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1. AERBM

V"2 (Picea jezoensis CARR.). 13, LB EORRKZHBET IRLETELHERED
—oTHY), MEXFICARLVENTH 210, TNE TORELENPFTHEEICEELHRE
PHoTER, LL, FORBEGEOEBO—D L 45 ATEKIZ, HIEOXREINITHONT
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Wizhs, BHORES, BRERNENE, RRELLLBREOLVERME S  fg 2o,
KEIZHAL, BE, /Y0Pl LA TbnL i), BROTMER I3 MORTE
DHERHRIZERL T 5,

INEHIZ, RELZRBETHHLV2VEIBLN—BE2U-, T, iF, ZOREL
RETBHENRSNEYY, /1, BROERIZH 2> TIATERZTICEHS T, TTHELR
DEARNEZERT 3 RAEFRERMOBRE~NDOHLHIEE > TETWE, L2L, BREICLE
BEICBT2EELHEMEL /<Y, F FeY R FORREHIITRTHY), Fox ey
I TREELIRICH S5, —Hkic, ZNHBTEORRKRERL, BK, SWEIBEELRMML
FEEBICBR LN MU TIIRTH ), ZOVHPFREING VI EHOREIZL Y >V
FHENEETH D L\ b p1osesne2si oy HEDIFODZINEHIZ, =V =V A
THEMDOEL 2 LEE > T, TORRKBFOWMBLLLLLTWEEELRETHSL EER
5, Pz s, VeV ORREFRERMERRET 272012, ZOBHNDAH =X 4
RENL, FFRENER2RHTIZLEBBETHE LI L),

VeV R LT A LEEHERORRETICOWTUL, &L RBOWRE, HK¥E
HWEL» LBELIED LN, BE(OWMBEY L & 1T & F2313161850606984,8587,88,8890,100.102,112)
Lo l, SHLEDHEMIIEAEIE, REBMROREL, THRALICEAETIRFELT, £nfh
DR EBE BN, Ka, B, HEAELX COBRBRTFLHO0ICI) EFLs i nThHY,
BENED L2 REEZEHTRREF 2RI L 2L ORER IS Lr o 2. WEHVEHD
FEERFELTRETFLNE LI IC L2720, KEMEENZ L THY, P FeVoEHE
MHRICHFRENLER, RREFORBCHELR(ES T2 I ErKREICHALPICL > TE
TEY, BICHEHOMBBREIZBWT, BEAFZERE Racodium therryanum THUEM. (LT,
Racodium B ¥ W-.32) 2k 2EFoP BRIz, EELZEFHERFHO—DL L THEEENS
LE->Tw5, L LLds, 20 Racodium B & 2B FOMPEBRIRIE, =V <V EH
DMERTF &L TRRENSIDHTKBENZ ETHY), FORENERE, FEFICER I
EOHKNT, ELIREREND A G =X LG ERHALENVELZIZEVERICH S,

BRI, TV VORREH2EZ 5 LictHE, HMELZCOBRMBERTFIBERTLII L
%<, ELICHAERZMITIMZERETH B L) EZL2EHRIC, T Racodium Wi & 51
FOBBFEEZI L, B, HKERVCEBEOSFHEL» SR 5 Znekg, BIORR, &
F, BEINLREZERXRNDEINFNOURERUHEEBEFOBRAICHZEE, =/ VDREK
FHRERMOBRRICET I ERNMR 2 BB T 2B L1,

B, FRXIIABEREERFMRLTH S,

2. MR/
2.1 TVTYRREFORRKREK-T
dt#EIcB Ty, P FeY Lk EOHERORAEHRIIBML CTARTHY), EHN
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B L )3 —RICBREEND. EFORETH ML L TL{(MLNTV2DIL, B
K, B, kKUERRL, GHETEOBHBE L 2 7B » 7 F-7ERKRELE, wThd
FEH IR LM T b 2828270074811 I HIATRE I D LW o IR, P Feviclx
IV YD ENVBEETHLEINTS, 8, F FoVid, BFIROREMHBTIRLI LA
ADZE—BHRKRIZBWTY, ZHOEFHFRLNESD, V<7t bk L 285k RELUN
D—WHRETIRIZLAEEBIHL v E v, L NEELWBIKIZ H 55657629489,

IV 2V RAEBHFOHL 12720 T, B 2 bmBEIEhLLN, ZOAA=XLIIRL
Mz AED LBRVERALN TS, L, —BKERICB T2/ VnRBFRRICT
Fleme LT, HEOEHE, KEOFRICLIRETREENICERT 2R/ENE, BEOE
HIZL AHEEEITF T2, B, BARLE BHRKROBEEGNECIZOVWTHLE, K
RKOEBTHBICBIT2BROEKE, BAEIZVWTNINRKICERTEICSELZTLTY
2, BT3B, —F, EFE, EHOL, BEARERCBEBEARDERY 2645 L 2RI
BV VO BHEBREFYEEL 2ERIZEDE, BHARBLTLLEBIC—BKRKL D ka%
HErE TR, GLANERBEFERK BRI L TBRELTEY), =/ VnZl
TOBRAZEVNERE L2013, HRRICEBTTARUVERE, Yy RIcL2Ea%2EEL 272
35, VY EEHEREREE L L CROB RIS H T2 L2BETH S &,
H®L T 5,

I, 2V VOERHIMICOWTEENE A LBNZHRLS Y, B2, REII,
BAIGBELRICEMICSWERROWEL BB T HBEL A T2 L L, FFIL, —&K
RTFIMMRICE DEEI SV ERNTVE, ZHL ) LEENEDL LORBIZOVWTIIKRE
DEFTI HLIBHL (BB,

2.2 BHREHIHHLI»EERNALRE >SS

MARICEOLIBEICHTIMRIL, G2 6EE2ENTETEY, Fodiz, WL
e, @B, S4B -FE, SN0, AR, YAREHEELRY) FIF, v
WV, b FeYREROBESRHBEOKE LML) 2L TWwa, LeLLds, RREF
ERUDTTOMRRECHIBERICELVWREBTH -2, ZHZLIZHOWT, "TRAEHICH
T AR, B, BEE, L rZEs LT, BEANLEEIRIT TV, &,
EHMIERL T3, AKIE, T2, RABFICEEL»EEL T2 LIiIcEBLAESE
ThHY, Wi, 1949 Fic "HEREHR, LELLRIERELD, RAEHFOAMEAIZS
WTH LR TERZ2RAA TS, 2L, 2EEORBRKIBIEL 272013, FEEHE
DB FEGBIINTERETHIURELH LY, 2ORTLE, »OoRLEELRFI,
ZOMEOEEIPRESEEL 22089 »THR), WHhHBOFGEIrBREINTHTL, B
EFERLZZTNEE 2 CEMRLEVE I RERTH D, 2RI, £B, BEOHER
PLRERE LN T ELHROEEEL, THRELEBRIN TV WA EDRME2HITF» T, #
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wWELT, RREME2EZEL 5BICI2, 1, KR, BE, WELCEHFLIEL &AL+ BRT
5 E%l, SHLIZHERBAMFITMIERETHL L LTS,

BHIZ, 1950 FizB50 "HERBEHR, L VI RHLZETT22H00RB 51T, B
BRFOXBATR LD b, Fusarium Wi L 2HEONIHIFEHI T/ 2V HEDER % KW
EETBHIELETRTIEREBTHE, NFLOZ, 20k, BAENSLT230RY 2L
B FIZBIT 5 Rhizoctonia B2 L 2HMB IR ROBERRLAEL, Bon2&EEHS, A
REFHFOBEHE b ENIL, BENERTIONT ks, LEHL TV, BHIL,
372, O3EVCHADEKREZBIRL, V2 VYOEHFL 6l L THF, REBEIT T
W Rhizoctonia 128 L BRETH Y, Lizd-T, FOMENRE - BLOoHICE, Xl
i, ERARL, EEMLEBRLLVENTHE LI REXRTREL TS,

PElo, EHLOMRIZVTNLHEETITONAZLOTH), HMHIZBIT2EHICEL 2
BENHRARIZ, HEVNCLI2L00REHICLE LW 2, RAKIZT A=Y (Pinus densi-
flora SIEB. et ZucC.) DEHFHICE T AHBEOEEICH>WITHREL, RERSLNTE-ERS
TSRO BEN IS, BEICL2HMEOMHBERL T 4>V REHOMERTFTHS 2
EERRL TS,

REREFORTBICOWT, BENEL» 5 FBIICREF S NEH DI, 19728 LUKRND T
ET, R EEEOL, PPV ENREL, BTRF, MEREBRRICBITIEEORERR
PN, TR, TCRHENTRASEROME L L TS 1L Racodium therryanum
EVIEIE, MRICETLL-ETF2BHIEEFLTERICZL, P FoVoRREHFL4HEELT
WBRZEEHLMICLZ, ER-EEVIR, K EAERORR L FTURENTRE -BROERY L,
/=Y, PP VORBRIMICEEIHEERIZL T2 LMWL, T, &I&3, §#
ERMRAEFOBRLZ LEBICRONLEELZREL ¢, ER0BBICBWTEERTNERE
PEETHERNTVD, 3512, TLHRICE-T, BLYERTRE LI, V=V R
A7V ORKREF LR LI, MRICET T 2B FORBLBMICRAETIFERHORE, &
VRENDHEEDHER Y HIE L2R/ELIT, BIR L 22 Racodium BIc & 25T o) 1§ ik
NEEEZBD, BERZVY, 27 VNRAEHFCEWTLMERT L L THEVEYX-T
ETw3,

2.3 BEEEFECHTIREOMAR

BEERMRIL, LBEICE T, HHNHEHEREN ) bRLEELZLOTH), =V
2V EP PP VNBELIB LI ENRAKERE L > TSI, CHRELEbNZ LD
DN/, FHODTE IS 1, & LIS ZDIRERICIZKED North Carolina 4 T
A+ 50 (Tsuga canadensis) NI X L TRR EN, HEPTING DAVIDSONZIZ k » TH &
%% 2 72 Rosellinia herpotrichioides HEPTING et DAVIDSON # »TC72, LA L, Z ooyt
L CIREE, (K™, AFEUNCERBHI LN, FORBGEERE Racodium therrvanum
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THUEM. L 1358 L D TH 5 Z L A ERAYICFERT & 72808082,

RIRME, FEVRBRUESE?» L RTEGERRE LEOT 58I, RN 2dukcd

ExInFESEREREDRIEE Herpotrichia nigra HARTIG'>'**9? } 1 Nepeckia coulteri

(PK.) SAcc2*ph %, Lo L, TNbDWIZ, THEF L Helmintosporium B o5y kT
AT HERT, 9BFTOEIAMAL N TFER L FTERTOERLEREIA TV W
BREEWRELIIR L > Twd, BE» L RNIEREEERELE—in: BbnsH#IC,
HARTLEY - PIECE * HAHN'®Z L » T#t$5 E 1172, Douglas fir & Engelman spruce » & 5B
LzERnERFORI S5, EHRLE, ZOBEIEESERELRLLNLEHTLIL S
IELTw3,

BRCBWTHAERRAELRIATELIRIORERIE, 1BL1FNZ L THL, EHELS
DBEIL LD E, FREBNOHMEL»LIREL 2 /X3 7 R+ a (Thujopsis dolabrata var.
hondaey DEEE L L, IV =—HHEEREZETIEIEEIRHEEIN, ZOEBHEIEE
ThHholebwiZ e Thb, 20, LBERICBWTY, ER BEFEESFMOEMETREL
TRARSERE 2 LR LERL ERBENZY, ZOBEIE, FE, BEELEI LML
FERLEELT, BREEBRFLLEZHONT VDT, RAEFEHTIILL, VEFET
Rhizoctonia sp.% BT hH 1723, Fiz, RAICHPWTE, ELOBEISHERBEOETER
KT 5001, TOBEBEL,LEBEERRLARINLD, 20k, BERAEIELICON,
AW L Racodium BRI AN B DR YBTHL L EZ LN, RMTHEBICERINR
Rhacodium therryanum THUEM. QL FE—TH 3 LRIEEI N 728, 4k, FXEOBLIT, —B
Rhacodium DB b L iz70sm24 s BT Racodium HIEL v & 3N T3,

Z D Racodium Wi & S EMBEOREEERBIC OV, UELPDITFESNEAZ
RLL THELZED, 20#ER, BEICBITIRBELOKREVWHELIN T ZOREICD
WT, EDRELBLLRE C-EOMALIBEINI L) Ichko72, RE®R, Z5ICH
WMTHOKEENDAX, } FoVOBFORFAEBE HOBRICHEBL, ERIHREICL S
WHPBRZTPFEREEZ NI OBRE LOMBIE W TERFZ2MZ, 2R,
Racodium &5, ZNbNEFOMPBUNERLREE THE I LrHHALL, TNk
2, Racodium #i3, MEEZRTDATRL(EFIITHEL S22 BHOLNDBICE
Y AN

RN, iz, ENFETOBEREOKERDL S, Racodium Wi LHEE & ®iH H &
ISR AL, HHICBWTIC(EBICRRENGY, CLAKHMICBITAHENIT) »%
WITREME A H B LHRIEL T 5,

