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Effect of spermidine on seed germination and physiological characteristics of Perilla
frutescens seedlings under NaCl stress
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Abstract: Objective In order to get the method for improving the salt resistance of Perilla frutescens seeds and seedlings under NaCl
stress, the seed germination and physiological characteristics of P. frutescens seedlings were studied. Methods Several physiological
indexes of P. frutescens seeds under NaCl stress, such as the germination vigor (G, ), germination rate (G,), and germination index (Gj),
were measured. And other indexes of the seedlings like relative water contents (RWC), malondialdehyde (MDA), superoxide (SOD),
peroxidase (POD), and catalase (CAT) were also measured. Results The germination indexes of P. fiutescens seeds under NaCl stress
was inhibited obviously inhibition. But after the treatment by spermidine (Spd) at the different concentrations, every germination
indexes were all increased. And the seeds treated by Spd with the concentration of 0.25 mmol/L had the most significant increase in
every index. The G, was 59.7%, the G, and G; were 69.4% and 12.8, respectively. The RWC and total flavonoids in P. frutescens leaves
decreased under NaCl stress, but after treated by Spd, the rate of decrease had been relieved and the content of MDA was decreased.
The activities of three enzymes including SOD, POD, and CAT were increased by the treatment of Spd, and got the maximum (72.4
Ul/g, 8.7 and 8.8 U/mg, respectively) with the concentration of 0.25 mmol/L were got. Conclusion Spd with the concentration of 0.25
mmol/L could significantly alleviate the damages to the seeds and seedlings of P. fiutescens under NaCl stress,and promote the salt
resistance to the seeds and seedlings of P. frutescens.
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A AU R P AR 1) — 28 FL AT 5 A AR R VE R AT
X0y i IR T & Bk, EAE YA A 32 DA 2
A i GBROREEAAE . SEEYIEN T W2
A % (Put)y % (Cad). WHEHE (Spd). K
fi (Spm) 25l KEBFSTR], AMIETEZ AT L
BRI PR T R T AR R £
JHETT 5 5 Spd o A A BRI B A ) Ay g 10,
AMFFTH LU JR M-Il oA kL, BIEST Spd ) ER
JRER IR T AH G AR B AR A AR AR IR g e, $k 3] Spd
XF ERIME R AR T LG, A S IR A
SR R e () B (L E AR I RO L TV, XI5
(R TR BYE 2 IR R R 2 S
1wl

PR S8 0D 7 el o [ = 2R B 2 A 0T
FETERAL, PR K AR Rl A B ) T R S
4 Perilla frutescens (L.) Britton 1] 4§ 5 2 Fh 1,
Spd 4 Sigma 22 A7
2 7IE
2.1 FhFEREIRIERRRINE

priod 5.3 n U TN N N (SO Y L U R 2 =2
JaFIEAWE . TSR AN T, RS
7&K 4 h, FREAT 3 ANFIIAREE: 2 T
#H (CK1). NaCl 4b3igH (CK2) A1 NaCl+Spd 4bEE
M (T1~T3), WK 1. BB XUZIELRES
FRly, FERFRARPEAT (23£1) C/ (U5£1) T
ARIELER SR, JE U Y 12 h, JEEERSE Y 2 000 1x,
g R € SHAE RS R WL AR I NaCl ¥ i s 28 17K
ANEEFRIL 50 Rifpr, 3 IRER, BRERS T
R 55 RUFERZFER (G, 587 RibEKRE
(G MRFRE (G). HHRAXWT: 6=

F1 WEAMHTFHOLELEAES

Table 1 P, fiutescens seeds treated by different combinations

i ddH,0  NaCl/(mmol'L™)  Spd/(mmol-L™")
CKl1 + 0 0
CK2 — 100 0
T1 - 100 0.10
T2 - 100 0.25
T3 — 100 0.50

“+7 REM ddH0, “—7 AREARIN ddH0

“+” means add ddH,O, “—” means not

5 d WERFEMFFE/ SR a R 774G G=7 d
PR ZE IR 5/ BRI T R 74 Gi=X(G/D);
WEIRE=SX Gio Hrh DoARFHE, S AR
K, G N5 DM IR R R 4L
2.2 HEFEREIBIEFRAINE

by T I TR (/SIS o0 % b - P L e
MIEFEMLA I, MR 2K, SRIEH 12
Hoagland 55 FR i3 AT /K 55 22 09 | JL 4, %5k 2
ST AL, REANAREE 1S KR4, 3IRER.
FEWTit Spd BF, ZEXTLE AT B, T
LA K AR . 6 d J5 IS 7 AR Sk s I
T (MDA [HECRT 3 AT GBS 1 o

Fz2 WEAYENAELEAS

Table 2 P, frutescens seedlings treated by different combinations

NaCl/ Spd/

Kb F 1/2 Hoagland 4 .

