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Abstract: [ Objective | Rice(Oryza sativa L.) ,one of the staple food crops in China,is under serious threat
of cultivation safety under the increasing risk of salinization. Brassinosteroid (BR) , a natural plant hormone,
promotes cell growth and division and enhances photosynthesis. Therefore, it is significant to investigate the
effect of BR triggering of oleuropein lactone (Brassinosteroid, BR) on seed germination and seedling growth of
rice under salt stress, and to select the optimum BR concentration for coping with the constraints of saline land
on rice production safety. | Method | Wandao 34 was used as the test material. 100 mmol/L. NaCl solution was
set to simulate salt stress, BR solutions with concentrations of 0.5,1.0,1.5,2.0,2.5 and 3.0 mg/L. were set to
initiate rice seeds, with the uninitiated salt stress—free treatment as control 1 (CK) and the uninitiated salt
stress treatment as control 2(S—CK).The germination index of rice seeds and the growth of root seedlings were
measured, and the antioxidant enzyme activity, sugar metabolism index and chlorophyll content of rice
seedlings were monitored.[ Result ] The results showed that the growth of rice was significantly inhibited under
salt stress, and the germination rate, germination potential , germination index and vigour index of rice seeds
were reduced by 12.93%, 49.13%, 39.69% and 59.73%, respectively, compared with CK; the fresh weight
and seedling length of rice seedlings were reduced by 29.62% and 28.60% , respectively.Superoxide dismutase
(SOD) , peroxidase (POD) and catalase (CAT) activities were inhibited to various degrees and chlorophyll
synthesis was hindered , However, the contents of malondialdehyde, soluble sugar and proline were increased ,
and the activities of sucrose phosphate synthase (SPS) and sucrose synthase (SS) were increased ; compared
with S—=CK, the use of BR triggered a significant increase (P<0.05) in the germination indexes of rice seeds,
including germination rate, germination potential, germination index and vigor index, and promoted root
seedling It increased chlorophyll a (50.67% ) and chlorophyll b content (59.12% ) , reduced malondialdehyde
content in rice leaves (13.61%-22.80%) , increased soluble sugar content (26.52%—37.51% ) and proline
content (8.84%-21.40% ) in rice seedling leaves, and improved antioxidant enzymes as well as sucrose
metabolizing enzyme activities. [ Conclusion | BR can effectively maintain normal photosynthesis and related
sucrose metabolism in rice, relieve osmotic stress and reduce damage caused by membrane lipid peroxidation ,
and enhance the salt resistance of rice seedlings, with the best effect at 1.0 mg/L.The selection of 1.0 mg/L
BR for seed initiation can improve the safety of saline rice cultivation and ensure the national food security
system and strategic reserves.
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Tab.1 Response of rice germination indicators to oleuropein lactone triggering under salt stress

AL B KA RZF REFIRE DAL £
Treatments Germination percentage  Germination potential Germination index Vigour index
CK 95.33+£3.06" 38.67+1.75" 43.53+1.52° 15.67+0.13"
S-CK 83.00+1.71" 19.67+2.15° 27.46+0.67" 6.31+0.12°
S-0.5 88.67+1.53" 26.67+1.25" 36.10+1.38° 11.05+0.11°
S-1.0 91.67+2.89" 36.67+1.15" 41.79+1.02" 12.96+0.10"
S-1.5 92.00+2.07" 35.33+3.06" 38.26+0.78" 11.96+0.11°
S-2.0 91.00+1.00" 33.67+1.53¢ 40.38+0.96" 13.56+0.13"
S-2.5 88.67+2.08" 32.00+2.00° 38.81+1.94" 12.03+0.10"
S-3.0 87.67+0.78" 25.33+1.15" 36.95+2.45° 10.05+0.12"

