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1= #® £

bHAEICE D=y BHION BN, ZOHTTH <Y (Plnus densiflora Sies. et Zucc.)
BLU 7 o=y (P thunbergii PArL.) WALV SEETIL B HL TV 5, Blic<y
EESEE, Co2BoBonERY, BIVENLEEEL TV REAKE L, v v R
SEREHMES, MhOBMESE LI WEBLSTEEGTLIHEET 5. (oL H{»
ORAEH, ALEMRICL-TEL O YMRBERIN, R¥F, b/ +& L bHERE LEEY
Hufi Z LG T E f,

v vidEs, HWERE oA LS FRMREEFHIRMA S S BEBELREZRL TV, KILEH
YIoHEREHL, 111KE, (RS SBEIC WS B BAKRE L BREL I ABIREER LTV S
DHT TS D, —H, BEIBRICH - TREE, Bdls L OMBHHkE L TRE, BiiYE
PO, IMBEOR BT o R EAKKNBER O RB IRV L 0NE B,

&S IHEOAFRICHIBA DBV YHAKERLE » TN > TV 5, BEZOHEIL—
BEHEE by, HILMAICE THEAL TV S, CORMMEIC L » TRLORBRSBEER -
TOBEMH THEL, SHOZEHBO< Y & OBEZEOBM LS - THAED DD H B,

2V HEORE IS OIS »OIE L, REORE® 1tk s, REHELO v vz
B 5 1905 HHHD & OKENE, * L BMREEIOBRETIZ 1906 FEHL S olESTFENT
W3,

EEHTOHTR R0 T 1925 Hic e R TRELAHERG, BEOEEOHhTSH
Sl HARRET E 91930 Eh SBME LR DIA LB foo 1939 I IIIERB P EIRR O L 7 L
A PO ES R LLIRIER L Th o 7217,

72, 1921 D O FEEMERNICEF - EFEREEHRCI AR OLimRic R E L, 1934
HOFE>ERBIZ L OWERLALLEVDHN LY, Lok Sz, YIHEHINTS - fgEs
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FATR OIS R L TlRER SR - TIRA D, HETRIABEILE TRA - IR L &0 < v iR
BRI EEBLEF LTS, MEN Y BEHER SOHELOMBICE ST oFH2M0E L
T HOBLLEDLDTE,

< /RO KRE IR, HIEACITEL TS FALET R & AE S h 1940 4870 S A « JFFess
B ohtc, FAMEMBEIZMC VREMEENZ L5 0 TEFOMERY, BT & T
NS, B VCRNOFARERRICET 5 1960 RO, S, BELBEAsEFa N, £
i, B OREIIEIEBERODE 1 5 fo 2 IBIENCE - IIES 2 60T, HIEHBHEE
I EEBLET LD B~y ORI ORRKAGEET 5 L VW IRBTH - 15779,

&R, WENEMAZRELLFAEL S, < VAR, EARLFBE T CAHE
ICRFIC > 2D ICR W ROE - MEEAC LT 3AMbRENTVRY, HHRERRESIC
koTRRENL (= oSBNRE | ORKNEHICE T, R3FOMRESSEL 1968 £ 7
BV MFESRELLY, EEHOEBRMIAEO—BELTIOTE Y27 FREML, =Y
HEERNEEE L S TREEOERFHNE L THRICET L, BI9ngl, < viifERicEtE
LT, Bursaphelenchus sp. 2R\ L1,

ARXTH, BOIREICBVT, KEL&IH2EBH TV EHER < Y HEDKEFH% Koce D
JHHANC B 5 W T Bursaphelenchus sp. EHE L - BOFERE/RL, FUETR, ARHORK
BB L TR T 208, HICRENOERCERE BV TRREERELTY, HEO—Hicou»
TR TIZAF L p 207000

AT, AREET LG 0BE O TBORE CHMER - HESRFETREE #E
fakigt, e HARRELoOELACES RHOEE LT 5,

AHEEFTT I8, ERETEHE THEIZ V2%, SOICARBO CKRMER - 124
AR ERE MHEETCERT 5, ARRMEEE BEFEHEHTCEELRE 0T
HUR LA LI rE VT,

AMEOLHEEEZ Sh, HEETEMRE TEOREB - LRI B REEEER  YEER S
TIRELKL D EHT 5, MERBGIMNIGE BAHERAGRE BAT-HEHE, A P
R ZER D o IR ZERM B L UCRRAREO RIS CBRE S1E v,

MERBRGREMOMRM B L URBROZ D206 CHREVIZ 0T, FiIC, BHRTFR
ERIMERELICE TRV 0, HEKTRICZEEEAMRE A6 #ELicEr 1y
F A LADPIETITHE N0, b THILEHR L& 3,

HEREITH KL, B &R E TRV VR EARKR S L BN ERER S Ui N
WABRBSRICEH#T 5, BHAOREUZ S 7 » THEEMERBISOBIREN, HERBRISA « K
ORBRBMICERE CEE A VLT Wi, T TICELERHET 3, '

RIS, RIS & BRI TR L THIEE L 080 o o RIRERBISTUN 5
WEZAFIHEE LI S BILEHR L~ 5,
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NE < UHKEBICBES T 349 Bursaphelenchus sp. DFR & Kocu
OEAICE I ZOREHOER

M OWHROEE - MEEFRT 5 < v OEHENEY O RN Z RV, 5897 5 7088
KBV T, v ORBMRD S b0 —Ff, Bursaphelenchus sp. B an#%, ABETR
BIEF RO SV Kocn DOEANCE S LTI L 72, o< vicd 2 mENEL Il
%o

18 RBEROEE

PRL & Bk

< v oA BN ORNGIROBERICHET 2 E0HEO b &I, BICHE - NET 2EH%
FEHTLENTHODEE L B S NAEHEO < Vi B REEE R L 7co IUNSHI OB EMH
SEETEARE 1 IIMIEBRR I & 5 < v HiETEICEY, B8 LUHBTEL SR 2L, RIRE
R R T 1967~1969 11T » Foo MOFEICRBRE LG T hb S4IK L i —kil %
HUARENS 65— bmm O oy 7 2EY, Z0OEmMET VI~ v TTKEHEEL K
1o, PSA #5E# (k 1000mlH: Y+ #1€ 200g OFH, Labi:30g FEX:20g) LicE@E
L 25°C T TH#ZIT- 1, 1D o 0E D538 CuaMeLlY O FHICEL 7o, 38 s h - B
ORFEHEEET S0, BRELHE (B 10cm ORFEEEd) cAHSELsovvHER
Q0 HA) X L THEEEET 2 & & bic, WESBBINENEME CUT, SETUN S M
LIRS Bk E N SR ooy OIRICH U CHBEREE{To 72 (196847 H 16 H),

HERLEEE

BE L OCRELEL SZ CORKEBAES W, 20hOFEENL 0% Table 1 IT/RL 1,
IhooEBE/ v v HFEZRERLABACE TOUMAEFETIEELED OL:
(Table Do LA L, 3HEE? o2 vitdd 2HBHEEICSLTE, BUFRELRIEERT{,
BERMNICETOEREE I3 1~2 OW (Cylindrocarpon sp., FHE) 2RE0a T, o
v AEREIED B LD NEHRBRESNED -4 (Table 1), 78S h /- EEUE L FERE T
THEEPIHBOROEZE LIS 3MOBESBULLELIERHL TV 30KV, iz
Pestalotia sp. P EERBE L TOBBELBEE TH -, AEOHRE, BRshzBRARE
Bursaphelenchus BIZfE T 20T, WFNOEELO O L[H—ETH L L 2RHL 1,
CORBEHWT 7 ow vEEZ BOHE) BLUO 1270wy & 18FEET A< v IicHL 1969
HETH2 BICEREL/E T A Table 2 IRTRERMZ S, LIEOFRD S, Bursaphelenchus
sp. eV icH L TIRESRAEE T 2RIESE X 12,

Bursaphelenchus |8 DB THEHPICHE LNFEART LT 2BFOHERT s THE
WoT, Koc DOIFHANCHE » TRERHDKIENEZ MDD 5 LEHESE U 12,

281 Kocu OFREBIICETL Bursaphelenchus sp. DREREEDOES

HAFEMTROBRREHEE T 5 20— ic Kocn OFAIDIEE s 2 4F 0 & 5, KocH
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Table 1. WARDIRE 7 ISRE 1D OB SN EBIORIRE L < vicd 25K
Fungi isolated from roots or rhizosphere of diseased trees and their pathogenicity
to seedlings of P. thunbergii.

- S
B & Pathogenicity to pines fié e
P .
ungi 20 8 s Notes
20-day-old 3-year -old

. : ~ AR 1 48 A 3
Pythium sp. + Isolated from rizosphere
Pythyum sp. - -

Fusarium sp. - -
Fusarium sp. + - b 5ot

Isolated from roots
Fusarium sp. - —
Rhizoctonia sp. - -

Cylindrocarpon sp. + + R & 578
Isolated from roots

Pestalotia sp. - —

5 £ & - - Ceratocysits sp. etc.
Blue stain fungi

2 B & - + B 558
Unknown Isolated from roots

Note ) (1): +=#HT DI Slight wilting , £ =EBEBICHFEM Slight discoloration
around wound made for inoculation, —=J®RZE7L No symptom,

Table 2. —~viEicxtd % Bursaphelenchus sp. OERRER
Inoculation of seedlings and samplings of pine with Bursaphelenchus sp.

v VA
Number of pines
B O B R B B Fh3E 1 £
Species Age (yr )| Method |Inoculated Dead Notes
s a-e 0 w e 50 0 30 HAIFEZ
P. thunbergii Unwound 30 -day -old seedlings
yuey | 12 5 5 3 2 (M FALEE
P. thunbergii Wound Inoculated at base
of trunk
THhH=Y 18 5 & 5 3 | HWAMREOITEAA
P. densiflora Wound Insertion of infested
wood into trunk

Note ) WIFHOMBRICHHKIELL No disease in each control,

DEAI% HorsFALL & DIMOND™® iZf-» Tl F &L FO LB TH 5
D TRl 3HEESRRE IERB T IcRitkd 2
2) TRISNAHREAMECOE - BB T zOMHEETANLZILNTES
3 TRz h aHEZ-2CEYNCHERET 2 LE URSE 2 ERBSRET 3
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1) HERCI-TRRLAETE»OEELL
<D ol SE<s00 DLEUHEAEABIMTE
< ;;0/*“% " < AP S &N B Bursaphelenchus
Number of nemas/ | r of woo sp. #¢ Kocr OFRI%%E T % 5 b &m 50
ST B b DLIT DFERBRET - o
11 = vEBRAcBT 3 Bursaphelenchus
sp. DEFERE
ML ik
Bursaphelenchus sp. M ERAITE B
FELTOENLE I mEFSE 0 (Kocu
DRI 1968 % 9~12 Hic A —M o < v i
HED SEHB A RRL, #hokbEiT-
2o Table 3 iC/Rd 48 AT DR 4TH S HEFLA

WER~ | HMER~2 WEA-3
Tree—! Tree—2 Tree—3 T 3B LETVE I~ KFHOFEA
Fig. 1. #£ & K 813 % Bursaphe- oo TN SPAADED 5 —RIRE 2~4 A
lenchus sp. DEHREE 2 (& 20~40 em) PRER USRS BE SR &
Distribution of Bursaphelenchus sp. Ufeo 80KIE & < ki L AEIBE LI 2~d g

within diseased pine trees.

A4t L, BaerMann ™ T 24 BRRS4EE L,
WIROEE & FHE ERERME S X OEBEMEET TiT -

HREER

FHERER % Table 3 ISR L1z, 48 FAEMDD S B 46 5 (96%) 55 Bursaphelenchus sp.
i, BARAKTH S E 99 AN AR (84%) poifishr, BB AEL I ney
60 A1 50 A (83%), 7AH =y BAN 2 A (84%) THEMEMICKREROEZELIZEDONLE -
too A L2 29 F 27wy (P. luchuensis Mayr) 1 A S diREABHE 1L/,

DE, vVOREBIUCHEIICA . HRORERELHS T B0, BEEEHEALT
B0 EEE LD LFETIT» /oo SERDREERE Fig. 1 IR Uk, KOG IL 13~16
HEAETEEBE 8.6 m, PHREETR 7.2cm TH - 7o, AEMIERIZ, No. 2 M5BT
A, No.3 B¥HEHAT, No. 1 BEEOPMMWERTS -/ WTFROHHAKICBVTS,
BREHELBRBEEBIC O - THFELTBY, REOEAZHEKIEEFEEELED - 72,
o & ORPAR S E O O AR S OB RV EF ER Lo, BRAEEAME, KEHRON
HIicHEBLTWih, NEHROEBRA—RICE -1,

DEodffs» o, JU—Ho< v ihiREM D3 & A & OBFRAICE SR Bursaphelenchus sp.
DA UHERM I EAB BHFEEBIcB L3 T EARENT, v v EAREBNIC A R
PREVS, CRRBEEENRICLAILCIEZH0T, HERLADE THENIRSITRIEER
Rsol@mgEsbotEZ2o603% (Fig. 1)
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21 YT B Bursaphelenchus sp. OERERER

Bursaphelenchus sp. @<= v it d 2REHEE O hicd 5729 (Kocr OFRI3), EK
HESTICHAT THEIL BB EHOTENA Yy MY THERBR 21T - 1o

ML & Hik

PRGOS BRIV BREE, 196947 H 15 H, BREENANTZFHIT THRAEL
oo AL SEEL, REBLLLOTH S, HEELAERELS 08BEMHL, 2 b
L7 rw A vy (500ppm) TI0RIAEME LEE L LS, CofEBEEEA
culture & L, LI 3% subculture 2 TWHERA L 72, MBI OE#ICE Table 1 I L 7z
Pestalotia sp. M, PSA il Qem _FUMD itAFSE, CHICBEREABELUESEL .
25°C TTH 1 BRIEE L 7% BAERMANN i CHE & 0 08 L ERERZERK L 70

BB G EAR AR IS 5 BAEMRBITHERK (74 < v RABK, ik 16~24 &
L PRS0 9.0m, SEEREER: 9.8em, S 17T0m) TiT - 7o, HEELAHIERD 3 HRlic
EH 12mm Oy FF)LVTHES 2~3cm ORESY, THIHRTABRK Qm) 2EAL
RAEZAFO - ARTHUZ, BEEEE 1R LT, 33 AT - o HRAZ RN Hik
TREKRETALL,

1970 % 6 H 27 Hic £ 17w, HRERIZE 1 »ABckis2nBoRia & ARKRELEE - &
BU7, MilEBHBOREA T/ NHOHEY 2B TFETL THG .

