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em) 1, AEER KR, EHOLIREANRE, fREME
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K, HERTES0 mL, YL K E P
Pk K A H— S0y B bR AR R TR B AR (K x
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&

(LN

R, BRATHESM1S om, @ HEATH 258 F K PR iR
WA E A, R AR 10 dE AR T IR 56 A
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24 WA AR 728 R P AR, B3R IKE
TR

R4 Db, (1) 1/4HkEFHoagland &
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FEZIW., IS S, CSFINSAHIAEK6:00H
18:00 47 I 1] W fits SNP, 5% 3% 12 LA W - 1F 52 79 T
56 A 1R AE H IO WK T s CROFIN &b 2 I i <5
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B2 ot e RPN A BUR, RIE ALK 1
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HKAEFRINGE . SIS REE AL TR, 4% 4b 33 H
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100° FHEH TR
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U E R RSO A (LI
6400XT, LI-CORAH], EHE) M tfE=, X
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AR L N E O R AR R L0, S
WA IS 4 L r kI E ; N (MDA) &t
Mg R AR L ZIR (TBA) ¥ WM
H RN S SR B R i vk

oA LB P 2 . A L L EE (SOD)
VR SE R AW UM (NBT) sk
ALY EE (POD ) 3% MR I A2 R A AT B0 B bt
U S EALERE (CAT) TR M 2 SR 28 I i
WU BUR MR A AL (APX ) AR AR
IMFRE 5 ( DHAR ) 31 2 BiNakanofl Asada ' '’
Jrkiag ;. A H KRR (GR) T M2 fFoyer
FHalliwell 77 J7 il s 5 05 AP0 IR 1 R 0 i il
( MDHAR ) i 3% i HossainZ: ' 1 05 i 2 .

A Wl B A AR W T I A e I A TR Il R
(AsA) FMREPIRIMER (DHA ) & &2 M8 Arakawa
g 0D I s A BEH K (GSH) F4E L
BHEH L (GSSG) F ik R HGriffith 00 77l 5E
1.3 HIELE

HExcel 2003 f10rigin Pro 8.5% {4 4% #1258 %4

PEFIYER, FH SPSS 19.048 4k F k47 B i = 7 %
M, RHE/NE E 2R (LSD) kit 25 8%
PR (P<0.05) .

2 g B

2.1 Ca(NO,),i 8 T SNPXE A4 K 8 80

AR ZIE A R R SR R Y
MR A B R . R IATLLE 1, CKAMETT, 1t
T 53 it SN P 7 it 4 1 A 4 T B 5 . Ca(NOy),
ria1s dfs, HESEKSH (e, 2. 2
MR R A YRR IR ) R ERMK. 5
Ca(NO,), /i3 A FRAH L, Wr3a 45 14T 0 1fi m5 jifa SN P
AhBEOR A R R o T sl i iy kA K Aghn, H
L R R R AR P a ROH: B RO IR S, 34K
PRI L Ca(NO,), M 18 A B4 3 i 1717.16% .
9.23%H123.35% . b Wit A1 PR N O RE % A 28 2% fiFk
Ca(NO,), W38 Xt F i & i A K Al f2 Ll i
e,

x1 ARLETEMSEE KRR

Table 1 Growth of tomato seedlings under different treatment
. ¥y Biomass/(g-plant™)
4b 3 /3= eVl AN EIE
. . e Ui N
Treatment Plant height/cm Stem diameter/cm Sound seedling index

Shoots Roots

CK 42.40 + 1.83ab 0.97 +0.05a 2.67+0.08a 0.73 +0.01ab 7.80+0.17ab

CS 43.29+291a 0.99 +0.08a 2.68 +0.09a 0.74 +£0.01a 7.86 +0.94a

N 36.48 +0.85¢ 0.74 +0.02b 2.04+0.10c 0.65 +0.02¢c 5.44 +0.20c

NS 39.27 + 1.00bc 0.85+0.05b 2.39+0.06b 0.71£0.01b 6.71 £ 0.42b

H: CK. CS. N, NSHGIERXIR (1740 BB 2B IR WAL ) o X IRAE T MW 100 pmol- L™ XA AL L | i FRAS W

JALFE (80 mmol-L™" WHERES AY 1/4vR AR 22 9800 )« I 4P F M R WEAE 100 wmol- LAY 4 kb 2 .

