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Abstract Since first report of fire blight, caused by Erwinia amylovora, in Korea in 2015, enormous
economic losses of apple and pears have been reported in Korea. E. amylovora has been registered as a
prohibited quarantine pathogen in Korea, so fire blight control tests in the open fields are prohibited.
Accordingly, the control agents (CAs) that are being used abroad to control fire blight and that are registered
domestically for other plant diseases of apples and pears are being registered as the control agents for fire
blight disease in Korea. In this study, the field screening of registered control agents on fire blight disease of
apple during flowering period were conducted in an isolated house built in accordance with the LMO safety
management regulations operated by the Rural Development Administration in 2021 and 2023. In 2021, one
flower per tree (Fuji variety 15-year-old) was inoculated with bacterial suspension at full bloom, and then
natural infection was induced to other flowers using bees (Bombus agrorum). CAs were applied twice at
three-day intervals, on the Ist and 4th days after inoculation, and the flower infection rate was examined on
the 21st day after inoculation. In 2023, all flowers were inoculated at full bloom for 3-year-old Hong-ro
varieties. CAs were sprayed twice at three-day intervals, 1 day before and 2 days after inoculation, and the
flower infection rate was examined on the 21Ist and 28th days after inoculation. Most CAs containing
streptomycin, oxytetracycline, and oxolinic acid were highly effective, with control values exceeding 70%. On
the other hand, biocontrol agents were not effective, with a control value of 47.3-59.3%.
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Table 1. Information of the tested control agents for fire blight
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Common name of control agents Ingr?clcing %) Reconéﬁlli?gﬁd fold Tested year
Streptomycin WP 20 2,000 2021,2023
Streptomycin + Validamycin A WP 5+15 4,000 2021, 2023
Oxytetracyclinedihydrate WG 34 4,000 2021,2023
Oxytetracycline calcium alkeylmethylammonium WP 17 2,000 2021, 2023
Oxytetracycline calcium alkeylmethylammonium + Streptomycin WP 1.5+18.8 2,000 2021, 2023
Oxytetracycline hydrochloride + Streptomycin SG © 1.5+18.8 2,000 2021,2023
Oxolinic acid WP 20 1,000 2021,2023
Oxolinic acid WG 20 1,000 2021, 2023
Oxolinic acid + Streptomycin WP 10+15 2,000 2021,2023
Oxolinic acid + Streptomycin WP 17+3 2,000 2021, 2023
Oxolinic acid + Oxytetracyclinedihydrate WG 12+8 2,000 2023
Bacillus subtilis QST713 WP 5.0x10°cfu/g 1,000 2021,2023
Bacillus subtilis QST713 SCY 1.0x10°cfu/g 500 2023
Bacillus amyloliquefaciens MBI 600 WP 5.0x10"cfu/g 2,000 2021, 2023
Bacillus amyloliquefaciens D747 WG 5.0x10"cfu/g 2,000 2023
Bacteriophage active against Erwinia amylovora AS® 5.0x10"pfu/L 2,000 2023
Acibenzolar-S-methyl WG 50 25,000 2023
BLAD SL” 20 2,000 2023

IWP: Wettable powder, "WG: Water dispersible granule, “SG: Water soluble granule, ?SC: Suspension concentration, ?AS: Aqueous

concentrate for microbial pesticide, "SL: Soluble concentrate
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Table 2. Summary of inoculation of E. amylovora and control agent spraying

Inoculation of E. amylovora TS3128

Apple Spraying date
Tested years varieties Date Inoculum Methods of CAs
(O.D.g00nm)
. 27 Apr.
a)
2021 Fuji (15y) 26 Apr. 1 flower per tree 30 Apr.
18 May
2023 Hongro (3y) 19 May All flower per tree 21 May

3 Bacterial suspension inoculated 1 flower per tree and then induced by bees (Bombus agrorum) to other flowers
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Fig. 1. Flowering status of apple flowers at the time of inocu-
lation in (A) 2021 and (B) 2023.

Table 3. Classes of disease severity” of floral cluster of apple

Class Symptom description
0  Healthy
1 Floral infection
2 Flowers and peduncle infected
3 Flowers and bourse infected
4 Floral cluster, bourse, spur and spur leaves infected

5 Twig connected spur infected

 Disease severity = <(No. of flower cluster class 1x1) + (No. of
class 2x2) + (No. of class 3x3) + (No. of class 4x4) + (No. of class
5x5)>/(No. of total flower clusterx5) x 100

%‘l S o HES FUAEE ARSI
357 AvbaA Aol 8 Azl E WA o)
Fig. 2-D), 47 Fell= A7t &3 7ol =
A4fe] WHo] SdE AL B 4 AUthFig. 2-E, F). &
A FME Peil 5(2019)0] AR&E 2 WA S5 W3]
, AT 45 Foll 2 BAo 55 Hrksta, vk A
o] TS 2AFsISITh(Table 3, Fig. 2).

