2 % W 2012, 39 (12): 2457 - 2467 http: // www. ahs. ac. cn
Acta Horticulturae Sinica E-mail: yuanyixuebao@126.com

— W7 R EE X K BB TR SR I S A & A
FERER I IR RN
EIR, BB, BERL BRE, I P8

CRABURNE R A Bl 257 e, AR S T 5 i S e 25 R T R P RROS BR %, At 210095)

B OB LKA A3 5 kbRl SRADKE T, BT R RBERE (DTT) %HifgK
e FEREORE (MV) 15 R 32 i P AR S SR 32 TR . 45580, Kna 5 MV &b
B, S AR A e, BATE T O ) AR, dAME (H0) FERAIN g
(MDA) i g3 LFh, M4¢4 a (Chla) « MF4£3 b (ChLb) . BAIF4E3 [Chl.(a + b)) FIZSHHE b 3 (Car.)
TREE TR, BIOtRE TR (F/F)  Sbtm e (Yield) . HFPEGE% (ETR) Feih#
PORFZE (qp) BFBAT, MABDCER K RE (NPQ/4A) B3 1Tt M/KMMaS MV 4B R, diHAie:
AN RAGIRE PEIHIF DTT, E3Em H Gk (ROS) KEM R, SEOLA G REMINE, F/F.. Yield
ETR. NPQ. qpitf—20 TP LIRS RLLW], WM T 0 s SR e, B T i A R4
SHRERCFERLAE ), INEE T A ROS BLR, NI FEOLA MRS RIFMC, PSIIETE FRE, P e
%, FF bl SN 1 g 3 D, e S VE 2 B Fig i, B WK P T I 3 300 IR AR AR RE 3 5%
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Effects of the Dithiothretiol on Activate Oxygen Metabolism and
Chlorophyll Fluorescences in Spinach Leaves Under Seawater Stress

CHEN Xin-bin, SUN Jin, GUO Shi-rong’, LU Xiao-min, HE Li-zhong, and YAN Bei

(College of Horticulture, Nanjing Agricultural University; Key Laboratory of Southern Vegetable Crop Genetic
Improvement, Ministry of Agriculture, Nanjing 210095, China)

Abstract: The effects of the dithiothretiol (DTT) on activate oxygen metabolism and chlorophyll
fluorescences under seawater stress and methyl viologen (MV) induced oxidative stress in leaves of ‘Helan
3’ (seawater tolerant cultivar) were investigated by hydroponics. The results shown that production rate
of superoxide radical (), content of hydrogen peroxide (H,O,) and malonaldehyde (MDA) were
remarkably increased by seawater and MV which could induce oxidative stress on spinach leaves, whereas
contents of chlorophyll a (Chl.a), chlorophyll b (Chlb), total chlorophyll and carotenoid (Car.)

remarkably decreased. Under the stress of seawater and treated with MV, maxmium quantum efficiency of
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photosystem II photochemistry (F,/F.), the effective PSII quantum yield (Yield), apparent electron
transport rate (ETR) and coefficient of photochemical quenching (qp) were decrease significantly,
coefficient of nonphotochemical quenching (NPQ/4) was increased significantly. Accumulation of reactive
oxygen species (ROS), degradation of photosynthetic pigments, as well as decrease of F,/F,, Yield,
ETR, NPQ, Qp were aggravated by introduction of dithiothreitol. Our results suggested that the inhibition
of xanthophyll cycle under seawater stress decreased the dissipation of non-radiative energy, enhanced the
accumulation of ROS, which were leading the degradation of photosynthetic pigments, decreation of
activity of PSII and ETR, reduction of energy for photochemical reactions, and photosynthetic
performances were affected significantly. Higher activity of xanthophyll cycle in seawater-tolerant spinach
plays a major role in maintaining the stability of photosynthetic pigments and photosynthetic activity under
seawater stress.

