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Nitric oxide protection of alfalfa seedling roots against salt-induced inhibition of

growth and oxidative damage
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Abstract: Roots play important roles in anchoring plants in the soil and absorbing water and nutrients from the soil. Soil
salinity is one of the major abiotic stresses that adversely affect root growth and development. The exogenous application of
some bioactive substances is a simple and effective approach to improve plant stress tolerance in agricultural production.
Nitric oxide (NO) is a bioactive, gaseous, multifunctional molecule which plays a central role and mediates a variety of
physiological processes and responses to biotic and abiotic stresses, including salt. However, information on the effects of
exogenous SNP on alfalfa root systems under salt stress conditions and its physiological mechanisms is lacking. In this study,

Medicago sativa L. cv. Gannong No.4 was used as the experimental material and NO-donor sodium nitroprusside ( SNP) ,
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NO-scavenger 2-( 4-carboxyphenyl ) - 4,4 5, 5-tetramethylimidazoline- 1-oxyl- 3-oxide ( c¢-PTIO ), tungstate, the nitrate
reductase ( NR) inhibitor, nitric oxide synthase ( NOS) inhibitor NG-nitro-L-Arg-methyl ester ( L-NAME) and sodium
ferrocyanide (SNP analogue, does not release NO) were used to investigate the effects of NO on growth, root vigor,
osmoregulatory molecules, membrane lipid peroxidation, reactive oxygen species ( ROS) accumulation and the activity of
antioxidant enzyme in alfalfa roots under NaCl stress. Results showed that when 100 pmol/L SNP was applied in the
nutrient solution under NaCl stress, the growth of alfalfa roots was significantly improved for eight days, the root vigor value
and the content of free proline were increased and the content of soluble protein was decreased throughout the treatment
period. SNP also caused an increase in the activities of ascorbate peroxidase ( APX), catalase ( CAT), glutathione
reductase (GR), guaiacol peroxidase (GPX), superoxide dismutase (SOD), and the contents of reduced ascorbic acid
(AsA) and reduced glutathion (GSH) under salt stress. Whereas, the content of H,0,, OH ", production rate of O,” and
MDA level were decreased in alfalfa roots. Meanwhile, SNP pretreatment improved the endogenous NO accumulation.
Sodium ferrocyanide, the NO-donor SNP analogue, has no noticeable effect on the damage caused by NaCl stress for alfalfa
roots. When applied with the NO-scavenger ¢-PTIO, under NaCl stress, the NR inhibitor tungstate and NOS inhibitor
L-NAME both reduced the accumulation of endogenous NO in roots, further inhibited the activity of the antioxidant system,
aggravated membrane lipid peroxidation and root growth, however, their harmful effects on growth, antioxidant system and
membrane lipid peroxidation could be reversed by the addition of SNP. Thus, the results showed that application of SNP
significantly increased root vigor, activated the antioxidant system, alleviated the oxidative root damage induced by salt
stress and promoted root growth under NaCl stress. Endogenous NO may also take part in the regulation of salt-tolerance of
alfalfa roots under NaCl stress, and the release of NO according to the NOS and NR pathways may play an important role in
alleviating the inhibitive effect in alfalfa root growth. These results may provide a theoretical basis for the mechanisms of salt
resistance, help research into NO in the chemical regulation of alfalfa salt tolerance, the breeding of salt tolerant alfalfa

cultivars, and the utilization of saline land in the future.
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1.1 BORH RS SRR Ab 2R

