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Responses of photosynthetic characteristics and chlorophyll fluorescence

parameters of Phoebe zhennan saplings to cadmium stress
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Abstract; Using 3.5 a saplings of Phoebe zhennan as experimental materials, the response of photosynthetic physiology and
chlorophyll fluorescence parameters of P. zhennan under different concentrations of cadmium (Cd) stress was investigated
by pot experiment.A total of 6 Cd ( CdCl,) treatment levels (0, 10, 20, 30, 40, 50 mg/kg) were set up, and the
application amount of each treatment was divide into 5 equal parts and each part was applied once every two months., the
photosynthesis and photosynthetic physiological indicators were measured as soon as the experiment was over. (1) With the
aggravation. of Cd stress, the total amount of chlorophyll a (Chl a) , chlorophyll b (Chl b) , carotenoid ( Car) decreased,
and Chla/b gradually increased. (2) The net photosynthetic rate (P, ), stomatal conductance (Gs) , and transpiration rate
(Tr) decreased significantly with the aggravation of stress, while the intercellular carbon dioxide concentration ( Ci)

increased. (3) With the enhancement of cadmium stress, the light saturation point (LSP) and the dark respiration rate
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(Rd) all showed a downward trend, and the light compensation point ( LCP) gradually increased. (4) Initial fluorescence
(F0) , maximum fluorescence ( Fm) , actual photon efficiency ( ®PSII) , electron transfer rate The ETR and photochemical
quenching coefficient ( gP) decreased with the increase of cadmium stress, and the non — photochemical quenching
coefficient (gN) increased gradually. As for the maximum photochemical efficiency ( Fv/Fm) and PSII potential activity
(Fv/F0O) , there was no significant change at T1—T4, and it was significantly increased at T5. (5) The dissipation of
residual light energy of seedlings was mainly based on the pathway of heat dissipation, but with the increment of cadmium
concentration ( T3—T5) , the dissipation of non-chemical reaction energy (E_ ) increased, and the heat dissipation energy
(D) and photochemical reaction energy (P) decreased. The photosynthesis of P. zhennan saplings were severely inhibited
under low concentration of Cd(T1—T2) stress. With the further increase of Ca concentration ( T3—T4) , the chlorophyll
fluorescence parameters changed significantly. The distribution of light energy has changed significantly, indicating that the
cadmium tolerance of P. zhennan saplings is weak, so it is necessary to pay attention to the site selection for young

plantation of P. zhennan ,and in particular, to avoid to plant it in place where cadmium pollution is serious.
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iR LS e (EVEED O FRerd R 3Tk O SR Ol e ¥ (DK=Y i< L /A (=T o= e s b W W Na'ak (2 Gl s & 0
SRR FRETEARAE Cd Ml R S0 W MR 3 LR N =24 LU R L I . Cd 2 PRGN 4 R
FIEIA R BEROG A A B S ) B, 3 B A 0 06 A VT R IR BE T3 T A4S F ATP (195
BRI R A I B o B A SR BTG R 5 A, A A e A A A P A 0 I ) K SRR | A 4 R 4
SFLAT R b T AR 0 ) SRS R AR A MRS S U R e, (HXT 5T Cd AE W =, FAR Tk
JERRIIA TS AED I EAE I AN 2332 3 W Z ], 405 11 253 (Viola baoshanensis) , 3% ( Solanum nigrum )
AT U] I, Cd X RO AR R R 2 R B KN SRR Cd BTS2 R B IR OG e b, AN [ it
Cd ALY R4 A6 A ek i B, A7 e B I 22 57 AR BE MEDEE ST 3% (Brassi cajuncea ) BN 48 & i FGHG
A HCRAERAR Cd W EEIME 5 IEH A KR T IR o 22 57 B RS S HUE (8 R AL T )
I AR AR A H T FNBR R B (Rorippa globosa) (R4 R &8 HE Cd W0 F2 5 (i i & /e T e
Rta 00 T e 25 A I 2R S i U SR PR AR AT 2E R SR A e A X Cd T3 g i
TR KSR,

