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Abstract: The fire blight symptoms and emergence characteristics have been investigated
from the seedling cultivation orchard in Jeollabuk-do since the disease first appeared
in 2023. The symptoms were dlassified based on whether they appeared in both scion
and rootstock or only in the scion or the rootstock. If there was a symptom only
in the scion, no pathogen was detected in the rootstock, and if there was a disease
only in the rootstock, no pathogen was detected in the scion. In addition, fire blight
incidence was higher in specific sections of the orchard, where symptoms manifested
in both scion and rootstock. In contrast, symptoms were observed only in the scions
as they got farther from the sections. This pattern suggests that Erwinia amylovora,
the causal agent of fire blight, may have initially infected in a specific area due to
some factors, then the pathogen likely spread to other seedlings via insects or other
natural factors. Therefore, it is crucial that farmers adhere to fire blight prevention
guidelines such as ensuring proper sanitation of workers during nursery cultivation,
and enhance monitoring efforts to mitigate the spread of fire blight.
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Fig. 1. Layout of apple tree seedling field and section number according to the seedling cultivars.

Red circles represents the severely diseased area.

Table 1. Detection and isolation of Erwinia amylovora by real-time PCR

Category Field Section Sample Number Location of Seedling Ct-value + SD* Isolated bacteria

15-1 Scion 26.06 £0.17 E. amylovora
15-2 Scion 25.62+0.03 E. amylovora

Fig. 2A 8
15-3 Scion 26.39+0.03 E. amylovora
15-4 Rootstock 2423 +£0.02 E. amylovora
6-1 Scion 37.28+0.28 -
6-2 Scion - -
6-3 Scion 39.81+£0.00 -
6-4 Scion - -

Fig. 2B 2
6-5 Rootstock 26.43+0.10 E. amylovora
6-6 Rootstock 26.11 +0.04 E. amylovora
6-7 Rootstock 27.07 +0.04 E. amylovora
6-8 Rootstock 32.24+0.31 E. amylovora
4-1 Scion 26.61+0.03 E. amylovora
4-2 Rootstock 35.89+0.31 -

Fig. 2C 1
4-3 Rootstock 36.83 +0.46 -
4-4 Rootstock 36.41+0.85 -

* Standard Deviation
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1~29 F& T A20] BHstE A 49 Fofl ARl FA skt HE Al thES M9T M26, 4= X (Fuji), O| A&
(Eazypple), ZM A EX](Color inhanced Fuji), Z-&(Gamhong), °}2]<=(Arisoo), T]OFH] S X|(Miyabi Fuji), &= (Hongro), T]oFa}l5
A (Miyama Fuji), ™7 (Summer King), ™I A (Summer Prince)?] & 105F5 AMEoI o, SHEE 13E o] 90
x 30 am 702 AABSITE 7t W Ak A4 RA] SHPE 9 SIEA] okt GRS RS 59 e A5

AAOR, ANt FRE FA1H0R thBol] AT +2 AASH: AAL AAstdrt

S HAS Hole HEL2 dAo|A 7 7Ho| XA E(VDRG E. amylovora Rapid kit, MEDIAN Diagnostics, Chun-
cheon, Korea)5 ARE-sto] iAol wzt AHstATH7]. Zto]AdolA A[FAT tjx2Ado] BF o] Yeh oz Xtk
AaEe PGS A8 B0l vehd d = 71014 5 x 5 mm 272 &S 5274 AF eI, &S B45FT 500
uLofl 3027t MAsto] At S GEAIZT §5H AlFAL BH5Fol 1/10E 345k 1 uLE template® o] SH}H
Atk 7] E(HelixDtec IH=3H1HE/71X A0t 7S 7] E; EAEP-T100, Nanohelix, Daejeon, Korea) Wjr-of whe} AA|7F 53
FAAHTE A X (real-time polymerase chain reaction, Real-time PCR; CFX96, Bio-Rad, Hercules, CA, USA)E °]-&5} ¥H3-2
AA|SFATHS,9]. Real-time PCR 23} FAM (Fluorescein Amidite; 6-carboxyfluorescein) A& AEoA w&XSH 2024 <=3}
A oZ - BAANE AT 71E vl dol whet HX] Aol Fh(cycle threshold value; Ct-value)©] 35 0|5kl Al&+= SHH
Fdoz BHSAT. BAdTES 25t Al Alat 8= YA 10 pLE tryptic soy agar (TSA; Difco, Sparks, MD, USA)©
S =1 (Streaking)Skal 27°Co 4] 247E i Foldth. vl Alt SR U= TSA HiA A 23] o JHAELR O R &4 Fes}
Aok R Al 22Y VIS B45F 10 Lol @Esto] F5o]Zato]mQl RS24580-205F/R[1015 ©]-&-5to] S2Y

