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ABSTRACT

Background : In order to determine the effects of planting methods on root growth of ginseng varieties, two different methods,
direct seed sowing and transplanting were compared in terms of their effects on different root growth characteristics.

Methods and Results : Higher fresh root weight was observed in ginseng grown by direct seed sowing. Direct seed sowing of
three cultivars (Sunhyang, Chungsun and K-1) resulted in higher yield, whereas no difference was observed in the yield of one culti-
var (Chungsun). Gumpoong was highly tolerant to physiological stress, as it showed fewer symptoms of rusty and rough skin root
diseases in both direct seed sowing and transplanting. The average main root length per total root length of ginseng grown by direct
seed sowing was 33.6%, whereas that of ginseng grown by the average of those by transplanting was 22.4%. Other root growth char-
acteristics, including root length, main root diameter, and number of side roots, improved when the direct seed sowing method was
used.

Conclusions : To our knowledge, this is the first study reporting the differences in root growth parameters of ginseng varieties
grown by direct seed sowing or transplanting at the same planting density. Because of the advantages of direct sowing during gin-
seng planting, developing new varieties and improving cultivation methods are imperative.
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Table 1. The physicochemical properties of the investigated field.
. +
o ) pH EC NO, P,0s OM EX. cation (cmol*/kg)
Classification  Soil texture 1:5  dsm  meke (ke (@ks) » Mg a a
Measured value Sandy loam 6.2 0.17 14.75 96.9 10.8 0.43 1.2 0.07 2.9
Common Sandy loam
range for - 5.0-6.0 =0.,5 =50 50-150 10-20 0.20-060 1.0-2.0 0.05-0.15 3.0-50
upland soil Silty loam

481



Fig. 1. Name of root parts on ginseng root.
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Table 2. Growth characteristics of root parts in 5 year old of ginseng varieties by direct seeding.

RLY RHL ML LL RMR MRD NLR NSR NS RW
(cm) (cm) (cm) (cm) (%) (mm) (No.) (No.) (No.) ®
Chunpoong 345+353ab 21+038a 11.6+2.06ab 229+3.83abc 33.6 182+285e 2.6+075abc  9.1£2.83ab 1.1+0.20d 25.0+5.00e*
Yunpoong 350+448  20£033a 12.6£3.53abc 224+548abc 360 21.1+290abc 2.7+091abc 10.1£340a 1.9+0.71abc  34.6+7.20bcd
Gopoong  289+3.04d 20£05Ta 114£26Tabc 174£414d 394 200+292cd 27+066abc  7.2+270bc 1.5+0.63cd  33.24520cd
Sunpoong 30.8+6.62bcd 2.0£0.29a 84+1.28d 22.5+598abc 273 19.6+242cd 3.0+0.82a 50+1.22d  23+035abc  31.7£5.50d
Gumpoong 33.8+5.26abc 2.1+043a 11.6+340abc 22.1+5.19bc 343 190+1.71cd  2.3+0.58hc 79+4247abc 1.7£031bc  32.0+2.70cd
Sunun 302+4.37cd  20+0.28a 10.5+1.96bcd 19.7+4.95cd 348 17.9+2.00e 2.5+0.60abc  6.6+1.73cd 22+0.22abc 264 +4.90e
Sunwon  31.8+3.01abc 2140292 9.8.+£2.18cd 22.1+4.57abc 30.8 20.5+2.92bcd 2.940.73ab 6.8+2.68bcd 2.7+0.59 33.145.80cd
Chungsun 31.8+290abc 2.1+0.30a 10.1£1.56cd 21.7+3.27abc 31.8 21.8+.93ab  2.8+0.75abc  84+3.12ab 1.6+0.25bcd  39.2£7.10ab
Sunhyang 346+430a 22%033a 11.3+286abc 241+573ab 327 22642282 27+066abc  7.9+237abc 2.6+0.24a 39.9+4.90a
K-1 351+430a 21+033a 106+1.09bc 244+438a 302 200+1.71cd 24+075abc  8.0£1.83abc 25+0.2Tab  37.1+4.80ab
Average  32.7+4.64 21+0.08 11.0+244 21.8+4.99 336 1994287 2.610.87 7.8£2.60 2.1+£045 320+6.10
DRL; Root length, RHL; Rhizome length, ML; Main root length, LL; Lateral root length, RMR; Ratio of main root length/root length, MRD; Main

root diameter, NLR; Number of lateral root, NSR; Number of side root, NS; Number of stolon, RW; Weight per fresh root.
*Means within a column followed by the same letters are not significantly different based on the DMRT (p < 0.05).

