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Characteristics of Soil Groups Based on the Development of
Root Rot of Ginseng Seedlings
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ABSTRACT : Based on the principal component analysis (PCA) of Richards' parameter es-
timates, ginseng field soils were grouped as the principal component 1 (PC1) and the prin-
cipal component 2 (PC2). The microflora and physico-chemical characteristics of each soil
group were compared to elucidate soil environmental factors affecting the disease de-
velopment of root rot of ginseng seedling. Among 3 soil groups by PCl, there were diff-
erences in the populations of total fungi (TF) and Cylindrocarpon plus Fusarium (C+F), and
the population ratio of Cylindrocarpon plus Fusarium to total fungi or total bacteria (C+F/
TF, C+F/TB) in rhizoplane of ginseng seedlings, the population of total actinomycetes (TA)
and the population ratio of total Fusarium to total actinomycetes (Fus/TA) in soil, and soil
chemical properties (EC, NO;-N, K, Mn, ect.). Among 4 soil groups by PC2, there were diff-
erences in TF, C+F, TB, C+F/TF and C+F/TB in the rhizoplane, Trichoderma plus Gliocla-
dium (T+G) in soil, and P,O;s content in soil. Especially, EC, NOs-N, K, K/Mg and Mn were
positively correlated to PC1, and TA was negatively to PC1; however, TF, C+F, TB, C+F/
TF and C+F/TB in. the rhizoplane were significantly correlated to PC2 positively. On the
other hand, microbes in the rhizoplane were not significantly correlated to the stand-miss-
ing rate (SMR), although TA and Fe/Mn were negatively correlated, and pH and Ca were

positively correlated to SMR.

Key words : ginseng, root rot, soil grouping, microflora, physico-chemical properties.
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Table 1. Frequency® of fungal isolation from diseased ginseng seedlings for individual soil groups

b

Group Fus Cyl Rh T+G P+A R+M Py Others
BKM1 347+ 3.7° 141+ 48 0.0+00 0.8+0.5 1.3+0.6 0.9+0.6 79+19 145+33
BKM2  30.0x 2.2 200£ 34 11+10 23x0.7 1.6£0.7 0.9+0.4 6.9x£1.6 94112
BKM3 303+ 43 195+ 6.7 0.0+00 26+18 1.8+1.6 0.0+0.0 7.0£39 10.7+4.0
Al 322+ 33 282+ 38 0.0+00 4.0+1.2 1.3£0.5 0.8+04 79+2.0 9.4+1.7
A2 276+ 3.6 192+ 55 27122 0.9+0.5 28+138 04+03 105+x41 11.6+34
A3 31.0+ 24 98+ 29 0.0x£00 12409 1.3+0.9 05+0.5 45+15 11.1£25
Ad 244+103 99+ 65  0.0+0.0 3.7+1.3 21+09 33+20 50+3.0 143%51

* Frequcny of fungal isolation (%)=no. of tissues isolated each fungus/total no. of tissues examined < 100.

® Fus : Fusarium spp.; Cyl : Cylindrocarpon spp.; Rh : Rhizoctonia spp.; T+G : Trichoderma plus Glicladium spp.; P+A
: Penicillium plus Aspergillus spp.; R+M : Rhizopus plus Mucor spp.; and Py : Pythium spp.

¢ Average + standard error. No. of soil samples examined; 4 for BKM1, 15 for BKM?2 9 for BKM3, 11 for Al, 6 for

A2, 11 for A3, and 7 for A4 group.

Table 2. Correlation coefficients® of PC1, PC2, PDO, AUDPC, and SMR with frequency of fungal isolation from

diseased ginseng seedlings

Microflora” PC1° PC2 PDO DI AUDPC DUS SMR
Fusarium 0.196 0.161 -0.071 0.141 0.114 0.077 0.086
Cyl 0.087 0.606*** 0.084 0.533** 0.620** - 0.400* 0.671**
T+G - 0.064 0.422* 0.247 0.148 0.134 0.084 -0.102
P+A 0.022 0.109 0.122 0.000 0.084 0.055 0.113
Pythium 0.116 0.237 -0.164 0.182 0.221 0.179 0.428*
Others —0.051 -0.206 0.105 -0.114 -0.126 0.045 0.135

