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Seasonal dynamics of soil microfungal populations were studied in a monoculture plantation
of Anacardium occidentale L. in coastal sandy belt of Orissa for a period of two years. Maximum
population density of mycoflora was observed in the rainy season followed by winter and
summer. Higher microbial populations were encountered in plantation soil than the barren
sand. They corresponded to the fluctuation of prevailing temperature, moisture and total organic
carbon content of the said habit. The C/N ratio was inversely proportional to the fungal numbers.
A total of 177 species of fungi belonging to 71 genera were ennumerated. The majority were
from the genus Aspergillus ; the next two in order of dominance were Penicillium and
Trichoderma. The diversity index varied from 3.6 to 3.74 (Shannon) and 0.32 to 0.35 (Simpson).
Similarity index showed that barren sand dune was less akin to sand dune with monoculture
plantation of Anacardium. Introduction of predominant decomposing microorganisms isolated
from the present study can help to increase the nutrient status of the sandy sterile mass under
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focus.
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INTRODUCTION

Coastal ecosystem has long been a natural
resource of mankind by virtue of its utility, in terms
of economic, aesthetic and ecological aspects. This
ecosystem is considered as one of the most
unproductive and sterile ecosystem of the world,
where the rate of primary productivity is quite low;
but it supports numerous diversified soil organisms.
All these organisms, especially microbial flora play
an important role in the degradation of foliage of
beach plantation which is continuously shed and
decomposed in the coastal substratum and forms
the major source of energy and nutrients on which
horizon of consumers depend. Besides
decomposition, the variety and galaxy of fungi also
perform unigque and indispensable activity in
industry, agriculture, medicine, biogeochemical
cycles (Cowan, 2001, Gates et al.,, 2005;
Manoharchary et al., 2005) and many other ways
on which human depends. India has a rich diversity
of fungi and forms an important geographical
region for fungal distribution (Subramanian, 1962).
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It is especially true in Orissa coast of about 480 km
of stretched coast line filled with sand dunes only.
Some years ago, phase wise monoculture
plantations of Casuarina equisetifolia and
Anacardium occidentale are created along the
coastline to minimize the effect of cyclonic sea
stroms, a regular phenomenon due to its
geographical location.

The efficiency and potentially of microbes in
decomposition depend upon their abundance and
composition. It is well known that the prevailing
climate and above ground vegetation influence the
quality and quantity of these microbes in a particular
soil (Behera et al., 1991; Mohanty and Panda,
1994a). General ideas about species diversity
suggest that habitat heterogeneity and prevailing
climate are major factors controlling the quality and
guantity of microbes in a particular soil (Gentry
1988; Behera et al,, 1991; Mohanty and Panda,
1994a). Though numerous species of fungi have
been reported from forest soils (Mohanty et al.,
1991; Mohanty and Panda 1994 a ; Nilima et al.,
2007;) and some foliar and soil fungi are reported
from sand dunes of Orissa (Panda et al., 1996;
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Mohanty and Panda, 1998; Panda, 2009) and
Andhra Pradesh (Monoharachary et al., 2008)
associated with Casuarina equisetifolia but there
appears to be no study in sand dune stabilized with
monoculture plantation of Anacardium occidentale.
Though, the purpose of cylonic sea stroms has
solved to some extent, the effect of this plantation
on occurence and distribution are yet to be studied.
Hence a study has been made to find out the
occurence, distribution, dominance and variation
of soil fungi in the noted belt and the factors
influencing their ecophysiology. The purpose of
this study is to identify and culture the dominant
decomposers of the region, which can be
introduced successfully in coastal sandy belt to
enhance the nutrient status of the soil.