LiL, 20k kBoiEflr b -7 b nn, REREFEHEUDT, HicsFszon
BENHERAZZEVM L EN L H -2, Racodium BOKKEH & Db ) ~DBE.LHKE
R NEDIE -2 e b0l, 1972 FLRK - T, EEYIC L 5> TITONTE 2R
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RThDENZ D, BT LR, k- AWAOFRICE D, MMz BVT L Racodium WH*
FEL, MKICET L2 FovoRRF2BHREYE, F FoVORREHLMEL TE2 L
PEL Pz EI N, HESLY, BHEH LML, Racodium BiZ L 2EFOMAEEIKICOWT
o, FEHEACRFRBRL LOTE»LMRERT, B A H =X a2BT 5 EBME
ERLZLIIBH, BLNDHRIZ, RAEH B 2 Racodium Bz & 2EF OB IEK
WO—RE. L2713 NTHEE VRS,

F2W BREHRERCIBUATFRUFORERE

Racodium B2 & 2T OMFP YR (in-soil seed rot, or pre-emergence damping-off)
2, BBV THARET bW 5 HBERMRE (soil-borne disease) TH Y, REH
T» % Racodium B L 1B SHEM (soil-incabiting fungi) BT 2 L E2 N b, Lz
> T, TREREORSLLINVRENME*REEDHE Z LiX, FRENLEKELBATS
ROIFARZLDENZ B,

AR BRI RAKOBFE, R@EALHIRIC b2 2 EME T2 bH S, 22 icFE
TAHREICHEL 2 RBEEEYOUE, b2 0ARHIME R CRIFTICEBTICED
LThd, BN 0L ) LEBMEEIL, EWREE L L LEEBENERE (soil fungal
flora) #METIH/ARKOERFTH 2 LEZ LNDZNT, LBEPMRENORE L EBICEFRT
LEHEEND, £IT, BIREIBOEBROKE L oBEICHEEL, MERVCEES L ED
RUBDMRRICBIT2HRRENSA - BERR, BEFHRENRELAN, BonizERiconT
IV RAREFHOBR EBU DT TRETL 72,

1. WExIRMER

MRNFMIL, CEBEIICALE T 2 dLiE AT B EIM R R IE T HEK & ARG
WK 2 @FTcEkEL 22 (Fig. 1), RIBMFEBHROR[REMEIL, 1966 ££~1975 £ 10 £
MOLHEBRDOBET — 72012k 5 &, FFHREH5.1C, BRERBLREREREZ, £n
FNTADR.2CEL1IAND-33.7C T, EBOENIKE V., FFHMEARIZ 1,160mm, %
NPT TENS, RELMIZ, NATAL L5 AMHFTHHS » AFRY, 128
4 ANOBAMERIZ1.24m &£ 1.35mThH 3, M AFEIRO[R R LML, BT E/EER
NBET—FiI2L b L, FFEHRIEBH 3.5C, BEABLREAKE ENFNTAMN 34.2°C
E2AN—41.2°C T, EBRNENFREBEHAREMRICHNE LICHL v, BARIZEFEY 1,410
mm T, RIEEHMFEREHKREL ) 2, BRELHME L, RIEMFEIRL YR, 1972 £~1987 4
NDISFEFMNT =L b, NALE»LEAEHNETHOH6 » AMICHLRY, 12AE4 A
DBEAMEFIZELLIC2 mUEET S,

T, MEBROMAET 5B, EYWHBICIZASEERKFICET 510819, i
BiEIZ, F PV (Abies sachalinensis MAST.), I.V/*7 (Picea jezoensis CARR.), T # X
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Teshio Experi-
ment. Forest

ONayoro

Uryu Experiment
Forest

0 25km
Crem—

Fig.1. Location of the study sites.

V=22 (Picea glehnii MAST.), I X+ 7 (Quercus mongolica var. grosseserrata REHD.), ¥
4r # > 7% (Betula ermanii CHAM.), >+ ./ % (Tilia japonica CMm1 SIM), 4 Z X H LT (Acer
mono MAX.) % &TH 0, FLBMIEC, FrricH¥ (Sasa kurilensis 1% S. senanensis)
HEE L T ESIARMAIMET 510019,
MRANBRMOKMIZ, PR (VoYX THIY oY) L FeviEhRELIN
ZIRFT, FrA AL LR RTABRBMRTHSE, MANRHNOBEICH2 - T, NEHY
EBrHENS L P OR(EEL RPN S 2B LICBEL, RIEBHEREKRD 31 Hk3
(¥R 90~230m) & FIBEMI B 424 ME (¥gtk 290~350 m) (Fig. 1, Photo1~2) %
MEsRMpE L2 (BT, sAXNKEARM, MEREM LIPS, MREMOTEITN
LBREFKRLICEL, 4, BEIAMTIEIMERL LYY ELL T3, MFAEMOHEED
FLEMEEZ, FPTEE (VY RUETAHAZY ) EHHEERINTIZIIZEBTH 5 (Table
1), ML) F 7 e Hid, RERAEMI =V 2V T, MRAEMI T HZV 2V THE, &
MAMTHOBEETH B HHICOVTIL, BIEOREBEMTIIF oL 7w/ FHMBREL
TWwah, BETIR AT —EoA»RLN S,
LEMBAEBAOKRKICONT, FIICHFET HHE, BICHEAICHERT 2 FRERY
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Photo 1. A view of the Compartment 31 (Kasai region) of Teshio
Experiment Forest.

Photo 2. A view of the Compartment 424 of Uryu Experiment
Forest.

() g—) ofEE, ROFOMOKIZEDE, LTIZRT 5 2OEKR (forest floor type)
23R L 72, EDL, $H3EMT) ¥ —7Y (coniferous-litter type), [L#E#t!) # —&Y (broadleaved-
litter type), 1) #—% (Sasa-litter type), 24 I (moss-growing type), B USEAFEIA
A (decayed fallen tree type) O S5HEHETH N, LT£n£n, CLE, BL%, SLI, MG
RMREOFT BMEEIESL, 20L& ICHEL2 SEEOMKKRIZ, RATEENHMARTNR
FERE LT, HEEHRNZV LILEBELEROREKRSNICBWT, REL I ZHEBENLLDL
Bbid, s 5EEOKEKICOWTOHMIZ, Table2 (2RL 72,
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Table 1. Vegetative compositions of the two study stands

Canopy species Shrub species Sasa species
Teshio stand Picea jezoensis Hydrangea paniculata Sasa kurilensis
(Comp. 31) Abies sachalinensis Viburnum frucatum S. senanensis
Quercus mongolica etc.

var. grosseserrata
Betula ermanii

etc.
Uryu stand Picea glehnii H. paniculata S. senanensis
(Comp. 424) Abies sachalinensis Viburnum frucatum

Quercus mongolica etc.

var. grosseserrata
Betula ermanii
_etc.

Table 2. Descriptions of the five typical forest floor types-
categorized on the basis of vegetation, litter cover,
etc. -commonly found in the studied forest districts

Floor type Composition of floor cover Condition of vegetation

CL Defoliated needles and twigs mainly of Shaded by canopies of spruce and fir
spruce and fir

BL Defoliated leaves and twigs mainly of Shaded by canopies of oak and birch
oak and birch

SL Defoliated leaves and culms of Sasa* Covered by Sasa

MG Living moss** Shade by canopies of spruce and fir

FT Decayed logs of fallen trees***

Sasa kurilensis or/and S. senanensis.

** Inentified as Brachythecium sp., Thuidium sp. and Taxiphyllum sp.

Brown-or white-decayed logs of fallen trees of Yezo spruce, Sakhalin fir or Glehn’s spruce, breast
height diameter ranging between 44-62 cm ; the upper surfaces occasionally covered by moss.

2. BE-HEBHE

AR L 72 K38, WHmEFAERNZNFIICE W T, Table2iamL 72 5 ENMKEKICOW
TENEFNIEFT (K1E) 2=V VvBFORFRE L GEY, ZZI1219864 10 A 21~24 H
DA Plot % 8FE L 72, RIEFEMTIE, IR 5 ¥ 3 BRKE T3 15 0, WEAEMT
12, MK 4REE (a4 Bxm) 3ERETEH 12 EDHE Plot (8594 X20ecmX20cm) % 5%
772, %8B, FAEPlot DFREICH 12> T, KBHEWEH O F—EHREKDORIE KX w5 72
bz, ~HEOMKER2RET 2 38 (K1) O Plotid, HicE< (BL#50mllL) BhT
METHZLICEEL 2,

INnesDPlot %, MWTHLOBRAXIDBAZMIET 572002, £hFn, WET 10
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Photo 3. Experiment plot establishment: Each plot was 20 cm
square, and was fenced at four sides with four pieces of
plastic boards, which were inserted 10 c¢cm deep into
ground to prevent wild rats from entering from below.
The plot was further quartered into four 10 cm-square
subplots by inserting three more plates of plastic boards.
The wire-netted basket was used to cover the plot to
prevent animals from entering from around.

cm DES ETERAALZTT72F o 7BOR A (B4 £ 20emx15cm x0.2 cm) THE - 72,
27z, FTEMKUN O ABHEKICEEL 2L Plot I2oWT, FREFAOHICES Y4 2
DEERE SMEAL Z L2 L - T1MHED Plot # 4 2 Subplot 124-%] L 7> (Photo 3. &5
2, INHDPlotizkiT3 450 Subplot D EFNFHUICH L T, AL 72 EBKRELE ST
V, AENRLDBMNTRLZBEH S 2, 205 OME K % & Subplot DRI

Table 3. Descriptions of the four subplots in each plot for CL-,
BL-, SL- and MG-type floors after different treatments

No. of Treatment State of subplot Soil layer
subplot after treatment represented
1 No treatment* Covered by litters L
2 Removing L layer only F-H layer exposed F-H
3 Removing L, F-H layer A layer exposed A
4 Removing L, F-H and upper Internal soil of A layer (A)***
A layer** exposed

* Pieces of litter of larger sizes, e. g., bulky barks, fresh leaves of oak, birch or Sasa, were removed.

**  Upper soil of A layer was removed to a depth of about 2 cm.
*** The term “(A)” is not a standard designation for soil layer, but only used here for convenience.
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DNTHFHME Table3 iR L 72, FT BUtkK® Plot i3, BIROMPEKEN 4 ~5 L F X
THTHET BRI AREERS L Twa k) Bk bicEEl, aibl 22 BErL2 Xy
T %728 Subplot & 3T H b hh -7z, BHEKRORE T, FNICITDRALRS
1, Plot Hicashid-Hs, TnEBEL, Plot RTIIEAARIBEZEH S,

ik L 72 Plot DEXEAE - 12 H#%, & Subplot (FT BA1E, Plot, UTRIL)IZEN
1, 100k ny=ViEFEZ EolF, 512, FH1 mm Ay anERBHOME (2
cmX 2 cm) AN 100 FDET 4, BT LIcE VR, ALy YETOERESR
FHRII0%BTH, T, —MOBFEZEICANLZOIF, IHHNHEFZ BT 5RO ELE
*R272DTHd, LEOMBEIFALE, BRAXILLE0HMOREEHC2HIZ, &
Plotiz25mmA v 204 BHEENE (4 X20cmx20cmx20cm, Photo3) % &4t
2o

MEBEHEN 1987ES5 A1 HIZ, BlECHBNLEEAN D, SRR THRELCET 20
WLT, UTORB24iT-72, Blb, —R10KOEF* "4 L, 50KiIc2WTiE, BOR
HERERIZ L D Racodium B2 & 2 FORERINEZFANR, B DS0KIZONTIE, BTFDHE
HFRLBEL 2, BORHBRABRIE, BT220%7 > FHL vlIc s aHRERL 2%, 102%
Hsls % A L 72 PSA FHRsEm® FicE S, 5°CORIET T 15 HREEERE L 72 (Photo 4) 1%, &
F 5 D Racodium B MBI 2 A7z, KEIC Racodium AR EBOTELET &R
PR LNERYL, &S50KEFICNT 2 Racodium BWHOBRYFEZ K1z, 5°C #HEEIR
ErL720lt, Racodiwm B EiaH (psychrophilic fungus) (23 28T, Z @B

Photo 4. Fungi are growing from the field-overwintered Yezo
spruce seeds on potato-sugar-agar plate.
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WIRENEFET TR, XABGOFRBEOREIAELBRENH I N5 & *iZ, Racodium BOK
BFFNIEMZ N T2 6 Thd, 72, Racodium BE F NS0 & HH5lid, E&
BB THREL EROBRICL > TT- 72, RFRRI, Py —VIRANLAEDICHEIC
KeEmz, F0RICHEELBE, BFEAMECHR, ZHORKF23CT28 HIEBEL 72
NL, FFELLEFELHZ, E50RBTFICHTIRFRLIABL 2, RFOUFEIL, HR
DEUHIPH LI mmPUEICEL 2L DE2RF LA, UEBLN L RFRIBLENET
RFEETH), INHHELKDEBRREFERICHUNENSSWETLZ22M5 72012, KO
R, Hb, [(BEERFE) XI00/BLHEFE) 2HVT, BFHomERLRd2, UL,
—HEOWKY (213 —MHLBREAL) D05, Racodium ERER L ETFRFERDT— 713,
ZNEN 3 »A(RE) 25 3ODELRL NI, THLZDDELEH L THREHIZHL 72,