[FFA NG F bR 7R

253 g% (P<0.05) . A Note: CK, CS, N and NS stand for Control (1/4 concentration of Hoagland nutrient solution cultivation),
Foliar application of 100 wmol-L™" sodium nitroprusside under control conditions, Calcium nitrate stress treatment (1/4 concentration
of Hoagland nutrient solution medium containing 80 mmol-L™" calcium nitrate) and Foliar application of 100 pmol-L™' sodium
nitroprusside under stress conditions, respectively. Different lowercase letters in the same column mean significant difference at 0.05

level. The same below

2.2 Ca(NO,),B "SNPHEMMHAHERESE
MEXERENFI
mE TR, SCKAHE, Ca(NO;), Wi kb
BERRR T BRI g Ka, KD,
M4 FRatbF AL G H A, HANAT R K

FEBR B K . Ca(NO,), MBI I i SN P &b B
AR FE BE % fif 1 Aot 4 i R B RO A AR BAE AR
IREAL, Ab3E6 d, &S50 53 Ca(NO;), Ml
AFRE T 0.79% . 11.92% . 3.74%M122.61%;
AhFE12 d, %S E05r BB Ca(NO,), Wi kb 21 i 2%
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Fig. 1
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Fig. 2 Effects of sodium nitroprusside on active oxygen, malondialdehyde (MDA) content and electrolyte leakage in tomato seeding

AN AL BE T 7 50 40 B SRR S AL AR

Chlorophyll content and net photosynthetic rate of tomato seedlings under different treatments

BN EET R, e d, KBRS H®
Ca(NO,), Wil b FER#AK20.40% . 20.58% . 29.39%
M26.25% (P<0.05) ; AbFE12 d, &H48H550 %)
B Ca(NO;) Wi sb PEFEL18.82% . 20.15% .
26.17%F129.49% ( P<0.05) ., CK&MT, i
W% it SN P X 2 i 41 B I R 1 3R 45 F8 bR 1 O W 3

IS
w ”Ilﬂ o

%3
=3

[

w

HEES =
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S =)

U 5 3

Electrolytr leakage /%

=]
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2.4 Ca(NO,),it B RSNPHEMMEHHMEK
RGHEAEEMAR N
T EAECa(NO,), a6 dist, it
SOD., PODHMICATIF ¥ B CK W & T ; 7
firi kb 312 dif, SCKAM, SODEM: 7t
B, PODIGHEAAL A B3, CATIG M B & MK

T T S E SN P &b B G SE R R T i 4l e A
SOD. PODFICATIG M, AbBE6 d, 3FEFRMKIKEL
Ca(NO,), A FEE I T79.19% . 10.28%F114.51%
(P<0.05) ; 4bFE12 d, FHEFRIKIKILCa(NO;),
il 30 b PR T 48.96% . 12.57%H135.33%
(P<0.05) o CK&MT, WM SNP X 2 jifi 4]
M SOD . PODRICAT Y% M JC i 52

(E3) . 5Ca(NO,),MiaabHAT L, riE &1

_E 2801 ICKeaCSEmNmmNs _E 20

£ . # 5

@T.E 210f b oL . iﬂ—;& 165 .

S b 2w L)

K2 140 b 2 110

£z | ¢ c < g

lﬁ% 70+ ? 7 ":!“?3 55 ’

wﬂ [a) a
i g L

2 200,
& a
a ;\%ﬁ& 150F - b a
ﬂ'cb c bcc
T2 100
)
>
H
A < 7 1
12 o 0 6 12

AEFEFREL Days of treatment /d

K3 Ca(NO,), M ie i 8 8y 25 A 40 T - v B e A B 28 1) 5 i
Fig. 3 Effects of sodium nitroprusside on superoxide dismutase (SOD), peroxidase (POD) and catalase (CAT) activities

in tomato seedling leaves under Ca(NO;), stress

T 4 ¥ E Ca(NO,y), it 4h Ble dif, 5 CK
M, MR APXIEM R EF S, GRIGHEFAEA
W, 7EMGAL 12 diY, S5CKAHIL, APXIE
PEFHIRAS B %, MGRIGHEH B EFm (K4) .
5 Ca(NO,), Wit b FRAR E . Filpad 45 10 1 i ot i
SNPAb 3 I 3 42 & 1 A A4 APXFIGR Y

1327 JCK zzCS =N g NS
a

A
o
T

/(umol-g™-min~'FW)
w o)
w ()}

U IR i S A R 1
APX activity

(=}

AEFEFRHL Days of treatment /d

Witk AFEG d, HKUCECa(NOL) M i AL B
T27.73%M46.94% ( P<0.05) ; AbFE12 d, &
RELCa(NO,), Wi Ab IS fi T 43.14% F124.24%
(P<0.05) . CKHFICKZ&MF T n 1 i fiti SN P 4b #f
FAPX . GRIGHEAEMAIA &, H P b3 [|] G I 2%
25

30.0
#H o a a
| 225 \
Eek b b
R’=E
gg_&lso- be o o ©
&
=83
= g 754
& <
0 L 7
6 12
AEFEFRHL Days of treatment /d

