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Abstract  Spiraea pubescenss a common shrub in the warm-temperate deciduous forest zone, is distributed in
the Dongling Mountain area of Beijing, was exposed to ambient and enhanced ultraviolet-B (UV-B, 280 - 320
nm) radiation by artificially supplying a daily dose of 9.4 kJ*m™? for three growing seasons, a level that simu-
lated a 17% depletion in stratospheric ozone. The objective of this study was to explore the effects of long-term
UV-B enhancement on stomatal conductance, leaf tissue 6'°C, leaf water content, and leaf area. Particular
attention was paid to the effects of UV-B radiation on water use efficiency ( WUE ) and leaf total nitrogen con-
tent. Enhanced UV-B radiation significantly reduced leaf area (50.1% ) but increased leaf total nitrogen con-
tent (102% ). These changes were associated with a decrease in stomatal conductance (16.1% ) and intercel-
lular CO, concentration/air CO, concentration ( C;/C,) (4.0%), and an increase in leaf tissue 6'°C
(20.5%¢) > leaf water content (3.1% ), specific leaf weight ( SLW) (5.2% ), and WUE (4.1%). The ef-
fects of UV-B on the plant were greatly affected by the water content of the deep soil (30 —40 em) . During the
dry season, differences in the stomatal conductance; 6Cs and WUE between the control and UV-B treated
shrubs were very small, whereas differences became much greater when soil water stress disappeared. Further-
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more> the effects of UV-B became much less significant as the treatment period progressed over the three grow-

ing seasons. Correlation analysis showed that enhanced UV-B radiation decreased the strength of the correlation

between soil water content and leaf water content, 6°C, C./C,, stomatal conductance, with the exception of

WUE that had a significant correlation coefficient with soil water content. These results suggest that WUE

would become more sensitive to soil water variation due to UV-B radiation. Based on this experiment, it was

found that enhanced UV-B radiation had much more significant effects on morphological traits and growth of S.

pubescens than hydro-physiological characteristics.

Key words Warm-temperate deciduous broad-leaved forests Spiraea pubescens UV-B radiation, 8°C, Wa-

ter use efficiency, Nutrition content
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Table 1~ Environmental factors of the experimental site in recent three years

2002 2003 2004
IR 1) Time 64 74 8H 9A e6HA 7H 8H 9H e6H 7H 8H 9A
Jun. Jul. Aug. Sept. Jun. Jul. Aug. Sept. Jun. Jul. Aug. Sept.
JI B 5 Monthly precipitation ( MP) (mm) 118.1 125.0 60.4 90.5 78.6 87.2 61.3 8.7 78.1 227.2 95.8 57.4

RAMXRIE Relative humidity CRHD (%) 79 84 8 8 78 8 8 8 77 8 90 82
FIT i
Monthly mean temperature ( MT) () 16.1 19.0 17.6 11.8 15.5 17.6 16.5 13.0 16.4 17.6 15.9 12.1
M2 UK UE 7 B Leaf-to-air UV-B - - - - - - - - 865 7.24 6.06 6.06
vapour pressure deficit ( VPD) (hPa) X Control - - - - - - - - 8.67 7.12 6.07 6.26
T COp R E

. . 1 - - 370.4
Air CO, concentration ¢ C,) (pmol*mol =)
A CO, MK A 3R Ll 36

- - -10.34

Carbon isotope ratio (8 *C ) (%)

1.3 SEIOATE KN TN A

T 78 AV 3 B AT PR PR LR B 5 AN AR K38 5 L K #A
WP L RSB HE N, 43 A 3L bl ] ) 4
JEAEZE: K 1.5 m, % 1.2 my 41 2.5 mo /M HEZRAN

X, HARAT 48, DL EH AR UV-B 585 8 15 5 S 4 3
AMHEZLAE UV-B S ab B, SEHELL 2236 6 L UV-B %
AT CUVB-318, AL 5T FEOGIRWE T BT, AT 8 2 HAT T
Y 77, 35 0,125 mm JE 4T 4E 2 LR TR AL
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I R

