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Effects of Irrigation and Ginseng Root Residue on Root Rot Disease of 2-Years-Old
Ginseng and Soil Microbial Community in the Continuous Cropping Soil of Ginseng

Sung Woo Lee’, Seung Ho Lee, Moon Won Seo, Kyung Hoon Park and In Bok Jang
Department of Herbal Crop Research, NIHHS, RDA, Eumseong 27709, Korea.

ABSTRACT

Background: Some phenolics detected in the soil may inhibit the seed germination and seedling growth of ginseng (Panax gin-
seng). This study investigated the effect of irrigation and ginseng root residue addition on the soil microbial community and root rot
disease in 2-year-old ginseng.

Methods and Results: Each 20 { pot was filled with soil infected with ginseng root rot pathogens, and irrigated daily with 2 ( of
water for one month. After the irrigation treatment, ginseng fine root powder was mixed with the irrigated soil at a rate of 20 g per
pot. In descending order, NO;", electric conductivity (EC), exchangeable Na (Ex. Na) and K (Ex. K) decreased due to irrigation. In
descending order, NO;™, EC, Ex. K, and available P,Os increased with the additon of ginseng powder to the soil. The abundance of
Trichoderma crassum decreased with irrigation, but increased again with the incorporation of ginseng powder. The abundance of
Haematonectria haematococca increased with irrigation, but decreased with the incorporation of ginseng powder. The abundance of
Cylindrocarpon spp. and Fusarium spp., which cause ginseng root rot, increased with the incorporation of ginseng powder. The
abundance of Arthrobacter oryzae and Streptomyces lavendulae increased with irrigation. The abundance of Streptomyces lavendu-
lae decreased, and that of Arthrobacter spp. increased, with the incorporation of ginseng powder. Aerial growth of ginseng was pro-
moted by irrigation, and ginseng root rot increased with the incorporation of ginseng powder.

Conclusions: Ginseng root residues in the soil affected soil nutrients and microorganisms, and promoted ginseng root rot, but did
not affect the aerial growth of ginseng.
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O14t (Panax ginseng C. A. Meyer)> 3k 3Loj|A thdzk olxtel AXAs = FE  Cylindrocarpon  destructans S}
A= 7] w2l dAdeR A4E BEPEddte ok B2l Fusarium solani T3 73S EFHAEY Wl ogh ey
HEH wAo] wold el Qe 84 HlES 50- &1 wite] 2A¥Sl=ul (Rahman and Punja, 2005; Kang

70% M2 wow], thA] ARG A% 2AYRE WM e al, 2007), olF WARS FHEAE o] E
o] FEste] AAsIZE A% Aok, ARAANE Fslsk 104 ol AES] el QAR £HE F 104 o] 7
7] Sfsl 2AAE ot AAY oIEAME shed), o] ols)  Shslojol M= AFo] P (Kang ef al., 2007).
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13te] Apuf7|zke] S7VERE B Al thidel A
Stod Az Al ]le] Hed, ol euid Fevt o
Ao o] {71ES wjEsto] Aol Aol 23 Fr|%E
o] 2Zw]7) wiiEeln, pHr} E3L FaQlaty 2 gl B
2 EFUTE Al ool SV 3Kt (Nguyen
et al., 2016). Zreke] APAL F7ol| wat Al el
-3G7HA] STl E AL AP Al
Hjdse] wel ZA S7FEAATE (Park er al., 2011).
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EFF2RE- (allelopathy)y 29| ¥ejoA] #H == 3lehe
Aol 27PH g v el fafstA folg 28-S st
= A, S5, 8, AR, g Fol AiE Bl

8213 E-21 ferulic acid, p-coumaric acid 5°] ¥2]E%]
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T Ee EPTE dEsH st ol EES Al &

i &9tk (Suh and Lee, 1993).

olat ZAMEUY Fw7t Z7ESE F osolanio] AFE o
A=t AFHe F=TF SIVEFE FE osolani®] YL
F7FERN 0, QA FALEU Qe B Al B
RS A2 Erwinia carotovora®] A4S ZZXIAIZTE (Park
and Ohh, 1981).

A E8E] HHET AEAY] FoEd] 2FdA fEiEe
H&3}3E (salicylic acid, cinnamic acid, benzoic acid)<
1 BN SR ARl H= C destructans®] A BEE
AABIR oL A EHUT 4 (pectinase, cellulase)?] TS
A SRR 0|2 el e EAFe] Weldo] sl
A A=) wAo] F7HEATE (Sun e al., 2013).
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Fo 2 sttt
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AT}

