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Effect of Soil Fumigation and Maize Cultivation on Reduction of Replant Failure in Ginseng

Sung Woo Lee', Seung Ho Lee, Moon Won Seo, In Bok Jang, In Bae Jang, Jin Yu, Ji Won Moon and Soo Jung Suh
Ginseng Research Division, Department of Herbal Crop Research, NIHHS, RDA, Eumseong 27709, Korea.

ABSTRACT

Background: Dazomet are widely used as soil fumigant to solve soilborne problems, and the degradation intermediates are toxic to
nematodes, fungi, bacteria, insects and weeds.

Methods and Results: The effects of cultivation of green manure crop, maize before and after soil fumigation on the control of gin-
seng root rot disease were compared using soil where 6-years-old ginseng was harvested. Fumigant (dazomet) were used for soil
fumigation in May and September, respectively. Maize was grown for soil management before and after soil fumigation. After May
fumigation, the sowing date of maize was delayed by 15 days and thus its dry weight was decreased significantly. Maize cultivation
after May fumigation increased pH but decreased EC, NO;, P,Os, and K significantly. Maize cultivation after May fumigation
decreased fungi population and the ratio of fungi and bacteria. Growth of 2-years-old ginseng was improved and the incidence of
ginseng root rot was significantly decreased by maize cultivation after May fumigation. After harvesting 2-years-old ginseng, the
population of Cylindrocarpon destructans was not different between treatment of May and September, but Fusarium solani showed
a significant increase in September fumigation after maize cultivation.

Conclusions: Maize cultivation after soil fumigation was effective in inhibiting ginseng root rot by the amendment of mineral com-
position and microorganism in fumigated soil.

Key Words: Panax ginseng C. A. Meyer, Maize Cultivation, Replant Failure, Soil Fumigation, Soil Microorganism

M oA Helte] MAAE ellA dAzPdsl dAo] SrkeAl "t

RIS (Sun ef al., 2013).
4t (Panax ginseng C. A. Meyery> Q3d ZHE] ghef ApbEoA Ege g HHlsEles EZLS C destructans?]
Az ool & BF e GAE 7RI ¢ ZLEO]E] 5 A&l jé}lf& FFeEdo] Ha BT EAe] wolE e
Uets difsks SAEE AAR SR Aol Erh 22y o k= Als® Agshs 3o 79l =dE ek vkl
AR Qlele] 22K BE QAR Z7t, A AF 5o 1-5} 3T (Xu et al., 2016). E=3F QIS AZsHA =W 4
2 Z3Gu7t solut Aol Hab sk al Qe Aol o] #Y F2 Aol Bt EdETge] ostdriaL

Qitel A=A sN = FE  Cylindrocarpon  destructans<; 31 (Lee et al, 1989), Fusarium spp.2l ol 23|
Fusarium solani 53 738 EFAHE Hdatol o3k ira)¥ EGmAEYo]l Tl Ho] AzPde] wo]l sojdtial
&9 wjEel Aty B EITh (Rahman and Punja, SR (Park ef al., 2011), AP XF} 712 AFof 9]
2005; Kang et al., 2007). QAR EH|HE HE=315E g T Az S F7RAIZITIAL ST (Ohh ef dl.,
o] FAE]o] Qlate] Kol AAE|AL (autotoxicity) HHE]H 5 1983).
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Q1] A E A7tst ]
Sibyo]l S8EA At HA Bo] ARREOIRE vE H
tlo] = (methyl bromide)= 27 7}25 W&l 255
9= &l7] wzel] ARg-o] FA]=¢] metam-sodium (sodium N-
methyl dithiocarbamate)©]1} TFEW| [dazomet, (tetrahydro-
3,5-dimethyl-2H-1,3,5-thiadiazine-2-thione)| 2 A ¥ At}

x| Ale Efs=el tig SA4o] vl Aom 4
of gk FFE ol ojxgtds} A AAlNA de] ARE AL

It} (Fritsch and Huber, 1995). tZH UAIE E 41o]
Z‘ﬁ ESFEF Qg3 MITC (methyl-isothiocyanate),

8l EFEAE ol&%

E
=
=0
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ST o

, 2 71El 3 ERE EslE) B8l FHEER] MITC
—t— Hz—v, #m ahg|2lo), 25 2 x| %*éé ERATEH
B 24 A7