* No. of soil samples examined : 28 for PC1 and PC2, 31 for SMR, and 37 for the other variables.
® Cyl : Cylindrocarpon spp.; T+G : Trichoderma plus Gliocladium spp.; and P+A : Penicillium plus Aspergillus spp.
°PC1 and PC2 : the first and second principal component; PDO : preemergence damping-off; DI : disease incidence at
30 days after sowing; AUDPC : area under disease progress curve; DUS : days until the first symptom appeared; and
SMR : stand-missing rate in field plots.
% and ** denote significance at p=0.05 and p=0.01, respectively.
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Table 3. Microflora on rhizoplane of ginseng seedlings for individual soil groups

TF C+F P+A T+G  R+M  Other  Fus TB Ps Pe Microflora ratio
Group (cfufem/root, X 10) chuemioot, 10 GF - CF g
BKM1 581.9 4377 603 47 2.6 767 627 5835 41.0 657 075 0.75 1.00
+203.3" +1655 +136 +17 +06 +265 +141 +77.1 +72 +108
BKM2 3312 2364 387 4.1 44 458 513 12432 6652 15624 071 0.19 3.75
+378 +332 +£23 103 +04 147 +44 £1140 +100.8 1823 .
BKM3 905 221 221 10.9 31 325 220 3328 173 3878 024 0.07 3.68
+7.1 +59  +28 +1.1 +0.5 +36 159 4355 422 1941
Al 7121 5565 599 6.7 32 86.2 859 15493 12323 33617 0.78 0.36 218
+889 +764 +46 09 +04 116 +£71 £2346 +£2197 +401.7
A2 1125 46.7 267 71 33 290 452 6349 132 4764 041 0.07 5.64
+142 +116 +45 409 +07 35 =118 =+£900 +25 <1183
A3 76.9 148 252 49 43 248 118 505.4 714 2603 019 0.03 6.58
+38 +11 +£26 05 +06 +21 +£09 +311 4110 +322
A4 1539 146 212 6.2 8.0 1038 146 287.0 794 2395 0.0 0.05 1.87
+24.4 +22 - +19 409 +20 +£210 +22 +308 +141 +564

*TF : total fungi; C+F : Cylindrocarpon plus Fusarium spp.; P+ A : Penicillium plus Aspergillus spp.. T+ G : Tri-
choderma plus Gliocladium spp.; R + M : Rhizopus plus Mucor spp.; Fus : Fusarium spp. on PCNB medium; TB : to-

tal bacteria; Ps : Pseudomonas; and Pe : pectolytic bacteria.

b Average +standard error. No. of soil samples examined: 4 for BKM1, 15 for BKM2, 9 for BKM3, 11 for Al, 6 for

A2, 11 for A3, and 7 for A4 group.
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Table 4. Correlation coefficients' of PC1, PC2, PDO, DI, AUDPC, DUS, and SMR with microflora on rhizoplane of

ginseng seedlings

Microflora® PC1° PC2 PDO DI AUDPC DuUsS SMR
TF 0.321 0.462* 0.559** 0.420* 0.336* -0.174 0.194
C+F 0.323 0.467* 0.559** 0.464** 0.372* -0.219 0.189
P+A 0.285 0.370 0.448** 0.397* 0.365* -0.151 0.180
T+G -0.326 0.091 0.032 0.091 0.075 -0.032 0.061
R+M —0.048 -0.216 0.151 -0.181 -0.120 0.131 -0.110
Other 0.240 0.318 0.280 -0.004 0.025 0.112 0.172
Fus 0.314 0.481* 0.083 0.484** 0.506** —0.644** 0.477**
TB 0.224 0.294 0.333* 0.381* 0.337* -0.279 0.240
Ps 0.148 0.335 0.363 0.373 0.358 -0.297 0.160
Pe | 0.133 0.534* 0.552** 0.482** 0.437* -0.310 0.138
C+F/TF 0.395* 0.428* 0.219 0.468** 0.435** —0.579** 0.260
C+F/TB 0.300 0.425* 0.490** 0.355* 0.296 -0.160 -0.011
TB/TF —-0.089 0.052 0.321 0.150 0.322 -0.113 0.226

* No. of soil samples examined: 27 for TF and TB with PC1 or PC2, 18 and 17 for Ps and Pe with PC1 or PC2, 29 for
TF and TB with SMR, 21 for Ps and Pe with SMR, and 35 for TF and TB, and 24 for Ps and Pe with the other var-

ibales, respectively.

