IPH AR 2025,53(1) :64-72 Journal of Shanxi Agricultural Sciences

TO5, BRES, B SRS 2,438 25 & 2R N TR0 B A 010 3 0 T 22 BRI 30t M Y 52 R 0] 1 PG AR A4, 2025, 53(1)
64-72.

DING F, LU S L, TIAN Z B. Effects of exogenous spraying brassinolide on waterlogging tolerance of sesame under waterlogging
stress at flowering stage[J]. Journal of Shanxi Agricultural Sciences,2025,53(1) :64-72.

doi:10.3969/j.issn.1002-2481.2025.01.07

SMIRREIE 2, 4R =5 F N Es T B 1L H
S G N b 4 R

T F,ERL,HAEH
(B FE AT HRRE B WA 1 I 476000)

B OE ORI BRI E W aE X 2R A B Y S e K 2, 4- 3 35 1 R N TR T 2 BRI b A8 1Y) 9 45 5K
D7, AT 5 22 0K R 2 189 A5 T B0 2 13 i e 4 ), SR AR, T 2 MR AE 1 (s ¥5 )5 50 d) k47 i
T Wit 2, 4- R ZE W FE TR (0.01.,0.03.0.05 mg/kg) , 155 25 )5 # 7K 4b #4136 h, 5% 3 W8 45 U5 W IRIKE 5 d, X2
JHRAE R AR FR AR R AF O DR AR R KB B T Y AR AR AT I A o S5 SRR EE A R, 2 A 2R R Ok
GRCR PR E M B E P Y B Y B TR B U R R R 13RI . 5 AN (CK2)
A EL, 2, 4- R 22 W R W R T & 4 80k 0.03 mg/kg BF, it 355 & A T 25 189 kkvar L ZE ML LN AR %5045 5138 i 9.36 % .
8.66% .12.82% , M PEE I & i B E w1 31.01% 52, 4-RZEH E W ER T4 80N 0.05 mg/kg I, 5% 3 BUK 5
P2 13 R = 1 9.96 06 , M AR % 0 AR 1 5 £ 43 B84 i 14.92% .14.28 %, SOD \POD 31§ £ 43 5l 14 i1 13.01% .
13.88% 0 Zi LRTIR Wi 2, 4-3 255 25 PR BE W 25 32 = b V50 35 D ae T 22 BRI it 395 ks, 0 2 R AR A 4 4
o P R G RO A B S 2 S bR L A R T M S 2 AR AR 0 A KK s HoP,0.03 mg/kg 2,4-3K 3%
B2 N R I X S T R R 2 189 WKk A2 A K B KR B i, it ARG RO 13 14 0.05 mg/kg 2,432
B PR I R e A

K R A 2, 4-REE R NER OGBS B M B E I Y

B 4 %S .5565.3 STERARIDAS A T EHE1002-2481(2025)01-0064-09

Effects of Exogenous Spraying Brassinolide on Waterlogging Tolerance of

Sesame under Waterlogging Stress at Flowering Stage

DING Fang, LU Shuli, TTAN Zhuangbo
(Shangqiu Academy of Agricultural and Forestry Sciences , Shangqiu 476000, China)

Abstract: In order to study the effects of waterlogging stress on growth and physiological characteristics of sesame at
flowering stage and the regulation effect of 24—epibrassinolide on waterlogging stress of sesame, in this study, using a waterlogging
tolerant sesame variety Shangzhi 189 and a waterlogging sensitive sesame variety Zhengzhi 13 as experimental materials, taking
the potted plant method, the treatment of foliar spraying of 24-epibrassinolide(0.01, 0.03, and 0.05 mg/kg), followed by
continuous flooding treatment for 36 hours, and 5 days of normal temperature recovery after waterlogging stress was conducted.
The indicators including root growth, antioxidant system, and osmotic regulators of sesame plants were measured. The results
showed that under waterlogging stress, the photosynthetic efficiency, antioxidant enzyme activity, and osmotic regulator content
of the two sesame varieties significantly decreased, especially the waterlogging sensitive variety Zhengzhi 13. Compared with the
treatment without spraying(CK2), when the mass concentration of brassinolide was 0.03 mg/kg, the plant height, stem
diameter, and lateral root number of the waterlogging tolerant variety Shangzhi 189 increased by 9.36% , 8.66%, 12.82%, the

soluble protein content significantly increased by 31.01%. When the massconcentration of brassinolide was 0.05mg/kg, the plant
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height of waterlogging sensitive sesame variety Zhengzhi 13 increased by 9.96%, the lateral root number and dry weight
increased by 14.92% and 14.28%, respectively, and the activities of SOD and POD increased by 13.01%, 13.88%. In

conclusion, spraying brassinolide could significantly improve the waterlogging tolerance of sesame under waterlogging stress at

the flowering stage, promote lateral root growth of sesame, increase protective enzyme activity and photosynthetic capacity, and

other indicators, which was beneficial for the growth recovery of sesame plants after waterlogging stress. Among them, the best

effect of recovery growth of waterlogging tolerant variety Shangzhi 189 was induced by spraying 0.03 mg/kg, and the best effect

of recovery growth of waterlogging sensitive variety Zhengzhi 13 was induced by spraying 0.05 mg/kg.

