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Abstract: Effects of exogenous nitric oxide ( NO) on growth and changes in some physiological characteristics of perennial
ryegrass seedlings under salt stress were investigated. The results indicated that exogenous NO donor, named sodium
nitroprusside (SNP), at concentrations of 50 — 200 mol L' obviously alleviated the inhibition of salt upon the ryegrass
seedling growth in comparison with the control; and 100 mol L' SNP had the strongest effects. Furthermore, treatments of
the seedlings with SNP resulted in the pronounced alleviation in the increases of relative electrolyte leakage, K* to Na®
ratio, the content of malondialdehyde and levels of reactive oxygen species in leaves under salt stress compared with the
control. In addition, SNP treatments markedly enhanced the proline content and the activities of the main antioxidant
enzymes superoxide dismutase, catalase, ascorbate peroxidase and peroxidase in leaves of the seedlings under salt stress.

These findings suggest that NO may alleviate the damage caused by salt in ryegrass seedlings via decreasing the Na*
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content, increasing the contents of K* and proline, and activating the antioxidant protest enzymes, thus improves salt

resistance of the perennial ryegrass plants.

Key Words: niiric oxide; salt stress; perennial ryegrass; reactive oxygen species; antioxidant enzyme
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18 LA R 4R Ead B4R (H,0,) A EAE T (0,7 ) LG A (ROS) sy amE ! ™, MY EE
BRI TERA MR EEEFXBEAUEERSENBER S &M SAEE SR E e
7[R N

—E WA (NO) RAEWMKEAMES ST, AHYWAEREZT ULNE T 2.8 A FREE R LF R
RMFEEEERDY . kM, NO XHEY 4K B ER A NE B, R YK, XARMEER,
BARRIR W MRS R AEBAEARTT SRS o SCRIESE, SME NO 2.5 T A Y R 2 2h 8 59 R
AT ,NO v 2248 /N ( Triticum aestivum L. ) H H E‘Jﬁ%jﬁ{f[gj JEZE IKFE (Oryza sativa L. ) W 4R R
WA B/ NEAR R AR B ARG K 07 2 ( Phragmites communis Trin. ) {1 4R 71 F K ( Zea
mays L. ) "> o K 55 Na* B9 Ho3R R 2050 8 K Cucumis sativus L. ) S1EE4E " o [HAMNR NO si2hih
18T B FPROAE M AR RN AR B MR B M B L R ok DL RGE , S ik, BFE T AR NO XY e T 244 B
%5 (Lolium perenne L. ) S H{ A KRR , & BE NO BEEH B k=L M BiIfER
1 HRE5FZ*
1.1 ABEyIEsR 5405

TR LA 545 A BB 35 B TR (Pinnacle ) SR N AR, PR TRAREGNEREP (5 F/em’) , 3 12
Hoagland ¥ 1R 2 H3% 5% (J6/BE 16 h/8 h, JRJF 18 ~22°C, Y5 100 ~ 150 pmol m™ s ™', FH X IR B 24
60% ) , ¥R a5 10 RATHEAREALH, 8 2 d BE—Kl, 8 MUY EER 3 K.

A3 — . BB IR ¥k B NaCl1(0.50.100.150.,200.250.300.350.400 mmol-L™") ¥ 1/2 Hoagland & # ¥
R

Ab¥E = 43 B F§ 200 mmol - L™" NaCl 1R [R ¥& B SNP (0. 50, 100, 150, 200, 250, 300 400, 500, 600
wmol -L™") Yy 1/2 Hoagland EF AT,

BRAHEESE 10 K4 HIH 30 M e Hk R BN TE., RELE _HWERERHERETE
SNP ¥k EE ., B SNP SBEA#A B NO, , iki% NaNO,YEXt .

ﬁtﬂz.

