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Incompatible Element Characteristics of Ginsengs Growing by Different Soils of the Keumsan
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Abstract : The ginsengs showing different ages(1, 2 and 3 years) are collected from the granite, phyllite and shale area,
Keumsan and are analysed for the incompatible elements with the soils. In the soils, granite areas are high in the most of
element and shale areas show high correlations among the element pairs. In the comparisons for differences of ginseng
ages within the same area, granite and phyllite areas are high in the 2 year ginsengs while the shale ares are high in the 3
year ginsengs in the most of the elements. Positive correlations are dominant regardless area differences and high cor-
relations are shown in the 3 year ginsengs, indicating the absorptions of the eligible element content with increasing ages.
In the comparisons of area for the ginsengs of the same age, Rb, Cs and Ga, in the case of the granite area, are low in the
2 year ginsengs while most of elements are low in the 3 year ginsengs. High element contents are shown in the shale area,
which are compared with granite and phyllite areas, indicating differences of dominant minerals. In the comparisons of
the parts, upper parts are mainly high. High correlations are shown in the 3 year ginsengs, suggesting the similarities of
absorption degrees within root as well as upper parts with the age. In the comparisons between soils and ginsengs, ele-

ments except Ba and Sr, are mainly high in the soils.

Key words : Keumsan, Granite, Phyllite, Shale, Ginseng, Incompatible element.
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Fig. 1. Geological map and sample localities. ocma for limestone and phyllite, ocsi for limesilicate, ocgp for green phyllite, ocbs for black
slate, ocis for limestone, for phyllitic schist, ocd for green phyllite, ocdg for quartzite, ocm for quartz schist and sandy phyllite.
Abbreviations: GRS for Granite area, PHS for Phyllite area and SSS for Shale atea.
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Table 1. Concentrations of incompatible elements at different ginseng field and age in soils of Keumsan (unit : ppm)
Soil Type Plant Age Ba Rb Sr Cs Ga Y Zr Nb Hf Ta
GR 1 631 192 156 5.11 335 159 443 11.1 13.3 1.8
GR 2 507 163 82 6.89 254 234 364 134 10.0 1.8
GR 3 555 215 133 6.94 36.3 22.1 2540 10.9 74 2.0
Avg. 564 190 124 6.31 31.7 21.7 349 11.8 10.2 1.9
PH 1 735 123 85 8.40 19.0 33.9 234 11.8 6.3 14
PH 2 563 103 63 7.61 21.1 24.3 154 10.1 4.1 1.2
PH 3 599 105 82 9.61 19.1 27.8 173 10.7 4.8 1.3
Avg. 632 110 77 8.54 19.7 28.7 187 109 5.1 1.3
SS 1 653 104 80 6.71 19.5 252 190 109 5.1 1.3
SS 2 602 93 52 5.55 16.8 219 239 12.3 6.2 14
SS 3 1140 117 120 7.00 22.0 56.8 123 10.2 35 1.2
Avg. 798 105 84 642 194 346 184 11.1 49 1.3
Soil type: GR; granite area, PH; phyllite area and SS; shale area.
