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Effect of 5-Aminolevulinic Acid on Low Light Tolerance

of Apple Leaves
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Abstract: In order to provide theoretical basis for improvement of apple production under rain-shelter culti-
vation, we evaluated the effect of 5-aminolevulinic acid (ALA) on low light tolerance of apple trees in this
study. Specifically, the effects of 10 mg « ' ALA on reactive oxygen metabolism and fast chlorophyll
fluorescence characteristics of apple trees under low light conditions were investigated by root ALA appli-
cation. Two apple cultivars, ‘Runtai 2’ and ‘Zhengyou 3’, were used, and three light conditions inclu-

ding normal natural condition (Control), light shading stress (LLS), and severe shading stress (SS), were

W 7s B H.2016-01-18; & L ¥ 2 A #8 : 2016-04-15

BESWA : [H5 A RP A5G (314018200 5 v s i B SEARII L 55 2% 4 1 4 (KTQN201538) 5 TL95 & A A& B} 2 i 4 (BK20140702) 5 V1.5
A& A dbRHE & R RI T H (BN2012035)

YE& B A - % FHE (1983 —) 1, PRI, 328 DA =4 49 306 155 A= B D RAB ) A 08 19 4 A T B HE LA F 9% . E-mail: anyuyan0447 @ njau.
edu. cn;

CIBEAERE VE R R M A R A SRR A B5 0r T A E TS . E-mail . wlj@njau. edu. en



988 [LE I | - N7/ = S 36 &

designed in our experiment. The main results were as follows: (1) Compared to the control, shading

stress significantly decreased superoxide dismutase (SOD) and peroxidase (POD) activities, and increased
the production rates of super anion (O, ) and hydrogen dioxide (H,0,) and malondialdehyde (MDA) con-

tent in both apple cultivars. More increases in MDA content and the production rates of O, and H, O, were

found in ‘Zhengyou 3’. ALA significantly improved antioxidant enzyme activities, and reduced the pro-
duction rates of O, and H, O, and MDA content. The antioxidant capacity of ‘Zhengyou 3’ was improved
more significantly by ALA than that in ‘Runtai 2”. (2) Chlorophyll contents and chlorophyll b/a ratio in
apple trees increased under shading stress. ALA further promoted chlorophyll contents and chlorophyll b/
a ratio in apple trees under shading stress. (3) Chlorophyll fluorescence parameter V;, M,, and DI,/RC
significantly increased, and ¢,, ¢E,,» ¢R,s Plagss Ples, and Pl dramatically decreased under shading
stress. ALA inhibited changes of these chlorophyll fluorescence parameters under shading stress, even
made them recover to the control levels. These results suggested that oxidative damage occurred in apple
trees under low light conditions due to their low antioxidant capacities, and antioxidant capacity in
‘Zhengyou 3’ was lower than that in ‘Runtai 2’. ALA enhanced antioxidant capacity of apple trees, de-
creased low light-induced oxidative damage, and improved ability of trapping and utilization of light ener-
gy. photosynthetic electron transfer ability, light use efficiency, and photosynthetic performance in apple
trees under shading stress. Taken together, our results demonstrated that ALA improves low light toler-
ance of apple trees.

Key words: 5-aminolevulinic acid (ALA) ; shading stress; reactive oxygen metabolism; chlorophyll fluores-
cence characteristics; apple (Malus domestica Borkh)