(1)1/2 Hoagland ;

(2)1/2 Hoagland +200 mmol-L ™" NaCl;

(3)1/2 Hoagland +200 mmol-L ™" NaCl +100 pmol-L~" SNP;

(4)1/2 Hoagland +200 mmol-L ™" NaCl +100 pmol-L ™" NaNO,,

SrABUALEESE 0.3.6.9.12.15 REIGEM i, ARG G ER REHIE . BN E — M EBEER
Mlgith,
1.2 MEFRE

MR IMERIE  2A0 2403 10 d BiE4I B BRI E e S ErE BEHR R mnE.,

HEMTENE BACH 10 d 5R9H B, ZZ WK 2 ~3 R, BKKR TEHREHE,105CL
15 min, 75CHTZEE , RETE,

Fixt S RAEEARS B2 RO E Y E B2 LRI B EiE" .85 B A ABRET Rk
A" s TR B (MDA) & B RAMMAE th 2Bkl E """ ;H,0, % B2 M Brennan il Frenkel 75
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1 Ries B9 77 B ™ 5 33 B AL S CAT) 75 #:4% Jang 1 Zhang B9 7 ER 5 ™, A 1 min P Aol 0.1 B9
B 1 ANEEE A0 U) s TR MBS B AL 7 (APX) 35 MR Fil Nakano Fl Asada 77 Bk IU5E ™ s &8 B H KB
JEHE(GR) 1% H:2 1R Schaedle 1 Bassham 773 ™ 5 33 E AL ¥y (POD ) & #: AR AR BRET & ™,
1.3 Gitar

HRERHER 3 W, HIER A OriginPro 7.0 #fF42E ,7E 0. 05 #E3 K F i Duncan KB EHH B E S
Xt B SRR B R R
2 ER5HH
2.1 AN NO Si#: e T4 i K iEm

BFSE T Ehma st B B A A K I, IR 1 TR, $4038 10 d 5, SIS ke B3 e S B R T 1Y
T ARALBA AT IR , NaCl YRR , AL B 530 IR A 22 Sl B 3, DB ZE e I B ol T B B4 AR K
24 NaCl ¥ B 43514 50,100 mmol -L ™51 150 mmol-L ™" i, AbFH 5% R B4 T | ks B I ELAN T2 122 e 23531
T BEKFE, 24 NaCl ¥R 9 200 mmol L™ B, %l 8 ok 185 380 o {05 4 38 0 T 2 200 31120 S e R EK) 59% 56 % Fl
67% , i ELADTH 534 HE 2 8] 3 A A K ASFRIN 22 Rk B T AR B2 KT, B P v B 1 oAb JEVR B HEAT IS 2
B

£1 FERE NaCl Xt BERELHE £ KHRNE
Table 1 Effects of different concentrations of NaCl on growth of ryegrass seedlings

NaCl 4-38 BRI IE #HE TE
NaCl treatment ( mmol-L 1) Enhanced plant height (cm) Fresh weight ( mg/plant) Dry weight ( mg/plant)

0 5.97+0.31 32.70 £2.25 3.53+0.15

50 4.53+0.50 26.93 +£1.40 = 3.37+0.21

100 4.17 £0.60 ** 22.87 £2.76 ¢ 3.07 £0.31
150 3.931+0.42° 19.77 £0.87*¢ 2.87£0.21°
200 3.50+0.20° 18.33 £0.85°* 2.37£0.21°
250 2.60£0.52° 18.33 £2.32° 2.33+£0.32°
300 1.87£0.61% 13.77£1.70°* 1.97£0.25%°
350 1.77 £0.15*¢ 12.37 £0.47 ¢ 1.80 £0.00 **
400 1.47£0.15% 11.90 £0.85°" 1.77 £0.06 **

BN FIE  IRER (n=3), + 5 « « FRIELBEENBEREBBEKF(P <0.05) Fk BEKFE (P <0.01) The data are means +
SE (n=3); one and two asterisks respectively represent that there exist significant differences (P <0.05) and extremely significant differences (P <

