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Grey correlation for main climatic factors and quality of Danshen ( Salvia

miltiorrhiza Bunge )
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Abstract; Climatic factors are principal for Salvia miltiorrhiza Bunge cultivation in terms of growth and activity of
pharmacological compounds. This study was aimed at finding the leading climatic factors affecting Salvia miltiorrhiza Bunge
production. Growth and active compounds of Salvia miltiorrhiza Bunge in 6 different areas were investigated and the grey
correlation degrees with climatic factors were calculated. Our results have shown that: the compound concentrations of
Salvia miltiorrhiza Bunge in 6 different areas have significant differences although all of them could meet the requirements of
Chinese Pharmacopoeia. The leading climatic factors that affected growth were annual sunshine hours and rainfall.
Meanwhile, the major climatic factors that influenced Danshensu concentration were frost free periods and annual highest
temperature ; the major climatic factors that influenced tanshinon ITA concentration were July average temperature, annual
average temperature and annual highest temperature; Annual sunshine hours and frost free periods were leading factors for
salvianolic acid B. This research could provide theoretical basis for the production of high quality Salvia miltiorrhiza Bunge,,

also for optimizing herb production and regulating herb quality.
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SFHS A PRSI B A RE AR B R T RSB RTER S BAR R R T e T
2003 4 5d EZNIE. EAETAFRA = PRI, URHE T 278, Wi WS R 2%, (A R 24 B 22 R K
Ko FHERETRE S —MEZEX TAL A 738 B — 2 I BRI , DR, B A 3t ™= X MR e S R 1 2 AR
ARG 16 S B 7 0 R B P S AL AR R e, AT AR 7= A58 LA 2575 R R B AR 2 I 254 B iR
TR DR B 1] L

N RIK — (AU, AR SONE FAE S GEiH 2 07 I T T FESTERT I8 X 6 AR ™ X A K T A U &
BER, @SS URE T Z B RGO , WS A K A RO & B E S TRE T, KAt
FEEERI R i PSR e A BB I NN AR S Be R 2 5 B e R b 25 PE S I A A 7
D3, PRAIE AP Y A JRUORH T B A I P 25 R AR T R IS %
1 #R57EE
1.1 WX A RO R 7 3R18

¥ A ] £ B i i T, (2 T BR PG AR AR IS B R, AR 7% 108°34" & 111°17, b4 33°2" 5 34°24' 2
(] o 2% DX 33 93 Af 72 AU L R AR A 32 5 X 38, 7K O 1) B BA PSS S VR AR AR, R i b R
S AR BRIR A . XNILRIFIR, S8YE, el &R, WP 28, EEREERER, RAHBAL
HSEARSRAR R, A HOL FARUK R BTIRA B B 25 AR A P

AW TR A 5 BT B A KT AR AL A AR R B R R LU BH 3R HEZK RN AN, R 2 2 B2 K U
WK 1. BARBHIERE AT, (B 5 B A2 A6 (500—1600m ) , £ 3l 5] 57 3 3735 2 57t (B
ZFXREE 1 A GHE .7 AGER VFRIE(=10°C) TR R EEE AR AR BE 4 H A4 K
B9 MURHETEHAMRAZR . #UER T HEE T T SRR G IE F R B R I 3 51 2004—
2007 AEWLIT SR HE RS

1.2 P24 RKERABG & RNE ®1 EHGSEERERE
2004—2007 ﬁiﬁ;yéﬁfé‘ﬁi{ﬁﬂﬁ X #T RS IR Table 1 Different geography of six sample plots
WEFE, B R D T 08 M Z LR R RS S f“fﬁl . Ij’i Ifé?d Alffi/
. I . e ¥ S 5T ample plots 1 (5 ngituae 1ude/ m

(Salvia miltiorrhiza Bunge) . &4 3 A 'I'%ﬂ’ Hi R A% 7 Shan Nan 3325 110°70" 500
Eﬁ%u%ﬁﬂ:ﬁm\mgﬁ \ﬂm\*ﬁ7j( \ﬁi‘” \Y%ﬁ 6 /l\ IJ.IISE Shan Yang 33030! 110005/ 720

H X RIS, BT FE b A H R PS4 7= SOP # j1%( Dan Feng 33035° 110°15' 600
TTHEERE, THF 11 ABRIZFS, BN #0K Zha Shi 33°43'  109°33' 1600
EREHER JoR e F b S IR 4y I S Zon e o0t 0

