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FEME . A W5 /R SAFINORE S 1 =5 /N2 il 5%
SNRIE YL, B s A I RO A L
A EAMENO 5 SAK G I8 4 X5 £h W if & /N A2 4
Az e R DG B 5 0 A0 LA o PR AR 3 D/
AN G, DEE 8 ( Sodium nitroprusside,
SNP) HINOMEK, BEFEELM A T AMENOFISA H
S G XA A L B G ARG AR
1l R GEny 52, DU T g SMENO . SANHE &
it X R 38 R /N EE G AR R R Ak, JT R R
HEMMHLIR, ShEhom i by /N2 e A s fEh it
A A b ) T S I A B A i A AR S H

1 BPRS

1.1 fkarsl

G T 201 74E9 7 7R IR R R A7 B I8 5 #145
EBEAEY)E SR S Ew AT . B/ NEE (Triticum
aestivum L. ) ffp “lLi4e225” |, &I RA
R TR — A BT s 7 B /N2 R ELT R
BE2E o WEMOM R . R/NIA) O o R i A
T, £0.1%KNaCIOfH#10 min, RJ5 Mz K
AT, BT SPX-2501CHI A T8 RES AR
h25°C MERE IR . FifhFREE S, & TUEE I
TEE A, Bk 5 1/2 Hoagland & 57 M5
e /N R i 5 Bk K B — S0 A R R VAR
TR S, BA E A 1/2 Hoagland & 7 MK MY 3% B
AR, REFE25KE, EIRMWMpHEG6.5~6.8, 4
A SRR N B IR EE S 25/18 °C, SR 100
umol-m™-s™', JEHRRFA]14 h-d™'s
1.2 It

W6 AbFE . 1) CK: Hoagland FF
Qb3 2) NaCl: Hoagland & 37 +120 mmol-L™'
NaCl; 3) SA: Hoagland’& ## ¥ +120 mmol-L™'
NaCl+100 pmol-L™' SA; 4) SNP: Hoagland &
FEW+120 mmol-L™' NaCl+100 pdrnol~L71 SNP;
5) 1/2(SA+SNP): Hoagland& % +120 mmol-L™'
NaCl+50 pmol-L™" SA +50 wmol-L™' SNP;
6) SA+SNP : Hoagland& 5% +120 mmol-L™'

NaCl+100 pmol-L™" SA+100 pmol-L™" SNP,
AP T3, AR 250 mL BC A TR G
HATA R, B2 dffe— IR G, Ab¥14 dfE it
178 TR bR A DI A2

1.3 MEmMBRA A

fief T E A IE - SRS FR A E AR,
B KR Lo e T, FERROK AR T,
HARArEEE (FW ) o KB EER BT 105°CHER
AT30 minfF, fE 70 C YT EfHE, KEME
T E (DW) .

A ERGTRIINE: 6% L BER K I
WIS A1, FEAE2S mLA RN ES, 22
Ja A3 L EE T3 B E 7E665 . 649F1470 nm T
HWOGCREE , ARG ARG A AR i e K IR
HE PR EE,

HL A T8 10 R A . AN LR (B (%) =5 —
WL B/ RS IE S E % 100%;

HL i B2 1A (%)= (R A S - X
MAHXT M) / (100% — XF BEAH X B S8 )
X 100%-

N. P, K. Na, Ca, Mg &l RN
T WRES I S, H,SO,-H,0,iH 1k, PLKE
RIEWE A S5 B kI e 20
JAECEE TR E 28 . 2Ea. fMitkCa, Mg
& R HHNOS-HCIOW &, I s Wil 73 ot
FEF AT E L

O, MM 2 . IR % vh iR viin i s, IR 25
U J SR R M S A S R 1210 5

H,O0, 5 5l 5% . 2 MiPattersonZs ™ 1y 5,
KM =54 (Trichloroacetic acid, TCA ) 47K
IR, IR B0 S I A B R 2 R FTK L TR T
390 nm T #EAT H (I E .

