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The Difference of Heavy Metals in the Ginseng Growing in
Forests Soil with Different Trees

LI Tengyi, SUN Hai, YANG Zhen, ZHANG Yayu
(Institute o f Special Animal and Plant Sciences of CAAS, Changchun, Jilin 130112, China)

Abstract: To find out the difference of heavy metals in soils grown different trees, the contents of Al, Cd,
Cr, Cu, Fe, Mn, Pb, V, Zn in the ginseng growing in soils of forests with elm, pine, poplar, and juglans,
respectively, were detected and analyzed. The results are as follows. There were great differences in soil
heavy metals under different trees; the CV of Cu was the greatest among between different trees with regard
to total metals, which is 0. 33, the CV of Fe was the greatest in terms of the available metals between differ-
ent trees, which is 0. 57; the content of total Cd exceeded the second level criterion of Standard of Soil Envi-
ronment (GB15 618—1995), which was 0. 390 mg/kg; the available contents of Cd, Cu, Fe, Pb, V, Zn
were both higher in juglans soils than any soils growing the other trees, the available contents of Al, Cr were
both higher in pine soils than any other trees, the available contents of Cd, Cu, Fe were both lower in poplar
soils than any other trees. The enrichment factors of Zn, Cu, Cr in ginseng under forest are great, which
were 0. 445, 0.47 and 0. 279, respectively, and the enrichment factor of V in ginseng under forest was lowest
between different heavy metals; the SHBI of ginseng under forest were the greatest under juglans and the
lowest under poplars. There was a significant positive correlation between the SHBI of ginseng under forest
and the available Fe, the correlation coefficient was 0. 796, and there was a significant negative correlation
between the SHBI of ginseng under forest and the available Mn, the correlation coefficient was 0. 76.

Keywords: ginseng growing in forest; soil; heavy metals; species of trees; red coating root disease
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L2 B PR IS AN AR ) 1 AR R B AR . bk
TEEN—MERNT M HESE S RELRT
M S M EME TN AR BN R,

TR S LU A B B AL L
BHEEESES PR T S Ea RN & &
GRSy SR L L i ) I UR R LRSS e S A S e
HORERI AL M R B Y R E W AR REH
2B I BB B R RE . EhTE
HEE AR TZ A RKRAEAGREEENIFER
AT RIYIVE FIXERS Bh 25 R o 048 0T 25 5 A 9 18 4 A
PR A AR I I A A T AR B0 A T e R D) 2 3
Y R AR T S A K g b 2 e
RZ— Al LU HAR 2 W ) AR OR U T ) A
AT AIE A U o s A B e il DL R S R N B
AT LU AR ks BB T A A R R AR 2
PR AL 37 B 5 b A AF 5 XS8R, 56 45 b P ) D o DL
SRR QN T VAR IE 7 G 8 R A o
R MARSETEUEM T ERNKTZESR
B AL AT T DU A AS [ AR AR b
G E S ARSI 5 NS TR 29 St
HIE S MR S HF .

1 MRSk
L1 B

AN TR Bl Kb R 2R AR T AR S
i P A A KA AT S e fedn /i, % IX

NF &S 127°34" ,4b46 42°55" 4K 660~670 m, )&
Ly DX A e s A 338 i AR AR P AR AE 3. 1°C
fed AR KR 799 mm £ AT L ARY H BB 2 200
~2 500 h ¥ TLFFM] 130 d £4 .

