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Comparison of Growth Characteristics and Ginsenosides Content of 6-Year-Old Gin-
seng (Panax ginseng C. A. Meyer) by Drainage Class in Paddy Field

Sung Woo Lee*’, Jin Myeon Park**, Geum Soog Kim*, Kee Choon Park*, In Bok Jang*, Seung Ho Lee*,
Seung Won Kang* and Seon Woo Cha*

*Ginseng Research Division, Department of Herbal Crop Research, NIHHS, RDA, Eumseong 369-873, Korea.
**Horticultural and Herbal Crop Environment Division, NIHHS, RDA, Suwon 440-706, Korea.

ABSTRACT : To develop the practical cultivation for paddy field, we investigated the properties of paddy soil, growth char-
acteristics and ginsenoside content of 6-year-old ginseng, Cheonpung variety between poor drainage class (PDC) and imper-
fect drainage class (IDC). Groundwater level in PDC showed monthly small changes of 20~30 cm, while IDC showed
monthly great changes of 28~71 cm depending on rainfall. Soil moisture content in PDC and IDC was 17.2%, 22.5%, respec-
tively. Air temperature in IDC was lower than 0.3 C, while soil temperature was higher than 0.8'C compare to PDC, respec-
tively. Main soil color of PDC was grayish olive, while IDC was brownish olive. PDC showed yellowish mottles only at
underground of 20~40 cm, while IDC showed that at underground of 30~90 cm. IDC showed lower pH, EC, potassium, cal-
cium and magnesium content, but higher organic matter, phosphate, and iron content than that of PDC, respectively. All of
EC, organic matter, potassium, calcium, and magnesium content were decreased, but iron content was increased at the sub-
soil layers of PDC. All of EC, organic matter, phosphorus, and potassium content were decreased, but calcium and magne-
sium content were increased at the subsoil layers of IDC. Root yield in IDC was more increased by 33% than that of PDC.
The moisture content and rusty ratio of ginseng root in IDC were lower than that of PDC. Ginsenoside content in IDC was
higher than that of PDC because the ratio of lateral and fine root showing relatively high content of ginsenoside was higher
in IDC than that of PDC.
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Table 1. Soil chemical properties in the experiment field of paddy soil.
Drainage classes pH ke NOs OM P20s Ex Cation (cmol™/kg)
8 (1:5) (dS/m) (mg/kg) (g/kg) (mg/kg) K Ca Mg
Poorly drained soils 4.8 0.79 55 15.4 105 0.47 3.6 0.97
Imperfectly drained soils 4.9 0.76 48 14.7 98 0.48 2.7 0.97

"Drainage classes : 1~6 classes.
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Table 2. Solvent gradient program of HPLC analysis.

Time Acetonitrile (%) Water (%)
0 28 72
10 28 72
45 40 60
47 100 0
68 100 0
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Fig. 1. Chanlges of groundwater level by soil depth between
poorly and imperfectly drained class in paddy field.

Table 3. Changes of soil moisture content, air temperature, and
soil temperature between poorly and imperfectly
drained class in paddy field.

Soil moisture con. Air temp. Soil temp.
Drainajge (%) (C) (C)
class Depth Depth Aver. Max. Aver. Max.
10 cm 25 cm
PDS 22.5 26.8 28.6 34.1 19.8 20.2
IDS 17.2 20.2 283 33,5 206 21.2

YPDS : Poorly drained soils, IPD : Imperfectly drained soils.
”Investigation date : June 8, 2011, Measured time of air and soil
temp.: 6:00~19:00.
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Table 4. Soil color properties by soil depth between poorly and imperfectly drained class in paddy field.

Poorly drained soils

Imperfectly drained soils

Soil depth VI . o :
(cm) unsell notation Morttles unsell notation Mottles
(color names) (color names)
2.5Y 3/2 2.5Y 3/3
10 (Brownish black) absence (Dark olive) absence
10Y 3/2 . 2.5Y 3/3
20 (Olive black) exist (Dark olive) absence
10Y 3/2 . 2.5Y 3/3 .
30 (Olive black) exist (Dark olive) exist
10Y 4/1 . 2.5Y 4/3 .
40 (Gray) exist (Olive brown) exist
10Y 4/1 2.5Y 4/3 .
» (Gray) absence (Olive brown) exist
10Y 4/1 2.5Y 4/3 .
o (Gray) absence (Olive brown) exist
5Y 4/3 2.5Y 4/4 .
70 (Dark olive) absence (Olive brown) exist
5Y 3/2 2.5Y 4/4 .
% (Oive black) absence (Olive brown) exist
90 5Y 3/2 absence 2.5Y 4/4 exist

! Investigation date : July 8, 2011.
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Table 5. Changes of soil chemical properties by soil depth between poorly and imperfectly drained class in paddy field.