34°05’ 110°30’ 815

BB R R MR SIS RARE TR ESOC T i o Non
ST R TEE R BRI E -+ YA R
ATRMFISE SIS0 A RFHHE B &8, FISESRER NS ATTENE, FISE A &5
B2 B & Bk rpAE A RILRIEZGH) (2005 4EAR) 1 7 Bl

FFEER A FIR AR G IE . BURE R (i = S WA 0. 3g, BELSEMTL M MW A
B SOmL, FRE E R, UM E I 1h, 508, FERRE TR, iR BAh R Bk TR, 120, 1, BB U Tl
W . LI /R A R h T s LB 7K (75:25) S s AU K% 270nm,

FHEYRR B PR RCBOM G . ORE SRR (i 3 508 ) REE AR 0. 2¢, BELSEHRTE M K A
75% HIBE SOmL, R A, AR 1h, B, B0, FEARE TR, 1 75% N R AR IO T I 325, 1008,
BV T A BRI , LA\ e S e A e L0 ; DA - 2 - R 7K (30:10:1:59) Sy Wi Bh ; Kl
K4 286nm,

1.3 ¥
REF SPSS 1.0 #457725 447 K LSD K (P <0.05) , 357 Fil DPS 2000 #k 435347 T SR A T 57+
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SMAAE KB ZIER R HTA R SRR T 52 RAE R0 & B Z 18 HK O RER T
2 HZR55H
2.1 FEHXSMEE T

HRHE 2004—2007 FH) IR BORGETHHFI9ME, A R KSR 725 WK 20 % KA E <%
FFZFUE, FREMZES. 1 C,1 ARRMEE3.5 C,7 ARHRMAZE2.1 C,FREME 473 C, XL
FIARZE 17 d SER IR ZE 3.9 C SFIRARIB A2 6.2 °C 47 H IR i 22 184 h, FX[EF EAHZE 120
mm, FEHBZ (AR LR R BN T 4R R R R IR 2 T, TOAR S (E B R s 5 L PR v R BE B e, R R
B, TRHED 4 IREEO FHREER R IR w1 A 3387 A #93R  AFBRR  AERR A LB 2 %
i, FETTRD JR R IR/ TR, TOAR S A F RIS B0E 5 MK IR BE AR, MR R0, ORI, 4F H R 4K
B FNRBDE R PSR, TR, B IR 0K WS iR R AR, e BE , TR, B IR
B

x2 FRUREFEMSERTF
Table 2 Climatic factors in different sample plots

S T it 1B PR ek i it

A Shan Nan Shan Yang Dan Feng Zha Shui Shang Zhou Luo Nan
FER /T 14.1 A 12.9 A,B 13.9 A,B 12.6 B 12.9 A,B 11.0 B
Annual average temperature

N

LA B/ 1.5 A 0.0 A,B 1.3 A 1.1A,B -0.1A,B -2.0B
January average temperature
7 A G/ 26.5 A 25.6 A,B 26.2 A 23.4 B 25.1 A,B 23.4 B
July average temperature
5[3*9\{&( =10°C) 4839 A 4081 A,B 4358 A 3430 B 3994 A,B 3366 B
Effective accumulated temperature
$f&%ﬁ}§/°€ 40.5 A 39.8 A 40.8 A 36.9 B 39.8 A,B 37.1 A,B
Annual highest temperature
AR/ -11.8 A -14.5 A,B -13.4 A -13.9A -14.8 A,B -18.0 B
Annual lowest temperature
FFHIREK AR /mm 841 A 747 A,B 721 B 743 B 754 A,B 795 A,B
Annual average rainfall
ToFEH/d ' 217 A 206 A,B 213 A,B 200 B 210 A,B 200 B
Frost free periods
AR/ 1961 B 2143 A 2093 A,B 2049 A,B 2145 A 2075 A,B