Wil ( Phoebe zhennan ) JE&1EF} ( Lauraceae ) 1ifi J& ( Phoebe ) #4 , 238 E Fr A M AP, 70 R H 204 F
PR < [ L9 = L R 7 P A = N = 107 NS o B SA) 18302 4 o K B T [ i ./ i ]
AL TR Z RN R R AR T SCHRAE 02 24 4%, 2ROl g Tl | B8 25 4547l AT EL A 4
FRZGEME " BRI TR A R BT 28 TP TS AR K e S T (HAR A I
FEUIA T LT INRA MBI VE Y6 A T S IR EE 56 R 0 I AEARAET ) 3l 3 43 BT A < vl s p e
RIS EROCAVER SR E R, GE N4 T f# WU 4 6 A/ AL, inRg it A i
b et R S WSOERE ORI B AR B AT R T Tl HE AR A 24 A0 AR B K B, 4 R TS YK
Bz A0 e, JEHOE AR VLA R X Cd ¥5 44 H ™ 5, P ER T bl 4l 30 G A B AT 28 28 5 X AR )
WeRE Cd W i 17 0, A7 B TSR A TE ) 1 AT AR X Cd A AR IS W g T, IR A DR MR T Cd
ML S YE | AT R BE B TR B S bR S

1 #MR57EE

1.1 50
TR0 b B AE DU T AR R (BGERAR X)) 2 RHTE L b | 3t B B A48 103°51°29”, b 45 30°42718", )& I
PR IE S X, PUZE 4B SRR B e, ARSERAIR 16.8 °C, HE IR 25.9 € (7 H),HF
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YN 6.9 C (12 ), Ml fie s il 38 C (7 ), B ARl ~2 °C (1 ) 5 BAE-F BRI ik
84% ; SAE YR K H 2 759.1—1155.0 mm ; 4EF-2 5 H BRI H0CH 840.2 h,
1.2 5k
1.2.1 FhiE B S A

RIS A e b 4 AR BT . pH6.97 A HLET 27.51 g/kg 2 A 2.31 g/kg 28 3.88 g/kg 7K
0.01 mg/kg . 9.91 mg/kg 4% 0.19 mg/kg £ 3.34 mg/kg %% 100.75 mg/kg 5 40.27 mg/ kg, FRAEZA 2§ K
B — A BB (731 BA% 30 om JIEAR 20 em, & 23 em) , B 5ESE+ 8.5 kg( T L),
1.2.2 A PR

MRl —FPIR Y 2.5 a AR WU AR, IO L E SRR 118.55+8.80 em , “FH 4% 13.37 +0.20 cm, BE4; 1
R, ARG H UK BB AT I 1 a BOSE I MERE SR . SRR HH2 37K 43I0 A2 (ML2x, GBR) M +
HEK ATARDBL A8 IR TS K SRR 20% A2 A7 ( RIZR 1036 FH 4 F R REK 519 80% ) o BRI URHT 15 d, K T
A REAL A HRAS A T SRR, 45 LR AT , DA B HEARE X 5 800 1 6 38 7 A 4
1.3 5kt

SR FH B0 DR BB 8 T AR U1 4 LIRS A B U e 2 i X 3 Cd &k 4.4 me/kg, H
DB Yl 7 b B AR A 22.20 mg/ kg, SN2 UEAFOR PG G L IX 1 Cd iAo DR ARE U )1
DXARTS P AR T2 5 AR T RE A K S a3 A L8 6 4> Cd b F/KF-: CK (0 mg/kg) \T1( 10 mg/kg) |
T2(20 mg/kg) . T3(30 mg/kg) .\T4(40 mg/kg) \T5(50 mg/kg) , HH Cd L CdCL ARt FHE WLE 1,
SRyl T AR A SR} Z 5 A N 1 1 e AR — SR R PN T A K A2 BB A MR T S A AR BE B, B 4k
PIEA 9 Wt 54 B TR AL BRAE RIS S 7R @ RGE SR N R SR . 58T 2017 4F 6 AWIITR, LA CdCl,
ESAATRMAR TR 25 B 1 /K BE BRI, SR 5 W RS TR A B B Sy (i it Ay x5 3005 v A R At AR AR B, AR TR
RO AL ] CACL 555328 5 6y, 300 1 2017 42 7.9 .11 H ,2018 4 1.3 HtiA . AR K e il (4 75 i 12
DEREAE 25N TR, O JHAC AR T 2R IUR AT B2 R 1Y CACL R, TR Hpe n] - e b X R 25 6 1) 25
FK, T 2018 4 5 A WAL sRET, RS BRI I 3 MREE &, 78 R BT RS 1 AH [R] 067 56 L 3 R i T et
K Li- 6800 {45 200 A 72 A ( Li-Cor Inc., USA ) FEA [F] B[] 43+ 5311100 7 25 b BRA Bk - - () SRS 3 280 O
e 2 R AIE T 26 DA B 2R RS, Z Ja R RE M, e NS48 Anic i 2 )5 & T ok &, B 200 [ 5006 =
HEAT IR R S R IE

