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Being a key process in nutrient and carbon cycling in coastal ecosystems, decomposition of litter in
coastal sand dunes of Orissa was studied in relation to abiotic and biotic factors. Microbial isolation
was performed using standard procedures and decomposition of leaf litter was studied using litter bag
technique. Higher microbial populations were encountered in soil with cashew plantations compared to
barren sand dunes, corresponding with the fluctuation of prevailing temperature and moisture. Micro-
fungi of both soils showed a positive correlation with soil moisture but were negatively correlated with
soil temperature. A total of 129 species of fungi belonging to 68 genera were enumerated of which sand
dune with cashew plantation had a share of 45 genera, 114 spp. and barren sand dune contributed 51
genera and 112 spp. Sand dune without vegetation revealed 32 restricted spp. while Anacardium
plantation soil revealed 34 spp. Trichoderma, Aspergillus and Penicillium are predominant occurrence
and have been found to be effective decomposers in the present study. Rates of litter loss and carbon
dioxide output followed the same trends as the fungal nhumbers. Shannon- Wiener index and richness
were higher in soil with Anacardium plantation than the barren sand dune. Maximum fungal population
density was observed in the rainy season followed by winter and summer months. The rate of
decomposition was controlled by rainfall, soil temperature, soil moisture, relative humidity and fungal
count of soil. This research will help in monitoring the isolation, successful introduction and
management of decomposing fungi and their importance in ecosystem service could be a valuable tool
for understanding the long term effects of changes in soil condition of the forest floors in coastal sand
dunes of Orissa, India.
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INTRODUCTION

Orissa, one of the eastern coastal states of India has 480
km long barren coast line of sand dunes. Presently,
monoculture plantations of Casuarina equisetifolia L. in
the outer belt and Anacardium occidentale L. in the inner

*Corresponding author. E-mail: taranisenpanda@yahoo.co.in.

belt have been created along coastline to prevent wind
blast and erosion of sand dunes. Although, it has solved
the problem to some extent, but the litter decomposition
dynamics of Anacardium species is yet to be studied.
Plant litter decomposition is considered as complex and
important factor in controlling both vegetation structure
(Liu et al., 2004) and ecosystem function (Xiong and
Nilsson, 1999). In particular, litter decomposition plays an
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important role in nutrient cycling and organic matter
turnover within ecosystems (Smith and Bradford, 2003)
and is important determinant for maintaining the
biosphere; it also performs unique and indispensable
activities on which larger organisms including humans
depend.

However, the rate of decomposition is influenced by
environmental factors and also by physico-chemical
properties of leaves of the species studied and decom-
posing organisms present in the soil (Vesterdal, 1999;
Wedderburn and Carter, 1999; Smith and Bradford,
2003). Detritus decomposition also encompasses interac-
tions among many types of organisms and environmental
variables (Reshi and Tyub, 2006), each effecting quality
of the litter as a substrate for the subsequent decom-
posers (Berg et al.,, 2003). Such an understanding has
been largely obtained from litter decomposition studies of
natural forests and grasslands (Malaisse et al., 1975;
Swift et al., 1981; Bargali et al., 1993; Joshi et al., 1993;
Singh et al., 1993; Gartner and Cardon, 2004; Singh et
al., 2004; Tyub and Reshi, 2008). Not withstanding this
importance, very few attempts have been made to study
the decomposition of manmade ecosystems in coastal
sand dunes (Panda, 2010).

Hence, the present study examines the decomposition
rate using litter bag technique in coastal sand dunes of
Orissa, India. Besides, relationship between litter mass
loss and biotic and abiotic factors such as microbial com-
munity structure and different groups of microbes, the
effects of plantation on occurrence, distribution, diversity
and succession of micro flora, soil respiration rate, soil
temperature and soil moisture, were worked out for better
understanding and management of the important process
of litter decomposition in coastal sand dunes.