PCRZ 85}, FAHOZ E amylovoraQl A& &2l

HEo| He|E siMEA HAE
Al HE0] s Aol whet HES] B9 E amylovora®] A RS RAGH] Yo HE-SZ 10 cm A0 R Hthst
Zr 272 2 cm HE02 5 x 5 mm 3719 MEE 527 AF ot M At} 5Us o2 SRl Al

5
&EA1A Real-time PCRE HE ¥ HYUwZ E5H3th
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224 59 AFAQ Y SAL(Fig 2) Bolk BE F42 A0l A4 A4 54 b vgw BERee e,
MEFE - SR W R4 AR A F4 x 100

TS S S92 Hole 25 oA diE T80l =3 S48 (Fig 24, 2B)& Hols BHE F45 2ARSHA] A A4

BE RS = OB Wy T4 8 AN T4 x 100

AR B50) SHY S/ HiE A B9 2Rl BAS Hole A%(Fig. 24)9F HEAY 3l F-7-(Fig. 2B), A=
FHot e A9-(Fig. 202 72 5 AT ol SHEE At timolM ¥eddte 22 23 Aot disol 25
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Fig. 2. Fire blight symptoms on the seedling of apple tree.

A, infected with both rootstock and scion; B, infected with rootstock; C, infected with scion. White arrows indicates the locations of
fire blight symptoms.

Aol e A9 Aot tiE BE R4 Real-time PCR 7% A] Ct-value?} 26.39 ©]5}
ghHo], =gt Aol Sl A= tE FLjolAvt B Ysto] FEE oW, Aol Aol gl A9l
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Fig. 3. Real-time PCR Detection of Erwinia amylovora from fire blight symptoms and adjacent area.

A, Picture of whole seedling and infected area marked by red circle; B, 1: Sampled area showing symptoms; 2-4: Sampled areas with-
out symptoms. The Ct-values were determined by real-time PCR with Fire blight/Black shoot blight detection kit (Nanohelix,
Daejeon, Korea), with detection channel of FAM (6-carboxyfluorescein).
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F 1:26.61+0.03
f 2:35.80+031 [

4:36.41 £0.85

Fig. 4. Real-time PCR Detection of E. amylovora from infected scion to the rootstock.

1-4 of sampling sites for the pathogen detection. The Ct-values were determined by real-time PCR with Fire blight/Black shoot blight
detection kit (Nanohelix, Daejeon, Korea), with detection channel of FAM (6-carboxyfluorescein).

o] ZWE|R| ¢k 1H B A% E. amylovora’} Real-time PCR H7A A] Ct-valueZ} 26.61% =4 AEFJ HYdo] £ =AU
o TPy HS 29 012 ofgle] 2 RRE T ol Bel AL Crvaiert 35 oo WARY WEA R # 22
54] 9olehFig. 4).

Ao W2, AT HE0|A E. amylovora®] 0] Empire?} Golden Delicious &F0f| A A0 Alx EHE]
HEE FET T 11940 50 cm EojZl 4] 544 2204 HYdto] PCRS 53l AEHUL, HF 21¥94/ol«= Empire
9] M26 5ol A], 41¥ Foll&= Golden Delicious®] M26 t&Eo|A E. amylovora?} HEEQATH11]. & 50| w2t HAA9
o} SEL AR BEolHe] olFo] HholAl qEoRo| o SHT} olsthe RS vt tebd B ATold Al
£ AFRE AR Aol AdE Beate] diEo R Ee tifol AHE BHdwto] AR olEch] Al AoR wwH, et
YBo] FAo] 7YY ARS A9 T Rt 22 02 42T o) 4YHYS A0z FHEn,

