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ABSTRACT

Background: Ginseng is a perennial crop grown for more than four years in the same place. Therefore, it is highly affected by the
soil environment, especially nutrients in the soil. The present study was carried out to investigate to the influence of boron and iron
concentrations on the physiological status, growth, and mineral uptake of ginseng to obtain the basic information for diagnosing a
physiological disorder in ginseng plants.

Methods and Results: The boron and iron concentrations were controlled at 3, 30, 150, 300 and 2, 20, 100, 200 mg/{, respectively.
When treated with 150 mg/€ of boron, the ginseng plants showed yellowing or necrosis symptoms at the edge or end of their leaves.
Compared with the 3 mg/C treatment, the root weight decreased by 13 and 24% in the 150 and 300 mg/C treatments, respectively.
When treated with 20 mg/C of iron, the ginseng plants showed yellowing between the veins of the leaves followed by the formation
of brown spots. The root weight gradually decreased with increasing iron concentration. Approximately 55% decrease in root
weight was observed upon treatment with 200 mg/C of iron.

Conclusions: The boron toxicity occurs in the leaves of ginseng at the boron concentration of approximately 1,900 mg/kg or more.
The iron toxicity occurs at the iron concentration of approximately 120 mg/kg for leaves and 270 mg/kg for roots.
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B ojslehy o] it Al Aol wxe FEg AN F HYTAe] EAG AEA U] FUIYA e B
o HaE o Jaegdde] 79 9 HFo] Qlpke] Aed Aste] Agsl] IS fe 7|2 AEE gHeEA A
dlo} Aol mA= JFe HEsH AT vt glok 2= = Y3t

of e]#d szt SRS W WAL HEsHl LA
K3l 2XE A Xl RS A oo E F Mz 2 vl
AL AT (Kim et al., 2010).

BAE RNA 5 uracil Fefe] F7] FAlo] 03 AEe 1. AaE 2 xe|
2 AEESH A, BrskE g, oAl P4, il o B A8e 20159 393E 20159 119714 FHAAE=
Aol A i3} (Havlin er al, 2013). ©]$} 7o) HAE HeHd JAERE Asst fEled U9 253743 LEDH
2157 DA vFAARA ATl e FHA oA AASIATE Al R 2% #eEe W] (Samsung,

AR HASel FEEE AL AT AR Y
HA7E e v LLEE} Fob 22T FHrshA ARlste =
HYZ2de] FdsE= 50| At (Choi er al, 2012). A4
2 ol FAEF v RE S} dde)] BAE gow
SR 1 ok w9 ATH Aoz dHA Uk
AZ3E . Huksiy B4 ghgko] AL A oA <4k By =

AR A s S0 Z WHelEA] o] Arle AR
8 Sl eu7}h wdithe ®a7) 9tk (RDA, 2014). %

=1 t‘s]-a']:o] 3o Holu} H= 34.
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Me| 5
ilas (Martin et al., 1994). pH =
= gEAEd BE pH 6.5 o8k ¢ Z7ol| A HE
Heo] gal=rt FUIet frgel A3ld EYs) ol pHrt =
2 EYoMs F Aol dojur] gAT feivetel e
A BEdellME A Aol & A HA @t (Kim and
Guerinot, 2007). 232 AHIEY I AEL A w) 2
el eJgt FA|7F op7]EE gt mEgA Q1S Aful
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u et al 2016).
n] A
%i% e
Sk oA

gl

=

9
&S
5

3
H._L]]'

176

Suwon, Korea)Z ©|-&3}o] 20-24T ¥
o] Fd % Aol Do wpde] FE Fes] 2AkekaL 9
yA dAzs S8 #9Co®2= LEDE AHS-Skth 620-
650 nme] A2 35t 450 - 470 nme] A o] 3 19] H]
&2 2349 ¥F%5 EFY<e LED (UPC Korea Co., Ltd,
Seoul, Korea)E ©o|-&3l9=H AE & Y] EoloA =H3}
Re W FF OF 45-50 pmol ©|ATE. B Aol AR Q1
2 (Panax ginseng C. A. MeyeryS 20151 3€d] A=k
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B9l A Ewo] tidh Qake] A4S 9 AglAel S H
7] S8l & Afelde 2l ZHHH g Az A 3 Z} <
FTE o319y, tEd4= N 65, P 1.5 K 40, Ca

