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The paper dealt with the description of 24 ectomycorrhizal mushroom species of Central
India, belonging to Russula found to be ectomycorrhizal with sal (Shorea robusta). Their
morphological and anatomical characters were described from the fresh materials.
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INTRODUCTION

The genus Russula (Russulaceae) is a large group
of colorful gilled mushrooms including some very
beautiful and interesting species, some good
edibles, and a lot of hard-to-distinguish species.
About 20 or 30 species can be identified fairly easily-
but there are perhaps 750 species worldwide.
Russula is a brittle-fleshed, gilled mushroom with a
central stem, without a universal veil and, except in
a few tropical species, without a partial veil. The
spore color varies from pure white to yellow to a
deep salmon or ochre. The stipe is most commonly
white, but may have a surface tint of red or purple in
some species, or may stain yellowish or brownish on
handling, and may turn shay gray or black in others.
The flesh is mormally white, but in some species
discolors to red, brown or black when injured or
aged.

li has been reported that Russula forms ectomy-
corrhizal associations with several host tree species
including Shorea, Pinus,Vateria and Dipterocarpus
(Lee et al, 1997; Riviere ei al.,2007) but fewer
reports from India. This may be a reflection of the
lack of collectors, although where studies have been
caried out, the genus appears to be widespread.
Within India, Russula is predominantly found in
dipterocarp  forests particutarly in  Eastern
Himalayas, Western Ghats and Central India (Rajak
et al.2002: Rahi, 2001; Shukla, 2001; Natarajan et
al., 2005; Natarajan and Ravindran, 2003; Pande et
al., 2004). It is considered to be culinary delicacy
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and has a high market value in local tribla markets.
The lack of a current revision of Russula species,
coupled with their ability to form ectomycorrhizal
associations and their imnortance as a source of
food for local people initiated the piccant study.

MATERIALS AND METHODS

Specimens oi sctomycorrhizal mushroom Hussula
were collected from various districls of Mcdhya
Pradesh and Chhattisgarh and brought to the local
laboratory for processing, Microscopic examinations
were made on lactophenol cotten blue mounts of
gills using Nikon Eclipse E800 microscoge at varying
magnifications and microphotographs were taken
“with Nikon H-1l camera attached to the microscope.
Descriptions  recorded were organized in
worksheets, or computer formats for field
descriptions. After macroscopic and microscopic
studies, the edible ECM specimens were keyed out
to their respective families, genera and species level.
Air dried samples were deposited in Mycological
Research Laboratory, Department of Biological
Sciences, R. D. University, Jabalpur, Authoritative
monographs, papers and books were consulted/
referred for correct identification. Literature
consulted-includes: Singer, (1986); Purkayasha and
Chandra, (1985); Wilkinson and Buczaki, (1982);
Findlay, (1977); Fluck, (2002); Jordan, (1999);
Rayner, (1979); Mancinelli and Mancinelli, (1974);
Lincoff, (1981) and Keizer, (1998). Literature
reviewed showed 3 new reports for India (Bilgrami et
al. 1991 Jamaluddin et. al. 2003).
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OBSERVATIONS

The taxonomy of ectomycorrhizal mushrooms of
Russula that were encountered during this
investigation are as under :

Russula aeruginea Fr.

Pileus globose but soon plane 4-5 cm in diameter
when young and extends up to 10 cm at maturity,
depressed in the centre, olive green-gray to greenish
with yellowish to brownish tinge; centre brownish,
faded in the margin, sometimes speckled with rusty
spots, margin irregular radially veined, cuticle
smooth, slightly viscid separable aimost up to the
centre fleshy, fragile. Stipe sometimes somewhat
thick and unequal, white then spotted with brow,
starting from base 5-10.5 cm long and 2.5-4 cm thick
firm, equal, central Flesh white, tending to become
cinerous, fragile. Gills first close and then somewhat
apart, bifid slightly decurrent, cream- yellowish with
few brownish spots, Spores globose-subglobose
broadly elliptical, deep cream- yellowish with few
brownish spots. Spores globose-subglobose broadly
elliptical, deep cream colored in mass, shortly warty,
spiny 7.5-8x6 um. Basidia 36-40x16-20 um, clavate,
4-spored, sterigmata up to 3-5 um, long. Cystidia 42-
60x14-16 um, sub clavate, hyaline. Hyphae septate,
interwoven, hyaline. Hymenophoral trama
tetramerous hypha intermixed with nests of
sphaeocyst. Habit & Habitat: terrestrial, solitary.
Ecology: grow under sal forest, Edibility: locally
edible. Accession Number: FGCCR 2001. Place of
coilection: Chada, Jagatpur, Distribution: New report
from India, (Fig: 1a).