0.05) between the treatments and the control

T H5E SMR NO Sy A0 , FAR IR B SNP 15 200 mmol - L ™" NaCl —i2Ab 32 B B4 , 455K
3L, R IRI% BE SNP %ot B2 B A= K AR AR R, 50 ~200 pmol-L~" SNP 55 A4L BT 10 d J5 k% 380
B B EMTELY R THAMALT, Hd SNP 2 100 pwmol - L™ B AUR R & , BiFh AL EL 8] 3 MR 25
WRB T BEKF, EaAB IR R AN X 3 N8R AN T 29 63% (69% F1 44% , SNP ¥ it 250
pmol - L™ R EAEMEFATH K, T 400 pmol-L~" ¥ SNP X4y A= KR BHAM RN (£ 2)

2.2 SN NO X8 T i A FE AT i 3 R AR AR & B 2R (LB RN

M AR R ] R B AR R AR BRI . ANIET L A BR  EMACEREA B3 T M A X R R R 6 d G
ALFR SR INEEXH R B2 R IR B T B2 K, I LR S oS SR AL B ik W) < 2 2 3 i, T %ok B AR AL AN B R
5515 K, AL BB RS 3 R OGXHREY 4 152, UL SR E R, AR 2 MR R R B E . SNP 7
B R AR A, AR /DT ER AT, 55 6 RLUS , PIfpAL B2 M2 F A8 T B2EKF,
55 15 Kind, B & R R 25% o 5 NaNO, E A AR M i i BRI T Eh gk AL 2, UiBA SNP 4%
a4 KR £ % 2 i T NO Tk NO, BIFEH.
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£2 SMENO X #EE T RERSHAKBEM
Table 2 Effects of exogenous nitric oxide on growth of ryegrass sedlings under NaCl stress

i) BRI IE THAREE HEETE
Treatment Enhanced plant height (cm) Fresh weight ( mg/plant) Dry weight ( mg/plant)
1/2 Hoagland 5.97+0.31a 32.70 £2.25a 3.53£0.15a
NaCl 3.50 £0.20¢ 18.33 +£0.85¢ 2.43 £0.32¢
NaCl +50 mol-L~! SNP 4.83 £0.40ab 25.33 £2.52b 3.00 £0.10b
NaCl + 100 p.mol'L_l SNP 5.70 £0.40ab 30.93 £2.87ab 3.50 £0.20a
NaCl +150 pmol-L~" SNP 5.00 +£0.36ab 26.37 £2.12b 3.00 £0.10b
NaCl +200 pmol-L~" SNP 4.80 £0.40b 25.40 £2.51b 3.00 £0.10b
NaCl +250 pmol-L~" SNP 3.50 £0.44¢ 18.27 £1.07¢ 2.40 £0.35¢cd
NaCl +300 pmol-L~" SNP 2.93 +0.15¢ 15.43 £0.75d 1.87£0.11d
NaCl +400 pmol-L~" SNP 2.80 £0.10cd 15.00 £0.20d 1.77 £0.15d
NaCl +500 pmol-L~" SNP 2.70 £0.10d 14.80 £0.20d 1.63 £0. 15de
NaCl +600 pmol-L~" SNP 2.50 +£0.10d 14.47 £0.15d 1.47 £0.06e

FINBEARRFHRERERE 5% BF/KE, TR Different letters within the same column indicate significant difference at 5% level; the

same below

ICK e NaCt NaCl+ SNP B8 NaCl + NaNO;

160
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z
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Bl1 #ME NO Xf NaCl g T REZE Ly MXT i S (A) R & & (B) B Pm

Fig.1 Effects of exogenous nitric oxide on changes in electrolyte leakage (A) and proline content ( B) in leaves of ryegrass seedlings under

NaCl stress
CK:1/2 Hoagland; NaCl:1/2 Hoagland +200 mmol-L ~! NaCl; NaCl + SNP:1/2 Hoagland + 200 mmol-L~! NaCl + 100 |1.mol-L_1 SNP; NaCl +
NaNO, :1/2 Hoagland +200 mmol-L ™" NaCl + 100 mol-L~! NaNO, ; T [f] the same below

