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kesiya Royle ex Gordon) InVirrioi in vitro 1.01E11161g81111155i14L@FITG1111F18415V1 2 58' 

n-mifriaoulwimpluntsuliviaaNymauvu-iilvicli (40 x 200 ilaalla5) unniIrovau 

luaiuLviinga rani5ginvei1iu-i-mlunO, Gasteromycetes V13115f1a514LOATANI90515211 

in vitroltZ 

wava4n-151d176LiioLaultm Astraeus 	 tozwaviani5 
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Abstract 

The study objective was aimed to test the selected isolates of Gasteromycete fungi i.e. 
Astraeus sp., Pisolithus sp. and Scleroderma sp. on ectomycorrhizal formation of pine 
seedlings (Pines kesiya Royle ex Gordon) in vitro and under greenhouse conditions. By using 
large test tube and petri dish method some fungal isolates are able to form ectomycorhizas 
with the tree seedlings. 

The effect of inocula of Astraeus isolates in forming ectomycorrhizas and growth 
responses in P. kesiya was studied. The results revealed that height, root collar diameter, dry 
matter of shoot and root of seedlings after inoculation by some Astraeus isolates were 
increased. 
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uvrai 

1.1 writialiallguatilanteAtuifichiiniiiib 

1.1tiiiLLUUSillY1101Fifl (symbiosis) 

5:1171151iTh5infizIA414 l'ounifli o1Fitlatiq:7htlittni5VITTU015091115 

Lkar.6-4v10,1iniit luitcuzLiinriminihtwalaonldouviltmtum 

(Root exudates) fILNIII:TritaGlan-111,@it11,t0119 FilltUiltiii-151134R8i15711011=1E1 Z131 

R'3134a1341I0f1@:NitligifYiliki111.131134RoilIT11@lirEl I'33411tIa13415fli@ifujonuvnivi 

viiii16.vTILL6'1 	vniviktaucii+ vilanwp 

Tomv17111-ili'anaz 95 te4iintnUlqrSla'n3474101ithil■Indil 5-1134RailTdidlavicliati1u, 

11461) Basidiomycota, Ascomycota um: Glomeromycota 51111114 th'34 Basidiomycota 

fruiting body 116VIalt11 21111uti Lilt mushroom, toadstool Ilar. puffball 1.il.frt.6lGrifril.q14 51  

lunOrif t.151:341f11 5,000 Onga q:Vi-h1134A8flInt-TUn6113TilltiirlF11914d1FictlYnIni5 

D'On't; Liar.LF15142ri9 annnil 2,000 IN 0138Eilll2ft614'onnjawu6 (Pinaceae) Epiatipi'v 
(Myrtaceae)1.14015Zp8e 

, 
Fagaceae) 	 (Dipterocarpaceae) LNI5T1,6 

51114,1A34 Gasteromycetes 013415C1fi9ZLYITZLgrA laZIA341.1i341t141141E1 

Pisolithus arhizus (Scop.) Rauschert a134-1Ifil@icUlgall,0111-151:Al 	Lia:013.nIcivT-11 

LeAtrill1olo5l.5tir1unA1l1J111via1t1 ram 

1521i Pisolithus arhizus11411-Nnilkl 

rromen@in@zzbuluni519iqynaln&7bLA3 

1fribi nfri7El t ub 51111 GIltJld (Astraeus hygrometricus (Pers.) Morgan) CliNtavIdleivriTii 

nr1 A 71 84 di 411111111W F15143 rmi 114 7111, 

114,115:311F1111E131I1E11111,11Uil r45-1LoRtoilloieil5t-Ilunq:u Gasteromycetes 

tfimillriklt110113-15551,171161 0E11115h1134 fl1ILVIIEIN/16'919-idlIfiiifilItipt117101115ZLY1F1 

191E1110@VailETTIllfr1F4'3134119"31341S11@ fmtlIzquilihiLoRTANA61.5nlvitiunihi 

riaufi@r.ihrni-11111Jun ilmtutmlni5liblfAniin-15FifraAenvriztilm 

134Fia5l5711 111119:34 Gasteromycetes fi 310 014,115:LT1Ft IL arA 1.601ElYVU65YllGlfl14011.`rl11Tfr1El 

57134t11617-11,11341Z034tTUfpfialfliFilla:V.f11-3:1,1,WA'0141111..15Z1,11F1111E1 11161@:',1TIOFILNA 

rtixoLviir.11;iriunA'llartuwtimmr. riouiritrallthlun 0114,011@lfl@V87Elli160151r115 

L@icutinAvrtio,n4-11341,vNiwilloiati5oNtlaamirtiluonlviLno6n341111-iwil41:a34LLA'-3 51LOR 

10.34Ani15.61tim-No-armai'imenolfrilMuwaviaoeikiiiiiFiTiNd-wiqpialwriulavt,i1 

tlunt1-1 



1.2 Telt-phr.aliftelti9I4n-m 

Aar 	 saillt-rnalyna196134 	Gasteromycetes 	umn 
lkinoonolornumY19JFi7194d-4tv, 
n6-11,3W.1-1 

1.3 ONtliS11471044174f11751iTtl 

5-11,01;111i11/419011,5211V1flritlifli c4IlgOrililaltrilfIVi'1119•1190i15tillndllA14f1111,@igl 

nivigivnTr,Fauqvlitieltibtr7in-avilegnlviiioulioael 

1.4 lauvaerse4n1fiiii 

ni5girt4-1tif@n4M4itQY11:51LoRtil,34Flail571-1111‘nOi Gasteromycetes 	dam 
riii11114,111FILIAOTREJLQW1Z1Illtlfil111191,11110 fl1Allifi0101814d14 	*tit-titan Iltviti win 
Wit511501 	vilarruw:TuoonLZuliata 
1110111111.0tAl1a 111AVOuritinA'11:ThietiarrnivonTolqamil viiaLialuvrrzii 

1.5 Unlutraili9loriivrAiiiii 

1.5.1 eaniIgnwmflir,@:14w-itriititivoll-noRIANAeil5zifig u.ar.oui:*ieni5r4Aril 

Lvi olini Airiu n6'9111" 
1.5.2. 98niwiNoivi-Jviia511,01941111190i15211i11113,11:03-1 f11 0-13415nmnumiliriu 

vivi-Junv, 171111E1721'01 Lilt n114111131" a-rwAlLantiu, vi5aLn14m5n5ilou1014' 
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I cz 
n

cf 	 21 Long-1 	lct iitazirnEuntnvel 

uinnniniin (Rhizosphere) INAI,Vidlf11:11NWYllif@iFTEMENTWYtta-lin349Enolait 

Y1til[l OliklaiiiafrIILAUTE;17101111t 	 0-1@q:eti1v,F.1 

?IN ni5ElanVainZiniNt (Saprotrophic) ni5Yi11V9LF10111A (Pathogenic) Unn150-4El@til 

(Biotrophic) lq 

2.1 ihr,Lnerrnalaiciaiilli 

iamaiiTtn (mycorrhiza) Ilia fungus-root 715ingilii311q11111114-Ininii 

"mykes" 	 "rhiza" LaJai-nin vivinblAwaliltemnfiLquwaviain 

Aymainii4,6uutnrilvilLGrja 	 ImEmu,14, 

@zoTaailtilIifiLNIMilNliralt5Flcit (Jackson & Mason, 1984) I1q:717E1V11.1-1 

tti,riianilLqicuLiitamtalifitt tviviQvil:ofillihisioirleavlai'v (Kumar, 	1988; 

Nopamornbodi, 1995) iviticunlymiinztlamtldnn5urigNi54iviln AliT1J1001501 9F113114, 

i'nt4t-u:vilndilif,41LN,LaCieunaindipitiflunl5iiirimathamtal 

vim uniit 

uS1 15H vilviriiiv ua:orilyitrami'eub'vt, 	 I3Ra5l5214117Lqu, 

ukthznaufiiiiram 	 aluirkiLquitmn 

Mark to: Foster (1973) 51t1111.61 Unger iqutIRRamnfiguynnitlyinntimoin 

Att 	 usilthillthilmtIAWillbil 1885 Frank I6nt5R7mmlil3i'd-17Lne5416 

TRE@lgEJTAI4Vichl una-nvecutvill 

v1:415ngIllua:411,114,11Z11,01VNIVROil5Z-11;g101111111 2.1 Usi 

1116afiAlik11r15n1I1 i4onuaril1i3i3i@ti 2 111:LnYi 

2.1.1. ',BALA/018411711 (Ectomycorrhiza; ECM) 51114,n341711,@:V5lli.auitflL1,6 

1.1,G11611161115Z341c11 20-40 INIFIILI-1V15 (Agerer, 1987-1990; Issacc, 1992; Brundrett et al., 

1996) dnAR141151:1C1Iii-ninLinnuiltunufia (mantle sheath) taltitUild-iia@luanufia@r. 

SiltiLqicothrwillttaah (epidermis) uninii4FmiLviniitelLtaAin th:g11,6f1llAU 

(hartig net) usiuunuilwehnLiialnidiEnniltiorhilyiuriIinfituani 

wavilIvT5inAtirifrin15LAFJULLIJ 	 vtiv, 51 fl Lrifriniuoinutumuu um a al 

liQn (dichotomous branching) XM2lilrAN5inilit4RI,GliLai95113.1Rail5?I'Vtliimil 114 

1.1AM1'55b4,2t1til 2.1 I1L ATR1341°105152i1i1lAIII171160116 Class Basidiomycetes LN6d716 
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1151111;  2.1 V1101710111-1R051,52!'lliarSn14i1.1:4711 d9 

din1vinjetriun434 
Basidiomycetes 
whytrilAilu 
Ascomycetes 

Glomeromycota 

Ascomycetes 

tNU Hartig net 

LISht mantle la: 
rhizomorph 

Arbuscules 

Vesicles 

Auxiliary cells 

Hartig net u.az 
uuu mantle 

tuiii-1111.mebt 
vtia6 

L1J5Enualal 
auYISEI 1T 
inviukt 

-f115i'11b117181 
EI 114.114 

011@`11115 

-n5ru7uniI 
6t1gvu661Jal 

Amingi5 
nlfJtuAu 

Ectomycorrhizas 67uaviliiitucit 
u4Swildan 
(Gymnosperms) Lui 
AmAltAtman 
(Angiosperms) .  

LL 4 (woody 
plants) 

Arbuscular mycorrhizas Bryophytes, 
Pteridophytes, 
mgolvaanuiltuR 

Linkman 

Ectedomycorrhizas 	dlulvicguired 
u4Smiirdan 

Orchid mycorrhizas 	n6atibT • 
	 Basidiomycetes 	V1-11711ilLaVilE1 	61GlirtlF115`UOIL 

(orchidaceae) 	 (Hyphal coils) 

Ericaceous mycorrhi7as  Ericales 

on-31F1 
Monotropaceae 

Ascomycetes u.az 
Basidiomycetes 

1J7119i-11111/13:1 
tN liehk mantle 

alt 1lfJ'bWIc7 

F9@ivrnifii41.14 
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01151411 22 tiLi17104511.9F1161114F18415Z1 (ill 341 Miller, 1982; Brundrett et al., 1996) 

Phylum 	Family 	 Genera 

Balsamiceae 
Elaphomycetaceae 
Geneaceae 
Helvellaceae 
Pezizaceae 
Terfeziaceae 
Tuberaceae 

Basidiomycota Amanitaceae 
Astraeaceae 
Boletaceae 

Cantharellaceae 
Chondrogastraceae 
Ramariaceae 
Corticiaceae 

Cortinariaceae 

Entolomaceae 
Elasmomycetaceae 

Gomphidiaceae 

Hydnaceae 
Hygrophoraceae 
Hysterangiaceae 
Leucogastraceae 
Melanogastraceae 
Mesophelliaceae 
Octavianinaceae 
Paxillaceae 
Scutigeraceae 
Pisolithaceae 
Russulaceae 
Sclerodermataceae 

Balsamia 
Elaphomyces 
Genabea, Genea 
Hydnotrya 
Pachyphloeus 
Choiromyces 
Tuber  
Amanita, Limacella 
Astraeus 
Alpova, Astroboletus, Aureoboletus, Boletus, 
Boletiellus, Fuscoboletinus, Gastroboletus, 
Gyroporus, Leccinum, Phylloporus, 
Pulveroboletus, Suillus, Truncocolumella, 
Tylopilus, Xerocomus 
Cantharellus, Craterellus, Polyozellus 
Chondrogaster 
Ramaria 
Amphinema, Byssocorticium, Byssoporia, 
Piloderma, 
Cortinarius, Dermocybe, Descolea, Hebeloma, 
Hymenogaster, Inocybe, Rozites, 
Entoloma 
Elasmomyces, Gymnomyces, Martellia, 
Zelleromyces 
Brauniellula, Chroogophus, Cystogomphus, 
Gomphidius, Gomphogaster 
Dentinum, Hydnellum, Hydnum 
Hygrophorus 
Hysterangium 
Leucogaster, Leucophleps 
Melanogaster 
Mesophellia 
Octavianina, Sclerogaster 
Paxillus, Neopcccillus 
Albatrellus 
Pisolithus 
Lactarius, Russula 
Scleroderma 

Ascomycota 
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51'1511ii 2.3 raoila41.14,1,7JVI@U4143 toz1.21101i014,11r4A1-134hYZUgLIMULDA151134A8i1,5711 

Brundrett et al., 1996) 
Family 	 Genera 
Aceraceae 
Angiospermae 
Betulaceae 

Caesalpinniaceae 

Acer 
Araliaceae, Didymopanax 
Alnus, Betula, Carpinus, Corylus, 
Ostrua, Ostryopsis 
Afzelia, Uapaca, Anthonona, Bauhinia, 
Berlinia, Brychystegia, Cassia, Eperua, 
Erythrophleum, Gilberttiodendron, 
Instia, Isoberlinia, Julbernardia, 
Microberlinia, Monopetalanthus, 
Paramacrolobium, Tetraberlinia 

