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Abstract

Erwinia pyrifoliae, which causes black shoot blight in apple and pear trees, was first identified
in Korea in 1995. Extensive measures are typically used to control the disease by eradicating
trees in diagnosed orchards, owing to the detrimental impact of the disease on apple and
pear production. However, despite governmental efforts, the disease has continuously spread.
In this study, we analyzed the current status of the black shoot blight occurrence in apple and
pear orchards between 1995 to 2022. Our findings reveal that over the past 28 years, black
shoot blight has occurred in 26 cities and districts across five Korean provinces. The affected
regions are predominantly concentrated in the northern part of Korea, including the Gangwon
and Gyeonggi provinces. Furthermore, black shoot blight has gradually expanded to the
northern provincial regions of Chungbuk, Chungnam, and Gyeongbuk, which are centrally
situated in Korea. Furthermore, the occurrence pattern of black shoot blight differed between
apple and pear orchards; in apple orchards, black shoot blight occurred consistently each
year, with a sudden increase in cases in 2020; however, in pear orchards, it has considerably
decreased since 2007. To the best of our knowledge, this is the first comprehensive report on
the occurrence of black shoot blight in apple and pear trees in 28 years, and the results will
provide valuable insights for future disease management strategies.
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2 Ml o2 ERIE| 31 IF7FA] 720151 (black shoot blight of pear and apple) 22 T ™8 =] 2 Th(Rhim et al.,
1999). L & o] ®2 ¥}SH ] (fire blight of pear and apple)} Bl&0] U A7 x| < o] vlj, ARt} pTh2]of| A wlj
Esto] 2 ojsllE 1 Stk 7 A2k 2 A WAy shH Ssish A o] glo B 2 7] ek o met
A} w7k 24 EhabkE 71Hs/d ol .

W7 A 2 nHE 2 =] Al 9l wfjol| ARk EhAYo] Bl ] B R R el o, 2013187} 2014
Aol ydstto A 52 Ml E. pyrifoliaco]] 2]t B7|ul2rHo] B 11F 8} Q1T (Wenneker and Bergsma-Vlami,
2015). Lol A = BijLhFol| A Erwinia sp.oll 2J3F FAFSH 7 o] WHE|] QU E. pyrifoliae®= 7732 ZFo] 7} R
= w0 2 & %] thMaxson-Stein et al., 2003; Shrestha et al., 2007).

B7 A ok o) 49 7150 B4 st E717 el el AXY A vt Al B elo]
] 23} n] A< Aol A} ZA4o] LFERFATHRhim et al., 1999; Han et al., 2016; Lee et al., 2023). ©| 2} Z+-2 5742
. amylovora©l o} 38k o] WA ol g gAslel ol A wo) gkl Bhe £5-2 ob7|ata glc,

S4e7tA) 7 Lok e Al el 50 2 o] we) Shi whal g Slsho] 1995\ 2% Uy o] % 247
02 ujd Y BUES AAlska 91om, o] Hol B TS LS wel A 312o] et why ol o2 5
% A<0olpfel 34 A9 DAL ek 5 U801 Lo o1 e el s ol 3
A AAE #H 2X|5hH, T S80] 10% 1|l 49 Al vhel 2 w5 gl e 2ot S P25 A
o o] shksto] A AL, vl 2h-2> T STk 2| A ok /A £ l% Skal QU

2ol ok o] Wt ubYsto] T4 7ol 1]t 11 9) 00, sl ufe} ujsirt 2] )
97 9lom = of o) Tt HAlE 9Jg S¥e tizlo] Was Aol 1 7= F4 A Lnl e
o] A2 BE 19959 RE] 20224717] o] o] Tl Y WP} F0| 8 BAslo] F4rlAI Lok W
W S S 9l 7 2AR 2 SRl IA Selel)
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Materials and Methods
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B 225 oto] £ HE AIEE 70% olHE= 3H EH A5 S B BYE 1 em X 1 em 37
2 Aot Adst AR 1022H& FE(beads)©] ©Z] 1.5 mL FE(Taco TM, GeneReach Biotechnology Corp.,
Taiwan)2] 500 pL Hw4=ol] il A2of| A vjFstTt. 3082 S 3hl7](Taco TM, GeneReach Biotechnology Corp.,
Taiwan)S ©]-835}o] upaf|l-S Aot = 10 pL= #3519 King's medium B (KB)ol| A1 =&}ttt =2k HY %]