MATERIALS AND METHODS

The study site covered 65km of coastline along the Bay of Bengal
at 6 to 8 m elevation above mean sea level in Ganjam district of
Orissa with geographical position of 19°15'N and 84°50'E. The
climate of the region is monsoonic and maritime. Air temperature
ranges from 37°C in summer to 13°C in winter with an annual
average rainfall of approximately 130 cm. The soil structure is
coarse and varies from very fine sand (0.05 cm) to small pebbles
(1.5 cm). The soil profile is aeolin and geogentic in character
(Panda, 1998). The height of the planted A. occidentale trees
ranged from 2.57 m to 3.28 m with diameter from 16.8 to 21.2 cm at
breast height. The planted stand age was 6 to 8 years old with an
average density of 700 trees/ha.

Some of the unproductive uplands and coastal sand dunes in this
region were extensively covered by C. equisetifolia and Cashew (A.
occidentale) plants. Cashew plantation at the inner belt of the site
covered an area about 1500 h extending 4 to 5 km with a width of
250 to 450 m including Casuarina plantation of 30 to 40 rows
covering 15 to 20 m along the coast of the sea (in the outer belt of
the site) that form a shelter belt cum wind break vegetation. A.
occidentale is one of the most popular farm forestry trees in the
coastal lands of Orissa.

Two sites each of about one hectare were selected for the

present investigation for a period of two years. First site was with 6
to 8 years old plantation of A. occidentale without any undergrowth
and the second site was a big patch of sand dune situated adjacent
to Anacardium plantation comprising few grasses only. Soil
samples in triplicate were collected randomly from two sites in
sterilized test tubes at monthly intervals by inserting sterile glass
tubes at selected point at a depth of 0.3 cm for microbial analysis.
Each tube was allowed to contain 10 to 15 g soil and stoppered
tightly.

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 isolation of
microbes. The fungi were isolated by dilution plate (Waksman,
1927) and soil plate (Warcup, 1950) techniques using potato
dextrose agar medium. Fungi were identified according to Sarabhoy
(1983). Soil moisture was measured by oven dry method and soil
temperature by using a soil thermometer. Soil metabolism was
studied by the alkali absorption method (Witcamp, 1966). Litter bag
technique was used to measure decomposition of leaf litter. Freshly
collected litter (only leaves) weighing 40 g were taken in nylon cloth
bags (25 x 25 cm, 0.25 mm mesh size) and were placed in the field
at both sites. Total of 80 bags were placed in the study plots at
each site of which three bags were removed at monthly intervals.
The bags were carefully tapered to remove adhering soil particles.
Its contents were oven dried at 80°C and weighed. Rates of litter
loss were determined by the percent remaining of the original. The
dry weight of litter on successive sampling dates was used to study
the kinetics of litter decay using single negative exponential model
(Olson, 1963):

(Mo/My) =e™

Where, My is the initial mass of the litter and M, is the litter mass
remaining at time (t days), k represents the rate constant at which
litter is disappearing.

Data analysis

The following indices of diversity were calculated based on species
level identification (Krebs, 1989; Ludwig and Reynolds, 1988).

Shannon —Wiener index H=-X7_ PilnPi

Where P1 is the proportion of the individual found in the i" species,
In denotes natural logarithm and H is the Shannon —Wiener index.

Simpson’s index D = 33;_o(PI}

Where P1 is the proportion of the individual found in the i species
and D Simpson’s index.

Evenness index (E) = H/lns

Where H is the Shannon —Wiener index of diversity, S total number
of species and [71 is the natural logarithm.

Jacquard’s index Sap= Sas/ (Sa+Ss - Sag)

Where Sag is the number of species shared by two locations (A
and B), Sa the total number of species in location A and Sg the
total number of species in location B. Sg, is the extent of similarity
between the species in location A and B.
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Table 1. Decomposition of litter with biotic and abiotic variables (Meant standard error) in coastal habitat of Orissa.

