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#MALFE ( Limonium aurewm (L. ) Hill) AL BFFEHT T A R BE NaCl i o oAb 8 A R0 4010 26 7= A= B4 il 310 S VB
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SRR AR A ;B AL AN I 5 S SR A T

Effects of salinity on seed germination and seedling growth in halophyte

Limonium aureum (L. ) Hill

YOU Jia, WANG Wenrui, LU Jin, JIA Pengxiang, MIAO Jianshun, YANG Yingli "
College of Life Science, Northwest Normal University, Lanzhou 730070, China

Abstract; High salinity, especially in the western arid and semiarid regions of China, is a most serious environmental stress
that imposes both ionic toxicity and osmotic stress, leading to the reduction of plant growth and crop production. Halophytes
widely distribute in these regions, and the research in connection with salt tolerance of these plants provides a theoretical
basis for resource exploitation. Limonium aureum (L. ) Hill is a typical halophyte in the desert with the strong ability to
resist salinity and alkalinity, drought, wind and dust, and it can efficiently fix moving sands and reduce the soil salinity.
Additionally, this species owns potential economic values as a source of medicinal compounds. Seed germination and
seedling growth are very complex physiological processes that can be regulated by stress environment. The aim of this study
was to investigate the mechanism of salt negative effects on seed germination and seedling growth in L. aureum (L. ) Hill
cultured on 1/4 Hoagland’s solid medium supplemented with different NaCl concentrations. After surface-sterilized with
0. 1% Javel water for 10 min, the plump and excellent seeds were treated with 0, 25, 50, 100 and 150 mmol/L NaCl and
germinated for 7 days. For root and shoot growth experiments, seedlings were also cultivated for 7 days. All assays were

replicated at least three times to minimize experimental errors. The results showed that; 25 and 50 mmol/L NaCl had no
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effect on seed germination and seedling growth in L. aureum (L. ) Hill, and even significantly elevated root growth was
observed in the seedlings exposed to 25 mmol/L. NaCl treatment, while 100 and 150 mmol/L. NaCl inhibited these
parameters. Analysis using fluorescent dye 2',7’-dichlorofluorescein diacetate ( DCFH-DA) and 3-amino,4-aminomethyl-
2" ,7'-difluorescein, diacetate ( DAF-FM DA) showed significantly increased levels of hydrogen peroxide (H,0,) and nitric
oxide (NO) in the root tissue after treatment with different NaCl concentrations. Additionally, electrolyte leakage was
determined, and cell morphology was investigated by using a laser scanning confocal microscopy and a fluorescent dye
propidium iodide ( PI), the results indicated that higher NaCl concentrations resulted in the inhibition of straight growth of
the elongation zone cell and the enhanced permeability of cell membrane associated with cell impairment in the root tips.
Malondialdehyde ( MDA) is a product of lipid peroxidation and a most prominent indicator of oxidative stress in plants
exposed to stress conditions. In comparison with the control, MDA content had no significant change in the leaves of L.
aureum (L. ) Hill seedlings under lower salt treatment, but markedly elevation in the amount of MDA was observed in
response to 100 and 150 mmol/L NaCl, suggesting that higher salt stress led to significant oxidative damage in the leaves of
L. aureum (L. ) Hill seedlings. In conclusion, these results suggested that L. aureum (L. ) Hill had a certain tolerance to
lower salt stress while high NaCl concentration inhibited seed germination and seedling growth, and the enhancements of
H, 0, generation and membrane permeability in the root tissue cells, and the reduction of straight growth of root elongation
region were responsible for the inhibition of root growth in L. aureum (L. ) Hill seedlings exposed to higher salt treatment.
Here it was also indicated that strong oxidative damage in seedling leaves might be associated with NaCl-induced negative

effect on the growth of seedling shoots.

