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Abstract

Volvopluteus is represented by seven species distributed in tropical regions of America, Asia and Europe. They
grow as saprobes on wood debris and leaves, in grassy fields and forests. To explore the macrofungal diversity,
different localities in Punjab were visited and collections were made. Among these several collections were
found similar to Volvopluteus species. They were analyzed morphologically and phylogeneticaly using ITS
sequences of nrDNA. Comparative analysis on the basis of morphological and anatomical features revealed that
these collections represent V. earlei. Maximum likelihood phylogeny also showed the position of current
sequences in a same clade with already known V. earlei sequences with 74% bootstrap value. Volvopluteus
earlei is being described from different areas of Pakistan with variety of climatic conditions from warm semi-
arid climate of Kasur, Lahore and Sheikhupura districts, humid subtropical climate of Sialkot district, warm
desert climate of Muzaffargarh district in Punjab and warm semi-arid to humid subtropical climate of Swat
district, Khyber Pakhtunkhwa. The occurrence of V. earlei in different climatic zones represents its wide
ecological amplitude in the country.
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INTRODUCTION

Volvopluteus Vizzini, Contu & Justo is pink lamellae. Anatomically, they are characterized
classified in Pluteaceae Kotl. & Pouzar by sub-globose or broadly ellipsoid, thick-walled,
(Agaricales, Basidiomycota) (Vizzini et al., 2024). inamyloid, basidiospores, an ixocutis pileipellis
It is typified by V. gloiocephalus (DC.) Vizzini, consists of hyphae which are thin-walled and
Contu & Justo and represented by seven species surrounded by a gelatinous matrix (Justo et al.,
distributed in America, Asia and Europe (Justo et 2011b; Kaygusuz et al., 2021).

al., 2011a, 2011b; Kaur & Singh, 2014; He et al.,
2019; Kaygusuz et al., 2021; Montoya et al., 2021).

Volvopluteus species occur abundantly in the

The present study focuses on identification
of specimens which were found morphologically

similar to Volvopluteus species. The detailed

tropical regions where they come up early in the .
morphological and molecular analyses were

monsoon season, mostly they are terrestrial, performed to identify up to species level. The

rowing as saprobes on wood debris and leaves, in . -
g g P collections were made from three districts (Kasur,

grassy fields and forests (Kaur and Singh, 2014). Lahore and Sialkot) of Punjab, Pakistan. The

Species of Volvopluteus are climate of Kasur and Lahore district is warm semi-
morphologically characterized by the presence of arid while that of Sialkot district is humid
medium-to-large sized basidiomata having volva at subtropical (Koppen climate classification). This
the stipe base, free and white to pink or brownish work is an effort to explore the fungal taxa and
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their ecological distribution in various parts of

Pakistan.
MATERIALS AND METHODS

During the field study of different regions
of Punjab, Pakistan in monsoon season of 2019-
2021, basidiomata  were  collected and
morphological characters were noted. Munsell
color chart was used for color codes (Munsell,
1975). Specimens were photographed and air dried
for preservation. Tissues were rehydrated in 5%
KOH and stained with Congo red (1%) and
visualized under Xsz 107BN microscope with 100x
objective lens. Motic Images Plus 2.0 software
(calibrated) was wused for measurement of
microscopic features. For basidiospores, [s/b/c]
represented; s number of basidiospores which were
measured from b basidiomata in ¢ collections, | x w
represented spore dimensions in terms of length
and width, lowest and highest values were shown
in parenthesis. Q values represented I/w ratio while
Q values for basidiospores were defined following
Bas (1969). Average values were represented by
av. Drawings were drawn from microscopic
images. The collected specimens were deposited in
the herbarium (UEH), University of Education,

Lahore, Pakistan.

Extract-N-Amp™ kit was used for DNA

extraction, following the manufacturer's
instructions. PCR amplification of nrDNA-ITS
region and its sequencing were carried out from the
sequence service using ITS1F as forward and 1TS4
as reverse primers. The consensus sequences were

made and analyzed in BioEdit sequence alignment
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editor version 7.2.5 (Hall, 1999). BLAST of the
complete ITS region was performed at NCBI to
select the sequences with closest match within the
genus for phylogenetic analysis. Published
sequences of the closest relatives of the species
were also included in the final dataset.
Melanoleuca verrucipes (Fr.) Singer was chosen as
the outgroup (Kaygusuz et al., 2021). Multiple
alignment was performed using online MUSCLE
(Edgar, 2004) and uploaded in MEGA 6.0
software. For maximum likelihood analysis, Jukes-
Cantor model (Jukes and Cantor, 1969) was
selected as best-fit substitution model approach in
MEGA (Tamura et al., 2013).

