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R AXT Cu, Zn, Ba, CAMEERES . [410] ASFRZRIGF B W 58 5 50 75 S48 BUE R KW
CAdLET &, B tEmns, ASWR., 25 TR RMMHECE IR E 2, Lo T R PR I .
$id i R AR AE D R S BUAE A

KR ANZ; L4 EB4E; WY 548

FESES: S646.9 MERFRRRRS: A XEHS: 1008-0384 (2023 ) 11-1358-09

Migration of Heavy Metals in Rhizosphere Soil to Ginseng Roots, Stems, and Leaves
RAN Wengqian, PENG Yunjie, WANG Qi, ZHAO Boya, ZHANG Pingping, SHI Dongfang, CHEN Lina*, LIU Chunming*
(The Central Laboratory, Changchun Normal University, Changchun, Jilin 130032, China)

Abstract: [Objective] Heavy metal pollution in rhizosphere soil and its migration to the roots, stems, and leaves of ginseng
plants grown on the land were studied. [ Methods] Contents of Al, V, Cr, Cd, Pb, Mn, Co, Ni, Cu, Zn, and Ba in randomly
collected 15 batches of ginseng specimens from three producing areas in Jilin Province were analyzed. Pollution of rhizosphere
soil by Cd, Pb, Cr, Cu, Ni, and Zn was evaluated using the single factor pollution index and Nemerow composite index
methods. Accumulation of heavy metals in different parts of a ginseng plant was correlated with the pollution on the
corresponding soil. [Results] Of all the tested heavy metals, Al in the roots and stems/leaves of the ginseng plants was the
highest pollutant in content. The variation coefficient on the roots ranged 12.07-58.43% and that on the stems and leaves 10.02-
87.96%. Out of 15 rhizosphere soil samples, 13 were considered safe and clean, and two moderately clean with due warning,
which contained a high level of Cd. The ginseng roots and stems/leaves were similar in accumulating the pollutants but
significantly different on mean BCFs and all high on Cu, Zn, Ba, and Cd. [ Conclusion] It is crucial that ginseng be
cultivated on land with stringent control on heavy metal pollution for safe consumption. Constant monitoring the soil
conditions to avoid a high single factor pollution index on Cd was particularly important. The relationship between the heavy
metals in ginseng plants and rhizosphere soil was complex, as certain synergistic and/or antagonistic effects might interfere

with the absorption and transport of the harmful elements.
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0 7l

[HEEXY AS MBI N2 (Panax
ginseng C. A. Mey.) W THRIRFIMRZE, 2G5 ey
Mo ASWH, iRk, S50, BA K. 4
Mo g5 Ml A oh Y, BB AL BN I 2 L R
F, RO EE . JLEFR RSS2 EE
AT BREASWIEEE, ASHEA 5 IR
70%°, EFTEA . BRI, TTER, WER
“HRab =57z, BEE Tl ARl A 7 () i s %
e, BRI YNRCN EEREE RS2 —, HgEP e
(Pb). # (Zn) M4 (Cd) HELE S S MY
hEY, BB (Cd) BLfEHENKRERS, &
RARIIEY; W (Cu) ERMEYE KT FRIILE
Z—, ST EEmEYE R e TR
(Ni) A 25 FAMH R, o 28 AW 20 Ak
RO R B e B BRI AN S A RIS e
TE S AE B A B T MR E e NS &4 85 4
[BIRE, XPRLEASFRE R, $EEm AS i, o
e TEAREEE L., [ATAURSERE] RS
B T ERE A SR ESIR Cr. Cu. As,
Cd. Pd &5 ASTEHEESESTEAK.
s /N 25 S 7 M 2 R 2 & B Cd B b i
JvE, U E SR S R ANFE TR S A M A 5 A
KAFEA K, ASAERBERK, X HigEhrE Ry
HA—E e E£ERY, s £ 40 prge & 35
BANSH I E R R R U, HUCHEE . HRE, X
e RaErh SR EA L, [RMERIAST A
ZHERK S HEBEYMC, HHATEA X ASHR . 2%
M5+ E ARSI . LBU# I ¢
ALY T ASHR . A0 IARPR 3 11 FpE 4
J& KA EILE (Al, V, Cr, Cd, Pb, Mn, Co, Ni,
Cu, Zn, Ba) #iDROL, XARER LHEH 6 M 4 )8
Ju# (Cd. Pb. Cr. Cu., Ni. Zn) #4775 J9F 4,
IRl R E R R, T ESENHIESASH
TBReS, DHAMEASHEE AR, &8 A
SR R, PR A S IR AR 2R A
1 #HH#57*

1.1 {XE5ERF

HL IR 5 4 B K BT IE (X (ICAP TQ, Thermo,
USA ); i@ ( Multiwave PRO, Anton, GER );
S22 Al K i 45 R 48 (Milli-Q Integral 3, Millipor,
USA ).

