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MRBEE K247 . 2014 4F 3 A 40, 26 B KR
— U 3 a AR IR SR AR AR L B T A 28 em X
HRE 2l em BRI A R R ZHE L5
FORMIES LA 2 D.pH 7.040. 2.4
FEPT R 12 kg, & JE A I R K DL B
IR 375 ke ] B 95T By o 2R R

ARBIFE 9,00 F1 1600 WGk B Ry 0 (3E 1%
7K) 0. 01,0. 02,0. 05,0. 1,0. 2 pmol « L "By
FIR H TR (MeJ A) Flih 3¢ R 4 g (BRO %5 Wk T 44
k. BEALER 3 AL IR ARG AE AR AR SR 2 .
YH M E B bR e M i i AUR S e 2 8 (11 A b 2R
X BEANAETE 6 ),

e A R AT SR i (R 12 RO BT
0,0.01,0.02,0.05,0.1,0.2 pmol « L' MeJA

FEWOM BR W, IR AE 20 pmol « m™? « sl
SRR ZE B it . 24 hJ M\ f5 4 A B EE AL
B 6 H T 800 pmol « m %« s UGER R L F 4
6 FME T 1200 pmol » m % « s 'G5 N . Ab
4 hJF I E Mgk R PO S BU R U S B ) A
£k .

P U B LA SR 1 i (CK M B, MB %
4 60 Frit HARRA 12 F k) Sl B Tl (R
D3, 24 h Jg WA A B P REALEE I 6 F it
BT 800 pmol e m * o s "R TF L HA 6 HET
1200 pmol » m % « s '"JGum F, 40l 4b# 0.1.2
A3 hJEME SRR IS E. IR AR CK
M.B k¢ MB 4 @4 i F #4706 P4 i F T A 1k
Fit 7% M

®1 RABENEAZASHEZENE RARPENLEAES
Table 1 Treatment combinations of LinC, Anti A and BR,MeJA

ib TR A e g/ (pmol » L1 Concentration of solution composition

Treatment FEFHMREFEE MeJA

MAHE NG BR

M2 LinC WHEZE A Anti A

CK - —

M 0.2 -

B - 0.2

MB 0.2 0.2
CK+LinC - -
M- LinC 0.2 -

B+ LinC - 0.2

MB-+LinC 0.2 0.2
CK+Anti A - -
M-+ Anti A 0.2 -
B+ Anti A - 0.

MB-+ Anti A 0.2 0.2

\
o

- 5

— 5

— 5

R i A R A 43 e RN TR T R
Li-188B(Li-Cor, USA) Y IEAL 52 1%,
1.3 MEMBREFE
1.3.1 Ak bs HEHZOLEGNE R
(L1-6400T. Li-Cor, USA) il & . F-H§ K 8:30—
10:00 7 it ol A R (PO VAL F (GO
FE W R (T ORI CO, M BE (C) 2 380, TP
XA T CO,FEIR ¥ 400 pmol « mol
SN 2O IR B G A A R T (PARD Oy
1000 pmol » m™* « s~ ", [Al A 4T HF WU , i i 33
JE e (28+1) C,
1.3.2 s EFRAEAHK  MHKEN 20 min
Jei o PR 85 2k o 98 ) =X i 2 3R 9O L (PAM-
2500, Walz, Germany) W %€ F,/Fun . F.”/F." .qp+

NPQ.gx. sy 5 Z 40, W 2 77 % 2 B Genty
SEUOT BOE A M PAMWin 3.0 4 i
L (<C0. 1 pmol « m < s 1) ATk b (>
8000 pmol « m * « s ') DL S AE H ot (538
pmol e m * « s '),
1.3.3 it X RAFF3 5 (OJIP W £
5% i PAM-2500 7 M 4 I 3 ¥ 20 min J5 .
S Li S 5 keI E L 9 A OJ TP il £k B 4%
BRN LN A 40 F, (BOE 20 ps BN AE (19 58
SRIE) L Fao me (RIE 300 ms AU 22 A 22 690 )
Fy (B56 2 ms W0 2 /9 2 5658 2D , Fr (BESE 30
ms B G Y 2 650 D FL, (O-J-T1-P jl 48 v 1) i
RV CAE 38 ) . HX 2 B 8 Stirbet 1Y
AT OJTP M 4 980 46 A 3 M, = 4 X (Fioom,
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—F)/(Fo.—F) ] SR EmE V, =4 X
(Fy—F))/(Fo,—F,) I i M X 5 S V=
AX(F,—F,)/(F,—F,),TR,/ABS (4 K 4k
M) =[1—(F,/FD 1. B HTE QiR
Qs WACR ET,/TR,=(1—=V) DG FiEid 2
PST Z % RE,/TR,=(1—V) e HTF
% Qu % PS | Z KM *E RE,/JET, = (1—
Vi / (L =V, 5ufi; PSIT R R 0 4l 35 19 % fig
ABS/RC=M, X (1/V)[1/(1—(F,/F,)]. ¥
PSII B pi Hc ik 0 F i F e s i se it TR,/
RC=M, X (1/Vy), 8Ai PSII s i a0 )9 H T #4
S ses DI,/RC=ABS/RC—TR,/RC,
1.3.4 EHHamEERERENE HEIAA
(H, O) U4 B 25 7 Oy ) By 32 BOFT £ 10 5 2
# Chen ) AN HF#HEL0.1 g, 7 1.8 mL
50 g« L' R SR WP WFEE B2 3K .16 000 X
g-2 CE. 10 min, L & KK pH M
F75, B 5E Ho O, A O J5i i EE R

