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Abstract ; In order to investigate physiological characteristics of salt-tolerance rice HD96-1 at seedling stage, indica rice
HD96-1 (strong salt-tolerant) and 93-11 (weak salt-tolerant) were used as experimental materials in this study. Three

NaCl concentrations (0, 60, 120 mmol - L") was set to treat 3-leaf rice seedlings for 7 d. The growth, physiological and
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biochemical indexes of two rice cultivars were measured and analyzed. The results were as follows: (1) The plant height
and the pseudostem width of two cultivars decreased, and the root-shoot ratio increased under salt stress; compared with
93-11, the decrease of plant height and pseudostem width of HD96-1 was lower, and the increase of root-shoot ratio was
higher under salt stress; in addition, the dry weight of aboveground and root of HD96-1 increased under salt stress, while
that of 93-11 decreased. (2) The malonaldehyde (MDA ), superoxide anion (0O, ) and hydrogen peroxide (H,0,)
contents in rice seedlings increased after salt stress, of which the increase of HD96-1 was lower than that of 93-11. (3)
The activities of superoxide dismutase (SOD) , peroxidase (POD), catalase (CAT) and ascorbate peroxidase ( APX) ,
the contents of ascorbic acid (AsA), glutathione (GSH) , proline, soluble sugar and soluble protein in rice seedlings
were increased under salt stress, of which the increase of HD96-1 was higher than that of 93-11. In conclusion, the
physiological mechanisms of two rice seedlings responding to salt stress are similar, but the difference is that HD96-1

with strong salt-tolerance is stronger antioxidant and osmotic regulation ability than 93-11 in response to salt stress, so

WRULF5 55 4l it S0 AS [) 2K R o e 7 225 56 U 30 ) A B0 22 S o0 # 2329

that growth and development of HD96-1 are less inhibited than 93-11.

Key words: Oryza sativa, seedlings, salt stress, physiological characteristics, growth

SR A © R — A T B R, 3 AR
A6 AN AE R T U b DX R Ak 1 3 2 A R
EhIAL TR 15% , J2 52 i M X AR A W) A 7 O
AOAE A=W 8 R &K 22 — ( Kordrostami et al., 2016
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120,180,240 mmol - L") By 2 WAL TE 7 d )5, 32
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1 Fizs , HD96-1 7E 4% 1 FF Ab RS i) 4715 2R 50 3 A
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A. R[] NaCl ¥R AL FE 7 d JGAUZETY; B. AN[H] NaCl ¥R EEALEE 7 d J5 , A& NaCl 8 FR I Z 5597 10 d JGAIRRL,

A. Phenotypes after 7 d treatments with different NaCl concentrations; B. After 7 d treatments with different NaCl concentrations, the phenotype

after 10 d of culture is restored with nutrient solution without NaCl.
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Fig. 1
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XTREAH H, HD96-1 iy I35 T F 43 B34 in 17 13.21%
F11.79% , R & + &40 F & T 13.73% F
5.88%;93-11 M b= ¥ 1 8 43 B BEAR T 19.58% Al
34.39% MR Z T E 43 B T 23.26% F132.56% ,
HD96-1 1 93-11 AR 5 b 15 Hb X HE 4 48 K, {H A &
TE 120 mmol « L'4ZLFEF 1 60 mmol - L™ AL BRA B
A, Jo B A B, B T /K R AR 3 6 JE AL B T b 3e
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Phenotype of HD96-1 treated with different NaCl concentrations (A) and phenotype after water recovery (B)
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Table 1 ~ Growth parameters of HD96-1 and 93-11 under different concentrations of salt stress
W
KB IR ! Concentration ( mmol + L)
Growth parameter Material
0 60 120
PR Plant height (cm) 93-11 22.03+1.89a 20.63+4.16a 18.35+2.49h
HDY6-1 35.42+4.16a 34.22+3.70a 31.50+3.31b
25 5% Pseudostem width (x10? cm) 93-11 16.82+0.77a 14.82+1.17b 14.00+1.00b
HDY96-1 16.45+1.71a 15.35£0.91a 15.25+1.00a
H1_E 3T H Aboveground weight (X107 g) 93-11 1.89+0.05a 1.52+0.08b 1.24+0.19¢
HD96-1 2.12+0.44a 2.40+0.21a 2.37+0.22a
A T H Dry weight of root (X107 g) 93-11 0.43+0.03a 0.33+0.01b 0.29+0.05¢
HD96-1 0.51+0.10a 0.58+0.10a 0.54%0.13a
56 L Root-shoot ratio 93-11 0.48+0.01a 0.53+0.05a 0.57+0.12a
HDY96-1 0.42+0.10a 0.56+0.09a 0.53+0.08a

e AT R/NG FRRR 225 B3 (P<0.05)

