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R BRI, S 5 78 18 K AR B IR A
TTRZFSHWIESR ERFAMRE R 25 C, fFghl
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TR EXTH A POD ¥ G B FH ., 5Hophh
JilriE AH B, A0 UE GSH A+ £ W 38 b B 0 ff o B
CAT F1 POD 7 P ¥ & 35 6 m . 3 o BH . Ah I8

GSH mJ LLig i # 5 i - CAT H POD i 4 11 14
S BR H O, M9BEST . TS SR BT ER RETT
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Table 1 Activities of SOD, CAT and POD in the leaves of maize seedlings under different treatments
£ Hif 1] /d Xif 1 EIN ST GSH+ £ i 38
Index Time Control Salt stress GSH+ Salt stress
SOD/[U/(h « g ] 2 4.2 ¢ 5.1b 5.8 a
6 3.7¢ 4.7 b 6.3 a
CAT/[U/(min * g)] 2 10.5 a 3.5¢ 9.0 b
6 9.0 a 4.3 ¢ 7.5 b
POD/[U/(min « g) ] 2 1.3 b 1.2 b 4.0 a
6 1.2b 1.4 b 3.3 a

e FANE FhEF R TE 0.05 K EL R BE, FER.

Note: Different lowercase letters in the same column represent significant differences(P<0.05), the same as in next tables.

2.2 GSH X BriB T EXKZ &M H AsA-GSH
IR A 15 B A 1 B 2 i

2 Won, 55X b, R a i i APX
HTDHAR {5 P 580, 33 Ui B 6 K 45 T DL 3 3
P H A APX FI DHAR JF P 11 38 5 G 26 i
WBRBEST . SR ER A AR L, AR IR GSH A £R i
0 40 B A B APX I DHAR 88 35 F [,
LA GSH 2 il 3 i 38 T E oK i 7 iy APX

A1 DHAR 351 .

56 MM L 3 38 xF it B GROWE VTG B 3
SR, 3K U ] R K &) O R O 9R GRS
PEMRG s LT ER R ). Sk Fh B 38 A [, GSH
+ R 30 Ab B 52 RGN T M 7 GROWE L X U
HIAMIE GSH 1] i 34 5 it i GR I 4 177 35 5 H:

TiERBETT .

R2 FRLEBETERDEM B AsA-GSH IR 5 B8 F &

Table 2 Activities of enzymes in AsA-GSH cycle in the leaves of maize seedlings under different treatments

e b A i /d X Hi Hhhin GSH#: Whi#t
Index Time Control Salt stress GSH+ Salt stress
APX/[U/(min « g)] 2 23.0 ¢ 35.0 a 27.0b
6 18.6 ¢ 28.9 a 23.2b
GR/[U/(min + g)] 2 0.8b 1.0 b 2.1a
6 1.0 b 1.1b 1.8 a
DHAR/[U/(min » g 2 8.0b 13.5 a 9.0 b
6 6.5b 11.4 a 7.2b

2.3 GSHXEMETEXRSEHFIELYR
AsA 1 GSH [REERIKER 2N

¢ 3 AT, 50 BEAH L L b W ae t G et
A AsA TR BEJR W BE . 5 ol k38 A L
GSH A5 38 A0 B A 0 Jr AsA BT 5 B8 IR vk i
W N, X R0 GSH &b 3 AT B AR 35 i 30 F i
R AsA i EERIRIE . % 3 1 BoR . 5% A
Lo R el R GSH i it B2 /R vk B Bk 35 38
5 oL a0 AH . GSH A 6 138 40 3 ) {ff GSH
o EE R Mk B I RGN, X Uk B AR GSH T 2
EER A R Bk 4 it i i GSH T & BE UK

2.4 GSHXEMBTERGEMHFREYM
MDA 57 £ EE /R iRk EE HI §1i

Y% 4 WAL, 5506 B L, R ik aE ol it R An e
JEE 375 PE A MDA T JBE J) W 2 349 I 38 385 3k 16
Wk SIEDS IE B0/ S N B il o 2R o SRR X 1 623
JEAH E L AR GSH A3 il a4k 200 fif - - 40 ffd B
A MDA 57 B 7R ik B 149 I 2 R A1 3 13 B
AR GSH AT L) B AR 3k W 300 x5 i R 04 48046 43 3
B2 MR GSH A+ £ 38 b BT 1 R i) 5 328 P
MDA i g B8 /R e FE AT 25 i F % B, 3 b B Ak
Ui GSH HRe7E — & F B 1 28 it 8 W 38 % £ oK %)
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Table 3 Molalities of AsA and GSH in the leaves of maize seedlings under different treatments

£z i 1] /d X 8 EEN Sl GSH+#h ihia

Index Time Control Salt stress GSH+Salt stress
AsA/(pmol/g) 2 0.23 ¢ 0.42 a 0.32 b
6 0.21 ¢ 0.45 a 0.31b
GSH/(pmol/g) 2 0.70 ¢ 0.87 b 1.20 a
6 0.62 ¢ 0.90 b 1.11 a

R4 AEAVEBETEXRSEMHFHEREME MDA REERKE

Table 4 Membrane permeability and MDA molality in the leaves of maize seedlings under different treatments

LD i ] /d pogiist EIN TSl GSHH+£hfihia

Index Time Control Salt stress GSH -+ Salt stress
S35 1/ 2 12.5 ¢ 30.7 a 20.0 b
Membrane permeability 6 11.0 ¢ 354 a 2131
MDA/ (nmol/g) 2 1.3 ¢ 5.9 a 2.8b
6 1.0 ¢ 6.5 a 3.0b
2.5 GSHXE#HMEBETERYEHERZERXLSH FOAH, GXTREAHL, h W B E KT g,
R 5 Bl ER i 36 AR EE L AR GSH A+ £ i 4 B U]

