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Pectobacterium carotovorum subsp. carotovorum (Pcc) causes bacterial soft rot on a wide range of crops
worldwide, especially in countries with warm and humid climates. This study was conducted to establish an
efficient screening method for resistant cultivars of radish (Raphanus sativus) to bacterial soft rot. Resistance
degrees of 60 commercial radish cultivars to the Pcc KACC 10421 isolate were investigated. For further study,
six radish cultivars (Awooriwoldong, YR Championyeolmu, Jeonmuhumu, Bitgoeunyeolmu, Sunbongaltari,
Housecheongok) showing different level of resistance to the bacterium were selected. The development of
bacterial soft rot on the cultivars was tested according to several conditions such as incubation temperature,
seedling stage of radish, inoculum concentration to develop the disease. On the basis of the results, we sug-
gest that an efficient screening method for resistant radish to Pcc is to inoculate twenty-day-old seedlings
with a bacterial suspension of Pcc at a concentration of 8x10° cfu/ml and then to cultivate the plants in a
growth room at 25°C and 80% RH with 12-hour light per day.

Keywords: Breeding, Disease resistance, Pectobacterium carotovorum subsp. carotovorum, Raphanus sativus,
Screening
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18] 31 Pectobacterium chrysanthemi7} B 1% %] O LHKSPP,
2009), - AuiR|o A 0|5 3% HHFe Do tidt R
o1 gick.

Pcc= Brassica < 2+&, S 5 AAF & HF= Aaof 1WAy
st Hoz A 7]@%"& oz} 27 Foll &= Agste] 4
Zrst o)sfje} AAA &A1 x st (Aleckd} Harrison, 1978;
Ren 5, 2001). Pcci= 715 A& A EollA E5stal 8H50] F
oBE 2%, THE W, 571 AL e SO A AHE §
3 7|13 U2 st REHS 25’1E]-(Rimmer, 2007). Pcc
of &gt F&1 g 72 Au R, dof At =9
2% 23 g7V Fol HH HdHe F=7H10 cfuige
2 37V =L, 454 AR A7Hr=AHquorum sensing
autoinducer)?l N-(3-oxohexanoyl)-L-homoserine lactone©]
Z 53] =259 cellulase, protease, pectate lyase, polygalac-
turonase®} Zro] BHYAA A= g4 E YA Collmer
2} Keen, 1986; Eriksson 5, 1998; Jones &, 1993; Kotoujansky,
1987; Pérombelon 5, 1979; Pirhonen %, 1993). o|g|3l 4=
717e) AEES Hajetm, AlEnte] BelHel FES ofsh
A Al Zetol| &35 Fo M Al f HsjEo] FEEo A=
ofFiet A AE 229 75 $44= oF715HA "oh(Collmer
2} Keen, 1986; Kotoujansky, 1987).
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Fig. 1. Growth stage of radish plants used in this study. (A) 13-day-old seedlings, (B) 20-day-old seedlings, (C) 27-day-old seedlings,

(D) 34-day-old seedlings.

H]3} nutrient agar (NA; Becton, Dickinson and Co., Sparks,
MD, USA) B x]o]] KACC 10421 #-F& =sto] AEsla 1Y
ot uljoFst 29 nutrient broth (NB; Becton, Dickinson and
Co., Sparks, MD, USA) BJR] & 5 mI® 17 2 A o]E3ich o] A
TAEHS 2 ml F5}o] Af=-2- NB HlZ] 200 mloj| F3t F
30°C, 200 rpm 2. = 36417k 5t 2SS o] At Hi
OFol-S- 4°Cof|A] 8,000 rpm S 2 105-7F Y4l 2]$HBeckman
Coulter Inc., Brea, CA, USA) Fof] AFZ-2 wE| 1l F-2 A E
Alet)oll BxtrE Y1 S50] Altdstds Ttk ol
E=2 3]43}aL UV spectrophotometer (Beckman Coulter Inc.,
Brea, CA, USA)Z ODg, 3= S5t Al FEF ODgy=0.2
(1x10% cfu/mh2 2A3FAA, o] AldFENS BA-2 34
3Fo] 1x10° cfu/ml 5 9] HlFdet oL F0|sheirk