1.2 REEFE

TE A [F) — 3 3 L [R)— B 1) L [R) — 3 A K i AN TR
AR BAK T 2 18, 5 IRk T A ORI BT I 20
KA IR I AT AR SR 5~6 BRART =,
M T ORE = MR X IR G SER —DFE 5.
PR A B0 1 - AR R AR B B A4S D, B A e S
B B R A AR R A A A KT S A, 43 il i
20 HA 100 H i, R 4% BRI, B REZNWAS
A ] S0 5 B A T ARk T N2 3% 1H R R Y 1
BLCZREMEE TR ANSRM 2~3 WL FRE,
I ENLRY B . 5 100 B AR H A& .
1.3 Mk A *

A R S D S R RLA AR A BT O TR AT
Mg o 3 rh o 4 J T R I - MR R BE T i AR
W E k. REAMAEESERM 0.1 mol/L
HCl 248, 84 8 W e >R 28 B B 22 v [ 28 W) 1)
Vista PRO ICP #17,

Ry R I 0 A Y AT S R R AT AR T
B L br o 1A 1R SbR o) 5 0 4 Ak ) s BT
+ [ GBWO7424(GSS— 10) ], H 475 F 8% 19 A X 15
2 (RE) 391k 2. 9% Fl 3. 7% o Al X A7 e A 2% (RSD)
I35k 0. 97 % F 1.35%,

1 FEMHTLEEMEBAER

T} A HHLFE/ % WA/ (mg - g D) A/ (mg « g 1) HEH/ (mg g ) pH
i T 10.472+0. 85 255.42419. 34 8.7840.12 60. 2448, 03 5.39
T 7.9240.57 226.29+9. 87 13.33£2.50 92,5044, 77 5. 04
R 8.5040. 21 202.96£6. 56 18.9042.79 111.8046. 10 5.70

BT 6.4840. 39 182.13410.59 4,6540. 43 25.4147.42 6.01

XA ) Bl AR R 241 e 0 R R AT T
Giit A AT S 40 K R R e SOt A L 15
H T R FER RN AR R 241 520 19 & R F5 5 (SHBD

MRS ke 8ot A A

. " 2 B X FHRY R4

MR B LR KRG H -0 9. T2 B s 1 9.
R Jo 8 s A T Bl AT R LT BE 5 2 S AR ER A A W I
JEBE. H R 1/5 LRSI IE W 33 % 20 9k
BEOA D, R ALY 1/5~1/2, 54 W AR W 5 4. 55 BE A
M. GRmAA 1/2 LLE.2/3 LIR A A2 ™ & 5%
Wi 55295 BE 5 SR E A 2/3 DL b B SE AR 4T L 0
HRIEAVE A L &5 75 S 0 (E .

K2 FRAMMTHTSARFEFER
WH S RS WY FR/a R

1 1 4 13 0.8
TR N 1 4 13 0.8
3 3 4 13 0.8
4 2 3 13 0.6
WMRF 5 1 3 13 0.6
6 2 3 13 0.6
7 1 2 13 0.4
BWT 8 1 2 13 0.4
9 3 2 13 0.4
10 2 5 13 1
BB 11 2 5 13 1
12 2 5 13 1
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1.4 Efik &4

T 5 T 2 S S R R Al oK
Al 7K s WAL #S - ZHEAR 23 7] 1Y Varian ICP710 ES; T4
AT 0.9 kW, B RS 15. 0 L/min, 4
Bhgsiat 2. 25 L/min, 4L 0. 8 L/min, 2%
15 r/min, £ i [8] 35 YEBS ] 10 s; ICP 20 #7 HIR & br
TEVS W (GSB04A—1766—2004)  E # A 8.4 @ I
FRRL AT s R4
1.5 HiEHHm

K Fl Excel 2010 F1 SPSS 17. 0 #f 47 5 &b 38 1
FHE AT

2 giR5aPr

2.1 RIS I EELCREEENEUSS=E LM IFE
Z: B R 00 Jmy B et B S5 B 2 iF 5 B 438 5 1 v
N K3 E - BE R B R R AR fE GB15618—
19955 HUE A5 BE 95 Y0 X SR A M A [ 4% b R A AR T
Z LR G ) A i IR RS & i 4 i i AT R IR PR S
T AR 3 k., AFEBFTHRT S EE S
JE 4 E A R LL Ca M Mn 5K, 40518 0. 33
0.26, H 4 /A ME T 7L 5 R Fe Ml Pb i K,
SRR 0,54 F 0. 47, 77 A4 Bk B J5L I ] RE

