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Effect of exogenous S-aminolevulinic acid on seed germination and antioxidase
activities of Perilla frutescens seedlings under NaCl stress
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Key Laboratory (Ministry of Education) of Eco-environments of Three Gorges Reservoir Region, Chongqing Key Laboratory
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Chongqing 400715, China

Abstract: Objective In order to get the method of improving the salt resistance of seeds and seedlings for Perilla frutescens under
NaCl stress, seed germination and physiological characteristics of P. frutescens seedlings were studied. Methods Several
physiological indexes of P. frutescens seeds treated by 5-aminolevulinic acid (5-ALA) were measured. And other indexes of the
seedlings like relative water content (RWC), the biomass, the content of soluble sugar, and malondialdehyde (MDA), the activities of
superoxide (SOD), peroxidase (POD), and catalase (CAT) were also measured. Results The germination indexes of P. frutescens
seeds under NaCl stress have a obvious inhibition. But after the treatment at different concentrations of 5-ALA every germination index
were all increased. And the seeds treated by 5-ALA with the concentration of 50 mg/L have the most significantly increase in every
index. The germination vigor was 71.3%, the germination rate was 90.5%, the germination index and vigor index were 15.9 and 0.129 6,
respectively. Every treatment of them coule improve the biomass and soluble sugar of the seedlings; The RWC of P. frutescens leaves
decreased under NaCl stress, but after treated by 5-ALA, the rate of decrease has been relieved and the content of MDA in leaves was
decreased. The activities of three enzymes including SOD, POD, and CAT were all increased. And the treatment of 5-ALA with the
concentration of 50 mg/L got the maximin with 0.79, 7.69, and 5.84 U/mg, respectively. Conclusion 5-ALA with the appropriate
concentration of 50 mg/L could significantly alleviate the damages to the seeds and seedlings of P. fiutescens under NaCl stress and
promote the salt resistance of the seeds and seedlings.
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HETESHERT. B, K. KBEREE
AT REZMRNEY, BAPR. BURMPLE
LA, O BT S R E R S,
FATWSBRRIE] G dEr e Y. Kot TE PE
B LA “ 2B R (1) 60 Rl 22—, BEK
WA A 20 A6 H TR TR 2 4R
FEZIHI Y 2R Rl 7 R 57, 4
A S 40 R a1 AR B A T T AR WLARE

g R A A AR R A b G,
H A3 (1) Eh it T AR AWK, AR b A i
BT ERIEFK. S-23E CHNTR (ALA) &
P A nNRAL S ) A P ) OGR4 R AR
LSRRG sy, IR R B EAL. PR
W, AN MR AR 1R, T H AT RE
Z 5K KGR . ALA /E R —Fg 8Y
IR AT, A WEICIE s e n] LA
TEYI IO PO PE, 32 v 1 ™ B OF o i st
Watanabe %5 1 H ALA Al (230t 5 #5.(1.5% NaCD)
S PR AR I AR, ORI B I DL B aE
AT — AR ZE . Wang DN F3E B
Bl FIFEWEE R AN ALA S0 3R A P55 A 11
PERERN, FF AN IR N ALA Fe Ak A nbuk
Lacr/NZIIRAN SEP®

BEAE 2 A R, M IR H A 2
B ARG BAL G, AW TSR G I
PP AR = 2, AR N R E T Rl
YRR B B AR, FRAERE TR
RN REATY ) B 52 N e SO = e R B W ]
LA VAL o ASEIG LUZE T3 -1 MG ¥ A4 KL
WFST ALA XF NaCl il b5 958 TR P A4 TR bR i)
S, PREGRERIA RIS, AR
A 30 1) ER B ) R BB AR, TR
KIARHE), RTa M S ph A .
1w

SR v PR AR B 2 A I ST A
fit, VYR KA A R B P B 5 e T
Perilla frutescens (L.) Britt. HJT k. ALA
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2.1 MFEARAEIBIEIREINE

TEHUERH: S G K N—SU KR, 0.1 %
HgCL 4 10 min, ZEIR/KMUE 3~4 &k, HBKAYR
W o I BT FH Y NaCl R B 4 TSEBGAS H 8 &
ST (100 mmol/L), ALA &'H 4 NGtk JE#:
FEMATALEE, WA 1o BRhF NG X2 9E 4R 3
FEILF, ERSFRFEIRET (23+£2) / (1542) CIH
AR TR, JCHRINR R 10 h, YEREEREE A 2 000 1x.
REAEEFRIL 100 Kifh7, B|H 4 X, FRENS
WIREL 5 RAFER S, 5T RIFE R,
REFFREFNE e WHE AR K= (5d
W S IIRFEL / BRI T A RO KF%= (7d
W ZERIFF / BRI A M T80 RFfTRE=
S(G/Dy); W HIEE=SXY(G/D). H:rh G, A t
WRZEH, DORZFHEL S A PHIREK.

