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ETIE, DEFREH 6D EBI0~1bemEic#EETIE I W LiZR 3, —H, D¥RNOETORE IZERE
BWEDEELRA V FTH B, WMBEERICEIT 2 2FK2EETHORARIMOMEIZFIG~30cm EdH 2 D
THREHEAR L L CRENZVEEZ SN S,

FAEHREICE T 2HEHROKN ERBOBRICOWTOBRHNT 208035 2, HHEOMBENONEIZ20HE
F CTOMEE TR HEE22. 8cm, 21~30H DR 1325, Tem, 31~40H OAGIHE{1227. 9em, 41~50HD b
DTIF29.6emT, WHED/NDI VLD SIEICHET 2HAED T2 (FH - BARI98T), 72, K~
V(7a=ey (R) xZA4 7y 7A%Y () DEMBIEICE VT FARAHKREPZED ST 3 (FHS1986),
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—77, WILER EAEEORRICO VT, RnERZEOBKBICKRT Z2IVETH S EEA NS I Eh 5,
MR RIETHEPRE L EHHINTL D (BERXAR (B) 52002), FEMOBE T, EFAMOEENERD
B EARDLEHNZEK S FE L Tt H Y, R, ZoHOMEICLI>THShIc NS LE
265,

() T—FIVILE I DEBEREORRER

B CATbN T BEEROMR T, <V BOMBRIUEICNT 2 B, Sylvestrestifiilic|Ed % 7 1
wY, TACY, Vav¥avevidEEE (AHS198]) THY, Ty, NI RATY, Atu—7
Y 7% ¥ AustralesHiifi 18§ 2 FIZICHTME (HHP1973) TH R EWIDBEFH ER-> TS, TNFEFTMEEINT
W3R T =Y B LN X2y OpfEL L OEFIEEEHIZ, H—5 3w IEBOOERS 0 — s pEELR
Z PR E L BUERRIC L 2 b D%,

F = VARG ST 5 ETORERE L L T0ws 2 Lo ZoBOBNERIZOWLTHEN,

1) #HEE L UTE

MEEMEHIE- 510§ & ) ICRAEM BB IEA R 102HIE O Mtln4b 84 (1979 41F) O F —F < Yy
DOFD G, LRICERTZ5ADORMZEEL, RELTHERLA2HEERTH S, BEIXI982E T JIHET
AV L —FBEZEHAR LAY D 1 HHE, JREREICLDITo%, BEM%0HBofe®, LFEFEL2HAL .

K—L5F— oY DRRBER
ISTEIEEN HEH () EBeX (%) E£FE (%)

No. 1 94 22.3 50. 0
No. 2 96 25.0 44.8
No. 3 95 25.3 41.1
No. 4 93 30.1 59.1
No. 5 95 15.8 43.2

B 473 23.7 47.6

2) BEREER

KA DEEHE L OEFKE LR 5ITR L7, FFRROMEHKIL5.8~30. 1% DHH T, 55 FDFH
23.7%, LHEHIF4]. 1~59. 1% OHIFAT, ZDVI347. 6 % L7420, @K, FEREORIMTEOIRD 5
Nz, 7Y OEFEORNESIL, BEARS (1981a) M7 LEHR 7 — 7~y OBEEEBRTLRD SN T
Bh, BELVOEFIERSHT LOEENTRZVEEZ NS, EHMEBEEETIE, 7—F <Y st
MO REE SNT 12570, Z2DIMHMEIGEISIICE -TH 2 Z EEE L L, %l 5 KORMHEDOHE
2EFEWEHFRAL THe b 1,

—
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FEIf BEEREFAOMBRRZIVL—bORE

EFHERE TR, MBRROBEIOZEMICHO AL T 2 ERRETH D, BFERDRL 2% Ok
BT 5 EEEND, ZOK, BEAOEFERE I 2 BN (MER) ORETH L. BE TR
R7 AV L= FEBDHENIMAT, <V HOBEFECREREOE BEMICBE LS L Tw5,

AT, (1) BR7A YL — L OREHDOER, (2) 7h=v, 70 viroirL iR RORE I OE
VW, 3) BEEMREROBETA Y L—FEBEOEE L ZOHE, (4) BR74 VL —BEOWEIOZEA,
(5) MHBDORBEFE/E, ICOWTHEIL, EHAMEEEFEICHVIHET A VL — b 0L L KHiEFED
117> & MERR ORI DV TEEL 7,

AT, MR BEEN B BEED, Lwv ) HEERHGTW 508, REERSHYIER 2R T
PR IR (pathogenicity) &FRIZILTV 3, JREEEIIEES (agressiveness) &I (virulence) 1247
4 (Gaumann 1950), BIFIREBBRAL, EE T2 ETIKHEETIRNZIL, BEIEFLRHI L 21
hEIntwz, £, MHEDERICOOT, WEMHL 13D 2 FMF T CREMYICEFLZFETT 58 /I1TH-> T,
EZ ooy Eo Mo Th b, HET & IXEL DR - otk EORIEHEOREE R T OB —RNT
HBHEINT WD (KNI9T8), R T, ZOERICHE- T, MR WREEH) 2EBEREICE T2 THiE
A TR L 7.
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N 50,

HAFICEB I 2MBROWIEHOEL R LIRS 2 7 DIIZ, [AHE RIS & FRE XM ORE I % HE
THREYH 5, AEBTIZ, KRELSB|EREF COMBTREINA2374 VL —FIZDWT, Zaey
NS BHEENOEREZFEL %,
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722374V L—+F (k=) ¥4 &F a7 Bursaphelenchus mucronatus &) TH 3, #HEHMEH,
Wt 7 v — VERTO 7 v VR OIRGEF THR L AFE 2 FEHETH B, FEBRIFIITOHET HIZETA Y
L— b4 b 1 REOARZ B E LT3 RIETIT, H#/IE, &74 YL — 2R 1 ARY7% 05,0008, ke
FECITo 7, $/, FBRZHED @M T, WEINETHORBEOMBEIMAFE 2R LI 05, B
TACHIRIE P THREL 721274 Y L— P ESMNTFHERTREL 723 74V L— P 2L, W& DR % Hilg
MU 7o, BERERUEIZ19804F 7 TS UMK B S & ARSERABIE NS (DU, JWNS35 5 BIMTBOE AR
MIRETTEATTLNIZET) @ 2 AT TiT e, SRR EREISIZHIAR 1 A4 72 D5, 00088, Su=4551210, 00088 % FI KL
BRI k> T L 7,
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o] EARDEE (%)
&= isolata B R il -

&S i 2 3
1 6 X, KRE 93 81 86 86. 7
2 S6-1 T, KE 100 100 92 97.3
3 14 FE —ET 9 4 4 5.7
4 14-5 ¥ —E 7 7 41 18.3
5 25-3 R, = 89 89 100 92.7
6 79 Aalll, #B% 79 91 96 88.7
7 43 B, & 7 4 7 6.0
8 45 BE, &5 4 4 0 2.7
9 35 BiR, JTF 92 75 81 82.7
10 48 &I, | 0 0 0 0.0
11 46-1 =, AiF 23 13 20 18.7
12 102 RiE, #HE 68 82 83 71.7
13 103 BB BE 74 52 52 59.3
14 52 RiE #HE 42 50 46 46.0
15 80 Rl W5 2] 14 17 17.3
16 56 BEA, AR - 54 - 54.0
17 68 REAR, At 80 64 62 68. 7
18 69 X9, B 17 35 20 24.0
19 63 =i, ) 8 38 32 26.0
20 101 =R ST 43 68 42 51.0
21 59 BRS, A 17 14 19 16.7
22 78 BEAE 42 50 68 53.3
23 SP-5% BlE, U0 0 4 0 1.3

23714 L— ¥ 41.6 43.0 44.0 42.9

X ANERUEERETHW AV L—h, kX 1 ZEIWY/HAIEYFaT,
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97. 3% DHEPHT, 2374 VL — L DYIF42.9% (k=Y /) FA v F 29 27 F145.2%) THo 7,
ZDHH, KBMEBAKFTREI NG, S6-1D274Y L —F2RWEFENZR LD LT, No.45 (B
HY - $83%), No.48 (&I - i), =k=v /¥y Fa7 (SP-5) REREHOFEIDLH-K, Tk,
BRT i EEREE Ao THETA VL —FEE (103); BefktrEf8H&HIZI v 273, L
METEX THREL Mot 2 BHICHEWRE 2R L 7.

