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[ Abstract] Objective: To find the natural environmental boundary of the origin of the authentic
Ligusticum chuanxiong by analyzing the distribution characteristics of soil elements in the traditional geo-
authentic area and the southern continuous expanding areas along the same longitude. Method: The contents of
24 elements both in soil and plant L. chuanxiong samples were determined by using X-ray fluorescence
spectrometry (XRF) and ICP-MS, etc. Spearman correlation test was used to evaluate the correlations of

rhizosphere soil and each portion of L. chuanxiong,to screen out “characteristic elements”. Bray-Curtis similarity
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indexes based on all elements and "characteristic elements" were used for hierarchical cluster analysis of soil
samples, to identify the sample range with similar soil element charateristics to the traditional geo-authentic area
of L. chuanxiong. Result: K, Mg, Mn and Rb elements were significantly correlated in rhizosphere soil and
plant L. chuanxiong. Geographical differentiation of all elements and four characteristic elements showed that
there was a highest similarity between geo-authentic area and its neighbor plots S1-S6 (except plot S4) in soil
elements distribution, followed by plots S14-S16. The middle section plots S7-S13 in the expansion areas were
quite different from the traditional geo-authentic production areas. Conclusion: The soil element characteristics
in the study areas were not completely controlled by geographical distance, but demonstrated the "fault" variation
in the areas along longitude. This study provides a theoretical basis for the detrrmination of suitable cultivation
area for Ligusticum Chuanxiong, and the natural boundary of its geo-authentic area may be extended an
additional 60 km southward along longitude beyond the traditional origin. Additionally, K, Mg, Mn and Rb

characteristic elements may be the potential markers to evaluate the suitable soil environment for cultivating

L. chuanxiong.
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Fig. 1 Map of sampling plots
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Table 1 Detailed Information of soil samples

R b 2 5 KA RAEBUA
€0,C1,C3,C4,CS1,CS2,CE1,CW1,CW2,CN1,CN2 HOTTHE T A7 4 11
S1~83 IR 3 5490 Tl 3
S4 % PN 1
S5~ S6 R i LIS ik i 2
S8 ~ S9 JE LT AR Y X 2
S10 ~S13 SRl e 4
S14~S15 SR X 2
S16 SR X 1
2 FEEER fift Z2 45 H T 20 min % 190 °C, £ 25 min, & HJ5

2.1 FEAR AL B

2,00 EIEREALLEL HUGE HRCE R A A
FE200H AN, ZE105°CF T2 05, BTSN
REZERE., ¥ PVCHIEIIRE TR e d+
Fah 20 4.5 g KB FRE B T B, iR 300 kPa f
B 20 s, il B A2 N 34 mm BORE B, 90 5, A T B
PR R, EAERA 103 A 3K
2.1.2 FHYIFEA IR O B FR U A ) 4 R AL
¥y oK 0.5 g(3k 60 H i ) , B T s I8 i 45 o L AV
TSR 75 W 6 mL, %5 P o5, b i o B A B T

B . ZR1B AT IR RE S B 0 ff W B % 25 mL iR
2l K e 254 o TR B s 0 B

2.2 WERM 7% SCER13] 073w et i
E T XRF TAES 8, W32, ICP-MS Y TA/ES 8%
H ,RF Y% 1.0 kW ; 45 5 TS 3 18.0 L-min'';
B B AW B 1.2 Lomin™; 55 46 &% Ui & 0.81 L-min™;
Vo HI K IR EE 20 °C 3 ZE 1 5 remin™ ; SR AR HESE A Ni 4k
Ay A AR e i I a2y X KED B8 (AR oC K In
115) ; # & %t 3 %k . ICP-OES il '& Na, Mg, Al, K,
Ca,PHIZn i ZE& . THESHE . REIIFE1.0KW;
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ST R 15.0 Lemin's BB R0 & O 26 °C; AL 15 r-min’ ; JEHEGE IR 1] 8] 20 s 352 80K 2L

