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Endophytic fungi of decaying vegetable wastes
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Only 7% of the total estimated 1.5 million fungal species has been described so far and
species documentation on new substrates will add up to our knowledge of fungal diversity
in a region. The present study was conducted to evaluate the diversity of endophytic fungi
on two decaying vegetable wastes viz., Euryale ferox Salisb. (Fox — Nut) and Bambusa
arundinaceae Willd. (Edible Bamboo). A total of 32 fungal species including 3 sterile and 3
unidentified forms were isolated. Out of the total species isolated 12 were found to be
common to both the substrates Aspergillus flavus, A. niger, Cladosporium
cladosporicides, Fusarium oxysporum. F. semitectum, Paeceilomyces sp., Rhizopus
nigricans, Penicillium expansum, Trichoderma koningii, T. virens and sterile brown. Of
which 9 were specific to Euryale ferox : Alternaria alternata, Aspergillus candidus, A.
saccharii, Fusarium poae, Mucor sylvaticus, Nigrospora oryzae, Pericillium
brevicompactum, Sterile yellow and Unidentified 1, while the remaining 11 species were
specifically isolated from Bambusa arundinaceae : Aspergillus fumigatus, Chaetomium
globosum C. funicolum, Fusarium sp., Humicola sp., Nigrospora sphaerica, Pestalotia sp.,
Penicillium rugulosum, Trichoderma longibrachiatum, Unidentified 2 and Unidentified 3.
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INTRODUCTION

The fungal kingdom is hyperdiverse and is estimated
as representing 1.5 million species (Hawksworth,
2004). However, only 7% of this estimated figure
has been described so far. Wastes like leaf litters,
industrial wastes, crop residues etc. contain
considerable quantity of organic matter and nutrients
(Cooper and Golueke, 1977) and these house for -
excellent growth of microorganisms especially fungi.
By far the greatest number of fungi are found on
living and dead plants. Infact, the saprophytic fungi
represent the largest proportion of fungal species in
soil and they perform a crucial role in decomposition
as well as nutrient cycling (Shukla and Tripathi,
2007). In addition, endophytic fungi also are the
largest reservoirs of fungal species (Dreyfuss,
1989).

Studies on fungal diversity and succession on plant
substrate have received renewed attention during
recent years as they have immense potential in
industrial mycology (Lodge, 1997). The basic
objective being identifiction of as many rare species
as possible for screening them for production of

biologically active novel compounds (Hyde, 2001).
Determining the magnitude and pattern of fungal
species diversity has been an ongoing challenge for
mycologists (Hawksworth, 1991; Hawksworth and
Mueller, 2005; Schmit and Mueller, 2007) because
they are often ephemeral and cryptic which makes
them difficult to inventory.

Ecologists has also interest on the relationship
between biotic diversity and ecosystem functional.
Without an estimate of fungal diversity it is difficult
to determine the level of redundancy in ecosystem
functions provided by fungi. Therefore, the present
study has been conducted to determine the diversity
of endophytic fungi associated with selected
decaying vegetable wastes in Manipur, North East
India.

MATERIALS AND METHODS .
Study site
The study was conducted in the experimental plot of

the Department of Life Sciences, Manipur University,
Canchipur, Imphal located at 24°45'259”N latitude
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and 90°55'690"E longitude and at an elevation of
768 msl (Etrex, 12 channel, GPS). The climate of
the area is monsoonic with distinct rainy, winter and
summer seasons in a year. The mean minimum
temperature ranged between 5.6° to 20.9°C and
mean maximum temperature varied between 23.1°
to 31.6°C from Novermber, 2008 to June, 2009. The
relative humidity varied from 47.1% to 78.9%.
However, in this particular study period, much
delayed monsoon was encountered with a total
rainfall of 352.8 mm of which about 63% occurred in
last two months of the study period i.e. May-June,
2009.

Study materials

Vegetable wastes viz. peels of Euryale ferox Salisb.
(Fox-Nut) belonging to the family Nymphaceae and
sheath of young shoot of Bambusa arundianceae
Willd. (Edible bamboo) belonging to the family
Poaceae were used for the present investigation.

Collection

The samples were collected from different
households. These were sorted out and air dried.

Decomposition

Vegetables waste samples were allowed to decay
using nylon mesh bag technique as described by
Bocock et al., (1960). A total of 70 nylon net bags
(10x15 cm, 1 mm mesh) containing 5 g dried
samples each @ 35 bags per sample were prepared
and placed randomly in soil bed in the experimental
plot on 15th of Novermber, 2008. Five bags per
sample containing decaying samples were
recovered at monthly intervals.

After recovery, the bags were brought to the
laboratory in separate sterile polythene bags where
the samples of each bag after brushing carefully to
remove the adhering soil particles were processed
for the isolation and evaluation of endophytic fungi.