Keywords:sesame; waterlogging stress; 24—epibrassinosteroid; photosynthetic capacity; enzyme activity; osmotic regulator

oLV e — Bl R WA AR A Y a2 3 A
PR AR e 4R L 2k ZOL A R G BIROR (BOK A&
Py ok T AR, T T SR Ak RE R R R A2 T A
T2, 2 F O A Al R R TR LR . R
Je I E AR E Y 2 — s U R 2
JBR B E X, 2y 3R R OB R R T AR Y

70957 (HE B K — H A U X 2 R A
RO EZIRA . 24T WAL T & iR &R A3

B v R A R 5 ik SRR ) A —
FEW, 2% T B R B W A N, S
B2 RRAE MR I, A BT R R AR KT AR
FE T A X, 2 RR U 2 90 %
PLb o PR, 38 T 22 R 5 14 BE X 2R AR B X
B,

C A WF 5T 2R B, Wi A 5 AV ) A A< 9 9 50 ml
AR e 30 35 o 30 X A R B E N 2,4
RZEHE FZ M (2, 4-epibrassinolide, EBR) & —
BB AR ) N IR R L TE R A ) o R
e E 40 AR A A AR B R 0 R A T A
PR 5 3 P8 h R AR, SRR,
2,4‘?%%*5%%W@EEIUT‘*%EJ#L?E%q::%ﬂj}
AT K A BT P AR HE R IR 38 T 4D T

AR RN, B T TR PR AR BF 3 W 308 5 1 7K 43
B A

H HI, OC 351 5 %A 6] 22 5 b F = B R %
@ﬂﬂﬂ%%mm%ﬁgmmm%%m%$ﬁ

TR R 2 RR IR T A ) R 9 O B 5T AR D o

ﬁhﬁﬁ%Uzﬁmﬁﬁzuwwﬁzwﬁﬁ%
ARE, SR AR 5 N TR 035 |, W 5 A1 IR it
2,4-REHEHZX NBEX B E KT Z LA f A4
A 5E I, WA 2, 4- 3R 25 8 R IR 0 & X
T W38 5 2 OMAE R 0 AR K AR G B, B A ok
ST ORI Y K H S AR S 2

1 #rfe 7k

1.1 Re s

HEIR 2 PR S R OR T 2 189 (Y FeTh AR B Be H 1
i Y58 751 2 JRR i B ) RS 2 13 (T g 48 W AP TR
FHUE) 2,4~ R EZH XN BRI ik A
BN T 0.01% KF
1.2 Kigit

R T 2021 4F & 2276 0 /44 7 e T AR MR 2
BERU /GRG0 B A7 o T R & 1.

1 HBBIHHE

Tab.1 Experimental design scheme

fFP Variety AbFE Treatment Ed] Pharmaceutical K4y Water
189 CK1 T 7K M i I H K Y
Shangzhi 189 CK2 35 K W 5 K
T1 Wit 2,4-FR 25 H E WK 0.01 mg/kg WK e
T2 Wi 2,4-R 251 R MR 0.03 mg/kg K Wit
T3 Wi 2, 4-3R 2535 R MR 0.05 mg/kg K Wit
13 CK1 T K 8 it I R HEOK 4y
Zhengzhi 13 CK2 K WK It
T1 Wit 2, 4-3R 25 E F MR 0.01 mg/kg K W38
T2 Wi 2,4-FR 251 R M BE 0.03 mg/kg K W38
T3 Wi 2, 4325 & AR 0.05 mg/kg K 38
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Tab.2 Effects of brassinolide on sesame plant growth under waterlogging stress

i pog: ! R /em ZEH/em FMRTFE/ (/) MARE (A8 AR 4/ (g/ k)
Variety Treatment Plant height Stem diameter Taproot dry weight ~ Lateral root number  Lateral root dry weight

% 189 CK1 113.12+1.94a 2.13840.033a  0.271 2-0.004 6a 59.39-1.27b 0.192 240.001 la
Shangzhi 189 (o 100.2440.99d 1.94640.019d  0.240 0-£0.011 Oc 55.70-1.90b 0.160 7-£0.001 3c
T1 104.7640.76¢ 2.02440.041bc  0.240 2--0.002 3¢ 58.55-2.07b 0.170 0-0.003 Oc