2.0, Mg 1.0mg/ £, Hlﬂk"%t FeNa-EDTA 3, B 3, Mn 2,
Zn 0.2, Cu 0.05, Mo 0.01 mg/ ¢ 9] FE2 ZA|3F JolS 7]
2o g ARgaITh S48t H FErt el vl S
w7198 B4 HBOsS o83t 3, 30, 150, 300mg/ £,
H2 FeNa-EDTAS ©]&3le] 2, 20, 100, 200 mg/ ¢ 2&
Aate] Afsigitt. Gl Qate] AdH g Zolgt A
Qg 5 o] 20 € 21 20159 8 F<=oll ﬂﬁ]OPoﬂ‘:}
Aol pH= pH meter (Mettler-Toledo International Inc.,
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HCl 9L o] 83l 55+052 ZHsisiet A48 & 4
o] i pHE 543+02%th ECE EC meter (Mettler-
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AFol] g A gRlEon A mE A A
7k 18-20C= A=

03 J\.‘i BN
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T 7P 2 9] Aelst 2 S48l SPAD the A
(Konica Minolta Inc., Tokyo, Japan)s ©]-&3lo] Z7g313L
PP AT A3 2719 FAE EH Obiﬂ' AsH- 54
T e HF H}i ol e 7 21 W] E7kAe HdolE
AR AL JHAT 7P FS RS sy oA
(Mitutoyo, Kawasaki, Japan)Z Z43}¥ o, 25 =

o5 BF X A FAE A6

oL

Bl g
X,

3. A=A 2M

AEA] AL 2015 99 skl Eek Qlare] Aok
AsHt-E AT A E AAHE -r]°H Microwave
Digestion System (CEM Co., Matthews, NC, USA)S A&
SFATE Microwave vesselo]l EHAIE 025 g2 A= o
60% &4t (Junsei Chemical Co., Ltd., Tokyo, Japan) 10 mé
£ 713 & £7]—E— AHE 15 27 180C7HR] AA171
5B &5 A, 10 B2+ 240C7A) Azl F Bt
o} ®3l7t %EQ‘E vesselS A271A] WEol 23 o,
50mé W AaEeksAe] Zw7]ek No. 6 AFAAR oAHe &
ICP OES (GBC Scientific Equipment, Braeside, Australia)
£ ol&st] FIIR e S

32 -lOI'

O

4. SHX]

RE BAS gAS T2 (SAS v9.2, SAS Institute
Inc., Cary, NC, USA)S ©]&3st] #AHEA (ANOVAYS 4
Al gk = A 2ol zbolrt AL S 5% FelFEelA

Duncan’s Multiple Range Test (DMRT)& £45}93t}.

HE 4911011*1 | A
(toxicityye Uep= &5 H.ﬂ%—g— ZALh
:RM %—i 401011 uﬂs LH 2

(Marschner, 2012)

Aike] B I e AR WFPH B2 I 24
olgka LEA i A%e do gAY B R et
the B e A S g0 AR Bk 3

S U] BH, 54 300mg/£ g & ¢ 15Y AT
AUAL QI Y Eo] OHJE_E e e g = A e b
A2 1§ Qo] 7}1P;<}F4TE1 g3l 57] Alzksied 9le]

g ek 52 24 3 43 Holgiet. A AR
BN gy Zow M4 g3} €1
delo] Hk (Fig. 1). olel@ ) =

& %* 150 mg/ £ o]@u A EE Yeplr] Az§om
24 We] £x= 300mg/ 4 B Hrt 2-3 F AR =

Atk oF 60 U B2t 30mg/ L AolA Aol Yehte 7
e 2S T j8ET ole QielA Y Fdel F7H4
o2 vehlele Ag s=rb WAL A2 F A A717F &
Arhal A 919 Avks FEO] 45, 10mg/ L S &
o olgsle] it AHe|gh Axt de| M At &
atetal FAlels F2de] vERd 21 ARsIAT A 54
o] Wdsk= & wxoll M= zelE BT (Proctor
and Shelp, 2014). o|= P54k FAE ol &sle] AEE +

Fig. 1. Symptoms of boron toxicity of leaves in 2-year-old ginseng. A; 10 days, B; 15 days C; 30
days, D; 35 days, E; 45 days (after H;BO5 300 mg/ ¢ ).
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ays (after FeNa-EDTA 200 mg/ £).
200 mg/ £ at 30 days.