Casuarinaceae 	 Allocasuarina 
Cistaceae 	 Citrus, Helianthemum, Tuberaria 
Corylaceae 	 Corylus 
Cupressaceae 	 Cupressus, Juniperus 
Dipterocarpaceae 	 Anisoptera, Shorea, Balanocarpus, 

Cotylelobium, Dipterocarpus, 
Dryobalanops, Vateria, Vatica 

Fabaceae 	 Gastrolobium, Gompholobium, 
Jacksonia, Mirbelia, Oxylobium, 
Percopsis 

Fagaceae 	 Castanopsis, Fagus, Lithocarpus, 
Nothofagus, Pasania, Quercus, 
Trigonobalanus, Castanea 

Gnetaceae 	 Gnetum 
Gymnospermae 	 Abies, Cathaya, Cedrus, Larix, 

Keteleeria, Picea, Pinus, Tsuga, 
Pseudolarix 

Juglandaceae 	 Carya, Juglcms 
Letospermaceae 	 Leptospermum 
Meliaceae 	 Owenia 
Myrtaceae 	 Agonis, Allos'yncapia, Angophora, 

Baeckea, Compomanesia, Eucalyptus, 
Eugenia, Leptospermum, Melaleuca, 
Tristania 

Mimosaceae 	 Acacia 
Nyctaginaceae 	 Neea, Pisonia 
Palmae 	 Euterpe 
Papilionaceae 	 Ormosia 
Polygonaceae 	 Cocoloba, Rhamnaceae, Rhamnus 
Rhamnaceae 	 Pomaderris, Trymalium 
Rosaceae 	 Crataegus, Dryas, Malus, Pyrus, Sorbus 
Salicaceae 	 Populus, Sal ix 
Sapindaceae 	 Allophylus, Nephelium 
Tiliaceae 	 Tilia 
Ulmaceae 	 Ulmus 
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1111.11:1.11FITY1f1r111-11111.0194113-188i1Mil 1.11:1410.1 69 ticui qiiltliT'UY14,4184114, 

5:Wt1.6t7F1 16ti1 1161l51 illuaoln95ai'111,@FitoiltiA@Thtiadilifiiwtrol loTuri 	(Shorea 

obtusa Wall.), 5d (Shorea siamensis Miq.), L11 Jd (Dipterocarpus obtusifolius Teijsm. ex 

Miq.), vow (Dipterocarpus tuberculatus Roxb.), tlslr3JrF11t3 1 (Afzelia xylocarpa Craib.) 
(Chalermpongse, 1992) 

2.1.2 Bui`tra 	 (arbuscular mycorrbiza; AM mia 
Endomycorrbizas 	Vesicular-arbuscular mycorrhizas) 5-111bn trif,@:allalar.1 	fljr7fl  

niEntea-ninithitniviaquarjuumuiia 
71u12ia6lin tor,i'lltAwafiAl,F114 2 tant 	 itruniuluLta6Hai 
vvinittv, ;e  arbuscule 	 uar.:1111+-RIA4'-ing'ulaTumnrwri-ntaiti 
(dwarf tree) la: vesicle ii11.14,1-Awvfilfirlytliilnati 	 usiLA:441oiaLinngn 
11dsoviitrii Vesicular-arbuscular mycorrhiza Ili@ VA mycorrhizas (VAM)@11114,111.1+151 

61.14,f1111:1111?IlIFILY1T1tWriVfll vesicle vilitatilEaninniiniitThipiii.NA@i1,521-0-1inn'ii 

idMintAIIVi'llYtIVNirtrAtIc951Vi"llitt3IYIU114,5-171tiimloil 

lun-nthiliiii5ititortf,L7TiatiaigetuAt 
ativiInitnImaiculoTrivivdnr71 
InItitmai@wun15LAnuNLNOLvig@Idavt, 
untta‘la7iltta:Fmtitititeatmatifitrtlitnt1dn15S1th1n71olI1 (Harley & Smith, 1983) 

2.d ii 2.2. A. i'm4tur.talaliiraipiiii6m4citemi-mgialr (tree-like) B. im..4tur.tialLASta (eng5g) 
eiitiota (Brundrett, 1984) 
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GLOMACEAE ACALILOSPORACEAE 	 GIGASPORACEAE 
Glom us 	Entrophospora 	rfcaulospora 	Gigaspora 	 Scumitaspora 

ARCI1AEOSPORACEAE 
Archuenspora 

PARAGLOMACEAE 
Part:glom as • 

111"--1 
C 

GLOMINEAE 	 GIGASPORINEAE 

GLOMEROMYCOTA 

liaii-ITOttaina.lAnilItli@t141, Phylum Glomeromycota 4-muniSit15:34in1 150 

t1 Lb GI d74Vi Ejiuoil Acaulospora Entrophospora Gigaspora Glomus Sclerocystis Ltaz 

Scultellospora (Schenck & Perez, 1987; SchiiBler et. al., 2001) Lifa7'll.q14,134F1011.521-17S0111 

lti~tlfiYl [91 ili nitKinnii 450 6'iLl,q1utel Ordovician (Redecker et al., 2000) 1-11.10434b6 

@:5f14134Fiaill2li VilliInntivrawbi 

Ninnii 25,000 	 clifV1v, 	 g4i.TtAlit$iikin3.1dikilimILF1114.311@ 

l till ti ffn 115:ti !TT] !TT-A.1w 	niu,v1 	LLZIAa 10614 fft111:5m @:1--JR-Am 5 mai 

5-10111@55 L2fa55 11v45 34114454 LNI,VT11, (Varma & Schuepp, 1995; Fortuna et al., 1996; 
Lovato et al., 1996; Azcon-Aguilar & Barea, 1996; Siqueira et al., 1998; Duffy & Cassells, 
2000; Cardoso et al., 2003) niInl:@itlt@lliaiitThip-1 .413-liii@illti@rriUlorktAltirVill, 

Yi111016tillidlliiunq5int4R5 	.d.-113-TyliaLuin5ntiAltilltldoulni-14114, 

wifia\ndi 
a11;13•11qtfill3-15553-Itlii a1.675I14 uar.817ri11li: (2525) Viuii110:utlill1FratliAtnarnearti 

@:ill tatirkl414iIiiRli34X3-lthl,dd 	g.fTUI-Wii.tractp-li13-1A@Tiltlietik]tlliviltIgn 113 tam YI  

hi:146111d 111:ti (Pterocarpus marcrocarpus Kurz.) Y4:r14 (Dalbergia cochinchinensis 

Pierre), URN, (Xylia xylocarpa (Roxb.) Taub. Var. kerrii (Craib & Hutch) Nielsen) 34 :Fig LUZ 

(sindora siamensis Teijsm. ex Miq.) n5:tin (Irvingia malayana Oliv. ex A. Benn.) allt;(11, 

ytlii 2.3 rr-1ib14-11,134,n5laitiatiaiilmila5lTeti (Morton, 1990) 
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2.2 XmriturnalI-invivgiffiLlial-iLefitsiaineflIzi 
Xtmtuni@151 -1°n tiiiiLa Almiv 	@noingilltlainyinfalciithIL@ATEAL4Rai 

15711 	 vtiu, 311+11 Xriwurmale7n5in 1, banalniitiliiini4tuAll 1 fiat -i61 

Lgnwin@uoiallinA@lanyi55Fiv,111n-non-atjArit4cur.telyinfiLtuwal.mintlhgvviii,6 

5:1'1'i-1151 Lor51nYVT! 5infi214iLeAtoil3JAa5l5211atiiniutan7.7114A1Ninim, Zak (1973) 

71 51n13,1111,515:fla Abies, Larix, Picea, Pseudotsuga 	Tsuga 	 @:r-1 
2thitiuni5Lomu,n4,1to15inLtnivuu Pyramidally pinnate tna..115invv,ciiii@AtilvReil5 

?I d-]1.6111 qj@r, 	.14 	n 5 limn tit ̀ 14,1 111.1.11 11 Monopodial, Bifurcates lila Coralloid 

21iLLUUt@ln-nusinutmunii@LinnuAR11-7114,3flfi 2.4 

36'1 2.4 pi U,Uuni5U.(Y1112111,1110151f11.01;1411341;18f15211 1) simple or unramified, 2) 
monopodial-pinnate, 3) monopodial-pyramidal, 4) dichotomous, 5) irregularly pinnate, 
dichotomous-like, 6) coralloid, 7) tubercle-like (11 8-11 Durall et al., 1996) 
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2.4 iiLiFrivitritialTiliimaillti 

511NR0515211fILVIci@llfTUaliiiltilYtIllalfl fiviBaf1151.qifUll181114114T14, 

L@5cuvi5ov174iwntu@zirinT21miu5nimi-amA"m4viaitrihr.niI ltfLl gt-uvirjid, Frnau, 

F7'184L11Is-ohl una-1581111I LNg(14, 

2.4.1.9.8.111.0 RtuvirigauatllY1 1.1.101@3•1tiiii19-31Ndlii11161114,f1151,@itil LLazni5 

Ncom8JLLrAnvi1lrill@@n111 (Hacskaylo et al., 1965) VUTI113111onlizavoiani5Ricutal5i 

L@FITANFI@515211d7IAIYILliOdIZW7ll 18-27 @IFilLiaLii 	(Harley & Smith, 1983) 511,0FITGI 

laJP10,5211U112111a11 19113-11111,11114. LLar.viviInLqicustattanlviiiqcomilovilog-m-i-4,  

France et al. (1979) 51E111Wil 51 Amanita citrina (Schaeff.), A. muscaria (L. ex Fr.), 
Cenococum graniforme (Sow.), Pisolithus arhizus, Thelephora terestris (Ehrh. ex Fr.), Suillus 
grannulatus (L. ex Fr.), Suillus tomentosus (Kauffm.) Singer, Shell & Dick, Laccaria laccata 

(Scop ex Fr.) Berk. & Br. LLaz Hebeloma crustuliniforme (Bull. ex St. Am.) Quel. V13-115f1 

L@5t-tj LLnathogrilianar, 97 fllEIVIX111151,111.111 —10 01Filt21aL2ifJa &Alai 48 7771:41 

Itanainitr,i P. arhizus ils'la11.11IMAitilU16011115 Hagem agar fiql-uvirj4,1 61 42 alFli 

LiMatfifaltI (Momoh & Gbadegesin, 1980) gnalfliifrd le..1 viani5N5cullozunif1l 

ai'-wv.LJoiia151@ltiortial5A34Flo5'521"-L,Loiazwini'LL5ilumniii1411114,  (Schenck & Schroder, 

1974) qt-uvujNilLvivizawm@l Glomus. fasciculatum (Thaxt.) Gerd. & Trappe CI;  

iisLiraiuctuslkl@ 20-22 @IgiLiaCitia (Jain & Sethi, 1988) 

2.4.2 19111.14111.1111_111121811;1118411,518Ill@AIG1114R@4152111t14 31R7`1a4diggivinni5 

ii2i9owtham ni51aicon151 fil:frith=1113-1414,11LAwii 1 111:34iLu5@uar. 2-7 lilnATRIN 

1=1@i15211tIETIV11-115fll@icundiol" Lia:La5cuio1lifikzoTUR713441,1@til1bgUI:W2'145@flar, 10-15 

(Harley & Smith, 1983) 51 Cenococcum geophilum Fr. 1.1,1,511,@FilfiliNFleilItlibl:•115t1 

L@Inj LLazatii-mriuiliaililuan-rwill,FrrivLAILL641o1" (Trappe, 1977) n15gint4irrniio 

Brassica napus latuf13119113-141,13'0FJa: 18 22 26 LLa: 38 

V11346'1;1'11 Yitli1A113-414,111,11341ZVNfiqNgOiarn: 18 (Maluriood & Iqbal, 1982) 31I1E11114, 

-i-iluLLtladliQn Acacia albida Delile 	 Glomus, 

Gigaspora, Acaulospra LLar. Sclerocystis 	G11441-I n n cli'm4, 34'1flf1T15nn 	262 

2.4.3. F7'I84AMI61-6114 111A1-111^1111FIk3JPill 1 iiIll@AIG1130185152111,@iql@tilGi 

1,t 	r.:11;1113-1LN,n5fri-oilluoinohlrill,111nE11134-m 

?lam L@ ATV113,1F1@i11211 	@ti5Z.vvl \I 4.5- 5.5 (Hung 
9
& Trappe, 1983) 51LORIF113-1 ai 

1Ii1LLviazicto 
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Willenborg et.al (1990) ifit7liirilatIn5H-Oii4ti1dltA58JniI1@5ng@lIi 

PaxiBus involutus (Batsch) Fr. 411,61146 5 Vlt 	1744 -la1J1:Will 2.5-4.5 PrailNflIGIET1 

LNt.0@i"En710-14ILJoianlIl@ntLazni51iima1la5talIi@itimpilimAaiiItl LLatAud-314, 

diAcustuni5aSuivni5n1rAiripiTnnioltatjaiii:419@i1521-auiivt,ttioloilz1 (Mosse et 

al., 1981) LitMinIii.I.GintliiatathinUltUnItii-GhltalkViiiItTU 

1.Thitialil.1119@ilTg1114)5111fitill t@if111144114SiCIFIlla14311I61-GilVE191 9.2 Llar.114,PLALmilalil 

rn41 	'11 11 MUn51- oi 2.7 LLRitiAtningiLniaitapjaiiimpiaii,In@r,tauktfiLN4,  

mo-ginlivtinalleivLAnin (Green et at., 1976) 	Glomus epigaeum B.A. Daniels & 

Trappe @ziilliailgligni5larlaRallil@Ail3attn5N-Gillginii 7 BEi111.5t1F1134111i1151 

aitmplii,v19@i152111111tilfrIA")134Ltun5R-viioloav,A4iiiwagiafll51@riLLazni5Ricu 

ithrisn-nLiAmLutlalniIiiollaim151 G. fasciculatum L3JOHTl3JL!11,f15G1-0i111,141@ln 

5.3 	7 USi TlellThtl. ali13-41@i1.5M1Ullti4111t@UF1113-11.%fl5G1-fril4111,Nrra@f1 It11.6 

Gigaspora coralloidea Trappe, Gerd. & I. Ho LLar. GL heterogama (T.H. Nicolson & Gerd.) 

