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ABSTRACT

In the present investigation a systematic survey was carried out during 2018 and 2019 to prepare an
inventory as well as document the wild edible macrofungi of Chhattisgarh. The first macrofungi
appearing post first rains both on forest floors as well as in the Chhattisgarh markets were Amanita
loosii (Sugamunda), Amanita caesarea (Haldi phutu), Amanita vaginata, Agaricus perobscurus,
Astraeus hygrometricus (Sal boda, Sarai boda), Russula rosea (Paan Phutu), Russula xerampelina,
Russula emetica, Boletus sp. (Jam phutu), Boletus edulis, Bovista dermoxantha, Russula congoana,
Lactariuis piperatus (White),  Lactarius sp. (Light yellow), Russula albonigra (Black), Cantharellus
subalbidus (Baans phutu). Most of them were found to be in symbiotic association with roots of Sal
(Sarai) trees as well as with bamboo plantations. They were documented as ectomycorrhizal fungi
contributing to the biomass of Chhattisgarh forests. The termitophilous fungi in symbiotic association
with termites were documented and identified as  Termitomyces heimii (white), T. heimii (greyish), T.
eurrhizus, T. clypeatus, T. robustus, T. microcarpus (small), T. umkowaan, T. globulus,  T. striatus,
T. mammiformis and  T. aurantiacus. Other edible and some non edible fungi recorded were
Auricularia sp., Dacryopinax spathularia, Ganoderma lucidum, Hericium erinaceus, Lycoperdon
pyriforme, Lentinus cladopus, Lentinus tigrinus, Macrocybe gigantea, Macrolepiota procera,
Pleurotus ostreatus, Trametes versicolor, Sparassis sp., Schizophylum commune, Ramaria sp.,
Volvariella bombycina, Volvariella volvacea and Xylaria sp. Different species were distinguishable
based on macroscopic characters. Spore prints were obtained.

Keywords: Ectomycorrhizal, macrofungi, spore print, symbiotic association

The word mushroom may mean different things
to different people and countries. Mushrooms are
epigeal or hypogeal fruiting body of macrofungi
(Ascomycota and Basidiomycota). Globally an
estimated 1,069 species of mushrooms have been
reported to be used for food purposes (Boa, 2004).
Some macrofungi are mycorrhizal with roots of higher
plants determining the ecosystem dynamics of forests.

The fruiting bodies of these macrofungi visible with
the naked eyes as well as easily harvested by hand,
develop from the underground fungal mycelium
(Chang and Miles, 1992). 

The diverse agroclimatic zones of the Indian sub-
continent are treasure trove of macrofungal diversity.
However Indian fungi have a chequered though

http://epubs.icar.org.in/ejournal/index.php/MR/article/view/116195
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beleaguered history. Butler and Bisby (1931)
published the first list on Indian Fungi, which was
further revised by Vasudeva (1960) and later by
Bilgrami et al. (1991). The Indian Agaricales was
systematitcally documented first by Sathe and
Rahalkar (1976). The agarics from India as well as
Nepal has further exhaustively studied and
documented by Manjula in 1983. Further the collection
of mushrooms in India has been documented by
several mycologists periodically (Kamat et al., 1971;
Sathe and Rahalkar, 1976; Purkayastha and Chandra,
1985).

Macrofungi and their visible fruitbodies, provide
an easy and direct method of investigating
microorganisms within a community. Macrofungi also
typically fruit during specific season of the year,
sometimes during the same week every year.
Seasonally produced sporocarps typically exist
ephemerally for a few weeks, sometimes fruit multiple
times in one season. Even though macrofungal
sporocarps have different fruiting patterns, mycelium
in the soil or wood exists throughout the year. The
macrofungal development and fructifications is
according to season or climate (Munguia et al., 2006)
and dry conditions will generally reduce the growth
of mycelium along fewer productions of sporocarps
(Newbound et al., 2010). Sporocarp based surveys
also provide information on habitat and substrate
preferences of different fungi and phenology. One of
the major difficulties with sporocarp based surveys is
that, not all macrofungi fruit at the same time or on a
regular basis (Straatsma et al., 2001; Lodge et al.,
2004). Variation in the occurrence of species fruiting
from year to year can be enormous (Watling, 1995;
Lodge et al., 2004).

Several studies have also examined the
relationships between mushrooms and soil attributes.
Living within the soil, mycorrhizal fungi form a network
of hyphae (mantle) and permeating the root tips of
trees. These fungi facilitate tree species to absorb
water, nutrients and impart resistance to soil pathogens
(Laliberte et al., 2015). Because of this mutualistic

association they are critical for survival and growth
of several forest tree species in a wider context
throughout the world. Mushrooms have also been
observed to be in symbiotic association with ants (sub-
family, Myrmicinae) and termites (subfamily
Macrotermitinae, Isoptera). Microtermes,
Canthotermes, Odontotermes, Hypotermes,
Macrotermes, and Protermes form an obligatory
symbiotic association with Termitomyces, a
paleotropical genus of lamellate agarics.

