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ABSTRACT
Soil is an oligotrophic medium for fungal growthurgi are important component in so
microbiota. Depending on soil depth and nutrienhditions, the fungal biomass exceeds thatfof
bacteria in almost every soil except rhizospherié which is dominated by bacteria. Filamento
fungi in soil degrade organic matter and help inl sggregation. Some produce substances similar
to humic substances and some are capable of foregtmrophic associations on the root systemjof
forest trees and help in mobilisation of soil phomus and nitrogen into plants. Many fungi a
biological control agents for plant pathogens amtsdct pests. In Uttarakhand especially
Dehradun District very scanty information is avéila regarding soil inhabiting microfungi -l
Agricultural fields. Therefore some agriculturainids growing Brassica crop were selected to st
the composition, dominance and diversity of miangfuand physico-chemical properties of the S0
inhabited by these fungi.
Five agricultural lands viz. Rajawala (RAJ), Bahagiar(BAH), Bhauwala (BHAU), Telpura (TLP
and Sudhowala (SUDH) were selected. Each land wageged repeatedly to collect soil samplgs.
Soil samples were collected from different depths0O+5 cm, 5-10 cm, 10-15 cm, 15-20 cm. and [20-
25 cm and composite samples were made for eacbudtgirial land.
For all soil samples examined, pH varied from 6424 to 7.84+1.56; moisture content varie
from8.42+1.68 to 10.84+2.16; organic contents vdrigom 1.55 to 3.00 and texture varied fro

microfungi belonging to 11 genera and 26 speciegusdlated. Anamorphic fungi (Deuteromycot@)
were dominant and represented by 9 genera and @@iepfollowed by Zygomycota representedfby
2 genera and 4 species. Fungal populations weraydvhighest in surface soil and decreased alghg
with soil-depth. Maximum fungal species were ismldrom BAH at the depth of 0-10 cm followed
by RAZ, whereas the minimum fungal species wetatésbfrom BHAU, TPR and SUDH at thg

of frequent, 8 species of moderate and 1 species®bccurrence respectively.

Shanon- Wiever index of species diversity was bigl2e734) in BAH followed by RAZ (2.686), T
(2.583) and SUDH (2.553) while it was lowest forMBH(2.540). Simpson index of diversity al§o
showed identical trends. Highest similarity (84.2#@s observed between RAJ and BAH and lowest
(55.6%) between RAJ and TLP.

The present investigation will be helpful in docamaéon and conservation as well as in controllifig
soil borne pathogens. Further, it certainly opers a new horizon for the researchers in this
interesting and challenging field of soil microfadiodiversity.
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INTRODUCTION
Soil not only provides a very conducive habitat fiangi but a major part of soil microbial biomass i
comprised of fungi. Clark and PAukported about twice as much fungal biomass aetalcbiomass.
Depending on soil depth and nutrient conditions, fimgal biomass exceeds that of bacteria in almost
every soil except rhizosphere $bilFungi are known to colonize, multiply and surviire diverse
ecological habitats, covering tropics to pole andumain to deep oceans, but they grow best at
temperature between 6°C to 50°C. Hundreds of diffespecies of fungi inhabit the soil and exisbdth
the mycelia and spore stage. Many fungi commonblated from soil some under the class
Deuteromycetes by virtue of the fact that they poedabundant asexual spores and lack sexual stages.
The members of Basidiomycetes are difficult toaselfrom soil on agar plates for the simple reahan
the nutritional requirements of many of the Bagidjoetes are exact and conventional method of soil-
dilution plating is inadequate to isolate them imepculturé®,
The physical structure of soil is improved by thecwamulation of mold mycelium within4t The
mycelium of the fungi penetrates through the soilrfing a network which entangles the small soil
particles’. Fungi play a crucial role role in the decompositiof plant structural polymers, such as
cellulose, hemicelluloses and lignin thus contiiibgito the maintenance of the global carbon cy8iace
95% of the plant tissue is composed of carbon,dy@hn, oxygen, nitrogen, phosphorous and sulpher; th
decomposition activities of fungi are clearly imamt in relation to the redistribution of thesenadmts
between organisms and environmental compartrfemgny soil fungi are biological agents for plant
pathogens and insect pests. On the other hand, sbthem are very harmful causes diseases to plants
animals and humans with significant economic lossesproduce mycotoxins in certain prodéfttSoil
mycoflora thus exerts considerable influences ensthil fertility and plant growth. In agricultursbils,
ploughing, tillage, applications of fertilizers ahibcides and type of cultivation affect the myoodl. The
plant species growing in the soil also exerts \emportant influence on the population and species
composition on the soil furfgi
In Uttarakhand, most of the studies are either eotmated on aquatic fungi and/or to some extergao
and endomycorrhiza and macroscopic fititfi*>*>***but information regarding diversity of ruderalsian
stress tolerant fungi dBrassicafield are scanty especially from Dehradun distrRecently work on
agricultural, forest and grazingland of Doon Vallegd been done by Gulest al*®*® Therefore the
present study was undertaken: 1) To study the fuspecies richness and diversity indices of thegiv
area at various soil depths Brassicagrowing agricultural field and 2) To study theesff of pH, temp
and moisture content on soil mycoflora.

