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[ Abstract | Objective: The herbal quality of Panax notoginseng may be related to the content of inorganic
elements in planting soil. Method: To investigate the effect of inorganic elements in soil on the herbal quality of
P. notoginseng and provide theory evidence for P. notoginseng plantation, we collected samples of
P. notoginseng roots and rhizosphere soils from 16 sampling sites in Wenshan, Honghe, Yuxi, Qujing ( Yunnan
province ). Result: The content of inorganic elements in samples of P. notoginseng roots and rhizosphere soils
were determined by inductively coupled plasma mass spectrometry ( ICP-MS) and the content of saponins in
P. notoginseng roots were determined by high performance liquid chromatography ( HPLC). The content of essential
trace elements for human health in cultivated soils and medicinal herbals in Wenshan were higher than those in
other 3 habitats regions, and the content of Cd in P. notoginseng cultivated soils and medicinal herbs in 4 habitats

were all high. Most of the essential trace elements for human health (e. g. Al, Fe, Se) in medicinal herbals
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were correlated significantly positively with Mg and K in cultivated soils,

and negatively with As and Hg in

cultivated soils. There was no significant difference in the content of saponins in P. notoginseng roots among 4

habitats. The content of saponins in P. notoginseng roots in Wenshan and Qujing was the highest,

in Honghe was

the second and in Yuxi was the lowest. The content of saponins in P. notoginseng was related to the inorganic

elements in medicinal herbs,

but had no significant correlation with the inorganic elements in cultivated soils.

Conclusion; The inorganic elements in cultivated soils influenced the herbals quality by affecting the content of

inorganic elements in medicinal herbs. It was recommended to plant P. notoginseng in the soil with high content of

Mg and K.
[ Key words |

inductively coupled plasma mass spectrometry (ICP-MS)

Sh R EMEHEY BT R AR R

WA SR (AEHBFRE) Pk " AS
KA — , =AML — , BRI W) AR A5, D 25 2

2ot —LRIET 2500 ﬁ@ﬁ?%jéaﬁﬁ&%ﬂ’ﬂ
SRR E TR 25 IR EOR W . By, B
A= EAEE AL, 2 RN B, M
Ll e R T R Dy = B b DX, R B R
b, RRESc=ET AT SRR = £ 2 A 400
AR,

YRR 3 VE U 254 b S5 ) EE AR U AL A R
TR LEWIIE  55 R AR LS ROy, B
T TR E R B s 7 BRI AR
=R EEGHOLT, b AZ A R, ,Rb, f1=
LRH R, ELESF MRAIERS GE O LB I P
7040 M 335 R g 4 T 25 AR Y L
REOCEAME R RO A% A5 R g (Cr)
il (Mn) , £ (Fe), & (Co), 82 (Ni), il (Cu), #¥
(Zn) il ( Se) A R 20 N 9 A7 DL 2 i 1% 2 A 46
A S ST SRUDNNGY Fol &g il B S N E|
iR TR A B, T Jm s R (As)
W (Cd) oKk (Hg) , 8t (Pb) S5 HAR 23 0 A A B 7 £E
A EER

i%W%MfB%%E%HHEt%ME‘J&xﬁﬁ{ﬁ%
I, WFEWES AT T LR S LR
BRI, RN RS MM EI IR S =L R
R TG A AR OC A |, (E R AT SR A A S TE AL
JLEX LM RN IC R M. SHE "
T ST S 0 7= XA Al 4 5 =B 256 JCHLIT
ENEEOREPS cE i 2SS Sl Sta $ AUELR Y DY
R T R &8 HRA R LT R = LBl
oy & BRI OF B LA BT A o B SO BT
ARk, T = L AR R A, =Bl R R
B, =B el ST 1 JE 2 B £ AR |

- 48 -

Panax notoginseng ; herbal quality; planting soil; inorganic elements; correlation analysis;

Wbk R L =k R T, SR HLIT
F RN, i = b 0 25 b R T RE B2 5
R AR A T w4 D 16 SRR = B
R O, >R FH R B & 55 B8 AR BT i v (1CP-MS) U]