Termitomyces as a new genus was classified by
Heim (1941) containing all the “termitophilic
agaricales.” Grassé and Noirot (1958) was the first
to demonstrate that the only family of termites found
specifically in the Asian and African continents in
symbiotic association with Termitomyces was
belonging to Macrotermitinae. Termitomyces is a wild
growing mushroom associated with termite nests in
Central Africa and East Asia (Pegler and Vanhaecke,
1994). The global scientific knowledge about these
species is almost a century old. Termitomyces belongs
to family Lyophyllaceae, order Agaricales, class
Agaricomycetes, and the division Basidiomycota.
According to the Index Fungorum database, there are
66 names published but studies have been described
only 30 species of the Termitomyces (Kirk et al.,
2008). There are about 92 taxa that have been found
to be listed in mycological databases such as Index
Fungorum (http://www.indexfungorum.org/), CABI
(http://www.cabri.org/) and Catalogue for Life (http:/
/www.catalogueoflife.org/).

Neither of the two partners can exist without the
other. For both partners this ‘agricultural’ mutualism
is obligatory. The fungal symbionts transform large
compounds like lignin or cellulose into smaller
compounds that are to be digestible for termites and
Termitomyces mycelium also serves as a protein
source. These symbiotic fungi grow on an unique
substrate called the “fungus comb” or “fungus
garden,” prepared and preserved by termites, which
provide the optimal atmosphere for the development
of the fungus, preventing the development of intruders
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by constructing a hill structure and inoculation
chambers within the nest. Fungus nodules (asexual
stage) are also found on the fungus comb surface.
Fungal mycelium develops on termite combs and
produce mushrooms in rainy season. Termitomyces
species is one of the choice edible mushrooms which
grow wildly in symbiotic association of termites. Since
mycelial structures give poor information about the
taxonomy. The diversity and taxonomy of
Basidiomycetes fungi is primarly dependent on the
structure of the fruiting bodies or cultural
characteristics of fungi. The environmental conditions
can show the species with different phenotypes, this
make a big pseudo interpretation for mycologist to
have a proper identification of Termitomyces.
Termitomyces species are usually characterized by
association with termites. The spore print is pinkish,
basidiospores are smooth, the pileus bearing a
prominent perforatorium and pseudorhiza subterranean
in nature which connects the comb in the termite nest
(Heim, 1977; Froslev et al., 2003).

Chhattisgarh is bestowed with richness of
mushroom flora as it sustains high plant endemicity
(tree species representing maximum varieties of tree
species in the country). It has the largest tropical
forest cover with huge diversity and richness in
ecological systems. Chhattisgarh is the third largest
undulated hilly state in the country containing
maximum varieties of tree species. Chhattisgarh is
divided into three agroclimatic zones viz., Chhattisgarh
Plains, Northern Hilly regions and Bastar Plateau. The
state lies between latitude 17Ú462 N to 24Ú62 N and
longitude 80Ú15’E to 84Ú51’E and is characterized
by a marked difference in climate, vegetation and
topography due to its forms of geological bedrock and
the ranges over altitude belts. Shukla et al. (2014)
reported that the forest ranges of northern and
southern parts in uplands (500–1050 m) are defined
for semi-evergreen true Sal forests and the central
part at low elevation gradients (250–400 m) is defined
for mixed Sal forest.

MATERIALS AND METHODS

Study area

A preliminary survey of wild macrofungi of
Chhattisgarh was carried out during rainy season of
2018 and 2019 in the field as well as local markets of
12 districts of Chhattisgarh viz. Balod, Balodabazar,
Bastar, Bilaspur, Dantewada, Dhamtari, Gariyaband,
Kanker, Kondagaon, Korba, Mahasamund and Raipur.

Collection of wild macrofungi

Specimens of fresh fruit bodies were collected
through random sampling during monsoon season from
fertile termitarium, forest, ground, and bunds as well
as from local markets of the study area. Specimens
were collected by using forceps or trowel with a great
care to avoid damage to the base of the stipe, volva,
pseudorhiza and attachment to buried substrata. The
specimens were wrapped in the aluminum foil or
waxed paper for protection of fruitbody. Fruiting
bodies were well photographed in situ and information
such as date of collection, locality, habitat, colour, size
and shape of the specimen in their natural condition
were also recorded as field notes. The representative
collections were brought to the laboratory and soon
preserved in a preservative liquid and as dried
specimens. All samples were deposited in the
Mushroom Research Laboratory, Department of Plant
Pathology, Indira Gandhi Krishi Vishwavidyalaya,
Raipur, Chhattisgarh for future reference.