Table 2. Correlation coefficient of the incompatible elements at granite area in soils of the Keumsan
Ba Rb Sr Cs Ga Y Zr Nb Hf
Rb 0.446
Sr 0.941 0.722
Cs -0.912 -0.040 -0.721
Ga 0.617 0.979 0.846 -0.241
Y -0.973 -0.226 -0.838 0.982 -0.418
Zr 0.498 -0.554 0.176 -0.810 -0.375 -0.685
Nb -0.745 -0.929 -0.927 0.407 -0.985 0.571 0.207
Hf 0.658 -0.381 0.365 -0.909 -0.187 -0.814 0.981 0.012
Ta -0.125 0.832 0.217 0.521 0.704 0.351 0.923 -0.568 -0.830
Table 3. Correlation coefficient of the incompatible elements at phyllite area in soils of the Keumsan
Ba Rb Sr Cs Ga Y Zr Nb Hf
Rb 0.996
Sr 0.757 0.696
Cs 0.078 -0.010 0.711
Ga -0.710 -0.645 -0.998 -0.758
Y 0.985 0.966 0.857 0.248 -0.820
Zr 0.999 0.993 0.777 0.110 -0.732 0.950
Nb 0.991 0.976 0.836 0.209 -0.797 0.999 0.995
Hf 0.993 0.979 0.828 0.195 -0.788 0.999 0.996 0.999
Ta 0.948 0916 0.926 0.392 -0.898 0.988 0.958 0.982 0.979
Table 4. Correlation coefficient of the incompatible elements at shale area in soils of the Keumsan
Ba Rb Sr Cs Ga Y Zr Nb Hf
Rb 0917
Sr 0.944 0.997
Cs 0.717 0.936 0.907
Ga 0.891 0.998 0.991 0.955
Y 0.999 0917 0.944 0.717 0.891
Zr -0.937 -0.998 -0.999 -0914 -0.993 -0.938
Nb -0.795 -0.971 -0.951 -0.993 -0.984 -0.795 0.956
Hf -0.946 -0.997 -0.999 -0.905 -0.990 -0.946 0.999 0.949
Ta -0.906 -0.999 -0.995 -0.945 -0.999 -0.906 0.997 0.977 0.994
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Table 5. Composition(Avg.) of ginseng plants from the Keumsan area (unit: ppm)
Soil Type Plant Age Ba Rb Sr Cs Ga Y Zr Nb Hf Ta

GR 2 754 108.9 770 0.460 1.2 10.40 0.85 0.194 0.045 0.006
GR 3 1748 115.3 1017 0.646 0.7 3.83 0.60 0.124 0.025 0.005
PH 2 949 120.3 713 1.194 1.3 2.87 1.20 0.188 0.035 0.003
PH 3 2075 50.1 851 0915 1.0 293 0.95 0.136 0.030 0.004
SS 2 753 194.9 849 1.545 1.9 12.77 2.00 0.281 0.085 0.010
SS 3 4140 468.6 1087 7.525 1.5 29.20 1.50 0.333 0.095 0.017

Soil type: GR; granite area, PH; phyllite area and SS; shale area.
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Table 6. Composition of upper parts of ginseng plant from the Keumsan area (unit: ppm)
Soil Type  Plant Age Ba Rb Sr Cs Ga Zr Nb Hf Ta
GR 1 2730 20.2 1020 0.614 1.5 446 1.4 0.255 0.05 0.007
GR 2 147 58 1150 0423 1.3 14.90 1.0 0.165 0.05 0.004
GR 3 2500 15.6 1490 0.585 0.6 4.85 0.6 0.089 0.03 0.002
PH 1 1520 31.6 769 2.230 3.0 7.02 2.7 0.646 0.10 0.005
PH 1300 12.5 1040 1.420 1.9 433 1.9 0.248 0.06 0.004
PH 3 2600 11.5 1280 0.720 1.3 3.84 1.3 0.133 0.04 0.005
SS 2 206 209 1350 1.970 2.7 18.80 3.0 0.332 0.12 0.010
SS 3 5630 85.2 1590 2.550 21 29.90 22 0.351 0.12 0.017
Soil type: GR; granite area, PH; phyllite area and SS; shale area.
Table 7. Composition of root parts of ginseng plant from the Keumsan area (unit: ppm)
Soil Type  Plant Age Ba Rb Sr Cs Ga Y Zr Nb Hf Ta
GR 2 1360 212 389 0.496 1.0 5.94 0.7 0.223 0.04 0.007
GR 3 995 215 544 0.707 0.7 2.80 0.5 0.158 0.02 0.007
PH 2 598 228 386 0.967 0.7 1.40 0.5 0.128 0.01 0.001
PH 3 1550 89 422 1.110 0.7 2.01 0.6 0.139 0.02 0.003
SS 2 1300 369 348 1.120 1.1 6.74 1.0 0.229 0.05 0.010
SS 3 2650 852 584 12.500 0.9 28.50 0.8 0315 0.07 0.016
Soil type: GR; granite area, PH; phyllite area and SS; shale area.
Table 8. Correlation coefficient of the incompatible element(Avg.) for the ginseng plant.
