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Abstract. Medicinal plant quality is the basis for ensuring the efficacy of medicinal materials.
Here, we investigated the spatial variation characteristics of Angelica sinensis ( Oliv.) Diels in
Gansu Province, China, based on chemical composition and ecological characteristics.
Quality variation patterns in A. sinensis were explored based on the contents of five chemical
components as well as climatic factors at different time scales. Results showed that the quality
of A. sinensis in Gansu, Yunnan, Sichuan, and Hubei could be divided into high-content
( Gansu-Yunnan ) and low-content regions ( Sichuan-Hubei). Furthermore, ferulic acid,
ligustilide, and 3-butylidenephthalide were the three main chemical components causing
geographic variation in A. sinensis quality. Mean annual air temperature, = 10°C activity
accumulated temperature, and average annual relative humidity were the key climatic factors
affecting geographic variation in A. sinensis quality. Average monthly air temperature from
April to October showed a strong negative correlation with 3-butylidenephthalide and ligustilide
content, while average monthly air temperature from May to September showed a strong
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negative correlation with ferulic acid content.

These results suggest that appropriate

low-temperature and low-humidity climates are beneficial for ligustilide, ferulic acid, and
3-butylidenephthalide accumulation in A. sinensis, thus explaining the similar quality of A.

sinensis in Yunnan and Gansu.

Key words . Angelica sinensis; Chemical composition; Quality variation; Climatic characteris-

tics; Correlation analysis
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Table 1 Geographic distribution information of
Angelica sinensis sampling points
i’ P/ LHE
Number Region Latitude and longitude

GSH1 HRIRE 34.39°N, 104.09°E
GS2 HRIRE 34.29°N, 104.10°E
GS3 Hila B E 34.27°N, 104.18°E
GS4 H AR E 34.55°N, 104.12°E
GS5 HREERE 35.10°N, 104.04°E
YN1 MK E 26.47°N, 100.08°E
YN2 KA 26.48°N, 100.08°E
YN3 “HERE 26.48°N, 100.08°E
SC1 DY) T 30.96°N, 104.53°E
sc2 Py 30.96°N, 104.53°E
SC3 )i 30.96°N, 104.53°E
SC4 Py L 30.96°N, 104.53°E
HB1 e B 32.09°N, 110.75°E
HB2 e B 32.15°N, 110.74°E
HB3 WAL p E 32.07°N, 110.71°E

1.1.2 RELE
ARICRHIPIREREG AR5, 51 KERET
Hh [ g B s W 3 =28 B R R A B
( http : /www.worldclim.org/) B &K 7, 4 2
2 J& Harmonized World Soil Database H (1) 1 1

HF,
1.2 FHix
1.2.1 HEARSESENE

K FHHER T R A (2,33 (UPLC ) 2530 52 24 A %4
W&, Acquity UPLC i i 5 B AH (23 13- — 4%
145 K 2% ( DAD) (Waters, Milford, USA) .,
BEH C18 {4+ (2.1 mm x 100 mm, 1.7 pm):
TSI 0.19%H R (A) . ZIE(B), BREEVEDLE 2,
WiEk 0.3 mL/min; #EiE 35°C; Al K. BUgimg |
WIS NEE A, IE T HERBE, FEARNE (281 nm) |
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Table 2 Gradient elution procedure

i ALY A B
Time / min Mobile phase ratio A : B
0—4 95:5

4 —7 9%5:5 —76:24
7—8 7624 —72:28
8 — 10 72:28 —50:50
10 — 12 50:50 —30:70
12 — 15 30:70 —0:100
15 — 16 0:100 —95:5

1.2.2 HIESH

K F Excel 2010 F1 SPSS 25.0 #4481 58 ,
iz ] Prism 8.0 #ff4: 15, Ml Analyze-Descriptive
Statistics IEbrEA R & W EAE 5 17581108,
KRG BRI AR A B4 HEA T 20, AR 1A
TRICKH Pearson FEE L, MO HTEH S-K
K9 BE IEASE, J52RH Spearman 34T,
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Fig. 1 Active component content in
Angelica sinensis
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(bio10) | T A KK (bio14) | T K E
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MK TR D TR ARAT B IE T 3R Bk i B
X5 2.2.1 FHLEEIS AT
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1) AT B B e P 25 S (R B 42441 ) 3k ( http / www. plantscience.en) £ B AW SCE
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Table 3 Correlation coefficients between annual climate factors and chemical component content