Identification of wild macrofungi

Collected specimens were identified using
standard literature and published keys for
macromorphological characters viz., Das (2009),
Karun and Sridhar (2013), Mohanan (2011), Morris
(1986), Pegler and Vanhaecke (1994), Piearce (1987),
Purkayastha and Chandra (1985), Purkayastha and
Chandra (1975), Semwal et al. (2014), Tibuhwa et
al. (2010), Tibuhwa (2012), Wei et al. (2004), Wei
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et al. (2009). We also considered available web
resources (https://www.mushroomexpert.com), (https:/
/mushroomobserver.org/), (http://kamat-termitomyco-
pedia.blogspot.com) for identification and confirmation
of wild mushrooms.

RESULTS AND DISCUSSION

In this study, macrofungi were randomly collected
from twelve districts of Chhattisgarh. Mushroom
specimens were identified on the basis of their
morphometric characteristics. The first macrofungi
appearing post first rains both on forest floors as well
as in the Chhattisgarh markets were Amanita loosii
(Sugamunda), Amanita caesarea (Haldi phutu),
Amanita vaginata, Agaricus perobscurus, Astraeus
hygrometricus (Sal boda, Sarai boda), Boletus edulis,
Boletus sp. (Jam phutu), Russula rosea (Paan
Phutu), Russula congoana,  Russula emetica,
Russula xerampelina, Russula albonigra,
Lactarius piperatus (White), Lactarius sp. (Light
yellow), Cantharellus subalbidus (Baans phutu).
Other edible and non-edible but medicinal fungi
recorded were Auricularia sp.,  Dacryopinax
spathularia, Ganoderma lucidum, Hericium
erinaceus, Lycoperdon pyriforme, Lentinus
tigrinus, Lentinus cladopus, Macrocybe gigantea,
Macrolepiota procera, Pleurotus ostreatus,
Trametes versicolor, Sparassis sp., Schizophylum
commune, Ramaria sp., Volvariella bombycina,
Volvariella volvacea, Xylaria sp. and ten
termitophilous fungi viz., Termitomyces heimii
(white), T. heimii (greyish), T. eurrhizus, T.
clypeatus, T. robustus, T. microcarpus (small), T.
umkowaan, T. globulus, T. striatus, T.
mammiformis and T. aurantiacus in symbiotic
association with termites.

Mushroom map of Chhattisgarh was also
prepared after a systematic survey was carried out
during 2018 and 2019 (Fig. 1). Spore prints of
termitophilous mushrooms were taken (Fig. 10). Most
of them were found to be in symbiotic association
with roots of Sal (Sarai) trees as well as with bamboo

plantations. They were documented as
ectomycorrhizal fungi contributing to the biomass of
Chhattisgarh forests. A Checklist of the identified
mushroom species bearing their vernacular name, their
GPS data as well as their habitat/ecological niche or
the substrate on which they appear was documented
(Table 1).

In the present investigation 45 different
macrofungi were collected and identified from twelve
different districts of Chhattisgarh by their macro-
morphological characters. The present results are
closely corroborates with investigations of Natarajan
(1995) who reported list of 230 species of agarics and
boletes distributed among 67 genera from southern
Indian states excluding Kerala in his series entitled
“South Indian Agaricales”. An inventory and
description of the 300 species agarics belonging to 59
genera and 15 families of Agaricales from the North
West Himalayas that enter into relationship with forest
trees as nonconventional edible mycorrhizal species
of mushrooms was reported by Lakhanpal (1995,
1997) and Lakhanpal et al. (2010). Doshi and Sharma
(1997) provided a detailed list of macrofungi from
Rajasthan. They recorded 173 species belonging to
95 genera. Saini and Atri (1995) recorded descriptions
of 94 taxa spread over 24 genera reviewed
exploratory work on mushrooms from Punjab.  A list
of 212 species of agarics spread over 63 genera from
Maharashtra was reported by Patil et al. (1995). A
record of 92 species of the genus Lepiota from India
was made by Kumar and Manimohan (2009). A
number of species of Leucocoprinus from Jammu
and Kashmir, North West India, Orissa and Kerala
was reported by several workers Vasudeva (1960);
Bilgrami et al. (1991), Kaur (2000), Kour (2005),
Jamalludin et al. (2001), Rawla et al. (1982),
Natarajan and Raman (1981), Natarajan and Manjula
(1983), Atri et al. (1996, 2000). Butler and Bisby
(1931), Vasudeva (1960), Bilgrami et al. (1991) and
Jamalludin et al. (2001) listed number of agarics
including species of Leucocoprinus and
Macrolepiota in Fungi of India.
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Fig. 1. Mushroom map of Chhattisgarh
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Fig. 2. Macrofungi species from Chhattisgarh. 1- Agaricus perobscurus, 2- Amanita vaginata, 3- Amanita caesarea, 4- Amanita
loosii, 5- Amanita vaginata var. fulva, 6- Astraeus hygrometricus (albino white), 7- Astraeus hygrometricus (niger black),

