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HEEEHKEEMR L 9 — Y BEF 1, EEEESROFIICOVNTIHER
WEZWEHEAFETERRRRE 4 — BB #1, SERBEOLERE, ¥
RICEATIE<DFEREBBBOREZ VWL WERBREAR - RIREHRHE IWHA
£ R, BREXFERFH BEE K25 UICKERT I BAE BYE EAFKE KICH
DEZRLET., TD55, BEMRFETELEBLIbHERSI N BEF FT(C
X, BATICERZBHYLET. FEALEBERBEOBREENICETSIRENRTERE
L\/=720 /= Dr. Monique Gardes, Environmental, Population and Orgam’smic
Biology, University of Colorado 7z 5 TXIC Dr. Thomas Bruns, Department of
Environmental Science, University of California, #4EIBOFEFEMNICEALE
R % L\ 27200V /= Dr. Reinard Agerer, Institut fiir Systematische Botanik,
Universitat Miinchen, BiREDBGFETOBRICOVTHERLTREZE VEWVE
Dr. Katherine LoBuglio, Department of Plant Biology, University of
California [CREB U E T,

ARREEEDBICHEY, THBOLLENL RHRLATER 7% B155U
L HEXRZEMNFZER MEER BLIC8B L EIFET, 4, BEMSETHRICEAL
B4 GHBE, BRFEVWCLVEHERFERER ILEH— §1, FETE— 8L
BOUICSREX §t, BEOBGLFRAZHATIVELW: RENRESHRE
PR RICE<@EH#BULEITFEY. REIC, AEXPETLTSERRE 4 — HIEFESN
K, ARRZEYHZR EH—E BL, SSICAEBA REZEBLHLETHRAFEERK
. PREVFEPMRZOBRESUICHEABICEIRL AR TEHEBICRVELE, R
<BHLET,
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B1E W

BHREEFHENMOREOELERTHIBROEEREISHESEOONTNS, &
D5 BHEEIR (ectomycorrhiza) 13, ERESEYOMIROAY 2HKICE > TH
#BEL~EH (fungal sheath) #FEmL, &5 ICEAREHSHIRD KR EHRMERKICIR
HLBALTNIT 2 Exy b (Hartig net) 2HEMT 5 LN EEMFHEDOSER
N5 (Harley and Smith, 1983), CO L5 ANERIRIL, FITKFHEMOIER L
IROoN, FETOREBOZSBABOFRE (WbWd+ /1) ZEMT 518
FEECFERAICETZLNG, 48 - EENICHRENE—DOOEIREELEZ
5 T3 (Harley and Smith, 1983; Read, 1991), 44 EBOHIBISFIT,
KERSDOELAERERTRSO 5N D VA BIR (vesicular-arbuscular mycor-rhiza)
FELELIFAE0DS, JEREKBRLIIED Pinaceae (¥W#l), Fagaceae (77+#§l),
Betulaceae (H/X/ *#) EOXRFEYOLEFT M TIIERENICROON, BFLEZLU
[CEFIEKICHE T Dipterocarpaceae (7N HF%E), Myrtaceae (7 b EE
), H5[I—5B Fabaceae (W A#) FEFDOWETTIEIEEMNMTHS (Trappe,
1962; Malajczuk et al. 1982; Newman and Reddel, 1987; Ba and Thoen,
1990; Molina et al., 1992),

AERFBREBOERAR T, BRELHAISNIAREBROFRERLEICER
LEeSEICEDE, AREORENHE, EZHRNY, 578, BEREN, H50 34
EERICHTUAEREERES LISUIEREASNTE L (Arnolds, 1992), —7,
HELOVEMED SEB TOEAKEANDIR SN/ Pisolithus B&* Rhizopogon |&
HOEEMNELS fTbh, NEBEREOBIEUNOEHKEH S \IBEHRELS LIS
LIFsRE#EE T/~ (Marks and Kozlowaski, 1973; Harley and Smith,

1983), CD&LSIC, BATONERERERICETHEMIIEKARONTEY, H&E
HIRAOEETIIHAICE DS RBBHS DAL,

Last, Deacon, Fleming, Ford, Fox, Ingleby, Mason, Miller 5ICk3 1 F

Iy RDEBETOD Betula pendula & B. pubescens DEBRRERREFH OB HERER
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3, EYEBRLHEBEIRBERICETIRVIOBVENLEHFNARRTHS (Deacon and
Fleming, 1992), BODEREMWHICELHDE . (1) Betula BHEYIDOREDE
RICH > TERMATOEBRBAOEEANIEILL (BR) L. REOBHERMBICEY
DICEDRRICERELABERE WHEER) OBIREFREDSMHH HEEMIL
U, @R RDIEAELEBICHEO ISR OMICEEL, BIOEVERSOHEYIRR
LICEBOBBRES ZRMICEE LA (RBEEH). THDLLEREOSHA (BRS
KUFREDDH) BIEROMER ICHEVRRENICELT I ENRBOHLENE, (2)
VHEEBEOETRFIIRY FRERTESIC Betula BHEVMORERICEIBEAL, X
HZHFABHESELERBERETE L, BMEERIIRERORBRA A TIIRERICR
FHY, BRENCETSHALRERICIBERAKRZRELISSICIIFRTEEASRED S
nns, EOBEBEBANBHELABESICEEELEAD &, (3) BAOERES
HOBIREAREHEICREEBHE TS L, BRICIBBEEESBREEKLE. LD
U, #EEREOBIREAERORARICTFHEEEY ZONAICKRELZBELY
(COBEICKYRMERESBIREER L TOSMEBLAARRERERRERBR T
%), HHAINIBHEBRFOBEIREEMSDLMERY MIBLEZICREERBELE
malk, WIFhbHIIERRNEIRETRK L,

S5 LR, 5 Deacon and Fleming (1992) (354 HIREZEMIBRDOMER (C
5 A EIREREEICR D&, early-stage fungi (MHIEEHE) [r-strategy:
r-#Bg (Gadgil and Solbrig, 1972)") # 5 \% Ruderal-strategy: R-#kB&
(Grime, 1977) O%#%ED, | BLU late-stage fungi (ERHIEEHE) [ K
strategy: K-#i#& (Gadgil andSolbrig, 1972) D%#EHFD] ICHEEBMELE, T

1) r- BLU K- OERREXICI3E4 ORENSHSH, Deacon and Fleming (1992) TlF Gadgil
and Solbrig (1972) M3lAZNTILV%, */= Deacon and Fleming (1992) (I, r- ¥88& R- ¥
B& (Grime, 1977) #RAEE R L, £D LT early-stage fungi #8¥#EIFTW\%, 126 Grime
(1977) D¥ra#tE (C, S, R, BLUZOHHE) IEYMOREFXERICITSN/ICHDTH S
M, BSEIEBANOBRAICHERL TEYNERIRRE—MIC S-#BE (Stress tolerant-strategy)
MTHDELTNS,



BMEIIRBOBRERY (EFR(CBetula BHEMOREZBHEL ) PHREE (BERE
BELRONTWVS) OBENS, REETIIEYO—XERY _XER LERAER
EDREZEHBATHDICILSBRTSZLIETELRWD (Newton, 1992), EREDN
SHEHERORENLELLEECIBO—BBEHRBAL TV S,
HARTONEREREOBBERASUICHmEXICEALTIE, LIELIEERBEEH#
B3 hRUEARBIEE (epigeous macromycete) DFREFENMhch TREE(CH
BRENTWSIEIREEOEREHEBZFODDLBESHICENEBVEER, EOFRERE
RBICEDVWTREZINTE (Villeneuve et al., 1989; Arnolds, 1992), %0
Betula DRBTRENL D BFRERLE EEIREESRFNAGNHZ—FT, #
PICKBIDFREFEREA TS THAREE (hypogeous macromycete) (Fogel,
1976) HBWIFREEFR LAV Cenococcum geophilum Fr. (Trappe,
1964) XS GHEBIRESD C<EBICHFRETS. LENS->T, RMABEEOT
REREZH > THERIBIORBHERTE TS L, LT ULBELLANEER
%. &I Pinus densiflora (7h<Y) LALEERERKT S Tricholoma
matsutake (S. Ito & Imai) Sing. (¥4 45) OBAICIEITFRERE LI RDOEH
IREEBUOFEMSHAS—THH (M, 1975a), ZDL>544 BETHRICFE
FEERLAVIAZ-DH > IBSICIIEDRFIIBONICTELRN, e, FX
GRENSIIFHATIEOEBRELIRBOONENWT ATYDOKSTDOY S —ETDH
FEME 800 cm2, FE 10 cm QWP T A VIRREIC 20 BOERE (FEMIC
X5ATREAR 20 94 TONEEIR) PHRETIHEEOH D LMREN (LA,
1993), FRELBROGHEPLTLHB—HBUBNIEBTEENTNVDS, E5HICH
REZIHDOSTBPICEDSDBEREOIHRSUICENBEFROREZASHICESTN T
BV, BREDEREZRIROSH, EBREIVEBEZBETICFREOREL T
MNOEDHDELICERBHLEREZRVETOIIEREETHS. LL, AROBE—REE
ELTHLEEHRALBRPTEEICEREINTOIHEREIREDHDDIEESREIC(IT
RICHLL. ZOERBAIKRDOBY THS : (1) FREREOBENS, Sk
EHRERREDLOHTERLEBREN ORI EPREEND &, HIZIFIET AV HD
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Pseudotsuga menziesii (Douglas-fir) (3 1 @ T2000i 80 BB L AEEIREERKT
3LHBENTWS (Trappe, 1977), #> T, HEBEREOFHHEO—SBrbHN
BV RMAREEOEEROIERE, ERRGZ0Y LT TOBEAEFHEZET
(Arnolds, 1992), (2) ER L TOBRGOEMAME, 55V REEICHT S8R
DERABERXCEECHEL4MEVDSROONSD (HIZIF Agerer, 1995), EIRFZRED
SCEBREEBIUNINTRET A EDUIELISHEE A RENTEE, > THEIRE
OEFHEEZEBREICER D ZT>/HI134 /1) (Danielson, 1984; Newton, 1991;
Visser, 1995), (3) BIREOSTEIZRIIFETH DI, 2HRDEDSSVDEED
BENARETHOIDEIL<BESHTIINELS, TNERETILDENEEFENSDOH
ERBOER - ERMNAIBREIMOSNTOVEN, EEEREKROHIFCRIEN —K
[CBS TS (Hutchison, 1991), ZHI &M o EMPOEBRHEZ/ELLED
KRBRMABFECEDVWTHLOMICT S LR ETONTI AP >~ (Zak and
Bryans, 1963; Danielson, 1984), (4) E5ICHATOEYMMIBRO 7 ./ 0P —
(LT AMARTEBEDOODICONWTHMICAREIND Z LD, EOEEND
BEL<RHONB LI CH->THhLELBMSZRL (Vogtetal, 1986; Allen, 1991),
EEACOMBRRNOBINE VS EBEEEZNT TO—F LEBIC, FRENSH
RICHDS 3 EREEE (BIZTERET Y MOBKREARAR) LODRBYDBESHICE
HTEHER, BHNAEELZFDOER, HHVIHMTHEEICHRT SHRED.L
2, HEEROEEBNSBEORRMBITONTE~ (Masui, 1927; Fontana and
Centrella, 1967; Palenzona et al., 1972; Zak, 1973; Chilvers, 1968; Dominik,
1969, Ingleby et al., 1990; Agerer, 1986, 1987-1995, 1995), £/ & HTT
LTHERIROSRERENSITON, $5IC in vitro TOEEEY & IEREKRERVER
B, BROSHEMGSVIEEEMICHRMNEEROEERZE (Molina and
Trappe, 1982; Godbout and Fortin, 1985; Kope and Warcup, 1986), &5
HROREEZZ(TICS WEIROTZRERHE (Zak, 1976; Alexander, 1981), H»5U\MEE
REOBEHEREYN (Malajczuk et al.,, 1982; Molina and Trappe, 1982; Miller
and Koo, 1991) o®FEMNITHONTE /., Agerer (1987-1995; 1995) (I, Th
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SNEMBASUWICKRBREROLEERFERIC, FE - BHENESPLAERIBDOS
FNYE NEERBEOBELANOEBVDICEDSHIROER - RELZTOBATE)
2HATNS, BOFEIBELREBEERT S0, PEOEHBRTRIRAEREZR
HBTERVBBESbH S0, HBATHERLUABEROHEANICEL THERGERSZ TS
h3, SENEEBEOBELEFHRABENDEFRZOICARIENLEEZ S,

Agerer OBERBEEN7 7O—F L(I5IC, Bruns SIIEBREDBEGTFEHN (&Y
JLDYRY—ADNA BLUI b RUTS/ ADNA) HoBEIREEEBEIRED
BULRIVTRZEL, BRBEOBEERITEIT> TW% (Bruns et al., 1995; Gardes
and Bruns, 1996), 507 7O—F (&Y, Zak and Bryans (1963) LIEUL(E
LISHRBESNTELZ 1 DOBE - FREORED SHBESINDSBIREOEBE & RE
DOBEIRFZRE & DEBR D& - ZHBNERMEICEIITESL ST/, XA
1y 2 #JV=F® Pinus muricata (bishop pine) #KT® Gardes and Bruns

(1996) D#ERIE, Russula BEAICHA, MNBELICEEMOFREEZRAL, Wk
DFREBETIIERBEOMRIMCEZENSZ LDDH > /= Tomentella sublilacina
(Ellis & Holway) Wakef. DA< BHEMICHAERIBEER L TWAS I LEBELMICL
7= T/2bHH Agerer ® Bruns 5OFEEFNS LT, EMESBRBITHDEIME
FMORIC, BEOHIATONERFIRBOEEBRSBENEICE >/, CDI &I
e, BRFANBLIWEEROBENI SRES N TOREKRDOER (OH) %
FREBMICIKIF A RTREM A H > TIVD, 72720 Bruns (1995) (&, THLEEERRHDH
SIS (BICEZEN) OREIE, BIREROEEMNFRMECEIRBREDE#HLES
ERT 5L, BRTRIVELEOER LR (B—HEOERK) TORBHERICEDL
NETHD] kRT3,

FHRATIE, BFXIE (LBEBLUBERBLUBEEZMR<), PHFERVUHPERIL
BICIE< ST BITAIVICESEZETEORTATOHAERERBOMARZEZT o 1=
Pinus BHEWII—RICZBHBOBBEENERRELRL, CDIBT7AIVICENTDH
SEBIREERT I EBE<menTNS (M, 1981). LML, Z<OEMERE
BIC, 7HVICBWTHith EEROFEMTLCEFEEICEN, TBPOIRROEE)

S



ICIETRALZENELS, FICRF VNN TOBERORFECFHEIIINETHL
[CENTWEL (E, 1979). £ETHTYONEEIRICEL TOHEEEFZNHR
(3, FAROREX EEDOEADTEESHITH>/HARLSMCEBESNTLVEWL (L
[, 1993; Yamada and Katsuya, 1996), #¥&S5DHMRERIL, RBEMKDICEZEI
HiIREEANEET I LERETHHDTHo /N, REBEORS ICHHIL TE
¥ GHEBIRS A TH) OEMERANRD SN, BELEBETIEREENEHEL T
WSERRMENH - 7=,

FET, BHARTIE, THTYOEEHNICHAEREREL, 51EKEEHEFRD
FERERXRRI (BRY A T DR 217V, E—CHEEMHEOBREBEZHONICTS
CEEAMELE, 2D BT C geophilum OEIRB L VIEEEHEZA NV THEIE
YA TDFOBEICOVTOERNRF%1To /.

FHARTHWAERIBRED IB%] (community) &3, BAREXRNT, 7
A VIRENEBIREEAL TOSEH] 2B LEBICAVE, > TZZTED
T8 &I3, CLATHIVERNLEBIRELERTSEBED IFIIL K] (guild) £
HOWEKREF->TINS, LML, REMICEEZNIAEFHBSESEDOEENSTE %
HOTWDEEHENTHDH, FARTIEBRERFOMERZICOVTE<HEL
TWELWOTEEBROAMEZEHA L/ I#E] LODHBZAVNSZLICLE,

HNEFEERRBHEOEENESORBORICH> TS EANEROBES VN
EREICEFEBY THD, FARBEEMICRALETATYAEREIRS A TICE
TE, FICRO3R[EWONICTILEHEMICHRESLURRETT -/,

(1) ZHARYRBRFRLTOHNERIROATHEXDOILELBEIRBAOERESKRY ; ¥
TI7ATYMRATHALBIRBE L HE NS ABBREOFREOTH LEROTHOD
EBRPSMEBOR—HREB/LMITLAD (ILEA, 1993), FREBKFICEREOSHER
EHRBEODICTEHAHICTTo/, EENEFBRABEOEZHRMEICIIEORED
H57, Bruns (1995) (IETEBHERMTIL 0.1 NS —ILEH=U—&ICH 30 EH
SHANEBBEREEHEL TV, ZOBRE—KIELOFRELT, 7FHAIYKRT
BANAREEBELONICTE0HEEETo .
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(2) 7HTYHNERBESMEBBEBBRBOFHECOME ; L4146 - BE TR
AEBBORHE (BNBLUEN) BEHSNTNS (M, 19753, b; Vogt et
al., 1981a, b; Fogel and Hunt, 1983). ULHAL7HATYOAEEIETIE, T.
matsutake 1 #E(CB3T 2 EEIRHAK (/DI 19754, b, 1981) LISADHEIL
Ve 510, HNEBRETHELEOTEOEENL<, BeOEBHECHT 58
FEOEMELILHE SN TV, > THROSHE(L & BRBBLFOSHE
(LEDBRERELAHERAR, ZETT AT YR TONEFREOREL XL
HIO—BOEY S 0ICT BEHERBRET o/,

(3) BIRBRICHEDIEEROKRE ; ST, BRELLTEDL S HEHEOK
RDEET 300, SHESOEBLENSEDLS ICE>TNS0N, BIRBLE
CETZTH2>BEOERBSIBTELON, L TRERNRNBRECHLTE
DES AT BODERE LI, BRABOMER, BEROIMENL HCERTR
[CHEE LRESEONPT Y, TRIATHEERVAERY FUALTORBRRER
BEUVANNTORBROBRSLT LU —HUAWATEREMSHY, ODWTIIHEEIRE
THETHBARE LS Vo R EENEREROONEE>LRBEET S, SO
ADS, ARRTIE, OHORMEESISDE. BEAKICELTIE, EROS
BTl AE B BERIFTEEXONBRENED LS CRERICERTZ00E
BRRES &L,

BRIC, CNODEBORENS, THYVARICSTZHERIREBEDEYH
%, BEBY, SHT, BLUEREZOBREEOBEOSEPLICHANICE
2UL7E,



EB2ETATYALEREIBRDOEENER
F18 THATIYHNEHIROEENEF

B1ETHERELSIC, FARTRHW T AT YAEBEIROREEMBERAEIEE
5 (Yamada and Katsuya, 1995, 1996) ICET\TW3, EESIFARDOBE
RESUL2DO7HATYHRS (MREKEEDKREE1250 m2) TS56 94 7D7H<TY
NEBIREEICERIL, FOMAICIZEIC Chilvers (1968) ICHhE 2 EH® plan
view BENTHBEETEL, FEABEROBHNEENSZEDSED 159147
DWTHOHEFEEZEH S WVIFEDOLUARNNTRESH S WIBEEEICDONTER LD,
KENIXRETH >/ (Yamada and Katsuya, 1996),

R - BMBENFBICE DO <HAERIBOBRENLBASHEIL, Agerer (1987-
1995, 1995) IC&VAFLS RS GRILENBHLEDS, CNIEILTOAEBEIRE L 1E
MEDBFRERLI=HDTIIE, > THOAERICLYELTORRDSFEIE ($E
Bl) TEBRMTIER AW, BATORERBEICEVWTEIREE TRROEMLE—FE
tEZ 6N, EEDS (Yamada and Katsuya, 1996) OAEBEIBOEB AL
Agerer (1995) OAERELIIBENICIIENLZLS, EROVFER, BHEOMBEE
£, HHNMMERABRIELEEOEIRHEOREL L VYHBEEEL TS,

7 H TV OSNEERICOVNTIE Masui (1927) &40 HE5 (Yamada and
Katsuya, 1995, 1996) OEMBEL NI TORIBFEEICER LR & /NI

(1975a, b, 1981) @ Tricholoma matsutake (XY #%%4) ICBBT 3 BENLHRE
DAmEMLNTWNEN, SO EMD, FRERE (5B - 48, 1987;1989) »
LHFEEINSHEROERICLEREZDO TRONABROBIRERSER S NAICH
EFZO, LU, ERARTIRES T ATV EAEBEIRBEORBREZANDZLEZBMNIC
ELTWEND, GLARERSATOT ATYONEFIREHEEZ EOREFEANS
BoMT 5%, REMNSEIROFEREFEHBHENS, BIREZEIRBEOEL NILD
EREMERICEDEENTSICLEZBMELE.
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. ME&ELVAE

HEXOHE

MR DI, FEKFEEAOT A< VEHEE (Bink 45 F) AICKREL2S5
mx 25 m DAEREHEMNKE L~ (Plate 1 A), BERXROEE (£, V-0
BE&, 18 pH, SXUMEBEOEZE(L) CDOVWTIEHEICHEEESh TS (LA,
1993), BEXBITOEXELIETIE, ZLbYDKRWVMRY TRER] LEFFFER
ZI8T.
HEAEHLBEAE

HREXTI1994F 2 LY 1996 £ 6 AICH T THRIMUAETAIVYERARELUE
A0OER, BIUVEIRE2HTERDIERBAOHY LIFRBRTEREINETHATYE
AOEIREBRBICALVC, FHAEROBEREHICIE, E3IEEIVEIE1HORE
CHETS2FREHDED, BEXTERELY, SUFAICH 20 BIFERLAET A~
YVEIBRNITEND, KELXBEOHZFHBREHICE, FESOLFIOHAR (LA, 1993;
Yamada and Katsuya, 1995, 1996) THW/=2=# (FEHSHHER - REICHW
E7ARVEROETUNARS— ) bEFEhTWS, Tabb 1992 F£LY 1996 &
ETOSFRICAREXATERESNBEHBEHRCAVET ATVEROLETHEE
nTW%, FIEIRE F&5 (Yamada and Katsuya, 1996) ICHREVEIALEL,
FPHMHET CHELERS A JICER - AELA. ZOHETIIMN SN T
B, R TEREHRHERICEMI THEHFLECHNVE, ChE, BIRRAZEICS
WTLELEEREBENNEETH S LICtk> 7=, Table 1 ICEIRSY A T DX
[CAWEREA X SO, BIRFEIIEHEO plan view (Chilvers, 1968) #F &
ICLTEY, NbTaeExry MEBROBERISHEREL /D, UIRERICEDNILT A E
xv FORZEEOHBRIITDOAED -/,




. &R

HiRs A T ER

BEWMIBICL DERR (BB 1 TOHER) ITHELAET A VHlIE (KBBS54
HER) (33 AFv ) Thok, BEHELUNVTF ERy NEHBELKIES%E
NEBIRE LERIZTTo /e, 2720, EMEBMROBELLLERDPRO ONEEHN
BRZE2TIER (TDHZILELAEIR ©, TRIMICLSLEBONIEHDE
B-HBEOSELOVEREIHRAL U, ERALSHICKREBREBDONIREVHOE
IRHHRAE U, TRUTFOME GFCIV MPBLIE) SFLWNESIL, EB#ED
HBLEOWES CARCHRERRUBREICAN.

HADOBR 103 94 TONERERPRDH SN, TOKRFER%E Table 2 ITRU7,
ZOSHLEESHLBICHRE LAFRERBEDST 4 TDO/EEIR [ Yamada
and Katsuya (1996) @ & LAES6 947056070y b A TORBICHAES]
ZERELERR, Thold 49 914 FERAEE N, Yamada and Katsuya

(1996) DERS A TEXRARTOERS 4 S L D% Table 3 ITRULE, £=
HAlEn/ 103 YA 7OBRIRD > bEIRELSREH 2 L\ IIHFEEh/=Hl% Table 4
(CHEE L. UTICEREIRS 4 7OEBEELAORE S, BEONEBREDOHLE
=, Hls, FCICHEBRETNRT S,

#4771 (Plate 1 B-C) (FUIELIEESF U HOEICHDODNTEY, ZOETY
4736 (Plate 10 C-D) (CHAEIL, BMHEIIEAEHRR T TIILIELIERTE R
W, FLEHEIREEHRET TRARREZEETELDEB,

472 (Plate 1 D-F) &0V 173 (Plate 1 G) 3BT IH, > RFT7F
DOEREICENROOND, FIEDIHE, PAFOTEMOBEENLIELIEL 4 um%E

1) SYBROIRRTIIEREMIBVSHEBRICK S TE, NERIBERASROSNDIDIEICMBETHD. B
[CHEBIE U AR RIRRANIC IR ST A ENSHIBOBUMISBARTHY, COZENLSERNT
IBBOTEXREEZ 1 DOFIR Fv 71 EFY, BiEELTRD.
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BZAWMOEED 2 umEBISEDBBZVDICHL, BETRE O AFO7EBOE
EZH 3 umTTHYEFEOEERHLISum BETHD, COZENLEREDIRF
oTIiE, KVHEERL,

Z47 4 (Plate 2 A-B) DIRFITRE14T2ELUVS1T3DENICELE
Ll 508, HRMENSIFICEATEAIZLFREBS T RAFOTRHREETSH L
BE,

1475 (Plate 2 C-D) DL RFIPTIIZEL ST 17 DENICHELT S, &
Y4 T TRERBENEBEICRDONDS,

#1476 (Plate 2 E-G) (3 ROFHINE L RF T M5 Tuber sp. LRBE N
TW3H (Yamada and Katsuya, 1996), B#¥IIRAEHEMEBET TOOLEIREET
2

#4777 (Plates 2 Hand 3 A) (31752 (Plate 13 G-H) ICHE{lT 3. @
EOEHOBRESI interlocking MHRELAHDOTHY, HICHBP (MRS
K UHARARERR) ICEIESICHERERFD. ULHOLEIEDOEIIRSY A 718 irregular
synenchyma T, BiREHKEBBTHICHEELOBRR AFCTE2HFO—H, BETIE
net synenchyma T RF D7 IRBH LN,

2478 (Plate 3 B-C), #r79 (Plate 3 D-E), #r7 11 (Plates 3 H
and 4 A) 8&KU®Lr7 12 (Plate 4 B) DFLRAF 7 ILHEELMMEMR SIS
HND, CCTRENENDRAFOTELTRYES .

g47 13 (Plate 4 C-D) I RF 7 DRKEM S Russula sp. ETREBEN

(Yamada and Katsuya, 1996), £/=ZDOFESLLVEFIEINN Russula illota
Romang O EER (Agerer, 1987-1995) OFNEELELT S, £/kPTIIHIR
REAICKAERDOHREBEHBETTIILIELIISRREEET 5.

