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—E2U RS 5INEA B E IR BB TEmsh it & LR p e EE
B EM R, R, LR, B E A

TR A S R £ R, BT 1832003
TR 7 VS R € SR 2 T A R 5 2 9 %, 7 U 832003

FE: R B IRKIE, BFR IR K (GSH)# NaClA=NaCl+Hb (4 ft1 & &, —FF — 8L R A4k 22
F & #(Lycopersicon esculentum)% &=t ki ¥ — 8 7 & B (NOS) & M A — AL R(NO)K-F . AL AR
JE. EHREA(ROS)RRAROSHIREE A 69 %A, 4R A 6 AHbIL & Mria T 46408t b 69 BG4 5
Ak, NOA 2 T, (23 GSHA T AR E#h. SMRGSHM&M B ER S T a4 %+ + M RGSH
5NOKF, # 5 A0 BR L R BE(MDHAR) Ao 25 L R BE(NR) 7 14, 48 AL LB (SOD)F (PR 72 h), it
LA S EEH(CAT)E P (1848 h), 4L 32484072 hél) 5Bk H IKiE R BE(GR). HL3R e BR 1T AL B (APX) Ao Bl A4 R fo
BT R B (DHAR)E 4; KB iR/ iE & . AR B ILZ B (TBARS) A& A A AL 22484272 héd it Ak A(H,0,)
FoRB A B F(0; )&, MR HEGSHIR B F 42 5 NaCl+Hb4k 22 T & 46wt F 53R o 8 (AsA). GSHANOK-F,
CATHF=APXE 4, 4 32244048 hegNRIE M VA B AL 2485272 htgNOSIE M ; 1K W /5% % & H,0,# TBARS 4~
. A WSNRGSHIE iT-F 1 R GSHANOK-F L, 3% Zn 8L 7E M AROS ) & R 48 /) R & ENaClA=

NaCl+Hb4k 2 -3 2 69 84454 . Bk, NOA S T 4R GSH M 2E il T & 76 40 4 L 84545 69845

X##i7): GSH; Hb; it ; 4%, AR 4

TRk, A Bt i > AR A A v it A 7 U
R ) B AN T B I R A S H )™
I R SRRV G A E AT PUIE N, (R &
pitn JOL AN 22 2 VR S PR (F8 S A52004) o R B 23 5]
ECHE Y E 5 R AN 7 9 1 2 A (Ruiz52016),
I v 14 48 (reactive oxygen species, ROS)FH &, 6
JR e DI BEAR, 3 BE AL 4505 0 = (T i ¥ 45 2015),
oG BT AL R G R I FDG I (Kalaji%s2016),
HE AR A, B2 FE ML T (Bethke I
Jones 2001). [Alit, 4wy it A= Pt 2LV B 70 B
A BRI SR .

B JE RIS B H B (reduced glutathione, GSH)/F
NEVAN R EEPIEEOREM ST ERFEEN
o+ & 2 Ik, Jd a0 20 i Y 0 2 B B Ak
R4 R R AR Y L SRR 1) 5 s i A
ROS I3 % SR 34 i 1 ) #8110 53 P 18 (Nahar 5§
2015). GSHWJ L PR i R-45 bt H Ak (ascorbate-
glutathione, AsA-GSH)E¥F. i A4 55 [ (thiore-
doxin, Trx) £ 4t 55 B4 5LA1 %75 FRROS LA 5 4 i
AL [ (redox) B2 T 1 2 5 45 5 & iy (Riccillo
2:2000; Anjum52012). Kk, GSH# A Jy 248
Jid A — b B B S AR SR % 7R (Foyer AlTNoctor
2011). VFZ M5 R B AMNEGSHAEIE B AEY7E £ )
BE(AHEE2016). mi5(ZhuZ52016). T % (Nahar

2:2015), 48 7 F (Estrella-Gomez452012) 45k
AW iE R RIHRATRE /5 GSHRT 1 Jy i ) sl B
K2 5440 % B, thaES5 B B AIE R 71
FHHEAE AL E 2 5 W5 3 11E 514 5 (Szalaiss
2009); GSHth m] 3@ ik 23 ot H Bk Ak A2 1 K O3 25 B
ANZEA, Yk DROSHIR o