[REREMY AR RN EESBYR. HRER, B8 TREFETFPRERTEN B
Bn,0 ~3 d HEERR, 5 6 RiABIE A, AR 1 15, UGS ZE T, B BER TR, 53
BUOMACTRAE L, 58 3.6 1 12 X, SNP 53 —EABEMM F IRERSEEEN,E 3 RHEEREA, FHE T
BUEIN 32% . REAN NaNO, 5HEALHEMMH AR ER THYMLHE, BEHEERARE, KW
SN NO Rt e TREREMBEMRSE(E 1 B),

2.3 SMENO Xt#ta T A Na* K™ & 8K K5 Na* WL R

o R, SR LA XtIEAE HE,200 mmol - L~ NaCl AbHHAR B HMEIN T H Ao Na* S B, FEIE T K*
AR, HEBMET K" 5 Na* B H38, b Na* S EHIR K, 5 15 ReFAB L xR 15 £5, B H
B K* BRI IEER/DN, BT, s K5 Na* HZeFE NaCl (b3 KT AE /DN, F SNP 5
B FE O BEREGHE, 4T Na* S EINE K* & BB AMHEE N S8, FAGHERE3 X MK
FEN HEMZERHZEP T BE/KF, 58 SNP v d B4 IR I Na ™ F BRI AT Rk K* &%
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Rt RE RN E, WK™ 5 Na" ILRE SNP SEHE S4B B E R/ TH AWM, % 15 X, 5iELNGE
FH 1415, FEEANZRERET NaNO,HERARE (B 2),
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30 |1
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o .

AFE KB Time of treatment (d)

B2 SMJR NO Xt NaCl e TRERELE A Na* S8 (A) K FB(B)MK* 5 Na* thE(C) ZBILHI W
Fig.2 Effects of exogenous nitric oxide on changes in contents of Na* (A), K* (B) and the rate of K* to Na* (C) in leaves of ryegrass seedlings

under NaCl stress

2.4 SR NO XtE:fM8 T it MDA H, 0,1 0, ™ F=A: R

WNE 3 f7R , 53 HRAE b, EhAC BEE BN T BEELHIM-F o MDA f1 H,0,i9 & &K 0, MF=A®E,
#Hf s MDA & 2 REEh AL S A B BT —FE R, 2R B A [ A B % R4 5 L A TR) AL 3K, SNP Ab 3 3%
WE T EHhyETH MDA SE¥IN(E 3 A) 55 15 REMIERAREE, i SNP LA SNP BBEIR T 22% ,6 d J5
FEZERHAT BEKT . BMHET H,0,74 2 FF IR ot TR REE I, 58 3 RBBIRK, LIEEE
TR, i SNP ByALFEAESE 3 .6 KA1 15 RIFEHIMAR , BE WS T ) H,0, 7= KR HEMEH, 55 3 R
S5 /EFIER , im SNP 403 H,0, & & A SNP BIFEIR T 24 34% , 55 9 XM 12 XF b B R A B E (& 3
B) . FCibEhHUACTE 2 SNP MR 4403, 0, " PPAEREER 5 H,0, 581938 LML, B SNP 7255 3,
6 1 15 R T#3 0,” AEMRHIEM,BEE H,0, A ARMZ, 15 RE&AMLHET 0,7 MR Ry
BTE 12 X, EEAZEERE S, NaNO, £ 8 T BEE4H MDA H,0,f1 0,” W AEE (&3 C),
2.5 AHE NO XERfE T M h 5t EALEE M LB m

