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Abstract

The detached leaf chlorophyll fluorescence responses of Ligustrum japonicum and Spiraea japoni-
ca which were pretreated with 5-aminolevulinic acid (ALA) solution at a dosage of 50 mg-L-1 for 25
d and treated at 50°C temperature for 30~90 min, were measured by a multifunctional plant effi-
ciency analyzer (M-PEA). The results show that the leaves which were pretreated by ALA main-
tained higher levels of the maximal photochemical efficiency (Fv/Fn), but less inhibition of oxygen
evolving complex activity at the donor side of PSII reaction centers (Vk) and the maximal close
rate at the acceptor side of PSII reaction center (M,). ALA treatment significantly increased the
quantum yield in photosynthetic electron transfer (¢E,), the active reaction center density
(RC/CS), the efficiency to reduce the terminal electron acceptors of PSI reaction center (¢R,), and
therefore the capacity index based on the absorption (PLys). Conversely, high temperature stress
impaired the reduction rate of PSI reaction center by the electrons transferred from PSII reaction
center (Vpsipsi) more than the oxidation rate of PSI reaction center by the terminal electron ac-
ceptors (Vpsi). This means that the electron transfer of intersystem was more sensitive to
short-term rapid heat stress than PSI itself. The results in the study show that the leaves of S. japo-
nica were more heat tolerance than those of L. japonicum, and the improving effects by ALA were
effective at the early stage of heat stress on L. japonicum while at the later stage on S. japonica.
Therefore, this new regulator may be applied in garden plant production to protect heat stress in
high temperature summer.
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5-F I LN R(ALA) & — P KRR LR, (H R EAEES SEMRN & AR & R M fE 4R .
ML FRAENNRAL S ED) & R OB T, 2 54 e RiliE 23 2. Hotta 55(1997) [2]85E#EH, ALA
ATDMRHEKFE B b K3 SRE. K. BESZMRIEWRAEK, 3 HIES 5. Watanabe 55(2000)
[3IMEEE], ALA W] LLEE mME e s #h 4, 17 X P80 L S i B A B A K 3R L RB 3 4/ 3R

DOI: 10.12677/br.2018.73044 351 JERZIEERTI


https://doi.org/10.12677/br.2018.73044
http://creativecommons.org/licenses/by/4.0/

TAE

&R . CHRITEN BT Z M E KRS o B3 . i, X2 —FrRERed s Pidi v,
R IEY D= S R AR AE KRR, RO AE R FAE T 2 B AT R [4]. JEER, % ALA
FEEEYPUE T A O AR T 55, MR R BNRIER[S] (6] 9976[7] BEAG[8] TFF[9]. /KFH[10]-
SRE[11] EEJRTGR(12)5% . P #E b, EEETER EWE ALA 32 & 9 m #u k808 13]. His,
TEFEN[14]s TEAER[ 1515 E SN . (HA2E, ALA & 75 AT DUBE i [ MRAE P 1R i #0152 4 it R L
. AR DL AR o vTR G 1L 5 205 2 PRI k), T SO mg/L ALA W, 25 d J5 R4
BAAHF, BT S0°CHEIESAMTR, 29T 00 30, 60 190 min J5 A M-PEA 22 Th HEHE W0 R4 R A I -
Jr SRR PRI SRR AN 820 nm Y IR 2R, AR5 R OJIP V4047 7 ALA Xif 2 Foft [ WA A i it
P ggm, R ILAERE PRAR PR E AR R R AR

2. RIS
2.1. HR54E

ARIE BT A BE 4 2% 22 T (Ligustrum japonicum Thunb) 1411145285 (Spiraea japonica Gold Mound)
RZFE G INEEAR, WS S 4, PR TNt B2l A G o LA, T AR R AR BRI I X . &
FHRIR—23.4°C, REW i 41.4°C. 7 A mERRTRKIE 7~11 d, EEWEYERKAH. 2016
4 H 21 HAH 50 mg/L 5-22 B NR(ALA, R ARG LR A PR A 7 S48 i i s i Ad vk - s
A M e IR W T oI AR B A AT ALA AbEE, FANXTH 20 m* LA E, &
23, BENHES. HEIERERE., 25 d 5, BEVEREARVNOHHM fr, T HEEEN, Bhm=
(/6% S U LB T