M AR ORERERER : ARHMOHREAIH 2 +) & v HICk - TIRBS hAMAR SR (5
BB 4 G itk - T 3™, CORBREMARS RO % EER D OREM & gy
B, MARIYOEREEIE L <Y ORI « HIEOMBEE RIS 12 diciT- 120

vy /%Y 34 3%y (Monochamus alternatus Hope) 50 BAD H &> & BAERMANN T
Tt A% o v UREKT 5~6 MR Lc, ThT, 1ml %7 30, 300, 3000, 30000 EHoD
HREREERL 7. #EEHRE Ll LTBERK CUF, AR &) b L UREARAIL
HT o RAM (7 o~y ALK, Gl : 1484, FEHE: 8 4m, PHREER: 8.8cm, &5:
60m) (LUT, BB &) 0 2 M TIREERMETIT- 72, SFEIC 10 A0 < v 2t
U, BEAORBOMAG FIEERAOENCEC M, BEAR1MEE L, GBI UEAR
HBHOBEERIX 1926 HSOBXLURE6H 2 HTH » 7o

R IR MR - AR L OWEESRE T 2L 570, 19702 A5 10 H £ THAR
Blic BT, AN 3IHIAOERBHABATHICI0 KD T A= vict LEEREL, R
Pz~ BMERTR R EERE L.

fER LB

BEREAEERAR  EERRERELZ 20 A0 7 H < v IT B AEMEROMER & FRI
Table 4 IZ/R L7, REBRHBEIEEER 1AAITCELIETFTLE, LL, oI
A S AMAHIAEETHEBHBORT LI - TOLRBEAB I L0 TE 1, B2 HhAMR
BT EMECBHRIELALEEDONLINLD, B2 UREEEST 2 EEIERACE N, 1
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Table 3. BAERAKICE T3 Bursaphelenchus sp. DEFERHE (JuH, 19%8)
Inspection of Bursaphelenchus sp. for naturally diseased pine trees (Kyushu, 1968)

B A ' BOM | EEAN | SR
No Collection site Species |No. examined No. with nemas
1 J/B\Lm?;i ?? P. densiflora 2 2
? Yéen?lgi ?}T P.thunbergii 2 2
3 %st%atﬁalgj”[‘, Do. 2 1
‘ ﬁkuokaﬁic, P. densiflora 2 2
6 | Pref j{%itj;kﬂsfu C. Do. 2 2
! j}%i&k?lju C. Do. 2 2
® %urjoﬁ{i BEFT Do. 2 2
? %usﬂjﬁzak?]'r_ P. thunbergii 2 2
10 ;ukl@,kaﬁic' P densiflora 2 2
H gamfv[z]i '1‘m‘T P. thunbergis 2 2
12 SEaan/[e]a TEI_T Do. 2 1
13 g%ihfi&?m P, densiflora 2 2
14 (j)(ofgnc})‘i’l“l?H Do.. . 2 1
15 éﬁéih?ﬁfr_m P. thunbergit 2 2
e /JK\ogeEis: TH?T P. densiflora 2 5
17 1k & l’% E'kamrr{acg T. Do. 2 1

Nagasaki
18 | Pref ’ "Braabfa 1@ P. thunbergii 2 1
18 Thbira T, Do. ) )
20 ﬁat;ﬁ;urzic_ P. densiflora 2 1
21 ?(':‘itaﬁaf?%r];mj P. thunbergii 2 1
2 I\r%irmeiUkumsThiyama T. Deo. 2 0
23 %Euk{% CF_ﬁ P. densiflora 3 2
24 #® 2 M P. thunbergit 2 2

Isahaya C.
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25 %iﬁigitﬂffn TP densiflora 2 1
%6 {I;r}n;?i % i P. thunbergii 2 2
. | Do 2 :
Glalieod P. densiflora 2 2
0 e, Do. 2 2
3 map P. thunbergii 3 3
32 %aoi&llaw;mT P. thunbergii 2 2
33 ) %(012 Cfﬁ Do. 2 2
35 ﬁggl‘%ai%:ﬁei T P. densiflora 1 1
% ﬁ%ﬁ%ﬂei T. Do. . 1

77 B H P. thunbergii 3 (1) 3 (L)
38 ﬁéunﬁmcﬁ%o %unﬁram’l‘. Do. 3 3
39 | Pref. ?;”Smjlliitam? P.densiflora 3 1
40 ﬁin{fma;rg C. P. thunbergii 5 4
41 _‘"%I:‘;akg%labﬂg T, P. densiflora 2 2
42 %iyniaﬁ %aséhal%am?l‘. P. thunbergi: 2 2
43 | Pref. %anﬁgou m{, Do. 2 2
44 Elyurfljgaﬁé. Do. 2 2
45 AL S P. thunbergii 1 0
©BRER Shioushi . Do. 1 .
4 Pregf. - ﬁam&gu ’?T Do. 1 .
48 an o Do. 2 2
A&t Total 9 83

Nate) (1):

Yavdaverl XESE

Include a tree of P. [uchuensis.
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Table 4. HBHEBARDMBEIRERROZH

Disease development on individual trees inoculated with Bursaphelenchus sp.

#HA A A =i
Date of examination
X5y BEA / ; MRS EE
Plot | Tree bl 6727 |7 /22 8 /22 9 /25 | BT
1) 2) 3)
1 (+++) (£) Ha (—) Ha th5E D +
2 (+++) (x£) Ha ¥55E D th%E D +
3 (+++) (£) Ha (£) Ha t % D +
s 4 L (44 () Ha (=) Wn th3E D +
5 (+++) (£) Ha t3E D W3 D +
6 +++) (£) Ha (=) Wn f&%E D +
7 (+++) (£) Ha (=) Wn t#i5 D +
- 8 (+++4) (£) Ha | (-) Dn fi%E D +
2 9 (++-+) () Ha | #4%E D 3 D +
. 10 (+++) (+) Ha (=) Dn % D +
3 11 (+++) (£) Ha (=) Ha fh% D +
= 12 (+++) (+) Ha (=) Wn 3 D +
13 (++-+) (x) Ha (=) Wn % D +
14 (+++) (£) Ha (=) Dn % D +
15 (+++) (£) Ha (=) Wn a5t D +
X 16 (+++ (£) Ha % D 3% D +
17 (+++) () Ha t3E D 3% D +
18 (+++) (-) Ha (=) Wn fh3E D +
19 (++) (£) Ha (£) Ha fE% D +
20 (+++) (£) Ha TN t3% D +
—~ 1 (+++) (+++) (+++) (+++)
st 3 2 (+++) (+) (+++) (+
g 3 (+++) (+++) +++ (+++)
° 4 (+++) (+++) (++4) (+++
s 5 (+++) (+++) (+++) (+++)
T2 6 (+++) (++4+) (+++) (+++)
~ ? (+++) (+++) (+++) (+++)
X < 8 (+++) (+++ (+++) (+++
3 9 (+++) (+ (+++) (+++
10 (+++) (+++) (+++) ‘ (+++)

Note ) 4fMifH Date of inoculation: 1970. 6. 27 (1) #{figHE Grade of oleoresin
exudation from punch wound: (+++) =&} Abundant, (++) =0DFKF
Slight flow, (+) =%EICEM Gathering in the botom of wound, (£) =AM
Granular , (—) =#t#8H Resinless (2) AMHKH External symptom: Ha=#AR
f#4 Healthy in appearance , Wn =$tZE®EME Slight wilting of needles,
Dn =1 - 34 EDEH  Discoloration of 1 —to 3 —year - old needles,
D - dead, (3): +=F538 Bursaphelenchus sp. were reisolated.

~JEAENHEICEBT L0, MEESEATET 240, 2ELSKREREBL TS
DI EDARFRSBE SN, ORI EAAEBHOES SN VEEKSH - 7288, T
TOMRBAYXIPHEBOIH 2 BETICHEL -, —F4, BEKEZALLBARICIZEEAL



< v MR RR OWFIERITTE (ERD

BRI SN h - f, 1~2 OFFKII—I
IRl B BEAED o, BIER
() ORFiELETHENLULLEE LD -
7o

T AR chgeRE B : AR REEEL -
BB & CHEAR BRI O WA TEE L R
P E BHERS I, HEERREEE L BN
LRBEAEED LI T, HEMICHREL
TR BH D AER O R A RF OB B L UBK
AR E LT, T ZN Fig. 2 & Table 5
R L, BREEOS S s L TrisBh
RESIPCREL, BEAROE L1,
C o i RER I B L THRR, BRI
A LEREEOEX G U TEVEREZR L
1o

BEI R RE AR « BRI SRR A R L
A ARDFIR - FEERRBE Fig. 3 TR L1,
2~8 H OB THEADSRE L4, 9B8LT
10 H BB TRIHEREC 5B -7, 2~5
HERAD 6 Bk aHIEBIIEFAORE
AEEALE, BOBO1A 24 4ABL
V8ALL-THBY, EEEHOFVWbDRY
ERADBVHTH -, |METH L, BEfiica
OEREIE CHIEBIHORESREL P T, B
kEETOHMbE, -1, THEETIZI»H
DNk xToRAANCEEBEOBE T WL
EIbHEy Sht, £ L TEEREOEHICH
(R FEEOFER 8 ALIBBICEC » 12,
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r EEEE Inoculum
density

——93X10*
—e3X |0’
—3X% 0

3X10

o

. L AR

Yunoura

2R & L URTERAL

Number of diseased and dead trees

SEEE

6/8 6/17 7/28 9/12
(0 (9) (50} (98)

m{ N .

[ HEA I EAH
Ueki

L85 L URTEARRH

LiEEE

Number of diseased and dead trees
wn
T

6/23 m /31 9/30
(0 (n (38) (99)
5% 5 A
T

Date of examination
(Lapsed days)

Fig. 2. RCBIICHRE L= v O RFEELS
(M A B R B2

Disease developments of pine trees

inoculated with different inoculum

densities (inoculum : dauel larvae).

AEEREIC X - T Bursaphelenchus sp. @3 WREMB &L CHRHERGIC & - TEFH#EYIC
BRETIREGHS iz ah i, PIHFEHE L THRAZKIERHBOSBMSE TRV LEL
(Plate 1, B) BAROR bHHUNLRUO—>TH 5, B VWHEOE: - MEEXFERT L
BOEMPRFEOER S SN TRABIEBHEOE PO 3, ARAoFE k- TRET 2K

@&%2‘ ‘anlo

BiEBHBEOERICS SRV THN S 1~3 BEESRILL (Platel, O DLW TRHEN T E,
@ (Plauel, D) 73R L —> ORENLEHM TS - 7o, HERCENL IH S DRY
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Table 5. BRHFEBMHEEL < VHEABOM R

Relationship between inoculum density and pine wilt incidence.

® B % K

Inoculum density

OB oW | Baxs T 2 3 4
Experimental Nematode 3 %10 3 x10 3 x10 3 x10

stand
& W it A B e 4 4 9 9
Yunoura Dauel larvae
AR 2 ARG & 2 2 v, 9
Ueki— 2 Dauel larvae

&it Total 8 8 16 18

Nate) #:MA¥ Number of inoculated trees : BRX 104K 10 trees/plot.

B 2%k Diseased
B #%EK Dead

BIERE & L UHEXR
No.of diseased and dead trees

= @ A N

Month of inoculation

Fig. 3. Bursaphelenchus sp. ®HBIEERE (1970)
Monthly inoculation of red pines with Bursaphelenchus sp. (1970).

i, REHA O HABRA TN IR EROHER & —H L TV,

EEERES LUOMARYREEE L 2GS0 E EEIc RE T 2 /ML S CCRRERIDRE
Bidhot, Lichi-T, HBEHEMARGEORERICEARNBHERITVLDOEEZ SN,
BREERELLT A<y (BARBRM) BX07o0-y (GHEBH) S5 5R-ELEL T
D, MAEABICB O THRER LD -1, BRAEZEH TR BV T HARBORBRRELHARICK
SHEGED oML LOT, KRBOHMRIIEROERKNEFH L L VR 3,
MOAEENICERT L, EHOST D L L LICHIBRTORBMIIP L, REAAKLEZ (N
sfe L L, fRFERFIHIC > LT REERICE L WlBRED S hd, 7T 8 ARIBRICRZEAFR
i, 0FEVHIKEEHRECBLT LR Y OMEAPRE L EkEHE RS (Table 5),
WA X - T, WHORBBLETIMELERS 2HEHED Shiz, T1ab5,
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MIEBHRE L, HEEHHORBPL O TEMREO 6 Hich o o AICEA L, L,
g RE ORBEEL S WA IZ T THMEDTEA 1L 8 HLUBRIL I » THID TR - 7o, COHER,
2V AR E S S AR OFHMSREI NS L Ol FEOEREH O, 8 HETKICKE - TH)
DTS LT EERRLTVETT,

3 HERADL S ORHG

MELE Hik

BRI L - TRBEREL~ Yy D SERL O EE L Bursaphelenchus sp. a5
DEPEERT S5 (Kocn OERAI4), 2IHIE 3 558k (Table 49 O#EA 20 KicowT
WEH,»SHEEMA ZRIL, Coho [~2g 2L TRAOHEEZIT- 7. £/, 2 #EA
oW T LHTIRA R ik TRIARR D S8 L .