DNA ZF%& Soil DNA Isolation Kit (Mo Bio

Laboratories, Sunnyvale, CA, USAYS A&-3to] A ZX3|ALe]
276l wet ket FEF DNAT 24714 —20TCofA]
BTk Mol oS 24935171 $131 Bacterial 16S
RNA f+32k2] V1-V3 995 27F 3 518R primersS A}
&sto] 7t A E2RE FEETh el Tl 4 S
& AEA TEo1Z primer set, TFungi 18F (5-TYY GGR
AGG, GGT, GTA, TTT-3) 2 TFungi IS8R (5-CAG AWA
TTT GAA TGA ASC AT-3)2 ©]-&3}> 18S rRNA -F73#}
o] 5 949Ss SEsIh

PCR g2 o|de] 7<% W (Lim et al, 2010)3} 7+
o] 43It DNA #7144 w42 Roche/454 GS FLX
Titanium platform=S AR5l ChunLab (Seoul, Korea)oll A
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72 WPH (Rahman and Punja, 2005)2.2 ZARSITH =,
RS- WP XS (disease severity index, DSI) T-3h= -
A& (X0 % 0)+ (X1 x 1)+ (X2 x 2) + (X3 x 3) + (X4 x 4 (X0

+ X1+ X2+ X3+ X4)0l2, X0; FHA, X1; Hu 83 10%
olal, X2; Wy WA 50% olst, X3; Wy WA 70% ©|s},
X4; SRR s

6. SH=M

FAZZ 23] SAS (Version 9.2, SAS Institute Inc. Cary,
NC, USAYS ©|83t 5% ol5<=ol4 Duncan’s Multiple
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0.05).
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Table 1. Change of soil chemical properties by irrigation treatment and incorporation of ginseng fine root powder into the soil infected

with ginseng root rot pathogens.

Ex. Cation (cmol*/kg)

Treatments pH EC OM NO3-N P205
(1:5) (dS/m) (g/ke) (mg/kg) (mg/kg) K Ca Mg Na
Control 5.82¢ 3.50° 39.87° 348.30°  325.70° 0.73 7.512 2.90° 0.45a*
OF" 6.90° 0.37¢ 37.49% 14.30°  293.10P 0.32¢ 6.79" 1.88P 0.14°
OF + GP? 6.70° 0.51° 34.85° 26.40° 335.70° 0.41° 6.78" 1.98P 0.15°

YOverhead flooding (OF); irrigation treatment of 2 € /20 ¢ soil, once a day for one month, ?Overhead flooding + ginseng powder (OF + GP);
Incorporation of ginseng powder (fine root) in soil [20 g/20 ¢ soil (ginseng powder contained 0.1% in soil)]. "Mean with same letters are not

significantly different in Duncan’s Multiple Range Test (p < 0.05).
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Fig. 1. Composition ratio of soil microbial communities in fungi
genus by irrigation treatment in the soil infected wit
ginseng root rot pathogens. 1; Trichoderma, 2; Fusarium, 3;
Pseudogymnoascus, 4; Pseudallescheria, 5; Chaetomidium, 6;
Scytalidium, 7; Waitea, 8; Humicola, 9; Mortierella, 10;
Myrothecium, 11;  Fungi_uc g, 12; Podospora, 13;
Guehomyces, 14; Ascobolus, 15; Cladosporium, 16;
Phialemonium, 17; Eukarya_uc g, 18; Plectosphaerella, 19;
Ascodesmidaceae_uc, 20; Onygenales_uc g.
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2. Composition ratio of soil microbial communities in
fungi genus by incorporation of ginseng fine root
powder into the soil infected with ginseng root rot
pathogens. 1; Fusarium, 2; Waitea, 3; Pseudo?mnoascus, 4;
Pseudlallescheria, 5; Trichoderma, 6; Cladosporium, 7;
Fungi uc g, 8; Onygenales uc g, 9; Humicola, 10;
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Eukarya_uc_g, 17; Ascobolus, 18; Myrothecium, 19;
Chaetomium, 20; Cryptococcus.
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H. haematococca®] 7raie B H7EE A4AlZ ALy
o] htakgo] oJg §J3Fo = Ho|w (Park and Ohh, 1981),
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fungi®] BI&S ZAA|RT AR Fral sileH
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o] Aol ZZHJTial dko] (Park and Ohh, 1981) 214t
Al RS ol F3olo A% Fxlo) d3FE vzl Ao
2 =3l

