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Abstract We explored the characteristics of mineral elements of Atractylodes macrocephala Koidz. (AMK) in different
producing areas and their correlation with soil factors, which is expected to provide some guidance for the artificial cultiva-
tion of AMK. The test solutions of AMK and soil were prepared by digestions, AMK digested with HNO3, while soil using
mixed acid such as HCIO4+H2SO4+HF+HNOs. In this study, the content of 41 mineral elements in AMK and 41 chemical
composition indexes in soil from 5 regions in china were mainly determined by inductively coupled plasma mass spectrome-
try (ICP-MS). Among them, the chemical composition of Na2O, MgO, AL203, K20, CaO, TFe203, Ba, Cr, Mn, Ni, Sr, V in
soil were measured by inductively coupled plasma optical emission spectrometry (ICP-OES), and As, Se were detected by
atomic fluorescence spectrometry (AFS). In addition, one-way analysis of variance (ANOVA) was used to analyze the dif-
ference of mineral element content in different regions, cluster analysis and partial least squares discriminant analysis
(PLS-DA) were used for pattern recognition, Pearson correlation analysis was applied to discuss the relationship between
multi-element in AMK and soil factors. The results show that both the unsupervised cluster analysis and the supervised
PLS-DA can correctly distinguish AMK and soil from different habitats. The content of rare earth elements in AMK in
Zhejiang Province is positively correlated with the content of rare earth elements in soil, which also affected by other mineral
elements in the soil. Besides, trace elements like Li, V, Mn, Co, Cu, Rb, Cd, Cs, Ba can be regarded as the key factors for
traceability of AMK. K20, CaO, Na2O, MgO, Sr, Mn, Co, Cr, Se, Ni, Cd can be used as the basis for soil discrimination.
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Mineral elements can be regulated by appropriate control of soil moisture and application of specific fertilizer in the produc-
tion practice of AMK. Moreover, soil is an important factor for the formation of genuine medicinal materials. Rare earth ele-
ments in the soil can promote the absorption of Mn, Zn and other trace elements in AMK. This study will provide some help
and references to explain the formation mechanism of genuine AMK and ensure its efficacy and quality.

Keywords Atractylodes macrocephala Koidz.; soil factors; mineral elements; quantitative analysis; geographic origin; cor-

relation analysis
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Table 1 Contents of forty-one mineral elements of Atractylodes macrocephala Koidz. samples in five regions (mg/kg)