HRLEE

AL 20 KORFEARD I N Th SREAFRSE S N (Table o FHTHEEIT -2 24t
AARDVTHE, FEHLsHERNS A (Fig. D CEBEICE, 88 BOoT<Th Sighsnlgs
17z,

415 HERIROMKE

Bursaphelenchus sp. @ axenic culture 38 L WEEbhizDT, BD X 512 Pestalotia
sp. %MWL monoxenic culture 2HER & L THE L 12, 2 BHoBRBEREEAROEEFH
W AR R LIAIC Pestalotia sp. BLUZORBEEMOEZT LTV S, ZOHBRTEINSERT
e viclificQEL, shoovvicdd sRE0EHER, B (Kocn DORAI3 DM,

ML E S

HEME LOBEBSEER 2HTORBICRE U, BERETROSEHE L/, D HH, 2
Pestalotia sp., 3) $H & Pestalotia sp., 4) 3) OEEHUE, 5) FEK GIE), 1) E=&I
LicHrLOERY vAMITHEBER G A2 08T 5 2 & T Pestalotia sp. 7 Y —OFRESBE SN,
2) T 2X10°/ml PITFABEEEZSC D, 3ml 2HFAALOERE LA DR D & DO
BEWRE L, 4 KREFEEEDABK CGEEAK No. D 3ml 28AREAL L, 5) KEIRE
K3ml M i,

FEREER

HERFER % Table 6 1R L1c, BERICEREECNX, 7405 1) KOoHdos, 3) KD
M & Pestalotis sp. ZHEL 727 H = v Ic@dEer ICHIERINEOE TR b, 2 HOERR
TRE N LA ATRESFEL TI10 H 22 HE Tio 2SR L 72, mXOMHEAKDH
BRI R HERED SN D - 1,

—}, Pestalotia sp., BB AW B L CREKTOUEL #2[XIcB8 W T}, Pestalotia sp. HLEE
KOE L AZBOTEREAEREIE SHh -7, BIEBHE (+) AR HARIHEXE
Y 2~IAED SN, BIERE ORI CEHE L, Pestalotia sp. HREXKICRAE L 7k
FARERE LI L T A% D Bursaphelenchus sp. RSN, LIz - T OMERREE
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Table 6. EEHEDOHFRERDKL
Effect of inoculum components involved in nematode-Pestalotia
culture on pine trees.

— —r—

=

BEB L UMERH
Number of plants
#® I iz} N EHEK K 5K
Component No. inoculated Diseased Dead
1) fgdpm 10 10 10
Nematode alone
2) Pestalotia Wi @ 10 3 1
Pestalotia alone(2)
3) #RH+ Pestalotia 10 10 10
Nematode+ Pestalotia
4) EEAES 10 3 0
Filtlate of 3)
5) X BREK) 10 2 0
Cont. (Sterile water )

Nate ) fEEHAH Date of inoculation: 1970.7 24, #EAH Date of
examination : 1970. 10. 22, (1) 3 x 10 4§ 3 x10¢ nemas

(2): BaF 6 X 104 8 6 x10* spores, (3): $th— Pestaglota sp.
DREF AWK Filtlates from nematodes — Peslglofia SP. cultures
on PSA,

B RBREIC X3 ABHBESO b0 LM E N,

51 #Oih® Bursaphelenchus BELEOEERR

Ml & ik

2 vFEEARD 51, RIS & - TRIEMESIEY S Bursaphelenchus sp. D iE0
D Bursaphelenchus BOBRELSBRE s, ThooRBEO = vicd 2HEEDCR
AT B 1O EERBREIT - 0o HMAOE GBS U HEITRE - 20, Sl & LTt
NGBS N A EE s o2y BIUOT A7y RV, HEAOERHBRICF 1 7 TR
B icZET 5U0iAB %220, THICKITHABUCHERTAEK 0.1mD 2HTL, o7
—7THBLI, BBERIC-SE /oYy BLUT AR I0AEM LT, 197249478 21 HicHRE
LHEETREER~N .

HRLIER

ERABOERL Table TItR LA, AL EORAb 7o~ v BLUTH 2 vITH L TH
R RS - o, B 3 HRIRBMOBER 21T - L ORIEBHIRE, AMHEME ScRBL
o,

< v 418 KD 5 1d Bursaphelenchus B OB BN L OFRESRHEI NS T &5,
HABAA BT 2B THM I o, 20D TOHEMALTEL D% T &, Seinura spp.,

Aphelenchoides spp., Parasitaphlenchus spp., Cryptoaphelenchus spp., Deladenus
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Table 7. <= vVHEARL D38 XNtz Bursaphelenchus BB & < Vit 4 25
Bursaphelenchus nematodes isolated from wilted pine trees and their pathogenicity
to healthy pines.

] gt = ® B =@ 7
Species Frequency Vector insect Pathogenicity

Bursaphelenchus sp.1’ ++ V)R IR IFY -
Monochamus alternatus Horr

Bursaphelenchus sp.?’ + ta—-FA I+ -
Acalolepta fraudatrix BATES

Bursaphelenchus sp,%’ + A aoafs 46y —
Cryphalus fulvus Nisima

Bursaphelenchus sp,?’ + FAoa%s4 6y -
Cryphalus fulvus Niaima

Bursaphelenchus sp.>’ + zoaFd Sy sy i -
Niphades variegatus REOLOFs

Bursaphelenchus sp.®’ + = vFERS LY -
Pissodes nitidus ROELOFs

Bursaphelenchus sp.”’ + 7S BH -
Unknown

Bursaphelenchus sp,8’ + S B —
Unknown

Bursaphelenchus sp.%’ + =~ B -
Unknown

Nate ) 1): B. mucronafus 2) —9): KRILWHE Undescribed a): ++ DHIEHHBLY Rela-
tively frequent, + A7I> Not frequent p): — 73U Nonpathogenic

spp., Nothotylenchus sp., Neotylenchus sp. FORBFETH %, Th S5 OhTRIRETHEE
TEZHOREEL kA, BEEAEORHTEFAAL SHELLbOZERAVT
Bursaphelenchus BORHEEHETHBRHICEBL P, wWIFnb 7o vB8LUT7H2vIC
% L ORI Z R & 150 - foo

68 & %

PLESIHHORRICE - T, BIKAICBIT B Bursaphelenchus sp. OIEEH S EFEHR S
1, Bursaphelenchus sp. OEBERUB L UCHAZG T TORPER 7 -V Th AR HD
BRI L ARIAOME, BERRAL ) ORAOMIHEEAT 6 LB TEI, AFRROBEREI
& Te Y IR ET ARME S CICEBIBIERIC & -» THES LRI, HABRAORE
KiRE—B L, CORRELS, HEASHIZER L TV AMER < viKBDOER A Bursaphelenchus
sp. EHEELTHRWEEZ 12,

AR L AR BOBEIC Y > TR, R0k ) R EORmREE 407 - 728, S
LABRHBICHE A AL T30 E» OV TIREMERFET» ThE v, Hi - BE™ i,
ABEIC I IEOMELHEEL TVE I EAREL, SO RBE2BELT 2 HEERLI,
Tamura™ (3, Lad 3EOME & #EERhE 7 o Y REE STEET < ICHERBL, WEER
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Rt LB AR LA, SHET Y ICBBE RS Ao L, HEHDE 34
Er7hevERESELERE LTV,

Basuam? (3 Ceratocystis BOBEEEA* 7 — <Y (P. taeda L.) DAL LUHRICEE
BL, 4Bl vAEA - RS EREHELTVWE, ZOEBRIBIFFICEARLSET GhAoE
£ 35~40 cm BORIKFIL) TTDOATWTIEE L < v T 2REEFHSpcIh TV,
%7, BsIcBT 3B ES LI TO R, AHSY 3, Ceratocystis HO—& (RICEHZ
EE) PEREISNLSEET I VIORERARL ChEEs e L 8L, #MER~ v HEDK
FTHs LB LI, COMETE BEAOHBRRH,» oRIEEHIET S L LT, BIERH
BASBICETT 2 HAKKE FTOMER < VHEA L BF-O—BAHS 500, H5 « MY 3
MOHEEE T H < v AEIANCHERE LR, SEEEL, o OBIEOREFR M ZRD o, B
BEE LB ERELTVL A,

RS 3, = F NFNF (Sirex nitobei MartsuMUuRa) &RIRE (Amylostereumn (FR.)
Bommn) & D&#E#G ZHHEMECL 2~V OREREL TV S, JOMBEDES, WERDH
HieataRoiEoRBER A2 00E LSS,

WAL G2 & DR TR, TOOIWO—E Y F 7 54 (Rhizina undurata Fr. ex FrR.) @
mER £ 57 v HOBRIESH SN TV ST, 25 SFHBINKELRKIH ORET 5 HH-
BHOERAOHRBEBIT LGRS L 0bhs, Dl v vHERBESEIFREELT
Bursaphelenchus sp. UACEBRIRINTOLEY, o2 EER - vEOREEER %
IR RN SN TE ST, Bursaphelenchus sp. DWEER < v {54 HPTE 2W—DORFEE
THBHEVZ B,

3E BWEBRBOSRHIZIONT

Bursaphelenchus J& & Fuchs IK & » THIR I N B THHFEMICIZ Tylenchida H
Aphelenchoididae FHZ BT 5, 1960 % TI, 20 EHEIBMEsh TV EY, EH LI,
CH S B & AT OIS S ORI E £ B U R, BRMEM N chaFE LA
U, Bursaphelenchus lignicolus Mamiva and Kryorara, 1972 E@&#EE LY MEELT
TV HFA Ry F a0 ERBLEY,

FO®%, 7AVHIKBVTY B lignicolus KT 2R~ v FOMIFLBE L TRAEX
haeBL0¥ KMEFREORESLUT A Y HiIcB T 2 8EOLEHE E oBRIRRSRIEE 2
S>T&EK, COMTRHRARBOFEZIIO>VWTZOEEORIEEHRIAT 5,

SteINER & BUHRER®™ (3, 19294E7 # Y # @ Texas M Orange BiCELEFELEOFEL TL
L5449 <y (P palustris MiLL.) M5 5 —BoBhigH Lz, Z0®kb 140wy
Px¥S—3<v (P echinata MiLL.) 5 5453EES N7 SRS & OW# b RO RAESE
LTWRDAHRL TO3, 1934 FiilFE T 08EHR% Aphelenchoides xylophilus STEINER
and BUHRER, 1934 E@# LREK Lo, MARSM EERCHEL TWE I L OHWHEIZ T OfHH
% timber nema &FEA 2, 1970 4 NIckLe®™ (3, Aphelenchoidea ER OB iz >\ it %
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T 1 #5 %, T @ A, xylophilus % Bursaphelenchus &% U T, Bursaphelenchus
xylophilus (STeiNER & BUHRER, 1934) NickLe, 1970 & & L7z,

7 * Y #i2H B Bursaphelenchus BBRBEOBHICE b1 - THAEZEREOBERLEH
My E OFEEN — B S 7P, NIckLE 6% 3 & SIcHARE & 7 » ) /1 EG ROl Toil X
ET-oT, HHICKEEMT 5 L2H0, TheLbic, B xylophilus OREAS L VKR
BEAOHENFE~N LGN, Fguilsh TunuoRMEL I CEORES ChoBRIIB LT
Miani, SOREREADERELS B lignicolus Dil#EO—8T 2 EMHEL Mz SN, L
Lo AR Ic Nickte 5% 3 B, xylophilus #Hid# L B. xylophilus & B. lignicolus
Bl—HETHLLAE LI, ek, H-KmEicB0 T HoSWERFEZFEALTWS
FBEBROFEITE, SBMICED B xylophilus BRIIE N 32 &Y B. lignicolus 3%
ORZGEINT, ARFRICBOTS, =V / FA1 2y F2uO¥FLELTLE B xylophilus %
Hwa,

18 NTEOEE

ABETREBER < v A LTV BEH Bursaphelenchus sp. 28B4 310 E - 1238
Zif~<, Kocn ORANCESCEHEBRL» SARROFREEEZHEL fo, ZRERH» S, Afd
B. xylophilus 3 M EM ~ v 5 HE ORI & &3 T & 2, Bursaphelenchus B D #iH i3
entomophilic nematode (Bt LIF#HRAR) oo 1 7 v— 72k 2E8H©, WhiEs
phoretic ({F3EN % 72 2 A LBAFEE b DRBIMBE ST SNTLEP®, 1384 X OB
EARHEO AP ESFEL TOAEADOFLES frass » SHKHEs W TH Y, HEYH
H5E & L Tl2 Bursaphelnchus BOW TAELRFIOBETH S, ABORRE LT 1981 F
TICHI A0 O ME™ 2b 505, MUHFEHRLE O HIBEL S I o ORAICKRTT2NA 5 L4EHH
Hrlbic, SEFICRHSN A>T OIS 2L RIS 2 C EHRTEER
%o

BACHE LRSS 5o @2 MRS ¢ 2 RuE LTRABDELIZ, H1 Y FEBT
a3 ¥ ¥ (Cocos nucifera L.) 213U &L d %5 YD red ring disease OIFFEBRRTH 3
Rhadinaphelenchus cocophilus (Coss, 1919) GooDEY, 1960 s shTw 5™,

AU L 23 08 v OB, FEOEED ring RICRET 2 0ANIBHEH-O KA
EURBMTHEL S CoRBIchRT 5, BRALR, BUHTESTLT 2AMBHERTH,
REFER B LU I~ pHRICAFEOLEEL TERAKET 277, BhoLHcd /v ovo—H
Rhynchophorus palmarum L. ¥ BELEOERL T 59, HROREREEICTHI D,
BROLEG12~3 R BT 2HHERT,