24 FhOT R IR A bR fEfE 25 % (BWB 2393-2016,

100 pmg-mL ', b 5046 J7 b 3 R BF S B )5
In, Sc. Rh, Cs NHr¥# W ( GSB 04-2827-2011, 10.0
pgml ', B RA 648 K T AR R
) WHER . SRR (g, g2l S i R
BAERAFE )
12 #ERESHE

NS K EW— BN 645, ARBFFET 2019 4F
9~10 H I A4 (Il ge s B0 BB S Fh i ik
Mo EHARE EL TR BRI SRR S
AR LT b B VT BN SRR B R A 15 1
AR NS Kot AR BR - HERE & (FE B 1EY &=
O0~15cm, F£)Z0~20cmib; M RERN 2.0~
2.5kg), REFXRMASBEEE, ASHR 520t
o e B ORKIE R T, B K Tk 3k,
Byl Tk 435 M IV R, BT 60 C LAt = 4e
&, AR, 104 mm e M EaE N, +
HERES ASRNT, PR A, mYRIEAERY, W
JE A R, 3t 2 mm JE B RO, B PO A0 gE G Y
Gy Z—, RSO ABE SRK, 2 0.15 mm H
B, AT REEAUR BRI 1,
1.3 FRERRAES

W HCIE B TR S AR AR S W (AL V. Cr,
Mn, Co. Ni, Cu. Zn, Cd, Ba, Pb L E & &K
100 pgrmL ™), JH 2% HNO; 7 i % 285 B i & 0 %
B B 43 R 20,0, 10.0, 5.0, 2.0, 0.1 pgL i
R ME TAER W . WBGE & In, Sc. Rh, Cs WHR
W (10.0 ug-mL71 ), FAUKFR R 2.0 ug-Lfl A
b AR
1.4 HETE

XFFAR . ZErERESL, A ERIFREL 0.10 g T3 M
e INAREER 2 mL, TRAT; X AR S E A AR
0.05 ¢ TIHMEES, IMA 2mL K [V (i) :
v OHRARIR ) 4 3:1], RS, BT RUEEmAON .
RS2 36 2 TS0 A ST O A Oy e AT L
SEOR, UM T i T XUBE R, AR KT
HEE T MG L, 120 CHBRE I mL £4, BEHZE
i, BIRIAFERS T S0 mL AT, RISk h
VENEE, GOFrPURM, A R E s xR,
BB 15V W8 1 0.45 pm B FL U8 R HE AT 0 Uk,
SR
1.5 mERMNERZE

FESL 450 R & B R ICP-MS ikt Arii e, 78
KT 5% 1.0 pg'L ' Li. Co. In. U B XML
AT A S, E R B
G, EERREUE . PR BB T RER
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4 Legend
@ FATLIAE Songjianghe town
@ Jj K Wanliang town
@® 7K [} Donggang town

L

1 [E £ % County boundaries in China <.
[ M HABE Other county of Jilin province

SKAE ST HTAEHE Location of points 0 8 170 340 km
40°0'0"E LA H: Fusong county
1 AERERREE
Fig. 1 Schematic diagram of ginseng sampling sites

XUHEL fif B F 7 SR A bk B0 52 2R, A% TAES
¥ SEBSTURRF U 1550 W, #R<%# 0.8 L'min ',
FACASWE 1.5 Lomin |, HHBIR 1.5 Lomin |, B
W20 Lomin |, SRHEEEH 0.6, T3 U
1.6 EERBSETFNKBRGE

XS R X AT 8 4 SR TS YT, RevE
1iffy 1 5 i A 1 PR B T A A L SRS O, A I I AR
(E B R AR ) (GB 15618—2018) HHLiE
B A FH M A 98 75 e IXUBS: i e (. (6.5<pH=<7.5), ¥
MASHIR R E SRk, e 1™

