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[Abstract] Objective: To explore the content difference of gallic acid, protocatechuic acid, catechin,
total flavonoids, and total polysaccharides in Cynomorii Herba between different producing areas and the
correlation between effective components and environmental factors. Method: Ninety-five batches of
Cynomorii Herba samples were collected from 12 major producing areas in five provinces (autonomous
regions) , including Gansu, Inner Mongolia, Xinjiang, Qinghai, and Ningxia, and the geographical-climatic
factors such as altitude, longitude and latitude, climate type, annual average frost-free period, annual rainfall,

annual sunshine hours, annual average temperature, and annual average evaporation were recorded. The content
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of gallic acid, protocatechuic acid, and catechin in Cynomorii Herba was determined by high-performance liquid
chromatography (HPLC) , and the mathematical model of the correlation between the content of chemical
components and environmental factors was optimized and established. Result: Pearson correlation analysis
showed that protocatechuic acid content in Cynomorii Herba increased with the increase in annual average frost-
free period and annual average temperature, and catechin content increased with the increase in the annual
average frost-free period, annual sunshine hours, and annual average evaporation, while total polysaccharides
content decreased with the increase in altitude. Redundancy analysis (RDA) showed that the annual average
frost-free period, annual average evaporation, annual sunshine hours, and altitude had great influences on the
content of effective components in Cynomorii Herba. Curve fitting showed that the optimal conditions for the
growth of Cynomorii Herba were as follows: altitude of 800-2 000 m, annual average frost-free period of 80-
110 d, annual rainfall of 110-300 mm, annual sunshine hours of 2 400-3 000 h, annual average temperature of
2.2-8.8 °C , and annual average evaporation of 1 700-2 500 mm. Conclusion: The content of effective
components in Cynomorii Herba is diverse in terms of producing areas and shows a clear response rule to
environmental factors. The areas suitable for growing and artificial cultivation introduction are those with high
altitude, short annual average frost-free period, low annual rainfall, large average evaporation, long sunshine

hours, and low annual average temperature.
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factors; correlation
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Table 1 Sample information of Cynomorii Herba
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i 151~220 50~199 2735~2923.7 4.5~12 1769~2 537.8
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Table 2 Comparison of content of effective components in Cynomorii Herba from different municipal producing areas (x+s) mg-g*
T CHb IR /90 ) iy BETFR JRILEE R L T i IE4
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L4FHBIE -0.158  -0012 0220 0174  0.102 g .
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7 : Annual average frost-free period. 4 F- ¥J JG 75 # ; Average
annual evaporation. 4FF ¥ 7€ & it ; Altitude. ¥ 34 ; Annual average
temperature. 4 ¥ i ; Yearly precipitation. 4 [#% Ff it ; Sunshine
hours throughout the year. 4= 4F- H i i} % ; Catechin. JLZ% % ; Gallic
acid. 7% X F #4 ; Protocatechuic acid. Jit JL 4 iR ; Total flavone. & #
fill ; Total Polysaccharide. & Z #f ;a. Hilt;b. W5 ;¢ T & ;d. #
i se. 5
Bl #AEAESEESHERTFHRDA
Fig. 1 RDA of environmental factors on content of effective com-

ponents in Cynomorii Herba
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Table 4 Relationship model and evaluation between content of effective components in Cynomorii Herba and environmental factors

KRR B e ik a b c d R S
M- E TR Y,=(a + bx)/(1 + ex + do®)  6.84x10° -7.03x10" 7.85 -2.19x10° 0.357 4 1.050 2
iz IS ES 3 - oL 1.58x10 -1.89x10° -1.41 03113 25.1411
2—6
ARSI -LAE R Y,=a+b cos(cx+d) 2.52x10" 1.57x10" 3.37x10°  -3.43 0.4839 0.149 5
RV LR -BE TR Y,=arbx+ox’+dx -2.17x10 5.33x10" -3.87x10° 8.83x10° 0.410 4 1.059 3
ARV LRI -FILZER  Y,=a+bx+ox®+dx® 2.05x10" -2.61x10° 1.92x10°  -3.47x10°® 0.326 2 0.080 9
PR -LAE R Y=1/(a + blnx) -1.07 4.30 0.906 0 0.2237
IR - TR Y,=(a + bx)/(1 + ex + dx®)  2.73x10" -1.83x10° -2.61x10" 1.81x10? 0.3845 1.0380
RS- SR - TR LS R Y =a+bx+ox’+dx® 8.44x10° 1.56x107 -4.12x10° 3.41x10" 0.464 1 0.074 5
PR R - LR R Y =a+bx+cx*+dx’ 3.72 -5.14x10° 2.35x10°  -3.39x10™°  0.4185 0.152 2
RV R E-FILZER Y =atbxox®+dx® -2.34 3.18x10°  -1.29x10° 1.69x10%  0.3722 0.078 1
AR H I E-JLEE Y=l (a+ blnx) -3.48x10° 4.45x10* 0.916 4 0.224 8
SR RETE- A Y ,=a+b cos(cx+d) 8.89 1.81x10° 9.81x10°  -2.48x10 0.348 9 3.2948

