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Abstract : Experiments were carried out to select the rusty tolerance lines in 39 inbred lines of ginseng cultivated in field,
among them, 7 lines showed low degree of rusty root while 7 lines showed high degree of rusty root. In order to select
marker elements among mineral nutrients for rusty ginseng root, we combined 5 groups as follows : I (healthy-root of low
rusty degree lines vs. rusty-root of high rusty degree lines), II (healthy-root vs. rusty-root in low rusty degree lines), III
(healthy-root vs. rusty-root in high rusty degree lines), IV (low rusty degree lines vs. high rusty degree lines in rusty-root),
V (low rusty degree lines vs. high rusty degree lines in healthy-root), and analyzed mineral nutrition at different root parts.
The contents of mineral nutritions in stele and cortex were not different between healthy lines and rusty lines, and
between healthy roots and rusty roots, but that in branch and fine roots were not a tendency. The contents of Fe, Na and
Al in epidermis were higher in rusty-root than healthy-root. Also, the contents of Fe and Al in epidermis of high rusty
degree lines (HRL) were higher than those of low rusty degree lines (LRL) in healthy-roots and rusty-roots, and so we
suggest Fe and Al as markers to select low rusty degree ginseng lines.
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Table 1. The difference of rusty-root degree between ginseng lines
in 6-year old plants

tnes DSl Lne el
82041 04 79023 1.7
82099 05 78219 1.7
78025 0.6 79144 1.7
82025 07 tH416 1.8
82019 0.8 78204 1.8
78167 0.8 78093 1.9
78008 0.8 78135 19
78032 0.9 79027 1.9
82001 1.0 82098 1.9
82008 1.1 78092 22
78304 1.1 82005 22
82096 1.1 79306 23
78206 12 79093 24
78222 12 82043 25
79305 1.3 82004 2.7
79308 14 82065 2.7

Jakyungjong 1.5 78215 2.8
78142 1.5 78016 28
78149 1.5 78216 2.9
79309 1.6

L.S.D. 5% between ginseng lines: 0.7

“Degree of rusty root, 0: healthy, 1: 1~10%, 2: 1~125%, 3: above
26%.
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Table 2. The classification of ginseng lines according to degree of
rusty-root in 6-year old plants

e D e D
(Low rusty degree lines)” (High rusty degree lines)*
82041 0.4 79093 24
82099 0.5%#% 82043 2.5
78025 0.6%** 82004 2.7
82025 0. 7%%* 82065 2.7
82019 0.8k#* 78215 2.8
78167 0.8x** 78016 2.8
78008 0.8%** 78216 29

"Degree of rusty root, 0: healthy, 1: 1~10%, 2: 11~25%, 3: above
26%.

YLow rusty degree lines (LRL).

*High rusty degree lines (HRL).

***Significant at 0.1% level.
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Table 3. Comparison of mineral nutrients between healthy-root of low rusty degree lines (LRL) and rusty-root of high rusty degree lines(HRL)

in 6-year old plants

Part of root Lines P K Ca Mg Fe Na Mn Al Si Zn Cu
(%, d.w) (ppm, d.w)

LRL? 041 1.25 040 0.15 33 377 30 10 6.5 12 73

Stele HRLY 0.32 1.08 0.40 0.14 39 425 30 10 5.6 12 8.5

t-value n.s. n.s. n.s. ns. ns. n.s n.s n.s n.s n.s ns

LRL 0.23 1.23 0.36 0.16 38 341 38 23 9.1 12 6.0

Cortex HRL 0.25 1.46 043 0.14 40 402 38 23 7.6 12 8.4

t-value n.s. n.s. n.s. n.s ns. n.s n.s. ns. n.s ns. n.s..

