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Studies on Efficient Production Technique of Pinus thunbergii
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BIE & W

1 IRDFR

< UMRRRFRIL, vV ~Z T 3%V (Monochamus
alternatus Hope) (2L > CUaiEshb~y /) FferF=
7 ( Bursaphelenchus xylophilus (Steiner et Buhrer)
Nickle) 23~ BRIEOBHANMRZAT L Z EICE VAT
% (B - f88E 1971) . ARIFRETH L~ A
T T 2 UBNBHANZBE), BET IR T, <V RloM
HCAFIREO RENE L, KEEREFEICLDKA L
AWNBIEHEZ SN (Tkeda and Suzaki 1984 ; Kuroda et al
1988 ; Ikeda and Kiyohara 1995) , <3 CEHRDT-DRLFE
ICEDLHARTROERLCEARETHS (Fukuda et al
1992 ; Kuroda 1991 ; EUE 1990) . HATIX19054EIC Kl
BCRRAINTLER (KRB 1913) , Eztomnws o<
Y (Prmus thunbergii Parl.) °7 51~ (P densiflora Sieb.
et Zuce) AMLNZEEARENY & LA, 19792134
EOPEMFEN 240 m3% B 2, TO%BD Lz &3z,
Z ZHEE B T0~90 T mPOBENFEN TV D, BIETIEL
B Z bR < SRR CHEENRE ST (CH - 446
2006) , HT7 U7 OEZ THAIROWENIFEL TN DHIE
7> (Laetal 1998) , R AL TH=Y /P F 2
T DORANTHERINTEY Motaetal 1999) , I—1 v
NRTCOFE-YRETHIA V20T hH~Y (P
glvestris 1.) R°7 T AN A T ay (P pinaster
Ait) 7R EPREMSTECH B0 (TH - HEF 1979)
FOWEIERDEE ST 5.

B DD YRNOBEIZ LT, #ESLAROKE],
PEFROIEFH, B OB EWxMTOITE 2
N, WROBERB~Y )AL FauThHiHZE (F
J - {8 1971) , ZOENENR~Y )X THIFY T
HDHZEPHLMNIZSNTLHK (Mamiya and Enda
1972 ; #A - AR 1972) , TTEICER% 7exbions & b,
I WV HERRIBEEIEDS 1977 FEICHIE SNz, T D%,
1982 FITHA < W HIESRRFFIEEIE L 720, 61T
1987 =& 1992 FEIZRNESWIEES -, Zhbizky,
{EZRIFIEIC K 2 EREIBRR-CER A EIEEER, BT IE
12 & B R BRI S EIBRER,  FEAI D ZE PR <
BB IZ X 2 HRRIBGRRZ: EB T CE 20 (HHE
1997) , BUETIL, (KEIEEBRCHEA O T, Bl
ABIRL FATEN TS (FH 2006) . ZD X 5 7k
OHT, BREAZR bR S, HEOREWEHA
T1978~1984 T [~ ) A T o Vb E RS

¥ BB ZoHELY, THYYTR27n
—y, 7Y T 16 7 ua—r iSRS L ORI S
N, FNHOT a— 2 CRERL 3L 7= BEREE M &Gtk
iz (EEAS 1989 ; FH 1997 ; FH - F¢H 2001 ; &
H 2004) . L»L, FHETEEINETMEY L3
Z, EOEGMEOBIFEIIRTTEFNH LN TR,
NS OBRER AR S BB BB LT
FAZRE GIEPHEDRIEE N TV D O TRV, %
DI, =V )P A v FavEHERLTHHBE LR
FAW AR & LTy (BPRIES 1993) , Fom
IR R LEROBELAFESOERIC AN L
TW5 (5 - SFH 2001) . EFEIRCH 1990 2678
BAROEH M o~y 7 o— 28 AL, mamiEdbX
|\ ZEERERR iRk LT 1999 4EDBIFTE Y m= Y OAE &
W ke Z AFRANZBHIA LT-. 1999 FIITELHAEICHER
FERZER L, 557 FET 26 > CHR R LA 1
FHEHEESNEE & EERELIT, BETho7oik
Pl & M3 D4R ET, BUECIHERK 60,000~
90,000 ADESER Z TFR——A AED] & LTA
BE R L, REFBROEERLE-THE. Ei2, #
Eul oA bictky,  THEILF S~y ST
HGIEERSE]  (1992~2001 4EE) biEd o, #
PRI BINEN TS GURD 2007) . 2016 4FRRA
T, 2EICB\WTT I~V T 220 &fE, 7 <Y T 144
SFEAEER S L. BERERER IR TH > @D
RIREMTIE, 7T FROEFENIFEDOFHRT 0%
THHZELHESNTEY (FHS 2002) , #filt~
Y OREARIIBREENCHLE U 7o A0 7e iR iR & 2o C
W5, 2011 FORHAARRBILIE, 4 F T ERICHEED
SHROMREER RO D Z LAROOLNDHF T, 7r~ViT
T LR BRERETH DD, BUETHMBAEOWE
RN TND Z &, HHEREORIIERL TEHY,
Bl Ao BT O BRROE AR O AE MR IR S
TW%.

2 BHEDOWRE

19054 RAR IR CROgk SAUI-ARBIEDS, B EICRT
HYMBBEBRORNORELE SN TND (RE
1913) . =0, TEHEANS BT CHES LR LT
WS HIT, =Y ) Po v F o Ui~y OfHRICEEd 5
ZEAVREN (B - fEE 1969) , D~V EHTE~D
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PARERBRIC L v MR ER ORISR T
2T THDHIENHLINTRoT- (GEE - fEE 1971) .
BUECE, BRSBTS Y ) FA e Fa v aEET 5
BOEERMNEL, <Y /T HIFYTHHIEN
B L7 (Mamiya and Enda 1972 ; A « 2565 1972) .
=Y IPAL B F 2T, vV I E T IR NERE
LT ME~VEEROEN L 5 ) OREEEN <Y O
BHAPIZEA L, BHOBEATIIEICE & AEOREE %
BHRELE LTHBT S (AE 1990 ; Ichihara et al
2000) . RO TIIBEO R BBHRED ST DTz
W, AMOBMGENERBERIE L 705, vV /Pty
FayOERIZEY, BEZMWT 58 ) v AR
R0, FHMRROBEE: & ORBEEEDFR B L 51T/
(Ishidaetal. 1993) , A CREIFRBHMELT 2. FFDO
WO~ OMBRIISOS L, ([EEICRyET—ay
(Z5if) AL, ZHUC X Y EGEM O 9 HIksm@Ess
FHE XN, oA TR OUFEGRENRREA & 70 THEEDIR
@R s THFET S (Kuroda 1991) . Fv ET—3
a VOREE LT, REESBELLAET 2MES
(Kuroda 1989 ; Sasaki et al. 1984) , fEFMDT L~
NEZ LTS (Kuroda 1989) .

Flz, Y A BT 2 VKT B~ OAEERS &
LC, ~VHaOBEREL KR LT\ EEZHND T
F U UAEROBR (R - I E 1986 ; Fukuda et al. 1994)
BHFAE T O & v = R & TR O H B
(Nobuchi et al. 1984) , {EMHEAZR ZFRET DMWY L HEER X
nox = 0fEf (TH 1984b ; Futai 2003) , Hfai
ROEEZ R TIFERI L & ZIUfIET 23— F v &
—VIEMEOBK (Yamada 1987) , EREOTRL @Fo
1993 ; /M2 - $iK 2006) , MEROIER (k- FH 1 1983 ;
A 1979) 72 EMAT S,
AIFIZEIETHY, KR b L RIIFRUTH 5 Rz
ZE 510 (Kozowski et al. 1991) , E ORI IHRE D
ETH B, BOHEREZSIERIT (KUD 1976 ;
Mamiya 1983 ; $5K1984) . ATHEREIC LY, <~V /A
BT a2 VR ABRORERBICE AT BIRE, ke (-
BokGy) e FOBRBESMATAN LN, 25~30C TRy T
7 ORI & EARORFENTEFIC /2D (BR 1973) , T
RIRDSE < BK B2\ EO SRR E I LMK T
LHEHEINTVD (BINED 1993) . £/, BFERE
DR L BRERH% OB EIIHER S 2 L L
LIESNTWER (FH 1997) , TO—5T, HE%S
TARIS L OWEERT1£21 B O B & AEfFERICITFER 72
WEDTERLH Y (BAADL 2010) , BKEICOWTIEH
TSR E > TR,

BHADHRFWED A I = AL L LT, < VHHRHRmEICR L
TGO H D BRECMA T, & F ST - 41k
FHRBERAER LTy ) P o F a7 OBEIRSEL
DBHE SN, FRESEFITRST EEMHILTND EB X
bILTnS (R -1 2006) . E£To, vV /A EUTF
= U OFRRADFIRSNDITIE, 18 THHEAN THgET 5 =
EWRMEATH DI (FKEE 2006) , BE) - SEUIINZ T,
BT A2 2 DR SRR IC B b 2 BEARER L 72 5
(Mori et al. 2008) . HEFUEDT —4&~ > TlIHENTO
<Y ) WA T 2 U OBENATER CHIFEDV D72 <, K
EEOPKBU I ZRFTNITE Z 525, BT &
NHOTHIL LIZ W (Kuroda et al. 1991) . F72, HAK
Tl IR o~ ) A B T o T O R M
Dra=YENHLYX Ty RO ) XX~
Y LMD T — &< L OMFR) TORWI LB
&N, ZTHUSEARERIMEC L D boEE X BT
% (Oku et al. 1989) . =512, #HhEo~ Y CldkIc
FRVEENZD B, BT SRS E N2
LR, AHOBZEOBRIBEHEILTND (ILHE
1997 ; J& - 77N 2006) . HEHMBIEDO R P —T R0
T2V TE, Y /A TFavEEETL L, &
NEMRLDJELRD CIERE Rl L 238,  FeIEmiEE DOPAZEN
R B, RESCRE OBBEHE I HE R EER LT
ENDZS, KEBTIRIFE A ERIGHEE 20
(Yamada and Tto 1993a) . ZO X H1Z, FEHEFfEOME
B TEREAT-T-BE1E, <~ ) PA o TF o v ORER
MBS RATICRE SN D Z LB IEORHETH D
(& - 71 2006) . L2ocL, —H T, =VRBOZR)TE
PUEMSRI BRI C K> TR D Z LAV S TS (1L
M 1997 ; 1L 2006) . <~ ) FA T o v ORERIZE
B DA ER E LT, A ha—7 <Y T,
BT o VRO 1 BRI T 2 v AR B
WP DGR LAV, T—H VR0 a< ) CIEARE G
PEFRRD STV (Yamada and Ito 1993b) . ZiL e
Wiz, < WA T o IR DR B
5 B2V OFERHLMNI > THDR, -2k
VERPSOVETECEARIE SIRPIEATI O 0 D i &
(Ishikawa et al. 1987) , B-I /U EGEIHEHUE L Bf%
L7 EW S HENH Y (Kuroda 1991) , B-/LkC
B L CIIfsEmIcE > Tuvau,