(15 K CF-E bl 22) J5 AN R B RN TE 5% K- 8.3 (n=3, /P22 SR B3 ) o $-0.5.5-1.0,5-1.5,5-2.0,5~
2.5.5-3.043 MFR 1 0.5,1.0,1.5,2.0,2.5,3.0 mg/L Y& Ji 19 BRIEW K FEF 7475 RALBE, CK R A 5] & Toh ia ab
L, S-CK AT LA M ab 5,

Values (mean+SD) followed by different letters are significantly different at P<0.05(n=3,1SD).S-0.5,5-1.0,5-1.5,5-2.0,
S-2.5,5-3.0 denote rice seeds triggered with BR solutions at 0.5, 1.0, 1.5, 2.0, 2.5, 3.0 mg/L, respectively, CK denotes no salt

stress treatment triggered ,and S—CK denotes no salt stress treatment triggered.
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3.0 R A .
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Fig.1 Response of rice seedling development to oleuropein lactone triggering under salt stress
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Tab.2 Response of rice root development to oleuropein lactone triggering under salt stress

JOEL s34 K /em A fif /g B /mm
Treatments Numbers of roots Root length Root fresh weight Root diameter

CK 4.29+0.20" 9.79+0.43* 0.22+0.03" 0.25+0.12"
S-CK 3.63+0.19" 7.45+0.29" 0.16+0.02" 0.22+0.11"
S-0.5 3.91+0.17" 8.87+0.31° 0.18+0.02° 0.23+0.13¢
S-1.0 4.21+0.23" 9.24+0.35" 0.19+0.03" 0.25+0.10"
S-1.5 4.17+0.16" 9.32+0.42" 0.20+0.01* 0.26+0.13"
S-2.0 4.20+0.22" 9.02+0.37" 0.19+0.02" 0.25+0.11"
S-2.5 3.94+0.17" 9.13+0.46" 0.18+0.02° 0.23+0.12°
S-3.0 3.82+0.16° 8.76+0.29° 0.18+0.01° 0.24+0.11"

[ 1) Bt CF- 2 (B byl 22) J5 AN 7 75 R ORTE 5% K-35 (n=3, /N 225 B3 ) o $-0.5.9-1.0,5-1.5,5-2.0.5~
2.5.5-3.043MFmRA0.5,1.0,1.5,2.0,2.5,3.0 me/L ¥ 1Y BR B K FEF T #4775 R AL R, CK 367m A 5| & Toth a4t
L, S-CK RRART I KA MHa a3

Values(mean=SD )followed by different letters are significantly different at P<0.05(n=3,LSD). S-0.5,5-1.0,5-1.5,5-2.0,
S-2.5,5-3.0 denote rice seeds triggered with BR solutions at 0.5, 1.0, 1.5, 2.0, 2.5, 3.0 mg/L, respectively, CK denotes no salt

stress treatment triggered ,and S—CK denotes no salt stress treatment triggered.
23 S|EMMKBHERENEITE, I _BNHISRSENFI

2% 3 AT, 52 32 2 R Wi Ab B CK M EL , 8 W8 (S—CK) 5 850K FE 411 I 2088 7 5 53l 344
JNT 49.27% F112.31%. 55 S-CK A Eb, A FH & W B BRI WS | & FEAIR T /K R it | oh MDA &5 2, BRI 0
13.61%~22.80% , H 4353 i 27K (P<0.05) ; AL, 4 S-3.0 kb B, £ 5| & Ab P I 2545 5 1 /K R 4l i il 4
PR, BN N 8.84%~21.40% , i S-1.0 5 S—1.5 2 THIE B fe k. R WM i 2 B K AE 401 SOD |
POD I CAT 1% 1, A FH BRI W5 | & 7] 42 2 45 e A AU 35 1, LB (AR e 35 kg Wt s i v 3 T, 2 B I
THE T 58 kE, LLS-1.0 5 S-1.5 5 R et , SOD . POD Fl CAT I ¥ 43 51 $2 &1 13.94% .26.91% .
75.60%(S-1.0)5 18.17% .28.56% .71.08%(S-1.5) .
24 S|EMKBHEHREHEESEMNZM