26T, MMTBEL 2@FNEEH ENITE Racodium BOREICHKL 24253
72812, Racodium BRPELEFRFHNOBEER L W) WEKT— I3, KRR LI
MBS 21T 2. MBS E2ITICI R > T, HIINRELIERT— 0B EWII LS
LNTRERNEBEIBANT, 1HENREKRE (7203 1 EOLREL) COX2FZNFN3IE
Fr (RHE) »6n30nfE%FHe¢§ic, FEMETNEFROELEHAV,

Frz, MBI E EOFEFICOWTUL, B L R FRNROBESH 545Kk E ToMIc
12 ABECENDRFNLHMEBREDRN L EBFFAEL, & Subplot I & DT 72 100 kL)
HTict— 7RRNMERER (3 5FDFH) LXK,

LlE, 8507 Racodium BOBBRE L BT RFNNOBERNFERICHL, B2 5K
HRUTHBMOMHOLE 21T L3kic, MBEICHT2HEEITOERICETE, SEHKEKR
TREL LIV VETFORFHOREN E I ¥ Racodium BOREIZ L - 2 0» 2 KkE
L, 512, HEAREERNERIMAN, FRICLIIHEL, R s KKEICBIT2ERNT
VY RREFNREBLNEL N T OWTEEL 2,

3. REORERR

3.1 KB - TRRUNOWTERE

Racodium Wiz & 218 FOREE (LIF, Racodium BB X 1140) 13, HAEEEMICK
x4 &% R4z (Fig.2). Racodium B3, Rik, WEEmFAEME L, FTRKEKL R
K EDMDTRTORKICBOTREL 24, BRPDFAEL 2 4 KK ToBIPpRIZ, CL
B, BLBEICBWTIIEEICHE (43~76%), SLE, MGEIZBWIIZHLPIZEYr -2

(2~4%), 72, MAXMORBOKEICOWTRS &, RIEAEH THOREERIIEICT
BLVBEEICH -2, WK (FT B LB ) DL RBABI D Racodium EEGHE % Fig.
3R, By, MEFAEMO SLEKEKEZBRWT, AAEMDOEKRKRD DT BEM T
LRAINL, 55, WERIZRS &, SLA, MGRHKKTIZ, *nLBEBMaOKPED
K, REOMEZRTL20%%82 T, TREMNICLZ2BEENENDT VEETIEI L2



542

100

80
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Fig. 2.

J0HE R MR R AR BB

Forest floor type

Bk HE3IF

Study site:

Teshio
B uryu

Infections of Yezo spruce seeds by Racodium therryanum in
relation with forest floor types.
Note: See Table 2 for the information on the floor types.

Seed infection (%)
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Soil layer

40 60 80 100 0

Study site:

[Hf] Uryu

Cl-type floor

40 60 80 100 0

Teshio A

Soil layer

T

M *
F-H
Study site:
Teshio A
[Eﬂ Uryu
SL-type floor (A)

Seed infection (%)

40 60 80 100

(A)

Study site:
Teshio
[ Uryu

BL-type floor

40 60 80 100

* M=Moss layer

Study site:
Teshio

MG-type floor

Fig.3. Infections of Yezo spruce seeds by Racodium therryanum in

relation with soil layers.

Note: See Table 3 for the information on the soil layers.
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72, AL, CLE, BL BRKTHORERIZ, KiE, WHEFAEME L, LBEOAF»*RR
MRICBWTEICEL (BWE (43~76%) # R4, HivwTF-HE (29~69%), AR (1~27
%) DIATELS %9, BLBRELOQWE I RIENIE (0 ~13%) %2RL %, Racodium B>
By, TRBUIBRLDEONBECD UL LD LFHALLTHS,

3.2 WEE - 2NN OBFRFHOBWEARE

FEHREKTBE LB TFORFHHEEE (percent germinablity loss, LA T PGL & iE3:)
% Fig 4 IcR ¥, FFHhooEki, KiE, mfEmAAR e b, CL A, BLER®AKK T, i3
LIITELL, ENTFN83~100%, 75~100 % L FEHICEH W PGLEZRL 72, ZHicxd

100 ~ -

Study site:

80 Teshio

60

40 L fEPHEEE  hbE 00 HHE

20

Germinability loss (%)

CL BL SL MG FT
Forest floor type

Fig. 4. Germinability losses of Yezo spruce seeds in relation with
forest floor types.
Note: See Table 2 for the information on the floor types.

L, SLE, MGZ%, FT EWKK T, 48% L\ BHEH REAEL R/-WEEFHEM. SL
BERITE 2BcRFHOREIDL, £0EN, 12%, 17%, 15~19% L &\
PGL fHic ik F - 72,

Fig.5(3, &MHKK FTRZ2K<) 0t BBNMANNOPGL # "L -3y nTHB, CLH,
BL BUdkPE ) PGL i3, RiE, WEEMFAEM L LB 2 2BRAMICBIT 215 2&85KE ],
Ht, LECRRAEKKNOEBMOPTHRLBL < (75~100%), %\ T F-HE (53~97%)
THY, AR, OFCBYTRAAEMICEREL( DA h 7% (15~39%). DL I IS,
PGL %, Rii2iR~72 Racodium BREE L FEL <, TBEMIEL X320 L Tw(
BEcHdZEIBLPTHE, —H, SLEWKTIZ, PGL(8 ~48 %) DiT 5D & I
K& o2d, TEBMUIFER 213, PGLP A kb twyERIZH T ) HK TR
Aholz, 72, MGRWKKTIZ, BFNOBERNFEEL 2B, MB (278) nATH
N, FOMEHIEL 17T RBICEE LeHh - 72,
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Germinability loss (%) Germinability loss (%)
0 100
L L
5 F-H F-H
>‘ y .
= Study site: Study site:
S A Teshio A Teshio
Uryu Uryu
(A) CL-type floor (A) BL-type floor
0 20 40 60 80 100 0 20 40 60 80 100
M* * M =Moss floor
o F-H
> .
.4 Study site: Study site:
3 Teshio A Teshio
Uryu
SL-type floor (A} MG-type floor

Fig.5. Germinability losses of Yezo spruce seeds in relation with
soil layers.
Note: See Table 3 for the information on the soil lavers.

3.3 AFRFNOMEAELIEURREL: OMR

PEicRX72z: EEERRNTBICR LN EFRFHOEERICIE, YUY Racodium H
PHEL T iMb 20z, MTFRFHOEKIE (PGL) & Racodium BRI L
THBFH 24T -7z, %8B, Racodium @HOBLEH LT 2z IS\ SLE, MGHR
RO FT BtkERic oW, B2 ETT 2 Z L BATERI2ERY» DIV L VDT, EREL
7z2. CL &, BL &MEKIZOWTHIFL 28R % Fig. 6 I2R T,

MTRFHOEKIEL Racodium BRPE L OEOMEBIFRE r iz, CL MK, BL &tk
RTIENFN0.91 & 0.88 TH Y, Racodium ORI, B -HFEKE(P<0.01) TPGL
NREEIEHEICHESET L2 RENL, 72, REERK 2, MKEENLFN0.83 & 0.77
THN, 2% ey 7T %L ED PGL nEBEILIL, Racodium BRBREERNE(ICHEL 2
LOTHBENWGIZEHTEDS,

¥/, BLEMKKTRBEL 222 V#EFH» 5, Racodium BDIIHIZL 5 — D> DHEWR
JR® (Rhizoctonia sp. k El%E) PHEEICECRBE N2, £#2T, I Rhizoctonia ®iZ k
ZREPEY, TTICREL CT& 7 Racodium BOREERICMHITMZ sz itk THBLnR
ARt (UTHARRELIER) 2V HESIET-12. 20#E2 Fig. TIoRT,
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100 .0 o
o © ¢
80}
[
60 . Floor type:CL
0 e r =0.91
.
00 < r*=0.83
20
1 °
~ - * N . . o
3 % 20 40 60 80 100
2 100f e o 100 ° Ly ]
B . .
©
£ g * 80
B
&
60 L 60 |

Floor type:BL Floor type:BL

Germinability loss (%)

a0l r =0.88 a0 r =0.95
r=0.77 r'=0.91
206 ® 20
of 20 0 60 80 100 0920 40 60 80 100
Infection incidence (%) Complex infection incidence (%)

Fig.6. Relationship between the germinability Fig.7. Relationship between the germinability

loss of the field-over-wintered Yezo spruce loss of the field-over-wintered Yezo spruce
seeds and the infection incidence of seeds and the complex infection incidence
Racodium  therryanum on these seeds, of Racodium therryanum and Rhizoctonia
found in the soils of CL-and BL-type forest sp. on the seeds, found in the soils of BL-
floors. type forest floor.

TENOWIC & 2 HERPERL - TT - 2 BEASH Tk, HEERELBIC Racodium B A
DEED 0.88 25 0.95 N FEF I KL, BLEMREKIZE T3 PGL R 4123 Rhizoctonia
BLEELTWwaZ LRI N,

3.4 HEY THRBUNORBRRER

DR LTE-MFRFHNOBEIIZ, BEALHEFLZAENL TERE TIT- 2RFR
BORREICEDSVLDOTH S, KRICERIZT7 4 — NV FEHTTHOEEHRKRETRICE T3
FMLEEORE (UTHRBERERLIES) ROV TRET 5.

Fig. 812, #MEHREKOBERMNREEZRTINTH S, MERERIZ, HL TCLE,
BL BUkRTI3{E<, SLY, MG, FT RAKKECIIE» - 7z, BITAEWRKDHEN NRER
2, BLBVELRTY BRICHEET, ch2RITEITRTEeicEr-72 (2~5%). —
%, SLE, MGHRUFTRD IHMKKNHHHEEER, FnEN, 18~45%, 22%,
26~33%THN, CLE, BLE (fEHAZMD BLEZERC) DENITERTLHEL2ICEHD
57z, BICKERAEM) SL WAHROMERER (15%) RRLFES, BENOERERFER

(60%) »3/4icbEL T3,
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100

Study site:
S 8ot Teshio
~ EHH uryu
3
S 60
00
2
o 40+
)
£
e f 15
& FFFE
2 2 3 g
0 teri e on
CL BL

Forest floor type

Fig. 8. Seedling emergences of Yezo spruce in relation with forest
floor types.
Note: See Table 2 for the information on the floor types.

Seedling emergence (%) Seedling emergence (%)
0 20 40 60 80 100 0 20 40 60 80 100

ClL-type floor BL-type floor
_ _,, [
5 FoH Lt
= Study site: R Study site:
2 Teshio A e Teshio
Ury TR Uryu
(A)
60 80 100 0 20 40 60 80 100
SL-type floor MG-type floor
5 F-H
>‘ .
© Study site: Study site:
?) Teshio A Teshio
Uryu * M =Moss layer

(A)

Fig.9. Seedling emergences of Yezo spruce in relation with soil
layers.
Note: See Table 3 for the information on the soil layers.

