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INTRODUCTION

Bamboos are a unique group of giant arborescent grasses of

agro-economic importance in which the woody culms arise

from underground rhizomes. Bamboo belongs to the family

Poaceae, one of the largest of the families of flowering plants

ranking third in number of genera (600) and fifth in number of

species (7,500) and form tribe Bambuseae of the subfamily

Bambusoideae (Dransfield and Widjaja, 1995; Moulik, 1997;

Gould, 1968). There are an estimated 1000 species of

bamboo belonging in 80 genera worldwide, and about 200

species are found in South-East Asia (Dransfield and Widjaja,

1995). Bamboo occurs in tropical, subtropical, and temperate

regions of all continents, but with limited occurrence in Europe.

In India bamboo are of major economic, ecological and

cultural importance and mostly found in the forests. As per

Forest Survey of India (1999) estimates, 9.6 million hectares

forest area of the country contains bamboo amounting to

12.8% of the forest cover. India has the largest area under

bamboo in the world, which is estimated around 11.36 million

hectares. India is also very rich in bamboo diversity and it is

the second richest country in the world in terms of genetic

resources, after China (Balaji, 1991). Sharma (1988) reported

136 species of bamboos, across 22 genera, occurring in India.

Out of these, nineteen are indigenous and three are exotic.

More than 1100 species of fungi have been described or

recorded world-wide from bamboo and include 630

Ascomycetes, 150 Basidiomycetes and 330 mitosporic taxa

(100 Coelomycetes and 230 Hyphomycetes) (Hyde et al.,

2002). Bamboo is being exposed to attack by microorganisms

and insects., often succumbs to fungal decay and

biodeterioration during storage. During storage for up to 12

ABSTRACT

Post harvest decay of bamboo culms by fungi in storage is one of the major problems of bamboos. The present

investigation is an attempt to screen the macro-fungi mainly responsible for deterioration of stored bamboo

culms. The investigation was carried out in 5(five) major bamboo producing districts of Assam, India. Few

macro-fungi (Auricularia auricula, Boletus sp., Clitocybe fragrans, C. infundibuliforme, Collybia conigena,

Clavaria cristata, Cyathus striatus, Daedalea sp., Fomes lignosus, Ganoderma applanatum, G. lucidum, Laetiporus

sulphureus, Lentinus sp, Lenzites sp., Marasmius putillus, Polystictus sp., Polyporus squamosus., Phellinus sp.,

Pycnoporus sanguineus,  Rhizopogon sp., Schizophyllum commune, Xylaria polymorpha, Xylaria sp.) associated

with post harvest decay of bamboo were documented. Excepting Xylaria sp. (Ascomycetes) rest of these macro-

fungi belongs to the class Basidiomycetes.

KEY WORDS

Macro-fungi

Bamboo culms

Post harvest decay

Storage

Received on :

07.10.2011

Accepted on :

05.01.2012

*Corresponding

author

months, about 20-25% damage of culms has been reported

in India (Varma and Bahadur 1980).

Decay and biodeterioration of culms are caused mainly by

fungi and these include: soft rot, white rot and brown rot.

Colonization by the microorganisms and the severity of attack

depend on the moisture content and nutrient status (starch

content) in the culm, ambient temperature, humidity, etc. High

fungal diversity on stored bamboo culms is found in tropical

and subtropical Asia (Dransfield and Widjaja, 1995). Decay

and deterioration has been considered a serious problem in

bamboo culms stored for making pulp and in simple term

fungal attacks increase pulping costs (Singh, 1977). Decay

fungi seriously affect the pulp yield (up to 25% loss over one

year storage) and pulp strength is reduced by 15-40% (Guha

and Chandra, 1979; Bakshi et al., 1960). Whilst a number of

traditional methods and treatment approaches derived from

wood preservation technology have been applied to bamboos,

there have been only few detailed reports of the fundamental

aspects of colonization and decay of bamboo by fungi

(Purushotham, 1963; George, 1985; Murphy et al., 1991;

Jayanetti and Follett, 1998; Ashaari and Mamat, 2000).

Limited work had been reported on fungal infection of stored

bamboo with most studies of a taxonomic nature (Rehm, 1913,

1914; Sydow and Sydow, 1913, 1914; Eriksson and Yue,

1998; Zhou and Hyde, 2001). The associations of macrofungi

with the post harvest decay of bamboo culms were reported

time to time from India (Banerjee and Ghosh, 1942; Mathur,

1936; Patel et al., 1949; Subramaniam, 1956; Bakshi et al.,

1960; Kar and Maity, 1971; Sutathip, 1988; Arunee, 1989;

Shojiro et al., 1989; Subramaniam, 1956). There are however,

no reports available on macrofungi associated with post



96

D. SAHARIA AND T. C. SARMA

harvest decay of bamboo culms under storage from north

eastern region of India.