H P 2 AT AT, 5 R A2 B Bl CK AR EE , Eh Ml (S-CK) FIF4RE a b KB4 E & 1 R R, 43008
43.79% .41.08% F143.02%., 5 S-CKAH Lt , FIH BRI 5| & 1T W B KRG Ll g ik A 2= 4 i, o
PLS-1.0 5 S-1.5 51 KA R Fef, 43R a & i 82 b & 18 40 5131 0 50.67% .59.12% (S-1.0) 5
48.79% .53.95%(S—1.5) ; Rl L B4 25 15 1 1 B E 2T, S—1.0 5 S-1.5 433118 53.16% F150.30% o
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Tab.3 Antioxidant enzyme activity ,malondialdehyde and proline content of rice leaves

under salt stress in response to oleuropein lactone triggering

g N il 7 e/ A B AL/ SUE=R a7/ 7) i 4 AL
Treatments (pmol-g ' FW) (pgeg™) (U-g'FW) (U-g"'-min™) (U-g'FW-min™)
MDA content PRO content SOD activity POD activity CAT activity
CK 16.34+1.64° 122.57+5.65° 227.14+8.17" 132.59+6.21" 198.27+7.69"
S-CK 24.39+2.10" 137.66+6.49" 157.86+3.89° 87.36+5.14" 115.67+3.98°
S-0.5 21.07+1.21" 154.32+5.14" 167.86+6.14" 103.21£5.30" 177.43+4.25°
S-1.0 19.65+1.35" 165.36+6.43" 179.86+6.72" 110.87+5.69" 203.12+6.24"
S-1.5 20.02+0.97" 167.12+5.22° 186.54+4.99" 112.31+4.12" 197.89+5.73"
S-2.0 18.83+1.26" 153.96+4.01" 173.56+5.18 106.36+4.97" 185.67+6.30™
S-2.5 19.26+1.02 149.83+3.79° 181.21+5.40" 97.63+£5.07° 178.61+7.01°
S-3.0 20.98+1.29" 133.78+3.98" 172.37+5.33" 95.38+4.13¢ 166.69+4.61"

R 5B HfE P-4 (A5 W 22 ) J5 AN [ - R RORTE 5% KPR 38 (n=3, /N2 5 B3 1) . $-0.5.5-1.0,8-1.5.,8-2.0.5~
2.5.8-3.070 R 0.5,1.0,1.5,2.0,2.5,3.0 mg/L ¥ 1) BRI B KRSl T HEAT 51 AL BE, CK /8 R 51 & JCEh Mhia 4b
I, S-CKFRIR ARG A A TR 02T

Values (mean+SD ) followed by different letters are significantly different at P<0.05(n=3,LSD).S-0.5,5-1.0,5-1.5,5-2.0,
S-2.5,5-3.0 denote rice seeds triggered with BR solutions at 0.5, 1.0, 1.5, 2.0, 2.5, 3.0 mg/L, respectively, CK denotes no salt

stress treatment triggered ,and S—CK denotes no salt stress treatment triggered.
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Fig.2  Chlorophyll content of rice seedling leaves under salt stress in response to oleuropein lactone triggering
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Fig.3 Soluble sugar content of rice seedling leaves under salt stress and the response of related
sucrose metabolizing enzymes to oleuropein lactone triggering

AR ARG AR R ff E R AR 28 W T B S VRS T K A3 R B A R A s A BRI S | R
AT B I G2 AR ol 6 AR B 2R R A, B BRAE S —Fh e A A, A5 | R i B v SR A P £ S
T RAFE A NG a2