Fig. 9121, EHEREFNFLOLBBMINO BRMBERER L TRT, KiE SL BMKK
2B, CORKL LBOMEBERERZIBEM ) bR LKL, /2, 286, 8
B OMERERNERIE, Fig. 5 IR L1 EBAFOETRFEDOBEICETIERL
BIZERTHLNEE -T2,
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4. BRBOKNIILIT DK

—#iZ, HERLENTEE (AHROBEIRIH5EEORK I TR) 28172 H2%E

HOFENOBBRRNKERL, H2RE, *O0BRBICBI 2ZLFRREOBEEREE

(population density) NMHNEIEE 2&K L Tv2bEE 2505, L72h >, Fig.2 & Fig. 3
127K & 1172 Racodium B RE R B ICBT 2RI}, EEHKERERCETBBLICBIT 5
Racodium B D EAEBEFEE L KL T2 525, Hb, ZoBid, FTH, SLERY
MGEHETIIZ - <K HFEL v, BETS &L TLEAREESEZCEVDISHL,
CLE, BLEMERTRI(EHBICHFEL, »22nRBERISAIFEICEIBOEBEL L
&, FHE» HBEINS AJBICETL TR EEZLND, &th, 22 Tw) EERREE
&) TSI, Racodium BN & 512, WL FERLERETEBEBTF 2 RITIE—RICH
RO LrBHLNLWEY (B) DBE, TMEEK, twIilR2 o2 War S, BE
RIREYLZABRTE 2L LAZ WY, BRI TR EDHITIOSE LAV,

FT &, CLEWEKICHT 5 Racodium BOFHRAE2RL 2 AMEORERIZ, BoHY%
LBIORERRELC—BT 5, 72, EES'Y, BEHLZ, BA» LB EENNLE
TN ERELEREATINLNLIRICEITZ F FoVvEBFORERERR L AN, o8
Bt & L EBEE T 0 2 8iC Racodium B2 5 b FoVEFORPEHNEREL 2 EHEL
Twd, EENEREADOKERIZ, BARETH 25W%En, CLE, BLEKKICET 24
REeBAITbNEER B,

—7%, SLEHKRKIZOWTIE, FHRTF o072 FHr L v S3oiEsich
T2, Racodium BREIEL TEW W) ERHB L N7z, Racodium BERENDREH*
P iR, 7oA PFRRRICOVWTRELY, BODIL- TLBREINTWS, L
L, BEEBREDPICHELERLRLN S, BLVORKETIE, 74 FHREKKN LI
i3, SHEHBE T 0L & RIS Racodium B2 L 2 FORENS(RREINT, $72,
BHLDPOBEIZL S &, Racodium BiZ Lk 2HFOREEL, 7<= FHEKEKD S DBy
PTNCE D Yl o 125, F e RKED L D HBY L NI BB S DREHESH
LNTWwa, 2Dk 5%, SLEMKENTIIC BT 2 Racodium BERICETIEREOEE
E—HMOBEMRENOKR L DAE L, BBRAENHEOHEICLIZLL Lk, F0i
2z, BIZiE, ALY TnBELETAHEKE IV 2, ML COREESICE > THREBOH
WBHEY O E 2 RHBRT, FREE, D) I —DBADESVLENRL - T I L
LA LEZ NS,

P ECRNTE LT YHRKICET 28 ROBRICOVWT, BEOMRERLEHETE
25&, YHOBEETIHERNTBICETIZ, Racodium BNHFHHEER, BL TEWL N
WIZBRLNTEY, LHL, H2RBHLLIAT, KEBEHEOL LB 220H0 5 3
k&, #HRTE B, N Racodium BEKEXHFHFHREICETHERICL > TEBEICL) S
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5ZLNFERIITHETH DD, FicLBNIL 5, MBEFICLZY DY F—nE Rl
BEELrORRENEZRICHEESZ L Bbh b,

Racodium BRERHICET 5 8R (Fig.2) 5 R I N1 B4 5 KKEM D Racodium B E
HREREENEZIL, KROEBBEWOMER CBEIC L > THREKOBEOMR LKA T 3)
s 0N EHEIND, BITBAAKRLER VY MG BIKKIZIZ, Racodium EHE{ PI3EALYHF
EL WD}, BIBCOWTIEAEHZOLOOME»BERIEL YV EET LI 2ICE- T,
Racodium @H* % Z~DBRADTEL VI L, #HEBIZHOWT, HEEE A ->-Twb 35BN
Racodium BEEEBENR BN TB~NEELHIBEHIF w22 &, TRELKEEE L
T#FLNE 5, —F, SLB, CLE, BLERKFKIZOWTE, 3BELEFDEDLITEHMS S
R, BEORAKAICE T2 8L ) N7, HREEDICEL—RHRKRICET S 8D
Nz, AREOER» LREN L 512, Racodium B EKBEEE »RTE D SL KK Tl
BEL TR, #EACLE, BLEKEKETCRRLEZ2ZE ., 22 &3, tHERRTHS
Racodium B HKEE L 2 EWBEHESDH»SLE, CLE, BLE» IHKEKIZBWT, 2h
n, Y, $HEM, EEBICHRLLZLOTHY, THLBEORL 5 TIBEESH,
Racodium EOBER, RELZ L ENEEREOLRAICBIT2REIC, BL2¥EERIZLT
VBRI LETRBTBEEZLND, Bib, VY ICHEL - EREHEY I $HEM, LERICHE
L7224 DK Racodium BOEBRMEE(HR L L TE->TWREEH DL Ly,
ZNEILEEEEELTEZLNBENEZ, Fl2iE, FHEY ¥ —DHIC Racodium BHORKE
AR ZHE»H 222, Y RBHEWNIC Racodium & 23t L B WHH1ER (antago-
nism) ¥ BT AMEMPHFET L Lo adiFont i, b, LBOEREHE (AJE)
KAEBRT2EBEOMBAICEL T2, vt BER (55 h> ) R oMicks
TAREDHHZ EHBRICHTHRLYIC L - TEDHLNT WS,

—7%, REL™Z, BREBETREL - FHAEARUCYYOEOBRY LEIcEIT 2
Racodium BOBEK &R, ZOBOERIL, $HHEHOBICHRYYOED LICIIRIFTHS
EVIRREBTIBY, FHROEREL LREINA, MY y— (CLE) 448 (SL
) HRRICH 1T B Racodium BEBBROSHRBL IS VEUFITILNT, GLAFETS
dIIcRons, FichdESic, REL™DRBICHL 72 Racodium BOREXZK &
T 5HEMOREERE (EOBREY) H»EHEBETCREBEINZLNTHSE, 20L 5 EREER
RRARDLDICHN, BEREDLDDUEIE->LHE I 2 TEE, $THBICERRE
RZ->THD, RRUBEWH»ERL Ty 3RO EYRERBE & EHEYIC N, EFICHE
BLAEOAEBEREZBET 2L THRINDG, ZOERRENMEWEI L KR LRI, &
BLEEBLNOEREBHROERLEDOFENEL LI LND—RTHL LHBTE LS,

72, Racodium BEEHNOEEL, TROBMIBR LLICONBHICETL TV
M»HLLTHS (Fig.3)s TN L, TRBEMOEEXRRE L 4 5 T REBWROSTH
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BYLBORBMIBR L2100 U L 2FECBET I LN L EZ LN,
5. REIZI>EHAR

BEAETORFNRERUEBENRECHET 2R/ ENIHR (Fig. 4~5, Fig.8~9) i3, #&
ENHL I IKRERRCLBREMICEFETLIZLE2TRL T 5, AL, MGR, FT &, SL
MRETHBEEI L DI, CLE, BLEKKTORENIBEEICS ., & 5IC, BF
# CL&, BLEMKRKIZ, BEOSVHELIEVWZ, BLWHEESFEICTIRORBICRER
NTREEL, LIBRVEUTREEIGECEEICLEE > T3, L L, BFRFROBRE
& Racodium BRRRIRIZH L TT» 2B S#ER (Fig. 6) 13, MERD R LR E A I Bk
T2I9RRLNIMTOBRENLERFNOBRKIZ, 2WMEEFTI L L LEDORBHFH
Racodium BNREIZLDLNDTHBHZ L %RL TV 5, Racodium EH L/ =V HEFIZHL
BVWREHEZETAZ L RBECHZINTWEYDT, ERNZ LRBEIRKMILZVWINEF
25,

—%, MTRBREX L EBTFORFHOMEKIL, »% 63 LY T~T Racodium EHRE
ka0 TiREL, Bzt BF, B2, Racodium ELSDIREENREICH
EL2-TTEEMEL H D ). EBNE 25, BLENKE T, Racodium D3, L ) —2>0kEY
JRIRE (Rhizoctonia sp.) 1=k 2HETORENHENS(RBRENL, Fig. TIcRL2 L) IS,
Rhizoctonia WO M2 2 BARPER L BT RFNORIE L D NOHEBFREKII, B
2 Racodium @B AN 0.88 (Fig.6) 5 0.95 N BAFICH AL, HHicsiT25 PGL 7
T4 1213 Rhizoctionia LG L TWa Z 2 ARBIN T3, 72, Racodium BERH
BEAY - - TEEREM) SLBKEKEN LELETCOBHH L HEFOHE (Fig. 3,
Fig.5) 4, Racodium BRELNNRFICHELZ2LNEEZZE%2 2%, LHL, b
DMHOFIBRF b - 2o Lk, eREic R, Racodium WHREL, FERLIBTEEL
R/ eV BTFNRFNOBKLBRLIBANRRTHELEL L.

Ll E, Racodium B2k 2FOPEICHOWT, MERR U LBEAICEE DT TEREL
725, RICEEIMICE T BV VY RABFOERE L FUDITTRETT 5,

FRLOERNOWIC L R0, LM ENHIER, oV =y ORREFHIRTEAK,
ABREEYICZ L W HERELN L X OBk AIHICR L i, EEYICE T —BRARK T3 EH
BEAERLNZ, MMHPREINS & v ) SHEREFOREL 2icOWT, & {256 mEN
Hia b N 57s8s0BBsI0LI0 . 2oy £ 3N, K4y, DB, AL CORERNFLERBRLL
YOTHY), BELEHFICHETIRFL L TRETFZLDRBKBEN LD 72, EF~OE
EOMbNICEBL 2Bk wREOFIC, BEE, /oY RELHETIES K OK
MiIcOWTHEICE SR, BELEMTLIZ ik » CTHFHRY, BEIGEFL, SIcEE
k> TRF, £HET, RBRKRIBAELL 2N 2L EWBe»b s L) B2, HERE
EHRLELTHRHNL, RRAFHLEZDI0h2- THE, K, AR ECEHLLELEG
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PEHRTLIILLL, ELIHESMIIMIBENETHBLAHLTEL,

BHROERIZ, EBOEFIBHTARE SN CLE, BLEKKTIE, B (Fic
Racodium &) DREIC LT, MEKRICET L2V =y 0B FHRFLUANCBICEE» T
AEEBRTINDICHNL, BHFNLWIEMEL THLN S FT &, MG EMKEKTIE, Racodium
BOREFES PIZEAEL L, CAPRRTENROEFEREBICSITIAHRELBVEREICIES
ZIEEHARLTBY, EXRMICE, AHNEEZAREFRLIIFISLNEL->T A,

—7%, AR, Racodium iz L 2BFOMPERROFEEERLET 222 AW
ELRLNTH), MOFEENIEFEBICBITIEFHEERT, F2iE, BRAXIREL
EnEMc L REELTOARBCKRALL, LrLl, INLEWEUNORFOEFIZRITT
HMEBLERTRETR VWS, EBIC, AWMROER» LR3I N2 & 5z, CLE,
BL @R K & B L C HEMBHEDICEC—BKRICBE T & E 260, »2BHLIEFE LR
Braonsd SLEKKTIR, EFoBTER*R5BY, HESCLA, BL REMEMKKIC
KRELPE S Loz ZOZ 83, SLEKKICEWT, BECERIVBYRENLE
THRERFHAFETLIZLE2RBLTEY, 2542, ZVVORREHLEZ 2RI, B
EPNDRFOBBIERTNETLWI L 2R T—HTHIEEZLNLE I,

B#ic, FETRNXLARR, MHICEIT 5 Racodium ik 5=/ <2 VEFOMPE
BROFEEIZOWT, KERRULEEOBALICEE DT T, W EERE LR b2 » TT
bh7zin: LT, BflnZky, RLHTHLAEBbiLah, HEMICHLLZ OB TS 2
B TITO N AEORRYS LI KT L2 b, ZNHLNERI, ElFoREMEN
FEKRFHOFKERICBL TREEZEL, »2EREOBIZLDEEZLNE, 512,
AREOME, L, KBV T, AFER, BEOEZ X NED THRIICRERET 3,
R TH B Racodium BORHHE RO HREHEE (AJB) IcEHL TBY, HREKDHRK
BHBZBRETLIZLICLY), AENEEL RBICBETE S Z LXATREIN, KL LN
WMEHEEOREL, =V 2oVDRREF 2 RETELONDEMFERLEZ LND,

B, FHEEIR, MEoks, b, Pk, £33 (sprucefir) BMER LWk b L >
S272LDTHY, Gtk FENRELINKRSHOBELHBOL, TEUTHE, K, #ikZ:
FORBMEELERICAN TR 2MZ 2 LER DA,

FEIW FEORLEIMENE - BERH

Racodium &1 & 2 $HEMBOBAERRIZ, STHE TCICRETIRETH), »o
BREHMHGRCIIERRI S 22 LML NY, METORIEEFHIE L V) BEEELE
RENRE L BRICBIFRT 5 L HEENE, RL &, Racodium B2k b/ =V EFD
HWRBERICOWTLEZE I ThbB, K, BELLHKICET L/ VHETIR, 2T
WMEMZ A I MFICEDH LN S, XFHMETORKLEBEBOEEIL, ACHEEIEEOERK
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TIHbNLRAEOER®ICE L, MARBICER2 L I EL 2D LA LESET, KER
ML T IV 0 CHBEICIEM %2, MENSZV1A» L4 AFToOMICIIRE AJE
FTT—-2.3C~+1.1COATH 72, 72, WETOEER, FIoHRNRBICERINT
W3 LETFEINSG,

ZIT, BROEBL 5P CRBOBEE - BELYE, BICWMETREIOEMNT
KB & EiEDY, Racodium @itk 3=/ < VRBTHEBORBEICEDLHICHELRIZL T
2ONEMBIEREMEL, ABEICARIHREZIT- 2.

