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ABSTRACT

Background: Saline soil has negative effects on the growth of most crops. Sodium is the main element that causes salt accumulation
in soil. Organic materials such as cow and poultry manure, are frequently used during the preparation stage, which causes an
increase in the rate of salt accumulation in the soil.

Methods and Results: To investigate the influences of sodium on ginseng, NaH,PO,, Na,SO,, and NaCl were used to adjust the
sodium concentrations at 0, 12.5, 25, 50, 75 and 100 mM in nutrient solution. In a 2-year-old ginseng, toxic symptoms appeared
when the sodium treatment exceeded 50 mM. The sodium concentration in the leaves was 3.33%, which is more than twice as high
as that of the control treated at 50 mM. As the sodium concentration increased, the root weight significantly decreased. In the
100 mM treatment, the weight decreased by 28% when compared to that of the control. The Amount of ginsenoside significantly
increased with an increase in sodium concentrations.

Conclusions: These results suggest that the growth of 2-year-old ginseng is negatively affected when sodium exceeds 50 mM. This
result can be used for a as basis in diagnosing the physiological disorders of ginseng.
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100 mM B2 &A%t EY €94 W9 40mM YEF =

A MA wH] neF 7%, WL e BEY W] of Tt giFE FEe] sHAlA| i*i o] o9 F=A=
.

30%= Aol o8] P wkw glom o] H|&S A} ZU} s 9 t‘e“%-}o] A 73} Muuns and Tester, 2008;
S}3 Atk (Munns and Tester, 2008). GF7F H4® E¢ge  Marschner, 2012).
ZHE Ao SR8 JEqS vAed BEYel dFgEE A 014} (Panax ginseng C. A. MeyeryS THAAQ] #ig] 25
st FE A4 YEFOR dEA itk o]3L thE A HlaLste] WHdo] oty wiie] B &
UEFS At 2Ee] Aol a3k e opARt G4 73 FAME 53], EY Fioll Y ol etk Azl
2=o] gl Al daelth B3 C4 A= S-S £ 2 A% AR F53 HZ 7)ol 9 $RistE Q)
N7 YEF 55 A skt 22 A9s/del veht Qi ASel B AuiA7E S7ksle] Qlake] Qg Ak
W =g P Feke A vk M arschner, 2012). W o] AL vk RS AiAle Aeds] s S
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shufolt) (Park, 1991).

A WAsk= Aedsl & et ddE et
BARE A e FHeH o BA] Gt =EYA <l
2R Aplska B Ay Al geeel B vl 20 EY
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3ol A 5o 5 TRl AEsER FHE &
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al., 2016).

2 GA QIAbellA A ) FAdo] BAEhe FEe ol oF
120 mg/kg, Brel= oF 270 mgkg M52 Ho] e wola,
Bl A kel B4 el oF 1,900 mgkg o]
) AEPdsl S7de] Fslsh Aol AstET (Yu e dl,
2017). TSt B4 smg/ L oF 10my L & FHoZ w5yt
Aelgh A3 de] 7P ARz Fetetal Arbske 5o T4
FY F7de] Yepdtial ST (Proctor and Shelp, 2014).
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NEE L Jok (Kim et al., 2015).
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Table 1. Chemical properties of bed soil.
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2xdes AE W Al&" (Turb MAX, Jeungpyeong,
Korea}—EL o] &3l 15-20C WS Ex= AL
257} 30C o) FALS wjoll= A AgAER s HeA
—E——% Ao Asle] FFS I AR FYUS 25
S 2RFE AR F FHEE 10- 15%2 2E385H

OI4 (Panax ginseng C. A. Meyer) 37495 A AF 4
E Az W (RDA, 2014)% FaLste] Zo] 120cm, =
48 cm 18]35 o] 18cme] AE|RE Wt yERA9 He}
O|EE 5:5 (vv)] HIEE wget Az FES Yol vixE
ZABATE (Table 1). 2017d 3¥o] AZF3 % BAS
08- 1.0g= e 5 20174 49 Zof W=l o]23i3ich.
Ao YEF F=rdg 3 ukRoz Saa9u).