KRR 7 BT S0 CHIRET RN, WEiRALHE 0. 30, 60 Al 90 min 4 SANFEIALFRIN [A], 485
M-PEA £ Th et ) 34023 00 58 I Fr 23 32 DR 58 6 T 260 820 nm St RG24, 2 #r myifi it 18] DA 2L
ALA ZCFEXT 2 FEYIH RGBS L ADGE RS GBI sem,  DLPPAh 4R SR A R 2808

2.2. HHRRTFFIENE

FH 9% [ Hansatech 23 &) A5 77 1) 2 DhEAE ) 2408 A (Multifunctional Plant Efficiency Analyzer, M-PEA)Jl
SE N AL BRAE IR 43 B 99 OKJTP BHZRAT 820 nm YS9 e ph £k, FF4% 8T A J7i%[16]
TR EERTVOCSH. Hb, O RUNWITHUOG(F,), B PSIT S0 58 A TP TR 9% E BB K mi 9l
I 300 ps B2 (FY), T RURIEDE 2 ms P98, T AUARDE 30 ms 2%, F, NEORZEOG, BIPSIT R
HL SE A RPN R e, B[R 2 N 7E 200 mse JLRN EZ DG HOT H W T

1) AT INF, = Fr — Fos

2) PSIE KA FE RGPy = (Foy — Fo) Fon = Fo/F o3

3) KAHAHXS 6V = (Fi — Fo)/(Fin — Fo):

4) HARR 26V = (Fi = F)/(Fn — Fo)s

5) QMR R I KR M, = 4 X (Fag0 us = Fo)(Fr = Fo)s  JBRPSIUR N 10 56 AR FE 5

6) TR T K o745 15 B B AR 3 R Qa P A L T 2R IR W, = 1 — (F; — Fo)/(Fm — Fo)s

7) PSIUS B AL IR SO G RE T B A5 18 1 B T 72 BpE, = (Fm — Fo)/Fin % Yo

8) AL b A TE M SR O B FERC/CS = P, x (Vi/M,) % (ABS/CS);

9) LA MGRE M E AL 1 A 1 BEFE BUPLys = RC/ABS x oP./(1 — gP,) x Y/(1 — ¥,);

10) PSR M i K AGAL 24 30K R, = RE/ABS = TR/ABS x (1 — V));

11) PSIJ S H10 25 25 H 1 S8 AL 33 8 Vo) = (MR /MR 7 s — MRo/MR5 1)/(3 — 0.7):
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12) PS8 (1) L 38 JR PSTS N H1 0 BT ZE Vpsipst = (MR /MR 100 s — MR/ MR7 15)/(100 — 7)
PLEFTE S, YWEEMNE105KAR M, BCFIE.

2.3. Geitaih
PS5 4 SPSS20.0 FAFREAT 2 K 3 J7 2 43 HT A1 Duncan’s 836, 24 P < 0.05 i, IAIRIG RN &
F: B P<0.01 B, YOI RNR 3.
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Figure 1. Effects of ALA treatment on chlorophyll fast fluorescence curves of detached leaves of L. japonicum and S. japo-
nica after 50°C high temperature stress for different times

1. ALA QB & /R LS LFELFEAM A 2 S0°CRiB IR ERT 8 5 R R RIE R L&A R

DOI: 10.12677/br.2018.73044 353 JERZIEERTI


https://doi.org/10.12677/br.2018.73044

TAE

3.2. ALA B EYE &N A &IRE PSI KM 820 nm SRR HRZ RN

K2 B, SRLUTE Il FELE N 820 nm YE R wOLHIA& R V 74, BRI 0.7 ms (JIP B [H])E]
K#%) 10 ms [8], MR/MR FEIRE T B, ARG ROCHIIA PSRBT Prgg 25 25 HLF A A8 Prgo* i 75
MMIABLLSE . MRJ/MR RNZE1E ETt, ARFE P il B S TS EE R B PSIL SN A0 AR
B AL B B B TR R i AR . S2Pr b, 78 MRJMR FREMIEL, — T HARAES Py #EAL, H—T5
I, WAEERIBEFEEE, HRHRTEMERERTIREES, i, SWdRHR%. % MR/MR
IEBRACAERS, KL TF SRR TIARPEPIRES, EMIBLLE, KA T PSRN FORHETHZE, Py
BT RIE R, MR/MR 964 EFbo OGHRIN [HlIL 100 ms B RIS, PSIT RN HHG 58 4 48 Ak, A
TRARMIRE, EReBAAHE PSI &MU T, MR/MR MZ UM T . KM, 10 ms BT
MR/MR SARMEARSE PSI N H 0 RES A LT8R &, 11 100 ms LS 1) MR/MR i REE
PSII S 3 O e S AL 3 45 PST A St L 1~ 32 A4 I B - B fi /o