2 2917 wjokst B Tp4TEX| HLnt 2RI} AR 2RUS nha A2 uix|o] P4 Easie] 24 B
ST} €4 Bej® 2FE 100 yL D@4l Bersto] 43T So] ko] o Bereswill et al., 1992); A
(5"-CGGTTTTTAACGCTGGG-3")/B (5 -GGGCAAATACTCGGATT—_%')Q} 7 A A enf2yF Eo] Z=elo|m
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(Kim et al,, 2001); CPSI (5'-CGCGGAAGTGGTGAGAA-3")/CPS2c (5'- GAACAGATGTGCCGAGTA 3°)E PCRS
AAJste] CPS1/CPS2c Zeto]H M Eof|Aut HiEr} HEE F35 Adsiqith PCR A2 &l ER1E #5+=
&4k ZZ(Qiagen GmbH, Germany) - 16S rRNA A 7| A 82 A 5t0] 24722045 o (Erwinia pyrifoliac) 2

2 2| 57453t Real time PCR AT o "Y A| &7} Fo} 3027t Bl 2 B A S 1 il 2)F 5hod 2he2h /7t
A1 42055 7E7| E(NanoHelix Co., Ltd., Korea)S ©]-&-5F0] ZIEs1ich PCR @ /4J 2 PCR RF-Z2712 A
Ate] ol ol what A AISk3I T

Results and Discussion

7R H201EEe EE

72 202 715 AlE 1 v, AFte] Aol A 2 SRR 9, 7hA], £, o 2 oM e
At} oAl o] A2 Z710l Al S whet oA AL EF FElE el T 5 o] e AAF R
A7F A HA = HA W Qo] AlFaL A Eet F=t Aol A= ofd 7117 2 0 & ’shH o]l 9lo] F5]
AlE3 Eet Fom 7HA] £ o] Fol A= Aol WARThFig. 1). B ol Asi 2™ 71219] Z-2ntE5/do] ol
7R oA Fe 7HA| 2 T A HE 7}x] 7L S04k 0 & ¥EkT Al 2 M (bacterial ooze)0] L2 £7] AU
B/ttt ZollM= 2710l = drema]et Zoi7t A ZAakstH 2 dAt Aol A IFEAL Al S0 7}21
o miEd UA B ThKang et al., 2023). Bulli= F2 0|/ds 2ol EAYsh 24 2AF ko] 3402 =i
SR At =5 o] S=u-2 T

H47tRIZ20MEEe| ATy K]

AR, dijo] HHAYshe aha=7 kR 2ukE R o] AR AR oS EAT5H
202218 742] F 28137ke] AL 717 5 200791 2010 2195 A6}l o
2yt Qlt.

W7 2ntEe] A Ay B B 1995 e o] 45 HIEe o7l Al 7122 7t
Ba HIEE 67l Alatoll A A 8?9"; , 122002712 vl d A&, F7] 20| 57 6 - 87 Aol A &4 o8
eIt 12U 2003 B F U E, B71E0] 470 Aol A, 20048 = 371 Altol|A] AT Sto] g R] o]
ZolEL AFS Hg ot 2005Ldﬂr 20069 T= THA] 671 Al 0 2 HhA R o o] BHi| & Q1 TK Table 1).

H, o] ¥o] 25 WA 1995 E
2 S5 o] 5| oA mid HE3]
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Table 1. Regional outbreak of black shoot blight of apple and pear in Korea from 1995 to 2022.