R IE R A ) ) 1 R 2 B, S BOKRE 2 R R 2 13 P 4 (reactive oxygen species
ROS) , B 75| J& AT A7 RO 17 200 Jf0 JI5E () 068 2 0 DR AR 5 B 1 L 4 R AH O P SR AR B TR 1A AR F 9 h, 31
W38 FEOK R MDA 5 il 208 & & 3548 &5, 177 SOD LCAT F1 POD 17 14 I 2 B A% ; 17 A1) FH BRI 5|
R T e i AR M R IR o AR ) L £ B R R L S-1.0 55 S—1.5 A FEASCR fe A, H e R A
SR NTRAE 07 28 = RO AR R R 2 — Rt AU A0 R0, A 045 300 B 3 T AR AR A ) 1% 2 4L a1
i, S LF MR T A o P BB AEIE A L AR A T, SRR N BR VA VT 4 R K BT A AL
T PE AR JF A AsA—GSH A9 &5 i, U177 1 PR i & A9 ROS, Hodt L 0.1 mg/L ¥R BERSUR e fe 5 IbAMBL A 23
FI T EBR Wi K 52405, GRS S 3R RO T T A A T M 30 BRAR o A O B e A N
Sy N S TE R

EhihiE 2w AP A VERIRCR , TR RRAR A R 4R a 4R b &, X E2R W
T BTN 5 3 0 o 0T BB IL A B, AR5 R, 100 mmol/L 1) NaCl 38 5 25 BEAI T 7K A5
SRR SR DA YERE . AN SR R R AT 4R R T R G R A B e T AR 4
B AR S 55 R BR 51 R A5 KRS 47 i 4 3 i 4R R AL i A BIIE TG AR i
AR AR AR 40 1 A ) I A SR G, IR ER Jihe o HCPLHI T BE 2, BR 51 &5 1 K R4 |



- 802 - RN AN I 3 %45 &

AR FE R Rk 52 mm T S R AW A . MR 2 5 8IS R G, 51 R ik
I 2R et A B e 5 O ELIA 2 RN AT Vs PR B s 38, I s R A oy EUA A e AR, R TR A R et
LRR A

I P R0 I 2 1R 4 2 4 AT TR AR R AR PN R B 008 R T W o, A i 0 e IR A A A2 B b
BRI G . AW, $hWia BT IR DL T M S 1 B, AMIE S N BR S Pro AT
VS M S SRR NS AR 0 R B4 3 5 R A DG 2 3 XML Capsicum: annuum L.) (B (Morus alba L.) %
P38 ) AIF 5T 4 R — S IR AE B E RPN AR T A R AR IR A AR A BRTE AR, OF EL
VENAG 5 53 F WU AW BT 38 B8 7 5 AT PR O ] DAGR 2F 240 MWK, L35 o 8 v B A ) 4R AR )
K&, BRI ML HE T ER A T KRR I =R AT S R DR RS R
HEZ XA FL K 5 0 ORI, 24 BR i 1.5 mg/L vk B2 B, il 2208 & 522 iy e e, 1T 1.0 mg/L ¥R B B AT 975 1
B B3k B d oK, O B A B 22 6] G B 3 25 o EAE S UG 5 REE R IR G IR 2 S R R A R
G BURE T A H G, R 38 R BOKRI L SPS (SSIE YRR BG 0, SR AT ) A LI S, BR 5 R R g
HE— 51N 3 Wl M, R W51 K RE A AR T M G R DRI R A 00 TE R AR, B2 AR e TR oK
FEAEAERETT

4 & it

A 2 AR T KRR A 2 A R R R ZF RO 1R 8GR T SOD . POD Al CAT 5 1,
PARZ 2528 a 5 IS 3R b 5 1 s SR T MDA | al S PR M AR 2002 5 1, 4 1 SPS MISS itk AMIH]
R RS A AT I 28 42 KRR Al 1 A 2R A8 b , A M AR AR, B S 3R 5 i DL S AU AL I L
PR B IE A , 2 — 2R N T IR o BRI o A7, SRR OR AR DL RE T . ZRERE L U
1.0 mg/L ¥ JE (9 BRI 5| KRR R e

£ 2 3Lk References:

[1] ZHANG J,BAI Z,HUANG J, et al.Biochar alleviated the salt stress of induced saline paddy soil and improved the biochemi-
cal characteristics of rice seedlings differing in salt tolerance[ J ].Soil and tillage research,2019,195:104372.