<V BSTEOTTE 7 o~ YR07 B~ e R s
FECTHDH GER - f8E 1971 ; - HEF 1979) , &bt
PRIZIMERERBZTD DI, <Y /A ' TF =2 U h Y,
L THAEFT DEENFET 5 (RED 1977) . =/
PA R T2 v aBR L CHERT L awrRT <Y
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OEARTIE, MOBHUERTE & RIS 2R RE
H, AREBFHER D A K BT E OB A7 2o
NHAETD ED 1994) . <Y ) PFA BrF a2 T8y
WF 5L T—BiE, ~YMRBRORFSE RS LH
TE LB Z 5N TS (Odanietal 1985) , 7 v~
T B = OEGUEBEAIE, PSR OpHA41LL T &K<,
T —¥ (FEi@pHi36.5) OFEMAETS RSN
TWa (Rl - &5 1982 ; Kiin 1986) . F7z, Hodgk
HEDEVEAIERE T CIRgiERMEtE s s 2 & (&
T« BB 1986 ; )10 - ER 2006) , HAWIETROK A
I LR LK EERREDIERIC L > TRARME T2 &
FREDERINATT D Z LD, EHMERSIOEARIC
KIFT D AREMED RIBE S LTV D (Fukuda 1997 ; & H
1999) . Z D& e EAR OIS N Z, MR
SOfRRROREE 2R D EBIMEC B 595, FEERD 7 1
<YV T, OEEREL b iz =Y AT
= U OB T 2 BIRENMEMEABEIC 2D Z e b,
7Y A BT 2 Y OBEMPEEIILS Z LA LM
EhTnwg (llm - HE 2010) . [@kgC, EHET B~
VRFFROAFAR TIE, FERYGE L baEn£ <, <
Y WA F o U ORERNTORBBIIZ DD Z &0
NI TS (Kuroda 2004) . 7z, 7 v~=>Y i3]
DECO~Y ) A 2 F o v D@BMEN T n— K HR
TEALDZENMRASN, REBIREORERES Y
WIREEDS, FERE O~ L0 bIbiEs n~Y OEAZT R
W (GH135) ThaL, =Y/ FALerTF a0k
s (11F 2006) .
FREMED~Y )P A 2o F 2 ORI LY, T
HRIEDOHR LTT <Y, ra<y, Uayfday<y
THEEFHERPIEORBNGRD HL (EFE 1985 ; HH
5 2007) , EFIHEEEOMEASCAROBMRICH KELSE
BT 2 Z E RIS T D (MR 2003) . FREIEME
Y WA BT o OIS M E A RS S b Tl ek
DT (EFR1989 ; 3ER 1990) , WP EMEOHR D
HETHD.

it~ YV BREHEECIL, ~ VMR OE M CAF
L7 s a7 11~ D DARFUEOFERA ISR S 1,
BEEAHIE LT8R CoBRREDRERIC LY, s
o= B ENTZ. B0y n— TR S TR
P R AR L, T 2SS LNIFETND DEA
FRENCY I YA B F a0 OEEET-> T, #it~
VR OEEIMTON TS, =Y ) P o F o v
BOTFHERBUIGREENRH D Z L AL ENTEY,
BAFERROBAERIZIESNT, FAEFRE ORI TE
EESEERINOR STV D G I XA R FerRE

HAS RS 1999) . HIEIRICIW T b SEMOBHERE D
FESR, BRI REENR S D Z LB LM ST

(LAS 2003) . &R, vV /FA v FavoFERn
IR ER NS S Z &5 (Kiyohara and Bolla 1990)
ZOFETII~Y YA BT o U ORFFEMECESE S O
BEETV, SWREIO BIREEREE B - FIFShiz. %
ABARORMEE, PRSI T, e, B, A
HEFEME LA~ ON TS (FH1997) .

BB ERR DS AR DGRBS B 720, R
Pt~ i3 1 A%720 500 IRREIC2 560525 (U
AKB 2003) . ED=H, BIMUIZEY 22 M AR T
Pk~ Y OEEX BIELC, BP0 R 2
UARIZ L » CHBET B Rt s (Bf 1999) .
TR LRSI 1T RIS & LT, RO R HIE
HLUZELAE Th, <Y /A o F o v OB TH
WA DMEAEBFAET D2 ENER SN TWD2, 2l
DUV TIHETUERE O 21572 22 < TIE R B ew, $2
FERE 2T > CHEPUE A e LB 2 R & LCHRL
AREITD &, B~6%DFMENGELNDL T E (FHD
2006b) , FROEFHILHEMIRESNTNDZ L, B
BRI TR LR Z IR 5 E BIRENFEICEAT5Z
EREBHALNIENTND GRS 2004 ; ZRS 2006a) .
BN ANOERR L, MERREHIREZIC LY,
EHMER LA 1 TARZAET DEEI0E, RAEFRE
~OBEREREIC X DIMPUER OAEIZ T, REE
10%HIRTE 5 EREIN TS OIS 2009) .

3 ARDE/

IR E LT Y MR IR OE NN T D T2, JEA
RO S BREEATTAD RN L B 2 DI~
NKRF DHIFHIRE V. B~ O AREEFHE T,
I YRT H= Y OIEFIE Y v— Ok S AT B R
HSROAUEA (R14EAE) I~y ) WA v F oy o E
L, BEThHol @ EEHAT LTS, Lnl, vV /%
A B F 2 U OEZRICFERNIY, BEEREEE DR
FHTHD Dz, FETHEREOTH BT H720 (F
M1999) , —AxOFEEAEEL Y L% OHERIND
(EPIMED 1993) . ZOFER, HANEMEIZ/R D7D
BARERES OREREED D Z & THADMKEZ T 54
ERDHDH. ZO—20NEE LT, BHMEORWFRE %
FET D7 a—ERREL, VPR RO a— B4R
FERICEAT 2 Z EMERSNTWD (FH1999) . =
N EETIUTERERE CORESZEN ER L, EHES o
EFEENEED Z LR DN, FTATEA L7 a—n
LERNAEET D E TIIT~8FEEETS. LIen->T
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BEMEE IR 272 51, B OEA T OFREIRTERD
G, RIS A EREZA LML, EOREN
R RO 2 IR E 1T - C, BEBRE Cofd
ERAEEDDHZENERE LD, F, BFMHEROZD
DAR MDD LBERELEE, L IKSOH & itHE
T DHEORREHMETHS.

FIT, AHFIETIE, WHEBLSASOBRE CREAN £
STNETZ =Y EHRE LT, <~ YMBHREICT 5
PUEERET D EAROZAN CHRIN I EERIR A AR5 =
LERARETD. T, BEERTEAEI L THOZA M
v ERDEAME LT, O O—EROMRkE V- HTE
T RO AR D, RIS, BEREIZIIT S Ok
EREFD DI, O OFCREAIRHY & P & ORI E
R L, TERERERIIC SN T, BEBREIC)NT D&
DB FEEMNLT D, IDIZ, HRELEAR L2 X b
A0 BRI DIFECEE, RO UK S E
BENSTE G HED, T OFEIIFHRIEGENH S

729, OHf UABEHRIZ BT DR OUEIROBRRBE 21T .

UbOZ 2O a it s 2 Lk, < Vkh
SRHEHUMES OB LWVERES AT AOBIRE RIET 2 & &
5.

BRI, O O—EBoofRika O I BRI 5k
OBIFETIE, ~ O % 7= {5 72 515 GRS OHRT
AL, &5, ks maRORGiE & OBIGRE T
RDZET, MBI EE S S W AT
DEREMEIZ DWW T SINT T 5. AHFFETIE, AHRROHST

MERHEE S UC, FOARRRE L Essot 2D LiF%. RS,

T & FRIFAROAE AR &> TRAT 2MF500%,
WOBAIGEIC BT 25 2 L ARG ST DA

(Makino et al 1996 ; ¥ 1998) , ~YHICRL Tz D
ICHBNIEEL 725 TG, 72, O ORISR S 1K
Ptk & ORMROMEA TN, BUE TV T ARG A
HEIIBT DEOEEDIREED LD, vV /P
T = UEERRG OFEA T OIRESRI TR D OTURERRHY
FHLNNCT D, BERERERORERIE, FRORRS:
RS Z LB ENTWVDD, BOYA X
AR & o TOTRERER I S W TR ST
Wb, D OFFREREHR & B OIPUTE & OBIREFR
BRSO ED TN T S, S5, O UAEHEICE
VF DFAROSERFOBIRE T, 8 URORIRIEI T
HERZEA LN L, EEEOSRELBfE T & LT 5.
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BUE 7 v~y OMBEDIE L IR, EAEFRE ORI

1 EL®IZ

< VR L > Ty P, B F 2 VEAKOR
RN D, T—4~Y (Pinus taedal.) , *
M —7< (Pmus strobus Linn.) 7¢ & OWRPUMERTEC
I IAER AR DEESEDY D72 Ay (Yamada and Tto 1993a)
BB CH D7 n~YRT =Y TR, vV P At
T2 UORAOYHIBET, RATHIO=ER Y T A
HFL OO R AMIA O EESE A FED 5 (Mamiya 1985 ;
Ishida et al. 1993 ; Yamada and Ito 1993a) , 7H#%(Z72%
& PR D B emBlih 7o FR T IR E O R B © 18 2E 3
% (Ichiharaetal. 2000) . ZD k5= >Y ) Ao Fa
T OEHEMEIZL YV RET D EBZONDHREREDE
1 - BRUZRZEDS, BHESE ORRICEET D Z LIVRE S
T2 (Mamiya 1985 ; B 1990 ; Yamada and Tto
1993a ; Fukuda 1997) . 7, BB OMBEILIMZA
BRALIZBR DAL D Dy, BHARIRICIEDS 2 00 W ET 5
ERTHD EHERIN TS (F -7 2008 . S5
ARENCI 2R IEEEENE, RO~y /¥ 1 &
CFaUOBEIC Lo TED, AMFROZEICLD b
DTHDHIEINESN TS (Fukuda et al. 1992 ; #&H
1999) . ZD X DIT, HMFROEALIZEDOHDOFEHERIZK
XL ElbD D, Y YA BT o R AKROMER
DI ZHIFE RS D 2 L1, = VHBRIROIIHE A A
S ALOIRIICRBOWCEECHHIEND T, Kk
FEOBIFCFHIEOIRIZIZ 725 (A D 2010) .