Year Province Cities/districts
1995 Gangwon Gapyeong, Goyang, Namyangju, Pocheon, Yangju, Yangpeong
Gyeonggi Chuncheon, Hwacheon
1996 Gangwon Gapyeong, Namyangju, Pocheon, Yangju, Yangpeong
Gyeonggi Chuncheon, Hwacheon
1997 Gangwon Gapyeong, Goyang, Gwangju, Namyangju, Pocheon, Yangpeong, Yeoncheon
Gyeonggi Chuncheon, Hwacheon, Wonju
1998 Gangwon Gwangju, Pocheon, Yangpeong
Gyeonggi Chuncheon, Hongcheon, Hwacheon, Yanggu
1999 Gangwon Gapyeong, Gwangju, Pocheon, Yangpeong
Gyeonggi Chuncheon, Hongcheon, Hwacheon, Wonju, Yanggu
2000 Gangwon Gapyeong, Yangpeong
Gyeonggi Chuncheon, Hongcheon, Wonju, Yanggu
2001 Gangwon Gapyeong, Yangju, Yangpeong, Yeoncheon
Gyeonggi Chuncheon, Hoengseong, Hongcheon, Hwacheon, Wonju, Yanggu
2002 Gangwon Yangpeong
Gyeonggi Chuncheon, Hoengseong, Hongcheon, Hwacheon, Yanggu, Yeongwol
2003 Gangwon Gapyeong
Gyeonggi Cheorwon, Chuncheon, Yanggu
2004 Gangwon Gapyeong
Gyeonggi Chuncheon, Yanggu
2005 Gangwon Gapyeong, Namyangju
Gyeonggi Chuncheon, Hoengseong, Hongcheon, Wonju
2006 Gangwon Gapyeong, Yangpeong
Gyeonggi Chuncheon, Hongcheon, Wonju, Yanggu
2007 - -
2008 Gangwon Gapyeong, Yangpeong
Gyeonggi Hongcheon
2009 Gyeonggi Gapyeong
2010 - -
2011 Chungnam Cheonan
Gyeonggi Anseong
2012 Chungnam Cheonan
Gyeonggi Anseong, Gapyeong, Pocheon
2013 Gyeonggi Pocheon
2014 Gangwon Anseong, Pocheon
Gyeonggi Chuncheon
2015 Chungbuk Jecheon
Gangwon Chuncheon
Gyeonggi Pocheon
2016 Gangwon Pocheon
Gyeonggi Chuncheon, Hoengseong, Hongcheon
2017 Gangwon Gwangju
Gyeonggi Cheorwon, Chuncheon, Hoengseong, Hongcheon
2018 Gangwon Hoengseong
2019 Gangwon Chuncheon, Hongcheon, Yanggu
2020 Chungbuk Chungju, Eumseong
Gangwon Cheorwon, Chuncheon, Goseong, Hoengseong, Hongcheon, Hwacheon, Inje, Pyeongchang, Yanggu
Gyeonggi Anseong, Pocheon, Yangpeong, Yeoncheon
Gyeongbuk Mungyeong, Yeongju
2021 Gangwon Chuncheon, Wonju
Gyeonggi Gwangju, Pocheon, Yangpeong
Gyeongbuk Yeongju
2022 Gangwon Chuncheon, Hongcheon, Yeongwol
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7122007 FE] 2019 7FA] 137H TRA] B B8 R] <o) 24Tt & 2007'd 2 20101 o= 1 EAYo] ¢l
A3, 2009, 2013, 20181 2] 31ATH 17)] ol ARt EAYSE 0™, 201112 27] AlHol| A1, 2008, 2014, 2015, 2019\
& 37 AlEoll A, 201612 471 Aloll A, 20172 571 Altoll A Y5 AT, 2000 E7HA] et 37| = S5
AoE SAoz2 LAYsHE o] ®o] 2011d3} 20120 M5 0.2 S Aol A = Y53l 2015d
= 2B T A-of| A = EHAyo] 291 %] I TH(Table 1).
20201 ol = ARk Tk ol A Tp7EA| - 2nkE R o] TFA| 34 6] Ehiteto] e, 7| = ot et SR,

FEE BER2| oM = WYt S B oA 23S v ESH o7 A, A7 ZollA] 23S B2 470 Al
, ool A A5 IR 270 Al A EolA QFE HIES 270 Al B 177] Aol A T2 kR A 20k
SIS 2021 = A e, A7) 5, BEES] 670 Altell A 2SIl 2022 = R 2] 371 Al
oA EAYSHATH Table 1).

At 281 % A2 E S A, A7 s, SHEE, SHEE, BEE 571 =9 2671 AlrtollA]

1/, 9, B, F4, S, A, B 5 1170 Al 7] =0

A= 7H8, Eid, %h‘ls‘, %%HZ—, FF, 1Y, Y, B, A T N AT, S EECAME A, A, SFE 371 A
o, 18] 3 S GO A= M AR ol A= B, 27d0llA] o] B o] WASHI T Table 1).

l

O o}ﬂ.

