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NaCl e T =ML ESE R HLHI KRR

H OE

AU AN EL A SRR, R FKE NaCl b E X 451
HFEHHLE]. FEHEERRLLR PSS H W, ATTRIT NaCl fhig
ToEAMEMZIMGERIRPIE. ER0T:
1. NaCl XM i EA KRR KW

BEE BRI, —EANENTHE, RANSKE. RER. B
ARFHER RRE RS FESESHIIEA H S %K, 7E 100 mmol/L NaCl
ReEREEIRAE. —EAMERRAEAEELCEEENE Nt E A RERE
1€, &&= I 100 mmol/L NaCl £b¥2RY, HE CK FrEMHREE, TTLLANX
B A M EXEKE NaCl #ENE R, E—ERE LR T ERsrE
K. 400 mmol/L NaCl &# T, HBRFENHBMKT CK, ZEMIMEHEKN
R ERL.
2. NaCl X &3 MEX AR EW

7 200, 400 mmol/L NaCl &3 F, Pn. Gs. Ci % CK i EF4{%, T Ls iR E
ZLF. TUBYH, BRERhRETAEERNBRRSSILREERETHEX. &
BRENBNREEXRERARARETS CK ZRIWAEE, #—PIEHE NaCl
RET, SARBARRE-OHOEASERBERMEERE.

oPSII B kb ¥ £ BE RIS INSE A B S PR, B K{E HBL7E 100 mmol/L NaCl
KLEBRT, - ZE 400 mmol/L NaCl kb3 T CK MHEMR BE . i BIbEE th AL EIK LI
Frd, “EAMER AR AL BRI,
3. NaCl M3 R4S R EFEH (NPQ) RE=4FHEW

NPQ P& & EFA &mZ# LF, B 200. 400 mmol/L NaCl &35 CK HEE
ER7, RPZOIMERIENLFRRFEBACREEYM, MRS PSIR
R LSRRI EF

NPQ MEEMALH qE, BRI REARTFHEHAFER, -6
5 NPQ B 65%Z&H . ALK oF BEELELEFENARTESHE, 5 NPQ
ZEHHER, H7E 200, 400 mmol/L NaCl 48 F# CK B8 LF+. R
ApH HIREBFEMALEITEZE IR, R mENE T A i S E BEsy
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Rz—.

NPQ A2 = qT, REKBRE 1 MRE 2 HHEMMER. EEZRP qT
AE| NPQ [ 10%, FEE & MIGMER K, ERRBLELET T FTRHER
B, ¥8 NaCl BB F @i EH qT MR PLHEIZBE].

NPQ A2 = ql, &5 & 1ERAKEMHIH RMAFER, 445 NPQ # 25%,
BEE RIS INZES EF, 400 mmol/L NaCl 0BT EEFAE. XAJREEREK
BT MEIR 8. R ql 5 DPS MK —B, RP_AIMES gl TiEE
HEEREAIEFERBEKRETEX.

4. NaCl 3 B3l EH-E EHEHO W

BEELEEREN AR, HREHILEE (DPS) BHA R, HARLES
5 NPQ. qE #i—%, MEEZK&SESFHTHHE EF. RPKBTHRER
H MR BFEMAE R MHA T REEBF MR ER, REREH: H— DPS 7
BRETXER (2) MEHER (A) £RENEM, Z TR RNER
Bt H-S5HbasElN pH BEFX, THASMApH £2KETH R EBH
HIRFEBIMMARTIR, T/EE XA NARAESR “BRR” WEM. H=wit
e s rRAE b EEY & EEME XK.

5. NaCl»f _ bl B 5 SRR R AR W

200, 400 mmol/L NaCl #¥F, SOD. CAT i&Ff#t# CK #98E £F, Car.
Anth FIAEX & BREE HEMES LT, K Car MEN EEEARBE TR
CK #E# LF. 7£ 400 mmol/L NaCl &6E F Anth%# CK LA BE. XA
EAMERRP SRS, EHEERREEEHLAEENER, —HHREN
PLE R BRI Y A — T HEHEEBRL S EMA R ILEN £F
BATAMEEZ—.

6. NaCl ¥t —fah i E PS I Yeib F 4 tE AR

K ARG (F-Fo) #RIEHIHLE (Wx), 400 mmol/L NaCl & ¥ F# CK
BETH, RP_EHILE PSIMEFMRETRRZIEMEGE. 400
mmol/L NaCl &2 T, 5 CK #lL, #HEALEHIZE I-P HIFIEL F=Fy Z[EKHE
B (Sm) HETRK, M 2ms B tpn FHEIA Qu FEMERKE (N) BEMRRK,
T HARRT AT (V) BEE MK, 1THAAXTRRE (V) NE 3 RFHRAS
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B#. &9 400 mmol/L NaCl KT PS I 524410 ) o5 F £ A 17 HEI X B4 o

400 mmolV/L NaCl %4ETF, —EMIERNEARAEEENRN S LEE
(RC/CSo) B CK BiZHfn. R, BfLRNFLREKEEE (ABS/RC) HAT
T, ATER Qi MR (TRo/RC) MAFHTFIENIFEE (ETo/RC) ¥
BT, MHEHEKEE (DI/RC) TRIEEHFHAHE, ¥ BARNFPLH
PFERATREARRTIEIN T . 45 R K8 400 mmol/L NaCl #6EF, BARBAL RN L
BRI REE BT, BREMHPARESENRNFLEEMET, MR
KU BAEAZ TR, UERLEER.

7E 400 mmol/L NaCl S0 220, LARIBUIEHE N BAREFIMERETEL (Plans) HEZ)
71 (D.F.) #&EF CK. iXi% B3 400 mmol/L NaCl i — & M i 2 PS I /547
K ZERNGERK.

. “AME; NaCl g, Ry PSIXibistt
HHKE: Q945.78
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Study on the photoprotective mechanisms in Limonium bicolor
under salt stress

Abstract

This study tries to explore the photoprotective mechanisms of Limonium
bicolor under salt stress, through evaluating the effects of photosynthetic
characteristics as well as thermal dissipation, metabolism of active oxygen and
photochemical characteristics of PSII that were impacted by different concentrations
of NaCl. The main results are as follows: ‘

1. Effect of NaCl on the growth of Limonium bicolor

With the increase of salt treatment, the fresh weight and dry weight of the
seedlings, the total length, surface area, total volume, top tips, average diameter, fresh
weight and dry weght of roots of Limonium bicolor increased up to 100 mmol/L NaCl
and then decreased. The reductive capability of TTC increased significantly under 100
mmol/L NaCl, and then gradually decreased with the increase of NaCl, which may be
an adaptive reaction to low concentration of NaCl that could promote the growth of
Limonium bicolor to some extent. Under the treatment with 400 mmol/L NaCl, the
roots activities were lowered remarkably compared to the control, in which the
growth metabolism greatly reduced.

2. Effect of NaCl on the photosynthetic characters of Limonium bicolor

Under the treatments with 200, 400 mmol/L NaCl, Pn, Gs and Ci decreased
remarkably compared with the control, while Ls increased sharply. It is obvious that
at higher concentration of NaCl the decrease of photosynthetic rate closely correlate
with stomatal limitation factors. However, oxygen evolution rate measured by
Chlorolab-2 showed slight difference between plants under NaCl treatments and the
control. Furthermore, these indicated that stomatal limitation factors are the important
reason in the decrease of photosynthetic rate under salt stress.

@PSIl increased with the increase of NaCl up to 100 mmol/L, and then

decreased obviously at 400 mmol/L. It showed that the photoinhibition of
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photosynthesis in Limonium bicolor increased gradually with the increase of NaCl
concentration.
3. Effect of NaCl on the non-radiative energy dissipation (NPQ) and its three
components of Limonium bicolor

NPQ increased constantly with the increase of NaCl concentration and there was
significant difference between plants under the treatment with 200, 400 mmol/L NaCl
and the control. It indicated that thermal dissipation of Limonium bicolor obviously
increased, which can protect the reaction centers of photosystem II from damage of
photoinhibition.

qE , namely ApH-dependent quenching, is the major composition of NPQ and
comprises about 65% in Limonium bicolor. In this experiment, qE and NPQ exhibited
the similar trend, which increased with the increase of salt treatment, and significantly
increased under the treatments with 200, 400 mmol/L NaCl compared with the control.
It indicated that which dependent on the energization of the thylakoid membrane
might be one of efficient means to dissipate the heat.

qT, state transition, is one of the composition and less than 10% in NPQ, but
slightly reduced with the increase of NaCl concentration. This showsed that salt
treatments inhibited the protective mechanisms of qT in Limonium bicolor.

gl called photoinhibition is one of the composition and exhibited about 25% of
NPQ, which gradually improved with the increase of salt concentration, specially had
obvious decrease under the treatment with 400 mmol/L NaCl. It was possibly due to
the increasing photoinhibition at higher concentration of NaCl. gl and DPS had the
similar trend, which indicated that ql of Limonium bicolor probably related to
zeaxanthin in the xanthophyll cycle.
4. Effect of NaCl on the xanthophyll cycle of Limonium bicolor

The de-epoxidation content of xanthophyll cycle (DPS) increased gradually with
increase of salt treatment, which had the same trend with NPQ and qE, especially
increased remarkably under higher concentration. It is obvious that xanthophyll cycle
under salt stress has the efficient role of protecting. One of the reasons may be that the

increase of DPS showed the increase of zeaxanthin (Z) and antheraxanthin (A) which
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can dissipate excited excess energy. The second reason possibly relates to ApH
affected by salt stress, the increase of which resulting in the dissipation dependent on
xanthophyll cycle to increase. The relative content of Car affected by salt stress might
be the third reason.

5. Effect of NaCl on the reactive oxygen species of Limonium bicolor

The activities of SOD and CAT treated with 200, 400 mmol/L NaCl improved
obviously compared with the control, while the relative contents of Car and Anth
increased gradually, and the Car content increased distinctly under different salt
concentrations. The relative content of Anth showed its significant increase under 400
mmol/L NaCl. The data suggested that the reactive oxygen species in Limonium
bicolor played a great role in photoprotection under salt stress. The high antioxidant
ability can enhance the salinity tolerance, meanwhile the content of non-enzymic
system in ROS scavenging improves to adapt to NaCl stress.

6. Effect of NaCl on the photochemical characters of PS Il in Limonium bicolor

The ratio of variable fluorescence Fx to the amplitude F; -Fo (W) treated with
400 mmoVL NaCl decreased significantly compared with the control, which
suggested the donor side of PS Il in Limonium bicolor could not be damaged by NaCl
stress. Under the treatment with 400 mmol/L NaCl, normalized complementary area
corresponding to the J-P phase (Sm) reduced, turn over number of Q4 in the time span
from J-step to P-step (N) sharply decreased, relative variable fluorescence at J-step
(V)) slightly decreased, and relative variable fluorescence at I-step (Vi) obviously
increased started from the third day compared with control. These indicated that the
capacity of electron transport in acceptor side of PSII treated with 400 mmol/L NaCl
declined compared with control.

Compared to the control, the density of active reaction centers per excited
cross-section (RC/CSo) of Limonium bicolor increased sharply under the treatment
with 400 mmol/L NaCl. In addition, absorption per active reaction centers (ABS/RC)
decreased, trapping (TRo/RC) and electron transport per active reaction centers

(ETo/RC) both decreased sharply, and heat dissipation per active reaction centers
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(DIo/RC) slightly decreased, which showed that DIo/RC might be correspondingly
promoted. These suggested that under the treatment with 400 mmol/L NaCl the
absorption per active reaction center reduced, while the density of active reaction
centers per excited cross-section increased, and thus the total harvested light energy
didn’t reduce in order to retain photosynthesis.