(mmol-L ) (mmol-L )
CKl1 + 0 0
CK2 + 100 0
Tl + 100 0.10
T2 + 100 0.25
T3 + 100 0.50

“+7 RN 1/2 Hoagland 55779
“+4 means adding with 1/2 Hoagland

220 WX KERNE 28 He Sy
B SCRREETURE, SRR BN A 2R K IR A
s WAL 78 73 RO K A3 I8 B AT, FRICARARTK 43 ot
&, E 105 CFATH 30 min, 2RJE74E 80 C R4t
FAfEE U, 3 IRES., A S K E= ()R
H— TR / CHURIEE R — T ).

2.2.2 RO RBEE N E  ERCR IR, &
CK1. CK2 1 Spd (0.25 mmol/L) 3 Ff4b®E, 10 d
120 d J5530 2 DOl YR B B B
FEE T 1R A SIZ 6 38 5% L 1) P il I v kA 7 )
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2P BBRLE A 1730, 50% B P HREL 40 min,
RJE 70 CAKIBIRIE 1 he
2.2.3 MDA JillE S Velikova ZPmt e
FLZ R (TBA) K, LA umol/g %7k MDA (1),
224 EBEEALYEALE (SOD) WEPEMME  SOD
IR 3K WA vk 3047, LA NBT
IR R 50% T 75 (B4 1 MB35 (WD, oF
HHEE ), DL U/g kKR,
2.2.5 HEALYES (POD) WETEIIE  POD KH
ABIARENEATIERY, DI IROEE (4D 1
A I TRBEG SR, BRICARESM Bl A 98/ 0.01
&R 1A 1A (U,
2.2.6 HEAEARE (CAT) WEMEMIIE  CAT R
MR LI R, DR Bl A D 0.1 52 LA
1 ANEE )54 (UDs
3 HR55H
3.1 RERE Spd FFEME T K7 F A & IS0
M 3 i LA, KRR GE T,
G G, #AH A, 5 CK1 1) G, (52.3%) G,
(60.2%) XL LA W, CK2 WHEHHMT G,
(34.6%) F1 G, (40.2%) #BA 2 E HFFE (P<0.05),
XK B CK2 A4 TR0 M1 I IE R i K.
{HIE 4N it Spd 5, Gy Al G, Bt Spd # LT
WORE ETHES, Y Spd ikF] 0.25 mmol/L i, G,
G IEFIEK, 4390 59.7%F1 69.4%, L4l
NaCl AFHIEE T 25.1%81 29.2%, JFH AT
K1o {HJE 9 E P K4 0.5 mmol/L i, G,
G BKE 32.7%F1 39.4%, H- KT ¥4l ] NaCl
WHSEE R, GINEREHRS G M G MRk
PILA . 4 NaCl A PG, G2 W i PR,
AN Spd LLG, Gy B, 24 Spd IR
#]0.25 mmol/L I, Gifgmy, &3 12.8, JFHmT
CK1 (11.6). {H3&*4 Spd ¥ JEIAE] 0.5 mmol/L I,
G MR E 3.7, BBk, AER G GIEE Gy,
HA FE AR A3, 7EH CK2 b 2 1A
FRERFR A0S ZBRAK, UiPH NaCl #0750 Fh 1)
IEH AR, 1AMt Spd WA BHZEfE T NaCl ¥4
HIVER, JFH Spd #kEiAF] 0.25 mmol/L i, G,
R IR SIA B KME, Hs T CKl.
32 EAYEHHIEXERIERR
320 MR EOKERME SR HE TR
H, CK1ARER R 55 7K 24 91.3%, 24 54l H] NaCl
BRI, AR SR AR B E R, R

R3 EHMTIHARERERIER

Table 3 Some physiological indexes of P. fiutescens seeds

NG G,/% G/% G;
CKl1 523+£1.8 602125 11.6+0.8
CK2 34.6£0.8 40.2£0.9 3.840.2
T1 41.8%+1.2 523+1.2 75+1.3
T2 59.7£2.8 69.4+3.1 12.8£1.7
T3 32.7£0.7 394+1.1 37104
100  a
a
o | oo
b —
e 80 ot be
HI‘EF C
%
b1 70
2
=
60
50
CK1 CK2 T1 T2 T3