2 Year
Ba Rb Sr Cs Ga Y Zr Nb Hf Ta
Ba -0.393 -0.815 0.198 -0.329 -0.974 -0.223 -0.551 -0.657 -0.847
Rb 0.963 0.854 0.824 0.998 0.590 0.984 0.984 0.952 0.821
Sr 0.637 0.820 0.407 0.816 0.924 0.747 0.933 0.972 0.998
Cs 0.996 0.984 0.705 0.860 0.028 0912 0.709 0.610 0.353
3 Ga 0.957 0.843 0.384 0.926 0.533 0.994 0.969 0.929 0.781
Year Y 0.988 0.993 0.749 0.998 0.900 0.436 0.724 0.809 0.945
Zr 0.943 0.819 0.344 0.908 0.999 0.880 0.936 0.882 0.706
Nb 0.997 0.981 0.693 0.999 0.932 0.997 0915 0.991 0.910
Hf 0.998 0.978 0.683 0.999 0.937 0.996 0.920 0.999 0.957
Ta 0.987 0.994 0.753 0.998 0.897 0.999 0.877 0.999 0.995
HfE Z3gh v sAUdae}t REE BE daoA] A7t wsk Y Aolch, &3k 23489 7% A9 sHE- 2% Rb-Cs,
I, Ao AL olE 9i R Aol =94t gk Zn, Ta, Ga-Zr, Nb, Hf Ta, Y-Hf Ta. Zr-Nb, Hf T,
249 A% F A WE 0F 47t oM Eth £ NbHE To, HETa Aold 9e) 4uAE nach 334e)
F02 ol <t Aduel wt Eeel Sael BARlel  A$E Welel BaSy SrZr 4 4, 439 SrGa, Zr 4
oke NEe RS Fro) gRe Qravy Sis &2 4 AT BE 94 Aol He) AueAg B3
Atk (@) B} 14 Hetxloke] vl
FARlA 3dAdle] 2ddel Hal TS S YolA drtzlo® 2d4 gl 3ol BAIGLO] Ba, Sr e T
E2 S B tH(Tables 9, 10). ol o] S71% B A QollA] el w2 9] davs EYRl Edth
of wet o] dio] AN W Hele] F4HETL 3helA]) ST Rbe] 73 sdste] 293483 3ddel AAlglel B
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Table 9. Correlation coefficient of the incompatible elements for 3 year old ginseng plant
Upper part
Ba Rb Sr Cs Ga Y Zr Nb Hf Ta
Ba 0.997 0.729 0.999 0.897 0.998 0912 0.992 0.997 0.987
Rb 0.882 0.780 0.994 0.861 0.999 0.877 0.979 0.989 0.971
Sr 0414 0.794 0.706 0.352 0.770 0.384 0.635 0.677 0.609
Cs 0.954 0.983 0.669 0912 0.995 0.925 0.995 0.999 0.991
Root Ga 0.944 0.988 0.691 0.999 0.868 0.999 0.947 0.927 0.954
part Y 0.935 0.991 0.710 0.998 0.999 0.884 0.982 0.991 0.975
Zr 0.982 0.779 0.237 0.881 0.866 0.853 0.957 0.939 0.966
Nb 0.907 0.998 0.759 0.992 0.995 0.997 0.813 0.998 0.999
Hf 0.944 0.988 0.691 0.999 0.999 0.999 0.866 0.995 0.996
Ta 0.802 0.989 0.876 0.944 0.954 0.961 0.676 0.979 0.954
Table 10. Correlation coefficient of the incompatible elements for 2 year old ginseng plant
Upper part
Ba Rb Sr Cs Ga Y Zr Nb Hf Ta
Ba -0.019 -0.742 0.209 -0.039 -0.953 -0.0125 0.042 -0.339 -0.460
Rb 0.352 0.685 0.974 0.999 0.3223 0.9995 0.998 0.9479 0.897
Sr -0.378 -0.999 0.501 0.698 0911 0.680 0.639 0.8829 0.937
Cs -0.350 0.754 -0.736 0.970 0.098 0.975 0.986 0.8499 0.772
Root Ga 0.951 0.624 -0.645 -0.044 0.339 0.999 0.997 0.953 0.904
part Y 0.978 0.540 -0.562 -0.146 0.995 0.316 0.264 0.609 0.708
Zr 0.759 0.877 -0.890 0.345 0.923 0.878 0.999 0.945 0.893
Nb 0.992 0.465 -0.489 -0.232 0.982 0.996 0.833 0.926 0.868
Hf 0.951 0.624 -0.645 -0.044 0.999 0.995 0.923 0.982 0.991
Ta 0919 0.692 -0.711 0.047 0.996 0.9815 0.954 0.961 0.996
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