T ) 7 400 82 2 e — N0 [ 2 ME 5 40 1
e FIEENE RN EERAMNIER
GSHW 54k N HEZ PS5 50+ — A A (nitric
oxide, NO) Az H A4 B35 14 & (reactive nitrogen spe-
cies, RNS) 2 v/, 7E—48 M E & M (nitric oxide synthase,
NOS)f#fb I T RS- Al F 2 Bt H K (S-nitrosogluta-
thione, GSNO) (/%4 *F-%%£2010), A JEGSNOEL
2 5GSH. NO. 43 ¥ (S-nitrosothiols, SNOs)
APFRARAS T . NSRS & A R I R
R 1) 00 6 I e A AN SR R A D H IR B 1, AR AR
VIR 2 Bl S 5 A% T A DA B A0 B 2 b 4 B B
£ (Donghwan%%$2009). Ha4) A& ANOR I I 2
HFEW 2% 56—, THIR AR A IR I8 248
JRNO; 25—, L-¥E & R AENOSYE F M AL Ny

ks 2017-10-09  f&E  2018-03-26
B E R ARE IS (31360478) A 5 [H br & E T H
(2014BC002).
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NO. B4k, H— A EE NGSNOB: #4742 21 oy —
ANE A RS, GSNOSRMNOEH it & 5
NOIZ i 8 % WA 25 ) B (Martinez-RuizflLamas
2004). W] WL, 8 Y45 R A AR A 0 o A B A R
B2 FH GSHAINOWA IRAF AEAN ELRZ M AR ELARAS ) 9%
Fo LK, GSHFINOZ 5 AW RIEE A W) i B
THI BB O AT HRE (FE 55 H552011), {HA7 X GSHITE
FAti(Lycopersicon esculentum)®hid N /E H 5NO
fE 50 THIR R MANARE . PR, A i 243
T B, it FHNOJE B 7l——4F ML 4145 1 (hemoglobin
bovine, Hb)>K+H0 & i 4 i & ANOAE 57K, Hlf
T AN EGSHAT NaCIANaCl+Hb b B T 7 4l 4 18
ROSHR R AP AL BE /1 LNOAE 57K~ By 520, LA
Wit — B TR W GSHZZ B ) 10 355403 5 (R A/ F AL
K H 5 NOMC RIS L E IR (K -

1 RS 7

11 #iiEFR 5%

RIS T 20 164 75 A7 1] K 25 A 5 e i 96 3l i
FEWNIAT. LLEA(Lycopersicon esculentum Mill.)
Tp e sl RS S W I S S e 0/
R (2:1, V/VYIREG T RIS, el K43
AR SEA R IT I, PRk ST — S B %)
RSN EIR S A 12 Lok AR, Al g 10 LA
2B /KAL) Hoagland & 7K (pH 6.2). FF%2 1
VA JG AT AR AL EE, PL100 mmol-L™ NaCl#Z{f 5
JoliE 26, TARIE B B NE R H . GSHA
Hb LA wi it 1) 75 X T8 H 10:003E47 AL 2

RIG LRSS MNEEE . (D)X & FRs 7
J i 578K ; (2) NaCl: 100 mmol-L' NaCl4b ¥ 1
W R e 2548 7K (3) NaCl+GSH: 100 mmol-L™
NaCl4b # A1 F 1555 mmol- L' GSH; (4) NaCl+
Hb: 100 mmol-L" NaCl4hFEFIH: F 155 j50.1% Hb;
(5) NaCl+Hb+GSH: 100 mmol-L" NaClih Bl f
55 710.1% Hby 5 mmol-L"' GSH. 5% KHFENLIX
HVt, B FE3NE, FIHARE, AR T b
24, 48, 72 hEUREFFIE
1.2 HfERZEEMAEA B L ZER (thiobarbituric
acid reactive substance, TBARS)& &I E

Oy WIBUAL R S 24 48, 72 hiG & Mi4h i
(CCEK ST 283 1 i) 52 HL AR T 7205 2R (418 552000)
MTBARS & (A tH A552002).

