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Combined effects of elevated O, concentration and UV-B radiation on

photosynthetic characteristics of soybean
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Abstract: During the last several decades, significant reductions in the concentrations of stratospheric ozone (O, ) have
been reported. This reduced ozone concentration causes an increment in ultraviolet-B radiation approaching to the surface
earth. The elevated UV-B radiation and increased tropospheric O, concentrations maybe occur together and cause reductions
in physiological and biochemical characteristics of crops and economic plants. The effects of UV-B and O, on plant growth
and productivity have been reported separately for a large number of species by filed experiment, but only few experiments
have focused on their interaction, it is not clear whether UV-B and O, induced damages are brought about with similar
mechanisms. This uncertainty has largely been due to the lack of an experimental approachs to investigate the responses of a
single species exposed to UV-B and O, under well-defined experimental conditions. Studies were conducted under the open-

top-chambers conditions so as to assess photosynthesis changes of soybean ( Glycine max, Bayuehuang) with supplemental
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UV-B radiation ( 10% —10. 9% higher than control group, T1) and enhanced ozone [ (100 +9) nmol/mol, T2 ],
separately and in combination ( combination treatment, T3) , by investigating photosynthetic pigment, flavonoid content and
gas exchange parameters with application of LCpro + Portable Photosynthesis System. Results indicate that net

photosynthetic rate( P, ) , maximum photosynthetic rate ( P, ), somatic conductance ( G_), half-saturation light intensity

(1,) and stomatal limitation (L )of T1 treatment decreased significantly compared with CK ( control group, natural air and
UV-B radiant intensity condition ). With same references, inter-cellular CO, concentration ( C;) and flavonoid content
increased, the apparent quantum yield(AQY) and the dark respiration rate (R,)raised first and then decreased, and the
cartenoid content decreased first and then raised while the content of chlorophyll had faint decrease if compared with CK.

The change pattern of P,, P, , I,, G., C, and L_ of T2 treatment was similar to those of T1 treatment while the content of

max ?

chlorophyll and cartenoid decreased significantly compared with CK; flavonoid content of T2 showed slightly decrease at

early stages, but sharp increase at latter stages. The change pattern of P,, P, , I,, G, L, C and R, of T3 treatment was

also similar to those of T1 treatment while the content of cartenoid and chlorophyll decreased obviously compared with CK
with lower chlorophyll content than that of T1 and T2. Obviously, enhanced ozone caused significant decrease in chlorophyll
content, but supplemental UV-B radiation had no impressive effect on it. Compared with UV-B and O, alone, UV-B and O,
in combination enhanced the negative effects on soybean chlorophyll content, and ozone stress dominated the combination

stress effect of O, and UV-B. The decrease of photosynthesis was mainly due to non-stomatal factors. UV-B and O, in

combination enhanced the negative effects on soybean compared with UV-B and O, alone.

Key Words: O,; UV-B radiation; photosynthesis; gas exchange; photosynthetic pigment
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NO, \VOCs 45 O, it A hyHERCR: 09 5255800, B AT 42BRIz o2 — X 2 0, #E Ot 60 nl/L7
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SERMREY) DB ARG GENC AR TR O, VREERSINA UV-B fRATHESR B S EHE mESNE & H
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HEA SRS | 452 B I (AR -TF G- 25 S0 -0k -t ) 4 BURE 1 Wk, SRERRS A]FE 08 .00 /2
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TEIUR I 1 3508 58 42 JE FF i Fr iEA T 2 B 7 i i o | R AP B A2 3 WK, ARYE Caldwell I 7 28 216 11
F AR BB A WM 3 IR S it 4 S 0L (3000 1/min) 43 B HE R 10 min, B L2V, & B
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2 ZERE551
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Fig.1 Effects of elevated ozone concentration and increased UV-B radiation on the P, ,G,,C; and L, of soybean leaves
iR 24N SD(n=3,4) , [AAEF A AL BT LSD b7 22 5 W 2 MG ot , e b 07 S RN [R) 7R 22 53 [ 3 (P<0. 05) 5 CK S X FRAH
T1 R4 UV-B $a it B ARXT CK #9010, % —10.9% ;T2 R4 O ¥ B4 (1009) nmol/mol ;T3 24 T1 M T2 KR &

