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Diurnal Changes of Chlorophyll Fluorescence Quenching and the Re-
sponse to Photooxidation in Leaves of C; and C, Plants
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Abstract  Diurnal changes of chlorophyll fluorescence parameters, contents of photosynthetic
pigments, the leaf absorption at 505nm, and the response to stronge light with methyl viologen-
photooxidation treatment were compared between C, plant peanut (Arachis hypogaea)and C,
plants sugarcane (Saccharum sinense)and amaranth (Amaranthus tricolor). In the midday, an in-
crement at Agys ., and the decrease of PS I primarily chemical efficiency (Fv/Fm), quantum
yield of PS T linear electron transport (& PS I ), as well as the decrease in photochemical
quenching of chlorophyll(qp)were found in leaves of both peanut and sugarcane. The obvious in-
crement of A am and the less changes of chlorophyll and carotenid contents, Fv/Fm, ®PS1I , gp
were observed in sugarcane when compared with peanut at midday strong sunlight. Moreover,
nonphotochemical quenching of chlorophyll fluorescence (qn) increased slightly in sugercane but
decreased about 12% in peanut in the same case.

Photooxidative treatment induced protein oxidative degradation, lipid peroxidation and inac-
tivation of PS I in peanut and another C, plant amaranth. Under photooxidation by spraying
methyl viologen (MV) solution to attached leaves and exposing to midday sunlight for 1h, the
contents of malondialdehyde and protein free carbonyl increased significantly. In peanut leaves,
Fv/Fm and © PS 1 reduced to 74 % and 54% of untreated control in the dark, respectively , the
decrease of gp was accompanied with a marked increase of gqy. On the contrary, qy of amaranth
declined to 78% of control when qp decreased. The results showed that there are certain differ-
ences of sensibility in response to natural strong light or photooxidation between C; and C, plants.

Key words  Chlorophyll fluorescence quenching ; Photooxidation ; Diurnal change ; Methy! violo-
gen; C,, C, plants
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1.1 EYHE X

H ¥ (Saccharum sinense) } 164 (Arachis hypogaea, cv. Bl 116)F 4 A 15 HIEM TR
FHE, 5 ATABAREBRE T PINERET . 4 BIFER KRR o ] R Rk LI 3~
afint, MEHRERAESHEERSEYHISEMHERE.

AR i Y6 E AL R 56 LA F 3L %8 (methyl viologen, MV) A& ALH] . C, LA C,
Yy B 3E (Amaranthus tricolor) JFPEMEHE . L4 8+ 00 AR RGBT & B R KW A
G, GREYS N 4 H, BHE 2 RO, 4 MEEASFIREX R, B MV, BXE, )t
MV, 4> B¢ T8 M5 e 2518 K B MV (1. 5 mmol/L) W . B TR E MWL T (20~30
pmol m~?s™Y), f# H,O B MV BAMF . BE T4 12 : 00~13 : 00 HFTROCLLHEH A
FHEES T2 A1 B AU O\ I E B3 ~900 1 mol m~* s~ FHUE 1h,
1.2 BRAZE

43 8 9256 Bk PR 40 26 {L (PAM, Walz, Germany) i€ . 8595 0. 01 ¢ mol m™*
e 571, Ykt 250 p mol m~% s, HIFIINFE 3000 g mol m™% s, [ 2s, [AIRE 30s, MR
Schreiber ZVH] Foyer®™ i AR EHBRE R NS ¢o= (Fm’ —Fs)/Fv’, qn=(Fm—
Fm’)/Fm, ®PS 1 = (Fm’ —Fs)/Fm’ ., H#, qp AHAERRRZE, o HIERAFERER R
¥, OPSI %L PSI WA R TR RTFHE. Fm FRATE, Fu’ IREN AKX
¥, Fs BRRAETHTOL, Fv SRS TERE.

EHFRHFERESES R Levine SR 7 %M, LI E K £ 505 nm #9278 B
(AAgos o) BRI EREFAKT, HRE. KHE DB AAsos . B9 E FIBI X 5
A Li-185B & FitllE .

