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ABSTRACT: This study was carried out to obtain some useful data for increasing an effective
ginseng production. There was a direct relationship (r =0.2645) between spore germination of
Fusarium solani and soil pH, and (r=0.315) between Cylindrocarpon destructans and soil
pH. On the other hand, there was a direct relationship (r =0.19) between relative hyphal growth
of Rhizoctonia solani and soil pH. There was a direct relationship (r =0.21) between number of
total bacteria and F. solani, (r=0.37) between actinomycetes and F. solani and (r = 0.20) between
celluloytic bacteria and F. solani. However, there was an inverse relationship (r = — 0.20) between
number of total fungi and F. solani. There was a direct relationship (r = 0.24) between number
of actinomycetes and R. solani. Each ginseng pathogen-suppressive soil screened was 40 in F.
solani, 20 in C. destructans and 9 soil samples in R. solani among 146 soil samples, respectively.
The mean contents of K, Ca and Mg were fairly lower in each ginseng pathogen-suppressive soil
than conducive soil, whereas Na were somewhat lower. The mean contents of organic matter were
over 2 times higher in each ginseng pathogen-suppressive soil than conducive soil. The mean con-
tents of phosphate were fairly lower in F. solani and R. solani-suppressive soil than conducive
soil and, on the other hand, were somewhat higher inC. destructans-suppressive soil than con-
ducive soil. The mean soil pH was somewhat lower in each ginseng pathogen-suppressive soil than
conducive soil. The mean contents of sand were about 2 times higher in each ginseng pathogen-
suppressive soil than conducive soil, whereas silt and clay were somewhat lower. The microbial
numbers of total bacteria, total fungi and celluloytic fungi were higher in F. solani-suppressive
soil than conducive soil, whereas actinomycetes and celluloytic bacteria were lower. Each microbial
number of total bacteria or total fungi indicated a significant difference (p = 0.05) between F. solani-
suppressive and conducive soil, and the microbial number of actinomycetes was a highly signifi-
cant difference (p=0.01) between F. solani-suppressive and conducive soil. The microbial num-
bers of total bacteria, total fungi, actinomycetes and celluloytic fungi were higher in C.
destructans-suppressive soil than conducive soil, whereas celluloytic bacteria were about 2 times
lower. On the other hand, the microbial numbers of total fungi were higher in R. solani-suppressive
soil than conducive soil, whereas total bacteria, actinomycetes, celluloytic bacteria and celluloyt-
ic fungi were lower. Fourteen of 16 F. solani-suppressive soils tested were suppressive to gin-
seng root rot, whereas fifteen of 16 C. destructans-suppressive soils were suppressive. Ginseng
root rots of ginseng disease-suppressive soils were in the range of 1.0-17.4% in F. solani-suppressive
soil and 0.2-20.4% in C. destructans-suppressive soil, respectively.
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Fig. 1. Relation between soil pH and ginseng
pathogen on 146 soil samples collected on 17 lo-
calities of Seoul, Kangwon, Kyunggi, Kyungbuk
and Chungnam. Each correlation coefficient is sig-
nificant at p=0.01 and p=0.05, respectively.

A. Fusarium solani; B. Cylindrocarpon destruc-
tans; C. Rhizoctonia solani.
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to ginseng pathogen in 146 soil samples. Soil sam-
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00, Pathogen-conducive soil; &, Pathogen suppres-
sive soil. F. solani, Fusarium solani; Cyl. destruc-
tans, Cylindrocarpon destructans; E. solani,
Rhizoctonia solani.
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Table I. Soil characteristics of ginseng pathogen-suppressive soilse
Locati Lx-caution (me/100g) OM P,0; pH Sand Silt Clay Textural® | g.q) typee
ocation K Ca Mg Na (%) (ppm) (1:8) (%) (%) (%) class
Kanghwa 2 0.23 0.22 017 037 5.10 3 4.7 195 495 31.0}SiCL F.s. Rus.
Kanghwa 3 0.17 0.22 0.17 037 4.02 13 4.6 507 289 204 |L F.s.
Kanghwa 6 0.21 0.19 0.11 041 191 6 4.6 373 37.7 25.0|L F.s. C.s.
Koyang 5 0.46 0.46 025 038 5.74 24 4.0 552 28.4 16.4 |SL R.s.
Koyang 6 032 053 020 044 1.28 6 4.8 443 325 232 |L R.s.
Koyang 10 0.17 031 0.20 0.38 2.62 11 47 423 375 202 |L F.s. R.s.
Yangju 2 0.31 0.20 0.12 0.42 242 13 4.6 49.2 30.0 20.8 |L F.s. C.s.
Yangiju 4 0.19 0.72 0.26 0.37 1.83 9 5.0 595 245 16.0|SL F.s. Cas.
Yangju 10 0.20 334 1.02 039 1.40 43 50 53.2 34.8 12.0 |SL F.s. Cas.
Pocheon 3 120 2.86 074 038 198 515 52 553 359 88|SL C.s.
Yangpyong 8 0.56 0.64 0.21 0.39 3.51 46 4.6 559 29.7 14.4 |SL F.s. C.s.
Yoncheon 1 0.60 b5.76 2.52 0.44 0.91 20 583 13.5 455 41.0 |SiC F.s. C.s.
Yoncheon 2 098 4.11 291 0.39 191 49 57 484 430 86 |L R.s.
Yoncheon 9 0.45 3.07 0.89 040 8.30 23 5.3 13.7 63.3 23.0 |SiL F.s. C.s.
Seoul 2 0.20 054 0.17 0.37 3.50 21 43 6567 247 9.6 |SL F.s. Cs.
Seoul 4 0.33 0.38 0.13 039 3.25 55 4.3 496 34.8 156 |L F.s. Cas.
Nhamyangju 3 | 0.92 4.63 1.60 0.40 4.91 62 55 21.1 559 23.0|SiL F.s. Cs.
Phaju 5 0.30 051 018 0.38 0.32 8 50 43.3 38.7 18.0 |L F.s. C.s.
Phaju 6 0.23 030 0.12 038 255 11 45 63.6 23.4 13.0 |SL F.s. C.s. R.s.
Phaju 8 0.26 332 173 042 057 22 56 53.7 26.3 20.0 |SL R.s.
Puyeo 5 1.13 1.05 0.64 039 1.48 456 4.7 50.1 30.9 19.0 L F.s.
Kumsan 4 0.53 244 076 037 370 323 53 496 35.0 154 |L C.s.
Poonggi 4 0.47 2.07 079 045 357 185 51 53.1 385 8.4 |SL C.s.
Poonggi 5 0.55 2.45 0.86 0.42 179 344 5.2 46.3 35.7 18.0 |L C.s.

