospores 7-9.5 x 6-7 urn, subglobose to broadly ellipsoid, ormamentation
amyloid, composed of minute warts (less than 0.3 pm high) and ridges
forming incomplete reticulum, Basidia 40-60 x 6-9 pm, clavate, 4-spored;
sterigmata up to 7.5 pwm high. Pleurocystidia 65-100 x 6-8 pm, mostly fusiform
to clavate, abundant; content dense. Cheilocystidia 35-50 x 4-8 um, same
as pleurocystidia. Pileipellis composed of repent to suberect septate, branched
hyphae (up to 6 pm broad), pileocystidia narrow, up to 5 pm.

Ecology : Common, grows in ectomycorrhizal association with species

of Cedrus in coniferous temperate forests,

Specimens examined : Uttaranchal, Champawat, Lohaghat, July 2002,
col. K. Das, KD2119, Uttaranchal Champawat Mayawau, October 2002,

2001 col. K. Das, KD‘){)‘J

Notes : Russula nigricans differs from the present species in having
characteristic thick lamellae and typically areolate pileipellis at maturity.

Russula albonigra (Krombh.) Fr.

Monogr. Hymen. Suec. 2: 324, 1863. Agaricus alboniger Krombh., Naturg.
Abbild Schw lX 27 1845 Rawla Pl Div Him {20{]])5 Alri & Samn, I.

Das & S_ha.rma, Phytotax. 4( 20!’.14}2. Fig. 44
Ditosen A D& e A2 onvex 1o planoc
CLICUS avU-60 i 4iam., Conv L [.! OCIHIYER wtm ﬂEpTEHHEﬂ cenier,

tnfundibuliform at mﬂturlwr DI]EIDE“H 1scid when wet, white with gray
yellowish brown, gradually dark gray to bldck after bruising or maturity;
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Fig. 43. Russulu aduste: a. Busidiomes b. Basidiospores ¢. Cross section of pileipellis

d. Pleurocystidia. Bars: a = 10 mm: b-d = K pms.
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Flg. 44. Russula albonigra: a. Basidiomes b, Basidiogpores ¢. Cross section of
pileipellis d. Pleurocystidia. Bars: a = 10 mmy; b-d = [Q pm.
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raargin inrolled to incurved, nonstriate. Lamellae broadly adnate to subdecurrent,
crowded, forked near the stipe, thin, white, blackening directly after bruising;
lamellulae numerous. Stipe 30-53 x 18-25 mm, central, cylindric to subclavate,
white, quickly blackening after bruising, FeSO, (+); context white, quickly
changing directly to black without any intcrmittent reddening, Spore print
white. Taste slowly mild.

Basidiogpores 7.2-0.4 x 5.8-7.4 pm, subglobose to broadly ellipsaid or
rarely ellipsoid [Q = 1.09-1,30 (1.36)]; orramentation amyloid, up to 0.3
um high, composed of warts and ridges forming almost broken reticulum.
Basidia 30-60 x 7-10 pm, clavate, 2 to 4-spored. Pleurocystidia 45-80 x 7-
10 pum, ventricose to clavate with capitate, mucronate, appendiculate or
moniliform apex; wall vp to 1.4 um. mostly cylindrical with rounded apex.
Cheilocystidia 35-55 x 5-7 um, ventricose to clavate with tapered apex. Subhymenium
thick, up to 40 pm, cellular, Hymenophoral trama composed of sphaerocytes
and hyphae. Pileipellis an ixocutis, up to 100 pm thick, composed of parallel
hyphae (3-4.5 pm broad); pileocystidia up to 8 ym broad, subfusoid to
capitate.

Ecology : Common, grows in ectomycorrhizal association with species
of Rhododendron, Quercus, Pinus in moist coniferous to mixed subtropical
to temperate forests,

Specimens exgmined : Uttaranchal, Pithoragarh, Maitly, September 2001,
col. K. Das & J.R. Sharma, KDD4039; Uttaranchal, Bageshwar, Dhakuri, September
2003, col. K, Das & J.R. Sharma, KD7014; ibid., September 1999, col. K.

Das & J. R. Sharma, KD1073.

Notes ; Russula albonigra can be confused with R. densifolia in the
field but direct blackening of basidiomes make the present species distinct

from R. densifolia.
Russula brevipes Peck

Rep. N.Y. St. Mus. 43: 20, 1890; Atri et al,, Bot. Res. Ind. (1991); Watling
& Gregory, N. Hedwigia 32(1980) 538; Das & Sharma, Phytotax. 4(2004)2.
PL. 19 fig. 45

Pileus 50-150 mm diam., plasoconvex, with shallow central depression,
becoming umbilicate; pileipellis dry, mat to rugulose; white, yellow white
io buff, brownish somewhat at maturity towards center, margin incurved,
nonstriate. Lamellae decurrent, crowded, forked from the base, intervenose,
yellowish white to cream; lamelulae abundant of varying lengths. Stipe
25-55 x 18-30 mm, central, cylindric, white, sometimes brownish at maturily,
FeSQ, (+); context solid, white. Taste miid. Spore print white.



Fig. 45. Russula brevipes var. brevipes: a. Basidiomes b, Basidiosposes ¢
Cross section of pileipellis d. Pleurocystidia. Bars; a= 10 mm; h-d = i0um.
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Basidiospores 7.8-10.5 x 7-8.5 pm, subglobose to broadly ellipsoid

[Q = 1.11-1.31], ornamentation partially amyloid, composed of conic to acute

tipped warts {up to 1.8 pm high) and ridges forming incomplete reticulum.

Basidia 50-65 x 8-13 um, clavate, 4-spored. Pleurocystidia 50-90 x 7-12.5

pm, emergent up to 20 wm, clavate to fusiform with capitate to submoniliform

apex. Cheilocystidia 30-65 x 6-11 um, same a3 pleuropseudocystidia. Subhymenium

layer up to 35 pm thick, cellular. Pileipellis composed of repent septate
branched hyphae (up to 6 ym broad), pileocystidia absent.

Ecology : Common, grows in ectomycorrhizal association with species
of Cedrus in conifercus to mixed temperate forests.

Specimens examined : Uttaranchal, Almora, Jageshwar, Aug, 2001, col.
K. Das, KD903; Uttaranchal, Champawat, Mayawati, September 2002, col.
K. Das & J.R. Sharma, KD4592; KD45%6,

Notes : Earlier, Manjula (1983) excluded Russwla brevipes from the valid
list of Indian species of Russula during her studies on the revision of
Indian Russula at Kew, However, the morphological and microscopic characters
of the above specimens, repeatedly coellected from the Kumaon Himalaya
during our extensive and intensive surveys have confirmed that the specimens
under study are R. brevipes. Our view was further strengthened by the
study on our material by some foreign workers. The mild taste and absence
of characteristic bluish tinge in lamellae margin and in the stipe apex separates
val. brevipes from var. acrior.

Russula brevipes Peck

o A& _ TGN mm rl'larn

Dilas o~ 18
typlcally mfund:bullform at maturity; plle ry sometimes minutely
felied, yellow white to buff, pale yellow pink obmwmsh at maturity; margin
l]UIlS[I'lﬂ[C Lameliae nmauly adnaie¢ o dCCﬂfTEHI. close to CIGWG‘EH. forked
at the stipe, yellowish white to pale yellow, edge smooth, bluish green;
lameltulae abundant. Stipe 25-60 x 20-40 mm, central, cylindric or slightly
broder at base, white to yellow white, bluish green rim at the apex, FeSO,

(+); context solid. Taste acrid. Odor not distinctive. Spore print white.

'1:
A
[

Basidiospores 8.0-11.2 x 7.5-8.4 um, subglobose to breadly ellipsoid,
tarely globose {Q = (1.01) 1.06-1.3]; ornamentation amyloid, up to 1.7 pm
high, composed of conic, cylindric or acute tipped warts and ridges arranged

in incomplete reticulum. Basidia 48-64 x 10-13 pm, subclavate o clavale,

doven I'hrl Y - PloanrencvetiAdis SO.00 v 71 e Fragifores
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Fig, 46. Rfusufa brevipes var gerior: a. Basidiomes b, Basidia ¢. Basidios s o,
Cross section of pricipellis e. Pleurocystidiz. Bars: a=10 mm: b-e =10 119
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1o subfusiform with capitate. mucronate to moniliform apex; content dense.
Cheilocystidia same as pleurocystidia. Subhymenial layer thick up to 45
um thick, cellular. Pileipellis composed of repent septate branched interwoven
hyphae (up to 5.5 um broad), pileocystidia absent.

Ecology : Common, grows in ectomycorrhizal association with species
of Cedrus in coniferous to mixed temperate forests,

Specimens examined : Uttaranchal, Pithoragarh, Sandev, September
2001, col. K. Das & J. R. Sharma, KD4011; Uttaranchal, Champawat, Lohaghat,
September 2002, col. K. Das & J.R. Sharma, KB4504, KD4506, KDD4516; Uttaranchal,
Champawat, Mayawati, September 2002, col. K. Das & J R_ Sharma, KD4543,
KD4553.

Notes : For difference between Russula brevipes var. acrior and R.
brevipes var. brevipes sec notes under the latter.

Russula compacta Frost & Peck

Ann. Report N. Y. State Mus. 32: 32, 1880; Das & Sharma, J. Mycol,
PL, Pathol. 34(2004) 149; Das & Sharma, Phytotax, 4(2004)2.

Pl 18; fig. 47

Basidiocarps scattered to gregarious. Pileus 50-140 mm diam., convex,
applanate to vase-shaped at maturity; cuticle dry, viscid when wet, smooth
to somewhat cracked, deep brownish orange to soft reddish brown; margin
decurved at first, plane gradually; context brittle, white, Lamellae close
{9-12 per ¢m), forked, white, quickly brownish orange to soft brown on
bruising. Stipe 30-80 x 13-23 mm, white, bruising soft brown (being concolorous
with pilews), grayish olive green with FeSQO,. Taste indistinct. Odour strong,
unpleasant. Spore print white.

Basidiospores subglobose te broadly ellipsoid, 7.2-9.8 x 6-8.3 um, amyloid,
ornamentation of warts (up to 0.5 ym) forming partial to compiete reticuiation;
spored. Pleurocystidia 43-72 x 5.4-8 pm, abundant, deeply embedded, projecting
up to 7 pm above hymenial layer, narrowly clavate to cylindrical with mucronate
to moniliform or acute apices, sometimes with dense cytoplasmic contents.
Cheilocystidia 46-60 x 5-7 pym, same as pleurocystidia. Subhymenium layer
up to 14 pm broad, cellular, Hymenial trama convergent. Pileipellis an ixotrichoderm
10 ixocutis; pilear hyphae 4-6 um broad, thick-walled; wall 1-1.16 pm thick.
Sphaerocysts frequently present in the pilear trama.

Ecology ; Common, grows in ectomycorrhizic associations with Quercus

leucotrichophora A. Camus in the temperate deciduous forests.

Specimens examined ;. Uttaranchal, Pithoragarh, Sandev, September
2001, col. K. Das & 1.R. Sharma, KD4003; Pithrogarh, Dafia Dhura, September
2001, col. X. Das & J.R. Sharma, KD4083; Champawat, Abbot Mount, September
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2002, col, K, Das & J.R. Sharma, KD4538,

nnnnnnnnnnnnnnnnnnnnnnnn ale o 1.1 L _

Notes ;. Russula compacia is Eﬂ.ﬂll: u1auu.5u1aucu in the field by brownish
orange pilens, white lamellae and stipe which turns brownish orange to
brown after bruising. Microscopically, thick-walled hyphae in piteipeilis
and deeply embedded pleurocystidia are characteristic. Moreover, reticulated
spores with no suprahilar spot (Singer, 1986) is also a distinguishing character.
Morphologically, R. compacta appears closely related to Russula nigricans,
but the characteristic blackening of the basidiomes after bruising, distant
tamellae and absence of thick-walled ptlear hyphae in the latter separate
it from the former.

Russula delica Fr.

Epcr. Syst. Mycol. 350, 1838; Atri & Saint, Geob. N. Rep. 5(1986) 103;
Saini & Atri, Geob. N. Rep. 3(1984) 5; Kumar er af,, Ind. J. Mush. 5(1979)
22; Atri 2z al., Bot. Res, Ind. (1991} 94; Abraham er af., Kavaka (1980
Bakshi, FRI 78 (1974); Das & Sharma, Phytotax. 4(2004)2. Pl 23, fig. 48

Pileus 60-120 mm diam., convex to planoconvex with depressed center;
pileipellis dry, cracked to areclate at maturity, yellowish white, yellowish
pink to brownish at maturity; margin inrolled to incurved. Lamellae adnate,
distant {ca 3 per cm), thick, yellowish white, brownish at maturity, forked,
intervenose; lamellulae present. Stipe 20-45 x 15-2.4 mm, central, cylindrical,
white to yellowish white, FeSO, {+); context solid, unchanging. Taste slightly
acrid. Spore print white.

Spores 8.0-10.5 x 7.0-8.0 um (Q = 1,11-1.34), subglobose to ellipsoid,

ornamentation partially inamyloid, up to 1 pm high, composed of conic or
cylindric warts and ridges forming partially complete reticulation. Basidia
50-60 x 9-11 um, clavate, 4-spored. Plenrocystidia 60-110 x 7.5-12 um, fusiform
with capitate to somewhat moniliform apex; contents dense. Cheilocystidia
55-75 x 7.5-8.5 pm, same as pleurccystidia. Subhymenium up to 30 pm thick,

callylar, Dilﬂlﬂ#ll'lt comnosad nf sentate, branchad hynhss hy
MRprwdfid wisiis e R I-I-lll'!-ril'l-'u J!Juu.l.p, l.lJPllﬂ.L. "\u'll" LU

6 um broad); pileocystidia narrow up to 4.5 pm, cylindric with rounded to
capitate apices.

Ecology : Common, grows in eciomycorrhizal association with species
of Pinus and Shorea in moist coniferous to deciduous subtropical to temperate
torests.

Specimens examined ; Uttaranchal, Almora, on the way to Binsar, August
2001, col. K. Das, KD928; Uttaranchal, Pithoragarh, near Askot, September
2001, eol. K. Das & J.R. Sharma, KD4029; Uttaranchal, Champawat, near
Tanakpur, August 2002, col, K. Das, KDZ101; Uttaranchal, Nainital, Nainipeak,
September 1982, eol. Atri & Saini, PUN3835.

Notes : The comperatively closer lamellae and higher spore ornamentations
sepirate Russula delica Trom 1he closely related R, brevipes,
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Fig. 48. Russula delica: a. Basidiomes b. Basidiospores ¢. Plearocystidiad. Cross
section of pilcipellis. Bars: a = 10 mm; b-d = 1{ um.
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Kig. 49, Russula densifolia: a. Basidiomes b. Basidiospores c. Pleurocystidia d.

Cross section of pileipellis. Bars: 4 = 10 mm; b-d = [0 pm.
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Russula densifolia Secr.: Gill.
Hymen. Eur. 1: 231, 1874, Champignons de France : 231, tav, ; 173,

1874, daﬁr'rrue adustns ddnefi‘nhue Secr,, er“ngr Snisze 1; a’l?ﬁ nom

LorFer ArRkRerd b bR Ak o S R =L

inval., L833; Rawla, P1. Div. Hlm (2001) 11; Wathing & Gregory, N. Hedwigia
32 (1980 540; Abraham, Kavaka 9(1981); Atri & Saini, J. Ind. Bot. Soc.

100N 24T ank W Dan Ef‘l[‘lﬂ.ﬁ\ 107- Kanul & Warhran I Ramhb

WAL L AIT Ty Wl 1YL JAW R D AU LA ey TR A AR LI ATy WF e RFRSLLLAL.

Nat. Hist. 68(1971) 498. Pl. 18; fig. 49

Pileus 55-80 mm diam., convex to planoconvex with depressed center,
infundibuliform at maturity; pileipellis viscid when moist, cream, incurved
nonstriate. brownish pink, medium vellowish brown or light gray yellowish
brown,; margin incurved nonstriate. Lamellae adnate, rather crowded {up
to 10 per cm), forked, yellowish white, pinkish, then black at maturity;
lameliulae abundant. Stipe 35-65 x 16-21 mm, central, cylindric, white, soft
reddish orange to reddish black at maturity, FeSO, (+}; context solid, white,

yellowish pink to finally black on bruising. Taste hot. Odor not distinctive,
Spore print white.