ANFINE FRFFR IR A AL BELE 0.05 KPAT B35 % =
Different normal letters mean significant differences

among treatments at 0.05 level, same as below

1 ZARGEMHRENEKE
Fig. 1 Relative water content in leaves

of P. frutescens seedlings

71.4%. {EE4JtnAME Spd J5, MR A& /KR
FRAGEAH FTes, 4 Spd WKZIAF] 0.25 mmol/L
i, FH A S KRN 85.6%, W& T CK2 4b
HEME R . WS — 2K 0.50 mmol/L i,
M AR K B SO R R, (R AR T
CK2. EARSZIGEIT 3 A Spd IFEJE I, YA
[FIFE S 2 AR FH NaCl Bl 1y 5 &S AR 5 KR
FERIIL G, dEo &Y Spd WK E 4 0.25 mmol/L Y,
AR TN o X UL SIS Spd Re A R Sz AR 4 T
TE SR E T FRIAHR 75 7K S B ) R A

3.2.2 X MDA KFHEm R 4 vJLUEH, 1E
HWAEOLT CK1 ARBLI4NE MDA IHEE(R, 14
0.08 umol/g, {HJELHE CK2 435, MDA A
BN BN TR, b CKA ) 3.8 5. 24t in#hJs Spd
J&» MDA 2 [T i sk e%, 24 Spd W EEIA F 0.25
mmol/L #f, MDA f8/, Uk CK2 AbHE 1) 41.9%.
XU R BE I Spd Xk 22 Sk i R 4% 4 Y
MDA = JFmE#EB AT —E MRUR, RERlEfE 0.25
mmol/L F EA W HRR .
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Table 4 Some physiological indexes of P. frutescens seedlings

AR MDA/ SOD/ POD/ CAT/
Ab# (umol-g™) (Ug) (Umg")  (Umg?)
CKl  0.08+0.01 32.5+18 32403 32+04
CK2 0314003 463+19 48+04 53403
Tl 0224002 608422  7.6+06 7.2+07
T2 0.13£0.01 724428 87408 8.8+0.6
T3 0284002 522417 72404  7.1+03

3.2.3 SOD.POD #l CAT 3 R4 AL BT PE 1 A2 4,
M 4 W LUE H, 25N Spd A HE S, 114 954)
B A SOD. POD Al CAT ()35 CK1 il CK2
FHEE, B A IR L e i, 3 FPEEIRITE PEIE 0.25
mmol/L ¥ B 1) Spd AL B 14 2 55 KAH, 43k 72.4
U/g. 8.7 U/mg. 8.8 U/mg. 4 Spd ¥K/EikF] 0.50
mmol/L I, EEJEMHEEE 0.25 mmol/L NG Fr %, 182
38R T CK2. X 3 M L % 54l i %2
I Jolp 200 BT 30 3 i o O PR RSP AR G AR T AR
(reactive oxygen species, ROS), Rl & 4 it i 7
Spd Jii, BEWS AR S .
324 CEGM T BEM ML hE 2 vLUE H,
Kopgert 10 d F1 20 d ARFR 5 B & A4 T ARk, 18
St A 10 d 5, F AR BEEE TR R ) S AR
AANFIFEEAR AL, L0 CK2 AbBE )5 F 3 B s A T
m, HEY CKI FEMtE ZE R AR E . 4t 20 d
ARBRJE,  HECEA W AR T RN, K CcK2
AbPR S BRI PR, S84 EREE. LR
JE 10 d 520 d i, £3d Spd AbFR S IR I F o
i 5 CK1 AL, #BsAHEm, (HEAELE 20 d
J&i, Spd AbFFEE FHNE E =T CK2. X i B 2
KW AEZ BN F W Ia S, SAERER RN TR, H
SETFRIMEREAS K . B M I R K, S
I BT RAR, 1 H IR R K, 5 CK
M ZE R . WEB IS FERE, e 2 i
(AR FASE PR IR, 17 Spd ALFRIRZE T i P
(RaFs, L2 AR B I SR ST S A Ty, X
B Spd X 4 FF R WM A T RE A PR S A R .
4 g
4.1 Spd B THEAMFRIEAEE

Pyl R YA K P LR B, H
B BRI R G I AE KR ERTER, il 2318
Fegm i, Uk e B gk,
PAFETE RS . 2 TAE R K

3.50
OCKl BCK2 m@Spd (0.25mmoL-L™)
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Fig.2 Content of flavonoids in leaves of P. frutescens seedlings
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AT R EF TR I (), R 2R R . ASsE g,
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CK2 ki, #AANFERER, mH G M G#
B, U] Spd AbBEAT LU R Bt i SR IR A A R
JHRIE A A RE
42 MREBEXSKENSHETE