0] YF=ERE olgHE, MITCE &
2hds] IUEH] RaL B Lol ol %}\E}7}' 7—‘]’3—%
S o )& = & AL 9T (Frick er al., 1998; Fu
et al., 2012).
B e "3%@:% Bl BElle E

G = A3 475 EYM Rule EY HY
ol oate] WAsk=T], EY HE dod|e tEAQl Wt
& AW (Phytophthora), Z=Y < (Pythium, Rhizoctonia),
WM ST (Fusarium, Cylindrocarpon), SRS W<t
(Sclerotium) 5°] JoH, Mo Z2e FEWE (Erwinia)®)

Atk o5 YA (FHEAHE WEAY EY & wo]_m
= AEA 232 &oA A77F Ao Jeshy, i o
Aol FE & Ue A PAFEelD AEE A

A Sfuict Welto] B A ¥ wAo] HH o A
af It}

EFEAR EYass & Ay EY ¥HE
7 B ojlgt B Al fA Bl He
AETHA] APdEo] EFESS 3 th2ole EY AdE
Eske 71€0] Fositla 1992 (Bonanomi ef al., 2008),
EFESATY s B2 2 K (2lE 99ERE)e] 2
A Ao 4TS vA F Yz AT (Frick et al,
1998).

meba] 2 dAFoxe thEr AR EFEES o o
=048 (18 S5 A Bl olsein vl
AEFS TR ol Bl Q4] Al AadE
W] flal Al

e

oF= 4
o151

gl

o
=3

2 e

e

=

[s]g=}]
og

M=

¥

1. A[SIEQk
B AL 20169 SERE 20179 108714 ZPAA ==}

xlo|= .
o=

249

oy -7 T - 2XY - M

S5} QISR AT SRR AFERE 2015
| 108 <ol 6 W A4t (Panax ginseng C. A. Meyer)
< TS A BEGS ol&ei=tl, 2016d 4€ <ol
20em o] olle] FE2E AHAste] AF 0, Fol
35cm o] FohiE YYPEE (Namyang Plastic Co., Gunpo,
Korea)ell ol Hldahe-2 Al QEo g &7 v AJFAIE=R
ARE-sFA T

AYEFE ARKE (REEPIZOR, £ ofstebye
6.20, EC; 0.77 dS/m, OM; 17.46 g/kg, P,0s; 150.9 mg/g, ;
0.45 cnol'/kg, Ca; 4.17 cmol'/kg, Mg; 130 col'/kg 2zl
g Egoloitt.

SHIZHE Ao} SRR Al § B9
Q14ke] Azpgel A aAE sk Sl
S%Ur 9ol 77t FFAEE STt 5Y T5AE e 59
el ESS FAEE v SHEER AIES STTE
?HHHOP"% ABAE HYsIRom, 94 FEAF = 5€oll A
& STTE At A ATE g vy 9 ol E
Fe F5AE stk
E35A= thxv (dazomet) YA (basamid, Farm Hannong
Co., Ltd., Seoul, Korea)S ©|-&3t9 =8, Fu 5 (2012)9] W
Holl whe} thzd] QA7 Bl Bt wheake] 7k
2 2 e F JEE Agsle] EFTES 18% WEE =
Ak oy thxd] YAIE 10 ad 60 kg o] MR B &
skt 22l EF ¥l 0.15mm F79] PE FHHIE
(Ihlshin Chemical Co., Ltd., Ansan, Koreay2 T|&-3}o] 7}
7F 371 TR WEHe As Uskth
2 7 AHet] 5 AEe o vdEe Wi 2 o 7
AoE 3 3] & FFo] IR 7kAE wiEdlth. $5AE Al
A8k 10 cm Zlo]o] HH#A2-2 590] 204TC, 99| 24.8C=

E'IE

ey Hzewel 150E 45islel /ey 208 35
st
=H|IZ=2 Ml

EoF T=Aa] AT =n|2ES Ausy] Y AlEE =
FF F5% BEEE ol gt

o1 =

59 4% £7 AgTE 59 skl S5 $A4E TEY
2 94 Hsiste] 0 shebA AR e HEAS Sem 2

7= Aestel B9 S5t
08 W4 #5 ALTE 58 el 55 FAE LEG
2 9 oA3led 88 Shivl) AN T AEAE Sen 2

