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Effects of Nutrient Solution on Growth and Amount of Ginsenoside of
Two Year Old Ginseng Grown under Hydroponic Culture

Jin Yu', In Bae Jang, Soo Jung Suh and Ki Bum Kweon
Department of Herbal Crop Research, NIHHS, RDA, Eumseong 27709, Korea.

ABSTRACT

Background: Electrical conductivity (EC) and pH are important features of nutrient solution, affecting both growth and quality of
crops by altering nutrient uptake.

Methods and Results: The pH values of nutrient solutions were controlled at 5.0, 5.5, 6.0, 6.5 and EC values were controlled at
0.68, 0.84, 1.23, 1.41 dS/m. Gingesng root weights were higher during the initial growth period when the plants were treated with
low pH and low EC nutrient solutions. However, the higher pH and EC levels, the greater the increase in the rate of root weight
between the initial and middle growth periods. The highest ginsenoside amount changed during growth period. The total ginsenos-
ide amount was highest in the root, and the lowest in leaves at 45 and 90 days after treatment, respectively, with solution at a pH of
6.0. After 135 days of treatment, the highest total ginsenoside amount was detected in root treated with soluton with EC values of
1.23 dS/m.

Conclusions: For the cultivation of ginseng using a nutriculture system, the pH and EC values of nutrient solutions should to be con-
trolled based on the stage of growth and targeted plant organ (root or leaves).
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M A A5 ok FrIREe] 39S 2dsl] Asa FES F
AN 4 AT (Lee et al, 2012). T3 HS77HS ©E
A2t (Panax ginseng C. A. Meyery AFE oZauy ¢ Qlo] A5 Aile] 7hsshar o HAG S =
3} (Araliaceae) A4y (Panax)ell &3k thdA 22 222 9o, 38 Fokd AMEsA] ol Aol 7hssh] wizel
A G 2RH WY T, AFE, 971 35 59 a%0] o Ug 23 AEA AAE o]&F ¢ AUTE (Lee, 2014). SF
el ge] o] &= vk (Hu, 1976). 22t A4S 71 4 Az sAHE] g Fo7F X&EH o' FTlelaL AL FHeA
F717F B LG XA 2] diiEe] ES E A e 07 71sA8AE 48 A Xﬂig} e AR R o]
7ol FEFS wWol W, A 7E Alshr] el F271E 8o] Thsdithe HellA Ay Qlakol gk Ailo] ]
o] 105 oo = g 2o nlste] BEA] AiHdo] mig- 2 AL Stk (Kim er al., 2010).
ZHEo|t} (Kang et al., 2007; Jin et al., 2009). ckoRzH] olake] BaE] o) Z7] & RO XM|iAle|= T
ol¢} -2 7|E At A e] WS SHS] g Wt w3 248 A A3 SR Q1ate] e thde &
o2 Qi dAA 7 A= L Utk (Park er al, 2002; Li,  AollA 72l AEEA &= Rhl AE0] 0.15-0.25% $Hr5
2005). {14t FlApl= LR A3 2do] golstal Ak g W ofe} Q14 BElele thEA Rd o] e R
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Qlrte| M= gl ZEXof| WS DXl Ul =M 7Y
ks ATk (Kim ef al., 2010). T3 Jiue 914 9 08dS/meZ FA5Fth EC= EC meter (Mettler Toledo,

o= #He=d 33HE2l p-coumaric acid] O] 956.9 yg/g=
I 247.8 pg/g, Bl 14.8 pg/gell Wlel thEe R ghrE o] 3l
T3 BIEE S (Choi ef al, 2012) kA <lake] 9|
H AR S 24 ek ArF Bol FEEojA] AL St

