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ABSTRACT

Constant reduction of stratospheric ozone layer and
the increase of ultraviolet radiation intensity were observed
in last twenty years of the 20th century. Four tree species;
Acacia amplicepsis, Acacia gerradii, Casuarina glauca and
Eucalyptus intertexta grown in Experimental station of Food
and Agriculture Sciences Collage, King Saud University
were used to study the impact of UV-C on potential of seed
germination and chlorophyll concentration. The result
obtained has indicated that, UV-C (254nm) affected
significantly the seed germination and chlorophyll
concentration. Increased UV-C exposure periods can
decrease the chlorophyll A, chlorophyll B and chlorophyll A
+ B concentrations of seedling of studied species. Similarly,
seed germination was also sensitive to high dose of UV-C
radiation. Acacia ampliceps was significantly higher in two
experiments than the other species in seed germination and
chlorophyll A, B and A+ B concentrations. The UV-C
exposure periods in the two experiments showed that the
exposure periods were highly significant. Moreover, the
most affective exposure period on the seed germination was
72 hours. As for the chlorophyll concentration, the control
treatment (No exposure) had the highest chlorophyll A, B
and A+ B concentrations than the other UV-C exposure
periods. The most detrimental exposure period was found at
120 minutes. Chlorophyll ratio was varied among the tree
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species. Acacia gerradii had the highest chlorophyll ratio
than the other tree species in the two experiments. In the
first experiment, 30 minute exposure period gave the highest
chlorophyll ratio, while the lowest chlorophyll ratio was
found on control treatment. In contrast, in the second
experiment, the highest chlorophyll ratio was found on
control treatment (No exposure) and the lowest chlorophyll
ratio was 120 minutes. From the results, it is clear that
Acacia ampliceps was the most tolerant to the exposure to
the Ultraviolet-C (254 nm) radiation and had the highest
chlorophyll concentrations, while Eucalyptus intertexta was
the most sensitive to same dose of radiation.

Key Words: UV-C, woody trees, Seeds, Germination, Chlorophyll concentration,
Saudi Arabia .

INTRODUCTION

Plants are liable to be exposed to various abiotic and biotic
stress factors throughout their life time, yet same of them can adapt to
changing environmental by different morphological, physiological and
chemical means (Walling, 2000 and Diaz et al., 2007). The decrease
in stratospheric ozone and the resulting increase of solar ultraviolet
have become a general worldwide concern in the last few decades.
Solar ultraviolet radiation is highly dynamic abiotic environmental
factor of major importance, which serves as an essential cue for
growth and differentiation processes in plants (Paul and Gwynn-Jones,
2003). Ultraviolet (UV) radiation is electromagnetic radiation of a
wavelength shorter than that of the visible region, but longer than soft
X-rays. It can be subdivided into near UV (380-200 nm wave length)
and extreme or vacuum UV (200-10 nm). The range of UV
wavelength is often subdivided into UV-A (380-315 nm), called long
wave or black light; UV-B (315-280nm); called medium wave; and
UV-C (280-10 nm) called short wave or germicidal. The V-UV and
UV-C to the solar spectral irradiance is low, their ability to cause
biological damage is high because of the energies associated with
these short wave lengths. When plants are not acclimatized or are
irradiated with UV level above the current ambient radiation, this
radiation can have detrimental effects on proteins, lipids and
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specifically affect the photosystem by damaging its membranes and
decreasing enzyme activities and photosystem rates (Rozema et al.,
1997; Sullivan et al., 2003 and Bassman, 2004). Many fruits, flowers
and seeds stand out more strongly from the background in ultraviolet
wavelengths as compared to human. The plant seeds are stored
desiccated under conditions of low temperature and vacuum. Solar
UV irradiation had the most deleterious effect on organisms (Horneck,
1993 and Horneck et al., 1995). Numerous studies have demonstrated
that increased UV-B can directly or indirectly affect the growth of
plants (Joshi et al., 2007 and Feng et al., 2007). Relatively little
information was available on the effect of VU radiation on forest tree
species (UNEP, 1998). Tropical forests, though representing nearly
one half of global productivity and much of the total tree species
diversity, have received very little attention with respect to the ozone
reduction problem. There is some information for mid-temperate
latitude tree species; because they are long-lived trees present the
opportunity to observe the longer-term cumulative effects of UV-B
exposure over several years for the same individuals (UNEP, 1998). A
few studies have been undertaken to investigate the effects of UV
radiation on tree seeds germination and chlorophyll concentration.
The objective of the present study was to study the impact of UV-C
(A= 254 nm.) on germination and chlorophyll concentration of some
woody tree seeds growing under the dry conditions in kingdom of
Saudi Arabia.