Basidiospores 7-9 x 6.4-7.5 um, subglobose to broadly ellipsoid,;
ornamentation amyloid, up to 0.7 pm high, composed of conic warts and
ridges arranged in incomplete reticulum. Basidia 30-44 x 7.5-10 pm, clavate,
4-spored; sterigmata up to 5 pm high. Plewrocystidia 45-65 x 5-6.5 um, clavatc
to cylindric with capitate, mucronate to acute apices. Cheilocystidia 40-
50 x 3.5-6 um, same as pleurocystidia. Subhymenial layer thick up te 30
um thick, cellular. Pileipeliis an ixocutis, composed of repent septate hyphue
{(up to 9 um broad), pileocystidia not found. Stipitipellis composed of multiseptate
hyphae (up to 5.5 pym bread).

Ecology : Common, grows in ectomycorrhizal association with species
of Cedrus and Quercus in deciduous to mixed temperate forests.

ngg;mgﬂg examined : Uttaranchal Almora, Mornoula, October 2002,

col. K. Das & J.R. Sharma, KD4569, Uttaranehal Champawal Mayawati,
September 2002, col. K. Das & I R. Sharma, KD4560; Uttaranchal, Nainitai,

nnnnnnnn mrtasalar TOCY nnd Asu’ £ 0. PLINSSS.
l‘ﬂllllpcﬂn. MLRFAGLLILUG]L L 70y L1FL il ‘x- at‘-ll.lll Ui go
Noter  Present specipe resembles Russuln afhnmarn and R. aduxta

in the field. However, R. albonigra does not show mtermed:ate pinkish
coloration before turning to black atlast, while R. adusta has very minute
spore ornamentation (less than 0.3 pm).

Russula nigricans Fr.
Epicr. Syst. Myc.: 350, 1838; Rawla, P1. Div. Him, (2001}19; Saini &

Atri, Geob. N. Rep. 3(1984) 5. Saini et ai, Ind. Phytopath. 41{1988) 622;
Das & Sharma, Phytotax. 4(2004)3, PL. 18: fig. 50

Pileus 40-110 mm diam., convex to planoconvex with broadly depresscd
center; pileipellis dry, often cracked and gradually areolate at maturity,
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Fig. 50. Russwla nigricans: a. Basidiomes b. Basidiospores ¢. Pleurocystidiad.
Cross section of pileipeltis. Bars: a = 10 minu b-d = 10 pin,
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pale brown, brownish black to black at maturity; margin incurved, nonsiriate.
Lamellae broadly adnate, distant (ca 2-3 per cmj), very thick, yellowish white,
reddish brown to black after bruising, lamellulae present. Stipe 40-65 x
18-33 mm, central, cylindric to clavate, white, very dark red, brownish black
te black after bruising, FeSO, (+); context white, quickly dark red to finally
black after bruising. Taste mild. Odor fruity. Spore print white.

Basidiospores 6.4-8.5 x 5.5-7.3 pm, subglobose 1o broadly ellipsoid
[Q =1.1-1.30]); crnamentation amyloid, less than 0.5 pm high, composed
of warts and fine lines forming incomplete reticulum. Basidia 40-6] x 6. 8 9

1 -n'l'l]\.ﬂla'l:r-nfn fn .r*l-nu-:nfn- a. nnnﬁ:hr‘ D‘h‘.‘-nfnr‘-unf dva S0 l]n v R '-.l‘I 1 culimAde
PRLALy Rl AL ¥ Ly IO LAAAL. L DRl u\r; o;;ulu L l,q.. Ly \..-J uuuln..,

fuseid or subclavate with capitate, mucronate or rounded apices. Cheilocystidia
37-35 x 5-9 um, same as pleurocystidia. Pileipellis an ixocutis, up to 200

m thirlk raomnacad Af norallal heamablad nta hyumhos F1_8 Tuw
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pileocystidia absent.

Ecology : Abundant, grows in ectomycorrhizal association with species
of Quercus and Cedrus in coniferous, deciduous, mixed or coniferous
temperate forests.

Specimens examined ;: Uttaranchal, Champawat, Hingla Devi forest,
August 2002, col, K. Das, KD2103; Uttaranchal, Almora, Dandeshwar, August
2001, eol. K. Das, KD904; Uttaranchal, Nainital, Mukteshwar, August 2002,
col. K. Das, KD2138.

Notes : Russula nigricans is a commeon species in Kumaon Himalaya.
The cracked to areolate pileus surface and vnusual thickness of lamellae
separate R. nigricans from R. adusta in the field. It is very interesting to
record the frequent parasitic association of Asterophara parasitice on
the old fruiting bedies of the present taxon in the field,
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Plate 18: a. Asterophora parasitica growing on basidiomes of Russula nigricans
b. R. densifolia c. R. compacta d. R. adusta e. R. nigricans.
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Plate 19: a. Russula brevipes var. brevipes b. R. delica c. R. brevipes var. acrior.
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Subgenus Heterophyllidia Romagnes:
Doc., Myc., 69; 39, 1987, emend. Sarnari, Monografia illustrata del Genere
Russula in Europa; 103, 1998,

Pileus convex to planoconvex often with depressed center; pileipellis
mostly dry sometimes viscid, margin smooth to striate; lamellae broadly
adnate to subdecurrent, lamellulae present; context hard chalky, vnchanging
after bruising; basidiospore ornamentations composed mostly of isolated
warts, sometimes connected to form compiete reticulum; pileipeilis composed
of cylindric to inflated cells; pileocystidia often present. Twenty taxa in
India; six in Kumaon Himalaya.

KEY TO THE SPECIES

1a, Subterminal cells consisting of sphaerocytes.......civennee.. Ro virescens
b. Subterminal cells not consisting of sphaeroeytes....... 2
2a. Pileocystidia not distinctly characterized ......cccoooieevcivnviiciiiicin. 3
b, Pileocystidia distinctly characterised ..o 4
3a. Pileipellis cracked to areclate near the margin ................. Russula sp. 2
b. Pileipellis never cracked or areolate .............cccu..ce....... R, heterophylia
4a. Pileipellis veined, spore print white, FeSO, (-}

.... R. cyanoxantha
b. Pileipellis not veined, spore print cream, FeSO, (+) e 5
Sa. Pileipeilis cracked to areolate towards margin ....................... R, anatina
b. Pileipellis never cracked........uivivicicceccccinnsenccoecceecee. Ra grisea

Russula anatina Romagnesi

Russules d’Europe et d' Afrique du Nord; 306. 1967; Das & Sharma,
Ind. J. For. 26(2003) 323. Pl. 21; fig. 51

Pileus 40-75 mm diam., convex with slightly depressed center, planoconvex

to slightly infundibuliform at maturity; pileipellis viscid when moist, velvety,
grayish yellow green to olive green or grayish green with dark grayish
nlive green center,; margin plane at maturity, qllohllu sulcate, broken into

roxen it

crustose patches, peeling up to 1/4th of the radms. Lamellae adnexed, close
(8-10 per cm), forked near the stipe, lameliuiae absent, yellowish white.
Stipe 50-60 x 14-19 mm, cylindric to subclavate, yellowish white, FeSO,
(+). Context yellowish white, stuffed. Taste mild. Spore print cream.
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Fig. 51. Russula anatina: a. Basidiomes h. Basidiospores ¢. Basidia d. Pleuro-
cystidia e. Cross section of pileipellis. Bars: a= 10 mm; b-e = 10 pm.
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Spores 6-7.5 x 5.5-6.5 pm (Q = [.05-1.2, av. 1.13-1.18), subglobase to

hrnnr‘l[}: ellipsoid; ormnameniation amvlod, up 10 0.7 nm hioh aof conic ienlatad

AL AR AE lALpA ity TlaaiiRinahvasnianaasis e Fahiais LIEEES LFE WAL LS idLlicild

warts. Basidia 35-46 x 7-9 pm, clavate to subclavate, 4-spored; sterigmata
up to 6 pm fong. Pleurocystidia 65-100 x 8-15 um, abundant, subclavate,
broadly fusiform to fusiform with rounded ic mucronate apex, emergent
up to 34 pm; contents refractive, Lamellae edge fertile with basidia, cystidia
and sterile cells. Cheilocystidia 55-70 x 8-10 um, subfusiform to fusiform
with rounded to mucronate apices; contents refractive. Subhymenium layer
up to 15 pm thick, cellular. Piletpellis composed of ascending to erect hyphae
and dermatocystidia; hyphae made up of 3-5 rows of mostly cylindric cells
(up to 7.5 pm broad), apical cells subcylindric 10 inflated; Pileocystidia

clavate to fusiform, up to 9 pm broad, contents refractive. Stipipellis made

up of connective hyphae, up to 4.5 um broad and mostly fusiform caulocystidia

with dense contents.

Ecolegy : Common, grows in ectomycorrhizat association with species
of Quercus in temperate deciduous to mixed forests.

Specimens examined : Uttacanchal, Pithoragarh, Dafia Dhura forest,
October 4, 2001, col. K. Das & J.R. Sharma, KD4082, KID4087, KD4099; Uttaranchal,
Bageshwar, Dhakuri, October 5, 1999, ¢col. K. Das & J.R. Sharma, KD1071.

Notes : Russula anatina is close to R, aeruginea Lindbl. : Fr, but the
latter has distinctly larger spores (6-10 x 5-7 pm) and characteristic narrow
cuticular hairs in pileipellis (Kibby & Fatto 1990, Romagnesi 1996). Russula

anating is also similar to R. monspeliensis var. monspeliensis Sarnari but
ditfers in having scurfy and distinctly cracked pileus surface. R. monspeliensis

i mmiesme g (Camnneit BEormari alen racamhleac the aracant cnesstac 1n hos e
Vilrl. b{'ju"-l--‘u POl 1 Salllall aiold ICowllivews v pibabii spobiies i HAaVILng

scurfy and cracked pileus surface but the larger spores (7.2-10 x 5.8-7 pum}
in the former separates them (Sarnari 1998).

Russula cyanoxantha (Schaeff.} Fr.

Monographia Hymenomycetum Sueciae I1: 194, 1863. Aparicus cyanoxantha
Schaeff., Fung. Bavaria Icones, 1V: 40, 1774. ; Rawla, PL Div. Him. (2001)
10: Atri et af., Bot. Res. Ind. {1991} 95; Saini et al., J. Ind. Bot. Soc.

Bot. Soc. ;59( 1990) 428; Atrt & Saint, Geob. N. Rep. 5(1980) 102; Das
& Sharma, Phytotax. 4(2004)2. Pl. 20; fig. 52

Pileus 65-150 mm diam., convex 1o planoconvex with depressed center;
pileipellis viscid to slimy when moisi, feebly veined, spmclimes areolate,
gray purple to dark gray purple, dce!J purple, gray violet, dark grayish
green or greenish purpie; margin often splitted al maturity, Lamellae subdecurrent
of sometimes decurrent, close (& per cm), entire, forked near the base, white:
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Fig. 52, Russula cyanoxantha: a. Basidiomes b, Basidiospores ¢. Pleurocystidia d.
Cross section of pileipellis. Bars: a= 10 mm; b-d = 0 pm,
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lamellnlae present, Stipe 40-90 x 18-30 mm, central, cylindrical, white, veined,
vellowish brown after bruising, FeS0, (-); context solid. Taste mild. Spore
print white.

Basidiospores 7.0-9 x 6-7 pm (Q = 1.12-1.30), subglobose to ¢llipsoid,
ornamentation amyloid, up to 0.5 pm high, composed of conic to blunt
walts, sometimes joined by lines, never forming reticulom. Basidia 40-55 x
7-11 pm, clavate, 4-spared. Pleurocystidia 30-55 x 5-7.5 um, fusiform to
clavate with mucronate, capitate to somewhat monijliform apices; content
dense. Cheilocystidia 30-45 x 4.5-7 pm, fusoid to veniricose with acute,
appendiculate apices. Subhymenial layer up to 30 um thick, cellular. Hymenophoral
trama mostly composed of sphaerocytes. Pileipellis an ixocutis composed
of narrow hyphae, up to 3 pm broad and subclavate pileocystidia (up to 4
pum broad) with mucronate apex.

Ecology : Abundant, grows ectomycorrhizally with species of Cedrus
r]nrl fl nnnnnnnnnnnnnn F' nnnnnn r‘nf\ .rl T e m1 e | Y T T tn bowwn

ang LHErCHS I.II. CONLICIGUs GeClowous Of MiXEea nuuuul..ru.-al LA 4o ) pﬂrﬁtﬂ

forests.

Specimens examined : Uttaranchal, Champawat, Lohaghat, Sept. 20402,
col. K. Das & J.R. Sharma, KD4502, KD4504, KD4522; Uttaranchal, Champawat,
Mayawaii, Oct. 2002, col. K. Das & JLR. Sharma, KD4552, KD4554; Uttaranchal,
Pithoragarh, Dafia Dhura forest, Sept. 2001, col. K. Das & I.R. Sharma,
KD4063; Urtaranchal, Bageshwar, Maitly, col. K. Das & J.R. Sharma, KDD4034,
Uttaranchal, Nainital, Ramgarh, Angust 2002, col, K. Das, KD2140.

Notes ; Typically large and veined pileus, white spore print and very

n terminal hyphae of suprape]lis make the present taxon distinct from
u ‘\ ﬂﬂﬂﬂﬂﬂﬂﬂﬂ
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Russula grisea Pers.: Fr,

Epi. Syst. Mycol. 361, 1838; Rawla, PL Div. Him. (2001) 15 (= ionochlola),

At & 1271993y 138, ™ Y. Fi- 57
Al et HI,UEUD N, I\t:l.J L&l 1743) iJ0 i ZUG Tig. J0

Pileus 4(3-65 mm diam., conveXx to planoconvex, sometimes depressed
centrally at maturity; pileipellis dry, never cracked or areolate, light brilliam
to medium green, often with medivm to light greenish blue towards center;
margin decurved to plane, nonstriate. Lameliae adnexed to subdecurrent,
close (8-10 per cm), forked from the base, cream; lamellulae abundant, Stipe
45-60 x 10-15 mm, central, cylindric, yellowish white to cream, FeSO, (+);

context solid, white, yellowish brown after bruising. Taste mild. Spore print
cream,

1 [ Ny
08- JJ, Ul’ndmt:nmuuu up iol

Basidinspores 6-7.5 x 5.2-6 pm qubglﬂbosc to broadly cllipsoid 1Q =
.0 pm, amyloid, compaosed of conic io blunt
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Fig. 53. Russula griseq: a, Basidiomes b. Pleurocystidia ¢, Basidiospores d, Cross
section of pileipellis. Bars: a = 10 mm; b-d = 10 um.
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upped isolated warts  a few are connected, never forming reticulum. Basidia
36-45 x 6-9 pm, subclavate, 4-spored. Pleurocystidia 60-80 x 7.9-11.5 pm,
emergent up to 38 pm, ventricose to fuseid with mucronate to capitate,
thick walled, dense. Cheilocystidia 35-50 x 8-10 pm, subclavate to clavate.
Subhymenium layer up to 17 um thick, cellular. Pileipellis composed of erect
repeatedly branched septate hyphae and cystidia; terminal cells of hyphae
subulate with obtuse tips; pileocystidia 7-11 jm bread, clavate to subclavate
with mucronate apex.

Ecology : Common, grows ectomycorrhizally with specics of Quercus
in deciduous temperale forests,

Specimens examined : Untaranchal, Pithoragarh, Dafia Dhura forest,
October 2001, col. K. Das & J.R. Sharma, KD40353; ibid., KD4056, KD4044.

MNotes : Russula grisea resembles R. anatina but the latter however,
has the pileipellis which is areolate towards margin. Moreover the pileius

nf B priseg have a hlua-grean tinoe all over while in &, ho_rprnnhuf."n sometimes

S LAY B ST Rl il s G Fhawd e

the greenish colour is only towards the periphery of the pileus. This feature
assists in their easy separation in the field.

Russula heterophyla (Fr.. Fr.) Fr.

Epi. Syst. Mycol. 352, 1838 Agaricus furcatus var. heterophytlus Fr.,
Syst. Mycol, 1: 59, 1821; Berk., Hook. ). Bot. 3(1851) 42 (=R. furcata):

[4; Saini & Atri, Geob. N. Rep. 3(1984) 5; Atri & Saini, Geob. N. Rep.
5(1986) 101; J. Ind. Bot. Soc. 69 (1990) 427, Das & Sharma, Phylotax.
4(2004)3. Fig. 54

Pileus 4{] 63 mm diam convex then planoconvex with bmadly depreued
the center, medium ycllow golden ye]low to llght reddish brown towards
periphery or dark yellowish green to dark green; margin irregularly splitted.
Lameliae adnexed, crowded (8-10 per cm), forked, white to cream; lameljulae
present. Stipe 45-60 x 12-15 mm, central, cylindric, white, with a reddish
tinge in some areas, FeSO, (+); context solid, white, unchanging. Spore
print white (Ia). Taste mild.

