
Fungi are a diverse group of organisms comprising
both single - celled and multicellular filamentous
forms. Fungi are known to play a vital role as
decomposers, symbionts of plants and animals and
as parasites of plants in different ecosystems1.

The symbiotic association between plant roots and
fungi is called “Mycorrhiza”2. Vesicular arbuscular
mycorrhizal (VAM) fungi improve plant growth
under low fertility conditions, confer tolerance to
some plant pathogens, contribute to the formation
of soil structure and also help plants to become
established in new areas3. Metting4  defined
rhizosphere as the volume of soil that is adjacent
to and influenced by the plant roots. It is regarded
as a hot spot for microbial colonization.
Rhizosphere microorganisms increase the ability
of plants to acquire nutrients from soil by either
increasing the extent of the root system (e.g.
through fungal hyphae) or by solubilizing
macronutrients such as phosphorus or sulphur5.
Endophytes are the microbes residing in the plant
host tissues without causing any overt symptoms6.
The practical applications of these endophytes are
manifold: as potential biocontrol agents, sources
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of novel metabolites for therapeutics, plant
protection, other industrial applications and as
model systems for studying ecosystems7.

Rhizosphere, VAM and endophytic fungi
of agriculture and forest trees have been
extensively studied (Sagar et al., Kumar and Sagar,
Thakur and Sagar)8,9,10 but studies on Quercus
leucotrichophora, a prominent tree of Himachal
Pradesh, are lacking. Hence, keeping in view the
beneficial role of rhizosphere, VAM and
endophytic fungi in the growth and development
of plants, it was considered worthwhile to study
the fungal associates of Quercus leucotrichophora.

MATERIALS AND METHODS

Materials used in the present study were
roots, leaves, bark and soil samples from the
rhizosphere of Quercus leucotrichophora.
Collections were made from the forest area of
Summer Hill, Shimla.

For the isolation of rhizosphere fungi,
dilution plate method11,12 was followed. Medium
used for culturing rhizosphere fungi was Potato
Dextrose Agar13. For isolating VAM spores from
rhizosphere soil, Wet Sieving and Decanting
Technique14 was used. VAM infection in the roots
was also assessed15. Percent root infection was
calculated by following the method of Giovannetti
and Mosse16. For the isolation of endophytes, Hot
Water Treatment and Three Step Method was
followed. In Hot Water Treatment, small pieces of
roots, leaves and bark were washed with hot water
(60°C) for 15 minutes in a test tube. Then these
pieces were inoculated on Petriplates containing
PDA medium of half strength for endophytic fungal
growth. In Three Step Method, samples were
washed with distilled water. Then these were
surface sterilized with 25% methanol for 5 minutes,
followed by 50% methanol for 3 minutes, again
followed by 75% methanol for 2 minutes. Finally
these samples were washed in sterilized water for
5 minutes and then these samples were inoculated
on Petriplates containing PDA medium of half
strength for the growth of endophytic fungal
colonies. Rhizosphere and endophytic fungi were
identified following Nagamani et al.17 while VAM
fungal spores were identified following
Manoharachary18.

RESULTS AND DISCUSSION

17 species of fungi belonging to 10 genera
(i.e. Absidia, Aspergillus, Cephalosporium,
Cladosporium, Fusarium, Gliocladium, Humicola,
Penicillium, Phoma and Trichoderma) were
isolated from the root adhering soil samples of
Quercus leucotrichophora during winter, spring,
summer and rainy seasons (Table 1). Penicillium
was the dominant genus (represented by P.
chrysogenum, P. funiculosum and P. griseofulvum)
followed by genera Aspergillus, Cladosporium,
Fusarium and Trichoderma (each represented by
2 species i.e. Aspergillus flavus, A. niger,
Cladosporium cladosporioides, C.
sphaerospermum, Fusarium moniliforme, F.
oxysporum, Trichoderma pseudokoningii and T.
viride). Maximum number of fungi were isolated
during the rainy season followed by spring,
summer and winter season (Table 1). Maximum
number of isolated genera belong to subdivision
Deuteromycotina.

Sagar and Lakhanpal19 isolated fungal
species belonging to genera Aspergillus,
Cephalosporium, Cladosporium, Fusarium,
Humicola, Penicillium and Trichoderma as the
predominant fungi from the mycorrhizosphere of
Pinus wallichiana. Thakur and Sagar10 reported
genera Absidia, Aspergillus, Cladosporium,
Fusarium, Penicillium, Phoma, Humicola and
Trichoderma from the rhizospheres of Terminalia
bellirica, Terminalia chebula and Emblica
officinalis.

