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Abstract

Fungi are a diverse and highly abundant group of organfsonsd in soils worldwide
Understanding fungi is essential as they are key drig€tselow-ground ecosystem functions
Taxonomy is a fundamental discipline, acting as the initial step toward biodiversity, ecology, and
biotechnology studiesBoth culturedependent andindependent methods are employed in the
taxonomic investigations of sedlwelling taxa High-throughput sequencin@dTS) is a genomie
based method widely applied in global studies thatreasaled numerous unculturable soil taxa
However, this method is limited by its inability to link physical specimens to species identification
Culturing methods result in specimens that can be used to obtain genetic sequences and
morphological data in applied studi€Bhus, combining both methods is an important trend in
taxonomic studiesThis review discusses how culturing is important for finiigal discovery and
describes the main culturing methotlsalso briefly addresses the role of HTS in taxonomy and its
drawbacks, and the potential to combine both culdiggendent andndependent methods to gain
better insights into soil fungi

Keywords 1 Culturing method$ fungal taxonomy fungii high throughput sequencirigsoil

Introduction

Fungi are one of the most abundant microeukaryotes with a cosmopolitan distribbhgon
total number of species is a prolonged debate, and numerowgtigatiens have continuously
outnumbered the estimatiarkéhe latest estimates predict up to(12.7i 13.2) million specie{Wu
et al 2019, Hyde et al2020c, Liimatainen et al 2020, Zhang et al2021, He et al2022
Senanayake et.a2022, Wijayawarder et al 2022. Below-groundecosystems, one gram of soil
can contain between 5,0000,000 microorganism@ridge & Spooner 200/ an Elsaset al 2019,
Wagg et al2019,Tedersocet al 2020, and among these, fungi aree of the most prominent and
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diversified groupgBills et al 2004, Tedersocet al 2021, 2022 They have an essential ecological
role as decomposers, mutualists, plant and animal pathogens, in nutrient cycling, and contributing
to the mineral nutrition of plants and supply of carbontteonorganismgHodkinson &Wookey
1999, Tedersoet al 2014, Jacoby et al2017, Averill et al 2021, Bahram & Netherway 2022,
Bhunjun et al 2022 The superficial layergup to 10'20 cm depth Odiandor A0 horizons
contain suitable edaphic conditiofte most fungi to develop due to timany organic resources
and greater levels of moisture and aeration as compared to the deeper Téagzesore,
communities are generally higher in the surface laf®chlatter etal? 0 1 8 Pe20Bo.h et a
Fungd taxonomy in soils is becoming an emergent field worldwifledersoocet al 2014,
2021, Wu et al2019 The Global Soil Mycobiome consortiufGSMc) reported that fungi
represent 62% of OTUs (Operational Taxonomic Units followed by Alveolata(15.1%),
Metazoa(6.5%), Rhizaria(3.0%), and Viridiplantae(2.7%) Tedersoo et al2021) Of the rich
diversity mentioned in Tederso et a2021), 722,682 OTUs were recovered, comprising74o
Ascomycota 283% Basidiomycota 51% Rozellomycota 3.1% Glomeromyca, and 27%
Chitridiomycota Currently, only around 800,000 world s@ihabiting fungi are identified ahe
species level(Senanayake et .aP022 Forest soils have the highest, while mud, riverbank,
seashores, and polluted soils haveslatively lowerdiversity richnesgFracetto et al2013, Frac et
al. 2018, Satyanarayana et 2019 .
A holistic understanding of microbial diversity and taxonomy relies on knowing the functions
of the taxa involvedand how they interact with the ecosystdBiswas & Srkar 2018,
Maharachchikumbura et.82021) Thus,the correct naming will help linthe versatile knowledge
of taxa worldwide Due to technological and methodological limitations in sampling and resolution
of detection techniques, the awarenesbadwgound fungiis limited, and integrating a reliable
and effective method for assessing titakonomy and diversity is an emergent challeriggch
method contains advantages and disadvanigtjbbettet al 2011, Orgiazzi et aR016, Cameron
et al 2018, Hbngsanan et aP018, Wu et al2019, Semeno2021) Conventionally, a polyphasic
approach based on morphology, physiology, biochemistry, or reactions to chemical tests has been
used to distinguish speci¢Senanayake et.a2020 Currently, soil fungal @search is based on
culturedependent and cultuiedependent methodq3edersoo et ak017, Dissanayake et 018,
Jayawardena et .aP018, Wu et al2019, Wijayawardene et al. 2021The cultureindependent
methods use genomic technology to generat@lyae and interpret data from environmental
samples Thesedata are extracted and analyzed using metagenetic, metageriDiiisbaseq,
and metatranscriptomics(RNA-based approaches(Gutleben et al 2018, Semenov 2021.
Metagenomics is used for functidr@ofiling, and metagenetic is used for taxonomic community
profiling using high-throughput sequencindHTS) technology High-throughput sequencing
features nexgeneration sequenci®GS) and thirdgeneration sequenci@GS) methodologies
to determinegfungal DNA data(O&rien et al 2005, Carvalhaigt al 2012, Schmidt et al2013,
Raja et al2017, Sudhakar et.a2018, Wu et al2019 This has spurred rapid advancements in
recent years and igsedfor obtaining wholegenome sequences, delineatinghigr taxonomic
levels, identifying closely related fungal species, describing the evolution of chemical gene
clusters, and prioritizing industrially productive strains for bioactive compou@adsong
taxonomically related straipgliscovery(Schmidt et al2013, Tedersooet al 2014,2017, 2020,
2021, Raja et alk017, Sudhakar et.a2018, Yang et al2019, Wu et al2019, Semenov 2021
From a taxonomic perspective, HTS is effective for revedhegunculturable soil tax&lowever,
thesemethods are stillimited in classifying fungi to family or genus levéTedersocet al 2017,
Frac et al2018, Vu et al2019, Jurburg et al202]) asidentification based on OTUs with short
reads that lack a physical specimmmnot presently be used to accurately ifemovel species
(Tedersoo et aP017 Nagler et al2018,2021,Hongsanan et a2018,Jurburg et al2027).
Culturebased techniques are essential to understanding taxonomy at the species level
(Chambergo & Valencia 2016, Gutleben et28l18, Wu et al2019, Senanayake et @020. This
is where morphological illustrations and multigene phylogearesintegrated through living and
dried cultures(Jeewon & Hyde 2007Hongsanan et ak018, Chethana et aR020, Hyde et al
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2020c, Aime et al2021) Protocols to isolate and analyseil-living species are founih numerous
publications Few recent soil studies have combined cukbesed methods with HTS methods
(Stefani et al2015, Selbmann et al. 202 Different researchers have also usedious méhods,

