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Efficacy of Hydrogen Peroxide on Root Rot Disease of Ginseng Sprouts
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Hydrogen peroxide is an eco-friendly oxidizing agent, which has exhibited a broad spectrum of antimicrobial
activity without adverse environmental impact. This study was conducted to investigate the antifungal ef-
fect of hydrogen peroxide treatment against Cylindrocarpon destructans, and consequently to evaluate its
control efficacy against root rot disease of 2-year-old ginseng plants. Hydrogen peroxide treatment strongly
inhibited the viability of C. destructans conidia in vitro. The hydrogen peroxide at a concentration of 300 mg/I
significantly reduced disease infection of the ginseng root when treated to spore suspension (107 conidia/
ml). Spraying with 300 mg/I of hydrogen peroxide reduced the root rot disease of the ginseng sprouts by 15%
compared to the untreated control at 14 days after the inoculation. However, 300 mg/I of hydrogen peroxide
delayed the emergence of ginseng plants during sprouting under aeroponic conditions. Further works need
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safety to ginseng plants.
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to be done to provide an acceptable control efficacy of hydrogen peroxide against the disease and its good
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AR RIS 12348 BAboA 25 El9] oF 14-30Y A=
Ao} AH|EE AR R, T Ee= 573 Aol A
Glindrocarpon destructans -9l 23| ¥e|¥-SH o] F2 UAY
2hH(Cho 5, 1995). o] W2 AZR| oA Aj=5h HAte] ¥zt
& ol A4+ Fej7t A= Aol EAoH(Lee 5, 2020;
Park &, 2017; Seo 5, 2022), H#9] 3HZz} A 0 2 HAF
S A2 o] T = A 109 o)A AEo] 7Hst Aoz &
HA X<&A Q1 TE7 R HthKang 5, 2007; Lee 5, 2020).
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=4, 58 o] Fof| 79
Aol A FoFS tAshs WiHol 275 JltHLee 5,
2014, 2018). T3, Ql4He] B WAIE A7t | A=AA
ko] A== e, e S dtol tigt 23 nd=

o] A= oL 3] Al A, A Y] axt AA T
A7 2ot Ao 72 dHATHKIM 5, 2020, 2022). whahA], 7|
< WY E 2 AR BER e MR R &
A BAE 5= s W o] ek Bt aEs T
Rt A7} Fojd Xehy A=A =M, ZHRE0] glo] s4t=
ARl = Fe] AREE o] a1 AEH WA 59 ARl At
A=A A= 3 QITHAhn 5, 2021; Byuni} Choi, 2003; Cho
<, 2009).
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wreba] o] Aol AR Held Sy WAIE ft
A7 GFARA BASHpL) FH 54 PEshn B
u} 7]1eare] 712 A8 2 G4t A}, ARelate] ey e
"ol t)3t TALS 4 0] FRAFA T} HAAE W vk oA
£348 st

TpAKSISAO| SHEIZ B HA.  TpAESHSA(hydrogen
peroxide, 30%, Sigma, St. Louis, MO, USA)& +EE2 0, 3,
30, 300 mg/I0. 2 3|Asle] s ZASH 8N ZF 1 mlof|, =
Y atstelo] A Hopire elat ““EV@.% QGylindrocar-

pon destructans KACC 41077)2] ZZ}HEH(1x10” conidia/
ml)S 9 ml &3+ & 10°7}4] 8]4J3}o] potato dextrose agar Y
A|(BD Difco, Detroit, MI, USA)9]] 0.1 mlI& EF3to] L3 &
25°C L7100 A 7UE TSN F5 FH F=S =
Apal ek o] AL 3R 7 Says) ik

TIARSIAAO| UM QAN AES T AN, A LS
0, 30, 300 mg/I2. &2 3Asle] & ZESH 8 ZF 1 mloj,
A710 A<dl Ba)H-og o ZxFAERN(1x 107 conidia/ml)
2 9ml go] 3 T, o] SOS 24 RAH] 108 B
W) Aejslo] R 25°C Feferlolx] 797t wloral
o o4 HETL £ P dETL BIM YA =
Apaerol & A1tk veo] By ¥ 2048 BATe] W Ay
S28 2N W PASES 2N 3 R S A9d
MA] WEE= FAISHATE o] A2 3RHE(57A|/HHE)
© 2 eYskqirk