R (Malus domestica Borkh) &2 — Fp =5 M FH K (Cucumis melo)™ K TG (Glycine max )" FIHf

bl i B 7 SRR B A b E T R R R
M X, H R VT O b X SRR
L BRI, BT b AR VTR R R TR BT X
SRR A R o G A 7 R BT AR 2 A2 B
AN TR R B SR o R I O T A R s AR B i A Y
H £ GV A 24 it H 1 © & o 2R R 2 1 ¢
SR, SE RN R 5 R AT X TR K O 2 R R T AR A A
M 2 8 A > 1) — i 3 B0 L 5 B it R 35 B =X, 52
BB, ik W R R A A R E R A R IR
R A R AR IR A R
Hb 55 5 MR IS AR L R AR RS IR T B ROR 25 . A
H T35 €, I T 8 ISR S BB A O SR S
FEVE RS . R sBE R R 355 0T BB T LR R e 2k M
DS SR A 7= i E 7 L B W AT . HE
e R ARk 355 U0 A7 A BT 800 R KR T A I 55
JERRER I, S B A . 506 A 5 U Y T R
AR OCERE T T RO E BRI R R] T AR A
REFD . D B v A R T 55 0 MR ) R
MRS AT Z —.

5-HIE LN R (ALA) & —Fh KAR . o 7]
A= Wy 5 i EL XTI 55 A B 1 R AE W) AR KR T
JEH L G 30 AER MBI R ALA HAg £ Rk
g Hrh i B B R 4R S AR Y P M . R R
L AMNE ALA T 235 5 K B8 (Oryza sativa)t |

MU Capsicum annuuwm )™ A8 Kk 0 Tit 58 $, 59 05 45
WY N 1 3E (Brassica campestris )N | O g B
(Solanum tuberosum )™ | B ¥ ( Phoenix dac-
tyli fera)™* iH3E (Brassica napus)™™ % JK (Cu-
cumis sativus)" KRR AG I AR PE L A, ALA 38 HT
DL 3 B v R B SRS s R AR T AR
IXSERE ST LT ALA 32 e R ) FIR BT IR A= W 30 7 E
FEFI R, T ALA $L 55 R4 it 55 0% 2 i #F
HUWE A WE. Wang 5 F 2004 4F R4 H
ALA &34 v i R 4h B A g 55 06 k. s . MAR
U SRR AR M AR ALA BB 3 0 55O
TR A, XS U] ALA HAT 2
o B AS R DT 58 G PE RO A . (HA O ALA RETR 4
1o AR A SRR AE Wy it 5555 D' BE 1 RO AIE Y G R WL ARGE .
ALA {55 —> 5 35 09 A4 PRI e 2 2 S A P 1Y
J6E RE ST HOANALAT DL 8 R ) 7 1B A5 4R 10
HAKEE Jr m HE AT R e E T R a5
FEH KAy T R IR A 2 R AT 2 F
YR EER A KR . XL R KD ALA
YOG i R RO R B S . P, 7
WEFR ARG SR b ALA T fE 2 3 ROt S
VR o 3 8 0 2R T 55 00 M 1 — ol 22 4 A A8 i
I ATREE DL K 2 5 RO 3 5 A
TS 535 56 M A T) #9397 2Rt b Ry i LATE ) T T2 =2



5 ] B R GF 5-EFE L TE TR RN 3R I T 55 06 BE 7 Y5 989

7 3 T A R B 5 S ST TR B R
10 mg « LY ALA XF 5506 F R M 7 4R & i
W2 RO REE B i A K P LA R DR B il I
SRR B9S2 BT TOALA S 55 0 X S R
A AN R S I ) 280 B L HIL R LA R A
ALA $2 5 37 SR 55 00 M 4 A BB AR AR . O 37 2R sl 7
AR B I T B B SR