making it problematic to compare the resufsr example, studies from 280 years ago have
limited taxonomic information, and HT&ethods have made information readily available and
pertinent to initiate fungal culturinfGutleben et al2018, Wuet al 2019, Hyde et al2020a, b.

Thus, the collection and standardization and freely available publication of protocols are Aeeded
the same time, it is also necessary to establish universal standards for the collection, transportation,
and storagefosoil samplegGutleben et al2018, Wu et al2019, Senanayake et aD20Q This is
particularly important because a great deal of current taxonomic information has been obtained,
which helps study the characteristics of miscellaneous soil fungal naxeudture then{fWu et al

2019, Hyde et ak020a, b .

This review addresses the importance of soil fuiegéiuring methods in the genomic era and
provides an account of existing culturing methods for studying soil fungal diversity, taxonomy, and
other applications We also discuss the status of investigative methods for soil fungi, including
modern genomics methods in fungal taxonomy and their pros and Tohasvalue of fungal
isolation methods and considerations in terms of modern soil fungal taxesaisy addressed

Importance of isolating and culturing fungi in modern taxonomy

Cultures(living or dry) of fungi provide physical samples that can be linked to the physiology
and ecology of a speci¢€ollado et al2007, Jeewon & Hyde 2007, Tedersial 2017,Aime et
al. 2021) Unlike environment sequences, cultures can be stored, reproduced, and verified by
molecular sequencingCultures are valuable fotinking sexual and asexual morphs, and
understanding functional guilds, and can be preseagésblates(as dry and livinyin reference
collections Cultures are also essential for screening biological activiélasjdating structures for
biosynthesis and obtaining successful inoculgMseller et al 2004, Guimarae®t al 2005,
Kaewchaiet al. 2009,Dorhout et al2011], Qiu et al 2012 Rao et al2013,Knudsen& Dandurand
2014, Chambergo & Valencia 2016, Sena eP@l8, Ramesh et.@019, Gurusinghe et.&019,
Satyanarayana et.&019, Hyde et aR020h In addition, due to the laadf cultivation, it has been
predicted thaB0% of fungal taxa in the soil are unidentified at the species level, aidca@not
be assigned to an ord@redersocet al 2017,Libor et al 2019, Chethana et.&020, Senanayake
etal 2022 .