WL = (1579 32 & « 1) + 257 3% + ~
2) + 35H] BT F x 3) + (457 T 7 x 4) +
(5579 3 4 % 5)) / (AA 3% 5= x 5) x 100
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Fig. 2. Symptoms according to the classes of disease severtiy. (A) class 1, (B) class 2, (C) class 3, (D) class 4, (E, F) class 5.
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Table 4. Incidence of blossom blight of fire blight and control value per treatment of CAs

Treatments (Control agents)

Blossom blight incidence (%)

Control efficacy ® (%)

Streptomycin WP

Streptomycin + Validamycin A WP
Oxytetracyclinedihydrate WG

Oxytetracycline calcium alkeylmethylammonium WP

Oxytetracycline calcium alkeylmethylammonium + Streptomycin WP

Oxytetracycline hydrochloride + Streptomycin SG
Oxolinic acid WP

Oxolinic acid WG

Oxolinic acid + Streptomycin WP(10 + 15)
Oxolinic acid + Streptomycin WP(17 + 3)
Bacillus subtilis QST713 WP

Bacillus amyloliquefaciens MBI 600 WP

Water treated control

43+£37Y
22.6+22.7
189+9.9
162+6.2
13.8+12.8
12.0+4.2

7.8+8.4
13.1+1.0
45+4.0
30.8+21.4
228+ 14.1
31.2+£29.2
59.2+13.9

d©
be
bed
bed
bed
cd
cd
cd
d

b
be
b

a

92.7
61.9
68.1
72.7
76.6
79.7
86.9
719
924
479
61.5
473

2 Control efficacy = (% blossom blight incidence of water control - % blossom blight incidence of treatment)/% blossom blight incidence of

water control x 100 (%)

' Means + SD, © Mean separation within columns by Duncan’s multiple range test at 5% level

Table 5. Incidence of blossom blight, disease severity of fire blight and control value per treatment of CAs

Blossom blight Disease severity of Control
Treatments (Control agents) incidence (‘i) flower clusters }(I%) efficacy® (%)
Streptomycin WP 15.1+3.38" gh® 12.3+3.35 g 87.1
Streptomycin + Validamycin A WP 339+ 11.77 cdefg 31.8+15.31 cdef 66.6
Oxytetracyclinedihydrate WG 17.1+1.91 fgh 27.3+2.53 defg 71.3
Oxytetracycline calcium alkeylmethylammonium WP 19.6 + 4.08 efgh 248+5.14 defg 73.9
g&‘ggﬁ%ﬁ%ﬂcmm alkeylmethylammonium + 5 5, 407 19.1+2.02 fg 79.9
Oxytetracycline hydrochloride + Streptomycin SG 17.9+£8.35 fgh 20.9+14.83 efg 78.1
Oxolinic acid WP 13.1+11.77 h 12.0+£10.78 g 87.4
Oxolinic acid WG 36.4+19.94 bedef 32.0+19.43 cdef 66.4
Oxolinic acid + Streptomycin WP(10 + 15) 13.5+2.76 h 16.0 +7.85 fg 83.2
Oxolinic acid + Streptomycin WP(17 + 3) 16.3 £9.66 gh 17.3+13.47 fg 81.9
Oxolinic acid + Oxytetracyclinedihydrate WG 24.1+7.80 defgh 26.5+11.91 defg 72.2
Bacillus subtilis QST713 WP 54.4+30.93 ab 51.6 £26.30 b 45.8
Bacillus subtilis QST713 SC 42.1+18.34 bed 42.3+20.75 bed 55.6
Bacillus amyloliguefaciens MBI 600 WP 37.6+2.52 bede 47.6 £ 11.88 bc 50.0
Bacillus amyloliquefaciens D747 WG 44.6+4.04 bed 40.6+9.14 bede 57.3
Bacteriophage active against Erwinia amylovora AS 54.7+11.66 ab 52.1+11.74 b 453
Acibenzolar-S-methyl WG 434 +20.84 bed 47.8+16.1 be 49.8
BLAD SL 44.5+451 be 47.9+18.05 be 49.7
Water treated control 66.4 +18.07 a 9521 +5.42 a -

2 Control efficacy = (% disease severity of water control - % disease severity of treatment)/% disease severity of water control x 100 (%)
' Means + SD, © Mean separation within columns by Duncan’s multiple range test at 5% level
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Table 6. Number of cities according to the type of control agents for fire blight on blooming stage of pear and apple in Korea from

2021 to 2023

Years Spraying times

No. of cities according to the type of control agents

Chemical Biotic Others”

First 6 9 -

2021 Second 14 1 -

Sum 20(66.7%) 10(33.6%) -

First 6 12 1

2022 Second 15 2 2
Sum 21(55.3%) 14((36.8%) 3(7.9%)

First 9 14 1

2023 Second 16 4 4
Sum 25(52.1%) 18(37.5%) 5(10.4%)

 Acibenzolar-S-methyl, prohexadion-calcium
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