RESULTS

1- Phylogenetic Analysis The

ITS region amplified during this investigation was
612 and 613 bp long after trimming the sequences
at conserved regions. In BLAST results, these
sequences were 99% similar to the sequences from
India, Italy, Japan, Pakistan, South China, Turkey
and USA. The sequences generated from present
collections along with other sequences from closely
related taxa were downloaded from GenBank
(Table 1). To reconstruct phylogenetic tree, a final
ITS dataset of 73 nucleotide sequences with 868
positions was used to reconstruct phylogeny.
Among these, 482 were conserved, 327 were
variable, 160 were parsimony informative and 166
were represented as singletons positions. Maximum
likelihood analysis clustered the current sequences
in a same clade with already known V. earlei

sequences with 74% bootstrap value (Figure 1).

Table 1. Species and specimens used for the molecular phylogeny

GenBank .
Accession (ITS) Species Country Voucher Reference
AM286682 ﬁrypto.c.occus India DKO05 Unpublished
uempii
Melanoleuca PBM 2289 (WTU) Matheny et al., 2006;
DQ490642 verrucipes USA Washington Kaygusuz et al., 2021
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Volvopluteus . Schoch et al., 2014;
NR_119878 asiaticus Japan TNS: F-15191 Justo et al., 2011a
Demaocratic
HM562205 V. earlei Republic of the Mamet7 Justo et al., 2011a,
2011b
Congo
MH021869 V. earlei Japan TNS: F-70428 Unpublished
MT353644 V. earlei Pakistan SWATO001366 Khan et al., 2022
MWO033389 V. earlei Turkey OKA-TR649 Kaygusuz et al., 2021
MW033388 V. earlei Turkey OKA-TR648 Kaygusuz et al., 2021
MW033390 V. earlei Turkey OKA-TR650 Kaygusuz et al., 2021
MWO033391 V. earlei Turkey OKA-TR651 Kaygusuz et al., 2021
MW033392 V. earlei Turkey OKA-TR652 Kaygusuz et al., 2021
MW033393 V. earlei Turkey OKA-TR653 Kaygusuz et al., 2021
MW033394 V. earlei Turkey OKA-TR654 Kaygusuz et al., 2021
MW033395 V. earlei Turkey OKA-TR655 Kaygusuz et al., 2021
MWO033396 V. earlei Turkey OKA-TR656 Kaygusuz et al., 2021
JN086659 V. earlei India WV-2 Unpublished
JN086658 V. earlei India WV-1 Unpublished
HM562204 V. earlei Spain MA22816 Jz%sltgbet al., 2011a,
MH021868 V. earlei Japan TNS: F-70427 Unpublished
MK?204987 V. earlei Italy AGMT n. 69 Giannoni et al., 2018
MK?204988 V. earlei Italy AGMT n. 70 Giannoni et al., 2018
MK?204989 V. earlei Italy AGMT n. 71 Giannoni et al., 2018
MK616346 V. gloiocephalus | Spain V669 _1+I1TS4 Unpublished
MK616347 V. gloiocephalus | Spain V709_1+ITS4 Unpublished
MW362280 V. earlei Pakistan LAH35715 Unpublished
MW811445 V. earlei South China XJ1378 Unpublished
MW811446 V. earlei South China XJ1379 Unpublished
ON777909 V. earlei Pakistan UEH-F0002 This study
ON777910 V. earlei Pakistan UEH-F0003 This study
ON777911 V. earlei Pakistan UEH-F0004 This study
MW862312 V. gloiocephalus | China HBAU15427 Unpublished
MK616345 V. gloiocephalus | Spain V695 1+ITS1F Unpublished
MW033404 V. gloiocephalus | Turkey OKA-TR664 Kaygusuz et al., 2021
MW033402 V. gloiocephalus | Turkey OKA-TR662 Kaygusuz et al., 2021
MW033403 V. gloiocephalus | Turkey OKA-TR663 Kaygusuz et al., 2021
MW033397 V. gloiocephalus | Turkey OKA-TR657 Kaygusuz et al., 2021
MW033400 V. gloiocephalus | Turkey OKA-TR660 Kaygusuz et al., 2021
MW033401 V. gloiocephalus | Turkey OKA-TR661 Kaygusuz et al., 2021
MN738645 V. gloiocephalus | New Zealand PDD:103792 Unpublished
HM562202 V. gloiocephalus | Spain AJ239 le(J)sltg gt al., 2011a,
HM562209 V. gloiocephalus | Spain LOU18247 leésltgbet al., 2011a,