Performance index (Plaps) and driving force (D.F.) on absorption basis both
increased under the treatment of 400 mmol/L NaCl, from which we can deduce that
salt shock by 400 mmol/L NaCl scarcely damaged the primary photochemical

reactions of PS Il in Limonium bicolor.

Key words: Limonium biolor; salt stress; photoprotection; photochemical characters

of PSII

Classification number: Q945.78
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Abbreviations

short form complete form

CK contro] treatment

TTC triphenyl tetrazolium chloride

Pn net photosynthetic rate

Gs stomatal conductance

Ci intercellular CO, concentration

Ls stomatal limitation value

NPQ non-radiative energy dissipation

qE /A pH-dependent quenching

qT state transition

ql photoinhibition

DPS de-epoxidation content of xanthophyll cycle

Chl chlorophyll

Car carotenoid

Anth anthocyanin

SOD superoxide dismutase

CAT catalase

MDA malondialdehyde

Wx ratio of variable fluorescence Fx to the amplitude F; -Fo

Sm normalized complementary area corresponding to the J-P phase

N turn over number of Q4 in the time span from J-step to P-step

V; relative variable fluorescence at J-step

Vi relative variable fluorescence at I-step

©po maximum Yield of primary photochemistry

®Eo probability that an absorbed photon will move an electron into
the electron transport chain beyond Q4

Yo efficiency that a trapped exciton moves an electron into the
electron transport chain beyond Q4

PDo quantum ratio for heat dissipation

Mo slope at the origin of the fluorescence rise

RC/CSo density of active reaction centers per excited cross-section

ABS/RC absorption per active reaction centers

TRo/RC trapping per active reaction centers

ETo/RC electron transport per active reaction centers

DIo/RC heat dissipation per active reaction centers

Plags performance index on absorption basis

DF. driving force on absorption basis
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pa s

B R EWMREDE KA BR AT ENEEYRFZ 1, XS HHEY
MAKRBERMETSZAHENH, AL E—RIIEBELRN, Wk
R HKS, MEBFHELXRE. ERHREHT, SEYREMLRETIF
Ffehn, SMBLREET, MmslRimdl, ERAEM. BB, EKEN
BT, MY T ZRLERFHEREMS R LR, mAFER. BHEF
BRI B FAES. XEYHIR T EEEBENAL U RESERES
X ST B R E N . i, NaCl e FHREZERFPLHIIIR, SAChE
VPR ERERRN—NEERE,

1 IHIFRER

FIMEI R IUET LGB HIF) 19 t2dm, 20 HELHHE X T ORMEBITERTE
BELRIRE, 20 e 50 ERUE, HEESEHEARMNA, ELMHHTR
HANEHITH B, 20 42 80 FERFHLUG, X TFRXEBAEMEIESHEY
BATHBIR RS, XMEEET PSIRMF LML, BEXER D EAKNER
KB, BTFHEE a RAMEHEARHRRES, FRIEEYPE TGN E %
EMENERAR AR B EENA . ERRI, eMEEE e AR RB A —ER
FHLEIRIE D, BRI A 1 R B PR SR8k S R R L S BESR A A
B H IRk . ZEMLEER |, Osmond™® (1994) #4041 2 ABhA M4 (dynamic
photoinhibition) F1ZE1&t#M%] (chronic photoinhibition) FEFHERY, FhA I
5 gt 8 2 BRI EFEBE X, TELBYNX BT RIL R H— R
MR Z18xMES PSR AL D BHERKE R,

Bjorkman'® (1987) EHEMRIE £ IR, Bl PSIT RN P-LIBIR, T
AT T RIS E X AEl. E+REKR, DOLRFHLEA XK H
VIEH RO R T AMHEEEARFFRBAHEA T E. B S EREZNL
il XY SN BT B Z MR G E R FTREFI AL OB B I, Yk
BeREAL R T R, TERIN PS I AL E R A MR MR,

2 EYIRDE R HLE
EEY AT ERFEEALNGEAER. BARSBOMFIRENERER,
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b fy & I E & b BT E. BIREW T UNBEIREH . bR ERE
eI, HYEKHNENIEFRAT ZMHLRFISE, FERELRDIRE
MR, BEsRGREF AR B e REFE RS 7 LT

2.1 BN EEER

H AR EYRBOEE FHT R SRS v A REFENEN. HHIE
LR ARE B ER AT DA A LR, BT, MR RE, B
A EAR B A YL S, B 5 R EE KB A R, TR A
FEBERUL; HIE BRI 4433 B X 3 6 B B we R VAT A R b R S SR TR
B, M EXIHUS. ERAOMRARR, HEENEHREEMEBERZ
1% phototropins BT/ SHIN Y, FFI S8R AT HIBF ST AE L T X — &,

2.2 HIRICREFI A

JEREL TN, MR TESE MR FEERAMAEEERNITEREN
KFKREAEEES, BIMIAERFIAR, Bob, 4 PSIRMOLHET T,
BEREBEHRITHEE IR AEEES PST, WNIREEFEE, BETRE
HAPHIRI AT BE
2.3 #FER ,

T F 5 BE O FE AN AE R R BE TR URT B TR B P RS < B AE A, T ELZER)
IEHEBRENAMEEZENTEZXEEMNER. BEMAT, BT LUE
ERFEBS R RE REFTRYBOLRER —F L BRI, S EE@EUT 3 F
PUBIPURIP A A 25 E : ORFMK 'Chl B35 & BRI M TR PS I R MA LA LCHIT
H 10, BIFE 4 @FIER T AN BB AIK F 4y P680 IS4 OREIK PS 138
& O, LA O HH 2. ‘

2.3.1 FEHEEFEBNPQ)

HEREHT, BEFEUERTRESSIERATTIEMK, HANLE
KK (gP). HMM—LIEXZETRE (WA SIEMEAEEK, HAIEL
2B K (NPQ B qN). KK T qP F NPQ, 148k 7EAH X B3R A L3R TE [ A
YR BARRRA TSR *Chl =B, T *Chl % LHF= 8 5 'Chl B FHHE &K
IE. XA, qP F NPQ BEAEES B KPR /> LCHI # '0, B4R, RHR
ERNFMT, NPQ REMINEBRETAZHLN—FEENHEILF. NPQ B XK
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EATRFEMPLED: ()E—KBABEBEASIMRFREZ (REBEX), Hib
BHETE) t10<1 min, PAH: Q)qT—HKELRE 1 FPRE 2 HEEHR CREEBE
K)s tip=8 min, FIAIH, EL qE M ql MR E, SRAT qE M qI 10, T qT %
Wl G)I—S5AEERAREMEER CEHEREK), EERIAD FvFm T
f%, t;,=40 min, 184H,

KEVMZZ B G, FEETFERE LM E LR, HRENREEERN
M R—ANRFHEZ, BApH (FREAEA). i, KEABEAWEYE, Mk
) Fim B . XN ApH AR £ ATP AT 8D &, HEMZEREENR
WH—ANEBZERTEF. BALHET, REFABRRUOETHEMK, MEA
LCH IT 4533 J6l 38 5% B8 LA B T 3R T /5 25 M RE A 0270, 330 ool 2 28 A 7
MR TR BER AT T AR REDR P HA R R ERZIAEMUANEER
PLEICST, BB R TR AN, RXSERHEA BRI, Shen ZHylH
BEMBRABHLRRE, EHAAESESHEMRIFIETERGET BB
B, XFEBER TSN PSIESR T RIFEM. Bk, KApH HIREEFEM
(qE) AMUB—FEBHEFHE, T HLRE XML EEZHENTR.

Bonaventura Al Myers®? (1969) &3, BE&RLS K/ MERETE PS I4E 5B
ML KBHT, REVMERE 2 R, SBOLHR PS1 AR, PSIIpMH
FEREBEK: £ PSIHRERKMZLRRBHET, XENHERE 1 X, 7
BOtgER PSI 4ECIE N, PSIIMRHEREFL EF. HBNAMFRAKIZEN,
EHMTERE | FRE 2 ZRIMWHELERBZREEHR  MREER T IERLR
5% 77 i) &t B F A5 4% PQ I Cytbef FIELIE RS T ER], M T
fEE I E RS E—E W LAV SRS B RE T LR
PS 1 fi PSIIZ B A BC, RABRBEREREFMEREZ R L RHE LR
F—FEANRER T AR XRTREFRIREPARIRRLMEGT, &
RS (1997) WTRRS, BRAERSREEERHZ PST 5 PS 1 21,
RAMEBREAFEY — BRI, MHEBEEZRAY R LHCI #RL R
LHCII-P W%, B—MHEEBHIRE. HAAERSERIEEFHREEHL
BB F T XFHF

KT HMEFEK ql, F=EFRiE. RE—IAD, o FET PSIHHIRMFL,
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4> PS NP LRAERNL, RECHEMIRERE, BAREETHLERR, it
REETHRH. BEZIAN, q BET PSIMRLEE, ELBTIEHGEERE
BUBFEBUREE, SHERBALEPERMNERERT X BE=ZAHN, q 5
D, & ARG M RAE K, i".H: ql - FHLEIR R B L EEEIRE .
FAREEYEKEZETEE BRI RO RMFELRE, FFEEAERAT
B, REROIRERBEESBEREMNBATHT, EREEERE.
Demming-Adams ZP24REA YT ql HLEIR E —#F, TE@IWMHEE
BHENE, AMEHRKEEREXRER (2) FELREER (V) FX. §
BIFRRY, ql EHE LM ELLF qE, (BF —EREK ql HAE2KB TR
EAARE pH B4k
2.3.2 KB A BB RERFER

HE R RN AP NH PRI ) EENERD, B &R
HEEAER L=MEEA o
4% — %3 F (voilaxanthin, V- M \
1253 # (antheraxanthin, A) HO YOI

zeaxanthin

MEXHA (zeaxanthin, Z) { /
2 {60 H 3 TR G B 8 z\z\ ™
BT L (8 W \
D. HWRELHE, GuE o ntheraxanthin ’;‘
MERRSERAEANE |2 AOH
(VD) {EFF, BighE \ M
Pl BRI BUR (X Ho violaxanthin
LFRERBR), HHRE
FROERER. FRAHL 1 W EERAS R

FIBOKRERT, EXRAMENHRANSERANE (ZE) KHERTRRERR.
Demmig % (1987) REAERBEFRMFETR SEBENEREX, HE
X F BRI KB U SO A E A SR S R RS e 2 —
HEERGET LCHIFM—REED, s 5RbaRhRERAKLRE
fRBGR R, o, HERRYEL IR RS BMBREATIEX
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Chl, EFUHEER 0.0, EHEMMHAF, HERAS TELRETHER/R
FE=44y. #HAEE (lutein) FFHEZE (neoxanthin). KHXFMREEFETH
BB AR AT R RN TR, MAABRMEXER, FEREEKRFTHE
A RBE NS, ARXATHEYLERERNAETERKFHHEE
a4 4, Ti BN EES LHCI &4 40, 4 LHCIL #, V.,
A, Z FEEARBAMZELESEN CP29. CP26 M CP24 LP53834, w2 T
VZEARRE LHC L4 z RREARP, Li £ (2000) WRREE ZEE
BH CP22 MM PRKXEBIER. BIEMHAKRR, BEREBITUEEKESHR
FEHIVER™). Havaux 1 Niyogi*! (1999) AN B EMIRA LRI LB
feR i, HAERTHEERRKEHE (0'0) 24, HEERBAER
e A g B B RNAEA.

