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1 #& B

IREERS, SHERZMOPEARTE, ERBTLILHMICET 2HES 3V IRRE CUIF, BEFSR)
PHIEE & L » L MEYIDRARRY 5 LM EBRNER SN b, OB IRREPREREE
EHEPBRA - EET I, £ OBEAMERRES 2 —EOREIETHEARL #%E, BREFILT
3o FRBMELOMARUVEOEEEZMEILT 26 5»0BBLEBV T3 EELLN D, BRDU
MoOBEORRcHT 5 X ESHHBEE U TA~xY Lok S iaMliasEoZ{t (PearcE and RUTHER-
FORD, 1981 ; PEARCE and WOODWARD, 1986 ; PEARCE, 1990) 7 7 1 + 7 L & & v BOHEHEME D
FFE (Sua, 1967 ; Kemp and BURDEN, 1986 ; PEARCE and WOODWARD, 1986) BHI6 0TV 3, L
LA, BEREMEN~NE EZOHRERONTED, HiHERTRIAEBOE I VLW TOR
KDV, BAEEZREL Th, BNAEPHARICOBEREEZVALL ZHRRBEALER VW, £ T,
4% TH OB OHESLTbR T WIS, - 72 2+ (Cryptomeria japonica D. Don) 2H b ki, 43
LU 720 S0oBEORAI T 2 HHHEBEC >V THEEPEOERE 2P ORKHT S LT
%o

AFEVAOMEBISIEIELURECIDEL DD, FELGRKELTAFL I+ Y (Semanotus
Japonicus LACORDAIRE) OEE (k- 46H, 1985) PRIEEHIR (fHH, 1963 ; #H, 1986b) HEF
bhd, TOHBFREIH T cm sV shll Lo EVWEROERBEEHSE 5, S5IHMATR
MEBNTERBOBRERAEA THETT 5, 20ER, MEOEFELVTEREB £, HEEKEX
MEE L TRERIN TV, 22T, AHER, X473+ 0BFMHS MERI b 5HHEK
IR, LIRS Guignardia cryptomeriae SAWADA %38 L 7B OBAIRIGIC D W TS 2T
TH5ILEHME L

2 TNETOMOPBBRECET MR

2.1 FLBHIC
BELS £ FWRTREOFRRICHT 2LV KOM ORI >V TE L DRASTOR TV 5,
BeoREODTHOHMBBIREELENE bHOREL L TRITE, F5R, BERIBFLN5,
BRI EAESRE L THOZER - BR%25 53 7R E, SERREERSREL THERES|
HCPRE, ZRRGMOBEMMERT C LI D ERERES ZECITHRETH S, 2ITR, B
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Fiis, HEW, BRROPTZ AT OUMBNRECEATOERLE LT Y/ 27 F 5 7 it L3RR
B3R, F 71 6 hihbb 5 Pinus BOELHE, = VIUMKEEED LY, OB OomMEIc>WT
s 5,

2.2 TY/RIVFITICKBBHLER (annosum root and butt rot)

Heterobasidion annosum (FR.) BReF. (Fomes annosus) 1< & 5B, BHEENIIBEROBE,
Ericdbk, JERRIC B 34 EMOBRRMNICK bEELRETH 5 (HopcEs, 1969), H. annosum 133K
AEEZDH 200 EOMPIEGET 50, FICHEMCL - TEETH 2, HELBIREN, BEQC
X380, REEH, REHEE HAPTELLOTH S,

H. annosum o339 25E OIS 13 F1c Pinus [ & Picea abies (Norway spruce) 1238\ THF
TENi, UTTR, REOBELBR~HE, TS OREICH T 24 OBFHIHE % #IB, I & 8)
HIB I D i i TS B,

2.2.1 WKOHE

AH512, Abies (£ 3 B), Juniperus (¥ + 7 ¥ V&), Larix (# 5= V@), Picea (+ ¥ £JB), Pinus
(= V&), Pseudotsuga (+ ¥4 7 7I&), Tsuga (v HE) BHEERBLETHY, RO LEITHK
EBELEH, ThULOEHEORBRBFICK > TR S, Pinus BE Juniperus BDIE LA EDHE
TRECHBENEEC L, RPEEOA~BETHNS Wb D, Piceald, Abies|B, Larix &,
Tsuga J&, Pseudotsuga JBIEBIOEWVE IR T 2 L0520, BEPEC L2 LHEEmic
SRR/ AR T,

MNIc B 2 BFIOBRBRBTRTICE > THE 3. HTEFEFLSERECIAPBHL 2805
R, EE L THPRICBAT S (RisHBETH, 1951 a, 1951 b ; STENLID, 1987),  AiHFMTF & TR
M7k & & bic TR AV ORI, BEIC L > TRESORD 5RAT % (RISHBETH, 1951 b)o
BT 2 R~DOEB IR OB, METRI Y, WRIMATIEAL TV (RISHBETH, 1950),

IEFRIEEE b ORED 2 L IIBEEIEE LW 5 B RRRICORE, S M Tl Rl
T B MOBAIRITHINE DR 20K S WHATURR S N, EARBICID » THE I > W TR B,
TR TRIBHIEOFR L 1o BB EOERBICES » TEN S, BICEEL 728 < oARTIIM SRS
PRERMED SNV, BEOETHAE LN B,

H.  annosum W< 25 OFMEI IRFEHICRREENZD Sh 5. HILIE Abies concolor (white
fir), Pinus ponderosa (ponderosa pine) i» 5 OEMRIIMOFEICH L T bocx DFEFEIIH L TH
B35 (WORRALL et al., 1983), BRI rhIEOERL LT X+ 7 V< vEHROD foman-
nosin (BASSETT ef al, 1967) Yk Fuxv v 7 3 vyERO fomannoxin BHI 51TV 3 (HESLIN et
al., 1983),

2.2.2 EHIBHTAREHE

H. annosum i34 2 0B E L CIBL2ROMEY BRI &, T74bDB, PinusBE
Picea abies DRI T ZEORR & BLAROBEZ M Okt & 2B T 2R MBHB LN
MO & BOREPCEREEIC T 3 EMRENTTOH, W > OESPEE S W YEPEE
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FIGHEEHE L 72,

#l %13, CoBs et al. (1968) |3 Pinus ponderosa i» 5 DG L # DERMER A THZ2F VRV EM H
annosum DFEEMET 5 & 2RO Ui, &k, Picea abies DM, ¥, R, MEomby
i3 H. annosum @ cellulase, pectinase ® laccase 5 O BEREM 2 HE L 7= (Cerny, 1973), H
annosum DEXEIHES Picea B Pinus BOMIcH SN BB EOHERME 7 V< v (FlZ 1 a-pinene,
B-pinene, 3-carene) TH#2I 5 & &n&Nic (ScHuck, 1977; FLopin and Fries, 1978 ; FLoDIN,
1979),

L L, BHREALBIERLOBMTHED 7 VR VRSHCIBBERSL SOt bbb
F, EYRE TREORKE & BRI, 5 2 2 &9 (ScHuck and ScHUTT, 1975), Pinus resinosa (red
pine) OFFHANOEEAROER, FHARKTIEOEERMHESINE,» >/ &3 (THOMPSON
et al., 1968), HHBIEMEBOBEEMMNE BV LEZRL TV S,

2.2.3 EhBIBHEIMERE

FRIIK~D H annosum OBEBHRBRL OMILB Y 2FNPARGCOEE®RSRRS L
(TuOMPSON et al., 1968), H. annosum IZXi4 2 @M RIG & L CTIRAEFNICIIRKIGE (reaction
zone), HfTHr (transition zone) LEEBEH: (barrier zone) AR, {LFEMICIZEE (Fr v EES
), 727 —NVYBOERE, BRSBTS OLNS,

1) R UBITE

SHAIN (1967, 1971) & Picea abies % Pinus taeda (loblolly pine) iZB8WVWTHIEP 7 = / — V&
DEREL, SLARBEIAES H annosum OER X V%72 > TEREh B L2 RVHL, T OBE
BEARINBEAE RN (reaction zone) EIFA R, RIGH ORERIHEIC L - TRAED, Pinus
BOBE I FUSRICREE 25 FERE L TV 35 Picea abies OFAIZE 5 TRV, T3 Picea abies T
i3 Pinus BMECKIEESRELTVRVIE, 282 v 2 OMIEELEEN EARBLTWS &
EZohTW3, RIGED 5 JMECHERESBEVHE OB 2Y, H annosum ISR
V (SHAIN, 1967, 1971)o SHAIN (1967) 12 & % L{LFWEHIRKIGFIC BT 2B TR OERLER
THEM, TOEBEREICE > GRAEBAIEL SO TRV, HHOERLE & bIERREI T
OHMBAEH L, BFRESRIZERE L TOVEOEAICE 1 SEAB AR LT 5,

R4 & 2Tk & ORIC 1375 (transition zone) &FEiFh 3 NAD (nicotinamide adenine
dinucleotide) diaphorase FEHEDMRBEFENF K EKOBD 5L VER L MBS TE 5 (SHAN,
1971), T AR (dry zone) & dFEEh %, Courts (1976, 1977) (3 H. annosum %15 L
}: Abies grandis (Grand fir) % Pinus nigra var. maritima (Corsican pine) D0 OB T4
DT 2B CEREPERI NS T LA HE L, COoB(LRBNFHEORBoT/LEHEL /-
BARREC SV, Ol EIEREVEEXOBNRIGI & > TERENE T LERLTV S,

COBWITH O E EZ SN B MEND B, H annosum %38 L 12 Picea abies DIRT, BITH
DT AERICHET D H 5V IIFERLEOBOF v I E N3 (STENLID and JOHANSSON, 1987), 1%
S REINEEROVIMERRE - L TOBITHREZATBY, BITHCBI 7=/ —AVHETHS) 7'+
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YROEREREL TV 5,

RGP BITHEN ORBERA b B & L TER S 1/, Picea abies ORIGHIZH T 5\ pH i
BB S L T A ajEEtEdid B & b (SHAIN, 1971), Pinus taeda OIS Tid pH 3EL 7S
< (SHAIN, 1967), BAtA##EIZ 5 3 pH OBEM BV TH 5 5, BITH P RIGH TREBEIDE
BALIKFEDSZ VA, H annosum BIFKHILTRET THBD CRANSRETToECL S cEHFT 3
(GUNDERSEN, 1961) T &h o, COERGBHMESL L COEERIEVC EARBEIND,

@) #ERv 7 v

I ITHRRBEVWH WS (KI5 1cid oleoresin Dfth, fatty resin 7 = / —AVWB%E4%$ZATVS
BEBE 0, - T, BRI IGHBHES S OBOMEC L2 0BBCHET I LRITEL L,

REPCHEERDOE L ORIEDOFER I3 Pinus BOMICH 1 2 ARG TS b, BB L L TEE
THBEEZ SN TS (HART et al, 1975), H. annosum @ Pinus B~ DR Ic g nE B i E
SNWPBROMANIIcBE, Kid 3 &4 (SHAN, 1967 ; RisHpeTH, 1972), T AN T D H.
annosum DREPBEVHERO—>EEZ 50 TW5B, Giees (1968) 3 Pinus sylvestris (Scots pine),
Pinus nigra var. calabrica (Corsican pine), Picea sitchensis (Sitka spruce), Pseudotsuga
menziesii (Douglas fir) (2319 2 RO EL O, RPEEBOMN TOREEEH Pinus BO 2
BBV TRETHZCLEERVHL, Chid Pinus BTOREAEEOSZ S IKB#BLTVWE EER I,
[ —HREIC BV TR0 AR I IRE KR, BROEE ICEE S A (GiBs, 1968 ; RISHBETH,
1972), T3 LABRNIC L 3BZHOZRIMIBLEEDESDTHRHWATE 5 & S (Gipes, 1968),

H. annosum DS U 7z Pinus resinosa O %X TV 38T IRBGHLE IR - TS BOKIENHE T -
TW3 (SHIGo, 1975), F 7z, SuaN (1967) 35 L 7 = / — WHHELBRIGH O X TOMBERIC/HE
LTV3 T EAEBERHIT R L, 9 LABBRIMENHECLRARICBNTMGcEES N T
LETRELTV 3,

Kiig OHLEEMEICBIL T, BEGa and TaRrY (1966) 3f#i5dEOE PR THEKCEE L < HiclE
#ETBHCE, FHIEVHSEHRIMESEMN LM ETERATE A LEBE L, L L, Pnus BOK
Te DR ST RD L 7~ VM H annosum OEEEMET 3 L 05 HE L OfgGHH 5 (Coms
et al., 1968 ; GieBs, 1972 ; RisuBeTH, 1972 ; CERNY, 1973 ; ScHuck, 1977 ; FLopIN and Fries, 1978 ;
Frobm, 1979), %7z, BREEORIEOAE, HHIZZOBAM LHEE > THRNEEL LTLEETH
2L ah 3 (VERRALL, 1938 ; RiSHBETH, 1972 ; HART et al., 1975 ; PRIOR, 1976), ScuHuck (1980) 134
BB S RITE BRI IKIE L, Bl T, Fu Ry BEEMEE L TEI T & ER LK,

PlEoZ &5, BRI X 5SRO B~ 0B ilic X 2 MBI EHE S, HEEEso
FURVEHOEBEC X A{LENEHEOmEFIC LS EELONE N, {LENSHEEERE L TiHRLT
iz b EE LEOBREICH L TRIMCHEAT 3 7 VR VLD b, RISB<2 7 = / — VB DA H%
RRITHhOEEENSVWEEL LN,

@) 7=/—-1YHE

Pinus BORBEIMIC IR EALE 7 x / —VPEREF L THR VA (SHAN, 1967 ; HILLIS and
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INOUE, 1968), A48 % b L 2B R b L X, FIZ %, B, 5Ly, EARck-THY
T2/ —VTHBRFIUNVYEOFROY , v VE Y Td % pinosylvin & pinosylvin mono-
methylether #84m%9 5 (HART, 1981), CDE/ ¥ EVYEREOREICHT 2 0MORIGE LTE
&9 5 2 & (JORGENSEN, 1961 ; RISHBETH, 1972 ; SHRIMPTON, 1973), %7z, BEH EIZH, 1967)
PRUEH (SHAIN, 1967 ; PRIOR, 1976) BT 5 2 L HE L D Pinus BTHSIh TV 3, #Y 7=
J —WTHB7 5,5/ 5D pinobanksin & pinocembrin & #5EH L RIGHICHER T 5 (ERDTMAN,
1949 ; 8135, 1967 ; Loman, 1970 a ; SHRIMPTON, 1973),

v/ v IR H oannosum OB EMHE L (SHAIN, 1967 ; Gisbs, 1972), BRELODEHM D &
pinosylvin {BE & OMIc B OMES S 515 (Priog, 1976), B/ Y L E Y EHOEBIGHENREL,
Pinus nigra var, calabrica ~® H. annosum O TI13EER 1 Bt x 7 (PrROR, 1976), C
HSLZ EDS, Pinus BOAMITEB T 3 H annosum OMBHEREEL H BB OY , Y LE Vv
BOAERD D EEZL SN TWAS (SHAIN, 1967 ; PRIOR, 1976), 1z, 7 5%/ ¥H® pinobanksin %
pinocembrin &HiEM £ - TH b (SHAIN and MILLER, 1982 ; YamaDA and Ito, 1993), Pinus @D
LM OB I bbb - TWBEEEZ LN S,

9 LiciiBEEME ORI > Wik, MRS PRERIC AT 2 THESORE LOMED /¥
H#H D (HarT, 1981), AZ LSS Lo — X PO OB SRR I 2 MRS
OHEBERIBUETIEBILTHS (LoMan, 1970b), L L, RIGH & FIIREFTEEL o this %
WHBRL & H annosum & BBFHPEEE NS 2 &5, SHAIN (1967) B/ v v e Y EBIERHIC
b > TV5 &R LT

Picea |&, ¥5\2 Picea abies I\ T b, & (PopoFF et al. 1975, JOHANSSON et al, 1976) % (SHAIN
1971, SHAIN and HiLvis 1971, CErNY 1973) T H. annosum ORI B L oA LFMZE{LICBEd 251
FBHITONIFER, RIGFCEETIUEIESZ L, 205500 O HPEHOREPHRE M
G5 LMRE i, Picea abies DRL2.LHMICERT 3 7 = / — VIE TH % hydroxyma-
tairesinol, matairesinol, liovil, conidendrin &\ -7V 7'+ v ERIRIGEICER T 2 (SHAIN and
HiLus, 1971, RIGHNIC B Tid4FIC hydroxymatairesinol OF U WIEMNA S Sh, @404 & &
ODEATEZHICEY 77 YRHIIBREAEESThE L, Thodficdb 200 7+ YEi H
annosum DY L 1z Picea abies DM TAH S5 (PoPOFF et al., 1975), hydroxymatairesinol i2
matairesinol % conidendrin & ¥ H. annosum <%t 4 2 ETMSH <, H annosum 189 388D
EBHc b >TW 3B EEN 3 (SHaN and Hius, 1971), Jonansson et al. (1976) 13 Picea abies
DRORIEL S DY 7+ VEESUMBEYIE H. annosum OREFE, ¥IT laccase icxtd 5 HEEE S
BV EERE L, i, EROVERSPELT 3 LHMOBRSOMROGEH L h bHRSELNK
3L EROH LI, T5L12T &5 Picea abies B A~ H. annosum OFRAMIER Y 7
+ YOS X - THE NS, 72771, hydroxymatairesinol ®H4 R & % OHEHIC >V TIXRS
LN TWS, H annosum WX U 72 Picea abies DMORIGEICHER L7 =/ — VB D WL
S REBEOEAEOKEZMHE L 7243, hydroxymatairesinol i3 1 6 OB IcH L TR H18
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V&g S (POPOFF et al., 1975), fcARY 3% < OBMICDBL VWA PHOKEHE L, H -
TWA T EbHERETN TV B,

VIED &SI, H annosum o3¢ 3EBHICBT 3 7 = / — VB ORENC - W TIRMERIC 14
Re257—5b550 ERLAFARVEPYIF VEREDT =/ - VBSHLERD, Ty
BOBIERE & & & b FNSBEREEEH - TV LEZ SN S,

2.3 WER (blue stain)

F 74 2V EXREEFEATEIAROMRRFFEAC EMOBFEPEE 5, RRMICARZHESES
TEbhy, RETMELE B, T TRIREMNS SO &L Tmountain pine beetle (MPB,
Dendroctonus ponderosae HOPKINS)—Ophiostoma clavigerum (ROBINS.-JEFF. and DAvVIDS.)
HARRINGTON (Ceratocystis clavigera) JxUF southern pine beetle (SPB, Dendroctonus frontalis
ZiMM. )—Ophiostoma minus (HEDGC.) H. and P. Syp. (Ceratocystis minor) <& % Pinus BOHFE
WX 2 OB > VW TORRET L 5,

SERIC 4 BEEEEFSNR E LT, BerryMan (1972) RES0 2 oBEEIcKB S §
ERopfly R 5 4%, —REIBHEOWRIIL GROBTE, #MRAIpE) & REIBIEE LS RIS (ErIps
H, FEOBHE) © 2 WEIEEL L, —RRIEIRERICEET 2MIsEHRROBIET, R
IR BEPRBREBICTEMIIC K » TEE - JWsncllliETH 5, BRRUCHWEEY X 57 4 ML
TEL OTRELVET 5 - 502 (BERRYMAN, 1972 ; RaFFA and BERRYMAN, 1982), BT Tid, %
OB ER~IE, —RFIRIEIC & 2 HHIBHIEE, RIS X 2 BIRIBG S I 53 it o
B, MPB & SPB st d 2 Bl R EANICR 22 o h 50T, UFTRE EHTHNE,

2.3.1 HWIIOHPE

MPB i34 + #0488, 74 U 2 SREILFERICRET 2 (RAFFa, 1988), B & FEBHE AR Pinus
contorta (lodgepole pine) Tk b &EETId MPB iz & 2 255HEA®D 95% % 5w 3, 2 HHIE Pinus
ponderosa (ponderosa pine) T& b, Pinus monticola (western white pine) % Pinus lambertiana
(sugar pine) & & FICHYBNEIN S, TOMOL 25D Pinus BoHELZIIEEHH D, &5
WAFED & XT3 Picea J&, Abies |8, Libocedrus BbMES N3,

MPB i$ 7~8 HIZBAL, MPBI & » TECGATNAFER TS C IS & OM THRE LI 5,
B I RAEGHERIC 2 m SR O N 508, ML E > TR ARICES Y, S5IREEICRATS
(BALLARD et al, 1982, 1984), % & CTHBREFLM® & 2 RIREBTRLEEAES 2, BIHNICTEE
1% L Z0RHTEAOHEES ©, HOMEK 2, 3 HTHEL L NROTH 338 LY 5, BikiE
BEOET&A 505 (MILLER et al., 1986), BEiTF 7 1 & & d mass attack ZZF - RKIEBEOEFICE
DOEHBED DD B 5, NEHRHEKIREGICL > TREZOEOKIEBLED S L bd 5, FBEW
BRRONS BRIV —Thotak b, FEICIIRT 5, @ 80 FAL EoMIcRE L, KRFEEE R
HET L, WESRET L& 4~I8FERMG L THEL, TOFHE8~IETH -1,

MPB (33t @ & U TReRk—Pichia pini, Hansenula capsulata Tx 0¥ H. holstii (ROBINSON, 1962)—
PELEEFE-ON, BFICRBELES,PDb-TW3, FEETIE MPB RUBHEARBIEEE LTUT
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@ 6 EKRETE N7z (RuMmBOLD, 1941 ; ROBINSON, 1962 ; MATHRE, 1964 a ; ROBINSON-JEFFREY and
GRINCHENKO, 1964 ; RONBINSON-JEFFREY and DAvVIDSON, 1968 ; WHITNEY, 1971), 1. Ophiostoma
clavigerum, 2. O. huntii, 3. O. montium, 4, O. minus, 5. O. piliferum, 6. Ceratocystiopsis minuta,
Z O, FELHEREI O. clavigerum & O. montium T, ¥ O. clavigerum \33RFE 715 HEHI5H <
SFHICAMLMBICBAT 5, ChoFEHRROEHIC»DHLZEEREREEZ S TWVWS (RED
et al., 1967 ; BALLARD et al., 1982, 1984 ; STROBEL and SUGAWARA, 1986 ; OWEN et al., 1987), OWEN
et al, (1987) % Yamaoka et al. (1990) & O. clavigerum DADFEIC BT 2 HEME LIS L /2,

SPBit, 74 | #SREREHEU A+ >3, HRT 2 Y 4 O—ET Pinus BIREBRUIBEL 15
LTWwW3 (FLAMM et al., 1988), mass attack DEENFHV & ZRENOBOARTEAR ST I ENT
% %, SPB OfIEcxf L, Pinus taeda & Pinus echinata (shortleaf pine) (35 &RSZHENE <, Pinus
palustris (longleaf pine) #® Pinus elliottii (slash pine) ZZ 5 & b ESIHMEWV,

SPB OB idRKICHEAL, M2 RFELERYT 5, RicBdh @O X hBKMHEEZ N
(Basnam, 1970) REHEEE 5, B, RK, BB MPB OB4 L I33EKTH 5, SPB I
mycangia 2¥fbH, 2 XD mycangial fungi-Ceratocystis minor var. barrasii (5EFHHAL
Sporothrix sp.) &REIEMFE —%F-> TV 55 (BaRRAS and TAYLOR, 1973), Zh 5 OEIRADH
FHITREEAEP LD >TOEYL, BIOEEHE 0. minus (C. minor) IR O THITH (RumBoLp,
193D), TORBAORFEOELZFRELEL SN TWS (BasHAMm, 1970),

2.3.2 HREIBLEIRERE

MPB % SPB Az L, Pinus BTRFABERCRIEED 5 —REEIsoME»EHEI 2, —
wEgmtiEIc & A ERME I, KR SSYERREEE L L 2T E 7 VR VPRI & O LRSI
& B H 5 (Hopees and Lorio, 1975), % #z, Pinus contorta OIEIMEAR & BZIMKR E O TIIRS
Hgomt oS BIIETRMERTORPE VY, £/ 7 UV ER EORHYIRS OB PRI
#5184 (RAFFA and BERRYMAN, 1982, 1983), T C &b o, —RMKIERIBHHEOERICIEEL
TRV EHETEh 3,

2.3.3 BHIpHERE

Pinus BOBERICNT 2HMHBEOME T, ZKIRIERICF v~ Y BOERE V5 F{LE
PIRIGICERPEBLN TV S, DT TRIZROBIEORER L T LRI >V TOMEIC>VWTR~N S,

(1) TiREIEE ORI

F 04 Ly EETHEOBBITKIG L 72 Pinus contorta T 2 BEEDKINS, — RIS & —kigigiz#
D, oXHEh s (RED et al, 1967), bbb, —RIBIRIMIEERRTH 5D L, ZK
By SRR M LIS O RMMHBR TH 5 L Eh 3, THIRETo X5 IciBEHRCLEN RS R
%o

O. clavigerum % 5V i3+ b ¥ v TUE L f: Pinus BOIM O KINE © 3B BIE T
LGEESEE I & > THESh 5 (LIEUTIER and BERRYMAN, 1988a, 1988b), T OkiigHiFER L 7
EEE, BFIBEHERICR - TA oS8T L bAlEE S BB L TRV &, FoiiiEiREy
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FEEC I LIE LIEREESA S hEW &b s, REFTORIEITMIGREFEZEZ Shic (LEUTER
and BERRYMAN, 1988b), Pinus BOKISEANOBISOBERES 3IZ LA EPEIEEEE, FARYT
b3 (MuTTON, 1962), FUGHIEETIRE / 7 VR~V BEHNZBICAT 24, WIS 2HisROo¥M%E
bW &p s, FARVEREIEEP OBHL CELboTRUESFHEEShAODLEELS
TV 3 (SHRIMPTON, 1973),

B ER ST OREERELIC S BALMHE T B, O. minus % B U /o Pinus taeda O " IRINKEHE & —IREIRINE
DT EDTE 7 7 V%% (PAINE et al., 1987), ®iiEMEE €/ 7V <= V&4 (CHENICLET, 1987)
DHERRILSRET 5, KIEMORS OB & BREPHERICZE(T S (SHRIMPTON, 1973 ; HART et al,
1975) TH5 L1z &h 5 bRIEDEEVSEL SRIEOBENCL 2 bDOTRIEVWI LARBREN S, —K
F g i X TR RIEOREE BV I &0 6, FaE L BIEE %R Pinus BITB VT H PR D
TR D RS & RIGEY DIREBE ORI HREE L THEETHHLEA 005,

(2) RS DARK

74 LV BEEORBABRCELORBHILHKIESEE L, HEOEEIHIC IBIENFRMT 2
(STEPHEN et al., 1983), % O AFOMMLAMIcB VT bRERFERM L, HEMiEts s, 5L
FRIGREEROEEIR L > TRES NS (RED e al., 1967), < OMIEOERPHRIDELIZBL T
£ OHREHBIB SNt