MW916608 V. gloiocephalus | Egypt EGDA-Volvl Unpublished
MH930216 V. gloiocephalus | Russia 5173 Unpublished
HM562208 V. gloiocephalus | Spain LOU13710 leésltgbet al., 2011a,
HM562207 V. gloiocephalus | Spain LOU18619 Jz%sltgbet al., 2011a,
MN738634 V. gloiocephalus | New Zealand PDD:95300 Unpublished
MW033398 V. gloiocephalus | Turkey OKA-TR658 Kaygusuz et al., 2021
MW033399 V. gloiocephalus | Turkey OKA-TR659 Kaygusuz et al., 2021
KP826741 V. gloiocephalus | France CMO042 Unpublished
MF954700 V. gloiocephalus | Canada UBC F-32227 Unpublished
MK616344 V. gloiocephalus | Spain V678 1+ITS1F Unpublished
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HM562203 V. gloiocephalus | California PBM2272 Juoto etal. 20112
. USA: Arizona, Mushroom Observer .
MW633065 V. gloiocephalus Yavapai Co. 420468 Unpublished
MK729541 V. michiganensis | Russia LE311989 Unpublished
MW?242665 V. michiganensis | China HMJAU-CR45 Rao et al., 2021
MG367239 V. michiganensis | China 11537 Unpublished
MW?242669 V. michiganensis | China HMJAU-CR106 Rao et al., 2021
_ . s . Schoch et al., 2014;
NR_119876 V. michiganensis | USA: Michigan MICH:11761 Justo et al., 2011a
MK729542 V. michiganensis | Russia LE 312006 Unpublished
MW?242668 V. michiganensis | China HMJAU-CR46 Rao et al., 2021
MK049912 V. michiganensis | Russia LE311991 Unpublished
MF954699 V. michiganensis | Canada UBC F-32158 Unpublished
MK944280 Volvopluteus sp. | China GDGM74751 Unpublished
MK944281 Volvopluteus sp. | China GDGM73195 Unpublished
MT535739 Volvopluteus sp. | Iran Ghobad-Nejhad 4321 | Unpublished
HM246499 Volvariella Italy TO HG1973 Unpublished
acystidiata
HM246496 Vo. cookei Italy TO AV133 Unpublished
HM246497 Vo. earlei Italy TO AV134 Unpublished
JN182873 Vo. gloiocephala | China 55 Unpublished
HM246495 Vo. gloiocephala | Italy TO AV136 Unpublished
. PBM 2272 (WTU)
DQ494701 Vo. gloiocephala | USA California Matheny et al., 2006
HM?246498 Vo. media Italy TO HG2001 Unpublished
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HM562205 Velvopluteus earlel
MHO21859 Volvopluteus earel
MT353644 Volvopluteus earlel
HM246496 Volvariella cookef
MWO033389 Volvopluteus earlei
MWO33388 Volvopluteus earfel
MW033390 Volvopluleus earle!
MWD33391 Volvopluteus earlel
MWD33392 Volvopluteus earlel
MW033393 Volvopluteus eariel
MW033384 Volvopluteus earfei
MW033395 Volvopluteus eartei
MWO33395 Volvopluteus eariel
JNDB6659 Volvopiuleus earfel
y | JNOBEESE Volvopluteus earet
T MWB11445 Volvopiuteus earle)
MW8B11446 Volvopluteus earlel
HM246497 Volvariela earlei
@ ON777911 Volvopluteus eariei
MW362280 Volvopluteus earlei
@ ON777909 Volvopluteus earlei
HMS562204 Volvopluteus earlel
MK204988 Volvopluteus earel
MK204989 Valvopluteus earler
MK204987 Volvopluteus earle
HM248488 Volvariella media
MH021858 Volvopluteus earlel
AM285682 Cryptococcus huempli
@ ON777910 Volvopluteus earfe
HM246499 Volvariella acystidiata
33 __MK944280 Volvopiuteus sp.
"5y MK344281 Voivapluteus sp.
{MKB 16347 Volvopluteus gicocephalus
| MKB16348 Volvopluteus glolocephalus
| MW862312 Valvopiuteus gloiocephalus
| MKB 16345 Valvopiuteus glolocephalus
| JN182873 Volvanella giovocephala
| HM246495 Volvariefla glolocephala
| MWD33404 Volvopluteus gloiccephalus
| MWD33402 Voivopluteus gloiocephalus
| MWD33403 Vaivopiuteus gloiocephalus
| MWD33397 Voivopluteus gloiocephalus
| MW033390 Volvopiuteus gloiocephalus
| MW033400 Volvopluteus gloiocephalus
| MWD33401 Volvopluteus gloiocephalus

