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Effect of Applying Soil Amendments on Potato Scab Prevention in
Volcanic Ash Soil with Continuous Cropping System

Joa, Jae—-Ho - Moon, Doo-Kyung - Koh, Sang-wook - Son, Daniel

This study was conducted to select proper soil amendments in order to reduce the
occurrence of potato scab and maintaining soil health by applications of dolomitic
lime, sulfur, potassium sulfate, shell meal fertilizer, silicate fertilizer, lime nitrogen
and ammonium sulfate fertilizer in different pH levels of volcanic ash soil with
continuous cultivation of potato. In potassium sulfate-applied plot with a low sail
pH, the incidence rate and disease severity of scab were lowest at 84.4% and
28.4%, respectively. Those were lowest among the treatments. Value of potato
scab control was 12.3% and marketable yield of potato was highest at 93.2%. In
lime nitrogen-applied plot (60 kg/10a), the incidence rate was low at 38.3%, and
control value was 23.8% and marketable yield of potato was high at 66.3%. In
relatively higher pH soils, the incidence rate of scab was lowest at 38.3% in the
lime nitrogen-applied plot (60 kg/10a). Vaue of potato scab control was 23.8%,
which was four times higher than that in sulfur-applied plot. Marketable yield of
potato was highest at 66.3% in the lime nitrogen-applied plot. In the lime nitrogen
plot infected with potato scab pathogen such as S. acidiscabies and S. scabiei were
remarkably lower than other soil amendments at 2.5, 5, and 10 g/L concentrations
of lime nitrogen using Glucose Yeast Malt (GYM) medium. In conclusion, this
study suggests that potassium sulfate application in low pH soil (less than pH 5)
and lime nitrogen application in relatively higher pH soil (more than pH 6) before
potato seeding might be helpful to reduce the occurrence of potato scab.
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I. M =

A= AFAY 299 AAZEZ AujE A o] '10 715 3,000 ha(17% A=tiu))7F &&=
g @ 7|ZF Bk Ao 7 EoF R o] BEHFFo] A5y, ydlo|y i} gy T W Iy

o Qg Fdol AstHL glo] A4bsd 4B L AR BAAES FA57]
9% o] aTEm gtk AFolA AL URE HASEFOR EREE Aoy

F5
=, 7 1d 27120 2 A4kE L Qi) s EeRe Fo] 7P EAle] Zof(Song, 1990),
AAE Aaketrlell Hgste] BAE 20d o] dFte] o] oA gt A 7 mH
o] Wuks st pdolye Ao A AR Z=23HE FA
© HOoE FFEAS 9F Bt AAA 48 WA gAke] Auj Hjte B
AEE pH 6.0-657F AE3HA| T Hlo| S do7|= WHHFS Sreptomyces scabies, S
acidiscabies, S turgidiscabies *d ol 2J3) LAY sH=H|(Kim et a., 1998; Lambert and Loria,
1989, 1989; Miygjima et a., 1998), 714 48] EX3l= S scabiess B pH7F S7HgH w
g Do) 715k, B SollA 3 Eet &S 4= dti(Agrios, 2005). THAF EHiwolH 7
7 I E S WHoE AAFTA AME, &2, A FSAM, SHIRE AN, 34
Fofl 9ot EF pH W] Fol AAH FrtdA &85 3 Ath(Hong, 1999, 2001). Joa
(2008)= AlFAY A} FAAAA o] AAdret {F3A L mE v, FE T A
23 hAt FEAE2 EY AAESE =H57] Wi pH 5.0 olstel e AMHES 3HA
A= 3o vk R A9 I EYNM F8A GFuF FFol 3 mg kgt o1 4Y
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| 7€ tH(Nanzyo, 2002)3L 3+t
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S EY AE9H oz o] EYoly A E9] A E AHA A&H
O 7 7FAE 3 Fed 7d 5 ESH A BES= o s A ok(Strand
et a., 1992). Kim (1999)2 A|FAH-2 &=, 71 2P H tdol® oA FF< thA| 9 A
v 2 o] o} tulo]y WAjo] wom, Kim 5(1998)2 AFA| Y TALA A EQFo| A pH
4,004 AS-°] 715<k Sreptomyces acidiscabiesol] Tt Raghk virt ok FH AlQkoln]
o] B A Ax a3t ARt Ha dedl A3das AtolRbotnto| EstdgS
FAEOR o= AAHIEE EYY 5ol A7 a3Vt Jon B e T3
71 AHE-HTHChoi et d., 2013). A Aol BUE = FAA T/l wat A B AN
I B HYTe U AR AXY EGHHSE S 2% B AFAAHS =
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olg3te] 27 HWoly WAL LA T EFAALE FASEE HAF hAFAA