Isolation, purification and identification

Two surface sterilization techniques were employed
for isolation of endophytic fungi associated with the
decaying vegetable samples : (i) surface sterilization
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using 15% H,O, and 70% ethanol (Kinkel and
Andrews, 1988), and (ii) surface sterilization using
1% AgNO; and 1% NaCl (Wildman and Parkinson,
1979).

Five surface sterilized sample bits were placed
equidistant in each Petriplate containing 20 ml
solidified PDA (supplemented with streptomycin 150
mg/l) medium. The plates were incubated at 25+1°C
for 7 days and the fungal colonies developing on the
sample bits were isolated, purified and identified at
least up to the genus using standard literatures
(Thom and Raper, 1945; Raper and Thom, 1949;
Gilman, 1957; Rifai, 1969; Subramanium, 1971;
Barnett and Hunter, 1972; Ellis, 1971 & 1976; Ellis
and Ellis, 1985; Watanabe, 2002; Leslie and
Summerell, 2006, etc.) and were confirmed at the
Agarkhar Research Institute, Pune Five replicates
were maintained in each case.

Calculation

Mean % frequency of occurrence of the fungal
species were calculated using the following formula :

Frequency of Occurrence (%) =
No. of sample bits on which a fungal species occurred

Total no. of sample bits observed

x 100

RESULTS AND DISCUSSION

The % frequency of occurrence of fungal species
isolated from the study samples by two surface
sterilization techniques has been presented in
Tables 1, 2, 3 and 4. Overall 32 fungal species
belonging to 13 general mostly representing the
Hyphomycetes group were isolated. Out of the 32
species 3 were sterile forms designated as white
sterile, brown sterile and yellow sterile while another
3 spp. remains unidentified. Of the total species
isolated 12 were found to be common to both the
study materials Aspergillus flavus, A. niger,
Cladosporium cladosporioides, Fusarium
oxysporum, F. semitectum, Paeceilomyces .sp.,
Rhizopus  nigricans,  Penicillium  expansum,
Trichoderma koningii, T. virens and sterile brown; 9
were specific to Euryale ferox : Alternaria alternata,
Aspergillus candidus, A. sacchari, Fusarium poae,
Mucor sylvaticus, Nigrospora oryzae, Penicillium
brevicompactum, Sterile yellow and Unidentified 1,
while the remaining 11 were specifically isolated
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Table 1 : Monthly variation in mean frequency of occurrence (%) of endophytic fungi on decaying Euryale ferox waste isolated by
surface sterilization using 1% AgNO, and 1% NaCt

Fungi Nov'08 Dec'08 Jan'09 Feb'09 Mar'09 Apr'09 May'09 Jun'09
Aspergillus candidus 20 4
A. flavus 92
A. niger 8 4 80 100 100
A. sacchari 16 4
Cladosporium cladosporioides 100 80 80 100
Fusarium oxysporum 80 100 100 96 100
F. poae 16 100
F. semitectum 100 100 80 40
Mucor sylvaticus 100
Nigrospora oryzae 30
Paeceilomyces sp. 4 -
Penicillium brevicompactum 8
Rhizopus nigricans 100 100 100 100 100 8
Sterile white 72 80
Sterile yellow 100 100
Trichoderma koningii 32 32 68
T. virens 100 100 100
Unidentified 1 36 7
Total no. of fungal Species 4 6 5 4 6 7 8 7

Table 2 : Monthly variation in mean frequency of occurrency (%) of endophytic fungi on decaying Euryale ferox waste isolated by
surface sterilization using 15% H,0, and 70% ethanol

Fungi Nov'08 Dec'08 Jan'09 Feb’09 Mar'09 Apr'09 May'09 Jun'09
Alternaria alternata 20
Aspergillus candidus 12 = = 20 B - -
A. flavus - 44
A. niger 4 4 4 72 100 100 100
A. sacchari 24 4
Cladosporium cladosporioides 100 100 72 100
Fusarium oxysporum 80 80 100 100 100
F. poae 100 100
F. semitectum 100 100 68 32
Mucor sylvaticus 100
Nigrospora oryzae 96 12
Paeceilomyces sp. 12 4
Penicillium brevicompactum 4
Rhizopus nigricans 100 100 100 92 16
Sterile brown 40 32
Sterile white 100 100
Sterile yellow 100 100 100
Trichoderma koningii 100
T. virens 12 100 100 100 100

Total no. of fungal Species 4 6 5 5 8 8 9 8
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Table 3 : Monthly variation in mean frequency of occurrence (%) of endophytic fungi on decaying Bambusa arundinaceae waste
isolated by surface sterilization using 1% AgNO, and 1% NaCl