8- Auricularia sp.
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Fig. 3. Macrofungi species from Chhattisgarh. 9- Boletus edulis, 10- Boletus sp. (Jam phutu), 11- Bovista dermoxantha, 12-
Cantharellus subalbidus, 13- Dacryopinax spathularia, 14- Ganoderma lucidum.
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Fig. 4. Macrofungi species from Chhattisgarh. 15-Lycoperdon pyriforme, 16- Lentinus cladopus, 17- Lentinus tigrinus, 18-
Macrocybe gigantea, 19- Macrolepiota procera, 20- Pleurotus ostreatus
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Fig. 5. Macrofungi species from Chhattisgarh. 21- Russula  emetica, 22- Russula rosea, 23- Russula congoana, 24- Russula
albonigra, 25- Russula xerampelina, 26- Lactarius piperatus, 27- Lactarius sp.
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Fig.6. Macrofungi species from Chhattisgarh. 28- Trametes versicolor, 29- Sparassis sp., 30- Hericium erinaceus, 31-
Schizophyllum commune, 32- Volvariella volvacea, 33-V. bombycina, 34- V. volvacea
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Fig. 7. Macrofungi species from Chhattisgarh. 35- Xylaria sp., 36- Ramaria sp., 37 Termitomyces eurrhizus, 38(a)- T. heimii
(white), 38(b)- T. heimii (Greyish), 39- T. umkowaan, 40- T. clypeatus, 41- T. robustus
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Fig. 8. Macrofungi species from Chhattisgarh. 42- T. microcarpus, 43- T. striatus, 44- T.globulus, 45- T.mammiformis, 46- T.
aurantiacus, 47- Termitomyces sp. grown by termites in the cupboard
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Fig. 9.  Macrofungi species from Chhattisgarh. A- Termitomyces clypeatus, B- Termitomyces sp., C- Termitomyces sp., D- T.
heimii (White), E- T .heimii (Greyish), F- T. microcarpus, G- T. mammiformis
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Fig. 10. Spore prints of Termitomyces species. A- T. aurantiacus, B- Termitomyces sp., C- T. heimii, D- T. clypeatus, E-
Termitomyces sp., F- T. striatus, , G- Termitomyces sp., H- Termitomyces eurrhizus, I- T. globulus, J- T. microcarpus

In a study Vrinda and Pradeep (2014) has listed
85 edible mushrooms from Kerala. Rajak (2004)
conducted surveys in 25 districts of Madhya Pradesh
and Chhattisgarh during 1997-2000 and prepared a list
of 150 mushrooms. Further they reported the edibility
of 53 species. Upadhyay (2004) and Dwivedi et al.
(2012) reported and documented about 110
macrofungi (in 20 genera) during survey in different
parts of Madhya Pradesh and Chhattisgarh. Fifty-two
mushrooms were collected from Amarkantak
Biosphere Reserve, Madhya Pradesh and 16
mushrooms were identified up to species level. Vyas
et al. (2014) documented 18 mushroom species from

Patharia forest (Madhya Pradesh), which include two
edible (Lepista nuda, Clitopilus prunulus) and three
medicinal (Ganoderma tsugae, Microglossum
viride, Tremella mesenterica) species.

Heim (1941, 1977); Singer (1949, 1975); Pegler
(1971); Pegler & Vanhaecke (1994); Cheo (1942);
Natarajan (1979); Zang (1981) who studied the nature
and ecology of Termitomyces. A separate monotypic
family Termitomycetaceae was erected to
accommodate Termitomyces (Jülich, 1981).
Molecular work however supports the placement of
Termitomyces in the Tricholomataceae within or near
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Fig. 11.  Micro-structure of basidiocarp of Termitomyces species under the microscope. A) Sterigmata (St) of T. eurrhizus B)
Sterigmata of T. heimii C) Sterigmata of Termitomyces sp. D) Cheilocystidia (Ch.) of T. heimii E) Cheilocystidia of T. clypeatus

F) Pleurocystidia (Pl.) of T. clypeatus G) Cheilocystidia and Pleurocystidia of T. clypeatus H) and I) Basidiospore of
Termitomyces sp. attached to the basidia

Lyophyllae (Moncalvo et al. 2000; Kirk et al. 2001;
Rouland-Lefevre et al. 2002) but new molecular
studies by Matheny et al. (2007) proposed to place
Termitomyces in Lyophyllaceae Jülich and the
proposal was accepted in Dictionary of Fungi 10th
edition (Kirk et al., 2008).