Key Words: salt stress; Limonium aureum (L. ) Hill; hydrogen peroxide; MDA

gt IR E ARG H ALY 3. 47x10 hm* SR EE G R A7 B R kS R A
Py K B R B, BFSEIE S Eh BRI SRR ) R B R AR R T R &
RN R R A R SR AR SR A 9 TP R B 5 R AR i AR A )
TEAERIE PR S A . BAEAMLE ( Limonium aureum (L. ) Hill) J& FAEFFEF( Plumbaginaceae ) %I ML H
JBZAEE FAAEY), T T 5 Fho, A T R BE G h v A AR BT A] DL KUIE VD R SRy R ER
B MEARR A SR L R A 5 TR A TP AR A SV B Bh R L B A2 AT A I A
WIAA3HT T NaCl A BB AL M L R P18 & | 4l 2 1 2 A0 B A 25 A ME g 2 i > A DGR 3 (440 i £
FHPLEAANTERE o BRI, Al DL AR I FA AR} i — 20058 TR [R1R B2 NaCl &b R0 il Ho b1 K Fn 4l
A PEFIBIL , S 7853 F 2 AR A M L5 A0 AR 25 A (B HE IR AR .
1 #R5F*
1.1 MRHEFR Sab

MRS Y BEAGA I R0 [ H R BB B AR Pl PRBE IR 1 B AL RN i AR, 10% TG
FRENIZ I 10 min, TCR /K UL 3 WK, FEH 75% S WER 0 30 s, TR K #h ik 5—7 Wk, ¥ Fh 756 ALY 1/4
hoagland 5774k B &, Frghiid ik 4 d, BB K—Bh, B 27 0,25 50,100 1 150 mmol/L NaCl 1Y
1/4 Hoagland Fl1A3E 3556 B8 THOEIREEFRANR ., BRRE (25 £ 2)°C G 14 h/10 h, JEIEREE 1 500—
2000 Ix,Zb3 3 Ji R B 3 IREL A
1.2 F5bRiE
1.2.1 B AR KRG 2

B AN LT A FP A (RS EE SR ML 50 KA i Fh -, BB 3 IRE R ) #FhF &4 0.25.50,100
#1150 mmol/L NaCl Y 1/4 Hoagland [E{AE;F53E SERE M 14 h/10 h Foi R, B RIC 0 L/ T8, 4
P& 7d BB THREFN PRI & R, 8 4 R, kA K — S ah T FE RS 200 00 S A AR NaCl (1) 1/4
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Hoagland [E{A$E IR AR F] 7 d J5, W S0 IR A 25 AR A K i
1.2.2  H34R H,0, F1 NO &2 172 6

N H,0, EEfdi ] 27,7 -dichlorofluorescein diacetate ( DCFH-DA) YE o SCEREMAGIN BT AL % i B AR
I3 T DCFH-DA YW, S 30 min, 2 )5 10 mmol/L Tris-HCI £ 3 ¥R, FH oG 3 5 A 53 s 46l
R4 H,0, ZEEE

{# ] 3-amino ,4-aminomethyl-2",7’-difluorescein, diacetate ( DAF-FM DA W4 H 24 = KA Y 8 R 5 FT) 1B
S NO ZECHRENXT B LA L FAR LS NO & i AT 9O . %1« 1 000 LLIF5 % DAF-FM DA 2GR E R
10 wmol/L, H4 B AEAM M BEARIR A B BN DAF-FM DA ¥ P, 76 37 CIRE I E 20 min, ZJ5 H PBS (pH
{B7.4) Ve 3 IR, FE4r e ARSI F M) DAF-FM DA | F3E R 2618 B WM xR R4 b NO 285 B b 47
WMEE
1.2.3 e se

W AEAM M RIS TR 10 pg/mL AL BE (PT) B B4 (5 8—10 min , B Dr 41 i BE R 7853 Ye (4
B ARZSH PBS (pH fH 7. 4) Ve 3 WK, SR )5 IO L R AL 4l 0 B AR AR AR i 245
1.2.4 SN E

JFE 2 IR Sairam FI Srivastava' ! AT HL SR E B BEAE AN LR Ll B BOAR FH 25 88 K i vk 3—
SUWE, BETAEF/KPERFEE2 h, MEERNBESRE(C) , ZJF37KE 30 min, FERIERSH(C,) .
BB ((C,/ €,)x100) Fm,

