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Abstract: The response of defense enzyme and photosynthesis in rape seedling to combined stress of elevated ultraviolet — B radiation
(UV =B, 280 ~320nm) and acid rain was studied under lab conditions. In the experiment, the rapes were separated to three groups
except control group. One group was sprayed with simulated acid rain at pH valve of 3. 5. One group was exposed to UV — B radiation
with lever of 0. 45 W + m 2. Another group was treated with simulated acid rain at first, and then exposed to UV — B radiation. After
5 days of UV — B treatment, membrane permeability, MDA content, CAT activity, chlorophyll content, net photosynthesis rate,
transpiration rate, water use efficiency, stomatal conductance and intercellular CO, concentration of rapes were mensurated. The
results showed that there were different effect on the CAT activity and photosynthesis under single stress and combined stress. En-
hanced UV — B radiation and acid rain treatment induced rise on CAT activity with the increase in membrane permeability and MDA
content, decrease in chlorophyll content, net photosynthesis rate, transpiration rate, water use efficiency and stomatal conductance
and increase in intercellular CO; concentration, compared to control plants. Although the change trend was the same under single and
combined stress, the extent of change was different. Under single stress and combined stress, the increase in membrane permeability
was 8% , 18. 1% , 26.0% , in MDA was 11.5% , 21. 6% , 66. 7% and in CAT activity was 28. 8% , 85.0% , 113. 8% , respec-
tively. When damage happened after treated by the single stress and combined stress, the decrease in chlorophyll content was
16. 5% ,48. 6% ,57. 2% , respectively, in net photosynthesis rate was 28. 6% ,42.9% ,78. 6% , in transpiration rate was 3. 9% ,
12. 4% ,14. 8% , in water use efficiency was 27. 8% ,31. 0% ,74. 5% and in stomatal conductance was 35. 6% ,38. 2% ,44. 7% ,
Contrarily, the intercellular CO, concentration was increase (9. 3% , 10. 6% ,26. 4% ). From above results, it could be found that
the inhibition of combined stress is stronger than that of single stress (UV = B + AR> UV - B> AR) and different stress has different
effect on each index. To CAT activity of rape, the single stress and combined stress showed the addictive effect, however, showed
synergistic effect on the MDA, net photosynthesis rate, water use efficiency and intercellular CO, concentration and independent
effect on chlorophyll content, stomatal conductance, transpiration rate and membrane permeability.

Keywords: elevated UV — B radiation; acid rain; combined stress; rape seedling; CAT; photosynthesis

e Rs B HA: 2003 - 12 - 31

E£WA: M52 (GIX01100626) ; 1174 BT (BG2001045) 5 11554 B 75T (01KIB150006 ) = 4 %3 )
fE RS SR (1978—), %o, JHATTT T A, SFHIE 5 M BFI

B R AN H, B8R4 R) ,E - mail: zhougeco@ yahoo. com. cn



5523 57 4 ) Kk BB

i

nL oy

I 643

Tl AR N T AE P A SR R, Horh R4
WG UV - B FRSHS R -5 K05 P kK Rt
M (BRW) TR IL T 2. A RELIMES
(UV - B, 280 ~ 330 nm) 34 5 I [i% T G AE 5% 0 (1) B
FENES I Y A AR E MR RIS
RYAGRAIZR 2 H B AV R R B 5 0
AR IARTE . 7EH AR, & BB R 3 A
YERHL R i) A S R G, BRI R AT
o3 F o 7 B T AR IS A AE S B A T R
it 25 5 (1) IO 8 0L EL T 32 FH AR A kb 5% I g AL B
BT Y5 S A P 1 8 At PR 7™ S5 i/ 4 v
BT S 2 R A SR G A A i L 3 5 A A )
BLNZREW  ARSCUAG B AED IS AT BT T UV -
B @4t SRR A W aa xR (CAT) FOBAEH
HIRENA , W LRGPPl S 515 G IR X A i A
B AR AR 5 e 4 A A A

1 #M¥5EFFE

1.1 iX# R

B s Rl S S ET HISE (B chinensis var.
oleifera) M- F 0. 1% 1) HgCL {8 10 min, JCR /K
k3 WK, 2R 4 h E, AEA 3 2R R SR A,
EFEEREFRAE 25 CO) k. M FIRHIHK 2 2 em
BFRE ASEAR (6 = 10 em) Y, KBS FOKKR SR, 45 5 Bk,
FFEHEKHE, BA 1/2(Arnon + Hogland) IR
L3R, B 3 d iR —UCE IR, IR pH B
R S TR e FVEAL L,
1.2 ik b2
1.2.1 UV - B 4bs

BEFL UV - B 5 55 8% hnff F 40 W UV - B 4T 5%
(N=280 ~ 320 nm) , AT RH TR L T7, R E
BEE R 0.45W - m~20) FFLBGEHIE UV - B 5541
AR IR EHAER ) Bk, & H B85 5 b, E 22 -
91 6 do M ARFFSC I SRS IMAS IR B AR, TR
RPN =
1.2.2 AR i3