The present study is an attempt to enumerate the macrofungi

responsible for decay of stored bamboo culms of Assam.

MATERIALS AND METHODS

Survey area

Survey and collection of macrofungi associated with stored

bamboo culms was carried out in 5 (five) different districts of

Assam, India. Assam is a northeastern state of India, located

south of the eastern Himalayas and comprises the Brahmaputra

and the Barak river valleys and the Karbi Anglong and the

North Cachar Hills with an area of 30,285 miles2 (78,438

km²) with a collective representation of the various climatic

condition with highest levels of humidity. The different sites

of survey and sample collections were Balipara (Sonitpur

district), Amsoi (Nagaon district), Khetri (Kamrup district), Nonoi

(Udalguri district), Balikuchi (Darrang district). These areas lie

in between 26º52 N and 27ºN latitude and 91°52 E and

93°E longitude.

Macrofungi in stored bamboo

Collection of macrofungi associated with stored bamboo culms

was carried out from forest land, household cultivation site

and mill yards/depot of various sites of 5 (five) districts of

Assam. Light microscopic studies of macrofungal decay in

bamboos revealed that the initial fungal pathways for

penetration are via the vascular bundles and the mycelium

spreads characteristically in an axial direction in the

parenchyma adjacent to the vessel elements. The colonization

of the ground tissue occurs much more slowly and is restricted

to the intercellular spaces between the round-shaped

parenchyma cells and in the later stages of invasion the decay

process continues.

Frequency study

the specimens were carried out by standard microscopic

methods (Roy and De, 1996), and also considering various

morphological and anatomical features into account

(Overholts, 1953; Bondarstev, 1953; Zoberi, 1972; Nilson

and Persoon, 1978; Higgins et al., 1972; Ryvarden and

Johansen, 1980; Dickinsion and Lucus, 1982; Garnweidner,

1996; Sharma, 2000).

RESULTS AND DISCUSSION

Macrofungi associated with the decay of stored bamboos

numbering 50 were collected and documented. Out of these

50 morphotypes, 23 species could be identified and which

were belonging to 20 genera and 11 families (Table 1).

Excepting Xylaria species (Ascomycetes) rest of the species

belongs to Basidiomycetes. Out of 23 species identified 8

belongs to family Polyporaceae, 2 belongs to

Ganodermataceae, 4 belongs to Tricholomataceae, 1 belongs

to Boletaceae, 1 belongs to Clavariaceae, 1 belongs to

Hymenochaetaceae, 1 belongs to Rhizopogonaceae, 1 belongs

to Shizophyllaceae (all Basidiomycetes) where as 2 belongs to

Xylariaceae (i.e., Ascomycetes).

Frequency of fungal species (%) = x 100

N no. of sites in which

the species is present

Total number of site

Collection, preservation and identification

The fructifications were collected during the rainy months

(April to September) in 2007-2009. The bamboo in the yards

was considered, and the associated fungi with the bamboos

were collected carefully. The fruiting bodies with leathery

texture were preserved in 4% formaldehyde solution whereas

the fungi with soft texture were preserved in 2% formaldehyde

solution for further study. Dried specimens were also preserved

for identification, characterization and documentation. The

habitat, colour, shape and size, growth, texture, odour and

adaptation to the environment considered prior to the

preservation of the collected macro fungi. Identification of the

specimens was carried out by standard microscopic methods

(Roy and De, 1996), and also considering various

morphological and anatomical features into account (Overholt,

1953; Bondarstev, 1953;  Zoberi, 1972; Nilson and Persoon,

1978; Higgins, 1972; Ryvarden and Johansen, 1980;

Dickinsion and Lucus, 1982; Roy and De, 1996; Garnweidner,

1996; Sharma, 2000). Environments were considered prior to

the preservation of the collected macro fungi. Identification of
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Figure 1: Frequency of occurrence of different macro fungi associated

with post-harvest decay of Bamboo culms

Aa-Auricularia auricula (Hook) Underwood; Be Boletus edulis Bull.

