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Growth Characteristics and Ginsenoside Contents
of 6-Year-Old Ginseng (Panax ginseng C. A. Meyer)
by Shade Materials in Paddy Field
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ABSTRACT : This study was carried out to select optimal shade materials among four-layered polyethylene (PE) net
(FLPN), aluminium-coated PE sheet (APSS), and blue PE sheet (BPSS) in condition of paddy field cultivated 6-year-old gin-
seng. The order of light-penetrated ratio and air temperature by shade materials was BPSS > APSS > FLPN. Light-pene-
trated ratio of BPSS before two fold shade was more 3 times and 2 times than that of FLPN and APSS, respectively. Air
temperature of BPSS was also higher 1.6°C and 1.4°C than that of FLPN and APSS, respectively. BPSS showed good cul-
tural environment because all of light-penetrated ratio and air temperature were become higher in spring and fall season
but lower in summer season by additional shade with two-layered PE net. Survived-leaf ratio was highest in BPSS and low-
est in FLPN causing a little water leak on a rainy day. Rusty-root ratio was also highest in FLPN because soil moisture con-
tent was increased by water leak. The order of root yield was BPSS > APSS > FLPN, and the cause of highest yield in BPSS
was higher light-penetrated ratio during spring and fall season, higher survived-leaf ratio, and lower rusty-root ratio than
that of APSS and FLPN. BPSS showed highest total ginsenoside content because of high light-penetrated ratio, blue light
effect, and the difference in dry matter partitioning ratio such as low taproot ratio, and high lateral root ratio.
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Qe AP AT ABE AR Hol= 104 ok FAEHS ZARE A3t wAMlE 2ol vske) P

o] 717v0] ApEojof &17] Wl (Kang ef al., 2007) 22 o] o7t Wolxu} ko] o)y} ztom AlEd hke ok7k
A Bl JA AshEAL glow, olo] wet =EYS o83 HolAu AAFHEE {Fo2Ql o7t YA (Lee er dl,
A7k 532 Qleh E=ellAls WE 4~ 59 AW U 25 2004a, 2004b).

o] Yiert AohE L Sagdh B4 Qe Al A AE, AF, F5F, T 5 4558 WeE =E
e o Utk (Jo er al, 1996). 22y =EG w7l & AUE 52 AR A AFo] ALERie, S &
ek o] wWol el WAo] WAL ¥l AuiA] ARERE sleH|E Sl Aebal Edel ot A o] tha B ©o]
SO Bl dR7E A Ho 5oy A & sl 3ok (Kang er al., 2010).

& b7l Aok (Lee er al., 2012). sEF iesEE A AS B Al e AR 4
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I} e EEgR]o] RFE AF 28 ~71 cme] WHIE WS Eate] 20079 59 skeol]l Bkl AT 2008
i@l Ankd A 7oA l°ﬂ~ A9 FAg Aoz ot d 39 kel BARS Buk 78 109 (705°/3.3 nh)E o]

FalEAo] == WA, wlTEEA e Askele A SHATE AlE HiX = d 39O QAL AJE T HA
% 20~30cme] H3=E io:] Fel7F B 7] A8 2010 2 9.9 ni o]t}
~t4] WA = WlTEEA R gl =L A AF2ZE HE AMPAY =2 go= B AREEolUL
HIAE Ao, T mA|E e O B2 EAS S eE2 diFRESR Ao, RS vk A
BT} (Lee ef al, 2009b, 2012). Z1olE 75 cm WelGom, AupAe oS- H|LH X8}
Ak o 2 Qo] HAGE S &5 63% Tolal R 28 em7EA] AdEEiT
HAUFEsh (dEFESEHOZE 19.8% Welold) (Lee et A7 FES AFeIRL 7 HEES M 3+ 31
al., 2007), 394 A4S o= viswol wet 7 o] 4537 gk, dFnEo s IYH onb Aty FA 2}
Pd TS AR A iR =EYAE A% E A 5 3Foldetl, 69 AeiE 99 T 5 25F
FEEO] 25%% e B2 2T T AdE RS BE A7H Sl SR 4%6?01 AAEE o

