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Abstract [ Objective ] Soil salinization seriously affects the growth, development, and yield of the forage
grass E. frumentacea. We aim to investigate the regulatory effects of epibrassinolide (EBR) on salt toler-

ance of E. frumentacea and its mechanism, in order to provide a theoretical basis for its application in for-
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age production. [ Methods] Seedlings of ‘Ningji 1’ variety were used as materials. Based on the screening
of suitable salt concentrations, control, salt (150 mmol/L. NaCl), and EBR (1, 10, 100 pg/L), either
alone or in combination, were set up. A hydroponic test was used to investigate the changes in seedling
growth, stress tolerant physiology, photosynthesis, ionic homeostasis, and the expression of genes related
to the signaling pathway (SOS) and antioxidant enzymes. [ Results] Compared with control, seedling
growth, including plant height, root length, biomass, etc. , was inhibited under salt stress. Photosynthe-
sis indexes, including chlorophyll content and actual photochemical efficiency of PSIl [Y (I )], maximum
photochemical efficiency of PSIl (F,'/F."), electron transport rate (ETR), photochemical quenching co-
efficient (gp), etc. » as well as osmoregulatory substance (proline, soluble proteins) content and antioxi-
dant enzyme (SOD, POD, CAT, and APX) activities were reduced under salt stress. Root K™, Ca’",
and Mg”" contents were decreased, while root Na' content was increased under salt stress. Leal reactive
oxygen species (superoxide anion, hydrogen peroxide) content, and cell membrane permeability (malondi-
aldehyde content, relative conductivity) were increased under salt stress; gene expression was significantly
down-regulated. Most of the above indexes were not significantly affected by EBR treatment alone. Spra-
ying different concentrations of EBR could effectively alleviate the unfavorable changes of the above inde-
xes under salt stress, and the best effect was achieved by 10 pg/L. EBR. [Conclusion] Foliar spraying of
EBR up-regulated the expression of SOS signaling pathway and antioxidant enzyme-related genes in the
leaves of E. frumentacea seedlings under salt stress, enhanced the antioxidant and osmoregulatory abili-

ties, maintained ion homeostasis in the root, protected photosynthesis and growth, and improved salt tol-

erance.
Key words

ionic metabolism

B 2 43R IR Ak R Ml PR K R L R R Ak
JE R A 245 LA B AN $HE 5 B A Bk 4 AR Ak o
FeEt R B S EE Y R R R R A
[ el B T RS &R B L BRI R A B
MR FRFUK A, S B E R EHIRE
FWK = e B NaCl 308 38 Whin L8 7 8 5 e
T4 A AN XA R TR 0 A0 5 R L R A AR R )
0 UL 75 % 00 O 1 349 A6 W WA, I LA 0 4 ) 2B AR
R ] B 5 R AR A A PN 7 A R 3 P 4R (ROS)
A Rk, 5 8O a7 R A A KR
B LR HE Sl g K R i R
M) L ) P 4 2R 1 R I S R 9O S50, B IR R 9 Y
JeAVER . 5 IeTE I AR 4t 3 Ak A5 R BL R A OR
% SRR NI SENOE T T E SRR Y s
B 20 R AR R K A R B B AR A RV T L A i AR
VB9 I8 R W B, YR Na ™ 4R 0 7 5, 5
BTy A A 5 A e R R A N Y SR A B T
P 4 48Tk 9 55 AR B (SOD) | i Ak 1 il (POD)
25 ST Bk 22 A% I T R D R T i 45 s s
PTG A T A0 R P A S [ R R o R o AR Csalt
overly sensitive, SOS) {7 5 ¥4 Fi& /%, il i FIHHLA
TR AT SOS AH 2 3 P 2 35 &, 48 /& M 4 1) e 3
PES L AN AR W A R Y AR R R B

epibrassinolide; Echinochloa frumentacea ; salt stress; antioxidant system; photosynthesis;