KREBWARY, EXBEFRSE5EEHEEREERATREANS . (D
HEREHE, A Z (KA SERAMNGEZMHTHRESE, BEREH
JERKE, Chla KT BHEEERLET Z 5k A BEURMEAFHL &
bho. BEXREAMEMApH X EFSF Chla [ Z 3 A MERAIMHELREIE, BRIE
BEEMIEREFE. (2) BERXIE, ANV ERBERFASERAEBLF LR
SEMMAZREHRT LHCI BREFTFAEBMNHEE, ftEH LHCI R&®
#(; Horton %1%6Y(1994) 421 T LHCII BEARL, ZEB AN EHMNE
KERRE TR, BREFNAPH AE, XEABAH S, SR LHCIER
PIBREALAI V [ A R Z 84k, REZERAS BHRES, EN#—PHELE
TR AR IR K222, Demming-Adams F1 Adams BT R &), 24
HARRXMEYN Y R ERAEE S BENRFERERE N REHHEH R PRI M.
EEHRIER, KEHHFHEEFRFHEIAR KB B ER/IARFER, MR
B R AR R B AP0 FIT 8 R 5 OB B AR 18, BRI S B R IR B 4R A
EAFRMEDTREARER.

2.4 Mehler—Hi3f i BT .40 R Y

Mehler R &2 O, YE AT 3Z4%, 7E PS 1 246U NADP #Z T4/

0", O, 1 SOD HHUFE MK H,0,, J5 & Z AsaPOD FEMFELRA H0 HIEE
(B 2), X—BEXHBHAXEFABERBRIK—KBER, HIEAFERENY
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Jefkmitk, w4 DCMU #Miil. A& R TFILEMEHIETRE, Mehler RNAR
HE RIS ARERFIAERE, MESELER 1 5T O, WRNE™ 4
8 MR THIBEARL, X T RAEH ARMEAAINBRI . ERARBAFEE
AW, BR, BRSSP (200D BEMA O ERAKH, RTROME,
BEXH RS BN URERLFRE LW, FiAA Mehler RNVAIER
FPIERRRERE. RE Mehler RN EZHEDEA O WEE=4ER, ERET
PAR TR O A Ho0: YT B R0 T ATALIE R B, BN TRIPAESHER
RIEMBANBEFTEREM.

4 @ 50D AsaPOD
I » PS| - 20; —» H,0; »2H,0

2
2H,0 0 2

A 2 H,0-H,0 f§# (Mehler k) ~EE

Fig2 The sketch map of H,O-H,O cycle

2.5 B FE#

HI%E PS | HITEER s TA5 38 245 PS 1 BB F£&id PQ M5 X EHi [ F| PS

I B—ARR i, WIRESERXAERANEN EAEX, BitkM

Bl PS 1 WA B FHEZVOERLRRE, H—REELEA - REEREIE
8 (FQR) i&%2, X R7 NADPH/NADP /i 58 (NDH) KB 5T M.
WEHAIER, EXEIREGT, PSI HXEFABTURERHEP
PSP, WK BT —HEET &M ATP WERIKRILEE: B—HHE
&R ATP RISHPHE] ATP BiEtE, REFERBEBENFTHE (ApH),
B S 5RE N HEH sE B TR,

XTHS PSIMBEABFFAE, DLBELMTEEREN P680—PQ—
Cytb559—Chlz —P680", i%iBR7E (R PS I8 Gt b h A A EEE X7,
BEHAX B FHEHEES FHLE EINERERE. Cytb559 EHFPREEREHEMN
TERPY, —HEETUMERN Qu I T, HLAEmPBEES, Mg

13
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EEM QR B—hEY PSI AN T8 20, HREEN
Cytb559 & 8] &) PS 11 [ B 7 08 4 B F T B oE S e EAL R SR,
2.6 D1 ZE AR5 PSII R M ORI A ¥ RE

LeReE FEr, KRIEH PSI RMFLAFFREMIRRBRE. RIPTIEEPST
FIfERSY, BfE PSTT R FLREMRABR FHEEREEALRES, D, EAN
MK AR PSTT RN PO R R EH LS E RN R 4ESS, % D BaKE®RNE
FIE B — AN TR, PSIZHEERIETRASKAE: M5B LRAREEREM LM
FihmLEAKA R, PSIIEEMA™ &R,

BEEHET, PSURMPOHLNKENER, RESREHRATIEAN
BERHATHAI A E, FERER Qu EAERRE. BAHRXEPLERFEHKEN
AL, FFEEMREF Qa MENA, TRERMER) PSIITHEER T AR E G R N H L)
BERR. EXRBAENTRFEERMNPOBF —BRHER, WEFXHE: 28
FIERES I PSITHIRIEE RS, #MRAE D) BEMESE, ERRAE, BIRH
D, BE#HEAEER, HrEKN D, BAAEIRDT D, EANRMFL, F
AFEMHRMFLOBARIRBRS, BMISETHEEEDES. REPOME
X FHIEHEEBRARAEE.

D, EAMYIERFE 2 PS I R RO f W FEFRFAE, HAHILERRE PSP
%ﬂ‘—ﬁ%ﬁ%ﬂﬁwﬁlg BT D, BEENARERRSR, HWESBRTERKERE
KB TREERMERRS, FHHREAS DI EEMEHK. BE Cleland
NP AENMBILEFRE D BAKMMR. EABRGIHT A HRARE
D, BEAHST, Agro®™ R HEE D, EAMMHEESBEERX, EXLRRALE
HBRAFEEARENR. EEIELMTEHEMNMER. KEFHREKN, PSIK
RO R AT R IR AT R R —FhREREILSH] . XFFERIEITRSREESYMN
PSI R LR, D BENIBEBRIL R =ML, UR PSR EW Rk EXUE
R L 341 5190,

2.7 RBAEERREH R RFEBA AR

— A, ERITEOR AL BRI R 1 IhREZ —. Horton®)(1999)1R i,
AT UFE SRS AN, BF LHCI WS ERCREMEEETR
AR, NIRRT ERENSER. EEEFHT, XEARE BRSNS
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AHTE (F 3, XMLEMME LHCI A EEF RS, ASnEtRHImERs
BMER, HFEEPSIAAMEE f EA&RNAEBTFRREFABRSN, MM
R KRR ML ER PR RE R, WA, BREFTHEIMRRENBHELUK
R IITER, FHEEREE “Wue” WHiE PSIIAI PS [ IR LIRS E R REER A
KRG B E. TSR me, REBNERAEXRF TRELGHRL
TR, WA EFERL, HIAY D, BEEMARUBRLEREERENLK
5, Anderson ™A, EEBHREHBLEREIKB RERIRIELE
KK, ALEEE, FEFEMEMHEEGT, XBARBELHEYT D, EANA
HRFY PSIT RIEHE.

ot i

HE AEERRT) I HER (BRRE)

“C

B3 FHE ERRE KRR R
Fig3 Interaction between packing and stacking of LHC I in grana membranes

2.8 FEHEEFERLE

BEHFETEYWARBA Y. SENEE. BEFRYRINRE LR
SREHEE, Khdar-EriEta (ROS) WERERAREERZ .
A T#% ROS AIREE MG E, EYERUEEPERT —EXBHRIEALR
%, BEMRRNAGHIFBRRNRLE.

BERNASEETENERE (CAT). HFmKR— T ELYE (AsaPOD),
BELYELEE (SOD) %. SOD REVENEREHERKNE—ENL,
£ ROS WIERREHREEFHNEENER, HEEDREER 0 HEAk
APX FE i Mehler & N 7= 4 ) H,0,, T CAT EEERREIPR 4 7= 4 8 H,0, »
FHRERNAZTIEAENT MR, SHEIK. KPT PEN EFMT. WK
HE MEABEHREL REASHRENYR, %KX Chl 71'0,, MHIH

15
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feidEi; o-EFMXMHFELERE, FEFETRERBEMRES, TUIEKR
HREEAE LN '0,s O F-0H, UBILIERRSEMHRE. KERR—FE
TERUEY, BFEENEEER; LEREER B dENTREYSE RN
i, ERNTEETEYHERKEE. AP HERLARRPER, £F
TEREZ RO FIER R R,

Lhr b, BREHEMRENER REEXR SR E T B RANFEFHFALE
R Bl nm X 2 EER C, BETUEEER '0,. O FI-OH HFEMHEEY
B, 25 £ BBNELE, N US55 AsaPOD & NI R BFL RN,
EHYHFABLPERFLONENER. XuaskERTUEEER ‘0,
-OH, WIS 5 o-EFH AP MM BE. P XLEEEERILEIEH
e, EHXX, FEDERBEHEANTE 5K KLET—Rs1A5FE, Nmg
S EE L E AL F .

3 REMFRERRNBE IS HEMT

HZE KN FEFIE L Kautsky T 1931 FHKKIK, FEHFRA Kautsky 2
M. MEERNMHNERIBLIRENNZEHEY (RNEFHEENHIHL)
RREFTAATZE, EHEREPFRE—MBLETOL, ROLBENNEH
R IRIEIAE E bR
EHGE—f B, TIERAS 6}
Sk (B 4 MAh:
O(RR) —I(R¥) =D »
) K pl (B F) —P (B &%) §
—~SCERE) ~MQRiE) —
(& m) X)JLAH
(phase), HAREEOMIZ
(8] 38 W] A — AN SR

tls {fmin
HIM. PO —P HK
JethiE EFABY B (1~2 sec), 4 HERRNEFE I HFHE
MP =T JARHBET R ARMEIH% BABMHBI L%

(EXR) BB (AIFFEE L4 « REHZRIOEFINFHMEREN O <2 P
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MRS, FERM PSILHEVINLSE R A E TSR RRE
SR WS, TR R R EERBOL AR N, BEER SRS
LM EF, FOCRBEBH TR,

3.1 REHEFERN BN EMRNAERE X

TN F1 % S E R A A BBk XS LR R R T
B4R RAER LIRS, X FO-PLAGEFTRAZUERENKE, AHIR
FTNACEA LR NN EEM RN KN (PEARKHandy PEA) FE
R I8 K I 18] BB O J5 3R G A5 5 RO A A4k S BRES R 5 AL RTPS 11 I YEb %
, ERHHARKOHE (WIHRIEFERH100kH) , BEBMNO-PEFIRES
BRIFLHRNATUGER, WO-PERIERHBIFEAHA (. v U7,
MBS JE B910 psBS min 3 7 R0 8] B9 75 Jef5 5 AR A # Handy-PEA Z BB % . %
REHZRFCE HFMEAEER, AEFHMRIHMIE, —R UK EAT R Y
BALYR, 4 RBIOIILPESHAT. SRR, EEBERTL
HEUTRA: KBEEER, BAERERE. WESHTSRER, FHEKX.
B E TS,

HEVRR LR EEA FHRIDEMLZERMN, EF —H 5 & AR
MRS, XEEZREMELRESFXR, HRTFHEEZME, RAMNFEHH
&LF. REMRETFERAF IS HEMLFO. I, 1. PERIASI6TTL,
HYREREERSEENES, PSIMEFZE Qi QAPQE)TELRER
FREEMNT™, EEPS I ZAMEZHRTHENBK, PSIRMFLOATHEA
REMEZAETF, AT “E2FFB”RE: HEHRZRERFHRIED,
TR “0” U7, Ui SR UGEAN, PSIRNFLBKEEEENETES
HiPheof£45Qa, HHIERAEMQA - A, HFQ RN MQuEZHFHE
AL (Pego*—Pheo 7 &3 ps, Pheo Q% E250~300 ps, Qs — Qs E100~200
ust?D , ERQARIKERE, FOLRE LT EIHS080, Qubt#E NQa HEZ
FRBQs”, §HQaMPheost £HENTEFRA . HIPSI RN FLELKE, &
BEZIXET, KAFERHT, HIPH. EBRFMAQ AQpEiE IR , HM
MR TPQEM R, MRERAMPQEAMTEEER (J-1) , HEBIEER
RIPQEEA#IEIR (I-P) 1, BRiN FI-PHt L FHH I BEEER T — R,

17
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s R E R E#E— PR,
3.2 JIP-testff) 5> Hr Al

HYRERAZSFHEPREEREXT PSI REP LRI FEREH
EE, B HE&TOESE, TLUMEERERTEZW THEIIESHIHREL
U1, \ahH% %k ERBSIKRMNESEEE, AT R TR % 0E
TR S A% R, Strasser M Strasser’’(1995) LA Wit P e B I 3 310 EAt,
BT EEBREA R RREEELTYWERRETHMMEAERM, BT
BERLHERRIERE (B S) . KEREMREHT, REBE (ChD &
W HIBEE (ABS) Ho—/Ear EEURRMTL (F) MEXERE, KiEH
W R H L (RC, 7E JIP-test F RC B EHM RN PL) FitFk (TR , &
RO BR BB L AR BE, ¥ QuiBRM Qa’r FE XATLAGEFEAL, A
T4 454 (ET) , EAEBMETFHTEE CO, RHfhigE. EHEMLE
RBRRFEIRCER N “IP-RUE” o JP-JIEARINRM T KEHIERHE
HIfER, WASBEERATELMH TSN, DR LES2HHS,

F ABS
'\\ l ABS

- chir e L TRy _
e TR, ZE;—Qm.
‘ - RC | Wm=fzi
o £y,
ET, ( TR¢ °
l ET RC !

