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Abstract. The exploration of ectomycorrhizal fungi diversity around
the campus could provide insights into the presence and distribution
of these symbiotic fungi in the area. This study aimed to observe, iden-
tify, and provide information regarding ectomycorrhizal fungi diversi-
ty in the IPB University Campus Forest. The sampling sites represent
various tree species including forests, parks, and green spaces. The
exploration was done using opportunistic sampling method. The ob-
tained basidiomata were examined for macromorphological and mi-
cromorphological examination to identify the ectomycorrhizal fungi.
The identification results based on the morphological characteristics
confirmed our specimens as Inocybe cf. squarrosolutea (Corner & E.
Horak) Garrido and Suillus bovinus (L.) Roussel. The Inocybe was
characterized by having small to medium-sized, pileus squamules, dry
surface, light brown to yellowish cap, lamellae crowded, cylindrical
or attenuated stipe towards the apex, clavate basidia, and hemispher-
ic knobs basidiospores. The Suillus was  distinguished by having a
cap that is convex in shape with a slightly brownish yellow color and
the surface texture of the cap is smooth, lamella in the form of pores
that are quite large and angular, brownish yellow in color, yellow tu-
bular stipe, clavate basidia, and oval spores. These two macrofungi
are new records in the sampling area and I. cf. squarrosolutea could
be the new information for Indonesia. Our finding provides valuable
information for ecological studies and contributes to the additional
data on Indonesian ectomycorrhizal fungi diversity.

Keywords: biodiversity, campus forest, ectomycorrhizal fungi, explo-
ration

Citation

Adawiah, A., Mufidah, D. R. & Putra, 1. P. (2023). Exploration and Identification of Ectomycor-
rhizal fungi at IPB University Campus Forest. Jurnal Biodjati, 8(2), 180-190.

INTRODUCTION

Indonesia's strategic geographical lo-
cation has positioned it as the country with
the world's second-highest level of biodiver-
sity, and it is considered one of the 17 me-
ga-biodiversity countries globally. The forest
ecosystems within Indonesia provide a habi-
tat for a significant number of these species,

making the preservation of these forests es-
sential for ensuring their long-term survival.
As a tropical country, in addition to having a
high diversity of flora and fauna, macrofungi
are also included. Macrofungi or mushrooms
are a unique group of fungi characterized by
the presence of a visible fruit body structure
known as the sporocarp (Kinge et al., 2020).
This group of fungi exhibits a diverse range
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of morphological forms, including boletes,
chanterelles, coral fungi, spine fungi, fun-
gi brackets, puffballs, earthballs, earthstars,
stinkhorns, truffles, morels, and cup-fungi,
which are primarily classified under the phyla
Ascomycota and Basidiomycota (Lindsay et
al., 2013).

The known number of fungi species
worldwide has been estimated at 1,5 million
fungi species. They are distributed with ap-
proximately 67.426 species from the Basidi-
omycota and Ascomycota. The estimated spe-
cies of macrofungi in tropical Asia are between
10.000 and 25.000 species (Hawksworth,
2004; Mueller et al., 2007). Additionally, it
was reported that the Herbarium Bogoriense
holds a collection of 1600 macrofungi speci-
mens (Retnowati, 2004). Despite the progress
made in the field of mycology, the extent of
the diversity of macrofungi in Indonesia re-
mains largely unexplored and poorly under-
stood. Therefore, there are still numerous op-
portunities to expand the current knowledge
of macrofungi species and discover new re-
cords and possibly new species. Macrofungi
offer numerous ecological and social benefits.
They play a crucial role in the ecosystem by
aiding in the decomposition of organic mat-
ter, which supports other organisms within the
ecosystem (Fu et al., 2013). In terms of social
development, macrofungi are especially im-
portant for the cultivation of edible, medicinal
mushrooms, bioremediation, textile, and thus
play a critical role in important crops (Khu-
mar et al.,, 2013). Additionally, macrofungi
can exist in various forms, including saprobic,
parasitic, and ectomycorrhizal, based on their
way of life (Hibbett et al., 2007).