1.3 TEHEMH,0,)EEMBRAEF(0;) =%
RN E

H,0, & & 1 2 i YuZE(2003) [ 5 i%; OF
B I E SR R A AT (Rauckman %6 1979) .
1.4 S LERTEMENE

W Fr0.3 g, BT T4 BREER R, N3 mLive
¥10.05 mol- L™ BEFRZZ 1 i (pH. 7.8), TEVKIA L 8%
R AI9K, FE4°CTF 12 000xg B 0220 min, 73 85 L5,
RNBESE R, T4°C T IRAFHH . AR Bk
li(superoxide dismutase, SOD)J& 4 i)l 72 2 Rao
HISresty (2000)f 7772 L% 1L A i (catalase, CAT)
R I E 2 MR 5K R BL(1992) 17 1% A3 It H ks
5l (glutathione reductase, GR)VE 1 )l 5 2 8
FoyerfilHalliwell (1976)(1)777%; Hudk i fR it Atk
Y)W (ascorbate peroxidase, APX) i 4 (111l i€ 2 &
Nakano%5(1981) 177 ¥%; F Mt A P4 I FR L 5 g
(monodehydroascorbate reductase, MDHAR )y £ Al
Jiii & 5 I BRI J5 B (dehydroascorbate reductase,
DHAR ) {4 7& 2 J8 Bt 156 55(2009) 1 772
L5 EHFIEERNE

GSHE & 1 %€ 2 *% NagalakshmifllPrasad
(200 DTNBAZ M. B 0.3 g & T HiA ik
H, A2 mL 6% (W/W) iz, T-vkis EwHEE, {£
4°CRF 12 000xgE5.0220 min, B b &I 5E A Ak R
22 e H ik (oxidized glutathione, GSSG)F1A 2t H ik
(GSH+GSSG)IBE it L& &, —FH S 8N
ZAEEINGSHE & . IR T HTIR IR (ascorbic acid,
AsA) & B 5E 2% Jiang 1 Zhang (2001) ) — 1k
WEREI . 0.3 gFE S I3 mLIKI5% (W/W) Imi%ER,
BT UG EWEEE, E4°C R 15000xg 50215 min, HY
EIER, ME AsAWO R T TR S .
1.6 NORE R H XA KEEMEAINE

PIENOAE = 7K Pl '8 2 2% Corpas %5 (2004)
T, BAEMEN . H4,5- 2 LT3R = LR IR(4.5-
diaminofluorescein diacetate, DAF-2DA){E ANOF)
R DO ERE . WA A ) S mmx5 mm/f5
BT %10 pmol-L" DAF-2DA£]10 mmol-L" Tris-
HCIZZ M (pH 7.4) 865 5 30 min, FANE 0
PRl 2 PR FE B 2~3 K, LR 22 2 R
W, fEROGILRE BB (2065 MU S,
R KA495 nm, K FHEKS15 nm. IR E K
FFLSMS5105E &7 Hr i AN LT I~ 25052 D 3R




IR — SRS 5 AN I H ihons 2 Braa T 2 At 4l s A 0 i 609

THERIAL JE B (nitrate reductase, NR)FAINOSYE P
%12 2% 0 (W B e 5t 3 AR ) TR 9T ) 1
HH AT I 5
1.7 BT

¥ FHMicrosoft Excel 2010f1SPSS 19.0%f Jfir 15
Ha AT B A GE i 734, Origin 9.08 122 .
K LR &K 5 250 T (ANOVA) Al Duncanis: £ & Eb
LA R BRAN IR 22 e i 3 1 (0=0.05) . TR 255 R
FIEARAEZE o