~ > BRI C 3T DR R b SRS ORI
PEE DRIRTIE, B0 BEOBIR TR Bum e~ H bt
PEOMENZZBHETE (EAL 1999) , BT
VBRI < ORISR EBET 5%, IEBTHERTRE CI
RE A DOEEN Vi ERHEINTND
(Yamada and Tto 1993a) . —7, &M CHL 7 1
~IRT I NZBNTHEUEERITI R ST Y,
BUE, B SIRHIE Y v — L R & 2 BfE sk
OENFERE U CAETE LA %, P~ & LT
FLTWD (FH - 0 1999) . LooL, 2ok HkF
TETARE SN ABREUE~ Y OB I AREHTH Y,
TNDIT=Y ) AT o v h B L5580/ L~
JVORREUE & B L~ L ORI & DRIFRIZOWTIE S
MZSNTHR. = BRI TR0 DAL A% & @i
DIEFMEOBMR & R, BESEMERIEL I8 T BRI
RESIEDZENEE BT CEET 50 ThiuL, ~v

I PA YT 2 OEBINEC L SHEMEEOE S L ey
DFIFI BRI DEED—O>TH D EEZ D, kR
PUEZ R 5 & & CTEHAOEFRRE 2 AW TX 2 FTREM:
BHD.

INFETCICIEIERTIET, BRI
WZOWCRHIAM T Tl Y, R TREIL, IFED
B LR (Yamada 1987) SCEMEOIRHIE R & OFE
NHDHERE 1993 ; /M - $57K 2000). —J5, EFEAIZTE
E LT, BAMEBIIC X MEMAkEOBIE (H'E 1980 ;
Yamada 1987 ; Fukuda et al. 1992 ; Ishida et al. 1993 ;
Yamada and Ito 1993a) , DAPIZLfAIZ X 2R AkEfamia
DAEFCAE (Ishida et al. 1992 ; FH 5 1994) 72 E0M T
nNaH, HEgowxE - K (Ishida and Hogetsu
1997 ; Ichihara et al. 2000) Z RERANIZBIZE T 55T,
R OFIEI I TON CND. ZITRETE, Y/
A F2UnEERIT7 oY O/MEL LD A
—VhAETRHI L, RO, T r—
VE T ITEAGR M T OO E DFEWE I HINNT
THEEBIL, 7 uvVEAREEOEGIHRRE & ORRIC
DUWCRRET L7z,

2 MHBLUAE
(1) TY/ Ao Fao%iEE L-KE i
Tt

Bl R BT FEATARAR « MREFTEE o & — (SRl R
TATTIEAER) TfT> TV B v~ Y FEZF R~
DY ) WA BT o VEREREOR R D, HRGTERR
IZE Y FEHOREFENRESERL L, T7bLER
PUEFROBETMRREI IR E 253 5 Z VAL T
W5 (LUARS 2008) . Fi-, M~ Y ORHERICEN
THZIUTHAL N TH S TUNHIEMSERERIF TSR &
WaEs 1999) . RBRCHET 2 AN OEPIIEE O 5y
Tk K& THUENRH B0, 1AL (2003) OFET
PHUEF RO CHRBUERRE A 5575 72 ZIR-905, 530>
SHRREOREE-645, HO-b4%E, k4255, H5-375
B L USREE OB 2 50/ N30 B- O 6 AR O TMERF &,
BN o~V EER (RS 1989) Dbk
ELTZ. 7ok, AR TR RSN 32044
AL C, FHRS.4m, EERITA24.60m, 5L USEEH
EE£196cm TH o7z,

BIE LT 6RO O O F A2 AT 57
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WIZ, 20074E8A THICE &10em, EAHI10mmo> 244
HadaRT B LE. TnEFnaRS50mil oL, <
Y WA T o U L AR KB & LT 24K
TOOR T A HEE L=, 2 S OARE OSSR 2 B H &
B D70, BB T 2oL, 2RO
Ry Tne Lz (K2-1) . #EBhIE D7 OIREZRREK
A EEIERA SN R6emD T T AF v 7y — AL,
ERR LT VB IR T OAN, ¥aT7 ) 7ok
D, 20°COREFNTRI20RRHIERE LIz, 20k, <Y /¥ A
B F 2 7250080 (AR5 u]) % 24D Fr DY
SIRITIEND LR L. <Y /P T o s
k& LT, Botrytis cinerea - "CHiaE LIZB8IRIT 10D BT
AR (FH1997) 25—~ Bc L0 8L, Wik
4K C10088, w \OBEEIZFREE Lz b o & v, BIRE
BRSO DA FE R B\ CIEREREICAV TN D
FERETH S, B OURDKAIZIE, *RE L CHER
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2000) , LM%, RERZAE, FRk@EONRIHIEs TS 5
ZEBHLMIEN TS (Ishidaetal. 1993) . ZD L5
PRAARREFR B EMIER L C, REORIEICRET 5 Z &5
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BSTHHMITHER ST,

AHFFET, HEHED 7 v~ R SR Ui
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Bra lZEITL, BROIBRITITT R TOY T A0 E
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Y A BT o I LGRS e R e B A R
RN ERHLMNNCR ST, ET2, HAEEICES B
2137 v — U RIZEPRO b, o NVERI LT
DIFfrTe EDREINE L, FHER ORE D& D
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BENTORy MERICERT S EEx b, ZDX9
RFELOSIET T, 3R L72R y M OIE & A ED A
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FOHERE UTRREMEREV DL, =Y /P Fa
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FREIRIHTE D EEZ SN TE 7= (Popp et al. 1981) .
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2006 ; MEES, 2010) . T =V ¥ —ZF Ll
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I fie I 4l & & i B b 1 1 FE | [
4 fis I 4l i b i B b 1 1 FE | [
20 i s I i b LR | ER | 1| FE | [
4 fis I 4l i b i B b 1 1 FE | [
I fie I [ & & i B b 1 1 FE | [
4 fis I Ll i b i B b 1 1 FE | [
I fie I [l & & i B b 1 1 FE | [
4 fis I [l i b i B b 1 1 FE | [
I H [ i # # i i b : :
[ [ I & & & : ! ] 11|}
4 fis 1 I [l i b 1 B | 1 | [ E |
I fie I [l & & i i hid L FE | FL
0 & -E 3 = £ 4] B * s I O O I I
£ B
N
o e o o o M oo o o o oo o o o me o K
o ie) ~ fae) ~ B © ~ < o~ o < o 3] ™ o H
[=2) N ™ o | | [se] [Te] — ™ © [=>) © ~ [Te)
CI\I <Ir | T H 4 | | 1 I | | | 1 |
R K r X R &
‘E HH ﬁl ‘Hﬂ NN E.-‘! ":L !".:L‘ '@ g ™~
= m B H ® £ | I
B B oo H#ou o#
—_— i K |H m
~ oS

41 =V YA T v EERLE 26 (i 142 BT 0 Y FRE Ol
ONOEEI IR 7B (5 A% b AR )

# 41 2009 FFORERITBIT DFRBIOEER, KiE, BoofE, wEEK

CuH D AR AR AR B a2, 1999)

S bl ft R it IR i AEARH
RS
JIPN-290 5 30 10.0 193+35 191+42  527+0.77 436+081  17+12 04+0.6*
FEIEA2S B 30 13.3 138+19 165+32% 398+£026 413+066* 03+05 004+02
W H375 30 13.3 165+31 157+34  394+096 352+073  0.0+00 02+05
ZEL103 5 30 16.7 216+63 171+50  432+052 383+085 02+05 0.1+04
HH2 5 30 16.7 176+33 159+34 332032 341+070 02+04 0.6+09
ElBEa 29 172 174+27 158+46  434+055 407+089 08+11 0.4+06
K85 30 20.0 172462 168+39  434+079 4.32+067 10+09 0.7+09
wHE3T 5 30 333 198+31 172+36  427+064 378+0.75  05+0.7 0.1+0.3*
FHa-54 % 30 36.7 185+37 159+46  428+057 372+078  13+17 0.3+0.7
KUEF-12 5 30 433 205+40 184+23* 498+062 4.32+052* 05+08 02+05
/NEE30 5 30 433 189+44 198+44  456+096 464+081  08+09 09+1.1
A4 5 29 562  179+61 178+57 471115 436102 01+03  03+06
=90 5 30 56.7 210+60 207466  382+0.74 4.18+080 02+05 1.0+12*
g6 30 60.0 182+38 162+39  410+056 405+101 094+11 092+15
W73 5 30 66.7 197439 189+40  516+073 4.82+120 115+09 12+11
HRIRY-50 5 30 80.0 21.7+46 170+25* 500+074 413+054 08+10 0.3+0.8

BELRITIT DA LIRSS OBEEZE « *p<005, *p<001 (MannWhitney ® URE)



e ] L R AR T BT FE BT A ol o

%105 (2018)

2 4-2 2010 FEDOFRBRICRIT HFERANOFER, fiim, Bk, sk

=z bl ftApag Tétie Foes AR
(o) fiemh mMRRE MR WERRN AN R
JIN-290 5 30 333 256+37  236+37 5254090 5264091  18+13  20+12
FEIEA2S B 32 219 261£46  220+42* 516072  479+£081  14+11 12+12
W H375 32 656 218+37  219+30 4914069 5184063  17+12 25+12
=H03 5 32 156 MVA+35  183+43* 5224095 4784096  10+17 15+13
HH2 5 32 469 233+44  23+34 4834076  447+049  15+13 18+16
ik 29 241 200£40  200+44 5124076 4554086  27+11 13+£1.1%
Kor-8 %5 29 138 208+38  180+32 494+093  446+078  13+10 16+1.1
WE3T 5 29 138 263+49  202+30% 5131064 4714069  20+14 14+12
Hi0-54 5 32 375 178431  174+31 4494063  455+078  192+07  190+18
KUEF-12 5 32 281 216+45 220434  476+080  496+071  13+13  23+12
/N30 5 31 710 231450 222432 508+086 5094080  17+12 16+13
EEE 64 32 469 163+37  174+31 435+089  424+068  15+13 08+1.1
90 B 32 531 237+50  231+36 5204068 511075  21+12 1716
g k-63 = 32 469 202+30  182+29 480+064  461+058  19+08 1.7+09
W13 5 31 839 207+47  208+36 559+099  544+078  24+11  20+14
LIRS0 5 31 613 217441  178+44*  499+060  420+084  17+12 15+10
Ul 41 LEL.
7 4-3 2011 FORBRIZIIT HFRBIOEAR, fim, BRI, fmAtdk
S skl ﬁ%ﬁi\?ﬁ it iiSTHES LTSS
W R TR T
JIPN-290 5 34 647 191+£36 178430 410+£091  355+066 08+10 06+07
SEIE405 5 35 514 182429 166434 373086  3.16+076 1.0+10 05+08
W37 5 34 882 204+40  173+38 406+086  325+097 08+09 05+06
=E03 5 33 758 205+37  176+51 4414088  358+1.02 19+15 10+1.1
HH2 5 29 793 213438  170+32* 4204069  3.62+069*  130+14 133£15
FEseh 36 528 204+39 191434 416066  353£075 1313 09409
K85 35 714 204+33  170+38%  388+062  334+091 13+12 1007
W31 5 32 563 196+47 181441 359+£097  283+084*  08+10 04+09
H0-54 5 33 81.8 173430 165450 372£079  343+082 10+1.1 03+05
REH-12 5 2 409 190425 150426  429+083  308+£061**  21+13 02+06**
/NE30 5 31 839 197428  178+36 425+096  370+126 14+14 16+15
64 30 700 187430  159+15%  379+£079  302+050*  06+09 00+00*
=90 B 36 806 194+40  161+31*  410+083  351+088 0609 03+08
g k-63 = 32 844 170432 156424 3384068  252+031%* 07209 00+00
Wh-73 5 30 1000 19.1+39 — 4324089 — 17+11 —
BRIR-50 5 32 875 169431 17525 359+096  389+1.08 10+13 08+10

JIFR 41 EFLC.
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B OEMRIEE ER->TRY, Z0HbIHF-1251%
BEADRD LN (p<005)  (F41) .