1455 UV-B 4850 B 3% i i Ak b FE R AR ARG L B R R & ROB SRR 51

2 UV-B %E AN E) 5 PR o0 AL T B 6 BC AR S K R WOE AR L R4 U R
Table 2 Effects of UV-B; time and their interactions on stomatal conductance; & '*C, leaf water content, water use efficiency ( WUE), intercellular
CO, concentration/air CO, concentration/air CO, concentration ( C;/C,)» leaf area, specific leaf weight ( SLW) and total N content

- 13 ) . T CO, K ]
R AL ) BT 0 SR 11 7 R s
TN Carbon X 2% JXEj{T COZ Ltn‘l—ﬁ éﬁkﬁ%
AR S e Stomatal ) LES Leaf water [N Leaf .
. df isotope WREZ L SLW Total N content
Variation conductance . WUE content area
ratio C/C,
F_p F_p F_p F_p F_p F_p F_p F P
FERY Main effects
UV-B 1 2.105 ns 0.699 ns 1.165 ns 4.034 ns 0.936 ns 23.601 x*xx 3.283 ns 15.766 **
S TA) Time 3 5.81 *  4.073 x  24.457 x*xx 3,58 * 4.014 % 0.291 ns 2.726 ns 1.257 ns
ZJGACH. Two-factor interaction effects
B x A
UV-Bx J A 3 0.658 ns 1.179 ns 1.164 ns 0.228 ns 0.927 ns 0.096 ns 0.296 ns 1.764 ns
UV-B x Time

#x¥x%: p<0.001 **: p<0.01 =*: p<0.05

B UVB Treated O X Control

68

& KE
Leaf water content (%)

7 8 9
H4¥} Month

Bl 1 95 UV-B AN Z=5 28 A00) A FE 45 2k 1 -2 /K S 1) S
Fig.1 Effects of UV-B and season on the leaf water content

ns: 2N No significance

0.711, BEW] UV-B FEAK T it AL 3 FEXT 387K 43
RUEIECGE 3).
2.2 UV-BHaatm o BC Al WUE- €./ C, W52
GEIRRWICE 2, 8 Uv-B X 6 BC KA B
FAEHL R ENEH R EZM(p <0.05).
AMERZE, G HFI AR R s e (EBE R
A Ak Sk R B, A PR RRAE 8 TG AT B T, 14
SR UV-B 32 T 6 Be( 3), (AR AR E
(£ 2. BZAAFE, § BCAEX UV-B FIK 51
Wi 18 5 Ay RO R 2 3K i b 6 HRI 9 H L Ak
B (1 613 CAE 38 LE X M 7%0s TR VR 2 IS /K &

*3 BERKEAKD AR HEKE. S BCJRM CO, LS KT CO, ML L AL T LRI AR R 4L

Table 3 Correlation coefficients between soil water content and water use efficiency ( WUE), leaf water contents & *C, intercellular

CO, concentration/air CO, concentration ( C;/C,)» stomatal conductance

Mi® co, wJEE

VIR &S I K o BCE g . SALRE
WUE Leaf water content Carbon isotope ratio )\ €O, R Stomatal conductance
zZtcre,
UV-B Pearson correlation 0.623 * -0.467 -0.078 0.073 0.275
Sig. (2-tailed) 0.03 0.126 0.81 0.822 0.475
n 12 12 12 12 9
papitst Pearson correlation 0.604 -0.731 * -0.608 0.540 0.711
Control Sig. (2-tailed) 0.113 0.04 0.11 0.168 0.114
n 8 8 8 8 6
*: p<0.05

