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Abstract

Aims In the Qinghai-Tibet area, high levels of UV-B radiation reach the earth’s surface as part of strong solar
radiation. It is therefore important to examine the response and adaptation of native alpine plants to strong UV-B
radiation. Our objective was to determine the physiological response of the photosynthetic apparatus to current
ambient UV-B intensity.

Methods UV-B-exclusion experiments were conducted on a field site with UV-B-excluding and UV-B-trans-
mitting filters. The two filters transmitted similar levels of photosynthetically active radiation, and there were no
differences in air temperature and relative humidity under these metal-frame suspended plastic filters. The ex-
periments were performed in alpine Kobresia humilis meadow with the native alpine species Saussurea superba.
Pulse-modulated in vivo chlorophyll fluorescence was mainly used to obtain rapid information on UV-B effects on
photosynthetic processes. The trials lasted 15 or 16 days during the growing season of July and August in 2008
and 2009. We measured the 3-min dark-adapted quantum efficiency of PSII photochemistry (F)/Fm)), PSII pho-
tochemistry efficiency and photosynthetic gas exchange parameters under natural sunlight. The contents of pho-
tosynthetic pigments and UV-B-absorbing compounds were analyzed in terms of both leaf area and leaf fresh
weight units.

Important findings Net photosynthetic rate, significantly increased after removal of UV-B components from
natural sunlight. Although there was no significant difference, the F)/Fm) was increased in low UV-B treatment
compared with the ambient UV-B control. Both the coefficient of photochemical quenching and actual photo-
chemical efficiency of PSII in the light were higher in low UV-B treatment compared to ambient UV-B during the
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16 days of continuous measurement during clear days. Variation of PSII maximum efficiency in the light and
nonphotochemical quenching further confirmed that the decrease in PSII photochemistry efficiency and increase
in nonphotochemical quenching were the results of a strong solar UV-B component in natural sunlight. There was
only a slight increase in photosynthetic pigments based both on leaf area and fresh weight after removing UV-B
radiation, and these phenomena indicated that strong solar UV-B radiation could photo-oxidize photosynthetic
pigments and further accelerate the maturity and senescence of plant cells. UV-B-absorbing compounds were not
altered after removal of UV-B radiation, which suggested that high levels of UV-B-absorbing compounds in the
epidermal cell layer could protect photosynthetic function from UV-B.
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Table 1 Changes of main environmental factors in UV-B-exclusion experiments in July 18, 2009 (mean + SE, n = 15; p = 0.05)

amb UV-B low UV-B Z5 B Significance
BT RERS PAR (umol photon-m2.s™) 1767 £33 1726 +43 0.398
KAAHXRSE Air relative humidity (%) 65.06 + 0.23 64.88 £0.16 0.524
ZS L% Air temperature (C) 24.09 +0.06 24.03 +0.02 0.340
HNE-B UV-B (W-m™) 4,05+ 0.10 1.74 £0.27 0
e HME-A UV-A (MW-m ™) 18.74 £ 0.28 15.27 +0.25 0

amb, ambient; PAR, photosynthetically active radiation.
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Fig. 1 Effects of removal of UV-B component from natural
sunlight on photosynthesis in Saussurea superba in July 2009.
Vertical bar is SE. *, p < 0.05; **, p < 0.01. C;, intercellular
CO, concentration; P,, net photosynthetic rate; G, stomatal
conductance.
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Fig. 2 Effects of removal of UV-B components from natural
sunlight on 3 min dark adapted quantum efficiency of PSII
photochemistry (F)/Fm) in Saussurea superba in August
2008. Data numbers were from 4 to 22 during the 16 days of
continue measurement due to the influence of weather condi-
tion. Vertical bar is SE. **, p < 0.01.
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Fig. 3 Effects of removal of UV-B components from natural
sunlight on light adapted photochemistry efficiency of PSII in
Saussurea superba in August 2008. F,//F,’, photochemical
efficiency of PSII in the light; &pg),, actual photochemical effi-
ciency of PSII. Vertical bar is SE. *, p < 0.05.
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Fig. 4 Effects of removal of UV-B components from natural
sunlight on photochemical and non-photochemical quenching
coefficient in Saussurea superba in August 2008. NPQ, non-
photochemical quenching; gy, the coefficient of photochemical
quenching. Vertical bar is SE. *, p < 0.05.
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low UV-BAb 3 2 [ #0012 7
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Table 2  Effects of removal of UV-B component from natural sunlight on photosynthetic pigment contents in Saussurea superba in