Gerd. & Trappe r1111510flifigillilill Fnlaltin5R-gllailfiU 5 U.a.r. 6 Ii119-11A-U (Daniels & 
Trappe, 1980) 

2.4.4. 	 Vil@iViiIi14-alt,11M-151dit-0104511,@AT911.8480i1.1211 Lt 

ImEnit'ilthiLoRIANR@11,5tiv-thiIL-miculgauaivii5dihniisfi 

alvt-InianutRo LarLITIta LLantatalutav LNALvid1Fn5umILLaz1Ni'll-nt 

Iviv@zuniggrimm@Fitil.vpi@i1TentrotilrinilatrilaiEwiuSLyility,  (Cao & Crawford, 

1993) Thapar (1988) 57E1111Vi1 Ti Scleroderma bovista Fr. 57 A. hygrometricus Liazyl C. 

graniforme (Sowerby) Ferd. & Winge 	 LLar.:4@atiim 

11,11d1RliU014, 	 @zati 

11131.1tuallur5titulo15L@i4, 511.@1;14111090i1521101/415[1 !Alt-LAMM-WI 151:6EllliTaiiii 

110 8-11-11.11441 INLAY' d111431F111.@14 (France & Reid, 1982; Harley & Smith, 1983; Ek et al., 

1994) 511,@FITG113-1P1@i152i1U1121111i1013415L-11,@ifilkUlt@l111111311143015filVii0W1514,1116  

11,61R51,@1,1) Ltffu nHar.illy, 	 Scheromm et al. (1990) Vitrii 57  

Hebeloma cylindrosporum Romagn. 316-G151f1151,@itirU16011/11Ifild114,1S15G11.Nb@IFILIT:MOU 

LAM% 10 ail LaiaLfinuriuni5L@iL-LnmaivnILA1LiLilidualitvLiina4LtuLLviAuLnLvy,  

2.4.5 5769YieHy1aia 

ImERQvsnzalIfILAAawilloitZ@EJ Lziwol@vLvim (Allen, 1981) LLriiLiiiitiAarlaarlai'awinaill 

wzd21Giaviatl53-norm15.-lantThtpi5I8JA@51,521il1451nfiaoal Ishii et al. (1998) loigit4.1c4a 

Valni5lalEn^in014@iV11411n15:flaA11 111.6Tv111-111,51@l1Thipli13-1RA571111,65-inavial 
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LIAJORT1 3-11114i11,2181.41:171 1414 Sharma & Adholeya (2000) 51f1111.6161F11134liallaN 

vlaavloTaluktairilmn 10 ppm L!J1t 20 ppm flilgRileY1134A8415Z1111,5int@IVW1 

alloThaRamnionar, 30 LN,i'nuaz 10 

2.4.6 sittijuismvu Hayman (1970) 51E11116-lni5Liiv.4114,1m5Laualltriv,Au,@: 

Yilli5i@itThiplii,34ReilItiVi'ilVtlafantal Abbott et al. (1984) 51E111161f11IIVNE1 

11,4151A16 rmatiuttmi5L@icutolLaianyllijiv,yarvilamnilgfraitalv,IinAit,  unvitrii 

mgal16oiTiniuttu1'151@5ti2 l5laitivtai5D Re515tilo1vinn7-angeLo84I14116t1 

tozsirpivrnuiltuR 	 1,1411nifio 14inkriultlirla-unInirutturn 

l@icipar,n15gRitla%51nt@l5lalitThiplilliFi@i11211A"A (Menge, 1984) 

2.4.7 F11111141111.00 LIV1311■111Valgcligi@f11IXILATIL411017181ilit 611AtlIZT1.11101 

741f1@:171111Nta■11.1951:19.11V116T1ilfilla4114,71,14-11f1 1/111Alb@l1115tU51@l1Thipla3-IFIOTI.1 

711 31I1f11116119711-11,i1111101113,11114'1U1WaYillif11517101111051011.Th itialf6R@5I521111,51f1 

iNt Nectendra ambigens 11N74t14 (Sanchez-Gallen et al., 1998) ETicitliGtii.t.W.VIIZenal 

1.1i3-11[Ulault15illan5lnU,antlailflItfiTnilgifillf10111,5inaNal 

(Heinemeyer 

& Fitter, 2001) 

2.4.8 ailuulm-bm-nunvsn 	 74cosion15 

R5cp01511,0191611341;105 5211 flea'-7g@ trmii5lt -hvtram@zititTutilimi@icimlynoRtriav 

Rex5 521i (Mardisubroto & Wardana, 1982) vlion-RaLltin5:0TuavildicuLlitu, 

(Torstensson & Wessen, 1984) 5118AT6iI74AB511211 

31R111413,115611@:11111111.1,GatliShIlllgar,rafflilligUIZIZUR11NlialiMiill 1 1161f1VillfTIA 

Marx & Rowan (1981) Yitrii fJ171151 Benodanil 111:6TUAT1NliiNi'14, 3.4, 6.8, 13.7, LL 27.3 

1341A5854461aao1l tl6e71Y115 Modified Melin-Norkran (MMN) WZETtlEt11111L@Itv, 

Pisolithus arhizus 	Thelephora terrestrisliatliZfli n151i Captan 	 Lim% 1.0, 

2.0, 3.9, uaz 8.8 1:41c95n5341oioa1 1A-iiiravi@n15Laicuta15-aoptirillNcimaTnrilValVtla 

Hutchison (1990) Iit11114,1111LaRIRINFIflil,52illIAVIO Boletinus, Boletellus, Boletus, 
Chalciporus, Lectinum, Suillus, Xerocomus, Pisolithus, Rhizopogon, Scleroderma, 
Hydnangium, Laccaria, Hygrophorus, Thelephora uaz Paxillus V13411011wriTtmazNicutni, 

011111 Potato Dextrose Agar (PDA) il;31 Benomyl @tilutlilricu 10 13411;11 fli3-1GiOriaaafill 

1,1,F;51 19411,34F1@i15211 C. geophilum 	11az511aRto1l34Ro5 52f1t1oila Hebeloma, 

Lactarius 	Russula 13101 341 501.@ittlIJUDTVVII PDA 174.10 14 g1-3 Benomyl 

n5F115:novati161 tri7ii51 
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ai5 34i°191.5211 U1Sillfie51 Bavistin, Dithane, Emisan, Fytolan, Thiram to: Ziram 

815L@icu tinn155i"-14 wd@iliwitiatiali114Fi@n5tivialutfiRlukt4S-3Nvl (Arachis 

hypogea L.) daaliiitafilf1111,@itIllii1JIGI (Sugavanam et al., 1994) carbendazim 111 d  

chlorothalonil FTUt1lni55ontmat1eita4 G. mosseae (T.H. Nicolson & Gerd.) Gerd. & 
- 

Trappe Ilazafilin5CCALta
q 	61 al A84 (Venedikian et al., 1999) 

	

2.4.9 	 13,1013415041:1A5C11 uar, 

uria.r.ilfTUlktYllai.b 9 flotitl5nfl.15@1.1 1 IlnfitiA" aNuvilEitr1lthila13.4150V5ch1 

011fozit11.611,617114 It 4 Gliotoxin Y150 Griseofulvin ifiditairUttlniILqicONI1L@RIGI1NR@i 

15?li (Jackson & Mason, 1984) Calvet et al. (1992) 51E11'11,6151 Trichoderma sp. V13•11Itl 

n5r.ituni5L@icutaauln G. moseatRtildir`UtlnilL@ItynllitlRiit Fusarium sp. uar, 

Verticillium sp. niliiirmntoit, Mugnier Llar. Mosse la 1987 111.1+1 Streptomyces orientaris 

Vi1415on5zfiruni54ant@l0lia551 G. moseae 	 free-living microorganism 

01184710151011ThltialiimFl@i11711111.1"illatafltil;18fl@lf101.1@i31F1113JEITALanfilfl 

	

I 	.r (Azcon-Aguilar et al., 1986) f1 15 1f11Ntf3Jf115f1G1  

Pythium sp. uar. Phytophthora sp. a:',.ii-1i1'ini5ARLiT0va4 Glomus 

macrocarpum Tul. & C.Tul. aRali'auar. 30-35 tlazni5Vi'llati@iariladi-an 

Lhatmar.vtlailio-avtiail134H@Thz1 

Lom 17i1viaHni5Filide1voin 	 unXInzNal134a1f115 

5U11116f116 (Galvez et al. 2001) 

2.5 mitrivnialirtinl81116@gfilltlFieft5111114IVUU1711,1F1 

2.5.1 Frnmardw,ItirtIsiaiit 
n) 

INA 	 k]El 	 unusinunt,anntiu Laultynewifitieinl:@isi.t.1114, 

Auinfiaril @vviivilZ1filV31014,11nd@t1 itlEllf:1844143116:171WIlIGIfiliN511101111I uarti-rnal 

Sin Marx & Ruehle (1988) vitYii 51nt@dium4, P inus taeda f1ld5ilaRIA3JA@515°61 

Pisolithus arhizus inn1'li4ni56-mtlun 2 @Za13415C16lLnvilAULR1,61E1V0151Luiltlluih4,1A" 

'nag,' 3 134115 LA%61cfimiltiltrilna 	tir,oiamnvisiqalvii5u,avilillimincuillin11113.161 

dlWaititmnaltAalinit@ii09101'14,13•Tall, Rousseau et at. (1994) YflJT1 

V1713-1?1@\11111i16171-414,1t4, illaVIAntlelIlleFIIV113-11;1@ilIZIllNtd"]1,1,1i5:nnuilli'anaz 75 

Skinner & Bowen (1974) 10110-n 	 Nvl@avIni'd-32 VI5Aantr4l7l51ntoln6'1 
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11 Pinus radiata itd5ilaRTGANRailln Rhizopogon luteolus @ZV13-1-15civr,Nwri@molo5" 

114,5in filA'ainni5pilvtrianaulutal5i 	 51L@RIGI13 

Rail5iltilwari5nti@uaainsicialviiI114,A14,11aaituiT-Ailuin 
bArgiatilltpliiiitaimItirem1111711,Fi Cumming & Weinsten (1990) 51thriwi1 

Pinus ragida ittd111.8 RIVI13•119 Bil211 P. arhizus @za'134'15nl21 A1PO4 MUU.Vidlioiaa1^l@5a1oT 

Cumming (1993) ogUinil rii5fini13-1113151WAIRINAaft5tlatiii3447fi 013415nli 

LiiiminynagilvRailIzi@zw'Acim5o 
614611160011141 04@ZIlraoi@ni5azairM1 AlPO4 161E0151 Williamson & Alexander (1975) 

u'  Ho & Zak (1979) 1111+1 511.0 ATRINFI0i15211i-11&1 3•115t1Vi'll L01412f11 Phosphatase VzaN 

171uL21aal6T LLa:617EJFi@n5534i1elLav1ni Phosphatase 	 111 

1VIVI TJ 01 W15 	VA 50 	filL1,51.1 aZalfl fl LTi 4 p-nitrophynylphosphate, Calcium 

Phytates (Jackson & Mason 1984, Allen et al.1981) V. 11 GI.6111111111 11 5 Z 3.1 1 fld 

tin 90 azunvr.v vlifiLLeintanufi a (Harley & Smith, 1983; Jackson & Mason, 1984) 114 
2tlial Soluble orthophosphate (Harley & Loughman, 1963), Soluble polyphosphate (Martin 

et al., 1983; Harley & Smith, 1983) VII@ Polyphosphate granules (Chilvers & Harley, 1980; 

White & Brown, 1979) laitlElt8151ZTViTlialillailalaVIALVIdltialli5irrl@visloiviiMu 

LLar.wrdaonldonlyWitulaiitr ,7nvkln:i5siqa-rmi5 
Menge et al. (1977) Fiv,viti-15-mitmpii114Hail5naivi5on5r4uni5Laitutal 

ilia-n41,41vin11o1adkaa4 14@n@indr_ilaiwnun5r.or1.bni51a5ciir115 ern 13-isenl3T 
thzfriugnr,hn uarriilvTwarasii14alqutniviiiirm, 
niTdicutald-notnnyliti f,1@ man ca LLazalgiii 
n-IIRingaldTL4,2miniiitiflifiNtiu,fri-m 1if16 rmifivnl5aanmaniuminivin (Dodd et 

al., 1983) 11N 34nn5WbIl3J361116f17lYisne7l LLavii-nuiiLdti (Johansen & Jensen, 1996) 

tili-auLfaml5tim 
2J 8457We7n1175~u'J 'driol'In Lilo lutrini@li, 	 vialafroLLatlIrrA 
115 3.11cu rii5ITN, MR:1 

111IB4fTUTIRIvirtinme1fit 511,8FITE1NR041,5Z113-1150Z170@leUf115 

11-rviialvinlk5iiriLqualL1'Iqi@IIIA5zm5inih LLa:A'ul.allAREJLLeiwartaia LL it 
aziiivra-rilLailutun5iAalriuLitot5Frilw,Lifuivilaitnin (Marx, 1969a) IlL@AIS 

134A ilIT116■10134-15 n ih9015'dh. 	(antibiotics) fir4gligiruttml5LaivolLiiatIFI14" 
01 Marx (1969b) to: Marx & Davey (1969) 	511,01;14113J Rei15211 Leucopaxillus 

cerealis var. piceina al3411c1a5i1V15`dhii714: 	Diatretyne nitrile 	Diatretyne 3 +1;1 
Ervigolant,LtraTi Phytophthora cinnamomi 1i( Sinclair et al. (1982) 1111+1 I-11171@1 11 ''la11 
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Pinus resinosa V1HG11,71@5-11.@RIG11301@i15211 Laccaria laccata (Scop.) Cooke g13-1150'0841114, 