T2 109.624+3.55ab  2.122-0.073ab  0.251 7£0.002 2bc 6284+ 2.24a 0.179 2£0.008 2ab
T3 105.934+0.86bc  2.08140.043ab  0.250 6-£0.001 7Tbe  61.69-2.49ab 0.180 4+0.003 2b
213 CK1 115.88+2.38a 2.240+0.092a  0.250 4-£0.005 3a 57.3241.79 0.180 2£0.003 5a
Zhengzhi 13 (y¢o 98.65-£2.17b 1.96240.035c  0.212040.007 8¢ 46.040.62c 0.143 040.005 1c
T1 100.10-+ 4.45b 2.02440.042bc  0.220 740.006 dbc  47.2841.03¢ 0.140 0-£0.002 2¢

T2 103.0143.78b 2.08640.013bc  0.220220.007 2bc  47.7241.46¢ 0.150 2-£0.003 Zbe
T3 108.4841.49a 2.14240.085ab  0.221 040.006 8bc  52.9142.13b 0.163 1-£0.004 5b

TE AN RVING F b R0R % b BRI AE 0.05 K P F 257 3. R &I,

Note: Different lowercase letters indicated significant differences among the different treatments at the 0.05 level. The same as below .

Wi 2, 4- R 25 H R N ER AL S L 2 189
A2 13 M bk e 2R AR T i AR T T
A St A BRI A — s K . Hoh R 189 7
0.03 mg/kg &b FF #k & 2K 000 AR E AR T B
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Different lowercase letters indicated significant differences among the different treatments at the 0.05 level. The same as below
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Fig.1 Effect of brassinolide spray on photosynthesis of sesame leaves under waterlogging stress

W i S ) B 4 B 2, 4- 96 258 2 N T Ab B
J&i L TR 95 & PR 25 189 1 P fH 2 5 Tt i 5 T RE I
B, 0.03 mg/kg A BT Pl e K, 43 3148 CK2,
0.01.0.05 mg/kg &b 3 3% fin T 49.83% . 31.25% .
3.14% s Gs Fl Tr Bl ot &2 7 B G M 2 B & /T
W4 #3316 0.03 mg/kg 4b 3T % B B K
{H ; Ci 2 3% M7 T By %, CK2 4 B} Cif
K, B /IME N 0.05 mg/kg 4b B

T EE RS RO 2 13 M Pn. Gs ., Tr 3 78
0.05 mg/kg 4b 3 W} ik 3 fz K {H , CK2 4b B 1§

/I, 0.05 mg/kg A BERT Pn Gs . Tr43 548 CK2 &b B
T T 20.10% .37.5% .10.58% , & F ¥k i F K
- (P<<0.05).

F2 1891 SPADfE7F CK1 Zb 3N e i, CK2
IR SPADE AR, KB 13 52 R M —F. 2,4-
FXH F WA [F BT & 53 %06k SPAD {H 52 ) A
) o i M it ST o 43 KR I v L T 22 189 it i SPAD
HELEFEENBES, S5 CK2 ML, 0.01.
0.03.,0.05 mg/kg BT & 43 F4b 3T 7 2 189 M J
SPAD {H 435 I F+4.25% .26.24% .17.02% , ¥ 3k

+ 67



W PGP B 22 2025 4R 45 53 45 1 1)

2 K- (P<<0.05) o K2 13 AR R | T 2.16 %,
12.22%,20.14% . H: 1 ,0.03.,0.05 mg/kg it & 4
Boab 3k B 3K (P<<0.05), AT, 2,4-H 255
N TR AT A A OB, 2o R R X TR 5t
2 189 1y SPAD fi &4 I /EH .
23 AABRESH2,4-REEZHNEFZMRAM
FEERELHERZENZIE

P& 2 AT, OR R Ak R R 2189 ) SOD
POD ., CAT i M DL CK1 Ab P f% 55, CK2 Ab 3 ()
BTG TE R, 2 1352 £ — . 5 CKIH
Fb, CK2 4b# R /2 189 AIKR 2 13 B SOD 43 31l ik
BT 26.33% .26.96 % , POD 43 JIFE A T 18.81% .
31.43% ,CAT 43 B FEAR T 29.11% .35.30%, 22 7

OCK1 OCK2 @ETI ET2 =HT3

50 OCK1 OCK2 @ET1 ET2 BT3

¥y 4 2 (P<C0.05) o Tt & WU i A POD \CAT i
P AR AR s 8 1 kK 35

M5 0.01.,0.03.,0.05 mg/kg 2,4-F =& K
TR 1Y 3 S A B BT 2189 i SOD  POD i 1k Fifi
58 N R T A B B 5 BT R BRI
#H,0.01,0.03.,0.05 mg/kg 4k HF Y SOD 3 4
A3 0 mg/kg Ab BRI E RGN T 7.06% .12.60% .
11.08% (P<<0.05) , POD I % 43 il #% CK2 Ab B 14
BT 4.15% .10.48% .9.04 %, A 0.03 mg/kg 4b B AL
il CAT BEMTG BT /800 & ok 5
CK2 kb #4351 & 3% 58 i 6.52% .13.90% . 14.28%
(P<<0.05),1H 0.03 mg/kg 4h ¥ 5 0.05 mg/kg &b £
] G i 2 2% 5