Rasidiospores 6.5-8.5 x 5.6-7 pum, globose to broadly ellipsoid or rarely
ellipsoid [Q = 1.03-1.33, av. 1.18-1.23]; ornamentation amyloid, up 1o 0.3
um high, composed of warts, few jointed by connectives. Basidia 30-45 x
7-9 um, clavate to subclavate, 4-spored; sterigmata up to 6 um long. Pleurocystidia
46 T x 6-9 pm, abundant, fusiform with acuminate, mucronate to monitiform
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Fig. 54. Russulg heterophylia: a. Basidiomes b. Basidiospores c. Basidia d.
Pleuro- cystidia e, Cross section of pileipeltis. Bars: a = {0 mm: b-e = {0pm.
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few cystidia, Cheilocystidia same as pleurecystidia. Subhymenial layer narrow,
up to 16 pm, ccllular. Pileipeilis composed of erect hyphae with cylindrical
to clavate structures having mucronate to capitate or rounded apices which
cannot be distinctly characterized as pileocystidia. Terminal cells of the

hyphae of suprapellis 5-8 pm broad.

Ecology : Common, grows in ectomycorrhizal association with species
of Quercus, Rhododendron and Cedrus in coniferous to mixed temperate
forests.

Specimens examined : Uttaranchal, Champawat, Lohaghat, September
2002, col, K. Das & J.R. Sharma, KD4507; Uttaranchal, Bageshwar, Kausani,
August 2001, col. K. Das, KDD961; Uttaranchal, Champawzit Mayawati, August

T __la

LUUL col. K. LJ'd‘.I, I\U‘él IJ, Ulld[dllklldl i‘dtlllldl, l‘dllllpﬁﬂl&, DE[JLCIIIDE[ 1‘:1'6.3

col. Atri & Saint, PUN 611,

Nores : Russula heterophylila is separated from the closely resembling
R. grisea by features discussed under the latter,

Russnla virescens {Schaeff.) Fr.

Epi. Syst. Mycol. 355, 1838; Agaricus virescens Schaeff., Fungor. Bavar.
leones, IV: 40, 1774; Rawla, PL. Div. Him. (2001) 26; Artri et al., Bot.
Res. Ind. (1991) 96; Saini & Atri, Geob. N. Rep. 3(1984) 5; Saini er al.,
J. Ind. Bot. Soc. (1993) 36; Atri & Saini, Geob. N. Rep. 5(1986) 103;
Das & Sharma, Phytotax, 4(2004)4. Pl 20; fig. 55

Pileus 60-150 mm diam., convex to planoconvex with depressed center,
typically infundibuliform at maturity; pileipellis viscid when moist, smooth
at first, areolate forming crustose patches (up to 5 mm in diam), medium
yellowish green or medium to dark grayish olive green with brilliant to
soft yellow or light olive brown patches; margin tuberculately striate. Lamellae
broadly adnate to adnexed, close, equal, entire, forked at the stipe, cream
to pale yellﬂw lamellulae abundant. Stipe 50-95 x 18-28 mm, central, cylmdnc

J’CllUWlhll WI],]I,U, rcﬂud l."l',l.,, conilexi bl.lul.l.lC'l.I. iiiicia lgll]. . ldEI.C llll].u. QPU[C

print cream or pale yellow.

Basidiosperes 6.5-8.5 x 5.7-7 pm, subglobose to broadly ellipsoid, rarely
globose [Q = 1.14-1.24}; ornamentation amyloid, up to 0.7 pm high, composed
of conic or convex warts and ridges arranged in incomplete to almost complete
reticulum. Basidia 38-50 x 6.9-11 pm, clavate, 4-spored. Pleurocystidia 43-
16 x 6-12 um, emergent up to 30 um. subcylindric, fusiform to clavate with
appendiculate, capitate or moniliform apices; contents dense. Cheilocystidia
sume as pleurocystidia. Subhymenial layer thick, up to 40 um, cellulas. Pileipellis
composed of erect hyphae; hyphae composed of a chain of 3-8 cells: terminal
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Fig. 55, Russula virescens: a. Basidiomes b. Basidiospores ¢, Cheilocystidiad.
Pleurocystidia e. Cross section of pileipellis. Bars: a= [0 mm: b-¢ = [ um.
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coniferous to mixed subtropical to temperate forests.

Specimens examined : Uttaranchal, Almora, on the way to Binsar, August
2001, col. K. Das, KD911; Uttaranchal, Pithoragarh, Maitly, September 2001,
col. K. Das & J.R. Sharma, KD4029,

Notes : Russula virescens is easily distinguished by areolate to crustose
patches on pileipellis, tuberculately striate margin and presence of sphaerocytes
as subterminal cells of the pileipellis.

Russuia sp, Z Pi. 21; fig. 56

Pileus 60-90 mm diam., convex, planoconvex 1o umbelliform with depressed
center; pileipellis dry, cracked to areciate towards margin,

brownish pink, light gray brown or gray yellowish brown with cream to
pale yellow at the ceater, gray yellow, medivm yellow, dark yellow or dark
grayish yellow at maturity; margin plane, nonstriate. Lametlae broadly adnexed,
close (7-8 per cm), forked near the stipe or from the middle, pale yellow;
lameljulae in two rows. Stipe 37-70 x 13-18 mm, central, cylindric to subclavate,

owish wihire. eSO, (41 fod  whi hanaing 1

mild. Spore print not found.

Basidiospores (6) 7-8.8 x 5.4-7.8 um, globose to broadly ellipsoid {Q
= (.95-1.2 (1.30)]; ornamentation amyloid, (.2-0.4 pym high, composed of
irregular isolated warts, few connected by isolated lines, never forming
reticulum, Basidia 38-50 x 8-12 um, clavate, 4-spored. Pleurocystidia 80-
100 x 9,5-12 pm, cylindrie, fusoid or ventricose with rounded, mucronate,
appendiculate or narmwly lageniform (tailed) apices, emergent up to 40
jiim. Cheilocystidia 50-70 x 8-11 um, cylindrical to clavate. Pileipellis composed
of suberect septate branched hyphae and cylindrical to clavate, indistinctly

characterised pileocystidia with rounded to mucronate apices.

Ecology : Rare, grows in ectomycorrhizal association with species
of Pinus in mixed temperate forests.

Specimens examined : India, Utturanchal : Champawuat, Mayawati,
September 2002, col. K. Dus & J.R. Sharma, KD4541 {Holotype. BSD: isutype,
TUR-A, GUH), KD4579: ibid.. Nainital, Gagar, August 2002, col. K. Das.
KD2176.
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Tl.. &7’ o
Tig. 30, Russuia sp. 2: a. Basidiomes b. Basidiospores ¢, Cheilocystidia d. Cross

ction of pileipellis e. Pleurncys
prepe, Pleurocystidia. Bars; a= 10 mm; b-e = ithpm.

8
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Plate 20: a. Russula virescens b. R. grisea c. R. cyanoxantha.
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Plate 21: a. Russula sp. 2 b. R. anatina.
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Nowes : Based on the coloration of pileus and nature of the pileipeilis, the
present taxoit is placed in the subgenus Heterophyilidia Romagnesi. It matches
morphologically with R. virescens (Schaeff.) Fr. but the distinct
pseudoparenchymatous subpellis, absence of appendiculate (tailed) pleurocystidia
and spore reticulation in the latter separate the two taxa. The unusual combination
of characters like the distinctly areolate pileipellis, lageniform to tailed, thick-
walled pleurocystidia and spores with low irregular isolated warts justify a new
specific status to these specimens, Moreover, molecular analysis (Fig, 79} place

the present taxon (clade 2) quite distantly from K. virescens (clade 5).
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Subgenus Incrustatula Romagnesi
Dac. Myc., 69: 39, 1987, emend. Sarnari, Monografia illustrata del Genere
Russula in Europa, 125, 1998,

Fileus convex to planoconvex with often depressed center; pileipellis
smooth (o pruinose or subvelvety or rimose, orange red to purplish; lamellae
adnate to adnexed; basidiospores composed of isclated warts or with
connectives; hymenial cystidia present; pileipellis with incrusted hyphae;
pileocystidia absent; subpellis composed of inflated cells or hyphae; taste
mild. Eleven taxa in India; five in Kumaon Himalaya.

KEY TO THE SPECIES
la. Pileinallis and stinitinallic rimase to sonrfv {zcalyy
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b. Pileipellis and stipitipellis not rimose or sCurfy ........coovvveecccnincinnn 2
2a. Dried specimens never turn red with SV; subpellis hyphal....................
ceeemeneee. RUSSUlA 5P 3

b. Dried specimens turn bright red with SV, subpellis pseudoparenchy-
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b. Pileus 35-45 mm diam.; pileipellis velvety ... R dafianus
4a. Lamellae edge concolorous with the face of lamellae .............. R. rosea

b. Lamellae edge not concotorous (red).............. R. minutula var. robusta

Russula dafianus K. Das & J.R. Sharma sp. nov.
Pl. 22; fig, 57

Etymology: Dafia Dhura, referring to the type locality.

Pileus 35-45 mm diam., applanatus to planoconvexus, purpureus. Lamellae
annexae, densae, luteae. Stipes 20-25 x 8-12 mm, cylindricus, purpureus. Sporae
7.8-90 x 61-73 pm, late ellipsoidae. Pleurocystidia 56-80 x 8.0-10 um, fusiformia.
Pileocystidia absentia. India, Uttaranchal, Dafia Dhura, September 2001, leg.
K. Das & J.R. Sharma, KDD4004 (Holotypus, BSD).

Pileus 35-45 mm diam., applanate to planoconcave with slightly depressed
center; pileipeilis moist, downy-wooly to tomentose (velvely), dark purplish
pink, medium or soft to deep purplish red with light yellowish center: margin
regular, incurved. Lamellae adnexed crowded (ca 13-14 per cm). yellowish
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Fig. 57, Russula dafianus: a. Basidiomes b & ¢. Cross section of pileipellis ¢,

Basidia d. Basidiospores f. Pleurocystidia, Bars: a = 10 mm; b-f

1um.
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white 10 pale yellow; sometimes forked near the stipe. Stipe 20-25 x 8-12
mm, central, cylindrical, medium to grayish purplish red at the base, gradually
paler towards apex, FeSO, (+); context yellowish white to pale yellow, dricd
samples dark red with SV. Taste mild. Spore print not found.

Basidiospores 7.8-9 x 6.1-7.3 pym, broadly ellipsoid {Q = 1.17-1.27);
ornamentation amyloid, up to 1.1 um high, composed of spinoid to conical
or cylindrical warts, Basidia 24-35 x 6-8 pm, subclavate, 4-spored. Pleurocystidia
56-80 x 8-10 yum, emergent up to 24 pm, abundant, fusoid to veniricose
with appendiculate or narrowly lageniform (tailed) apices; contents dense
towards apices. Lamellag edge fertile with basidia and cystidia. Cheilocystidia

same as pleurocystidia. Pileipellis composed of erect 1o suberect, seplate.
hyphae (up to 7 um broad); terminal element cylindrical with rounded apices.
often with incrustations; pileocystidia absent. Subpellis pseudoparenchymatous,
3-5 cells deep.

Ecology : Rare, grows in ectomycorrhizal association with species of
Quercus in temperate mixed forests.

Specimens examined : Uttaranchal, Pithoragarh, Dafia Dhura forest.
Sept. 2001, col. K. Das & J.R. Sharma, KD4004; Uttaranchal, Bageshwar.
Dhakuri, Sept. 1999, col. K. Das & J.R. Sharma, KD1082.

Notes : The presence of hyphal incrustations and cellular subpellis
with the absence of pileocystidia in pileipellis, justify the placement of
these specimens under subgenus Incrustatuia. Preseat species i1s guite
distinct by velvety appearance of pileipellis, presence of basidiospores

with isolated spinoid warts and pseudoparenchymatous nature of the subpcliis.
The characters are quite distinct and do not match preseatly with any known
taxon of the subgenus.

Russula minutula var. robusta Saini, Atri & Singer

Sydowia, Ann. Mycol. Ser. 1. 35: 239, 1982; Rawla, Pl. Div. Him (2001)
17, Atri et al_, Bot. Res. Ind. (1991) 97, Saini, er al., J. Ind. Bot. Soc. {1993
36; Atri & Saini, Geob. N. Rep. 5(1986) 101; Das & Sharma, Phytotax, 4(2004)3.

Pileus up to 70 mm diam., convex to applanate, depressed to infundibuliform
at maturity; pileipellis dry, deep red; margin irregular, slightly splitted a1
maturity. Lamellae adnexed crowded, forked, white, unchanging after bruising:
lamellulae absent; margin red. Stipe 80 x 17 mm cylindrical 1o subclavate,
veined, white, pinkish after bruising. Sulfovanilline on stipe distinctly red.
brown after sometime. Context white, unchanging. Taste mild. Qdour
undistinguished. Spore print white.
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Basidiospores 6.5-7.5 (7.8) x 5.5-6.53 (6.8) um; ornamentation amvloid,
up to 0.3 pm high, composed of isolated to jointed warts, forming partial
reticulum. Basidia 20-4] x 6-9.5 um, ¢lavate, 4-spored; sterigmata up to 3
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obtuse, cylmdncal 10 clavate, often with incrustations. Pileipellis composed
of erect to suberect hyphae; hyphae often with incrusrations.

Ecology ! Rare, grows in ectomycorrhizal association with species
of Rhododendron in mixed temperate forest.

Specimens examined : Uttaranchal, Nainital, Naini Peak, September
1982, col. N.S. Atri, PUN 603,

Notes : The present taxon appears to be close to its typical variety
Russula minutula Velen. (Saini er al 1989), but the basidiomes of the latter
are only up to 20 mm in diam. in Indian specimens (Saini et @/ 1989) and
up to 30 mm in diam in European specimens (Romagnesi 1996).

Russula nothofagines Singer
Rev. Mycol. (Paris) 15: 127, 1950, Pl. 22; fig. 58

Pileus 40-65 mm diam., convex, planoconcave with slightly depressed
center; pileipellis dry, rimose or scurfy (scaly), grayish or dark to very

Lamellae broadly adnate close (6-7 per cm}, yellowish white to pale yellow;
{amellulae present. Stipe 23-37 x 5-10 mm, central, subclavate, scurfy to

scaly, concolorous with the pileus, FeSO, (+); context white, slowly biackish
after bruising. Taste not known, Spore print yellowish white,

Basidiospores 7.4-9.6 x 6-8.5 um, broadly ellipsoid to ellipsoid (Q =
1.2-1.33); ornamentation amyloid, composed of irregular warts (up to (.8
um) and fine lines forming incomplete reticulum. Basidia 28-44 x 7-9.5
um, clavate, 4-spored; sterigmata up to 7.5 ym long. Pleurocystidia 34-
50 x 10-13.5 pm, emergent up to 20 um, abundani, clavate; contents dense.
Lamellae edge fertile. Cheilocystidia 30-38 x 8-10 um, subclavate. Subhymenial
layer up to 15 um thick. Pileipellis a trichoderm composed of erect to suberect
branched, septate, hyphae up to 6 um broad; terminal elements fusoid 1o
obtanceolate or clavate, often with incrustations; pileocystidia absent. Subpellis
pseudoparenchymatous.

Ecology : Rare. grows in ectomycorrhizal association with species of
Ritododendron and Quiercus in temperale deciduous forests.
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Fig. 58. Russuly nothofuginea: a. Basidiomes b. Basidiospores ¢. Pleurseystidia
d. Cross section of pHeipellis, Bars: o = F) mm; h-d = {0 pm,
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Specimens examined ; Uttaranchal, Pithoragarh, Dafia Dhura forest,
Oct. 4, 2001, col. K. Das & J.R. Sharma, KD4047.

Notes : The present species 1s characterized by scurfy to scaly appearance
of its bastdiomes in the field. Microscopically, the ¢lavate pleurocystidia,
mcrusted hyphae 1n pileipellis and cellular subpellis help in the ChElI‘dC[Eri zation
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agreement with the characters of the holotype described by Singer (1950)
cxcept the size of spores and cystidia is smaller for Indian specimens.

Russula rosea Quel.