MATERIALS AND METHODS

The study site was in Ganjam district of Orissa
(19°15'N and 84°50'E) having 60 km of coastline
along the Bay of Bengal at a height of 6-8 m above
MSL. The climate of the region is monsoonal with
coastal characteristics. The air temperature ranges
from 37°C in summer to 13°C in winter. The annual
rainfall is about 130 cm. The region is subject to
cyclones during the wet season and coastal ar-
eas are affected by the resulting strong winds and
intense rainfall. Some of the unproductive uplands
and coastal sand dunes are extensively covered
by Casuarina and Cashew (Anacardium
occidentale) plants. Cashew plantation at the in-
ner belt study site covers an area of about 1500
hectares extending 4-5 km in length with a width of
250-450 m, varying at places and a shelter belt
cum wind break vegetation of Casuarina about 30-
40 rows covering 15-20 m in the outer belt along
the coast of the sea. Cashew plant has been pre-
ferred over many others because of its physiologi-
cal adaptation to tolerate extreme drought condi-
tions, good growth in nutritionally poor soils, ex-
tensive near surface lateral roots and dense
canopy due to broad leaf and horizonal growth.
Two sites of about one hectare each were selected
for the investigation. First one (soil B) is a big patch
of sand dune situated adjacent to Anacardium plan-
tation comprising few grasses only and the sec-
ond (soil A) along a coastal sandy bed with 6-8 yr
old plantation of Anacardium occidentale without
any undergrowth. The study was conducted for a
period of two years. First series of soil samples
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were collected from two sites in sterilized test tubes
by randomly sampling at monthly intervals by in-
serting sterile glass tubes at depths of 0.3 cm (sur-
face), and 8-15 cm (sub-surface) for microbial
analysis. Each tube was allowed to contain 10-15
g of soil and stoppered tightly. Second series of
samples was collected for estimation of physico-
chemical properties. Samples were brought to the
laboratory in sterilized polythene packets along with
identification tags in sealed condition. The samples
were temporarily stored in an ice chest prior to iso-
lation of microbes. The microfungi were isolated
by dilution (Waksman 1927) and pour plate
(Warcup 1950) techniques using PDA medium.
Fungi were studied after 3-7 days of incubation.
Fungi were identified by adopting standard proce-
dures (Gilman,1966;Ellis,1971;Subramanium,
1971; Barnett and Hunter, 1972; Ellis, 1976:
Sarbhoy, 1983). Physico-chemical properties of
soils were estimated as per Jackson (1967).

Statistical analysis

The following indices of diversity were calculated
based on species level identification (Ludwig and
Reynolds, 1988; Krebs, 1989). Shannon — Wiener
index —H = X7 PilnPi; where P is the proportion
of the invidual found in the ith species, /n denotes
natural logarithm and H is the Shannon - Wiener
index; Simpson's index — D = 35 ( ) :where Pj
is the proportion of the individual found in the it
species and D simpson's index : Evenness index
(E) = H/InS; where H is the Shannon — Wiener index
of dwersnty S total number of species and /n is the
natural logarithm: Jacquard's index S, = B (S,
+S, - Sy); where S, is the number of specues
shared by two locations (A and B), S, the total
number of species in location A and S the total
number of species in location B. S, is the extent of
similarly between the species in Iocatlons Aand B;
Richness index (Margalef, 1963) R = S-1/In N,where
S is the total number of species and N is the
sampling number.

RESULTS

Major differences were reported between the two
soils under this study. While having a comparable
fungal growth profile to that of the nutrient it
revealed that sites with low temperature, high
moisture and better nutrient status harbored more
fungi and bacteria (Table 1).
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Table 1: Characteristics and fungal number (cfu/g) in soil with Anacardium plantation (average of two years)
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Months Temp Moisture  Total Total CN pH Phosphorous  Potassium Fungal
(°C) content organic Nitrogen Ratio (mg/100 g) (mg/100g)  number
(%) Carbon (%) x 107
(%)
Jun. 326 0.423 0.034 15.48 6.9 0.24 50
31.8 0.354 0.028 13.61 6.6 0.34 36
Jul. 30.1 1:55 0.44 0.034 12.94 6.9 0.26 1.39 48
295 2.26 0.337 0.029 11.62 6.3 0.34 0.96 47
Aug. 30 2.18 0.553 0.033 16.75 6.7 0.21 1.68 81
28.8 297 0.337 0.028 12.0 6.2 0.38 1.23 53
Sept. 29.3 3.35 0.523 0.034 15.38 71 0.16 1.78 98
26.8 412 0.317 0.028 11.32 6.6 0.29 1.26 66
Oct. 28.5 22 0.473 0.03 15:7 7.3 0.14 1.89 77
26.4 37 0.333 0.021 15.85 6.8 0.22 1.29 59
Nov. 27 0.85 0.333 0.022 135 7.4 0.13 1.88 72
26.3 3.1 0.242 0.02 12.1 6.8 0.22 0.78 44
Dec. 259 0.54 0.285 0.019 14.8 7.0 0.13 1.44 64
24.8 1.16 0.218 0.016 13.62 6.4 0.17 0.75 38
Jan. 26.2 0.46 0.426 0.021 20.28 6.5 0.09 1.67 71
252 1.15 0.234 0.014 16.71 6.0 0.19 0.98 42
Feb. 283 0.54 0.382 0.02 19.25 6.7 0.15 1.98 63
27 0.99 0.242 0.015 16.13 59 0.28 1.45 48
Mar. Fo 1.18 0.36 0.018 20 6.4 0.28 1.79 52
30.3 1.67 0.239 0.015 15.9 6.0 0.37 117 42
Apr. 352 0.63 0.34 0.016 216 6.8 0.25 1.73 48
336 1.29 0.239 0.012 19.9 6.2 0.42 0.98 35
May 38.7 0.44 0.292 0.014 20.8 7.0 0.33 1.72 42
344 0.71 0.205 0.0098 209 6.3 0.54 1.12 29
Correlation r=0.643* r=+0.767 r=+0.725 r=+0.62* r=0.52* r=+0.299 r=0.625" r=+0.197
r=0.556* r=+0.863 r=+0.56* r=+0.63* r=0.59* r=0.289 r=0.389 r=+0.484