toms of iron toxicity of leaves in 2-year—0ld §|nseng A; 3 days, B; 7 days, C; 10 days, D;
E; root un

er control and F F; root treated FeNa-EDTA



YA/ JHHOR e Ba FreE Fo] W
STk FehEh Qi) o] G A8 ¥

ARFRL, B7] o 7R ell veRd 2w 33 9 A &
A3 w9 S UERSTE (Yermiyahu and Ben-Gal,
2006; Choi et al., 2012). ATt Proctore} Shelp (2014)2]
A}l v E I AS AlQgh BEjel FT)M e a4
ol o3k SolxQl 4
2 A ofapd Qlate
o Yo & vYehe 2S¢
FAEA] 2F 60 Y FL
= Y o] wFHA A
o] Yepd o=z Aty
A Ao o3t B4 Idle BE B4 AFRF (reactive
oxygen species, ROS)®] A ¥ #7o] Utk (Fourcroy er
al, 2004). 21 EA0] Ho] Joz FHuEH ME Uolr] 4t
Z EApt 3 5 AAEE IESHE (super oxide)Z
FAFeRFA (hydrogen peroxide)’} Fe*'o} Fe''o] FHujzhg-S
3l & AHAaEe g TR =SAYZ  (hydroxyl
radical}S FAsk=dl ©|Z2 DNA, @98, 29 o3} e
M A= 45 Y81Al |t (Halliwell and Gutteridge,
1992).
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FA) gk mPUAR U Gulo] WEEo] ] Hel

Hol] ARPHAUL W GE& Aol A= o2 Q13 JH
Atole] gslalide] Y=l 4 Afo]o] W] A7)7] A
o] A # 4 2719 FARIGTH L & 24 wido] A7)
3 AFE 9 WA vlEHA AT (Fig 2). 9 7
AARR7E sk Sde] W= ik ol#e S A
20mg/ £ ool MFE UeRbr] AlRglom FF wRle

=
&= 200mg/ £ AE] Boh oF 1-2 F A= =AU A4t
A A 3] S48 B4 vudls u 27 ¢ W Fx
A= wEA Fdlsks AoZ Yeisth ol 4 3¢
wlo] 250, 500 mg/ £ 2] HE ATSIRS w Yol 22 wkdo]

713 A=oll= e8] ZWEItkE De Dorlodot 5(2005)
o] Axel dR|EIGTh Aksl ) SHE 78S 0.1%001A
2.0% T FEERE Bl PFe T oF 2 F FHE
ol 22 A wbdo] Ao §l EHo] Aoz HEeA|
g 2700l o]l A AY o] IAEE 2 HolA] 2%k
g BAISIY (Lee ef al., 2014). Z2Euh o ZbA Wby
o] @Z7] ¥ wAsk= sido] ot Isk=dl ol EGAN,
AN e} o] Aug zfolol| s A1 zfolekal Azt
"ok 2 Y S M E veised 3 ZElaed
200mg/ £ & BE7F F25 A= ol 100mg/ £ A2+
NM= FARSE S2do] Usith A ] A2 Al Yt Bl
o] el A& see g3ket 20mg/ 4 AEEe]
e Aele izl 2mg b 3 fARsHAl S8l A ve
A ¥ttt Zhang & (2016)2] AFME 4 34 Q4S8 4
AN BFa o2 gk oS 200 pM ©143e] Fe (II) EDTA
£ APl 14 Yol A} Bale] FHo] Ao Wa}
ATt E7)eMe Taet o] Ble A A T
T Ak

A oapd lake] H ) T At
YERtaL, H 20 mg/ £ o] A= ol oFgh
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Table 1. Growth characteristics of 2-year-old ginseng grown for 60 days at different B levels.

B SLY LL? R SPAD SD¥ RLY RD? RW? AWD
(mg/ 0) (cm) (cm) (cm) Value (mm) (cm) (mm) @ @
3 6.7% 6.7° 2.9° 41.72 1.8 13.6% 6.7 2.2 1.1°
30 5.9 7.32 3.12 40.12 1.9 14.5 6.9 2.12 1.32
150 5.3¢ 5.5¢ 2.2¢ 30.4° 1.8 12.1¢ 5.8 1.1° 0.7¢
300 4.8° 4.9¢ 1.94 29.0 1.7 13.15¢ 5.1¢ 0.8° 0.5¢

*Mean within a column followed by the same letters are not significantly different based on the DMRT (p < 0.05). 'SL; Stem length, ?LL; Leaf
length, PLW; Leaf width, ¥SD; Stalk diameter, *RL; Root length, ®RD; Root diameter, ”RW; Root weight, PAW; Aerial weight.



qal

olfe| M= H Mool Fets 0Xl= DiERe &4 H 2 5= 79

Table 2. Growth characteristics of 2-year-old ginseng grown for 60 days at different Fe levels.

