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Effect of Irrigation of Sulfur Solution before Sowing on Growth
and Root Rot Disease of Seedling in Ginseng Nursery

Sung Woo Lee’, Seung Ho Lee, Kyung Hoon Park, In Bok Jang, Mei Lan Jin and Ki Hong Kim
Ginseng Research Division, Department of Herbal Crop Research, NIHHS, RDA, Eumseong 369-873, Korea.

ABSTRACT : To control the disease of root rot in ginseng nursery, inorganic sulfur solution of 0.1%, 1.0%, and 2.0% were
irrigated by amount of 10 £ per 3.3 m’ before sowing. On the last ten days of July, Fusarium solani and E. oxysporum were
similarly detected by 44.8% and 43.8%, respectively, while Cylindrocarpon destructans was low detected by 4.4% in the dis-
eased seedling. The more sulfur’s concentration was increased, the more soil pH was decreased. Soil pH was decreased from
5.87 to 4.59 by the irrigation of sulfur solution of 1.0%. The more sulfur’s concentration was increased, the more electrical
conductivity (EC) of soil was increased. EC was increased from 0.27 dS/m to 1.28 dS/m by the irrigation of sulfur solution of
1.0%. Irrigation of sulfur solution was effective on the inhibition of damping-off caused by Rhizoctonia solani in ginseng
seedling. Control value for damping-off by the irrigation of sulfur solution of 1.0% and 2.0% were 75.7%, and 78.5%,
respectively. Growth of leaf was inhibited by the irrigation of sulfur solution of 2.0%. Root weight per 3.3 m' showed the
peak in sulfur solution of 1.0%, while survived-root ratio and root weight per plant were decreased in the level of 2.0%.
Survived-root ratio of seedling in sulfur solution of 1.0% was distinctly increased by 4.7 times compare to the control, but
control value for root rot was relatively low as 49.2%. Mycelium growth of C. destructans, F. solani, and R. solani were
distinctly inhibited by the increase of sulfur’s concentration in vitro culture using PDA medium.
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Table 1. Soil chemical properties in the experiment field.

Ex. Cation (cmol*/kg)

(1:5 (dS/m) (gke) (mg/ke) K Ca Mg
5.87 027 423 383 020 498 1.6l
Aol Mol Ak FAHE AHSiAT,

OHENS AT 8l 2011 102 3K AFEl
Aol At FEol 2718 TR EFS 749 05m
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98 ITS1 (5-TTCGTAGGTGAACCTGCGG-3'), ITS4 (5-A
ACATGCGTGAGATTGTAAGT-3') primer set AM&-3} 3L
A719%E gl F A7INES Bt BE o 2
# 15% 2EAE S dEsie] -70C A4 Waad
Hste] ARSI

Qe BESAEA W 3% (C. destructans, E solani,
R. solani)®] dAMEOl vX= F7178e] JTFS AR
218l PDA HiA|o 71532 0.1%, 1.0%, 2.0% T2

PRk A Fgel EE T G weFsAN 5]
3E ANHOE ZHIIYOM, 4 AYL MBOE 59
A

27168 BFA) e B

PSS G5 BANAE AV HESE E
b A e 2 FEAde 20129 1Y Aol AN
BAke] At Wal WAlZbe [1-HEE WSS
W OHAE)] x 100 o]8-3te] ekt BAIAR= SAS
za38 (SAS 9.2, SAS Institute Inc., Cary, NC, USA)S
o]-g-ste] EASISITh.
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A= Table 29} At} 79 kel FA2]FtollA A7 e Al
F9] o]y QoA MW HE AOT= F solani/t 44.8%
HEHJIL C. destructans= 4.4% AZ= ot 2832 014\}01]
A 28 YAFeZ dHR F oxysporume 43.8% A&
o (Lee, 2004), 71E} 58 = I +F°] TFH/T 7.0%
AZEHAT. e 2R EFE odsto] Q191 oRE 24
Sk A XA = AN BHHSHE oY= E solaniet
C. destructans’t L= A= AL & & ATk Lee
(2004)2F Punja (1997)°ll <]aha <lste] Azl dov)=
FU2o] FH& B HUFS C destructans 1L T
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Table 2. Soil borne pathogen detected from seedling cultivated

in ginseng nursery made by diseased soil.

