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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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A3kl ALl HElE A vies BRG] W
Rl Cylindrocarpon destructans, Fusarium solani, Rhizoctonia
solani 53} 71e} a7} BHH o2 fofste] dojup=t], 2
FAME ZFet WA JYHE 7 C destructans®l ©]gk
12k o]l Azpgae] 7HE Task Alelth. (Park er al,
1997; Kang et al., 2007). B3k ¢latola] Bia)w)g-Ho o
St= HAdE F2 C destructans, F solani®t R. solani?]
], o] ¥ Eel® Wt FA C destructans
9} R solani= W0 vl 7SIl E solani= WA 0]

okt Aoz UHA U} (Kim et al., 1997; Punja, 1997).
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2b, AV, B AR, Wi 53 22 ot
23 2EOA s FIjAI7]=t (Booth, 1966), A5
AL 20|32 HF pHE 4.0~5.02 Helolth (Cho et
al., 1995).
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012 - 053 - v
do7l=d], it ofglol -, wiE, iFE ek AAS)

I A2 AT, oF%, A, 7] Solle e dovn, s
HAHerE 22~26C |3 HA pHE 4.5~5.8°]t} (Cho et
al., 2004).

Aste] MRS HE WS doy)= 7IFHe7E WAL A4t
I e 7)1FA 0] Yo EY Fox a7t AEsRE
WAZE 2t AAl B 94 Wels WAs] flsiA

= 3EFEoks ok ARgElor sh=l,

Hol] Aua ALH WAL et WA &4 F A
A AG dgmAE, 8 T 2 113 AAE olE
sto] WHA|sk= Wel geldolgtar & & Qi

3} (sulfur, Sy A]E¢] I5r} J*Olﬂ% 21 EA 9
I H|5=3E 07 0.1%~1.0% FE gHrEo] Uk ES
o] g2 A4 FEE HAEY dAY Pl 0.05~0.3%
A% dslEe] P2 EAlsh=dl, 5714 2A T3k A
U EGuAE o8 Akl EallEo] 271e] Ak Fol
(SO, FE= 2 & S, otk s A=st
S olakela) (SO, sl (H,S)y7F vlof 4]
A7 o] &=7]= gt} (Ryu, 2000).

78 213 f71E AR o] 8=, Ast, AH|as
oftet A& ASS Hsk= #E-S shetl,
Tl M-S Hole AYFFE, @AY 58 Al
st7] Sl §3S EYel AMdt A #AME ARl
Ao} xApdol oA g7t w9 Al B o (Kwak
et al, 2012ab), FHAE 2 EF pH/F AstE]e] 7} tde]
el o] AAEATAL AT (Kim e al., 2012). =5
B 132 AMshd @Rl Aol A=Y A3 B
&S FPIIH FRFe] F7FEACH (Kim er al., 2004),
oA 73 A7t A, H 5 FIRE $EE SUMI7IA
71%%73 /4% (thiosulfinate)®] ?ﬂ'ﬂﬁ =7 AT ST
(Choi and Surh, 2013).
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Table 1. Soil chemical properties in the experiment field.

Ex. Cation (cmol*/kg)

pH EC OM PO;

(1:5 (dS/m) (g/ks) (mg/ke) K Ca Mg
587 027 423 383 020 498 161
gzl FNitel fRE FAE ARSI

oPEFE 28] 8l 20119 109 sk AP
Aol Aste] Frmoll 2717 FrRERe] S &9 05m

Eo|& JEsto] ARG} Hls=gk EYE O] NS 24
st a7k AR @E HEsk s (F Tm, 0] 3m, 2
o] 70m)E HRISAL FA 254 A (FEE 15% He)
< FESI

NMFAE HEal] Aol 2011d 119 7ol F753
FHeE2 s, ARSI 0.1%, 1.0%, 2.0% T84
o= vhEo *JU*OH 7 (33 n)yd sEEY 159 HHeE F

2§] AFEY. F, 119 2199 17} F3F & BEkS HF
a1FY Tl 2%} IFE 3] ESAEAYE SISt
Bg-2 22k AFAE] 1Y $21 12€9 5ol sisler, b
FUEE 3.5x3.0ecm=E 3.3 nig 1,50082 vk Al
A EY 382 Table 13} 220, f715 ko] tha v
Ao} 71EF g QAo Ajtet ok Al W
AL A TE 6.6 ni o] oH, G 3WHL0 2 HiX|sI3ict.
EFTAE 20129 53¢ e AEE AFHGE] SHEgHTd
o] E9kslelA EAMPA (NIAST, 2000)0] Fate] 2418131t

