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Effects of 2,4 epbrassinolide on photosynthetic and physiological charac-

teristics of Malusa halliana under saline-alkali stress

WANG Wanxia, GAO Liyang, ZHANG Rui, ZHAO Ting, ZHANG Zhongxing, WANG Shuangcheng,
WANG Yanxiu

(College of Horticulture, Gansu Agricultural University, Lanzhou 730070, Gansu, China)

Abstract: [Objective] The Loess Plateau is the main producing regions of apple in Northwest China.
Due to the abundant sunshine and the great diurnal temperature difference, the apple planting area in
this region is constantly expanding. According to statistics, over 7.6 million hectares of China’s cultivat-
ed land is salinized, accounting for one fifth of the total cultivated land, and the northwest inland area is
more seriously salinized, accounting for more than 13 percent of the total salinized area. The effect of
saline-alkali stress on physiological and biochemical characteristics of plants has become a hot topic in
recent years. The combined saline-alkali stress can cause osmotic stress and ionic toxicity, change the
pH in vacuoles and cytoplasm, increase the content of reactive oxygen species in plant cells, break the

balance among ions, decrease osmotic regulation ability, and affect the photosynthetic performance and
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normal growth of plants. In this study, the effects of exogenous 2, 4-epbrassinolide (EBR) on photosyn-
thesis and physiological characteristics of Malus halliana seedlings grown under saline-alkali stress
were studied. [Methods]In this experiment, 8 leaf-old M. halliana seedlings were used as the experi-
mental material, and 7 treatments were set up, including irrigation with fresh water (CK1), irrigation
with 100 mmol - L' (50 mmol - L' NaCl+50 mmol - L'' NaHCOs) sodium salt solution (saline-alkali
stress, or CK2), saline-alkali stress + 0.05 mg- L' EBR spraying (T1), saline-alkali stress + 0.1 mg- L™
EBR spraying (T2), saline-alkali stress+ 0.2 mg-L"' EBR spraying (T3), saline-alkali stress + 0.4 mg- L’
EBR spraying (T4), and saline-alkali stress + 0.6 mg-L"' EBR spraying. The treatments were conducted
with 3 biological replicates each consisting of 10 seedlings. The membrane leakage or relative electrici-
ty conductivity (REC), relative water content, chlorophyll content, photosynthetic characteristics, fluo-
rescence parameters, antioxidant enzyme activity and contents of Na' and K" in each treatment were de-
termined and principal component analysis was conducted. [Results] Exogenous EBR could effectively
reduce the increases in REC, intercellular carbon dioxide concentration (C;) and Na' content in leaves of
plants under saline-alkali stress. The relative water content, contents of chlorophyll a (Chl a), chloro-
phyll b (Chl b), and chlorophyll a+b (Chl a+b), net photosynthetic rate (P,), stomatal conductance (Gs)
and transpiration rate (7)) of leaves were significantly decreased. The initial fluorescence (Fi), maxi-
mum fluorescence (F.), photochemical quenching coefficient (¢gp), regulatory energy dissipation
[Y(NPQ)], non-regulatory energy dissipation [Y(NO)], and activities of superoxide dismutase (SOD)
and peroxidase (POD) showed first increased and then decreased. The seedlings treated with 0.2 mg- L
EBR suffered the least damage under saline-alkali stress. Compared with CK2, the REC decreased by
9.90%, 16.96%, 25.05%, 16.78% and 11.12% in T1, T2, T3, T4 and T5, respectively, on the 9th day of
stress, and relative water content in the leaves increased by 45.48%, 64.24%, 80.91%, 66.15% and
55.41%, respectively. The results indicated a concentration effect of EBR. The contents of Chl a, Chl b
and Chl a+b were increased to different degrees by EBR treatments. P., Gs, and T: in all the EBR treat-
ments were significantly lower than that of CK1, but significantly higher than in CK2. The results indi-
cated that exogenous EBR could alleviate the photosynthetic damage caused by salt-saline stress. With
the increase in EBR concentration, activities of both POD and SOD increased at first and then de-
creased. The peak values were found in T3 treatment, indicating that T3 had a stronger antioxidant ca-
pacity than the other treatments. The content of Na " firstly decreased and then increased with the in-
crease in EBR concentration, while the content of K" displayed an opposite pattern and was highest in
T3 treatment, indicating that the treatment caused the least damage under salt-alkali stress. Principal
component analysis showed that the eigenvalues of >1 were 17.242, 2.31 and 1.129, and the variance
contribution rates were 82.105%, 10.999% and 5.378%, respectively. The cumulative variance contribu-
tion rate reached 98.482%. Based on principal component score sorting, the order from the least to most
serious damage among treatments was CK1 > T3 > T2 > T4 > T5 > T1 > CK2.[Conclusion] EBR can
alleviate salinity-alkalinity stress in M. halliana seedlings by maintaining the stability of antioxidant en-
zyme system and membrane integrity and reducing the absorption of Na'. Application at 0.2 mg- L™ has
the best effect.