20104F & 201 14 HARTEARDI R & < 72 DT LI2 D3 vl sg
NEE-T. 20106, TCOFHR TR &REREE
W OB TR BN otz (4-2) . 201141,
5Z R D I CREAT O SR TR AR BE 2 HHIC b
[B]>7-(p<0.05 £721% p<0.01) (F%4-3) .

(4) EERTEORERKEBEE

HEK L 729~ T oM ORI,  20094)30~54 T
¥j0.54, 20104E730~6AR THHILTA, 20114ED30~54T
THLOARTH 72, BEIZBWT, IR Lol 25
O OREERITIE A B RO ORAER I Y HRE D
o7 (K4-4) . LavL, 20094 & 20106ECRBV T,

ABEAMEM L TOLT LB RERIIRE < bhhoT.

BAIZBNWT, BFER TOMEER O EREITRETEE
WMOTNEAEIC EEl-72 (41, £42, F£43) .

(5) EntEICR5T 5ER
FEMDOTRCOFREEOERT — S DAV AT 4 v
EUFOHTORER, HHEE, FR, e, BoBoplEl,
ZRFh< 22X10716, < 22X10716, 00138, 0.0047TH
0, ZHBAHODER I ) A v T 2 vEHEGZOE
DOIFHEICEEE L Tz (R44) . Lo L, swmddix
EHMC B S L Qa7 (p>005) . BRiE (BAREAE)
EERORANERPAET (p<005) , Ziuk, FHED
PRI L > TEFT 5 2 L 2R LT [FIREIS,
RITER E PREOZENRANAEE ThoZ D (p
<005) , RICROFEITIRFEIZL > TEDD Z LPRE
.

O<15cm 016-20 cm [E21-25cm B 226 cm
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X 42 2HEFREEDTSEDH ERSHRR] O
IN—D_EOIEIIEHET BT B BRI OGS L 2o
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20
0
2009 2010 2011
X 4-3 AEAGR %5 OIS OIRICERERA D
e
A= ORI 42 LIFIC.
oo 01 B2
100
80 [
g 60T 154
# 40 |
20 1
0
2009 2010 2011
X 44  SEAGERE S OOl BB O

N—_OHIEIX4-2L R L.

4 B

FOETIE, <V /P, o F o TEE%O s o< Uk
FORERIZEDL B, bbb, MSEEEOESITTs v
—UEERFEREENR D D 2 E HFIA LN LR, Ok
BiE, Ay NEOKIBICES BEUIIET 500, &
MCIUT DEEEREDTER L LT 28 Db & (34
BEAMK S, HEPTHEIRE OZRMZEA RO 5 BEERER T
PNWEEZ BN ZHE OGN D, PSR R
SZHMFELID G, o, BEMEREOBRTIMEZRITIERK
BED b~ A ' T 2 v OBE) L BRI S D
ZEMHLNIEINTVD (Kuroda et al. 1991 ; )11 A
2006 ; BHS 2007) . Li=dio T, ~V /) PA L Fa
RAE DB IRD B0 A7 8 DI IE A IR E T H B
RZBA SN D7D, ML~V TR S A IRHT
PEL Y L@ - 438 SRR A I 2 BRI O R
NEETHY, ZOBMDDHNTEA RO D MELRE
FROFRMEORND EBZBND. DL I Ly
RO7R IR O RHRICIY, o T 2 v OBEIZIIET S
RS G — L EOW YA XPNETH D RSN T
W5 (IUE20068) . L7=23»> T, EARDAETFRMIEIZR
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44 7o~ VEHOBRIWEIEET HEK DR Y
AT (T EFST (XA T IRRE 5y

Bt )

el S
B W A ﬁg“f}g
Bt (BER) (B) *¥** 203.871 2 <22x1076
F5 (F) +** 174.557 15 <22x1076
w0 * 6.063 1 00138
R (D) ** 8007 0.0047
AR (B) 0277 1 0.5989
ExF* 44.907 30 0.0394
ExH 2.868 2 0.2383
ExD* 7773 2 0.0205
ExB 0.259 2 0.8786
FxH 15.853 15 0.3919
FxD 10.332 15 0.7983
FxB 13.297 15 0.5794
HxD 0.033 0.8556
HxB 1503 1 0.2202
DxB 0.444 0.5050

*p<0.05, **p<0.01, ***p<0.001

DAEROFTY, WO A AR OF B L2 £
R L TR BERH L, NSOERITHENES T
HDITHPNDBT, Y ) VA T o UG OE AR
DIFHEEELE ORBRIFEEC T STV R o Tz,
ATl SRR O R EAESRNIEMORBR T
364~73.3% & K& < EB L, Mz TREEROZRHNEN
YFEAR AT TET LI o7z

ZOX S EME, FHE (1997) OIS E &KL TR
7 v~ VEAE ORISR O E LM S DR
Lhpode, BERITHT HEH O A AOFBIZ SN T,
Per KD (2002 FME) 10X DE, ZuwYFERE~Y )
WA 2T 2 U HEEHEO4A A A 2SR T,
MEROAFAE (EIFA, IR H160 Ath) HORITE
i, BEEESMEE LD BRIV ENBIEIN TN 5.
LovL, 0Ll EOMAET, WS & BEEOMIZIIRIG
RO LN E LTS, &S (2007) 13, e
RSB L0 bAEBICHERRENERE L TN,
ZOHTIXY v~ Y FROFEIZOWTIA TR0,
I BHIWTT 5 &, BREREICRT D ORERR LS
SARTEEE & DBIRICONWTC, FREBRE Licsmfir &7z
STWRWNWEBZ B, LYV T— 2T nETH
. AW TR, FEREEICB W TERADAHICLY,
e SRR O S R ITRITRA R LT L 25,
W ODDGRZDOIHNERE TCHTD, TIvE TOMIED
LTHESNA LRBY, ZoOFETHAMSEREHTZ &
MTE ol

0P AT 4 v 7 [AROHTE, IO/ RT A —F—E [FRf
IZRENT 2 2 e TE, BRI AT DI E
HNTT LD D GRS 2007) . ZOFETT—X
fENT 5 &, BREEEER GRERAER) , 55%, fam, IRk
DEBICHAROESWEICEEE L CWe. FH (1997) 1%
BRI E ORI R C R BRI L > TR D Z &
EHALMNCLTEY, FREBEOLZAERARHLZ &1
ABELTWSD (FHED 1993) . ARFZEOSIHERT, =
DX INBEIRL XFFT 2O Th o7z, Fiz, Bk
ISBREER & AR BRSO b= hy (p<0.05) ,
WEIMOBIR & OZEAERAN RS, 2EA (L) W
DOEENL, <~V VA ' F o UHERERERORGIEI R
SHNZBEE L TW A SRR B, Lo T, W@
1, = )AL TF o ORI B
DI OO RRREIC e D EE 2 BT,

Y WA T 2 U OBHENTORE) L HRE, T
VR u= Y OFHMFEERICERE L T Y (Kuroda 2004
BEES 2007) , 8O DA E O & R
JEENBHL, ZofdEr~y /1 FavoBihz
flfRd 5 &2 B TWD (B 2008) . FlzIE, T
~ Y OIEFIE2ZROAFAER T, IERROE LV H%<
OEAERSEELTEY Kuroda 2004) , F#IZ< D
B3 Z LI X BB EMEHE B L fr o TN D, &
LIz, SERSRO L\ SEADIERYTE TiE, HEDOBAN
BEBNAEMCHD EHESN TS (B - R 2010) .
LML, 16FREHAW3FEMICELT—F 20 VAT 4
> 7 [EIRSHT LI ASBROFERCIE, 7 a~Y2E4 (i
) B OB AERE TR & IR o e, 4~BEE

mEY LR (WIFEA) IR L ORI
EOBENEHTRVAEEMN DS & 2 72%, Mo et al

(2008) 1%, ~¥ /A LT =2 T OBHENTOBENE
W2 E LD b, HEEORHAERANI TR SO <
ZEARLTWA, ARFEOREEIY, Mori et al. (2008)
DEZ KL TS LD EHEER SN

SERNTIE D ATFIEORER, Hm26embl EOFIE, HfE
REIZIBVNTE0% L EDMREEIRA IR LTc Z LD, ik
BT EOREV2UEA (MIFE) B DEERIIHIT
LZENEELNEEZ LN, EElREHEICITA
L, BEEE COREROUE LB IATH ZLNT
&, HOPUMESATE OAEREMER _EICIRN S 2 LIRSS,
L L, EOBGHMESE I SEPMA SN B BT, Btk
(272> THS OIEFIMERIEIC OV T B L TIZARL, 10
FAFIZ COMELLEL SRTWD (BE 2007) . %
D=, ZOFEROFETII2FA HLIFE) B O
FTRETHD.
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BVE 7 o=V ofi UARFRIEICEIGR T SR

1 EL®IZ

HERE LT/ u~VZHERRWHELZ L2 LT DY
MRARIFORBRO—o & LT, {iHiE7 a~> o4
ERH CHEEMNTATOIL TN S, HREFEY o~ DEAR
EVE, KBS v — O S B ER R SR ORE T 2 1
- BHL, TNDIC~Y /) VAT a0l L T
EThoIER, ThbbIPMAMEELIEH THD. L
ML, BERETEEORBTOMEELRD S 2, BER
DEEIS0% R THY (FHE 1999) , ZOfERE LTl
KOFREA LD IR TEL o TS, £, Bl
BET DHEOBESRINC L > CEERPRES BRD 2 &
225 (FH 2004) , HEMEOBENLE L TWRNT &
BRI TWD. ZNGOREEUSET D120, Bk
DHEBSNZEARZ R E LT, LA & 551k
BROND LTl oTz. 7 o< 3FRIES TidZun
EINTWEEA GRT - Kb 1972) , BRI K-> TiEE
WISIRSENGE LD Z MR S (RS 2004) , HEfE
MECEFE LSRR E LB LAE I~y /P Ak
CFa B LTSS, BEERENI BB
STVWS (FRD 2006b) . FD7-8, HOHGMEZHER
DO OERRRE 1T H L e, FAEHRTEL
BLUCEEIA MME<IALNAD EWIRELHY (K
b 2009) , HEPUMER OB A E IR L LTHIR S L
TWa.