°TF : total fungi; C+F : Cylindrocarpon plus Fusarium spp.; P+A : Penicillium plus Aspergillus spp.; T+G : Tri-

choderma plus Gliocladium spp.; R+M : Rhizopus plus Mucor spp.; Fus. :

tal bacteria; Ps : Pseudomonas; and Pe : pectolytic bacteria.
“PC1 and PC2 : the first and second principal component; PDO : preemergence damping-off; DI : disease incidence at
30 days after sowing; AUDPC : area under disease progress curve; DUS : days until the first symptom appeared; and

SMR : stand-missing rate in field plots.

“* and ** denote significance at p=0.05 and p=0.01, respectively.

Table 5. Growth of ginseng seedlings for individual soil groups

Fusarium spp. on PCNB medium; TB : to-

Group Leaf length (cm)  Leaf width (cm)

Shoot length (cm) Root length (cm) Fresh weight (mg)

BKM1 1.7+0.1° 0.840.0
BKM2 1.6x0.1 0.8+0.1
BKM3 1.7+£0.2 0.9+0.1
Al 14+0.1 0.7+0.1
A2 1.7+0.1 0.9+0.0
A3 1.7+0.1 0.9+01
A4 1.9+0.2 1.0+0.1

7.410.4 1.8+0.3
7.1£0.3 1.8+0.1
75104 22403
6.5+0.3 14401
7.7+0.4 21402
7.8+0.2 24401
8.3+0.3 26102

141.7+13.4
124.2+10.1
126.6117.9

852+ 5.6
140.61+12.5
157.5+ 7.5
174.6+11.1

* Average +standard error. No. of soil samples examind; 4 for BKM1, 15 for BKM2, 9 for BKM3, 11 for Al, 6 for A2,

11 for A3, and 7 for A4 group.
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Table 6. Correlation coefficients of PC1, PC2, PDO, DI, AUDPC, DUS, and SMR with the growth of ginseng see-

dlings
Variable® Leaf length Leaf width Shoot length Root length Fresh weight

PC1 -0.231 -0.243 -0.252 ~-0.286 —-0.164
PC2 - 0.438*¢ —-0.441* —0.492%* —0.708** —0.789**
PDO -0.396* -0.397* -0.321 - 0.412% -0.365*
DI —0.504** —0.472%* —0.623** -0.721** - 0.843**
AUDPC —0.425** -0.377* -0.536%* ~0.704** - 0.636**
DUS 0.063 0.000 0.598** 0.525** 0.473**
SMR -0.015 -0.082 -0.501** -0.405* -0.381*

“ No. of soil samples examined; 28 for PC1 or PC2, 30 for SMR, and 36 for the other variables.

*PCt and PC2: the first and second principal component; PDO : preemergence damping-off; DI : disease incidence at
30 days after sowing; AUDPC : area under disease progress curve; DUS : days until the first symptom appeared; and

SMR : stand-missing rate in field plots.

°* and ** denote significance at p=0.05 and p=0.01, respectively.

Table 7. Soil microflora for individual soil groups

TF T+G P+A Muc Rh Oter FS TB TA Microflora ratio
Group fulg soil, X 10%) (:(f,lill/‘g (cfu/g 5011 Fus/TF Fus/TB TB/TF Fus/TA TA/TF
(cfu/g soil, <10} X10°) us us us
BKM1 1319 141 533 123 0.5 364 435 1090 136 033 040 083 320 031
+13.0" +53 87 453 102 +44 +53 £344 £22
BKM2 1233 82 485 13.5 1.6 271 418 978 264 034 043 079 1.58  0.63
+221 +11 £84 £69 +05 £33 £94 +420 =492
BKM3 1625 189 664 74 33 266 531 1488 515 033 036 091 1.03 097
+265 +31 =£114 +42 =£22 +£56 +109 +469 +187
Al 1226 156 509 47 0.5 265 424 800 206 035 048 073 205 049
+160 +30 +79 £19 03 +32 +£59 £220 447
A2 1655 129 613 143 5.0 305 678 2517 654 041 027 152 104 096
1300 £33 +185 77 +£24 +72 4218 £974 +282
A3 136.2 92 556 163 1.9 288 368 682 268 027 054 050 138 073
+166 21 +74 +£87 £07 +£39 +44 =130 +57
A4 1563 9.7 676 142 31 340 496 1009 320 032 049 065 1.55 065
+307 *£25 X157 92 07 +74 +78 +129 445