B2 TPRIZRORE ] 715 (M, ) 24 x|

A 28 A% 71 Ak, vlyE 2hp7kA) A 2nkE s Y X o] ME-S 5 - 7d T 2 B9 A= Fig 29F 2
T}, Abate] 7 o] Ho] 23 WAH 19952 E] 20053714 111d7H ZFR et F7|= B2 1270 A2, =
A, F4, 3, A :’F;—d G, G5, Y, ., B, YoM BRIt 1 F 10491t S 20159 7RA] =
7R -2nHE R o] gz o) %ﬁ}@l Fhret A7 w0l 47 Al FHEE, SHEL] 27] Aol T
Agstdrt. o] 717k59] Eol AFERE A o &2 WAz o o] Zhaol e el B, F7|E A Qo] FHd
TN, SHEZANH)OIA 2322 o] Be] Bhgo] ERlE Zo|t} 2016 o] F ALt 7EA| 205 R o] BHAY
2 THA] 371 A0l /1o 5] 20200 = EAY A o] T4 5] Frak|o] e 97 AleH(E3, 314, 34, H ¢,
S, S A, 14, AAD, A7 = 370 A, 2, AR ohy gl FHEE 2N AEEF, 29 A4S
T 270 AlRH(QGF, B7)ollA = Y5 THFig. 2A).

Hj o] 79 1995 2-E] 20008 742] SAE R A7 kA 2ukE R o] AYSh 2|92 e w ot A7 ERA 13
N ALCHE, 1Y, ST, I, 98, 2, 24, 34, G, A3, 95, 3B, eI, 20001014 2005
Atol= BHY 2]9jo] Zo] 7=t YT A 1070 AP, 24, 4, 718, A, &5, 93, S, G F,
2ol A 2SIt 1 & vl IhdofjA] o] B o] Y2 A} Zrashe Aol E5] ¥e] HHdo] QIIH 2007
U o] & FA3| AL 22 edFoll= YT 34, 7] = QMg 2 27 Altol| ARt BHAg51 I th(Fig. 2B).
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1995 - 1999 2000 - 2005 2006 - 2010 2011 -2015 2016 - 2022

Fig. 2. Distribution of black shoot blight among cities and districts in Korea during 1995 - 2022. (A) Red-
colored cities and districts indicate the outbreak of black shoot blight disease in apple orchards. (B) Blue-
colored cities and districts indicate the outbreak of black shoot blight disease in pear orchards.
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Irp7HA] A-2utE R o] HAYSH whl o] 420t THF o] A HE-S A EH Itprpx) A 2uE R o] A Bl
H 199582 A, 7122 87 Altol| = 6171 Abatet vl hlof|A] o] Bio] ¥ g5}l o Y

RTHFig. 3). T Q1 199612 B &Ado] 770 Alte] 257) dpl o2 &3]l o, 1997H-2 ThA| o
1071 Aol = 71702) Ak, vl ahlofl A} BHAY5HI AL BHAY W42 53.8 ha®ith. 1 5 3172000 7HA] =
I e A o] ZhAashe FAIE Bl oL 2001 H ol 2HAY T4 429 A o] AZ Z7}510] 107) f\libl
7H kol A] TSR a1 Y THA-2 20.6 ha%l ThHFig. 3).

o] ¥ Hhy 1ol 42oF A2 2002 FE] THA] AL o] T F2All= 20198 7HA] A&E| QT 5 2005
(18 T}, 12.3 ha), 2006(16 T+, 8.3 ha), 2012 (14 T, 16.4 ha) oll= 2071 v]eke] vhlof| A BAISIRA AL, 2004,
2008 - 2011, 2013 - 20161, 12| 312018 - 201912 o 3} 107} 0] 7He] Fhlof A EAY51] 0™, 2007} 2010 Ol
= o] vhgsA] &ttt 2@iut 202010l = Ak} whlof| A B WAgo] FA 5| Z71sko 177] Al2) 9071 THoll
A thieF sl o Y HA2 274 haQlth. 7L ¥ THA| Zha SAIE Hof 202100+ 671 Al2] 142klof| A
HAYSEAAL 202210l = HHE Fo] %= 370 Alwt2] 371 hof| A g5 ThFig. 3A and B).
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Fig. 3. Black shoot blight outbreak in Korea during 1995-2022. (A) Cumulative number of orchards with
black shoot blight outbreak. (B) Cumulative area (hectares) with black shoot blight outbreak. (C) Number of
cities and districts with black shoot blight outbreak.
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B4TPRIZSOIEHO] 7|75 (Aba, HH)E 28 T2l 4

