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Sone, K., Miyata, K., Asada, S., and Hata, K.: Virulence of the pinewood nematode (Bursaphelenchus xylophilus) and
occurrence of induced resistance at a ceasing stage of pine wilt disease in Sakurajima. Kyushu J. For. Res. 68: 1-6,
2015 1In 2012 and 2013, the pinewood nematode, Bursaphelenchus xylophilus, was extracted from a total of 23 pine trees wilted in
Sakurajima (23 nematode strains) and incubated on PDA culture medium with Botrytis cinerea. The reproductive potentials of only 4
strains were as high as that of a virulent strain, Ka- 4. These 4 strains and Ka-4 were inoculated into 3 - and 4 -year old Japanese
black pine, Pinus thunbergii, seedlings in 2012 and 2013, respectively. Ka-4 killed 54.8 % and 73.3 % of the inoculated seedlings in
2012 and 2013, respectively. However, only one out of the 4 strains killed 30.8 % of the inoculated seedlings, which was about 16 %
lower than that recorded by the nematodes extracted from wilted pine trees in 2000, when pine wilt disease was expanding in
Sakurajima. The other 3 strains neither killed nor caused any symptoms to inoculated seedlings. Inoculation with the nematode of a
medium level of virulence might induce a resistance to the disease. These results showed a high percentage of avirulent nematodes at

a ceasing stage of the disease. A lowered virulence of the nematode population might directly and indirectly contribute to a sudden

decline of pine wilt disease in Sakurajima.
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trF a2y OFEEE R Lz, 72, SO R gENL AN
@ 2000 I FE M L 72 B TRIE L 72k v F 2 OB O
REHEL, ¥y Fa70REEOBLERIEL 2. 512,
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1. 2012 4 >34 5m 3R & e ek

20124F 4 H 6 HIZ, 2011 IS B THIEL 72 10 Ko7~y
INMEAR (No. 1~ No.10) (%5 5m LLF, w5 £ 10cm L)
Py Fav el L7 (KL cTlk, EnZhoflizeks» s
MLz ry Fav 2 RMe L, MEROEFESTTERILT S).
EA9ecm O ¥ ¥ — L2 PDA 55 & ANCTIR 2 O 14 (Botrytis
cinerea) % HHH X, Z D L2 10~50 AEDOZRMD L ¥ F =
TEBHL, 25°C, @4l T2~4 MMM I e, 20K
H 200 KDL ERERET X 72 No. 9, No.10 &, JEED D
g & U CH W22 R R O Ka-4 %2, 20 o F 12 10
RO, 18R, 2HM, 3MM, 4MBEZIC, Bibi 5
TOT YT AGEFIL, ZNENoEMNOY v F 27 %55
L7z

B ER % 4T 5 72 No.9, No.10, Ka-4 ® 3 RFEIZOWT, #
MEERER % S0 L 720 BAEEERICIE, 2012 4E 3 IR B UL AR
Frsaty ¥ — (REWHAN EAR) O 30cm MK
THIFR L7z, 34E& 7 v~y JPir @I AN 2 00 L 72
201248 H8 HIZ, 0.1ml 721 5,000 FEIZHHEGREE L /2% ~
F 2 7IEEW 0. 1ml &, 7 v~V OB 10~20cm O & X2
F R AL AL 2 (22N No. 9 #AEAK, No. 10 A A,
Kad BfiAREH3), 2> ha— & LTHEMKO. Iml & A
L7z (BLF, ZERKERA) . ARSI, No. 9 #HHAA 39 &,
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No. 10 HEAA50 &, Ka-4 #HIARA 31 A&, ZRAKLEREA D 20
KTHhoTz,

OHI12HE12H7H, £LT20134 11 A 29 HiZ, #HEEEA
DIREE (FHIE, SRICSHEEdNRM L ey aB i, ot (s
M EOBRES &), 4 LERBIRIEZEH L2, £
7o, ARAHTHICEEICE v ERRIL, BHROBHIRNKE DT O 5 B
B CRiER L 720