2. TLRRGR

2.1 HEMHEHAXSERWBREL
R At 5 AREEEE T mE 1, 4 13 ¢ 00 By EIRE R, A% 1300 p mol m™*
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Fig. 1 The daily course of light intensity in

the experimental site(May, 1996)
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0.155~0. 174 (£Y38H1 6. 1% ~6.8%) . THH Mo fHBRE THE, B 8+ 30 B I5MHE
B 0.11~0.076, TEAEMHY AAgos w8 8 30~14 ¢ 3027 [ALAME , HI{ELE 0. 050~0. 083
ZIE, HHBERK, HEEWAE12: 300, 16 : 30 Z /5 EM Aws mBIEEHETF R L 8 ¢
30, MTTME AAsos mn FTFEHMARE, BR, HEMEET P EEHEERYERET HT
HERIFHEFREMRSEE T AR RYKT EERBORNE T4 gyt Bk 861ER . A
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TRAE T XL &8 RPE . SHAMK, 3BT Co HEM A FHE AAses wmfH, FTHEHR
REASAREBRATERENEREEZ —.
2.2 EMHEHAHERLARRHYAERL

1 R Bk e R ) S B AR T LAFE AR BRIR AR 4 1 T A 00 R A PS T B SRR ALK Fv/
Fm JifE PS 1 EF XM FRABRFHE OPST, H A/ KFIHRRRAHHEAFERERX g f
FHAERER ave ATIH T BHEBDREFEE4RAYEEEN L RRBEEEN KE.

AN F 8 Fv/Fm 8 : 30 8] 14 : 30 THET 16%, FTAXERMHBE Fv/Fm EF, 18
P30 TR BRAAKF, HEN Fv/Fm EMUM LGSR BERERNRTET 8% (& 4A).,
OPS I 7R, MRS FHR,10 ¢+ 30~14 + 30 WEAE, PRI EA S HMMK PS 1 it 32 2
BETR~12%) 8 M

&l 4B BRIEEMHEHAERER ¢ B HBAHBZ AERBENZT. BEHN ¢ E—
K P RRREE T, 14 : 30 # qe B/, HEM o (7 8 2 30~12: 30 FEDZME,14: 302
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Fig. 3 The daily courses of differential absorption at 0.2 q . ®)
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EHE . X YEERBIEAEN R EXK Ko R BB | OPST CA)
W5, Bl Qa B L1 R RE T R AT H PR (3 B m&%#igﬁma/}wﬁﬂ
RFFMET 8 30 W ar KFo FFEIETH 5 4 The daily courses of Fv/Fm » 9PST (Adand
B g BAERKGU~5%), AN av T chiorophyll fluorescence quenching efficiency (B) in leaves
B2y 12% . B an HEEKTREESFH of pesnut and sugarcane
B ASE 3 M AAss B LB 45 RAH 5.
HEHGEERESHN B TS FEN C, MY EEEE S HAERET PST LR EN
HEX RRE MBI R av B R '
2.3 {EEFTEIEEBH KL E 1L 1 AR E A

%1 BAEEC, YDA (C, WY #E B Fv/Fm , OPST M Fo RN E/AERE
BB . R AL A WA R AR L, SR B AT U MV S B F R T, 318 Fv/Fm , OPS
I —EREHEE. T MV 44 RH MR T Xt PS T a5 L8 M b FEB RN
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M. EAL T AN Fv/Fm fl OPS T 4351 & Z WX B 74 %680 54 %, F AT B 76.
7%F1 56. 6% ,Fo F & . WEM Fv/Fm FI OPS T W45 48Xt Ay 55 %81 51 % 86X B
61. 5% 1 69. 9% ,Fo WM LLIEAE K.

