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Effects of different physicochemical factors on growth of tissue culture seedlings
and accumulation of total flavonoids in Saussurea involucrata
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Abstract: Objective To investigate the effects of physicochemical factors on the growth and total flavonoids accumulation of
Saussurea involucrata. Methods The dry weight and total flavonoids accumulation in multiple seedings of S. involucrata were
measured. Results The optimal cultural condition for the growth and total flavonoid accumulation of S. involucrata was as
following: MS culture medium adding 6-BA 0.5 mg/L + NAA 0.05 mg/L, 40 mmol/L of nitrogen source, NH,"-NO;™ (15 : 25), 40 g/L
of carbon sucrose, pH values 5.0—6.0, illumination intensity of 2 500 Ix, temperature 25 ‘C. Conclusion The optimal culture
conditions could significantly improve the growth and total flavonoids accumulation of S. involucrata. And the nitrogen, carbon, and
temperature have the most obvious effects on the growth and total flavonoids accumulation of S. involucrata.
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2 A% SRS 40 g/Ls pH A 5.0~6.0; JEHEERE 2 000~

2.1 HIEEERIESR

RINFEL R (25+1) C FEFR, Jeldm
JER 1 000~1 500 Ix, 12 Wd, ZHS5HHERE MS+
6-BA 0.5 mg/L+NAA 0.05 mg/L 55723k I, 4 JH4k
R R IEPUEAR /NI B BRI A — U R L 35 3
PERHT, (R TAEG Bl Eemh 2IA R A5,
FEHErh . BRIl 0.082 4 g/ i, R SZUGBEE
10 NESE . BMESE 27 RINE KIS AR T
JO £ L A
22 RBEMRWLEEE KR SDEREYE KRS0

YT MS E5 7RI A (NHZNO; #i1 KNO3)
WREZM R 5. 104 20 40, 60. 80 mmol/L, *%%
TRy S R R B AR A A

TREF MS Br 7k B ZUR B 40 mmol/L,
45 NH, -NO5 Eui1 437324 0 - 404 535, 10 : 30,
15:25.20:20.25:15.30:10.35:5#140:0,
EZ SNIIES S DN vy Y e/ 0=
23 BEMRLEEE KR SEIEYS A

YR AR SObE . R FUBERI A
VEN FAMERE, IR BRI 30 g/L, FHEHRIL
TV T AR A A

KRR, A ST E 42 A 104 20,
30, 40, 50. 60. 70 g/L, ELIAK LA ST Al
S AR R
24 EFEpHEMXLUTEEKESERENES
Id:ab-A10

VTR IRAE pH A, 35324 1.04 2,04 3.0,
4.0, 5.0, 6.0. 7.0. 8.0, 9.0, 10.0, FEKRIlIFH%E
TR L B A ) B
25 KBEEBEEMRUEZELERRLEMEYEK
=ppA

I3 R 1.000~1 5004 1 500~2 000+ 2 000~
2500, 2500~3 000 Ix YRR AT IR, R
L 25 S T R B AR ) B
26 BREMRUSELEKESERNENSHBFN

SRR 5. 150 250 30 CHHTRIR, HER
Ll 25 S R B AR ) A B
27 EFEZFHMESHRLUEEERKESERE
& RIS

MS E5FRIE N FEA KL FRILHT N 6-BA 0.5 mg/L,
NAA 0.05 mg/L At b, SRAREIRE R 40
mmol/L; NH, -NO; FL#I 2 15 25; B A RERE,

2500 Ix; WHSE 25 C, FHR S & T AR
Wi AR s
2.8 RUWEEFEEKHNE

G RN FH 28K SR bk 45,
T, 50 CHLTREE, FRESTHE.
29 EFYPEEIR ST

B ECR e e 0 T 0.2 g 4
BT 80% £ 10 mL 8 7 2 20 min, 2iE—74,
P AR 20 min, P8, WHJEW 0.5 mL, N 4.5
mL ZZ1%/KA1 5% NaNO, 0.3 mL, #£%), & 6 min,
TN 10% AICL; 0.3 mL, ##%), ¥#'E 6 min, il 4%
NaOH 4 mL, JanZE1/K% 10 mL, 510 nm A&l
FROGRE (A AH. FA TR LARIRE T VA5 A5
e )i FE €=85.925 6 A—0.830 98, r=0.999 2, I
W C O R E, ZeMEVEH] 10~60 mg/L.
210 HitAE