MATERIAL AND METHODS

This study was carried out in Forest physiology laboratory and
Greenhouse of Plant Production Dept., Food and Agriculture Sciences
Collage, King Saud University, from October 2008 to May 2009 in
two experiments repeated under the same laboratory conditions, to
study the effect of Ultraviolet radiation on germination and
chlorophyll concentration of some woody trees grown in Experimental
station of Food and Agriculture Sciences collage at Derab. A total of
four woody tree species; Acacia amplicepsis, Acacia gerradii,
Casuarina glauca and Eucalyptus intertexta were used in the present
study.
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Seeds used in the study

Seeds of four tree species (mentioned above) grown in
Experimental Station of Food and Agriculture Sciences Collage at
Derab, were collected from Nursery of Forestry Division were used in
the study. The seeds were collected from the trees and stored at room
temperature until used.
Ultraviolet irradiation treatments

The UV 254 source was a low pressure mercury lamp (no
filter) (VL.215 C, Vilber Lourmat), producing a sharp peak at 254 nm.
It consisted of a single tube bent beck upon itself to provide UV from
five parallel sections of tubing. Exposure was preformed in a chemical
fume hood that drew air across the sample and shielded the exterior
with a glass sash. The source output (= 12mW/ccm?) was monitored
with a radiometer (Vilber Lourmat VLX 254), equipped with a sensor
for A=254nm. The lamp was positioned 5 cm above seed samples. The
control samples were covered with a glass microscopic slide which
did not transmit UV at 254nm. The temperature was 22-25°C during
the UV exposure, and flux of UV light was regularly measured. The
time of UV exposure varied from 6 hours (1.4 x10% KJ/m2) to 72 hours
(1.68x10* KJ/m?). After exposure of seeds, they were immediately
stored at 4°C until the germination assessment was carried out.
Germination assay

Fifty seeds of Acacia amplicepsis and Acacia gerradii in
triplicate were pretreated before germination to break the dormancy of
the seeds by using hot water treatment for 24 hours until the seeds
were swilling and 0.1g of seeds Eucalyptus intertexta (about 300
seeds) and 30 seeds in triplicate of Casuarina glauca were placed in
11 cm diameter, deep Petri dishes. To each dish, 50 ml of distilled
water was added and incubated at a temperature-controlled room
(25°C, 16-hours photoperiod, and cool-light fluorescent tubes).
Germination was expressed as the moment the root radical emerged
from the seed coat. It was scored periodically every 12 hours, and
percentage of germinated seeds was calculated.
UV irradiation on germinated plantlets

seven days-old germinated seeds in duplicate of Acacia
amplicepsis, Acacia gerradii, Casuarina glauca and Eucalyptus
intertexta were placed in different 11 cm pots under a low pressure
mercury UV lamp (no filter), producing a peak at 254 nm for 10, 30,
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60 and 120 minutes daily. The exposure was preformed in chemical
fume hood that drew air across the samples. The lamp was positioned
10 cm above the seedlings. The temperature was 25C° during the UV
exposure. After the exposure, the seedlings and the control seedlings
were placed into the climate controlled growth room. The growth of
the samples was followed for 15 days during which time,
replenishment of the distilled water (100 ml every 2 days) to prevent
dryness. Leaf samples were collected from the seedlings to analyze
chlorophyll content.