i

%) ‘ MNT738845 Voivapliteus gloiccephalus

58 HME662202 Volvopiuteus gloiocephalus
| HM562209 Volvopluteus gloiocephalus
| MWB16608 Volvopiuteus gloiocephalus
| MHO30216 Volvopluteus gloiocephalus
| HM562208 Volvopiuteus gloiocephalus
| HM562207 Volvopluteus gloiocephalus
| MINT38634 Volvapluteus gloiocephalus
| MWD33388 Voivopitteus gloiocephalus
| KPB26741 Volvopluteus gloiocephalus
| MFO54700 Volvopluteus gloiocephalus
| MKE 16344 Volvopluteus glolocephalus
| HM562203 Volvopluteus gloiocephalus
| MWE33065 Volvopluteus gloiocephalus
'DQ484701 Volvariela gloiccephala
—— MT535738 Valvopluteus sp
MK729541 Voivopluteus michiganensis
MW242665 Volvopluteus michiganensis
MG367238 Voivopluteus michiganensis
MW242664 Volvopluteus michiganensis
MW242669 Volvopluteus michiganensis

,5 NR_119876 Volvopluteus michiganensis

MK729542 Vaivopluteus michiganensis
MW242668 Volvopluteus michiganensis
MK049912 Voivopluteus michiganensss
MF954699 Valvopluteus michiganensis

NR_118878 Volvopluteus asiaticus

DQ490642 Melancleucs verrucipes | Out group

Figure 1. Molecular phylogenetic analysis of ITS sequences of Volvopluteus earlei. The sequences from
Pakistan are bold face and those generated during this study are marked with bullets.
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2- Taxonomy

Volvopluteus earlei (Murrill) Vizzini,
Contu & Justo, Fungal Biology, 115(1): 15. (2011).
Pileus 2.5-10.4 cm broad, conical to planoconvex,
becoming flat at maturity with a low and broad
umbo at the center; margins plicate to grooved
striate; surface smooth to glabrous or innately
radially fibrillose, viscid when young becoming dry
with age, white to pinkish (10R 9/1) and greyish
(N9), light brown (7.5YR 9/1) at the center.
Lamellae free, thin, crowded, ventricose; margin
flocculose; white when young, pinkish (7.5R5/2) at
maturity, brown when dry (7.5YR 4/2). Lamellulae
frequent, of variable lengths. Stipe 5-7.8 x 0.5-0.9
cm, central, cylindrical, sub-bulbous at base with
volva; longitudinally striate, white to whitish.
Volva sac-like, white, 1-2 cm in length. Annulus

absent. Smell indistinct. Not tasted (Figure 2).

Basidiospores [80/4/4] (14.8)15.5—
19.6(20.2) x (9.9)10.1-14.4(16.3) um, av = 17.5 x
13.1 um, Q = (1.24)1.36- 1.49(1.53), avQ = 1.4,
broadly ellipsoid to ellipsoid, smooth, thick walled,
mono- to poly-guttulate, apiculus prominent.
Basidia (34.1)35.1-49.2(49.4) x (12.2)12.4—
16.4(17.7) um, av = 41.7 x 14.9 um, clavate, 2-4
spored, thin walled, clamp
Pleurocystidia (21)23.4-52.2(63.6) x (11.5)12.3—

18.3(21.8) um, av = 17.5 x 13.1 pum, infrequent,

basal absent.
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broadly clavate to clavate to obovoid, thin walled.
Cheilocystidia (44.9)51.9-80.3(83.3) x (20.4)21.0—
24.2(25.6) pm, av = 64.1 x 23.1 pm, lageniform to
broadly lageniform or narrowly utriform, thin
walled. Pileipellis ixocutis, hyphae (3.3)4.1-
17.3(26.2) pm, av = 14.7 pm

cylindrical or subcylindrical elements, slightly

in diameter,

swollen from terminals, septate, branched,
cylindrical, smooth and thin walled. Stipitipellis
hyphae (4.1)6.4-16.5(17.0) yum, av =10.5 pm in
diameter, elongated cylindrical elements, septate,
cylindrical, branched, thin walled. Clamps absent.