OCK1 OCK2 @ETI ET2 HET3
20 a a

25¢
a . 18} -I— E3
_20f h rb ~ 200p & _“*I_ _16f be b
. be b b . b - be b b —~ 14} d : . d
50 c dd ¢ s (‘ b b r o e
EL = 150F b2 5 12
Z z Z o}
S 1ot = 100} = gt
= 3 = 6t
: : 5
F 5t & sof <4
2.
1 J 1 0 1 |
P2 189 H213 2189 ¥213 2189 #2213
Shangzhi 189 Zhengzhi 13 Shangzhi 189 Zhengzhi 13 Shangzhi 189 Zhengzhi 13
il A hi
Variety Variety Variety

B2 ZBZENEBEENSFERZERMTABRERASUHERSENZ NI

Fig.2 [Effect of brassinolide spray on enzymatic antioxidant defense system of sesame leaves under waterlogging stress

HZ 131 SOD POD {ifi 1 ¥4 Bl 25 & 25 N iR ot
B B g FF,0.01.,0.03.0.05 mg/kg 4b B
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Tab.3 Effect of brassinolide on osmotic regulators of sesame leaves under waterlogging stress
i Ao b 3 AR A AR/ (mg/g)  ATEPERE & i/ (mg/g) IR & i/ (mg/g)
Variety Treatment Soluble protein content Soluble sugar content Proline content
W2 189 CK1 2.240+0.015a 10.24+0.35a 4.2140.095a
Shangzhi 189 CK2 1.581+0.011d 7.19+0.12c 2.42+0.037¢
T1 1.69240.045d 7.994+0.29b 2.4740.041c
T2 2.073+0.056b 9.8140.19a 3.0740.150b
T3 1.922+0.033¢ 9.7140.23a 2.9540.150b
213 CKl1 2.36040.078a 10.13+0.42a 4.6540.072a
Zhengzhi 13 CK2 1.4420.015d 7.1140.24d 2.33+0.0036e
T1 1.558+0.041c¢ 7.2140.24d 2.5040.120d
T2 1.624+0.031c¢ 7.8540.37¢ 2.9940.019¢
T3 1.77240.041b 8.76+0.10b 3.23+0.031b
ZRIR 8. 5 CKIMIL, CK2 4L #F Fj 2 189
25 2,4-REZBZNEXNEAKBETZRMA MDA &I T 31.37%,0, A EE TR T
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Fig.3 Effect of brassinolide on O~ production rate and malondialdehyde content of sesame

leaves under waterlogging stress

160 OCKI OCK2 ETI ET2 ET3
140+ £ 2 I
a )
— b ¢
o 120f
bE = d s d -§
EZ100f |
= g0
=
%Em-
\
E 40r
20
0 . ! ; !
12189 213
Shangzhi 189 Zhengzhi 13
u][%ﬁl
Variety
B3 2, -REEZNEXH
WA AR 2,4-REER NG, B2
189 MDA & it 2 TR LA m#a s, 5 CK2

b BEAR 1, 0.01,0.03.0.05 mg/kg kb 3 F MDA &
ORI T 8.27% .16.37% .16.85%,0.03 mg/kg
AbHE 5 0.05 mg/kg b #HH] 25 5 AN 1 L (H Y 3
5T 0.01 mg/kg 4 FE (P<C0.05) ; O, 7= A B AH R
W TR T 6.94%.12.15% .11.62% (P<<0.05) , LA
0.03 mg/kg T K& i B B K ,fH 5 0.01.0.05 mg/kg
AbPRTA] C @ 3 22 5% . KB 13 MDA & & #1 O,

7 A TR I I VR B A T R R Y
O H A, 0.05 mg/kg 4 LR, MDA & £ #l O, =
AR, R CR2 AR 3 FRE T
14.10% .13.73% (P<<0.05) .

3 Ziw5itid

EXNEXNZREREKKN R
WE AT R B S MR &R AR KRR A
FE B e S WA R 1) 52 B 3 R AHOGAF SR

3.1

+69-



W PGP B 22 2025 4R 45 53 45 1 1)

5 W0 2 T BUZ R S PR AR AR R IE ) T
RET RN, R RBOP R R TR, SEE
P TR 7E 7 3 P38 T BB 5 B TH AR RR AR R TS O 42
AT AR AT v, B AR W 95 5 I 2 1 AR
FIREFE R RRAC, ZE LA A, ER K E TR
et 0 AR R R AR T B A AR R ) R B —
o, X 5 R SARKAR Z5 1 4F 5% 45 1
F Al