1B %

1.1 #RRaE

I T 2014 48 7-8 HPETL 04 + B & FEHE
TR O 5 S S dht W AR 15 7 7 el AT . AR SRR
S AR (S5 IG5 3 ) i PR AR 29tk Ak 35 5 b <1 K
2 5 FERSE SR R B R AR S R A O 3 S
Jpik b WK 2 5 R CRAE 3 5 BRAT HE 4 ik
0.6 mX2m M 2 mX4 m, Al AN \BHEHE., Kl
FEE A m, RS 4 m, B3 3R A 06 (Con-
trol) (A2 BRI a8 (Light shading, LS) 2 & BB
Wril (Severe shading, SS). H %kt + ALA. LS+
ALA #l SS+ALA 45 6 A ab B, Mo, g 2856 (1)
78 b Rk 35D SRy X B TER T T2 2 B SRR
B SS0 AR e T2 2 b R B A 5 5 )
VG BH 0 oy 7 55 06 Polh e s ALA Ak B A 7 38 155 7 55
SEME R (T R 27 ) ) R BRI AR B AR 8 N e
10 kg 10 mg « L' ALA, RARME ALA (1) kb 2 1] 4F
RRSE SRR AR AL BE T 10 kg WK, B ES
5 UK, BLRR/INIX, B AILHE S, b 2 R] fE] B 1 BRAE Dk B
BX . HAbHEE M 2ME. 1A H 5. 2B
5 A7 LB b B R 3 AR A AR 3R O
R SR 5 8 UM [R]85 07 R FH VK & R A PRl i
Wl Py A AL, — 2 57 B i 2 38 & d L
— IR G PR T — 80 C, T & AL i 1
I A 3o 48 A 7K 0 2
1.2 REERFUE

7H 29 H(Z =W, A H & BT AR
R AN ) Ab B 45 F R SRR AT ] 1.5 mo Ab Y O R
JE R BEFIREE . M 8:00~18:00, F: A /N il 2 —
WLEE 4 W BCE A,
1.3 AEANERUNE

I 38 PR 9% 6 R R R 3 B Hansatech 2%
H) 22 I REAE W) RCRAL (M-PEA) I 5 o 454> b 38 80 42
Mg 10~15 skt J . BP9 18 5 I 4% ] Srivastava
SFUEIPEIEAT JIP-test 43 HT, W 5E ALA &b 38 X 3%
Rt Rt G rEReR . i it R E R

95 Vo A R 4R L s ik B R S Ak ) B AE T (SOD) il
i A ALY (POD) 36 PR 4% An 555 J5 500 7 5 18 4
BB T (O5 ) 77 i 6 8 e ok 2 5 o SR Ak |
(H,0O,) % 8 # Patterson 220 7 3 & N 8
(MDA) & 5 FH AR B e 2 iR i e
1.4 HESITHH

FEATRARIE YA 4 RN Y dE, S
&8k £ [ & )7 2273 B Al Duncan 56, 24 P<<
0. 05 B 0. 01 B, IA Ky 22 57 Wi 5 Bl 8. 3% .

2 AR5

2.1 ETEXYER E IR EF RN

SR TR S B O it o S R A R BE ) HL AR R
M, FLATREALEE T — 2 =07 A 29 HYWR
AR S R el N O BRI R AT T M ]
D, wRAAE L FER 6 T2 2 b 78 55 90 R A ol i
B P S 55 b AU 1 SR [l o ) O e 3, G b 7 9 8
R} {5 L 29 B Ol 4 AR R 7306, AT R
SRR 55 6 e (LS) . 7 35 Y R} 8 B - 3 BH 1) foff O 1
BEBE [ Sl 4 H ARG Y 20 %, T R Sk T BE 55 O6 i aa
(SS), WA, 78 56 38 A [ it B 5% ) 1) S [l Tk 3 R AR
TR . SE R FE LS 200 . S i
BEWS A T o W6 BE 9 1E 0. 23 ~0. 87 °C Z ], {H A ik
B 8 KT s 7 SS AT BRI P AT
THERYE LS 4b# {3 T B R B AL AE 1. 03~2.40C
Z 18], [m) A, S PN R X O R AE 3 RO IR AT B