RN T AR 8 H A EEN) & T X 10%0 ~ 31%0(
3)o MR HTAT S0, K EAI R 6 BC 52 L1
TKE A K R o - 0.078 Al - 0.608, Ui ¥l
UV-B B#K T 6 BC XA Ko B BUR (3 3D .
FIH A RGO E KSR 8%, 455
BIR UV-B M= [AAEAAAAEAZ HAE R . ARy
KX WUE W s2m 2 B B34 1 (p < 0.001), &b
HHRIGE HE32) B A5 I [ R 4 1 a8 B, 8 H s 3
VAR, B IS P UG TR (I 4). 384K E, UV-B K1

s T LIRS LAY ) WUE, Gt EERAR
FEL AR, KRR 8 A4, UV-B
{7 WUE 32 T 9.6% , o4 H e B A
B, 7EAE KA 6 Ay, b 2R (Wt v wUE T
X ORI AT A 18 Tk AH G 0 A FRATT A I, Ak B AR
KR WUE 5 T3S /K EA WEMRMECGE 3), Xt
W] UV-B 485 3490 T WUE SR R 3835 /K & 1
SR o B A CO VS S AR R LR o, MR
FKA Co, WIE 2 L, g5 5% B, &b 3R HE )
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] CO, RS2 ¥ sl /bt 3 15 < 7L 3 B2 1) /N i A Al
o AR HTR I, A EAT AR ¢/ C, SR
JA R K S A O R4 80,073 A1 0. 540
(3D, Uil UV-B B-IK T ¢,/ C, X 37K 7 i ek
P

W b3 UV-B Treated O X Control

300 7
-I—CD
w g
~ 3
;gzoo-
= g
g8
'S 100 |
i
59
FS
w
0 . . . .
6 7 8 9

H43 Month

B2 o Uv-B AT L 52 5 AL S B

Fig.2 Effects of UV-B and season on stomatal conductance

W b3 UV-B Treated O XA Control

| I
[ )
© ©
o o

-28.5 |
-28.0

-27.5 T

-27.0

R ik R L2 (%)
Stable carbon isotope ratio

6 7 8 9
A4 Month

B3 J5R UV-B AR AR NS 45 2 3 1 77 3% L A< 10 S
Fig.3 Effects of UV-B and season on ¢ BC

W 43 UV-B Treated O X Control

5 15.0
g
¢oT 135 |
G4
Eef 2ot
%48
'%5;_.'6‘ 10.5
58
<
£ 9.0
6 7 8 9
A4 Month

Bl a4 3458 UV-B AIZE A AR 45 2k 3 K 20 1 284 18 3
Fig.4 Effects of UV-B and season on WUE

2.3 UV-B SR 4505 55

Hos UV-B AE DO AR S B AR S H
HAEAHF ), ST EAA A HAE (R 20, B 1%
MRS AR B AR R T LIRS L AT AR S
H(p <0.001). APEFEARM %5 T 1 AL
SN A TN AR B RS, W I 22 2 08
HBEAR, AL KW 224%,9 A% 48% (Kl 6.

W B UV-B Treated O Xff Control

% 0.66 T
1 § a 0.64
r S0t
Lgugoe
a3y g 0.60
BN 058
Bm 26
Bl B 0.56
Ik © §
B8 8 0.5
2
5805
g 6 7 8 9
H4} Month
K5 3o Uv-B MIZET5 A L RESLS ¢/ C, BEEm
Fig.5 Effects of UV-B and season on C;/C,
W b3 UV-B Treated O X8 Control
0.12
~
T8
s £ 0.08
23
I =
(FEE 0.04
prftc
0.00
6 7 8 9
H4} Month

Ko 5k UV-B AT A4 % 1 TR S5 2R 48 4 % 5t 11 56 )
Fig.6 Effects of UV-B and season on total N content

[F I 25 & 1] 4 T LRI, UV-B Ha S [m] I 42 i 7 R Ak
) WUE FUHR 5 5.
2.4 UV-B Ha4IRE 1 FE 45 42 46 T A FRAE IV 5% i
s UvV-B X T AR AT B B E S () <
0.001), {EX} Eb M ( Specific leaf weight, SLW) ¥
BEEMC >0.05)(F 200 Ab 3R HEAE AR (1
TRIRRBE 2 45 AR A0 AN K, (EL Ak B - T AR 5 56 AR L A
B2 982> (40.0% ~ 55.29% ) (K 7)o FEANMEKZE,
ARERFN 0T BRI SLw AR A K, HAEH 5% UV-B T
SLW FF&A W RGN, Ak 2.4% ~8.4% (& 8),
Gt Wi M A A B 8 2 KT (R 20, B L R4
LA IR AR G v S E IR R AN R 5