15191711 1.F1H@1nIA51 Fusarium oxysporum E.F. Sm. & Swingle und4Lv53Ji1'15L@itt21a4n61 
labiaathimalniiiiiluttuvriciTunfilth15-noRtwavRall5ti wraff157115R1E1V,4 
ni5L@ititioviTun6"R:t:Trhiuuanwinilndilu.A"-) 511.@AIG11301@i152116.4513415f111.1i4LLE14 

filJA151911.01.11,1fiTifilf1f11512TRliTUlg1,0151i1 uno15619 .31614a 1 fiuniuo@nvilmEnintfunl 
Lvilt-TuAuni5aordia.ncutm-wo-vvrilci4-dwiani5L@it-utuLGI5A114,  

5101i1TOtla113-1FIB115Z1V13-1150711F.11■1111113-1f1151311illta:R113,1111,11,54Z104151471161f1  

5111101-0 Glomus sp. 7htlaRni5lfiSt5A Sheath blight I1621'17lG15atJcld 30 L1J@r-la3-151@1 

tToltlalla-119@i15211iAlf1d11114:646+141iliUfl (flag et 	al., 1987) 51 G. etunicatum 

G. macrocarpum u,a: Gi. margarita 71-anaomil11,11FailEn@ink l. 	Fusarium solcmi 

tint.fiNtarawriNabdiagi (Pescua & Milagrosa, 1989) 

(A) nintinTuFilimiu LavantmiLaRTRisol@i15ticimin5:aiumitlilamn 
1101114 14)@fl@ltl@:?ilE11.1,11111561A51q@lV1151.1.6'1ET4i1E11.17i3-1111A111.14,11151p4171@4511101)E1  

51111,01=141111F1@i15Z1@:311;1113•1f11111a:71111011.allAlUtilltifla14111f1fli151f1t0411411T1111  211E1 

1.17:13,11111,1111411151plif3-164iOE18: 26-86 (Hadie & Leyton, 1981) US114,11:41,131a710451@:iii 

WaTilivileurlaTtlifiQm?TuFraivitmli Duddrige et at. (1980) 	Rhizomorph t04511.0R 

15112-1F1@i15211 Suillus bovinus (Pers.) Roussel 518-115C1111111761f1; 6'11:6E1411104@tillk51171NV15 

f1i43-1"14,04.11111i"45 H2O3 	 Pinus sylvestris L. 1GT Foster (1981) 45U1f17rL 11  

lElta4511.@1;14111-11;1@i1,5211 1151/11Tia14, Rhizomorph@:1111;154Vil4fird5ZflalJOilf_11.21a6 

C,11:1;4114,1 2 71101 	Polysacharide gel iNa4F11.1I:nauethau ThYriZTka4rTli,n15 

v,t-LiCatriii Jennifer et al. (1983) ii4r417i iv,a.niviA1134414,1ant4-irTH5lnl@FIT0113419@i15211 
@:3160151f1155:,131f11116:11fri151fIfillii:11,8194113,1190115211 

Fill&1111011101046%131146641131LNi14.104rild 511.@RIG1111Ra5l,5711711f11VT 

51flltitrilF1113-111101111,Gieall111111F403-IfIllth113-11:03•1 	F1113•11.%1711421@au 

Tavinfirn mia0151i3•13-TIAGInimi45 Lqu,RT1, Jones LL Hutchinson (1988) rar71n6'1131" Birch 

i1131LORIG1134Fiail5ti V13,115fll@itillaW1131 Ckfuria (Ni) 	 Colpaert 

& Van Assche (1992) 5:11+-m6'9alt, Pinus sylvestris f11 311,@FITF111,119@i15711 V13-115C11@n@5ql 

06111 flf711.1.1SIVIS131 Zn LN6174140fiV.41,GitilIfT14, Denny & Wilkins (1987) 5:1171 tr53Jgni2Ia4 

Zn 	 @zurtr,a341-11.14,cri.Z1vgait@lLAuluyiL@RIFibm@i15.61 

Ilan@inif, Entry et al. (1994) EMYVI.Vii 	Pinus 

ponderosa LLsrd Pinus radiata ili r1511,019101134Flail5211 01N15t1VVITI1a151-13431i1,F1111101i\IN 

Strontium-90 (90Sr) @1tiAlart11.611534iruilliinn7liVMAc11113:1141 51LORIM134c9@5 5211 .64 3-5 
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1111 Il@lill'Ofp-11,111■16i1TE11711EctVilitY1101@1=1113-11.1.i411,6"1 A11141 Gina] 	(Auge et 

al., 1992) Blal & Gianinazzi-Pearson (1990) lithryWii 

[l J~1b1G1 ill c~d11711'i~a~1YIL6[le~R7 	
s 

71-311 4)11Ja7 
afirtn 

2.5.2 waiiidulusruvraLaA 

(n) 

	

	 5-11,3419@i21-1110f1T1flqrS1U1111111 

iraiATaidiikliVini501011411.1:3R4'034 

5i[plY11511016111181 TOM411041:519. N, P uar. K 11.181-113-1Rail.171ifintla\151610TYM5 

iinialuifiazovatiniulaNzuntlamtldeunhdAu (Harley & Smith, 1983) 

Vogt & Edmonds (1980) Firn4ini5V:VNtal5iflailiti5tiLit Pill 1 in Fruiting body 

11@l5TYIME1 1 rafil 51Wil■II11.0F141134Fleil,I21-111,131)-1016 'N11J71 Fruiting body waln-nazn 

51(1 N, P uar. K 	 3, 2-7 to: 4-22 Liii 

fileiailill;17114d1141110tillillPiUMV13-04311E111,71015-11p111151113Inrgang 

(4) niumhutTivAiivaudliumitiSuluilu Al5unuMnL171d501111511 

alicipianilRicutul NuriEriaru, 
oniwnoarml-113J04CanTh iNte1F1115:noudikvatiltili'anaz 80-90 11184Ra51I2f1a: 

ihneruividiFiculuniILHAautiquAliumainl-infitaigf1 Frl5tJa6id'31.1,f11,11Aelri1681131 

F1Nni5@:unLA`jo6letTin 611 mnIR51?iititalLaultm (mycelial network) tq'tbn-Mhflitt 

Soderstrom (1993) viti1I1124Ra5l52i1@r.i'm 

LAAeutimp15um61t r111A71aaTelm5,4641,11lval53J1fu 200 nii4PioRMiliNglIfilan 

(A) LvAd4aivnIi-nifuilaiirrinticam 51LaATA31A@51I2f1 

Lmal unggrIvinvaNnIlau, gflvisa-f1taA IAN Collembola Nematodes (Warnock et al. 

1982) Uen@inu Master et al. (1978) E1dF157@YitliUd716 7i5051104710151Logib4Roil52ti 

114,4111A't@lag1'iigthlUng'7f1UWWW1FILgrali'atiar. 79 

2.5.3 ititufboisane+ti. 

(a) umd4a-nriIiiiign, Itan@in@Lihniunildlwilinm@lq,LAulgrnalnA113:1 

LLWJ 51LORIVIINA0i11211ET1N1W15f1NihIV10111A01 	 uar, 

FltuFiivrilLgTbRrNvi@mii4E1 (Trappe, 1977) 511,0191g113,11;10115?1-111a1E1711141 Via4-11L1111111 

fi11IA1,60911151S YI 1Rt11L1116 Sloan: (A. hygrometricus) vilm5:11nt-n (Amanita sp.) 0101 

5:111111.140■1 (A. caesarea) 1,11F11111111-111V1101,1,10111F11 (Russula sanguinea (Bull.) Fr., R 
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emetica (Schaeff.) Pers.) VAS 01:11FI (R delica Fr.) Si 	CAM (R virescens (Schaeff.) Fr.) 

11tH011.11,(4-1 (Boletus edulis Bull.) WIHI,V31011H7 (Tylopilus rubrobrunneus Ma7.7er & A.H. 

Sm.) (01,715H, 2539) marafivnloliAdiciL-uFildigculuvilaivii5LLannetildoialwelt 
(Chalermpongse, 1996; Chamratpan, 2003; Klinhom et al., 2003) 11.a145ni ?1774141.401@: 

lrit1H0nlhq7nii71t114,011191 (Dijk et al. 2002) AH134H0115`71titiA10711751Htid714,11,1t11 

:111.1 E.1:11,611 017101 Amanita, Ccmtharellus, Lactarius LLar. Russula (Munyanziza, 2004) 11.1, 

1711 E103,1iVill11011,11d1IfilAULLIld1710111.1561143 	Llazn5mo8Jlu firifuglaikulur4 i 
3-6 

ii4S714,L1'15tnI1V11 ill (Anonymous, 2001) luvrith1151.1111ILVIIM•Inkair Liu n6'114' Oak 114, 

di\11,FIN3111151_15:1111;11;511,81910113,1190+211 011,1 Ti Tuber melanosporum Vittad. LLar, Tuber 

uncinatum Chatin (Chevalier, 1988; Massanes et al., 1988) 2̀W-13,111tlailIfilaf11,1101 truffle 

Li1047111.61E1114,HaiHARtil,H4rAIHFh& 51 700 $US H01171111-naRviitlfilani14 (Marx 

et al., 1992; Walsh 1996) lrf1511f11F1-10V1iliTY1E11E1-13-11.111:140511,01RIG113-1FlOilT6111V-41-11f1 

al-umenvam maiv itiiimlyTt-Tun6"-ILT 	111,11I:IrFicinbaJnilotii:51 Tricholoma 

matsutake (S. Ito & S. Imai) Singer WW1' n 6'91:1"mt, (Yun & Hall, 1988) iwthr,LY1411,1Artril 

111511011:1019 Suillus bovinus 1Ylfiv n 	;Tau, diatiltraiithlQn n 	n 5 non : 
n7t1114,5:E1r.17H7 2.5 1 (Chen et al., 2004) fil@no1m vile Fruiting 

body tfl1171.ORTRI8,1Rei1I217rw7wr711la vt@n@in:LNumdleivnIfiaii416-] 61V78-115n 

u'ulariRNETavitiviainviainN 	Sumvileattml all,115t1VrifrIlk-111018f1111frItalIlIZA 

Ifi113-119@i1521-1111Vfla Cortinarius R13-1 a93•11InarifrakinplonofivaelmoRtriiivRailIt1 

Boletus edulis di.61avilaosigaimInarigkinmanolornal5iL@AlsiNFrniII211 Pisolithus 

arhizus 1171,1111, (Rice & Beebee, 1980) 

irlicitufrrvilnLimaati 

5:1_111i11,7 F1%111111' filfilvii151LoRtfflivRaiIItiviainviaintilmuovhrii:15:1ndifinvonl 

Arnolds (1988) 57E1111.171 fl7Iaiman71:3J1,1,f15F1 

TrA134Ani15ti 1wIllvuLtm@up:14, mu:fi Fellner & Peskova (1995) 5:11+18713-11,51 03,1111534 

7101I:tuank11718J Ldol@lnvacii+r-hle-m-10114,5:oitnliv,u,51ann 
via7nvta7ulunlomo151LaRtm1,14Ro515217amalivilai@un775afla: 201v,mur1i5i1un:4 
Lignicolous @:',617:43.414,3,47m- 7750na: 55 Grime et al. (1987)1,i141H3411:17147H0A114, 

(microcosms) 115r,noui7uvicti7via7nrilwilQn1u,Awiiv,1ju varilelluX1Rarditulahi 
134Fiai15211 Frnmiainvialntalvitli-N:aRamiaLfitruriuffmAtfiii5i@ii 

IThtla113,119@i?1-1 Wilson & Hartnett (1997) `11Ra01057lX1F1Wiiti7101 tallgrass prairie 
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ni5L@5mamaiitrotia-ilvRa5l5211lki" 

21 nd~~R3JYr21113J'1nnYI 

2.6 11111111r1Liel-11,0141011a1Flaill71164@li1114f111411glaraFitl@liii 

1.11M-IntlItIER11:671@l5i1.@RIti113.1AA5Z101■Indi7 wzlillt-i1r4Fi7134411.%@th1F11114, 

11-151,111:511,@FITV1134F1@i152111it-TunA1-113Tri@u6"-InliillItlun 114,414,fifitiominAlsilmsei 

15ti TrAnwynr,114,41tAilificintinInviialu viiatliLga346534 Tdni5filluiltilunmvigni 

L6Alp1l34R05Ql5zi 

2.6.1 nill'ait16210giniii5IItitliii (soil or humus containing natural 
inoculum) 
18131.%"igiALAN \fin uar.azonniTutivolanzi-iiiiiilatjlnii115553-1711ii m5na7L4, 

tli iiii5iLaRtroil3JAail5ti6@5cuatilukt6tiuP7 Inocuium 

013-TV11-1W03•Ifil.Srallii114311151.111:71-1 6`"m5id-awillit15:vicul@na: 10- 20 (Mikola, 

1973) 7T@Latit@liddg@ 	 tel@GT@AtrtWdiVitt41 Eilnint-itini5tudl 

Tomwriir.niltutTitalt5r.n.r.vrolna llioniran uon@grntart4,mailgfflpit mia1519fitt 

flaq@iii6"urinqurialvil.FHAR-raitgEniqvurin6'ilalli 

2. 6.2 nilltTgliai. (spore inoculum) 