H, O, W % J5 ¥ 100 pl I3 W A 100
mmol « L' TrissHCl 2w (pH 7. 5) E K &
0.5 mL,& & MW 10 min JEIA 0.5 mL &
W W 4 O 0.3 mmol « Lot R EK AP A
0.3 mmol « L™" 4-(2-nHk g 8 %0 8] 28 — B PR &k
FARBL 1 s 1A, #OER 6 10 min 5 F K
508 nm M E WO . LAnA 20 U it & b & i
(CATOE R X IR

Oy &5 & ¥k 100 L &3 H 100
mmol « L' TrissHCl ZZ i (pH 7. H) E X &
0.9mL, =& F &M 10 min J5 il A 100 L
5 mmol « L' 3,37-[ 1-CRE Mt H)-3,4- D0 & M |-
TA-H S -6 D TR R A (XTT) . | 8 10
min J5 T 470 nm W EWSEE . LUMA 50 U
1) 8 48 Ak ) 57 AL 1 (SOD) AR kg X 8
1.3.5 #AEMEmFMWAE S LS
Poo MR W o o H kA B (CAT, EC
1.11.1.6), & % 1k ¥ E fk B (SOD, EC
1151, D it 38 i 2 i %6 1k ¥ i (APX, EC
L1110 D BB A o 36 1 AR i 5t il (MDHAR,
EC 1. 6. 5. 4) i & 5050 1l #2387 g (DHAR, EC
1.8.5. DA BETH IR AE S5 i (GR, EC 1. 6. 4. 2)
IR T
1.4 HELEBSHH

F*H Excel 2007 4k ¥ i 5 045, H SPSS
19. 0% 4 347 Duncan’s I 08, X A Ori-

gin 7.5 HfFATE,
2 HREHH

2.1 FREREH MeJA 1 BR M ERM A K&k
TS HA R

M1 AT UL B 2 R A R A ) Ak
WRER BT SRR g P B W T 2 MeJ A
A BRE R AL E] 0.2 pmol « L7 5. LFH#
PARLE SR K AN R e ) MeJ A Fl BR %
WA FIE R R G T, .G B3 Fw, B
2 FAE ) A IR Y SRR S SR RO 4R Y A2
HRAWFF R REE T,

2.2 MeJAFIBRMERMHFHERRASHY
A1)

#2 Won,fE 2 G5 T,0.2 ymol « L
MeJ A Fil BR 75 #AL X 39 5L - R 9 i 28 28 98Ok
SO A W R, H T SO A LA DG AR A
WMEW F,/F.,.F,”/F," (qp ®psy & FTHEH, H
1200 pmol » m™* « s ' Jom T 25 5 W &g 355 1
BEAAE B NPQ 1 g W2 35 FEAK, IRl B 1 200
pmol » m 7 « s 'R FRELEZ .