UEEF Fxo gk <lake] S 3 AgA vhg-S 1]
A3l 2 APoMe FAS F71HoR AFsdiet o
2= N; 60mM, P; 05mM, K; 40mM, Ca; 1.0mM,
Mg; 0.5mM, S; 025 mM, U|#AAE FeNa-EDTA; 3mg/ {,
B; 3mg/{, Mn; 2mg/{, Zn; 02mg/{, Cu; 0.05mg/ L,
Mo; 0.01 mg/ £ ¢] FE=2 ZA|3 s 7|Ho = A&}
At YEF Fo7F A mAe IS 2796
NaH,PO4, Na,SO,, NaCl& ©]&3ted 0, 12.5, 25, 50, 75,
100 mME ZA3lo] 2239} (Table 2).
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Table 2. Combination of nutrient solution and sodium treatment.

Na Treatment combination (mM)
(mM) NaH,PO,  Na,SO, NaCl
0 Basic nutrient
12.5  Basic nutrient + 5 5 2.5
25 Basic nutrient + 10 10 5
50 Basic nutrient + 20 20 10
75 Basic nutrient + 30 30 15
100  Basic nutrient + 40 40 30

NaH,PO,, Na;SO,, and NaCl were used to adjust the sodium
concentrations at 0, 12.5, 25, 50, 75 and 100 mM to investigate the
influences of sodium. The nutrient solution was treated once a week
for about 6 weeks from the end of April to the beginning of June,
2017, according to the moisture content of the soil after confirming
that the seedling were normally emerged and leafing.

pH EC NO, P,O5
(1:5) (dS/m) (mg/kg) (mg/kg)

OM K Ca Mg Na
L — Ex. Cation (cmol*/kg)------------———-

Bed soil"

6.17+0.02 0.10=0.00 0.15x0.02 25.82%+0.07 230.16+2.90 0.09+0.01

2.11+0.06 1.92+0.06 0.14=+0.01

Data represent the means = SD (n = 3).

"The bed soil was composed of peat moss and pearlite in a ratio of 5: 5 (V).
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Kl

ool

54543
=3}
X2 gol K, Ca,

3t

e
T

9 HE 49 (NIAST, 2000)°]

oAk

1_.\__,

|
=

o

=

=0 BA
o= w1

A= B 025 ¢S FH3l 900TAA B9 71 &
Fe ST

FaQskstae B 5goll pH 4259 lancaster d&9
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QIake] A Ee
== B39 JARAlE BEE 10 2 Re, Rgl, Rf,
bl, Rg2, Rhl, Rc, Rb2, Rb3, Rd (ChromaDex, Irvine,
T=
TAE 02 g3 70% MeOH 2ml S ¥ & £33t & 50T
oﬂﬁ 30 # B9t 259 =3 F 4C, 13,000 rpmollA 15
A5NS 2ml tubedl] FH3F TR
lmﬂg Sep-Pak C18 cartridgeE ©]-&-st] BAgE 5 FZ
£ 045 /m membrane filter® o F3te] XA E2 ARSI
AAAlo| = ke Nexera X2 UPLC system (Shimadzu,
Tokyo, Japan)yS ©]-&3l =431 =d] o573 452 0.5-
ojgle EXS £ columne Halo RP-amide column
(4.6 x 150 mm, 2.7 ym, Ascentis Co., Wilmington, DE, USA)
6. SAXE
EE EAL SAS ZZ ¥ (SAS v9.4, SAS Institute
nc., Cary, NC, USA)S ©]&3
Alg F Al el zpel7h S AF 5% FrelTEelA

2 AHE AFs 10 T KAEALe]
CA, USAYE AMgsISith HAeAto| = 84S Qe 014 &
=
i B AR sl 4 AEAE
==0l
t} (Kim et al, 2010).
0.8 m¢/min, ZHLE=E 50C, UV AE719] v4-S 203 nm
S AL8-39T} (Jang et al., 2015).
ol 424 (ANOVAYS: 4
Duncan’s Multiple Range Test (DMRT)& £2935}53 T},
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T3 o] tha EFFE AT
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49%, 64%= 7FA3tT).

2 9F 5 1 stolA A e BE S5 W
defsgol= 2 Tehe] 7F 744313l (Hajibagheri and
Flowers, 1985; Chung and Choi, 2003), Zz2h}e] wjdtgd-&
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(Keiper et al, 1998; Chung and Choi, 2003)2} 7Fo] A4t
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o7 Azt

A BATE YEF A s=7F 7Has Hase
7A&gS Yepo] UEF 50mM o] AR iz o
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FNE ATt 1pke] ASTA] Zde wet YEF of
& el HgAo] Z7hE Aoe I wE AEe
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= 54 Aske 5o H4& T3l HEF =
el 1’44%“5}‘}}1:]—1 —irxélﬂ\:]— (Winter and Gademann, 1991).
7R A BASo] FA S fA

a4 SX® Aoz Hol AY 4 9= AoT Ho
50mM A2 HEE AP BAIFo] FA5 aste Ao
2 B5e o AEyAS U= i AL o 4 Q) o]=
mifEe] 8o YEF @ ol oF 40mM 2hs A3