Nz dustel g FAsTh BRE EYFRel 18-
20% W2 fA1E 5 =S Ads] 2dsion, S
S flal ARl e shA] et
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4. QXA X|9tek (Phospholipid fatty acid, PLFA) &4

EdE 54 3 uE, Baks AAsk] 291 20174 4
4 Al ERAEE AF S AAE Ak
EG mAEdE sk

EYAE 49 chloroform (4 m{), methanol (8 ml), buffer
solution 32mf, pH 74)S &3l AEE F=E3 e
silicic acid columng ©]-8-3}¢] neutral-lipid, glyco-lipid
phospho-lipid= #2]3l3Att. o] FellA IAHL wdsish A
Wikl fatty acid methyl ester 19: 05 WFZITEEE2 92
o} MIDI sherlock microbial identification system (MIDI
Inc., Newark, DE, USA)S& A4S #4530tt.

7} AR Ake] ghe 150 ngd FES WF-REELS

o= T =
7k A 8Y 50 0 gol ARt HA PLFA SollA 8
AF AP ol AAE F4 AFES ol&ste] AR
B39t @Ex3F AR 16:1 o5c, 17:1 oSc, 18:
1 ©7c, E3} APARS 14:00, 15:00, 16:00, 17:00, 18:
00, 20: 005 A3 APrte= o]gsiint.

AT AE AR 18:1 wlc, 19:0cy oSc, 17
1 08¢, THUATL i14:0, i15:0, al5:0, i16:0, il7:
0, al7:0, A& Za/ddat 2ol i A% A
AHS 5 o] 83kt HEolE 18:1 w9c, 18:2 wocs, H

=

P

A#S 10Me 16:0, 10Me 17:0, TBSA 10Me 18:0Z,
TITEE 16:1 05¢5 °]&319t}
5. E Ol3lstd 24

EGS 548 g vhe, BARS BAsE] Al 2017 4
4 ol EFAEE AFEIT ERNEES T8t B4
< 20 mesh QmmAE TS thy fdel wAsHAl Zo}
4802 ARSIt

EgslsdE 5 pH, EC, 718, fa94t 2 X3 <ol

22l K, Ca, Mg 5&X&H ESstsiA (NIAST,
20000 Z&FATh A8 10 g2 100 ml AztZekizel] Haks)
3 HEA (0.IN HCl) 50ml H7} & 8k 532 30TColA 1
AZF & & Toyo No. 5BE ¢33} ICP-OES (Intergra
XMP, GBC Scientific Equipment, Braeside, Australia)Z X]
Y Fol2s 4Tk

\

6. 2let Autze]

20179 49 el JHAl F 0.75g W9le
20 4 oldste] 2 FAY Qlake] ASEA H e
AES ZABIITE AREEES AT 5 ZEX
wjxste] ZARSHATE A 3 3.5 m, 0]

gAkS FEC

Reig, |

2pgrko & 9Baigitt. 71l Apjaes Qg R o
ato] A st

|AF
=

250

o:PCI-IFsH

O XFE| 742 l-;jl_|.

o/

U-l
(LS
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20174 10¢¥ 307 2 WA Qs 83 o ERRE
£ AFHsk C destructans}t F solani®] REE F2314th

5g3} radicicol (Sigma-Aldrich Co., St. Louis,
MO, USA) 50mg/ £ & &7}t minimal mineral broth 5mé
£ 50ml falcon tubedl] ¥, 48 AJ7F =<t 20C 270X
AR sk A LS g falcon tubeE 1 #7F, 5,000
mpm 22 AR §, A 1l S EFTE o83t
100 ¥i=2 3]st} 34l 400 10 S radicicol 50mg/ £ ©]
714 minimal mineral agar W x]ol] =23}5 T},

20C zAellx 7 A7 vig = HYHo] DNAS F53 o
= DNA A58} QIMHEEIA St 548 primers X33
= EFHS=Z RT-PCR (CFX96 real-time system, Bio-Rad,
Hercules, CA, USAYS 33l 1 A3E B U= JF
e tidste] B BMdwe dxE SA A

-
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Table. 1.Growth characteristics of green manure crop, forage (20082 ThxH A= FFAA48 dmUole) AAvt F719
maize cultivated before and after soil fumigation.

