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Effects of 2,4—Epibrassinolide on physiological characteristics
of Malus halliana under drought stress

XIAN Xulin,ZHANG De,ZHANG Zhongxing, WANG Shuangcheng, GAO Yanlong, WANG Yanxiu
(College of Horticulture of Gansu Agriculture University, Lanzhou, Gansu 730070, China)

Abstract: The effects of exogenous 2 ,4~Epibrassinolide (EBR) on the photosynthesis and physiological char-
acteristics of Malus halliana seedlings under drought stress with seedlings of 7~ 8 leaf-age Malus halliana as experi-
mental materials were studied. The experiment used pot water control method of CK ( normal water level) and
drought stress as well as 6 brassinolide concentrations of T1 (0 mg - L"), T2 (0.2 mg - L"), T3 (0.4 mg -
L"), T4 (0.6mg-L"), TS (0.8 mg-L™") and T6 (1 mg + L™'). The contents of chlorophyll, photosynthetic
characteristics, antioxidant enzyme activity, relative electrical conductivity and osmotic regulating substances in
each treatment were measured, and the correlation and principal component analysis were computed. With the ex-
tension of drought stress time, Chl a, Chl b, Chl a+b, Chl a/b, net photosynthetic rate (P, ), stomatal conduct-
ance (G,), transpiration rate (T,) decreased, and intercellular CO, concentration ( C,) , malonaldehyde (MDA) ,
relative electrical conductivity (REC) increased. The activities of proline ( Pro), superoxide dismutase (SOD),

Yr#s B #1:2021-07-31 f& 5] A #7 :2022-03-02

EEWE : FK A AR AEE (31960581) 5 Hlr 4 H AR 5E4: (18JR3RA1T1)

EE BT SR (1996-) , 5, HR SR A 58 A WS J5 [0 g SR G AR B S H R . E-mail : 1105259430@ gq.com
BIEEE . FIEFH (1976-) , &, Bt A S0, FENF R4S HARYIF . E-mail: wangxy@ gsau.edu.cn



38 T b X ARV A 5T 55 40 45

peroxidase (POD) and catalase ( CAT) increased first and then decreased. Additionally, compared with the control
group, the increase and decrease of each index of Malus halliana leaves decreased to different degrees after spra-
ying different concentrations of exogenous brassinolide, and there was a concentration effect. Among them, under
0.2 mg - L™'(T2) treatment, Chl a, Chl b, Chl a+b, Chl a/b, P_, G, and TR decreased the least, significantly
higher than those in T1, while MDA and REC increased the most, which were significantly higher than those in T1.
Subsequently, correlation analysis of 14 indexes showed that P, was significantly positively correlated with Chl a,
Chl b, Chl a+b, Chl a/b and G (P<0.01) and T,(P<0.05), and negatively correlated with REC and C,( P<
0.01). In addition, the 14 indexes were analyzed by principal component analysis, and the two principal compo-
nents with eigenvalue >1 were extracted, whose eigenvalues were 9.765 and 3.747, respectively. The variance con-
tribution rates were 69.747% and 26.766% , respectively, and the cumulative variance contribution rate reached
96.513% , which met the requirements. Finally, according to the ranking of principal component scores, the allevi-
ating ability of exogenous brassinolide to drought stress of Malus halliana was T2>T3>T4>T5>T6>T. The 0.2 mg -

L' brassinolide treatment had better results in improving the photosynthetic capacity, enhancing the activity of an-

tioxidant enzymes, and promoting the stability of membrane to alleviate drought stress.
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Effect of exogenous EBR on REC and Pro content in leaves of Malus halliana under drought stress
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Fig.5 Effect of exogenous EBR on SOD,POD and CAT

activities in leaves of Malus halliana under drought stress

®1 ARLAETEZLEBEMFSTUEREXES
Table 1  Correlation analysis of various indexes of Malus halliana under different treatments
=
f:ji P, Chla  Chlb  Chlatb  Chla/b  REC MDA Po  SOD  POD  CAT G, T«
P, 1
Chla 0971** 1
Chlb 099" 0985" " 1
Chla+h 0979 099" 092" 1
Chla/b 099" " 0985** 1.000°" 0992°" 1
REC -0.880"* -0.M49"* -0908" * -0941"* -0908"" 1
Pro —0.358 -0.203 -0.353 -0.243 -0.353 -0.015 1
MDA -0.752 -0.829** -0787" -0.820" -0.787" 0949 * -0.058 1
SOD 0.008 0.200 0.074 0.168 0.074 -0479 0.751 -0.602 1
POD 0.009 0.193 0.034 0.152 0.034 -0411 090" " -0444 0887 1
CAT 0.238 0.392 0273 0.362 0273 -0.645 0.681 -0.748 0949 0869" 1
G, 0986 0976 0995 0983"* 0995"" -0887" " —0410 -0.755" 0.011 -0.021 0212 1
T, 0.873* 0956™*  0912"* 0948 0912"* -0978" " -0.042 -0915"* 0426 0.381 0.565 08%* " 1
[ -0929" " 0977 -0937" " -0969" " -0937" " 0972** 0.005 0.858"  -0.345 -0.369 -0.543 -0911" " -0952" " 1

o+ FoRMIMERE (P<0.05) ; + + FonAl BN B3 (P<0.01)