=31 AR ERR Y H R SRR =10 CIH s BLR
Chemical components Average annual Average annual Average annual Average annual  =10°C total active
p precipitation temperature solar radiation humidity temperature

242 Ferulic acid 0.184 -0.553" 0.774™ -0.763™ -0.583"
FENE MR A Senkyunolide A 0.013 -0.645" 0.718™ -0.734 ™ -0.577*
IE T 3K 3-n-Butylphthalide -0.869 ™ -0.475 -0.087 0.058 —-0.489

EEANEE Ligustilide -0.085 -0.699 ** 0.729 ™ -0.717 ™ -0.670 "
TR TR 3-Butylidenephthalide -0.212 -0.768** 0.736 ™ -0.737 ™ -0.722*

TE: = 0.05 U (WUR) AHOCHERL ;== 0.01 4 (UR) A HER
Notes. * Indicates significant differences at P < 0.05 level, =x* indicates significant differences at P < 0.01 level.
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* 7R 0.05 F (BUR) MDEPER T ++ FI1 0.01 FHI OB ) MR, T,
% indicates significant differences at P < 0.05 level, =*x indicates significant differences at P < 0.01 level. Same below.
2 HASMESEESFTESEEFHMEXERE

Fig. 2 Heatmap of correlation analysis between seasonal climatic factors and chemical component content
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tmean1 — 12. Average monthly temperatures from January to December.
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Fig. 3 Correlation coefficients between average monthly temperature and
chemical component content
) Plant Science Journal http://www.plantscience.cn
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Fig. 4 Mean monthly factor dynamic curve in different regions

1, 2) 0w A BB R P A R SR (AR 224 310) T3 (http - /www. plantscience.en) &R A 3CHE



%6l

W SRR . FE TS B RV R IE F) 254 50 i ok 2 ) 2 S L 787

b, WFFEAE X e b v 25 5

HIEAE ST R B, HoR X 3 S_
CEC_SOIL “F¥ 8 E e i (FRIE MG ),
ESHWERAIR (BIER) , e, 3R
Mra&M HR X L8 THE L, HAFabER H )
A i, BRI H R IX K B, RN R
THEVR, fFE SIEAY AR R R, BiRE
Py, HOKRLF, &S5A0ENER L, P,
IR0 BN 2 IR T e, o H X
£ & Tk 14

3 e

3.1 HEAAMPHPUERSHIBLEZNE

2yt R AN R T 2 B R B 2E S, PRLATT A
2 S BObR R SES 2R O AR R AR Y
HIFFELE UL I A ] 7 3t 25 U3 w o] B 1R 2% 2 H A e
w, R A, BERET U R IR,
=i P, BRPE 4 A DX, H A S I R B
W2, HEAS A A 22 0 A, HUOR T
X, SRETCT AT R IR A 2 R X 2
e i I o N1 VU o 3l B S 7 i Py
P 3 DA 5 UL AT — RE AR A . ASBTTE SRR
WA H A 2 B DS IR R JTOARRL, T D)1 A b
X R B —EE
3.2 SEAFEHRAUERSEXME

2y HItE A o B A K AT AR AR
PR A B 2SR % 2 PR A AR g™
Py ) 2 i A S 5 DR 32 31 1 S 34 B3 il R 1
Sk, SEORAEABY R E I 8] A A RO
R

ABEFEARIE, BT B IE T 3EIRBE sz R 1
MR/, MRTBLRR . PRI E5 N AL BEAR YR
THGEIRBRE S TR T HA SRS, H Dy
SFUE R R, AT RBTELER 5 H & R
v, BEE I EERS , oA A, 8 H itk
MR ARk, 9 HIRE] 10 A 9)& & 58 SR 1
o RSO BTERRR 5 A B3R A PR AR R 1
FAE, T R FK IR R A4 1 3 25 i 02 e
w, TE7. 8 Ak E Ry, WMREHT R U
e A BIRPHAR B AP o — 2, RGP 2ER
J 5 A PR A S T AT HL 5 B AR A 1 1%
el , ML, MR OThEmmER, 580007
S RS R B