Isolation and culturing methods for fungi

The employment of culturdependent methods involves a series of steps, which can be
summarizedas follows i) @ pure colony is isolated(ii) the isolate is characterized by
morphological and phylogenetic analysiand (iii) morphemolecular evidence is combined,
providing to identify the specie@dawksworth & Rossman 1997, Stefani et 2015, Wu et al
2019, Chethana et .aR020, Aime et al 2021) Growth media is essential as morphological
characteristics can be produdedvitro (Hawksworth & Rossman 1997, Stefani et2015 The
morphology is based on macroscopic characterigfimsn, size, colour, and growth rates of
cultureg and microscopic characteristics of reproductive structures of asexuéalr ssekual
morphs (Jeewon & Hyde 2007RosasMedinaet al 2019 Cultures help observe and describe
specific structures not present in natural statiesh as synasexual morphs, different confdigha,
beta, or gamma and chlamydospores which help document the t@amsh et al1993,
Wijayawardene et aP021) Morphology is illustrated through images, drawings, and descriptions
(Raja et al2017,RosasMedinaet al 2019,Senanayake et.&020 .

Some taxdXylarialesand macrofungiproduce fruiting bodies on planttir or the surface
of the earth that are easy to obsefastgrowing strains can also easily be isolated and grown in
artificial media (Jeewon & Hyde 2007 However, many species are present in soils without
forming visible phenotypic characteristics, @ivin uncommon or extreme conditions, and some
are remarkedly slowgrowing (Bridge & Spooner 2001, Stefani et &015, Senanayake et. al
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2022 Furthermore, some taxare exclusively adapted to their substrates; hencejntlidro
conditions of isolatin limit their growth Therefore, selecting isolation methods is critical for
isolation succes@ridge & Spooner 2001 Inducingin vitro conditions similar to original edaphic
conditions enhances the isolation frequency and gr@@tbssbard 952, Kazerooi et al 2017 .

Recovering unculturable species is a major challenge in culgpendent methods as
artificial media can inhibit growth (Grossbard 1952, Kazerooni et al. 2017). For example,
symbiotic relationships cannot be maintained in vitro, preclydhe growth of these organisms
(Jeewon & Hyde 2007, Kazerooni et al. 2017). Besides;gfasting species overgrow slew
growing (Jeewon & Hyde 2007), and some release antibiotics, inhibiting the germination and
growth of other strains (Grossbard 1952)

The following section provides an overview of currently available isolation techniques for
investigating soil fung{Table J .

Table 1 Available method to isolate different fungal taxa from.soil

Fungal isolation method Isolated fungal group References

Baiting method Ascomycotand basal fungi Butler (1907, Simpanya & Baxter
(1996, Giudice et al 2012, Abu-
Mejdad(2013, Altayyaret al 2016,
Masoudi et al 2020, Senanayaket al.

(2020)
Dilution plate method AscomycotaBasidiomycotaand Waksman(1922), Brierley et al 1928,
basalfungi Kutateladze et al2016, Das et al

(2019, 202p Park et al 2020, Santos et
al. 2020, Senanayaket al. (2020),
Yasanthika et al 2020

Soil plate method Ascomycota Warcup(1950, Parkinson & Thomas
(1965, Kazerooniet al 2017,
Senanayaket al. (2020)

Chemical pasteurization Coprophilous Ascomycota Kuehn & Orr(19&2), Warcup & Baker
(alcoholandacid treatment  ascosporic, and sclerotia (1963, Bills et al 2009
method$ producingEurotialesand

cleistothecial and perithecial

Ascomycota
Heattreatment method Ascomycota Warcup & Bake (1963, Ali et al. 2009
Soil steaming method Ascomycota Warcup et al 195
Soil immersion tube Ascomycota Chester41948, Mueller & Durrell

(1957, Garrdt (1981), Mukerji (2002,
Senanayaket al. (2020)