7 a= OFF LRSI I, AL ofElE, FARITEA]
DB, 8 UARSORIBHOIRIRE, R e S OIMNABRETE
R bS5, B TS BBH R BRSO L
DAEFEE bR E S BboTA, ZoHT, [ U
DOEER LA LTS, AFRRZRREEDBE S FEIRMEIC
AL ERHMLITEY, 2 O3S X topophysis’ &
1 C% (Dodd and Power 1988) . Z=dD—fi& L,
BHBHOMHE T 07> SERER U728 LRI B8 DERE L 71
LEEL DS, FBRMESEOZ &N O OFHIER TR
BT % (Foster et al. 1984 ; Morgenstern 1987 ; RifH &
1997 ; Peer and Greenwood 2001) . X512, [F UEHE O
B K o T BN ED R DI LEETH, Toko
EWNZ L - TEIREN R 5 Z LV 5H QD (Henry et
al. 1992) . BlZIE, 7 o< Tl LEORE & LT
EENEREICHETSEZ LR (KES 2006 ; HEER
2006) , fHLEED S OEFOMIET LV RIRENREHED Z
ERgmEINTWD (ex RS 2004) . LvL, EiR
(2003 ) 1% v~ V4 LFEOA ORI IFIR R A

&, FHEHE & O LEEOBRBGNL 22 & QBRI DN T,
7 = NIEHICTIE STV, 20X 9 elEN S
DERFESTOMT LBEOTREARFH & FARMEDBIR 2 52
T 5 2 L, B v~ Off URHIE L OSEET
OIRND EHFES NS,

< VHEORUATIE, BIRLARWV D B, i LEOLF
DO THR L 2o T, T IDOHIEFEMMTZRN
T - KL 1972) . ZoOHRIZLY, Y EYENCR
WOFENEGITHRITE B L Shi T b, BRI
1 U TR AR 27201218, 18 L ORIR R
EHET D2MERDHD. 1Y BRSO TREIR L20vE )
THFREELT, HULEEZ LFHIZE SR> TRRH Y,
RELBITHINRL ERDLOERIB LI L B35 %
WEE G- BIR 2002) BMERIN TV, L, 2
OHFFEE LIRS 5 E, BIREZHES S L
WTERNSD, RORFETHD LEFE 2RV, b LAE
LBEDOSEED I OCRIREDHEE FIRE CHAUE, #EEDH
VEBET LT THLRBIRTH LI EHETE, LV
BN TEE 0B,
INBDEEREE 2 T Y u~ 2 Off UKBETER 2 i
T B, AR CILEHE ) D OEEEBAL & 1 LRI A&
BAIHN 7 v~ VR LROFRE L FREIZED L D
R ELE 52 D0EHLNC LTz, Fe, i UEOFEY
DO B HIEDOMERLE & BiRE & ORRIC OV T HFRA
L7~

2 MHEBLUAE

(D B oY

BHE7 v~y & LGEBE SN a— TR ST
WHERER O[O 5 b, WH-375, HH-135, EHEE-64
5, W-54%, HEFEK-635, HERIE-5050 557
BT 74 20106E3 F ITHERE L, 15 B V7o 22011473
P F ] R AR ST AR - MRCEFTE o 2 — (i
TRALXARE) OFMICBE L, 2EMERLE. hb
DH Y, 1FHRYT 0 1T~19K0O 23 B ORFE RS &
L7z (&5 .

(2) ELBOEFERLAHT, HLUKDRE

R UARBRII20185F11To 7=, 7 v~ Off Lo
FTH2APMIC REDH2007) , 15RO E1T~19KRDT]
TE L TO VBRI OBIE En D 7 o 7 MI25AK, T
Db T H LC2BAR, G T0ARDHR LEEZEI L,
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#5651 Zua~v IVl LARBROT—4

. . L T I
(f) ff WL AR AF ®R @ WL ER A% wR Gl R 6
B RE K RO ) WK B@ K EO ) F0  w
iﬁ;'% B3 R AL 00 . B 6ms Alw w0 Lo om0 YL
ﬁgﬁ B W el R0 L. B s s om0 o om0
‘%5% 9 % G129 4116 40 3“122_79 B 556 3615 80 3‘031_58 640 3'15200
Eﬁ% v TN R W0 N B T w8 80 L, W0 g
ﬂgﬁ' BB 4B dms w0 S B amu s w0 o om0 N
éfj BB eS8 el om0 L B 6wl T a0 o w0 P
(%,; os W Tl 466 W L W mes asis ow o owr M

201352 H OFEIMIIFH LFHT, 33~34lkIZHE D B FiE L7z,

6F R TARB00A % el L7=. BRpsRkst o ME 135950~
100cm ChH 7.

fHLEEOR SI36em e L, $RICE4AE Lz EH2emd
HEEZFL L, £ L0 FEOHEETEY BR e, FEBoR
LYY 2470, SR LBOAER, LFEEHE L (&
51) . BREERSIOBIE NI 0 R TR Ok
ROWERE T2, A BT IHIE FEORR LEETR
ERASSY

#E LA % 4000ppm 1 > R — VEREE /K VR IZ 5RO RIS L
(e R 2004) , ZHABEFA ({t47cm, #33cm, &
E9em) PNOFEAMNTAK SB T IRIREE (592~ 3mm)
WZHEEITHR UAHT 72, 1 LR &4 AT 102
HETIUTRY, BETIFHICOE36ARE L.

FEUAHI T LICERAE N 7 ABRNORF EICE
&, BHI325~305RET25~300D I A MEKEZITV
7 - CH 57O Lo 1o, VEKRONEER
BEOEWEZET 5720, BEfr 1EEIZ 1 EOFIGT
o—7— g Uz, BRI 7 AERNORIRIT—
20~40.7CThH~7-.

(3) #EDES, RIEBEOERE RIBEDHE

LA, 18 UBOAR IR 2 TR LETE & 72
5. ZOFHENLIE LR B RVEEOR S 2 10A WA
FRLUMTO8, At%) \THIE LTz, 20tk #HiLFEE
BEAEOLIEVIRY, BROFEAME L. ZHhETO
7 a2V LROIIGECIIFRBICE R E Y Tl b Oon%

S + PR TR LI

VNS, Z DR CIARME AT 2 DIIAT 5 Th 5.
FARB IR LA ORRIEET 5720, EERRIEZ L
EZ HiL5HStruve et al. 1984). FD7=8, i LAEOIRE
ERE L. £, RIS LB LA KEK TS
WO LT, Z ANV TKRGER TR, £, K
EKESOMIAIZ A AT Y & (100mIBFR) (ZHRARESY
RO T, HINTH5KENOROEBEEMEE LT
(Kathiravan et al. 2009) .

(4) T3

FIROAE IR (LB R ZH LT 5728
BRFZ0ADIFELIFEICONT, HEFY 7+ =T R
(version 2.15.1.) THI AT 4 v 7 B EITIR-7=.
BIROFREELSE L, BOFR, BEREN»SO
BB, #R LB EE, i UROASFA TS
L7z, BROFRI"IASMACHDHD, Logt =V 7
B S LT, DK S eT Lalaigi Lz,

logit CEIRDEHE) = fo+ B1XFHRI+ B2 XEREEAHL 1+ (3
XAEF T+ faxXEZHFHT )

ZZT, A Ay By A3 F4lE, ENEN, SN, FR,
PREEIAT, AEEE, AIRORERT

Fiz, FRBFERD LT 14K OWNTIE, FBREIC
B 55 — 2 AT/ o 1=, BIRBAIGEEHE Lic—
AT T VAL, FIREIIT L~z rd 7
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o, Vo rBEELdE Lz, 5%, BREENL, FEE,
3L, FEO DO R DEVHEOR S A -
L7-.

log CSIRE) = o+ FiIXFEF 1+ B2 XEFEFN 1+ FaX
HE [+ XA+ L5 X FHHERT Q)

ZZ7T, B B B3 B3 B4 B33, FhEh, Yf, TR,
BEREENr, AREE, AL ROLRVEEERODRETRT.

FIROFE L FIREIZONT, TNENRIAT (v
YR & — AT T VO & LiZth, BRI
BEICEETABIALEHICOWT, 607 — 2 filta it
B FROFE GERE) (o0, BoRhED -
B DERAR L 7-FH & T BB L BRI DV TR2 MRET
PRBR U7z, RIS, RH O OBFEIAL Z & (e 35, At
FETHED 12, BRELERORVEEEORI L OHEAL
Spearman DJERARRBIREL THEHT L7, S 612, fHLEED
ABERIZESWT, W LEZIRIZREE 725 L O 1230k

(% : 65, 1654, W :54AR) IZXHL, BRI &I
FARE L i b RVEHEED R & L D Spearman DIENFHBIFR
HaRedT-.

3 =g

(1) HIBOFEICFETIER

nYAT 4y 7 EIRGITORER, BBEOFER (p
<0.001) & HBIEDH OEFEAL (p <0.001) IIFBOFHE
GEIRFR) IZHBICEET 2ER ThH oz (K52) . &

FESMALIIMh OB S L DR HAERNEE TR 2 1273,

FRIHFR UFEOA TR & L3FEHOTNEIUI O W TR R
RHERDZED L (p<0.001) .

6F TR DFARRILB4.0~T60%DEFHICH Y, 2FF300
KOHR UFEDOTINI54.7% Th~7- (FE1) . FEARSRIM
if FERDs DB T4 LBEOFARTRMNTAT% T,  EE O
ST S LEID34T% L 0 b2fFLL EREL, %2 METHE
ZERRDH LN (p<0.001) .