Key words: Malusa halliana; EBR; Saline-alkali stress; Photosynthetic characteristics; Chlorophyll flu-

orescence; Na and K'; Principal component analysis
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Fig. 1 Effect of exogenous EBR on the relative electricity conductivity (REC) and relative water content in Malus halliana
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Koehne seedlings under saline-alkali stress
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Fig. 2 Effects of different concentrations of EBR on photosynthetic pigments content in

M. halliana Koehne under saline-alkali stress



1484 3B )

S 4

55384

N BB R .

FH P 3-B W] 01, i ol A ) f S K, T 24 3 5
F G5 PSR a2 53 RN, S BEH
(1) G, H B 2 1 T B 5 e 22 55 9 KA, AN TR R ik
% EBR 4 # [ 2= 5 41K, 4 7 4 0.006 (T1) + 0.008
(T2).0.011(T3).0.008(T4).0.008 mol-m?-s'(T5),
B FECT CK10.016 mol - m?- s, & & T CK2
(0.005 mol -m?-s", fH L F CK2 Ik Ik $E = T
15.90%46.21%.97.23%-54.71%H1 55.08%.

FH B 3-C ml %0, 76 SR A 38 R, Bl s (8] (9 24K
e 22 SN I CEBWF RS a2
3REF, GHIBLEA B B s e 2258 9 R, AN
K EBR AN EE T CA A B & K, 40 5l 8 271.43
(T1).255.38(T2).225.93(T3) .246.68 (T4) .268.33
pmol-mol ' (T5), it ZE K T~ CK2(298.33 umol -mol ™),
&5 CK1(120.33 pmol - mol™) , # L F CK2 &
WAL T 9.02% « 14.40% . 24.27% « 17.31% A
10.06%, Ui, B EBR fg i Z Hihi| Eh5 i~ G &

3-D R W, 76 Bl T BRI A 0 K , 6 22 i 5
A T2 N RS . a5 9 R, RIE i
K EBR A BN Tk BE A B &, TR

1.83 (T1) . 1.98 (T2) . 2.72 (T3) . 2.51 (T4) . 2.08
mmol-m?-s'(T5), B& 5T CK2(1.46 mmol-m?-s™),
B FKT CK1(3.41 mmol-m™-s™), #1 Eb F CK2 &
W T & T 25.40% « 35.70% + 86.73% « 72.31% Al
43.02%, Ut ] EBR AEZZ | EhBEHME T T F %
24 SMEEBRIMEBIHIBETELBENEMNEE
R SE RN

HHE 4 0] 453, A 255 9 KIS, T1~TS ) Fos Fas
FuFnqP ¥ 8 E KT CK1, HE % & T CK2, T3 )
BRI B BN s BEAR T1~TS 1 Y(NO)  Y(NPQ) 35 . %
T CK1 AT CK2, o T3 1 Y(NO) M T CK2 1) |
T 5 B /N 5 B CK2 18 T 334.29% 5 T3 (9 Y(NPQ) I
T B AOK M T CR2 T T 488.54 %.
25 SMNEEBRMEBFMETELEENEMEL
[UENAN=REA