BUF SE] BHE T RS TYAS AL,
OD4op=0.2(1x10° cfu/m) 2 23t Al HeF} o] 2 1/104
3)A51e] 1107, 1x10°% 1x10° cfu/ml7} B =2 245 Al &
Solg w5k

= 283} Pec KACC 10421 #32] A
W3k glycerol (Duksan Pure Chemicals, Ansan,
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Table 1. Disease index of radish bacterial soft rot according to
symptom

Disease index Symptom
0 Healthy plant
1 Chlorosis or rot 1-25%
2 Chlorosis or rot 25-50%
3 Chlorosis or rot 50~75%
4 Chlorosis or rot 75-100%, plant was dead

=7} 20% of3tol A AHFA

1% o2 ZH4 4 0 2 TSk

A 39, 4, 59 Fof W Y AR 74 FF9 U=
(%)= oo} 22 Ao wha} AUDPC (area under the disease
progress curve, HAH L5t HA)E A4t tH(Jegeret
Viljanen-Rollinson, 2001; Madden -5, 2007). AUDPC (area under
the disease progress curve)=y"_, [t(i+1)—tiIx[DS(i+1)+DSi1/2;
n=number of assessments, ti=number of days after inocula-

07 21-40%= ZEAFAO R,

tion on assessment date j, DSi=disease severity on assess-
ment date j. 18] 1 7} ZHpAlo] =& Z£9] AUDPC Zloll
ojst Z+ &=29] A& AUDPC (rAUDPC, relative AUDPC)E
74]’5_]'01'/%]_4'-

S 24 BE AYL 23] SYAQ UEE 4
HHE o JA1 = 107 2 SFITE SAS (SAS 9.1, SAS Institute Inc.,
USA) L2 T3S o] 835}o] ANOVA BAL a1 Xg], W7t
H]E ¢35} Duncan’s multiple range test (p=0.05)& AlA]

s

SH3aL,
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Table 2. Resistance degree of 60 commercial radish cultivars to Pectobacterium carotovorum subsp. carotovorum KACC 10421