BEEER.
2.2 EHEE ALA AEMERMRFERESEALAT
A

HERTAN ALA RE 3 3 it 7 i 06 P 48 A
RS 3 AL PR W T B (MDA) & B A 5
P (R D, Bk ER -G AEMET, B3
SR R BA R T AR RO D) BEST
A 250 KSR 3 5 A LU P kR
Az PR A R R AT B MR C T AR Ak R 0 R Gt R
2957, 2 MR R O 7R HORTE I 0 T 4
RS NI= RO RS 50N S ERI I ZINIE: N F <
5 H ARG (CK) M e, LS F1 SS W fl b 38 & 144 F
WK 2 50 O; 7R R A A TE 8 18, 12% A
32.97%, KR 3 5 OF 7 A R W 4 B T
81.82% MI122. 76 % B KB4 3 57O, 77 1f W &R AE
B IE R B TS R B oK T K 2 5. ALA Ab3
WIS FITE 3 FOGIREESE T OF 72/ iR by 3%



8:00 10:00 12:00 14:00 16:00 18:00

26°

8:00 10:00 12:00 14:00 16:00 18:00

8:00 10:00 12:00 14:00 16:00 18:00

990 [LE I | - N7/ = S 36 &
o —A—CK = 1S -—SS

* 1200 41 85
|

£

< 1000} o 76’-
s B

E . 5

E 800 §36 6
> 600f é

'z 5 58t
8 4001 ;31

= =

= 2004 = = 49
I

—

=

I

fif 18] Time of a day

CK LS 1SS 43 5 3% B 48 tonh Bt 4 B2 I8 1 31 (73 00 B 98016 D ™ B30 1A o 3

i /&) Time of a day

RERFREYFELMAARMEMZE (n = 3T FH

[ 1

T T s il X 2 2R el PN BRI D 1 2 T

i T8 Time of a day

(20% HAROLED

CK, LS and SS indicate natural condition (control), light shading stress(73% natural condition) and severe

shading stress(20% natural condition) ,

biological replicates; The same as below

respectively; The error bars means standard deviation (SD) of four

Fig. 1 Effects of shading facilities on environmental factors in apple orchards
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Table 1 Changes of membrane lipid peroxidation in apple leaves of two cultivars under shading stress and ALA treatment
O; FEA#ER OF production rate H, 0, & H,0, content MDA & MDA content
b /(nmol * min~! + g~ 1) /(pmol « g~ 1) /(pmol « g~ 1)

Treatment k2 5 K5 WA 2 5 I3 5 WA 2 5 KL 5

Runtai 2 Zhengyou 3 Runtai 2 Zhengyou 3 Runtai 2 Zhengyou 3
H LR CK 20.32 + 0.34d 1573 £ 0.96f 24,27 £ 0.42d 16,15+ 0.41f  19.26 £ 0.67d  19.40 + 0.32d
BRERER LS 24.00 £ 0.41 ¢ 28.60 = 0.74 b 26.34 4+ 0.84 ¢ 28.31 £0.48b 22.62 £ 0.68 ¢ 25.53 = 0.47 b

AR SS
BSR4+ ALA CK+ALA
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Table 2 Changes of SOD and POD activities in apple leaves of two cultivars under shading stress and ALA treatment

SOD 1P SOD activity

POD 1% P POD activity

fb 3 /(Ueg !l emin ) /(Ueg ! emin 1)
Treatment Mk 2 5 I3 5 Mk 25 I3 5
Runtai 2 Zhengyou 3 Runtai 2 Zhengyou 3
H A6 CK 34.84 + 0.33 ¢ 30.53 + 0.70 d 24.78 £ 0.83 e 23.68 &+ 0.54 e
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ZEEERTHALA  LS+HALA 41.70 £ 0.41 a 30.39 + 0.90 d 29.66 + 0.63 ¢ 27.04 £+ 0.93d
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The different letters in the same figure indicate significant differences between treatments at 0. 05 level

Fig. 2 Changes of chlorophyll contents in apple

leaves of two cultivars under shading stress and ALA treatment
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Changes of chlorophyll prompt fluorescence in apple leaves of two cultivars under

shading stress and ALA treatment
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Fig. 4 Changes of light utilization efficiency and electron
transfer ability in apple leaves of two cultivars under

shading stress and ALA treatment
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