1. B®F &

A L 72 Racodium iz, Mb LR TCERBREL LoV THrLAMIN9LNT
(UToMNRBICBWTLRL), RBEA/FBEI NS ETICHT FEEER (PSA) M HE
ET 5°C16 » AMREEIN Tz, COWKRLTREREL 27 A <iicBiEL, 155CT1 »
BESERL V02 EREEICHV L, SR Y < vETIE, 1985 Ficdtil A¥RiE
WHEEK TR 20T (AECARZMORABRICEWTLREL), EREFEHI60%T
Ho7z,

BAILEZATF 2L 2FER) = F Lo h o7 (EE8 cm, B3 6 cm) KHRNE=XAL
Beho 76 BRANBERE L 244, L BORBEICHIR D Racodium & % 7 2= THE
L22bn2 1Ay 71281 giBRALL, ZhALDER2 I55CHEEICRDL, THOKME
WZE—ICEHARYDOU D ETHE L2 (BniEid), %5, Racodium WuxHEEL W2 L 2RE
MBS TR CREIB LT BLHELNBRBICH L2, DR FETERBLIH YT
AVDEFELAV, REZEBETRCBI32YVVBTRERNOREBELUTORETHEAN
72,

¥, HREEIF, 200C, 15°C, 10°C, 5C, 0°C, —5°C (BEEZTXT+1°C) D6
DEBEFBEL . IS 6 DDBEICOVT, TOHT-LRBOERD L 200C & 15°C Tid
AME VI ECWEERNICZ Y= YDRFBEFITLEHEK->TL T, 100C T2, BFR
BRABOINIT4BBS LBRICEFVRLN, 5°C, 0CCRU—-5CTIRI208E->THLH
FELLEWIZ LD > T2 T, RBEFEO—PIIEHEICRFTLREHLRF L 2 WiRED
LTz, B, EHMICRFETS20C & 1I5CHEENEAIZ, tBECBITAHET
NRFBELAN, EHMICRFELLEWSC, 0CCRU-5CHFAIR, tBEICE-HE
Foighz, BHz2E-> TRET 22 LICLNVENMETOBEL BHFREL, RELREFEE
23 10CHBEBTEAFNFHELM- 72, LT, MEFEZNLERIIOWTIRNRS,

RFBELBRET L LI HEORRTIE, RicdX72y v 7A) DL BOREIC, Fo
WAKT A8 Bk L o/ VT2 1 Ay 7TICOE50RIBE DI, T b H v 7%k,
FNEFN 20T, 15C, 0CHEEICEDL, 42~105 B (BERE) cbioT1~28H
MBCTFOFRNBTORFRNZEHBEL, F50NBEFICNTIRFEL KDL, T b,
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RENOERT, HELR, NRBRIBELIZEFEIZOE3>DH 7 (3EKM) £2%1F, 3o
NIy TROFFERLZ FHL TRETICH L 22, 72, RREMFICH v 7L 2HHTE
PRIZE L TEBNREKERBTEZLI2E 5T, H v 7HDIEE R 100 %oz 72,

BEHOETEELBETL L) FEORRTI, BTOBENLERET HBOFEL =
Z, THOIVeVRFErI—TFTN -TPLa—NLLHER (viv, 8 2) T4 FKEDRH™
B0l VATREBROBITEIIBO% TH -T2, TNLNEF%, 1 mm £y anEh
MTIE-724 (2cmX 2 cm) 100K FDOAN, FHAKTASEERIMEL 7214, BIARL 72
Racodium B HERE L 1= 4 v 7ANVDLB EICE W2, BF2RICANDIZ, EFENOE
MERZLHTHE, ZbDh 7%, ZNLFNIC, 5°C, 0°C, —5°CHiBEIHED,
120 BFic b2 >TT~30 R EIC—FEDBEICOE 32D v 7 (RKIE) 2WMOIMBL, 20
BOIBOETFICOWTLUTORBR21T-72, Hlb, BRIZANS 100 KEF D 5 5 50 kiic
DWTHTNENEREL, BYDS0KICHOWTEORBRRIC L N EFORRRIRE B~
2o 72, Ay TDELTORMIIC, BEKEZEZIELAKEZIRERTH)DITHE, KRB
BEPICOLBICIG L TAEOREWEITY, &y 7HOEE S 100 %ic#E L 72, MFOEHIR
SEl, BEE"TITVREELEEL L, TH, BLECAVLZRER 1%D K, TeO;Th -
2o BORHIL, S —VIRANLEERO LICAK2HEFEEICKEKRZMZ, SERE
L, 20%7>FRNIv it oMBRL-ET2 A2 B, ZORM% 15°C THEE
L, Racodium WHEBI DU TELBFLBREINLETERLL, £50EFICNT 5
RYFE L RD2, 4B, Racodium BLNDEE L T ICHELL 7255, Racodium ¥ & ¥ 3
REABEBETRE L CERORFRIC L > UT- 722, UEBLNEFoRER L BRLED
T—=2Ii22wT, $XTIERBENEEFEHL TRETHICHL 72,

PE, #RELBELDBFREZFANIZHONRBRFELHAL 255, DX, RIWLIEFL
NEARE B 2 HNRBRFEICOVWTiRNS,

BB N72HET Racodium B ML 21 B2FHORAE L7, 20T WP EET cm,
H21.5mDLr—LIC 85 ERED, THREELFICL T bR EI 10 1 %HHEE
BHEZTIRZL8 (TOYO 25) # ¥, LI CHELZ »—Lv %, X2 ANTSH
CTERE>THEBDBEH 100 BISHREEN TV AT L r—2ICANI0CICEDL, 28N
EEREIC LR L MU T E 2 Racodium BOBARDI Y —ICBET 2 THEL -, Ll
ERRICB T, BICHBICHERIALZVWEI CEEL ., SR L2V VHETIIFHAIC
S5 A TRENENZITV, BINBOBRTEICL 2BLERIIN%TH-12, ThbNEF
FMAKTAS B L 1278, B+ —VROTEED, BARHIEU2 A8 2008558
Wiz INLNDYx»—VE, TNEN, TORELL, AED (0'CIEETD) HMEEZ
nEN0%, 97%, 92%, 87%, 16 RICHBFEINTVWIESDT L v —% (EZE18cm,
B3 20cm) ANz, THHNTLH—2%0 (1) CoiEE (RERE) i 75 BMME-
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i, FOROETFERNOHML, SEEICHEL-&200ETFD Y B, 100kICDWTHERN
FREL, BV W0KIICODWTHOBRHARIC I VETFORERRZ AL, 0°'COERE
PHRBE L Lk, METOBEEG I EE272HTHL, B, 100%, 97 %, 92
%, 87%, 16 % &) SHEEOMMEBEE*#FTLIDIZEN LN, K, KNO,;, Na,COs,
KCl, NaCl »fafiiEHE # A2, BTEhokzE LMoo FElE, gilcli~z IR ERE
ORBICHTHELRILTH 5,
2. HREORLCAE:OBF

10°C, 15°C, 20C»iBE T, HELERUNBIERICEE STy > VEFOR
F@fE% Fig. 10 (2T, 15°C & 200C Tld, HELE, MHETE PHREE EoRFERER

100
— 20°C
. 80F — 15C
)
0 — 10°C
5 o -- Ctrl (157C)
s 40 @ -~ Ctrl (10°C)
£
&g 2 _.D"""'"'"-D
0 # £ ]
49 90

Days incubated

Fig.10. Germination processes of Yezo spruce seeds on Recodium
therryanum-infested soil and those on control soil at
temperatures of 20°C, 15°C and 10°C.

Note: The control data for 20°C, which were not presented, almost

coincided with those for 15°C.

o i i

Photo 5. Longitudinal sections of Yezo spruce seeds: infected by
Racodium therryanum (left) ; sound (right).
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I55CHARLR) &b, BFOETHIET, BFEIEEZOITH 14 HHIZ 48~58 %iz:E
L, 21 HHORET 60 BNTITHICE 72, £RMICENIE, T MERE THORF AR
12, BELRENRBRIBEOMICEE LRI L. —F, 10CHEAIE, NBREIEET
i3, BTORFESEEZ DT BBIZED LN, TOHBLZICERLIBHIC 20 %Ik -
fzoicktl, BELBECR, BFORFEXKWBEHICE-TL RN T2, o8, 49H
BoOBST, I0CHBEEIBEORRBFEFENIM)BLYUKML TBRBEL-EZS, BE
TIHEARER»TRL, BIFCERILHEORILI T T BRIC L - TEKRL T, KL
eEFRUNRLIE LogeEFOUIME% Photo5 I27RL 72,

100 -

H O o
o o o

Seed viability (%)

[nd
o

[=4

15 30 45 60 75 90 105 120

o

Days incubated

Fig. 11. Changes in viability of Yezo spruce seeds incubated on
Racodium therryanum-infested soil at temperatures of 10C,

5°C, 0°C and —5°C.

100C, 5°C, 0°CRU—5ChRETD, Racodium W% #HEE L 2 +E LicBiFs= Y
PV EFORERNKTBRES Fig. 11 IR T, £kMIc4 3 &, 100C, 5°C, 0°C T3, »
TNLBEENRTIZHL <, REHEBESBBEIBEESTORL ETH 7245 60 HHIC
BENEN0%, 9%, 31%IcFTHBLZ, ZHIINL-5CTI3, 120 HBICH > TLEK
KR8 UNELENRLN, RBRUEOEFEHERNFOELE 80 %) ITH~NETIEBH LN
Ahotze 2512, 100C, 5°C, 0°CHEBLEDNHBL AL L, 3ENRTEEICHLL L
EHRENT, 10C Tlt, REFNVKTEEIRLE(, BTEE2OIT#% 8 BENREE)
N%THo72d, 5 BHNZNIRITTLOICEL $THEL2, 5°CTIE238BE T 75 %L
ENRERLR - Tz, ZORBELEENRTHERICES, S5 HENERET U %2 -
2o =%, 0°CTid, 5 BEHETRIBEENFEELETHALNT, 4 BEL» LE2ELET
HEEE N, 60 BEICIZ30%IcHE L2, 60 HELIED 0°C D@4, 45 BHLEN 5°C &
BLCHRRIET LS, 0CCOBARSCLIRRRL, 15 BENRETHESL Lo
272,

Fig. 1213, 10°C, 5°C, 0°CRU—5CnEET?, Racodium Wiz & 51E T RYGHE
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100

e 8
g 60 &— 10°C
"é *— 5C
& 40 .
£ — 0°C
2 20 »— —5C
[72]

0 P P¢ -3¢

0 15 30 45 60 90 120

Days incubated

Fig. 12. Changes in Racodium therryanum -infection incidence on
Yezo spruce seeds incubated on Racodium therryanum —in.
fested soil at temperatures of 10°C, 5°C, 0°C and —5°C.

BERLEZLOTHD, —5°CTi3, 120 BB > TLETFOREGEH LT, i
L10°C, 5°C, 0°CTid, WHFnbMPesH®L <, TAFN23EH, 45886, 60HHI
100 % DBPRE T o 2, MFBRPFED LHHEIZ, 10CTRLBE(, WT5°C, 0°Co
NG &7 o7z, MTPREERNHBBEL RS &, 8HEIIZIWCTI8Y, 55CT3%, 0°C
TEuTho7d, I5HBIRIZENENHE %, 60% L 30%ICETRERLTES, 20
%, 100CHBAIR, B L 238BIC100%DREEEIC;EL, 5°CE 0°CHBEEIE, LITs
(RITHbORBIC L > 2 HBULERL, BREEI/HI0%IHELLDIE5°CTI0EE, 0°C
T4 BETH- 72,

HUEizid~N7e, RZZEETICBIT2ETORPICHETIHERIE, Akl 2 8FLEEIC
BUMETFRERDEATHBENERLAMTILNDEE-TH), 72, BREOHBLEDL
#TA%E, 10C, 5°C, 0°CINL3ENREEL L, ¥90 BOREPERY oo 2B HIT S
I EREFEIET LIBDLREATL -7,

3. BEORELEELNOMFE

BRU->1BERETD, Racodium BB -2 HIcT5 AEBEL -2V > VvEF
NEEFLBEERL Fig. 131077, 6%, STHOEECHE L -EFORLEENZNFN
88%, 86 % THY, MTHKDREHOBELE 91 %) ICHNEENVETHIED LN L P12, =
nzHL, 100%, 97%, 2 %DBETHOEFRELEIX, TNEFNI0%, 46%, 2% TH
D, RBRENEFEARNFOMEE (91%) ICHETEE, BLWETHRANATWS, F1,
RIDBENETREEN 10 %DEFNLIZIFRLIEE %> T3, &BRHICENE, 18
BRI LB FOBRLENFEMICH 2,

Racodium B2 & 2HEFHOBRPERFTICOVWTA DB &, 100%, 97 %, 92 % D% T3,
WIENLEROBFH YN, JNISHL, 76 RDEETRREIRLNT, ST RNEE
TIZBREESEH) 8 RICBE L H - 72,
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g - y/ 2% 76% < RH
= 20— %
|

Fig.13. Viability of Yezo spruce seeds and Racodium therryanum-
infection incidence on these seeds after 75 days of incu-
bation on Racodium therryanum-infested soil at 0°C under
different relative humidity regimes.

