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Soil is a dynamic living in which the biological activity is mostly regulated by microorganisms.
Besides others, soil fungi play an important role as major decomposers in the soil ecosystem.
Many soil fungi are biological control agents for plant pathogens and insect pests. ln Uttarakhand
Himalaya there has been a very little research regarding microfungi in general and soil micro-
lungi in particular. Therefore, the present communication attempts at providing intormation on
the composition, dominance and diversity of soil microfungi in some grazinglands of Doon
Valley ol Uttarakhand Himalaya. Four grazinglands viz, Chakrata (CHK), Lakhamandal (LKH),
Sahiya (SAH) and Bhadraj (BHD) were selected to isolate the soil fungal diversity. Each
grazingland was repeatedly surveyed seasonwise to collect soil samples to observe the impact
of seasons on richness and diversity ol soil microfungi. ln addition, soil from different depths
viz.,0 cm (surface soil),0-5 cm,5-10 cm, 10-15 cm, 15-20 cm, and 20-25 cm were also
analysed to explore the distribution of these lungi at different depths. A total of 34 species
belonging to 16 genera were isolaled lrom grazingland soils. During the investigation,
Deuteromycetes dominated the soil mycoflora with 9 genera and 24 species. Ascomycetes and
Zygomycetes both were represented by 3 genera and 5 species. Oomycetes was monotypic
with one genus. Highest number of species were recorded during winter season followed by
rainy season. Surface soils were generally rich in mycoflora as compared to deeper profiles.

Some species were recorded throughout the year, some appeared only after distinct seasonal
interruption while others were season specific. Alternaria alternata and Mucorsp. encountered
most commonly in all seasons and soils indicating the wider ecologlcal amplitude of these
species. Shannon-Wiever index of species diversity ranged from '1.96 to 2.54 for CHK, 1.97 lo
2.76lot LKH, 2.12 lo 2.74Iat BHD and 1 .94 to 2.69 for SAH grazinglands. Simpson's index of
diversity for soil mycoflora also showed the identical trend i.e. BHD?LKH>SAH>CHK. Highest
similarily (98.4%) was observed between CHK and LKH and lowest (93.7%) between CHK and
BHD,
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INTRODUCTION

Soil is a complex and.dynamic environment in
which the biological activity is mostly governed by
microorganisms. The beneficial effects of soil mi-

croorganisms are manifold and range from nitro-
gen-fixation and organic malter decomposition to
breakdown of metabolic by-products and agro-
chemical, enhancing the bioavailability of nitrates,
sulphate, phosphates and essential metals (Bridge
and Spooner, 2001).

**gulerisaurabh26 
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are associated in the soil are known as soilborne
fungi. Fungi are an important component of the
soil microbiota typically constituting more of the soil
biomass than bacteria, depending on soil depth
and nutrient conditions (Ainsworth and Bisby,
1995). The distribution ol these organisms is influ-
enced by the abundance and nature of the organic
content of the soil as well as by other soil and cli-
matic conditions, surface vegetation and soil tex-
ture (Marschner et al., 2OO3).

Soil fungi play an important role as major decom-
posers in the soil ecosystem. Besides, they also
provide mankind with very useful pharmaceutical
products, such as antibiotics and other valuable
substances, including organic acids, enzymes, pig-
ments and secondary metabolites used in the food
industry and fermentation. ln addition, many soil
fungi are biological control agents for plant patho-
gens and insect pests. On the olher hand, some
of them are very harmful causing lood spoilage
and diseases to plants, animals and humans with
significant economic losses and produce mycotox-
ins in certain products (Pongsatorn et. al.,2O1Ol.

IJ. Mycopathol. Res. :

MATERIALS AND METHODS

Study site

The study was carried out in the Doon Valley oI
Uttarakhand Himalaya (77"45? 10 78"15?E longi-
tude and 30"00? to 30'35?N latitude) (Fig 1). The
valley lies between the West Himalayan mountain
in the North and the Shiwalik range running paral-

lei to it in the South at a mean altitude of 485m.
Four grazinglands namely Chakrata (CHK),
Lakhamandal (LKH), Sahiya (SAH) and Bhadraj
(BHD) were selected to explore the soil microlungal
diversity. The climate is characterized by a delighl-
ful cold weather, hot summers lollowed by rainy
season. The grazinglands were repeatedly sur-
veyed seasonwise viz., winlea, summer and rainy
to analyse the impact of different seasons on the
dominance and diversity of soil microfungi.