Note: Different lowercase letters on the same rows indicate significant differences (P < 0.05).
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o £
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< o
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HDY%6-1

0
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ANNF NG PR AN K FERRE 2 A [ Ak B 22 S 1235 (P<0.05) . Tl
Different lowercase letters indicate significant differences among different treatments of the same rice material (P<0.05). The same below.
B2 #HEMETEAKEMEE MDA(A) (H,0,(B)% 0, (C) &8
Fig. 2 Contents of MDA(A), H,0,(B) and O, (C) in two rice materials under salt stress
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439K 40.99% F 56.45% , 45 B H K (GSH) 75 &

Bifi £ Ve B 1 15 0 i 3% 7 =5, B HD96-1 7 120
mmol « L' Zb ¥ N 77 7F 1 3% 22 5, HD96-1 1 93-11
FE 2 AhER 38 R 0 5 08 5300 6.02% ,24.95% F
0.98% .4.34% . FHULAT I, B 7K A A BHE) AsA |
GSH 5 & 76 X g B0 F JL-F —#¢, (B ria 7
HD96-1 i & 58 T 93-11, £MHEEME F HD96-
1 A] DURR B8 40 AR R T R AR P P 4R
2.4 b8 T 7K 78 4 B Bz Xt B 0 B & TS AR A9
X

Pearson FHCPE AT (32 2) M ZEE e T
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Fig. 3 Contents of proline (A), soluble sugar(B) and soluble protein(C) in two rice materials under salt stress

= 0mmol-L”' =m 60 mmol-L "' =z 120 mmol-L'

1000 f = O0mmol-L"' =m60mmol-L" 120 mmol-L™' 1600
A a B a a
g g a L
= 750 I £ 1201 N
o ‘ap
= =)
B BT
E2 500 nZ 800 [
<’z o >
Oz =
2 3
= a
§ 250 F 8 400 |
0 0
HD96-1 93-11 HD96-1 93-11
65000 r = Ommol-L' =m60mmol-L"' = 120 mmol-L' 750 r @ O0mmol-L' =m60mmol-L"' = 120 mmol-L™
D
E 52000 § 600 | . a
z 9
#2 &
‘;EE 39000 ﬁ:) 450 b b
LN )
A= >
S £z
=5 26000 < 300 ¢
<
5 <
-9 =¥
13000 << 150 F —<
0 0

HDY%6-1 93-11 HDY6-1 93-11

B4 #HEMHETAEAKFEHMEE CAT(A) (SOD(B) ,POD(C) AR APX (D) &4
Fig. 4 Activities of CAT(A), POD(B), SOD(C) and APX(D) in two rice materials under salt stress

GSH ,CAT.,SOD , APX 2 # {2 1E A7 ¢, BRIk 38
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() mlk 2 | 2R RN mT i M 1 B R, 2
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KRG A KSR (M 3T AR TH M)
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SR AR AR KA, AR S AsA | GSH
SOD \APX £ #f if 2 1E A 3¢, AT MW 5 AsA |
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AsSA G &
AsA content (mg-100g” FW)
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GSH &

GSH content (ug.g"' FW)

HDY6-1 93-11

B 5 #HErETEANKBEHER AsA(A)
F1GSH(B) & &
Fig. 5 Contents of AsA(A) and GSH(B) in two

rice materials under salt stress
3 itip

P8 7 a0 i RS GRS B, MEAT AT IR
o7 RS LA IR ol 2 T A 41 45, K B3 B
P LS AR R F R AR BE T (A0 B TP A
BB CE IR YRR ) K
7 ACE IR, LR UL AL 24 (1 DNA 4k
JNGRF RNA #8754 (Van Zelm et al., 2020), H
BRI A N AR AR K R B WY e LW
U, BIFFE N B DAL EE AR 4 2 R H 7 T 8 A7 1
IR R B B AR N IR Y R R S 1R
Rz —. B KRR v R R A A, P B 3
HRAKREAEKES W B Z 8 ME, — RN
RERARK ZIEH AR AR R F R
4 (Jing et al., 2019) , AHFFEH  EhJHHHE T HD96-

