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Effects of Forest Operations on Ectomycorrhizal Fungi in
a Japanese Red Pine Stand

Yasuharu KAKE*, Norihisa MAaTsusHITA*, and Kazuo Suzukr¥
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< ¥ 4 (Tricholoma matsutake (S. Ito et Imai) Sing.) (3, TBAEICBVWTE hoEmbIFE
NTELBAETH N, HF, ZOEERBEERL TV S UNI, 1978), FEBNED L E
KELT, BlhEdLToThHa~yMBFHENEEL > LEDITREB SN, ZOMEE, MNOEE
DELIZ EBEZ SN TWS GBI, 1980; fiAK « JI[ L, 1983), F7, = vHiEHKEIC &
DT AT YMRPBRBICED L L bAEERBETORERERE STV B,

BIEE Tz, =Y 9 r OWEORS L LT, BRECHIES Ko 0% BER, 1977, 5 /)
JIl, 1979; S, 1982; &1 1988; JI L « KK, 1989; Bl « 16H, 1992), MaFHh G,
1964), BREHOBHE (KA - JIIE, 1985 /NMES, 1992; /NE » 487, 1996) 75 EAfTHhN T
W3, ZOFER, BEPHIEZ 2T Lk =y s rovo (v 57 OBRCEBOEE
T 2E5) OEHMBIEML fefIsiRES TS (FEE - /NI, 1979; Bl - 1R, 1992) b 0o,
<V Y rED D DFNREFEOMELICIEE > THHL,

KRR T, =V 87 OFEBIHE L AL S BOBEEEH T3 L 2HME LT,
FABIT 2742y ONEEROEBEE L, BREPHIEE, MEEHRONEEBEHEOLE
fLiz oW TR %EINA 120 £7, HF, BRASAAEE LTEEENA TV ST ¥4 (Suillus
bovinus (L. Fr.) O. Kuntze) ic2>W T b EEDTHEEIT - 70

2. REMEIRERE

2.1 WEMHOBER

[EERINEEEHETRBE D 7 4 = v REMICHERI A RE L 7o (K1), &z, &5 410~
440 m, fH#} 35~45 EORIET, ko th LEREE bR S Himic B 5, 1813, Tt
TR E T ARHEBRIEE/INLTH 5, HEMMTEOKESEME 3, PPEAZEBTI2ZAT
o3 B EAETRETFICH 3, FEMD S 4 km Bh - [IEFFMEHERIFT (34°36.5'N,
132°19.5’E, #2& 210 m) @ 1988~1997 fED 10 RO EHEKIE IE 13.0°C, EEEBKKE 13
1,899 mm T& » 720

HEMAHED 7 4 = v i, K 10~40 4, 5 4~16 m, fISER 3~32cm T, AFE L
13004/ haThd, THYLADEKBOBEL LT, 35, 23v775, LN,
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Fig. 1. Location of study plots.

FEABOMEEL LTy ad, 2Y%, sh/ VA, ¥4 70K, Fl, BERAEOMELLT
TRE, AN TNy Y, EYAF, FUNE, IVIAIIILEBRLN D,

2.2 HERMORTE

BRI 7 H < VIRAIC 10 m X 10 m ORERHIE 4 5 BRERE L (K1), &E L csBaho
S5HD 2 5 FT (¥ - BT, ¥« TEHAX) Ko\ Tk, Biks L UEE % 1996
F£8H 19 A~8 A 21 HiciT» e Btkid, 7A=Y LAOKE 1.2 m LI EORBAROIIAEED
BWIAR/MEERBLEITIToTe £F, I+, 307735, Vav 7R EORENHEL, KIE
BoZ WVEEARENSEES L, e9aF, vad, TeE, Fyn¥ns, RENSELEE
B/ WETELBENSETRE S L THEIRET - 2o BAEARIIHLE 1.5~2 m OEFATHREEL, 1
mU FOREAGTNTEROKB W, T/, AN IyNY Y IRRIVFREOKILELTVS S
DI, 1HEE D 1~2 BEE U TRIR U 7o (RER U 7aiAR I 3~ TREBISM i U 7o iR &
2, MEICAEB L TOWAESEARET 2L ESIT, AJBETNTREI Y RBRA L T
ﬁ’)f:o