o

el W A AREAeIA TP w8 e By stk 254 A3 FUh dEA dge dERES
W HE A =B A% EFTEEEC] 17%E 4 10~20 cm®] 7HAS o] ¥l AR Ag WAE3
At 27 e 4534 2pddo] 7 =& %Vé% Bk = Rt R ) 711—9 Li-1400 data logger (Licor,
T3 Song 5 (2011)= =EIA si71E f3E 334 21 USAE olgsld S3siied, F433 7122 A4 15em
el AN E S AR A 457 X}% > 2R RS ARSI 1%*% A g B 712 34 6
A > 28k X o R 457 ApR3e] 7P =Tkl sted A 8UelM 68 1397HA], olF2RE Fole 79 21914 79 25
S tdeR g A7y oy 6dd ks tideR A7k SAsk Hiks ol8slith EYTREES AR
AR Aake Qle AAolth Qe ARSI vl = 3 SEFHeE 346
A7 E QI ALfre] $93 Fdol &8 yeh A %= 634 Qo] XHHHQZ e 2] EY 31oMdS Table 12+
d, A N, P, KO 358 B9 1 ~2d40Me 5% pvt 22, ERitee AR R vl ggken, fr]Edhde] o
o} 5~adMlME 55~68%S AT =R rdell A & Aot 715} e Al e] AU Hell AT

Fo] 43| Wizl (Park et al., 2012) 58 A A=<l 6 EYsiEdE 5 pH, EC, §71%, %EOV“P 2 X3 ol
ERERE Agmr—wr Foe ARk o] Lasi, £ K, Ca, Mg& 2084 EQSIsPAol] Hgtom, Fe
Heb] 2 ATl =AMl TR WSS WS F Mnel BAMREe thedt Tk @ (FoRt U3 (M)
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Marsl izl Sea)5tdn) A7 T e F£F 30T 117 ¥ 3 Toyo No. 5BE
o] 7}sle] ICPE =43t
M E-J Uol_llj___! 63 ©lxke] = Ml go 6 Zgro)| ARG A
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A8 T5 24w A S SAske S ol RARIIET, Yol 50% ol AES e TS A
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Table 1. Soil chemical properties and groundwater table in paddy field of 6-year-old ginseng.

pH EC OM NO, P,0;s Ex. Cation (cmol*/kg) --(mg/kg)-- Ground

(1:5)  (dS/m) (g/ke) (mg/kg) (mg/kg) K Ca Mg Fe Mn -water table (cm)

4.7 0.44 11.0 24.6 68.8 0.22 2.24 0.74 200 22.0 2875

! Dramage class: Imperfectly drained class.
? Investigation date of soil analysis: June 29, 2012.
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Table 2. Solvent gradient program of HPLC analysis.
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Table 3. Quantum and air temperature by shade materials.

Time (min) Acetonitrile (%) Water (%)
0 28 72
10 28 72
45 40 60
47 100 0
68 100 0

SAAZs Ao AESS 7 U
% A Atol = SHFS ettt 1A
e ZAE 300 mesh ©l8k2 A &
Hato] ARgaIGTE EEAE 20gS 50me FAEE FH
Hakste] g7, 40ml 50% MeOHS 718k & 48 2
ultrasonic bath (Powersonic 410, SRIE|=L, Sh=h)o] ¥
o 158 T 229 FEAL oSl o794 F 23] F
Z3 T oFAS A 100 me g FehTd| ol Hy)
= 100 L2 &3] 23U} o] A8 1 mlE FHFF] Sep-
Pako. 2 AAg] 3. =, Sep-Pak Plus Cig cartridgeS
A 3md MeOHZ A|A18] &FA1A conditioningS 3}aL THA]
3mé dd-H,OF 2%} conditioning A1t F& A8 1m0 &
cartridge®ll loadingd}Z 10m¢ dd-H,O02 A3 FF %
AABATE ©] cartridged] 2m¢ MeOHZ ] 2|3}o] AA]
ginsenoside 42 &A1 F&3] & 2mlz 243l
3 A 8HS 045 um membrane filter® o33t HPLC &
A REZ AFESIATE Ginsenoside &3-S Agilent 1100
series (Agilent Technologies, Waldbronn, Germany) HPLC
systemE ©]&3te] A3t 22 YMC-Pack ODS AM
(250 x 4.6 mm, 5m, YMC, Inc. USAYS AREsllon, 7]
7] olsAt 7L Table 29} 22t} 24t FEHL 20 ¥ F
YA, olsde] f452 0.8 m/min, ZHE2%= 40C, UV
AE719] AEIEL 203 nm 2 T

