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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
nmol CO2/m2/s), stomatal conductance (0.035 mmol/m2/s) and water use efficiency (7.108 pmol CO2/mmol H20)
was highest at 20C. 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 oot 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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o} ©akel #Ele diE FaAdE O = tanshinone I,
tanshinone IIA, dihydrotanshinone I, cryptotanshinone &3}
Z-& lipid-soluble diterpene 3}3=} rosmarinic acid,
salvianolic acid B 52 water-soluble phenolic acid 3}3}&-9]
T3k FAE-S UEe AR =2 dEA UTh15-17).
Tanshinone-2 cytoplasm®l| 4] melvalonate pathway, plastid<]
methylerythritol phosphate pathwayol] ]3| AJ3Hd =
(18,19), rosmarinic acid$} salvianolic acid Bi= phenylpropanoid
pathway, tyrosine derived pathwayS &3] L-phenylalanine,
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acid B2 A3Echy B 189 th20-22). WebA 33 A
5, AXARREY F5% 59 22 &Exdo] A=49
Aol dEFs P 5 ol20) FEAE Tl F2

ACH
ok
rE
1o
=
03
o
(i
fo
grh
au
oft
)
1o,
ol
—o
N
ko
12
o
oL
Sh
ro,

decursin®] 32 AP A ol we} Zpo]7h Avkar B st
o (23), AHuhA] SLAETE 500 m ©]/Fe] AT
A AR 7} 3,700°C ©]3FQ] 39| decursin¥} decursinol
angelate 3&Fo] il FiFo] Yo rH R G| FgFol
AL ARG Bz o) A A e A
2 ZAMEATH4). Pl oS A=) AV IR YRR A
Hjze] ik Jdw 9 Faksieg o] Afel7t glle
SRR T} =24 Al A7 o] HIER C, 94
ZE 5= 3 T kst EAo] wodktha skt
(25). THS Iujoll A A=A kot BE e €
A el A F2EA 7} B E o] Tato] B E I o
A& 317 A9e] YR FIAME Aibo] Har Q). @A
7HA] Sat ALRS 91g AP RS flete] EAANES
Ag AshEd 54826), ARIF @), FE2A28),
AALREet HEAE Aol ek A7 FFHAS
B HaEE Tl & WS AL K53 S8k
A o] ©ake] A5 B fFadw I Wl vlX]
= G Ui A= AF3 Aol
upepa] B Aol s Sake] Al At 7)1 E
THE et e B, A 2 5L FEy
=

hu [S]

-

& 2T nED B HES Ad) A7) B
B, 5% L ARTFS BAAA

WL Lt

S EgoldEd HFdte] &
Ao 27047 S5 22 S A7 36 cm X =9] 44 cm
SeheE LEo o] 43} A emel me Wit
B, S, 65 JEAS 2ANEIL. 847
B o] A%, £ R AR BAL st 3% 9Y

T AYW w3y ) TR QA ES SaEg 0
w2014 39 o] B2 FAEle] B YTE A
A 2014 119 109, 119 209, 119 3093 2015
349 10¥, 3¢ 209 % 530 2H @S S

Cls
< SAA =RFEET FAEL BAFESA
(LI-6400XT, Licor Inc., Lincoln, USA)E ©]-&3}o] 7t
el ARk RS QS F7E 250 umolfs, <% 20
2CoA 24 9AJoll A 2% 1AI7HA] 3¥HE 0 2 S35l
o S 719 FFE2H--2 LED light sourceE ©]-8-3}
o 0, 25, 50, 75, 100, 250, 500, 750, 1000, 1500 LImo]/mZ/s-O/]
GAE -3 BB A 39S S8t BEAAA
(light compensation point), &3 8(dark respiration), <=4}
=& (net apparent quantum yield), Zt)33}d <= (maximum
photosynthesis rate)S- -5} TH29,30). F=4 &FuHg =
Z37] (FluorPen FP100 Fluorimeter, Photon System Instrument,
Drasov, Czechia)S A}&-3F OJIP 418 2087 $H4g] o
28171 Qo 1,500 imolim’/s®] B-S 1%3F ZAFSIAL 50
us(O A, 2 ms(@ ©A), 30 msd TA), 300 ms(P TA) <]
54 FUARE 390 2 2Hale AN, ONP 3
g B3] Bk Qo) AR WKV, Vi, FyfFm,
ABS/RC, ETo/RC, DIo/RC)E AF=3}9TH31).

o N ol
Jr N oo

1
T

Salvianolic acid B 3 Tanshinone Stgt=

EAE AEE S 40ToN dF xS F 49,
ste] ALEskATE AZ2E2 0.3 goll 75% methanol 50 mL
g 7k F 308 B¢ 259 FEINL FEES
Whatman NO. 1 &34 2 045 pm membrane filterE &3}
st BAE AR ARESkEth d@ake fE Aedd
salvianolic acid B, cryptotanshinone, tanshinone I, tanshinone
[TA+ HPLC(1260 Infinity Quaternary LC System, Agilent
Technologies, Waldbronn, Germany)S ©]-&3}30H #4
Z71& Table 13 2th 3 4L Sigma-Aldrich(St.
Louis, MO., USA)<] salvianolic acid B, cryptotanshinone,
tanshinone I, tanshinone [MA-S ©]-8-3}o] 23t HakAl o]

3] AA M F8tA

o
M

PEEIVEE TR

B Ave) BE A5 33 wEslel 243 B e
Wlek 2L 4 71 wele] Aol 283 by
Fre mele] 47, ADFE F2E A Pel5E 24
Joom AxFHe VXS olgala] 80T 48
AR B 2% TAS SYAAT 24 AP AR B



806 =44 8 A #2239 A6 (2015)

EAE24-2 SAS(9.13, SAS Institute Inc., Cary, NC, USA)
Z2 IS o)gaton ATt H] o A8 dd
v %] E-A4HE29 W (one-way analysis of variance)S A| 33 35}5]
11, Duncan’s multiple range testZ *2] H7He] 2914
2tolE 74581 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)

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

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 184877 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.

SME ZAL
oxd W thate] =A8-S ZAFS A= Table 33

29t} Qo] 7)1 ARTE 2 ocoﬂfﬂ 7P =9kal s
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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 040
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 miltiorrhiiza Bunge

Haesing e Rl oo dcr (D i
November 10 3553 38.00" 1833 273
November 20 33.90° 37.83° 18.00" 297
November 30 3543 36.73" 1836" 357
March 10 35.30° 36.97" 1824' 34.01°
March 20 36.07" 36.77" 1842° 34.13"

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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Fig. 2. Effect of temperature on net photosynthesis rate depending
upon photon flux density of Salvia miltiorrhiza Bunge.
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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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