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Effect of Exogenous 5-aminolevulinic Acid on Seed Germination and
Antioxidase Activities of Isatis indigotica Seedlings under Salt Stress

LU Tingting, XIAO Yunhua, WU Qun, TANG Xiaoqing” , WANG Kangcai

(College of Horticulture, Nanjing Agricultural University, Nanjing 210095, China)

Abstract: We studied the effects of exogenous 5-aminolevulinic acid (5-ALLA) on germination of seeds, the
content of soluble sugar, malondialdehyde (MDA) and antioxidase activities in Isatis indigotica seedlings
under salt stress with sand culture. The results showed that: (1) There were significant inhibition of seed

germinating and seedling growth in 100 mmol + L™!

of NaCl stress. Germination rate, germination vigor,
germination index,vigor index of seeds and water content were significantly decreased under salt stress,
while malondialdehyde (MDA) , content of soluble sugar, Cu-Zn superoxide dismutase (SOD)and peroxi-
dase (POD) activies were increased significantly. (2) Under salt stress, appropriate concentration ALA
could improve germination rate,water content,activities of SOD,POD and CAT, meanwhile reduce the con-
tents of soluble sugar and malondialdehyde (MDA) ,in which the germination rate and germination vigor of
seeds were the maximum, and the activities of SOD, POD, CAT were the maximum by the treatment of
16.7 mg + L ' ALA. It indicated that salt stress could obviously inhibit the seed germinating and seedling
growth. Appropriate concentration ALA could effectively alleviate the damage to seed germinating and
seedling growth of I. indigotica under salt-stress and promote the salt resistance, especially the effect of
16.7 mg + ' ALA was the most significant.
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PECHE W) B B ROl R E R A B S E
N FAERME Y FR W (Isatis indigotica Fort, ) B+
W AR S ALA S 95 M 25 2 A W RHBCA FR 2 7] 3
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1.2 FFREREEERNE
1.2.1 NaCliR BRI & PO i fn iE /b v, &
1. 0%, (W /V)NaClO 7 10 min, Jf] 2518 K wp % T
e, PR OK AR T & T N 15 em N4 2 JZ I8 4E
Y35 7R ML S 4 L 30 KL A7 4% n A 0.50,100,
200,400 mmol « L™" ) NaCl #¥ 20 mL, & TR
B RN B AR IR g (20 = 1) CLOB M ]y 12
h/12 hOe /B0 OEIRIRE S 2 000 Ix, ARG

KR T 8 RIT B H R 25 3, 0 8 3 B T4 Wi b
T-Hy NaCl i e i .
1.2.2 ALA % NaCl B8 (RIEAF W E T
P W o 25 9 S5 9 45 R (&1 1), 6 4% 100 mmol »
L'y NaCl AE #5885 Fh 1 5 4 i £5 W 38 19 7% 0.
KRR T8 T NAR 15 cm AT 2 )2 IE 4R A 5 32 1L
W BRI 50 REAP T IR A 100 mmol « L'y NaCl
W 10 mL; ALA &% & 5 A~ K. Bl 12,5,
16.7.25.,50,100 mg « L " Ehri g9 %6 2 KB A
[ B2 1) ALA WG T3, B — D BEFRILM A 5
mL ALA, 5% % X I CK, (0 mmol « L' iy
NaCl #1 0 mg « L' B9 ALA) Fl £k 1 38 % B CK,
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U=+ g ' »min RER; ALY (POD) R H] &
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L 0 8 A A RO B S AR T M Y
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W T AR TR C A2 B T B E WG
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ZEAR (10, 33%0) B Al i 25 T 6 B (AR 7 1 8 &
SZ BT T E MR s 7 400 mmol « L' NaCl kb3 5
Fh ¥R 2E5%00 0 SR F o8 2k LW R Ae 1.
I ¥ 100 mmol « L NaCl AE 2y 5 2248 i # 7 F1
o)) P b ol 300 B 5 ) 3 R R B
2.2 ALAXEHHETRAEMFHEZNIM

1R R o R iE (CKL) &b 3 5 #8 #
Bl 19 & 2F R AR T X5 B (CKL ) 5 AS [ ¥R B 1Y

ALA RLBLJS Fh 7 A& ZF b ALA ¥ B2 (3% i &
B SR S TR &S IR T, PR R
i E R (85.33%) . HY5 CK, LR EMER.HE T,
TS Ab PR A 28 32 10 3 FRAIG, B8 2 AR T 3 e b
2 CK, . 5 SRR RN T R ZF 82840 5 R 28 %
VAR, 2548 W3t Ak B CCKL) S5 9 & 28 3 i 2K T 0
HRCK s BE 35T 1 & 2F BB B ALA Y BE 1 38 Jm
BEIET S GRS L T, A K ZE B
B (85, 00%) ., 5 xf M CK, £, M & & & T
CK, 5 A 5 e BE ALA AR (T, F1 To) 1 & 28 3
M E8 T CK, 55 CK, TR FZES . UlliEHE
W RE R ALA AT LU RS2 fiff 25 30 0T #4351 1 &
KA TV D T 0 e B ) ALA AU B 2% i 6 i
SER-A T A T s kG W U DR