& Aldstaa =3 skl

I.xMz o 2y

ohAzt A AR E 3 KA AEA A e aA) T FEAEE pHt 2 E
G = B T oA BEGANTA L st E ARZE A gloly Bl miA = F
< AT ARESS FA I3 ER WA Br140] Fom, B4 WA
Fhegol 80% o d o= Bl FHERFEC] 12% o]akl MIAMEAYGES o] &35t 20099 Foll
B71E TG0 B pHYE 41 S| Ekell A ol Hell gl A E Al
ETOE ot 29 289 dFsto] WA E FHAME st 21T =AM
H(EEE%, 2009) 0 Fsto] Auiste] 64 3Y ettt BN A} sl 10
ad A 31L& 200 kg, F4H2E] 24 kg, % 50 kg, T 5H4 150 kg, =43+ 300 kg, TFAHEH]
S 150 kg A 2l7tek FA 2 TE FRew Wy o2 AHE 65 cmx 25 cm A4 A

g2 Fath AAF B pH, FFE, WAV 58 #0EH 2l Fsho

M

4 Z%) F HIIEE ¥, AAYES 5t F4 T EY pHE £
A EFQ YA E 2010 2€ 25 m}EEhe

24 ZFEAE(EEREA, 2003)0 F3k] AJufst
7t A= ENEAC A3 dL, bES FUhete] AlHE £EEE 10 ad 3 50 kg, &
2Vzhe] 24 kg, 3H4H4E] 48 kg, 2t 48 kg, A3 F 4 60 kg, A3 A A 120 kg A 2] T9F F-A4
YTE FRom Y REo 2 7AE 65 cmx 25 cm A2 AR E FFsA
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DA & BEoke] A, AN, T55 I 52
shof 4 8FATHNIAST, 2000). B¢ pHE EGH 57
71852 Wakley-Black®, A A4S KjedahlH, & A4HS Bray
g, 24, vl 59 %o]2-8 IN NHOAc(pH 7.0) A&, EY S35 E9 10 gd
0.1 N HCl 50 mLZ %1l 30T 9|4 1A1%F =<k 200 rpme 3 o) 3}5te] |CP(Integra
XL, GBC, Augrdia) & ©]&3lo #4319,
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2. A tielo|¥ wkA z A}

A7 ol o] HHE, ¥ E
P A7 2 80 g ol de A4 e tde= AAE Hy 985S A5 (R ’)15), I
HAE 01~5% "5h), 2(H% WA E 5~10% v|9h), 3(84HF WA E 10~20% ©]Wh), 43wt
E 20% oPHE TE3I ZABITE o8 W E%, BWEA A A5E A A
x100), T E[%, (0n)+(Ln)+(2n)+@Bn)+(4n)/(F 74 7Nx4)x100, n: 2t Aol 3l 3=
T, FFE%, B WA E 0~20 sigste A7 FAE A7 FAX1002 AF=E3)
A ¥ B A=, A7) 52 SAS Enterprise guide 4.2(SAS Ingt., Cary, USA)
ted frolE 5%olA ddusae] A8S AT
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3. EPNEAE vieloy e ARAAY =

AFAALAME|(KACO) AN A B 72k tiwoly 2F(Sreptomyces  acidiscabies,
Streptomyces scabiei) S GYM(Glucose 4.0 g, Yeast extract 4.0 g, Malt extract 10.0 g, CaCOs
20 g, Agar 150 g, DW. 10 L, pH 7.2) Wixloll &3} 43224, <, 34bdFol 25,5 10
gL =38 1A E A & #F5 HTst 30Ut 5C oA v & AL =S
SRHE ZALSt] Highs TokTh