— B R R Sx m)  Erh A W — e DU HLIR 1Y
INGY T T, BE A I S AR B R 0 Ak 2R R 4

VA 0 O T VS A T A TR AR 2R 23 6 0 1) 4 o
I A — 22 5 NI S 80T HoXE H 3 &
G e i W vy DA S R e R [ s RS R AR R OR 1Y
AR 7% 40 1) 20 1G5 50 i RN TR] S BORRT 34k
PR pH A A PLE A N, P K 3 & 1A
)00 i A A Ak 2k R G R 4 R R OB E
AU, HA g (CD &R 00390 mg/kg, # i [
R BRI o e b v R Y B o e R
ikF] 0.496 mg/kg, M FRK = RbpifE, X 5K+
PR TS e R B B SR — B TR R
MMTEE. BT S EED MR TR N &
KT B K — bR ME R 1 BRI, UL AR T = 4
Berb i E SR o AR B AR SO, B2
35 (Cw) FVEE (Zn) W B K & i 43 Bk 81 T 29,
35.87. 86 mg/kg, #i — o hr o 1 BRI A (A5 51 &
HE. MEME . EERAME SN R R E
&8 B R R BOR X AT RE S HAEARFIE AT
Rk 2R A ROR TR A e

e G R AR A R R AR R L IE T E A
JERA RS S E AR A0 e AE, TR R A
VAl e 4w KRS DL K AR W i SRR 0 2 1 Ak
T2 1 E 48 h LU (CD s (Mn) 19 48 W1 2501k
B A3k 33, 85 % Fl 24, 17 % . i3 B 8 RN 4 19 A= By
T PR LA By T R3AH ) W IAe T Bk (Fe) i (Cro) i A=
WA R e I AR 0. 30 A1 0. 55,

®3 MTSIEPESEEEMNFTUSEEM R E5HIT

- 2 /(mg+ kg ) AR B[R/ (mg « kg™ ") A 5 EYIH
R T e 2 W M b B W M A%
Al 13.67+1. 64 10. 15~15. 58 0.12 — 0. 803 0.315~1.121 0. 37 5. 87
Cd 0.39040. 090 0.254~0. 496 0.23 0. 20 0.132 0.095~0. 177 0.21 33.85
Cr 30.32+6.06 20.36~39. 87 0. 20 90 0.166 0.087~0.302 0. 40 0.55
Cu 18.91+6. 24 10.15~29. 35 0.33 35 0. 384 0.235~0.498 0.28 2.03
Fe 9.594+1.63 6.18~12. 35 0.17 — 0.029 0.015~0. 054 0.54 0. 30
Mn 0.75740.197 0.52~1.05 0.26 — 0.183 0.153~0. 218 0.11 24.17
Pb 11.82+1. 89 9.11~14. 88 0.16 35 0.441 0.219~0. 787 0. 47 3.73
\Y% 40,11+3. 21 36.56~46. 87 0.08 — 5.326 3.978~6.918 0.21 13.28
7n 63.02+8.19 54.49~87. 86 0.13 100 3.313 2.520~3.343 0.18 5.26
2.2 FARMTHTSIEESSCEENSSERE BT E. AL BRI 7% ~8%  JEmtE + v
MEREESSW BB ST PR R e A, e BRI A

bR T i AR A A B b R A T
AR G A LA SRR PR BT 45 £ 5 AR B 5
M N TR A el T AR R 4 0 0 1 2 AR A DL K
AR 7 W0 () 2L B A5 7 T A7 A 22 57t » S (A ) AR I
A - HE A BREAL VR SN pH(E L B 7 4 AT R AR S
S R R B RE B2 m bk R 2 L3 h 8 G w5 &
FAFAERZS . R 4 Al R AR FRR 1 E h HE G s
AR EFERAZNER ., fiehreh &R FEr