MPB (2B L T3, MPB R UBIHE ORYLIC X 0 Pinus BOMIC 7 VR VEOERIEC 5 < LHUR
s h: (SHRIMPTON, 1973), O. clavigerum OBEFREHRIEN L /= Pinus contorta DR T 3 MESEAH
WA BEFTEREL, T/ FARVIEHT B LR+ F A<y OHHEAT S (RAFFA and BERRYMAN,
1983), % 7:, EEEMcBiE L 23 ic i3RIl A L, 7 v~ ¥ (B-phellandrene, 3-carene,
a-pinene, camphene, 8-pinene, myrcene, limonene, p-cymene) kU7 = / — V¥E (pinosylvin,
pinosylvin monomethylether, pinobanksin, pinocembrin) ®HEMEH A S5 3 (SHrRIMPTON and
WaTsoN, 1971,

SPB icBIL T3, Pinus taeda % Pinus echinata \35E % SPB BB OBRE I L IKIGH 2R L
BIEOFHBLEIELE SUBARIGEE T T ESFE sk (Cook and HaiN, 1985, 1986 ; STEPHEN
and PAINE, 1985 ; PAINE and STEPHEN, 1987), O. minus *ZERE L 28R CoORIGHEHLE NS
(PAINE and STEPHEN, 1987), RUGH DA Z S ICRMERCHELCZRSA LN, BHMRBE TS
WS 0. minus ERETHR A Z W (Cook and HAIN, 1985), RO Kby CWRBESHMB L HEEL TE
JFNSVEOEMAB LN, E5IE/ TARYRSOBRILICOH L 0EMSEC S (Cook and
HaIN, 1985, 1986), LA L, BEEREOKREANOBVIRE - TF VR VRS ORI 3ERIZNL
(Cook and HA, 1985), RENDEVICHHH S FRIGIENICE—TH5LEL 605,

TIRMIEIE O EEMCBIL T, Re et al. (1967) (& MPB R EOREMEKI L fo KT IR RilG2
HAsA SNV &AL, —RIVIRISIZBREENICAER U TV 3 7o BG4 5 20l R »
PhB 00, RISHIEHEBSEIEC E - TROIEELERK SR L, & 5ic, MPBBIEE
OEEBICH U Pinus contorta OEFHEBEEIBRIZIHMAER LD BNCES OBMIEEEET B LP D
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(RAFFA and BERRYMAN, 1982), —iKMIKE & 13870 » RIS BV OZRIchbb> TV S L
EZohsb,

Rt R EH 2 B A L T W3, Pinus contorta DRGSO I BSOS &3
B2 v O. clavigerum KU 0. montium O E*HES 5 (SHriMPTON and WHITNEY, 1968), C. ips,
0. minus T O. piliferum (C. schrenkiana) \<X4 % Pinus ponderosa D¥EFRMERK S OIE M (CosB
et al, 1968) ©, O. clavigerum K U O. montium =%t 3 % Pinus contorta DR R D O HiE M
(SHRIMPTON and WHITNEY, 1968) H#its X1 T2, Bripces (1987) i Pinus taeda > 5 OERMEY)
B D 0. minus F0 SPB BEEICHNT 2 PIEMEZHEN, 7V HOTTHYHEIC X » THEEIKE
RERBH L EERLIE,

% 7z, LIeuTIER et al. (1991) & Pinus contorta, Pinus ponderosa, Pinus monticola T O. cla-
vigerum BifE, x U vy —B, BECLBZE/ FARVOEHEAN, KIGHEBTOE, FA
RKOBE UM TRIZEZBE /) 7 v~y OBRHLEABERTERS TV T &, B X > TRIGHSR
TOMADE, FARVEBOMBOARNELZ I LERVH L, T LPHRL - SPBIicEi}
% Coox and Hamv (1985, 1986) O#EREF, HFEEIMIcBITsE/ 7oy OREIEANL VLI LD
BHTHY, BEARISICE TS/ FARYOREBBES R bDOTH B 2ERL TS,

BIENICHFAET 3 EL 5N 5 ZOMOYE T3, BRIDGES (1987) (3 Pinus laeda » S L1z 7 =
=7 ot/ {4 FETH S 4-allylanisole 3 SPB BhEE I L THE L SHENTHE T LR LI
COMHE RIS ERICA SNBSS, BREFNCEAT /534 ohiz v, REMERENCB T %
OB DHRR I Pinus taeda D SPB RUBIEE IC W T 2iEhiE b -TWBELEEASND, &
7z, HEMINGWAY et al. (1977) &, O. minus 2L /- Pinus taeda DM THRER Y v =V, AFF
¥, 758/ —n, RAF N~ (pinosylvin, pinosylvin monomethylether, resveratrol) AH3¥EhNd
BLEEREL TV, NEMHOBRESEEEBTZETNVRV LA IS LABAD T =/ — 1Y)
H ATV VSR EESREER LTS EEA SN,

2.4 =Lk (Dutch elm disease : DED)

DED 4tttz —o v/, L7 A YA RERL TV ARITRTH S,  Scolytus ~ multistriatus
Hylurgopinus rufipes GOHBD* 7 4 L Y PRRE LML, Ulmus BE2EEEE 5, Tomsucxt
T HEPTHERAE 1 60 Ll Lich i » TR I N T E fo, RUBRFERERETAE0/N & 1218600
EHOUPAL I H %, #~>T, DED XY 2ikGitkid Ophiostoma uimi O &, BREFMRT 2
BEic & % (SINCLAIR and BRENER, 1974 ; SINCLAIR ef al., 1975a; SINCLAIR and LARsEN, 1980 ;
DUCHESNE et al., 1990), @D T & 13 SHico and TippET (1981) % BONSEN ef al. (1985) @ Ulmus J&
BT AHE, SOIHEFFERMOHMEIC X > TdREN L (Rioux and OUELLETTE, 1989, 19914,
1991b), FHAEREE L Ulmus BTREZRYME CiAw 5h 5 (BANFIELD, 1968 ; JONES et al.,
1978), TS5 LAHORBH LIRE—OBBIcE S bOTREL, H{DBEFICEE SN S (LESTER
and SMALLEY, 1972), & 52, DED TREE-FEEHEEREE ETH D, £ OEIBERIHEH
FHc@ < & Vv BN A S 5 (DUCHESNE et al, 1990 ; Rioux and OUELLETTE, 1991a), 25 L
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TOEPUHEREREIC IS, EEONZE, MSTEIEE, Vv e AN v L AAXEL, 7oA rT L
Fv v LTEHSEEMES b -oT0W5, £, REOF—71R 51 40 — KHHIBHEBEOR
HOWREORAL CHIKEETH A 2R LTV S, BTTR, $PRIAOBELB Ik, B
UEIREREA I Tl T B,

2.4.1 RIOHEE

DED O LEHOFKIT IS I 2 M2 2 - /oo BFIDOFHITIS Ophiostoma ulmi (BUISMAN) NANNF.
(Syn. Ceratocystis ulmi) <& b, JbFHI — 2 » 3T 1910-1920 FEEEESEE 0, 3 — o o X PEH 7
U7, b7 A Vb REIIES - 72 (BRASIER, 1990), 1940 ERICR COffTida — o » N THEZ
B H, k7T XV A TRED LEEAIIASHIID - 12 (PEACE, 1960 ; GiBBS, 1978), HAED & v BiH
B IRAT IRRIRIIDOIEE IS O. novo-ulmi Brasier (LIRTIE O. wlmi (GiBBs and BRASIER, 1973) i
BThTVE) K&k b, ZO2EHDORHTHE 1940 HRITEEE -7 EEL 50 TW S (BRASIER, 1990),
O. novo-ulmi (ZIALE O. ulmi DREAEHE DL TH Sh, BEHIZRE L >-o5H 5 (BRASER, 1990, 1991 ;
Houston, 1985, 1991),

ARt U T Ubmus parvifolia, U. pumila B0 7 ¥ 7D Ulnus B2 —BICIEREAFE 0, U
americana, U. glaba, U. rubra 50 a3 — o y 3 EJb7 £ ) 1 D Ubnus B IBERESPERESL WL E
WZ EBHISNT WS (SMALLEY and GURIES, 1993), DED Tid Bk ic Bo3lt, HH, BEL VS
HEBIFIER P E N, KOWMEICE 3, WEAROE S TREEMEE, 8%, Sk KBRS 1%
@, BE, BROBHE V- 1B OBRITKET 5, Ubnus BRIBAM T, U americana TR D
92% BEROBRABEED, FROYVDICTEZREEEN T ORD 96% %21 > T3 (ELLMORE
and EWERs, 1985), Z @7z OEA OBEEIC B 5 BKEEHRZH LBHRMEV LHRIS NS
(NEWBANKS et al., 1983), £ - T, DED OiRHHERE & FiE AR S 2 O L ORKFEFEOHRTH
3,0 wmi 3FBHRELTEFTFRBOXRTF F5 45/, <F v (STROBEL et al., 1978) & 76kDa D=7
F FT& 5 cerato-ulmin (TAkAL 1974 ; YAGucH! et al, 1993) %#4ET 5, 5 LEEORMEY L
BAOHHE & OHERESERER~NE ORBEBELRIZR LTV S,

2.4.2 HREIBSIESE

DED 2349 % Ulmus BOBHIBHEBE S L TR, EBENERoRRI PR & h, SMISEYE
it k> TEFEOEHMEOERSFHI ATV 3,

(1) AERFEIRE

DED icxt 9 2 REMOFHAC I BEEOR S S PEREORRIN, Thid, HREBEAEE - TOHH
EREECRATES LEAONTVAI LD, HEORIPHR, BOMSRIHICHET S L
WHEBZILE S D TH 5 (ELGERSMA, 1970 ; McNABB et al., 1970 ; SINCLAIR et al., 1975b), #EE D
WAE R G ETEEE T/ E W (ELGERSMA, 1970 ; SINCLAIR et al., 1975b), RSEM:EG & EFMMEE
LOMTHEEDESOREVIREL, FLAMORTFOBHIERIALATVEVSHENSL600
(McNaBB et al., 1970), FREMH BEOANEL = L IIRIHAE T &3 (SINcLAIR and BRENER,
1974), BEEORESHRERIC OO L LV ERIKFAT 5 (SINCLAR ef al, 1975b), 7, KT
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HO= L TREMABTXU SN IBEEORP/NEL, #ANNOEEDIEBOBWAOhE L En3
(McNaBB et al., 1970), LA LD & & 3AASFRIR BB L L THRNTH B LERL TV 5,
L LUEss, BEORE IPHARTHROoARICRME 0, FTHEIC X 2 BRBHERIGCOmEICE
ErR3d, 7805, MSFENRRIC X 2 BNEENMRARIESE L TRET S LA,

(2) HHERST

U. americana CESHET 2 LERLAYREIEMT 5 &, ERBARIESHERL DEHL TE
FLEMBEHEZ VI Eh 5 (ELGERSMA, 1967 ; SINGH and SMALLEY, 1969), RS OstEbi i o
THEEEZ LN EbDHBH (SINGH and SMALLEY, 1969), FHIMEMLL L FEEMTH 5,

2.4.3 MBI

BB S LT, {EFEMIE(LELT7 74 7L+ ¥ ¥ Tdh 5 mansonone SO, AL
FWREE L TEEPTMAOMHEEOZ(BFiCRF I NTE 2, COmESLE L THRII
ARV TVWE EEZ DN B,

D ALFHZEAL

(N 7»4r71LFvy

Ulmus BO.OHIC 3DBOHRBEMNRK X+ 50y 7 =2/ — VH#ETH % mansonone HHERKT
%, mansonone HZEOHIEEIC X 2REED 1 4 v OiRE & TPROMHEAEL L (WU et al, 1989),
0. ulmi, Verticillium albo-atrum SOEORKRELP O. ulmi OHE, HEE, ¥/ - VUEE VW15
COBRICK -~ THREMSFHIN, 774 bT7Lrdvbahd (OvereeM and ELGERSMA, 1970 ;
ELcErRsMA and OVEREEM, 1971 ; DuMas et al., 1983 ; JENG et al., 1983 ; BURDEN and Kemp, 1984),
mansonone $i3EGE, BEBEE, SOSHBEEI A, ZOHL OTEMP S RIS 1is W (DucHESNE
et al., 1990), mansonone 3{DEH I Ulmus BIcE BN TH D, U. pumila (DUCHESNE et al., 1986)
% U. glabra (BUrRDEN and KEmP, 1984) T mansonone E, F 45, U. americana © mansonone A, C,
D, E, F, G (DUCHESNE et al., 1985 ; Dumas et al,, 1983) ZERET 5,

—4h, O. ulmi ORI 2 FHIEGUHES U. hollandica (SCHEFFER et al, 1980) & U.
americana (HuBBES and JENG, 1981) THE AN, F7: U. americana i< BT 3 HiEHEYE O E£-H
HIEGH I bbb - TVES LW EAURE W (JENG et al, 1983), mansonone MEERHICH 715 BAL
BEEhi, 0%k, BEZHD U americana EEIHED U pumila 1< O. ulmi OFR S & §5RES
OEMKLER L -RB b, SIEFEOKE N & Ulmus BOIEHME & OB X 1, mansonone D
%5 DED R OMTIchhb > TV R T &, §7b 5 mansonone $I3RZHEA I R /IE B
ZBELLEARELGEN, BHIHATEL SBIERMT 3 LiRE&N . (DucHESNE et al, 1984,
1985, 1986, 1990 ; PROCTOR and SMALLEY, 1988), T DT &4 DED X9 2B OREEAD 4 1 3
YIBREORAL I - THETH LI EERL TV 5,

X7, /SRR TENE R L 784, U americana T35 JEI¥E 3 mansonone SR %
%I L 7245 (DUCHESNE et al., 1985), {EHMED U pumila T3 HE L@ 4755 - 7= (DUCHESNE ef al.,
1984), T LEFERIEO. ulmi OFFIIH mansonone HOFHEPIF & ) v 7 LTLB I L %KL
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T\ %, mansonone HOERIIZETH Y, U pumila DMZEELETD mansonone HEE 3K 3 0
BICEE® 100 {5 LA$ 24 (PrRocTorR and SMALLEY, 1988), Z @ mansonone $Hid# P ic4
@& 15 (DUCHESNE et al., 1985, 1986),

Ut &5, DEDICE WV TIZ2E S mansonone SHOERB IIFROYHDIZALZES &, [BEEE
O & S St EI RSN T 5 & THEHE IS T DIcEETH 55, (LFNREOME
DEEEI—HNTH Y, HoRALIC RN hOBELhIPD - TV AKENSLLELLN
5o

2) BREWH

REOER I A —+ v VBESEMT 285 (BeckMAN, 1956), TAA (1 v F— VEERR) REFAEO
AR EMASEF o - AR A {EE T BN S 5, DED &I BT sfho s v e v oBEi
RBEAEGP - TWRLY, Fo— ERMEEL BMTERELE GEEMNNIE3) lddssEx
SNBVL DD RIVE VERESEBR S N, EHEEASS ShTWS (BECKMAN, 1959 ; SMALLEY,
1962 ; EDGINGTON, 1963 ; BRENER and BECKMAN, 1968),

2) HHRTFHIAEL

(1) HEEODHE

DED i1 EBEWTH 5 O THEREOR . 2 EF LBt oRERFL e h b, AERIFo -, ¥
W, Bk TvHRYZXACEB (NEwBANKS ef al, 1983), ELGERsma (1973) 3+ o — X FERkH U
hollandica DEHIME v — v TREM /o - v LV FW I LE2HE L, LA L, SWEIEKRRERR
OHRTIIF o — R LIEHH & OB » 5hd (MacDonaLp and McNaBs, 1974 ; ELGERsMA and
MILLER, 1977 ; ELGERSMA and HEYBROEK, 1979), F o —Rid< A + —RIEHHEEE L TR~<OhT
W3 (MacDonaLp and McNaBs, 1974), OueLLETTE (1980) (1% & /EZHoFWIEHEIIC U. pumila,
U. americana e U U. montana TRIFEEBRICHOHLUF o - AREBETE LD o7, Fur—2X
B8 L o8 T I3 alveolar reticulum (BR o BIKHEE, AR) EHIDEA T 3 AMfEHEN D 2
(OueLLETTE and Rioux, 1992),

OUELLETTE (1981 a, 1981 b) I35&SY U. americana OEE & e\ 7 VAR OILEW A 8IS L 1z, BER
TON NV (77 VH) FBREAERSEENERELOMIC E S e (Rioux and OUELLETTE,
1989), 4 v, ARPHMEL - HBNEIBRYREL L EELRIICA LN S DO D—>T (OUELLETTE,
1978b), BR{LEA 7 =/ —AVPHEL SRB LEZ 503 (DiMonD, 1970), 7 = / — AHIE 12 GAGNON
(1967) MR =L OBEBETRIH Lo 5 LIGEEZMAES 2GR T R ) X A5 ZEITHO
O, WITEOEBABES 5 & THAEEB L L TEYMMRVEEL SN S,

(2) FHERIOMBEFHIEL

BRI 7S BAERERS & U € o BB R o M O BRI A%E D ZELIZ D T OUELLETTE i & -» THFZEAS
fib i/ (OUELLETTE, 19782, 1978b, 1978¢, 19784, 1980, 1981 a, 1981 b), ¥ DKt i3 HIKEEE D IF
TOHRBEYOHMTH 5, CHBEFITHE L, KO THEFET LT, RRIMEaLEE
BB, $1, NESHBEOERMEC D, ThHIEERNICRRRNOKRESE 5D 5icE S, Ak
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BEZ I ANY YEOBE LI 3, LV TRIELEITAIEESUME L Mt cx 3, BRYWEEICE
SEE, THOLABARIGRVB TS S, /2, COLSSERIZ 0. wini OXBRELBEOEE S
ERECBIEE SN 3 (PyuT et al, 1990), T 5 L7 MM OSb BN RH L TAELTVw S =L
KEVWTRLN kI &R, ChoDEPHEMEEE L THOTVWS I LERLTYWS,

(3) PERERHERK

R = L THRIEOREERICHEY 3 2 Ml S S hTH h (BuisMan, 1935 ; BANFIELD, 1968), &
BERTERR I BAREG L /2 U americana TIERESEBRE LIS >/ & ZOBHEE & L T CODIT
(Compartmentalization of Decay in Trees) & F N icES LW THRXENTWS (SHico and TIPPET,
1981), REEENFIX U. americana TI3EGE 30 BRBEE THEL, BEMA2EIC DI » TEFE AR
k& 3 (Rioux and OUELLETTE, 1991a), BEREHICIZVW K DDA~ LU cfifasis Sh, A
EEER R IO MR (I RIS L TV B, B EIAEOBRBNbTMIANY ¥
b4 %, £/, BEALORBERMONELEY = / — VB THHT 5.

DED K BWTHMTOREOERZMIET2RWORIGER 7 74 b T L+ 2 v ORQBISEETH 555,
ChITLBENBA5R 2 D TR, BERERIESW/IENHETHT 0 EETHS L
EZoNh3, 96805, KEHOHL CHPREH, o ORI IZEEERIC X 2 REER o EREL M
ThBHI LRI 5,

2.5 MOBHAMKICEIT ZER

Pbo &) BEETREIC VT, HHEEECHIERBC LW TOMESTTOhARER B
RSB OERENSF L &, BNBIERB R L ER R L SNSRI LBHE - TRV TY
LB EDHEMNG ORI, L LSS, BNEEBOoEERIC DL TOFME T4 TR, &
BHSFMSVLETSH 5,

BRSPS LT, R LA DEDOBAPHECERNT £ 77 0MEBDIREL L
(ECKSTEIN et al., 1979) $fFHI B HESERM0oER IS L TLAHIHA LR B, MEFHHEIT
R, RHEH B VRERMOBRZHOERIChhb-TVWEEELLN S,

BIIBAEIMSEE < i, BN AL L TRIBEEED 2 < ) (b1 K OIS 0Z(Le, SHER D
ATRUEEEOEREFEE L THW 3 LS N2 REBOHELSE D SNLE, UL, IHLEHR
EME 0% L BEEGORE S OB L TREMCRHE SN TE LY, ToAi> LW THEY
R CIEENFEE LSO TRET 5 EHNETH 5,

LR ELE L CRESYHEOERSRLEETH 20, LESTEEYEOBEIIEE L -
TEN %, Pinus BTIZRF VR V¥, Picea abies T3V 7+ ¥, Ulmus B TRERAFF LRV TH
% mansonone B FELFEMMETH 5, ChoOPHRBEAMICRBLALEFELL YL, 0
fbic 7 v < V8, BHEBA CHEER LEIdoWHE L D EV L OoBETMIC bIFEAEL, X SIBHERIG
OFHIC LV BMNCHNT 2HE LA 503, ChoWHELHEBEBICHEESLTVWELEX O NS,

2V RO F 4 RHEEREMRY L f Pinus B4 Picea abies 15 & DIFE LI 7L BB 3 EH
flichtz > TEHCBWTWA, L L, DED ©F4 i3 mansonone $I3RELHE P I BT 5 25,
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% 0% mansonone EOBEEIMET L, EIRIcH 2B IEEEERO & 5 ShoBEICIEET
%, DX, HEHLVRIRTOEEIC X - THRFERE BT 288 FN S EPLPHSE D
b O HBRNL B,

THLEEREBER, UTTRAFOLHOEIC T 5P, FricBirphgE s U ol
PR, (EFHELRUTZEOPhD D, &5 ICBHBEEEORIIc > L TRRET - 7,

3 REHIFUMERLCEIZHEEBOERVRIG

3.1 [FLsI

AFIRBLTHMOBMEL EE, BhLIWoRE, WESS I UREK X VEIKROMERR
LB, WA BT 32 AFETUROMOER - BTOMBEIC >V TRIBAED (1980), HAR
(1981), #HARiEH» (1984) 2%, BFEMAGICBT 3T hITO>VTIRAEE, (1972), B (1917 4T
W XTW 5B,

ZOMEBEDOFRO—> L LTAFA I X VBB ONE, 2F¥D I3 Y R 2A¥ORLEELRER
D—>THD UPH - 4EH, 1985), A ¥H I+ DY R FETROBREREL, £0HELSHOE
BEFEFRITEIEAT 3, £ LT, W 2h0EBSRNEEIHERIBICEST 5 (GERE,», 1985
; /MBRIE A, 1986 ; YAMADA et al., 1987 ; /MK, 1989),

EVAROHMERS - B TR—RCHF 4 v oERIC L 2BRIENECETASA 605 (SKUuTT @
al., 1972 ; TATTAR ef al., 1972 ; TATTAR and SAUFLEY, 1973), 2 ¥O#HEM - BHEICBVL T HER
EHEOE FsehTEO GREY», 1984), I F 4 v OEBBEFEINLS,

i, 2FH 1Y ORFIERT IMER - BEOLS 0 3E DRBOS TS WERICK M
EOOBE LERUEETHIES NS, —fIc, MEBOLKZMEILL TH2BBO—DELTT >
Ab7vF+vry0EERY»SH S5 (Kemp and BUrDeN, 1986), 2 ¥4 I+ ) FoFEAMEdROAEICER
T AMEEEIC BV TIL agatharesinol, hinokiresinol # sequirin-C ¢ Wt 7 = / —WPBETH 3
SN T EPERET B EBHSNT WS (TAKAHASHI ef al., 1983 ; 548 - 3K1li, 1985a, 1985,
1986 ; BSHE A, 1987), &7, RFDLMEBSIELTFARVER (RRFF v, Y7~V ER
VCYVFNRy7 =/ —VE) bEELHMONTYV S (Konpo et al., 1959 ; dEHEIE A4, 1959 ; KONDO et
al., 1960 ; SUMIMOTO, 1963 ; NAGAHAMA, 1964 a, 1964 b ; (EA I35, 1964), TH 5 bMEBIFICERS
3 (BHiEH», 1987), 5 Lz kREEHOhcEIct+ 2 HEFHEEL, 7741 bT7LEv v E
EABLOTELIMENEET A EHETE S,

22T, ¥ B IFYVoRBCNIHOEEEEFLE LT, HERBOKEOh TR FA D
ERELZO0BRIDVWTHERKR L, SOMIEALLE T 3 IMOBEIRIGIZ> W T LiIZOWED
BEERUHBENEL S OBz >V TRET L 70

LIAT, MEGBHAERT, 53VRETHCBEL -HEBISET TS (RIBShTVS (SHIGO
and HiLLs, 1973), # O CHERICHTT 2B HRKIGICBEL 282 R T HEICRIEFLE L ON
b5, 9, TBRAMEB2IMLOBEREALEZTHEL LT, protective zone (HepTInG and
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BraispeLL, 1936), protection wood (JORGENSEN, 1962), reaction zone (SHAIN, 1967), CODIT
(Compartmentalization of Decay in Trees) wall 1~3 (SHico and MaRX, 1977), green reaction
zone (PEARCE and WOODWARD, 1986) 433 %, FlicEEMGSEX TV aEMN AR THE L L THE,
intermediate wood (Committee on Nomenclature IAWA, 1957 ; YAMADA et al., 1988), transition
zone (FREY-WyssLING and BossHARD, 1959 ; SHAIN,1971), orange reaction zone (PEARCE and
WooDWARD, 1986) ##EFoh s, /i, HBERICERShIMEOEREXTHEL LT, CODIT
wall 4 (SHiGo and MaRX, 1977), barrier zone (MoOoORE, 1978 ; SHORTLE and COWLING, 1978) #%
BiFoh b,

CDEHIECHECORHESHEOATYVA Y, FHTAIHABEHE—LTELESDD, XHXTE
Photo 1 WRU7HFEEMAT A &35, b (discolored sapwood) &@4£2H (sound
sapwood) DR EHFTHEL LT, BiTH (transition zone) RURIEH (reaction zone) ZHWL
b, 188, MHBERL TV AMAXAEEETHEL U THERR, RIbH L oRAlOHMLETHEL
LA EHVT, MEZXKATE LT 2,

3.2 HMMLAE

3.2.1 Tid, MERIPIcBT 28, Bicr 7+ Y ERchrr b EBEREZBO MY 3 odic, BRIE
Till, #74vBRE, KR4 VRE #F4vRBERBETAE L, £, BKE, LEOREETT
SEEbiT, EELTVWIHEL Y F4 VERE ORBERAL 7,

3.2.2 T, MEGBHOWAZMIEL TVAEREZWSMICT B0iC, AFH I+ ) BEACHK
ENIMEBBEREAFETRIZAFS I+ VAERPOHB L LELEE L THRL -HEBIfIcE
FBRIEER Nz, ZAFA I F ) RERL OHONBERAS B & &bz, MERERICEY 2 8KEER
CEKBOEILEFH N, HBEFNBEET >/ T/, MO L L THERYER U Z 0B
LEOREE, FBETOEEDI, 20V 2 DAL L T nitro-blue tetrazolium (NBT) &G
fit, B MR T REERA I,

3.2.1 MEGHORME

(1) BRIEDUE

BRI CEE SN A ¥ 1 3 ) OMELERT 2 16 FARFO 1~4 FRIICBFE I LM%
BRIETUEORAIEICHE L, #ARED (1984) DHERBEVEBEMES HOBIUBIELME L 1.