F1 E£RE CdAEKF
Table 1 The treatment levels of heavy metal Cd on P. zhennan seedlings

Sb3 A FALHAFIEA
Treatment Annual cadmium application( mg/kg) Annual application of CdCl,»2.5H,0 (mg/kg)
CK 0.00 0
T1 10.00 20.31
T2 20.00 40.62
T3 30.00 60.93
T4 40.00 81.24
TS 50.00 101.55

1.4 EFRbR S Ty ik
141 ARG ENE
KA B (80% N5 Jo/K 285 1:1 JR-AHREGE) e,
1.4.2 SLESMEZHSE E
FOCEHAR(P,) ZEEHAR(Tr) AL (Gs) MR CO, ¥ EE (Ci) ffi ] Li- 6800 {548 2Ot -4 Il i A
(Li-Cor Inc.USA) F 2018 4£ 5 H — Mg K 4 9:00—11:00 #EA7IE , X ES HE CO, WK E H 400 wmol/mol ,
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W2 IR N 30 C, M AN EE N 50% , SRR B S FREE G (1000 pmol m™ s™') o I 5 34735 FH [ Jr 7
AR T REN B BRE R I 3 AR, BRI E 3 N0 A
1.4.3 SGE-amm i h 2l e

fi I Li-6800 HEATINE , A B[] 2y 2018 4F 5 H 2405 K B (8:30—11:30) , i Fr e B br i 5 42 ]
b JEERABREEEE A 180015001200, 1000 ,800 600,400,200 150 100,75 .50 .25 .0 pmol m™2 s, M2 HiAl
SR E 5 e SRS S 000 B — B, 8 5 P 6 I 2 TR Al (R A A A 7E 800 wmol m™> s™' 24, K
K MU I R 7E 800 wmol m™ s FOGER P TGTE R HE P, B8 (K295 min) |, SR i ADGma Bz i
£k [ shill @ B2 R T E
1.4.4 FOESHEIE

i Li-6800 EATINAE , I e R bm i 5 80 W] L, 2= S 80 50 e SRS S 800 e — 3,
AR HE AT MRS A TC O 2 0 3 HEAT WG 38 N, JF F 25 §A AR 2R RR i - (B i U M, O 78 43 DR IE I 1
N ) PRI N — RS TE5 K 800 FFIARZOES MM E , B 58— /T 0.1pumol m™ ™" A4 55 ( il
FH 50 Hz) G , A 8001 465 FO; JFFT I —MEAIK G (8000 wmol m™ s™",100 Hz, 1000 ms) , 15 E]HE &
N AR KD Fm, SR G IREFREEOGIR BB W OG, 7F F RRUE 5, ILBT 1Y F B RS Fs; SR 5 FATH —
A ARSI B A M Ak oo A5 8] Fm 5 [RRRFTFFIE LT 6 (25 pmol m™ s7") 758 FO', AR PG & 50 ds , ol 31515
th PS NETENME (Fo/FO) (PSR OGS 77 i (Fo/Fm) (PSTT A RO B 777 8 (Fv'/Fm') (PSI
SRk R TR (DPSIT) L TE R (ETR) JEb2A TR 28 (qP) FIHEE LA K ZEL(NPQ) P,
1.4.5 PSIWIBOGRER) 73 B 7]

A5 Demmig\ | Adams 22 P i A

(1) SCAbEHERL (P) = gPxFv'/Fm'x100%

(2) REPMFEHL(D)= (1-Fv'/Fm') x100% ;