1.5 L'min"; 254k % i 7 0.75 Lemin™; 1% I /K IR &

*2 XRFHIIIESH

Table2 Measurement conditions for elements by XRF

33 o AT AR O e A IE AR AR A

SIHTICR ML HBHE/AY  H/mA kA W37 20/(°) 0
Na,Mg Kal 30 33 XS-55 20.656 ~ 24.868 IR I A
AlLP Kal 30 33 PET 89.412 ~ 144.581 TG B
K,Ca,Ti,V,Ce Kal 50 20 LIF200 76.957 ~ 136.665 T AT A
Mn,Zr,Rb,Sr,Y,Co,Ga,Cr,As,Ni,Cu,Zn,Pb Kal 50 20 LIF200 22.529 ~ 69.361 PR A 00 2%
Ba Lal 50 20 LIF200 87.168 T ARG T A
Fe Kal 50 5 LIF200 57.524 PR ) 2
2.3 KPR OBENME AR MR B A ML MEAR HEY) BT 2 10 b3 i, 43 900 25 58 O T T B A T R
GBWO07454 Al S pn MW Bt #2 BR 2.0 0T Jr e h]l S AIERD B, R 3. & 417 RSD ¥<10%.
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Table3 Precision and accuracy test of reference material(x + s) mg-kg™!
B W e B (E IR e
JEH TR
- T3k T+ D S vr: S o 3 + 4 T3 e R M FSR
Na') 1.2940.02 2.17+0.23 1.42 201 022 260 | Rb 950.00420.00  18.5+1.2 96.73  16.65 1.2  2.65
Mg" 1.19+0.03 0.53+0.03 1.06 0.50 050 2.70 || Sr  192.00+6.00 213.00£19.00 196.40 211.83 0.41 3.41
Al 6.23+0.07 0.14 5.72 0.10 022 499 | Y = 27.00£2.00  035£0.08  27.09 022 214  2.60
KV 1.89+0.02 2.70+0.20 1.79 288 018 224 | Ce  71.0043.00  1.04+0.11  70.82 0.88 7.37 5.83
CaV 5.13+0.07 1.66+0.06 4.99 190 020 294 | Co  12.00£0.50  0.25+0.02  11.53 0.17 827 5.73
Fe 3.01£0.050 597.00£34.00  3.15 57327 021 528 | Ga  14.90+0.40 - 15.40 122 519 417
Ti 0.39+0.02" 45.00 0.39 12,67 035 529 || Cr  66.00£4.00  1.35£0.22  69.06 1.02 248  5.10
P 857.00£39.00  0.35+0.01  796.10 034 090 251 | As  12.90+0.50  0.39+£0.08  12.37 030 475 5.72
\Y% 77.0044.00 130030  82.40 092 324 538 | Ni  30.00£1.00  1.80£0.40  31.30 133 2.64 552
Mn  632.00£21.00  45.00+2.00  652.63  44.62 474 2.07 || Cu  23.60£1.00  8.20£0.40  23.28 8.52 2,67 2.2
Zr  254.00+15.00 - 259.33 048 0.19 920 | Zn  66.0082.00 26.00£2.00 6527  23.00 4.41 5.88
Ba  495.00£16.00 17.30+2.30 49839 1520 1.76 2.96 | Pb  22.00£1.00  2.70+0.70  19.66 220 820 4.72
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x4 EGEMTFRHEIETERESH
Table4 Concentrations of inorganic elements in the soil of traditional geo-authentic areas mg-kg™!
FE Na Mg Al K Ca Fe Ti P \% Mn Zr Ba
Cco 932222 10766.67 88433.33 23000.00 6033.33 3784444 463299 1013.67 119.26 309.70 244.44 615.18
Cl1 10 388.89 12 288.89 87533.33 24 300.00 7833.33 39166.67 4495.10 1372.11 121.00 344.71 237.46 625.41
C3 10388.89 11944.44 89088.89 25333.33 7211.11 39233.33 4482.67 1061.67 128.81 292.61 214.60 648.84
C4 9366.67 11988.89 91500.00 25344.44 8100.00 40533.33 4648.50 1073.00 129.52 359.70 229.13 668.43
CEl 11366.67 13 788.89 79477.78 22388.89 18 711.11 38066.67 4520.72 1397.00 112.78 416.83 24491 557.70
CS1 9900.00 11388.89 88388.89 24811.11 6033.33 40488.89 4546.82 1042.78 125.28 291.34 228.48 638.47
CS2 10 688.89 12 188.89 87522.22 25366.67 762222 40566.67 4408.42 1196.56 123.14 365.28 23429 632.90
CW1 9811.11 11322.22 87 800.00 23433.33 7611.11 3925556 460997 101433 123.12 370.63 234.66 621.77
Cw2 9511.11 11788.89 85733.33 23000.00 7500.00 37366.67 4666.09 800.89 120.69 308.53 236.59 592.57
CN1 10 088.89 11922.22 91266.67 26 688.89 6444.44 40122.22 4508.90 975.22 131.97 279.43 214.04 682.31
CN2 13055.56 13 844.44 7783333 21588.89 1944444 37200.00 441321 1427.44 107.93 447.42 23931 547.08
TR 10 200.00 7800.00 66200.00 18600.00 15400.00 29400.00 3 800.00 - 82.40 583.00 256.00 469.00
A Rb Sr Y Ce Co Ga Cr As Ni Cu Zn Pb
Cco 124.16 155.69 29.57 75.59 26.02 20.79 87.20 7.02 37.78  36.54 94.59 39.23
Cl 119.79 178.87 30.70 73.17 26.07 20.21 89.28 5.16 41.04 36.54 103.09 33.33
C3 132.80 165.00 29.10 77.11 27.38 21.83 91.43 591 39.63  41.17 113.13  40.63
C4 133.79 171.89 31.12 75.02 23.26 21.84 95.46 5.80 41.57 38.61 114.84 36.51
CEl 103.97 214.08 29.69 73.02 37.20 18.38 77.02 2.67 37.51  34.57 78.38 29.58
Csl 128.53 163.14 29.40 73.24 22.98 20.62 89.96 8.21 37.34 3431 99.66 34.37
Cs2 127.94 159.38 29.83 75.00 27.09 20.96 92.03 6.78 39.77  39.88 10234 32.39
CWl1 122.89 169.66 30.46 79.63 26.20 20.32 90.41 5.37 37.86  33.14 97.50 35.68
CW2 117.98 152.13 29.76 70.49 32.54 20.09 85.54 2.94 38.60  34.08 90.81 33.67
CN1 141.81 164.57 29.42 76.79 25.40 22.31 97.70 6.24 40.76 ~ 37.79 115.03 39.79
CN2 98.16 230.83 29.56 69.37 38.56 17.93 86.18 1.48 36.20  30.54 62.90 25.44
fE* 111.00 167.00 22.90 68.40 12.70 17.50 61.00 11.20 2690 22.60 74.20  26.00
AR5 RE(%) R T E (AR T R T S M AR
R BVRE BT 5 PR LA B2 45 CET, CN2 7RI S16AEM P e 2 & ik o JEAHR 5 T 99 5401, S8 ~