RIL

& 7= Hh Origins
Elements 2 /1 Bozhou “F{T Pingjiang 8842 Panan . Tiantai #1 8 Xinchang
Li** 9.21x107'+5.62x107" a 2.44+1.81b 2.54x107'£1.06x10" a 2.97x107'+£2.12x107" a 4.51x107%+£2.69x10% a
Be** 2.96x107%+1.86x1072 a 8.61x1072+4.18x107% b 3.36x107£1.21x107! ¢ 3.17x1072£9.55x1073 a 1.58x107%£3.41x103 a
Na** 2.50x10°¢1.01x10% a 1.42x10°£1.16x10° b 1.23x10?+7.38x10 b 1.57x10°+8.04x10 b 9.67x10+£3.25%x10 b
Mg** 1.10x10°+2.44x10% a 9.07x10°+2.58x10> b 6.50x10%£1.39x10% ¢ 1.00x10°+3.13x10% abd 8.09%10%+1.87x10% bed
Al¥* 7.47x10%£4.65%10% a 1.34x10°+1.23x10° b 1.66x10°+£1.06x10° b 7.18x10%£5.24x10% a 3.24x10%6.17x10 a
K* 1.11x10*2.06x10° ab 1.19x10%+3.27x10° a 1.17x10%£3.28x10° a 9.55x10°+2.67x10° b 8.86x10°+2.12x10° b
Ca** 4.99x10°+9.71x10% a 4.99x10°£1.52x10° a 4.66x10°+1.85%x10% a 2.83x10°+1.01x10° b 2.06x10°+6.88x10> b
Sc* 2.45x107£1.48x107" a 1.68x107'£1.63x107! b 1.73x107'£9.06x1072 ab 1.85%107'£1.27x10 7" a 3.58x1072+6.28%1073 b
% 1.66+8.61x107" a 1.44+1.57 ab 8.79x107'+4.27x107" bd 2.40+1.83 ¢ 2.01x107'£1.99x102d
CrN 2.35+1.58 ab 3.05+42.40 a 2.19+5.72x107" ab 3.01+1.77 a 8.74x107'+3.53x107' b
Mn** 2.63x10+1.01x10 a 6.27x10+1.89%10 b 3.11x10%£8.00x10 ¢ 9.12x1045.30x10 d 1.65x10%£5.92x10 e
FeN 6.19x10%+3.79x10% ab 7.04x10°+7.80x10% a 5.28x10%:3.04x10% ab 8.63x10°+6.96x10% a 9.39x10£2.69%10 b
Co** 3.50x107'£1.87x107" a 4.45x107'£3.11x10" a 8.04x107'+4.63x107! b 1.95£1.51¢ 8.29x1072£1.31x102 a
Ni** 496+3.53 a 2.60%x10+2.31x10 ¢ 1.95x1041.03x10 ¢ 1.74x10£1.05%10 be 3.45+1.00 ab
Cu** 1.76x10+6.37 a 6.62x10+6.75%x10 b 3.22x1042.64%10 a 3.05%10£2.06x10 a 2.16x10+8.49 a
Zn** 3.59x10+8.25 a 7.96x10£1.92x10 bd 1.43x10%£1.10x10% ¢ 7.60x10+3.02x10 bd 1.05%10%+1.90x10 bed
Ga** 3.07x107£1.90x107! a 4.62x107'£3.72x107' b 8.87x1071£3.91x107! ¢ 2.70x107'£1.82x107! a 1.06x107'£1.98x1072 a
Ge** 4.17x107%£2.12x10% a 6.74x1072+3.85x10 a 4.40x107'£2.18x107' b 4.40x107%£1.87x10% a 2.16x107%£4.59x107° a
As** 3.69x107'+£2.30x107" a 2.88x107'£2.77x10" a 6.26x107'£2.33x107' b 1.43x107'£1.04x107" ¢ 2.97x107%£1.21x107% ¢
Se** 1.67x107'£5.08x107% a 2.48x107'+8.89x1072 b 1.06 +4.86x107' ¢ 1.82x107+£5.34x1072 ab 1.39x107'£1.67x1072 ab
Rb** 5.18+1.64 a 2.35x10£1.56x10 b 3.59x104+8.97 ¢ 1.43x104+3.94 d 2.38x10+3.51 bd
Sr** 2.33x1044.09 a 2.44x10+8.91 a 1.18x10°+4.20x10 b 3.24x10£7.97 a 2.45x10+4.40 a
YH* 2.65x107'£1.34x10" a 4.84x107'£2.42x10" a 4.54£2.31D 4.05x107'£1.42x10"" a 1.49x107'£2.54x10% a
Cd** 1.08x107'£2.97x10% a 6.60x107'+£2.80x107"' b 1.26+8.41x107" ¢ 1.31x107'+£4.75x107% ad 6.94x107'+£2.50x107"' b
Cs** 1.77x107'£1.06x107" a 1.51£1.29b 3.20x107'£1.42x107" a 7.66x1072£3.34x10% a 3.91x1072£6.55x107> a
Ba** 1.77x104£3.84 a 7.42%x104£2.96x10 a 1.46x10°+3.98x10% b 8.04x10£2.77x10 a 7.15x10£1.12x10 a
La** 5.91x107'+3.55x10 " a 1.63£1.12b 1.40x10+6.34 ¢ 1.11+4.82x107" ab 8.24x107'+2.18x107" ab
Ce** 1.06£6.50x10" a 3.3542.40b 1.55%10+6.33 ¢ 2.42+1.32 ab 1.34£4.01x107" ab
Pr* 1.46x107'£9.44x1072 a 3.46x107£2.39x107! a 3.07£1.55b 1.91x107'£9.09x107% a 1.14x107'£2.96x10% a
Nd** 5.01x107'+3.06x10 7" a 1.20+8.38x107" a 1.20x10+5.97 b 7.64x107'£3.42x10 " a 4.11x107"£1.12x10" a
Sm** 1.24x107'£7.50x1072 a 2.50x107'£1.55x10" a 2.25+£1.19b 1.55%107'£6.64x1072 a 7.02x1072£1.38x102 a
Eu** 2.41x107%£1.50x102 a 4.48x107%+2.84x10% a 4.65x107'+2.22x107"' b 4.08x107%£1.67x1072 a 1.57x107%+£2.85%10 > a
Gd** 1.05x107'£6.36x10% a 2.10x107'£1.19x10" a 1.89 £9.90x107' b 1.45x107'£5.87x10% a 5.56x1072£9.21x107 a
Th** 1.60x1072£8.11x107° a 2.73x107%+1.35x10 % a 2.25%107'£1.19x107' b 2.00x1072£7.12x107° a 8.61x107°+9.86x10* a
Dy** 9.46x1072+£4.58x107 a 1.46x107'£7.01x102 a 1.17+£6.23x107' b 1.12x107'£3.85x10% a 4.70x107%+£5.08x103 a
Ho** 1.80x107%£8.37x10 a 2.53x107%1.23x10 % a 1.99x107'£1.05x107' b 2.06x107%£6.74x107° a 8.72x1073£1.03x107° a
Er** 5.48x1072£2.22x102 a 7.06x1072£3.28x102 a 5.09x107'+£2.62x107 b 5.94x1072£1.75%10 % a 2.93x107%+3.08x10 7 a
Tm** 4.89x1073+£3.51x10% a 6.50x1073+4.78x1073 a 6.92x107%+£3.82x107% b 4.92x1073+2.62x107 a 7.59x1074+£5.49x107* a
Yb** 3.26x107%£1.82x10 a 3.75x1072+2.26x10 a 3.33x107'£1.83x107' b 3.07x107%£1.30x10 % a 1.20x107%4£3.22x107 a
Lu** 4.40x107+£3.07x103 a 5.12x107£3.96x107 a 5.62x1072£3.16x10% b 3.92x1073+£2.20x107> a 7.59%x1074£5.95x10* a
TI** 2.07x107%+£5.15x10 a 1.71x107'£1.10x107' b 7.29x1071+£2.72x107! ¢ 7.15x1072£3.13x107% ab 9.08x107%£1.97x1072 ab

