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ok AUFAAZ=H(Pine wilt disease)> AUTA A Z(Bursaphelenchus xylophilus (Steiner & Buhrer, 1934))¢f 23}
WA RS HR BHoMAolel $0) AUFAPinus) $EES TANIT Slek. AN Akl et

3]
T A 9 2AZERAM 2 o]F7] B ZA||A Q] A7t REZE Holth 2 At A= 202119 64, Ao
N AUES =501 FL(Pinus thunbergii Parl.), ZPUSHP. koraiensis Siebold & Zucc.), 2UF(P. densiflora Siebold
& Zucc.), AAIENP parviflora Siebold & Zucc.), 27 B|CtAUSNP rigida x P taeda), ~E 2 BEAE(P strobus 1.)2]
Had o s ARAASS JSAEsIh 1l JIFHE T 25 (M08 RX4E SR, ATHT 24559
IARE, 2URAAE FEE 2 UEE S AU E o3 IAES TEB80%), BEH(77.8%), AUk
(62.5%), HAH22.0%) <=0 3lem 27|Hchar ey AEZ ARG = TARER] St g AAE HEES 7]H
CRAUR(222%)F AlQfstal BF UARET FUFCE 2A|49] A9, AUFAATE AR S 230Y 55, 2,
AU 3FOIAM =& SA7F ko, £97F RUR AU, 27 Htha U, AER BARGR 3Eo)| = ti2Ttdt Zolrt
ST SARA A, F4, AUEE 2URAATH 2 S, AUE, AR 31 29 A4S, EY
AU AE R HINIR = SMRE AP S HolFe 20 UBiTh 2 dte SRS A S5 712 sy
27| thatbel AERHARLR O 29 Fe A ek ZAAEZ 2 4 3l Aolth

r2

O

Abstract: Pine wilt disease is caused by the pine wood nematode (Bursaphelenchus xylophilus) and has killed many
pine trees in Europe and Northeast Asia, including South Korea. Resistance to pine wilt disease varies among species.
Previous studies were mostly conducted in nature or greenhouses and only a few in test fields. In this study, seedlings
of six pine species (Pinus thunbergii, P. koraiensis, P. densiflora, P. parviflora, P. rigida % P. taeda, and P. strobus)
were artificially inoculated by pine wood nematodes in the test field. The Wilt Index was measured every 2 weeks
after inoculation in addition to the mortality rate, detection rate, and pine wood nematode concentration measurement
after 24 weeks. The pine wilt disease mortality rates were P. thunbergii (80%), P. koraiensis (77.8%), P. densiflora
(62.5%), and P. parviflora (22.0%), and both P. rigida x P. taeda and P. strobus survived. The pine nematode detection
rates were the same among the species except for P. rigida * P. taeda pine (22.2%). High Wilt-Index values were
obtained for P. thunbergii, P. koraiensis, and P. densiflora, which had mortality rates higher than the other species.
Furthermore, there were no significant differences in the Wilt Indexes between P. parviflora, P. rigida x P. taeda,
P. strobus, and the control group. Statistically, P. thunbergii and P. koraiensis showed high susceptibility to pine wilt
disease, P. densiflora and P. parviflora showed moderate susceptibility, and P. rigida x P. taeda and P. strobus showed
apparent resistance. These results provide basic data for pine wood nematode resistance breeding or as evidence of
the need for afforestation of P. rigida x P. taeda and P. strobus.
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22U A A 21 (Pine wilt disease) = AUFEA| S-S
2 AR A Z=(Bursaphelenchus xylophilus (Steiner &
Buhrer, 1934))o]] oJ8l #H=E AUE-E(Pinus)2] 4=%0|
S AH 9k A7} e s o2 o