Russula brevipes Peck., 43 Rep. N. Y. Mus. p.20,
(1890)

Pileus up to 15 cm broad at first depressed at the
centre, then broadly infundibuliform, white or buff,
sometimes clay coloured, brownish with age,
surface dry, margin irncurved, not striate. Gills
close, sometimes crowded with lamellae of
different lengths, decurrent narrow, occasionally
forked towards the stipe, white to yellow at first
often with clay coloured spots. Stipe up to 8.0 cm
long, even or tapering downwards whitish or
brownish, round, solid, sometimes hollow. Flesh
white sometimes brown, hard, brittle.
Hymenophoral Trama heteromerous made of
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septate and branched hyphae mixed with
sphaerocysts. Basidia 4-spored, claviform,
fusiform. Spores broadly elliptical, sometimes
ovate or sub globose. Pleurocystidia varying in
shape, clavate, fusiform or clavate, sometimes
rounded or somewhat acute, straight or curved.
Habit & Habitat: terrestrial, solitary or scattered.
Ecology: ECM with Shorea robusta (sal). Edibility:
edible, very popular among tribals. Accession
Number: FGCCR 1001. Place of collection:
Achanakmar, Amarkantak, Jagatpur, Karanjia.
Distribution: Garhwal, U.P. (Bhatt et al. 1995),
Gulmarg Forest, Jammu and Kashmir (Abraham et
al., 1980; Watling and Gregory, 1980), Dalhousie,
Himachal Pradesh (Atri et, al 1991), Bastar,
Chhattisgarh (Rajak et al., 2003), (Fig. 1b).

Russula cyanoxantha (Schaeff. Schew) Fr., Hyman.
Eur ed. 2, p. 446, (1871)

Pileus 5 cm when young and extend up to 10 cm on
full maturity, initially globose then convex and finally
depressed in the centre, margin regular to slightly
incised, fleshy, firm, viscid when wet, surface
covered with radial and anastomosing veins, flesh
white, cuticle not easily peeling. Gills white, equal,
adnate to sub-decurrent, close with entire edges,
flexible, crowded. Stjpe 2-10 cm long and 3 cm thick,
central, usually white with a purplish hue, firm at first,
solid, then spongy and hollow. Flesh usually white,
pink just beneath the cuticle, solid, granular. Spores
7-8.5x7 um, white broadly ellipsoidal to sub-globose,
warted. Basidia 50-46x8-10 um, 4-spored, clavate,
sterigmata, up to 6.0 um long. Dermatocystidia
present, narrow and short, 25-46x4-6 um, clavate,
hyaline. Pileus trama heteromerous, hyphae
interwoven. Hymenophoral trama heteromerous,
hyphae interwoven, hyaline, hyphae 4-6 um, hyphae
with clamp connections. Habit & Habitat: terrestrial,
solitary or in groups. Ecology: ECM with Shorea
robusta (sal). Edibility: edible, very popular among
tribals. Accession Number: FGCCR 1001. Place of
collection: Mawai, Chada, Mandha, Achanakmar,
Distribution: Shimla, Himachal Pradesh (Saini and
Atri, 1984), Joshimath, Uttar Pradesh (Atri and Saini,
1990), Dalhousie, West Bengal (Atri et al.,, 1991),
Chakrata, Uttar Pradesh (Atri and Saini, 1986,
1990), Narkanda, Himachal Pradesh (Saini et.
al,1993), Jagdalpur and Bastar-Chhattisgarh,
Mandla-Madhya Pradesh, (Rajak et al., 2003),
Fig.1c.
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Fig. 1: Sporocarps of ECM Mushrooms-Russulla
a. Russula aeruginea, b. R. brevipes, ¢. R. Cyanoxantha,
d. R. decolorans, e. R. delica, f. R. densifolia.
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Russula decolorans Fr., Epicr. Syst. Mycol. p. 361,
(1838)

Pileus 2-6 cm in diam, convex-plane or slightly
depressed, surface smooth, viscid when moist, red
or pink mixed with cream, margin striate, flesh
white, Gills adnate- adnexed, soft, edges entire,
close, creamy, white to yellowish. Stipe 3-6 cm long,
1.0-1.5 cm wide, equal to clavate, solid, firm,
creamish white to yellowish. Stipe 3-6 cm long, 1.0-
1.5 cm wide, equal to clavate, solid, firm, creamish
white or cream. Spores 6-8x4-6 um, ellipsoid to
globose, whitish, warty, Basidia 35-45x8-10 um,
cylindrical, tapering downwards, 4- shaped,
sterigmata, up to 4 um, hyaline. Pleurocystidia 40-
45x8-10 um, clavate, hyaline. Hymenophoral Trama
heteromerous, hyaline, consists of nests of
sphaerocysts, septate, 4-6 um, thick, hyaline. Habit
& Habitat: terrestrial, solitary or scattered. Ecology:
ECM with Shorea robusta (sal). Edibility: edible,
very popular among tribals. Accession Number:
FGCCR 1003

Place of collection: Motinala, Pandutala, Mawai.
Distribution : Bastar, Chhattisgarh (Rajak et al.
2003), Fig. 1.d.

