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Relationships between Saposhnikovia divaricata chromone
content and soil factors in different regions

GUO Xu, TIAN Xin, HAO Jia, WANG Yunhe, YANG Limin, HAN Mei, HAN Zhongming
(College of Chinese Medicinal Materials, Jilin Agricultural University/National Key Laboratory of Jinlin Province
Ecological Restoration and Ecosystem Management, Changchun 130118, China)

Abstract: [ Objective] To study the correlations between soil factors and effective components of
Saposhnikovia divaricata, and screen out the leading factors affecting medicinal ingredients. [ Method] The
contents of four kinds of chromone (prim-O-glucosylcimifugin, cimifugin, 5-O-methylvisamminol, sec-O-
glucosylhamaudol) in two-year-old S. divaricata from 16 regions were determined by HPLC , and 15 soil factors
in rhizosphere soil were measured The relationships between chromone contents of S. divaricata and soil factors
were studied by correlation analysis, cluster analysis and multiple linear regression analysis. [Result] S.
divaricata of Datun Town in Hebei, Jingoutun in Hebei, Yantai in Shandong, Baicheng in Jilin and Wenzhong
Town in Inner Mongolia had higher chromone contents. S. divaricata of Longde in Ningxia had the lowest
content while S. divaricata in other ten regions had the medium chromone contents. The total chromone content
of S. divaricata was significantly negatively correlated with soil conductivity, available phosphorus content and

available calcium content (P<0.05), and positively correlated with available manganese content (P<0.05). The
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16 regions were divided into four production areas including production area of Changchun in Jilin, production

area of Longde in Ningxia, production area of Yantai in Shandong and other production areas (including Inner

Mongolia, Hebei, Liaoning, etc.). Available phosphorus, available manganese and total phosphorus contents

could explained 71.8% of the information of total chromone in S. divaricata. [ Conclusion] There are

significant differences in the qualities of S. divaricata from different regions. Available phosphorus and

available manganese may play important roles in the formation of effective components of S. divaricata.

Key words: Saposhnikovia divaricata; chromone; soil factor; correlation; cluster analysis; multiple linear

regression analysis
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Table 1 Information of collection places of Saposhnikovia divaricata

7= Region % /% Longitude #fi ¥ Latitude R /m Altitude
4L K £ Datun Town in Hebei E117°27'48" N41°1'5" 520
k474 % Jingoutun in Hebei E117°28'31" N41°1'12" 560
I Z A4 Yantai in Shandong E121°3824" N37°26'41" 50
7 ¥ [#48 Longde in Ningxia E106°1'46" N35°35'1" 600
MK Changchun in Jilin E125°27'15" N43°46"20" 251
H 7R 2% M Lanzhou in Gansu E103°24'33" N35°15'43" 2424
# 3k Baicheng in Jilin E122°45'46" N45°19'46" 230
1L T - B 774 Dongnianzigou in Liaoning E119°55'54" N40°59'17" 641
1L TR F Bianzhangzi in Liaoning E119°78'3" N41°36'4" 540
1L 7% & F Huangtaizi in Liaoning E118°50'44" N42°6'52" 650
P 5K W18 Daming Town in Inner Mongolia E119°11'59" N41°35'14" 550
N 5% 5K 55 4 Tangjiawopu in Inner Mongolia E119°24'5" N41°3472" 611
P 5% 148 Xizi Town in Inner Mongolia E119°17'17" N41°42'36" 541
M 5% 45 T Niuyingzi in Inner Mongolia E118°7'9" N42°11'47" 720
WM K E T Yangjiayingzi in Inner Mongolia E118°48'44" N42°9'5" 620
P 52 3C B4 Wenzhong Town in Inner Mongolia E118°53'1" N42°7'18" 640
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Table 2 Chromone contents and yeilds of Saposhnikovia divaricata from different regions