51l@AT6113-1H@f1521111aintict,fri 'Au Pisolithus 	arhizus, 	Rhizopogon 	spp., 

Scleroderma spp., 	Astraeus hygrometricus tit flit @1I-11.0 HIS 

13-119@ielTr1f1r5-1uelmilA"7 	 Fiqm194"'1r1uLam 

riewililt1 	mialfilyiuliritin-il31"1-11.4 (Marx et al., 1991) 1145V15lin13lini 

Miaiton7i@FITANcii@515211 P.arhizus 11-11.1"49:1,11"fithilall)114,11014,1,11-1:il LLavvitrii 

wd@iviithi 1 :la Ani34 (1.1x106 V1165) V13-115niimwaii (Marx & Bryan, 1975; Marx et al., 

1976, 1984 a,b) 	 ri46b11ivT4 (H713JG,115:3J1cu 18 

%) LL6'-nflulifiqtuviijiit15:34itu 5 @IFI'lLtalil'ElV WthElliat111,GTWILVVIain (Marx et al., 
1991) 

7147101 spore inoculum 140 13-1GT@Ta'1011@ilAllgt1111.6@ivii5Lgtiltilln3-1 111E111 

./-v-r]:1.1aaRCiiva viNi5nulta-U14,-nt, 131;ininluvrilt1Ltig a:m-Jniuni5tutT1n 

intAnga spore inoculum @:3119'3111111J51h711111414,V1553-1V.111111LAUTAJTJ3-13,11@lfillaqfl 
a a 

1 	
j V15flY4230-1gE1Filltfiffill3 1,a n@i nuf115lh L@RIA13-1F101,52111i1.1I-Milit Ei5G1@l17.1 

A' 
L-3a11,114,n-iinlIveLtatnqrs t-hl 4-6 a'tIRTY1 (Marx et al., 1984a) 
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2.63 fragLifouiaiii (mycelial or vegetative inoculum) 

75if1Ntiiilu71riv,w88110@v114, 

Reil5tifigiloilmurri5julLhatiainiifintiinAnnaim viinutinmaRtmivAni15t-Nin5in 

fit 11j7a11117JElitiliWtr51J1C1dIStili'  vermiculite flU peat moss LN6a'1lalfi15fi1 lta:CJV34 

011115L 1i1 Modified Melin-Norkrans (MMN) Lann,-na.15:14icu 3-4 161@14, riawailtIc4534 

14,1,11 Avitiu n A11:1" (Marx & Kenny, 1982) 

171; 21n41risge n1511-11111tTriutrugaliviiitumiliviqinntipii 

011-115nr.lAP11:1M.40fil UiTlIgliartUtISWItliliklYIMIIN1:11@:1,ift-TU4114,•]Unlilrli5:111[U 

10,000-20,000 oil', vri-44, (Marx et at., 1992) '14,@ flT1 f114,4'511,0 AL0113-1F10115211111V117101 ETAII 

aiN15L-MicillGi111,1,@1111511E111.40 IA14, 51 Lactarius spp., Cortinarius spp., Russula spp. 

uar, Gomphidius spp. IM14,g114) (Molina & Palmer, 1982) 

2.6.4 n-mJa 	LIIBTILBRIsiltimailTniluwwwniii 

.11.714,14Tinilirrianolgni5ltiLiTotiqyd 3,11WARLNigRaivin55:411milln15FT-1 51 

tozarilauni5FM 

gin Pisolithus arhizus, Hebeloma crustuliniforme (Bull. ex St. Am.), Laccaria bicolor (R. 

Mre) Orton 1;171,4@fli CAVIC4,1711i1114,61A51d114, 1 Afil5 (51191115:3-11til 285 1_1111Gu5G15) g 

41,11 2.7 G1159114*15 rialllizaYign1VILVIVIY40111,n15VillVTLFIRLORtfillNA0i15t1tTU51ncit 

(Marx et al.,' 1992) .g@lirltrillaltlUil:411171; Yilf115W'AVIVill.G51134Rail5211 

11LYIe75 G1s11G1 L2fu6 Plant Health Care Inc.vlie7a1 f1 National Institute of Molecular Biology and 

Biotechnology 115:1,11 	A‘IJUVI,A.  L111IG114, 

2.7 nilironionl-napiliammai'lltivisialittuniuliorli'l Lira 

Ldol@lnIRE155514tirilt,l, 511,ORINFlail,5Z1Viili Fniada-11414,6rilninfitilat13-11nantl 

maintils 5ilisintaRri@tilWarii@lhalgE1114,1111111,1SinfiillfT14,  fil5gfilL5entilonal51 YlSa  

Trappe (1977) nd-ail 1f1fu71filillun15Fiougan51neRtil8JR0415711 m5na1vir145171;  

111:41:V3J 1L1LadllGlflGl1df11LT11 LLA71.10iF171341Z011-115 01@1@@zi@15Eiri@ln 6G151n15R5culu, 

6111151gEllltia, H7134a13-1-15n114,n15V-A3•151fila11115111M14,115:41tafolaiit,191114111,1,111111ii@ 

19 -1134LNI,f1147106114,, H113-1411.111:1,@1:WilrAtalFTEJ (host specificity), F17134411, 

Fn1341,N1,n5ROill (pH) vilaFrria-10-13415011.6n15cARRanlhlilli alial4011115 114,5:V1711 

Lia: pH LN0@iEifidigqpiani5L@InivanilaRIVIINAni-1,5711 Ill@Fi 

613-1Ra5l5711 111001EJI;(14,5fiviiNiznilttl, 	 uar, pH 

talgiuminhalR50.14,Lin111,Yrizii lla:1111,171111QnlaltatiNgi 
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Marx et al. (1992) ndiT7i 3-11:g1,11t1H15@: 

A'f114 	001.1111, g 

1. 013-11Itltru151f1LOATIA/01@ilIt-14114,714,34-11-1fTUA71114 1h11-11I mieritriitviais 1 

tuff) 
2. 013415nRIQUarii157G01711,601Vii51.gt1Itil@ tor,3119-naoni,vvrtoioni5tliuthl 

LtrAuwatJalan-nocnilniunivi LR 4 unAlnivi 
3. 11WnlYa7iff@laiar1 (Inoculum) N13.11I0ri rtrifflathoRiMunalw- 1, iviain 

4. Via.115mlii1nitiltTUanlYiliiliinFltaltivinitatioT 

T1 Gasteromytes (Gasteromycete Fungi) 

Gasteromycetes 115:nalG17E15iviaitrtlaRil10fl4 fruiting body LIAM 

loiLtri puffball, earthball, earthstar, stinkhorn u,az birds' nest uoilmt1vi71115-itun04 

driA-t-n,masiA6=mfl-vige fiert.6■1 (peridium) lielI3•1410114,11118U-14 	 @ti 

1,16an-rviNciia@vmaivileMsul@3lla5itr1 (Alexopolous et al., 1996) Hawksworth et al. 
(1995) Utini Gasteromycetes @@rdu 8 6i4A 30 1114 106 aria 787 ?flu 6tit,fritriAirricu 

Gautieriales Hymenogastrales Lycoperdales Melanogastrales Nidulariales Phallales 

Tulostomalales 	Sclerodermatales 

Sclerodennatales 	 1@5cuLN6 saprobe 

lant 	 mycorrhizas fitn1f1ihir10.1 'Y1 	(Hawksworth et al., 1995) 

kit4fur,tal fruiting body 115:nutniT7n peridium 	 altuval gleba viriaL7T34 
llfl gleba @nivi'll.LatA16r41 (Alexopolous et al., 1996) th :11 11 4'1E1 4 11F1 lG1LY1 Astraceae 

Broomeiaceae Pisolithaceae u, a: Sclerodermataceae (Sim et at., 1995)ail gqi :VW 

IiiW111.1 1RLLfl Astraeus Pisolithus 	Scleroderma 
Scleroderma iiXn1•Flur,d1FTEuge a5-hl fruiting body tralivilZilAV, 

5t15 ldlflaUflsfl84 3JW16JYIYI16llls~dLL I'3 f7l5E11111IMI5E15:: fl1E11160f11 glebal chamber Lil@usi 

gleba 	basidium 	 glebal chamber V5i1V1.18i1,fr1 2-5 c011 a5 Lc; @Iv; 

gleba tin basidium 	 I4igausivt1B42flui\ntar:3151114Au6c41@tin1f1lvt, fruiting 

body Ii7d5rSitnnkollaialA"m4curAvono 34 (spiny) 11101,Ntillial (reticulate) (Richter 

1992) LISII1Vil1@"M1151p Pisolithus @1:11151nXii4fur.7lal peridiole 

gleba 	 Astreaus Imnexttnnilonaniciito:u.Fmnant,NLLQnhi 

V31-11,03-10 7M-1.1:1711 5-1114,01p Astreaus aiourimrar.usin@anMuaum4-inytiorniiaa:rnaNa 

L3Jau,n 5111,wria Scleroderma YtifitRalii4iViTU, 25 Aid- 	 11,1,vtivi 
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Sato u,a:Lvoieuvm-iviloai'ilivAaii.Itiighilt-itifitml:tjavy,  to:Muni-0 31nfii1 39 

arm (Jeffries, 1999; Sims et al., 1999; Trappe, 1962) 

51 Pisolithus arhizus 1.14,511.16 n414 Gasteromycetes 6"166111 Sclerodermalales 

(Kendrick, 1992) gntilkivrraiivil-1150YIULIVATJRIOU um:LtR@UU YinniawnItl 

33 115:1,111 Fi vi7Tan (Marx, 1977; Martin et al. 2002) V13•115nViUtlagil0f1111iirlaitii11 

AuLN,nlviim AufialnlIvinalv& r9llblvl3JaJW AuLviCialdil4M143 	A11341N6 

ihF2101 Mg um: Al V LNI)Fill, (Marx & Ruehle, 1988) 51 P. arhizus LN.1351LOIR411341;1@i15 

waraiviiii@nrrmliriun 	Led 	n r0;11134X/JY+14)6fill A'11TVII)1:18,11U frilZ 

Vinn'il 70 ttiLS (Marx 1977; Martin et al. 2002) a13415numnialtinuiqvg@lnLdaLtialoi 

u.7:L75cu16i61t16e7v175Lguldie u.3.TRtuvuj3J rlril 40-42 algiltlatflUV 

(Momoh & Gbadegesin, 1980) 1438n@i mlui Lfi s La HIPANR@i15ti !Tull milt LLA"-]WW1 

a'llmoucv14, um:on•NaatiloT,iiti Ii104winLauln@n1Silionalial (Golden brown or 

Mustard) LgUiN 114,115:011411E12151E11111,71 ag 3495nYnni P.arhizus e f157}JnU57nl3J 11  

v@liu aumiviu vu,Aiivtin 	 11T-wien4 141:gilum:54 um:131riatilFiviql 1 

niAR:TuaonLulalila uazninnailtalth:Lrg (81175161, 2525; 

Kanchanaprayudh et al., 2003)1011r161^1t17151 P. arhizus 

411611613.h.t,@uni7 12 ?Sul (Martin et al., 2002; Reddy et al. 2005) 

5'1 Astraeus A145-11.1,n434 Gasteromycetes a1b61U Sclerodermalalesflit IlfilY11141711  

V13415011UlviVi-J11111431.71ROU0 llant6liOUG,13,11renrii 34 111:Lrig (Morgan, 1889; 
Lloyd, 1902; Brand & Finlay, 1996; Coker & Couch, 1928; Archer, 1962; Johnson, 1974; 
Cunningham, 1944; Bottomley, 1948; Dring, 1964; Nouhra & de Toledo, 1998; Demoulin, 
1975; Arnolds & De Vries, 1993; Jalink, 1995; Liu, 1984) V1:415t1iNtifil6atjtitlii'Ul3T015:g 

L?iv, Alnus Eucalyptus Cistus Castanopsis Quercus 

Lithocarpus 111116116 (Lloyd, 1902; Trappe, 1967; Molina, 1979; Malajczuk et at., 1982) 

51 Astraeus Vi34lIn4-nainaan@lnIi Scleroderma L1 PisolithusliAnin ulauri 

ca6mu61naanv3JlLa3JeLv,u,Qn2115i1Ri"-it161'17 (Miller & Miller, 1988) Morgan (1889) 

lq 1,619111,1,54 Y1115121176R 11a:61;4@i-159 Astraeus hygrometricus (Pers.) Morgan '@11.1.1e1S-1 

51thr7Wi151 Astraeus 	 Sbilrann-iq 4 7111S loiusi A. hygrometricus, A. 

pteridis (Shear) Zeller, A. odoratus Phosri, Watling, Martin & Whalley um: A. asiaticus 

Phosri, Martin & Watling (Phosri et al., 2004, 2007) 
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5Hoilvilualui4b 

3.1 aiIlaitlirlati-hillINTAUn414 Gasteromycetes ginttlidff1-14 1041.11M111;1111t1 

d'151@llaaltlf47ed-11 olo1114,n04 Gasteromycetes 	 11,655531?i1A 

114,1118.14,Lvi tlaLIhV una-awditiAlNt14"v114,414,iiiniAvvrtla 111Fist-Ii4,88m4thuvrile 

fl lf~flsaa~ 5:v17llti7lgojc.14,volusiaA Au.41,g10101111834 2548 	 2548 u.a: 

5:Willigattiik11.6itilt 2549 	filbEllE1V. 2549 

3.2. nilumnaultm-napilalaniailItrivinoionvilm 

unnvif,aLilaTinmenARihrlulgilwia 3.1 iganSiNfrlandelliiriVinvinitpni 
id 

58ECZnnoi 	 1111111A1U14e7Y1151gEhl 

(Lail Modiffied Melin-Norkrans (MMN) (Molina & Palmer, 1982) 114,@11,1111E111.40 tvits, 
pH 115:141na 5.7-5.8 ua:C111,61115i617i1148114,111TOFIT1/10-ila@ (autoclave) ilqt-Untlii 121 

841411,ZWSIEJV F111110% 1511814,4 48m95-5167 Lflunal 20 'Mil 11:418iiRcumijilvTal (24-