RIRAL PR AR A % P, W K, 5 CK A LL, T T2 A1 T3 Kb B4 P, R4 53 51 11. 50% —
40.82% 11.83% —39.60% F120.78% —49.85% , T1 fif 4 MEFEW P, ¥MET T2 AbFELH, T1 AL B X 7E B
Wit T2 W&, 2 B E RS AP, A E T T 5 T2 206 P, #LEEZESF(P>0.05), fi4 NMEFM 3 A
AEBRAH S CK 25 F80Ik B8 (P<0.05) , W HA T3 415 CK ik 3 (P<0.05) . /A E A4 13 5
PEAL PR b R 22 ] 25 R AN 3 (P>0.05) , S5 R T2 5 T3 Z R 22 R A 2 R 13 598
PRI -4 B 27 ) 25 57 g 3 (P<0.05)
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SALFE 6, AR LI 1 TR AR E TN CK>T2>T1>T3, 5 CK ZHAH L, T1 T2 #1 T3 2H 195 AL
S G, BB 11, 1% —42. 96% . 5. 66% —32. 48% F1 14. 81% —>51. 75% , e K &6 Ry T3 41, ik
51.75% (Behiil) o ARPRE RS, K 5 G, P E AR, BR B LI AR, T1 T3 415 CK /)25 7 34 I 3
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Fig.2 Effects of elevated ozone concentration and increased UV-B radiation on the photo-response parameters of soybean leaves

H O, WREEHE AT UV-B 4851950 M H 2 S A S BOR Ui RO G R P, BIRIR(E 2) , 5 CK
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F(P<0.01), TP P 2R ARIRPLE ARSI 22 B AR & (P>0.05) , Bl T3 4b#H
R R RKEOEE R fE 0, Fl UV-B IF#fE T EZA/EH.
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SBE(P<0.05), M4E b EBANMEFEMY CK 25 R85 (P>0.05) , A A LT, M4 E ab 5
ROARAT E T e AR ARG, I HAE AL 58RI 5 CK 2255 3 (P<0.05) ;T2 4143 a FILE 4%
oS CK M HEREAL, BRI 22 AR 3 (P>0.05) , MR b A EF AR, 5 CK B2 5
W (P<0.05) . MERE a/b HABHINEA LI, e A& WIERREAR, B B DL A 22 5 3438 18 35 (P<0..05) ;
T3 44K a 4K b FLEMSE &5 CK A AL, I B EF M 2Z R B E (P<0.05), MaEE
a/b (HSBUHES A [ F e A F AR, JF H 22 7335 W3 (P<0.05) .
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Fig.3 Effects of elevated ozone concentration and increased UV-B radiation on the chlorophyll contents of soybean leaves

T1 5 T2 P FAL L (8], 22 a(T1>T2) B A B B2 5 A B35 (P>0.05) , 2K b(T1>T2) AL
M40 2 (TI>T2) BRAPBOH LA 22 51 W 35 (P<0.05) , 4R a/b (HTE AL 25 JER BRI 22 55 A8 W 25 (P>
0.05) , FFAE AR I Ik i 2 25 57 (P<0.05) ;T3 B A BT 4R a 4R b B SR MMSE a/b (E
PHETF P AR 2R3 a S PR A A 22 S 1 35 (P<0.05) , Bt e 3 HAE SR 5 12 4122
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SAREE(P>0.05), MERE b & e L S59EMEhii 5 12 2257 R (P>0.05) , HEn i 5 A
TR ZE R B3 (P<0.05) , T3 HEYMEEE a/b (65 T1 F1 T2 AH LSR8 5 4%, TopAe
2.4 IE b RRSEHEE A

B 4 45 TSR AL BEANS B2 0 2R 8 N R Bl G A B R ARk, R b 2 e T IS A g A Ak
P Hob BT =4 F W UV-B ACFE T1 2551 % N R 5% CK LA L, BRI 20 5 A 0 B -0. 013%  JT 461
9.26% ZEJEH 2. 14% |, T REIRIE gt (22 A B35 (P>0.05) 5 M7E SR A AU 5 CK 41 AH L)
SEREIN SRR R 3. 35% (P>0.05) , A SHIEIR N 8. 11% (P<0.05) , {HIXFEAFELE NG UV-B ZbHE
SIS N ZA PRV RS . JFAEILUS T1I 4UA92850% N RS IR A RN, {8 CK 4L R iEE Xk,
SECT T ARSI N R SR THE, O, LB T2 A28 P ESRERZMET CK 5 T4, T2 411
FEFFAE S T1 P22 F R B3 (P>0.05) , Ui O, PR G H 2508 N Z47 E sk i0amHI /e . BRI
T3 EAABRAISHAE N E AT 0, A T2 AMA MmN, e AT 13 AR E N E T RIHLE
T[] By 300 7 9 B DR - OGS BE L, L 28 S PR Bl AE B R R IR TN R (o B C e 35 22 5 TR A T3 55 CK 412
SRE M T3 5 CK\TI AERMRE; WA EFH 345 CK.T1 T2 427 MB %), 5 CK 4
Lo, SR T3 &2 A Ab BT R I e K3k 27. 50% , 22 5340 i 3 (P<0.01)
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Fig.4 Effects of elevated ozone concentration and increased UV-B radiation on the Cartenoid and Flavonoid contents of soybean leaves