2 akRLHnF4+ BE

BRRENF A YBREOHE L L 720 IRNBETHBAXIIICEE S N9, 13RO 20F4E
FEEZFO, 1HFGIRY 2~ ERICAF S 1 5 ) 0OAFEEZULPATH D, BEIH, L, RIGH,
ERAMOBIALP 5 10~13 DETT B ZHEM L 72, BKBREIMD 70 v 7% 105°C T 48 KfElER
LEBZAE L TRD 7o RIS, MO T oy 7 288 L7k, SOAOBERETIZ Ay YadbhdE
WD LD ITTOTEERE L fo, BERE L fo M I3 PR RIS B TR L 7 (JacksoN, 1958), £ LTH F24 v
B RRFBOEHEEEH TRIE L 7o ME LA FA VI3 K, Ca, Mg, Na® 4BHTH 5,

B) KFEAA VBELHF AV TBAR
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KFEA & VBE (pH) &h F 24 yZ|MAER (CEC) ORIFEIH L 7o @ 3FHEMBR AP FTEBaE il I §
HENA 19 RO 0 FEEERF D A~THRICAFTEZFLMWAITH O, @B2AM, OH, RIBE, &
B OETAIP S 5~8 SETT 2B RN L 72, pH ORIE X STamm (1961) OflIHIEEIIZ & - 7o,
CECRIEDI®HITiE, MEROLRXOBHRETI6 A v V20550 EE5 & 5B L, PeEcH # (Soil
Conservation Service, 1972) THIE L -, B 2 pH ToOu]isMH F 4 v BE & CEC DE(L2HX 3
fod, Mg EThETEEUM SEEHO pH ThH % pH 63 & 78 OFFEE T v & = v AEEK THH L
oo TTTOUBRMRVEHNF A4 ViEBEIRK, Ca, Mg, NaBEOATELTRDI,

4) HE

BB ATIAFBEX A ICHEE S N i 19 RO 20 FEAFE X F O 4~TEFICAFEZ T LI oM
DOHEEHE~, B2IM, RIGE, ZRIMOEZHELD 5 9~11 e >HEEHIL . MR %K
KRIEL, BROELTHR O ERY, EELABOLE, SHEEFHE L,

(5) HEOLEE

HHRSFRRA IR S e 9, 13 RU 0EEEERFD | FRijK U 2~5 ERICAEH ¢
F)DRAEEZILBAL SEOSEERAS o, HOSEIMZMITL 70% = 5/ — LV TEER,
0.1% 5K T 30~60 MRIREME L, BE/KT2HEEH L 2%k, PDAH BICHE 4 & TiT» 7, 128
3 25°C, BERTTIT- 7%

3.2.2 HMEERICET 3RIG

(1) EogsE

R ATFRATBEIFE TR S BEEXFITY LEE 8 AIcEE Lo, BEBDO3KRU'6
DRABCEEL, HkoRBRicft L, MEI7a~xr 7574 (TLO), Bk s/ o757 4
(HPLC) ST D 73 O# A (38R (Trichoderma sp. 58 3 »A1%) » ML 7o, #5135 2 Vi3
HO o O A REREIER, 52013-20C TRERICHV ., BEBILHVEIHEIAFSI I+ 0R_E
IS M H &5 BES - Guignardia cryptomeriae, Fusarium oxysporum, Fusarium solani,
Trichoderma sp. TH %, AX¥ORFEOMEEEBEL, HEMA/ PDASH Lo B3 EEI ¥, &
BEERCEhFNABOEZER L, 8B F YL THERELEH ), BH4E8ES B2 EEIcAEL
AH, E2VF—FTy—NL1,

2) HosH

SEEREER Y S-S AEL I FV0REEZT I 12FEE XX 2K, FHBEHE
TFRBZBRHICHEE S AR XN I+ VOREEZI L I0FEAF 2AERAL, MEBHLOLT
OHETEHONMER Tz, MFE2T v Fh 1 v 5EKTINMEmMBE L, PDAEM it LE
#®, 25°C, WERTTHEL

(3) BAKPRE & &k

BAXHEBRNCERENAFY 15 ) ORFEZT L WEERF 2ERERL, HEBRIZ BT 28
KEELZFNRI, AFH I+ ) OREBHED 11 J IR, S KB L, 3 iy O%KicE
foo KBTYIH O SBOMBEUI D BEL 728k, BEARETERL 05% M7 7 v v KBRISH L1,
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¥ HBRRCET % BE 10cm $2icE0 Lk vy — v 2EE L1,

ZHEMERER Y S -HNICHERSNAF LN I+ Y ORFLRT - REEZF 2K, HWRESIIR
FTFRERBICHERES N AFE S 1+ ) ORESZI L 10FEERF 2 XA L, HECEOZRA
ZhEN 3~ DITODOEKRBEHE L 7o RBIK» SMERLEZLES 10~20cm OHEZT]D
ElL, 7vva vORRICKBHELRITZHHDFOHBOMERVWT 7oy 2 2D, #»LHL,
PEECARAETEZAE L, 105°C T—BHR Lk, RELZAEL TEKEEHEL

(4) HHERALE

SEEHERR Y —HICERES R FH 1+ ORESZI L REARF 2K, BHEATE
T REORBRMICHER SN R ED 15 ) OREEZY 1 10 T4 XX 2 ARUEERR 2 REEH L,
fREIEE It L 7o,

Mo7oy235% 708 -7 A7Fe FEEHZVREBEETHY, BERIZ7ob-aTESH
25um OV 2VESI U 7z, 18 T EBRDERRUTEM A M T 5 2D YJH @ NAD diaphorase
TEHGE AT - 72 (SHAIN, 1967), NBT BichEl 67mM v v ER#Efk (pH 7.0) 1 0.1% NBT i i
ARIE L TN, NBT BB LB IMEP R~ —4 %4 A FILL200hEI hEL BB,
NaN; % superoxide dismutase (SOD) Iz & % NBT #ihE0fE % NBT #ic 10 % 3 W id 20mM
® NaNg & % W i 0.02% o SOD %A TH~ 1o

SN OIS E OEELIE 13 Nile blue, Sudan black B & 33 Sudanll TR Lz (BIHULIED,
1962 ; NoBucHI and HARADA, 1983), £/ 7 = / — D% E Millon KR H W72 (%, 1981),
RYT 2/ —WRBIT S Mp-T=v Iy, V7 bo- VY, 2ruv 7/ -LVEEERHOTR
WL (BAEWLED, 1962), Bt LA 3o ) %) v oalld 35, 72 -1y — XTHRKED
AP AV o Ny ) R B r

(5) HHI & 5T

SEEKERN LY —NEERI NI FS 12 )V 0BEEZF 2 2EERF 2K, RHEEWE
HTROZBRMICHRSNAFD I+ ) OREEZU /2 I0FEERF 2 AR UCEEREAR 2 ZLRE L,
MEEIM S 2 5 7 — VMRS HEEE LRI < T0 KA 2 5, £E0 30 fZ8 (V/
W) @2 %/ — T 30°C T 3R L TatTic i L 7o, S RPEWE 0SB IIMEBRO R
fIZNEN 3I~4 DT> DFK» 5RD T,

$7, BMEARICA SN IR ELBEEMIT 209, 170 b —aTERLZTR (W 30um
X2cmXlcm) NOBEREYE A I 70 =Falb— 9 2HL ThABOENH 20~30um OF 5 2
HIECTRWVWELYD, A%/ — AL THPLC, #x27ua<t 737 (GC) ik 34ictit L7z,
MErO2 ST (TLO : fith# % TLC TRE L, Huk 7L — M2 05mmEY Y #4160
Fuis ThH B, BEIEIR () 7oa 72 ba-2 %7 —N-K (80:20:2, v/iv/iv), (i) YxFrz—5u,
HBHVF D ~Fy - FEEF L (7:3, v/v) 2RV, B, A 254nm) BT T, 5
BVIZIEHRRR E 3R Y=Y v (5% WBRT) EMEFE LA 110°C T I~2 B L TR # o b EHN
7o
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EmEHE I 07 P57 (HPLC) : HPLC idHlii#d 5 Vi3 TLC THREL cHOATICHV ., B
HBLC-6 AZRW, NWEMIR, 54 ODS, #54EELHC, BHE 72b=11)1-10mM
EDTA Z3 b U & &1, pH62 (40:60, v/v), HE:15ml/53T, BE SPD-6A Tk ->T 270nm ©
EABTRIEL 7, 72, HPLC i & D I OREBIZ T - 7. Waters M45 2V, &HiE, #5
& ODS, A30~80% 2%/ -, B 5mI/9T, GL¥4 x>¥ 2 UV620 o & - T 262nm D
BT L 7z
HZRY 02 bI57 (GC) : GC it HPLC &FEHMEMOASTICH V7o, Bif GC-9AM 2RV, 5%k
Hik, #5683 CBP-1 BB+ +E5 ) —H 54, OV-1 YY) E& 25m, NR 022mm, BE 0.25
um, # 7 LHEREISOCHOHAEAC/HT2I0C L LEBRISIL304, (v Y=y 7EE 270°C, KH
PR 295°C, M3 FID T %, 3khd TMS (koo i Ui,
HRU o2 b5 7REAHE (GCMS) : M OREIE D 72z GCMS 2 W1z, GC ¥ Hewlett
Packard HP 5890, MS (3 Hewlett Packard HP 5970 T, 43#r5kiz, # 7 4 Hewlett Packard HP-
| (EBHE*+ES5)—A354, OV-1HY) EX 25m, WEO2mm, BE01lum, #5L8E O
150°C #p SRR 4°C/43 T 270°C & LAtk & 51 30 4%, (ii) 120°C 4 5 BIE 3°C/4 T 270°C & Lk s o
12104y, &5\ (i) 70C S FE 25C/AT20C & LB S5 400Thd, 41 P74
BE210CTH 5,
BRSIRER (NMR) . —Homti#ORERZED - HIc NMR £Hwi, NMR iz AABF JNM-
Eclipse 500 (500 MHz) CHllfE L7z, &L L TCDCL 413 CD;0D 2HW, 4 3 Ay 7 MERH
EREAENEEEL U,

(6) NBT &ichE

NBT B2 E T 2 WEOERO o, BITHNE FEEOmg Y4B » 502 7/ — it o
n- ~F 4 Y AEERS E TLC THEEL oo THODOWE L n- ~+ 4 v a[iAHERS 2R LI A § /7 ~
NVICIED UTctk, BRERE L K, BRI lml ORE/KICED L lmg © NBT 2/mA, & 5ic0.1ml
Droa7 s VaEMALE, TCTISMA v Fa~x—1Lk,

(1 PEEYHEOBRH

HEHYMER TLC 7L — b ETHBEREEZE TR L o BV 728 d Cladosporium herbarum
(OCh-1), Fusarium oxysporum, F. solani, Guignardia cryptomeriae T% 5, C. herbarum, F.
oxysporum, F. solani DI, PDAREH FicAEBT L AEE LICBRERHOEER 0.1% 88+ %,
0.2% v a ¥, 0.1% TR 2FE, hERETRTBEREE/ (Okuetal, 1979), G. cryptomeriae @
B6, PDA B FOBR LR END, REAKBREMA Y - Y v/ 7 v vy —cili L, ERiR
DBRBEES . BohlaTFH 5V IZERIH OBRBKIZ 150 # v ¥ 2 D55V AEL, R4 ERE
L7 Lo TLC 7V — FICHBEL, 25°C S T THE Ui, C. herbarum D54, FHIEH IR A%
gD o i, OB OEE, 3 A& L /2% TLC 7 L — b i< calcofluor white M2R 05
mg/ml 0.067M Y 8B, pHBO £ EBEL, 25C T 28§RiE %, 360nm © UV BN T CEHEL
(WooDWARD and PEARCE, 1985), ZDHETIR 7L — F FTHEBF LAEARARBHVISEEZF L, Ik
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MRV E LTHL S,

(8) HLEMEME OfE AKX A EH

BEDM R UBITERE» SO X ¥ 7 — Vil & BB L /2 hinokiresinol 2FRLT2% = ¥ 7/ —
WML, RFOEPSENLARRR 2RE, 1 v+ax— Lk, FRERIVNICBY 38K
EREEE L, MBIE2% x5/ —AVERAV, Q1RO 2 Bk, ThZhSOE3RER» SR
ZYERR L, IsHDA et al. (1992) DA AEICHEL, 4',6-diamidino-2-phenylindole (DAPD) THfa L,
BERE L o, BRI0BETEERE L, BEEFHOMNO > bHEREL » 2FMOEHO DAPI 4+
Bo % 3 BB TIT - 7,

33 ¥ B

3.3.1 MEGMoORH:

1) &KkE, BIUEIERCHFL+ VBE

MEERROZKBRZ @I RE L {EH -7 (Table 1), BAIC &L - TIREHEAINE (2¥0
BEK30%) LEREAILRETETT A &4b - o, RIGHTREKRIZELDM & EETM & Oh
OEER Lo DM OEKERBETH & 0 {Eh - BEEIM X D I3EH - o,

Fig. ISR LA & S IKERICH » TEKEBIELHE L 12, MEGROBEIRBEIMDZN LD K
p ot (Fig 2)o 2ROHMOBSERHELBLSUM LV Er -/, CORBRAFOIZTETUHME
B BB THED S NABRIBEREOET LB LT BBRiED, 1984),

EEAMIcBTE K E Mg OBERRAES 1+ ) ORER 1 ELREA LIS (Table 1), 20
#, Ca bIREICHEBULIED 72, NaBERIELLE» -/, RIGHIBWTHEBRIMEFL LS i
K, Mg, Ca BEDHALA Shl, BE 1 FHERY 2~5 H% o K BE & Mg BE & offficid& V188

Table 1. 2&FH I+ VBAEIES RAXOMERBOEZKEE 454 v BEF
Moisture content and cation concentration in the wood of sugi attacked by the sugi bark borer

jos=%7 30] A ak® A F A VBRE (ppm)®
T Moisture Cation concentration (ppm)®
Year after Type of tissue content
the attack (%) K Ca Mg Na
0 #4220 Sound sapwood 226 a® 1170a 970a 1242 40la
) # Heartwood 135b 3920b 940 a 291b 364a
1 24 Sound sapwood 140a 910a 980a 151a 483a
K i % Reaction zone 72b 1590b 990 a 214b  417a
Zftt  Discolored sapwood 55¢ 1720b 980 a 206b 460a
2-5 #28% Sound sapwood 191a 1020a 1060a 167a 386a
X J& % Reaction zone 131b 6870b 1600Db 542b  481b
Ztal#t  Discolored sapwood 63¢c 5360c 1550b  530b  387a

D EKEENF A VBEREES -2 TR,
Moisture content and concentrations of cations are based on dry weights.

P BFITENTNORFROERICB VTR LN FE > HEOEICREREX TV (P=005),
Within each column, values with the same letter after each period following a beetle attack
are not significantly different, p=0.05.
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Pl £E&iaH 500
////" Discolored sapwood 450
'%7; EE® R
Z 7 ///’4 Reaction zone ~ 2 400
”////// EECRH > TREEAEE €5 3%
%%% ME & g 300
\ //////,,///// Electrical resistance was 18 = 250
measured along the diameter. Ju“é- g 200
L# B o 150
Heartwood oo <4 %5 Discolored wood
@& 50 - 4------------ - ¥ Heartwood
Sound sapwood 0 b s
75 55 35 15 0 15 35 55 75
Fig.1 Z¥# I+ VORBIHS 2 ¥oMERE ML MSDEER (cm)
DOESIEF AR E AL Distance from the pith

Cross-section of sugi trunk attacked by the su-
gi bark borer, indicating the line for electrical
resistance measurement

Fig.2 R¥H I+ OBRFIKI R¥FOHERL
DESUETED—BF

Electrical resistance in the trunk including dis-

colored wood (—) and heartwood () of sugi

attacked by the sugi bark borer

i AR OBRUETE AR T,

Both ends of the line indicate the electrical re-

sistance in the inner bark.

3500 [
o 3000
8 A 430
_ % 2500 Sound sapwood
E©
§¢ 2000 - ® RS
E 8 Reaction zone
E L
ol 1500 O & IH
3 Discolored
g 1000 sapwood
a
500
0 . 1 )
0 200 400 600

Mg®E (ppm)
Magnesium concentration

Fig.3 2¥H I+ VAL 1 FHOXAFHEBRICHT 2 Mg BEE K BE & OHES
Relationship between K and Mg concentrations in the wood of sugi one year
after the attack by sugi bark borer

B : Y=9.17X—361, r*=0841. K 2~5FEOM bRABLHBEERL 1

Regression : Y=9.17X—361, r’=0.841. Wood two to five years after beetles
attack had a similar relationship.

DA SN, Fig. 3ICBEF %o K EBE L Mg BF & oHBBEE R L
(2) KFEAA VEEEHFF B AE
I Tl BRSO~ pH 3D » 72 (Table 2), FEIMEIORIGECEpH BT o E
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Bot, ME—BERLAOLICHEKCREL THEL B4 pH 32KICE 18 - L SEAE O
ZRIECHEAOEE TH -1,

AR LN F 4 VBRI O, ZHIM e bIc@edif L &b - - (Table 3), CEC 3& @
MTHROEC, O, BETMONIEL 1 » oo REROMKR UM TiE CEC BHEKEH F 4+ Y BEL
DIED - 7208, LT T3 CEC ulisth # 4 VIBEL D &b - F, kD pH63 & 7.8 &L DR
THHEES F 4 VEERU CEC KERRBASNEP -, TOIER, »F4VBREBChLbEIMK
SOBHBAEOWRMEN O pH OEHTRELLBEVWIEERL TV S,

MOMBEFERICEET 5 &, RIGHRUEBIM» SRRL I, HRBEREHETE, k. &
ERRLEIC & 2 HIIE R, FHCRINH B 3 RBEOEREREL TV 3,

(3 E '

FEAM OB REEIMOENREZNE D - 1 (Fig. ), B OHRERIZRETH L Ed - .
MBS TcRero -, V1 7=V EOMBERSOSHICK > THEREFT S (Smico and

Table 2. 2 ¥ I+ JyRFICHS 2 FOMERID pH
pH in fresh and in dried-rewetted wood of sugi attacked by the sugi bark borer

pH
AL
Type of tissue Hritet Rk oM
Fresh wood Dried-rewetted wood
#4214  Sound sapwood 6.31a 5.26a
L # Heartwood 7.58b 6.24b
K & % Reaction zone 8.75¢ 7.17¢
Zfitt  Discolored sapwood 7.77b 6.66d

P BFITHE L XFE2 i EORIBEREMNLTV (P=0.05),
Within each column, values with the same letter are not significantly different,
p=0.05.

Table 3. X¥H IFVARZBCHS R¥OMEBROAL F+ v EBE L CEC O
Cation concentration and cation exchange capacity in the wood of sugi attacked by the sugi
bark borer

A F A4 BB (me/100g)?

Cation concentration (me/100g)® CEC (me/100g)

g :
Type of tissue w[EtE  Extractable
21k H63 H78
Total phb. pH -
pH 6.3 pH78
23044 Sound sapwood 9.47a" 7.22a 7.23a 9.53a 9.94a
iCa # Heartwood 20.35b 16.10b 16.18b 13.27b 13.61b
Z B0kt  Discolored sapwood 25.36¢ 22.85¢ 22.45¢ 17.66¢ 18.04¢

D f 5+ vEEIR K, Ca, Mg, Na BE DA TRD /-,
Cation concentration is a total of K, Ca, Mg and Na concentration.
P ZH| TR UXFED I EORIC 3ERENNE Y (P=005),
Within each column, values with the same letter are not significantly different, p=20.05.
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SHARON, 1970 ; SAFFORD et al,, 1974), L& L, RFOEFICE » TWRE LWHEBROBKIIRE 1/
SEWEEDLSBVEVIEELHD (KD, 1972), A X OMEBETIIMABERSONRITIZEA
ERI-TwwEEbhs, RIBFOLESED » BHELTHE, fASrOMENERLTVET
EEZ LN,

4) SYEEE

ZA¥EH I F )V FEROMERIERCRIGE D S 13 Macrophoma sugi (G. cryptomeriae), Fusarium
spp., Cryptosporiopsis sp., Cytospora sp. S5Yix 7. (Table 4), H2IMH S IIEISMS OIS
ot MUEBREOERAMERIEH L TRAMINWIBEOBBICREALERMNE Lo/, h
FNOEBEOHTORHIIEMTH D, »OEBENTOMNBEICLZZRIEP 7, SHIAER
6 AD5 5 EOMIEHIRIZEAEEM LA, -1,
FEEHIMEIMOERBERE I TABNIEAZETHD, ZORBH+ECTHEREIRATE L
ZZ25hTWw5 (ETHERIDGE, 1961 ; MaLOY and RoBINSON, 1968 ; SHIGo and SHaroN, 1968), &k
ORI S F X T UMEREL» SHEEENLE L THBs /A2, BARKRE-TWHELRF
OEEHTRIFEEESBLHNTH S LEL SN,

SIS NAEMBRIE - TS, 2¥5 13 ) AFROMMEENSFEC THIHEBRFOBTRESNF 4
Y ORECHRENA SNEVIHEAVBEP - (Fig 5), —#, BLEXBELNTH IMERTICE L
T, BEROHBIGALGREN 2 LEFOE, -1 Ca2RVTHF 4+ v BEMNED 12 (Fig.6), Th
LOFERINF & VRBEVSEHETIREL, HEBOERICBE#EL TVWS I & 2RRT 3,

3.3.2 HERBIRcBY B KE

1) SeEes

#5R % Table 5, 6 ICRT, REAMP S RERAMI WU -1, DESNAEERERG
cryptomeriae, Fusarium spp., Cryptosporiopsis sp., Phialophora sp. TH 0, RIHHE LRI S 1

05 r

03|

-2

Specific gravity

02

01 r

0.0

L euEay R Rk
Sound Reaction Discolored
sapwood zone sapwood

Fig. 4 2¥H 1+ JAF~5FERORFHEEBOLE
Specific gravity of the wood of sugi 2-5 years after
the attack by the sugi bark borer

BB REETERT.

Means*standard deviations are presented.



Table 4.

ZEAIFVEBRES AFOHBEED & 0BE

Microorganisms isolated from the wood of sugi attacked by the sugi bark borer

AEBROEY

BHEAK

Year after BRI No. of Fusarium  Fusarium  Guignardia Cryptospor- Cyto- OO B
the attack Type of tissue pi eces oxysporum solani cryptomeriae  iopsis sp. spora sp. Other fungi Bacteria
0.5 {#47%  Sound sapwood 70
X Jis % Reaction zone 20 1n» 14 3
Zflitt  Discolored sapwood 50 9 11 17 1 7
1 2%  Sound sapwood 80
R s % Reaction zone 80 9 16 13 5
Zf 3%  Discolored sapwood 80 18 5 7 2 5
2~5 ®47# Sound sapwood 40
X I % Reaction zone 40 23 6 6
Ztl4f Discolored sapwood 40 8 25 4

D RPOBERMEMH IS WM BERS,

Values represent the number of pieces from which microorganisms were isolated.
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FREORs 5 ES hi,
(2) EAKME & akR

Photo 1 ICB/KHED ¥ — v £2RT, BRRIB2OMTZ EF L, B2fHoBITH~RA
BT, £, MEBEHGEEOREICEY - KBATS L bBITH~LOIMICEBRERAS
hrofee THIIKSREIM LBITHORR, 20O, RIEE, BiIHEhThoRBEES

CENTENWIEERLTVWS,

BIKBEABITH» OXOIM TRETM L DKL, BE2IM» SEBAMI» I T—H L LFEER

Lt (Fig. Ta)e CHRMEBIRIcHIT 2 EKEELRMLTVWEEEZ SN 3,

4000

3000

2000

RE (ppm)
Concentration

1000

a A¥HIFURBEER
Haif a year after sugi bark
_ borer attack

3000 +

2000

1000

b. AF¥HIF AW 1R
One year after sugi bark
borer attack

4000 ¢ 6000

5000

4000

3000

2000

1000

c.