Days after inoculation™

Cultivar Trait’ 3 4 5 AUDPC" rAUDPC"
Awooriwoldong R 1.3+1.8" 6.3+£1.3 6.3+1.3 10.6 53
YR Champiomyeolmu - 1.3+13 5.0+2.5 12.5+7.5 12.5 6.3
Superkiljo - 25425 17.5+£12.5 21.3+13.8 30.6 154
Myounggakaeul1ho - 10.0£7.5 18.8+3.8 18.8+5.0 38.1 19.2
Janghyoungbom - 16.3+8.8 17.5+£7.5 18.8+8.8 43.1 21.7
Kiljo - 10.0+5.0 28.8+3.8 42.5+17.8 60.0 30.2
Jeonmuhumu - 10.0+£0.0 35.0+7.5 41313 65.6 33.0
Cheongwoonplus - 10.0+£10.0 40.0£15.0 42.5+17.0 713 359
Cheongdoo - 20.0+10.0 30.0+5.0 47.5+12.5 73.8 37.1
Bitgoeunyeolmu - 22.5%7.5 33.8+3.8 35.0+5.0 738 37.1
Baekchun - 23.8+6.3 31.3+13.8 37.5+£20.0 73.8 37.1
Mansahyoungtong R 26.3%1.3 30.0+5.0 37.5+125 75.0 37.7
Taecheong R 22.5+15.0 35.0£10.0 37.5+£7.5 76.3 384
Jangseng - 25.0+7.5 36.3+3.8 36.3+3.8 794 39.9
Gangchoo - 25.0+£22.5 41.3+13.8 43.8+11.8 88.1 443
Asiakaeuljeojang - 21.3+8.8 41.3+£13.8 55.0+0.0 90.0 453
Kwandongyeoreum - 26.3+6.3 41.3+1.3 45.0£5.0 90.0 453
Dongha - 22.5+125 45.0+£12.5 46.3+11.3 90.6 45.6
Baekok - 31.3+18.8 40.0+£10.0 40.0+10.0 91.3 459
Supersiraegi - 26.3+8.8 42.5+2.5 48.8+1.3 93.1 46.8
Taekwang - 31.3+3.8 40.0£2.5 51.3+8.8 96.9 487
Daepyoungyeoreum - 37.5£125 41.6x11.6 41.6x11.6 99.8 50.2
Chamjoayeolmu - 30.0+5.0 425425 55.0+15.0 100.0 50.3
Cheongwoon - 23.8+8.8 50.0£12.5 61.3%£1.3 104.4 525
Hannongaltari - 26.3+6.3 48.8+6.3 62.5+20.0 106.3 535
Kuekdong R 26.3+6.3 51.3+11.3 58.8+18.8 106.9 53.8
Bibariwoldong R 35.0+5.0 47.5+7.5 513113 108.1 544
Cheongilpoom - 38.8+27.5 42.5+23.8 55.0+37.5 108.8 54.7
Chorong - 36.3+23.8 46.3+13.8 56.3+16.3 110.6 55.6
BaekseTho - 33.8+16.3 50.0+7.5 53.8+3.8 110.6 55.6
Daedong - 35.0+£10.0 46.318.8 58.8+3.8 110.6 55.7
Minongjoseng - 40.0+10.0 47.5£2.5 48.8+1.3 111.9 56.3
Sannariyeolmu - 28.8+1.3 53.8+3.8 60.74£3.2 112.8 56.8
Kangseong R 25.0+7.5 56.3+6.3 66.3+3.8 1144 57.5
Sueprmodel - 43.8+13.8 46.3+16.3 48.8+16.3 1144 575
Baekdong - 35.0+7.5 51.3+3.8 60.0+5.0 116.3 58.5
Daedlbo - 38.8+11.3 47.5+£20.0 713213 121.9 61.3
Tamseureon R 413438 51.3+£13.8 60.0+£22.5 1225 61.6
Kuembong - 40.0+10.0 56.3+11.3 56.3+11.3 1244 62.6
Cheongsukungjung - 27.1£14.6 63.1+4.8 72.0+13.7 126.2 63.5
Chobi - 35.0+5.0 57.5+2.5 68.8+8.8 126.9 63.8
Cheongpungmyoungweol - 47.5+£10.0 55.0+12.5 68.8+26.3 136.9 68.9
Pyounggangkimjang - 47.5+£2.5 57.5+75 66.3+13.8 138.1 69.5
Tokwang - 43.8+3.8 62.5+2.5 68.8+8.8 140.6 70.8
Daebak - 52.5+10.0 58.8+3.8 61.3+1.3 141.9 714
Saerom - 46.3+6.3 63.8+11.3 65.0+12.5 142.9 71.7
Taechang - 47.5+25 56.31+6.3 81.3+13.8 144.4 72.6
Woojeongaltari - 36.6+24.1 68.9+1.1 78.6%3.6 144.8 729
Siraegi - 47.5+22.5 62.5+10.0 72.5+20.0 146.3 736
Yeoreumchunhyang - 60.0+2.5 60.0+2.5 62.5+5.0 151.3 76.1
Baekja - 51.3+33.8 67.5+17.5 70.0£15.0 153.8 774
Myoungsan - 59.9+124 63.6+8.6 749426 160.9 81.0
Bakja - 51.3+2.5 67.5+5.0 70.0+£16.3 165.6 833
Sunbongaltari - 52.6+0.1 75.8+9.2 75.8+9.2 166.4 83.7
Geonkangsiraegi - 65.7+1.8 77.2+7.8 83.8+8.8 184.8 93.0
Songbaek - 71.3+28.8 78.8+21.3 93.846.3 196.9 99.1
Housecheongok - 71.3+26.3 81.31£16.3 91.3+8.8 198.1 99.7
Boseokaltari - 75.0+£25.0 75.0£25.0 97.5+2.5 198.8 100