*TF : total fungi; T+G :

AF UE a3 &

& wol7]
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o A o
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T BT

Trichoderma plus Gliocladium spp.; P+A : Penicillum plus Aspergillus spp.; Muc : Mucor spp.:
Rh : Rhizopus spp.; Fus : Fusarium spp. on PCNB medium; TB : total bacteria; TA : total actinomycetes.
® Average +standard error. No. of soil samples examined: 4 for BKM1, 15 for BKM2, 9 for BKM3, 11 for Al, 6 for
A2, 11 for A3 and 7 for A4 group.
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Table 8. Correlation coefficients” of PC1, PC2, PDO, DI, AUDPC, DUS, and SMR with soil microflora

Microflora® PC1* PC2 PDO DI AUDPC DUS SMR
TF -0.251 -0.085 0.142 -0.162 -0.106 0.194 -0.265
T+G -0.285 0.347 0.168 0.215 0.186 -0.222 0.036
P+A —-0.255 -0.046 0.202 -0.156 —0.083 0.182 -0.197
Muc 0.118 —0.345 -0.147 -0.211 -0.167 0.158 0.024
Rh -0.334 -0.223 -0.016 -0.343* -0.340* 0.206 0.053
Other 0.086 —-0.089 0.164 —-0.165 -0.068 0.069 -0.024
Fus —0.150 0.045 -0.026 -0.031 0.040 0.068 -0.178
TB -0.093 0.053 0.213 -0.006 0.059 0.138 -0.036
TA -0.382* —0.092 0.018 -0.175 —0.147 0.196 —0.477**
Fus/TF 0.131 0.259 -0.217 0.082 0.107 -0.030 0.104
Fus/TB 0.025 0.130 -0.243 0.231 0.284 - 0.462** 0.334
TB/TF 0.019 0.202 0.204 0.148 0.183 0.096 0.171
Fus/TA 0.143 0.149 —-0.066 0.194 0.208 -0.292 0.039
TA/TF -0.360 - 0.052 -0.179 -0.144 -0.144 0.190 -0.196

* No. of soil samples examined: 28 for PC1 or PC2, 30 for SMR, and 36 for the other variables.

*TF : total fungi; T+G : Trichoderma plus Gliocladium spp.; P+A : Penicillium plus Aspergillus spp.; Muc : Mucor spp.;
Rh : Rhizopus spp.; Fus : Fusarium spp. on PCNB medium; TB : total bacteria; TA : total actinomycetes.

< pC1 and PC2 : the first and second principal component; PDO : preemergence damping-off; DI : disease incidence at
30 days after sowing; AUDPC : area under disease progress curve; DUS : days until the first symptom appeared; and
SMR : stand-missing rate in field plots.

¢ and ** denote significance at p=0.05 and p=0.01, respectively.

Table 9. Physico-chemical properties of soils for individual soil groups

1:5 (W) P,0; NH,-N NO;-N K Ca Mg
Group EC* K/Mg
pH (mmhos) ppm me/100 g

BKM1 5.7+02° 0.16+0.03 799+299 68+04 388+4.6 0351005 253+031 1.244021 028
BKM2 53+0.1 0.10+0.01 840+16.1 82412 40.1+54 0.28+003 2.14+0.14 0.96+0.13 029
BKM3 5.7+02 0.08+001 62.2+209 4.6+09 261+62 0.20+£0.02 2.10£0.18 1.18+0.13 0.17
Al 55402 011+0.01 63.6+152 68+13 41.6+64 026+0.03 2.18+021 0.93+0.06 0.28
A2 5.6+0.1 0104001 502+135 55+1.8 29.0+53 030+0.05 252+020 1.29+0.16 0.23
A3 54401 0.10+0.02 10354225 75409 32.7+55 025+0.03 200+0.12 1.08+0.19 0.23
Ad 5.6+03 0.08+0.01 1169+227 6.420.6 29.4+67 024+004 2.28+0.24 0.88+0.16 0.28