K4 Ca(NOs) il T A 3 B 0T 28 ot 0 v P PO L IR o 0 A il A 2 I JR 3 st Il 11 £ 5% i

Fig. 4 Effects of sodium nitroprusside on activities of ascorbate peroxidase (APX) and glutathione reductase (GR) in leaves of tomato

seedlings under Ca(NO;), stress

WESHTR, FAMSTTECa(NO,), Wil kb #ifY6 d
2 d, 5CKHMEL, ™A DHARJEM B E M, H
AbPER R, THIEECR ; MDHARIEMEE6 dA8fk
AR, 712 dBEHR . Ca(NOy),Ma T, M
Wi SNP i 4 = 1 & A4l i it 5 I DHARYE % 5
SFMDHARG R B e 6 dE AR 3, fE12 dihik

K, 4bFE6 d, DHARFMIMDHARIE PES: 545
Ca(NO,), WA A FEs H T 43.329%F16.61%; 4bFR12 d,

DHARMIMDHARY 443 5 Ca(NO5), Jilr i b B 55
T12.83%#125.32% ( P<0.05) . CKAICKZA: T M
Bt SNPALFRAYDHAR . MDHARF PR 40 A &L,

HPAb S R) TG fnb 2 25 5
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Fig. 5 Effects of sodium nitroprusside on activities of dehydroascorbate reductase (DHAR) and monodehydroascorbate reductase

(MDHAR) in leaves of tomato seedlings under Ca(NO;), stress

2.5 Ca(NO,),iB TSNPt &Emm&hEM FIEER

=Rt &y o 0bAl

T AECa(NO,y), i kb e dit, nf
FAsAST BB CKII R & B 76Wia i
12 difb, SCKA, AsAf &L FHEM; FH
FEJETECa(NO,), it kb6 dfi112 d, DHA®
BN EI S, AsA/DHAE A B 2 %, Hab
PRI A B, B (6 ) o Ca(NOy), M
W, M mEESNP R E R T M4t

BJFRIBLIR MR 7
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o 200
iz E a
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& o .
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ke 10 ¢
Be 7 7
=} < 2 7
e g 30 7
= 7 7
= o
0 | 7 . | 77 -
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220
176 |
§ 132
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0.44
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6 12
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Bl6  Ca(NOs), M A 3 B0k 25 ol 4 i v SR IR 45 IO ik 2 8 B 3L 38 Ji 7 fA) 5 i
Fig. 6 Effects of sodium nitroprusside on contents of ascorbic acid (AsA, DHA) and glutathione (GSH, GSSG) and their reducing
power (AsA/DHA, GSH/GSSG) in leaves of tomato seedlings under Ca(NO;), stress

HAsSAS HMAsA/DHAME, [RIE K TDHA
TE, AbFEe d, AsASEAIAsA/DHALE 5
JFE T 11.03%H23.88% ( P<0.05) , DHA
EHBEMKT10.53% (P<0.05) ; AbFE12 d,
AsAT & FAsA/DHAE 5 T+ & 17 40.73 % Fil
61.73% (P<0.05) , DHASG B T13.19%
(P<0.05) . CK&MTF, M Wi SNP X7 jifi
Wi AsA. DHAS & MIAsA/DHAH G I 3%
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SALRIABE H K

-
=
3
50
=
£
]
2
Q
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E/ 3
2
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mEe6fT/R, HSCKALH, Ca(NO,), Mt ih )
AW i GSHY S AE6 dif JE B A8k, 7E12
disf B E AR . AR EAECa(NO,), Ml A B g6 dA
12 d, GSSGHEEET ., GSH/GSSGHH) i &
BEAS, HAMBERI K, BB, Ca(NO,), M
R, I SNP R T A R GSH
i MGSH/GSSGIH, KK 7 GSSGH =, b
6 d, GSHE R HIGSH/GSSGIE A 5 1 1722.22%
M47.37% (P<0.05) , GSHERHEM T17.13%
(P<0.05) ; 4bFR12 d, GSH &8 MIGSH/GSSGIH
Ay T T 36.78%H182.76% ( P<0.05) , GSSG
R EAR T25.25% (P<0.05) . CKE&MT, M
5% i SNP X} 2 i 4 i " GSH ., GSSG & AGSH/
GSSGTH TG it 2 521

3 1w

SR Ca® FINO, A Y W8S A R E R &
TR, HARKA F P ECa MINOSMFTEHR &
THAE Y E A BACHE, rERROSH EALE, 5l
KR AL, IS B A BEE N A A
MR GeE RI0EIR, Bt AL A EHZBH, FitkE
PIFRE R TR 22 AR Eh, Ca(NO,), Ml
A 31 7 T 40 B R MDA I T8 5 R B
ETE, MR E RGOS ER B E A, SR
BELAS T A AR A K & B R IR . Ca(NO;), ik
T, T W SN P AR R A 4l A MDA B R
f# BB B R ER, HEES RGOSR
FTh i, TR R A e RUHE S SO W
FWIMENOXT Ca(NO,), ik~ i 4 i i A s i
b S A RN A K I A 34 5L G2 0