[e]
(Muuns and Tester, 2008)¢} o= A%x AX|slth ZHE2
gk dF 2AstelA £719] S A 3FAA
ol (Naveriyal et al., 1989) & AA A= o3 2fo]& 3t
‘l‘ H)\}J\q'

"]’E‘EF A FE7F SRS AT 250] frolsH
Hashe 7ol YERRAL 50 mM A 2THE 2] 1.00 g
olatzE HAdh 3HE UEReH, UEF 100 mM A z]-ollA
= TR} oF 28% A FAIQ 0.86 g2 YERATH E

F W HEF FFol & A5 At A Sl = 2AA
a‘ Z3IATH (Kim et al., 2015).

S QkS o 2 WA <lake)
73 L}EE 50 mM o]*u ol dR7IZE o)) 7]
A Aol AefEe sl Acten

2. 48 W UEE S
ezl s
EF APl w2 A 4L Fig 13 Lok A Y=
F 100mM 29 sl oF 15 Lo] AUA} Qi 9e]
VA RE Ao g ek & S = Ao g Wby
A ] dEzkem 20 A o]F Sl AsiAIEA & A
7} BElEwa X AA)7F A AlRRILh UEFe] ®

SOl W2 1ol KA o

e g Az F A AR 23 WAL ok 10%
olAto] MRAIE W 7|FoZ AAE AHYsIH T
21879 71 e@E Yo A7 A8 AEFAE Hb

= f3e] Wty YelE sitkes Aot fABHAl UEr
YEd (Agastian et al, 2000) ©]2 3 Ade F7]olA

32me/ £ 2] NaCl A2] Al =9FH &l 7PgAe7t 94 =

Table 3. Growth characteristics of 2-years-old ginseng grown for 60 days at different sodium concentrations.

Na SLY SD? L Lw? SPAD RLY RD® RW? AW?

(mM) (cm) (mm) (cm) (cm) value (cm) (mm) (® ®

0 6.82+0.95* 1.75+0.23" 4.90+0.64* 2.25+0.26" 25.67+5.68" 10.88+3.53? 5.92+0.69° 1.20+0.26° 0.62+0.13?
12.5 7.03+0.93% 1.77+0.22% 4.52%0.61* 2.06+0.28* 25.00£4.72% 11.08+3.15% 5.79+0.62® 1.08+0.19* 0.54+0.12°
25  6.99%1.02* 1.75%£0.21% 4.60+0.72% 2.15%0.30* 24.24+4.38 11.74%2.56* 5.82+0.68° 1.10+0.21®® 0.57+0.10
50  6.69+1.01* 1.64+0.22% 4.49+0.73% 2.07=0.40* 19.25+4.75" 11.65%+3.95% 5.47+0.71° 0.97+0.23°¢ 0.41+0.10°
75  6.90%0.47° 1.72+0.37* 4.63+0.51* 2.19+0.28" 13.18=5.01° 11.57+2.86* 5.41+0.57° 0.96%0.21¢ 0.39+0.10°
100 7.19+0.84* 1.66=0.31" 4.66+0.36° 2.14+0.20° 9.35+5.16° 10.99+2.90* 5.20+0.61° 0.86+0.18% 0.36+0.08°

Data represent the means + SD (n = 3). *Mean W|th|n a column followed by the same letters are not S|(§n|ﬁcantly different based on the DMRT

< 0.05). "SL; Stem length, ?SD; Stalk diameter, YLL; Leaf length, “LW; Leaf width, *RL; Root length,

AW; Aerial weight.