Annual sunshine hours

FH BN BRI 2004—2007 AEMINEEHRPIIME, $7 5 107 BN LSD ST BB E AR, P <0.05

2.2 HEEAWPISERBRABET &R

HRHE 2004—2007 FHALL RGP EME, FEHIX 6 RIS ERBRABBG SBERILE 3,

(e NRIERIEZG8) 1 (2005 4R R) HHLE FHS 8 BURH R IS A7 FH S A & BAET 2%,
FHHER B S BAMET 3% o ABIFREREY, Friist 6 i X FISH MU & BTG 25 1 BZOR , HA RIS
THSRAEREABES ST REREE RANMRRZ M, B NRE, HZE 4. 9 RKREK NN, &
/NITRE  AHZE 5. 85 em; EAREARFA NN, /Ny ILFH, FH2E 0. 35 em; REFTH AR , T/ N AFHRL,
HH22 39.49 g TEEK NI, B/NAFHRGHZE 14. 1 g SRS BERE TR BARHEK, A2 1.46% ;
PSR TA & B PR S0 e, 122 0. 14% s PIRER B & B m A FHR, Sk , AH22 4. 95% .

TEV P12 MR RS RS BN, S AR S B WRERERNR . B TASRAT IS A 5
FEMRRR L RR, LA B SRAERNRNE GRS RR R Z R KKTR AR/, B7E—E R L1
T AR R R B AR, TIPSR TA & 83800 172 R B BRISR 0 EE AR 37 704, Fe il R R
S B E  S R R . HI R —ASRI 2 s , B/ RZE KPS S B R a8 , T EAR KK}
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®3 ASEKEBRAVHSSEER
Table 3 Growth and concentration of activity compounds of Salvia miltiorrhiza Bunge roots in different sample plots
- G 1l SR kR i
Shan Nan Shan Yang Dan Feng Zha Shui Shang Zhou Luo Nan
5335 Roots number 5.20 B 9.40 A 7.80 A,B 8.40 A 10.10 A 9.40 A
HR 1 Roots length/cm 26.90 B 29.80 A,B 28.70 A,B 31.30 A 32.75 A 31.80 A
H#H 4% Roots diameter/cm 1.09 A 0.76 B 0.91 A,B 1.01 A 1.10 A 1.04 A
HREEH Roots fresh weight/g 69.73 A 52.76 A,B 49.81 B 51.69 B 89.30 A 62.91 A,B
T Roots dry weight/g 23.68 A,B  27.59 A 13.49 B 17.86 A,B  27.33 A 25.52 A
F}Z & Danshensu/% 1.59 A,B 1.62 A,B 2.67 A 1.21 B 2.10 A 1.72 A,B
F}Z:1 11ATanshinon 11A/% 0.23A,B 0.28 A,B 0.36 A 0.24 A,B 0.23 A,B 0.22 B
FIE R BSalvianolic acid B/% 6.00 B 6.73 A,B 10.89 A 5.94 B 9.33 A,B 7.52 A,B

FH BRI HLIX 2004—2007 AERAESEIRF- M, B0O7E 17BN LSD ZH BB E TSR, P <0.05

2.3 [ERTEASMAERKBEIREORKIT
WRIETRE T 5S4 K BHITIRE SRR, HORK R

HRERILE4,

®4 SEATFSASERKBEREXERE

Table 4 Grey correlation degrees between climatic factors and growth of Salvia miltiorrhiza Bunge roots

VALiE A/ em HWHEE/ em M E/ g WTH/g
Roots number Roots length Roots diameter ~ Roots fresh weight ~ Roots dry weight
R/ 0.6092 0.5719 0.5792 0.5679 0.5512
Annual average temperature
LA B 0.5743 0.6254 0.5959 0.5484 0.5020
January average temperature
N
7 A Gy C 0.6051 0.5244 0.5427 0.5638 0.5997
July average temperature
ﬂifﬂ‘@( =107) 0.5926 0.5470 0.5319 0.5760 0.5827
Effective accumulated temperature
A/ d . 0.5849 0.5800 0.5625 0.6058 0.5847
Frost free periods
$$&%ﬁ}§/°€ 0.6150 0.5398 0.5816 0.5853 0.6224
Annual highest temperature
AR/ 0.6157 0.6100 0.6081 0.5395 0.5149
Annual lowest temperature
FH /b . 0.8443 0.7217 0.6121 0.6337 0.6998
Annual sunshine hours
FFHIREK R/ mm 0.6624 0.6483 0.6814 0.7031 0.6685

Annual average rainfall

BT AT PHS A K B IR AR A AT LUR B PSR R A A B, R e vl A R R €8 SR R BE (R PP 4 X

RE XIS RARERKZ

oo SR EREURE T SASRARERK ZE K G BRI —E B

FRHE T X PSR R IMRBOE KT H IR > FFEoKRE > FARRIRE > FREIRE > FRE >7
H iR > 43R > TR > 1 A 0% ;