—%, 2 » FRORERH (BB - JATFEAHX, B\ - RFHEHX) covTid, HBRINo—
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=Y 8 rdHb0WET I8 DT RS F-1 =V IFBLUT Y 7 OlTHARER
S P " 7 Table 1. Area of inoculation with spores of
IROWAELT = 120 <> 5 ORI B Tricholoma matsutake and Suillus
WL, FEEOELE IRREL TE SN bovinus

7oRaFRGE, 250 g Mo 11 DkEM
ATHEB U, 1, 7397 DT

Area of inoculation with spore (m?2)

. Plot Tricholoma matsutake Suillus bovinus
B, FFEIEOL50gY7z 11 DK — Loo7 - -
ZMATE LWL 728k, W —E¥TAE

) -° CI 4 6 18 14

1996 £ 10 H 9, 10 H B &£ 181997 4
100317 HiZ, 73 %X olaF#AIR
1996 4E 10 A 8, 10, 18 H B £ U5 1997
F10H9BIToo MFREROBMGRIZIVTNS 1I/m2 &L, F-1ITRL IR
L7

*Ql, forest operations and spore 1nocu1at1on plot;
CI, spore inoculation plot. {

28 W—IFD 4V FUDRBLBRRBLUFEFREDRE

T H 7y ODIRROMEEIEEEEITS 2D, 840 cm XS 20 cm O HEMEAER L, %
DWEICH 7 AR EEE L CIRBOBEEITI HiE (W= bv 4 Y FY) 2FH LA, v— L
U4 Y FYDFREIL 1996 FE 8 H 20 H~26 HITiT-70 V— b Y 4 ¥V K93, ¥« BTG
Xiz 4 » BT (RW1-1~1-4), #E3¥ - BPEHEAXIC 2 » B (RW2-1, 2-2), ﬂﬁﬁﬁ% - faFERX
IZ 4 5Bt (RW3-1~3-4), XRBXIZ 2 » Bt (RW4-1,4-2) B L, hoDV—b+Y 4 v FY
ZHWT, 7H<YONEEROBREZHONITT B20ic, 199649 AH 5 199843 A %
T, 12 A TMaE~3 A LAOBEHM ARV T, 1~4:BEORRTHEL, ElRS h-AEERD
BENHR, ERROBEASFTALEBIEBEEEARE L, V— T4 Y FOTR, TH=
YUADROBE S WD, EOREIBEPHBTH S P, RFOEESHEYV (0.1~0.2
mmfEE) Lk, TH=YOREXEIL 2,

F72, 1997 %10 B 19 HIicREERHIA D 4 » FrOHIZES 5 10 cm X 10 cm X 10 cm D3+
VINERR L Tz, MR ET - BB W Tid, BFERMAELAD S HEY v L E
PRECU 720 BREXL 7o 1Y v 7 vhic & £ 0 BB EFUK TR L 7RI, 5~ % 412 400~500
BEREEO 7 7 <y OREE (BER08mm LT 28E LT, Toducath s/ EEREAE
L, AEBEREREL KD, 7A=Y DIREMEORLEOXENL, V-1t T 4 v FyOBED
& & LERORIRIFFEIC L DT - 72

—F, BABRHICHA L FEKITNTREL T, EE, RAEME, BREAKSB I UORAR
Lo, FEBRAOHEIL, 19964F 9 A~11 HBX U 199744 A~12 iz, 1~48
ORI TIT- 720

3. RRBIUERE

3.1 SHEEROERE
Th=Y ONEEROFEELESNITT B72DIT, v—r Y 4 v RO BEEEZT- 720
N—b+T 4 VFODHRE L » AL S, WBXD RW4-1 T7 # < DROBENLED &1,
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[-2a #H4E1B (Type 1, Type 2) Ok EBE
Fig. 2a. Ectomycorrhizal development of Type 1 and Type 2. A-C, Type 1; D-F, Type 2. A;
May 9, 1997: B; Jul. 20, 1997: C; Dec. 15, 1997: D, Jul. 22, 1997: E; Aug. 20, 1997: F; Dec.