VoA ALEEEE R I E L BURE SO A BE R
Gr b vk S, IR B0 5 R A A W B Ak
( Superoxide dismutase, SOD ) 741l & % FH & s
pymk ( Nitro-blue tetrazolium, NBT ) ¥, %1k
Y (Peroxidase, POD ) {if PEN % 5% FH A ) A
B, W EALEAEE (Catalase , CAT ) 7610 & K H
SN
1.4 HUELE

KM Excel 200351 4b P& f 22, R A
DPS 7.05%8 AT g8 it o0 b, SRR/ BB 22k
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Ko H5CKAH, NaCIAbBEE R /INAE &y i i) L350 faf

£1 SMENOSSAE &=t Ehphig

AT 5 AR 45.65% F16.46% , Hb T 56
T E o IEAR55.80%F112.44%, HESTE.,
JIASMENO B SAZ J5 AR RE A5 22 fift Eh Wit , —H &
A A B AL T DA R /N A Ay ) b S R T S e e
LA, HA1/2(SA+SNP) b B [ ¥ 2 e + 5
BNaCULFE 4 34 /167.34%F16.80% , Hb T s i i
KT H R N76.91%M17.61%, H2:5 8%,
A DL AR e B
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Table 1 Effects of extraneous nitric oxide and salicylic acid on fresh or dry matter weight and root activity of the wheat seedlings
under salt stress
fb g fi T Fresh weight/(g-10 plants™) T H Dry weight /(g-10 plants™) WRIEH
Treatment ILeaf HRRoot ILeaf fRRoot ROOt,,aCt,iIVity
/(ng'gh™ FW)
CK 3.33+0.22a 0.21 £0.00a 0.99 £0.05a 0.11+0.01a 14.75 +0.58a
NacCl 1.81 £0.22¢ 0.19£0.00c 0.44+£0.08d 0.09+0.00b 7.54 +1.05d
SA 2.82+£0.15b 0.20+0.01abc 0.67 £0.09¢c 0.10 £ 0.00ab 11.12+0.56¢
SNP 3.00 £ 0.20ab 0.20 £ 0.00ab 0.66 £0.02¢c 0.10+0.01ab 11.48£1.01c
1/2(SA+SNP) 3.03+0.19ab 0.21+£0.01a 0.78 £0.03b 0.11 +£0.00a 13.13 £0.55b
SA+SNP 2.76 £0.19b 0.20 £ 0.00bc 0.64 £0.02c 0.10+0.01ab 12.21 £ 0.46bc

7 1) CK: Hoagland# ## ¥ Hoagland nutrient solution; NaCl: 120 mmol-L™' NaCl; SA: 120 mmol-L™' NaCl+100 wmol-L™'
SA; SNP: 120 mmol-L™" NaCl+100 wmol-L™' SNP; 1/2(SA+SNP): 120 mmol-L™" NaCl+50 pmol-L™" SA +50 wmol-L™" SNP;
SA+SNP : 120 mmol-L™' NaCl+100 wmol-L™' SA+100 wmol-L™ SNP; 2) [f]l—%1h ToAl Rl EF R b #0245 5 B 3% (P<0.05) o F

[f] Different letters in the same column indicate significant differences between treatments at 0.05 level. The same below

MR UG 70 AR A A R 55 1 25 A PR FR AR
RBAEYR R EE L TR, hERITH, 5
CKAHLL, NaClhh B AT & 2 FEAR /N2 4 AR &R 1%
7o SNP FISAFAM AL B /N ¥ AR R 16 F1 0 Il
NaClibBRIEE52.34% . 47.56%; SNPHISAKE &
AR IR HAR FR9E 150 B NaCIb PR 4E 5 74.26 %
61.94%, H2ERDE. WWIMNENO., SANHE S
Wb PRAEER Wi R HE N L AR R AR, 2
o AR ZR 06 T, DA A2 SR AR AR 6T 5 7 40 I %) W L LA
JeHh B RAFA K, HPA1/2(SA+SNP)ZE B AE A
RORTE W] 5
22 FAEEMNNENEHRAEEREIEN

A0

M 20T 0L, R Wi G AR/ 2 4 A
HEBRMSE. SCKMLL, NaClih#ry 4k
#a (Chlorophyll a, Chl a). M4¢Zb(Chlorophyll
b, Chl b)FIZEH % N 2 (Carotenoid, Car)f¥ &5