24714 (Plate 4 E-F) (3 RAF 7 OREEMN S Russula sp. EREEh, EE
5 (Yamada and Katsuya, 1995) [CLUBESNAETHATVOERBEIRS 17 4
[Quercus myrsinaefolia (5 h<) RRLIONEREIBHROSTREBRICL VYR ]
(CEREL 57, BHOBREGRINITEVSRDENS,
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£47 15 (Plate 4 G-H) (3$h8BRED RAF L7 M5 Russula sp. EREEH
(Yaméda and Katsuya, 1996), /8RO RXAF 713217722 (Plate 6 G-
H) &8 1723 (Plate 7 A-B) OFhLELT S,

&4 716 (Plate 5 A-C) (3#E#E 5 (Yamada and Katsuya, 1996) &Y, #
DIEHA - $HRD RF 7 H R papuldosa DEIR (Agerer, 1995) H BT
Salix caesia DIEFR L OXRRAENEEE (Fontana, 1962) DENEBEET I &0
RENTLS,

#4717 (Plate 5 D-E) 8&U#r 718 (Plate 5 F-G) IBLIT A LMD
B8, RBDAF o7 HEHEN SHEBRMERNICHSRICHRTHDICHL, BE
TRUEUIERFOTIIEEICEMN, SBETHIENHD, MPRAFITEHIC
Ay b TN—TREENPT, FLENMRICH L TR BCHNAERT 58 %
Hom, MERICRET L bBEEAMMRE ISV, LHLI S TREAETA
PRFCTELTRUR- =,

#4719 (Plates 5 Hand 6 A-B) I3&#%&5 (Yamada and Katsuya, 1996)
[C&VY R. delicaFr. EAEREh T3,

£47 20 (Plate 6 C-D) OLRFIFI3£+07 14 (Plate 4 E-F) DENIH
LT D, SRFOCTRBOEEDENSMEDEELIRLS,

#4721 (Plate 6 E-F) 8XU® 1722 (Plate 6 G-H) [3EES

(Yamada and Katsuya, 1995) [C& YU ENEN R nigricans (Bull.) Fr. XU
R. mariae Peck EREZNTIVS,

#4723 (Plate 7 A-B) DL RFZTIEL4 7 22 DZFNICEHLT S, iED
ZNHBUIELUIERE 100um 28501 L, #ETIILIELIE SOum LUITFTH
3.

Z4724 (Plate 7 C-D) DI RFICTIEL1 T 21 DFNICEET S0, giED
FNHLEMERE<, #ETROND IO AARBOEROLTMEESHIIRHS
W, FEAFOTERGBORHBIIEAGEHSBICHE<SBY, BRKE2E2T S
ZERH/THDB,
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4725 (Plate 7 E-F) O RF 2714, F&S (Yamada and
Katsuya,1995) BSLUGICRE LT HTVYDEREIRS 1 8 (Lactarius
chrysorrheus Fr. DBE# AT114 IC&3), $51V[E Bougher and Malajczuk

(1985) DO#& L 7= Descolea maculata Bougher OAEBIBDOEN (@HEEBHIC
capitate) ICHALIT 5758, SLEHERDIEKIIBE/AIKIA T <EL LA spathulate T
H5.

247 30 (Plate 8 E-F) OE#(3 regular synenchyma & U775, #ilEEDaE
ABNE L BHRXASENERLZEONT M v I XTHEDODNTE Y B+ OHIOHER
NHETHSD,

47 33 (Plate 9 C-E) (FEIRERB T RAF >THOBREMHKICHESE
B5EMBHB. COREIICOREBOBERTLUELIERD SN, EOLSEERT
[IE#HDS net synenchyma 2&5EDBE . LHLDWThOBEHEHDOIHBSH
FEELLBENAEAREHI N1 914 TELE,

47 34 (Plate 9 F-H) FAEDHEEMNS5EES (Yamada and Katsuya,
1996) Ic&k Y Lactarius sp. EREEh T3,

£+~ 38 (Plates 10 G-Hand 11 A) [JE#HREOE KRB UIL UIERES
THhY, netproseochyma 75 irregular synenchyma N&ZE{bd 5, £/~E1R
CL> TREHOBRENZLN EbDH B, LL Plate 10 G-H ([TRTERICEHHE
DOMSHRICHS S BERPES TIHENTH Y, LROBEHOEEILESEMICELT
B52EDS, FILTE1914TELE

#4740 (Plate 11 C-D) (dBoletellus shichianus (Teng & Ling) Teng I
K UERE /- Castanea cerrata (£V) ORFEDOHERER (LA, 1993) LH
—RETHD, FeXxIATERA—DOERIE, >SHhPDIRRLETHRDONE,

g47 43 (Plate 11 H) £+ 31 (Plate 8 G-H) DE(3, BHEMOEXR
RINDETHD, METHENLUNDBEELZFENZSILFED SR,

Z4 744 (Plate 12 A) 317 33 (Plate 9 C-E) O®VOKRKRBALEIREF
BORFOTHOBREZBELTWS, LPLEYA TTHEHOBEPLCERRKIT
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BHoNT, COZEMSLST 33 EITHRICRIES,

&4 751 (Plate 13 E-F) I3, 7HhIVOEEANGRELZAV/- Amanita
spissacea Imai DIFREHKEDEREIRER—TEEELRT,

#4753 (Plate 14 A-F) (IRGAFAHR T CEMREICHFEBED/NMIROTEY
CRIBDREZELEBARZRES. ChoDHHEBEMRTORRERDHE/-EIR
& LT Rhizopogon BEMSEEZNTIL\S (Massicotte et al., 1994), XEIES A
THoORIBROSBISHEENBETHY, MNC EXiEH F TORHEREEIERS, BED
AAZ—-Noh<EDLBEANLERT D, INODIBREKORRIL, R. rube-
scens Tul. (>>a©0), Suillus granulatus (L. :Fr.) O. Kuntze (FF70%7%),
S. luteus (L. :Fr.) S. F. Gray (RAUA T F) LHEBTHS.

#4754 (Plates 14 G-H and 15 A) (IE#HHBOREER T IEXEEHBT T
(¥4 755 (Plate 15 B-F) &XBITE/ALL, BEHBETTCOHHRIL AT 55 L1
RgBM, 14753 LIIRBITERN, CDIEMS, KILTIZ1T 53 L%
147 55 DFBNES A TTHS.

4755 (Plate 15 B-F) [{HEMEE T CORBTIEIZTAIVOERERS 17
13 (S. granulatus ICX U #R) (Yamada and Katsuya, 1995) &XBITE/x
W, FERDOSOBBEOSBILL 77 53 LRABLEBENESTHY, EBEBKROM
KHWETRLUL TS,

47 56 (Plate 15 G-H) (2 Lactarius BEDEHTHIAEEET 5.

#4764 (Plate 17 F-H) (3iE4 DEETIIREZH, #0757 (Plate 16
B-D) LEUD+FRSEOERERD,

#4766 (Plate 18 B-C) |3 Lactarius BEDEHUTHIAEEET 3.

#4768 (Plate 18 E-H) [IRAHEHET ORHHEELVEMEKE TORENS
Hebeloma sp. £irBEN TS (Yamada and Katsuya, 1996).

21775 (Plate 20 A) (3 Lactarius BREDBEHTHIANEEH TS,

4776 (Plate 20 B-C), #1777 (Plate 20 D-E), LU 17778

(Plate 20 F-G) T(IBABAEBSED SN, ROREICIIES U TERDM
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BEULNIVTyERY MBROONZ, COZEMSIITIRAEEIRE L TRYERD
.

&4 7 80 (Plate 21 D-E) O RAF L7 (% Agerer (1987-1995) o#HET3
Fagus sylvatica ODFXREBEIRY A 7 Fagirhiza setifera DFNICEET 55, K
SRAFOTDABREMBENEZ, EEBEHOTEEOGEIRS A 7 F. setifera DEN
[CEAULT B,

24782 (Plates 21 G-H and 22 A) D RAF 7% Agerer (1987-1995)
DT B Fagus sylvatica DIRFLDREEEES A 7 Fagirhiza spinulosa O
FhICELT 50, EORAF 7 TIRIMREDS UIEUISHEFICE/LZN. BIRSA
7 F. spinulosa EBEU LD RF T 2B OERY 4 T8 FE S (Yamada and
Katsuya, 1996) IckVEEZNTIVS (mycorrhizal type 52) 45, ®(IURED
SRF T TIIMBREBOEZNREAY, ELEBEOHBRIbRLS.

&4 7 84 (Plates 22 F-H and 23 A-C) OEEREDT Y > RIXDEIE &
Agerer (1987-1995) D#&3 3 Picea abies DIBER L ORFATERS A 7
Piceirhiza nigra O h &IIBELIL TS A (Yamada and Katsuya, 1996),
Agerer et al. (1995) (3#®D# P. nigra 8 Thelephoraceae ElDIEIC LB L %
RLTWS,

47 87 (Plates 23 H and 24 A-C) 8LU# 1788 (Plate 24 D-F) D&
HERAOBIROIIMZERIT Agerer (1987-1995) D& S P. abies DEKF
EBIRY A4 7 Piceirhiza obscura # %\ Quercus robur DREIEERY 1 7
Quercirhiza squamosa DF N L BT 3, _

£4798 (Plate 27 A-C) [3EBESICKVBRIC C. geophilum EREEXNTWS

(Yamada and Katsuya, 1995),

247 103 (Plate 28 E-F) O@E#MOHEHEINIT Agerer (1987-1995) D&
93 P. abies DIRFR L DOKXRFEEIBY A4 7 Piceirhiza bicolorata ®Fh & LT
2.
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BRI A TDAR

CCTIIER BB EHIMEDEE SOV LIFRBEN B4E2HBLUVESES
B) Lo, AEICDODWTOARREINERERIRS A THROBFRERL, BREICD
WTIIE 4 BLRFITRR S,

HAANEBREIR 103 94705 bHHNEMOEIRS 1 THIL 79 TH-o7 (Table
5)e BICY A THORIDEXRZE(L%E Figure 1 (RUE, FFEBEXRTOH 2 ERDOR
ito 4 7% 36 (3FE (LH, 1993) OMELLBERY A TRICHIELTEY, Fi&
3EMDE Y 1 TH49 (3EE S (Yamada and Katsuya, 1996) D& L/-HiR
TA THISHIEL TS, > TEMRRICLYEFREIC 30 94 TNz bni. Fik
BILERS A THROEMMPRO SN, 45H (1995 F) M55%FH (1996
&) CHTTOEMIISATTHY, ThiFEmMEBELTEEbNE Mo/ b
Z< DY TIHEBOERICEY BFEIN .

. E£

5 FRISESMGMARREICKY103 ¥4 JONEFEBENSEN N, D55
REXT7HATYBARBLURELEIREER L TW A T8 79 THY, H4
EBLUVSETHRRSEHRONY LIFRBRICLYHERINS A4 THM 60 TH-
o TOOBHBEY A THN 36 TH3H, BHAFEDMOFREHY LIFERICLVE
WENAEROWEICIT, BEROBEAICETIRYFEHLEEIIHANEEZON
B, THRYSNERIRICEWTIE, 7HITYVOBBHIBBEOEELZE(LEHSIZ&IE
<, A—EPERT SRR EONEBRIRERERR LOAERBRSE—EEL
EBTEIIBRICHEINTIVS (Yamada and Katsuya, 1995), EFO#HE, 1N
[T in vitro TOAMEREDLEB NS Table 7 ISR 21 94 FICEWTEIRED
RAEHHVIEEENE, CHIZLEIRS A TOH 20.4 % [CHEBH, KASHO
HiRS 1 JICEALUBIRBO S EFMFAESAATSH D, O EITHHEFIICET DX
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D27 -FRERA - EZRELTNS; (1) §TICEES (Yamada and
Katsuya, 1996) [CHiE~N SNTWALDIC, 7HTYONMEEROEINICIE, plan
view BEMTHY, KBIOEHBF v TEREIBEOEL ANIILOBNBETNWTIAT
[CHRT A EDNTETHD. THDLEIDOHEICI00 Y14 TEBZ D UANINDZHEL
HiRE X S EMATRRIC L Y BREOEL VOBV CEDERENCENT 5 &
BEEETHSD. (2) LHL, BREOREICHET ZREMNZBEEARIL, FHED
REZBEELTIVS, EIREDOHDI(E, TOEREISTERTITHASAMEHERE

(Z<EIABDOFRE) LU BEEREICBETSHRIIVERS, ZOEDHS Agerer

(1995) O7 7A—FICHRFADOET I8N H S, > THBEREIL, BEAL
FREREERIZRIIRE LA LT, ENEFHIDFE Blx(E DNA BIFICED < EIRA
DRE, Gardes and Bruns, 1996) ICLKYITOIRETHS D,

AHMRTIE, SERRBOBEBMNSHFOMEFENRHIEELEMICIIL TV
W LML, REAKRBEBEOEATH>TH, ENENOEBEEZEDO L ANITR
NFTBZEMBTENL, BIREABRELBOLRIVTRITTES, ZOIEMD, K
ROPMEXRATEHBENAEL103 94 TONEBEIRIIBEERITICH L LIERERHETS
EEZBND. ILEL1I03 4 T ENWSEHFIL, ®NABOTILS ZELERTS
AJEEMEH D, FIZIE, BEELODOLFIOHER (Yamada and Katsuya, 1995) 0—
BIEBICEEEShE. THRDODBEARATOBRIOER, TOREDFTO BEiRS A
T7&E94730 LIFA—ERABENE, COBHEIIRD2EICES; (1) type
TDURFCT7ERBUAMBSERRAZHERTIMRELOBUAHDT, mE
DEEITESE L TEYENSONE L AHRIIFERNAS{ClRE IR LEL,
DER 4T 7 TR RFOTIIRBOONT YA T 30 LORBIBTEAZL. (2)
AT 7 TAVIIR—2a ERBUAEEEOER I0umEB X 5BRIIEEE
XTSRS ESELTEY, CORBNEERIE 947 30 28O 28RERA
—CLREn, FEERSAT7 11 ICBALTS, EDRFIT7HIA4T 33 Ok
KRG EHBTRDOONDI L AFOTHEARERNTELRVWIEDOOSTMIY A THE—
ERBEN, BILEOHRERICEMENLEROBEXOHEN S, BIRS (1T 16
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AT 17T DARAFCTORESIIESENTHSZENBONTAHAYREL>LH -5 A
TERBINEE, CNODIBR, BESHLUBICEAHEMT 51 947 LTHEL
=EIRFEBE, KR T 49 94 L RIaE N/ (Table 6),

5EROBEDBETOREIRSY 14 FOEMIE, EESOBSE (LA, 1993;
Yamada and Katsuya, 1996) SFHEEX LA TOERBEOERIBZE/NEMHL T
WeZ &iThiaskmn, LhL, AEAEENSSEBICMHITHAICEBEINAE
BY A TRIIFHICERLLTEY (Figure 1), O &IZZD 79 4 T7ENWSBED
REOT7HTVHEIREBROARITOEEZREL TS LETHET S,

AEEROBREREN SBERBIOT h T VK LT 3HRBEEENT 52
EIZRBTH SN, EES (Yamada and Katsuya, 1996) DEBEICH D LD ICEK
RERAITIIHOBEOEIRE (RS 147) SHonTEY, AEXOEELE
REEABESICIIBICZROBERENORIHEEZEZSVENHDHLBDNhS, &
b, BIREOEHLBEMROBRIIRETHLIGET 5.

REXATOERERSROONE 79 94 TOLTHRMNICHETSHIFITIE
T, CORICETHFMLRBIXREICEDD, RRETAZM<STIHEIEHRRTS
BiRS A THHNRITEHLIAERTH D, > THEBEOHRY, BEEAETF
A=FVEEOMKXTOLRIDOIER L TOEIBEY 1 KOXERFRO LOBIRDIFES
(C1E, TEIRS A 78 = BIREER OBRIILVELSLL, ZDZ LT, FED
HiRS A T2 EICLTERIDEDETHT S, BIRFOLEENRENESHICETS
EERELTWS,
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Table 1. Morphological characters used for mycorrhizal classification.

character

descriptoin

(under stereomicroscope)

1. external color of the
fungal sheath and
emanating hyphae

pale color or white, light to dark
brown, or black

(under differential interference

microscope)

1. shape of cystidia on the
surface of the fungal
sheatha)

2. texture of surface-layer
cells of the fungal sheathb)

3. emanating hyphae
clamp connections
diam.

4, other characters

acicular, sublate, obclavate,
hyphae-like but thick wall, club-
like, globular, obpyriform,
ventricose, spatulate, capitate,
or irregularly radiated

felt prosenchyma, net prosenchy-
ma, net synenchyma, irregular
synenchyma, and regular synen-
chyma

present or absent
1.0 um to more than 10.0 um

ornamentation on surface of fungal
sheath, cystidia and emanating
hyphae

specialized emanating hyphae,
and reaction to UV irradiation and
chemical reagents

a) Morphological descriptions follow the terminology of Hawksworth et al.
(1995). b) Descriptions follow terminology of Ingleby et al. (1990).
This table was based on Yamada and Katsuya (1996)
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Table 2. Key to the mycorrhizal types.

1 color of fungal sheath: pale .............ccciiiiiieeinnns. 4
1' color of fungal sheath: brown or black .................. --- 14
2 fungal sheath: distinct layers present ................. - 3
2' fungal sheath: distinct layers absent .................. --- 13
3 cystidia Present ...........oeeuieeet ettt -—— 4
3" cystidia absent ............. i i i e -~ 7

4 surface layer of the sheath:
................ regular synenchyma --- typel to type 12

4' surface layer of the sheath:
........ other than regular synenchyma---- 5

cystidia: irregularly radiated, thick wall
cl.-absent, e.h.-rare, d.-6.0-12.0 wm1); surface of sheath:
sometimes covered with a gelatinous layer ............ ----typel

cystida: acicular (like emanating hyphae but thick wall); length: 40 to
250 um; diam. of the basal part and apex: 2.0 to 4.5um and 1.5 to
2.5 um, respectively

cl.-present, e.h.-rare or roughly, d.-1.0-2.5 um; sheath positive to

L P --- type2

cystidia: acicular (like emanating hyphae but thick wall); length: 50
to 250 um; diam. of the basal part and apex: 2.0 to 3.0um and 1.3 to
1.5 um, respectively

cl.-present, e.h.-roughly, d.-1.5-2.5um ............... - type 3

cystidia: acicular (like emanating hyphae but rarely thick wall);
length: 15 to 100 um; diam. of the basal part and apex: 1.8 to 2.5um
and 1.0 tol.5 um, respectively

cl.-present, e.h.-present, d.-2.0-2.5um ............... --- type 4

cystidia: acicular (like emanating hyphae but thick wall); length: 25
to 150 um; diam. of the basal part: 2.0 um
cl.-absent, e.h.-roughly, d.-2.0-4.0um ................ --- type 5

cystidia: acicular (distinct) and thickwall; length: 50 to 140 um;
diam.: 2.0 to 3.5um
cl.-absent, e.h.-rare, d.-1.5-10.0 um

(TUDeL SP.) vttt ittt ettt et e ettt eeannnn --- type 6

cystidia: club-like; often dichotomous and relatively thick wall

cl. maybe absent, e.h.-rare, d.-2.0-2.5 um; crystals roughly present
in sheath intercellularly .......... ... i, --- type 7

cystidia: club-like; length; 8.0-18.0 um; diam.: 2.0-4.0um

1) cl.=clamp connection, e.h.=emanating hyphae, d.=dimeter
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Table 2. (cont.)

cl.-present e.h.-present, d.-2.5-3.0um................ --- type 8

cystidia: globular, club-like, or ventricose
cl.-present e.h.-rare, d.-1.5-3.0 um; sheath have irregular-shaped
cells (UV-positive) on surface layer ................... --- type 9

cystidia: ventricose or acicular
cl.-present, e.h.-roughly, d-1.5-4.0 um; sometimes globular cells
(relatively thick-walled) present on surface layer of sheath

............................................... --- type 10
cystidia: ventricose or acicular; length: 13 to 30 um
cl.-absent, e.h.-present, d-2.0-4.0um ............... --- type 11
cystidia: globular or club-like
cl.-absent, e.h.-rare, d.-2.5-3.0um .................. -— type 12

5 surface layer of the sheath:
. net synenchyma --- type 13 to typelS8

5' surface layer of the sheath:
....................... other than net synenchyma --- 6

cystidia: obpyriform or obclavate, thick wall; length: 15 to 30 um
(rarely 40 um); sometimes adhering to a small globoid (1.5 to 2.0 um
in diam.) at the apex of cystidia
cl.-absent, e.h.-rare, d.-2.0 um; sheath: UV-positive; cystidia often
form a distinct layer on surface of sheath
(Russula Sp. 1) .ottt ieine i, -—- type 13

cystidia: obpyriform or obclavate; length:10 to 30 um; diam. of apex:
1.0-1.5 um; sometimes adhering to a small globoid (1.0 to 1.3 um in
diam.) at the apex of cystidia
cl.-absent, e.h.-rare, d.-1.5-2.5um
(RUSSUIA SP. 2) ti ittt it i it ee e e e --- type 14

cystidia: acicular to sublate; length: 20-70 u m; or obclavate; length:
15-40 um; small oval or globoid (length: 1.5 to 2.0 x m) present at
the apex of the latter cystidia
cl.-absent, e.h.-absent, d.-1.5-2.0 um; cystidia: middle or positive to
uv
(RUSSUIA SP. 3) ittt ittt ittt e et --- type 15

cystidia: acicular, branching to 2 to 4; length: less than 100 um;
basal part enlarged; or cystidia: rarely obclavate; cystidia: positive to

uv
cl.-absent, e.h.-absent, d.-1.5-2.5 um; sheath: middle to positive to
uv
(Russula sp. 4) ..viiiiii ittt iiiiieeanenn --- type 16




Table 2. (cont.)

cystidia: acicular to hyphae-like but thick wall; length: more than
100 um; diam.: 1.5-2.0 um; cystidia: positiveto UV
cl.-absent, e.h.-rare, d.-1.0-2.0um; no regular septa present?
............................................... --- type 17

cystidia: hyphae-like, 1.5-2.0 wum in diam. (fine, thick-walled and
often irregularly curved); cystidia: positive to UV
cl.-absent , e.h.-rare, d.-1.0-4.0 u m; no regular septa present?
................................................ --- typel8

6 surface layer of the sheath:
................... net prosenchyma --- type 19 to type 25

cystidia: obclavate to club-like; length: 20-64um; sometimes
adhering to a small globoid (1.0 to 2.0 um in diam.) at the apex of
cystidia
cl.-absent, e.h.-rare, d.-2.0-2.5-(5.0) um
(Russula delica) .........cuuuuiiiniiennnennn. --- type 19

cystidia: obclavate to club-like; length: less than 30 wm, diam. of
the apex: 1.5-2.2 um; sometimes adhering to a small globoid (1.0 to
2.0 um in diam.) or a small oval (length: 2.5 to 3.0 wum) at the apex

of cystidia
cl.-absent, e.h.-rare, d.-2.0um
(RUSSUIA SP. 5) vttt ettt et iie e e innes --- type 20

cystidia: obclavate to club-like; length: 20-30 xm; apex: a little
enlarged in diam. (2.0-3.0 um); sometimes adhering to two small
globoids (1.5 to 3.0 um in diam.) at the apex of cystidia
cl.-absent, e.h.-absent, d.-1.5-2.0um
(Russula nigricans) ...........ccuiiieeineennnn. -—- type 21

cystidia: acicular, sometimes dichotomous; length: 10- 35(-60) x m;
basal part often a little enlarged, 2.0-3.0 um in diam
cl.-absent, e.h.-rare, d.-1.0-2.0 (-3.0) um

(Russula mariae) ...........ceuiiininnnnnnnn. --- type 22
cystidia: acicular, length: 30- 130 um in diam; thicker than that of
type 22

cl.-absent, e.h.-present, d.-1.5-3.0um ............... --- type 23

cystidia: obclavate (more slender); length:15-35 um; diam. of the
basal part and apex: 2.0- 4.0 x m and less than 2.0 u m, respectively;
sometimes adhering 1 to 3 small oval (length: 1.0 to 3.0 um) at the
apex of cystidia; or cystidia: club-like; length: up to 60 um
cl.-absent, e.h.-rare, d.-1.5-2.5
(RUSSUIA SP. 0) oottt ettt et eeiteinennnens --- type 24




Table 2. (cont.)