U (AR) MRCH] 2 BSCHR (6], el pH
1.0 AR BEVR, v R A R R AR AR BB
4.7 1o VIRBEFRAENTRREW, PR B0 B E R
pH3. 5 (BT 7, FF45 PHS - 29A FREETT ( Fiks %
PR A R AR RE . B RC il 47 i pH3. 5 AR T
VSR, PSS 55 g ) ST A S M Fr, DAR R B, Xof R
FE R (CKO 45 1 78 188K o

1.2.3UV-B 5 AR &4t

W AR LB FE S SIS A B T UV - B ATAY
T B SRR (1. 2. 1), L E&AEE CK 3 3
3 REKR
1.3 $EHRE

MR R O, A ME , MDA 5 5 e CAT s M
W 5E 2 B0k (81, JH CIRAS — 1 #0640 i 4
(pp Systems International Lid) 7% 5265 A 200
pmol * m~% - 57", AL CO, 8 320 mL - m~* £ R
5 CK, UV -B, AR, AR + UV - B AbF 5 A #R 1%
A (Pn), ZEBB % (En), AL S (Gs), 4ifi[a]
B CO, ¥R B (Ci) 4 Tids bR, A e A1 A
7K 3 I HIZE (WUE) LA Pn/En $H55

2 ERG5HM

2.1 CAT 3t UV - B 5E& BB A Mim iz

VA i E AL T Y CAT SR 4 A P o 8 1 335 e
ST BRI , RTBI Lk 20 0 P 3 0 MR AR R
SRR, P58 (MDA) 220 i g i S8k Y
PR, AT TR E T (E% ) —ite AR 32 00 5540 3
FIFRRE, 38 1 AT, 5 CK AL, AR 0BT, 324
B CAT 16 P o 82 i, 3 R 28. 8% 5 T sz VAN
MDA &g, Wi 8% Fl 11.5% , (HIFA
Fo VLTI IS A N DR APl A BUSNE , FA8 RK
I8 2 R T AR A A B 9 A A o fl & ) g et A
TVER, B E A ., UV -BALBR, CAT itk
B E R, W IRAA B 85% ; ULHT, S PE R MDA %
HAIYRO, BAE A 18. 1% F121. 6% , iKF|E S
o VLB I B Y SR P DR B i ™ A RN 2 AN 2 LA
HEHT UV — B JBlpae S 35000 36 M S ik & %) B g 3 4
AR, (BTS2 30 055, M PN o it O 2 B0 i
PERE N

AR + UV - B Z A M AL BET , CAT 16 M3 iR ik
£ 113. 8% , JRPESEER MDA & = 181E K 26. 0% I
66.7% ,3 Wb AMHE CK 25 B # H 5 AR, UV -
B 25k B . MULAIAl, AR, UV-B L AR +
UV — B Ab G S 407 1 175 P 4 975 1080 2 06 1) 5 i) 22 B
WFFH]: AR+UV -B> UV -B> AR, iX—45 i
WY, 54 THaa B AR s T 5 — i, a0
X A Btk DR It 2 1 55 T B — e R i —
IR, A AT CAT JEAIINsN , X MDA
S DR REAE L 0 E% ) R S 0
2.2 E&ER UV - B 5B FAME Y 52



644 RS 25 R S VE I B CAT XF UV - B 45 AR Bk i mi 7 (1) 2004 4F 8 H

R 1 AR, UV-B R AR + UV - B & Xt 524 # BUARE £ MDA B CAT & HERI R
Table 1 Effect of AR, UV - B and AR + UV - B on plasmolemma, MDA content and CAT activity of rape seedling

Kb PR Joi BB/ % MDA /mg - ¢~' CAT/ mg - g~'
CK 36.61 +0.47 a (100.0) 0.30+0.01 a (100.0) 19. 85 £0.29 a (100.0)
AR 39.56+0.99 a (108.1) 0.36 £0.03 a (111.5) 25.56 £0.56 b (128.8)
UV -B 43.24+0.36 b (118.1) 0.39+0.03 b (121.6) 36.72£0.32 ¢ (185.0)
AR +UV -B 46.13£0.79 ¢ (126.0) 0.54+0.05 ¢ (166.7) 42.43 +1.60 d (213.8)
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Table 2 Effect of AR, UV — Band AR + UV — B on photosynthesis of rape seedling

Ab Chl Pn WUE Ci Gs
/mg - g”! /pmol * m=?« s~ /mmolH,0 * m~? + s=' /wmol + mmol ~'H.0 /mL + m~? /mmolH>0 + m~=? + 57!
CK 1.33+0.06 a 5.6+0.3a 1.05+0.08 a 5.46+0.39 a 227+2a 174.5+2.3 a
(100.0) (100. 0) (100.0) (100. 0) (100.0) (100.0)
AR 1.11+0.07 a 4.0+0.4b 1.02+0.01 ab 3.94+0.24 b 248 2 a 112.3+5.3b
(83.6) (71. 4) (97.1) (72.2) (109.3) (64.4)
UV -B 0.68+0.04 b 3.2+0. 1 ¢ 0.92+0.01 ab 3.44+0.05b 251 +6 a 108.0+0.8 b
(51.4) (57.1) (87.6) (63.0) (110.6) (61.9)
AR+UV-B 0.57+0.05b 1.2+0.2d 0.87+0.02 b 1.39+0.20 ¢ 287+5b 96.5+2.1b
(42.9) (21.4) (85.3) (25.5) (126.4) (55.3)
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