—77, KPR ETMNTIREL 1574 VL — FOWRIET (BHEER) KO W THEAMEZT Y, M- 3ICHR
2R LT, JWNHAKRERES & WS35 ORIBR ORI I3r=0. 84 & 1 %RETHELMHBREDTED S, B
TE & OCEEELIC X 2BE BRI oL o/, ZMEDBEETA VL — FOFICIIRFE D 2 74
VU= bEEL GO, FBk10), ZnEFRWA1I37A4 VL — R, BEERROo Lok, Ti
bb, KFETREL HREOBE I, 74V L —FEE (103) RHELALRETHH, gENETho
W3 & FRE I MR PRHCR ORI N2 R $ 2 L3 h o,

PLEDk iz, TNETROWVRENZ LD EENTELFETA VL —FS6-1, B (103) 258w L—7
A2, LpL, DX HIC7A VL —FRTOERBRKE VI Lh 5, HARICE T 2 MR ORE D
BRI DREVEHIS N, FL RENOMABRRT A Y L — P SFET 2 HREDEZ NS,
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EZTIDEBD S, ZOB, HHAT2YHORMKOBIMEORL 2LBORRERAL, EAWCHRT 3
Zrickh, BARICE T AMBRBROBENZELCFHEicE2bDLEZLNS,
(2) 7A=Y, 73 YHSHEHUHBREDBRADEH W

MER RIS 2 B L~V D IS RIS O TR EGR Cad L 7243, BEGUERBITE < IRIR I o sR bt l
THRITINEHEWICRES v, £, BEZMBELZMEI 2 ICBFORFNIOBINTHIIHIE I 2 & T 2KH
BHb, T EIIRER, EWERE L TOEGIME Y BIAHMEICEMK S NGBS, ZRo2RFIEHBRT
AV L=t OHBUT X > THBRBOKEFEEREITEE D, PO TURbitteybIhEgTcoey EHU &) Ak
a8 LbEIZOoNE, THILELIEDS, ThHRY, 7ueYZRNENORTOMBARD S48 L 725
W7 AV L—bORWFEHICOGTHIR L 72, %72, Migd2s, Zasoi S o U CRENIOREREES
HET B 0EDITONT ORI L 7,

1) MRlEHE

BEA L BB 7 A v L — P OREHE X ORI R- TIOR8 L, BRI 7 b ey 8 kD & L
874V L=t ueVI0fE»SHHEL 721074 Y L—F, 87 A VL —+Th 3, EREREMEN,
TARY, 7uVOERE2FEHIKRZTDHY, WRELTTF—¥ Yy DEL 2FEEW 2 M, HEREIZI978
BT HICHEBBT AV L — P47 ) FRFE0ARDOEAREZ W (7 =42V I13104), 1 A% b il ] FEEz# K
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F— 7 BREHM, BEEYLCOBL 2MBRISTFLA VLD
WE (BEF) obiin

isolata » EARDHBER (%)

gy RROREL  HEEE FARY JOXY F—FIYV FE 1
9 Wk, KE FhHIY 86. 1 94.9 90.0 90.6
1 8, s 7/ 67.5  100.0 90.0 84. 4
17 KB BE 7 52.5 87.5 40.0 66. 7
13 &8, DERE 7 25.0 71.5 80.0 b4. 4
10 £E8, AEK v 30.0 52.5 80.0 456
4 =, HAR 7 27.5 52.5 40. 0 40.0
2 R Fi / 7.5 50.0 10.0 26.7
3 K HHE 7 12.5 40.0 30.0 26.7
FHARYDBEES 71V L—hDF 38.6 69. 4 57.5 54. 4
20 BRE, EF oy 85.0 92.5 20.0 81.1
15 BRES, W / 50.0 87.2 40.0 65.2
7 fRAX, HHA /" 35.9 82.5 80.0 61.8
12 &, CH#FF 7 51.3 65.0 70.0 59.6
16 =i, B/ Vi 30.0 90.0 30.0 56.7
5 X5, K& / 45.0 65.0 0 48.9
18 B SR / 30.0 59.0 80.0 48.3
19 BER, &5 7 25.0 74. 4 40.0 48.3
11 8, B Vi 15.0 22.5 66. 7 23.6
14 = =) Vi 2.5 23.1 10. 0 12.4
ZOYREERIOP Y L— M DFY 37.0 66. 1 43.7 50.6
2 %N 31.7 h8. 7 49. 8 52.3

2) BREER

EHOOHHICB I 2874 VL — M, WHENOMEEZR- TIoR L, 7AYo n# L7874 Y
L— MR 2 {BEOMERIE, 7A9v38.6%, 70w v69.4%, 7—F=Vi7.5% %R L, F¥HIi54.4%
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THolz, 7A2VIHR, THARYDPOTHLITA VL7 A2y, 7ae it L TEeiliiERz
RLED, W7 AV L — FHEOFEMERICHEEZ RO Shnh o, SEEEN 71 YL —tDT7h =y,
7 a2 2 NEROMBEBRZ K- 4108 L7, Ml OMEREICIZr=0.828 1 %/KkAETHBELHBIR
BhBRoon, FRME7A4VL—FOWRENE 20O R 5HEL 2 BHE L O HEEMIE R, BEOEIEC L -
THHRESEA S Nz, 72, MRS BRI L CRERIORRE 2 BT 274 v L — M
oz,

FTAXYATOWMEICE B E, "L L7 7— (Abies balsamea Mill.) B X UL ¥ ) —H = (P. resinosar
Ait. ) ZRERIICINET 2 74 Y L — b3S T 5 (Wingfield et al. 1983), HFIEFEEETIEIT A=Y,
ra=y, HE=YLEDEEL DRV BBRES N, Z05 OB, BENICELZ > HRFIEE2 o0
- PRAFATHEINTED, META YL — PRS2 OISR 2 ERWIONET 3 & TIUIBUER RO
EEMEICEANREELKIFT I EICh b, AFBRTIIZO L) REAIZR S k> 7208, MEREROBEE 1255
BEL 2 BEOEIIME L Fo L BRPEVESVLENLZLETLH D, EHEOTHICO D% 30EE LTS
BOBHIERBOBRELHAEREEEZ SN 5,

(3) BEEREAOHMBRETZIVL—k TBRI OFEERED

Bt 7 A4 VL — FEOKFEHDOERIZ OV TSR 7223, I EEEE CIOEENIC SRR A R
HIRIC B W CHRERGE S 5, BRI N BROIES ML NV 2 2 5 2 57013 LlEDRR 74V L — b2
V2 0E» S 5,

BREBEICHOIRET AV L= LT, OLELRENERET S 2L, OWEAPIEERZE, O
MRBERIC K> TURBENDBMET LAV L, OBEBEREO 2V 2 EPERI NS, AEH TR HOMHR
TAYVL—FDEEETHT,