Varieties

Table 3. Growth characteristics of root parts in 5 year old of ginseng varieties by transplanting.

RL" RHL ML LL RMR  MRD NLR NSR NS RW

Varieties (cm) (cm) (cm) (cm) (% (mm) (No.) (No.) (No.) (g)

Chunpoong 325+3.8%b 1.8+150ab 59%1.32c 266+400a 182 16.4£236e 2.7+090ab 2.0+0.73b 1.6+0.21ab 19.7+297c*
Yunpoong 27.7+2.25d 19%023ab 58+1.63c 21.9+2.06cd 209 19.6+1.71b 3.2£0.83ab 3.5+0.18ab 1.6+0.16ab 25.0+3.98b
Gopoong 290+3.64cd 1.8+023a 57%2.11c  233+£3.9%bc 19.7 17.8+£203cd 2.8+0.93ab 22+0.73b 1.9+0.24ab 21.9+4.92hc
Sunpoong 27.6+£230d 1.8+0.24ab 6.6+2.65bc 21.0+329d 239 17.6+192cde 2.8+0.93ab 2.6+0.47b 1.5+0.44ab 24.3+5.40b
Gumpoong 31.5+2.66abc 1.8+035ab 7.0+2.88ab 24.6+3.75abc 22.2 185+2.32bad 3.0+1.28ab 3.4+0.60ab 1.1+0.04c 24.3+525b

Sunun  30.7+4.94abc 1.9+027ab 7.0£3.38ab 23.7+6.16abc 22.8 17.6+1.59cde 2.9+1.22ab 3.2+0.06ab 1.5+0.25ab 24.1£4.24b
Sunwon  308+2.88abc 1.9+0.27a 7.1+2.63ab 23.6+4.57abc 23.1 174+429de 2.7+1.10ab 3.1+0.16ab 1.7£031abc 23.1+3.46bc
Chungsun  31.9+348abc 2.0.£0.19ab 7.2+2.50ab 247+327abc 22.6 212+4.83a 3.4+140a 4.6%0.55a 1.2+0.57bc 31.6+4.38a
Sunhyang 329+320a 1.7+043b 79%3.17a 25.0%5.73ab 24.0 180+476cd 2.6+0.86b 3.0+0.13ab 2.1£0.34a 23.9£3.48b
K-1 294+3.74bcd 1.8+0.23ab 6.412.61bc 23.0+4.38bcd 21.8 189+497bc 3.1+0.80ab 2.3+0.95b 1.0£0.54c  23.0+5.43bc

Average 303 +3.64 1.8+007b 6.8%272  235t414 224 182+228 29+1.04 3.0:061 1.5+0.25 24.1£4.95b

DRL; Root length, RHL; Rhizome length, ML; Main root length, LL; Lateral root length, RMR; Ratio of main root length/root length, MRD; Main
root diameter, NLR; Number of lateral root, NSR; Number of side root, NS; Number of stolon, RW; Weight per fresh root.
*Means within a column followed by the same letters are not significantly different based on the DMRT (p < 0.05).
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Table 4. Growth characteristics of root parts in 5 year old of ginseng varieties by direct seeding and transplanting.

Varieties Cultivating RL RHL ML LL RMR  MRD NLR NSR NS RW
method (cm) (cm) (cm) (cm) (%) (mm) (No.) (No.) (No.) @

DS  34543.53 2.1+0.38 11.6+2.06 22.9+3.83 33.6 18.2+2.85 2.6+0.75 9.1+2.83 1.1+0.20 25.0+5.00

Chunpoong TP 32.5+3.89 1.8+1.50 5.9+1.32 26.6+4.00 18.2 16.3+2.63 2.7.£0.90 2.0+0.73 1.4+0.21 19.7+2.97
t-test ns ns *x ns * ns ns *x ns *

DS 35.0+4.48 2.0+£0.33 12.6+3.53 22.4+5.48 36.0 21.1+£2.90 2.7+£0.91 10.1£3.40 1.9£0.71 34.6+7.20

Yunpoong TP 27.7+2.25 1.940.23 5.8+1.63 21.9+206 20.9 19.6+1.71 3.2+0.83 3.5+0.18 1.6+0.16 25.1+3.98
t-test * ns k3 sk ek % £ sk ns kk

DS 28.8+3.04 2.0+0.51 11.4+2.61 17.4+£4.14 39.4 20.0+2.92 2.7+0.66 7.2+2.70 1.5+0.63 26.2+5.20

Gopoong TP 29.0£3.64 1.8+£0.23 5.7+2.11 23.3+399 19.7 17.8+2.03 2.8+0.93 2.2+0.73 1.9+0.24 21.9+4.92
t-test ns ns * ns ** ns ns ** ns ns