AT LI, BARBIIREE | WL FEAK LI R
1 I R B R S A B2 A BT R R . )1 S N e
A, EARNEEM T HAERBRYHRER, 55E K
G SR B, MIH 4 R (BTERRR . T
JIE R AL BEARPNEE, TR IK) 764 4 5 1
P, 5 O B S 2 5 T A 5 — 55 1E A 26 —F7 A 5 -
55 1EAH OG- E A G  shAS g, his A K=
SR 7R 56 — 55 R OG-SR A O, R AE X4 5 H
R BRR, 76 7 — 9 H X 20500 LA g A HER
SV R BRAE R

BUZRRR . VRIS AR A, BEAAEE . TR
Bk & ARSI . = 10°C T 3 B IR 5 0 3 6 A0 OC,
LR A R 5 W ARG, ABRR K B A A
FYIFG R B R, XA G S 2GR
K H B AE 2R, A ST 25 SR R B B 2
B2 . VRIS R AL BEAS N ER AN T I EOR TR 4 Fp
e SRS 3 - 11 AAXIE, 1 -5 HHBK
PR 1 —12 A A¥pKIRER BERML; 51 -5
A 11 =12 A A B PR i 5 0 ARG, K
B, TR A Ak 5 b DX 07 AR A b 1 S A S5 3 2
A it A E ) A5 BRI B
3.3 HEAREFHh4E ST

HR A = R AR A R B, (H 24 o4
RAL, H i —= /e i BT X A9 H $4R A K95
SARMMEGES 2, HWdL-pu )i & X r A ¥
FHBPKRE SIS —3, nTREH YR
ABKREX gAMb i BB mRR, A1FE
SEMEATES TR CRIRAMF ST, PR E B, 45 4
P 5 1 2R AN A B R R AR A, ThH
IR =25 P DX BT DX P AR REAE S H iR i 18°C
HABKIEEA B 155 kPa, HA AL . KK
TRERHIE R DAL G H RN RS . = R ALl R A
YR B =R - S e o) | 0 B B
MDY I BT AT ST A8 HE RN P R R 4 b X
W)@ T ISR FRIE D, A R T80 2% SR R
PR RE T DL R X2 U5 ot o i 7 a2
ST,

M X R R bR T s R R,
N HLIX SRR A hy, HADER LA s, HEK
PRI, AR HUE A Wi X R
WER LIS B HE K M 25, R i T X R K
K, HoE Kol i g | AR, W
I, =EgHbIX ARy RS TAE, KIgcfF



788

L7/ S

5540 %

AH TR FCRAHAL, o2 g il o4 U 8 9 7 A 7

DXk,

SE Lk

[1]

[9]

ERmE RN, B, MEaE, KRB, TAGE. USRI i 2
KHAFRMAAZ2EH[J]. W2 EEEZ, 2017, 28
(1). 157-160.

Qiu LL, Mao M, Mei QX, Zhang QS, Ding JY. The study
of textual research on Materia Medica and analysis about
the blood nourishing and blood circulation activating effi-
cacy of Angelica sinensis and the safety of medication in
pregnancy women [ J ]. Lishizhen Medicine and Materia
Medica Research, 2017, 28(1) . 157-160.

TEEEE, RIS, ZEC, P65, HEE, 5 RTERR
FRIRA ) T A 2 P 214 U A () i BB Az 10 i T A 1 280 2R
[J]. hEIGRZ B2 2018, 34(10): 1191-1194.
Ren GJ, Zhu SJ, Xia PF, Luo Q, Wei LX, et al. Evaluating
the effect of moisturizing intestine to relaxing the bowels of
Angelica’ s different extracted parts with Fuzzy Matter-
element model based on variation coefficient weight[ J].
The Chinese Journal of Clinical Pharmacology, 2018, 34
(10): 1191-1194.

PNCLHG. U 2501 B UM A 5 i BURRE OB [ D] b
hE PR R R 2, 2010 2-6.

JBAESE, UWE 5, EOKE, B WL AR P2 U5 2 4
WHFEHERE[J]. H BB, 2014, 31(5) : 80-83.
FokR, wICE. PEAEMMERT ORI SB[ J]. #IHER
WA BEFAR (BRI , 2008, 23(4) : 1-4.

T, BAEF, ERL, AU, B2, % HANED
PEPFR TR J] . B2 540, 2017, 23(5) : 96-98.
Wei YJ, Wang JY, Wang AD, Bai GC, Hou WZ, et al.
Current situation on genuineness of Danggui ( Angelica
sinensis) [ J]. Guiding Journal of Traditional Chinese Medi-
cine and Pharmacy, 2017, 23(5) ;. 96-98.

