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ABSTRACT : To study the cause of physiological disorder in leaf of ginseng cultivated at paddy soil, the degree of brown-
colored symptom (BCS) and the contents of inorganic matter in leaf were investigated by irrigating the solution of ferric and
ferrous iron of 0.1 ~ 2.0%, and citric acid of 1.0 ~ 4.0% on bed soil, respectively. Ratio of BCS by variety was as high as
85.0% in Yoenpoong, while it was as low as 5.4%, 7.5% in Chunpoong and Hwangsook, respectively. The contents of
inorganic matter of leaf in Yoenpoong were lower in P,Os, Ca, and Mg, while it were higher in K, Fe, and Mn than other
variety. Iron solution caused BCS more distinctly when each ferric and ferrous iron were dissolved with 1.0% citric acid
than when each iron was dissolved without citric acid. Ferric iron caused BCS more effectively than ferrous iron. BCS
occurred in 4.0% citric acid was as same as 2.0% ferric iron mixed with 1.0% citric acid. Low P,Os and high Fe content in
leaf appeared in both of artificial and natural symptoms. We concluded that excessive Fe uptake caused BCS to leaf because
the solubility of iron was increased in condition of low soil pH.
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Table 1. Soil chemical properties in the experiment field of

paddy soil.
pH EC NO; OM PO, Ex Cation(cmol®/ke)
(1:5 dS/m) (mg/ks) (gks) (mghks) g Ca Mg
49 0.76 48 14.7 98 048 2.7 097

Table 2. Soil chemical properties in the experiment field of

upland soil.
pH EC OM P,0; Ex. Cation (cmol*/kg)
(1:5) dS/m) (gks)  (mg/kg) K Ca Mg
5.6 0.31 8.5 118 0.16 2.87 1.27
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Table 3. Varietal difference of growth characteristics and physiological disorder in 5-year-old ginseng cultured at paddy soil.

Stem Leaf Leaf Chlorophyll Ratio of Rusty Root

Variety Length length width content discolored leaf  root index’ weight

(cm) (cm) (cm) (mg/g, FW) (%) (0-3) (g/plant)

Chunpoong 33.5° 10.6 4.9° 2.36° 7.5° 1.49°¢ 36.1°*
Hwangsook 24.6" 10.4° 4.6° 2.50° 5.4 2.50° 33.72
Yeonpoong 22.7° 10.6* 4.9° 2.42° 85.0° 2.19° 14.3°

fIndex of rusty coloured root; (X0 x 0) + (X1 x 1) + (X2 x 2) + (X3 x 3)/(X0 + X1 + X2 + X3), XO; no visible lesions, X1; slight lesions, X2;

medium lesions, X3; serious lesions.
*Harvest date; July 14, Shade material; aluminium-coated PE sheet.

*Means within a column followed by the same letter are not significantly different based on the DMRT (p < 0.05).

Table 4. Varietal difference of inorganic matter content in leaf of 5-year-old ginseng cultured at paddy soil.

) T-N P K Ca Mg Fe Mn Zn Cu
Variety
——————————————————————————— (96) mrmmmmmmmmmmooo oo el € /1 B

Chunpoong 2.39° 0.162° 1.223 0791 0.221° 338" 229¢ 24.1° 7.3

Hwangsook 2.60° 0.1772 1.009¢ 0.986% 0.219* 335° 288b 27.6% 8.0°

Yeonpoong 2.38P 0.154°¢ 1.862% 0.589¢ 0.127° 633 5022 27.2% 7.3°
*Means within a column followed by the same letter are not significantly different based on the DMRT (p < 0.05).
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Table 5. Effect of the irrigation of ferric and ferrous iron solution on brown-colored symptom (leaf discoloration) of 6-year-old ginseng.

Score of LD' (0-3)*

H EC .
Treatment 16 30 (1|O: 5) dS/m) Symptoms in leaf
Control 0.0£0.0 0.0 £ 0.00 5.69 0.28 Non occurrence
FeCl; 0.1% 0.0+0.0 0.1 £0.22 4.96 0.52 Brown spot and yellow color
FeCl; 0.5% 0.0+0.0 0.3 +0.43 3.83 1.68 "
FeCl; 1.0% 0.0+ 0.0 0.6 £ 0.41 3.17 3.57 "
FeCl; 2.0% 0.0+0.0 0.9 +0.35 2.77 7.09 "
Average 0.00 0.48 3.68 3.22 -
FeCl, 0.1% 0.0+0.0 0.0 £ 0.00 5.08 0.45 Non occurrence
FeCl, 0.5% 0.0+ 0.0 0.0 £ 0.00 4.10 1.51 "
FeCl, 1.0% 0.0£0.0 0.0 £ 0.00 3.48 2.45 ”
FeCl, 2.0% 0.0+0.0 0.8 £0.25 3.02 4.80 Brown spot and yellow color
Average 0.00 0.20 3.92 2.30 -
LD; Leaf Discoloration.
iScore of leaf discoloration; 0 (non occurrence), 1 (poor), 2 (middle), 3 (severe). Treated date; July 10, Amount of irrigation; 500 m¢/plant.

