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Bio-Assay for Potato Common Scab Disease using 20-Day Radish
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Abstract In order to improve a technique for the development of potato common scab bioassay, 20-day
radish instead of potato was used to test the development of the disease in soils naturally infested with
Streptomyces scabies. The soils of Jeju had higher pH, EC, organic matter, K, Ca, Mg, and other
substitutional cations than those of Wonju. All of three radish varieties, Comet, Cherry One, and Modum
reduced their fresh weight in the both diseased soil compared to the healthy soil. The shoot and root fresh
weight of three radish varieties were decreased by 69.7~79.7% and 55.6~76.9%, respectively in the diseased
soils in Jeju than that of Wonju. The disease incidence was more severe in the order of Cherry One, Modum,
and Comet in both infested soil collected from Jeju and Wonju. Among the three varieties, Cherry One tested
in the infested soil of Wonju showed 7.3% to 22% of disease incidence of common scab higher than that of
Jeju. Comet varieties developed 0.7% to 6.6% lower in infested soils of Wonju than Jeju diseased soils. Thus,
among the three radish varieties, the Cherry One and Comet varieties are highest disease incidence of
common scab, while the Modum variety is lower disease incidence of common scab than two radish
varieties. This bioassay based 20-day radish would be very effective in testing the pathogenicity and
developing evaluation for the efficacy of environment-friendly agricultural materials for control of potato
common scab.
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M B 4 FEe] 2 Y AHeE A e e I ¢
Jol, Ay B WSS flshs 02 HuE vt gl
AN Solanum tuberosumy= TF2EO|H AAH R F (Stevenson et al., 2001).
93 4o AFAE Fo shtoltt vl E 20184 A= TE]I/}F/M]H AR} AFETt A2 S}
71 AHEE F Fol 67F 2,826 ha, AL PRE 2% 1,941 ha BEA FUAENA FES WA 7] wiizel] vid Az
o, thx- 02 A7} 29k 1,994 ha® Bo] A=Al = HiE oo EH Eokﬂ‘ﬁ/‘é WAL S. scabiesl] €13+ F3)
2o 2 BAESITHKOSIS, 2019). 7F 2oy e Aotk (Hong et al., 2003; Kim et al.,
vt A 7Rl WAskE W oF 165°] e AL 1998). AlF=2] 75 7HAL Al A Tlso]y 27 vy
2 BIEATHKSPP, 2009). L FollA] 72k tidele A Fo] 50%7F Wil 9o AEES TA HomE A o &
AARe 2 Bxdle BEY A9 HAE Streptomyces A7k o A7+l Hong et al., 1999).
scabies®l] ]3| B S (Lerat et al., 2009). S. scabies= At S. scabiese Az ¥R ol thE B RIZFE9 o
ma2 slsle Aoz HIEHTh FerE
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U &=te] A S scabiesS] 715 TAKS. tuberosum) ©|
2Jol| AVRT-(Beta vulgaris var. saccharifera), <=5-(Brassica
rapa), 29l =5-(Brassica napus), F-(Raphanus sativus),
FZ(Daucus carota), X144 (Tragopogon porrifolius) 2
SFUE YE(Pastinaca sativaye 718lshe 202 B &
$AtHGoyer and Beaulieu, 1997; Lerat et al., 2009; Loria
et al., 2006). IO (S, scabesy> AE71A] 22 Fol
A ol B el ok MR B 20 A
Z3AY pH 6.0 o4 A5, g 254l Zes By
= TH(Loria et al., 2006; Qingxiao et al., 2013).

F71% AR AGM e uid 2t e og
sto] AAAQ a7t S7bekal ot aAQd UA
7iko] ml &3k Aot} A} Yol EYHYA
2 EYolu 259 mHAlEd A AEH o 7
S 7HllskaL B d B ST 7] vl
51717} o2& Wo|tk(Strand et al., 1992). T3} Lujulz
212 spi s LAsks ool Fax(Rich, 1993)
&b, 3doA 6d7F 4}, F, S5, 49 2 AAR
S I A QA Aol R ool 3t
sdhe Ao 2 B % th(Hooker, 1956). 744 =] o)A
2k 71243} AA; A Hles AAke] v It ol
2} B Ae o] 9l om(Geels et al., 1986), &2+
2 EYY 83 mAE @4 S T ES HdA
D A% J3-S Frh(Celetti et al,, 1990). -8
&2 Bacillus amylioliquefaciens ba032 ©]&3t A&
A7 &0l AEA o Ate 7o tiolys WA
A= A= Bk v QITH(Qingxiao et al., 2013).
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& AZoA o ANEAER AR AAE thAlst
o] hybrid - FE2 204 = oroRERELNA] Fafstar
A= EF2 ‘IWE(Comet), ‘A2 (Cherry one) E ‘&
F(Modum)’ 5 F HI7HA] F5-2 M-S