Park 5 (2002)°] FHA<] wjx|E AW3lr] fJsted thsh
WA E T g SA TR AR A3 A1E-E b uiR]
oA 1k BrEle] AAlE 9 AEFe] 7P E=Sktharl sisla,
Lee 5 (2012)2 2X=x710] Th2 lA) ikl 49 A2
(14-20C)lA AujE Aol 1 (18-23C) )}t o, 7] &
HElE BT Ak o] o wokthal st

ol W pHS} A7) (electrical conductivity, EC)<]
Wsh= 2H2e] dda 50l ST ol S ot #
Aol Y& wE = AU} (Trejo-Tellez and Gomez-Merino,
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A fre]2AolA AAlEknh A Wi 2
W A|28] (Turboenergy, Jeungpyeong, Korea)e ©]&
ol 15-20C @918 Hx= A28 Wi-ew=rt 30C o]
b ES dolle A AREAET s ERAES 5l
Aolo] Fks SFaL AR FYS ok 34 AR
Az)sle] B TS8-S 10- 15%2 @A) 2ol 50 e,
38cm I8|F Eo] 25cme] AE|REE Y EJ IERA
0%, HetolE 30.0% B EHH] 0.1%°] 24S 2he HE
(Nongkyung, Jincheon, Korea)& Algolr U3t €A,
3ol A=Zstd 0.8-1.0g8] FAR A3 & ofdz A%
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Fele] pH B ECHES 98] ¥ AFelis thgalit N
6.0, P 1.5, K 40, Ca 2.0, Mg 1.0mg-L", n]Z%E Fe-
EDTA 30, B 30, Mn 20, Zn 0. Cu 005 Mo

0.02mg- Lo 2 ZA|sle] A3tk ool pHE= pH meter
(Mettler Toledo, Schwerzenbach, Ziirich, Switzerland)E A&
3o pH 5.0, 5.5, 60, 652 Zd3tPon ojue ECE
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Schwerzenbach, Ziirich, Switzerland)& AFE-3lo] 0.68, 0.84,
1.23, 1.41dS/m 243, o] k2 AIgE FHe] EC ¥
Tl 2.1+0.1dS/mol <F 33, 44, 55, 66%c) I F=
ojt}. ojmj¢] pHe 55+ 0.5% FAISIATE A il
EET 200 m A F13] A3

Q14 (Panax ginseng C. A. Meyer)?] ASE4L gl A
2] oF 45 21 10¢€ 28, °F 90 %1 12¢€ 11 1]
T ok 1359 39l 20159 19 2300] ARsh AekRE 1}
Fol M 100A1Y 308 ZARIITE A 54 5
774 W viE 9RE AT FAE7R ] dolg SA st
R QAT JEL 7 A P 2 o] dolg #E &

BAZE A 27]9)
g M uh ol

T 7P #F& FES HyoAEH2 (Mitutoyo, Kawasaki,
Japan)Z Z7g3l9loH, 258 F23 A2 BF XS A

SR EETE Y

Fo AE 4597 909 9]
TEXEH sEHAYIed EYsE
(NIAST, 2000)°] Z3}od, pH, EC, NOs-N71%,
283l K, Ca, Mg, Na 5= 43t A& pHe
ECe ZASHE o83t 43115, NO-N 42 34
T 20ml 100 ml AZFEER2~F0] YAl 2M KC1 50 S
7¥sted 3047 &S & No. 2 9FAZ o37gt & Auto
analyzer (Bran Luebbe, Norderstedt, Germany)® AFsH]2] 7
o, F71% 48 Tyuring (Tyurin, 1931)0.2 =33}
Atk FaAAeERS Lancasterd 02 AN, XIS F
o] (K, Ca, Mg, Nay> EY 5¢0 1N-NH,OAc (pH 7.0)
-8 50 ml 3037 Xge 5 A& 9 oFsio
ICP OES (GBC Scientific, Braeside, Australia)2 =743} c}.