Kl

M. Z= o 2%

L. pH7F Y2 EollA 24 vedoly A B2 &3}
A 71 A AMEEA FBL G BIIEGNA AB1E, w5}, ww_
5

M 5 EPNAS} FULE 5 ALY AR AL Bl At e 3,
Aol vl el vhste] AL B

i fo

A2 AN A B pHE 45472 74 Bl AY F B pHE A
Hlaste] 44-460 2 oFFF Wobti(Table 1). B T A&, A7, Al x84
Z+3 vpadE FFS v A Byon, B 84 AIFgHEFS ATgte] Ao
7F 1903 3 mg kg’l ek A HElely AlAl eHgh3 Hlawste {7 &S Abel
7 iley A, FEdL A Zed viavs §FFS STk ol AvlE A
&, 14k, ZeEHls l"i: o o3 Ao g HITh 7B Fo] B AL I EY E
doll 7103 &Frlwel 2%td A frle EFAVE AEN ez Hlng
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(Song, 1990). ENFEY 2 M3k, s, 4kdnl g AgTe EY pHE At
WEAD 8 5 2 Wby gl o] 100 Ao EA AujrIzE B Algd B
MFAES] EFYAS} sthik-g, A Soll ot Figda 5ol 710 A= A3t

o Z}e1E HolA ekgtth 8 & w34 2] 71300 kg/108)7F XA D vldlE &
o] T2 A g o) HlEle] Wokg] o] EoF o] A E Fato] e} 51shak-So] o g
Aoz AzEy, &itdga dntade 5o Fakddol A Asdll dFE Fol At
A ]2 7150 kg/l0g)Hth ko] 7+ Z o Helth,

Table 1. Changes in chemical properties of potato-cultivated soil at 3 month after apply-
ing soil amendments and chemical fertilizers in volcanic ash soil with low pH

. Exch.cation
Treatment PH(LS) | T-N* | OM. |Aval. POs| (gmol+ kg?) |Water soluble
(kg/10a) @) | (@ kg?) | (mg kg™ Al(mg kg™)
Before | After Ca Mg
Control 46 | 44 | 041 | 913 165.4 62 | 23 33
Dolomitic lime 200 | 47 | 46 | 043 | 904 163.8 71 | 28 33
Potassum sulfate 24 | 45 | 44 | 039 | 918 163.7 76 | 34 27
Sulfur 50 46 | 44 | 041 | 902 132.2 52 | 22 35
Shell medl fertilizer 150| 47 | 45 | 044 | 935 184.1 71 | 28 33
Shell medl fertilizer 300| 47 | 45 | 044 | 929 1215 55 | 18 37
Silicate fertilizer 150 | 46 | 45 | 042 | 917 150.1 63 | 24 34

* T-N: Tota nitrogen, O.M.: Organic matter, Exch. Cation: Exchangeable cation.

B S-S A A3 24, A e 3ol visstgon] sk 22 (150 kg/
10a)7} FgFo] kol Azt BEAA 02 523k 2pol= {IdTHTable 2). A3 & A
274200 kg/10a) = Hwlol W=7} 729%E E9kon] W zﬂ T 99T AEEL 348
%2 7hg Skt FAbdE 22724 kg/l0a) = T oy I Eo] 84.4%, =T 28.4%
2 7P wskth ool WA &= 12.3%, FEES B2%E THE A2le} Blaste] 7t
4 =9kt §3 22750 kg/l0 @& Tioly uhy Eo] 94.4%, WY =7} 52.5%, WA 3
FE S-S 631%F Btk B4 abduls A Te duoly Wi E, Uy

lﬁﬂrﬂ Agztel] vzt AFS Uelddh AFAY A w7l As B4 pH
/‘]'3]';{] ok F3AQ Tt st Helo)y WA S 95l 38 ALt Qo FH
, 7He 19 271202 160 kg/10a'd AHE-EtaL Qlal =3 ¥ E9F pHE 45492 744t
e o FEEL 60% W Sth(Joa 2008)1 Halgk Aol AAehHs e B
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ooy W] A& 542l
= *374%@- Hong(2001)> 7} T o] ¥
EF pH7 } Fo }%4_ iy 001 F7bhe Ads EATta stk SbaE AT 7%
g T} Ls}ml Ht“ 1% &7 Gk FFE] w4 YERY pHYE B ER] £3

= Aol e Ae AAEHE A
o2 relth, Joa(2008)‘: 2 } DA EfadstE 57471 et=AE YA ESdE
o] Bvtyo] At T Zu|zHE Ao A& Wol EF pH /iAol Festtty B
3l n} 9o},