(3) S FMAKBE(E, )= (1-qP) xFv'/Fm'x100%
1.5 HdEabm

] Excel 2016 /4 ( Microsoft Office, USA) #EATHEAREE , >R H SPSS 22.0 X} £ #5417 B PR 2 Oy 22 404
(One-way ANOVA) , i 35 /KF o &N 0.05, ] Duncan’s %47 2 8 L, & J5 H Sigmaplot 12.5 ( Systat
Software Inc., USA) A,

A - 7 D 45 AR AT 2 A8 IERBE R LG | [RII 3R A5 B Kot & (P, ) DERME S (LCP)
TN (LSP) RIRSIFIH R (Rd) S 6B RRIES A

2 ERES

2.1 FRME X R LI AR ISk 2R Y R

WK 1 R B Cd AR B9, 4% K a(Chla) 4% b(Chlb) W% N & (Car) FIH-4ER BA
(Chla+b) ¥ 2 FRE#EH, Hrh Chla,Chlb Chl(a+b) 73 5I7E T3 T2 T3 B it 2 FF%(P<0.05) , A L CK P15
3K 45% 51% 46% ,Car % i 7E T1 B 1 25 T B B IRIA 34%, RN EE (T1—T2) B8 T, Cd X} Chla,
Chlb Chl(a+b) &t JCWI i 5 M, (B Car 5200 8 35 5 10 = Ve BE (' T3—T4) Cd Wil i 52 1 45 KBt 5%
i, 1A%, Chla/b B Cd Wae 3 Sz 1T, AT 0L Cd X Chla AP IR BE G Chlb TE 55—
2.2 FRIE X MR IR SRS I S AL S

W 2 frR, BEE Cd Wa R BN, WU Zh R 0 P, Gs  Tr Y952 R, B BIAE T1 . T1 T2 i} i 2
TRET 24% 31% 21%, HFf Cd WrHaFEEE R g i, i 2R INEE LS REEILEE IFTE T4 b
i 3 = T (K T) CK, WL Mk A i e B 18 C 8 i 55, EL BRI 2R i i)' B 8 6 A BRI 8 22 pl
SALHF R TE
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Fig.1 Changes of pigment content in leaves of P. zhennan leaves under different levels of cadmium treatment
& 2% L Ir AN/ NG k43 5 3R OR AL B 22 57 W 3 (P < 0. 05)
F2 AEKE CdAETHHEHKSEZ RS ETN
Table 2 Changes of gas exchange parameters of young leaves of P. zhennan under different levels of Cd treatment
Ab B HOL AR LS it ] — A v LB (LS) Ei U
Treatment P./(pmol m™s7") Gs/(mol m™2 s7!) Ci/ ( pmol/mol) o - Tr/(mmol m™2 s7")
CK 4.849+0.437a 0.0527+0.0045a 224.93+9.37b 0.44+0.05a 0.7519+0.0329a
T1 3.692+0.241b 0.0364+0.0051b 247.19+8.69ab 0.38+0.06ab 0.6100+0.0360ab
T2 3.701+0.444b 0.0358+0.0030b 250.65+5.33ab 0.37+0.02ab 0.5910+0.0584b
T3 3.670+0.235b 0.0348+.00019b 253.33+11.41ab 0.36+0.01ab 0.6007+0.0443b
T4 3.313+£0.220b 0.0332+.00029b 266.52+13.36a 0.33+0.04b 0.5952+0.0991b
T5 3.24+0.245b 0.0323+0.0019b 278.300+5.65a 0.31+0.03b 0.5409+0.0416b

[RIZIA [ B/ NG TR R R 45 AL BRI 22 53 3% (P < 0.05)

2.3 GRMME XU A I RS- 1 AR AR R

H1[& 2 Al FE[R]— PAR T BEE Cd 0 e B2 AN, ATin 4 6 DG BE O R T R B i AR, e Kot &
HR(P, ) B TREES, FER BT, 24 PAR<100 pwmol m™ s I, P, ¥Rl %55 G ity ik i 2
WK, TR HAOL AR LI PAR JEFREIBUR AR OGS VR R B0E— 2 B PAR AUFFEEIG 30 , 25 40 2
itk P, 55 LTS 2 PAR =800 wmol m™ s I, P, JEAKE TF-52 | I CO, ¥ B N BRAGIWTRE RN R 5