R1 EHFMFHFRLBAS

Table 1 Different treatments of P. frutescens seeds

b H ddH,0 NaCl/(mmol-L™") ALA/(mg-L™")

ZF A% CK 1 + 0 0
X CK2 — 100 0
Tl — 100 10
T2 — 100 25
T3 — 100 50
T4 — 100 100

“+7 fRREIddH0  “—" REAIN ddH0

“+” means adding with ddH,O “—” means without ddH,O

22 HEEXERERRNE

MG TR A EH 2 SR TR 4l B A A S 5 i
Bl KRR 72518k vEid, ] 1/2 Hoagland 15777
AT KR 2 4 v, BT A (CKD,
NaCl 4P (CK2) FMKEAEE (T1~T4), HAKN
L 20 BEANAEEE 20 BRI, HE 3 K. EW ALA
I, T A v A AREA T W, R i LA KA PR,
EEGOE R ALA IR IE s, Ab3 R
JfEWE . AR 6 d JEMIEATOCHEAR, BARS AR
Y. TR A A KR bR E . M
i (MDA) . @BEAEALE (SOD). It4 1tk
Yl (POD) ML Al (CAT) Wtk
221 I SAEWERNE  WEA RSP Rk
TR, WRAFAEE L A S, Ak
PE20 BRA), HE 3 K.
222 MAAREEKE S8 He WL, &
PROETTE, ARG R R N 28K I 254 AT
L WSR3 IS AN, BRILHO RN IR 43 B i, 105 °C
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Table 2 Different treatments of P. firutescens seedlings R =R 7/{%@%[} 7/{%% AR ia 3 AHL, 3_1:

43 1/2 Hoagland NaCl(mmol-L™) ALA/(mgL™) HORSEFaHORE 1 5L —2. 434 NaCl 4
CK1 + 0 0

CK2 — 100 0 | :
ab a

1 _ 100 10
- _ 100 25 £ 60T - :
3 _ 100 50 i

B
4 _ 100 100 H a0y :

“+7” K& 1/2 Hoagland 3577

“+” means add 1/2 Hoagland medium

CK1 CK2 T1 T2 T3 T4
57 30 min, 80 C MR iEFE, R IR b 34

3 o VAR S KR D AR S KR = (iR —
ThE) [ OKWAEE e — T ) .

AFEVNG FREOR AR BLEITE 0.05 KFA W =R, T EIE

Different normal letters mean significant differences

2.2.3  AIPERE K MDA [l S Velikova 21 among treatments at 0.05 level, same as below

MEAR L Z R (TBAD filli%, LA pmol/g iR E1 REAMET ST LN

MDA #&, LA mmol/g BNy = Fig. 1 Germination vigor of P. frutescens seeds

2.2.4 SOD IEMERIIME  SOD K H 3k LIizaSIy under different treatments

JIiENE, DA NBT J6A6IE J5t 50% i (1) i 5 X

| ANEEE G (0D, FFSEIEES S, B Urg 0o 1 o

TR 00 | ° b

2.2.5 POD EPEMNIE  POD KA A GIAM 2 s

WU LRI (O Mk REEE I 5 Y -

KN, BIAEESM B A fH IR/ 0.01 5 S0 1 AN ) 20

AL (U

2.2.6 CAT JSPEROIIE  CAT SRS AMRIGEN 2

FE0S), DU AR A G 0.1 3 Xk 1 AN .

A (U

3 ZRESH B2 FRGETEAMFHEFE

3.1 AEREIRE ALA B THFrE &8RN E Fig. 2 Germination rate of P. frutescens seeds
1K 2 AT LAEH, LR T AN A Ak under different treatments

B, REFFRMRFHMAAFAREZRZL. 5 b

CKI1 RS (53.2%) FURZEH (75.4%) FHLLR] o b @ T

DU, CK2 BB T R 59 (31.3%) AR 5% ol O b

(50.6%) HEFEAE, XEW) NaCl AAELREMHT =5 7|

SR LFIERIIR. TI~T4 RIS, SHFFH 5 |l -

REFBFNR FE Y CK2 M A A RIFERE M3 &, X

BEAE ALA USRI KBTS, 2 ALA & .