7

cystidia: club-like to spatulate; length: 8-35 um; diam.: 3.0-8.0 um;
or cystidia: hyphae-like; length: 30-80 um; diam.: 2.0-3.5um
cl.-absent, e.h.-present, d.-1.0-2.5um ............... --- type 25

cystidia absent ... ... ... ... e eeeeneeeen. -—-- 8

8 surface layer of the sheath:

. regular synenchyma --- type 26 to type 30

8' surface layer of the sheath:

9'

other than regular synenchyma --- 9
cl.-present, e.h.-present, d.-1.5-3.0um ................ -—- type 26

cl.-present, e.h.-present, d.-15-4.0 um; some of e.h.: covered with
small granule of yellow and often forming yellow rhizomorphs
............................................... --- type 27

cl.-absent, e.h.-rare, d.-2.0-2.5 um; sheath: UV-positive; surface
layer cells (triangular or tetragonal) of sheath: regularly arranged

............................................... -—- type 28
cl.-absent, e.h.-absent, d.-2.0-4.0 u m; surface layer cells of sheath:
relatively irregularly arranged ....................... --—- type 29

cl.-absent, e.h.-rare, d.-1.5-2.0 um; surface layer cells of sheath: very
) 11112 1 | S --- type 30

surface layer of the sheath:
..... irregular synenchyma --- type 31 to type 42

surface layer of the sheath:
.. other than irregular synenchyma --- 10
cl.-present, e.h.-roughly, d.-1.5-40um ............... - type 31

cl.-present, e.h.-present, d.-1.5-3.0 um; immature sheath: net
prosenchyma; small oil drops present in the cells of irregular
Synencymatous tiSSUe . ........vtiiiinnnnneeeeeeenn. - type 32

cl.-present, e.h.-present, d.-1.5-5.0 um; e.h. and surface of sheath:
partly brown not hyaline; e.h.: normally curved and often form
rhizomorphs; immature sheath: net synenchyma and have hyphae-
likecystidia .......coiiiitiiiii ittt i e -—- type 33

cl.-absent, e.h.-rare, d.-1.5-2.0 um; laticiferous hyphae present
(LACtarils SP) v vttt ettt eaneennns --- type 34

cl.-absent, e.h.-rare, d.-2.0-5.5um
sheath; globular cells up to 20 u m in diam. often present

............................................... --- type 35




Table 2. (cont.)

cl.-absent, e.h.-rare, d.-3.0-9.0-12.0 v m; sheath: interlocking or not;
surface cells of sheath: partly become brown, same as type 1; sheath:
sometimes covered with gelatinous layer; e.h.: sometimes thick wall
............................................... -—- type 36
cl.-absent, e.h.-present, d.-2.0-9.0 u m; sheath not interlocking
............................................... --- type 37

cl.-absent, e.h.-present, d.-2.0-17.0 um; e.h. become thick wall (up to
2.5um) and often verrucose ............eeeiiinnaenn. --- type 38

cl.-absent, e.h.-rare, d.-1.5-3.5 um; sheath: mainly not interlocking
but sometimes interlocking, sometimes partly stained deeply with
bluedye ... i e e e e --- type 39

cl.-absent, e.h.-present, d.-1.5-2.5 um; sheath: often interlocking and
the cell wall often thick
(Boletellus shichianus) ..............ccceueuunen. --- type 40

cl.-absent, e.h.-present, d.-1.5-2.3 um; sheath: often interlocking, but

immature net prosenchymatous sheaths covered with dichotomous

hyphae; e.h.: sometimes strait (up to several hundred micrometer
“length) like cystidia .......coviiin it - type 41

cl.-absent, e.h-present, d.-1.5-3.0 xm; surface layer cells: relatively
small compared with type 39; sheath: not interlocking

............................................... --- type 42

10 surface layer of the sheath:
.................... net synenchyma --- type 43 to type 58

10' surface layer of the sheath:
............ other than net synenchyma --- 11

cl.-present, e.h.-present,d.-1.5-3.6 u m; sheath: weak to positive to
UV; surface of sheath: conformed by radially arranged cells
............................................... - type 43

cl.-present, e.h.-present,d.-1.5-3.0 um; sheath: weak to positive to

UV; surface of sheath: radial arrangement like type 26 absent; e.h:

frequently radiate like cystidia on apex of mycorrhizal tips
............................................... --- type 44

cl-present but rare, e.h.-rare, d.-1.0-2.5um ........... --- type 45

cl.-absent, e.h.-present, d.-3.0-9.5 u m; sheath: UV-weak to positive,
partly irregular-like structure; e.h.: verrucose ......... --- type 46

cl.-absent, e.h.-present, d.-2.0-6.0 um; e.h.: verrucose; cystidia-like
(acicular) structures often present . .........ooveeee... --- type 47
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Table 2. (cont.)

cl.-absent, e.h.-present, d.-1.5-4.0 um; sheath: UV-middle to positive
............................................... --- type 48

cl.-absent, e.h.-present, d.-1.5-2.5 um; sheath: UV-positive; second
layer of sheath: regular synenchyma ................. --- type 49

cl.-absent, e.h.-present, d.-2.0-3.0 u m; sheath: radial arrangement
presentonthesurface ............... ..o i, --- type 50

cl.-absent, e.h.-present, d.-1.5-3.5 um; yellow or brownish
rhizomorphs present; hyphae of sheath: having oil drops
(Amanita spisSaceae) ..........coueeienennnnnn --- type 51

cl.-absent, e.h.-present, d.-1.5-3.0 u m; sheath: compacted
interlocking (like irregular synenchyma), sparsely adhering crystals
............................................... --- type 52

cl.-absent, e.h.-present, d.-1.5-5.0 um; e.h. and surface of sheath:
often covered with irregular-shaped crystals ( mainly dimensional)
and large brown granule like oil drops; e.h.: roughly covered with
small granule; sheath and e.h.: often red brown adhesion present;
compact rhizomorphs often present

(RhiZOPOZOMN SP.) v v vttt ittt iiennneenn --- type 53

cl.-absent, e.h.-abundant, d.-1.5-5.0 um; sheath: become yellow when
injured; basal part of mycorrhiza; yellow; e.h. and surface of sheath:
often covered with irregular-shaped crystals ( mainly dimensional);
rhizomorphs rarely present

(Boletaceous fungus) ............ciiiiiinn. --- type 54

cl.-absent, e.h.-abundant, d.-1.5-4.0 um; e.h. and hyphal surface of
the sheath: often covered with irregular-shaped crystals (relatively
fine and not dimensional) and brown granule-like oil drops; e.h.:
roughly covered with small granule; rhizomorphs: rarely present
(Suillus granulatus) ..........ccouieenieeennnn. --- type 55

cl.-absent, e.h.rare or no, d.-1.5-2.5 um; laticiferous hyphae present
(Lactarius sSp. 1) ..., --- type 56

cl.-absent, e.h.-present, d.-1.5-3.5 um; sheath become green when
injured; sheath sometimes having black secretions like crystals; e.h.:
sometimes branch as "T"-form or "+"-form; hyphal strands: rarely
0 = 4 L --- type 57

cl.absent, e.h.-rare, d.-2.5-7.5 um; e.h.: rarely light brown and
verrucose; sheath: often unilayer, rarely light brown ... --—- type 58

11 surface layer of the sheath:
................... net prosenchyma --- type 59 to type 67
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Table 2. (cont.)

11" surface layer of the sheath:
...................... other than net prosenchyma ---12

cl.-present, e.h.-rare or roughly, d.-2.0-2.5 um; second layer of
sheath: net synenchyma, relatively rough than that of type 63

.............................................. ---- type 59

cl.-present, e.h.-present, d.-2.0-6.5 u m, second layer of
sheath: netsynenchyma ........................... ---- type 60

cl.-present, e.h.-present, d.-1.5-3.5 um; second layer of sheath;

regular synenchyma; clamp connections: rare and morphologically
indefinite ....... .ttt i e --- type 61

cl.-present, e.h.-present, d.-1.5-3.5 um; second layer of sheath:
irregular synenchyma; e.h.: sometimes covered with indefinite-
shaped adherents ........... ..t iiinnnnnn.. --- type 62

cl.-present, e.h.-present, d.-2.0-4.0 um; second layer of sheath:
irregular synenchyma to net synenchyma; sheath: relatively
compacted than type 59 ... . ittty --- type 63

cl.-present, e.h.-present, d.-2.0-4.0 um; e.h.: often thick wall,
sometimes branch as "+"-form like type 57 ........... --- type 64

cl.-absent, e.h.-present, d.-2.0-3.5 um; the hyphae on surface layer
of sheath: relatively strait; second layer of sheath: net synencyma to
irregular SYNeNCymMa .........oceeveineeeenonnennnnns --- type 65

cl.-absent, e.h.-present, d.-2.0-3.5 um; laticiferous hyphae prsent
(LActarius SP. 2) v vttt ittt ei i --- type 66

cl.-absent, e.h.-present, d.-1.0-2.3 um; sheath: covered with a lot of
etritus ..t r i i e e e e e e --- type 67

12 surface layer of the sheath:
........... felt prosenchyma--- type 68 to type 75

cl.- present, e.h.-present, d.-1.5-2.5 um; e.h.: verrucose and positive
to UV
(Hebeloma SP.) v vviiii ittt ittt ienneennannnns --- type 68

cl.- present, e.h.-present, d.-1.5-3.0 um; clamp connection: similar to
that of type 68, bute.h.smooth ...................... --- type 69

cl.- present, e.h.-present, d.-1.5-3.0 um; clamp connection: similar
to that of type 68; e.h.: smooth surface, cell wall a little thicker than
thatoftypes68and 69 ............................. --- type 70




Table 2. (cont.)

cl.- present, e.h.-present, d.-1.5-2.0 u m; clamp connection: similar to
that of type 68, but the e.h. curve irregularly .......... --- type 71

cl.-absent, e.h.-rare, d.-1.5-2.0 um; sheath: middle to positive to UV,
covered with gelatinous layer; the hyphae of sheath having small
drops (latex 7 or oil drops?) and sometimes positive to UV
(lIaticiferous hyphae 7) ....... .. i, --- type 72

cl.-absent, e.h.-developed, d.-1.5-2.5um .............. --- type 73

cl.-absent, e.h.-present, d.-2.5-3.0 um; sheath: having blue stained
irregular-shaped cells negative to UV, covered with gelatinous matrix
(but not a distinct gelatinous layer); some hyphae in sheath: having
UV-positive materials ............. .. i, --- type 74

cl.-absent, e.h.-rare, d..-2.0-3.5 um; sheath: covered with gelatinous
layer, having laticiferous hyphae positive to UV; second layer of
sheath: net prosenchyma

(LAcCtaritus SP. 3) tv ittt tiirtennnnnnnns --- type 75

13 surface of the mycorrhiza: net synenchymatous-like

...................... hyphal arrangement---type 76 to 78

cl.-present, e.h.rare, d.-2.0-40um ...........covv.... --- type 76
cl.-absent, e.h.rare, d.-2.0-4.0 um; diam. of hyphae on surface of
mycorrhiza: 2.0-4.5um ........ i e --- type 77
cl.-absent, e.h.present, d.-2.0-5.5 um; diam. of hyphae on surface of
sheath: 3.0-10um ... . it i i e --- type 78
14 color of the sheath: pale brown to dark brown ...... -—-—- 15
14' color of the sheath: black ...............c.o..... --—- 25
15  surface layer of the sheath: distinct layers present . --- 16
15' surface layer of the sheath: distinct layers abset ... --- 23
16 cystidia present .. ... ... ... ueueteuenennn. -—-- 17
16" cystidia absent. ... . ... ... .t neen.. - 19

17 surface layer of the sheath:
. regular synenchyma --- types 79 and 80

17' surface layer of the sheath:
......... other than regular synenchyma --- 18

cystidia: capitate to spatulate; length: 20-50 u m; diam. (except for
apex): 2.5-3.0um; diam. of apex: 3.0-4.5um
cl.-present, e.h.-present, d.-2.0-3.0 um; surface of sheath: radial
arrangement absent; rhizomorphs present .......... -—-- type 79
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Table 2. (cont.)

cystidia: acicular with inflated base, thick-walled; length: 100-220
wm; diam. of apex and base: 2.0 u m and 6.0-8.0 u m, respectively
cl.-present, e.h.-present, d.-4.0-90um .............. --- type 80

18 surface layer of the sheath:

19

20

.......... irregular synenchyma --- type 81 to type 83

cystidia: short club-like or globose
cl.-present, e.h.-present, d.-2.5-3.5 um; e.h. verrucose --- type 81

cystidia: bulbous-shape, length: 15-35 (-50) um; diam. of the base:
3.5-8.0 um; or cystidia: globose; diam.: 10-15um

cl.-present, e.h.-present, d.-2.0-6.0um .............. --- type 82
cystidia: acicular, verrucose; length: 100-450 um

cl.-present, e.h.-present, d.-6.5-10.0 um; e.h. verrucose --- type 83
cystidia absent . ... .... ... ..ttt --- 20

surface layer of the sheath:
............ regular synenchyma --- type 84 to type 86

20' surface layer of the sheath:

21

.............. other than regular synenchyma --- 21

cl.-present, e.h.-present, d.-4.0-6.0 um; heaps of roundish cells:
aboundantly present on surface of sheath
(Thelephoraceous fungus) .................... --- type 84

cl.-present, e.h.-rare, d.-2.0-6.0 um, surface of sheath: radial
arrangement present; hypha of sheath: thick walled cells absent
............................................... --- type 85

cl.-absent e.h.-present, d.-2.0-11.0um .............. --- type 86

surface layer of the sheath:
.......... irregular synenchyma --- type 87 to type 93

21' surface layer of the sheath: '

............. other than irregular synenchyma--- 22

cl.-present, e.h.-present, d.-2.0-5.0(-7.5) um; sheath: interlocking
or not, positive to UV (sheath partly regular synenchyma); e.h.:
often verrucose; scale-like aggregation structure (like Quercirhiza
squamulosa) present on surface of sheath ........... --- type 87

cl.-present, e.h.-present, d.-1.5-4.0 um; sheath: not interlocking,
occasionally regular synenchyma; scale-like aggregations present
on sheath; surface of e.h.: smooth, not verrucose ..... --- type 88
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Table 2. (cont.)
cl.-present, e.h.-present, d.-1.5-4.5 um; sheath: not interlocking,
radial (star-like) arrangement present .............. -—- type 89

cl.-present, e.h.-rare, d.-2.0-3.0 u m; mycorrhizal tips: rarely black
sheath intermediate between regular and irregular syn; cell wall
relatively thick; surface cells of fungal sheath: sometimes having
one or two small granules like oil drops ............. --- type 90

cl.-absent, e.h.-present, d.-3.0-5.0 um; e.h.: irregularly curved,
sheath: interlocking ........... ... ... -—- type 91

cl.-absent, e.h.-present, d.-1.5-5.5 um; sheath: not interlocking;
surface layer of sheath: radial arrangement absent ... --—- type 92

cl.-absent, e.h.-present, d.-1.5-3.5 um; sheath: not interlocking;
surface layer of sheath: radially arranged cells present --- type 93

22 surface layer of the sheath:
.................. net synenchyma --- type 94 to 96

cl.-absent, e.h.-rare, d.-2.0-5.0 u m; sheath: pale brown; immature

sheath (mainly mycorrhizal apex) palecolor ......... -—- type 94
cl.-absent, e.h.-present, d.-3.5-7.5 um; e.h.: verrucose; sheath:

rough interlocking net synenchyma, radially arranged --- type 95
cl.-absent, e.h.-present, d.-2.5-7.0 um; e.h.: verrucose; sheath not

interlocking netsynenchyma....................... --- type 96

23 sheath: distinct layer absent .................... --- 24

24 sheath: net synenchymatous-like ............. ---type 97
cl.-absent, e.h.-present, d.-2.5-5.0 um; sheath: positive to UV; e.h.

rarely VerruCoSe . ... v v ini ittt it i ii e --- type 97

25 color of sheath: black . .. ... ..... ... .0 ieeieio.. --—- 26

26 surface of the sheath: distinct layers present ...... -—-- 27

27 cystidia absent ... .. ... ... ... ---28

28 surface layer of the sheath:

............. regular synenchyma --- types 98 and 99
28" surface layer of the sheath:

.............. other than regular synenchyma --- 29

cl.-absent, e.h.-present, d.-2.5-4.5 um; e.h.: often verrucose;
sheath: coil-like structure and star-like arrangement present
(Cenococcum geophilum) ...................... --- type 98
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Table 2. (cont.)
cl.-absent, e.h.-present, d.-2.5-4.5 um, sheath: star-like
Arrangement PreSeNt . ..o vv vttt v et inneeennnnnns --- type 99

29 surface layer of the sheath:

.......... irregular synenchyma --- types 100 and 101
29' surface layer of the sheath:

............ other than irregular synenchyma --- 30

cl.-present, e.h. rare. d.-2.5-4.5 um; sheath: not interlocking; e.h.:
SOMEIMES VOITUCOSE & v vttt et eeeenseeenonnnnnnens --- type 100

cl.-absent, e.h.-present, d.-3.5-5.0 um; e.h. and surface of fungal
sheath: covered with black secretion or deposit like scales
.............................................. - type 101

30 surface layer of the sheath:
............... net synenchyma ---types 102 and 103

cl.-absent, e.h.-predominated, d.-1.0-2.0 um; e.h.: rather fine;
rhizomorphs present ..........cooeiiiniennnnnn. --- type 102

cl.-absent, e.h.-present, d.-1.5-2.0 um; e.h.: often verrucose
.............................................. --- type 103

30



Table 3. Correspondence of the ectomycorrhizal types.

mycorrhizal type  mycorrhizal type mycorrhizal type  mycorrhizal type

reported by classified in the reported by classified in the
Yamada and present study?) Yamada and present study
Katsuya (1996)1) Katsuya (1996)

1 2 28 34

2 4 29 35

3 8 30 36¢C

4 10 31 37

5 9 32 39

6 1 33 43

8 7 34 47

9 11 35 48

10 33a 36 59

11 13 37 63

12 15 38 66

13 16 39 46

14 17 40 68

15 18 41 72

16 19b 43 74

17 19b 44 38

18 20 47 84

19 21 48 87

20 24 49 89

21 22 50 91

22 26 51 95

23 28 53 90

24 29 54 98

25 30 55 100

26 31 56 101

27 33a 73) 36¢C

1) Both studies were carried out at the same plot. 2) a, b, and c: these
alphabets show the same mycorrhizal type, respectively. 3) The
ectomycorrhizal type 7 was recorded at the "plot B" (Yamada and Katsuya,
1996) where was different from the plot in the present study.
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Table 4. Ectomycorrhizal types and their associated fungi.

mycorrhizal associated fungal
type fungus identificationl)
6 Tuber sp. al, a2

13 Russula sp. 1 al

14 Russula sp. 2 al

15 Russula sp. 3 al

16 Russula sp. 4 al

19 Russula delica b

20 Russula sp. 5 al

21 R. nigricans cl,
(Russula sp.) (al)

22 R. mariae cl,

24 Russula sp. 6 al

40 Boletellus shichianus b

51 Amanita spissacea c2

53 Rhizopogon sp. a3, d

54 Boletaceous fungus a3, d

55 Suillus granulatus a3, c,d
(Boletaceous fungus) (a3, d)

56 Lactarius sp. 1 al

66 Lactarius sp. 2 al

68 Hebeloma sp. al, a4

75 Lactarius sp. 3 al

84 Thelophoraceous fungus al

98 Cenococcum geophilum al, a4,

1) a: morphologically identified as based on mycorrhizal types by
several authors; al: Agerer (1987-1995), a2: Fontana and Centrella
(1967), a3: Massicotte et al. (1994), and a4: Ingleby et al. (1990).

b: mycelial connection bteween the mycorrhizas and the epigeous
sporocarp at the plot. ¢: morphological identity with the synthe-
sized mycorrhiza in vitro between axenic seedling of Pinus
densiflora and an identified isolate; c1: Yamada and Katsuya (1995),
c2: unpublished data. d: similarity of the fungal colony with identi-
fied isolates (Suillus spp. and Rhizopogon roseorus) on the MNC agar
medium (Yamada and Katsuya, 1995).
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Table 5. Annual record of the ectomycorrhizal (ECM) types sampled at the plot.

ECM year recoderd!) ECM vear recoderd
type 1st 2nd 3rd 4th 5th type 1st 2nd 3rd 4th Sth
1 +2) o+ + + + 53 +
2 + + + + + 54 +
3 + + + 55 +
4 + 56 +
5 + 57 + + +
6 + + + + 58 +
7 + + 59 + + + +
8 + 60 +
9 + 61 +
10 + + + 02 + +
11 + 63 + + +
12 + + + o4 +
13 + + + + + 65 + +
14 + 66 +
15 + + + + 67 + +
16 + + + + + 68 + + + +
17 + + + + + 69 +
18 + + + + 70 +
19 + + + + 71 +
20 + + 72 + + + +
21 + + + 73 +
22 + + 74 +
23 + 75 +
24 + + + + 76 + +
25 + 77 + +
26 + + 78 +
27 + 79 +
28 + 80 +
29 + 81 +
30 + + + 82 +
31 + + + + + 83 + +
32 + 84 + + + +
33 + + + + 85 +
34 + + 86 +
35 + + 87 + + +
36 + + + 88 +
37 + + + 89 +
38 + + + + 0 + + +
39 + + + + 91 +
40 + 92 +
41 + 93 +
42 + A +
43 + + + 95 + + + + +
44 + + % +
45 + + 97 +
46 + + 98 + + +
47 + + + O +
48 + + + 100 +
49 + 101 + +
50 + 102 +
51 + 103 +
52 +

1) 1st=1992, 2nd=1993, 3rd=1994, 4th=1995, and 5th=1996. 2) Plus means the record of
the mycorrhizal types in the year.
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Figure 1. Cumulative numbers (red column) and annual numbers
(blue column) of ectomycorrhizal types recorded at the plot during

the period 1993-1996.
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28 Cenococcum geophilum D#%'/ A rDNA @ ITS fAE L HBRE
LD

AERIEITRUAELSIC, AMRTIET H T YHEBRIREEHRE T TORENSEEH
[CEDE 103 94 FICHERILAE., COHERIL, AAREEA—DOREXTOTHIVE
REHZRICTONAZFESOERS A 7OHRICEL TIVS (Yamada and
Katsuya, 1995, 1996), £ZTl, EEBRIA T ENETNRAED 1 BOEEIC
Lo TEREINTOSAEROBVN &, BIROTEEFELARRBROBRNST
Bahi, UL, FEMNIRRICEVERLAZNThOREIRS A THLTHEL AL

(MHETE2FERHDMIBFROEEEL NIV) TREDZEPSTLRICTEHBAEINE
RTIE7RLN,

ZCTHY LIFEEIRY 1 7 98 @ Cenococcum geophilum Fr. 1%, REEMICIZ
FERAICEIT A ARLB THANREHARIIBELSHICENTES T, HHNEERED
SAEEROERE (Plate 27A-C) LAMTSEBRKROERZLTEEINETHD

(Lobuglio et al., 1990), Cenococcum geophilum D4 EEIRIIEEIFHEF
BREEMNICEILEBNERESERLZZ NS, AHRANICHHLBEHEEASEDOHTA
WS EMBELOMICENTER (Trappe, 1964), £/=AHl:, BXgH F TCOHPRE
BHAEET, LIFULITHEIBOARERICHALONTIVS (Zak, 1976; Lobuglio et
al., 1990; Hutchison, 1991), LML, Lobuglio etal. (1990) IC&5C
geophilum D%/ I rRNA EEF [ IGS (intergenic spacer) & & ITS

(internal transcribed spacer) fEiRZ S8 | ORFAN S, FROBEEHIEREH
BRFOHEFEDH S VWIFEAOEYZNEDOENICHENESNICELS, BEASEID
Z &M B geophilum MERETHHLERB L. EVOFRMKIBEGHKEEZ DNA #
SR THMRIL, SATRHOWIHEBH THEENICTON TS, EICH
LTHREAERT, ETORTHHEITEY / A PO rRNA BERFOBHRHSPLICTOA T
% (Bruns etal., 1991)., DNA IEEEIDOEBRZEE(L, B4 D DNA ffilg», £5
WIEMDOREEICEVELATHY, ENOoDEZFRATEHILLE>THRETD
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SMERCSERERICEY, BAICELERSRES, FBETE, BHREOERAOLE
[CAVWLNDZLEDZWEY/ A PO rRNA BEFO ITS (internal transcribed
spacer) fai& (5.8 SrRNA BEF%EEL) (Gardes and Bruns, 1993) % PCR

(polymerase chain reaction) (C& YU igL DNA B4RICA V=,

FAEXBDICETE7 HTVIRFRETO C. geophilum DSVEBIRERISELICHE
HEINTHY (Yamada and Katsuya, 1995, 1996), ¥ ICHERTBEATHTVYEE
ZBHL/=BIC C geophilum DHEEMEHEE TRIREAZ1T5 CEFEESATH
% (BAESR). COZEDSKXETH, FHNATEEREEZRD, HDORRICER
WDOBSHREIRY A7 98 ICH/=5 C. geophilum ODEHEOEEERNT, TOHIR
FREE YT/ A D rRNA EIEFD ITS AL DB ATV, HiIRFRE (RS 1
7) OB OEYENLREREERTHLEBMELE.

. #HBELUVAHE

DNA #irIc#tE U Cenococcum geophilum DIiZHEk

MNC ZXiZ# (Yamada and Katsuya, 1995) +T&Ed 3 C. geophilum @
10 BB ERRICHA LK (Table 6), COS>HHEk AT341 8KV AT353 13, &
ESICKVENSDONBRT A< YAERBIRE L UEKRERNHEIC C geophilum O
FEART ZEMBESTN TS (Yamada and Katsuya, 1995), #nLIS 8 Btk

(AT382, AT410, AT416, AT419, AT421, AT423, AT426, AT431) (I, 4
B THANSBREON Y LFRRICL UBLTNENREST H T YEER FOEIR
&4 7 98 OREEERT C. geophilum OHEBRIBRN 598 L=, C. geophilum &
2 SNBERTHS, CN510 BHIL, 2TMNC BEXEH I TREOIN=—%
e L (Plate 26 G), AA=—hREBBOLBENHOVERETIE, LIELISHRRAIEX
L DRREENIEE LT, EERTRICASDY, FEFEIBOHONEN. BENEE
BHSOBERBOSE - 1584, Yamada and Katsuya (1995) [C#C /=,
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DNA f##hIC#tE L7C. geophilum OHNEEIR

1995 £5 A, #AER%EZ—10 2.5 m OBRFRICEYY, 121 EoeR=Mrd5U S5 —
ETOLEHY 150 cm3 #2FNFhARVIFULURICAN 121 BOLEEHE L THE
RU. RERZICHBR-ALE 1 HBH»S5AE 25 mm, &&18 cm OFEBRE 3 &
([T 20 cm3 DDOEMU G, FORMIMATRFSIHLETHIYRE (HE LA
BFEEFRTEANS, FEEERIICEIRE S RBICEVBEWTRENZY DR
<, HEFBEADORA - B3a0) 2157084 L, #BE0OZVI Sy

(BRI T #HXSt) TH-o A, LRRONELITo 5t 363 FOHBREEHR
EBIUTICANR, RBRENOEBEAHEL, TBBMEITINI TN TERLE, &b
RRZAIEFOTENSH 25 CLUTICRENT WV, BEWIARRICUT VS Y
TEHDBL, BDOUICBEBHOTSRAF v o+ vy T, TRICEIBEEASA AR
BKEEIALLTROERENS NS, REBHER, 3~6 WAEBEEFTFOXREEH
REHNOSIEHRE, RRBEKEKTEESL, REEHET TEEROEAIEZ I
L. BEOERER M MORBKPTHEICKSEL, EVEy FTLENFERY
fRUVvE, BEOEFRMNAZEREZERD SHEHRICIAF TS, C geophilum OHEH
REBONBEHIRF YT ZEPRL, A FRX20 CTFTHRRFLA, DNA B
FIABHMARLULEBRF Y 71E, 0.005% D Tween 80 KBk (HREFH) #ANT
RESHFRL, TRNFOENBREDORDOSNGENWC LEREEMT T CHRIELL
%, MR T T C. geophilum OANEFIBTHDH - L H#HFEL-,

AHEOBMICKRET - LBAE, ORBICIKIRL LR S 3AH Y EIFE
L&Y C. geophilum QERVLLBRMNEHEE TRNEND=HTHD (E4E 28
8).
DNA i

IBEEARE K UISMEERD 50 DNA #iild, FIC Gardes and Bruns (1993)
ICHE o7, MBICAVWEIEEREKIE, 50-100 mm?2 BEORXIZHE FO&ERE

1) IFv7) OFBICDOVTIIEFE 2 HiORZRRER,
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T, Bkl 1-10 Fv 7 (EBREE 0.02-0.5 mg) BETHS. TVHICERAHZ
/Ny 77— 500-700 ]l EHICHABTASICTVIEL, Y1V AERYS—%H
WTLSml DTy Ry RV TFa—TICEURE, 65CDKREICAFan—-aL
1=, FDHOMMIRMEIL, Gardes and Bruns (1993) ICfEL, ##REEZRZ
DNA S#HIS0ul OREA A 2 RPKICEREIE YA FR 20 CFTHREF L,
PCR Ic&k% ITS fEEDIEIES X CHEIEEYOER

ITS fEIE DRSS 4 < —IC13 ITS-1 LV ITS-4 Dty b, E£/EF ITS-1IF &
FUITS-4 Ot v b (Gardes and Bruns, 1993) #H\/=, DNA #BIgRIGEDR
ISREMOES L UKL Table 7 ICSRU7. DNA BIBRISICIIFAEYT S —
11 (7 b—#%HXE) £HL, 94C - 29T LA FaRX—-> 3%, 94°C -2
53R - 55°C - 30 - 72°C - 19MA > FaR—2 a3V DREY A I IINEI0EEY
WL, BEICT2C - 109MDA o FaR—2 3> %To. BERISRTERORIGE
EMe ul 27 H0—-RAFIIBRABICHEL, KBRIFIOVATATA REARE
ICkUBIBEMZHREL, BEIREK - BR%21To7. HBEEVHSBNOITS fETH
BLLEWMRT DD, THO—RSIV EOENXNV R (EIREY) ZUIVHL,
DNA ##ii LDt ITS fERDEIE TS 4 v — ITS-3 8LV ITS-4 oty FEH
(VT DNA #ig (ITS fElsk) OMHERETo .
#ig ITS fkd RFLP (restriction fragment length polymor-
phism ; BIfRETF RS R) BRiA

ITS fREOBIBESHERINAERIGEREVD S H10u1%Z 4 EBHOBIRER (Alu I,
EcoRI HinfI, Rsal) (zyR>I—2#REHt) TRELE, LBERORMET H
A—ZXZNBRKBICHEL, ABRIFIOOLTOTAL RREICKY BIREA £
AL, BEEBE - ZEfz21T-o/k.
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Il. ¥R

Cenococcum geophilum DY/ LADYKRY —A DNA @ ITS fRBDIEIE
HE U EBEK1IO B2 TOREREO SBIBET 54 v — ITS-1 B8XU ITS-4 @
v FTITS g E N, ZTOEYIIH 560 bp T2 TR—KTH o7 (Figure
3)e D 560 bp DOBIBEEMIL, EIETS A <— ITS-3 LU ITS-4 Dty bk

5 second PCR TH#lgxh, ITS i THB ZEMHEREINE,

Cenococcum geophilum DOSNEEIRIL, $9Y EIFICHEHE L2121 LB ¥EF 79
#HH (150 EdoxRE) MRS (Figure 2). ED 55 74 HBEHICH
SEIREE TBIEEY (2T VIUNDR) BRHLN, 2TEH—TH 560bp T
#Horz (Figure 4), ERARXRDEIEEYIEKRBAROEIBEENLE—DEERTH
YU, > CTHEIRBAEXD ITS fEOEREYILZ, 7HTYHETIZ/E< C geophilum
DEREICHEL TS Z EBHEREEN (Table 8),

g ITS #Ei%D RFLP @&

Cenococcum geophilum DiZEBE#k DNA @ ITS $EkiT 3 EHEOFIBREE, Alu
1, EcoRl XU Hinf 1 OKIBREMIZHFL, ENThOBRICHL2EEBETR—
DR ZR U/ (Figure 3), —A, £HEICE VT Rsa 1 OUIEEAIIIESH 51
o7, BBRICT BITS flEkd DNA #iHK(d Table 3 (TRUL 7.