DL EScae 8 FL A1 SE 8, B 3 Ik, T
WA xts, LHREMAH SPSS 13.0 KA
One-Way Anova 73 #1 )5, AT ¢ K56,
3 BRE5HH
3 RARREMRUEEERKREERENE K
SR

RIS 40 mmol/L I, RiliFEAK
AR A R BB, RIS A R
KEIAH] 0399 6 g/iff, SR 4.96%. 1A IE
SR EE>40 mmol/L W, FRHIIMARAKE, Kb
HEZH B AR A SR 2R A R R AT B
grelign. fREE MS HFEHE T R EIKEA 40
mmol/L, 4 NH, -NO; Lufgl hy 15 : 25 i}, dAR5E
R T IR B K, 4308 0.369 8 g/ AT
5.42%, ZERWK 1. 2.
#F1 WEMNRUSEEKANSEIEMENN (X5, n=10)
Table 1 Effects of nitrogen source on growth and total flavor-

noids accumulation of S. involucrata (x £s, n=10)

BREWKIE /(mmol L™y TRE /(g MR /%

5 0.23+0.05¢ 3.96+0.40c¢
10 0.29+0.04 b 42310440
20 0.39+0.03 a 489*0.51a
40 0.40+0.04 a 496+049a
60 0.30+0.05b 4.151£0.50b
80 0.29+0.05b 4.13+0.47b

NEFREEIR P<0.05 AT 42255, FHE

Different letters indicate significant difference at P<0.05, same as below
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R 2 NHS-NO; bl R EEE KB EHENEIT
(xxs, n=10)
Table 2 Effects of NH,-NO;™ on growth and total flavonoids

accumulation of S. involucrata (x+s, n=10)

NH, -NO; T /(gh S /%
0:40 0.19+0.02d 3.79+0.43d
5:35 0.284+0.01b 4544051 ¢
10 : 30 0.324+0.02b 5161047 a
15:25 0.37£0.02a 5.42+0.50a
20120 0.254+0.03 ¢ 5.0040.51b
25015 0.2140.02 ¢ 4.08+0.49 d
30: 10 0.21+0.02 ¢ 3.76+0.40d
35:5 0.1840.03 d 3.50+0.46 ¢
40: 0 0.15+0.02d 3.12+044 ¢

32 BRRREREMRUESELERKREZETREY
=90l

25 SRR WY OB B A R Rl S AL B w2
1, R B MG SR A8 B e e SR R
VERRIS, BEAT ORI RIS, AR RIS B, S
M B30, /5 RERE 40 /L I AR A KRN B 284k
BRI L B d e, IR T TR IL 0.346 8 g,
BT 4.79%. BLJE, IR, Kl
T (0 2R S S T A Bl 2 AR
K, BTLCRE 40 o/L A szt PRt il =, S5 2R L
*3. 4.
F3 BENRLEEEKMESERZERFNN (X£5, n=10)

Table 3 Effects of carbon source on growth and total

flavonoids accumulation of S. involucrata

(xxs, n=10)

[ THE /(g™ BT /%
A B 0.37+0.02 a 42340.17b
ES 0.2940.03 b 40140.12¢
i 0.38+0.02 a 480+0.15a
Al R 0.314+0.01b 43440.10b

F4 FEEREWRLUSEEKMDERENZT
(x£s, n=10)
Table 4 Effects of sucrose concentrations on growth and
total flavonoids accummlation of S. involucrata

(xxs, n=10)

BERE /(2L T /(g S/ %
10 0.22+0.01 ¢ 3.26+043d
20 0.27+0.02 b 3.90+0.50 ¢
30 0.32+0.02 a 43310470
40 0.35+0.02a 4.79+0.38 a
50 0.31£0.03a 4321+0.46b
60 0.28+0.02 b 430+0.51b
70 0.24+0.02 b 4.01+049¢

33 EFEpHEMRLUEEEKELSEWEYS
nd:abA|

B 1 aTg, RIS EST IR pH HARK
(&N Ve, Hd pH 5.0~6.0 @A KIE EAK
AR WY E . A e EY & (THE) 15 pH
5.0 WA R4 0.31 giffl, J& pH 1.0 R4 R7 4
Wt OBGRT AR 0.09 g/l 11 3.44 f%, pH 10.0
GRCERTF i 0.174 gD I 1.76 £ BBl = AE
pH 6.0 AR i 3.43%, & pH 1.0 I B i &
(2.1%) 1) 1.63 1%, pH 10.0 (2.05%) I (K] 1.67 1%,
Ui R AT pH (AN IE & R L A KN
BIEE YA BRI ER IR A pH b
5.0~6.0.

