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Abstract : Exogenous regulation of salt tolerance is an important approach for the safety of crop production in salinity soil.
Thymol is a novel plant-derived natural compound, which has been extensively reported to have medicinal activity.
However, the regulation of plant physiology by thymol is still elusive. In the present study, physiological , histochemical ,and
biochemical methods were used to investigate thymol-modulated salt tolerance in rice seedlings. Basically, the results
showed that, (1) Exogenous treatment with thymol significantly attenuated salt-induced root inhibition in a dose-dependent
manner. (2 ) Exogenous treatment with thymol remarkably blocked salt-induced cell death in root tip. (3) Exogenous
treatment with thymol scavenged the over-generated hydrogen peroxide and superoxide radical in root tip under salt stress.
(4)Salt stress significantly inhibited the activity of superoxide dismutase(SOD) and catalase (CAT) in root tip,while thymol
treatment pronouncedly enhance the activity of these two anti-oxidative enzymes under salt stress. (5) Exogenous treatment
with thymol induced significant increase in the content of ascorbic acid( AsA)and glutathione( GSH)in root tip under salt
stress. These results suggested that thymol was capable of conferring salt-induced oxidative injury and cell death by
enhancing the anti-oxidative capacity in the root tip of rice seedlings. The current study provides important technological
and scientific basis to ensure the safety of crop production in salinity soil.
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1.1 #R5iRF

BEIRKFR SR AR 9108 ( VLI AR B BE AL VR ST T 15t ) . >R T NaCl X K R 4 i i i 47 8
JoipiE Ak B R A Ry (4l EE 99% , W H Sigma-Aldrich 23 ) (75 AW 5T B K H# S b Thy ), 26 BC K
100 mmol/L B ,4 °C il ORAF , {87 FH B 4% it =5 ¥R B2 7 B 5 4% e H K 2 S 4% £ ( Monochlorobimane ) 11 H
Invitrogen 23 7 3 A= FRA: A0 I AH DGR AR G400 B e st a2k 0 T AR5 .

1.2 REHE
1.2.1 KRG GFHRE L2

e BRI A Ah 7, 2808 1% NaCl JH 7% 10 min J5, FBAZEK b YL 5 UK, 76 30 °C 44 Tl GiR i
48 h. PRIEEE H— B R R HARAE HAA N 15 em BUESFRILA, 5535 45440 28 °C, GHRJE WA 16 h/8 h
(JE/IE) OEHEGRE 300 wmol/m® s, AIXHRE R 75%. FRfRK R 1 em 247, SEBUECH: Y — (R 4 i A TR
HRALEE  BEASARFE 30 BRI

56, R NaCl % (0.25.50.100,150) mmol/L A BE/K FELN B3 3 d, MSE M K. AR IR
FRAC A8 R 25 51 | BE BRI 19 NaCl ¥ (100 mmol/L) #E4T G £E525. SR J5 A1) FH B & 5 1y Ab #52 NaCl iy
S AILITETART I 6 AN BRZHE A 5 X IR (CK) \NaCl( 100 mmol/L) NaCl( 100 mmol/L)+Thy(5 pmol/L) .
NaCl( 100 mmol/L) +Thy (10 pmol/L) . NaCl (100 mmol/L) +Thy (20 pwmol/L) . NaCl ( 100 mmol/L) +Thy
(40 wmol/L) AbFH 3 d, il 5E MR K. MR IEAR I 5 1 25 3, 35 BB 0% 22 % NaCl 30 (1) fe 3 Thymol ¥ &
(20 wmol/L) ,#47 4 A~ 404 4bH . CK NaCl (100 mmol/L) NaCl( 100 mmol/L) +Thy (20 wmol/L) . Thy
(20 wmol/L) ,AbFE 3 d J&5 T J5 S AR BEA AL .

1.2.2 KA R 20058 T #m RAL 4 &,

K Trypan blue 35X H 28 40 Mg SE T~ A7 45 5 P e 6200 5 b LS 0 7K RS 4 1 AR R 25 38 7 K bk
3 J5 , H Typan blue 35426 5 min, 25 F/K M3k 3 WK, KA 2. 534%5% ( SteREO Discovery. V8, ZEISS) W
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1.2.3 KRB GHARLLAAL(H,0,) FRAMETF(0,) RILEE
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R PUME (NBT) SEAL I BRI |3 mL W AR R - B2 % ph I (50 mmol/L, pH 7.8) ,13 mmol/L %2,
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SRR SEAE , ] NBT Y6fb il JF 1Y 50% k—4~ SOD & M 547 (U) . 2 S ALY (POD) I 5 SR F A1 K iy
2, 1.5 mL WK R ALFEREIR 2% 8 (100 mmol/L, pH 7.8) ,7.2 mmol/L BIEIAES , 1% ( B EARF L) 3348
&, 20 wL~30 wL BEW. ARSI ITAE N, 37 BIC 5% 470 nm ARG, LAAE2M4h A A, 2846 0. 01 1 —
A~ POD {EMEERAL(U) . i S8 S ( CAT) SR 8 AL 00,50 L BEREIMA B S A 0.1% (iR FR L)
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4K 0. 01 —~ CAT TEMEERA (U) . 0 3 F A B 6 MR LAAH AR & b i 2 1 B A9 L . B
HP A P S 2 SR Bradford 7595 (% SR HE G250 Hetaik) , A4S I 8 VR AR
1.2.6  RAGH HAR R FIF B (AsA) A0 2