Termitomyces species are commonly
characterized by the dome-looking form of their well-

developed perforatorium on the pileus and the
underground pseudorhiza attached to the fungal comb
of the termite nest (Tang et al., 2007). The genus has
a broad variety of morphological variation between
members, relative to other agarics (Piearce, 1987). T.
titanicus (Pegler and Piearce, 1980) forms the
world’s largest agaric basidiomata with a pileus
greater than 1 m in diameter that of T. microcarpus
rarely exceeds 2.5 cm diam. The best duration for
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Fig. 12.  Pictorial representation of Termitomyces associated with fungus comb
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Fig. 13. Parts of Termitomyces fruit body

spore print was found to be about 2 to 3 h, because
of more moisture of Termitomyces and mature
basidiocarps infected with insects (Singer, 1975;
Grimes, 1994; Mueller et al., 2004). In Kerala, the
inventory on Termitomyces reported a total of 15
species (Farook et al., 2013). Ten species of
Termitomyces have been recorded from Goa (Kamat,
2013) and nine species from Karnataka (Pahlevanlo
and Janardhana, 2012; Karun and Sridhar, 2013).
Among the Termitomyces species, Termitomyces
microcarpus is predominantly distributed in these six
states of the Western Ghats.  The other species like
T. robustus, T. medius, T. perforans, T. indicus
(synonym of T. microcarpus, Pegler and Vanhaecke,
1994), T. fuliginosus (synonym of T. robustus;
Pegler, 1977), T. cylindricus (synonym of T.

aurantiacus; Tang et al., 2007), T. sagittiformis
(Vrinda and Pradeep, 2009) and T. schimperi
(Mohanan, 2011) are recorded from Western Ghats
region.

Termitomyces eurrhizus was described by
Purkayastha and Chandra (1975) from West Bengal.
Termitomyces umkowaan from Western Ghats was
described by Vrinda et al. (2002). T. sagittiformis
was described by Vrinda and Pradeep (2009).
Chakravarty and Khatua (1979) described
Termitomyces microcarpus from India for the first
time. Taxonomic studies on the genus Termitomyces
was conducted by Atri et al. (1995). Atri and Kour
(2003) and Atri et al. (2005) who documented 12
species of Termitomyces and one species of
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Sinotermitomyces from India and gave a key to their
determination. Chaubey et al. (2010) described three
species of genus Termitomyces namely T. heimii, T.
indicus and T. microcarpus, illustrated from various
locations of Gwalior, Madhya Pradesh.

CONCLUSION

It was a journey to explore and investigate the
ecological insights pertaining to the symbiosis between
forest-wild mushrooms and mycologists to unearth the
biological insights of their corpus. In this study forty
five macro fungi among which ten wild edible
Termitomyces sp. were frequently observed and
characterized on the basis of macro-morphological
characters. The forests of Chhattisgarh are a treasure-
trove of macrofungi. Mushroom Map of Chhattisgarh
was prepared after a systematic survey was carried
out during 2018 and 2019. An inventory as well as
status document of wild macrofungi was prepared.

ACKNOWLEDGEMENTS

Authors are thankful to the Head, Department of
Plant Pathology and PI Mushroom Research
Laboratory, College of Agriculture, Indira Gandhi
Krishi Vishwavidyalaya, Raipur for their technical

assistance during the investigation.

REFERENCES

1. Atri, N.S. and H. Kour. 2003.
Sinotermitomyces Zang - a new genus record
for India. Mushroom Research 12(1): 15-16.

2. Atri, N.S., A. Kaur and H. Kour. 2005.
Systematics and sociobiology of
termitophilous mushrooms from Punjab. The
Fungi-Diversity and Conservation in India, 159-
182pp.

3. Atri, N.S., S.S. Saini and G. Kaur. 1995.
Taxonomic studies on the North Indian
Agarics-The genus Termitomyces Heim.
Mushroom Research 4(1): 7-10.

4. Bilgrami, K.S., Jamaluddin and A.M. Rizwi.
1991. Fungi of India. Today and Tomorrow’s
Printers and Publishers, New Delhi, 798pp.

5. Boa, E. 2004. Wild edible fungi: A global
overview of their use and importance to
people. Food and Agriculture Organization of
the United Nations, Rome, Italy, 1-5pp.

6. Butler, E.J. and G.R. Bisby. 1931. Fungi in
India. Indian Council of Agricultural Research,
New Delhi. Science Monograph I 18: 233.

7. Chakravarty, D.K. and  D.C. Khatua. 1979.
Termitomyces microcarpus - a new Indian
edible mushroom. Current Science 48: 364-
365.

8. Chang, S.T. and P.G. Miles. 1992. Mushroom
biology - a new discipline. The Mycologist 6:
64-65.

9. Chaubey, H.S., S. Kumar and Y.P. Sharma.
2010. The genus Termitomyces from Madhya
Pradesh. Journal of Plant Development
Sciences 2: 63-66.

10. Cheo, C.C. 1942. A study of Collybia
albuminosa (Berk.) Petch, the termite growing
fungus, in its connection with Aegerita Duthiei
Berk. (Termitosphaeria duthiei (Berk.)
Ciferri). Science Record 1: 243-248.

11. Das, K. 2009. Mushrooms of Sikkim I:
Barsey Rhododendron Sanctuary. Sikkim
State Biodiversity Board, Gangtok and Botanical
Survey of India, Kolkata, 160pp.

