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Effects of the Number of Seed Harvesting on Growth, Root Yield and
Ginsenoside Content in Ginseng
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Methods and Results: Yunpoong and Gumpoong ginseng varieties were selected. The planting
density was set to 70 plants in 7 rows and 10 column in a 1.8 m x 0.9 m plot. The number of seed
harvesting was 1 to 4 times from 3-year-old while growing a 6-year-old. Twelve treatments were
This is an open access article ~ performed according to the annual number of seed harvest. For both ginseng varieties, root yield
distributed under the terms of the ~ Was the highest when treated without seed harvesting and it, decreased as the number of harvested
Creative Commons Attribution  seed increased. The rate of yield loss in ginseng was on average 24.8%, 36.4%, 45.0%, and 56.3%
Non-Commercial Licensg (http://  in the seeds harvested for 1, 2, 3, and 4 times, respectively, compared with non-harvesting. Con-
creativecommons.org/licenses/  trastingly, no notable difference was observed between the number of harvested seeds and ginseno-
by-nc/3.0)) which permits unrestricted ;4o ontent in white and red ginseng.
non-commercial use, distribution, . . . . . .

o ) Conclusions: Ginseng farmers can manage seed harvesting by evaluating root yield with the num-
and reproduction in any medium, o . . .

ber of seeds harvests, Additionally, root loss can be effectively managed with continuous seed har-

provided the original work is properly : ; i .
cited. vests while ensuring high quality.
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M A Aro|a, 434 ME 40 7 - 50 7i, SAXIME 50 7N -
60 7, 63l A= 60 7] — 70 7 FFoloA] e TE
1M (Panax ginseng C. A. Mey.y> AV3l3} (Umbelliferae) BFS JEiME st A)7ko] 22T (RDA, 2018).
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e 1dACM = st =] ekon 2d8E st sro wEt F55 Addste] AuiEtal Atk (Kim er al,
L (Chung et al. 1989) °ol& 19A2] A&o] 38192 A 2014).
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ol s7PIME F55 AHg
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aZ., 2013a; Kim et al., 2017). H=Z AT
=, Wells, dRdelrt ol 2 0}04
1 e 01348— ZAAL 9o ofol gk =
E% HFo] ul$- AlFSI) (Kim et al, 2014)
-r]Q]' Ze Aol Foll= Bell REES 18% %
o5 e Aot} ol 3AAEE EAZl gk} vk
21 wlg, 283, sTkA e s B 6d 7 Al X
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1. AIMIES Y Ajufeled
2 Aol o]&d AE (Panax ginseng C. A. Mey. )&= &
A5H FYAAN SR8 +

W QHEAR GE 34) AU
oA AT FF52 UPFeE 201395 E 20169714 4 d
o 24 34 GG FABIILE ALEE 18 m
x09mT 7% 1082 70 Y= A 6d = Al

e - 229 - oy
sk B9t AF B 1 3 -4 37 ok}iz BF 12 A2

=

s ol Al SoE g sislem, 6dS 88 A 4d
A1 3] gk 2AS dIERT (T3)E FUCH (Table 1), g
A2F A Fe 140 T2 593, AT 3 vHES A4
7=

S B2 A= AR
AR89l A2
64 Aol Tl
g]‘— o )\1— GAP &
2012a).

1250

2. USTAL

312 A7 7l dubHos dAskar gl
ojstd w AASIIL, A= elo] ehds] A
*ﬁ%ﬁoﬂﬂ F2AEE 731&, 347,
TE AR Alshi= 99 ske
MAS e ARk A%
548 w2AEY ATRAF B471F (RDA,

2012b)ll E3te] Z2AFSIATE

Al BAL 93] wala) AR
Azs7] sl 12 ) A 4 s 64
60°CS} 70CALo)o A 24 A7V AZEY
%okﬂ 57160 2 3 90T} 100CAL
%fz F A 60T} 70CALIoA 24 A7
Z319 Tk (MAFRA, 2017).