. Fusarium  Cylindrocarpon ~ Fusarium
Species . etc.
solani destructans  oxysporum
Rate (%) 44.8 4.4 43.8 7.0

fInvestigated date; July 25, 2012.

el 78 C destructans7t A ZAHE T F solani’t 7+
=] S Aol o ofstE7] wiEelgal Hilst
Gt 22]al o|FE-RoNA E solani’t C. destructans®t} T
=2 HEE HAEEIY RS 7Y skeAe Aol 25CE 4
3)3ted 20C W] A LoM 2 A= C destructansB.Th
25C9] oM & A= F osolant $HEN] WlEoZ
A ZFE Tt (An et al, 2013; Park et al., 1997; Shin et
al., 2012). Gyt Eo|A Zo] HET= Rhizoctonia solani
= A2 49 se5Y el 7] AR I FEste]

3] BASHS dovl=t, & AlRolx e o] 7Y sk
o ojE HAite] MulE A A¥ R solani WHTS 7]
Z5A] AAAT EYolM = EAY ASE AZECT} (Cho et
al., 2004).

2. RE ST £l0| S| vigt

Table 3049} 7ol F3 F8AS FrHI IFd A5
Aglete] Bl pHeF AFses AR 2%, EY pHE

o] Tt ZoESE F3lo] st &, FAe9]
pH 5872 & 2.0% F&H4ES 7+ (33 n)F 5EEHY 23]

HFHE o) 4082 7Asle] BEGbET) 1,79 FE WEirke
BHE Btk 19 78 IR ES pH7F ez ]
L FFo] Boll =& u A)E Aol (HH 7 Wi
2 Rtk el FHES EiEE pH 5.0 ~6.0013 5.0
o3¢} 6.5 oA E A A7 WAty =
(RDA, 2009), & Aolxe} o] H3 1.0% ode] 48
< A5 ERIE AR AWAEI7E S 4 7] o
ol AEAEE =] fal A3E Weske Zlo] eg A
°2 AZHEY Kim 5 (2000)% 3] EY HA| A3E

2 olgE WM E osolani= 3ol HAEEEH], ol W ASSl] B Tkl G ASo] SEHAL stk
Table 3. Changes of soil pH and EC by the concentration of sulfur treatment before sowing in ginseng nursery.
Concentration pH EC oM NO; P,Os Ex. Cation (cmol*/kg)

of sulfur (%) (1:5) (dS/m) (g/kg) (mg/kg) (mg/kg) K Ca Mg
Control 5.87 0.27 4.23 10.8 38.3 0.20 4.98 1.61
0.1 5.22 0.53 3.46 16.2 36.6 0.21 4.40 1.53
1.0 4.59 1.28 4.51 26.6 60.4 0.20 4.24 1.44
2.0 4.08 2.41 4.37 36.0 58.9 0.25 4.48 1.55

"Date of treatment; December 6, 2011, *Amount of irrigation; 10 £ /3.3 m'.

393



0T - 0155 -

o

Hob

o b FoldFS F3lo] 27}
H @abel2 (s0,7), 2e]aL #3l
Z7M171 Q102 . ¢

¥ 0

~

©

2 odx 4 o
=2
X

i

AT SIFEE (RDA, 2009),
FE7F 1.08 28] o
S7tll Felsok

do
ot

=

TT O 4—
e g
Aow AzEY,

£ gREE & 78

=5 F7M7IE 8 771 At A,
ntadlgE, YEF, At Folgta =t (Hyun e dl,
2009), & A3loA Table 29} 72¢] 4% F=7t S7HdTS
AREE7 S7HERE AL ol olejdl 7tz Aty

AqHOo

=
= o

s} A3t ol STHEN e s Btk f% 78&
of ol wheh AL, At S v STHEReY
4E, Zg, vils FES FARSE 2 ApelE BolA] &
k.
3. 7 £3Y A0 WE R0 Mz U XoH W LM
AN dx