BIFEA%16.98% . 17.86% . 5.03%. Bi%ESNPESA
FE I, Chl a. Chl bfiICar W& EHAH B 1Y
P, H1/2(SA+SNP) A 4R = i i oK
H5NaClgb #2273, H.Chl a. Chl bHiCar
M) & B NaCIAL #7342 5539.58% . 24.46% .
33.06% . 2 WINaCIALHXF /N &) i 7 4 i aa
M AN JENO 5 S AR DL ZZ i i Ff i3, JC H &
1/2(SA+SNP) 152 A Ab H 5 W36 1) 22 fife 550 R o
il
23 FRLEMNENEHO, FEEEXMH,0,5

=R

WMER, NaCIAbHE i 8w T /NE 4
0, M- E MR FH,0,M & . 5CKAH L, NaCl
SO FER N Gyt e AR R PO, I AR R Ay
MR FERF82.25% . 80.61%, FHEMHAIBEST
INE W AR Ty o (HZREINSNPELSA, JuH &
1/2(SA+SNP), 1] LA A F AR R 90,
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Fig. 1 Effects of extraneous nitric oxide and salicylic acid on O, generation rate (A) and H,0, content (B) of the wheat seedlings

under salt stress

R2 MNENOSSAESHEENEM BT NEYEHREASERIENT M

Table 2 Effects of extraneous nitric oxide and salicylic acid on chlorophyll contents in leaves of the wheat seedlings under salt stress/

(mg-g' FW)
b7 nHE % nhk Zadr it nH b it Sl b E A

Treatment Total Chl content Chl a content Chl b content Carotenoid content
CK 1.17+0.12b 0.90+0.10c 0.28 £0.03ab 0.22 £0.03cd
NaCl 0.97 £0.03¢ 0.75 +0.04d 0.23£0.01c 0.21£0.02d
SA 1.32£0.04a 1.01 £0.03ab 0.31+0.02a 0.24 £0.02bc
SNP 1.19+0.08b 0.92 £0.06bc 0.26 £0.02b 0.25+0.01b
1/2(SA+SNP) 1.32+0.05a 1.04 +0.03a 0.28 £0.01ab 0.28 £0.00a
SA+SNP 1.28 £ 0.04ab 1.00 £ 0.03ab 0.28 £0.01ab 0.25+0.00b

PR R, 5NaCIULFEAH L, 1/2(SA+SNP)4LFH
TR R R O, AR R A B A1530.52%
29.16%. H,0,1 ZRVELEFFIO, ™ 1™ A= HHE 1)
AL, NaCIALFEF &R, WIMSNP
S A W] FFARER Mra FH,0, H 22 5% & 3, Horp
1/2(SA+SNP)AL B H, 0, Y SRR it B A A5 ok B ik
24 FARLEMNENEA_BLIEMEBRRE

HE R

s SN B (MDA) BMALE, ek
g it AR XN i (BI2A) o 5 CKA
b, NaClZbBE T /NZZ 4 7 FIAR & H BYMDA 7
Hr A 38.95% . 56.29% ., AsANISNPELSA ]
DL B 2R sns . o SNPHIS A S B A FH 19 22 i3
MR . 5 NaCURHAHLL, 1/2(SA+SNP)AZLHE/)
A AR R AIMDA & i AR, 45
FEAK15.78% . 24.23%, FHLH H I HIZZRCR

e S RO I AN R0 RN R R S A

LT (KE2B) o S5CKAHEL, NaClihH Y A ff i
B R E70.72% . M MSNPESAY A L) i 3%
R AR HL i BB R, IF HLSNP RIS A H.4F F 1Y 2%
fife 50, A e, A 3 A AL PR b B 2
5o S5NaCIZbFEAH L, 1/2(SA+SNP)ALFE/N 4 i
) H 7R T3 SRR AR 32.50% , % B T - 1) % it
2.5 AREGEMNEHEREEFEERNZMIE
ALY E AL (SOD ) 3% P fENaCl14b
PR B EREL (EI3A) o 5CKAHE, NaClab#
fift /N 22 41 1 7 FIAR R A S O D M 43 i) R IR
18.67% . 41.79%. FRHMISNPHESAN] L ZE fif £ Wit
A SODIE VEREAR, H P SNPRISASE B AR HI Y
SRRSOV I B, S NaCIAbBRAH L, 1/2(SA+SNP)
b BN i R AR R ) SO DI M B 3 4R
L A 14.49% . 21.53%, FI AN SE
AR . B R ER A, NaClARBE R /N4 4l 1
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HAYEE (POD) WMER RS (E3B) . 5
CKAL, Hmt /5 FAR & B PODTE M 4 il 42 =
10.86% . 12.11%. K& SNPHISAMRE N, &4k
Y PR SN AR M PODIE M, B &R
FERIMEH, H A SNPHISA L 4 Ab FH 1Y 5% fift 550 v HF
B4 . 5NaCULHEAHL, 1/2(SA+SNP)ALHI/NAE
IET AR R T SODIE P 4 B2 9.12% |
7.34%, HABEER, RMB R WEMRBR.