Russula delica Fr., Epicr. Syst. Mycol. p. 350,
(1838)

Pileus extends up to 12 cm on full maturity, convex,
cyathiform, sometimes infundibuliform, dull white,
surface dry, sometimes with rust coloured patches,
dry with unchanging white flesh, margin inrolled,
not striated, cuticle not separable. Odour agreeable.
Gills whitish, short, decurrent, some are forked with
intermixed lamellulae, edges entire. Stipe 5-6 cm
long, 0.7-1.0 cm wide, central, dry, cylindrical
sometimes attenuated at the base, surface
glabrous or slightly hairy. Flesh white, firm, no
change on injury, having a distinct smell of fish of
meat. Spores 8-12x7-9 um, covered with conical
warts, whitish. Basidia 35-40 x 8-10 um,
subcylindrical, tapering downwards, 4-spored,
sterigmata up to 4um, hyaline. Cystidia 30-35x5-7
um, clavate to cylindrical with broad base, hyaline.
Hyphae thick, septate, 4-6um, hyaline. Habit &
Habitat : terrestrial, solitary to scattered. Ecology :
ECM with Shorea robusta (sal). Edibility : edible,
very popular among tribals. Accession Number :
FGCCR 3001. Place of collection: Chada, Mandha,
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Amarkantak. Distribution: Solan, Himachal Pradesh
(Kumar et al., 1979). Sonamarg, Jammu and
Kashmir (Saini et al., 1988), Raigarh, Madhya
Pradesh (Rajak et al., 2003), Fig. 1e.

Russula densifolia (Secr.) Gillet, Champ Fr. 1:231,
(1874)

Pileus 3-5 cm when young and up to 10 cm in
diameter on full maturity, at first convex, then
depressed at the centre, cyathiform or sometimes
infundibuliform whitish with dull brown centre,
occasionally dull brown throughout or blackish,
fleshy, surface moist and viscid margin non-striated,
incurved, and irregular with ellowish- cream to dull
white flesh, firm, soft, smooth, cuticle separable. Gills
whitish or creamish; sub-decurrent to decurrent,
crowded, smooth, margin entire, dull colour on
bruishing, more or less narrow. Stipe 5-6 cm long,
and 1.5-3 cm broad, central, solid, glabrous, dry,
white, becomes red or dark, grey or grey on cut.
Spores 8-10x6-7 um, obvate, covered with warts,
apiculate, spore print whitish. Basidia 35-40x10-12
um, clavate, 4-spored, sterigmata, up to 3-4 um,
long. Cystidia 45-60x12-15 um, clavate to cylindrical.
Hyphae hyaline, septate, up to 4-6 pm, thick.
Hymenophoral trama with heteromerous hyphae,
intermixed, septate hyphae, 4-6 um thick. Habit &
Habitat: terrestrial, solitary or in groups. Ecology:
ECM with Shorea robusta (sal). Edibility: edible, very
popular among tribals. Accession Number: FGCCR
2002. Place of collection: Mawai, Chada, Baiyar.
Distribution: Ambikapur, Chhattisgarh (Rajak et al.,
2003), Fig.: 1f.

Russula emetica (Schaeff. ex Fr.) S. F. Gray, Epicr.
Syst. Mycol. p. 357 (1838)

Pileus 3-4 cm when young and upto 11 cm on full
maturity, red, yellowish or whitish, convex to
campanulate when young, then expanded
depressed when old with radial grooves in the
older specimens, surface smooth and shining,
slightly sticky when young, margins marked with
streaks, cuticle easily peeled off. Gills equal,
white, broad, thick, sparse in some forms and
closer in other forms, free or almost free from the
stem or adnate or adnexed, white, often with
yellowish shades. Stipe thick, hard, central,
smooth, white, cylindrical, narrowed near the top,
4.0-5.0x1.0-2.0 cm, thick, solid, becoming
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somewhat hollow. Flesh brittle, usually white,
slightly reddish beneath the cuticle. Spores white,
echinulate, 7.5-10.0 um, globose. Basidia 40-
45%10-12 pum, clavate, sterigmata up to 1-2 um,
long. Cystidia 40-45x12-14 um, clavate, tapering
towards base. Hymenophoral trama heteromerous,
hyphae septate, hyaline. Habit & Habitat:
terrestrial, solitary. Ecology: ECM with Shorea
robusta (sal). Edibility: edible, very popular among
tribals. Accession Number: FGCCR 3002. Place of
collection: Chada, Mandha, Mawai, Jagatpur,
Pandutala, Motinala, Chilpi, Achanakmar, Baiyar.
Distribution: Chakrata, Uttar Pradesh (Saini and
Atri, 1989a), Darjeeling, West Bengal (Berkeley,
1856), Solan, Himachal Pradesh (Kumar et al.,
1979), Mandla, Madhya Pradesh (Rajak et al.,
2003), Fig.: 2a.

Russula foetens (Pers. ex Fr.) Fr. Epicr. Syst. Mycol.
p. 359, (1838)

