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ABSTRACT: A new species belonging to the genus Bolbitius (B. kishtwarensis) is proposed here from India based on the
combination of unique macro- and micro-morphological features and molecular evidence. The novelty of this species is confirmed
by nrITS-based phylogenetic study and its separate placement within the phylogenetic tree. This species was found on cow dung
and distinguished by its basidiocarp having a pileus with a dark broad umbo, slightly viscid, non-glabrous, fibrillose surface, being
brownish grey at periphery and dark brown towards the center. A comprehensive description, illustrations, comparisons with

morphologically closely related taxa and phylogenetic analysis are presented here.
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INTRODUCTION

Bolbitius Fr. is one of the interesting genera in the
family Bolbitiaceae Singer. The genus is typified by B.
vitellinus (Pers.) Fr., which is now considered a synonym
of B. titubans (Bull.) Fr. It comprises over 77 species
worldwide (Index Fungorum, accessed on 11th August,
2025). More than ten taxa of this genus have been reported
from India (Mohanan, 2011; Kaur et al., 2013). They
exhibit ecological versatility, inhabiting a wide range of
substrates such as dung, decaying wood, humus, sawdust,
soil and are also encountered in ruderal habitats (Watling,
1982; Arnolds, 2005). The family Bolbitiaceae currently
encompasses sixteen genera, namely Agrogaster D. A.
Reid, Bolbitius Fr., Conobolbitina T. Bau & H. B. Song,
Conocybe Fayod, Conocybula T. Bau & H.B. Song,
Cyttarophyllopsis R. Heim, Descolea Singer, Galerella
Earle, Gymnoglossum Massee, Pholiotina Fayod,
Ptychella Roze & Boud., Rhodoarrhenia Singer,
Tubariella E. Horak & Hauskn., Tubariopsis R. Heim,
Tympanella E. Horak and Wielandomyces Raithelh. (Hyde
et al., 2024). Bolbitius is notable for brightly pigmented,
delicate basidiomata, often with a viscid, striate to plicate
pileus, free lamellae, exhibiting varied colours ranging
from ochraceous to rusty brown, hymeniform pileipellis,
utriform to lageniform cystidia and pseudoparaphyses
(Berkeley and Broome, 1871; Singer, 1951; Arnolds, 2003,
2005; Malysheva et al., 2015).

The genus Bolbitius has been extensively studied
across continents, with notable contributions from North
America (Zeller, 1933; Singer, 1977), Europe (Watling,
1992; Horak et al., 2002; Arnolds, 2003; Hausknecht ef al.,
2007, 2008, 2010) and Asia (Watling, 1993; Crous et al.,
2015). In India, notable taxonomic efforts have been made
by Bilgrami et al. (1991), Saini and Atri (1995), Natarajan
et al. (2005), Manimohan et al. (2007), Atri et al. (2009),
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Mohanan (2011) and Kaur et al. (2013). Collectively, these
studies have reported over ten taxa from India, primarily
based on morphological characteristics and comparative
analysis only (Mohanan, 2011; Kaur et al., 2013).

During a macrofungal survey conducted across
different regions of Jammu province of Jammu and
Kashmir, a distinctive species of Bolbitius was collected
from cultivated fields of Kishtwar region. Thorough
macro- and micromorphological analyses and nrITS-based
phylogenetic analysis of our collections revealed this as a
new taxon, which differs from other species of the genus
Bolbitius. This taxon is presented here with detailed macro-
and micromorphological descriptions coupled with
illustrations, nrITS-based phylogenetic analyses, and
comparative assessments against closely related species.

MATERIALS AND METHODS

Macro- and micromorphology

Fresh basidiomes were collected from the field and
subsequently photographed using a Nikon D5300 DSLR
camera. Macro-morphological features, along with
detailed observations on habitat and substrate, were
meticulously recorded during fieldwork. Standardized
terminology was employed for the description of both
macro- and micro-morphological characters following
Largent et al. (1977) and colour references were
documented using the Methuen handbook of colour
(Kornerup and Wanscher, 1978). Collected specimens
were dried either directly under sunlight or with the help
of a field drier. All micro-morphological characteristics
(basidiospores, basidia, cystidia, pileipellis, etc.) were
examined using a compound light microscope. Freehand
sections of the dried material were prepared and mounted
in a solution comprising 5% KOH, 1% phloxine, and 1%
ammoniacal Congo red for microscopic observation. To