0.4 c a b
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Fig.1 Effects of pH values in media on growth and total

flavonoids biosynthesis of S. involucrata

34 ABBEWNRUSEEKEIERENE KA
=AU
Pl 2 GRS A 2 000~2 500 Ix B A TR 1L
IEARE AR, BRI B 5 0.362 3 g,
ST AR B T 3% JGIERELAE 2 500~3 000 1x
N} S A B KR 3.05%. F e B KB
K ATLIRENRSE 71, SR 2 000~2 500 Ix 14 K1l
L B IO R
3.5 BEMRUSEEKEBARNEYS KN
W 3 AT, BEE R TR T e, Rl
YRR . i 25 °C, b4l
S AR KRR B 0.42 o/, WA 4.78%.
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Fig. 2 Effects of illumination intensity on growth and total

flavonoids biosynthesis of S. involucrata
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B3 REXMRLUESEEKMNEEMENSHZIE
Fig. 3 Effects of temperature on growth and total

flavonoids biosynthesis of S. involucrata

ST A BOE R ER 5 °C, SBTHG Ik
i KA 5.28%. WEA 30 CHIEIRT A K ITLh
RN, W TR, WOk RUEA 0.40 g/,
RIEHE R AU 4.71%. 2iE% 18, RERIRHE
JEh 25 C.
3.6 EFFHHEMRUEEERKRBENEY
BRI

WA BT R TR MEN 27 d K598, RiLlH
FEM R A KR AIA S 0.371 2 g/, RIEARE T4
8 (0.269 0 g/ffi) ) 1.38 1% B & E N
5.58%, sElEARREIRAAN T SRR (4.35%) (1)
1.28 %o Ut & T FERE IR A ALA A BT L
PR AL 2 3 A KRR B AR

4 g

ARSI W R R FE I A CELRS NH, 1 NO; )
SN A R, TSR (NOs ) fERA =
KT 40% I B A H) % 1l 2y 3 A2 AR 3 I AR
2, x—Ig 5%, Lamine!™. Pedro®.
Nussbaumer"”, Wang!" "1 #2152 240 8 A — 5L
AL, R A R LR S ) ARG, 1K
5k IS R 4 A — 8 AR R E
PIREILE, HS5HEYAEKMERFRIENE 54T
R, AR (NOy ) AIH B A& i,
R R, AR A, AT S M B 1)
VA o

e AR FEA b i i, HAMY
REZh MRS BLRE &, 1 HAR B4R — 2 BB K
T A PRI 2AS B Tt P A DR ZINANAS 336 Wi 20 5% i ) A
Kk i, 1 ELIE 5 M 41 55 1A AR RO AR
HI AR A e R 5 32 20 15 1 5% 7% v R IR B
40 g/L, A AT 1 1A KA S R S

i 922 pH (H 23 52 oA T 2 AFEIRES,
N T 5 M REL 42D 00 6 25 (R WOCRI A« pH 5~6 18T
R ER AR A . YIS FRIGR
I R s R O 3G R0 pH T AN ], AT 5%
W SERPI AR . 22 A5 I AR B R & i
VI A B S, T B ) s e
BRI R Bt R 55K pH {HAE 5.0~6.0.

TR T o Al B, R L
(P 1 DA G 3 IR - A sl - S ARAR U = (1) A7
ZEUCT], SR 2 000~2 500 Lx Hof A 11125 20 B
AR BB Rl A ' IR AR 14 okl 25 3
BT I, R E SEAK T i R R A
PIEREE R, ] A e 16 I i P FL R AR ARG =
IR GG CE R

—MRAEH AR TR LS AE 20~25 °Co IRAEAR
IR SRR B (R R AR IR (et S
FRAR A LS A, Rl 2y S 40 35 v A O B A
25 °C, BHEMAEY) G ROEEREN 5 Co WETHR
RF R S 2l 5 1 AR AR B AR 5 Rl H I
Mo GREHERINEERFRIE IR 25 C,

ARSI % I A A TR A A AL A BT B
HER A A AR ST A5 Bl FE AP R 1
FRAE . BRI BN R Ll S5 AR S S AR
R A BE, R I edt— D 1SR,
R A BRI R AR B8 B LA
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