7 437 1 5 B B B L 45 L
Stk
2.5 IR D I BB HEE 3 00 4 4 4

fiE %}”%Bbﬁ&i?¥iﬂﬂﬁﬁéma + A J2 2
A 35 1 £, B4 K ﬁ%i DX N+ HE T S A Y
B RS, Moo R G EERRAL &
TP ) % 22 A8 L FL A, i Na, K, Ca, Fe,Ni, Zn, Ga,
Rb,Sr,Ba i XS BN A EE FIE#HH, Hf ,Na,
Rb,Sr,Ba L EHH M ;Ti, Zr T R R & E A
BEMmES, ShE LA RFEITEE
fﬁ‘“t[:ﬁ%%ﬁ%jr}%lzwTi,V,Cr,Co,Cu,Y,
Pb,Ce i EFEMWHE & T H=1E,Na,Ca,Mn, As,
ST R & it *”b%ﬁvﬁﬁﬁ R F 5B b 43 BT
KB F A OCER G EAFIE W52, ST~ S6,S14 ~

S13 K M 32 B0 H A IR B4R AE o Ak, A BIRE Hb - g
JGE B S X B IR A, SO A S13 FEHLAY Zn,
AsTCEBZ B 1 S14FE M F T RAF e 5 48
JEH Mg,Fe,Ti,Cr,Mn,Cu S TR S E BT HAK
s H3EE R IR 2,