AL, AR 2 Ay B 2 BB ) e A R B
1551 M4 B AE 800~2 000 m.,
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5.161
3.87+
2.58
1.294

0.00 T 1 ; T T )
5243 1053.7 1583.1 21125 2641.9 3171.3 3700.7

167.927 g

140,94+ .

113,96 3"

86.99- - &, .
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Fig. 2

with altitude and curve fitting results

Distribution of effective components in Cynomorii Herba

3.5.2 Bl FH AT RS o3 % % AR - 25 JC 76 91 0 0 B
Beain oS HEBIBHAEAS LS R (BB TR L

JUZR R kB AF 1 X T8 1 OO 1 43 A S th e 0 &
ZEALULIE 3, AIAL, Y, A 0 eR K, HF A R 186,
XY B R 3R 1k AR T T, 2 X=102 d B S AR K (E
M, HY,, ,.=0.408 9 mg-g?; X=195 d i Ay /ME A,
HY,,,=0.094 5 mg-g*. 4 X7E 80~102 d it , i B
L% R B i B AR T X5 JC G 918G 0 i 52 kG 5 >4
XTE 102~195 d I, JL2S 3 & & B AF 7 2 T 76 301 58 in

M R A 5 24 X>195 d B, JLAS 25 8 5 Bl A7 - 34 JE 76 1
8T 2 TR Y A SRR R S W AL Y, il 4R
FE7E 2 W (H A5, 2% X=111d, Y, ;. =1.868 0 mg-g*;
2 X=181 d i ,Y,,,=0.375 9 mg-g*. DL 2 H{H A
SR L AR JC A ) X A 80~111 d R A BH i
TR 7 i WA A S 34 00 75 1 1S 0 i 22 8 48 5 24 X
fE 111~181 d B, W & F R & # B AF 7 4 JC 75 11 3
T g /0 5 24 X>181 d B, W R % i B AE -3
FE IR 0 . XF YRR SRk AR ST AT, M X=
89 d i A /ME A, 1 Y,,,,=0.101 0 mg-g*. 4 XFE
80~89 d i, i PH v JL L 2% IR & tak il 4 ~F- 35 JC 46 11 44
T BEA ;24 X>89 d i, R L AS R 7 2 Bl 47 39
T U3 o0 T 2 G 0 . 2R A BT AT, DAL A R A
P TR B BE ) d A K R S B R AR 3 E R
11E 7F 80~110 d.,

3.5.3 A PH AT 850 4 B A X AT S ST R L Y B
AL oS HAEA T LR R E TR R IL
AR R 2 B S T B o B AT 2 AR (X) 1 43
A1 B iR A A a5 R LI 4. 7E AR SE IR 5T B AT 1Y
R XAE 0.5~12 °CHY, Y, 6 R 75 2 3k 28 Ay B3 326 Uik
PRESC, BV PH i L 2% 28 ok B AT ST 249 IR T R T D
A HXAE 4 °CUL R WD IR BB /. Y BERLR A LU
X=6.9 °C N 5 4., 24 X 7€ 0.5~6.9 °CH , i BH v % &
TR T ht B AR T X SOR T R g 0, BB s B e
% KAl 2.245 0 mg-g*; 24 X>6.9 °CH} , K& T & &
B A 21 SR T T o XY R R g ik AR
AT Y g i AFTE P A BB AL, 28 X=3 °CH, Yoy =
0.103 0 mg-g™; 24 X=4 °CH}, Y,,,=0.102 8 mg-g™.
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Fig. 3 Distribution of effective components in Cynomorii Herba

with annual average frost-free period and curve fitting results

DL 2 AW A 9 0, 2 4R P B0 X AE 0.5~3 °C
B, 431 BH T L AS TR o B AT - 35 ST T o T
B, AE G0 BE N 528 XAE 3~4 °C, 5 LS IR
ik B AR ST 34 S0 T % TR/ 5 2 X>4 °CHY,
Ji L2 R 5 i I AF ~F- 249 I e i g, L
FERE R o AR 22 B3 B 1 25 08, B PH A oA 2R K
e H 5 R AR Y SR H AR 2.2~8.8 °C,