WE  Bursaphelenchus xylophilus DFED

DEIZBVTE, HERyHBAERL TLAREHRE RV LAERE £ OFREMNE
THEBEREDOCRN S, TOBTRARAOEREEO M >WTHET S48, Fic, RE



— 144 — HWEARBHINME 335
JIOBARERICSVT, ST EHHPLAL SRFAEMA 7,

FERS YIRS R R C THE R PREE (pathogenicity) &N 245, WERERIZES
(agressiveness) &¥EET) (virulence) 2433 oh 3™, FiEIFESHEYEIBALES TS
FTIRBETHRENES L, REREEEARKSEIEIESNE, KNP itk b E RFEKE
1H AR FTREMYICEREERT 481TH - T, B2rOMOSE FOBNOBRTHY,
PRI E e DRAE - SEERL L OREHOBEE LT ON B THE | LTV D, AP
THRRMS LOHENE VHHEL LI OBETHY 28, ABOBES, HhiEELL<vD
FEPEAR E 72 BHEERTHRE IR L 12,

185 Bursaphelenchus xylophilus DHERADERER

HEPIRRED I IR ICEN LR C 0, ABEM (forma speciales) % race ZJERKL
TL2 bR, MPIFERHC B TOFERORMEE, 2+ 2 F 29 (Ditylenchus
dispaci (KUuN) Fiuipgev) 23 U 2 3 7% v F 2 98 (Meloidogyne spp.), YA btV F
= ¥l (Heterodera spp.) KETHI OGN TV THE L D race DFHENH 29,

AE T B xylophilus DRFEHEDOHMLICHET 2RO —BRE LT, RENOERICFREE
WTHE - RBE TV ZORRE LD LD,

LI WEOMIERIZER

kL& 1

1972 4, HEAE, TEEZSEMRD D OOH L ARBEERG T/ o~ Y HACERLER,
MR OBF PRI & » TREB T LR N, 22T, 1975~1982 Fic 2HE O
#EK (Fig. 4, Table8) HovYHERKFAL By /< ¥ 58 I+ YEZEHIICH X 5 @K
B LI, ChSONKERRTY /255 A5 ) OREENML, Zothd 20~50 T4
HLNE2E2IAO FEICE D TREEAFRBAERL 2. ATl hSIERAFROC L%
isolate EFFHRT %, FHROWE/NICHIBEER SRR BS 20 B E2HEID D00, Lil&8KId 5
lisolate ZHEE L T 7 v = v HiNIC[HIGH THE LRI Z B L 7o, HREIEEIIEANL D
500088 & L AT R ORI~ PIEIc IE 28 5 AO AR THERE L 12, LT, HBFEGEMTH
%0

1977 #7H 23 HiKIUNMARE RS il Q4E 7 o= ), 19824E 7 B 14 HicHEIUN BN
M QL7 my) BT LIX 10 A4 3 BIRKEERETER L 720 3 »HRICHTHE LIERE
Kb, ThAEFERERL t REZET- 1 LT, BRBLUOREERRETS 5,

FEREER

ABRFERE Fig. 512 L 1977 & 1982 HFicdbkili L THW W 25 @ isolate DIEFT
WIEEALHENED SN - DT, MEDEREEL TXIT/RL, ZOBERGEDE
BT AR LT,

BMUEDREIIE = VHEETAHS L, 0~100% EELVERER LI, Thiafildiicss s
RALH G o BRI A 1 TIRIE /IO isolate OHBFES P PEVWEEEZRL TV 3,
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LaL, BIBCHERIOBVESbHY, ERICOVWT—EOHRERD SNfdh -, #HR
isolate D EHIER T H =Yy LU 7 o= vl oL THBE TS - 1278, HEOEHLBRADHK
B A DR —EDRR R DN h o fo, SrEERICHEL fo =y ORGSR ROBE ORI b —

| EWBEAS

2 R B LR

3 FBEIER

4 REBEBRIIERZ) AT

6 RWRBAKFH

7 AR/ U

8.9 TEERALI—EA

10 WEYIE L E BERR W ZERT
(NI SYIY-$Plys:icib 3:1 )
12 HBNBR)EE#EKET
13 IR BERMH
14 358 B IR AR TAT

15,16 AR &R

17,18 BEBEEEEMAT
19 BERERMEIAR

B 1R IR BEFR AR 4EET
21 BRETEH

22 BN BBIEF % 2E
23 FNIBHF L EER{hEgHET
24 BHIREFSH

25 SENRAISTS

26 RIGIET BRI 2EAT
21 ERRE EEEERT
28 KHBEIFM

29 RIBGEFRFH

30 RIBFEHERH

3l RIBEBEH

32 HEARERERECAEAAT
33 HERIEHEEXRT™

34 BERIRFEACEREEALAT
35 EIGEREAKNE S TIEET
36 FIFERSEIEET
37 ERBEREBEESIEE

Fig. 4. WENEHF 7B ORI E
Distribution map of collection sites for isolates of B. xylophilus assayed for

virulence.
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Table 8. 4t B B
List of B. xylophilus isolates
HF 5 &% HY 3i B O & F W £
Isolate No Collection site Source Collected in
1 HIRE L& T K 1982
Miyagi Pref. Ishinomaki C. Dead tree
2 g UET 5k K 1982
Yamagata Pref. Yamagata C. Dead tree
3 FREsET i K 1982
Niigata Pref. Niitu C. Dead tree
4 BEEE A BR8] TR A 1982
Fukushima Pref. Asakawa T. Dead tree
5 FIMEIK T SR 1975
Ibaraki Pref. Mito C. Vector (1)
6 EIWEAKET AIFY 1975
Ibaraki Pref. Mito C. Vector
7 W5 ARE/ LT AR 1982
Tochigi Pref. Oyama C. Dead tree
8 THEEEA B —=HT PN ) 1975
Chiba Pref. Ichinomiya T. Vector
9 FEEEAB—EH] HIFY 1975
Chiba Pref. Ichinomiya T. Vector
10 WEEE B BE BT AEE BT TR A N 1982
Yamanashi Pref. Futaba T. Dead tree
11 NG TIVE BR R 7K BT TR AN 1982
Ishikawa Pref. Oshimizu T. Dead tree
12 AINNE A BRE8skRAT R (AN 1975
Ishikawa Pref. Tsuruki T. Dead tree
13 i RIEERT eI AN 1982
’ Gifu Pref. Mino C. Dead tree
14 B R BRI HT RN 1982
Shiga Pref. Oomi T. Dead tree
15 AR AR HIFY 1975
Kyoto Pref. Kyoto C. Vector
16 AR R AR ALY 1975
Kyoto Pref. Kyoto C, Vector
17 BRI S EEREERET ISR A N 1975
Tottori Pref. Fukube T. Dead tree
18 B A EE BT I TA N 1975
Tottori Pref. Fukube T. Dead tree
18 oN:V{=X-—g(2r:10i2E D) & K 1982
Tottori Pref. Tomari V. Dead tree
20 BRI RERAT 2 s T [N N 1982
Shimane Pref. Hirose T. Dead tree
21 BRI AT ANE)| 1975
Shimane Pref. Ezu C. Vector
22 NS gk g= 4] i 38 K 1982
Kagawa Pref. Utazu T. Dead tree
23 )| B % FE B i T HIFY 1975
Kagawa Pref. Nakaminami T. Vector
24 HHRERT TR A N 1982
Kouchi Pref. Muroto C. Dead tree
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=} D * i
investigated for virulence.
L) & O 73 i) #H = M
Original host Stand age Stand type Grade of Damage
P. densiflora 30 AL # h
Plantation Moderate
Do. 30 R AR MK ;
Natural Severe
Do. 33 A L ¥ op
Plantation Moderate
Do. 30 KB i
2 Natural Slight
)
Do. - R & % -
Natural
Do. — KR K -
Natural
Do. 35 ~ 40 KR HK M
Natural Severe
Do. — _ —
Do. — — —
Do. 20 K &K K h
Natural Moderate
P. thnbergit 17 ~ 22 K A K #
Natural Severe
P. densiflora 60 ~ 70 S i3
Natural Severe
Do. 70~ 80 X R B
Natural Severe
— 15~ 20 K2R B
Natural Severe
— 15~ 20 xR K B
Natural Severe
P. thnbergii 20 R R K% -
Natural
Do. 20 - —
Do. 20 AL #® |
Plantation Severe
P. densiflora — KR K —
Natural
P. thnbergii 35 KR MK
Natural Severe
P. thunbergii 17 AN L #® —
Plantation
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Table 8. 23 &

&5 5 &% B 3 # W R B W &
Isolate No. Collection site Source Collected in
25 ISR — 1978
Kouchi Pref. Suzaki C.

26 RIGE T EEE R G SR AN 1981
Nagasaki Pref. Mitsushima T. Dead tree

27 EREE L EE SR HIFY 1981
Fukuoka Pref. Yoshitomi T. Vector

28 KA EREIHFTH i3 K 1975
Ooita Pref. Usuki C. Dead tree

29 RIEFHES T FiNE ) 1978
Nagasaki Pref. [sahaya C. Vector

30 RIGEH R T ) 1978
Nagasaki Pref. Isahaya C. Vector

31 RIBE SR LR AN 1975
Nagasaki Pref. Shimabara C. Dead tree

32 HEAREHEABIE AR R AN 1978
Kumamoto Pref. Ueki T. Dead tree

33 BEAEREA T #i4) 1975
Kumamoto Pref. Kumamoto C. Vector

34 AEAR T LB LT AIFY 1975
Kumamoto Pref. Ashikita T. Vector

35 = IRHE B EI R BT i T AT FNE 1976
Miyazaki Pref. Takachiho T. Vector

36 = IR WS AR || T A 1976
Miyazaki Pref. Kawaminami T. Vector

37 BEREIE O EA ST e K 1981
Kagoshima Pref. Kinpou T. Dead tree

Note) (1): =v /=454 31%) Monochamus alternatus (2) : K8 Unknown

50+

7V FFERRE (%)
Mean pine mortality (%)

123456 78 9 1011121314151617 18192021 222324252627 2829303) 323334353637
T4 L1 FES Isolate No.

Fig. 5. BAZMOBEND S8 L 72 B. xylophilus OFIFTO g
Comparison of virulence among B. xylophilus isolates obtained from various
infested pine stands in Japan.

3 IR IEELBRA I & 23458 Test of randomized block design with 3 replicates.
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Table 8. —»O%

1 EE W #® B #EF R
Original host Stand age Stand type Grade of Damage
P. thnbergii 12 A L ¥ ﬁ&
Plantation Severe
P, thunbergii 20 -
Severe
P. densiflora - K R K —
Natural
Do. 20 ~ 30 KA MK 4
: Natural Slight
Do. — KB #H
Natural Moderate
P. thunbergii - AL #& it
Plantation Severe
— — KA K -
Natural
P. thunbergii : 18 AT #®
Plantation Severe

EOMBIR -t £, REROGBREOSHEL <Y THEP= v/ 2850 IF)THLH
CBR L7 -

21 MROMB L UMANICE T BREOL R

WL E ik

1FOEBR B THRROBIRE IR LAY L - TELL BE R I EMREs N, 20
HERL, 1SN BY 2RENOEROEELZWHSHICT B9, 45 ENZE N Sisolate
AL THBE N ZF AN (Table 9. HERELABIMAIN OGHMIcEE S Ncy ey 24
HEAREHVT 19834 7 B 28 HICH B TIT - 1,

ERLER

HEHER% Fig. 6 WR L. 7, BENOMSRERIIHS>VWTEEE, MG A TOHERD
FEARDELAHERCI>TEL R o1, M5 D k20T, RARONHERIE<Y /=
F5AIFNTH 7, A RS EEROHFE ORI NED SNz, B BLU CHOTOLE)
i3 A, D ITHA/NEH > o isolate B M EN#D Shic (p=0.05),

RIH I OZEAEMRGRNC > L TRETT 2 M RIC b FERENED S i (p=0.05), O
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HEABRBU T RS

Table9. # H & & O *

$353 5

v

List of pine stands and nematodes investigated for virulence.

5 % B s ® OB | % M
Stand Collection site Source Collected in
A IR S B ] _ IR AV N 1981
Nagasaki Pref. Mitsushima T. Dead tree
B BEARRHEA HIE YD 1981
Kumamoto Pref. Kumamoto C. Vector (1>
C 78 IR B L S W Y it 3E K 1981
Kagoshima Pref. Kinpoo T. Dead tree
D AR IR BT HIFY 1981
Okinawa Pref. Onna V. Vector
Note) () : =v/=#7h3I%Y Monochamus alternatus
100 - r r
A B C D
~s so}
S
W= i
= o}
2E
£ 2
g 3 40
D5
M o
= 2ot
I 2 3 4 5 I 2 3 4 5 I 2 3 4 5 I 2 3 4 5
AV L1 +ES FA4vLAMES 7AvLS L+ ES TAVLA I ES
Isotate No. Isotate No. Isolate No. Isolate No.
Fig. 6.

[G—H I DR 72137 3 & 1) BINCAYEE U 78R ORI o

Comparison of virulence among 5 isolates of B. xylophilus obtained from
different trees or vector insects in the same pine stand.
A—D: #5r&*77 Stand number A & D: AP SDT A 2 L1 b Isolate from
dead tree, B& D: # 3 F Yo D7A v LA b Isolate from vector insect.