MATERIALS AND METHODS
Study Area
Located in the north of India in the Himalayan wegiUttarakhand state has a geographical area,of 53
483knt which lies between 77°340 81°2E longitude and 28°5Bl to 31°27N latitude. The state
comprises high Himalayan region (3000 to 8000m, &8i)b Himalayan region (1000m to 3000m),
Shiwalik range and Valley Region including Dehradun
The study was conducted in Dehradun District (77°#5 78°15E and 30°0(N to 30°35N) of
Uttarakhand which lies between the west Himalayamtain ranges in North and the Shiwalik range
running parallel to it in the south at a mean adii of 485m (Fig 1).

Cite this article: Guleri, S., Saxena, S., Sharma, P., Malik, N. @halpliyal, M., Occurrence and Diversity of
Soil Mycoflora in Some SelectdBrassicaGrowing Agricultural Fields of Dehradun District Dttarakhand
Himalaya,Int. J. Pure App. Biosci(1): 253-264 (2016)doi: http://dx.doi.org/10.18782/2320-7051.2222
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Fig. 1: Location Map of the study area (Dehradun district
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Collection of soil samples

Sampling was initiated in the month of December28fd continued till May 2014. Soil samples w
collected repeatedly during December 2012 and i Bgarch, April and May 2013. Samples w
collected from some select8dassicagrowing regions of Rajaata, Bahadarpur, Bhauwala, Telpura .
Sudhowala. Soil samples were collected from Fifgelaces at each locality and at various depths
each place. Six samples were collected from eatepfrom the surface of the soil and at varioyshus
viz., 0-5cm, 5-10cm, 1@5cm, 1-20cm and at 2@5cm. Samples of various depths were mixed to r
it a composite sample which was further divided iblvo parts one for estimating physicochem
properties and the other for the isolation of furpil sample were collected by using the method

Browr®.

Copyright © February, 2016; JPAB

255



Guleri et al Int. J. Pure Afiposci.4 (1): 253-264 (2016) ISSN: 2320 — 7051
Soil Test and Soil Analysis

Moisture content

It was calculated by oven drying the soil and deteing the weight loss. The percentage soil moisture
was calculated by using the following formula:

(FW — DW) ‘1

00
DwW

Soil moisture (%) =

FW= Fresh weight of soil sample

DW= Dry weight of soil sample
Soil texture
50gm of soil was sieved; organic matter (cemenagent) was removed by oxidizing the sample with hot
H.0,. The volume of treated soil samples were made mhQ0Bercentage of clay in the sample was
calculated by dividing the number of grams of digythe total weight of the sample. Percentagelbinsi
the sample was calculated by substracting the suhe@ercentage of sand and caly from 100. Thescla
number or texture of the soil was determined bygighe textural triangle.
Detections of ions
200gm soil sample was mixed with homogenized sadltgp and kept for 24hrs. Soil extraction was done
using blotting paper. The soil extract was furtheed for detection of Ca, Mg, Na and K.
Ca and Mg were detected by adding 1-3 drops of NaOHe solution along with small amount of NH
Mixture was titrated against EDTA (ethylene-di-agttetra-acetate). Green, blackish, bluish colomatio
appeared as end point. To test for magnesium ityy 8ndrops of buffer solution with 3-4 drops of
ereocrome black was added to 2ml soil extract, ghige a crimson color. Mixture was titrated against
N/100 EDTA. Purple color appeared as end point.N@iconcentration a series of sodium standard were
run a calibration curve was drawn. Sodium ion i@ $loil extract was measured by taking the emission
reading on the flame photometat 589 nm wavelength. Naoncentration was calculated by inferring to
the calibration curve. For K analysis, 59 air drieoil was weighed into a 50ml centrifuge tube,
ammonium acetate solution was added and shakeédrfon on a shaker. Mixture was centrifuge until the
supernatant liquid was clear. Extract was filteaed collected in a 100ml volumetric flask. Extraets
diluted to 100ml with AN ammonium acetate soluti@rseries of suitable potassium standards were run
to draw a calibration curve. The concentration maasured by taking the emission readings on theefla
photometer at 767nm wavelength
Organic C was determined by using Walkley and Btaaokethod and calculated by using the following
formula

