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Effects of ALA treatments on light response curves
of chlorophyll fluorescence of watermelon leaves
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Abstract: To elucidate the chlorophyll fluorescence dynamics of 5-aminolevulinic acid (ALA) promotion on photosynthesis of
plants, 50 —200 mg + L=" ALA solutions were supplied to watermelon ( Citrullus lanatus Thunb. Mansfeld) seedlings, and after a
dozen days, the light response curves of chlorophyll fluorescence were measured by PAM — 2100 chlorophyll fluorometer. The re-
sults showed that ALA treatment enhanced the maximum fluorescence (F, ), the variable fluorescence (F ), PSIl maximal pho-
tochemical efficiency (F /F_), potential PSI photochemical efficiency (F /F,) and the ability of PSI reaction center to trap
energy from antenna pigment (1/F, —1/F, ) in the dark-adapted leaves of watermelon. The measurements of light response curves
showed that PS I photochemical efficiency (F,'/F_"), PSI actual photochemical efficiency (@, ), photochemical quench
(gP) and photochemistry (P) of the light-adapted leaves tended to, as a whole, decreased as the actinic light intensity in-
creased; however, non-photochemical quench ( NPQ), electronic transfer rate ( ETR), photochemisiry rate ( PCR), antenna
heat dissipation (D) and non-photochemistry in PSII reaction centre (E) increased as the actinic light intensity increased. At
the actinic light intensity of about 40 wmol + m~ - s~', an inflexion was found in the light response curves of chlorophyll fluores-
cence parameters including F'/F,', @Ppy, qP, NPQ, P, D and E, which was possibly related with the light compensation
point of photosynthesis. Additionally, exogenous ALA treatments significantly promoted F.'/F ', @, P, PCR and ETR.
When the actinic light intensity was higher than about 1 500 wmol + m~> + s ™', NPQ was higher in ALA treated leaves than that of
the control, suggesting that photoinhibition induced by ALA treatment was beneficial for energy dissipation to protect leaf photosyn-
thesis. Analysis of the energy distribution of PSII reaction center showed that ALA treatment led to lower levels of D, and higher
levels of E and P, suggesting that ALA enhanced energy harvested by antenna pigments into PS I reaction center, where part of the
energy dissipated non-photochemically, which was important for maintaining higher level of photochemistry of PSTI.
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BETZRR TS XPREOBFE R, MR ALA 40 B B 3 SRR S OE 4 F ik Bos s iR,
TEDEBK LAY AT AR, i X AR R0 5 e R e i 1 SOD bt AL B IS A 5L ) ALA
ek PS T Yefb 2 R (4 i S PR HD R RRGR B AT G (AR, 34 1 oA I3 P I S 38 5 i iy
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1.1 #EYMREERKEYE

PR VAN ( Citrullus lanatus Thunb. Mansfeld ) 5 FP B 50K —5 0 8 75 JNFD F i T EE 32 ML
1630 CHHEAATHEZE 2 d, B TER 14 em WEHT, HELE (A5 7.5% (JTESE) RS
LT, T 2005 4F 10 H 10 H & T HUZ R 55 i8R R b a5 3%, g aeiim), SO N R i K0
HEGEE 2978 600 pwmol -+ m 2 - s ™', FeEiE 26 °C, BAGRE S €, MRAENAMR 1 ~2 d 5K 1K,
M1 RFEMEEREFE (11 A5 B), AR —80ahny, #517 ALA 4b3,
1.2 ALA &2

ALA AbEE# 50, 100 1200 mg « L™' 3 ANREE, LIZEIRACHXTIE, BEidbr T B, SRR S mL ALA
VW (AIN0.01% Triton FEREER) , e BERWEM R ERA, R BRASARTEREE, B2 5K, b
HLHES . 5 12 RS it R ot S4k.
1.3 MERETEIEMm AL #h 4 E