LAV 4 YOS HBEE Lo TR TV,

LRV 3 Eryostihbimth L, ERICR->Tw5,

LAV 2 ¥R L2z o hMet Bz i . TR L TWw b,

LAV 1l L7728 Y O EICAE L Tw b,

LAV 0 BEPZEEIEREL T,

M L72fidi AR b R— V= VT rFay 2 i L, AHiZE
By F 2712855 O0EPHENIDIZ,

A D ) B No. 10 HHEAD 1 A2, 9H 12 HORER T T
AT T S hTwiz, 72, 9 H 12 HOFA&ERETIE, No. 10
PRk, Ka-4 BfliAR, ZARKEMAROKL1IAR, 1207 HOHA
TIE No. 10 BEREAR I RICE Y20 LER, BIEBHOMEIT
X ol
2. 2013 4E DOPERE RBR

2013 4E 5 HIZ, 2012 4IRS THIBE L7227 m = Y /MEAR 13 A
(No. 11~ No.23) (##7% 5m DLF, MEEAE 10cm LLF) A5 il
WMLt rF a2y b Ka4d%, 2012FEE RO FETHEEL .
ZORER, 11 ZHTIRIF & A B A ST, Bflabiic+
7 AR E THIGE L 72 2% (No. 15 & No.22) & Ka4 %,
8 H 7 HIZH R BRAMEAMNRAE L ¥ ¥ —NOHMIIHR ST
WA Ay a s IR R G AR ICERE L (B h
No. 15 AR, No. 22 HHA, Ka—4 HEEAK L) HHEFHIE
HRAROBEEZZEE LT, 20124FEE0BMABRD 2 512h72%
A AKRH 72D 10,000 & L, 0.2ml OZHKE L B2, M40
~50cm OBFEFBIZ, FBEEMPCTHEM L7z a3 bu—nEL
THRAKOHRO0.2ml 2 L7z (DUF, ZBRKERAR) . K
Bid, No 15 EHM AL 10 A&, No. 22 HHAD 134, Ka-4 A
RANS A, 2 L THEMKERARY 10 K TH 5 72,

B IZ20134E9 HOH, 10 H 21 H, 11 A 29 H 12, 2012
R L MM O BT, BHEAROIRE & IS IR %2 A L 7.
9H 9 HDMAETIE, AWAEMEARLIARZEYZHLER, B
BHOMWENTE Loz T2, M LERAALLN— L=
YTy FavERML, MRSt F vl b b onED

TR D72,
3. PEIBIME O T B2 MR - B9 5 72 D O AR AR
201348 A 7 H 12, 2012 4 @ No.9 ¥ # K, No. 10 # ff K,

KB AD D A &K - 72k (Zh 2N No. 9 mifEA
No. 10 Bi#fA, a2~ ha— ) EfHT) 12, 10,000 5 Ka4
2R HAET, H A S 40~50cm O F S ORI ER L 72,
BMIE, No. 9 RIEHIA 12 K, No. 10 Ri#fEA 134, o> ho—
VISR LCTAiTo 7z HEMEKIFIOHNIA, I0H21H, 11 H
29 H1Z, 2012 4E & MEkD T, HHAOIRE & RS HIR
WMEMA L 720 W LMRAADP OR— V2 VTR Y Fa v %
H L, WL F 272k 5D 0pEPHEID,