Ve ME—R | H CK (K P, B E T Cd A FMEvR (£ 7) , T2 5 T3 ek P, Wi & T T4 5 15,10

T2 5T3,T4 515 [AINTCHIR 25, R 7 AlA BEE Cd PiEFERE ninas A sl i 2 Wi 8058 (AQY)
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G, e (LCP ) 32 Hi T R, 2 W B 4l e
B 52— LB AR X ss e R A RE ) LT
Yy SRR R BE ) AE 85
2.4 ERPRAX MU AR ISk R PSR R

N2 4 Fi78 , Fo/Fm Fo/FO 76 T1—T4 Kb 356 F
To ke FE AR, AR TS Ab LA 3 A @PS T ETR  qP
PIRE Cd W0 PR BE A o £ R B4, T1—T2 I i 25
i NPQ 2 Th @t dh JF & T4 AbBiR B & F CK,
AT 26 T1—T4 A FRIN | BURG4N R F 0 e AR 45 1 5
ﬁﬁ@%ﬁ%%{ki&%&%ﬁiﬂ@ PST {%Efﬁ{ﬁ'l‘i,{ﬂ n_[‘)‘lJ- 0 200 400 600 8?0 1000 1200 1400 1600 1800
PS IR K01 Cd B R, Cd Byt L% 500 e
5 TR RS (AL 2R S35 PS 11 R 2 REKFRAAE TR 5B &-SLa0m AT 2
':F“IL‘ E’:J ,ﬁ@ ﬁ jlfiﬁ( ﬁﬁ jj ( NP Q IS 3:|_> ’ DI _[ﬂj/}ﬁ % j“['j Tﬂ] % IJ Fﬁ F': Fig.2 Photosynthetic-optical response curves of leaves of

LA A/ (pmol m™ s7)

P. zhennan var.

R E
R3 FREKFEAE THHEABIM F LA M & IES 5
Table 3 Characteristics of light response curves of leaves of P. zhennan var.
b3 FW A FRE RREOL AR A AN JeAME R I e 3k 4
Treatment AQY P/ (pmol m2s™')  LSP/(umol m™2s™') LCP/(pmol m™2s™") Rd/(pmol m™2 s71)
CK 0.049+0.000a 4.917+0.074a 951.679+4.112a 9.001+0.220b 0.418+0.006a
T1 0.048+0.001a 4.156+0.076b 930.573+9.027a 9.182+0.427h 0.420+0.014a
T2 0.042+0.001b 4.147+0.071b 927.219+8.089a 10.187+0.249ab 0.404+0.010a
T3 0.036+0.003¢ 4.116+0.003b 886.437+22.940b 10.626+0.788ab 0.363+0.001b
T4 0.030+0.001d 3.229+0.136¢ 876.363+23.664b 11.111+0.830a 0.315+0.016¢
T5 0.027+0.003d 3.230+0.001c 874.865+14.587b 11.000+1.028a 0.269+0.013d

[EIZIAS [ /NG R R A AL BRI 22 57 .35 (P < 0.05)

R4 TRKFRLETHHEGRRASHENL

Table 4 Fluorescence parameters of young leaves of P. zhennan under different levels of cadmium treatment

S KbFE Treatment

Parameter CK Tl T2 T3 T4 TS
Fu/FO 2.995+0.244 a 3.183+0.173 a 2.888+0.156 a 3.141£0.027 a 2.643£0.216 a 1.725£0.231 b
Fv/Fm 0.748+0.025 a 0.761£0.014 a 0.742£0.017 a 0.758+0.003 a 0.737£0.026 a 0.664+0.067 b
®PSII 0.058+0.003 a 0.035+0.006 b 0.032£0.007 b 0.032+0.011 b 0.037£0.004 b 0.038+0.005 b
ETR 29.431+2.281 a 17.778+3.096 b 16.074+3.631 b 16.281+5.357 b 18.805+1.876 b 19.069+2.715 b
qP 0.220+0.051 a 0.138+0.034 b 0.127£0.033 b 0.130+0.051 b 0.136+0.005 b 0.139+0.038 b
NPQ 1.292+0.008 ¢ 1.295+0.061 ¢ 1.343+0.015 be 1.360+0.025 be 1.408+0.014 ab 1.439+0.020 a