RD; Root diameter, "RW; Root weight,
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Fig. 1. Symptoms of sodium toxicity in 2-years-old ginseng. Leaves (A - D) and roots (E, F) were treated with nutrient solution
containing sodium 100 mM. A; leaves treated with sodium 100 mM after 15 days, B; 20 days, C, D; 30 days, E; roots
treated with basic nutrient solution without sodium, F; roots treated with soium 100 mM after 60 days.
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Days after treatment Days after treatment

Fig. 2. Changes in electric conductivity and sodium concentrations of bed soil treated with sodium.
Bed soils were collected and analyzed for electric conductivity (A), sodium content (B) at 7,
14, 21, 42 days after sodium treatment. Data represent the means = SD (n = 3).
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doh 23y dFelld JEF AP 20 4§ JYEFES
7y AYgg 2gol| o8 At rkdls Sl
adivks 23 (Yang et al, 1998)9= AX|SER] 29k

EF gl w2 A7 AES EC ¥ YEF W3}
£ Fig. 28} 7t UEF 125mM HF+E o2 X2l
Hs) dEe] ECot YEF Fxe Wt 42 Holdth v
EF 25mM AF7E UEF &4 A2 14 4 F7E EC
o} YEF =7t 3430 S7lsle A3l Jeikdth &
F o829 Ag 42 ¢ F, UEF 25mM AT+ ECE
0.74 dS/m= <4t Aufell Agatrtar d#HX 0.5 dS/mE =3

o

0,
S
flo

AUSATH (Table 4). oleist A= K] Holl NaCl 200 mM=
Agste] A W\ Ag FAYE of YEF e AT
B} F7ke v, Zgo] FElehA HAast A2 (Cuin e al,
2003)¢F EvES] 7ol EFAE & HEloA FAE
T ti¥] ZE §Hol #agk A3 (Rhee ef al, 2002)9F A

3R, YEF 75, 100mM AE+= 22t 1.07, 1.04dS/m
#He e ol gz YEF 0mM A7t
0.16 dS/m = UERA Zlof val oF 7 8 Sk gholnt.

Kim 5 (2015} E% U] YEF o] &3] 0.15 cmol'/kg
olatd o A Auist7]el A¥}skar, 0.15-0.2 cmol kg =

Table 4. Concentration of mineral nutrients in the leaf and root of 2-years-old ginseng grown for 60 days at different sodium concentrations.

Mg Na c Fe Mn Zn Cu

o mg/kg

0.82+001" 0324001 079+001¢ 150£0.01¢ 409.00+5.64* 41.20+0.08 41.20+1.16* 4.49+0.92°

0.79+001° 031£0.01° 1.57+0.01° 2.70+0.01° 353.00+2.59" 38.20£008" 27.10+1.64° 4.38+1.01"
25 210£001° 0.62+0.01° 1.65+0.01° 0.84+0.01° 032+001° 1.89+002° 296+001° 32000+2.407 37.20+0.25° 26.20+1.10° 4.29+1.83¢
50 1812001 0.60£002" 136+001¢ 079+001¢ 03120.01¢ 230+0.028 3.33+001° 324.00+4.92° 34.50£0.15¢ 25.60+1.37¢ 4.30+1.55¢
75 - - - - - - - - - - -
100 - - - - - - - - - - -

Root 0 2.09=001° 044+0017 145+0029 0.20£0.01° 025x001° 0.13+0.019 0.18+0.01% 369.00+4.787 24.10=1.847 13.00£039° 3.070.08'
12.5 1.99+001° 046+0.01° 1.54£0.03° 020001 0.24+0.01° 0.18+0.01° 0.29+0.02° 376.00+4.41° 29.10+£0.99 12.00£049 2.940.07°
25 2.32+001° 048+001" 156+001" 0.20£001° 024+0.01° 0.19+0.01° 0.34=001" 448.00+3.51" 29.40£1.19" 12.70+0.58° 2.94+0.06°
50 2.34+001° 0.50+001° 159=001° 0.19=001¢ 023x001¢ 0.18+001" 037+0.01° 491.00+534* 30.50 £0.11* 13.00+0.57" 2.82+0.02¢
75 - - - - - - - - - - -
100 - - - - - - - - - - -

Na TN P K Ca
(mM) o

Part

2.29+0.02%
1.80=0.02°

0.48+0.01
0.600.01¢

Leaf 0 201+002°
12.5 2.04+001°

Data represent the means = SD (n = 3). *Mean within a column followed by the same letters are not significantly different based on the DMRT
(p < 0.05).
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Table 5. Amount of ginsenoside of 2 year old panax ginseng grown for 60 days at different sodium concentrations.