August 2008 (mean £ SE, n = 5; p = 0.05)

amb UV-B low UV-B 25 WM Significant
H-4¢#a Chla mg-g™ (FW) 1.068 1 +0.029 1 1.1179+£0.094 8 0.645
pg-cm (leaf area) 0.034 4+ 0.000 8 0.038 8+ 0.003 6 0.304
M4t %b Chl b mg-g™* (FW) 0.3247+0.0116 0.3373+0.024 1 0.655
ug-cm2 (leaf area) 0.010 5+ 0.000 4 0.011 7 +0.000 9 0.276
Jn4EE Chlath  mgg™ (FW) 1.392 9 +0.040 1 1.4552+0.118 7 0.637
pg-cm (leaf area) 0.044 8 +0.001 2 0.050 5+ 0.004 5 0.297
K% b car  mggT (FW) 0.3124+0.0119 0.3353+0.0395 0.599
pg-cm (leaf area) 0.010 1+ 0.000 5 0.0117+0.0015 0.363
Car/Chl a+b 0.2245+0.008 3 0.2284+0.0101 0.784
Chla/b 3.2923+0.046 5 3.3051+0.0528 0.861

Car, carotenoid; Chl, chlorophyll. FW, fresh weight.
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Fig. 5 Effects of removal of UV-B components from natural
sunlight on UV-B-absorbing compounds in Saussurea superba
in August 2008.

HRTUV-BIE B, T oAt I8 B ] 00l R 21 A1
73 B IRSG AR /N HARTR], DA E AL )06 B4 58 UV-BAR
SRR LI AR AE M N o XIS PR T NS 2 A
APARUV-BAR S 9 8, — AN T 4RI L4 )=
FEAG I Ja) T3 S50 1 3 1T U V- B e S 38 55 1 52 1
SR % Y BRI AR L, R HA H SRR DG
T B IR A, AEUE A M S A ) H AT B AR
UN-B 4 S 110 Wi 8 i W A, R 5 A 2 1)
M (Paul & Gwynn-Jones, 2003; Lau et al., 2006). H]
THRIET 7 R R R, B R R A A E AR
UV-B 4 5 i B 652 vy HLHH P AN 7788 (18 vt 2 e DX (B 55
gl ey i) JC R &

HH P 4 3% JR Al 5% O 2 5009 31 1) 15 2 PSIDG AL 27
MEZH, RTEFMICEHIRIPSIDEA & VE R A F)
THEKZ, 1999). s 6 R (Rl F), tHFR
PSIDEAL 7 d5e K1 RCR BT IR PS TS Y. H L Y BE
ik B E NS NV S B LS SEDIE 20N Wix
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G (R AT 5, A AR PSR
J L 1) A B G RE R A A o TR PR B0 A
78 53 I 3 WK AL I, Fol Pt AN AR B K XL
A ZERR, M R OGS LR 6tk i 52
FRH G TIPS W ot T B L AT 1 g B 4 3R %
R(VFRA, 2002). ASCRHIBEIEN3 minj5 (HIPSII
T AL 5 T R B[y KRR I UV-BAE 5 0 ik
A2 AR B, — 58 I ) P Pyl Py 0 A X A2
AR AT LA R K 0w PSS Y H 0 (1) 2K 38 5 458 49
% (Galvez-Valdivieso et al., 2009). 3 minlt;i& [V
A TR TUE 00 3 IS T AR JBE PNy 1 I 7 94 B8 2 1 = A R 3
A PE R IRAR AL 53 56 AWK, HFE D) v 1
BIEETREMARTEENE, XEEILEE
FHOCAD G G IR0 AR 21 43 DA SOIR A B 48 (1 v ) AH
53 P s, Jo 0% T8 52 a i AE 2w F (Quick
& Stitt, 1989). 27 W], B RACRBAISAH [F],
HESE16K 1 ERR IS W onamb UV-BAL B AE 5] i
Foy/Fm AN FIFE BRI, U6 B & J 5 E 2R KBH G
W UV-B R 23 BB M 5 T XU B 44 A IR A 240
PE o AHI%E 252308 B 1 560 I I 3 A 0 21 UV-B e 5
BN B RN, B M #lamb UV-BAk B R
F vyl Fm) 12 8 B DA S S low UV-B A B 1] 2 5 i
B ERIS, X RAR 2 UV-BRr7E N
(1 5, X O i 385 268 5 R 5 | RS P/ F oy BRI, ALK
AR KA T 8 v B IR R R L LR AR T,
X A2 BLE —RPPSI R B O 1) 0% 2R 0 5L i 3
T K 18 I, i AEPSHR I H O 1 45
Tn ) o PSS Y. R0 A& UV-BAR S i B8O A £ (van
Rensen et al., 2007), 5Z#iD14 [ V5 ) B fif A
3 Bk L KOB DL 11 3 (1) 5 B #1052 1 15 BRI 1)
il £ (Baker, 1996). i th X A H) A4= K 2= 45 (1 £
H Iy [A) B O ZE AR R, TR BEH /20 CRLE,
{H % Z:amb UV-BAllow UV-B4b # 1) 35 15 X 54
B Foy/Fany 783 H IZ 0T FRAR I %, 3R B
Foy/Fam BB B, 58K BH G 5 1R 1) e 22 30
BAG R 2 —FIPSINR £k B2 1 & & 4R h AO0O6 11
WK BEFE KI5t 18, Fayl PRI B AR A
AT RESE AT KR A PSR B R B R . 2 5L
R HARFELARN Z 288 IR e, A
RACIRIL T 5 Ak B 1K) F ) Fmy 22 57 FL A AH F] (1 A2 4K
s, LI UE T UV-BERS I 80N . [H], 3
AN IR 11 P gy PR 52 5 1, 2 A I R B 5 T Dk
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RGBT 500 mol-m2sY) T SOt e
A e, M ARG b I UV-BAE
o7 FEAE TGN EIIR S ) F 2R R LL g R
B, LR R DL AR S A T R R
TIPSR & A4 1) 2 42 18 22 2 A UL TC 1,
BE RE 4 7 5808 10 A PSR N Aot B A AR 4k,
ST L AR R L 4 SR U V=B SR A1) R
588 A IO R0 Y 4 ST 1 3 Y

