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Effect of CaCl: on photosynthetic characteristic of
Spinacia oleracea under enhanced UV-B radiation
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Abstract; In order to reveal the effect of CaClz on photosynthetic characteristic of Spinacia oleracea under the en-
hanced UV-B radiation, the photosynthetic pigments, chlorophyll fluorescence, Hill reaction activity and MDA content
were determined. The results showed that the treatments could decrease the content of chlorophyll a,chlorophyll b,
total chlorophyll, potential activity of PSII(Fv/Fo), photochemical quenching(gP)and non-photochemical quenching
(gND, light quantum yield of PSII(®PS[), efficiency of primary conversion of light energy (Fv/Fm)on thylakoid
membrane,and the activity of Hill reaction, whereas, the treatments could increase chl/car,and the content of MDA.
The damage of spinach leaves caused by UV-B was relieved by CaCl,. With different treatments the change of the ac-
tivity of SOD, POD, CAT was compensatory effect. The relationship between the UV-B intensity and the damaged de-
gree of PSII function of spinach leaves was positive correlation. It appeared that the most primary action by CaCly ra-
diation occured at the chlb content in total photosyntheic pigments, the light quantum yield and the activity of POD.
Under the high UV-B stress,CaClz caused the chlorophyll b increase, which was the most important reason that effi-
ciency of PSII capture light could raise.
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REE T AR, =P EBEE N, KRREE
T, LA MR F L UV-BOEK 280~320
nm) IR, MYUHNEK. REMFEEEEBAEL
AREEREERT UV-BENNERMRES,
20000, HAEAREYEHRHEREIRZ —(R
B3 %,2001) . UV-BXEYIEEIERME MG R
FBEHREFRNRE., EFER TR UV-BUFE
% ,2001), 4 & UV-B 55 NaCl, SO, . T EZE &4
HI Y ESIERANTRC KERE HERSE,
2004 ;7% g TG 45, 2003; Fh IR 4 %5, 2002), B EB %
(2004) By BF 3 F2 85 , 18658 UV-B % 57 NaCl jri8 [H]
FHERMGESE LA ERNMEREERERTH
HF /e Rt #38 UV-B 858 NaCl B
HFERLE THRMREEXE TEREE —ERNMH
s, HP A SALEZMESILEE, [ Cas
CIrX FHEYHMEEERBREER (KK LS,
2007, ME FAMESS e R FF S e N T B VB E VK
B KA BB XY AR G E RS b
D 1995 BR 2, 1995 Bt B 45,2004)
B85 UV-B i 5 BHRIEW CaCl, B & LB
MY HEAERANERMHERE, A EX A RMR
TR F AR LIWE, FHitk, &L EFR
(Spinacia oleracea ) M F, TE R 5T UV-B & 5
TR EBEME FERENEAHTULS
mmol/L B/‘J CaCIZ XﬁEfl]B@ﬁ}Fm}fﬂa

1 MEEF*®

L1 m#HRLE

A AR EREEERE(LWERE ERTHHEIM
FoRAET),2007 F 11 6 HF THE RE¥F AW
P2y A %HER AEREANERE
FERA2 emX13 e EHR . H A B HLULEEL Ho-
agland T2ERB,.FRB 4 FEFTEERKE —
HEShH, T 2008 8 1 § 8 HIFMR#ATALHE,

WATE R ESNTE (W BIL I BIETF R,
BPFEAILEMERFEAFNE K UV-BER
THHE (297nm K3K) . B EIMTHFEITEHTH
Bk, W0 RE R HE TSR B LA AR AE R S HE . 2008 4R
1H8~12H,8X 12:00~13.:00,Xf#f Rl #1704
5d S FALEE, BD. A AR SR K (CKD; B G aR B
$0.1 W/m® B UV-B(Low,L); BEEISR A 0. 1
W/m’ §§ UV-B, [&] BF B ¥ B & 5 mmol/L A