TR A RN BRI 2H e B A BB R 7 A 5 AR A AL A 18] 4 FF R, T1 AT T3 AbERALEE T K
T R BT i A B e [ ) 30 X R R R B B UV-B R X R SRR A (R R
FH, IS IR R, T1 4154 89.40% , T2 4124 140. 56% , 5 CK 2H 25 5 343k 8. 3% (P<0.01) s Hf —/E &M 0,
AR PRI T2 2H 28 T B A TCAR AR TSI P2 B R 0 2 T R R A 28 R R B W] REAEZE— A O,
W s SRR B kA S (1 PR IS T 5 e 0 0 5 A R I S BT 5 i T3 <CK<T2<T1  {H 22 R HAR
W (P>0.05) , JFAERIZSEER & & T2<CK<T3<T1, 4 UV-B ALFHK) T1 T3 4157 UV-B 4bBEAY CK T2 412
SR EE (P<0.05) 1M T1 5 T3 41 .CK 5 T2 4 Z A 22 F A 5.3 (P>0.05) , Ja =MEBEWE AR T3 4
S B b B T % IR 14 25 S Bk T (P<0. 01) , T1 T3 4 5 1 i 2404 LA, 43 3k 102, 11%
140.56% , Bkl T2 BRI K, h 48.97% ,J5 i 0, F1 UV-B KL —EE SRV .
3 i
3.1 RAMREERTINRT UV-B fR5HHGm B A2 A A 36 K G S 3R Y 52

M2k ZIEAR P AVER M R AR MR R & B — S B E LB W Yt A 1E I 5R S , X B 5%y
BRI AR R S R BRI S R A B, s RN, B o R S R 0, Wb
A S EUEY SR ARG R A A R AR b R R A, i A a R b BT SRR DL
KA MR SEMPBEETE"™ | 100 nmol/mol O, ¥ RN T FH AR T KGR 55 X 525711
SNBSS R A B, W, GRISEAREANE A, AN UV-B 485 s IR Tk
B AR UV-B 58S BUSEME . UV-B fHG s IR 280 ¢ R & & (4R a b BRI
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BAE )Y EA AT F ST R, UV-B 4 S35 X i 3R S A s, R R R m a0
UV-B it hae S 3 A A S 40 S0 B A B AR R AR RV K 0, 10% UV-B 40 534 3
XK MR S B AR AN 3 T RE AL R UV-B 8 51K P4 56, i H 10% UV-B & 51 8 ek 7 k=
I R H B B B R 2R N R0 E RS T T O, AbBE SN A 2SR R AT A IGER 4 1) UV-B
Bt A N R T DR A2 G f SRR S il e E AR R NI FE— 2 FR I R G2 UV-B 46 53
RG-SR %, X 0 BB IEJE 10% UV-B #7534 5 A0 3K & b 4 R & i R IOR i 2R, 100
nmol/mol O; F1 10% UV-B FiS§ Y5 P # 5 4& W EFRAR T R EAH R R AN MR &1 X5 Zeuthan' 45
NI EE R —3, BARE A AL i 2 (R i T 2S5 i 38, (X — V815 R 1 R REZE A O, M UV-B
PR G ER R BEIA . 25 LA ;100 nmol/mol O, ¥R EEIE It K &2 -4 R & f 7 48 T 3520, 1 10% UV-
B A 5 5 X R SR B S RN 3 A A BN R TSR 3R i S e N AE D[RR, B
0, AFHEEGVERERFERT E21EH.