LR BARPr T OT R & i I SO
H A L (HPLC) I = AR rh 2 28 oy & &,

BERP = LR 280l KT R &5 %
PIRALCR MK R, N = LR A B R 2 P 42
it — 22 0 FE IS AR
1 &
T 2011 4 10 A ¥ = — & A4 X Bf HL 3% B
SARE SRR AR A B B PLCR A =L
FE& 5 Bk, [ B s 4 A 7 A9 AR B 1 398, ROFE 550 DL GPS
Ko e o, AR s fF B LR 1,
®1 SERHARE

Table 1 Sampling sites of Panax notoginseng

No. R e AL E HifEN L E
1 2L N 5 B 24°15.37’ 103°34.28’
2 ZE N 52 [ T 23°22.63’ 103°43.97'
3 EARTPL SRl 23°23.23’ 103°31.35’
4 LT3N Kk B 23°26.50' 102°43.77'
5 FARCID) b9/ <@ 23°25.18’ 102°38.24’
6 EARTIE) P 23°56.72' 102°30. 86’
7 EAREPIPEpi= 23°57.46’ 102°23. 45’
8 FEREMWLIEIX 24°28.20' 102°30. 38’
9 s i 2 o & 24°48.95’ 104°12. 02’
10 SCLL AR L B 23°42.52' 104°25.11'
11 p' QP EITE 23°39.69’ 104°18.19’
12 SCil N B e B 23°39.70’ 104°18.19’
13 SCLL A AR L B 23°31.73’ 104°19.27'
14 SC Ly P B 23°25.58’ 104°36. 84’
15 SC AN RR S A B 23°05.72' 104°39. 85’
16 SCI MR B 23°01.38’ 104°39.01’
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4680) R JH 2% HNO, Fi e 1 mg- L ™" 5 YA W
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o) HFE (L geal) , HCIO, (P al) . 4wk 5 ]
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25 7E W bR BR (BT B P, bR R 3 WCER I E E Y
RSD <3% , Wt 7 % R 4f
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Cr,Zn,Ni & i@ T+ R B "™
AR EAE 74.43% ,63.72% ,12.30% ; 21307 M Fi1 #h
v R N i TAREE; S L4 Cr
T BUTE 0. 45 ~7. 63 mg-kg ™', LW M OE ¥ B
23l M M 35.73% ; Mn SR B 4 BUAE 19.26 ~
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1.47 ~33.47 mg-kg ', P i i @ BUIIKUOE S 0.35 mg-kg ™, SCIIM ey, AR TR, 7T 0L, £
gl > ZL3 0 > {3l > B Zn S ESCM R =Ll ™ X, SO 3R 2544 i A B a0k
w, KB Wz, il & K Se fE0.02 ~ i (i TR B A 3 A L o

®2 ZERBIERAMPRENTRERSESN (v 2s)

Table 2 Inorganic elements content in Panax notoginseng rhizosphere soils and medicinal herbs(x +s) mg-kg ™!

25 Vb n Na Mg Al K Ca Cr

+4E M 35 240.90 £160.06 1 069.77 +796.75 11 877.58 £4 319.91 8 127.02 +8 683.86 784.50 £636.35 132.69 +86.44
EEM 5 646.12 £21.23 3619.23 +104.13 13 037.82 +£455.12 20 889.67 £538.55 773.73 £130.76 100.09 +4.46
M 5 265.59 £17.77 2262.47 £122.63 10 814.67 £433.09 5 880.49 +188.81 2 309.35 +319.82 114.63 +1.58
SCUM 35 456.31 £429.77 2 480.13 £1441.08 10 988.29 +£5 023.43 25 437.43 +41 693.33 1 333.50 +940.57 261.65 +301.81

Zidt DM 35 115.29 £69.60 1 531.10 +264.54 507.71 £267.28 14 867.88 =1 458.03 2 423.09 +709. 39 1.23 £0.50
FEH 5 70.92+43.94  1065.06 +180.02 909.13 +380.14  12333.11 2 701.63 1 634.76 +511.81 2.09 £0.80
Mg 5 65.62£37.08  1470.18 £116.48 1254.27 £385.55 13 741.08 +1 884.86 1 688.78 +199.37 2.25+0.43
SCIM 35 90.80+£52.12 1 661.22 +£339.26 1791.61 £1115.49 14 068.49 +3 061.58 2 674.24 +1 149.80  3.44 +1.80