] i L 36 38 4k B CCK,) J5 1035 7748 BRI & 2
FEB B AR T X AR CK, o AW ALA Ab B X
AR W38 R R ZE RS 06 4R BN S AR A 2
B4 ALA Lb PRI A 258 48 BOMTE J) 8 803 B F R T
CK, WK1 Ty~ T, AbFE e Foi & B & & T
CKz » Ty %ﬂ Ts ﬂfiﬁ%ﬂiﬁ: CKZO /E\:E':‘?Tl ’\“Ts
WO R ZERE A S TG IR A L T, A B R R, T
M) & 28 48 B0 5 05 J1 38 $ar B e CK, B 25 B AR
13.25% 1 25. 86 % . 1 Hb CK, 2» H4E 5 T 28. 83%
17,51 % 510 Ts ADFRAY K ZE 36 505 06 T 8 B fE 45
ALA fb B S5 AL 43 ) 2 KT CK 162,61 % Al
84.34% , i ELF CK 244. 48 % M175.17% , Al W,
R B ALA B i 2 52 Eh A R RS AN Y
KRS W P8 A (0 R v ALAEE 34
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Fig. 1 The seed germination rate and germination vigor
of 1. indigotica under different concentrations of NaCl
The different normal letters mean significant

differences among treatment at 0. 05 level



2040 [T A i N // M= S 33 %

R1 ALAMEBHETREMFHRFE LFE KAFEHGEHEHBZMW

Table 1 Effect of ALA on germination vigor, germination rate,germination indexes and vigor indexes of I. indigotica seeds

Ak ¥ & R & ik 1 5
Treatment Germination rate/ % Germination vigor/ % Germination indexe Vigor indexe

CK, 88.0040.02a 86.0040. 0da 70.0542. 70a 2.6546+0. 2350a
CK, 68.0040. 03¢ 62.0040. 05¢ 47,1744, 68c 1.674740.3697b
T 84.6740.03ab 82.6740.01ab 60.77+1.96b 1.9680=+0. 2009b
T, 85.3340. 06ab 85.0040. 04ab 57.4344.20b 1.834340.0719b
Ts 83.3340. 04ab 76.6740.08b 60.20+3.77b 1. 7690+0. 2028b
T, 65.3340. 06¢ 61.00+0. 10c 37.8144.96d 0.7738+0.1120¢
Ts 56.6740.01d 55.3340.03c 26.19+1. 85e 0.4158+0.0838c

¥ :CKy. G NaCl fl ALA b Bl CKo. #5388 %) B8 (100 mmol « L™! NaCD ; T ~Ts F£/RE 100 mmol « L= NaCl i it A9 3L Rl - 43 51 5 i
12.5,16.7,25,50 F1 100 mg « L™y ALA L35 R FAS [7) /NG 5 B R840 BLETE 0. 05 KA W27 T,

Note:CK; was control without NaCl and ALA treatment,and CK; was treatment with 100 mmol » L.=! NaCl only; Treatments T, to Tj;
were treated by 100 mmol « L.=! NaCl first, then spraying with 12. 5,16. 7,25,50 and 100 mg « L~ ! ALA,respectively. The different normal let-

ters within rows mean significant differences among treatments at 0. 05 level. The same as below.

T AR A FS R B TS O A AR BE L L ALA HAE G HEEE ALA WREZRYAR S SR BOR BT K.

AR RE 58 42 Ak bR 2R W 19 13 5 (] b5+ 6 bl 3 A B S S 5 A0 B R ] R
2.3 ALAXTEMBARESEBRSKENZIT A B LT AR E ALA Kb HE i R b ia 4

HI Tl i B (T5 . 100 mg « LAY ALA ZLFE WA nT PR & 2 10 35 AR, LA B 1) A7 A S8 55 1
MRS RS AR AE T 4l i i B AR Ak D e e, Hoh AR M AR B CCKL) Ja S A el i
W N RS R SRS R E T T ~T, MRS R CK B3 510, 6800 (P<C0.05) ; ALA
AhEE. NP 2. A AT LLE WL AR W AD i s B R e AL BRAREE A R B RV PR BB R ALAWE
(CKo) J5 [ 8R &k (84, 54 %0) L X HR CK, (88. 14 %) 90, A