1) MBERE

F- SICHUENE, BUEBREE, HiIRKOMEH, MRTA VL —FOREHICOWTRL 7,
ME7A4 VL= &, JU (BEA), BV (R, WE (GF) OFE@SToiL7-ME7 A4 YL —todh
SHMOHEENDI8TA VL —F (FBEEH6 74 YLV —F) #FE LT, MBROBEHOEIGETH>Y, 7
oY OERLELTHB L UVEER 2 FERICATERL, Zo#ERE XOMBEICE > CHMii L 72, ERHERE
BRBEESGDON I RE, S Ty A, BHO I EFTIRY, FRETA Y L— P4k 8 ~I2K0 D EKH,
36~50ARDHEEH & v 7z, ANLERITHIAR 1 R4 0 | % BRI, 72, #EAT7A Y
L — F OB DOFE I 1L, WE I emD > v — VICBSEERE L (MEERERE M SOGENIF R =1974) (K
100mlH @ & v 4 £200gDEH, L X $§20~30g, #K20g ; LUFPDARH) THF L 72X F U F R E HI2§I50
DM 2B L, H8E 8 HRBICHRERZHE L 2. &k, FHME7A VL —MIOE5 KD v —L 21l
AL, 2oV EEEL 7,



06— WAT L 5 —BIRES 20 B
F—8 T AV L— OB B & ORI

i E 7 HHY sa%Yy gk A

BoE % B EEAES  ANEES EEEEE @ NEAES  ANEES  ANEES

®E R B HIRE E=—ILN\DX HZRAE L2 EZ—JLI\TR Yr—L1

®A D E S S EARE R > EAE = R Heet= D D

gar oy L_p BEE BR REE R REE bR REE BR REE R iﬁﬁﬁf

%) (%) (%) (%) (%) (%) (%) (%) (%) (%)

el - Nz (FEd) 100 90 64 36 100 100 73 73 100 97 27
Il - BER () 90 70 74 29 100 100 97 97 100 93 43
o - &5 (/) 100 100 97 74 93 93 90 90 100 100 48
LE - #Easl (1) 80 70 68 42 86 86 73 73 100 97 10
b - =% ) 100 100 23 13 100 100 97 97 97 91 44
QL0 - BEZE (/) 60 60 19 10 79 79 93 93 78 44 37
®8 - JWs (mE) 100 100 58 45 100 100 97 93 100 100 15
F=) - Res (/7) 100 100 55 24 93 93 97 93 100 94 32
| - B ) 100 100 38 16 100 100 93 87 100 72 36
BIE - KM () 100 a0 84 44 100 100 100 100 100 94 13
2 - BE (77) 100 100 69 50 100 100 100 97 100 100 18
= - =R (1) 100 100 55 28 100 100 80 63 100 91 37
FIMS6-1 (FRFAFAS) 100 100 61 16 100 100 100 100 100 100 37
k8 - thik () 100 100 88 38 100 100 97 97 100 97 45
‘RIE - BIR () 100 100 63 41 100 93 100 97 97 94 50
REAX - BHH ) 100 90 69 21 100 100 97 93 100 97 28
BEE KN (/) 100 100 19 9 100 100 97 97 97 88 34
BRE-EE (/) 100 100 77 45 100 100 97 93 100 97 49

¥ I —RBESNICOBDERY,
MIRBOETEIZPDAE % T,

EAREDEKR - REEE 2FEH.

2) BREER

HHUEREBI I B 1T 2 BEBRBIA OB T A VL — F ORERFREFR- 81om L, I (WE: yaey) &
LT, #F7ARABEEZ—ANTATOMBENEP 5/, £z, DERE L EEFHOHE TIX, 2ERNT
DRRRBE P07z, ZOEBTIE, BWEHEEESHEM L 2 MAROEE, e, EoEitEEEEE0E
RHE ERITW B 2 e s, BFEEHGOMEL b L2712y OMIBEN100% K TH - 75H, El, FHE

W, Kep, BEOL7A4Y L —F%& 1 XEEL .

PRI QRN X, > v — LM77 D107 ER) ~500 3 (BHF) LB 74 Y L — Mok hRELS B - (-
8), MERROFEE T & WIEIEDOBIRICIE, WEIDOBMAE 7 4V L — MMI ERHEMEE C, 3R EIEE
EHDOH 2 Z EPREIN TS (FFE-ERI986), LHrL, SROEBRTIE, MBEROMKE D & BEHEE o
CHA S A AHBIBAGR IE e b o 7o B8, EEREMUER OMERBR OB I, A TEREIC X 2BEN BEEE) L AT
BT X AWM O #H 2 MATICHINT§ 2 L3 23H 5,

Dbz ehs, BMEREZCHEMTIMBRE LT, BRBRBEGTTRELBE7A4 VL — FBE

DRI 7% & CICHETEME D 2> S I bREICE L TW b L EZ 5N B,
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(4) #RBEF1YL—b+ BRI OKRRADEL

EHMEEEZCHC BT A Y L= EEIE, 197850 6 O HEREHM P, 802 okoigiitk~y
DEERP I HEBRROBHMETHLO 7 0 DEEFEREICHV 6 NTw 5, Lo L, HAERIROHMRE T,
FRRERDERICI D SIRE ORI E 2 Z EMfaRan s, T & IFEFRGE T L 72 WICiEPTE MR
VLTS s 2 LicbDkdd s,

BUPE RIS 2 2 1T > 7 BaxylophilusiZ B\ T, Z OB IME N L 72 HhloRE ST 228 (EE1976),
FREIZ BT, BAREEIC X 2WE S DE T EEN RBRTH 2082 IO TIHS Tl v, 2T
M7 AL — T BEOMAREEEIC X 2WETOZLOE K & BIRERRE (FER) 8T 2REIDEICD
WAL 72,

1) #MEETTR

19784742 519854 D 7 MBS TR D B LMMRBEE SN TE MR 74 v L — F BEZ N ERS 1%
&, WEINDOFHii 2175 7. MBI T A=y, a2y ORBHEREES TRE (FRKRI6AK) OEE2FEENT
HB, HERIZIHET HICHAR 1 KD 7D fRE 1 B2 R BEMIEIC K DT 7,

2) BREER

HREBBIR OMER 2 K- 510p L, BEBIMNMRAE L TELBRBOFOMEBERICIZZ I ERERED
ot £, PENBEERZEEKT 2L, 7TAYHPUE(80.8%), B (72.5%), HJM(71.8%), rua=
v & UIE (90.9%), BAVE(89.9%), JuH(75.8%) DIHE D, AMD 7 a2y TERWEZ R L 7 25k & b 5%
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FAESRARIRR I X 2 RIER OB OEIEFAKTH > 72, £, FHMBREI 7A=Y, 7oy & bHEHRE
HEERICAEEZER O NT, 3HEBENEREL T BROBENICERZEL TuEho T,

PEDZ EoR7A YL —FEBEOFEENCRESEECORVLEEZ SN, TORED 1 DiIckis
74 Y L=t BEOYRIEHABOHEM EOBEEMEETHRIN TV 2 ex3bIFons, £, HiMH o W
ENFHRTAV L —FS6- 11, BIEETHHMOBENZHERLTEY, WERAPEML LI HRET RV
(£-8 :86- 1K),

DX BERTIE, APy OMBEREEZ MR E LT o 2 0ns, ARBRTRIMNS 2 oIk
BUIHOBRRTA VL —FEEREZHHAT2 2 LI3TERL o, S, MR Z2RIRGRE T 2 Bl I 0
NWEMBHROBRDOZENICOWTHORIITESL EEZ oL,