15, 1997.

2 » BiBlCl}, TNTOA—F9 4 v FoitBLWTThH= Y OROMENBES N, RIIDH
HEERERE, v— o g v FOERES » Hi%o 1997 F£5 A LA, XEXD RW4-1 LU
IERESE « JaFHfX D RW3-2 & RW3-3 THIE st

AN THE s W AEFEIROEGEIE 2, Bl h 2R L 2 0k oAIRIIREOZ LIC
&0, 4747 (Type 1~4) IcF shte ([-2). Type 1 OALERE, 5 HICEmkstEE D,
2 5y AR CICERORENKR T T 55, T OROWIRIEHIC FEEV R S5NEh -7 Type
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[-2b AL (Type 3, Type 4) O EFE
Ectomycorrhizal development of Type 3 and Type 4. G-I, Type 3; J-L, Type 4. G

May 9, 1997: H; Jul. 20, 1997: [; Oct. 8, 1997: ], Oct. 20, 1997: K; Dec. 16, 1997: L; Mar.
21, 1998.

Fig. 2b

2 ONEERIZ, EROEREES LU Z0%OREIT Type | LEKETH S0, BEMRIEKS »
AkE» SEIROFRLZEZ SN2 BEMIEE -7, L L, 20K, #HICBESLE, -7
Type 3 ORI, FEIROFE, SIBEAMGEE S E T Type2 LFAKTH B0, TORK, 15
B L71ze Type 4 OALEFERE, o3 ¥4 7OEBEIRLEY, 10 HcERMERS N, TO
%, FEEfiiT7.
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#z-2 "= Fya v Ry TEBESAEALERD 4 4 7%F-21R LTz, Type 1 & Type

Tablz ; Types of ectomycorrhizal devel- 3 OHVERHRIBHEX O 1 B (RW4-

opment observed with root 1) T, Type 2 38 - o786 X oD

window 3 »pr (RW3-1, RW3-2, RW3-3) Tl

Type of ectomycorrhizal development sgBXNt, £, Type 4 3HEZE - l3F

O T ypel  Typez  Tybed  Typed | HK, M - BT S & O

RW 1-1  — — — — % . 378X D 5 » B (RW1-3, RW

RW 1-2 — — — — 1-4,RW2-2, RW3-1,RW3—4) TEHIER X
RW1-3  — — — O ni.

RW 14  — — — 0

Wl — — — BB 5T 4~y DIMVEEIROT

RW2-2 _ _ _ o B RER I Wi, HEdo

RW3-1 — o _ o SRR ORI E5 5 T gm0 Ik

RW3-2 — O — — BHIEIE NI, 1975a, b) 15 Eh S

NS © - S BISNTE0BTHY, EEOHTH

TONERIBEEGERIC D W TS H

E%iﬁ 9 _ 9 _ IKENTWIRY, RIFFETE, v— b

Y 4 v R A& R W CRE—O T % ik
FELTBREST 2 Eicky, 7=y ONERREROBEREIES A2 WX 10 B0 2 94
TRHY, I, NEFBOTEBREIR, ZLlEvwdo, BRERBIISEELZVLLOD, B
BLIRMIETE23DD 3 514 FHEET I ENHEShICI N, Pk diz, 7h=wvoD
AEERERSERS N AR, 5 A3 W10 HEZEZ SN I EHND, =V I BIUT
IS EFIICESESH LD OFEOERI, COHHIITY ONERTH B EEZ SN,