F72, 201280y F 2V EMICL LA VARG 572



B2, 2013 4F 12 HIC iR o 2013 4 B o 5 K B#E T O 5 &
2013 OB E R & W L7z,
4. F— 5T

iFEER E ML, A& B, oA s vo 72 EofE s
itk odl G (REFASR) %, Fisher O IEMEMERRE %
T, BREL7-t s F 2y ORGHE Tl L7z, iFEEyTED
A RER I W 7 B RO L v F 2 v AR O 2013 4 0K E
BRI O & & 2013 L EEDOB R %, —JCICIE O 5ot
EHWTHKL, AEL2ESHH» A S5N72461F, Bonferroni (2
L DHIERAT, R OEOH B EED D2,

m. #X

1. 2012 4 B o et kB

iR 10 &> 5 H 8 & (No. 1~ No.8) 2ol L7zt F 2
L, 4 E BRI W B BT Ok E R T E &
Moz, F— 112, BHRBRICH W72 2 R (No.9 & No. 10)
& Ka4 D720 ok v F 2 7 ERBOZLZ R, wTh
DFMD, FHRDIIFHITRE IFBoniz, BEd-h o
A TA S E, No.9 & No. 10 DWW §Fhd, Ka4 &[4,
F 23 EN L oMEBORINE R L7z,

2. 2012 4F O AR

F—- 2L 318, 2012 4FEEHERE RIS BT B BER AR o IR AE & A
Mg IR & 7R3 AWK BAE AL, S 2L TR
FORERRE o7z, No 10 BERIATD, ZEAEHA LR
B, AL oS3 A SRR T & B o 720 No. 10 A O
BHL ANV, BEKEEA LW M ER L7, 201249 H
12 HOBETIE, BRSELAVIZLARVIASLRLVLFET
AL, LRV 155 LA 3OMERPEERD 97.9% % 57z,
20124E12H7HTIEZ, LARVORSLLARVIETT, LNV
E LRV 2 OIMEDEED 72.9% % K7z,

HiFEZIZ LD L T 200 Lo AL, No. 9 #MEAK L Ka4 #
FARTORAKR LN, TRTOMIPEARDS L F 2yl s
72o 9H 12 HTIWE, No. 9HfiAT 2 RKFHMinsonsi, &
7z, Ka—4 #HAD 1 RTHSMN, 2 K TEGBOITID SNz,

F— 1. BHdH7-0) 0ty F 27 OEEBOZAL

HHBOMN Rk Yy R i pH

1 A% No.9 1.250 514 700 — 2,000
No.10 30 35 1-71
ka-4 377 489 8—1,050

2 M No.9 6,800 7454 600—19,400
No.10 13,220 16,032 0- 38,450
ka-4 8580 14020 750 - 33,600

3 4 No.9 25,360 3767 1,850 —89,750
No.10 28230 19865 12250 - 54,500
ka-4 8322 18021 0-40550

4 R No.9 6970 12,745 1-29760
No.10 49570 27389 7,350 — 114,300
ka-4 2,862 3,986 6—5450
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#— 2. 20124F AR OMURADRE (K)
PR DI

A PraAs 4 Hokih &R HisE
2012. 9.12  ZREHKHARA 20 0 0 0
No. 9HAfiA 37 2 0 0

No. 103 A 49 0 0 0

ka-4BEfliA 28 1 2 0

2012.12. 7 ZEROKEAEA 20 0 0 0
No. 9HefliA 25 3 4 7

No. 104 H A& 49 0 0 0

ka-4BEfliA 13 6 6 6

2013.11.29  ZFKBFA 20 0 0 0
No. 9H:fi A 22 5(5) 0 12

NO.10BeFEA 49 0 0 0

ka4 A 7 54) 2 17

2013411 129H @ 71 v aNOEEFIR, iRd e CHER L 2o
7oA

NS DEEOBIRBIIEETL NV 0 TH 72 No. 9 Hffik
& Ka-4 HHARTORIEBHIEZ, LAV IR EEE SO L
L, LRV 2~4 OEEOEEE, No 9HAEAR (43.6%) Ok
A, Ka-4 A (20.0%) &0 E»o 7,