All tissues hyaline in 5% KOH (Figure 3).
3- Material examined

Pakistan, Punjab, Gujranwala division,
Sialkot district, Khajoriwala, 256 m asl, from grass
lawn, 15 July 2019, Maham Mureed SJ195 (UEH-
F0002; GenBank accession: ON777909); along the
road, on grass, 29 July 2019, Maham Mureed
SJ227  (UEH-F0003;  GenBank
ON777910); Lahore division,
Changa Manga Forest, 192 m asl, on soil, 29 July
2019, Amir Ali SJ57 (UEH-F0004; GenBank
accession: ON777911); Lahore district, Punjab
University Housing Society,
grassland soil, 1 August 2021 Hira ljaz (UEF-
F0005).

accession:

Kasur district,

217 m asl, on
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Figure 2. Volvopluteus earlei. A-D. UEH-F0002; E. UEH-F0004; F. UEH-F0003; G-I. UEH-F0005. Scale bars
A-F =5 cm, G-I =1 cm. Photographs by Maham Mureed and Hira ljaz.
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E

Figure 3. Volvopluteus earlei UEH-F0003. A. Basidiospores; B. Basidia; C. Cheilocystidia; D. Pleurocystidia;

E. Pileipellis; F. Stipitipellis. Scale bars: A—F = 15 pum. Drawing by Sana Jabeen.

DISCUSSION grey pileus, white to pinkish lamellae, broadly
ellipsoid to ellipsoid 15.5-19.6 x 10.1-14.4 pm

Volvoplut lei is identified by th
olvopiuleus eariel 15 ldentrhed By the basidiospores, infrequent pleurocystidia,

di ized basidiomata with whitish lightl
medilm sized basidiomata with whitish or shghtly lageniform to narrowly utriform cheilocystidia, and
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pileipellis composed of ixocutis (Murrill, 1911,
Shaffer, 1957; Justo & Castro, 2010; Justo et al.,
2011b; Giannoni et al.,, 2018; Kaygusuz et al.,
2021).

It grows gregarious or solitary on forest
soil, grassland, roadsides, and gardens. It mostly
occurs on clayey-loamy with medium lime soil that
is rich in humus (Kaygusuz et al., 2021; Justo &
Castro, 2010). The species is found in boreal and
subtropical to tropical regions (Singer, 1986; Justo
et al., 2014; Menolli et al., 2015; He et al., 2019;
Kaygusuz et al., 2021).

This species was previously described from
Cuba and then from USA, Africa, Mexico, Spain,
Argentina, Italy and Turkey (Murrill, 1911; Coker,
1947; Heinemann, 1975; Vazquez et al., 1989;
Contu, 2006; Justo and Castro, 2010; Niveiro &
Albert6, 2012; Giannoni et al., 2018; Kaygusuz et
al., 2021). Sequences from India, Japan Pakistan
and South China have also been found from
GenBank.

Present collections were found growing
solitary on loamy soil, grassland and on roadside
from different localities in Punjab with different
climatic conditions from warm semi-arid of Kasur
and Lahore districts and humid subtropical climate
of Sialkot district (Kdppen climate classification).
Records of the same taxon have also been found
from two districts of punjab; Muzaffargarh district
features warm desert climate and Sheikhupura
district with warm semi-arid climate and Swat
district in Khyber Pakhtunkhwa having warm semi-
arid to humid subtropical climate (Koppen climate
classification) (Khan et al., 2022). During this
investigation, the morpho-anatomical descriptions
and molecular phylogenetic analysis of the V.

earlei collected from various regions of Punjab,
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Pakistan represents its wide distribution and

ecological amplitude in the country.
Acknowledgements

The authors are thankful to all laboratory

fellows for their help during the field tours.

Conflict of Interests

Authors declare no conflict of interest.

Funding

The authors declare that no funds, grants, or
other support were received during the preparation
of this manuscript.