2 FRobAolel §7 AGSYel WaE Fu o
E

(Monochamus)®] 342 AUFEAASH | o) A}
3 Lol A }el, HElE §58 AURANES &
whels A4%0] Ho] th Ue HatsthMamiva and
Enda, 1972). &URAASS A4 Q] ol 2] 7}of A
1934 o] A3 WAEAA|NE, o] Lo auFEg T
2 AdS 7HAAL Qlo] EAI7E HA] ZL3 oK Steiner
and Buhrer, 1934, Sutherland, 2008). 1905, Q=2o]A ]
22 U7 olA v s o] A E QAL 1971
dof| o] Be] lo] A FAAFolet= Aol BFE R
Th(Yano, 1913; Kiyohara and Tokushige, 1971). 1970t}
o= Z7to| =g A Y& A9 divte] AvRAA
Z80] A= AL, 1980 d ol = S5t S=7bA] Hut
ZQITHYi et al., 1989; Futai, 2008; Zhao, 2008). E3+ G-
o A= 1999d e 2252, 2008 AH| Q1o A] EAY S}
7] A2t (Mota et al., 1999; EPPO, 2010).

k-2 1988 FtollA] 2= AurAidgo]
ATH(Yi et al.,, 1989). F2 FHX|W2] F<L(Pinus thunbergii
Parl.)} AUYH(P. densiflora Siebold & Zucc.)ol| 4] 2HH 3}
gon ujEL &E4Isls(Monochamus  alternatus
Hope) 12£0]1tk(Shin, 2008). 2006\ R el A 2S mfj7]3
9l Bl ASV5A(M saltuarius (Gebler))ol| ©]3)] 25|
9] AHYIFY(P. koraiensis Siebold & Zucc)x= Au}=]7] A2k
FTHHan et al., 2008, Shin, 2008). X 5H7F SH=to]|A]
AURANFE R TABHE U ol 309k o]4fo]
o, A Y QIFA Q) v, 5, AR o] wA
2 Bk Aol A ZAShE Hle-E of 40.1%0] E5t7] wiiE
of 2HFAAFTE-E g AFRe) 7S 2 91 5 skl
THKFS, 2022). AU A ol== Emamectin
benzoate 58] AR AHSEAY, A E HefEe
50t W, ASAE e Ests WY Sl Stk
(Takai et al., 2000; Kamata, 2008). Hr} L2 29| |2 &
Qlall, €S 1978 R A S5 AL S,
gk, ZERAE APAE 7H F52 ALsiWr] gt
TS A Y=0|thNose and Shiraishi, 2008; Carrasquinho
et al., 2018; Woo et al., 2018; Gao et al., 2022).

AURALF ] e SBE) ARy ol o

6% H5O] aprAidsgel gt =4 A4 vla 259

2} b o, Holullrlrl YAkl 5L
2 AR AT 2 Fo] A FEEL i 7t
e HAT T AAekE B, AR SR,
ZHUE(P. parviflora Siebold & Zuce.)= A4S YER
CH(Mamiya, 1983; Koh et al., 2016; Health et al., 2019).
LE 9] P. luchuensis Mayr, S=+2] P. tabulaeformis Carr.,
P. massoniana Lamb., 9] P. taiwanensis Hayata 5=
AL 7HA AL QA|TE WP, bungeana Zucce. ex Endl.)
2 APAHES VA= Ao R HuE It (Mamiya, 1983;
Yang and Wang, 1989; Takeuchi, 2008). -5 9] +544
IL(P. sylvestris L)L} P. pinaster Aiton, P. nigra Arnold=
A BoF3l oy P pinea L2 A4S 7HAAL
CHMamiya, 1983; Nunes da Silva et al., 2015). Eo}H|2]7}
LAl AEZBAWGEY(P. strobus L.), B]7|CAUEHP.
rigida Mill.), E|ttAUE(P. taeda L.), 1831 7| thay
Fo} "ok o] wRkEel 27 e ek (P, rigida x
P. taeda)y= A3}*E 7FA 3L U cHMamiya, 1983). }4]
g 2 Fopwgzt ARl gftjotetUH(P. radiata
D.Don)= 74442 A YAl ti(Mamiya, 1983; Nunes da
Silva et al., 2015). ZFAAEfol|A] AUpRS Qo= AU
A o] o] mie =X S-S At o
A%(Larix kaempferi (Lam.) Carriére)-2 74442 71X 1L
218131 (Mamiya and Shoji, 2009; Koh et al., 2016). ®IA]
AUE(Cupressus lusitanica Mill.)+= A3AS 71X Q)
A tH(Nunes da Silva et al., 2013). o] 2jof| = T}oFst £E59f
et A W AR sl olFol o, thEE A
/e o] R kA o] it AFB ) o7 e,
AFHES S A7 UMAR 2 S A 9] of
d ZEHE o= Jrk= HolA AE 7HItHWoo
et al., 2008; Franco et al., 2011; Koh et al., 2016).