Collection of soil samples

Soil samples were collected from different
grazinglands during different seasons of the study
period (2008-2009). For the collection of soil
samples a soil profile was randomly selected and
the surface of the profile was cleaned (Brown, 1958)
in order to avoid exlra contamination. Soils ol dif
lerent depths viz., O cm (Surface soil), 0-5 cm, 5-
10 cm, 10-15 cm, 15-20 cm and 20-25 cm were
taken aseptically wlth the help of sterilized steel
tube. Five to six such cores of soil samples were
collected randomly. The soil of each different depth
was mixed with the soil ot same depth of different
cores of a spot to make composite samples. ln the
field sampling for the isolation ol soil microfungi,
six composite samples during summer, six during
rainy and six during winter were collected from
each of the grazingland ecosystem. As such, a to-
tal of 72 soil samples were collected from the lour
grazinglands during the investigation. Samples
were kept in the sterile bottles and brought to labo-
ratory for the isolation and study of soil microlungl
alongwith the analysis of physico-chemical prop:..

erties of soil.

Soil analysis

The soil pH was determined by using digital pH
meter (model 153 P, Toshon, lndia). Moisture con-
tent of soil samples was calculated by oven drying

Waksman (1916) has been the f irst to demonslrate
that the soil is truly a dynamic ecological habitat
with an active complex of fungal populations. Since
then numerous workers all over the world have
investigated the fungal flora of various types of
soils. Among the recent contribulions include the
work of Marschner (2003), Dong et al. {2OOa),
Gleason et a/. (2004), Song et al. (2004), Yu et al.
(2007), etc. ln lndia appreciable work has been
done by various workers from different places
(Saksena and Sarbhoy, 1963; Dwivedi, 1966;
Rama Rao, 1970; l\/anoharachary, 1 977; Bilgrami
1979, 1981;Behera and N4ukerji,'1985; Giri et. al.,
2005; Rane and Gandhe,2006; Saravanakumar
and Kaviyarasan, 2010).

With reference to Uttarakhand Himalaya there has
been a very little research regarding microfungi in
general and soil microfungi in particular (Guleri efal.
2010; 201'1; Bhandari et al.2012). Therefore, con-
sidering the importance of microfungi in dynamic,
living and complex soil systems coupled with pau-
city oi intormation, the present investigation has
been undertaken to study the seasonal behaviour
of soil microfungi in different grazinglands of Doon
Valley of Uttarakhand Himalaya.

On seasonal variation ol soil microfungi
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RESULTS

Analysis of soil parafieters

Table 1 indicates that organic content of all soil
samples taken from grazinglands varied greatly
lrom 0.18 to 0.81% between differenl sites. The
pH varied from 6.04+0.84 to 8.35a'1 .98 in sum-
mers, 5.64+1 .83 to 7.14t1 .44 in winters and
5.46+0.77 to 8.57i2.16 in rainy season. The mois-
ture content of the soil samples ranged from
5.64+.1 .41'/. lo 7.92t0.85/" in summer, 7.0r0.547"
to 9.3610.50% in winter and 8.61r0.57% to
11 .3522.427" in rainy season. Soil texture was loam
lo sandy-loam except in Bhadraj (BHD) where it
was clayey-loam.