12. Doshi, A. and S.S. Sharma. 1997. Wild
mushrooms of Rajasthan, pp. 105-127. In: Rai,
R.D., B.L. Dhar & R.N. Verma (eds.).
Advances in Mushroom Biology and
Production. Mushroom Society of India,
National Research Centre for Mushroom, Solan,
Chambaghat, (H.P.), India.



151

PRADEEP KUMAR BADHAI et al.

13. Dwivedi, S., M.K. Tiwari., U.K. Chauhan and
A.K. Pandey. 2012. Biodiversity of mushrooms
of Amarkantak Biosphere Reserve forest of
Central India. International Journal of
Pharmaceutical Life Science 3: 1363-1367.

14. Farook, V.A., S.S. Khan. and P. Manimohan.
2013. A checklist of agarics (gilled mushrooms)
of Kerala State, India. Mycosphere 4: 97-131.

15. Froslev, T.G., D.K. Aanen, T. Laessoe and S.
Rosendahl. 2003. Phylogenetic relationships of
Termitomyces and related taxa. Mycological
Research 107: 1277-1286.

16. Grassé, P.P. and C. Noirot. 1958. Le meule des
termites champignonnistes et sa signification
symbiotique. Annales des Sciences
Naturelles. Zoologie et Biologie Animale 20:
113-128.

17. Grimes, G.L. 1994. Principle of Mushroom
Identification, pp. 65-95. In: Rumack, B.H. &
D.G. Spoerke (eds.) Handbook of Mushroom
Poisoning: Diagnosis and Treatment,CRC
Press, London, 464pp.

18. Heim, R. 1941. Etudes descriptives et
experimentales sur les agarics termitophiles
d’Afrique tropicale. Memoires de l’Academie
des Sciences 64: 25-29.

19. Heim, R. 1977. Termites et champignons: les
champignons termitophiles d afrique noire
et d asiemeridional. Societe Nouvelle des
Editions Boubee, Paris, 205 pp.

20. Jamalludin, M.G. Goswami and B.M. Ojha.
2001. Fungi of India 1989-2001. Forest
Pathology Division. Tropical Forest Research
Institute, Jabalpur (MP) Publisher Pawan
Kumar, Scientific Publishers India.

21. Jülich, W. 1981. Higher taxa of
basidiomycetes (Bibliotheca Mycologica 85).
J Cramer, Vaduz, 485pp.

22. Kamat, M.N. 1971. Fungi of Maharashtra,
Mahatma Phule Krishi Vidyapeeth, Rahuri
(M.S.) Bulletin, 1: 124.

23. Kamat, N. 2013. Ecoconservation of Goa’s
Termitomyces biodiversity. – http://
www.scribd.com/doc/11518620/.

24. Karun, N.C. and K.R. Sridha. 2013.
Occurrence and distribution of Termitomyces
(Basidiomycota, Agaricales) in the Western
Ghats and on the west coast of India. Czech
Mycology 65(2): 233-254.

25. Kaur, A. 2000. Mushroom flora of Patiala and
its surrounding areas. Ph.D. Thesis submitted
to Punjabi University, Patiala. 1-309 pp.

26. Kirk, P.M., P.F. Cannon, J.C. David and J.A.
Stalpers. 2001. Dictionary of the Fungi. 9th edn.
CAB International: Wallingford, UK. 655 pp.

27. Kirk, P.M., P.F. Cannon, D.W. Minter and J.A.
Stalpers. 2008. Ainsworth and Bisby’s
Dictionary of the Fungi (10th edition). CABI
Wallingford, Oxon, UK. 784pp.

28. Kour, A. 2005. Punjab mushrooms - A
monographic study on some light spored
agarics. Ph.D. Thesis submitted to Punjabi
University, Patiala.

29. Kumar, T.K.A. and P. Manimohan. 2009. The
genus Lepiota (Agaricales, Basidiomycota) in
Kerala State, India. Mycotaxon 107: 105-138.

30. Lakhanpal, T.N. 1995. Mushroom Flora of
North West Himalayas, pp. 351–373. In:
Chadha, K.L. & S.R. Sharma (eds.). Advances
in Horticulture, Vol. 13 - Mushroom.
Malhotra Publishing House, New Delhi.

31. Lakhanpal, T.N. 1997. Diversity of mushroom
mycoflora in the northwestern Himalayas, pp.
35-68. In: Sati, S.C., J. Saxena & R.C. Dubey



BIOLOGICAL INSIGHTS OF FOREST MUSHROOMS OF CHHATTISGARH

152

(eds.). Recent Researches in Ecology,
Environment & Pollution. Vol. 10. Today &
Tomorrow Printers and Publishers, New Delhi.