Extraction  of  chlorophylls  from  leaves with  N,N-
dimethylformamide (DMF) method.

Tree seedlings (4 weeks-old) were grown on pots in a green-
house. For chlorophyll analysis, weight of leaflets of the tree species
studied were ranged between 0.025g to .035 g to extract chlorophylls
with N, N- Dimethylformamide (DMF), by grinding with 2 ml of
solvent DMF in a mortar with pestle. The homogenate, combined with
a further three washings of the pestle and mortar (each of 1.5 ml) with
the same solvent, was centrifuged at 2500 r.p.m. in bench centrifuge
for 10 min. The pellet was then extracted with a further 1 ml of
solvent in homogenizer and the pooled supernatants adjusted to a final
volume of 8 ml. The spectrum was recorded between 750 and 600 nm.
and the major red absorption peak automatically determined by the
Pharmacia Biotech, Ultrospec2000, UV/visible spectrophotometer
recording spectrophotometer zeroed at 750 nm. The Chls a, b, Chls a
+ b concentrations in umol/L and Chls ratio were then calculated
using the equations described below (Porra et al., 1989):

Chl. a=13.43 A °8 347 p 048
Chl. b =22.90 A °%% _53g A %408
Chl.a+b=19.43 A %38_g 05 A ®408
Chl. Ratio=Chla/Chlb

Statistical analysis

The split plot design was used in analyzing the data as
described by Snedecor and Cochran (1967). Statistical analysis was
carried out on the data of the first and second experiment. The least
significant difference method at 95% level of probability (L.S.Dg.os)
was used to test the differences among the means of each parameter.
The data was exported to a PC-SAS data set for statistical analysis.
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RESULTS

I. Effect of Ultraviolet-C irradiation and exposure periods on
seeds germination:

UV irradiation had significant effects on the germination of
studied tree seeds. The data obtained from the two experiments
indicate that, highly significant differences were found among tree
species (Acacia ampliceps, Acacia gerradii, Casuarina glauca and
Eucalyptus intertexta) and exposure period, while the interaction
between the species and the UV-C exposure period was not
significant. Germination of Acacia ampliceps was significantly higher
in two experiments than the other species. In the first experiment,
germination mean averages were 87.67%, 74.10%, 57.84% and 55. 34
% for Casuarina glauca., Eucalyptus intertexta and Acacia gerradii
respectively, while in the second one, Acacia gerradii displayed
germination level higher than of Eucalyptus intertexta with averages
of 58.70% and 57.98% respectively (Tablel).

Table (1): Effect of UV-C radiation on germination of tree seeds in two
separated experiments.

Species First Experiment Second Experiment
Germination (%)
Acacia ampliceps 87.67 83.13
Acacia gerredii 55.34 58.70
Casuarina glauca 74 .10 61.37
Eucalyptus intertexta 57.84 57.98
L.S.D. 3.68 4.32

The UV-C exposure periods in the two experiments showed
that the exposure periods were highly significant. The control
treatment (no exposure) was significantly differed than the other
studied exposure periods. Moreover, the 6 hours exposure period was
significantly differed but, it was highly differed than the 24, 48 and 72
hours exposure periods. The most affective exposure period on the
seed germination was 72 hours, while the lowest one was for 6 hours
(Table 2 and Fig. 2).
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Table (2): Effect of UV-C exposure period on tree seeds germination of
the two separated experiments.

uv-C First Experiment Second Experiment
exposure Germination (%)
period
Control 80.10 80.27
6 hours 69.66 66.25
24 hours 65.16 63.96
48 hours 66.52 59.94
72 hours 62.25 56.04
L.S.D. 411 4.83

The trend obtained for the first and second experiment of
exposure to Ultraviolet 254 nm. radiation is nearly the same. From the
results, it is clear that the Acacia ampliceps seeds were the most
tolerant to exposure to the Ultraviolet 254 nm radiation, while Acacia
gerradii and Eucalyptus intertexta seeds were the most sensitive to
such radiation (Fig.1).
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Fig. (1): Effect of UV-C on germination of tree species on two experiments.
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Fig. (2): Effect of UV-C exposure period on seed germination on
two experiments.