B5 mEELIRERER S BT PRREIREE
(¥R #fE Strasser and Strasser, 1995441
Fig 5 highly simplified scheme for the energy cascade from light absorption to

electron transport (adapted from Strasser and Strasser 1995)

3.3 tREM R E TN TN F RS ERPIF RN A
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REERHY, MYA S HEBRNINZEE, SCE SR KSR,
mi. KB, BhERT RSB EZRREREWEYPS 1 FHIhE. %4
REF AR, EYEAHFE TR UE—ERE L RASER 7
YK R0, SE I AR & THER N E S HE %, TS
AT RSP AN (EERPSI) KMEWELLR ISP FERNE
AL o
4 FREHAEX

BEE 2BV BEALA AL AR IR, W EEFRE L RFERREL L
RUFHAFEENHAAMNAE L. BT SRNELLFED LS ERF L
BHRET . BRERWMERELZ —. FHit, \ELEEDMEAENHFAE, AR
EMNE T &ML ILEINEH, BRTAERAERLRFPOHE, ROFKR
FIR B L.

Z % L (Limonium bicolor Bge. Kuntz )X & £ KA. ERTHAM, B—
MERREEY), BEBORMPIEAES, REEKERBIRBIRE, ERILE
FEMX PEARNEY. RBK, F “BRTRE” 2K, TREKECSF
WH, TS E&FEE, EAEERNA, BHLEYEILnSAREIEE, i
UEAR &K KN AL FNE.

RKT O MERFEEREENE, AMYELE0T8 IR, BHFRN
BERZRRTHBHENTE, HALRE WS EI AR T EHRA. SR,
BT BRI AR S R RIR B 5 TR T — AR, RI AR
BENaCIt B — BN EHERK TR, REEERRE, R TLRANFERE
oPSII TF&, (EIRATREIN th R BLAE R A Y3t R AL 23 ¥ R R Fv/FmE 35
BT RIEFHENTEE, BXHRMERER. B-, EFePSIHELARKERE
L2200 R NCO, R M, Fv/FmR MR IERN 5 FIPS 1T I 7E e tb 2%
R, MixTHMETPSIAUERNHE—ANIEHNRBAH. $FX—HE,
RITREZEF AL HEARFRLENEYNAEERIEE XS, mE
FUE, EREEAEERNB—5? WREEHFERN FAEGEAFHEE
B (E—dB) BEGERHGERE, BAX—IEMEPHEELFA? B
TEFX—HAEN, BRIVKATAESBZHESITER, FHERRAEAR. &
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EHZERABANECEMTEARSE, HALMEN B MEFALEET
B, BRES. HHEEBRK, HMEERADHEREH. THEEPEIIEII N
2L, HTHRA -G MERPS A EHHE FHEL, RITRITT ML
K, BP3E e B HE in400 mM NaClL3R il g — e b M 2EPS 11 49 & J5 5 % b i 18] (9 28
WS, BILXNaCIihig F =B EPS 1T RYIEE R N EW IR, T
HPSIGEAM. S & RO A TR LES, KRG
EMPSTBE R BERMETZRGE, URANEMEREFEERENHE
ENERE. REEERENERER, SHHEASME TR HEEIFERPHL
il
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MEE T
1 PR AR
L1 ZRME RS

—aFMLEE (Limonium biolor) FF40.1% HgCL il 10 min, F HXK7%
SRR, BB TEGRAAVHEHA . HEFEEEL1/2 Hoagland® 5F
W, BHFEMBHEE H2513°C /1543 °C, FHAWN15 W9 hOL/EE), HEY
600 100 pmol/m’-s, FAXHEE H70%~80%. HEAI20K [E 4 Hi & Fa~5 L,
HITBR, B3, AxLHoagland B EeE, 37305 KRBT,

1.2 KPR b3

b —: NaCIEEHITUERE A0 (CK) + 100, 200, 400 mmol/L (NaCl
WA 5E £Hoagland EFFRACE) , BMCEZEDANER . K@ G dgi,
NaCIb BRI E 12 hif 50 mmol/L, EEMEKRE. BREMNEERE K,
BEENMEKBIME, 230 R H CGTRRTRFEK L), PURRFFNaCl
WEEEANTERE. LEISRE, WE&HXIER.

3. X (CK) F5E2Hoagland® R34 3%, NaCIAE MR HER
‘&% 400 mmol/L NaClff5t & Hoagland B ik 2, JHWISAEE, T
. MEERIFEIRFL, BRENEEEERK, EE7RMEHRETERRL
ERFHFME, EBELETRIER TP FEWMETRL, FESERH A
B HRAL o
2 ERFE
2.1 MREBERAOTAE
2.1.1 MAREKREB 2T

MOEHERIR R, B EES, BIREAERES, BRAEHEKL
RS, BRARBES13H, B WinRHIZO BRA4BATHR A .

212 BABHTENE

MOEHIRR, B EH FES, BREERBAY, ARKKRTREKSS,
PREEEE; SHRARBA 105°C AT RAH 15min J5, 80°C T EEE, HE
FE.

2.1.3 RAFAKAE
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BEFGEMRFHIETE IR 0.5 g A 10 ml FeAFH, A 0.4%
TTC B ABRETREERAWI ml, KRELBEEBBAN, E£37°CTF
BERE2h )5, BEMA ]l mol/L Bl 2 ml, U IERN; RNM—FALR,
SEEREE, BRES. ERBEHBRTFKYEEZMIE 4 ml FOBARD—
RPN ER, URINFR]. 2EREBARE, FHLELMIREIEHRE
ik 3. 4K, BARE, BEMCRIEERESR 10 ml, AMLEHERK
485 nm FH&E, UFEAESH, MHREE, REFEHEZRKHENAMTEE.
B AT AR A D0 BT R =T B ML R B/ (IREXEE)D [pg g'FW-h'],
2.2 RERHEMTE
2.2.1 BHREDFNHEEE (Pn). SATE (Gs) KR CO®E (Ci) Ml
ERSAREME (Ls) MHE

X H CIRAS-2 E#HEANESIERNE RS (PP Systems, UK) #4TME.
%A 5% 1000 pmol'm™s™, RH 70%, B 25°C.

ASFLBREIE (Ls) #%M Ls=1-Ci/Ca ¥ (Berry % 1982) 8,
222 NPQ RH =4 FHZERNSHWTZE

¥ F 5@ Hansatech 2 7 477 # FMS-2 BE B RHIR KM 2 . 2 5T E
oPSI1. NPQ RH=4H%. MEHEWT:

oPSIl, HYHTFHAATENZD—/IE, XNEEREIREE, FRTK
B EIRRATN Fso XL —MERMBKHE (4% 15000 pmol-m™s” PPFD,
K18 0.7 ) JEXH, BEXRASE Fr', TRATLGHEEREAER PSI ML
FRE0E T ZE oPSIT 8] (Fm'-Fs)/Fm'.

NPQ RH =414}, S Horton ZMHE: mAZNMEERNE, ASEE
M BAKN Fm, BITFERNEN 500 pmol-m™s” PPFD), %K 2 min 4—
AMBFIBA (2 A 15000 pmol-m™s™ PPFD, Hf[&] 0.7 s)f5E fm’, M 6 WG X<H
e, fEREEE TR fm AN Fm'. ERWEEHT, RAHRSER 2 min4
— MRSk R E fm’ KR, 3L 6 1K, BE1KE 6 min Y fm’ A «, 12 min
#) fm* {4 B. NPQ RE=ZANETHAXITHE: NPQ=(Fm-Fm’)/Fm’, qE=(a-
Fm’)y/ Fm’, qT=(B-a) Fm’, qI=(Fm -B)/ Fm’.
2.23 BEEENNE
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S H Chlorolab-2 B AHE 4% (Hansatech, UK) #li5E. BE2BITH A,
I KM RKETER 1 om?, HBHBARL | mm’ 9%, BT 2 ml NaHCO; B
(0.1 mol/L)H HEATEHR M & . W 5E UL F I B3R 4 1000 pmol-m?s™, #3425 +3
°C.

2.3 M EELAHNE
2.3.1 AENE

K P Unispec-SC Jti# 43 #T{X (PP Systems, USA) #HATHIE. XM A
RIRE&— /M k. M R RAERA S5t R REREE F A 60° GKFH R 300,
SR EYH R EAEAET 30 min, FHERASTEEM,, BZX—BHH R
BEATHISE . WUE4M 9638 % 1200 pmolm™s™, AN 26°C. HIMIEMNNEN
B, FRSHE 99%K A fafr#EtR (Spectration, Labsphere, North Dutton, NH,
USA) RIRHBRM RS, BHARRHEE. MMM EESERASH
mSRyes KAH TP, BATURAHAARGIHENE PESENLTELE.

mSR70s= (Ryso-Rass) / (Ryos-Rass)

KT PFEEE=Rs0 (1/Rsz-1/R700)

EHEREE=Re0 (1/Rss0-1/R700)

2.3.2 HEREHFLEE (DPS) KHIE

SE PR 80 1 om FTTLERIHE A 15 4, BT,
AN 3.5 ml T/AKAE. DFRERA CaCOs, FHHFAKE THE, S¥KiET 04
°C T &L 10000 rpm X 10 min, LiEWARBGRAAEENE, S ERFAL
e

HERBEIFILIEE (DPS) = (A+Z) / (V+A+Z)