722 ol WA &3} QI E o 4RI E Y {8 58 o83l EY pHE BFE=
1 (Doyle and Maclean, 1960; Duff et al., 1927; Muncie et al., 1944)°] xﬂf\lﬂﬂ wol o] &
Ho] gt} Kim et d.(2012)2 3 A2 A E pHYF 72 P4 7] 513904 £87] 50L&
ol 1 71 vdoly M EE FAE tiH] 22.8% %o FFFHFS 0502 U
o1 stk A Eqke] EAS 1EletA @2 A A AMES Eoko] 4Hdset
FE-o| 8ol A 71A 9} A&k AEAE o] HA Stk £3] Joa(2008)= 34k

o

JEYS B wgo] Fof B f@AE 4F Al SOS9 $YE A Fre] 290] -
Ha A Ago] 4 Foha Bud vk ok A3 'Y 95k, AR R AE]
= el TS AAA7IE &7 llen ol thdzt AAe g B¢k tiolH
Ao HE7F #37] dfE o2 AZtEnh Kim(1999)2 AlFA 92 =, 71 237 rdo]
ool FF iAo AuiH Aol Fol ol Aol grial Bk vt vk ¢d
ol A FFo AE T AS|E 3Fsi= Zo] Bosinta ATHT

E% pHe} ?—%” %_LEU] stk (Table 1), A o)y WA = (Table 2)& 431
o 7+z} o)y H7} Y31 84 Al 3FgFo] 3 mg kg o)A} o]H dhajo] 7FASH
tH(Nanzyo, 2002)_ B S’Jr 02 73S B o] Song(1998)°] ks EoFe dFr]

Fo o] Ba &FvFo 93 5402 nAEe] Ao vrtu B vl leH E
Fo] dFuFIFET pHYL ol Lol Y¢S gol F= o FE AZHY Kim 5
(1998)2 AFAY AR A Bkl A pH 4.0014] A&o] 7k53 Sreptomyces acidiscabies
of thate] Bagk vb o] o)y Fs)E DA dF7F thdFstA EAlEhE AR
B3tk Hong (2001)2 zHAke] A ollA EE]dk Streptomycesss+t 66775 AR A
Sreptomyces scabies, S turgidiscabies, S acidiscabies’} S = oM, o] 2] £ v &
< 242 37.7%, 14.8%, 18.0% AJTHIL sttt Ak ol WA a3t W A8 tdo]
Bol sty WEC R AZHETh Agrios (2005)E 74 B8 AF & S scabiest

EF pH7E Skl et devt SUlete EFdlA QA Ee A&ty B g up 9ot
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Table 2. Potato growth characteristics and potato scab disease incidence as affected by
the applications of soil amendments and chemical fertilizers in volcanic ash soil

with low pH
Plant Plant Total Disease | Disease | Control | Marketable
Treatment . ) . e i .
(kg/108) hight width yield | incidence| severity vaue yied
(cm) (cm) | (kg/104) (%) (%) (%) (%)
Control 48.3 68.4 2,423 96.0a 59.0a - 54.2a0
Dolomitic lime 200 49.4 69.3 2,174 97.7a 72.9a - 34.8b
Potassium sulfate 24 48.1 66.4 2,244 84.4b 28.4b 12.3 93.2a
Sulfur 50 45.8 64.6 2,309 94.4a 52.5a 17 63.1ab
Shell med fertilizer 150 49.1 70.2 2,635 92.0ab 54.2a 43 58.5ab
Shell med fertilizer 300 449 64.9 2,348 95.1a 59.0a 0.9 52.4b
Silicate fertilizer 150 479 68.3 2,218 92.8ab 53.6a 34 50.2b

* Means followed by the same letters within a column are not significantly different by Tukey's studen-
tized range test a 5% level.

olgel A A1 FHASOR EYF pHE e B A 9E Aol pHE 24
854 93 FABEL A vy By
KR

Ao g ZIqEtt % ZF o= Ay A
!