LI WRZEAE . HYOR UV-B 5 S 0T IR ol v o ] i b P 25 e 45 K 70 M R AL S B R B OB SR IR 53

Mg AN K o

FETC W5 T7 10, Kb BERLRR 0 7 26 i, 22,
PEATHSBL, I AT Rax LG A B W UV-B -
AT A NG A HEIR , (H R ] 2 b i 1 i Ay
(UEESUR S
2.5 FRMBEIESKETFAZL

MIEL 9 W LU 3], FF 4 - 38 55 K R 5 IS 08
Thim ik B n 208 T BRI % X 1 AT 9
W LUE R, 1T 6 H BB RTHAD A 3 K R AR
%, B B R R0, 3K IR DL AN T 3 . 7
FBER R, RHOK & BT Bl . LR A
1 R A BT 1 B, H 3 S K Y FfE—

M b3 UV-B Treated O XM Control

i

H4} Month

12.00
10.00 r
8.00
6.00
4.00
2.00 r
0.00

MR
Leaf area (cm?)

Bl 7 W9 UV-B A= 5 28 A0) A 45 2 4 - AR D 52
Fig.7 Effects of UV-B and season on the leaf area

%o 4.00 I @ 43 UV-B Treated O X Control
o
=& 3.00
H\EH;B 2.00
EX
ﬂ.g 1. 00

[}

[=%

“20.00

6 7 8 9
A4 Month

8 IR UV-B M AR 0] R 24 L i LAY S
Fig.8 Effects of UV-B and season on SLW

—_ = NN
[5) BN ) B

fininl

6 7 8 9
H4 Month
Ko 3 ANFES RIS KR G0 ~ 40 em) TR T HME

Fig.9  Average value of season of soil water
content (30 - 40 cm)

TEEKE
Soil water content (%)
(=]

ASHIRHRE R 10K T 0 0 R WE R B S 5, M0 6
KROIET 6 1.

3 W W

o UV-B 4850 VF 2 W0 Rh A AN R R B 1 5%
Wi — A, 5 ARG A Ell = TSR LG, B A
K0 A W) B A 8 5 19 38 Y. M (Teramura & Muralis
1986; Caldwell et al.,1998). TEVFZAEHL T, X Fh 2%
SR TR L OO A 39 4%, 2001) - )62 15 188 ( Pho-
tolyase ) & FEL4) 40 L P A7 AE 1K L — PR 12 52 DNA 40
(M. SERELE WA UV-A RIS B0 R BOE, &
S UV-B 35 & 144 (Rupert & Tu, 1976). T4
UE B, X B & A F (Photoreactivation) 7E I T WL
ZAF IR (Britt et al > 1993) PRI, A2 Bl
BRI, T AR P UV-B 5 EOGUE, W]
REox % KD UV-B IR

FEA S i N 5 UV-B Ha 4 W25 s> 1
G S AR P BT AR B T R RS
X5 0 5 BLAT IR 2 R E W) & (Musil et al . »
2003; Sullivan et al ., 2003; Gitz et al . » 1999; Hatcher &
Paul, 1994; 2= G L5 F5, 1998) - XM, UV-B 4 4
WAFLFES S BC A WUE ~ Ci/C~ W5 K 5
SLW WIS W fE ge ik LA BE = R W
UV-BBA R 1 FE S5 e 4 3t il 25 1 A2 2T 5