2.4 FEHEERBEENRE
2.4.1 BEYLALEE (SOD) FHTE

BEEEEEY, BEBK. M 05¢ BYRENTRA BB F, O 5 ml
Ti# ) 50 mmol/L BEBE SR il (pH 7.0) TIK LAFEESRIZ, Z£ 4°C T, 13000 rpm
B0 20 min, bEBEIHEEIRR. 74 ml RMERT, BRRNAFE 3.9 ml (&
% 13 mmol/L BEM. 77.12 pmol/L FEIIMIE. 0.1 mmol/L EDTA-Na,. 0.05
mol/L pH 7.8 BB ZE M), 80.2 pmol/L &% ¥ E 0.1 ml, B 50 pl (F—X&
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A @K, LA 50 mmol/L pH 7.0 BEMREZ P B ESEE N CK). IBSE, Minkg
W 2 XE PR —XENT BB LRE, HRITE 4000 lux L5 T R M 20 min.
E 560 nm F#llE & & OD &, ZRLLUg'FW RiR. BEHENITEQDT:
SOD &M= [(ODmax-OD)xV] / [0.5XODmaxxWxV,]
H o ODmax X EE MR AE, OD HBAHSENRILE, V AHREL
#IR, Vi ARl AR, W ARREE.
242 SENEEE (CAT) FEHEHIE
2% Rao"DRIE S i, MfEE K. BEMAORREUR SOD EHEME .
PER 3 ml RNAARFEHE 50 mmol/L BEFRZE WK (pH7.8) A1 10 pl 30% H,0,,
O 100 pl BB R, AR H,0, 0 CK, 5% 1 min #I5E 240 nm & OD
HEHIAAL, %2 Auemin-g'FW £R.
25 REHFERNAF IS HFENE
FiHandy-PEAZE 4L & 3\ 72 61X (Hansatech, UK) P EREH Z R KL ET
B NF ML (O-J-I-PFOLHE R ML), Handy-PEARBKHH=EARALZHKE
R, 7R R SEREE N30 min, #A)E RBEMMBKAE (2500 pmol'm™s™
PPFD) F1s, FHandy-PEAJIIEO-J-I-PFRIE ST L,
2.6 JIP-test 43#7
FIIP-test 3 AT HIO-J-1-PFE T th 474770, JIP-test MHTTREFIE): 20
psAF % (O#, Fo). 300 psiiseot (KA. 2 msPy (JH). 30 msBf ik
(IH8) FBEKRFKN (PHH, Fm).
PSII B K ZEME (Fv/Fm, gp,) = (1—Fo/Fm).
WA THETAREIBTHEBEPQ THHNAE B FRANME
(Yo) =1—V,,
RN TR E TR R FARETQ THNHERTREHEE
(@g,) =(1—Fo/Fm) - Yoo
HATFHAEBMWETLE (op,) =1—¢p,=Fo/Fm
DAMRC X BE A ZE A 1 BE 75 (Pl ags ) = (RC/ABS)-[0po/(1-9po) I [Yo/(1-F0) ],
RC/ABS=V;@ps/Mo-
AR S e BRI ESN f3 (DFaps) =log (Plaps)
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e VAR B AR JT 2 5% % (V3. V) =(Ft-Fo) / (Fm-Fo), H#t=2 ms, 30 ms.

AP JeFv 5 F-FolR BRI LLBI (W) =(Ft-Fo)/ (F)-Fo)

FRUEALJE BIO-J-1-PHOEHE T ek . HEF=Fm Ry 2 [ (Sm) =Area
/ (Fm-Fo) , T M2 msHtenfit i i3 KBTI R B0 B R,

M2 msBtrn 8 HQAEAE R (N) =Sm -Mo -(1/Vy), & (Mo)
=(F-Fo) / (Fm-Fo).

BAERRNFOREE (RC/CS) =¢p,- (Vi/Mo) - (ABS/CS).

B R HL I HEESE: TRIKHIBER (ABS/RC) =Mo - (1/V)) - (1/geo)s
KM AL (TRO/RC) =Mo- (1/V)), ATHFEENEEE (ETo/RC) =Mo
(1/Vy) - Yo, PFEHUIEMIEEE (DIo/RC) =(ABS/RC)—( TRo/RC),

3 BE i
25 S5 ) 4 B AT #5 SR FISPSS 11.5 for WindowsHHT T t-H B Bk F-H 58 .
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KRR

1 NaCl g 5t — 530 i 5 A KR B I S
1.1 NaCl ¥ — & 3Min it B34 KA

B 1 TUEH, AAMiLEZE 100 mmol/L NaCl &bFR F Lt CK K#4f,
{H7E 200 | 400 mmol/L NaCl 4b# FHAKE L ZEIME], NI, ZiMH

R B o

200 100

BIR 1 A NaCl SEEE0 — fa4h i 54 KR BL B R W

Plate 1 Effect of NaCl treatments on growth of Limonium bicolor

FFBER 1 aTUUEH, O F#FE/E 100mmol/L NaCl FLk CK B
K, MLE 200 A1 400mmol/L NaCl FZEHiZE /], %5 B3, /£ 400mmol/L NaCl
TEHEMTES AL CK FRET 53.8%HM 43.9%.

£ 1. NaCl N — 3 S ERNTENEH

Table 1. Effect of NaCl on the FW and DW of Limonium biolor. Data are means 1 SD (n=6)

NaCl #/&#(mmol/L) & (g/plant) TE (g/plant)

CK 11.33+2.42 1.12+0.18
100 14.87+2.26 * 1.56+0.17 *
200 9.45+1.38 * 1.03+0.15*
400 5234092 * *+ 0.64+0.08* *

#: BPS5CK ML, “*” 5005 KTFLEBER, “* *” 3001 KFLBER, TH
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1.2 NaCl X —fa b B4 AR R A KRB W

R 2, A AR R 7E 100 mmol/L NaCl 48 F Lt CK R fH 47—k,
Z ek B R M T, FARIFEARN, WURBEREHWED. B2 TUE
i, BEACFRAEREMMIR AR SK, MARER. SR, FHYEBRMRRH L
M) F#A, £E 100 mmol/L NaCl &b ¥ it 1A Fi| 5 A Af . 7£ 400 mmol/L NaCl ¥ F,
REAEBKE CK FREE (P<0.05), MAEAXRMB. SR FHEHBHRRE
BJtE CK FER B3 (P<0.01). ARE7E 200 mmol/L NaCl 4b¥ T4 CK %27 &
#% (P<0.05).

& 6. 7 AW, BEHE NaCl AAFRIREEMEM, MAME, TEELAET
f%, 100 mmoVl/L NaCl 4b¥# Tk F| & mff. 7F 400 mmol/L NaCl &bBERf, HAREE
L CK 257 8% (P<0.05); 200, 400 mmol/L NaCl #tH F, HAEATEE CK
EAWEE (P<0.01).

BIR% 2 A NaCl 2B % — @ 4h f SRR A KRBT W

Plate 2 Effect of NaCl treatments on growth of root of Limonium bicolor
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% 2. NaCl ¥ &4 ML AR RAK I W

Table 2. Effect of NaCl on root growth of Limonium biolor. Data are means =+ SD (n=6)

NaCIREE e (om) R (emd) THEBmm) BHB (m®)  BAM
(mmol/L)
CK 6831+56 132+17 0.5610.09 2.1340.31 2311+151
100 698+36 13618 0.611£0.06 2.33+0.24 25111346
200 622148 119£13 0.551+0.07 1.471+0.29 16801290 *
400 546+44 * 594+17* * 034+0.03* * 0.68%£0.10* * 1464+354 * *

1.3 NaCl 5t Z a3 L 50 R IE DK e
ME 8 ATLLE H, NaCl 4bFE j5 — A I & MR RiE 7 5 7 = B PR, 7E 100

mmol/L NaCl &b #ist ik 2B K, B5 CK ZERHEFE (P<0.01), Z/GRELhAERT

FERRZFEHTH. 7E 400 mmol/L NaCl A ¥R 5 CK FHFEZE (P<0.05).

WAE

root fresh weight (g/plant)

Fig6 Effect of salt treatment on the fresh weight of
root of Limoninum bicolor. Data are means£SD (n=6)
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Fig7 Effect of salt treatment on the dry weight of root
of Limoninum bicolor. Data are means£SD (n=6)

400

NaCl concentration (mmol/L)

P8 AR Ah AR (0 A ifit BLAR R 35 ) BB
Fig8 Effect of different treatments on the roots activities of
Limoninum bicolor. Data are means+SD (n=6)
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2 NaCl i — s B A de i 2w
2.1 NaCl X — A B A EE (Po). SALFHE (Gs). HA COHE (Cb)
FMSALBHIE (L) KR

WA 9-12, BEEHKERTE, PnflGs %7/ T F%, 100 mmol/L NaCl
WMETFHELBBRAME: C BH TR, Ls LS C R, 2LEF#E. £
200. 400 mmol/L NaCl % ¥ F, Pn 1 Gs FREE, H5CK ZREZE (45K
P<0.05, P<0.01); 5ikfet, CithBE T, Ls BE LFH, ¥5 CK ZERKE
% (P<0.01).

CK 100 200 400 CK 100 200 400
NaClyk ff(mmol/L) NaCljk A (mmol/L)
NaCl concentration (mmol/L) NaCl concentration (mmol/L)
B9 ARk G E LW E10 RE A B SIL S N ER
Fig9 Effect of different treatments on the net Figl 0 Effect of different treatments on the stomatal
photosynthetic rate (Pn) of Limonium bicolor. conductance (Gs) of Limonium bicolor.
Data are means+SD (n=6) Data are means=SD (n=6)

CK 100 200 400 CK 100 200 400
NaClyg g (mmol/L) NaClyk i (mmol/L)
NaCl concentration (mmol/L) NaCl concentration (mmoV/L)
1T [ 8 4 40 R CO 7% [ ) B 12 Rk TR S T R (L)
Figl 1 Effect of different treatments on the Figl2 Effect of different treatments on the
intercellular CO, concentration (Ci) of Limonium stomatal limitation (Ls) of Limonium bicolor.
bicolor. Data are means+SD (n=6) Data are means+SD (n=6)
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2.2 NaCl ¥ Z a4 L E R EEE W

FRAEERENENLERERYE, WE 13, BEEXRMEHRERMMER
J& TR, B A HBLTE 100 mmol/L NaCl AbFERT, (H&HEAE S CK ZFAK.
2.3 NaCl 3 Z B3 B F LA ERE (oPSI) KW

BEE NaCl LEREHA R, oPSIEFAREHE (B 14), EEAHNE
100 mmol/L NaCl 4 ¥/}, 400 mmol/L NaCl 4b¥ T CK F(KK EFE (P<0.01),

O, evolution rate

CK 100 200 400
NaClyk fF (mmol/L)
NaCl concentration (mmoV/L)
E13 AR AAE R AR
Figl3 Effect of different concentrations on O,
evolution rate of Limonium bicolor.
Data are means=SD (n=9)

CK 100 200 400

NaClyk fF(mmoVl/L)
NaCl concentration (mmol/L)

B 15 AR 48w — f4h i ENPQH W
Figl 5 Effect of salt treatment on NPQ of
Lingonium bicolor. Data are means+SD (n=12)
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CK 100 200 400

NaClik fF(mmol/L)
NaCl concentration (mmol/L)
14 KR =3RS KPS I
Figl4 Effect of different concentrations on ¢PSII of
Limonium bicolor.Data are means=SD (n=20)

CK 100 200 400
NaClk fF(mmol/L)
NaCl concentration (mmol/L)
16 AR [R) £k fh 28 %t — 4 fn BLQER B
Figl6 Effect of salt treatment on gE of Limonium
bicolor. Data are means=SD (n=12)
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025 0 -

0.20

0.15

T

o
0.10

0.05

0.00

Ck 100 200 400 CK 100 200 400

NaClk g (mmol/L)
NaCl concentration (mmol/L)

BE17 AR A E R = 4k EqT F e
Figl7 Effect of salt treatment on qT of Limonium
bicolor. Data are means+SD (n=12)

NaCly g (mmoV/L)
NaCl concentration (mmol/L)

18 A #h b B2 % — f b i B QI o
Figl8 Effect of salt treatment on gl of
Limonium bicolor. Data are means+SD(n=12)

3 NaCl W — @M B E R R R (NPQ) RE =414 W

BEE KRB, NPQ Z & L, W 15, 200, 400 mmol/L NaCl &3
5CKEREER (P<0.05) . FEHELRREMMM, oF WEZRH A, WwHE 16,
£ 200, 400 mmol/L NaCl &3 F qE % CK i & EF (P<0.05) .