PERA RO 2 1 R A IR R W RAE B
DL Ko 35 8 Tt ot o 2 52 B 28 U AR T RR SR R R
8 TE A B, 2 H BT E I FA s ) 2 — . il S
HiBE3E (BRs) J2 — KB MMM R | 2 A6 T
Pyt FIZE ARG E Y BRs 2 5 A K R
IR I R HESCHEEVE T 3 R WK (EBR) J2
BRs £E )5 B — T 3 1 28 014, BE 2 v A ) BT AR
AT A L A 6 2 37 A 0 02 AR ) R 9 L Y
B BT B AN IR EBR g fig 2 B0 0 B 2k
BRAGONE B R A P AR AR W38 B BT A )
Z AR E L BEFE R W EBR 782 i 4h
o360 75 T H A AR AR . IE 10 nmol/L Ab
V5 EBR 3% B {IK 2 28 B (Lolium perenne) %)) T A
Xof FL S AR N I D A0 N A A 1
20 1092 75 R ) o R R AR AR BT A R T L 2
0 SR L it R 5 i TS 0. 06 mg/L AR
EBR BEZZ M th a8 X+ £ % 24 (Matthiola incana) %)
B AR R R B I R T A A R I 1 4 AR T AR
(1 00 0 T 0l 3 45 s AMUE EBR RE K 5
oA T &8 2 (Solanum tuberosum ) % 1 14 20 #Y
I 7 A6 R L 4R O B PR RO B L
Wit £ 0

MR T (Echinochloa frumentacea)s& 1 H/E



4 4] 0 S A TR G 3R 0 39 3R N 1 X 3 R R T A v 0 4 AR T 519

RABBEEY , A L8, E 0, e
RS RN SO B, DT A — b s 7 e BT
e AT 7 v [ 3 Ol AT RS R vh R A B
PERS . P E P AE X R 5 A Y 4 Y 69. 0324
W i B o R R R T L IXOR R A P L
DX, A X A g 6 A Ak o] 0™ 5, 400 ) 2 1) e B 1Y
EWAKET, SO &)™ E TR, A2 AR
U2 v T P R R R B R i b X R R
W EZIE . B A DL R R R
154 A AR, % B 150 mmol/L NaCl if #il
I T I S [ 9k B 9 EBR A0 B, % 42 4 EBR &
AR 38 R W R R T A KRR DB G R R B
Fa s M A ALTE R 55 . SOS 15 53 % K i E Ak T A
DR PR R 3K 5 45 1 5% ) B A A0 TR 2% i 32 3R DY TR X
b3 R ) EE B 4 AR K 22 AR R LD, R
EBR i T34k - 8 L 2 A re R AL H e
A
1 MR IT
1.1 HRE5LE

DLPi g ph I A p R S R TR 150
RIS AR, Bl 7 R R iR R R, e
T 2022 4F 9—12 HEETH RFAEBAEFZEEAN T
A KA 3% (N38°307, E106°8") #EAT, i itk AN B4l
W A Z B R TE T 32 FL (4 X&) Ry /s, 7
A I — 0 B PR R R B35 5 1 S 1 e B B OK B & (127
mm X 87 mm X 114 mm) H1 i E# 22 8 IR Rk F7 5%
F5, WIE AR 3 d TR 1 R SRR R A WS R
Y46 I 2R AT R DG AL B

R I E 8 AL, 435 CKOEM 2= E 57
W) .SS(150 mmol/L NaCl, I EEH# 2 & F2 W ) |
E1(1 pg/L EBR),E10(10 pg/L EBR).E100(100
pg/L EBR) ,SS+E1,SS+E10 il SS+E100., £ &b
PRY) 3 EE HER 18 Y. L 9 d
T M il 15 TR B 1 EBR I R R A 22 B R (CKD
A1 150 mmol/L NaCl # ¥ (SS) , B K Wi jifi 300 mL
A EHZEM AR S B2 il %k
FF BOARE U 5 A DG AR K AR AR L PR R L DR AE T — 80 °C
ARG IR PR I AR AR A
1.2 WEMBEF%E
1.2.1 4% KiEtR

MR TFUEKZE 9 dJE . A 4b Bkl Bl
PERE 5 BRAIT A RO 4t 4 v AR Rk & L SR 5
S TVREAR 53 B BRI fif 5T, JF A AHEAR 105 C Ak

T 0.5 h#RJ5 85 CHET =i &, FREUR + i i, 75
AbEE 3 REE I B,
1.2.2 MEXEBREEE

B 0.1 g A=A 47 66 0 p B2 1 I e BY IR LA 5
mL 95% L EEH iCE T B B4 LU R
GRERBEBOREIA 1 mL AR LA, 2L 95% LB
7S O BR AR 2 6O BE TN i 663,649,470 nm
Ab W BE L IR A O A RS alb T2
N EE R,
1.2.3 MRFERASH

M2 9O S HUH PAM MG 2586 (£ ED
M, FERGENL 0.5 h 2247 5, I & p B T4 i
MR BRI R 2 (F ) A K2t (F L0 . fEJG/EH
T Y0 SR 26 (F ) ik B R 2 RS B, 4TI
HRLFR i o I DU O R R R 2O (F LD s SRR FTIF
TE LT, PG 2R KT L FF 0 6 165 38 07 0 R 1) e /N
JE(F,D . wai s PSR KOG E 3R (F,/F,) .
PSII SEZPrIEA#RLY CID PR % (E ) F