P AT 5 D, A9 1) 2 B Bl A AR G
WK 32 PS5 KK 70 5 o BE A5 A7 R T 3 85
TP R FRI 7K 23 B Y06 R4 16 e B AR 0 S R Ok TR
S, M WUE CRARLZ8 8 F = 2 i) A= i) vl LAY
RO i 75 AN 5] ARL P Bl 53X b BE ) CPolley et al. s
1993). HIFFT4E R W], B 50 1) 58 A S AT 42 i A )
MR WUE B3 too B vl K 5 R R
B Cy M Ay 5 78 ) BB v LA G, {3
Je XA RS2 B Jr 5 2 SR K AU 5 5k CVPDO I
21 (Farquhar & Richards, 1984). 7EANSEZEGH UV-B
BRSo D - FEG degg ik i AL R RN Z8 5 955,
Mg m 7K F . Wil o B v
COy ¥R () A IRt i ] A PR PR A X 48 i 1K) WUE
s e 75 I A FH 9k 99 1K 28R CPolley et al.» 1993).
Greitner F1 Winner (1988) 147 1 K 4R 3t : UV-B X
B TRl e e PR 5 Wi S8 L o) <AL B A D AT
SR K 73 0%

1EH RS, KT W08 i . A 5T
7E UV-B a5 F1 7K 73 1A TR 30 T, A7 2850008 7K 23 i
T8 R UK (Teramura et al ., 1984) . SR 1T AE B A1 5%



54 B ¥ &

A ¥ 30 #&

[Ah

PR, JIF A R IIXF B IR (Teramura & Mu-
rali> 1986) . Teramurea( 1980) [ HF 5T $i Hi: 7E7K 43 1E
WRIL KA TR AR A Y] 1) 1) 2 15 i 52 1) A8 PRI
MIAE/K I3 B I, R 52 A s A LA 5 R 7K 3
G Z UV-B 5 55 5. o6 KRR 5T AR W,
UV-BR G5 A T A A A B AR A AN A A 3
K3 F8 RN DL, T AE 7K 3 3845 B0~ UV-B 1Y IX A
PRI A5 2 D) AN {2, 25 (Sullivan & Teramuras 1990),
T HLIE 52 7K 73 1§ 10 B R 40 JFG P 288 i A 255 2y, ik
/BT UV-B AW F . ARSI 45 A2 Ak
Ziie B0, MR Manetas 55$(1997) iIH, UV-B &
IBIFIES T 7K 23 i385 99 bl P AR C Pinus pinea )
i AEA BT AT R I, T UV-B 56 44
W, RESS & A B KSR B,
C./ C,~ AT L 5 R = 35 K 1 A5G VAT ok
S5 % M3 W9 UV-B K52, L ES 2% WUE
Xt LSRR 7K 7 A A B DAy UK o

W Uv-B Wl Wt m T B ES LA R S
H,IXATAE L UV-B A A58 d /b JF g 7 L AE A
PRI 23 T, 1T AN & UV-B 40 50 77 20 Wi .
FAOR . IRZ WP AR, 8 IR WL 4R i R
BEA R (R b, A IR 256 AR B BRI E
FEG 255 LW A2 4k, {H UV-B AL B BRI 1T A
AR S 25 AR /N DA T e R A 1 A K 232 1 W
A, SO T AR R R I R A R, &
Bt 7 AT B S UK R SR A gD D e A
(o B R . WA WESOR UV-B 41 M A 21
SR I N VAL DA R R U R CCaldwell et
al.» 1998) BB E TR LR MIENT . Yue T5(1998)
IWHRSEI TR BT UV-B RS 7 E 770t
RIS RE . MBI UV-B 565X R
J7 NP AT K BT (Bjom et al . »1997)5

UV-B b H 5 i3 7K B39 o+ R4 4 g 7R K
SANHI AR o T A AR Aes 2,
FHEOFE KRR, 53— AT RER R KA UV-B R
W 5t A7 %o Lautenschlager-Fleury (1955) ¥ M 72 5
(Vicia faba ) A2 451407 11 3 B 7 2 UK A 1 9 o
SRR, B9 E UV WICBOR (3R B AL &
SEIKWEPE R, 17 40 M e T A 2 B 3 UVl
BORAWIL . Caldwell (1968) A I, & Je i rh Kl
G UV RO 5T vl v T Y e - /K - EE TR T 5 1
BOB. ASRWEFEH, wE R B 8 LT A% UV-B 1
SR, AH B K R HI — s E R G N, 2 S A
LG e K &, T4 e UV OB e A