1.2.5 MDA &

MDA FillES kR R Bk, A s sh, BL0.5 ¢ BAEAMIL LT A, A 10% =& 2R
(TCA) 5 mL FE/0 W 4 000xg B0 10 min, B 1 mL 35013 mL 0. 6% &ifCE H 2 B2 (] 109% TCA Fi'&) |, ik
K 15 min, HGEAHSE L, M5E 450 532 nm F1 600 nm AEWOEIE , H47 A pmol/g 6 H F R,

1.3 HdEadr

Bk SPSS 17. 0 #4745 1143 M7, H Duncan Fo&%, 47 BRI 2K 7 227041 (P<0. 05) , Originpro 8. 0 ¥ {F
1EK
2 BR54H
2.1 FhWpan R R 8 A AR B

W1 FR, 78 NaCl 2R | AL AM 5 (R 1 A Al i AR K 3852 AR BE A5 . 25 mmol/L 1 50
mmol/L NaCl ZbFR | Fh 7 % R 5%} IR b 22 58 .2, 100 mmol/L 1 150 mmol/L NaCl 4bF i i % R i 2 %
8%, 5% FR 23 ) R B2 57% F153% o 25 mmol/L F1 50 mmol/L NaCl b3 | 5546 %P il FEAR A 55 %) 18 L 43 1) 43
%y 45% 1 6% ,fH HA 25 mmol/L NaCl b3 F#R < 5 XTI LA 2 2 14 25 55100 mmol/L 1 150 mmol/L
NaCl &b 355 R0 501 R A % BB B 77% F1 25% , SARAR L, 25 A AR K0 £ Ab PR AURPE 55 , 25 .50 mmol/
L #1100 mmol/L NaCl Ab AN 5 0e) 2 A6 A i 52 1 F- #8739 2E 4 1T NaCl AR VK B2 A F] 150 mmol/L I, B 41

F1 TREKRER NaCl B MEFFHR MY B ERKNFIT

Table 1 Effects of different NaCl concentrations on seed germination and seedling growth of Limonium aureum (L. ) Hill

NaCl ¥/ ( mmol/L) T ¥ K%/ % K/ em 25K /em
NaCl concentration Frequency of seed germ Root length Stem length
0 0.58+0.01a 1.60+0.07a 0.75+0.01a
25 0.53+0.02a 2.32+0.17b 0.75+0.03a
50 0.51+0.04a 1.70+0. 10a 0.73+0.02ab
100 0.25+0.02b 1.25+0.08¢ 0.72+0.02ab
150 0.27+0.02b 0.40+0.04d 0.68+0.02b

FHBAE AN 3 P EE AR E2E , 18] 5 Bl Je AR IR B 7 B3R R 18 P<0. 05 7K BJE 35 22 5%
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I e N 1157 e o R N 9 Wl 2 =3 O 97 R\ O W s N1 B3 £ 9 o N =7 (3 R E g
P05 A RS A, FLHAR A R A il R0, B 8 5 X 25 (B ]
2.2 FhEHEXTEAEAMILF RIS H,0, F NO 7K #5210

FIHZOCHE FBOGIE R A BARBEOR , XA RV B2 NaCl A3 T 8 4640 M54 i AR H,0, KFi# 4T
TOrbT. ENTA B, FEAAL TR & v AR G B (0 28 615 5 45055 , T 48 NaCl AbHS AR rp = AR R W 1 5
H9 e ES (I 1B,C,D) , A Hr AT 9 G0 B ) 25 5 7R .50 mmol/L NaCl ZAbBE S5 #9 H,0, 28650 5 %t
W LI AIN 2 814% | 11 100 mmol/L F1 150 mmol/L NaCl Zb3H | H, 0, ¢ 655 B 43 534 g % BR B 15 43501 24 4%
(BI1E) o DL 25Ut £ a0 5 3 s AR A i RAR TP H, 0, & i FH 7, oy HLAT Ve B AR 1