143 VAM fungal spores belonging to 5
genera (i.e. Acaulospora , Endogone ,
Entrophospora, Gigaspora and Glomus) were
isolated per 100 gm of rhizosphere soil of Quercus
leucotrichophora (Table 2; Figs.1, 2 and 3).
Acaulospora (represented by 8 species) and
Glomus (represented by 9 species) were the
dominant fungal genera. VAM infection was
observed in the roots of  Q. leucotrichophora. The
roots were found to be extensively colonized by
fungal hyphae and vesicles (Fig.4F). The
percentage of VAM infection in the roots was
observed to be 78%. Thapar et al.20  observed the
roots of important tree species growing in
Dehradun to be colonized by VAM fungal hyphae,
vesicles and arbuscules. Verma and Jamaluddin21

isolated Acaulospora scrobiculata, Gigaspora
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Table 1. List of Fungi Isolated from Rhizosphere Soil Samples of
Quercus leucotrichophora and their Seasonal Distribution

S. No. Name of Fungus Isolated Winter Spring Summer Rainy

1. Absidia cylindrospora - - + +
2. Aspergillus flavus - + + -
3. Aspergillus niger + - - +
4. Cephalosporium acremonium - + - +
5. Cladosporium cladosporioides - + - +
6. Cladosporium sphaerospermum - - + -
7. Fusarium moniliforme - + - +
8. Fusarium oxysporum - + - +
9. Gliocladium catenulatum - - + -
10. Humicola grisea + + - +
11. Penicillium chrysogenum + - - +
12. Penicillium funiculosum - + + +
13. Penicillium griseofulvum - + - -
14. Phoma sp. - - - +
15. Trichoderma pseudokoningii + - + -
16. Trichoderma viride - - - +
17. Non-sporulating mycelium - + - -

+ = Present – = Absent

Table 2. List of VAM Fungal Spores
Isolated from the Rhizosphere Soil of

Quercus leucotrichophora

S. No. Name of VAM Fungal Spores

1. Acaulospora delicata
2. Acaulospora foveata
3. Acaulospora laevis
4. Acaulospora mellea
5. Acaulospora myriocarpa
6. Acaulospora scrobiculata
7. Acaulospora spinosa
8. Acaulospora tuberculata
9. Endogone sp.
10. Entrophospora sp.
11. Gigaspora albidum
12. Gigaspora calospora
13. Gigaspora decipiens
14. Gigaspora margarita
15. Gigaspora ramisporophora
16. Glomus aggregatum
17. Glomus deserticola
18. Glomus fasciculatum
19. Glomus formosum
20. Glomus geosporum
21. Glomus intraradices
22. Glomus macrocarpum
23. Glomus mosseae
24. Glomus rubiformis

Table 3. List of Fungal Endophytes
of Quercus leucotrichophora

S. No. Name of Fungal Endophyte

1. Gliocladium fimbriatum
2. Penicillium chrysogenum
3. Rhizopus oryzae
4. Trichoderma sp.
5. Non-sporulating mycelium

spp., Glomus aggregatum, G. fasciculatum,
G. intraradices and G. macrocarpum from the
rhizosphere of Tectona grandis. Vogeti et al.22

reported Acaulospora foveata, A. laevis, A.
scrobiculata, Entrophospora sp., Gigaspora spp.,
Glomus aggregatum,  G. fasciculatum, G.
geosporum, G. intraradices and G. mosseae from
the rhizosphere soil of sweet potato.

5 species of endophytic fungi belonging
to 4 genera (i.e. Gliocladium, Penicillium,
Rhizopus and Trichoderma) were isolated from the
roots, leaves and bark of Quercus
leucotrichophora [Table 3; Figs.4 (A-E)]. Mahesh
et al.23 reported Penicillium spp., Trichoderma spp.
and sterile mycelia as endophytes from A. indica.
Monnanda et al.24 reported G. delequescens as
fungal endophyte of C. magna. Trichoderma spp.
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are reported to have growth promoting activity
when cultivated with rice seedlings25. Thakur and
Sagar10 isolated Penicillium sp. and Rhizopus
oryzae as endophytes of E. officinalis and T.
chebula; and
T. harzianum and Trichoderma sp. as endophytes
of T. bellerica. The variations in the incidence of
mycoflora under different parameters like
rhizosphere, VAM fungi and endophytic studies
may be due to difference in the root exudates26,
microbial competition, antagonism and succession.

Although these findings are preliminary
in nature, they have established a base for the
further extension of this study to screen the
endophytes for secondary metabolites of
pharmaceutical importance and exploit the
potential of rhizosphere and VAM fungi for the
growth and development of Q. leucotrichophora.

ACKNOWLEDGMENTS

The authors are thankful to Prof. (Mrs.)
Savitri Verma, Chairperson, Deptt. of Biosciences,
H.P. University, Shimla for providing the necessary
laboratory facilities.

REFERENCES

1. Manoharachary, C., Sridhar, K., Singh, R.,
Adholeya, A., Suryanarayanan, T.S., Rawat, S.
and Johri, B.N. Fungal biodiversity:
distribution, conservation and prospecting of
fungi from India. Curr. Sci., 2005; 89: 58-71.

2. Hogberg, P. and Piearce, D. Mycorrhizas in
Zambian trees in relation to host taxonomy,
vegetation type and successional patterns. J.
Ecol., 1986; 74: 758-775.