Ench. Fung. 184, 1886; Rawla, Pl. Div. Him. (2001) 23: Atri & Saini,
Geob. N. Rep. 5(1986) 102, Saini er 4f., ]. Ind. Bot. Soc. 68{(1989} 207:
Saini & Atri, Geob. New Rep. 3(1984) 5; Das & Sharma, Phytotax. 4(2004)3,

Pl 22; tig. 59

Pileus 75-120 mm diam., convex, planocorvex with depressed center
at matunity; pileipellis dry, viscid when moist very red, never velvely or
scurfy, deep red or reddish orange, paler towards margin, peeling up to 1/
3rd of radius; margin slightly decurved to plane, tuberculately sulcate,
often splitted. Lamellae adnexed, close to rather crowded (9-10 per cm),
forked, light yellow to pale orange yellow, spotted at maturity. Stipe 60-
80 x 15-24 mm, central, cylindrical, white with tinge of deep pink, FeSO,
{(+); context pale yellow. Dr1ed specimen immediately turns bright red after

tirmve wiith SV Mdanr indictanat Tﬁn' wryi A Qr\n-ﬂn v\ﬂﬂ nala vallaw
UNE Wil o Y. Lracur indistingt, fasie miig. SPOTE P PRI YOO,

Basidjospores 6.75-8.5 x 5.9-7.2 pm, subglobose o broadly ellipsoid
(Q = 1.08-1.30); ornamentation amyloid, composed of irregular warts (up
to 0.5 pm) and fine lines forming inrcomplete reticulation. Basidia 34-45 x
6-9 pm, clavate, 4-spored; sterigmata up to 7 pm long. Pleuromacrocystidia
abundant 55-90 x 7-11.3 pm, emergent up to 30 pm fusiform to subfusiform;
contents dense. Lamellae edge fertile with basidia and cystidia. Cheilocystidia
35-60 x 6.75-8 pm. Subhymenium layer up to 20 um thick, cellular. Pileipellis
composed of erect to suberect hyphae. Hyphae up 10 4 pm broad, ofien
with incrustations, Subpellis pseudoparenchymatous.

Ecology : Common, grows in ectomycorrhizal association with species
of Quercus in temperate deciduous to mixed forests.

Specimens examined : Uttaranchal, Nainital, Mukteshwar, August 2002,
col. K. Das, KD2126, KD 2128, Uttaranchal, Almora, Mornoula, September

n-.-

2002, col. K. Das & J.K. Sharma, K[}4590,

Notes : Russula resea is easily characterized by deep 10 orange red
pileus, concelorous lamellae and stipe with a tinge of pink colour. Further.
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Fig. 59. Russula rosea: a. Basidiomes b & e. Pileipeliis ¢ Basidiospores . Cheito-
cystidia [. Pleurocystidia. Bars: a = 1O sam; b-{ = 1O prn.
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the turning of the dried specimens to bright red with sulphovanillin is also
very characteristic. It resembles morphologically with Russula sp. 3 but,
microscopically, the latter differs from the present species by having hyphal
nature of subpellis and larger spores. Moreover, Russula sp. 3 is always
found associated with the species of Rhododendron.

Russula sp. 3 Pl. 22 fig. 60

Pileus 80-120 mm diam., convex, planoconvex with depressed center
to uplifted at maturity; pileipellis dry, somewhat pruinose but never velvety
or scurfy, soft 1o medium to deep red, often with brilliant orange yellow
areas; margin often tuberculately sulcate, splitted. Lamellae adnexed to
subdecurrent close to rather crowded (8 per cm), often forked from the

stipe, brilliant to light orange vellow; lamellulae absent. Stipe 50-125 x
20-28 mm, central, subclavate to clavate, yellowish with deep pink to medium
red areas, white with tinge of deep pink, FeSO, (+); context pale yellow.
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Basidiospores 6.5-10.2 x 6-7.7 um, globose to broadly ellipsoid (Q =
1.03-1.26); ornamentation amyleid, composed of 1selated conic to spiny
warts {up to 1.75 um). Basidia 40-60 x 9-14 um, subclavate, 4-spored; sterigimata
up to 7.5 um long. Pleurocystidia 72-115 x 8-12 ym, emergent up to 45
pm, abundant, cylindrical to subfuseid, thick walled; wall vp to 1.5 um
thick; contents dense. Lamellae edge fertile with basidia and cystidia.

Cheilocystidia 60-75 x 9-13 pum, clavate to fusoid, thick walled; wall up
to 1.75 um thick. Pileipellis composed of erect to suberect hyphae; hyphae
up to 5 um broad, often with incrustations. Pileocystidia absent. Pilear
trama with abundant sphaerocytes. Stipitipellis composed of suberect to
repent hyphae and cystidia.

Ecology : This species grows in close association with species of
Rhododendron in moist mixed temperate forests.

Specimens examined : India, Uttaranchai : Bageshwar, Dhakuri, September
2003, col. K. Das & J.R. Sharma, KD7029 (Holotype, BSD; isotype, GUH);
ibid., KDY7092, KD7093.

Notes : Morphologically, bright coloulration of pileipellis and microscopically,
the presence of incrusted hyphae and absence of pileocystidia in pileipellis,
undoubtedly place these specimens under the subgenus Incrustatuila. The
characters recorded for these specimens are guite close to Russula rosea
Qielet, as aiso confirmed by molecular analysis (Fig. 79) but, the latter
differs by having cellular nature of subpellis and smaller basidiospores.
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Fig. 0. Russula sp. 3: a. Basidiomes b, Basidinspores ¢, Basidia d. Cheilocystidia
&. Pleurocystidia f. Cross section of pileipeHis. Baes: a = 10 mm:; b-f = 10,



RUSSULACEAE OF KUMAON HIMALAYA 175

Plate 22: a. Russula nothofaginea b & c. R. dafianus d. R. rosea e. Russula sp. 3.
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Subgenus Ingratula Romagnesi
Doc. Myc. 69: 39, 1987

Pileus convex, planoconvex with broadly depressed center at maturity;
pileipellis viscid, sticky or gelatinous, margin tuberculately striate to sulcate;
lamellae adnexed to subdecurrent; context stuffed to hollow; basidiospore
ornamentations composed of isolated warts or warts with connectives forming
a broken reticulum, rarely winged in a zebroid fashion; hymenial cystidia
present; pileocystidia present. Twelve taxa in India; seven in Kumaon Himalaya.

KEY TO THE SPECIES
la. Pileipellis areolate, atleast at maturity ............cecroeconeee... R abbotensis
b. Pileipellis never areolate .......ccc.occeceeicee e s 2
2a. Stipe base purplish red ... vivirrmnsce s Ke praetervisa
b. Stipe base not purplish red ... 3
3a. Pileus white to yellowish white ...........c..co.coceinrnnreno.. Russula sp. 4

b. Pileus yellowish, yellowish orange, brown grayish yellow or grayish

DIOWIL .o ramroniceinennesniest oot saesness s oot sasnsanssonssantsrorssamssanss sesamssnms sumsssmsssmss 8

la. Basidiospores ornamentation typically winged to zebroid
crenneesens Ko laUTocerasi
b. Basidiospores ornamentation never winged or zebroid ....................... §

5a. Basidiospores ornamentation with isolated warts................. R, foetens
b. Basidiospores ornamentation forming incomplete reticulum ............... 6
6a. Context distinctly lemon yellow after bruising or with KOH .................

«eeeeee R, subfoetans

b. Context not changing as above .......cccoee e, R4 pectinata

Russula abbotensis K. Das & J.R. Sharma sp. HOV,
PL. 24; fig. 61

Etymology: Abbor Mount, referring 1o the rype locality.

Pileus 80-12¢ mm diam., convexus, planoconvexus ad leviter depressus
in centro. Lamellae annexae ad subdecurrentes, densae, luteoalbae. Stipes
30-70 x 14-21 mm, brunneolus ad rufulus. Sporae in cumulo lutevalbae,
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Fig. 61. Russulu ubbotensis: a. Basidiomes b, Basidiospores ¢. Basidia d. Cross
section of pileipellis e. Pleurocystidia. Bars: a= 10 mm; b-d = [ pm.
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R.0-10 x 7.3-8.5 um, subglobosae ad lute ellipsoidae. Pleurocystidia 50-75 x 8.0)-
10 wm, fusiformia ad subfusiformica. Cheilocystidia 38-60 x 7.0-10 um, fusiformia.
Pileocystidia cviindricus. INDIA, Uttaranchal, Champawat, Abbot Mount,
September 2002, K. Das & J.R. Sharma, KD4531 (Holotypus, BSD).

Pilens 50-80 mm diam., convex when young, gradually plancconvex
to slightly umbelicate with broadly depressed center; pileipellis viscid to
glutinous, towards center breaking into crustose patches to become areolate
at maturity, grayish yellow, light gray purplish red to light reddish brown,
deep to dark reddish brown or dark purplish red at center; margin decurved
when young, plane at maturity, tuberculately striate. Lamellae adnexed to
subdecurrent, rather crowded (8-10 per cm), thick, yellowish white; lamellulae
in a single row. Stipe 30-70 x 14-21 mm, central, tapered towards bath the
end, pruinose to scurfy towards base, white, very light brown to light gray
purplish red towards base after bruising or maturity, FeSO, (+). Taste mild.
Spore print yellowish white.

Basidiospores 8.0-10 x 7.3-8.5 pm, subglobose to broadly ellipsoid
[Q = 1.07-1.20]; ornamentation amyloid, less than I pm high, composed of
¢onic to spiny warts sometimes jointed by fine lines. Basidia 30-51 x 10-
13 pm, subclavate, 4-spored. Pleurocystidia 30-75 x 8-10 pm, emergent up
to 18 pm, abundant, fusiform to subfusiform often tapering to mucronate
apices. Cheilocystidia 38-60 x 7-10 pm, mostly fusoid, some tapering to
mucronate apices. Subhymenial layer narcow, up to 14 pm, cellular. Pileipeliis
purely ixotrichoderm, composed of hyphae and pileocystidia; hyphae up

. to5 um broad. pileocystidia up to 5 pm broad, cylindric with mucronate

apices.

Ecology : Common, grows in ectomycorrhizal association with species
of Quercus in mixed temperate forests.

Specimens examined : Uttaranchal, Champawat, Abbot Mt., September
2002, col. K. Das & J.R. Sharma, KD4531; fbid., KD4534,

Notes : Thf: areoiate namre and colour of the pileipelliq arc so distinct

do not match with characters of any of the recnrded species under this
subgenus.

Russula foetens Pers.: Fr,

1 ¥
-ty R W

Observationes mycologicae 1: 102, 1796, Pl 23; fip. 62

D.I ¥ 4 L
rileus 55-110 min diam., convex, applanate to broadly depressed at maturity,

pileipellis viscid to sticky when moist, brilliant to dark or deep orange vellow,
soft yellowish brown; margin tuberculately sulcate to striate. Lamellae adnexed
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Fig. 62, Russula foetens: a. Basidiomes b. Basidiospores ¢. Basidia d. Pleuro-
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ner o). sometimes forked near -:'In'un vellowish
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white; lamellulae few in two rows. Stipe 95-110 x 24-27 mm, central, mostiy
cylindric, veined; context gradually hollow at maturity, yellowish white,
unchanging on bruising, but slightly brownish at maturity, FeSO, (+). Context
ever turning vellow to golden yellow in KOH or after bruising, Taste acrid.
Spore print pale yellow.

Basidiospores 7.5-9 X 6.8-8.1 pm, subglobose [ = 1.07-1.13); crnamentation
up to 1.5 um, partially amyloid, composed mostly of conic to acute tipped
isolated warts, usually without any connectives. Basidia 32-45 x 7-10 um,
clavate, 4-spored; sterigmata up to 6 pm long. Pleurocystidia 50-117 x 8-
12 pm, emergent up to 60 pm, fusoid with mucronate, capitate, appendiculate
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layer up to 24 pm thick, cellolar, Pileipellis composed of parallel hyphae
and pileocystidia; hyphae 2-4 ym broad; pileocystidia fusoid with mucronate
apices.

Ecology : Abundant, grows ectomycorrhizally with species of Cedris
orr rplu with fluerenus in coniferous to mized remnerate forests,
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Specimens examined ; Uttaranchal, Champawat, Lohaghat, September
2002, col, K. Das & J.R. Sharma, KD4501, KD45035, KD4513; Uttaranchal,
Champawat, Mayawati, September 2002, col. K. Das & J.R. Sharma, KD4544,
KD4533; Uttaranchal, Nainital, Tiffin top, September 1982, col. Atri & Saini,
PUN 596,

Notes : Russula foetens sometimes forms typical fairy rings in the forest
and is easily characterized by the crowded arrangement of lamellae and
lamellulae, acrid taste and basidiospores with isofated warts. [t is also close
[L¥) ﬂ. lﬂurﬂiffﬁji i‘_l.ﬂl'..l ﬂ. JHDJ'GEIEH.! DLI.I. Ll.l'lllllﬂ Llle I_ZI'I._'ESEI_II. El_}EClES ﬂ murmt'ruu
has distinctly winged spores, while in R, subfoetens (Sarnari [998), the

context changes lemon to golden yellow after bruising.
Russula laprocerasi Melzer

Casop. Cesk. Houb. 2: 243, 1921; Rawla, P1. Div. Him. (2041) 13; Saini
& Atri, Geob. N. Rep. 3(1984) 5; Current Science 50(1981) 460; Das &

Pileus 65-120 mm diam., convex, planoconvex to applanate with slightly
depressed center at maturity; pileipellis viscid to sticky, light yellow to
brilliant yellow or orange yellow; margin tuberculately sulcate, brownish,
Lamellae broadly adnate to adnexed, close (7-8 per cm), some forked, yellowish
white; lamellulae present. Stipe 50-90 x 15-20 mm, central, cylindrical or
tapered below, dirty yellowish white, FeSO, (+); context stuffed, unchanging,
gradually hollow at maturity, Taste hot. Ddor fruity. Spore print pale yellow,
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Basidinspores 8-10 x 7.8-9.4 pm, globose to subglobose [} = 1.02-1.1],
ornamentation amyloid, up to 2.3 pm high, composed of mostly paralle!
ridges forming somewhat zebroid pattern of wings, sometimes connected.
Basidia 35-55 x 9-12 pm, clavate, 2 to 4-spored; sterigmata long, up 1o 8
um. Hymemial cystidia 45-90 x 6-12 pum, fusiform to ventricose with capitate
to blunt or mucronate apiccs; content dense. Subhymcenium thick, up to
40 pm, cellular. Pileipellis an ixotrichoderm, composed of septate, branched
hyphae, hyphae and pileacysiidia;, hyphae up to 5 pm broad; pileocystidia
mostly cylindrical also up to 5 pm broad.

Ecology : Common, grows ectomycorrhizally with species of Quercuy
in deciduous to mixed temperate forests.

col. K. Das, KD2125; ibid. KD2131; Uttaranchal, Nainital, Ragarh. Aug,
2002, col, K. Das, KD2i42; Uttaranchal, Champawat, Champawat, Aug.
2002, KD2107.

Notes : The basidiospore ornamentation consisting of mostly parallel
ridges in a zebroid pattern, separates this taxon from all other taxa in the
subgenus,

Russula pectinata Fr.

Epicr. Syst. Mycol. 358, 1838; ; Rawla, PL. Div. Him. (2001) 21; Atri e¢
al., Bot. Sci. Res. Ind. (1991) 96; Rawla & Sarwal, Bib. Mycol. 91{1983)
37; Atri & Saini, Geob. N. Rep. 5(1986) 101; Saini & Atri, Kavaka 17(198%)
26; Das & Sharma, Phytotax. 4(2004)3. Pl, 24; fig. 64

Pileus 40-55 mim diam., applanate to uplified with depressed cenier;
pileipellis viscid when moist, grayish brown at center, paler towards margin;
margin regular, plane, tuberculately sulcate. Lamellae adnexed, close (7-8
per cm), forked near stipe, yeilowish white to pale yellow. Stipe 43-50 x
13-16 mm, central, white, gray yellowish brown after bruising or maturity,

FeSQ, (+); context solid, unchanging after bruising and with KOH. Taste
acrid. Spore print white,

Basidiospores 7.4-10.3 x 67 um, broadly ellipsoid, to ellipsoid; omamentation
amyloid, up to 1.3 pm high, composed of conic warts and ridges arranged
in incomplete reticulum. Basidia 3044 x 7.5-10 um, clavate, 4-spored. Pleurocystidia
66-80 x 5-8.5 pm, cylindric with fusoid to narrowly acute apices. Cheilocystidia
33-42 x 4.9-6.8 pm, cylindrical with fusoid to acute apices. Pileipellis an
ixotrichoderm, terminal elements cylindric to subclavate, thick walled, Pileocystidia
p;escnt. Stipitipellis composed of mostly vesiculose cells, caulocystidia
absent,
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Fig. 64, Russuia pecrinara: a. Basidiomes b. Basidia c. Basidiospores d. Cheilo-
cystidia e. Cross section of pileipellis f. Pleurocystidia, Bars: 2 = 10 mam: b-f = [0
pm,
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Ecology : Abundant, grows ectomycorrhizally with species of Quercus
in deciduous to mixed temperate forests.

Specimens examined : Uttaranchal, Nainital, Gagar, August 2002, col,
K. Das, KD3070; Uttaranchal, Pithoragarh, Dafia Dhura, September 2001,
col. K. Das & I.R. Sharma, KD4079.

Notes : The present species is close to R, praetervisa and it is difficult
to separate them morphologically in the field. However, a distinct purplish
to brownish red colour at the stipe base and the mild taste separate R.
praetervisa from the present taxon.