32 MEEORE

AERREHES L CBAEHEICRIE THIIR Z OEL AR T 2201, SRBcB T 3FE
ERERNZFE L, BTFEHOEEE T 5120, 1996 FEOFTHEAAIE IC 1997 Fic Skt
LIcFEERIIOVWTEE DL SBRA LT, 2EMOFRICB LV TBRES W AEEREL L UE
HEOFEEAREER-3 TR L 7o HREIN T 2 ERNCHRAE L AEEIRE O FFEMEIZ, M -
R FRmIX T 9 T8 55 A, i « faFMEAIX © 5 53 A&, ¥ - FaFiehIX T 12 # 147
A, WEXTI2HE625 KCThD, HELIT-HEBHM (¥ - BFERAX & B - BTENs
X, AT, HEEX) oF5s, WEEIThish - 58 I - BrEmX & dmx, DI,
EREEX) X0 RAREE, FREAEGITDEDP s, BRELEALEREO S B, 1 775
(Boletaceae) & 7 ~ 7" % /7 %} (Amanitaceae) DFEE N T R T ORI TED SN DI L T,
7 9 & v # -k} (Cortinariaceae), # =4 7 F %} (Strobilomycetaceae) 3 & U4 ¥ ¥ 7§} (The-
lephoraceae) DFE 1, EEEXOFHEBHIC BV TOARENR ONI, 1, T 3I ¥ DFERE
FEEAMIL, BEXTI24K, WEEXT3I72 KLBEEROLBDEL, Hic, BEET-1
1996 I BV T T I 4 ¥ D FEEKBBES NG h - 1o —F, BEEHOFERK, HHELX T
AT 7T ABES N D, BEX TRERI NS -1,

YUtk kS, KO FERONEEREHAHEE L 28R, FELAVEEREOTE
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#-3 BRI RA U o FEEKOEREK
Table 3. Number of fruiting boodies which were found in the study plot

Number of fruiting body
Family Species or* oC CI CcC
1996 1997 1996 1997 1996 1997 1996 1997

Ectomycorrhizal fungi

Amanitaceae Amanita esculenta 3 7
A. longistriata 2 1 1 3
A. rubescens 1 1
Amanita sp. 1 1
Amanita sp. 2 1
Amanita sp. 3 3

Cortinariaceae Cortinarius tenuipes 1 23 26
Cortinarius sp. 1 1
Cortinarius sp. 2 1

Gomphidiaceae Gomphidius roseus 1 3
Chroogomphus rutilus 1 6 5 2 9 1

Strobilomycetaceae  Boletellus russellii 1

Boletaceae Suillus bovinus 8 34 9 46 101 216
Aureoboletus thibetanus 2 5
Boletus calopus 2 2
B. griseus var. fuscus 4 3
Tylopilus nigerrimus 1

Russulaceae Russula foetens 1
Lactarius chrysorrheus 1
L. vellereus 3

Cantharellaceae Cantharellus luteocomus 21 5 42 11 137 103

Ramariaceae Ramaria flava 1

Thelephoraceae Phellodon niger 14 3

Total 24 31 5 48 66 81 265 360

Saprophytic fungi

Tricholomataceae Collybia peronata 13 11
Mycena galericulata 16 33
Mycena sp. 1 2 1

Coprinaceae Psathyrella candolliana 1

Total 0 0 0 0 15 0 29 33

*QlI, forest operations and spore inoculation plot; OC, forest operations plot; CI, spore inoculation
plot; CC, control plot.

g, R, AEE IR OGP EEEXICHARTDRP o 1o, FRiT, 7R Y 7 7EPA
Ty rBoFERE, FEBHRS 2 00EBEXICEZREL LPBEXICER SN -
tro TH=YHOLERIZBWT, 79y rBOBERFB~HRBIC, £, 1 Xy ol
lHHE~ABICERLTWS (NI, 1978, Bk - ¥R, 1983; #EH, 1989), —F4, 7344
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#F-4 Ty I uhoAERREROEKRE
Table 4. Frequency of ectomycorrhizal root tips
in soil sample

No. MT RT FM
Forest operations and spore inoculation plot
1-1 68 401 0.17
1-2 146 438 0.33
1-3 129 549 0.23
1-4 94 505 0.19
Average*S.D. 0.23+0.06
Forest operations plot

2-1 102 414 0.25
2-2 70 462 0.15
2-3 71 491 0.14
2-4 127 510 0.25
Average*S.D. 0.20%£0.05
spore inoculation plot

3-1 87 401 0.22
3-2 98 407 0.24
3-3 306 539 0.57
3-4 355 543 0.65
Average®=S.D. 0.42£0.19
Control plot

4-1 134 412 0.33
4-2 197 402 0.49
4-3 212 570 0.37
4-4 342 509 0.67
AveragexS.D. 0.46*+0.13

MT, number of ectomycorrhizal root tips; RT, num-
ber of root tips; FM, frequency of ectomycorrhizal
root tips.

