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ABSTRACT : The management and control of mineral nutrients is one of most important techniques to increase the pro-
ductivity and the quality of Korean ginseng. The mineral nutrients are measured with different plant tissues and different
growth stages of 2-year-old ginseng grown under hydroponic culture with two different temperatures. The content of N, P,
Ca, and Mg were higher at low temperature in both leaves and roots than those at high temperature. However, the content of
K was high in leaves at low temperature compared to that of high temperature, while it was not significantly different in
roots. The uptake amounts of N and K was higher throughout the experimental period at low temperature in both leaves
and roots than those at high temperature. However, the uptake amount of P was not clearly different between two different
temperatures and among six different growth stages. The uptake amount of N, P, K was generally decreased in leaves from
June to August, while it was increased in roots. The relationship between dry weight and mineral nutrients in leaves was
appeared positive with N, K, Ca, and Mg, but negative P. In roots, N, K, Ca, and Mg were negative, showing that was posi-
tive with only P. Comparing the correlation coefficients among mineral nutrients in leaves, N and K were significantly posi-
tive correlation each other. P was significantly positive correlation with Na and Zn. In case of roots, N was highly significant
positive correlation with K, Mg, and Mn, but P was negatively correlated with Ca, Cu, Na, Fe, and Zn.
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Table 1. Contents of macro-mineral nutrients on leaves and roots of 2-year-old ginseng cultivated under hydroponic culture with two

different temperatures and six different growth stages.

(unit : %, dry weight)

N P K Ca Mg
Temp. Date

Leaf Root Leaf Root Leaf Root Leaf Root Leaf Root
07-Jun 2.82 1.87 0.26 0.23 2.69 1.30 0.33 0.33 031 0.26
21-Jun 3.66 1.66 0.31 0.27 3.06 1.63 0.60 0.29 0.50 0.26

Low Temp. 05-Jul 2.86 1.46 0.20 0.35 2.69 1.56 0.62 0.21 0.48 0.23
19-Jul 2.84 1.76 0.19 0.35 2.99 1.64 0.73 0.18 0.47 0.23

02-Aug 2.28 1.71 0.26 0.47 245 1.44 0.78 0.18 0.51 0.21
16-Aug 2.06 142 0.27 0.39 2.21 1.51 0.85 0.19 0.44 0.20

07-Jun 2.69 0.97 0.22 0.15 2.94 1.29 0.24 0.33 0.19 0.25

21-Jun 2.23 1.53 043 0.31 244 1.77 0.50 0.18 0.27 0.21
High Temp. 05-Jul 2.15 1.04 0.25 0.23 2.11 1.59 0.49 0.15 0.25 0.17
19-Jul 1.94 0.94 0.32 0.38 191 1.53 0.46 0.15 022 0.16
02-Aug 1.99 1.01 0.31 0.29 1.82 1.39 0.51 0.14 0.24 0.16
16-Aug 1.11 0.62 0.24 042 1.30 1.28 0.50 0.13 0.18 0.14

Temp‘ sksk sksk ksk % sk ns skak sk sk sk

Date sk ns sksk sksk sk sk sk sk sk sk

TxD * ns * * ok ns *ok ns * ns

“*, ** . Significant at the 0.05 and 0.01 probability levels, respectively.
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Table 2. Contents of micro-mineral nutrients on leaves and roots of 2-year-old ginseng cultivated under hydroponic culture with two

different temperatures and six different growth stages.