Note; * indicates significant correlation (P<0.05) ; * * indicates extremely significant correlation ( P<0.01).
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B ER4Y (PC2) 254 T Pro,SOD POD Al CAT %
Ei=

ZERTR0 (F) A T 1550 5 AR 2%
TR A e L2 M, B F = F1x69. 747% + F2 x
26.766% , 3 Al L A AR A BT 1Y 25
BF5 3 48 B K - 1.20624 (T1) | 0. 880667 (T2) .
0.318411(T3) .0.068989( T4) .~0.276(T5) F1-0.56878
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SRR RN, A b BE 38 B E] Y 4E
K, M2 5 A B Chl a Chl b Chl a+b,Chl a/b
Fr R TNl R FYR B SN EBR AbFE
J&, Chl a Chl b.Chl a+b Chl a/b Fr &4l T1 44
AR BE R _E T X AT RS2SR EBR AbBRZE AR T T
S 3 Xof A 22 1 S SR AR A BRI DT PR A LA A
A sE g, 5 RN A5 0 AR AE MBS P O AR 25 e M
B, FE— A UESE ANIR EBR 1T DL SR fiff 3 Fb 45 5
ARG A MW, P, 5 Chl a Chl b Chl a+h |
Chl a/b FJ 2% B3 IE ARG, ULEH 40 28 15 = (1 FRAIX

2 EIRAPWRSERE

Table 2 Prinicipal component analysis and variance interpreation

e o Load
1R Index PCl PC2
P, 0.940 ~0.308
Chl a 0.986 -0.131
Chl b 0.960 -0.275
Chl a+h 0.982 -0.169
Chl a/b 0.960 -0.275
REC -0.987 -0.143
Pro -0.107 0.945
MDA ~0.907 ~0.262
SOD 0.340 0.906
POD 0.297 0.922
CAT 0.525 0.824
6. 0.941 -0.335
T, 0.979 0.086
C, ~0.984 -0.052
FRAEAR Eiges values 9.765 3.747
= N
I TRA % 69.747 26.766
Proportion of variance
BB R TE % 69.747 96.513

Cumulative variance

ATRESEEATEFE S M EE N R, AR EN, <
FLEBR G AR ALBR B 2518 P, PR 45 ¢,
MG R R, UL R 2SR G MR TR
P EZR A R GUF 0 C AR R
W BRI PR 40 [ £ R g B AR S5 3B AL IR 2 2
ity el N 3 I o [N P R N LW g R )
NG E R GRS EE C, T, B AR
TE W R 225 PR RSt AR FLBR I R
T A, BV Fh 3 22 96 S PR 40 0 06 A T T R AR S
X AT RE ST R T gl A G A A
HAZBH s R R (RS, S8 AL
JEREAIR . CO, [FIALZEE 7 25 I R AL A 3R
B AN A vk B AMRE EBR Ab B R 22 96
C. T /N TRt EBR ACBE P G W T, Ut
] EBR $0H PA A G A 1 0 3k B R AT, AT 4
IR AROR L XS TR
HAE_E BORF ST 45 R A — 2

Y B RRAE Ry 2 355 1 B, 7 20 B P9 A1 22 18] B 40 S5
AR FH 7 IS 45 A, A L 5 R m TR A
WY SZ ERRE L 5 2 R 40 A A e e
P, S ECA0 M N R R M AR S R TR DY
ARG B | B aE i ] B 2K REC 2T k%,
Mt /MNE EBR J& ,REC .35 TR, Ul ZMNE EBR X}
S A | R A AN B 3 1 A A A SRR T, DA
MK REC 3% 5 P8 % T FEMAE DT R L B ge 45
FEARRL, Pro 5 230 5 W MUAE Ay 2 F 4 ot v 1) 35
PR AR TR W, BE 0 R EE K, Pro 7%
SR, vT AE T R M 5 | R R A A I
GRS kDY AN Rk B AR EBR
Ab PR T 22 R Pro A i 2 TR R 33k ]
fEJESNR EBR HL1%S 5H A= B A £ ad 72 i 2 f
T Pro BYA L, X5 T W& e84 L AaFsE
SEVSAHE] , ISR EBR fEE— {2 vt T 5 A F
Pro YRR | HAFTE B b AV BEAIUNE

WA ST A YR Y ROS 7= 4 5% B
HIBhAS V-4, MDA & 2 2520, 51 & Fn a9

R3 TRVLEBETELERNEER/I RS
Table 3 Comprehensive score and ranking of Malus halliana

under different treatments

i PCLPC2 235 F R o> 1, EWsr 2, TR
Note; PC1 and PC2 respectively indicate ; principal component 1,

principal component 2. The same below.

e o F 55 GARIN(F) LRI
Principal component score Comprehensive  Comprehensive
Treatment .
PCI(F1) FC2(F2) score score ranking
T1 -1.30890 -1.09512 —-1.206240 6
T2 0.77702 1.26548 0.880667 1
T3 0.16522 0.75908 0.318411 2
T4 -0.12648 0.58733 0.068989 3
T5 -0.45198 0.14663 -0.276000 4
T6 -0.74989 -0.17095 -0.568780 5
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