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HASM THEAGCHE L > TV RBEBS v ihE, =V / F1ryFay
Bursaphelenchus xylophilus (Steiner et Buhrer ) Nickle (LIF, #H) ik ->TH[ &%
BoEhsT epmohTnsd (EE < FIE, 1969), —fic, uoRAEZY < vid,
Blg2H, ROTEES S RE AL L, ONTHEARRSREBHR L 2D, ENICHIE~E
3 (B, 1988). LA L, Fhic, BOoBALLOEO—icB W THEDCE TR L LN
Bh, o o TiaEaMsEL, BERLBOREELRT 5 LPBEShTVwE, o
& S BB ISR SRR, BROBFEESTTVIES P, v v ofiiEsmuE e

* KawagucHl, E, GYOKUSEN, K. and Salto, A. ; Appearance of partially wilted shoots in a Pinus
thunbergii inoculated with Bursaphelenchus xylophilus and its influence on the growth of the
tree.
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KB (R, 1988). MAMENAEIRAR L TAEER - Mk, ke UCikbik % 5
L7z &E WA B, MniiBacREBSMEIEsE L TEY, 1 E#EcIRPikiRS & B2
WADRAE L TV AERISIRETH B (TH, 1987). 0k 5 s kih O FEERRE =
BB &R, <YM ORBERD 2 h = X LB RHAST 2FERLDICRBBEELS
NTWABY CKE, 1982, 1984), Hsrkih @FAEIIC >V TORE DTV,
AR, SN OFREBEAE ST 2709, BBOBERBEMHNLEL -2
s oy ERRVT, HhORERRE X OCBERBEOFA K ORAERNE, BRARES LU
WARIBIZOWTHE L, £, ChoofiREL LI, WOAMNORERKE <V
RURIc & B =y ORFEERIC D WTHEE L.

2. HH & H&E

RN, LRSI OO RS 2 v 2 ) — F Ay b (ER 1m) ik
Ntz 64EH: Y o=y Pinus thunbergii Parl. 2 K%, HEKD > B0 1 RKEWRICH
MOBERAT -7, COMBAORE L 1850 cm, HIBKERIZ55cm Th » 7. HEfI
1997 46 7 A 28 HITiT - F=. MK O F Y L TRZ 05 cm, #E 1ecm OFCERI,
e CEEBE AL, S6-1) 30,000 SHARRI L 7o, & ORI BRI OR ORI
F 0, BEFTHEFELTWRY, BAoNOEEICH O, i, BRIEEEEL TvI
WEED 1 ARRIEARE LTHOE, SBAOKE I 1750 cm, HBERZ IR 48cm TH - .
By b AOTEKIE, FFELH O B A BEKEE I L DT - 1.

HARERME D 1998 4E 7 [ 81 RIS AR E I SRAI L 7o, WRKREZHE T 5 129,
BB O 0% 01%Yy 7 5 = vigiici L, BAOEY2 0 o X WIEFETIc 3 HIBKE
L, B EFick agaziTote. Z0%, 2TORE>LTHEBIcESEZMEL, #
NEB K OHER, R OB mERE L. Bl >vw g, SEERAeE Ll
SRR, BRI Rl LB R & L7, BB o B I I o % R,
FIIEMBE LTV ARSI E Ui, $/, BORKREEFNBZ/H, HEE, S5 10
cm fFICH O PRI L, RENED SRR E To SESORERE 4 HRITHEL
f X5, BEITCOREREAOCTIEOREREDOILZRERE LTHIBI LA, £
fz, Blic oW T SRR ZTA L .

3. #& R

B 1 ke SR DRI AR U e, B o Jeiiic A U 7o, SREERALc
EVIRANCE VBN S - fo. K 2 CHIRBIO R NBBOE R L, fihig, MEEERE 121
B 5% 49 B, —HEAER 52 B0 S B SRICTE L, NStk d B WG @MLK O
ML - f2 (Fisher's exact test : P<C0.001). ¥ 3 ok A il arh o ok ic &
BREEANCR Uz, AR R O RGN G BERR AL ST W Ic 2 K R T 2 MR 5
Nihs, BN THAEC, BRERA S 150 cm Bl BN I B VTS 14 Bih 5
Betnma ont, Fi, —EEEORNE T RS S 75 om BIN TR L 72,

BRERUEOF A R ES AR L (RD. 22T, M4 c2MEERBI LY 5
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Fig.1 Schematic representation of surviving, wilted
and new shoots of Pinus thunbergit.
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Fig.2 The number of wilted and surviving shoots in
each age class.
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Fig. 3 The number of wilted shoots as shown by the distance from the inoculation point.
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Fig.4 Percentage of current shoots which produced new
shoots in terms of distance from the inoculation
point : N-values show the total number of current
shoots in each class.
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W & J6 U o AP 0B & %, BRI © OBEEEBIC AR L 7c, FHER O E I ©

