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Influence of enhanced ultraviolet-B radiation on photosynthetic physiologies and

ultrastructure of leaves in two different resistivity rice cultivars
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1 South China Institute of Botany Guangzhou 510000 China

2 School of Life Sciences Fujian Agriculture and Forestry University ~Fuzhou 350002  China
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Abstract Depletion of stratospheric ozone O, caused by anthropogenic chlorofluorocarbons has increased the amount of
ultraviolet radiation especially ultraviolet-B  280-320 UV-B radiation reaching the Earths surface. For every percentage
decreases in stratospheric ozone the amount of biologically effective UV-B radiation UV-B,, is predicated to increase by
approximately double that percentage. Enhanced UV-B radiation causes damage to the growing development and
physiobiochemical processes of plants. e. g. photosynthesis which would induce the change of morphological characteristics
and alter normal metabolic processes.

This study was conducted to determine the effect of UV-B radiation on the photosynthetic physiology and the

ultrastructure of leaves in rice Oryza sativa L. . Three-leaf-aged seedlings of rice Lemont tolerant and Dular
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sensitive  were subjected to UV-B radiation 18.6kJ m > d ' for treatment in a network for 3 weeks and natural light for
control. . Under 3-weeks of UV-B treatment photosynthetic pigment fluorescence induction kinetics parameters of
chlorophyll a photosynthetic efficiency ultrastructure of leaf surface and mesophyll were investigated. The results showed
as follows 1  UV-B radiation stress significantly decreased chlorophyll content and the ratio of chlorophyll a to
chlorophyll b Chla/Chlb  changed fluorescence induction kinetics parameters of chlorophyll a and in turn reduced
photosynthetic efficiency. The tested rice cultivar Dular was inhibited more seriously than Lemont. 2 Further studies
with transmission electron microscopic TEM observation and scanning electron microscope SEM  observation revealed
that the stomatal apparatus was damaged the chloroplast structure was distorted the arrangement in the lamellae of the
grana and stroma was loose and disordered. The effect of UV-B radiation stress on the ultrastructure of leaves in the two rice
cultivars tested was consistent with their changes in photosynthetic physiology. 3 The adaxial surface was damaged more
seriously than the abaxial surface in the two rice cultivars. This might contribute to its higher density of silicic papillae.

4 The amount of silicic papillae on the adaxial surface in the two rice cultivars and their responses to UV-B radiation
stress were significantly different i.e. the amount of papilla in Lemont was higher than Dular and was elevated by UV-B
radiation. The reverse was true in the case of Dular. The findings suggested that the characteristics of silicic cumulation

might be one of the mechanisms for rice adaptive to enhanced UV-B radiation stress.
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Table 1 The effect of UV-B radiation on the chlorophyll content of rice leaves
Lemont UV-B Dular
Photooxidation tolerance rice Lemont UV-B sensitive rice Dular
Test items
CK TR IR % CK IR %
a Chlorophyll a  Chla 3.94Aa 3.39Ab 13.96 3.87Aa 3.00Bb" 22.48
b Chlorophyll b Chlb 1.16Aa 1.09Aa 6.03 1.09Aa 1.02Aa 6.42
2 b 3.40A¢ 3. 11As 8.53 3.55A¢ 2.94Bb 17.18
Ratio of Chla to Chlb  Chla/Chlh B o ' R ' '
# CK Control TR treatment IR % = CK-TR +CK x100 Inhibition IR % = CK-TR + CK x 100 the
same below
2 UV-B a
Table 2 The effect of enhanced UV-B radiation on the fluorescence induction kinetics parameters of chlorophyll a
Lemont UV-B Dular
Photooxidation tolerance rice Lemont UV-B sensitive rice Dular
Test items
CK TR IR % CK TR IR %
Variable fluorescence  Fo 438Aa 369Ab 15.75 420Aa 335Bb 20.24
I
The ratio of the variable to maximal fluorescence 0.811Aa 0.769Aa 5.18 0.781Aa 0.742Aa 4.99
Fv/Fm
|
The ratio of the variable to minimal fluorescence 3.81Aa 3.30 Ab 13.39 3.54Aa 2.56Bb 27.68
Fv/Fo
Fo Fm
The time in ms from the point F, to the point on the rising 281Aa 280Aa 0.36 273 Aa 241Bb 11.72
cure corresponding to 1/2 Fv T,
350A 287Bb 18.00 324A 256Bb 20.99
Variable fluorescence quenching AFv 4 ?
1.45A 1.31A . 1.37A 1.17B 14.
The potential photosynthetic activities AF/Ft SAa 31Aa 9. 66 37Aa b 60
2. 81A: 2.30Bb 18.15 2.67: 2.01Bb 24.72
Variable fluorescence quenching rate AF/Fo 4 4
2.3 UV-B
3 UV-B
UV-
B Dular 64.96% T1.05% 77.20%
68.42% P <0.01 Lemont 71.86%
P <0.05 Dular UV-B
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3 UV-B
Table 3 The effect of enhanced UV-B radiation on the photosynthetic efficiency of leaves in rice
Lemont UV-B Dular
Photooxidation tolerance rice Lemont UV-B sensitive rice Dular