BigE iz 74 TMEEHICHFE TS C. geophilum EiR DNA o ITS fiskD > 5,
S AICEUH U 6 TIREBHEDOEIR DNA o ITS filE = HIRERLE L1,
MBI TA4BHOBRICHTIRIEBENENRA—THY (Figure 4), BFMIC C
geophilum D1EEREk DNA OITS faEk & R—DOHIREE R Tdh > /= (Table 3),
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. &8

BEEKRBLUVT7 AT YAERIBHED DNA mtiEdsn» 5 C. geophilum OBY
/ & rRNA BzF 0 ITS figss PCR ICK VRSN, £ TR—DIEERTH 560
bp Tho/. ZODEERIT, Gardes and Bruns (1993) 5§ L7=C. geo-
philum OBEBEHOERRLE—HTSH. SO L3, FATMTOREE C
geophilum 73, JtKDHEEFRE C. geophilum & 1TS fEEOERED LM SIZXBIT
Y, MEMSBEEGENICHLEEMARATEMEERELTIVS. —4, Lobuglio et al.

(1990) &, &%/ & rRNA BERFORITETY, BIFOREDE (EMF19iE)
NOBGEHEREDHEEN S, AEERE C. geophilum 73 1GS fAlgkE L ITS-1 ALk
CENTHRYDBGCHEREZR DESETHILETRELE., BASORERT
(&, HBOCRTONAHRICHART SBREHB TOBEGHNZRE SIS, AN
CEETHETENOEDENICHET IBHEIOBLHZRNHFELE. COES
EOBEY 13, FAEBEXTITS @R HSE—EBAREni C. geophilum OEM
M, BEHICEREHOESENSLSAEMEFRSHA, LU ITS o
RFLP @t 5, FRWMERXRN®D C. geophilum E£FD ITS fEEOERE STz U
—THHEEZDN, COEMSEFERIL, EVMENICHI1ETHDIENRES
Nh3d, =L, FRERE C geophilum (£¥EMIICIESIEDOMEENSEN) TIEE
MHEBERE (FESLUFERTER) PRHOH5NTHE 5T (Hawksworth et al.,
1995), COZELRFEDRGMZR AT I REBMEY AL S UICHEFHRY
HMNEREICLTINS,

FARTHENICEE L/ C. geophilum OERY A TTHB 51798131 1BD

1) &Hif Lobuglio and Taylor (1996) (%, £2¥® C. geophilum 4 &&# [ Lobuglio et al.
(1990) OREM#HESIT] O 18S rDNA OEREFIOLEEE{TV, HEMSEDTE (99.8-
100%) Z&%&RUE, E£/ K Lobuglio RDIMEICENIE, REHD C. geophilum @ rDNA ITS

RBOBRHNERDBELNES N (DA EHESENORD JEERTHBIAN) 03,
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BIRAD OB EMREEN, VK EHEEIRY A THRENICREIESHR
BHEICLYEREShTOSMILEN,. COBRIZ, XAROEIRS A THAOET
#% Yamada and Katsuya (1995) OEZX A - BiRY A TOEWNIHEBEDOEDE
WERBLTWS- EFELAL, FBAERXTIZ C geophilum PEBRITE > THfh
LT&Y (Figure 2), O LIIAHE (THDOLEEIRS () OBERME—HDOH
REZSBOSEHICEDSWVERLHDICLE, BHIC, 2 TOEIRS A T C
geophilum OEIRS 1 7 98 DRRICEMHEE THIRT SR TIIAL, > T2 TOHEIR
A THEARFOEDSBBICHETESRTIEAN. UL, FEBROHLEH
#ginss, HAERBREOFRATIEICHFNATDI O— EEORRE - ZEMNIHDE
HICAWLWSNTEHEY (Dahlberg and Stenlid, 1990; de la Bastide and Kropp,
1994; de la Bastide et al., 1995), SETRPOBERECHIRICA<S<AWLWSNEC
EIFHERTHA D,
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Table 6. Cenococcum geophilum isolates used for DNA analysis.

isolate origin of isolate date of
No. isolation
AT 341 ecctomycorrhiza on Pinus densiflora 1992.11.15
AT 358 ecctomycorrhiza on P. densiflora 1992.10.30
AT 382 ecctomycorrhiza on P. densiflora 1994.7.5
AT 410 ecctomycorrhiza on P. densiflora 1994.12.15
AT 416 ecctomycorrhiza on P. densiflora 1995.1.15
AT 419 ecctomycorrhiza on P. densiflora 1995.1.19
AT 421 ecctomycorrhiza on P. densiflora 1995.1.14
AT 423 ecctomycorrhiza on P. densiflora 1994.12.14
AT 426 ecctomycorrhiza on P. densiflora 1995.1.15
AT 431 ecctomycorrhiza on P. densiflora 1995.1.14

Table 7. Contents of reaction mixture for PCR amplification.

reagent final
concentration
(total volume : 50 1)

dNTP 200uM

Primer 1 (ITS-1) 1.0uM

Primer 2 (ITS-4) 1.0uM

extracted DNA sample not determined
(3ul)

reaction buffer (Toyobo, Co., Ltd.) 1x

Tth DNA polymerase (Toyobo, Co.Ltd.) 20 unit/ml
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Table 8. RFLP patterns of amplified rDNA ITS region of Cenococcum

geophilum. ‘
restriction DNA from isolate DNA from mycorrhiza
enzyme restrictuion fragment restrictuion fragment

site size (Kbp) site size (Kbp)
no treatment 0.56 0.56
Alu + 0.39, 0.17 + indefinite
Eco RI + 0.29, 0.27 + 0.29, 0.27
Hinf I + 0.17,0.12 etc. + 0.17,0.12 etc.
Rsa I - 0.56 - 0.56
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Figure 2. Distribution of Cenococcum geophilum at the plot. One hundred
thirty-two soil samples which were collected from whole the crosses of the
2.5 m grid were used for the distribution analysis. Detection of the fungus
was based on the bating method of fungal inocula in vitro. Red circle:
detected position of C. geophilum . The sizes of the red circles (small,
medium, and large) correspond to the number of soil subsamples (one to
three) from which C. geophilum was detected. Blue circle: standing
position of a mature tree of P. densiflora. Green circle: standing position of
a tree (basal height was more than 2 cm in diameter) other than P.
densiflora.
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910

Figure 3. PCR-RFLP analysis of rDNA-ITS region of C. geophilum
isolates. PCR products (A) were digested by Alu I (B), Eco RI (C) and
Hinf I (D). Lanes 1 to 10 indicate isolates 341, 358, 382, 410, 416,
419, 421, 423, 426, and 431, respectively.

[ —— A K

" i .uh;m L RN

M1 234506M78 9101112

Figure 4. PCR-RFLP analysis of rDNA-ITS region of C. geophilum
ectomycorrhiza on P. densiflora. As shown in (A), 15 out of 74 PCR
products were randomly selected. (B): Six out of the 15 PCR
products (A) were randomly selected and digested by Alu 1 (C, 1-6),
Eco R1 (C, 7-12) and Hinf 1 (B).
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F3F HREO7HITYRBRLTOSHEIZSUVICHITATOES HM

NEFEIRBIRROMERIT TRODEFNGRE - BRTORREAOHREFOER - IC
HMLTEDLDICZ7IO—-FL, FHETE0IE, SETERYICEShTE A (Allen,
1991), BEED Agerer (1995) OMRTH, BFANAIRRLEICE T 5EHOHIRE
DT EROERY A TORE) BEBLBFOMKIEENS (R, Agerer Kk
8). —AZOREIL, BEOHERELTEZRBMRETHIHES (BIXIENI, 19753,
b) IZIFELAEZV, L LEREOSEISESLEERNES LS Y EHENOEIR

(orchid mycorrhiza) OFFE, BAICBITIERZOHDICEB LAHLEREDR
EHDWVIEEBBELLE>THEY, 1 EXORBROPIC2ERULOHLERNSHLET S
PlbMEEINTLVSD (Masuhara et al., 1988), £~V EHEMOEIR (ericoid
mycorrhiza) ¥ VA ERDIFSICHEYIR 1 AP TOBERBOHFEBICHSNT
W35 (Bonfante-Fasolo; 1980; Read and Haselwaldtner, 1981; Brundrett
and Abbott, 1994), #FTSHEIREDEEMKICD W\ TERSFRIIELRSN T
% (Clapp et al., 1995),

SNEERIE, ERONERIBRTLELCLE (BREOSE, BROR{E, EFEH
REE, HHUII DNA BT 2175 &A<, XX EHBBEHBICLVER - AETS
CEDFEETHBICHHED ST, CORFOMBIIMREDEKRESIK Z LMD
Mok, CORED—DLCBARSAROIO=—2FMTS @A OPT T
J—1U %) (MIL1975a; Ogawa, 1985) Z &A%, SAERIBEDFME U THICE
BEROEZEBSLEITONS, s, RESERBOEMRR L TOREFORRIIT
<EBETHY, RROBELBETZHH S (Zak, 1973, Allen, 1991, Brand,
1992; 1A, 1993; Kasuya et al., 1995), B3 HERY A THRFETIRRIL, &
FHEYIR (BR) 2H<5EBEOBEDHREH DI VEEIHRMEERMRT IERE
EZzbohd, CORBFEBEICIEET L1, BARTOEIBRHE SEYIROBEIRE
BREH<SHIHEERORGERROFEATENTSDORFNBIBERTHDILEER
2.
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AETIEE IS, THAIYRRICBIIHANERREOSTEAZHSNICTHL
ZHMICLE. FREXTOTATVIRR L TOERONERRBEOLFIIBICRE
L7ds (LA, 1993), AMETIIENEEICHERICLZ, BT, EEOFRRAFLE
DF—% (LM, 1993) BSUPICHERNE2EOHREZANT, BIREREDOEHL
HOEEEDORFREZBLERAORFORGEZHSNCTILEZBNLLL,

. MHELUVAE

& (LM, 1993) OAEICHEL, 1994 % 10 A, AERICBEWTHEEICUS —
ETOmE 20x40 cm2, R®E 10 cm O1#,%E, 5x5xS5Scm3 OBEMTRITOY
32 @RI LBELVTED2E Bt 64 TR0V D) ICHIFTEHERLUE, £
REICHOROLBEIRMIOV I ICEENSTAIYRAROLZEREZEE (LH,
1993) OAXRICHEWNGESR, BURLAE, £LTERLUAERF Y 72 BEHEBHEICLY
BiRY A FICHBIL (FB2EB2HDAESBR). 4, BRS A 7-AHEMROHE
Hik% Figure 6 ICTRU 7=,

. ¥R

HAENENERIRITIEET 15 94 S TH-o/ (Figure S LU Table 9), 7Hh
TYDSNEEIRIE, 64 BOBRAMEEEE (S5x5x5cm3) D49 i (76.6%) I
SHLTEY, ®REMBICHE TS EBEMD 93.8%DEEICHH L T,

B HIRAEHCEBOERS A THRBFETEHLEFLELIERS SN, K654
TR oni., BRI (47 18 QHBBESIUVERENZOEL (Table 9), %
NENDEI A TEDEDBEETH > D THFLIBAMPICEVWTERBEY A TEEZS
Nfe, Figure S ITRTELDIC, BEHI AT 18 BREFSNABMATREAK NS HibD
HiRS 1 THBBICES SN,

TEEHPOLEETE (B5cm OFRE) OBIBROSHNY - ELUVERHRS 1
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TOHBEEICIIENRS Shie (Figure 5), FBHM5IE 14 947, TEOSIET
A4 TRHEN, 6 Y44 THARBO™BTH > /=,

HiRY « J-miE#RIE, Figure 7 IRT LD (CHFRWMBOBIMLLH TS THE
IR A THOEMERL =,

. =8

TEEABPOREBRSI A T HERR
FEETHRINENERFHIRSA T 15 (3, FRAEXTEESLUAICRE LR
GETREHPOT HTYNEBIROS A T 20 (LA, 1993) [CHERDED ST
(Figure 8), SEOTEHABFIMS(IAIRIOMSANS5H 15 m LMW TV
Mofel, BHBREINAEERS A TOHRIIKRESRBVELRELRS A TOHIRMEE
HRAEO TV, Zhid, EBLTOWSEIREOEERD, BUKRIHTHIHERIC
KO TREKRNBDEMDNHDLEREL TS,

fthr, MEDERZLEBRUEER, #OLOHBIPROONE. THDODLMMES
TERSSHEETIREAP SERE N, EROSFIIBMICTEICLEXLEE (U
4 —ETDA; E) HEET, MOSHBLRARSIATHRHON, ELBSNICHTT
BYATHRBOONIEETH D, TOULEERIIRD 3 SERELTWSEBbN
3. H—IC, TOYUTVHFRT—) (20x40 cm2) T7 AIVIER ETOHEIR
DEFNAIHHRIIBETELEBEDbNS, BROVHFEIBBEROST (BE) I
E—BWICKEEN TSN, KEBOBRMTEI SERSEHFSNALILIHAEHK
FOLMERBICTHTYRBBICSMLTOWEZLERLTEY, BWERT =L
BIREOSHBTICHARRRAT— I Tho=EBbhd, £IIC, FREXADT A
TYVRR L TCHERBEORESERBTHY, 7HTYOHEIRE T. matsutake 50
EREMR L TWAIBFRICE T SEROSHEX (DI, 19753, b) &LIIIRFBICRE >
TV, ORI, THIVIRRLOBROPHHEAD S DI HFRMACEIRDE
BEDEBWNCLYRE<SETEAERERLTNS, XEEBOHEIRY 1 TH#E
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LTWeZ &ld, FAEXR CRIABERALOBEBNIRSOIRDEET S LILR2D
MO, CULATNTNOEREAIIRONAER (7HTVH#HIIR) OHLTHEEN,
T. matsutake 13 E L OERE ICLERTHRBY /NS BB EERBIBRE L TEFELT
WARIEEMZRL TS, T/ 5, Deacon and Fleming (1992) o EiIRDOHEEE
BEBEXBMIIER1IFv 7/ THD] LOWOIBREZOBRMSEZIFEND, A,
BHROBEIRS A THRGETHEMIMI T Fv TORARLIC 2 BEL LOEIRS A
THRHONBEAPEBBOBINEZER L (BHSTESRTHSHICRIEDIE
RESBERELTND) HHVITRMRR LR SNSBREAOZED SNIBENDH -
o ABRGHRKRIILELIEHROMAEBRE L TEY (Zak, 1973; Allen, 1991;
Brand, 1992; Kasuya and Igarashi, 1995), 4£BHRICEWTHREFEIRTRY
GNDLDABEENO—FROHIR L TRAIEICL DML NINOEBBEREND
BRADEIYUSBZBERE LTINS, &5IC, Eucalyptus B TRI—HIEADH &
BIREE VA BIRBE LD 2 ERENEBETHSIEN RSN (Chilvers et al.,
1987), EFERABAIEHSTIYHTHHBICELTWS WS HINHESEREESNA

(Cazares and Smith, 1996), > TSEEARHERXRTH D LEBRRICDODVWTHRE
TEHERMPHD, BZIC, FREETIIREEICLI2BREDOTAHDIFNAIHT
EoEURENGED S/, FREXTHEHOBIRBES LRE L OEENGHEERE
B (Harley and Waid, 1955; /MII, 1977) 1390%, EAICBHEL THEETS U S —
SREHELOEENLGEEAER (Entry etal,, 1991) 2450 TNBTHBD EH#R
Eh, SEREICRETILENH S,
THARYHSATORHBEOES HM

FRBEOERN S, FEE (LH, 1993) D7 AT VIRRLETOALEEIRDOSDHEER
DRE - BROBIRBORTE- HBHERIN, BIREFREOTHERICTNNH S
EWDHEER (LA, 1993) DERMEFBDECLITKED. FEFREXFIH THRAE
NE2BEIRSAMTH 79 (B22ESR) ALSUVICESE (LA, 1993) OFBEXTO
LIFIOBERZHE D &, HAEBBREOMRERBEROTFREERLEIRS 1 TH

(BIREE) OmBEMBOBGRIL Figure 8 DL O ICEEHENS,

49



CNEDTSTHME, FREBERELERYS A TRIIKESRLBEO>TVE, O
RICEL T, FAHABERICEITSEE (UMA, 1993) OFREREICE D BAIEE
H-YOBIRBEOEH AN, BFEORECHIFREREICE DS HERIREHE
DIEZHM (Villeneuve et al., 1989; Arnolds, 1992) ICLER, BLLEho7/=C
LEEBRTDE, FREREZRICU/AHBREREOBZBERMOHTEN, REOE
EBRNFHBLTOWA I EEBHEICRLTNS, -, B—HEHBOEEKONESE
IREHROESHMLIHIROKRAESHERE L/ Bruns (1995) OHET 30/ 0.1
NG — VBB LS, BHEAZOLOLEEENSBABET COEIREE
DEICLERNTHANMHHEE N TOSAIEESENEBRTND, FHROBERTHDH
791/ 0.06 NOS—)LEVWSEIL, BUE—EEERART CRNHEDORTEES %28
RLEBDENZD, CNHDI LMD, FREREICEDVWEESHMEOHELHE
IREBHEOESH M ZE L BNMMET ERMESHY, BIREABREOERALIEES
R ICT SREEMDSE . |

e, FREOEH-BHEMKREERSY 1 TH-AREKOLREIENC3IA—5—
DEZHH>THE-> TV (Figure 8), CDEIHIC, FEBRENSIIIRRBETOH
REOEFEZRLUTHETERNEND I LIE, BEDY( IO REEZB LTI
EETHD. BIC, BARATOREDEEICIIRAER LOBRNSEELEE %
#H-oTHY (Newton, 1991), BERFRETOBIRBOSHH NEBHSNICTIHLE
BHd. LML, RARAT—IITOEZSBMEORETE, SBEOBENRAUETH
B3ZOEHIRBOEFNEIHBFHROABLILLITIKREICENTE /L (Villeneuve et
al., 1989; Arnolds, 1992). FABRRL, EREREOSVESHMHSRRLTO
ZHOBIRBOREFENORITILERLTEY, BECIEEWVEEEEZESHS
EDHBREIN, RICERLD CRREBRKOLBREZEETSI LSBT LY
BETHRNWILHGERT DL, BEOEZHRMETEIE—ICEERRALTOBBREDOS
RN EHAICHRTII LBV ELER S,

FAEXTOHNERIREHEOELZ AN, HATROLHVEAICERTHHDHD
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DEDPREICKREOVLENH D, TOEHAIE, FHARTHWAERDFMOMELEL
FOBEDHEPCREICHAL TOBRENZEITSND, FIEICDNTIIHE 1 ETHIC
RmUD, BEICODWTIE, MREICKYVAEY, BRARDUVANNEEDSEL TH
BNDTIZZTIIFHFLHEARGZN, AFARIEEhDDHS Agerer (1995) ®
Gardes and Bruns (1996) 07 7A—FDBE<SBREIND LD (TahlE, ESHM
DEFETESHMRENRRENDIDDEEZD, CO—FEORAND, FREXD
THARYRBHREAEEBELBREF O TOWDIEHSHLSNITARY, FREXHH
SERENEOEZBRMEERVLCH AN OSBRI DIDICEBO THELLBATHS
EMghole, BICRETHERIERELVHEIRBERLFEOFHEL®, FHLTH
SERBEEEZPHOBTIDRTFEEILDHETIARDOSRAL TRIERBERLER
EDBRIEE, BEDIAFT IV REERTIDICEKRFEFREEZ S,
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Figure 5. Distribution of ectomycorrhizas on Pinus densiflora in a soil block
sample (20 x 40 cm square, 10 cm depth). Each number represents the
ectomycorrhizal type. Both horizontal and vertical distributions of each
mycorrhizal type were shown based on the data of mycorrhizas in the 64
unit soil blocks (5 x 5 x 5 cm cube).
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Table 9. Number of ectomycorrhizal (ECM) tips
recovered from the soil block.

order ECM number of mycor- number of soil
type rhizal tips (%) blocks recorered
the ECM type
1 18 1417 (62.95) 41
2 1 319 (14.17) 19
3 48 166 (7.37) 11
4 13 104 (4.62) 9
S 90 78 (3.47) 10
6 29 66 (2.93) 1
7 44 37 (1.64) 1
8 43 25 (1.11) 2
9 63 10 (0.44) 1
10 36 9 (0.41) 4
11 37 8 (0.36) 1
12 59 7 (0.31) 1
13 35 3 (0.13) 1
14 98 1 (0.04) 1
15 12 1 (0.04) 1
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Figure 6. Calculation method of the mycorrhizal types- area

curve. The number of mycorrhizal types per unit square
(20 x 40 cm2) were cumulated as "1+2+3+4+5+6+7+8".
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Figure 7. Ectomycorrhizal types-area curve based on the
data in Figure 5. Bars represent means (n=4) £ SD.
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Figure 8. Comparison of area curves at the plot. M-93 and M-94: mycor-
rhizal types-area curves based on the data in 1993 (M-93) (Yamada,1993)
and 1994 (M-94) (present study), respectively. S: species-area curve
based on the data of Yamada (1993). L-1 and L-2: presumptive lines of
mycorrhizal types-area curves. L-3: It is the speculated species-area
curve if sporocarp density become five times higher than the previous
data shown as "S".
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B4R THIYHEERGOSVICHRERREOZENELE L UEHER
B1E THRYNEBRBROEMELLL L VEHMK

NEBBRADOTFRERECIIARGEHEALSH S LE—KRAICA<MOSNTL
5h (Fogel, 1976; Bills et al., 1986; Dix and Webster, 1995), ERZDHDD
ZHELOBEIIRSNTLS (DI, 1975a, b, Vogt et al. 1981a, b; Fogel and
Hunt, 1983). BAEDEHHE T, EFEHLOSKFICRHICE<OALBIRBEOFRE
RENBROHON, L<MbNF= Tricholoma matsutake (V% 4) b ZDEE/
- LHBLUTHREICRIRENSRRICHRY FREERESHS (M, 19753, b).
COBIEEHEIL, EYOT7 1/ 00— (LS H-ERA-KROEHELDOERE
- TEHHATES (Allen, 1991). LAL, EIREHKTRETOENSHEURGFEHRIS
ZRT EIIHETER, FX VA BRRETEIB4 DEORIEDENSREEIN T
% (An etal,, 1990; Brundrett and Abbott, 1994; Clapp et al., 1995; Hendrix
etal, 1995), HEBIBROBILFEHELICOVWTRIIOBENSREGNH S, 18
ZHMCEOMOBEBEOFEMEIRISODEARREETOEMELERTHLTL
BEAINTEST, ELTPAARCHEARTIIREHSHICETN TGN, Z0
FEEELT, BIRAEOHBE EHMBRIMAZOTENEZOND, HICHEEDHEIR
(3, BEZBELHROSHERX E3TLR) 2ERLALTERERELST,
B TR HNIELN,

HNEBIREOFEHECIILRPOBERGE (FIRHIL) TUETH0OH0EEMNT
H3M, EFIEERFR (Coutts and Nicoll, 1990) #iZx, BATOZHLABEDRE
WADICAIIREZREM T (Egil and Kalin, 1991), ¥/t BbhOBREE L
EIREBOLLIIHMMICH—FDHDTIIAS (MM, 19753, b), EhENDEICLY
COLMRAESAEESEL (Ogawa, 1985), - T, HEIRAMEL NI TOEIR
BOFEMELD, BREBOFEHLE(CEEZ S LTENZIEDORKEHDONI LT
LHBLSHTRVND, MESHIEBESVEBEEF > TEILT5L#HATES, 2
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<&b, HIREBEOEBNZMD LTI, BREOAMENFAREEZISNS. &
7, MOWNTOBIRFOELES, LEEOBRLMED SFHMESBOTHLUL. REXME
TROLERMOHHHEMED 1 D(E, FRHEEL TORE (HHVIFH) OEIRE
EEZXLND,

FETIE, 7HhIVOEMANEEIRERE BIFETR) OFHELELVER
BEERENSALHICL, FRAERTOTZ AT YONEERBEREO7 /0D —
ZERTHLEAMELE,

. #HEXVFE

BREXICENT, 1995 % 7 ALY 1996 & 6 AETO 1 EREIROEHNAIR
METok. FABICER 4 EHES VY AICERL, & 48 EHOLBWEHEL
o TRMEARIVS—ETOERIOvY (7x7x7 cm3) 2P0UHELAEHDOT, B
BEROEZFHBOFEIMEA(IE NV 10 m UE#NTWE, EBDOAZX (LA,
1993) [Cit> THRMIBEHSOLT7 AT VEIBORY B ULAESUICHKSEZTTL, EIR
DBRMRBBRASUICEBETo/= (E2E 2HiOAESR). LAHBIREOEIHIR
Fy78 Fyv7ORBLIE2E2HORLESR) THHEL, BREOEHE(RDE
EEME(L Stat View (Ver. 4.5) (Abacus Concepts, Inc., 1995) 2B\ T{T-
7=,

. ®&R

BIRDEHZE(L

—FHOREICKYIN 3 AF v TOT7 AT VERSEREN, 03 5HEMICHE
U7 27107 Fy T OBMEBMNS 63 4 TONEBRSER SNz, REIRSIATD
FERBOLREE (BRSENEN/-LREAREK) (Table 10) 285 &, RN
TR BBERI A TDESDENKEL, FADLAEHDSA—DOEHRY 1T
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PREENhBZ E3ah o/, £z, E<DYA THEFLEZFONA O LREAH N
SENEN, BFEDEMICR > THRTHEROHSERI A TIRShah o7
W, BIRS AT 17, 4724 HBHNE 5147 84 (JBEHATHERNSH > 7=,
KREIRY A TORBOEIRF v 7 (Table 11) HBHBAZEHTEIDHONT, B
FITE> THIRT HERNSH - 7=

EREOLE 1 BRIV OTFHEIRY 1 THOZE{L (Figure 9) (3, BHR/AE—
OIS, EDSMEZICHIFITEZIOEMNE, DEZNORICHITIRIL, &
PHOEICHITELZOEMT SEMZRL, ECTEMCLICFHLTHER

(Figure 10), 1+ 1 SH NSV OFEHEIRS 1 TRIIEHBICELLNEDH SN,
RFELBFOBETRARESROONE, EEABOIR 4 HHPOLEIRS 1 TH
&, ABICEILBHDHODEICI0 LLETH -7/ (Table 10).