I1. Effect of Ultraviolet-C and exposure periods on Chlorophyll
concentration:

The effect of UV-C radiation on chlorophyll concentration of
Acacia ampliceps, Acacia gerradii, Casuarina glauca and Eucalyptus
intertexta were investigated experimentally. The results showed that
highly significant differences were found among the tree species and
exposure period to UV-C (254nm), while no difference was found in
interaction between tree species and UV-C exposure period on
chlorophyll concentration. Acacia ampliceps displayed highest
chlorophyll A, B and AB concentrations, since it was averaged 11.8,
3.11 and 14.9 p mol/L, respectively as compared with those, Acacia
gerradii, Casuarina glauca and Eucalyptus intertexta in the first
experiment (Table 3). Nearly the same results were obtained in the
second experiment; since Acacia ampliceps had the highest
chlorophyll concentrations than the other tree species (Table 3 and
Figs. 3, 4 and 5).

Chlorophyll ratio was differed among the tree species, Acacia
gerradii had the highest chlorophyll ratio (4.92 and 4.16) than the
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Casuarina glauca (4.84 and 4.00), Acacia ampliceps (3.93 and 3.55)
and Eucalyptus intertexta (3.43 and 3.27), respectively in the first and
second experiment, respectively. (Table 3 and Fig. 6)

Table (3): Effect of UV-C on chlorophyll concentration of leaves of tree
species studied in two separated experiments.

Species First Experiment (4 mol/L

Chl A Chi B Chl A+b | Chl Ratio
Acacia amplisips 11.8 3.11 14.9 3.93
Acacia gerredii 9.68 2.20 11.9 4.92
Casuarina glauca 8.77 197 10.7 4.83
Eucalyptus intertexta 8.07 2.38 10.5 3.43
L.S.D. 1.05 0.48 1.33 0.74

Second Experiment (4 mol/L)

Chl A Chi B Chl A+b | Chl Ratio
Acacia amplisips 10.6 3.02 13.7 3.55
Acacia gerredii 10.2 2.53 12.8 4.16
Casuarina glauca 8.66 2.14 10.8 4.00
Eucalyptus intertexta 6.62 1.99 8.60 3.27
L.S.D. 0.69 0.40 0.78 0.56

Chl : Chlorophyll

The effect of UV-C exposure periods on chlorophyll
concentrations was studied and the results obtained from the present
study indicated that, the control treatment (No exposure) had the
highest chlorophyll A, B and AB concentrations than that obtained by
impact of the other UV-C exposure periods. The most affected
exposure period was found at 120 minutes exposure period (Table 4).

On the other hand, chlorophyll ratio was differed among the
tree species and exposure periods. In the first experiment the 30
minute exposure period gave the highest chlorophyll ratio followed by
the 60 minute, while the lowest chlorophyll ratio was found on control
treatment with average 3.66. In contrast in the second experiment, the
highest chlorophyll ratio was found on control treatment (No
exposure) followed by 1a minute UV-C exposure period, 30 minutes,
60 minutes and the lowest ratio was 120 minutes (Table 4). Overall,
the germination and chlorophyll concentrations were highly
significantly affected by UV-C radiation and exposure period.
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Table (4): Effect of UV-C exposure period on chlorophyll concentration
during the two experiments.

