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Physicochemical Characteristics of 3-Year-Old Ginseng by Various Seeding Density
in Direct-Sowing Culture

Bong Jae Seong, Gwan Hou Kim, Hyun Ho Kim, Sun Ick Kim, Seung Ho Han and Ka Soon Lee'
*Geumsan Ginseng & Medicinal Crop Experiment Station, CNARES, Geumsan 312-804, Korea.

ABSTRACT : This study was carried out to investigate the physicochemical characteristics of 3-year-old ginseng (for
Samgyetang product) cultured by various seeding density in direct-sowing culture. Ginsengs were cultured by the seeding
density, 275, 300, 330 352 and 396 seeds per Kan, 180 x 90 cm area. Survived rate (82.1%) were the highest in plot of 352
seeds sowed, length and leaf width were high in plot of 300 and 352 seeds. Root yield grain was increased with increase of the
seeding density in direct-sowing culture except 352 seeds sowed. Average root weight and diameter were the highest in plot
of 352 seeds sowed, 31.6 g and 18.4 mm, respectively. Crude saponin and each ginsenosides content were the highest in plot of
275 seeds sowed. Rg1 content was decreased, Rc and Rb2 content were increased with increase of the seeding density. Total
soluble sugar content was the highest in plot of 330 seeds sowed and the lowest in plot of 396 seeds sowed, and oligo- and dis-
accaride content were high in plot of 330 and 352 seeds sowed. Reological characteristics of ginsengs cultivated according to
various seeding density, hardness and springness were high and maximum fracture force was low with decrease of the seed-

ing quantity.
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Table 1. Growth characteristics of three-year-old ginseng cultured by various seeding density in direct-sowing culture.

Seeding density Survived plant  Survived rate  Leaflength  Leaf width ~ Stem length  Stem diameter
(line xrow, ea/kan, 18090 cm) (No./3.3 m) (%) (cm) (cm) (cm) (mm)
25%11(275) 217 78.9 10.96 4.98 28.97 5.14
30x11(330) 216 65.5 11.52 5.07 29.00 5.14
32x11(352) 289 82.1 11.66 4.86 30.69 5.60
36x11(396) 315 79.5 10.45 4.74 34.23 5.58
20x15(300)* 213 71.0 11.78 5.12 34.18 5.66

tSeeding date: March 20, 2007, investigation date: June 9, 2009. )

: traditional practice (control)
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Table 2. Root growth characteristics of three-year-old ginseng cultured by various seeding density in direct-sowing culture.

Seeding density Root weight Root length Tap root Survived plant Total weight
(line xrow, ea/kan, 18090 cm) (g/plant) (cm) diameter (mm) (Survived rate, %) (kg/3.3 )
25%11(275) 26.8* 23.8 17.6 191(69.4) 2.74b¢
30x11(330) 27.6° 26.8 17.2 218(66.0) 2.87%
32x11(352) 31.6° 24.5 18.4 210(63.6) 3.15%
36Xx11(396) 25.7> 24.6 17.2 239(60.4) 2.97%
20%15(300) 23.8° 23.9 17.2 183(61.0) 2.44°
tSeeding date: March 20, 2007, investigation date: June 9, 2009.
* Value with different superscripts are significantly different (p < 0.05)
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Fig. 1. Distribution of root diameter of three-year-old ginseng(over 15 mm of diameter) cultured by various seeding density in direct-

sowing culture.

Table 3. Yield characteristics of three-year-old ginseng(below 15 mm of diameter) cultured by various seeding density in direct-sowing

culture.
Seeding density Survived plant Total weight Average weight
(linexrow, ea/kan, 18090 cm) (No./3.3 m’)/survived rate (/3.3 m) (g/ea, plant)
25%11(275) 136/49.5 1,499 9.07
30x11(330) 171/51.8 1,642 10.41
32x11(352) 159/45.2 1,382 11.50
36x11(396) 193/48.7 1,736 11.11
20x15(300) 141/47.0 1,354 10.41
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Table 4. Moisture, crude saponin and ginsenoside content of three-year-old ginseng by various seeding density in direct-sowing culture.