2 SIEER

2.1 ARICIEXSE B TEMSMEM HEERE
BRFMTBARS S 2RI
MR LA H, 5xTHEAHEE, NaClib 3 2

A 03- It

P 1A AN I FLE B2 E R NI TBARS &5
&; 5NaClb#AH L, NaCl+GSH AL FINaCl+Hb
AEIR Sy ) 2 B AICANR = 1 HU B2 B I TBARS
i, 5NaCl+HbAbHAH L, NaCl+Hb+GSH4b
FH24 Wt} FL AR 5 1295 R A TBARS & 5 B 5 540,
H 5B A T A FRA8 TN T2 hir) H i J5i 15 % R A
TBARS® &, H T AF72 h¥P#{K £ NaCl+GSH
A B 7K
2.2 AREIEMEETERSEHFH,0,2 2
FO; FEIRE RS0

A B2 A 40, S5xFIEA EE, NaCIAbFE & 2 4 v
A H0, & EMO; AR AR . 5NaClkk
A HE, NaCl+GSHALFE24 hj5H,0, 5 & A10; 7
AR R TC I B AR, EALEE48F172 h)5 3 PR,

TBARS# &/umol-g' (DW)

A ERE 8] /h

Bl SMIRGSHATHbXT & Mpia T 3% i 4 v -y H i 2 8 A TBARS & & (152
Fig.1 Effects of exogenous GSH and Hb on the electrolyte leakage and TBARS content in leaves of
tomato seedlings under salt stress
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Fig.2 Effects of exogenous GSH and Hb on H,O, and O; contents in leaves of tomato seedlings under salt stress
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NaCl+Hb4b {3 H,0, & & A1O; 77 A 2 2 2 1 n,
oA O3 77 A SR AE b 24 W AR FE £ k. NaCl+
Hb+GSHX 5 /> b #E I JA T H, 0, 7 8 [ A #2401
48 hit)O; 77 4= 3 % LE NaCl+Hb b P2 1) 5 3 44K, B
TEALTE24 hifIH,0, & B RIALBE48 hif)OF f= A i %
BIBEAIK ZENaCl+GSHAL B 1 7K
2.3 FECIEXTEIE TEMAEIT IS LES
SEMEREZ IR
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Fig.3 Effects of exogenous GSH and Hb on the activities of antioxidant enzymes in leaves of tomato seedlings under salt stress
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H E3-C~Fu] LUE Y, 78 A NaClab 2 H# [a],
ZHimtH APX. MDHAR. DHARFIGR I Pt
R 25 BRI, I LI o i ) [ 11 JE K g v PR 3R
BUNFREE TR RS . 5NaCl A Lk, NaCl+
GSHALFR B #12 mAPX. MDHARFIGR 35 1 (%
AbFE24 W) APXMIGRIE A, B e i 18] ) S,
APXVE M2 75, MDHAR ., DHAR. GRiE %%
BW R FE s, NaCl+HbAab#E24 hj5 APX.
MDHAR. DHARMGRiF &3 [EAK, 472 hf5
APXJEME R E T E . 5NaCl+HbALHAH EL, NaCl+
Hb+GSHAL P 2 25 42 1wy 1 %> b 32 9 6] 1) AP X
P, AEFE24F172 hIf)GRIE I K AL FE24 148 hif)
MDHARF 1, S DHAREPE TG &2 5200
2.4 AEREXTEIMNE TEMMEBEM FinE w7
BENFI

WE4-AFR, XA EE, NaClab#24 hif
Fe i GSHE & W 3 FRAIC, T ALFE48F172 hf5
GSH% &1 B #41k; 5NaCIAFAH EL, NaCl+
GSHAL P 5 WIRGSH & & 2.3 1§90, MiNaClH+HbA&k
PR N PRGSH & 80 2 35 521 ; NaCl+Hb+GSH Ak
T () P JEGSH 2 8 4 NaCIHHb AL BE 1 5 2 38 n, B
FEALFRASFNT2 hik FNaCl+GSHANHE T (7K.

5 HEAR T, NaClAhE 332 39 025 it - AsA
. 5NaCUbFAH EL, NaCI+GSHARH ] AsA &5
TR E N, ELBE bl aE ) ) e 2 AN W R i )
3 NaCl+HbALFH24 5148 hifAsA & & TG i Z 48
1k, HALFT72 hiJAsA S & B &N, NaCl+Hb+
GSHAL B I AsA S & NaCl+Hb AL P (1 & 2 34 1,
AJIA BNaCl+GSHAL HE (1) /K F (E14-B) .