Ectomycorrhizal fungi create obliga-
tory symbiotic relationships with numerous
dominant trees in temperate, boreal, and trop-
ical forests, and are responsible for providing
their hosts with vital nutrients, particularly
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nitrogen and phosphorus. In exchange, these
fungi receive simple sugars in the form of
carbon from their host plants (Laliberte et al.,
2015). Additionally, ectomycorrhizal fungi
are recognized as important bioindicators for
assessing forest health and ecological stabil-
ity (Milenge et al., 2019). Despite having an
abundance of tropical rainforests, there is lim-
ited comprehensive knowledge about the di-
versity of ectomycorrhizal fungi in Indonesia.
Some previous studies have reported on ec-
tomycorrhizal fungi diversity in forest areas,
but most of them lack detailed descriptions,
documentation of fruiting bodies, and taxo-
nomic validation (Karmilasanti & Maharani,
2016; Putra, 2020). Therefore, it is still nec-
essary to supplement the fungi descriptions,
document fruiting bodies, provide the herbari-
um, and validate taxonomic identities in order
to gain a better understanding of ectomycor-
rhizal fungi diversity in Indonesia (Putra &
Nurhayat, 2022).

The collection of ectomycorrhizal mac-
rofungi is often infrequent due to their growth
patterns and distribution, which are influenced
by various environmental factors. Seasonality
and annual variations, including precipitation
and temperature, play a significant role in de-
termining macrofungi diversity (Lodge et al.,
2004). For example, in Assam, India, macro-
fungi are most commonly collected during the
summer (18 species), followed by autumn (13
species), the rainy season (9 species), spring
(8 species), and winter (5 species) (Parveen
et al., 2017). In the Tropical Pacific region,
such as Indonesia, where monsoon seasons
occur, macrofungi species tend to grow abun-
dantly (Zainuddin et al., 2010). The degree
of succession can be observed from various
perspectives, including sporocarp production
and changes in vegetation, which indirectly
impact the quality of the substrate and shape
the composition of the macrofungi communi-
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ty (Lodge et al., 2004).

To optimize the biodiversity of fungi
in Indonesia, it is important to explore and
identify the fungi especially ectomycorrhizal
fungus found in our surroundings, including
the campus forest. In Indonesia, it is crucial to
document the diversity, distribution, and abun-
dance of macrofungi. While some mycologists
have contributed to the study of macrofungal
diversity in natural and man-made areas, there
is limited information on mushroom diver-
sity in campus forests. The IPB University
Campus Forest in West Java, which receives
high rainfall, provides suitable conditions for
fungus growth. However, there is currently
limited information on the diversity of ecto-
mycorrhizal fungi in this area. Therefore, the
aim of this study was to observe, identify and
provide information regarding ectomycorrhi-
zal macrofungi diversity in the IPB University
Campus Forest which can add the particular
information for Indonesia.

Penangkaran Rusa/IP8.®

MATERIALS AND METHODS

Sampling and Collection Data

The study was conducted at IPB Uni-
versity Campus Forest, Bogor, West Java,
Indonesia (-6.54925, 106.71944) (Figure 1).
The Fruiting bodies collection was carried out
from February to March 2023 with the envi-
ronmental temperature conditions of 22-25
°C. The research was conducted with an op-
portunistic sampling method following O'Dell
et al. (2004). Sampling sites representing var-
ious tree species were selected, including for-
ests, parks, and green spaces. The initial stage
in monitoring collection data involves assign-
ing field labels. As needed, photographs were
taken from suitable basidiocarps. The relevant
information was noted including collection
number (if applicable), the name of the collec-
tor, the date, and the location. Additional in-
formation such as environmental parameters
and host species were noted. Each collection
was put in plastic boxes or envelope paper.
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Figure 1. Sampling sites. Red symbol indicates the point where the Ectmycorrhizal sample was found. 1: In-

ocybe, 2: Suillus.
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Preservation of Ectomycorrhiza Fungi
Specimens

The specimens were preserved as a dry
herbarium. The fruiting bodies were kept in
an oven temperature not exceeding 45 °C
after being wrapped in clean paper per type
specimen (Prance & Fechner, 2017). The her-
barium was kept at the Mycology Laboratory,
Department of Biology, Faculty of Mathemat-
ics and Natural Sciences, IPB University.