4. RFHLME

BEXRREOBEGFREATER (Fig. 10~12) #8453 2 &, Racodium Hiz L 31~
VIEFOMPEEIL, 100 %DEBESXETICBWT, 15°C, 20°C, RU—5°C niEETIIRE
47, 15C -5 CELOMICMEBETA2EENI0C, 5°C, 0CTIRBLLRETSL, &5
I, BRI 2EEBGEENICBENT, 0°C, 5°C, I0CHIETEEXFEB L3Il 2NHENOH
LE3HKRBICHL T (Fig. 11) 4%, 15°CTid, @< BRL L &->TL % (Fig.10), 10
CHb 15°C A5 EH5°CHEBEEILIZ, Racodium izt b=V EFNBRHIRE
TP LLEVwh2EALTWSE L) THb, Racodium BORENHRBEIEEIL, 15°C~20C
DEFH L I N T3, ZOWBRANTIE, FECI3BEFORK»ECRLNLH» -
72, 15°C, 20C HiREIR =/ =V EFRFOBETLH N, ZTNLNEETTETOREHK
BREL LD o10iE, BTORFIERANEEL VErondtEZbND, $12, £
FROPEHISEICREINIPTEIRESTEE, BFIRFEEOHEKICL > THEHELZZIT I
RETLITILE-2Z LEKIL, BFOUBICL-> TRUE, —HOBEERBMNEL LS R
Arbliiwv,

Racodium Wi & 5 } F=VETFOHPEEDOBERICRITTLREEOBBIZOWTHEN
T2k AEOOBEICE DL, THREOLE T, RBREABES5BEEICHIOBNETH
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Racodium B2, 80 BH2» LB TFOREENFEERIETL 2. Ko nRBIIBNTT
b LD TEERGEVHRIN L, »72d, REEOLB LW LOBREHZENERRICEBH
50CESCICHHLU TR LEbNSE, MEOKERLIET S &, BHRREOHKEIZIZIZHE
LRSS - 72d, BTREFOET 2R LMBOLERIE, V=Y 2NREE L § 555
DFHHHIB~50 HL Bhr oy 2N i3, BE, BELYORBEHEOEBVIZLIELEED
na&iic, *V VTN Racodium BEBRZHN L FoV LBV L 2TRT 5 W
HiLEZ5N5,

BELRFEOBIE (Fig. 13) ¥ B2 &, AKER, 0COBETICBWT, BEA87%
iy‘%nuTw%%t:libi LAEDRSRERYT, UYL INLULOEEIC YD LB (L
Th, 2O ERODWTHRETIUE, 0°CEwIERER, fchi~xRERRICEV THIC
SRS, BLCRRL S 2EEERETIES LY, ZOREEGIBb-72ELTY, 92
%L EOBEIEL L ITIUE, BIREVFRELLVDTH S,

VERNTE7Z2+%F:D5E, Racodium Bk b2V VBFEBHOREL J 28
ErEEostEran#iBiz, FnFh, 0°C~10C, 92%~100% & %> Twb, BHER,
HEBMBEOBRAERRERL L ) ICHEET TL(RET R LEN TS, METOEREIRN
RETHBZEFHLETHY, 72, EH¥50cm LI, 1~2BOMEHTLK
ETOERERINREOBEL T L), JIZ0CHiEILFE-NE LI ICkBEEDbN
247 b EILEOHERMATIT > 2 BE - FEOKERE®ICL L L, WETONRKERED
BRSPS I A 2 ) ¢ 2T & A CEBET, MERSBML LTV i 0°C
BHECIEAT S, MENS W1 A»5 4 AT TOMICIIE S AT T-2.3C~+1.1"Cnil
BThotz, UEnZ th s, METTERENLIC(RET I LW 2 LI, WMEIRRICE
DTEHNLBEEGZEIETZLCREEA S5 T2 5,

F7, BREL, 100 %NBWMEEEGETICENT, —5°CHEHFA 120 BZBL THRLE
LZcwads, 0°CTit, BMLCBEL, ZOBLWBRIZL > TV VEFHENH» I ~ 4
» BREICIZITESICEET 2 I TICELZ B L2, tBEEOSTHHEOKRMICE T,
LN +BRBHIEEIX, EH50cm Ll L BBV IIERBICHEEN-5CLUTIC
FTTHALWEEESEAL, B ZNHMIEVIIF OCCHREICHERINIHMIrE XS
ZEPHEIND, FHEOERE, 0L L EFEHMHOHEMMKATIE, FH50cm B
b2k 3 R ASE V13 & Racodium Bz & 2 BFBBORKHD L CBEVIZE S LN, &
B3~45BLUEREC KDL, BEED Racodium 8 "k, BV HATLEY, KATHEIC
$E2ZVeVDEHSNI LA TEL W LE2TRRL TS,

B, XREZ, 2% 5100 % THOREGANTIZZEAREORL ETREL L
(Fig.13). 2k 52, RREOREL ) 2EEHERICBVT, BEFESLSICONER
FOBL S FNL N ICEBICHKL Th o720, Racodium EhH—HEEWIZ AL, #
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DHEDIEIL - RANDBAYF L IERHENDEBE L BBERL L %3 2 ¢ REETHS I, &
5z, E#ES*NE, Racodium BWIZL 5+ FoVHEORGAEERORBRIINT ZEEDNRIT
FTREBIZIOWTHEN, B2FV100%556 U %I THOEREGTRICETEEDHLNZY, 2%
DBETRRLN LD > LBEL TS, LaL, ERTREINALIIC, REICLSHE
FOBHFRS R BDIBETLHMULAREL 2, TDZ L3, HIRNROEREKD, FHET
BTV VBT TH), MAVRLIBEOMETHLIILICL2EBbN b LI, EHES
DRBTIHHEREEZ 20C L Lzt L, BEOHRRBE»0CThH-o72Z &h b, BRE
TH5Z Ei2& > T, Racodium BIZ& BRENVLVECEBETLRAR/LIBLHiCk -7
RIS DL L EZLND,

BIW FREORRREE RERT

MECLBWTEFRRORE ERRNE - BEFEOBRBRICOWTRNI A, AETH,
REBAZOLONEBEMHEICERL T, sORERBCRIZTHEREE, BE, BE, RV
KEA A MEOHBIZOWIRET 5. &8, Racodium EOEBKEIZOWT, L
LRRAR S EBETEORGERRORER S L TR LITRE2MZ T35, FHRET
i3, BEMROBE - BMOERL - T, ZOHL2BTEEROFEERE & L TRY LIF, »
DEICZOEFRENRR L DBROBHICERZBE LN L, 2OV S EELEHHM
Bz RN,

1. BB H &

HEYRERH L SUCEES COEBAREENTE L ENBICB Y TED TEEERTH L2
i, BB CEOEERRE2ARLNICAV LN FBMOBBIIFEEIC SV, —i#kic
ERZTI(HHI N, PIZITEERT F BREML L3, IRESUFEOREEE
ELT, BREGTTREAEHFELEZVWEVWSTHLEWIEE, ¥BEGNVRVWLDOTH B,
Racodium B H —HEHTRERETHY), BREHFT TR, TORBEEL X013, EE
R ok 2K (BBF, MEKE2E0) 2MAL0BET, %EEGN
BR2ICBLT MROERZFFHDOKRT F EREHICITELCRITEWERBDLNS,

DENZ & %Z272&E3, BORRICRITTE - BE, KE/A A BREOVELHANS
hlzoT, EREFHNERBEMOIIS, AXKBOEZEMLHATLIZ L2, Kick~X?
KEFGOEFLCHEL 2 3EBENEMEHAR L2, 20 113, EBREFHD PSAEMT
HY, HEERTE, KT F200g, EXK20g, HBEAK1000ml &% 3%, >x—LAID
PSASEMR U 20 LiclE L 72 Racodium B 20 =— Dk % Photo 6 IR L 72, 1IH D
2L, WTHLARMEPBORRERE L1z, EEDEEL2LDTHB, D 1213,
EE 9 cmNyr—LIZHH (TOYO 25, BUTHL) 22 ~3HWELTAN, 2#EL4£HR
TET1I%HEHESH (BEIIAKEK) 2or—VICEWEHE, BERELZLOT, L5 —
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Photo 6. Colonies of Racodium therryanum on potato-sugar-agar plate (PSA).

Photo 7. Colonies of Racodium therrvanum on water-wetted filter paper (WFP).

D031 %EEEERDNNIZKEKREANLETHOARMEL R 52 LD THE, ZNLD,
HRAWOMREE L L2 2 BB, LTFNFN, BEESKEH (glucosefilter
paper, GFP) &, A#sEH (water-filter paper, WFP) X013, A#Esitior —FHTH 2 WFP
R 720 EICEE L 72 Racodium B 20 = — k8% Photo 7 12 L 72,

HREREZ, FIBORBICAVALOLELTHY, Ei~H L2 BT 2 200 HEE
& LTI, T Racodium HAHEEL 21 (B 3ELSM) LIZBEE 10°C T 120 HR&E &
1, T2 Racodium B IZER R/ 2 VT2 B/,
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BECET 2RI, Ricd~N2 IEEMOINFRA-T > —L (BRI cm) iz, 1
BNy »—VIiZ2%, BIRLABER: L2V ERET L EFEHEROFOIC
2o INLDY—VvE, BEHRAKZANTBEVWREZLRZan DY y— LIt AN (BEE2EH
fliC 100 BicHERFT 2 720), RN EEEEICHRD, THEEICEM EOBRETF» LMHU
TERHBOERZR -7z (EXT22HATRAN & 5 FHT5), REL5mEL, Blb,
HIBE, HEMICHOEEEEIEL > —VIZSETHY), ZOFEHEEKRD, LlEIZEN
LPHBEROUELZIT) LERC, HL0LEOTEROEELED LN EAEOREERT
DEERAZT~14ABHMBEICBE L2, &8, HEEZOWUEIR, > ry—LVOBEZEICRE
PHBDTEERBBEN 21~28 BEICIT Y - 24, BERTFOREIC OV THOBREIZ 120
HEZ T2,

BECHETIRABRIERI m DY » —LICKTRRBHEI 5K 1INE8#E, EERK
WL7ztk, & VADAEOFLICZY 2 VBHIET L LRT OBV, ZTRALNDT v —
VE, AREHASTICHEANEBERECHERIN T 2T yr—2 (B3ELZSR)ICAN, 5

(1) "CT2Q BREEREL 28, S »—VEWMNBL, AWM EOEHET» LBULEHED
BEZBELZ(EXTS2HETAN 2HICFET L), BiRL ZBECETIRBEREL <
RERSEEL, FEECOESENS »x—L 28 - TEHELZ KD,

KEAAVBECETIRRIL, 0. INBEOIBLEALBENOIEF M) 7L2ELD
RBITRET B2 Ei2d-TC, R pHENHEK %+ EEBRIECEEL CEMLL. BRI
MDY r—VIEAKINE N, BEBREL 2%, RICHELL-RL 2 pHENHERE A
PBRTEITHEVY, BEr—VADAE LIV VEHETFL 1RTHOEEX, 5 (1) °C
T2l BBIEEL 24, AR LEOHBOEZRZH -2 (ERX T2 2 H5RTH) & 5I12F8T5),
REGERLZRBEEFELCSEEL, EKEAAVBECOESMENS »— v 28> TFY
EEHEHL 2,

2. FRERRCKRERG - BRE

3FEREM ) Racodium B R & iBE & DB{R % Fig. 14 127”7, PSA# FOREIC
DV, —100C~30°C n#EHARTHAN, N2 {KBR/» HIEICE - TR &, Racodium
iz, —10CTREEIr€<EDH6NT, —5CTirav=—nBL2LMU»RL LD
72 =5 CENEENFSCTOERALTWIZON, REDEEIKEICEL LD, 15CH
LZIATHREAEL—7 % RE7, BEIFZLICEAL T20C 28228, BREOEEIEE
D, 30CICL B EREVIIEALRBDLNLE LT,

GFP, WFP # ETld, ZnEh, PSASZHE ZBHL P ICHEL 72RE - KEDO MK
ELTw3, AL, RO —712, GFP 35 LT3 PSA 5o b~ 5°C EViREM 10°C
THN, WFPHH ETIY, 2LHICES L -725CnE ZATHEAL T3, 72, &85
2, GFP, WFP £ Loopikit, PSA#EM EIZERFTII2vdy, BUEEICEITS PSA
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Fig. 14.

-5 0 5 10 15 20 25 30
Temperature (°C)

Radial colony-growths of Racodium therryanum at differ-

ent temperatures after different lengths of incubation time

on different growth substrata. GFP=glucose solution-
soaked filter paper ; WFP=water-wetted filter paper.

Table 4. Chlamydospore formations of Racodium therrvanum after 120 days of
incubation at different temperatures on different growth substrata*

561

BEAE— 72K THREMNICBVWTNDARRIIEZLZLDTH
5CIEBUIBHRENITLAS PSASEENETNICHLIERMY»H S Z
OMEEE, KBEGDOLNET L WFPEHOK L VEE L%

Growth substratum

Temperature
PSA plate GFP** WFP***
0°C - + —
5C — + _
10°C - + -
15°C - + -
20°C - + —
* <+ : Chlamydospore formed; — : Chlamydospore not formed.