Fe SLY LL? Lw? SPAD SDY RLY RD? RW? AW?
(mg/ £) (cm) (cm) (cm) value (mm) (cm) (mm) @ ©
2 6.7%* 6.7" 2.9° 41.7° 1.8 13.6 6.7 2.2° 1.12
20 6.3 7.32 3.2° 4412 1.9 15.6 6.9° 2.4° 1.32
100 5.1° 6.4" 2.8 36.9° 1.9 14.9% 5.7 1.4° 0.9"
200 5.3" 6.3" 2.6 31.2¢ 1.9 13.4° 5.4 1.0 0.8"

*Mean W|th|n a column foIIoweoI by the same letters are not S|gn|f|cant|y different based on the DMRT (p < O 05). "SL; Stem length, ?LL; Leaf
length, PLW; Leaf width, ¥SD; Stalk diameter, *RL; Root length, ®RD; Root diameter, "RW; Root weight, PAW; Aerial weight.

Table 3. Concentration of mineral nutrients in the aerial and root of 2-year-old ginseng grown for 60 days at different B levels.

b B T-N P,O4 K Ca Mg Fe B Mn n Cu
rt

? (mg/ £) % mg/kg

3 2.6 0.5 3.5° 0.9 0.2¢ 86.7¢ 34.9¢ 81.8° 17.9¢ 6.1

Leaf 30 2.9 0.8" 4.0° 1.0P 0.2¢ 89.0° 330.8° 95.0° 17.4¢ 6.2

150 2.6" 0.8% 3.4¢ 1.4 0.3 88.9" 11,9226 111.0° 20.2° 7.4°

300 2.9° 0.5¢ 3.14 0.8¢ 0.2° 117.2*  2,880.64  47.14 29.42 9.7

3 2.2¢ 0.5¢ 1.8¢ 0.3° 0.29 139.9¢ 15.79  218.7° 16.9° 5.49

Root 30 2.6" 0.6" 2.1° 0.2¢ 0.2 156.4° 57.8° 295.42 25.2° 6.3¢

00 150 2.8 0.7 2.4° 0.4 0.3 186.4% 244.8>  255.0° 28.1° 9.0°

300 2.7° 0.6 1.8 0.4 0.2 157.9° 427.1° 70.1¢ 24.9° 8.6"

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

= A3 4854 R 9 B4 T SUEEE Y W3 ZloE wdEn
Adske e JEMIth B4 AAENS o 45 T A Fxo] wE el A B At S 58S A
T T2 P 2 g R ¥ 150mg/ L o)de] A7 @ A3k Table 29 vk A2 A st SUMES 4
Ei F43] ZAHAEE 150, 300mg/ £ ] Al thRTo| ashs %S JERlEE 53] 100, 200mg/ £ FES] Ho)
A= As w T 2mg/ L ol vl 24, 21% 743t

¥z} 27%, 30%% 7Skt ole Yo 954 g3lE
=2 AT B4 Y Aol o3 5L gshe AT GZe H 20mg l AHE Al 73, 32emE I 2
3 Sl IS 71A QA AT E Ao A s UERTh 54 e 2 ARl S1EE St
Hxl AoZ Akt 23 AE g BAAE Al stz A 100mg/ £ o] de] AEHE adhe S JE
HolMZ 10a T B4 HIE Skg AlESH Mol s WE 200mg/ £ AE] Al g2 2mg/ £ RIS 30% 7HAEH
o] Yyeptom FHrgido] fle Ae 9%, 954 I 74 oh 2P AR AGA] arsRe] H A A faske A
Z17o] B ATl sIE £ A3 Axpe o= Hre o] Egigle=t] 200mg/ 4 A2 Al R oiv] <k 27% 7+

oot EO(’ o §l:'
o o mht
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X3k (KGTRI, 1982). 23Tk