=2
=5 5L
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AEA] A A Al 90d Foll BT AR A
2lE 93l Microwave digestion system (CEM, Matthews,
NC, USAYS AFHE-3F Y. microwave vesseloll HAIE 025 g
73 Ty 60% FAF (Junsei, Tokyo, Japan) 10mé & 7+
T 8715 Goskar 1587 1807 A1zl & sEzh
FA, 10%2F 240C71A] Ad5A1Z] & Fallahdt. w87t
S5 vessel A27[A] WEol 431 vk, 50 ml w22z}
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4. Ginsenoside 224
ool 2] 45, 90Y zE|A 135¢ I HAFO A
AHEE AF sl 1059 AlAte| =5 BRI Al
LAOlE EFEE 105S Re, Rgl, Rf, Rbl, Rg2, Rhl, Re,
Rb2, Rb3, Rd (Chroma Dex, Santa Anna, CA, USA)E A}
stk AAeAlols A4S Qs i EEAIE 02 g%
70% MeOH 2 ml & 2 B 5 50ColA 3082 Fet
29 23 5 4T, 13,000 rpmollA 158 5 412
slo] Ao AsalS 2ml tubeol] FH3F T2 1 mbE Sep-Pak
C18 cartridgeE ©]&3td AATF & F=HE 045/m
membrane filterZ 735l EAAREE ARESIGT (Kim er
al., 2008). AA|xAlo]= RS Agilent 1100 series HPLC
system (Agilent Technologies, Santa Clara, CA, USA)S ©]
&ste] SAHSIAAL o5/l 52 0.5-0.8 ml/min, ZH2
== 50C, UV #E719] 92 203 mm QT A4S fet
columne Halo RP-amide column (4.6 x 150 mm, 2.7 um,
Wilmington, DE, USA)S AM&-3}ich.
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1. HHUOHO| | ECofl W2 Qkelo] KA U X|51T MEEH
Gl o] W2 QA (Panax ginseng C. A. Meyer)2]

BEEYS AVPEE AR AFRe Table 131 2tk 42 4
U Foll= Hels Foe] pHrk 50904 652 HeldFE 7

2} 1l AR Ag;q].é-o] 7rasle AES Ryl Ed) RN

AATE Fhe] pHZF 508 W 1.90g0 2 7P =L pH

659 o] 148go 2 7P Ytth,

e Alxe] 34 o] H'Y sk IS Wil pH7}
3L skl wet AR AelE eIl ol AlSol

53‘"— n|Xw, pH7F Sobglel] wel SAlout Alo]E7|H e

o] glopx o} BE|ilido] viinky, B E oL

. oly
L‘L’G

0.9, 1~l

(Taro, 1982) ¥ AFolMe A2et Flo] pH F5o] we
2g9] 371 0 ol o dwE 3L ok 25

pH 55 XY o] 1.87g0® 7P¢ =9kow, pH 6.5 A2|Y
W 126g02 7 2Tk 2] 90d Folle pH 5.5 =
A wf) A AT L ZFo] 1.88, 3.92¢2F 7HF =Qko
o pH 50 A o] 1.65, 3.04gS 2 7P ity =g
5ol 271 (A 45d F)ellA 71 (=2l 90d F)= 1)
HAS w 259 SHES pH 6.5 AT oNA 165%, pH 6.0

(==

5. SAIXel N 138%, pH 5.5914 110%, pH 5.0914 92%=X4 A
RE BA& Statistical analysis system (SAS v9.2 SAS ¥ Jlo] pHY} ES4E Zith
Institute inc., Cary, NC, USA)S- ©]-83}] E4HEA (ANOVA) AR AAF T3 pH 6.5 HZloA 17%% 7P 2 57
S 2AAJ8F % Duncan’s Multiple Range Test (DMRT)Z -f- 2 2904 pH 5.0 AP+ =29 13% AsiTh
944 P<005 FoA AEsIAT ool 1 pHJ W3l 2o oJoki Fio 2 JEFS Zr),
Table 1. Growth characteristics of 2 year old Panax ginseng grown for 45, 90 and 135 DAT with different levels.
DAT? o SL? LL? Lw* SPAD RL? RD® RW” AW?
(cm) (cm) (cm) Value (cm) (mm) ©® ®
5.0 11.2a 8.3a 3.4ab 35.1a 15.2a 5.73ab 1.58ab 1.90a*
5.5 10.5ab 8.1a 3.6a 37.2a 16.8a 6.02a 1.87a 1.87a
45 6.0 10.2ab 6.2b 2.7b 35.1a 15.7a 6.07a 1.44bc 1.75ab
6.5 9.6b 7.3ab 3.1ab 35.5a 16.5a 5.07b 1.26¢ 1.48b
Mean 10.4 7.5 3.2 35.7 16.1 5.72 1.54 1.75
5.0 10.1b 10.7a 3.4a 33.1a 17.8a 8.12b 3.04b 1.65b
5.5 11.1a 8.5a 3.5a 33.5a 17.2a 9.20a 3.92a 1.88a
90 6.0 10.7ab 8.0a 3.9a 32.6a 16.8a 8.56ab 3.42b 1.81ab
6.5 11.0ab 7.7a 3.3a 33.6a 17.0a 8.84a 3.34b 1.73ab
Mean 10.7 8.7 3.5 33.2 17.2 8.68 3.43 1.77
5.0 - - - - 16.5a 10.45a 4.26a -
5.5 - - - - 16.8a 9.15b 4.28a -
135 6.0 - - - - 17.7a 9.54ab 4.78a -
6.5 - - - - 17.4a 9.39ab 4.79a -
Mean 171 9.63 4.53