Fig.5 2¥#H 1+ ) AFROMEAOH F 4 v BELBHE L OBERFK
Relationships between cation concentrations and dominant fungus in the discolored region of
sugi wood attacked by the sugi bark borer

& 58 Dominant fungus : [ Fusarium solani, [ 7] F. oxysporum,

a. Fusarium solani ' &9 B8

b. Fusarium oxysporum 1%

AXAIXAE2-58H
Two to five years after sugi
bark borer attack

Guignardia cryptomeriae

o. Guignardia cryptomeriae h%

Fusarium solani dominant region ES5T 5 EET S )
6000 Fusarium oxysporum 6000 . CGuignardia cryptomeriae
" dominant region dominant region
5000 F . 5000
c
’g% 4000 . 4000 +
a®
&E 3000 } . 3000 |
o .
s 2000 F 2000 |
1000 | § ----- g 1000 |
A - —
0 go- L] 0

2 3 4 5

BEK O (F)

Year after sugi bark borer attack

0 1 2 3 4 5

BEHOBM ()
Year after sugi bark borer attack

Fig.6 REOCHEISBLTIMEEHICBT 2457+ Y BEOEL
Changes in cation concentrations in the discolored region of sugi wood where same fungal

species dominates
® K O Ca A Mg

BEXOKM (£)
Year after sugi bark borer attack
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Table 5. A ¥4 I+ AFRKOEELMD S O ME (ZERKERKE 5 )

Fungi isolated from the discolored sapwood of sugi attacked by the sugi bark borer (Mie
Prefectural Forestry Research Center)

%E‘: (ﬁoar;l ﬁiﬁﬁ(‘fﬁ Guignardia  Cryptospor- Fusarium Fusarium .3 oojiﬁgiﬁ
colummn pi e‘c es cryptomeriae iopsis sp. solani oxysporum fungi
4-1 6 4% 4
4-2 12 5 9
4-3 12 5 2 4
4-4 6
5-1 6 6
5-2 6 6
5-4 6 6
D ROOERIBEMBAES MR ERT,
Values represent the number of pieces from which microorganisms were isolated.
Table 6. X% 3 + Y BEAS b ONME FHHEATHHIT-REAB)
Fungi isolated from the discolored sapwood of sugi attacked by the sugi bark borer
(Chiyoda Experiment Station, Forestry and Forest Products Research Institute)

%1;&;:;]1 oir"ej—(\i L ﬁtaﬁgiﬁ Fusarium  Phialophora % Oftho
column Type of tissue pie'ces solani sp. Other fungi
93-1A #4:0% Sound sapwood 10

X IS # Reaction zone 10 79
LIt Discolored sapwood 10 4 2
93-1B f248% Sound sapwood 10
X 5 % Reaction zone 10 10
Z @t Discolored sapwood 10 6 1
93-1D 4%  Sound sapwood 10
X & % Reaction zone 10 7 3
Ztal#t  Discolored sapwood 10 10
93-2 A B4 Sound sapwood 10
K & & Reaction zone 10 4
a4t  Discolored sapwood 10 9 1
93-2B #4334 Sound sapwood 10
X & % Reaction zone 10 10
ZEfmal#t  Discolored sapwood 10 3
93-2C 40 Sound sapwood 10
X & & Reaction zone 10 9 1
Zdl#t  Discolored sapwood 10 2 2 2

) RbOERMEMS M S W BE R T,

Values represent the number of pieces from which microorganisms were isolated.
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(3) HERME

R OMESBITHNEOKEE 2HE L TWEOMEEShi (Photo 2, 3), THiFAFH T %
VAEAR, HEEAOEERINH, 6 pAROVTNTH A SN I, MFIRYIE DL LA &
B LT\ 7o, Eih e dimla GRISHED & oB#R A S hiih - o COREETOWEIZA 5/ —
VERBICHI S A » 5K L, - T, Mo 2 &/ — Ak kM EORS 2 EATY
3, MERPEIBTHENEL D BIDTOARIES BT BRI,

Zh O FEIKYE & Nile blue, Sudan black B, Sudan MTHF b, BEAERLEEZIONL
(Photo 2b), MAMIE I3 Millon KEETHRE 0, F/, TOWVLSHPREEY 72/ — 7R P TH
% -/ (Photo 2¢), ZhoDfERIMERMERICBYEE,/ 72/ -0, R 7=/ —NVOHESE
B 7 =/ —VYBEOEEAR LTS, MifEAYE 3 NADH (nicotinamide adenine dinucleotide

a. k& b. ME¥MEE
Moisture content Extractives content
ZERREHENRLE— ZERMERFtE 2 —
Mie Pref. For. Res. Ctr. Mie Pref. For. Res. Ctr.
250 | 16
£ 200 |
- xe
- Wil
W 150t gyl
HERC 886
[«} —_
= 50 | ﬁ:iu 4 |
2] []
0 0 ™ ==
= p ¥ 3 = 2 ¥ 3
171 1]
FREBAARATF BB FHLEAMRFTFHRBRE
250 | Chiyoda Exp. Stn., FFPRI 16 | Chiyoda Exp. Stn., FFPRI
= s5MT
S 200 L2t
o (&3
o 150t 850
%5 £z 8¢
e 100} HE 6t
= EE 4t
50 2
0 0 m -
2 B R OE 2 oMo ¥ 3
o O % ©

Fig. 7 X¥H I FVAREROEGKK (a, £) RU» 5/ —AHHHEE (b, £)

Moisture content (a, left) and methanol extractives content (b, right) in each
part of the wood of sugi attacked by the sugi bark borer

SSW : 4%t Sound sapwood, OTZ : #f7H7L & Outer transition zone, ITZ : ¥
1T MJ& Inner transition zone, RZ: Kl Reaction zone, DW : ZffJ#f Dis-
colored sapwood

Mie Pref. For. Res. Ctr. : Mie Prefectural Forestry Research Center

Chiyoda Exp. Stn., FFPRI: Chiyoda Experiment Station, Forestry and Forest
Products Research Institute

T ERRETRT,

Meanststandard deviations are presented.
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B iA%< TH NBT 28t L, blue diformazan O zt#AitE U7z (Photo 2d), MK ME I
&% NBT @O&yrid NaN; # SOD ic & » THHE 19, NBT OB HABMILELERPL R - —4+4
A FEEZOTRELI EARBE NI,

C OHMRYIE BT NE TERBIFMICEEEAIC A LT/ (Photo 3), %7z, BEFLANIC & EEIR
Y AR S hiz (Photo 2b),

4) EDEALEEMROATE

BAREEIMICA SN, BITHPREIMICEASNED -, BBTVITES L HRDH#
BENIGHFRORHE TA SN, BITH-SIGHOSHAPRILHFNR THIEE W TWw (Photo 4a), —
R 3BITHENEE TRALLERAOSHBRYECEL TW Al o E S i,

EEAMTRERIBEENEE - TLAAS D, BAL2EDIRG TR L HREEPTZHE~EL B
b (Photo 4b), TOT &b SEECRIAEOREOME E L THETS 5 LARS N, B%
BEVWRELZEE L TBHEL REE~ZEL TR s EES i,

BITHMBOE & A L OREEMIaI: NAD diaphorase iE#E %2R L1, @2zt~ (Photo 5
a), BIT#H T3 DE#AED - 72 (Photo 5b), NAD diaphorase & 132 bt~ RIGH OB A i
A LN, TOWSOTMERICIIAD SN -7 (Photo 5¢c). NAD diaphorase #5#th> & $ilif
LT, EEOMPRIGEOBMTME L TV 38, BITHNEBTEEZTL A TS W EE
Zbht, RINET&—Eicid NAD diaphorase fEHOE » T 2 M4 % - 12,

6) 2y 7F VERET VR BHOEE

MEBETHEMSA SN LLEEL s VY 7+ Y E L T, hinokiresinol, agatharesinol,
sequirin-C REIES Nt, TS/ WY 7 F YOS % Fig. 8 IK7RF .

MEREcHIAAE ORI EFEL F v~ ¥ & L Tid B-eudesmol, sandaracopimarinol,
ferruginol BEIFEE N, T b F A=V EHOBERE Fig. 91577,

6) 2T RO T VR HOER

BITHNE TRERIM, RINE, B2dMiclhk~x sy /- VikSasEh -1 (Fig. Tb), &
fo, BEALHOSPRTELOBTHARI BV T bt OHmAEED S ht,

OH

@Y \
OH

H,C—OH

CH

Hinokiresinol Agatharesinol Sequirin-C £ -Eudesmol Sandaracopimarinol Ferruginol

Fig.8 RAF¥FOMZEMBIcAShEREME /LY Fig 9 2FOMERIFCALNIREBHLF L~
7+ 8 bg |

Representative norlignans in the discolored re- Representative terpenes in the discolored re-

gion of sugi wood gion of sugi wood
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TLC  HPLC iz & 3 d#5E, hinokiresinol, agatharesinol, sequirin-C &\Wo72/ V) 75 v
BrBITHFNBCERLTOI g h - (Fig 100, GCitk 3/ Y 7' v HOMFOFERS
HPLC SR &[G Th - 7o (Fig. 11)o /2, 7 VY 7+ YEREHES W 2 KEIEME (o 0) @
ERbEDONT, GC TR/ VI 7 VREEBT vy BOBR bRt h e (Fig 12), Th5D
FEEIY, TakaHasm et al. (1983), &ifE - kil (1985a, 1985b, 1986), B I (1987) DOFEHE—
45,

BETDMPEEIMTIE/ VY 7+ VERTF ARV EOBEIBED TEL BEALRIBE WD -
fo THODEL OFRGRBITHRNE TR S RENE, - 7283, BITHAEICE VTS T TEHENA
547z, agatharesinol R U ferruginol 3B fTHABIC BT 2 BEOBITHEARB EERICEL -1 /
WY TF VRO T A VERE, BITRNELDRERED OO, BHEOXMEASKATY B KIGHIC
BUWTHEBRBICEFL TV,

BITENEO I 7ot — Ao oKDMY ES HPLC T Lo & 25, BITHNEOD 2
§ 7 =Lz vt 75 08B 5, agatharesinol, hinokiresinol, sequirin-C & U#[H
EEA T A& AT W (Fig. 10), sequirin-C i in vitro T\ NBT EtiEM %75 L 72, hinokiresinol
% agatharesinol & NBT %@ L 73, £ D7EM:I sequirin-C X 0 §§d - 120 £ ¥ 7 —ilEIH O
n- ~F % v A[EMR ST O 75 I3 hinokiresinol % agatharesinol & 9 & 5 IZ§5 - 72, WFERDE
NBT TRIHLEE A C &5, &I, o NBT BuEtddmfERymEho s vy 7+ V8, Hic
sequirin-C T & %5 & & AR & N1z, sequirin-C 3, v ) 7+ V3 EE L BITHERTE I ED 6,

(a) (b (c) (d) (e)
S|A
fel
& s
<
A 5
H A
H
it
H "
n 1 11 1 T 1 1 i L 1 1 2
Q0 10 20 O 10 20 0 10 2 0 10 20 0 10 20
Time (min)

Fig. 10 2¥4h 1+ ) REROMBYOTERE s o+ 75 4

HPLC analysis of extract (100ug dry weight equivalent) from the wood of sugi
attacked by the sugi bark borer

(a) f243%f Sound sapwood ; (b) #iTE ™M Inner transition zone; (c) X
Reaction zone ; (d) Z=faiZ#t Discolored sapwood ; (e) BiTHNEDHERYIH Oil
droplet-like deposits in inner transition zone

—HEEREER €Y 5 —DOHK

Samples from Mie Prefectural Forestry Research Center

S : sequirin-C, A : agatharesinol, H : hinokiresinol, II : &EE¥'E 11 unidentified
compound II
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a. Hinokiresinol

b. Agatharesinol

(S}
@0

axk
Relative content
o N
o v o~ v N
T
o1z [+
A T e ]

[ R S A N
otz [ —3%—
=y

Z ¥ 3 z MOR O3
(2] w
c. Sequirnn-C d. A& Compound It
r o7 |
ECr 06 b
ws °f os |
®e 4T 04 b
2
B o3y 03 -
s 2 02
(s rﬁ 01 b
0 0
~N
PR R ¥ OB B oBOE Y OZ
Fig. 11 2¥H 1 F#VYRERO/ VY I+ K

U NER
Norlignans and unidentified compound III con-
tent in the wood of sugi attacked by the sugi
bark borer
SSW : #42J1#f Sound sapwood,
OTZ : BiT78 48 Outer transition zone,
ITZ : #5758 ™M E Inner transition zone,
RZ : [RIt# Reaction zone,
DW : Zf1%f Discolored sapwood
HMR ST TR DRk
Samples from Chiyoda Experiment Station, For-
estry and Forest Products Research Institute
Bxt& i3 mg 1-naphthol #Y /g MECEHO N+
BHERETH T,
Means*standard deviations of mg 1-naphthol
equivalent/g wood dry weight are presented as
relative contents.

a. A-eudesmol b. Sandaracopimarinol

25+ 06

04

Eizboi 3
Relative content
&

02

S’ﬁ

0 I—ﬁ 0 ik
SRR ¥ B 3R ORY OB
1%] 121

e. Ferruginol d. RE#I Compound Il

14 b
12 +

08

06 r
04
02
Q

Rz [T

DW

SsW

(1o I
otz [+
mz e

SswW
RZ
DwW

st
Relative content
o - N w o~
T T T
el ——

Fig. 12 X¥» I+ VAEBEROF VY ERUK
SHIEE

Terpenes and unidentified compound II content
in the wood of sugi attacked by the sugi bark
borer

SSW : {204+ Sound sapwood,

OTZ : BiT#/ /& Outer transition zone,

ITZ : %478 A8 Inner transition zone,

RZ : )tz Reaction zone,

DW : Zfa0%4 Discolored sapwood

AR AP T RERS O

Samples from Chiyoda Experiment Station, For-
estry and Forest Products Research Institute
fxtE 2 mg 1-naphthol 2 /g M EDO TG L
EHRREETET,

Means*standard deviations of mg 1-naphthol
equivalent/g wood dry weight are presented as
relative contents.

NBT g3t/ v ) 77F YEHERET 30 BU-EEL LN 5,

(M 7 vy 7F v BERETF VR BEOTER

BREFEOEEME SBITRRUORIGE» ot ah7, £ Do, hinokiresinol, REERS I,
N D C. herbarum XU A ¥ DML S8 SN F. oxysporum, F. solani, G. cryptomeriae 1=t
9% TLC LTORERER%E Table 7, 81RY, @eIM, ZEIMOMBYcEd TLC 7Lv -k ki
LB RERE QLD > e COfth, REIEKT T bHIEEEZRL oo HPLCTHE L £
hinokiresinol, KEIFERKS I & ¥ hinokiresinol #5, (hinokiresinol ¥ 20 ug THAB 22 BHIEBE %20 L
1) & C herbarum 3 U CHBEMER Lic, 7V~ YEEHEES W3 REEES 1 RAFCHV
HPLC &M TROEE NS, > 72, U L, agatharesinol & sequirin-C &5 X b LB L Tid



— 100 — BB ATIRIRFRE $£375 5
Table 7. X&¥# I+ )V AEFLHS 2 FOMEREH >0 FELMBMOTENEL 2, 30HE
Antifungal activity and characteristics of major extractives from the wood of sugi attacked by
the sugi bark borer
noE # . TLC T® Refll Gikg-x=y v
% Relative antifungal activity Rr values HAEICXBER
Compound Color reactions with
SSW#® 1TZ RZ DW G (i) vanillin-H,SO, reagent
I —o ++ - — 0.97 0.98 % purple
I — ++ - — 0.81 0.84 %  purple
Hinokiresinol - +++ - — 0.70 0.77 # blue
Agatharesinol — — - - 0.43 0.18 #* red
Sequirin-C — — — — 0.32 0.10 % purple
O SSW : @4elM, 1TZ: BiTHANB, RZ: KIGH, DW: Efulit

SSW :
wood

Sound sapwood, ITZ : Inner transition zone, RZ : Reaction zone, DW : Discolored sap-

O TLC ORI D) /o074 0a-2 57 —A-K(80:20:2 v/v/V)RUGE) S2F vz —F 0
TLC solvent systems : (i) chloroform-methanol-water (80 : 20 : 2, v/v/v) ; (ii) diethylether

9 Cladosporium herbarum OCh-1 2%td % TLC ECOMHIEB DK = & TH[E
Assessed on inhibition zone size on TLC plates against Cladosporium herbarum OCh-1; —, no

inhibit

ion; +, ++, ++ +, increasingly large areas of inhibition

Table 8. ZX## 3+ ) AERD GBS L-BIcHT 2B THNBREYOHER:
Relative inhibitory activity of extractives from inner transition zone of sugi
against fungi isolated from discolored sapwood

i5%33 Fusarium Fusarium Guignardia

Compound oxysporum solani cryptomeriae
I ++ 42 +++ ++
I + + +
Hinokiresinol +++ +++ +++
Agatharesinol T + —
Sequirin-C + + -
2 TLC L coIEBMOXE & THE

Assessed on inhibition zone size on TLC plates ; —, no inhibition ; &, +,

+ +, ++ +, increasingly large areas of inhibition

PHESHREMS L p oo 1, REIERS I K BHERERF > WENERERS T h TV, ferruginol
B (AmggTHFRMLA) BF 2P LAEKCHLTELALES 2V RS EERS LAY, ho 5
NRVEHOZL ICOTER RS ONEh o f, THODERL S, X¥FOMERKICERT S/ V)Y
7+ VER T ARVEORWL ohbHEEERE O, tho bR B EALHERERLT, /1Y 7
FYEHPF AR VEOBTHERICKRERERSES B EHBSD -1,

8) DiEtmEOETMI T 51EH

2T H o OMMEMIE, 2 F ORI OMIAL O DAPI i ic i 52 18 - 1o (Fig. 13a),



HORAIXT 5 2R FENARIH ORI BT 2915% (LED — 101 —

Ld L, BITHNED > OHMLYIE DAPI Bt b, MaTHEES s EEERL 2 (Fig 13
b)e TOHEBIBEBENT LI > TAKE -7, hinokiresinol JLE & DAPI §efait i LbH 4 3
TEBED o, ZOEBEIBTHEFMHMLE L /s -2 (Fig 13¢), hinokiresinol SR CTE
TR 2 EEANS - DR T OWESKICK Lo THEBIESEN C LIKERT 5 & bh
3, ThooERIBITEmEYoRE S Yt @ hinokiresinol R U ¥VE O @ ER
K& BT LERBRL TV,

34 & %

(1) MEEBEORM

AFEIRECBOVTHERBRSIIELERICLVEL S, ) LIMERICIEETO L D 0EEN
BIRL TV 3,

YRR R & M EE D 513, Macrophoma, Cryptosporiopsis, Pestalotiopsis, Trichoderma |8
HEMSMSh D (Table 13288), 25 LAEREEREOL S KIFEORR EHRAGEKRE &I
VIERRNLEEEZ SN B,

Z¥H I F ) ORERCERT ZMEREE (Photo 1) 513 Macrophoma, Fusarium, Cryptospo-
riopsis, Pestalotiopsis, Phialophora BOEBEicH s 2 GEFIZH, 1985 ; /MKIZH, 1986 ;
YAMADA et al., 1987 ;/[\bf, 1989, RF/ TH % b 34 3 %) NEHH» S & Fusarium solani, Pesta-
lotiopsis, Cryptosporiopsis, Phialophora IBED (FEIR « &F, 1986 ; /DK, 1989), X ¥ ¥ A » ¥=/Nzx
mMEM» S IZBEE, Fusarium, Pestalotiopsis, Cryptosporiopsis BEVBFICHBEEEI N 3 UMK,
1989), &9 LABlic L 2MEOEE, MiEdT 2HOBHIBHCL2EBOBALFMLTVS L

a. LA HEY b. BITHEARHLY c. Hinokiresinol
Extract from sound sapwood Extract from inner transition CImm1 A%
zone
- One day after
'ug’ 140 - 140 - treatment
= 20 ¢ 20 EBmE2 Bk
£ L L Two days after
g ,g 100 100 treatment
L] 80 80
%3
a 60 60
o 40 40
2
5 20 20
4
0 0
x84 X186 x4 x64 %16 x4
HRZE HIREE HRER
Dilution Dilution Dilution

Fig. 13 X F#d 5 0ty o 2 F iS4 2 B8

Effect of extractives from sugi wood on sugi phloem cells

AR T M Y i % 100 & L, EHEgEETE T,

Means=*standard deviations of relative value to the number of DAPI-stained nuclei in
control tissue treated with water are presented. The number of nuclei in control tissue
was considered to be 100.
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5, THUHOERBERRNTEEEL SN,

=k v F T OBEEERE & U T Amylostereum BE A E D, EIRICEHLEA LHMER LG =&
TFESNTV B, FEOBREIC L > T=4 v+ 37 OMEDES LEREHEENER SN 3 (@
1986a ; (4 - B8H, 1987) (Photo 6a),

WBABMOMEC L SMEROEA GHBRNLESEE L TVEEELLN, FlIZE=FYv+/
7 7=ic &k ARRICE S MERE) & 13, Phialophora, Fusarium BEDE SHIcRIBa N3 (UHEX
HEZ A, 1992),

F i, MERIIRE - BRERE k- THHRET 5, BEEEKRCK > THRBROERBHSEIEL /2
5a, HINERAR ERBLOMIZBEAL, MOZEBEET(EEIT (Photo 6b), I DHMEEMIC
BIREE D G cryptomeriae SFEEZF L TWS (FHH:, 1986b; #H - B4, 1987 ; #IH - I, 1987 ;/h
BRiZh, 19885 mE, 1991, RIGHOIEMTIREE (i3, 1974) CEEHK (FIR - 58, 1967) 1
B 3NEE OB FOMERL (Photo 6¢) - bIKIEE Cercospora sequoiae D5SEH L TW5B, &
D &S Ak - EMHEREIC X > TERBEAEE LG5S, MRS Z0WRESRA, EBTLE
BB L LD S,

EMRICBOTHINE TONREER XFH I+ )VMEROMEERTL» S, FHROLELD
N3EL OBEOESAEE NI, ThOoDERAFEN I+ ) OREFLHESHr OMRITEA - €5 L
kEEZ SN D, TRARBMD 5> DRIUROEFEEARBRER (Table 7) T, APILT OO SRR
HRERNY, G cryptomeriage R EN LA - T L3, AEBZRES t ) 0AFICLIMERIC
Lo THRRNBETHY, AFCLPBORAMICELEL TV - TEETRRL TV S,

MOZEE - FHEIIHM EERFEA B TH D, Z ORI OM EBUT 28088, SE8EXL
MTRESIMERRE>TVWE, 9, MEBRHIE—RICEKSE{ (MATHRE, 1964b), DI &M
MEBHICBT 23KBOBTERVALLELN S, LEHORE - B TREKEBLRET I &
% < (Goop et al,, 1955 ; HART, 1965 ; SHIGo and SHARON, 1968, 1970 ; SKUTT et al., 1972 ; TATTAR
etal, 1972), $IIEHTHERAETRAKESZ NI EHE W (TATTAR ef al, 1972 ; JoHaNssoN and
THEANDER, 1974 ; POPOFF et al, 1975), LipL, MEBRICE T 5 2KEBOET IHEMTI—HHIT
b5 (Camrp, 1935:Courts and DoLezaL, 1965; Smain, 1971 ; Coutts, 1976 ; SHORTLE and
OsTROFSKY, 1983),

HEAARDMER - BHRICBVTK, Ca, Mg, MnB0hF4 v (325 0) BERT 3 EHH5
NnTW3 (JouanssoN and THEANDER, 1974 ; HART, 1968 ; SAFFORD et al., 1974), BRIEVUE % HIE
TELETHOER - BITERATEL05TE, £/, COBKIBHEOETRA 74 v OfRic L
L5DEENTVS (SKUTT et al., 1972 ; TATTAR et al, 1972 ; TATTAR and SAUFLEY, 1973), § %&b
5, MOBKU=HEIZS 4+ oM ESEEICHHIL (Lin, 1965), MHEAFAM LoEKROMTRE
AKRicL59FFEIK, Caft v OBEIBFETELEND (TATTAR et al, 1972)

BRI A F A vOPTK, Mg BESEZICHALLY, MER - BT 7+ B TOERK
24— DOFEE L SAFFORD et al, (1974) Itk > THMES N TV 3, F 5 Ca & Mn OERFBRES
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KOFHERRE->TOBEHERL 7o KEEE Mg BE L 0B VMR Z ol OERERSEM L
TVWBIEERET 5,

LM OESIBEFENBEIM L DEVI S ROMICBIT 3 K, MgBESNEWIEERFET 5, EF
BOMTEPFA v OEEOEC Y, BRUEIMEGET LAV EREINTVSS (Hart, 1968;
SHAIN, 1971 ; TATTAR et al, 1972; SHorRTLE and OsTROFSKY, 1983), SHORTLE and OSTROFSKY
(1983) i3 Abies balsamea (balsam fir) @ wet heartwood TH F & v DEREEAFED 72, AERIZAL
1A FOLMIIBLTHY, wet heartwood IcHHYT 3 L Ebh 3,

ME@WO pH © LFE $ % 5 VOERICEERERT 3 E2 5 T0w 5% (Goop et al,, 1955), fE-
T, AF ORI, ZBEAM, LMOGVPH BAF 4 v OERIc L > THIATE 3, MO L OFAITH
WM L D ERERHEKICRE L IOBED S pH BMEC B 7o T &3, HBRERS S pHichb b -
TWBEI LERRT 5, #F4 VBEINEEEEBIME TERPBL SN UL s iZbhhbb 5T,
RIGH® pH BEBIM L O @ - 12T &, UG TRFTEM & — BRI L - BA & TKES pH 0%
BhH-tol &b, KIBHOSPH BBZ 6 ERMEERSICLZEIAMREVEEDRS,

EEAMBR LM BT 5 CEC ORI, RBEHORSICH F4 v ORFIEbh 3 HBAH
M3 LAERLTVS, -7, CECOMRRAFA v ERBICE - TEELEDbh S, LL, HE
BRLMTEERRICE I 2D F 4 VIBE ORI CECH#RI D KEL, CECOMAKR I FZF v
BEHEALELHPTICLRITEY, 172 v ERRCIMMOBER bhrb->TL B EEI SN B,

foERNE LT, MERR FHIRIGHFCET 3ERRBEOEESV >hORBETHLIO TV S
(SCHEFFER, 1939 ; SHAIN, 1971 ; JonaNssoN and THEANDER, 1974), R ¥ DML, HicKEEICE
F3RBIBEOREMSRINLI LD S, AFOMERERIZBVWT b H F 4 v RESHNC AN O RBRE
DFETHAET A LWELI NS, COFHEE LT, AFORLTBOTRERE (RBAZHI Y v L)
DOEBOEE S 0 (FIES - /NH, 1994), thOMBET ObMEBRIcE T 20 74 v OREOFRE LT
RIS D ERME L SN T B  (ScHEFFER, 1939 ; SHAIN, 1971 ; JoHANSSON and THEANDER,
1974) TSI T oA v E L TOERBOFELSEROBEINTHED (SHEVENELL and SHORTLE,
1986), bbb FA vOEBichhbbLlEL LN,

Et, A7 VvRESEEICEL - TTEEL, HEROERIBEEL TV 3 T LERRT 3RS
Shlc, #-T, #FAVREL CEC RRAFEVAKOMEBROERDEREE LTHATHSLELS
n5,

2) MEEBICBTZRIE

HEWIC L 2HEROBRLHE-ROFEBR VT, HEEREI—HIHK, BRBCRZI LBV, T
DEBICBOLM 7 = 7 — VS OBLYOBESREVWEELZSNTV S, DT LhoMERE,
ERGHFOBVPH G COEBEREEL TVWEEEZLN S, RA¥TRIULMEBOEE LR,
sequirin-C 25 & 45/ vy 77 VEP ZOMEBROBICFICBIS LT W3 (TakaHAsHL, 1981 ;
TAKAHASHI et al., 1983), - T, MEOHOBER—RicTHEOFEORBECERNT DL EX
SN, TTRFEMBEHSFATOANKCELERE L TOHMERIELCSYV (B 1994),
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REDREIMITRBLALEDL SNV VY 7 YVEHROMERPHEROBR TERL, 1L,
BE, BRICL > TERSFESNE 2+ L 2{EAWLEEA S50 S (Takanash, 1981 ; TAKAHASHI et
al., 1983 ; NoBucHI et al., 1985 ; &if& - KL, 1985a, 1985b, 1986), hinokiresinol ®R[EEMRS O, I
OHEHEChSOWMENB 7 74 P TLE Y v ELTES T EERBRL TV S, £, KEERS IO
PiEtRF L~V EO— b7 7 A b T LF v v ELTH T & ARE L TEHD, hinokiresinol, #fH
ERRS L, I, MREOMERRAOHLIHDIFS L TVWEEELLNS, 4B, TLCHK LoFHIEH
DK E&H 5, hinokiresinol BT b BITHNE CTHEBL D20 A BBETH 3 LIS
3, ¥, ThooWER, HHlEhio A UHECT» SABI AL TIEQEIIH L THHERS
AL EDD, RBIAFA I+ ORECL2HOERPHEBDILEAZHIES 52DCBHL->TW
ZLHMEh5,

VFNRY T 2/ —NVETH S ferruginol B4EIF R b LB L TIEHEBRS S - 12
»5, ferruginol i Lentinus edodes R L. lepideus DEAAEICTH LEHEY RS 5 2 L HHE SR
TWw3 (RUDMAN, 1965; thEi3h, 1980), BORBRHIC X > Tid/ VY 7'+ Y E[EIEK, ferruginol &
HO#BOMECMHEE LTV 3NS5 5,

SEXENERIC L AEREOEE I LD, MNCEBEAL THEBHSTERIWZ5E, HOZR
IBIEERE OISy LA E TV B S L OBIRY 5ihE 5 (Photo 1, 6), ABOEEIIEHETH 5 &
BRELZCENEVY, BHORNFIZO >N THERICH > I D IENS, £/, BRETAT
bAM DAL RO H M OERMNLEV,, DM OABL Y NBTEEBLSZREE LTAE
A AER OGO G HE <, BFARIGSHmAE i LHfRlan b, TOEZ TR FIHNE THENH
YYE hinokiresinol 245 d 2BE/AE <, TOYHRBOMPucEAs SNV L (Rl - #il, 1985
a, 1985b, 1986) 5 bXFrEN B, T 5 LIsBMORULTH MDD 7 = / — VYIERIDROERR,
< VI % pinosylvin monomethylether : pinosylvin thic b & 5403 (SHAIN, 1967 ; HILLIS
and INOUE, 1968), pinosylvin (2 pinosylvin monomethylether & » & H. annosum 233 3 3H#EHS
W<, KIbgicsid 3/E0 pinosylvin monomethylether : pinosylvin tLidBifiElc & - TEE T
boHLansd (SHalw, 1967),