Macroscopic and Microscopic Identifica-
tions

The identification of ectomycorrhizal
fungi was based on macroscopic and micro-
scopic characteristics. Macrofungi description
was conducted by referring to Putra (2020)
and employing a set of straightforward mac-
roscopic traits. These included the manner in
which mushrooms grow, the shape of their
fruit bodies, their hygrophanous nature, the
color of their caps in both young and mature
stages, the diameter of the caps, the upper and
lower shapes of the caps, the surface, edge,
and margin of the caps, the level of wetness,
and the type of hymenophore (lamellae, pores,
teeth) along with their attachment to the stipe,
length, distance between rows, and margins.

Additional observed characteristics en-
compassed the shape of the stipe, the color of
the stipe during its early and mature stages, the
diameter and length of the stipe, the surface of
the stipe, the attachment position, the type of
attachment to the substrate, the cross-section
of the stipe, the presence of partial veil and
universal veil, the texture of the fruit body,
odor, taste, and information from literature
studies regarding its edibility and use as food.
Comprehensive investigations were under-
taken to gather data relevant to the utilization
of fungi. Microscopic characteristics, for ex-
ample, the shapes, size and ornamental of the
spores, basidium, hyphae, and cystidia were
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observed under a light microscope. The mor-
phological description was used for identifi-
cation using related references.

RESULTS AND DISCUSSION

Taxonomy

Inocybe cf. squarrosolutea (Corner &
E. Horak) Garrido, Biblthca Mycoljhjhjhk.
120: 177 (1988).

Basionym:

Astrosporina squarrosolutea Corner &
E. Horak 1979.

The fungus exhibits a fruiting body mor-
phology characterized by a cap with gills and
a stipe (Figure 2A,B), small to medium-sized.
Pileus: 25 x 40 mm in diameter, bell-shaped to
convex when young, with umbonate (Figure
2D) at the center; margin strongly in-rolled
or deflexed when young, and then gradually
straight when mature; the center part covered
with stout, erect, conic squamules; surface dry,
the cap is light brown to yellowish. Lamellae
(Figure 2C) crowded, 2-5 mm wide, adnexed
to adnato- decurrent, often subsinuate; light
yellow, turning to pale yellow-fuscous, edge
concolorous. Stipe 50-90 x 4-6 mm, cylin-
drical or attenuated towards the apex, base
slightly bulbous: bright yellow. It lacks a ring
and has a dry surface.

Basidiospore hemispheric knobs (Fig-
ure 3A,B). The basidiospores have a size range
of 5-7 um and are yellow in color. Basidia:
bearing 3-4 spored, clavate to broadly clav-
ate (Figure 3C-E). Basidiole clavate. Pleu-
rocystidia (Figure 3 G,H) abundant, broadly
fusoid; crystalliferous at apex, base usually
truncate to obtuse, occasionally tapered into
pedicel; metuloid, hyaline, sometimes contain
a few small crystals or resinous inclusions,
thick-walled. Hymenophoral trama (Figure
3K) is sub-regularly arranged, composed of
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thin-walled, cylindrical to inflated hyphae. and stipe trama, branched. Stipe tissue; corti-
Pileipellis (Figure 3F, I) hyphae 5-8 pm wide, cal hyphae 4-9 um diam, parallel, cylindrical,
thin-walled regular to subregular, composed thick-walled, hyaline to slight. Clamp con-
of smooth, cylindrical hyphae, hyaline. Oleif- nections are present.

erous hyphae (Figure 3J) are present in pileus

_ Legs v ny 7 e
Figure 2. Basidiomata of Inocybe cf. squarrosolutea. The convex to slightly
flat pileus (A-B), lamellae and stipe (C), upperside of pileus (D).
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Habitat: Single to scattered on the soil in for-
est dominated by Dipterocarpaceae.