F1 RAMIDRSRRICTHFEE
Table 1 Values for screening pollution risk on agricultural land
Cfr: mgkg D
B A% 395 G X 7 e 1
TER Risk screening value of soil pollution in agricultural land
Element
pH<55  55<pH<6.5 6.5<pH<7.5  pH>75
Cd 0.3 0.3 0.3 0.6
Hg 1.3 1.8 2.4 34
As 40 40 30 25
Pb 70 90 120 170
Cr 150 150 200 250
Cu 50 50 100 100
Ni 60 70 100 190
Zn 200 200 250 300

B4R R0k HBE PR R G Jm o R A i
S, TEGARMASZEERIGREE, Hit

WERH N Y 255 15 Y dg 80k, ikl , mk
BLJEITR T EXN AS LG,

B TS e B i Y

C;

Pi=g

Hrpp: LR ES RS A RIS YR EG
Coo FHAFESBE i MOTMME, mgkg s S *
HEh R AR AR BREEE, mekg o T ARE K
M+ HE pH 7E 6.5~7.5, L ERERE: Cd: 0.3
mgkg ', Pb: 120 mgkg ', Cr: 200 mgkg', Cu:
100 mg'kg ', Ni: 100 mgkg ', Zn: 250 mg'kg o

PP TS Je S B bR Y. P<t, AR5
1<P<2, ®i5Y; 2<P<3, Hi5Y4; P>3, &
5,

P L5 A 15 et B i ™
VP4 P o

2

Hop, Pag: WHEBZEATGYAER; Pra: 5550
W HEEBOT YRR ;s Poye: I A BRI TR E0AYF- 1
fl. WML 275 15 Je g8 B0k X + 58 R 85 it & 17 43
KUK 2,
1.7 EEENHRLE

FH A8 4 280 BCF™ Y R4 A\ SR [R5 10 4F
HRrHEEMELSREAEERT, WASHE T
fMihESBTRES & SRR L EPESE S RN
HAE R, R 48 & £ a8 iR . NI
ER/N W

(D
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Table 2 Standards for classifying soil quality by Nemerow
comprehensive pollution index method

LEATTYARE (P
Composite pollution index

TR
Pollution level

VRV

Pollution assessment

g Etv=5
Prpn<0.7 sy e
i Safe Clean
oSy MV
0.7<Py <10 H Akl
- Alert level Relatively clean
Vi 5T YU
10<Pys<20 A%E/b% FFUe 5235 G
- Slight pollution Start to be polluted
T e ol

2.0<Pus<3.0

Moderate pollution ~ Moderately polluted

HREEG Y 525 e LA G
Pprn>3.0 .
o Heavy pollution Heavy polluted

NSH I E R JE TR &

1.8 BB

% JH SPSS 19.0. Excel 2016 } Origin %f A 4R |
2R R AR PR A 4 4 JE o0 3 AT B R = A e
A ETTEs N I NE R A€/ TR LBL R o s

2 ZR5oH

ASEHRURERGTIEESRTRSEMNNE
M3 AhaLIEL, ASH, K00 25
RAFTEW B2, S 4 3 0~2002 mg-kg
0.04~4014.67 mg-kg . TEMRHBLIE 4B ICE LA E
TEE T BRI R AI>Mn>Ba>Zn>Cu>Ni>Cr>
V>Co>Cd>Pb, TEEM A PILRE L EER
Al>Mn>Ba>Zn>Cu>Ni>Cr>V>Pb>Co>Cd,
JGE P P FEAR > 25 A R . AR P AR [ 2 —
FE ot AN S TS A B ICR A E IR IR RRIE