Wit 2,4~ 25 R R A R T W e 2
IR AT R 0 A A W A2, B S A 2 R RR 2
AR ESCRIN AR T o, B e B K3 R 9.96 %6, 25 M i
R 8.66 %4 , M AR £l foe KB i 14.92 %6, (H X F 4R
THREMZMARE., WEEH,2,4-REEX
DAY T T 57 3 A0 S 2 IR AR A K 1 AR R
P EMR W, AR R OB 2, 4-REE RN
fie e, A 2R 2B K 1 DR SR B A i o 3 0 AR 3
EURE MR RE R X SR Y
IIF o AR —5, AR, 2,4-REEZNER
0.03.0.05 mg/kg &b # XA #F 7 2 189 48 #k A= K 2L
R B WIEREZEF AR E. 0.03.0.05 mg/kg &b
BT B 1R KR 2 13 11k 25 R 0 AR 50 AR T 5
R B AE, 0.05 mg/kg Ak B XF R 2 13 bk w9 14 i
AR
32 BABETEEZNEHRENZRMHAEXE
ERKF I

S A VE FH 2 ) i AR 1 A BHE B 22— X
T K W 3 2 I A e Sk SRR A AR B A
/PO RS SIS S8 i e 7 g
it Z B YA RS TR, AR AE R
B, B2 189 MR 2 13 K& Z B E M ik it i Pn.,
Tr.Gs.SPAD {8 7€ Fr 47 &b $H v 52 &5, Wit 2, 4-3%
EEEMNEER 3N E, Pn . Tr.Gs . SPAD {H 2 &
o T oA Wit A B 3R WD W 3E 23 R SO PR 1O
B VERAZ B, 3% 5 1 RUE S i o0 45 R LA —
o Wi 2, 4-REBFRXNER — & BE LR T
F B Pn Tr.Gs fl SPAD fH , f3F T XA 8RN
FE o A I, 0.03 mg/kg Ab R X T2 189 i
RO EER SR &oh 3, 0.05 mg/kg 4b # X} $2
R 130 RO A AR AR Bk W
3.3 E R E MK A R HE AR X I 2K BB B9 i RZ

WS WA T R Y A0 B E i 2 RO AR R K B
WG AR E MR YR S (4 POD.SOD,
CAT %), WF9E &I, SOD 17 3¢ 15 W A W 7k 1N 114 748

+70-

A A 3, POD T CAT W 4 357 1 bk 338 355 38 7=
F O, T AR ROS AR5, a4 38 58 X i
Yyt W1 Y B BEE A BUE A A
SO VR I B A AR T T R R A I R S R
AR, K& 2 Y HE A R CKL, H POD.
SOD .CAT ¥ 1 76 r A b B b d5 i, Bt 35 bl )
Wt 2, 4-3 25 R MR 2 K POD .SOD .CAT
T M 24 W T R W i A R 5 R E] R — B, e
AL, Wi 2, 4-F 25 B Z VR AT LR T2 R
P A7 il 35 P DT AE — 2 2 B b 4 8y 2 RR AT AR 1Y
Pk . ARG, 258 E N R 0.03 mg/kg 4b BE
X 8 5 T 2 189 il 16 AU S 4w 8.3, 0.05 mg/kg &b
PG 5 4 2 13 BTG SO o B

MR 2 B K B R, &5k — &R
G A BRI, O, 55 A F ) it i B, MDA 4§ i
Jg 3 Ak B B om0 i AR i E ek
S7 P NP il R TSI NSl - 7 X N
MDA & A F AR Al v, Al 32 857 3
IR Z RN R MDA & i 5 I%, 52 505 i i 4 4
S FR R R 2, 4- RS H R NBRLH R MDA &
A, B 0.01.,0.03.,0.05 mg/kg %5 A W5 i &b 3
MDA & 5 R0 TR, SR SR8 — 2. ol 0L, mE
Jiti 2, 43 25 5 F IR T DL RO R E W aE xf
2 RR A PR 1, AT MDA 9 it 4 RE 7E IR
KA. Hor,0.03 mg/kg &b B R AR TR 357 5 R R
2189 My N I i AR i O W 35, 0.05 mg/kg
S 3T 63 AV AN TR V5 i RS 2 13 B T R e AR
o

R 7E W K 38, A A 4 3 o il IR L T
PEWE IR 155595 38 8 ) B SRR DL R 4
ff RS E M B AR A0 A AR 1. 22 i R
Jit Jin ek 48 A 5 S BB 6 B R R R A P ) R AR
AT R AR O AR A, D e 2 K
b e o N T S N 2 s | o R
EE R ZRM R BB E YR SRS T
W, B2 189 MIFR 2 13 R M — 8, X 5 AT AT A
— B AT AR B R A [ A ) X 3 N K R 7 A
{14 L 38 B I AS [, Al mT RE 5 27 351 5 e 6 1 B R AT
Ko Wi 2,4-REBHERXRNWIG B2 189 M2
BB E AT mEEd s —EREN -
F+,0.03 mg/kg &b BEEF R 2 189 (1 W] i MM L T
PERR 0T R s O U AR 2 13
(R PE S T IAE R A R  RR  E R