A 30 xim
NaCl
E= NaCI+GSH
[ NaCl+Hb
B2 NaCl+Hb+GSH
a

— )
o0 S
T

GSH# &/nmol-g' (DW)
o
T

N
ST

N
N

AL 8] /h

2.5 FREILEINaCIfE TEMSNETFNOR
ERE AR KB MERRT
2.5.1 HIENOSEMTL

SR B EAS I AE G SHATHb R 2 756 40 1 -
R IENO R 2, ARG FINORE 7 ¢ e 4 &t
DAF-2DAJ & HZHNOMIX & . KEIS-ANAH
AbFETR F At NOTE O I SR A A I 5k
oA TE DL, B5-BAHE T E5-ARNOZ G g 45
T AR AL B FNOR T 98 Yo . 5 X ig
FHEE, NaClAb 2 & 25 R AR F A PNO & & 5
NaCl4bFEAH b, NaCl+GSHALH JENO 2 & i 2% 4
B, MNaCl+HbALFE24172 hjENO & 5.2 FE 1K,
AbFE48 hiINOF & o A2 ft; 5 NaCl+Hbib 2
AL, NaCl+Hb+GSHALBENO S & B & 1, If
TEAbFR48 hivf ik FNaClH+GSHAL BRI 7K - (&1 5-AF
B). FHASMEGSH i H P 7EAS [F A2 FiNaCl
FINaClHHbALFE T & it i HNOZK -
2.5.2 NRFINOSEMBIZE 1k

L5 %F BEH EL, NaCl14bHE 5 2 i 40 15 I NRYE
P53 PR A, 5 NaCUGEEAH L, NaCl+GSHALE i
ZHEENRIEPE, 1 NaCl+HbAL 3 6 NRE 476 i 3
2, 5NaCl+HbALEEAH b, NaCl+Hb+GSHAL 248
172 hJENRIE M2 5, 2 Pk 2 £ NaCl+GSH
AEFRABFNT2 hit1/K-F-(KEl6-A).

HHEl6-BI %1, 5% FEAH L, NaCl4b2E24 hif)
T At FHNOSIE M 2 2 B A%, AbBE48FN72 hif) TE B
EARME; 5NaCIL B L, NaCl+GSHALEEXINOS
TEPE TG 2 520, NaCl+HbAb FE24 148 hiINOSTE
PETC I RS Ak, (AL FRT72 hifINOSIE M 5 2 A 5

B 6.0r
a
l a
g 45| a =
e a
-':bl) E
5 =
g 3.0+ A . g
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4o = —
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K4 ShIEGSHAIHDXNaCUpa T & A4l v i th GSHAT AsA s B RZ
Fig.4 Effects of exogenous GSH and Hb on GSH and AsA contents in leaves of tomato seedlings under salt stress
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Fig.5 Effects of exogenous GSH and Hb on NO fluorescence imaging and intensity in leaves of tomato seedlings under salt stress
FRR=100 um.
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A 180 XM EZANaCl == NaCl+GSH
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Fig.6 Effects of exogenous GSH and Hb on the activities of NR and NOS in leaves of tomato seedlings under salt stress

NaCl+Hb+GSHAL H24 148 hifINOSIE M HNaCl+
HbA 1 5535 38 0, AbFE72 hif) &35 P
3 Wig