12A7HTIE, No9#HiAIZ7A (17.9%) AL, 4&H
44 (10.3%), WHARHNAIA (7.7%) &, & 35.9%
WCREIED 5Nz, T2, Ka-4 HREATIE, 8, 88,
WA sEREN 6K (19.4%) 12A SN, 41.9% DAk
L TH > 7o REAED SNz Ka-4 HREAOHIFBI L X
ME 0T, BEROBIEEHD, 6 KL NV0, 4R,
2ARPLNN2THo72, No. 9HMARTIE, BREOHRDLNT
BAROBIRBHIEZ, LXVOMNFIZAR, LNVl E2h8ZEREh
1 ARTH o7z, REROHIRBING, LXVO4AR, LNL]
AILA, LARV2HRTAER, LNV IRIATH- 7,

#— 3. 20124 AR O MR ADOBIFB M ()

AT stk MRS L~V

0 1 2 3 4

2012. 9.12  FEHKPEAREA 0 7 8 4 0
No. 93 A 3 18 6 11 1

No. 1043 A 0 16 20 11 1

ka-4BEfliA 9 15 4 2 0

2012.12. 7 ZERKEREAR 4 5 3 1
No. 9HffiA 16 12 8 3 0

No.10B:ff A 8§ 13 22 5 0

ka-4HEfE A 23 6 2 0 0

2013 4 11 H 29 H OB 2T, No. 9 HHiAD ) £ 124 (30.8
%) HHILL, 54K (12.8%) THHMABRD SN, LaL,
AN AA SN2 ML TT, 2013 R D 72 R R O
EABNED o7, Kad BFER T, 174 (54.8%) 2 HiBEL,
2K (6.5% TaLBHE, 5K (16.1%) THIHhs#DO LN
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o WAMINAHERENZ5ERKD ) B, 1R TIE 2013 HI12H 72
WZERENAVE U72A%, Mo 4 R TIERTEED S O 7= 2R E o
HERIIA SN Do 7o MisEaHR & RR R AL Ka4 RO F
25 No. 9 #FEAR X D HRICE o 72 (WiZE3E @ Fisher O 1L
P=0.006, $HF5EE W P=0.004),

3. 2013 4R FE O FAE R

F— 4 L5102, 2013 4 QA AR O A O IRE LIRS
HWRI 2R, Mt EOMNR LoRESRSNz01E, Ka4

BHARD AR T, ARKEMA, No. 15 #HAAR, No. 22 #HHATIE,

RBEIIEd ooz,

Ka-4 BHEATIE, 9HIHIZ1IATHOMASE AN, &
DFRDOBIFBIE L XL, LAV 0 THo7e 10 21 HOBE
BT, 6ARMHIEL, 3ATEYBRM, 2RKTIHISMHAIEL
Tz, BHIRBHIEE, LAV O 12k e b, ekl
RLEIN TV, TOMTIE, 4B mEiatnsash
7% LIRD, ZRFRLANVTE 2TH o720 11 H 29 H O
R, 1A (73.3%) 2SA3EL, 14K (6.7%) THBoAihAs

F— 4. 01MEEFMRBROMRARDOINE (F)

. kAR D IRE
R P 4 HWokih R e
2013. 9. 9  FHKBHIA 10 0 0 0
No.15B:ff A 10 0 0 0
No. 224 A 13 0 0 0
ka-4BEfliA 14 1 0 0
2013.10.21  Z&REKEARA 10 0 0 0
No.158:ffA 10 0 0 0
No.228:ffiA 13 0 0 0
ka-44f A 5 2 3 6
2013.11.29  #FAKBFEA 10 0 0 0
No. 154K 10 0 0 0
No.228:ffi A 13 0 0 0
ka-43AE A 3 1 0 11
#— 5. 01MFEHEMABEOGAKROBIRS I (K)
. RS L~y
EAH A 0 . 5 3 1
2013. 9. 9  AFKEAA 0 1 2 6 0
No. 158 A 1 2 3 2 2
No.22B:fliA 1 1 0 6 5
ka4 A 4 2 1 2 5
2013.10.21  AEKEAA 5 1 1 1 2
No.15B:ffA 0 1 2 4 3
No. 224 A 2 0 1 4 6
ka-44AE A 1201 1 0 1
2013.11.29  ZERKEREA 0 2 3 5 0
No. 155 A 0 2 7 1 0
No.22B:ffA 0 4 6 3 0
ka-44f A 1= 1 1 1 1