. . Rainy Winter Summer 1% Rainy Winter Summer
Variable Soil type 15 yr 1% yr Yr 2" vr 2" vr 2" vr
Litter loss (g) Soil A 1.96 £ 0.67 1.26 £ 0.4 0.59 +0.45 1.78 £ 0.41 0.81 £0.21 0.47 £ 0.05

Soil B 0.92 +0.25 0.68 £ 0.07 0.37 £0.03 0.78 £0.15 0.69 £0.11 0.34 £ 0.045
% weight Soil A 90.9 +4.07 709+14 63.9+0.9 52.6 +3.4 38.6+1.2 32.9510.74
remaining Soil B 955+1.8 86.2+1.0 81.6 +0.58 76.2+1.45 67.8 £0.95 63.3 +0.49
K value x10° Soil A 178 £ 0.001 139 £ 0.0008 76 £0.001 279 £0.001 165+0.0003 116 £0.0001
Soil B 79 +0.0005 63 +0.0001 38 £0.002 83 +£0.0003 81 +0.0002 40 +0.0001
Fungal numbers Soil A 74 £9.7 7314.0 53+5.1 72+8.5 69+1.5 50£4.0
(cfu/g dry soil) Soil B 61575 57557 435+5.0 61+5.8 57.5+6.3 40.3 £ 5.1
Soil Soil A 30.4 £0.65 26.5+0.62 325+ 1.64 30.5+0.8 27.1+0.72 33.5£1.41
temperature(°C) Soil B 34+0.5 32.2+0.19 36.4+15 33.3+0.52 32+0.15 36.9+1.8
Soil moisture (%) Soil A 2.1 £0.56 1.14 £0.54 0.72+0.18 2.05+0.42 0.89+0.28 0.68 +0.16
Soil B 1.17 £0.21 0.62+0.17 0.2 £0.035 1.3+0.27 0.61+0.14 0.29 + 0.1
Relative humidity Soil A 82 +1.48 77.3+2.06 72.8+3.8 86.8 + 1.1 77.8+1.5 62.5 + 3.06
(%) Soil B 79315 67.3+35 71.3+28 825+29 70+1.8 553 +1.7
Rainfall(mm) Soil A 190.3 + 67 111.1 £ 151 36.4 +29.7 195 +£96.3 87.93 124 20.6 +12.9
Soil B 190.3 £ 67 111.1 £ 151 36.4 +29.7 195+ 96.3 87.93+124 20.6 +12.9
Respiration (mg of Soil A 218 £13 163 £ 14 155 + 14 230+75 206 £3.8 139 £ 16.5
CO2m?hr’) Soil B 135+12.5 106 £ 18.5 85+25 123 +£10.0 127 £5.5 90+74

Richness index (Margalef, 1963) R =S-1/lnN

Where S is the total number of species and N is the sampling
number.

RESULTS AND DISCUSSION

Because of the similar process of succession, coastal
sandy belts throughout the globe are structurally
similar.But they differ in several functional properties like
biomass production, cycling of matter, productivity, litter
fall, and litter decomposition. Coastal sandy soils have
poor structural stability, low microbial community and
poor nutrient holding capacity (Parrotta, 1999; Sall et al.,
2003). Organic matter decomposition is the main source
of ecosystem energy in these soils and plays a major role
on soil plant relationship (Lavelle and Spain, 2001; Diallo
et al., 2005). Soil moisture and total fungal numbers were
significantly higher in site A than in site B (Table 1). Micro
fungi of both soils show positive correlation with soil
moisture but are negatively correlated with soil

temperature (Soil A moisture r=+ 0.767 p < 0.001,
temperature r= -0.643 p < 0.001; Soil B moisture r=+
0.822 p < 0.001; temperature r= - 0.737 p < 0.001).
Plantations are often linked to a strong increase of soil
microorganisms of the sand dunes (Manlay et al., 2000;
Panda, 2009). The qualitative and quantitative
differences of microbial populations at two sites indicate
that surface vegetation as well as abiotic factors
influences micro fungal inhabitants of the soil.

The result of the present study revealed that the mass
loss of litter occurred exponentially with time. During
present investigation striking differences in decom-
position rate was recorded between the two soil types.
Maximum decomposition was at Cashew plantation and
minimum at sand dunes (Table 1). Maximum decom-
position has been recorded during rainy followed by
winter and summer months both in plantations and sand
dunes (Pant and Tiwari, 1992; Manlay et al., 2004). The
high rate of decomposition in rainy season attributed to
the suitable moisture, rainfall and micro-fungal popu-
lation. Similar observations have also been made earlier
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Table 2. Pearson’s correlation matrix of litter loss (g) with different biotic and abiotic variable in coastal habitat of Orissa.