M2 R 5OEIE F PAM — 2100 fE#E DB (FEE Walz A7) . HFBHER 20 min J5, SN T
0.05 pmol + m™ « s~ A ESEIRGS I, WIRILR S (F,), BESSREINEFIK 9 000 pmol « m ™2 -
s AT 0.8 s, MAHRKIOE (F,) MRS (F), B RSEN A PS I K7L 22 R0R
(F/F.) . SRIEHEFTamang £ 9, Se 4TI 6ot (i 11 BREE, 435120 20, 40, 60, 100,
150, 250, 400, 700, 1 000, 1500 13 000 wmol - m™2 « s™'), 25 180 FPHF+T FF 4 A1 ik wh 2k 475 K 43
Br, 55 185 FRE AT & 1 AMBREE, #EFT T 59K AT, BHEDGAEIRIR AR E] 3 000 wmol -
m st OCHIMNES, PR SCH, BRI PSR, AREGIE N M R KPS (F) L /b
PN (Fy') . WARSOG F, | PSIUSEPRIGALF AR (D) . HFAEHEER (ETR) | JGfb2 208 6K
(qP) FHEHENALFEFIRK (NPQ) . #/r9eSHOTEAX T, PSUAROGIERCR F,//F, =
(F,)=F,) /F,"; YA F=HEPCR=F,'/F," xqP x PAR, PSIIWISOERE M BL A 43 %R AR i F
KEPFEH D =1-F,'/F,"; AL FERRN P=gP x (F,'/F,"); PST M HOAENILFFER E = (1 -
qgP) x (F//F.)), XHB, D+P+E=1, U LWEHES 4 K, #1777 Duncan [

2 ZFERESH
2.1 ALA SbEEXSEEIE M AN A R E WS EA

HZ 1 ATHL, 50 ~200 mg - L' ALA Kb 3 WS35 W P9 )R | Py C R E R, (HReiem F,. F,.
F/F, . PSIDETECAEZRCR (F /F)) VUSEE R T R Al iRBOGREMEE ) (1/F, - 1/F ), HH1200

mg « L™" ALA Ab32E 3R 18 2 KF (P <0.05)
F1 ALA RIEXFEN4h & RIS R M B MR R S B

Table 1 Effect of ALA treatments on chlorophyll fluorescence of the dark-adapted leaves of watermelon

p (ALA) /mg-L~! F, F. F, F./F, F./F, 1/Fy-1/F,
0 0.371 6° 1. 004 42 0.632 8° 0. 621 2° 1. 695 4* 1.618 2*
50 0.388 5* 1.136 7% 0.748 2% 0. 654 6° 1.694 1% 1. 689 6%
100 0.377 9* 1.129 5% 0.751 6% 0. 664 9 1.760 8% 1.794 2%
200 0.380 0* 1.230 8> 0.850 8" 0. 690 2" 1.819 0° 1.858 6°

. RS FFERERRTE 0.05 K- L2257 W3, The different small letters in a column represent significant difference at 0. 05 level.
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2.2 ALA AIEXFENMF PSOI B FERZER (F,/F,) FAPSTERIEUERE (D, ) KR

Bl 1o, PO R F/F, H @y W0 1 il 2 e A b 3 Bl A FH D' R B2 A 38 i B, HU2,
TEAEHYCHEGRE A 40 wmol + m > - s~ 'HF, F'/F 'Fl @, 2B 1 AR , KT 40 wmol -
m s A, BEECREGREIG I 2 LI

ALA QPRGN Fr F ' /F R @ AR RS E ] 5 2 5 ARG AL 22353 (. ALA fi
ik Dy EIHIREER T F'/F,"; ALA it FEssy, AFEON 8] W, AR DGR M S, BT
3000 wmol - m™* « s LASR, JLAYFTA ALA ARG (E 348 TXTIR, Hd1200 mg - L™ ALA AbFEAL0
RE 2R R E K, ZEMRT 1500 wmol - m ™7 + s "HIEIREAMET, 50 mg - L' ALA ZbBEPE M F 1)
F'/F % 1% ~16% , Dp, #E5 14% ~23% 5 200 mg - L' ALA &bFE, F//F 45 18% ~27% ,
Do P 23% ~46% , KPS BEIKF,
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Fig. 1 Effect of ALA with different concentrations on the light responsive curves of photochemical efficiency of PSII (A)
and the actual photochemical efficiency (B) in the light of watermelon leaves
Pl i P s M FH OGBS 4 0 ~ 160 pumol + m =2+ s = IEIA R BHZE . The inserts in the figures show the light responsive at actinic light
intensity of 0 =160 pmol + m 2 « s 1. The same as follows.
2.3 ALA SEXENMFEUERNERRE (gP) FIERULFRNBERREY (NPQ) B
K2 B, FERM R oP BEFEADGIERE EIHm TR, B2, NPQ LA, TEVERDGIRBRE R 40
pmol + m™? - s ', qP N NPQ ARALZRI BN | NS, XS5 F/F, M @, FLL, M ALA AbFERL
M EE, ERDEIERE /N 600 pmol » m ™2 - s W AR, MEFEIESEE R 1 500 wmol - m ™ - s
13000 wmol » m™ + s™', ¢P Hl NPQ ()22 51555 B 2K (P <0.05),
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Fig.2 Effect of ALA with different concentrations on the light responsive curves of gP (A) and NPQ (B) of watermelon leaves
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2.4 ALA XARM B EFEZE (PCR) FIBFEEER (ETR) HEIN