B MV ERAEERERE G AR RE 1 R RSO

Table } Effect of MV photooxidation on primary photochemical efficiency and quantum yield
of PS1 electron transport in attached leaves of peanut and amaranthus

b B g

Species Treatment Fv/Fm oPsT Fo

b CK-D 0. 765+0. 03(100. 0) 0. 607 £ 0. 003(100. 0) 20. 342, 0(100. 0)
Arachis CK-L 0.73730.01(96.3) 0.583%0.01(96.0) 22.4+1.9(110. 3)
hypagaea MV-D 0. 72940. 008(95. 3) 0. 51020, 006(84. 0) 21.841.5(107. 4
(n=5) MV-L 0.565+£0.004(73.9) 0.330£0. 008(54. 0) 23.041.0(113.3)
WX CK-D 0.710£0. 02(100. O 0. 370£0. 008(100. 0 20.841.2(100. O
Amaranthus CK-L 0.63140.01(88.9) 0.27240.007(73. 5) 32.0£2.3(153. 8
tricolor MV-D 0. 646+ 0. 007(90. 0 0. 35040.01(94. 6) 22.042.1(105.8)
(n=5) MV-L 0.39340. 005(55. 4) 0.190+0. 004(51. 4 28.0£2.8(134.6)

CK—D K5 *%f B8 Control in the dark; CK—L. B ¥ Xt B8 Control in the light;

MV —D, B 1. 5Smmol/I. MV, B T 4. 5h, MV treatment in the dark (Spraying the leaves with 1. 5m mol/L. of methyl
viologen)for 4. 5h

MV-L. i+ B MV,20~30 pmol m~ 257559 F 3. 5h, 4R J5 & 900 p mol m™2s 'Y F 1h. After spraying MV and stayed
in weak light (20~ 30 pmol m~2s~!)for 3. 5h, the plants were exposed to sunlight(900 pmol m~2s~!) for another 1h.
I B A X E 4 e, Numbers in parenthesies are the relative percentage

MFEHER AR (R DR MV EHAAFHE AR o FREav EFF; TR
qr B AR AT B A BERE an B9 THR AR ST an T REZIREXS AT 7800, AR S EALRAF T, [H]
A Co A av THECy Y av EAMER, 5ROV A BT C, Y EX,
HEE R T e A B A RS SE R AR EXMHER C Y+ NADP-ME WAL, &
KJ& C, YK NAD-ME WA, 2k C, SLAIEM IR EAL KA T S RIOUR KA LR
MRl & 2 BAIEE], ROCK A 741 an BEAR 5040, UMY an BT 2126, R ] qn &
ey 2R, SAXFEESHBEETFARET av BAWEE(H B —H. HRTR.C 5
C, Y3 3oL SR FALE B P 7E — @ E 5.

BATEILBDEEAAE R R TR et B 5 9 3 B R L R A AR L AL /R T
FAF TR MV-SEEAL A B R B BRI AR 15 R B BOR R . 3 1 R AL R R DL B R
BRI S IR R SR N4 HR . [ 5A RARFEAEM LA R R RES &
Az, fESRIEEIRIEIN MV R T TR AE Ml R B S B RS X IR 4. 5~5. 9 1, SERAR
Bl 09~2. 4, EEMEORAMERELRTIE . MBEMVERAEHEHRES

®2 MVARMAHEENRREFH A HERLARXRYTME

Table 2 Effect of MV photooxidation on chlorophyll fluorescence quenching in attached leaves of peanut and amaranth

WA FIE Species Ab3F Treatment qp qn

ixes CK~-D 0.92-0. 003(100. 0) 0. 375+0. 005¢100. 0)
Arachis CK-L 0.890£0. 007(96. 7) 0. 3600. 008(94. 7)
hypagaea MV-D 0.854+0.01(92. 8) 0.43940.01(115. 8)
(n=5) MV-L 0. 800+0. 04(86. 9) 0.53140.03(139.5)
T3k CK-D 0.73540.01(100. 0O 0. 56040. 008(100. 0)
Amaranthus CK-L 0. 714-£0.03(87. 1D 0.68040.02(121. 1)
tricalor MV-D 0.750%0. 04(102. O 0.5204:0. 009(92. 8
(n=5) MV-L 0.67+£0.01(91.2) 0.437+40.03(78. 6)
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Arachis hypogaea Amaranthus tricolor

FHEF R MV E AL S>MV BB K s —

oG AL FE > rE X BR . T8 3R M & b i MDA 16
SRR R AT, B 'y ®
HE 4 MDA SRR, Wk |
MV BRI MDA & 63% RE  oE, |

= 81%,/5& M MDA S EBIIEKTFRIA. QE 6}

SZ .|
3 it 2. @k
E %%{#T C3 E%EEE—% C4 ﬁ%ﬁﬁ 0 rachis hypogaea maranthu.r tricolor

