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Abstract; Taking Isatis indigotica Fort. seedlings from Bozhou of Anhui and Yuncheng of Shanxi as
experimental materials, changes of some growth indexes, contents of indigo and indirubin in leaf and
epigoitrin content in root of seedling after spraying 50.0, 25.0, 16.7, 12.5 and 0.0 mg - L™
5-aminolevulinic acid (ALA) under 100 mmol - L™ NaCl stress condition were researched. The results
show that under 100 mmol + L™' NaCl single stress condition, leaf fresh weight per plant and contents of
indigo and indirubin in leaf of seedling from Bozhou of Anhui all are lower than those of the control, and
root fresh weight per plant, root-shoot ratio and epigoitrin content in root all are higher than those of the
control ; while, fresh weights of leaf and root per plant, indirubin content in leaf and epigoitrin content in
root of seedling from Yuncheng of Shanxi all are lower than those of the control, and both root-shoot ratio
and indigo content in leaf are higher than those of the control. During NaCl stress process, there are
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different effects of spraying ALA on growth and accumulation of active components of I. indigotica
seedling. In which, after spraying 25.0 mg + L™' ALA, fresh weights of leaf and root per plant of seedling
from Bozhou of Anhui are the highest and are significantly higher than those in NaCl single stress
treatment group; while after spraying 16.7 mg - L' ALA, those from Yuncheng of Shanxi are high but
with no significant difference from those in NaCl single stress treatment group. Indigo content in leaf of
seedling from Bozhou of Anhui is the highest (0.376 mg - g”') after spraying 50.0 mg - L' ALA | its
indirubin content in leaf and epigoitrin content in root are also the highest (9.977 and 0.229 mg - g',
respectively ) after spraying 25.0 and 16.7 mg « L' ALA, respectively, and all of them are significantly
higher than those in NaCl single stress treatment group; indigo content in leaf of seedling from Yuncheng
of Shanxi is the highest (0.282 mg - g™') after spraying 16.7 mg - L' ALA, its indirubin content in leaf
and epigoitrin content in root are the highest (4.526 and 0.301 mg + g™, respectively) after spraying
12.5 mg - L' ALA, and all of them are significantly higher than those in NaCl single stress treatment
group. It is suggested that spraying ALA with suitable concentration can effectively reduce the effect of
NaCl stress on growth of I. indigotica seedling and enhance content of medicinal active components in
vivo. In general, salt tolerance of I. indigotica seedling from Bozhou of Anhui is stronger, and the
suitable concentration of ALA for different provenances also has a certain difference.

Key words: Isatis indigotica Fort.; 5-aminolevulinic acid ( ALA); NaCl stress; growth; main active
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Table 1 Effect of spraying 5-aminolevulinic acid ( ALA) with different concentrations on growth of Isatis indigotica Fort. seedlings from Bozhou
of Anhui and Yuncheng of Shanxi during process of NaCl stress (X+SD)!)

ARk BT R g
Leaf fresh weight per plant

Ab 3 NaCl ¥ ¥ /mmol + L™ ALA #%/#/mg - L™
Treatment group Conc. of NaCl Conc. of ALA

HVETF LB MNP IR Provenance from Bozhou of Anhui

FARRAREE BT R/ g RO L

Root fresh weight per plant Root-shoot ratio

CK 0 0.0 14.07+2.51b 1.82+0.74cde 0.13+0.04c
TO 100 0.0 10.88+1.81bc 2.96+0.91bed 0.27+0.07ab
T1 100 50.0 11.66+0. 64bc 2.87x1.39bed 0.24+0.09abe
T2 100 25.0 18.39+4.92a 3.85+0.97a 0.22+0.07abe
T3 100 16.7 11.14+2.87he 3.20+0. 74bc 0.30+0.07a
T4 100 12.5 8.59+1.88cd 1.45+0.32de 0.18+0. 06bc
KR T I VG E IR FFIR Provenance from Yuncheng of Shanxi
CK 0 0.0 18.61+0.74a 2.66+0.87a 0.14+0.05¢
TO 100 0.0 11.61+0.91bc 2.56+0.26ab 0.23+0.04ab
T1 100 50.0 10.35+2. 15¢ 1.48+0.39¢d 0.15£0.07c
T2 100 25.0 12.31+0.97be 1.65+0.32bcd 0.14£0.03c
T3 100 16.7 16.67+3.07b 2.52+1.12ab 0.29+0.03a
T4 100 12.5 10. 11+1.74¢ 1.90+0.49bc 0.23+0. 04ab