120~

P

100 -

80 -

o

60

o

40 1

FHXS 5 S o
Relative fluorescence/%

H e

0 50 100 150
NaCl ¥ B

NaCl concentration/(mmol/L)

200pum

1 AERE NaCl HERAMELERE H,0, KFEHIZMm
Fig. 1 Effects of different NaCl concentrations on H, O, level in the root of Limonium aureum (L. ) Hill seedlings

A :0 mmol/L NaCl #£b¥; B:50 mmol/L NaCl Zb¥;C:100 mmol/L NaCl £b¥ ;D150 mmol/L NaCl

— S AL A (nitric oxide, NO)/E N HEMGE ST, HEMD M Fi & RIESERMIESE &4 E1VE
LR AT, B 5FLs s LAY XF 22 Rh AR A= 9030 T JER R e il i 245 i FE S iR 2
R BEZE NaCl AbFEHR E AYTHE , SR AN M A T NO BYZ G 1 58 i s e S5 XHIRAH 50 mmol/L

NaCl Z03 AR H NO 3BT m A (1 2B) 2 g
FH 100 mmol/L F1 150 mmol/L NaCl ZbF8Hf, NO 5658
JERF R TR 2C,D) . 45 REY B R IKIE NaCl
AbFRAT 5 AL L FEAR T NO S TR
2.3 ERJHRIA AL AR L RAR SR AN BT A A 5 M =
DGR P1 AT LA S S fIREFN DNA 254, S BOGIM
Klakhuet, mE 3 iR, H PLY )5 4 30OB IR
A2 I T MES & P, 25 mmol/L A1 50 mmol/L NaCl 4b#f --

XHISARE 3 I K 06 000 C 0 5 ) 0
K B AR (& 3B, C), i 100 mmol/L Fl 150 B2 ARERE NaCl X EELIMME L) EHREB NO K F 50
mmol/1. NaCl AL ISP xR B SRR
H‘:‘%@J% ‘%E@Tﬂ]ﬁa‘u ,#Em?éﬁﬂ@ﬂ%%‘fﬁ&/ﬁ ’PI ﬁ/\ A:0 mmol/L NaCl Zb#; B:50 mmol/L NaCl Zb#; C;100 mmol/L
AN gz E A (K 3D,E) . DL RS IR U EhHE NaCl 4638, D150 mmol/L NaCl

A Ae R D2 P iR A 8 o 4 55 25 A, AR
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IR L2 B0 T4 ) B AE AL AR A A IS

* r

3 AEKE NaCl 338 LA L5 4 & 1R 50 4 R T2 75 1 22 T
Fig. 3 Effects of different NaCl concentrations on cell shape of Limonium aureum (L. ) Hill seedlings root

A :0 mmol/L NaCl Zb¥ ; B:25 mmol/L NaCl £b¥; C:50 mmol/L NaCl #£b¥;D:100 mmol/L NaCl £b#f; E:150 mmol/L NaCl #b ¥

2.4 FRan X AL I L) AR AR X H R A5

JoT I T ) A8 Ak 5 a5 R I A R BE AT G, R4 A ORI BE NaCl Zb3S | B AR #M Il R &)
R A4 J5 FE 375 P T e, X — S M A MR P . 25 mmol/L NaCl &b FEAS 52 0 AR 4 A % B, 523 T 7E 50,100
mmol/L 1 150 mmol/L. NaCl ZbFE T, #E AL ML 50 &)y 1 AR 9 AT L 5 56 5 % B HE 2 25 TR0 24 50% (128 %
177% . FEWERADFRE T T H AL AN 0L 5 40y v AR 200 A RSS3E0 325 1k rr 34 A, a8y EL A e P8 A0
2.5 A XTE AL )T MDA 7 8 1 5200

