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Abstract

Salvia miltiorrhiza has been used for treating heart and liver disease. In the present study, the influences of temperature
on photosynthetical capacity of S. miltiorrhiza under controlled cultivation environment using growth chamber were
investigated because of providing information about growth and secondary metabolite synthesis. And effect of harvesting
time on growth properties and constituents such as salvianolic acid B, cryptotanshinone, tanshinone I, tanshinone
ITA were evaluated. Maximum photosynthesis rate (5.102 pmol CO2/m2/s) and net apparent quantum yield (0.147
1mol CO2/m2/s), stomatal conductance (0.035 mmol/m2/s) and water use efficiency (7.108 pmol CO2/mmol H20)
was highest at 20°C. Results of chlorophyll fluorescence showed that elevated temperature had contributed to reduce
a quantum yield and electron flux in photosystem. This result demonstrated that favorable temperature condition
was determined at 20°C. Contents of salvianolic acid B, cryptotanshinone, tanshinone I and tanshinone IIA was
highest in root sample harvested at 20 March, whereas growth and yield of S miltiorrhiza had no significant differences
with harvesting time. Therefore, this study shows that temperature play an important role in photosynthetic activity
and harvesting time have influence upon accumulation of constituents in root of S. miltiorrhiza.
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SAIEA 2 SAS(9.13, SAS Institute Inc., Cary, NC, USA)
T2 o] g3l om Mt ko] folid AFS 4
H) %] F-4HEAH (one-way analysis of variance)= A| 2 3}5]
11, Duncan’s multiple range test= 2] 37k 224
2ol & 75 Thp<0.05).

Table 1. HPLC conditions for the assay of Salviae Miltiorrhizae
Bunge

Items Conditions

HPLC system 1260 (Infinity Quaternary LC System, Agilent Technologies,
Waldbronn, Germany)

ODS-H80 (ODS-H80, 4.6%250 mm, YMC Co., Ltd., Kyoto,
Japan)

Column

Time 1% formic acid in 1% formic acid in

(min) H,0 ACN:MeOH (75:25)
0 75 25
1 60 40
Mobile phase 14 60 40
22 40 60
23 11 89
45 11 89
Flow rate 0.5 mLfmin
Column temp. 30T
Injection volume 5 uL
Detector UV (280 nm)
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Fig. 1. HPLC chromatograms of standards (A) and root sample (B)
extracted by methanol in Sa/via miltiorrhizza Bunge.
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Table 2. Effect of temperature on photosynthetic parameters in
Salvia miltiorrfiiza Bunge

Temperature LCP”2 DR MPR NAQY
(umoljm’fs)  (umol COyfmss) (uimol COym’s) (mol COym’fs)

20T 18.487% 0.540° 5.102° 0.029°

25T 33913 0.776" 4113 0.023"

30°C 92.480" 0422° 1.766° 0.004¢

PLCP, light compensation point, DR, dark respiration; MPR, maximum photosynthesis
rate; NAQY, net apparent quantum yield.

PValues represent the mean (n=3). Means with different letters are significantly different
at p<0.05 probability level by Duncan’s multiple range test.

Lo WE while] Z4ES ZAEE A3t Table 33
2okt 9o 712 AEEE 2004 7P =9 24k
£ 0.698 mmol H,O/m*s& 25C th&o 2 =9t

Table 3. Effect of temperature on stomatal conductance,
transpiration rate, vapor pressure deficit of leaf-air and water use
efficiency of Salvia miltiorrhiza Bunge exposed to LED at 1,000
pmol/m’s of photosynthetic photon density, 400 ppm CO-

Transpiration Water use
Stomatal rgte Vapor pressure  efficiency
Temperature conductar}ce (mmo deficit (umol
(mmol/m’/s) HOjnls) (kPa) Coé/gr)nol
20°C 0.035" 0698 1918° 7.108"
25°C 0.024° 0.720° 2.848" 4955°
30C 0.012° 0.507° 4,023 3311°