(2) HREICRETIERA
FABBDOFRFHENT2.60~ 341em3 T, HERL726532D
I3 LTem3 Th o7z (F1) . — e L (G
LM) 2k AT OFER, fELUENS O B0 FRlZ, &
LEEOHR D LR bRWVSEEDOR &1, BREICH
BT 2ER TH-o72(p <0001 (F52) . LaL,
TR, MU DOLRFETAr, #UEOARR, L3EHIE%
BEICEST 2ER TR o7z, $HEOR & &5
fif, HHEEOR S LABERIIIFERKZAERDGRED bl

ZEMB (ENTNp<005) , LI EEDT-. #13E
DOF& LIAREOMBIRENT, FHSOBE L3 DI L
7 LFECr=0.723, (p<0.001) , R FEB>HERER L7
LT =0402, (»<0001) L7220 ZNETNHE TH-
7= (X51A,B) . F7z, i LBEOEERE)ROBEE Cr=
0317 (p<0.05) , PHLOMFERTr =0446 (p<0.01) ,
W Cr =0.700 (p<0.001) &720, Wb EEMN
BNz (M52 A B, 0O . ZNOOMTIZEY, #13E
DRI LEIRE L OMICEERIEOMEBENH 5 Z & 2R
T&Ek.

4 EE

LA BV TEVWERRAEL720I2E, EVE
REEN AT LB DEFET 5 Z L NEETHD. /1
~ Y THEFERIZE > TR ZENHDH Z L BT
WHA KFEH2006) , ZIUFo~ Y BEEFEICIOTH
Mk CH 5 (Baltunisetal 2005) . AFFFIZHNTH, =
NOOWENLTHRIND LBV, HFRHEOZRM TR
RIIERR o7,

—%, RS UCEBERBFETIE, B 6 OBFEH
RLHE LA Z D) SEHHBELRERND—DE/R> TN D,
k7 (Tsuga heterophylla Raf) Sang. -Foster et al. 1984) ,
AXvaAT (Metasequoia ghptostrobordes — /|NEJR + I
FH 1966) , 72 bt (Picea mariana Vi) B. S. P -
Tousignant et al. 1995) , 77 &V —%3 (Abies fiaser1
(Pursh) Poir - Rosier et al. 2006) , I T~V )& Dtk

(Larix spp. - Peer and Greenwood 2001) , b /J %

(Chamaecyparis obtusa - B & 1997) T, LRFERHEO
R 00> HEREL U723 LRSS mOBIRE A R 3 L fiE S
NTWD., AR CERERR L L7c s v~V II83F£ATH
D, ZhHOHEITHAMOBHEL Y LA T A XH3h
SUVEHETZ LB 2 HNBD, AT HMORBHE L R
TS OEFEINIIA RIS, & L TINIAYC SRR B 5
LT, B Mo UL EBoR UL » HIsiRE
DR E R o7

7 1Y LISNOSHEERST, B O ORI L 5T
FIRAEN DR B DY, S F SRR EYE ORI
EMEOBNEBICI I b0 EEZ LN TS, HilxE
A B AT T, M NE R L T2 FARAE I O
T LB AR VE L ORENR SN E STODONEIR -
PUFH 1966). & /X TliE, BREMHITHEEZ NS
YU IR TN R STV D (GRS - A0
1981) . Browneetal (1996) 1%, /37 A< (Pinus
banksianaLamb.) (23T, RHEHIE & OB
Ko TR LBEORRREN R 2L Z 2 RHLTWD. &
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£ 52 FROFAMELFREIET 5027 1 v 7 [AlGMT & —fRAGBIEE 7 T XD AT R

(ZA T IHIE S35

WA L TR HHE AEEEPGY
FEIROA F% (F) #** 34533 5 1.865% 1076
SRR D OBRENL (C) *** 40.292 1 2.187x 10710
LA ERE (W) 1.715 1 0.190
7 LEEDOA 3L (B) 1.729 1 0.188
FxC 5.599 5 0.347
Fx W s 20978 5 0.001
Fx B e 24.188 5 1.998 x 107
CxW 0.010 1 0.921
CxB 0.936 1 0.333
WxB 0.058 1 0.810
AR %% (F) 2.269 5 0.811
RHED & ORI (C) 2.035 1 0.154
LB ERE W) 0.039 1 0.843
1 LFEOA 3 B) 0.224 1 0.636
HEOR S (N) ##* 48221 1 3.809% 10712
FxC 4.884 5 0.430
FxW 3.125 5 0.681
FxB 4585 5 0.469
FxN 6.220 5 0.285
CxW 0.569 1 0451
CxB 0.634 1 0426
CxN* 4.890 1 0.027
W x B+ 8.160 1 0.004
W x N* 6.093 1 0014
BxN 1572 1 0.210
*»<0.05; *p<0.01; *** p<0.001
A 10 . B 10 .
rs=0723* * * rs =0.402 * * * *
8 | n=52 . g ¢ n=112 ¢
L * ¢
'R . . *
§ 0 ‘4 [ oo
] . i m‘nl’ $ '3 B .
L x 4 ¢ ¢ s
® . ' ® ¢ RS .
. . M i ¢ ° o, : $
2t i s i . : 2 $ JRIPRE R § $¢
[ ] L 2K 4
;_‘ ¢ s . ¢ * . o 8 * o
0 * * w 0 $ * o !
0 2 4 6 8 10 12 0 2 4 6 8 10 12
#ER (cm) #ER (cm)

RER7)> B OERFEE AN AT L 72,

51 FREEAROFEEDR & & IR OB

#%5<0,01 (Spearman DONERTFERSRED

(A) TRFERHS ORI L0 DER L7480 LAE,  (B) SRAERIS ORI F#57 > IR L 7-4F LIS
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A 10
rs=0.317"*
s ¢ n =55
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- 'S $ 'S °
o $ss
N * o
s 'S ¢ s
2 * $ et o
¢ MRS * $ e
$ . 'S
0 $
0 2 4 6 8 10 12
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B 10 .
rs=0446 * *
8 L n =55 ¢
* .
§ 67 ¢ $
2 3.7
*
® 1 $4;
b4 'S
28, o s s
¢ . L4 .
0 ¢ . -
0 2 4 6 8 10 12
$#ER (cm)
C 10 .
rs=0700% * * o
8 + n=54
'S
P 'S
& 8 s
S
2 1 $o8.
*
'S
2 *e ¢ $
] c3ge o
0 * ¢
0 2 4 6 8 10 12
#$ER (cm)
52 i LBEAEENOHIEDRE I LIIREDOH
BEBER

R BB A B COREIRI T T L7z, (DR s, (B) HPfr
DR, (C) E\ R
*p<0.05, **p<001, **p<001 (Spearman®DIENFHARIIREL) .

512, Tousignant et al. (1995) 1%, BHEDENLIZ L > T
TR OB R BE N R D Z L B L TR0, i
ob BRI IR AR, TR IR SRR T N & L
TW5. avvy~x (Sdadopitys verticillata(Thunb.)  Sieb.
et Zuce. )TiE, JEERE S 7-EREERME) D5 DD i LI
FEIRBENEE D, UMY AR L TA
DONRERIETZ EMRBEEN TS (Yates et al. 2006) .

ARFEZFRBNT, B LI E T HEER L -#F LT
FARBIN K E < BAe o BEIFA LTI, Zu~
YV THRIREONEC L > TRERERE SRR EE O
BNRRRY, EENRBRENR D ENTIS D, F,
TE DIFERERCTER LIEOE S OIREER AL T Db L
R 51, FIRMEICHET 5 2 b OER A7 LT
WS BN DN, AFROFERNG, SFEEDI n<
BRIV TIE, BIE FE 5 OB BIREL mH 572
DICHERTHDHZ LAvRENTZ. Lo, Browne et al

(1996) 1%, N7 A=Y DX E S E 7O A -
T4 LA T, e T LEEDRIRRITLT LS
O UFEL Y @ N2 EERELTWA. sareY
IZBWTY, &0 B\ RS 2{f o COREERERD
HThHbD.

BHERRZRHR UASEIRIZLE, Y7204 X LEEZ A
HZENEFE LIS TS (Kathiravan et al. 2009) . K
e (2006) 1, 7 EYO/INA ROWELEE (EERERE
39cm, FHHEIERSSMmM) 1L, HYA X (FHREE
70cm, ‘FHEIELR4IMm) KA X CEHRHEE
12.3cm, PEHESHERRT.6mm) OfF LAEL D HEl FiRsR
TholeZ L EWEL VD, ARBRTIE, bemEDfL
FEDEBENFIBIE 2 DB PE L2, HLEOA
BEEIIFIREOL 72 HTFIREIZ BB L T iho T,
KEH (20060 OWEIIE, #H LEOARERISFHINT
WRWDT, AR AAE R & OBIXIEMIZIZT
X720, LinL, fLEORS EEMOBERNLHET LT,
ARFZE L 0 BRI OB RO LEZ - T D &
EBZHND. ZOX I IEOHEROEWNIEELTND
LiEgE N

1 LEED b DA IFFREDHEIT OV TR EIZ2OOHE
ML (HIR 2003, Fex RS 2004) , ATFFETIE, TR
RORBENOLFHOMBIRD LT, 7r~vVIick
WCTAIEORREIIFMBICHE LN W) BIF (2003)
DFREREZFFTH LD TH-T-.

Rosier et al. (2006) 1%, X—Y =7 < (Pnus
virginiana Mill) ~C, $§ LAHTREO LFEO—kEHEFEDO R
SUIFREERIR LIARORESICER T 2 & 2 R LT
FRTF - KL (1972 1F, =& ZFWEBMEOTYH, FRLT
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72 OFF LBETIZHEEMEO 2N 2 & &Rl L TV 5.
ZHBOHMBIZINZ T, AFRTIE, 7R~ BT
VR 2RI L72355120E, 00 BUD BFo i b R\VOEHEED
FXPRIBELHEBET 2 Z L EHALMNI L. ZORERIE,
HEEOERIL, BYEY L THLRBEEZTHITX 2
NIEEIETHDH Z 2R L TWD, ZIUCHE-SE, @yl
BRI LFEOHR  BL ) O A 55 Z L SATRE L 720,
FIREOBRAULET L LN TED.