FH ] 5-A ] 7R SRR E R, B S I (R
T Ab BEZH 1) SOD 35 P 3 2 Je TH G B (a3, i
B3R, BT A #E SOD G M I BT, HoA T
AITS iE BN, 73518 106.89 F1104.74 U- g'; il
F 56 RN, T2.T3.T4 1) SOD i M1k B A , 43731
H120.32.130.89.119.61 U-g'; il £ 25 9 K, ff

BTl @T2 OT3 @T4 B8T5 8CK1 OCK2

>

LS et
Net photosynthetic rate,

0 3 6 9

Q

350
300
250
200
150
100

50

Ha i) CO, M FE
Intercellular CO,concentration,
C/(umol - mol™)

SIRSIRIL

0 3 6 9
AEFER[E]) Treatment time/d

Fig. 3

B 0035

0.030
0.025
0.020
0.015

GJ/(mol-m*-s")

0.010

L
Stomatal conductance,

0.005

0.000

4.0
35
3.0
25
2.0
15
1.0
0.5
0.0

Transpiration rate,
Tr/(mmol-m”-s™)

AbFRES [E] Treatment time/d
3 4MNE EBR MEGIE T ELERNE L ESHIZM
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59 M TS, 25 2, 4- ISR R N R XS BRI 8 T 0 223 5 B T AR B M I 52 ) 1485
09 r = 16
A a B 2
08 r g 14 | a
B 4 Ed
8 0.7 r =] 12 +
=1 =& o .
S 06 w2 _f_
3 x 2 10
R o5t b =
K 2 % 5 08 c
25 04y *h s
® 2 03t ¢ c =5 064 d
E d RE o4 |
2 02 d g 0 .
= e 2
01 F £ 02 r I—E-I
=]
0 | I TN B IR SN U SN SETE S N L ﬁ ) oy 0.0 I I S T B I B L )
TL T2 T3 T4 T5 CK1 CK2 TL T2 T3 T4 T5 CK1 CK2
AL F Treatment Ab P Treatment
Q -
C 1.2 p g 16 a
a 5 14 ¢ T
10 t + VERZ | b
- b M5 12
5] P é c {- c
s 08 f & § 10
g = B d d e
R g 06 c c B %D 08 r
g X 5 06 |
K% o4t d d ¥ g
3 = g 04 r
o 02 ¢ : £7% 02 |
2 Ij g >
F
0.0 L J 1 L J 1 L J 1 L J 1 L J 1 1 J : OO L J 1 L J 1 1 L J 1 L J 1 1 L J J
T1 T2 T3 T4 T5 CK1 CK2 % T1 T2 T3 T4 T5 CK1 CK2
b3 Treatment Ab#H Treatment
E 12 F 10 a
20l 2 a 09 B
= ; 1o -I- — 08 | X
.- | = 07 f b
ndl= 08 b b =2 o6 | T h
I 3. g c
# 2 06 ¢ . H~30-5'_IC_
= 5 i 5 04 | ‘I’ d
= & 04 t d 5
- < 03 } =
™ 9
= 02 €
= 02 e : =
01 }
0.0 1 L J 1 L J 1 L J 1 1 L J 1 ﬁ ] 00 1 1 1 1 1 1 ]
TL T2 T3 T4 T5 CK1 CK2 TIL T2 T3 T4 T5 CK1 CK2

Kb PE Treatment

Kb HE Treatment

4 SMNE EBR XEEMNE TELBRYEMHRRRASHNZIT

Fig. 4 Effect of exogenous EBR on chlorophyll fluorescence parameters in M. halliana
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27 ERSOH