Table 4olX 9} 22o] vgd & T84 A5 we Bt
of AV ASEAES AR A, A2 0.1% 73 dF

- Zol= - Mei Lan Jin - 27|E

sH FAg o S7HER oY f8e] Fet S wEk
22F AAEJTH GFE /3 1.0% F=TRE FAE e 2f
o7} fIou 73 2.0% HEor= ARG s
AEL S AP s A= FAg R o gAEE A
S B o9} o] WAL {3 HshH
HA=H, 12 1.0% T/ 994 A A2t
o {3 2.0% HeldMe gudel gavt st

Aol A7)= I F3e] T2t TR Wt 2R S
74=)o] 83 1.0% HEolA 20.1%8 JTS BYoL} Eols)
A 58 2.0% AZeMe 5ol A3 SRR it 73
2.0% A oAM= Table 33 72o] EYAIETL 4.087H4] 7HaH
I GFREEIE 241 dSm7EA] F7EEIQ o o] A A
=2 ok, 3% e T2 BRI A (Lee e
al., 2013, 2014} gRsxe] 7} giolgls B3 (Hyun
et al, 20099} °F7F TR AFE Ho] FF {F3F%, pH,
ECS} 35 o] BAlel tigh AAMst HEZE dod Zlow
wel},

3 89 Ao mE FE4 TS A F
% 0.1%, 1.0% T e FART oz ZAE =], o]
= el o] WAE] wZeldnk f3F 2.0% 2ol
Qe o] WAER] o} HEA Fafo] FAjHTE oF

H= -

B

qr

Table 4. Growth characteristics of the aerial part of seedling by the concentration of sulfur irrigated before sowing in ginseng nursery.

Concentration ~ Stem length Leaf length Leaf width dRat'O of Chlorophyll Ratio of Control value
of sulfur (%) (cm) (cm) (cm) iscolored content Estalghshed %)
leaf (%) (SPAD) seedling (%)

Control 5.5b 3.4a 1.9a 0.0c 27.8a 56.3c 0.0c*
0.1% 5.9a 3.4a 1.8a 9.8a 27.1a 72.5b 37.1b
1.0% 5.8a 3.4a 1.8a 20.1a 27.6a 89.4a 75.7a
2.0% 5.7ab 3.2b 1.8a 0.0c 28.0a 90.6a 78.5a

*Mean with same letters are not significantly different in DMRT (p < 0.05).
"Date of treatment; December 6, 2011, *Amount of irrigation; 10 £/3.3 m'.
*Investigated date of growth characteristics of seedling; June 25, 2012,
! Cultivation; greenhouse covered with black polyethylene net of 85% shade.

Table 5. Root yield and occurrence of root rot in seedling by the concentration of sulfur irrigated before sowing in ginseng nursery made

by diseased soil.

Ratio of No. of

No. of

Concentration survived Control survived plant  healthy plant Root weight Root Root yield
0, 0, 2

of sulfur (%) 100t (%) value (%) (©a/3.3 ) (€a/3.3 m) (@/plant) length (cm) (@/3.3 m’)
Control 11.6¢c 0.0d 174.1c 52.0c 0.21c 9.6a 30.3c*
0.1% 19.4c 8.8c 291.4c 56.0c 0.25b 10.0a 53.1c
1.0% 55.7a 49.2a 827.2a 252.7a 0.35a 12.5a 150.7a
2.0% 39.0b 31.0b 585.5b 140.0b 0.28b 10.7a 119.2b

*Mean with same letters are not significantly different in DMRT (p < 0.05).
"Date of treatment: December 6, 2011. *Amount of irrigation: 10 £/3.3 m'.

*Investigated date: November 7, 2012.

! Cultivation: greenhouse covered with black polyethylene net of 85% shade.
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C. destructans

F. solani

R. solani |

Fig. 1. Colony growth of Cylindrocarpon destructans, Fusarium
solani and Rhizoctonia solani by the concentration of
sulfur in PDA medium.
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Fig. 2. Effect of the concentration of sulfur on colony
growth of Cylindrocarpon destructans, Fusarium
solani and Rhizoctonia solani in vitro culture using
PDA medium.
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