M 3 mIAT, B AR PG RRER (30, PRIt i PCR AN ETR WG i ih 4k 2 BT, RAEE
G IER E F 3T d. WA EIER, PCR FI ETR P35 8h 2 Br ELR A, L4 5 7F 400 pmol -
m s A, IR, HEZERIE, nTLUEH (F2), XM PCR 2 ZZEHERPR BN
0.324 9 F10.024 2, F£IMKT 400 wmol - m 2 - s~' PCR BEVFFHCIRGRBE Ik FFh, M /e
SeisR A, IR R AN 7% . ETR 2435 AR,

ALA b3 88 5 78 N i PCR FETR (B3, £ 2)  XFRON SRR EAR G, WSERDER
PREEA S YMAEHDG IR EER T 400 pmol + m ™2 - s "B, 50, 100 F1200 mg - L~" ALA 4B F PCR [7]
IF 75 R ARER S B LT B 15% | 19% F1126% 5 SAE RGBSR S T 400 wmol + m ™ + s T'BF, JU] LU X
TR 54% | 88% F1170% , FKWIFEMEIATRE T, ALA g8V I Folb il R4 e, Mife s e I s
EF, REEERER,
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Effect of ALA with different concentrations on the light responsive curves of PCR (A) and ETR (B) of

0O 50mg« L' ALA; A100mg - L' ALA;

Fig. 3
watermelon leaves
F2 ALA RIEXSE N F b 5055 2R 70 FE 15388 i 2R S I B2 jh 4k Y B 4R B VA 5517
Table 2 Linearization of the light responsive curves of PCR and ETR of watermelon leaves treated by exogenous ALA
with different concentrations
JefbEEE PCR

LR A ETR

b
- A FHE ISR B/ wmol - m =2 - s ™" Actinic light intensity
Treatment
0 ~400 400 ~3 000 0 ~400 400 ~3 000
y=0.324 9x +16. 124 y =0.024 2x +143.93 y=0.140 2x +5. 164 y=0.017 8x +53.075
X Control . . s .
r=0.977 8 r =0.9016" r=0.979 37" r=0.980 3
50 L1 ALA y=0.372 3x +14. 874 y =0.037 3x +162.78 y=0.159 4x +4.773 y=0.016 1x +66. 612
e r=0.9871%* r=0.9152" r=0.9852"" r=0.9342"
| y =0.387 2x +14. 421 y =0.045 4x +165. 03 y=0.165 1x +4. 654 y=0.019 7x +67. 006
100 mg - 17" ALA . .
r=0.990 1 r =0.9395"° r=0.9877"" r=0.960 6
00 L1 ALA y =0.409 7x +14.223 y =0.065 3x +165. 56 y=0.174 5x +4.576 y =0.028 1x +66. 652
e r=0.9900"* r=0.9744"" r=0.988 6" " r=0.9843""
T S FRARSCAEIAE 19 1 5% 1) BHEHAKF-
Note: * " and ™ represent significant correlation at 1% and 5% levels, respectively.
2.5 ALA SEXRERFEH (D). XMUFRE (P) 0 PSIREAOIERNEFERERY (E) BRI

K 4 ion, TEMERDEIRBREMRT 40 wmol - m 7 - s "B, D Al E ¥FEE ISR R N R R, P
B 6 BEGR BERE T B TE YOG BSR40 wmol - m72 - 5T, D R E B O B EEBG hn R b
Tt, PNRE R, YYERDERMEEREI 1500 pmol - m™ - s, DR BTV, P AT TR, B E Tk
TR,

ALA fliP9)R R D BB TR, PAE $2m, A ERCIREREE TS 3 000 pmol + m™2 « s~ B}, ALA
XF PRV, E IR TR, D R KT
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Fig. 4 Effect of ALA with different concentrations on the antenna heat dissipation (A), photochemistry (B) and non-

photochemical energy dissipation in PS Il reaction center (C) of watermelon leaves

3 i
PR TEREINIR , Bt E1E 18 2R IR 55 e b ia i oM, ShIR ALA Lb B RT LS = i 55

RGN R A B, 7 K8 RA 7= rh n] BE A W B R A ARBRIE R, FERKA
KM, I P S F e RO 2ERCR Fo/F, B AR T IE# &0 F AR 8 F/F, (0.86 42
A, BEHIRRBEN G B 45 W PG N A MU BT EE (1), ALA AbE AT DUSE g 30 B2 ka0 %00
W#EF, . F . F/F,. F/F, . 1/F,-1/F, 45, Hd1200 mg - L™" ALA AbFRRON A5 535K, 3560
ALA $85 TR KM PE IR B PS T EWDGRERE AR, Wit TARIRXT PS I R0 Ao M BER R, A
FITF A PS TTARBOGHE L O CALARCR AR R