[FEATARIR /NG P EE R 25 A B 25 53 3 (P < 0.05)

2.5 GRME XU AR IO RE 23 B A S

U LA I 7 X OBOERE A M FO I OL N 4 Bz o IERAERARAE TS Wi gl it J ol i BE 5 24 709044
FTAAFERL, 29 20% I TR SR, 29 4% T A0~ BN, 15 B AR 20 3 i R g I W' A A 01 3 585
i, Zid i B RORARFEHL, LI, 17 Cd Bt — 25 1 Ui 4l i i A x o RE R A HTRE T, HL
15 T2 K LA b A PRIE, REARFERIRE BN, i RO BESE I, Z B PS TG AL 2 S e 32 40, PR 47 981 49 4
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RS5 TRIKFRSETHHEL R Fr 3R BRI FERLIE 5

Table 5 Dissipation of absorbed light energy by leaves of P. zhennan var.

[I=E=N

REHE /AL Energy distribution

et N FE AR RE (K, )

Jb B KREFER(D) S FERL(P) Fraction of excitati i dissivated
Treatment Fraction of absorbed light that Fraction of excitation energy that Y?Ctl}oln © excnatmhn energy n}(:t 1s.?pa(tle(
is dissipated thermally/% is utilized for photochemistry /% in the antennae that ca.mnot e uttlize
for photochemistry/ %
CK 77.5+1.2a 5.8+0.3a 17.5+1.8¢
T1 77.4+3a 3.5+0.6b 18.6+3.8be
T2 75.7+2.8ab 3.2+0.7b 21.6+2.7ab
T3 74.5+3.1be 3.2x1.1b 22.3+3.7ab
T4 72.3+£2.7¢ 3.7+0.b 24.0+2.9ab
TS 72.0+4.1¢ 3.8+0.5b 24.2+4 . 4ab

R FUANTR] (4 /N5 =7 3R 7R 4% A B ] 22 53 1.3 (P < 0.05)

3 THEMER

3.1 R XTSI Sk 2R Y 5 e

2R AR (8 RAR I A TG B VE R SRR T, L i AR AL g i WA P 56 & A 98 7, v Chla  Chlb
YERRLEA R, TESLREM WAL 2 5 = AR, T Car BRE& KL AR IEEIN, I8 0] IR K L SA,
/N PR SRS LA 0T AR BT 32 R B i A ) . AR b = S e BT R X AT RS Cd
Ejnt-gg g rh ZFP 5 5E (—SH) 25 & s U SRR I B KA a0 Fe™ \ Zn® Fl Mg 55, SR ISR AR 254
IR T SRR AT DA FRATTER ST A X WU A AR A R R b A B A S R (B3 S0k ) B R BN
Mo 2438 (CTK) & A BTk, st il e Je S8 4 1 & i di b i — A B R MY 4 E S B
ST AR R O AR fE 2R Chla/b {H, ARWF5E Y Chlasb {B B M7 -5, N2 AR X 47 2 35 19—
FlBHAALE T AN IR G SR 3 2 A (Chlb) (94 BUECE: , iT DARR ARG M A LR Y 3o
H B A
3.2 MR XU AR SRS SR R R

P, \Tr .Ci Gs fetl [ WAi ) ot & A B0 3 58 i i R O, RPN 6B AR s B A8 b, b P, AR 4k
B Jer PR = A AR A L DR 2R RN AR A AL PR 2R T A2 , HAR#E Faqruhar #1 sharkeytm] B8 1, B R A T R
i) FEF R R R I Z IR R SRS P B B 284k ) ), B G A LS5 H. Ci A2 A2 F 2 AWK
P, ARG BEE WA TFRE RN, P, B #iFEAK, Ci 350, LS R, 2B Cd Mra 2R, FR il i 6 &
B R R AR R ALIN 2 ik B 45 3 3 g 7 0 ST i i et RO AV AR ), 1B 3 2 B 9 4
Jofh 3R A S B A B S ), BT AR B B A5 AR L, 51 P, LA IR AT e 2, it i S R AR |
W2 H], S50 PSI AN PSIT A L 15 28 e PR AR A5, X 5 il OCIE S I g 45 SR — B0 S AR SCE M 4 R
it PSI 7 IR 250 AT
3.3 HRME XU A R R G A - e R AR AR Y 5 e