(5) MIRBOKEIBIES E

— IR ORESIL, PDARSHECREER L 720 LT ). ZOHETY v— L 1 #2472 D 1077 ~50/55HD
W TH 5, EAEEFRICB T 2 8B oBFERE IR, BEIFRARICERI NS, £, MR
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foo Eo, ZEEHUTHIEL MR OMREMOMEEEICIE, TAh 2 VRS (FIER9) &7 u< Y iEE (Ji434)
DHEAE RN 2 HEAL 7o, BREIGRE T A Y L— PR (BRI AY7 0 1 T78H) % EZEREEC X DT> 7%,
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B 7= 176785, PDAREHL (46/75H) DO 4 KFOMBHDIEFAT X 7, R TRMRBROSEOBRICET
DEEPBHIETH 5, PDAKGHIYD S DEETIIS v — L oRMEIZTL, k2 AN Ko — Fodtird,
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BEGy ek £FX  AH X 4AFX
(#F (%) (%) F (%) (%)

R (vaxy) #E (FATY)

W oE BV4 x B H HI107 30 867 100.0 30 76.7 9.7
# £ B4 x Br #EFEERI02 45 517 93.3 40 70.0 97.5
i M EJ29 x ¥ H HI07 108 787 80.6 77 92.2 100.0
W A U228 xBr” B 4107 9 100.0 100.0 9 889 1000
W OK ®mIIT x 7 H HI07 15 867 100.0 15 733 86.7
xf§ K 92745 x f57 B 4107 6 100.0 100.0 6 833 100.0
*x# K U5 x FF H H107 18 889 100.0 18 88.9 100.0
*xf EEBEV158Xx 7 B W07 6 100.0 100.0 5 80.0 100.0
1R MR BT 237 77.6  92.4 200 830 930
o B Bl x ¥F¥ B W7 13 846 100.0 11 81.8 100.0
Bo B B x Br wm#EEIRZ 49 327 510 24 66.7 100.0
¥ NIl W39 x /¥ H W07 117 60.7 66.7 75 880 100.0
¥o )l 39 x ¥BF BEHERIZ2 61 164 49.2 23 60.9 100.0
PR MR R T 240 450 60.8 133 78.9 100.0
H EEVHERTH 293 37.5 46.8 103 55.3 89.3
¥o B OB/ 122 19.7 287 27 481 9.3
o Nl 39 4 450 8.4 127 50 30.0 920
B B AR YRR TS 865 19.9 26.5 180 46.1 911

B ERUEESE ORI NIERAR Ok HI—RBESERK).
BT RRERBRRBEEE CRRINL T TV EER,
B . BRERkEEEE BRI NIy OV Y iRl

AEEED & ) ICA—AFICEERZMZ L7256, FEESME (51982, 1983, 1984, 1985) DZ&EBLH 5 &
EZonltfcw, HOREHRRS ARG L7, JOERBROMEMEHIBAT ZHIICAEE T 2 74 <> 13M#
R S ERFE LT L7 2 SRR 2 7. 19804R IS D BtERUE (BRI iR 1 42472 9 5,0008) T4
ER-LHARICN LT, BEREEEEREHC L2035, 19814F (3 44:) ~1984 (6 F4E) Ho b 4, &



150 — AT Y ¥ —BREE % 20 5

P 21T o7, Z 0K 7T FREMEZ PRI L, 199248 (1459:4) [CHOEEL 7.

2) BREER

-3 SWHS A X 51T, 1 HIH OB TIHBAAR L AEEBIH O R MR RO I 231377.6 (51. 7~100)
%, EHFHFIZ92.4 (80.6~100) % TH o7, I OREBBOLHMRRED Z L, %% 45.0 (16.4~84.6)
%, 60.8 (49. 2~100) %% mRL, L X OEFE L LBRERL D ORI/ HBEWETH > 72,
¥ 7, MHOMMARMERROBEEE L CEMFROMEIIZ, BEBAARZMRIZRHLD bE L, ERZEHIC L 25
Ytk oa kAR S, & 2 [MH O EM TR B RZHFRZDEFERITIITIL 1% & A5 TR o7
23, OB MER LD ETRIIRD THE < (98.0%, 100%), 1EHOEEDEEEOE S BEAT SN,
F-361 LHILEE D 135R % JH L 2o MR O EEREEBR O RS R DT, BEREAER, B0 O 2% s X
CEHEREZRL 7,

#—36 SZHILBEISSCR OBAEEMEIC & 3 ER RO EFROHER
EERREY EENREGY ReX £FEX

BEE B B ) %) (%) ®F
1980 2 10, 000 1, 680 30.8 69.9 mEEE
1981 3 10, 000 478 80.8 81.0 HERMRE
1982 4 50, 000 383 95.3 100.0 Vi
1983 5 150, 000 383 20.9 23.2 Vi
1984 6 200, 000 83 75.5 8h.5 /]
1992 14 400, 000 19 73.7 73.7 Vi
£FE 7 B THERE,

1925 OEBHD DR VDE, 198IFDRBURIC & B

19804E 0 1 [l BERE IR 5 0 A FE MR 4012, 1980~ 1982F D BRI EIC B W T H FI VAT EZ R L, L L,
150, 0008F % BeME L 7219834 121d, #FH L WAEFEDE FH5E0 5 iz, 19844E12200, 00088 % B258 L 7- 23 EFED
ETIERD SN s h oz, 8HEHED19924:12400, 0008H % B2FE L 7B DIE2IXT73. 7% TH - 72, 19924£13 7 A =
VTR 0 — VAR BICHBT AR EE R LLERBICH >t b o THERNE - - 0lL, Mt
ko T BB OEMBHEA T LIck3bDEEZ 6N 2, kb, KAEBROD X odikt ()
BT, FHERFECHELZE, e VHoOMBRBICHT 2B NBEEL I ELEISNDD, I I TR
SRR o, LA L, Jebod & 91z, 150, 000SREFE CAFRIFE L KT LA Z Lk, Ktk T
H o THMMRICKREOMBBRBRA L GG MR T 2 BEESERT 2 2 L2 TR T200TH D, HKilk<
Y DG TIE A S ¥ ) OEIETICAE T 2 0E D 5,

E108 MRBDOBAICHT SEBFHRE

B~y oK, EIICEEL TIE, MERHBURE O TN - MisEHREIC >V, ISR L BE X ¥ RT3
DEDBDH B, TNETILTObN I OEOMFIR, MBBEROBRAICHT 2B~y DRIGEZNREL72HDT
(Mamiyal983), Z7u=v & 7A=Y BRI ZHOHREITONTHLRn,

ARETEIMBRIFES O R R 2 7 Ay E7ueYRELHOT, MRREREEORAZJER - 5220
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BAEES»IZL 7,

1) BMRELTAE

BERMEHEER-3TICR L K )i, BPIEFEEFRECB T 2 - REBRB LRI 70— oREL TH
LU ZEESEETHORD S, EHMEOMOKRE L TEEBE 7166 (TAa=y) LEREZ1T (7u=ey) %,
FORRE L THHIT6 (7A~Y) LMEZ2 (Fuey) O4RJEERMBLE UGEE L7, 1991457 A
LIS DEAICERT A Y L— FBE (WA 1 A4720, 5, 0008H) %Rk cEmL 2, 9 HPaIc &R
R THEEBE S EED I B S EEIC OO 2 H28E L7,

#-37 HEMHOZREFE
B & X & BEEAH £T7ER%) " &

Ll s 18 722 —RABARR
7Ry [35] F1EZ 29 77 14.3 i
- ., (8] EEE7165 28 85.7 EHMERR
PARY (2] e 70 318 ”

[ 1 BEREOERE,

1) MUY ARS R TR 1 D& LT, REOBEAME TSN T3 (Tkeda and Suzuki 1984),
ZITE, BB kb, @AM EENICEHE L 72 (Tkeda 1993), 2% 0, fitid~ Y OB OEMERN 2 &AL
R Z GBI L, 242 KVt - THIB LI 2> 50. lum 7 A L & — TG L 720. 1% % 7 7 = v Qi 2 fit
Hl7e &) —HOYMIHD &Yy A —TWil L, REmsFEBhzinsg X Hic L, JOREZ300H T %,
Z ok, BEETEICEEIZYIEL, KOMORERIZBIZ L7, 48, JOHETE, @KOTONTHE
FLERCEE D, TON TRV E 5 %20,