2.1

BCF = — = 3
HRER e G R 3 o i * w (Pb) <5mgkg'; w (Cd) <lmgkg'; w (As) <
R3 ASRERAFEGENTERZTRVER
Table 3 Heavy metals and harmful elements detected in ginseng roots G mgkg D
Nﬂﬁm%er Al \% Cr Cd Pb Mn Co Ni Cu Zn Ba
1-1 1475 0.65 1.20 0.11 0.04 44.06 0.19 2.74 9.85 23.12 27.00
1-2 1421 1.52 2.46 0.21 0.24 72.45 0.26 3.48 8.79 23.95 29.18
1-3 1192 0.52 1.55 0.12 0.10 100.11 0.20 2.75 10.32 21.33 17.96
1-4 1390 0.56 1.28 0.11 0 42.80 0.17 2.77 10.11 21.65 26.40
1-5 1366 1.51 1.52 0.20 0.20 70.79 0.25 3.13 8.23 22.04 26.40
2-1 904 0.26 0.17 0.14 0 77.25 0.11 2.13 7.29 14.03 14.80
2-2 1182 0.40 1.54 0.16 0.07 98.50 0.16 2.97 9.91 19.13 22.60
2-3 1252 0.54 1.41 0.19 0.15 103.32 0.20 2.54 12.15 23.97 32.26
2-4 1425 0.61 1.61 0.13 0 116.74 0.22 3.40 10.81 28.18 24.67
2-5 1197 0.40 1.39 0.18 0.08 100.83 0.16 2.97 10.02 23.57 22.40
3-1 1550 0.54 1.39 0.09 0 39.56 0.21 2.97 11.97 23.87 29.19
3-2 2002 0.78 2.32 0.13 0 92.96 0.30 3.35 9.96 23.96 35.54
3-3 1302 0.55 1.08 0.14 0 46.83 0.17 3.27 12.06 23.90 52.15
3-4 1431 0.50 1.40 0.15 0 36.39 0.16 3.19 11.52 21.91 28.32
3-5 1991 0.77 2.18 0.10 0 91.43 0.31 3.18 9.07 25.63 33.23
FME
Average value 1405.33 0.67 1.50 0.14 0.13 75.60 0.20 2.99 10.14 22.68 28.14
Standard deviation 286.88 0.37 0.55 0.04 0.07 27.44 0.06 0.36 1.42 3.15 8.62
CV% 20.41 54.36 36.51 25.83 58.43 36.30 27.13 12.07 14.05 13.89 30.64
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Table 4 Heavy metals and harmful elements detected in ginseng stems/leaves (AL mg'kgfl)
Niﬁmier Al A% Cr Cd Pb Mn Co Ni Cu Zn Ba

1-1 2984.80 2.14 2.58 0.09 0.71 287.16 0.42 3.02 9.90 35.66 59.44

1-2 2099.19 1.58 1.90 0.18 0.67 417.75 0.42 3.38 11.57 32.98 64.70

1-3 3396.54 3.34 3.12 0.14 0.92 512.10 0.68 4.32 14.28 32.28 68.65

1-4 2989.24 2.08 2.34 0.09 0.67 298.07 0.41 291 9.69 33.45 60.72

1-5 2050.26 1.93 2.18 0.22 0.89 412.35 0.50 4.09 14.14 29.68 64.07

2-1 1384.90 1.02 2.16 0.41 0.59 249.32 0.23 2.62 6.85 29.08 60.60

2-2 3790.23 3.46 3.17 0.18 1.11 455.84 0.59 3.84 11.24 30.56 65.08

2-3 1457.44 0.92 2.80 0.37 1.61 188.56 0.23 2.02 7.75 30.83 66.61

2-4 1421.41 0.55 1.02 0.24 0.04 264.36 0.13 1.42 3.83 26.61 63.77

2-5 4014.67 3.02 2.51 0.12 0.87 469.18 0.51 3.20 9.14 26.19 64.62

3-1 1607.11 1.37 1.59 0.17 0.57 212.98 0.30 2.82 13.63 27.52 76.80

3-2 1663.52 1.27 1.30 0.07 0.48 354.39 0.32 3.41 11.31 28.42 60.58

3-3 2033.26 1.55 1.61 0.07 0.66 360.10 0.34 2.53 12.81 25.20 69.63

3-4 1611.22 1.17 1.28 0.13 0.41 209.90 0.25 225 11.57 28.62 77.60

3-5 1461.31 1.32 1.36 0.07 0.48 339.09 0.33 3.65 11.18 20.79 52.07
FEE

Average value 2264.34 1.78 2.06 0.17 0.71 33541 0.38 3.03 10.59 29.19 65.00
FrE 2