1

—

T oM B2 T 8 0] Z=eF ol 0] lopH| x| 9l o® FHO| o|XE FFo| 7t 32.5%2F 24.6%
22.7%2] I FES HeRdio] W -E&0] & TH(Table 2). £3] o] AT FA(Fig. 1, red circle)oll A= &} b0l BF
Holz= 397t diR-Eoled], ol shdgo] ATt Hl&-2 89 o] 11.36%, 2§ 0] 5.35%% 7HF AW
W et of o, 109 ] 0= T H|Eo] EqkTh(Table 1). ¥ 481 9] Z-ZollA= 3H
= o] Agt A HoAE IO LWPFEo] Aol FFS Ve Th(Fig. 1, Table 1).
W AT 3 S0 wE BT HE ZdAE SEOEE 5 1Y W E Jole FRlsH] olH Y, 7MY
| 8 LT} 2 oA T Fo R Wo] FAbE Ao® FAEglon, 7 o Wy Q1] tisto] F7FAQl
Stotal weE| Qiok S o] SRt Rlof thet AR} tlEo] tiEo] ol thsiAle AdAtol] SRt ZQIA e
0] o3t AJNA | et Bk A= Qe A7t Do Z0E AR

£ AFolld= Sl 25 ARl BB WAsk= SHE 449 ST BB Al £ S EA FE AR
t}. o]& Bl 3V WAl HEY At thEo 2442 U AY FAlol Atk AE 16k, AdE AR FHolA=
HAo] SQto ' ERIER] gejete 1sEo] HYdto]l Aot AZ FRlsHltt B3 £ Aol Mol o] &%
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Table 2. Planting status of apple seedlings and the ratio of fire blight infected seedlings in the orchard by cultivar

Section Cultivar of scion Cultivar of No. of p]anted Ratio of fire plight diseased Ratio of fire blight infected on
rootstock seedlings seedlings (%) rootstocks (%)
1 Fuji M9 5,640 0.4 0.02
2 Eazypple M9 4,800 22.7 535
3 Fuji (Color inhanced) M26 2,500 0.2 0.00
4 Gamhong M9 5,280 0.0 0.00
5 Fuji (Color inhanced) M9 4,590 03 0.00
6 Arisoo M9 5,970 0.3 0.00
7 Miyabi Fuji M26 4,680 124 3.85
8 Hongro M9 3,300 325 11.36
9 Miyabi Fuji M9 1,830 246 246
10 Miyama Fuji M9 2,160 16.7 1.67
1 Summer King M9 890 4.1 0.00
12 Summer Prince M26 1,100 1.1 0.00
13 Fuji M26 7,500 2.8 0.00
ke 2} =

717 Bk 54 oA Mol A Tt FHo® ke Zloz FAHA. webA sl

T dlE ] ASiA e M 2 Ao et A vneh kA 9 ke
U= el die 2APF afEolof & Aoz I I o9 HEo] HEA M TS
= g

= B Al 5710 s S8 o ol et w2 AAJsa, B AR of of ) BUEPE FA 5] F35fof
gt Eatk SlolAE AAte] 4 B YR, 43 52 BAG] a5sie] HUgo] AuEA gEg £/ 7]golok
3 Zolt
2 o

202349 AZEE A9 Al BB AuiR|o| A SHHEo] AL 02 ursto], o]o] S Akl 1 vk EXS 2AbSHTH
50| Y B R e ) 0] B4 Mol 499 QRelE A A9, o Bl e ATE T8
T AR A BT S40] e S tiEollAs Hede]l AEEA P thEolwt HA o] U= A AolAs et
o] HEHA Aottt ¥ A P2 54 FoolA E v]go] Fom ti&Ed} A B HAo| U= UR7F Utk

3 oM HoldE Aol ¥ o] UEhal ' Hl&o] Hltk. ol= of® 8.9ldf| o3 54 FollA sMdgol Al
FHOE ST O FEHY WA LB A A Gl AT 5 Y AIUE WA EIL ALS
Zslketo] sMH o] YL oHlsl Ao ZQs)t).
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