Pileus 2-3 cm when ydung and upto 5 cm across,
dull brownish ochre to honey-colored, globose at
first, later convex and depressed at the centre of
flesh, thick, firm, fleshy, surface smooth, slimy or
glutinous when moist, margins furrowed and
warted, later absent. Stipe 5-8x1-1.5 cm wide,
central, glabrous, whitish to buff marked with
brownish starting at base, cylindrical or swollen in
the middle, solid containing irregular cavities, hard
and rigid but easily breaking. Flesh whitish turning
brown when exposed to air. Gills white, then cream-
colored with reddish brown markings, unequal large
some forked, young specimens produce watery
droplets in damp weather, sub-decurrent-decurrent,
crowded, margin wavy. Basidia 30-4x8-12 um,
clavate, hyline, 4-spored. Sterigmata 1-2 pm, long.
Cystidia 35-60x8-10 um cylindrical, narrow at the
tip. Hymenophoral trama hetermerous, hyphae

septate, intermixed wit nests of spaseocysts.
Hyphae hyaline sepatate, 4-6um, thick.
Dermatocystidia frequently present, cylindrical,

appendiculate. Spores pale cream-colored, ovoid,
sub-globose to globose, thick, conical or oblate
warts, 7.5-10x6-9 um. Habitat: in groups on wet
grounds. Ecology: ECM with Shorea robusta (sal).
Edibility: inedible because of flavour. Accession
Number: FGCCR 2003. Place of collection: Mawai,
Sijhaura. Distribution: Shimla, Himachal Pradesh
(Saini and Atri, 1989a), Raipur, Chhattisgarh (Rajak
et al., 2003), Fig.: 2b.
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Russula fragilis (Pers.) Fr.

Pileus 2-6 cm in diameter, usually pinkish, purplish
or violet tinted, small, delicate and fragile as if faded
pink colour, cuticle, moist, separable, sunken initially
then depressed, margin radially sulcate, inrolled.
Stipe 2.5-6.0x0.5-1.5 cm., white, tends to be
yellowish without any trace of red, more or less
cylindrical to slightly club-shaped. Gills white to very
pale cream, close then sparse, thin, fragile. Spores
white, sub-globose, ornamented, 8.0-10.0x6.5-8.5
um,. Habit & Habitat: terrestrial, solitary or scattered.
Ecology: form ECM with Shorea robusta (sal).
Edibility: edible, very popular among tribals.
Accession Number: FGCCR 3003. Place of
collection: Mandha, Chada, Gopalpur. Distribution:
Shimla, Himachal Pradesh (Saini and Atri, 1989),
Fig.: 2c.

Russula integra (L.) Fr.

Pileus 5-15 cm in diameter, smooth, soon concave
with sulcate and undulate margin, cuticle separable,
viscid in humid weather, color basically brown but
tendency to yellowish, amaranth, violet, or purple,
never red or orange. Stipe long thick, white, smooth,
3-5x1-1.5 cm cylindrical solid, Glabrous. Gills yellow,
close, broad, thick sometimes bifurcate not always
adhering to the stem, white then yellowish. Flesh
firm, soft, white then yellowish. Spores echinulate,
globose to subglobose. Basidia clavate, hyaline, 4-
spored, sterigmata upto 3-4.5 um. Cystidia
cylindrical-clavate, hyaline. Hyphae interwoven,
hyaline, septate, 4-6 um, thick. Habit & Habitat:
terrestrial, gregarious / scattered. Ecology: ECM with
Shorea robusta (sal). Edibility: edible only by tribals.
Accession Number: FGCCR 3004. Place of
collection: Motinala, Pandutala, Chilpi Ghati.
Distribution: New report for India, Fig.: 2d.

Russula lepida Fr., Epicrisis Syst. Mycol. p.
355,(1851)

Pileus 2-3 cm when young extend up to 10 cm on
full maturity, firm soft, smooth, flesh white, red to
pale red, margin inrolled, margin incised or cracked.
Gills white to cream, sub-decurrent; to free,
unequal, soft edges smooth, close to crowded.
Stipes 6-8 cm long, 1-1.5 cm wide, cylindrical,
glabrous, white with abrupt base. Spores 6-8 um,
subglobose-globose, apiculate, warty. Basidia 36-
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Fig. 2: Sporocarps of ECM Mushrooms-Russulla.
a. Russula emetica, b. R. foetens, ¢. R. Fragilis,
d. R. integra, e. R. lepida, f. R. lutea.
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38x6-8 um, 4-spored, clavate. Pleurocystidia not
observed. Hyphae septate, 3.5-4 um thick
Hymenophoral trama heteromerous, regular,
hyphae septate, hyaline, hyphae parallely arranged
3.5-4 um thick. Dermatocystidia present, cylindrical,
fussiform or often clavate. Habit & Habitat:
terrestrial, solitary or in groups. Ecology: ECM with
Shorea robusta (sal), Edibility: ebible only among
tribals. Accession Number: FGCCR 2004. Place of
collection: ~ Gorakhpur, Gopalpur, Chada.
Distribution: Darjeeling, West Bengal (Berkeley,
1856), Kodaikanal, Tamil Nadu (Ramakrishnan et
al., 1952), Shimla, Himachal Pradesh (Kumar et al.,
1979), Seoni, Madhya Pradesh (Rajak et al., 2003),
Fig.: 2e.

Russula lutea (Huds. : Fr.) Fr.