B AFA AR S B FAE QA9 AR AT
A1) 7} Az A K ollA 201830 Bk} TSRS
Aufek wf, 7ol dogo] AstAl LA E(severe),
S A2 B E¥(moderate) B 3 AR 42
E%(healthyys 712t Uro] AFAS AL ko] ESS AlE
Ego g AMgsith

BAEYO| 55ty

B ARl A AFA A2 AFAH9e] ZA} Helod
Wy Bkl tisk pH, EC, §71% 3%, R, ol
T 55 wFNTH EdelstshiA el Fated £ 83
CTHNIAST, 2010). EY2] pHe} ECeE A ESH S75
o] &S 1152 o] S4B, 7152 Walkley-Black
W, a4 Bray. No-1%, 2184 2], 24, wiols
5o] %ol 1N NH,0Ac (pH7.0) FEH <& o] &3l &
A&t

SAEYS HHo|d L EA

2 APl AT AFAD AFA ) 715 o]y
] E9F] Smreptomyces sp.2] BEE AASIAF Kim et
al. (1998)°] W& W st AlFsiiet. AlFek dFA
i AFHT A2 EFORTE 5 g2 NFdte] 45ml At
71 B9 Q= HEaE 250 ml EET Y, 50°C
2z 1A1ZE B9t Wt Sl A dS FHeke 3
el o3l 108] &4ste] NPPC Agardl|A] (nystatin
50 mg, polymixin B sulfate 5mg, sodium penicillin-G
1 mg, cycloheximide 50 mg, Agar 20 g, 57 1,000 ml)o|
EEEte] 30°C e w1 79 2 ke § A
7% 75 AR

Hdoly MEAHHN

tdoly uhy B o438 208 F FF ¥ ydo|y
Y =5 doli 72} Comet, Cherry one 2 Modum 3
o] F A 10048 E 302 AlFe} A5 A} o]
W oW ESRS 9o 3HL((9300x250 mm)ell T3kt 1)
T 30Y F, F FF U AR A AT A8t
Fon, s At gioly WY A= J=E AL

Sjo, thest o] {9tOE Tgoly We-S AL,

(

Hgod W AR (%)= W NA5 /F 24} 9%
%100

O

T o[ o|H=ZEo MXtsinlZ &
] ol gl Tello]R oWz o] 9l W] ¥
glo} why okahS A&} A} Park et al. (2016)0] AAE
AAe el et AEE Aste] HdAdn]

7302 Attt

tejo]yo] WIS Comet, Cherry One ¥ Modum <]
ZAS 5x5mm’e] 7|2 AT} 2% glutaraldehydeS E3
$F 0.05 M phosphate buffer solution (PBS; pH 7.2)° Zo}
Agor A7+ FoF 74T B 2% osmium tetroxideE
4°ColM 2M17F F9F 22 S § vt 33 SRTE 3
3] AFsieh AlFE A ZE2 ethanol F5(10~100%)°
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critical point drier (CPD 030; BAL-Tec, CA, USA)E A&
slol QAN AZAZ F NE EES FoR Y
(~100 A)stAtt. I”E & FARAAER]Z (JSM-6700F;
JEOL Ltd., Tokyo, Japan) 3l 20 kVellA] 2|4 & 371
o] A58 Hdo] el Jelot &S AEeI