FABOLE 1 HHAEYOTFHEIRTF v THOE{ (Figure 9) HBARLE—2
WBizpotehs, 9 A& 4 RICEL B IMERERLE, ECTERIEICEHLTHE
#2R (Figure 11), iR 1 &H8HAVDOFEHEIRY 1 THILILS D EHKE S FEHRH
DEEERDROONGD D, BESLIUKFICE—IERLEFLLFTLLN
ERZRLc, EEABOTRARBPOLERT v THIL, ABICEISKELS K
KiEEHVETH 8.9 EDEMH o/~ (Table 11),

Zh=YBEBOEHERK

BERS A TOHBRBES L UF v TS, Table 10 LU Table 11 IZ5RT
ETNSEBETHRF v TROZWEICES LR % Figure 12 LU Table 12
ICRY . ERF Y THOMBEL ZOEMOBESEARER TELITE, SHEEKE

(7t#, 1932) ICIFIFHE > /= (Figure 12), ZM>H Table 13 ([CH T, FRIHF
BOLBERF Y 78D 1 %L LICHASERTF v TBROEREINAE LA 20 94T
TZIEXRFIZE L, EIEBEDSREETH /205, HBEHELSBH DTS
4 7 84 @ Thelephoraceae £ 1 & TH#H 13.3%ThHV, BL NI TIT Russula |&
A8 (#4715, #4724, 947 196&KU9 147 21) H 30.2%T (£
Russula RE® T 31.8%) mbdEM> /=, /= C. geophilum $$1 3.7% T 8 &H
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DEBEF v T TH o7,
TIREHPOEIRSY 1 THEEIRF v THOBER%E Figure 13 [TFRUEAS, HIR
F v THOEMPEIRS 4 THEDH T IERISZN o,

. £

B4 DEIRY  TTILARAFHEDRO SN oD, §4 THOERE L
SEDSIIERICEREANH S EBRBOHONE, THOLELFELEKE, FEIC
BMENHIR L. CORRIE, AEERICHTEBROBEL AL TOSMLEL
PHEAETDHEERELTNS, l2DEIRSY A T TIIFEHEPARTLED > 2E
M, TREBSICHIRTIEIIRS A THRICE42THY, BHERS A TOFEE%E
FHICBHTETWVEN > LICLDHEEESBNERDNS, BRI ATD
ZREOEHZ(LEIIRRY, BIRETIILPTHBRESS 2E—I DRI — D2
Honrf., 1] 1 AL VOBEIREOEFIEIIH 565 Fy I THSIM, #YOD
ERMTHLIBFELOUFEICLHITOERBRIABILESDESKEN >/, ZDH
[CIHEICEDDPDE-IDBRENTNWSAIEERETETE AN, (S, BEFCIHE
M25CEBABZLHHY, CORBICREREDODDODEEERNE N LHER
N50T, SEFAELTRETILENH S, /= Coutts and Nicoll (1990) @
Thelephora terrestris (Ehr.) Fr. ZB\\/=XEE T3, BIREOEH (XBPOER
EOMER) 13, RFOLIREE 2 CEBETHELETIZLLAH#MEL, BURLDE
ELRERICERICAEEBEENTNS, FHERTREFEOLIREE 10cm T
DORENO0C E2TRSZEMMELM NS (LA, 1993), BIREMSELFEICHE
BLTWSLEEZOND, COLSICKPEXTIIRREREICEHNAZELEDH
=5, BERMBLUBEIRELODBEEICEYIIERELTEY, BEELTOEREI
BECERZDERLTDORATNSRZEBTREEND, CNOHDERIE, MM
(1975a, b) OWMEL=T7HAYKRTOH T. matsutake & (IZEFHZE(LNSTBETH >
FRIIRAESN, BIRRANEETEHTSIATE—HL TV,
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HREOEZHMEOFHEL TR, 2FEORKEN SHFOR/IMEICHTTIERD
BRTH-o/=. UL, BROBEGESEREICKEFTI_LEERTHE, CORD
(FRFICHE > TWELEZBZDIONEUTHS D, ThbL, BIROFEHLELL, &
BORERELFABICEORREORML TS, BHTOEBOREGEIILT U HAR
Tl372< (Egil and Kalin, 1991), EF4£F D0 BDON5BEIRERARIC, ZEDEL
HBDNMIHKFELBRBHEET D, RETHL NS, BROSUEESNAZEIR
HEBEBRRERE L TORNERFBETDIE, E£/= C geophilum OEIRTI(IAR v
FEBARICBHARBA FaR—-2 3 UEROEHBELHEMRE THRTE 3154
BHot. TbH, ZHDWIEKELZEIRY, BREICE > TOEBEOM
AtE L UTHEL TOWSRELEEZRETSIHDTHY, FEMEILDEBHDBEIC,
FEMLBEOER (L9 LHHRICIIZEERERTEROERCEHZARLLT
WHEIR) ZERLTWSEIRY A 7%, HHMICESFHBLTUE D AlgEMtE % RE
LTW3, BlAE, B¥EOREBEED regular synenchyma B CH& 427 3E1R
B (Bx1E49 47 84 o Thelephoraceae Bd 1141 7 98 @ C. geophi-
Ium) TRIO@ERABENED ICBbNS. > T C. geophilum OEIBNELLL B
SAETHIRL /= Vogtetal. (1981a) DERD LS I5E, Z{LEIBO@KXFMDE
BREZZER L CHMET S LBSHDEBbND. COLD ICEHBREOLIRPTOER
IR (AIZITERER) &, BIREOERICIBHENAZTNSHSIEESH
YU, BREZEOODDNAATRIIERELTEREICLTHBETIDILBKRTH S
HHLNRL,

EiRF v THROBEEN S, FEABERXTIE Russula delica (ANY) LU R
nigricans (¥ A/\Y) & Russula €& & Thelephoraceae #0 1 EHE LY
[EEBILTWSZ LR ENE, REDOEIRF Y THOSHSEEIRTF v THOH
43.5%THY, TDHEERYD 60 ¥4 TnhHSHZ LICES, Russula@E &
Thelephoraceae #EMNE L L/=Z &13, Gardes and Bruns (1996) &L 7=
tkH Y 7 +I=F D Pinus muricata (bishop pine) K TOE LEIEHEIEDHERK
E2<—HLE, SOLSICHEHICHEMENTOSICHEDS TEHIBEFHEOES
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BICHBEMSROOLND LT, TYBOMATTRRALL I GELEOHASDLYE
PEBICROSNDAREM E#RE LTS, Russula BROEIRDOE S, Pinus
banksiana (jack pine) ®#4% (Visser, 1995) * Picea sitchensis (Ryan and
Alexander, 1992) THHEZNTEY, CORDHICLIEHRIIMBED TV EEHE
BHTHILEBRLTWSRIEMEDSH B,

RIEICEVWTBSMNASAISREINEIAT 18 (3, EEORENSEF LT LHE
SEEFRAE AN (Table 19), COREI, BEFKICKDLEZOND
B, COZENSIBOEHUPAVEVWRETIIMEBEZHTET I LPRHET
Hd. FBBRETROGEN >EBEIRSI AT 84 L2FEBDY AT 15 TIIEIIRDOH
RAEICKEMBEVDSDHY, ATENFHBEVHBTHEREINE—A, BETEDOID
2EMTH /e, COHBHEEDEWMIBRRETOEROSAERDEBNERBRL
HDEZONDM, FEDLDIC 48 Ot BEZAVWTHESHNLEEDLTEZSL
HIRSEEICRDOWTIHM T2 &I TEAN >/, COZEMSFREROMKG R
T TEICHWMEHEEICEDWTHIRBOBEBEZLETSDICE, SVFA
[CHRER L7100 BE£MAS5/NLBREE N SLIABENLETHD LB REEND,

FHEX T, FREREESLUVERORA T Russula @@ &7 5T Inocybe
BHE O|LDHEINTVS (LA, 1993), L LEARARTIXInocybe BE I T
TAEIBY 1 3R E N h > . Inocybe BEDEIRE L TIZ Ingleby et al.

(1990) ICLVBRAGXABOIS O TaAROa B DOBEREETI91 TR
HEINTWD, FRARTEDOLOIABBDIS > TFAXI 3 VEFORBREDEIRS
AT IEOhH o WAL AT 33), ENHDY A TEInocybe RBRLERET
BICELRDO =, EEEFNSOEIRY A TPRIC Inocybe BEE LTS, EIRED
DWW Inocybe RRDESHNAFRERLEZRAPTERN. COXIICHIREL
WOBENORDE, BLETFREREE L LTO Russula BB & Inocybe BEIE
MBI TH D, RERXICH VT Inocybe BEDBEMEFEZRET DRI GIZNDT
Inocybe BEDOKEBLRFRAREDEAIHSHTRAEVSY, PBOBREKREEL
TWBEHEBEINSD, Inocybe BEOHIE Thelephoraceae #o 1 EDHI & R
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IS, FRARLEICEDEIHTE UABIRERESZEOHREREOEBEEZRBL TH
W &I,

BERS A 7OF v THRICE S MBAIMFITOBR, FREXOHIRAHKIIFLLE
B (TH, 1932) [Cito7. COLDEBEEEDEMEE, RAMATOHIRED
BETIRIE<S<RASNSAEMSELDS, CORICETETF—SIERELONTNS

(Visser, 1995), F7= Ryan and Alexander (1992)‘ DL ICHBRBDODIZNE
REVBEAELE L T—HBUTREBBIECORARICKIBIRIETE AN, BEDY
AF IV RAD—DIFRRECICHIET 5HEOEELLTHY, HICHREFEICE
UCHAMRTIOMBZERTSH70I1C1F, PEEALIOHEBAIEEZRENICE
BT LBV ETHDEEZS,

TIREAHLVOERT v TR EBEIRS A THEDORBICIE, HARZIEEEFIIZED
SN, HEEIRI A TORENMOEIRS 1 TORELZWHITFHERIIRDOED >
o T 1 BEHHOSHRTIERN 1 94 TDIHFESGH o8, ChIZTREHOK
EFECEFLEBRTHDEEZIOND, RICHDERS A TR AN SMERZ
BOELTHZOEHBIIEFA-RMDA—Y—-THBLEZON, COILIIE
SETRANENMOBERRED—HT D, FLOBRKXIFHMICHEELE(LET
5 L3@hof,

CCTHSHT, BEMTH o7 Russula BEOEROFEHZ(LZH.OLICHEXTD
TheY ENEBIRBHEDORREERT S, 6 ED Russula RRDEREDAFTD
FEEOFYEIL Figure 14 [LRTBEY T, KFEICRKE, Z2FICR/IMED 1 1LED
EZMEL REHMSHEFICMITRERICED) Tholk. COE(LIL, WEMEDK
BEREVMORRZANDERICHL LBREA S-S E VW5 EX (Harley and
Smith, 1983; Allen, 1991) #%#B35bDTHY, 7HTYKRTOD T. matsutake

(/)1, 1975a, b) OFEHEEIZIT—ET S, Russula BEDOFERMEIL, XHFAEKX
TIREENSKFEICHITTREL, CHIIEREOEARBLFEFE—HLTWS, —
#, BIRESEOEHIL, HEYMOERBICHADOE THEIREEEAKEHSRussula BE
DEMEREFBERICL TS, CDZ &L, Russula BEOBERDOEEES OB
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RICEEREBMNE OFTEEN 2 RE L TEH Y, Russula BELISIOBEIREN Russula &
ROEBHDOEMEEDILD ICEBRER LA EERLUTWSAIEREZ DS E
3, LhL, BEROSHBERD S Russula B EbDOEIRE & ORBMANIBRIEIRSS
n, Russula BREEZNLUANAOEREOBMOBEIREDEMMNAZTNOMERICEAL T
BSERFORMDBHDIEEZ S,

DEDZEMS, THIVYBAD 7 1/ A0 —LHIREBEDOEHOBRIIHLTL
LR TS, B4 OBRBIIEHOERAICIY ENENEFTSHHSNEIRED
ZERLTND LD THD. HNEBBRBADOESEL TIIFHELLRD S,
EiRE TIdRussula BOBE 2R EFHTLVABRTIIL N>/, COBEDLS, 7
ARYKRTONERRBOHEBEDOFHEIL, T. matsutake DFEHZE (NI,
1975a,b) ZEICUABHLE—K{ETERBATEANILEREL TS,
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Table 10. Monthly recovery of ectomycorrhizal (ECM) types from the soil
block samples collected at the plot.
ECM number of the soil block samples (max. n = 4) recovered the mycorrhizal type
type 1995 1996
Jul. Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun.

2 1 2 1 3 2 1 2
1 1 1
1 1

2 1
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1) Ul=unidentified ectomycorrhizal type. 2) nsb=total number of soil block samples,
nty=total mumber of ectomycorrhizal types.
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Table 11. Monthly recovery of ectomycorrhizal (ECM) tips from the soil
block samples collected at the plot.

ECM tip numbers of the mycorrhizal type recoverd from 4 soil block samples

type 1995 1996

Jul. Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun.

35 9 51 24 206 148 6 51

1
2 278 23 58
3 8 85
4 30
6 80 7 24 12 23 3
7 14
0 3 15 42
3 153 51 18
4 210
5 3270 10
6 14 6 194 43 153 75 18 121
7 29 162 145 44 137 117 193 76
8 7 82 95 10 11 2
9 223 102 1159
50 607 17 525
4 1060 401 556 10 191

27 10

30 133

31 15 25

32 73 2 183

33 30 10 181 355 78 144 227 411

34 105 ‘

36 17 11 1 71

37 42 76
38 120 116 20 18 69 9 170 136 20
39 15 119 133

44 52
45 101

48 40

49 701
51 10
57 18 61

59 122
60 1601

62 15

64 1601
67 405 47

68 30 60 114 22 13 18 9

72 34 205 200 | 29

80 149

1
83 7 18 10
12 241 339 260 4 776 1091 150

87 93 85 133 111 42 236 16
88 86

7 28 11
95 1 100 18 133 299
98 3 1 2 531 2 454 2 3
uMl) 30

nti 1508 546 3648 2756 2661 2156 1794 1189 1262 4863 2764 1770
/nty2) /18 /17 /10 /20 /16 /20 /20 /17 /11 /10 /16 /10

1) UM=unidentified mycorrhizal type. 2) nit=total number of mycorrhizal tips,
nty=number of mycorrhizal types, nty=total number of mycorrhizal types.
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Table 12. Cumulative number of mycorrhizal tips in each ectomycorrhizal
(ECM) types.

number of number of

order ECM tip soil blocks order ECM tip soil blocks

type number recovered type number recovered

the ECM type the ECM type

1 &4 3601 21 33 45 101 1
2 15 3280 2 4 36 100 5
3 24 2218 9 35 47 99 4
4 o4 1601 1 36 3 93 2
5 o0 1601 1 37 88 86 1
6 19 1486 4 38 57 79 2
7 33 1436 9 39 10 60 4
8 21 1199 4 40 N0 54 5
9 98 998 13 41 4 52 1
10 17 903 15 42 52 50 1
11 87 716 8 43 31 40 1
12 49 701 1 44 48 40 1
13 38 678 14 45 UIl) 35 2
14 16 624 10 46 83 35 3
15 9% 551 5 47 40 33 1
16 1 530 14 48 4 30 1
17 72 468 7 49 89 23 1
18 67 452 3 50 62 15 1
19 2 359 3 51 7 14 1
20 63 297 4 52 51 10 1
21 39 267 3 53 70 10 1
22 68 266 8 54 6l 10 1
23 32 258 3 55 27 10 1
24 13 222 4 56 77 7 1
25 14 210 1 57 65 7 1
26 18 207 9 58 71 5 1
27 80 149 1 59 76 5 1
28 ) 149 7 o0 26 3 1
29 30 133 1 6l 85 2 1
30 59 122 1 02 42 2 1
31 37 118 2 03 82 1 1
32 34 105 1 o4 79 1 1

1) Ul=unidentified mycorrhizal type.
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Table 13. Relative values of mycorrhizal tips and associated
fungi of the dominant ectomycorrhizal types. Relative num-
bers were calculated based on the data shown in Table 12.

order ectomycor- associated relative
rhizal type fungus value (%)
1 84 Thelephoraceous fungus 13.3
2 15 Russula sp. 3 12.1
3 24 Russula sp. 6 8.2
4 04 (unknown) 5.9
5 60 (unknown) 5.9
6 19 Russula delica 5.5
7 33 (unknown) 5.3
8 21 Russula nigricans 4.4
9 98 Cenococcum geophilum 3.7
10 17 (unknown) 3.3
11 87 (unknown) 2.6
12 49 (unknown) 2.6
13 38 (unknown) 2.5
14 16 Russula sp. 2 2.3
15 96 (unknown) 2.0
16 1 (unknown) 2.0
17 72 (unknown) 1.7
18 67 (unknown) 1.7
19 2 (unknown) 1.3
20 63 (unknown) 1.1
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Figure 9. Monthly change in number and variation of ectomycorrhizas
at the plot. Bars represent means (n=4) + SE.
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Figure 10. Seasonal change of ectomycorrhizal variation at the
plot. Bar represent means (n=12) + SE. Different letters indicate
significantly different means using the F-test (P<<0.05).
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Figure 11. Seasonal change in number of ectomycorrhizal tips at
the plot. Bars represent means (n=12) + SE. Means were not
significantly different, as determined by the Mann-Whiteny U test
for non-parametric data (P<<0.05).
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# -----y = 3296.3 * eA(-0.10966x) R= 0.97709

i

o
o
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100
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total number of mycorrhizal tips
in each ectomycorrhizal type

1 8 16 24 32 40 48 56 64
order of the ectomycorrhizal type

Figure 12. Order of ectomycorrhizal types and its exponential
regression line. Total number of mycorrhizal tips in each ecto-
mycorrhizal type and its order are based on the data shown in
Tablel2.
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Figure 13. Relationships between number and variation of ecto-
mycorrhizas in each soil block (7 x 7 x 7 cm3) sample (n=48) collected
at the plot.
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Figure 14. Seasonal change in number of ectomycorrhizal tips
associated with Russula spp. at the plot. Bars represent means
(n=12) + SE. Different letters indicate significant difference, as
determined by the Mann-Whiteny U test for non-parametric data
(P<0.05).
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FB2f THARVYVHERRABRREOEHE(E L NEH/K

HNEBREOBRLREDOZES UL LISEEMTHRBENTE L (Deacon and
Fleming, 1992). NS ICHEYBEDOBRICHRDAREROEILEZEBHLELDS EL
IS, > THERRE T, BEROFEHE(ERTIDDORBRNE
HFoNTEST, BEROFEMEOHEEIIFRE LN, —F VA BIRE T, BER
DZEALHN 1 FRMUDFHELICEDETHL 5NDZ EHZL (Allen, 1991;
Wilson and Tommerup, 1992)., Chii1 FEEREMO I/ A —LEIBE L
DBAGRZERT 5 LICEKMSEF LTINS Z &LICHKS,

FRBTIIHFIMEMO L RICHENGEBREL, TORRICERENAEIRERE
TEHILETEHREORRROEH S E4 MM L /. Brundrett and Abbott

(1994) (FRHEDAEICE YA —R bS5 Y F D Eucalyptus marginata (Jarrah) &
E. calophyla (Marri) DS T 545 THERBIRBOBRER (Es37anFa—Iib
- propagule - ZHWTWADSERX TIIANEERBORBRERE I ANRF 21— L EF
F|ICRD) OFHEERELAD, BRAFHECEIROSNGED . ZOED
RBTRELT, AAMERE i) ORENHILEBRLATNIEASENL, L
LIRED &L CANEBBEOBRERAEDLODHERTHEISNTE ST, HiLo
RREWMIDETICE> TV, > THHEORBEBROFBHEMEVLTUHHRT
708, TIROMBMBANERT 2 BEROEREELS € AASAONTS
U, BATORIESRE (late-stage fungi) DB LLEENZDO TIRAR Y MR
HTHBAWRDORELWEA (TS LMMEEE (early-stage fungi) HELIIICEIRAE
M L7= (Deacon and Fleming, 1992),

BEREOERZENOPT, TRPOBERGLEROBRIILT UHBEHETIIL,
FICEHRORBEGERIFHIHOER THRIRHOECERHICL YR DIAEEDDH D
CEMTREENE, FIT, BIREAOIBRPTOLENSY ZRBREROMEELENDETH
EHICFHETENE, REEELOHAICLY, BIRENAATRERXETES0H
MHH5. MTATONERIBEOERGERY PV —ODRBRRERE L TOEEMIZ
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Newton et al. (1991) IC&URBENTWS, L, EEIRBOEIRREELHE
ARy NT—OOFEEEOBRIIBASHTHRNDT, XEFFOBERICEDONTE
EiRY A 7OEBEBRRREE U TCOBEEEEBHICHE TS LETERL,
FERTIILUTOZELEANEL, RERATHRBUATBADT ATYREDE
HICEANEFBRBONEETo /A, Thabb, BEIRARKROFEHZEIL, KEHIE
TRENLEZERS A TOHRBEELEIERBRTRESNIBARSY 4 TOEIRERER
DEBLEOMIEVWSETEIONEI hERASHICTIETH D, F/LEBEMBOHE
ELTTHARYVDEBDROONBNEMD S TRERDM U BREFEOFHLE(LEHS
MICU. ELTLULOHREZEMEZ, FXROBE, BHIREOBREROFEHETILD
EH, GoUICEBRICOVWTERT S,

. BHEBEXLURE

BEXICEWNT, 1994 F 2 ALYU1995S F 8 BETH 1 FHITEY 2 hABIC
TROBEMET > /2. RRMEIC 3 TREHZHENL, FEEBORIS(EE NS
10 m BLEBN TV, HREEHIY S —ETO 1Y 400 cm3 (F& 10 cm 2
B) ZBUYHLEDBDT, CTNERVIFLORICEDHDRBRZICHLRY, FK
F2E2HOAEICH > THRE 10 FRICBY ST, THhYUREE 1 KTOBEL
feo BHEER 3 ~7 hRAERAEREEZEREDOSKEHL, RRLICERESNHLER
BOFEBRET > (BE2R1HOAESTE). 2XRICBLTEET S EER
EOBLER) &1E, TDLIIC invitro DREBETT7 A VlliRICRER LAEEIRE
T 286442187, 46 1 TRENDOZEIRS A 7OBIBRARRREO BHFM S
LTIE, HAREBEDS GRBIRETM L /REBG®EZRERT S & TRREROHE
BEUF,

¥k, THIYVYMRER BRI FERFEAOZHICENT, 1995 F 3 AL
Y1996 £ 1 RETOHN 1 FITEY 2 hABICLROFERET >/, LIROFRIII
#1400 m2 OMFREMFEOEHFEAM TITLY, FEIEIC 3 TIREH (3 ABLKT S AR
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288 2EVC S m UEEhAhShSERTNER LA, TEEBIZZOIREL
B 300 cm3 2 BYHLAESDT, ChERUIFLCORICHEDHRRZICH LR

YU, HBRE S KICRYSF, THIUREEZBHELE, FRERTREOHERIIRIE
REBHEEZR 2 NAREDPSLIELIEIROONLEN S, BHEER 3 ~ 7 hAZEELRE
ZHBENOSKENL, BIROEEFHEL{TH/. 4L, JOZHEPELEbBE
20 ERITERENMYRHKICEYBROEETSRDONT (THOBIAEFIBREKE
IO DH D EYMDEBSRDSNZL), BHET A7 AT YHREIIHREERICL
YRTHNTSHY, TROBIESIROBIET ST HCVIRNS(E 50 m Ll LR
nTLE,

I #R

HEMRERROFERHZEL

THRYKRIBEH B LUVE TIRAB ETOT ATV REDEBRIRFTH o 1=
B, FNCHECERTROBGROSRO SN, FRRTIBREOHEEZEMICL
TWBIEDDL, ENEDERTFREBEOHELZE TS, THAITYKRLIRHAKMT
(31 HEOHRERELO BEH /U LEBRNETORIF/Z 8 EKE, ZihHREM T
AHOMUERE S BEH U RRD 4 BiEBITICAN,
H2ERICESRBORER, 7HTYRLEABTIIEE T 53 4 JOHNEHIR
RSN (Table 14), EEIRS A 7OABOHIR (3 LBEHD S LEHIRH KR
LSHEo) OZided UHBARTIIAND, BHICEXFOLBHAETEIZHOE
REATHROON, BICEFICKBERS A TSP Dol —H94T 53, 44
755 BLUS 4T 98 FBFEHRE N, TNOOMEE (BROBBISBHSNEL
RMEHE / HETREHE) &M -/k (Table 14), 7= 1 LBREAMPORZEIRS
A 7OEIREBRLROHENE (FRERT h <V EEE / #ET7hTVEGEH) OF
s, BETHRTIEAORSNLERS AT 53 L9147 98 T, MEIIEE
(CERBRRFEOHEMEBEEZET I AN, BREIEICSVEMEZ#IFL T
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(Table 15).