Pileus globular, then convex finally plane 4-9 cm or
also depressed, margin thin, almost always with
radial striate and thin with knotty grooves, cuticle
viscid not easily separable from the cap, uniformly
ochre more or less intense. Stem-generally thick,
pallid, and then yellowish, then starting from the
base, it becomes ochraceous. Flesh cream, then
ocher. Gills close also in the ripe mushroom, thin
pointed towards the stem, rounded towards the cap’s
margin, with some dewy droplets hanging from the
edges, white then acquiring slowly the colour of the
cap. Spores white or tending to cream. Habit &
Habitat: solitary or gregarious. Ecology: ECM with
Sal. Edibility: non edible, Accession Number:
FGCCR 1004. Place of collection: Karanjia, Jagatpur,
Saraigaun. Distribution: New report for India, Fig.: 2t.

Russula nigricans (Bull : Fr.) Fr.

Pileus 10-20 cm across, dirty white becoming brown
and finally black developing deep depression and
funnel shaped, dry, margin incurved at first, margin
thick, smooth. Gills straw to olive, grayish rose on
bruishing, eventually turning black, adnate, very thick
and widely spaced remaining white longer then the
rest of cap cuticle, dry slightly velvety in dry weather.
Stipe 3-8 cm x 1-4 cm at first white then dull brown
and finally black, hard. Flesh white becoming graying
rose on exposure to air and finally grey to black.
Spores white 6-8x6-7 pum, ornamentation. Habit &
Habitat: solitary or gregarious. Ecology: grows under
Sal. Edibility: non edible, Accession Number:
FGCCR 3005, Place of collection: Chada, Bajak,
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Gopalpur, Distribution: Jammu and Kashmir (Saini et
al., 1988), Fig.: 3a.

Russula nigriinitiales Rahi, Shukla, Rajak and
Pandey, Indian J. Mush. XXI (1&2): 29-31.

Pileus upto 10 cm at maturity and 2-3 cm when
young; depressed in centre, flesh soft, smooth, dry,
margin entire, black-dark black, flesh gray-blackish.
Gills adnate to decurrent, creamish-grayish-blackish,
soft, edges entire, crowded. Stipe 6x1.5 cm, solid,
cylindrical-clavate, tapering downwards, central,
glabrous, Grayish-black. Spores whitish, 6-8x4-6
um, spherical, apiculate, Basidia granulate, hyaline,
clavate, 4-spored, sterigmata up to 4 um long.
Pleurocystidia cylindric-subclavate. Cheilocystidia
ventricose-sylindrical. Hymeno-phoral trama
heteromerous, hyphae intermixed with spherocyst.
Habit & Habitat: terrestrial, solitary or scattered.
Ecology: grows under Sal. Edibility: edible. Accession
Number: FGCCR 1005, Place of collection: Chada,
Mawai, Pandutala. Distribution: Mandla-Madhya
Pradesh, Bastar-Chhattisgarh (Rajak et al. 2003),
Fig.: 3b.

Russula romelli Maire

Pileus 7-20 cm diam., it reaches a large size of 20
cm, red, tending to violet along the margin and
greenish yellow towards the centre, margin striate
and then sulcate, cuticle smooth, viscid in humid
weather, easily separable underneath surface clear
white, brittle leathery usually cracks from middle.
Gills broad, brittle bifurcate, white then yellowish.
Stipe long, thick, white, smooth, then slightly rugose
and with brownish shades 5-10x2.5-4 um thick firm,
equal central. Spores 8-10x6-10 um, whitish globose
to subglobose, some elliptical warted. Cystidia
subclavate, hyaline. Hyphae septate, interwoven.
Habit & Habitat: terrestrial, scattered, gregarious.
Ecoloty: ECM with Shorea robusta (sal). Edibility:
edible only among tribals. Accession Number:
FGCCR 3006. Place of collection: Mandla.
Distribution: Chakrata, Uttar Pradesh (Saini and Atri,
1989a), Fig.: 3c.

Russula rosea Quel., Ench. Fung. p. 184, (1886)

Pileus 8-10 cm in diameter, first convex then sunken
in the centre, pink to pale dark red, surface smooth,
moist with incurved margin, at maturity it is funnel
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Fig. 3: Sporocarps of ECM Mushrooms-Russulla.
a. Russula nigricans, b. R. nigrinitiales, ¢. R. romelli,
d. R. rosea, e. R. rubescens, f. R. sanguinea.
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shaped, flesh reddish under cuticle. Stipe 7-8x1.0-
1.5 cm wide, cylindrical, solid, central, glabrous,
white to cream, sub-globular base. Gills adnexed to
adnate, creamy white to yellowish white, unchanging
when bruised, edges entire. Spores 6-7x4-5 um,
short, ellipsoid, yellowish white, warty, apiculate.
Basidia 30-34x7-9 um, clavate, 4- spored,
sterigmata 3-6 pum long. Pleurocystidia 36-38x6-9
um, clavate or sub-cylindric. Hymenophoral Trama
heteromerous, septate hyphae. Habit & Habitat:
terrestrial, solitary or scattered. Ecology: ECM with
Shorea robusta (sal.) Edibility: Edible, very popular
among tribals. Accession Number: FGCCR 1006.
Place of collection: Chada, Mawai, Gopalpur,
Distribution: Jagdalpur, Chhattisgarh (Rajak et al.,
2003), Fig.: 3d.