Han 5 (1992)°] o3t ESF 9] f7l=2 ial=lo] ¢

H7F HEsER =, o] SRRFEES AlSsiA rlEES
Br9o7 olgE=d|, EY Fd 7187l Fme] ko] @ol
AFE Aoy HAFE HASHAY E50] AAE = v
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. Composition ratio of soil microbial communities in
fungi species by irrigation treatment in the soil
infected with ginseng root rot pathogens. 1; Trichoderma
crassum 2, 2, Haematonectria haematococca_1, 3;
Pseudallescheria fimeti_1, 4; Pseudogymnoascus roseus 1, 5;
Chaetomidium group, 6; Geomyces pannorum_2, 7;
Scytalidium thermopﬁilum_i 8; Humicola fuscoatra, 9;
Myrothecium verrucaria_2, 10; Waitea circinata_30, 11;
Fungi_uc_s, 12; Geomyces pannorum_1, 13; Podospora
setosa, 14; Mortierella alpina_2, 15; Guehomyces
pullulans, 16; Waitea circinata_4, 17; Taifanglania inflata,
18; Eukarya_uc s, 19; Cladosporium sphaerospermum 1,
20; Monographella cucumerina_1, 21; Onygenales_uc_s.
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Fig. 4. Composition ratio of soil microbial communities in
fungi species by incorporation of ginseng fine root
powder into the soil infected with ginseng root rot
pathogens. 1; Haematonectria haematococca_1, 2;
Trichoderma crassum_2, 3; Scytalidium thermophilum_3,
4; Pseudallescheria fimeti_1, 5; Waitea circinata_30, 6;
Geomyces pannorum_2, 7; Waitea circinata_4, 8;
Fungi uc s, 9; Chaetomidium group, 10; Humicola
fuscoatra, 11; Mortierella_uc, 12; Mortierella elongata_3,
13; Eukarya uc s, 14; Cladosporium sphaerospermum 1,
15; Podospora setosa, 16; Geomyces pannorum_1, 17;
Taifanglania inflata, 18; Onygenales_uc_s, 19; Mortierella
elongata_1, 20; Monographella cucumerina_1, 21;
Cryptococcus terricola.
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11; Pseudolabrys, 12; CQ396871_g, 13; EU881211 g,
14; JF266448 g, 15; Arthrobacter, 16; Bauldia, 17;
Bacillus, 18; Sphingomonas, 19; Planctomycetaceae uc,
20; Rhizomicrobium, 21; Gaiella, 22; Cytophagaceae_uc.
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Fig. 8. Composition ratio of soil microbial communities in
fungi species by incorporation of ginseng fine root
powder into the soil infected with ginseng root rot
pathogens. 1; EU881088_s, 2; Streptomyces lavendulae
group, 3; Planctomycetaceae_uc s, 4; CytoL)hagaceae_uc_s,
5;JF421159 f uc_s, 6; HQ119644 s, 7; Arthrobacter oryzae,

8; EU801228 s, 9; AI\/I697427_S_, 10; H479524 s, 11;
Arthrobacter pascens, 12; AB630582 g uc, 13; Arthrobacter
humicola, 14; Microbacterium trichothecenolyticum, 15;
JN038769 s, 16; Rhizobium cauense, 17; Arthrobacter
defluvii group.
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Table 2. Growth characteristics of 2-years-old ginseng by irrigation treatment and incorporation of ginseng fine root powder into the soil

infected with ginseng root rot pathogens.

Plant Stem Leaf Leaf Stem Weight of
Treatments height height length width diameter aerial part
(cm) (cm) (cm) (cm) (mm) (g/plant, FW)
Control 13.30 7.70 3.12° 1.55 1.45° 0.34°*
OFY 19.80? 10.70? 5.22% 2.56% 1.57% 0.83%
OF + GP? 20.00° 10.50° 5.49* 2.59° 1.66% 0.90°

YOverhead flooding (OF); irrigation treatment of 2 € /20 £ soil, once a day for one month, ?Overhead flooding + ginseng powder (OF + GP);
Incorporation of ginseng powder (fine root) in soil [20 g/20 ¢ soil (ginseng powder contained 0.1% in soil)]. "Mean with same letters are not

significantly different in Duncan’s Multiple Range Test (p < 0.05).

Table 3. Yield and root disease ratio of 2-years-old ginseng by irrigation treatment and incorporation of ginseng fine root powder into the

soil infected with ginseng root rot pathogens.

Survived Root Root Rate of Incidence
Treatments root ratio weight length disease-free of root disease
(%) (g/plant) (cm) root(%) (0-4)¥
Control 48.5° 0.58° 10.10? 6.50° 2.75%
OFY 88.5° 0.54° 10.70° 50.50° 0.95¢
OF + GP? 83.8° 0.56 10.20° 21.90° 1.40P

YOverhead flooding (OF); irrigation treatment of 2 /20 ¢ soil, once a day for one month, ?Overhead flooding + ginseng powder (OF + GP);
Incorporation of ginseng powder (fine root) in soil [20 g/20 ¢ soil (ginseng powder contained 0.1% in soil)], *Incidence of root disease; (X0 x 0)
+ X1 X1+ X2X2) + (X3 X3+ X4+ x4)/(XO+ X1 + X2+ X3 + X4), X0; no lesion, X1; rotted area below 10%, X2; rotted area
below 50%, X3; rotted area below 70%, X4; completely rotted root. "Mean with same letters are not significantly different in Duncan’s Multiple

Range Test (p < 0.05).

do7|= AldES MEAL|=E M3 = Qe sEo] 2
o} ST (Nguyen et al., 2016).
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