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Abstract: In order to reveal effects of acid rain (AR) and UV-B radiation (UV-B) singly and in combination on plant
photosynthesis and anti-oxidant enzyme activities, the net photosynthetic rate, relative membrane permeability,
malondialdehyde (MDA) content, and anti-oxidative enzyme activities in maize ( Zea mays L. ) leaves were studied under
simulated acid rain ( pH=6.5(A,), 3.5(A,), 4.5(A,) ) and enhanced UV-B radiation ( 0(B,), 2.88(B,), 5.76
(B,) kJ-m™-d™"), both singly and in combination treatment in the green-house. The results indicated that the
physiological traits in the maize breeds Yu Nuo 7 and Su YuNuo experienced similar changes under single AR and UV-B
treatment. The treatments resulted in reduction of net photosynthetic rate and catalase ( CAT) activity, increase of the
relative membrane permeability, MDA content and peroxidase ( POD) activity, while superoxide dismutase (SOD) activity

increased first but decreased afterwards during the treatment. Under the combined stresses, compared with the control
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treatment (A;B,), the changes of physiological traits in both breeds of maize were similar to those under single factor
treatment. For some traits, combined stress displayed a synergistic effect, with significantly stronger effects than those
under single factor stress, whereas for most traits it displayed antagonistic effects. The results showed that both enhanced
UV-B radiation and decreased pH of simulated acid rain accelerated ROS metabolism rates, which damaged the anti-
oxidative enzyme system and reduction of photosynthesis. Taken together, the dynamic changes of physiological and
biochemical indices under the dual stresses ( AR + UV-B) were not identical, and none of them showed a simple linear
variation, but displayed additive, synergistic or antagonistic effects depending on the different treatment periods and/or
degree of stresses, indicating that plants had different mechanisms of resistance and adaptability under different stresses.
The two different breeds of maize had different sensitivity to AR and UV-B treatment at different stages. Yu Nuo 7 was in

general more tolerant to stresses than Su YuNuo.

Key Words: ultraviolet-B radiation (UV-B) ; acid rain; combined stress; maize; photosynthetic rate; peroxidation of

membrane-lipid ; anti-oxidative enzyme activities
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OD240 370 0. 01 Sg—NEEE F7 8071 53 AL (POD) 1 1tk A I 5 SR A A B AR B i , K5 45:43-%h ODAT0 38
H10. 01 5 S—NEE 7 B0 DARE 5 e R B I
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HIK/NKEZR N UV-B 4b3H > UV-B x AR ZbFH > AR KbBE ; 520 >t A8 3 ) 32 2[5 7 il Adb B B 8] SiE K BR R AR
2 UV-B fg@5t, B & 403 12d H§ob A # R EM K/NXER R : AR 43 > UV-B x AR kb3 > UV-B Zb#, i
“sy” A FPFEALIERTIA , I XL A R U FEIME AL BR B, > A, > A,B,, B K/NER AR Ab3E >
UV-B 4b3f > UV-B x AR Ab3E . fI5RBE ) UV-B 48 55 15 A5 B BR 0 & A 28 BU S A0 Hib 1R 7 P Bl Ak 22 i) 22 K
R BRI T RRETER, HEob A #F K/NK R N AR kb3 > UV-B x AR 4b3# > UV-B b3, 1 5
BER) UV-B $@ 5 FIPTFh a8 BERR TN 2 A AL B ot & BRI i AR I D P RIFE A, Higob & E R R/ R R
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Fig. 1 Effect of enhanced UV-B irradiation and acid rain on photosynthetic rate (mean + SD) of Yu Nuo 7 and Su YuNuo
Ao Al Ay 435Ik Lk pH % pH6. 5,4.5 1 3.5 HEIBR NI AL HE ; B, (B, il B,y UV-B #EH5I K 0,2.88 H15.76 ki-m~2d ™' ; AR E o
FHENEFRNE R EREES% KT FERBE; TR Ay.A, and A, mean treat with three different pH values (6.5, 4.5 and 3.5) of
simulated acid rain, By, B;, B, mean treat with enhanced UV-B irradiation under 0, 2. 88 and 5.76 kJ-m ~2d ! and values in each column followed