NAD diaphorase iEHEDOFEED KW LT, XTI/ V) 7+ VESEEL TOABITHANBOX
MBI —BEROTHEELTWS EE X SN 5, Acer saccharinum @ orange reaction zone &[Gk,
ZDORAFOBITHENBRRIEHOTY OB & id—8 L 72w (SHalN, 1967, 1971 ; PEaRcE and
WoODWARD, 1986), XFDZ D/ V) 7> VEICELHEBIMIGH LV LA Snan ORIz L 28
THRIClT WA, LA L5, A, saccharinum O orange reaction zone (PEARCE and WOODWARD,
1986) L RRRIZY, AXTRBITHHB~NOEORARRLALHESNL L, O LRAFOKIE
HAHOBAZRAMEET 2HRE LD T LERL TV S, BITHHNEICE T 28 L BRI AR
IS TN ME L RER L T3 I L), HOERMSKIGHNTIZ SO TV A3GANBEVL
WO RSB B LR 5,

REOBRPCN LS ET s HEEMETH 27 74 P T L+ v Y B—RICETHRIC 6 B2
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BTy, BEBRFKGBT 2MEEoRED—>2EEZ 5N T2 (SHIRAISHI et al., 1975 ; SKIPP
et al., 1977 ; GLAZENER and VANETTEN, 1978 ; IsHIGURI et al., 1978), L4 L, hinokiresinol #8118
ABHIH 2 2 ¥ OTMRCH LB E K-> TV AR b b S THITERNEOTMAOS kXS T
VWBZ &R, BITRNBORMILGHSAEE LN S OWBEICREEF > LERL TV S,

R FICBOTHEEYE 2 20 HMBRYESEAOEE & 72 5 EECRILEAZEL, MR
LiREBEATERR L Tl &1d, 5 LAWENAF THOEAZIIEL T L3R8T 5, #iE
DEEE - 1-{RBEED Pinus resinosa THWHEHTWS (Twpert and Smico, 1980), %7z, Acer
saccharum TRMZEBRICHEEL ZBEERVPBERN R 2 VE 5 » A —HKOPHETHEE-TV S
(SHARON, 1973), & 5 iZ, Tsuga heterophylia DUMTY 7+ VEEESUIEENVPREELFARL TL
ZOBBESNTVWS (KRAUMER el al., 1970), ChODEEN S, TITRNILAFOBEELEUL
TSRS sORBET OB TV ATREAEZ LN 5,

4 FEEBRUEOERSBHIBHEBREOTME

4.1 [FC&HIC

ZZETTRAFELRDIAM TREDBAS LB IEB < EWRBRE L, £ I TR
12, BWIBHESREOFMZ TS L HBARIGERH L /ORETHEEREL, 2 0ROBOEBRUEE
DRI > WO TBRET L 7o,

BEE & L CEOEWKEE (Guignardia cryptomeriae) %2\, TOBEIRAFL I3 ) ORER
o THHRIRBAT ARENCEO—>TH D, T, MEBERERT 3 2+ OIRH - BHEERELIE
CTHROUDTHROEBELSDD—DTH 5, HELNKEIRR b L AT TEA LR - BRHERR U
MEEEF|ZRITEELSNTVLS (VML 1957), BED X b L AT CRIMBHEESREST 575, W
PRI OB LIS EAFIMBES QI &5, 23 LERRTOREOERIED TR
HTHBEEZONS (LH - i, 1992), £ D7) X FOFMRKIGEME L RETEHLERE L 1215
A3, HYRHN, MEBOERBHESAZBEILATESN, HTAREHET 5 & THHBEE
B OEMmH LS5,

BB EIG AT 5 4k & L CER 3RMELE L OLEMELHC 6050, #RL> 4
OEART S LELBEOMBELSHMANEELE WS VI MENS 5, £ THNBEARIEEIE T 2
DESTARELE URBEZOFIZARER V25, AKEHENLES 2V IEERET 2 & TH
FISRIBEELICEIES 82 5EEHVWE, £ LT, EEEE L TG cryptomeriae OSERIBITEK, 59
RERAEKZEMY, ThZfhoBoOMTHEOCHOER, MEFHELicoLTHEL, & S5cH
BAKREETAE OB THOEBEEZ BT 3 Lick > T, BHBABEOFMHERAS /. £,
MEGDOIARORE CEHHRFRRIG P PD > TV AL EIMEHL T 5701, AKPETIKRT
OE OB OTAR L B L 7,

4.2 MHEFE
9, AARPETAMATOROERE & HET 579, 4.2.1 T3 PDA it E oo #BHE %
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Tt i, FEPHEMTORBODIT, 4.2.2 TREEHES 2V IBEHLE L ALKIcE 2 8E
LIBE®, 4.2.3 TREBAKICHEZERE L LBAOEPRN, MECOEBRUSKRORAIOE
2RI, 4. 2.3 TREFFAKIC B 2 HEENE(L S~ AW EH% Table 9 12RY, BEH
DR FiHF BHENGILEREIE S (1992) LRI TVE, FilEKIc T 2RERRUSERE
SRl 3T, Bl E LT G cryptomerige ® R ¥ 12313 2 BEIE EE MA 18 RU§EH
Bk MA 19 2\ /2, PDA ¥ F T OB OREEE 0fIE, FHEtiokictd s BEER KL
BRI 2 M T3, WREIE 3 Bk (MAT, 10, 18) MUTHRIE/IE 4 Btk (MA3, 8,
19, 21) ZHV I, HBDDOEN KD 7 — 513, HFHRASHFIBEATERKICiEEk S hiz 8~9
SEAEEE R 1T 9~10 Aic MA 18, MA19 %88 L T8,

4.2.1 PDA i L COREOBRERE

L3 % PDA 5 |, 25°C, BT CRIEEL, B4mm 02 F - 5 TEAMEARTOEE S
FTbik%, ~ bt VIMED PDA BiHc & iz, MA18, 19 % 10~30°C £ T5C T &ic 5 xR, BETT
B Ll REEAMEVELT, ERMB~< Y MEEIcEET 2 TEAME L2, £/, BAOCR
BEEAOEELH 5728, 1990, 191409 A TFa~10 B Lo BFEEE b HEERE IR

Table 9. EEHRRICH 7z Guignardia cryptomeriae B#k
Guignardia cryptomeriae isolates used for the inoculation

[0S i SYRERRAT =R SYREER

Isolate Tree Portion of isolation Locality Date of
species isolation

MRIF Ik Virulent isolate

MA7 R ¥ 2 FHEFEREA HR AT 19874E9 A
sugi Wood of dead branch FFPRI?, Ibaraki pref. Sep., 1978

MA10 b/ %  oHFioL5EAME UL i BT 1988 £ 5 A
hinoki Discolored wood caused Ujitawara town, Kyoto pref. May, 1988

by hare

MA18 A F BE B ARLR EER FHRR AP RBIE TR 1985 £ 12 A

sugi Guignardia dieback lesion Kansai Res. Ctr., FFPR], Dec., 1985
Kyoto pref.

SRR AJE#E  Avirulent isolate

MA3 R ¥ Bic & B E R FRETIFR 198748 A
sugi Discolored wood caused FFPRI, Ibaraki pref. Aug., 1987

by wounding

MAS E/ % RIGEEE AR B AR E =S 1987 4£5 B
hinoki Resinous lesion inner bark NFTBCY, Ibaraki pref. May, 1987

MA19  x¥ g B AR S R4 ] 19854 11 A
sugi Guignardia dieback lesion Imazu town, Shiga pref. Nov., 1985

MA 21 kE/F R BBk HRE FREFMET 1983410 A
hinoki Guignardia dieback lesion Uwajima city, Ehime pref. Oct., 1983

» FFPRI, Forestry and Forest Products Research Institute
® NFTBC, National Forest Tree Breeding Center
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187C & LT, ALKREN, BETTHEE L/, 6[EYELT, 1, 2, 3 HERCEFERLAE L o
fih D BERR OB EER 13 256°C, BER T CHE L TAIEL /oo, KEH%E ZTHTh 5O PDA EigkHD Fic
ML, 1, 2, 3HEROEZEOEHRBEEL 12,

422 EBFEBEIRRCABLEIRTOEOEE

1) ESERERAR
BHRSHEIEASTERKOD 9 FEREZFORD SHEO D Wik (BEW13cm, BEET
~8cm) % 9 AIENL, BEOLHOEHiTI, AHEESIHIm DESY v —LVHIAN, &
EE% | BT - fcth, BEEEL L, BERRESHN lom OJTUGH % & /- PDA 5 F, 25°C T
BRL, BANKOISEL - TBEAEREELE LT, RItELRAAR, EE% 25°CTHEEL, 1, 2
4, 6 BRICEE 2K THORRERML, BEREL, X514 F 4 v 7320t -LTESH20~25
um QYR %FERL, aniline blue TH L 5%, NEBZEZITVR IMIOEROEH cHORELH
Ntz FPHEBRTRAZOBERINSHARC L 2EOEBTHBOMEREE L 3E KLk,

(2) HELEIR
FREHEFBRICERS N 16 EEEE AT ORD SHRO D W ALK (RS 40cm, BHES
~Tcm) % 5 AL 7o, 3KH3-25°C T 10 HREME L 72, 25°C T 1 HEBER L1218, BEEmEL 1.
R SEBENLAOBA LTS 5, Bk 25°CTEL, BEo 1, 3AREE2EAT >R
BAZEL, BEEEELZ, X534 F 17170 sTEHEH20~25pum OYIF Z2/EEK, aniline
blue THf L THEEBIE LT - /oo BEBAKTH, BMMBERD TS - -0 THAO 2 Ei{oFEET
BIZEPMIEET - 720

T, HEMBESLR O EKEORE & M DT 1T - 7o HFWRSTHFIR TR &
NI VT FEEERFORP S 5 AN K> &K (BEH 17Tcm, BEHN 0cm) 1< LiEoK
HETHELEERL, MALS, MA19 2EEL 1, BEERBEHREAAOCESLE#TH 5, RO
3, 6, 9 BRICKM 2 AT HBEHINL, BKRLOUERT» 7o £, 2§/ —VHHBHESEERD
3L EbictidE: GC TA Lz, HEER3.2.26) &[EHTH 5.

4,23 FRAKTOMECIEOERE

(1) FREREFEALK

BB OHEFRIFE T ERRD 9 FFEEA X F ORI SHEDOD ik (BXM50cm, BHXS6
~Tem) % 9 BICL, FigE/ 57 4 LATHU, BEOLDOREDI I, TLT, BHRE%
BREL:, BERISEFBEAROEALEARTH 5, HEK, 25C &L, 38, 1B/, 28k
U1 ARICKE 2 AT ORRPERIL, BEEFEL . ARIEE L TREOKHE, Mo
AEL e MOEBRMOBLMCHED D IBERE L EH, B s oS LR T 5 R bAMAl
OEHOHF THEPCLUT OBE, SiEiT-7e 35T, X534 F 4 v/ 32 n b —ATESH 20~
25um DY %{ERR, aniline blue, Nile blue, NBT T#Hf&, & %\ \id NAD diaphorase iE¥:§ %
17 7k, SEEREIE 21T - fo, & /o, BEERHRAKORHMZ T 2 hFToEABOEKREREL,
A% —VHEEREKD B &L bIcHIEE GC THT Lo HHEI3.2.206) LEKETH 3,
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(2) BHEEHEAK

HHRESHEFBRICERS e ISFEEFERFL OBAR (ESH40cm, BEE4~Tcm) 125
HicER 21T - 1o, BEBRAREBFBAKOBA LA TH S, B0 3, 7, 4 BRIcKE 2 KT >
AEAEWL, AEEE L, UIH%/E L, aniline blue THE L LT Lo, 7, R
TROWHXNIEN G cryptomeriae THE M E I DLEHERT 5120, MATERESEE L SHERI
SNSRI CHONMEERS 2, HOSMRMNI 27 v F 40 3 v 5 ERTHRABRE L /205 PDA
EibbiciEE, 25°C THBT LI L TIT- 1,

43 B B

4.3.1 PDA i b TOEOBRERE

A L 7 G. cryptomeriae DERIZ PDA il Eid 1 Hiz 10~18mm OFEE THE L (Fig. 14),
CHSEBROREIOMS & PDA 3 b ¢ OREEE & O 3BLEIERS Sy (LEFHEE »,
1992), SO &I, G. cryptomerice DHFEF I RAEFBERNE VIFEOBEOREEE & ZBFKES, B
FELOMERFRTHRE B LEREYT 5,

MA 18 & MA 19 ORISR I 30°C OFEZBRVTHE U & 5 5BH %R Lz, 10~25°C O#F
TREEOZELE S RTHRNCREEENKE D, GEAKOHTERIA AT L1
(Fig. 15), HREBREZE{ticAbLEERTORESERE I MA18 T 265mm/H, MAL9 T 27.2mm/H
T, ENEFNHEAOVGEE 187C TOMERESE L ZIFT-H LI, COILh OHEOERMER
BERECHATIEEL NS,

30
25 +

20

Growth rate
&
T

Growth rate
=
ARERE (mm/ day)

-
N
T T T T T T

MA7 MA10 MA18 MA3 MAS MA19 MA21 5 10 15 20 25 30
RN BAERNER BE (C)

Virulent isolates Avirulent isolates Temperature

Fig. 14 PDA ¥l b T D Guignardia cryptomeriae  Fig. 15 PDA Bt#ht I T® Guignardia cryptomeriae

DR ERE DIRERIRRFRE
Hyphal growth rate of Guignardia cryptomeriae  Hyphal growth rate of Guignardia cryptomeriae
isolates on PDA isolates at different temperature
P ERRETER T, ML ERREE TR,

Means £ standard deviations are presented. Means=standard deviations are presented.
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4.3.2 SEFEALAKRCBELEAKTOHEOER

(1) SE#EIK

EBESEIATIREORE, MEGIECE, -, BEREALATOMER OB O ERHE 1,
PDA ¥t LD AL D PPBVIEETH - - (Fig. 16), MA 18 & MA 19 L % &4 % &, Eihm, #
BARE SHMNORBEREICER RIS ONSH -7 (Fig. 16),

(2) HERALPEALK

SEIEIK TR ORB R UM OEBMITR S Nidh -1, £, BHARN, BRARE SED
FRADEVICL > THMADHEOHEBEEICZRIA 51T, VIFhoElKkE bEBREETH -
(Fig. 17), PDA 5t F ToORRE L L 12 & 2 5, BELEIAN & PDA Ml ECoEREF IV
hottke bFEICEETH - 12 (Fig. 16, 18), HEHMEI A TOROEEHE * BFEREEAK LT
bERWEIAB SN, (Fig. 16),

BEMBEN K TREBRESEREL TV 5 SIS N A » 51 G cryptomeriae D38 5HICBEX
Ntz, TOTEHS, HOEBRMALZMET 2 -0ORHNBMETED O -ERIE G cryptomeriae &
¥ e,

(3) HEMBEIKDOEKRE MY

BERNET. BESERVETEREBESHEOEATOESKRIRESMWE LRERLS L, - /-
(Fig. 19a),

i, HEESREBENLOBERFEDO2 Y/ — iSRG BEWELNTLALERS M- 1
(Fig. 19b), EEEFOMHPAIRIBESMI D LPEVERZR s, EKROMEET THmMHE
B 5 NS OV ITh b EERBS RLEIA TREMPRD Shilid - I,

a. $AR Axial direction b. E#JTA Tangential direction
100 ) 14 - . . WERMAK MAIS
90 | a Autoclaved log, MA18
80 | 2 r o WEXMAK MA19
—_ 10 L Autoclaved log, MA19
Eg 00 . e o o ABLEAK MA1S
-2 60 | [°] = Freeze-treated log, MA18
ws 50 o = o SELEAK MA19
b 40 r °c = Freeze-treated log, MA19

—s—PDAIH MA18
PDA, MA18

= = ---a-- PDANH MA19

s % PDA, MA18

1

N W
o o
.
T8
L ;\l»»
+ O e
omm
o N o 0
T T

2 3 4 5 6 7
b3 EEJOR=E - b:31 §EJOR=E -4
Days after inoculation Days after inoculation

Fig. 16 PDA #5ih | & SERENLK, HEHUEI KT D Guignardia cryptomeriae DR

Spread of Guignardia cryptomeriae isolates on PDA, in the wood of autoclaved log and freeze-
treated log
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50 a. ¥h7M@ Axial direction 10 - b. ¥E4RFA M Tangential direction
. . a MA7
40 s 8 S a MA10
’g A Q
£ %’ 30 L ! 6k N e MA18
E g 3 o o MA3
W= 20 F 4t o o MA8
] 2 a MA19
or o MAZ1
0 a N N 0 a ] L
0 1 2 ks 0 1 2 3
EBEREOBY EEROBER
Days after inoculation Days after inoculation
Fig. 17 BENBEIK T O Guignardia cryptomeriae DR
Spread of Guignardia cryptomeriae isolates in the wood of freeze-treated log
| BKE b. HEMAR
ﬁﬁﬁﬁmﬁ EEE- AWl b3 rjloism:e content Extractives content
Virulent isolate Avirulent isolate 200 s L
100 100 E [ @ﬁ _E
MA7 MA3 <5 150 2k P"’A
= - 80 =8 ws 2
E £ % H # w500 | b s ‘/{
E% e0 80 - 53 MA1BIEH 5.1 MA1BIEH
ws | | 2 50 [ Inoculated with MA18 Eg Jnoculated with MA18
" 40 40 b
20 F 20 | / 8 o o
g o 0 Q 3 ] g 0 3 6 g
0 1 1 1 1 1 1 0 1 1 It 1 200 F e SSW
012345¢867 01234567 Agm»%—“ﬁ \?gﬁ oz
i’% :§ 2+ — = CW
& 100 g -
100 ® 100 = £
MA10 «l MA191R S g2 |
= 80 . %0 [: MAg S 50 [ Inoculatedwith MA1S ] % ! Inocum“f’ﬁﬁwg
ES 60 60 F 0 0 .
s e 0 3 6 9 [} k] 6 9
x—i 4 8 40 o RN BEUEORY
20 F 0/ 20 F / [e] Days after inoculation Days after inoculation
0 Lo I O H N B 0 1l @ | ] ]
01234567 0123456 Fig. 19 ABEUBIADEZKE (a, &) RUA S
pE%OBY / —nihER (b, A
Days after inoculation 100 i
MA21 Moisture content (a, left) and methanol extra-
+§Bﬁt§m E‘ 80 ctives content (b, right) of freeze-treated log
.A =2 60 SSW : & 4:04f Sound sapwood, MZ: ERE
o AMLEAK 08 4
:;;zz;eat;dxlog ' -0 Marginal zone, CW : Colonized wood
] 1§t 3 N N
Spring-inoculated 0 ﬁfﬂiﬁﬁﬁ%&fiﬂ'c
fresh log 0123456867 Meansstandard deviations are presented.

i3l E0)=E -8
Days after inoculation

Fig. 18 PDA i I L HMEAK, HEEHE
LA TOMGRD Guignardia cryptomeriae
WRIE) () RUSREESN G) @k
DER

Axial spread of virulent (left) and avirulent

(right) isolates of Guignardia cryptomeriae on

PDA, in the wood of freeze-treated log and

spring-inoculated fresh log
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4.3.3 FEOLATOMEGRIHOERE

(1) BEEFEAR

FRAKCKICEAERT 2 LNRRICERMER S N, RIGH, BIrFRHERTEEVEDOME
A Ut WHPHERBOZORRBEBEEORIGKLEEEISNEI LS, FHALATREORA
MLV OOMLHHARIEEREI LTV I &M EL -,

REORE T MA 18 RTINS, BfAR & bERER 2 AR oEk L (Fig. 20), MA19 ¥:f
TIREBEANNS (, BEBOEILHHERET 3 L3 TER -1t MERIZI MAIBERETIRER
BilbE 5 LR HERER T A, MAEBTIERBERAS/ NS ELHREESETESL- 12
(Fig. 20), ZBIMOKE S IHRHOEENSEILT 2 ClHEAR, BRARL S IERMOREXL
—H L, WHOERSEILL tolzxfl, HEBOERSEL LEL -7c0id, FEKicET 58
B EMOBBRIGORE DB WIC L A AIHEEMNE L Sh B,

KEEFEL AT, BoEBHHEECIM O 3IF 5L, RIEE, BIIRREEEUHE
EIsOERE & D /N & - 1z (Fig 20, 21), % LT, BO#BHE ISTBELAOHEICH~AE S,

AR Axial direction M A RA Tangential direction
200 - a. MBI Barklesion qp r b. B Bark lesion

8k o MA18
—_ 1 -
g % o MA19
EH 6
£ 100 - .
w9 4} .
uf 50 L ¢« o .
° s 2 e -
L ] 8 o 8
0 —8—3—0—9 0
037 14 30 03 7 14 30
200 - ©- x@®inH 10 - d. E&IH
Discolored sapwood Discolored sapwood
- 8 B
E.c 150 .
ES 6r
£ 100
w g 4
[l ° ] L) [ )
50 |
P 2Fe @ e
] [+ o o
0 10 Q [e] 0 _g 1 1 ]
037 14 30 037 14 30
200 - ¢ MEBS o 100 f. HESH
Wood discoloration 8 ’— Wood discoloration
T_150r .
Es 6
“£100 | . °
w9y 4 . .
T oL . ¢
b4 2 'g 2 o o
0 2 Q Q 0 Lo— 1 )
037 14 30 03 7 14 30
EAROBY EREOAY
Days after inoculation Days after inoculation

Fig. 20 HEBHEAATORBMEOMEROHAR () L#FhE () OfR

Axial (left) and tangential (right) spread of bark lesion and wood discoloration in
autumn-inoculated fresh log
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#AW Axial direction @A R Tangential direction

100 - 2 HOER 10 - b. EDER
Fungal spread Fungal spread °
80 8 r
— Y L]
3
Ei@ 60 e °Ff
& 3 w0F e 4 :
L ]
0te o 288 8 8
olae 8 I 3 |
037 14 30 037 14 30
100 ~ ©- NADDHXIEE 10  d. NADD:H%¥EHE
Region without NADD [ Region without NADD
80 8 .
£ L MA18
Eg . ° - MA19
o
ﬁﬁ aor o 0® 4 o H
L - -
20+e . 2rst s °
ola @ 8 ) o2 .
037 14 30 03 7 14 30
i3 o dod=k ER%Oa N
Days after inoculation Days after inaculation

Fig. 21 HKERHHEAKRTO Guignardia cryptomeriae & NAD diaphorase G S#iBH DA o)
(&) L8Am (h) OfE
Axial (left) and tangential (right) spread of Guignardia cryptomeriae isolates and region without

NAD diaphorase activity in the wood of autumn-inoculated fresh log
NADD : NAD diaphorase 75t NAD diaphorase activity

100 a. #AM Axal direction . b. f&ﬁ.ﬁﬁ] Tangential direction BB RAE MA1S
o® Autumn-inoculated fresh log, MA18
80 . 12 . | -mmEmgax vare
T . 10 Autumn-inoculated fresh log, MA18
E$ 60 H 8 ° ., * | o mzmmnL MATS
= g - . Spring-inoculated fresh log, MA18
= 0 : « 6 o o BEABMAL MA19
. . 4 ° Spring-inoculated fresh log, MA19
0 g . 2 . t | amEREAK MATS
] N - : ; i H = Autoclaved log, MA18
0 & © T 0 & 2 ? | o BERMAK MATS
0 7 14 Q 7 14 Autoclaved log, MA19
i 2t B o=k BEEOEN
Days after inoculation Days after inoculation

Fig. 22 A KT D Guignardia cryptomeriae DR

Spread of Guignardia cryptomeriae isolates in the wood of fresh log

ET L% (Fig. 22), UL L7AMS, BOEBBTRIIEENEZ LB, T, MAI9 R MAL8
HARFLUCERBEENE Y, BANTRERMA B ISEBENKOBEO ST VHEE TERE L 745,
MA19 BEBEDHTW - b & LR LD -, 1 pHRICIE MA 18 BRIFEERA TERE L /o,
ChiARTH . DBEOHARIGO LD OBFEMROATVEI &L E, KERLLANEEBL
OETHROEEME T Lo icky, Fic BB EERT 2N TELAL LD THA
Do

NAD diaphorase G 3B T I3AH Shich, BHE LA LoKHI bROERBRIZ OPPE

EFTIBLTRERRNELTEY (Fig. 21), THEOBESKE >/ b0 LM s, MAISE
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BHAOBITENBIMEICE ) 5 NAD diaphorase FEME DI KIZEAB TR D - 1205, MA 19 /&
FURTIZEERE | ER% IR E 0B ALY Shic (Photo T)s T DEBVREOEREEOERIC
LBHDEEZ SN B, aniline blue Ytk DZE{L 1T NAD diaphorase iEHEOTHG L DB - 1o, HHE
1BERI® LIRS, BiTHAEIcs 1) 5 NAD diaphorase iGHERAERAL & 0 RIGH & b OBEFL® 2 O JFFHH
aniline blue % Nile blue T#% -2 (Photo 8a, b), Jhid NBT Tk~ A L vy oicgs -k
(Photo 8¢), T 5 L7-Z{bid MA19 BREILKTE L -7/, NAD diaphorase /G DR A aniline
blue, Nile blue, NBT THREI N ZYHEOHRRIFH W ABSHHERIESEL TOSE T EERRL T
3, £f, BEEEORENOEVICK > THERIEOBBICERMEL L L bREhis,

(2) BEEREFEI RO EKR LMY

UM, KIGE, BIIEREBOaKERIVWTN HEE3 ARIC I TICBEMBicbTHFLET
LTWi, 20K, SKRIHEENEORERE 1 » ik cRBEOHEMR L (Fig. 23a), FEALA
TREBRBALIZEMNOSKESET Lo, GEUBAKTIET LA, &, kB
DIETFTHEIC L BKAOHEBICLZ O TR, AKEBOETICRAEELEIMEOTFENLERT
LAEREBLTVS,

EEAH, KIEE, BTERNEomMEEREIEEBROVFROMINT 2 L1378, MAI8EHE
AR TREBRRFCZESET L (Fig 23b) BT EFHZEEIM TF L - 7o, MERETHEM
BEH SN AREHERS O VTN S HEEHEAK TIIMSED SNiih - o, EOEBHIIH X
h, HSFNEETRBVBHRIESREB s b b oS, HEEMEOERSRIEhE, -

a. KR b. HitHEE
Moisture content Extractives content
MA18tEIR MA181EIE
300 jnoculated with MA1B 2T Inoculated with MA18
. 250 /‘[_/&—o _E
< 215
gL 2001 Se ——S8W
<38 [ ——I{TZ
g S 180t g g 11 e R7
E - E=3
@ 100 Y EO.S | s x —o—DW
s 50} ﬁLﬁu
0 L 0 | VDU VUURS WSS SRS T
03 7 14 30 03 7 14 30
300 2 r
“250'./%/§—‘ 515 »igﬁ
s X £
8200t <E
6 a ©
" g 150 & g 1F
2% 0l MA19121 sz MA1GHEIE
402 Inoculated with MA19 H 805 [ Inoculated with MA1g |2~ ITZDW
= 501 Eﬁ
0 0
03 7 14 30 03 7 14 30
ER%ROBY ®BkOAY
Days after inoculation Days after inoculation