wil(mgg") Li/REVL

[ SH 5—O—F R4 2 by =1 B /m
R::gi%n ii%O- ﬁ % % ] jj @;; ' /;e%fﬁ- BERMW Yilﬁi:ilfm Total iron%one
glucosylcimifugin Cimifugin 5-O-methylvisamminol glucosylhamaudol Total chromone content per plant
HCD 4.007+0.15a 0.213£0.01c 4.838+0.27b 0.11240.01abc 9.170+0.42a 8.869+0.04de 81.329+0.37a
HCJ 2.428+0.07d 0.080+0.01gh 2.663+0.13cd 0.139+0.01abc 5.310+0.21d 9.002+0.02d  47.801+0.12¢
SDY 3.272+0.07¢ 1.113£0.02a 4.930£0.15ab 0.225+0.02a 9.539+0.24a 6.302+0.13h  60.115+1.25b
NXL 0.634+0.02i 0.002+0.01k 0.629+0.02i 0.164+0.03abc 1.430+0.05i 8.667+0.05ef  12.394+0.071
JLC 1.095+0.15g 0.266+0.03b 1.844+0.31¢ 0.042+0.01c 3.238+0.42fg 7.750+0.12g  25.095+0.40ij
GSL 2.042+0.03e 0.195+0.01d 1.096+0.01h 0.199+0.05ab 3.51240.01ef 9.458+0.08c  33.216+0.29g
JLB 2.356+0.21d 0.040+0.01j 5.232+0.48a 0.099+0.01abc 7.724+0.68b 5.777£0.181  44.622+1.39d
LCD 1.405+0.03f 0.084+0.01gh 1.240+0.03gh 0.054+0.01bc 2.783+0.05gh  10.262+£0.09b  28.559+0.26h
LCB 1.485+0.02f 0.112+0.01f 1.804+0.03¢ 0.074+0.01bc 3475£0.05ef  11.025+0.11a  38.312+0.39¢
LCH 1.477£0.03f 0.082+0.01gh 2.353£0.07d 0.039+0.03¢ 3.958+0.10e 9.359+0.19c  37.043+0.75ef
NCD 1.012+0.04g 0.077+0.01h 1.392+0.04fgh 0.229+0.24a 2.534+0.08h 8.475+0.12f  21.476+0.30k
NCT 0.803+0.03h 0.040+0.01j 1.642+0.10ef 0.031+0.01¢ 2.518+0.14h 9.443+0.12¢  23.777+0.30j
NCX 1.143£0.01g 0.060+0.01i 2.577+0.02¢d 0.081+0.01abc 3.860+0.03¢ 9.33240.18c  36.022+0.70f
NMN 1.013+0.08¢ 0.097£0.01fg 1.367+0.23fgh 0.033+0.01c 2.504+0.31h 8.476+0.17f  21.224+0.43k
NMY 1.171+0.10g 0.158+0.01¢ 1.579+0.06efg 0.052+0.01bc 3.025£0.10fgh  8.584+0.37¢f 25.967+1.11i
NCW 3.682+0.04b 0.189+0.01d 2.801£0.04c 0.083+0.01abc 6.765+0.07¢ 6.53440.15h  44.203+0.99d

DHCD: #3b X & %, HCJ: W 4b44 &, SDY: b AR & ,NXL: 7 A%4%,JLC: kKA, GSL: ¥l 20, JLB: $# A%, LCD: i 7 4% TF A,
LCB: 7 ##F,LCH: 7% & F,NCD: AR A4, NCT: A5JE R G4, NCX: AR T4, NMN: AZ4EF NMY: AZH 5 EF,NCW: A
B R HIR G R RN E FEAF AR W 27 B E(P<0.05, £ B EF £44)

1)HCD: Datun Town in Hebei, HCJ: Jingoutun in Hebei, SDY: Yantai in Shandong, NXL: Longde in Ningxia, JLC: Changchun in Jilin, GSL: Lanzhou
in Gansu; JLB: Baicheng in Jilin, LCD: Dongnianzigou in Liaoning, LCB: Bianzhangzi in Liaoning, LCH: Huangtaizi in Liaoning, NCD: Daming Town in

Inner Mongolia, NCT: Tangjiawopu in Inner Mongolia, NCX: Xizi Town in Inner Mongolia, NMN: Niuyingzi in Inner Mongolia, NMY: Yangjiayingzi in

Inner Mongolia, NCW: Wenzhong Town in Inner Mongolia; Different lowercase letters in the same column indicate significant differences among different

regions(P<0.05, one-way ANOVA)