*Mean within a Column followed by the same letters are not significantly dlfferent based on the DMRT (p <0.05)."
LW; Leaf width, RL; Root length, ®RD; Root diameter, ”

SL; Stem length, ?'LL; Leaf length, *
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'DAT; Days after treatment,
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Table 2. Growth characteristics of 2 year old Panax ginseng grown for 45, 90 and 135 DAT with different EC levels.

DAT" EC SL? LL? w4 SPAD RLY RD® RW” AW®
(dS/m) (cm) (cm) (cm) Value (cm) (mm) ® ®
0.68 11.2a 7.9a 3.2a 33.8bc 15.6a 5.92a 1.62a 1.78a*
0.84 11.0a 7.9a 3.4a 35.4ab 16.9a 5.63a 1.62a 1.90a
45 1.23 10.8a 7.2a 3.2a 33.3c 13.6a 5.72a 1.40a 1.74a
1.41 10.5a 6.9a 3.0a 35.9a 15.7a 5.42a 1.42a 1.56a
Mean 10.9 7.5 3.2 34.6 15.5 5.67 1.52 1.75
0.68 9.8b 7.7a 3.4a 32.8a 16.9ab 8.15ab 3.10ab 1.65a
0.84 10.2ab 7.0b 3.1b 33.5a 17.0ab 7.70b 2.73b 1.45b
90 1.23 10.5ab 7.8a 3.2ab 32.4a 17.5a 8.30ab 3.14a 1.66a
1.41 10.9a 8.0a 3.3ab 33.6a 15.8b 8.63a 3.39a 1.82a
Mean 10.3 7.6 3.2 33.1 16.8 8.20 3.09 1.65
0.68 - - - - 14.3b 8.82a 3.52b -
0.84 - - - - 14.5b 9.34a 3.41b -
135 1.23 - - - - 15.5ab 9.47a 4.23ab -
1.41 - - - - 16.7a 10.12a 4.84a -
Mean 15.2 9.44 4.00

*Mean within a column followed by the same letters are not significantly different based on the DMRT (p < 0.05). "DAT; Days after treatment,
2SL; Stem length, PLL; Leaf length, LW; Leaf width, *RL; Root length, ®RD; Root diameter, "RW; Root weight, AW; Aerial weight.

Table 3. Chemical properties of before and after treatment of bed soil.

DATY oH pH EC NO, P,O; OM K Ca Mg Na
(1:5) (dS/m) (mg/kg) (mg/kg) gks) Ex. Cation (Clol” /kg) ~---rmmecmv
Before 6.50 0.09 17.89 29.70 274.40 0.13 2.44 2.55 0.21
5.0 6.23ab  0.09c 34.78c 38.37b 380.13a  0.20b 4.47a 4.40a 0.39a*
5.5 6.20b 0.13a 43.33ab  4091b  369.18a  0.25a 3.90b 4.02a 0.39
45 6.0 6.27a 0.12a 41.02b 47.27a  318.84b  0.18b 2.93c 2.84b 0.25b
6.5 6.28a 0.11b 45.54a 4230b  381.30a  0.17b 3.08c 3.13b 0.30b
Mean 6.25 0.1 4117 4221 362.36 0.20 3.60 3.60 0.33
5.0 6.37b 0.12b 32.33b 55.25a  303.57b  0.19b 2.70c 2.77b 0.31b
5.5 6.47a 0.11c 24.33c 32.35c 354.73a  0.28a 4.10a 3.97ab  0.36ab
90 6.0 6.54a 0.12b 30.35b 38.63b  351.29a  0.28a 3.31b 3.37bc 0.39a
6.5 6.21c 0.15a 47.08a 39.07b  319.28ab  0.31a 4.05a 4.14a 0.39a
Mean 6.40 0.13 33.52 4133 332.22 0.27 3.54 3.56 0.36