FETE IEH A TN B A
5EBRLTHETERS. “UEWETEME T
A PN TR X Bl P 4 T R, A 43 H,0,A10; %5 ROSK
R %R . ROSJH BN R AR I A A F, J5E P g 53 55
T Z A ARG D7 BR A Ak A i, AT
T OIS BB A IR, R 4 ) e R Rk R, kT
Sl BT ANS, M ERN &S BUEY AT (5 2 W
2:2001). TBARSJZROS & # g i A AL 1 3= 2
FEW . PR, ROSFITBARSH 2 & w15 2
AL AR I E AR R R bR . B
Z(2007) N N AE PP MR S A R A
ROSHITBARSHI & &% UIAH K. 7E A&,
NaCIAbHE A Fr AR IZE S . TBARSH
ROS % & W19, 1X 55 £hWrE T Sheokand%5(2008)
FEMEME S . SeckinZ5(2009)7E/NFE F A 7T 45 5 —
o WHiHD 5 & A A BB IE % . Hy0,/
TBARS ¥ & AL FE24 172 hitO; & &t — 3 B3
140, T AR i G SHAR 2 PR MK T NaClAbHE R 1)
HLRR15iE 3R . TBARSE & LA K ALFE48. 72 hif)
H,O0, & & MO; F= A &, IR i3 BF{ENaCl+Hb4b
FE48FNT72 h N I HL AR T2 5 B AITBARS & &, B4
AL A ] FTH,0, & & DA K Ab 24 /148 h N 1 O; 7=
AR (B TRI2), 1B SR e T, Hb st A gl 1
Fe A FHROSAR 1 25 167 AR i it SE AL FE R . AR

B 40p

w
(=
T

[\
(=4
T

NOS#EH/U-g! (FEH)

—_
(=4
T

AE BRI 8] /h

GSH R AN [F)#2 B #h 2% A NaCl & NaCl+Hb4b #1551
FIROSH R FI A AL IE, AT B AR i 3k 8 A A2
P&, $ = AP R Ge i e BV DL R TR i 4 A R
P38 R S N . IX AT B AMEGSHIE S 1 P I
GSH. NOfE 5 /K _E 1 UL A2 3k 5T A AL BT
ROSHIRE I 2%, Al £ ia Nl H e 5
FHFE AR R, SR SR e X 2 o 0 1 14 5
ROSARUH 2R 210 58 T 75 A B 52 35 1)
KL, WEAURETGMEZEF R —. 4R
VIR PN SR T T 16 R R 48 i 5 52 ROS ) 43 5,
YRR E SRR T R A AR BRI ROSIE Fx &
4t AP 2 EROS 530 1 S AL 5147 . SODJE it
AMNEEF M R G — BB 2R, B RO KA
B AK & R P2 AR HL,0, 10, H,O,8 J5 EE 4 POD.
CATH1AsA-GSHAE R [4:(FoyerflHalliwell 1976).
TEASA-GSHTE A, APXTE i FRH,0,H e 3 S
176, MIMDHAR. DHARMIGR 3= i i 5 i
AsAFIGSHI Fi2E N APXIE R H, O, LK) . A
W FiH, NaCli: 2 PR B AN L 22 1A (8] 325 At v eh
SOD. CAT } AsA-GSH{EH ) S HE i APX . GR.
MDHARFIDHARE M, 5 IR 2, A T
HROSHIA R FITBARS & & 142 &, I NaClH
BT HFPUAMN RGIERRROSHIF S /1 T FM
SHEEROSH R . AMEB i HbE — 0 B 3% A%
NaCl4h¥24 h#& Hinf B 1SOD. APX. GR.
MDHARAMIDHARGE 14, {HXT A #H48F172 hit) o i
F 5, IR (24 h) NaClril ™ Hb 2 2 i
TPUEALEEEYE, W S EEEAEE . 2T
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F W], NOEA HEEMRROSHIIER, it 50; 44
TV R B 1 AR ST e SO A 25 B 25 - (ONOO))
K % fift 40 A T (S IRE I 452017 7k B552012),
IEHED S 3L FR48F172 hj5ROSFH R FITBARS
Bt O JE K AT e A Hb R T NOXTO5 HiE F BE
71, M0; # PRI K TH,0, (Z=7H%5E2014), M in
TROSH SR ARG I A A= Y TBARS & & 111
h. Wi GSH R 2 $2 M NaClfhiE ~ & i +SOD
EPE(872 h). CATVE (%48 h). 4LFH48F172 h
JGR. APX. DHARJFH 1 LA S BEA b 35 1A (7] 1)
MDHARJE . Wi/t GSHIR & 3% $2 B NaCl+Hb ik
Y CATMIAPXE M. 4bFH24 hiISODIE M. 4b
24148 hffyMDHARJE 1 UL J kb H124 F172 hi)
GRYE M, {H X DHARYE M4 T B 55 8 5 7E FH, i BH b
JRGSHA] A A2 H | i NaCl4b #E FTNaCl+Hb4bk
BN CAT M AsA-GSHE I ¢ B g 15 M LLIE
H,0,.