3. Panwar, J. and Vyas, A. Arbuscular mycorrhizal
associations in Tamarix aphylla in the Indian
Thar Desert. Mycorrhiza News, 2002; 14:
14-16.

4. Metting, B.F., Soil microbial ecology. Marcel
Dekker, New York, 1993.

5. Smith, S.E. and Read, D.J., Mycorrhizal
Symbiosis. Academic Press, San Diego, Calif.,
1997;  605.

6. Hirsch, G. and Braun, U.: Communities of
parasitic micro fungi. In: Handbook of Vegetation
Science (Wintehroff, W. ed.). Dordrecht: Kluwer
Academics, 1992; 19: 225-250.

7. Stone, J.K., Bacon, C.W. and White, Jr. J.F.: An
overview of endophytic microbes: endophytism

defined. In: Microbial Endophytes (Bacon, C.W.
and White, Jr. J.F. eds.). Marcel Dekker, New
York, 2000; 3-29.

8. Sagar, A., Minhas, M. and Lakhanpal, T.N.
Preliminary observations on VAM association
with Celtis australis – an agroforestry tree.
Indian J. Mycol. Pl. Pathol., 1993; 23: 145-148.

9. Kumar, S. and Sagar, A. Microbial associates
of H. rhamnoides. Plant Patho., 2007;  6: 299-305.

10. Thakur, M. and Sagar, A. Fungal associates of
Terminalia chebula, Terminalia bellirica and
Emblica officinalis. J. Pure and Appl.
Microbiol., 2007; 1: 301-306.

11. Wakesman, S.A., Principles of soil
microbiology. Williams and Wilkinson
Company, Baltimore, 1927.

12. Warcup, J.H. The soil plate method for the
isolation of fungi from soil. Nature, 1950; 166:
117-118.

13. Rawling, T.E., Phytopathological and botanical
research methods. John Wiley and Sons,
London, 1933.

14. Gerdemann, J.W. and Nicolson, T.H. Spores of
mycorrhizal Endogone species extracted from
soil by wet sieving and decanting. Trans. Br.
Mycol. Soc., 1963; 46: 235-244.

15. Phillips, J.M. and Hayman, D.S. Improved
procedures for clearing and staining parasitic
and vesicular-arbuscular mycorrhizal fungi for
rapid assessment of infection. Trans. Br. Mycol.
Soc., 1970; 55: 158-161.

16. Giovannetti, M. and Mosse, B. An evaluation
of techniques for measuring vesicular arbuscular
mycorrhizal infection in roots. New Phytol.,
1980; 84: 489-500.

17. Nagamani, A., Kunwar, I.K. and Manoharachary,
C., Handbook of soil fungi. I.K. International
Pvt. Ltd., New Delhi, India, 2006;  1-477.

18. Manoharachary, C. Biodiversity, taxonomy,
ecology, conservation and biotechnology of
arbuscular mycorrhizal fungi. Indian
Phytopath., 2004; 57: 01-06.

19. Sagar, A. and Lakhanpal, T.N. Studies on
Mycorrhiza and Mycorrhizosphere of Pinus
wallichiana. J. Hill Res., 1998; 11: 154-161.

20. Thapar, H.S., Vijyan, A.K. and Uniyal, K.
Vesicular-arbuscular mycorrhizal associations
and root colonization in some important tree
species. Ind. For., 1992; 118: 207-212.

21. Verma, R.K. and Jamaluddin. Association and
activity of arbuscular mycorrhizae of Teak
(Tectona grandis) in Central India. Ind. For.,
1995; 121: 533-539.

22. Vogeti, S., Devi, K.B., Tilak, K.V.B.R. and
Bhadraiah, B. Association of AM fungi with



J. Pure & Appl. Microbiol., 3(1), April 2009.

362 SAGAR & CHAUHAN:  FUNGAL ASSOCIATES OF Quercus leucotrichophora

sweet potato in soils of Andhra Pradesh. J.
Mycol. Pl. Pathol., 2008; 38: 88-90.

23. Mahesh, B., Tejesvi, M.V., Nalini, M.S.,
Prakash, H.S., Kini, K.R., Subbiah, V. and
Shetty, H.S. Endophytic mycoflora of inner bark
of A. indica. Curr. Sci., 2005; 88: 218-219.

24. Monnanda, S.N., Basavanna, M., Mysore, V.T.,
Harischandra, S.P., Ven, S., Kukkundur, R.K.
and Huntrike, S.S. Fungal endophytes from the

three-leaved caper, Crataeva magna (Lour.) DC
(Capparidaceae). Mycopathologia, 2005; 159:
245-249.

25. Mishra, R.C., Singh,R., Singh, H.B. and Dikshit,
A. Trop. Agric., 2007; 77: 205-206.

26. Nishat, K., Manoharachary, C., Gopal, K.V. and
Shyamsunderrao, N.S. Rhizosphere fungi of
umbelliferous host in relation to root exudates.
Ind. Phytopath., 1990; 43: 586-587.