2026

assess amyloid reactions, basidiospores were mounted in
Melzer’s reagent. Micro-morphological features were
illustrated using a camera lucida attached to an Olympus
CH20i microscope at 2000x magnification, while
microphotographs of various anatomical elements were
captured using a digital camera mounted on an Olympus
CX33 compound microscope. Basidial measurements
were taken excluding the length of the sterigmata.
Basidiospore dimensions are presented in the format,
(MIN-) AV (-MAX) spore length and width, where MIN
= minimum value, MAX = maximum value, and AV =
average of all measured specimens. The spore quotient
(Q), representing the length-to-width ratio, is expressed
as (MIN-) AV (-MAX). The holotype and associated
voucher specimens are currently deposited in the
Herbarium of the Department of Botany, University of
Jammu (acronym HBJU).

DNA extraction, PCR amplification and sequencing

Genomic DNA was extracted from 100 mg of dried
basidiocarps using the Plant II DNA extraction kit
(Macherey-Nagel), following the manufacturer’s
protocol. The internal transcribed spacer (ITS) regions of
the nuclear ribosomal DNA were amplified using the
universal primer pair ITS1 and ITS4 (White et al., 1990).
PCR amplification was performed in 20 uL reaction
volumes containing 1x Phire PCR buffer (including
1.5 mM MgCl.), 0.2 mM of each dNTP, 1 pL of genomic
DNA, 0.2 uL of Phire Hot Start I DNA polymerase,
0.1 mg/mL BSA, 3% DMSO, 0.5M betaine, and 5 pM
each of forward and reverse primers. Amplifications were
conducted in a GeneAmp PCR System 9700 thermal
cycler (Applied Biosystems) under the following
conditions: initial denaturation at 96 °C for 2 min; 30
cycles of 30sec at 96 °C, 40 sec at 50 °C; and a final
extension of 4 min at 60 °C. PCR products were purified
using the QIAquick Gel Extraction Kit (QIAGEN,
Germany) and sequenced using the Sanger method on an
ABI 3730x1 DNA Analyzer (Applied Biosystems). The
resulting nrITS sequences were submitted to GenBank to
obtain accession numbers.

Phylogenetic analysis

Phylogenetic analysis based on nrITS sequences was
carried out to establish the phylogenetic placement of our
novel species. The data set used to analyse the phylogeny
consisted of nrITS sequences of our collections, as well
as similar ones, retrieved from a BLASTn search
(Altschul et al., 1997) against GenBank (Clark et al.,
2016) and relevant published phylogenies (Malysheva et
al.,2015; Kaygusuz, 2022). A total of 52 nrITS sequences
of Bolbitius (including our newly generated sequences)
and Conocybe were used in the dataset. Conocybe apala
(JX968209) was used as an outgroup. Sequences were
aligned using MAFFT v. 7.427 (Katoh and Standley,
2013) with default settings. Phylogenetic analyses were
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conducted independently employing both Maximum
Likelihood (ML) in RAXML GUI v.2.0 (Edler et al.,
2021), and Bayesian Inference (BI) approaches in
MrBayes v.3.2.2 (Ronquist et al., 2012), utilizing the
best-fit evolutionary model (GTR+I+G) as determined by
jModelTest 2.1.10 v. 20160303. Markov chains were run
for 1,000,000 generations until the standard deviation of
split frequencies fell below 0.01. Trees were sampled
every 100th generation, with the initial 25% discarded as
burn-in and the remaining trees were utilized to determine
group posterior probabilities (PP). The resulting
phylogenetic trees were visualized using FigTree v.1.4.4
(Rambaut, 2018). Support values of >50% for Maximum
Likelihood bootstrap (MLBS) and >0.50 for Bayesian
posterior probabilities (BPP) are shown on the
phylogenetic tree.

RESULTS

An nrITS-based phylogenetic analysis was carried out
to investigate the placement of the proposed new species.
Bolbitius  kishtwarensis sp. nov. described below
(GenBank accession no. PV866733 and PV864814) is
phylogenetically close to B. subvolvatus Hauskn., Contu
& Krisai from Italy (JX968248) and USA (PQ137777)
and B. aurantiorugosus E.F. Malysheva, O.V. Morozova
& Kovalenko from Vietnam (KP033523) and forms an
independent and highly supported (PP=1, BS=100%)
monophyletic clade. The phylogenetic relationships of
the new species inferred through Bayesian analysis using
MrBayes are presented in Figure 1.