Russula rubescens Beardslee

Pileus 2-5 cm in diam, when young and extend upto
10 c¢m on full maturity, firm red, paler towards
margin, fading with age, flesh white, slightly
depressed, margin striate surface smooth, Gills
adnate, close, white, forked, edges entire, close.
Stipe 3-5x1-1.5 cm, glabrous, white, cylindrical.
Spore 8-10x6-8 um, whitish globose, verrucose to
echinulate. Basidia 38-46x10-12 um, clavate,
hyaline, 4-spored, sterigmata upto 4.5 um, long.
Cystidia 40-55x10-12 pm, cylindrical to clavate,
hyaline. Hyphae interwoven, hyaline septate, 4-6
um, thick. Hymenophoral trama heteromerous,
hyphae Septate hyaline 4-6 pm, thick. Habit &
Habitat: terrestrial, solitary or in groups. Ecology:
ECM with Shorea robusta (sal). Edibility: edible only
among tribals. Accession Number: FGCCR 3007.
Place of collection: Amarkantak, Kabir chauraha.
Distribution: Mandla, Madhya Pradesh (Rajak et al.,
2003), Fig.: 3e.

Russula sanguinea (Bull. ex. St. Amans) Fr., Epicr.
Syst. Mycol. p. 351, (1838)

Pileus convex, then plane, 4-10 cm or also slightly
depressed in the centre, margin even, only tardily
radially striate, cuticle not separable from cap, deep
red or tomato red or rosy; viscid and glossy only in
humid weather, flesh white. Gills white but also
cream narrow, almost decurrent on the stem
unequal, edges entire. Stipe thick tall, white, hollow,
reddish spots becoming vyellowish,  whitish,
cylindrical, wrinkled or striated. Spores creamy-
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white, warted or spiny, 7-8x6-8 um, oval to globose.
Basidia 35-38x10-12 um, 4-spored, clavate,
sterigmata up to 3 pm. Hymenophoral trama
heteromerous, intermixed with spharocysts, hyphae
septate. Habit & Habitat: terrestrial, solitary. Ecology:
ECM with Shorea robusta (sal), Edibility: edible very
popular among tribals. Accession Number: FGCCR
2005. Place of collection: Mawai, Amarkantak,
Jagatpur. Distribution: Mandla, Madhya Pradesh
(Rajak et al., 2003), Fig.: 3f.

Russula sororia Fr., Epicr. Syst. Mycol. 355, (1838)

Pileus 5-7cm in diameter, convex then flattened or
depressed surface viscid when moist yellowish
brown in the centre, date brown, grayish brown,
usually pale grayish brown, smooth, slimy when
moist, margin entire straite, inrolled. Stipe up to 5cm
long and 1-1.5cm wide, pale, soft becoming
interruptedly hollow, white starting from base tinged
with brownish gray and slightlyflesh-coloured reddish
brown, flesh whitish then slightly grayish, brownish in
hollow of stipe, thick and rigid. Gills whitish, often
with brown or grayish markings, crowded than
distant unequal and thin. Spores pale, cream-
coloured, ovoid with conical warts, 6.5-8.5x5-7pum.
45-47x6-8 um, clavate, hyaline, 4-spored, sterigmata
up to 5 um long. Cystidia 46-50umx6-8 um,clavate,
cylindrical, hyaline. Hymenophoral trama
heteromerous hyphae intermixed with nests of
sphaerocysts. Habit & Habitat : terrestrial, solitary or
scattered. Ecology:ECM with Shorea robusta (sal),
Edibility : non-edible. Accession Number : FGCCR
3008. Place of collection : Mawai, Pandutala,
Motinala. Distribution : Mandla, Madhya Pradesh
(Rajak et al., 2003), Fig. : 4a.

Russula subfoetens Smith, Journ. Bot. p. 337,
(1873)

Pileus 3-4 cm in diameter at young and extends up
to 7 cm on full maturity, umbilicate, planoconvex and
depressed at maturity, buff to yellowish, fleshy, flesh
white, smooth, dry, surface viscid when moist. Gills
adnexed to sub- decurrent, dark yellowish to
yellowish, white, close, smooth, thick, brittle,
lamellulae present. Stipe 3-5 cm long and 1-1.5 cm
broad, cylindrical solid then hollow, centrally
attached to pileus, glabrous yellowish cream to
brown, basal part abrupt. Spore 8-10x6-8 um,
globose to subglobose, warty, reticulate. Basidia 35-
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Fig. 4 : Sporocarps of ECM Mushrooms-Russulla
a. Russula sororia, b. R. subfoetens, c. R. vesca,
d. Russula sp. 1, e. Russula sp. 2, f. Russula sp. 3.
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60x8-10 um, clavate, 4-spored, sterigmata upto 3
um, long. Cystidia 40-65x8-10 um, cylindrical to
clavate. Hyphae 4-6 um, thick interwoven, septate,
hyaline. Habit & Habitat: terrestrial, solitary or in
groups. Ecology: ECM with Shorea robusta (sal).
Edibility: edible, very popular among tribals.
Accession Number: FGCCR 1007. Place of
collection: Chada, Mandha. Distribution: Chakrata,
Uttar Pradesh (Saini and Atri, 1989b), Bastar,
Chhattisgarh (Rajak et al., 2003), Fig.: 4b.

Russula vesca Fr.