i_,

L" o

-

20w o=

1. DI T=E =
Table 33} 7o| 37Hd HEE FF7

M
m

Quantum (umol/s/m’) ~ Air temp.(C)
Shade - Soil m0|sture
materials?  Single Double  Single Double conient (9%)*
layer layer” layer layer
FLPN  108.4(100)" 36.5(100) 21.8 25.8 20.6
APSS  156.5(144) 38.5(105) 22.0 26.0 20.2
BPSS  321.5(297) 44.5(122) 234 26.2 18.5
Outdoor ~ 865.7 273.7 26.6  30.1 -

FLPN: four-layered (blue 3 + black 1) polyethylene (PE) net,
APSS: aluminium-coated PE sheet, and BPSS: blue PE sheet.
> Period of twofold shade: June 16 ~ September 10.
TInvestigated date: single layer (une 8 ~ 13), double layer (uly
21 ~ 25),
Investlgated date: June 13.

;q OHL x}.»]—.zq— >4T7\1 X}J,l-ul- To= 7§Aﬂ X]-"]'X] ]_ ]_x}
Btel, A 2R = 457 ARgE 36, 2t H%fjr
w20 O Wt A5 2R gl 54
4 A 37} AGal FRee W43 zhas aﬁﬂ%
d JJole A ZEE, 34 FPAE 459 A,
o} 22%, 218t il—?*ﬂriu} 16% O @ttt

7id e 7o T3k vlEIsk=d] (Lee ef al., 2006),
A ABAE 4522 23R 1.6C, &t xtaEct 14C
O E=UTh AFE 3 253 ARdEs F7t Esk P 2
A E 457 R 04C, &8 2N 02C 9 =
of si7H 2 Aol So1EUTE weEbd HA XA 7]
20] B B7REol AiE o gl B 5HS BAth

ai7he vEE %%%‘ E‘*’F—J‘EL B 457 2pgrgol
20.6%% 7P =k, Fvt AidtEl e 2k ApBgatod A
A A SR Sl el BT} S A
o BRG] o7 o vigked), B4 AgAE a4

r 0:

ol

SBETE Fggo] ol el SEko|u A1 EA] Skl
O ©2el7] wiEow Az Lee 5 (2007) & $4Ee] =
71 wet Qo] ZAkgfo] Fglo] Z7iEE AFE B usith

2. DI TI=Z BT ko] MISM U L2
Table 49} 7o) S71R) TBE 7Y 644 Qake] A

Table 4. Aerial growth characteristics of 6-year-old ginseng by shade materials in paddy field of imperfectly drained class.

Shade PI{int Stem Leaf Lgaf Stem Chlorophyll Ratio of Igaf Ratio of
materials’ height length length width diameter content discoloration survnve(}j’
(cm) (cm) (cm) (cm) (mm) (SPAD value) (%) leaf (%)
FLPN 59.5b 33.6b 14.0a 6.1a 6.8a 34.5b 22.4b 6.7¢
APSS 69.1a 39.3a 16.4a 6.9a 7.5a 34.7b 29.7a 18.3b
BPSS 66.92a 39.2a 15.6a 6.6a 8.6a 36.1a 19.8b 45.0a

Mean with same letters are not significantly different in DMRT (p > 0.05).
FLPN four-layered (blue 3 + black 1) polyethylene (PE) net, APSS: aluminium-coated PE sheet, and BPSS: blue PE sheet.
Investlgatlon date: September 25, 2012. Variety: native ginseng, Jakyeongjong.
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Table 5. Underground growth characteristics and root yield of 6-year-old ginseng by shade materials in paddy field with imperfectly
drained class.