QMo Sot &, 2
|y H’é}—% l’y‘i ‘—‘1%%%% EZ}@%%‘UMW conidia/ml)
A 2R Aol A
ARE o] 5 E B ?}A@#ﬁ zﬂd* (300 mg/l) & EFH
2J3hiA 14%o] A ASAFT 27232 2579 5 kaf/
cm?, B52F 28 ml/min, EFA)7F 2 min/178 min ( T/AR])
o7 AuRAL &% 20°C, FF7] 14A)17F 2A0 2 A8}
%ArkSong 5, 2021). 5]44=0] 4 zwz'z}#xe azg2
3|43t FHAESH A g0 5 mlE EA4)7]E(HS-H,0, kit,
Daejeon, Korea)& AHg-35}o] 13 52k HE-gA)7]
#|(DR6000, Hach, Ames, 1A, USA)Z AA| x5 &% 6]—5&1:},
T3t 3]44=2] pHe} electrical conductivity (EC)= Foi& =
A7](Orion Star A325, Thermo Fisher Scientific, Seoul,

Humas,

Korea)

£ ol gal4 ZHstgon, 44 £rj0lee o eamn}
E 7#9)(1CS-2100 & ICS-1600, Thermo Fisher Scientific)S A}
Ffo] o] 2.3} ol 2& 7} B ABlsck

A4 T 1407 He o AR 13470 S 8kste] Al
A ST e 2 WS &S ZABNGE ] PSR
2V & A2 5 29 WA MR EAB. o]
AYe o 2 St

SHAEA. EE HolH= £4AHEA(ANOVA) 2 Tukey?
honestly significant difference A& 3 G294 2}o] o5
£ B718tnh SAEAH2 R = I(version 3.6.2) (R Core
Team, 2019)9] ‘agricolae’ 37| x| E o]|-&-5}o] $=3P=] Q)

3]
1;

B BAIBA) WK S
3 00 ) BT 24 kS G sk
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o1 7202 Wik 23k Fig. T 4s} 2ol THAtSAL 8
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Fig. 1. Fungal concentration of Cylindrocarpon destructans in vitro,
each treated with hydrogen peroxide at a range of 0 to 300 mg/I.
The vertical bar represents the standard error of the mean. Means
with different letters are significantly different by Tukey’s test at
P=0.05.
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Table 1. The percentage of disease incidence in the ginseng root

Treatment’ Disease incidence
H.0; (mg/l) Infection (+, -) (%)
0 - 0b°
0 + 80+11.5a
30 + 80+11.5a
300 + 20+11.5b

H,0,, hydrogen peroxide.

°Ginseng root was inoculated with Cylindrocarpon destructans
spore suspension (107 conidia/ml) which was treated with H,0,
atarange of 0 to 300 mg/I.

®Means with different letters within a column are significantly
different by Tukey'’s test at P=0.05. The error represents the stan-
dard error of the mean.

HAIR B4 W A o 5 FIskqiTh 797E vk & Hat
o] B S W& AR 21, Table 132} Zo] 2HAts}
g4 2= 30 mg/10]| 4] 80%2] ) TA4&S Ho| =83}
7k A9 gll ot 300 mg/1of 4] 20%2] B WS Bl &
< &89S et

o

=

pptsheA O QIR SaMSH S xS at. ot}
o] AR BN S A A BE Faat IfE e
2 RSy ol AaAl Babl kg B It
4 34300 mg/l) = EF- A Foll 713 2 = 2 A
2Jsto] Ajgrelire] Hei o a8 AEA Bae gl
53Tk Table 20] 42} o] 14o] AX EFA et &3t
Absharas 314442300 mg/) 9 AJE-& AR A FHAkskea
A= oF 300 mg/I19] BHitkped: S FASIAAL R E
ofl vl pHeF ECT} +-2J3HA] 3k Th A 771012 s=e
x=ol Hlsh 2 Aol7F fiiek Mk Ry v 2
I}+= Table 33} Fig. 20] 42} Zho] pAte}apas )4 Xj2]oflA]

Table 3. Root-rot disease incidence and average biomass of gin-
seng plants at 14 days after planting, each sprayed with untreat-
ed TW and 300 mg/I of H,O, up to 14 days

Disease Average biomass (g/plant)
Treatment incidence
(%) Shoot Root
T™W 87.2 0.37+0.027a"  0.82+0.045a
H,0, 72.1 0.24+0.016b  0.83+0.035a

TW, tap water; H,O,, hydrogen peroxide.

*Means with different letters within a column are significantly
different by Tukey's test at P=0.05. The error represents the stan-
dard error of the mean.

Untreated H,O,-treated

heafthy roo{

Fig. 2. A photograph of ginseng sprouts, each sprayed with un-
treated tap water and 300 mg/l of hydrogen peroxide (H,0O,) for
disease control up to 14 days.