CaCl, (L+CaCl,) ; BRSfa& B - 0. 3 W/m* 1§ UV-B
(High, H); BE 3B E R 0. 3 W/m? #y UV-B, [F &
BT ¥ BE -4 5 mmol/L 89 CaCl, (H+CaCl,),

2008 4E 1 f 13 H 10.00 245,45 — tH AL B AT
BUR B R BUEAHE B M VR AR, ST R AR E .
L2 ARANBSEHE

HEEENERHAEBFEE Q00T I
BRI O0.2 g HEERTHEIRT 10 mL 2
BB (B0YPIER = o/K LB = AK=4.5:4.5: 1,0}
K& EEH UV-2450 Wil 2 4 & Hill &% 89
FEXRAN B F P ER B LB AP, 1999)
805 B BB — R R B R B It AR dRiC , B K B
L 19:30(HFER. 2 h JE) HEH P& E KKK
PAM-2100 ] i€ ;: Fo. Fm., Fv/Fm. Ft.F’o.F’m,
qP.gN,OPST B A K (F'm-Ft)/F’'m B (F 4
£ %,2004) , PSII A EHEH AR : (Fm-Fo) /Fo &
G FIT%,1999), MDA &85 % Kang %
(2003) M F7 ¥, SOD Wil & X Al NBT #,POD By
W22 R A AA AR B, CAT 8930 22 3R F 42 443 96 56
B (FREHE%,1980), IABMBHEENE 3K,
¥ 4% B SPSS11. 5 F Excel2003 4L M 4047, 4R
DL (E AR MR E RN .
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Fig.1 The change of photosynthetic pigments of
Spinacia oleracea under different treatments
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2.1 FEIAEBTHERAGBRESENTL

BE 1,UV-B#E 4 F,chla.chlb I BB E &
B UV-B 58 /3% K 8 /b, Bl 5 mmol/L
CaCl, JE. Ef1E MM 2% . H+d L+ CaCl, . H+
CaCl, ffy chla 8% L. H 4 %3 &.3. 60%.,
162.70% , i L+ CaCl,,H+ CaCl, £ chlb 4 B %
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L.H 4845 .12.79%.171. 02% , 1% B8 5 mmol/L
By CaCl, X2 BE 45 5 B 38 F 3 3E chlb R 1EH
HEIE., Wk 1 R, BN HEET chla/chlb B
CK # 4,7 L+ CaCl, 1 L.H-+CaCl, #1 H [[{] L8
FHZERUH UV-BEHNT, ERESRE R

e 1ok B AR, T CaCl, XX FE P T B 812
HEH. FAf, L+CaCl; B9 chl/car fEH L B %
BE 9. 41%, MEEMEZ T H M H4CaCl, 28
HEREVARER, RHBRFEMET CaCl, I E M
FEERCEPHMENEE, RIEEFLEIERAD

F1 AE4ETHEIE chla/chlb,chl/car BT

Table 1 The change of chla/chlb of Spinacia oleracea under different treatments
CK L L+CaCly H H+CaCly
chla/chlb 1.6940. 06¢ 2.31+0.09b 2.1240.08b 3.0140.11a 2.9440.13a
chl/car 7.4440. 16a 5.63+0.11c 6.16+0.16b 5.0240.13d 4.9810.07d

B RA—FEE R RRAER] a,b,c RFREFHEE(P<0.05., FH.

Note; Data with different letters a,b,c are significantly different(P<C0. 05)in the same column. The same bellow.