% organic matter= 10[1(S+B)] x 0.67

S= Sample titration
B= Blank titration

Soil reaction (pH) was determined by using a pHemeiith a glass electrode in mixed soil water ratio
of 1:2 by electrometric method following Brady

Isolation of fungi

PDA (Potato Dextrose Agar), CDA (Czapek's Dox Agand MEA (Malt Extract Agar) were used for
the isolation and maintenance of fungi. The soihglas were processed for isolation Bfassica
associated soil mycoflora using Soil Dilution Plafiethod® and Direct Plate Meth8d Plates were
incubated at 20 to 25°C for 7-15 days. Fungal teslavere purified for identification. The microsaop
observations were carried out at 400x and 1000xnifiegtion using compound light microscope. The
colonies developed on the plates were carefullyntai and individual colonies were identified and
transferred to a separate agar plate. Identifinatdd the isolates was done by following Smith.
Identification was also confirmed by consulting isas monographs, books and papers available on
fungal systematic: Raper and ThBmRaper and Fenndl] Barnett and Huntdr Gilmart*, Ellis'®*}
Domschet al.’, Moubashéef. The microphotography of different genera ideatfiduring investigation
was carried out using Magnus MIPS-USB (Olympus)CR&20 (Sony).
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Periodicity of Occurrence, Species richness, Similidy and Dissimilarity Index
The periodicity of occurrence denotes the numbesanfiplings in which a fungus is present against the
total number of samplings. The periodicity of ocence of fungi was arbitrarily classified as per
Saravanakumar and Kaviyarasaran
Common—recorded in 5-7 samplings
Frequent—recorded in 4-5 samplings
Moderate—recorded in 2-3 samplings
Rare—recorded in 1-2 samplings
Species diversity is a statistical abastractiorhwito componentsiz., species richness and evenness.
Total number of species on sites/locations was idensd as species richness. Similarity index of
populations/communities was used to campare thes.sih the present approach, the index (s) was
calculated using species richness following Sonelists:

S= 2C

Ta+B
Where A= Number of species in Community A

B= Number of species in community B
C= Number of species common to both the communitie
Dissimilarity Index (D) was calculated as D=1-S

Diversity and other parameters
Shannon-Wiever Index, Simpson Index, Total domieasmed Evenness were analyzed using a computer
software program.

RESULT AND DISCUSSION
Soil samples were analyzed for moisture content, giganic carbon, Ca+, Mg+, Na+, K+ and soil
texture and colour. Organic content of all soil pbes were greatly varied from 1.55 to 3.00. The pH
varied from 6.42+1.24 to 7.84+1.56. The moisturatent of all soil samples ranged from 8.42+1.68 to
10.84+2.16. Soil texture was sandy to sandy loaoegixin Bahadarpur, where it was sandy clay loam.
The micronutrients are very high in all soil sansp[€able 1).

Table 1 Physico-chemical analysis of different ageultural sites

Sampling Parameters

sites MC pH C Ca Mg Na K Color Texture

RAZ 842 642 155 14 18 24 0.4  Greyed brown Sandy

BAH 901 660 290 13 14 21.7 0.6 Lightbrown Sandy clay loam
BHAU 1084 7.84 300 11 12 938 0.18 Brown Sandy loam
TPR 989 759 190 10 13 22 0.9 Brown Sandy loam
SUDH 10.78 543 262 9 11 8.2 2.1  Black brown Loam

Soil fungal Diversity

A total of 383 colonies of soil fungi belonging 1d genera and 26 species were isolated (Table 2).
Anamorphic fungi (Deuteromycota) were dominant egptesented by 9 genera and 22 species followed
by Zygomycota represented by 2 genera and 4 spéaiegal population was always highest in surface
soil and decreased along with soil depth. Maximunghl species was harboured from BAH at the depth
of 0-10cm followed by RAZ, whereas the minimum fahgpecies were isolated from BHAU, TPR, and
SUDH at the depth of 15-20cm.