MR RE R 4 TR AR AL SRR T
THEh R 1049 mg/ kg, H AR A EABEIKR (9 &
w3 1A AR AR T B4 R R B AR T >
HA T >R 4 >Rk ARCT L X 5 R R 5 pH
{ELHY R B AR — EUAY 3302 PR Dy b 38 v i 52 4 25 RK
VAR A xR HE pHE A AR T - s e
A R AB AR e ATC 3 WL D B 1 fie 55 1) T 3 JB O
RZ— Sy WA MO8 5 Y e AR, 6 A
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fe e = A Al K ORI AP R A RS Cd & i
BAREARCT f5c = T A A8 T B AIG P# AH 2% 0. 071 mg/ kg,
RANRI R AR =P T > M~ > W~ 1
gerbi S Rl TR T IRPUR S EEY A ZE O
T EYEE BRI SE T AR R R R R A 3L
& Cr R T fei -4 0. 253 mg/ kg, H i AR A
BERKR & i 2. 8 A% R/NR I AR T > Mt T
>Rt >R ARSI RS (Co) & i
9 25 T I R, X RTRE R S A T 3 pH (R A
A5G, 118 pH {H AR A 23 £ 1 - 358 v 5% K 3 28 A
A AS P i A 3 18 AR A R
— R A 5 R TR ARV 2 A W B
WAEEMEMHE—BEAL RS EEE,
A B8 v g R s R 55 A ) DG B VR (AR R AZ A
I ZSZ A R E R AR LT AR 4 AT S [ A Fif
THRE Cu Fa R NPT > T > T
AR E . ELAS B ol ] e R A S M 22 S (p<<0. 05);5
TP RN E TSN AS AT EEM. SR A
BRI R A RS Fe & LLSABEAK T 5
AR A T A RO Bk e 3. 3 i N R
TR 09 RSB it R IR > AR >R
TR, HARE Z ) 5 5 22 R (p<<0. 05) 5 A8
[T 18 20 Mn & 2 LI T B s 15 BE AR
AR BRI R T >R T > T =>SABEHT . B
A 2 ) 5L P 22 5 (p<<0. 05) s 4% & T 4 J@ PR 855
RV Z —, BEXT A A By T 5 80R 2 ae it in 52
e, A DL BONAAR A 5 D e 1 R L O 51 R 45 b AR B
SELCUHMILEEER KR MR ATUEL.A
A P ik DUSABRARCE 5 . i8] 1 0. 760 mg/kg,
3 v T AR R A DL L R R AR R R A AR

TR ERERARE (p<L0.05) . XS LT
4 R Z AR S5 ROV AT O, AN [R) 1 42 =22 ) A
RV Y SR 3 B S 1B O VANE Lo /1y @ N N3
BN = b, BE M5 S 7E BE 98 Cd, Pb, Cu, Zn F1 As &
T TR ) 1 52 ELAE I e B 4% Tl 4 Ja 22 1) F) AH B
YER P2 #E T Cd,Pb, Zn W6 A . X5 As [T 23 47 30 1
PEFR™ o W4 HE i i 5 4 s 22 1 i 2 A 1 2
SO A% R R AR AT SO 5 A [R) A b T A A%
AV AR LU BT f B T SR A A RS
Zn 58 W R BN EABRARCT Fig T 3 TR
W T . Zea kA IR T 2 500E & )8 & i B 3%
i T AL B 3 R RE S R R A ML A A S0
FOEREARGE D, LAY E G L
HEeRGRMEMYAIEFRFENHNRZ —, £%
AL 2ok 5 7 TS e - M R A RS —
T AT HLBT AT A4 b S M P A 3 0 B S5 AT
2 - M A JE ()6 PR T - HEE LT AT L R
B & R R R e E A0 . Covelo 4
WFFE R B, A ALY AT DL i # A L W B S A T
FE TS A R L [ I PR A AL BT 0 A T O B i
JEE 2 A A T R CdS UUTE 9T B, M T R AR
e Cd WA RS B S AR A Ao