[2] SHRIVASTAVA P,KUMAR R.Soil salinity : a serious environmental issue and plant growth promoting bacteria as one of the
tools for its alleviation[ J ].Saudi journal of biological sciences, 2015, 22(2):123-131.

(3] ZEM, B84 PR, A . v R B B U TS MRS L) ). T XA ST, 2005(2) £ 154-158.
LI B,WANG Z C,SUN Z G, et al.Research on saline land resources and sustainable use in China [J].Agri(:ultural research
in the arid areas,2005(2) : 154-158.

(4] el ARARSE , RAELL, 55 TR IE it k(LTS Bk fg 5 B[ ). i ML 5T, 2018,31(4) : 70-75.
ZHU J F,CUIZ R, WU C H, et al.Research advances and prospect of saline and alkali land greening in ChinalJ].World for-
estry research,2018,31 (4):70-75.

(5] 4R, P b, 85 2, 55 KR o SR 0 T A B R XU 5 SO AR S OsRPKL I A ELAR 3 11 B v e [0 ). YL All
*42,2019,35(4):753-763.
ZOU Y,LIU Y Y, QIAN B Y, et al. Construction of yeast two-hybrid ¢cDNA library of rice under high salinity stress and
screening of intracellular interacting protein of OsRPK1[J].Jiangsu journal of agricultural sciences,2019,35(4):753-763.

[6] KRISHNAMURTHY S L, GAUTAM R K,SHARMA P C, et al.Effect of different salt stresses on agro-morphological traits
and utilisation of salt stress indices for reproductive stage salt tolerance in rice [J].Field crops research,2016,190:26-33.

(7] B, SRR RIS, 45 il /KR4 il AT 28 QTL g AL LT ] A AR R F41, 2019, 21(9) : 25-35.
DUAN M, XIE L J,ZHU Y J, et al.QTL Mapping of seedling survival rate under salt stress in rice (Oryza sativa L.)[J].Jour-
nal of agricultural science and technology,2019,21 (9):25-35.

[8] HEYDECKE W, HIGGINS J, GULLIVER R L.Accelerated germination by osmotic seed treatment [J].Nature, 1973, 246
(5427) :42-44.

(9] IBZefir, FIN T, GRETAE AR R 1 i R A B S AR BT TS HE e () ] TR0~ 41, 2017, 33(1) : 218-223.



a4l I SR RAF SRR R T | 0 R e R /KA 4 v A 1 B 2R R FR 5 - 803 -

ZHENG A J, WANG Z F,ZHANG H S.Advances in research on physiological and genetic mechanism of seed germination
[J].Jiangsu journal of agricultural sciences,2017,33(1):218-223.

[10] Rl 754, G52, 5 AEYFN 710 S STt b ik 42 = BRI o e [0 ). A= ) H AR 412, 2020, 36(2) : 158-168.
ZHU J F,YANG X Y, WU H W, et al. Research advances in salt and alkali tolerance improvement technology at the seed
germination stage[ J ].Biotechnology bulletin, 2020,36(2) ; 158-168.

(1] gz MSEER TR SR 0 R KA Ah 71 & s [ . $ai Al B2, 2020,40(7) 2 1-6.

HOU H Y.Effects of brassinolide on seed germination of rice under salt stress [ J].Chinese journal of tropical agriculture,
2020,40(7) : 1-6.

[12] 289 AR AR, 55 L g L R VIR IR B 38 T R [R1 28 Kb 717 22 Je 4l AR BB R s mm [ ] Al 4 A2 B4 4, 2016,
52(2):157-166.