M)A K E LR B R e, KRR T —
e o il A2 RN A R B SR AR 4 AR ARt B 3 7
A L SODEX — RS NROSTH IR 194
—IE BT, BB O, Ak R O, BE R A X 55 1
H,0,, 1MH,0,M|A[YEPOD., CAT. AsA-GSHYEIF K
HoAt b A AL TR A B RIVE T 3R e
Ca(NO,), W T, i 22 #)7 fir
(1) Bk 422 T =22 e DA F AR T HL A B3R RO S T R B
T3, PR R g v AT B T SR B KO
LiZs " RFSYIAR . FECa(NO,), WA R, 5 I EE K
T AR 8 NG i F-SOD . POD, CAT. APX

T P 2 A 5 K — R R T AR HL O,
FINOMFL S | i T LR PT S Ak B 3k R 1) 3k A7
e, FEIE% 71201 mmol L™ SNPALFEZZ iRk
3 R, 25 E B, AEMRM A SOD. CAT
FIAPXEIE B2 T+, PODIGIE B A FrfA%, (HE
TIE 200 e B85 i ok 4R AL R A MID Ay ) B 3 R [
FEAL A HIF 5T 45 SR Al AR A 4 55 2 00 A 7] i i
R R CH 5 B B A W (B 5T HGE P AR 25
R, XFCa(NO,), M 4b B 2 i 2h 1 47 i T
Wi ESNPAL S, i HSOD. POD. CAT. APXif%
PR AT AT AR R BE A4 i, 1O, 1y ™ A i FR
H,0, %m0 i & Tk, RWISMENOAL I AT LL3E o
P EPUEACEE S PR D ROS PR A, BRI SER T AE
FREGBL () EhAEf. XSG KES Y 3 84
WP R EE R —5 DA MREiE, dEidise
WIENORI A, AMENOA F A I ROSTE Bkt
A H—RAEHENTENOE X ROSHIINIE; I
TR R N TENOAF 5 455 I 2 14 5% 2 % bt 48 £k il
R FRIL, TE T B BT A AL RO 3 AL X ROS Y I
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Alleviating Effects of Exogenous Nitric Oxide on Oxidative Damage in Tomato
Seedling Leaves under Ca(NOQO,), Stress
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Abstract
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[ Objective ] In relatively enclosed greenhouses, soil salts tend to accumulate gradually in

topsoil duo to the special greenhouse environment of no rain water leaching, high temperature and resultant

high evaporation, thus leading to serious secondary salinization of the greenhouse soil. According to

relevant reports, the high level of Ca(NO;), accumulation was one of the main causes of high soil salinity in

greenhouses. Nitric oxide (NO) is a kind of micromolecule active material that generally exists inside plants.

As a plant hormone and signaling molecule, NO extensively participates in regulating of plants’ responses

to various adversity stress. The aim of this paper is to investigate roles of exogenous NO in regulating the

antioxidant system of plants under Ca(NO,), stress.

[ Method ] A hydroponic experiment was conducted

to investigate effects of foliar spray of sodium nitroprusside (SNP) as exogenous NO donor on growth of

tomato ( ‘Qin Feng Bao Guan’ ) seedlings, and photosynthetic, reactive oxygen, anti-oxidase activities,
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and ascorbate-glutathione cycle in their leaves under the stress of 80 mmol-L™ Ca(NO,),. [ Result] In the
leaves of the tomato seedlings under Ca(NO;), stress, foliar spray SNP significantly lowered O, production
rate, H,0,, malondialdehyde, dehydroascorbic acid and oxidized glutathione in content and electrolyte
leakage rate, but heightened or maintained superoxide dismutase, peroxidase, catalase, ascorbate peroxidase,
glutathione reductase, dehydroascorbate reductase and monodehydroascorbate reductase in activity; besides,
it significantly increased the contents of ascorbic acid and glutathione and their reducing power. As a
result, active oxygen damage of the leaves was effectively alleviated, and chlorophyll degradation and
photosynthetic rate declining trend were effectively suppressed. [ Conclusion ] Exogenous NO treatment
plays an important role in maintaining or improving the activity of antioxidant enzymes and promoting the
operation of aseorbate-glutathione (AsA-GSH) cycle in tomato under the stress of Ca(NO,),, thus relieving
the plants of oxidative damage significantly, and improving their leaf membrane system in stability, their
photosynthetic function, their tolerance to salt and eventually their growth.

Key words Ca(NO;), stress; Sodium nitroprusside; Tomato; Membrane lipid peroxidation; AsA-GSH

cycle
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