T 55 AMEWG 2, 4-F 2%

R N RS AE 5 I T

2 IBRT 351 18 ) 52 )

PN i % it 5T e 0 B0 T 3, 7E 0.05 mg/kg
A BRI IR B 5 A R W 25 i R N IR E T2
JBR I 3B 3 R T ) T RRER R B T A MR
FE MV BEAR 5 B4 .

g Lk Wi 2, 4- RS B R NERA R T4
%EF&%%%%F%hﬁbﬁ/@Kﬁz%m
T 258 R NBR I ZR AR o, 2,4-3k 2%
W%%%E%ﬁﬁﬁMBm&ﬁtﬂmﬁmﬁ
B2 189 ¥R &2 A= RO e W Wk, Wi it Jo 5 43 0K
0.05 mg/kg Bf , % 35 35 FORK & FPOAS 22 13 8501 i
o AW N 2 RRAE 48 52 B H W0 5 i e] R K
ST D T AR SR A T L (H A

Mt E - EW E RN AR, 22
e AE R W R AR R B ] 2, B TR — R R

AT -

% ST

[1] FUKAO T,BAILEY-SERRES J. Ethylene-a key regulator of
submergence responses in rice[J]. Plant Science, 2008, 175 (1-
2):43-51.

HERE . A 2RO TR M. db 5t 4 it , 19952,

HUANG F H. Processing technology of peanut and sesame

[M]. Beijing: Golden Shield Publishing House, 1995.

[3] &, Bl g, Jnsh , 55 . [ 25 0R 32 28 3 0 fh b st 4% 2 R 1
I3 B AL S AL S A A B (D] AR B2, 2022, 51(3) ¢
55-64.

LI C,DUAN Y H,JU M, et al. Genetic diversity analysis and

elite allele mining in main sesame cultivars released in China[J].

—
Do
[}

Journal of henan agricultural sciences, 2022,51(3) : 55-64.
(4] BRGS0 2477 45 52 5y ML (). MR 53 I , 2005, 18
(1):31-32.
ZHAO G Z. World Sesame production and trade[J]. Journal of
Cereals & Oils,ZOOS 18(1):31-32.
IMGHE, LD, ERNE L R R R BT S R R
Xt LT]. @émum% ,2007,53(2) :128-129.
GUO P Y,ZUO L Z,WANG C P, et al. Analysis and develop-
ment strategy of sesame market in ChinalJ]. Shaanxi Journal of
Agricultural Sciences, 2007,53(2) : 128-129.
(61 WRAN % . 2R B 87 9¢ T Kol 94 Bt [I]. o 13k k), 1993,
15(4):70.
CHEN H X. Sesame waterlogging disaster and mitigation mea-
sures[J]. Chinese Journal of Oil Crop Sciences, 1993,15(4) : 70.
(7] 5k 55 2% . 2 RR Wi 3 B i 4 BF 58 AR [T0. 80 b el 7 2
1992,31(11) :12-25.
ZHANG X R. Research status of sesame damage and water re-
sistance[J]. Hubei Agricultural Sciences, 1992,31(11) :12-25.
[8] TEIT. ZRRTS 37 dh A AR 2R AW 2 W 5E0T ). b [ 0ORE, 1984, 6
(2):25-29.
DING F Y. Preliminary study on root system of waterlogging

—
ol
[}

tolerant sesame cultivars[J]. Chinese Journal of Oil Crop Sci-

[10]

[11]

[12]

[13]

[14]

[16]

[17]

[18]

ences, 1984,6(2) :25-29.

B, SCR R, AF Il T AR 2RO R A A L % sk
i 2 B AR BRI i PERALFR% , 2023,51(3) : 325-332.

LU W,WEN F,HAN J M, et al. Explore on Occurrence Regu-
larity of Sesame Disease and Insect Pests, and Efficient Con-
trol Technology in Shanxi[J]. Journal of shanxi agricultural sci-

ences, 2023,51(3) :325-332.

PN, BT 2R, B HA TR, A5 A [a] Bk R BRI S RS 7 A
PRAIFFE B Tl 3 P A L] AR 38 1 9% IR 2 4, 2010, 11(2)
139-146.

SUNJ,ZHANG X R,ZHANG Y X, et al. Evaluation of yield
characteristics and waterlogging tolerance of sesame germ-
plasm with different plant types after waterlogging[J]. Journal
of Plant Genetic Resources,2010,11(2) : 139-146.