OEEBEFL, HE~ABTH S OUh
NI, 1978; BEfk, 1982) 2 &md, 73
sty I rRIBLUA R 4H
OHE & IEBEFRPEUTH D, HVIC
MERERICH B EEZOND, Lich-
T, 79y rReA Ry rRoANE
ERER, 7IsrofFicLTEE
THBLEZ LN, IhoONEHIRE
EBRETEEOTELIHRER, T3
S AREEIEALDOMEL LTEY
ThBHEEZ OGN,

—h, 7oty riea Ky kb
EOXBORBHEA LSS E 4 2HE
FEELTWAERTIE, 74 <Y OMiR
DA BIcERT ADIT, T VITHE
DHEET B BEICHEMNECES O
JI, 1978; % « /NI, 1979, & 5T,
1 X7 rEORREIE v e &KL T,
Fr, BEBOEREIR ABICEVE
wEEEER LT, v vy rEoLET
3BEB~OKyOREZHEST S U
JII, 1977,1978)s LIED T &M S, 79
vy A Ry rROALEIRES
SUBEEI, <=V roEBIHET
bbdEEZON, IhoxERrETEE
DTELIHIRXIE, <V IrOESELD
WTHERBFETH B EEL SN,

NEBERRERICRIT TR X OPELTMT 301, TEY v 7uhoRRic>nwT, At
BT ROFAB LT -» 1o (F-4), NEREBERE L, ¥ - laFHmX T 0.23+0.06 CFE+
R, DITE), ¥ - PFEHmX T 0.20+0.05, i « BTEHX T 042+0.19, 3t
X T046120.13 TH - 12, HEX L EHEEX THAERBREKREE KT 5 &, BEXTI
0.21+0.06 TH - DI LT, EWHEEXXTIE 0441017 Thh, BHEEXOHHALERE

BREEBICED - o (—tR BT, p<0.01),

PiEok iz, BEXOLPEBEX LD SAEERICRRIERICEL - &, 5, IR
X<V I rBLUT IV OBBHETF LR AMONERRERET I D0FHEFETHS

EEZ NI,

3.3 RFHBOHMR

vV I rBEUT IS OEBCRIETRTEHOMNREHESLITT 5, BFEHED
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FEEFELE V- Y 4 v FOREIAERBEROEREHE L/, vV o ricsVTild, K
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—%, T IFTICBVTE, 1996 FEORITFEGORE R FRARANL, &, HE¥E - flaF#mh
XT7HA, EEE - MFEGXT 1 KOTEEFRENRD SNl £, 1997 FORFHHBERD
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L7chER, M « TEHXO RWI-3 BL U RWI4 BV, BFEGO 2 BrkicHiQ
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/ANTT(1992) 1, MHITT 3 ¥ rEOERAITY, FBFEAERBERTE AL bD
D, 73y EERNSNAAEBEROTRAMR L EWMEL TV, 72, KF1994) iF, K
MEREEHOFETT &7 OfFBEAETY, 1 FRICHEFEEORELHEAL TV 5,
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BRI/ EDD, TIYrOEBRBICRRTRAVPEN TH 3 HIEEHENTRIRE NI, LrL,
AFRICBOTS, $/2, BEOREICBV TS, BETHAMEICRE L FREEPH IR
ANFAEREY, BEFERICL26DTHE0h, HRABRRIIEIZBDTHLDODIID2VWTIR
BRI TWEL, 5%, BEFv—H—20VWET7 I 50BB L URKOBRINEEEELL T,
TIZrOEEICK L TRFEAPENTHE2PIC>LTHLPIILTVERL,

i 33

AR H D, HEEHKE Y s —OXKH AR, EESXORTFEROAEIC>V
TTHEATEO . £, METELRIE, REBRHOBRES & OBMEEC CHAEV ., <
WWEL BILEH L L%, COMEO—EBIE, MBS [HRMERRICEK ) 2 EBAROMRA & 4t
HEEEEDEERIEO 12D ORI Itk iT- 7,