A AL E B (CAT) G2k B HMSODIE
PEAR L BIE AR MR (EI3C) o fENaClAh B 4%
PEF R, oot 5 R R i CAT I 4 43 5l
BICKFEMK44.43% . 49.76% ., H 2 IMSNPFISA
K= HEZEAEMG, CATIHEY BERE ., TH
1/2(SA+SNP)Ab B () % figt s n, BB i, 5 3 Pl
Jit AR 22 S R, M AR R R I CATIE % 4
A NaCIZb B = T42.74% . 62.95%.

OCK ©NaCl mSA BESNP @1/2(SA+SNP) ®SA+SNP
A B

_ 15 - _30r a

mlmﬂ.‘% § % ﬁ

@‘E?‘ 10 J&ﬂ-éﬂ §

s c @5 §

= Ee \

E< g Sr[7 EZ §

g< 2§ \
E 0 ‘L% \ 1 J

H-Leaf
1 52 #/AE Measuring part

HE Root

AbFE Treatment

K2 SNENOSSAKE G EhHa T/NZA N S (A) LEMESBNER (B) MM

Fig. 2 Effects of extraneous nitric oxide and salicylic acid on MDA content (A) and electrolyte leakage (B) of the wheat seedlings

under salt stress
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=7 200 E
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o i <
“29 ] §/ 100
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nf Leaf #& Root <
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oCK BNaCl mSA
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<
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e 20
515
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5 5

: =4 5o

2 Root

@1/2(SA+SNP) @ SA+SNP

K3 AMENOSSAK AR ER A F/NE4HSOD (A) . POD (B) JKCAT (C) G ERFM
Fig. 3 Effects of extraneous nitric oxide and salicylic acid on SOD (A), POD (B) and CAT (C) activity of the wheat seedlings under salt stress

2.6 ARALEMNNENEBIBRIENT

i 2 T A AP 0 A P ) B A — i R b Rk
M PLE . 4R A, EER A AT,
SRR LI IN DTG ZINZZ 4 O b3 7 R e
o BEAESNPHISAMTRIN, #— | T/hNE4)

WA S i, BRI MR FEMEH, LSNP
FISASZ HAE 0 G2 fige %00 55 R W] i . 5 NaClik 3
A, 1/2(SA+SNP)AL BN Ly i it - FTAR & R )
R & A BN T 6.62% . 35.55%, XS
&, BRI EL RN
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5 #HAL Measuring part
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Fig. 4 Effects of extraneous nitric oxide and salicylic acid on

i Root

proline content of the wheat seedlings under salt stress

27 ARAENENEEANaREMT TR
Ep:pAl

HIZR3TTH, 7ENaCIRL BT, /NEA 4 A

FIHR R i Na & B3, 43 8 CKIghn2.67
fEM3.57F5 . WIMAMNKESNPSSAZ G, Nafyim
B TR, NHE1/2(SA+SNP) AL FINa & i 3
TR, AT WL 1/2(SA+SNP) AL FEAM ] T /N X Naky
W

N. P, K. Ca, Mgl & i fENaClAb # 4 14
TREAR, U H I A Na il i X s BT 0 E B )
W SR MM IR SNP i SA sk SNP+SAT] DL 4% fif
N. P. K. CafiMg& MR, JHA2HE /N 4
B XTI EE T T R M. o, 1/2(SA+SNP)
REPRAE R F B3 . 5NaCIAH I, 1/2(SA+SNP)
Ah B AR, ONFE ORI AR i B R S B o
15.49% . 27.30%; PAEM:-FIH il £ 145 51 84
23.04% . 21.40%; KAEM FAR Y & 5t 50 il B AR
3.08% . 97.78%; Cafrmt FIAR v 1 £ & 43 il B A%
45.07% . 110.12%; MgTE - FR b iy 55 20 51 B
%15.85% . 18.87%, HIJHA B EER,