*Mean within a column followed by the same letters are not significantly different based on the DMRT (p < 0.05). VDAT; Days after treatment.

g9l =0 PE pH W3l wet H,PO, 1 HPO,? 59| & AL §loL pH 5.0 AHgollA 3t sra]oljA] shako] EA
HE w=d pH7F Yol H,PO, 7F -2 XKk pH el ¥ele] Qlit gke] 739 pH 6.5 A2lollA f2lst

7} oA HPO, 9] Hl&o| F7hett), 2Hgo] 2 &3t
£ "= HPOs©H pH 50A4= HoPO,7F 100%°]4 pH
73%E Fejrt vHA =32 pH 100] HH HPO,
t}. K, Ca 283 Mge 2 Eo]
Hw A W5 pH 5.0 olskd o

52~
w T
- EF 2~
AR =]

(Trejo-Tellez and Gomez-Merino, 2012).

5 o) pH ol AAFsh A3k gl vl

22 Askg

9 olg st el
7} =8 AstEn

[s)

S 2~
ST

Al =Sk=t, 215 pH7F EoHEE Ca = Mgo] 7HE:
st Fx1E 3 ol A sl E4slEE
ozx AEA FE Aste] ¥llo] HATh= Lee 5 (2015)
| Azlols AR EA] Rgth Ca B Mg TS 2UR9
pH7} R4S B850
b 2 dpeMe I8 A4S S

o) Ageglo] T ¢

Qakge] F7H

REAS N

o] AstErz %A 9
& QT pH 55
| 2]

A=, ol

Ae FFS dotir] fste] F7IE TS Table 59 2 = FEIE AYSlE Pak T (2012)¢] Aol AR
o] A% A3} T AAiEA TR 4 pH < 7F 014k Aufell H§EE pHE 5.0-6.02F (RDA, 2009)
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Table 4. Chemical properties of before and after EC treatment of bed soil.
DATY EC pH EC NO, P,0; oM K Ca Mg Na
(dS/m) (1:5) (dS/m) © (mg/kg) gke) Ex. Cation (cmol* /kg) —------mmmm-
Before 6.50 0.09 17.89 29.70 274.40 0.13 2.44 2.55 0.21
0.68 6.26a 0.11c 44.49b 49.30b 328.85a 0.23b 3.46a 3.41b 0.34b*
0.84 6.30a 0.12c 36.37¢ 38.00c 327.08a 0.22b 3.07b 3.12bc 0.33b
45 1.23 6.21b 0.13b 46.38b 61.77a 317.41a 0.29a 3.78a 3.82a 0.38a
1.41 6.13c 0.16a 56.45a 46.71b 319.06a 0.20b 2.90b 2.85c¢ 0.22c
Mean 6.23 0.13 45.92 48.95 323.10 0.24 3.30 3.30 0.32
0.68 6.51a 0.10c 28.98d 43.12bc  349.75a 0.37a 3.93a 3.79a 0.36a
0.84 6.31b 0.20a 54.40c 46.99b 317.61b 0.32a 3.06b 3.06b 0.36a
90 1.23 6.07d 0.20a 66.63b 42.38¢ 306.97c 0.22b 2.84b 2.83b 0.22b
1.41 6.14c 0.19b 75.94a 55.14a 298.65d 0.17b 2.19c 2.23c 0.24b
Mean 6.26 0.17 56.49 46.91 318.25 0.27 3.01 2.98 0.30

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

"DAT; Days after treatment.