2.3 MeJA #1 BR X REFMHZFERNXIFSH HF
HMERSHZN

Bl 2 ASTR e BE MeJ A R BRI i A #1632
Jent Fr e it g R O TE S 8h U 2= i 4 (OJTP i
gomsgm, ET,/TR, .RE,/TR, .RE,/ET, Jx it
oA B AL BE PR [R) 4 4y (R T i BB D L A
F 3 11,0.2 pmol « L' MeJA I BR %5 i &b B0 4
ET,/TR, % % @ T % B, H 1 200
Pes DEMT.HEX MM ESR KT
800 pmol * m * » s ', 4B RE,/TR, W{H
o T % B SR X A S Ak OO K 7E RE,/
ET, % %M. ABS/RC,TR,/RC,DI,/RC Jz bt
AL PSIT R I Hr O O fig W WA FR BE & 4 T A9 1%
i Xt B4l ABS/RC F1 DI,/RC ¥ 5 # & F 0. 2
pmol « L' MeJA F1 BR 4h ¥4, 7 1 200
pmol « m 7 « s 'EHF L X HR 5 A B 1Y 2 7K
F 800 pmol « m * « s ', BRI, 2 FOLEE T, AL B
4 TR,/RC S5 IRAH LB EEF,

2.4 MeJA 71 BR % 5| A\ LinC = Anti A j5 313
RHRXENEHN I

Wt AT 55 % (LinC) ML HE 2 A (Anti
AD2 Pl ) PR 5T MeJ A Fl BR W48 357 R ot i
o6 R By R L 25 R KW (K3 L TESI APS T

pmol + m
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B1 ARRENKABPFEMHMRZIAHEIRLERERHAFSAEZIBRSHHTL
Fig. 1 Changes of gas exchange parameters in apple leaves with different concentrated MeJA and BR solution
R2 KABPABMMTERNEEE 0.2 pmol * L' HWERHFHERFHXALSHIZI
Table 2 Effects of 0.2 pmol - L™" BR and 0.2 pmol - L™' MeJA on chlorophyll modulated

fluorescence parameters in apple leaves

4 3 4t Z 928 Chlorophyll fluorescence parameter (relative unit)
Treatment F./F., F./F,’ ar NPQ gn Dps |

800 ymol * m 2+ st CK 0.68740.03 be 0.5734+0.04 a 0.625:£0.04 ab 0.94640.06 a 0.62340.04 ab 0.35840.02 ab
BR 0.75840.04 a 0.58840.04 a 0.66640.04 ab 0.900+0.05 ab 0.60540.03 ab 0.392+0. 03 ab

MeJA 0.74840.04 ab .595+0.04 a 0.6814+0.04 a 0.8194+0.05b 0.57940.03 b 4054+0.03 a

1200 pmol * m 2+ s ! CK 0.67840.03 ¢ .48740.03 b 0.60240.03b 0.98540.06 a 0.66840.04 a 293+0.02 ¢
BR  0.72140.05 abc 0.573+0.04 a 0.637£0.04 ab 0.81540.05 b 0.58740.04 b 365+0.03 ab

MeJA 0.72040. 04 abe 0.557+0.03 ab 0.63640.04 ab 0.880=+0.05 ab 0.609+0. 04 ab 3544+0.02 b

0
0
0
0

o O O O

T« [ 5 B8 J5 AN ) 7 B 3R A B R] 2 Sk 520 W F K, R R,
Note: Values followed by different letters within a column are significantly different among treatments at 5% level. The same as below.
£3 FEHEPEMBXENEEEO0.2 pmol « L™ B3t E R OJIP-test 5 #1150
Table 3 Effects of 0.2 pmol - L' BR and 0.2 pmol « L' MeJA on OJIP-test parameters in apple leaves

b 3w OJIP-test ¥ OJIP-test parameters (relative unit)
Treatment ET,/TR, RE,/TR, RE,/ET, ABS/RC TR,/RC DI,/RC

800 pmol * m 2 +s7! CK  0.45540.02a 0.18140.01 be 0.39940.02 a 3.14240.15 bc 2.160+0.11b 0.98240.05 b

BR 0.542+0.03a 0.205£0.0la 0.378£0.02a 2.842+0.14d 2.1444+0.10b 0.

697+0.04 d

MeJA 0.5414+0.03a 0.20440.01a 0.3784+0.02a 2.8904+0.14 cd 2.15740.10b 0.733+0.04 d

1200 pmol * m~ 2+ s ! CK 0.436+£0.02b 0.176+£0.01 ¢ 0.

[}

401£0.02a 3.195£0.15b .29440.11 b 0.900+0. 05 be

2

2
6 40440.02a 3.91940.16a 2.534+0.12a 1.385+0.06 a
BR  0.504£0.02a 0.202£0.0la 0. 2
MeJA 0.512 2

4+0.02a 0.20040.01 ab 0.39240.02 a 3.081+0.14 bed 2.20840.10 b 0.872+0.05 ¢
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Fig.2 Effects of different concentrated MeJA and BR solution on chlorophyll a fluorescence transient plotted on

a logarithmic time scale under conditions of 800 pmol + m™
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5 O RS [0 7 348 o 0 % BECSI B 1 1 68 L 5 X R 4
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A3 2R i 7 B0 S Tl T R R T R AR BE
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3 it #

MeJA Fl BR 10 2 Fft 5 22 49 A8 9 28 10
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JA F BR W A B R/ P, BEE A T Y 5
WA TE R BT AR MeJA A BR A B)
TOLARE S R8G9 . B A2 R RO & R e ik
JEH 0.2 pmol « L7151 G T, 1 C HI I %A
o R SR O A RE g R 5 U fLis sh ek .