(mg/g, dry weight)

Panaxadiol(PD)
Part Na

Panaxatriol(PT) Total

PD/PT

(MM)  Rb1 Rb2 Rb3 Rc Rd

Re

Rf Rg Rg2 Rh1 (%)

005+001° 0.02+0.01°
0.01=001¢ 0.050.01% 0.02+001°
0110057 0.04+001¢ 001+001° 0.05+0.01¢ 0.02+0.01°
012=001¢  0.05+001° 0.01+001° 0.06=001¢ 0.02=001°
013+003° 0.05+001° 0.012001° 0.05+0.01° 0.02+001°
0.18x006" 0.07+003* 0.01+001* 0.08+001° 003=0.01°

011006 0.04+002¢ 001+0.01¢

0112002 0042001

0
12.5
25
50
75
100

Root

0.15+0.06
0.16+0.01¢
0.17+003°
018005 0.03+0.01¢
0.17+007°
022007

003002 0.003£001* 0480.087 0.91=0.05°
003+001° 0.003+0.01° 049+005¢ 093+001*
0.03001° 0.003+001° 0.500.097 0.88=0.04°
003001 0.003£0.01° 0.54+004° 093+0.02*
004001° 0.003£001° 057+0.14° 0.97+0.03°
004001 0.003+001° 0.70+0.19* 1.08+001°

0.04=001°
004+001°
0.04=001°
0.04+001°
003+001° 0.05+0.02°
004002 0.04+001°

0.02+001°
0.02+0.01°
0.03x001°

Data represent the means = SD (n = 3). *Mean within a column followed by the same letters are not significantly different based on the DMRT

(p < 0.05).

&g, 0.2 cmol'/kg oS Frlsitia B skAY ey 2

*eﬁé"‘ﬂ*it 7] 7 Y FHE YEF 125mM M TRE U
EF o]29 %57} 030 cmol’/kg 2 I} HYE =33t gk
< YeERth YEF &9 Ag 42 d F, YEF 0, 125,

25, 50, 75, 100mM H&lTolA 7z 027, 095, 2.07, 3.15,
3.06, 3.88 cmol'/kg & AEo] AR Hro] YEF 7ol

d g AT 4 AR
olefd Aske EF W YEF oledl puERz A ®

F By o EF ) o) 05w B4 AsEo
=4 Age) B NS F4E P2 st 2ae)

A}

ul

F4s TTHRIA FEF FEY FE Aalst] Ao A%
I Sl YIS VA FEE AaAFIcke dakeh ol
(Bernstein, 1975; Munnus, 1993) & U YEF 82 F
T2 A Sl S P Al Q1] Al
T FAAR FFE vzl Zlew ddEr

4. ME U UEE =0 WE THIEA0IE g Yig)

UEF Fko mE JAAAlel= o] Ai= Table 59
At UEF AP $57F SRS 2eAle| = Sl
OsHl F7tsh= 7ZdEke] AM=H 53] HEF 100 mM A
Al FAE TR F A Ale|= gheFo] oF 15w FUkst
TEQ 07%% UERATE YEF A =7t 7S o
A2 RblZ}F Re2} 7+2 panaxadiol AlEe] 7tk A2 &

UL, panaxtriol A= ReQ] F7HE¢] Z1o™ Rg2
7} freleAl STkt

ul

2 alkaloids$t 7+ 2 2} thARHE9]
A 2EH 2 i) WS FEshe
Z Shtolth A& ~EHAIT TIEIHS
w2 2} tjapHEe] R FTkshe Aol o A=2] A
o] AAHIL IAHE @7t 2 2} trREo] Akl 9414
o =2 FGE7] wZolt}t (Seigler ef al., 1998)

o] A &, FMleAlel== B, 9 &7 A
SollA A== o] FEe A B H$3E Rl

Terpenes, phenolics
PP B4 L v
Ngel A3 A F

ol
AT

fex]
=

el
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W=t} (Szakiel et al., 2010). BE3F 2] EX)] o] Al
olelst 7 29lo theshs A8 Bt (Lin e

lon

s7FE AldS 2dste]l 2 11 A
17. 9%5-& Aefetds o 4 G2 Q1A E

2 FEIE 1%E AERE FAeRoh oF 2 v =3k
ol (Jang et al., 2016), 142 B v =9}
Aol we} ZA|eAte| = FheFo] A EATAL I (Yu er

AT B
wz)e] AAmAl= 3

al., 2005).
q ZEFZ T3 AEA Y o] ZEY SN O]'L]\jjr R
ZEY2E st 2 2F tiAkbE s HstAzItka st
%=t (Tuteja and Mahajan, 2007) & AN F-FEe

JEF w7 2SR Ag3] 2 3 kgl 3715
ek zhec,

AR =
B =S 58 AR ERIE: PI01094301)°] A
el oJal] o]Fo|z] AR ol AR=GU T
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