TNORRICE VTS 333%~429% L 1ZIF—EOHATHEL, BRI > Ok X 3

ERBEH LA - (OTROBHEIICB VTS, Fisher's exact test ; P> 005), %1

TRAEAF D S OFLEE OFARA Z WA S iR U 7o, BRIATKE, FiEssfizet L«

DIEBREBEIC R TH - I MIELER T2 05 5 28§ (889%) Th-r-dlowtlL, i
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Table 1. Sprouting of new shoots from current shoots.
H 1M b OFERIBRE

No. of healthy  No. of current  Ratio of current
current shoots shoots with new shoots produced x?*-value

No. of current

shoots (A) shoots (B) new shoot (B/A)
Inoculated 121 72 28 0.39
tree 368
Control tree 121 121 100 0.83

*** significant at P=0.001 level.

KT 121 KD S 5 100 4% (82.6%) &£<, ZDBIIHETH -7 (x*-test; P<0.001).
K6 @S 10em Loy 7 5 = v REOBOMKAER L. RAITRLAEHADORE b
AMUDORE SN TV BESY, FHBUEORERDTH B, KiF 52 L aFANICEE
WHON, TOLIRFEEETXTOARICBVTASNE, K6 ISR & SERIBED
BOREREZFES IR Ui, BREEOBRORESRE, BRI RA L 0 KX VHE K
HY, 20cm (t-test ; P<{0.05), 40cm (P<001) LU 8 cm (P<001) ®3 »FT
BHEEENS SN, B OWATRERERBEDONE L7/, LhL, BEHYED
BRBEVWFNOGES BV THHEHIAOHHREEI/NS {, BHALBAEDE
LTHETHY, PLIHEMETF L (et ; P<005), HBMEOKOBIER, 43
o 1285 CRAFENCIZEESREENS S SNk, i@ cRIEREEES SN
LAG R

BOY 7 5= VIERIC L ZRERIELET 5 &, MBATREAMSREESAhTOLD
L, MEBEHATRPELSATORVESNE M7, BREASATOE VTS RBO
HUCE W WAEIZ A 50, AMUOARIIE EREOENT WML » 72, Fc
PR S NI R CIRIA L RO RE S 5N, WADHHITPATOE (K5).

4. & %

FHBEE ORI THRAE L, Uh bR, SEN M BT HELE (K1, 2,
3. Wt & -»towy T, HEEOL» S BHRASRI S 30, RS SR
Hig sy (A, 1975 5 FA « W0, 1975 T3k, 1987). 7, Rdudlz st A4
BT LK - THHN D ABIERPTIETH D, 1ROy O— THEABEL <
MR OFER A SN T H, 2 DREE, HIC L - THRD OB A I & h 3845~
BAEFT LA w CKHL, 1981, 1984), T oo I &3R5S & d OB 12 1317 — %
TAHIEERBLTVWAS, LT, AERCHVAEAMNBERCS VTS, HIEY
SIOHTHRAMSEGE L TO &R a N D, 2% 0, Sl BAERCHEALEOBE DL
I E TRHE) » L, B0 OGN TRREA B U hs, BUEASHAS R T I3 7,
PR OB OEICIBES hicio iz, 20WA04 THESE LR EEZEI NS
FHUIRHAIC AR, bW TESE THASECBT) - 4L 2% UEA, 1975 ; HE.
R, 1975), MFMICHGEL, <V ARBICES LB AT EMHL M -T2 (Futai,
1980). L L, MHAD EOEH» SWIEBRD 2PIC>VWTRBFASHIE »TVRL, &
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Fig.5 Cross section of the stem at 10 cm height,
which were colored by safranin dye
perfusion. Arrows indicate the new
xylem formed the following year.
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Fig.6 Stem increment ratio at 10 cm height interval : A shows inoculation year, B shows the
following year.
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TW3, INETOWMR TG OBEFBBEShEh > D, WHA LN BB
EB7 YT, HRHEREAHC, WS SEL SRS EKICEMD S Itk 3
W, MESETIEEFEKCEBAELCTVILS AL ZEELON S, S0, #KE
HBHIT 72T &M 5, =V OIS, REOHIBIIGI SN EEL oI 2, Th
5OBHHZ DV TIRAHR S SICRETT B 0ENH 3.