Key words: spinach; Spinacia oleracea; seawater; dithiothretiol; xanthophyll cycle; reactive oxygen

species; chlorophyll fluorescence

R RER AR LE PR SE, MRS ()t RE R Y 5 4 FH BT BE R I eI, AR A2 21 4761
i, JeENMZ BN, HERCEFCE IR TR SR n Ay 6 & 16 PG MEIRe e,
AT IR, TR EIG A (ROS), HEM5 Y& R MG RIKIE CRIE 2, 2010),
AL TiFeE % (Chl) ARETEERE, FHIC ChL & & (FM 25, 2009), EmeRemml SFIH. 48
M, AR T — R REEOILH, Ak 6 R LU AR S s 2 0 % 20n DAURE R, ki 4
TS FDCREN YA A T G . Hoh, MO SR IE I 1 AR R S fe A BUS A b
FEH T PO ERIR I EEWL 2 —. AT Ky 3oy B9R. milk (RRSEpHar, 1|
ok R I B SR PR MR FE O DG RE, T ORYOE A AE I IE W EAT (Jahns & Holzwarth, 2012).
FAESE (20100 BRI, ERFME T /N2 2 FE IR AR HR > B B BE = AR, PR
JBEEE s Gruszecki 55 (20060 TA A i 1S B2 A A& 14 T DL BRI 244 ROS 1727k,
B ROS ADGH WM IIHE . R IEH R IR R A %300 (violaxanthin, V). MR TOKTE
Jit (antheraxathin, A) FlE K& (zeaxanthin, Z) £ —ES&M FEANMIAE A, (Z—-A-V) FILIR
A (VoA—-Z) VAT FEAL RS GRIRGE 45, 2001, M35 IR 32 3 T i A A AL (VDE)
fEfl, —BiIBERE (DTT) EA VDE & —M3mlsn, i v m Z 84, Ao i 2
FOAIAFERL, KL DTT % H 55 ia s = A A D BEWF 9T (Fernandez-Marin et al., 2009;
TUKEE &, 2011,

AR HER AR A EERKRIK IR, A SOR K SR T AR PR O 2Bk i
ZH G T A EMEMN Gu3E 55, 20100, BEFCRE], WA ED0E 32 22 o il A
IR A T (B/NME 25, 2004; PV ZE, 2009). HEKIME T, FEYSZ ) T E AL NG
i (BE/NE S5, 2004; MR 5F, 2009; UM 48, 20105 2Rk 4%, 2010). WKEbE T, 9%
St F ChL & BRI AOG A TR RE N S ROS (1 BANE AT 4y, J HLE AR AR IR 2 2205 A0
REAEIR¥F ChLARE, S KIME TOU R T (FMR 55, 2009; Sun et al., 2010). 2RI,
IXUEHF ST AR RERE— 20 B R AR IA S ROS L& Jefb 2 W 2 0] (1) 52 R AL H ARG IE . T
U, DA SE Rl A2 3 57 AR (PVER, 2009), i DTT $fmd & SR, 5T
WK R e i B R ER . ROS A B ADGAL 2 N 2 [ G RR, R B S (g /KOREE H fL PE i
A
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QY VR SRS DARES

1.1 R E

WEH % (Spinacia oleracea L.) fhF MK MR 725 357 5 W/KE BYLH AR G i,
MG 2664 g- L', pH 7.8, FEAE 741§ Na” 349.98 mmol - L. CI" 410.14 mmol - L' . Mg** 40.20
mmol - L'\ SO4* 21.15 mmol - L. Ca** 7.61 mmol - L', K" 6.83 mmol - L™,

IRE T 2011 4F 8 H &2 12 78R it AV R PO 0 B N T/ = kAT o P17 78 15 °C
MEB KPR 12 h 5, BT 18 CHRERM T 2FK 2 mm MR T 128 fL7EE T, [T
2~ 3R, FHRITEMBER G, B2 d%HE 1K 1/2 75 Hoagland & 774, HAMILE 1 G K.
HRA S R CRl 20 &) ERL TAETAE A (IS4 105 om x 55 cm x 12 cm, #kBHAE B &5
S HIF O E KNI, A% 6 cm x 8 em (R kEFL), BESL 2 ¥k, EIRWHN 12 #IE
() Hoagland & =¥ 5G], 24 h AS[W) W @ U 08 7008 R, s SR ik 10 °C,
B R 26 C, AHXTEE 65% ~ 90%, JEHERSE] 8 h, B IR 18~20 C.