MDA TEA AL AR R —E R L TS T AR AR N B FR SR 00 2 A A A i S22 P AR B2 R 9k 2 T A
SR SR A P AR B R A %o 33 B A% 1 B R BRSO I S BT LA Y, BEAE RN I B A e A
MDA B NaCl ¥ THE Sy A8 b #a# . MDA & H7E 25 mmol/L F1 50 mmol/L NaCl 4b BRI A 4%
Jn, i 100 mmol/L 1 150 mmol/L NaCl &b ¥ {5 5 46 b ifil B &) 15 i - MDA 55 £ 5 2 384 in Ry % BRAY 1219% Fi
132% ., FEH i Wk B R 038 T B AL RN L R Ly ¥ v 1 7= A T 4R AR A 20 RS A 5k e A R

50 -
ﬁi 140 a
40 - 120 o §
c o C c
. T B §
g 2 100 < § §
3 & L i
N\ O =
a3 b 2z
Bz ® e 60
BE20F a 18 -
g 2 =2
=) T L 5
E“j 40
10
2 |
0
0 o > % 100 30 0 25 50 100 150
NaCl 3k JiE NaCl # )%
NaCl concentration/(mmol/L) NaCl concentration/ (mmol/L)
B4 RERE NaCl M HIEAMN 84 SRR RS RE KR BlS AREIRIE NaCl RIS B — RS RN

Fig. 4 Effects of different NaCl concentrations on electrolyte Fig. 5 Effects of different NaCl concentrations on MDA contents

leakage of Limonium aureum (L. ) Hill seedlings root of Limonium aureum (L.) Hill seedlings
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K ZEE Y W Fh 87 & R4 1 0 01 A6 A B Bov PR 0 A B0k, 0 LA Sk SR ARk PPN AR ) )
PN GRS UESE , SR i R A A R SR A AR R T R 2R R [, K ZERF AR AE KT H
WA KB, AR BE NaCl AbBEXFERFEAC £RTOT T BOFh 78 & A R VR, 3 nT A 55 R AR 1 41 B 4 2
BV A5 38 3, I Ah T WK A 6, At mT BB 2 O Na™ X I 052 il A3 00 S0 VE DA T i 3okt 6 - 1
K2 T ALK I AP 1 B A R 5 Eh vk B A 7 i 52 B0 A AH G 25 mmol/L FT 50 mmol/L NaCl 4Zb# H & 4%
TR AN (5 25 Ml AR b T A 1 2 % T 100 mmol/L #1150 mmol/ L NaCl b B il % 3 i 35 WA, % WF 5845 5~
SRR ST ORHR TR AR AR AR T8 K I ST A R — S, BT WL, R TR 4 Rk X R
USR] HESCERARIE , £8 53 2248 B IB B AN 5 | i - SV R 7 AR AL T BELAS IR K, L B
i ER B RN 1 B TR IR AR T & NaCl Ah BRI B 46 A M L 5 AR B & B9 B SR R A A Ry it —
HEITFIE ., SRR Gy BOAH L, £ AR AR P 7 A A K B BB PR PE A T 5 L AR SEEE T, 25 mmol/L
NaCl {2 37F T A6 I BAR A AR K, T I 24 9k 5 A NaCl A7 F TA AR A K 33 1T BE -5 3 46 %D Il 55 78 15 3 B
IS REARGF AR AR — 3, A LAATESE bt & B0, AU B2 119 NaCl nf DI SEAR A9 2B 1 DA AR 28 WSOk i Tl
ORISR AB B WA Y (024 NaCl AbBEHE 15 %] 100 mmol/L A1 150 mmol/ L i 35 110 il #5 48 % ifi %
R K, 31X 5 R 2B A KX 396 353 e g 7 — 80, PRI SR AR S Ml 0 R 2 M s R 7 )37