Upper line = Surface soil, lower line = Subsurface soil *P<0.05, **P<0.01,"*P<0.001

On the other hand fungal population in soil A was
poor and there was substantial drop in nutrient
composition (Table 2). The poor colonization of
fungi on soil A may be due to low moisture and high
temperature which served as an important defense
against fungal attacks and / or colonization.Fungal
population in both the sites and both the layers had
positive correlation with soil moisture, total nitrogen
and total organic carbon, while the temperature was
negatively correlated (Tables 1 and 2). The
seasonal variations seem to influence the density
of an incividual fungus and population as a whole.
The rainy period carried higher population followed
by winter and summer. Higher moisture content and
temperature of sand corresponding to the rains and
summer might be the reason for such fluctuation.

The species composition at two sites showed
marked differences with change in habit and surface
vegetation. A total of 177 species of fungi belonging
to 71 genera were enumerated of which surface
soil A had a share of 846 colonies, 45 genera and
114 spp. while sub surface soil produced 742
colonies, 41 genera and 93 species. Soil B; the
surface soil contributed 702 colonies, 51 genera
and 112 species while sub surface soil produced
661 colonies, 37 genera and 87 species. The
medium in our study favoured Dueteromycotina the
most, followed by Ascomycotina and Zygomycotina
(Table 3).The order of occurence might be due to
ability of the fungi for survival of adversity and
adjustment with the environment. A distinct pattern
of fungal community structure was observed in all
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Table 2: Characteristics and fungal number (cfu/g) in soil without plantation average of two years

Months Temp Moisture Total Total CN pH Phosphorous Potassium  Fungal
(°C) content organic Nitrogen Ratio (mg/100 g) (mg/100 g) number
Carbon (%) (%) (%) X 10+
Jun. 349 0.7 0.152 0.018 11.8 6.4 0.375 1.19 43
336 1.5 0.115 0.0104 11 6.2 0.58 0.74 3
Jul. 338 1.04 0.174 0.017 10.2 6.0 0.365 1.27 62
327 212 0.135 0.0105 129 - 4 0.58 1.02 41
Aug. 333 1.39 0.205 0.015 13.7 6.1 0.38 1.63 70
32.0 2.8 0.169 0.013 129 6.0 0.71 1.12 44
Sept. 326 1.8 0.362 0.024 15.1 6.3 0.49 1.63 72
313 3.39 0.183 0.016 1.9 6.2 0.77 1.23 57
Oct. 323 1.06 0.284 0.02 14.2 6.7 0.44 1.73 74
31.0 3.39 0.15 0.013 12.0 6.6 0.77 0.83 62
Nov. 323 0.58 0.221 0.016 138 6.7 0.495 1.48 58
30.2 1.52 0.12 0.011 1.3 6.6 0.63 0.77 37
Dec. 317 0.38 0.208 0.014 14.9 6.0 0.355 1.48 50
295 0.895 0.113 0.0085 13.5 6.2 0.78- 0.76 33
Jan. 320 0.45 0.164 0.013 126 5.9 0.22 1.53 52
29.2 0.615 0.121 0.01 121 6.0 0.58 1.13 40
Feb. 327 0.21 0.223 0.015 14.9 6.1 0.37 1.49 55
30.8 0.95 0.139 0.01 139 6.0 0.96 1:33 54
Mar. 354 0.42 0.216 0.016 135 6.2 0.46 1.65 43
346 0.69 0.129 0.01 129 6.0 0.91 0.99 36
Apr. 38.1 0.18 0.165 0.0098 16.8 6.2 0.635 157 38
354 0.43 0.094 0.0085 14.4 6.0 0.98 0.89 25
May 40.3 0.17 0.142 0.01 14.2 6.1 0.805 1.58 32
378 0.36 0.112 0.0079 14.2 6.1 0.67 121 20
Correlation r=0.739* r=+0.822** r=+0.727* r=+0.734™ r=-0.127 r=+0.31 r=0.458 r=0.157
r=0.606* r=+0.758*" r=+0.794** r=+0.79** r=0.411 r=+0.28 r=0.127 r=+0.185