Russula praetervisa Sarnari

Monografia Ilfustrata del Genere Russula in Europa 463; 1998; Sharma
et al., Ind. J. For. 27(2005) 78. Pl. 24, fig. 65

Pilens 36-80 mm diam., planoconvex, gradually infundibuliform at maturity,
center mostly depressed; pileipellis viscid, dight grayish brown to grayish
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maturity, paler towards margin, center darker, peeling up to ¥ of the radius;
margin tuberculately sulcate, regular, incurved, gradually plane. Lamellae
broadly adnate to subdecurrent, close {ca¢ 6-8 per cm), edge smooth, chalky
white, brown orange, light brown or light o medium reddish brown spots
and patches at maturity. Stipe 35-70 x 13-18 mm, central, cylindric to subclavate
or s}ightly tapering downwards, yellowish white, often purplish to brown
red at the base with brownish spots on the other areas, FeSO, (+). Context
stuffed, gradually hollow at maturity. Taste mild. Spore print white to yellowish
white,

Basidiospores 6.9-8.3 x (5} 5.5-6.3 pm, broadly ellipsoid to ellipsoid
[Q=1.19-1.38 (1.5), av. 1.23-1.30]; ornamentation amyloid, up to 1 ym high,
composed of conic warts and ridges, forming somewhat broken reticulation.
Basidia 35-54 x 6-10 pm, subclavate to clavate, 4-spored; sterigma up 1o
8.5 um high. Pleurocystidia 65-95 x 8-11 pm, abundant, ventricose with acute

ips; ive, ellae i i sidia an
scattered cystidia. Cheilocystidia 40-70 x 7-9 um, same as pleurocystidia,
Subbymenium layer up to 30 um thick, cellular. Hymenophoral ttama composed
of hyphae and sphaerocytes. Pileipellis composed of repent to suberect
hyphae (up to 4.5 pm broad) and pileocystidia. Pileocystidia 4.5-6.5 pm
broad, fusiform to ventricose, content refractive. Stipitipellis composed
of connective hyphae, up to 5.5 um broad. Caulocystidia absent.

Ecology : Common, grows etomycorrhizally under the species of Quercus.
Rhododendron and Cedrus in deciduous 1o mixed temperale forests,
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Specimens examined . Uttaranchal, Bageshwar, Dhakuri, September,
2003, col, K. Das, KD7009; {bid, September 1999, col, K, Das & JLR. Sharma,
KD1018; ibid., KD1038; Uttaranchal, Champawat, Mayawari, September 2002,
col. K. Das, KD4569; Uttaranchal, Almora, Mornoula, October 2002, col.
?D

Thrno 7T AL
l.'\. LAy, ™h1J = )70

Notes : Russulg praetervisa appears to be one of the most common
species in different parts of Kurmnaon Himalaya. [t shares many characters
with Russula pectinata Fr. But uniike the present species, the latter has a
distinct acrid taste {Sarnari 1998) without purplish red stains at stipe base.

R. hor!ensw Sarnari also rescmbles but R, praererma differs in havmg

renculanon in basidiospores.

Russula subfoetens W.G. Smith

Journ. Bot. London 11: 337, 1873; Rawla, PL. Div. Him. (2001} 25; Saini
& Atri, Kavaka 17{1989) 23, Fig. 66

Pileus 67-105 mm diam., convex to applanate with slightly depressed
center; pileipellis viscid brilliant o very yellow or medium to deep orange
yellow; margin tuberculately striale, sulcate. Lamellae adnexed, rather distant,
few forked, yellow white; lamellulae present. Stipe 80-130 x 25-35 mm, central,
cylindric, slightly narrow towards apex and base, yellowish white, slightly
brownish after maturity, FeSQ, (+); context hollow at maturity, yellowish
white, lemon yellow after bruising, distinctly golden yellow in KOH. Taste
slightly acrid. Spore print vellowish white.

Basidiospores 7.5-9.5 x 6.8-8.8 um, subglobose to broadly ellipsoid,;
ornamentation partially amyloid, up to 1 pm high, composed mostly of conic
warts and few connectives, forming atmost broken reticulum. Basidia 38-
50 x 9-13 pm, clavate, 4-spored; sterigmata long, up to 9 pm. Pleurocystidia
50-120 x 7-14 ym, ventricose with acute, mucronate or appendiculate apices,
Cheilocystidia 32-50 x 5-9 pm, cylindric to clavate or ventricose. Pileipetlis
composed of interwoven hyphaeand pileocystidia; Pileocystidia up to 6

Ei Ty hrnuﬂ Favcmad b rl'ul ndrisa with smeramnatns aomdtoats s rhen my o d i alanta
JREAL KFRLFINAL, L LEARFELE LLF J’llllull\- Wikn LI A Ly Lﬂl—"lﬂl\.— I.U ﬂyl}bllul\eulﬂlc

apices,

Ecology ; Rare, grows ectomycorrhizally with specics of Quercus in
moist mixed temperate forests,

Specimens examined : Uttaranchal, Bageshwar, Dhakuri, September 2003,
col. K. Das & J.R. Sharma, KD7020.
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Fig. 66. Russula subfoetens: a. Basidiomes b. Cross section of pileipeliis ¢. Cheilo-

cystidia d. Basidiospores e. Pleurocystidia. Bars: a = {0 mm: b-e = i um.
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Fig. 67. Russula sp. 4: a. Basidiomes b. Basidiospores c. Basidia d. Plevrocystidia
e. Cross section of pileipellis. Bars: a = 10 mm: b-e = 10 um.
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Notes : Russula subfoetens and R. foetens resemble closely in macro-
and microscopic characters but both can be separated by characters discussed
under &. foetens.

Russula sp. 4 Pl 23, fig. 67

Pileus 60-i(}5 mm diam., convex, pianoconvex, pianoconcave to umbelicate
at maturity; pileipellis dry, viscid when moist, slight glutinous, taberculately
sulcate, white, yellowish white with yellowish gray in the center, sometimes
light to medium brown spots at the periphery, unchanging; margin decurved,
gradually plane at maturity. Lamellae adnexed, subdistant to close (6-7
per cm), forked near stipe, brittle, yellowish white to cream; lamellulae
absent; edges even. Stipe 40-70 x 16-22 mm, dry, central, cylindric to subclavate,
concolorous with pileus; context solid to stuffed, white to yellowish
white, unchanging FeSO (+). Taste mild. Odor insignificant. Spore print
yellowish white.

Basidiospores 6.5-8.8 x 5.8 7.1 um, subglobose to broadly ellipsoid,
Q = 1.08-1.25 (1.34); ornamentation amyloid, up to 0.4 pm high, composed
mostly of minute warts and ridges forming incomplete reticulum. Basidia
28-35 x 7.5-9 pm, subclavate to clavate, 4-spored; sterigmata up to 6 um
long. Pleurocystidia 60-90 x 6-10.5 um, emergent up to 30 ym, fusiform
with mucronate to capitate apices, content dense. Lamellae edge fertile,
Cheilocystidia not found. Subhymenium layer up to 27 um thick, cellujar
Pileipellis composed of suberect hyphae and pileocystidia; pileocystidia
up to 5 pm broad. Stipitipellis composed of parallel hyphae (up to 3 pm
broad). Stipe trama composed of numerous sphaerocytes,

Ecology : This species grows in close association with species of
Quercus in moist temperate (2300-2700 m) deciduous to mixed forests in
Kumaon Himalaya,

Specmens examined : India, Uttaranchal ; Pithoragarh, Dafia Dhura,
October 2001, col, K. Das & J.R. Sharma, KD4097 (Holotype, BSD); ibid.,
Bageshwar, Dhakuri, September 2003, col. K. Das & J.R. Sharma, KD7008
(GUR); ibid., KD7070 (BSD).

Notes : This species is distinguished in the field by having the unique
combination of characters like whitish coloration of pileipellis which is
unchanging on bruishing or with age, tuberculate margin of the pileus
and basidiospores with minute warts and ridges. Based on the viscid pileipallis,
sulcate pilear margin, adnexed lamellae, low ornamented basidiospores and
presence of pileocystidia, the present taxon is placed in the subgenus

Ingratula Romagnesi emend. Sarnari.
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Plate 23: a. Russula foetens b. R. laurocerasi c. Russula sp. 4.
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Plate 24: a & c. Russula praetervisa b. R. pectinata d. R. abbotensis.
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In the field, this species appears quite close to R, brevipes Peck var,
brevipes and R. delica Fr. However, typically shorter stipe, presence of
anumerous lamellulae, absence of tuberculately sulcate margin of pilevs
(Shaffer 1964, Sarnari 1998), acrid taste of basidiomes and higher spore
ornamentation differentiate both R. brevipes var. brevipes and R. delica
from the present species. Moreover, presence of typically decurrent Jameilar
attachment also help in the separation of R. brevipes var. brevipes from

the present taxon.
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Subgenus Russula emend. Sarnari
Menografia Illustrata del Genera Russula in Europa : 110, 1998,

Pileus convex to umbelicate, pileipellis dry or viscid, always bright
coloured, red, purple or yellowish, smooth, pruinose or rarely areolate;
margi smooth sulcate or tuberculately striate; lameliae adnexed to subdecurrent;
stipe white to reddish purple; basidiospore ornamentations with isolated
warts and connectives; hymenial cystidia present; pileocystidia septate
or aseptate, Forty eight taxa in India; fourteen in Kumaon Himalaya.

Note : Three species namely Russula gracillima, R. nitida and R, versicolor
belonging to the subgenus, were reported from Kumaon Himalaya by Rawla
(2001). Unfortunately, during our extensive and intensive surveys of the
study area, fresh specimens could not be procured. The descriptions provided
in this manual are based only on the herbariurn material as cited under
the specimens examined.

EY TO THE SPECIES
ALZERS & LW L LRAR kSR ALl
la. Pileus bright to orange yellow, never red ......cccvvmmmeecrmmrminns cover el

b. Pileus reddish, reddish brown, or purplish or vinaceous atleast in
partd

2a. Pileocystidia thin-walled, pileus lemon yellow ..................... R. raoultii

LA

b. Pileacystidia thick-walled, pileus orange yellow ...

3a. Spore ornamentation up to 1 pum high; basidia up to 16 um broad ....
rd

b. Spore ornamentation up to 0.6 pm high basidia up to 8 pm broad ......
ceeeneeeeeeee.. R TlAvida

4a. Basidiomes yellowing gradually after bruising or at maturity ...........
werererennn RSSUNA SP. 5

b. Basidiomes not YelloOWING ..., 3
5a. Basidiomes guickly blackening..............esreeeeeee.. Ro rhodomelanea
b. Basidiomes not blackening ..oocoeeeecmeminneiier e, 9
6a. Pileus orange, context reddening On €XpPoOSULe ...ccivenes R. decolorans
b. Pileus not orange, context not reddening ... 7
7a.  Pileocystidia WithoU? SEPL v wiimimsmismmnmis s s 8

b.  Pileocystidia always SEPIALE ..o, 9
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8a. Stipe yellowish white to ochraceous, salmon pink in FeSQ, .. ... .
verrenmreennnee: R decipiens
b. Stipe white with vinaceous tinge, greenish ian FeSO, . .

ceerreennees Re Xérampelina
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correrinannee IRe €IMELTCA
b. Pileus not discoloring as abOVE c...ceeve e rinnnesencnnnns L}

10a. Pilevs cracked or areolate, always with a yellowish tinge at the center;
basidispores 7.7-11.5 x 6.2-83 pm....ccoccceveevveee e RUssula sp. 6

b. Pileus never cracked or areolate, without 2 yellowish tinge; basidio-

spores not larger than 2.6 UM ... 11
L1a. Pileus reddish orange; stipe up to 70 mm long.............. R. vaurasiana
b. Pileus vinaceous; stipe not more than 50 mm long.......ceeeeirennriinns 12
12a. Stipe buff to ochraceous.....c.cccevvc e, Ry gracillima
b. Stipe vinaceous to sienna tNted ....c.coovieviinriniiier e e 13
13a. Basidiospores never reticulate; stipe feebly striate ............... R. nitida
h. Basidiospores subreticulate; stipe distinctly veined ..o,
crseereenneenne Ro ¥ETSicolor

Russula decipiens {Singer) Svrcek.

Cesk. Mycol. 21: 228, 1967; Russula macuiata var. decipieny Singer,
Buli. Soc. Mycol. Fr. 46: 212, 1931.

Pl 27, fig. 68

Pileus 70-90 mm diam., convex to planoconvex with depressed center
or slightly infundibuliform; pileipellis mat, soft red to red; margin regular,
sulcate. Lamellae adnexed to subdecurrent, close, forked near the stipe,
lamellulae present. Stipe 37-50 x 10-13 mm, central, subclavate to clavate,
yellowish white, slightly graying after bruising, FeSO, (+); context yellowish
white, stuffed unchanging. Odour indistinctive. Taste acrid. Spore print
pale to orange yellow,

Basidiospores 8-9.3 x 6.6-7.5 pm, subglobose to broadly ellipsoid
(Q = 1.08-1,25); ornamentation amyloid, up to | pm high of conic warts
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and few connectives forming somewhat broken reticulum; plage, distinet
amyloid. Basidia 42-55 x 10-14 pm, clavate, 4-spored. Hymenial cystidia
60-90 x 11-15 pm, abundant, fusiform: with mucrenate to appendiculate apices;
contents dense. Lamellae edge fertile with basidia and a few cystdia. Pileipellis
compased of erect to suberect hyphae {up to 5 um broad) and dermatocystidia.
Pileocystidia, up to 11 pm, broad, subclavate te clavate, nonseptate; contents
dense,

Ecology : Common, grows in ectomycorrhizal association with species
of o
A R

vercns in tamperate mixed foraeges
W F b BFLP to' ER L e T ]

Specimens examined - Uttaranchal, Nainital, Muokteshwar, August 2002,
col. K. Das, KD2123; ibid., KD2124.

Notes : Russula decipiens is easily distinguished by its whitish stipe
which slouty becomes grayvish after bruising, orange vellow spore print

separates closely related R. emerica var. emetica from the present taxon.
Russula decoloraas Fr.

Epicr. Syst. Mycol.: 361, 1838 ; Das & Sharma, Ind. I. For. 26{2003)
323; Phytotax 4(2004) 2. Pl 25; fig. 69

Pileus 40-85 mm, convex, center slightly depressed when mature; pileipellis
viscid, glabrous, orange vellow or soft to very orange; margin even to
sulcate, often radially furrowed, pecling at the margin only. Lamellae close
{6-8 per cm), adnexed, forked near the stipe, lamellulae in a single row,
yellowish white, grayish with age. Stipe 40-80 x 20-25 mm, subclavate to

.ﬂluun'ln whilas graving n:nfl'l aocg Or aftar I'\rl'ncrr'lﬂ Fall} (4 Montaxt 1.1.r|1.1h=-
LiE VR Le, Wil glaylil ¥ aphe WL Alibel DEUISLLE, eudis, 170 F AAUIREAL

turning reddish or orange gray on exposure. Odor indistinctive, Taste mild,
Spore print pale yellow

Basidiospores 7-9.4 x 6-7.7 pm (Q = 1,06-1.26, av. 1.17-1.20), subglobose
to broadly ellipsoid; ornamentation amyloid, conic to spiny warts up to
1.6 um high, sometimes connected by fine ridges; plage distinct. Basidia
42-60 x 12-15 um, subclavate to clavate, 4-spored; sterigma up to 6 pm

. i - =14 m, ;
or conical with subacute to mucronate apices, emergent up to 40 um; contents
refractive. Lamellae edge fertile with basidia and a few cystidia. Cheilocystidia
40-60 x 7-10 um, same as pleurocystidia, Subhymenium layer up to 25 pm
thick, cellular. Pileipellis 50-90 pm thick, composed of repent to suberect
hyphae (up to 5 um broad) and dermatocystidia. Pileocystidia 40-58 x
7-9 um, numerous, subclavate to obtuse, thick walled; 0-1 septate. Stipitipeilis
composed of mostly repent hyphae {up to 4 um broad}; caulocystidia not
observed.
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1 .

Fig. 69, Russula decolorans: a. Basidiomes b. Basidiospores ¢ & e. Pleurvcystidia

d. Basidia f, Pileocystidia g. Cheilocystidia. Bars: a = 10 mm; b-g
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Ecology : Rare, grows in temperate deciduous and mixed forests, forming
ectomycorrhizal association with species of Quercus and Rhedodendron.

Specimens examined : Uttaranchal, Champawat, Mayawati, September
2002, col, K. Das & J.R. Sharma, KD4559; Uttaranchal, Almora, Mornouila,
October 2002, col. K. Das & I.R. Sharma, KD4593; Uttaranchal, Nainital,
Ramgarh, August 2002, col. K. Das, KD2181.