**

LR 2

GFP=glucose solution-soaked filter paper.
WFP=water-wetted filter paper.
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> TwWwh,

3. BEERFoOER
R LHEE-BEERGETO Racodium H (120 A RIEEE) OEEIT TRk 4 Table 4 |

L7z, BERFOEMRIZ, GFPHi Eicb v TaAiES 51 (Photo8~9), PSA, WFP
B ETIE, WINOBREICBWTLR LN Lh -7, Table5i3, GFP#H Fics172 &
HEETORERTHERBREZEEREL R TRL T3, BEBTOFRIL, SRS

Photo 8. Chlamydospores of Racodium therryanum abundantly
formed on glucose solution-soaked filter paper (GFP).

(After 120 days of incubation at 15°C)

Photo 9. Chlamydospores of Racodium therryanum observed under
a bright field microscope.
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Table 5. Formation of chlamydospores of Racodium therryanum in relation with
temperature and incubation time on glucose-filter paper (GFP)

Days incubated

Temperature
21 28 35 42 49 56 120
0°C - - - - - - +
5C - - - - - - +
10C - - - - - + ++
15°C - + + ++ ++ ++ >+++
20C - + + ++ +++ +++ >+++

+++ : Abundantly formed; ++ : Less abundantly formed ;

+ : Scarcely formed; — : Not formed.
#21BHETIKIIRLNT, 28 HENBETHH TRERRI M- >ZRRERM 15°C, 20°C
I2BWTDATH -T2, ENH, HEREIFEOICON, Ihs 2REREICBWTERRFD
B BEgICHEZ, 56 BEICE 5 & L VEWIRED 10C THERIBFOFERLI R L EEH,
Ehiz, BEXITHLY-721208EHTIY, 5C~0CTLERRFIERLED 2. 72,
FULBREHSICEEL TA5 L, EERTOERSEICRENBVIIEFEAILLIBEEICH -
2.

4, FRERRCZE KT RE
EHEEEEHTICE TS Racodium BOBEKIL(5°C T 21 BREEE) % Fig. 1517 F,

60
£
5 40
@
E
8
©
o 20
c
o
8 5
0 0 0
92 87 76

Relative humidity (%)

Fig. 15. Radial colony-growths of Racodium therryanum after 21
days of incubation on moistened filter paper at 5°C under
different relative humidity regimes.

au=—nEEid, 76%, 87T %BNEBETREDHLNT, 92%, 97%, 100 ¥NEETR LN
2o 512, 92%, 97%, 100 %7 3MEEICE T2 a0 =—DM (ER) #*+NFN, 5
mm, 18mm, 40mm TH Y, BEIFEL L2020 =—DEEHIERIC T 2 EE»H
LPIZENTWS,

Fig. 16 i3, &% pH T Racodium BOBERIR (5°C T21 HRIEE) 2R L2240
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Fig. 16. Radial colony-growths of Racodium therryanum after 21
days of incubation on moistened filter paper at 5°C under
different H-ion concentration conditions.

ThHb, au=—nFERIZ, PENBED L ZA5TPEH=5.3)BR: X ->TWwd, 1, FR
BTT7AH )V BEAICBTFIRRICOWTHAR L - 24% pHES.3 LD &5 IcEEHICL S
pHETOHRE:+ A2k, pHE2.3 v ) EEEEGHET TL 20 =—DMU»ELr LR
Oz,
5. HibicH T mRBEOLE BN

EWETIR, BORERBLHANLICH-T, 30=—NEEKEEL2B-> TEN 2K
BRENEEL L2, —F, 20=—nERERRIL, BROENERZLZLTL L ERIC
RBLZEZWHDTHE, AHRTH, HORFIL, BEENALOBUESL» L RIVERFTS
2Ty, A0=2—NOBERDTEELLRNUTLWERTSVE, BHOFXEEFHIEAHTH S
BEAB L Iv=— It )R T ErBHLNL, LL, TBERMRLEZ 254, B
HOMMNEE (BAKE MM LV LA, 20— EEREIFELNFOLERNICLIT
LZREHRMED, BWEBE~DGEENZ IV ICRBRTZLNDEEZ LS, LT,
Fig. 14 i27RL 72 Racodium B2 0 =— D EERREICHET I #HRIL, UToZ 2R L Twa,
b, ¥EERGEHIRABILICE B2, Racodium BHKEFALICEWTHS O ERR L&
LIERICIRT WL Z DT EZREFREEEMICHITL, 2o, 2ok 2EBERN
R 58E01, RBEEZHEICL THENDEBEET TREEICTEZ Ty, KENOBEET
TEEZDLZHE, GLABIIHL T (ERIIHS, W) eHTES,

BAEETICBWT, RacodiumBEDORRFEE L 45 DIE, BNCL RN & ) ICHER
EH s EOPBRBICTBKGEMI LD TELWERDbNDE, 20 ) TREEE L%
5330i%, BNRBICE > T, EFRNPSAHZEHICHNEL TCRIFLIBZVWEWEL, LA
KEFRGEVHLBICABES INRETHS ), DbEnZ hs, FHRTRL-BFEHOWFP,
GFP #Z# Eo> Racodium BRERIIE, BRED PSAEHM ENZNICHN, HRESHTD
Racodium B EICBE L TENBRAEIRENWZI L E2RBLTWbEEZ L3, B, Fig 14
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I27R L 72 WFP, GFP & | Racodium B EWKIIZ, BRAEG T LHRBIZEWT,
Racodium ¥13132132 0°C~10°C & v ) WHOEETICB W TOABRICKE - € -z L v
YEBEHZITIZEHTE, TNIVEBVEE, 23N ICLULENEEICL S L, FEN
BENPERICEZTLE)IZE2RBL T3, tEERHEHSKANLBERFNEE
i3, BERKEICLAL, EMnTA~8 AMOAFEH» 15CLL EIc X3 SN, ki
BREBFROER> L, ZORHICL 2L, 2BOBERLSY, Racodium BOERLER
BB TR VWLELEL, FPb- TRKIEBEFABITTLZ L 2 REL 25 LH#A
T&5%,

EREBTORRKIE, BXEN PSAEM L BEED WFP BB WTATLRALNT, #
#0) WFP 230 ic B2 2 7277130 GFP i iz 5w Tiz, @ bn7e (Tabled), =
Db, Racodium BEERFOWEKICIZ, FEEOFENGLETHLEEZLNS, I
B, Racodium EHEEBMFE2EETLIZ L%, ERL™ILIMEL TWEY, FALEHME
CER LRI N TR,

EEIFOTR & B & DBtk (Table5) 12, Racodium BEh*, [KET TCEIREROET
ERTEBEEGFPEDDY, BEIBLACONERICLIES»KREIMLI SN, FICHEE
FAFIZ L 2RIRHEFICE > T ZE2RLTEY), LMOBET CEANETHERICESR
% % Racodium %z, MER, MEKITEOBEIE L5 O>NKBICHAKTS 5 ERE
T2 & BIRIBREEFICRITL T 2 e HEINS,

Racodium BOBEL 5 2ITEEEIZ 92%~100% L %), BIETRL2EFHBRD
LD DEERAL —BL T, ERSHHOFKRLBRICEEY, LEBRINEZNER
B3, BRERCZFHOEZRTLEVRY, SKESFES TES®, Zns ) kEREBANDIEEIX
92 %L Lo 2 gL A%, GLARMEERORE» R Z L TEINDG, Lo
- T, lEicah X7 Racodium B OB E L EE L OBFRIL, EMFToRBIcE T
Racodium BHHARIZL DEBFBEHHIELEL TWEZ L 2TRRT 5,

B, EEL™E, 20C DBEEEATIZET S Racodium BORE L BEOBFZRER,
BADMUIE 94 %~100 b NBERET TRLONLY, RZBNEBETIIRBO LML o2 L
LTwd, LaL, BEEE#5°CLLLEFHRTIE, 92%DIEETY Racodium B RE
LI AEREZBT3, MEDERDAE VI, ESMCEEREL COMBICHKL 2200
Lt vwas, BENTH»L I LI2t - T, Racodium BHHBIcWz 28N 2HAL 2 THEHE
LEZbLbNS,

KEA A BEICET 2R (Fig. 16) 1, ABELVOBRLIZT—BL Tns, LH#ELD
EBTIE, ¥F FHEHEEREN (PGA) 2Hv, 20C 235REE L L, EEOERTIE, R
REOAMITHEFAAL, 5CEEREELLL, Z0L)CHBEDEREGFIIRECES
Twzicb bbb, KEAAVBECET 2RI —BT 52 L b, Racodium ¥
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DERERE EAKREA T IMELOBIFRIZ, HLICRELTV2L0TH), REXEOKER
MPBEEG L EDEBICE > TRBCERTELNTEWEEZ LN, 4B, REREK
AT MEIBEDHICIRD &\ 9 Racodium BOEBMMR I, —BAICKRKRENLKE
MR TLH 5, sHEMKE 2ISERTHRROKREK LS. pH &I, THNEELZET2 2
%L, i, FEERNEHS»ILL00, FOEHEALG/IEC pHBELIEMZBILZ L
HETLWEFTONDM, Ld»T, FRLBANICE TS Racodium B3 *EZ b4
4, TEHFETAA) FLRBEBERZRTILRIAFENETRERIZIZLEALLEWEER
5%,

BOM BB CCHER

Racodium &2 X 2HEFOMPEHORIZ, /<Y 2D r T LEEHERORRES
FERTLLT, BEEHOMPBERICB W TRIEERITRELNEEZ LND, /=Y
FNREEE L, HERORREHICHECES T2 ZORENSBKENERICHEEE, 20
BE, RIcBII2FREOTHRIN, EFcEZIHE, SLIUHRR, FF BEIVIHR
EZERNDEINTFNOBRERVEFNICEDWLARENRELRIHLEP» L), V=YK
REFREEMOBRICRTIERNZTNR L BRI LI L TEL,

1. TVRYRREHRI-B T Z2F[EROMEATT

KARKDOMEK 2, HER U AR HRERIC £ DV CTHER L 51, AL eERY &
—& (CL®), =¥E#) 5 —% (BLE), ¥4-1)s—% (SLE), 248 (MGH) RUE
FRKRY (FTR) caBL 2 ETRELTY, KRB L RUTIBBALHN O, Racodium iz
B2V yBTFORYBRROREELRZHL»ICL 72,

FRENRENL, FTRRREZBRWT, FORKRTIRREN, ZOREFTENICHE
T2bneEZLND, —H, RENFELL 4EHRENPIC, CLAE, BLEKKTIIHRE
NDREHIML {, SLE, I MGEKKTREHRTH 72, 3 5iz, CLE, BLEWMKK
Tid, FRE FBEL s> THENRREICL2LNDLED) OBLVWRBRAEICE- T, KK
BT L/ Yo FrR8FLUECBEICLBE»MILAS2EL, FTRE, MGH, SLE»
SR TIE, MRENORMLENRENLS L EFERTETEROESHHELBEVEEICILE
Folz, T2, BREORER, WKBICBEET20ATIRE(, TBOARBHEMENOER
BIcLBC(HEBINDG, RENRENSH -2 CLE, BLEEKEKICE!T 5 BB ORK
ERERNERSL &, L RER, FICABEREYCECIRBORBAL AJBICREIN
TREL, BHENZLVEVWEBHMTR, MEOREIFZBLI AL, FIIRREL-BHE
ELEASTHH T2,

SIT, MMEEETH TV Y OEHIcOWTAB L, CLE, BLEWKFKI, HH
BHEWICEG—BHEICBL, 2RIV VOEHMIIEASREL LW oMb,
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72, FTE, MGEKRK, RUBHEPOEL WIWETHEERMIZ, RAKNICE W T
PEEICRHFRLED L0205, BHFOLWIMHE N T 5909, &2 FT KA LB AT
NEHIE, T/ VNEHICFEFCERELBRINLRL (W2 BEHERAD—DEF 2517, =
VRV DEFHSIDL IR UBICBEINSBRIIZ, HALABOMRENEE L&
HTEN, TNHFELLREEZK > THR2 LERIRL LN T3, Bl2I1E, BEFOHELEER
BicbWT, Bk, Ko, HELEORFH» LHBRT 2HRRBRELEHEOEL LRBRORE
BRRE L TECETLNS, &5 0RifE, R, REMELE, =V =evinitiiEas
DLODEFERIFELZI) LT, JoREHL LNEROLITHhN TS,

Lo L, BICBXRLFHEDOHERIL, Racodium B2 X+ TrEFEERN SV 213K
|IZLoT, HEBMICBITEIY 2 VOEFHIFWEE» L ) », BEHFORLMMOKRREICE
WTBBICIZIZREPIRESNTLEH) T L 2WHRLTEY, =/ VnEHHIIMICE > TK
E(EAENZ LV HBRNDFEAIR, BTERBICEEL 2EECHTAMICERLZLZS
HREVETRREND, 72, RABHIIEHEAICIEZ TRIUE, BTHETH» 5, BFRHF,
MEEE DHEREL BRI TEVILICERVWAT—VTH), ZORVWAT—ViCh
2o TR LEHEERFH»HFET S ETFHEIN, BENINS SBOBERFOHNH—IC
TEZWELBEbNDE, L, ThoHEMERTFD, EFLHEZRET 2 & v ) WO LIER
ICHEB L TARBEE, BICEHFOETERICE T, Racodium Brth> & T2 HERHENHK
BN LA LERL VLB ER2ETELNES 2 L5,