&35, AR FE T X 2 577 5 KPR R & = [ D].
2M HR PR AERE, 2014 13-19.

SRREE, BIEE, BRI, BEA R, XM, I PRI AL
SR HAERI PR kR [ J]. R E PR, 2016, 41
(2). 167-176.

Zhang LB, L4 JL, Chen HL, Duan JA, Liu JW. Research
progress of structures and pharmacological activities of
phthalides from Angelica sinensis[ J]. China Journal of
Chinese Materia Medica, 2016, 41(2) . 167-176.
JBAESE, BRME, EMEAT, SCEH, PV ARNIR AR R B 2
ARSI J]. R EEEZY, 2014, 25(9) .
2164-2166.

Gu ZR, Chen H, Wang YL, Wen XY, Sun JY. Study on
identification of Angelicae Sinensis radix from different

growth environment by TLC[ J]. Lishizhen Medicine and

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Materia Medica Research, 2014, 25(9) : 2164-2166.
FAMEZAE, A I, F U, SRR, WEM. AR 25 R
HEANBE S RIMAHJ]. B SR, 2015, 17(6) :
393-395.

Nan HJ, Teng XF, Wang F, Zhang HY, Tan YB. Investi-
gation of ligustilide in Angelicae Sinensis Radix from diffe-
rent habitats[ J]. Food and Drug, 2015, 17(6). 393 -
395.

BRJr, mBH, R, sRERL, FBEL, SR, MIFZH T
HARHERTIATSE [ J]. T E 2500, 2018, 21(10): 1861 -
1864.

Chen F, Xiang Y, Zhu LB, Zhang BH, Zheng GH, Hu JJ.
Quality standard improvement for Angelica sinensis[J].
China Pharmacist, 2018, 21(10) ; 1861-1864.

kg, EoCk, BRI, B, B, . 2 MAER
AL B I SO G5 BT ER H 0T [ J] . 2 EEEZ,
2010, 21(1) . 33-34.

L, EREE, AW, 26, EWAE. HPLC U 5E AR
YRR ERRR A (U], PEEhBE 2y, 2012, 25(1) .
34-36.

Li CY, Wang YH, Wei XM, Li S, Wang MW. Determination
of ferulic acid content in Danggui from different habitats by
HPLC[J].
cine, 2012, 25(1) . 34-36.

FEREZ, RO, PR, B, LR, % REF
BT AR Y S E [ J ] Jbah EZ, 2011, 30(8) : 624—
625.

XER, IR, @I, RV, TAHE. Bl RS A
PRA 25 5 B WA SCHERE [ J]. h2hHE, 2013, 36
(6) . 871-874.

Liu XN, Zhang MT, Zhao JB, Song PS, Ding YH. Re-

search on relevance between macroscopic feature indivi-

Western Journal of Traditional Chinese Medi-

dual differences and quality of Gansu cultivated Angelica
sinensis [ J |. Journal of Chinese Medicinal Materials,
2013, 36(6) . 871-874.

TRHEFT, DR, ERINL, ZaM. AR S I R
BEEIELJ] ekl R, 2013, 52(1) . 183-185.
Li WL, Ma YH, Qian LB, Peng JM. Determination of the
contents of ferulic acid in Angelica sinensis from different
regions[ J]. Hubei Agricultural Sciences, 2013, 52( 1)
183-185.

REE, BT, MRS NIRRT B AR | A N P
R ha i b [ J]. 2 E B ek, 2007, 14
(12). 37-38.

Zhao KJ, Zhong M, Xie JD. Contents comparison of feru-
lic acid, ligustilide and total polysaccharide in radix ange-
licae sinensis from different regions[ J]. Chinese Journal
of Information on Traditional Chinese Medicine, 2007, 14
(12) . 37-38.

BAEE, R, B, XA, BEM. LGN S



%6l

WA . FET A B RV UBERFIE A 25 051 i S

2 [ A S LA 789

[19]

[20]

[21]

[23]

[24]

[25]

MRt J]. P2y, 2020, 51(21) . 5658-5663.

Hu J, Li K, Li AP, Liu YT, Qin XM. Research progress on
material basis of Danggui Buxue Decoction[ J]. Chinese
Traditional and Herbal Drugs, 2020, 51(21) ;. 5658-5663.
ek, 7, 97, W, Bk, 5. 2GRN, AR
MG R UPFE[J]. P ETP 2y 2R E, 2018, 38(22):
3923-3927.