Author’s Contribution

Hira ljaz wrote the manuscript draft;
Maham Mureed collected and described her
MS

Yasmeen assisted with molecular

specimen for her research; Dr. Aneela
work and
collection; Amir Ali helped with collection; Prof.
Dr. Abrar Hussain, as the supervisor of Maham
Mureed, reviewed the data; and Dr. Sana Jabeen
guided the team members, managed drafts and
revisions, handled submission and correspondence,

and secured final approval from all authors.

REFERENCES

Bas, C.1969. Morphology and subdivision
of Amanita and a monograph of its section

Lepidella. Persoonia, 5: 96-97.

Coker, W.C. 1947. North Carolina species of

Volvaria. J. Elisha Mitchell Sci.
Soc., 63(2): 220-230.
Contu, M.  2006. Volvariella  earlei

(Basidiomycota, Pluteaceae) nuova per
I’Europa, e note sulla tassonomia di
Volvariella media sensu J. Lange.
Micologia e Vegetazione Mediterranea,
21(29): 101-106.



J. Plantarum., 6(1): 28-38

Edgar, R.C. 2004. MUSCLE: multiple sequence
alignment with high accuracy and high
throughput. Nucl.  Acids Res., 32(5):
1792-1797.
https://doi.org/10.1093/nar/gkh340

Giannoni, F., U. Pera and M. Della Maggiora.
2018. Volvopluteus earlei, specie poco
comune in tutta Europa, nuova per la
Toscana. Micol. Tosc., 11-25.

Hall, T.A. 1999. BioEdit: a user-friendly biological
sequence alignment editor and analysis
program for Windows 95/98/NT. Nucl.
Acid Ser., 41: 95-98.

He, M.Q., R.L. Zhao, K.D. Hyde, D. Begerow, M.
Kemler, A. Yurkov and P.M. Kirk. 2019.
Notes, outline and divergence times of
Basidiomycota. Fung. Diversity, 99(1):

105-367.
Heinemann, P. 1975. Flore Illustree des
Champignons D’Afrique Centrale, 6:

Volvariella. National Botanical Garden of
Belgium, Meise (in French).

Jukes, T.H. and C.R. Cantor. 1969. Evolution of
protein molecules. Mamm. Protein Met.,
3: 21-132. https://doi.org/10.1016/B978-
1-4832-3211-9.50009-7

Justo, A. and M.L. Castro. 2010. The genus
Volvariella in Spain: V. dunensis comb. &
stat. nov. and observations on V.
earlei. Mycotaxon, 112(1): 261-270.
https://doi.org/10.5248/112.261

Justo, A., A. Vizzini, A.M. Minnis, J.N. Menolli,
M. Capelari, O. Rodriguez and D.S.
Hibbett. 2011a. Phylogeny of the
Pluteaceae (Agaricales, Basidiomycota):
taxonomy and character evolution. Fung.
Biol., 115(1): 1-20.

Justo, A., A.M. Minnis, S. Ghignone, N. Menolli,
M. Capelari, O. Rodriguez and A. Vizzini.
2011b. Species recognition in Pluteus and
Volvopluteus (Pluteaceae, Agaricales):
morphology, geography and
phylogeny. Mycol. Progr., 10(4): 453-
479. https://doi.org/10.1007/s11557-010-
0716-z

Justo, A., E. Malysheva, T. Bulyonkova, E.C.
Vellinga, G. Cobian, N. Nguyen and D.S.
Hibbett. 2014. Molecular phylogeny and
phylogeography of Holarctic species of
Pluteus section Pluteus (Agaricales:

37

1JAZ ET AL., 2024

Pluteaceae), with description of twelve
new species. Phytotaxa, 180(1): 1-85.
https://doi.org/10.11646/phytotaxa.180.1.1

Kaur, M. and Y. Singh. 2014. Family Pluteaceae in
North West India. In Proceedings of 8th
international conference on mushroom
biology and  mushroom  products
(ICMBMP8). 1: 55-70.

Kaygusuz, O., I. Tirkekul, H. Knudse and J. N.
Menolli. 2021. Volvopluteus and Pluteus
section Pluteus (Agaricales: Pluteaceae)
in Turkey based on morphological and
molecular data. Turk. J. Bot., 45(3): 224-
242, https://doi.org/10.3906/bot-2012-7

Khan, J., H. Sher, A. Izhar, M. Hagnawaz and A.N.
Khalid 2022. Pluteus variabilicolor and
Volvopluteus earlei, new records for
Pakistan. Mycotaxon, 137(1):  109-121.
https://doi.org/10.5248/137.109

Matheny, P.B., J.C. Curtis, V. Hofstetter, M.C.
Aime, J.M. Moncalvo, ZW. Ge and D.S.
Hibbett. 2006. Major clades of Agaricales:
a multi-locus phylogenetic overview.