Table 5. Concentration of mineral nutrients in the aerial and root of 2 year old Panax ginseng grown for 90 days after treatment with

different levels.

T-N P,Os K Ca Mg Na Fe Mn Zn Cu
Part pH
% mg/kg

5.0 2.18a 1.38a 2.25b 1.60bc 1.08b 1.22b 204.64b 20.92b  18.75a 12.50a*
Leaf 5.5 1.99a 1.29b 2.26b 1.64ab  1.14a 1.19b 210.01ab  21.17b  19.36a  12.31a
6.0 1.94a 1.28b 2.64a 1.54c 0.99c 1.34a 225.64a 35.38a 20.32a 11.51a
6.5 1.99a 1.32b 2.01c 1.70a 1.12ab  1.39a 198.62b  21.85b 19.97a 11.47a

Mean 2.03 1.32 2.29 1.62 1.08 1.29 209.73 24.83 19.60 11.95
5.0 2.13a 1.17b 2.14b 0.19b 0.47a 0.16ab 108.35b 17.45¢c  14.74ab 7.22b
Root 5.5 2.09a 1.13b 2.25a 0.19b 0.44b 0.14c 129.76a 15.69d 14.18ab  8.13b
6.0 1.70b 1.13b 2.11b 0.21a 0.49a 0.16b 91.19c 18.83b  13.64b 9.87a
6.5 1.95a 1.26a 2.30a 0.22a 0.47a 0.17a 117.57ab  20.50a 15.31a 7.47b

Mean 1.97 117 2.20 0.20 0.47 0.16 111.72 18.12 14.47 8.17

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

>.

oAl gk pH <2 Al 29 9ol 23 o] A&
potk ofzl g & AES] pHE Table 39 vehd Azt
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Hol Z7kstdEd Al 135¢ F 7o) 9.63 mm, 50
453¢02 7P & S UERI oY 22 A 90d ¥
#+ 172 cmo|RF gho] HWH 17.1em 2 744 8}9}1:}

AibolA AFE= (EC)Rl 7H A A el mzkstAl wke-
k= H9)= Bolt}h (Volkmar e al, 1998). A 459 %
S Fro wWE Qite] 258 At F3 2ol & e
WA ekoreh. vk A sk gede] EC7F 0.68 2 0.84 dS/m
ANA 2T 1.62goZ =A YeERd 9H EC 123 ¥
141 dS/meIAE 140, 142g22 A Uehdth 25 9o
A%, G a3 AR BAFE 3 EC 0.68 2L 0.84 dS/
mellAl E=A] Yebd=t, G Qe A HAY & AS
Z71oE Hlwd e Fwe] EColN UFE T 983
o]Foix] AFo] P3| o]Fo] 3 Foz AYztETh 2y

|

A

(3

ovo

202



Table 6. Concentration of mineral nutrients in the aerial and root of 2 year old Panax ginseng grown for 90 days after treatment with

different EC levels.

EC T-N P,Os K Ca Mg Na Fe Mn n Cu
Part
(dS/m) % mg/kg
0.68 1.95b 1.22ab  2.29b 1.62a 1.01b 1.38a 220.88a 19.11a  21.48a 8.58a*
Leaf 0.84 1.93b 1.14b 2.57a 1.42b 0.88¢c 1.37a 195.36C 17.15b 26.60a 8.43a
1.23 1.93b 1.13b 2.26b 1.61a 1.01b 1.13c 209.44ab 18.64a  21.63a 9.23a
1.41 2.37a 1.28a 2.21b 1.65a 1.08a 1.24b 202.08b  19.84a  19.05a 8.15a
Mean 2.05 1.19 2.33 1.58 1.00 1.28 206.94 18.69 22.19 8.60
0.68 1.77b 1.16b 2.30b 0.21ab  0.49a 0.16a 96.80a 14.30c  15.04a 9.76b
Root 0.84 1.62b 1.15b 2.47a 0.20b 0.48a 0.15b 100.72a 16.64b 14.29a 13.03a
1.23 1.81b 1.26a 2.20b 0.21ab  0.50a 0.16a 104.67a 19.23a  13.91a 11.20ab
1.41 2.28a 1.32a 2.26b 0.27a 0.47a 0.15b 105.61a 20.15a 16.09a 12.07ab
Mean 1.87 1.22 2.31 0.21 0.49 0.16 101.94 17.58 14.83 11.52