1 1 93-11 #f i A 25 T8 B0/, 5 52 30 R
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Jeb LA BT B 0, AR GA B 2 22 559311 ARAR T
&M EER T E W TR, ok ui B, A AR
JE 25 T A KRR R B A T — 0 2 R
BTN, FEARER W38 T Tt 6 14 A X 5 4 19 7K
Rl T 4 0 A7 s AN A BT T R
PE2E 09 & B0 U B T W (BRAE 55 20215 EVE AR,
2022), B, HD96-1 X &k Jbik e 19 36 N 14 5 i 32
PEOLT 93-11, FRHFM 2R H R, 7T e A 2
G A R R A AF 2 07 i
FEHLH 25

AT A T3 T AT TS KR A R A
Ehpha i 22 5 WA PUEAL I T RB SR Y, 4
B, bt ER vk BE TRy, HD96-1 A1 93-11 BTN —
1 (MDA ) Fli% 1 480 ( ROS) 7 -t Fifi 22 584 i, {HL i
HRRE/NTIEE, STEHHISE (2019) Xt ¢ WA
86 MBFFEAE R —3L, -4 MDA 1 ROS 3 i)
JE PR, AT g R R ' A R R (W) Ak Az 21040
il , TN 17L& 5 i 758 2] 0, =, {2
# T HEPESA(ROS) 7742, 40 H,0, 1 0,7, 54
R iE , MDA K i SR 45 1 I A 9 1B 25 4 ( B9
45 2022) . X F W HDI6-1 77 4E iy ROS %% 93-11
A AlEE HOL A R 2 B EI RN, T b
ROS TH 2116 5 40 i J 45 # | A8 90 3% 1k 48005 R &
SRS BT A ARV T eV W 2 . TN Lk i = W
bR R4 E B AR RE AR R R4, B0 &R
%t F %A SOD . POD .CAT Fl APX 54 & AL W , Ak
FEME 2248 5 & AsA . GSH 3T & AL (5 S0k,
2017) , Hidr, SOD J& 7 1 03 bk A0 5 — T8 B 4%
W A A B A T, B RT DAGE S B AR AR
0, AR EE R H,0,, 335 CAT . POD 1 APX ¥
H,0, 73 f# 8 H, 0, 38 ik 33 g 4% 98 9% £6 43 % A bk
M f53 (Bose et al., 2014 ; Bhatt et al., 2020) , 74
e R A T AR AE BT CAT SOD APX
BRI RS TR S I H HD96-1 3
W= T 93-11, RWIAE KR Hh CAT SOD  APX i ¥
Z R0 5 T S 1 H HD96-1 ¥ R 1 14 4
BEJIE T 93-11, fFF5H5 (2010) HA R IA I,
EWrE T KRGS E 1 SOD 5 POD 1415 1 5 S i
TG AR Ay a3 T CAT 284 TG B #0 A . I Ah,
A AT L PR IR - 4% e H K ( AsA-GSH) 1
HARGORFGRENTZH H,0, &5 (%,
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Table 2 Correlation matrix of growth parameters, osmoregulatory substances and antioxidant system
Iﬁg I, L I L, I I, I I, I, I, I, I, I, I, I, I,
L -0.166
1 ~0.189  0.936%%
I ~0.157  0.825%  0.749%x
I, 0242 0308  0.178  0.014
I 0113 0573%  0577% 0430  -0.070
I 0.606*  0.190 0.178  -0.078  0.227  0.660%*
I, 0217 0268 0235 0092 0447 0155  0.269
1 0.527% 0202 0229  0.148  -0.166 0.667F 0.836%F  0.272
I, 0.334 0369 0283 0311 0049 08758 0669 0215 0.630%
L, 0368% 0182 0071 0109  -0.077 0461 0774 0.494%  0.909%F  0.425
I, -0.148 -0.053  0.068 -0.167 -0389  0.249 0283  0.090 0.470%* 0076 0393
I, 0436 0330 0296 0243 -0.090 0.729%% 0.841%F 031§  0.930%F 0.678%% 0871 0.324
I, 0479% 0136 -0.106 -0.266 -0.135 0256 0.681% 0466 0.753%F 0222  0.845F 0386  0.690%F
I -0.138  -0.066 -0.004 0097 -0.232  0.160 0023  -0.054  0.81  0.045 0199 0237 0052 0203
I, 0262 -0.865%% -0.807+% -0.889%F —0.174 -0487% 0017  -0.021 -0.082 -0375  0.041  0.047  -0.160 0385  0.025
1 0.415  -0.689%F -0.653%% -0.745%F 0322  -0.028  0.345  -0.334 0277  0.140 0224 0190  0.166 0441  -0.132 0.719%

I

L ARGEL L. BT E; LRRTE; 1L, B L.