K M n Mn Fe Co Ni Cu Zn

+HE M 35 886.27 £1255.30 38 121.26 +14 350.56  15.02 £7.65 69.23 +50. 10 62.37 £33.49  160.61 +120.70
EEWH 5 1256.07 £0.67 58 425.65 =1 534.80 22.01 0. 44 32.09 £0.69 44.40 £0.98 104.07 +2.90
HisEd 5 516.09 £14.60 57 679.76 £469. 04 29.10 £0.51 77.97 £0.52 93.18 £7.23 141.64 +12.81
SCIH 35 1146.43 £1 669.02 65 539.91 £39 769.52  21.37 £19.56 44.92 £45.78 49.55 +45.41  327.44 £47.65

2k LM 35 75.19 +£35.92 320.30 +210.85 0.64 £0.34 2.67 £0.94 4.29 +1.89 14.58 +3.37
E®&M 5 105.19 £48.08 570.55 +274.60 0.71 £0.28 2.58 +0.48 2.66 £0.20 18.53 +1.46
MsgEd 5 29.45 £9.54 949.94 +423.95 0.61 £0.17 1.81 £0.49 4.59£0.25 12.43 £1.35
SN 35 114.76 £160. 14 1736.67 1 169.13 0.94+1.12 4.22 +£2.26 7.77 +7.90 29.11 £18.52

E-37! I | A As Se Cd Hg Pb

T8 i 35 22.12 £17.82 0.84 +0.54 1.45 +2.35 0.21 £0.20 57.31 £31.69
EEW S 6.35 +0.46 0.67 +0.11 0.71 £0.19 0.06 +0.01 75.53 £2.45
Mg 5 26.99 +3.13 3.38 £1.43 1.15 £0.10 0.13 £0.04 101.20 +4.06
M 35 6.46 +3.87 1.61 +1.80 1.07 £0.77 0.06 +0.05 52.60 £20.29

Zitt A 35 1.02 +£0.47 0.07 £0.02 0.37 £0.15 - 1.09 +£0.44
FEH 5 0.99 £0.39 0.06 +0.04 0.42 £0.14 - 2.84 +£2.27
[ T 1.10 £0.40 0.09 +0.02 0.14 £0.03 - 1.75 £0.59
M 35 1.52 +0.73 0.22 +0.04 0.47 £0.40 - 2.29 £1.35

(R 49 = 9045 ) L Cr,Ni, Cu,Zn,Se,Cd, Hg, Pb 1Y & 5 B 8 55k 4> 51k 150,40 ,50,200,40,0.3,0. 3,35 mg-kg ™' (25 JH A4
T4 0 A0 28 SR sk ATl A ) RE Zn, As, Cd, He, Ph 47 42 BREE 2K 23 518 20,2,0.3,0. 2,5 mg-kg ™' 5 - KRRk H .

FALBULESZEFE % AR E TR 3.2 = LRERES RS THLICE ST
e L N | Bk s T P Cu 4 B R HILERER AN = EREEN S SR
24.74% ,86.36% ,4 77 Ml Cd 43 588 5 3. 83, FEHEF(P<0.05) ;& =tRRasENET
1.37,2.83,2.57 /%, 3Bl = b +HEE 48 Cd 2015 4ERR( P E 25 80 BLE 9 5. 0% , SCili M 5 it % i
VS WS R E M, 4 D = b H A Y 24 MR EEEAM Y, Mk, EET R, 53X
M AR B Hg, L €245 FAR 4 B il 70 A 26 5 4 AR L, BT A SRR T 26.34% s =LA
AT FRUHEY " EA = L2 M, As, Cd, Hg, Pb, Cu R, “PHERLAIN > o > SCili M > K&, 20
AT AR ITER UM AR A AR 200N R TN H S R 62.179% , KR T L SC 1l IR
SCU M 25k g Cd B S b G, BB AR 23.33% ,  15.65% ; N2 WA Re,, SCI M P B R B2
40.00% ,56.67% , YWl =L 25 M h Cd 75 Jetlu b4 53.69 mgeg ', 75 4 A7 iy fe iy, TR T A i IR,
FE FSCINAIR T 34.81% ; A 2 4F Rb, Py & & il
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SETT > SCI > 20 > BB AT, SC L E s
£ 7.19% , 1t FIZE 5 20. 80% ;45 F & a2 1f