. Soil Soil . . Fungal Relative Rainfall Respiration
Variable type temperature Soil moisture Number Humidity K value
Litter Soil A -0.223 +0.913*** +0.837*** +0.573** +0.518** + 0.544* +0.865***
loss Soil B -0.555** +858** +0.882*** +0.412* +0.605** +0.837*** +0.952***

Significant level at * P<0.05, **P<0.01, *** P<0.001

(Singh and Joshi, 1982; Osborne and Maucauley, 1988;
Okeke and Omaliko, 1992; Wedderburn and Carter,
1999; Sarjubala and Yadav, 2007). Much lower rate of
decomposition during summer may be due to paucity of
soil water and low microbial load resulting from low
rainfall (Austin and Vitosek, 2000). The mass remaining
in litter bags decreased with time in both the sites. In
case of soil with Anacardium plantation, percent mass
remaining was 32.95% (Table 1) and in case of sand
dune it was 63.3% (Table 1). Percent weight remaining of
two sites differed significantly (t test 2.59< p 0.05). The
correlation matrix between loss of leaf litter in gram and
measured biotic and abiotic variables during different
months was significantly correlated with fungal numbers,
rainfall, soil moisture, soil respiration rate, k value and
relative humidity but negatively correlated with
temperature (Table 2).

A distinct pattern of fungal community structure was
observed in both the samples during the study period. A
total of 129 species of fungi belonging to 68 genera were
enumerated of which sand dune with Cashew plantation
had a share of 45 genera, 114 spp. and barren sand
dune contributed 51 genera and 112 spp. Sand dune
without vegetation revealed 32 restricted spp. while
Anacardium plantation soil revealed 34 spp. Eighty fungal
species were detected common to site without vegetation
or with Anacardium plantation. The percentage composi-
tion and rank abundances of different fungal species
fluctuated in both the soil types (Table 3). Trichoderma,
Aspergillus and Penicillium are predominant occurrence
and have been found to beeffective decomposers in the
present study. Such an observation draws support from
the studies of Chapin et al. (2002), Osono and Takeda
(2002), and Panda (2010). They stated that fungi are the
main ecosystem engineers of terrestrial dead plant
material and the same holds true for the present
observation as well because the rate of decomposition
correlates well with total number of colony forming units.
Other studies also revealed predominance of these fungi
in various Indian soils (Rai and Kumar, 1988; Panda et
al., 2007, 2008).

The extent of decomposition (% weight remaining) in
the present study (Figure 1) is significantly lower than
that reported previously (Pandey, 1986; Mamtaz et al.,
1991; Singh et al., 1993; Panda 2010). It is because of
low microbial load of the soil (Table 1). The value of k

(Table 1) determined in the present study is in well
agreement with Das and Ramakrishna (1985). Shannon's
diversity index is reasonably high correspondingly the
dominance value is low (Table 4). The D value and H
value in soil A indicates many species with maximum
diversity. The evenness index varies from 0.869 to 0.881
an indication that species were fairly evenly distributed.
The soil A, have the highest species richness where as
soil B shows lowest richness (Table 4). Mycoflora of
plantation soil was found to be richer than the soil without
plantation (Similarity index value 0.55). Many studies
have reported an increase in rate of weight loss in
relation to temperature soil/air, soil moisture, microbial
load and rainfall (Gupta and Lekha, 1989; Pant and
Tiwari, 1992; Cortez, 1998; Neher, 1999; present study)
but none had paid heed the importance of relative
humidity during decomposition process. However, in the
present study significant correlation between litter loss
and relative humidity indicates its role in decomposition
process. Carbon dioxide output (Table 1) showed similar
trends of fluctuation that closely followed those of the
fungal numbers (Soil A r=+ 0.599 p<0.01; Soil B r= +
0.861 p<0.001) and rate of decomposition (Soil A r=+
0.544 p<0.01; Soil B r= + 0.837 p<0.001). It is similar to
the findings of Behera and Pati (1986), Panda et al.
(1996) and Panda (2010). The slow rate of carbon
dioxide evolution and decomposition at site A might be
due to low moisture, high temperature and with low
microbial population in comparison to site B.