Drainage oy, P EC OM PO, Ex.Cation{cmol /i) —(ne/ke)-

class (cm) (1:5) (dS/m) (g/ke) (mg/kg) K Ca Mg Fe Mn
PDS 0~25 4.94 1.16 13.9 95 0.18 4.20 1.20 39.4 14.5
30~50 6.24 0.18 6.7 70 0.12 3.39 0.82 123.5 75.9

55~75 6.27 0.14 5.2 71 0.09 2.85 0.70 148.5 63.0

80~100  5.91 0.14 5.5 91 0.06 2.32 0.51 224.0 65.0

IDS 0~25 4.82 0.58 15.3 102 0.16 2.50 0.82 250.4 9.0
30~50 6.01 0.30 9.5 45 0.06 2.75 0.98 43.1 8.4

55~75 6.29 0.31 6.6 27 0.04 2.61 1.06 71.8 11.0

80~100  6.03 0.35 8.3 22 0.02 2.71 1.10 256.5 44.0

YPDS : Poorly drained soils, IPD : Imperfectly drained soils.

J’Investlgatlon date of soil analy5|s July 22, 2011.
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Table 6. Aerial growth characteristics of 6-year-old ginseng between poorly and imperfectly drained class in paddy field.
Drainage Plant Stem Leaf Leaf Stem Chlorophyll Ratio of leaf
g height length length width diameter content discoloration
class’ & gt gt
(cm) (cm) (cm) (cm) (mm) (mg/g, FW) (%)
PDS 58.1a 34.4a 13.3a 6.2a 6.6b 2.11a 20.1a*
IDS 60.3a 35.2a 14.4a 6.0a 8.1a 1.99b 16.5a

*Mean with same letters are not significantly different in DMRT(p>0.05).

YPDS : Poorly drained soils, IPD :
?shade material : blue polyethylene sheet, Investigation date -

Imperfectly drained soils, variety: Cheonpung.
July 25, 2011.
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Table 7. Underground growth characteristics and root yield of 6-year-old ginseng between poorly and imperfectly drained class in paddy

field.
Drainage Rgltio of Taproot Taproot Root Rqot Ratio of Moisture R_oot
class Survived root length diameter length weight rusty root con. of root yield
(%) (cm) (mm) (cm) (g/plant) (0~3) (%) (kg/3.3 mr)
PDS 63.1a 7.7b 24.9a 28.2b 34.9b 1.74a 75.9a 1.56b*
IDS 55.7a 9.0a 23.6a 30.2a 52.8a 1.08b 75.0b 2.07a

*Mean with same letters are not significantly different in DMRT(p>0.05).
PDS : Poorly drained soils, IPD : Imperfectly drained soils, variety: Cheonpung.
’Rusty root index : (X1x1)+(X2x2)+(X3x3)+(X4x4)/(XT+X2+X3+X4), X1: no visible lesions, X2: slight lesions, X3: medium lesions,
X4 : serious lesions.
Zshade material : blue polyethylene sheet, Investigation date : October 18, 2011.

Table 8. Comparison of dry matter partitioning ratio of 6-year-old ginseng between poorly and imperfectly drained class in paddy field.

Drainage Dry matter weight (g/plant) Dry matter partitioning ratio (%)
class’ Rhizome Taproot Lateral Fine Rhizome Taproot Lateral Fine
root root root root
PDS 0.31b 4.87b 2.55b 1.04b 3.56a 55.67a 28.95b 11.82b*
IDS 0.44a 6.32a 3.63a 1.67a 3.68a 52.65b 30.22a 13.45a

*Mean with same letters are not significantly different in DMRT(p>0.05).
Y PDS : Poorly drained soils, IPD : Imperfectly drained soils, variety : Cheonpung.
Fshade material : blue polyethylene sheet, Investigation date : October 18, 2011.
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Table 9. Ginsenoside composition of 6-year-old ginseng between poorly and imperfectly drained class in paddy field. (d.w %)

Dralnajge Panaxadiol (PD) Panaxatriol (PT) Total PO/PT
class Rb, Rb, Rb, Rc Rd Re Rf R Rg,

PDS 0.318a 0.068b 0.025a 0.340a 0.033a 0.588b 0.105a 0.449a 0.0471a 1.968b  0.66a*

IDS 0.324a 0.074a 0.028a 0.326b 0.0371a 0.633a 0.103a 0.469a 0.042a 2.034a 0.63b

*Mean with same letters are not significantly different in DMRT(p>0.05).

'PDS : Poorly drained soils, IPD : Imperfectly drained soils.

? Investigation date: October 18, 2011, Variety : Cheonpoong.

% Analyzed part of ginseng root was whole root.
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