2)ﬁmﬁ%%&hﬁﬂwiF#%ﬁ%ﬁﬁiﬁﬂgwt@@ﬁﬂ%%mt 1B S IZFAAEIR CRIE L 72, [E
L7 EHIKEE, 7va—ne ) =Xk BKD%E, 774 AL, A4 P70 F—ATHIunE
DUIRZMERLZ, YRAY 7 7=y - 77 A7) —vo @A, NYEMECBS L 2, &k, M-
RS A ORB 2 RIS 214 2o TERD Z EICHBE L, L X9 £ 3280 L T2 Ay ¥ —F
47 TH I mmiRREZ L, K2EBEHIE, Z2OHT2ETUML7, 29 T52 LT, YN ARkl
ZBHIEL 72,

2) BREER

BEOREE2EHE- 1 I2R L, MRRE2EEL CESZo Tl BERM> ST TY 75
Z Ik AREP RS T, WAIMEIEL T (BEI-D), Z0oEaicE EnsipmEfide el —L4
AL (FEI-2KHD, BEFEMEL 2L T (BE1-2), 0Tl ThiTw: 38T
brvw Yy afifeEEOMAmEMED I —EICERMBR S (FEI-3KH), 51, BRI
5 B 7o AR T O B O R ARIEIEK DM IR L (BEL-4), ZOEaox &Y 7 iR o7
R0 i R IS R T I A B S RL & e (BLEL-5RHD) o @R DM T TV 5 B O TR P Feifidic 2463
ot (BHEI-6), Z0X) RiERE, HRLLARR TR CTHEI N,
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DEDZ Eho, MREFEIGRVGESIEZAE T2y L v EOMRIRORAIC L 2B 221, Rifo—
VLRIV AL%2EBEI L THEKERELZR->D, ZHEOBEPLERZEI L THRE I EBHESNIThoT,
IS DFRERIE, FIREETA VL — b 2Rk v ICEEL, A ERo R TEEINLER (Fukuda et
al,1992, Tkeda 1993) EFBIL T3, 2 H, MEEBEAL THMEL L2 VITERD =2 DHHRHIE
LTEOLND,

1) #zHl e LR R ClKIMEIL S 228, AREMIACILEKEFIZE 2 6%,

2) RO L 7o ARED ZMMAIZE TN ERLT 5,

3) EKDEEILL TR AT O MIE % & MBI I IZ 2 37w,

—77, MIROBRAIC L > TNz = Y Tid, ABERDOBEAKDIEEIL 5 NI TP DR, BgH
#2 Z % (Fukuda et al 1992, Ikeda 1993, Ikeda and Suzuki 1984, Kuroda et al 1988, Kusunoki 1987, Myers
1986), ChoziET 2L, EALA=Z2>OBKTNBOETIHMEE 2 2 LBMES Mt~y DRBEEZ OGNS,
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Py B RO 0y 0y ORI R 5 BF% s

BNE RUKOTYHRBFIERETEORRICET HHRE

E1f FUSIC

2V /A ey F a VIRFUEBRHEEII08FICHR T L, BRI Nl - iE o EAREHE N, 20
5 THERL & N IEPIPE R T I, BEE, RAUH A 2 TR AT AES T T 0 5, ST, K
Fitk= Y 2L T 22 TORMHAGE LOMEMG 2 LICX D, MEBUEXEmE N, THEmBEEn »
FEINEFO R — v 7 ThA - BRI N T 5,

L2 L%dss, EMMERAROBEERLERDIRIC OV TIZRIZEH st EnTwRY, £/, fRXINT
VW BIEHIME v, WHITOBEREIC X o TEE SN TV B0, 2 0REOAIM: RIS~ 7 I &
P DOMELIE 05 £ IEE Ao FHIHM T OBRMEBUE OERO A I TR X 1L 3 it~y itk L
NVICHET 06, 2OREEERZZACRESDHS, LrL, OO TIRT—y 2 INET S ETIC, H
MREVWEHPP2 2428, Z0FETIUTbnz@idkid R v,

b, HEPUES v — 2 OEPUEER L S5 PSRRI B T 2 MBLOEE DL - ThuZl L5, BKEM
BV TE, FEOEETRICHS Z LDhwk ) BRFZIENT 20EP S 2, 2070, Hbilkra—
YD ZERUT & > THED S ERZ G0E b > HHEOHER 2R 2 1813 H 5,

BT, itk Yy OB RILE M 2 72012, BB ROEIUEIC > W THEHEEY N 2 o 2
fro & & bic, EMMTOBRG DTS & WM T OERBBE DR RZ /00 LT, BMick ) 2 ERsz otk
WOWTHIRIL, B%Eiro7n,

F28 ERAMIO—CORKRIEREORSE

2V /A F 2 VRN EEHEEIC LD T AeYR ey, JueYI67 0 — U BMBEBFICHL T
T2 LoEFERE T s s u~ v L LGERI N, Ino o7 u—rifid e GER S i ETER
FHEEEUE, 19984EHIE, 1268 7 A= I8H6Fr, 7 u-<= v23HPT, &st4lEipr (20.75ha) L4 ->Twa (Fk
B MORE L v ¥ —, 2000), I ZCAEBEIATY 2EY Y MoEER N, EUERK & WHERX 2 &0
2 &7 A Y PR9T-R~2ATA, 702y BI9TFT~IH5F AR EBNBITTHRE L TE 0, Ihs i3 TIcEREL
HOBHEPALEEL E BRI I Tw 2 (FIHT1996, FH - <£H2001),

Y7 v — Y OERHEIc o v TR, BHRECBOTRRZ L)1, BE, Sl EZEBNRE & OFH T
HbTERLDY, By oI T 2B L <, 20 E THEBEE IR X hTukn,

(1) EREI/O—>0RKRHSEREIN-RRRIESE

BPEEROMB BT IC oW, WNERS CIOEREICH D EB L TEATMICE U 2Bl O R
PO L, TERZORBSNIERGELRREREL L LICZOFEEDIFROBE AW THRE L
7z

1) MRELUHE
BHUE Y 0 — > ORAUEFIE I MR REERRUERR (LK) 20 LG L 72, o nicidR-38izm L



— 154 — MAEREL v ¥ RS F 20 5

72 &9z, 1984~19974E I NN B RS CEIME L 72 MM TO BARAZMRZNOEMERIC L 2R Hw i, #
FREICHOERRIZEIC X > TRAE 2D, WL L GEBEMICIZIEYE T -y YRREZHOTW S, B
PRICBIL T, A IZI990ED S, Zaey 19924 o BT ZBIR L 7z, s BHERROIE
EAER, Fako 7 u— L HEREFTD O FRE L - BARAZMARTH 5, IHERERZ, MREREOBESEIMLT
2 DU D 1950 RUSER S N7 R o EARZMRNATH 2,

Z O BARZHBNE o 7 R BN ORPIERE R, SR L 2B B2 O TEBRRD BRI Nk, &§5KRIF
7y b D 10~604%FLIED 3RV IR L CTHEBL 72, BEMEIEEE 2 FAEHISHRETA VL —FEE
(AR 1 A7 5, 00096) % L BAEE CHERE L 7o, AERIEEER 3 » AR ICEFREEEZFAEL TRko .,