£3 FEFH=ZELEHEERSEE (v £s)

T 2015 AR E 25 d) AR R =B R R A
Z 21 Rg, ,Rb, & E7E 4 =L P R,

mg-g '

Table 3 Content of saponins in Panax notoginseng in different plantations(x +s)

7 i K AR “LE#HR, ASEAF Re ANZBA Rb,
FARTIRL| 35 96.87 £26.98 14.92 £9.45 44.42 +£16.60 37.53 £12.13
K& 5 74.92 +£4.26 7.76 £4.06 35.00 £13.11 32.17 £12.61
i 5 101.46 £10.69 10.50 £2.78 49.09 £4.10 41.87 £9.26
SC UL 35 101.74 £27.73 9.20 +6.88 53.69 £20.12 38.86 £16.75

=bhRERNEES REPENOTR & &
To AN, 2GR A TEHL T R A CHE LK 4.
“tRBEFS5=t9 Fe,Cu,As BB FIEMHK, 5
Mg,Cr S A, 5 Ca 24 FARDC, 0] =
L Ca T ESITRESEMAZSHNWRE, =L2H

R4 ZELEFERSEAMPRENTERSERXN

R, 5 Se £ i3 (ARG, Ui W] =L v Se & &t & ] fiE
W= R, WG AS BT Rg, 5 Mg, Al
Ca,Cr,Fe,As,Se SF 0 R EM B F LMK, 5 K, Zn B
B FEIEAK,Rb, 55 Cu JLR W B EAHSE /T I, =
Lo EHITE &S m =L RIS .

Table 4 Correlation between saponins and inorganic elements content in Panax notoginseng

WAy Na Mg Al K Ca Cr Mn Fe Co Ni Cu Zn As Se
BT 0.23  0.35" 0.25 0.18 -0.47 0.31Y -0.09 0.372 -0.06 0.17  0.35? 0.25  0.40”  0.24
=L R, 0.08 -0.05 -0.17 0.04 -0.02 -0.22 -0.15 -0.21 -0.14 -0.13 -0.01 -0.16 -0.11  -0.28"
AZEAFRg 013 0.48Y 0.382  0.27”  0.60Y 0.46” -0.16 0.47¥ -0.08 0.25 0.23 0.27"  0.42%  0.427
ASEHF Rb, 0.20 0.05 0.07 -0.04 0.10  0.11 0.12  0.21 0.07 0.07  0.36 0.21 0.27 0.06

F.VP <0.05,2P<0.01(£5[[).

3.3 = LM S5 PR 3 ICHL T R AH OCE 4 By

WS T LIE M, =25 dh Na 5 15 16 Ff
LR TR EM S = EAMP M Mg &S5+
by Al &8 B3 EAC, 5 Mn, Co,Zn i3 1A
KAl Fe 5 Mg I 25 IE M OC, 5 As, Hg I 2 11 4
KK 5 Mg B F G ;Ca 5 Fe, Co I3 A K
Cr 5 Mg BEFEIEMAE, 5 As BFMAL; Mn 5 Al
Ni,Cu B ZF AKX, 5 Cr,Mn,Fe, Co,Zn 3 IF #H
F3Co 5 Al BEMA L, 5 Cr,Mn,Fe,Co,Zn 3
IEA XN 5 K, Cr,Fe,Zn I Z EAHX;Cu,Zn 5
Na,K,Ca,Cr,Fe I} 3 EAHE ;As 5 Mg, Al i % 1EAH
K;Se 5 Mg, Fe P 3 1IEAH G, 5 As, Hg & 35 11 AH
K;Cd 5 Mg, Al R F AR, 5 Cr,Mn,Fe,Co,Zn,
Cd @ IEAHG;Pb 5 Mg 8 IEAC, 5 As, Hg I
FMAHSE, 0L R T HLOT R & B = L
TERAGCRE S ®ETAENEW AR, =L Ak
M EITRZ S TIE P Mg K 2 B FEML, 5
HaBICE As, Hg 2 1 25 7 AH ¢, B0 + T iy
As Hg it m, il figam = L h R ME TR m
Wi ; +EPRPYELSE CdSEREGSSH =LY