Soil fungat divetsity

Table 2 shows the fungal classes, seasonal varia-
tions in species richness and number of colohies
with percentage contribution of individual species
and the periodicity of occurrence ol soil fungi at
different grazingland sites. lt is evident that a total
of 1,178 colonies of soil fungi belonging to 16 gen-
era and 34 species were isolated during different
seasons. Deuteromycetes was the dominant class
with I genera and 24 species. Zygomycetes and
Ascomycetes both were represented by 3 genera
and 5 species. Oomycetes was monotypic with
single genus i.e. Pythium sp.

the soil and determining the weight loss (Garrett,
1963). Organic carbon was determined using stan-
dard method (Hooda and Kaur, 1999), and the tex-
ture was determined by sieving and weighing
method (Piper, 1944).

lsolation ot soil mycoflora

The soil microlungi were isolated by Soil Dilulion
(Waksman and Fred, 1992) and Soil Plate Method
(Warcup, .1950) using different media viz., Polalo
Dextrose Agar (PDA), Czapek's Dox Agar (CDA)
and lt/alt Extract Agar (MEA). Pure cultures of the
fungi were obtained by single spore culture and
sometimes by hyphal isolation methods (Warcup,
1955a). Identifications were confirmed by micro-
scopic analysis using taxonomic guides, standard
procedures and other relevant literature (Raper
and Fennell, 1965; Ellis, 1971; Moubasher, 1993;
Barnett and Hunter, 1998; Gllman, 2001 ). Rare
genera like Aspergillus awamori (NFCCI 2216\ and
Mucor racemosus (NFCCI 2217) were deposited
in National Fungal Culture Collection Centre of ln-
dia- Agharkar Research lnstitute, Pune for obtain-
ing Accession Number.

The term periodicity of occurrence was used in
presenting the data. The periodicity of occurrence
denotes the number of samplings in which a fun-
gus was present against the total number ot sam-
plings. The periodicity of occurrence of fungi was
arbitrarily classilied as per Saravanakumar and
Kaviyarasan (2010):Common-recorded in 10-15
samplings; Frequent-recorded in 7-9 sam-
plings; Moderate-recorded in 4-6 samplings;
Rare-recorded in 1-3 samplings

Specres richness, similarity and dissimilarity
index

Species diversity is an statistical abstraction with
two components ylz., species richness and even-
ness. Total number of species on sites/locations
was considered as species richness. Similarity in-
dex of populations/communities was used to com-
pare the sites. ln order to determine this param-
eter, any quantitative character is taken into con-
sideration. ln the present approach, the index (S)
was calculated using species richness following
Sorenson (.1948): 

S: =.
rti B

During the study period on all the grazinglands,
maximum number of species were isolated during
winter season followed by rainy season, whereas,
mlnimum number of species were recorded dur-
ing summer season (Table 2).

Ulocladiunso. was the most dominant during sum-
mer seasr!"r with maximum contribution (16.94%)

where, A= Number of species in community A, B=
Number ol species in community B; C= Number of
species common to both of the communities Dis-
siririlarity lndex (D) was calculated as: D=1-S

Diversity and other parameters

Shannon-Wiever lndex, Simpson lndex, Total
dominance and Evenness were analyzed using a
computer software program (Bio-tool kit 320).
Analysis of variance was calculated to compare the
sites with respect to difrerent soil properties like
pH, moisture and organic content.
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followed by Arachniotus sp. (15 25%) and Mucor

sp. (1 1 .86%). Atternaria alternata and Pjihium sp.

showed their presence by 10.16%. Alternaria
tenuissima and Aspergillus awamori (3.38%) were

the least important species iollowed by Aspergil-

lus nidutans and Penicitlium sp (6.77%) (Table 2)'

During rainy season, Aspergillus niger was the

most dominant species with maximum contribution

(13.63%) followed by Aspergillus fumigatus'
Curvularia tuberculata and Mucor sp- (10-22%).

Though maximum number of species were isolated

during winter season, however, there was no sharp

variation in percent contribution of individual spe-

cies. Five species v2., Rhizopus sp., Aspergillus

repens, Alternaria tenuissima, Cladosporium
herbarum and Fusarium dimerum contributed
equally by 4.72% (rable 2).

Season to season variation in species richness and

diversity was observed during the study period.

Some fungal species like Alternaria alternata and

Mucorsp. were recorded throughout the year irre'

spective of seasons. While, Alternaria tenuissima,

Aspergillus fumigatus, Aspergillus niger, Pythium

sp. and tJtocbdium appeared only after distinct

seasonal interruption. lr,{any species like Aspergil-

lus awamori, Aspergillus ustus, Circinella spinosa,

Aruchniotus sp., Alternaria humicola, Cladosporium

herbarum, Fusarium dimerum, Fusarium
monilif orme, Fusarium oxysporum and

Helminthosporium nodulosum, etc., were season

specific. ln general, higher number of fungal spe-

cies were found at the superficial layers (0-1Ocm)

than deeper soil profile (Table 2).