Treatments First Experiment (u mol/L
Chl A ChiB Chl A+b Chl Ratio
Control 13.9 3.97 17.8 3.66
10 minuts 11.2 2.76 14.0 4.29
30 minuts 9.41 2.10 115 4.65
60 minuts 7.54 1.80 9.34 4.49
120 minuts 5.90 1.44 7.34 4.31
L.S.D. 1.17 0.53 1.48 0.83
Second Experiment (1 mol/L)
Chl A ChiB Chl A+b Chl Ratio
Control 14.1 3.47 175 4.31
10 minuts 9.64 2.60 12.2 3.85
30 minuts 9.38 2.51 11.9 3.75
60 minuts 7.34 2.09 9.43 3.58
120 minuts 4,74 1.44 6.17 3.26
L.S.D. 0.78 0.45 0.87 0.63
Chl: chlorophyli
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Fig. (3): The effect of UV-C radiation on chlorophyll A concentration in
two separated experiments.
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Fig.(6): The effect of UV-C radiation on chlorophyll ratio of the two
experiments.

DISCUSSION

The impact of ultraviolet-C radiation on seed germination and
Chlorophyll concentration of some woody trees grown in Saudi
Arabia was studied. The results obtained indicated that, UV 254nm
affected  significantly seed germination and chlorophyll
concentrations. Increased UV-C radiation (exposure periods) can
decreased chlorophyll A, B and chlorophyll A+B concentrations of of
Acacia ampliceps, Acacia gerradii, Casuarina glauca and Eucalyptus
intertexta seedlings. Similarly, seed germination was responded
sensetively to increase to UV-C radiation. These results are in
agreement with those of Kakani et al., (2003); Hinokuchi and
Hashimoto, (2005); Shetta, (2008) and Liu and Zhong, (2009). In the
present study, it clear that, longest exposure period of UV-C
irradiation caused inhibition or reduction of germination level of seeds
and reduced chlorophyll concentrations. Effect of exposure to UV-C
irradiation on seed germination and chlorophyll concentrations on
seedlings of woody trees were highly depended on the developmental
stage in which trees were confronted with the different environments
(Kuhlmann and Muller, 2009). The efficient protection against UV,
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plant and trees are well known to respond with an induction of
flavonoids and hydroxycinnamic acids ( Harborne and Williams,
2000; Kolb et al., 2001 and Close and MCArthur, 2002). The
environment during germination and early growth of tree seedlings
obviously had a rather formative impact (Gedroc et al., 1996 and
Sultan, 2000). The amount of UV radiation reaching the earth’s
surface can vary strongly and is highly dynamic (Paul and Gwynn-
Jone, 2003), therefore the sensory perception of plants must be quite
sensitive and well adapted to enable rapid changes of phenolypic
appearance by acclimatizing to the current environment. Distinct
levels of radiation at time of seeds germination and seedling
emergence have be shown to effective significantly (Tevini et al.,
1983; Ballaré et al., 1996 and Saile-Mark and Tevini, 1997). (Li et al.,
2009) found that a significant inhibitory effect on germination rate of
crop seed, Mecicago sativa, treated with an enhanced UV-B, while in
radish seed (Raphanus sativus), there was no significant reduction in
germination rate at any UV radiation and level in their leafs
extraction. Pliura et al. (2008) stated that the exposure to UV-B
radiation decreased genetic variation at the stage of seed germination,
while a complex of UV-B and O; caused an increase of genetic
variation at the stage of intensive seedling growth in silver brich. In
separate experiment with Ceratonia siliqua, Laurus nobilis and Cistus
creticus, no significant impact on growth would be detected when
seedlings were raised under identical conditions (Stephanou and
Manetas, 1998 and Bacci et al., 1999).

The reproductive output of woodland population was more
detrimentally affected by exposure to UV. Also, all seeds were
exposed to natural radiation; the small amount of radiation would have
no effect on the seeds or plant (Searles et al., 1995 and Weining and
Schmitt, 2001). The plant seeds are at least 10° times more resistant to
UV254nm than the most bacterial spores known. The germination was
decreased with increasing time of treatment, even if seeds were not
exposed to UV254 (Link et al., 2003, Zalar, 2004 and Shetta, 2008).
Seed are also protected against UV irradiation by the seed coat that
contains UV-absorbing compound, such as flavonoids and other
polyphenolics. The interior parts of the seed are thus shielded away
from UV and other deleterious factors (Tepfer et al., 2003). The most
effective exposure period was 72 hours, while the lowest exposure one
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was 6 hours did not affect greatly the germination of the seeds. The
UV-B reduced vegetative growth and the seed resulted from the plants
which previously exposed to UV-B tended to be light (Day et al.,
2001).