B AFofas Qe 22 SHAIE FE5] sl A9

2 > ox

i

A A% 39 2S5 659 5894 BEo| AFHE
AHE stk sEel A AYSHE B AU, A
LR, AR, 2950l AER B, Te1 £9%
& AFEALE o7 Echa o] AURAAES A5
B 7 2% 170 UF M BESl] AAE, LAk
£ 2UFAAF D=, 92K (wilt index) 52 2735}
T AURAAF] e FEEY A L AR
e
R

1. SAR=

B AT AGE AUTE 65 Bd ST, A,
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Table 1. Growth characteristics of pine tree seedlings for the artificial inoculation test.

Pine species Age (years) Height (cm) Root collar diameter (mm)

Pinus thunbergii 5 103.6+6.7° 18.93+£2.11

Pinus koraiensis 5 84.5+10.3 23.32+3.06

Pinus densiflora 5 97.3£12.3 21.09+2.35

Pinus parviflora 7 94.0+£14.9 35.60+5.17

Pinus rigida * P. taeda 8 73.8+13.6 22.55+3.17

Pinus strobus 5 62.1£9.8 20.15+3.96

* MeantStandard deviation.
ASUE, 27lH g, AERESR YRR S8 A 1 250 A=l Woo et al(2018)9] S FarskRl
Zgoln] T Fo) REEL Aol FUMNTable ). Th 2 557 B2 oI2AT B AUFALE 19wl
REESS Fopch b2 FolA FRED} 20219 3930 7} Solglis FR4 100 WE AEHOs, ThE w2 90
AT 49 2900 AShet AHAL ey EAZ ofAlE ol RO A 913 FRA 100 WS HEYL
otk AR BES FYFTUIMAHY PR AT chyk, FES Aol 1007, thao] 8ARY HE
415 201640 AYSko] ARAY BHEY SAelH 2017 LS A4 10 om Rolol A BE SuE AR Zeh
ol w3t 7 20199e] EAZ ol A= le. etk B HE thd, AL 7193 S §4% Aol
R BES FAAYYSY AAEAUATR Q. HRE FAYLE AE Fol IR A U
AT HERRY FAS Wl FAAYYSY  AMFo| SO X 1 FHFOR B SoiZ 4 9|
Ao FREITh UeA] 45 Fugorny o Stk BE AR RS YEAve 253 14ow
gk Zloln, % Bt B9 555 ez 3t A ARE FgPor 7o) gtz W7t aurAAdE
SR Ao ARESE REESE shte] 3t 2A | SAl0] B o) o|RAA] b= 245 Fofl AFE FEAG:
=<
%

CHTable 1).

2. ALIRRIMES HHQE

2 Atoll ARERH AU SS AR TRk ol A
202110] $oF wob Atk ER HFe) o
o]l Botrytis cinereal Pers. S HA vjofslgon o]=
3l 128 PDA HljX|(potato dextrose agar medium)E &
9ith. PDA HjR|:= Difco™ Potato Dextrose Agar (BD,
USA) €439 g1")S FH#3t 5 90 mm Petri dish(Z tfn}
o|==, thghil=)ol oF 35 ml# K2 ths 15A17F o)A
Aol S oA Z3oh % 1% PDAHIX| o] B.
cinerea’s JE3 th 7] oA 25°C, xR 7Y
7t Wi FSUTt. B. cinerea7t 2 Ak PDA v xJof] AR
AFE 4T ohF wiF7IollA 25°C, txe R TUZE
HjQFiTh o] & AUEAAE-2 4°C WAL A HEglo
] 300] X|}7] Aol |2& B. cinerea’} A&+ PDA Hj|
Aol ThA] ATl st ATt