FES

I, TSR ; 1, "IIAHEE; I, THAME N L. PR ;

L. BRECHK L, AR L, SR L, BEAYEYE,; L, fiRnmksSeym; L, W, L, dHELS;
L, BEAE T, = FRMRMELE 0.01 KFCRE) B2 ; = FRMRMETE 0.05 KFCUUE) B3,

Note: I,. Root-shoot ratio; I,. Aboveground dry weight; I,. Dry weight of root system; I,. Plant height; I,. Pseudostem width; I.
Proline; I,. Soluble sugar; I;. Soluble protein; I,. AsA; I,,. GSH; I,,. CAT; I,,. POD; I,,. SOD; I,,. APX; I,,. MDA; I,,. H,0,;

I,.0,.
tailed) .

2021) , ZABF5E , HD96-1 1 93-11 [ AsA .GSH 7
YA T, (5 HD96-1 ()34 % K & B 5 T 93-
11, Chawla 55 (2013) W52 A AR A A9 & B, R a0
TR ER & Fl Pokkali A1 CSR-1 % SOD . CAT, POX .
APX 3G, A K AsA  GSH 5 4 i T R S i
IR28 Fl MI-48, A, i#f— 20 W EhiA T HD96-
1589311 HA B ST MEEae 1, réa bl
TG AsA Fl GSH % 1t 18 32 3] B Ui B R 3R 3K 1Y
P2 R N B X OsAPX2 ( Zhang et al., 2013) .
OsGSTL2 ( Kumar et al., 2013) . OsGRX1 ( Lima-Melo
et al., 2016) 55E PR 45 5T &4k P o A i 1) 1) g 2
FFTHIE, (HJE, X et S AL 5 7 2 46 1P 38 1)
“AF i TSR R - & B LA T
B TRAIGR

WA R T &S KR ROS W= AR RS
PEEIE bR R Ge R A, 18 4 AN R IR 1 B
PNREAR KRR 2R3 LA WK 3, DTG 2 ok AR 2
B (HEESE,2020) , AELL I BE R, A AR A H SR
EB B W) ROk BG40 M K B, 4 I H 4N
WORZ R o Bl 2 R | T i T RN T i kR R A
WH SR B S T Y 0T, 2R AT AR i

#% indicates the correlation is significant at 0.01 level (two-tailed) ; * indicates the correlation is significant at 0.05 level ( two-

Prsn, A ml S — e 4 R R AR O T RS M
AL A AR ATP i A KPRk g i, A AR
Y& b 32 2 M B - 5 - R R A B (PSCS) |
9 R L E B (OAT) B 2 (TE 845, 2020) . A
SR, Eh b N Il 2R % i 5 Eh W an vk 2
TEAE G ik 0 A A PR % O 22 | T M R AT 3
PEEE S B RIR N (Li et al., 2017; 5 £ i
45 2017) . AWFFEH, HD96-1 F1 93-11 78 % 5| 3h
S =P S AN AR AU =N & ICIR R i RN e

am, FH DA 4+ 15 155 S 5 ok #4618 £ 3 W HD96-1

G R 2% 0% W ) B, R TR B i
PR S, X —Z5 55 Chen %5 (2017) BYBF 5T 45
B Sripinyowanich %(2013) i# i Ah R ABA
PRAE K R i ER ME A 5T, & B OsPSCS1 Fl OsP5CR
Y152 ABA FIEE a5 S LR AR S 2 b
A UEBA R B3 R K A I 2 RR & i 32 ABA 5 S
JE¥E . SR, de Ollas 5 (2015) WFFEINJy, 7K 43 Wy
R ST AR N Il R 5 S RN ABA F 0
HAOE, PR IL, £R W aE T KRS AR Y I =R A Bl A
SR T ABA 15 SRR AT B — 2506
K



2336 |1 I G/

43 %

4 i

FRMRAT, PN KRS BRI A A AR TN
SN, AR A & A R R, 2 & i
M A B AR AR R K R, AR 2 B, 4
P AV ZE S0/, SR T AN 2K AR ek 0 2 6 Jily
JE AR BN AFAE 25 5, HD96-1 HAT T 1 B A Ak
MBS ITRE ST, AT A R Sk T W0 i R (8 A A1 52
Wi, (AR K B AW IR /N T 93411
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