Alternaria alternata, Acrophialophora, Aspergillaarbonarius, Aspergillus flavus, Aspergillus nidusa
Aspergillus oryzae, Emericellap., Fusarium oxysporum, Fusarium moniliforme, Mucocemosus,
Rhizopus oryzaand Curvularia tetramerawere isolated only from 0-5cm depth aAtternaria sp.,
Aspergillus flavus, Aspergillus niger, Aspergillteamari, Aspergillus violaceus, Eurotium chevalieri,

Copyright © February, 2016; IJPAB 257



Guleri et al Int. J. Pure Afiosci.4 (1): 253-264 (2016) ISSN: 2320 — 7051
Humicola insolenswere isolated only from the depth 5-10cm. SimilarAspergillus fumigatus,
Aspergillus humicola, Aspergillus japonicas, Euoti amstelodomi, Mucap., Penicillium funiculosum
andRhizopus arrhyzusere isolated only from 15-20cm depth (Plate 1tePR).

Aspergilluswas the most dominant genus with 11 species feltbwy Alternaria, Eurotium,
Fusarium, Mucorand Rhizopusequally contributed 2 spAlternaria alternata, Aspergillus fumigatus,
Aspergillus flavus, Aspergillus niger, Fusarium spgrum, Fusarium moniliformendRhizopus arrhyzus
showed maximum contribution (19.23%) followédpergillus nidulans, Penicillium funiculosuamd
Curvularia tetramerashowed their presence by 15.38%spergillus carbonarius, Alternariasp.,
Aspergillus humicola, Aspergillus tamari, Aspenggll violaceusand Eurotium chevalieri equally
contributed (11.53%) followed byAcrophialophora, Aspergillus japonicas, Aspergillusryzae,
Emericellasp., Eurotium amstelodomi, Humicola insolens, Musm., andRhizopus oryza€¢7.69%)
Aspergillus flavicep$3.84%) were the least important species (Table 2).

Table 2 Mycoflora of different Brassica growing areas of dehradun district

S.No. Name of fungus Depth RAZ BAH | BHAU | TLP | SUDH Percent Periodicity
(cm) (1) (2) 3) (4) (5) contribution of
% Occurence
3 Acrophialophora 5 2 0 0 0 4 7.69 M
1 Alternaria alternata 5 5 8 5 5 10 19.23 C
2 Alternaria sp. 10 0 2 3 1 0 11.53 F
4 Aspergillus carbonarius| 5 4 6 0 3 0 11.53 F
5 Aspergillus flaviceps 10 0 0 8 0 0 3.84 R
6 Aspergillus flavus 5 5 2 7 3 6 19.23 C
7 Aspergillus fumigatus 15 12 7 14 2 1 19.23 C
8 Aspergillus Humicola 20 2 1 0 0 4 11.53 F
9 Aspergillus japonicus 15 0 0 0 2 1 7.69 M
10 Aspergillus nidulans 5 3 7 2 0 1 15.38 F
11 Aspergillus niger 10 2 6 8 10 12 19.23 C
12 Aspergillus oryzae 5 1 2 0 0 0 7.69 M
13 Aspergillus tamari 10 0 0 2 3 4 11.53 F
14 Aspergillus violaceus 10 2 8 0 6 0 11.53 F
15 Curvularia tetramera 5 2 6 4 0 4 15.38 F
16 Emericella sp. 5 0 0 1 2 0 7.69 M
17 Eurotium amstelodami| 15 0 2 0 1 0 7.69 M
18 Eurotium chevallierii 10 4 6 0 0 4 11.53 F
19 Fusarium moniliforme 5 3 3 4 6 8 19.23 C
20 Fusarium oxysporum SS 12 14 8 10 5 19.23 C
21 Humicola insolens 10 2 0 1 0 0 7.69 M
22 Mucor racemosus 5 5 8 5 3 4 19.23 C
23 Mucor sp. 15 1 0 0 2 0 7.69 M
24 Penicillium funiculosum| 20 2 1 0 1 6 15.38 F
25 Rhizopus arrhyzus 20 3 4 6 2 1 19.23 C
26 Rhizopus oryzae 5 0 2 1 0 0 7.69 M