X —1olf

4. Ginsenosides &
A x=Alo]=E Re, Rgl, Rf, Rbl, Rg2, Rc, Rb2, Rb3,
Rd (Chroma Dex, Santa Anna, CA, USA) 9 £& &3}

k. Kim 5 (2008) ¥igol wat midls <t By A=
02 g 70% MeOH 2 M & ¥ & &33 & 50Tl

30 £ 5ot 229 F

¢ 94

23k 5 4T, 13,000 rpmolA 15 &
2] (Powersonic 410, Hwashin Tech Co., Ltd.,
Seoul, Korea)sl] -2 45HS 2 ml tubeol] H3F o5 1 ml

Table 1. The number of seed harvesting times during 6 years by treatment.

Treatment
Years
T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12
3 X O X X X O X X O O X on
4 X X O X X O O X X @) @) O
5 X X X O X X O O O O O O
6 X X X X O X X O X X O O

YO); seed harvesting, x; removal flower bud.
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Olef BAF A% B0 =

£ Sep-Pak CI8 cartridge (Water Corporation, Milford, MA,
USA)E o]&sle] AR & FZ4E5 045 m 2] membrane

filter (Gilson, Mansfield, TX, USA)Z &J3}8+ 5 o]-&3}9t}

Agilent 1100 series HPLC system (Agilent Technologies
lnc Santa Clara, CA, USA)S o]&3t] ZMeAlol= sha
J8l3aL o5 %ﬁi‘—’— 0.5 — 0.8 m{/min® 243}
A, %Ed £&E 50C, UV A&719] 332 203 nn & 3145}
At 42 $18 column> Halo RP-amide column (4.6 mm
x 150 mm, 2.7 /m, Wilmington, DE, USA)S A}-&3&F3ith
Yu et al, 2016).

SA 24
EA B4& Qe SAS (Version 9.2, SAS Institute Inc.,
Cary, NC, USA) =218 o]&3}4 Duncan’s Multiple
Range Test (DMRT)E 5% (p < 0.05) ==olA 243 #

CERRLEE

5.

Zy 9 HE

h =

1. KA M2 EM

6 AT T At T 3FAFE | - 4 3
AETA B 12 H2E & A AN 542 Table 2,
Table 33+ 7t}

AF FF9 A FAFA 383 em, 1 3] AF Al Ha
36.7 cm, 2 3] AE Al Het 314 om, 3 3] AF A HF
334 cm, 4 3] AF Al 247 cm 2 ANFL 3] A LUA,

42 9 ZMEAIS B
18] AES A5 AR Ao, 4 3 AET Ael 7o
A P B, e, 2 - 3 3 AEAE A 201

T s Age] AR UTh (Table 2). HF 5% 4%
NEE A &2 AHFelA 3901 enZ 7P AU, 1
ANE

Al B 359 cm, 2 3] AE A 343 cm, 3 3] A
Al 33.1 cm, 4 3]

AE Al 294 cm Z2, AFS AF A
sz\}ﬂ]% 1 3] A3 A7 ‘:Hx'ﬂi"—

;-_219_111 4 3] AFS
]l A 7P #gkout SAA oS fIUT (Table 3).

OPN oty rlo

T L
(Kim et al., 2015) FAFTY A5 AT 88 cm, 3= 9.6

= 7P FACH, 1 3] AE Fe 8.1 cm, 7.9 cnE 2
3] == 3 3] A= A By} “[JAT% jﬂ 1ReH, AF s7t
Aers AR FAR A2 Ao ARE frel 9