MURELI I P, IR 05 R S 3G SR M s K, 2R, X5 T 5 KM a N Mim 2 R4 -
JEm RERAE—2 Y AR AQY M P, AR T B JEAE  8 SZ A i B R AR AR,
AQY P, (EZEHIFAR, nT WL Cd Whaft R WU bR 55 56 59 R BE 1 B AR LAAR ) S0l R Aolesi F Hok
BHERA L Z B B IH 5N, Fo/ Fm {875 4k AD RE S AR 90 52 6 i A g7 AR R b, HLE AR 50
mg/kg B FH RN (K 4) 456 AQY (P, A Fo/Fm A8, AT LIIAH  7E Cd W8 $R5E T AT ZI A 8 52 31— @ L
FEHIE] . T LSP FEAK, LCP 55 L4490 HS AT AR &0 488 Xt ' 4000 56 A9 35 107 8 77, 3 5 Tl I 77 4 N AR A 5 45 2R
gyl
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3.4 FRMRA X WU AR R DOES B R

M2 2R 9 EAE R PS I EALS: N B9 48 /8 2%, X B PO S AE DR A EEAEH . WEoR R, Cd Wi
REd PS YA TEME L S i B 5607 | Fo/Fm Fo/FO 16 T1—T4 b FREFAS (LR B 5 508 B T1—T4 b3 i
PSIT S5 7 H 0 B2 3R BE /0N, WU S AT 6 4k 15— 22 (0 6 RE B 0 3R LA RO A 16 B Cd MR (i iE— 28
W (TS) , Fo/Fm Fo/FO B35 N[, PS T ZEA ThRE A T F R, S 2200 )\ ki 55 - S A8 S 45 W %
A 5, OPS IR ETR ¥IRER A e PS T AYSEPRYGAb 24 S N R0C% AT o, 8 B 0 3% N, X
St/ MR T ok S ST A AL, Cd Wl BRI T R G AR R B A SR T
TCEARN PS I PS T 4438, [t PS IR HoO G328 6 T, — B T 2R £k A 940 [l 1k
F1(NADPH F1 ATP) W JCiEIE# B R, C B 1 e MRt Gk 52 s, ©PS 1T AT ETR st R I T [, Wik 4h 44 6
B HORREAR A JE R T RE R AE Tk ,1X 5 Vassilev F Yordanov'* MBI 4 R — 2, qP( Fefb 2K 2 E0) fiE
B PS I AP R4 (0 R EDOGRES 5 OEALF B EL ], ARBFFE P qP W38 R R, S 0 o X SR i ik T
Cd R RBER;, KB 1k [ 5 PS IR T2 R QA Bl idh BF 18 J5 i 7 PR > | ) Ak A 40 the 2 ) v R 776
Wit B OCRER KAERL(NPQ LT, DARRAK A B AP I Z |
3.5 GRMRE RO SR SO BE 23 A R

HLPI R BT AG G REE B LG 3 3040 . REEIFEBLAYRE B (D) DEIb A AEHLRE & (P) MR etk 2 s
FERLBERE (E,) % ARBFFTH , BURAIR LK R eSOk 12 0 2ok I #E 12 B 6 RE, Cd Bt TGk - A HEE
BN, X5 EA IS E(AQY (P, Fu/Fm) BEEA 5% ; Wi e Ab2F 5w AEHURE B AY3E N vl 57 1E PSIT ATEs
T AT A3 S5, 0F T b G TG RE X G A LA A0 BERE IR, 33 S e T WU ARG Cd Jh e A 3 1 il

25 LA AR (T1—T2) Cd Whas i, MU LA i 2% 28 5 B SR SS e S 80RO By FRAE S 508 B T
W B Cd W AYHE— BN (T3—T5) , WURZh R PS 1 K0 v 18 57 — 5 T A 63, %o 5516 LA R W lie
JERIRIFHBE T8 55 , Be 2 R EMURM AN RG-S R 1T B, DI AN BLZE SR TS5 YL 35 R )™ B A9 H X R 1 & S iA N T
4k,
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