Note: Values of all elements are expressed as an averagetstandard deviation. “*” and “**” indicate that the average values of elements in 5 different regions have
significant differences, while “N” means there have no significant differences (“*”: p<<0.05; “**”: p<<0.01; “N”: p>0.05). Different lowercase letters (a, b, ¢, d) in

the same line indicate the difference of the average element content in different regions. If the letters in the same line are the same, it means no significant difference.
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Figure 1 Cluster analysis of mineral elements in Atractylodes macrocephala Koidz. from different regions
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G, TILHEAL, 238 358%. 3478 mgkg Al
18.8%- 1209 mg/kg(SCHFE 5, % S5). LI LicEk
ME WL Z, FILRAK, 822 A E i XM
BHZEAK. BT R TREEERSARNEEAH R,
WMEAREE X P& METTR RS, Mgz
TWEITEARRE. LD Cu AT E
BHNZIM 32.2 mg/kg. TIL 11.9 mg/kg. 24 8.82
mg/kg. K& 84.9 mgkg. HE 34.0 mg/kg, KR HARK]
SERZIM 17.6 mgkg. FIL 66.2 mgkg. % 322
mg/kg. K& 30.5 mgkg. ¥ 5 21.6 mgkg. L3 Cu
ERE BRWX S 'S AR &K, WEMZELD
10 £, (AR B A AR S Cu BRI EEAFHZA K.
Cu LREZM LS BILZEN ARR, FILAARK Cu
TR E T IR CdE T A EIIKT 0.3 mg/ke, (H
BRAR Cd SR TEEER 4 15 DL ESRYE
B, JCERAE IR R E] )58 F R AR, W RESZ 2 F
R s, WS EASE | AR RETE - NG BN A5,
R ARG SRS A E SR E
VIR R R, PUELIEY A KA G g2,

HepE o R AL, 5 AN HIX 14 Na
SR TERME, HhEz, ReMFERIK, A
FAER 0.1~0.2 £, W 5 AMHIX Na B4 A FFLEE K
Wk, ZAHX g K Sr S B RSR SN RE
FZEAR, TR G FH XS R K & EmAR, 250
NEIETSBHEM 0.4 f5A1 0.5 £, L K SR SHE
w12, B KR A e S AE Y 1.9 £, X ATRE
PR DA 2 e o 2 o JERHE AN it e 25 1. WF ek
B, MEREXEAS [F) L= A s A — 3, 2 H0ER 2
AP AR pH, HEI SR R A RS SRR A
Je gt FRE S L IV YE it B B A I AR AR g
Cu WAHMEEE, MALIECE S IE) 2 11 pH P,
R R E N R Cu A1 Cd I S S R, Jk, F
L. X Cu Al Cd A A E i J5 DR AT g e AE i
o, R LD ERS SR EEN 2, 35 T %R
FARMRERP. KE. B Cu & B EE AT e H
N Cu SR, TERANGEHEE, WA TEN
WSR2 K. BT GER Cd R B & ER L R A
R RE AR N it ol v 7 38 K R LIRS