M R PS TR E Fv/Fm B 5 MV LR T AR TEERH 8

R PSISGHEFERENBETHEOPST & BB A RIS 9 BAL IR AR (B)

SRR PEABME LR T T ke s
5, RYFFH PS T HEHER TR —Fral 3 and amaranthus under MV photooxidation
YERYIE T . FEAEMH Fv/Fm 1 @PS T
THERNLEEESROUAERE, M HEHEN PSIT X EETHERESAERSETZLAK.
OPS I £ PS I FF ik b D4 3K A0 38 & BE 2 2 (Fv/Fm) 5 TR B A9 R 0 BB Cae) Z TR 9 SR AR
Krall fl Edward % C, #4189 ®PS T 5H CO, F{LA B FHFHE ©CO, BLMR R, AT
EEEM OPSI M EM AN ERETRER I SASEZHBETHEYBETRERK I
W45 RRME. C MW EIENRFFREET,PPSI 5 ©CO, 5 ©O, FIE ., F I, AT A A
OPS I EFR R B AL R 9, AR HER OPS T EFFH TR, T RERAR
BEALE R G T, HS Fv/Fm T RRHE—B. X5HFKL%FHE C Y EXRFFH
OCO, B E, AT A BE A H Fv/Fm B8 TREMZRIAR, X255
BEMHENBRELGEARE XL BLAEZ C, PR EBRARBRIL2FHF LI,
L C, WA KK TFH IR BT FFER ATP B O, fE R LN ZH M BRFRE TR
FBFI, HEEE 4 CO. FrEa PS I R,

SEME, HEERFBRAT av B NHEE,qp BHED, M BHHBHHK; HE
B AAsos s EEFHF O BA WK E qp BE THEE qv RTTEET 12%. ERES HRKEEM
R, FABEEENK e THE 3% an EF 21%,. BERN ov THES5%. BAETRAE
B g RAENRIEHH T QA BRI NBEES TH av FIH DA B F B L3R IER
GHEGBURPENNREERZ —. BAEGHERFEXNEREHMNRESREEARHT
MR T BsH X ez 1, HEER R TIMEN T HEENELBS, BRETE
BR6T PS I #3R M R g A REBGT RE AR TR 88 7, FTRE AR 17 BB 0 2 DU R i 38 RIE3F
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RERFEBY EMELEIA . C, YK PS T R FEA R TS ERAMARER 2, Sk
RIEARXBFRANEREM”Z —, Foyer B M BHRBEMNHAREL BT o W
THARERER o HEET A3 —FEFEEREY . SRGEREEHE/NEESFIT
J& SEF R R RN, SR, RATHEN Cy ML A 7058 6 T 7T B 3 Bl b3 e P RS oA
i B 15 R R T A A ) 4R A9

EXEHNET BEEHEO, MFEEERPS T B THEARS BSHEALNER, BT
M PSTHHRE O, REVASRE, FRLR IR O; BB, MV 5 O, iy R # %
HHOE 7.7 X10°MTISTION, HBWR Y 5EA K. TR MV -8R T WM
HERMTFPHRETESH, EARTHEREENEEIELYERETHAHEH
ZAE, I EAL S B E B AL, RS EAMPSIHWARERC 5C, Y, BFHENT
MBS BRE, X EE L E S O; SEEEN SN BHX, SR ML, B4E% MV
HEMSE av EF+39% 00 THE13%, Fo EFF13% . RN AT Fo L7 34% av Fl qp
S HITFHE 21% R 9% . JEAH B THAR o EFHELL @o TR, FTREE FHR O; B B3¥
£ K O; KBIE B 5HFR TS 3T O; HFI T AT 5ES HE A an #938 B KM o
KBRS A B3E qp B9 T MR Fo (838 38 KR, o UREAR, MW REE PS T Y
REARSHMRZCZAELBMM AL, BWT PSTNEFRKLLHCI HERFWAER
BHEEE B2 SR, A 6 E A 5 0 B ATE B i 2 B g, O R M pLEE o
FHE—HH . RTAREBEABET C Y C B BEE fE] SR E it
HY LB ¥ 53 O HRGE
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