Isolation of fungal hyphae = Ascomycota Warcup(1955

attached to soil particles

Soil washing technique Mycorrhizd, Ascomycota Parkinson & Williamg1960, Azaz
Mucorales,andBasidiomycetes (2003, Padoni (1991

Wet sieving and decanting  Mycorrhizd fungi and Gerdemann & Nicolsof1963

method endogenous fungi

The Mankau method for Ascomycota Mankau(1975

isolation ofnematophagous

fungi in soil

Fungal highway columns Arbusculamycorrhiza fungi Simon et al 2015

method

Baiting method

Baiting, initiated by Butle1907), is one of the most effective methods for isolating soll
fungi (Meyling et al 2007 The method aids in isolatingubstratespecific taxa (cellulophillic
fungi, keratinophilicfungi, and entomopathogenic fuhgand establishing their trophic nature
(Mueller et al 2004, Giudice et al2012, AbuMejdad 2013 In this method, sterilized organic
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substances are placed in soil samples and incubakex growth of fungi on the substes is
observed, and propagules are transferred to sterilized nutrient media

Different baits provide various nutrient sources, and therefore it is possible to isolate a wide
range of fungal tax@Meyling et al 2007) Table 2 lists the various organicbstrates that were
used in previous studie3o examine the biocontrol activity of taxa against target hosts, weed
leaves, other fungi, insects, and nematodes can be used g®dbglisg et al 2007) For example,
Galleria mellonellaand Tenebrio molitorlarvae arecommonly used to isolate entomopathogenic
fungi from soil(Tuininga et al 2009, Sharma et .a2018 For this, larvae are placed in a sealed
plastic container filled with a soil sample and the resulting larvae carcass is dissected andhplaced o
culture media to observe mycelial grovw@fuininga et al2009, Sharma et.@&018 .

Furthermore, the baiting method have successfully been used as a microcosm to reeover real
time interactions of fungi and bacteria under natural soil condit{Badhausen et al 2015,
Ghodsalavi et al2017. Bait can be treated with an antibiotic soluti(@®% Clorox, Q2 g/mL
chloramphenicolor streptepenicillin at 1000 1UmL) to avoid bacterial contaminatigivlanoch
1998, Pakshir et aR013 The general stepsvnlved in the baiting method for isolating soil fungi
are given in Fig. 1

Table 2Baits used to isolate fungi as@ecies recovered

Baits Fungal generdgroups Incubation period Reference
Hair Mycrosporum(Kerotinophillic ~ Poultry farm soil ~ Shukia et al 2003
fungi) for 3 weeks
Hair Aspergillus Acremonium, 3i 4 weeks Altayyar et al 2016
ChrysosporiumMicrosporum
Trichoderma
Corn leaf, snake skin, Catenarig Rhizoptrydiums ND Sundaran{1977)
pine pollen, and hemp
seed
Human hair and Fovid Aspergillus Chrysosporium ND Sundaran{1977)
feaherwool Microsporum
Leaves and ticks Beauveria Metarhizium ND Tuininga et al 2009
Tenebrio molitomeal BeauveriaCordyceps ND Sharmeet al 2018
worm beetl@ Purpureocillium
Vegetable pieces, g¢ 89 fungal genera Manoch(1998
and pine
Apple,black pepper Phytophthora ND Holliday & Mowat (1963,
leaveshblack pepper Kueh & Khew(1982),
leave discs, and castor Ramachandran et.al
seeds (1986, Sastry & Hegde
(1988
Sterilized wood pieces Ramophialophorap ND Calduch et al 2009
(at least 2 cr)
Hair Chrysosporiunsp ND Ctlin20¢n al
Albizia falcafaria Phytophthora ND Anandaraj & Sarm&1990
leaflets
Goat hair Alternaria, Aspergillus, 14 days on Ramadan & IsmadR011)
Candelabrella Chaetomium sterilized Petri
ChaetomiumCladospaium, dishes

Cunninghamella, Drechslera
Emericellg Eurotium
Fusarium Fonsecaea
Geotrichum Geotricum
Graphium Gliocladium
Giodianichiella
Haplosporangium
Helmithosporium
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Table 2 Continued.