AHECAE T L 4w B A S,
o 4 R AR WA R R 6% BT R 1Y 98 s BR BT IS et 4
HER T, R 4 PR SRR R R AR 2+ B
HERAEYAMERBER A MENARS S 7R
PRHEA —Z B (Cu) 19 RS & 1 78 4 3 Fh ) £
PR P 2 S AR R ROME FR B0 HLTRDIRCR I R
25 BT A RS (CD By & 5 2 R 45 B Fi
VF1) 5 I o L HC A 0 A 2 00 Ay A8 A o 1) e v

x4 TEAMMTIEECREAUSOENENEN G

i H ) Fp Al Cd Cr Cu Fe Mn Pb \Y% Zn
Wit T 999a 0.125b  0.182b  0.313c 24b 173c 0.344b  4.444b  2.640b
e s AT 1049a  0.131b  0.253a  0.363b 21c 187b  0.342b  5.560ab  2.974b
AC/(mg + kg™ L7 N 824b 0.103¢  0.141b  0.237d 16d 209a 0.319b  4.864ab 3.726a
HREACT 340c¢ 0.174a  0.091c  0.48la 53a 162¢ 0.760a  6.436a  3.914a
HiA T 7.096a 35.6lab 0.471bc 1.896a  0.256b  16.85c  2.819b  10.21b  4.608b
WA R FAR T 7.883a  29.96b  0.831a 1.869a 0.214b  28.85b  2.810b  14.95a  6.35la
ZHBC/% T 6.564a  37.41a  0.609b  2.035a  0.199b  39.21a  5.524a 12.54ab 5.206b
BBk 2.361b  35.56ab  0.316c  1.736a  0.494a  20.00c  3.487b  15.78a  4.943b

2.3 TEHEEFTHREHY

T B WL AS [ B R AR 2 e i T e AR
JEE i JH R < T A DR 2 P SR PR 3R T e 4R KL
S (A 5 AR 14 A AT 2 T e i R T A 7
JUFVE & w2t AT PR R SRR B IS e
AR ST PN AR IR 5, 5 R R TR [ R Al

AT S LD E SR & R A THRIKTE .75
PRI A 1~2 Z 0], HA AR A Bk T 4 4
TR R B AR R o DL AR Ak
PIAb TR KO 5 PR B R T 2 (B A TE R 2 A
AR AL B R BB A e 4 3T T R S Yok
L G YRR O R 1,99 il 1. 94 (B AR



314 K+ R R %22 %
x5 AAMBMTLIEELESHITNER
V5 Y8 B Al Cd Cr Cu Fe Mn Pb A% Zn
kR 1.016 1.931 2.046 1.185 1.855 2. 240 1.488 1. 990 1.097
T 0.963 2.491 1.619 1.384 1. 883 1.509 1.479 1.699 1.195
7L 0.924 1.537 1.267 0. 830 1.544 1.774 1.700 1.753 1.101
SRR 1. 043 2.722 1.522 1. 940 2.095 1.184 1.113 1. 836 1.432

2.4 RTSHESESEREEERY
KORMTHTFSRTEESETENILEER
. FTLLE A SARE LU (AD FIEL (V) (148 57
ERR . kB T 45, 41% F1 51, 97 %, T 2 A Hi
(Cu) A4 (Mn) B 748 55 2R B07E 20 76 U 3 i B BB
Hby B AN TR A AR 2 M 0 B i) Ak 2 2 ™ A T
— M, KNSR E S SRR
SR ESE SRS IR SRR,
A DL SRE RAES HHE— MR 270K & v 8 4 Rl AT
R FN R ME 7 T B w4 R BB, W SR B - s
4 BB S A R A . R 3 LM =
HR R T 4 8 B & AR R B LLUBE (Zn) AR (Cuw) A e s
IKF) T 0. 445 A 0. 473, Holk M4 (Cd). ik 3] T
0.279, W EE(Zn) il (Cw) i (CDTEAR T 2 19 1%
W I R R FHAE T AR o LR AR XU e R A