THTURLIEER LAY OEIRS 4 7RO TRERA ZLOTHE (BIRERERR
FOEZHEHE) TOEMEILIIBRT, XFIBAUEFICET LA (Figure 15),
COFEHEADNY—(E 1 EHE 2 FETR—THho/, TBEMATLDOAHE
R 478 (3 LBEEPORIRS 4 THRORE) bRBROFEME(LE &S ERHNER
Hon, FEERBRREROBEMBOEMHELENLZERETH >/, ZDLD
COWTNOFEECL > THEIRBOFHLLIIBAMT, KENMSFZLHIITOR
BRBELEKENSRFICHITTOEMENSIFHERLE, THTYRE 1 BED
IRRLTRUEZIERSIA TORFIIERICR SN, SHROBIRS 1 THRDOOLNR
Z0IREBTIIR/RAS 94 TORGFESRH SN, BIRY A TSV HEVEFTIRE
HTHbRESBIRY 1 TORFREETH -,

—%, ZHTBEHSIE 3 S TONERBBRSRBO OSNEICT X x>/ (Table
15), ThsiEWFhd HREEMSE< BRAFEHZE(CEIRO SNLEh o708, BRER
[EBEFEFEL T,

BB B B R oD fE Bk

7 hTURTRERD S HRUASEIRY 4 TOEIRBRRROBEM 2 % B ICNER
13 %170\ Figure 16 ICE L&, AREBT(E, BEROBHEEDOELHM/ZEHIRS 1
TOHHBHEENEL, RERS A TOREROBMBOXHKIE L Z DI E DER
ERZER LSS, HHNEOROLZVEIRS A THRRERPSREEITNE,
ZDEBBATOER (Figure 12) EXKE<SRE/AE->TUV/=, Table 17 3FDERER
DEMBOIERIMFTDERD LG 20 94 TOERETIEL, TNSOBEIRBEOERE
I COBEIRBOIEME LB LAHDTHD, ZRHEDH>EDEBEBRL 1T I8 D C
geophilum TEE&D 20.1% & L. ELEBOBIRS A 7 IO VWTIHEREANR
EHDNIMETESR, TOHRIC(E Russula BRM 4 BRIENTHUERRTHERL
722 Russula BH S # (Table 17 O U X bLSNICEIRS 77 39 28T) DRERE
HABIILED 9.38% THo7=. LI 20 ¥4 7D EEL(IB/HEIMTHIBD LR
ENEZ AT THDY, £D5LEEMHBOFHMEIRTORERTF v THD L1120 44
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7 (Table 13) EXMIELABEIRY 1 FIIHEBLUTD 8 ¥4 T o/, BIMEIITO L
£ 20 DEIRS A T EDBEBVD—DIE, BERTORBHERIEESINTI
WEIRI A T3 IALTEENTWVEZETHD. ZDIBRICHI1T 53 BLUS
4 7" 55 |3 suilloid fungi (Bruns and Gardes, 1993) IC&UEREND Z MR
MENhTEY (E2F), 97754 (AKRICRAER TOREBEKIIHZE SN TV
(V) ZHd7= 3 # suilloid fungi OERDOAMBRREFEEI1ILED 10.2% THo 7.

SR THER SN 3 Y4 TOHNERFRIL, WINHBTHATYHIBELBOR
BIYATTHoD, £05EBREBEFEOHRBES LVHAHMEORbEN >
DI, Suillus granulatus & REZNZEIBRL 177 55 ThH-7= (Table 16),

. =g

THARVHEREIRBRRREOES, SHE, ROoUVICHMNEBOEHZE(LIIHBRTDH
Y, XEFMOTREBTEHOBFRY 1 ThER SN, B4 DHRY A T TIEFE
EZEAE T U OB TA D o /28, HRSRFLIRIROND YA THEL, X
BETROONEERS 7T 53 DIFEHBRFIBTHBEBREROEMENS S o
7=. Brundrett and Abott (1994) (&, Jarrah & Marri OB & T 5H 50O LEO
TEHEAWTHERREORLREOELME LS, HRAFHEI RSN
Mol ULDHLESDORETIE, BRERIIRBEMORICEREN/EIREICED<
FETHY, BRFAOCEBRICOVNWTIEIBEL TN, #SIE, SHERIBBDORER
BEOFEHZTALVBR TP >EEEHAL LT, MATORREFEOTRE—DHEE(T
T3, HODOBREROEMFMEITERSNABIRECEDVTNSY, BIRORE
SEREOEICKYRLY, FERFFOELEENSHBEEL TERSNIERED
HEBII#TFLHESIIAN (BEORICBBUTIIRETHLLATS). COZEhH
B 5 DOFMAETHERNICE > TOREROEBEEZRT Z LFAELBRMNARND, B
FROBOFAEE LTRSS H S, > TRERDENGFEME(CORARE £
FREOTHE—AHICE > THATIZEBRUDPEDNEIEI>EV LRV, FXERTIT
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RPEFROBLEHEOBEVCE DWW THRPOERARRROEHLELZENT 5B
BME LR, SOTEND, RETEGHLVOERTF v TR TR < LREM S~
YOBEIRERELEBEHT, KBRS A TOERBROBHEERRL, BEROS
IRl & L7, COFMEDZE LML, REEZOMHALEICLYEICRTT IR
BHB3M, LPELSEHERF Y THROEEFNLVIIEEESBVEEZIONS, 1B
& (1995) (BAE®D Betula platyphylla (>S5 h>N) RELVEFENLIAOHEET
THERUAELTBADDSHAUNREOBERRICLY, REREDOTROADNEFFR
KOLTREIYBEHRBLVEBHRICZ<OEBREERTHEADH D LEBEL TN
%, BOREIBFOFHEMEBHLAESOTIILLS, > TRLEROFHNER
DBEBEREEDL S BBRICHIDMALSMTIIAEN, L UEIREBREROFHN
EZRPBOHONAERICEHL THROBE LFBRIIIBEL TS,

BRREB>ENERIRBEELABTR 7 AIYRTOEBRERB L OLEENS, 0T
WO TEWIEZRUAERERL, 2A<SEHBRDIDOBEIRES I —-TICHIT5N
=5 (1) BAOEIREEEICLEARHY LIFRBET TORLEROEMENE LA
WhHBWIRFRESRDONBNTIV—T, (2) BATOEIRERELREEIC
Y LIFRBTHEBICRERDSROONDTIN—T, (3) BATOEBEKEN
ELLPEODLBHIVEIEBRERSRD SNAWSHY LITRBRT TOREROEN
BOSLEBRMZVNIIN-TD 3 DTHS.

W=7 (1) ICI, &R+~ 21 (R nigricans), #4 7" 41 (Quercirhiza
squamosa IZ¥8fil), HB3NIL 1T 72 ENEEND. CNSHBHY LIFRBRTTHEH
IRFERREEDSE D > 2B AIISD & C ATV, HELRMGDEIRAZA ICHEMAIC
REC@BNTWESENREENS. DI NV—TICRTSEIREIL Gadgil and
Solbrig (1972) DO#E&iERD (CREZ (S, KEREMTHDEWVZ D, /= Grime

1) r- B&LU K- OEBIER ICE2 REBESH D EIE 1 ETHRAR LD, FRERICEAT SERRHES
OBEATIE Gadgil and Solbrig (1972) £3IALE.
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(1977) D¥RgHEER2) ICRHAIE, CHEBMNTHDIENZ S,

TI—7 (2) ICIF, BEIRL 719 (R delica), ¥4 7 24 (Russulasp.), &
4716, 14717, BLUVL 1T I3ENEEND. TDTIN—TIL, BIRERIC
BLEALDOEEEZRIIC<L, ERTBPOBRCEBRSEDE EBPIRFEE U THEE
LTWATAEEMSREENS, COJ/NV—TICBT5EEHRIL Grime (1977) (Tt
ZIE, CREBHMTHDLNZDB,

SINV—T (3) ICI13, BRY A7 53 (Rhizopogon sp.), ¥4 7 55 (S.granu-
latus), #4722 (R. mariae), #4147 58 EN&END, COJTI—TILETS
ERE(E, #EIICEKTFL CERERETIMEEF O LM REE N, Gadgil and
Solbrig (1972) ICZIE, r-EBERY, F/= Grime (1977) IR Z(E, R-¥EBREIT
HBHENZS,

IIN—T (3) CETHEBRBOLEELEZXS LT, BREPRELTEDELD 2
ETIRPICHFETIONENWDABEETHSD, COIN-TOEERBRETH
Y, suilloid fungi LRBENIBEHEICL > TERENSIERDS> B, 914755 (%
StRHS B LIELITHRENE, ZOZEDD, 947 55 OBEEILLRDT
BEMICERLTWSD, HDVIZEDKERE (BBFHDVIER) THETSAH
LS. FEFHOBERDPSHFATROZEDOEBEERL T EEIRSY 177 84
(Thelephoraceae £ 118) &, ARBRTROLBLFHEMEOZ P> -EIRS 1S
98 (C. geophilum) #0Y LIFTHBT S &, BESLYIIL—T (1) ITEME
mMZRL, BEBIIN—T (3) [CLUEIMERZRLE, LOLE2EIRS A TDH
TORMBEDIFTTIE, WELHIIN—T (2) ICET, £/~ Russula BETIE, hb

2) Grime (1977) OEBEXSEYOFBEERICLZHOTHY, E-AEHIBEE TIIERRIBICTEK
FLTHREBRASKEKERT I ENO BT UHBELDOEE 1 DORERKX TIIEETEAN
(Dahlberg and Stenlid, 1990), COLSLBMESESHDHOD, XRRICBITHIHERIBRDOHK

BRERXOBRATEE, BICHALICH T ZERBEORS (BREHX) OSE2MBL T Grime (1977) O
B EEENICER L/,
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3TN—TETICERTH EANBRESNEBRZEND, EEOEMBEIRENS Russula BEH
HEEELTERIN-T (2) OMEEF S LBESRHBZVLDICEDN S, LIED
CEMSFPABERT AIVYRONERIREREL, BNICEECIIV-T (2) ITE
THOEBNSLHEDENREENS,

CITHOHT, HIREREREOFENNEOEKRLELSVICEARRROERLEET
3, HIRERRERICE TIEZHRESLUVHEMEOE -V IILFTHY (Figure
15), HEXRTOEBEROBZHEMOLE -2 LIFIF—H LA, RFECBSITHEHIBED
FREERE (FREXTOERAHITIE Russula BE) ICI3, FNICEIDEIRED
BADPBARARTHDEEZOND, BEX Russula BETIIXREBICRIBEZE/AIHT
WA ENATE S (FXEE1H). £, FREEZRESHDIEICKURBRFEL
TOREREZOBHIIBRIE TS EHBEEIND, BX, XFEOKEBIIWMEDSE
HEETEHZI—AH, BELBEVLELTHIRRPOERL LEBBRMEICH LU TRF
DEIRFG #5795 (Cook and Whipps, 1993), ThbHE, KFEOEEBEFEHSE
BEOBAEOBLUCESEEEHIIEEbDEFEXSNAL, #oTEER
ERLAELTREZNEERMHICZEST LT, BRERERS—FRFL, METS
RERICBGICERELTVWSAEENHD. —F, FFEFNLBICE 528K E
HREOERTIIEEESOERMNARAM SIERALICS N, COBRFEROETIIRERX
TOBEBROEZHEMEDETE—HLTIVE, COBHITE, BRE<KERFETOHRLLEZE
BRZITVWAEZ<OBEEONRF 12— IVDPRFTHTHAOL, 7THIVIROBEDF
REBHTHD. > TCIORBPOERTROBIREREROETIIHOER, &b
<EBRTCOEBREEZNETIERORB/EEMICEKS LHEBEENS, Friedman
et al. (1989) 1%, JtKdD Douglas fir ZIRFFHRICHENT, BHEKRKDEEDKBHEIR
BREFRORMNTIIAR< BIRRERLLZEETIE4OER (HACHIBERREZEET
AHAREDIETE, HDWITIRWER) (KD ELE2RELUE, XRABEX TOEBRER
FROBETHESOBEDL D BERICEKDS Z L ERET HIEEMGIMEIZTONT
WL, SERFORMEHZEBDNS, TNICHLT, EEHEROLREHD
OEBEBLEROETIIROLD (CHRANTEETH S, ZORBHOBENIREES
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BEMKDSEHOTTROESAY, HILICKVIHEh/ERCEIRIIBELRZT
5<lr3LEZOLNS, £CORBBICERICH > THBRMSERET SEIREDTF
K&, BOTESHBEINI D oRFHEAUBNEGNTHIEESHD. BE
AEEEE L BREESCICEZERD C geophilum DBERENZOBHELS
WiExHMEZESR L/ (Table 15) Z&(d, COERREXIFITIHEHAD—DOTHS, HiR
BEEICHEDD, COLIICHELICHBEINSERICOVWTIE, BICRETHLEGT
%

ARBTHRSIN-BIRERJROFEHEIE, HFATORREHEOFHE(LD
REFED/HDOFRERR L, FHREREROE#MEFEXTONEER
DEBR DR, L, BREHEOERESHEILICHTIRIGICELT3IDDARM
[CHREMICMEEELTND LM REENAE, SS5ICSHTRTORBIRBEBRERD
HREMKTZLET, REXTATYRTIRT A<V EERERZ L TOERNDS,

BEMICEAFEBREREZ O DERSC<KHBICHTTDHEMBRENE, ChEDR
BRlZ, THIYKSTADOHEFEIREBESVPEEE L EMERR LSOO BHLEBR
(Deacon and Fleming, 1992) TIIFHATE/ARL, HEOREMNEZSIAFZIIRE
BOZEEREL TS,
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Table 14. Monthly detection of the ectomycorrhizal (ECM) types from
the soil samples collected at the plot. Nnumber of detected soil samples
were determined by the bating method of ectomycorrhizal fungi.

ECM number of soil samples (max. n=3) detected the inocula of the ECM type

type 1994 1995

Feb. Apr. Jun. Aug. Oct. Dec. Feb. Apr. Jun. Aug.

1 1
3 1 1
5 1

w
w
[um—y
— e 0N
(oY

BN
N
o

w1
FN
fum—
[u—

~d
oo
[—
—
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Table 15. Monthly detection of the ectomycorrhizal (ECM) types from
the soil samples collected at the plot. Number of detected seedlings
were determined by the bating method of ectomycorrhizal fungi.

ECM nunber of seedlings (max. n=24) formed the ectomycorrhizal type
type 1994 1995
Feb. Apr. Jun. Aug. Oct Dec. Feb. Apr. Jun. Aug.

1 1
3 1 5
5 1

—t
~d
w o

N w
w w
o
w W N =N NW-—

w
S
N =
— N

~
oo
[y
[y
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Table 16. Monthly detection of the ectomycorrhizal (ECM)
types from the soil samples collected in the grass land. Num-
bers of either seedlings or soil samples were determined by
the bating method of ectomycorrhizal fungi.

nunber of seedlings (max. n=12) formed the ectomycor-

ECM rhizal types / number of soil samples detected
type the mycorrhizal type (max. n=3)
1995 1996

Mar.l)  May Jul. Sep. Nov. Jan.
55 3/2 3/1 2/1 4/3 5/2
58 1/1
69 1/1
73 1/1
77 1/1
98 1/1

1) Soil samples used were 2.
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Table 17. Relative value of ectomycorrhizal (ECM) fungal inocula which
were calculated based on the data shown in Table 15. Order of the ECM
type at the plot is based on the data shown in Table 12.

order ECM relative associated order of the ECM
type value (%) fungus type at the plot

1 98 23.4 Cenococcum geophilum 9

2 53 7.5 Rhizopogon sp. -1)

3 16 5.0 13

4 33 4.7 7

5 18 4.4 25

6 55 3.7 Suillus granulatus -

6 57 3.7 39

) 68 3.7 Hebeloma sp. 22

9 24 3.4 Russula sp. 6 3
10 58 2.8 -
11 17 2.5 10
11 19 2.5 Russula delica 6
11 22 2.5 Russula mariae (+)2)
14 31 2.2 46
14 77 2.2 61
16 3 1.9 36
16 37 1.9 32
18 6 1.6 Tuber sp. 26
18 15 1.6 Russula sp. 3 2
18 84 1.6 Thelephoraceous fungus 1

1); -: no mycorrhizal tip was confirmed at the plot. 2) mycorrhizal tips
were confirmed at the plot in 1992,
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Figure 15. Monthly change in ectomycorrhizal inocula estimated by the
bating method of ectomycorrhizal fungi in vitro. Bars represent means
(n=3) +SE (blue bars) or - SE (red bars).
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----- y = 18.508 * eA(-0.066141x) R= 0.74569

number of seedlings detected
the ectomycorrhiza type

1 10 20 30 40 50
order of the ectomycorrhizal type

Figure 16. Order of ectomycorrhizal types detected in vitro

and its exponential regression line. Total number of seedlings
detected each of the ectomycorrhizal types and its oreder are

based on the data shown in Table 15.
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E5F HIRHBRRICEDLIBLFE, BPEROEELE LU LREEDORE

VA BREOWETIE, BREOEELRTF, LEBPICHRRLTHSESR, HDH
(FEBRFADOBRRIBRDOXFD LTI, ENETNOEEENRL SN TS (McGee,
1990; #IF, 1994). L L, AEFEIRBEOBRERICEBL TIILT L bRBRATERD
EATONTNBD LIIE VR, AEFIREOREROBFN TOBEEICET ST
A F Y XTDERAND Betula pendula DBHERERICEL VIaH 5N /= (Deacon and
Fleming, 1992), ThoDXRBRNMS, HIREOVMMESH (early-stage fungi) T
IXBaFAH, RIEESE (late-stage fungi) THERERY MY -0 HEIRBERER
ELTHMMICEETHS LEMmMAIToNE. COREERORRE, EFE (BS5<
FERBREEESRERML TWE) AOHERIRESEHEBEAOYIHICERS SN
%, AEBIREBEL L TIEO THERLR (KEEMHELRICES 1 REBRS
DOVMIBOEIREBEEICITIFHEL) THRIT 3.

Dahlberg and Stenlid (1990) (¥, XD x—5F>® Pinus sylvestris (Scots
pine) #®Suillus bovinus (L. ex Fr.) O. Kunze OFE&DB LB HN S, HHD
RICRAICRFTER L/CBENICSHRAKBRPIRIOBMICE BE>TENEND
A—>YA4 XEILF, EDO%IO—VEOMEICLVEBOBRGHZERENRL TS
CERASHPICL, AR TORERER Y U —JRREODERML 5 UICHELRTOR
FREOEEMERE LA, £/= Newton et al. (1991) (3, 41 FURTD
Quercus ruba & Betula pendula D5 TR EBWV-REBERXRRNS, BIRER
FREOERURY FT—VDEEMEZR/ULD, CHEILBPORRERY b -5
DADBREROFEETE LARTIIAN. CNOEDREETIE, FRBXEL4ETRE
LEL S BBEIREMEODPTORRRBADEEBMIBEMETIIES, KIDEBPIERR
([CHIET S EIREBHEO—MMN/RERZBASNICTIEZBNICERR - BHALTDLHI
TS, A

HEL M TORRRBRREOMAREIIEEICRY, HIRAORRREDNS ZOHEA
ICIET LARWSSIEEMH Y (Dahlberg and Stenstrom, 1991), » 3 WMIHEBEN
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 AEREBRROTENSBRAEEERICL YBENTLE 384555 (Friedman
etal, 1989), COXIITEHEELU TWAEREIIBOENICRAY, 8BS IIKIRIKEE
(CHOEREBRRXFEOMED, TOFHRXCEBEL O S BEFNEI ENBESDIC
ZoTWWELY (Miller et al., 1994), FMNXEI4BETRLUAELDIC, FREXTIRIC
(EEBPORRBHELHICEENGERE (BELEEHDSWVIKREETER) B2
<HBICRHMLTWSEEZ LGNS,

SEFIRE TIE, EEMNESRM (ecological specificity) D#2Ah% Harley and
Smith (1983) IC& VUL OHN, BATOERERLBEROSHRBOBER LDOLE
»5, BRRRICLUESHOSNIBIRBOBEHMIBARTLY S IBEHALY
b—RRICIKWNEENTES, LM LEA, Massicotte etal. (1994) (&, EIC
Rhizopogon BB %#%ERE U TAVWEREHERREEOR Y FREM S, HEFEIR
B D primary host plant &secondary host plantDB#EZ#/CE. ThbEH S
#84iE (primary host plant) DEIREKEZ L TOSRH T COLEREREET S
FEYTE (secondary host plant) &% Y, ERFEROEEMNSEMISHEMEYMELER
BOOMARBRTIILT UBHLHICTEANI EMNREINE, COBARKRIT,
Monotropaceae (v 23D Vo) OL5HBEZGEY GHEEIREN mono-
tropoid mycorrhiza %3 %) (Bjorkman, 1960) ##E® secondary host
plant £EZ hiE, EYHEATONEREIREKR TIIARERLATNELZS AV
B TIIH 578, Harley and Smith (1983) O4EMBIRMOBSORBTIIELSS
DOEBENEEh TR, F/, Masuhara and Katsuya (1994) (3BEATDS >
DEIE (orchid mycorrhiza) OMENS, BN THIREHKEZ L TOW2HIEE & R
ICE—mDTRMAPICERL, RBRMICABIRER T IENNRENBEOEES
FRCIXEREAZT > TWEVWESS<SHEEICEFHL T SHERLE. ELTED
BREMS, BIREROIFESEXEET S 2 D0 in situ specificity & in vitro
specificity EWSBRICEDE, LUBKMICHUZ, XBXEA4ETHLSHMIZZN
EERBOBEERNXIIIN—T (3) [, BS5OMBICHTIIY in vitro THRENZHE
BEAETOBERATEHARARETIIAN, LU, BRSY AT 53 ORBRERD
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TP CED LI BRTHETE0OD (KRG EBARD) BHASHTHELDT, £
BERFBRMICESVTRTIRAMNSHS DS TR, #o THREREOFHNTO
HREASHICT B ENVEND S,

FETI, LROLS BNEEBBRRICFOIBMEDNS> S, BREDE, BRE
OFME (BT, E% BRE) STRETYA IOBEK 45UICRRIHRDSEE
BEICEALTENSERRNICHSHICL, BREOBAEREEENNED S =
BY5-E5EMELE,

L #HBELUAE

TRERETATYREQOEME - ERLESUICHIBORIR - AE

REXICBEWT, ThENLUTORRICANSER 13 LBEH (VS—-ET)
BE&Z1995 5§ 10 ATa»5 11 AEAICHIITIT 2. ABREADOLIERODY S
17, REOBHE - £ERICOVWTIHE2F 1 HiDOAEICHK -/, BHEER 7 hAZEAL
7 hIYREZBRLEROBBLESUNICERETTo /. BRELIBOBRICIE, R
EXALDT AIVYMATHFOEBRUA— b L—THE®R, SBETRELTNS
TREAWVE, IREEE, BB Uy MLEBABORERNAANT — ENy
4 (Baxter Healthcare Corporation) IC/E23 R BLLIFTED, A—boL—7
T 1217C - 60 AMITo 7=, HREEFEORRKRICBBLTHNS IRBEEE] OFEEILIE4
E28iD NEER) OERICET S,
EHEEEICIIBERBBRLEREEOHT

2 DOLBEE (FhEh$ 200 cm3) #AWVE, 2REBEZE8 (Avavta4X
2 mm) [CHFTH—-ICL, REOFH#MEEIHKERAVTHENISVIELAE, 5—ICL
FeriEEEE 20cm3 0D 5 FOEREICRY ST, ENENIC 1 FOT7HTYR
EEBELE. RUDLTREZREELIT 10 5LV 100 FHRML, ThEhEHRLER
% 20cm3 3D 5 AORBREICRY ST ENEN 1 FDODT A YRELBEEL
7. BHER 7 hBERBALAELEE (1 DOLREHICHRT S 15 B&) DIRR
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TOEBEBRUERS A JICHEBIL (B2R 280AATRE), &E@EE (MPN
method; most probable number method) IC& Y &HEIRSY 1 TOEIBEBLERD
BEHTELL.
BEYA XOITRUTFSSLUVLBIERYACHRTIBRBREEOLEED
HE

6 DOLMEH (FNTh# 200 cm3) £RAVE, TEEBEEE2Y Y MLO=
B7SRIICANKEKT Yy FVEMZTHRLUSBERLE, COTRERRES5E
HOMREEACULBEEH (Ay>adA4 X3 EEN»S1.0 mm, 0.5 mm, 0.1
mm, 0.05 mm, 0.038 mm) ZBURBEZRRLE, HZEEDOEH (Ayadda
ZX1.0 mm) [CE->ATBELXUVERYMGEEBUR—OT7 S XAICAN, HFHzITkiEK
1Yy MLEMATHUSHEBLAOBHICEURBRERRLAE, COEREESD
—ERYEBLEDSL, REBOEHWNICE > TRE L UHEMEZKEKDFKTH
FITHEY, SEHHELTERLE, Sl&EHKE, KEORAET 2 BRECH >/=E

(Ay 29X 0.5mm) 2BERICL, 22 1CH-rHRELUERNGEE
2Uy MIVO=ZAT7S5XTICAN, EOBETENRENAEBE 3 Uy MILDSHD
1 Uy BILERICHULERELEDD, HAaghtE 4 BROERICEURBZREERL
7o COREEEIC2 BRVRLAR, REBROMICK>/ETBELUFERMEEK
ERDFKTRAZICHKD, SEAHELTERLE, ZO—EDOBREICKLYRTED
B (Avad4X0.038 mm) tOTWNFEREZENLUAOEH LOKFY (IR
RFSLUERYERE) 22N ThIERHE LTERLE, FEAREICESRIA
B3 Uy MLERBRBHICEVR—NR—T 4 NI—TERBL LHMBTF (FICHS
1) FEERLAE, #oTHEREHIEF LD 4 BEER—-NR—-T Vo —L0D 1 B
Thol. BETHIVOHAEFERIEIETAY a4 X 1.0 mm OF_EICERE
N, ¥FeAvat4X0.5 mm & LICIEKBORKFEERISZOH 5N,

ZOEFSIFICES S EBEOLRSBERES (& 20-30cm3 ) 2ThEhBEL
® SO0 mlTRAL, BRELEE 20cm3 DO 3FXDEREICRVSIITZT AT VYRERE
BHELA, REERE, 2684 (1 TREMICHEKT S 15 BEDOEE 90 E&) D
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IBRRLEOERZBURLERS 1 FICHEBIL L.
TROTVA L FanR-a REPBEIBERRRICSISEE

5 DOLXBEEH (EhEh# 600 cm3) ZAVVE, BLEEHEEES (Av>a
B4 X5 mm) [CHIFTH—ICL, KEOFHMEAIIREAVTHENKUIELE, 19
—IC L1 EEH%E 200 cm3 2 3 FER UL ENENAEREZ{T o2, BERAET
R (BEX) 13, 9<IC20cm3 DD 5S KOHARECMUV S I T HATUREEZBEL
o BRABIE-H—ICLBEAN, LEZYS Sy TEHLUALE 1881
FaR—9—RNTH 30CICRL, EDRE-—N—LEAZEFHLTEDYICZEDOR—-
N=T 4 )VF—~THBUEH LR 1 BRRRAZREBATH 30CICRLIREERSE
e, Bim c ERABEOZRIBICA A 3MKkERMIGL, £D®% 20cm3 DD 5 &K
OEHBRECIMUAI T AT YREERBEL /=, ERQERZ, RUIFL>OEZ—L
KICETHEAN, ARBE (W 4°C) IC7 BE, 4%E B -5°C) IC5 HE, BICAH
BEIC 2 BRANTIT-o 2, ERNEE, t#%E 20 cm3 7D 5 FOHEREICRY
SITHRYREZBEL =, REERE, & 4 @& (Gt 60 BE) OIRFLOEIR
ZEMRLUEIRS 4 JICHER L, BEBEBEREOSEELEMOFEERES Stat
View (Ver. 4.5) (Abacus Concepts, Inc., 1995) B\ T{T> 7.

