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Abstract ; Soil salinity is a major abiotic stress inhibiting plant growth, development, and productivity, especially in case of
crop. Wheat is an important cereal crop affected by high salinity. A better understanding of the physiological mechanisms
underlying salt tolerance will facilitate efforts to improve crop performance under salinity. This study used two general wheat
varieties as experimental materials to explore the growth physiological response and sensitivity difference of different
cultivated wheat types to salt stress and their salt tolerance. Jimai 22 is salt-tolerant and Henong 6425 is salt-sensitive. In a
hydroponic experiment, the effects of different concentrations (0, 50, 100, and 200 mmol/L) of NaCl stress on both Jimai

22 and Henong 6425 seedlings were investigated. The seedlings growth, salt tolerance index, main ion content,

EEWE FERHRES (31501234 F1 31971829) ; KRHE A RIS T H (18JCYBJC30300) ; KT i K¢ BHIF K 2 A A 15 & 4%l 551 |
(043135202RC1702)

175 B #5:2020-05-25; [ 2% HH kit B 8 :2021-04-21

# 3B IAE# Corresponding author. E-mail ; 421052455@ qq.com

http ://www.ecologica.cn



12 4 SEWTAR A5 TR AR AU /N S RO NaCl 36 4 A 0 17 B i R4 22 S 4977

physiological and biochemical index, and chloroplast fluorescence parameters were compared. The results showed that NaCl
stress inhibited the growth of aboveground and underground parts of wheat seedlings in a concentration dependent manner.
The higher the concentration of NaCl was, the greater the toxicity on wheat seedlings would become. And the inhibition
degree on Jimai 22 seedlings was smaller than that on Henong 6425 seedlings. In terms of physiological response, the Na*
contents in both Jimai 22 and Henong 6425 were increased with the increase of NaCl concentration, while the contents of
both K" and Ca®" exhibited opposite trend of changing. The salt tolerance variety Jimai 22 had higher both K*/Na" and Ca**/
Na" before and after NaCl stress than those on salt sensitive Henong 6425. NaCl stress damaged the photosystem II of both
Jimai 22 and Henong 6425 leaves. The concrete manifestation of damage effect was the decrease of chloroplast fluorescence
parameters containing Fv/Fm, Fv/Fo, qP and Y Il under different NaCl concentration. And the lowered range of these
parameters in Jimai 22 induced by NaCl stress was lower than that in Henong 6425. In terms of oxidative stress and
antioxidant system, the reactive oxygen species (ROS) level was increased with NaCl concentration stress increased. And
the activities of peroxidase (POD) and catalase ( CAT) were also changed. In 12 d after NaCl treatment, the POD activity
was decreased firstly and then increased, while CAT activity was increased firstly and then decreased. The activities of both
POD and CAT induced by NaCl stress in Jimai 22 were higher than those in Henong 6425. In the early stage of NaCl stress,
the POD activity was temporally suppressed and the rising amplitude of POD activity was very large subsequently. The CAT
activities induced by NaCl stress in Jimai 22 were higher than those in Henong 6425. In later days of NaCl stress, Jimai 22
had stronger tolerance to high NaCl concentration and inhibition of antioxidant system induced by long term NaCl stress. The
rising range of antioxidant enzyme was consistent with lower ROS and lower malondialdehyde ( MDA) which represents the
degree of membrane damage in Jimai 22 under NaCl stress. The MDA content of salt tolerant Jimai 22 roots reached the peak
after 200 mmol/L NaCl stress for 1 d. While the MDA content of salt sensitive Henong 6425 roots reached the peak after 150
mmol/L. NaCl stress for 1 d. Overall, these results suggested that salt tolerant Jimai 22 had higher salt tolerance. Under
NaCl stress, Jimai 22 can not only alleviate the damage of both active oxygen and osmotic stress due to the increasing
activities of both POD and CAT, but also alleviate the ion stress by maintaining higher level of both K*/Na® and Ca®/Na*
after different concentrations of NaCl stress. Results from this study could be helpful for further understanding the
physiological mechanism of severe NaCl stress in crop, and may be useful for elucidating the salt-tolerant mechanism of

different cultivated crop types.
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5N BEAR 30 5 ANELE DL E R E R MO EE SR IEMIANE NaCl ¥ B2 X /N 52 i AN [a] | ARk B2
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T, ZJE A H MR P R . AR AUEE (Nikon C—fled2) X 4 (05 AR FII BEATWLEEAA IR
1.2.8 S ALAHE DY A M5 (nitrotetrazolium blue chloride, NBT) Ht 5,
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Fig.1 Growth of wheat seedlings under NaCl stress at different concentrations for 9 days
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24 NaCl ¥ & 4 200 mmol/L B, /N2 b I At 3843 K* & i T RIS e kK, 3742 22 b 18R K™ & Ho Xt
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TERA KSR X R RE T 74.8%, XRS5 R [A MR BE NaCl Ah PHAT [B] 2% 5 25, AST6] fh Fh 22 ] 22 S
ITE N