3 P IEELIRIC & 2584 Test of randomized block design with 3 replicates.

8o, BUOBRENZ1IKDINICBOTHELC BN BEADH B EMRENT. MARDE
H3 isolate DAL A D=y /=¥ 57 3+ ) hicBHE LD - 12,
I AR BT 2EHOBEREIOER

& Gk

FERNDERN I MAARNICEVTHED SN I PGP EARB 00, K2 A% 4K LEBR%E

1ot BHEAANREARMNETHRI L 16EE 702y 24 CPO#E : 6.2m, EERESE

£ 6.6cm) TH 5D, HAAEROHEL SHIFTHICH T TERMRBIC 5 LI o2 L b, R
Z0vEE L THEILT isolate 2 {Ek LR L7 MMEAM KBEMO 3EE27 o=y 2HL, 1985
ETHIZHICHEREL, HE 105 12 HcRABREREA 1,

T g
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HEER% Fig. TR L7, WEAR-15 558 L7 Sisolate OIS L 5 < VHGSEHRIL 78~
97% LZEHNE (, ERBUIIC X FBHOBEANCEEREZZ I > (p=0.0D), #AK-2
TRIEMFOEFHPPKRKEL T28~50% £xxLt, L L, HetWEBEERLS L -7 (p=
0.05), TADREOFEAE 5 isolate DV THE L 1 & 2 ARFNOERAETS -1 (p
=0.01),

ULot#Ry» 5, B—HEANIZERT 2FEROBFRCRELVHERT L, BREIMEAZE
BRICE L TWA T EOHES N, PRI O, HEAALE L CHREOEER RT3 2 580
H %,

418 H—MRERMORENOER

PhHELE fik

CoRBTR, BRUORFENOBEAREREHRET LENT, 1HHo-y/ =¥ 5h I+ VS
LTLAHBERHERNRICLT, Ihh B -MREEER L 2 ORENEH . MEIUNE
HEHR TR L 23D~y /=54 1+ U 2 AL ZEED S 9 M—MEREAER L 72, BHE
05 B L 12T T OMARY B ERBEATHEIES L, Bk TREREL 2% B. cinerea B L
KRR L, 25°C T2 24~48 BRIERE L 120 C ORI » R LIEIFL T A1 1 GAA 4%
TERICAYBEL, Thd o8 L B L E—MERE S U, BRI, 1982 47H 30 Bk
MR RIC RS W ic 2EE 7 o= v ot LHEETT - .

L ER

KEFERE Fig. 8 Wi Lk, WFNO= Y/ =¥ 5h 15 Y hoABEshiBes, B—HR
BRI OEELSEZR b -7 (p=0.05) COTEMS IO Y /25 5h IF KK

100 r r

v VFHIETRE (%)
3

Mcan pine mortality (%)

| 2 3 4 5
TAVAMES 7oA eA bES
Isolate No. Isolate No.

Fig. 7. 1RO FHEREH o508 L ERORE IO LLEs
Comparison of virulence among isolates of B. xylophilus obtained from &
parts in a single tree bole.

REGLE  Sampling position : #IFE (D—#48 (5) Base (1)—>Top (5)
3 MIEEBREIC X 2588  Test of randomized block design with 3 replicates.
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o
o
nl
-

1

M- | M-2 M-3
I w0
o=
Q@ 60 1
£ E
ﬁ; s}
> 2
ME o2
0= 2 3 456 789 23456 7 89 I 23 45%6 789
7AvLA &S FAVLA FES T7AVLA MV ES
Isolate No. Isolate No. isolate No.

Fig. 8. =v /=¥ 58 3+ ) BEALCER L o B— MR OKRE S O
Comparison of virulence among iso-female lines of B. xylophilus obtained
from a single vector insect.

MI1~M3: #3+)HEES Vector insect number
3AIREELIREIC & 23888  Test of randomized block design with 3 replicates.

Table1o. #8 H & @ © X E
List of B. xylophilus isolates investigated.

Isolat % i1 Hh B B B B R &
solate Collection site Source Collected in
S—10 EARIEL L HEET e K 1982
Shimane Pref. Hirose T. Dead tree
Se—1 FIRBAT INE A 1975
Ibaraki Pref. Mito C. Vector (P
Ok —2 IR B #IFY 1981
QOkinawa Pref. Onna V. Vector
Cl4-5 TR — =T INE ) 1975
Chiba Pref. Ichinomiya T. Vector

Note ) (N: =Y /=&3583+%Y Monochamus alternatus

BLTVAHHEFBREEEORENE b - R THRBREh TV T EHfERIs n, KRN
22w/ 285 hIFVBITASLE, REACEEBED ST (p=0.05),

518 REHREH ICHT 2BRA0RES

PR E A

BRoBETR, BOETLI0EN L7 oo vl Ty, BENICIESREYARTH
21 FIT7 oY BIUT A7 v REBIRHES ICX LT, ¢ TIBERIOH S, E isolate
THREL, = vER - BROMERIGEH N,

7oy JUNEY o= v HEBORBIRFKY GHE 2RV, BRHELbENEIO
islate 2> & 16 KZ 4L 4,

7A=Y RILET A < vHEEORBBREN Q8L 2HEL, & isolate oD% 28K
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Huwfe, 2m=y, 7Th=yEbHMEANNIGEBICERS e bDTH B,

BRI U 1RO KRS Table 10 1o/R L7z, 1984 2E7H 15 HIcHETHERL, ME1LA 20
BicREF N, o BETRIFET - 72,

REREER

70T Y BRIRUETHTVIEODVTORBHREBOBD, Table 11 & Table 12 2 L, &
T, rewviionTALE, FRENOBEVGIRREAERE L S, BLASORBRIREICEWT
80% LI EOMERER LI, UL, N2, )il 39 TECHIERERL 72, SiREgh 0k-2,
Cl4-5 X DERAH B &, —BIEORERTH - 2oy C14-5 KTHIFERD /N5 v F43/D 78
WDICHAN Ok-2 TR/NT v FWRED -1,
TATY~OERBERES L L, BRREROBENXTIZ 43~83% OMERER L, 251K
7Y R OEVRERTH -1z, ZoRTHKIR 106, ~5 103 75 & T—F L HFERMBED - 72,
MREREOEENX TR MM ICEVHEERER L, 0k-2 TRETOMIEARNSRAE L 1225,
CUSHETRELALEDR YERTHEROS Th -1, SROEEREH» S, & - 9HEESE
BT AR BVT, v ERBRELVHERINBVWLDOLEZ bRt TORBRTRBV
isolate TH 5 Ok-2 77 o2 Y HEFROWARCH L THVWHE AR L8, oLl
TR OLENH 5,
BEROBENIORECREL LT a=yHIREHOVTED, TA=vicHd 2REEND

Table11. 7 o= EHBIRHKHEICNT 2% - SR IRHOER
Pathogenicity of virulent and avirulent isolates to open-polinated seedlings from
elite trees of P. thunbergii

AR EMBER (%)
No.dead trees (% mortality )
wow |’ h g ® BN

s Virulent Avirulent
Mother tree S6—1 S —10 Ok —2 Cl14—5
m mw C 15 ( 94) 16 (100) 16 (100) 3( 9)
Sendai
m | 2 7 ( 44) 10 ¢ 63) 2( 13) 1( 6)
Sendai
B o 13 13 ( 81) 16 (100) 0oC 0) 2 (13)
Kimotsuki
I3 10 15 ( 94) 15 ( 94) 10 ( 83) 7 ( 44)
Kawanabe
Il &3 33 15 ¢ 94) 15 ( 94) 4 ( 25) 5 ( 31)
Kawanabe
o & 39 15 ( 94) 10 ¢ B83) 13 ( 8) 4 ( 25)
Kawanabe
N B S8 16 ( 100) 16 (100) 5( 31) 2 ( 13)
Kawanabe J

Note ) &A% : KX 16K Number of inoculated plants : 16 plants / plot .
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Table 12. 7% < v BHHREHICHT 2% « FRERBOEE

Pathogenocity of virulent and avirulent isolates to open - polinated seedlings from
elite trees of P. densiflora.

MR ABE/HEE (%)
No. dead trees (% mortality )
wow R Oh R I |

5 R Virulent Avirulent
Mother tree Se6-1 S—-10 Ok — 2 Cl4-2
= F 103 22 (79) 17 (61) 1( 4) 0(0)
Iwate
=2 F 104 22 (79) 19 (68) 4 (14) 2(7)
Iwate
&K OR 101 19 (68) 17 (61) 4 (14) 1(4)
Mizusawa
K R 105 16 (57) 21 (78) 4 (14) 0 (0)
Mizusawa
A R O106 13 (46) 12 (43) 1( 4) 0 (0)
Mizusawa
i@ 107 23 (83) 21 (78) 0 0) 0 (0)
Nakaniida
— F 103 13 (46) 14 (B0) 1( 4) 0 (0)
Ninohe
Z #t 104 20 (71) 18 (64) 5 (18) 0 (0)
Ottomo

Note ) HtA¥ . £X 284 Number of inoculated plants : 28 plants /plot,

HIBSDIE O, ARBICL - T, W RERALETOHAERIGE, 7oy dT7a=YiiBL
THAMCRRLE SRV LD LRSI, '

28 WEHICRET I EREEHORE

AHBOBEENCREIMITE L OLOWMABLOETELVERDSH 5 T L fifioERs» 5H S
MizE Nt WEINICE VL THRISE R T HEHRTICER « AR S 5 LR ENHEYS S 5 EH
AWM ICT 2 HMT, B cinerea BLBLU Y v=vERNIc BT 208 « S5RIERER O L EE
RE - HEHOBROT A V1 L0 %IT2 1, &5, WRNDEERIE>LWTOBEZMA
2o

158  Botrytis cinerea B LT B} 558 « J9IRIEHR R O BaHE HHEx

& Fik

R L 22 H isolate @ 9 b K48-15 & -3 # & { 4isolate IIRIHEI 5 IBORKEBRICH L«
isolate LA L HDTH 5, K 48-15 £ 1975 EH/NEMEHHT T, -3 GFRERA] |EEERET TERITL
FEEP S E LI b DTS B,

VR S PIMHERE AR 10088& L, 25°C FCOESE 1R L HETHBR L., ABO B
cinerea B LI 3 WEEHARY »> S BiIMT U CHERE 6 B O @IERRE B L 7,

FEREER
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BRE6 o~ JMYk b offiEKk QRIRECESEMH) % Table 13 /R L o WHEII DM
WIRB OB, #1100 EoHdy, LIhb | HERigoBERICE L. —F, WEIDIGWE
B O EEE L 3isolate DFEHETH B &£ 2700 B{TH isolate D 1/4 IKBELR LV, Kb
D% 3 Cl4-5 Tid, /IOLTOMAERIzEEE -1,

AZRBD S, < vicntd 2RBOKE N OGS & EE bk o 5 %M ) Oy & OB £ Rg
TR/ERMEONI, LL, 518D isolate 2HE L THA~NTHA B &, HESH & HES
DRI AT L SEVWHBIREY Shish - 120, XY LicB 0 28 LHRFENOBRICO L
TREL OMPFEFRIC >V THBS O TV IH, FHE LORES & icxd 3R OM%
ERUAMIRRELASRELSFESHROBETH S 5o

QI v/ HMANICE Y B « SSIRER R O I L EL

PR Hiik

TIEOREBR I L 1 isolate Db 5 S6-1 B8 LU Ok-2 ZHWV T « §9RERROMBEN
81 B HESEEEER % 1T » foo MWETUNGHICER SN AF4E Y o=y o S AT REF
HHD 120 K%BAT S6-1 LU Ok-2 e BOED 60 EEHERAL 2, HEAR MO 2 K12
U, BEH L HHOBBRAEELT 1983 7 10 DR Lk, ¥k 5 DB cfEsc
SAORERET» LYY &), HEEZBROTREZSEL

b e

444 7 o2y OBEBENIC BT 518 - HREREROBEESHER 26 1 g 2700 OEER R
LT Fig. 9wmlic, 1 HEEEE L S6-1 BLU 0k-2 © 5 HRICESEL SHE s iz
HRHIIZNEFN T 110050 (852/g) BLTF25F8 (134/g) TH -7, S6-1 ORBHEE IR
Atk 2B L 25 B 2588 1 g %720 5000 SR Bic# L7, —F, Ok-2 0¥ R LR

Table13. ¥ « $§RRIIHRU DTS D L&

Comparison of reproductive potential between virulent and
avirulent isolates.

IR A WHEK (6 8 %)
Virulence Isolate No. nemas /plate (6 days)
S6—1 11,900
58 S-10 10, 900
Virulent I — 3 8, 500
¥4 Mean 10, 400
Cl4a-5 850
59 K48 - 15 4, 800
Avirulent Ok — 2 2, 600
g Mean 2, 700

Note ) IR - £X# 10088 (25°C , B. cinerea W ETHER)
Inoculum : ca, 100 nemas each (tested on Botrytis
cinerea cultures on PSA a 25 °C).



aE/g(x100)

— 156 — HEARSHIZAME 353 5

60- Table 14. BHKE% T 1 ERE
_ e———eo—* Enzymes investigated for electrophoresis.
< s B B B % %
§ Abbreviation Name of enzyme
o
Z —e— 56— Acop BT+ 2775 €
= 30 Acid phosphatase
2 --o--0Ok—2 ADH FTova -k REEE
§ { Alcohol dehydrogenase
S 51 Est IRFT—F
2 . Esterase
GOT TR FE BT I BRBER
- Ommmmceee Ommmmmm O o Aspartic transaminase
S 0 5 & & Lap | eAvyTi/sTFs-v
S E %A N Leuc3jl aminopeptidase
Days after inoculation MDH ) v TERK RS

Malate dehydrogenase

Fig. 9. 7 o= vHEHENIZET 558 « 595%
RER o L (5 Bl )

Comparative population trend between

virulent and avirulent isolate of B.

xylophilus (a mean of 5 replicates).

