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MR BRAR 5H A BB EEFIRT, H R 745000)

M E KRG R & RIE—AME(NO) BERA 5 45 (SNP) 4+ NaHCO, i 32
TEZEZGHAK ERARMMBELERMRENE W, £ RKXH .60 pmol - L' SNP #
% % f% 100 mmol - L™ NaHCO, Jih 38 3 B & B 4 vy A K By 47 6 45 I, 8% NaHCO, il 38 % B
Wt 0,7 P % H,0,80 7 Z 8 (MDA) & 3 v, 3 & NaHCO, 8 T 4 # ot fy 42
A B (SOD) (1t & (L 47 B (POD) \F70 i 8% 3T 4, 16 47 B (APX) | J € H'-ATP B ty
EEMARH K (GSH) (WA AR AR G A AR A E R K /Na™ i, IE (R &
A B8 (CAT) B HEF LA MR (AsA) 2 B, Mk B A ERBER WL A, ERERLN,
NO 7 B It BB AN R A TE M R BEE TR B MBEE Na* KT % 5% #5038 5t
G E AT RS B L E R,

X WEH; KL E; NaHCO, i ; E M ANRM; BAER
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Effects of exogenous nitric oxide donor sodium nitroprusside on alkali resistance of Lolium
perenne seedlings. LIU Jian-xin® ", WANG Xin, WANG Rui-juan, JIA Hai-yan ( College of
Life Science and Technology, Longdong University/ University Provincial Key Laboratory for Protec-
tion and Utilization of Longdong Bio-resources in Gansu Province, Qingyang 745000, Gansu,
China). Chinese Journal of Ecology, 2011, 30(10) . 2173-2178.

Abstract: A sand culture experiment was conducted to study the effects of nitric oxide (NO) do-
nor sodium nitroprusside (SNP) on the growth, leaf active oxygen metabolism, and leaf osmotica
accumulation of ryegrass (Lolium perenne L. ) seedlings under NaHCO, stress. Under the stress
of 100 mmol NaHCO, - L™", applying 60 pmol « L™ of SNP could alleviate the seedling’ s growth
inhibition, increase the leaf O, generation rate and H, 0, and malondialdehyde contents, pro-
mote the leaf superoxide dismutase, guaiacol peroxidase, ascorbate peroxidase, and plasma mem-
brane H"-ATPase activities, increase the leaf glutathione, soluble sugar, soluble protein, and
proline contents and K*/Na" ratio, and decrease the leal catalase activity and ascorbic acid con-
tent. Little effects were observed on the leaf free amino content. These results suggested that SNP
could alleviate the damage of alkali stress on Lolium perenne seedling leaves via activating the an-
tioxidant system activity, promoting the osmotica accumulation, and improving the Na* and K"
balance, and accordingly, promote the alkali resistance of the ryegrass plant.

Key words: sodium nitroprusside (SNP) ; Lolium perenne L. ; NaHCO, stress; active oxygen

metabolism; osmotica.
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RIS T 3 R A B R A TR
PEER IR E FR BP0 (45,2008 ) o BEMME T,
FEPIBRIE Z Rl e S5 e Ah, IR 27 = pH )
W, TR B E AR e B B Y AR S R
(FASCIEAE,2008) o SEBR b, B s F1ER Jolp 261 2 1 ol
EAHOGAR A A J5 X500 A9 AS TR) 44 I 1) 38 (4% ik
£5,2007) . WFSSIERA, R BEER A 95 B A e T
BEE X PFP A S0 5 | & I TE PR L (ROS ) B B 2
BAE VR A S AL 493 1 B 2 i L (i C IR ARt ] R
2004 ; Munns & Tester,2008) , Ktk HF5E A MIH A AL
FGE N5 A5 -7 X 0 30 178 ] 7 k48 7 A 400 el A
TERCAIL 3R R e A R

— LA (NO) BAMIERNIE S50+, TEAEY)
AREE KN TR $hFE BF R =
Y25 00 5% W a8 s W H i B EE AE A ( Besson-Bard
et al. , 1999; Crawford & Guo, 2005; i & & 2,
2009) . WFSEIERA AN NO 2 580 £8 30 0 24
SRR . ERA TR, NO AT R /NAE 3 i A
JRAE AL 455 (Ruan et al. 2001 ; %55 8545 2006
BERAE S, 2007 ) SESE K RE I G A4 06 P 19 T [
(Uchida et al. ,2002) , #2573 @A 4128 ( Zhao et
al. ,2004) F E K4l (S HEHE4E, 2004 ) T KT 5
Na* (9 Fb 38 38 2o 38 428 106 7% 1R 175 1 il 20 1R ( Pro )
TR W 3 % /N 22 4 1 145 F (Ruan et al.
2004 ) , HEAZ B H b R B AR K R A B
DR S 0 T ke, 0 ol 30 475 2 o) 2 P
A2 HEAL I 32 B D (X BT 4, 2010) AR
1M, HETET NO X6 38 T 2 22 B Ak # ] o 3 5
(RIS i oA WLARGE v [ VS 22 R 27 BRI X 1Y
T HEFNaHCO, 1 & I & T Na, CO,, AL, Ak
BWFSE T AME NO BEARRS 40X NaHCO, e T £
AEAE A TG ARG i P A RS O I
FUZAGSZ , LU h Sh I NO 12 55 4 420 it el 1 2 3t
PSR A SE T