3.2 RAWREERGINA UV-B 55450 K -2 A A B R T 6 A VR F 52

HbZE O, e BERE TN UV-B 5 5 3 58 35 2 0 R 06 A R = AR SRS i 207 [ N A K R g 2
SR YCA VEREAR M R RIR 2 | it SRk gbaly e AR ploas ) e 2 A ml i ME 2R (1 a0 ) A0 i s 1
N BB Ak AR IR O T T ST BRI R - 0 2R [ A OGRS PR AR R Y L
HMB T BN AR E SRR R A —E S EOCA H RN B S AR L, T1 F 4R
T HA T2 45, T2 BEOEAER P, HEAEE T T, X0 T 518 K 264 B A B i =2 R
AR S 28 w80 T AT RE R R BA7 RS PR AR L LT R AIR DA B 3 38 % et a2 46 PR 3R 3 [
VERIRYZE R

MDA R P, 5XEAEScHSE G, M C ABEDIME R, A 7 X P, g2l G,
I C MmN SEE ™ P, AR EBE AT RE R SALF R T e AR R R RIS E 6, 55 6fE R
P, () IE A AN RENE R B R LR R iR R AR AL IR R B T SRR ARG Farquhar #1 Sharkey R
FHOL A R FALAY B Z A SALBRH AR LR, an SR pra il G /N A 240 B AT 7 16 BR A T A AR
¢ R, L ThE, 3R 02 S ) PR BT S0 R, ISRt P 4 iR B 4 BE T B 3 T R, il
FIFH CO, BIRESTREAR, NI €, FHi, G, (L, T R, DA S0 (4 =l S FL I 2 TS,

100 nmol/mol H13 O, MKEERIIIFI 10% UV-B 4@ FTHEEA FER G MEOLA % P, RfLFE ¢, <HL
FRHIE L, BEAS, MR CO, YRIE ¢, 1TFh, BB ILI R GE AR T R 22 AR S AL KB, 0, f1UV-B
P A AL B K GG A A FH 5 1 5 9 B0 DR A B Y 1 L3R AR TR, 28 B, B 100 nmol/mol ¥ BE
1) 05 F110% UV-B R G50 M A EET | # BUKR EOGAVE T R F 25 2R ILA &R

AR EW, 0, LS ALY LT , B 565 BRI L 0 AR 0 105 8 2 25 S, 16349 6 A — 52 s 7 9
ORI L (Y K*-ATPase B F 3¢ , 33U AN A MK R R B, AL S R 340 3 ek B < FLBH 7
FEARASFLAE S, T CO, MCRIK ¥ sc e, 42 m i, A S EOE AR, Beoh, #EA M F 1 0, &%
A BB RGP, It R A% S BO6E A R0 A LR R (9 R i 2 SR AR 2H
W5 A L, A Jl— FR A BTG AR A PR 2 — i (I SR P AL R G, R BUE R A i 5 R
MO A R AR E AR RS F I 2R UV-B 5RSHE5R A B T, I 2R
SRIHDCE R, UV-B 48 52 1 o 96 RO e B DL D2 1 R A A0 A0 J 4 5 R 28 2 11 I D
AP SERGE TG TAL 5 32 3] ) RuBP Case F2 AR ARG M: 4 AR RN S 48 A bl i PR 100 485 | X BB T i Al
HRBDEEERIE LA R, RWE TR (AQY) — Bl LIRAEAR IR HOERE A A IR, AR A~ 4 A
JE5R (1) MR B I R 2 IR Ao T BRI ek 2GR, DI 5 55 7= Az s DG g, AR SCRIFFE 45 31 A 28 Ui 13
SRR 5 (8 AR AL B0 UE T 3K — WA,

FESMAT O, WEEERE TN S UV-B 56 S350 25 8 N R gl 5 38 5 A8 [R] A B /K SF- 19 56 R IR 2 B, T1 T2
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T3 =/AbHES CK Mk, P, 143518 11. 50% —40. 82% 11. 83% —39. 60% F1 20. 78% —49.85% , UV-B
O, AFR R TG AR P AR A FRZH 55 %00 B E) 22 57 45 .25 (H M B ] A A (T1 \T2) 5 2 5 Ab B
HH(T3) Z B 70 .35 22 57, W 525 A LS L BV PR A s el A7 BT A, (EL /N 2 SRtV P I 1 52
(A faT 2 B, e Kb AR P EIE T3X 5, X5 Ambasht 28 NAURFEEEA—30 ) ATREIR IR . i T
UV-B X R LRI BRI AR, S BOALOCH BRI T 2 S4B O, Wisl i, A T REE T
O, Hl T 2B A= B, Mt T UV-B SR GICAERE R,
4 e

(1)100 nmol/mol O, MREEHENNFI 10% UV-B a5 58 52 G b PR FBOK G2 25 3 ARG, 1935 A7 AE
FYEM, B O, M A7 7 ES1EH,

(2)100 nmol/mol Oy & EEHGANFN 10% UV-B H& 5 15 58 52 G 4k BT R 20 A4 F 0% 52 i L R R 7 Bt 4
FHESA BT, & 0, 1 UV-B 2[R EE IR OF B S BOR GO G AR TR E 2R FAE IR ALE R,
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