PESCREREREEE 10 R, X AEARBA T KB AL B . Sk 24 L ig/KmA B8, AR5
BN 20 LiE7/K, B AR N NN Hoagland & R BFE 660 mL, d5 5 fFIMATE K, AAREHE A
WA FUES] 60 L, fe&ARE A LR EF 1/2 FIE M Hoagland & 78, 40%F7K

FELERE (MV) S — Pl R KA MR B R0, e o A i = A o it (B S Ak B el 2, T
S FE FE WM ERN, A B NN A NE NI S (R 45, 2003; Kim et
al., 20110 b T HIFFUIREAK I 75 5 1 S0P P A0 S 02 A A DG 2B BRI R g s, SR MV b33
KA, LS SR AR A E .

K AL EE Sy 2 DT

CLMEKARFRIA 5 4 R, g 7K A FEAR AN A T /K A BRI FR 23 B 4L, — 41 1 pmol - L' MV
T CRC RIS Y 0.05% Tween 20 ¥# ), 514 —41HSF R I 0.05% Tween 20 FE1T 7K 11 3 it
FERRUA 0 2 mL. 4 NGB IR IR ——OX #: 1/2Hoagland FFR#; @MV: X AR H
1 umol - L MV MMM jili; @S: 40%iE /KA ; @S +MV: #/KLIRARH 1 pmol - L MV -1
Uy

(2) MV 42 24 h Ji5, B IR 4 AN AE BRI 37 SR AR 50 42 R TF IR D e Fy 707K TR B 2o — B4
T ARG A & 3 mmol - L R AABERE (DTT) (K7 F8 S 0% /K 178 F8i R, 76 %300 25
‘C. 30 pmol - m™- s 596 FALEE 5 h, ARG T 2 000 pmol - m™ - s™ ISROG FALEE 1 h OB AT
51)e AR SRR ——OXTHE:  1/2Hoagland 577 (5 0.05% Tween 20 (135 /K I HI Wit ) 5
@DTT: X +3 mmol - L' DTT; @MV: X + 1 pmol - L' MV; @MV + DTT: %} + 1 umol - L
MV + 3 mmol - L DTT; ®S: 7 40%fF/K ) 1/2Hoagland 759 (F 4 0.05% Tween 20 [)35 /K H- 1
55#); ©S +DTT: S+ 3 mmol- L' DTT; @S +MV: S+1 pumol-L'MV; ®S+MV+DTT: S+1
pmol - L MV + 3 mmol - L' DTT.

DTT FI MV B3RS TR 90 A3 2 o PRI 3 2 i) Chl & @AM T ¢ ) PR
H, MEME (H0y) AN (MDA) . MRS H LM T RZIEHA . B 15 K
EECA AR A AR, WA AE KR bR . IR R 3 K.

12 EKIEHRNE
M AL BERE R, 25 2 7 Kph ot T4, TR IR 7y, UE s b ERAEERE i, P48 115 CR
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H 15min, 75 CHtE{ERE, W@ B3 TFEmE; A H A #51¢ (EPSON EXPRESSION
1680) M=,

1.3 MEZRMBIRASNE

TEEAR TNV RAR 8 h 5, UKGWEE, FEFHFREL 50.0 mg £ &N 15 mL
BT, A 5 mL 100%H) A, {EdRas LIREEA G, R ERR 2h, RJ57E4 CT 10 000 x
g 250 10 min.

IEWH FA 0.45 pm FIRALIEIBOE I8, DERAE m ROBAH (5% 2 OB IERSE (1995) 771k
W R 5. AN : spherisorb Cig 5 pm, ® 4.0 mm x 250 mm; JRANAHTHEN: 1.5
mL - min™; BREEVENIFEE K A VPR O ~ 4 min, #45 2.5 min MIZVERR VR, ¥ 100% B
Wio VAN A WN: 2 - PR : Tris-HCI 22303 (0.05mol - L) 4 72:8:3, pH7.5; B h: H
BE: IECRE (5: 1. MK 440 nm, A4 25 'C, OD {HIEH K 0~0.05.

3 22 I A AR A (De-epoxidation state, DES) 11454 DES= (A+V) / (V+A+
Z) (P 45, 2005).