S6-1: s/ Virulent,

Ok-2: 9998 /1 Avirulent

FTRETOB O UMEREZ R L o

BEROBEMMBED S v Ok-2 OFEEEHEES 1g H7/20 W0 AR ELLIFVL, Th
BEESUOKRAB AT DT, ThERS CRAFER I SW/g THR L, S6-1 Dy,
HEHEBRVTS 1g K70 1000 8L LR L1,

FHc® O B EEEHESIBIR L 20 - 1003, BREE 1 AZU)S FIiBE VW 30 AD < v o
FEIC>0THBE, S6-1 KT 284 (93%) ThH-reoiwtl, Ok-2 TR 24K (7%) Dlb
HTH-Teo TOTEHH, FHIcEVTHHEEROERE LEROBEARMHEE L -/cbDLEZL
S b,

DL o#Ry» S, Bhio~=vicdd 2KE11, EERNICEBT 2B oBEORE & &b
S TWB I &P S h,

3IH Bursaphelenchus xylophilus ®FBEIE 7 4 v ¥4 L OBERE

Mt & Hik

AREORFIPREBR DY A €5 5 210 & - THBIERES & 5 &, ORI & OO R
AR E O DEF LD 6BERBOT A VM1 A2V THRIFEMA 2 (Table 14), #tHL
RO, EEEMICELIL TV B xylophilus, B. mucronatus ¥ &£ U< VHAFEAD S48 L
7z Bursaphelenchus sp. D 3 TH %, 3EOFHITH W1 isolate DHRFEAE Table 15 IZ/R L
foo B¥EH % B. cinerea & H WV THETHEL 7214 BAERMANN ETHEEL, AH/KT6~70



< v MR AUR OBRRFHIIE (FiD

— 157 —

WLz, B LTHEERERESD, oW, S, 0.5ml W8 HE) (<A 70Fa—7
WAL, f BICEEEEEERR Lz, IS 100l O L s BlENA, 5 2E-XICE 5K
B TR L 7, BERRE 30000xXg, 0°C FT40 FLELNEEL, %0 b 10 pl 2BREAHAHR

Table 15. 74 V¥4 L3t L 78Rk isolate
Nematode isolates of 3 Bursaphelenchus species used for elecrophoresis of enzyme.

& I[solate
Species No

% HY bai

Collection site

B W &
Collected in

A

B

W)

B. xylophilus
@) z =Z —

jav]

o DO

FIRE AR )
Ibaraki Pref. Mito C.
B ARIEL IS AEET

Shimane Pref. Hirose T.

) | R BT )
Isikawa Pref. Tsuruki T.

REAIEL A ACH]
Kumamoto Pref. Ueki T.

HE AR 7 P T

Kumamoto Pref. Kawachi T.

AN EsRET

Ishikawa Pref. Tsuruki T.
RRR K I

Ibaraki Pref. mito C.

E R EL LR ET

Shimane Pref. Hirose T.

BEAIEL AL AT

Kumamoto Pref. Ashikita T.
TR BT

Chiba Pref. Shounan T.
BINEF % @Ay

Kagawa Pref. Utazu T.

BRERINAT
Kagoshima Pref. Sendai C.

HEE B2
QOkinawa Pref. Onna V.

1975

1982

1975

1975

1985

1975

1975

1982

1975

1975

1975

1969

1975

B. mucronatus

BRI REIRT
Nagasaki Pref. Shimabara C.

KRR ALER]

Qoita Pref. Kujuu T.
BREEEAR

Kagoshima Pref. Kiire T.
FHER =0T

Chiba Pref. Ichinomiya T.

1973

1971

1973

1975

K

Bursaphelen-
chus sp.

B REE RN o
Kagoshima Pref, Kirishima T.

R EAFHT

Ooita Pref. Kujuu T.
R SR 2 # T
Kagoshima Pref. Naze C.

L

1973

1975

1973

Note ) A-K: (Fig.10), L: (Fig. 11)
M-T: (Fig, 12)
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k&L,

BRKENE, ERT 7Y AT I FSABEBRKBIEIC LD, Davis? OEEICTEY, T% 438
v, 3% BTV EMEHLAC TIRBVT 12.3mA/cm’ OFR « EEF T CIEIE 40 94T -
Yoo BMBIIEN « KHD 1B - 1o,

HREEE

9, SEOBUOEHEOF 1 £/ 7 LW THRI LA (Fig. 10), TR 3 F BT 3 /

GOT

HelaisicEnisininlialinin

Acp

I
|
I
I
[
|
IT
[
II

+ L L] Uuuy guuy

[
o

Dy W S W ) I W ) W ol J L

A B CD E F GH I J K A B C D E F G H |
xylophilus mucronatus sp. Xylophilus mucronatus sp.

Lap
ADH
M

-BARBAE ARRR 1NN a alalalals
— — (] = H M =
i O 00 GEE
L | - — — = =

gl=ti = o == =

ET
E1
B

. UL JJ

—ad — L -
A BCDETFGH | ABCD EFGH i J K
xylophilus mucronatus sp. xylophilus mucronatus sp.

MDH Est
nisininlE il ninla M FEEE O
—===F =QQ= T 7QE Q ;;_E;.;:. 1 H
01000 T BHES EETF L] | b -
] - - n‘w
‘. N j b we] ,-:; o s
3 - L]
b o b ] P

o bt W o e ek

beed b e

+.__JHL __J_LL L L L Ty Uy Uudy gud

A B CD EFGH | J K A BCD EFGH [ J K
Xylophilus mucronatus Sp. xylophilus mucronatus sp.

Fig. 10. Bursaphelenchus [B$ D 6 BRBEO ¥ A1 £ 7 5 &
Electrophoretic zymograms of 6 enzymes with Bursaphelenchus species.
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HéfBERICc->\WTELE, 3HELHE—-ONYFTHD, HANLEESED SN, BT E
KHBE, Ny FOMBRABICRL > TEBO BB IFETERLEZ ol BT +
AT 7 8 —EHN Y WD CRNERBIBLALERD SN -, TOBEOEBSICOVLT
(&, B. xylophilus & B. mucronatus O ¥4 €7 5 At 3 LA EERM T LDIZXL
Bursaphelenchus sp. 3B SAIEOEVELE o, T3 - VKEREL LT v TBEK
FBRICODI T ORERBRERRBES SNT, B. xylophilus & B. mucronatus O 4 €7
5 LD b EANEE VBB, OV v T 1/ R7F Y —EILRENTOERDSED SN
BEEBIHERITHELLEL TV, ABRLEBREONTE, X575 - €HBROKRESIVA
75 LDERERL, N FOMLECHELL, TR IEORRICHBLAERTH » e,
BRZEBELVWIZF 512U T B. xylophilus D¥ A4 €75 212X SICLIFORST AN
Z 71
MEIHIHEHBVWTREDEZRE L BREHAL, 2275 -¥0F 1 75 2 REFEM
At (Fig. 1), [A—4EEKD 5 i S LLBEBICBELAEF M £S5 L ERBED
Shd, BEEU Y —vERLEk, COHRE IHEANCIBEL T, — 4, H#EARIC A
EDEHFAL TS5 L7 — Y OERDBWH SN, TRF T —EHF 1 €S 5 LDE—FTEAHNORK
HTREBELTVWE L, BEABTRELS S LV HER, BB LZRRENOEROEHEGS
LTOTHEBEE N,

— — — —
- HHEHEAH HEAA
fod  — }— - |
2uE Wik s
= E prencg i
—{ }—t b
pracag
1 2 3 4 5 i 2 3 4 5
FA LA LEE " L_J 1] D I W i . L—J
Isolate No. M N 0 P Q R S T
EmED 55mIE N
) Virulent Avirulent
Fig. 11. < vHIEADRL BHAH» & 408
LitROoz 275 -€¥5 125
74 (K7EE) Fig. 12. 98« SRHEBRADO T 275 — €+
Esterase zymograms of B. xylophilus 1ET T A
isolates obtained from 5 different parts Esterase zymograms of virulent and

of a single tree bole (see Fig. 7). avirulent isolates of B. xylophilus.
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DEL, BROFWENELRTF5—EF 1 75 L ORUCEEEMENS 55 LD bic >V THRET%
MAIFDT, ZDFER%E Fig. 12 iR Lt WEHOEV I AV —FOhio M, N, O 1ci3i@EL
kWA €75 L8N, —f, WENOHVEREBE 7V — 7T isolate MICE L WELRD
CHEETELIANDED I, LEBSTIRAFS—EHFA TS50 E->THRIOKEAD
R AEEHET S L BRELEZ oh, Linl, BWREERH:O > 5T disolate DF A €5
7LBHBL TV AHMEEHSNB, M, N, O OREMBZhZnA)IE, RS BRECE
WIZEEN T WAL b b ST H—0/ 9 — v 2R Lo T & REKRED, S%iERZNEhOEF»
5% < @ isolate ZHALE-HAINOER LT L 54 SET A0 2 LEHH A5,

415 R & BRI OEAL

MRS Hik

ELLWEAZRNED 505 B xylophilus ORIENBEILIEE TS 2 0 G025 5 18,
o« UHERRARIORE LTV, TOTROWENNE SET 2%~ B HFZHhTh 2
isolate (Table 16) # AL THEL IV A T L L7 0 2%[T-7, % isolate o S RKTREOM (4
Bohho & R £ARBECEIBATECHEL, ol dtfERRIL o, RELICK > T
BE L FRABRERE L OREAERE L.

AL LB Ec R s N S8 7 o= v 2 H W LXK 10 A8 8 BIREELBEE T 1982 4£7H
15 BICHEREIT - 12,

TEE L EE

HEHERA Table 16 10K Lfc, RBLICHOWAHEROKE S (= ViR BEOMEIRL
foo AU K B FHROBENEHROBFENOEEZEERE (FF BE) LlBONE EFEED
HEBFEPTRL, EEOLEHEBEENBVEEZLHRELRFTORLE, HRIODVTAL L, &
Xi=yh, WXE=F[EOIERMEFELHE bBoN, KRENCEBEI SHEho1, 9

Table 16. & « SFRIESRBOLREIC L BHER A DEL
Virulence of progenies from diallel crossing among virulemt
and avirulent isolates.

. ARl $ m E 7
Virulent Avirulent
¢ S—-10 S6—1 K48 — 15 Cl4a-8
S - 10 - o % %
S6—1 8 — 9 F:
K48 — 15 o o - 59
Cla-5 o 23] 55 —

Note) # isolate OFEN (= VH%E %) Virulence of parent
isolates (% mortality of pines): S-10=80% ,S6-1 =
77% K48 -15=0% ., Cl4 -5=0%, (1}: #=virulent,
§9 = avirulent , # = intermediate



< v MR RR OFR R PR (R — 161 —
XEAEVD AHlAGHEDS S 3HAObE THEEN - 7288, 1HAGDETREYTS - 72
MY X 5T DOES, JHIAADLETHETH -, ftho 1llAGHETidbE 8 Y BB ORI
FBR 2R LT,

I ORAERERIC & - TABRROKE ) BB E TH 5 Z LR i, SREBLEXD
RS LETH 5B,

38 BRRGROMERICLIBEARRONH —FMERE—

B oREE D 5, ARBoHARFANIC B 2RERROEES RSN, HREREOHA
BECERC B LI TREL ECRATNEFEENES ATV S, AHICRIGHRERROFHEREIC
L AREAN, VbW AFEEEIHICET AETONRE LD F LB,

1l EhESEET o

FELE bk

FHABR® cBVWT 7 o2 v KR ANOFOHRBEEANICGER L T L, RICERERDE
BEL T2y BBERICEAENITCCRZRFERVE Lic, ARXBTE, EREOFRECEH
CERZRET 3700, 7 o<y CHiEE L, RICHERERSSEERE UMEREHKL , FHl
SNFHEIEOFME, LEXEFEK GERERHROS OEE) LOREABRORAEEORET
Tot (F BE)e LT, BRERREIETS 2, AEEHORRI K-48 (BIIRE) *, ®EE
IFBERD S6-1 2RV,

BERHEFET 20O H 5 0L LT, £&RE, RRRS BRE, B0, HH

Table 17. EHEOFHICEH L T 2 BH OB

Some factor (s) responsible for induction of resistance.

i L iz EEAR fii 5 A £ R (%)

Pretreatment No. inoculated| No.dead % death

a) #F K-40 20 18 90
Heat - killed K- 48

b) MW K-480 20 19 95
Disrupted K—48

c) K—-48 #£&AW 20 18 90
Culture filtrate

d) Bos 20 18 PO
Wound alone

e) H£fF K-4 20 2 10 **
Live K— 48

) s 20 19 95
Cont. (chall. alone)

g) HfF K- 482 20 2 10
Live K—48

Note ) S6-1 (1x104) T30 B#ICHIERE Challenged 30 days after pretrea-
tment with 1 X 10? nemas of S6 -1 isolate. 1): 3x10% glicAEY,
Equivalent to 3 x 104 nemas, 2): $%FEMI L No challenge inoculation,
** . 1% THE Significant at 1% level
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OHEY (BEEAM), AHEEDLHOYD G EEMEL Table 17 SR HIMEEAIT - 7o,
1981 46 A 10 HIzHLEE %2 L, 81 »HKIC S6-1 (1 FE) THREREEIT- 1,

HREER

#i%E Table 17 L7z, & BRREFHRELAKEROT, HBXEOMRBEELE R
Hohd (p=0.05), EHOFBLICIFSL TRV LB, K-48 04 X g% ai
L2 ZFOSEAESFES A, WBRXICHAEEAMOBRRBRBED Shit, TDTEND,
IR O FEI FRERR RO 4 & 1o EPNEEE L SN,

21 ERHOFLCRIITHEEEOR

PR & Ak

MEET 2 RAEE LRSN3R ORIE 23 700, ATEEEEIC-> % 308k 5 3 HH
TTOABRBE L, $92 »H%RICHRERE 1 Fule % L, AR EMEIUN KI5
sk s e 18847 0w v 2R U SEEIC 10~14 K2 H O 1o, ARSI %EE
ERESHC TN ENIT» 1 Al - REEOFHEIZ 198246 H 24 HEEH 8 A 23 HTH » 7o

Iy

RERFER A BEREMAE (1982 10H) &8E QH) o7~ %0H2L T Table 18 in/R L 72,
e, BRECHEREBRIITOEN -/, BHEDF~ 9 THELE, 00U LOFERETHIED
OFREHBNAEAT VB, UL, 300 & T 3000 SioFiEETRESERERTHTrl, #
I3 EERORDYA LN E OEEENMED SN {1 -1z, —F, 30000 SEX T 12 BU4E
FEHERIRLETERESFES b EBEL SN,

SIH EHMOFHICRITTH - REROKMBIRO 2%

ML E Bk

Table 18. #ENHOFHICKIITHEEEEOLE
Effect of inoculum density of avirulnt K—48 on the degree of
induced resistance.