R A% . 2R T 7 O B s A R R [T, T ok, 1993,
15(4):70.

CHEN H X. Sesame waterlogging disaster and disaster reduc-
tion measures[J]. Chinese Journal of Oil Crop Sciences, 1993,
15(4):70.

K F5 L 2 RR B T KT T R Y BUOR [T]. WAL ROl A 2,
1992,31(11):12-25.

ZHANG X R. Research on damage and water resistance of
sesame[J]. Hubei /\gricultural Sciences, 1992,31(11) :12-25.
SRR, B FL T 57 A0 X 2 R A LR bR R 7 R F R
(7). #4923k ,2010(1) : 84-86.

ZHANG G F,ZHANG Y. Effects of waterlogging stress on
physiological indices and yield traits of sesame[J]. Crops, 2010
(1):84-86.

FICHT, JUF , INPEAT A5 A4 FiRL 4 AR IR 3 5 0 OB
k38 PR S AR T]. R I L 2020, 33(10) : 70-74.

WU W L,YOU C, SUN X X, et al. The recovery effect of
four plant growth regulators on waterlogging stress of pepper
[J]. China Cucurbits and Vegetables,2020,33(10) :70-74.
I 1) 55, BR AT, A5 SRR Y R X B K R 4 bR e K
B K AL W T FE 1 52 [T0. B AR S 241, 2018, 29(1) ¢
149-157.

WU H, XIANG J, CHEN H Z, et al. Effects of exogenous
growth regulators on plant elongation and carbohydrate con-
sumption of rice seedlings under submergence[J]. Chinese
Journal of Applied Ecology,2018,29(1):149-157.

R, T SR AR AR A KR T P L AT Y
HERT]. o A BHBE 412, 2014, 16(1) : 52-58.

ZHENG J, WANG L.
steroids in plant development[J]. Journal of Agricultural Sci-
ence and Technology,2014,16(1) : 52-58.

GHASEMI A, FARZANEH S, MOHARRAMNEJAD S, et

al. Impact of 24-epibrassinolide, spermine, and silicon on plant

Advance in mechanism of brassino-

growth, antioxidant defense systems, and osmolyte accumula-
tion of maize under water stress[J]. Scientific Reports, 2022,
12(1):14648.

INATES A R AR, T W, A5 2 AR N R TR R K Al Y
PUAAELT]. M4 2 B4, 2019, 55(6) - 829-836.

SUN S A,HE F L., YAO X F, et al. Brassinolide improves

<71



W PGP B 22 2025 4R 45 53 45 1 1)

[19]

[20]

[21

[

—
Do
Do

[}

[23]

[24]

[26]

[27]

—
Do
(o]

[}

72

the dought resistance of maize seedlings[J]. Plant Physiology
Journal,2019,55(6) : 829-836.

REE LA TR A MR 24-F 038 N B = I
10RO T AR AR K AP R G R [T]. R A B AR AT,
2013,49(9):929-934.

WU X X,ZHA D S,ZHU Z W, et al. Effects of exogenous
24-epibrassinolide on plant growth and antioxidant system in
eggplant seedlings under high temperature stress[J]. Plant
Physiology Journal,2013,49(9) :929-934.
WL, VLR, KM, 55 . A AS [ 24 70 X v I o5 % 3
PR BORPIIRT]. AR 27241, 2020, 10(12) : 68-72.

SHU X Y,MA J L, LI C G, et al. The recovery effect of 8
medicaments on watermelon under waterlogging stress: a pre-
liminary study[J].Journal of Agriculture,2020,10(12) : 68-72.
A R A B AL S R B R M. b S
i WL, 2000.

LI H S. Principles and techniques of plant physiological bio-
chemical experiment[M]. Beijing: Higher Education Press,
2000.

KB AR BRI R (M. st Rl s iR, 1992,
ZHANG X Z. Methods of crop physiological research[M]. Bei-
jing: China Agriculture Press, 1992.

A X XA 5l AR A X A A I T T 2 5
(1] shE A B2, 2021,54(3) :629-642.

MENG R, LIU Y, ZHAO S, et al. Effects of rootstock and
scion interaction on salt tolerance of grafted Chrysanthemum
seedlings[J]. Scientia Agricultura Sinica,2021,54(3) :629-642.
VEWE . 35 B Joih 360 065 S [R] e DR] 280 2 JjR A= 2R P R ™ MR 1
FEMA[D ] KM < R Al R 2, 2009,

WANG N. Effects of waterlogging stress on physiological
characteristics and yield traits of different genotypes of sesame
[D]. Zhengzhou: Henan Agricultural University , 2009.
SARKAR P, KHATUN A, SINGHA A. Effect of duration
of water-logging on crop stand and yield of sesame[J]. Interna-
tional Journal of Innovation and Applied Studies,2016,14(1):
1-6.