MM EBEREEAMSEEERF AL (p<]
0.01), 5T ABFFELE R — B R L5 Fe* A
Mn*" FEMRF S 20 K 0 T8 i B AR AE RS DU /E L 7
FRPEZF T Mn' -Mn® " 4 F bR o fL A7 B R (B L
AALTEY BT Fe® ™ S Ak . Min® " AR 1 A7
E5 IEEW . R FRATT L B AR 40 R i
RIRAE S R (CD A RS & 5 DL (Co) i 4> &
SRS B 5 3 IE AR OC (p<<0. 01) L i 5 4% (Pb)
(04 MO RS & B 5 3 NG B AE AR T 240
B0 R i EICEE R 1Y) - v B v A A DA B A
R EY X T ae S T b & 68 Z RIfA RN G 1EH
AT QAR VI 55 5 KT 220 B2 0 i 1 B OG
F T g — BT .
®6 KRTSHESREEEREEERHY
L P ERREE/ BRI/ AR EE
TR

T bR G Y PR AT R R A g b B o S AR (mg-kg ") (mg-kg) RE/ N FH
BRF A e S AL B LA Zn?t A Zn (OHD © %4 8 1% Al 0.37040.168 0.132~0.664 45.41  0.027
RO Cd g S R CL M OH JE R Y T# Cd  0.10140.021 0.067~0.138 20.79  0.259
fjJE"J%%‘%¥DHQEEJ:F?)}[ZM‘—F%%WWO Cr 2.44440.816 1.316~4.009 33.39 0. 081
2.5 *$T§ﬂ&ﬁ&ﬁ?ﬁ§ﬂ5i%¢iﬁﬁé§\ Cu 8.936+1.087 7.147~10.979 12.06 0.473
ERSAERAEY BN R AN LR Fe  0.24840.083 0.115~0.379 33.47  0.026
S5 T Rl BT 24T g B e R 5 T b R Mn  0.04840.009 0.035~0.059 18.75  0.063
A TRA T AT A 2 [ 450 5 TR 2 G4 ph Pb  1.0284+0.322 0.725~1.591 31.32  0.087
AT AT th b T 2 21 1% 6 % 9 45 80 5 8k (Fo) 1 ’V 0.81240.422 0.243~1.363 51.97  0.013
R B B 5 2 L6 (0. 01 T 5 Zn  28.01246.756 17.977~40.526 24.12  0.445
KT AEFRAREBHESIESESESLE FUSSEHNHEXXR

MEEFR Al Cd Cr Cu Fe Mn Pb \Y% Zn
Eoe iy 0.409  0.641 0.572  0.770"" 0.758**  —0.721°" —0.715°"  0.379  0.627
G S —0.467 0.762°*  —0.285 0.783"* 0.796"°  —0.76""  —0.738"° 0.234 0.215

* o« fRFR2E R IB BB F AR p<<0. 015 * fRF 22 7K 5] W # K F, p<<0. 05,

3 4w

AT 2 A i K AR E BRI AT
REZ 2 W BAK T 200 LA 42 4. e rh Hof 42 I8
JLE S BT B R — Gebn fe o AEHR AR 5 i 12—
PARERRBIE . RZEW T LI E G &AL T8
JEET5 G AR AR TR FIEA AR AR B b A A R A
PR AR A% R VOB B Bk R AR T R B
ARG BE AT 84 i 55 i 32 AR v 7K L RE 2 RE AR T
S BT E SRR AFEMA AT 2 L S

JE A RS i 2 e B (R HRAL TR — K gk
o BEORUL. TR T S LR SR SR RL
ey FHABR RS L AT RE R AR T S R IE W AR K
AR A G JE S R A AR AT
T2 E SR & AR R 2E 7 L K
MR Z 5k A OBCHL ] 35 7] D 2 T AR 200 G R
s AR o IBURE S AR T 2 08 - 8 v A A B A 4R

MR 220 B0 14 5 9 48 20 LA B AR e i %
R HASREE g A RO A R IE AR
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