HRA T ISRARKEE

BE > FFE > FRERE >7 AR

FHRAT WIS BRI EEE

> AEYRREE > LA >7 AR > F£HE;

FHRMRET X ISR E
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HA¥E >1 A G3iE > FRAEE ;

BEMBEHRTAFIS R TEEMIKKOVAE R B > ERBKE > EREIRE >7 ANYE > THEY > F£5R
> EHREE > FERARIREE > 1 A MR

SBEETFEASRAEKENXRKENER, AR ESBEETFS5ASRAMNERKREY, LHEH
B BUR RIS X SRR AR R SRER T, W ENERSRE SN2 KENERER T,

ik 6 R [R)4E H IR S0 22 184h, IS B E 0 Y, KA K Z BT RE R L KOLEE, HRHK e
VERISR, BRI TEVDNE R ER, & XFEREMZ 120mm, H 2 I4E N0 AR RS, WS4 K

R, FHEE AR N 20—25C, SR E S R AKZM, RS REFH A4 KPEERT,

2.4 SBEHETFS5FSRAEBRN & B IRKORBKHT

RI\ESMEHEF 5 PSR RE BN AT KGRI, T EERRES,

RS SERATFSASHEUHSREXEKE

Table 5 Grey correlation degrees between climatic factors and concentration of activity compounds in Salvia miltiorrhiza Bunge roots

Wi H Ttem P15 E/% ﬂ%}ﬂﬁ] 1A/ % ﬂﬁﬁ@ B/%
Danshensu Tanshinon IIA Salvianolic acid B
SEYIREE Annual average temperature/C 0.6427 0.6875 0.6075
1 H43¥3{E January average temperature/C 0.6152 0.6358 0.5722
7 HA3¥i8E July average temperature/C 0.6987 0.6897 0.6235
FEFR ( =10°C ) Effective accumulated temperature 0.6764 0. 6690 0.6321
ToFE I Frost free periods/d 0.7443 0.6333 0.6822
AEAR YR Annual highest temperature/°C 0.7275 0. 6860 0. 6491
AEAR ARG B Annual lowest temperature/ °C 0.5957 0.6381 0.5560
4F H B Annual sunshine hours/h 0.6642 0. 6465 0.7049
AE B /K B Annual average rainfall/mm 0.6270 0.6027 0.6163

BT SR SIS A FFHEER B 2/ EB A2 Y, A SIS &S ER 73 SR R A
oS B, 45 5R BN —E LA

FMER TSR EAFS RS ERWIKK R : TR > FREIRE >7 AR > F£50E > 40 # >
PR > FREKE >1 AH¥E > FRAKRE

FEMEHE TS TA S EHWKK N 7 AR > EXRE > FRERE > FFE > £ H 8> 4
AR >1 A B3R > THEH > FHKE

BERMEHEFXFIEER B S BRI 4 H BB > BHEY > FWEIRE > F£80R >7 AR > F£RK
B> FEHRE > 1 AGER > FERAEE

SIHTEE R BR RBRERR , A S BEHE F 5 SR ANE RN SRR REY . P TEH 55N
HIRERENASEGTENERE T, KEKREKE 23135 0.7443 F10.7275;7 AH¥R R E FR IR
R FHSE DA BN ESHE T, KO 25135 0.6897.0. 6875 il 0. 6860 ; 4= H HR 1 JC 75 HA & % 1
FHRER B & &M E3E T, HIKECEREE 25714 0. 7049 F10.6822, TLFHEMEZMIISRAFSE X FHHR
BHEZERT ,BREFEHIIN FASREAGHRSSTEEEZRERTHEN, B & IRAZMEREKTHRE.
A AR TR, £ K BEEX ISR R A RS & BRI E A,
3 it 54t

FESHERRE RS &R EREEFZRIKREY, R TINS5 8 & 24 LR ATAHFIK
PR, VP2 F R Z R R R 2K AR, RMEF F B G s a8 B F R ER KR KRS
MR R G RAT 0 E F 5T R E F X R B RE, NMAR S RIZRE LR FERE IR
BRZEFEEASN, B LRGN E 78] 1 B R EORK 8 IR BEVE KR , B IR €8 256 BE 1) R /NS
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EFERNEMRERE, EN—FREMTBER, EMRZEHSERLBERNEE LB MTER, EHT
HoME BB A E BRI AT EERG £ WY 5 P58 156 R BT 4518 HL v] S 1 HL LA REAE I Br
HEMLPRER AR ER,