Shade Ratio of Taproot Taproot Root Root Ratio of Root

materials’  Survived root (%) length diameter length weight rusty root yield
(cm) (mm) (cm) (g/plant) (%) (kg/3.3 m’)

FLPN 61.4b 8.3a 24.2b 26.6b 64.6b 62.1a 1.70c”

APSS 73.0a 8.3a 30.3a 28.2ab 86.0a 13.5b 2.45b

BPSS 74.6a 8.7a 30.7a 29.1a 93.0a 10.6b 2.65a

Mean with same letters are not significantly different in DMRT(p > 0.05).
FLPN four-layered (blue 3 + black 1) polyethylene (PE) net, APSS: aluminium-coated PE sheet, and BPSS: blue PE sheet.
? Investigation date: October 25, 2012. Variety : native ginseng, Jakyeongjong.

Table 6. Dry matter partitioning ratio by shade materials in 6-year-old ginseng of paddy field.

) Dry matter partitioning ratio (%) Moisture content of
Shade materials - - 9
Rhizome Taproot Lateral root Fine root root (%)
FLPN 5.6a 61.9a 22.6b 9.9a 72.2b°
APSS 5.5a 60.0a 25.8a 8.6a 72.7b
BPSS 5.5a 56.3a 28.2a 9.9a 73.5a

Mean with same letters are not significantly different in DMRT(p > 0.05).
' FLPN: four-layered (blue 3 + black 1) polyethylene (PE) net, APSS: aluminium-coated PE sheet, and BPSS: blue PE sheet.
? Investigation date: October 25, 2012.

AEEEE v 2ok 243 A4S 2 2Rl 7P Table 59} o] 37k 9EE FRE od Aol A8
A3 45F Zpge] 7P Asketl, eub st A 2 B4 B S AR Adke vt A A AES
FA) ol frolFl Zel7 At G AEE 29 2 & A ARATY 7P 13 454 2Rl 7P sk,
Aol 7P AL 457 Aol 7P Ask=l, s %— A 2]k 2 2R3 el el ] Zpolzt fISATh
T FoH Aole gt €719 w71 FEhe 7925 sARE sivk FRE foAt gldlen, sAAAE e 7&*“
I 7P AAZE 2 FELAE (Ahn er al., 1987), @ﬂ 2 2R b 2pgute] 457 xRt FEelo] AT &

BA > 2 AR > 45 AR ol o AT frelid T AN AFAF 7P FaL 45 2REge] 7P &%t
ﬁ?it} BEL ﬂ%"z L‘rEMJL REf A 4*—'1‘ il%‘xv} 7F o, A AR eF 2uk Xt ol frolF Sl zbelrt §isd
, A 452 2PgdolA 62.1%= wi-9- =i FA 2}
At ?ﬁi S 1‘417H T%%Ol 15411?1 Z}io}crﬂ % 1o} et e 247F 10.6%, 13.5%% S S48 B
(Lee et al., 2008), ¥ A|golM= o5& o]FTAE4S A A=, 454 AR oFke] Ft e A i B
slo] T3S AN EYTEE ek wdel] A Frael S7Ee] A o] woldl o2 AT (Lee
A 2R 0] PEA BHEEe 7hAER] ke Aoz MzbETh e al, 2007; Park et al., 2006).
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Lee 5 (2007)= EYrio] 18% Wolg HEsH o= Hx e S A 2REA] > 29 23 > 454 2R3
FgEo]l FolAE HEA ko] FaEA ¥aL do] Ee o= AN AgH| 9] o] 7P 'L 457 Apgrge] 7t
PaTAE ASHA] Fskttar skgltt. 7 okth. HA AgA] oA FEdo] wokE Rl HEH]