Pileus first convex, then more or less depressed, 5-
11 cm, cuticle slightly rugose, often extreme end of
the gill is uncovered, margin smooth or slightly
striate in the direction of the gills, cap colour
ochraceous brown or amaranth brown, deeper in the
centre or paler in the centre and with rozy zones
along the margin. Stipe cylindrical, often pointed at
the base, white then yellowish, brownish at the base,
firm, stuffed, rather hard, 3-10x1.5-2.5 cm. Flesh
thick, firm, when healthy, white, then with yellowish
shades tending to develop rust-coloured or dirty
yellow markings. Gills close, almost decurrent, white,
then slightly cream, crowded, equal. Spores white,
echinulate, small isclated warts, 6-8x4.5-6.0 um,
globose to sub-globose. Habit & Habitat: terrestrial,
solitary or scattered. Ecology: ECM with Shorea
robusta (sal). Edibility: edible, very popular among
tribals. Accession Number: FGCCR 2006. Place of
collection: Chada. Distribution: New report for India,
Fig.: 4c.

Russula sp. 1

Pileus hemispheric, then expanded 7-10 cm also
depressed, red with olivaceous or yellowish spots
or olivaceous yellow, tends to fade, cuticle is viscid
and separable from the cap, margin radially
marked by striae and then by grooves. Stipe more
or less, extensively rosy or reddish on white
background. Flesh white. Gills not too close, rather
thick and bread, sometimes with the edges
reddish near the margin of the cap. Spores ocher.
Habit & Habitat: terrestrial, solitary or scattered.
Ecology: ECM with Shorea robusta (sal). Edibility:
edible, very popular among tribals. Accession
Number: FGCCR 3009. Pilace of collection:
Mandha, Fig.: 4d.
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Russula sp.2

Pileus 5-6 cm in diam., fragile, of more varied
colours, yellow, pink, or cherry red, often yellowish in
the center, and pink, along the margins. Gills
somewhat apart, yellow. Stipe 3-4x1.0 cm, white,
cylindrical, tapering at base. Flesh white, Habit &
Habitat: terrestrial, solitary or scattered. Ecoogy:
ECM with Shorea robusta (sal.) Edibility: edible, very
popular among triblals. Accession Number: FGCC
3010. Place of collection: Chada, Fig.: 4e.

Russuia sp. 3

Pileus hemispheric, 1-1.5 cm in diam., somewhat
knobby, cuticle not easily separable. Stipe thin,
fragile, marked by veins. Flesh firm, whitish or
slightly yellowish. Gills close, thin, rather unequal,
ofter bifid, fragile, first whitish, then cream coloured.
Spores pale ocher. Habit & Habitat: terrestrial,
solitary or scattered. Ecology: ECM with Shorea
robusta (sal). Edibility: edible, very pupular among
tribals. Accession Number: FGCCR 2007. Place of
collection: Mandha, Fig.: 4f.

ACKNOWLEDGEMENTS

This work was made possible due to research grant
from the Department of Biotechnology, Ministry of
Science and Technology, Government of India (No.
BT/PR 3916/P1D/20/153/2003). The authors are also
thankful to Head, Department of Biological Sciences,

R. D. University for previding laboratory facilities.

REFERENCES

Abraham, S. P, Kachroo, J. L. and Kaul, T. N. 1980. Fleshy fungi
of Gulmarg forest-I, Kavaka. 8, 29-39,

Atri, N. S. and Saini, S. S. 1986. Further contributions on the
studies of North-West Himalayan Russulaceae, Geobios
New Rep. 5, 100- 105.

Atri, N. S. and Saini, S. S. 1990. North Indian Agaricales-X. J. Ind.
Bot. Soc. 69, 425-429.

Atri, N. S. and Saini, S. S. and Mann, D. K. 1991, Genus Russula
Pers. in Dalhousie. In: Botanical researchers in India (Ed:
N. C. Aery and B. L. Chaudhary). Himanshu Publications,
Udaipur. pp-92-99.

Berkeley; M. J. 1856. Decades of fungi, Decas 1-62 Nos. 1-620
In: Hokers London. Journal of Botany 3-8, 1844-1856.

Bhatt, R. P, Bhatt, V. K. and Gour, R. D. 1995. Fleshy fungi of

- Garhwal, Himalayas: The genus Russula. Indian

Phytopathology. 48(4), 402-411.



212

Bilgrami, K. S. Jmaluddin S. and Rizwi, M. A. 1991. Fungi of
India, list and references. Today and Tomorrow's Printers
and Publishers, New Delhi, pp. 798.

W.PK. 1977. Mushrooms, toadstools and other
common fungi. Frederic Warne Publishers Ltd., London,
pp 184.

Fluck, M. 2002. Kosmos naturfuhrer: weicher pilz ist das?
Erkennen, sammeln, verwenden. Franckh-Kasmos
Verlags-GmbH and Co., Stuttgart, pp 447.

Jamaluddin, S., Goswami, M. G. and Ojha, B. M. 2003. Fungi of
India 1989-2001, list and references. Sci Publishers,
Jodhpur, pp. 326.

Keizer, G. J. 1998. The complete encyclopedia of mushrooms.
Rebo International b. v., Lisse, The Netherlands, pp 286.