The results of our study in coastal sand dunes of
Orissa demonstrate the importance of plant litter
decomposition and soil microorganisms in controlling the
biological soil properties. The present investigation
clearly brings out that the plantation significantly
influences the rate of decomposition in coastal sand
dunes and soil fungi are the dominant decomposers.
Besides, soil moisture and relative humidity are the
important predictors of the decomposition of A.
occidentale litter. Thus, vegetation cover of the sand
dunes should be protected for proper management of the
biodiversity in Orissan coastal belts. This research will
help in monitoring and management of decomposing
fungi and their importance in ecosystem service could be
a valuable tool for understanding the long-term effects of
changes in soil condition of the forest floors in coastal
sand dunes of Orissa, India.
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Table 3. Percentage contribution and ranks of some dominant fungi isolated from coastal habitat of Orissa.

83

Soil with Anacardium plantation(Soil A)

Soil without vegetation(Soil B)

Fungi No. of colony % Rank No. of colony % Rank
Absidia butleri 45 5.32 4 14 1.99 21
A. glauca 23 2.72 10 - - -
A. spinosa 17 2.01 20 - - -
Alternaria alternata - - - 13 1.85 22
Aspergillus awamori 57 6.74 1 56 7.98 1
A. flavus 24 2.84 9 24 3.2 8
A. fonsecaceus 21 2.48 11 - - -
A. fumigatus 25 2.96 8 28 3.99 6
A. luchuensis 18 2.13 16 18 2.56 14
A. niger 49 5.79 3 43 6.12 2
A. terreus 16 1.89 21 19 2.71 13
Chaetomium homopilatum 14 1.66 25 22 3.13 10
C.murorum 13 1.54 27 - - -
Cladosporium cladosporoides 20 2.36 12 18 2.56 15
C. oxysporum 16 1.89 22 15 2.14 19
Curvularia eragrostidis - - - 27 3.85 7
C. lunata 15 1.77 23 17 2.42 16
C.pallescens - - - 12 1.71 23
Drechslera australiensis - - - 16 2.28 17
Fusarium species 20 2.36 13 16 2.28 18
Mucor species 13 1.66 26 - - -
Penicillium citrinum 44 5.2 5 30 4.27 4
P.javanicum 32 3.78 7 39 5.56 3
P.minio-leuteum 19 2.25 15 22 3.13 11
P. nigricans 18 213 17 11 1.57 24
P. oxalicum 15 1.77 24 20 2.85 12
P. rubrum 18 213 18 15 2.14 20
P.rugulosum 19 2.25 14 - - -
P. verruculosum 52 6.15 2 30 4.27 5
Rhizopus nigricans 18 2.13 19 - - -
Trichoderma viride 44 5.2 6 23 3.28 9
120 +
100 -

2 g0 - ¢ Sand dune with Cashew

= plantation

% 60 - B Sand dune

_'S, 40 1 ——Linear (Sand dune with

g Cashew plantation)

2 20 -
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0 200 400 600 800
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Figure 1. Percentage weight remaining with time (days) in coastal habitat of Orissa.
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Table 4. Dominance, diversity, evenness and richness indices of fungi in coastal habitat of Orissa.

Sites D 1-D H E R
Site without vegetation 0.0323 0.968 3.718 0.881 21.08
Site with Anacardium plantation 0.032 0.968 3.744 0.869 23.28

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

REFERENCES

Austin AT, Vitosek PM (2000). Precipitation, decomposition and
decomposability of Metrosideros polymorpha in active forest of
Hawaii. J. Ecol., 88: 129-138.

Bargali SS, Singh SP, Singh RP (1993). Pattern of weight loss and
nutrient release from decomposing leaf litter in an age series of
eucalyptus plantations. Soil Biol. Biochem., 25: 1731-1738.

Berg B, De Santo AV, Rutigliano FA, Fierro A, Ekbohm G (2003).Limit
values for plant litter decomposing in two contrasting soils.:Influence
of litter elemental composition.Acta Oecologia, 24: 295-302.