TAXONOMIC TREATMENT

Bolbitius kishtwarensis Sa. Rajput, A. Mahajan, K.
Verma & Y.P. Sharma, sp. nov. Figs 2-3

MycoBank no: MB860401.

Type: INDIA. Jammu and Kashmir, Jammu, Kishtwar
district, Chatroo, 1951 m, 33°2722.05"N, 75°34'26.97"E,
10 September 2024, S. Rajput, A. Mahajan, & Y. P. Sharma,
SR-15-24 (holotype: HBJU/185).

GenBank  numbers: PV866733
PV864814 (SR-15-24).

Diagnosis: Bolbitius kishtwarensis is characterized
by its slightly wrinkled, fibrillose, light to medium grey,
umbonate pileus with a dark grey center, often maculated
with round greyish spots; brownish-orange lamellae;
fragile, fistulose, yellowish-white stipe with a fibrillose to
pruinose surface; ellipsoid to elongated thick-walled
basidiospores, appearing orange to rusty brown in KOH;
ixohymeniform type of pileipellis, comprising chains of
broadly clavate to spheropedunculate, thin-walled
elements, scattered subcylindrical to narrowly clavate
pileocystidioid elements and a cutis type of stipitipellis
containing fascicles of utriform to lageniform
caulocystidia.

(SR-16-24),
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Fig. 1. Phylogram generated by Bayesian analysis based on nrITS sequence data for Bolbitius kishtwarensis and related Bolbitius
species. Posterior probability (>0.5) / Bootstrap support values (>50%) are shown above the branches. Bolbitius kishtwarensis is
highlighted in bold.
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Fig. 2. Bolbitius kishtwarensis (SR-15-24). A-E. Fresh basidiomata in the field and base camp; F. Basidiospores under light
microscope in KOH solution; G-H. Basidia; I-J. Pileipellis elements; K. Ixohymeniform type of pileipellis; L. Cheilocystidia; M—N.
Caulocystidia. Scale bars: A =20 mm, F-N =10 ym.
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Fig. 3. Bolbitius kishtwarensis (SR-15-24). A. Basidia; B.
Basidiospores; C. Caulocystidia; D. Cheilocystidia; E.
Ixohymeniform pileipellis. Scale bars: A—E = 10 pm.

Description: Pileus 40—65 mm wide, convex at first,
then applanate when mature, concave with age, surface
slightly viscid, weakly hygrophanous, non-glabrous with
slight wrinkles, fibrillose, with a dark grey (1F1) broad
umbo in the centre, light to medium grey (1C1-1D1)
towards periphery, often maculated with round greyish
spots, pileus surface striate when mature, margins wavy,
splitting at maturity, flesh thin, pileal veil absent.
Lamellae 1.5-3 mm broad, free or almost free, close to
rather crowded, unequal, arranged in 4-5 tiers, initially
pale orange (5A2) to brownish orange (5C5-5C6), with a
concolorous edge, becoming slightly rusty brown at
maturity. Stipe 80-120 x 4.5-6.5 mm, broad, tubular,
fistulose, fragile, yellowish white (1A2), unchanging with
time, fibrillose, pruinose to slightly flocculose, narrow
towards the apex, slightly broader near the base.
Rhizomorphs white. Context thin, fragile, pale white.
Taste and odor not distinct. Spore-print reddish brown
(8E6).

Basidiospores  9.5-11.5-12.5x6.0-7.5-8.5  um,
Q=1.30-1.48-1.74 (n=60), ellipsoid to elongate, truncate,
with thick wall, mostly centric germ-pore, 1.5-2.3 pm
wide, orange to rusty brown in KOH, inamyloid. Basidia
18.0-25.5%10.8—-13.5 um, mostly 4-spored, but 2-spored
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also present, broadly clavate, often turbinate to pyriform,
surrounded by similar shaped pseudoparaphyses,
sterigmata 2-3.5 pum long. Pleurocystidia not found.
Cheilocystidia numerous, 25.7-35.8x18.5-24.7 pm,
variable in shape, cylindrical, clavate, inflated clavate,
spheropedunculate, thin-walled, hyaline to granular,
lamellar edge fertile. Pileipellis an ixohymeniform layer,
composed of 20.7-28x15.2-20.2 um, broadly clavate,
globose to spheropedunculate elements in chains, thin
walled, mucous layer 2—4 um thick. Pileocystidioid
elements  29.2-35x7.5-12.8um  scattered, apical
subcylindrical, narrowly clavate cells, hyaline or weakly
pigmented, granular. Stipitipellis cutis, containing
fascicles of caulocystidia (25-45%7—18 pm), utriform to
slightly lageniform, hyaline, slightly thick-walled. Clamp
connections not found.