Periodicity of occutrence

Of the total 34 species recorded, seven species

viz., Atternaria alternata, Alternaria tenuissima'

Aspergiltus fumigatus, Aspergillus niger, Mucor sp''
Pythium sp., and ulocladium sp. were of common

occurrence. Thirteen species viz., Arachniotus sp"
Emericelta rugulosa, Emericella sp., Cochliobol us

australieiisis, Cochliobolus tuberculatus, Rhizopus

sp., Aspergitlus ustus, Cladosporium herbarum,

Curvularia tubercUkta, Curvularia sp., Fusarium

moniliforme, Fusarium oxysporum and Penicill iu m

sp., were of lrequent occurrence while, ten spe-

cies viz., Rhizopus arryhzus, Alternaria humicola,

Aspergillus chevalieri, Aspergillus nidulans, As'

pergillus repens, Ctadosporium sp., Curvularia

interseminata, Fusarium dimerum,
Helminthosporium nodulosum and Rhizoctonia sp.

were of moderate occurrence' Flemaining four spe-

cies namely Circinella spinosa, Mucor racemosus'

Aspergittus awamori and Fusaium sp. were of rare

occurrence.

Species richness, similarity and dissimilarity
index

Diversity, dominance and other parameters

The Shannon Wiever Diversity index was highest

(2.765) in LKH during winter lollowed by CHK
(2.268) during rainy and BHD (2.12) during sum-

mer as the total richness and abundance was high-

est in LKH during winter season followed by CHK

during rainy season. The species evenness was

highest during rainy season in BHD (Table 4). The

Simpson lndex estimates are close lo l, meaning

that probability is very low. The analysis of vari'
ance for the different values of soil physico-chemi-

cal properties of grazingland sites show that the

mean values ol soil physical properties (% sand

and % silt) were insignificant (P>0.05). The mean

value of a soil physical property (% clay) and dif-

ferent soil chemical properties (pH, moisture con-

tent and 7o organic conlent) were highly significant

(P<0.01).

DISCUSSION

Morphojunctional diversity of the lungal abbEiri-*

blage increases with fungal biodiversity which sug-

gests that morpho{unctional diversity determines

the capacity for soil C storage (a low soil C turn-

over rate in grazinglands reflects high fungal

biodiversity). This is in keeping with the observa-

tions of changes in the composition and activity of

saprotrophic fungi in grazinglands (Bardgett ef a/.,

Remarkable difference in species richness was nol

observed during the study period on diflerent
grazinglands but, nevertheless, composition var-

ied greatly from site to site in different seasons.

The highest fungal richness was recorded for CHK

(33) followed by LKH (32), SAH (s2) and BHD (31)

(Table 3). Highest similarity (98.4%) was observed

between CHK and LKH and lowest (93'7ol.) be-

tween CHK and BHD (Table 3).
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Table 3 : Similarity and dissimilarity index of soil fungi between the grazinglands

CHK LKH BHD SAH

DS IS DS IS DS

CHK

LKH

BHD

SAH

0.984 0.016 0.937

0.952

0.063

0.048

o.M7

0.016

0.048

lS- lndex ol similarity, DS- Dissimilarity index

Table 4 :Diversity indices during different seasons

Summer Winter Flainy

Diversity CHK LKH BHD SAH CHK LKH BHD SAH CHK LKH BHD SAH

Shannon-Wiever lndex

Species richness

Total Abundance

Simpson diversity lndex ('1-D)

Evenness

1 .96 1 .97 2j2 1 .94 2.54 2.78 2.74 2.69 2.26 2.36 2.32 2.21

1 0.0 9.0 9.0 9.0 20.0 20.0 19.0 19.0 12.O 12.O 1 
'1.0 1 1.0

100 64 3'1 41 '140 164 138 150 135 79 62 81

0.823 0.832 0.874 0.831 0.899 0.919 0.925 0.9',17 0.883 0.899 0.89s 0.875

0.849 0.899 0.965 0.884 0.848 0.S23 0.931 0.912 0.9',l2 0.953 0.968 0.925

1999a,b; Brodie et al.,2003). The conditions as-
sociated with higher depth and increased soil mois-
lure in each site determine reduced planl diversity
and increased fungal biodiversity (Persiani ef a/.,
2008).