N

Ao 18] AE (Tapell A 7+
F AR uteh 95E A 9
Felde ehiE et
AR 6 ) 2t
FAFY sk 544 o |
5 A% A o %319}
(Table 2 and Table 3).
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Table 2. The growth characteristics of aerial parts by number of seed harvesting times in 6-year-old Yunpoong cultivar.
Treatment SLY (cm) SW? (mm) LL? (cm) LW (cm) NP” (No.) NL® (No.)
0 times T1 38.3+3.80™  8.8+1.73° 17.7+2.40° 7.9+1.10° 9.1%x1.27%  43.9+2.19"
T2 37.2+2.10%  7.8+1.12°4  15.6%2.10° 7.1+1.10° 7.3%3.27  36.5+4.26°
T3 38.1+2.70 7.7+1.53%d  153+2.80° 7.0+1.10° 6.72.36"  32.9+2.66°
1 times T4 36.2+2.50%¢  8.7+1.54®  159+230"  7.3x1.10° 10.2+5.79°  50.6%3.92a
T5 35.3+2.70%  8.2%0.99™  159x1.90®  7.2+0.90° 6.9%2.42  33.6+4.59°
Mean 36.7%2.51 8.1+1.63 15.7+2.22 8.8+1.13 7.8+2.38 7.2%2.69
T6 33.7+4.00° 6.9+0.66%  15.0+1.40" 6.7+0.70° 6.1+2.51°  30.0+3.67°
T7 26.9+2.80° 5.6+0.75% 12.4%1.60% 5.4+0.90¢ 6.3x1.77>  26.2+4.53¢
2 times T8 28.8+3.20¢ 6.7+0.84%  14.6+1.80" 6.6+0.60¢ 5.5+2.22¢ 27.9+279¢
T9 36.0£3.20"  7.4x0.63  14.7x1.70" 6.6+0.90¢ 5.7+3.54¢ 28.1+3.25“
Mean 31.4%3.10 6.7%0.68 14.2+1.58 7.9+0.72 5.9+2.58 6.4+3.12
T10 33.4%2.70° 6.5+1.32  13.9%x2.00"  6.6+0.90° 5.9+1.97°  29.5+3.85°
3 times T11 33.4+3.80° 7.2+1.07°€  15.0%2.10° 6.9=1.00" 6.22.05¢ 30.7+3.33¢
Mean 33.4+2.88 6.9%+1.29 14.5+2.05 8.2+0.98 6.1+2.02 6.8+3.58
4 times T12 24.7+2.30%  55+0.638 11.3%+1.20¢ 5.7+1.00¢ 5.3+2.31¢ 31.7+3.92¢

USL; stem length, 2SW; stem width,

ILL; leaf length, “LW; leaf width, *NP; number of petiole, ©

NL; number of leaves. “Different letters are

significantly different at 5% by Duncan’s Multiple Range Test (DMRT, p < 0.05).
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Table 3. The growth characteristics of aerial parts by number of seed harvesting times in 6-year-old Gumpoong cultivar.

Treatment SLY (cm) SW2 (mm) LLY (cm) LW* (cm) NP (No.) NLY (No.)
0 times T1 39.1+2.40° 9.6x1.79° 17.1+2.40° 7.6+1.50° 5.4+0.47° 24.8+1.75%
T2 36.5x2.10" 7.5+0.82°4  153+1.40"1  6.9+1.00"  4.9+0.32" 24.7+1.95
T3 34.5+3.10*%  7.6x1.27" 16.0x1.70*  7.2+1.00® 4.8+0.44> 23.7+2.69"
1 times T4 36.2x2.10° 9.1=1.10% 16.7+2.40*  6.8+1.00%  59+2.37° 33.4+5.642
T5 36.2+2.50*  7.3x0.81°%  16.3x1.50° 6.7+0.60%  5.0+0.32" 24.3+0.71%
Mean 35.9+2.12 7.9+1.20 16.1%1.78 6.9+0.98 5.2+0.27 8.4+2.58
T6 35.3+2.70 75076  151x1.40°¢  6.2+0.70" 4.9+0.325 24.2+1.62%
T7 34.3%2.40"  7.6+1.40 14.5+2.40"%  6.5+1.30" 5.0+1.65 27.0+4.23"
2 times T8 341+3.60"  6.4x0.678  14.2+1.90%  6.4+0.80" 4.9+0.33% 23.8+1.64%
T9 33.4+3.109  65+0.84%  156+240"  6.7+0.70%C  4.7+0.48 23.1+2.28
Mean 34.3+£2.13 7.0+0.78 14.9%1.50 6.5+0.89 4.9+0.92 7.6%2.21
. T10 35.1+1.50"  7.1+0.89°°  154x2.00"!  6.6+0.80™  4.7+0.48™  23.4x259™
3 times T11 31.1+3.40%  59+0.73%  13.7£1.60%  6.0%0.90¢ 4.5+0.53%  22.1%2.60°
Mean 33.1+2.53 6.5+0.81 14.6+1.85 6.3+0.81 4.6+0.52 6.9+2.39
4 times T12 29.4+3.00° 5.5+0.80% 13.0+1.50° 5.940.60° 4.3+0.48 21.1+£1.79¢