Mycologia, 98: 982-995.
https://doi.org/10.1080/15572536.2006.11
832627

Menolli, J.N., A.A. de Meijer and M. Capelari.
2015. The genus Pluteus (Pluteaceae,
Agaricales) from the state of Parana,
Brazil. Nova Hedwigia, 100(1-2): 101-
157.
https://doi.org/10.1127/nova_hedwigia/20
14/0224

Montoya, L., V.M. Bandala and M. Esqueda. 2021.
Volvopluteus canalipes comb. nov.
(Pluteaceae) from the Sonoran Desert of
Mexico. Phytotaxa, 505(3): 275-285.
https://doi.org/10.11646/phytotaxa.505.3.3

Munsell, A.H. 1975. Munsell Soil Color Charts.
Macbeth  Division of  Kollmorgen
Corporation. Baltimore, Maryland.

Murrill, W.A. 1911. The Agaricaceae of tropical
North  America—IV. Mycologia, 3(6):
271-282.

Niveiro, N. and E. Albertd. 2012. Checklist of the
Argentine Agaricales 1. Amanitaceae,

Pluteaceae and
Hygrophoraceae. Mycotaxon, 119: 493-
494,


https://doi.org/10.1093/nar/gkh340
https://doi.org/10.1016/B978-1-4832-3211-9.50009-7
https://doi.org/10.1016/B978-1-4832-3211-9.50009-7
https://doi.org/10.5248/112.261
https://doi.org/10.1007/s11557-010-0716-z
https://doi.org/10.1007/s11557-010-0716-z
https://doi.org/10.11646/phytotaxa.180.1.1
https://doi.org/10.3906/bot-2012-7
https://doi.org/10.5248/137.109
https://doi.org/10.1080/15572536.2006.11832627
https://doi.org/10.1080/15572536.2006.11832627
https://doi.org/10.1127/nova_hedwigia/2014/0224
https://doi.org/10.1127/nova_hedwigia/2014/0224
https://doi.org/10.11646/phytotaxa.505.3.3

J. Plantarum., 6(1): 28-38

Rao, G.,

Schoch,

Shaffer,

Singer,

Tamura,

D. Dai, B. Zhang and Y. Li. 2021. A new
record species of Volvopluteus from
China. Wei Sheng Wu Xue Tong Bao,
48(10): 3791-3798.

C.L., B. Robbertse, V. Robert, D. Vu, G.
Cardinali, L. Irinyi  and S
Federhen. 2014. Finding needles in
haystacks: Linking scientific names,
reference specimens and molecular data
for Fungi. Database 2014.
https://doi.org/10.1093/database/bau061

R.L. 1957. Volvariella in North
America. Mycologia, 49(4): 545-579.
https://doi.org/10.1080/00275514.1957.12
024669

R. 1986. The Agaricales in Modern
Taxonomy. 4" ed. Koeltz Scientific
Books. Koenigstein.

K., G. Stecher, D. Peterson, A. Filipski
and S. Kumar. 2013. MEGAG6: molecular
evolutionary genetics analysis version 6.0.
Molec. Biol. Evol., 30(12): 2725-2729.
https://doi.org/10.1093/molbev/mst197

Vazquez, L.S., L. Guzman-Dévalos and G.

Vizzini,

Guzman. 1989. Contribution to the
knowledge of the species of the genus
Volvariella in the state of Jalisco. Rev.
Mex. Micol., 5: 169-179.

A., P. Alvarado, G. Consiglio, M.
Marchetti, and J. Xu. 2024. Family
matters inside the order Agaricales:
systematic reorganization and
classification of incertae sedis clitocyboid,
pleurotoid and tricholomatoid taxa based
on an updated 6-gene phylogeny. Stud.
Mycol., 107(1): 67-148.

38

1JAZ ET AL., 2024


https://doi.org/10.1093/database/bau061
https://doi.org/10.1080/00275514.1957.12024669
https://doi.org/10.1080/00275514.1957.12024669
https://doi.org/10.1093/molbev/mst197