Specimen examined: IPB University Cam-
pus Forest, West Java, Indonesia, -6.54925,
106.71944, February 2023, collected by
Adilah Adawiah and Dinda Rista Mufida.

Based on macroscopic and microscopic
examination, our /nocybe specimen was con-
sidered rare with yellow lamellae and posed
a highly similar character to 1. squarrosolu-
tea described from China by Li et al. (2021).
The delimitation was based on its large-sized
basidiomata, bright yellow coloration, scaly
pileus, and presence of orange fibrillose veil
remnants on the stipe. Our specimens closely
matched the original description in terms of
basidiomata size, and stipe and pileus color-
ation. However, there were some differences
observed. The basidiospores measured 5-7
um instead of the previously reported range
of 4-8 x 5-6 pm.

Inocybe is well-known as an ectomy-
corrhizal fungus genus that holds signifi-
cant potential in forestry and forest ecology
(Singer, 1986), however, the comprehensive
data regarding ectomycorrhizal fungus in
Indonesia is scarce. The genus is commonly
associated with Dipterocarpaceae (Pradeep
et al. 2016), Pinaceae, Fagaceae, Salicaceae,
Fabaceae (Matheny et al., 2012), Myrtaceae,
and Tiliaceae (Horak, 1980). It encompasses
a global diversity of approximately 500-700
species (Kirk et al., 2008; Matheny et al.,
2009). Species within this family can be iden-
tified by their small to medium-sized fruiting
bodies, ranging from conical to convex shape,
fibrillose pileus, adnexed to adnate lamellae
attachment, typically with a fibrillose stipe,
and often exhibiting a veil in young speci-
mens. They produce brown, smooth, or an-
gular basidiospores, and possess thick-walled
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cheilocystidia that are encrusted with crystals
(Largent, 1988). The genus includes sever-
al edible species, such as I cutifracta Petch
(tropical Asia) and I. jurana Pat. (Europe), as
well as some poisonous species that produce
muscarine (Singer, 1986).

In Indonesia, the record for the genus
Inocybe is still very limited. several previous
studies that were known to explore Inocybe
including Horak (1979, 2015). Marfi (2018),
exploring Inocybe in the Pinus merkusii For-
est of the Village Matarawa, Watopute Dis-
trict, Muna Regency, Retnowati, et al. (2021)
found and identified /. stellata as one of the
new records on the island of Sulawesi, Putra
& Nurhayat (2022) explored Inocybe sp. in
the Haurbentes Research Forest Area (West
Java). The Inocybe which was found in the
current study was new information for Indo-
nesia and similar to those reported by Li et
al. (2021), has been determined to be a toxic
mushroom. The research by Kosentka et al.
(2013) and Isiloglu et al. (2009) reported that
many /nocybe species contain toxins, specif-
ically muscarine and psilocybin. Therefore,
there is a need to explore the related aspect in
our future research of Inocybe in the current
location.

Taxonomy

Suillus bovinus (L.) Roussel, Flore du Calva-
dos et terrains adjacents, composée suivant la
méthode de Jussieu: 34

Synonym:

Boletus bovinus L., Species Plantarum: 1177
(1753)

Mariaella bovina (L.) Sutara, Ceska Mykolo-
gie 41 (2): 76 (1987)

Ixocomus bovinus (L.) Quél., Flore my-
cologique de la France et des pays limitro-
phes: 413 (1888)

Agaricus bovinus (L.) Lam., Encyclopédie
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Méthodique, Botanique 1-1: 52 (1783)
Viscipellis bovina (Linnaeus) Quélet, Enchi-
ridion Fungorum in Europa media et praeser-
tim in Gallia

Vigentium: 157 (1886) Viscipellis bovina (L.)
Quél.: 157 (1886)

Suillus bovinus (L.) Kuntze: 535 (1898)

Basidomata solitary grows on the soil
around the root system of pine (Figure 4A).
The basidiomata consists of a cap, the pore
shape hymenophore, and stipe. The fruiting

Figure 4. Macroscopic features of Suillus bovinus. Upprside of cap (A),

body shape was like an umbrella. The pileus
was convex in shape with a slightly brown-
ish-yellow color, the surface texture of the cap
is smooth, sticky and shiny. The cap was 5.8
cm in diameter with an indented lid margin,
the hymenium attachment type is adnate to
shortly deccurent. Hymenophore in the form
of pores (Figure 4B, C) that are quite large
and angular, brownish yellow in color. The
tubular stipe is yellow in color and 4 cm high
(Figure 4D).

pores (B), margin of the cap (C) and stipe (D).