Fungi Nov'08 Dec'08 Jan'09 Feb'09 Mar'09 Apr'o9 May'09 Jun'09
Aspergillus candidus 4 ‘
A. fumigatus 100 100 100
A. niger 20 96 100 100 100
Chaetomium giobosum 8
Cladosporium cladosporioides 4 16 4
Fusarium oxysporum 100 92
F. semitectum 80 12
Nigrospora sphaerica 100 64
Penicillium expansum 32 4
P. rugulosum 36 100
Rhizopus nigricans 24 100
Sterile brown 8 )

Sterile white 100 60 4
Trichoderma koningii ' 32
T. longibrachiatum 80 64 100 100 100 100
T. virens 24

Total no. of fungal Species 1 3 3 6 5 5 8 6

Table 4 : Monthly variation in mean frequency of occurrence (%) of endophytic fungi on decaying Bambusa arundinaceae waste
isolated by surface sterilization using 15% H,0, and 70% ethanol.

Fungi Nov'08 Dec'08 Jan'09 Feb'09 Mar'09 Apr'o9 May'09 Jun'09
Aspergillus fumigatus 100 100 16
A. niger 32 100 100 100
Chaetomiun; funicolum 4
Cladosporium cladosporioides 4 8
Fusarium oxysporum 100 100 100 100
F. semitectum’ 24 20 4
Fusarium sp.
Humicola sp. ) 8
Penicillium expansum 4 . 16
P. rugulosum 20 32
Paeceilomyces sp. 4 24
Pestalotia sp. 16
Rhizopus nigricans 100
Sterile white 48
Trichoderma longibrachiatum 100 100 92
T. virens 100 100 100 100
Unidentified 2 . 20 :
Unidentified 3 20
Total no. of fungal Species 2 2 4 6 5 5 7 7
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from Bambusa arundinaceae Aspergillus
fumigatus, Chaetonium globosum, C. funicolum,
Fusarium sp., Humicola sp., Nigrospora sphaerica,
Pestalotia sp., Penicillium rugulosum, Trichoderma
longibrachiatum, Unidentified 2 and Unidentified 3.
Fungal composition in the two substrates, thus
showed quite a significant variation in the present
investigation. Host specificity may be due to the fact
that generally different plant species have a different
chemical composition and this may have affected
the microbial community composition and biomass
(Mille — Lindbolm et al., 2006). Again, fungal species
isolated by the two sterilization methods showed
only slight variation with Penicillium brevicompactum
and Unidentified 1 having isolated from E. ferox in
surface steriliztion using 1% AgNO, while A.
alternata, P. expansum and Sterile brown were
isolated when the same substrate was sterilized with
15% H,0,. On the other hand 1% AgNO, surface
sterilization of B. arundinaceae could be tolerated by
species like A. flavus, C. globosum, N. spherica, T.
koningii and Sterile brown mycelium while species
like C. funicolum, Fusarium sp., Humicola sp.,
Paecilomyces sp. along with the two Unidentified
spp. were isolated when the substrate surface was
sterilized with 15% H,0,.

In terms of % occurrence A. niger, F. oxysporum
and R. nigricans were the most frequently
encountered species during the 8 months study of E.
ferox decay while A. niger and T. longibrachiatum
occurred most frequently in B. arundinaceae.
Effectiveness of the sterilization techniques used in
the study could not be established as the pattern of
occurrence of the fungal species in both the
substrates in both the sterilization methods remains
vague. A single isolation method, is therefore, not
preferred because a significant section of the fungal
population may be missed when a single isolation
method is adopted. Development of techniques to
assess the presence of microorganisms within the
substrate that do not rely on direct observation of
fruiting bodies and culturability are essential to make
accurate estimates of fungal biodiversity (Jones and
Hyde, 2002). In order to gain a better understanding
of fungal diversity, we should continue to
concentrate on studying the fungal communities in
selected habitats and substrates, especially those
that appear to support high diversity and also
explore understudies or unstudied habitats and
substrates (Tang et al., 2007).
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The patterns of biodiversity among endophytic fungi
are complex both in space and time and these
patterns cannot be fully resolved within one
vegetation period (Unterseher et al., 2007). Since
very little is known about the diversity of fungi,
especially endophytes inhabiting decaying vegetable
wastes more detailed study is needed before a
concrete conclusion is drawn.

ACKNOWEDGEMENT

The authors are thankful to the Department of
Science and Technolgy, New Delhi for the financial
assistance (No. SR/WOS-A/LS-57/2007 dated 8/9/
2008) and also to the Head, Department of Life
Sciences, Manipur University, Canchipur, imphal for
providing Laboratory facilities.

REFERENCES

Amold A.E, and Lutzoni F. 2007. Diversity and host range of
foliar fungal endophytes; are tropical leaves diversity
hotspots? Ecology 88: 541-549.