IR 52 BR, » B & 5 S5 O IR , SR AR AR R V55 .
2.2 AEAETHFERRER L Hil KEFEHNNTH
Hill RMEEHAEDEEBEBENREAE S &
(OEC) b, —EfRE E Rt H, O S5 A RMS
MEEBesEam 7T£4, L.L+CaCl,s H H +
CaCl, 4> 5 it CK F [ 69. 55%.59. 57.69. 85%.
61.95%. MBHERRAFAEARFEZER. WH 5
mmol/L #J CaCl, B3 % UV-BEHHTBEHH
Hill 3% J1 B AR 17 3 SE 0 i 1R 3 5E R A AL .
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Fig. 2 The change of Hill reaction activity of Spinacia
oleracea under different treatments
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2.3.1 AEIARTEENN o F %KAM Fy/
Fo.®PSTl \Fv/Fm # & % Fv/Fo fJLUKERE
~PST #EEM. L F,Fv/Fo 5 /EMK, W H
T.Fv/Fo MBAR TR, & 5 K, S4AHEEM Fv/
Fo RMUETFH 1 K, HEMEFH R CK, BEM
HFAT 3 K HESE PSR E R L F, B2 —
A SR (B E R R TR, RIFER
5. 5 KW H4CaCl, 48 2 8 T H, 08 5

mmol/L # CaCl, FF| F &% ¥t /5 PSIL &4,
EEENTEREABRRENSHE.

Fv/Fm X BURRIERE M FZ R 50R, RAEAYZ N
WA BEREEER., OPST M B PSI &5 $
O RAESLT S5 Br PST OGRE AR IR E. 4
a5 XKKN,CK.L.L+CaCl, 8 Fv/Fm Zza X &8
M EH,H.H+-CaCl, 3% 1 XF &
7.18%.5.44% , B} H+CaCl, % FREIEEE H /b,
FEUV-B G B]  K, OPS T B #i k. £ 5 X
ML H M EAME 1 KT 14.19%,38.41%,
5 KW H+CaCl, £tk H & . WHARE UV-B i
ETF . ERRREREENEERERE, BHE
598 B0, JR A S BB % e R 2R B i PR AIK, SERR OB BB
WKL R WEAL, 5 mmol/L Y CaCl, EIFTH B 1k
TN TRES., BERIEHREEEHATEAE
KB,

2.3.2 AALABFTRETHHEERAELLH qP.gN
I qQPOBERRZRD KT PSIL R K
OHFRBEMSS CO, BEMBTHE. WE3
WALATEME S X LLH 8 oP MK CK H
1K L.H¥EM. 51X, L+CaCl, L 3%
X 8% ,H+CaCl, }t Hi#Kk 13%,E WK% 5 mmol/
L # CaCl, {8 3 3 & PSII & B b D 7E 2 4M 8 T
BRFE R A IFI B, BRI JEREE £ F TR
fo. JEH 4 RXFBMAERZRHBE /N, E 5K L+
CaCl, t L #8/m 2%, H4-CaCl, W% F H, ¥LH
HEFESNSIEATHERZ. FALETH P
5 REKEE TR, WEE UV-B hE T, HEM
NUFEBERFAEBZEN, aNCEEHFEERR
¥ e PSIL R B A LRI B REARGEF Tk & 8
FE, MU AN X RN LR, 5 ATP
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FINADPHE AP ER S EWREA X, &£  UV-BIHET,5 mmol/L # CaCl, Al #PFEH XS
BESSKLHAAMBYRHYCKME 1L RKBO L., B, ARAEALREEEL ATP I NADPH, £EEE
HMEEME. B% 5 X L+CaCl, b5 1 X EF 10. ST, THRIEERY F E LR AEE,CaCl, By
64%,H+CaCl, L5 1 KT 32. 76%, iR E  RPERAFERIEERGEBHAFERER,

x2 AEAETHEREHFRNN Fo/Fv.0PST Fv/Fm WEL (H/A)
Table 2 The change of Fo/Fv, ®PSIl , Fv/Fm of Spinacia oleracea under different treatments