Ex Fr.; Cf-Clitocybe fragrans (With) P. Kumm; Ci-Clitocybe

infundibuliforme; Cc-Collybia conigena; Clc-Clavaria cristata; Cs-

Cyathus striatus Persoon; De-Daedalea elegans Spreng ex Fries; Fl-

Fomes lignosus (KI) Bresadola; Ga-Ganoderma applanatum Pers. Pat;

Gl-Ganoderma lucidum (Leys ex Fr) Karsten; Ls-Laetiporus sulphureus

(Bull.) Murril; Lt-Lentinus tigrinus Bull: (Fr); Lw-Lenzites warnieri

Duriem and Mont.; Mp-Marasmius putillus; P-Polystictus sp.; Ps-

Polyporous squamosus; Ph-Phellinus sp.; Pys-Pycnoporus sanguineus

(L. ex Fr.) Murril; Rl-Rhizopogon lutiolus (Fr.) Nordholm; Sc-

Schizophyllum commune Fries; Xp-Xylaria polymorpha(Pers, ex

Merat)Greville; X-Xylaria sp.
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Macro fungi

This study revealed that in this area of the state majority of

fungi associated with decayed bamboo is from the family

Polyporaceae, followed by Tricholomataceae,

Ganodermataceae, Xylariaceae, Schizophyllaceae,

Nidulariaceae, Clavariaceae, Boletaceae, Hymenochaetaceae.

Amongst the species studied Polyporus squamosa

(Polyporaceae, 65%) and Schizophyllum commune

(Schizophyllaceae, 62%) were found to be highest in

comparison to other species involved in decay of stored
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bamboo (Fig. 1). The higher frequency of infection and

availability of these species was probably due to high humidity

and moderate temperature (which is favourable for their

growth) during the rainy season in the state of Assam. Most

fungi on bamboo are not pathogens, and therefore, are unlikely

to be host-specific. They may, however, exhibit a host

recurrence, i.e. occur repeatedly on the same host, but be

absent or rare on adjacent hosts of the same family (Zhou and

Hyde, 2001).

The present study also establishes that a high diversity of fungi

growing on Bambusa indicates that the fungi on bamboo is

Name of the species Class Family Frequency of occurrence (%)

Auricularia auricula (Hook) Underwood Basidiomycetes Auriculariaceae 50.5

Boletus edulis Bull. Ex Fr. Basidiomycetes Boletaceae 35

Clitocybe fragrans (With) P. Kumm Basidiomycetes Tricholomataceae 40

Clitocybe infundibuliformeQuél Basidiomycetes Tricholomataceae 29.5

Collybia conigena(Pers)P.Kumm Basidiomycetes Tricholomataceae 27.5

Clavaria cristata (Pers) (Holmsk) Basidiomycetes Clavariaceae 41

Cyathus striatus Persoon Basidiomycetes Nidulariaceae 46.5

Daedalea elegans Spreng ex Fries Basidiomycetes Polyporaceae 58

Fomes lignosus (KI) Bresadola Basidiomycetes Polyporaceae 36.5

Ganoderma applanatum Pers. Pat Basidiomycetes Ganodermataceae 38.5

Ganoderma lucidum (Leys ex Fr) Karsten Basidiomycetes Ganodermataceae 45.5

Laetiporus sulphureus (Bull.) Murril Basidiomycetes Polyporaceae 40

Lentinus tigrinus Bull: (Fr) Basidiomycetes Polyporaceae 52.5

Lenzites warnieri Duriem and Mont. Basidiomycetes Polyporaceae 47.5

Marasmius putillus(Fr.)Fries Basidiomycetes Tricholomataceae 32.5

Polystictus sp. Basidiomycetes Polyporaceae 55.5

Polyporous squamosus(Huds),:Fr. Basidiomycetes Polyporaceae 65

Phellinus sp. Basidiomycetes Hymenochaetaceae 30.5

Pycnoporus sanguineus (L. ex Fr.) Murril Basidiomycetes Polyporaceae 60.5

Rhizopogon lutiolus (Fr.) Nordholm Basidiomycetes Rhizopogonaceae 33.5

Schizophyllum commune Fries Basidiomycetes Schizophylaceae 62

Xylaria polymorpha(Pers, ex Merat)Greville Ascomycetes Xylariaceae 42.5

Xylaria sp. Ascomycetes Xylariaceae 38

Table1: Frequency of occurrence of Macrofungi associated with the decay of stored bamboo culms in five districts of Assam

Figure 6: Rhizopogon lutiolus

(Fr.) Nor

Figure 7: Xylaria polymorpha

(Pers, ex Merat)Greville

Figure 4: Schizophyllum

commune Fries

Figure 5: Schizophyllum

commune Fries

Figure 2: Laetiporus sulphureus

(Bull.) Murril

Figure 3: Cyathus striatus (Pers.) Figure 9: Pycno porus sanguineusFigure 8: Phellinus sp. (L. ex Fr.)