A EREEE HEEAK 1 36 A B HEE (%)
Inoculum size of K—48 |No. inoculated No. dead % death
ov 11 10 (10) 91 (91)
3X 10 10 9(9) 90 (90)
3x 102 14 5 (12) 36 (86)
3x 103 14 3(C9) 21 (64)

3% 104 14 4 ( 4) 29 (29) **
3x104% 14 2(2) 14 (14)

Note) S6 -1 (1x10%) T60 Akt Challenged with | X 104 nemas
of S6-1 isolate 60 days after preinoculation
1): %EEDH Challenge alone 2): BIERE®DA Inducer alone
C ) BEDFT— 4 Next year’s data, **: | ¥ THE (REF—4)
Significant at 1% level ( next year’s data)
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Table 19. i - HEEONMER & FRIEREOMR
Effect of time intervals between preinculation and challenge on degree of
induced resistance.

ks (7D EREA FEFEALK LR (%)

Interval (day) No. inoculated No. dead % death
o 10 10 100
5 10 4 40 **
10 : 20 5 28 **
21 10 1 10 **
30 20 1 g k¥
60 20 8 40 **
90 20 5 25 **
120 20 8 40 **
S6—-1 DH 20 19 95
S 6 —1 alone
K—-48 D& 20 1 5
K- 48 alone

Note ) #EM®E Inoculum density © Bj#EE Preinoculation (isolate K -48) =3 x 104,
#%¥ER  Challenge (isolate S6 - 1) =1x10%, 1) : FEEE Simultanous
inoculation with K-48 and S6-1, ** : 1 THE Significant at 1% level .

EEEATRE SN S 1 DI MBS L —ERE X N RS T 2B A BT 2 AT,
i - REROIRRIRZ RIC L THRBREIT - 7o, T OHER T 1980 4 & 1982 I MRS LI A
RSN AEEBLUSEE o v 2 E NENH > TiT- 1o BBEET 28255009
ED, INXUATED QS »DIF - THERES L7, 198046 LU 1982 HEokER o Az
NENTH2BHBEIT TR 2HTH -7z, Hi « REFEORMIZZ L2 0L X OB ORI
& L7,

R ER

1980 % & 1982 D4R £ —HE L T Table 19 ISR L, 59 » MBIERM B % Bl IcE L 184,
SUREHE I X ARBNHM BRI LK HED SN b - 1, Bl « BEEORICHRIMEZE < £30H
F TRFEICIE U TENBOBENENEE » 1. L%, FHs B EEoRRE & bic
BT AME AR L, BIEEERDIL &5 120 U2 0 OEFEAETE S h e, BPROF
ERHMO DT HEHBMORO AL S0 E 3T AY LT ORI L EEVHHRBRIE VA XL,

48] NEOER

MEFEZHBWTIE, B xylophilus DREEHOZRICHET 20 O—B L L TURENOERICS
WTRHAAENA o, EROEEZEET 2 FEE LT, ARNREREIEARD TV FEEE -
foo ¢, HAORENIEZLEHETHEAL LY, BEHCHBIEEOMBRIc AL > THWEH
LB SNHEh o, LL, HENOERR S OO THET, RENE - YRR TERT L&
0~100% LV S RIEVWHDTH » 1o,
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LRSI B BEHOBEREAIOERICD O TRET LR, SMEERIL o~ v RT3
TV /R Ih I F )R L TRHADEFERANCE L W HESED o, L L, H-—HEANE
RRIEHOZY /=558 33 VICAEEL TV ARHERNICRIZLALRENOERNED 51
oty SO &R, Hho—wERAZBEAE L TORBENCERMELTVWA I L2 HESE 3
B, REBEFASBDBOOTE S KBABKETHS S,

REIJCBOVT, ARBOHARKEANK, »EHICHESTERESEAT I EER SO THES
BHEEVA LY, EROLRBCHIEERC > L TRERLEAHTS 5, MPFERIFORF
HOBHNERIZOVWTRESOMENLEN TV AN, HEERMERICTEHRE Vb3
biological race & % L (4 pathotype LFRIE N ZFAEMOMEER UL DM S, AHO LI
isolate R OZFE ™ £RiR L 2 b0 F T, HAOKEHL L URENOBALROBHIR LK
bt TWBE®,

REIIOHE - FOBHRLEL > TOLHBOATE « AERMNHENIAS»IcE 5 &, £ O isolate

KO ERBENEREETE, ABOFEREERENIE VS EIAL SRITT 5 2 &Rl 5 9,
Eoi, @Y - FHEBEHEBEROBIHICLGEETI2b0EEALAONE, COLHIUBE,S, Hh
DIEHE ) LR ORI BIEMEA S 2 HEPICRFT A, FRABROY 1€/ 541X -T
WIEJI2HBITE B E D EFE,
B. cinerea Bl Fic B 2 18B ) ERIF NI OMGEE A 5 &, MBEMARED oIS 6D
St HBEZREILOVERAGANLDDY, invitro O THREIRIENEZHET A2 &1
i E Bbht, invivo KB ) EREIORICIEELEGENS D, WRERRIEE
RRTE M LA BRERRIEEETE b, COEBRERI—AHT, < vHERROR
REMBTICREEARNICB Y 2BROBESLELRETH S I EERELTWEY,

ABROBEOITRRZEIAZR LI R TS —EOF A 75 L LERNOBURERIT LA
COBMBIHET IO TA A Ly — v ERENORMIL —EDOBBRER WK LI TEN L
2, MOBHMTIEEEOMED 71 v F A ADRIFIC L » THEN race ZHBIILH 64
DHRREATRBENEFA TS5 2 0ES T OB LT HHEY bR ENTVS, KB
WTHSHLKERBOBELSDVLVTRENETA VA1 a0BREA B LENS L EEL NS,

BAREEBOERE, ABOREILBIMEDOEE TH 3 LHEES N, 5%, KREI OB
KEMPL TWL 2 &, WERNCERSET 2 ML PIRFERESARERPc s h Ty
HHEELEERS LB T EDHERERT D LEEAL LN S,

L DRIEOHEBR BLT, FLEHMHICET 208 BRA T TL B RRICES T,
2 YMBRRBICE O T ORERBEEFN L A ERESER L TRIETEMA 12, FREREREF]
T Lt > Tey A FES N, BRFEREOBEREIC X 3 HER/HEX I
LSBRa N, KANOFEBEIREHS L TE VY, BHEOFREIC (14 X - 59mE diH
SERLE, FHEEL THO—EOBMSLERL I L, FEEORAMEICKET 3 LS50
HEESB LN, TNSORELS, FHRERIICKIE L 2EE0RBT O LABRAOE(LE
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HERD—DICi - TLWE 5D EHEESN B,

NVE BESLUVSBROFEORE

AR, HARMTKEICDE DERES3 > TV AHER v vHEORK A HE T 3 HNT
b, = vRIOWNERR, BEOBFECERT S LOEI/LD, WADRL X CHRETIE
Do DOREHEOER L REMOERICED 2, Fusarium sp. 2R UHETEE L ORIKREH))
ansh, IhoREEEBLALIES 7o vt L TR EASEREEEZ RS, SENEWN
EDEREIS NP7, FERLE < v EACEENICEE L TWA Bursaphelencus & D#
HERERTZICED, TOREEERF L HEER, ARRSBEY < v EEERT s RERERT
B EERHLI,

Bursaphelenchus @ O HRIINERK, BRCHET 2MMBELALIN, WYFEREE L TEHA
HN5 T ERED -l AROWHTYID THE~OMEME LML 2 ARBROFERIS, MYHER
BYELE—oD0E£ZEEbODLDEEZLIOND, BHE phoretic WEFR% b0 Ed Bursaphe-
lenchus BBl 54 Tylenchida HOHIz K2 WD, 5%, ChsofRFIz>WTHRY~D
FEHEOH RO SREL AT EHENS A I,

ARROFZZIEESRET B xylophilus RSN 51c£ - 72, B xylophilus 3 1930 &
RICT AV ACBOTT CREBRI N TOWAETH L ENHS AR L »fo, ATBEZOERET
$ % B. mucronatus OFERIBFRI > W THIAERICERSELES 200, ABoFEES
rieBuwTs, BEOETZEACH, BEEOLLOTREOAES L UER - A M MIES
SOMAHNEBETHEEEZOND, TD—2, LTARTRALT A V¥4 ORI, HHO
BoRBECENMLOMTICHMRTFEREE5L560LEbN 5,

B. xylophilus DERIC X > TH EE IS E3 2V HBREZOFRE» SATRHOBEHKRTH
BEEZoN, (FPOERRLEREOMRICHOVTIRE OWMEHND 5H, A FEIFHRE LR
HEVIHMFEHEORARE L TOERRER/L THY, AFOL > cBhBMIC X 2 FRAMHRE
DEEFI DI,

FEGEANTHI VIR OB AR TV 5, BBR—RICHETE» SEBME~NZ LT
EYFERAE VI EOBEEL LB LD EEZLNTVEY, Lich->T, FEHO#LE L
DEAH S, ABOEYFEEORNBRBICIETSI N2, HHS™ IHEKTHS B.
xylophilus BEAMIAMEE DA <y OMBEBRTS L RHVBELEL, FEELTO B,
xylophilus KB AW T L L, UL, IWAGEENEEEL LTV 3 Ditylenchus
destructor THORNE'"” % /~ % v F 2 2 O] T& % Aphelenchoides fragariae (RITEMA
Bos) CHRISTIE ¥ &£ U A. besseyi CHRISTIE @ & 5 IKH AN T 5 & [ S ~0HE
BEADEZEELEZOEMICERRERE L5 LTV 2RBES D2V, B, xylophilus
SERFELEEAD D Y ~OFEEIEESBT L Ha~EL L b0 LRI 5,

TAMURA & MAMIYA™™ & 27 v BLUT L7 7 L7 7 —DOA LV REATOABEOERED
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BRIhiE, SEMPDNOFERARTEESTERARRL TOWEb0E0E &9, Magaentt i3
BhFOFEMOEEEEK T 54T, B xylophilus 8L U R. cocophilus DFEMOE(LIC
DVWTHRAL TV B,

ASR ORI & B - EEAHESHAL MICEN 0T, DFRAHTREROBRRECER
ZEVTSESEURACE T 2EROEELER T LB, ABCERRENCBVLTE
OO THELCEANERN S, v v 2B EALHO LBURVWHERIOMB R OHN S, BRELIL<
v OREZBPHICH ST ERRE I ofRE TED o his

9, WHOMBMER ISR ML CER, HEC S TRE I —EOBRIED Shis
Moty —H, OB THRADKENAA 2 L, WHACHS L SHENBD S, 5121
OO FRSEARTIC AR E T 2 ADOBF NS R EBSHEDH - foo [H—HFLAN OB RT3 1Z]6E
BRHENE G - 1o RETH B RSN, RENOERBEEFBEAERIICEL TV T
LEES N

O& I RIRF N OBEBSERBES B, WRERESEHREFRICHER S A A K
Mics LETHEEZCSOVTRREARHTH D, SROVRTRETH 2, EHI, HERMORALS
T & > T B. xylophilus OBFENHE T T 2 —FHZHED Lo, $RICLBHRENOET

EENSHEZTH 2050, HARBTEBOTHZENOBRERCHLAERSEC-TVE
HEMCOVTRUWSHTEL, REABROHR, WENGEZNEE TS S T EMHIAL L, &
SICBILEREHShIc L, EROERBEEBEHT ILENS S,

WHANOHEB L L > TV BRAOEE - FROHEOHEHOHICT 5700, HEBOMEND
L UBRBBRO Y 1 £ 7 5 L RFENEMIET 2HhEITRITEMA 2o £F, in vitro B Y
DU ) ERFE ) OBFRERF /LA, —HD isolate KD W TIRMBMEY Shrchs, wiE
LBWEGEHY, invitro DWEND SHEBERFE N 2HEET 2 BREEEL SN, <Y
AN B AR RO SRE ORI WT A S S EELTRRSED Sh, MRERERG
AR T (I LI AR E S $, — 4, JPREERBOBANEEIZIZE A LB EFE
FEPE L 1800 » f2,

BRI ERAMHOF A1 75 2OBFRES DI, T4 VA LERERLILZRAT 5 —HIC
DVTRIEMA AR, AMEOFA TS 5 L LRENCRLT L bE MBS ED - 12,
Radopholus similis (CoBs) THORNE T3 L 72 8 EFE D 5 B aldolase 12 5 UiT lactate
dehydrogenase @ ¥ 1 £ 7 5 A2 &k » THEPK 2 race ZMHEIZEIL TV 5, B. xylophilus
KoLTHINoDOMELMAL THREVIE OB ERITT 2L EN S 55, ABEDOFWT 5
NS —EHHERBO-RAEH S TWAEETAHED busNTHY, KEE OM#EMICE
WTAMEONRLED 2LENH A D,

AWFFR TR, BIEEHRFEIICED race 7213 pathotype K20\ Tl Ligdotee TAY
ATOMRICELDE, ~SVH 47 7 — (Abies balsamea (L) MiLL.)) 8L UL Y/ -4 = v
(P. resinosa AITTON) D ED B D2 HRNICINEST 5, WbHW 5 race DEESHESNA TV B,
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FHARTHIEAMBBE INTVEF— Y= vOBLWEHED B U OATED, ThBER
4 82§ 5 pathotype DHFEERT OO EIMTHT XEB@HIELCTETHW S, AFOK
FEEoZRIES%, ERNAEE U CEERRITEBL L LTl 3,
WA DRKEMES O UREH ORI T 3 —ER & LT, FRENEORESH S hicshirs,
ARSI BT B L TEIBRE L,
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Etiological Study of Pine Wilt Disease

Tomoya KivoHara”

Summary

A severe pine wilt disease has been devastating many forests of Japanese red pine
(Pinus densiflora SuieB. et Zucc.) and Japanese black pine (P. thunbergii PARL.) in
our country. The first written record of the disease dates back to 1913 when Yano
described a mass death of black pines near Nagasaki city in Kyushu. His
descriptions of the disease symptoms correspond well to those of the present disease.
Since then, the disease has been invading and expanding to many pine forests and is
now prevalent almost all over the country except for Aomori prefecture and
Hokkaido 1sland.