FEE| vlg| oA vu|gh Hhy A aatE Yeploich =%
Eo| 7§ #alnony uhR-go] 872%¢%] WhHo| ZpikskA
3|X4= Zg]9] ¥ WAY4g0] 721%0]ch A, AEelAke] A
5 A= Al 348 A2olA SEE Hlsf oF 35%
e O] 2R BSAIeE A4S Ve RITt whebA], Bhalst A
3]44>(300 mg/)E 140l AX EF3 A, A&lAke] ¥e
A5 HAYo] oF 15% THagt 21 FRIst o FAlol A3

Apo] tha H AL Selshaick

Table 2. lon concentration of H,0, solution used in the aeroponic system as compared with TW

Anion (mg/l) Cation (mg/l)
NO; SO, cl K Ca Mg Na
4.7+0.03a 6.4+0.07a 123+0.04a 1.9+0.02a 9.5+0.03a 1.9+0.01a 7.6+0.15a

Treatment EC(dS/m) pH H.0.(mg/l)

W 0.1194£0.0004 b* 7.6+0.14b 00b

H,0, 0.128+0.0015a 8.5+0.09a 355.0+34.07a 5.1+0.28a 6.4+0.08a 124+0.08a 2.0+0.03a 89+0.19a 2.0+0.09a 7.6+0.09a

H,0,, hydrogen peroxide; TW, tap water; EC, electrical conductivity.
*Means with different letters within a column are significantly different by Tukey’s test at P=0.05. The error represents the standard error of
the mean.
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2 I AA|Z 4F8l=o] o Bt ofuet EafjEH
A A7) B4} 73 AR = -S|, THakskaeas
+ Alat, &30 ol ZEA Fairt dSE] e HE
7% 2=A 24 g AR o] ftHByun} Choi, 2003). ©]
Aol A IAFSF A= 300 mg/l FEol| A B St C
destructans®] gt R+ TS Ho|H(Table 1, Fig. 1) A&+
QUAFE] WP &Y WYL 15% AASHAAT, A A &
A Lkt BARS] Zoht 5 Aol BAH e nlA
CHTable 3, Fig. 2). Ahn 5(2021)-2 I8t 4E A 25t 2+
o] $1 A HA0] TH¥s}42 0] Abshe So] el o
ojgfal B skl Qtk HAetp4 0] Al st w35
gA|to] A& Ata ) Erhs B a7t QIA|RHALL 2018;
ByunT} Choi, 2003; Cho 5, 2009), I}Akst4=4 Zg]of| A BS:
A5 A=Y A% SHANA Zal7F vehg] wizol| dh4kst
a0 A=t At oA AR TS ST |=
e 71Hiskr] ot 3 A 27004 AT
Aol ARt dAkSheA B4 BN AR aL =
A Gk o= EFAEE kst a7t ] keEE =
A Al AR EAoA 2E 4= Stk Kim 5(1997)
of W= At ATt FR Ho| AFAES A&Th=
ol ol BT 92 RS 7Hsdo] qiok 2, Abdel-
Monaim 5(2012) Bt ofl tigt A& A vhe< =
s17] SeiA itsteaE AHE ST, ErkE frEel vk
344 34142200 mg/l)E A 2|3t Aut EFH YT Fusarium
oxysporum, F. solani, Rhizoctonia solani7} 4 2.7]+= ut54 &
= FHHEES A8 A7l anEnt ofyRt e
ZAXNF)E 2720 anE B syt whaha], dAkstga
O] AHAR] Adta ) Qo= AEH AJAES st 1A
ARl ATE 7|0 5= 317] wholl AjEI4L Afuol] h4tsta=
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RERREEERET B R ERER SO T B
SAS THSIIA AE B AT BA AERTHE AT

3t A3}, 3HAS} 4= 300 mg/129) EEof| A 1% 107 conidia/ml
%9 Gylindrocarpon destructans w32 80% ©]AF A A|A
P B HEH L I9jF o= Hedtol| AEAR 7
2H] &S 20% ost= JANA a5am AL o F3Th
ATA 0 7 BAFSt4As 344 300 mg/IE 1490 24 &5
AgetelS o, JAHH o2 ol ZrAE AL He
A 0] 721%= FA 29| W45 87.2%0] H|5]
Tha elsgich e, TAska o] F7l el ALt Ap
] A HAS tha {5k 571 Q724 RS
O] W Aol AxpAo]ar A1 o] QPG BHAESH=4- 0] A
2 7ol 27E itk
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