YSL; stem length, ¥SW; stem width, J'LL; leaf length, “LW; leaf width, NP; number of petiole, ®NL; number of leaves. "Different letters are
significantly different at 5% by Duncan’s Multiple Range Test (DMRT, p < 0.05).
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Fig. 1. Comparison of root weight by seed harvesting in 6-
year-old ginseng. (A); variety of Yunpoong, (B); variety
of Gumpoong. Vertical bars indicate means + S.D. The
numbers in the bar graphs are the average root weights
of 3 repetition per treatment. ‘Different letters are
significantly different at 5% by Duncan’s Multiple Range
Test (DMRT, p < 0.05).
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(Y12)& 325 g, 5% (GI2)& 27.0 g & 7 A vepdrt.

SHA, A% F52 1 3], 2 3], 3 3], 4 3] AT A= H
o MAFE 553 g, 470 g 432 g 233 325 g0 & UE
U AfE Sl whet 250 Afole YERE oY, 4 3] AE

SAANA 1 3] AF
HERIA = &

2ro.

O

S AlLs UHA] A2 ttells fodS
ICE A 3ol Wl A% F59] A 4
Tl Hls] 1 3] AT A 27.5%, 2 3] AF Ale

38.4%, 3 3] A= A= 453%, 4 3 AFE A= 574%9) 7
282 Yeo] 4 3] AF Als FAIFol vle)] At o]/l
washe A8 =2 eI (Table 4).

13X 3 EZ T

T WO

13,23, 3 3], 43 qF A= Ft /A

O 473 g 388 g 318 g 2T 270 g 02, 1 3], 4 3]
AEL 3 A2 TS AL 2 39} 3 3] AF 7 FI8e
YEREA] okt ¥ieE] a2 TRl vls) 1 3] AE Al
21.3%, 2 3] AF A= 33.8%, 3 3] AF A= 47.1%, 4 3
AZE AE 55.1%2] 7RSS JERNITH (Table 4).
S, AE 3ol wlet AEge] WHol £& Fo|7] $d
2 At AH 23S X WA TS W= 1 3, 2
3], 3 3], 4 3] AT ANe B MAFTE 513 g 434 g
375 g 28|al 298 go 2 A ARELE FAFl a1
3] ANF Al 248 %, 2 3] AT Al 364%, 3 3] ANF Al 45.0%,
4 3] AF Al 563%] HEES UEPATEH (Table 4).

dutd o2 FrhME 6d8S AE o 434804 1 3,
4AA 9 53 AT wis 3 1 3] AFS Sk
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Table 4. Comparison of root loss rate according to the number of seed harvests in ginseng.

Number of seed harvesting

Cultivars
0 2 3 4
Root weight(g) 76.3+4.03° 55.3+3.71° 47.0+3.09° 43.2+2.94° 32.5+2.424
Yunpoong )
Weight loss rate(%) - 38.4 45.3 57.4
Root weight(g) 60.1%1.66 47.3%2.21° 38.8+2.35° 31.8%£2.62° 27.0+1.76¢
Gumpoong )
Weight loss rate(%) - 33.8 47.1 55.1
R Root weight(g) 68.2+8.83° 51.3+5.07 43.4+3.98° 37.5+4.44¢ 29.8+3.49¢
verage
5 Weight loss rate(%) - 36.4 45.0 56.3

"Different letters are significantly different at 5% by Duncan’s Multiple Range Test (DMRT, p < 0.05).
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A 78T vl AP ASo] A 4dAo] Ajtsitiar
SIFA T (RDA, 2018b), A5 ol whe} £ A-te] At
g 534 A7)0 £l AR =L Zog AgEr). §H,
AAA] He] Al FHE o) Algsted AGFERTL spHESEAY
A sH7E o) v A BErF A T Jeng of
£ givjste] 49483 534 Al7]e A&e2 Fx) AFHE 3
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12 70 A AFH 5359 ed2ol g Witk
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S 2
3] A= AT (T6, T)ONA 2t 4.21, 4.14%E 7V =

o

Al VERRAL, A AFSA] ot FEel 7P w2 AT
(TDHRlA 2.13%2 7P @A YERSTE (Table 5). R, &5
ANNE 1 3] A M2 (TS} 2 3] AF3 AT (T6)
oAl 230%, 2.22%= 7 =A Yehda, 1 3] AT
(T4)2} 2 3] =3 A2F (T} 1.20%, 1.25%= 7P 2
A e 22 3R AQFe ATk 2AwAlel = FHEF
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Table 5. Comparison of ginsenosides content in 6-year-old white ginseng of Yunpoong cultivar.