. &R

BHREEICLIBEREBRRAREOHT
2 DDLREAHDORBENEBBI A TRENEN 654 TL 2 94T THok
(Table 18). BEIRY A TOHBRN S REMEEICK YR L/EHIREBRRROHKILL
THHLEBRMES 1 HREL/Y 1 BRETHYERS AT 68 0L 3.3 BLEE
CEDofe, BRY A TEERLEBRABREROMII 2 DOLBEANLE G 3BT
(FIE—EHL .
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BEHAZXOIBEFESLIULRPERDARICHRT SBRARFFEOEED

£

Table 19 ([C&ETBAERHB L DOHRBEIRY 1 TERLI=, BERS A TOHIBRIC
(FHSMRERSH Y, “hid Table 20 ICE LD, THROEEIES AT 84 (2
AyadA X 1.0mm LY 0.5 mm OFLOSEREHSEICREEINTSE
Y, AEBREDHD LHIEEIRD D WVIBEARRPBERICEZ>TIVEEEZ SN
%, BRI A1T 68 (A Y a4 X0.05 mm LU EDE LEOSBEREMSES BT
ENTHEY, HEERED DD LRAIFICEHARBEBRERICEZ>TIVEEEZENS,
BRI 14758, 94798 BLXUF 4T 103 Ay a4 X 0.5 mm H5 0.05
mm O LOFEFRENSREBEINTEY, BRE (EEMEISEENEDHD
H) BRRRICA>TWEELEZ OGNS, —AERSIA T 53 8XKUV91T7 77 1%
Aviad4X0.038 mm OFEBSICRBT DM EY A XOBREREREL, Th
SIIEFEEZOND, 947 53TIREUKREVNAY a4 XOELOSESE D
SbEENTNSY, EROKREMEENISENSDAY a1 A4 XD LOSER
HTRAYEOLBNFHLNIHERNECRFSAELTWEEDHEEIONS,
ITROTVA S FaR—2a yBENBLERICEZHHE

Table 21 IZRT&DIC, MBR CRERLERX)D 5 DO LHIBEHHEM T HIREIR
A TBENTNRE D, BHENELEEIRY AT (¥4 53, 44755, %
AT 77, 94798 $LUS 4147 103) BEHOENE. FENOOEIRS 1 TILBE
WEBOHER, HHOAMBIRNS — %R/ (Table 22), D564 47 53 DO
B, MBXICHRSRLEBX TIEED UHECERVEXTEMLE, 914755 8
KUV 47 77 DHRIT, HBRICHAFRELERX & EBAEX CHRIZECHEMU
e #4798 DRI, MBRICHANBELEX TIIEMNUKRNEX TIEELH
|pofe, 47 103 OHRIZ, MBERICIHEANSELEBER TIEE L <HED LERNE
X TIIZIeSEN > /=, ERBIROZHEL, MEEAEXEbED LD (Figure
17) #0EMIIHERLEX THRICHE TH YV EENEBR LU HEDM > /.

i
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. &8

REEEIE, VA BIRETRBRROEEECPHEBEORETLELIZAV SN
TEY (McGee, 1990; An et al, 1990; Hendrix et al., 1995), #hDFMAEED
HEM S, EFEDSBEEOMNEADOHEELREIICY, BeEEOREROFEEH
LINCTERZEMND, BHETESAEEEINTNS, BIRETIIBRERENE ICHEM
DRFTHD DI TRAEVS LD OREEXCLVYHREINIBEIENZEHERSGN
BB, FETBERE NS ABMBREOEZ BN BEICHEICEINIERTILA
<, COREEERICLUBESNIBEOHMIBHRIMILT UHBERTIIAL,
LHL, B4E28OEIRAY LIFRBOBEN S, FFFICZ OEASHEREHEE
SWARMFICHHOOSTHIRERT I EPALSHEARY, AEBIRBEICEVTHR
HERICLDRBREROBENARETH D EMNREI N, FRBRTORMEEXICK
SEBREBRLROBOMEEISLLEAE, T# 200 cm3 H/=UKETH 30 B
BT, BiRIAT68LUAND S5 ¥4 TTIIIRTI0BLUTFTTHo/. DI &I,
EIREOHY LIFRRICEVWTHRBRERICHERNTOMENHEYELC TGN
EETRET S, 2 DDLRHAHBORMEERICL 2BIEEBRLROLKELIZIZER—
Thorld, ARBERRROBEZEREIREMTAERL . BA4E2HOBS
BROZEHETRESRE SHRERLREANESLEBRMNESH L THBLEZED
5, SEREERCIYBETIRLERELEI4IZ2HOARICED IV HIRERSR
RELOBRERFNIILENHD. REETICHALERBOBREFREREMEERCL
DHZELAERERELS, #>o TERBRBROBEEOLEHAEITI,

TROBFHTORED S, NEFBRBOBRLROLESEOPBASHHA> /. B
SATORBENLSEBLSELR oM, BIRBRARIDOSII-T (2) BT (4
BELR) L&h/=EiR2 77 84 (Thelephoraceae £® 118) [IEIRE L UBERE
NEBBBREL D EMTREN., FBRRORENER S 1 7 84 & Atk
D% 147 68 (Hebelomasp.) HbERBEEXNSITIN—-T (2) CBRTHEHLBE
h, COERIES AT 98 (C. geophilum ) EH—H UL, —7F, BRBEEFESINS
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IIN—7 (3) ILBTILRAESNEEIRY 47 53 (Rhizopogon sp.) 8LUE A
TT77 3EHICRFRROBRETHIENREEINE. CNODBERIIROEER
RERLTWS EBDNS., TALLEHRBRERDE T, EICRRFEOFEDE
WERBRLTEY, BIREMOEEMNFRMEICESHOTIEEN, Leh> TEHIRS
A7 53054777 ORIRBEIBATIFREBECKRPFORFELTHEEL, B
THYMOBIEFOLO LERBEFOENREEIND, £EL, ERSRTOAR
SEHAEEDOHRICDNTIZEBR LA >, BE, HEIRY 1 7 53 (3 Rhizopogon sp.
EREENTIWSA, Rhizopogon BRDTFREERFEXTIIL<REDON>TWWE
W, TRPICHITIRFOERILTUHBAETIILAWND, 947 53 OBEIREOR
FRIDEVREETWSAESENH D, —F547 77 IIBERGEHOBLE RS
T, COEMLITYVORNEREIRE (Wilcox and Wang, 1987) & DOBIEMREE
hd. TNSOEHEICIE, PEFEERTIE (FERALCERTS5T2EE) ¥E
ENTHY, COZEBEYAT 77 OBRESNEFEREZIT > TS RIEER E#HA
EHD, CORERRICTHDICIIIA4T 77 OBIRBOMEZET TOHEREL &
ETHA5,

CCT, EIRIAT 53 BLUSAT 77 OBEIREORFN, BATEIRFESIC
KEEEE L THIISN TS —AT, BRENTRESICRFLERERICE 2D
DEWOBEBEL TS S, BRICHERELIIC, INSOBIITROEDIIRETT
DHEREENRD S/-RTIIEL, BeNBEGETORBEHY HIFRRTER
ICEIREA L (B4E28). BAICBWTRTFRFE0HH D OVIRBRT TRET
ZERIIBESMTHEVA, Friedman etal. (1989) HREL/-EIBRBRRLEHEETS
BUREDEIED L S B TORTFRFBPEEZEANBEXTRESLTLSDHhHHN
44N

BEEBRBREERSOS/IN—T (1) LRBINAERS A T TIILIROES (FD
KRN STOBEFROERELASNICTEILETELRD M, JI—-T (2) &
LUVTIN—F (3) LDOUBDSELLIE, BIREBLUBREDSZOELBERTH
35,
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REBHEINOHRELROBELNE IBBRLEOBKXEL(EEDI I EMRALSNIC
Boft. 20536, ZLDERIA THRBLETHREZETESES AT, ERY
A7 55 (S. granulatus ), #4777 5W3& 47 98 (C. geophilum) D
REEOEMMSEE I NA, BICYA4T 98 13, BEROFHT FE4E28) »
SEFOSVHMEYSRIURICOTEERET I LORBENN, TERNMDS
FENERFICERMAEAMRESREE N, C geophilum HREXICEWTHICE
FICEELERE GEM) £8>5&LEFZ6N, KELEHEENE ERHRICEIRS 1
TOHREETEEIBENH /=M, 94798 947 103 TIHEEZITT,
FhdA4F 53, 94755 8LV T 77 TIIHBEEMS /=, F4ETHAL
&Sk, ERUMBSARIRPOBRLRORFLFELBRBEIRS A TELERICTIH
RIIBHONGEM M, ZDOBYAL4T 53 DRIEBZ1T 98 LRABICRELERD
EHMEICHOBERIEERLE. LDL, 947 53 ORISIZZA4T 98 L3R
UBTFDORIGEEZEZEND, COZEMD, 947 53 OFBRNBREOBRREDET
(3, 947 53 ODRRRTHH IR FAFOZ/AICHTIEBHRIETIIALS, TIRH
KOBFRIFOFEMROEKICKSFAIREMENH D, TEEHD LY OBREFEOES
BREIHBRICLHEAEELETHEIL, COEDLOLRRRTIIREFEOZEED
FEHEL B4E28) 2HATE LD OL,

FETH, BERABRXEOTRPTORE, BB, KOSWICRERISICEL TOXER
BRERLE, BREROBOHEMEIT, FXRBTIEIBREROBEIRERE ERBXV
ER) OBMEFPEETRAENLETREL, FRBRICLVELZEORIRRBRLR
ERETHIENFAIETH D LEZOND, BICTHEPOBEIRFRFREOHELSFHIR
HENIERGHSHRIBIRI A TERTFNSBIERIATOKRELS 2 DDI I —
ThHBEEROLMICLE. FREXTESNAERS AT BIZE9147 84)
DERSLUVERESBERE UTHELECLIE, BARTOER XY b -5
DRRERE L TEETHD LD FER (Dahlberg and Stenlid, 1990; Newton et
al,, 1991) #%#3d 3. FAETEBEFNLATEOEIRE (FATOBERERSEIH D
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WEEIREZ A Z L TULVEN) BFOFER, HOATOTREEICH T 2HIBEHE
DRIGFPHZHLILTWSEEZOND, JYERLEFADLDHICIE, EREOE
REBORERICCEMZE(E, €OREASOEENMELRRKICTIRIREOZE(LD

RPOERTILEND S,

96



Table 18. Most probable number (MPN) assay of ectomycorrhizal

(ECM) fungal inocula.

soil sample-1

ECM number of seedlings detected the ECM types MPN of
(max. n=5) 200cm3

type 1 x dilution 10 x dilution 100 x dilution soil

38 1 0 0 2

53 1 0 0 2

68 5 1 0 33

77 1 0 0 2

84 3 0 0 8

98 1 0 0 2

T g i G T

soil sample-2

ECM number of seedlings detected the ECM types MPN of
(max. n=5) 200cm3

type 1 x dilution 10 x dilution 100 x dilution soil

53 3 0 0 8

98 2 0 1 7

P R g e
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Table 19. Sieving assay of ectomycorrhizal (ECM) inocula.

detection of the ECM type in the sieved soil

soil ECM sample
sample  type 1.0omm  0.5m 0.lmm  0.05mm filter
mesh mesh mesh mesh paper

A 58 +
68 + +
77 +
84 + + +

B 53 +
68 + + + +
84 +
98 + +

103 +

C 68 + + + +

84 +
103 +

D 53 + + +
98 + +

E 53 + + + + +
98 +

F 53 + +
98 +

Table 20. Sieving assay of ectomycorrhizal (ECM) inocula.

ECM  number of seedlings detected the ECM type (max. n=6)
type 1.0mm 0.5mm 0.lmm 0.05mm  paper
mesh mesh mesh mesh filter
53 1 2 2 3 3
58 1
68 2 2 3 2
77 1
84 2 2 1
98 1 3 1
103 2 1

98



Table 21. Temperature effect on infective ability of ectomycorrhizal
(ECM) inocula.
original ECM detection of the ECM type in the
soil type treated soil sample
sample detected Control 30°C below 4 °C

A 42 +
53 + +
55
98 + -
B 53
55
77
98
103

+ +
+ o+ o+

+

C 41
53
55
58 +
72
98

+ 4+ + B+

D 19
53
55 +
98 + +
103

+ o+ o+

-
+

E 13
53 + + +
58 +
98 + + +
103 +
unidentified +

+

Table 22. Temperature effect on infective ability of
ectomycorrhizal (ECM) inocula.
ECM  number of seedlings detected the ECM type (max. n=20)

type Control 30C below 4 °C
13 1
19 3
41 1
42 1
53 8 3 10
55 1 3 4
58 2
72 1
77 2 3
98 6 10 6
103 6 1 5
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number ol ectomycorrhizal types
/ treated soil sample

control 30C below 4 C
Soil treatment

Figure 17. Temperature effect on infective ability of ectomycor-
rhizal inocula. Bars represent means (n=5) = SE. Different letters
indicate significantly different means using the F-test (P<<0.05).
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FOE KSEER

5 FMOMGREN S, WERANT AT IYRKTIRZELTOT AT VHESHAESR
REERLTEY, BOTERLEBRD SAIBIRBAMESGTET I EBBELD
[Chxo 7=, BEMERICEATEEMNENNDS 79 ¥4 TONEEBRISHEREh, EHIBY
A TR ENTNBIREOENRED LEZAOND DS, REKDBAEELZY D
EREEHE LTI Bruns (1995) IZBFSNTOLIBREOREDVTNELY BE
LL<Bho7k. COLDICZHLBRENSLIBIERABEL, HRESROMNUTE
EHE (early-stage fungi) L#EMFEEE (late-stage fungi) OBEEEAHTTIC
oA ¥ YU RXTO Betula BHEMOHERHMTRO SN BRLEIRERE

(Deacon and Fleming, 1992) & (3B TH S,

CNETHLERRBHEOZSHEECHEEICHTIHEL, AEEBAOFEREHED
HREICEDETDONSZL0%< (Arnolds, 1992), BEIROFMLET -2 ICHDO<R
RIRONT IV, FRECEDTORED, REMSEREREORETIIAN
ERET SMEILIBIMN S H -7/ (Zak and Bryans, 1963), A TOEHELEIR
BOEBHREREDOIUBDSBLSDICTIHEAIEFL SR —MILLDDH D

(Gardes and Bruns, 1996), & (lLH, 1993) (I, FREXICEWVTHEHIREF
REOSTBEADB TN TNS LV BERERD S, REBEOIERICHIEREDOHD
EREMRICTIVLENHDLTRLE, FRXEIEORRIIEOEFEDETREX
RLTBY, REE4Z2H0BRE, FRERELFICEDVTIRPOERD S
MR R ICHIRBOEBR O ERICHETERVSZBARLAEZBDEVNZS. L
L, ?iﬁi%EEtE#ﬂﬁ?ﬁii@ttﬁ(iﬁ#ﬂ@ODE&EB’Q—@IEEB%%ﬁt:ﬁf:o b
H Russula RHEIIEREL FREREBH(CERENTH>/=DICHL, BEESUR
H8NE Mo/ Inocybe BE (LHE, 1993) ICBAL TIIFREBEHAT S (TD
ThIYNERBRIROSNEH - /=, HEICEHIREDZ > /= Thelephoraceae £o
1EICHET 5 FREOREILBOONGED /. COKD ICFREDRLEIIH
IREHEOEBROBEICIIERZ LAV, TNThOBOEEMRBICBIEEEH
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THEOEERFBRERE L TSA[EEMILH S, Gardes and Bruns (1996) (3,
FRABLFBEBO TN O L EHRBEBR TOXSREERZDHE SFAEDENIC
i, BFICEHBECHRFREEEOZNVEICBHLTIIEOBENEREZETELENS
WELTWS, WTFhIZL TS, FRERECED<<EH-BRMFICL>TREESN
ANEBBEBEOMRKBEMACZIREICIHESHEICEHAT S35 (Villeneuve et al,
1989; Arnolds, 1992) (IS5EBERFORMPBH D EEZS5NDB,

ARERX T Russula BEOEBSELSL T LD Z EE, JEKD jack pine #%

(Visser, 1995) * bishop pine # (Gardes and Bruns, 1996) TRussula BH
OEIRBESLTWVEEOWDIHRRE—BLE, REASHICEShDDOHIH 2 LHKS
TOREIRFREDOEHELIL, DNA ##17 (PCR-RFLP %) (CED<<HIREOES - B
& (Gardes et al, 1991; Henrion et al., 1992; Bruns and Gardes, 1993;
Gardes and Bruns, 1993, 1996) IC&USEMEMICEHASMCEINTINK EEZS
h, SSHICERBOBEBEICHELERITTRER, TRHDVIHBHERDLLEH
RPAIBEICRD EEZ BND,

FRAEXOEIBEIEIL, ZDLDIC Pinus BHENOHKS T COEBRED—KY
BURERFS, POESEMOBO TEVVEHER>TWVE, DI L, FHER
58 Pinus BHEYOMS ICHREEZSHEEOS O BIREHENGFET IO EBINT S
HOEMTHDZLERLTNS, TUTEHREBETHEILA L FA—-MVEED
FICFEETDTHATVIRRLICIIUIEUVITEBRORERS A THHEFETH L (B4
& 1§f), Figure 7 $ KLU Figure 8 OHEIRY 4 7O EEMERIS, CORABEXDX I —
MBI 2BREZBREPROAFERADORAFETHSLERLTVS, FHE
XTHRBCRDSNBAWAIRR L TORLEIEIRY A TOHFHKIL, Ogawa

(1985) % Miller and Allen (1992) IC&k > TRENHERBIRED—MNLS
AR ELBIKRESRAEO>TWVE, COERDPRBERR T —ITOHBREREDZHRE
ERELTHETS (THADLBESOETIVELA>RERTIIEIREOZRENSE
REXDODETNLVBELSELSZD) ODOEMIEBESHTERAEND, BSOBEIRES
R OER TIIERBAOMNZEA (WENLGEDBME 1 Fv TOEIR) HER
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ENTVWBDD, HAVWIEBEAORKREDOSHER, HICAEOBEREIO=Z—2ERK
THEOSHBFERZMY LIFT—BILEZHLTLS LD ICBDNS, LHOLEREX
TOFRERENSE, BODRT LS BBRBORBEOEREIO_—2#ATS
C&EMSTE, Figure 8 TOFREABEBHREBEIRY 1 THOEBEMBOLLEIIZ O H itk
KOFBZHIITTRLTWS, TOBRESLT UGBS O TIIAND, HIREEAL
TEIRBERDOE (BEOBRSATOHRE) LIIREY, FREREBCERED
BEMEEEE (REDIOZ—2HMNE 5 FRERE) SEC, BRTOERK
DEEMUBOTNBELCLTOWIBESEESN, SERFTILENHS,
SNEFERBEMETRFREREOHBIFHUSES MOBEENTNS—AT
(B2 1E Dix and Webster, 1995), BiROFHELICHTIBEIRONTINS
(Vogt, 1981; Vogt et al., 1981; Fogel and Hunt, 1983), Z® 5 biFICHARMR
TOBEOEEBRECRBEZILO LT IHEREDELEHDE TEMLARSEL
monTuway, BROEMNZELICE, BREOFRERESLARICRELBKE
MWEETHSLRARKIC, EYIRRO T/ O —NEEBERT S &M Fogel and
Hunt (1983) ICkUREhE, LHLIDLOBTF—YREZOEERICHIDDS
THEMHBIZEAERVDODBRKTH S, B4R 2HOBENS, FHEXTHEH
RESPPTBERGD S BFEHLEILERL, BFELKFLCE—VERDLEEZILND
(Figure 11), —%, BRI A1 TOZHRELEEHLE{LERL, TOE—IILFICR
Hwohie (Figure 10). b bREOE—2I—HBLAM>/k. COZLIIERHE
DEHRERMTOERBOBNERRL TS EEZOND., ZD5bEBAMAE Russula
BRREOEREOFEHELILHBEOFHLTILL(IASH/RENERYE, BEOKXKE
BUEEDFEHB (CHIREMET I TOREL SKFEICHITOEBREDEMER
L7= (Figure 14). BIREDHELETOZEIIZZ D Russula BEDEALICLEEXD
WEEZAD. BIRORBFEN S RAIEREOFEHE(L T, HIREN BIXLEIRESR
PREECEVOFTN) OFEHEAPIBRPOBRBEOBREFEDOE(LE V-7, EIR
HAEDO LU BENZAEISILT USBERICTE RV, BHEOBEYIRBA~NOLEL
ZZBLTHEETHD, BREOEIIIBPOFERREROTNEELRTI8D—

&
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DTHY (Fogel, 1980; Vogt et al., 1986), E/A-HEiREHEMDELLIH < LIREHM
EYBEOEETLICEAET5Z L HRBRMEBLN S RN TS (Colinas et al,,
1994; Hiol et al., 1994; Ingham et al., 1994), {#t> T, BiBRABEDTH % FH
ZTHERECPIRPOKSEELLSY, BEEYO 7/ 00 —-LORENSH
HICRET T 5 2 L IFEBRE N,

FATOAERBRBOLFHEXIERBE D LOHEEROBERTH DM, FHRE
XTOEBRDOS MR (Figure 5, 7 XU 13) H oI, BOER TORBMN/ZIE
BEHRPBRARKIIRDHIC V. BATONEEIREXBOBEOEMBROEE L
ZOEBEEIIREBESHICEh TGN, Thi, SEFREICEVWTRERD LR
RTOEERSUICHEZICH L THEBEERNL T LBBHESHITSh TV ENS
& (Miller etal,, 1994) HNEELRREELE>TIND, FBXTODTHIVEREEH
WEBREOHEERY S, BRAOESEESLCEEICHREENE(LNSHS
EBASHICAY (B4ESR) , TRUTFONTEEZBASDOES L THIRER
RROEEEZMASHICTDEN L Lo ES5EER). TLTEARERTOHEIR
ERRREE LTI, BIR, BRI S TRMPICHUZIERE, BASUICRFOIEL &
H 3 DOWELDHY, RRT TORRBBRRFEHNBLHFNATOEBELOLENS
RRREUTIIR 2 BENEETHSZ EMah o7, £, LBPCEIBFCAFOL
SBARBEROBENCRBENSSRFET S LMASHELRY, BATIIHERS
NTWEWHTEIE 24 94 TOBBOSRBHICHR SN, COKSHBENGZEIR
BZNM%TEET, FREXOEREHEIBARELXBREROLUENS3DD
GATIZRFTBIENTE, HIRBRESOEBEWMBNTEZIENTEL, TITLU
TOBRICRATHIIEBRHEEEL, ThHDE,

II—7 (1) - BATORERERICERRBRT COREIRHRLRESE L D0\D
HBNVWIELBEFENRO NG, THOELIRFISBERFEEZEFLETEE
50, HEIWIHIERGT TORERORFNDOECLY, RBT TIIEREREZE
ClaWveEZS5NS. Grime (1977) [CRAIEEITIN—T 3 GEBEE! (combative
strategy), 7= Gadgil and Solbrig (1972) ICi¢Z I K#REEIERATEMT
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&5,

TWV—7 (2) - BATERICERERZT>THEY, £LRBRT THHARCEIRER
FRELNROOND. THROLENSOEIREOBEIRC LB ICHN ZEREHHHE
RETTHEOEERRRE U THEET S, Grime (1977) ICRXEFIN—-T1L
C-R-#:#&%! (combative-ruderal strategy) LRI EMTES,

II—7 (3) - BATHREHDIVIL<BEREADROHSNAVDY, RETTIIE
IREBRRREENHEENZ<ROHOLNS., THDOLEENLDOEIRBORERIE, FICk
FELTHRPICAIRRETERL TS Y, REIXELASHTHEWSHEICEKTFL
T in vitro TOERERDSE > TEY, SO EHLERSIV—TIBENLEIRE
Thd. Grime (1977) [CRAIEESIV— T3 R-#BgR (ruderal strategy), &
fc Gadgil and Solbrig (1972) IC#Z IS r- BB ERLETEMNTES,

1 DOEREHEATOZOL S HEBYMEBIOFEEL, BEOBZHEMEHHA
THLETREETHS, FAHEX T, HICEHEFICHTRNEHEBRDZEICLS S
ZZONSTROBECEYEC LOSARICEDONE, £LEB4E 1 HOBERD
5, SUYYAICERUAELIRIOY IORBACIITHIVIRRSRDHONE, fEo
T, EOXSBHMEBICKL DS TBOFIOER, BHET T VIRROUIE®,
EIRBOBERGOVIMMEREICES > TOSAREMSE . £0 &S AHELLWICK
FLTHERT DENZHDHEERE TH S Laccaria bicolor P. D. Orton (A ++
YRx&7) (BR, 1989) SREXEITIIERZNTESY (Yamada and Katsuya,
1995), LREDIIN—T (3) bREOEMEHERE L > TWSAEENENH S, TIRD
MNRIEOHEL (CKEF T SHIREL, JFETHH (Strong, 1992) ICRAISEZSHKEE
ETHBELRERTHDN, COLSLEHILBPTHRRERTSHSTHTVIERIE, LR
DIINV—T (2) HBBWNITIV—-T (3) OEIBELBEFRERHOELEZON, SEF
NATORAPVETHD, FLEATOERD S, AERTOT7 hVEROSEIC
EHRMEHIC, BIREOHVHICAVEREFE2TOLIRALTRIRARRERE®REL
feo 80T, FRERTHATYAROLBRREL, BEITEY 2EMSRBISEBHPOHIR
HASUICEDMOBIRBBRERICE SN TSI EERLTWE, UL, &#E
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ELICLIBEIRBBRLEFOBEERLT LB AL, TOILIERBERICIIED
ERMMESLT LHBEETRARNILERELTNS, EHICHERRTOTATY
REBRETORABIERI A TORBGHEAIABERTOT AT VIRR LD EN LR
BThU, ZOZEMNOSHIIMICHMRLTEATHTVIRRLETEIZED R- LU
C-REBIOBIBRHSBEIIRTEAL, SBREEZROALEXR4ICBED C-R-B8LUC
- EHALBIT LU TO<S#BRSI#HAZND,

EHRBEOHFRRICEVVT, HFIRERMORLIBERGTAOFILENRERICE
BERIFFTEPBESNERY, BREICHTIBEROERMRLDEN®, EHIRE
RAEEZSHITREROFELETELE, COSBEICERL 7798 (C
geophilum ) OBRPEEDOBZBMEPEIRS 17 84 (Rhizopogon sp.) DRERED
(ERAEICLDERBRPEDHEKIT, WEDOBRPREEDOEHZE( (Table 14 LU
15) BEICBEICKHFET S LERELTIVS, BATOREIROZSHEENSETNIZEE
ERFMEAZERLTOEL (Figure 10 LU 11) —A T, BREROEFZE(CILHA
BThY, ZHROBEIRS 1 THLKFFDMLBh SHFE N/ (Figure 13), #ELICH
THRIGHEDEBVEREIC, BEICHTIRGEOEVOERBERICES (T SEIREAE
SOEZRMUZHRATIEELRERLEIONDS, FPEXROTIEEEY 10 cm TO
HiRE, RFED1CHLEFED 25CTETRESEHLTVEY, COBREHNEIRED
FMECL VS THEDOSHEMOUEBICHRNICHO TS AIERNH S, DM
B, YERBROROIOERERTE (ERSLUVER) OHAGbEICLYBRT
BLEZDN, SEORETHD,

BIHCHRAR=EDIC, FBRERT7 AT YR THERESNALEFBEREO B TR
BV DEYR (BIROY 1 THEZIEEAL) &, BFEO®E (HIAE Bruns, 1995)
EHBTIRYMBATRGED >/, LML, ETOLSLBHREEREL SHIHE
(3, RERIRELST HIYORANEHER LI TRES I EFNETHEZ2HE, &
B2 IRERBMSMEZELD L THBEINTWS LR E N, BRNAZIRR
tTConLSLEIRY 1 TDHTE (Figure 5 LU 8) LRABREDHIBEZHE
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(¥, KA YD Fagus sylvatica A THREHHENTIVSA (Brand, 1992) , ZO#TF
RRIILTUHAERBEOBFNEAGHERNLEARAENT I AN >/ (Ogawa,
1985; Miller and Allen, 1992), Figure 5 ICREN3 L5 HREBHBAOHEFIE
HEXTRRLEBEOBERATHY, ThIEFRHICL>TKRELEDLDZ &I34L

(Figure 10), EILORELRAMICIIZ T AW B Figure 13), #D—AT
BEOBREL TBOBEICHT S RIEDENICE L TEEMICHMELTEY [HIXE
G, C-R-, B&U R-EEE] E4E2E), BREICHTIRERREORIGTHOMEE
£ U T/ (Table 22), BICRFROBEN S, BIRBREROBOERMREIIHEY
BETHRWEEZSNS (Table 18), T3 LARRIIMANDEHESHREOHIFESE
<HATES, $LE1ETERLL NERIBREE) SRABICIEPICITHEED
LBERE EERTTYOTEOFESHAOHELD) BERLTWS I EMBEL
DT> fee FRROHAEBIREBHEDOSZSHERTOT FO—F (3 Figure 18 ICEH
Ehd, |

AEBIREOERICEAL, BIREOHEMSDLEIE, LIFLIL early-stage
fungi (FEIEEHE) & late-stage fungi (ERHIEEE) &0\ 2 DOHEREEITEREA
ENTWS (Deacon and Fleming, 1992), /DI %TIC, —MICHHATIEHR
SR ICYIIERRMNEAL, BRVICEREREDZRENIRICTET TS L
HEASNBEAaNDHS (Dighton and Mason, 1985), LML D& S HBRITIEA
REXOBERBHE WICSEREDS) 2HBATERN. SERBIRBOERICEITS
HEER S RMERRORES LT LH—MKATHRWI &(E Newton (1992) [Tk
RENTWSBYTHS.