3.5.4 A BH A AR A3 HE AR T 34 78 kR e Y
B A 95 LB B AR A rp L% RO LR R
it B A7 2 78 R (X 18 43 A B il e 4006 45 2R DL 1A
5. Yo 5 A KK K AFAE P AAE AL, 2 X=177 8 mm
B, Yoy,=0.105 5 mg-g™; 24 X=2 837 mm B} , Yy, . =
0.307 1 mg-g*. PAPIASHRAA £ 5 o5, 2 4F 7 2 2%
R XTE 1 452~1 778 mm iF, 4l FH b L 45 K & Bl
A V-2 78 % e B i /b 5 2 XFE 1 778~2 837 mm
BF, JLZE 30 i B AT 7 35 28 R k3G i 1 K 4 X>
2 837 mm I}, JLZ% R 7 A Bl A - 1 28 i 1 i sk
o REY o 15 Y 3R GRS OR T AT A, 2 X=2 052 mm B
N W K AB A5, V0. =0.189 0 mg-g™; X=305 5 mm i}
M /N E S, HE Yoy, =0.103 0 mg-gt. M4 X 7
1 452~2 052 mm i, 8 FH op 0L 2 1R 35 &t BE 47 1
78 2 N 3 ;4 X #E 2 052~3 055 mm A, 5
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Fig. 4 Distribution of effective components in Cynomorii Herba

with annual average temperature and curve fitting results

JU 28 R % i B AR - X 7% R 8 g R AR 2 X>
3055 mm B, J5E LA 7 ik 47 - 4 2 % ik 39
Han o LRG3 AR, AR A o B iR R BIERH
19 i AR A A SR B | R AR S 1 2% K B HCAE 1700~
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Fig. 5
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Distribution and curve fitting results of effective
component content of Cynomorium herba with annual average

evaporation
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3.5.5 M PH A A 43 o X 4 AR H R B0 Y
B AR 95 St A PHRE A rh LS ORI R B
Bifi 4 4F H BRI OO 1Y 3 A St G 45 R UL IR 6.
FH Y 5 8 2 3R S RT A AR S 56 0 9 Y 4 4 H R
BUXAE 2 400~3 360 h s, Y, 9 4% 0 3¢ 1k X A 5
IR RRES, B BH LS R A BE 25 A A 4F B RN 4L
B g oY, R R YRR B, BRI 640, XY,
PR 6 3k R S AT, 24 X=2 527 hisf Ry Al R AE A5,
HY,,,,,=10.701 5 mg-g*; X=2 848 h if Hy # /M A
HY,,,=7.078 6 mg-g*. 2§ X7E 2 400~2 527 h i},
B ST R R I 4 A R SO o B 5 Y
X TE 2 527~2 848 h i}, & ¥ il 7 i B 4> 4F H R IE 4%
BN T REAR 5 24 X 76 2 848~3 167 i), i B i 75+ Bl
G AF H R £ B T B o, LA Sk oA R B 9E 3, X=
3360 hisf 51k o AR 27 W0 7 & 2% 0, B BH 1) o 1
AR S R R 5 B4 4F H A $CE AE 2 400~3 000 h,

0.87-
0.73
0.58
0.4
0.29
0.15 .
0.00 ; . LI : .
2304 2496 2688 2880 3072 3264 3456
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17.68
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Fig. 6 Distribution of effective components in Cynomorii herba

JANES $ /mg g

with annual sunshine hours and curve fitting results

4 itig

Hh 2 T I T P B IR A, (R R AR
28 ) I RO 2 B AR KRB YOG R AT T
WA A it () A 5 AR 2, 4
7O IEAR ) = (25) B I A+, I 5T [W) i 4%
570 W ARAR RN, Kb Uk B BE AT A
Y 5 ep 2 i B A oG, rh 2 5 B AR BT R M DY I 2
L IR AR B I 2 A Al K b e B B T A TN
). Az AR FR G I vp 24 i BB iR 25 [ R, H
SR BRBE O B IR BE K 3 AR X 2l BT 5 )
KU BHE, TS 25 Y A ER