B HUY 5N 37.38~282.35 mg/kg. 2.77~47.46 mg/kg.
45.84~718.85 mg/kg. 325.68~1 303.58 mg/kg.
83.20~128.46 mg/kg. 0.97~31.19 mg/kg. 0.55~1.44
mg/kg. 0.38~2.49 mg/kg. 0.59~5.14 mg/kg. 1 A
G R A RO B = R 1 P 4 0 R 2
ML T8 & T ERKS, &= s AR~ 15y
NI TR ARG RIERE 2, &8k
T 77 HL A3 S B AR L 7.6+ 17,10 15.7 55 A &L
ERA RS R R e Y T RS, SR
I #2500 L AR M &, B 5w 7 b 4y ) 2 I
FEHLIR 4.0+ 1.5 £ A3 808k A 808 A R A L
BT B e T LA O R 2 I s
RIFE ALK E 2, & 8K 1737 8L T 5
S ST AEFE T ARV TH &
0 7 L gl 2 AR I ML) 32014 2,64 6.6
8.7 % (£ 3).

E5TERFHEXES T
B7 X e i R R 5 38 R 1 A DG o i AL
Fa, AMEETSESLE pH BF k% (P<
0.05), 5 HL 3 E M 3 FUAH O (P<0.01), 57 240
BB R S (P<0.05), 5 85 B 53 IEA
K (P<0.05); AR &5 13 pH. A S & A
R B 2 UM O (P<0.05), A SREE
IEAH R (P<0.05); 5—O—-H B 4E i Kz S8 5 +

24 B RES
é’l\

]

A A B 0 3 U OC (P<0.05); Z P I &
5+ pH B3 M 5% (P<0.05), 5H 8k & =
FEIEFE (P<0.05); (il A 5 I S
T B B A AU B B 3 UM DG (P<0.05), 5 A
SEEZE LMK (P<0.05). 45 B 10 B XTI E
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Table 3 Soil factors of different regions

7 i GHECES Wi% w(TP)/ w/(mg-kg ")

Region pH Conductivity 7K7) Water OM TN  (gkg’) AN AP AK ACa AMg AFe ACu AZn AMn
HCD 8.17 90.90 6.01 024 0.07 0.93 71.00 19.01 4584 577.57 8747 215 0.65 181 514
HCJ 8.23 98.93 6.50 023 0.04 1.29 73.60 16.06 68.60 550.68 99.70 2.24 0.55 149 425
SDY 7.79 74.30 7.5 0.74 0.04 0.27 66.51 2.77 5394 325.68 8320 12.74 136 249 1.90
NXL 8.57 122.30 7.64 1.25 0.1 1.05 115.51 21.68 131.09 1303.58 12846 7.24 1.02 091 145
JLC 8.41 158.60 8.25 2,59 0.10 0.54  113.18 37.13 718.85 586.08 118.72 6.59 0.98 0.93 4.06
GSL 7.46 93.30 12.96 409 032 1.03 28235 2437 11824 911.68 152.05 31.19 1.19 225 247
JLB 8.45 112.80 4.54 234 023 0.38  148.18 17.83 133.60 826.22 104.33 4.68 0.77 0.80 2.16
LCD 8.76 95.30 6.64 1.02  0.09 0.45 37.38 32.68 106.72 758.03 8513 298 1.12 0.67 0.80
LCB 8.60 124.30 745 248 0.07 0.52 92.18 17.94 126.41 676.61 10426 3.26 144 0.76 1.59
LCH 8.75 123.00 8.51 223 0.07 0.53 81.68 47.46 134.13  669.33 97.33 0.97 087 0.84 1.19
NCD 8.57 94.10 4.75 2,55 0.01 0.58  224.01 36.92 103.25 673.07 119.63 343 1.05 190 2.94
NCT 8.81 116.13 6.44 1.52 0.08 0.37 81.68 19.30 101.27 758.03 85.13 231 097 042 093
NCX 8.66 136.40 11.49 0.88 0.09 0.74 78.18 28.18 90.53  661.80 100.80 3.59 122 226 0.59
NMN 8.87 113.10 10.86 142 0.05 0.29 103.85 27.69 88.72 966.56 11580 1.18 1.01 038 128
NMY 8.86 115.70 436 0.44  0.06 0.52 54.85 15.57 82.67 609.47 10585 136 124 0.80 1.00
NCW 8.81 122.03 371 248 0.07 0.54  281.18 39.65 110.46 83433 103.72 2.13 0.92 0.89 0.67