o ST,
Plant — Stem — Fresh Dy webq E5HE sh Aagreld dFEREst A A
Treatment height ~ diameter  weight weight .
q Jo g =shE 2= Q) o oF 129 °
(cm) (mm) (ke/10a)  (kg/10a) 87 :A] N ﬂiﬁ ’“7] el io O]ﬁrgz ZH?Eq
2 Ao H o} 7o zx)7F 298 7
MCAF'  18280a 22051 3527.00b 2783000 oI . 1ot S At 2 227k g A
SFAM?  20420a  22.76a 4,752.00a 3,749.00a <= ¥ZHECh
YMaize cultivation after fumigation in May (date of sowing; May 24),
ISeptember fumigation after Maize cultivation (date of sowing; May 8). 3. EQF OjAZAlo] big)
*Means with same letters are not significantly different in Duncan’s X L ) E=AE Sl AlEg 0o
Multiple Range Test (p < 0.05). Corn variety; Gwangpyeongok, Table _30" 1ot 2ol 59 o] A Sl AlRS |
Fumigant usage; dazomet 60 kg/10a. Z Qe e 5 A T oY F= Agroh ok

Aol F71sa gl RaEEd, S5 A
B F BN 290l EaslTR ol EFEFS S

jus)

(Panax ginseng C. A. Meyer) oA |80 ol zjuj

Ha e Feetie] AEFS 10 aF 2,223 kg oL B St s BEEA] Eal @714 Al 2EeA e
A= (Lee ef al, 2016), & A]tﬂoﬂ/\i 9 F= 5 o uny) oy fEOZ welT)
TrE Auiste] B717F v AQHAE S e IR AT vlES 5Y T5T S Al
Feaetart) Bt} wlx 27t =8k=dl, Kramer?} Gleixner (2008) Kim#} Lee
Wb S5eFE o] 2 uE7)7) vk A PE o HH) (2011) 2 Lee 5 (2016)= AlA3F Z0]2 EJeALY f23H5E
2] e FEE] & F US FoE e < APk Z2HSAIS] HEo] ST BATEIRIT)
Z Al A7l 7kl zpol7t gl ot 3ol 5 ol /Al
2. EQF O|3ferAo| wigt o] HE&L 59 5 F S A AolA AU

\

Table 20149} 7Fo] 5Yo)] F=AEE 3l AlEE S5 Chung 5 (1989y 2%, A7), W32 AZsPa Alde ¥=

]

£ Apfste] A AEE AHFH ST XHHH 39 5 7} ZHestal rgele] vt Srksh, ol Alte] HEol
A Bt pH= S7Ft EC, NOs, P,Os, K& fF94os F7HEHa Bisiiet], & AlfddME #3014 e
o] Ak AufEklel AHEg EYRo] 2= 59 55 S5 S AeldM 9 Zioh

Lee 5 (2017b)# Youn 5 (2017)% &ZFEou HH|ZHE
< Aiste] B %O}E‘i EY pH7t S718laL AR 4. Qleio] MREM U S Wwlg

]’Zz Eher— sich dukzo R thxm YAIE ol8dl E EOJ oA e AT AFRE SFE Ausie] A #

S A s A7y HE wEelEe] Tk, Fak
% o g Bl A Eo] ol A s 4o
Aot RIS} (Frick ef al., 1998). Bonanomi &

2 3 U TS AHAsl] 2 JA Ak o AR A8
% ZARRE AF= Table 49} 22t}
59 &5 F S Aplste] dAS AR Aol

Jlm _YE

i) URO

=i
=
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Table. 2. Changes of soil chemical properties by forage maize cultivation before and after soil fumigation.

Teatment pH EC OM NO, P,O5 Ex. Cation (cmol*/kg)
(1:5) (dS/m) (g/kg) (mg/kg) (mg/kg) K Ca Mg Na
MCAF" 7.19a 0.84b 56.90a 33.70b 203.10b 0.59b 9.83a 2.04a 0.16a
SFAM? 6.86b 2.58a 65.40a 162.30a 241.70a 1.00a 10.50a 2.34a 0.16a

PMaize cultivation after fumigation in May, ?September fumigation after Maize cultivation. *Means with same letters are not significantly different
in Duncan’s Multiple Range Test (p < 0.05). Fumigant usage; dazomet 60 kg/10a.

Table 3. Comparison of soil microbial communities by forage maize cultivation before and after soil fumigation (pmol/soil g).