2] 50 mg/L I, KRFBIRFRILBNEKR, 5300 CK1 CK2  TI T2 T3 T4

71.3%F1 90.5%, Lt CK2 43 732 & T 40.0%H1 39.9%, NG

LK AREERTALHN CK1. SRR 2 IR ——

15 100 mg/L N, RS 3ARUR S R BEK A 51.6% A1 Fig. 3 Germination index of P. fiutescens seeds

72.1%, {&T CKI1, {HARE T CK2 455, under different treatments
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Fig. 4 Vigor index of P. frutescens seeds
under different treatment

S, REZFFRECNE ) a5 1B 2 Hh R A%, it
ALA VU, REFFREANE JJFREEE T &, 4
ALA X3 50 mg/L W, R 2FFa BOMTE e 80 =
IEF] 159 F10.129 6, 5 CK2 (5.9 F10.048 1) X}
k=R EE (P<0.05), 4 CK2 1 2.69 1%, H
BT CK1(12.2 A10.099 4), {H24 ALA i53] 100
mg/L B, K ZEFRECFITE e OB AR 11.9
0.098 6, it B fa Ji A< 55 Ak B (1) R0 R AN I o it vk
EZ LR E T E
3.2 EAYEHIEXERIERR
3.2.1 A EFI FAD SR EE H
KIS aTLUE H, St ANFERAEE, IR A
R TAFRER R, £ CK2 A5, B4
YRR (46.4 mg), 5¥%AT LI AT AL P ()
CK1 [f4EY)H (58.9 mg) ML 7+ 3% (P<<0.05).
S AR FEIER ALA 35, 4Ry
5 CK2 HHLL, #AA A FRE 3R 5 . HEd 50 mg/L
(1) ALA ZbPES, AR E (554 mg) 5 CK2
M ZEREE (P<0.05), EAUAF] CK1 K.
i 6 WTLAE H, CK1 AL FE (1) A5 7K &
H 91.2%, NaCl ALBEJ5, AHXT K & AT 5
67.3%. JitiNANE ALA J5, HXE K E GRS
FHZE, 4 ALA 753 50 mg/L I, HAIX&/KE R
89.5%, WFmT CK2 Mg, Fiatikdt—01
KZ 100 mg/L i, A EKE TR~ R, HAE
T CK2o fEARSEIG T 4 4> ALA JTE kAT
W, YA FIREREHBZEA# T 1 NaCl i 5 [ 1A
XIS KE T RIS, Rl ALA 353 50 mg/L
I, AR . BEHIANE ALA RefA AU R4 w1
JHRIE T (AR 25 7K B AR R R A

Fig. 5 Determination of biomass to P. fiutescens seedlings
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Fig. 6 Relative water content of seedling leaves

322 MDA Kuli@EHEpEE e HiE 7 wLE
H, kSRR 52754 I - MDA &=
FEAE TR . IR RS DL N CK1 ) MDA #
/b (0.14 umol/g), 7RIt CK2 4b# 5, MDA 5
WG TE . At A B AR L O B B KM (0.38
umol/g), 4 CKI1 1] 2.71 fi5, ZREAERFE. Hid
AR IR FE I ALA Kb S 224 T MDA T s i
e, HACEE T3 55 KFRBEEE T MDA &= 17, 3k
R R R 2 (P<<0.05), {5 MDA ()
B RIERFGE 0.18 umol/g, 5 CK2 ML E R B3,
5 CK1 HAHZE R AR E . DL RS R Ui o
ALA A BB AT IR ZE NaCl Wit MDA FHi&
ey, H ALA Jy 50 mg/L AL 3 R 5ol B35
WA 8 i, hre T2 Irmt v rl i R R AR A,
CK2 AbPHJS, wI¥PERE )& (0.56 mmol/g) 5 CK1
(0.22 mmol/g) AHLLAT B2 BRI . AR ik
(f) ALA ZbFJ5, WA TERE R S Es i, Jf 5
ALA 24 50 mg/L I, & FHKME, 4 0.94 mmol/g.

Wi IH A BT IR FE I ALA REREHE R IR i
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Fig. 8 Determination of soluble sugar
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PRI IE TR ARAEaTS, wlE 9~11 Fras, 3 Fb
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0.05). fEAIIAFIWER) ALA &PEfE, 3 Fhlg#
RO TAHUAR AR TS, RIBEE ALA IR
T, 3 FIEGRIE R I B T s, It
HAREAE 50 mmol/L Wi 2 KA, 474 0.79.
7.69 Ml 584 U/mg. s EHSTHmE 100
mmol/L I, B PR35 22 I 46 FRAIC, AR5 AR & T CK 2.
XYL ALA X RIE T PR IRt v 3 Fiiilg
(RyE ek, M smAEAR PR .
4 g
4.1 ALA BT EAMFHIA AR

Pl 0 R e A AR A TG S LR R S B B
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Fig. 10 POD activity
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Fig. 11 CAT activity
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TR ZFR . R EZFRRR ZEFREH T CK2 ki,
HATAS IR (e iy, BB 2 3ARUR SRR B0 B
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Hitm, BERTIERERKMREE, #HALA S,
FEAE TR 95 Aot MDA &, 22 T #hxb L
MDA [HHEEFEI, XHAE— &R Fs T IR 1)
AR, P TR E M. LN T 45
HIKIEN ALA J5, 3 FiHis Ll (SOD. POD. CAT)
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WTUR IR SE R e BRI, 38 /R4 R TEH L Tk
JEE v I AR B RS (R 1, A8 R0 5 b L 1 388
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28 T35 By 1 1 A 3
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