Upper line = Surface soil, lower line = Subsurface soil *p<0.05,"* p<0.01,"* p<0.001

Table 3: Special group distribution of fungus sp. in the study sites (by both methods)

Site without vegetation ‘ Site with Anacardium plantation
Surface Subsurface Surface Subsurface

Name of the Number Number Number Number Number Number Number  Number
groups of of of of of of of (mg/100 g)

Genera species Genera species Genera species Genera  species
Zygomycotina 5 9 5 6 7 12 6 9
Ascomycotina 8 10 7 10 ) 7 5 9
Deuteromycotina 38 93 25 71 33 95 30 75
Moniliales 25 80 17 63 23 85 22 67
Sphaeropsidales 7 7 6 6 6 6 5 5
Melanconiales 3 3 1 1 2 2 1 1
Mycelia sterilia 3 3 1 1 2 2 2 2
Total 51 112 37 87 45 114 41 93

the samples during the study period. The Trichoderma. Considering the dominant species it
percentage composition and rank abundances of was clear that fungal succession in plantation site
different fungal species fluctuated (Table 4). The greatly differed from without plantation. Moreover,
majority was from the genus Aspergillus; the next the similarity in species composition between the
two in order of dominance were Penicillium and two sites was found to be very low (Table 5). The
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occurrence of good number of sugar fungi in
plantation site may be accounted for their greater
affinity toward the simple carbohydrates. Fungal
number of two sites differed significantly (t test 5.43
< P 0.01). Anova clearly indicated significant
seasonal difference between the samples of soil
(Table 6). Shannon's diversity index was reasonably
high varying from 3.608 to 3.744 correspondingly
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the dominance values were low varying from 0.032
to 0.035 (Table 7). The D value and H value in
both the soil indicated many species with maximum
diversity. The evenness index varied from 0.869
to 0.921 an indicates that species were fairly evenly
distributed. The surface layers had the highest
species richness where as subsurface showed
lowest richness (Table7).

Table 4; Percentage contribution and ranks of some dominant fungi isolated from samples at study sites