*Mean within a column followed by the same letters are not significantly different based on the DMRT (p < 0.05).
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FH AP To= =9k Hﬂl Frolgh el veRith UE
F ol2¥ ZidAs EC SVl Zeol #odste AdwolH
HE EY ECT 2875 AYEE doA Qi el
S-S F43] Atk (Klm et al., 2015). B AFoME=
AEEe] o A ol FES] YEF o3 FAeEA
S7re] @l AJaL, Mzl F EC7F s A A

T2 24 Q9] Wi 2% $U1s ZoE A7dEn A
o] WE AT S 549 HEA= 9 pH 2ot
= 98] 74, SPAD 3t LE]aL A ATl 27l 454
FHT XF] 90d Fof st v At S 53¢
BAe 28-S AL %%ﬂﬂ &0 BHdre] wet &
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(Table 2).
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Table 7. Amount of ginsenoside of 2 year old Panax ginseng grown for 45, 90 and 135 DAT with different levels (w/w%).

Panaxadiol (PD)

Panaxatriol (PT)

DATY  Parts pH Total ~ PD/PT
Rbi  Rb2 Rb3  Rc  Rd Re  Rf  Rgl  Rg2
5.0 0.04a 0.26b 0.04b 0.31b  0.80a 1.28a 0.07a 0.49a 0.03ab 3.26a  0.81b*
Leaf 5.5 0.04a 0.37a 0.05a 0.38a 0.78a 1.25a  0.01la 0.56a 0.03a 3412 0.84a
6.0 0.02b 0.10c  0.02c 0.12c  0.34b 0.82b 0.01b  0.28b  0.02b 1.72b  0.53d
6.5 0.04a 0.23b 0.04b 0.28b 0.74a 1.37a  0.07ab 0.47a 0.03a 3.217a 0.70c
45 Mean 0.04 0.23 0.04 0.27 0.67 1.18 0.01 0.45 0.03 2.90 0.72
5.0 0.16b  0.09a 0.02a 0.14a 0.07a 0.23b  0.04bc 0.07a 0.03b 0.85b  1.31a
Root 5.5 0.13c  0.07b  0.01b  0.12b  0.05b 0.20c  0.03c 0.05b 0.03b 0.68c  1.19a
6.0 0.20a  0.09a 0.02a 0.16a 0.06a 0.27a 0.05a 0.07a 0.03a 0.96a 1.27a
6.5 0.18ab 0.09a 0.02a 0.15a 0.06a 0.26ab 0.04b 0.05b 0.03a 0.87b  1.26a
Mean 0.17 0.09 0.02 0.14 0.06 0.24 0.04 0.06 0.03 0.84 1.26
5.0 0.26a 0.59a 0.14a 0.87a 1.42a 2.10a 0.06a 1.03a 0.08a 6.56a 1.00c
Loaf 55 0.27a  0.54b 0.13c 0.80b 1.37a 1.97b  0.06b 0.92c 0.07b 6.14b  1.03a
6.0 0.24b  0.47c 0.14a 0.70c  1.09b 1.89c 0.06b 0.97b 0.07b 5.64c  0.89c
6.5 0.24b 0.44d 0.13c 0.66d 1.07b 1.96bc 0.05c 0.85d 0.08b 5.48c 0.86d
90 Mean 0.25 0.51 0.14 0.76 1.24 1.98 0.06 0.94 0.08 5.96 0.95
5.0 0.17c  0.06c  0.02ab 0.11c  0.06¢ 0.14c  0.08b 0.10b  0.03c 0.76b  1.16C
Root 55 0.16c  0.06bc 0.02c 0.11c  0.05d 0.12d 0.07c 0.10b  0.03d 0.72c  1.22b
6.0 0.19b  0.06ab 0.02ab 0.12b  0.06b 0.16a 0.09a 0.12a 0.03b 0.85a 1.14c
6.5 0.20a 0.06a 0.02a 0.13a 0.07a 0.15b  0.08b 0.09c 0.04a 0.83a 1.34a
Mean 0.18 0.06 0.02 0.12 0.06 0.14 0.08 0.10 0.03 0.79 1.22
5.0 0.10a 0.03b 0.02ab 0.06a 0.03a 0.13a 0.17a  0.09a 0.03a 0.65a  0.55c
Root 55 0.08c  0.03c 0.01c 0.06a 0.03b 0.13a  0.12c  0.07b 0.03b 0.55b  0.58b
135 6.0 0.09b 0.03b 0.01b 0.06a 0.02c 0.10c  0.11c  0.07b  0.03c 0.53b  0.68a
6.5 0.10a 0.03a 0.02a 0.06a 0.03ab 0.12b  0.15b  0.09a 0.03b 0.62a 0.61b
Mean  0.09 0.03 0.02 0.06 0.03 0.12 0.14 0.08 0.03 0.59 0.61