Ginsenosides content (%)

Treatment

Re Rg Rf Rb1

Rg2 Rc Rb2 Rb3 Rd Total

Otimes T1

0.35+0.03 0.36+0.02 0.13+0.00 0.71+0.01 0.04+000 0.25+0.01 0.22+0.01 0.03+0.00 0.04+0.00 2.13+0.08

T2 0.50+001 0.49+0.01 0.17+0.00 1.43+0.02 0.06+0.00 0.43+0.01 0.39+0.01 0.05+0.00 0.10+0.00 3.62+0.05"
T3 040+001 044%001 0.13+001 1.05+0.04 0.06+0.00 038+0.02 0.34+0.02 0.05+0.00 0.07+0.00 2.92+0.09
T4 0.36+0.01 042%+0.01 0.13x£0.00 0.89+0.01 0.05%=0.00 0.27+0.00 0.24+0.00 0.04+0.00 0.04%=0.00 2.44+0.04°
T5  0.52+0.03 0.53+0.02 0.17+0.00 1.49+0.01 0.06+0.00 0.41+0.01 0.37+0.01 0.05+0.00 0.08+0.00 3.68+0.09"

1 times

T6  0.57%0.01 0.50+0.02 0.19+0.01 1.80+0.01 0.07+0.00 0.49+0.01 0.44+0.00 0.06+0.00 0.09%+0.00 4.21+0.02*
T7 047+0.01 0.55%+0.02 0.16+0.01 1.21+0.01 0.07£0.00 0.37+0.01 0.32+0.00 0.05+0.00 0.08%=0.00 3.28=+0.00°
T8 0.54%0.04 0.60+0.03 0.18+0.02 1.81+0.10 0.06=0.00 0.43+0.02 0.39+0.02 0.06%0.00 0.07+0.00 4.14+0.23"
T9  036+001 039+0.01 0.12+0.00 0.81+0.01 0.05+0.00 023+0.01 0.22+0.00 0.03+0.00 0.04+0.00 2.25+0.03'

2 times

0.43+0.02 0.40+0.00 0.14+0.00 0.96%+0.03 0.06+0.00 0.29+0.01 0.24+0.01 0.04+0.00 0.07%+0.00 2.63+0.07¢
T11  044+003 052+0.02 021+0.00 1.49+0.02 0.06+0.00 040+0.01 036+0.01 0.05+0.00 0.09+0.00 3.62+0.09"

3 times

4 times T12

0.44+0.04 0.51+0.02 0.15£0.01 1.49+0.01 0.05+0.00 0.35+0.01 030+0.00 0.05+0.00 0.08+0.00 3.42+0.08

Mean

0.45+0.04 048=0.03 0.16x0.02 1.26%=0.05 0.06x£0.01 0.36+0.02 0.32x0.08 0.05+0.00 0.07%=0.00 3.40=x0.12

"Different letters are significantly different at 5% by Duncan’s Multiple Range Test (DMRT, p < 0.05).
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Table 6. Comparison of ginsenosides content in 6-year-old white ginseng of Gumpoong cultivar.

Ginsenosides content (%)

