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Abstract

Aims  Strong solar UV-B radiation accompanied with strong solar visible radiation is a characteristic of the en-
vironment of China’s Qinghai-Tibet Plateau. Previous study confirmed that current ambient UV-B intensity has a
small negative influence on the physiological response of the photosynthetic apparatus of the alpine plant Saus-
surea superba. Our objectives were to further analysis the influence of ambient UV-B intensity on PSII photo-
chemistry efficiency under different weather conditions.

Methods Short-term field experiments of UV-B were conducted during the luxuriant growing season in Ko-
bresia humilis meadow in the Haibei Alpine Meadow Ecosystem Research Station. We used the pulse-modulated
in vivo chlorophyll fluorescence technique to obtain rapid information on the effects of UV-B intensities on pho-
tosynthetic performances in the native alpine plant S. superba. The maximum quantum efficiency of PSII photo-
chemistry (F(v/Fm)) was measured after 3 minutes of dark radiation. The PSII photochemistry efficiency and
non-photochemical quenching parameters were also measured. All chlorophyll fluorescence parameters were sta-
tistically analyzed with SPSS 11.0 software according to sunny, cloudy and shady weather states. Two-way
ANOVA and least significant difference method (LSD) were used to compare differences among UV-B treatments
and weather states.

Important findings There were significant increases of Fy)/F(y) in both ambient UV-B and low UV-B treatments
when the weather changed from clear days to overcast days. Although there were no significant differences,
F)/Fm) showed an increased trend in low UV-B when compared with ambient UV-B in all three weather states.
This suggests that ambient UV-B intensity can delay the recovery of optimal photochemistry efficiency in S. su-
perba. There were (a) increased tendency in actual photochemical efficiency of PSII (@pg)) and photochemical
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quenching (gp) and (b) small decreased tendency in non-photochemical quenching (NPQ) in low UV-B treatment

in comparison with ambient UV-B; however, all those fluorescence parameters were significantly changed among
the three weather states. The variation of these PSII photochemistry efficiency parameters demonstrated that
natural UV-B component can limit the photosynthetic performance. Further analysis confirmed that significant
difference (p < 0.05 on sunny days and p < 0.01 on shady days) existed in relative limitation of quantum effi-

ciency (Lprp)) and fraction of opened PSII centers (gq). Although its effects were not always significant when

compared with the influence of photosynthetically active radiation (P4AR), UV-B radiation can influence primary

quinine electron acceptor of PSII (Q4) and there were negative effects on photosynthetic organization in S. su-

perba.
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tion; RH, relative humidity of air; T, air temperature; UV-B, ultraviolet-B radiation. Vertical bar is SE. ***, p < 0.001.
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Fig. 3 Effects of short-term removal of UV-B component
from natural sunlight on quantum efficiency of PSII photo-
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UV-BfES . FHARSAEIRZE . *, p<0.05; %% p<0.01.
Fig. 5 Changes of relative limitation of quantum efficiency
(Lprp)) and fraction of opened PSII centers (q.) in Saussurea
superba during treatment of short-terms removing UV-B radia-
tion under different weather states. There were extremely sig-
nificant differences (p < 0.001) among different weather states
and significant mark did not shown in figures. amb UV-B, am-
bient UV-B radiation; low UV-B, decreased UV-B radia-
tion.Vertical bar is SE. *, p < 0.05; **, p <0.01.

TG P AL ATUV-A SR I 1 RN 2N T UV-B >
A g, TR B ARG TP UV-BER S o) Ja
PSITGA 2 51 0% BB fldie i 1IE & UV-BX G &
UG (e 20 %0, 3R AL SR P
A BRI M UV-BHR S s E H AWM B FE Z R (@ <
0.001), 17 HABIREE T 41PAR. RHAN Ty 1t 22 53
AN S, S AR 1 Kb B (AT AR BT (1) A2 4 2 () S0
FEJRTUV-BER S AR L. T B EE, hTuEes
1 HARIRES b 2% 5 2 40y HLREBHAY PR b R, S P
T-HF AR 1 FF AR 2 (Pancotto et al., 2005).