EE PER T B — R T
4 4 w

AT 45 Rk, T H AL T7 8 W LS
LRAGHE ML 03 & L b T AU 3 5 UV-B BN
B NPT REC B T SR R E R . %
AT GE R, 523858 UV-B 52 55 179 52 W0, Ab AR PR
(R R TSR AR TG I, ik AR SR i)
ZRAEMSHIZRINAR RAR R E , i1
TR AR BOAR /76 Bl o AR VRIF 52 4 FE 45 2626 1) 7K 53 F)
MR Z UV-B 85 5% W AR, BT LA H 37 B B4
DU W5 UV-B AN ) 1 45 25 49 1K E (1 9 A
)35 S (RS2 o AR 5 1T 1] S5 2 R 0
KATLEZ 107 58 Jeds 8 I 28 R CNASA, 2005),
H 1982 4 55— WL 21 R AR b 2% I 2= 4 1 L4
T, EL2 2004 4 1A 2R 5L 1 10 A — ELAE
FALYR . HAR U, AN 1990 4FLLE X R OK
(38 ek 2> T AR 2 (1982 ~ 1990 4F [H) 5 48] THI A &
JF KT 20 %3 10 A 1990 ~ 2004 4[] 5L 44 111 FH
WKT 259 ), 1K ek 2D A 15 thE 5% 5 BUM A2 Ak
A SRR I BS 1 A A TE I o ARG SOEA SR
M DAL Ay d5 8 R £ (2 7 BLAECTRL T AR AE 2003 41 KR
FE NG 2004 4 RCHE] T — N ORI {E (NASA,
200500 WIH LR €O, WREE A UV-B 46 5T 3
TR RS AGE () 42 3R AR A AR AR 2E — 22 I, R kA
I U T b DX T 5 206 4 E N S HL e R R A R A 1 2
PRARU B A= KA T 38 5% UV-B s Bk

Z % Wk

Bjom LO, Callaghan TV, Johanson I (1997). The effects of UV-B
radiation on European heathland species. Plant Ecology, 128,
252 - 264.

Britt AB, Chen JJ, Wykoff D, Mitchell D (1993). A UV-sensitive
mutant of Arabidopsis defective in the repair of pyrimidine-pyrim-
idinone (6 —4) dimmers. Science, 261, 1571 — 1574 .

Caldwell MM (1968 ). Solar ultraviolet radiation as an ecological
factor for alpine plants. FEcological Monograph, 38, 243 - 268.

Caldwell MM (1971) . Sdaruv irradiation and the growth and devel-
opment of higher plants. In: Giese AC ed. Photophysiology. A-
cademic Press, New York, 131 - 177.

Caldwell MM, Teramura AH, Tevini M (1995). Effects of in-
creased solar ultraviolet radiation on terrestrial plants. Ambio,
24, 166 - 173.

Caldwell MM , Bjorn LO, Bornman JF, Flint SD, Kulandaivelu G,
Teramura AH, Tevini M (1998) . Effects of increased solar UV
radiation on terrestrial ecosystem. Journal of Photochemisiry and
Photobiology B, 46, 40-52.



LI WRZEAE . HYOR UV-B 5 S 0T IR ol v o ] b P 25 e 4 K 70 M AR AL S B R B OB SR IR 55

Chen 1Z (% R ) , Huang JH (B @ HE) (1997) . Siructure and
Function of Warm Temperate Forest Ecosystem (MUY #f Mk 2L
BRGEH SR .
Chinese)

Chen SP(MRIHE)  Bai YF(FI7K &), Han XG(H#i2% ) (2002) .
Applications of stable carbon isotope techniques to ecological re-
search. Acta Phytoecologica Sinica ( SR ,26,549 -
560. (in Chinese with English abstract)

Dohler G, Worrest RC, Biermann I (1987). Photosynthetic 4co,

Science Press, Beijing. (in

fixation and [ N]-ammonia assimilation during UV-B radiation of
Lithodesmium variabile. Physiologia Plantarum, 70, 511 - 515.