It has been reported by many researchers that the
soil moisture, soil pH (Rama Rao, 1970), and or-
ganic matter content (Behera and Mukerji, 1985)

influence the activity of soil microorganisms. Fungi
generally grow well in acidic conditions (Dix and
Webster, 1 995), but Jensen (1931 ) and Yamanaka
(2003) have proved that fungi are also found abun-
dantly in alkaline soils and play a dominant role in

the microbiological activity of such soils (Waksman,
1927). From the present studies it is clear that pH

ol soil samples generally ranged between five and

eight, being neither very acidic nor very alkaline.
34 different species of microfungi were isolated
alongwith universal occurrence of bacteria as they
are less tolerant to the acid condition (Waksman,

1932). The maximum numbers of lungi were iso-
lated lrom acidic soil due lo the occurrence of
lesser number of bacterial colonies. There was no
marked variation in soil texture of the sites, the soil

texture of the research sites were loam to sandy
loam with a few exceptions- The values of simpson
index in the present investigation are close to I

meaning that the probability of occurrence of dif-
ferent species is low. Further, low index of species
diversity is due to the fact that in the present study
only cullivable soil fungi have been isolated in the

laboratory and these do not include several other
fungi directly associated with trees and other plants

as has been reported in other studies (Nilima satish
et. al., 2OOl). The species evenness was highest
during rainy season due to adequate moisture and
rotting dead materials on the ground. No signifi-
cant eflect of soil texture was obsewed on fungal
populations as observed by Luitel and Koirala
(200e).

The contribution ol Zygomycetes was larger in
superficial horizon, while that of Ascomycetes was
larger in Ceeper horizons showing depth specific
distribution. This specific distribution is ruled by the
availability ol organic matter and oxygen to CO2

ratio in the soil atmosphere al various depths (Giri

et al., 2oo5). lt is well established fact that fungi
exhibit a selective preference for various soil
depths. The signilicant decrease in the number of
species with increasing depth can be attributed to
a lower content ol organic matter, CO2and oxygen
in deeper profile. These results are in agreement
with the previous findings that biochemical activi-
ties lend to be greatly increased in the surlace soil ., -.... .--

layer (0-8cm) alongwith nutrient concentration (Aon

and Colaneri, 2001). Species common at lower
depths are rarely found on the surface. The distri-
bution and dominance of Deuteromycetes fungi
suggested that the fungi belonging to this class are

slrong colonizers ol the decaying substrate with
better and wider adaptability coupled with high
competitive ability, whereas, those of Zygomycetes

0.953

0.984

0.952



222 On seasonal variation of soil microtungi IJ. Mycopathol. Res. :

Aon, M.A. and Colaneri, A.C. 2001. ll. Temporaland spatial evolu-
tion of enzymatic activities and physico-chemical properties in
an agricultural soil. Applied Soil Ecoiogy, 18 : 255-270.

Bardgett, R.D., Lovell, R.D., Hobbs, P.J. and Jarvis, S.C. '1999a.

Seasonal changes in soil microbial communities along a fertility
gradient of temperate grasslands. Soil Biology Bio-
chemistty. 31 i 1021 -1 030.

Bardgett, 8.D., Mawdsley, J.L., Edwards, S., Hobbs, P.J., Bodwell,
J.S. and Davis, W.J.1999b. Planl species and nitrogen etfects
cn soil biological properties of temperate upland grasslands.
Functional Ecology. 13: 650-660.

Barnett, H.L. and Hunter, B.B. 1998. //ustrated Geneta ol lmper-
fecl Fungi.lV ed. APS Press St. Paul, Minnesota, p.218.