Yang YL, CuiF, HuF, Guo L, Yang T, et al. Investigation
on chromatogram-pharmacodynamics relationship of An-
gelica sinensis on effect of replenishing blood[ J]. China
Journal of Chinese Materia Medica, 2013, 38(22) ; 3923
3927.

Li CY, Qi LW, Li P. Correlative analysis of metabolite profi-
ling of Danggui Buxue Tang in rat biological fluids by rapid
resolution LC-TOF/MS[ J]. J Pharm Biomed Anal, 2011,
55(1) . 146-160.

Gong AGW, Huang VY, Wang HY, Lin HQ, Dong TTX,
Tsim KWK. Ferulic acid orchestrates anti-oxidative proper-
ties of Danggui Buxue Tang, an ancient herbal decoction
elucidation by chemical knock-out approach [ J]. PLoS
One, 2016, 11(11) . e0165486.

AEHE, B/NG, BORER, 2542, HPLC ¥ R 255 8
Fsr[J]. ThEZh, 2020, 42(8) . 2075-2079.

Deng XQ, Guan XJ, Huang NN, Li J. Simultaneous deter-
mination of eight constituents in Angelica sinensis by
HPLC[ J]. Chinese Traditional Patent Medicine, 2020, 42
(8): 2075-2079.

PR, W, RbR, RHEIE. T 2 BRI -
T AL TG P 10 43P 38 ML 7 P A8 A g A T BILAR (U ] B2l
2020, 51(15) . 3987-3995.
Li X, Cao W, Tang B, Deng CQ. Mechanism of Astragali
radix-Angelicae sinensis radix compatibility active ingre-
dients in improving intimal hyperplasia based on network
pharmacology[ J]. Chinese Traditional and Herbal Drugs,
2020, 51(15) . 3987-3995.
G, OIS, SEAERT, SR R TR R A A B
JBLJ]. REZA, 2020, 48(1): 72-75.
Xie TP, Liu N, Wang YL, Jing M. Quality research pro-
gress of Angelica sinensis from different regions[ J]. Acta
Chinese Medicine and Pharmacology, 2020, 48(1). 72—
75.
WER, KRR, BB, REC, #5607, Rtk AS2HS
ST J]. BB R, 2011, 31(24) : 7551-7563.
Xie CX, Suo FM, Jia GL, Song JY, Huang LF, Chen SL. Cor-
relation between ecological factors and ginsenosides[J]. Acta
Ecologica Sinica, 2011, 31(24) ; 7551-7563.
FRBTER, SRR I RO A SR AR B S R R A 6
F[J]. WAk, 2008, 28(11) ; 2314-2319.
Zhang XH, Zhang EH. Diurnal dynamics of photosynthetic pa-

A5t

rameters in leaves of Angelica sinensis and its relation to envi-

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

ronmental factors[ J]. Acta Botanica Boreali-Occidentalia Sini-
ca, 2008, 28(11) . 2314-2319.

WG, KRNI, BRI, SO, B EY. H N A AR A
WrgE[J]. th#Zy, 2020, 51(12) : 3304-3307.

Xu XQ, Zhang XB, Chen J, Zhao WL, Jin L. Study on ecologi-

cal suitability of Angelica sinensis in Gansu Province[J]. Chi-

nese Traditional and Herbal Drugs, 2020, 51 (12). 3304 -
3307.

FE4E Y IHZ R BT AR SR DTSR [ D], HOl: 22N R,
2012, 48-61.

SRATT, BREE, AR, ML, R, . T MaxEnt B 24
VA ERAE B B XA SRHERISE [ J]. A8 R, 2017, 37

(15): 5111-5120.

Zhang DF, Zhang Q, Guo J, Sun CZ, Wu J, et al. Research
on the global ecological suitability and characteristics of re-
gions with Angelica sinensis based on the MaxEnt model[ J].
Acta Ecologica Sinica, 2017, 37(15): 5111-5120.

WY, WA, Mbhk, B, IMVEUE, S DR 2GR B
PR s POV E BEIPAN [J] . M4 4R, 2010, 45(2): 205~
211,

Huang LF, Xie CX, Chen SL, Duan BZ, Sun CZ,
Regional suitability evaluation on desert herba cynomorii[ J].
Chinese Bulletin of Botany, 2010, 45(2) . 205-211.

BOOAK, AT, RNME, RETT, WEE, M. ASZh A
ZRAITGEERFRMEERASESKR[J]. M
iz, 2012, 36(4) ; 302-312.