£
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Spores (Figure SA) were ellipsoid, 6.67
-7.36 um long and 2.55-3.51 um wide. Basid-
ia (Figure 5B) 10.29- 18.02 pm long and 3.57-
5.05 pm wide, sterigma 1.18-2.66 um length,
clavate, 4 spores. Cystidia (Figure 5C, D)
13.52-14.63 um long and 4.36-4.73 um wide,
sub clavate-cylindrical to fusoid. Hyphal tra-
ma (Figure SE, F) with septa, 7.13-11.90 um
width, and the length or distance between the
septa was 48.40-50.69 um.

Habitat: grows under a pine tree.

Known distribution: The members of Suil-
lus are exclusively ectomycorrhizal associates
of Pinaceae, and are naturally found only in
the northern hemisphere, coinciding with the
distribution and diversity of pinaceous coni-
fers. Some Suillus species enter the tropical,
usually montane, zone in the palaeo- and neo-
tropics, but are predominately distributed in
the temperate and boreal zones.

Specimen examined: IPB University Cam-
pus Forest, West Java, Indonesia, -6.54925,
106.71944, February 2023, collected by Din-
da Rista Mufida and Adilah Adawiah.

Suillus is one of the common ectomy-
corrhiza found around pine trees. In gener-
al, ectomycorrhizal fungi are found under
pine stands in Indonesia (Darwo and Sugi-
arti 2008). According to Binder and Hibbett
(2006), mushrooms in the form of umbrellas
and pores as well as other macroscopic char-
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acteristics that have been identified belong to
several families within the Boleteles, namely
Boletaceae, Botinellaceae, Gyroporacease,
Paxillaceae, and Suillaceae. Previously, Suil-
lus was reported in Ganesha Campus (Band-
ung) by Dewietal. (2016), namely S. placidus.
The characteristic difference between S. bovi-
nus found in the current study and S. placidus
was that the spore size of the Suillus found in
Bandung is larger. The characteristics in the
form of color and shape of the stamp, stipe,
and lamella are the same between them. Our
Suillus specimen is noted as new information
for the sampling site.

Suillus comprises species with conspic-
uous epigeous fungi and generally contributes
to a large part of ectomycorrhizal sporocarp
production in conifer forest ecosystems. Suil-
lus species show a high degree of host spec-
ificity. Members of Suillus are exclusively
ectomycorrhiza of the Pinaceae. Their distri-
bution coincides with the natural distribution
of pinaceous conifers in the Northern Hemi-
sphere. In contrast to most ectomycorrhizal
species, Suillus mycelia are generally easy to
cultivate and have been extensively used in
ectomycorrhizal studies, including physiolo-
gy, ectomycorrhizal synthesis, and population
studies (Dahlberg & Finlay 1999). Suillus is
a boletes mushroom that can be consumed
by humans. Aside from being a food source,
the ectomycorrhizal mushroom also has oth-
er benefits in the health sector, namely as an
antibacterial, anticancer, and antioxidant (Pa-
tel and Goyal 2012; Radzki et al., 2014; Reis
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et al., 2014; Ribeiro et al., 2015). Therefore,
the nutritional content of S. bovinus should be
done in our next research.

CONCLUSION

A total of 2 species of ectomycorrhiza
from IPB University Campus Forest were
successfully described and identified based on
morphological characters, including Inocybe
cf. squarrosolutea and Suilus bovinus. The re-
sult of the taxonomic study of ectomycorrhi-
za in this area becomes one of the important
data for monitoring program. This needs to be
the main concern for avoiding forest destruc-
tion and the loss of diversity of fungi before it
could be described.