Seeding density Ginsenosides content (mg%, drybasis) Crude saponin  Moisture
(linexrow,ea/kan, content content
180%90 cm) Rg2 Rg1 Rf Re Rd Rc Rb2 Rb1 Total %, drybasis) (%)
275 17.8 185.3? 61.8 2615 428 260.7 221.0> 4299 1,480.8 10.84 +0.25 727 +1.2
330 129 155.1¢ 493 325.8 55.5 264.0° 220.4° 262.1 1,345.1 7.82+x0.14 719+x1.2
352 10.7 153.3¢ 51.3 2754  48.6  281.5° 246.7*  261.3 1,328.8 6.63+0.18 71.9+09
396 11.9 146.5¢ 440 3319 527 308.1° 251.0° 264.1 1,410.2 7.05+020 71411
300 12.2 178.9" 47.9 389.6 39.1 261.9¢ 219.7° 2575 1,406.8 8.21 = 0.23 72.5*+1.0
*Value with different superscripts are significantly different (p < 0.05).
Table 5. Free sugar content of three-year-old ginseng by various seeding density in direct-sowing culture.
Seeding density Soluble starch and . .
(linexrow, ea/kan, 18090 cm) oligosaccharide Disaccharide Glucose Fructose Total
275 3.20° 10.80° 1.14° 1.67 16.81°
330 4.46° 12.92¢ 1.06° 1.15¢ 19.59¢
352 4.37° 12.51 1.02° 1.27° 19.17%
396 3.10° 10.91° 0.93¢ 1.12¢ 16.06°
300 3.57° 10.68" 0.87¢ 1.19¢ 16.31¢

*Value with different superscripts are significantly different (p < 0.05).
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Table 6. Hardness of three-year-old ginseng by various seeding density in direct-sowing culture.

Seeding density

(linexrow, ea/kan, Hardness Maximum  Minimum Mean Median fCoefﬁaenE Stfanfjard Stapdard
180x90 cm) of Variance (%) Deviation (N) Deviation (N-1)
Diameter (mm) 22.00 16.00 18.67 18.50 8.83 1.64 1.67
275 Hardness1 (kgf) 9.65 6.23 7.41 7.22 11.07 0.82 0.83
Hardness2 (kgf) 7.49 3.74 5.06 5.07 14.73 0.74 0.75
Diameter (mm) 22.00 15.00 17.27 17.00 8.78 1.51 1.53
330 Hardness1 (kgf) 8.98 5.75 7.21 7.09 12.25 0.88 0.89
Hardness2 (kgf) 5.84 3.71 4.65 4.57 11.93 0.55 0.56
Diameter (mm) 21.00 15.00 17.90 18.00 9.58 1.71 1.73
352 Hardness1 (kgf) 9.53 5.32 7.39 7.29 13.55 1.00 1.01
Hardness2 (kgf) 6.45 2.91 4.74 4.77 17.18 0.81 0.82
Diameter (mm) 22.00 15.00 17.70 18.00 8.86 1.56 1.58
396 Hardness1 (kgf) 9.31 5.27 7.16 7.16 11.49 0.82 0.83
Hardness2 (kgf) 6.38 3.39 4.83 4.84 14.62 0.70 0.71
Diameter (mm) 24.00 14.00 17.65 17.00 13.32 2.35 2.38
300 Hardness1 (kgf) 8.98 5.56 7.34 7.41 10.86 0.79 0.80
Hardness2 (kgf) 5.97 3.23 4.79 4.81 13.33 0.63 0.64

tEach value was measured by 40 roots with over 15 mn of ginseng diameter.

Table 7. Rheological characteristics of three-year-old ginseng by various seeding density in direct-sowing culture.

Seeding density

(line X row, ea/kan, 180x90 cm) 275 330 352 396 300
Cohesiveness 0.19+0.03 0.18+0.025 0.19-+0.02 0.18=+0.03 0.18+0.03
Springiness (mm) 8.11+0.93° 7.35+0.97¢ 7.55+0.99" 7.38+0.93¢ 7.37+1.32¢
Gumminess (kgf) 1.43+0.26 1.30+0.24¢ 1.41+0.31° 1.34+0.28" 1.36+0.26"
Chewiness (kgf.mm) 11.74+3.26 9.67+2.74° 10.85+3.22" 10.14+3.15" 10.20£3.31°
Fracture Force (kgf) 0.23+1.04° 0.28+1.29* 0.23+1.08" 0.55+1.79" 0.45+1.54°
Adhesiveness (kgf.nm) 0.51+0.19° 0.58+0.27° 0.62+0.30" 0.57+0.257° 0.56+0.49"
Stiffness (kgf.mm) 2.69+0.35 2.61+0.34 2.56+0.46" 2.528+0.32° 2.58+0.32"

tData values are expressed as mean+SD(n=40, over 15 mm of ginseng diameter)
*Value with different superscripts are significantly different(p<0.05)
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Fig. 2. Rheological characteristics of three-year-old ginseng cultured by various seeding density in direct-sowing culture.
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