25 810-ataLfina) thfantu 3-4 1laavi viini5 subculture @Un5r,1i5 1f11 1.61n581511 

u5qr6 s5-14114,EillAymuiqvigtalLaulerritinn14 tamikngultra8151 alultuilLvia4 

681441n Lactophenol cotton blue rif114-1G1111E1n6"allaY155Fid Toritqnwurinown8151%, 

Basidiomycetes 	Lavats, Clamp connection torLivi'llgt1@ir 

1,411101,1101iiltit15711TAllfri 	 4114,114AIL 7 aluviv,S 

vwvi-11,thl 

ni5thdautalyrtam6114, yfl 7 ViElY441716 @:1.1)11111itii FIN wuluni5r aNttoialt1 

33 niTrikigaun-iigi-hmagRianiaiiTtn 

tiarlownUF134 

33.1 11111.615Va4Ltilffiliiguoiallu 

n) ni5gongant.34Nom4,09:41udielti34-ilivimo8u 11-11,34gol3J3rimilwannai4 24 

140.3-1AGlili a0E11111,1■1111 Li% algRii@3-111.111Yilf115Y101fl815i 0111 

?J) 	 ItilaStilltlUlkifli0 3.3.1 (n) wishig@f16:11 

114,1,8115114,e8a Vtia-Piv. 70 611@5171uo1 11061,'Jal 3-5 14,11711 

00 fliZa 	30 LIJOilfilai 1,Nta-Jal 30 Vili4 6'
y

1011E111)111ii`WIMITillt@li -si'l 3 194■1 

(Brundrett et al., 1996) 
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114,-TaciltlunfiLHinviii-oght, idaigHa11.6a-ditiiii1-ini51.1-daLti-Auvlaasrmaalfliitalan 

Tualtuati li-iitItiviiqurvitjii 28 am-at Edna 1119718•1414, 60 W04111144 linlitl,V1Wil4 

12 i'l8.41V101‘1, 1.N65:nr.-Jaillin 3 LIl 11A  

H) HI-Naatnindiavi-m-nai"maHtHbmail5t-ita159 THEra,95-ing-aad-milda4 

61iiiwinulavn5Frilutumfflaito tign2111.1.az6iXiminatal5lni11.ii6l2J16 11,151f1 -38E1-141•11 

tThafi11347671N Phillips & Hayman (1970) 

Aluminium foil 

Foam plug 

Vermiculite) peat 
as substrate 

tritilumaaonmaa4 

IliznaurihuhaLHIHAa vermiculite ;1 al fTh peat moss unaivri5Lgthaaniai 

.3' 333 niTnoiffavluviuLathnzavia-lainmuim 90x25 alaiunal (Wong & 
Fortin, 1989) 

n) n-i5Lsin8a8Jgfriaua144111 12f'i8LgEnriu210 3.3.1 (n) 

71) r1151,G15fl3,11,a1.1:11151116l0U 16-151111 7 ViEllti14,43,111.111:thf111.114,@114,1,111:348iiii 

011115 PACH 11551@ti 
Pl@5fil@lnj14,1flU5l7tl12101150U110117101119tailfil@5tlatilll@ll6a11zlit0illRIEJI41-1"  

51 	
S • 

1 ?JUR@ I @11,61,111:3'60 1J51:3[Una-hniuwnr.Lta WILIJUNI1 28 alF11l21cl12JElcW 16114, 2 

a'dHivir 
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Ft) fliIiiiiltal@i1114thntlaYlaiVin Iii@Tiol-151144214 PACH aka-114,89MISE141:48 

ul@a-nii5-114,a4g-] 
u,a:5-Z-ntd-mtemulviAwrianwisLgn 

115-1349InaoRnA=11:Ta4111114" (31111 3.3) 

rri5vsa3uni5a5-mi7Aia7A7515219 Lilen6ialtaivIumtlivi" 115:14-i cu 2 

ET-1ng1tnA"-la4114,@Ttavartia 3.3.3 (hi) INEJ1vid-nt,t8411ma:6-41tatininuen@iv, 

LQvii:diutan-111-114aileThatitiveilvra-mivtiI gsnI:orit4LtatawluiiiiLAititn-u@icu@ti 

iNlifuntiVilgt-iii5:34ind 2 x 2 1.2114A1,34fi15 

thriaiviinfir4t,nAcrnlati 	 Ufflti@TrlA'Ault@illoim 

11VN1,1) Vila Lanolin illitailltiaLti) Yi@wil4,[iilElf15:011140Uilliol9.11,140@ffil4f1-15511111143 

Val LLO4 Vi051f1 11,111.11.4111qt1111iliiiO4 11il5V11,014, 16 731344Fia7i.6 LNI,I:nr.1.7aiWnl, 90 i'Vt 

Slit 

Nubient medium 

Filter paper 

Fungal mycelium 
on cellophane 

 

21111 	3.3 	niIrmaffuni5ai'ilLaRTRIvRa5lIti1uvincgmtfiviaiagn 	111E111W114 

thzn@uiliEguoLontiikairmigtbmill nIzo -o4n5a1 1ia5ifiLairpnin5zon41tatavviu 

IiiI01_151f11,140111n15VT-141,@19101134A0111?I'lt 015'1 IfilE1115'111G68d94}-11d04 

o-JA'nn'a4layi5IFtilumaLmaita chn2tItlar.QA14C1,1:72451niktlfritivt, dion4"--113.TaigAlu 

90 	l'ilYinG1”10d14/-11603-INV113-198`11@4 Phillips & Hayman (1970) I6i5lnile-i-ru,n-i5tia14 
A 

Ranvil.l@Qn-miginA'n4lay115oiluiruliumnilanA'041arlIIFraignonau LimaTni5vi'14 

WATRINA0115211Z104I3 
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3.3.4 nillimaaun-nai"-hilaiRailTinlumn-nreisunuvn 

3.3.4.1 ni5Lii344111,11.1,Latalloinini5lrlingEllikaVvieJniti@irlAllwii 
1m5nmi7ALAat151 Astraeus Yid 4 witrriv,S 

aqvnIturilail PACH flU551@tllUt7HYINaNtwiR 250 ilaAALin M14L7ai 2-3 '1)WaYi ilk  
5:vriuni5tilaitaittiinfrirmaalMuullAfltilanIzgruni5Nicut@aultm uatIviais 

niItEnnt@ILauln L11lu8J7aNr4v8Jn@5nulai(vermiculite) uanii14,1■1 (peat )114,6&-II1d711. 

8:1 (Marx et al., 1984a) UII1Tvrilfrilndi-Autisr 	H 1 1,000 iiaAAcillvtiocilyialagn 

filianzolm WM•10111151:6E1dIALlia7 MMN cl.VaR5id7145VtlilliYiTYTTIn 

Lfia 2: 1 IREl1r53nR5 titniiltlailqnriligl 121 DIFIlLtaiho 19713414, 15 11@ugoiavii5111f67 

LN,L-Jai 1 2I11341 4-116116 2 194■1 IRElliTthIllallAbiti5eURflil 2 Vilainn5lu.5n wry, 24 

a 11343=ra v1111;1,11 ir-nfm Gldnda7 titilGilqfUlitlii 30 elFliVelaigElV 

MUnaith:ViiU 3-4 Lgalt, 
rillvTuyT1 

3.3.4.2 niwilovi'vqii@tlifluniIvisrmn A"-113.1"mtaiviu 

n) niumitmf1101011:il lillai41,111:7111111,q1 1153411II 300 fiaAAm5 3J 1  

ailLivallt111:304.321M11011,1611:: 	 LLA"71731.evisiuna L2131?1'14) 70 

21) f1151,H1EJWYVIlfiliTLY111: 411151E.Ma3JITMO3J:Il5l7 LIJAanci-J u,azvral 

Au (top soil) ;1'1E15515 9d-3U 2:1:1 la: 10 vd@ivituril LiltrtriNion (pH 

lYianU 5.8) `411ciir,i-runiTillintgaill  121 81Fill21algEla Munai 1 2J713.11 wunq1u4ifiu 

iliLVIIE1341kini@ 3.3.4.1 	 6:1 ISMA14-191I Inlamlunisavir, 

iiianniq3411141m1m115114,?Th 3.3.4.2 Loilu341mnlIvisaalFratup 

1111.11gF1131'11LEIEN-1173-1-111fl@FlallWThfrill111:11 ,VIR3-1fliRLY11:731 Imuldviqva: 2-

3 LaS V14111-111(ltalniIrmaalvviiiiu 32 ?l1 

A) n15taLai'nwinA=113.7 5R16411341143115:0111tIVINGI liziuriathr.viru 

116mm6l271 uarAu,@tilla3.11LUB @1,13n6ia1tp9Iu 6 CIia1b 011.N1@g16n-11 

visaN ld.qtfl16tm5La16 	 tia:tviumolgE13-1 	 (11`119WW]fl) vIn 1 2 

1) 1115Lra21av allEJULfint11196Fl5lni5LgrutvitalnAilaT0140-mlu 113-1 

n-51d5liapam18JAni15211 	 Lai@ 

alt; 6 !SOU q8,1t1nun -lauolviu 	 4111,711) 16 4'14, IREYTH 
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-1;11134Vt014141) LLanaudiutrutinallik:iiuRnI-Intaldivivi, Lronail2T 
mNAIu 6 lgtati, 

-vriandihnivilumiiar.dmto4naiLT LLtmLNLdwria46-1 to LLanintal 
. 	. 

LiviarS(14, @inIrwirrvil 3 4m itlaULINTIfiqf11111.1.31 80 @1 FilizaLfitia MUlial 48 71713,11 7T4 

11111-1111411.1,17(11.1401118-11agIfIlYidTLIGil4 1 tam aiLTLisiar.A.Loiaill 

-v1l6de5vinain15Funtia (Percent Infection) valmaRtravRailwri tunal 
1:1'011,01a4lu lLsnduRiAtIpi'cd IREJFTG1511-10@RINliV6 liiiR718,1U-ath:a41111211o: 1-1.5 

LtIall-Ifill ti@a5lnrintilgtal Phillips LL Hayman (1970) q:3•Iihidlut@lIlmIrThuguS-] 

8-11 50 ill Thnni,LLeiudig Rflar. 5 Cu Irti41167%ihtd1WHIIinfi1it7iillfla511,@RIMIN 

Ra5l5211 nitilgnaallar55mt talu,oinloin-nroidal LcarrtmanydaiLguriTn116iR 
it @ 

@) ni5ILAI-miiinua -13911:1'11133janlILa51uLgrutoatNA7134,q,14-i1In Lau, 
dmitivoinailiiI:FivAnyintald-ight, 3-1-0i17111161d-11.6(414 1 telt-la-113T luusiazvinil 
mfridal LLar,l1.1@5lfilloifilIFIRLG51 l3J0@lEili5U 6 Lgalt T1lE1I5 Analysis of variance 

(ANOVA) Winil ii,flaikrilaigi rniin75ltiltti11ltrthiiiljEA61e15 Turkey's multiple 
pair-wise comparisons (P=0.05) 
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en1.  4 

4.1 niTnsgaun-mai=maRIsliaime.rtlziLmArTmaaornoinammaligLi 

(40 x 200 8JRal3491I) 

ni5mmantini55i'im F11611/41;1615°6110451 Astraeus, Pisolithus 	Scleroderma 

iripThunniglu-nt, 7 viniruirunimtaiiltul.uviaavnimaalmoolvinifiii vermiculite 

ua: peat moss Mvi,-ThortiQn 111g645'1dTh 8:1 ua:L6134aTM5L11a7 MMN 11,6a615i4714, 1:2 

val7vq.dun 	waniTrioaantriinA'imoulugiammaicglinumaaRromalflii 

vermiculite U. peat moss LN,-Thvillun 11V8741ADVAL5naimi5a:uvilgaviihILIThivi4-11-im 

X14 t4,4-aufiazoialigiva7vii5LV1mmi11dn (mem 

a: 20 ilaA'Arin) nitry44 1 	AlvniviX,NinilLf414a-nii5niaviuni5thaouta451 

Penicilium sp. 114,VintitY1R Olcildi'lliEl051U-11V-ItlY1114 Villif16'1V1,1,V1N1U R1/1 

niIrmaaltimA2n5115n1 wz13.h78Jillni51thi7le51Y14vusvinvitnrui 
rHamil@aiq 3 Lgaluln-IIL6-1111Fig r45-Inuf-T-Au-n7TmLav, 511-1316'n.binIziN4,51nLgitnial 
wilnutunliailniu,smortwialti-mran dimliyinnNairovutalion-avnn15vill 
MAIRINAA5t11^11.11115Vi'lllall`k5litillati581.115-m@rillviam1 total rhizomorph YI  
115-1nolluloTirouvu lalyiuni5v5'151a1ul34hifia i'm4curnanlaitmn3Jata U734wa4 11.1 
ritinimn 	 V1 /415[11,111,a1111151141ilqi 

50111 51n uarviu clamp connection Gilti 

4.2 niTnffloauluv-ruLamtataviaigiinvinoi 90x25 

111511010@th115Vi=111,01910111-1190i15Z1V8171 Astraeus LL 	Pisolithus 

PACH V15100t1111555lll@AIR13-1Afli157111015111U7l 

Pisolithus 	 L1 fl  

niffilwaamini Lav,u5iR5cutiG,40-IniF1 	 luttutfin-lott 

via41ufildvi71405-1 Astraeus iii 4 V1E4144 YltrillAtifllAUTFIU?Tlfril 

tatiluainig iin@:Lanoluatit-Turrnivri@lwn LiiFiniTdideutoin9 Penicilium sp. 