D B R ) 1 /NG TR R AE 0. 05 /K- 1922 5 8 2 1 Different small letters in the same column indicate the significant difference at 0. 05 level.
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FXFHR, 7E 100 mmol « L™ NaCl i i 75 v | 5 it
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LTI S L 35 3 v T R {H S NaCl S— i
AbPEH 0 I 35 25 5 1 Mt 50. 0 F125.0 mg + L ALA
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ALA R U5 T2 Fl P R L PG 428 30 110 428 10 40 1 ) 45 0
AR AR AR BH 25 5 0 B T R 1 AN [R] 0 A i o 5
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2.2 NaCl BB it 72 RIEEiE ALA X AR EFiREAE S
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7E 100 mmol - L™" NaCl M8 53 # A0 1% it A [5] e

JEE ALA SSEAS [ B0 5 W5 4 1 - vl e i RN B R 40 5

i SR R B s L2 2,

2.2.1 stetAPREMREELLSETUHA  XORIE
TRBEM B R B 2 o e B AEE BALE R
IATEE R (e 2) BN AE 100 mmol - L' NaCl B—
EAMET G R e i e B4y R B EET
XFHR (P<0.05) . 7E 100 mmol + L™ NaCl fipif 1 5
M 50.0 ~12.5 mg » L™ ALA, Bl ALA ¥ FRAK, i
Fr e B B e W R AR, L Wi 50. 0 mg - L
ALA JEm A e s & &5 (0. 376 mg - g7') ,IF 5
AL A7 TR P35 22 53 (P<0.05) 5 i i A P &
CLE T IR ALA Vi B 3 A0 S22 AT e B i 5 v vk 2
A AR AR 34 Horp ) 553t 25. 0 mg - L7 ALA J5H
hEE RS (9.977 mg - ¢ ), H S5 & A0
[FFER 2R
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Table 2 Effect of spraying 5-aminolevulinic acid (ALA) with different concentrations on main active component content in Isatis indigotica Fort.
seedlings from Bozhou of Anhui and Yuncheng of Shanxi during process of NaCl stress (X+SD) "

AbPpzH

Treatment group

NaCl ¥ & /mmol - L~
Conc. of NaCl

ALA )% /mg « L7
Conc. of ALA

Brit/mg - g
Indigo content in leaf

e e iR i g R 4L
PO=N -1
HHE/mg g
Indirubin content in leaf

R RS
HHE/mg - g
Epigoitrin content in root

SKIE T LM BRI Provenance from Bozhou of Anhui

CK 0 0.0
TO 100 0.0
Tl 100 50.0
T2 100 25.0
T3 100 16.7
T4 100 12.5

KRV TF L PEE IR P AR Provenance from Yuncheng of Shanxi

CK 0 0.0
TO 100 0.0
Tl 100 50.0
T2 100 25.0
T3 100 16.7
T4 100 12.5

0.
0.
0.

0
0.
0

S O O O o O

453+0.007a 5.847+0.698b 0.169+0.005d
249+0.013¢ 3.181+0.090c¢ 0.181+0.001¢
376+0.005b 2.125+0.072d 0.181+0.001¢
.209+0.004d 9.977+0.696a 0.224+0.003a
183+0.002e 1.099+0.058e 0.229+0.003a
.172+0.004e 0.838+0.060e 0.187+0.003b
.212+0.007b 3.008+0.400b 0.526+0.031a
.246+0.009b 1.947+0. 116¢ 0.248+0.002¢
.270+0.012a 1.701+0. 118cd 0.201+0.006d
.241+0.001b 1.464+0. 149d 0.189+0.002d
.282+0.006a 2.820+0.070b 0.235+0.001¢
.232+0.009b 4.526+0.225a 0.301+0.001b

D ) H R[] 1 /NE TR AR AE 0. 05 /K- L (122 53 B 1 Different small letters in the same column indicate the significant difference at 0. 05 level.