Behera N, Pati DP (1986).Carbon budget of protected tropical grassland
with reference to primary production and total soil respiration. Revue
D’Ecologie Et De Biologie Du Sol., 23(2): 167-181.

Chapin FS, Matson PA, Mooney HA (2002).Principles of terrestrial
ecosystem ecology. Springer Verlag, NewYork.

Cortez J (1998). Field decomposition of leaf litters: Relationship
between decomposition rates and soil moisture, soil temperature
and earthworm activity. Soil Biol. Biochem., 30: 783-793.

Das AK, Ramkrishanann PS (1985). Litter dynamics in Khasi Pine
(Pinus kesiya Royle ex Gordon) of North East India. For. Ecol.
Manage., 10: 135-153.

Diallo MD, Guisse A, Niane AB, Sall S, Chotte JL (2005). In situ effect
of some tropical litters on N mineralization. Arid Land Res. Manage.,
19:1-9.

Gartner TB, Cardon ZG (2004).Decomposition dynamics in a mixed
species leaf litter. Oikos, 104: 230-246.

Gupta SR, Lekha A (1989).Decomposition and carbon turn over in
grassland, forest and agricultural systems in a dry subhumid
regions.p 131-168. In: J. S. Singh and Gopal B (Eds) Perspectives
in ecology.Jagmander Book Agency, New Delhi.

Joshi SR, Sharma GD, Mishra RR (1993). Microbial enzyme activities
related to litter decomposition near a highway in a subtropical forest
of northeast India. Soil Biol. Biochem., 25: 304-306.

Krebs CJ (1989).Ecological methodology. New York: Harper and Row
Publisher.

Lavelle P, Spain AV. (2001). Soil Ecology. Dordrecht, The Netherlands:
Kluwier Academic Publishers, p. 654.

Liu C, Westman CJ, Berg B, Kutsch W (2004).Variation in litterfall
climate relationships between coniferous and broadleaf forests in
Eurasia. Global Ecol. Biogeogr., 13:105-114.

Ludwig JA, Reynolds JF (1988).Statistical Ecology. New York: John
Willey. pp. 85-143.

Malaisse F, Goffinet R, Mousset MM (1975).Litter fall and litter
breakdown in Maimbo. Tropical Ecological Systems. In: Golly FB
and Medina E, eds. Trends in terrestrial and aquatic research.
Springer New York, pp. 137-152.

Mamtaz S, Har DK, Mishra RR (1991).Decomposition of maize (Zea
mays |) crop residues. J. Indian Bototacal Society. 70: 135-138.
Manlay RJ, Cadet P, Thioulouse J, Chotte JL (2000). Relationship
between abiotic and biotic soil properties during fallow periods in

Sudanian zone of Senegal. Appl. Soil Ecol., 14: 89-101.

Manlay RJ, Masse D, Chevallier T, Smith AR, Friot D, Feller C (2004).
Post fallow decomposition of woody roots in the Western African
Savanna. Plant Soil, 260: 123-136.

Margalef R (1963).0On certain unifying principles in ecology. Am. Natl.,
97: 357-374.

Neher DA (1999). Soil community composition and ecosystem
processes. Comparing agricultural ecosystems with natural

ecosystems. Agroforestry Esytems. 45: 159-185.

Okeke Al, Omaliko CPE (1992). Leaf litter decomposition and carbon
dioxide evolution of some agro forestry fallow species in southern
Nigeria. For. Ecol. Manage., 50: 103-116.

Olson JS (1963).Energy storage and the balance of producers and
decomposers in ecological systems. Ecol. 44:322-331

Osborne JL, Macauley BJ (1988).Decomposition of Eucalyptus leaf
litter. Influence of seasonal variation in temperature and moisture
conditions. Soil Biol. Biochem., 20: 369-375.

Osono T, Takeda H (2002).Comparison of litter decomposing ability
among diverse fungi in a cool temperate deciduous forest in Japan.
Mycologia, 94: 421-427.

Panda T (1998).Study of microfungi and bacteria of coastal sand dunes
of Orissa stabilized with uniculture plantation of Casuarina. Ph.D.
Thesis, Magadh University, Bodh-Gaya, India. p. 18.