14 FEEE, H,0, Z2% MDA 2ENE

P A R I R THE (1990) (RER I ORI %E , B nmol - min™ - ¢ 'FW £ 75 H0,
S EIE S M Uchida 25 (2002) HI75%%, L umol - g 'FW ok MDA &5 4% 1 Heath A1
Packer (1968) (#1757, LA nmol - g'FW %,

15 REBREENE

FRPRAR I (1988) [FI73E4> I E Ad40. A645. A663 AbIFINEGAE, FFit ki M2 (Car.) &
M4t a (Chla) . M4t b (Chlb) FlEM 4 [Chl.(a+b)] & &

16 MRFERRASHNE

HH] Imaging-PAM M-series il il 4% 32 96 AR R 48 (FEE WALZ 0] U M4 31 9S4
LW HT R B BT WS AR NG R 20 min, ZEREAN IR Bk — AN EARN 1 em B H AR X I CAOD,
T E S I (0.5 pmol - m™ - s WEHILR T For MERERKIT 2 700 pmol - m™- 5™ (ki
] 0.8s) iHS Fny JEALGIRE N 111 pmol - m™? - s ZEHEIY Kinetics 7 HIRY I & M- 42 2558 0 2 5k
(15 )2 A S, A S E I v] LA Report & 1S H

R 2R RIS Fy NVIIRTENIRIE; Fu/Fn I PSITEKIEHDGREH % Yield 4
PSII SEFriE = fm; gp NG K REG NPQ NI K REL, M RIEILARIRAE 0 ~ 1 Z W],
A (NPQ/4) oK.

DL ESHIGTHHEARYE Gray 25 (1997) Al Schreiber 25 (1986) (K515, PSILARMEIA A L T
R (ETR) HARZEL AL: ETR = Yield x PAR x 0.5 x Abs 1% (Krall & Edward, 1992) , I,
PAR (Photosynthetically Active Radiation) 5 tHLIGHREE; Abs, R IIROG R EL, v LB A B
I OGN D) B HE SR RS AOT WA s 0.5 /& icgs PS ITJGREM L .

1.7 BEESR

AR50 £ 4 H Microsoft Excel 2003 F1 SAS 9.2 #4347, H Duncan’s B & Z=vE T 2 E LK
(P<0.05 .
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2 HiIR 5

2.1 kB RERAE KB
BALHR, JESE TR B AR R BT R, AR AR BE T R
AN, TRERUE S SRR TR RN A 2 ) 5 B 98.8% 96.4% K11 97.8% (K 1),

R 1 BKEMERRRAE KRR

Table1 Effects of seawater stress on growth of spinach plants

b3 THE TR g SR T /g TR em?
Treament Dry weight Fresh weight Leaf area
X Control 2.57+025a 34.03+2.37a 66.43+4.20a
MV 2.07+0.21 ab 26.23+3.72b 55.78+3.40b
S 2.54+0.38a 32.82+3.03a 64.99+443a
S+ MV 1.60+0.37b 19.79+4.26 ¢ 4427+6.72¢

i BRI £ BHEZEROR, R 3G AT E AR TR 2R B (P <0.05).

Note: Data are means + SD of 3 replicates; Different letters in the same row show significant difference at 0.05 level.

22 DTT XEKMHER MV EE T RN Rt ERZERA S B

WHTR I, FHY) DES n] DLRE 47 Kb s e AR i 2 206 IR BE 1R, 315 NPQ A EAR U 2k
PEX AR (Ramalho et al., 2003). JE/KMME R3S A DES B E % LT, MV AL A R
e X, MV. S K S+MV AR, S A DTT 5, DES B3 N (K 2).

F2 DTT #igkER MV ESTHREEM FHEERRERAES TN
Table 2 Effects of DTT on xanthophyll cycle components in spinach leaves under seawater stress and
methyl viologen-induced oxidative stress

A3 ZHEIRREEE (umol - L) FIBEEKS/ (umol - L KU/ % JER AR
Treaments Dithiothretiol Methyl viologen Seawater concentration DES

X1 H& Control 0 0 0 0.2125+0.0418 ¢
DTT 3 0 0 0.1114 +£0.0232d
MV 0 1 0 0.4570 +0.0579 b
MV +DTT 3 1 0 0.2698 + 0.0691 ¢
S 0 0 40 0.6128 +0.0569 a
S+DTT 3 0 40 0.2836 + 0.0798 ¢
S+MV 0 1 40 0.4555 +0.0637 b
S+MV +DTT 3 1 40 0.2531 +0.0504 ¢

B IR 1/2Hoagland. B P + AefEEdon, A 3R FAIhEART R RZER BE (P<0.05). R
Note: 1/2Hoagland nutrient solution. Data are means + SD of 3 replicates, different letters in the same row show significant difference at 0.05 level.

The same below.