X RUE T L VG 2 Ik %) R 1 40 P R R e R e
LGRS R (£ 2) B/R 7 100 mmol » L7
NaCl B— 38 2040, @yt it e i 75 S ek o 1 X
R R4 5 ) AR T XTI, 7E 100 mmol - L7
NaCl frif1 i B2 HP st 50.0 ~12.5 mg - L™ ALA J54)
B R S Y T B ELEiE 50. 0 A 16. 7
mg - L7 ALA J5 M R v e i & 2 3 T R
flAbFEZH | HrR i 16.7 mg - L7 ALA J5 M A rhe i
SRR (0.282 mg - g s IR e T 2T A 0 B
FOALA R AR 2 I e 32 I R AR v e B st 33 )

B I 12,5 mg - LALA 5 A g R4 s
i (4.526 mg - g '), Wk TN AR R H b A B
4,

iR 25 R . ZE 100 mmol + L' NaCl BA— il
ST SRR T 2 N B RS 1 4 v i A o e
LU BRI 45. 03% , TR U8 T L PG 3 36k %) s 1 40 7
R e S U T TR T 16. 04% 3 R IR T 22z M
FNL PG IZ IR &) B i R v i B 20 1 43 S b ) BRI
45.60% F135.27% . 7E 100 mmol + L™ NaCl i 52
Frf Wt 50.0 F125.0 mg - L™ ALA J5 I8 T 228
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N L R e e B 40 m X a s, o
NaCl Bo—Jipif ZbFHZH 7 51.00% Fl 213. 64% ; 11 5 it
16.7 F112.5 mg « L™ ALA J&, R IE T 1L 7932 3 19 4
B R e R A EE 20 s A e, 0 ] NaCl f—
JifiE AL FEZH T 14. 63% F1 132.46% .,

RS R SRR T LB I RN A
FhE W FTEE B 210 A BURTR B4 NaCl 36 i) sk
5 FOREF I PYiZ IR PS5 4 1 . #£ 100 mmol - L™
NaCl JPpi8 254 T Wit 18 Bk B2 1) ALA B3R S A8 1 %))
B R DY i RS R 2D i, b W e v
(25.0~50.0 mg - L") ALA X R V8 T 228z M i #i
WELNT A e RS 2L B R B A A T i A
WeRE(12.5 ~16.7 mg - L") ALA JUI X SR ¥ T 111 Pz
AR T ST R b e R ELL AR R A
2.2.2 MR PEERELSFTAY R MORETLH
N AR RSB rh B 5 K B s A BIr 2 SR (3R
2) 7R : 7E 100 mmol - L' NaCl B—Ppitt 244, #5105
WP REGRETE R ES TXR(P<0.05),
£ 100 mmol + L™ NaCl W38 3 F2 rp 1§ 7t 50. 0 ~ 16. 7
mg -+ L™ ALA J5 iR 3RS B bl ALA VR RS
RIZ TGN (HAEBE 12.5 mg - L7 ALA Ji XA fr
% Horb Wi 25.0.16. 7 F112.5 mg » L™ ALA J5 R
RS E & & T NaCl B—Jihaa 2b gl | H
Wit 16.7 mg + L ALA J iR b R IKF S E RS
(0.229 mg - g7'),

X R UE T LUV 3 3k A 4 1 40 AR T SRR
HITHTE R (3R 2) WK 7E 100 mmol - L™ NaCl
— A AT, g AR R R R E o R T X
B8 7F 100 mmol - L™" NaCl Wi i 72 H B8 i 50. 0 ~
12.5 mg - L™ ALA J5 , R R 5K FE & bl ALA ¥
JEE AR AR 2 I e B2 I AT v R B ISP 15 Iy ) Horp
Wit 12.5 mg - L' ALA Ji AR P REIRE T E RS
(0.301 mg - ¢™"), 3 T H A AL BEAHH & KT
X

Fe A2 W . 78 100 mmol - L™ NaCl Jifrif 4544
TR T LM A L AR TP R KR S R L
X 7. 10% | R UE T 1L VG 32 3R 9 407 i AR rh 454K
I X} FRAR 52. 85% 5 £ 100 mmol « L™ NaCl firi
ARG 16.7 F112.5 mg - L' ALA J5, KR T %
BN AL VYIS IR D) i AR Th R SRR & i R,
439 b NaCl B—Bipie AL BRZH /55 26. 52% F121.37% .,

FIRBFSESE H5 B . 100 mmol - L™ NaCl 361 %f

R T 2B M MRS L i AR R IRE R R A
I X8 A 5T LU P A ) S W A AR rh R SR Y
FRE WA MEIVEH . TAE NaCl JBiraE 2508 T Wit i F
WEE ALA WA T8 W5 4 i A b R IR R IR R A
), HomtitE 25.0 A1 16.7 mg - L™ ALA X R JR T 4%
B N FA B S AR rh SRR IR R A A T i
12.5 mg « L™ ALA DX >k U5 T L1 75 38 388 1) s 1 400
R R EARBF R EGH],