DHCD: K & %, HCJ: T4 &, SDY: L A8 &, NXL: T R4, JLC: F4# KA, GSL: ¥ 2 M, ILB: 4 &3k, LCD: LT A% T4,
LCB: i T#MF, LCH: LT % & F,NCD: AR R4, NCT: W RE R F 4, NCX: AR5 T4, NMN: AR+ EF, NMY: ARHEEF,NCW: A
R IAPHL; OM: A AL, TN: & &, TP: 5%, AN: 3% 5., AP: A %5k, AK: A 247, ACa: A 345, AMg: H#4%, AFe: A a4k, ACu: A #4R, AZn: 3
#, AMn: A 24

1)HCD: Datun Town in Hebei, HCJ: Jingoutun in Hebei, SDY: Yantai in Shandong, NXL: Longde in Ningxia, JLC: Changchun in Jilin, GSL: Lanzhou
in Gansu, JLB: Baicheng in Jilin, LCD: Dongnianzigou in Liaoning, LCB: Bianzhangzi in Liaoning, LCH: Huangtaizi in Liaoning, NCD: Daming Town in
Inner Mongolia, NCT: Tangjiawopu in Inner Mongolia, NCX: Xizi Town in Inner Mongolia, NMN: Niuyingzi in Inner Mongolia, NMY: Yangjiayingzi in
Inner Mongolia, NCW: Wenzhong Town in Inner Mongolia; OM: Organic matter, TN: Total nitrogen, TP: Total phosphorus, AN: Alkali-hydrolyzed
nitrogen, AP: Available phosphorus, AK: Available potassium, ACa: Available calcium, AMg: Available magnesium, AFe: Available iron, ACu: Available
copper; AZn: Available zinc, AMn: Available manganese

*4 BHREFEHSER~ES5TREFRMBEXMESR

Table 4 Correlation analyses of chromone contents and yields of Saposhnikovia divaricata with soil factors

ESiER

Factor X X X; Xy X; Xs X Xg X Xio Xy X Xy X X5
Y -0.259 -0.641* —0.683** -0.354 -0.028 —0.039 0.161 —0.585* -0.296 —0.512 -0.309 0.188 -0319 0.526 0.625*
Y, 0.072 -0.550* -0.503  -0211 —-0.212 —0.128 -0.306 —0.548* —0.093 —0.562* —0.272 0.320 0.382 0.548* 0.068
'8 -0.492 -0.326 —0426 —0.336 —0.043 -0.191 -0.218 -0.565* —0.177 -0.516 —0.509 -0.096 —0.343 0.233  0.408
Y 0.029 —0.649* —0.450 0.107 0.185 0.207 0241 —-0.735 -0.287 —0.033  0.179 0.533* 0381 0341 0.126
Y -0378 -0.512 —0.575*% —0.356 —0.033 -0.136 —0.095 -0.628* —0.227 —0.559* -0.440 0.063 —0.283 0.405 0.694*
Z 0253 0264  0.136 0.059 -0.122 -0.105 0275 0312 -0.164 0.166  0.029 -0.083  0.207 —0.194 —0.214
Z, -0.134 -0.494 0467 —0.349 -0.031 -0.235 0.153 -0417 -0.270 —0.598* -0.483 0.020 —0.297 0479 0.540*

DXy RAAE, X pH, Xy B3 X AMRAE X AR T, X BB RS T, X0 BT, X AR T, X AR EE, X ARBAE X A
HELE, Xy AHKAE, Xy AR, X ARELE, X AHAEL ;Y ARFHEE, I ARELE, 13 5-0-FALMITAE RS E, 1y
TAMEALE, LERMEE; 2 $HFF, Z: FRERMEE; ¥ AFA0OSKFREAR, 47 LFEOIAF ZEME(REAN)