AsAFIGSH A HE W) A ik 5t J B B 2L HT
fbAA, PRk B R PR, KT R R
BEHEYICEE KPR EE bR, REES
(O3B FL R, il T 20 74 - GSHAI
AsAT B I3 v 108 I DL 190 855 3 B0 A A
He BEREQ015)KIMNaCIbFE R B B i
LR HASAET R EE %, GSHE R B
fik. Shalata:(2001)HF 57 & I, NaClfpia i #h 2
Hfi(Solanum lycopersicum)f 7 H AsA S & i 2 T
T, AP0 H R TR A ER . FRATT AT IR AT A R
CAIFH, RIS A) (5. 10015 d)3h a6 4 B g
i GSHidE IS I GSHA i A A AsA-GSHAE
B P 1, AT 2 v 7 A 40 B R R B G SHOK P
AT Eh B 38 A 401 (Zhou52017) . #E AT 5,
NaCliw. 2 [ AL 224 hif) A 4w GSHE &,
XPAEFRA8FNT2 hif)GSH & &G 2 35 5o, H W& 42
T RN R T G As A B, 1 B AE b A A7) 35
GSHA& W AZ M GSHE 25 T XFROSHIIE BRI
FAEHIRFE T B, fEWME 5 IHROS = EEE LA L
FASATEFR . NaCljpia T mg it Hbsxf 5™ 4b 34 11 A]
IGSHE AL EE24F148 h'F [ AsA & &I TL
ERN, {HALFET72h K AsA B & B E N, U HD
XTGSHE) & 5 A B A AEAE R . A5 i
GSH . 2% 1 hinNaC14b B FINaCl+HbAb BE R (1) 4 Y5

GSHAIAsA % &, 1 HAMEGSH ] 5 3 NaClAb 3 Al
NaCI+Hb AL T 2 55 41 B - v 48 M A 4 R = 1) 3k
J5 B 17K PR R 3RS, DL NaClLFINaCl+Hb
P AL, AT B s L R I B R

Rt — P IUENOZ 5 4MEGSHXT #h i ia
FAGE R IEER, AR T AR GE T
A A NOE & K H A g e . iR 5
(2014)HF 7 KR B, HMENORE S Cu® kil & it
I NOSHINRIE 1, (2 ENO™ 42, T Hb AT #7r4K
HNOMMEHER . RIB%5E(2016)HF 50K W, 4k
JENORE (2 B I I M 8 N AR AR KA T AR 2,
#mE i SOD. POD. CAT. APXJEME, /b H,0,
FMMDAFIAR 2. fEARRLH, NaClbH T T4
e liria HOE 2% BEAR T BN EE A RINO & & . NR
TS TEANALBE24 hiINOSYE 4, i B NaCl b i i 477
HINOSFINRIE 42 1Ml P AR 5 0 N O B FI P A
b Bl 35 M, (EROS A IR i 246 72 ) TBARS A
., NaClhHE R, mjEHbiE— 5 il 7 &4k g
FRPE, B 7 S A FE 72 hifNOSTE 48, X
Al Az IS 1] FONRAFINOS G 14 1 76 38 3 5o, (H Ak
24172 hfENOF & 2 EH K. XRHNIENO
TR B I AEHb A HINR FINOS I 12 BT i B2, 11
& BT IR RS A 14T 8 [HbO,(Fe™ )] 5 NO X
97 A= AR X e 1) vk I 41 2 [ [Met-Hb(Fe™) ok
BEARAR INOAE 5 /K (B B 7 552015) . Wi jifiGSH
BERE T NaClhia FNOE 2 FNRIEGHE, {(HX]
NOSTEME LR FH M. B GSHIN & E N T
NaCl+HbAb I FNOF &, AbFH24F148 hff)NRF
PE. AbFEA8FNT2 hfNOSIE M (EISAIE6). [FI,
W5 i GSH 73l A [FIFE £ 34 2% it NaClAINaCl+Hb
AbER S S S, B T A N A ) R B
PE(EIATER). 3 BINaClib BEAINaCl+HbAL HE T,
ARG SHIFI it FH 32 it 6% 38 3 42 iR NRARTN OS5 14 5k
RIENOE i, $2 2 Al HNOIKF-, AT & #4 H:
TERE S T2 S5HEMNEIREDHE e .