32. Lakhanpal, T.N., O. Shad and M. Rana. 2010.
Biology of Indian Morels. I.K. International
Publ., New Delhi.

33. Laliberté, E., H. Lambers, T.I. Burgess and S.J.
Wright. 2015. Phosphorus limitation, soil borne
pathogens and the coexistence of plant species
in hyper diverse forests and shrublands. New
Phytologist 206: 507-521.

34. Lodge, D.J., J.F. Ammirati, T.E. O’Dell and
G.M. Mueller. 2004. Collecting and describing
macrofungi, pp. 128-163. In: Mueller, G.M.,
G.F., Bills & M.S., Foster (eds.). Biodiversity
of fungi inventory and monitoring methods.
Elsevier Academic Press, USA.

35. Manjula, B. 1983. A revised list of the
Agaricoid and boletoid basidiomycetes from
India and Nepal Proc. Indian Academy of
Science (Plant Sciences) 92: 81-213.

36. Matheny, P.B., Z. Wang, M. Binder, J.M.
Curtis, Y.W. Lim, H.R. Nilsson, K.W. Hughes,
V. Hofstetter, J.F. Ammirati, C.L. Schoch, E.
Langer, G. Langer, D.J. Laughlin, A.W. Wilson,
T. Frøslev, Z.W. Ge, R.W. Kerrigan, J.C. Slot,
Z.L. Yang, T.J. Baroni, M. Fischer, K. Hosaka,
K. Matsuura, M.J. Seidl, J. Vauras and D.S.
Hibbett. 2007. Contributions of rpb2 and tef1
to the phylogeny of mushrooms and allies
(Basidiomycota, Fungi). Molecular
Phylogenetics and Evolution 43(2): 430-451.

37. Mohanan, C. 2011. Macrofungi of Kerala.
Kerala Forest Research Institute: 597.

38. Moncalvo, Jean-Marc, M. François, A. Lutzoni
Stephen, J. Rehner and R. Vilgalys. 2000.
Phylogenetic Relationships of Agaric Fungi
Based on Nuclear Large Subunit Ribosomal

DNA Sequences. Systematic Biology 49(2):
278-305.

39. Morris, B. 1986. Notes on the genus
Termitomyces Heim in Malawi. The Society of
Malawi Journal 39(1): 40-49.

40. Mueller, G.M., G.F. Bills and M.S. Foster. 2004.
Biodiversity of fungi: Inventory and
Monitoring Methods. Elsevier Academic
Press.

41. Munguia, P., G. Guzman and F. Ramirez-
Guillen. 2006. Seasonal community structure of
macromycetes in Veracruz, Mexico.
Ecography 29: 57-65.

42. Natarajan, K. 1979. South Indian Agaricales v:
Termitomyces heimii. Mycologia 71(4): 853-
855.

43. Natarajan, K. 1995. Mushroom flora of South
India (except Kerela), pp. 381-397. In: Chadha,
K.L. & S.R. Sharma (eds.). Advances in
Horticulture, vol. 13 Mushroom. Malhotra
Publishing House New Delhi, India.

44. Natarajan, K. and B. Manjula. 1983. South
Indian Agaricales XII Lepiota. Bibliotheca
Mycologica 91: 568-681.

45. Natarajan, K. and N. Raman. 1981. South
Indian Agaricales -VII. Nova Hedwigia 34:
163-176.

46. Newbound, N., M. McCarthy and T. Lebel.
2010. Phenology of epigeous macro fungi found
in red gum woodlands. Fungal Biology 114:
171-178.

47. Pahlevanlo, A. and G.R. Janardhana. 2012.
Diversity of Termitomyces in Kodagu and need
for conservation. Journal of Advanced
Laboratory Research in Biology 3(2): 54-57.



153

PRADEEP KUMAR BADHAI et al.

48. Patil, B.D., S.W. Jadhav and A.V. Sathe. 1995.
Mushroom flora of Maharashtra, pp. 351–373.
In: Chadha, K.L. & S.R. Sharma (eds.).
Advances in Horticulture, Vol. 13 -
Mushroom. Malhotra Publishing House, New
Delhi.

49. Pegler, D.N. 1977. A preliminary agaric flora
of east Africa. Her Majesty’s Stationery
Office. London, UK, Kew Bulletin Additional
Series 6: 1-615pp.

50. Pegler, D.N. and G.D. Piearce. 1980. The
edible mushrooms of Zambia. Kew Bulletin
35(3): 477-482.

51. Pegler, D.N. and M. Vanhaecke. 1994.
Termitomyces of Southeast Asia. Kew Bulletin
49(4): 717-736.

52. Piearce, G.D. 1987. The genus Termitomyces
in Zambia. Mycologist 1(3): 111-116.

53. Purkayastha, R.P. and A. Chandra. 1975.
Termitomyces eurhizus, a new Indian edible
mushroom. Transactions of the British
Mycological Society 64(1): 168-170.