A 17 9] L, b K R0, qT Z#TFE1%, 100,200,400 mmol/L NaCl
KETF, qT 25 CK BT 19.9%. 33.6%. 37.7%. EARFHLET T 5
CK ZR¥AEE (P>0.05) .

BEE SR, ql BH A& (B 18) , 400 mmol/L NaCl - ¥%; CK |k
FHEE (P<0.05) . 100, 200. 400 mmol/L NaCl Lt TF, ql 43Itk CK #inT
13.6%- 20.1%. 43.8%.

140 ~

055

120 0.54 |

100 053 |

X 80 052 |

= v 051

o 60 & 050 L

40 049 |

20 048 |

0 047
0.46

CK 100 200 400
NaClyk ff(mmolL) CK 100

200 400

NaCl concentration (mmol/L)

E19 RRL IR H 0 E A R R0
Figl9 Effect of different treatments on the relative
content of chlorophy ll(Chl) in leaves of Limonium

bicolor. Data are means+SD (n=36)

NaClyk g (mmol/L)
NaCl concentration (mmol/L)

20 A E L EX ot o R A0
Fig20 Effect of different treatments on the de-
epoxidation extent of xanthophy1l cycle in leaves of
Limonium bicolor. Data are means+SD (n=6)
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140
120 |
100 | ok
80 | L
60 | EE
40 |

Car%

20 +
0 !
CK 100 200 400 CK 100 200 400
NaClyg g (mmol/L) NaClik & (mmol/L)
NaCl concentration (mmol/L) NaCl concentration (mmol/L)

B21 AEALEX T A RKAY PR T RGBT @22 RESEET AT RN S BB
Fig21 Effect of different treatments on the relative Fig22 Effect of different treatments on the relative
content of carotenoid (Car) in leaves of Limonium content of anthocy anin(Anth) in leaves of

bicolor. Data are means+SD (n=36) Limonium bicolor. Data are means+SD (n=36)

4 NaCl fa s — st &t F B R AW
4.1 NaCl xf Z &4 Er R EAXN ] (Chi%) K@

W 19, BEELRKREMNAR, HERAXNTEZFAE, BE 200, 400
mmol/L NaCl &8 F Chi%% CK HF EEH LFH (P<0.05) .
4.2 NaCl 3 ML B i H R B FLEE (DPS) KW

HE 20 5[, PEELEEIKENTA R, DPS ZBH & . 7€ 200, 400 mmol/L
NaCl &3 T DPS % CK B % 7t (P<0.05) , ZE 400 mmol/L NaCl k¥ FH CK
®inT 8.2%.
4.3 NaCl 3 3 L F M 2R b RAEXT S B (Car%) KW

WA 21, KAF PFEAEXEEBEELENSMNTSMN. £ 100, 200 mmol/L
NaCl % F Car%5 CK ZF £% (P<0.05) ; 7£ 400 mmol/L NaCl &£ ¥ F Car%
BECK T 21%, HERKEE (P<0.01) .
4.4 NaCl X M EH R EFE AN TR (Anth%) HKIEW

BEEHREREM, HERENSEARAREE. WHE 22 Fim, 7 200
1 400 mmol/L NaCl 4 E F, Anth%# CK 47 LA T 52% 66%, HEFKE
Z (P<0.01) .
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a0 0
g 350 | g ®r
.
300 ¢ o 50
# 2 o0 | @ ES e,
EZF 00t 8 g |
A £ - - &8 .5
Q & 150 | BN g g0
3% U< ¢
A 100 + B i % 20
8 50  E& ~ 10
0 0
CK 100 200 400 CK 100 200 400
NaCI%{IE(mol/L) NaClyk gf(mmol/L)
NaCl concentration (mmol/L) NaCl concentration (mmol/L)
E23 Z‘IﬁlﬁtﬁiENWHSODiﬁﬁﬂ?iﬁﬂﬁ 124 R a0 BE XA 5 CAT iE 4 1y
Fig23 Effect of different treatments on SOD Fig24 Effect of different treatments on CAT
activity in leaves of Limonium bicolor. activity in leaves of Limonium bicolor.
Data are means£SD (n=6) Data are means=SD (n=6)

5 NaCl g — &4 B LR AR IE R W
5.1 NaCl X — & 3MiLE M i SOD FEHEHI W

SOD ZEAMBA L —ER 0", EERUHERRAETEE L ERNE.
W 23, FEEIRIKERTHE, WA SOD EH ARG &, BRIKAHLIE 100
mmol/L NaCl &3/, 5 CK ML iRE B &L Z EHE s A&, 200,
400 mmol/L NaCl &b¥8%; CK _EF 8% (P<0.05) .
5.2 NaCl 3 3L M fr CAT FEHEKIZ W

CAT H¢ HE: MR H,0,, SBHEETEDART, BRELRANEEASD
Z— 0 24, M 5 CAT #EHEFEE £ IR BE B3 A0l L+ . 28 200,400 mmol/L NaCl
AFEF, CAT SR CK HE LF (4514 P<0.05, P<0.01) .
6 NaCl e xt — 4 L5 PS [ A E RN W
6.1 NaCl % —fE3h i B 5 PR 58 855 & 1 2w

LR E NSRRI S 2k DA SR [ A AR I, RAFFELH L
F, %RBF 0-J-1-PFH Tk, A 25.A, 400 mmol/L NaCl £ETF, —fEih
mEH I, 1. PHEEBEHTE.
6.2 bzt — A LE PS I AN KRN

W & K ARG (Fi-Fo) IRIBAIELH], a ARt ikmpyzit. —
AN BB b/, Wy (Fig25.B) B CK EE T (P<0.05) .
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4000 - 0.52
3500 4 B
047
, 3000 4
gzsoo i 042
2 2000 ¥
2 ] = 037
=]
3 1500 A
= 032
1000 —-6— 4C01f)
i
500 @ 027 ——
0 1 T T T T 1 0.22 T T T T T T
1E-05 0.0001 0.001 001 0.1 1 0 1 2 3 4 5 6 7 8
time(s) Time of treatments (day)

A 25. 400 mmol/L NaCl S FHER N FES ML (A) R KHARRAL
(Fy-Fo) FRIBHILLET (Wx, B) HIZELL
Fig 25. Changes of chlorophyll a fluorescence transient (A) and the ratio of variable fluorescence
F to the amplitude F; —Fo (W, B) after treated with 400 mmol/L NaCl.
Data are means+SD (n=15)

6.3 Ehppirxt =AML E PS 1T 3244 2 W

Sm KRBT M 2 ms B trm W E R XFATE REFOFERNEER, B PSIT RN
LSRN PQ FERY K/ . 400 mmol/L NaCl &b F, Sm (Fig 26.A) B CK
FTREMR, REH 3 RE CK BERK (P<0.05), ETHIEEHAK.

N KRBT M 2 ms 2| tg, B8 A Qa #1EJR X $X - N(Fig 26.B)7E 400 mmol/L
NaCl /A B A 8] 3 — B AR F CK, ZE 2~7 KA HI T T 7.9%-12.7%-11.1%-
10.8%. 10.4%- 11.3%, PKEF (P<0.05), B 4 RICE R EE (P<0.01)

V) (Fig26.C) R 1 SHAHX AT Z S, 400 mmol/L NaCl #43 TF M % 2
RAEFFIE CKEMT 0.6% 2.1%. 2.7% 1.6%. 1.4%. 2.0%, ENE 3 KF
R CK AEEE (P<0.05) .

V) RRTE T SRR AR, 400 mmol/L NaCl ¥ F, V; (Fig 26.D)
WA 2 RIFEEE CK BB B, ERHAHE (P>0.05) .

oro (Fig 26.E) R T BEERN 5B KIS E, 400 mmol/L NaCl 42
T8 CK BATME, RES 2 RUEERS CK ZREE (P<0.05) . ¢po KA
FHRTFEENE T, Yo R FHEEME,; o (Fig26.F) . Yo (Fig26.G)
TEE i b SR B T CK. opo (Fig26.H) BRI THAEHMNETHE, 400
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mmol/L NaCl &t¥ T8 CK HHA®, AAET 5.6%~92%, 5 CK R EE

(P<0.05) »

Mo (Fig 27.A) RBRT Qa &R KIEZE, M 400 mmol/L NaCl kb FF

%, Mo —HKTF CK, £ 2~7 RN HILL CK FEIK T 8.0%. 8.1%- 10.6%- 8.3%.
9.2%. 8.1%, KCIEZ 2 RNE CK BREZE (P<0.05) .

21

19

17
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15
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0.85
0.80
5075
0.70
0.65
0.60
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080
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s 070
065
0.60
0.55

A
——CK
—— 400

T T T T T T T

0 1 2 3 4 5 6 7 8
Time of treatments (day)
1C 5
| —-—CK
—8—400
0 1 2 3 4 5 6 7 8
Time of treatments (day)
1" |
i ——CK
A —o— 400
0 1 2 3 4 5 6 7 8

Time of treatments (day)
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33
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17
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0.53
048
043
0.38
5033
0.28
0.23
0.18
0.13

0.56
0.51

0.46

¢Eo

041

0.36

0.31

Cegeriis

—o-—-CK
—8—400

0 1 2 3 4 5 6 7 8

Time of treatments (day)

4D
. ——CK
7 —0— 400

T T T T T T T

0o 1 2 3 4 5 6 7 8

Time of treatments (day)

F
——CK
] —o— 400

0 1 2 3 4 5 6 7 8
Time of treatments (day)
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0.70 023
] G

0.65 021 - H

0.60 - W 0.19 - m

$055 A 8
® 017 -

0.50 - ——CK o—CK

045 - —o—400 0.15 7 o— 400

0.40 T T T T T T T 0,13 T T T T T T
01 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8

Time of treatments (day) Time of treatments (day)

F26. 400 mmol/L NaCI4b 3 T #7#E (L /5 M ZE]-PAIRI E 4 F=FyZ BT (Sm, A) , M2ms
FltrnFT B QAR ELIERIX B (N, B) , HHAER AR (V, C) , HMAXNTRRN (V,
D) , PSIB/KETFHE (¢po, B) » BRAIABTFH B FABR B THAEETQ THAMK
ERTRENEE (¢, F) , HROMTFHETFABEE FEEETQ THHHERTR
HHBE (Yo,G) » ATREHNETFHE (gp, H) %L

Fig 26. Changes in the normalized complementary area corresponding to the J-P phase (Sm, A),
turn over number of Q4 in the time span from J-step to P-step (N, B), relative variable
fluorescence at I-step (Vi, C) and J-step (V;, D), the maximum quantum yield of PS Il (gp,,E),
probability that an absorbed photon will move an electron into the electron transport chain beyond
Qa (9go,F), efficiency that a trapped exciton moves an electron into the electron transport chain
beyond Q. (Y0,G), quantum ratio for heat dissipation (@p,, H) under the treatment with 400

mmol/L NaCl. Data are means+SD (n=15)
6.4 thypdidd ZEAMLE PSRN H O KW
RN ORI FEER RC/CSo £75, 400 mmol/L NaCl 43 F RC/CSo (Fig
27.B) , MACEEEE 2 RITHH%EL CK BI3EIN 6% AR (ZBUELLEIRE) , HAS
4. 6. 7T RAEE CK FEREE (P<0.01) , HE 3 RAEA®TEE (P<0.05) .
ABS/RC R 7R 847 & R LR ERE, 400 mmol/L NaCl #4£¥ F ABS/RC
(Fig27.0) ¥ CK B HiPAK, AEE 2 RE CK BREE (P<0.05) . .
TRo/RC (Fig 27.D) RRHALRNPLHIREATER Qs HIREE, 400
mmol/L NaCl &t ¥ F M2 2 RIFEB CK TR T 6.2%- 7.4%- 7.7%- 7.9%- 8.1%-
7.8%, HEZERK (P<0.05) .
ETo/RC (Fig 27.E) RpBA RN P LERHATHRFHAENGEE, 400
mmol/L NaCl &t B /5% CK HFi T, MW 2 RABBEIREE (P<0.0D)
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DIo/RC (Fig 27.F) RpBALRM P LOFEBEKIFER, 7 400 mmol/L NaCl
M TBERK, & 2~7 KNI CK BIKT 1.3%. 3.9%. 8.5%. 8.2%. 8.9
%- 7.6%.