72 2ntE ] 7|5 WY Tl 4B AT R, Alte] 749 o] §o] dhgo] A5 delxl 19951 A
Lot 7] =o] 227W Thelof| A ¥HAYEt L oS- B %nﬂﬂ%_iﬂﬁd O} 19971 THA| F55F] 4271 2t
ol A EAYSISIThFig. 4A). 1 5 ¥ WA Ak} kgl = ThA] ZhAsto] 19981 FHE] 3172wl 871 Thelof| A,
2001 AHE] 37R2 Z}2) 10, 13, 147} 2 %_Vimmd$33§ﬁt463ﬂ¢h¥Wﬂ%ﬁﬂﬁQQmﬂ*ﬂ1
201451 712 o] ¥o] B2 T Zhasto] 2012 (971 2h HAY)S Al elskar vl sf 37H ofsfe] zhelof|A] HAYst

21 2007, 2010, 2011 312 3 2hao] giich 12ju} 2015 E K E] o] H o] ¥haje thA] 2715t 201792 16
7H ol A HHAYEE A 202012 5510 8271 THlof|A] EHAYSIATE. 1 & ThA] ZhA A|E Ho 20212 14
7H kol A, 2022132 371 3k of| A LAY sF Th(Fig. 4A).

Hije] 739 Awd vy Ay kel 427} AM«I 7332t o S EUTHFig. 4B). A 23 1995\ ol = 397H i
Thlof|A] o] o] ¥hA¥stI T 11 2 2001 7HA] i YRR o i o] A2 3liQ1 2000 = 371 ol A,
2Jo] Wrd 1997+ 297 Flol| A EAgsHRiTt. Tefut 20021 FE] B 2HAY HH I 47t F45] ZhAsto] 2002
@A} 20032 171 Tl A, 200412 271 ol A EAYSFA AL 20051 T} 20061H-2 A% F7Fsto] off sff 127) 1}
of| A EAYEFRATE 1 & 2007 FE] 20221 87FA] 161 F<L o] B 2] Bhye —374'8] Aastol ¥ FAa40] 1l
of] SHg =] o] HAYsEAL A& ¥ o] gl 87 Bttt =, 2008 (17] TH 2HAY), 2011 @71 2H), 20128 (5
7l 2H), 2014W (671 1), 20161 (171 2H), 2020271 1) 5 6 YR A4~0] T}oj|A] EAYELS T 2007
W, 2009 - 2010, 2013,2015,2017 - 2019, 2021 - 2022\ 5 1012 Bl 4] o] ¥ 2] ¥ o] 5] QA ThHFig. 4B).
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Fig. 4. Apple and pear orchards with black shoot blight outbreak in Korea during 1995 - 2022. (A) The
cumulative outbreak of black shoot blight disease in apple orchards, and (B) The cumulative outbreak of
black shoot blight in pear orchards.
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RTINS Koy

0=
(D]

Fed &=

1995 EHE] 2022 @7}12] 287 2| JH 2 4712 -2 ut-Erg o] WAYSH Afke} vl vk 45 v ZAFSHo] 1
4 Ao 2] By 119 4= Table 201 A 2)SHATE A 28 W7 w7 2ntE -2 = 570 =, 2671 Al
ol A TP o] F 2| & Y 2|Ql Y o] F ot YA 0 2 F 835710 ahA(Ak 64, v 19)014
717 -entErg o] HASHATH Table 2). F R =0l M= 1170 AlHA, F7, 9L, DF, A, Y, &34, 84, 5
2, B/3)oll A o] §o] g5l =t 2ol THYR|Q1 23S vl Esto], gt 4670 2H Ak} 43, 8l 3), 34 387K 3t
AR 20, Bl 18), 2 3071 ZHA (AR 30), 3P 2771 T (AR 25, Bl 2), 278 1670 T AR} 14, 1Y 2), D 1370
THAARE S, vl 8), 143 27 A (AF2), G2 27 T (AR 2), 1A 170 A AR 1), B3 170 ZHA AR Dol A
T2 2nHE o] 'HAYSHITY.