B¥2 ¥ SANZ

A A o R Agsigion, £3¢ 7
£ MS-EXCEL 201022 9o Agex

A8 52| FAEAL Statistical Analysis System

(SAS release ver 9.1, 2004)9] General Linear Model

(GLM) procedureE ©]-&-3dto] #AREAS A8, A2

7ol et fre e 5% oAl DMRT A4S sl

Ao NG B olshet B4 BN A, A
FAo EFe AFAY 2] Ha| FEAA FFE A9
S pHl, EC, §71% %, A9 22, 24, il 5
ol e o] we A0 ZAUTHTable 1). AFA
of 7 Eeoly W Eoke] pH 43} EC 3 8.49) 2.6
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o7 714 EYolHA ECT tha =%, 9FA e 7
ZF oy U B¢ pH #ht EC 342 6.13 1.5% 4%
A EolmA EC7F AA Aoz ZAMIITHTable 1).
28] ol & AF FFel AY E=A A=t Al
Fo} 95 B L T 47 19.8 emol/kg, 3.3 cmol/
kgl 2 ZALE I tH(Table 1).

Lambert} Manzer (1991)2 E% pH/} & W], EY 5
o] CagtdrRTH £30l| Cadl 20| B2 H7AdA tdo]
o] dhjo] ottty H 7l 3k S-2luel Akl
Eddle HAY EYlM 23 Huods dod]=s.
scabies$t AWVIEFNM W Sh= 8. acidiscabiesrk7t TR
SItH(Kim et al., 1998; Lambert et al., 2006).

£ AR AAE v|Fo] & uf, Ao FAIF AFES
I AFEGE sl 07 Ao} ARE T EY B
Yol g Aol At Ao AYzbEr

O

finj

BAMELO| Streptomyces scabies = H| 1

B Aol AR AlFA G 2 AFA A o] A Hedoy
g B9ke] pwlo] W (Sreptomyces sp.)el HWEE
NPPCHA|of] =iate] ZARSIAEY, X 7hel| Streptomyces
sp.9] B A A7bel| TAK R {Fo3k Aol & HolA] o
UthFig. 1). AT Azt A5 AG9] 74A; vedolHo] 4
sl A B9 Swreptomyces sp.o] BE= 27} 20.5%10°

Table 1. Soil characteristics of Jeju and Wonju experimental field for organic potato farming

Locations Subsoil pH oM Av. P,0s Ex. Cation (cmol+/kg) EC
characteristics (1:5) (g/kg) (mg/kg) K Ca Mg
Jeju Stony soil 8.4 45 77 0.68 19.8 2.4 2.6
Wonju Stony soil 6.1 35 675 0.35 33 0.9 1.5
mnlJeju mWonju
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Fig. 1. Population density of Streptomyces sp. isolated from Jeju (A) and Wonju (B) healthy soil and severely and moderately infested

soils with common scab disease.

Vertical bars labeled with means and standard error.
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cfu/g, 22.7x10° cfu/ge 2 YFA 92 Eo] Streptomyces o] Al Bk yrloly Wy Amo wEt Comet,
spo] BEUF 27 =2 AFS R a2y Al A9 Cherry One, Modum 5 37119] F 55 35313 304 &,
AT A9 A gdoldo] FF A Ad EYE] T FF E AR At AAFS ZARIIEY, F
Streptomyces sp.2] DEE 2.3x10° cfivg, 2.2x10° cfu/gS 2 Zx 1% AFEYY vg) O Eokoi A Fo] 7+AE)

SAAY o] A= HolA| it trh, 7t tidolR o] ATH(Table 2, Fig. 2). EFC] tdold A Fxo &
/“:]0}71] 44 ES 27 A AY EYO| Streptomyces T F5Y AAFE Rlasis W, dFA9Y dd EY
sp.f] Waw Bt 108] Hx xfol& BHom 73t B AN Aujgk FRO AFA G O] A Bl Auig o
ME A Tl A BT Streptomyces sp.2] #F©] Aol AsHte] AAFol 4zt 2.4~9.5%F 14.1~60.3%