N

VAR T 4. 0854 2T % 4 W 38 15 78 0 01 o PR S
R IRV HE ) ALA b B35 RE A7 2CH B 5 Hh W U 5 i
TG T AR 95 KR OF SR B3R CK, 7K i
Vo ELAS G R T CK s BEFF ALA ¥ HE G 19 4 £ @
A B 1 9% 55 K R S R £ S5 T 8 AR 0 BlacacT, T
R I LD T, AL BIAY 1148 K RS (88,3620, T
He CK, S35 75t 3. 8226 1 5 % M CK, ] JG & % wg  l2sp 2
PER 5. ECHERY ALA AbFHE Q) 8 11 48 2K i u E<% 100 ;
fIEFXHR CK, A5 CK, G825 X 3] £53 5 || ¢ ¢
ALA T LA AR B T A5 F Sk 15 "5 ﬂ
T 5 A ) ALA W BE A KK KRR Slekiek T T
2.4 ALAXMEMMNETHESETAMESH B < 000 C,
EF TR0 =S@005 e @ b

2.8 5 - Bt b B (K. ) J5 85 0 0 71 7 < g 000 ¢ LT
T R (0.035 3 pmol - g D WWIEWAKT §§<°~°25 m ﬁ m
(CK) F5 W 4 i M i MDA 5 & (0. 031 0 pmol 0.020 5 cK T, T, LT,
g D BRI 13, 87 Y0 s M T MEHE ALA Ab 3 S AL AT

M MDA 2 A [ B2 B2 3 B AT, JF B ALA ¥k e 4

B2 ALA XFER B8 T #3401 89 A AR S K (A
INRBLH SERE G TR AE AL HF DL T, Ak B i 4))

AV PR (B RN 8 A (OO 1Y R W

B A MDA 85 5 iz fi% (0. 025 2 FlmOI ° g DLt Fig. 2 Effect of different ALLA concentration on content
CK, #l CK, 435l EFEAIK T 28. 6126 A1 18. 7100, Rl of water (A),content of soluble sugar (B),and content

AR BE ) ALA b3 A3 T MDA A1 of MDA (C) of I. indigotica seedlings
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1B RIS B TR TR R G H LT CK,
M CK,  JELL T, ZbFRAT i PR & o B, H 5 0 R
CK, A E B #EEZE R (P>0.05,m T,.T, 5§ T,
AT PR R N BRI B AR BT ALAH
A 38 o AR AVRAS R &0 i AT MM R AR A
Wy R L H IR G 25 A 5 A BB 3 A Y A
SR A PR AR HEAT B UIE .
2.5 ALA 3t #hBhiE FRAERPEEENZE
2.5.1 BEAYENE HE2 A GAES 2
) EhBhaa (CK,) J5 HoAA o4 1 8 S A0 15 4k il (SOD)
T T s 45 ALA &b BRI R W38 75 % 4h i et
Fr N SOD & PR Bl ALA ¥ BE Tt i 52 58 T e )5 B IR
AR fE a3, IR DL T, F1 Ty AbFETE M4, B 8 3
i TR BRCCK, L CK) FH Al ALA AR 3L T, 4b 3Ry
SOD &M % m T CK, 15 CK, [A]JC i % % 2
S HEWER T, 4B SOD 3% M & AR I 5 Hi4k
b2 S W L U W RA R 4 32 B R a0 5
B P TR 8 6 335 ok BE 1 ALA T A 3005 5 FL AR Y
SOD ¥ Tt 55 » T F T HL 22 A 58 o3 1) 43 5%
2.5.2 WEAWE 5 SOD FE MR AL FS
4 2 B R A (CKo) Ja Hodk w3 &1k 9 i
(POD) 5 M 2. 35 FH i (36 2) 5 ZE Wit AS W] e B ALA
A FRJE L4l POD & 1 ¥ 8 3% TR CK
Ty ~T, AbFE R M8 52 & T 4B CK, L JF L T,
A ) POD 35 P A 2 e T Ay Ak 3R X
ML EsJe CKy il CK, (1 4. 19 5 F1 2. 21 %5 T,
Ab B POD i P e CK, i 35 BRI 14. 05 % H ) i
F T CK, 62, 70% ., 3 WIA8 W 52 2 3 Wy aa A
ALA Kb FCAAR 3 S8 Ak it 308 i 24 K s B T
R EE ALA b 3R AT #h W8 4 i POD 36 1%
B A T A7 A6 e 38 405 AT B A AR A
2.5.3 FEASE 5 SOD fil POD if k£ M A
FIEART] o 4 5 %)) v 2 B8R B 38 (CKL) J5 Lt B Py i
i A AL A CCAT) 36 P Foxd B (CK ) & 3 R IR (G5
F 2 ALA B TR EE 4 & i A ESIE M

Table 2 Effect of ALA on enzyme activities in

leaves of I.indigotica seedlings/(U + g ' «+ min ')