FEAN R 1 DX fy 3 v, B o R AN JC RAEWTIL

AU ERS. WL ERK SW L ICREARF
X & EZ RN 22305 mg/kg) > H (296 mg/kg)
> R £ (237 mg/kg) > = M (216 mg/kg) > ¥ VL (125
mg/kg). 5 AR, TR0 o TEAS [F] X (12
REFERE, XTSRRI WY REEMAD
FPNE G, MR R W T A HUER IS Ly
PRIGE ML, BEHPEAC LM pH, IR ELSBENEY
FIFH B
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24 KERSEEXNAEMX TIEAFIR S

FHEE T IR, 1398 o 25 2 B (R A vl 22 AF G A
N, O g R Al S R ) B RS R LXK R 22
K, TEHBIX Py 22 57/,

K “2.27 35N BT 5 6 AS ) M - 333k 47 202K,
DL 41 Ff 3R T OV RRE AR S0 125 AN TIRFEAR TR
FBorhr, SERILE 3. 5 ADAAFEF=HLE) -5 B8 5
K2, HEERT N5 /NH. BT 4H: Ge Al Cs; SEII4H:
Li. Rb. K;O. Tl. Be. Ga fll AL,Os; #BIII4H: Ba Al 15
s IcE; HIVA: Se. Cu. V. TFeOs. Cr. Ni.
Co~ Zn. Sc 1 Mn; 5 V#4: Na,O. Cd. Sr. CaO. MgO
FI As.

FHE 3 A, SARMX M IR RN—K, §
FUER RN 100.0%, FREER KRS LFHEE
# S2 ik S3. MEIH T LI R A B, AS[FIHh X g fr
TRHE TR ZRBAR, RRERLARERG Ry, &
GAGH S LIERR LR S ERm HMHEEANKR, HEEI
HILRE B MNP B ERANE;, RETTHMETR
%, FEEIVATREEH T ARG 11 aRER
K5 EIE R B BN E R, T3 22 ORI WL 4y
TESEARAL(RE e R 22 7 B/, HAE FAR e BRI R
TR GERAERE. WL, ARGMER S &RIFE
A L3R TR IS R, 152 HAR R Z 5 m.

KH PLS-DA X 5 N [RI bk 3317 02K, it
10 #7232 XIGUE I P fe IR A 4, FHFEET T 2 ME
A 251145 7 (W1 4 BT, PLS-DA 343 (1758 LB IE
HERIR A 100.0%, 7 ZEHTRIE R . RAEEFURS 145

SRR S2 FFk S3. RHE VIP>1, p<0.05CCFHE S,
Kl S2), ik Hh A [E] -3 [a] 43 S8 ) B AR E Ol CaO. Sr.
Na,O. MgO. Co. Cr. Mn. Se. Ni. Cd. K,O. i,
PLS-DA fffiie i i) B SR AR B 35 1% 3% ) 5 R 22 7
BENICR. 5 “2.27 WFRWHEARS R CREITH
bb, ATRARIL, 5 AMASFEHLX A H) M. Co. Niv Cd MY
R s L 4r 28, ISR AN TR = X A ) S ) 32 A
MR TR, JERERE A PLS-DA 6
100.0% 1E By 1 50 A ] g 338 35 245 25 T AN R b
XL TRSEER T RE, XEFHREHX 24
JREZERM—ANREER R, LR AR R ICR K
MR AmAER K, ELEFETEEF KW TE,
EARPEEZERATREDN. BP ML B T 52+
BRI sh, nIReIL 5256 A, WORZFETT . M
ERR L BT AP R
25 BHARW RTESES5TIEERTHEXMESH
HARN Bt R & 215 LI 1 AH 1% 4 Hr WL
5, 4R W], Ba iR AEEARE LI & & 2GR IEAH
X(r>0.8, p<<0.01), Li. Co. Rb. Cs. La. Pr. Tl 5%}
39T 2 R R IE A 6(0.6<r<<0.8, p<<0.01), Ge. Y.
Nd. Sm. Gd. Tb. Dy. Ho. Er. Tm. Yb. Lu £ IFH{
(0.4<r<0.6, p<0.01), Se EfiH%<(r=—0.56). I
AT BARRHE, B BTG 3= A1 LI R 138 7 =
KA. SN Cs. Li Al Be, 51414 Rb. K,0.
Tl. Ge. Ba. ALOs;. Ga M 15 ffstio®, HIAN
Zn. Mn. Se. TFe;Os. Co. Ni. Cr. V. Cu. Se. NayO.