ERA] ek9kth(Fig. 1). 4 S7FeltH(Table 2, Fig. 2). Tielgo] AlaiA A3
Ryan? Kinkel (19972 72} tielo| & WHA8l7] 913 d G5 Ge] WY EYME AFAH] AHYEYRT 3
RBEH BARIAE Hdstr] st 199402 72 v Mo F FE, BT Aok AsHte] AAFol 247t 69.7~

oS doy)7] Y3 EY W S scabies®] BEE 2.63% 79.7%9} 55.6~76.9% A ZHAFA R, HdolHo] T A%
10°~4.1x10° cfu/g soildl ASE HISITE. & Ao 2 Y EqfiMe dFAY EdRT AFA Y EY
AREE E9FS Ryand} Kinkel (1997)0] B3k U9l & oA AElE 3] B 2 mEoA] AR} 2|5k A
i}ol—% Holx] oo} o]y AJYS 9Tt A whg EY A5o] ZHzt 12.9~16.2%S}F 9.3~64.7% 742231 tH(Table 2,

o7 =83F AoZ AAHE}, Fig. 2).
Richardson (1952)2 74} teo|¥& F]7o] A4 slHA]
C{Yo|H o E0 WE 2 E39 YIH|W Aol AT s Aset A7 o o] HA el

8
2018 EaAket 7R AAE Auste] Al Hroly AEAA Gkl sioich B Ao Hropy w =

g" '’ ':Qf‘ Ry
' r? r“ {

Moderate Severe

Healthy Moderate Severe Healthy Moderate Severe

Moderate Severe

Healthy Moderate Severe

Fig. 2. Growth Comparison of 20 day radish, Comet (CO), Cherry One (CH), and Modum (MO) cultivated in Jeju (A) and Wonju (B)
healthy soil and severely and moderately infested soils with common scab disease.
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Table 2. Growth Comparison of 20 day radish varieties, Comet, Cherry One, and Modum cultivated on soils infested with potato
common scab disease in Jeju and Wonju

Fresh weight of 20 day radish (g)

Soil Common scab Comet Cherry One Modum
Shoot Root Shoot Root Shoot Root

Severe 20+£12¢?  03+02c¢ 20+£1.7¢ 04+02c 12+03¢ 03+0.1¢c
Jeju moderate 8.1+£3.7b 38+1.5b 62+34b 06+1.2b 57+32b 6.8+39b
Healthy 127+4.1a 69+1.6a 10.7+3.6a 10.1£23a 84+23a 17.8+24a
Severe 6.6+2.6c 13+1.7¢ 6.8+29¢c 09+04c 59+18¢c 1.0+0.6¢
Wonju moderate 93+3.8b 46+28b 73+2.5D 1.7+£0.2b 68+1.6b 75+3.3b
Healthy 11.6+3.1a 60+14a 96+23a 63+34a 82+16a 156+24a

» Treatments with same letter in each column are not significantly different at the 0.05 probability level by Duncan’s Multiple Range Test

(DMRT).

Incidence of common scbe disease in radish (%)

Incidence of common scbe disease inradish (%)
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Moderate

Jeju soil infested with Streptomyces scabies

B Cherry One B Modum ™ Comet

B -

Severe

Moderate

Wonju soil infested with Streptomyces scabies

Healthy

Healthy

Fig. 3. The incidence of common scab disease of 20 day radish, Cherry One, Comet, and Modum in Jeju (A) and Gangwon (B) soil
infested with potato common scab disease.

** Treatments with same letter in each column are not significantly different at the 0.05 probability level by Duncan’s Multiple Range

Test (DMRT).
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FollA Fof FZuh 59 2ol Hole A& 1Ad E
Fo o] A3 mlaa] BHtE v, B olsteHd o] 2}
NS F Aoy BEY Fol| EASI= Streptomyces sp.