1.0 340
09 1 A 32041 B
° g'z % 280
=0 g 260 1
0.5 1 ——CK ——CK
04 o 400 240 1 ——400
03 A 220 -
0_2 T T T T T T T 2m T T T T T T T
0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8
Time of treatments (day) Time of treatments (day)
26 T
i C 2.1 A D
ul T ee | V]
&) i &) ].7 7
£ | €5 -
7 1.6 S
@ £ .5
< { o—(CK = L. ——-CK
| 09 4
06 —————— 07 ——————————
01 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8
Time of treatments (day) Time of treatments (day)
14
12 - E 05 1 F
10 - .W 04 - .‘w
Q
£ g
o 08 £ 03 -
® 06 - ——-CK ——(CK
04 - —8— 400 02 - —0— 400
0.2 T T T T T T T T 0.] T T T ¥ T T T
01 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8
Time of treatments (day) Time of treatments (day)

A 27. 400 mmol/L NaCl & # T O-1 S#EH Qu BiiERHIEE (Mo, A) , BIEHK KM
LHERE (RC/CSo,B), BAIRMP.LIRIL (ABSRC,C) , ## (TRORC,D), HTFHF
f&i& (ETo/RC,E) R#FEMMIRER (DIo/RC,F) HI%AL

Fig27. Changes in the slope at the origin of the fluorescence rise (Mo, A), the density of active

37



WIERITTE RSB L AT 18 3

reaction centers per excited cross-section (RC/CSo, B), and in the specific energy fluxes per active
reaction centers for absorption (ABS/RC,C), trapping (TRo/RC,D), electron transport (ETo/RC.E),
heat dissipation (DIo/RC, F) under the treatment with 400 mmol/L NaCl.

Data are means+SD (n=15)

4 - 4.1
37-A B
2 27 A o 31 A
g 2 8, |
& 17 4 26
124 - -
7] —0—400 2.1 A —o— 400
2 ; T T T T T T L 1.6 T T T T T T T
0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8
Time of treatments (day) Time of treatments (day)

B 28. 400 mmoV/L NaCl 42 T LARBOERE S ERL BT RESE S (Plags, A)
F#z17 (DF.,B) Mz
Fig28 Changes in the performance index (Plags,A) and driving force (D.F.,B) on absorption basis

under the treatment with 400 mmoVl/L NaCl. Data are means£SD (n=15)

Plaps & LAR WU BE 9 ZE R 4 BE 54K, 72 400 mmol/L NaCl b3 T Plaps(Fig
28A) BCK WHIBFA®, & 2~7T RAZHEL CKEMT 5.6%. 8.3%. 17.8%.
17.6% 17.3%. 17.2%, ERFWEHE (<0.05%) . D.F. & LARKLEE A B
#3041, D.F. (Fig 28.B) fE: 0 B /5 e CK tBFEFT M, 45T 1.7%. 4.5%-
23%. 4.1%F13.6% (P<0.05) .
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W

1. NaCl B8 F_BAMEMEKNNESER

—esMmER—-HEEY), BE - ihee), NLRERTUEHHEE
100 mmol/L NaCl FAKEHF FLLEXNE, BEESEETEKEH TR (BRI
MR Do Bit, BALEHATHMETRAMERKBR, EARREKNES
MEREDL ERFTEREFN=BEREEER N, SBNTEME, 35
B REBIE RS RIBREAMER, RABHZIHVANBKES. &
FRREST  EALREAFIIEIRBE S, B —FhE % T R BRAR 2 4 6 vE 3 (0 4 B 54
B4, B% NaCl bEWR BN, — iR RIS H 2MAT & ERENE
%, BAEHILE 100 mmol/L NaCl AbFEET, AT LAIA X 2 Z & Fh il B KK 5
NaCl RIENHERBR, E—ERELE#T# 34K, 400 mmol/L NaCl
RETF, —EAMERIRREABEERT CK, I A3M LR RE N &2,
EERBRE, RABHIBZREK, HEKERZIMWE.

HEET, HAHEESER EFARTR, WEHNHRE. XTREEEN
AFEYR S S HREARR. FLE, HgESENSEN FEDHIIHR
HHREEENAXE. T 2@ MERSE, SKE NaCl 3 THREAHEN
SERCK FEENLF, WRRIMEH THEZENEM, HFS NaCl
BRRE T AR KFE R, B NaCl baisl T e mEn Ay R (F
R 1.

KK NaCl 0BT B EREAEER LT, BEETHALGEE
TEE, B3 P X T EERMLRBUBRMERIER, SAEITUEH. HELE
ETIRAEEEXTENRERERENA? —BANSIEXREEETRNEERH
FpRR. SILREIEENESTILBEIFEE, I Farquhar A Sharkey #7557,
RELMIE CO WE (C) BERMSILRBIE (Ls) AR, A LMEHAEE
EREIERASIAFERSIENTRLE L. XALRF, 7 200,400 mmol/L NaCl
RET, 5 CKAHE, Pn. Gs. Ci BE TR, mMLs 2F L. AELRERT
AR (B 9~12) , BEmHBWKET, KXEEEMBEESILRFIERFYIMEX,
ATH—FRIERX—FW, ZER KA T R QRERNEBAFET G
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HREREEE (B 13) , UERFKILRHERNEGTUEEYRLE
EE, IBNERRREEXRESRALETS CK ERYAEE, Xt —DiE
BI7E NaCl B F, SIBHEER AL EXSEEFEMEERH.
2. NaCl BHA T = fAh L 2 06055 6 BUR

TEEME T, BTHYWEEE TR, NTFEEY TR
SEEFA, SRELERASSEENE, TENSRAENRBER. FHEAR
H BT oPS 11 fE85 R ML T B JE AL 2 S BRI BE AL BRI R, R K
VA I MBIFFAEE Fv/Fm BHEE, RUXESEBTFHE (AQY) HEH
BT S B B BT . R LRI, — @AM E AQY 7E 200 400 mmol/L NaCl
AT 5 CK LA B MK, HBAXMBINEE. XLRS, oPSIEELHER
FERI T 5 PR, B KME I 100 mmol/L NaCl &b # i, 7E 400 mmol/L
NaCl £ ¥ T8 CK KR EE (B 14). ATLLEE: BEE NaClIRENF R, =
AN EE M B R AR A g, EARLLBMNALE HERIAR PSII
BB A ERE oPo HARELETHEEEESH, ZHA_BHDENR
REF L R E T AR ARE, HRZHBIALY, FHEEEE NN, RMHLR
IR R PSIIEE RN TiIE: EFER—FRFHH, AR—F PSIHIKHA
R
3. NaCl i F = &3 5 PS DB R

M TEERETE PSISRAMANKERL, WHE. REEHLXIH
PSII R LEER T %, (BZELMAT PSR EHKER, H—EFEEAR
P23 4 RSN ABEX—E, BATFA T REHRIEBARFPER N
A EEF AN 8 T B ML ER PSIHTER.
3.1 “fajhiEE pSI1 Atk A AL

—HHARERY, EFE. T8 SREEHERGT, BXAKY 300 ps B
W K M, XEHBEEEE (OEC) ZEGHEHRSIEN. FLRP, RERK
HFE S LR IR M K 48, 185 400 mmol/L NaCl Bt — M E MR Y& F
HE4AF) PS 11 IR G R T BRI T AR IR K MR .

Wi 2 K A RS J afxdkzt, B K ARt s (F-Fo) i
TREILLE], AT R SR AT RMIE AR, Wi FHE, KB PSUTMBLAEM (XER
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OEC) % 2|#i % . 400 mmol/L NaCl &t T, Wy KT &, B CK RMHEH T,
R EAMLE PS I HHAR IR Z B RO '
3.2 M E PS 1T 2 4AM AL

SmR BT M2 msEltpn B B A QA E S MIE R IR EM LR, BQaA TR T
SRR, MQaeidEM B FHEIEK, KIES BIEFmF 7 IR (8] 3 i
6, SmEt#/N, NRBET M2 msElten it 8] 9 QAR BT Rk EL, HNT RN
RPQuH BTN TR, RMFOMFFHREE TR SMAINAESEK, ¥
MQAFEIBE R BT D, BIPS ISR i) B F i3 BE T AR RK . AHRBR T B
2 msBfQA I E— KR B AR, BB MAFBRERNFLEXARE; 1
R B T 30 msEQa R B AF RS, - MoR M T QuiiE R B KR, BY
O-JERBH QTR MEE ), wERNFOEE. HAARFQITLMR
FEX.

400 mmol/L NaCl &6 ¥ F, MXF CK, #UE{L/EMTE J-P HRMEL F=Fu Z
BIRERR (Sm) HHTREK, M 2 ms B te, BB Qa BIEALIERIKE (N) BF
R, JAHAEXT RIS (V) BEHERRK, 1AM RRRNE (V) M 3 KF
AR B (P<0.05), Qu BT IR B KEZE (Mo) TFE. ] L, 400 mmol/L NaCl
& T, ZEALE PSIZAMEIERERLD, Qa T IRIREFIEE WL T/,
DETH AN Qs e B TR, FE Qu IR BARXT M, MR RIE
KAFEFHEN O m3] ) AW EFAEE MR, 3T 400 mmol/L NaCl fipié FE
BT QETHEFAE. XWERERH: 400 mmol/L NaCl B T AL E
PS I1 Z AR i iy F 153 B AR CK BHK.

400 mmol/L NaCl &3 F, BEEMN /& BRI E (opo) tb CK BEFHE
&, BERFAEE, SAFKXTANHISH FvFy R —B. Yo KR
THEBYE, RIT 2 ms NEEEMHRNPOLHTFBIZE, KNS TRHE
THEEFBRTEEHET QU THNHERTFRENRE. op RELT RN LK
KRR TR TR M E TR, BRI KL B T4 B F 83 B TS
Qa THHIHE B FRAEMEE. opo RTHTHEMWE FHE. ¢p. Yo 7 400
mmol/L NaCl 43 F8 CK AKX, 18 ¢p, B CK HEF &, RHAMETH
FERUIE N, X5 NPQ IS4 R & —BUH.

41



LI ZRITSE K27 B = 2 AT 38 3T

3.3 —EaMnE PS I RN O RIZEL

400 mmol/L NaCI4t 3 F, HCKAHLL, BARMHLREKIIEEE (ABS/RC)
BT, BARNFOBROATFERQMAEER (TRORC) THREE, UK
AT o FHEREE (ETO/RC) TRIREE . surt, B THAHKIEEE (DIO/RC)
TEABS/RCH RILLBIBEH FH i, X 136 B B A7 N A BT P FE RECT REAR S0 T
EMRRABREER L, FEENRNPLOHE (RC/CSo) HEME, XRHA

400 mmol/L NaCItE T, BEREN RN F.LRKEIAEE (ABS/RC) HETREE,
ERBMERATEEARNPOHE (RC/CSo) MEHE, MNMFEMIRME
KERZETFRD, UEREEA.