R3 MNENOSSAESHENEM BT NEYET RTRSEMNFIM

Table 3 Effects of extraneous nitric oxide and salicylic acid on mineral elements content of the wheat seedlings under salt stress /

(mg'kg™)
4ib # N P K
Treatment I Leaf AR Root i Leaf 1 Root M Leaf 2 Root
CK 60.75 +5.59a 45.24+4 6a 9.17+0.2a 11.46 £0.78a 19.19+0.67a 21.16 £3.5a
NacCl 43.34 £0.66¢ 30.33 £0.23¢ 6.14+£0.59d 8.64 = 0.54c 15.87+0.31c 8.72+£0.81b
SA 49.13£0.15b 37.86+2.4b 7.49 £1.06bc 10.17 £ 0.58ab 17.8£0.17b 11.83 £1.71b
SNP 46.68 £ 1.67bc 34.62+3.07bc 6.37 +0.34d 9.77 £ 0.68bc 16.88 + 0.95bc 9.35+0.96b
1/2(SA+SNP) 50.05+1.87b 38.61£1.03b 7.56£0.1b 10.48 £ 0.94ab 17.95+£0.95b 17.25+1.72a
SA+SNP 46.72 = 1.47bc 36.08 +2.46b 6.41 £0.78cd 9.96 £ 0.83b 17.11 £0.17b 9.96 +3.27b
Ab ¥ Na Ca Mg
Treatment I Leaf #R Root it Leaf # Root it Leaf il Root
CK 4.55+0.28¢ 5.81+1.1c 6.41 £0.28a 2.34+£0.08a 0.94£0.03a 1.26 £0.08a
NaCl 12.15+0.25a 20.73 £ 1.08a 421%0.6lc 1.01 £0.07d 0.76 £0.02d 0.98 £0.02¢c
SA 11.54+0.41ab 20.4 £ 1.28ab 5.61 £0.7ab 1.06 £ 0.09d 0.85 £ 0.04bc 1.15+0.1ab
SNP 11.65+0.3a 19.34 £ 0.33ab 4.99 £ 0.4bc 1.39£0.23¢c 0.82£0.02¢ 1.11 £0.09abc
1/2(SA+SNP) 10.87 £ 0.76b 18.83 £0.5b 6.1£0.32a 2.12+£0.2ab 0.88 £0.05b 1.17 £0.06ab
SA+SNP 11.98 £0.29a 19.27 £ 0.69ab 4.81£0.3bc 1.96 £0.11b 0.84£0.01bc 1.06 £0.12bc
3 i B G IR, R . TINORISA

3.1 MENOSSAESAENEMEB T NENE
TitE. RAFNRAEGEBRZIENTM
Tariq%5 '*) BF5E 26 W £k o 254 A 6 &

YEH . F200- A . B ARG PE . AT TR B 2

VRN HE AT Wy Jo n] L2 5 0 5 3 1Y) 2 B A B
P o AT IS 25 5L R NaC L A /N 22 4 1 1
O BEE, TR ISR AT LG X R R, O
HSNPESAK A AL I AF R /N i i 2 A+ HE 45
B RO B, JEHJE1/2(SA+SNP) SR B
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ARG A4 £ & B, SA+SNPAJ LI i $2 = R
FUE SR AR IR N ZE X T T R AW, At nT L
Pk it 2 3 0 G Ok A S N RO A EHT, HE
XfEREABRMEMEN . AREY, SRR
JINO IS ARERS A 5518 5 W At iR £ X /K R AR R A
B2 Z A AR VE I Y X G AR T 4k R —
. BAh, SNPRISAXTE: FE (28 i A F 8 v g J2
PR Sk xof S Ty 8 AN T A AR R I PR VR
3.2 MNENOSSAEGAEMEMBTNENE