A ALY A R R
Treatment SOD activity POD activity

i S
CAT activity

CK, 77.769%7.612¢
CKy 102.789+£1.548b

6.333£0. 354f
11.989+0.472d

12.113£1.278¢
8.736+0.487d

T, 100.391+7.641b  18.57240. 684b 16.01943.895ab
T, 143.550+2.875a  26.54340.668a 16.493+4.633a
T; 135.001£4. 246a 15.450£1.479¢ 14.134£2.912bc
T, 68.908+9.951¢ 10.304£0. 461e 14.266+3.248¢

2), MAS TR e BE ) ALA AbBEAG#5 W mE A CAT 75 1
Pt CK, % T b iy T, A1 T, AbHA 2 35
FCK,.T; f1 T, Zb¥ 5 F CK, HAEH B &
KAV Horp T, A3t By CAT 36 P fe s 8 40
e CK, i1 CK, &3 Fh7%5 36. 16 %1 88.79% . 1
US4 I 2 B Eh W38 5 CAT 3% 1A B B A, i
ALA REPRREA 205 5 H CAT WG T+ & A Fl T 22
e AR W 4 1 2 B R a1

3w

AR A 7 rp B R R AR A A K Gk B R
W AW X CRBIGRE MEWREIT TR
GP 3mSR R — R IZ AR A T SR R
ML AW 5-F 3 BTN R (ALA) HAT £ it A BRI
ML AMEME ALA 23R 48 s T 8 N e
)R N o N = & VAR | G S )
W% T AR s X U BH T R Al AR 45 L B R
T RN PR GE 1. & EE A ALA W] L2 i
NaC1 X548 F i 38 05 5, 42 & Fp 7 09 e 58 6
F L AR R I B WO A ALA REA AR R
FAWEFP-FAESR M8 T R # &R ), HERIEH A ALA
WeEH 16.7 mg e« L',

% (MDA & B g o S A A i E 2 )
Z— IR I M Y /N R R i S A R
555 R I 6K 2 A IR B A B LA AR . AR SR IR A
WA A7 B ER a5 L H MDA &4 B s, 3
2 SO RS R AR T A AEARAE L 5 R R I R A BT
Al & AE ZE L 5 (H 22 FHAS [l v B2 g S0 U ALA AL 3 D)
J& » H MDA & 1 2 FEAR Ui W] ALA X8 22 £h b
38 P 3 B AR 1 B R Y 22 A AR T O A
16.7 mg » L'l ALA LbFE5CR bt .

AL T B I 2 8 3% R R R A B A A L
VS T 1) e 2 A R B 17 ok UL L A WT 7R 40 i N T HL S
W e R O AP B 2R A VR A AR R B b R
D110 i a1 7B = i O o 7 AN o 2 0
S K S D) RER A AR EE T AR R,
MRS WA 40 32 3 ER P 38 s AT R B S S i
P ALA b3R5 H S s i BT Feta ¥, H 16. 7 mg
< L' ALA b3 5 LT 5 MR & & 5 R S dh b
16 A0 T BEGE L, U PR IZ M BE ALA A R R
FiS K 52 3 10 1 10 38 5 3 R S 2% BROKOF

WAL P B AR B (SOD) | 3 & Ak 11 1§ (POD) il
i AL S CCAT) FEH ) 1R N OR3P B 3R 46 1 32 22 AR
B RS SOD 1 POD J2 By 480 3 1 420 M Hofth A i
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FF AN R G R Y. Y
SR Man 5 R G BB IR T R S e 2 5
SOD.POD Fl CAT Ff§ i 14 i 7t &5 % A ] 4. 40 50
mg « L' ALA B8 W% £ & %5 75 it 1) SOD,POD,
CAT J&H™ . ASLE sp B4l F 100 mmol « L' 1
NaCI(CK,) 4 B 5 , #4 & 1 i 59 POD H1 SOD {if 4
BT CAT 3% M F K. X A] fEJ2 K 4 NaCl X
CAT (52 2 FE t Xt POD A SOD f 5% e 55K 5 1
R ALA BIREE T it AR B gh i ek
1) SOD.POD 5 CAT #9 i M B 1 14 58 . 38 1 5% ff

AN R SR T N = K B N |
16.7 mg « L' ALA A % [F I, 3 R4k 37 il
A HE POD {5 14 75 b 23 3k 78 vb 1) 28 16 08 BE fe K, /]
AETE 22 fift 2 W38 45 F bl 2RI .

ZE EArk il it ALA ZbFRAE A @ 3w Sk haa
FAERDF W KRB ) S mn i 4l i i 3 R A
i (SODPOD,CAT ) i ¥ , 92 fif% 5 W 38 % £ 37 1 B
ARG BIR A S MDA (& & )8 %% MDA %}
FE ) A L BB 1) A A 3 . H ALA RS A1 & I
Y HUERE R S AL e — 2P

SE 3k
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