54. Sathe, A.V. and S.R. Rahalkar. 1976.
Agaricales from South West India II. Indian
Journal of Mushroom 2: 77- 80.

55. Purkayastha, R.P. and A. Chandra. 1985.
Manual of Indian Edible Mushrooms. Today &
Tomorrow’s Printers and Publishers, New
Delhi. 93pp.

56. Rajak, R.C. 2004. Fungal diversity: a vital
genetic resource for basic and applied research.
Journal of Basic Applied Mycology 3: 1-12.

57. Rawla, G.S., S. Arya and B.M. Sarwal. 1982.
Agarics new to India-1. Nova Hedwigia 36:
433-443.

58. Rouland-Lefevre, C.R., M.N. Diouf, A.
Brauman and M. Neyra. 2002. Based on the
nucleotide sequence of ITS: A first approach
to elucidate the evolutionary history of the
symbiosis between fungus growing termites and
their fungi. Molecular Phylogenetics and
Evolution 22: 423-429.

59. Saini, S.S. and N.S. Atri. 1995. Mushroom flora
of Punjab, pp. 375-386. In: Chadha, K.L. &
S.R. Sharma (eds.). Advances in Horticulture
Vol. 13-Mushroom. Malhotra Publishing
House New Delhi.

60. Semwal, K.C., S.L. Stephenson, V.K. Bhatt and
R.P. Bhatt. 2014. Edible mushrooms of the
Northwestern Himalaya, India: a study of
indigenous knowledge, distribution and diversity.
Mycosphere 5(3): 440-461.

61. Shukla, R.V., K. Shukla and R. Sukumar. 2014.
Red-Wood tree species and their endemicity in
Chhattisgarh Central-India. International
Journal of Research Bioscience 3: 30-38.

62. Singer, R. 1949. New and interesting species
of Basidiomycetes. Michigan Academy of
Science, Arts and Letters 32: 103-150.

63. Singer, R. 1975. The Agaricales in modern
taxonomy. J. Cramer Vaduz. 912.

64. Straatsma, G., F. Ayer and S. Egli. 2001.
Species richness, abundance and phenology of
fungal fruit bodies over 21 years in a Swiss
forest plot. Mycological Research 105(5):
515-523.

65. Tang, B.H., T.Z. Wei and Y.J. Yao. 2007.
Revision of Termitomyces species originally
described from China. Mycotaxon 95: 285-293.

66. Tibuhwa, D.D. 2012. Termitomyces species
from Tanzania, Their cultural properties and



BIOLOGICAL INSIGHTS OF FOREST MUSHROOMS OF CHHATTISGARH

154

unequalled basidiospores. Journal of Biology
and Life Science 3(1): 140-159.

67. Tibuhwa, D.D., A.K. Kivaisi and F.S.S.
Magingo. 2010. Utility of the macro-
micromorphological characteristics used in
classifying the species of Termitomyces.
Tanzania Journal of Science 36: 31-46.

68. Upadhyay, M.K. 2004. Genetic Diversity of
Mushrooms of Central India with Special
Reference to Ganoderma, Ph.D. Thesis, R.D.
University, Jabalpur, India.

69. Vasudeva, R.S. 1960. The Fungi of India
(Revised edition of Butler and Bisby’s work).
Indian Council of Agricultural Research, New
Delhi: 552pp.

70. Vrinda, K.B. and C.K. Pradeep. 2009.
Termitomyces sagittiformis- A lesser Known
edible mushroom from Western Ghats.
Mushroom Research 18(1): 33-36.

71. Vrinda, K.B. and C.K. Pradeep. 2014. Wild
edible mushrooms from Kerala forests- a
source of food and income (final project report
submitted to department of planning and
economic affairs, WGDP, Government of
Kerala). Jawaharlal Nehru Tropical Botanical

Garden & Research Institute, Palode,
Thiruvananthapuram. 124pp.

72. Vrinda, K.B., C.K. Pradeep and T.K.
Abraham. 2002. Termitomyces umkowaani
(Cooke and Mass.) Reid- an edible mushroom
from the Western Ghats. Mushroom Research
11(1): 7-8.

73. Vyas, D., A. Chaubey and P. Dehariya. 2014.
Biodiversity of mushrooms in Patharia forest of
Sagar (MP) - III. International Journal of
Biodiversity and Conservation 6: 600-607.

74. Watling, R. 1995. Assessment of fungal
diversity: macromycetes, the problems.
Canadian Journal of Botany 73(1): 15-24.

75. Wei, T.Z., B.H. Tang and Y.J. Yao. 2009.
Revision of Termitomyces in China.
Mycotaxon 108(1): 257-285.

76. Wei, T.Z., Y.J. Yao, B. Wang and D.N. Pegler.
2004. Termitomyces bulborhizus sp. nov. from
China, with a key to allied species.
Mycological Research 108: 1458-1462.

77. Zang, M. 1981. Sinotermitomyces, a new genus
of Amanitaceae from Yunnan, China.
Mycotaxon 13: 171-174.