Murril

Figure 10: Ganoderma lucidum

(Leys ex Fr) Karsten(Dorsal view)

Figure 11: Ganoderma lucidum

(Leys ex Fr) Karsten (Ventral view
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extremely diverse in Assam. Such high species diversity at the

subfamily level (Bambusoideae) would have a significant

impact on species numbers. Hyde et al., (2001) also found

high fungal diversity on Bambusa.

Though they are responsible for the decay and deterioration

of bamboo culms some of them have got immense importance

from Ethnomedicinal or Ethnomycological point of view.

Ganoderma lucidum (Leys ex Fr) Karsten is reported to have

medicinal property with luxuriant growth (Mizuno, 1996).

G.lucidum also has been reported to have antidiabetic

properties (Teow, 1997). Pycnoporus is used as a dye (Zoberi,

1972).

The association of fungi in stored bamboo is seemed to be

incomplete. There is an urgent need for extensive collection

and identification of fungal strains associated with decay of

bamboo. The study of their infecting conditions and other

relevant factors responsible for the growth of Macrofungi are

also important. Isolation, identification and screening of fungi

from stored bamboo will pave the way for better understanding

of the ecosystem communities as well as for further research

on the development of post harvest technology to control

these fungal species.

ACKNOWLEDGEMENT

The authors are very much grateful to Prof. S. P. Bora, the

Head of the Dept. of Botany, Gauhati University, Guwahati for

providing laboratory facilities. We would like to express sincere

gratitude to Prof. S. K. Borthakur for his inspiration to undertake

this piece of work.

REFERENCES

Arunee, J. 1989. Natural durability of bamboo to brown rot fungi. In
Proceedings of the Forestry Conference 1988. Royal Forest Department,
Bangkok, Thailand. pp. 333-337.

Ashaari, Z. and Mamat, N. 2000. Traditional treatment of Malayasian
bamboos: Resistance towards white rot fungus and diversity in service.
Pak. J. Biol. Sci. 3: 1453-1458.

Bakshi, B. K., Guha, S. R. D. and Gupta, S. 1960. Effect of fungal
damage to bamboo in the yeild and quality of pulp. Pulp Research
and India. 5(2): 38-39.

Balaji, S. 1991. Agro-forestry for Prosperity. Forest News Tamil Nadu
Forest Department 1(3): 9-11.

Banerjee, S. N. and Ghosh, T. 1942. Priliminary report on the
occurrence of higher fungi on bamboos in and around Calcutta. Science
and Culture. 8(4): 194-196.

Bondarstev, A. S. 1953. The Polyporaceae of European part of USSR
and Cancasus. Leningrad.

Dickinsion, C. and Lucas, J. 1982. The colour dictionary of Mushrooms
OREIS Publishing, London.

Dransfield, S. and Widjaja, E. A. 1995. Plants Resources of South-East
Asia. PROSEA Foundation, Backhuye Puhu, Leiden, The Netharlands.

Gould, F. W. 1968. Grass Systematics. Mac Graw-Hill Book Co.,
New York, USA.

Eriksson, O. E. and Yue, J. Z. 1998. Bambusicolous pyrenomycetes,
an annotated check-list. Myconet. 1: 25-78.

Garnweidner, E. 1996. Mushroom and Toadstools, Harper Collins

Publisher, Munich.

George, J. 1985. Preservative treatment of bamboos, rubber wood

and coconut palm. Simple methods for treating building timbers. In:

Preservation of Timber in the Tropics Ed., W.P.K. Findlay, Martinus

Nijhoff/Dr W.Junk Publishers, Dordrecht, NL, pp: 233-262.

Guha, S. R. D. and Chandra, A. 1979. Studies on decay of bamboo

(Dendrocalamus strictus) during outside storage: I-effect of

preservatives, II-effect on pulping qualities. Indian Forester. 105(4):

293-300.

Higgins, V. (Ed), (Else and HVASS, H) and Hahnewald, E. 1972.

Mushrooms and Toadstools (in colour): pp 156.

Hyde, K. D., Ho, W. H., Mc Kenzie, E.H.C. and Dalisay, T. 2001.

Saprobic fungi on bamboo culms. Fungal Diversity. 7: 35-48.

Hyde, K. D., Zhou, D. Q. and Dalisay, T. 2002. Bambusicolous

fungi: A review. Fungal Diversity. 9: 1-14.