Baits

Fungal generd groups
period

Incubation

References

MacrophominaMonocillium,
Neosartorig Paecilomyces
Penicillium, PhomaPythium
Scytalidium Stemphylium,
Sclerotium Syncephalastrum

Tetracoccosporium
ThermoascusTricladium,

Trichosporium Verticillium,

Rhizomucorand Yeasts

(ND: Not determineyl

/ 1. Place appropriate\

amount of soil
sample on sterile
Petri dish.

/ 2. Add

sterilized water.

N4

dish and incubate for
fungal colony
formation.

on the baits to a fresh sterilized
media using sterile needle.

distilled\ / 3. Place the sterilized bates on \

the soil surface.

4. Incubate the
sealed plate for few
days.

/8. Close the PetlrlN ﬂ.Transferthefungal propagules\

/6. observe the fungi\

growth on baits.

/SxSet the environment for\

observing baits.

9. Subculture the fungal colonies in a laminar flow chamber.

9.1. Set the laminar flow chamber.

9.3. Take out the small piece of
mycelia.

9.5. Close and seal the plate.

9.2. Cut a small piece of mycelia from
the incubated plate using sterile
needle.

9.4. Placed the small piece of mycelia
on fresh sterilized media.

9.6. Label and incubate the plate.

10. Pure fungal colonies obtained
from Baiting method.

Figure 17 Baiting technique for the isolation of soil fungi
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Dilution plate method

Different soil samples might contain miscellaneous densities of fungal propaboles
densities of colonies culture media minimize intezolony interactions, favouring obtaining pure
fungal straingBills et al 2004 The soil water ratio is adjustetb obtain several colonigsi 30)
in a 100 mm Petdish plate in the dilution plate methdd&aksman(1922 introduced the dilution
plate technique for soil bacteria isolation, and Brierley .etl8R8 modified it for fungal isolations
from the soil Most of these taxa are saprobes and can withstand microbial antagonism
(Ramakrishnan 1955This technique isvidely used for quantitative and qualitative estimations of
the speciege.qg., Aziz & Zainol 2018, MarinFelix et al 2019, Alotaibi et al2020, Alidadi et al
2020, Guevarduarez et a2020 The steps of the method vary according to the study obgsctiv
(Aghamirian & Ghiasian 2013, Aziz & Zainol 2018 he basic steps of the dilution method are
illustrated in Fig. 2

\ fz. Add 10 mL of distilled\ 3. Mix the soil suspension 4. Take 1 mL of the soil

sterilized water. and allows it to set for 25 suspension.
minutes.

w
ol

7. Separate 1 mL aliquot / G Fnea i s am th (5. Transfer the 1 mL

from each dilution factor. aliguot to a 9 mL
sterilized water tube.

1. Weigh 1 g of soil.

desired range.

f 8. Spot each 1 mL aliquot\ ( 9. Spread the soil suspension \ ﬂo. Close, seal, label, anh

on a sterilized media plate. on the media using sterile incubate the plates for a few
glass spreader. GEE
| é

f 12. Subculture the fungal colonies insidethe\ / \
/13. Obtain pure fungal coloni) g 11. Observe the colony

laminar flow chamber. i
from soil dilution method formation.

‘.‘ N .4“
w—/ o .
I .

JAES " "

Figure 27 Dilution method for the isolation of soil fungi
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Soil plate method

The plating method for isolating seiihabiting specig was introduced by Warcyh950 In
this method, the soil is placed directly beneath the growth media to obtain cuBtailesamples
are weighed t0.015 g and placed in the sterile Pelish, and a thin layer of sterile warm melted
CzapekDox + yeastextract, pH 3 agar, or glucose ammonium nitrd@AN) media is poured
over the soil layerPlates are incubated at room temperature, preferablyi tbd8ys, for colony
growth (Warcup 1950Manoch1998 In their experiments, the authors obtained hypjuetes,
Pythium andMortierella speciesThis method was successfully used, with minor modifications, by
Parkinson & Thomag1965 to isolate rhizosphere fungihe steps for utilizing the soil plate
method are illustrated in Fig.

/2. Place the weighed soil ina\ /3. Add some drops of sterile\

1. Weigh 0.015 g of soil. ctericpeni s, distilled water to the soil.

/4. Add a thin layer of warm \

media (35-40°C) over the

incubate it for 3-5 days. to equally disperse the soil ¥
. particles. ' soil.
v ~— L Y
N i ‘F‘
_. & e

m!. Subculture the grown strainm

in laminar flow chamber to
obtain pure fungal colonies.