E) /I SERSDNE A GEE /B3 S - N TR ST Wt EE |
MANFRIR N AE, T AN RS IE SR, Brbd
AN TR IR, TR RK. 1B
AHFFE, Al NaCl A5, HYAIRAIR 5
KA 91.3% (CK1) B3| 71.4% (CK2), {H
AL Spd ARERJE, R A KR B
g, ARG T ROKRERL . 2 HESRW i nl LA
TR LA TS K I N RS AL IR FLAR, b
KA ERP B, W4T Spd AbF g GELE
AT K IRG TR R o S SR A
AT ARAG WA TR K, (U A I 8] F
WA, HARAERERERIFEAR, P LA R i H s
HE L PR T S M . XA eSS T Eh ki
BEAIC T R N 1) 22 U BRA BE RS, T 520 T
TP B B e (2 Spd ALFIRZE T B FEAR
(RIS, S 230 A S SR ST At vy, IX T Spd
XF A ER PP AE N R A S I A A
4.3 Spd XEPETE7LEMF MDA BIEFH
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ER e R (A T AR KRR b Tl i AR A
MBI AR BRI Re S B 1), 3 BRI AN i &
PSR AN Tl 6 350 LA SO M R AR AR, 1T 4 R A )
TAR A o 3 4540 P 1405 2 200 R a6 v 5 i A Ay
ROS 774, Mk — 2 3 BURNGE K A= i A E T,
1M MDA X AR E ) E 4, BTl
Yk B a R, HAKNK MDA B4 TR, JF
AR R, HaBkE . T ROS 13N, 41
JAR N B4 LB (SOD. POD il CAT) 3 PE#I4
HH T LAEBR P E B ROS. fEARFFTH, HphH
AR E I, IR R ) MDA T R R R R R
45t Spd ALFE 5, MDA T s P A B s,
F 22 Spd A PR HE E TR IRl B 40 IR AR
EPERSERENE, MM T MDA B4, Tdiéa
RS EAE LRI Spd AbH S 3G AN R FE BE 3
Fe, S DRk 40 0 e 48 o e MR T BR AR A A
W ROS.

A ERAM T B 2 R E F IR e, ]
E5RR RN s RN A0 M el M AR 25, BELIE SR )6
R RS FIBEAR, 2. Spd 1 4ERF4H
Nt 28 P ST < e A i S te O V& g
fili Al Rnase [R13% k4 mma A I Peisifh . Spd nf LA
VEAME S RBIN 2 55 ME 5 Mtk i, 2
fErpaeR i E S EN ey ST P SR T RE L B
AR A A AN 2 i T8 L A R AN 2 1
(T, B A R AN 2R RN, AT R i A KB,
28 P30 SCRT LA A SR B ALVE T . O
HANEZ Jin] DASE w4 vy v a o, R e
RIS KA, FESE A FZRR RS TH
XA T B AR SR 058 s A9 5 1 R IR 2
—o TANZIEAER RS, T HoE H K, @
A S N ORA UG BRIE RS, AR E B, e
MR TE, X BT R R bE R R .

RSP RT ST S R, IR TAE 160
mmol/L ) NaCl &, A3RFEIH-—Embitt, Wik
HATIREL Ry o AL ARSI T i FH ) R i PRI B
100 mmol/L, BEZEIRE R, KAM I kR
DU T R S, X ] B S A BT IR R 2R
TR % CARSIESG BT FH (R 25 00 A W2 840, thrT gk
FITE R TR R 5% . TReR RSP G 45 R
ANRIEE R PR 05 A e sh A ORI 2200 o A 5K
B (R AP v, N 2R oo b ) I o 75 200 326 FH 53
Ryt e, S HE v 58 e 1) 7 e R o

g L RTIAR, @i Spd AbEEWT DL A
NI R R RE ), AU E PR B A A
AL, Spd XAV IALE, IELE TR AT,
FOKEMID, Wb T MDA HIFeA s, Ik T
AN EAE R, e TR IR 4
AL (SOD. POD Il CAT) FJiGtE, SuikRan i
WAL HEESR B T 95 . Spd AT Al
AEBRZEMF T NaCl XA, SRR AR
Ay A B . AEANFRR R SR b i Aol
AR, AT DGR AE SRR AT DA EOR B ) Spd #E4T
FRALEE, SRl gk re Sy, Bk pra i .
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