“Twenty-day-old seedlings were inoculated with Pectobacterium carotovorum subsp. carotovorum KACC 10421 by drenching the proximal of plants with
bacterial suspension at a concentration of 8x10° cfu/ml. The inoculated plants were incubated in a dew chamber at 25°C for 24 hours and then transferred
to a growth room at 25°C and 80% RH with 12 hours light a day. Three, four, and five days after inoculation, disease severity of plants was investigated on a
scale of 0—4.

YResistance to bacterial soft rot: —, unknown; R, resistant.

“Disease severity (%)={Z(disease index x the number of diseased plants)/(the highest disease indexxthe number of plants rated) }x100.

"AUDPC (area under the disease progress curve)=3 i [t(i+1)—t/IX[DS(i+1)+DSi1/2; n=number of assessments, ti=number of days after inoculation on assess-
ment date i, DSi=disease severity on assessment date i.

“Relative AUDPC (%) of each cultivar to AUDPC of the most susceptible cultivar.

“Mean disease severity + standard deviation of two runs with ten replicates each.
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Table 3. Development of bacterial soft rot on seedlings of six radish cultivars according to plant growth stage”

Cultivar 13-day-old’ 20-day-old 27-day-old 34-day-old

3 4 5 AUDPC" 3 4 5 AUDPC 3 4 5 AUDPC 3 4 5 AUDPC
Awooriwoldong 25" 25 25 63b" 25 50 88 119c 75 167 278 38.1b 0.0 0.0 7.5 38¢
YR Championyeolmu 25 5.0 125 13.8b 38 100 175 225c¢ 113 350 475 70.0b 5.6 1.1 27.8 30.6 bc
Jeonmuhumu 38 38 38 94b 100 288 413 594b 25 325 575 63.8b 0.0 12.5 213 23.1 bc
Bitgoeunyeolmu 75 125 75 238b 213 250 363 644b 88 200 250 413b 3.8 225 225 375b
Housecheongok 275 325 413 80.6ab 200 550 625 1063a 11.1 211 250 447 b 5.0 30.0 27.5 488b
Sunbongaltari 50.0 713 725 1575a 325 505 625 1138a 250 575 788 1219a 35.0 57.5 78.8 1319a

“Thirteen-, twenty-, twenty seven-, and thirty four-day-old seedlings were inoculated with Pectobacterium carotovorum subsp. carotovorum KACC 10421 by
drenching the proximal of plants with bacterial suspension at a concentration of 8x10° cfu/ml. The inoculated plants were incubated in a dew chamber at

25°C for 24 hours and then transferred to a growth room at 25°C and 80% RH with 12 hours light a day. Three, four, and five days after inoculation, disease
severity of plants was investigated on a scale of 0—4 and then converted to a percentage value.
¥13-day-old, fully expanded two-leaf stage; 20-day-old, fully expended four-leaf stage; 27-day-old, fully expended five-leaf stage; 34-day-old, fully expended

six-leaf stage.
“Days after inoculation.

“AUDPC (area under the disease progress curve)= [ [t(i+1)-ti]x[DS(i+1)+DSi]/2; n=number of assessments, ti=number of days after inoculation on assess-

ment date j, DSi=disease severity on assessment date /.