BT A Tl 7] Slsl A7k 43] el dr
2 dlo] EUFE TS 18% WelE A ndeky-
2 Al 77 AdEo] HEUY, vy 5

=
]
=]

o]l AQ7] W (Lee er al, 2011) A el WA=
HE 2 5kx] eodth

ANEEANN EFAGY Hdae 09 HAEE AP
3l 20124 79 T FA Tl §° Ql BARS A
sto] Welsre] WA oRE Rl AR AMS E
TSFTE MRe] A2 & ol AL g 1% sodium
hypochloritedl] 4] 287} T AtslSich W Abtsk ol %

A& R 33 MFslal Ead °=]-47<] (Whatman No. 1)
2 E712 AAZ 5 streptomycin (600 pg/ml)e] 78 7}
Bl A] (potato dextrose agar, PDAYY X|4sle] 25C &
71014 597F wigslTh. X173gh oW A ellA Akhd #AE
o] At F2-5 wlojx] PDA HiA|ol| Attt EelE
£ water agar, V8 agar WA 55 o]&3d] ©xxl EglE A
Alal A 2 Fej7t $Ys 775 Ao

228 #4579 —rﬂ"ﬁgﬁm 4L 9180 complete media
agar HI|Xol|A] 7L7F H S & CTAB buffer (Proctor et al.,
19952 ©]€3} genomic DNAE FZE3519t} 1DNAY] 535
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Falol ot =l oM S0t

218l ITS1 (5-TTCGTAGGTGAACCTGCGG-3'), ITS4 (5-A
ACATGCGTGAGATTGTAAGT-3') primer set AM&-&} 3L
A718F & & A7INES BT RE o e
#& 15% SIS &0 dEsle] —70C 242 W
B3] ARSIt

Qlite] EFHEA WY 3% (C destructans, F solani,
R solani)®] A RN F7)58e] FFS AR
?1all PDA wiA] ]l T7I FE 0.1%, 1.0%, 2.0% T==2 3
7hstaL iR Foll HETH & 7oA wigstHA] FEol
AHE AR R ZAs19or, 7 AL HEoR 53

Ak BZAe] Aeht ®s HJXM [1 -HEE W e
2] W EAAE)] x 1002 o]83te] F3ldith FAIAE = SAS
zg38 (SAS 9.2, SAS Institute Inc., Cary, NC, USA)S
o]-g-ste] AT

23} Y DE

1. 0| Re0iM HEE Yeg Hade SR7
At WA BEFS &AS Aoz 24T AFEA
A RS S8 Bl Bake Afsle] Hdds AT

ZAI-= Table 29} 2o} 79 skeoll FA g TolA A e Al
F9| o|HFRLoA BEH IS LOT|= F solani7t 44.8%
AZEJI C destructans= 4.4% AZEEHJT 2832 SlAk
A 28 JAFeZ 4R F oxysporums 43.8% HETS
om (Lee, 2004), 718} 58 + = +8°] TF7F 7.0%
AZEHAT. e Q2R EFE o8&t Q191 oRE 24
gk A EA oAM= At NS dOT)= F solani®t
C. destructans’t 2= Uth= AL & & AUATE Lee
(2004)2} Punja (1997)°l <5k Ql4te] AzgslE do7=
FURlo] H& Nl HYAdS C destructans ©Y U
BE oldE BEloM F solani= 7o) AZEHEH, °olv H

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.

Yol At C destructans’t WA ZHE F F solani7} 7
FEo] NS Aol o ofstE7] wEelgal Hirst
Gt 22]al o FE-RoNA E solani’t C. destructans®t} T
=2 VSR HAEHUE AL 79 sk Aleo] 25CE
3lsled 20C W 9)9] Ao & 22= C destructansE.Th
25C9) oM & A= F osolan?t $H=EN] R 2
AZtE Y (An et al., 2013; Park et al., 1997, Shin et
al., 2012). Lt EGolA] Bo] AZEEE Rhizoctonia solani
= ASZ7IQ 4Y ks gl E7] AR Tt

Qrke] RASHE doy=t, & A et 2ol 7Y sk

o] o|HE [AFe] Bg|E AV A} R solani HYFS A
ZHA] UAT EflM = EAE ASoZ AZFEC} (Cho et
al., 2004).