Barnett, H.L. and Hunter, B.B. 1972. lllustrated general of
Imperfect Fungi. Burgess Publishing Company,
Minneapolis, Minnesota.

Bocock, K.L., Gilbert, D., Capstick, C.K.; Twin, D.C.; Ward, J.S.
and Woodman, M.J. 1960. Changes in leaf litter when
placed on the surface of the soils with contrasting humus
types |. Losses in dry weight of oak and ash leaf litter. J.
Soil Sci., 11: 1-9.

Cooper, R.C. and Gulueke C.J. 1977. Public health aspacts of
on site waste treatment. Compost Sci. 9: 56-59.
Dreyfuss, M.M. 1989. Microbial diversity. Microbial metabolites
as sources for new drug. Princeton Drug Research

Symposia, Princeton.

Ellis, M.B. 1971. Dematiaceous Hyphomycetes, CMI,
Surrey, England.

Eliis, M.B. and Ellis J.P. 1985. Microfungi on land plants : An
Identification Handbook, Macmillan Publishing Company,
New York.

Gilman, J.C. 1957. A Mannual of Soil Fungi. Oxford & IBH
Publishing Co. New Delhi.

Hawksworth, D.L. 1891. The Fungal dimension of biodiversity
magnitude, significance and conservation. Mycal. Aes
95: 641-655.

Hawksworth, D.L. 2004. The magnitude of fungal diversity : the
1.5 million species estimate revisited. Mycol. Res 105:
1422-1432.

Hawksworth, D.L. and Mueller, G.M. 2005. Fungal communities :
Their diversity and distribution. In : The fungal community
: Its organisation and Role in the Ecosystem. (eds. J.
Dighton, J.F. White & P. Oudemans). CRC Taylor &
Francis, New York, pp. 27-37.

Hyde, K.D. 2001. Increasing the likehood of novel compound
discovery from filamentous Fungi. In : Bio-exploitation of
Filamentous Fungi (eds. S. B. Pointing & K.D. Hyde).
Fungal Diversity series 6, Fungal Diversity Press,
Hongkong, pp. 77-91.

Kew,




304 I RE<]

Jones, E.B.G. and Hyde, K.D. 2002. Succession : Where do we
go from here? Fungal Divers., 10: 241-253,

Kinkel, L.L. and Andrews, J.H. 1988. Disinfestation of living
leaves by hydrogen peroxide. Trans Br. Mycol Spc. 91:
523-528.

Leslie, J.F. and Summerell, B.A. 2006. The Fusarium Laboratory
Manual, Blackwell Publishing. U.K.

Lodge, D.J. 1997. Factors related to diversity of decomposer
fungi in tropical forests. Biodivers. & Conserv., 6: 681-
688.

Mille-Lindbolm, C. Fischer, H. and Tranvik, L. J., 2006. Litter-
associated bacteria and Fungi-a comparison of biomass
and communities across lakes and plant species.
Freshwater Biology 51: 730-741.

Raper, K. B. and Thom, C. 1949. A Mammal of Penicillia,
Williams and Wilkins. Co., Baltimore, M.D., U.S.A.

Rifai, M.A. 1969. A Revision of the genius Trichoderma,
Mycological Papers No. 116.

Schmit. J.P. and Mueller, G.M. 2007. An estimate of the lower
limit of global fungal diversity, Biodivers and conserv.,
16: 99-111.

On Endophytic fungi

[ J. Mycopathol. Res. :

Subramaniam, C.V. 1971. Hyphomycetes. ICAR, New Delhi,
India.

Shukla, A.K. and Tripathi, P. 2007. Distribution of microfungal
communities in Forest soil. Indian Forester, pp. 1128-
1129.

Tang, AM.C., Shenoy, B.D. and Hyde, K.D. 2007. Fungal
Diversity. In : Reconstructing the tree of life : Taxonomy
and Systematics of species rich taxa (Eds. Trevor R.
Hodkinson, John A. N. Parnell).

Thom, C. and Raper, K.B. 1945. A Manual of Aspergilli, Williams
and Wilkins Co., Baltimore, M.D. U.S.A.

Unterseher, M., Reither, A. Finstermeier, K. Otto, P. and
Morawetz, W. 2007. Species richness and distribution
patterns of leaf inhabiting endophytic fungi in a
temperate forest canopy. Mycol. Progress 6: 201-212.

Watanabe, T. 2002. Pictorial Atlas of Soil and Seed Fungi, CRC
Press, London.

Wildman, H.G. and Parkinson, D. 1979. Microfungal succession
on living leaves of Populus tremuloides. Can. J. Bot. 57
2800-2811.

(Accepted for publication August 20, 2010)