Fig. 23 HEREHFHEILAOEKR (a, &) RUA 5/ - LVHIHHEE (b, &)

Moisture content (a, left) and methanol extractives content (b, right) of autumn-inoculated
fresh log

SSW : #2304+ Sound sapwood, ITZ : BfTH:PE Inner transition zone, RZ : K4 Reaction
zone, DW : ZZtaZl#4 Discolored sapwood

S ERRETER T,

Means*standard deviations are presented.
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fe T i, FREEFRELAICE T ZBRARKIESBH TH VS &, HERYEERIA OSBRI R b
BhTWAERTERERELTY A,

(3) HEREFEHAK

BEHEEFEAKOMANTRIERENEROER RV ThOBEKOBEA G 2HE TS - 7245, SRENE
HROBBIVWTNOEKOBEELEFE L(HEINELALER LU -2 (Fig. 24), FEEFEILK
MAOEOMAROEEER 1, WRRNTEKROES IREREK, HHELEHKP PDA il F -
FEAEED LI -1 (Fig. 18, 22), DI & id, BEROBE IHEILK O EEH S 1L 0RH

#4@ Axial direction E® AR Tangential direction

150 | a. EODEE 25 rb. E@l&g a
Fungal spread n Fungal spread
. s 20 F
Ec 100 | . 2 5} .
£y 2 a
=
W [ | 10 F s
ul S0 a a 1 .
] 5 i A
0 Q Q g8 0 o) 8 Q
0 3 7 14 0 3 7 14
150 c. ﬁﬁ{ 25 rd. ﬁm -
Bark lesion = o0 b Bark lesion
= 1
€< 100 - 4 15t 4
o ‘ A
W E 2 10 + t s
u¥ 50 s |
0 o 0 o]
0 3 7 14 0 3 7 14
150 L= EEI+H 25 rof. EEDIH
Discolored sapwood o0 L Discolored sapwood
g,g 100 | ! 15 "
~ A
& o 50 b 10 4
2 ST 3 .
0 n H 0o 0 L L} Q
0 3 7 14 0 3 7 14
150 | 8- MEEH o 25 - h pLel -
Wood § o0 | Wooddiscoloration
£ discoloration ry
£§ 100 F 3 15 b !
w e H 10 I .
ul 50 s |
0 Q j*] 0 6 n Q
0 3 7 14 0 3 7 14
i3 EJO0=E - EHEOBY
Days after inoculation Days after inoculation

Fig. 24 HFEEHFEHATO Guignardia cryptomeriae, HHRUMEROE AR () &
HAHR h) oftRE

Axial (left) and tangential (right) spread of Guignardia cryptomeriae isolates in the wood,

bark lesion and wood discoloration in spring-inoculated fresh log
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HNEHROERE 2 L TWR WA, FREAEKIC L TREMNRNHOTVWE T EERLT
VWi,

BEEHEONLK TR KOS L FR, PR DREE & METBIE U, REPHERR
WRREUEREE TR RRICER LY, S9REEMEETRREASER LA - (Fig. 24), &
RENEGREETIROEBERIEEIMOERE B, GHPBITENEESUHERR O
LRIE-B LI, CNIBRENEROERNAETH-~nEEbh b, BRE 7 OROBEOERH
BPMECROEHE L D K& - 03, 7 ORI IMERSIER TR MED O % 8/
L tBbhd, FRENEROERERIHERROHH L EEIMoERohHToy, K
852 VWIEIBITERNEONSE TEMER L T S Hlish 5,

SR BRI R LA T R 3 BRIk T Tin, KB, BITERABTHIES DRI aniline
blue TYE S N AYEML SN BHHEH -7 (Photo 9a), M 1~2:BMKICE 5 & 2 DRIGIZEA
Fiolote UL, WEENEGREETEIIN S ORIGIEEL, F/BETHEL -7 (Photo 9b),

MNOBEROIREIBI L T3, WREIEKROSS 3 PDA i L AR VERSHBE S
B, SREIEKROBARBATEO 0 EBHLn 3B LAERER LHVELDALTE - K
(Photo 10a, b), HEUBEAK THEDREI DML H S FTROERIERS S, U, &
ho OZERIBEBHEAKDBA SERRICBE S L,

EREEPEE L TV 5 MRS W iBhId 512 G cryptomeriae Hig LENCHBE s iz, 2O EM
O, BEEETED ONIERIE G cryptomeriae LEZ SN,

4.3.4 FEIAKLETAREDLE

AURCTHEHOERAE LZELEL TV WERER 2 BRLNOBOEREEE &, KEBFEAKcBT
ZEOEREE (25°C) &&E#BL /- (Fig. 25), MA18 & MA 19 OFEREEICIAZLERESS - 12
25, AR TROTNOEKOERREE AR TRFHARDESICHAENLUTTh » o BRA
HTHLTNOEKE $EVATOREEE SFHAKOBE AR, - 72,

MRICBI 5HOERBPREOEVTEDOL S LT 20 RFAEL T0RB VY, HoRERRE#E

[ a. wrm * %[ b mwrm
60 I Axial direction Tangential direction o FREAK MAT8
4r Fresh log, MA18
— *
€ L o FMEAKMA19
E§ 407 . o 3 * Fresh log, MA19
w3 5 . o o |e%irkMATS
ul 20 L . . L4 . ° . Standing tree, MA18
. . 1 ° ° o £ K MA19
[ . ° o o Standing tree, MA19
oo 8 $ oLt . i
0 3 7 14 0 3 7 14
EH%OBY bi:3i £ dod=F -4
Days after inoculation Days after inoculation

Fig. 25 AR & KRR & DD Guignardia cryptomeriae O HERE O HEL

Comparison of hyphal spread of Guignardia cryptomeriae isolates in the early
stage between standing tree and autumn-inoculated fresh log
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&, BENoBRRETORREELER L THBT 2L, FHAKOEOEELMET 28E7d AT
RICHEART, BEARITRZNRBERSL VY, BAETEPEDEVEWVLS, TOI EEFEIINT
BB RRIECTHWEAE TS, AR D SERAMOA PR ICE & E2EKT 5,

4.3.5 BHEEODIKIL

BRNTH T4 5 LT &L AMEROERY, MHBOEROBEBIL X IBRNTERTRE S0
», BRI ERIEE DD - THREZONEHES M T S01C, MAIBAERE L SEBEILK &
FELK RREERR), AETAR (BGER) ROUWEHRFAEE 3 ERO LT ho 25 L £ RENEA K, T
B K THOBER AN OB I 26 M oEBREOILE GBIk LB L/ (Table
10), %538, EOHEREIZ 0.5~ mm B THIFE L2, HOEBERMSNS WEAREREOBESK
ELRB T LS, WAMOEOEREMA 10mm P EORB 0L EFH BV,

NS S @S IV EEREA R PAFLEN RO 31~95 CEM#E52~66) TH -
oo THUCK L, BIFIBFEIEHEHE < FTRHALKCHEVAR TR 5.4~29 CE¥E 9.6~166) TH
0, EREEFREIRPHEUHEAROBA L DMARICED - /oo O EI1E, BHIBEBEEE
OISR OERICH L TL D bBEEA ORI L THRACERL, BHoHEBORKLEKRKELS T
SAMCELEHEZLERL TS, MEBGOHLEOEBTEHIMELTWEZ &0 5, MER
DROPE T, BEPHEOoMENES I, BSEsBEELREERALTVWEEE
Aohd,

Table 10. EREROERL
Axial-tangential ratio of hyphal spread

i O TRHY
Treatments Axial-tangential ratio®

MA 18 5 (ki)Y

Autumn inoculation with MA 18

SHH#EIK Autoclaved log 6.6+2.5
§ #% fL K Freshlog 14.1+5.6
H i A Standing tree 16.6+6.1

MA7, MA 10, MA 18 58 (Hi#E@)°

Spring inoculation with MA 7, MA 10 or MA 189
BB AR  Freeze-treated log
¥ # #L KX Freshlog

2 Bk Dl [ DR /R [ O R
Axial spread/tangential spread of hyphae

D R OEROER 10mm LlED 2~10 AR O BEETER T,
Means*standard deviations of 2-10 samples with axial hyphal spread
over 10 mm.

< AR OERDERES 10mm DI ED 14~18 HB O L EREZETRT,
Means > standard deviations of 14-18 samples with axial hyphal spread
over 10 mm.
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44 & B

FER%E Table 1112 % &, BEBBALA LK LB B 5 81710 OB OEREZEH PDA £
HLEHBELTREALERNE P - LI EhE, MOMBISEBNICEOERLMET 5 LeEE
Koz &, BEIMIcELT 2N EEOEREMEL TOVRVEVLZ B, £, BRHNTEOER
FEEH-7E L THDTLTHS LI N, T Lkl L SHORARIE W TRANISEAHE
BREESHEBTVWEELI LN, S5, EUACNRTHAKENFH Y LEZ SNAFHAKICEL
THROERVSHES N, BEOYWBARIEEZRTEIATHOERPROEP - &h b, BAEE
BARISHYEOEREMILET 252 TEELRIEZRLLTVE D EEZ LN D,

AF, b/ & OBEERKIC L 2HEERA P VAT TRAL, HEEEZEC TR BN ER
BIZERT 5 EER 503 (LH - FEk 1992), FEALKD & 5 RIS S NG 3EE
NTD G cryptomeriage DEBEEHIEL B H T EMPESH IR -1 LR, RAPLATORF, b/
FHEVAR BV T OESREN CTHRSICEIET 5 LOHFIEL 25,

PARIG O WHTEHLK THRENEROERSEES L coid L, WRENEKROEROMER
BREVHSIVREESA N, -7 LR}, HEIOFHVEKRIESWHEEED L 5 BEXD
B IC S 4 A RS AE C, W HERIBIC X » TEROHE S NS, REOBOERKIZEE
IG5 REHSBEVE LIRSS LT EE2RLTVWS, = LILMKFICE T 2 RHHE
Ophiostoma novo-ulmi DFFIE 7 » 4 » 7L & ¥~ mansonone E 219 Atk & i2RG@EAIT N E
VWIME S H BAH (PROCTOR ef al, 1994), —ICKREEORENOMORMIIBED 7 > 1 b7 L+
yreatd ASEWE SN TEY (TeerMEER and VANETTEN, 1982 ; KisTLER and VANETTEN,
1984 ; Lucy ef al, 1988 ; DEsJARDINS and GARDNER, 1989, 1991 ; Miac and VANETTEN, 1992), G
cryptomeriae 12 T bFRFH L ELEOTEMEWE T 2t & ORMICHBMNH 20 b LT,

Betula alba 2 &Y: L 1= Botryosphaeria dothidea DA, KA b L R T OFENTIRERIK D,
APLRADDh>s TORVWEENTEEASFAV I EBBEI N TV S (McPARTLAND and
SCHOENEWEISS, 1984), COFEE LT, A b L ROHD > TORVIEAIC I3HIEEIERER O 5
2 EOFEEOEFHR BB EARESE BB LR TV S, AFOMOEFE, MVERPHE
ShADREOEBVHESNLBATHY, BF-FEEOHRIBIHEOBEALABTIENTSE
3, BARPHIK o o3, T3 LABBIEEOBMHHRIGIC X > THOTEMHEES Wi &
FHELTEA SN B,

¥ 7o, BEEFEAKICHBWVT, aniline blue THE 2 WHOREEN TOERIIFTHRREKREE
BLABACHEETH - o8, SRENEREZEELLBSCRDEr -l &h b, TORIBHERE
BHEELKIc B 3 2 89RETEROERILChhb T3 EEL OGNS, oI &iF, FHREEIE
PR & R EUIEE & ORI CRAEIRUS 2 F/R T AIEHART Y, BRFEEkREEEOBERIEOXE %
MEL T 5 AL TR L TV 5,

PEARCE et al. (1994) 1 Acer pseudoplatanus DEEBEAR, FEAKEHWTHEHPHEBOHER
AR, TOER, EVKROUMTIREEAEEETERY Ustulina deusta &AM O—IRNBAE



Table 11. HAK~NOEFHABOT L

Summary of the results of inoculation tests on logs

AL BB ORE HRER BH [ O R R AEREEE (mm/ H)
Treatment Status of host tissue Spread of hyphae Mean axial hyphal growth rate (mm/day)
PDA HEih &N (V=AV)? V :10.59-18.08, AV : 9.73-16.69
PDA Rapid (V=AV)®
(=128 1=F PN S, BHEEIROGTE L, RRAYESSHIHH B (V=AV) V:9.19, AV :8.55
Autoclaved log Dead, no response, constituents partly destroyed  Rapid (V=AV)
HBEMBEILK S, BHBIRIGIE L, mROMEEFS B (V=AV) V:6.71-9.13, AV : 5.67-7.71
Freeze-treated log Dead, no response, constituents preserved Rapid (V=AYV)
PR (kiR H, FOBTIRIG, RO REE bR ~EW (V>AV)  V:4.46, AV :0.54
Fresh log (Autumn inoc.) Living, weak response, constituents preserved Middle-slow (V> AV)
ek GRER) H, §9OBFEIRG, B RE HO~EW (V>AV) V:10.04—11.36, AV :0.40—0.84
Fresh log (Spring inoc.) Living, weak response, constituents preserved Rapid-slow (V>AV)
A &, BOBTEEIE, RoHRE E» (V>AV) V:1.16,AV:0.23"
Standing tree Living, strong response, constituents preserved Slow (V>AV)

DV, HRIETTER AV, SSRETERE

V, virulent isolate ; AV, avirulent isolate
B 2 BRI 0 #1H O R EE

Initial growth rate within two weeks after the inoculation

— 81l —
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T& % Chondrostereum purpureum OEE & b EHEBENK TCREFEREM FOBSIcH~HERIZ
FExhEh -7, L LHEILATRR, C purpureum BEREDEE ZHBL KIGHRIGOEHEX S
ot b b sd, WTFNORLSEEELKICHNEBPET L, ChSRERXDERER
BLTBY, EVKOAMATEREOEREZMHIET 2 LT, BIIBHHEE TS < BMhEgEsER
THBIEEZRTHDTH 5,
MECOBRIMEROBERICHES NI 60 TH D, BHHHBBIC L - TREZbOTRAEVE
THELNH S (Boppy and RAYNER, 1983 ; RAYNER and Boppy, 1988), B ic, HOEEHFHES
NI - EEREEAKPHENEARCE VTS, HotEHMRMARcEVWHSEETHD, M
BOMENBENMERPEOEREHOIRERET 20 rbboT0ELELLNS, UL,
FRHAXPEVRTREOHEBERIZMA RIS SIRb o, TDOTEH 5, HWEEBENLECH
TEOERBEHOMKERET IEELREBERNTH S Lirsh, 4, BNBERIGIEEMLD &
BRRAFI LRI @ C L5 &R -7,

5 HEOBRAICHY BHMORIE

51 RULSHIC

CZETTRXOMIIBLWIHPHECOEREZMIET 288 & L CHNEBROEESSRE N
o % T TIRIC, BERABROEIRICBT ZGHARGERRMICHAO T3 & 2BNELT, 2F
DHNLKICHER I DRI 3 Guignardia cryptomeriae @ 2 Bk CGRBIE B MA 18, S99 E B
MA19) 2L, HPMECOERLE &MOMBENSELPHEEME KL OMEI>V T
Bit Lo ChOoDRD»S, BoBBMILIcE Y 2 HEEWEEROFEIc >V TEEEZA 72,

5.2 H#&EAE

BA AR TBETE LT ERR D 8~9 FAEAE R F I L 9~10 BIcEEE1T- 7, £, X¥OH
OHEEBE®, BEEEE L/ PDA Bt bic i SEREA AR L foo SR EBEE 2 M L, ¥
JYIVTRAFDORICH 1 UCHDAS, FEREMICR S5 70 0a b= LT —TEREV,

BEER ORI HEBCEOER & ERENE L L OMBLHS Iz 5apic, 5.2.1 TIEH
FfroHAENMT 2L L BT, MEEDEHOEREN, & 5IHOBRLENEERET -7,
MEESCHEOERE, HBENELEENE(LE OB E S ICT B i, 5. 2.2 TIREKE, il
YMEBRERD B E & bic, MBYIORTET - 1,

5.2.1 MEDOEREMEGFZEAL

BEATHE, BEL, BRLANOEROEHTHE ORMPLMEBOKE S £AIFER, BEEFL
too UFOBE, A oRMROBICERT 2 HERIGOEEOR VI X 3BRERHIET 5729,
BAFROBHTIT » 12, MEOBHLHELHOKE SOHIE R, HEEEREHHMCLczhEh s
~2U R OB TIT - oo BBEEELEHPLR 3474 v 7 a0 b —aTHEEH20um O]
H A VERR, SEEREIZE L7, Y7 1X aniline blue, Nile blue, NBT i & 224 % i3 NAD diaphorase
EHREETY, BROEBER PN HRERIG A,
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HoNEE, MRrE27 v FaL I Y5 ERTRMBREL DD PDA ML EIcE &, 25°C THEES S
ZETIT» 1 ’

5.2.2 H{LFHIZEL

BEEE L 5 3.2.2(0) LB U FETHES BB Uit B7KER A 5/ - A IEEREAIE
L, M#% GC THMFT L Aikld 8.2.200) L TH 3, HRBBOBBKM L, WLz
NETN 2~3 DETOERRIEMTITH L 72, 1B, MA 19 ERAR CEMEARORERER 2 8Bi~1 » B0
FCRBITHARBENOHEEXNT 2 EPRETH > i, mMBLSUE BB OELBITHN
B, RitFomEoEE L TRIzRL 7,

REBER OB JIc 7T 572000, MA LS, MA 19 S EAROKITHENEICER U 72 ik
PEE3. 220 LRI 2 0 b — AR D SBOE - fo, BFERIEIL 3. 2.2(5) OS9G LD
GC THHT L1z, HEEHROBVIY T ik E /DB TH 5729 (Photo 11, 12), Bk 1 1AL
BosE RV,

53 # B

5.3.1 MELOER & MBENEL

(1) Ar8Eed

HETEAROLM D S RDHOBESNEES N ABEND - 7ch, G cryptomerige (INBES NI -
tz (Table 12), B BAPCHEERAOBL2IM S & b/OROESNEE NI M, 2 AHEATVES
L& (Table 13), EHADFHINIBE T G cryptomeriae BSBIHEIN B T &35 h -7, B3
BoOMEEH (EEIMRERKIEE) 513 Pestalotiopsis sp. B3 EEE MBI LB -1 EH, G
cryptomeriae d LT LIX53BES iz (Table 13), SYBEEE GIRIGH & O ZEREM OB &L - 1225, [§
UEBEENOMEOBEBIRBEUL Thic, MA IS EEARDEEBIMD 513 G. cryptomeriae H3E 5K
SRS 0, BEERERS > THOBEIZIE LA BRSNS > 72 (Table 13), MA 19 BEEROHZE
B 5 G cryptomeriae EWVEETHB IV 00, BoES LIZLIINEEEHh, BilMi-
I >N T Pestalotiopsis sp. % Trichoderma sp. D4YBESAE S 75 - #z (Table 13),

ZOMAIBEERERE MAISBEBARLOZRIE, BHORENDEVICL 2[NS 5, b b,

Table 12. BEBA» S O53RER

Microorganisms isolated from wood of non-wounded control tree

Bk ORRE] B8

Period after No. of

ZDMOE kmes

Guignardia  Pestalot- Tricho- Other Bacterium

cryptomeriae iopsis sp. derma sp.

inoculation pieces fungi
2 88 2 weeks 12 42
14 A 1 month 12 1 1
2 /,nH 2 months 12 1 3
34, H 3 months 12
6 »» H 6 months 12 1

D ROOERIBEYMNE S N MEEERT,

Values represent the number of pieces from which microorganisms were isolated.



Table 13. MZEEH» &> OFIME

Microorganisms recovered from wood of sugi inoculated with Guignardia cryptomeriae

ERES £x{E  Wound control MA 188 Inoculated with MA 18 MA 1988 Inoculated with MA 19
OJB#FEﬂ = : B : = :
Period Type ﬁfg Gz;‘ziglzw- Pestalot- Tricho- Toftt N %a G“égiam' Pestalot- Tricho- g%ﬁg ;{%%‘i G%%Za' Pestalot- Tricho- g%ﬂh LS
after of iopsis  derma r iopsis  derma ! iopsis  derma
inoculation tissue No. of crypto- s S Other Bac- No.of crypto- B S Other No. of crypto- s S Other Bac-
pieces meriae P P. fungi teria pieces meriae P P fungi pieces meriae P p. fungi teria
2 BE SSWe 60 60 36 1 4 1
2 weeks RZ 60 1» 1 1 60 21 1 1 36 2 7
DW 60 26 3 60 36 36 11 1 4 9 4
1A SSW 40 40 36 4 3
1 month RZ 40 4 1 1 40 10 36 13 7
DW 40 5 18 40 21 36 28 1 13
2,mA SSW 40 40 1 36 4 3 1
2 months RZ 40 40 29 36 20 2 2
DW 40 8 8 1 6 2 40 26 36 24 14 6 9
3H»AH SSW 40 2 2 40 1 36 1
3 months RZ 40 40 13 36 17 3 1 1
DW 40 20 4 40 24 36 8 18 11 2 10
62 H SSW 36
6 months RZ 36 13 4 3 3
DW 36 15 13 10 1 7
7»A SSW 40 40
7 months RZ 40 4 5 1 40 17
DW 40 3 33 2 2 40 27 3
128 SSW 36
12 monthsRZ 36 17 1 1
DW 36 12 16 13

2 SSW : @edlét, RZ: Kb, DW : Ll

SSW : Sound sapwood, RZ : Reaction zone, DW : Discolored sapwood

D RBOERBEYBSH S W MR BETT,

Values represent the number of pieces from which microorganisms were isolated.

MNE QAN L+ ¢ LAY EOH
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MA 18 O WEBHESILV /20, OESEREE, SERALTOEMNS I ENTERVDEHL,
MA 19 ERATR, %4 2 X5 cHMERESENBEE CREI/NE, EEEOEEEEESkO
HEBEELORALLMOENEAELLEEIONS,

2) MEBIHOH#R

BEROBRKHOER IEER 2EMRA MY, ZORBERSEILELAZbDEHFEIE
(Fig. 26)o P€~ T, M ORI IIEER 2 BRI TRS RN L -2 2 EAREN, MAIS
BoBRa s MAVEBOBRS LM THOERSILOBIICIERIA SNEP - b, AHEOMT
B 2 BB ORHOEBREE I KX B - Thi, TO#E BRI PERETEIRS
MNEL, MAERBOBAREHBIDPPRZIVERTH - o, MAISEEDOEA I MA 19 BE
oA~ E L 7o (Fig. 26),

MEBIEEIHBR TRELARTEIBITS T, BEIAMRIC IS P(BVERELTEADSN
foo MEBOKRE S RBARMOKE & LEER, #AH, BEAME S MAIB ZBEL LA MA19 B
BoEALhKEL, MABREOEAREBEDOADMBLERKEL» - (Fig 26), WTFhOBEKDE
b, MELREER I~2HBEcROIThOARE bESICHER L, BEX 2 EM» 5 1 P ABRET

75 Axial direction {874 Tangential direction
a. HEOKK b. HWEOHKRH
50 - Bark lesion 3 | Barklesion
E_E 40
EB 10 2
WG
WH 20 P L] 1
10 I\,
o Bt ot
01234567 89101112 0123456789101112
. E&IH d. EEIH
50 - Discolored sapwood 3 | Discolored sapwood
o MATBIHEMEISN
Anatomical sample,
MA18 inoculated

o MATORIERZRIR K
Anatomical sample,
MA18 inoculated

A (EEARLENY
* o HERE f. HERE Anatomical sample,
S0 - Wood discoloration 3 | Wooddiscolgsation wound control
ol . —MA18IETEF Y

Mean, MA18 inoculated
—MA19IER T 1Y

Mean, MA19 inoculated

- ERREY
Mean, wound control

0123456789101112 01234567 89101112

£& (mm)
Length

0123456789101112 01234567 89101112
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Fig. 26 HVARTOBEORUKUMEROESE () LR B OfE

Axial (left) and tangential (right) spread of bark lesion and wood discoloration in standing tree
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5B Axial direction {425 @ Tangential direction
0 . mogR Fungal spread 3 b. ED#ER Fungal spread
50 25+
—_ 40 2 fee .
~2 30t [} 15 e o .
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L4 20 | * * 1 jma o o o o
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MVh o 0560 a & o & °
0 lz g § g I e 0 nnnnnnnnnnnn
012345678 9101112 01234567 89101112
80 I . NADD&HE 31 d. NADDM&EE
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T _M0F . 2 tee . o MA19iR1E
ES ., Inocufated with MA19
E%SO 3 . 15 e o o . ° N 5ot
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.
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0 AAAAAAAAAAAA 0 |||||||||| ]
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EREORM (F) EEROBM (B)
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Fig. 27 H I KROMANTD Guignardia cryptomeriae FxUF NAD diaphorase {7 5<EEHH o 6l
Hial () LERAN () O#EE

Axial (left) and tangential (right) spread of Guignardia cryptomeriae isolates and region
without NAD diaphorase activity in the wood of standing tree
NADD : NAD diaphorase i&#: NAD diaphorase activity

TOBBRELE LI, CoX)THMEBOBRIC IEEERC L 25 LHHOXR I, - 00, &2
HERIRELRELT->TO, ZBRIAMORESIHERLEILAPPREVEETH D, RIEEOBITH
NEZSUHMERTOKE S REBIMOKN 2ETH -1, BREADLITOMEBORE S AHET 3
L, oD EMKES LTFTHTERRBASOSNUD - T,
HOEBEIMEGORBLE CHEMER LI, $8b5, WFhOFEKE BER I~2 BT TlRa
HIERES A SN, Bk 2BE~1 2B TEEBRIEIEL 2 (Fig. 27), §€- T, M OBFBRIE I3
Bk 28E, S 1 »PACTHOBER BERARMIET 2 2 THRNE L - T LARE N, O
BB OBE4 L RIZREI LA, PPBVEETH -7, MEBOAKX S LA BHREREERUER
W RERBREKIC K > TREL Y, MABEEOHAE MABEBOBEAKY KE, >, MAIIERE
OE&E, BOADBEIKELLBALLLELNIEOEBLENTELALERY LM o1, B
ERGHIMECOHEHM I MG L Ty, ERIM LD ZDLREVSHEBRLDEZDLNEL -
feo CTHUEARIGH £ TRBAT A0BITHPREDMICIBALLVI EERBMLTWS, £TAK
THERIBEAKOESCRRRNEREER L LFHEAKOBA L v 2KV ERN S D, £/
MA18 & MA 19 & ORI THEAOKREIZERR A SN h -7,

M OZMBOHFEA NAD diaphorase D H# THINT L /2. NAD diaphorase fE¥: #5812
HOEEBEH L 0D URED - W ZIEE CHEE Tl L (Fig 27), 74b b, MoTMmiadEO L
BICHN -> THIET 5T EMNHL L ER 1,
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(3) WhRERAE o HE & IGBEEE DAL