4L ¥ 5 £ Treatment 9/1 10/1 11/1 12/1 13/1
Fv/Fo CK 5.2631:0. 242a 5.0034:0.192ab 5.120-0. 137ab 5.20040.077a 5.10740. 284a
L 5.40440.042a 5.409-40, 144a 5.422+0.161ab 5.220+40.100a 5.05940.126a
L+ CaCl, 5,6911+0.090a 5.575+0.098a 5.50340.123a 4.88410. 336a 4.2144£0.511ab
H 5.11840.186a 4,677-40.176b 4,5184-0.220c 4,24240.032a 3.469+£0. 150b
H+CaCl, 5.497:4+0.229a 5.1464-0.185ab 4.8994-0. 137bc 4.42040. 381a 3.67440.038b
Fv/Fm CK 0.84040.006a 0.84040.006a 0.83740. 004a 0.83310.006a 0.8364-0.008a
L 0.847+0.003a 0.847+0.003a 0. 84440, 004a 0.839+0.003a 0.822+0.013a
L.+ CaCl, 0.844+0.007a 0.847+0. 003a 0.84710.003a 0.82940.011a 0.8241+0.012a
H 0.83640.005a 0. 836-+0. 0052 0.818+0. 007ab 0.795+0.014b 0. 776 +0, 008b
H+CaClz 0. 84640, 006a 0. 84640.006a 0.83040. 004ab 0.81440. 013ab 0. 80040, 013ab
$PSTT CK 0.4234-0.013b 0.4864:0. 037a 0.47140.011a 0.46240.003ab 0.393+0.010a
L 0,486 10, 030ab 0.47640.012a 0.45940.016a 0.47840.013a 0.41740.015a
L+CaCl, 0.49640.017a 0.520%0. 005a 0.471%0.021a 0. 49540, 006a 0.37940.045a
H 0.440+£0. 029ab 0.477+0.002a 0,449+40,016a 0,3731%0.003c 0.27140.006b
H+CaCl, 0.499+0.011a 0.49340. 008a 0.47340.011b 0.41440. 020be 0.30340,010ab
£3 FEAEFEEHSEL PN WEL B/
Table 3 The change of qP,gN of Spinacia oleracea under different treatments
4b 3 J5 B Treatment 9/1 10/1 11/1 12/1 13/1

qP CK 0.59:+0.024a 0.644-0.020a 0.65+0.022a 0.6440.026a 0.5840.005ab

L 0.62+0.026a 0.6910.033a 0.62+0.036a 0.654-0.030a 0.49+0. 110ab

1.4+ CaCly 0.6710.014a 0.70140.006a 0.64+0.013a 0.6730.007a 0.5040.060a

H 0,60+0, 045a 0.6540.007a 0.63:1+0.016a 0.6140. 004a 0.464-0.043ab

H+CaCl; 0.6840.016a 0,6740.016a 0,64+0.012a 0.574:0.022a 0.46£0.023b

gqN CK 0.62+0,005a 0.5640.058a 0.62+£0.026a 0.6140.026a 0.5940.012a

L 0.5540.001b 0.56-£0.021a 0.53+40.010b 0.524:0.021a 0.50+0. 084ab

L+CaCl; 0.4740.017¢c 0.4740.012b 0.5240.041b 0.50-40. 026a 0.524+0.051b

H 0.56+0.001b 0.5730. 006a 0.514£0.009b 0.5340.041a 0. 4840, 024ab

H-+4CaCl, 0. 5840, 013ab 0.57+0.011a 0.4340.010c¢ 0.3940.010a 0.39-4+0.015¢

2.3 FE 4 TiH3¥E MDA & E# SOD,.POD,CAT
R EL

ME 3 AT F,5 mmol/L # CaCl, X T UV-B
WS TR ME MDA & &(A). POD JEHAS L # #
MDA FTEEWNAHARDB) ., HF#HEH CK M H
HEEREEZER. EMLET,POD.SOD.CAT
AEBEMNARBB.C.D), THEEEXELTEA
BAGY IE B FRMEAN —FERERN., SOD
EHEARLETAHE CK ZEEABFHC), L+
CaCl, # SOD &% L EF,H+CaCl, ) SOD %
B H TFE; T CAT & SOD A {b ¥ M &, BiF
XEE UV-B B4 F, CaCl, X 33 4 SOD #
CAT EHEARIPFEEL AR (C.D),