(unit : mg/kg, dry weight)

Cu Na Fe Mn Zn

Temp. Date Leaf Root Leaf Root Leaf Root Leaf Root Leaf Root
07-Jun 11.80  14.29 1242.14 2718.28 208.70 235.15 7426 4539 40.52 75.66
21-Jun 1872  10.00 1819.06 214292 226.51 99.89 7699  42.15 55.08 45.23
Low 05-Jul 10.57 7.87 1775.56 2027.62 179.64 99.45 86.73 4531 61.36 27.81
Temp. 19-Jul 9.44 6.24 1899.13 1774.68 356.81 71.28 96.79  46.75 74.56 29.25
02-Aug 10.52 7.35 1968.35 1902.28 290.58 93.69 92.54  43.61 70.06 40.31
16-Aug 11.29 7.34 1935.20 1833.00 307.51 73.29 8728  40.17 72.66 32.98
07-Jun 1221 16.02 3955.64 2685.12 254.59 192.15 79.02  39.08 38.06 68.12
21-Jun 9.87 8.83 8162.89 2204.93 269.89 15406  71.57  34.23 11328  43.19
High 05-Jul 10.07 4.41 6410.40 2246.90 251.59 75.43 76.31  29.41 12413 23.84
Temp. 19-Jul 7.70 4.14 7040.97 1962.20 258.64 77.16 66.64  23.55 11140 2148
02-Aug 11.19 6.57 5211.83 1760.72 267.39 72.40 56.48  25.57 12392 4032
16-Aug 9.33 5.62 6401.73 1432.11 256.73 6791 6424  30.78 18722 23.90

Temp. ns * ok ns ns ns ** ** ok ns

Date ns ek ek %k %k ek ns ns ek %%

TxD ns ns * ns *% ns * ns ok ns

*, #% : Significant at the 0.05 and 0.01 probability levels, respectively.
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Fig. 1. Comparison on the uptake amount of major mineral

nutrients in leaves and roots of 2-year-old ginseng
cultivated under hydroponic culture with two different
temperatures and six different growth stages. The bars
represent the standard deviation.
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Fig. 2. The relationship between dry weight and macro-
mineral nutrients contents in leaves of 2-year-old
ginseng cultivated under hydroponic culture.
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Fig. 3. The relationship between dry weight and macro-
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ginseng cultivated under hydroponic culture.
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Table 3. Correlation coefficients among mineral nutrients in leaves of 2-year-old ginseng cultivated under hydroponic culture.

N P K Ca Mg Cu Na Fe Mn Zn
N 1.000
P -0.204" 1.000
K 0.884" -0.270™ 1.000
Ca -0.004™  -0.114™  -0.010™ 1.000
Mg 0.540"  -0256"  0.514" 0.781" 1.000
Cu 0.509"" -0.111™ 0.376" 0.010™ 0.202" 1.000
Na -0.590™ 0.482™ -0.614™ -0.353" -0.722" 0232 1.000
Fe -0.186™  -0.058™  -0.045™  0.483" 0.163™  -0.163™  0.063™ 1.000
Mn 0.365" -0.523" 0.469™ 0.528™ 0.664™ 0.165™ -0.456™ 0.328" 1.000
7n -0.636" 0.342" -0.743"  0.025™ 04677  -0.175™  0.748" 0.196™ -0.400" 1.000
*, % : Significant at the 0.05 and 0.01 probability levels, respectively.
Table 4. Correlation coefficients among mineral nutrients in roots of 2-year-old ginseng cultivated under hydroponic culture.
N P K Ca Mg Cu Na Fe Mn Zn
N 1.000
p 0.099™ 1.000
K 0.460" 0.182" 1.000
Ca 0363 0453  -0.176™ 1.000
Mg  0.666"  -0.304™ 0.189" 0.877" 1.000
Cu 0.305"™  -0.526"  -0276™ 0.860"" 0.722" 1.000
Na 0.190™  -0.583"  -0.088"™ 0.729" 0.650" 0.669™ 1.000
Fe 0301™  -0.432"  -0.186™ 0.643" 0.536" 0.767" 0.715" 1.000
Mn 0673 0.149™ 0.169™ 0.541" 0.749" 0.439" 0.213™ 0.324™ 1.000
7n 0.397" 0468  -0.283™ 0.818" 0.688" 0.910" 0.723" 0.791" 0.375" 1.000

“*, % Significant at the 0.05 and 0.01 probability levels, respectively.
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