TEM 2R AR AR DS RO . Fo/F B 12
P T VEAb AR W 06 A 5 1 RE B0 i 5 L AR BT 58 R B
0.2 pmol « L™ MeJA F1 BR ¥ W AL ¥E )5 , 7F 800

pmol « m * « s " FI1200pumol « m * « s ' 2Ff
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+s'&MHT. MeJA #1 BR B K

5l N\ LinC ¢ Anti A J5 F,/F,, K iE#3E4L
Fig.3 Changes of F,/F,, in apple leaves with MeJA and BR application in presence of LinC or

Anti A under condition of 800 pmol + m~’

e T F/F, MR T XL H 1T 200
pmol « m™% « s RN AL HZH 5 X B 25 K
F 800 pmol e m™* « s M F A, KB PSI &
BE LA T DG & AL BE I 5y 3 A
%%%Z F\',/Fm’\qP\(PPSII KRN Y5 F./F, *H{U\E@
e, 53— TJ7 T 43 i BT B R A B R R B
TR 2 DIFET S8 NPQ il gn B A TE
MeJ A Fl BR 41 2 ik, s806 FOLmd R
8 5 A2 5 T O BE AN BE B & ik W) 6 2 72 58 4
FH A O% ek 8 L B 22 B DR A AL T RE R R
WOk RE AH DR — E O R A RBOLE

—1

*s'and 1 200 pmol * m™? -+ s
U R B . TR B F 9 &5 SR R W, MR MeJ A
M BR ZbFAE S 3G 58 PS 11 Gk 0% 4, 5 % B AH
Fb B % W SR B 22 0 g L DT S T R O Y
(K
SRR S B a7 DI X D$)
SHE R IR A W (1) MeJ A R BR ¥ W Ak 38
5P AR iy OJIP fhk 22 o ., i —
B KB MO G TAE B QB Qs fE
fie 1fy ET,/ TR, £ MeJ A Fl BR &b ¥ J5 & 3 7+
E MY Qa 2 PST ZIKH Qs 2 PS T ZAKMH
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Fig. 4 Effects of 0.2 pmol + L' BR and 0.2 pmol + L™' MeJA on accumulation of ROS in apple

leaves under conditions of 800 pmol « m™

WHIGHES CK TR EZES ., HILEH Qu &
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Fig. 5 Changes of antioxidant enzymes activities in apple leaves with application of 0.2 pmol + L™" BR and

0.2 pmol « L™" MeJA under conditions of 800 pmol * m
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Alleviation of Photoinhibition by Methyl Jasmonate and
Brassinolide under Strong Light in Apple Leaves

ZHANG Xian, WANG Zhibo, NIE Yating, WANG Ronghua,
GUO Yanping., ZHAO Zhengyang and MEI Lixin

(College of Horticulture, Northwest A& F University, Apple Engineering

Research Center of Shaanxi Province, Yangling Shaanxi 712100,China)

Abstract In this study. we investigated effects of Methyl Jasmonate (MeJA) and Brassinolide (BR)
on photosynthetic physiology and preliminarily explore its mechanism in alleviating photoinhibition in
apple leaves. The results demonstrated that P, increased, photochemistry efficiency and photosyn-
thetic electron transport capacity were improved after treated by MeJA and BR, but it had nothing to
do with stomatal movement. However, such increase was inhibited by the application of PS]I inhibi-
tor LinC, The remission of MeJA and BR photoinhibition was blocked. This results showed that MeJA
and BR alleviated photoinhibiton through facilitating the repair of PS]l. Subsequent reactive oxygen
species (ROS) antioxidant enzymes trials confirmed the study. With MeJA and BR application, an-
tioxidant enzymes activities improved and ROS accumulated less. As a consequence, the depression of
PSIl repair could be reduced and apple leaves would maintain better photochemistry efficiency com-
pared with control and protect photosynthetic apparatus from the damage of excess excitation and
avoid the acceleration of photoinhibition.

Key words MeJA; BR; Apple leaves;Photoinhibition; ROS
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