P E T i N H AR 4 5 (Medicago sativa L. cv. Gannong No.4) . BEHURLI 4 210 B A& F 1, H1 0.1%
HeCLIA WM EE 5 min, KB F/KUEG, §E 8 T IR M08 0 55 bk b M7 0 k5 B AUE A 10 Bk 5678 201 I
B R s (AR 60% , SRR 14 h, 63l &% B 400 wmol m ™ s™' B/ RN 25 C/20 °C) , 43 d %
#E 11K 1/2 Hoagland R, L1 35 d J& , PRk ST —E R A i Vet /m AR EIE A 1/2 Hoagland 5 FR I Y 2
BHR TR FR SR 3 d IR IRALER G b DA A SRR AL BN ( sodium nitroprusside , SNP) 24 NO HE4& | W
BN (sodium ferrocyanide ,SF) 7 SNP B (AR 7242 NO) |, 2- 4-F2 R 5L DU FE L mR s - 1-4- 3-40 160 ( 2-
(4-carboxyphenyl ) - 4, 4, 5, 5-tetramethylimidazoline- 1-oxyl- 3-oxide, ¢-PTIO ) & NO #%F 5 W5 B 7, £ 2 &
(tungstate , 465 A T) A AHFR U R BEGE PEHD 7], N-l 2-L-Kg 2082 H BB ( NG-nitro-L-Arg-methyl ester, L-NAME )
F—SEAL RS TP H ], DL E A0 40 T Sigma 23 W), ST 11 A ARHE: 1) CK,2) SNP (100 pwmol/L
SNP) ,3) NaCl( 150 mmol/L NaCl) ,4) NaCI+SNP (150 mmol/L NaCl+100 pwmol/L SNP) ,5) NaCl+SF( 150 mmol/
L NaCl+100 pwmol/L WARFALH) ,6) NaCl+c-PTIO (150 mmol/L NaCl+100 pmol/L ¢-PTIO) ,7) NaCl+c-PTIO+
SNP (150 mmol/L NaCl+100 wmol/L ¢-PTIO+100 pmol/L SNP),8) NaCl+T ( 150 mmol/L NaCl+100 pmol/L
Tungstate ) ,9) NaCl+SNP +T (150 mmol/L NaCl+100 pmol/L Tungstate+100 pmol/L SNP) ,10) NaCl+L-NAME
(150 mmol/L, NaCl+100 pmol/L L-NAME) ,11) NaCl+SNP+L-NAME( 150 mmol/L NaCl+100 pmol/L L-NAME+
100 pmol/L SNP) ; Ur W3 H 1/2 Hoagland & 3= fFBCH , U5 R FHBENLIX 4 i 11, BAb 10 2, R
3 APRUEALFRVER RS E  BERR 2 d SR 1 YO EI, TS SRS A 4578 TR B) WGl A2 o AR FRER 8 R
HEFEDN A 2% G b, b B 3 A,
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Neto FJ7 ¥ 848 AL s Akt ( superoxide dismutase ,SOD) J& 4 %E 27 Giannopolitis Fl Ries B
AL AT (catalase , CAT) 15 PEIE 2% Beers Fl Sizer 7575 HLIR IR 12 &AL #) i ( ascorbate peroxidase,
APX) T PE % 2% Nakano and Asada(1981) f975 17 | S1BIA M it 481k ¥ ( guaiacol peroxidase , GPX) 7 P
M%E S 2% Urbanek BYJ73E" | 28 B H KA JEU ( glutathione reductase , GR) 1 £ E S % Foyer 1 J74E " i i
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GSH) il 7E S Griffith (175757 s NO 7= A k2 2% Zhou [ 51417,
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Duncan 352 H A, 225 W& 2 O P<0.05, Excel 2003 il fEAHRE AR
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Fig.1 Effect of sodium nitroprusside on dry weight and root activity in alfalfa root system under salt stress
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43.7% , FAER A 5 E TG R R A0S B0 . WS SNP f v] 1k 3 1 = v, i 2 R RN T Vs R
HFEK, c-PTIO F3IRER AT L-NAME 5 NaCl FEAb3gE— 2045 8 1 e g Il 2 B8 R AT s P 5 12 AR 1 PV
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Table 1 Effect of sodium nitroprusside on soluble protein, free proline and soluble sugar content in alfalfa root system under salt stress

Ab P AR/ (mg/g BT TR IR (/g BHEE) AT/ (g HIATHE /g BT
Treatment Soluble protein content Free proline content Soluble sugar content
CK 42.6+2.4 a 14.89+3.1 g 150+21 e
NaCl 22.5+1.5 cd 50.54£2.8 de 298+34 ¢