2. 58} 5T E0to| sjsio| Hs}
Table 30IA 9} 7ro] 93 4~gole =
sl B pHel AFEEE }_/\]-'ES‘_} Az}, Eoo]:

e s=7t oSS Flo] st &, quau
pH 587 % 2.0% F8AL 7k 33 nh)d 5EY 23]

TS o 4082 7HAste] ERIETE 179 A% HE7 ke
95 HAY 78 89 A2 BEY pH/E HeEizid €91
2 fElo] Eof| 12wl A)E Fhole (HN)] 7t wEe
2 Btk el HEd EFiEE pH 5.0 ~6.0013 5.0
olste} 6.5 ool AN BTt SF=t
(RDA, 2009), & Ag@x e}t o] 73 1.0% o] 481
< A ERIE AR AW 2T 4 7] o
ol AEAEE =] flal A3E Weske slo] e A
o2 A7HE) Kim 5 (2000)% F32 EY A A&

A&l EYS ?5}0}\_ GF-o] Aol FXEATHL STt

Table 3. Changes of soil pH and EC by the concentration of sulfur treatment before sowing in ginseng nursery.

Ex. Cation (cmol*/kg)

Concentration pH EC OM NO; P,Os5
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'.
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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 Chlorophyl Rat'(.) of Control value
of sulfur (%) (cm) (cm) (cm) iscolored content Establlshed %)
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 (%) o0t (%) value (%) (©a/3.3 m) (€a/3.3 m) (@/plant) length (cm) (g/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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wae| oltt =l oM Z2t

Z7E e, ole o] JE4ThE Baby PAo JaFs
n|x 5 S oA wiEo® JE ) (Hong, 2012).
69 ko7 YEES AR 249 /43 vt SRS
Zgo| Flo] ZV7EAL WA §8 1.0, 2.0% s=0|
Z¥zt 75.7%, 718.5%= A&z7] d3H WA Aol a3}
AR} R solani= BATE] ASZ7] YIS oA ¢
RES Y= (Cho ef al, 2004), 19 29} 7ro] AA)
S A VAN E 3 IS Yol
solani®] #F A4S Felo] JA|s13
Table 59llx19} o] o /3 -899] AFAg ol we
BAte] At ASEA 2 Wal B oA HeE A A
I, A AEES 73 789 A5l mE T EG F
o] Z7k=o] Wal A AAlol axpr) ASdeh. =, F-xglol
Aol At AEEL 11.6% ©INoH 73 1.0% F<=ollX=
55.1%% ZA Z7FEAch 28y 6389 T 2.0%E 5
7hE KSR AAEE-S TA] 39.0%2 AAENE, ol B
% pHe| TAet AFsxe 343 S/ e Ay
of ¥aS vzl ZAe=F AETt (Rahman and Punja, 2005;
Shin et al, 2012). 8 8 I w2 25 B9
W71 1.0% FollA 492%% 7P =9kon) dukdo g
e 58 Btk BAe S AETTE 4% 1.0% A
glox 2hg 27TR 7 wekou £ 2.0% AFedME
58670 = ZHAastich. BAFe] Aahtel] s winte] gle Axd
g BAEE 9 1.0% AelelA 2 253712 7P Boke
8 2.0% AgoHE 140IE AEAT FEHEES B
< 8 Aol FAEY ST A=, £ 1.0% A
ol HIE BAoHW, §3 2.0% e AaEHe
S HATH 78 1.0% HolM FFaEse] HIE Bid
018 AL PEgo] 7R Qo] o HELEQ] wjEo]
), F5 2.0% Aol FEEFol thi 7had Ul
o] 7k o2 AZFATE Lee T (2007)0] &J&H B
Ao o] AEEI AE7|7Re Bt 7 2
nXThaL SIHeH, Lee 5 (2012)= U4 &=k T
o) st BAE Ay ST I AEFS A
&3 FIFFo] S Bl 53 1.0% AdA 7
ek, £8 2.0% A= FAaHAE, ol AH:
A& FIEF A o= Helth

N2 ono

fo: |
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fr o% > g
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4. JUoM =& s YWlo| Mz o A%

Fig. 13} 7¢] PDA HiAe] F8-2 s=HE Aste] 4t
o] 8 EgHARS] BN WAA (C destructans, F
solani)?} ZAEHAT R solani)d] 4% AAS AV A3},
Qak BN S v RAEHAd 2ol f5e] s=t
S7¥ehol wel W] A a3t SRk Fig 2
of|xjef ro] U4k BEIHSH ] ANl C. destrucrans®t F
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C. desfructans f

F. solani

PDA+R #(0.1%) PDA+R &8 (1%, PDA+F 8 (2%)

\
R. solani |C &1

Fig. 1. Colony growth of Cylindrocarpon destructans, Fusarium
solani and Rhizoctonia solani by the concentration of
sulfur in PDA medium.
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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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A R solani®] dAMIEO] 68.4% AA=F ).
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o] TAAA A 53 1.0% Aol B A AE
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S vH7] W2 AZHETt (Rahman and Punja, 2005).
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