Soil from site without vegetation

Soil from site with anacardium plantation

Surface Subsurface Surface Subsurface

Fungi No. of % Rank No.of % Rank No.of % Rank No.of % Rank

colony colony colony colony
Absidia butleri 14 199 21 15 2.27 19 45 532 4 38 512 4
Lendner
A. glauca Hagem - - - - - - 23 272 10 19 256 15
A. spinosa Lender - - - - 17 201 20 22 296 10
Alternaria alternata 13 1.85 22 - - - - -
Kessler
Aspergillus awamori- 56 7.98 1 47 ik 1 57 6.74 1 48 6.47 1
Nakazawa
A. flavus Link 24 3.2 8 21 3.18 13 24 284 9 18 243 16
A. fonsecaceus - - - - - - 21 248 11 - - -
Tnom and Raper
A. fumigatus Fres 28 399 6 27 4.08 7 25 296 8 21 283 12
A. luchuensis Inuy 18 256 14 21 3.17 14 18 213 16 13 1.75 24
A. niger Van Teigh 43 6.12 2 42 6.35 2 49 579 3 46 6.2 2
A. terreus Thom 19 271 13 25 3.78 8 16 189 21 16 216 18
Chaetomium 22 3.13 10 24 3.63 9 14 166 25 14 1.89 22
homopilatum Ames
C.murorum Corda - - - 14 212 20 13 154 27 - - 5
Cladosporium 18 256 15 28 4.24 5 20 236 12 26 3.5 9
cladosporoides
De Vries
C.oxysporum 15 214 19 18 272 16 16 1.89 22 30 4.0 8
Berkland and Curt
Curvularia eragrostidis 27 385 7 23 3.48 10 - - - 16 216 19
Meyer ¢
C. lunata Boedijn 17 242 16 12 1.82 21 15 1.77 23 15 2.02 20
C.pallescens Boedijn 12 171 23 18 2.72 1T - - 14 1.89 23
Drechslera 16 228 17 13 1.97 23 - - - 12 162 26
australiensis
Subram and Jain
Fusarium oxysporum 16 2.28 18 17 2.57 18 20 236 13 18 243 17
Sehlecht
Mucor hiemalis - - - 13 166 26 - -
Wehmer
Penicillium citrinum 30 427 4 28 424 6 44 5.2 5 33 445 5
Thom
P.cyaneum Biourge - - % = - - = - - 15 2:.02 21
P javanicum 39 55 3 39 5.9 3 32 378 7 32 4.3 6
Van Beyma
P.minio-leuteum 22 313 1 23 3.48 11 19 225 15 21 2.8 13
Dierckx
Pnigricans Thom 1 1.57 24 12 1.82 22 18 R 13 1.75 25
P. verruculosum 30 427 5 29 4.39 4 52 6.15 44 593 3
Peyrowl
Rhizopus nigricans - - - - - 18 213 19 12 162 27
Jensen
Trichoderma viride 23 328 9 22 3.33 12 44 5.2 6 32 43 7
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Table 5. Comparison of different samples by coefficients of
comparison

Samples A, A, B, B,
A, 1.0 0.54 0.55 0.46
A, 1.0 0.47 0.5
B, 1.0 0.44
B 1.0

2

A =Inside plantation surface A_=Inside plantation sub-surface
B,=Outside planatation surface B,=Outside plantation sub-surface

Table 6. ANOVA

Sources DF SS MSS F value p Value
Varieties 3n 1164 388 7.8 4.8 9.8 23.7
Season 2n 614 307 62 5Ar 10:9™ 27.0™
Error 6n 298 497

Total 11

*p<0.05, **p<0.01, ***p<0.001

Table 7. Dominance, diversity, evenness and richness indices of
fungi in different samples at study sites

Sites Samples D i-D H E R
Site without Surface soil 0.0323 0.968 3.718 0.881 21.08
vegetation
Sub Surface 0.035 0.965 3.528 0.921 14.16
soil
Site with surface soil 0.032 0.968 3.744 0.869 23.28
Anacardium
plantation

Sub surface 0.0333 0.967 3.608 0.904 16.68
soil

D = Simpson dominance index, H = Shannon diversity index, E =
Evenness, R = Richness

DISCUSSION

Sandy soils have diverse physical, chemical and
biological constraints : poor structural stability, poor
nutrient holding capacity and low microbial
community (Peiri, 1992; Parotta, 1999; Szott et
al.,1999; Sall et al, 2003). In these soils organic
matter is the main determinant of fertility, nutrient
storage and microbial activities. It is the main source
of ecosystem energy and plays a major role on
soil plant relationship; especially in sand dunes
(Buresh and Tian, 1997;Feller and Beare, 1997,
Lavelle, 1997; Lavelle and spain, 2001; Diallo et
al., 2005). The colonization of fungi in diversified
habitats is of much significance as their secondary
metabolites are of much relevance to the human
welfare. The qualitative and quantitative differences
of microbial populations at two sites indicate that
surface vegetation as well as nutrient composition
influences microfungal populations of the soil.
Plantations are often linked to a strong increase in
the total soil organic matter content and soil
microorganisms of the sand dunes (Corre, 1991,
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Panda et al., 1996; Buresh and Tian, 1997; Manley
et al., 2000; Monoharachary et al., 2008).Thus in
this ecological context, stability of edaphic factors
is one of the important factors governing the activity
and diversity of fungi. Mycoflora differ in its
composition from an ecological niche to the others
as have been reported by Mohanty and Panda
(1994a)., Panda et al. (1996) and Moncharachary
et al. (2008). The correlation between the fungal
population and soil moisture and temperature was
reported by Behera et al. (1991), and Panda et al.
(2007). The pH and other factors proved
insignificant. The C/N ratio was inversely
proportional to the fungal numbers. The results are
in general agreement with some workers (Staff and
Bert,1982; Uma devi and Monoharachary, 1991;
Panda 2009). Marginal variations in pH at sites fail
to influence the fungal population due to its trifle
role (Panda et al., 1996; Mohanty and Panda,
1998). When we compare our results with those
reported in earlier studies on Casuarina population
density, we find fair agreement as far as fungal
numbers concerned, but the extent of numbers we
see is significantly higher than that reported
previously in Casuarina plantation (Monoharachary
et al., 2008; Panda, 2009).