4, BE LHo| ALIRIME HE

HE U T 20 YE 2URANEY 22 A
Baermann funnel & A}8-5}9)ch(Baermann, 1917). $-A
R20] Z7bat 7HE A AeH<S mm) 24417 o
of ol §olZ 20 ml F=Eshick 12l Sefol= =t
20 10 W& &AHA AA| 0|7 (Olympus SZ61, Tokyo,
Japan)2 53l 10~20vf&= ¥HEetich B o 5 5H
wEsto] 2UREAAFO AEoHE Fdlstal, HE0l
H Be aFAASe) 5 43k 123l Baermann
funnel ol ARE-RF 1t} Z7HA]E 80°Cef 7UXF X%
T AsEdE S5t 2T 2=E AL

2FAAAE HE T 105 ojUjo] AR HESS =
A] Baermann funnel o2 AUFAQAZE AE oHE 7
selsick ABEA e A9 LURANE o]2le] 24l
(oA 2EH A F)ol o ARt Ao ® wkstar A3
el Aotk Ao Aol o|H HEE
FolAl, HF 245 & HEO 1A} o 15 westo] AAL
2 ST B 2UFAAATS ST BHEES
Baermann funnel Y& &3l S HEE 9 UE
£ S 1Pal SRTE AT g2 e T4

2 1) BEelN AURANE PE oS SHelskyck
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Figure 1. Wilting process of a Pinus densiflora seedling inoculated
by pine wood nematode. Wilt index” of (A), (B), (C), (D) and
(E) are 0, 1, 2, 3 and 4, respectively.

* 0 : absence of wilt or brown leaves, 1 : <25% of wilt or
brown leaves, 2 : 25~50% of wilt or brown leaves, 3 : 50~75%
of wilt or brown leaves, 4 : 75< wilt or brown leaves or death
of the seedling.

5. QIEX|I4(wilt index) &X

LvppAlFe] gt Ae) HEE ANE o g 9%
A4 4epst shelThFigure 1). SIEASE BE glo] F
231 F4o] gl AEi7t 0, 25% mlate] Qo] mhEAL
ZARE w7} 1, 25-50%¢] 9lo] upEI ZuI AL
2, 50~75%2] o] mf=AY 2Rt A= 3, vpAete
75% o]/Fe] Qo] mb= il ZARSHAL LRt ehd S| At
3t AL 42 SI3FITHYu et al., 2012; He et al., 2016;
Modesto et al., 2022a; Modesto et al., 2022b).

N

H

6. S 24

AFHF 245 o 2UFAAS B, HES, A
W 9lzA|50] 2 AolE S| s} ulns Ug
BEAFE A (One-way ANOVA)?l Kruskal-Wallis 7 % 1}
Bonferroni correction AFS-H4-S AAISHATt TAEALS
R software v. 4.2.2 (R Core Team, 2022)° 2 £=835}ic}.

Zt

d
2

1. 8% 247F 3 ALIRMMS ZHEE Y TAE

AURYPASTES HES BEEL FF 245 T AR
A A5 HEES Table 29 2o, TAREI} g7 w1
2 AJZ}S} 5FGlch(Figure 2). AU A S-S ST
HES F 27| LARE 2UR 125@F2het AER
BIWME 128657 AU ASo] FEEA] 948k
o, o] AEHAR Qg IALZ FEtste] FAA A
oI5ttt AUREALAZFe AEE2 =T (ol 3AHL
2 O3t Aol2 BTk FL(80.0%)T BLFF(77.8%)
7t AEZBANFEL(0%) Bt AURHLAE AELo] &
OJstA| EoroH, T FAE HAE AUF(62.5%), A
AE(22.2%), 27Tt (22.2%)+= TS =53
oI5t Aol UENA] ghotth SRS HET HEA
FTER 10374 AAste] AURAAAETS el 2
3 671F BE AEEA Yot