& 3 96/ AT HOR B A P H G847 (14

A, BRI A BB T A R T2 N
(KP4, 1999) 0 7877 MBI IE I 5 () xRS 8
FolF 2t 7 FFTOPSIT R WY, A0 35 7E fig & 41l 3K 2%
W B SR, SRS S E R O AR
et R 2 BT 4% (Baker & Oxborough, 2004),
BEAISPT g s TP ST Y. H Lo DAk 27 i ) 1R 38 7 9k
559, A(EE) I B TR] N 3 3R D6 A S 2 R 8
M5 B Fr2: F i (down regulation). [FlIt, #E
ff W5 O N, IS R) O, AS [] A B AN (] A 40 A
) Fo/ FoPE) AN AR A0 BB 7R — 08 B2 B2 b s i 4% 4k
PR Bl AP ] Y S 5 PE 25 5% (Galvez-Valdivieso et al.,
2009). A SCR FHUEAG IS IE V.3 min/5PSIHR KJE
27 B T RREEF () F (o PR PR FE R BRI U V-B A S
XTSI KBS ot A HLA 52N 3 minfi i Y,
IR S S A B PN 0 J0 - 9 B2 2 TR R AR 2 K
(R PRAH L 53 Be S8 WA, (B A6 & 1 2008 W A8 1
S, X S G RGN IR AH 2 BLACIR
AR A4 504 %(Quick & Stitt, 1989). —
RN, SGE AR G AI R 1 5t 34 ) B e T HE )
UPIREE SRR ERST K 7/b B SERIUP S A S PR (A N
42, 2002); SGAMEIE £ SR PR T PSILR Y] HL 1AL 3k
BRSZARQA M AL 2R, I 2935 PSS B L (1)
PR TH T TEORIPSTLHE £ ' Ak 5% B 1 2% 3 (1 A7 Rk
% (Galvez-Valdivieso et al., 2009). KI3AXK M,
T IAIERR B ARG UV-BHE S o AL BRI, S 3
P RAT 5 A NG FE 2 TR 1) 22 e S AN Wl 2, (H
Lamb UV-BXIHEAHLL, low UV-BACEERS Fiy/Fm fiE
PR BN R, REURAE KB 61% H (U V-B 7 4
PSILS S H 0 ) R 41l 3R 280 3 B fom . 245K K]
SAZRUE M IR, B ZE IR, Foy/Fum®
WE T EE, ORI AR A LG
EUIEH SRR 3 PN

JGIE W P STTSE Bt b 5 &1 33 Ppsi 5
TH ok PSTLS WY A0 1) 25 1 L 1~ 4% 33 3 & (liner elec-
tron flux, LEF)H H#EMECR, Kt X gifk A PSILz
TR (PSIL operating efficiency); Yelb 2 K 2%
gei At T PSILE W H 0 J A L 42 2 AR QA AL AL iR
RS BIAHXS BE R, 5 TP ST Y. 1 (1) b 48] ik
AL MEAR G, bl T QARATREE . AL IQaR
PSITHL 4% 32 ¥ JR BTS2 A4, ¥R 45 PSILUK REY
FIRCR, Wge B AFRAEPSIIRL R A 7 (PSIT effi-
ciency factor). LRSI AL TR 1, LM
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KBS F 1 Dpsy Fl gp b PARTE FEA T T 551, 17
AL R Z BANPO IR By B Aa %y, HANTH
RACIRGLZ A 1) 22 S 389k 1) 7 A S 25 7K1, BT
I 1853 A2 5% W S 3 I 8 S PSIDIG 4K, 27 3 %
M) EE K Z . FEPARTIFEC, Qala T% 4k, PSR Y
LB TE TR, UK e T QIS IR IR R A LS
fer, 5 0[] B FARE T RS PR O Rt TR B A, PSIT
BN H OB BOKR e T A AR IO R e A3 3 T
WA o RV ZRIEAM R, ARRACREL T 1
EXILRY], 55X amb UV-BAILL, low UV-BALH I
Dpsiifllgp LA B A 2BRIEIZA), 1 NPOFR I
PGB A(E3B), Ui SRUV-BHE I 8 In 8 PST s i
HO R E I B TR, BRI SR 6 A T EPSTT
XTI K BH 8 5 6 3 R R U V=B i 23t 55 U (van
Rensen et al., 2007). RJREUV-BHaG 5] T
PSILS W SR AR TUAER, PLAZQAFIQpHE
T ARG SRR, BRI 2 T 8 ik PSII 2t
A% 333 % (Fiscus & Booker, 1995; Jansen et al.,
1998).