@ The soil samples were randomly selected among ginseng pathogen-suppressive soils, and analyzed by Dept. of
soil, Inst. of agricultural science, R.D.A. suweon, Korea.

b L, Loam; SL, Sandy loam; SiCL, Silty clay loam; SiC, Silty, clay; SiL, Silty loam.
¢ F.8., Fusarium solani-suppressive soil;; C.S., Cylindrocarpon destructans-suppressive soil; R.s., Rhizoctonia solani-

suppressive soil.
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Table II. Soil characteristics of ginseng pathogen-suppressive and conducive soil.

Soil type Pathogen Ex-Cation (mg/100g) O.M. P,0; E Sand Silt Clay

K Ca Mg Na (%) (ppm) (1:5) (%) (%) (%)

Fusarium solani 0.39 1.38 0.53 0.42 3.056 50.3 4.8 43.0 36.9 20.1

Suppressive  Cylindrocapon destructans  0.45 1.88 0.66 0.39 2.87 105.3 4.9 45.6 36.8 17.6

soile Rhizoctonia solant 0.38 1.32 0.79 0.39 2.82 18.7 4.9 46.7 344 18.9
Conducive )

soilb 1.12 3.33 2.33 0.44 0.96 102.0 55 22.1 51.9 26.0

aEach value is the mean of 16 replications with 16 soil plots in Fusarium solans and Cylindrocarpon des-
tructans, respectively and 7 soil replications with 7 soil plots in Rhizoctonia solani.
¥The soil was conducive to spore germinaion, and mycelial growth, respectively and was treated by 15

replications with 5 soil plots for soil analysis.

Table ITII. Comparison of microbial numbers between ginseng pathogen-suppressive and conducive soil

Number of microorganisms (propagules/g soil)*

Pathogen Soil type (1x10%) (1x103) (1x109) (1x103) (1x104)
Total Total Actino- Celluloytic Celluloytic
bacteria fungi mycetes bacteria fungi
Fusarium solani Suppressive soil 631.2* 320.6* 173.1**b 76.7 31.1
Conducive soil 571.7 141.7 454.9 173.7 27.3
Cylindrocarpon Suppressive soil 945.7 294.3 476.4 73.2 29.0
destructans Conducive soil 785.4 242.2 428.3 158.9 28.2
Rhizoctonia solani Suppressive soil 684.5 355.9 148.2 104.0 25.0
Conducive soil 822.3 245.6 453.8 149.9 28.5

eEach value is the mean of 3 replications.

tThe means of each soil type, within columns, are significantly different at (p=0.01) and (p=0.05),respec-

tively.
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Table IV. Screening of ginseng disease-suppressive soils from ginseng pathogen-suppressive soils.

Fusarium Cylindrocarpon destructans
Location Location
Root rot (%)« Soil typeb Root rot (%) Soil type

Seoul 2 10.5 S Seoul 2 8.4 S
Seoul 4 4.8 S Seoul 4 9.9 S
Puyeo 5 7.2 S Phaju 5 12.6 S
Kanghwa 2 1.5 S Phaju 6 9.9 S
Kanghwa 3 15.0 S Yangju 2 0.2 S
Kanghwa 6 85.0 C Yangju 4 10.8 S
Kanghwa 10 64.0 C Yangju 10 12.0 S
Yangju 2 5.0 S Pocheon 3 20.4 S
Yangju 4 2.3 S Yoncheon 1 0.2 S
Yangju 10 1.0 S Yoncheon 9 2.3 S
Yoncheon 1 10.2 S Kumsan 4 12.0 S
Yoncheon 9 3.3 S Nhamyangju 3 12.6 S
Yangpyong 8 17.4 S Kanghwa 6 1.0 S
Nhamyangju 3 10.8 S Yangpyong 19.5 S
Phaju 5 1.0 S Poonggi 5 5.4 S
Phaju 6 1.8 S Poonggi 4 95.0 C
Control¢ 79.0 Control 72.0

*Each value is the mean of 12 ginseng plants with 3 replications 21 days after planting.
¥The soil sample is considered suppressive to ginseng root rot when ginseng root rot in the soil is less
than 50% of that in ginseng disease-conducive soil (control). S, Suppressive soil; C, Conducive soil.

Ginseng disease-conducive soil (Silty loam, pH 5.5), Genseng root rot of the soil is 79% in Fusarim solani
and 72% in Cylindrocarpon destructans, respectively.
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