—7%, CLE, BLEMK:FEU ( #HREEDICEL—BHRKICBL, »2EHFLEEIC
TREMLNS SLAMKKTIE, EHOBTFEMZ RABN, EEHRIMEKREIC HEEEIC
Yhhotze THZER, THEKRKTIE, BECHNEIVBRENL2HTIHEERTFH»E
ETBHILR%BL, 3510, TV VORREHF+E2 2B, BEUNORTFOREL
BRINXETLVWILE2RT—HITHLEEZ LN D,

2. EEBORELER

FRENRRL 5 2iIRE, BENB L Z0fEIZ, 2nFh, 0°C~10°C, 92 %~100 %
E%o5Tnd, METTEARENLICRET LI EPALNEY, MEFNDLDHIRROLE
FHERLELT, MEICL > THREINE 0CHHIENIKIE L 100 %DEITE WH BB D
RENREXTERICZELDTHDLER D,

RROERNBREERLE, 0°C, BERUVERNEZMBT T, Racodium HNBEIZL -
T/ =V TNENL, 3~4 »ABRTIIZTRLICEETBICES, 0°C, BiE, BR
V) &, METTRHEZ TV E2EBTHS, LiBELBOMES ZIISHERTHKDIT L
AYIZZENHFICERL, MEPGEWRKEICEHSLN M3 ~4 s BRI 0@ T
Hb, LIch>T, ERROERDLH, Tk kb Tid, BEED Racodium & Ak
BOYFETIRY, RATHICLZ Vo VnEHZHFTLIILIZIILAYER - EZ N
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%

BRENREELEREE, FREBEZOLONEBLERNMEE L TBRICEET 2, WETH S
Racodium 812, HitTBHRT, 1212 0°C~10C & V5 HBEIEETICB W THABERITK
B-BE-BELVHIERBESZTIZLHTE, I5CLULENBEICLE L, XEDEEHH
BEICEZTLE ) ZLPERROERY LB ENT, LiBELXRLEEHRFORKIENR
BREH, METTIZO0CHIEICL 55, BMERIIKREICEAL, EMMHAFHH15CLL
Lic 2 Z EHBAL T3, LLEnZ &4 5, Racodium B3, KHORETICB W TE
RICEBEHZECY, EHHTIE, BERLESHHIATRRL L ) IKIRRE~NDBITE REL <
ENDEHATESL, 25T, FHETIE, Racodium BIZEBIIXERNOBILL 2REED
PREEICLY), BRIIEERICEIEDHIRL, ERETFOEEI»EA IS 2EEr@H50
oo CORRD L, XMOMET CHARNOHE THRICIER T 5 Racodium Wi, ME®, K
REBOREFE LI ONKRBICHAKRTH 2EERFOFIC L 2KROLEFITHBITL
T Z e HH#HEING,

Racodium WK - BHL J 5BEIZ, FHCLII?BFERORBREEHELEL 92
%~100 % DEHEE %t > TV 3, METHEEIX, 100 B0EEHRETH), MBICHRFSIN
50 CHIENKIR MR- T, FBOEERFTICRBES CTRIFLREEGLENR T L &
b, $7:, WE, MELUSNOHMICEIT2MKERBNEEIZ, BRBRRUEZNE®RTEWR
D, 2% EICZBRESEI DU, L AREMERORE» K Z 2250w T, KT,
MEMLUANAORIITIR, WERLREICEORBICBIT 5 Racodium B4 BiE8E, R
FLARRE S THRIBICERPEEL TR LEHROTLI LN TES,

3. RREHFEE~DIEAICO>VT

RAEFICBITBBRENMLEMN T L EAREDOR AL S LBEHLICL - 725,
ENDICRADTREICOWTEET S,

ARELHBRT 22010, OTRTCHOREDHREFRL L, FXOGH, REOKRES
LRBRREOERBHOKE, 2 LIRERENBEEAORE, NVFNLBRIICENLE
BXE 25, Racodium BIZ L 28T - MEOREICHLC, FEORELELTEL2E
BYBLLDDFRELT, BE (FI772H) 12t 2B FREKRUBE~OEE X ENTH 2
EBEIN T8 WENLHMTOBEICRLNIFRTH L, Hb, Mii~o
BEBHBELDE, TTRENEFLZLEL L, 2LICEREERLMELL-T( 30T, K
REFBENDICRIZIZLALTTRIGENE S 2 5, 372, ARELHRT 275, 204
REEIZIDIR Y, MEICHBFINIEFOEEBELERE: W EEAGLHET 2 = &3,
ER LSBT 2HETIRA B0, BHEIE, RRKBEE~DBHOTRMAS { 24 & v o
THEnigsr 5,

L2L, FFRTTRENL LI, HBICBEWT, ARERBRENEZ 2 NEBHTEERE
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B RET 25, KRR TH 2 Racodium ENORA N EIZHEDHEREHIE (AJ8) I2EHhL T
BY, HEEHEBZRETAIZLICINABICLI2EHHEL ANBIRBRTLIZ L TE S,
HEFEEHEB 12, Racodium B E W I RBERUZFOMO L BEEMFERBOEPHICERT S
BITHY, TNERETIZLRRFENDELKBIZESL L, 2 OREORBELEFHIL2E
I EREBRL, TOBBRENDEMELSHATH S, BE, LBETRKREFORMBFRE L
TAIThN TV KRB L 2FEH,» ERZ L2, BEFENICKRROERBEREOBRKIEEXTH
D, ZOREMEVEERFICHHEABEEOKREICRAN T 5132, RSB HEHER L%
DEFBHERETLEATLEHINL LSR5,

%72, Racodium #\x, BHROMWICL I 20 EBE BL2EETIHEG L, D
BIEL ) ZHHEIMEMCBROINEZANT, »2FFERALLRABENLEY2EEYFEICEN & F
ZHh, MELEEITIBRICIE, KERTR VR LHMEROAETY, AL 2BATICAS
PERALTREZBRTADICHLLEEAET L L HATE 5, FMRETIE, #4H20cm
M O NEEOKREIC DV CHBREPOREZIT->2icb 22 b 5T, IR WHE
HPELT, Bz &b, BEM, FZIEEY( 70HROTEAETH-> T, B
BRI AFERMEESRIRAN T2 EBbNE, 2512, FHEICLIZREOFTAHRER VKRR
THAZELERICANDG L, TV VORREFLZEET 2 -HICHRABE LT HIBIC, X
ERENAYHHOBA, HRTAETL L, BETAUCEBERLEZOKRKNSHE, Fakl
BrLBETHH I,

%8, FMETIR, HMICE W TEEEE & REHE OBMEEY I, o TEHEY I
$11 2 Racodium BOHEEBI AL PO L WI EHBHLN, 72, BUOBERIIAZD
FZRIC Y LITLITHRE I A7), 48 53— 2D L D3, Racodium BOBEEE L L
T, B L LHERR) I—LULECRFTH LI LHVBEINTHE™DT, RIRORE
12, R REHEWIZ X, Racodium Bzt LABLICHEWEHER2 BT 2 MEWHIHE
THURMZTRET2L8bN2, LIS ) LMEWMYHFET 24 61T, £WHBR~DE
LR T ZERATETII LW, wTFhicdd, $BOWRICHEORETHS ),

| 3

ERREEDZICHI2»> T, LBERFERFRREFERERZ A HRERFEIRIC K2
Tl - CHEEARC 2, 72, R TEHERZRREE, RRBEHER BRI
CICRERERZERBEIEIICE, BELHTEBILLICEARLOTKREAEZEDL-
2o 8502, BEREHZE (B RERENFEF, ERFEATFICEIARLT TS|
[TV

74—V FRAZICEL T, EEXENERTESHREREERM, RRERAESKRE
HNEERHEM, BNRREE BB LD, FIREEHT, BREBBEIR, HIBLZRR
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BF, FHREBT, CHMLAEHT, RUMBEMGERIRETEEEMRAEXEESROBE
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Summary

On the island of Hokkaido in Japan, the natural regeneration of coniferous trees, especially
that of the Yezo spruce (Picea jezoensis CARR.), does not readily occur. This is due to may
inhibiting factors, with in-soil need rot (pre-emergence damping-off) caused by the fungus
Racodium therryanum THUEM. being a significant contributor. The objectives of this study were
(i) to ascertain the distribution of this disease in forest sites ; (ii) to determine to what extent this
disease inhibits Yezo spruce natural regeneration ; and (iii) to discern the pathogen-host-environ-
ment associations concerning this disease. Information obtained from this study can be contribu-
tory to the development of Yezo spruce regeneration-promoting techniques. The results and
conclusions of this study can be summarized as follows.

1. The forest floor was categorized into five types, i.e., the coniferous litter (CL), broad-
leaved litter (BL), Sasz litter (SL), moss-growing (MG), and decayed fallen tree (FT) types (Table
2). These are belived to be representative of the floor conditions found in the northern Hokkaido
forests. The occurrence of the in-soil seed rot caused by R. therryanum in these different floor
types and in the different layers of the soil were investigated. The disease was found to occur
on all floor types except the FT-type, which proved to be the only floor type completely free of
R. therryanum infestation (Fig. 2).

2. Among the floor types where R. therryanum infestation occurred, fewer R. therryanum-
caused seed infections occurred in MG- and SL-type floors, while numerous infections occurred in
CL-and BL-type floors (Fig.2). The severe infections, however, were found to occur only in the
surface layer (A, layer) of the soil (Fig. 3). These results indicate that R. therryanum primarily
inhabits the sites with CL- and BL-type floors, and the largest amount of the inocula of this
pathogen are distributed in the surface organic layer (A, layer) of the soil.

3. In the sites having CL- and BL-type floors, where coniferous regeneration is known to
rarely occur, regeneration of Yezo spruce from seed was found to be dentroyed almost completely
owing to severe seed germination damage induced by R. therryanum (Fig. 2, 4 and 6). In the sites
with FT-and MG-type floors or at the locations cleared of organic matter, which are known to
be sites favorable for coniferous regeneration, only slight seed germination damage occurred (Fig.
3 and 5) because of the absence or scarcity of R. therryanum infestation (Fig.2 and 3). These
results suggest that R. therryanum-infestation is largely responsible for the formation of the site-
specific regeneration pattern of Yezo spruce.

4. In the site having a SL-type floor, know to be unfavorable for coniferous regeneration,
fungal damage (induced by R. therryanum) did not appear to be a serious problem for Yezo spruce
regeneration, at least in the seed germination stage. This suggests that there exists, at such sites,
unknown regeneration-inhibiting factors stronger than fungal damage in affecting Yezo spruce
regeneration.

5. The temperature and humidity (RH) ranges for the development of this disease are
approximately 0-10°C and 92-100% (Fig.10-14). In field conditions this disease usually occurs
under the snow, since snow cover can create a microenvironment of low temperature, near 0°C,
and saturated moisture.

6. It was shown that exposure to the infestation of R. therryanum at 0°C and saturated
moisture, a temperature-moisture condition similar to that under snow, resulted in Yezo spruce
seeds losing all of their viability within about four months (Fig.11). In most of the forested
districts in northern Hokkaido, the forest floors are commonly under snow cover for more than
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four months during winter. In such areas, as long as the R. therryanum infestation is present, the
occurrence of Yezo spruce regeneration from seed seems impossible.

7. 1t was found that R. therryanum grew most vigorously at 0-10C and was greatly sup-
pressed at 15°C and above, when cultured on substrata of low nutrient levels resembling those
available for R. therryanum in the field (Fig.14). Yet at such nutrient levels, the higher the
temperature, the more abundantly were chlamydospores formed (Table 5). The temperature of
the upper layer of the forest soil may remain at about 0°C when the soil is covered by snow, but
it commonly goes up to over 15°C during summer as is the case with northern Hokkaido forests.
These results and facts lead to the conclusion that R. therryanum is active (infectious) under the
snow in winter, but in summer it is greatly suppressed due to high temperature stress, necessi-
tating its survival through dormancy by means of the chlamydospores.

8. The humidity (RH) level permitting growth of R. therryanum ranges from 92% to 100%
(Fig. 15). Since the moisture level (RH) of the upper layer of the forest soil can cardly go up over
92%, unless the soil is covered by snow or it is the rainy season, it can inferred that this fungus
may be generally suppressed during the absence of snow because of moisture stress.

9. The in-soil seed rot caused by R. therryanum occurs, in varying degrees of severity,
almost universally at forest sites. However, this study has demonstrated that the damage from
this disease can be greatly lessened by removing the surface organic layer from the soil.
Recently, artificially disturbing the forest soil with raker-equipped bulldozers, which is basically
a practice of removing the surface organic soil, has become a popular procedure in Hokkaido to
initiate conifer regeneration. The results of the present study provided theoretical support for
this forest management procedure.