Jayanetti, I. and Follett, P. R. 1998. Bamboo in construction-An

introduction. TRADA Technology ltd./INBAR (Technical Report No.

15), High Wycombe, UK, pp: 120.

Kar, A. K. and Maity, M. K. 1971. Pyrenomycetes of West Bengal III.

Transactions of British Mycological Society. 56: 189-193.

Mathur, R. S. 1936. Notes on the fungi of Lucknow1: On the

perrithecial stage of Sphaerostilbe bambusae Pat. On Bambusa indica.

Proceedings of Indian Science Congress. 23: 288.

Moulik, S. 1997. The Grasses and Bamboos of India. Volume I.

Pawan Kumar Scientific Publishers, India.

Murphy, R. J., Aluin, K. L. and Tan, Y. F. 1991. Development of soft

rot decay in the Bamboo Sinobambusa tootstick. Int l. Assoc. Wood

Anatomical Bull. 12: 85-94.

Mizuno, T. 1996. Oriental Medicinal tradition of Ganoderma lucidum

(Reishi) in China. In T. Mizuno and B.K. Kim (Eds) Ganoderma lucidum

Seoul Korea 101-106.

Nilson, S. and Persoon, O. 1978. Fungi of Northern Europe. I Penguin

Book, New Zealand.

Overholt, I.O. 1953. The Polyporaceae of the United States, Alaska

and Canada. Oxford Univ. Press.

Patel, M. K., Kamat, M. N. and Bhide, V. P. 1949. Fungi of Bombay.

Supplement I. Indian Phytopathology. 2: 142-155.

Purushotham, A. 1963. Utilization of bamboos. J. Timber

Development. Association of India. 9: 2-19.

Rehm, H. 1913. Ascomycetes philippinenses. II. Phillipine Journal of

Science, Section C, Botany. 8: 251-263.

Rehm, H. 1914. Ascomycetes philippinenses.VI. Leaflets of Philippine

Botany. 6: 2257-2281.

Roy, A. and De, A. B. 1996. Polyporaceae of India, International

Book Distributors, Dehradun.

Ryvarden, L. and Johansen, J. 1980. A preliminary Polypore flora of

East Africa, Fungiflora, Oslo, Norway.

Sharma, S. N. 1988. Seasoning behaviour and related properties of

some Indian species of bamboo. Indian Forester. 114(10): 613- 621.

Sharma, J. R. 2000. Genera of Indian Polypores. Botanical Survey of

India, Ministry of Environment and Forest Botanical Survey of India,

Calcutta India.

Shojiro, H., Takafusa, H. and Koyoharu, F. 1989. Decay types and

the frequency of their occurrence in bamboo in natural environment.

Wood Preservation. 15(5): 14-22.

Singh, M. M. 1977. Summary of FRI investigation on effect of storage

on paper making raw materials. Proceedings of the IPPTA zonal

Seminar on Afforestation, Exploitation and Preservation of Forest Raw

Materials, Dehradun, India 27 August 1977

Sutathip, S. 1988. The effect of wood destroying fungi on some

bamboo species. Proceedings of the Forestry Conference 1988.

Bangkok. Royal Forest Department, Ministry of Agriculture, Thailand.

D. SAHARIA AND T. C. SARMA



99

Subramaniam, C. V. 1956. Hyphomycetes 1. J. Botanical Soc. 5: 53-91.

Sydow, H. and Sydow, P. 1913. Enumeration of Philippine fungi

with notes and descriptions of new species.I: Micromycetes. Phillipine

J. Sci., Section C., Botany. 8: 258-265.

Sydow, H. and Sydow, P. 1914. Enumeration of Philippine fungi

with notes and descriptions of new species.II: Phillipine Journal of

Science, Section C, Botany. 8: 258-265.

Teow, S. S. 1997. The effective application of Ganoderma

nutriceuticals; In: Kim, B.K.,

SCREENING OF MACRO-FUNGI RESPONSIBLE FOR POST HARVEST DECAY

Moon, C. K. and Kim, T. S. (Eds) Recent progress in Ganoderma

lucidum Research, Seoul, Korea. The Pharma. Soc. Korea 21-31.

Varma, J. C., Bahadur, K. N. 1980. Country report and status of

reseach on bamboos in India. Indian Forest Records (Botany) 6. pp28

Zoberi, M. H. 1972. Tropical Macrofungi: Some common species:

pp. 1-153.

Zhou, D. Q. and Hyde, K. D. 2001. Host-specificity, host-exclusivity

and host recurrence in saprobic fungi. Mycological Research 105:

1449-1457.



100