Earlier reports have indicated that Aspergillus,
Penicillium and Trichoderma appeared abundantly
in soils (Rai and Kumar, 1988; Mohanty and Panda,
1994b; Panda et al., 2007). This may be due to the
faster growth rate of these fungi in addition to their
better intrinsic prolific sporulating capacity to utilize
the substrate.

It can be concluded from the present study that the
above ground vegetation in coastal sandy belt is
essential to maintain a productive environment to
enhance microbial growth. The nutrient status of
the sands can be enhanced either through
introduction of the predominant microbes isolated
from the present study biotechnologically or through
proper mixing of litter with sands by intermittent
ploughing or by the application of both.

REFERENCES

Bamnett, H.L. and Hunter, B.B. 1972. lllustrated genera of fungi
imperfecti. 3rd eds. Minneapolis: Burgess publishing Co.
Behera, N, Pati, D.P. and Basu, S., 1991. Ecological study of soil
micro fungi in a tropical forest soil of Orissa, India. Trop. ecol.
32(1):136-143

Buresh. R.J. and Tian, G. 1997. Soil improvement by trees in Sub-
Saharan Africa . Agrofor. Syst. 38 : 51-76.

Cowan, A. 2001. Fungi-life support for ecosytems. Essential ARB
4:1-5.



263

Corre, J.J. 1991. The sand dunes and their vegetation along the
Mediterranean coast of France. Their likely response to climate
change. Landscape Ecol. 6 (1and2) : 65-75.

Diallo, M.D., Guisse, A. , Niane, A.B.., and Chotte, J.L. 2005. In situ
effect of some tropical litters on N mineralization. Arid Land
Res. Manage. 19 : 1-9.

Ellis, M.B. 1971. Dematiaceous hypomycetes. Kew : Commonwealth
Agricultural Bureaux.

Ellis., M.B. 1976. More dematiaceous hypomycetes. Kew : Common-
wealth Agricultural Bureaux. :

Feller, C. and Beare,M.H. 1997. Physical control of soil organic
matter dynamics in the tropics. Geoderma 79: 69-116.

Gates, GM., Ratkowsky, D.A and Grove,S.J. 2005. Acomparison
of macrofungi in young silvicultural regenaration and mature
forest at the Warra LTER siet in the southern forests of
Tasmania. Tasforests 16 : 127-134.

Ganry, F., Feller,C., Harmand, J.M. and Guibert, H. 2001. The
management of soil organic matter in semi arid Africa for annual
cropping systems. Nut. Cyc. Agro-ecosyst. 61: 103-118.

Genry, A.H. 1998. Changes in plant community and floristic
comparison in environmental and geographic gradients.
Ann.Mo. Bot. Gard. 75 : 1-34.

Gilman, J.C. 1966. A manual of soil fungi. The lowa State University
Press, Ames lowa.

Jackson, M.L. 1967. Soil chemical analysis. Prentice Hall Pvt. Ltd.
New Delhi.

Krebs, C.J. 1989. Ecological methodology. Harper and Row
Publisher, New York.

Lavelle, P. 1997. Faunal activities and soil processes : adoptive
strategies that determine ecosystem function. In: Begon M &
Fitter A.H. (eds) Adv. Ecol. Res. 27: 93-132.

Lavelle, P. and Spain A.V. 2001. Soil Ecology. Kluwier Academic
Publishers, Dordrecht. The Netherlands, p 654.

Ludwig, J.A. and Reynolds, J.F. 1998. Stafistical Ecology. John
Willey, New York.

Manlay. R.J., Cadet, P., Thioulouse, J. and Chotte, J.L.. 2000.
Relationship between abiotic and biotic soil properties during
fallow periods in Sudanian zone of senegal. Appl. Soil Ecol.
14 :89-101.