“Each value represents the mean disease severity (%) of two runs with ten replicates each.
“Values in the labeled with the same letter within each column are not significantly different based on Duncan’s multiple range test at p=0.05.
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Table 4. Development of bacterial soft rot on seedlings of six radish cultivars according to inoculum concentration of Pectobacterium

carotovorum SUbSp. carotovorum®

Inoculum concentration (cfu/ml)

Cultivar 8.0x10* 8.0x10° 8.0x10°

3 4 5 AUDPC* 3 4 5 AUDPC 3 4 5 AUDPC
Awooriwoldongmoo 100" 250 425 563a 13.1 156 244 39.7 ¢ 463 625  90.0 153.8ab
YR Championyeolmu 5.0 113 225 275a 13. 163 206 410c 238 325 688 20.6b
Jeonmuhumu 225 313 500 78.8a 288 413 450 90.3b 625 713 800 173.8ab
Bitgoeunyeolmu 175 400 625 88.8a 306 381 400 88.8b 550 563 613 1419 ab
Housecheongok 125 325 488 69.4a 619 663 756 166.0a 638 738 738 1744 ab
Sunbongaltali 113 400 675 85.0a 63.1 675 713  1663a 613 763 825 178.8a

“Twenty-day-old seedlings were inoculated with P. carotovorum subsp. carotovorum KACC 10421 by drenching the proximal of plants with bacterial suspen-
sion at concentrations of 8x10% 8x10°and 8x10° cfu/ml. The inoculated plants were incubated in a dew chamber at 25°C for 24 hours and then transferred
to a growth room at 25°C and 80% RH with 12 hours light a day. Three, four, and five days after inoculation, disease severity of plants was investigated on a

scale of 0-4 and then converted to a percentage value.
’Days after inoculation.

“AUDPC (area under the disease progress curve)=3 [ t(i+1)
ment date i, DSi=disease severity on assessment date /.

—tiIX[DS(i+1)+DSi1/2; n=number of assessments, ti=number of days after inoculation on assess-

“Each value represent the mean disease severity (%) of two runs with ten replicates each.
“Values in the labeled with the same letter within each column are not significantly different based on Duncan’s multiple range test at p=0.05.
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Table 5. Development of bacterial soft rot on seedlings of six radish cultivars according to incubation temperature after inoculation”

Incubation temperature (°C)

Cultivar 20 25 30

3’ 4 5 AUDPC" 3 4 5 AUDPC 3 4 5 AUDPC
Awooriwoldongmoo 10.0" 16.3 18.8 356a’ 13 6.3 7.5 13c 18.8 313 525 763 ¢
YR Championyeolmu 5.0 1.3 13.8 23.17a 0.6 6.9 8.8 11.9c¢ 213 40.0 42.5 825¢
Jeonmuhumu 38 12.5 15.0 238a 6.9 15.6 419 528b 388 50.0 60.0 118.8b
Bitgoeunyeolmu 3.8 313 45.0 575a 13.1 20.0 444 554b 40.0 475 62.5 118.8b
Housecheongok 13.8 48.8 51.3 88.1a 67.5 70.0 77.5 1763 a 68.8 82.5 93.8 198.1a
Sunbongaltali 18.8 28.8 375 66.3 a 713 80.0 93.8 192.8a 713 813 93.8 1994 a

“Twenty-day-old seedlings were inoculated with Pectobacterium carotovorum subsp. carotovorum KACC 10421 by drenching the proximal of plants with
bacterial suspension of at a concentration of 8x10° cfu/ml. The inoculated plants were incubated in a dew chamber at 20, 25 and 30°C for 24 hours and then
transferred to each growth room at 20, 25 and 30°C with 12 hours light a day. Three, four, and five days after inoculation, disease severity of plants was in-

vestigated on a scale of 0—4 and then converted to a percentage.
"Days after inoculation.

*AUDPC (area under the disease progress curve)=Y i [t(i+1)-tiIx[DS(i+1)+DSi1/2; n=number of assessments, ti=number of days after inoculation on assess-

ment date j, DSi=disease severity on assessment date i.

“Each value represent the mean disease severity of two runs with ten replicates each.
“Values in the labeled with the same letter within each column are not significantly different based on Duncan’s multiple range test at p=0.05.
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