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The Interactive Effects of Enhanced UV-B Irradiation and Water Deficit on Physiological Responses in Dif-

ferent Maize Zea mays Cultivars
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Abstract In the present paper, the physiological responses of maizes Zea mays seedling leaves to enhanced ultraviolet—B irradiation simu—

lated a 20% stratospheric ozone depletion and drought stress produced by adding 25% polyethylene glycol PEG-6000

Northwest University , Ministry of Education, Xi"an 710069,

alone or combined

under greenhouse conditions were studied. The results showed that two different stress conditions led to changes of proline which was osmotic

regulator and antioxidant system MDA, antioxidant enzymes including SOD, CAT and APX . Feedbacks of two cultivars, drought-resistant

R7 and drought-sensitive CS, to UV —B radiation and drought alone were consistent with their drought —withstand ability. The combined

stresses reduced the activities of CAT and APX and improved the accumulation of proline in R7; Reversely, it debased proline content of CS

in vivo significantly, which meant it relieved injures drought had worked on R7 and worsened damages in CS. Totally the results confirmed

that the drought-resistant cultivar could also withstand enhanced UV-B radiation and relieved drought—harmed situations by regulating pro—

line and oxidant enzymes, which manifested anti—drought cultivar was acclimatized to environment better.
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Table 1 Results of ANOVA
Cs R7
X X
df Treatment Level TreatmentxLevel Treatment Level Treatment x Level
MDA 122 0.552 3 33.127 7 20.098 5% 0.1529 2.287 6 04259
Proline 122 0.001 078 103.223 1%* 41.645 4%* 1.956 6 1.468 082 9.787 9**
SOD 122 0.005 887 8.519 5 0.365 2 1.714 2 3.347 1 1.349 1
CAT 122 0.160 4 4.587 8% 3.084 65 3.6317 41.887 3% 9.536 4%
APX 122 0.292 3 9.455 43 0.429 6 2903 5 2.3639 170.288 1%
uv D 3 CK | uv D UV+D
o P<0.05 7 P<0.01 . 3 N X .

Note Two factors treatment in Tab. 1 UV and D and three levels that was blank CK  individual treatment UV and D and combined treatment UV+B
level in Tab. 1 were analyzed in ANOVA. Results were obtained from EXCEL. * and ** indicated the distinguish level were significant at 0.05 and 0.01 re—

spectively. Three df were ranged as treatment level and treatment X level.



28 3 441
1.8 acs AI *% ©
Lef 7 BW a UV-B
= l4r a BI a B
E L L o
0 1.2
=2 1.0
08F C. uv
= 0.6
3
04 [11 14-15]
021 °
00 s UV-B
CK uv D UV+D
4 24h  CAT .UV-B
Figure 4 Changes of CAT activities after 24 h treatments o
UV-B
s OCs ) A UV-B
R7 Tk
D a & UV—B
25k I a a
z c —— | L . UV-B
T 20F b
5 [3 5]
= D
L.5F *%
° R7
£ M R7 H.0,
05 UV-B CS
0.0
CK uv D UV+D . UV-B
5 24h  APX
Figure 5 Changes of APX activities after 24 h treatments Uv-B °
UV-B
e 24h
MDA | SOD.CAT
APX o
1 10]
o]
o]
224 MDA UV-B
24 h CS
R7 1.2, o
Uv
o 1
[1] H B Shao, L. Y Chu, C A Jaleel, et al. Water—deficit stress —induced
anatomical changes in higher plants[J]. C R Biologies, 2008, 331 3
o]
215-225.
© [2]HY Feng, T Chen, S ] Xu, et al. The effect of enhanced UV-B radiation
0l on growth, yields, and stable carbon isotope composition of soybean]|J].
R Acta Botanic Sinica, 2001,43 7 709-713.
UV-B [3] I Santos, F Fidalgo, ] M Almeida, et al. Biochemical and ultrastructural
changes in leaves of potato plants grown under supplementary UV-B ra—
UV-B diation[J]. Plant Science, 2004, 167 4 925-935.
[26]

UV-B

[4] ) G Zaller, P S Searles, M M Caldwell, et al. Growth responses to ultra—
violet—B radiation of two carex species dominating an Argentinian fen e—

cosystem[]J]. Basic Appl Ecol, 2004,5 2 153-162.



442 Uv-B

2009 3

[5]J H Sullivan, A H Teramura.Field study of the interaction between solar
ultraviolet—B radiation and drought on photosynthesis and growth in soy—
bean[]]. Plant Physiol, 1990, 92 141-146.

[6]J H Yang, T Chen, X L. Wang. The effect of enhanced UV-B radiation on
ABA and free praline contents of wheat leave[J]. Acta Ecologica Sinica,
2000,20 1 39-42.

|7] L O Bjorn. Stratospheric ozone, ultraviolet radiation, and cryptogams|[J].
Biological conservation, 2007, 135 326-333.

[8] Y Nakano, K Asada. Hydrogen peroxide is scavenged by ascorbate—spe —
cific per—oxidase in spinach chloroplasts|J]. Plant Cell Physiol, 1981,
225 867-88.

[9] S Nogués, D J Allen, J I L Morison, et al. Ultraviolet-B radiation effects
on water relations, leaf development and photosynthesis in droughted
pea plants[J]. Plant Physiol, 1998, 117 1 173-181.