Ca” 251/ NE A K & F DL R RN, 1f 45 40 M BE | 20 B A A R s 5 8 P R e ) A
3R, FRIASE 9 K /NEIRIN Ca® it NaCl W8 v B (%) =2 87 B %, 200 mmol/L NaCl ZbEE R /)8
FIRN Ca™ &8 FIEIRE R, SHHRMIEL, 3% 22 #b 3 T T 70.2% , 3 F3 0 FFET 57.3% ; 4
6425 i E I T 77.4% R85 FRE T 60.0% , /INAZ 3 3B S R34 5 % B2 M S g 5 5 57

INFZRPY Na* S B NaCl e e B G T, 3237 B (1 3) ,200 mmol/L NaCl AbH R i /NAZ R P Na*
Fr PR RROK . UFAZ 22 i 4 Na® S je X FRALAY 71.2 4%, #b R B4 Na* & i A Xt FEZH ) 22.88 1%
AR 6425 M b5 Na® & &2 0 IR Y 72.38 %, Hb T #553 Na™ & 2 X IR A9 10.78 1%, AbPHZ 5% 4
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Fig.2 Plant height, leaf length and longest root length of wheat seedlings under NaCl stress at different concentrations

ARIRING FHREF R AN R AL B ] 22 57 1 2 ( P<0.05)

ZI2ES R E B 22 i B Mot R0 K*/Na* Bz Ca* /Na Bk T4 6425 (& 3) | /N Tt bk iy 2%
SEAT DA K/ Na® (AR (AR BEAE A R/NIIREL S . nl&l 3 Fis , 3522 22 ZEANRIVE B NaCl 1138 9 d J5 #1348
Ay LR EB43 AK*/Na® F{E 43 14 105.03,0.24; ACa™ /Na® 43 528 17.95 4.11, T[4 6425 78 AR [A ¥R JE NaCl
JBirie 9 d Ji b b4 RN 43 AK'/Na® BYMES3 9114 0.66.0.17 ; ACa™ /Na* 4318 15.58 1.24, 7 22 i I
TBATFIHL T B4 AK*/Na® K ACa> /Na* FU{E Y T4 6425,
2.3 R[EMEEE NaCl AbEE T /NAZ M- SRAR 5O S5k

WE 4 Fros, 5% BEAE L S [RIVR B2 NaCl BB T, 55242 22 FIR 6425 PR ShFI/INE 1Y Fv/Fm 25640 2
FEA ST L P IR AR A S BRI NaCl it 3 d 9, BIASSh Rh /N AST) NaCl A BE2H ] G 2
FE5 NaCl A 3 d J5 , IS SRR AL BRZH /N2 1Y Fv/ Fm 500 BRZH 6] 25 5 535 . 200 mmol/L (1) NaCl &b 3 12
d I, 5542 22 R[4 6425 () Fv/Fm 43 B2 0.727 F10.382, 25 5% .2 . NaCl KT 100 mmol/L, i
i A Fv/Fo BYARAE G2 e T m T RIS o5 22 22 1Y Fv/Fo 7E 6 d J5JFUA T B, T 6425 [ Fv/Fo 7
3 d J5HF TR, NaCl ¥ B2 R 200 mmol/L B, B> S FP Y Fv/Fo — 1 2 PR A4 22 19 Fv/Fo LMk
6425 FEARRRREE /N, XFRELL rp 22 22 RN 6425 /NAZ Fv/Fo 439l 4 3.299 1 3.492 1117 200 mmol/ L NaCl 4bHf
12 d B, 3522 22 FA 6425 PIAS R Fv/Fo 4l 28 2.747 F10.547 , AbF4H 15 %) R 41 [B] 25 H i B 3% . NaCl
AEFER A 22 AR 6425 Y 1T AR #ATE . NaCl Y <100 mmol/L i, 3% 22 19 Y 1T {2 F& MK —
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Fig.3 The content of ions, K*/Na* and Ca**/Na* in different parts of wheat under different NaCl concentrations for 9 days

Thi—FEARAYE Y, NaCl ¥ EE 2 200 mmol/L B, Y 1T {BLFY) T P A8 15 b B R B A2 TEAHOC ; T 6425 1Y Y 11
{H— HL2 PR, FREEARY NaCl ACBR B IEAHDG, AbBHLR 550 B 22 i 2 S 8.3, P (EZEfRBa 3
Y {EARRL, TBE % NaCl ¥ J 1 T 5 0 b 3 ] F B 4G, S AR RA 30 6 22 22 19 P R 1 2 4K 97
I’ 6425,