LRL 0.17 290 0.56 0.69 2567 386 207 4133 107 36 53

Epidermis HRL 0.20 224 077 0.78 4242 542 276 5908 112 36 72

t-value n.s. ns. n.s. n.s. *ok * n.s. * n.s. ns. n.s

LRL 0.38 1.66 0.32 0.19 208 605 42 320 24 23 8.3

Branch & Fine  prr 037 198 ~ 047 0.9
Root

750 727 49

405 47 27 9.9

t-value n.s. * n.s. n.s.

*k n.s. n.s. n.s. * n.s. n.s.

“Low rusty degree lines (LRL) were 7 lines (82041, 82099, 78025, 82025, 82019, 78167, 78008).
YHigh rusty degree lines (HRL) were 7 lines (79093, 82043, 82004, 82065, 78215, 78016, 78216). Rusty state of root were LRL (0.1), HRL (2.7).

***Sjgnificant at 5% and 1% levels, respectively. n.s.

: Not significant at 5% level.

Table 4. Comparison of mineral nutrients between healthy and rusty root in low rusty degree lines (LRL)” in 6-year old plants

Part of root Rusty state P K Ca Mg Fe Na Mn Al Si Zn Cu
of rootY (%, d.w) (ppm, d.w)
Healthy 041 1.25 040 0.15 33 377 30 10 6.5 12 73
Stele Rusty 0.38 .12 039 0.15 39 392 33 14 3.8 1 7.4
t-value 1.s. n.s. ns. n.s. n.s. n.s n.s n.s n.s n.s n.s
Healthy 023 1.23 036 0.16 38 341 38 23 9.1 12 6.0
Cortex Rusty 0.28 152 041 0.16 41 408 41 28 11.7 13 8.1
t-value ns. n.s. ns. ns n.s. n.s n.s. n.s. n.s n.s. n.s..
Healthy 0.17 290 056 0.69 2567 386 207 4133 107 36 53
Epidermis Rusty 0.19 225 072 067 3521 529 228 5083 90 35 59
t-value n.s. n.s. ns. NS. *K * ns. * ns. .S. n.s
Branch & Healthy 0.38 1.66 032 0.19 208 605 42 320 24 23 8.3
Fine Root Rusty 0.38 177 043 0.18 750 689 46 365 20 22 8.6
t-value n.s. * ns. ns. *x n.s. n.s. n.s. * n.s. ns.
*Low rusty degree lines (LRL) were 7 lines(82041, 82099, 78025, 82025, 82019, 78167, 78008).
YRusty state of root were healthy (0.1), rusty (2.7).
**+*kSionificant at 5% and 1% levels, respectively. n.s. : Not significant at 5% level.
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Table 5. Comparison of mineral nutrients between healthy and rusty root in high rusty degree lines (HRL)* in 6-year old plants

P K Ca M Fe Na Mn Al Si Zn Cu
Part of root Ru;ty sta;te £
of root (%, d.w) (ppm, d.w)
Healthy 0.37 1.25 0.44 0.14 34 353 37 11 9.0 11 6.9
Stele Rusty 0.32 1.08 0.40 0.14 39 425 30 10 5.6 12 8.5
t-value n.s. n.s. n.s. n.s. n.s. n.s n.s n.s n.s n.s n.s
Healthy 0.21 1.25 0.36 0.14 35 332 45 18 8.1 11 5.8
Cortex Rusty 0.25 146 043 0.14 40 402 38 23 7.6 12 84
t-value n.s n.s * n.s n.s. n.s. n.s. * n.s n.s. ik
Healthy 0.16 2.88 0.60 0.67 3057 426 289 5113 112 34 74
Epidermis Rusty 20 224 077 0.78 4242 542 276 5908 112 36 72
t-value ** ok *k n.s. *k * n.s. n.s. n.s. n.s. n.s
Healthy 0.34 1.77 0.34 0.16 196 589 51 315 12 27 8.5
Branch & Rusty 037 198 047 019 750 727 49 405 47 27 9.9
Fine Root
t-value n.s. n.s. Fk n.s. ok n.s. n.s. n.s. wk n.s. n.s

“High rusty degree lines (HRL) were 6 lines (79093, 82043, 82004, 82065, 78215, 78016).

