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Effects of 2,4-epibrassinolide on Photosynthetic Characteristics
of Cucumber Seedlings under Salt Stress

ZHANG Shuailei, LUO Shilei, ZHANG Wenyuan, LI Jiaqi, ZHANG Guobin”
(College of Horticulture, Gansu Agricultural University, Lanzhou 730070, China)

Abstract; Taking cucumber cultivar ‘Xinchun 4’ as experimental material, we studied the effects of exoge-
nous spraying 0. 01 mg/L exogenous 2, 4-epibrassinolide (EBL) and 24 pmol/L brassinolide inhibitor
(BZR) on the rapid chlorophyll fluorescence induction kinetics curve (OJIP) and related fluorescence pa-
rameters of cucumber seedlings under moderate salt stress (50 mmol/L. NaCl), and discussed the photo-
synthetic physiological mechanism of EBL alleviating the damage of cucumber seedlings under moderate
salt stress. The results showed that: (1) salt stress led to the decrease of net photosynthetic rate (P,),

stomatal conductance (G,) and transpiration rate (T,), the increase of intercellular CO, concentration
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(C.), the decrease of initial fluorescence (F,) and maximum fluorescence (F, ), and the increase of ]
point and I point in the OJIP curve, which reduced the photosynthetic performance of cucumber seedlings.,
and the damage to PSIl receptor side was greater than that on the donor side, showing the damage of PS ||
reaction center. The transfer efficiency of photosynthetic electron from Q, to Qp decreased, and the elec-
tron transfer was blocked. (2) Under 50 mmol/L. NaCl treatment, exogenous spraying of 0. 01 mg/l. EBL
could significantly improve P,, G,, T,, and photosynthetic performance (Pl ;) of cucumber seedlings,
reduce C;, and significantly increase the absorption per unit area (ABS/CS, ), capture (TR,/CS, ), light
energy for electron transport (ET,/CS,,) . and the number of active reaction centers (RC/CS,,). (3) Com-
pared with NaCl + EBL treatment, the photosynthetic performance of cucumber seedlings after NaCl +
EBL + BZR treatment was further reduced, indicating that EBL could alleviate PSII damage caused by
salt stress in cucumber seedlings. It was found that exogenous spraying of appropriate amount of 2,4-epi-
brassinolide could effectively alleviate the damage of (PSIl ) receptor side of photosynthetic electron trans-
port chain on cucumber seedling leaves, increase the efficiency of electron transfer from Q, to Q. and
thus significantly improve the photosynthetic performance of cucumber seedling leaves under salt stress.

Key words: cucumber; salt stress; 2,4-epibrassinolide; chlorophyll fluorescence kinetics curve; photosys-

tem [l (PSII)
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Table 1 Calculation formula and meaning of parameters used in the text
ZHH/A R Parameter and formula Z R4 Y Explanation of the parameters
F, 165 38 R 5 1Y B/ 2¢ 6 5% B Minimal recorded fluorescence intensity
Fy K f54b (0. 3 ms) B2 )63 F Fluorescence intensity at K point (0.3 ms)
F, T JEAE (2 ms) B 2¢ 565 JE Fluorescence intensity at ] point (2 ms)
F, 1 &AL (30 ms B2 658 ) Fluorescence intensity at I point (30 ms)
F 165 32 07 I Y e K 9868 BE Maximal recorded fluorescence intensity

M,=(F, . —F)/(F

o

mw—F)
op—F,/F, =(F,—F)/F,
V,=(F,—F)/(F,—F,)

AV =Vigm — Vs
dV/dto=(Fy—F ) /(F. —F.)
PIAI”:S
Po
¢l‘:n
V,=(F,—F ) /(F,—F)
V,=(F,~F)/(F,—F,)
ABS/CS, ~ F,

RC/CS, =gp, * (V,;/M,) » (ABS/CS,)

TR, /CS, = ¢p, » (ABS/CS, )

ET,/CS, =g, * (ABS/CS,)
DI,/CS,, = (ABS/CS) — (TR, /CS)
ABS/RC=M, « (1/V{) » (1/gp,)

TR,/RC=M, + (1—V))

ET,/RC=M, * (1/V)) + ¢,

DI, /RC= (ABS/RC) — (TR, /RC)

OJIP %5615 S M 28 9] 1f 1% Approximated initial slope of the fluorescence transient
A6 RE B4 AL %% R Efficiency of primary conversion of light energy

O-P Bt fifk O-P section standardization

Q, M HE Reduction rate of Q,

DLW e S BE hg Atk 1) 14 BE 58 2L Performance index on absorption basis

A FEER Q) LT HEER The excitation efficiency of electron transport beyond QA

R W) S RE T HL F 1% 33 19808 The quantum yield of electron transport

1 5 AH XS AT 25 52 Y58 & Relative variable fluorescence at 1 step

T A X T A8 56 6 3% JF Relative variable fluorescence at J step

B T AR S Y Y6 BE Light energy absorbed per unit area

B T AR A T O O B H Number of active reaction centers per unit area

B TET AR 3R 19 G BE Light energy captured per unit area

A AR N T EL A% 8 19 )6 BE Light energy per unit area for electron transport

A T FUFE BL Thermal dissipation per unit area

B 0 U W A G BE Light energy absorbed by unit reaction center

B SR H AR I TR Q, B Energy captured by unit reaction center for Q, reduction
B SR H O AR B T H T 1% 3 i BE F Energy captured by unit reaction center for electron transfer

B N HRLOD FE B AY fiE B Energy dissipated by unit reaction center

WEZE M8 7K 5 3) EBL, % ## ¥ + 50 mmol/L NaCl +
i S 0. 01 mg/L EBL; 4) BZR, # 3% W + 50
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1.4 HESHitHH

il Excel 2019 #E47 84 19 58 1115 5 B A1 4
SPSS 25 #EATHUE LN R 7 2550 Hr (P << 0..05), 1]
Duncan’s #4572 & B f#i ] Origin 2018 2 A,