AUTHOR CONTRIBUTION

A.A and D.R.M conducted the research
and article writing. I.P.P designed the research
and edited the final manuscript.

ACKNOWLEDGMENTS

This study was supported by Mycology
Project Course, Graduate Program in Micro-
biology, Department of Biology, Faculty of
Mathematics and Natural Sciences, IPB Uni-
versity. We would like to thank all colleagues
in the Department of Biology, IPB University
who have assisted in this research. Addition-
ally, to all parties who have assisted in sam-
pling and laboratory work.

CONFLICT OF INTEREST

The authors declare in writing this arti-
cle there 1s no conflict of interest.

REFERENCES

Jurnal Biodjati 8(2):180—190, November 2023

Binder, M. & Hibbett, D. S. (2006). Molec-
ular Systematics and Biological Di-
versification of Boletes. Mycologia,
98, 971 — 981. DOI: 10.3852/mycolo-
£1a.98.6.971.

Dahlberg, A. & Finlay, R. D. (1999). Suillus
Ectomycorrhizal Fungi Key Genera in
Profile. Berlin (GER): Springer.

Darwo & Sugiarti. (2008). Some Ectomyc-
orrhizal Fungi at Sipirok, Tongkoh and
Aek Nauli Forest Area North Sumatra.
Jurnal Penelitan Hutan dan Konserva-
si Alam, 5, 157 — 173. DOIL: 10.20886/
jphka.2008.5.2.157-173.

Dewi, M., Esyanti, R. R. & Aryantha, I. N. P.
(2016). Diversity of Suillus Fungi from
pine (Pinus merkusii) Stands at VariOus
Location in Bandung Area Indonesia.
Plant Pathology Journal, 15(3), 95 —
101. DOI: 10.3923/pp;j.2016.95.101.

Fu, B., Wang, S., Su, C. & Forsius, M. (2013).
Linking Ecosystem Processes and Eco-
system services. Curr. Opin. Environ.
Sustain. 5.4el10.

Hawksworth, D. L. (2004). Fungal Diversi-
ty and its Implications for Genetic Re-
source Collections. Stud Mycol, 50, 9
—18.

Hibbet, D. S., Binder, M. & Bischoff, J. F.
(2007). A higher-level Phylogenetic
Classification of The Fungi. Mycol Res,
111, 509 — 547. DOI: 10.1016/j.my-
cres.2007.03.004.

Horak, E. (1980). Inocybe (Agaricales) in In-
domalaya and Australasia. Persoonia,
11(1), 1 —37.

Horak, E., Matheny, P. B. & Desjardin, D.
E. (2015). The Genus Inocybe (Inocy-
baceae, Agaricales, Basidiomycota)
in Thailand and Malaysia. Phytotaxa,
230(3), 201 — 238. DOI: 10.11646/ phy-
totaxa.230.3.1.

Isiloglu, M, Helfer, S., Alli, H. & Yilmaz, F.
(2009). A Fatal Inocybe (Fr.) Fr. Plogié



Jurnal Biodjati 8(2):180—190, November 2023

JURNAL BI§®D]ATL

http://journal.uinsgd.ac.id/index.php/biodjati

soning in Mediterranean Turkey. Turk-
ish Journal of Botany, 33, 71-73. DOLI:
10.3906/bot-0605-2.

Karmilasanti, K.. & Maharani, R. (2016).
Keanekaragaman Jenis Jamur Ekto-
mikoriza pada Ekosistem Hutan Dip-
terokarpa di KHDTK Labanan, Berau,
Kalimantan Timur. Jurnal Penelitian
Ekosistem Dipterokarpa, 2(2), 57-66.
DOI: 10.20886/jped.2016.2.2.57-66.

Kinge, T. R., Goldman, G., Jacobs, A., Ndiri-
tu, G. G. & Gryzenhout, M. (2020). A
first Checklist of Macrofungi for South
Africa. MycoKeys, 5(63), 1-48. DOI:
10.3897/mycokeys.63.36566.

Kirk, P. M., Cannon, P. F. & Minter, D. W.
(2008). Ainsworth and Bisby s Diction-
ary of the Fungi, 10th ed. Wallingford:
CAB International.