*URPEAR S AR ST, L ATTHISEAR
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HELTWz, Zoffkizns T BRI L vk, 10H 21
HA SMMOMERITA SN d o T REROBRBINE, LR
V1, 2, 3WELMAETH 5720 ETORMIELHHEALS LV
Fa Bt &Nz,

AR KIEAEAR, No. 15 K & No. 22 HAE AR OBHIR S AR,
DT ) Thorzo 10 A 21 HTI, ZEBAEHAOBIGE
LAV 0 DEGEDS RO E D7z, No. 15 BfEARTIZL A
VODMERIE AR L, LRV 2HSADEERD0.0% % 1572,
No. 22 AR TIE, LW 0252 ffkd 57225, LRV 3 &R
WA DK EIRD 76.9% % o7z, 11 H 29 HiClE, #¥EAK
MR, No. 15 #MA, No.22#MAOBESIIEE, 2TLxL
1225 LRV 3T, ZEMREREARILL NIV 3, No. 15K &
No. 22 BHEARIZ LNV 2 D b %405 720
4. FEEPCHIE S Bk R AR

BEERAARD 2013 4D 3 — X ¥ B O FIGH8R & P R
1, No.9Rij#% A K 2°68.6 5.3 (SD)em & 57.3 = 21. 1cm,
No. 10 B #% fE K 2%66.7 = 7.6cm & 83.3 = 10.4cm, I ~ b
O—VA965.1 +9.2cm & 82.4 = 11.2em T, ¥ — A ¥ 4D
B EEEN R o 72h (WA F=0.690, P=0.508),
BEEREROIFEMOLEH A E T (HF=12.79,
P=0.00006), =~ b1 —)b& No.9 Hi#HARM & No.9 i # Ak
A& No. 10 iR B O #2134 E TH - 72 (Bonferroni i2 & 5
iE, Ww3hdb P<0.001)s LA L, I ¥ hua—)b& No 10 i
BHAROZIAEETERo72 (HP>0.05

- 6L 713, BHAORELBEBIRILEZRT, wiho
AV —TTh, BSOS 1 ABO 9 A 9 HIIE, #ain,
EHBREE VS AR EORENR SN, B2 A0 10
A 21 HiZiE, MR sz, S o, BIRSH oMK
ThAHELN, LAV DEEOEHENEL hofze T¥ ba—)L
T, MBS 5 A, SHBOA IR, oMl 2 KD, &FT
66.7% DR THEE AL S 720 No. 9 IR TIZ 2 RAHIE L
LA A R, 5 ARICEMNA ARSI, RERERIT50% T
BHo7zo No 10 BEFEATIES AP L, 1 RIS RE, 54
WZE RN A A SN, REFRAERIZ84.6% THh -7z,

11H29HICIE, 2y ba—uTid11 A (73.3%) ASH3E L,
1R (6.7%) THHMND A SNz, No 9HiHEEATIES A

#F— 6. RO AR DOIRNE (F)