2.3 DTT 3B KBER MV iFS T XM R ROS K FEFR BT & 46895200

1 R0, W KEE WP TR A AR (K1, AL HO, B & (K 1, B)
MIMDA & (K1, ©, 1 MV AbBE—2 ) 1 et B i) ROS &, I 1B mod ik 1
F, ULHREKERE S MV —8E, #E SEsE re AE EAE

HEKBREA MV AFR, A S AR A DTT &, FoAER. H0, fil MDA 5 8 5 42
B, MAERHRSAE T SN DTT, % ROS ZAIUH MDA &8 5ME/N, 18] DTT 38 #0f1v K pria
PSR RR P SRR IAE R, AT — 2D g S A A R
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Fig. 1 Effects of DTT on production rate of O,", H,O, and MDA content in spinach leaves under seawater stress
and methyl viologen-induced oxidative stress
24 DTTXiBKMER MV ESTEXRMHAASERAIENZN

M2 3 AN, WK PRE 3 FRAK TS A Chlay Chlb, Chl.(a + b)fil Car. {5, 11 MV Ab#E
WAL B RRC. W KIRE R MV BT, et AR DTT J5, 3280/ Chla. Chlb,
Chl.(a + b)HI Car. &ML, AN EEAT T FA DTT, XM FotE (3 & 5K 5 4L

%3 DTTMBKBER MVESTEXMAASERESENVMR

Table 3 Effects of DTT on pigments content in leaves of spinach under seawater stress and methyl viologen-induced oxidative stress

g H-45 2% Zal/l Ly b{ p5) ”1'?/%?_:1/ K t%/ K |2

Treament (mg-g" FW) (mg-g" FW) (mg-g" FW) (mg-g" FW) Car. /Chl.(a + b)
Chl.a ChlLb Chl. (a+b) Car.

Xt Control 1.2441 + 0.0856 a 0.4004 £0.0155 a 1.6445 +0.1002 a 0.2458 £0.0151 a 0.1496 + 0.0059 d

DTT 1.2561 £0.1039 a 0.4018 £0.0189 a 1.6579 £0.1228 a 0.2436 + 0.0094 a 0.1472 £ 0.0052 d

MV 0.9018 £ 0.0453 ¢ 0.3147 £ 0.0206 cb 1.2166 £ 0.0659 ¢ 0.1944 + 0.0159 cb 0.1596 £ 0.0046 cbd

MV +DTT 0.7107 £ 0.0827 d 0.2522+£0.0230 ¢ 0.9630 £ 0.1050 d 0.2037 £0.0148 b 0.2121 £0.0078 a

S 1.0414 £ 0.0810 b 0.3407 £ 0.0080 b 1.3821 £ 0.0889 b 0.2165+0.0106 b 0.1568 + 0.0057 cd

S+ DTT 0.8693 +£0.0377 ¢ 0.2887 £0.0153 cd 1.1580 £ 0.0492 ¢ 0.2004 £0.0126 b 0.1729 + 0.0036 cb

S+MV 0.7264 £ 0.0621 d 0.2640 £ 0.0271 ed 0.9903 +0.0890 d 0.1734 £0.0126 ¢ 0.1754 +0.0092 b

S+MV +DTT

0.5826 £ 0.0545 ¢

0.2118 £0.0175

0.7944 £ 0.0716 ¢

0.1730 £ 0.0068 ¢

0.2190 + 0.0226 a
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/B, U] DTT SRS PR MV AR N JERAR IR A SR IS, T EE— 2D AR T 9k
KRR EOR SR R, K PRER MV ALBER, R DTT, 33 Fr i) Car./Chl.
ER T, RIS SN IR OL T, ChLIERE L KT Car.o

25 DTT x8KBR MV iF5 T RN FMHFEER RIS

W 2 T, WK, Fy (B2, A BSTIEEAG, 110 MV ARERAEIC S 24 &, (AR Kb
ERIMV AR, DTT ¥JWIRHE R T 1 Foo WKMNET, WM AT F/F. (B3, B) |
Yield (¥l 2, C) . ETR (2, D) flgp (K2, F) BEFK, (HNPQ/M4 (K2, B) WETFwE; 1M
MV AbFRHE— 25 B T S T Fy/Fos Yield. ETR #1 gp, JEAE NPQ/4 HE— 25 TH . /KB Al
MV &FR, ARSI A DTT J&, #3EH H Fo/Fn. Yield. ETR F qp 20 BRA%, 48 NPQ/4
AITRAR. SRTT, FEX AT DTT X536 EIS L B a0, oKpba s My A
—FE, BRI S I AR R, IR H T O DGR, R BRI S B A A
B, DTT i M HE K e A MV AR FE T 35 SRR 0 B G A E I, A 22 R0 Wl 2 R