[10] T D Ge, F G Sui, L. L Bai, et al. Effects of water stress on the protective
enzyme activities and lipid peroxidation in roots and leaves of summer
maizelJ]. A gricultural Sciences in China,2006,5 4 291-298.

[11] V Alexieva, I Sergiev, S Mapelli, et al. The effect of drought and ultra—
violet radiation on growth and stress markers in pea and wheat[J]. Plant,
Cell and Environment, 2001, 24 1337-1344.

[12] s s . UV-B [J].

, 2007, 16(3): 1044-1052.
CAI Xi-an, XIA Han-ping, PENG Shao-lin. Effects of enhanced UV—
B radiation on plants [J]. Ecology and Environment, 2007, 16 3
1044-1052.
[13] R R , .UV-B
[J]. ,2001,21 4 :579-583.
CHEN Tuo, AN Li—zhe, FENG Hu—-yuan, et al. The effect of UV-B ra—
diation on membrane lipid peroxidation and mechanisms in broad bean
leaves|J]. Acta Ecologica Sinica, 2001,21 4  579-583.
[14] , , .UV-B Hg**
[J]. ,2004,23 5 111-115.
DU Ying—jun, SHI Yi, LIU Zhen—wei. Effect of UV -B radiation and
Hg** combined treatment on physiological metabolism and growth of
black wheat seedlings|J]. Chinese Journal of Ecology, 2004, 23 5
111-115.
[15] . . . UV-B
[J]. ,2002,22 9 1564-1568.
FENG Hu-yuan, AN Li—zhe, CHEN Shu-yan, et al. The interactive ef—
fects of enhanced UV-B irradiation and water deficit on physiological
properties of spring wheat seedling[J]. Acta Ecologica Sinica, 2002, 22
9 1564-1568.
[16] .
1. 199218 1 37-44.

LI De-quan, ZOU Qi, CHENG Bing—song. Osmotic adjustment and os—

motlca of wheat cultivars with diferent drought resistance under soil

drought|[J]. Acta Phytophysiologica Sinica, 1992, 18 1 37-44.

[17] R s , .

[J]. ,1983,9 3 221-229.
LI Jin-shu, WANG Hong—chun, WANG Wen-ying, et al. Effects of
drought on cell permeability and membrane lipid[J]. Acta Phytophysio—
logica Sinica, 1983,9 3 221-229.

(18] , . .UV-B
[J]. ,2004,12 4 40-42.

LIANG Chan—juan, TAO Wen-yi, ZHOU Qing. Environment effects of

enhanced ultraviolet—B radiation on plants[]J]. Chinese Journal of Eco—
Agriculture, 2004, 12 4 40-42.
[19] s . [J].
,2007, 25(2): 86-91.
LIU Sheng—qun, SONG Feng—-bin. A comparison of root anatomical
structure of maize genotypes with different drought tolerance[J]. Agri—
cultural Research in the Arid Areas,2007,25 2 86-91.
[20] s s , . CO,
[JI- , 2008, 27
1 35-39.
QIU Zong—-bo, LIU Xiao, LI Fang—min, et al. Protective effect of CO,
laser pretreatment on wheat seedlings lipid peroxidation under drought
stress[J]. Journal of A gro—Environment Science,2008,27 1 35-39.
[21] , , .UV-B 1.
,2002,11 4 315-318.
SHI Jiang—hua, WANG Yan, LI Shao—shan. Recent advances of UV-B
effects on plants at molecular and cellular levels[J]. Acta Laser Biolo—
gy Sinica, 2002, 11 4 315-318.
[22] R . [J].
,2004,12 1 127-129.
SONG Feng—bin, XU Shi—chang. Study on the drought resistant identi—
fication indexes in maize[J]. Chinese Journal of Eco—Agriculture, 2004,
12 1 127-129.
[23] , , . [J].
, 1983, 9(1): 77-83.
WANG Ai-guo, LUO Guang-hua, SHAO Cong-ben, et al. Study on
superoxide dismutase of soybean seeds|J|. Acta Phytophysiologica Sini—
ca, 1983,9 1 77-83.
[24]
[J]. ,2006,25 4 918-921.
WANG Qi-ming. Efects of drought stress on protective enzymes activi—
ties and membrane lipid peroxidation in leaves of soybean seedlings|J].
Journal of Agro—Environment Science, 2006, 25 4 918-921.
[25] s R .. UV-B
[J]- ,2001,9 3 36-39.
WU Xing—chun LIN Wen—xiong GUO Yu-chun, et al. Advance in re—
search on the response of plants to the increased ultraviolet B radia—
tion[J]. Chinese Journal of Eco—Agriculture, 2001,9 3 36-39.
[26] ) ) ..
[J]. ,2004 26 2 15-20.
YUN Lan, MI Fu—gui, YUN Jin—feng, et al. Drought resistance of six
alfalfa varieties seedlings under water stress [J]. Grassland of China,
2004 26 2 15-20.
[27] R R . [J].
, 1983, 1 35-37.
ZHU Guang-lian, DENG Xing-wang, ZUO Wei-neng. Determination
of proline in plants. Plant Physiology Communications, 1983, 1 35-37.
(28] , . . .UV-B
[J]. ,2002,10 3
235-244.
ZHU Su—qin, XU Xiang-ming, CHEN Zhang-he, et al. Efects of UV-B
radiation on seedling growth and chloroplast ultrastructure changes in
some woody plants[J]. Journal of Tropical and Subtropical Botany,
2002, 10 3 235-244.