B Cd R AR B Cd i g BE XU 5 25 4
Pb [ g5 + 19 As, Hg o0 % [ A7 e RS HU1E
e, =B AE AR A, B T Mg, K AR
X, As, He, Cd 25 4 J8 & AR BB IX

4 itig

4.1 =Lk AR LT T ZIEN B,
e 8 22 BB 58 6 TEHLIE AR IR SF 2 kR A
WA Y R K TS 2 b A FE AR
— OB g, PG B R M XA, Fe
HEEG Mn S, T 5 Fe ik Mn 2 98 5025 b 25 (1 4%
fETE Z 6T, 8 R M X NS R
B ORI EG A A KR Cu,Zn MY R T =k
T PR IF S e B WY, R [ oA XS ) 2 4
=LA E F i SRS X P
=LY o, X RO TR ST
B Lk Zn SRR, RIS BB E, R
[7) 7% X = b FfA - S8 R 25 64 vh TEHLIT B 5 A A 22
S U HR AR o T 2 M X ST M =
L T R TE 2 i, AR X S Tl P X A
WA EIRT . A SCSLIR 25 R R, 256 s T %
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Table 5 Correlation on of inorganic element contents between Panax notoginseng and rhizosphere soil
;; Na Mg Al K Ca Cr Mn Fe Co Ni Cu Zn As Se Cd Pb
Na 0.15 -0.24 -0.05 -0.22 -0.17 -0.07 0.14 0.02 0.08 008 0337 029" 00 020 015 0.04
Mg -0.12 0.20 0.40” -0.34" 0.10 0.44» -0.26 0.45Y -0.12 -0.08 -0.11  0.06 0.43%  0.31" -0.412  0.47%
Al 0.00 0.28" 0.15 0.08 0.19 0.17 -0.532 0.11 -0.33"” -0.13 -0.16 -0.16 0.27"” -0.11  -0.59” 0.22
K 0.20 0.01 -0.08 0.04 -0.01 -0.02 0.00 0.07 -0.03 0.27" 0.54% 0.41¥ 0.00 0.24 0.12 -0.10
Ca -0.01 0.13 -0.12 0.14 -0.10 -0.11 013 -0.09 003 001 051 0412 00 022 014 -0.07
Cr 004 -023 -0.17 -0.04 -0.22 -0.17 0.48% -0.08 0.41 0.33" 0.38% 0.382 -0.13 0.26 0.63% -0.23
Mn -0.10 -0.29"” -0.14 -0.12 -0.18 -0.19 0.69” -0.18 0.50” 0.04 0.08 0.14 -0.09 0.06 0.65% -0.11
Fe 0.00 -0.21 -0.10 -0.08 -0.28" -0.04 0.43% -0.01 0.33”  0.32" 0.38%Y 0.41¥ -0.19 0.30" 0.592 -0.17
Co -0.09 -0.362 -0.12 -0.19 -0.29" -0.15 0.64Y -0.12 0.56” 0.18 0.09 0.15 -0.12 0.10 0.65% -0.13
Ni -0.15 0.26  0.09 0.15 0.26 0.07 -0.29" 0.00 -0.12  0.24 -0.06 -0.19 -0.08 -0.15 -0.10 -0.12
Cu -0.10 0.14 -0.11 0.12 -0.10 0.03 -0.29" -0.06 -0.19 -0.11 -0.06 -0.14 -0.15 -0.20 -0.15 -0.16
Zn -0.15 -0.33" -0.05 -0.16 -0.24 -0.11 0.79Y -0.05 0.74¥  0.30” 0.05 0.16 -0.12 0.26 0.80> -0.16
As  0.08 -0.05 -0.42Y 0.16 -0.14 -0.41”-0.14 -0.40” -0.02 -0.16 -0.04 -0.21 -0.04 -0.47" -0.10 -0.33"
Se -0.02 0.11 -0.18 -0.08 -0.22 -0.01 -0.07 0.03 0.06 -0.01 025 017 -0.12 0.13 0.00 -0.25
cd -0.15 0.00 -0.07 0.04 005 -0.05 013 -0.10 0.14 002 0.1 -0.01 -0.11 -0.04  0.28" -0.18
Hg 0.20 0.06 -0.31" 005 -003 -0.24 -0.20 -0.29" -0.12 -0.22 -0.06 -0.23 -0.20 -0.40 -0.09 —0.29"
Pb -0.17 -0.15 0.13 -0.12 -0.02 0.01 -0.10 -0.03 0.07 0.01 -0.10 -0.20 0.09 -0.16 -0.08  0.15