DS  30.8+6.62 2.0+£0.29 84+1.28 22.5+598 27.3 19.6+2.42 2.8+0.82 5.0£1.22 2.3+0.35 31.7+5.50

Sunpoong TP 27.6+£2.30 1.8+0.24 6.6+2.65 21.0+3.29 23.9 17.6+1.92 3.0+0.93 2.6+0.47 1.5+0.44 24.3+5.40
t-test *K ns ns *ox ns ns * ns ns *x

DS  33.8+5.26 2.1+0.43 11.6+3.40 22.1+£5.19 34.3 18.5+1.71 2.3+0.58 7.9+2.47 1.7+£0.31 27.0+2.70

Gumpoong TP 31.5+2.66 1.8+0.35 7.0+2.88 24.6+3.75 22.2 18.0+£2.32 3.0£1.28 3.4+£0.60 1.1+£0.04 24.3+5.25
t-test * ns * ns * ns ** * ns ns

DS 30.7+4.37 2.0+£0.28 10.5+1.96 19.7+4.95 34.8 17.9+£2.00 2.5+0.60 6.6%+1.73 2.2+0.22 26.4+4.90

Sunun TP 30.2+4.94 1.940.27 7.0+3.38 23.7+6.16 22.8 17.6+1.59 2.9+1.22 3.2+0.06 1.5+0.25 24.1+4.24
t-test ns ns ns ns * ns ** ns ns ns

DS  31.9+43.01 2.1+0.29 9.8+2.18 22.1+4.57 30.8 20.5+2.92 2.74+0.73 6.8+2.68 2.7+0.59 33.1+ 5.80

Sunwon TP 30.8+£2.88 1.9+0.27 7.1+£2.63 23.6+457 23.1 17.4+1.69 2.9+1.10 3.1+£0.16 1.7+0.25 23.1+3.46
t-test ns ns ns ns ns * ns * ns *x

DS  31.9+£2.90 2.1+£0.30 10.1+1.56 21.7+£3.27 31.8 21.8+2.93 2.8+0.75 8.4+3.12 1.6+0.25 39.2+7.10

Chungsun TP 31.8+3.48 2.0+£0.19 7.2+2.50 24.7+3.27 22.6 21.2+1.96 3.4+1.40 4.6£0.55 1.2+0.31 31.6+4.38
t-test ns ns ns ns ns ns *x ns ns *

DS 34.6+4.30 2.2+0.33 11.3+£2.86 24.1+5.73 32.7 22.4+2.28 2.7+0.66 7.9+2.37 2.6+0.24 39.9+4.90

Sunhyang TP 329+3.20 1.7+0.43 7.9+3.17 25.0+5.73 24.0 18.0+1.74 2.7+0.86 3.0+0.13 2.1+0.57 23.9+3.48
t-test ns ns ns ns ** ns ns * ns *

DS 35.1+4.30 2.1+£0.33 10.6+1.09 24.4+4.38 30.2 20.0£1.71 2.4+£0.75 8.0£1.83 2.5+0.21 37.1+4.80

K-1 TP 29.4+3.74 1.8+£0.23 6.4+2.61 23.0+4.38 21.8 18.9+1.97 3.0+0.80 2.3+£0.95 1.0+0.54 23.0+5.43
t-test ns ns * ns ns ns * * ** *

DS 32.7+4.64 2.1+0.08 11.0+2.44 21.8+4.99 33.6 19.9+2.87 2.6+0.87 7.8+2.60 2.1+0.45 32.0+6.10

Average TP 30.3+£3.64 1.8+0.07 6.8+2.72 23.5+4.14 22.4 18.2+2.28 2.9+1.04 3.0+£0.61 1.5+0.25 24.1+4.95
t-test ns ns * ns ns ns *x * ns *

F-value
Source

RL RHL ML LL RMR MRD NLR NSR NS RW

Varieties (A) 4.74%** - - 2.63%* - 13.87%** - 3.43%** D 8h**  13,02%**

Cultivating ) 3gusx  49.gor+x 223,044 13.35%%0F 1532055+ 68.00%*  B.O1F  250.45%+% 153455+ 215954k

method (B)
Ax B 2.95%* - 3.42%*% 7% 2.57%* 3.72%*%* - 2.42% 2.16%** 4 35%**

YDS; Direct seeding, TP; Transplanting, RL; Root length, RHL; Rhizome length, ML; Main root length, LL; Lateral root length, RMR; Ratio of main
root length/root length, MRD; Main root diameter, NLR; Number of lateral root, NSR; Number of side root, NS; Number of stolon, RW; Weight

per fresh root.

