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Abstract: The paper focuses on the question if purple anthocyanin ( PA) shields the photosynthetic apparatus of eggplant
( Solanum melongena L. ) leaves against excess light. Light response curves of photosynthetic activity of green-speckled
parts ( GSP) or purple-speckled parts (PSP) of the same leaf were measured with a CIRAS-2 instrument. Chlorophyll
fluorescence transients were measured by two chlorophyll fluorometers ( PEA and Dual-PAM-100) after illuminating with
mixed spectrum ( white light) or homo-chrome (red, blue or green) light produced by light-emitting diodes ( LEDs) on
GSP or PSP. The PA, which is localized in the epidermal cells of the leaves, mainly screens out green and yellow light
(between 500 and 600 nm) removing 53.2% to 73.6% of the light in this range. The maximum net photosynthetic rate
(P max) of the PSP was smaller than that of the GSP, which may be caused not only by the smaller chlorophyll-a-content
but also by the screening of 27% of the blue light between 400 and 480 nm and 10% of red light between 630 and 700 nm
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by PA. Increasing the intensity of the white light from O to 3000 wmol photons+m ~*s ™' photosynthetically active radiation
(PAR) , the maximum quantum yield of primary photochemistry of photosystem (PS) II (F /F ), the density of reaction
centers (RCs) per excited cross section (RC/CS,) and the driving force on absorption basis of antenna chlorophyll in PSII
(DF i) declined gradually, whereas the minimum fluorescence ( F,) , the relative variable fluorescence at the J-step (V)
and the dissipated energy flux per RC (DI;/RC) increased gradually in GSP and PSP. However, the change in the size of
the parameters mentioned above was smaller in PSP than in GSP, implying that the susceptibility to photoinhibition was
lower in PSP. After the GSP or PSP of eggplant were irradiated for 30 min with white, red, blue or green light of 2000 pwmol
photons um s, the F /F, declined, but the F,/F,, of PSP was significantly higher than that of GSP only in the case of
an irradiation with white or green light. In addition, the decrease in the amplitude of the P700 ( photosystem 1) redox
transients was bigger than that of PSII chlorophyll a fluorescence transient curves after irradiation with white light of GSP
and PSP. However, the effect was smaller in PSP. We suggest that the RCs of PSI and PSII were effectively shielded by PA
in the epidermal cells of the leaves. It prevents an excess reduction of electron transport chain and alleviates the need for a
strong energy dissipation. It maintained the coordination between PS I and PS II. So, it is concluded that the protective
effect of PA with respect to the photosynthetic apparatus is due to a screening of light in the visible spectrum between 500
and 600 nm. In other words PA is part of the biophysical defense system of the leaf.
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1.2 A5
1.2.1 REEARTEHGEHINE

R T RBERNA B854 T R AR TR WL BSR40 A5 5y B b e I FE S5 AR I i R
BRI — 5%, FEIZM R o5 — A B 3B AL5Y BRIV I S BE DX S — 4%, A B L B LA (5 5 1
e LB AH NG , AR F5 B0 SR DX 355 1) b2 L 50 A OBLE B 58 A0 A 6 BE T UV-2450 (538, HA) S L,
THHEBCE 225 X I8 A Fb A2 L5 AR it , 76 400 ~700 nm A] U368 BB P 347 35 S 6 ik 4348 , JHO) <2 f il <& B
S F i B R R E AR T LB IS
1.2.2 R6aEAFRFHHLEMN . FEURHSESEHNE

FEEFIE 1 DB BE K S B AR T , B TR B A 10% BB ™, B85 LDb - B s (32
A, fEE) WA, FTH SR BEAE R XA B R (ER 1.5 om) , F 1% 3R ER-H B (IR TR 80k
1:99) FREF 4 CRABIEAEHE 75T F 80% PIfR-Z B (AR 4:1) $RERM- 2 1S fent [
EE K EAR A RBUA A UV-2450 7E 400 ~ 700 nm 35 B N 4 G ER OGS, R #HT S BHIHTE
1.2.3 FREHE(P,) XEEH RS (PAR) wa B f2 f &

Fi CIRAS-2 fE#EA MK R St (PP Systems, 3 [F ) W 5 7% {475 F - - SR BEFIEEBE IR A ot & R 3
(P,) IS B, SRR M 300 ml-min ', H-Z R B 30 C, CO, ¥ JF 380 wmol -mol ', 7E PAR Jj 0 ~
2000 wmol-m ~*s Il E YA 1 FH B BN BL B 28 (P, - PAR) .