040 - A 09 r B
a
0.8 a
0.35 A
ba 4 L 0.7 b
° ~ C
=030 | de be w06 ¢ d
de
e e 0.5 | e
025 | ¢ e
ﬁ 0.4 ﬁ
0.20 0.3 L N S v e
0.8 C 35 D
0.7 | a a 30 L a
0.6 G ? B A
x b x B b
205t de c & .
d 20 L dc d
0.4 | c
e c
0.2 B A 10 L S A A N i e ﬁ
06 - E 1.0 - F
) o
0.5 | a 0.9 T
Es b
04 ¢ b 0.8 r b
o
q, c L dc <
& 03t . c - 07 .
0.2 d 0.6 € e
d
0.1 | ﬁ 0.5 - ﬁ
0 L L L L L L L I 04 L L L L L L L I
%J B Control MV S StMV SHE Control MV S SHMV
DIT MV+DIT S+DTT S+MV+DTT DIT MV4DIT S+DTT S+MV+DTT

2 DTT HiBABER MV ERTHERH FHERT AL
Fig. 2 Effects of DTT on chlorophyll fluorescence parameters in spinach leaves under seawater stress
and methyl viologen-induced oxidative stress
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3 e

A= R A AT R I JE 0 1 PR SR B AR IR s N, IREZK 38 () B 3 — 8 S 0 AR R AR A 1
A (e 2%, 201000 BRI, RIS (2009) HIBFR A REN, TYEANFE RS S, el
K IE R ARG AN TR, FL A ek i 0 3 S R, AR KA R A RAF . AR 45 R R,
WKL 20 d, TSR A7 25 3 457 FEMG /Kb 3E R AR K R 4T o BT 7 45 R 1 (9, 2009) ,
TE K A BRSSO WIS A5 o DRI, ) P A /R i S5 2 5 1 90 S P A7 1)

M35 S 2 5 RO B OCRE M RE, RGP A WU S 52 i 8 g 2 vp ke B
I CBREE 25, 2011). Mo A5 A ALK DES 5 NPQ A7 7EAR i 12k % 5¢ & (Ramalho et al.,
2003), AJ LA e A AR fe AR UK. PR ISR MG N 2R /N2 W Bl DES B3 LT
MG 55 R AG IR I PFE B I i T/ Zemd b bE CEAE 2%, 201000 3READL, HEKMHE R
DES W& ETb, BRI S BT K P vT g 5 8 m s SR A I A 4 A K- 8. DTT 2& VDE [
LRI, 0V o A B, TR AOB B FR PR A HFE L (Fernandez-Marin et al.,
20090, HE/KEREF MV 4R, DTT S AN EEFFKT DES, FE TS0 a T, s T i
S Y 7K Wy e

JEEALEME (PME SF, 20050, RIERE CPME 5F, 2009) SEIEEAAET, AEAAEN ROS K
ZR, IS ERE - Chl & B %MK (Stenbaek & Jensen, 20100, HEM LMk K& ERE (Gill
& Tuteja, 2010). W EEHHE A48 44 L 77 ROS 1) FEEE AL — o 2344 Y 38 (R 2 B AR i o )
ChL2» T 3206k A A 2k 54625 ('Chl), EhWMA S 40 N 'ChLyeib g R VR, i
i 'Chl &AL = 2 5 M 4k 3 CChL), R RELE PSIT EALS: 0,774 10y, ENRARZ T (PST)
R TR HoO, BT - OH, MU RHEARNR, B T BRI ChL & &8, i FHEOCRS I (PSTD
T~ F# (Reinbothe & Reinbothe, 1996). AU AHL, H/KMMHATE 3 EMLMNE, T EREEH T
PR H0, BT, BRI AR B IR, [ % St - Chlay ChLb Al Chl(a + b) & &
TR A, KA RS A ChL A B B AT g2 i AL HE i 310 ROS BRI 1k
(M. VEZWFFTRm], i BIRAR A KT, 10, HO, %5 ROS KR 2R, %
i) ChLARIH AR GIE R [ Rk, $AEL ChLARHHE RS, F#K Chl.% & (Tanaka & Tanaka, 2006); Y41k
ZIET, ROS RBUF UM SRRk 404k, o mT LUK ChLBEAR s H0, Ki REUAT LS 4% 5%
fitf (Chlase) §iftk, HE—P i ChLBE#RER (Sunetal, 20100, AWK, DTT AHG, B3t
A FEERR S, ROS KEM R, P Chl& &P K.