. AR D IRTE

i PratA fedr FRoRh xR ANSE
2013.9.9 Iy hu—) 14 1 0 0
No 9FHEiA 10 0 2 0

No.10HHEA 11 2 0 0

2013.10.21 I ¥ ha—)N 5 2 3 5
No 93 A 6 3 1 2

No.10#AEA 2 5 1 5

2013.11.29 3> hua—)w 3 1 0 11
No. 9HEAEA 6 1 0 5

No 10¥%FEA 1 6(2) 0 6

1y ANOFTFIIEIE O WA A O D TR WA O $



- 7. BRI O MR OBRE T ()

wHR . BHlRBH L~
0 1 2 3 4
2013. 9.9 T bu—i 4 1 1 2 6
No.9H:ffi A 3 4 1 0 4
No.10BEREA 6 0 2 1 3
2013.10.21 a > bho—i 12 1 1 0 1
No.9BekiA 8 3 0 0 1
No.104%HiA 11 1 1 0 0
2013.11.29 =»ku—3 11 1(1) 11 1Q) 1
No. 9Bk A 6 32 303 0 0
No.10B:ff A 9 2(2) 0 1(1) 1)

20134F9H9H DI > F u—vid 1 A%
20134E11H29H @ 71 v 2N ORISR O %L

(41.7%) DHEIEL, 1A (8.3%) \ZEfoHinAE L. No. 10
MR TIZ, 64 (46.2%) 2HEIEL, 64 (46.2%) THkm
RnAsm Sz, BB AYE U7z 6 ARk 2 K1, AFE L 7230y
OEE D TE L, FEO FARIGHD TEW &Sz
(IS DfEEE & D7 OMIERRIZ 61.4%) 0 4T TORMIEA
Not vy F M E Nz,

11 A 29 HE S COMERE, 3~ ha— L& No. 10 BiEfiAk
DM THEA LI D > 72 (Fisher O IEMMER P=0.140), 7=,
arbhu—k No 9 HHEEAROMOMES HETIE Ao (FH
P=0.102), F7z, BEWIAEIE, No 9piEHA (50.0%) <
No. 10 WigfiA (92.4%) &> ba—iv (80.0%) DR THE
AIFH SN Ar o7z (No. 9 HIEMEA © [ P=0.109, No.10 mi
FiA @ 7 P=0.356),

V. EZ

1. <Y MR A O & > F 2 O IR

Y F 2 OFBFEEICTRE TR ELREN DY, TR
FRNLFGI I RARNC L, B ) R0 25 AN C OB B R 25 E
NTwa (2, 5, 9). 4, 2011 4E % 2012 4RIk ¥ F 2 7 Dl
ERZTTHETHIE L7227 o< Y/ MEKR 23 KA S5l L7z
v F 2%, B cinerea ® #JH X ¥ 7- PDA Bi i CHJH S H - L
25, 19ARDOHIEAD S L7z vy F 2w, 1FEA WA
LZdro 7o 2012 451l L 72 No. 9 & No. 10 1&, 5 J5H: %
Mo Ka—4 L WSO %R L. 72, 2013 4E IS L7z
No.15 & No.22 b, #HRBRICH W5 Z L2 T& 2 F TRk
PEIML7ze ShooZersd, MBICAELT 2y Fayoly
FEINIEBAKRE <, % MBI MR ZE L Bgf )y A
TS, —Hot v F2vid, HREMERMEE MEoRmh %
FoTWizZ &b b,

2013 4F 11 29 H £ T2, 2012 4E0 Ka—4 #HARD 77 .4% T
MR EDORENE SN, 54.8% DMRIHMIE L 720 2013 4ED Ka
-4 AR TIE, 80.0% (A Lo RE R SR, 73.3%H it
Lo —J, BOX Y F 2y 2EM L2284, 201240 No. 9
FREARD 43.6% 1A Lo BB SN, 30.8% DKL L 7=,
No. 9 BAEAR D FAF8 A3 L i AIE, Ka4 BFEAICHAFEIC
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A o7z LA L, 2012 4E No. 10 #HiA, 2013 420 No. 15 £
AR L No. 22 AT, & LoREZR LA
ST, BB IR D AR KRR L K ED Do 72,

INHDOREN S, PDA R T Ka4 L[ L < 5B
JERL7ZZAFZHHD 5 B, No. 10, No. 15, No. 22 O JE P14
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