MA 18 #8, MAI9HES 5 VW IENROVThOEES, EMEE 1~2 B TR THEE & KEE
L ORIDEBREFLICEEE - TV 3, HAVIRKEENICBE LT 2 iR E S BITRICB L THE
Shi: (Photo 11), 2D & MR ESBITHE TEREIN S Z L& /RL TV 5, B AREME
Te#il) 5 OMFERDBEOS B IBEShiih -, 1, BEEOEECEREKROBVICL > T
TFSRYE ORI RS R R IR SN h - 12, R 2 EREE R E S 8
E¥F 5L Hi2% v (Photo 12a), M 1 B I3EAZEREEE 0/ - 72 (Photo 12b), TSI,
MEAYES SHHET 3R L EoEBESE LT L 3R L Toi, BRETLLHERER 1~2
BRI & VO BB aniline blue, Nile blue THE - 7245 (Photo 13), % O dnifgkergic b~
3L, COEILNOYBENHERMBELE UK 2 > T 2003RHTH 5, HEREE
DBEIRSWMES N BEAEBITENBIC 7255, IEHCEV T HEROESEEsSh:, L,
EEOMTRIMERIER I LA CBEI W b o1z, ZOBEBE LT, HofEESEL LAEHOE
BAMOFEE T, BOHBNRAETS > 1t LDMBRYEOLE, BHSMcS&bEh /2T Li5E
Aohd, HOREGNRORIGHICH 1 28 & THOER L - B Tl R E 1< & 3B E %)
LSt DTHS,

NAD diaphorase /EH QA IIERER 1~2:8HTA Shic, EHOARL T 28 3B THNE
THFRDEB DM E N T VWAL E—F L 72, NAD diaphorase /&1 DA & BB HIRIG & O RE#
MRBEN G,

5.3.2 At

1) &rkE

2T DERERIT 150~300% TH - fc s, ZEIMOEKERIMELHSAIRTHMIITE HE,
WhBEE LERBEICIZT T 100% BEIET L Tui (Fig. 28a), Chi3, EREOBROLENL S
HORAMTIREKHENEL, HER L AHHBNEEET 2 C EE2REBT 5, T0ROEEIM
BREKRPET LA E X THBR L, BITHEHBCPRIGHFOES/KE bR | B%ICIERIMTEY
BETET L,

2 mEysE

2 &7 — IS RIRERER 2 HE~1 A THMSS Sh, BITENEZE LI E 0k b EBRE
Mgkt =, BITRNETIERR ~T» A TR20M D 5 (ShitkicE L2 (Fig. 28b), MA1S
BEROZEIM T RSB EIBLSIM L 0 ELS 2D, FREFOMBMERIZBLIM L DD
LEBLRTTH- oo MALSERARUOENBATI MAIBERARLEL Y, FEIMomimaE
HREIMEDEL, KGHOESROBITERNBOZISED -1, COHEE L THEERI/NES
tosh, BITHAB~ZEBIM ORI EZERICHTEEBRETH - &NEL LN,

3) s/ VY TFvEEF AR VEOER

BEAMTRAEI QWb -1/ VY 7+ V8, FARVEERSUROSOEREBITRREEHOE
BLi, UTEERAIC>LWTEREFBRXE,
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a. BIKE b. HtHER
Moisture content Extractives content
MA18#EH MA181%E

300 Inoculated with MA18 10 Inoculated with MA18
€ 250 -t
gt £ 8
< ] 200 ‘“’ ]
6
o4 £ 150 91 3
~ 2 K2
Qe g 4
o 100 HG
= s
50 5 e
o} 0
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
MA193HE MA19#&TE
300 Inoculated with MA19 Inoculated with MA19
.10
— k=
’\5 250 §‘g 8
& 5 200 S
# o @y 6
x5 150 £2
M2 400 Hg *
s #2,
50 w
0 | I I S 'l 1] | - bed 1 0 | N U Y Y Y S S | S
012345678 93101112 01234567 89101112
s0 - EKE st
- Wound control 10 Wound control
S 250 [ -~ 5
~ 8 £L s
£ 5 200 | =5
oy 8 o, ——SSW
2 &0t g ——[TZ
M2 400 - ~he
2 g ——DW
50 o2
0 Il 1 Fl e 1 Il ) 0 i ! . L 1 i 1
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
EEHOMME (A) EHR oMM (A)
Months after inoculation Months after inocutation

Fig. 28 HVARTOEKR (a, k) RU* %/ — 128 (b, f) Ot

Changes in the moisture content (a, left) and methanol extractives content
(b, right) of standing tree

SSW : @21#t Sound sapwood, 1TZ : #fT5AE Inner transition zone, RZ :
Rt Reaction zone, DW : Zfa1#f Discolored sapwood

Y EREETE S,

Meanststandard deviations are presented.

WY TF VR IEHYE TS % hinokiresinol BT o RBRHE DL - fods, MAISHE
fE, MA19ERDH 5 L IIBBOLWFh oS bHEE | BRRICIBITHFRBLRIGHICEENED &
17z, hinokiresinol OBITHARETOBE {HERE | BRB T TRERIETO Y — B0/ 20% i
ELTO (Fig 292), MEBRPEHOBESEEL Y, $ubbEE 2B~ h A%
hinokiresinol DEREEIL Y — 7 B D 30~50% 12 EL oo KEPIMMOBEO Y — 7 dEE2~3 1A
gichontk, i, DEHOFVREEERS TOMPOERS hinokiresinol DIBE & AR i #E» -
7= (Fig. 29b),

agatharesinol DM ZEBIICEB I 2ERIZ, MAISERE, MA19ERES 2 L iEBOLTFhOEE
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bEHE L BARRICOT BSOS/ (Fig. 30a), Lo L, BE2HME® : COERERIIZOHD
BE DRI AN DI 5 120 MA 1888, MALIHHH 2L IHHROVFhOBELS,

sequirin-C 3 #ME% 2 BRl~1 A TL > P ERBEOSIEZ 0, LiLofio s v) 7+ “HHE b 2k
BidEd» - (Fig. 30b), LA L, BEICIIBITHNEICE T % agatharesinol & sequirin-C O
(2 hinokiresinol @ DAL L 72, agatharesinol & sequirin-C 2205 5 bMB T D
R ENBEIEBH o1, TDXAI, FHU/ VY FF v EHohThiEKOSVWITE O L SER

a. Hinokiresinol b. E5HI Compound Il
MA18t&tE MA18351E
Inoculated with MA18 12 Inoculated with MA18
1L 2l
E 08 |
[=
WS o6 |
Z g
B2z 04
8
& o2
o]
0 1 2 3 4 5 6 7 01 2 3 4 5 6 7

MA19¥%1E MA19#%18
Inoculated with MA19

Inoculated with MA19

9 1.2
% o8 !
" € 0.8
S
ne 0.6 06
>
g 04 04
g 02 E_____{ 0.2
0 d 1 | Ly g o) 'S TR T R R T
0123456789101112 012345678 9101112
E Folc TR
1 L Wound control 12| Wound control
S ——SSW
% ——ITZ
[ ] 8 ——RZ
Xo ——DW
g2
)
]
o
01 2 3 4 5 6 7 0 1 2 3 4 5 6 7
EERORE (B) EEROBRE (A)
Months after inoculation Months after inoculation

Fig. 29 A ATO hinokiresinol (a, &) RUKSN (b, &) EBOZELL

Changes in the concentration of hinokiresinol (a, left) and compound III (b, right) in standing
tree

SSW : #£2:0% Sound sapwood, ITZ : BfTH M8 Inner transition zone, RZ: KIEH Reaction
zone, DW : ZEff0#%t Discolored sapwood

Mt &3 mg 1-naphthol #Y /g M EO P ERRETER T,

Means*standard deviations of mg 1-naphthol equivalent/g wood dry weight are presented as
relative contents.
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DD - 2,

sy T VRRBITHNBICR S CEREL, RIDKIGHFCER -7, BRIV PRESIM TR
FAERBEINTED -T2, TLEEDE hinokiresinol PERAY I OEE L G. cryptomeriae BRA D
BEMBLIOEDL > -oicxt L, HiE# @&\ agatharesinol % sequirin-C ® B 12 i3 G
cryptomeriae BERADEHBE W E VSIS - F2o MALOHERBAR S MA 18 AR E ORITIE/ v
)7+ ERRS OERBEICERLEL, BALLEOREALE 2 VY 7+ vHEOERE oz 138
BB EHREE N,

FIVR U MA I8 5, MA19ERS 2 LW iEBHBOWTFholFgs s, S-eudesmol # ferruginol

a. Agatharesinol b. Sequirin-C
MA183#1E MA 18§48
8 Inoculated with MA18 Inoculated with MA18
6 L
26 °
W 3 N
Ko 4 3
%3 2
o 2
= 1
o 0
01 2 3 4 5 6 7
MA19tE1E MA19#% 8
8 I Inoculated with MA19 6 - Inoculated with MA19
3 6 s
" g ¢
J;§ al 3
3 2
o 2 |
= 1
o} 0 L
01234567 89101112 01234567 89101112
s %%$8 Wound control B %188 Wound control
N 6
g el 5 ~—SSW
2 4 —o—ITZ
;g’, 4 3 Rz
3 B ——DW
*3 2 2
T L
« 1
o o] —
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
EEROBRE (B) HEEROBE (B)
Months after inoculation Months after inoculation

Fig. 30 4 AKC® agatharesinol (a, Z) & sequirin-C (b, /) SBOZE/L

Changes in the concentration of agatharesinol (a, left) and sequirin-C (b, right) in standing tree
SSW : #4# Sound sapwood, ITZ : B{TH W@ Inner transition zone, RZ : RJi % Reaction
zone, DW : Z ;%4 Discolored sapwood

iR i3 mg 1-naphthol #24 /g MEEOFH L EREETES,

Means*standard deviations of mg l-naphthol equivalent/g wood dry weight are presented as
relative contents.
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D ET BT AR VESBITRNEEPOICER L (Fig. 31), L L, FAxyEHoEKiIZ, VY
73 vEEDEL, BEECEEBAONLOREER 1 PALBETH >, TORIINEOERE LD
/) 7 YRI5 7 VR VORI -t

4) ThERYHE O 4T

BITHPEOMBRKIE L GC T L& T3, BITHNEO £ &/ — MlihoBRe& L7 o
2 b5 aME LN, —H% Fig 32 1IT/R L1, FERSTE L TR/ VY ¥ F D hinokiresinol,
agatharesinol, sequirin-C B ¥ 57 V< V¥ D S-eudesmol, ferruginol 235 A T, A ¥/ — UliHH
YOS LERE, BERROBBOBRE L bIC/ VY I F YHICH L TF A U EOBHRILSE L -
foo LDLTEAS, fH4 ORI ORI # 7/ — Vi E PP R > TV iz, MERYEO L bsH
RBHEEVDOREAFFARVEEEEZL SN B4 ® hinokiresinol T, {& 4\ @ & agatharesinol %

a. fB-eudesmol b. Ferruginol
- MA18#kH 15 MA18{%HE
[ Inoculated with MA18 [ Inoculated with MA18
E 6 |
2 5L
c 1+
I
g2 3
5 05 L
5 2
Q
Ty
0 0
01 2 3 4 5 6 7 01 2 3 4 5 6 7
MA193%H 5 MA193EH
7 Inoculated with MA19 5T noculated with MA19
E 6
2 5
[=
E S 4
g2 3
3 2
S
0«
012345678 9101112 012345678 9101112
7 WXTER 15 L [ palct
Wound control : Wound control
= 6 ——SSW
2 5 ——ITZ
c 1
LN Rz
ko N ——DW
s 05
T 2
Ty
0 0 1 1 1 e
01 2 3 4 5 6 7 01 2 3 4 5 6 7
EEROEE (R) EIERORR (B)
Months after inoculation Months after inoculation

Fig. 31 HIIATOD B-eudesmol (a, Z2) KU ferruginol (b, £) SBOZEAL

Changes in the concentration of 8~eudesmol (a, left) and ferruginol (b, right) in standing tree
SSW : 4 #f Sound sapwood, ITZ : #fTH N & Inner transition zone, RZ : X J&#% Reaction
zone, DW : ZZ 8044 Discolored sapwood

fHX$ i mg 1-naphthol 02 /g MEEOFH L FEREZTR T,

Means*standard deviations of mg 1-naphthol equivalent/g wood dry weight are presented as
relative contents.
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sequirin-C T#h » 7z, COT &I/ VY T+ v N
Bo 7 v OB L ORSOMTBITEOME | [ ]
BACBIIAMEERMBHZILEZRLTY
Bo A Y/ — MBHYIOMEI & MERYE O "

AR & OERIC REER R B OKEIC L 5E4L i
o Shiih -7, hq F s
5.4 & B . ‘ " %l_RR
R ¥-G, cryptomeriae DFRICHB W TIIERERK 2 J . e ) ) \

TERTRRRE T PR R O 04 O S5 TR DB 154 10 %me@ﬁ o %0
1L, BABUEHERIE S - EWRE NI,
Lo LAads, WEIOEY, 310bb5REPH e %2 Mﬁﬁwgwﬁx?nvby?A .
A gas chromatogram of oil droplet-like deposits
ZROKZIOEVICLADLY, EREILOR  MAIBEER 2 »AROH
f12 12 MA 18 BEEOIEA & MA 10 EREOEA & ﬁx;el);ample two months after inoculation with
TERNBLLNUM -, CHIBAFOBE®  N:1-naphthol (W#fEHE internal standard), E :
muE RO Cxs AR e ST T e ek
RLTHBY, TOBATHOBEENTOEOEE  nol S:sequirin-C
HEVHRE2RET 2 ERTH 5 2 LATRERS
3, §1b5, MAIS BAHOEREEFSKE {, HOERXL D LM OPBIRIGASFIRE S
BANCE OWATERB L 7o THITH L, MA 19 RBIIBFEISUL & HERI & 1 2 B THIMAOEBHEEL A
NEL, BRTEBVSBICHIEINALEZXBIENTE S, 2O Eh 5, BEEIKIC L 5HH,
Wik, tEiEgEFEORE IS, BRENH, 2 BHEEEOHOSENEESLETH D I LARBEN S,
HORE T & BRI IGDOMBE & ORI >\ TH B L, Heterobasidion annosum BEDIEMD &
pinosylvin #& & OIcE OB S Y (PRIOR, 1976), = LY HHICEW TS U americana Tid§5
FRIE B PR 125 R 1 Bibk & © £8 D mansonone ¥ER % #EH 4+ 2 (DucHese ef al,, 1984, 1985,
1990) LA L, = U IiHIBHHED U pumila TR/ MRFIEKE bERETH» D U. americana
DIFE & VBB mansonone FEMEFET 5 &0 o, ERESBVLEAICIHEORBEAOEXIC
Db o FTEOERIGHFER I NS I EAREI NS, CHIZAFENARTIEI MAIBEREDBA L
MA 19 #BOFA THEEYEEHCHEFN S E(LIC AR ZRNS S0k - 0Tt L, FriEh
KT MA EROB SO ABHERIGOBENRE» - & ERHET 5,
sy 7y VEOBTHREROSVIEORRSES, - 2 2 2}, Eioxtd 2B EEL S b
THWEEVHFTH 5, Lid, hinokiresinol LM izAs Shd, M icHMERESERI iz &
BICHERT B2 &0 5 (TakaHAsH, 1981 ; TAKAHASHI et al., 1983 ; 4% - K1l 1985a, 1985b,
1986), WM OFZMIAIFEECEHOBLIIHL, 95 LAHEENEOER TS > TRIGL, £0%
o s VY T F VR TFAURVEOEEIL Y 7 FTAERS S D EELIZILEBTEL I,
ErpTMAN and HarmatHA (1979) 2 X 3 &, agatharesinol 28 T sequirin-C &R T 3+ &h 3,
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sequirin-C DA agatharesinol DER L VBN LR IOESBRBRARMLTVWE D EE
bt s, BITHEANAET agatharesinol OEERE W T &, T 785 agatharesinol BBITHILER O LB
MBEOCHHICERT L s, COEABRBEBEFE LMV, $/, hinokiresinol DA AR i3
agatharesinol @ # #1 & W% iy U 72 LB C H %, hinokiresinol DER DS agatharesinol DEE L b
BN ENS, ChH3BHO/ V) rF VEOASRIEEAMYL THElcshTVWEEEL SN
5o

BOBEE 22 U iR E S O BEHMEE S0/ Vv 7 F VRSP T AR VSRS T, B
R 1 ~2 BRI CHERDE S M OB RMRD SBFL AR THMI N S008I hicl Eh b, C
h o ORfST FTAKD &S NTRALPREENICERT 2 T MBI RBREN S,
HENYEOERE, TRECERMELL TOARVERD I~2 BT TicBy ohi, £TK
TR OHHOEOER SPEBRIGS I S nic A ROFE L VB0, CoOHEBE LTEIARCEY
BHEMPEOERLEEEME LTEZI oI, 2 LT, EUARTRNEMYECBEO LR L L bic,
BOERPEIE L EEZLZTENTEL I,

PEARCE et al. (1994) @RIGH (BiEE) ORIGAEFHEDHDBE LD bEORAPSH I LICL-T
B - HEINZIEERELE, AFEBVTHHRNBOBAL D SEELERE L LGS KIGEEET
OHENMEOBESR -2 Lh s, FHEEOEEPMOBARIEERELI:LEL SN 5,

6 B & B E

6.1 FUSIC

AT, R FEAROWHHCEMBRA L2 & OBKBFEBIGIc >V T, MFN, (LMl s
MM B EEHRNE LT

TEFHIC, FELT I3 2EH I FIMERICEBT 3MERROBERUORIG] TORRBE S,
6.2 THMEBIRIC B 2 BIMNBEIRIG & L CORIGEEBEDRIC D W TEE L1, 6. 2.1 Tid, KIGHEEE
BT AEFENENLE LT BR7 -4 7L v E LTONRERYEOEROBERIC>WVT, $1,
HME R RN TCOMBELORARET 2ERICOVWTOEREIT» /o, 6.2.2 Tid, IR
B BARENSEALE LT, SEHSOMAEOEE, MicHIcHiBEL RN v 2 ¥ B 3K
DNWTEEL T,

’iz, T4 MEBRRUEOERE L BNEIEEOFNM] TOERLEZ, 6.3 T, FTHN, ZHNL
BrEIERS & & 5 BIRNABHBHIMAS & HEURE L, KiCERMT TOMELOBRPARE S 2RET
ZBERICOVWTEEL 1=,

Bikic, 5 HoRARMY BMORIG] TOEBESEY, 6.4 T, HOBAICKHT 2HERIGOHEY
LLT, BHORAROMEECHEOERRR & HHEMKIGE OBEIc>WTRETL, RGBSR, il
HITEARZOBHARIGEFYT 2 BRP, HoERMILCE T 2HEEMEEEOREI>VWTEE
#MA Tz,

PIED &S 52 F T BT BHBEOBME L FEROHA( » b % Fig. 3310/ L7,
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AR R FE
Disease, insect, wounding

!

BDRAGDA)
Fungal invasion (sapwood)

AEXiDM (HER)
Sugi sapwood
(wood discoloration)

7

T

Active defense mechanism
( BHRIRFTR G D RS = Reaction zone barrier formation
Induction of active (flb2:#9% 1t Chemical changes)
defense responses BSR4 (4 5 AR B
B RE TR DR Acoumtlation of antifunaal
Relation with dry zone umula 'o,n 0 an,l unga i
formation substances in reaction zone barrier
CEDERIBLLIZE I+ AEE ¥ 1TH A& Inner transition zone
LRole in the inhibition of fungal *I7ART LA Phytoalexin
spread J MEGRKORE (BIE FEHE)
Determination of the cross and radial
/ BT EESH O BB \ shape of wood discoloration
Idrg?eonnsinfneeglfw:r?;“s\ﬁs (##E%AZ L Histological
changes)
« IR B EEE O {3 R & TR 1 ' T _ . .
Position and environment of ﬂi,ﬁﬂk%ﬁk&éﬁg%ﬂf&;d)ﬁ%
reaction zone barrier Occlusion of conducting tissue by
HEBRRORE (R oil droplet-like deposits
Determination of the tangential RIS EDLEWARIZE 58S

kshape of wood discoloration / k Meanings in sugi wood without resin
canal ‘/

Fig. 33 ZE¥HEVAROIMICHIT 25 HERE & T ELERS

Defense mechanisms of sugi sapwood and several important points for consideration

6.2 HMEERCETSRISEEEH
MoZkf - BHERET 28PEE LT, SHico ® CODIT = 7 (SHiGo and MaRrx, 1977 ; SHiGo,
1984) % SHAIN DRIGHF € 7 (SHAIN, 1967, 1971 ; SHAIN and HiLLis, 1971) HI STV %, SHIGO
and Marx (1977) WHOER - B ZRET MIEL LT wall 1~4 & W5 EEER 5755 CODIT £
FERE L 72 (Fig. 34), £ 0%, CODIT F Vi 3RIGHE F L2 AU AL O, BiBhEE
D A ohfz (SHico, 1984), SHAIN (1967) 12k » TIRA A KIGE = 7 (Fig. 35) TRE
B - B oRBICIERS 03 UBRFIC & » TEE - B0 AsHIbshz LFEL 50T 3, KIG
HORVIOESE 7 = / — VITENER L L BARTH D, THROREALHEFL THEBITE
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DA I L OB S hUBR 20 BT, 174 NAD diaphorase ifHE® = F v v AHERRE D
RATEENE L, BB OER LB TH S (SHa, 1971 ; SHAIN and HiiLss, 1972, 1973),
A#HTIE, CODIT ®FA @ wall 1 (B RIOERICX 4 58 K wall 3 (EEHEOERIC
T BEEE) MY A B I ARIGIRS>WT, KIGHEFVAEBRE I L TERT 5, £/, wall 2
CERRMG R oERBICH 4 288 Ic->0WTd wall 1, 3 EAENICE—TH b, RIBHEFLVEHL
BEE—HNCET 2 LA TE D, b5, BRRKIGE S M0 2R 8 370 R GBI 12

Fig. 34 Suico @ CODIT & 57

CODIT model proposed by SHIGO

¥HEd wall (EBE) oBE4KT, wall 1 dEH
B, wall 2 (Z¥EARE, wall 3 i3E#AER, wall 4
RABAR~DOEPHOER - BFO#BINT 3
BiEE L SN B, wall 1 TR, REEICFo— 29k
BYTHEE, KEESHAESN D, wall 213, R
A SEEL, FROTHTHERSN S, wall 3
&, BREHID> STFEL, BURTHEB TR 3,

wall 43, RERICERETE - 8 LT 3
BrocHiciclgks h, Tz ofiofmiaite oi
%, Suico and Marx (1977) &k hHE

Numbers in the figure indicate the numbers of
wall. Wall 1, 2, 3 and 4 are barriers to axial,
radial, tangential and external spread of fungi or
wood discoloration and decay, respectively. Ves-
sels or tracheids become occluded with tyloses
or deposits following the infection at wall 1.
Wall 2 preexists and is composed of annual ring
and parenchyma cells. Wall 3 preexists and is
composed of radial parenchyma. Wall 4 is new-
ly formed by the differentiation from cambium
at the time of infection, and is composed of
several types of cells including parenchyma
cells. Modified from SHiGo and MaARrx (1977)

Fig. 35 SHAIN ORGHEF L

Reaction zone model proposed by SHAIN

(a) M, (b) BITH, (o) RKIDE, ) BHE

(a) Sound sapwood, (b) Transition zone, (¢) Reaction zone, (d)
Decay

MOBFHOERZIBEEMESER L, TR U KIS ik
Ehd, BITHTREMBESEREL TV S, SHan (1971) X %
Spread of wood decay is inhibited at reaction zone where
antifungal substances accumulated and parenchyma cells are
dead. Parenchyma cells are living in transition zone. Modified
from SHAIN (1971)
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I L 5O AN~ DEREE DR, MER - BFIOBREREST S LELLLHETES,

RIGHER R GEPL S S BWEYORELZ T MAOH I BT 2IERRMNERIETH 545,
SHAIN (1967) ORFIOBRICE S RIGH AR 12, BT TiIcME L TWHMIBTEEBALAD 3
ME—DREBETIIN S, AFLBVLTRBTHOEOALADIBESEL TWAI EBPHL,IER -, K
BRSO LB A BALBRLEERTHEL L THEH S 1150 (PEARCE ef al, 1994), £CT
BEE BN ERRIILON TV, £2T, I TRRIGH EBITHOMELZ SN2 ERT /2
BHIZCREEE L WS lEZEHT 5,

6.2.1 RIGEEEE B 2 {LFMIE(L

ALFRI %4 S LB E UG I B 2B TR OEREVERTH I L STV 5, £
T, ETRIGEEOMNE, TR0 LHEHMERBOEAIC>WTA S &, Pinus taeda % Picea
abies T3 Heterobasidion annosum 13 XIGHH £ TEA LW (SHAIN, 1967, 1971) 43, Pinus radiata-
Amylostereum DR TRFEFRERAF VN VEHOER L 128 TRALTWS (SHAIN and HiLLIS,
1972), TOLI i, BEPHOMARDLRI L > THEBE ORI E TRAT 20DRULE, AF¥FTH
Guignardia cryptomeriae % Fusarium spp. FOEIRINHICIZBAT 25, BITENEE TRATS
TERDIV, RIEHRILLZ RBITHTH - LHATHY, AFTRBTHHNBLVBERIEVSDOD
REMYENEREL TEY, BoERZAMIHIEL TV EEEL SN S,

MY E BRI TEL, D553 CEBITRCOEET S L3 H annosum ZHEL /-
Picea abies THHEE N TV 3 (STENLID and JoHANSSON, 1987), & DBEPARTRE LR Fo
Bl TA0ERTORBHRICH2B—0AREELEV, THbb, R¥TE 7/ -4
BT VR HOEBERNROE D - HBITENER, MK —HE2RVTAEZTEY, RIFRER
VARV, RELHMOBEOEEE (BT BV TaEX-MENS SN 550 (Nosucht and
HARADA, 1983), 7 = / — VBB T 5 sequirin-C HWERK L T3 (NosucHr et al., 1985), £/, I
WTARBI ORI ONEL SHBIC O TRECET T 2L, Ok d 2ERATE THUR M
AR EAEHEFEL T 28 L 05 5 (NopucHr et al., 1979 ; [4&, 1982), ZH LAk &0,
7z /= VBT LR VEHOER L TV B BN O RMIEO AT ISR O BRI & - TR
wEEEZ SNB,

LLBHns, RIBEECHETIE, MIENMEARALEBICER TS LVSHTHRBLTVS,
Fh, CORR—BICT AT LF Y BB LUERICERT S L L bET B, XFOBITH
HEBLBVWTL7 =/ —APEPL T Vv ERAZTVAEMBTCRAEL, REBERICERL
hinokiresinol ®HITHAEM YN X FOFMcHEEERH> &0 5, HEERN~ONEENE®
HHER, Hiodd 2BBELERT 25 A THRLEFEEVL B,