Kumar, S., Pal, J., Seth, P. K. and Suman, B. C. 1979. Fleshy
fungi of Himachal Pradesh. Indian Journal of Mushroom.
5, 21-23.

Lee, SS., Alexander, IJ. and Watling, R. 1997. Ectomycorrhizas
and putative ectomycorrhizal fungi of Shorea leprosula
Mig. (Dipterocarpaceae) Mycorrhiza. 7, 63-81.

Lincoff, G. 1981. Guide to mushrooms. Translation of Funghi by
G Pacioni. Simon’s and Schuster, New York, pp 511.

Mancinelli, 1. and Mancinelli, A. 1974. The complete book of
mushrooms. Translation of LAtlante dei Funghi by
Rinaldi, V Tyndalo. Crown Publishers, Inc. Itaiy, pp 310.

Natarajan, K., Narayanan, K., Ravindran, C. and Kumaresan, V.
2005. Biodiversity of agarics from Nilgiri Biosphere
Reserve, Western Ghats, India. Curr. Sci. 88(12), 1890-
1893.

Natarajan, K., Senthilarasu, G., Kumaresan, V. and Riviere, T.
2005. Diversity in ectomycorrhizal fungi of a dipterocarp
forest in Western Ghats. Curr. Sci. 88(12), 1893-1895.

Pande, V., Palni, U. T. and Singh, S.P. 2004. Species diversity of
ectomycorrhizal fungi associated with temperate forest of
Waestern Himalaya: a preliminary assessment. Curr. Sci.
86(12), 1619-1623.

Purkayastha, R.P. and Chandra, A. 1985. Manual of Indian edible
mushrooms. Today and Tomorrow's Printers and
Publishers, New Delhi, pp 267.

Rahi, D.K. 201. Studies on the tribal mushrooms of Madhya
Pradesh and development of technolgy for large scale
production. PhD. Thesis submitted to R. D. University,
Jabalpur.

Rajak, R. C., Rahi, D., Shukla, K. and Pandey, A. K. 2003.
Diversity and systematics of Agaricales of Central India.

Findlay;

On Ectomycorrhizal mushrooms

»

[ J. Mycopathol. Res. :

In: Frontiers of fungal diversity in India (Ed: G.P. Rao, C.
Manoharachari, D. J. Bhat. R. C. Rajak, T. N. Lakhanpal).
International Book Distributing Co., Lucknow, India. pp-
297-311.

Ramakrishnan, T. S., Srinivasan, K. V. and Sundaram, N. V. 1952.
Additions to the fungi of Madras-XIll. Proc. Ind. Acad.
Sci. 36(B), 85-95.

Rayner, R. 1979. Hamlyn nature guides: mushrooms and
toadstools. The Hamlyn Publishing Group Ltd., pp 128.

Riviere, T, Diedhiou, A., Diabate, M., Senthilarasu, G,
Natarajan, K., Verbeken. A., Buyck, B., Dreyfus, B,
Bena, G. and Ba, A. 2007. Genetic diversity of
ectomycorrhizal Basidiomycetes from African and Indian
tropical rain forests. Mycorrhiza.

Riviere, T., Natarajan, K. and Dreyfus, B. 2006. Spatial
distribution of ectomycorrhizal Basidiomycete Russula
subsect. Foetentinae populations in a primary
dipterocarp rainforest. Mycorrhiza. 16(2), 143-148.

Saini, S. S. and Atri, N. S. 1981. Russula foetens (Pers.) Fr.-a

new record for India. Curr. Sci. 50, 460-461.

S. S. and Atri, N. S. 1984. Studies on North-West

Himalayan Russulaceae, Geobios New Rep. 3, 4-6.

Saini, S. S. and Atri, N. S. 1989a. North Indian Agaricales-IX
section ingratae Quel of Russula Pers. Kavaka. 17, 21-
77.

Saini, S. S. and Atri, N. S. 1989b. North Indian Agaricales-XI
section Russula Pers. in India. Indian Journal of
Mycology and Plant Patholgy. 19, 44-49.

Saini, S. S., Atri, N. S. and Bhupal, M. S. 1988. North Indian
Agaricales-V. Indian Phytopathology. 41(4), 622-625.

Saini, S. S., Atri, N. S. and Saini, M. K, 1993. Studies on the
Russulaceous fungi from Narkanda (H.P). the genus
Russula Pers. J. Ind. Bot. Soc. (Suppl.).

Shukla, K. K. 2001. Studies on agaricales of M.F. with special
reference to cultivation of tribal edible mushrooms. PhD
Thesis submitted to R. D. University, Jabalpur.

Singer, R. 1986. The agaricales in modern taxonomy. Bishen
Singh Mahendra Pal Singh Publishers, New Delhi, pp
981.

Watling R. and Gregory, N. M. 1980. Larger fungi from Kashmir.
Nov Hadwigia. 32, 494-564.

Wilkinson, J. and Buczaki, S. 1982. Mushrooms and toadstools.
Wm Collins Sons and Co. Ltd., Birmingham, pp 240.

Saini,

(Accepted for publication July 28, 2008)