B =1

FAICBT BT 8=y OAEBEROERBRE S, BRREHEE, BXUvvsrE7Is70
R FEc % ONEEIREH OZLIT > W THEET - o AEEROERBRICOWVWT, V-t
U4 Y ROIRKDBELIER AERIROTERI &SR OWRMSGEOZ(LHSRE S, 4
7 4 7 ONEERIEBREDSTED SNt BB X UHIR 2 %O FEEONERREHEEZHEE L
FASE, AEBEREOFEEOEEMEAKE bic, BRIk L UHIR X 21T - 3Bk CIT,
X)) OHMBTORD - ilBil CUT, EEEX) ichNTblihrofe, £, BEXICBL
TBEEOFRERED S0 lih -1z, —FH, HETETORRICE Y 2 A EEVERRIE, ¥
X O ERERX & L TERICED - 12,

2V I BLUT 87 ORTEARONEREIRERS X CFEGRRELZHE L ER, <
§ TR BANEBIRER S L CFEGARERZROh -1, LL, 727 TlR, BT
BAMBEONV— Y 4 v FOIZBWT, BTFHMA 2 BERICAEEROERSEBD N, Fik,
1 R IHETEAMOALE TTFEEORENRD Shi,

F—0—F: =vyy, 7y, NEERE, MEE lEFEH
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Summary

The effects of improvement cutting, removal of litter and humus layers, and inocula-
tion with spores of Tricholoma matsutake and Suillus bovinus on the ectomycorrhizal
development and ectomycorrhizal fungi composition in a Japanese red pine (Pinus densi-
flora) stand were investigated. Four types of ectomycorrhizal development were observed
with the aid of root windows. They differed with the season of ectomycorrhizal root tip
formation and the course of ectomycorrhizal development. The number of species and
fruiting bodies of ectomycorrhizal fungi in the plots with forest operations were lower than
in those without forest operations. Many fruiting bodies of saprophytic fungi were
collected in the plots without forest operations, whereas no fruiting body of saprophytic
fungi was observed in the plots with forest operations. The frequency of ectomycorrhizal
root tips was higher in the plots with forest operations than in those without forest
operations. Ectomycorrhizal formation was observed two weeks after the inoculation with
spores of S. bovinus. In addition, fruiting bodies of S. bovinus developed one year after the
spore inoculation.

Key words: Tricholoma matsutake, Suillus bovinus, ectomycorrhizal fungi, forest opera-
tion, spore inoculation



Effects of Forest Operations on Ectomycorrhizal Fungi in
a Japanese Red Pine Stand

Yasuharu KAKE, Norihisa MATSUSHIHA and Kazuo SUZUKI

The effects of improvement cutting, removal of litter and humus layers, and inocula-
tion with spores of Tricholoma matsutake and Suillus bovinus on the ectomycorrhizal
development and ectomycorrhizal fungi composition in a Pinus densiflora stand were
investigated. Four types of ectomycorrhizal development were observed with root
windows. They differed with the season of ectomycorrhizal root tip formation and the
course of ectomycorrhizal development. The number of species and fruiting bodies of
ectomycorrhizal fungi in the plots with forest operations were lower than in those without
forest operations. The frequency of ectomycorrhizal root tips was higher in the plots with
forest operations than in those without forest operations.

Management Development of Tokyo City’s Water
Resource Conservation Forest in the
Prewar and World War II Periods

Keiko Izumi

This paper is intended to clarify how the forest was managed and how forest manage-
ment plans were developed in Tokyo City’s water resource conservation forest. This paper
analyzes forest management in Tokyo City’s water resource conservation forest in the
prewar and World War II periods (from 1909 to 1945). Especially, this study focusses on:
1) the forest type observed in the forest management plan as a goal of management,
2) how the forest was organized in those forest management plans, and 3) how the
management plans were implemented. This paper divides the management development of
the forest into three periods, according to the forest management plan and its implementa-
tion.