TeAZE R R ZE (g0) s
F,)JF,'=(F, —F,)/F,' (D
Y(I)= (F, —F)/F,’ (2)
En=(F, - F)/F,'XP,zX0.84X0.5
(3)
gp=(F, —F)/(F,'—F.,») (4)

1.2.4 HAFEMHESSENEMEGKE

BB B T (O; ) Flad Sk AL (H, O,) F 2l
S SCRCL7 0 5 1 R R AR 2. BRI dk 5 fif
R TERF B rp bR AT IS B 50 5K, I FH R o B L
FEUUTE 5 B R OT A 66 BETHAE 530 nm Ab 32
B O, WOBREE 7 390 nm b EEHC H, O, A6 .
WA AR O, F H,0, &, iR A X
KR (RWO) 2 R SCHR[18 77 1 7€ .
1.2.5 MAEmFEEEER

A X L 2 DDS-11A L S 5E I8 —
i (MDA & i B AR EL L Z B8 (CTBA) B0 5E L AT
PEER G & i 25 I o R I R =
(Pro) F i FHE = b £ 32 00 22, 23 4601k 9 1 (POD)
TP P A B A i v 0 2 A AR T AR il (SOD) 1
FH U U (NBTO ¥R 5 , i 40k S0 (CAT ) 3 4 H
L AR I R L PR IR 3 S A Tl CAPXO T
TEERBEMAE ., LL AR 38 % & R K iy
PE AR 3 RER
1.2.6 REXINBEFEE

HURE AR AR R F I /K oh ik 134, OFF 105 °C T4



520 (LA <7/ B

44 %

FEHET 0.5 h, SR J5 HUE & TR 5O B R R, AT
Na' K" .Ca®" il Mg"" & 22 . ¥ 5 2% o 9
) 5 3 0 7
1.2.7 RNA REFK K EE PCR(qPT-PCR) 4l
MR KA BUH 0. 1 g Z2 47 B9 15 DU AE & L IF
TEBF B v (3] 2D 7 WA AIE I 1R AROIR A
500 p L ZLf U 78 5 240 L AR5 AR TIANGEN 84
A RNA 2B & (Plant Plus Kit) (135 B 45 $2 B
FES Y M RNA, B HiScript® 1M 1st Strand c¢D-

*1
Table 1

NA Synthesis Kit(4+gDNA wiper) JZ ¥ 5638057 &06f
MR B RNA RSk A B cDNAL R )5 | SYBR
Premix Ex TaqTM & | & # 17 % 6 & & PCR ¥~
ARSI BN R 1 TR, B RE RE AL B R
SAHARESE, LIS &E A (Actin) NS HH,
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$:56 ‘CiRk 30 5,68 ‘CAE 2 min, 3 35 NHI, 5k
J5 68 CHAEM 7 min, JH2 7 MR MIE S
LIRS STy

qRT-PCR 5| ¥ 5 5
qRT-PCR primer sequences

HH 4 Gene name IEM G4 Forward primer (5'—>3")

KL 51 Reverse primer (5'—3")

EfSOD CTAGAGAATCTTGTGTCG
EfPOD TCTTTCTGGTGGCCACACTC
EfCAT GCCGTGTGGCAATCTTCATC
EfAPX TCGATGTGGTCACCAAA
EfSOSI CCCCCGGGGATCCTAACTAA
EfSOS2 GACGATGAAGTTGATCAAG
EfSOS3 GAGGCTTTGTATGAACTGTTC
Actin CAGGAATCCACGAAACTACT

GAAGCAGCATTTATCTCAGG
AAGAAGGCATCCTCATCGGC
GATCGGCAGGAGAGGTTTGT
GGACATTGTTGCGCTTTC
GGTTTTGTCGTTCCCACAGC
TCTACCACCGGGATTTA
ATGGTAGTAGCGCTTCTTCA
AGACCCTCCAATCCAAACAC
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Fig. 1 Germination potentiality of E. frumentacea