X ARG P BT A AL (1) 21 AN 4R AR BEAT 32 A
IIMT s FEBUCRFAEAE > 1 1 34N = B, SLARR AR 4> )
917242, 231, 1.129, 2 1F 77 2% 51 #ik % & F
98.482% , fF & AT E K. R 1EIR, 5 — F s
(PCDZEA T PisGATARWCFys Fos Fu/FosgP 25
ZE MIXF & & (SPAD) .REC.SOD.POD. K" (#£) .K*
) K (MO IR MIE B, B B 45A T Cs
Na"(F2) \Na"(Z5) Na (M) S48 PR 115 B 180
A E R0 5o N T R e AR 2 A, B =
FI1x82.105%+F2%10.999%+F3x5.378%(#2). H%#
3 ATHN, 3 22 i S AE AN [F) 5T B UK BE EBR AL FE R 45
BEAHES N TIST2>T4>TS>T1 .

R1 ERD DRI BEER

Table 1 Rotational load matrix after principal component

R3 RAEGOHE

Table 3 Ranking of comprehensive scores

analysis
. BokR  BCERS BEERS
Index First principal Second principal ~ Third principal
component component component
P, 0.931 0.178 0.100
G, 0.993 -0.073 0.005
G -0.989 0.118 -0.076
T: 0.972 -0.059 0.024
F, 0.926 -0.357 0.001
Fu 0.954 -0.277 -0.007
FJ/F. 0.972 -0.176 -0.110
qP 0.962 -0.270 0.014
Y(NPQ) 0.435 0.879 -0.083
YNO -0.145 0.639 0.750
SPAD 0.955 0.115 0.270
REC -0.985 0.104 0.040
RWC 0.983 -0.079 0.036
SOD 0.622 0.619 -0.467
POD 0.729 0.543 -0.413
Na' Root -0.999 0.007 -0.023
Na'Stem -0.991 0.106 0.030
Na'Leaf -0.991 0.016 -0.109
K’ Root 0.995 0.032 0.071
K’ Stem 0.952 0.209 0.223
K’ Leaf 0.997 0.005 0.003
K2 AERMEHGTIERE

Table 2 Variance contribution load matrix
. R TR Sy
Index Eiges Proportion of Cumulative

values variance/% variance/%

PC1 17.242 82.105 82.105
PC2 2.310 10.999 93.105
PC3 1.129 5.378 98.482

ey SZatn GafoHs
T Fl F2 F3 Composite Composite
reatments .

score scores ranking

Tl -0.53476 0.21958 1.04564 -0.36 6

T2 0.11375 0.72771-0.15235 0.17 3

T3 0.804 94 0.92585-1.28844  0.69 2

T4 0.087 33 0.653 06-0.18004 0.13 4

TS -0.46729 0.29145 1.35292 -0.28 5

CKl1 1.55159-1.61384 0.33849 1.11 1

CK2 -1.55556-1.203 79 -1.116 23 -1.47 7

309 O’

ER Tl 18K R A T 47 T R g 1 AR A i
2, FEAFSE R S 75 E . m pH A FHANE
PR 20, LR SN I 22 F R TR R
B, MBS 2R T DA WA ) 75 0 855 2k A T IE PR AR
PRI SZ A FE P, AR X L5 26 sy , U B AE A 2 43 3
FERE ™ 5, AR S K B P R A AR K
FIE B R ™, Missig 20T 51 % B , 55 it
EBR K THR R A, 300 7 AR R 5 A i B2k
TR, 458 1 WS R o AR A3 IR Re 71, I 4ERE FL D)
BEAT N ARG, 7E 2R FPr 18 7 ,0.2 mg- L' EBR
Aok BRI P A R G 55 7K B 1 38 DAL 5 i A A 1) 4 Xt
H, 5 248 i N (1) S < 3203 3 vy 1 B SRR R T
2N RGN E R T R ANE X 5 E
FR G IS A AT A S R — B a9 R
I, T3 Kb A AE XS B S 2 A0 T T CK - B A
/N, P 0.2 mg - L ) EBR X 3 22 ¥ 35 E 2 B 1
TE A HE RN