Etymology: The epithet ‘kishtwarensis’ (Lat.) refers
to the type locality Kishtwar, Jammu and Kashmir, India.

Habitat and distribution: Solitary to scattered,
coprophilous in nature, occurring on cow dung,
predominantly in cultivated fields.

Edibility: Unknown, not consumed in Kishtwar.

Additional specimens examined: INDIA, Jammu and
Kashmir, Jammu, Kishtwar district, Chingam, 2009 m altitude,
33°29'46.01"N, 75°35'43.95"E, 12 September 2024, S. Rajput and Y. P.
Sharma SR-16-24 (HBJU/303). Kishtwar District, Thakrie, 33°20'45"N,
75°4223"E, 1745 m altitude, 14 September 2024, S. Rajput and Y. P.
Sharma SR-17-24 (HBJU/304).

DISCUSSION

The combination of characteristics such as wrinkled,
fibrillose, light to medium grey, umbonate to finally
concave pileus with a dark grey centre, often maculated
with round greyish spots; free, brownish-orange
lamellae, ixohymeniform type of pileipellis, comprising
chains of broadly clavate to spheropedunculate, thin-
walled elements, scattered subcylindrical to narrowly
clavate pileocystidioid elements and a cutis type of
stipitipellis containing fascicles of utriform to lageniform
caulocystidia undoubtedly places the present species in
the genus Bolbitius (Singer, 1951; Arnolds, 2003, 2005;
Malysheva et al., 2015).

Phylogenetically, Bolbitius kishtwarensis exhibits
close affinity with B. subvolvatus and B. aurantiorugosus.
Bolbitius subvolvatus can be distinguished by its isabelline
to ochraceous isabelline, slimy pileus surface, by often
showing a temporary volva-like zone at the stipe base,
ellipsoid, cylindrical, lageniform to slightly rostrate
cheilocystidia, lamellar edge being entirely sterile and
hymeniform type of pileipellis (Hausknecht et al., 2008).
B. aurantiorugosus differs by its translucently striated,
deep yellow to orange pileus with dark reddish orange to
tomato red centre, greyish yellow to brownish yellow,
distant lamellae and hymeniform type of pileipellis (Crous
etal., 2015).

Other closely related species are Bolbitius titubans, B.
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coprophilus (Peck) Hongo, B. lacteus J.E. Lange, and B.
reticulatus (Pers.) Ricken. B. titubans differs by its pale
yellow to vivid yellow, lemon yellow to straw yellow
pileus surface with dark orange center, translucently
striate to sulcate striate margins, pale yellow to lemon
yellow lamellae and hymeniform type of pileipellis (Fries,
1838; Malysheva et al., 2015). B. coprophilus can be
segregated by its whitish, pale pink to ochre brown,
glabrous pileus with striations up to half the radius, pale
pink to ochre brown lamellae, lamellar edge sterile and
hymeniform type of pileipellis. B. lacteus can be
differentiated by its whitish pileus with cream to
yellowish centre, sulcate-striate margins, lamellae edge
being sterile and hymeniform type of pileipellis and
absence of pileocystidia. B. reticulatus differs by its
variable color range, including pinkish, beige, ochre, grey,
even almost black tones, with striate margins, pale yellow
pink to yellow brown lamellae, sterile lamellae edge and
hymeniform type of pileipellis (Malysheva et al., 2015).

CONCLUSION

Bolbitius kishtwarensis, found growing in cultivated
land, may play a crucial role in enhancing soil health,
facilitating nutrient cycling, and promoting sustainable
agricultural practices. This study highlights the remarkable
diversity of wild mushroom species inhabiting the Indian
Himalayan region, suggesting that numerous taxa remain
undescribed and await scientific documentation. The
newly identified Bolbitius species (B. kishtwarensis) has
been discovered in the Himalayan regions of Jammu and
Kashmir, a region that remains relatively underexplored in
terms of fungal biodiversity. The discovery of this novel
Bolbitius taxon underscores the critical need for continued
macrofungal surveys and systematic research across
diverse ecological zones of the country.
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