AYFAYAST o2 Qg AR S| H¢- g7 HchAuE
A LJotH HEF IARET FUS o, AR HiES
2UFAAZe] HEE HEEY A 27| cka
= AUYRAASe] AEE Wi 207 BE AYE|]
TAREO] 0%t A B4 A3 IAREE 5 net
gt ZfolE B Gl=d, #4(80.0%) 2 AHH(77.8%) 7t
2 7]k a5 (0%) 2 AE 2 B ARFE(0%) Hoh 525

L orlo

Table 2. Resistant characteristics of six pine species in 24 weeks post-inoculation with pine wood nematode.

Pine species r Detection dpercent Death percent PW.Ne Ave.rage .

of PWN" (%) (%) density wilt index
Pinus thunbergii 10 80.0° 80.0° 105.05* 3.5¢
Pinus koraiensis 9 77.8° 77.8° 153.65* 3.2
Pinus densiflora 8 62.5%® 62.5%® 36.04% 2.9%
Pinus parviflora 9 22.2% 22.2% 83.39% 1.7
Pinus rigida x P. taeda 9 22.2% 0° 0.27% 0.9
Pinus strobus 8 0° 0° 0° 1.0°
Mean 8.8 44.1 40.4 54.67 1.94

Kruskal-Wallis > - 19.761%** 25.385% %% 20.664%*** 23.894**%*

leaves, 2 : 25~50% of wilt or brown leaves, 3 : 50~75% of wilt or brown leaves, 4 : 75< wilt or brown leaves or death
of the seedling. ** *** are significant at p<0.01 and 0.001, respectively.
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Figure 2. Death percent by pine wilt disease and detection
percent of pine wood nematodes of six pine species in 24
weeks post-inoculation with pine wood nematode.

*> Grouping by Bonferroni correction test at o = 0.05.

A w8deE 8 FAE 7S 2HH62.5%), A
(22%)E THE £E3 RelE Aol LerhA e
%%#—;: WEG d2TO] F AR 151053,
B 2065, AEREINE 12R@EDE A
ojstirt WE YESGE 270 TA BE 407 B
% AR AFO] AEHA koo, o o] mpE AE
o] IAVE Ao Pt
Tl EAROR fousH] £ AR
e Beltkn 3 4 glom of 7% A7
8}E](Mam1ya 1983). A= 62.5%9] AR
Wokon], Féo] Aprmct 74
dol = % A ATHWoo et al., 2020)2}= F-3+6}12] L,
FANOR e 5T ol AolE wolA L ot
W JAREO] 22.2% % S| WS 4
AE HAFUAL FAH LR thE 5 Fo7E Abo]
£ HolA Xk 4 &“«}E’r‘: o s &S Eol ARt
AYstal 274G o 7 dX AAEle] ZFIH 17 EEQ)
SUEAFE R Qlste] 1Ab
‘H?Lﬁaﬁﬂ .:_1—‘?'— A7] el AdBtel diRt
WA= Fog 7lEofor & Zojnt

N

TS
L B
°*S

A12E A2E (2023)

800

600

400

a

200

o]
Q
o
Q
o
o

Pine wood nematode density (nematodes/g DW plant)

o
|

P. thunbergii
P. koraiensis
P. densiflora
P. parviflora -

P. strobus

P. rigida x P. taeda -

Pine species

Figure 3. Pine wood nematode density of six pine species
in 24 weeks post-inoculation with pine wood nematode.
*® Grouping by Bonferroni correction test at a = 0.05.

(Takeuchi, 2008; Koh et al., 2016).