3 i gd

T FLVREE ) ALA RE8 AT RU D% AT ) BT 18 52 1 45
P g B aE 455 3 2 5 Balestrasse %' A ALA fig
STIRUE/ 3= IEARE g - S OREE ¥ SR @R Y IS ERON
[ Glycine max (Linn.) Merr.) AEAK A9 B IR PEAG 3, 1
X R AT MR Y AR D0 B AT A A AN ) 52 e 5 5 AR R
VTR R SE A5 R R I AR ALA BT LS figt ka6 it
¥4F ( Fragaria x ananassa Duch.) M F PS 11 #4475 3
BRI R = G RE S AL B R A e T, DA
PR R B, APFSEH, 100 mmol - L' NaCl
JUlAE 25 SR U 22 A0 R L VA R S o 4
PRI R fi 5T B IR T R SRR T L0 P a2 A 4
FARRAR G 5T i AKX IR F RS W A A K 1 A2
Bl T B AR 5 (R R T2 Bz M A &0 B RR AR
i 5T D v TN R SRR IR T e M RS iE 4 i
it PR P BE 3 TR IR T L PR as i 4 i . 76 [ K1
NaCl JHp e B BT Rl B ALA J5 #S WE 4l B
FIAR A K 22 SR, e Eit 16.7 ~25.0 mg - L™
ALA J5 U8 T2 80 N 1) 4 v SRR - ARAR £ I3 i
P E 5 T X R NaCl B — i b B2H | R B —5E
PR P 5 T R VR T L PG A2 IR 1) 4 Y AR Wi ALA S
PR I T B IR T B e AL 250 il 167
mg - L ALA AbFRZH BRI 5 5 5 T NaCl 52— Jify
AP, GBS B S ALA REAE — B FE B 2 it
NaCl B8 % 1L P93 RS JE 4l i 03 3 . 256 L Aess
SR 7 B PG I3 I RS EE A7 A T B AR T
7 B RN RS A

FATE 2 H B 25 AR , PR e R B A 7 e 7 rp
AMUEE ST LG 77 o A 8 A P 3 B 1 B
SRR, S R TS B L SR T
MR ERE R HEZ AR, 430l 2 25K
T RURR AR A B AR A AT e e
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JEBEN , A5 NaCl MBS AR B ALA XSRS ) B A K 8 32 20 P o) & B 52 61

FRENGIRZGRL, PRI, 7EA8 0 A 4 A8 v 2R B E
AR PR I, PR R W i DA e 25 A
OBy Er R BT 2 M P R i, R 264
Gt kg TN IR NSl p A T S NS g VA N (NS
0.02% (Bl 0.2 mg - g™") 7™ MiEAR b IR E S
R AMETF 0.02% (R10.2 mg - 7)) 7" ARBFITL
RWIR AREF RS B 20T gk 2 A7 s
WA RS EY R ER T 0.2 mg - g7,
ERIE T 2R N YR i R IRE S =T
0.2 mg - g RIE TIPS MG AR h R EIRE S
A FE] 0.2 mg - g7 5 MIAE 100 mmol - L™ NaCl i
5 T WS B ALA ZbBRS 2 SR L I A
s B4 S AR RS IRE S /Y& T 0.2
mg * gfl , HoP i 16.7 ~25.0 mg ° L7ALA J577H
RN GRS 05 A i b e R 2D i AR th R
AR S B T W it I VA B2 (12,5 mg - L)
ALA JUPXE ™ F L PG 32 308 P8 1 &) A PN 5 20 R R
HIRF R AH]

WoE 4 RS R 35 B (50 mg - L") ALA
ARFEAT LR HE R 100 mmol + L™ NaCl ke 4544 2
X ( Pinellia ternata ( Thunb.) Tenore ex Breit.) 4} 1Y
M A8 1 B 225 o (AR B & i, A
SR 45 R 7 . W8 it 35 B VR BE ALA AT LUAT S0k %
NaCl JBir3 %] 5 5 &1y B 00 03 3, I B4R ik LA P e
Bt B2 R ERBEFAEWHE R R R, ik, R
Fe o0 A ER B A BT, A FE Ak i R R RS R
IR ER BT A - SRR A A S e T I it 3 R vk
JE ALA, DIAFIE S AE R AR 38 m 24 RS PR o &
IR H Y,
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