Manoharachary, C., Sridhar, K., Singh, R., Adholeya, A ; Rawat, S.,
and Johri, B.N. 2005. Fungal biodiversity, distribution,
conservation, and prospecting of fungi from India. Curr. Sci.
89(1): 59-70.

Manocharachary, C., Mohan, K.C., Kunwar, LK., Reddy, S.V.
2008.Phospahate solubilizing fungi associated with Casuarina
equisetifolia. J. Mycol. Pl. Pathol. 38 (3) : 507-513.

Mohanty, R.B., Panda, T. and Pani, P.K. 1991. Seasonal variation
and distribution of microfungi in a tropical forest soil of south
Orissa. J. Ind. Bot. Soc. 70: 267-271.

Mohanty, R.B. and Panda, T. 1994a. Ecological studies of the soil
microfungi in a tropical forest of south Orissa in relation to
deforestation and cultivation. J. Ind. Bot. Soc. 73: 213-216.

On study of soil mycoflora in Coastal sand dunes

[J. Mycopathol. Res. :

Mohanty, R.B.. and Panda. T. 1994b. Sac fungi of a dwindling
forest soil ecosystem in south Orissa. India. J. Ind. Bot. Soc.
73: 351-352,

Monhanty, R.B. and Panda, T. 1998. Studies on the impact of
deforestation and cultivation on the incidence of sugar fungiin
a tropical forest soil of south Orissa, India. Trop.Ecol. 39(1):
149-150.

Nilima, S., Sadika, S. and Nanjundiah,V. 2007. Diversity of soil
fungi in a tropical deciduous forest in Mudumalai, Southern
India. Curr. Sci. 93(5): 669-677.

Panda, T. 2009. Diversity of sac fungi in coastal sand dunes of
Orissa, India. J. Mycol. PI. Pathol. 39(1): 94-98.

Panda, T., Mohanty, R.B. and Prasad, B.K. 1996. Soil fungi and
bacteria of coastal sand dunes of Orissa in relation to soil
respiration. J. Phytol. Res. 9(1) : 29-23.

Panda, T., Panda B. and Mishra, N. 2007. A comparative study of
Penicillia from soil, leaf, litter and air in a coastal sandy belt of
Orissa. J.Phytol. Res 20(2): 335-336.

Parrotta, J.A. 1999. Productivity, nutrient cycling and succession
in a single-and mixed-species plantations of Casuarina
equisetifolia. Eucalyptus robusta and Leucaena leucocephala
in Puerto Rice. For. Ecol. Manag. 124(1): 45-77.

Peiri, C. 1992. Fertility of soils : a future for farming in the west
African Savannah. Springer Series in Physical Environment,
Springer verlag, Berlin p 348.

Rai, B. and Kumar, A. 1988. Microbial decomposition of a forest leaf
litter as influence by certain edaphic factors. J. Ind. Bot. Soc.
67:18-26.

Sall, S.N., Masse, D., Reversat, F.B. ,Guisse, A. and Chotte, J.L.
2003. Microbial activities during the early stage of laboratory
decomposition of tropical leaf litters : the effect of interactions
between the litter quality and exogenous inorganic nitrogen.
Biol. Fert. Soils 39(2): 103-111

Sarbhoy, A.K. 1983. Advanced Mycology. Today and Tomorrow
Printers and Publishers, New Delhi.

Staff, H. and Bert. B. 1982. Accumulation and release of plant
nutrients in decomposing scots pine needle litter. Long term
decomposition in ascots pine forest Il. Can. J. Bot, 60 : 1561-
1568.

Subramanium, C.V. 1962. The classification of hyphomycetes. Bull.
Bot. Surv. Ind. 4 : 249-259.

Subramanium, C.V. 1971. Hypomycetes. An account of Indian
species, except Cercosporae. ICAR, New Delhi

Szott, L.T., Palm, C.A. and Buresh, R.J. 1999. Ecosystem fertility
and fallow function in the humid and subhumid tropics. Agrofor.
Sys. 47: 163-193.

Uma Devi, K and Mancharachary, C. 1991. Microbial decomposition
of scrub jungle forest leaf litter.. J. Ind. Bot. Soc. 70: 157-162.

Waksman, S.A. 1927. Principles of soil microbiology. williams
and Willikins Co. Baltimore, P 897.

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