M 2 ATRLE Y, ALA RS &R i &L S &5 MRJ/MR B fIRAE ¥ B 3K T %G,
T 5% e B0 1 - mhomes v T B, DT ALA AL AN AT DASE 5 59 A [ ARAE A0 F PST H P it i &,
WEEFE & PSIT R M H O R LSS PST RN O F . Hd, ALA X & & it e e K
A5

R P E RS R = T MR/MR WA, RIS T MR/MR Semifl, BLEIHANEA RGETE
HZ B . 5 LA AL, SR 2 vl PST s VX i 8 B8 BURE, BRI 50°C il Ab 3 30 min B,
S FELE T F MR/MR h2E R G5 AE LR B Th, & AR Lot i) BT FEAR G L 55 . 2RAu
H, ALA 4354 L 8% MR/MR M A B0 R - b RE, ik L it [ MR 55 . X2
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Figure 2. Effect of ALA treatment on the modulated 820 nm reflection curves of leaves of L. japonicum and S. japonica af-
ter 50°C high temperature stress for different times
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3.3. ALA &IEX R HHEY B A HZ RS BRI

3.3.1. MWK F,

K3 EoR, miRpNEE, PIREYIVIGDOE F, B3 BT, T ALA A S8 F, B T4
PR UURYL, M 60 min, ALA PR AH FOAREZE S TR, TG Lskin, F RN
RS, HAE IR 90 min i, ALA &M Fo A REE ST, M AT, W REE 2
EXES. iR 90 min B, ALA 4 F, 185 TXRERE, —Hexifrt g F, R, 5—J7ms
ALA et F 4R8: BTt XU, F, BRI RSB mRpba RN . WYE, RE A
(6 & B A BE X TR a7 AR X R AE W2 OB . RS ALA AR 4 A% 0 i A A6 F IR AL FE 60 min Ji5 C
LR EXT i e R B, H F, 5 30 min VA R 2R, T ALA 03 M5 F U5RRE BT, I
AN XLy GG AR B R PR . BB BAFE T S LA o SR AL EE 90 min B, Xf
JH F, DR 25 R N RE 7, 1T ALA ALEERF B 6] Fy 4882 BT, Ui HL SR R LE 2405 1k

3.3.2. RARK F,
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A . WK, THREZ, WEEELKRE=0.958, P <0.05). XUtUZPR iR bd oA s
M52 770w ALEE 90 min, I F Fo 3985 mrl MR R . (H6 &A% L vk, iRkt ®EE 30 min 5
W F Fr CETER T AT RME MR . FRUEIA, AR L o0t ey il ol 1 5 UK

M ALA BN FF, mEACEERT, ALA KM &R L i Fy, S 60% (P < 0.01), 1
SFLFH FALEE 7%, RILF|ZE R R EKT(P > 0.05). FEEEENEIEK, ALA X482 i Fr
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Figure 3. Effect of ALA treatment on the initial fluorescence
(F,) of detached leaves of J. japonicum and S. japonica after
heat stress. The same lowercases above the histogram represent
no significant difference at P = 0.05 level. The same as below
B 3. ALA BN & HR TR LFLF S SR
BEMERRERAHIARI(F)RIFNE . HERE L8
B/NEFEBRREP=005 KFELEETEE, THE

DOI: 10.12677/br.2018.73044 355 R/ TI


https://doi.org/10.12677/br.2018.73044

00 min [ 30 min

60000 a
i[ B60min B 90min
=
E 50000 |
® b
Q
: A
Z 40000 [ ¢ E3
= Ih
=
—
“ 30000 |
£
£
o=
5
= 20000
A0
7~
i
X 10000 F
i
0
Control ALA Control ALA
4Fx4 v ). japonicum | 411454555, japonica