sp-species; SS- Surface soil; 0- not present; RR&zzawala; BAH-Bahadarpur; BHAU-Bhauwala; TLP- TeluSUDH-
Sudhowala; F-Frequent;M-Moderate;C-Common;R-Rare
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Plate 1: Cultural morphology of different species: a- Alteria alternata, 7-day-old colony on MEA,; b-

Aspergillus carbonarius, 7-day-old colony, on —-MEAAspergillus flavus, 7-day-old colony, -CDA d-
Aspergillus fumigatus, 7-day-old colony on -MEAyalme isolate e- Aspergillus japonicas, 7-day-old
colony on CDA f- Aspergillus niger, 7-day-old colpon -MEA g- Aspergillus oryzae, 7-day-old colony,
on —CDA h- Curvularia tetramera, 7-day-old colony MEA i- Eurotium chevalieri, 7-day-old colony on
CDA j- Humicola insolens, 7-day-old colony on MEKAMucor racemosus, 5-day-old colony, on MEA,;
L- Rhizopus oryzae, 2-day-old colony on MEA

Plate 2: a - Alternaria alternata, conidiophores [x400]; Bspergillus carbonarius, conidiophores and
conidial heads [x400] c- Aspergillus flavus, comidneads and conidia [x400] d- Aspergillus fumigatu
conidial heads [x400]; e- Aspergillus japonicusnadiophore, vesicle, phialides and conidia [x400];
Aspergillus niger conidia, [x1000], g- Aspergillusryzae, conidial heads [x400]; h-Curvularia
tetrampra, conidiophores [x400]; i- Eurotium chdiesi, conidial heads [x400]; j- Humicola insolens,
conidia[x1000]; k- Mucor racemosus, sporangioplofgl00]; |- Rhizopus oryzae sporangiophores
[x100]
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Periodicity of Occurrence

Of the total 26 species recorded, eight specigs, Alternaria alternata, Aspergillus fumigatus,
Aspergillus flavus, Aspergillus niger, Fusarium spgrum, Fusarium moniliforme, Mucor racemosus
and Rhizopus arrhyzuswere of common occurrence. Nine speocies, Alternaria sp., Aspergillus
carbonarius, Aspergillus humicola, Aspergillus rahs, Aspergillus tamari, Aspergillus violaceus,
Curvularia tetramera, Eurotium chevallierand Penicillium funiculosunwere of frequent occurrence
while, eight speciewiz., Acrophialophora, Aspergillus japonicus, Aggikus oryzae, Emericellasp.,
Eurotium amsteladomi, Humicola insolens, Mucsgp., and Rhizopus oryzaewere of moderate
occurrence. Remaining one speciis, Aspergillus flavicepsvere of rare occurrence (Table 2).

Similarity and dissimilarity index

Highest similarity (84.2%) was observed between RAND BAH and lowest (55.6%) between RAZ
and TLP (Table 3).

Diversity, dominance and other parameters

Remarkable difference in species richness was lmedroed during the study period on differBrassica
growing agricultural land, but, nevertheless, cositpan varied greatly from site to site. Highesesigs
richness was found in BAH and RAZ (19) followed TER) and then BHAU and SUDH have the same
composition (16). The Shannon-Wiever Diversity ixdeas highest (2.734) in BAH followed by RAZ
(2.686), TLP (2.583) and SUDH (2.553) while, thevést diversity index was found in BAH (2.540) as
the total abundance and richness was lowest in ansgm to BAH. The species evenness was highest in
BAH followed by SUDH. The value of Simpson indexcdl®se to 1 which indicates the probability of
different species is very low (Table 4).