by the different small letters are significantly different at 0. 05 level according to LSD, the same below
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AN AR T BRI B M B — R KT . A AR B b 3 5 R TR 4 1 AR A 4
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Kb P S A R BGE AR T By A1, W A K A 20 BB M i BE 3 B UV-B AR S5 BESE AT K. &
FACERI , P AR T ORALEAS [ SRR B 5 BE B R TR AR5 B UV-B AR S5 2 & A B i H5 DU/E L,
BEYER/NKRERYT” AR FERIIRI N : AR 403 > UV-B x AR 403 > UV-B 4b3E5h, 2905 : UV-B 43 > UV-B
x AR JLEE > AR AbFH . 5 BEBR TN AN 5 B UV-B SRS S0 “y77 fh R A “sy” dl Ak AT A R B L AR
A AMRE R/ DR R R I : AR 4038 > UV-B x AR 403 > UV-B Lb3; “y7” g F b 385 375 22 3L BT A
THETUER HAMEE RN R UV-B AL B > UV-B x AR 4038 > AR 403, T “sy” dh AP AL 2R G HR I
PR T B E IR R T RSB T 28, R EPE RN E R KB : UV-B x AR 403 > UV-B 4b3 > AR
AbER ARGERBERRTN AR R B UV-B F@ S = A BT “y7” Sh M e v R B 0 U R4 A, B e R B BLVE R 5
Xt sy” AP — ELR DU P RIAE R o 3 BE BRI ANIRGE BE UV-B @5 A AL BEXT “y7” fn A0 “sy” S AP R R
PAEYUE R, 7R B AR R BV E RN R - UV-B 403 > UV-B x AR 403 > AR 403 (H7EAL B W =
BEHINEA 2T OBIERG 7 SRR F RGP b Al AT LA B, A AL BRI (6], ZEFR TR A UV-B 58 5 g H. A
RERERLBMET , 5% B X A BRI EAFELE LR /DN TG 7 5 (BEEE R, R ER
B 7 SRR GEXT 8 O U, T BRI R — B2 EGE S BB IR E N E .
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Fig. 2 Effect of enhanced UV-B irradiation and acid rain on relative membrane permeability (mean + SD) of Yu Nuo 7 and Su YuNuo
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Sr BN BB R B — A B K (B AT 12d J5 “sy” S AN E AR AT S R - MDA 4 BE TR 4E &t
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KIF5EPLIER, UV-B x AR b3 /- MDA &840 F UV-B b3 5 AR 032 ], B B /NFHMATE, SERK AL
B 1], R SR BEAH L, ZEBR AT UV-B @55 IS B R R R & AL B A 38 T 75 4% MDA & 875 {0 i B/
Tk 7 5 (HHM A REE MDA S8EHE £, M, “y7” ffh RARSR B M ER T IR SR BE UV-B f i 2 &
Ab¥E (A, B,) FIHIEDER , e R A AERI R E TP FEER, Bint 5 MDA & &% :UV-B x AR
4038 > UV-B b3 > AR L0385 TXEF“sy” dbfh , 5 BEE AR (LG R AL, PIFPSRBE BRI 5 K58 B UV-B &5
BE R W E T HEDUE R KSR B RR T AS R B UV-B 38 2 G 038N — BRI N EIEH. &
SREEFRTN AN SR UV-B fait 2 & A PRV R I L 5 HTE R, 26/ BRI IR B 7 38 25 3000 K T3
AN TR Z
2.4 R[RIALFEXT ORI - i T S I 1 ) R

SLIREER R FEAIERIA, B SR UV-B 48 51 RIS ER T TC 10 2 S ok 5 & 2 A 1E 3 R v
SOD JEPEARXS T3 HR (A By ) M (& 4) R EERRTI (A,) 53452 UV-B 385 (B, ) XF SOD {F M4 KR KT
Xif O P B BE R RN JBRAE (A, ) 53458 UV-B 38 4F(B,) o BEE ALFET [ RE K , & Fh kb3 F 5 5 Fp oK - SOD 7%
PEARXT TR BRIIREAR, T B R R A BT B 5 AR B SR BE 3 0, FREIR R K. A AbBEET, B AR B R R
B ARFEED . “y7” SF7EALFERIE , &R E A A FHRINBR TN M UV-B 585 F5PL/E , B SOD 15
XKFZ—MBN:UV-B 403 > UV-B x AR 403 > AR 4b3H, A, B, b FE ) SOD 7 - iR FH W R 735 50 ib 3
fE. TiREE AL IR A EHC , HAA KSR BE R BR O AR 58 BE UV-B 38t R & b R B A PU/E M, HER & 403
BRI N BRI T EEE T, SOD 1E#E56 R 7 AR 403 > UV-B 4b3 > UV-B x AR 4b 3, fiff SOD Ji§ P& =
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Fig. 3 Effect of enhanced UV-B irradiation and acid rain on MDA content (mean + SD) of Yu Nuo 7 and Su YuNuo
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Fig. 4 Effect of enhanced UV-B irradiation and acid rain on SOD activity (mean = SD) of Yu Nuo 7 and Su YuNuo
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Fig. 5 Effect of enhanced UV-B irradiation and acid rain on POD activity (mean + SD) of Yu Nuo 7 and Su YuNuo
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(Rubisco) %2 5k [F] 1k 1 6 WP IR ) ¢ S & B S50 7, U0 B2 0 40 o T AR 98 R AR O T AL
AN RBRTERI ) BRI AL A A R A R S AU RBIR LA, i e A1
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Fig. 6 Effect of enhanced UV-B irradiation and acid rain on CAT activity (mean = SD) of Yu Nuo 7 and Su YuNuo
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B SRR B TG R BHXT T BRI AR I #E— 2284k, R TR B TR SHEC T 2 R
PB4 AT Rl 0 IR R G MG A VR F AR, BB RSB 1E Y BU™E 0 LA K,
P97 T B AT A B A BF 15, IR, AU BB SR B 8 R MR RIBIA™ o A LR AT
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