LM

B3 A X R TR

Figure 3 Cluster analysis of soil factors from different regions
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Figure 5 Correlation analysis between soil factors (right) and the content of mineral elements (down) of Atractylodes macrocephala Koidz.

Acta Chim. Sinica 2022, 80, 159—167

© 2022 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

http://sioc-journal.cn 165



o F 5 R

AHAK, Zn 5L Lo s A 0% WKl SSCCRHE E)FT
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K& gk, o5 HER A%, Bk, AR
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FIEH R IR,
252 TEEAEZNYMEE

Cu. As. Cd 7F AR L350 A R0 5N
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BRI R A IE I LI BRI S 1 ] IR
e /KB, & BHIE TR 52 I NEDR S0t R 4% AR P ok
TCRIGE, AEE R EEE AR MR

Q) EHGR ORI R R AR, LI R L
TCRAEEHE AR Mn. Zn ST R, #LE
7. WL R G WL & LIEhRLoc R S &, Nl
HWZGHF IR S B AL 1 I EERE. RN oo
RO EZ IR A, R E R AR AN,
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4 SCIGERSY

SZIG ) EBAYRE 5 S H(S1.1), MR S5IRF(S1.2),
AR BE S T AL B O R (S1.3), AR & K E
(S1.4), AARITIFZEIGIE(SL.S): ktEx R, MR, K
B PRI BISCSE G, 38 7 VA IRAIE (S 1.6) 3 WL S FF
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41 REVRERRHE

FAR: A1 Fl s —FRE IR, 7 s 2 W BT ik
HETLREAE N ITREE) MR EEN, BEEH 2%
HNO; HB IR, Wikt IR A PR R B T
Co. Tm. Lu 4 0.0, 0.01. 0.05. 0.1. 0.5. 1.0. 2.0 pg/L,
Be. V 40.0. 0.05. 0.1. 0.5, 1.0, 2.0. 4.0 pg/L, Se.
Rb. Sr A 0.0, 1.0. 5.0, 20.0. 50.0. 80.0. 100.0 pg/L,
Na. Mg. K. Ca 5 0.0. 10.0~ 50.0- 100.0. 200.0. 300.0-
500.0 pg/L, Y~ La. Nd. Eu. Tb. Ho. Yb 4 0.0. 0.01.
0.05. 0.1, 0.5. 2.0, 10.0. 20.0 pg/L, Sc. Cr. Ni. Ga.
Ge. Cd. Cs. Ce. Pr. Sm. Gd. Dy. Er. TI A 0.0,
0.05. 0.1, 0.5, 2.0. 10.0. 50.0~ 100.0 pg/L, Mn. Cu.
Zn. Ba A 0.0. 1.0. 5.0, 20.0. 50.0. 100.0. 500.0.
1000.0 pg/L, Al. Fe 25 0.0, 10.0. 50.0. 100.0. 500.0.
1000.0~ 3000.0~ 5000.0 pg/L, Li. As 5 0.0~ 0.5, 1.0.
5.0, 10.0. 20.0. 40.0. 60.0 pg/L.
42 H@ElE

ERFE dhn e BRI 0 (9 3 AR R & 0.1005 +
0.0011 g, MNEIZEVYFR LA H AR GE(H 5% HNOs =
M 24 h), TINS5 mL IRIHIR, /5% EHMRE, BONHER
BORHHATHE. RERE IR BTHEE 120 CLREF 2
min, FFFHREZ 150 CHREF3 min, H/5HEZE 180 CIHf
R¥FE 15 min. JHRFERHERAEZEREE, HY 10
mL i B QAR /K e S AR E 3 UK, VARAE 110 CHlEIR
1 B2, FRAZ A T mLI, TN 10 mL JE B K28
TR (LR PRER 3 ). e, FEEIKE
TKERRE 10 mL, 2%, f6(E0E 4 COKFETR &M, %
FWOERE 0.22 pum JEBISIE, A AARFERER S 3 LA
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wEEEZ B IR T, I MATLAB ' PLS-DA Al
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