6. Seal and label the plate and 5. Close the plate and gently rotate

9. Pure fungal colonies obtained
from soil direct plating method.

7. Fungal colony formation
after the incubation.

o
(I
T 9

Figure 371 Soil pating method for the isolation of soil fungi

Alcohol treatment method (Chemical pasteurizatior)

This method was first described Bifarcup & Baker(1963 It consists of weighing
approximately B g of soil, placing it in an 18 mm sterilized dry testeubnd adding 650%
ethanol After that, the solution is shaken thoroughly and left for ZBDminutes to settleThe
excess alcohol is removed, and the soil is transferred to the sterildiRetusing a spatul@ thin
layer of warmed GANmedia at 45 C is then poured over the soil lay®&etri dishes are shaken
gently until soil particles are distributed well across the batRlates are incubated for 3 days at
261 28 °C (Fig. 4). Once the hyphal growth is obtained, its tips are transferred intpdtao
dextrose agafPDA) slants and kept at 288 °C for two weeks to allow culture growfWarcup &
Baker 1963Abdullah & Saadullah 2013.

Acid treatment (Chemical pasteurization

In a study by Kuehn & Or{1962), acid wasaddedin 0.00015, 00005, and 0.00075 m¢mL
into melted PDA and poured onto the Pelish A small amount of soil was added to the media
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and incubated fori® days After obtaining the hyphal growth, the hyphal tips were transferred to
PDA slants using a sterile neediénally, PDA plates were incubated atiZ&8 °C for two weeks
until fungal colonies were obtaine@ihe method was later adapted Byruya & Naito(1979, in
which 3 g of soil were weighed and mixed withh &cetic acid in a glass tubEhe mixture settles

for 20 minutes and the surface acid layer is discardddxt, the soil is washed with 10 mL of
sterilized distilled water, and 1 mL of soil suspension is poured over the stemilaeextract agar
(MEA) media(Fig. 5) .

CWeigh 0.3 g of soil aD GPO“’ 65-70% ethanol to 3. Shake the solution and 4. Remove the supernatant. \

add to a 18 mm test tube. the tube. - ) keep it settle for 10-15 min.

AN y,

4

7. Seal the plate and incubate 6. Pour the warm (45°C) media 5. Transfer the soil to a Petri
for the fungal growth. over the soil and shake it gently dish using a spatula.
to equally distribute —
« the soil particles. *

“:] —_— e —— ﬂ

Figure 471 Alcohol treatment method for theolation of soil fungi

14 1. Weigh 3 g of soil. \ { 2. Put weighed soil \ /" 3. Shake the solution \ (4. Add 10 mL of water to \

into the 5% acetic and keep it settle for wash the soil solutnon
acid solution. 20 minutes. =

& j

¥ 'W\

—

5% acetic acid
solution

v J Y
/7. Seal the plate arh /G Pour 1 mL of sch /

; 5. Takeout the 1 mL
incubate for colony suspension over the 'T'Ed\ of soil suspension.

formation. / Ll
— L
L J/ \ J

Figure 57 The acid treatment method for the isolation of soil fungi

| S——

Heat treatment method
Warcup & Baker(1963 introduced the heat treatment mettiodsolate fungi from the soil
Many heatresistant ascomycetes demandtledivation before germination of ascospofi€atan
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1985, Ali et al 2009; thus, this method can isolate heasistant straingAli et al. 2009 Heat
inactivates the vegetative parts deds heatesistant sexual spores of furgit suppresses the
actvities of bacteriaBeuchat & Pitt 199P In this method 0.3 g of soil is placed in a sterile 18
mm test tube, and sterile distilled water is addBgke soil solution is kept in a water bath at
601 80 °C for 10 15 minutesOnce the soil settles, excesater is removed, and the soil is placed
in a sterile Petri dishGlucoseammonium nitratenedia is poured over the soil layer and gently
rotated to distribute the soil in the bottom of the Pdish (Fig. 6). The Petri dishes are then
incubated for 30 dasybetween 2630 °C The colonizatiorbegins after the fifth day, maturing after
14 days Hence, observation of colony growth generally occurs between7dagsl 14 Once the
grown hyphae are observed, their tips are transferred to the new PDA mediunaitoisiiates
(Warcup & Baker 1963Abdullah & Saadullah 2033.