1 #MBEFZ*

L1 APRIE IR FIAL 2R

W2 4 A R AE B ((Lolium perenne L. ) fify Ff
Oupec FNF (18 A B4R LT ACRRAL ) TH 3 A
5, R — BT A B A SRR (D
=20 cm,H=14 cm) H1, FREEHE 250 KA, Bé /2K
JEERERF, REE/EE R (28+£5)C/ (21
3)C MR 60% ~75% ,FRIL 12 h, ¥k

3% 620 wmol + m™ « s7' HEEERE2 d 1R 12
Hoagland EIE,EAVE B R M — O
PRVE B 2 150 BRAE K — S EeE g . 2 =t —
AN RIS TS 56 57 BE ) NaHCO, B ¥ B2 Al NO 3t
KA 4N ([ Na,Fe (CN) ] - NO,SNP) #¢ 1 F ik 5
WA TR B AL B, SCEG AL BEA . 1) Hoagland ¥,
CK(pH 6.12,EC 1300) ;2) 7% 60 wmol + L™ SNP {4
Hoagland ¥, SNP ( pH 6.27,EC 1300) ;3) % 100
mmol + L™ NaHCO, i Hoagland ¥ ¥, NaHCO, ( pH
8.71,EC 4900) ;4) % 100 mmol - L™ NaHCO, Fl 60
pwmol - L™ SNP f#) Hoagland %% , NaHCO, +SNP ( pH
8.68,EC 4700) , RREEMH 1 K, Gelim W B A F
JKEE (£ 1000 ml) (9 2 4% DAOR 35 25 40 B v B2 (1Y) 1
G, RCHES S K BEVLHES . bEE 6 d JEE
R A5 B b B B4 B R R R S DR A AE
-80 CUKAfirh , HEAT 25 HE BRI E

1.2 WEFRIRS Tk

e T AT E I E ALPE 6 d J5HL 50 HRoe B R bk
FHZEA K w11, WK 43 J5 B 5, 2R 5 105 C
ARH 15 min,70 CHLZEEE  FRTE,

HEE ALY AL (SOD) it A AL & (CAT) (it
FALYITE (POD ) FIHT IR Il R 1 2 Ak W il ( APX) {1
PERCTS 8 (MDA)  BUIR IR (AsA) 2% e T K
(GSH) Fr i Ml 0, " 7= A= 3R I i SR FH I 22 By 1 T2 1%
I (2002) F 715 5 H, O, & 0 %2 >R F Mukherjee 1
Choudhuri (1983 ) B 77 3% ; /T & PR BE AT PE B F
Pro FHE 55 22 3 R 5 & I 52 4% 28 & 74 (2000) 14 75
B Nat K& Bk a3 45 (2004) (97 IR 3, K
SECEETHIN A 5 J57 MBS 13l 30 $2 BORT H -ATP i 3% 4 )
S IR HESE (2007) T . ATl E A 3
WA RBR Na® KT DLBRA T3 HT-ATP il 6 14 L)
£ mg B FIFIRIN, HARAEIRI DL B H RN
1.3 Bk

A B0HE 2R SPSS 16. 0 #1477 2243 Mt , SSR
AT IR 22 5 0 E M (a=0.05) .

2 HRE5HM

2.1 AMJE NO fitfk SNP XA i T~ 22 w4l Ak
A5

Bl 1 7R, NaHCO, JHia T~ J8 22 RE 40y 4 bk i o
T RO R B R, SNP Kb IE 3 45 ¢F kil
RIS AE K TC I 5, (AT 30 Z ff T NaHCO, [Pl
X4y AR B A AR T 5 B NaHCO, Ak 1 AH
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Fig.1 Effects of SNP on growth of ryegrass seedlings un-
der NaHCO; stress

N IR) A RE R A BRI 22 53 9.3 (P<0. 05 ), T A,

kb, SNP AZbHL{H NaHCO, Wpi8 T 20 i £ & A+ 5 4
AR 59. 1% F1137. 6% , 25538 B #F K-
2.2 AMJE NO {44 SNP X m e T 5 2 w4 ot
T A A R A AT S 1 e

0, Fl H,0, /&5 | & W fg i b EZ M IE A,
MDA SZ st f A =z — S s R —
FEEE L] i s o A A AR il 2 R, 5
X AR EE , NaHCO, Jilri b 2 82 5 1 S22 Rt it
H 0, " B AR R M H, 0, F MDA f4 75 2 ; SNP 40
FEXTIE R 25T 0, By~ AE 3% ) H,0, F1 MDA 1Y

NaHCO, NaHCO,+SNP

BRI (AR ZEME T NaHCO, Bira T 0, Al
H,0, 7 ) MDA R, 5 Bl NaHCO, b FEAH
I, NaHCO;+SNP AbFf O, 74 %8 H,0, Fl MDA
ERMIRIET 26.4% 27.7% F127.0% .
2.3 HME NO fi{A& SNP XFH a8 F 5B 2 v i
AR R G