LIJ,XU J G,LIN C, et al.Effect of priming on germination and physiological characteristics of different types of corn seeds
under low-temperature stress[ J].Plant physiology journal ,2016,52(2) ; 157-166.
[13] CHEN J ,ZENG X ,YANG W, et al.Seed priming with multiwall carbon nanotubes (MWCNTSs) modulates seed germination

and early growth of maize under cadmium (Cd)toxicity[]].]ournal of soil science and plant nutrition, 2021,21(3) : 1793-

1805.
[14] KT RIL, FHOBK, A5 Bh7 51 A TR R T i 2 W AR B R e () ] R XA S, 2016,34(5) «
47-53.

ZAHNG F,ZHU K, WANG Y Q, et al.Effects of seed priming on the physiological characteristics of sorghum seedlings un-
der saline stress [J].Agricultural research in the arid areas,2016,34(5) :47-53.

[15] ALIL G,NULIT R, IBRAHIM M H, et al.Efficacy of KNO,,SiO, and SA priming for improving emergence , seedling growth
and antioxidant enzymes of rice(Oryza sativa) ,under drought[ J ].Scientific reports,2021,11(1) : 3864.

[16] FNGE Pl , PR, BT, 45 b5 | AR 7K 43 e R 7K R & 28 e i A B AR 0 52 i () ] AR 41, 2010, 36 (11)
1931-1940.
SUNY Y,SUN Y J,WANG M T, et al.Effects of seed priming on germination and seedling growth of rice under water stress
[J].Acta agronomica Sinica,2010,36(11):1931-1940.

(17] B, 38300, WK AR, 55 . 51 R 3R S KR 45 78 Bl 7 & 28 30 0 A 10 T 20 27 3 B (1], G VR 1 22 41 L 2017, 38(5) -
829-837.
FAN F,GUO S J,GAO J D, et al. Proteomics analysis revealed the roles of seed priming in enhancing rice seed germination
[J].Chinese journal of tropical crops,2017,38(5) :829-837.

(18] EFF, XV, 4% , 55 b= 3R R XS Eh e~ B2 RORh T & R gl B Ry A SR /e AT (T ). FOl R4, 2021, 38
(6):1110-1118.
WANG D,LIU Y X,ZHOU Y, et al.Physiological regulation of brassinosteroids on seed germination and seedling growth in
Lolium perenne in response to salt stress[ ] ].Pratacultural science ,2021,38(6): 1110-1118.

[19] KOUR J, KOHLI S K, KHANNA K, et al. Brassinosteroid signaling, crosstalk and, physiological functions in plants under
heavy metal stress[ J |.Frontiers in plant science, 2021, 12.

(20] P2y, SF25, ICH , 55 SR WX NaClE R ARAL M 2R B IE AEE IR Fak i iy sz ma [0 ). B AR 554
2016,27(1) : 150-156.
SHU HM, GUO S Q,GONG Y Y, et al.Effects of brassinolide on leaf physiological characteristics and differential gene ex-
pression profiles of NaCl-stressed cotton [J].Chinese journal of applied ecology,2016,27(1) :150-156.

(21] Z=i6 3%, 2548 W 304 AR 24-R ISR N RIS T 450 (Camellia sinensis L) it #1149 4 BEALHI LT ). #ri el 4% ,
2016,28(6):959-965.
LI Z X,LI X,HAN W Y.Physiology mechanism of exogenous 24-epibrassinolide-induced heat resistance in tea plants (Ca-
mellia sinensis 1.) [ J].Acta agriculturae Zhejiangensis ,2016,28(6) :959-965.

[22] BREL, dktma, S RAE, 45 AMEY DO 3 AR UL O AR RO B RO bR - A0 P T 4 5% e [T ]V PG Al K2 22 4,
2017,39( 4):655-661 .
CHEN Y,ZHANG F J, WU C Q, et al.Effect of extraneous factors on the growth of continuous cropping cowpea and rhizo-



804 - RN AN I 3 %45 &

sphere soil properties[ J].Acta agriculturae universitatis Jiangxiensis ,2017,39( 4) :655-661 .