PAVR WSO BE S ZERE ) 1 E 45 3K Plaps F1LURMOLRE A BEARLRIHES) ) DF.A S
T=A2%: RC/ABS. ¢p, fl Yo, X=NSE A RBT PSIHIREFIEAER
M SEEERIRIL (ABS) . BUKEERIHEER (TR) FIETF4£iE (ET) , BTLL Plags
1 D.F.A] LA He A 45 & R B A 6 S P AR A& . 78 400 mmol/L NaCl b2
F, Plaps ¥ DFEHS CK ML BT EERL, M 4 RIFE Plaps & CK
& 17.5%%k %, R DFAEERAR. X8 400 mmol/L NaCl rhifikf —f b
MmE PSIAEVINHERMNGEAKR, HREF—EMNREER, X—aXT
MR _EIMEHREHAFTEEEEMNEN.

ePSII. NPQ FERMBFAMLRMIFELE PSIHNUERI, 0o opo %
RIS EE R PSRV RN BOE &P KIS MR FH R,
400 mmol/L NaCl 42 ¥ F, 5 CK #Htt, ¢PSII FMT 13.3%, NPQ LF T 22.9%;
N, Opos Ppo TS HIHAN 2.6% 9.2%. EHSLHEN, NaCl i xf — b
B EME TR RN, MY EIELERNOGEFFAE.

B2, 7€ 400 mmol/L NaCl # BT, BEIHHRERAFEFINN¥ES
HEER AR RE R, ATLEH A nEEZR RN, #2558 (10 o
Yo. ¢ro) AHX T CK MUBHE KKK, RITA—FHRRALBIRENE
kad, mEAX PSIMEDELERNGEFERIKR. FARIMERI, —&h
I ¥ (4 PS 11 X 400 mmol/L NaCl A E AR A XA R I8 HE NI

4. NaCl P T Z &l R RS PLE

FEEEAMAT, TR EMLLEIgMm, XHESRE S SBUHEYKEME
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5xtiE, BEYESRBARGOHLEIX S HERTEENAE, XHLK
R, —BMAERFE=4127: B—HTARREEAROAFER, FHRABES
HFEHL, EREIEREARBN pH B4 R 3 FEIRE SRR LR A AR
RH, KEXIFEREARMRTIRBRNFLERFBZ ARG RELEKE, B
HEXMHEBARRZEMERN . B-MIRXERN S OHARFER, ETRM
RO AT R, BEERNFOEELHREEEN RN L, BREFEENR
RO A FAEERERL DL, ES TS PS I 1B LR 2 i AR K T ) Y VR
P, ELEXMAROBERCLERT B REPLIGE, #3829 PSII
BEHETFENBAARKBERE, MEHERETHGE. B=MHTAREHE
HITERR, Bl Y BIRE &P EAC LU IR feiE bR, ERBRAEETH
FrgESUREHTE, MBS FEEEERRIEHER, BLsuD>EER
M IEREMGE

4.1 NaCl i FIFES t HFER MR 1EA

MELRER (B 15) TLLEH, 76 NaCl LB T 4 Z I HFEE NPQ
BAEF 5, H 200, 400 mmol/L NaCl &35 CK HEEEZR (P<0.05) . KM
ERWREHM, RMEME MR, — AL EMNAREETRE IR R
AT LAV #E PS TR RIIE £ 08 BE, X TFRY PSIT RN L AR MBI HRE
FEHEEEMEA.

NPQ MEEM K E, RIKHGHERBGFETFHENRFER, HRELE
PRI B — KRB, B _BAMES L NPQ H 65%L% . qgE ZIFNER
KEbAE, aREERREEARBNR TR, FLRF, EHRKE
WiFt &, qF BEIFE, HE(ERES NPQ MR, RUKBIAPH HIEEEFEHN
BITEBHIEOR, KRR LA EREE RN HFEBAE LY
BT AL ER R 53 T EE EEMHAL

KAV BB KB T 87 PS 1 M1 PSI 2 A MHE SR, REEH
BERFHMRRLEZBRDE S RN —FERNRE AT TR, qT 4K
RE 1 FRE 2 BHHROAFER EXRERT qT 73 NPQ # 10%, FEEHRIKE
FIEINZ S K, BARAZEELET qT 5 CK ERHAEZE (P>0.05) , 400
mmol/L NaCl %83 F qT b CK B T 37.7%. X8 TR wrmeal,
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e, qT ZMEREEHE, BATRERERS | FRE 2 k. UL
#, NaCl &E F G MLES qT BRI HLHIZ BIFH.

XFAEMHEBER ql, BB, XMEREHENH. o REXREERAN
FINEIE FWHFEEL, LR E NPQ K 25%. ql FEE EhikE BNz 8 -
F, 5 DPS HAEALAR—B, 7E 400 mmol/L NaCl &3 FiA F) £ 3Z /K F (P<0.05) .
XRFBTF PSILAEFIAETR, Hehh RAERME, BREESEAETEE,
M5 5 RO HFEHILEINE. gl 5 DPS MR —3, R _fA4H
MmES ql JRESHBEZEB/AIEFERNERERER. EHHAAKRY, g &
PLE| 8T qE, BF —HEKRE ql FATLKB T R E AR pH B,

& LATR, 1RIKE NaCl 3 Z @3 MR AR AR ZEAKR, &mEaT,
Pn TREZE, HIMEIBRINGE, =358 8 Kk b 25 R E FER IR
£ e, URPAEGRERZHRG. BEBKET, KBApH F5tH
BRIOREBFEMKIENERENR, REFHRUZ B,

4.2 NaCl g T 2 B e B FE BRI 1ER

HEERABANEEYHHEMH PRI+ A EERNHERD, Rk
383 JEE ST AL B AR AUT B MR BE M TSR *Chl, t 7] LA B #2755 10,9 NPQ
FESKBTHERBRFOREEREEXR. FLRP, MHLELKRENH
%, DPS ¥, HAk#a# 5 NPQ. qF H—3, MAERELESE&4TY
HEEFH. RA G EPRETHARBANEERRELPETRESH
MR ER, BERT R : H— DPS WA BRBAEKRER (2) MIEHE (A)
EREREM. EXEN, Z KM, RANBEERSKBTHREEEINEER
. H-ae 5 HasIEM pH BERX. KB THEZRBEINEEREERT
EZMAZS, EFEpH BESY, REHET, EMEEAFRAAPH £
ERE. L, EA0EP, AEAEHAPH KB THRRBIHHFE
BUBMAIETIR, TS & A& MAFERER “BK%” MIEA. DPS 5 qE &
W—B, "t qE MBS EXE R E MR, =R hpMasI ek
B rEGEMMER. Ca NS EMMEEAT—EEEE LF, F 400 mmol/L
NaCl XE 8 CK AEHREE (P<001) . XY METEBE—BIHEER
FHEED, Bril Car S EHIEMATREERER A THHERANECESE



R I K IR A6 iR X

BT .

RFEHI AT E e TR A B F R NEN TR, B
TEBF L TS RERT e SRR R A RRAER, R A 0EFEFLRF
FHLEIZ—.

4.3 NaCl BME TEHEHER RERRFIER

EYEREIRP LA EEER, ANETHEERRLSEHER,
ZELTAHBTES, BELREFGTEHENRERINES, NI5IEFRHE
£ 5E. MDA BEMTEMM AR, K& ERKEHMEIETELBEER
BB, B sRE LR RBAREZGERENEZER. ARWL
PR B B NaCl BRI, — %ML ELH MDA 1 GEE M Z B0, 200,
400 mmol/L NaCl £ ¥ T8 CK ) B ZEF+ & . X H: NaCl B el T Z @4k
HEMEHEGE.

SOD. CAT ¥R IER B BRI, BRI ERL. SOD £H#Y)
BREREHERANE—EFIZ, 7 ROS MERALTRIEERIEENE
M, REEDRERER O CAT EAR T X EFETIEMAES, #ILsEA
LP KB Hy0y MTTE Ho0p ERFE—MBARKIAKF . ALRF, 200, 400
mmol/L NaCl &t#F, SOD. CAT iE#H CK HH & LF, "REERHT NaCl
WE TR B AR B S K, 4R G EREHESHER
ROS, ¢ ROS #ERFTERARAK T M7 L3 IES MR ThBEBIR. AL, BERM
- HEMRE R B ERRIH BN EEREZ —.

B RL FEAIE AsA.GSH.Car fl a- £ BB % AsA BEATLAE EFR '0,.
O FI-OH HEMEWR, 25 - EFMIVEE, XTS5 AsaPOD RN
ERFABALRNY, EEYHTLELTESIFLONGRIER. GSH FTUAE
BiER 'O, 1-OH, BATUS S o A FMARF MMM EE. EWW WK, #
FHE T ZEAMLEMN A GSH. AsA S EH B, ¥ 8ha3a] DAsiE — b
MEREEER B BEER RS, Fit, BHEFEBRLESENT &, 22640
BEEN BRI EARTZMNERZ —.

4.4 NaCl i TR#E b EREERTEARIFER
ELRPRATERN: $MET oA mMEN 5P RAY P EREETROH
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MNEBYFEERS, XEWE ZFX T A MEERMHE TRERTEER
BB NTERAT SRR, EEEHT MR, HRARK, RRESHHEA
YR REHEBTUARBERE LHER e, TaEK Chl #1'0,
MHEERES EM, NTREREH . N TREERE, HEEHE 7T Uk
BOtEE (EBERZFEFMEIE), EHHED THEEE R LRI, Xt
HEWERIRFIEM, H—77HE, ErLFHR B BEMTRESRERNGE, 7
MTHEETHEYHERERE. TENTRE—R, RINETEE—DHFR.
Bz, EREET AL E T TEIHABRBEHEERRE, FRME
BRigFLaE, KT X PSR M H K, 2 EHMNE TRIFRBNEE K.
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FTEL®:
1. 7£ 100 mmol/L NaCl &6 EF, —fiMEMBRIE IABIBRKME, TLUAK

R B EFHMEKE NaCl BB R, E—ERE BT i LA
SHEK. BEESEHT, REFENTR, HEKRGBZ ZERK.

. NaCl i F, SABHEEER —EAMEAEEERENERREZ —.

. 400 mmol/L NaCl ##7 F, 3 EE PS I IR MR A T fER Z 2 Aia
ti%, {8 PSII 4RI B F @A AR B, Suht, LARMOCHEEAZALH)
PEREIES (Plaps) FO#EZNT (DFD) RM&ET CK, FH 400 mmol/L NaCl
i F ML E PSIT B RV RN AR TR E .

. {RIKE NaCl 3t A MEXAEFAKEHAK, BEWET, Pn TREE,
KIDHIIL S INIR, — EFh M BOE 5 3% K I b 2 FE ORI FER RS & 0L e,
DR LA RERZIRG . BEBKET, KBApH MEXMEH XHEE
FRURENEREME, REHENZ 2.

. BEELEEKENTE, HEERFLEE (DPS) B#Hfta, HELER
5 NPQ. qE H—%, MAERSLIFHTHHE LA, R\KBTHE
BRI RE B BIE L A T AR BB B RSP ER .
 EZEHLEARFHSES, BHEBRAGEEMLEENER, EF
BT e THEYMERPNRE —EEERL, WT _EimEmHtrR
BAFEEREX. .

. EEA T AAES FRERY NEARERNEAN S ENFEERS,
IXERE AN F AR A TR R AERRIE .
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