Farquhar GD, O’ Leary MH, Bemy JA (1982). On the relationship
between carbon isotope discrimination and the intercellular carbor
dioxide concentration in leaves.
Physiology, 9, 121 —137.

Farquhar GD, Richards RA
carbon correlates with water-use efficiency of wheat genotypes.
Australian Journal of Plant Physiology, 11, 539 - 552.

Farquhar GD, Ehleringer JR, Hubick KT (1989). Carbon isotope
discrimination and photosynthesis. Annual Review of Plant Physi-
ology and Plant Molecular Biology, 40, 503 — 537.

Gitz DC, Liu L, Sullivan JH, Brits SJ (1999). Ambient UV-B af-
fects stomatal density and water-use-efficiency in soybean. Pho-
tochemistry and Photobiology, 69, 80s — 81s.

Green O (1995). Emerging challenges for the Montreal Protocol.
The Globe, 27, 5-6.

Greitner BC, Winner WE (1988) .
radish and soybean plants caused by ozone.
108, 489 — 494 .

Hatcher PE, Paul NP (1994) . The effects of elevated UV-B radia-

tion on herbivory of pea by Autotropha gamma. Entomologia Ex-

Australian  Journal of Plant

(1984) . Isotopic composition of plant

Increases in & P C values of

New Phytologist,

permentalis et Applicata, 71, 227 —232.

He SY(B{L:70) (1986). Flora Hebeiensis (FALAEE) Tomus
I. Hebei Science and Technology Press, Shijiazhuang.

Holmes MG (1997) .

monochromatic and polychromatic approaches for analyzing plant

Action spectra for UV-B effects on plants:

responses. In: Lumsden PJ ed. Plants and UV-B: Responses to
Environmental Change. Cambridge University Press, Cambridge,
31-50.

Hou FJ( fEFKYL) | Ben GY(FLHEHE), Yan JY(™ 5t ), Han F
(#h5) , shi SB(IAEE) , Wei J(BFE) (1998) . Effects of
supplemental ultraviolet (UV) radiation on the growth and photo-
synthesis of soybean growing in the field. Acta Phytoecologica
Sinica (FEPHEZ2HR) ,22, 256 - 261. (in Chinese with Eng-
lish abstract)

Kim HK, Kobayashi K, Nouchi I, Yoneyama T (1996). Enhanced
UV-B radiation has little effect on growth, 8 3C values and pig-
ments of pot-grown rice ( Oryza sativa) in the field. Physiologia
Plantarum, 96, 1 -5.

Lautenschlager-Fleury D (1955 ).

lissigkeit von Blattepidermien.

Uber die ultraviolettdursh-
Berichte der Schweizerischen

Botanischen Gesellschafi, 65, 343 —386.
LiY (Z7C), Wang XL (EWFE) (1998).
hanced UV-B radiation on the physiological indicator, yield and

The effect of en-
quality of wheat. Acta Scientiae Circumstantiae (3835 F} % %
i), 18, 504 - 509.

Manetas Y, Petropoulou Y, Stamatakis K, Nikolopoulos D, Levizou
E, Psaras G, Karabournioutis G (1997) .

enhanced UV-B under field conditions: improvement of needle

Beneficial effects of

water relations and surviving capacity of Pinus pinea L. seedlings
during the dry Mediterranean summer. Plani Ecology, 128, 100
- 108.

Murali NS, Teramura AH (1985) . Effects of Ultraviolet-B irradi-
ance on soybean. V[ . Biomass and concentration and uptake of
nutrients at varying P supply. Journal of Plant Nuirition, 8, 177
-192.

Murray FW (1967). On the computation of saturation vapor pres-
sure. Journal of Applied Meteorology, 6, 203 —204.