2 R0
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Different lowercase letters indicate that there are significant

differences between treatments at the level of 0. 05, the same below
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Effect of exogenous EBL on photosynthetic parameters of cucumber seedling leaves
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Fig. 2 Effects of exogenous spraying EBL and BZR on

the rapid chlorophyll fluorescence curve (OJIP) and

AV, of

cucumber seedlings under salt stress
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Table 2 Effects of EBL on leaf specific activity parameters of cucumber seedlings under salt stress
Y Kb P Treatment
Parameter CK EBL NaCl BZR EBL-+BZR
.
qéﬁ[é%?wﬁi;‘é}%ﬁ% 2 948.75430.87a 2 783.55+26.68b 2 625.56-449.00c 2 519, 14463.42c 2 813. 00438, 64b
TRo/CSm or - P
A TR AR Ok fE 2 447.88426.94a 2 259.55428. 15b 2 086.38+54. 73c 2 008.14£63.07c 2 293.00439.03b
ETo/CSm ; _
B T R 45 1 Y 7 2 1229.19+31.93a 1 049.82+38.78b 745.06479.61c 775.29+78. 8¢ 1 005.44+61.61b
RC/CSm e
L7 TR PR PR B B 1 208.09+15. 26a 1189.61+18. 14a 1 062.96435. 4b 982.84+42.17b 1 199.26+42.62a
DIo/CSm - - -
LA T B B 500. 88=+6. 32a 524.00£10.67a 539,19+ 14. 35a 511.00+11.78a 520.00+£9. 58a
qéﬁfimﬁz&(w%%ﬁ% 2,440, 03ab 2,350, 04b 2.49-£0. 04ab 2.58-£0. 06a 2.37+0. 08b
P
B R Lfﬁj%ﬁg}%ﬁ;ﬁrﬁ QA M fE i 2.0340.02a 1.90£0.03b 1.97240. 02ab 2.05%+0. 04a 1.934£0. 06b
N W iy ) > U Y
ETo/RC -
B R PO AR A 1 FE T T i 1 A 1.02+0.02a 0.88+0.03b 0.6840.05¢ 0.7840. 06¢c 0.8440.05b
Dlo/RC 0.4240.01b 0.440. 02b 0.52:£0. 03a 0.5340. 02a 0. 440, 02b

BB P AR TR () E

KiEF, K 3.C~E /R, EBL 4 # | EBL+ BZR
AEERFN CK SR B V.V, #l dV/dto {35 B
FKT BZR AL FEFN NaCl 43, EBL 4b B Fl EBL+
BZR b3 5 CK JC W 3 22 5. U6 B v B 4R i a8
HE PQ FEHEZHBFMRE IR E TR, LR Q.
] Qp HLF ALK W EFEAL, M5 Qi
LN EBL 4L A EBL+BZR Ab B L S T
i TR M 5 PQ FEEZ R FRE I ADLE
HFH Qa M Qp WALIBECR, BERMT Q) R
PR IR 2 %) HEOK T,

Gy Ah NI R At BE S 5L Py (B 3, F) il
JERDGRe R AR FL/F, (Kl 3,G)TE BZR 4b 2 AN
NaCl i ¥y 1t CK & 2 9 /)N . PLys 7E EBL &b AN
EBL-+BZR 4 T RKF CK 4 & % & F BZR Al
NaCl 4t ¥, F,/F . 7€ EBL + BZR 4t B F f§ % T
EBL 4b 1 & 3 & T BZR F1 NaCl &b B, P % 75
BZR Ab B AHXS T R B 38 AR, UEEH AR EBL Ak
PR 20 T AR ER B R BN PLys A
F./F, AR E T 8RN J 64 MR ARG RE
ALRUR,

2.4 SMEBIHE EBL XfEN4h &M A PST ELiFE &
SHM I

2 2 AT, 3 Mo Ak B R AG T B R i
ABS/CS,,. TR,/CS, . ET,/CS, . RC/CS, . TR,/
RC.ETo/RC. % i1 DI, /CS, DI, /RC; EBL 4b 2
il EBL + BZR &b ¥ 27 fig 7 45 W38 55~ ABS/
CS,..TR,/CS, .ET,/CS, .RC/CS,.ET,/RC %y

%A1 DI, /CS,, .DI, /RC B34, BZR 4b P % Bl 5
HEAMREH, Hrh, 8Kt i ABS/CS, . TR,/
CS, .ET,/CS, #l RC/CS,, e 8 T 73 5
CK B EMEMT 11%.14. 8%.39. 4% A1 12. 01%,
EBL &b ¥ # NaCl 4b 3 3 5 8 F & T 5. 7%.
7.7%.29% 1 10. 6% , EBL+ BZR &b ¥4 NaCl &b
A RS T 6. 7%.9% .24 T M 11, 4%,
EBL 4t ¥ #1 EBL + BZR At 3 9 TR,/RC {8 Fl
ABS/RC 18 , #H# T NaCl &b 3 A1 BZR Ab 3 ¥ 4 fir
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R R N I BB HO B 8 A B et
JERER %
3 3
A A FH AR 5 DA I B SE R S A
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i PS [ 5 & S5 L @ T 92 % W1 EBL 1] A
st RT3 S5 5 | A Y T TGO A R T B R AL S
JESSEATERR T . ARG & B AMNE i EBL J5 fig
ETE AU EINI BRI g NG WERE S e St SO I
SALGFE (G FEMEH R (T,) T, H KM E CO,
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