SR A KRR IR L A 2R B 5 Y B R A AR
SIS VR 0 R e 2 ST P A INEEE /b 0 e
AEARLT]. op R 2 4, 1999, 21(4) 1 48-52.

WANG W Q,MEI H X, ZHENG Y Z, et al. Study on re-
sponse to waterlogging and adaptative change in sesame (Sesa-
mum indicum 1..) 1 .Changes of morphology, biomass and
seed yield of different sesame genotypes under artificial flood-
ing condition[J]. Chinese Journal of Oil Crop Scieves, 1999, 21
(4):48-52.

R BRI FNRRSC, A5 K B R 5 BRI AL Y
WEFELI]. Bk 4, 2019, 33(4) : 808-815.

ZHANG Y ,CATJ G,SUN O W, et al. Research on photosyn-
thetic responses mechanisms of Hydrangea macrophylla un-
der waterlogging stress[J]. Journal of Nuclear Agricultural Sci-
ences, 2019,33(4) :808-815.

3 SCHE, FRA, A B e, S5 TIIDI O X 28 8 30T
30 A A BRI S R IR [T). R AR A, 2016, 36 (18) £ 5712-
5724.

[29

[}

[30]

[31]

—
w
Do

[}

[33]

[34]

[35]

[36]

[37]

HAN W J,BAI L L,LI C X, et al. Effects of flooding on the
photosynthetic response of Hemarthria altissima to drought
[J]. Acta Ecologica Sinica, 2016, 36(18) :5712-5724.

VRS, E IR, 5K 55 % . 37 3 X 2 AR R A K BOG A ik
AEEIRLT] R ITRE A (A RHR) , 2017, 14(18) :1-4,27,93.
XU F Y,WANG X L,ZHANG X R. Effects of waterlogging
on root growth and photosynthetic characteristics of sesame
seedlings[J]. Journal of Yangtze University (Natural Science
Edition) ,2017,14(18):1-4,27,93.

S TR0 R A A4 B e (], BB AR S, 2011
(14):501.

YUAN M Y. Effects of drought stress on plant protective en-
zymes[J]. Science &. Technology Information,2011(14):501.
S, RSO R 2, AT 0 R AR B 40 AN AR A 2
K5 A AR AR S I [T, £ 45241, 2014, 34(15) : 4223-
4233.

WU M, ZHANG W H,ZHOU J Y, et al. Effects of drought
stress on growth, physiological and biochemical parameters in
fine roots of Quercus variabilis Bl. seedlings[J]. Acta Eco-
logica Sinica,2014,34(15) :4223-4233.

AR F W R TE IE 45 R [ Rl 7 SR AR R B R IR B
3 300X 7 o B AR P Tl R e RS M (). T R A A2, 2014,
43(12) :46-50.

ZHANG J, TANG F S,ZANG X W et al. Effect of waterlog-
ging stress on peanut yield and protective enzyme system in
different planting patterns[J]. Journal of Henan Agricultural
Sciences, 2014,43(12) :46-50.

PETRZR L BA SR, B SO L A5 VK e 38 0 BRAG S 3 A A=
FHAE AR P B 82w (D, b R ARl BB OR 2 2 4R, 2018, 38
(10):15-20.

PANG HD,HU X Y,HU W J, et al. Effects of waterlogging
stress on the physiological and biochemical characteristics of
three tree species[J]. Journal of Central South University of
Forestry & Technology, 2018,38(10) : 15-20.

SR UEMS , 5l Wy Wy, 450K, 45 0 R0 X K BB R R R 4k
R A B A A bR A 82 [T ], ob [ iR 24 4, 2017, 39
(5):655-663.

ZHANG H P, ZHANG P P, LI B, et al. Effects of unicon-
azole on alleviation of waterlogging stress in soybean[J]. Chi-
nese Journal of Oil Crop Sciences, 2017,39(5) : 655-663.
WANG J,SUN H, SHENG J J, et al. Transcriptome, physi-
ological and biochemical analysis of Triarrhena sacchariflora
in response to flooding stress[J]. BMC Genetics, 2019,
20(1):88.

TR TV R, A7 WS, S5 Ry T VS K k36 ) BF 5T B T
(1], vh AR 2% 5 i, 2021, 37(18) : 57-64.

NIE G P,CHEN M M, YANG L Y, et al. Plant response to
waterlogging stress: research progress[J]. Chinese Agricultural
Science Bulletin, 2021,37(18) : 57-64.

Wy W K I8 T AR T B R S R R 0 A B AR A e Y
D], 282 L AR AL R 2, 2022,

LI P P. Effects of calcium peroxide on physiological and bio-
chemical characteristics of maize seedlings under water flood-

ing stress [D]. Taian:Shandong Agricultural University, 2022.