Kosentka, P., Sprague, S. L, Ryberg, M.,
Gartz, J., May, A. L, Campagna, S. R.
& Matheny, P. B. (2013). Evolution
of the Toxins Muscarine and Psilocy-
bin in a Family of Mushroom-Form-
ing Fungi. PLoS ONE, 1 §(5), 46. DOLI:
10.1371%2Fjournal.pone.0064646.

Khumar, R., Ashwani, T., Shailesh, P., Ra-
jib, K. B., Devapod, B. & Jayasree, B.
(2013). Macro-fungal Diversity and
Nutrient Content of Some Edible Mush-
rooms of Nagaland, India. Nusantara
Bioscience, 5(1),1-7. DOI: 10.13057/
nusbiosci/n050101.

Laliberté, E., Lambers, H. & Burgess, T. 1.,
Wright, S. J. (2015). Phosphorus Lim-
itation, Soil-Borne Pathogens and The
Coexistence of Plant Species in Hyper-
diverse Forests and Shrublands. New
Phytol, 206(2), 507-521. DOI: https://
doi.org/10.1111/nph.13203.

Largent, D. L., Baroni, T. J. (1988). How to
Identify Mushrooms to Genus IV: Mod-
ern Gener. California: Mad River Press.

Adawiah et al.

Li, S. N, Xu, F., Jiang, M., Liu, F., Wu, F,,
Zhang, P., Fan, Y. G, Chen, Z. H. (2021).
Two New Toxic Yellow Inocybe Species
from China: Morphological Character-
istics, Phylogenetic Analyses and Tox-
in Detection. MycoKeys, 81, 185-204.
DOI: 10.3897/mycokeys.81.68485.

Lodge, D. J., Ammirati, J. F., O'Dell, T. E.,
Mueller, G.M. (2004). Collecting and
Describing Macrofungi.  Biodiversity
of Fungi: Inventory and Monitoring
Methods. Amsterdam: Elsevier Aca-
demic Press,

Matheny, P. B., Aime, M. C., Smith, M. E.,
Henkel, T. W. (2012). New Species and
Reports of Inocybe (Agaricales) from
Guyana. Kurtziana, 37(1), 23-39.

Matheny, P. B., Aime, M. C., Bougher, N. L.
(2009.) Out of The Palaeotropics? His-
torical Biogeography and Diversifica-
tion of The Cosmopolitan Mushroom
Family Inocybaceae. J Biogeogr, 36,
577 — 592. DOI: 10.1007/s10526-009-
9243-8.

Milenge, K. H., Nshimba, S. M. H., Masum-
buko, N. C., Nabahungu, N. L., De-
greef, J. & De Kesel, A. (2019). Host
Plants and Edaphic Factors Influence
the Distribution and Diversity of Ec-
tomycorrhizal Fungal Fruiting Bodies
within Rainforests Tshopo, Democratic
Republic of The Congo. Afr: J. Ecol, 57,
247-259. DOI: h10.1111/aje.12595.

Mueller, G. M., Schmit, J. P., Leacock, P. R.,
Buyck, B., Cifuentes, J., Desjardin, D.
E. & Wu, Q. (2006). Global Diversity
and Distribution of Macrofungi. Biodi-
versity and Conservation, 16(1), 37-48.
DOI: 10.1007/s10531-006-9108- 8.

ODell, T., Lodge, D.J. & Mueller, G.
M.(2004). Approaches to Sampling-
macrofungi. (In): G. M. Mueller, G.
Bills, M. S. Foster (eds) Biodiversi-

189



Jurnal Biodjati 8(2):180—190, November 2023

JURNAL BI§®D]ATL

http://journal.uinsgd.ac.id/index.php/biodjati

ty of Fungi:Inventory and Monitoring
Methods. SanDiego: Elsevier Academic
Press. 163-168.