Standard deviation 919.79 0.89 0.69 0.10 0.35 102.05 0.15 0.79 2.86 3.73 6.51

CV% 10.02 61.49 36.34 61.49 49.75 87.96 49.75 17.98 10.02 29.35 10.02

2 mgkg'; w(Hg) <02 mgkg'; w(Cu) < KA, Hirp 1.1 Fl 148 Cd Je R PR 75 g

20 mg-kg o AR BT T 9 N S 4 WAL IE K P,
Cd. Cu FipyR@it Rk, R, ZEEA AR R R
28 Ak 5 L 9 R s 12.07%~ 58.43%, 10.02%~
87.96%, FIHIAZSARFRAIICER FAHZEE R,
ASHRIE P ES B TR MAFETR S
7 K Ik Al> Mn> Ba> Zn> V> Ni> Cr> Cu> Pb>
Co>Cd, Ml ( LA FitriE) (GB 15618—
2018) HHLE, ASHPrLIEP IR Cd. Pb, Cr.
Cu. Ni. Zn B PH SRR HRRME, HASH
i 1-10 120 14 CdCE Sl & R, 5
4 0.56 mg'kg ', 0.35 mg'kg ', 0.51 mgkg' (% 5).
22 ABRIRLIEEESRERBELRSTEEN
MRG0 R 75 Jeda 0. N 255 5 Qe 48 Bt
Bk, sk e in. WRPATLIEH, 1545
HR PR ERE S R BR AR AL 1-1 1 1-4 41, HiAvRE &Y N H
BTG YA BN T 0.7, ISP H %, &
T WK BESD 1-100 1-4 AR 25575 Q15 500%
S 0.97, 0.90, T5 USRI E ML, JE T I

ooyl 1.85, 1.72, Hay 6 Moo R 15 Y448
AR 1, R CdIURRETEF LY. CdHE
GBS R BRI A, B g R e Y &
AP S R R R AR L Cd TR A
23 AESEBBUESEECERTRENDN

M2 7 A, AR A S 250 RXTE 4SS
MAELEEERNIAN, 3N HASZEN LT
FOFHE SRR Cd>Cu>Zn>Ba>Mn>Ni>
Cr>V>Co>Al, WP EITLRFHEEREKNN
Cd>Cu>Zn>Ba>Ni>Cr>Mn>Co>Al>V, ZEnf
FHR X 2% JC 2 (1 BCF V-S4 {EAH 22 80K, (HARI N
Xf Cu, Zn, Ba, Cd WY& 4EREIEOR, UHIXEEITR
RIS &AL FER R 1w X AT R
(e SRR 889, RUIHA TR N - EE 58 5 250t

TROLAEREAR A
24 AESRBUNEERSREIERECRELEDN
Bx o

MIE 2, 3, 40/, ANSRPb Al, Ni 520t
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Table 5 Heavy metals and harmful elements detected in ginseng rhizosphere soil (AL mg'kgfl)
Niﬁm?)—ler Al \Y% Cr Cd Pb Mn Co Ni Cu Zn Ba
1-1 73136.93 54.80 43.90 0.56 24.07 2406.05 18.91 65.77 31.14 88.82 223.50
1-2 86154.51 44.18 33.69 0.35 16.78 2740.77 10.65 53.58 28.29 73.20 206.61
1-3 64333.74 50.93 37.37 0.28 16.68 2022.73 16.57 4535 23.63 81.00 238.75
1-4 79783.41 52.41 40.72 0.51 3522 2375.47 17.40 54.90 26.81 80.26 22523
1-5 81160.59 45.12 35.58 0.27 14.33 2401.34 10.93 42.86 23.27 78.89 216.75
2-1 84922.87 40.73 35.74 0.29 13.80 2307.78 8.40 34.81 20.19 67.81 226.59
2-2 83016.45 36.49 22.66 0.20 11.95 2151.34 8.48 33.74 19.32 63.37 207.71
2-3 85159.45 43.64 27.92 0.27 13.98 2263.85 9.31 33.33 18.60 69.02 206.82
2-4 90096.30 39.37 26.04 0.29 14.46 2546.09 8.14 34.58 20.25 91.58 211.79
2-5 94330.80 44.16 33.45 0.24 14.03 2355.70 10.06 40.12 22.59 103.99 243.51
3-1 87839.36 42.30 31.29 0.25 16.20 2600.08 9.40 35.96 21.35 81.41 186.96
3-2 87511.38 37.85 30.37 0.26 16.33 2302.12 8.75 39.59 21.66 67.49 173.98
3-3 85706.23 39.04 28.46 0.24 16.42 2271.62 8.53 40.12 24.82 91.98 176.27
3-4 84904.09 41.94 31.35 0.23 15.95 3264.03 9.22 34.83 20.86 77.97 186.68
3-5 86765.80 37.57 29.33 0.23 13.81 3092.77 8.25 32.82 17.68 65.45 226.58
P 83654.79 43.37 32.52 0.30 16.93 2473.45 10.87 41.49 22.70 78.82 210.52