o MrE FA B o, F F5E A5 7P %S F
o

AL Streptomyces sp.ol 2t A8 ATt @A A

F E30 M2 oy UHYE H|W

Aol A oA AF e ol Y Bl Comet,
Cherry One, Modum 5 37H¢] ¥ 55 953l 304 ¥,
T F35d ddoly I AEE ZARIGEY, 271 A9
A4 BEglME e F FFol BT ydolye] s}
2] e¥kont, ¥ B Cherry One > Modum > Comet
o2 tfoy LA o] ASIAtHFig. 3). TIT ool Ay
St Cherry Onef-2] W= A4 tedoly WA &
2|3 gEufQl Wule] dAE o SETQl Rk
AL S7HA] o] F-8 Aol & o]FoXth(Fig. 4). 45}
Al A E E(severe)e] F2] Ba]e] 79 Fig. 2014 B
upe} ro] Eg]e] wkfo] M3 o] Fo XA ¢kQlt). Lesile
(2004)e] BATAME 7H249l 209 F-o] 74 Helel| 7
wof AEA7F SAY Bele] deo] dAEHE Ao Y
STk 2 A M= Al F F5 A9 el dsol
44490 F B} QA E Ao R FY3 A7E Bk
AFA o] W B 353 Cherry One F5-2 AT
o] wh ESFETE 7.3-22% O A telo]Ho] Wyt
Ak YFA G o] Wy Bl 353 Comet F5-2 AT
o] W EYHT} 0.7~6.6% B S tiido]o] wAis}
ATh(Fig. 3). AFA G ool AlapA By gk g
B0 98 Modum E5-2 AFA|G] ¥ EdHt)
6.0% T WA ddoyo] LASIATE AFAGo|A] 1A}
ool F2F Ax IAYE W Eckd| mgdt
Modum %52 Y59 vy EHT} 6.7% U =4 &
WaIATHFig. 3, Fig. 4). AlFA9 ] 742} tdolyy wrgo]
AFd g EUo)X Cherry One 5 54.0%2] Tiwo]
W ES Bom Modum}t Comet F52 ZH2} 14.0%
o} 6.7%2] ol WS R Th(Fig. 3, Fig. 4).

w2t 3709 F #%F 3, Cherry One?} Comet &5
AAF ddolyo] AskAl WSS Y Modum FE5
Cherry One¥} Comet ¥l H|3] to] EAo] e 7
o2 detd)

¢

i

2 fdo|H o|H=Z o MAtHO|HE HE

Cherry One3} Comet, 271 &30l YeRd ¥ o] 7A} ¢
dolHS Ao 7= S scabiesl] 23 WA A
IA} W 248 0.2% glutaraldehyde§ ol 7438 & A
v o2 ##AE AT Fig. 4014 B vk} 7o) 4=

Fig. 4. Scanning electron microscopic observation of
Streptomyces scabies mycelia and spores on the common scab
symptoms of thee varieties of 20-day radish, Cherry One ((A),
(D)), Comet ((B), (C)), and Modum ((D), (F)) (x20,000).

2421 Cherry one3} Comet ¥%2] o|¥ %2 (Fig. 4 A-D, B-
E)llM= 8. scabies®] #AMYS 3 27 4do] A8t 4
o S 1ol W Modum¥FE2] WA (Fig. C-Folre
S. scabies®] dAYSI 24 o] mjeksie] Wfo] Q)
d A0 = YERsIT

AFEe] AR e o|Rzte] B F& 7FRA T29]
tHA7E A5 o) BlEolo] i) Bl 2HeiH
ol glom, o g yrdojle] B v Mk Jlow

o ATHKim, 1999; Hong et al., 2004). =3+ Hong et al.
(2003 AFE A} tdoly W Xz oRRE WAL
< EEBIREY S, scabies, Streptomyces turgidiscabies,
Streptomyces scidiscabies 5°] TE|= AT webA] 37¢]
- EF35ol ddolyS dozl Streptomyces sp.oll et &7
I W]l A7t FUH o RlEojof & Aow AY
EAis=

S ellA= of#] ol gk tiedoy Wyl thgh Bavt
SLOUH(KSPP, 2019) 2l59] A4 oo AFE oyt
(S. scabes)®] AE 7HA] 2 Fol|A Fol] ¥ Aol <=
ToF s B 240] AasAY pH 6.0 o1 7
5, - 2Rl AR B E (T (Loria et al., 2006).
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A7) W2 AlZko] Bo] AQ |5 wizel] RhEZ Q] A
3o] Fefo] ofefg o2 2094 F-oF 7o) Aful 7]7ke] AL
Hol-S A7) = Sweptomyces scabiesd 73539 A&

2 olgsha Hgoly PAE Sl 4715 AAAE )

=
W) e met e AU ERIVEL 759
= A
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HAte =
2 d7e w208 Sd s A A A7
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25 Y sdATd sHHET f1s9H
2 9 A Ydold AR 7les Mgt 24 thile) 209 F5 ARgate] 7k oy A Y E
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