Notes ; The basidiomes of Russula decolorans have a close similarity
with R. aurantiolutea Kauffman and R. gqurantioflammans Ruotsalainen,
Sarnari & Vauras, But R. guranticlutea and R. anrantioflammans have distinct
acrid taste and the context also lacks the reddening on exposure (Kibby
& Fatto 1990, Sarnari 1998). Further, R. aurantiolutea has no lamellulae
intermixed with lamellae,

Russula emetica {Schaeff. : Fr.) Pers.

Observations Mycologicae 1: 100, 1796, Agaricus emeticus Schaeff.,
Fungor. Bavdr. Icon IV: 9, 1774, Sys. Myc. 1: 56, 1821Berk. Hook. J.
Bot. 3(1851) 43; Roy, Fungi. Beng. (1947); Rawla, P1. Div. Him. (2001)
11; Kumar et al., Ind. J. Mush. 5(1979) 23; Das & Sharma, Phytotax.
4(2004)2. Pl. 25; fig. 70

Pileus 35-65 mm diam., convex at first, planoconvex to plancconcave;
pileipellis viscid when moist, very red, deep red to reddish orange, gradually
discoloring from the margin; margin decurved at first, plane when mature.
Lamellae adnexed to subdecorrent, crowded (12 per cm), forked near the
subclavate, yellowish white, slightly ochracecus after bruising, FeSO, (+);
context white, unchanging. Odour indistinctive, Taste acrid. Spore print
white to buff,

Basidiospores 7.4-9.8 x 6-7 ym, subglobose (o ellipsoid (Q = 1.14-1.46),
ornamentation amyloid, conic warts up to 1.2 pm with fine ridges forming
incomplete reticulum; plage distinct. Basidia 35-50 x 10-11.5 um, clavate,
4-sp0red Hymemal cysudla 50 TS X 3 12 |.1m fuamd subfusoid, cylmdncal

contents densc Lamcllac edge fertile with hasu:ha and cysudm Ptlelpelhs
composed of erect to suberect branched septate hyphae and dermatocystidia;
hyphae up to 3.5 pm broad; pileocystidia up to i0 pm broad, cylindrical,
subclavate to clavate, 1-3 septate.

Erploovw ; anmnn arowe in aracev oround o wall av
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assaciation with species of Quercus and Rhododendron in lf:mperatc mixed
forests. The species also has an extended distribution to the subalpine
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Fig, 70. Russula emetica: a. Basidiomes b. Basidiospores ¢, Pleurocystidia d. Cross
section of pileipellis. Bars: a = 10 rom; b-d = 16 um.
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Specimens examined : Uttaranchal, Bageshwar, Dhakuri, Septernber 2003,
col. K. Das, KD7086; ibid., KD7083, ibid., Scptember 1999, col, K. Das &
I.R. Sharma, KD1034. Uttaranchal, Bageshwar, Phurkia, September 1999,
col, K, Das & J.R. Sharma, KD1101t; ibid., September 2003, col. K. Das &
J.K. Sharma, KD7007.

Notes ; Russula gmetica var. emetica can be differentiated in the field
with bright red pileus which gradvalty discolors from the margin, distinctly
acrid tastc, larger spores, septate pileocystidia and blunt hymenial cystidia.
It resembles R. decipiens but the latter is separated as mentioned in the
notes under R, decipiens.

Russnla flavida Frost

Ann. Rep. N.Y. State Mus. 32: 32, 1880; Das ef al., Mush. Res. 11(2002)9;
Das & Sharma, Phytotax. 4(2004) 2, PL 26; fig. 71

Pileus 35-65 mm diam., convex, planoconvex to applanate when mature;
cuticle dry to moist, granulose, brilliant 16 orange yellow; margin incurved
1o plane, Context white, unchanging. Lamellae adunate to slightly notched,
close (8 per cm), often forked near stipe, apex rounded, pale yellow. Stipe
40- 53 x 8.5-15 mm, cylindricati to slightly tapered towards base; surface
dry, velvety, pruinose, concolorous with pileus, FeSO, (+); context white,
unchanging, dark pink in sulfovanillin, dark red in ! % phenol. Spore print
pale yellow.

Basidiospores 6.0-8.7 x 5.8-7.3 pm, subglobose te breadly ellipsoid
{Q = 1.06-1.3), amyloid, verrucae up to 0.6 pm, forming incormplete reticulation,
Basidia 32-40 x 7-8 pm, subclavate, 4-spored. Pleurocystidia 45-70 x 10-13
pin, emergent up to 24 ym, clavate to ventricose-rostate, often with attenuated
prolonged apices. Cheilecystidia 52-60 x 10-12 um, subfusoid with blunt

apices. Subhymenium up to 33 pm thick, cellular. Pileipellis a trichoderm,
pileocystidia thick-walled, up to 11 pm broad. Pilear hyphae 4-6 ym broad,

ocoantata
l.'l\i'l-' el e A

Ecology : Rare, grows in ectomycorrhizic assoctation with Rhododendron
arboreum Sm. in temperate deciduous forests.

Specimens examined @ Uttaranchal, Pithoragarh, Dafia Dhura forest,

September 2001, col. K. Das & J.R. Sharma, KD4072; ibid., October 2001,
KD4092,

Notes : lis separation from R. flavida var, dhakurianuy is discussed

below
.
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Flg. 7i. Russula flavida var, flavida: a. Basidiomes b, Basidiospores
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Fig. 72. Russula flavida var, dhakurignus: a. Basidiomes b, Basidiospores ¢. Basidia
d. Pleurocystidia e. Cross section of pileipellis. Bars:a = 10 mm: b-e = [ um.
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Russula flavida Frost

Ann. Rep. N.Y. State Mus. 32: 32, 1880, var. dhakurianus K. Das, I.R.
Sharma & R.P. Bhatt var. nov,

Faeda

Pi. 26 fig. 72

Etymaology : Dhakuri, referring to the type locality.

Pileus 25-65 mm diam., convexus, planoconvexus ad depressus in
centro, luteus. Lamellae late adnatae ad annexae luteae. Stipes 25-53
x 9.5-14 mm, cylindricus, piteo concelor. Sporae in cululp luteae, 6.6-
8.5 x 6-7.1 um, globosae vel ellipsoidae. Pleurocystidia 54-80 x §-13
um, subfusoidae ad ventricosae, India. Uttaranchal: Bageshwar, Dhakuri,
September 1999, leg. K. Das & J.R. Sharma, KD1071 (Holotypus, BSD).

Pileus 25-65 mm diam,, convex with depressed center gradually planoconvex
with slightly depressed center at maturity; cuticle dry, viscid wher moist,
pruinose, never areolate, brilliant to orange vellow; margin peeling up to
114" decurved to plane. Context very brittle, white, unchanging. Lamellae
broadly admate to adnexed, slightly notched, rather close {(ca 6 per cm ),
apex rounded, pale yeliow; iameliulae rare. Stipe 25-33 x 9.5-14 min, central,

. : todinall i ; i I i
or scurfy, concolorous with pileus, often orange coloured at base; context
white, unchanging. Spore print pale to brilliani yeliow.

Basidiospores 6.6-8.5 x 6-7.1 um, subglobose 10 ellipsoid or rarely globose
[Q = (1.03) 1.08-1.33]; ornamentation amyloid, verrucae up to 1 pm, and
connectives forming incomplete reticulation. Basidia 25-35 x 8-16 pm, clavate,
4-spored. Pleurocystidia 34-80 x 8-13 um, fusoid to ventricose, with attenuated
prolonged or mucronate apices. Cheilocystidia same as pleurocystidia.
Subhymenium up to 20 pm thick, cellular. Pileipellis a trichoderm, composed
of thick walied hyphae and pileocysiidia. Pileocystidia up to 9 pm broad,
thick walled; wall up to 0.8 pm thick. Pilear trama also composed of thick
walled hyphae.

Ecology : R. flavida var. dhakurianus is rare and grows in ectomycorrhizic
association with the species of Rhododendron, Abies and Picea in moist
temperate forests.

Specimens examined ; India. Uttaranchal: Bageshwar, Dhakuri. September
1999, col, K. Das & J.R. Sharma, KD1071 (Holotype, BSD): ibid.
KD1069. '
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Nates : Russula flavida var. dhakurianus is characterized by bright
orange yellow, pruinose basidiomes notched lamellae with rounded apex,
thick-walled pileocystidia and smali partiaily reticulate spores. The absence
of granulose pileipellis separaies the present taxon from the 1ypical variety
(Bills & Miller 1984). Moreover, the lower spore-ornamentation (0.3-0.6

pm) and narrower basidia in the typical variety also help in its separation
from the present variety.

Again, R. ochroleucoides Kauffman is also quite close to the present
taxon but, R. ochroleucoides has nearly white stipe, bitter to acrid taste,
larger pileus and duller yellow pileus.

Russela gracillima Schaeff.

Zeitschr. E. Pilzk. 10: 105, 1931; Rawla, Pl. Div. Him. (2001)14; Das &
Sharma, Phytotax, 40200412,

Pileus 20-40 mm diam., convex to applanate, depressed at maturity;
pileipellis purple, dark vinaceous, violaceous, margin complete, smoeth,
sulcate. Lameilae adnate to subdectrrent, crowded, ochreous; margin smooth,

concolorate, Stioe 20-35 x -5 mm r-\rh'nrlﬂr- faahlv ciriata white huff

PSRRI G wF Rl A =T AEidady o Fasaatraaley aTwelraF Sriadiie, Walpiiey Vi,

ochreous. Spore print vellowish white to saffmn luteous.

Basidiospores 7.5-9 x 6.5-8 ym (Q = 1.1), subglobose; ornamentation
amyloid, up to 0.75 pm high of mostly conic isolated warts. Basidia 25-50
x 8-10 um, clavate, 4-spored. Pleurocystidia &0-100 x 10-14 pm, subfusiform
with attenuated apices. Pileipellis of erect hyphae and cystidia; hyphac
2-3 um broad, terminal cell not attenuated, basal cell swoilen; Pileocystidia

=

60-100 x 5-i0 pm, CYlll'Iﬂl'lcal o ciavate, aseptate, Y pUbll]\-’ﬂ ua:m;

Ecology ; Rare, grows in ectomycorrhizal association with species
of Cupressus in temperate coniferous forest.

Specimens examined : Uttaranchal, Nainital, Naini Peak, September
1981, col. G.S. Rawla, PAN 9815.

Notes : Russula gracillima can be easily distinguished by its smaller
fruiting body, purple, dark vinaceous-violaceous pileus (up to 4 cm diam.),
feebly striate stipe (50 x 3-5 mm}. Moreover, microscopically, aseptate pileocystidia
in pileipellis make the species more distinct.

It is quite close to R. quelerii Fr., but strong fruity smell of the later
separates it from the present taxon.

Russula nitida (Pers.: Fr.) Fr.

Epicr. Syst. Mycol., 361, 1838 Rawla. PlL. Div. Him. (2001) 19 At &
Saini, Geob. N. Rep. 5(1986) 102; Atri ez al., Bot. Sci. Res. Ind. (1991) 97;
Das & Sharma, Phytotax. 4(2004)3.

Pileus 17-25 mm diam., applanate to infundibuliform at maturity; pileipellis
smooth, viscid, brownish-orange to brown, sieana, purplish red or vinaceous;
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margin inrolled, sulcate. Lamellae free to decurrent, rather crowded (7-8
per cm), yellowish white; margin smooth, concolorous. Stipe 30-35 x 5-10
mm, central, clavate, feebly striate, viscid, white to yellowish white, tinted
red to brown, FeSO, (+). Context in stipe yellowish white. Spore print ‘Pale
saffron luteous’.

Basidiospores 7.5-9 x 6.5-9 um, subglobose; ornamentation amyloid,
-1.5 pum high of conic o spiny isolated to sometimes connected warts,

navar ratirnlate Bacidia A4 v 10212 um slavate dognarad Plauracvetidia
Adw ¥ B Al Wl 'y A Rl WA o WS A R R W & Hrlll‘ WAL T Wy ¥ \J'I-I'Ul\iul L] I.UHIUU.T Ll A

40-100 x 5-7 um, Pileipellis of hyphae and pileocystidia; hyphal terminal
cells cylindrical with somewhat subcapitate apices; pileocystidia 40-100
x 4-6 pym, abundant, cylindrical to clavate, aseptate to septate, up to 3.5-
4.2 pm wide.

Ecology : Rare, grows in ectomycorrhizal association with species
of Cupressus in temperate coniferous forest.

Specimens examined : Uttaranchal, Nainital, China Peak, October 1981,
col. G.S. Rawla, PAN 9816 & 9817.

Notes ; Russula nitida is characterized by small basidiomesbrownish
to vinaceous pileus, white with red to brown tiated and viscid stipe. The
presence of strongly veined stipe, sulcate pilear margin and the presence

of subreticulate snoras sanarate B versicolor fraom the nresent taxo
£ £ i, vel iron present taxo

k)
R AT AR kil e LR UF\IIVIJ r!‘ll“"l L PRSP L L g L
Russuia racunitii Quéiet,

Ass. Fr. av. Sci. 14: 449, 1886; Das & Sharma, Ind. J, For. 26(2003)
320. Pl. 25; fig. 73

Pileus 40-60 mm diam., convex at first, applanate to slightly umbilicate

(lemon yellow), gradually fading towards margin at maturity, Lamellae adnexed,
rather crowded ([0-11 per cm), interveined, lamellulae in a single row, white
to yellowish white. Stipe 33-44 x 5-14 mm, cylindrical to subclavate, white,
slightly grayish after bruising, FeSO, (+). Odour indistinctive, Taste acrid.
Spore print white.

Spores 6.6-9.2 x 5.8-7 um (Q = 1.06-1.38, av. 1.19-1.27), subglobose to

ellipsoid; ornamentation amyloid, composed of conic warts (less than 1
um} and fine ridges forming almost compiete reticulation: plage distinct.
Basidia 30-45 x 7.8-11 um, subclavate, 4-spored: sterigmata up o 6 um long,
Pleurocystidia abundant 44-80 x 8-11 um, fusiform with obtuse, mucronate
to moniliform apices, emergent up to 24 pm; contents refractive. Lamellae
edge fertile with basidia and cystidia. Cheilocystidia fusiform with tapering

apices. Subhymenium layer up to 30 pm thick, cellular. Pileipellis up to 30
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Fig. 73. Russula raoultii: a. Basidiomes b. Basidiospores ¢. Caulacystidia d. Basidia

e. Pileocystidia f, Cheilocystidia g. Pleurocystidia. Bars: a= 10 mm: b-g
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pm, composed of erect to suberect hyphae and pileocystidia. Pileocystidia
6-8.5 um broad, abundant, subfusiform, cylindric or subclavate, unsepate;
contents refractive. Stipitipellis composed of hyphae and caulocystidia.
Caulocystidia up to 7 um bread, abundant, cylindrical to subclavate.

Ecology : Rare, grows in ectomycorrhizal association with species of
Quercus in temperate deciduous forests.

Specimens examined : Uttaranchal, Pithoragarh, Dafia Dhura, September
2001, ¢ol. K. Das & I R. Sharma, KD4076; Uttaranchal, Almora, Mornoulla

A AE D, A, T i mnadE, SE S AL E2 PR R L ) LI LA S

October 2002, col. K. Das & J.R. Sharma, KD4563.

Notes : Russula raoultii may be confused with R. cyanoxantha Fr.
var, flavoviridis (Romagn.) Sarnari and R. heterophylla Fr. var, chiora (Gill.)
Kithn. & Romagn. in the field. Russuia cyanoxantha however, has lurger
basidiomes (Pileus 90-140 mm diam.; Stipe 50-60 x 25-27 mm), mild taste
and the spores with hemispherical scattered warts without forming reticulations
{(Samari 1998). R. heterophylia var. chlora differs from the present species

by its lamellae which are forked and anastomosing at the stipe attachment

ts lamellae which are forked and anastomosing at the stipe attachment,
dermatocystidia which show distinct blackening bodies only with sulphoaldehydic
agents (Romagnesi 1996) and smaller (5.5-6.7 x 4.2-6 um), verruculose to
vertucose spores with a few connective lines and without reticulations.

Russula rhodomelanea Sarnari

Rivista di Micologia 36: 53. 1993; Das & Sharma, Mush. Res. 10(2001)
109; Das & Sharma, Phytotax. 4(2004)3. Pl 25, fig. 74

Basidiomes solitary to gregarious. Pileus 45-65 mm diam., convex to
plano-convex, sometimes applanate to uplifted, slightly depressed at center:
cuticle thin, viscid when moist, glabrous, medium to deep red, blackish
red to black after bruising. Lamellac adnexed, equal, entire, medium crowded
(8-9 per cm), pale yellow, gradually black after bruising or on maturity,
Stipe 50-63 x 9-18 mm, central, subequal to subclavate, white to yellowish

white, black after bruising, FeSO, (+}, stuffed. Spore print yellowish white.