seeds under NaCl stress
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Table 2 Growth parameters of E. frumentacea seedlings under different treatments
s [i:SN R = Hiy I 5T B M b T i Hu T i o i T T A Utﬁ‘*@?
Treatment Root Plam Shoot fresh Shoot dry Root fresh Root dry =3 /JSHJ_
length/cm height/cm mass/g mass/g mass/g mass/g RWC/%
CK 14.86+0. 2a 17.56+0. 10a 3.16+0.09a 0.68+0.03a 1.3040. 08a 0.19%+0. 05a 80.00£0. 1la
SS 9.23+0.2d 13.17+0. 30e 1.8340. 10d 0.41-+0.02d 0.78+0.01d 0.14-+0.05d 68.37+1. 1d
El 12.71+£0. 2b 16.43+0. 20be 2.79+0.03b 0.600.04b 1.0840. 02bc 0.16-£0. 05¢ 77.0740. 8be
El0 14.24+0. 2a 17.36+0. 10a 3.13+0.04a 0.65+0.03ab 1.2040. 02ab 0.18=+0. 06ab 78.3741. 2ab
E100 12.70+0. 4b 17.05+0. 08ab 2.81+0.05b 0.63740. 04ab 1.0840. 14bc 0.18=+0. 04ab 75.4140. 8c
SS+E1 11.39+0. 4c 16. 24+0. 30d 2.344+0.13c 0.52+0.03c 1.0240. 12¢ 0.170. 05be 74.5141. 1c
SS+E10 11.98+0. 4bc 16.81+0. 10bc 2.5740. 2bc 0.527+0.01c 1.1940. 08ab 0.18=+0.01ab 76.2741. 6bc
SS+E100 11.13+£0. 4c 16.12+0. 20d 2.40%£0. 10c 0.50+0.02c 1.1440. 05bc 0.16=+0.07c 74.67+1. 3¢

1 : CK. X7 SS. 150 mmol/L NaCl B8 4b 3 ; E1.E10,E100. 78 M1 43 B 1,10,100 pg/L EBR. [WFA W) /NG 5 8] K78 b 3L [ 47

TEREELF(P<0.05, R,

Note: CK, control. SS, 150 mmol/L NaCl stress. E1, E10, and E100 indicate foliar spraying by 1, 10, 100 pg/L EBR, respectively. Dif-

ferent normal letters within same column indicate significant differences between treatments at 0. 05 level. The same as below.
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Table 3 Chlorophyll and carotenoid contents in leaves of

E. frumentacea seedlings under different treatments

mg/g

Aib 7 4R a 4R Db VLN 3
Treatment Chl a Chl b Carotenoid
CK 1. 0840. 02bc 0.25-+0.04b 0.1640.03b
SS 0.87+0.03d 0.14=40. 04c 0.0940.02¢
El 1.0440.01c 0.2740.03ab 0.1540.01b
E10 1.2540.02a 0.36=+0.01a 0.244+0.03a
E100 1.1140. 04bc 0.3120.03ab 0.1740.02b
SS+E1 1.0740. 04bc 0.237+0.03b 0.16=+0.02b
SS+E10 1.1640.03b 0.327+0.03ab 0.1940.02b
SS+E100 1.1240. 04bc 0.25-+0.04b 0.16=+0.03b
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2.4 SMEEBRXEETHEBFHEN AR
EEEMEEESENEMN

W B (MDA 2 1 %) i8I A Ak i & 2
Wyt T e R S AR ) A0 A s L TR 3
BoR, 5 CK M W B T4t i MDA & & il
FT L S 7E SS Ab B Y 3 T, A S R
E10 &b T 0 & 35 REAC 1 P 25 7 H A% 5l EBR b
MR R EZ, 5 SS B L. & A b 2
MR ZH R MDA & & A SR B E T
K%, IE DL SS+E10 Ab BRI AR, K1 43714 38. 11%
F133.66%(P<C0.05),
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Fig. 2 Chlorophyll fluorescence parameters of E. frumentacea seedlings under different treatments
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Fig. 3 Malondialdehyde contents and relative conductivities in leaves of
E. frumentacea seedlings under different treatments
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Table 4 Ion contents in roots of E. frumentacea seedlings under different treatments mg/g
AP Treatment Na K" Ca’™ Mg "
CK 42.5940. 24b 35.74740. 33a 38.53+0. 34ab 36.4640. 32¢
SS 49.774+0. 54a 28.0340. 59 35.3140. 18e 33.6340.21d
El 43.3240.29b 30.7040.03d 36.71£0.17d 34.424+0. 25d
E10 40.5940. 31d 34.80=+0. 30ab 39.0840.67a 36.5540. 21c
E100 42.5540. 38b 35.1140. 36a 38.18+0. 15b 36.1840. 18¢
SS+E1 43.23740.40b 31.8240. 44cd 36.8940.38d 36.2740. 21c
SS+EI10 41.1740.42cd 32.7940. 37¢ 38.01+0.17b 37.284+0.17b
SS+E100 43.46=+0.08b 31.2740.31d 36.90+0.21d 36.5540.17¢
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