P A PSIDG AL 2% 202 52 0 € I 1 AR ' o (1)
RO AR, MO SN PR T R R s o Desi
AE RGPS EE Bt h 7 5 1 2%, KPS
S H L FRLART 23 5 1) S B B AU . Dpgy LI
PS5 3 H L 1) 4 P H, - 4% 38 3 5 (liner electron
flux, LEF)H BEIEIIICR, DI SRR APSINEAT 2L
Z(PSII operating efficiency), mJPREHfH EANFDE T
B H A AT 251 TR PSS, . R4 FH 250 (Baker,
2008) . gp s FFIBPSH W L S PSS A 0
HIEEA], PSS O] G 42 52 AR QA At J5UHR:
ABVAIN 5, A 5 TFTBPSI B B vl R4
PELEAH], ST Q%M FEE . A IQaEPSIIH
TAE IR ST 52 A, R A5 PSIEUK g B IR AL
o et FRAEPSIALZ P 1 (PSII efficiency factor),
B AR A AE O T B RIFS M Degy T R AL —
(Baker, 2008). #iHAMERRUV-BIRK:E M, low UV-B
AL BRI dpsy el 18 =7 (3B, K4A), UiHH H ARG
HRTUV-B B AR 2 R 56 B XU 3 i Ak 27
BN —ADNRER. BRE2RMHEARSL, low UV-Bik
FEW SR T FRFY B (E3A); S5F/Fa 224
B, BRE2RFFARSE, low UV-BALEE G 3
T NPQIHI K (4B) . FIF 5 [ WLIEA YA 1E
FHIERE 1) dpsyASIF], AR TF TIPS Y Hr0 R 3
KA, BAR, FyIFy R AR VP AE
AR KNS s AL K TR (Baker, 2008). &R H
SRIGIG TUV-BI A AE LR, NPQLL KR, IRy (1178 4k,
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(Lizana et al., 2009), 4 H 1 54 4 > 50 0F 52
Wig [ 3% i (Middleton & Teramura, 1993). &% H 4%
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AN R UV B S BEA R I SR 4 1) 45 44 S L
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1SR UV-B IS 45 R — 8. A 950, UV-BAa Y
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2003).
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SN B A AR DLRAEYIR 5y DNASE 62
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A B EE A AO8 K 5 (Fedina et al., 2006;
Lau et al., 2006). i # I\ 4, UV-BAE T fE 8 (¢ it
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Ji & 2 1 (Beggs & Wellman, 1994; Fedina
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2006). AR, IR AAE Sl R FHAR S A R
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