14 Fh 5 kb P Species and treatment

Figure 4. Effect of ALA treatment on the maximum fluorescence
(Fy) of leaves of J. japonicum and S. japonica after heat stress

B 4. ALA BN EFZRMeLEEFEHAHRSRE
AR R IRIRR B R KD (F ) HIF

B ZEK 1T S 4G EFH(r = 0.966, P < 0.05). IX U6, X PR A PEAS [ (0 e ARAE ) >R i, ALA R iE4 il
G LR AGT FAME RN o T &A% e vt ALA X Rl R FAv i R 0% pro s 2 oK

3.3.3. AJEIEH F,

5 Fu AL, ALA A3 S AR it s R AR SO F, 3% EIHE > 0.01), TR S8 F,
WG TR SRR L IUREE, RE s A FE R B TR BLH R ALA 2 53R L 70% LA . SR, 5
50°C /i 30 min AHEL, XA IR AR, FUATE B 30 min J5, &R LI A F, IEIRIA 118%, &
BIYEIX P E 250 T, ALA W DURILH RAFAOTAAT M. (B2, B M a0 K, ALA BTN
F W08 SR RN 46%~62%. SHAEEMFERRZ, ALA -S4 IGLH M A F, 8 K 12 s iR s 5
60 min, HIMEH 198%. 34k, milEALER 90 min FIrt v F, HIIE 15 117% (K] 5). 4R, ALA X IR %A1
NaWFELA T F R IEAK, ARTE SR NE R, IR A KA I (R 5 e R, AT DA H B
T BRI A o

3.3.4. PSIl R | RHALFEHE(F/F,)

FF s BUE P, /RGN R i K E R . iR AL AT, ALA STWIRPEMAE I B oP, A &
HRW . ERME 30 min 5, PIRPEMRKEYIH B 0P #0RE N, {2 ALA AFERM BRI R KR
Hp &L il B &5 TAHEP < 0.05). FEiEME 60 5 90 min, 2 ALA B4 1ILFELAH H oP, B3
ETAHE, HER LR 0P, SXTIREA ZR. XU, 4 ALA KB4 7% & ot A n] D22 46 i )
1 I AEL, T 6 1L 5 2 4 WU T DA 52 T A R[] ) e iR g B

3.3.5. K Az ()

K AT 5 Vi A G 38 S e 3R G IR 300 ps B AOAIXS DEeE, BT L2 PSIT b AR Cv A
MBS B R(OEC X 2L E . 5 M AREL, VoliE, Uil OEC ZHMFE M. MIE 6 iTLAEH,
bEE ER I R, WA EI R v B3 BT, Rl R AR L T, R4 30 min R VR E
FAbEET, 1 H5HE SR 60 590 min %A REZ R 7), U 50CEEAARE 30 min HC &1 E E
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o SRk, RLFIESFEEAT 30 min fH A% ALA ACF RN 2%, 1 5 KA 1] = 5 AL FE
W2 RALER RN o X & Il LRk U, KA miR AL FE S A 30 min A ) ALA AFE RN N,
M =it AL 60 B 90 min FYALFE LR ER A B sk o AR UL, BEFE SR AL BRI (B RE RS, ALA Ab¥E RGN
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Figure 5. Effect of ALA treatment on the variable fluorescence

(Fy) of leaves of J. japonicum and S. japonica after heat stress
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Figure 6. Effect of ALA treatment on the relative fluorescence
of K phase (V) of detached leaves of J. japonicum and S. japonica
after heat stress
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1o AT, ALA AbIEa] DUTE RS A @ iR 254 T ORP % <o v PSTT B O AR OBC 364, tm] BA
FE K TR) LI s Fh AR 4 L 5 26 49 PSTT S A0 OEC i .
3.3.6. PSII R Ry AR KIRE(M,)

5 v AL, S S SR A R SRR F PSIT SR L B2 AR Q 4 #5845 SR R (M) i
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Figure 7. Effect of ALA treatment on the maximum photo-
chemical efficiency (F.,/F,, = @P,) of PSII reaction center of
leaves of J. japonicum and S. japonica after heat stress
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Figure 8. Effect of ALA treatment on the maximum close rate
of PSII reaction center (M,) of detached leaves of J. japonicum
and S. japonica after heat stress
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AR FIRACE . MU B G LA T Qa4 IE Jr Xt vl f B Ay 5 T e AR A vt