1.2.4 BRbuE

R — A THOH Z B K T SR BE X S B (ER 1.5 em) £ 3 A B IR IH R4
B AR F, #7 HH (380 ~ 760 nm ) FE 540 3E , 10 VE A9 U8 40 SR AR R i S B IROK , ERERE 7k
ZHR[19] BB A ik, BERRERA GBI FA RA R A7 KAt — % & (Light Emitting Diode,
LED) , @ H R At , 1% 0.500.,1000,1500 ,2000 . 2500 pmol-m_2°s_15|'=l] 3000 |.1,mol°m'2-s'1 7 > PAR kb3
K, B—40 3 30 min JFFEZ N (25 £1) CHEAEPKE 30 min, FF PEA Il E M-SR IOESEL

B RA BBt FARA R A K H (380 ~760 nm) (£L51(660 nm +5 nm) | #5t(470nm +5
nm, ) FI%EIE(550 nm 5 nm) LED, 7E PAR 2y 0( CK) F1 2000 pmol-m s ™' K, B8 5 b B Fifi 745 BE A1 28 BE [X 358,
MR f 30 min J5,7EZ IR 25 + 1 CRELKE 30 min, 75 L,

I = R & FER LED,7E PAR 2 0( CK) 12000 pmol-m s ™', H& S Ab B i - PEAT & BE X 355 1)
& H 30 min J5 ,7ZEZE N (25 +1) CEEAKE 30 min, B Dual-PAM-100( WALZ , f5E ) I 5 KMt X%
63 1 12k (OJIP) Fil P700 Afbid )53l 1= 4k
1.2.5 MBERISCSEMME %

Fi3% [E Hansatech 23 )4 7= Y5 %{X (Plant Efficiency Analyser, PEA) , #E4T 4 R VOGS HME o
B RANT « A B53E R 10 min J&, F 1950 pmol-m s " A FIZL N YEHESS 3 s, L 1 x10 *s(0.002 s Z i)
A1 x107°s(0.002 s ZJ5) HIRFERIFRICRIEME S, MABHR RIS 127 & GER RN OJIP-test™™ ) I
HSH A4 WIRIOE(F, , B 50 ps BT Fy,,) RRTE= R (F,,) 300 ps BFHFEI ( Fay,, ) \2 ms B
HIHEIH (Fog) o

MR NS EIIHE S % Strasser et al. ™ {78k, PSR ANAL¥ME F/F, = (F, -F,)/F, ;%
LERERBUIRS ) DF s = log[ (F/F,)/(My/Vy) ] +log[ (F, = F,)/F,] +log[ (1 -V;)/V,;];] #EIAH
XAIBERHN Vy = (F —F,)/(F, - F,) ; BB BV B R 08 E RC/CS, = (F,/F,) x
(Vi/My) x F,; BB D FERRRE R DI/RC = (My/V,)/[1 = (F/F,) ] = My/V,o HAMSRIOED )
5% (OJIP-test) RN AR R My = 4 x (Fgy, = F,)/(F,, = F,) o

FHAEE WALZ /A 5] 4 7 ) Dual-PAM-100 [F]B5} 3847 OJIP fh<k F P700 HyEfbidJRish Ji2=ih gl . Bik
BT A BB R 10 min J& , ) 3500 pmol +m s~ A AIAE I K LT B HIE N EHR ST 1 s, A3 x 10 s )
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RAEIR FRICRIOGES , WG PSILAI PS T WPl SRR VOUBh 1=k .
2 HRESH
2.1 MiTHARAEARHFNALEN . FRULEFEE

TR, ROEARE 2 Tl 71 A EHK A R (B 1-B), HEBFEIX 2. 146
pmol-g ' FW , A1 2R BELX 4K (0. 087 pmol-g ™ 'FW) () 25 f5 (£ 1) . WK T HRALART HBEDOLERM L
B, HFZHER 500 ~600 nm (EgLRE) AT WL, HoB I Ry 26. 4% ~46. 8% ;T X} 400 ~480 nm ( #OE) Al
630 ~700 nm( £t ) #4925 5 FR M 7331 =5 38 73% H190% (& 2) o

FE
Epidermis
N

B giFr EERGIEARE R (A) K 40 55T RALEN(B)