NaCl 1 SNP 4b¥HA B 08 T R E B4 f -+ SOD,CAT,APX . GR 1 POD ByiE 4., NaCl BERHE T
SOD [y it , H B AL RS RET S R G B8 TR, B NFHE . 583 RE% 12 X, SNP Ab3 & 353
T SOD fyE I, K56 3 RAEE 6 RIEINAIEE X, LUSIEIEAE /N, 58 15 Kat SNP [R5k Bk b 3 22
HABE(E4 A), HABEEIINT CAT FiE i, AEE 6 RUREMARE,F 9 XEHH T BEFKFE,
SNP [R]#E4RHE T CAT HTE 4, 55 12 RiEY SNP M/EF B K (B 4 B) ., shACHTE S EH T BEREH FH
APX F7EME, 5 3 REIE 9 RIEHEREE , e RIREE, SNP T A F APX MiEdE, HiEHs
Ry SEEFMERLI(E 4 C), BT % GR M TEH:, EXIEE/N, LB 5% R H
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=
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Fig. 3 Effects of exogenous nitric oxide on production of MDA (A) and H,0, (B) and rate of O, ~ (C) in leaves of ryegrass seedlings under NaCl

stress

ZHRALE ,SNP WEREADE (B 4 D), $habsE 3 Mg e RBERS T POD MiE 4, HH BB RIERH
YEFIAHAE . SNP AbBRRRUEEINEL BE T POD W75, 35 3 KT SNP 1% .2 , B[R] EhF1 SNP &2 & 4L
HEHAMLHEERARE(E 4 E) , BBEANEZRARESD,NaNO, 5L F A H Kyt LB E B 53
B ERARE,

3 itig

BRIZERE, L HREEM X 20T E B/DX AL #EE T s b, iS4 S B AR EE N
B2z —H RS EE NI, READEIEBFERE, EEE TEFENERIRZA THE
Wi, T RS ETFES SN RELER,

EERBISE AR, NO VEAES 4 FEMY N A SR8 R PR E B, SME NO itk SNP fefg iz
B BN /N SUEIIT (Arabidopsis thaliana L. ) S YIEHE MDA A IRE /B NO Xt EiHMa T 2L
KBy L B BRI IE A E R,

A AL, AR EE SNP SHEbia T BB LT A KRB AR F R ,50 ~200 wmol -L~" SNP f
BRI S IR, B SR B TS E  SNP B F g M M VE . 24 SNP ¥k B ad 250
wmol - L~ JFH BRI, BT 400 pmol-L~"fy SNP MIAINE T BE R A KM HIEA(F2) B
DR T RERARHR BE 1 NO BEMS S R A Y MBLER DL, T = vk B NO A B 4B 9 e B FBEAS TR A K, X
SRT7EB S — EAL RIS TR L R A KA SR G mnE alm g akm™

R RBAB R IR A Y 40 i B 5 4 (S 2H R R o 3 A I MGE S R R R I8 B R A IR R R S B i
frat . BFFEAEBE 100 wmol-L™" SNP AT EEAMHIEE MG 5 5 64 2B 35 B n J5 AR X v S 33, 4885 v B &
REE(E 1), X 5FmEsL/NE IS RIS 230,

Y REW R — D RBESREY S RIFREN K™ 5 Na™ R, SRRV, B TRERET
Na* Z &3, K" F 88, K" 5 Na” 8 HAR LA R 7 =0 BRI, T IR 2R s (B 2 ©),
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ANEPTRIER S L BTSSR AR, AT, BRI T MDA & B FEE Hh AL FE A 1R I K W
R, LB ER ™ A2 B EAL T8 S BERR B4 B I 46/, UGB BT R (B 3 A) o SERSMALEIAE L, SNP SRS
A AbEA IR T ik MDA JH,0, 1 0, &8, %9 SNP AW =4 R TheE, X 5% 1y
HIE—F

8T, BEFELE T SOD,CAT,APX GR Al POD & BRI LB H R SET R G R, BLAX
SERREA YN E S e S R B EAE . SNP AL B REAS 3 bt AL B IS 14, (B AR R 5T E AL BEXT SNP B
A FE 42—, SNP Xt SOD Al CAT & H R IEIR, 3 GR B/, YA RP AL B e m Y 0% 2
18 NO By SR Hh Bt YRR o 7341, SNP AR 7] i ] Vo6 2 [ — P AL B R A R W AR, S
SNP 224k ihie BN AR TAL R 1] , 3 55 FUABBRIT & g SE e S5 AR AT 1) L B L AT 5 2
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