2. pHZL 2 ESbolA 74 telolw w4l A7 3

I= M3 daet g R 28 247 tdely A

& 57t BEgelM stk Add Ede] pHe 6.3-65% sl
&8 pHE S71 skl out A Ejztel] B3 e B th(Table 3). F4 g,
T Aol B pH 7= A1 A B Add gFe] H31E
o oJ3te] MEE FAAE BEY T A3 1R oste] FalE 2102 BRIt Joa(2008)=
DAA 57t BEFol 73 Al o] SI/MEFE BT SO7 Tl FUst B pHE
SopthaL stl=tl 18, b ES frekel £8E FolLo] B pHE ¥ e 9%
< Sty Bl A]Hlﬂ 3B FFE Wl EY pH7L AE Aos Addy EY
T A FHFE 03% AEE W3, %‘ QUAkgHEF2- 403.9-511.4 mg kg'e] BEE LER
. A A E'E‘(2.1~2.4 cmol+ kg?), Z45(18.4~19.2 cmol+ kg?), P} 1u|4(5.0~5.4 cmol+
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kgHFe Eko 2 gztel Hl éf& 7As Bt SbdE A3 A AT FA4
g 7o} Hluste] |8 ZFH ZdEdEe] vt A EY Age 2 AR
o] Table 4l AAIH e} o] ALy F4o) o] &5 7| WlEo 2 At} A 48
T AR AF FAE S 2 Ay AR A3dse) ok YTt =
1, ZE2 FAETI SAbE ATt vlsstAY oft e, AsdEe A4y
T7F 7V BATHE ol EF Bl AA). o) Eol HelH sbdE A8} AEA S
ol &HHA AR FAEAVITT T F T 82l st AEZFOR o)FT o
2 FAPT Kang $(2000)& SHIs|Eofol A S55el Zhake] AnlHelo] e i F
T 9 S§EAFE Tl AHFo] BeTE G &Y JbeAol A, AEAW N, Ca
Mg, K&&F& Eolxida By @l o it Eere EgaFo] 7 Eugo] £24
Han et a.(1999)2 ﬂ“ﬂiohﬁ Aade) sishls AvES ety s w &
FARF 3] AT TR 2ok A AT} 256 kg 10at0] fEE o, ZE}
A5 AHlFo] Z71845 8930 S78I9 T stk F5F SIS Bl A ofo]
£ 9 ol T ES W o FHi i A7 8T AR YA

Table 3. Changes in chemical properties of potato-cultivated soil at 3 month after apply-
ing soil amendments and chemical fertilizers in volcanic ash soil with relatively

higher pH

Treatment pH(L:5) TN | OM. |Aval. P.Os| Exch. cation (cmol+ kg”)
(kg/10a) Before | After | (¥ [(@kg)| (mg kgh) | Ca Mg

Control 6.3 7.0 0.28 718 5114 23 189 53

Sulfur 50 6.3 6.7 0.28 74.4 405.1 22 184 51
Potassum sulfate 24 6.3 6.9 0.29 69.5 4555 24 193 54
Potassum sulfate 48 6.6 7.2 0.27 735 505.1 23 188 50
Lime nitrogen 60 6.5 70 0.28 70.3 456.1 23 185 51
Lime nitrogen 120 6.3 6.9 0.28 77.0 432.2 21 18.7 51
Ammonium sulphate 48| 6.4 6.8 0.30 74.7 403.8 21 19.2 50

* T-N: Tota nitrogen, O.M.: Organic matter, Exch. Cation: Exchangesble cation.

A3 d 4ot HLEHE 55 ARIFEE GEste] S Anstls o Ao 24
A% Agtell frejdo] gllom Hl=d ASY¢dS Bith(Table 4). ZAr&FS A4
ZH5 #2748 kg/10a) 3,407 kg/10a, 433] & 2 A 2] (120 kg/10a) 3,321 kg/10a <=O.2 Wk
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o §oF A2 (48 kg/10a) 2,742 kg/10a. & 7 Wttt tidlo] W B8 X237t
BARSE frogk zfol7} T oy YA == A3 d A A2 7460 kg/10a) 38.3%
2 7P Gk 9 28] 7148 kg/l0a) = 62.6%E E=ShTh WAl E = A3 A4 A2 T(60
kg/10a) 23.8%% 3 A&7 6.1% Rt} 48] o] =1 AEEL 66.3%E M =4 o
Bl A3ldae B¢ £ A7 F ARz 59 2 5

oS dovle Badre] RS A o2 Holw, 742} yidoly A A7k
337} 34t Choi 5(2013)2 A3 H A E o] &dt HYE EYAaT § 49E AujstA
v WA G fesitia Rk vp Qo