Fig. 1 Distribution (A) and orientation (B, 40 X ) of purple anthocyanin in eggplant leaves
PSP: “%F X35}, purple-speckled parts; GSP: 4#BFIX I, green-speckled parts
2.2 HOLA BEERROLIEN R
K PAR F38 K, FiFM @ LG HE R (P,) 2R AR BRAE (& 3) . [F—M A 25 X R4 BE X 35,
FIRME TR (AQY) T EZEF (P >0.05) ; — & WOEHME S (LCP) FiE A& (LSP) ZRAHE ; (B2, 1
i T BT K IR B RS A 3R P omax [RE T 16.5% , Hi B Z ML FHBEX (P <0.01) , §iF 4
Ka (113 mg-g 'FW) BERET/E4 (1.25 mg-g 'FW) (P<0.05) , iM% b SREFZZAILE
EEF(P>0.05) (£ 1), BEHHEE a FEAFEREHXIR P,max FRAMFEHEZ—.
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g Re 50
S af ®, & ®E
% W s
‘:@ A —05C 1 1 1 ]
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0 ! ! I n .
400 500 600 700 by ”ﬁm%ﬁ_z .
K Wavelength (nm) PAR (umol photon-m™s™")
B2 BT L B B B3 A e B G A BRI R
Fig. 2 Transmission spectra of purple anthocyanin in epidermal cells Fig. 3 Response between net photosynthetic rate (P,) and
of eggplant leaves photosynthetically active radiation ( PAR) of eggplant leaves

2.3 JEERADBEN AT R FOLSE
2.3.1 DSERAEHX F/F, M F R

MR — [ D B A B SRR B, 7E 0 ~ 1500 pumol+m s ™' i) PAR JE Bl Y, PAR ) R FHFBURBEX 5
FIEBEX IR PS I S AR F,/F, B MR (B 4) SEMH AR, 2 PAR KT 1500 pmol-m s~
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JG , SRPEX AN BE IR F,/F, B0 8 T MG NE . R0, KB F/F, T R/ T AR5
X35k, B 22 18] B 22 53 1 20 i i A S8 38 K7 (P < 0. 01) , Ji R i 3 ¥ Jp 388 T 355 BRI 3 4 ' 40 1 72 B2 P 2
vﬁi‘;—éo

F1 MFHAERRBEMEREEHERIE( £ FMER)
Table 1 The pigments content ( mean + SE) in purple -speckled and green -speckled parts of eggplant leaves

LR HERTSE (pmol-g~'FW) MH a ik (mg-g™'FW) M4EE b Fft (mgeg™'FW)
Experiment material Anthocyanin content Chlorophyll a content Chlorophyll b content
SLPEIX 35, Purple-speckled 2.15£0.19Aa 1.13 £0.01Ab 0.35 +0.01Aa

LB XI5 Green- speckled 0.08 +0.02Bb 1.25 £0.03Aa 0.33 £0.01Aa

AREK NG FB/E 55 3 78 [6] 5 A [6) X 38 (7] 22 S 8.2 (P <0.01) #1 g 2 (P <0.05) Different capital and small letters meant significant
difference among different speckle leaf at 0.01 and 0. 05 levels, respectively

o I b B b e s I W T e | W A a2 7 NP ) e |l = B
SEIRBE RSN, KBS B IRA F, 2307 BT S, HERKIRK FIRLRTREXI (K 4) , HER
FEAR B3 (P <0.01) o 338~ 2000 pwmol-m s ™" {1 L TEFEROCIRET , P MGBEX Y F./F,, T Fe
i F I, (B S ERBE XA b, A RSP F/F, B TR F 8 T BB 5) o J5
ZTRY, AEESOEMBE T, &K F/F, M FRZRIERE (P <0.05) o s ULHEN, 7 A 1 6
i EZR PS IR H L ARIE B A 5 Y, T i i b 5% Bz v S0 78 A R AR 500 ~ 600 nm B L0L)5 (&
2) fEEBXIE F,/F, BRI T U B EE , 4Ry T PS IR H L BT T

—O0— F,/F, PSP --O-- F, PSP 09 O Fu/Fn PSP O F, PSP - 800
0.9 —— F\/Fm GSP @ - Fo GSP — 600 F\-/Fm GSP Fo GSP =1 200
08 1:H 600
3% < 500 &
=3 LX:
= 0.7 1:EH 200
- 400
300
0.6 i i i ENENHE 200
) 300 CK WL RL BL GL
0 500 1000 1500 2000 2500 3000 3500 6% Light quality
e AR
(m2.q)-1
PR (umol photon(m=)7) BS EFHT I H 10 F,/F, FF R
= " Fig. Effect of ligh i F./F F, of lant 1
B4 EOEERMFT R F/F, 0 F, 5 ig. 5 ect of light quality on F,/F, and F of eggplant leaves