F—38 19844720 5 19974F & TOEMEMIE I\ 72 5GR B L P R AR

. % FhHIY oaxy F—HY (NHER)
R BIRER | FEREN  EREN | ERREN
RAM AT RN AHE RRK ABE RAM 4FE RAK £HE RAH AR
1984 31 0.59 17 0.71 9 0.39 5 0. 44
1985 52 0.21 15 0.36 37 0.15
1990 58 0. 60 42 0. 68 1 0.15 5 0. 88
1991 80 0.60 50 0. 66 25 0.52 5 0.37
1992 101 0.55 86 0.57 8 0.48 2 0. 06 5 0. 47
1993 112 0.76 89 0.80 ? 0. 54 10 0.69 6 0.20 5 0.77
1994 96 0. 58 79 0. 60 5 0.34 6 0.62 1 0.55 5 0.41
1995 38 0.50 30 0.55 3 0.33 5 0.30
1996 94 0.37 77 0. 40 14 0.28 3 0.16
1997 99 0. 68 78 0.71 12 0. 47
0.58 0.62 0.55 0. 47 0.22 0. 46
Y ' >34 0,
TRERE () 5 62) (55) a7) 22) (46)

Tay FEOEFRIIT — 7 A IR, TG W, REICEBRERZIT o RKRIZRL S
DT, DUFOMALE FWIC L 703> TN ZI/RIEZ VO @i 217> 72 (Harveyl979),
yijk= t +Yi+R/Yij+Fk+Y*Fik+teijk =~ ——— (1) .
yijkiZZH L 721ERICB I 2kBER DK RO 70 v b TOEEFR, 1, Yi, RIYijFk, Y*Fik, eijki, Z0LZh
KRS, ERER, KEMR, KRR, EXRXREOZHEH, EBEELRT,
BEHRFZOWIUE, TR OBRIIRD 7o /N RHEEME TR L 72 Z OHERE LR T 272012, T
DR THFBVFHEDOEEE (he?) ZFHE L7 (Zobeland Talbert1984) .
he?=0¢%/[ot% oyt/y+oe?/(yxx) ] —— (2) .
22T, of? oyl oelid, BRI, ERERFOKAMASE, EBEERESEZTRL, yEr3KRMH OH
BB e REBE LT,

2) B B
10RO R FHERIC X 2 BERDEGERDFEE £-38I1C R LTz, 20T EERIZ0.68 2 583, I
£ o TO.2I~0. 76 LEIZEE L T3, Z0nid, BEEREIEMCITONZD, ElEROERESRLEDEWIC



TARYBLOZ 0z Oy MERAEESUETEICEE S 2 P — 155 —

L2WEBELEZOND, EHEDBCIIEIEIC K > TEE 2 L L HIC, EE - FRBREENOETHEVDIRED 5
Nz, BREMOEFRIT NN 28U UBERKEMOAEFER LD a7,

£-39 10FHD=Y /¥4 v F 27 ERERER RO TBOTE

EZ R BHEE FHEH HATSRR S
T 9 4. 3219
RE/F 16 0.1344
EEA 210 0. 2561* oe2+2. 37 0yf2+9. 090 f2
FExXRFR 539 0. 0443* oe2+2. 62 0yf2
RE 1,159 0.0195 oe2

HBICE 7P~V AV EARERLU T —F EAW .
Xk 11 BKEODEREED,

SR 104ER 208 U T O B i 2 R -39R Lz, SEERKR L OKAMRMIC b AEE RS Skd, £f
MECELO THVEEENRD NS L EHICK 2) TROLFKRTVHHEOEEEIZ0.836L Hh ol T
1%, ZHAEFSE(0ye2=0.0094) HEB58(0£2=0.0236) DEFUTORE I THH7DICMAT, ZDHE
PEEEEZGFETIHICER Q) OO X IKERDEDIBRLICK>TEHINE R0 THD, FRIC,
BIFERO 7 h=ryR 7wy OFEBERKIZZNZN5.9, 3.6E%5 2 96, ZOLAFEHOEEIINE
WEEAD, LEdioT, EIAMBNRORRIMEIEE, FEHEOBERTIEZ T 2015 BEL2E
LT3 EARETIENTES, —F, FEHNEEHOKERR/MEMIL, FERERBST A<y, 7aeyE
bicl.3E AT, BRENICHAFESE G EIEE AR, LaL, mifEe b Ic00KRM EogRb
HENTVEDT, ZNENOIEREFADOTFHN LML V2R 201230 TH B EEZ 6N D (K-
40),

#—40 EHME-YRBRRTHER I N2y ) A T 2 7 EHEOERIR

RIFER IERIEEM
W & EHRERDIR (%)
HFE (%) RRE  £FEXE (%) RRE
FAHAIY 0. 650 (65.0) 91 0.473 (47.3) 50 0.177 (17.7)
ravy 0.514 (51.4) 14 0.166 (16.6) 51 0. 348 (34.8)
F—FTV (HR) 0.474 (47.4) 5

7 ey OEREATIIIERIERIC IR TEEE (HEBLGERMR) 230.177 (]918%) ML T 5, #KEM
EIBBREEMONMEFARORFHE % K-301R L 7z, MERBOEHIEL XV OEWIZHEN G S LHL 2
TH5, LoL, MEMOSAE—FHBEHL T3, Zhid, FbOREEROFEIC LY IEBRER D7
BIALE-0EEZONS, TR L, BED 70— Vv ElED S BROBHMEISE 287 0 — v 2kxE
T3ZEickoT, BREREEETOERIEL A VE2FH M EIES 2 EBHETH S,

7 u ey OFKEROEMAFERIZ, IERRIERICHARTO.348 (§935%) ML 7 (F£-40), ZOHmMEE7



156 — WAREEL v ¥ — RS § 20 2
AT IHRTIEEZDICKREVEZZ DS, 7ueyDBEIKENMOTFHEERIIZ AV DZFNUCRIETR W, &
NiirzaowyolEL L TOERFESM-30RT LI ICLFRHOSAEE LY, PHAVICHARTIE 2 I{E W
ODTH B, 7u=yDEE/BRCOMERE, BHEROBRENRRDICH/NE L, SBREIGEREBEZRED IR
FTIZEA TR TH 5,

RREE

RREE

0.1 02 03 04 05 06 07 08 09

£ % E

B-30 =/ HA kT a2 VERBREICE T 3 MMAEFEOZREE

3) F B

DEnZ s, 2ER7u—rvzHoTEBREICL > GERLZEIET 1=y B0 7 ooy iR
X, MBBEEE LT — ¥ Y MOMBHBRIGIEL R T 2 EBH S & ko, BfEL L THIEIE IS
WaFFOTAhHeYTiE, Z7ue VIR THENAES ICHN & T 2EATORRZERTE, EKXINEMIZ
SHICKRTELIRMZEL Tk, -, 7oy T, HELTIEIMEL LV E2ER I EBZEHLOTHL
Pots, 702 VIEVTHHEEE TAHEFAEL NV EFERT S Z EIIFRN L 7288, BRI N EROBBIZ
ML, IR ZURPRELIRILTH 5,
(2) HETOATEEICLZ7O0YYDOYYHRBRKICHT 2BIRMNGRE RO FHE

rvaey1sz7a— vy ORRZMBICHN LT, 6EMICh ) WNBRG O TOBBREZED IR L T
Ptk Z MR 2 & L b, HMTOBRBREICL D FMAZ Y —= v Ik W A5 L &2 o L2 EfFROHIP I
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DWLTHRET L 7%,

EARFIRTIE 2 Y O ICH 7o o T, BBLEDA T 2l 2 FiickRE T 2 HIVT, WMcMiRRoERE
BEDIL AfThbi T b, BEHMESRHoaliRE, EYMERERICHV S T» 287 0 — v ofyitkL
AADBTLHFEU TR0, HAROBBGIRIC NS Y ¥23% 2 2 L%, RERENED 5> btk o
U OEGRIC k> T, WHMESARHOREADBEL 2 b0 EEZ OGNS, L L, EBICITHMToRERERE I
LB BRI BEDORREMC LI > TRESCEL S (FIHINT . ZOEFROE R, I~ Y W OLERS
EANTHEMIC X2 EITEORROBRECHEELE2Z2L52%, LoL, INEFTICIDL) B THINER Y
) — =y ZOHBEIC OO TIRET & LW I3 0,