PbED X HITKRETIE, 7 o<V BN SO LR
IZBWWT, FARVEICRES 5 IR L UBHEEOR R & 517
BEOBUSERALINC LTz, 7 v~ Off UAHIGE TR
EINTVER, ZHORRIE, FERNRS n~ Y Off
LAREHAFEIZRESEBRTE 5 EE2 L.
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FHVIE

HIRE LT Y M BIR O EDF N TN LT, YT
B SpROtE 2= B 701013, Bt o< Offix
B CThHD. FDlsd, AL T~ > MR
DRI AFEFTIEOBRREIT, TORERE O
R F S HOEICOWT, &Y £LOH0%
X6- 1R LTz,

BIUED 7 m=yRe7 I~ Vi, < UMRBROME
THEZFRSTERE AL, —RIFE Tl
DT — &~y OSEMB ORERE 7= 1T EGFR & R
FHLL L, ZURRE TIX6EMIR ORI E T2 ZAEFEN
T DE0%LL L WD FETEE IO D (FH
1997) . ZAUTEHREL, SfEE L TRESN/Z r—2T
Rk & 25 B B S O AR OB T —RE T <,
FRIZE - TRRY, TOBRIMEIREILE < OEINTBIT
DEBEFEROFEIC L VIS T D LN HIXARERL
SR RS E S e 1999 ; LA 2003) . ZOORHfi:
R L 720 T D 7 B— 2D OOIGIHESRE 271 LT
WEB D TR, 71— OBRFIHMEREIC b ZERRH
D, ENOOMEEL L OEHEOESICHEORH D Z &
ST RESNS. AFETHEE, <Y /P14 TF oy
B DY o~ ORI E D BT, MO
XEFM U, 7 a—r EEEFRE & ORI
O SITIEOHBENED BILD Z &0 D, ZIUuLEsn
RHETHD EEZ LI

Z ORHRE LSV OB A FRIE & L COBHA S OB
DA ATRETHAUT, M COEEIATA O B E R R
AL TE D72, ABFFETIE, FRROHPE & 28 DI
Ptk E ORRERET LTz, T OREE, oS ST
Ry N EFE SRR COBTARORFEICE D AE L FHE L
TS, EHICOBRRRIEIC L DRI e ER0, U
INHEX ARSI R RS s (1999) 1Z X 234X
R ETIMEREE & I3ARREANRD Dian o 7. ZORERA
5, MBOBHMEL Y b~ /A F v OBHE) - 1
Bt T ET 5 B BT DS, T ORI L
TWBZ e SN, £, ~Y /P Fa vl
Pk m=y OEE, kDO OMIIRIEOREIZ Lo
TAT ) W i RO AR LT L 25, 7 r~ Vil
DA OITW] & 72 DIERFEOREN RO L. FokiT~
VI PA B TFa VI LAMENTRETH Y, ko
A=V EMEFRIETIRA D Z LR TH -2 L,
Y YA T 2 Uk BRERROBIINS A A e B

RS

R E = AFHIRTIHE LN TR ST, R ElEC
X2~y )P AT o TEHEOHEIIREECH -T2,
FRA OISR I, 7 v~ OFEZEE L B
DRFEIZE D B & OHERABIRSS, B F 2 v oiiFEIZ X
DIFIRNDFEA E VI BT A A SO0, MR
EHRIC RS S e H OB AT 2 Z LT e e
Sfc. BHEREICBT D OREFRITE HET LD,
Y WA T 2 v OBE) - $55E A BLE T D H U
T D70, MEOEHIMRHL CH 28 ORI 2 7HE 3
B0iE, O=Y ) YA 2 oF o TGO 25,
OB ZIE, REPFEEMA L, HEsOEIEsR S
DRI TR T B OMEES2BECh 5 (K6-1) .
£77, BERECOFMICE LTS, BT ES < #Es
FENPRHIFTRE & 70 HHFEGATFOMRAN, S5, NELE
ZHiL5.
LIPS RE T 5720103, vV / Pat
UF 2 U ORBERCEEE A PR D ARk & —E LA Lo
YA APMBELEEZ LTS (IUHE 2006) . ABFET
I, 28E GAEE) WORETIZH S5, wEs T
T D L OfERED L. =Y A B F 2D
HHARN C D43 & BEFRIIIRIR ) D FAEIC AR R Cd H 3
(FKEE 2006) , EEAKEIWVE TIIErF 2 y0H#ic
REA L, ORI~ VHBOBENKGIC L > T, =Y
J WA T 2 U OREEFCHFE I S D 2 &3S
na. FERRIC, Bl (8E) oLRFICE bRy, v
AT 2 U OBE) L BFEASIH SN AFRBE ST
W5 (EBHG 2007) . AFEORERS Z 0 L5 ZREHIC
XoboriRsnk

—7, SO, SO OBNRS L K
JBRIIEE OREES MY, ZhUC k> Ty 1k
CF 2 T OEESFIEND Z LR EORERDHS (1D
2006 ; )10 - H 2010) . ZhH0@ENLIE, AR
B LI W IEFMESEE D L TREND S, B
5 (2007) OMETIE, 2~8F4E (M1~2F4) ora~
Y8FRIZEBNT, BN D IRNF R TR MEM)
RO SN TR, £z, Wi, \hEs o<y ob%x
RREOLIBT, B2 NE ERRRIME &5 Hil
LD Fear kb 2002) . Z0LHI, VEOFEREM
W ZAVE TOHE T, B & IREIEE & ORIRIH 5
DATTE TR, AR CIIFERE A 161 LT
SERMIC DI M AT 7. OSSR, 26EAE (HIE
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) ORI IRTIE & I3BHR L7222 E BB B MNE
7pole. LinL, =Y OEPUHEIIAEBTEMIC L > T8k
LHlWomEsERHS (BH 2007) . 0L, < VHRE
JROBERCAR L Q@i #okEiho7zb,
TN TRIEOENMERSEWEIS E DTN EELH Y

(M5 1984 ; W8 1987) , ZAUTIRERIRHE) T
PRIZBAS L CND 2 E MR LTS, LEER->T, 71
TVNIZBNT, v A T o TR~ O
DEFAZONT, ZEORMKBEHLNTT 272121, #
YA R BT D RS & RO BIR 2 iR 9~ 5 &
TRH 5.

BERERMRIEIC K DIERPUES OAFEICR W T, BEERETO
BERICET HHEREFHALNCT H Z &1L, AEEDR
FEXD ECEETHD. ARG CIEIEAY (HFEE
W) ZEFEREZIT > TVD0, ABFFRICEY, TR
TORERICBESTHERE LT, BESMERET), K
R, HE, WRICEOAERNPHS N o7, BERERET
EHTITH 720, ZhbHo ) HRIRSCEKE L W o7 8REE
TRAE NABIZa Y br—V 35 2 LiIdRETHY, Fio
BTSRRI A BRI E AT ISR A3 033 5.
LL, FRINCHEZBRL, T A XOKREWE DB
BNCHERET A 2 &1, B CE CISHSTRETH 5. #Hi
WRoOAFESS I, ItHEERERERE 2T~ OQREL T
WoTNBT2, FRBNTER L TWRNWBLRTIZ®H 203,
INEFRINEIRL, BEROHWFREEIAIHHE
REICHWS Z & TIPS OAE 2 ) D 2 &S TTHE
b, F, HESORITRIIZEREOKZAEFERI DS
NS T2DT, FREXFL TORWBUROEETH,
REWVE BN L CHEMERETIUL, 2ROm E23HIRE
TE5. LLans, HEEREICKT ORI,
AT L7 20004120, i bR @5 23R RE TR
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N LY ) WA BT 2 vk bR m o T fE A
BRL, HOBEREEHDLZLENROLNAD (K61) .
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TWAD, 7a Y IMAREZ B2 6Tl &
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UL, FAES~OBREREIC L DIPTSR, ~Y
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EHAOBRRIC GRS LT = Eh, TR TOREEARE
FHEDHIETE B H D TR, 18 LB 51X —fxfE
HAEEEPIRVHT Z N TE, BEIFEBIISZDTD
Wb, EPUESEAR IO CHEEL QO BERH D, A
WFZeClE, FUARDIBIBRICEDAERE LT, FRBX
ORHSHSTED D OBFESIALZ A DN L, SBIC, FEiRE

LEHIED DOV EEDOR SICIEOHBNRH 5 = & & fiFH
L7z, ZhbDZ Ehd, BHERE COREREEmD LT
EEFRRIZ, EPEERNORBEENNETHY, IR
BOBWFERE D OERET 5 Z & TEENEZED D Z &N
AffEE 72, KD (2009) (X, FARER33.7%ERiHEL L
T, FAENIY BEKa R N ERHIEUARNAEETRERR
LTWA. ENLLEORIRRENE LN HF R % HAVIUL,
X VK= A N COWMPUEE URE OAEENFIREL 70 b. F
72, BPREERATI LA TER D BB A 52 1 70\ IRSTR 7R BEK C
HDZENHLNI o772, FREEETDHZ E7<
TEAE AT 5 2 L T, HIRREBUETED.
EBIT, FREOSHO-FEEOR X 28852 LT, 3
REEHERTE D LW P RMENMF LN 20, @Y
PRI AR U748 LB A48 LIRD DO » b~
THZENEREL Y, HOABNUESN, RkiE
HERNEEDZ LN END. £ O~V EBBEOSRE,
BRI DR ORI R £ D EBIRMEME T35 2 &3
BTS2 F T - kil 1972 ; Browne et al. 1996 ;
Peer and Greenwood 2001) , 7 1=~Y(ZR\ T bRl
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DERICKRELBETEEbDEEZOND. 51T, 1§
UARE O R AR 5728, OFRIEEL D AR
%, @ TFEkEOFA 2Rt S8 BRSO TR ED
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85,8504/ DI E DER TR TITEE IS Z L7
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TEZAT O ORI PRREAESRZ L > TH O A R38R
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HOIIEERMRNOT, BEREN»SBRANT 25, &
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Summary

Studies on efficient production technique of Pinus thunbergii seedlings to Bursaphelenchus
xylophilus.

Tetsuji Hakamata
1. Background and aims

Pine wilt is one of the most serious tree diseases in Japan. It is caused by the pine wood nematode [PWN; Buzrsaphelenchus
xylophilus (Steiner et Buhrer) Nickle], which is vectored by the Japanese pine sawyer Monochamus alternatus Hope. Following
infection by PWN, tissue degeneration and physiological breakdown occur in pine trees, causing dysfunction in water conduction,
which results in wilting and death of trees. While felling of damaged trees, use of insecticides, and trunk injection of nematicides
have been attempted as countermeasures, a breeding project on resistance to PWN has also been adopted as a means of reducing
environmental impacts associated with the control of PWN. As part of the project, seedlings and grafts were propagated from
surviving pine trees selected from seriously damaged forest stands, and resistant clones were selected for primary and secondary
inoculation with PWN, from species highly susceptible to PWN, such as the Japanese black pine (Pimus thunbergii Parl) and
Japanese red pine (P, densiflora Sieb. et Zucc.).

Resistant clones have been planted in seed production orchards for the production of open pollinated seeds. For ongoing
commercial production, as seedlings of half sib families derived from these orchards are not reliably resistant, seedlings showing no
post-PWN inoculation symptoms were selected as ‘resistant’ and used to replant disease-affected areas. As pine wilt continues to
affect Japanese forests, Japanese black pine seedlings are required for coastal forest restoration. Additionally, the demand for
resistant seedlings has increased following a large earthquake in Eastern Japan. This background gives context to the need for
new resistant varieties of P. thunbergriand improved production methods for affordable, resistant seedlings.