Spores 7.5-9 x 6.3-7.6 um, subglobose, amyloid, ornamentation mostly
of conic warts, up to 1 pm high with few connectives forming a partial
reticulum. Basidia 35-46 x 9.9-12.5 pm, clavate, 4-spored. Pleurocystidia
66-91.5 x 7.9-10.5 pm, subcylindrical, fusiform or fusoid clavate; apices mucronate,
appendiculate, capitate or acute, content dense, piddle-like to granular,
Cheilocystidia 54-76 x 6.5-8, similar to pleurocystidia. Pileipellis a trichoderm
up to 45 pm thick; hyphae up to 1.6 pm broad: pileocystidia septate, ul;

o B e L 1
W o U uroad.

Ecology : Common, grows in ectomycorrhizal association with

. the species
of Quercus in temperate deciduous forests. >
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Cheilocystidia e. Pleurocystidia f. Cross section of pileipellis. Bars: a = 10 mm; b-f

= 0 um.

Fig. 74. Russula rhodomelanea: a. Basidiomes b. Basidia c. Basidiospores d.
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Specimens examined ; Uttaranchal, Bageshwar, Dhakuri top, September
1999, col. K. Das & J.R. Sharma, KD719, ibid., KD72R8, KDD732.

Notes : The present species can easily be characterized morphologically
by its bright red pileus and white stipe, turning slowly jet black after bruising
or on maturity and microscopically by the presence of abundant appendiculate
to fusoid pleurocystidia with dense contents. R. rhodomelanea resembles
closely with R. emetica {Schaeff.: Fr.) Pers., R. mairef Sing. and R. emeticella
(Sing.) Romagn., all belonging to the series Russula (Sarnari 1998), But
the distinct bluish shade in the stipe of young basidiocarps of R. mairei,
smaller spores (7-8.2 x 6-7 ym) of R. emeticella and the larger spores
(8.8-10.5 x 7.4-8.8 um) of R. emetica coupled with the unchanging context
separate all the three species from R. rhodomelanea. The purple coloured
pileus and whitish stipe which remains unchanged on bruising in R. fragilis
(Pers.: Fr,) Fr. separates it from the present species in the field itself even
if they resemble in taste and odour.

Russula vaurasiana K. Das & J.R. Sharma sp. nov.
Pl 26; fig. 75

Erymology: After Jukka Vauras for his coniribution on the genus Russula

Pileus 40-65 mm diam., convexus ad infundibuliformis erythroaurantiacus.
Lamellae annexge, densae luteoalbae. Stipes 50-75 x 17-20 mm, subclavatus,
futevalbus. Sporae in cumulo albidae, 7.3-9.8 x 6.2-8.0 um, globosae vel
ellipsoidae. Pleurocystidia 60-110 x 10-16 um, fusiformia. Cheilocystidia 36-70
x 7.6-12 pan, fusiformia, clavatus ad cylindricus. Pileocystidia cylindricus ad
subciavatus. INDIA, Uttaranchal, Nainital, Mukhteshwar, August 2002, leg. K.
Das, KD2123 (Holotypus, BSD}.

Pileus 40-65 mm diam., convex, umbelicate at maturity; pileipellis viscid
when moist, matty, soft to deep yellowish pink to reddish orange, light
orange yellow tinge at center; margin upturned, tuberculately sulcate. Lamellae
adnexed, close (7-8 per cm), forked, interveined; lamellulae in a single row,
yellowish white. Stipe 50-75 x 17-20 mm, central, subclavate, yellowish white,

—Ped0(+); context white. Taste mild. Spore print whitish.—————

Basidiospores 7.3-9.8 x 6.2-8 um, globose to ellipsoid (Q = 1.02-1.35):
ornamentation amyleid, up to 2 pm high, composed of elongated warts
and ridges, aligned or joined with few connectives. Basidia 40-50 x 8-10
Hm, subclavate, 4-spored; sterigma long, up to 6 um. Plewrocystidia 60-
110 x 10-16 pm, emergent up to 36 um, abundant, fusiform te subfusiformor
with mucronate, tapering or sometimes forked apices; contents dense. Lamel)ae
edge fertile with basidia and few cystidia. Cheilocystidia 36-70 x 7.6-12
pm, fusiform, subclavate to cylindrical with rounded or mucronate apices;
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¢

Fig. 78. Russula vaurasiana: a. Rasidiomes b. Basidiospores c. Cheilocystidiad.
Pleurocystidia e. Cross section of pileipellis. Bars: a= 10 mm; b-e = 10 pm,
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contents dense, Subhymenium layer up to 20 ym thick, cellular. Pileipellis
composed of erect to suberect hyphae and pileocystidia; hyphae up to 4
pm broad; pileocystidia op to 8.5 pm, broad, cylindrical to subclavate, 1-3
septate, Stipitipeliis composed of mostly repent hyphae. Caulocystidia abseat.

Ecology : Rare, grows in ectomycorrhizal association with species of
Quercus in temperate mixed forests.

Specimens examined : Uttaranchal, Nainital, Mukteshwar, August 2002,
col, K, Das, KD2123,

Notes @ These specimens undoubtedly belong to the subgenus Russula
due to bright red colouration of pileus and presence of pileocystidia. The
combination of characters is uniques and does not match with any known
taxen of the subgenus.

Russula versicolor Schaeff.

Russula monographie Ann. Mycol. 31: 369, 1933; Rawla, Pl. Div. Him,
(2001) 25; Atri & Saini, Geob. N. Rep. 5(1986) 103; Atri e al., Bot. Sci.
Res. Ind. (1991) 94; Das & Sharma, Phytotax. 4(2004)4,

Pileus 15-30 mm diam., convex to planoconvex; pileipellis reddish purple
to dark vinaceous, margin complete, inrolled, almost smooth. Lamellae adnate,
farked near base, intervaining; lamellulae prasent, vellowish to ochreous.

Stipe 10-25 x 5-10 mm, cylindric, feebly to strongly veined, buff, FeSO,
(+). Taste acrid. Spore print pale saffron yellow to ochreous,

Basidiospores 7.5-9.6 x 6-7 pm (Q = 1.2}, subglobose to broadly ellipsoid;
ornamentation amyloid, up to 0.8 pm high, composed of isolated to connected
warts forming broken to partial reticulum. Basidia 25-40 x 8-10 pm, clavate,
4-spored. Pleurocystidia 50-80 x 4-5 um, fusiform. Pileipellis repent of hyphae
and cystidia; hyphal terminal cells cylindric with subcapitate apices; pileocystidia
40-30 x 4-7 um, cylindrical, fusiform or clavate, up 1o 8-sepiate,

Ecology : Rare, grows in ectomycorrhizal association with species
of Cupressus in moist temperate coniferous forest,

Specimens examined : Uttaranchal, Nainital, Naini Peak, September
1981, col. G.S. Rawla, PAN 9819.

Notes : This species is close to R. nitida, But in contrast to the present
species the latter has sulcate pilear margin, sticky stipe without veination
and isolated spores.
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Fig. 76. Russula xerampeling: a. Basidiomes b. Basidiospores ¢. Basidia d.
Pleurocystidia e. Cross section of pileipeliis. Bars: a= 10 mm; b-{ = 10 pm,
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Russula xerampelina {Schaelf.) Fr.

Epicr. Syst. Mycol., 1838; Rawla, PL. Div. Him, (21}(}1)26,Saini & A,

lanbh N Dam LAIORAY € Atr1 20 2] o A~ Bl .l si0AY O-T.
AL, 1. 1\!.-'1.!' wfl B LT LFy TRRLL DR Ldily, \..,-Hl.l. l\\.u') rl. J\.I \‘ 1 j:"f’] DIT Ud.ﬁ
& Sharma, Phytotax. 4{2004)4. Pl. 26; fig. 76

Pileus 40-75 mm diam., convex, pianoconvex with slightly depressed

p o= LY. ] saiiif n22:3220 L A ARer EIApARii Y LR pPAS S

center at maturity; pileipellis viscid when moist, peels off easily, deep red
with dark red at center or vinaceous red overall; margin plane, smooth or
slightly sulcatc at maturity. Lamellae adnexed to subdecurrent, subdistant
to rather close (6-8 per ¢m), entire, forked from the stipe, sometimes intervenose,
cream. Stipe 28-60 x 8-15 mm, central, cylindrical to slightly broder at base,
white tinged with vinaceous red, browning at maturity, greenish in FeSQ,.
Taste mild. Spore print ochraceous yellow.

Basidiospores 6.6-8.2 x 5.4-7.4 um, subglobose to ellipsoid or rarely
globose (Q = 1.05-1.28); ornamentation amyloid, up to 1.6 um high, composed

of conic to spinoid isolated warts. Basidia 40-55 x 11-13 pm, clavate, 4-
spored. Pleurocystidia 90-116 x 11-17 pm, emergent up to 46 pm, abundant,
fusiform to ventricoge with blunt to rounded apices; contents dense. Cheilocystidia

same as pleerocystidia. Pileipellis cumposed of upper erect to suberect
hyphae and dermatocystidia; hyphac up 10 4 um broad; pileocystidia narrow

hemad Farosfo ndrioal to ennhelaunta
uP i r I.I.ul,. OTOAG, TUSILOTH, \.-qu.u!.u 1¢al Vo sdotigvaie,

Ecofogy : Rare, grows in ectomycorrhizal association with species of
Quercus in temperate deciduous forests.

Specimens examined ; Uttaranchal, Champawat, Hingla Devi forest,
August 2002, col. K. Das, KD2101,; Uttaranchal, Pithoragach, Sandev, Sept.
2001, col. K. Das & J.R. Sharma, KD4010.

Notes : Russula xerampelina is easily differentiated n the field with
vinaceous red pileus and stipe. Microscopically, aseptate pileocystidia and
bastdiospore ornamentation of isolated spinoid warts are also distinct. Russula
decipiens which resembles closely with the present species lacks the vinaceous
colour on pileus and stipe.

Russula sp. § PL. 27 fig. 77

Pileus 20-35 mm diam., convex, planoconvex with slightly depressed
center at maturity; plletpelhs viscid when moist, soft to dark reddish purple
with blackish purple center, light grayish or grayish to dark purplish red,
slowly yellowish orange at maturity or after bruishing. pecling up to ¥
of the radius; margin plane, tuberculately striated. Lamellae adnexed 1o

subdecurrent, crowded (10-12 per cm), eatire, forked from the stipe, yellowish
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Fig. 77. Russula sp. 5: a. Basidiomes b. Basidia c. Basidiospores d. Cross section
pf pileipellis e. Pleurocystidia. Bars: a = 10 mm; b-e = 10 pm.
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white, yellowish orange at maturity or after bruising. Stipe 23-63 x 5-13
mm, central, cylindrical to clavate, yellowish white, distinctly yellowish
orange after bruising or at maturity FeSOQ, (+); context white, vellowing
after bruising. Taste mild, Spore print vellowish to buff.

Basidiospores 7.4-9.6 x 6-7.7 um. subglobose to eilipsoid (Q = 1.08-
1.43); ornamentation amyloid, up to 1.4 um high, composed of conic to
spinoid warts and ridges, aligned or joined with few connectives to
form broken reticulum, Basidia 26-40 x 7-1[ pym, clavate, 4-spored; sterigma
up to 6 um. Pleurocystidia 50-70 x 9-12 pm, emergent up to 12 ym, abundans,
fusiform to cylindrical with capitaie, or appendiculate apices; contents
dense, Lamelae edge ferile with basidia and few cystidia. Chetlocystidia
same as pleurocystidia. Subhymenium layer vp to 28 um thick, cellular.
Pileipellis composed of upper erect to suberect hyphae and pileocystidia;
hyphae up to 5 pm broad; pileocystidia up to 10 pm, broad, subclavate
to clavate, 1-2 septate; contents dense; below a layer of parallel compact
hyphae,

Ecofogy : Common, grows in ectomycorrhizal association with species
of Quercus and Rhododendron in temperate deciduous to mixed forests.

Specimens examined : India, Uttaranchal : Bageshwar, Dhakuri, September
2003, col. K. Das & J.R. Sharma, KD7022 (Holotype, BSD). ibid,, Pithoragarh,
Dafia Dhura, October 2001, col. K. Das & J.R. Sharma, KD4063.

Notes ; This species is differentiated in the field by reddish purple
pileus with tuberculately striate margin and basidiomes gradually turning
yellow to yellowish orange after bruising. Bright coloration of the pileus,
septate pileccystidia and nature of hymenial cystidia place the present
taxon in the subgenus Kussula, The morphol-:}gical and micmscnpic characters

nf crianimame Frm Ty e i 1; e Al Alaoalss s Y .
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except variation in the spore ornamentation. The molecular analysis (Fig.
79) also supports its similarity with R, pueilaris {clade 9).

Russula sp, 6 Pl. 27; fig. 78

. Pileus 40-65 mm diam., convex, then planoconvex to infundibnliform

with a depression at maturity; pileipellis viscid when moist, often crustose
(cracked) at the center, peeling only at margin, deep yellowish pink to

mFdlliﬂ'l ar f'll'h.ﬁn r-r‘ or uol'nu.u ch tad madi n Anel 11~
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Center; margin slightly sulcate. Lamellae adnexed to subdecurrent, close
(7-8 per cmy), forked, pale to orange yeltow. Stipe 40-50 x 7-12 mm,
central, cylindric to subclavate, yellowish white. FeS0, (+). Taste acrid,
Spore print pale yellow.
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Fig. 78. Russula sp. 6: a. Basidiomes b. Basidiospores c. Caulocystidia d. Cross
section of pileipellis e. Pleurocystidia f. Cheilocystidia. Bars: a = 10 mm: b-f= [0
pm.
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Basidiospores 7.7-11.5 x 6.2-8.3 um, globose, subglobose, broadly ellipsoid
to ellipsoid (Q = 1.05-1.4); ornamentation amyloid, warty; conic warts up
to 1.75 pm high, of numerous conic warts, rarely connected by fine ridges.
Basidia 40-350 x 7-9 im, subclavate to clavate, 4-spored; sterigma up 1o 6

~ umlong. Pleurocystidia 68-125 x 9-15 uym, emergent up to 40 pm, abundam.

fusiform or with acute, acuminate to narrowly moniliform apices; contents
dense. [.amellae edge sterile with a few cystidia. Cheilocystidia 50-70 x
6-9 pm, fusiform; contents dense. Subhymenium layer up to 20 pm thick,
celluiar, Pileipellis up to 100 pm thick, composed of erect to suberect hyphae
and abundant pileocystidia; pileocystidia up to 12 pm, broad, fusiform
to cylindrical or acuminate-rostrate, 3-6 septate. Stipitipellis composed
of mostly repent hyphae and abundant cystidia. Caulocystidia up to 8
utn broad, clavate, subclavate or fusoid; contents dense.

Ecology : This species grows in close association with species of
Quercus and Rhododendron in moist mixed temperate forests,

Specimens examined ; India, Uttaranchal : Champawat, Mayawati, September
2002, col. K. Das & J.R. Sharma, KI24542 (Holotype, BSD; isotype, TUR-
A, GUH,); ibid., Nainital, Gagar, August 2002, col, K. Das, KD2149, KD2158),

Notes : Bright reddish coloration of pileus, pale yellow spore print,
multiseptate (3-6 septate) pileocystidia firmly place this taxon in the subgenus
Russula emend. Sarnari. It is differentiated easily by its reddish pileus
with yellowish center, distinctly acrid taste, larger basidiospores and 3-6
septate pilevcystidia. The present taxon is close to R. maculaia Quélet
& Rose and R. cuprea Krombholz. But the smaller basidiospores [§ 10
(10.4) x 7 9 um], fusiform and less septate pileocystidia in R. maculata

and diverticulate pileocystidia and hyphal ends of pileus in R. cuprea
Separate thege species from the present species. The molecular analysis

FREL ki PR S 2RSS

(fig. 79) clearly shows the closeness between the present species and R.
maculara {(clade 8), whereas, R. cuprea is distantly related {apical clade).
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Fig. 79. Best of 16 most parsimonious trees of 2183 steps inferred from equally
weighted parsimony analysis of ITS1, 5.8 and ITS2 nrDNA sequences depicted
as a phylogram,
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Plate 25: a. Russula rhodomelanea b. R. raoultiic & d. R. decolorans e. R.

emelicad.
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Plate 26: a. Russula flavida var. dhakurianus b. R. flavida var. flavida c. R.
vaurasiana d. R. xerumpelina.
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Plate 27: a. Russula decipiens b. Russula sp. 5 ¢. Russula sp. 6.
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ECOLOGICAL STUDIES

The information provided in the following pages is the result of intensive
foraying by the authors into all forest types of Kumaon Himalaya from
800 m to alpine meadows / glacial morains {up to 3500 m). The data so
collected in the field was supplemented by the reports published by earlier
workers. A summarized account of forest types, mycozrehizal host(s), range
of disiribution and frequency of occurrence for all the recorded species
is presented below.
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during each foray (10-20 days). The survey was conducted mostly between
July and October, repeatedly for 4 to 5 days at each study site. On the
basis of limited survey and the data available at present, it is not possible
10 establish the groups of Extinct, Endangered, etc. on the basis of IUCN

criteria. The personnel experience and judgement supporied by the number
of basidiomes encountered at each study site and then averaged for each
forest type, formed the basis for assigning the status for each species
as Rare (1 to 10 basidiomes, present in 5-10 of the localities surveyed),
Commeon (approx. 100 basidiomes, present in about 50% of the localities
surveyed) and Abundant {> 100 basidiomes, present in ali the localities
surveyed),

DISTRIBUTION OF TAXA IN KUMAON HIMAELAYA

Forest types; Deciduous (1), Mixed (2); Coniferous (3% Alpine meadows
(4).