TR (W Al Fe,Se) 2 5+ Mg, K 2 5 3 1FAH
K, G HEPHRERSBITER As, Hg 5 F FUARC, ik
M= = AR Mg R AT oC R &S = - b i
T3 As Hg & &0, Mg, K i (I8AH — & X R,
L5 TR, AR T S T 2 AT AR Ry 3 24 A 1 R AR
T bR, T 46 T 24 FH AR ) PR 8 b A B

4.2 LMK RRPR LR S RIOTR & &
PO L2 R A X G Y G ] A R e 5 |

A K H W, SN X h 2k E 4
BT Y G 45 R o, = £ Hg, Cu, As,Pb,Cd 11y
SEH O 4 B4 W& 0,04, 14,55, 1,03, 3. 40,
0.28 mg-kg ' 4 xF = 4 v E 4 JE B 5E R
Cu,As,Pb, Cd 19~V ¥4 5T & 73 8053 ) 4 2. 64,1. 33,
0.75,0.24 mg-kg ™', RAGMF Hg, [F75 2% 4
BT X =EMEX As I5R0HN, kM=t
Pl R 1 48 As S35 BB 20 8065, 59 mg-kg ' ME B
2 2T BRI Y A5 W], = LR 4 Cu,Pb,Cd,
Cr [ ¥y 5 & 40 B0k R 2 47.77,29. 86, 0. 74,
151,21 mg-kg ™' 75250 8 A5 45 5 R W, R W 7= H
“EAMPESE S RAEZS, = EAR PRGN
B4R He, 5B IHF I A — 50, BT
B /N 2 (PR A 45 5 5 Cu, As, Ph, Cd (1 - 1 &
B R 2.66 ~7.77,0.99 ~1.52,1.09 ~2. 84,
0.14 ~0.47 mg-kg ™", Cu,Pb [ & B2 g
e = LM £ 5 R 4R Hg, Cu, As,
- 52 .

Pb, Cd “F- ¥ 5 4 4 ¥ f w5 4 B & 0.06 ~ 0.21,
44.40 ~ 93.18, 6.35 ~ 26.99, 52.60 ~ 101.20,
0.71 ~1.45 mg-kg ™", As B iR E 55 22 4520 [ R
PELE K, Cu, Pb, Cd 1 & B0 bk Je B8 25777 iy 4% 1
B =Lk S h Cd i Y AR, 5 Sck i A b
W5, = Cd FRBE LR, M
Cd 2 dk e 5 2 6 A 72 A0 B0 A 0T TR i
W 3 Cd RS R AR

4.3 =LEONS 5 T TEHLIT E KBS T
SLRTERS S =R PRI CEN S A B
Mtk 9 B kM e 22 5, = LI
S5 T E TE A G (H L R HLIE R
GRITDELH = LAEMPEITESRE (L),
I 4 38 T B JE AL 208 3 Y A A Th AL R Y
IS 5 AR 22T ) = b 25 30 40 O BRI 4 5
W 25 b T, A5 T G R Rz A, B
AT I KR Al 3 02 HE = L R A B A
BRI A RS REDY it N 2% = £ R 2
SR P Cd R T 30 mg-kg T, R
TR BB RRAR AN IR As & AR &l =
LR AR Y AL R KL Cd, As
A#HTEEREERSNERNGHE ., ABFI5ELS
FH, =R BTF 54 M Mg, Cr,Fe,Cu, As JC
RO AR EIEMAC, B As b, HAth 4 Fpoc RN
ML A M TR, LT TEL S LiEHh
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Mg, K A7 35 IEAROC , PR = FioA Bz B % Mg, K &%
R, Cd, As FRARIHIX

AWFFE LA =B 2544 v 25 8003 & BERITEHLOC R
EEORARR S R T =LA i AL
JUR GG, b =L & B R 4R A T AR A Y
HIS AR MBI TET7 3k, 24 R BB P A =k
AR AR PR AR BE— BT
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