THEhiin fi' zur.nal 3 igaU 111.J511141VILGt 0151 Pisolithus albus 	Pisolithus sp. 5 111 

51nvaln4-ivual3411l21onvu, 	TREJ3)i"@fla:va55-1fnt6FiLita5'160RIm134Ra5l52(-ivviitiu 

42.10 kin 27.09 P11344-atl 	 Astraeus @:r44114,-Juvi:oun-ii tviriniovw-134111 
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111 1d1761,4051 Astraeus aitrii-u,S11 3 ili'anazziurrilAvatiol-nagoila4FiailItivi-iiilfri 
(61-15-101 4.1) 5104441051 Pisolithus ttar, Astraeus 

im4cuz7Jonnn8Jni5Ltrdtr6 ilia121N 51111.1"1 	l8J1A1in65'inuarpruialati511N16 
at1In5J9 Yinvtluusjuumuciailirfruvu, (201 4.4 toz 4.5) d-nolnfila:wunilARLtio@zal 
61-n4t-ta,L'Lluyinititlown-3 aaf.CAn ra11,65-1r11 1,6-11141-1noti5ov 1 ni511naui11345Nuni 
ofh9LoRtml,34RoilTerinni Astraeus giE41.49711 1 LLaz 2 rTunkiauviiltu 

4.1 ni5mmounl5ai-knoRTANHoil5nlunA'lavt,a-mluINuli'viNoNTINaffirtnomiviu: 
(A) Ptsohthus spp. 5 (B) P. albus (C) S. sinnamariense (D) Astraeus mtiviiii 4 (E) Astraeus alf1 
i1,4011  1 (F) Astraeus aluilus:11 2 
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21.1ii 4.2 Xt-n4cuznitUnA'alta\ninaudivlufk15inniliiitatjatillvialvit@lialatill 
15tialE1YZu4g119+11a141,171.4a (A) lall1E15-1 A. asiaticus aluviltSfi 3 (0,nglir, X100) 

Astraeus dlniiitSfi 4 (unK5g, X100) (C) 11%41E151 Astraeus dini(14511 3 (unc;15g, 

Astraeus alryiruSil 2 (QM;( 1, X100) (E) & (F) Lalany, Scleroderma sinnamariense 

(unglg, X600) 
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Ttici 4.4 XnWldt:V0151nalt,a-ivitifiLtemni5AodeiLaRTRINFmil5ti Pi.solithus 

(A) 1.19-1E15-111Mnatill 610k53 P. albus XlinnifiltiavarMS451nirOMU (9,1105g) 

(B)119-m5-intant,4610405-1 Pisolithus sp. 5 

(C) 6nwnavoliidu118J1i19Tava1 P. albus iit1f1H43451{1 111141,a14:44140114fTUVrI14#11211f1111111,1,1i14, 

(x600) 

(D) Xf114i1M1101 clamp connection 21011,4'11E151 P. albus (x1000) 
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MI 4.5 kii4fur.vowindlidultrriLAwni5ARLGYItoRTALR@illtq Astraeus 
(A) ni,m)4,\Ifirw,G51 Astraeus Nlvi1140 4 XILnFallidi4,1u5-41151nadinrw 5-mainmisinurm 
irNi@li 

(B) 51111,1,2114411741111411051 Astraeus altI1Ni40 4 Rll,f1FIA1451nelontronwu 
(C) 59f11,1,21144/1610114051 Astraeus WIE11911401 3 XlmnifiutaultiTivT3451fl@fill'U'll 511111i3111151,10111 
1171141 tlalm-intrnrwavionvu, 
(D)11111121146113:13111156101A51 Astraeus aitiiiiiiii 3 llf101111165-111C10E1611,@14 
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ueiu 
outinniail 

*0 e 
V() WaafalllY4 

ghtiloYata 

TraYerUsalift 	(alain 'TO 	(alainiii) 
Ciaiwun 

1 64.0 ab 13.8ab 0.25 ab 448.8 a 219.4 a 

2 85.0 a 13.0 b 0.27 a 463.8 a 200.6 ab 

3 65.0 ab 14.6 a 0.27 a 495.0 a 218.8 a 

4 24.0 ab 11.1 c 0.23 be 326.3 b 153.1 b 

t101197111134 5.0 b 13.4 ab 0.21 c 402.5 ab 166.9 ab 

4.3 nilvimaeun-mailiAlaiailvailuarmnieunlEvn 
11111,171111A141flanit@t84I1 Astraeus 161t1l21 vermiculite uar, peat moss 114, 

gli1514714 8:1 liar,S134011,11IINiai PACH 1166Mi4716 1:2 21047V qtJun niEn4Trild.ci-An 
Lauitniaalluartiviiqt-uvujil 28 @11411,71a1A6V 1.6116 2-3 RiJmivi.  @:vitRavAtniviini5 
winj uan@itolnAqvviTA.tram nlEau5r.nr.vaai111:34-icu 2 Lginu urn-1'14,11 Astraeus 

1041,511 4 ilijillIl@itil:HILavauFiautTili-iumalnpipi'voitlun.aatin-iiIi Astraeus a1E1 
10/115'6414, Lalooltig=latii4Toqtrunill rikl@iglatiNitgENYIRVOUlUaiVii5CavEllk PACH 

111.1+111fail@itlIETILNI,LGIll@FITV11,34A@ilTent0151 Astraeus T61tl8J -n14c1,1:1114fU5il6 

unvivilnXlincau clamp connection 

1,3101i,lihLitalaVafliM151 Astraeus 1t1 4 01E41.14 34ildlit-Tun13Tv16aiil1u 114, 
1.111uuLfiEwave451vi4 4 aluiii4,0i@n-11Rit-utalnA"-airt-Tulowauqv 761  

al5stwiluun151vicvvolnA7131'@lti 6 161814, 01■1161'  

iraliniuvinpriumaidomiiikunalauaitilu 
Ltrirrunitruni5Laiculomi,INATuv,n81619%,nA'isua-diu 

Astraeus 	 Viti9 R'n34V,VialAi giun 	Om Liieldvi"-nitaIlainiii4,5ii 3 

1 2 tar, 4 ri 	14.6, 13.8, 13.0 tia: 11.1 1,71101.34515 0113441011J 1,318/13;151:1h111V6611011J+1 

F1713-1V7101A-11X1,114'1V1,V13-11.1.1111dVT4051 Astraeus c11EJYV1b5Yl 1 2 u.a: 3 torlowratiqv 

11-ji1197111LIVIflillfT14,8E111111ritla-1141-0111arlii 115:6T1JFm34121041.1, 95 61.1@ii,f116G1 (H15-41 

4.2) Urn,714,01niii4,51711 4 

G1151671;  42 i'anazni5iimvirmIlLaRtnia4RoThri Astraeus unniIi@lcutolni"-ILToloi34 
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* ltliflthilEM111114LLERfli147181g1LQgnfill/J6111_41114WWJA 

LLOGIIiiriAliNLLEnglIfTMEhlratiallritilymaig (P=0.05) 

6141-u-rniaigormiguei191tutina1JilIz61uR 1ngo4iikunaigua1mlu 

L1..l5nuiiinuni5L@IcuINucifl36 1,bdi1,1t1 131a1417111:gilizi05-intolAi 	6-1ougi 

lu 	 Astraeus 	 1 Yitriq 

giunA'iVII,V93•1111 1116111181-1 Astraeus Vquiii.tifi 2 3 1 	4 algi 0.27 0.27 0.25 

0.23 12114iLlifi5 011346-a1.1 t3JaILH51:ifeJawlIVEFIA'1E155 Turkey's test 	1116riT16 

tiloina-a5r.iiith9a5-intNAigiun4'imoilAufildli-nhvi4  4 VitY1,41,5 13-131A1134UVInviil 

a El 11311rti di kJ Yr! 5 	 95 1,fla5lf114,01r  (FM-1\1cl 4.2) lifi@ 

itilnUllIEUrn5WicrlaUdiUtianailfil:ii'LlAo5inta4k1Fiunivv,v1:411Si1d9XiLim 

riulosltpluasia:a-miruStall9 Astraeus 	nA"-ialt,g-mluiftdVi'ittlallYt4 4 01E1 

Turkey's test YVU71 lthIAT1341,151nViinalni5idii7k5iVitlia4,41711  4 to:INA-null, 0E111 

311rEldlitiJYYNVElifi5:61JFMNI:ile3T11 95 W0411116(4 

(ifnitliii,131141BAU ilar,61611d) 

itfinuLfinunlILaicuIRECiumaii-anqvidmolitaiiwrinmilirauwi 341u l3Ja'  17  

LtaIq Astraeus 	 3-naginTridlItaillartt,t04n&-il3M14,N1341U 

vraLtaVvivilkiii 3 2 1 la: 4 3Jg-i 495.0, 463.8, 448.4 tin 326.3 3Ja5n5tici1a6116 

LalenAIinoTr4arilarlAriT-JnIS Turkey's test Mil MaihniVid-Jullillaiiwnlni13-Thil 

Via-111.1fild1i41@59 Astraeus OltlYZ165Y1 1, 2 lla: 3 13,131R'3134USingi4ti'llatillriVrtidiirclI 

WhIaiGifli latURTINtg@iii.l, 95 L'ileiAUVI ran-ITILAYirATA-nvusinrii-hitalia34aymvrir7i 

117 ti) g Turkey's test Vi1J+1 	34uan6 iltaln-111dvNtsaun2JmFauria4 OEhal 

115:;(1B91-13-11,2fail16 95 alaiLguril 

lemurnLviconaftm- vidataana (iliwirnai4tallin)104nainualau 

LtilutnifiErunl5Laitimullmnaihnivid-riZoirAwnolnimtvivtu fi1di"-AaLa'16 

1u51 Astraeus ViflYZUSVill 1 V1U+1 1•17aihillYid7111011116YlMA'1V11,Via-111.1 1.3101d1;1-11118 

01E17414`14 1 3 2 	4 riFii 219.4, 218.8, 200.6 1,Laz 153.1 ilaAnii-Ipiaht vi13•141A1i Lela 

)1,A5-izieJarilfigl[17E125 Turkey's test Mil Maihnivid.31,1giutalniMtallatrrild 

11317105lY15 4ni(164 

95 1tlairi,2f1i,u1 (0-115-hrii 4.2) allEitlifiou34-Jag-LnividluliPutNnA'-iouw-n4lu fildl'1710 
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ritiviAnllia4 	ri6'-imw-ia41,trilthi".]Lievirrr11435171;  1 2 un 3 illnag-wrrvidT14,11114, 

8Jlr1fl7T2f6li°171113-1 WW11511,F111:141.31/11,1S1f11117101iO3z0911NIMIFIO'NEAS Turkey's test 

muiliiA-nvusinviiaavi5Idvi'ALLatImFratipp4 luoitn;ht 1 2 tot 3 Mill VI Vtr..1 al gal 

f15r61t1FV113-112f83% 95 Ltl@itflUg Eniallitthi710W-it1Y1U5il 4 itia.iumngill@in 

21.111 4.6 Xin.4turtialyindugiatluilidil'alta141E5-1gitlYZ144Filli (A) OltrY114.01 1 (B) airnii4,4+1 3 

(C) V1€17114 41 2 (D) 1NA1111°34 

Ltrinuvifin11t61uCimut1a512f4oirr1511o1140511.0Fami3JAn5l52!'1  Astraeus 

vla4luiri@ldir-nile5noitnehtiviN 	1ha5J2rit6Flfl'15G1tsllYla1.1bfl sfl  

`Ml EPIATI,13 511 2 3 1 in:: 4 	85.0,65.0, 64.0 tat 24.0 Ltlaillia V1 15-11A1, 11101LA5'-un1 

warnlotiFikimI8 Turkey's test Vittii lflaiLflani161MLGValn6'113MU01341`Ufild1:1--ntin 

Yri(i'  5 4 01E414,517113,13J H-3134 LLR n Gl 15 riv,@ ei i1vrEi0'1Fi1;11r-15 1 El Fi ifizOTUFV31341,71@3:-1,1) 95 
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A 

C 

1111EMAYULL.10i1,°21,1,0ifllIF*11:4@Valfl113M14,51341,1Jfild1;r1L7101,alatillfi`UIR 

PITLIFIN 	nA"-ilirauvultrrildli'lLfiavil 4 alElthbi 111115'6NA 341 nn-inINRTu p134 Ca 

fl 157185"id1~R7184llGifl(1ld?1r7dYIr78Js~~115s~t1~l oim9E Turkey's test ritril 11A7'184usinciiilval 

ni51thi"-ngaluainiii4,5:11 2 LlaZIRF111.1113-101311ZEJalgq111-0V661 17111:::(1URT1 34Li103711,13 95 

lti@iLgUOT 

21.1 ill 4.7 a-frEil-uzza15-inata-mitrilidi'lLiaLavatmaitiviugoilli niEfiriaallar55miwtrul4u,g1 
dlinowguialanYrdnAqvati (A) almtim,01 2 (x100) (B) aluvitiASci 2 (x600) (C) lulfJS1 Astraeus 

aluiruici 3 11kaanviTin5in (x100) (D) Lauini Astraeus EJ1N140 3 fiFiltaanNi@in5in 
(x600) 
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Wail 5 

sill LIAtalit151E1NafIlIiiil 

n- 5rmaeuniIa5ilLeAlvilvAa5l5ti (Pure culture synthesis) 

YllatifittiltitiFifiriFiTiaNiNZUM'ArtonaiFitAliNanfilb (Palm & Stewart, 

1984) Tdcilialt,n-miRvouLtuu in vitro V9W15tlYilliiVialfrrigGiltifivi (Chu-Chou, 1979: 

Molina, 1979: Duddrige & Read, 1984: Yang & Wilcox, 1984) I5ni5v1ovuutmuliviaam 

rmaalmtiRlvicii (38 x 300 ilaRLNERS) clininluti551frigriaqiJungo naifitilaiumr, peat 

moss iNbgnIgviitriluElNitTrTVALViiViaiU Llar,ii5ifJ111,6+Tthr.atMadill@lAaiNt@Eiilg 

1VIIR 	VAiNtigTO llalairR5:CialgA (Molina, 1979; Malajczuk, 
1982; Jacobson & Miller, 1991) 

Nan-i5gini4ini5rimaoung5v111LeAlsivRail5tilown-nlivianoirmaenuiR 

tvitu (40x200 3JdA1,34f015) 111.6151f111t14,12181f16'113M14,511-1111@:fliltlflAT-IFT1E11101151 

ad9111911 lliolluNtiehhumunlacitilm@v, 
La Atilv A ei1,5tii (Trappe, 1967; Riffle, 1973; Molina & Palmer, 1982) 

Danielson (1984) llsfld Richter & Bruhn (1989) 5'lE15n16'715-1 A. hygrometricus vi34n5na5i4 

L@F1511341;1@i1521-1iliJf4-113M1.6 Pinus banksiana lla: Pinus resinosa 14" uonwi flit Trappe 

(1962), Richter & Bruhn (1986) Richter & Bruhn (1989) Vitri151 Scleroderma citrinum 

a-an5nal'ilLaRtmla4Rail5t9r-Tu13.Ton:ciavvaa:1131tun-7-116nviaireitm lGlllfl Picea 

abies, Pinus mugo, P. strobus, P. sylvestris, P. virginiana, P. banksiana uaz P. resinosa 

alllitlf115illl@Fltmla4F18115t1t0151 S. sinnamariense irlur,51E1111.6 1,1rA Lee et at. 