A7) =o)X = 970 AlHHE, 1Y, B, FET, S, I, I, A, ol IR -20rE g o) Ay
SHRIt o] F ok A= 7HE 2= 5671 57 Tl (AR 30, B 26)0ll 4] EAYSEG=T] 2012'E o] F 2= Ayt
A] 2FTHTable 1 and 2). 7Fg o] o]of 2 3871 T (AFt 18, v 20), 97 3571 T (At 6, B 29), 9HF 1474 2H
(8 14), 335 1270 LA (AF 6, B 6), 'FdE 97 2HA (1l 9), S 870 Tl 8), A 47 T Ak 2, vl 2), Y3
7N Tl 3) =0 &2 whAgsteleh. '] 2011 o] Foll= 3 o' Q1 T EE Rt 47 TFA (A, v 3)
T FHEE 54 370 AR 3), S5 371 (AR 3), A3 17] TR AR DellA] BHAESEIAL, 20201 o] %=
7AEE FF 2070 LA AL 2002 273 170 A AR 1ol A 7 EA 2 uHE R o] 'Y S THTable 2).

Table 2. The cumulative occurrence of black shoot blight in apple and pear orchards during 1995 - 2022.

Province Cities/districts Apple orchards Pear orchards Total orchards
Gangwon Cheorwon 30 0 30
Chuncheon 64 19 83
Goseong 2 0 2
Hoengseong 14 2 16
Hongcheon 20 18 38
Hwacheon 25 2 27
Inje 1 0 1
Pyeonchang 1 0 1
Wonju 5 8 13
Yanggu 43 3 46
Yeongwol 2 0 2
Gyeonggi Anseong 0 14 14
Gapyeong 30 26 56
Goyang 3 0 3
Gwangju 6 6 12
Namyangju 0 9 9
Pocheon 18 20 38
Yangju 0 8 8
Yangpeong 6 29 35
Yeoncheon 2 2 4
Chungnam Cheonan 1 3 4
Chungbuk Chungju 3 0 3
Eumseong 3 0 3
Jecheon 1 0 1
Gyeongbuk Mungyeong 1 0 1
Yeongju 20 0 20
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o]/e] Axtof| A ARx, Hijol] WHYSH= 2h4=7FA - 2ukE R ] AU A RS B o] B2 T2 T ret
7)% 55 AR 3} 7hg & SA 0= gho] HAYSIela At B o2 SHkEo] il
22 TR BAE ol F= AG7HA] I oH, R o 2= FRAYR] FAHHE Heh B IF
=737HA| YA tH(Table 1 and 2; Fig. 2).

0|9} Zho] 47 A 2ukE R o) Y R = B S5 Ae SA o= WAk Qe R Thesb 2 @
H2Ho g2 Strfjs] 11 Qlo] & Tha= Al o] WY 23z ol Shit Fdol] &Fo] 7} QITH(Choi et al., 2022). ©]= T2}
A1 205 TH(E. pyrifoliae) ™t 14=3H 8 HE. amylovora)2] 2ol tigh A% §Eg-2] x}o]e} ko] Uil A3
Z}Eltt. S Shrestha 5(2005)01 2JHH, F & Allwte] A7 4227 - 28°C)xF A A L-2(36°C)2 2ol 7} gle
L 12 - 21°C9] #-20l| A E. pyrifoliae®] "7 < (doubling time)”} E. amylovora 2.t 2} At A 0 2 2] 2234
(cold-tolerant)®] £ 0] Q= A= SRIEQUT} g, 2| HAlE Ihas A5 7|7ke] ko] uhE ahe7 R 72
nREH o] WA Aol et A=A utell o] 6FH (Han et al., 2016), ©] B 2] B 2|4 2 == 25°C Helo|H, Y %
2527}30°C o)/dR! 78 F<& o] Foll= AR o] AlEA] A B0l A E. pyrifoliae?} BEEA] 234=T, ©]
20\ X E. pyrifoliae®] 27 53 0] A% 7] uf2Ql Ao = wekErnt o]2sh K sa} 2 A AutE S
72| 2nkE el Ho] 2 it 7] 2o] Aoid o2 W g QI A, A7) BR Ao gl &
A%0 &2 Shats]R] ob= A2 o] o] 2ol thgh A7 vk 3t Zh2 AJEfEhy £ w2l 21 0 2 whhEc