ALA Rb R S 75 5 0O M, b T 28OS R o il PR A 3R IS A7 A 22 e 0 G AR TR
ALA Ml R 2 il ol 56 1) i A B A A M, BT, (B R 60 min B e DA B[R] - 0 L
Nio X4l R, REFIEAAIE SR 90 min M A H AT ALA AFERN, {H2, fE
s b 30 37 60 min B, ALA AbFRAGRNEARAFLE, JUHJETE S 60 min [ o

3.3.7. PSII R A BER T A AR FHEENEF=H(0E,)

F 9 BoR, mis b S 805 R AR B PSIT SR H Ui 3R K 6 A8 T A s AR 1 B 17 40
oE, NE, B2, WEZAFEREHEER . XERLITRY, 50CHEIRAAEE 30 min, ¢E, T 68%, R
i E K R TR], A2 PR AR AL R BR IR . (B0 4 2R3k Ui, Sl AL EE 30 min, @E, 4 N 15%;
HiEiR A 60 min, ¢F, NI 83%. FRHRULH, SILFELEF oF, b miEN A2 R m T ik Lt

ALA ACHER] DR E S A MAEI - o B, Wl e 2252 77, Forb, SR it 7EARZRER 30 min Sk
i, ALA KPR oF, B8 m T, e Lg2sn i & miiib i )G oF, YR 2w e 9).

3.3.8. PSII B iE M X R H L% E (RC/CS)

10 JEIR I PR AR 00 PSIT A 6 i B HR O R 25 (RC/CS) e MHRET L, 50°C il Ak
P 30 min J5, &FRL VA RC/CS FRET 79%, &IGFELHE T T 62%. Mi%E M mEs, /&
U1 RC/CS JUT-3A 464 NI, 4l Z52k 58 T 1 2 EVIME 3] 80% /5 A7 EANE R . 60 il b e 5 3505
FRREPIH A RC/CS N BEFRFEARIT, H 2 S AR £ vUTE J N [ o R ol )5 3 PR B B ARAR B, i L5 2648
BRI ) A PR AR . X ULRH, S5 & B

ALA A3 525 38 = W AR A e PSIT A 5 PR ROkt i 3@ B, o, &R uixt ALA &b

06 r
OO0Omin @30min B60min B 90 min

o
n

ab

a

H @

N
»

LT AL T (O,
o o

o
Y

0.0
Control ALA Control ALA

AL VT ). japonicum 11254224 S japonica
Wﬁ] %MSpec es and treatment

Figure 9. Effect of ALA treatment on the quantum yield for

electron transport (pE,) of detached leaves of J. japonicum and

S. japonica after heat stress
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Figure 10. Effect of ALA on the active PSII reaction center
density (RC/CS) of detached leaves of J. japonicum and S.
Japonica after heat stress
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Figure 11. Effect of ALA on the maximum photochemical
efficiency to reduce the end electron receptors of PSI reaction
centers (pR,) of detached leaves of J. japonicum and S. japonica
after heat stress
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Figure 12. Effect of ALA on the capacity index based on
absorption (Pl,,) of detached leaves of of J. japonicum and
S. japonica after heat stress

B 12. ALA QBN &R LRSS EFESHITRESE
S0 5 LA ST A BRI A 1M BEHE B (P, BIFZ TR

DOI: 10.12677/br.2018.73044 361 R/ TI


https://doi.org/10.12677/br.2018.73044

.0016 ¢
0.0016 A 00 min 030 min 0.00007 ¢ 00 min
0.0014 } 860 min @90 min B 030 m?n
abc 0.00006 860 min
0.0012 f abcl abc aPCapc a a
0.00005 a I
0.0010 i[ un
& _ 0.00004f ©
> 0.0008} 2
B
0.00003
0.0006 f [«
0.000 0.00002
. 4 il
i de de
0.00001} def def

0.0002 }| Thte
0.0000 0 ' .

Control Control Control ALA [ Control ALA

SRR 1. japonicum S 4S. japonica 4T 1. japonicum| 4xiliZE 23S, japonica
w5 &b Fi Species and treatment Wb 5 &b 3 Species and treatment

Figure 13. Effect of ALA on the oxidation (Vpg;) and reduction rates (Vpsyps) of PSI reaction center of detached leaves of J.
Jjaponicum and S. japonica after heat stress
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