(1997) Li51E1411,6il S. sinamariense 14,1@:a14,5111.119@i15t1f131F171341-114"1161111131"1:11m5r.rj 

111555 (Shorea leprosula) 

niIrolaouni5a5n5LaRtml34A@TI,5z-1tmellviaaol11maa52116'1oilvigiLN5511 

v-mi5crillgsfAivilazar.wan ati1115timia438dviiO4-11-Toirti@ on-vrA2ilN15:1111TR 

1.l534nCU21a5OatAl,@16411-TH IS14 851fl@t111,6V111101 anaerobic Lviyminfriiiitaanik@uRiviiii 

mut@ h@n553Jnqwritft@l165-in (root respiration) @nifist:Tn vi5R;ILR51:i1iun211JTin 

5-1n (root exudate) 141LN,Fi@ni5L@itutalynnAlvlvAnil5t1
a  @rp4irioial  011111 

anaerobic filiiHtlltEildnavian-151Alcuta,n-nopilm13-11;18115211A701,10151:1REYdflgiLLA=3511,019  

511341@i15t111,1,aNf1155:FliM@flf0AltfilY13-11Z03-111 ,11151AIL11 (Harley & Smith, 1983) ZNI 
1,111i1115Vi11101;14113-1PlailT611:1'11,LiiRt114:1allthig1 lban@inifaiv-icuRiiumafriaanitpi 

uazalTrillvialn-nvr.m.rtmlusioLon-Aun-mluvia@p f1d5Gan5rmuvian15 

Nicutalyi uar,n611,341,A (Straatsma et at., 1986)111341n.lt@l@l11151,Via-rilatilvaianNtit% 
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.@"E101F111011ralaGi011151,@ifllt@llal.131E151 5181@IZ011iT5ZEJZI:Ja11,1,11,1,1141115Vi'111:010515 

2J lfiv51t11N2f 1.0i@l1115fildli114,11a8F11101flalV18,115f1LINT1101EhilE1 4141fT011115Rif1171011j1.1, 

1E1 LiaL'f115051413JA@1152i1lIi 

wInifeLammlni5lirviaasromaormfrillit-Lifrilndili-huN 	ad~fs18Jf115t~5U1 5575  

voivaun-nvi-huaRtvalmailItT181mitru, 	 uar,luilt@tilli,5nruLUR 
Riculuonimain-wrdnA 
(Duddridge, 1986) LLazl2(-711,qn12(u, vermiculite ilazkimil 1,143a1.11,001501 Chilvers et al. 

(1986) 1 AN(4114,155 "paper-sandwich" technique 1,6 tHE111-151,111.1A111,a14,1E1511il@SCL1111,1, 

uiunIzsil4n5a5y15aL2ialaveluriau airrttuiltilulaildicpuusiun5zon.141111-71114,5in 
I5i1Y,V114-15[117Uf-lagf1llf1A'lla8Jt11,1,1011.grl 

1711,6 Eucalyptus globulus subsp. bicostata 	Pisolithus arhizus Paxillus involutus 1115 

'''Eltiritoliiii11111101E1141%11V@TI5578-112i143 IFIE1f1151311dElllal,11E1511J1,1,115:121141,21aTaLYIVA 
.1" 	I 

TINIU14,@1V115MEALt@nnu 	aLault,Tmicu (I& ET-mill-191 	n 
vialviinfiLmin41-7 	 Pisolithus 
ltninc99.345inlAITYi951 Astraeus 

Pisolithus 
1:1"9inz8aall, (Chilvers, 1973; Malajczuk et al., 1990; Burgess et al., 1994) usiwinni5r4m4i 
F6;117611+1 5'1 Pisolithus 0-1E11041411 5 ilLtl'UlkinV7wIlhE1ni611VM al1115fli1451f1LORIG1 
18-1F1Bil5t1f-TUf41V14,V13-111•1101" 81@a1,1311.11Vilft111.1V13•115f111.1f115Vi111.0A10113010115711 

1:1;111,1,fitillEV1E41,141P11144-151101V@UA1E1 	5-11.@FITRINA@i152192111NISIEnfillat4oillV1E1 

Danielson (1984) in: Richter & Bruhn (1989) 51E11'11,1,11-15Vi'111,0HIG113,11;1@i1.5211 

210151 Astraeus L71% Astraeus hygrometricus fiun4'91:1:1011:rjaalt, Tlf1r1151i"Elitloillilf115 

vi"-ilLaRtoilvAail,571TH15-1 Astraeus Ea.IngwrizliA@TtlignamiaivAn 
SafJs9z21adnnSG1(1621BYIAa1 'l' 111 (0-4%) vivvivia9@Lil018r-N9inault15i8Jn151,@5cutiattln 

vilaikhzavignlyiluni5vi-wl@RIF11301841,5711Gilk)EJL31@lliltIlllilErLI 
fil151 Pisolithus (Wong & Fortin, 1989) vi010911651 Astreaus 

n-mnolgouni7gi'illamailItraugfmtaieunwan 
nllywalvt,-v31-Thqihr,o1Fivvievimomini5oilllOATM13-1190i15211?10151 Astraeus nU  

11-wiltranaihnivIdivaviitak4, 
P171.1113-1/11E11GiVirnr,c1611111,01 ltIlf,@1@iblL11011SIVIW11111i1:4111150i'1113-1F1@i1571-1111,1,1Ni\l 
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lindTtavitliuminspoTwavilnuill 131115inDushtunufiailirmu 
Lrnallunn-nAntatlalvnivujileinioileariieni5aiN124R0415noilv Ul@Zill1E1111,1) 

"i151 Astreaus 011415 fl PUIF1 Z1.1 	q 	q,1161" (Phelps, 1973; 	Redhead & 

Watling, 1979) Marx & Rowan (1981) Yillilt115140tfliElltiali@t1131raii11141113.1V134150114,  

ni5a5=11LaRt61la4RAI2fia61aol7f1 

n-ainWiniIVI-illeATR1NROTI5Zitanitun31 Gasteromycetes 

511@i°11911:4 oilltilun 9:34 Gasteromycetes 	 ailmnrculoT 

luvInniAtutlInviglru unviuniRloiiilajl6Taln15d-15.1a aiviInvitilortui-moyht, 
rivitrimt, 114,111ouvni 	 oiviltuain 

ialanfillilvigtalTiliitiymm 7 V1tY/144 lid i 7 1gni114,0 @:aiguetiritilt4irnnvu 

vivIti (P. kesiya) 	t, A n all 	(E. camaldulensis) 

1. 1-11unO, Gasteromycetes 013415 n vtliNiculwiaqt1 univi ToEmugarmilmusi 

2. 51 Astraeus Pisolithus 	Scieroderma a1Ni5tiV5'111,@1;11.01174A81152J1r1tinV1,4" 

VUV134111111 in vitro system 161 UGAIIF1111,1V-1341If11143f1155TillakillNii@imZUSIMiill 

81,11anidmatiti1vvivi1645-v112f'v161vou yruilalEriii,013,195f1Viillm eilItiVitivi@iz 

3. wat N51 Astraeus OVIY11140111 .6101001.11W115WElit gonmaitutaln&1131"au, 

vivlu Liialdvi-ntioAAntalm@Als1NRail5tivil 4 V1 	 lifiunA113.1" 

mtv-allulv,Liatuvrmil ItlitiunimmaritypiAltniv 
3.1) ni5i@5c1JtalRY184q‘141414 Vitri1 f1151th1l1irfO1haE15111TfiUtl113M1,1,113-1111 

nniin 	 lur5vil311.1)4101A--rup34 

nnl7ulunA'111Tvv,nn341ufildYi']Lgenlault, Eifiv,ifi 2 uar. 4 n'AdYNGLallanli a1fl  

3 iVi'FiqA-7934,q1tal4iGTiq,11A (14.60 ?A.) 
3.2) n-51@5cutalLaudlutijoinal5fi5z61immin2J@l41w1li, 	niIldvi-dfaLau, 

lEn-iliriunVIATvuoi3411.1 frillinA11311inm@icuvrmatuiii4,tlyinailfkr.LiTtwayin4i 

annrrii nA".-113.Tav,v-diulwriimmlvilownirivri naitrii4,4 

vi1601 2 in: 3 iblin -1131'31ni5l@inlYnaltrillttVilEinailf15:GTUR@Iintal 4iilta-nn 

CIA (0.27 3434.) 
3.3) nm@icuanainnividTuaiitakt (vt-wanlLYid21e7J1ti LLar,th'ilvt,) wv7n nilld 

n 	 tiiilinAilaZn-m@icil 3.n Awl d-rtuvi ilia Au, 

34nnn7nnNaTmo-mlu1v,r5mun(1715119-mqv n-nldli'-)LhialaE15101Eli(14,5171 3 

nilaTiin-ili@iconaihnlvid-ruaiitaltwinfilm (495.0 Nniviu) 
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3.4) niu@itpraaihn-rrid-narau (livantlinmin) 	ni51thi'lLiTaLault, 

n 	 viiliniAlni5Niq,34-3a1'311-111dMIG1114.1n.iinA=11311wp 

Fmniv uniiio-nidLaultniviniluifi 4 ifinilNit-piaihnividluiratqlqmlurim 

u.n.afifildvTALR'ulvaltiriltifi 1 (219.4 94nirii14,) 
4. 51181;15113-1ABi15711 1111.01'11AT13-1411311ZWIZ@Villii7191FTEJ 11015111,foinV1E4144 

@:31A713,11,1,FInVillt-71111,137:1iT'UtOlf1151S11-%1FTLVIN-1:a3-1 	(compatible) 

1,11311::431 (incompatible) riu `ti 81 FTEJ 

?ThigueLLuz 

a:L1114:61-i9 n15ovizngiliiougiviu uazt.IFliNIJETV V13-115fild 

14051MAIR13-1F111v1riu n 	 a 

L1I34LA34oia11.1 

1) f11511fTWIR713417Thilill,G1 (compatible) vile ligiii613i11;1' (incompatible) MI5 -11,0 

ImINH0415t-it-TuAtaigrn(llmii-il 1 

2) fli5rifl14161.1.1hX1VirliZI:11'ilA@ZEJaIrlVialwamA'03-1 (ecological specificity) IRti 

an6noi 	 fioi@iipaviani5Lainj 

3) ni5Pinwm15111111111114,Yratthigi alminrani5rmaalluialtlhigini5 

lalag@@:u.amafiLai@ilSioatilumnivis55:47niilvi 
13-1A0a5Z111.111PlaaltlUn@illuniRvwm `4M.14,1:401fi4-di4, 	 ngila 

A5-11,11;1411341;10115t1 	 LiriaMuniI 

34-15n@z11.1urimEilirulNurItinIRtu FM@ON*4 

51134R8115711 f134@tio134555342f1F11A ton1F111 84141111 Lvivi:ovilqnlilthlhtigi@il 

4) gin14-m15Fim L58 ri5-1EiviuSI-1114,n 3J Gasteromycetes YI3J n156a5nU  

LtaritmniitiliiVialintaintitiiniLestilNR0415ritits614,  1 vilm-mluon1vi5I534tiii 

TRE41Q111::: 11.1iihMtLV1 	 @Zi11;1113-1VM11111a1E1114t111A2101511,@P15113-11;10a5t1 
- a 

WI M-1'1E1 	u@nwinuniIRmaanwreitsminlEllsill3ST1LORIG113-1 Fl@i1,57i1 	rivan@in: 

Frnqvii@q5f1111JIZIElt11,114A,S6416 1 Lim alw-I5L-Altumdl 

v15@r115ni4115A 
115zotie-mAlLIqi1rvi341ti LvninlIz2ri2fuaz8JA71 3,111-31U,Vilb 51U Al unzi-mrivilua 
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1111"v, I-1 L str;1114 A oilIt'41ei@a 	Fig argiAlii@z 

IA n1511 ,nt11414,t1 yin ran s "@:4111,11I: 	n 	vu R-31 	Llaig' 
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Longl5iiaEa 
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111141111V 

1,Q1414114 u.a:517swa voilqvu. 2525. ni7d1I'MaAlfi1l34Ani4h211%5:UU 

nvivivarm114,191: 

la3-11114. 2539. liols RLOATfill34198aItiflim1W1151.*11:11f11850111. 

f15dlu1YV7JYl 1%R5: ATIMItini5nIvi.19141 
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5ffl5 

ZnSO4.7H20 	 44 na5n5i4/111 1• 00 na55015 1tJ 1 riaR5m5/vtl 1 

Son 1G15i Zn 0.1 ppm 

MnC12.4H20 	 0.25 niivvii 100 iia58mI 1tf 1 ClaR5545/t6-1 1 Rfil5 

14'51E1 Mn 0.7 ppm 
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