Zx BTk, AN N ENaCIAL BEHINaCl+
Hb AL T M5 it G SHA 2 1 40 1 A B AL R 3
RORIHR T WA 28—, WIRGSHIE AP A
W —Fh B Z B EA ), SMEGSH T iE T F i
NaCURINaCl+HbAh 2 T 35 7t 411 1 (1 471 4 Bl v 14 F
WIRGSH/K Y, $2EROSHITERRAE 11, Zf AL
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T8 DL LR 4 P S 45 440 RN T RE I e, kT B v
TEERME T IIE N BE )5 5 =, AMNEGSHIE T 5 S
NaCIFINaCl+Hb i~ 7t HNOZK T i, M
T R AENOAS 5 701X 35 e i 21 VE L, A
T 32 1 2% 40 7E BRIl R RE R RE . H R,
NOZ Y T 4MEGSHX £h WM T 7 A0 ) i i 8 A0 i
4%, (ANOBAK W E - ALH i 7 3k — D w7
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The involvement of nitric oxide in exogenous glutathione regulates
antioxidant defense capacity against salt stress in tomato seedlings

WEN Ze-Lin"?, LIU Hui-Ying"*", ZHOU Yan'"’, CHEN Xian-Jun"’, FENG Yu-Long"”

'Department of Horticulture, College of Agronomy, Shihezi University, Shihezi, Xinjiang 832003, China
’Key Laboratory of Special Fruits and Vegetables Cultivation Physiology and Germplasm Resources Utilization of Xinjiang
Production and Construction Crops, Shihezi, Xinjiang 832003, China

Abstract: A hydroponic experiment was performed to investigate the effects of exogenous glutathione (GSH)
on nitric oxide (NO) levels, the activities of key enzymes related to NO synthesis, the lipid peroxidation level,
production of reactive oxygen species (ROS), and the ROS scavenging capacity in leaves of tomato (Lycopersi-
con esculentum) seedlings under NaCl and NaCl+Hb (NO scavenger) treatments. Our results showed that the
application of Hb increased the oxidative damage and decreased the NO level, but had no significant effect on
GSH contents in the leaves of salt-stressed tomato seedlings. Exogenous GSH application significantly in-
creased the contents of GSH and NO and the activities of nitrate reductase (NR), monodehydroascorbate reduc-
tase (MDHAR), superoxide dismutase (SOD) (except 72 h), and catalase (CAT) (except 48 h) during the whole
sampling period, as well as the activities of glutathione reductase (GR), ascorbate peroxidase (APX) and dehy-
droascorbate reductase (DHAR) at 48 and 72 h after treatments, and decreased the electrolyte permeability, the
contents of thiobarbituric acid reactive substance (TBARS) and hydrogen peroxide (H,0,) during the whole
sampling period and superoxide anion (O;) at 48 and 72 h in leaves of salt-stressed tomato seedlings. The ap-
plication of GSH also significantly increased the levels of GSH, ascorbic acid (AsA) and NO, the activities of
CAT and APX at all three sampling dates, and the activities of NR at 24 and 48 h and nitric oxide synthase
(NOS) at 48 and 72 h, and decreased the electrolyte permeability and the contents of TBARS and H,O, in
leaves of tomato seedlings under NaCl+Hb treatment. These results indicate that exogenous GSH could allevi-
ate the oxidative damage induced by NaCl or NaCl+Hb treatments by up-regulating the levels of GSH and NO,
and increasing the activities of antioxidant enzymes and the ROS scavenging capacity. In conclusion, NO is in-
volved in the regulation of antioxidant defense capacity against salt stress in tomato seedlings by exogenous
GSH.
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