Musil CF, Kgope BS, Chimphango SBM, Dakora FD (2003). Ni-
trate additions enhance the photosynthetic sensitivity of a nodulat-
ed South African Mediterranean-climate legume ( Podalyria calyp-
trate) to elevated UV-B. Environmental and Experimental
Botany, 50, 197 - 210.

NASA (2005) .
trometer. http://toms. gsfc. nasa. gov/index-v8. html. Cited 30
Mar 2005 .

Polley HW, Johnson HB, Marino BD, Mayeux HS (1993). In-

crease in (3 plant water-use efficiency and biomass over glacial to

Antarctic ozone hole, total ozone mapping spec-

present CO, concentrations. Nature, 361, 61 — 63.

Rupert CS, Tu K (1976) . Substrate dependence of the action spec-
trum for photoenzymatic repair of DNA. Jouwrnal of Photochemisiry
and Photobiology B, 24, 229 —235.

Shi SBUWAEM ), Ben GY (FLEEDE) |, Zhao XQ (R H74>) , Han F
(F6K) (2001) . Effects of supplementary UV-B radiation on net
photosynthetic rate in the alpine plant Gentiana straminea. Acta
Phytoecologica Sinica (FEPHEASHR) , 25,520 - 524, (in Chi-
nese with English abstract)

Shindell DT, Rind D, Longeran P (1998) . Increased polar strato-
spheric ozone losses and delayed eventual recovery owing to in-
creasing greenhouse gas concentrations. Nature, 392, 589 —
592.

Smerdon ET (1992) . Impact of global change on water resources.
Arizon Journal of International and Comparative Law, 9, 155 —
168.

Sullivan JH, Gitz DC, Peek MS, McElrone AJ (2003). Response
of three eastern tree species to supplemental UV-B radiation: leaf
chemistry and gas exchange. Agricultural and Forest Meteorolo-
gy, 120, 219 - 228.

Sullivan JH, Teramura AH (1990) . Field study of interaction be-
tween solar ultraviolet-B radiation and drought on photosynthesis
and growth in soybean. Plant Physiology, 92, 141 - 146.

Sun GC(FNBWE ), Zhao P (& F) , Zeng XP (% /N F*), Peng SL



56 N7/ G o

& % M

30 #&

(32/0B%) (2001) . Influence of UV-B radiation on photosynthe-
sis and nitrogen utilization of Musa paradisiaca grown in different
nitrogen sources. Acta Phytoecologica Sinica (FAH) "EZ4R) ,
25, 317 -324. (in Chinese with English abstract)

Teramura AH (1980) .

bean. 1. Importance of photosynthetically active radiation in eval-

Effects of Uliravidet-B irradiance on soy-

uatorg ultraviolet-B irradiance effects on soybean and wheat grow.
Physiologica Plantanum , 48, 333 - 339.

Teramura AH, Perry MC, Lydon J, Mcindosh MS, Summers EG
(1984) . Effect of ultraviolet-B radiation on plant during mild wa-
ter stress. [[[ . Effect on photosynthetic recovery and growth in
soybean. Physiologia Plantarum, 60, 484 —492.

Teramura AH, Murali NS (1986). Intraspecific differences in
growth and yield of soybean exposed to UV-B radiation under

greenhouse and field conditions. Environmental and Experinental
Botany, 26, 89-95.

Webb AR (1997). Monitoring changes in UV-B radiation. In:
Lumsden PJ ed. Plants and UV-B: Responses to Environmental
Change . Cambridge University Press, Cambridge, 13 - 30.

Yue M,Li Y, Wang XL (1998) . Effects of enhanced Ultraviolet-B
irradiation on plant nutrients and decomposition of spring wheat
under field conditions. Environmental and Experimental Botany,
40, 187 - 196.

Yan CR (J* E 2¢), Han XG (¥ ), Chen LZ (PR R Z)
(2001) . Water use efficiency of six woody species in relation to
micro-evironmental factors of different habitats. Acta Ecologica
Sinica (ZEZZR) , 21, 1952 -1956. (in Chinese with English
abstract)

SUEMZ: W A TUER . LA