*Mean within a column followed by the same letters are not significantly different based on the DMRT (p < 0.05). "Days after treatment.
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Table 8. Amount of ginsenoside of 2 year old Panax ginseng grown for 45, 90 and 135 DAT with different EC levels (w/w%).

Panaxadiol (PD)

Panaxatriol (PT)

DAT"  Pats  C Total  PD/PT
dSm) Rb1  Rb2  Rb3  Rc Rd Re R Rgl  Rg2
068 0.04a* 036a 006a 042a 106a  1.52a 00lc 045b 0.03a 3952 097a
leaf 084 005 032b 005b 039 094b  134b 00la 051a 003b 3650 0.93b
123 003b 025c 004c 029c 08lc  1.14c 00la 046b 003c  3.06c 0.87d
141  005a 032b 005b 038b 092b  135b 001b 0.53a 003  3.63b 0.89c
45 Mean 004 031 005 037 093 134 001 049 003 357 092
068 021a 0.10a 002a 0.16a 006b  026ab 004ab 007ab 0.03a  095a 1.36a
oot 084 017c 008c 001b 014b 0.06b  024b 0.04bc 0.06bc 0.03b  0.85b 1.28ab
123 019b 0.09c 001b 0.15b 005c  025ab 0.05a 007a 0.03ab 089 1.23b
141 018 009 002a 0.17a 009  026a 004c 006c 0.03ab  094a 1.36a
Mean 0.19 009 002 0.6 007 025 004 007 003 091 131
068 024a 047ab 014b 0.71ab 1.18a  192a 006b 097b 007a  575a 0.91b
Loy 084 018b 043 016a 062 145  1.67b 0.06a 1.07a 006b  541b  0.89c
123 024a 049 0.12c 073a 122a  199a 006b 093b 0082 5852 0.92a
141 023a 046b 0.12c 068b 1716a  196a 005b 086c 007a  56lab 0.90b
%0 Mean 022 046 014 069 1.8 189 006 096 007 566 0.91
068 0.19a 006a 002ab 0.11a 006a  0.14a 009a O0.11a 003a  082a 1.20b
R 084 018 006a 002 011a 005 013b 007b 009 003 075 132
123 017b  0.06b 002b 0.10ab 0.05b  0.13b 0.07b 0.09c 0.03ab  0.71b  1.23b
141 017b  0.06ab 0.02ab 0.11b  0.05b  0.12b 007c 008c 0.03bc  0.71b 1.34a
Mean 0.8 006 002 011 005 013 008 009 003 075 127
068 009 003a 00la 006b 003c  0.12ab 0.15b 008b 0.03ab  0.60b 0.58a
Roor 084 0702 003 001b 005c 002 013 018 0.0% 003 0652 0.50b
135 123 009 003 001b 006a 003 013 0.18a 0.10a 003  067a 052b
141 009 003 001b 006b 003  011b 0150 009 003b  0.60b 0.60a
Mean 009 003 001 006 003 012 017 009 003 063 055

*Mean within a column followed by the same letters are not significantly different based on the DMRT (p < 0.05). "Days after treatment.
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