PWN inoculation trial makes resistant seedling production expensive, and the development of new varieties requires 7—8 years,
highlighting the need for improved production efficiency and inoculation outcomes. While production costs are mitigated if strong
resistance increases survival rates and improves productivity, approaches obviating the need for inoculation are also needed. These
approaches are needed to bring down the price of seedlings.

To save on labor costs, it was attempted to predict whole seedling resistance on the basis of tissue resistance of branch pieces. To
increase the survival rates of seedlings inoculated with PWN, morphological features of seedlings correlating with resistance were
also investigated. In addition, this study attempted to boost efficiency of propagation from cuttings.

2. Resistance of tissue, clonal mother trees and seedlings in Japanese black pine

It has been reported that resistance in trees may be reappeared to materials derived from branch cuttings or bark segments at
the interspecific level. While xylem parenchyma cells become necrotic in proximity to inoculation sites in susceptible pine species,
few necroses are observed in resistant ones. However, while some resistant trees may be evident even in susceptible Japanese
black and red pines, relationships between tissue and whole seedlings in terms of their resistance are not clear at the intraspecific
level. If relationships between respective resistances for tissue and whole seedlings could be clarified for Japanese black pine, as
they have been done for interspecific level, then inoculation trials could potentially be omitted. Tissue degeneration among clones or
families inoculated with PWN was examined using a browning estimation index, and the relation between these damage ratings
and whole seedling resistance was explored.

The relationship between tissue degeneration and death of potted 3-year-old seedlings of Japanese black pine, from six families with different resistances,
and inoculated with PWN, was investigated. PWN-inoculated tissues eventually browned completely, and no seedlings were fully resistant to PWN at the
tissue level. However, time taken to reach full browning of the branch pieces was significantly correlated with the number of days to seedling death under
rigid conditions. As inoculated seedlings that showed less browning tended to live longer, tissue degeneration to PWN might be related to whole-plant res
istance to some extent.
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The time taken to reach full browning in branch pieces inoculated with PWN significantly differed among the 15 clones
examined in this study, and was considered to be a property of the clone. The time required for full browning of branch pieces
obtained from the clonal mother trees significantly correlated with that for the seedlings of these trees; therefore, the clonal
mother trees susceptibility to degeneration was thought to be inherited by their seedlings. However, neither the time required
for the full browning of branch pieces from mother trees nor that for their seedlings correlated with the survival rate of
resistance of seedlings inoculated with PWN in the nursery. This suggests that the time required for tissue degeneration may
not be an important factor influencing the eventual resistance of a whole tree. Consequently, it is inferred that seedling
resistance is derived from whole-plant resistance, which inhibits migration and propagation of PWN, rather than tissue level

resistance.

3. Use of weak photon emission as an index of tissue resistance in the Japanese black pine

Degeneration and necrosis of epithelium or parenchyma cells on the PWN infection site occurs in Japanese black and red
pine. It has been suggested that these qualitative and quantitative histological reactions affect symptom development in whole
seedlings. Therefore, in predicting resistance, it is important to accurately characterize histological reaction in tissues infected
with PWN. To estimate this degeneration and necrosis, various methods have been adopted. For example, lipid peroxidation,
electrolyte leakage, macro- and micro-scope observation of tissue or cells stained by a reagent has been available. However, as
these methods only partially estimate the resistance of tissue, new indices are needed.

Weak photon emission is a candidate in this regard, as weak photon emissions intensively reflect the physiological status of
Living organisms, and plant defense reactions induced by elicitor substances such as filamentous fungi, are related to emission.
Weak photon emission from PWN-infected pine species has not been explored. However, if tissue resistance is accurately
reflected in weak photon emissions, then this technique may be useful as a simple index of resistance to PWN, which overcomes
the need for special reagents and is effective at low levels of tissue damage. For this reason, weak photon emissions for Japanese
black pine inoculated with PWN was characterized.

The first peak of photon emission from branch piece appeared within 30 min after inoculation with PWN, and the second
peak was observed approximately 70 hr after inoculation. The first photon emission lasted for 1 hr, but the second emission
lasted over 100 hr. Branch pieces succumbed to full browning 10 days after inoculation. Photon emission strengths rose in
twofold number of PWN inoculation. Loblolly pine, a resistant plant to PWN, emitted photons approximately 19 hr after
inoculation and more weakly than for Japanese black pine. However, photon emissions from the inoculated, but non-hosting
Japanese cedar did not increase. These results suggest that the first and second peaks were related to substance(s) originating
from the nematodes and from cell damage caused by nematodes, respectively.

These are the first reports of weak photon emission from Japanese black pine. However, as photon emission pattern was not
obtained to indicate defense reaction of black pine tissue in the present stage. More work is required to refine an index of
resistance to PWN.

4. Relationships between morphological character and seedling resistance

Japanese black pine seedlings resistant to PWN are routinely produced in field inoculation trials. However, culturing PWN is
difficult, and, on average, approximately 50% of black pine seedlings derived from seed orchards die after inoculation. In
addition, labor costs for this intensive summer work makes seedling production expensive. Therefore, it is necessary to lower the
costs of producing resistant seedlings. While family and environmental conditions are known to affect post-inoculation survival,
seedling morphological features are potential predictors of resistance, meriting further study. For this reason, correlations
between morphological factors (such as height, stem diameter at ground level, and number of branches on seedlings) and
disease resistance were examined with 16 families for three years, in order to improve the production efficiency of 1-year-old
seedlings for inoculation.

Family relatedness and environmental conditions strongly affected seedling resistance, according to logistic regression
analysis. Although branch number was unrelated to survival, height and stem diameter at ground level correlated significantly
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with disease resistance in PWN-inoculated seedlings. Since height did not interact with any other factor, it was concluded that the
height of 1-year-old Japanese black pine seedlings was independently correlated with PWN resistance. Thus, field inoculation
trials should use tall seedlings for enhanced survival rates.

5. Factors related to rooting ability of cuttings

Some researches suggest that resistance intensity of seedlings is not stable. Percentages of symptomless seedlings in inoculation
trials fluctuate due to varying environmental conditions. As culturing technique of PWN is also needed, only skilled grower can
product symptomless resistant seedlings inoculated with PWN. An approach which avoids these problems is to propagate
resistant trees from cuttings obtained from healthy seedlings that have been inoculated with PWN. Although rooting rates are
generally low in cuttings of Japanese black pine, the cuttings obtained from certain stock plants have exhibited high rooting rates.
Further, the rooted cuttings taken from resistant, PWN-inoculated seedlings demonstrate high survivorship following their own
PWN inoculations, suggesting that re-inoculation to confirm the resistance of rooted cuttings is not required. The production of
resistant, rooted cuttings has been estimated to be less expensive than other methods of propagation, and its application in
Japanese black pine propagation is expected to increase.

To achieve successful establishment of Japanese black pine cuttings, high rooting ability is necessary, because genetic potential
and the other features are strongly associated with rooting responses. While rooting ability varies with variety, the roles played by
physiological status and morphological features (such as crown position of stock plants from which cuttings were taken, weight and
number of winter buds of cuttings) have not been revealed. Additionally, although needles from new shoots do not emerge before
rooting of pine tree cuttings takes place, regardless of the elongation of the new shoots, the relation between root volume and needle
growth remains unclear. The relationship between morphology and rooting was investigated, and the variety of cutting stock and
the crown position of stock plants from which cuttings were taken were markedly associated with rooting were found.

The rooting percentage was markedly higher for cuttings taken from the lower crown than for those from the upper crown, as is
the case for other coniferous tree species. The crown position did not interact with any other factor, and substantially and
independently associated with rooting. Fresh weight and number of winter buds did not correspond with rooting performance. The
length of the longest needle just before excavation of rooted cuttings correlated with the root volume of cuttings and also interacted
with the crown position and fresh weight of cuttings. Further analysis confirmed a significant correlation between the length of the
longest needle and root volume, suggesting that needle growth is a good predictor of this attribute. These findings may contribute
to improved propagation of Japanese black pine cuttings.

6. Anticipation and challenges of resistant seedling production for the future

If resistance to PWN could be identified at the tissue level for Japanese black pine, the production efficiency of resistant seedlings
may show improvement. This study characterized tissue degeneration as a predictor of longevity for post-inoculation seedlings and
weak photon emission characteristics for Japanese black pine tissue damaged by PWN. However, this study was unable to
characterize whole seedling resistance on the basis of tissue resistance and/or weak photon emission. It may be necessary to
develop techniques for estimating tissue resistance, which also predict whole seedling resistance, and to further investigate weak
photon emission signatures as indices of resistance to PWN.

It was also characterized the predictive usefulness of seedling size as an indicator of post-inoculation resistance and established a
robust correlation between crown position of stock plants used for cuttings and rooting success. Bypassing small size seedling
inoculation trials may reduce labor costs for production by 78%. While the production of resistant seedlings may temporarily
decrease, the retention of 20% of existing, healthy post-inoculation seedlings as stock plants will provide a basis for building stocks.
After five years, the number of resistant seedlings and rooted cuttings available will increase as cuttings taken from the lower parts
of the crowns become available.

As these efficiencies reduce prices and deliver resistant trees, supplies will be made available for coastal forest and tide wall
restoration. The development of high-resistance and better rooting new varieties, improvements in inoculation techniques, and
improved lower crown pruning of stock plants for cuttings are all needed to support £, thunbergiiproduction in the context of Pine
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wilt.resistant seedlings may show improvement. This study characterized tissue degeneration as a predictor of longevity for post-
inoculation seedlings and weak photon emission characteristics for Japanese black pine tissue damaged by PWN. However, this
study was unable to characterize whole seedling resistance on the basis of tissue resistance and/or weak photon emission. It may
be necessary to develop techniques for estimating tissue resistance, which also predict whole seedling resistance, and to further
investigate weak photon emission signatures as indices of resistance to PWN.

It was also characterized the predictive usefulness of seedling size as an indicator of post-inoculation resistance and established
a robust correlation between crown position of stock plants used for cuttings and rooting success. Bypassing small size seedling
inoculation trials may reduce labor costs for production by 78%. While the production of resistant seedlings may temporarily
decrease, the retention of 20% of existing, healthy post-inoculation seedlings as stock plants will provide a basis for building
stocks. After five years, the number of resistant seedlings and rooted cuttings available will increase as cuttings taken from the
lower parts of the crowns become available.

As these efficiencies reduce prices and deliver resistant trees, supplies will be made available for coastal forest and tide wall
restoration. The development of high-resistance and better rooting new varieties, improvements in inoculation techniques, and
improved lower crown pruning of stock plants for cuttings are all needed to support 2. thunbergri production in the context of Pine
wilt.
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