2.6 I S5ARPR L T HLIC R & & A O B
W N1 25 MR 45 B A7 5 AR B - e & AR
[ I 43 Mr , Spearman AH 5¢ F £ A 56 o0 ] 119 41 &
P ULE 3. IS b ZHOT R & RS AR L5
X IV 76 2 1 A OGP IR 3 (UK, Mg, Mn,Rb T
2R AT WA O (B AR XA 1 95%, R*>0.5) .
Hop Mgt BAEMRZE S - He ) R B 3% 140G
Mn It R 7EH [ &R 4 AR 5+ ] 2 G2 A G
K, Rb JC K 76 00 HR 5 4 38 i) & B i 16 A 56k

- 149 -



5526 45 18 1) PEXEAHFRE Vol. 26, No. 18
202049 Chinese Journal of Experimental Traditional Medical Formulae Sep. ,2020

x5 GHEMFRRAZEOTTRREHE L ETRSE

Table 5 Characteristics of inorganic elements in soil of theresearch areas
o fie/IMA /mg-kg™! I R AH/mg- kg™ Y {f /mg- kg™ A5 5 R A%
T TE b X PR X Al TE H = X PR X TH 7 X PR X B EHL™ X PR X
Na 932222 232222 13 055.56 9 866.67 10 353.54 5140.74 10.47 43.22
Mg 10 766.67 3033.33 13 844.44 20 444.44 12 112.12 8 585.19 7.83 51.11
Al 77 833.33 58 366.67 91 266.67 90 466.67 86 779.80 74 413.33 5.02 12.45
K 21 588.89 11 300.00 26 688.89 25411.11 24 114.14 17 537.04 6.43 22.33
Ca 6 033.33 1 800.00 19 444.44 19911.11 9322.22 6374.07 52.31 80.48
Fe 37200.00 23 077.78 40 566.67 54 188.89 39 076.77 34 871.85 3.29 24.16
Ti 4 408.42 4198.89 4 666.09 10 870.36 4539.40 5724.77 1.99 28.06

800.89 425.33 1427.44 1461.22 1124.97 812.81 17.72 31.84

\Y% 107.93 73.88 131.97 180.82 122.14 110.97 5.84 22.45
Mn 279.43 191.64 447.42 1.042.98 344.20 400.78 15.76 59.97
Zr 214.04 216.26 244.44 392.99 232.54 294.12 4.47 17.07
Ba 547.08 345.97 682.31 645.79 620.97 430.12 6.75 17.85
Rb 98.16 72.97 141.81 135.53 122.89 98.06 10.41 19.09
Sr 152.13 62.64 230.83 166.93 175.02 94.42 14.21 28.63
Y 29.10 21.23 31.12 34.28 29.87 29.06 2.08 10.68
Ce 69.37 59.41 79.63 84.38 74.40 76.22 3.99 7.78
Co 22.98 10.37 38.56 49.17 28.43 26.43 18.66 45.13
Ga 17.93 12.4 22.31 22.10 20.48 17.51 6.65 15.57
Cr 77.02 54.92 97.70 155.42 89.29 85.56 6.15 29.28
As 1.48 0.00 8.21 13.93 5.23 8.54 39.23 44 .83
Ni 36.20 21.56 41.57 51.50 38.91 32.18 4.49 26.44
Cu 30.54 22.71 41.17 76.61 36.11 33.35 8.71 38.61
Zn 62.90 4.20 115.03 113.42 97.48 73.93 16.31 39.75
Pb 25.44 23.56 40.63 50.31 34.60 35.12 13.12 20.04

2.7 FEMLRZE T B HEE L EEIEHLOT R B bR
WAk A $1 )5 , ) A Bray-Curtis A5 811 48 20 17 )2 IR
BEHT, BRLEBBR 24 MRy 22, H
v, I ES A% G 38 ™ XORE b 5 L S A R X 8
S1~ S6(Fk S4 4 FEML IRy —2 i 1 st X I -
HEIUER & R AR 0 = B — 3Pk . S4 FE Hb - R
R i S N Bl E R TN B T A G
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Fig.2 Concentration distribution of studied soil elements in theexpending areas along longitude
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Fig.3 Correlation of inorganic elements between the rhizosphere soil and Ligusticum chuanxiong
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