CarfFE N2 G R B 55, BRI BRI RN R A A 1 AT R e K e, A2
A e Al SRR O RO M BB B, DS EERMIRAIH TR EEAEH 54,
Car. & ) A T ZL PR PR, 7R e e FWRCRI R O6RE, W B =GN, DLARGR ST
JiAFEH PSR EIRE R, JHH 25 ROS MK, MR¥OLH RGEWS20iH, Mmdifen &1k ae
(Demmig-Adams & Adams, 1996; X 45, 2007). #AKMHES MV AFE—FE, %S A
A AR, A BB ROS, AT BT R v Car & T B, XD e AR HCRI K ROS
IRE S B, X320 UM R 6ROk 2 1) ROS, (R A RS RmRE, MHeihaeismk
FINEE RN (H AR E RIS, HEKWMEN MV AR R, Car/Chl E {34 W) 484K, {H DTT 4b
PGS, MEEIGHEANE], BAR Car FEWMEA B, (A Car/ChLEE I E, UM i Z G0
FPTHIOS Car. & 5 1 FEARAE FH /N T Chl.,

2R RSB ) F AR — P T A PG . TER e, e fEAf I S i 3 i
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W IE EE RGP, AT RN N TETERE AL Fo 2RI TS24 Qa A AL R 98 6 KT
PS I R £ 0 2 I MFE U FEUF, FRAK, 10 PS TS A Rl IR Bl n] 380 35 I ml 5156 Fo 360, 7K
JE R, R Fo AN, X AT RE S AR S S AT S A A 1 A A RE R AR DG AR,
TEHEZK AR MV 4B, DTT ARBRJS, 3mSR, 5ema 7 i JE4a 0T e ke
i, Fo 2 I, BUE I RDLRERG T PSIT RS, T ERIAE T 5Hha Mg (i 4%,
2011, NPQ il T PS IT R ta M (106 RE T HFE BRI 23, i AGFE RO A A 4 PS 1T g i 22
LD GRS, 1999), WFFTIA A 38 A AT 5 NPQ 24 MEAHIC (Johnson et al., 1993; Sun et
al., 2010). W/KEHER MV LbH T NPQ EJ, #3880 u Ry pLsl, Lk S BB R ROS
XPOGEAE I, (A DTT &BG, 33 A s S, NPQ 3 FFF, dRDtEe

DL FER, ROS K BB, SEUTLA MRS MG, PSIE MR H 74l e ] B REAG, 2
R T A E I IE 2T

Fo/Fm B2 PSITEHI G RE R AL I PSITIEAE VST, 15 &M TS5k 0.75 ~ 0.85
(AR 2L %, 2005), TMEEEMNAH W S F/Fn 55K Yield 275 PSSR G RERAL R,
55 PSII3E M 2 IEAH ¢ (Krall & Edward, 1992); ETR Ron L FALEIHE, SV A#E 2L
PEXAR (Koblizek et al., 2001). qp BT PS IR L AWML e H TR 2% N 138 7 CiksF
1=, 1999). AREG L], K NE S MV 3-SR, #SB0EEH A Fy/Fy. Yield, ETR
- go W 2E AR, UL K E 5 S 00 B A S e iE, 80 ROS R F, PSITVENE TR, H
TAEIBH R BAL, H Tt s RNV RER S vk, A TEREZ 4. DTT Absi s, JE3En it i
FOEABANE], ROS KM ER, PSIIIEMEM M A HORIE— D IRG, SeaMReZH™E,

g EPTIR, WEKMRETR, FOEIGE S s SRR, B T AR R AR RLRE ),
I H ROS BE, NMSFEEEGEEGRER, PSITGME T, B LR EIL, ATt
RN KRR, A EHRZ BT ER N . XSG LU, EOKPNATT, T R AR
e ot G EEFDCA Rt R IEEZEEH.
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