1)X;: Moisture content, X,: pH, X3: Conductivity, X;: Organic matter content, Xs: Total nitrogen content, Xg: Alkali-hydrolyzed nitrogen content, X;: Total
phosphorus content, X;: Available phosphorus content, X,: Available potassium content, X;,: Available calcium content, X;;: Available magnesium content,
X}, Available iron content, X;3: Available copper content, X},: Available zinc content, X;5: Available manganese content; ¥;: Prim-O-glucosylcimifugin content,
¥,: Cimifugin content, ¥3: 5-O-methylvisamminol content, ¥,: Sec-O-glucosylhamaudol content, ¥: Total chromone content; Z,: Yield per plant,

@y

Z,: Total chromone content per plant; indicates significant correlation at 0.05 level, “**” indicates significant correlation at 0.01 level (Double tail

detection)



B 4 ]

B8 TH, S ASE P R R R R Tk AR 35

B K B 2 5 1) RS2 L3 A & B, 0
H & 2] sz 1% pH FIE AUk & 2R, )5 i
SEIRZESE GRS 2. A3 SENE
RS R o 7 REA SR B B S R PR B A O

P73 B 78 70 R IR B L3 TR 1 2 5 R R W 25 44
R B, G R S R T B —E 1M

<

3\%1&[13-15]0
25 EREBEKFEREKERMEE5TEETF
R KM A

B B P B e PR R R e S R T
AR BT W3R 4. bR B S TR T ARA
A DG s AR LR R S I U S R
# 1 5% (P<0.05), %ﬁxﬁzﬁ‘ =R EIEMK
(P<0.05). &5 5 i B B R 7 5 ] e AN 52 35 A
TR, i*ﬂ%@)ﬂﬂ»@éTﬁ%%ﬁ REEPIRSRIE

B,
26 BXGERIZRESTIEERFHIBESH

A7 Xt 5 i A 2 RN AR B 35 IR A VAN R
PRt AT R ir, 5 R 1. ERRIGEE 25 15~20
Z B4 A WIL IR 2E, T H BEE MRy 11 K
X, MK FRMEB NI KK, KA HEN
1 R2K; 4 /NBR G IE B & 5~10 2 18] L% %3 N AL B
C.D42, 1 REDHNAB2E, ILEME BIHE
N B BB NRRIGHE 3 A 0~5, A KN N
OM@ 2 /N, OEHE 9 A= 1, 3 5 3L T3k
F ULTHEHETFT AFWFH.LTRETH.A
FEREM. ML KL 2 b &l NEBHK
B RN S KU, @QBFE 4 A7 1L, 2 5l H R
ML A SR AR AR N R AE T TR
AT S R R, CLRK ICEE B 5~10 AR #E, 16 N7~
oyl 4 AR, EARKE X T E X
R M & 7= XA A = X (B FE N & e 1T
) JEK T BE R 2 i i 22 S AL A BT B0
TR EEESR, WARBEGHEKRKELM R
T HLPE B N 5450 7 IX R B R S A 2K
T 5 R M R A, TR EE B N S M X
Bt BN — 25 oAt b 2444 5 R AR AL A

HUIE 59— 950 R4 76 5 e W1 4 7
B L bR
27 BREFRSRSRIFLAETS LI

VA5 A

LA At i A i B O PR A e H IR o B AR
RREAT 2 HLANE BT, K 5 AR IS
PEREE LT, B E TR bR R (R E R E0) Sk 1 [8] )5
TUBR A A X RE R, B 1 SR RA A &,

LCB
LCH
NCX
LCD
NCT
HCD

B

Lo D il

5 10 15 20 25
X z0FE B Euclidean distance

1 1L, 1T A2 PERR PR 2 15~20 4335, AL B. C. D 2 YERK FGIE S 5~10 4

%, OM@RAERK IR B 0~5 4825 LCB: I 7ML T, LCH: L T &

%, NCX: W5 T4, LCD: I "7 7R B V4, NCT: P 5 5K 5 4, HCD:

ALK L £, HCT: b4 di, NMY: WZEH K E T, NCD: 5K

B, GSL: HiR 22 M, NCW: W52 SCHH, JLB: S Ak E 3, NMN: 5248
¥, SDY: INAMA A, NXL: TEFEME, ILC: HHhEKHF

I, IT and IIT were divided between Euclidean distance 15-20; A, B, C and

D were divided between Euclidean distance 5-10; O and @ were divided

between Euclidean distance 0-5; LCB: Bianzhangzi in Liaoning, LCH:

Huangtaizi in Liaoning, NCX: Xizi Town in Inner Mongolia, LCD:

S

Dongnianzigou in Liaoning, NCT: Tangjiawopu in Inner Mongolia, HCD:
Datun Town in Hebei, HCJ: Jingoutun in Hebei, NMY: Yangjiayingzi in
Inner Mongolia, NCD: Daming Town in Inner Mongolia, GSL: Lanzhou in
Gansu, NCW: Wenzhong Town in Inner Mongolia, JLB: Baicheng in Jilin,
NMN: Niuyingzi in Inner Mongolia, SDY: Yantai in Shandong, NXL:
Longde in Ningxia, JLC: Changchun in Jilin

El1 AR~ e RS ES5REDEE FRIRES

Fig.1 Cluster analyses between Saposhnikovia

divaricata total chromone content and rhizosphere
soil factors in different regions

R*=0.365, Ui B 2t & 8] LU R 36.5% BB X
R S R R AR 2 S AR R AN E AU
i, R=0.568, UiHHIX 2 MR E T DUERE 56.8% 1)
By XU 5 B R s B 3 S R R AR
AR 4R 5 B, R*=0.718, 1t WA R i 5 %5 A0
TR 3 AR E W] LUFRE 71.8% By XU 5 i
MEEE. B3 ARG R, G800 AR
!?‘%néﬁﬂi/%\ﬂ 3 AN & T LA R0 B X £ T I
MRS R, FAh AR B B X6 TR A S R IR
N, TG S ARBINEER A AR [F] )3 &R
£ (GR 5) /AT RNE T RSB SR X
K, A RS & t=—0.579, P<0.01; A &5 & =
=—0.671, P<0.01; 2% & & =—0.445, P<0.05; 1t B4
A B R A T (2] 9 R E ) BT e v = 3 B T
FEN ¥=7.252-0.132X3—1.206X,5-3.631X7. K 2 N
DR A% e B8 T AE 20 A ASE 2R Tt 2R T R S T 1 IR 2
P-P &, KB AR G2 228 H A5 o0 A, 1t
08 B 77 A B A IR AR (10 F 26, B — e
SEE IEA PR 25
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41 %

*5 BRERIZE5RMRIIREFLZEL RIS TRERIER RER VIR
Table 5 Models of multiple linear regression analyses between Saposhnikovia divaricata total chromone content and
rhizosphere soil factors and partial regression coefficients of different models

B R - R i bR 22
Model Adjusted R’ Estimated standardized error
1 0.604 0.365 0316 2.077 78
2 0.754 0.568 0.496 1.783 11
3 0.847 0.718 0.641 1.504 74
P H B+SE B t P
Model Item
1 # & Constant 7.644+1.335 5.726 0.000
A 3B & & Available phosphorus content -0.13740.050 -0.604 -2.732 0.017
2 # & Constant 5.758+1.394 4.132 0.010
A 3B & & Available phosphorus content —0.131+0.043 -0.574 -3.018 0.011
H XL & Available manganese content —0.813+0.342 -0.452 2.377 0.035
3 & Constant 7.252+1.328 5.460 0.000
B %4 & Available phosphorus content —0.132+0.037 -0.579 -3.609 0.004
A 3L & & Available manganese content ~1.206+0.331 -0.671 -3.642 0.004
%=1 & & Total phosphorus content -3.631+1.501 —0.445 -2.419 0.034

D)B: JEARE R 2L, B: AT AL T4
1) B: Unstandardized coefficient, f: Standardized coefficient

1.0

I o o
EN = o0
T

TiH R
Expected cumulative probability

S
o

0 0.2 0.4 0.6 0.8 1.0
S R
Measured cumulative probability
B2 BiXEREDERFRENRENITE P-PE
Fig.2 Standard P-P chart for regressive standardized
residuals of Saposhnikovia divaricata total
chromone content
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