I TR R SR DO S B VE FIDG IR0 5 A S A A sk *2 ) AR S SR o, vE Rt
R R R DO S E R VR G R i S B A AL AR e, 2B — e fb s E R (PCR) FHL P&
W (ETR) BEECHRSREENINN L F, X 5064 Jem i th 2w, #i83 PCR M ETR L FHR
1, AT AEAE G BRERE 400 wmol - m ™2 « s~ ARKEHRER 23 WA B B, BIVEREE o) 1 i B A1 358 i 17
B (F2). BRI b A s R IR 29k 600 pmol » m %+ 57 PRITIER P R S R
SRS P ARSI T M A AOGIE R . X /NSRS R BRI g A B, 56 R AR R 4t A
FeHAN S AE 400 wmol » m 2 - s~ ZEAy, ARWFSE ETR 1 PCR Yema i g 2635 s 7E 400 pmol + m > « ™' /2
A, HENATRE SRS A X, Bah, SNE ALA AbFE 2 5 75 ) B PCR A ETR o' HEBE J3E 4 0 17
Aefy, DI, FERFRVERDGREIRE T, ALA ABIAEMRAERN BT 264779, oA ETR 5 RO6A H%H
B B IEM SRR R MR ITE F/F,) . @y (E1) . qP. NPQ (F2) LIK PS
M AEEFERA 3 Fr N D, PRIE (Bl 4) HFFIESE L, XETSEUN i i A8 k] Lok 3 4~
5y, BIFEFEFIGREGRIE 40 pmol « m ™2 « s~ ANAFETE I b AFE DT 27, LA Bt 25 ' R 8 484 Jon o e
(BCFRE) 5 YOI R EDEI R R R, SECR B U,

VORI R A 0 (LCP) 7E 40 pmol - m ™ + s ™' HE (BERIRFN ) o 24 4E FIDE SR AR T
LCP I, 56 #Re A GO SEL (F'/F, . @y . qP A1 P) BEESCHGRES I E7t, 5
A RE AR CMPOES L (NPQ. D ML E) MR TEEESR, SLHITE LCP A n] BBAA7E 4 u b
ARy “BHST, TEAA RUSHDCIRIRE , A RESEDG R R R R L, T, SRR DO )
SR, LCP B bt B (b n il BAE FE IR, R AL K e idsm g, H
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A TR506 T PSIDBfb 2R b AAAe “BHJ” IR, (HRTRIEN, EAS R B 05 RN R 5
i, HRSH RN TS, MR AET PSR HOARY, T PIEARKMA, S D fE
T, ALA ACEREA MRS ESEE LCP MEIL AR fba %, BOmfEml, ALA XF LCP Ml “F4r” Bgk
HHEERY . ALA ISR IOCSET R sk bR 585 PSI W 0 AZ M ABHLT A 5

ALA ACFRAE g BB I oAb 2 f sl R s X5 SOD Hu 8 AL BHE 1A ™ MM H-4¢1& 4 SOD 11
TEIE R PS T B Mehler SR 7= A i 3 4A0BH 85 105, SRJE @ H,0-H,0 833G RIGMEA H i3, 74
NPQ, X AHUR SR VERYT  ARFeas S W, M6 H G IR T 600 pmol + m * - s~
B, ALA AbBEF R E B35 XTI 3] ALA XF PS 11 HE G b2 A8 8 B HL 0 AR i R4 5 e b 2A FE 1K
(P) #EAX, E5 PSR HL Cyth — 559 FHFR L FAL B HEA O 33k & —Ff 2 B2 A A A AR b1
HL S ARG EH ETHER S Cyth — 559 47 B A RrfFoT, PEdkaE, ALA fedbEh i/ e
TR S HEAL R LT 2 5 Tk 4T 2 e 2 R A AL RS (0 POX . APX) AYHZE,
J2& Cytb — 559 ML RS -" . B, AIREG T ALA b FRXF P4 S F -4 2558630 1122 AR HE T BE 5 PS
11 S s i) Cyth — 559 4556, Wl fE SHALEE R G ih A " . BAh, HEEIRERE T ALA 4
HX) NPQ IR HEER S E AR eiaH, nTE 1, ORISR 1 500 wmol « m ™ + s "B} ALA 4b3
m R NPQ dkgk BTV, i E HIEGE TR, SEEIAESCIIEEIERET, PS 1T RN AR e ik A g AR AL
THAPRES, REPFEHURE LLEAEAREHD ] AR 3 i —Fh S ZEALH]
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