EHEEEO T, F—o 11, 2 10, TRINZBEREE 2H7—2 L LToh L CTEGEEE
DHEE I N T % (Sonand Goddard 1979, HHAE 51991), AT v ¥ 2=V ORI X VK EFHE (Son and
Goddard1979) & 74V OMBIEBEICE T 24EE (HA5199]1) TH, EBRINIERRIGIRI N
BERE ICHEAT 22 EMHIOLNTV S, 3512, HIEFOWMETIR, BERARIBHRRICE > TELT
22 ELbEEINT0S,

KT, 6 ERIOBEREDREREY 2EHF—2 L 7 ay N EEEROW A THON L 2. Z D EOHEEH
A ERICRGE S ¢ GREBER EFER L 0BG 2E»O . 2 LT, I LiTo N LEEMIC & 2 KRR %
FHL T, +oRBESRSHETE 2 EFEROHM, VbW 2 HMIC BT 3 ERERE CORR S EAREOHFE
IZOWTHLNIZL 72,

1) MRlELXOPIRAE
S LEF =2, NWINEESOEMT 6 4R (1993~19994F) 1ch7: b Efi L T ofEcd 5, HHE
BRI O EZERMZENE 7 o167 0 — U BERI TV 20580 7 0 — AT & BREE L 72 HIRZH
BRTH 2, EANHBRE IO 2165 R DERNBERARZ R L 72,

£—-41 =V /¥ erFavEERECHV RSt e vI6re—ro
HAZBROERIMLERA T —ER

EERESE
B#S FRE
1993 1994 1996 1997 1998 1999
T0v kA 7Oy~ TEAER Oy b EESRE 7Oy b IR IOy S FEAK IOy b FERE

f (&) E (%) # &) % (&) # (#) # (#)
1 & EU64 3 36.7 3 33.3 3 60. 0 3 60. 0 3 60.0 3 60. 0
2 FEIBY50 3 60.0 3 5.7 3 10.0
3N EY24 3 30.0 3 18.3 3 54.3 3 57.7 3 60. 0 3 60. 0
4 N EY30 3 31.0 3 12.0 3 60.0
5 KEF212 3 40.0 3 27.0 3 60.0 3 59.7
6 X 278 3 14.3 3 40.0 3 60. 0 3 60.0 3 50.0 3 60.0
70 R"U290 3 25.7 3 20.0
8 A U425 1 7.0 3 45.3 3 4.0
9= 27103 3 8.7 3 16.0 3 21.0 3 50.0 3 60. 0
10= I®E290 3 15.3 3 24.7 3 35.3 3 21.3 3 49.0 3 60.0
n&E B2 3 25.3 3 28.3
1258 A3 3 8.7 3 60. 0 3 60. 0 3 60. 0 3 60. 0
1358 #7713 3 8.7 3 59.0 3 60. 0 3 60.0 3 60. 0
14® B3 3 60. 0 3 60. 0
16 H 42754 3 40.0 3 40.0 3 60. 0 3 60. 0 3 60. 0 3 60. 0




58— AERE Y ¥ —BRHE 5 20 B

BEREMEICHOERRBEFIC I > TRELZ S8, FEHRERE (6 ~16%F%) Thh, Ik 3 KEDTHRET
EREL7Z, 7uy PYYOWARABIZ, BETELZLTEDORFEFERL 27206 ~60KE —EL TR,
ANTERIE Z OFEBREZ T -2, BE7 HORICEL 2 EENIEET A VL — B (ER 1424 55,000
BH) &R EEERIC X o TiTo 7o, BRI, EIEDHS 22 C 2 2 HE 3 D ABICHE L 72,
mEGSNE Ty, 10 7EF—2 1T, ROBHEFIICE 20O 21T 7.

yijk =m+Bi+Fi+BFij+eijk — (1)
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Studies on the Breeding for Resistance to
the Pine Wilt Disease in
Pinus densiflora and P. thunbergii

Tadao Toda®™

Summary : Pine wilt disease caused by pine wood nematode has brought about disastrous damages to the
pine forests, Japanese red pine and black pine, in Japan. To cope with this damage, a breeding project for
resistance to pine wilt disease had been started in 1978 in the southeastern part of Japan.

To evaluate candidate trees' tolerance to the pine wilt disease, artificial inoculation procedure had been
developed by examining methods of inoculation as well as isolate of wood nematode. After several trials of
inoculation, peeling bark method with dripping a suspension of wood nematode was found to be reasonably
practical and efficient to test several thousands of candidate pine grafts. Regarding the isolates of wood
nematode that were known to be variable in their morbidity as well as their multiplication rate, the one
from Shimabara was adopted as a common isolate for the inoculation test because of its fairly strong and
stable morbidity.

Eleven thousands of candidates of red pine and 14, 000 of black pines were selected in heavily damaged
stands by pine wilt disease and they were propagated by grafting. Then their tolerances to the disease were
evaluated with the results of the two stage screenings of artificial inoculation. Ninety-one clones of red pines
and the 16 of black pines were identified as tolerant pines to the disease.

To promote an efficient production and an effective use of tolerant pine seedling, 22 traits of the selected
pines were measured. Tolerance to the pine wilt disease, the most important one of the 22 traits, was
evaluated based on their open-pollinated progeny's survivals after the inoculation. As a result of inoculation
tests repeated for nine years, average survivals of the selected pines were 64% for red pine and 53% for
black pine. These survivals were 16% higher than those of the unselected populations for red pine and 40%
higher for black pine; hence the breeding project for resistance to pine wilt disease had been justified with
this apparent progress in the progeny tolerance. The seedlings that are produced from clonal seed orchards
of the selected pines are now screened with the artificial inoculation tests at the nurseries, and then they
are supplied as tolerant pine seedling for the operational reforestation.

To examine the tolerance after the field planting, two progeny tests were established with the tolerant
pine seedlings. In these tests traces of feeding by pine beetles, the carrier of wood nematode, were observed
58% of the trees for red pine and 47% for black pine at 7 years old, whereas the survivals for the both pine
species were still exceeding 90% . This indicates the validity of the current procedure for supplying tolerant

pines.

(1) Kyushu Regional Breeding Office, Forest Tree Breeding Center
2320-5, Suya, Nishigoshi, Kumamoto 861-1102 Japan
TiMARE R v 7 — N GRS
T861-1102 HEA R 3G itV & & HT 4 E2320-5
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Resume

This thesis dealt with the validity of the selection of
resistant pine clones currently used for operational
seed production of resistant pine by conducting the
following three experiments and surveys.

1. Basic experiments were conducted for
developing techniques and artificial inoculation
test with pine wood nematode to select pines
resistant to pine wilt disease.

2. The resistant pine clones were examined once a
year to collect data on 21 traits. Then they were
used to investigate the degree of hybridization of
each clone as well as separation in a later
generation in order to examine the relationship
between the hybridization and tolerance to pine
wilt disease.

3. The effectiveness of the artificial inoculation
with pine wood nematode was examined by
analyzing the results of an inoculation test at
nursery obtained over a 10-year period and those on
maturation feeding measured in two progeny tests
of the resistant pines. Then attempts were made to
increase the tolerance by hybridization as well as to
select resistant individuals among the seedlings of
black pine.