Jia GL, Huang LF, Suo FM, Song JY, Xie CX, Sun J. Correla-

tion between ginsenoside contents in Panax ginseng roots and

et al.

ecological factors, and ecological division of ginseng planta-
tion in China[ J]. Chinese Journal of Plant Ecology, 2012, 36
(4): 302-312.
fRaRer, JRAF, WL, MBI, Bodt, 5. &/NERIEMR G
FEAMEAESHFRRAMIR[JI]. TRAL, 2020, 38(1):
148-156.
Xin ZH, Guo JP, Tan KY, Liu KW, Yang RG, et al. Relation-
ship between amino acid quality of winter wheat and meteoro-
logical ecological factors [ J]. Journal of Arid Meteorology,
2020, 38(1) . 148-156.
G, FRPE, SRER, WOR M. T Ik % AR T-RA R ) A K gl
BERALHERLWTHCRI]. MY EE¥MR, 2020, 44
(3): 257-265.
Ji QW, Zheng CY, Zhang L, Zeng FX. Stem radial growth dy-
namics of Pinus sylvestris var. mongolica and their relationship
with meteorological factor in Saihanba, Hebei, China [ J].
Chinese Journal of Plant Ecology, 2020, 44(3) . 257-265.
faf4ag, g, BR& T, BRITAE, ™, & kS
SHZEBIELJ]. P E P2, 2020, 45(2) ; 290-302.
He DM, Wang H, Chen JL, Lai CJS, Yan ZY, Huang LQ. Mi-
croecology and geoherbalism of traditional Chinese medicine
[J]. China Journal of Chinese Materia Medica, 2020, 45(2) .
290-302.



790

L7/ S

5540 %

[35]

[36]

[37]

[38]

[39]

[40]

ARG, 2300, BT, M6 S BT U], P EE
B2k, 2015, 35(10) : 890-894.

Ren WG, Li WT, Huang LF. Analysis of correlation between
color of Angelicae sinensis radix and geo-herbalism [ J].
Chinese Journal of Hospital Pharmacy, 2015, 35(10): 890 -
894.

B BE, H/NEL, AR s RV, PR, T 2R R RS TR A
BERRgHES . UGB J]. s E B 25, 2009, 11(6):
14-17.

RER. BHPA RS & GRS, T
BEIGRWFFE, 2015, 7(28) : 15-16.

Wu XR. A correlation analysis of effective component content of
Danggui in different origin[ J]. Clinical Journal of Chinese Me-
dicine, 2015, 7(28) . 15-16.

Verma N, Shukla S. Impact of various factors responsible for
fluctuation in plant secondary metabolites[ J]. J Appl Res Med
Aromat Plants, 2015, 2(4) . 105-113.

Hu ML, Li YQ, Bai M, Wang YL, Wu H. Variations in volatile
oil yields and compositions of Magnolia zenii Cheng flower
buds at different growth stages[J]. Trees, 2015, 29 (6) .
1649-1660.

Naghiloo S, Movafeghi A, Delazar A, Nazemiyeh H, As-

[41]

[42]

[43]

naashari S, Dadpour MR. Ontogenetic variation of volatiles
and antioxidant activity in leaves of Astragalus compactus
Lam. (Fabaceae)[J]. Excli J, 2012, 11, 436-443.

Morariu A, Caulet PR. Morphine content variation in Papaver
somniferum L. during phenological development[J]. Agrono-
my Series of Scientific Research, 2011, 54.

o7, 2, EA, BEH G2y A AR g il
165 RPN ERSCERT R [J]. R EBARHZY, 2019, 21(11);
1532-1536.

Bai ZF, Li M, Wang J, Zhan XY. Study on relativity between
the changes of secondary metabolites contents with early bol-
ting of Angelica sinensis[ J]. Modern Chinese Medicine, 2019,
21(11) . 1532-1536.

K, XV, B, SR, BRI, S B TAEYR . R
WBURR BRI AL RE J0 09 2 H i i ORI A X PR [ U],
24, 2020, 51(2); 474-481.

Li MF, Liu XZ, Wei JH, Zhang Z, Chen SJ, et al. Selection of
high altitude planting area of Angelica sinensis based on bio-
mass, bioactive compounds accumulation and antioxidant ca-
pacity[ J]. Chinese Traditional and Herbal Drugs, 2020, 51
(2). 474-481.

(DU JH %)