"Values represent the mean (n=3). Means with different letters are significantly different
at p<0.05 probability level by Duncan’s multiple range test.
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Table 4. Effect of temperature on characteristics of chlorophyll
fluorescence in Sahia miltiorrhiza Bunge

Temperature V" Vi FyFm  ABSRC  DIo/RC
20C 0447% 0137 0.813" 2,049° 0.383"
25T 0401° 070" 0815 2177 0402
30C 0375 0693 0808 2317 0445

1)Vj, relative variable fluorescence at 2 ms time; Vi, relative variable fluorescence
at 30 ms time; Fv/Fm, maximum quantumn yield of PS II photochemistry in the
dark adapted state; ABS/RC, absorption flux per reaction center; ETo/RC, electron
flux per reaction center beyond Qa’; DIo/RC, energy dissipation flux per reaction
center.

Values represent the mean (n=3). Means with different letters are significantly different
at p<0.05 probability level by Duncan’s multiple range test.

Table 5. Effect of harvesting time on root growth and yield of
Salvia miltiorrhiza Bunge

Haesing e Rl oo dcr (D i
November 10 3553 38.00" 18.33° 3273
November 20 33.90° 37.83° 18.00° 297
November 30 3543 36.73" 18.36' 357

March 10 35.30° 36.97" 1824' 34.01°
March 20 36.07" 36.77" 1842 3413

Walues represent the mean (n=3). Means with different letters are significantly different
at p<0.05 probability level by Duncan’s multiple range test.
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Fig. 2. Effect of temperature on net photosynthesis rate depending
upon photon flux density of Salvia miltiorrhiza Bunge.

Salvinolic acid B (mg/100 g. w/w)

Tanshinone | (mg/100 g. w/w)

9000

7500

6000

4500

3000

1500

1000

800

600

400

200

(A)

Nov. 20 Nov. 30 Mar. 10

Harvesting time

©

Nov. 20 Nov. 30 Mar. 10 Mar. 20

Harvesting time

32 A28 A6E (2015)

Alge] 27, 2AA, AT B 12T Aele (I
G271 Sabel] 3 salvianolic acid B, cryptotanshinone,
tanshinone I, tanshinone IIA< HPLCE ©|&3lo] #-4I3t

A= Fig. 29F 2%ko ™ salvianolic acid B 10.177%,
cryptotanshinone-> 35.653%, tanshinone I 35.827+%,

tanshinone IIAE 40.044%-0l] AZE A} A7 &k
< #2493 A 3}(Fig. 3.), salvianolic acid B &2 F2HA]7]
7V =255 foe Srtske Ade Bloen 20154
39 200 $=&3F THito] 7417.75 mg/100 g & 7 =%k
I TS 201549 3¢Y 102 A|EE 6,058.81 mg/100 gl
on 2014 11¥9 83 Al8E 291.01~363.58 mg/100
go 2 1149 el vls) o] Fal 3¢ 2094 3 A&7t
oF 25.54] = gaFo] S7F8FIth Cryprotanshinone
2 2015 3¥ 209 &3+ A 57} 156.42 mg/100 gO. =

1000

(B)

S 800

z

=]

[=1

=1

S 600

E

@

c

o

i

£ 400

c

]

<]

=

E 200 ab a

d cd be
0 1 . . . .
Nov. 10 Nov. 20 Nov. 30 Mar. 10 Mar. 20

Harvesting time

1000

(D)

800 [

400 -

Tanshinone lIA (mg/100 g, w/w)

200

0 . 1 . 1 1
Nov. 10 Nov. 20 Nov. 30 Mar. 10 Mar. 20

Harvesting time

Fig. 3. Effects of harvesting time on content of (A) salvianolic acid B, (B) cryptotanshinone, (C) tanshinone I and (D) tanshinone ITA
in Salvia miltiorrhiza Bunge.

Values represent the mean (n=3). Means with different letters are significantly different at p<0.05.
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