Table 9. Continued

Fe Mn Zn Cu CEC
Group p— Fe/Mn (mg/100 g) WHC (%) OM (%)
BKM1  27.8+52 183%12 1.2x+0.1 1.5+04 1.52 6.4+04 3791401 12102
BKM2  31.2+30 17.1%11 1.5%+0.1 2.0+03 1.82 6.8+0.5 3694108 1.2+0.1
BKM3  245+20 156+13 1.3+0.0 1.4+0.2 1.57 58+03 36.7+x1.0 1.0x0.1
Al 27.4+26 16.61+1.0 1.3+0.1 1.940.3 1.65 6.1+03 371407 11401
A2 21.2+1.6 181+13 1.6+0.3 21104 1.17 72408 385+14 12+0.1
A3 33.7+3.7 163%+13 1.3+0.1 1.3+0.2 2.07 6.4+0.4 360+08 1.2+0.1
A4 25.8£5.6 13.0+1.2 1.4+0.1 24409 1.98 55106 39.7+2.6 1.1+02

* EC - electric conductivity; CEC : cation exchange capacity; WHC : water holding capacity; OM : organic mater.
® Average + standard error. No. of soil samples examined; 4 for BKM1, 15 for BKM2, 9 for BKM3, 11 for Al, 6 for
A2, 11 for A3 and 7 for A4 group.
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Table 10. Correlation coefficients of PC1, PC2, PDO, DI, AUDPC, DUS, and SMR with physico-chemical properties

of soils
Property" PCI° PC2 PDO DI AUDPC DUS SMR
pH -0.154 0.010 0.000 -0.045 0.000 —-0.089 0.381*
EC 0.643** 0.054 0.359* 0.311 0.313 -0.212 0.220
OM 0.303 -0.036 0.161 0.000 0.089 -0.122 0.061
P,0s 0.022 -0.210 0.105 -0.305 -0.308 0.310 -0.140
NH,-N 0.156 -0.053 -0.197 0.000 0.000 —0.249 0.120
NO,-N 0.411* 0.226 0.387* 0.375* 0.311 -0.077 0.152
K 0.557** -0.035 0.122 0.118 0.237 -0.308 0.336
Ca 0.276 0.051 -0.126 0.032 0.045 —-0.261 0.432*
Mg —0.003 -0.283 -0.270 0.000 -0.032 -0.110 0.169
K/Mg 0.441* 0.060 0.182 -0.055 0.000 0.100 —-0.025
Fe 0.145 -0.158 0.063 —-0.045 -0.118 0.105 -0.259
Mn 0.381* 0.109 0.182 0.268 0.202 -0.212 0.024
Zn 0.087 0.061 0.000 0.000 0.032 -0.230 0.007
Cu 0.130 0.233 0.032 0.032 0.000 -0.077 -0.027
Fe/Mn -0.211 -0.262 -0.141 -0.230 -0.283 0.182 -0.419*
CEC 0.355 -0.057 —0.084 0.164 0.126 -0.245 0.139
(Base) 0.316 -0.031 -0.063 0.126 0.110 -0.170 0.296
H) 0.220 -0.056 —-0.063 0.105 0.063 -0.179 -0.136
WHC 0.357 0.114 —-0.045 —-0.084 0.000 0.095 0.323

* No. of soil samples examined: 28 for PC1 or PC2, 31 for SMR, and 37 for the other variables.

" BC : electric conductivity; CEC : cation exchange capacity; WHC : water holding capacity; and OM : organic mater.

<PC1 and PC2 : the first and second principal component; PDO : preemergence damping-off; DI : disease incidence at
30 days after sowing; AUDPC : area under disease progress curve; DUS : days until the first symptom appeared; and

SMR : stand-missing rate in field plots.

4 * and ** denote significance at p=0.05 and p=0.01, respectively.
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