(23] FALYL, A% TSR R R RRRESE B IR S R0 T AE KOB A RA 3Rt i 5 m L) ). w7 Al 2431 ,2017,48(7)
1173-1177.
WANG C K, GUO M.Effects of brassinolide on growth morphology and physiological characters of Avena nuda under room
and high temperature stresses[J ] Journal of southern agriculture,2017,48(7) : 1173-1177.

(24] GrWIZ, EJI0T, 004k, 4 RS2 B E a4l i AR K i BB s [ ). b - HE S5 A0, 2020(3)
151-156.
YU M H, WANG L M, LIU J, et al. Effects of epibrassinolide on the growth and cadmium accumulation of tomato seedlings
under cadmium stress| J ].Soils and fertilizers sciences in China,2020(3):151-156.

[25] MEARAL, REBAG , OCRR, 55 IS 3R IR R A xor I3 25 701 b 1 & 1 s ey B AR BBILRN [0 ). AR 254231, 2021,41(5)
1857-1867.
FAN CZ,WU X Y,GUAN X, et al.Concentration effects and its physiological mechanism of soaking seeds with brassinolide
on tomato seed germination under salt stress[ J ].Acta ecologica Sinica,2021,41(5) :1857-1867.

[26] SOLIMAN M,KELISH A E,SOUAD T, et al.Brassinosteroid seed priming with nitrogen supplementation improves salt toler-
ance in soybean[ J ] Physiology and molecular biology of plants,2020,26(3):501-511.

[27] E222 AEY) A BA AL T2 00 S BAEOR [M L JE T = 420 kL , 2006 : 190-199.
WANG X K.Principles and techniques of plant physiological biochemical experiment[ M ].Beijing: Higher Education Press,
2006:190-199.

(28] ZEAAE AEY AP A LS I8 IR B ANE AR (M. Jb 5t B 43R H AT, 2000.
LI H S.Principles and techniques of plant physiological biochemical experiment[ M].Beijing: Higher Education Press,2000.

[29] XUBAZAS AR ABA JE 4/ NI R B SEIE A MR 5E [ D ]R3 R db Ak K2, 2013.
LIU L J.Effects of ABA on sugar metabolism and expression of antifreeze genes of winter wheat[ D].Harbin: Northeast Agri-
cultural University,2013.

[30] & FF. 20, LA, 55 24-FR MR AR XS PEG 5 £ e AR AL Fh 785 & i 52 [T]. vadb el %4, 2015,24(3)
96-101.
CHANG D, YANG Y, WANG Y, et al.Effects of 24-Epi brassinolide on seed germination under stresses of salt and PEG in
cotton[ J].Acta agriculturae boreali-occidentalis Sinica,2015,24(3):96-101.

[31] B3, JHT . AHWL, 55 AR 2207 24 3R 30 MLERAA o2 0t R [ ] #feoll 244 , 2021, 33(10) : 1991-2000.
MAO S,ZHOU W L, YANG F, et al.Research progress on mechanism of plant roots response to salt-alkali stress[J].Acta ag-
riculturae Zhejiangensis ,2021,33(10) : 1991-2000.

(320 XU, 2807 52, 00, 45 . SIS IS it 7 35 2 P4 MR X B 31 S 2R R s [T ). vG db Aol %4, 2018,27(10) - 1461-
1469.
LIU D,GUO G H, LIU L, et al.Effects of exogenous application of brassinolide on sugar beet growth under alkali stress (1.
Acta agriculturae boreali-occidentalis Sinica,2018,27(10) : 1461-1469.

[33] WANG N, WANG X,ZHANG H, et al.Early ABA-stimulated maintenance of Cl" homeostasis by mepiquat chloride priming
confers salt tolerance in cotton seeds[J].The crop journal,2021,9(2) :387-399.

[34] ezt dhigie, 2 ), 5 50 [CHL T SR I X $h Wa R /K RE 4 i i A 305 Rk [T ). A0ll 65 15 PR35 274, 2020,
37(1):98-105.
WANG X Q,YAO Y Y,LIU G Z, et al.Effects of Paecilomyces variotii extracts on the physiological adaptability of rice seed-
lings under salt stress[ J].Journal of agricultural resources and environment,2020,37(1) :98-105.