I 1& B3 minf Ok 5 1 PSILE K G AL 2% 5 1
R F (v Fmy VA S G TS N 7 Dpsy AR AL # 3R B,
UV-BA&R S RGA WA B A g, R IX 5] g
SURGHIHIRR BRI, FEEE B XDs AU 16
i, WARTEAIRBI G R 2= 5. 3R AR
AR P AL R TH] oy Fmy LA S A PSTDG AL 27 20 2 Al
NPQ B A — 3y fb e, 3B 1 AR08 )
UV-BA4E 5 143 BE 5 W s LA A0 56 I R 48 1
ARG R EE st 22 ) B R . AR, T
4 2 v L AR ) S5 T RGE A K 48 g A i OK BH DG AN
sRUV-BFE S 90140, TR AUV-Ba 5 AR 4k i 5] ke
(PSS B HH O i 1 98 1) 2 99 1, 536 Wi 4.2 /)
Frar WSefE R . IR R, BN F T HED
WA TRAEZ IR AR . TR, RES
B, &I T 2R U S B U V-BAR S
SE AR, DR s oA o DR B 1 S 0 = B B A5 A% A
L,

FesE DGR N ) B 1 R0 IR A G B ) B
I D fie AR BRI Lpppy B it T — AN PERDE G e
3R S BRI A B . T3 T PSIDE A L/
14 (lake model) ()58 %qr, il h2&PSIIK
I R R G 2R ) LAl 1 (Baker, 2008). %A
WA QAMEMIE RS qu MG &R, e ST
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Hiy Sz BRQ A PE I AR AGIE RS o HLARASI A0 23 A
KW, PAREFEWDGE IR QARNIE AR I T 22
R 2%, (HOKBHYGE o I U V-B4R S Rk 2t B 25 (B
TR Z b 2 (I R) HE 52 i Q48 Ak ik JFUIR 2, 12
SR AR S0 56 T LR 3 Ol D RE R 2L R 3R
(EISA. 5B).

X FHUV-BHE 2 358 R 1 mh 48 ok 5 A8 () — A
AL (Bjorn, 1999). SMEREEUV-B4E S 8 1)
PR EXEAE YNNI AN R AR WS N
KBHE B RS = 2B SRR 25 5, 8
/N RO S TR A PR ) TR 3 3 S 5 BB R A
o 25 T e R A T IR E BV, & IR
Pk v J L =i, 30 B S TR R PSR S i
AR BAR IR, [R5 728 () R AR 2 12 X =
() AN W RRAE . SN R 44 o TR R A ) v L
Yy, LB ATAET s A AR () i X, B
SR BB IV (B 22 78 (1) SRR o I A A s
(Fotheic 2 TG IR K, DA 75 dad E
T 2E A K DA T RGP ST Al R A4 e (1)t
ZWOKRE, BEROCEREAL S B I AR, B
TG A WU fit T 48 R PSTL Sz 3 HH 0 (1) T L 451,
FERPSIDOA =R, OGE DIRE A 21T .
B 5BE, 3Fh RN R PARFTUV-BE 5 1) &5 3% %=
FeAb, RHF T A W40 4, BRPSIDGAL %2304
(1) 1 T S RERE )2 I T 6 6 A5 WAL T 52 Wi 5%
/N, AT e LA ) S W A 20 AR 3 ) —
Fifid Y. o

AR H two-way  ANOVA XK ZE 7 270 Wi,
WEFT T PARFIUV-BHE 5 5 F5 A 4k 6] 51 J5URE A FE )
LI B IR FEN o —J7 TR 1 KB AT 6 S
JE R PSIDGAL E R I E R 2, — 7 ik
ST UV-BHRS B i A (o md o SR, 16 45
A 52 4 B UV-B 5 1] WX PSITE AL 22 34
S [PPAH NS SE A ) o SR FH 9B WIS v I S AN [R) PAR
15 50 FUV-BHa S 38 S 5 A 1) AR P2 20, R TGV
SEIAARIUV-B AN PARTS St AL HE . S5 AT LAAE
AN e 28 A0 8] 1) 426 23 B AH [F] s AH LU V-B R
PARIWAEFH, ARIX P 732 015 AR UE oA 34358 DR 7 (1)
—F, i R A RN E . B,
WG AT Be (Wi I TLED I AR A I
YRR G BT, B BT ST UV-B 5 Al L ) A XY
YEH
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