RS L fo 0 3HHREA O A T, EXE - RS TRIEREERIGT b TS,
ERBEONMARE bR Sl (K5). BUOBRAEZT <Y OMELIRET 2 BR
RIEEOBMTH © (Sasaki ef al, 1984 ; Fukuda et al, 1992 : Fukuda, 1997), &
IRADBIE ISR OBIE E O BH 0 5 5 (Fukuda, 1997). ThodDT &b, AE
Bz WT SRR OMIIANE & A EEOTEBEO AL, AN E sk E VA B,
e = Y BHANICEBAROBE) « 8B 0T, LEE- LB oMf A R LA &
I8 B7%5, COBRICBOTRHIERBORBERRELLVWI EA2RIEREN -, T
BRE LT, Rdid, SAMPOBE) « SEcB O THIBEE IR BEHRKE T 520 &
#A oh B (Ishida, 1997), JERIEE & O#KHL (Fukuda, 1997) OHfEl: b & 5.
HWARNMEETE, HORECOMWKBEEIZETL TV, SRBECERS N2 AY
TRIEFZWAMSITbA TV (K5). BEMBALTOENE V=Y T, Hoduiia
AWK TBARKITIRT 24 U 548, TR U PO 8 U WA O MK R 1 (5
SNTHY, ThICEDIEERNTVWEEEZ SN T WS (Sasaki et al, 1984 ; jhiH
S, 1994 ; #thM, 1996 ; Ikeda, 1996). L7zdi-T, MMM METIE, —HMO M HEE
LT HMDERSTRIBREGEEE > TB 0, FEER S N KB TOMmARS T b
DAL L COEENAIETH - 7o LHER S h B,

MR EAROIRARE &, BRI AL D RS VB & - 708, BEEER
BIARE D b/ha a7 (R6). chid, BROBENBE L > TBHbhkbDL
ZEAOoND, BREERLCEEE oo v}, FEOREMET T EMAMohTL
5. E (1982) 13, HEio < v BT S O TRGERBEO L RO MERE £ Y
L, 792y TRAMEOHEM DS EEROBEOCMERE CHZF IcH 2 E@WE LT
5, Ihid, HMEREEIEEEELVWIBVESZ00, HHEARATRBECERO LY
MERONDLEV D RATAP RO E~HT 5, &/, BEREONRKEELREY 345
g (X5), MASERTRERBET LTV EHS (06), AN EEORERD
RO, SRl SEBNICZ Y ETIRAL, —Bosfint: o &ick 3 4M4ky
IOLAREYOETOHNTH 2 EEZ oM 5, HRBIEOH R R SEIICTE L
bbb od (K4, 2OREEMETLALTED (K1), BMESKROTEEETAERK &
LTERZOND, Lich->T, NN EATE, ke L TlEsB-7b00, %4
BICB L TR S MIEH A » TORMEARSECHE LT &in kY, MikakE LT
DHAKEYRIET L, BEONARE CHARFEROIE T2 U SRS h 3,

Plbdkvo, MolnoREgEE LT ToL S RS ZEL b b, Tbb, Hik
PHSARA U 7o AR RIS T « 20804 243, BUERoBii ik eio s iclEsh, =
DEFH OB TEBRE ORI A4 L, WANSHREZT X4, HOWAE TR Ik
PHMBEL TV BH, TORWEEIMMAOHIEE b/ oFT LS50 bOTIRE L, HIREHL
ATHIERIEIEEES C & T, BUEOMKGHEHFS N, ke LTREEBIEnT
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&5, B hE, EREOTERMERI T, S oRBEEFfEICT 2 VWA B, Thic
XU, MHANTED) « S B RASHESKRCHiET 5 &, TERE OB KEBICE
L, #hick v, BEOKSEEMEELNEEIL, v~ VRIEE~ZEr i3, 0
XIiE, BMAOBAEZ T oy OMFEEYPEMN T 2ERIZ, ~viiEedcoRfboll
i X AKEOBETH B EELOND. Sk, HRAOMIME zh > ERBOZEL
KOWTHET ST &id, < vMiEdmick 3 <y OB IR B2 MHT 3 5
AT, BETHLLEZONS,

& B

KW ERTT B0 bT 0, JUNAEEHREREOS BB — K1 2 IR ORIS & UE
PO O RS P E VR W, $7, FREORERTR, il FHERic
-y ONEERE > TW Wi, CRECRHoBEELET.
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Summary

The appearance of partially wilted shoots in a Pinus thunbergii inoculated with
Bursaphelenchus xylophilus and its influence on the growth of the tree were investigated. Wilting
occurred at the tip of the shoots, and this pattern was observed throughout the entire crown.
These results suggest that nematodes migrated and dispersed throughout the entire stem and
shoot, but they propagated only at the tip of the shoots. Stem increment was not affected on the
year of inoculation, but decreased the following year. Necrosis of cambium occurred only in the
wilted area. After safranin dye perfusion, the old xylem area of normal water movement
decreased, but the area of water movement in the xylem formed the year following inoculation
was normal. Thus, a decline in stem increment and obstruction of water movement in old xylem
occurred in the tree with partially wilted shoots, In healthy shoots and stem, however, cambial
activity was maintained and healthy xylem was formed the following year. From these results, it
was concluded that factors leading to the survival of tree with partial wilting are that nematodes
propagated only at the tip of shoots and that cambial activity in the most part of this tree was
maintained.

Key words : Pinus thunbergii, Bursaphelenchus xylophilus, partial wilt, nematode propagation,
cambium, water movement