AR TRHW-HERITO7 7O—F (Figure 18) (3, ELEZNICEEOSKTH
318, COLSICEDTEZHELEBIREREDOERL, BHICTOEMEOLERENSME
EHEFOUEMPSEONCLE, SEREIC, BEEEEZHEHL TWSRIRHE

(Whittaker, 1975) OR®7 QI VYKORKIBIREEZERTSH LT, XREXDS
BEREREDORIZ X VEALNCTEEMAETHS D,
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Ectomycorrhizal fungal \ ;. 0alysis
community at the plot bution Patte
and Mpy assa o
- high species diversity - ———— coexistence of
ectomycorrhizal
fungi

seasonal changes
of ectomycorrhizal
fungi

presence of potential
ectomycorrhizal fungi

(dormant or
saprophytic)

Figure 18. Scheme of the approach to analyze species diversity of
ectomycorrhizal fungal community at the plot. The high species
diversity in the community will be maintained by the relatively less
competition and ecological differentiation among ectomycorrhizal
fungi.
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BE

7 A< (Pinus densiflora Sieb. et Zucc.) MR ICH TR Z# N EHIBEAKIT
BICTEENTSEY, FAETEFOLOILEHKANICEANEEIBEEABEOHEELZFD
BEEAPAOHICTRLAZANICERETTH /=

1.1 Zh=VSEEIROFENTER

1992 % 5 B, ZRWEO (I, WERFHBADT h< ViEEH (BEH 45 F)
HNIC25x25 m2 DRPEXREREL, 1996 F 6 AL THARAEREZT-/. BEXN
TERLULETATYBARBLUREDOHIELZEMFE T CTHEL/EER, HEICAWE
HI3AFyTEHAIMBORBABAEREIBEZERLTEY, BICEHOENHE
BICEDEENONEEBEHAUAER 79 944 THHEREI N, BRI N/=EHR
A4 TEROBEIIAEPRICH > THEML D, ZOEMEBERBRLICHKIL, 2D 79
Y4 FIIAEXTEIBERL TOWSEBEOABSEREL TS EEZ SN,
21994 F 2 ALY 1996 £ 1 A (LA THER (—BZHBEER) CTHEEHKNR
LRBZENTOEBEOHY LIFRBETH>AER 60 94 TOAEEIBSNER
n, BAEMOBEREHHLIHT 103 94 THERSINE. b, £EIBRS1T0H
204 % I2H7=5 21 4 JTIIBIREOEH S W IESEETE .

BHIRY A TIHEBREDOEL AN TOEWVNCEDZ EEZ LGNS, ChiZEICES
SONEBIBOAREREBEFOREICHIRATHIBOENRFIHEZICETE, HIR
GATERELEZEICES., COLD ICHEMBBET CORIBREEICEDEZ 100 ELAX
WONEBEIRBERIBYA TELTHANT S EMNAIETHY, ZDIER, EDX
SICHSHLHIBEENEE THIRIA T ICBRDEMATEDLEREL TS,
1.2 _Cenococcum geophilum D4/ A rDNA @ ITS fflsk & FIRCRE & D LEE:
ABTId Cenococcum geophilum Fr. L EZ SNAEIRS A 7 O8 ICESEHT,
BETOEFREH D 1 BIRS 4 TOB O ENSNASRLBECRHLE, TICBE
XAFEOHNERRY A 7 98 m 55 EEEL, C. geophilum EEZS5NBEED 10
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Bk (—EBIIELICEBARERD S C. geophilum LHEREIhTW3) BLURER
TRERVWEEREOHY LIFRRICHE LA 121 £REEGD 79 £EBER D SE]
WEn/= C geophilum OHNEEIROES / AUKRY —L DNA @ ITS faik% PCR
IC&VIBIEL/-ER, BEERIL DNA HHT#H 560 bp £LE—T#HY RFLP ##H1 T
HbEFWICETR—NI—2ERLE, LEDOZEDNDS FEN 1 BRSAT (5147
98) TEEEND C. geophilum [LBEMICH 1 BEREEN, ZOZERBERRT
DREIRICE > /- TTRETEERTSERIA THENThEREOEL NILDEINER
BRLTWD) LTHEBXEZIBLE,

2. BIREOT7 HI VIR TORGBRE SUICHRNTOES M

1994 % 10 AICHERTY ¥ —E FOHRER 20 x 40 cm2, F& 0-10 cm B
THIOvHEBYBL, 5x5x5cmd HSES 64 BOMERTOY 2 IC5HFT
FNTNOMTRTOY s hDRT HTVEREERLERS 1 T ICHEH LS,
15 4 7HiRE N, BiRIZ 49 BOMTE IOy SRICHH LTS Y/NLRT
Oy o R TORBBEBY A TOHE (BAIZ65(F) FEBETHok. ZORE
FAHERTOLOEE & —HL, BE-ERERCETBIND, KALVAILT
OEIREHEDES BN LETEYOBHIER L TORIRS 1 TOREOMBELBE
ICBIE T B C EAREE N,

HEEN D, BRESEFERLTHETRINESHHERL, EROFERESE
ENSRBTLSHASHICTERNS EBAM o, ELE0OL O BEBEDSHE
KFNETRVBEHF SN TOAELS, BHATORBEOEMBESOEECKIBEE
25 L TREELEDNS,

3.1 7hYSNEBIBOFEE{LE L UVIEHEAR

1995 % 7 A 5 1996 £ 6 A IChFTOEAR, RERICEWTUSY—ETD 7
X7x7cm3 OB IOvY 4 @EFDRL, 7HVERZERLTHEALE, D
DER 63 9414 TONEREIRSHEREN, ERF v TEOSEFBEXTOELER
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Russula @@ & Thelephoraceae £ 1 BTHAIZEMBAOMIH- =, £-EH
BYATDF v THEZDIRGLISFLLRHBICIIIERE, BHOESEMEEZRLE,
% DEIRS 4 TOEHEALIZLT L OBRTAE<, BRBIGATESHS—EOKERC
#REnTWED, SRETRENZEIRD SNRFEHSBFICHITEEENLE
BICHELLTW . £/B 507 Russula BEOEIREBOENHE(LIIEIRLUDEE
ZERZSERY, MEHLERFELHOITHREICERILTWE, COZEMDL, £
NENOEICKVFEMERD/I -8, BIREHEOFHTILTRIZENS
BFEICOUTHEESEIROBEMRT I BN,
3.2 7HRYSNEBIRBEOREROFHES L UV EHERK

EREOHY LIFRBRICL I TBPOBBEBRREDORENE, 1994F 2 ALY
1995 F 8 A £THE, 1 vABEICHERLE 3 IRABICEDEZRBRETTEC
Eofe. BRERODFEHERIHN TOBERDEHETILICLEXEABRTH > 208, WED
FHMTIIRAE->TEY, FEBRLRETELINTHH>EERSI AT BXIELC
geophilum ) EBFATOEBEDOEBLERLTLH—HET, BICH1TS 53
(Rhizopogon sp.) O#ICEFERN S EBICREEINS —F THH TORIRERL
HBREIhTWEWSDbH o7, COLDICHIIRABLABRROBROLERDN S,
BERTOEBEIIBREER FICHILICHT 2 RIEN) DBLMS, 3 DDFIL—
7T (EREMMETIN—T) ICHIBEMNTEL;
TI—7 (1) ERE >> BERE - - - HELICEEL
TI—7 (2) HIRE = BLERE - - - HilOKED
JI—7 (3) BiRE << BRRE - - - HILKEN

4. BIRERRICHRDIRRFEE, BEROWESLSVTREEDRE
1995 &£ 10 A5 11 BICH I TRER THERL/AZTBOSOBREDOHY LT
RRICKVBEREARRICHLDIABERORF T o
TREFROSUICARYMEORS T 2BAEDOELRBO SEIRADRREL LT
(IEIR, B, BOUICRTD 3 RESEET S LHEESN, FHEXRTELNG
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BiRE %R L /= Russula BE*® Thelephoraceae £ 1 ERLEHSEIBES L UER
& T#HS—A, Rhizopogon sp. TlIEICRFRELEEL TS EEZ OGNS,
FeREEXRZEASDOE/LBIREOHEREDL S, BIRERREEEERS<AZ
<, BREBEEROBOERSLVENRFOREIIEN EBREEINE,
BICTBORGIEENBLELAEDOHAERDS, BIREOLEPFTORE(CH
THRIERNARICOBNVESUICHIRBARREICKEEZSASIIREFOFENHS
IMMTIEo 7=,

LULOBAREBEELIVURBERD S, FREXRT7HVYRRICIIEBD TEHL (B
FORELDUBETIHRTHRHESHEOS ) #ERENSKINEEHIBEBED
FEITDLHASHITRY, BEDIAFI/REERT S L TIIFREICHKRNE
FRtHh B,

COEDICBHLBBEBETIE, BETAYYORFABRLETORLESIEIBS A
TOHETIEFNAMELRES, SLEBERTOEHER/Y—20EN, HB\
EIRERRAERICBT 2 EEMNMEEECTWBIESBES M LR, TNHIEMAN
PAERREREOSHEMOHIE D F<HBETE, FRXRROTTO—FRZOHE
DEMICEHEEZSNS,
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Explanation of plates

Plate 1. A, view of the study site; B-G, differential interference
micrographs of mycorrhizal types (magnification: x730); B-C, cystidia of
mycorrhizal type 1 (C, stained with cotton blue and toluidine blue); D-F,
mycorrhizal type 2. D-E, cystidia (D, stained with cotton blue and toluidine
blue); F, surface layer of the fungal sheath; G, cystidia of the mycorrhizal

type 3.

Plate 2. A-H, differential interference micrographs of mycorrhizal types
(magnification: x730); A-B, cystidia of the mycorrhizal type 4; C-D, cystidia
of the mycorrhizal type 5; E-G, mycorrhizal type 6 (Tuber sp.); E-F,
cystidia stained with cotton blue and toluidine blue; G, surface layer of the
fungal sheath stained with cotton blue and toluidine blue; H, cystidia of
the mycorrhizal type 7.

Plate 3. A-H, differential interference micrographs of mycorrhizal types
(magnification: x730); A, cystidia of the mycorrhizal type 7; B-C, cystidia
of the mycorrhizal type 8 stained with cotton blue and toluidine blue; D-E,
mycorrhizal type 9; D, thick-wall globular cells in the surface layer of the
fungal sheath stained with acid Fuchucin; E, cystidia stained with acid
Fuchucin; F-G, cystidia of the mycorrhizal type 10 (F, stained with cotton
blue and toluidine blue); H, cystidia of the mycorrhizal type 11.

Plate 4. A-H, differential interference micrographs of mycorrhizal types
(magnification: x730); A, cystidia of the mycorrhizal type 11; B, cystidia

of mycorrhizal type 12; C-D, cystidia and their array of mycorrhizal type

13 (Russula sp. 1); E-F, cystidia of mycorrhizal type 14 (Russula sp. 2); G-
H, cystidia of mycorrhizal type 15 (Russula sp. 3).

Plate 5. A-H, differential interference micrographs of mycorrhizal types
(magnification: x730 except for F, x365); A-C, cystidia of mycorrhizal type
16 (Russula sp. 4); D-E, cystidia of mycorrhizal type 17; F-G, cystidia of
mycorrhizal type 18 stained with cotton blue and toluidine blue; H,
cystidia of mycorrhizal type 19 (R. delica).

Plate 6. A-H, differential interference micrographs of mycorrhizal types
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(magnification: x730); A-B, cystidia of mycorrhizal type 19 (B, stained
with cotton blue and toluidine blue); C-D, cystidia of mycorrhizal type 20
(Russula sp. 5) stained with cotton blue and toluidine blue; E-F, cystidia of
mycorrhizal type 21 (R. nigricans) stained with cotton blue and toluidine
blue; G-H, cystidia of mycorrhizal type 22 (R. mariae) (G, stained with
cotton blue and toluidine blue).

Plate 7. A-H, differential interference micrographs of mycorrhizal types,
(magnification: x730); A-B, cystidia of mycorrhizal type 23 stained with
cotton blue and toluidine blue; C-D, cystidia of mycorrhizal type 24. E-F,
cystidia of mycorrhizal type 25; G, surface layer of the fungal sheath of
mycorrhizal type 26; H, surface layer of the fungal sheath of mycorrhizal

type 27.

Plate 8. A-H, differential interference micrographs of mycorrhizal types
(magnification: x730); A, hyphal strands of mycorrhizal type 27. B-C,
surface layer of the fungal sheath of mycorrhizal type 28 (B, stained with
cotton blue and toluidine blue); D, surface layer of the fungal sheath of
mycorrhizal type 29 stained with cotton blue and toluidine blue; E-F,
surface layer of the fungal sheath of mycorrhizal type 30 stained with
cotton blue and toluidine blue; G-H, surface layer of the fungal sheath of
mycorrhizal type 31.

Plate 9. A-G, differential interference micrographs of mycorrhizal types
(magnification: x730); H, fluorescent micrograph (magnification: x510); A-
B, surface layer of the fungal sheath of mycorrhizal type 32 (B, stained
with cotton blue and toluidine blue); C-E, mycorrhizal type 33; C, cystidia-
like hyphae stained with cotton blue and toluidine blue; D, brown hyphal
strand; E, surface layer of the fungal sheath; F-H, surface layer of the
fungal sheath of mycorrhizal type 34 having laticiferous hyphae (F, stained
with cotton blue and toluidine blue).

Plate 10. A-H, differential interference micrographs of mycorrhizal types
(magnification: x730); A-B, globular cells in the surface layer of the fungal
sheath of mycorrhizal type 35; C-D, surface layer of the fungal sheath of
mycorrhizal type 36; E-F, surface layer of the fungal sheath of mycorrhizal
type 37 (F, stained with cotton blue and toluidine blue); G-H,

emanating hyphae of mycorrhizal type 38.
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Plate 11. A-H, differential interference micrographs of mycorrhizal
types (magnification: x730); A, surface layer of the fungal sheath of
mycorrhizal type 38; B, surface layer of the fungal sheath of mycorrhizal
type 39; C-D, surface layer of the fungal sheath of mycorrhizal type 40
(Boletellus shichianus) (C, stained with cotton blue and toluidine blue); E-
F, emanating hyphae of the mycorrhizal type 41 (E, stained with cotton
blue and toluidine blue); G, surface layer of the fungal sheath of
mycorrhizal type 42; H, surface layer of the fungal sheath of mycorrhizal
type 43 stained with cotton blue and toluidine blue.

Plate 12. A-H, differential interference micrographs of mycorrhizal types
(magnification: x730); A, cystidia-like emanating hyphae of mycorrhizal
type 44; B, surface layer of the fungal sheath of mycorrhizal type 45; C-D,
mycorrhizal type 46; C, surface layer of the fungal sheath; D, verrucose
emanating hyphae; E-F, emanating hyphae of mycorrhizal type 47; G,
surface layer of the fungal sheath of mycorrhizal type 48; H, surface layer
of the fungal sheath of mycorrhizal type 49.

Plate 13. A and C-H, differential interference micrographs of mycorrhizal
types (magnification: x730). B, fluorescent micrograph (magnification:
x255); A-B, mycorrhizal type 49; A, second layer of the fungal sheath; B,
surface layer of the fungal sheath; C-D, surface layer of the fungal sheath
of mycorrhizal type 50 (D, stained with cotton blue and toluidine blue); E-
F, mycorrhizal type 51 (Amanita spissacea); E, surface layer of the fungal
sheath; F, hyphal strand; G-H, surface layer of the fungal sheath of
mycorrhizal type 52 (H, stained with cotton blue and toluidine blue).

Plate 14. A-B, stereoscopic micrographs. C-H, differential interference
micrographs of mycorrhizal types (magnification: x730); A-F, mycorrhizal
type 53 (Rhizopogon sp.). A, branching system of mycorrhizal tips and
connecting rhizomorphs. B, brown adhesion on surface of the mycorrhizal
tip; C-D, surface layer of the fungal sheath with crystals (D, stained with
cotton blue and toluidine blue); E, emanating hyphae with crystals; F,
surface of the fungal sheath with brown oil drop-like adhesion; G-H,
mycorrhizal type 54 (Boletaceaeous fungus); G, surface layer of the fungal
sheath; H, surface of the fungal sheath almost covered with crystals.
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Plate 15. A and D-H, differential interference micrographs of mycorrhizal
types (magnification: x730); B-C, stereoscopic micrographs; A, emanating
hyphae of mycorrhizal type 54 with crystals; B-F, mycorrhizal type 55
(Suillus granulatus); B-C, branching system of mycorrhizal tips and
connecting rhizomorphs; D-E, surface layer of the fungal sheath with
crystals; F, emanating hyphae with crystals. G-H, mycorrhizal type 56
(Lactarius sp.); G, surface layer of the fungal sheath stained with cotton
blue and toluidine blue); H, laticiferous hyphae in the fungal sheath
stained with cotton blue and toluidine blue.

Plate 16. A-H, differential interference micrographs of mycorrhizal types
(magnification: x730); A, laticiferous hyphae in the fungal sheath of
mycorrhizal type 56 stained with cotton blue and toluidine blue; B-D,
mycorrhizal type 57; B, surface layer of the fungal sheath with a "+" -form
emanating hyphae; C, "T"-form emanating hyphae; D, surface layer of the
fungal sheath with black depositions like crystals; E-F, mycorrhizal type
58; E, surface layer of the fungal sheath; F, verrucose emanating hyphae;
G-H, surface layer of the fungal sheath of mycorrhizal type 59 (H, stained
with cotton blue and toluidine blue).

Plate 17. A-H, differential interference micrographs of mycorrhizal types
(magnification: x730); A, second layer of the fungal sheath of mycorrhizal
type 59; B, surface layer of the fungal sheath of mycorrhizal type 61; C-D,
mycorrhizal type 62; C, surface layer of the fungal sheath; D, second layer
of the fungal sheath; E, surface layer of the fungal sheath of mycorrhizal
type 63. F-H, mycorrhizal type 64; F, surface layer of the fungal sheath.
G-H, "+"-form emanating hyphae (G, stained with cotton blue and toluidine
blue).

Plate 18. A-F, differential interference micrographs of mycorrhizal types
(magnification: x730). G-H, fluorescent micrographs of mycorrhizal types
(magnification: x127.5 and 510, respectively); A, surface layer of the
fungal sheath of mycorrhizal type 65; B-C, laticiferous hyphae in the
fungal sheath of mycorrhizal type 66 (Lactarius sp. 2) stained with cotton
blue and toluidine blue; D, surface layer of the fungal sheath of
mycorrhizal type 67; E-H, mycorrhizal type 68 (Hebeloma sp.); E, surface
layer of the fungal sheath with emanating hyphae; F, verrucose emanating
hyphae stained with cotton blue and toluidine blue; G, surface of the
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mycorrhizal tip with emanating hyphae; H, emanating hyphae.

Plate 19. A-H, differential interference micrographs of mycorrhizal types
(magnification: x730); A, emanating hyphae of mycorrhizal type 69; B,
emanating hyphae of mycorrhizal type 70; C, emanating hyphae of
mycorrhizal type 71 stained with cotton blue and toluidine blue; D-E,
surface layer of the fungal sheath of mycorrhizal type 72 stained with
cotton blue and toluidine blue; F, surface layer of the fungal sheath of
mycorrhizal type 73; G-H, mycorrhizal type 74; G, surface layer of the
fungal sheath stained with cotton blue and toluidine blue; H, second layer
of the fungal sheath stained with cotton blue and toluidine blue.

Plate 20. A-H, differential interference micrographs of mycorrhizal types
(magnification: x730); A, surface layer of the fungal sheath of mycorrhizal
type 75 (Lactarius sp. 3) stained with cotton blue and toluidine blue; B-C,
surface of the mycorrhizal type 76; D-E, surface of the mycorrhizal type
77, F-G, surface of the mycorrhizal type 78; H, cystidia on surface layer of
the fungal sheath of mycorrhizal type 79.

Plate 21. A-H, differential interference micrographs of mycorrhizal types
(magnification: x730); A-C, mycorrhizal type 79; A, cystidia on surface
layer of the fungal sheath; B, hyphal strand; C, surface layer of the fungal
sheath; D-E, surface layer of the fungal sheath of mycorrhizal type 80; F,
surface layer of the fungal sheath of mycorrhizal type 81; G-H,
mycorrhizal type 82; G, surface layer of the fungal sheath; H, cystidia on
surface layer of the fungal sheath.

Plate 22. A, D-E and G-H, differential interference micrographs of
mycorrhizal types (magnification: x730); B-C, differential interference
micrographs of a mycorrhizal type (magnification: x182.5 and 365,
respectively); F, stereoscopic micrograph; A, surface of the fungal sheath
of mycorrhizal type 82; B-E, mycorrhizal type 83; B-C, cystidia on surface
of fungal sheath; D, surface layer of the fungal sheath; F-H, mycorrhizal
type 84 (Thelephoraceaeous fungus); F, branching system of mycorrhizal
tips; G-H, surface layer of the fungal sheath (H, with heaps of roundish
cells.

Plate 23. A-H, differential interference micrographs of mycorrhizal types
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(magnification: x730 except for H, x365); A-C, mycorrhizal type 84; A,
emanating hyphae; B, heaps of roundish cells on surface of the fungal
sheath; D, surface layer of the fungal sheath of mycorrhizal type 85; E-G,
mycorrhizal type 86; E, surface layer of the fungal sheath; F-G, thick
walled and enlarged emanating hyphae; H, surface of the fungal sheath of
mycorrhizal type 87 with scale like aggregation structure on it.

Plate 24. A-H, differential interference micrographs of mycorrhizal types
(magnification: x730); A-C, mycorrhizal type 87; A, scale like aggregation
structure on surface of the fungal sheath; B, emanating hyphae; C, surface
layer of the fungal sheath; D-F, mycorrhizal type 88; D-E, scale like
aggregation structure on surface of the fungal sheath; F, surface layer of
the fungal sheath; G-H, surface layer of the fungal sheath of mycorrhizal

type 89.

Plate 25. A-H, differential interference micrographs of mycorrhizal types
(magnification: x730); A-B, surface of the fungal sheath of mycorrhizal
type 90; C-E, mycorrhizal type 91; C-D, surface layer of the fungal sheath
stained with cotton blue and toluidine blue; E, emanating hyphae stained
with cotton blue and toluidine blue; F-G, mycorrhizal type 92; F, surface
layer of the fungal sheath; G, verrucose emanating hyphae; H, surface
layer of the fungal sheath of mycorrhizal type 93.

Plate 26. A-F, differential interference micrographs of mycorrhizal types
(magnification: x730); A, surface layer of the fungal sheath of mycorrhizal
type 94; B-C, mycorrhizal type 95; B, surface layer of the fungal sheath;
C, verrucose emanating hyphae; D-E, mycorrhizal type 96; D, surface layer
of the fungal sheath; E, verrucose emanating hyphae; F, surface layer of
the fungal sheath of mycorrhizal type 97; G, fungal colonies of Cenococcum
geophilum isolates growing on MNC agar medium.

Plate 27. A, stereoscopic micrograph; B-H, differential interference
micrographs of mycorrhizal types (magnification: x730); A-C, mycorrhizal
type 98 (C. geophilum); A, view of a mycorrhizal tip; B-C, surface layer of
the fungal sheath; D-E, surface layer of the fungal sheath of mycorrhizal
type 99; E-G, surface layer of the fungal sheath of mycorrhizal type 100
stained with cotton blue and toluidine blue; H, surface of the fungal sheath
of mycorrhizal type 101 almost covered with black secretion or deposition
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like scale.

Plate 28. A-F, differential interference micrographs of mycorrhizal types
(magnification: x730); A-B, mycorrhizal type 101; A, surface of the fungal
sheath almost covered with black secretion or deposition like scale; B,
surface layer of the fungal sheath; C-D, mycorrhizal type 102; C, surface
layer of the fungal sheath; D, hyphal strand. E-F, mycorrhizal type 103; E,
emanating hyphae; F, surface layer of the fungal sheath.
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