R SR pH, BN T B P RE . S
MR A RCE RIS T UlE, SEE R & %
BHI, 5 285 2 S CIFE X Z A R IE 9 Hp R IO D 3 i
EBR BN T Mt it RS i, AR,
5% it AN [ 5 R B 0 A EBR, SR8 8 T T 22 76F
B AR 2 H CR2 A R [H R B
0.2 mg-L'EBRACEES 5 £ . M6 &1 X T8
WHEKRE £ RHEE, Sh i & ™ = 1 HAEY
HER™, B IE K. BE TR
WA A A0 75 R PR I 32 B R R B HE S AL = AR
SALF R G G IR A A TR Sy A e & 3R
(1) FEAR 2 B2 2 S AL =it & 2 E S AL = 5
WA FEIRRAE . 2 GO G R B BEAIR I, e il R PR 2
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CK1, 1M frf AL HE ) G, 2 2K T CK 1, 56 B T 22 1
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FuR AR ALIR H1) & O R A G B i e IS ) 3 22
IR, 3X AT e A2 T i 3 38 T B e b 3 2 7 1)
K& B, B IR SR AR S5 4, 38 B e G A B
1 SRR R AR A IS AT R R,
Jiti EBR J& , BB~ HE 22 33 5 (1) P G, T}l EBR Jii &
WL T = 2T 5 B & 34, T3 b Bk 2 0E(H
Wi B AN EBR R DLZE fif 51 36 R 3 22 3 5 i e
Gl e, H g% il 72 R B i 29K % 210,02 mg - L
EBR Qb B AR AR B dd . 48 FOITE X 2 A Rt 9
i i EBR XS & i v ESALE R B A RAER,
RSO 5 2 ARk, B R R EEEOTE XS A AT
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BRI TR S (R B R A B 3R R B AL
Ko ARG, BHEE 9 KT, TI~TS i FosFusF/
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AL [R] AR AL, 471 1 SOD F1 POD [ P4 2 81
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TR R, 5% SODPOD S s AL B vE M, K i B
T T AR AL oA 5 S B R e I A o e KT 52
P, Bt AL G 2R 48 58 A AR K I {5 SOD L POD i
PEH LR B, 78 38 TR Bt 4R EBR J5 SOD.
POD 3 4 2 2 $2 7 , W EBR AL B GE 6 38 s A 4 Bt
A RGP RE

BT P R A R I AR R SERECY, Eh A
JoiRIE R, BT Nat 13 &R, 2 01 KR 1E 8 IR
W, 3k T 5 SR P Ak P S AR 3R ALY Na i J
2R 23 AR P I 22 G AN T 3 A7 3507 (R BRI Na™
o KR A IE 5 A K % B, ARG, @
T it AN [7 5 B P (R 7R EBR, Na™ 75 & 5 S BRI
JE TR, T3 AR 2 K, K E 2 e THE

Je BRI %5, 31 0.2 mg - L' ) EBR X 4 22 i 4
FEERBIIE NG I E B o XVBEPIE AL 7
TS AR LM E T, Na' & &l ma
) KRR A, B T R B R ZEAE T

TR G AT T IEAE R M 2 e 51 B
A2 N A DLTE 22 1 5 21 AN AH G R A5
AR » BEAT T B3 0 B, IR 25 S VR AT 0, ER
i3 R R 75 v P EBR X 3 22 9 3 2F FLRR 1 11
SURHEA N T3>T2>T4>T5>T1L B T3 40# 0.2 mg- L
EBR A& 202 fif 3 2206 5 1 SR aa

4 #

LT E R, MR EBR 1 2% i Eh i b ia T 22
WA OCE RN FEG T a R B E R RE g 2R
b8 38 B B A 00, dE R PR R S FR e
BEEALC B T JBE3E5 P 400 5, PR AT Na ) RS, 497 4 i
JE () S i AT g, IF B ot B BE AR, 0.2 mg - L
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