3 Wik

HEESEBHE UV-B K% KT %K, @ 5
mmol/L # CaCl, AT LA 42 & chla.chlb. & chl & &
Ml chl/car (B 1,5 1), 5 R B 4% (2005) ¥ BF
RERFHMUZL. FPFEF CaCl, TERB T
¥R chlb H9& 8. PSIL LWt EEE LH-
CILEE THREERME L S0XAHHRE,# 5| chlb Xt
LHCII W E BB EEZWB X (HFTWE,
2006) , FATHEW , CaCl, 3£ chlb & B 8 [F AT, 3
T LHCH gy & B e, F PSIERE, B F
FILRER R ML 2, o B SE M 1 BE4T 06 S N 32 3t
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WM FHEHILL RS SRR EIKR £ OEC
&M E B AR AR (BE¥T P9 48, 2005), OEC LA NG
B 203 R R A T A H, O, BFFERH CaCl,
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Fig. 3 The change of the content of MDA(A)and POD(B) ,SOD(C),
CAT(D)activity of Spinacia oleracea under different treatments

ST T X S 40 45 A S e 4R A O R T S RS o
AAHWFR IR PSRk H i FAid B E i (E
%44 %, 2008), UV-B #¥38/f, Fv/Fo,qP,Fv/Fm
FMOPSU % 5 RYHE 1 KRTHERGE 2.3),WH
UVBHE—~ZRELZmWT PSILWINEE. &M 5
mmol/L fY CaCl, 3 i1 {5 3 £ bR 1 3K A9 B R JGRE A
SZMAALFE R BERE, ik PSRN F O EFES
FIFF AR LB, R G RE e I R, R B AR 1
PSII K ETFRIEF, AMHESE A%, WA
REEEERA T CaCl, FRIKJEREPFE AL, 48 T 3 K
HEMAREFEMNFTEFRRA, UV-BEST,Fv/
Fm I TRERRERM A HE T eMs"RNE. %
BB F Q99D IA MBI HE i TR et B 4,
P680 F| QA H T %M. P WEKERTR S ®
TAERAE S5, B) Q-A EFHE N QA BIBE 1R
55 (ES AR R4, 2000), 5 mmol/L i CaCl, 7] LL#5 8f
P680 e 7 8| Q-A, EH AN QA, B W
il AR S TR R SRR

N E S BRI R 7238 32— 5 E AT LU
1B L RE R LA Mehler B Z BE, R R IEHE™
H BN —FHEUS FEENZEACEG R FER
THRMATBAMBEREEENHRERE. X&E
HERELTER  REBERATE, RBURASEE

FBEE GEM R %,2004), 7 UV-B#5§2ZTF,SOD
EH—-EHEEES T CK,{H POD.CAT #%F A& [F#
EHTHE, S8 MDA EF (B 3, EFHFEX M.
5 mmol/L 9 CaCl, &8 THi# UV-B 3&E F POD
EH.ERE . EEBRHNT 25 E SOD.CAT &
T, RO Ca™* X & Fi B8 B R BT R T #MERK
BB T MDA B . HEMERPTHERSE. B
i#§ CaCl, j5 POD {E 1B E 5,5 MDA & &1k
EREX L POD ERPVERGESBFEEX
., LAERMECE N RSN F, AR
4 R 440l R 0 o o G 59 1O R (RS 3 45, 2004)
FRULUV-BES T MDA S BN, FXREES
BBEIR A BT R B AR E, M
CaCl, X BRI MRS THTFEEEMN TR
PR UE X6 B RE M A BE 4T, B R T ATP H
NADPH W&, U BOLEBERAL, KRB, X
B CaCl, MAAERRPEEMHNERHA.

% b ik, UV-B 38 F,5 mmol/L CaCl, [{
BFAR YT PSIT B9 4 4k 0 F0 58 A0, e Bh e 538 .
EFUVBHESF,CHE chb BERE.TRES
KPS HAMERBNEEREZ—. Z—FH,
5 mmol/L CaCl, # & ¥ 3£ it i Xt it E B FE /LB
N RPHEERG, G FRARERMT —MEX
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