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

Panda T (2010).Role of fungi in relation to litter decomposition
associated with Casuarina equisetifolia L. in coastal sand dunes,
Orissa, India. Int. J. Biodiversity Management Ecosystem Services
and Sci. (In Press).

Panda T, Mohanty RB, Prasad BK (1996). Soil fungi and bacteria of
coastal sand dunes of Orissa in relation to soil respiration. J. Bihar
Bot. Society, 5(1-2): 11-15.

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

Panda T, Mishra N, Pradhan FC (2008). Distribution of Aspergilli in
early stages of succession in coastal sand dunes of Orissa J.
Phytol. Res., 21(2):289-291.

Pant SC, Tiwari SC (1992). Litter fall and litter decomposition in a
Montake Oak forest of Garhwal Himalaya. Trop. Ecolol., 33: 103-
109.

Pandey PK (1986) Litter production and decomposition, mineral release
and biochemical diversity of four forest stands (Shorea
robusta, Tectona grandis, Eucalyptus sp. and Pinus roxburghii) at
FRI demonstration area. Ph. D Thesis Garhwal University, Srinagar.

Parrotta JA (1999). Productivity, nutrient cycling and succession in
single- and mixed-species plantations of Casuarina equisetifolia,
Eucalyptus robusta and Leucaena leucocephala in Puerto Rico.
Forest Ecol. Manage., 124(1): 45-77.

Rai B, Kumar A (1988). Microbial decomposition of a forest leaf litter as
influence by certain edaphic factors. J. Indian Bot. Society, 67: 18-
26.

Reshi Z, Tyub S. (2006).Detritus and decomposition in ecosystems.New
India Publishing Agency, New Delhi.

Sall SN, Masse D, Reversat FB, Guisse A, Chotte JL. (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. Fertility Soils, 39(2): 103-
111.

Sarabhoy AK (1983). Advanced Mycology. New Delhi: Today and
Tomorrow Printers and Publishers.

Sarjubala AD, Yadava PS (2007).Wood and leaf litter decomposition of
Dipterocarpus tuberculatus Roxb. in a tropical deciduous forest of
Manipur, North East India. Curr. Sci., 93(2): 243-246.

Singh O, Sharma DC, Rawat JK (1993). Production and decomposition
of leaf litter in Sal, Teak, Eucalyptus and Polar forests in Uttar
Pradesh. Indian Forester, 119: 112-12.



Singh R, Joshi MC (1982). Studies on decomposition of root and litter
materials in sand dune regions of Narhar near Pilani, Rajasthan.
Annals Arid Zone, 21(3): 157-161.

Singh RK, Dutta RK, Agarwal M (2004). Litter decomposition and
nutrient release in relation to atmospheric deposition of S and N in a
dry tropical region. Pedobiologia, 48: 305-311.

Smith VC, Bradford MA (2003). Litter quality impacts on grassland
decomposition are differently dependent on soil fauna across time.
Applied Soil Ecol., 24: 197-203

Swift S, Russell A, Perfect TJ (1981). Decomposition and mineral
nutrient dynamics of plant litter in a regenerating bush-fallow in sub-
humid tropical Nigeria. J. Ecol., 69: 981-995.

Tyub S, Reshi Z (2006).Decomposition of mixed litter in a Kashmir
Himalayan grassland. Int. J. Ecol. Environ. Sci., 34(1): 19-28.

Panda et al. 85

Vesterdal L (1999). Influence of soil type on mass loss and
nutrientrelease from decomposing foliage litter of beech and Norway
spruce. Canadian J. For. Res., 29: 95-105.

Waksman SA (1927). Principles of soil microbiology. Baltimore:
Williams and Willikins Co. p. 897.

Warcup JH (1950). The soil plate method for isolation of fungi from soil.
Nature, 166: 117-118.

Wedderburn ME, Carter J (1999). Litter decomposition of four tree types
for use in Silvipastoras systems. Soil Biol. Biochem., 31: 455-461.
Witcamp M (1966). Rate of CO. evolution from the forest floor. Ecology.

47:492-494.

Xiong S, Nilsson C (1999).The effect of plant litter on vegetation: a meta

analysis, J. Ecol., 87: 984-994.