Treatment G+ bacteria G- bacteria baTgttgrlia Fungi Actinomycetes GE(/)/G)—F (F(;B)
0 0,
MCAF" 9.91a 27.34b 37.26a 5.32b 0.86a 0.36a 0.14b
SFAM? 5.65b 46.96a 36.18a 15.85a 0.73a 0.26b 0.24a

PMaize cultivation after fumigation in May, ?September fumigation after Maize cultivation. G+; gram positive, G-; gram negative, F; fungi, B;
bacteria. *Means with same letters are not significantly different in Duncan’s Multiple Range Test (p < 0.05).
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Table 4. Growth characteristics of aerial part of 2-years-old
ginseng by forage maize cultivation before and after soil

fumigation.
Plant Stem leaf Leaf
Treatment height length length width
(cm) (cm) (cm) (cm)
MCAFY 16.00a 5.98a 5.63a 2.87a
SFAM? 13.30b 4.47b 5.33a 2.69a

YMaize cultivation after fumigation in May, ?September fumigation
after Maize cultivation. *Means with same letters are not significantly
different in Duncan’s Multiple Range Test (p < 0.05). Fumigant
usage; dazomet 60 kg/10a.

a0

A3
oM el 2ol =
= Al ﬂﬂl W
- =0} <l
] Afujel @%‘r@ |
e 4s et
2015).
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= 3 e BARS A2l 2 dA) <lXke] Xk A8

L

1.0dS/m °|¥, |F7F
RISAT (Kim et al.,

wmam o WgS Al A= Table 59 74th 5€ &
T ¥ i’“” Al A2ollA A =S, 20l ¥ F=

shal BEASH BASE A Wit
BEA oA FEEFo] 13802 AUjFog e of+=
Ae flal 2E] LAt Aulsiil7] WH—‘?‘O
= Ol—&?& EYTS Follx e
]—tﬂE]x] =Tkl BArEks] th (Tlan

et al., 2014), 2 Eollre ey ddol
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Table 5. Root growth and root rot disease of 2-years-old ginseng
by forage maize cultivation before and after soil

fumigation.
Ratio of Root Root Ratio of  Root rot
Treatment survived weight  length disease-free index®
root (%) (g/plant  (cm) root (%) (0 - 4)
MCAF"  87.60a 1.38a 16.70a 86.90a 0.54b
SFAM?  61.70b  1.22a 12.30b  58.70b  1.63a

YMaize cultivation after fumigation in May, 2September fumigation
after Maize cultivation, ¥Root rot index; (X0 x 0) + (X1 x 1) + (X2
X 2)+ (X3 X 3)+ (X4 x4) / (XO+XT + X2+ X3+ X4), X0; on
lesion, X1; rotted-area below 10%, X2; rotted-area below 50%, X3;
rotted-area below 70%, X4: completely rotted root. *Means with
same letters are not significantly different in Duncan’s Multiple Range
Test (p < 0.05). Fumigant usage; dazomet 60 kg/10a.

Table 6. Comparison of pathogen density of 2-years-old ginseng
root rot by forage maize cultivation before and after soil

fumigation.
Treatment Cylindrocarpon Fusarium
destructans solani
MCAFY 85.3+11.9 653.4+39.6
SFAM? 78.2+14.2 1,437.7+155.8

YMaize cultivation after fumigation in May, ?September fumigation
after Maize cultivation. Fumigant usage; dazomet 60 kg/10a. Date of
soil samples; October 25, 2017 (Samples after harvest of 2-years-old

ginseng).

5. QNSRS HIoIRO| YT Big)

Table 5949} o] BEGF5 A & 2 dA s ¢
g o ES AFSH it e e el BEE AL
St A3} C. destructans Vv 23R 2] HEE HYo
™, A7 7l 2|7t QIS ev E solani e AT 7l
FElgh zlolE& BHAwd], S5 A & 99 FF AolA
e S7HE 23 (Table 6).

F solani= W52 AN Bkl EAjshY Weldo] oF
st S2o] wE HolZtal B SIA=T (Lee, 2004), E"h’l
v BAF FHo 9 EAlsks E osolani7t ST A &
4 FF MY dRsE/ =% 9 Az 1A *J
A2 23 AEs}0 do 7] wWlESZ A7ztET) Yang
(2000)= EFe] =7h Ee ) Qo] e YA
I E solaniol 2] o] F7HEThAL SRt
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