FRARE Chen 25> A5 300 52 HUIR M AR 75 . B AL FHUS A /KRG 0 v AR FH 2535 oKk ohdk 3 Uk, AREBURR A
i (1 em)0.1 g, MMAF 1 mL B 1 5% (w/v) fRBEER K IE WS , 10,000 rpm #§.0> 10 min, HX 0.5 mL ¥4
2,20 000 g,4 °C #5015 min, B H R E PR MR & . VKR 0.3 mL FPRBGK ,0.75 mL BFIRZE
M (150 mmol/L,pH 7.4,5 mmol/L EDTA) ,0.5 mL DTT( 10 mmol/L). J&A15 % IR E 10 min, A 0.15 mL
0.5% ( w/v) N-ethylamleimide LABR K Z 421 DTT. SRJ5HKKINA 0.6 mL 10% (w/v) TCA,0.6 mL 44% (w/v)
orth-phosphoric acid, 0.6 mL 4% (w/v) o, o'-dipyridyl (I f# T 70% (v/v) K #) , 25 pl 10% (w/v)
FeCl,. F84MRA),40 CKIB NI 40 min 5, I5E 525 nm WG, [FIRHRIVE 0 weg/mL~100 we/mL 365 il 4 1)
AsA FRAEIREZR , T FRE S b PR i R 7 5t
1.3 HIBSIT O

GERCRH 3 WHEE M (CFEME AR EZE) FoR, 155K SPSS 2.0 X 52 56 B4 k47 B K 2 05 22 40 bt
(ANOVA) , SR J i ib e /)N B 350k 25 530 (LSD ) #FA4T F A 3 A 4 7 P 2L AL 381 2[RI 7E P<0.05 7KF- 119 25 57
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2 4k 2 o,
v -+ . 1/, E 4 -
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NaCl ZbEEXT 7K F8 41 v AR A= o8 300 il 7 522 50) B A0 e &% 2
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Fig. 2 The effect of thymol on the root growth of rice seedlings under salt stress
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13 5 NaCl 2E4E35 | H,0, A1 05 AYZKSFE I i 25 B A%, JL-F-IR 2 RRMATET M
FXF BRI, PR RS A B A X AR AR H,0, F1 O W& JCIE  Fig.3 The effect of thymol on cell death of the
RO e BLUL R | B A R B8 A i R W38 R K AR 4 root tip of rice seedlings under salt stress
BRI TE PR AU K BB

Trypan blue/cell death

Thy+ Thy+
CK NaCl NaCl  Thy CK NaCl  NaCl Thy
- .

DAB/H,0,
NBT/O,

B4 BEEBEDRME T ABHHRREEERANEN

Fig.4 The effect of thymol on ROS accumulation in the root tip of rice seedlings under salt stress
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M NaCl bR FBOKFIL AR P SOD 16 7 0 35 N &5 11 20 wmol/L Y BF iy 21 5 NaCl H4b#H 5, SOD
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2 IHIARIS CAT 36 J7, MM 20 pmol/L Y BF & HEWY 5 , CAT 1% 77 W) &b 2 [0l -, Pk 2 %) BEAK S, X F
POD % J7, XF BRI BRI NaCl Ab B 22 [] 0 9 35 22 5 5 100 85 7 B 0 0 NaCl 0 SRk JB 75 5 19y Ak 3 20 s A o
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Fig.5 The effect of thymol on the activity of anti-oxidative enzymes in the root tip of rice seedlings under salt stress
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Fig.7 The effect of thymol on GSH content in the root tip of rice seedlings under salt stress
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figp SR Ml 1 5 | 4 AT A A Y 5 B A I 3 o B T A E 4 GSH 7K S-Sk T8 Bk 136 M AR 0 1 i 4 Ak
B, G AR S T B S e A B TSR R K RE A B ARZR SOD  CAT GSH /K4 5, al UHEIE
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