27| BlehaLb e AE R BAFE TAbgo] 0% A]
E ATATAY AW ARHS Bty saHEc
(Mamiya, 1983). 2]7|HlttAUF9] AURAALAE AEE
© 22%AT, 247 Fr1A TAR= glglon] 2 eet
Rong syl AeAl gtk & 4= ek
THAEA &, e AR A8, auet At

2. ®BF 24F = ALIFMMS 2

HAE 245 3 HiolA =25 A4 4
L= Table 2¢] HA|F S, Figure 39 *PX]— F4 19
(Box-and-Whisker Plot)©.2 UelHTh 2RSS Hat
W= 63 FolA] Aot 153,65 vhelgl 0w 71 %9k
oh el T AR F4(105.05 vhele’) Bt
(8339 ukel-g!), 21173604 vhelg’) Zeolgiek. €)7]gc}
2027 vhe]-gh)e UGl Farke] Wik
A, AERZHINIEL nE gRox AEEA] ot
) B4 An 36T SEE AE2 AR GO
S BGLom, T S5 Foat HolS Ho|x] gkth
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27 H okt Y] - AR A Zo]
He dod vg FAek: die Aufiskal 44 vho] 4=
of AEet Ao Holn AYPALoA % vt Auprf
Ueld v 9It(Woo et al., 2018).

e Uetlle 59 49, 58 Hof ot 22

2 Aol 23]2] 15W] B E& AR
3}

(A)

4 -

s

. e

Average wilt index

Znjof ojgt 24 Ak v 263
we AAES Bl Ashre] aRAAE B o
S AR 26 o4 Btk AURAAEe] Bt
WEl Ak B9 A7le] whet deba 4= glom,
A 2= olAmTt Eolxw AURAIAF o] W)
T8 4 o] ujEe] & Qe WE BAg A8 o]
o= A7 Agich

3. ALISINE B5 3 UXXI40| HE X TAE

AUEANE Qo] AT RESY YEASE A
o= = 00]glon], HF F 4571 o= GAE et
[Figure 4(A)]. B4, AU, AERBALIE, H5hse)

Il
N

92457k 6334 Z7beh] Aagom, At
22k, #7ld Ak 10231 S7bseic.
AL 23] B3 912447 28 Welm,
L aFAe] 20] megth BEe 2FANE 4
g 7=y on], 16570 H7 924471 3 Evigch
AL 16742 AR 37 42457 AR
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Figure 4. Pine wilt disease symptoms progression expressed in average wilt indexa for every
2 weeks post-inoculation with pine wood nematode (A) and distilled water (B).

? 0 : absence of wilt or brown leaves, 1 : <25% of wilt or brown leaves, 2 : 25~50% of
wilt or brown leaves, 3 : 50~75% of wilt or brown leaves, 4 : 75< wilt or brown leaves

or death of the seedling.
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7] AL, 18t 38 Rt A Bt
A7k 292 38 Bk = EP o, s
AHE 1L.7& AR grlE ey tey AE 2 BAY
= 1 o8ks FAIRT o]F 2052 2452 71A] =
E oA YRRt IR G E ik 245 2}o] A
MY =2 YRASE Bl A2 FE(G.5)090m, Ayt
1H(3.2), 2HHH2.9), ABUHH(1.7), 2EZBAR(1.0),
2718 ek H0.9) =02 7Fastglth(Table 2). $4 &
A A¥ 55 grlEHvauFe AER 2R He
Tl & A5 HolFglon tE #FollMe
Ofgt afolE HojEA] EFr.

FTHTE AT 2t HEEY 2AFES A2
0olA ZA F7FeHA= FUARE, 245212 gho] 1.5~0.
Atol €] gre g F7sk et Figure 4(B)). °l5 HES2
- Qlo] mpE A HAE QAT AA A ST =
SFom, o]0 & Qg AEHAY AL FA7|E O
3 dEa7t AlAEE goletar Bzt

A 2t 2433 Ht YI2AFE HlalsE
H, AEET LAREO] 62.5% o doldd HE(0.9)0H
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