Associated trees: Quercus  a; Pinus b, Cedrus ¢, Rhododendron
d; Abies ¢; Shorea ft, Cupressus g.

Frequency status: Abundani - A; Common C; Rare R.
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Name of the species Forest  Asso.  Altitude Status
type trees

Russula abbotensis K. Das & TR,

Sharma 2 a 2000-2100m C
R. adusia (Pers.: Fr.) Fr. 2.3 C 1700-1930m R
R. albonigra (Krombh.) Fr. 23 ab,d 1600-2700m C

R. amoenicolor var. amoeenicolor

Romagnes: 1 d 22002400 C
R. amoenicolor Romagnes: var. ramgurhensis

K. Das, I.LR. Sharma & R.P. Bhatt 2 a 1700-1800 m
R. anatinag Romagnesi 1.2 a 2300-2700m  C
Russula sp. 5 1,2 a,d 2200-2700m R
R, brevipes Peck var. brevipes 23 c  1800-2000m A
R. brevipes Peck var. acrior Shaffer 2.3 ¢ 1700-2000m R
Russula sp. 2 2 b 1900-200m R
R. compacta Frost & Peck I a 1900-2160m C
R. cyvanoxantha (Schaeff.) Fr. var.

cyanoxantha 1,2,3 a,c  1600-2300m A
R. dafianus K. Das & J.R.

Sharma 1,2 a  2300-2700m R
R. decipiens (Sing.) Svreek 2 a  2100-2300m C
R. decolorans Fr. 1.2 ad 1700-2200m C
R. delica Fr. 1.3 bf 800-1800m C
R. densifolia (Secr.} Gill, 1,2 ac  1800-2200m  C
Russula sp. 3 1 d 2600-2800m R
R, emetica (Schaeff.: Fr.) var. emetica 1,4 ad 2700-3200m  C
R. flavida Frost var. flavida 1 d 2100-2300m R
R, flavida Frost var. dhakurianus K. Das,

J.R. Sharma & R.P. Bhatt [ a  2800-2900m C
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Name of the species Forest Asso. Altitude Status
type trees

K. foetens Pers.: Fr. 23 c 1700-1900m A
R. gracillima J. Schaeff. 3 g 2000 m R
R. grisea Pers.: Fr. 1 a  2100-2300m C
R. heterophyila (Fr.: Fr.) Fr. 2.3 ac,d 1700-190m C
R. laurocerasi Melzer 1.2 a 1600-2200m C
Russula sp. 6 2 ad 1700-1900m C
R minutula var. robusta Saini, At ‘

& Sing. 2 d 2500-2600m R
Russula sp. 1 1.2 a  2100-2300m R
Russula sp. 4 2 a  2600-2800m R
R. nigricans Fr. 1,2.3 a,c  1800-2200m A
R. nitida {Pers.: Fr.) Fr. 3 g 2000 m R
R. nothofaginea Sing. 1 ad 2200-2300m R
R. pectinata Fr. 1.2 a 1900-2300m A
R. praetervisa Sarnari 1,2 a,c,d 1800-2700m C
K. raoultii Quel. i,2 a 2100-2300m R
R, rhodomelanea Sarnari 1 a 2800-3000m C
R. rosea Quel. 12 a  2100-2300m C
R. subfoetens W.G. Smith 2 a Y00-2800m R
R. vaurasiana K. Das & J.R. Sharma 2 a  2200-2300m R
R. versicolor 1. Schaeff, 3 2 2000 m R
K. virescens (Schaeff.) Fr. 2.3 b 600-i%00m A
R. xerampelina (Schaeff.) Fr. 1 a 1800-1990m R
Lactarius abbotanus K. Das &

J.R. Sharma I a  1900-2100m R
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Name of the species Forest  Asso. Altitude Siatus
type trees

L. alnicola A H. Sm. var. alnicola 2 e 2700-2900m R
L. capitatus K. Das, I.LR. Sharma &
Montoya 1 a,d 1B00-1900 m
L. centroversus (Fr.) Fr. 2 a,d 1800-2200 m
L. corrugis Peck 1 a  1700-2300 m
L. dafianus K. Das, J.R. Sharma &
Verbeken 1 d 2100-2300m R
L. deliciosus (Fr.) Gray 2 ade 2600-2000m C
| J.R. Sharma ‘ o ! 4  2800-2900m R

L. dwaliensis K. Das, 1.LR. Sharma

& Verbeken | a 2200-2600m R

L. gerardii Peck var. subrubescens
{A.H. Sm. & Hesler) Hesler &

AH. Sm. 1 ad 23002700m C
L. hygrophoroides var. lavendulaceus

Hesler & A H. Sm. 1,23 a,b 1600-1800m C
L. hygrophoreides var. odoratus Hesler &

AH. Sm. 2 a 1700-1900m C
L. lignyorus Fr. var. lignyovius 2 b.e  2000-2800 R
L. lignyotus Fr. var. canadensis A H.

Sm. & Hesler 2 a,d 1800-2700m R
L. maitivensis K. Das, J.R. Sharma

& Verheken 1 a 1500-1800m R
L. mavawaiianus Kanad Das &

1R, Sharma 1 d 1700-2200m R
L. montoyae K. Das & J.R. Sharma 12 a,d 2700-2900m R

L. mukteswaricus K. Das, J.R, Sharma
& Montoya | a4  2200-2300m R
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Name of the species Forest Assc., Altitude Status
type trees

L. paradoxus Beardslee &

Burlingham 1,2 ade 23002700m R
L. picinux Fr, 1,2 a 1700-1900m R
L. piperatus (Fr.) S.F. Gray var.

piperatus 1,2.3 a,b,c 1800-2200m A
L. piperaius (Fr.) 8.F. Gray var. glaucescens

(Crossl.) Hesler & A.H. Smith 1 a 1800-2000m C
L. rubrifluus Gillet 3 b 16001900 m C
L. sanfappae K. Das, J.R, Sharma &

Montoya 1 a  2100-2300m C
L. serifluus (DC.: Fr.) Fr. 1 a 1B00-2300m C
L. subindigo Verbeken & E. Horak 1,2 a 1800-2200m C
L. subpurpureus Peck 2 e 2000-2800m C
L. subvellereus Peck var. subdistans

Hesler & AH. Sm. i,2 a i600-2200m A
L. vellereus (Fr.) Fr. 2 a 2200-2700m R
L. verbekenae K. Das, J.R. Sharma &

Montoya 2.3 a,c  1700-2300m C
L. volemus (Fr.) Fr, var. volemus 1,2 a,d  1800-2700 m
L. volemus (Fr.) Fr. var. flavus Hesler

& AH Sm. 23 a,b 1500-2200 m
L. zonarius (Bull,} Fr. 1.2 ad 1800-2200 m

Observations

In the present study, 76 taxa belonging to the family Russulaceae are
recorded as occurring in the Kumaon Himalaya. All are mycorrhizal with
forest trees.

A relatively large number of species are found in deciduous forests
followed by coniferous and mixed forests. About 46 taxa (61%) either grow
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exclusively (22) in or at least prefer (24) deciducus forests, 18 taxa (24%)
either grow exclusively {(4) or at least prefer (14) coniferous forests while
17 taxa (22%) grow only in mixed forests and four (5%) have no preference.
Only Russula emetica var. emetica, K. flavida var, dhakurianus, R. rhodomelanea,
Lactarius alnicela var, alnicola, L. dhakurianus and L. montoyae have
ciistri‘nutian extcnded up to subalpine zone {-‘-*2300 m) and Surprisingl}f

........................
or glac;er norains. Only a few species like R. cyﬂnamnrha var, cyanoxantha,
R. nigricans and L. piperatus var. piperarus have been found with high
constancy of occurrence in all forest types. Species like R. albonigra,
R. cyanoxantha var. cyanoxantha, R. laurocerasi, R. praetervisa, L. subvellereus
var. subdistans and L. volemus var. volemus are widely distributed and
grow at wider altitudinal ranges, while some taxa like R. nothofaginea,
R. flavida var. dhakurianus, R. subfoetens and L. capitatus are altitude-
specific and flourish only in narrow altitudinal ranges.

There is a set of species which yield heaviest and dominate in a particular
forest type at different altitudes, For example, Russula cyanoxantha var.
cyanoxantha, R. rosea, Lactarius piperatus var. piperatus, L. subvellereus
var. subdisiany and L. zonarius var. zonarius have highest degree of constancy
in deciduous forests. Similarly, R. brevipes var. brevipes, R. delica, R.
foetens, R, virescens, L. volemus var. flavidus and L. rubrifiuus dominate
in coniferous forests. However, R, nigricans, R. brevipes var. acrior, L.

* . . . . .
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forests. The sequence of dominant species as recorded above in each
forest type is not constant even at similar altitudes probably due to the
variation in temperature, precipitation timings, soil pH, nutrient availability
as well as successional patterns in the vegetation. It is also recorded
that the number of Russulacean taxa produced by a given area fluctuated

widely each year. Yome species new to each woodland were added with

more yvears of sampling, however, 90% of the weight of species was due
+ v J"“lﬂ WA ““l"-r"-uaﬁ AL WS TT W ¥ SR Y SR Rl "Hlali‘ Tt & urvvivu’ T Skl Tl bl

to those set of species regularly present each year in the respective woodlands.

Among the mycorrhizal taxa, 51 (67%} are exciusively ectomycorrhizal
with angiospermic trees and 12 (16%) with coniferous trees while 13 (17%)
are oppurmmsnc and prcfer bmh The oaks are the most liked hosts amnng

euher echuswely or Jmntly with them folluwed by Rhododendran 3 1 %.
Similarly, out of the 25 species which grow either exclusively on conifers
or share them as their hosts, about 46% prefer Cedrus, followed by Pinus
{25%), Abies (17%) and Cupressus (12%).

It is further clear that the temperate zone is the most productive for
Russuiacean fungi probably due to the presence of the suitable mycorrhizal
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hosts. Almost all taxa recorded are found growing between 1500-2800 m,
Only six species {(8%) have extended distributton in and above the tree
line (> 2R00 m) out of which only R. emetica var. emetica is foond in the

glacial morains. On the basis of criteria used in the field for assigning
the status to each species, about 38% species ase rare, 44% are common

and onlvy 2% grow in abandance

Diiiis SSiiaF 1n abpndaance,

Fruiiing phenoiogy

The species of Russulaceae fruit at different times because of the
difference in their temperature and moisture requirement. The total froiting
period of these fungi depends upon the required conditions of temperature
and moisture being met at a particular elevation. However, some widely
distributed species appeared early in the season at lower elevations and
later in the season at higher elevation.

During the course of this study the fruiting perod of 76 taxa of Russulaceae
was recorded. The members generally appear in the month of July and
disappear by the end of September which is also the normal period of
fruiting for most of the Agarics in the Himalayan forests. Based on the
observation made, the Russulacean taxa fall under three categories. 1)
Qut of 76 taxa found in Kumaon Himalaya, about 12 taxai.e. roughly 15%
(Russula cyanoxantha, R. flavida var. dhakurianus, R. brevipes var. brevipes,
R. rhodomelanea, Lactarius paradoxus, L. piperatus, L. volemus var. flavus,
etc.) appear early in the season i.e. just within 15 days of the first showers
of monsoon rains and usually last up to the end of the September. None
of them has usually been found extending vp to October. These species
fruit approximately for three months. 2) About 45 taxa (roughly 60%) appear
after about 3¢ days of the first showers of monsoon rains. Species like,
Russula albonigra, R. amoenicolor var, amoenicolor, R. anatina, R. compacia,
R. foetens, R. pecrinata, R. rosea, R. virescens, Lactarius capitatus, L.
alnicofa var. alnicola, L. corrugis, L. hvgrophoroides var. lavendulaceus,
L. subpurpureus, L. subvellereus var. subdistans, L. zonarius, etc. grow
between Angust and September. These species fruit approximately for two
months, A major portion of Russulacean taxa found in Hima]ayan forests

be!ﬂpn o than O Ay Mindy aboase T00» frr\.nn"lll IREY nmma .I\.nnrnnll'
IE L lnl.ll.ﬂ E P J}' UI.II.J MLFLFUT L F I-ﬂ-’\ﬂ LLWF 5 ll_'r i ﬂl)’l-"hﬂl. lII nus

but are found growing with almost the same frequency even up to the
end of October when the average day-night temperature falls considerably.
Species like Russula brevipes var. ucrior, R. minutula var. robusta, R.
delica, R. emetica var. emetica, R, laurocerasi, R. nigricans, R. praetervisa,
R. raoultii, Lactarius mayawatianus, L. abboranus, L. montoyae, etc, are
found in abundance in Himalayan temperate forests up to the end of October.
These species though appear late as compared to first set of species but
fruit approximately for three months.
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Fruiting phenology of Russulacean taxa in
Kumaon Himalaya

M First set of species
appearing from July to
September

[ Second set of species
appearing from August
to September

[ Third set of species
appearing from August

\—/ to late October
60%

Conservation

It is difficult to draw up a list of generally acknowledged edible species
due to considerable regional differences in appreciation and variability
of individual allergic type reactions. Picking of Russulacean species for
eating is quite unpopular as only a few like R. virescens, R. heterophylla,
R. cyanoxantha var. cyanoxantha, R. brevipes var. brevipes, L. deliciosus,
L. volemus, L. subpurpureus and L. paradoxus have been recorded as
edible in Kumaon Himalaya.

Disappearance and destruction of habitats, ambient concentration of
air pollutants, and excessive harvesting of basidiomes are the factors which
predominantly have threatened these fungi in Himalayan forests and in
fact do not differ from those responsible throughout. Of the three well
known functional groups (soil inhabiting, wood inhabiting seprotrophs
and necrotrophs and ectomycorrhizals species) to which the species of
macrofungi can be attributed, the Russulacean members belong to the
most important category i.e. ectomycorrhizals. The family has the highest
proportion among fungi living in ectomycorrhizal symbiosis with forest
trees and serve their obligate requirement,
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The analyzed changes in the species composition in about 25 forays
from 1999 to 2004 respectively, show that not fewer than 40% species
are considered as threatened (omly 1-10 basidiomes were collected). A
significant decrease in the frequency of occurrence of mycorrhizal species
is due to the toss of suitable hosts. The species like Russula virescens,
R. anatina, R. brevipes var. acrior, Lactarius dhakurianus, L. rubriflius,
L. mayawatianus which are ectomycorrhizal with a limtted aumber of trees
are however, more threatened than those which are symbiotic with a wide
variety of trees. This strong decline which is correlated with decrease
of mycorrhizal-roots frequency and tree vitality is not only regrettable
from a view point of mycologists, naturaiists and nature conservationists
but also has a far reaching consequences for the functioning of ecosystems.

Attempts to maintain the genevic variability of these fungi must be a
part of general attempts to conserve total fungal diversity and their ecological
functions. Maintaining genetic variability in edible species is essential
for continued harvest in natural environmeats, for future cultivation research
and for possible improvements of existing cultivated strains. The conservation
of a particular species in situ is not a realistic goal, only conservation of
that species in an ecological context is meaningful {Arnolds 1995},

The protection of natural or seminatural habitats whose destruction
has threatened the existence of these fungi particularly host trees or plantation
of some trees {Qaks / Pines) which support specific mycoflora may potentially
provide the favourable habitats for such threatened species and is the
first step necessary towards their conservation. It is also advisable to
devise a code of conduct for wise management of harvesting of wild mushrooms
by way of over-picking, habitat disturbance, overturning logs and trampling.
Restoration of ectomycorrhizal flora also depends on the reduction of
environmental polietion. Besides, full legal protection to some rare and
beautiful species with splendid and peculiar basidiomes will also go a
long way in this direction stressing the fact of threats to fungi. Apart
from getting protection, these popular and charismatic species betonging
to the threatened ectomycorrhiza) group will serve as rallying points for
stimulating conservaiion awareness and action on fungi (Sharma 2002),
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