Behera, N., Mukerji, K.G. 1985. Seasonal variation and distribution
oi microfungi in torest soils of Delhi, lndia. Folia Geobot
Phttotaxon. 20: 291-31 1.

Bhandari, 8.S., Saxena, S. and Guleri, S. 2012. Studies on the
tungalflora in rhizosphere of pea plant in subtropical region. ln
Sati, S.C. and Belwal, M. (eds). Microbes: Diversity and Bio-
technolagy. Daya Publishing House, New Delhi. Pp.269-276.

Bilgrami, K.S., Jamaluddin and Rizwj, M.A. 1979. Fungiof lndia, Pt.
l. List & Ref.,foday and Tomorrow Publ., New Delhi, pp.407.

Bilgrami, K.S., Jamaluddin and Bizwi, M.A. 1981. Fungi ot lndia. Pt.
ll. Host lndex and Addenda. Today and Tomorrow Publ., New
Delhi, pp.268.

Bridge, P. and Spooner, B. 2001. Soil lungi: diversity and detec-
lion. Plant and soil,232 | 147-154.

Brodie, E., Edwards, S. and Clipson, N.2003. Soil fungal commu-
nity slructure in a temperate upland grassland soil. FEMS Mi
crobial Ecology. 45: 105-114.

Brown, J.C. 1958. Soil fungi of some British sand dunes in relation
to soil type and succession. Ecology. tl6: 641-664.

Dix, N.J. and Webster, J. 1995. Fungal Ecology. Chapman and
Hall, London, p.560.

Dkhar, M.S. and Mishra, R.R. 1987. Microbial population, Fungal
biomass and CO, evolution in maize lzea nays) lield soils.
Plant and Soil,99t 277-283.

Dong, A.R., Lv Gz, Wu OY, Song, 8.O., Song, F,Q.2004. Diver
sity of soil fungi in Liangshui natural reseNe, Xiaoxinganling
forest region. Journal Nofiheast Forcstry University. S2i 8-10.

Dwivedi, R.S. '1966. Ecology of soil fungi ol some grasslands of
Varanasi-ll. Diskibution of soil mycotlora. Bu elin ol lntema-
tional Society of Ttopical Ecology, Tt 84-99,

Ellis, M.B. 1971. Dematiaceous Hyphomycetes. Kew Surrey tJK:
p.608.

Ganett, S.D. 1963, Soil Fungi and SoilFertil,ty. Pergamon Press,
Oxford, p.105.

Gilman, J.C. 2001. A Ma nual ol Soil Fungi.2d lndian ed., Biotech
Books, Delhi, p.392.

Giri,8., Giang, P.H., Kumari, R., Prasad, R. and Varma, A.2005.
N4icrobial diversity in soils.ln'. Microoryanisms in soils: roles in
genesis and lunctions (eds.Buscot, F.and Varma, A.). Springer,
Berlin, Heidelberg, New York: pp.19-55.

Gleason, F.H., Letcher, P.M., McGee, P.A.2004. Some
Ch!,tridiomycota in soil recovered from dryjng and high tem-
petatutes. Mycological. Research. 108i 583-589.

Guleri, S., Bhandari, B. S. and Saxena, S. 2010. Ecology of Rhizo-
sphere soil mycoflora of Forest soils of Dehradun District -

Uttarakhand, lntemational Tftnsaction in Applied Sciences, 2|
69-77.

culeri, S., Saxena, S. and Bhandari, B. S. and 2011. Soil mycoflora
of some selected agroforeslry areas ol Doon valley
(Uttarakhand). /4n,rals of Foreslry (ln Press).

Hooda, S and Kaur, S. 1999. Laborutoty manualtor envionmental
chemlstol. S Chand & Co,Lld, New Delhi, pp 71-91.

Jensen, H.L. 1931. The fungus flora ol the soil. SoiT Science.,31:
123-158.

Kumar, R., Sinha, A., Srivastava, S. and Srivastava, M.20'l'1.
Variation in Soil Mycobiota Associated with Decomposition of

and Ascomycetes were weak colonizers (Rai et a/.,
2001; Vibha and Sinha, 2007; Kumar et al.,2011)
with narrow and/or poor adaptability.
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