The major points on the research mentioned above

were summarized as follows:

1. The development of an artificial inocula-
tion test with pine wood nematode

1) The tolerance to pine wood nematode of loblolly

pine used as a control for the test ranged from 16%

to 30% depending on the families tested. Thus the

general understanding that the loblolly pine is a

tolerant species was found not to be universally

acceptable.
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2) The inherent tolerance of the scion was found to
be expressed irrespective of the grafting stock that
1s commonly used with seedlings of black pine. For
this reason, it was possible to screen for genetic
tolerance by inoculating wood nematode to the
scion around 10 to 20 cm above the point of grafting.
3) The virulence of wood nematode was found to
vary with the sampling site, while the nematode
isolated from currently infested stands did not
show any significant differences. The virulence of
the nematode did not change due to the subculture
and did not show any specific relationship with the
species from which it was isolated. For mass
propagation of the nematode, use of wheat-media
was the most productive.

4) By the above-mentioned techniques, 92 clones of
red pine and the 16 clones of black pine were found
to be as resistant to pine wilt disease. The
percentage with satisfactory resistance through the
two stages of screening was extremely low: 0. 85%

for red pine and 0. 11% for black pine.

2. Study on various characteristics of resis-
tant pine clones

1) The mortality of the clones in the orchards
tended to be high for the clones that had relatively
low tolerance and showed physiological disorders
due to incompatibility of grafting.

2) The black pine seedlings grew better than red
pine during the young stage and the ranking of the
growth rate was more stable for black pine.

3) Both red pine and black pine started female
flowering at the age of 2 years, but the flowering
age was relatively early and homogeneous for red
pine: all of the resistant clones started flowering by

four years of age. On the other hand, only 80% of
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clones of black pine started flowering by six years
and two clones: Tosashimizu 63 and Yasu 37, had
not yet flowered at age 7. Thus it might be
concluded that flowering habit was favorable for
red pine and relatively poor for black pine.

4) The clonal variation in the male and female
flowering season was evident, although it was also
influenced by year-to-year variation. The flowering
date among the clones was relatively consistent,
because the year-to-year correlation was significant
both for male and female flowering date. Among
them, the clones of the red pine Bizen 143 and
Saganoseki 93 tended to flower earlier than the
ordinary flowering season of red pine. Flowering of
the clone of the black pine Obama 24 was much
later than that of ordinary black pine and it was
almost the same as that of red pine. Thus those
clones did not synchronize flowering in the orchard
caused problems with the management of seed
production.

5) Seed productivity of the resistant clone was
generally lower than that of the standards of both
pine species. The cone yield was around 80% for red
pine and 70% for black pine. The number of filled
seed per cone was 8 to 15 for red pine and 4 to 6
for black pine. In Matsushima 58, 7.8 g of filled
seed was extracted from 1, 048 cones, while a clone
that produced only one filled seed per cone was also
found in the resistant pines. Moreover, there were
some clones that produced cones whose scales
remained closed even after drying (closed cones) |,
the percentage ranging from 0 to 70% for red pine
and 9 to 100% for black pine: The percentage of
closed cones was 100% for Ohseto 12.

6) According to the number of resin canals (resin

d index, RDI) , 59% , 26% and 15% were the red

pine type, intermediate type and black pine type,
respectively. Bizen 143 that was once selected as
red pine was identified as black pine based on the
RDI as well as morphological characters. The
clones with a higher hybrid index tended to produce
a higher rate of hybrids in their progeny and the
results of the inoculation test seemed to be
dependent on the rate of red pine type seedlings in
the family.

7) According to the analysis of the results on the
progeny of resistant pines obtained during the 9 -
year period after inoculation by the least squares
test, the percentage of nursery survivals ranged
from 39 to 98% with an average of 64% for red pine
and from 38 to 69% with an average of 52.7% for
black pine. Thus the increase in the progeny
tolerance compared to the unselected population
was 16% for red pine and 40% for black pine. A
fairly strong relationship was found between the
results of the inoculation test and the amount of
rainfall during the period from ten days before to
ten days after the test. There was a significant
correlation between the survival rate of loblolly
pine and the amount of rainfall with a correlation
coefficient of 0.89. In addition, it was found that
the type of damage expression tended to vary with
the testing environment: the survival rate was
similar to the sound tree rate in a severe testing
environment, whereas the survival rate was higher
than the sound tree rate in a milder testing
environment.

8) When the surviving seedlings were repeatedly
inoculated annually and the contents of nematodes
increased from 10,000 to 400,000 per tree, a rapid
reduction in survival was observed when the

density was 150,000 per tree. At a higher density,
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the survival was leveled off and the tolerance of the
remaining seedlings seemed unchanged.

9) The seedlings that survived after the
inoculation tended to show the following three
phenomena. (1) Water transfer at the center of the
xylem was stopped, but that at the outer portion of
the xylem was not inhibited. (2) Parenchyma cells
were partially changed where the transport of
water was stopped. (3) Parenchyma cells and
cambium remained unchanged where water
transport was not inhibited. Based on these
findings, the self-restoration function was regarded

as one of the factors related with the tolerance to

the pine wilt disease.

3. Confirmation of progeny tolerance of
resistant pines to the pine wilt disease

1) According to the results of analysis of variance
obtained during the 10-year period, family

variation was highly significant with a family-
mean heritability of 0.836. The realized gain in the
progeny tolerance was calculated as 0.177 (18%)
increase in the nursery survival rate for red pine
and 0,348 (35%) increase for black pine as compared
to the survival of non-selected populations. These
increases raised the average levels of progeny
tolerance 0.650 (65%) for red pine and 0.514 (51%)
for black pine, both of which are greater than that
of loblolly pine (P. taeda) population:0.474 (47%)
2) The results of artificial inoculation test for the
15 open-pollinated families of resistant black pine
obtained over a 0 -year period were analyzed to
confirm the effectiveness of the nursery prescreen-
ing. Phenotypic and genetic variances estimated
from the results each year were fitted to a

quadratic regression using their mean survival
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ratio as an independent variable. The variances
were greatest at around 0.5 (50%) of the mean
survival ratio. The estimated heritability showed a
similar trend of change, whereas the peak of the
expected amount of improvement shifted toward
lower survival range: around 0.4 (40%) , where the
greater selection differential was anticipated. It
was concluded that the genetic improvement may
be reduced by 30% due to the interaction, by the
pre-screening seedlings where the mean survival
ratio after inoculation was around 0.25 to 0.60 (25%
to 60%)

3) The 7-year survival in the two field trials
established with progenies of resistant pines
survived after the artificial inoculation with pine
wood nematode was more than 90% and the
growths were exceeding the local 10-year survival
rate for pine. The rates of trees with feeding marks
made by pine sawyer were 56.7% and 34.1% in the
respective trial and the rate was significantly
higher for red pine than for black pine. The 7 -year
survival rate was around 90% for most of the
families. The survival rate of the families with a
higher feeding mark rate was not much different
from the average rate in the respective trials. This
indicated that the seedlings planted in these trials
were genetically more tolerant to pine wild disease
due to the screening of artificial inoculation with
pine wood nematode at the nursery.

4) The following results were obtained based on
the inoculation test to artificially pollinated
hybrids. (1) The hybrid (black pineXred pine)
was more tolerant to pine wilt disease as compared
to their mother trees and 18 out of 33 crosses were
found to be more tolerant than either parent. (2)

The tolerance of the hybrid tended to increase when
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either parent was selected for its tolerance to the
disease, while the amount of increase was
dependent on the cross. (3) The intra-specific
crosses among the resistant black pines resulted in
more tolerant progenies than their male parent,
although the amount of increase in tolerance was
smaller than that of the inter-specific hybrid. (4)
Inbreeding caused by self-pollination of the

resistant black pine evidently reduced their

WABM L v & —BiRES & 20 %

tolerance.

5) Although Yakutane-goyo and local varieties of
pines: Kirishima-matsu, Moto-matsu were also
decreased in size due to the damage by pine wilt
disease, some resistant trees were found in each
population. This suggests the possibility of

selecting resistant individuals for those popula-

tions.
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