*Means in a column with a different letter are significantly different (*p < 0.05, **p < 0.01, ***p < 0.001) using DMRT.
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Table 5. Reaction to disease and physiological injury according to direct seeding and transplanting in ginseng.

Red skin Rough skin Root rot
Varieties (a-3? (1-3) (1-3)
Direct seeding Transplanting Direct seeding Transplanting Direct seeding Transplanting
Chunpoong T.4c 2.1bc 1.4b 1.9a 1.2a 1.4ab*
Yunpoong 1.8ab 2.7a 1.8ab 1.9a 1.5a 1.5ab
Gopoong 1.6ab 2.6ab 1.6ab 1.8ab 1.3a 1.4ab
Sunpoong 2.1a 2.2abc 2.1a 1.9a 1.6a 1.7a
Gumpoong 1.4c 1.8d 1.4b 1.2b 1.2a 1.1b
Sunun 2.1a 2.1bc 2.1a 1.9a 1.5a 1.8a
Sunwon 1.7ab 2.8a 1.7ab 1.6ab 1.5a 1.9a
Chungsun 1.5b 1.9d 1.6ab 1.4ab 1.2a 1.4ab
Sunhyang 1.6ab 2.5ab 1.6ab 1.3ab 1.3a 1.3ab
K-1 1.8ab 2.0cd 1.8ab 1.3ab 1.4a 1.4ab
Average 1.6 2.3 1.7 1.6 1.4 1.5

YDegree of disease occurrence; 1: immunity, 2: 1.0-under 30.0%, 3: over 30.0%-under 50.0%.
*Means within a column followed by the same letters are not significantly different based on the DMRT (p < 0.05).
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Table 6. Reaction to disease and physiological injury according to
direct seeding and transplanting in ginseng.

Cultivating

Varieties = ° Rustyskin - Roughskin  Root rot
DS" 1.4+0.35 1.4+0.67 1.2+0.60
Chunpoong TP 2.1+0.91 1.9+£1.01 1.4+0.80
t-test * * ns
DS 1.8+0.96 1.8+0.89 1.5+0.87
Yunpoong TP 2.7+0.46  1.9+1.01 1.5+0.87
t-test ** ns ns
DS 1.6£0.96 1.6+£0.87 1.3+£0.72
Gopoong TP 26+£0.50 1.8+£1.00 1.4+0.80
t-test *x ns ns
DS 2.1+£0.96  2.1+0.94 1.6+0.93
Sunpoong TP 22£0.89 19£096 1.7+0.96
t-test ns ns ns
DS 1.4+0.54 1.4+0.74 1.2+0.60
Gumpoong TP 1.8£0.81 1.2£0.60 1.1+£0.44
t-test * ns ns
DS 2.1+0.80 2.1+0.94 1.5+0.87
Sunun TP 2.1+0.91 1.9+0.94 1.8+1.00
t-test ns ns ns
DS 1.7+0.97 1.7£0.90 1.5+£0.87
Sunwon TP 2.8+0.54 1.6+0.86 1.9+1.01
t-test *x ns ns
DS 1.5+0.51 1.6+0.87 1.2+0.60
Chungsun TP 1.9+0.89 1.4+0.80 1.4+0.80
t-test *x ns ns
DS 1.6+0.66 1.6+0.86 1.4+0.80
Sunhyang TP 2.5+0.60 1.2+0.62 1.2+0.62
t-test * ns ns
DS 1.8+0.73 1.8+0.93 1.4+0.80
K-1 TP 2.0+0.95 1.3+£0.72 1.4+0.80
t-test ns ns ns
DS 1.6£0.86 1.7£0.89 1.4+0.77
Average TP 2.3+0.82 1.6+0.89 1.5+0.84
t-test * ns ns
F-value
Source
Rusty skin. Rough skin Root rot
Varieties (A) 3.93%** 3.08** 2.12%
Cultivatin
method (Bg) 60.55%* - B
Ax B 2.90** - -

YDS; Direct seeding, TP; Transplanting.

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

*Means in a column with a different letter are significantly different
(*p < 0.05, **p < 0.01, ***p < 0.001) using DMRT.
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Fig. 2. Comparisons of root characteristics of 5 year old ginseng varieties by direct seeding and
transplanting cultivation. Left part / varieties; transplanting, Right part / varieties; direct seeding.
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