TSk 2 Aol Aol A 1995 A7 FA |2 nE R ] WhAdo] X2 & HAlE o] &, o] Bo] A Uy Y
= Ahteklje] 7| 2 2 2po] 7} AU TH(Fig. 2 and 4). = vl 2Hloll A= 19981 o] £ o] B o] ¥ go] A} Zhas
SHRAL 5] 2007 ©] Fofl= o] Be] HAYo] 5-45] Zrasto] R Tl A|QlstalE o] Be] wgo] glict
(Fig. 4B). ZLe{ut Ak} Thlof| A= B] & A T 271 271+ 3212000 o] Foll = | H1E5] o] Bo] Ay
shom 53] 2020 0ll= FEA o = WA 1kl 47} 5550 24 w7tel 2 mlshE U th(Fig. 4A). 20220l
+ e e 3| —7}6P01 744-57 ol A AP =] o W Alof] F of 32 AU 2022 9] 7§37 ] E Y5719
7)/d0] Erwinia%-2] 5 ¥ewt9] 74 o] doju7| 42 20l AS FHETH tetA 5 a7 kA 20k
o] dh A gat 71%%75‘011 oig HAd S ZASHE A7 B8 Ao g A7

o] e} Z-2- Afatel Hijof| Ao v HHAY Fe] Zbol= T 7|5 Al=2] AHl A x| o] 7 xfo|ek W] e A &
AJo] JgES n|zl Zolg} AyZHE T 2 Ak Ajul = A 7] 20] 8- 11°C, AS7] Bt 7|-20] 15- 18°CSl v
A Mttt FERAYolY Aol A = o] Fof 4L gl ot vl AjHl= 04”44 7120] 11 - 16°C, S-7] H
7]:2-0] 20 - 22°CQl FHRAYol|A F2 o]Fo] AL et Tp4=7}2| 7 2ulEH o] H| A % 5& 7] %0l A ZHu
&)= v Hoh, A53F 7] ol A AjElEl= Altol| A o B2 w]sj7h EAehe A2 oA Ak BRe) o] 2
of| A Ag7o] Zrastal A 2ofA FiH o= et 2433 S UEtUl= Bl el %f‘é (Shrestha et al.,
2005; Han et al., 2016)2} ¢13Ho] Q1S 71 0 2 AYZ+Hct

7 220t o] FAREA|E 95 32 WA| 7} o] Fo x| 11 Qlgof| = B3}l o] B o] ML E3] At}
ol o] By slfo]] wet Aibsto] 2 mlshE 7] % gt whebA] 7]% viske] Aol o] B o] ¥ A
S5l S9HA Q1 HHA-S thH| 517 §J510d = E. pyrifoliac] A 2] AJef 2] E4J 2 FH7d 27 of| ub2 2k Ajefel 7
A& 72 A7 71 0 = o] Fo|z{of T Zlo|th
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Conclusion

QA7 1095K3E] 202274 2871 Abhel wjol A T4 7 2ok o] WA B3 A, %)
o, 71282 BASISITE A 234 59 4TI Lok B ZUE, F7|E0) B A4 FHOR Wy
G510 B 35, B4, Aol et Halsislch o) 3ol el Hd AN(RE BHEE 1
7N A2, 710l 97 AL, B EEIAE ] A2, LEA S EEOINE 17 Al, AR EoI4E )
N 2oI3ich A 2ol E ) S 2 7| FRE Aol S0l Al 3] 271 2ok B
X0} 9 b 3he) 47} Thelo] Hls) A5 5 ‘e.}am Ak 7hA] 7 e nh g2 B 48] WAtz 2020
Ao 8l 349) 471 FE IR0l Z1A 7 2 nkE - 2007 o] WAy o] 9l 1l 4713 A3) ZhAsieir
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