AMERBRERBEE T E5ASRAAERKE Z R KA LK REFE 0. 5020—0. 8443 Z ji], KT £ <
BEEFEASRMEERKREY . L4 HRBEBSASHRA MR B RKURB R TEKERKERK,
435313k 0.8443 0.7217 0. 6998 . ZjFAEMIIANFE LW MTE A LB BT ORE/EMA, B BRedE Rt 7Y
HERBRNE, S EHY, RAER R EREA TG, EAERKBIN, AR TR ES H B
IEE, B BRETEK  EA R, AR FENNE B, A BB B REREE =Y, TYRE, NS iR &
IIAREL

FEREKE S PSR R E LR KRR ERKORIRER A, 47 513% 0.7031.0. 6814, [f7K A2 75 ¥ Hi X
KGR R Biehn , R TR R Y ZE B E R A 2R, REMKMEA R SHERFEFAEKEK
BFAEESMWEERE, CAETREH: ASHEKERINA G, IS HME,5 AP LIaTM 9
Ao UERKRED,6 —8 AW SRk ™) o 107 ¥ 45 Hi X 52 B T 4240 A S 149 B e i i ) 4
AARE] PSR R , 76 A 7= P N T AR R R T SRR R B . PR B AR T E MR B
KB IR AR ER IR, X2FEAN S TYRWEH B EZIE TLE, I X E , Y RA G —2
B, S IK A BB AR B AR K, LR BEIR R =&, R IR R R R B4R

FERBERFE5SRABYRS & B Z R KGR BEFE 0. 5560—0. 7443 2 8], FHPrE & ERF
5RASMEAERBGERBRRREY . HP 5SR§BKERKERKMIER T I LR FREIR
BET AR, K€ B BE 43 73K 0. 7443 .0. 7275 .0. 6987 . 5750 A & & K6 KB R K HSEE T
a7 AR ERREE AR R, K 8 5B B 43 53K 0. 6897 0. 6875 F10. 6860, TiXT FHEIER B 5 &M
BARSMEE T4 B IR TR, HoK 568K B 4371135 0. 7049.,0. 6822, JoFE HA Jhy Ha 40 Hs A RB e ¥ L Tl
AR BB, TR A RBINKE , 2 MASR A SR RFIBR B WEERET. ASERERS S
BHEREEE.7 AR5 KERKER RS 1 A6 ER  FERARE K @ 5B B A 8/ (0. 6152
0.5957) , /] WA TGRS, FIBRAERIAS SR FEZRER TN, R ROEHERERTIRE,

Hilt, Sz X E 4 B B SRR ERRIEASE IR EERE T, TR 55N IR E &% m
ZERERNERET;7 AYR EXRE EREREZZmASE A SEMNEREF;FH R CHEH2Z
HUFHHRER B SRMFEFE T, BN ILHEMEEN S TERKR, HAEEFHERE H R H0K, BN
BPEROFES . WA LE, WHPESR A S0 A &85 TR AEeE, MixX 7 A9iE,
ISR B AR R TR X R LB b s R RS PR I R O T 2 L (H A2 B FRE B BRI, P B2 B . 7EBURE
B AT A BIFEK PSS 0 B BRI S, i RE f T X 3R 5 (1600m ) |, 37 48 Mg 55 5 , AT RE Wi FH2: 1Y
AR FHRFISTE T8 ARFEE IS E, v R TREEWED ARG RES SIS, AM&SER
TR —RGERMRAEEE TR

S LR RIS AL T RIS L, LA E R R, S SREERAE 6 OB TR R AT, RS
KIS 2ZE R A E SR TSR A= (FEREMER) K, 7R3 5T S Fa S it B 7870 B 45 #hIX.
AEBFRMNESR . AKX S, 4 7= 3 N A 702 1 H B GE B RN DARIE S 7=, el 5l b, 7%
A FEFHSER TA S5 & B R NS R BRAKE R E IR E RS X, TA =R B a3’ NS
PR TCFEIAEA , BT AR T 488 g b X
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