cWeigh 0.3 g of soil aD 2. Add distilled sterib mlace the tube in a water bathh ( Remove the | \

add to a 18 mm test tube. water to the tube and mix 60-80 °C and wait until it settles. supernatant.

with the soil. — i

\ 4

\ 4

7. Seal the plate and 6. .IP:Jur mev::a h(4lf C_) over' the 5. Transfer the soil to a Petri J
incubate for the fungal SRRV EAENL] SRELS Do prat dish using a spatula.

growth. equallydistr'ibute e
« the soil particles.

= A (e

Figure 61 The heat treatment method for the isolation of soil fungi

Soil immersion tube

This method was first used to isolate other microorganisms from(&fikssters et all940,
Cheser et al 1948 and has been characterized as highly selective for isolating species that can
tolerate low oxygen level§Chesters & Thornton 19%6The method was later modified by
Gochenaur(1964 and several other authors to reduce selectivity and péhmiisolation of a
broader range of speciéghornton 1952, Parkinso& Kendrick 1960) A tube with 46 spirally
arranged minholes containing nutrient agar is placed in the separated by an air gajfter 5i 8
days,the tubes are brought to the dabtory, where the agar core is taken out and cut into pieces
Pieceswith mycelia are placed in sterilized media, and subsequently, colonies can-tdtardn
in selective medigMueller & Durrell 1957,Mukerji 2002 The basic steps of the method are
illustrated in Fig 7. When using the original method, the core of the agar tube contains less
aeration, which make# suitable for isolating low oxygetolerant, fasgrowing fungi This
method also isolates n@porulating fungi such aRhizoctonia solan(Chester et al1940, 1948,
Garrett 1981

Soil steaming method

Soil steaming is a selective method for isolating s{pewing ascomycetes and
hyphomycetes from the sqWarcup et al195]) that are likely to be overgrown by fagtowing
groups such a&bsidia, Mortierella, Mucor, TrichodermandZygorhynchusThe method consists
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of weighing 125 g of soil into a glass tumbler and steaming it for 2, 4, 6, 8, and 10 minutes at
100 °C One cm from the surface soil layer in each tumbler is removed arsdenaed separately to

10 Petridishes containing Dawyeast extract agar medjacidified with phosphoric acid to pH 4.

This is then steamed for four minutdhe most efficient duration is four minutes to redisst
growing taxa, and ascomycetes resist® a short steam treatment can also be isoldted is
favoured by the small number of colonies grown on the p(&tescup et al1951) Heavy soils or

soils with a high proportion of humus may require more extended steaming péfawisver,
oversteaming can inactive colony formati¢warcup et al1951) .

Figure 77 Chestets soil immersion tube method for the isolation of soil fungi

Isolation of fungal hyphae attached to soil particles

Most fungal mycelian soil are attached to larger pal#is, and removing fine particles eases
their observation and isolation frothe soil(Warcup 195% For the procedure,il.5 g of soil is
placed in sterilized water in a pdited beaker for 45 minutes After that, the crumbled soil
particles are brokensing a water jet, and the suspension is left to settle idd068econdsAfter
sedimentation is completed, the excess suspension is removed, and the process is repeated severe
times until the suspension becomes cl&amally, a small amount of wates iadded to the soil
sedimentation to create a soil solution, and the solution is distributed across three sterile Petri
dishes The presence of hyphae attached to the soil is observed using a stereomicrbseope
hyphal masses or parts of hyphae are rexdaising fine forcepShen it is deposited on the sterile
water drop placed on sterile Palishes, and melted cooled agar is poured over the hyphal water
solution After incubation for a few days at room temperature, hyphae grown on media are
transferrel to a new sterilized Da&agar media plateAmmonium salt, peptone, soil extract, or
hydrolysed casein yeast extract can also be added to the medium to stimulate hyphal growth
(Warcup 1955 .

Isolation of rhizosphere andmycorrhizal fungi
Wet sieving anddecanting method

Plant nematologists commonly use wet sieving and decanting techniques to extract nematode
cysts and larvae from the sdilriffitt 1935) Gerdemann & Nicolsoif1963 used this method to
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