SNP 43.9+£3.6 a 13.11+33 g 164+22 e
NaCl+ SNP 38.7+4.2 b 3241+39f 232+12 d
NaCl+SF 24.5+2.4 ¢ 48.41x1.4 d 300£19 ¢
NaCl+c-PTIO 18.7x1.1 e 60.34x1.8 b 387+24 a
NaCl+ SNP +¢-PTIO 25.1+3.7 ¢ 52.15+1.6 d 31210 ¢
NaCl+T 20.3+2.6 d 65.44£2.5 a 351+15 b
NaCl+ SNP +T 22.9+2.7 cd 54.67£2.1 cd 289+18 ¢
NaCl+L-NAME 17.6+2.1 e 56.38+1.1 ¢ 366+26 ab
NaCl+ SNP +L-NAME 23.1+3.2 ¢ 47.54+29 e 307+20 ¢
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Fig.2 Effect of sodium nitroprusside on the level of MDA, H,0,, OH and production rate of O, in alfalfa root system under salt stress
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2.4 SNP XJERJHA N B 15 I R PR R GRS

5 CK ML, IEH 4 N USIN SNP REFE— & FR B L4 & s iR R YU EALBR IS M APr A e & i (R 2) 5
AT R SOD  CAT  GPX Fl APX 1t CK B 48.5% .50.2% .23.9% F1 57.4% , GR 7% M T+
34.4%(P<0.05) , AsA 1 GSH & & 4> M4 1.17 F1 1.28 f%, SNP 425 R R P8 1L R 53 1, SOD | CAT,
GPX . APX F1 GR J& 14435 b NaCl kb B =5 54.2% 83.3% .125.9% \78.3% K1 25.6% , AsA 1 GSH &=t —
HHE (P<0.05) (£2), c-PTIO BERELF L-NAME ZbBEREHNIH] SOD .GPX CAT  APX 11 GR %1, FEA% AsA
1 GSH &5 (P<0.05) . ¥/ SNP GEZZfi# c-PTIO ASHR R F L-NAME Kb BEGHHT 48 Ak 58 Ge s 2 A 4 il 5 S22k
AL ER AL B 78 DR RPUEAL R G EZ IS NaCl b FEZEL(P>0.05) (£ 2)

F2 SNPXEHME TEHRERRMEN REFE ML NO SEHFNT
Table 2 Effect of sodium nitroprusside on the activity antioxidant system and nitric oxide content in alfalfa root system under salt stress

gtlENisus w4k PO AABEH Ik

B 4 g JUpa SR wmw
Sy RICHRRRHE o SUCHSRERE EREEE L mms

—— Guaiacol Catalase Ascorbate Glutathione Reduced BEH —& LA

Qb d'[‘) U’.‘ ‘ peroxidase activity/ peroxidase reductase o b"- Reduced Nitric oxide
Treatment ‘1:3in‘lu‘td;e activity/ ( wmolH,0 activity/ activity/ dfcfz/m glutathion /(nmol/g

activity ( wmol Ax A _12 T pmolAsA  ( pmolNADPH act (wmol/g )

(U/mg i -1 mg -1 -1 (pmol/g fa

EED AW mg E min) mg mg ) fif 5 )

I min™! ) mimn HH min™! )y EH min~! ) .

CK 68+4 a 7.1£0.7d 0.036£0.04 a 16.2+2.1 a  3.2+0.5c¢ 0.46+£0.06 d 0.42+0.06 ¢ 138.9+9.5 ¢
NaCl 35£3 ¢ 54+1.1e 0.018£0.01 b 69+1.5¢ 4.3£04b 0.75£0.07 ¢ 0.54+0.09 b 94.6+8.6 e
SNP 69+2 a 14.1£0.5 a 0.037£0.01 a 15.5+1.0a  3.6£0.2c¢ 0.3720.02 e 0.44+0.01 ¢  286.4+2.3 a
NaCl+ SNP 44£5 b 12.2+0.3 b 0.033+0.03 a 12.3£2.3b  54+09a 1.27+0.03 a 0.69£0.02a 225.1x11.5b
NaCl+SF 37+l ¢ 6.4+09e 0.021£0.01 b 7.2+1.4c¢ 4.4+£03b 0.8+£0.08 bc 0.52+0.03 b 97.7+104 e
NaCl+c-PTIO 24+l e 4.6+1.5f 0.008£0.01d 4.3x2.1e 2.6£0.5d 0.69+£0.04 ¢ 0.31+0.01 d 32.8+4.6 h
NaCl+ SNP +c-PTIO 34£2 ¢ 8.2+0.4 ¢ 0.017+0.03b 7.1209 ¢ 3.840.6 bc 0.95+£0.03 b 0.43+0.06 ¢ 101.3+7.9 d
NaCl+T 28+6 e 7.2¢0.6 d 0.007£0.01 d 5.6£0.8d 3.1+04c¢ 0.74+0.09 ¢ 0.29+0.05 d 36.9+6.4 ¢
NaCl+ SNP +T 36+3 ¢ 8.7£0.4 ¢ 0.015£0.04 b 6.5+t1.1 ¢  4.2+0.7b  0.8920.10 be 0.39+0.02 ¢ 95.4+52 e
NaCl+L-NAME 30+1d 3.8£0.7 f 0.011£0.03 ¢  4.9£0.5de 3.2+0.8 ¢  0.65+0.04 ¢ 0.3420.07 d 49.9+£3.9 f
NaCl+ SNP +L-NAME 352 ¢ 5.6£0.3 e 0.019£0.05b 7.2+09c¢ 4.1£0.1 b 0.99£0.06 b 0.41+0.04 ¢ 99.7+12.3 e