Table 6. Effect of the irrigation of ferric and ferrous iron solution mixed with citric acid on brown-colored symptom (leaf discoloration) of

6-year-old ginseng, Yeonpoong.

Score of LD' (0-3)

H EC .
Treatment oy 16 iy 30 (1p: 5 Sl Symptoms in leaf
Control 0.0 £ 0.00 0.0 £0.00 5.46 0.22 Non occurrence
FeCl; 0.1% + CA® 1.0% 0.0 + 0.00 0.5 +0.29 4.75 1.83 Brown spot and yellow color
FeCl; 0.5% + CA 1.0% 1.5+£0.36 1.5 £0.34 4.35 2.41 "
FeCl; 1.0% + CA 1.0% 2.8+0.23 2.8+0.27 3.80 4.45 Brown spot and yellow color. Foliage
FeCl; 2.0% + CA 1.0% 3.0£0.10 3.0+ 0.15 3.39 6.71 Dark brown spot. Leaf died
Average 1.83 1.95 4.07 3.85 -
FeCl, 0.1% + CA 1.0% 0.0 + 0.00 0.5 £ 0.35 4.87 1.49 Brown spot and yellow color
FeCl, 0.5% + CA 1.0% 0.0 £0.00 0.5 £0.32 4.51 2.77 "
FeCl, 1.0% + CA 1.0% 0.0 £ 0.00 0.5+0.30 4.04 4.60 "
FeCl, 2.0% + CA 1.0% 2.5+0.30 2.5+0.34 3.46 6.41 Dark brown spot
Average 0.62 1.00 4.22 3.82 -
LD; Leaf Discoloration.
Score of leaf discoloration; 0 (non occurrence), 1 (poor), 2 (middle), 3 (severe). SCA; citric acid. Treated date; July 10.
ol 5/ e FoE B el (Taiz and Zeiger,  ARE BYele] LeloER WE the B AEAs B
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Table 7. Effect of the irrigation of citric acid on brown-colored symptom (leaf discoloration) of 6-year-old ginseng, Yeonpoong.

Score of LD' (0-3)*

H EC .
Treatment p Symptoms in leaf
July 16 July 30 (1:5) (dS/m) yme
Control 0.0 £ 0.00 0.0 £0.00 4.57 0.72 Non occurrence

CAY 1.0% 0.3 +£0.33 0.5 £0.34 3.93 1.16 Brown spot and yellow color

CA 2.0% 0.5 £0.35 0.8 £0.38 3.59 1.68 "

CA 3.0% 2.0+0.15 25+0.27 3.33 2.48 Dark brown spot

CA 4.0% 2.8+0.21 3.0+0.10 3.21 2.85 Dark brown spot. Leaf died
'LD; Leaf Discoloration.
Score of leaf discoloration; 0 (non occurrence), 1 (poor), 2 (middle), 3 (severe). SCA; citric acid. Treated date; July 10.

Table 8. Inorganic matter contents of leaf in 6-year-old ginseng, Yeonpoon by irrigating iron and citric acid solution.

TN P K Ca Mg Fe Mn Zn Cu
Treatment
(06) mmmmrmmmemem e e (mg/kg) --mmmmrmmmememmeneneen
Control 2.02° 0.2912 1.064% 1.731¢ 0.498¢ 213P 116¢ 13.3¢ 219%
FeCl; 2.0% 1.26¢ 0.188¢ 1.029° 1.844° 0.535° 4842 157¢ 16.7% 261¢
FeCl, 2.0% 1.35° 0.179¢ 1.093% 1.739¢ 0.487°¢ 5072 206° 22.9° 518P
CA* 4% 1.38° 0.214° 1.146% 1.990% 0.636 529? 229? 19.7% 5642

FeCl; 2.0% and FeCl, 2.0% solution were mixed with citric acid 1.0%, respectively. *CA; citric acid. Treated date; July 10.
*Means within a column followed by the same letter are not significantly different based on the DMRT (p < 0.05).
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