Table 3 Similarity and dissimilarity index of soil fungi

Sites RAZ BAH BHAU TLP SUDH

IS DS IS DS IS DS IS DS
RAZ 0.842 0.158 0.571 0.429 0.556 0.444 0.80 0.20
BAH 0.685 0.315 0.722 0.278 0.742 0.258
BHAU 0.666 0.334 0.687 0.313
TLP 0.666 0.334
SUDH

IS-Index of similarity, DS- Dissimilariipdex

Table 4 Diversity indices and other parameters

Parameters Sites

RAZ BAH BHAU TLP SUDH
Shanon-Wiever Index 2.686 2.734 2.540 2.583 2.553
Species richness 19 19 16 17 16
Total Abundance 72 95 79 62 75
Simpson diversity Index 0.913 0.925 0.908 0.907 0.910
(1-D)
Evenness 0.912 0.928 0.916 0.911 0.920

Comparative analysis of fungal diversity

A total of 26 species belonging to 11 genera wesotated from all agricultural sites during the wéol
study period. 10 genera and 19 species each fro@ &% BAH soil, 8 genera and 16 species from
BHAU soil, 8 genera and 17 species from TLP soilereas, 9 genera and 16 species were isolated from
SUDH soil (Fig 2).
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Fig. 2: Total number of genera and species isolatdtbm different Brassica sites
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In the present study growth and species richnessoiffmycoflora and the physic-chemical factors
affecting the diversity of fungi are taken into saeration from the designat8dassicagrowing sites of
Dehradun district.

The soil in the area varies in colour, texturejrdrge, moisture content, pH, organic matter andaoric
macro nutrients thereby effecting the diversity of mycoflora. Natits in soil are strongly affected by
soil pH due to reactions with soil particles antiestnutrient® soils of different sites are neither too
acidic, nor too alkaline because of more Mg andid®a available. Other factors affecting soil pH are
fertilizers, organic matter, rain and soil microangsms. There was no marked variation in soil texof
the sites, the soil texture of different sites wesaiady to sandy loam with a few exceptions.

26 different species of microfungi were isolatednir the Brassica cultivated soil. Out of 26 fungal
species isolated, 8 specigz., Alternaria alternata, Aspergillus fumigatésspergillus flavus, Aspergillus
niger, Fusarium oxysporum, Fusarium moniliforme, ddiuracemosusand Rhizopus arrhyzushowed
universal distribution occurring in all sites. Théverse distribution of these species is attributed
cumulative effect of different edaphic, climaticdamther biotic factors including the wider adaplifpof
these species. Mishra and Kanatjisolated more diverse microflora from cultivated smd they found
that theAspergillus flavusand Aspergillus nigemwere the most dominant fungi due to cold climatd an
acidic nature of soils. In the present stullgpergillus sp. predominantly found in relatively high
temperatures, whereas speciedPeficillium predominated at low temperatures. This is in atzmoce
with the studies of Gulegt al'’, Manoharachargt al?2, Reddyet al>*®, Saksenat al® and Saxena and
Sarbhoy'.

The number of fungi decreased with increase intdefite drop in number of fungi in lower depth could
be attributed to the high moisture content of tleemr soil resulting into reduced aeration of*Soil
Surface soil usually provide high organic mattemteat which in presence of adequate moisture supply
acted upon the microfungi to decompose the complganic residue into simple forms, hence the
microfungi are higher in upper layer of Soil

The months with moderate temperature were reguldmyrichest (in counts and spectra) while the
summer months were poorest. These observations sieriéar to Moubasher and El. Dohf8b In
summer, fungi are subjected to unfavourable camditthe soil dries up quickly and the temperature
becomes so high as to affect severely the inhabitdiaking similarity index of the fungal communigy
considered as an index of homogeneity of hadbiRifferent vegetation supporting different comnties

of soil fungi have also been reported by other woR
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The values of simpson index in the present invatiig are close to 1 meaning that the probability o
occurrence of different species is low. Further ladex of species diversity is due to the fact ihahe
present study only cultivable soil fungi have bésslated in the laboratory and these do not include
several other fungi directly associated with traad other plants as has been earlier reportedhier ot
studie§". The species evenness was highest in BAH duedquade moisture and rotting dead materials
on the ground. The distribution of dominance ofraagphic fungi suggested that the fungi belonging to
Deuteromycota are strong colonizers of the decaguigstrate with better and wider adaptability cedpl
with high competitive ability, whereas those of Bygycota were weak coloniz&t€° with narrow or
poor adaptability.
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