A S S P Ui R (SN E B/ L S NS 7 RPN R e G
A RO B R A R D . AR RS
FEREWESE T BB A RO A & R 22 R 5 B
B2 R (R AH DG P, DA ST S R ) b 48 s 0 BH Ak 2% Bl
3% PR 58 PR 14 o 7 R A A B B ) A A A 3R Ak
WFSE T8 1 DA e N5 | ok 3 46 4 At L il 9 )

BB A RO oy i B W B 25 R 6 ER
S5 A B BT % g o7 R A, RGO R AR R AR R 5
Tl 1y i, DX Ry Vg 4K e AT T35 JC R WA AR R R D
X FE R K A H BB AR SRR
B BVASRE NS H A BT P T AL
BT BE R R 2, T L7 T T B BE T
BE . A7 XAH A SR S R 2ERRR A
[ = XA S E 725, S 8O0 ARG fH
R ZEM . HR R s a2 LR R .
A A T A X, X IO Bl B
HRTF7UTE—3 . HMW R SUE RS W5
Ty BT R A T P A BH T LA R LR B R
L M AT R S 4 T g™ AR RE I i > 24 H IR
IR AR 28 R i RS 6. HINSUS B
SRR BT B PH T B TR LR LSRR O A
HEM T B 5 W T B AL T T R AR X, HAERE
WD AR R R R ORAE R AR5
Pearson AH X4 43 B & LB FH LS 3R R LA IR &
AR AR 2 E BRI EORNAE S E 2% K AR
1E b s RAD 3 /R 4F 7 425 & f 44 H IR Z06T
B BH A R oy o 0 R A AR i LA A R A
B B f14 F5e B 4 B T R AE 110~300 mm, e 42 4F H IE
i %% 7E 2 400~3 000 h, 5 {F 4F F 5 S 7 2.2~
8.8 °C, I fH4F V¥ 7% & # #£ 1 700~2 500 mm,
RS S5 22 B BH ) 7 M R R AT A B PR, A5
BRSSO R B T RO TR . R iR
) b B A7 R R I B 5 W A0 2 B BH 24 A BT &
HHL PRI R £ HE

ZN TR/ =SS vaB I N S A R e
BT I T OC R AR AL, Dy E K
iy 8 715 245 FH A 40 60 AR 2 - I 15 TR 7 g i o7 R A 4 I
FERIRAE o X 8 BH A RO 4 & 5 R T 43 )
PE4T Pearson #5640 M \RAD K it £6 34, Fr i 4%
RARTE 4 — 3 AHAHEAMNFE . Pearson #H 3¢ 4341 43 5]
AR I 52 4 T 2 M A OC B 58 4 IE PR AR G A1 I
RAD 7] 38 i 540 4, 23 B 45 o8 1 B0 58 IR 6 A
B SZ M o R T B OR S & R
SR MESE R TE A5 B RLATE 58 A5 0 45 S0 o)
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YRS fe KA 5 B /MEL, HZ2 BT TR R At TR B B A
A XSS R A i K S B OME MR TG
POELPROf R4 ik . ABLE AT LUE
th L A LA ERAEAE SEBR s TR T IS B K ME
s/ ME R FEAS L LR 2 i 5 & B T
)R U A7 TR 9 I AR AR 22, 3k o (AR 9 oy AR A 41
B B bR 25 85 K LGRS BE R A1

B A RO A i 5 R B T Y 06 F OB 4
B RCRA N AE TR A8 R it b Ak 550 B BE A AR
b Ak S B A o O ME S B I R G A BT Y
CIHLPETI G X TR 5 A IR AL,
SR A AR T A R AT G, R 3O R RLAH O R AL
BN BRI 25 B K G R B IR . AR 5 Y il 4R
A HoE R R A —E R BRE, AR % & 3T
S v e el 1 N DA 1 R (B S B A S Y @ A
P85 D i A8 Ak 5 L3S T i 4 T 4 B A L
M7 12 4290 TR 22 A0 1 28 Ak 3, o 75 SR B2 T 22 A0 i
FEAS i it — 25 19 55 3E .
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