B LIS BB AR i 22 38R ; Rl — B R 70 22 53 3% (P<0.05)

2.5 SNP AbFEXFERERA T HAER R NO & & A5

H R 2 W[, 5 CK AH LG, IEH &4 N U SNP (2 8F T B 5 MR R v NO i (P<0.05) ;150 mmol/L
NaCl Zb BRI TR R NO 7= (P<0.05) . #hWpi T SNP Zb PR AR R Hh NO 7= #4351 b CK #2155 2.06 %
(P<0.05) . i c-PTIO F3FRERFN L-NAME Ab#H 5 Z 401 T NO (9774, 5 NaCl Ab3AH L, NO & 243 5| B AR
51.6% .61.1%F1 47.3% ( P<0.05) ; Z1I SNP REW % c-PTIO fSER4P A1 L-NAME b3 X] NO F= i 2, b
R WS AL B F B A b NO &85 NaCl 4P 25 (P>0.05) ,

3 Fit5itie

FRZR A AZ P R e A ) B e AR I A AR ) ARG NaCl e W3 58 0 6 78 4l i AR R 2k
1, 1 100 wmol/L SNP ZbFHE 15 4l i, M R 5 0 18 i, NO 5 BRI c-PTIO AR i — 2 B T E 78 4l
HRZ 5, S SNP BB 4% c-PTIO XFARAE A Bl , i T SNP 31z FI i NO {4, H SNP 24 ka1
A BT T MR A AR K TCAR RN, 2 NO REEZZ Atk il X 1 7 4 i AR AR K A R 3503

MR ZR T J7 2 I WA ) 6] 3 58 35 17 e B O A8 AR . ASBFSE b AR 00 S 08 1 4 AR R TS T AR,
ULRHERRE IR T B MR R ITIRE, NO 1B M AERKZE TN — MG 507, BE AR 1AA i P MR & B I
PESEAR XK RIS AR 24 s e Ah  NO IR RE T A K R AR S B T 0552 RSP 3] TAA S LEg
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BRI, e A A a1 P MR ZR WAL 2, DT R 4 %) o R AR 277 B iR AR 2R 1% g R R X 3
(38 1V BE T, A9 A B2 Z5 SR

MY B R 1 SRR AN ] VA MR A — N A ML R R R A R R R e Y e
AR AR S 5BEE AN 0 —E R ORI B D AR A AR 1R il 2R 7 2 0 348 Jon s B
FEHIYB B, e kL A b a8 B PR AR R P e A R T
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ER a0 B M (ROS) AR A AT , 5 BEAR i S A T, DR S A Pl b 2 A 4 A A2 i B9 SR =22
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H B E R ELEEE T G NO REAE BE B AR GSH &8, GSH VB i B AL 70 LA K 4 T i 25 1 RN 4
A MRRRIMA, REE R A 3, AsA LAE 4% 5 ROS 1EH ; AR5 SNP &b P AR 15 74 AR & GSH I
AsA Fa iR EI . PRI UL RS E T R IR A S MDA (H,0, . OH ™ & HMO0,” 4
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