2.4 RAHEEE NaCl ZbFF MDA & & 19481k

W S fT7R , NaCl i /NAZ 4 i ) MDA 5 Sk B Ak 35 3 32 7R A 380 ] f) P 85 B R 82 088, (R
PEAZ 22 (1) MDA A 6425 B AR EEAR . ARV EE (9 NaCl JBria 12 d B, 5522 22 i )5 MDA 35 85350 L 4T
WEIEAN T 41.34% 74.43% .99.36% , 4% 6425 /NAE M F (1) MDA & &80 3 F % B8 I T 71.74% (115.18% .
163.08%,

WA 5 Ji7R , NaCl #J <100 mmol/L, %27 22 M MDA £ 2 S B i — AR —TFH i A a3, NaCl ¥
4200 mmol/L i, 5z 22 ARHE MDA & & 2 3 b I T ARG &%, T NaCl % <50 mmol/L, {1 4K 6425
R MDA & 2 TS a3, NaCl ¥ BE 9 =100 mmol/L B} VA4 6425 M3 MDA &8 9% E I R %
kS BRI AR NaCl 30 1 d B, 5552 22 Si04R 6425 /NAZ 4 HTHAS MDA & 54, NaCl ¥
J¥ 4 200 mmol/L it 1 d B, AbHRZ FF 37 22 MR MDA 5 2t LUXT BRI/ T 46.64% T4k 6425 H MDA & Lo X
BRI T 65.09% ;50 mmol/L Fl 100 mmol/L NaCl k31 12 d i, ¥ 22 22 F MDA 5 4 43 31 b X S48 i 1
30.87% .62.79% ;200 mmol/L NaCl it 12 d B, 52 22 A MDA 5 i F X BRI T 40.25% ;50 mmol/L NaCl
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Fig.4 Effects of different concentrations of NaCl stress on chloroplast fluorescence parameters in wheat
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Fig.5 Effects of different concentrations of NaCl stress on malondialdehyde in wheat
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Fig.6 Effects of different concentrations of NaCl stress on hydrogen peroxide in wheat
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Fig.7 DAB staining of wheat leaves under NaCl stress at different concentrations

NBT YL (025 & 9 F1E 10 s, 244 O, FEAERT , NBT ik J5 ik € 10 TE 40 A 76 20 I PN a5 40 it A Fl
0, MUEREMEL WO, & 22 FWK 6425 M AR 0, FL R R AL AR, 78 NaCl Brid kb 2R
0—3 d IR O, ErEfERRAHZ (8] 25 5N 83 7EE 3 d J5 , AR 6425 /NZEnT e Bl ki 0, R
2 BEER M B0, iR 1 NBT & 38, A 6425 - F ) O, IR B R BT A2 22 TP Bl Rt
B %, NaCl R AR 0, A R 5H,0, LR IAAAIE 0, B & fifi4b BT[] (3% Z2 s 2 BUR XM
TFUR RIS AE X 0] L ZEff, NaCl M6 3 d J&5, B 22 22 FIAR 6425 [BI/NER T O, I R B &2 5,
1€ NaCl W38 6 d PRS- TR, Z Ja i n, gk 6425 HHARp O, Heir 22 22 WAL R £ |
2.7 ARREIHE NaCl 4b#F/NE POD §if f1 7254k

W 11 B7R ,NaCl JiHA T, 5522 22 Fhinfqe 6425 /N2t POD 16 J1 784 R B A, NaCl e 1 d, 552
22 i1 POD 3% JIBRAK, 2 J5 2 s, TiI4e 6425 76 NaCl 6 3 d N R ER G 2 516 i o,
MORFEIMEEERY NaCl e 12 d B, 5542 22 i POD 16 3430 51 FXT RETH S5 T 30.8% ,68.4% (108.4% ;11 4% 6425 /)N
&t POD I 143 I X BRI T 22.9% 51.1% \74.2% , AbBREATEAZ 22 /At i POD 550 B ] 22 5 1 B 3
24 NaCl ¥R 55T 50 mmol/L, MBI T 1 d B, Ji04R 6425 /NI POD S50 BRZH 2 R 22 7 A4 i 3%

http ; //www.ecologica.cn



4986 JAE = 41 %

22 k6425
0 mmol/L. 50 mmol/L 100 mmol/L 200 mmol/L 0 mmol/L 50 mmol/L. 100 mmol/L. 200 mmol/L

0d

3d

6d

9d

12d

B8 DAB #EARERE NaCl il T/NERER
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Fig.9 NBT staining of wheat leaves under NaCl stress at different concentrations
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Fig.11 Effects of different concentrations of NaCl stress on peroxidase activity in wheat
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M, 55 RN Fv/Fm Fv/Fo qP A1 Y Il &M SRRTOESEN FRE, Fv/Fm 103 PSIT 4RI REFEH 0%
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