Average value

#o6 ASRIELMEESRSEIN

Table 6 Evaluation on heavy metal pollution of ginseng rhizosphere soil

B TS JeR HL
i Single factor pollution index WD L 5T5 YR B 15 QLB 15K
Number Nemerow composite pollution index Pollution level Pollution level
Cd Pb Cr Cu Ni Zn

1-1 1.85 0.20 0.22 0.31 0.66 0.36 0.97 k2 Alert level 137 Relatively clean
1-2 116 014 017 028 054 029 0.62 %4 Safe TV Clean

1-3 0.95 0.14 0.19 0.24 0.45 0.32 0.51 24 Safe J# i Clean

1-4 1.72 0.29 0.20 0.27 0.55 0.32 0.90 k2 Alert level 137 Relatively clean
1-5 0.89 0.12 0.18 0.23 0.43 0.32 0.48 24 Safe J# 1 Clean

2-1 095 011 018 020 035 027 0.51 %4 Safe TV Clean

2-2 0.68 0.10 0.11 0.19 0.34 0.25 0.37 24 Safe J# 1 Clean

2-3 0.89 0.12 0.14 0.19 0.33 0.28 0.47 24 Safe J# 1 Clean

2-4 0.98 0.12 0.13 0.20 0.35 0.37 0.52 24 Safe J# 1 Clean

2-5 0.81 0.12 0.17 0.23 0.40 0.42 0.44 24 Safe J# 1 Clean

3-1 0.82 0.13 0.16 0.21 0.36 0.33 0.44 24 Safe J# 1 Clean

3-2 0.88 0.14 0.15 0.22 0.40 0.27 0.47 24 Safe J# i Clean

3-3 0.81 0.14 0.14 0.25 0.40 0.37 0.44 24 Safe J# i Clean

3-4 0.77 0.13 0.16 0.21 0.35 0.31 0.42 24 Safe J# i Clean

3-5 0.78 0.12 0.15 0.18 0.33 0.26 0.42 4 Safe &7 Clean
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Table 7 Mean BCF of ginseng
Al \ Cr Mn Co Ni Cu Zn Ba Cd
RFEE U T T T T
Sample site  gyo, Root Stem Root Stem Root Stem Root Stem Root Stem Root Stem Root Stem Root Stem Root Stem Root
leaf 00 leaf 00 leaf 00 leaf 00 leaf 00 leaf 00 leaf 00 leaf 00 leaf 00 leaf 00
J1 0.036 0.018 0.045 0.020 0.063 0.043 0.164 0.028 0.034 0.016 0.071 0.058 0.460 0.359 0.409 0.280 0.286 0.115 0.433 0.436
J2 0.027 0.014 0.045 0.011 0.083 0.045 0.141 0.043 0.038 0.019 0.074 0.080 0.386 0.501 0.380 0.278 0.294 0.108 1.002 0.637
J3 0.020 0.018 0.033 0.015 0.048 0.051 0.115 0.022 0.034 0.023 0.073 0.085 0.558 0.515 0.350 0.297 0.392 0.202 0.452 0.524

Cr 2k W AAHC, M Pb 5250 Pb 24k i 3% 1E
X, AZZErth Cr 518 Mo, 20 Zn 5+
e Al 2R R F ARG, ASZEntrh Zn 5 L5
V. Cd. Co 2k W FHFAMIE; AWt Ba 5 HIiEh
7 Ba 2 B FEMAHL, NS Zn 5 5 Al
ASRo Al e Mn 24 B FIEHE, SRE
W, ASH. Zr 5 TR S RN R

0.785
0.489

| 0.193
—0.103
—0.399
—0.695

Al V Cr Cd Pb Mn Co Ni Cu Zn Ba
ZX0} Stem leaf

B2 ASiRSEMHTEEAEXME

Correlation between elements in roots and stems/leaves

Fig. 2
of a ginseng plant

0.700
0.412

0.124
—0.164
—0.452
\%
Al
—0.740

Al V Cr Cd Pb Mn Co Ni Cu Zn Ba
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