CK: X} no light irradiated; WL: [9J% white light; RL: £I5% red
light; BL: #55% blue light; GL: £%tJ% green light

Fig. 4 Effect of white light intensity on F /F  and F_ of eggplant

leaves

2.3.2 HURX} DF s V; \RC/CS,Fl DI,/ RC KI5

TR — O I AL TR ) JTP-test S)HTR BT, #E 0 ~ 1500 pmol-m ~*s ™' ) PAR FEFE 4, PAR [ 5R
SEGHTH AL B LA UM & A B RS 0%k B (RC/CS,) AR, T X 5K 2% 5 2 fig B R M3k 36
(DF ys) \J ARG AT ST (V) ) 0BT R H 0 FERLE BE & (DI/RC) A W BIEI . 24 PAR HE— B3R,
TCi6 R LB X A 2 SR BE X I8, 38 il B DF s 1 RC/CS, B FEART V,F1 DI/RC B F 5,V T %
] Q) BURIM %, i T 1538 HE W B 7R I, DI,/ RC HREIE IRAEHGT 22 ROBR BE , 2E— B 5B AL H e
TEOEEIR . (HR2RPEX S iR TE i M Z LR EH B/ D TSR (E 6) . IESITERY, £ PAR KT
1500 pmol-m s ' J& , Bk RC/CS 4h, B BB 25 VLB AR BE/KF-(P <0.01) , RIAF T LF %
BRI RIAER IO G T i 1534 1030 SRR B MR B B B ) o
2.4 EGIBSTACEE AT A PS IR PS T -G Z 90030 112 B 4 I 520

A5 =R 2000 wmol-m ~*s ™' (LIRS 30 min J5 , A Fr A PS IL A1 PS T P-4 R 9 3h 112 23
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—O— DF s PSP ---O--- ;PSP —O— RC/CS,PSP - --0O-- DIY/RCPSP
—&— DFps GSP - --@- - - V; GSP —&— RC/CSyGSP - --@-- DI/RCGSP

- 1.0 190

0 - ! ! - - 0.2 110
0 500 1000 1500 2000 2500 3000 3500

Y& BERSE PAR (umol photons-m™.s7™!) Y& BERSE PAR (umol photons-m™2.s7!)

B6  EIGIGHRXT AT M F I DF ups 1 Vy (A) JRC/CSy il DIy/RC (B) KM
Fig. 6 Effect of white light intensity on DF g5 and V;(A) RC/CS, and DIy/RC (B) of eggplant leaves

WEAR,{HLPS [ BiZRAY T FEIRBERA B AR T PSIL (& 7) , 3R WI PS 1 ZEIM M E AT RERE PS I/ E . ART, S BEX
PSS TUANPS 1 3hJy~A 4k T Rt B2 I B/ N T 4R BEIX IR, SORL T i B3R B R AR R AT, A e T
SBEX LR GE B L T o

o PSP + PARO ® PSP + PAR2000

a GSP + PARO 4 GSP + PAR2000

225 4 10 g

g 2.0 o3 6969%
%QE : oL o oo‘w
®E s 05+
®s -10 L
g g 10 -15 - .

2 oL o ecmmm— N

g 05 2'5

3 -2.5 N ‘“Q'

E 0 | -3.0 A ‘M I I |

001 0.1 1 10 100 1000 0.01 0.1 1 10 100 1000

I} ] Time (ms)

E7  F6(2000 wmol-m~%s ') AbFHXT A F M A PSIL(A) Al PS I (B) M4 R 5 3h 15 M LR 5%
Fig. 7 Effect of white light (2000 wmol-m~%s~') on chlorophyll @ fluorescence transient curves of PSTT (A) and PST (B) in eggplant leaves
PSP + PAR 0 il GSP + PARO: #3Z5%H ) PSP #1l GSP, PSP and GSP by no light irradiated, respectively; PSP + PAR2000 #l GSP + PAR2000:
253 6 PSP 1 GSP, PSP and GSP by light irradiated, respectively