Treatment

Re Rg Rf Rb1

Rg2

Rc Rb2 Rb3 Rd Total

Otimes T1 0.17x0.01 0.37+0.01 0.09+0.00 0.67+0.02

0.02+0.00

0.14+0.00 0.11=0.00 0.02+0.00 0.05+0.00 1.65+0.04¢

T2
. T3

1 times
T4

15

0.23+0.02
0.17x0.01
0.18=+0.01
0.29+0.00

0.42+0.00
0.33%0.01
0.28+0.01
0.460.01

0.10+0.00
0.08x0.00
0.04=0.00
0.10=0.00

0.68+0.01
0.52+0.01
0.41x0.01
0.91x0.01

0.02+0.00
0.02+0.00
0.02+0.00
0.01x0.00

1.8620.04°
1.42+0.02¢
1.20+0.02¢
2.30=0.02°

0.17+0.00
0.13=0.00
0.12+0.00
0.22+0.00

0.15+0.00
0.11+0.00
0.11=0.00
0.20=0.00

0.02+0.00
0.02x0.00
0.02x0.00
0.03x0.00

0.07+0.00
0.04x0.00
0.02x0.00
0.08+0.00

T6
. T7

2 times
T8

19

0.26=+0.01
0.24+0.02
0.20=+0.00
0.20+0.02

0.44+0.01
0.16=0.01
0.36x0.02
0.24+0.01

0.11+0.00
0.07=0.00
0.10=0.00
0.07=0.00

0.85+0.02
0.44=+0.02
0.72+0.03
0.38+0.01

0.02+0.00
0.04+0.00
0.02+0.00
0.04+0.00

2.22+0.05%
1.3420.08¢
1.7620.08
1.25+0.05°

0.23+0.01
0.17x0.01
0.16=0.01
0.14=x0.00

0.21+0.00
0.17+0.01
0.12x0.01
0.14=0.00

0.03+0.00
0.03x0.00
0.02x0.00
0.02x0.00

0.07+0.00
0.03+0.00
0.07x0.00
0.02+0.00

) T10
3 times

0.27+0.01
0.19=0.01

0.35+0.01
0.39£0.02

0.10+0.00
0.10+0.00

0.68=+0.00
0.69x0.00

0.03+0.00
0.02+0.00

1.84+0.01°
1.72+0.04°

0.18=+0.01
0.14=x0.00

0.16=0.00
0.12+0.00

0.03+0.00
0.02x0.00

0.04=+0.00
0.06x0.00

4 times T12 0.28+0.02 0.48+0.01 0.09+0.00 0.69=+0.01

0.01x0.00

0.12+0.00 0.10+0.00 0.02+0.00 0.05+0.00 1.83+0.05"

Mean 0.22+0.02 0.36+0.01 0.09%+0.00 0.63+0.02

0.02+0.00

0.16x0.01 0.14+0.01 0.02%=0.00 0.05+0.00 1.70%+0.03

“Different letters are significantly different at 5% by Duncan’s Multiple Range Test (DMRT, p < 0.05).
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Table 7. Comparison of ginsenosides content in 6-year-old red ginseng of Yunpoong cultivar.

Ginsenosides content (%)

Treatment

Re Rg Rf Rb1

Rg2

Rc Rb2 Rb3 Rd Total

Otimes T1 0.19x0.00 0.19£0.00 0.13=0.00 1.76x0.05

0.11+0.00

0.69+0.02 0.48+0.02 0.06+0.00 0.18+0.01 3.80=0.10

T2 0.22+0.01 0.22*+0.01

. T3 0.24=0.01 0.25%+0.00
1 times

T4 0.20=0.01 0.21=0.01

0.27+0.01 0.28%+0.01

0.16=x0.00
0.15x0.01
0.13%+0.01
0.18+0.00

2.15x0.03
2.10x0.06

2.46+0.02

0.13x0.00
0.11x0.00
1.90+0.06 0.11=0.00
0.13x0.00

0.25+0.01 4.70+0.08"
0.21+0.00 4.61+0.10°
0.18+0.01 4.20+0.15°
0.22+0.01 5.15+0.06°

0.85x0.01
0.83+0.02
0.80+0.03
0.88+0.01

0.64=0.01
0.64x0.02
0.60x0.02
0.66=0.01

0.08+0.00
0.08+0.00
0.07£0.00
0.08+0.00

T5

T6  0.28+£0.00 0.23x0.00

17 0.18+0.01 0.20=0.01
0.27x0.02

2 times
0.26+0.02
0.15+0.01

0.17x0.00
0.12+0.00
0.17x0.01
0.10+0.00

2.46x0.10
1.62+0.02
2.54+0.02
1.32+0.02

0.14=x0.00
0.10+0.00
0.14=x0.00
0.10=0.00

0.26+0.01 5.32+0.18
0.19+0.00 3.51+0.06°
0.24%0.00 5.43+0.09"
0.14=0.01 3.08+0.07°