YRusty state of root were healthy (0.1), rusty (2.7).
#xwxkSionificant at 5%, 1%, and 0.1% levels, respectively.

n.s. : Not significant at 5% level.

Table 6. Comparison of mineral nutrients between low rusty degree lines (LRL) and high rusty degree lines (HRL) in 6-year old rusty-root

P K Ca Mg Fe Na Mn Al Si Zn Cu

Part of root Lines

(%, d.w) (ppm, d.w)
LRL? 0.38 1.12 039 0.15 39 392 33 14 3.8 11 7.4
Stele HRLY 0.32 1.08 0.40 0.14 39 425 30 10 5.6 12 8.5
t-value n.s. n.s. n.s. n.s. n.s. n.s n.s n.s n.s n.s n.s
LRL 0.28 152 041 0.16 41 408 41 28 11.7 13 8.1
Cortex HRL 0.25 1.46 0.43 0.14 40 402 38 23 7.6 12 8.4
t-value n.s. n.s. n.s. n.s n.s. n.s n.s. n.s. n.s n.s. n.s.
LRL 0.19 225 0.72 0.67 3521 529 228 5083 90 35 59
Epidermis HRL 0.20 2.24 0.77 0.78 4242 542 276 5908 112 36 72
t-value n.s. n.s. n.s. n.s. * n.s. n.s. * n.s. n.s. n.s
RL 0.38 1.77 0.43 0.18 750 689 46 365 20 22 8.6
Branch & HRL 037 198 047 0.9 750 727 49 405 47 27 9.9
Fine Root

t-value n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. * n.s. n.s.

“Low rusty degree lines (LRL) were 7 lines (82041, 82099, 78025, 82025, 82019, 78167, 78008).
YHigh rusty degree lines (HRL) were 7 lines (79093, 82043, 82004, 82065, 78215, 78016, 78216). Rusty state of root were LRL (2.7), HRL (2.7).

*Significant at 5% levels. n.s. : Not significant at 5% level.
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Table 7. Comparison of mineral nutrients between low rusty degree lines (LRL) and high rusty degree lines (HRL) in 6-year old healthy-root

. P K Ca Mg Fe Na Mn Al Si Zn Cu

Part of root Lines

(%, d.w) (ppm, d.w)
LRL? 041 1.25 0.40 0.15 33 377 30 10 6.5 12 7.3
Stele HRLY 0.37 1.25 0.44 0.14 34 353 37 11 9.0 11 6.9
t-value n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s n.s
LRL 0.23 1.23 0.36 0.16 38 341 38 23 9.1 12 6.0
Cortex HRL 0.21 1.25 0.36 0.14 35 332 45 18 8.1 11 5.8
t-value n.s. n.s. n.s. n.s n.s. n.s. n.s. n.s. n.s n.s. n.s.
LRL 0.17 2.90 0.56 0.69 2567 386 207 4133 107 36 53
Epidermis HRL 0.16 2.88 0.60 0.69 3057 426 289 5113 112 34 74
t-value n.s. n.s. n.s. n.s. * n.s. n.s. * n.s. n.s. n.s.
LRL 0.38 1.66 0.32 0.19 208 605 42 320 24 23 8.3
Branch & HRL 034 177 034 016 196 589 51 315 12 27 8.5
Fine Root

t-value n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. * n.s. n.s.

“Low rusty degree lines (LRL) were 7 lines (82041, 82099, 78025, 82025, 82019, 78167, 78008).
YHigh rusty degree lines (HRL) were 6 lines (79093, 82043, 82004, 82065, 78215, 78016). Rusty state of root were LRL (0.1), HRL (0.1).

*Significant at 5% level. n.s. : Not significant at 5% level.
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