3 itig

R SR I G i ZE K BHSESEEME T, Wi ' Re e e e i EL R R A8 7 , i UK B P AR R B A
B BB, 5L ZEmR ), T B v A K P B SUK i, &R RIS, BRI A, BT
RAEEYH A ERGEKEARP BB TR SO B RS . BEA YLK R B R 58, an
WA B RAGFREL PS I S Ao FI30 2R ¥ 14 BB B AE 1 AN S8R ' PP I i A 38 ( Meehler ) 2 7 FOE REAR I 9T 46
ISR AR TEERIERRRE A YIS Y K R B R G, An i £ BSOS I G A i i
Bk M F 2 T R R R P

AT I — RINAI G RAE S , M B3R R A GRS R INE T4 W E K
FHIG RS . BB B MRS A P A R TR AR RS AR T EEENBER TR
FEPR AR, Ea % 7T ISR RO AR AP 2 . A 2000 pwmol-m s R
[RGB G L Al R & A T B B RS B R A SOER BT S5 X AL E B & R T4
XE (B 5) , R F I EREEELART FEXMNGOEE T LAV REI R SORR & #E FH BiY
AP . ARBTEE T R AEARTEICENEAMER (K 2) IVE JIIESE T — Ko
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— AR A e A AR P R B R A% i R 2 A TE R B IR |, TR B IR L IR I R
Efarp PS 17 (2 A Ao 38 e B o BURE ™ o SROGIERE 7 A 1 T8 B3R B , HEOR T BB W R I REHCHE,
T AN S A LR i3 B TS MR AR e S AL S8 Q) BB &, i F153% 2B, PS 1T )2 i
TG PEREAR ™ o R, B S8 R ML 6 SR 2 MK RS B A B B IR AMNEE SN SEOLEL
BiERBE S AR F] PAR KT 1500 pmol-m s ™' LU , BEHHA X HH 71} PST M-S ZE WS
o B3, (AXT SR X RS AR B /N TSR (/4 F16) , KBS T E R EaEAETE
5 500 ~600 nm BEA] WS (& 2) 08T Qu FREA PS I KL 045 35 1 R B, IR 7 v - 36 4
FE AR E AN PS T PREBOHLAG 3B 5 T 1 , AT SE B T XH6-A WU BR3P 3808,

Bl a4eRs PS5 PS 1 Z [l FSh RE VIR #E X B 0 06 & WL o e OB R AR+ BB, X5
PS I J 57 H 0 & P AL S8 PS 1 B3R i T8 IR 11 6 PS T MOGHNHI BB 3 B2 FeS B 0%
BIBIR S TE Ay (JFEWIH T324K chl a) Fl Fy (55 =0 T3244) [0 A04% 38 32 B0, 15 Pk 80 A JL R 38
ZEALYINT Rubisco F1A4 PR 2 EALBEAR ™ FEARTE psaB J R 4 (37 ReRie g ™ o T FEIS% PS 1 FE3F 8T
1833 66 77 38 58 B B {2 o B 24 B (AR 186 B ( ApH) HOTE B, thRE5 Mehler [ 3 35 4+ HL F, U 03 T 4L A0
FE, TR B AP EBRER ™ o lABFFE AT I,2000 wmol -m ™ s ™' 3 B IR 45 , 7 7
it P700(PS T ) 48 Akid i iy 2 R AR F) it B2 B B A K T IRIZE- e 9 PS I 3 g 24 i 26, 6 BA PS 1 2 B 455 e
PSIK(E7), X 5UERFRE LA RAR T2, EM A EREEOEORFRET T, L5 KR
P700(PS I ) EfLiRJE fE ) &4 (& 7-B) W3R TXF PS I (3Rl FIREZRE N, MET 5 V, M Inh X m
PS 1% JE , 6 PS I 32 2 MG E ts/ N (B 7-A) BRI 435 T BB R G 1a] D BE v . (HR , X Fhon
P700(PS I ) KB LA FRRABIF o

Burger il Edwarda'*! 884538 & & 1665 Z 1 1P L 90 JE ( Coleus ) AWM F 3 R BOEAERBE S . @i
SIMT T R A MR R B, i B R R B RO AR B Xt AQY . LCP Al LSP TG B E
i, R KB 3R (Pmax) B BB 3) o A SZIRSE SR R IR G HIE T, 28 BE KK 8 i 4 100 40 72 1 1A B
BGBEX A% (& 4) (BHARRDEIE T 89 Pmax 2R FARBEX IR, — 7 W5 HEKK chl a FRARXR(FK1);
55— 77 W g 5 4 40,15 60 R HF A 400 ~ 480 nm (56 ) 71630 ~700 nm( £00%) BT RA X (K 2) . HER
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