AZBEEMEMBRSHENEMNE

FEABF I, NaClhh B8 An T /N & 4h
) g L A AR E T, AN ENORMISA, JLH &
1/2(SA+SNP), W EE(IL T MDA E ., Gunes
2 LR gy Fe WIS AT L A 4 O H Y 4 ok [ A1
MDA &5 HAMNORT LLE i FE RO, FTH, 0,11
TR AR IS i A A ' o bt A B 1
Ty — EL MR AR AR 0N 3 Y Na gk B T 40 i
HAL R SBT3 R . R W8 T MDA i R L A I
BRI S 28U W AEMAE DR ER, &
ZPH AR AR A . IR R WIS TR M SNP AISA ]
DARRAR /N2 &)1 1 0 F 005 T R FTMIDA & i,
HILL1/2(SA+SNP)SUR B, Bastam 7 HF5¢ %
AH S A RT3 g AR 2 X 35 - 114 R AR 42 v B SR TR B
KA EINRE, MR R ) o 2 B AL 7 . SMIA
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of Wheat Seedlings under Salt Stress
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ZHUGE Yuping'’
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Abstract [ Objective ] Wheat is one of the most important crops cultivated in coastal saline soils.
The seed germination period and seedling stage are two important growth stages in the life circle of wheat
and the plants during the two stages are pretty sensitive to salt stress. This study was designed to explore
effects of extraneous nitric oxide (NO) and/or salicylic acid (SA) applied alone or in combination, on growth
and physiological properties of wheat under the stress of 120 mmol-L™' NaCl in an attempt to evaluate
the effects of extraneous NO and SA mitigating salt stress on growth of wheat seedlings, and to provide
a theoretical basis for elucidating the mechanism of extraneous NO and SA enhancing salt tolerance of
wheat. [ Method ] A hydroponic experiment was carried out, cultivating wheat (Triticum aestivum L.)
and using extraneous sodium nitroprusside (SNP, a nitric oxide [ NO ] donor) and SA as regulatory
substance to explore effects of extraneous NO and/or SA on growth and physiological properties of wheat
under salt stress (120 mmol-L™' NaCl). This experiment was designed to have six treatments; i.e. CK
(Hoagland nutrient solution), NaCl (120 mmol-L™" NaCl), SA (120 mmol-L™" NaCl+100 pmol-L™" SA),
SNP (120 mmol-L™" NaCl+100 wmol-L™' SNP),1/2 (SA+SNP) (120 mmol-L™' NaCl+50 wmol-L™" SA+50
pwmol-L™" SNP, and SA+SNP (120 mmol-L™' NaCl+100 pmol-L™' SA+100 wmol-L™" SNP). Growth indices,
root activity, photosynthetic pigment content, superoxide anion (O, ) production rate, H,O, content, MDA
content, electrolyte leakage and antioxidase activities of the wheat seedlings in all the treatments were
analyzed for comparison to explore effects of NO and/or SA. [ Result ] Results show that Treatment NaCl
was significantly higher in O, production rate and H,0O, content, but significantly lower in wheat growth

and photosynthetic pigment synthesis. Treatment SNP or SA significantly mitigated the damage of wheat
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caused by salt stress, but the effect of Treatment SA+SNP was more significant. Compared with Treatment
NaCl, Treatment 1/2(SA+SNP) was 74.26% higher in root activity and 39.58%, 24.46% and 33.06% higher
in content of Chl a, Chl b and Car respectively, but 30.52% and 29.16% lower in O,  production rate
in leaves and roots and 15.78% and 24.23% lower in content of MDA in leaves and roots, respectively.
Besides, Treatment 1/2(SA+SNP) also significantly increased the content of antioxidase as well as the
absorption of mineral elements, such as N, P, K and Ca. [ Conclusion ] Compared with Treatment SNP
or SA, Treatment SA+SNP is more effective in reducing ROS accumulation induced by salt stress, MDA
content and electrolyte leakage, improving chlorophyll content, proline content and soluble protein content,
antioxidase activity; enhancing root activity in absorbing mineral elements, as well as in inhibiting Na
uptake and reducing Na content in the plants, thus relieving salt stress of the wheat seedlings. Among the
treatments in the experiment, Treatment 1/2(SA+SNP) is the most effective in mitigating salt stress on
wheat.

Key words Salt stress; Nitric oxide; Salicylic acid; Synergistic effect
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