The cause of pine death has been ascribed to the attacks by pine bark beetles and
wood-boring beetles belonging to Cerambycidae, Curculionidae, Scolytidae and so
forth. Intensive studies on the parasitic biology of those beetles have been conducted
by forest entomologists and led to the conclusion that target pine trees have already
been weakened by an unknown cause prior to attacks by the insects. To clarify the
cause of pine weakening, a research project team was started in 1968. We joined the
project as forest pathologists.

During the course of pathological study, we found a species of Bursaphelenchus
nematode multiplying on cultures of fungi isolated from wilted pines. In this paper,
results of experiments proving the pathogenicity of this nematode are reported.
Pathogenic variability within the species is also investigated and its significance is
discussed in relation to the epidemiology of pine wilt disease.

[. Discovery of a pathogenic nematode and proof of its pathogenicity

(1) Intensive isolation trials have been made from wilted pine roots and
rhizosphere to discover the cause of pine weakening. Many kinds of fungi were
isolated from them ; of those, some species including Pythium sp., Fusarium sp.,
Cylindrocarpon sp. caused some wilting of 20-day-old P. tunbergii seedlings.
(Table 1). A few fungi also caused some discoloration of roots of 3-year-old plants
in wond inoculations, but they were anable to weaken or kill the plants (Table 1).

As stated above, we noted a species of Bursaphelenchus nematode reproducing on
cultures of several fungi isolated from the diseased pines, such as Pestalotia sp.,
Fusarium spp. blue stain fungi and so on. Preliminary inoculation suggested
pathogenicity of this nematode on pine plants (Table 2). To determine if the
nematode, Bursaphelenchus sp. is a causal agent of pine wilt disease, we must follow

the scientific principles known as KocH's postulate.

Received August 24, 1987
(1) ex. Kyushu Branch Station (Kyushu Research Center)
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(2) Dead or dying pine trees from 48 damaged stands in Kyushu were inspected
for the pesence of Bursaphelenchus sp. 96% of the examined stands were infested with
the nematode and 84% of 99 examined trees were parasitized by Bursaphelenchus sp.
(Table 3). Detailed examinations on 3 representative trees revealed that nematodes
were present throughout all the organs and tissues of a wilted pine tree except for the
foliage (Fig. 1).

(3) A series of inoculation tests to healthy pine trees was conducted to elucidate
the pathogenicity of this nematode. When 20 red pine trees of 16 to 24 years of age
were inoculated with 30 x 10* monoxenically cultured nematodes, all inoculated trees
wilted and died within 3 months, showing characteristic disease development
(Table 4). The symptoms which appeared on the inoculated trees can be
summarized as follows; a reduction of oleoresin exudation flow in the early stage of
disease development (Plate 1. B). This flow reduction may be characteristic of the
disease, since Pine plants usually exhibit resinosis symptoms when infected by other
pathogens such as fungi; the cessation of oleoresin exudation was observed over the
subsequent several weeks, when the plants displayed an external symptom of
vellowing and wilting of foliage. The discoloration of foliage usually appeared first
on older needle leaves (Plate 1, C). The desiccation of wood is a charactristic of this
stage ; death of diseased trees occurred 2 to 3 months after inoculation. The brown
wilted foliage remained on the tree. The symptoms observed on inoculated trees
were identical to those of naturally diseased trees.

(4) From all inoculated dead trees, Bursaphelenchus sp. was reisolated (Table 4).
The identity of the recovered nematodes to the original inoculant was confirmed by
microscopical observations.

(5) Since the inoculum used in the above inoculation was prepared from
Pestalotia-nematode cultures, it is suspected of containing several factors responsible
for pathogenicity other than the nematode itself. In this respect, each component
involved in the inoculum was tested for pathogenicity. Neither spore suspension of
Pestalotia sp. or filtrates from nematode- Pestalotia cultures showed any effect on
pine trees, even if injected into the base of the trunk. Only inoculum containing
nematodes resulted in wilting and the death of inoculated trees, demonstrating the
strong pathogenicity of Bursaphelenchus sp. to pine trees (Table 6).

(6) Pathogenicity of dauel larvae which are infective stage juveniles in nature was
tested and compared with that of cultured nematodes by inoculating trees of P.
thunbergit and P. densiflora. In addition, the effect of the inoculum concentration on
the speed of the disease development and wilt incidence was investigated using dauel
larvae that were extracted from vector insects, Monochamus alternatus HopE. As a
result of testing, pathogenicity of both cultured nematodes and dauel larvae was
found to be essensially the same (Table 5). The inoculum concentration greatly
affected the disease development and wilt incidence. The higher the inoculum
concentration, the greater the occurrence of pine death (Fig. 2).

(7) Monthly inoculations in a red pine stand showed that the summer inocualtion
resulted in a more rapid disease development and a higher mortality of host trees
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than did the spring inoculation (Fig. 3). It is interesting to note that irrespective of
the time of year at inoculation, pine death occurred only after August. This fact
suggests that the environmental conditions, which predispose pines to death, arise
around August.

(8) Nine other Bursaphelenchus species, which had been isolated from wilted
pines, were tested for pathogenicity. None of the species caused either wilting or
death of the pines, even if inoculated in mid summer (Table 7).

From the above experiments the following evidence was obtained : a) Consistent
association of Bursaphelenchus sp. with dead pines throughout the damaged stands.
b) Characteristics of the symptoms and death which appeared on pine trees
inoculated with Bursaphelenchus sp. coincide with those on naturally diseased trees.
c¢) Bursaphelenchus sp. was reisolated from all inoculated dead trees. These facts
could fulfill KocH'’s postulate and lead to a conclusion that the nematode,
Bursaphelenchus sp. is a principal causal agent of pine wilt disease prevailing in our
country.

(9) Based on the pathogenicity and morphological characters, we identified this
nematode as a new species and named Bursaphelenchus lignicolus Mamiva and
KivoHaRA, 1972 and proposed pine wood nematode as a general name. In 1979, the
occurrence of pine wood nematode was reported in the United States as to pine
mortality.

In the meantime, Aphelenchoides xilophilus STEINER and Bunrer, 1934 (later
changed to the Bursaphelenchus) had been described as occuring in blue-stained pine
logs in the United States. A study by NIcKLE et al, who conducted a morphological
comparison and mating test between Japanese and American nematodes, indicated
that they are the same species. Based on a further comparative study between old
specimens of B. xylophtlus and the current species, they synonymized B. lignicolus
with B. xylophtlus. Thus, B. xylophtlus will be used as a scientific name of this
nematode in the following chapters.

II. Pathogenic variability of B. xylophilus

A preliminary inoculation trial with several isolates collected from some pine
stands suggests that B. xylophilus 1is considerably variable with respect to
pathogenicity or virulence to pine plants. A study on pathogenic variability of this
nematode was, therefore, initiated. Emphasis is mainly placed on variation in
virulence of nematodes in various situations. Virulence, as used in this paper, refers
to the percentage of trees killed following inoculations of B. xylophilus isolates.

(1) A total of 37 isolates from infested stands in different geographical areas
were tested for virulence on 2 or 3-year-old seedlings of P. thunbergii. A large
variation in virulence was found; pine mortality ranging from 0 to 100% of the
inoculated trees (Fig. 5). Variation seems to be continuous, though the distribution
frequency of highly virulent nematodes is relatively high.

(2) Comparison among 5 isolates within each of 4 different pine stands
demonstrated that the virulence of nematodes markedly varies not only depending on

pine stands but also on individual wilted trees or vector insects in a given stand
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(Fig. 6).

(3) Variability in virulence of B. xylophilus was not found among isolates
derived from 5 different parts of trunk in a single tree (Fig. 7). Nine iso-female
lines, each of which is progeny of one gravid female, from each of the 3 vector insects
showed similar virulence to pine plants (Fig.8). Variation occurred again among
both the examined trees or the insects (Fig. 7, 8).

(4) Using 2 virulent and 2 avirulent isolates, inoculation tests were made on
open-pollinated seedlings from elite trees of P. thunbergii and P. densiflora. In
general, both virulent isolates caused high mortality of seedlings from each family of
the two pine species, though the percentage of mortality in P. thunbergii is usually
higher that in P. densiflora. In the inoculation with avirulent isolates, mortality of
seedlings was consistently low in the case of P. densiflora. But, in P. thunbergii, the
mortality values varied from family to family (Table 11, 12).

(5) In order to know whether or not the biological and biochemical nature of
nematodes 1s related to their virulence, the reproductive potential of the nematodes
was investigated on fungal cultures of Botrytis cinerea PErs. and within host plants.
Isozyme analysis of nematodes differing in virulence was also made by electropho-
resis on polyacrylamide gels.

There 1s a tendency toward highly virulent nematodes generally having higher
reproductive potential on fungal cultures (Table 13). The rate of reproduction,
however, is not always correlated to the level of virulence (Fig. 9). Therefore, it is
thought to be difficult to directly estimate the virulence of the given isolate only from
reproductive rates on fungi. Within host trees, virulent populations steadily
developed and caused pine trees to die. On the other hand, populations of avirulent
isolate failed to develop, resulting in no symptom development or pine death
(Fig. 10).

Of the 6 enzymes examined, isozyme patterns of aspartic transaminase and leucyl
aminopeptidase are invariable among isolates within a species but are distinguishable
between species, being useful for differentiation of species. The most variable
zymograms within a species were observed in esterase (Fig. 11). However, no close
relationship between esterase isozyme patterns and virulence level was detected
(Fig. 13).

(6) To know heritability of virulence, single pair mating tests were carried out
using 2 virulent and 2 avirulent isolates. The virulence of progeny from each mating
was evaluated for virulence by statistical comparison with that of the parents. From
the result, the virulence of B. xylophilus could be a heritable trait (Table 16).

(7) Using a combination of a virulent and an avirulent isolate, some experiments
of induced resistance were carried out under field conditions. When pine plants were
preinoculated with avirulent nematodes, they became much more resistant against the
virulent isolate and escaped mortality. Living avirulent nematodes are neccessary
for the induction of resistance (Table 17). The protective effect increased with
increasing inoculum concentration of preinoculation (Table 18). The degree of

induced resistance depends on time intervals between the inducer and challenge
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inoculation (Table 19).

III. Daiscussion and conclusion

The present study demonstrates that B. xylophilus is a causal agent of pine wilt
disease which had been attributed to attacks by pine bark beetles for a long
time. This species i1s first recorded as a plant-parasitic form in the genus
Bursaphelenchus and the only nematode to kill woody plants in a shorter period,
except for Rhadinaphelenchus cocophilus (CosB) J.B.Goobey which is a pathogen
producing red ring disease of coconut palms in West Indies.

The reduction in oleoresin exudation which appeared in the early stage of
nematode infection 1s a very characteristic symptom of this disease, since pine plants
generally exhibit a symptom of unusual resin flow when infected by other pathogens
such as fungi. The discovery of the mechanism of induction of the symptom may
contribute to a better understanding of the physiological role of oleoresin for pine
plants.

From this study, a marked variation in virulence was shown among populations
of B. xylophilus in various situations. Variation seems to occur depending on pine
stands and/or individual diseased trees from which nematodes were isolated. It is
important to elucidate the cause and mechanism of pathogenic variability from a
standpoint of population genetics of B. xylophilus and an analysis of epidemics in
pine wilt. Virulence is thought to be a heritable trait from a mating test. Further
studies on genetics of pathogenicity in B. xylophilus are neccessary for successful
breeding of resistanct pines.

Instead of inoculations, the establishment of a more simple and exact method to
estimate virulence may be of use to determine virulence of a large number of isolates
and also to analyze B. xylophilus populations. In this respect, further studies on the
physiological and biological nature relative to pathogenicity are needed in the future.

A phenomenon of induced resistance was recognized in sequential inoculations
with avirulent and virulent isolates. This is a interesting subject for studying both

the resistance mechanism and pathogenesis of pine wilt disease.
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Flow of oleoresin from un-
inoculated healthy tree (1
hour after inoculation)

B: #EAKicB8T AKisB2H o EE

(HEFE 20 HR)
Cessation of oleoresin exu-
dation from punch wound of
inoculated tree (20 days after
inoculation)

C: #EAICET 2 -3 HEAEOLER
(J5FE 36 H)

Discoloration of 1 to 3-year-
old needles on inoculated tree
(36 days after inoculation).

D : #REARDOZER & HEVE (BERE 68 H%)
Wilting and death of inocu-
lated tree (68 days after
inoculation).