0.94+0.04
0.63=0.01
0.97+0.01
0.62+0.01

0.75x0.03
0.42=+0.01
0.76x0.01
0.42=0.01

0.09+0.00
0.05+0.00
0.09+0.00
0.060.00

T8
T9 0.15%0.01

. 0.24+0.01 0.24+0.01 0.15%0.00

3 times

0.25+0.02

0.15%£0.01 2.16=x0.01

1.98+0.04 0.12=0.00
0.11x0.00

0.25+0.00 4.55+0.11°
0.19+0.00 4.54+0.05°

0.85+0.02
0.78+0.00

0.65+0.02
0.62=0.00

0.08+0.00
0.08+0.00

T11  0.21+0.01
0.28+0.02

0.177x£0.01 2.35%0.04

0.12x0.00

0.81+0.02 0.57+0.01 0.07+0.00 0.20+0.01 4.81+0.11°

4times T12 0.23%+0.02
0.23x0.02

Mean 0.22+0.02 0.15+0.01 2.07+0.03

0.12=+0.00

0.80+0.02 0.60x0.02 0.07+0.00 0.21%=0.01 4.47+0.08

“Different letters are significantly different at 5% by Duncan’s Multiple Range Test (DMRT, p < 0.05).

Table 8. Comparison of ginsenoside content in 6-year-old red ginseng of Gumpoong cultivar.

Ginsenosides content (%)

Treatment

Re Rg Rf Rb1

Rg2

Rc Rb2 Rb3 Rd Total

Otimes T1 0.14x0.00 0.17+0.01 0.08=0.00 1.38+0.03

0.09+0.00

0.54+0.01 0.34%0.01 0.04+0.00 0.15+0.00 2.93+0.06™

T2 0.12+0.01
. T3 0.11x0.00

1 times
T4 0.09%=0.00
0.12+0.01

0.17+0.00
0.23+0.01
0.13+0.00
0.25+0.02

0.08+0.00
0.10+0.00
0.07+0.00
0.10x0.01

1.19+0.05
1.48+0.02
1.02+0.03
1.60+0.07

0.07+0.00
0.05%+0.00
0.05+0.00
0.05%+0.00

2.73=0.10%
2.92+0.04
2.37+0.08°
3.32+0.17°

0.20+0.01
0.17+0.01
0.14+0.00
0.20+0.01

0.52+0.02
0.51=0.01
0.48+0.02
0.59+0.03

0.33+0.02
0.24+0.00
0.34+0.02
0.36+0.02

0.04=+0.00
0.04+0.00
0.04+0.00
0.05+0.00

T5
T6 0.13x0.00
. T7 0.12+0.00
2 times
T8 0.11+0.00
T9 0.10+0.01

0.24+0.00
0.15+0.00
0.21+0.01
0.10+0.00

0.09+0.00
0.11+0.00
0.09+0.00
0.09+0.00

1.38+0.03
1.460.01
1.26+0.03
1.13x0.04

0.060.00
0.08+0.00
0.04%+0.00
0.09+0.00

2.99+0.06
3.23+0.02°
2.79+0.08°
2.66=0.11%

0.55+0.01
0.60+0.00
0.53+0.02
0.52+0.02

0.26=0.01
0.51%+0.00
0.32+0.02
0.47+0.02

0.04+0.00
0.06+0.00
0.05+0.00
0.05+0.00

0.24+0.01
0.14+0.00
0.19£0.01
0.11%0.00

0.13+0.01
0.11=0.01

0.19+0.01
0.24+0.01

0.07+0.00
0.09+0.00

. 1 1.30+0.01
3 times
T11 1.26+0.07

0.07+0.00
0.05+0.00

2.81+0.01™
2.62+0.13¢

0.52+0.01
0.46+0.02

0.32+0.01
0.20+0.01

0.04+0.00
0.03+0.00

0.18+0.00
0.18+0.01

4times T12 0.11x0.01 0.21+0.01 0.08+0.00 1.31+0.02

0.060.00

0.51+0.01 0.32+0.01 0.04+0.00 0.17+0.00 2.81+0.05>

Mean 0.12+0.01 0.19x0.01 0.09+0.01 1.31%=0.05

0.060.00

0.53+0.02 0.33x0.02 0.04+0.00 0.17%£0.01 2.85+0.08

"Different letters are significantly different at 5% by Duncan’s Multiple Range Test (DMRT, p < 0.05).
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