Fest tems CK TR IR % CK TR IR %

Photosynthetic rate  Pn 48.2Aa 29.3Ab 39.21 39.1Aa 13.7Bb 64.96

Transpiration rate Tr 2.10Aa 1.80Ab 14.29 3.8Aa 1.1Bb 71.05

Water use efficiency WUE 15.28Aa 4.3Bb 71.86 7.59Aa 1.73Bb 77.20

Stomatal conductance Cond 0.12Aa 0.09Ab 25.00 0.19Aa 0.06Bb 68.42

2.4 UV-B
2.4.1 UV-B
1-1 3 2-13 UV-B
12 4
Dular 22 4 UV-B
1 UV-B
Fig. 1 Chloroplasts in the Mesophyll from Rice leaves exposed to enhanced UV-B radiation
1 Lemont Treatment of Lemont 2 Lemont Control of Lemont 3 Dular Treatment of Dular 4 Dular Control of Dular the
same below G Grana CM Chloroplast membrane O Osmiophilic droplet
2.4.2 UV-B
3 4 UV-B
Dular
papilla

2.4.3 UV-B
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2 UV-B
Fig.2 Thylakoids of chloroplast in the mesophyll from rice leaves under enhanced UV-B radiation stress

GL Grana Lamellae O Osmiophilic droplet

3 UV-B

Fig. 3 The effect of enhanced UV-B radiation on the upper two epidermis near mid-rib in the leaves of rice concerned

The arrowhead points to  papilla Circle points to papilla the same below

UV-B
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4 UV-B

Fig. 4 The effect of enhanced UV-B radiation on the stomatal apparatus of the upper epidermis near mid-rib in the leaves of rice concerned
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Fig.5 The effect of enhanced UV-B radiation on the edge of epidermis in the leaves of rice concerned
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6 UV-B

Fig.6  The effect of UV-B radiation on the epidermis near two sides of main vein in the leaves of rice concerned

4 UV-B 100 /em?

Table 4 The effect of enhanced UV-B radiation on the papilla quantity near stomatal apparatus In the leaves of rice concerned 100ind. /cm?

Lemont UV-B Dular
' Photooxidation tolerance rice Lemont UV-B sensitive rice Dular
Test items

CK TR CK TR

4. . . 2.7
The amount of papilla between stomatal apparatus 3 5-3b 3-5a 4
. 4.8a 5.4a 4.2a 3.1b

The amount of papilla around stamatal apparatus
%10 The mean of ten pictures the same below
5 UV-B 100ind. /cm®

Table 5 The Effect of enhanced UV-B radiation on the papilla quantity near stomatal apparatus of leaves in two different rice cultivars

concerned 100 /cm?

CK TR
Lemont UV-B Dular Lemont UV-B Dular
Test items Photooxidation tolerance UV-B sensitive Photooxidation tolerance UV-B sensitive
rice Lemont rice Dular rice Lemont rice Dular
The amount of papilla between 4.3Aa 3.5Aa 5.5Aa 2.7Bb
stomatal apparatus
The amount of papilla around 4.2Aa 4.8Aa 5.4Aa 3.1Ab

stamatal apparatus

UV-B
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Fig.7 The effect of enhanced UV-B radiation on the epidermic papilla near two sides of main vein in the leaves of rice concerned
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