Parveen, A., Khataniar, L., Goswami, G.,
Hazarika, D. J., Das, P., Gautom, T.,
Barooah, M. & Boro, R. C. (2017). A
Study on The Diversity and Habi-
tat Specificity of Macrofungi of Assam,
India. IntlJ Curr MicrobiolAppl Sci,
6(12), 275-297.

Patel, S., Goyal, A. (2012). Recent Devel-
opments in Mushrooms as Anticancer
Therapeutics: A Review. Biotech, 2(1),
1-15. DOI: 10.1007/s13205-011-0036-
2.

Prayudi, D. P., Kurniawati, J., Mutiarani, Y. P.,
Salim, I. & Aminatun, T. (2019). Con-
sidering Sampling Methods for Mac-
rofungi Exploration in Turgo Tropical
Forest Ecosystem. Journal of Tropical
Biodiversity and Biotechnology, 4(1), 1
—10. DOI: 10.22146/jtbb.38381.

Prance, M. Fechner, N. (2017). Collecting and
Preserving Fungi Specimens, a Manual.
2nd edition. Brisbane: Department of
Science, Information Technology and
Innovation,.

Putra, I. P. (2021). Panduan Karakterisasi Ja-
mur Makroskopik di Indonesia: Bagian
1 — Deskripsi ciri Makroskopis. Jurnal
Penelitian Kehutanan Wallacea, 10(1),
25. DOI: 10.18330/jwallacea.2021.vo-
110iss1pp25-37.

Putra, I. P., Nurhayati, O. D. (2022). Kerag-
aman dan Potensi Jamur Ektomikoriza
di Kawasan Hutan Penelitian Haur-
bentes, Jawa Barat. Jurnal Penelitian
Ekosistem Dipterokarpa, 8(1), 1-16.
DOI: 10.20886/jped.2022.8.1.1-16.

Radzki, W., Stawinska, A., Jablonska-Rys, E.,
Gustaw, W. (2014). Antioxidant Capac-
ity and Polyphenolic Content of Dried
Wild Edible Mushrooms from Poland.

Jurnal Biodjati 8(2):180—190, November 2023

International Journal Medicinal Mush-
rooms, 16, 65-75. DOI: 10.1615/int-
jmedmushr.v16.11.60.

Reis, F. S., Stojkovi¢, D., Barros, L., Glam-
o¢lija, J., Cirié, A., Sokovi¢, M., Mar-
tins, A. & Vasconcelos, M. H., Morales,
P., Ferreira, 1. C. (2014). Can Suillus
granulatus (L.) Roussel be Classified
as a Functional Food. Food Funct, 5,
2861-2869. DOI: 10.1039/c4f000619d.

Ribeiro, A., Ruphuy, G., Lopes, J. C., Dias,
M. M., BarrosL., Barreiro, F. & Ferrei-
ra, I. C. (2015). Spray-drying Microen-
capsulation of Synergistic Antioxidant
Mushroom Extracts and Their Use as
Functional Food Ingredients. Food
Chem, 188, 612—618. DOI: 10.1016/j.
foodchem.2015.05.061.

Singer, R. (1975). The Agaricales in Modern
Taxonomy. 3 ed. Verlag J. Cramer, Va-
duz.

Singer, R. (1986). The Agaricales in Modern
Taxonomy. 4 ed. Koeltz Scientific Book,
Germany.

Pradeep, C. K, Vrinda, K.B., Varghese, S.P.,
Korotkin, H. B., Matheny, P. B. (2016).
New and Noteworthy Species of Ino-
cybe (Agaricales) from Tropical India.
Mycol Progr. 15: 24.

Yuwono, A., Radiansyah, A. D., Amien, S.,
Nalang, V. S. & Agustina, L. (2014).
The Fifth National Report of Indonesia
to The Convention on Biological Diver-
sity. Jakarta Timur: Deputy Ministry
of Environmental Degradation Control
and Climate Change.

Zainuddin, N., Alias, S. A., Kin, T. B., See,
L. S., Twu, C. H. (2010). Macrofungi
of Pulau Redang, Terengganu and Pu-
lau Aur, Johor in the South China Sea.
J SciTechnolTropics, 6, 120-125. DOI:
10.13057/biodiv/d210453.

190