Yol WS G52 A A=A 7P W 28k x5 HE JAlske S5 AH dAo l WA 2Rl A sH-e]
Fo] thh =UE, 454 AR A AREA] e AEEO] 7] Wi o = BRIt gk & - VRS 7|o0] W
OZ7F YA APFE B A 2R 7P =44 < o FEEge] =5 W ot ARl R g s
T2 2Rge] 7P Wgkow ) svke FRE FElg ApolE Bl F7tEo] BEutrt X AdE T
BAY A 2ER 9] APFE AESo] 7 =0E Yle (Choen et al., 2003; Lee et al., 2006). 2 Aje Higy]

] ol o7k el A Ed fiEer AZEr Kim  thE JASH (Shin er al, 2003), o] 7FE7HA] AES] 9
and Chung, 1992), 452 2B3e] AP AEE0] 7P W ofok B3k S7iso] =2 Ate] WolA7] miel =
A Yol F5z Qe AR BAHe] wilo] 27 1YL g Ao ZFask o] "t (Lee er dl.,
HQ7) WEo g Addn) 2011). FE3H, ErEsEEe 18% W9l &3] 60%
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Table 7. Ginsenoside composition by shade materials in 6-year-old ginseng of paddy field. (d.w %)

Shade Panaxadiol (PD) Panaxatriol (PT)
) Total  PD/PT
materials Rb, Rb, Rb, Rc Rd Re Rf Rg Rg, Rh;
FLPN 0.135b  0.071b  0.057b 0.106b 0.019b 0.167ab 0.131b 0.321b 0.044b 0.028a 1.078b 0.48a
APSS 0.115b  0.067b  0.047b  0.099b 0.017b  0.159b 0.125b 0.286b 0.041b 0.035a  0.986b 0.45a
BPSS 0.178a 0.105a 0.0917a 0.144a 0.024a 0.2117a 0.176a 0.405a 0.054a 0.043a 1.432a 0.57a

Mean with same letters are not significantly different in DMRT(p > 0.05).
YFLPN: four- layered (blue 3 + black 1) polyethylene (PE) net, APSS: aluminium-coated PE sheet, and BPSS: blue PE sheet.
Variety: native ginseng, Jakyeongjong. Analyzed part of ginseng root was whole root.

o) A= d-ste] Fdol JA|eglez 2831A] =
d (Lee et al., 2007), ¥ Algo] 5 =Efe] FEIH
2 18% W& Ho] AHst FEolng Fgafo] W A

A A = FRHAE BAY ZoR AY7hEn

Table 601419} 7o) 7t dE= SR/l W eda <t
o] A=lE 542 ot At FEo] = A 2Rd
A FAF HlEo] vou AZFo HEo] & 5HS

AT whebA BeR|ti7h SThEE SR EvE A 2e] W
o] FREo] FAFE] HEL AE A AZF] HES ST
He 2942 Btk Lee 5 (2011)3F Lee & (2012)= F3F
TFo] B FAH Aol este] Exﬂvrl vl o
OFA AL A ZF Hlgo| EolFIThaL &t
3. DI USE2 ERY QMO ZIMA|E &t

Table 701]A19} ol 7 ¥EE SR s ed A4t
o] FAmAtel = FhES vyt Atk A, A2, Al T4
£ BT 3 ey S A= SRR A ABgA] >4

27(1 ;{]...Jrul— > 011]— ;{].:g—rﬂr :‘,:o = 7‘<—1/\ﬂ ;‘(].34;(]7]— 7]—?<01— E_-;—g

o:q 4%21 x}.»]—ﬂ]—jl]— .Q.HL x}&l—.}} 7]-o]] _n__/]x-lo ].0]7}
A, A PFA e 45H AETRO 33%, 29 2GR

o 45% S7HESIT. B4 ZRgA1e] 79 Rhyg A9 2

ME A=Al EEL 454 Agd 0 eut ARt ol
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A O R Qe Fgo] AUAA EoW FHE 3
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Huh Al ke Fgaol vlgisle] S1ET (Lee ef
1983). T2]7. BN AL BABE T, B4
2 AR STt 2371 AT (Lee et al, 2007). wEbA
AR5 A 2P| o] = Exgu Pa o] =
teks 57]-/\]7]‘___ f9lo] ® Ao=w Azt=EL) &
o] v FA|9 H|&o]

nlge] o} o3l ER ALE
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