Z C T hinokiresinol 255 E 95/ V) 7+ YEOGIEBWEB 7 7 A FTLE Y v ThHHEPLED
DIRDVTEZTHLEV, —IS, 774 FTLd vy OFERE [REWICEML 2 %ICEMTAKRS
NWERET 3 ESFORENYE | Th 5 (Paxton, 1981), hinokiresinol 3B IHER T 3BT O
HEMWETHY, 771 T LY v EER DI}, BRPHKIC de novo KBRS N B E I
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RHEEICTS B, /M) 7F VBRI = 72 UATAI—Aho ) 7+ v 2B THERTBESNB LMD
(ERDTMAN and HARMATHA, 1979 ; UMEZAWA et al., 1990), 7o & A B2OMICRTRMESEELTHZ
ORIMETH D, AFITHBIT S hinokiresinol E7 r 4 PTLF Y Y EEZZIENTES, RIS,
HEETER CESETOMEBOTR ENEEYEER L OBEIc> W THA 5, BIRTER—RIC, O
BT D7 =/ —VIEMSEECRREEZI At BOT %M T 5 (Kemp and Burpen, 1986),
L L, RIGEEEL.OMEOMTHEU L S BERD /Y — v £RTHOI TR, RIEFEEDTHHE
HOFVIEOEEHEVHENSH B, AFICBVLTHERET, LM LK IGEEE 2%\ hinokiresinol,
yateresinol, 1, 4-bis- (p-hydroxyphenyl)-butadiene &% 78 WS, IHMABEE I h S oWE %4
Ed3EVEENEE> (B - kil 1985a, 1985b, 1986), hinokiresinol Szt L CE W HEEN
RO &R, AFOHFOMHESEOFRAIKT 2 EOEBHEER SR> L AR LTS, B
HEMERORRIGIMAE L » WEOH BERARPHA RISV, ORRZAMABIZ BT 5
SHRIBHETE SR C & TRIETE B,

HMEFrEleE LTaNY it W TH B &, BHRTMIEICE T 5 2~ Y v(LidBEEER T O
RiteE LTEHESENLTWS (PEARCE and RUTHERFORD, 1981 ; PEARCE and HoLLoway, 1984;
PEARCE and WOODWARD, 1986), Z7:, A~ v{bRW{ >hOMBEOMRIGEEICELTHETS
(PEARCE and RUTHERFORD, 1981 ; Biggs, 1987), L& L, SWEFFIICEER S o Mific s 250,
HARFAIROAREGERHNTH D, Ol & RRIGERICEBIT 2 2~<) Y{LoMBENRESHTL
32 & AR T 5, Biees (1987) IBEEHIIEREA 2 N ) bR F o0 — 2 ZiT L » TR A 1L 3 LN
TWwd, LoL, 2L OHERTEF 0 - RORYEBERO AN VLOBHSRNTWE T &H
5 (Biges, 1987), #tEMOMIcB L TR Ih S THEOEREZMILT 2R+ TE WV, - T,
{LFHHAEE - L CotEEMEOREINER I L 5,

6.2.2 RIGKEREIC B 2 ABFHEL

C T T, ALFHBEIC i b 2B OEROMBFHISEHIC DLW TEET 5, BIEROWEICL S
EEOMERIZ O#HERTH Sh, PENREER CREEYEIC L 2/20ERESL LT/ERL, B
X ABEICBIS L TWAE EEZ SN TWS, BlAE, Abies grandis TIIRIEHE I £ 2B
FAZEIZ & » TR O AHAE X 11 (Wone and BERRYMAN, 1977), Pinus J& DA% ic BT bEIERE
VHEC X 2 FEEOHESHOBRREPL+ b ¥ VABICHT 5 RIGE L TRV S0/ (Snaly, 1967 ;
TippETT and SHiGo, 1980 ; HEssBURG and HANSEN, 1987 ; LieuTier and BERRYMAN, 19882, b), T @
HEEIMERDIEAOETL TV AEATIEA SN0 Y (HessBURG and HanseN, 1987), MEROERE
ofEIEEBEL TV B,

9 LB oMBEMEEICOVWTIR, MICIEESKEIEE% > Pinus B Picea abies {2 H
THEMBEKTHEEEZL SN TVS (RED ef al, 1967 ; SHAIN, 1967 ; Suico, 1975 ; TIPPETT and
SHiGo, 1980 ; LiEUTIER and BERRYMAN, 1988b), X ¥ THITHRANIEI & & h 7 ilfRE 13 UK T
Beic gk L, ShAEEME GHEEED 25 0N EBE S Widh - 7o A F ORI I BUH Ml
Nl o DT O B 0, BB~ ORI NS VWEEL SN G, AFOMICIIEY, HERE
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BEBIREAELRVSY, AFOLS EMICEisELF S OEBIcEV T, RETHEBOB=Ick-
TEMMAGOMEIC & AEEBEDPIRE Wb CEPRVHEI AT LBERFAE L,

HEMORIGEE BV TRKEEAMAEL T IRIERMERL BRI TV, £ O(FST
BiTbhTH 59, Tsuga heterophylla (western hemlock) TUOMKEEFROLEYL) 7+ VET
% % matairesinol, hydroxymatairesinol, conidendrin # 5& C EBHOSNTWVWEDATH - &
(KRAHMER et al, 1970), 4H, X¥OAMicBV T, BirFREOREEOILEY (HEAWE 1’
hinokiresinol ® & 5 AHBEMER> / V) 7+ VP T VRV EEBATED, REEPEALVL -
HEOBBEES, ERENICERE L RGBSR 5 LMz a i, FEEICET 2KE
BMENLEBES N300, RIBEEICE 2GHARO 7 =/ —VEP 7 VR Y EOER
& BB OHEIRAROHEEEL L T—BiEdE 5 5, ERLAHENYEIEOERT 2 EE
FEVTVLEZ ESMBPHICENT ORI &5, RICREOEREMICE T 28HEREL L TEE
P,

6.3 WRIRLEIHRIE O

TR, SERSHEEE S SN IMNOREERE, (LK, MFRTEIRIGICE 25
WITSBHEMERE & 2 LB L, ThEFNHEHHBRELE L TR I ohE b, MEROBRPRESE
BETIERELNL 20 E D hERETT 5,

9, MROBEERMSHHEBEE L TROMSHE I rEEET S, FicEEMcBVT, £k
KB 5EPEF OB IHN, SEHTEE FoHRoKSRETRPESNE LT IELNS D
(Boppy and RAYNER, 1983 ; LEBEN, 1985), C D#Tid, JIHicB T 2 oBRBICHd 3 ik,
Bhi7KiE (water-proofing layer) IZ& » TRANAEVWEKBEBEARIKET S (Boppy and
RAYNER, 1983), H 5 i, KOADEVHABBEEEICE » THFETRKL L, BRDA - 1B
ELTWw3,

L Lo, 2¥FTEBITHERBGEKBLCEKENBEVIC PO LT, BORARIREAL
BONH, & 5IT, G cryptomeriae %R L 7- X ¥ OB BMFIALK T A KRORDHED Shis
holkicbhbhbod, HOBBEIEDL -/, ChODOERISVWEKFBIEOERHEIC»HH S
WZEERLTVS, H annosum BEE L HEROFEATH, BKOED SN BT, BKH
B EGRESBEVRIEHROBITHICL > TREE LR TSN TV (SHAN, 1971; CouTTs, 1976),

MHOESKICBIL TR, BITH TREBENDEL, ZBIEREFSVWI EHTFHRENSEY, H
annosum RIFSMIBRET TS, BLALEINERETT©H4ET S (GUNDERSEN, 1961), T L
TP MIRT S M INEREE (2 ofhic & pH, BS~0FEEPTIARSEIF O h5) 245 &, HEWE
DRIML T3 AR IE, EEIMIRIGHEPBTE L AR L CHENTH 2, LAL, £8
AHCESEEL TV S 2L0 5, HOoERMEC B 2HMNORBEEROKBRARENGOTRE
Vo

X5, BHKEEEICH T AMEEE L DAIERIRIC VW TELTA S L, HERTR, BIEHERL
MRS I BRI B DIRAZBG CBEBE & LTI & &R & 15 (VERRALL, 1938 ; RISHBETH, 1972 ;
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HART et al., 1975), L L5 5, #EELFERG L 7okl L BEM & ofoBTH R L T, &
ETERG L7 RREDSBE KB E L TEWVW TV AbIT TRV, TbDb, BIAKBEE X SREEE (367
BRE—HET, COMBERLLREULBEDTHE, TH LT ENS, HEMTIMROKRPERE
Vo RBEREEERHESEE 0B 0EEL SN,

wic, BRETHMECCEOERTHARET 2ERIC>WTH 5, BkE» S#in A,
fo, BEARL O SMAROSBEOERSAE VI &, BBKNSHMER - BHOBRERET 2
(SHAIN, 1967), RAYNER and Boppy (1988) iZ, CODIT @ wall 1~3 OALES [aH& | Hsffikeic g
FHRRM, SHHETES, $HOLEE OMERORRMA IR, YEHBEESDIT WD
HRITHEHORBHEAEZ, EEZ TW5S, Wone and BERRYMAN (1977) & RICEA » SEBTOIAR
DBEOE FHMARICROHEGRROBREZSHT 5 LB ~xTW 3,

Bedic, MO YENES IHECPEOEBEMOEREREST 5 DICEHNIChbboTV 3
THHIH, FNEFTREORENOBEVI L > THEBOKRZIMNRELZ I LARHETENL,
fo, BEMBGEEETOE I Lo L » THOEBEH ORI RES RZ LV HIEEHHATEL
Vo T LAEBRFRENPHBEOEEEZERCANTY D THETE 2 5D TH 3, Boppy and
RAYNER (1983) 33 72, AMABTHERDLN D BKRE VO, HMANETEKENEL EZHEZL
RHREERALTVS, Lirl, JOHEFLHNGEBMEICL - T, $ROLLMABETTMROERE
PEHERIEHIHIVC Stk > THIHTE 5, TH LT &h s, BEPHEROEBHEOBRZR
EFTAERE LT, MRS ICNABNBESEsBEELRIERALLTVE I ENHLS
A AQEY AN

MEBOAXSZHET Z3ERIC>WVTIE, Lepen (1985) BMHAODF v v« Yy HEERERLZEE
Ao MEBLHIBEERIEICHERET I, TOREREEMETL, 2L THEILET 2, T LR
FizABH TR A FOF O, Abies grandis (WonG and BERRYMAN, 1977) % Platanus acerifolia
(CLERIVET and EL MODAFAR, 1994) THIEShTW3S, L L, BELIEELLBEELZH
EEOHHIIHREIEREEOBEAIC XA EPI/DNEL -2l EP S, F vy a VIIEVWEVWEE
DHIT L » TR I N MEROKRZ S 2HHT 2 IGEEY, HEBOSSOPOREIHMEB O
Ricikbdbrb-> TRV EHESh 2, S561T, MEBRPEOEEEE KT 35X OBHISBFERIG
DHEBICL > THFTE S, M-TC, BORRNEHOBARIG & BEEEE L OHEIERAD, HME
BOREIERETITFELRBERIZLEZ SN B,

PEoZ &b o, BRBEIRIGH 2 F¥OMOBHcESS 2ENCEERER TS, BHISHE
BEOBERIRALLEICH LTRSSV EBEL A LE 1,

6.4 HOBAXTIPBHERECOEN

ARG RET IBBICEALTA 2 &, BRERKEORHIC AWBTTMR L OMESEL N
3. MER - BHRTRT v v 2 YHRRES N, BEOMItE T 28EIE X - TKSBBETME~B
L, BAORWERY (BITY) ERsh B (Courrs, 1976), Coutts (1977) IEBEHIAKIC T
HETVLABEHRORIESHLETHE L2 SR LI, BEERL LA FOETRPHFHAKRTIE
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KBHET L, HBAFRAKTRHET LA, -7 &id, Courts (1976, 1977) DR E—HL, %
WERICEZ TV AEFEMPOEENMLENL T LE2RL TW 3, Ceratocystis wageneri 12 &G L 12
Pseudotsuga menziesii T3, ¥ LBEROEEBEMHET - -IREBICEL HREBHEy hTRXEL —
v a &I LTHY (HessBURG and HANSEN, 1987), F#ifas o EBE~OLBEYORL b, BEE
ME-T, Ev rTRAEL—v a2 vtk 2 BEMMOMAELSERITEEIONS, £, vV /¥
A 4 v F 2 % Bursaphelenchus xylophilus &G L7227 o= vicB0T, &/ F 0 FFOERKIERE
PR+ v EF—Va v, TROERTHIERESLT 5 < LAV I N/ (KURODA, 1989), TD XS
M OFMLIC £ BBERIES 5V RPASKIGSERHEBRI b TS EEALND, T LR’
Wiz, AFTRMOERY / V) 7F v BEDT7 =/ - VPHEOEREFEST 5 LBHEShTVS
T &5 (OHASHI et al., 1991), BITHICBIF 2% + EF — ¥ 3 YO IRNICHIRIC X - THRITENE
DFFRMEOUE L TR H 5,

BHRIGAZFEET ZYHEIC VTR, 774 PP L+ Y v OEBERIET L) v ¥ — (Keen,
1975) BEF-SEFMEERICL 220 T, FEMHZ b VAT TEEA ST X - THAELHIE
&N 5 (DarviLL and ALBERSHEM, 1984), HRHEESHNITRBALIEAK>WTA S L, EHWE
HREZOHARIGERE L LT 2 2 ¥ OFMIIIERER & Eh L oo, BIRIGESISET
TR REE K5, BOEET 2BUEMESERL CO2aREEREETE L LY, BULEO A ON
Rics0THHBEOLS LERICTIEMYEORBESED 6N T L i}, HEMDRTA S ORIBA
FHIBOBILE » o BITHNMED > TV A I L EREL TV B,

HoERML I 2 MEAMMERBORENIC DV TA S L, G cryptomeriae R L 1 A ¥4
RiZBWTHERPEERE OMSEHE IHEER 2 AFBRE TR L, Cocsild, REMYEOBE
BHRTELLEBICHEOERBEEME T LA EERLTEBY, - THERDEIEEROEEME
EhhbosTWAI EERELTWLS,

REE QAL LBTRIEORE & OBRIZ>WTA S &, PEARCE et al. (1994) FRIEH O RIGHE
DEACI>THEOCHOBAIV SRESNIIEEFRB LA, RFXBLVTLHFIEEG.
cryptomeriae DFFAEIC X ¥ hinokiresinol OERBLMINT 2 L 2R T 25582485 NI, DT
ERRFEOEESHEGEREL TVBE I EERL TV S,

LBV TV AHBIc YW TAS E, = VIR TREEL 7 1 b7 L+ v OER
BHRREOMPORALESE 34, oMLy, F2 EEERER. »E< X To—RHhsiE
2RZLTHWB L a3 (Rioux and OUELLETTE, 1989), L& L, BRicBI 2 XFOEEP H
annosum ICIRG L o< vEP P. abies OGS ENEEMEOBERSV X THEShZ I &0 D,
(LRSS RGO P 505 % » TREIMBRELRT 2 EEL SN 5,

Pleoc &, 2¥ocRuEEMEERE OO LENNHEBBSREOVIEERE,» o @ T &
THPHMEBOERZEBIEX Y, 5ERFEILLAROEHMIChO: > THRIICHEEELET 5 &
Ewmahic,
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AR, HEREEMRX TROBAICHT % 2 FAETALMORIGICEET 5 FE—4 i RGO
R 20T—) (FEE HARK, 1996F9H) 2Lt DELDHIEDTH 5,
AMEOMWMEEGZ SN, SSIAREET 20N VBT O THUR EBEIEE - R B
BARKRBRICES BHOBERT I L LB, FNRNOBFER LTOWREVWLERKERESN 1
BEEHER, BILEREE, THAAER, AT REBERCEHRT S, 24, BLKE B ARG
BEE BEBRY KBTS, UERE SRFhbEdE =HEkEEN vy - BEFEK
KIRERPMEORE, MELELDITHREVLIZVE, CIREHT 5. BHRBEHETHEY
#H TARENE BNAEEETER T ERMEEYRER, BOBFETEERE A 2R
MAZER, ERERIRAHREREZR PREEAL¥HATRERLEYD, HMOKL, F/h, FKE
BEMRNEIL AT HEE— IR ER, FHRRSTTRANBN S AR AERCRRFAZD
B, THRMBOHEFUEXTRERAZR BE-EK BREKRERTREFR ZEE_Kici
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Studies on the Responses of Sugi Sapwood to Fungal Invasion

—Reaction zone barrier formation in differentiated sapwood—

YaMapa, Toshihiro®

Summary

Active defense mechanisms play an important and definitive role in sapwood of woody
plants against fungal invasion, though both active and passive mechanisms constitute the
defense. Active responses comprise histological and chemical aspects, such as alteration of
cell walls and accumulation of antifungal substances, respectively. It is suggested that both
aspects act synergistically and provide an effective defense.

This paper describes the chemical defense mechanisms of sugi sapwood against fungal
invasion. The results obtained are summarized as follows :

Properties and responses of discolored region of living sugi trees

Changes in the properties of discolored sapwood were investigated in living sugi trees
attacked by the sugi bark borer. Concentrations of cations such as K, Ca and Mg increased
both in the reaction zone and in the discolored sapwood, and lower electrical resistance due
to cation accumulation was observed in discolored sapwood. Discolored sapwood had a
greater cation exchange capacity (CEC) than sound sapwood. Therefore, CEC increment
supposedly is a factor for cation accumulation. Bacteria and fungi such as Guignardia
cryptomeriae, Fusarium oxysporum, F. solani, and Cryptosporiopsis sp. were isolated from the
reaction zone and discolored sapwood. The microflora did not vary significantly from six
months to five years after the attack by the beetle. These results suggest that the cation
concentration is related to the advance of wood discoloration, but not to the composition of
the microflora in the wood.

The responses of sapwood of living sugi trees to fungal invasion following attack by the
sugi bark borer were investigated. Water conduction was blocked in the discolored region.

Extractives content increased in the transition zone and the reaction zone which surrounded
discolored sapwood. Norlignans such as hinokiresinol, agatharesinol and sequirin-C, and

terpenes, which were contained in extractives, accumulated in the transition zone and the

reaction zone. Concentration of these compounds was highest in the inner transition zone.
Hinokiresinol and several unidentified compounds showed inhibitory effects on Fusarium
oxysporum, F. solani and G. cryptomeriae, which were isolated from discolored sapwood, and
Cladosporium herbarum. Because concentration of antifungal compounds was highest in the
inner transition zone, in the wood formed prior to the infection, the most effective barrier to
fungal invasion is the inner transition zone.

Most of the ray parenchyma cells in the transition zone were still living, though
parenchyma cells in the reaction zone and discolored sapwood were dead. Spreading of

Received September 2, 1997
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fungal hyphae colonizing discolored sapwood was inhibited in the inner transition zone and
the reaction zone. An increase in NAD diaphorase activity was detected in the inner
transition zone. Oil droplet-like deposits in tracheid lumina and pits of the inner transition
zone were found to occlude many tracheids. The deposits contained phenolic compounds
including norlignans, and terpenes. The deposits were also observed in the reaction zone.
These results indicate that antifungal compounds found in the transition zone and the
reaction zone act as phytoalexins, and that the deposits form a spatially continuous barrier
at the margin of the discolored sapwood, and prevent further fungal spread.

Spread of discoloration and fungi in the sapwood of excised stem and evaluation of active
defense mechanisms

Virulent isolates and avirulent ones of G. cryptomeriae were inoculated into excised stems
of sugi. Fungal hyphae of all isolates spread quickly in autoclaved stems and freeze-treated
stems, in which active defense responses were not induced. In spring inoculation, hyphae of
all isolates spread axially in the excised stems as fast as on potato dextrose agar. Therefore,
it is considered that constituents of sound sapwood prior to the infection cannot inhibit
fungal spread in the wood. Freshly excised stems with reduced intensity of defense re-
sponses interfered with fungal spread except in the case of spring inoculation with virulent
isolates, and the fungal spread was most retarded in living trees. Sapwood of fresh stems
reacted more intensively to avirulent isolates than to virulent isolates, and the rate of
retardation of fungal spread was higher in avirulent isolates than in virulent isolates. These
results indicate that active defense responses play an important and definitive role in the
inhibition of fungal spread in the sapwood.

The axial-tangential ratio of wood discoloration was higher in living trees and fresh
stems than in both autoclaved stems and freeze-treated stems. This suggests that active
defense mechanisms are also involved in the determination of the shape of wood discolora-
tion.

Responses of sapwood against fungal invasion

Wood discoloration and fungal hyphae spread quickly during the first two weeks of G.
cryptomeriae-inoculation in living sugi trees. The spread of both virulent and avirulent
isolates was inhibited between two weeks and one month after inoculation, though the
spread of wood discoloration and fungi varied depending on the virulence of inoculated
fungal isolates.

Within only one week after inoculation, moisture content of the discolored region
decreased, and increase in NAD diaphorase activity and secretion of oil droplet-like deposits
containing norlignans and terpenes started in the same zone, indicating the induction of
defensive responses within one week after inoculation. Extractives content increased be-
tween two weeks and one month after inoculation. Antifungal norlignan, hinokiresinol,
accumulated quickly, and the concentrations of hinokiresinol reached 20% of peak concentra-
tions one week after inoculation. Agatharesinol, sequirin-C and terpenes accumulated slowly
in the reaction zone barrier. These results suggest that the accumulation of inhibitory
substances contributes to the retardation of fungal spread within two weeks after infection
and the complete prevention thereafter.

The intensity of defense responses did not differ between trees inoculated with isolates of
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different virulence. However, concentrations of norlignans and terpenes in the reaction zone
barrier were higher in inoculated trees than in wounded trees. This fact suggests the
enhanced induction of defense responses by the existence of pathogenic fungi.
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nner transition zone

R

Reaction zone

KEiAH

Discolored sapwood

Photo 1. Z¥H I+ 1) DBEIHS RFETRKOHMER
Cross section of sugi infected with fungi following the attack by the sugi bark borer

BT 7 v itk DR EE 5> TOLAEPALIC 3EKYESH 5,

Sound sapwood is stained with acid fuchsin, indicating water conductivity.

Photo 2. Fi% Offhkic & 2 BITHNEOBE

Observation of inner transition zone by several staining method

a. fEYLfs ; b. Nile blue %8 ;c. £ 7 =/ —DYefs ; d. NBT 4ufe

a. No staining ; b. Nile blue staining ; ¢. Staining for polyphenols ; d. NBT staining
KHlGZhFhogfbkcdex - kY E %2 ~rd, /¥—=200um (a, ¢, d), 100um (b)

Arrows indicate oil droplet-like deposits stained by each staining method. Bars=200um (a, ¢, d) or 100
um (b)
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— R2IHM — < BITH — t <REH—- <KEIN—

NE  BITHERE
Sound sapwood Outer Inner Reaction  Discolored
transition  transition zone sapwood
zone zone

Photo 3. iIRYIE 1T & % i) 12 s

Spatially continuous barrier formed by oil droplet-like deposits

NBT %6, /x—=1000xm
NBT staining. Bar=1000xzm

- BOFAE - - ks & - <EEaH-

Inner transition zone Reaction zone Discolored sapwood

Photo 4. MZEBHOER CRHD
Fungal hyphae (arrows) colonizing the discolored sapwood of sugi

a. BiTHh SEEIMICH T TOE%, /¥—=200um ; b, EEIMOE%R, /¥—=50um

a. Transition zone - discolored sapwood boundary, bar=200xm ; b. Discolored sapwood, bar=50zm
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Photo 5. HtF4HKID NAD diaphorase /&

NAD diaphorase activity in xylem ray parenchyma

a. 2UM ;b BITHRNE; c. ZEIH

a. Sound sapwood ; b. Inner transition zone ; c. Discolored sapwood
/N—=100pm

Bars=100um

Photo 6. 2 FHIRKOMER

Examples of wood discoloration of sugi

a. Amylostereum sp. =X 5HMZ ; b, BEOERKRIC X 2HMER ; c. #BERICX3HER

a. Wood discoloration caused by Amylostereum sp.; b. Wood discoloration caused by Guignardia
cryptomeriae ; c. Wood discoloration caused by Cercospora sequoiae

KHIIHMEEEZRT,

Arrows indicate wood discolored region.
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Photo 7. FkE:REFTRE LA DTHMNLIC BT 5 NAD diaphorase i&#:
NAD diaphorase activity in parenchyma cells of autumn-inoculated fresh log

a, @404 ; b, MA19 88 | Bi% ; c. MA 18 B | Bi%k

a. Sound sapwood ; b. One week after the inoculation with MA 19 ; c. One week after
the inoculation with MA 18

/N—=200m

Bars=200zm

Photo 8. FKEEREHTEEALK O MHRRF RIS
Anatomical observations of autumn-inoculated fresh log

a. MA 19 #HLKIC B 5 aniline blue §ff ; b. MA 19 B KICHF % Nile blue ifh ;
c. MA 19 EREALKICE T 5 NBT §uff

a. aniline blue staining of MA19 inoculated log ;b. Nile blue staining of MA19
inoculated log ; ¢. NBT staining of MA 19 inoculated log

KHREN T NOREETYEFE - A% /RT, ~¥—=200zm

Arrows indicate materials stained with each dye. Bars=200xm
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Photo 9. FEREFEALK DB P HGEE D aniline blue THE 2¥H (KHD

Materials (arrows) stained with aniline blue in bordered pits and tracheids of spring-inoculated fresh log
a. MAS#:ME 3 H# ; b. MAT7 85 2 BRIk

a. Three days after the inoculation with MA 8 ; b. Two weeks after the inoculation with MA 7

/N —=200um

Bars=200xm

Photo 10. FEREFEALAIC B 2 iR B & 55 R TR O B%
Hyphae of avirulent and virulent isolates of Guignardia cryptomeriae in spring-inoculated fresh log

a. SRIEIERR MA 8 OBS%R ; b, wiRIEIERR MA 7 OB
a. Hyphae of avirulent isolate, MA 8 ; b. Hyphae of virulent isolate, MA 7

%H13 aniline blue THH X N R ERT, /¥—=200um
Arrows indicate fungal hyphae stained with aniline blue. Bars=200uzm
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Photo 11. {FEE~OHERMEDOBH
Secretion of oil droplet-like deposits into tracheids

MA 19 85 1 B, KM Nile blue THE X W MERYE %R, ~¥—=100m
One week after the inoculation with MA19. Arrows indicate oil droplet-like
deposits stained with Nile blue. Bars=100zm

Photo 12. iR YIHE I & 2 (fOEE DFAZE
Occlusion of tracheids with oil droplet-like deposits

a. MA19#HE 2 A%k, ~—=100um ; b, HxE1 4 A%, ~—=200um

a. Two weeks after the inoculation with MA 19, bars=100zm ; b. One month after
the wounding, bars=200zm

%H1Z Nile blue THME X N FERYWEEZ /R T,

Arrows indicate oil droplet-like deposits stained with Nile blue.
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Photo 13. #ERYEH I X 5 BEFLOPAZE
Occlusion of bordered pits with oil droplet-like deposits

a. MA 18 7 1:8R#% ; b. MA 19 £:5& 2 @ik

a. One week after the inoculation with MA 18 ;b. Two weeks after the
inoculation with MA 19

KHIZ Nile blue THRE X N 7oK E %R T, /¥—=100zm

Arrows indicate oil droplet-like deposits stained with Nile blue. Bars=100
©m