MLk R VOB F/F, SO E R g BEE . XU SN IR GSH AT LAZE fif £ b
W B DI B T4 5 BORE B9 e RCR HOBEL Y =SB XA ML R £ T . AT 4R i PSIT A5 33
RE R E A R AR, haR 5 AL 5xF W&tk
WA EC R0 BE AR T OFO/Fa . 5 B AR AR KRR g S PSTT IR W e fiE
AR MR GSH SR kb B AL FO/F, B DUIARERE 0 88 3, HEDBOR , BB B ) JH 381K
FHEIn . XU ANIR GSH AT LA Z A R e Xyl S 5 nl A S AR L SR 0 B AR S T gn.
oA AU G B £ F L AT AR s PS I Sefb s S EOMER B A A HE L AMIR GSH A+ £ W 30 4b 21 2
HE ERRART gqno X UL SMIE GSH ] DLZ2 it £5 1o

AR R E ge WO/ PSP 38 XDL-S P i 45 F - T AR PS T BT i i
F1 e A OB R, R B PS T AL B v B . JERE B TCRFE L .

RS FRALBTERGEHNHERRNRLSH

Table 5 Chlorophyll fluorescence parameters of maize seedlings under different treatments

I b I 6] /d X} iR Hhiin GSH+#: 30
Index Time Control Salt stress GSH+ Salt stress
F./F, 2 0.88 a 0.55 ¢ 0.69 b
6 0.87 a 0.50 ¢ 0.66 b
qr 2 0.50 a 0.30 ¢ 0.38b
6 0.51 a 0.26 ¢ 0.36 b
qN 2 0.21 ¢ 0.37 a 0.29 b
6 0.20 ¢ 0.39 a 0.30 b
Dps 2 0.40 a 0.17 ¢ 0.25b
6 0.44 a 0.16 ¢ 0.27 b

PSII S PRt F 7= 80 @psy MK/ Ff5 2.6 GSHMEHMETEXSEXREGBERES
1B I R A9 AR 1 R R R R T B AEREMBAKAEYETREMNIM
LRGN SR LS UIBL Y 'y N S SRS R PO 6 W, S0 A LE L a0l £ oK 4y
Po. R0 B3 BEAR T Dpsy o SHMERIMIA N SR W P RFESEOCE BRI AEY R T
P AR GSHA SR a AL PRI B 548 & T Dpsy o« BUE R FEAT. 55 50k 58 W30 4b SR LE L A1 R
XYL AR GSH A LA ZE fif £R 038 X6 G MLk GSHA3R 30 4 B0 it 4 3R R80T
R E AT S e B AR TR e S A R . OB E R AEY E TR P ERS . X
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Table 6 Mass fractions of photosynthetic pigments. photosynthetic rate and

dry mass per plant of maize seedlings under different treatments

F8 b By 1] /d X} 8 BN S U] GSH+#: i
Index Time Control Salt stress GSH+Salt stress
4% /(mg/g) 2 2.15 a 1.45 ¢ 1.77 b
Chlorophyll 6 2.21 a 1.29 ¢ 1.70 b
K ME/(mg/) 2 0.65 a 0.40 ¢ 0.51b
Carotenoid 6 0.58 a 0.33 ¢ 0.45 b
KA #EZE/[pmol/(m? « )] 2 7.50 a 4.70 ¢ 5.90 b
Photosynthetic rate 6 8.30 a 1,00 ¢ 6.10 b
R YT B 6 1.90 a 1.30 ¢ 1.60 b

Dry mass per plant

3 it b4
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Effects of Glutathione on Antioxidant and Photosynthetic
Properties of Maize Seedlings under Salt Stress

SHAN Changjuan'* and YANG Tianyou'"*

(1. Henan Institute of Science and Technology, Xinxiang Henan 453003, China; 2. Collaborative Innovation

Center of Modern Biological Breeding. Xinxiang Henan 453003, China)

Abstract This study investigated the effects of glutathione(GSH) on antioxidant and photosynthetic
properties of maize seedling under salt stress(80 mmol/L NaCl) with the material of *Huayu 14”. The
results showed that salt stress significantly improved the membrane permeability, malondialdehyde
(MDA) molality, the activities of superoxide dismutase (SOD), ascorbate oxidase (APX) and de-
hydroascorbate reductase(DHAR) , the molalities of GSH and ascorbate(AsA), and chlorophyll fluo-
rescence parameter non-photochemical quenching coefficient(qgy). Meanwhile, salt stress significantly
reduced chlorophyll fluorescence parameter PS ][ photochemical efficiency (F,/F, ), photochemical
quenching coefficient(gp) and actual quantum yield of PS][ (®Ppsy ) » the mass fractions of photosyn-
thetic pigments, photosynthetic rate and dry mass per plant. These results suggested that salt stress
induced oxidative stress to maize seedling and made damage to the function of photosystem [I. Adding
50 mg/LL GSH significantly improved the activities of peroxidase(POD), SOD and glutathione reduc-
tase(GR), GSH molality, F,/F., qv and ®psy; » the mass fractions of photosynthetic pigments, pho-
tosynthetic rate and dry mass per plant under salt stress. Besides, GSH could significantly reduce
MDA molality and membrane permeability of leaves. Our results indicated that GSH could protect
maize against salt stress by improving the antioxidant and photosynthetic properties of maize seed-
lings, which alleviated the injuries induced by salt stress.

Key words Maize seedlings; Antioxidant properties; Photosynthetic properties; Glutathione; Salt

stress
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