HPIFE BT M0 2 1F T, 1,0, JEAIMEA B A A TR A =9 FIUHZEOEHRE DCFH-DA
EET R AR A FLE AN AR R 355 1) H,0, PEGIE5, 110 NaCl Ab P AR R 2655 1A W 35, HL ik
N ELA R EEARR M (T 2) , ELIESEIE f H,0, AT i SR 4300 35 1 1 A5 5 % 5 28 6 DA T (o A 47 3 5 35 4
E WSNE H,0, BALFL/INE FhF 0] DL £ Wt i S 10 /N 22 i 1 i i S8 Ak, M B2 R i SR 20 Ak
TR R B ANE H,0, XA AN A E RIS B & B A —E AR IEVE T, (H e B A0 T A A0 P A A
S EUA RSB SOV RE T, REA% FLH 1 B DNA Fi 40, B4 sl i) 2 )5 2 BRAR i) 2k 0T T, 5 08 Ay 45 40 it
RV GLEAMMEAET, PEEYRE PTAE IR F W 0T IG5 i 40 M B AR, 24 2 B3t 405 ) s
KR PT EAMLT S DNA 254, IR ULz P1 &t nl 78— F R b S i itz 2 po it fi e i ), 54k
AN FEARARY PT Y25 5 B, B0 MR B NaCl A B AR 2 1K DX 41 Ay A4 A 1 32 B0 Jo 5 17 3 1 34
T, PL YRk e A AN A G 0, AR G, 0 H 2 200 R 5 B 8 W 2 %o A 4 49 5 1) e R A A i A A7
APV FEBE AR, AT BN R S S M) 7 ) 00 o A M B RR E ME  — A A B R AR A
WF5E % B0, NaCl BER T IRZ AT A RS #4) , S 3000 378 P 18 AR R A R AN 00 0 A 5 6 e ot B AR ) L i
B R LI, NaCl b3S | 406 PN B A AS: , 4H LS 1 FR A 32 T S5 385, A0y ELAT Ve AR 1 . DA
SRR BN AR R T E M H,0, SF1E M, X I 2R 5o B4R 1) 3 3, (14548 S 200 i 27 315
KRR, SHARRL, 3k Flm R B H,0, A5 7 50 e i a0 9 AR AR 43 A6 20 i 7 2405 1 R B 4l
HrL A S i DA R B I AR A R Y F L mT AN, A A i AR A R A I R T T RE S R S
H,0, F=A3 2456,

NO MY RN —FEE NG S 0T, S 5HEYF T & AR AR E K E KA 0 EHEA YW ae (4 2
VP2 mE AR RE S AT SCIRIREE , NO AT LU AR A bt R RLEIR I ROS IOFR R | 245 Fh b ad 1
R SE ARG, TR SR AR AE R BE Y L A RS, AN NO B R A 2% A SR M i 405 T A 0k h Ab B
PRI B KA A4 K DT NaCl ZRFE R #AEAMAL AR T NO S it Th , HL i A0 B AR 5 060 IEAH e NO
PR IETH R LA B3 (0 NO R RN H,0, 5881, SASCI S5 BAL, Zm 5 55 AR, RS NO 1Y &
B4 B, TR NO 2 546 3Rl (280 7 (H AR L AR NO 7= 2 2 A A (AL il 1
il H,0, & BT BOR 5 S5 SRR Mhn X 2 AR i it B A fRE— 2 ST

ESHRARLG , BOAEAN LB M T3R5 52 NaCl 5204/, A > NaCl ¥ BE A 3] 150 mmol/ L i 25K 2 5 % 1R
FAHC R E R, ELESE, Eh s [RIRE BE v s T A rp s R KOS T, S O R AR R Y R A AR
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R 7= MDA BE-5 8 (R R | E R IR W R sC Bk, TE AN AL &4, AT T B 4 i 1E 3 1 26 16 3
YK AT . 5T &I, 25 mmol/L Fl 50 mmol/L NaCl ZFE{# MDA & & 5 % B Fe g A Tt
A AA B K5 24 NaCl ZbFk BE 353 100 mmol/L 1 150 mmol/L I, %17 P MDA 14 & & % I+
1o, U HH VR B NaCl b3R5 5 B A6 A R &0 7 I 2R 0 % A ISt AR VR T, 3 PT BB 5 AR A b i Rl i A K
ZEMHIA X,
4 Zig

a0 (8 AL AN L FORh T & R AR 1,0, BB 22 M AN I A B K, i K AR K2 B T
] A S LA AT IR, DTSR T AR L B Al B A AR (LRI R R P R B A R I AR A K B
B AL R LI B R R BT A — 2 T 32 1
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