242 300mg/ £ oA 1.7em &2 7P 2R s HYERA TS OE AS 540 vl E = STl e AAa
ARE 2 9le] AHlellMe o3k Apol= RIUTH JJ%’E 7d3Fo] B3] wel gd=tl, & 200mg/ £ 2] Al iR
30mg/ L Aol 14.5mmzE 7P 2 7S JeERIAT & H|gl oF 55%\; 7Hasiditt. awse] A o] 455 A
TEo e 58 AFgE S Fe Btk v 252 A] l% Ao R Hol 7 7ol & 71 Aol s Ao

oA 30 mg/ £ 7FA]= thA F7FSIIAIRE 150, 300 mg/ £ ETh 2 AFoA Q] S 5L dAvHozm H
el X b 13%, 24%% 24239 Proctor2t Shelp 20 mg/ £ A A gzt v=SAY o 95tk ey
(2014)= 1ha@d 8kgol B4 HIEE A&3S W 1.5kg A= 20mg/ £ Ao E Qo Al gl v Alzket
v} 3 d2a 4 d2 v)2ake] o] z24zb 20%, 26%3 o= nFo] Hol HL 2-20mg/ L HYE HFsfoF )
7S AL BAslSint. o] o] o] i ke & 574 glo] AL WSS =R F S Ao vdH
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Table 4. Concentration of mineral nutrients in the aerial and root of 2-year-old ginseng grown for 60 days at different Fe levels.

b Fe T-N P,O4 K Ca Mg Fe B Mn Zn Cu
art
(mg/ £) % mg/kg
2 2.6% 0.5 3.5 0.9 0.2¢ 86.7°  34.9° 81.8 17.9¢ 6.1¢
20 2.8¢ 0.6 3.4b 1.0 0.2¢ 120.7¢  32.1° 47.7¢ 16.7¢ 5.5¢
Leaf b b b b d b b
100 2.9 0.6° 3.3 0.8° 0.2 898.9 28.5¢ 42.4 25.7 7.0
200 3.2° 0.6° 3.3 0.7¢ 0.2° 2,948.80  20.1¢ 57.5P 36.0° 10.9%
2 2.29 0.5¢ 1.89 0.39 0.2¢ 139.9° 15.7° 21872 16.9° 5.4¢
Root 20 2.5¢ 0.6 2.1¢ 0.3¢ 0.2¢ 280.2°  12.9¢ 69.8" 15.0°¢ 5.5¢
00 100 3.1P 0.7 2.4 0.3" 0.2° 2752 2290 448 169" 6.0°
200 3.7 0.8 2.6% 0.4 0.3 1,017.5  15.1° 449 17.92 7.42
*Mean within a column followed by the same letters are not significantly different based on the DMRT (p < 0.05).
3. 24 Y A 50 WE ol XA U Kol A g sk SV AdRAEe 71g A 5 2E A
& sk T7F 993k Hio ]a};z AYZFETh (Marschner, 2012). ©]4<]

A FaE fEshe AEA W B4 e FE E}E}
Zpol 5 Helth 2124 YdolE HE 40- 100 mykg B

01,] 5\_ aLEko] 250 mg/kg ,]
AY W) o 2ol ] FErt e, Az &

2 HYY 2ol FARES W 4 B4 FEE 700-
1,000 mgkg WA7MA = = S ATt (Nable et al, 1997).
Proctor®} Shelp (2014 XEO| B4 Smg/l & JFHg oF
N BRF vEAte] FRb) AESS W el BAagEel
270 mg/kg ©IAS W #Y o] YERET AL Bk 1
Hub 2 A3olM 30mg/ £ A2 Aol 14 Aol B4 gl
330.8 mghkg 2 FAHUAAT Y S JEREA] 2%
E2 TATHAE Yo Y Tl AHF R L}E}qu
2 102 Hof QiR FAd F3] HIgket e ofuH

o] et thE el Hls) o dEe ZeE
th 54 MY wEUt F/1ETE 4o B4 FEel ¥
A Z71ske] 150, 300mg/ 4 2B el A E 1,922,
2,880.6 mgkg O 2 A EA T}

B E Eg B4 AP w7t VS ] B4
?}%l Z7FIATt (Table 3). Zzlell wt o] Faghao]
o =2 A=A S o] B4 T A= 2 W)
AN BAl= 8 B HEZAE o]zt Witk Choi 5 (2012)
D7) A Al B4 MY s SRS de] Ak g

l agithar siied k] dat Heleae o HEko]
dA)ekA] FdTh. AollMe o4 AP TErt SRS A
SHgEt oA, T 59 o] kel AdES Bk w7t
> 5 150mg/ £ A2 Al 1100 mgkg 74 S7H8ES.
U 300mg/ ¢ Ag] AolE 47.1 mghkg 2 F43] 7Aasich
ol gt A2 BN ® H|shA yEeRdh Sol29l 4
o] A7l =7t kel el SUFE w ol &
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