[35] PhEER, R, Bhflas, 45 AN R B XMIRIRIE T TR R 28 R g B BRARPE R [T ). Aedb e 24,2019, 34
(3):119-128.
SUNY J,WU Y,MA D Z, et al.Effects of brassinolide on seed germination and seedling physiology of maize under low tem-
perature stress[ J].Acta agriculturae boreali-Sinica,2019,34(3):119-128.

[36] A7, M A, 5kaNs% , 45 24-FRINE R N ERXTELBMME N R T AF AR A AN i sz m L) ). b E ROl Ry
2017,50(5):811-821.



a4l I SR RAF SRR R T | 0 R e R /KA 4 v A 1 B 2R R FR 5 - 805 -

WU Y,GAO H C,ZHANG B X, et al.Effects of 24-Brassinolide on the fertility, physiological characteristics and cell ultra-
structure of soybean under saline-alkali stress[ J ].Scientia agricultura Sinica,2017,50(5) : 811-821.

[37] WU W L,ZHANG Q,ERVIN E H, et al.Physiological mechanism of enhancing salt stress tolerance of perennial ryegrass by
24-Epibrassinolide[J].Frontiers in plant science,2017,8:1017.

[38] YUSUF M, FARIDUDDIN Q, Ahmad A.24-Epibrassinolide modulates growth, nodulation, antioxidant system, and osmolyte
in tolerant and sensitive varieties of Vigna radiata under different levels of nickel : a shotgun approach[J].Plant physiology
& biochemistry,2012,57(8) : 143-153.

[39] 253 , ek I, ThFe, 45 MBS R N R = A W 7E T 5% R AN 0 T e & AR Bk s e [ ] B DR 212 5 00
A ,2016,35(1):218-226.

LITT,GAO Y F, MA X, et al. Effects of exogenous brassinosteroid on photosynthesis of three spesies of populus under
drought, salt and copper stress[J].Genomics and applied biology,2016,35(1) :218-226.

[40] 5K3, A8, Jali, 55 NaCl PR30 X WAL i 2y 1 2 3R 5O SRR A B PE R 2 [ ] Wil 2741, 2017, 29
(4):597-604.

ZHANG L, WANG H,ZHOU J.Effects of NaCl stress on chlorophyll fluorescence characteristics and physiological charac-
teristics in seedlings of two pepper cultivars[J ].Acta agriculturae Zhejiangensis ,2017,29(4) : 597-604.

[41] SE A, RHEDE , BRI, 45 . AN 24-2 32 2 IR XT NaCl il 540 9 i B sk [ ] AR 2441, 2021,35(6)
1466-1475.

DONG Y R,ZHANG Y B,ZHAO D X, et al.Alleviation effect of exogenous 24-Epigenolide on mulberry seedlings under Na-
CI Stress[ J ].Journal of nuclear agricultural sciences,2021,35(6) : 1466-1475.

(42] BGHESE SRJpde VO 55 5 SR R IR G iU (SPS) MR oT 0 R [T ] A 2 124 , 2020, 56(5) :931-938.
ZENG D W,ZHU L Y,FENG Y, et al.Research advance of sucrose phosphate synthase (SPS)in higher plant[J ].Plant physi-
ology journal ,2020,56(5):931-938.

(43] E/00], BB BWRECPH, 4 dhIae T /K R 22 B30 SS i SPS I P 55 W AR 22 ity 157 B JCAH Se M43 BT [T ] T4l 2
,2018,34(3) : 481-486.

WANG X M,ZHAO X X,CHEN ] Y, et al.The response and correlations between carbohydrate accumulation and ac-tivities
of SPS, SS at booting stage of rice under salt stress [J].Jiangsu journal of agricultural sciences, 2018, 34(3).481-486.