Table 4. Potato growth characteristics and potato scab disease incidence as affected by
the applications of soil amendments and chemical fertilizers in volcanic ash soil
with relatively higher pH

Pant Plant Tota Disease | Disease | Control |Marketable
Treatment . . . . . .
(kg/108) hight width yield | incidence | severity vaue yield
(cm) (cm) | (kg/108) | (%) (%) (%) (%)
Control 79.7 64.1 2,970ab’ 714 51.1ab - 55.4ab
Sulfur 50 76.0 61.0 3,096ab 65.8 45.9ab 6.1ab 58.9ab
Potassium sulfate 24 734 60.6 2,987ab 68.7 49.9ab 3.0ab 57.1ab
Potassium sulfate 48 74.6 60.0 3,407a 66.5 47.1ab 4.6ab 57.3ab
Lime nitrogen 60 82.8 65.8 3,184ab 55.8 38.3b 23.8a 66.3a
Lime nitrogen 120 85.0 72.0 3,321a 66.1 44.0ab 7.5ab 62.0ab
Ammonium sulphate 48 79.0 66.2 2,742b 80.6 62.6a - 42.3b

* Means followed by the same letters within a column are not significantly different by Tukey's studen-
tized range test a 5% level.

olde]l A3} pH7E EE Ed] B4 9% W EY pH /MY Hew U= A &3
7} = M3 HAE 60 kg/l0a AlHl & A-AYS 3t AAE At AT & A0R
Azt ) SHAIRE A3 A 4] AlLARL /\l%%(120 kgd, &, 7S A2 EY pHE =Y
F oz 12dnit B9 AL & pH7E 6.0 ool ALEEA] FEE s o] "o
stk 5% A A4S AA EY pH 9} AR ESFEAE S A7) AAste] pHIE B
Eofol A3 AAE, pH/l B2 EY S4HEEES A2etds i A gdoy wAaw
of o mx= el st F7F AFS Tt HEV 28T Ao= HAln

72 Eelo)y Wl Sreptomyces acidiscabies, Sreptomyces scabiei S TR E Alxd
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GYM AR o] HF & #F9 ARAEE AT A3+ Fg. 19 YEFITE Sreptomyces
acidiscabies= 23] 24 25,5 glL, 10 gLoll HEA AAFS 42 EEA Bt JuH
o2 AA = ATh Sreptomyces scabiei = Mg AIEFS BATE ol A AFAEIA|
A5 d 4 o] 8O0 F EQF F HoHdde A4S oA & F Uvhs AS AT Lee
and Park(2009)2 <Q14He] W& AAstr] 98t TFAZA A3 -4 AL 10,000
ppmo] T B up gl

o ©
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Fig. 1. Growth length of potato S. scabies and S. acidiscabies pathogens as influenced by
different rates of chemical fertilizer applications

V. L+

BB B 742 AR B pH FEEE 1EAS], §3, 3AAF 9344, F4RE ]
T, A3d4, RIEE o] &dte A gy A AN EGAAEE 1A
st Ad3 Al sAAE Dtz Fasdn. B pHE W SibdE A g (24
kg/10a)oll & Tieloly T Eo] 84.4%, W=7} 284%= 713 w,@:} A &= 123
%, FFEES B2%NE OE A7 viud o 7 =4 YElsTh “ﬁl’é/\ #2760
kg/108)7} BHY S 38.3%E Yokl WA AT} 23.8%, AE S 66.3%E YT EY pHY} B
NPT T ol WHEL A3d4 227460 kg/10a)7} 38.3%= 7HE kI 9+ A
2748 kg/108)= 62.6%= =3Th TiRol® WAl ayts A3 da 227460 kg/108)°l Al
238%E 3 AT 6.1% KT} 44 o], FEFES 66.3%E 7HE =4 UEsth 1Ak
cidlo)y WY Sreptomyces acidiscabies?} Sreptomyces scabiei S 43 F 4 25, 5 gL, 10
gLel AFA BEEFS O EWNEA ot iz o2 JAHAS. 2822 A 1
Z Zoll E<F pH7E 5 olsto]|d SbAES, 6 ool HIHALE AlvlstH toly
e BAANE F S Ao Helth
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