IR 1 SOD  CAT POD 1 APX 254 %1k
fifi J2 AsA Il GSH Z5AF fif i st M) B i i) bt A Ak
G AR BSS ¥ R DI R 19 58 4 1 O T Rk H A TR
ER . 3 Wow, 5 X IEAH L, NaHCO, 36 BY & 2
TR L RoH SOD A APX TG,
BT CAT . POD I PEFN GSH &, %f AsA &5
M AS K5 SNP Ab BT TF % 2% 444 T i 5 v 1y SOD |
CAT .POD F1 APX i & GSH & & JCH W52, #)
i AsA 1 it Wb 25 BRI 5 B NaHCO, A0 BEAH
NaHCO, +SNP 4bFi{# SOD . POD il APX 3§94 & GSH
Fri i E PR, CAT 1 PR AN AsA 5 2 DU I 4 A1
2.4 HME NO fiH& SNP B it 2L 52 wr gl it
F JUFB 3 1 0 1 52

AV B AR SRR | U S 2 B IR R A R S
M E BB, AR 1 AL, 55X
NaHCO, Jii}if i 2558 & 1 MR A2 L4 i rhon] 3 1
BEFN Pro ()75 i, W BTG 17 AT 4 1 2 10 Jo i 5
GIETR ) i IE W AR SR T, SNP Ab3 i 2548 5
T Pro T X RTSPEAE | PT VA R AR 1 O RN 2
1R 25 5 G B 520 7 NaHCO, B0 T, BE 7% SNP i
FPEE T OISR TR TR Pro (i, X
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2.5 HME NO fi{A& SNP XFH a0 F S22 wr i
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Fig.2 Effects of SNP on O, ~ generation rate and contents of H,O, and MDA in ryegrass seedling leaves under NaHCO, stress
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Table 1 Effects of SNP on contents of soluble sugar and protein, free amino acid and proline in ryegrass seedling leaves un-
der NaHCO, stress

Qb EIRGIET AT T W B 2 LR il iR
(mg-g™") (mg-g™") (mg-g™") (mg-g™")
CK 3.183+0. 105 ¢ 0. 850+0. 037 a 12.74+1.25 a 0.146+0. 024 d
SNP 3.407+0. 147 ¢ 0. 802=0. 028 ab 11.48+1. 44 a 0. 404=0. 018 ¢
NaHCO, 4.065=0. 122 b 0. 638=0. 032 ¢ 7.54x1.82 b 1.012£0.022 b
NaHCO, +SNP 5.848=0. 136 a 0.777+0. 030 b 6.88+1.56 b 1.54420.013 a

[ B AN R] TR s Ab B A) 22 57 25 (P<0. 05) , 1],

F2 NaHCO,MBETHEHNEZESHEMF Na* K @2 R R H' -ATP B a0
Table 2 Effects of SNP on contents of Na*, K* and activity of plasma membrane H*-ATPase in ryegrass seedling leaves un-
der NaHCO; stress

SbF Na* K* K*/ Na* H*-ATP fif}
(mmol - g7!) (mmol - g7!) (umolPi - mg™' - h7!)
CK 0.737+0.028 ¢ 1.248+0. 025 a 1.693+0.013 a 8.362+0.241 a
SNP 0.729+0.014 ¢ 1.222+0.017 a 1.676+0.014 a 8.654+0.189 a
NaHCO,4 2.613+0.022 a 0.691+0. 026 ¢ 0.265+0. 022 ¢ 4.273+0.176 ¢
NaHCO; +SNP 2.130+0.019 b 1.057+0.023 b 0.454+0.018 b 6.144+0.202 b

BBV b Nat & &, BRI T KOSt fn BRIt K imlk .,

K*/Na* [t JiT/E H* -ATP B 1% 14t W 22 T % ; SNP 4k 3 i o

PEXIEH ST i Na® K" % & (K'/Na™ il

JERE H-ATP g6 ME TG I 8 5 ma, 30 8 FRAR T A Wyt 7 A R A R 35 85 W 3 N ) 25
NaHCO, 1l F Na* B & & iR T K S BM K/ R, o % S8y A K20 (& 4%,
Na® Fb B JF 5 HE-ATP 56 P, SEIAAMIE NO AT RE 2007 ; 250045, 2011) , Bl ol AY SR 242 Bt Al o,
A I R R O T -ATP TG AR AT Nat 9L A1t SNP REMS 2% fig Bl 200 o 2 22 5 &y 4 A K A
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FIVER (B 1) X 5 P07 2255 (2008 ) 748 e T 15
LR —2, HRHE AT AR S5 NO RE A% 1 5 SMA
ELHEVE FH 140 M 5 21 535 40 i B Fn st LA K NO 3%
IR RE XL o325 0 T a0 P AT 0 M 2, DA £ i
FEAR A KA K (Leshem & Hamarat,1996) .

£ L S5 HE AL ) 32 0 2 o SRR AR B 52 S )
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