However, the obtained results disagreed with those of Noble
(2002), who found that the UV light sped the germination of the kale,
cabbage, radish and agave seeds. This due to the fact that the UV-B
photons are more energetic than the visible light and have a stronger
effect on surface of plant cells (Kovacs and Keresztes, 2002). Toma
and Boya (1999) found that a seven hours exposure to any of the laser,
UV and MF significantly increased the germination of the lentils
seeds. Geberscik et al., (2002) found that, enhanced UV-B radiation
affected water relation and production of buckwheat, but not potential
of seeds for germination. Stephanou and Manetas (1998) found that
the UV-B supplementation led to increase seed number and total seed
mass per plant considerably, while germination rates of produced
seeds were not affected. The hypothesis of a higher polyphenolic
content and thicker sclerenchymatous cylinder in the pericarp of ray
than of disc seed morphs of Dimorphotheca pluvialis could limit
possible damage to the embryo during long-term seed exposure to
solar UV-B radiation was tested by (Musil, 1994) with irradiating sun-
dried disc and ray diasporas continuously for 6 weeks with four
different doses of biologically effective UV radiation .The results
indicated that irradiation of diasporas with enhanced UV-B improved
germination in both seed morphs, but decreased its photochemical
efficiency. Griffen et al. (2004) found that the UV-B did not affect
individual seed mass or the concentration of UV-B absorbing
compound, but the testa mass was decreased by about 18% and
increased by about 158% in concentration of UV absorbing compound
in the testa. Moreover, significant change in seed quality was found.

Increased UV-C radiation (exposure periods) can decrease the
chlorophyll A, chlorophyll B and chlorophyll A+B concentrations of
seedlings of studied species. The effect of UV-B radiation on
concentrations of chlorophyll, carotenoids and soluble protein was
studied by Vu et al., 1982 under greenhouse conditions during the
period of 8 to 43 days after leaf emergence and exposure to UV-B for
6 hours daily. Continuous exposure of soybean plants to UV-B
radiation caused significant depression in of chlorophyll and
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carotenoids content. The pigment analysis of leaf extracts showed no
effect of enhanced UV radiations on chlorophyll content and
accumulation of UV absorbing (Tosserams and Rozema, 1995).This
result was disagrees with that found in this study. The significant
effect of UB-B/C radiation on photosynthesis and chlorophylls on
carotenoids was detected which protects chlorophyll from damage.
The UV-B/C and gamma irradiation damage these systems and gave
differential loss in various photosynthetic activities ( Kovacs and
Keresztes, 2002).

From the results, it is clear that Acaci ampliceps seeds were the
most tolerant to the exposure to the ultraviolet (254 nm.) radiation,
while Eucalyptus intertexta seeds were the most sensitive.
Chlorophyll A, B and A+ B concentration of Acacia ampliceps were
higher than those found in the other studied trees after exposure to
UV-C in different treatments, while the Chlorophyll ratio was varied
among the tree species in the two experiments.

CONCLUSIONS

The UV-C radiation (254nm.) affected significantly both of
seed germination and chlorophyll concentration. Increased UV-C
radiation (exposure periods) can decrease chlorophyll A, chlorophyll
B and chlorophyll A+B concentration of the seedlings. Seed
germinations are also a sensitive to respond to increase to UV-C
radiation. Increased exposure periods can decrease chlorophyll A,
chlorophyll B and chlorophyll A + B concentration of seedling of
studied species. Acacia ampliceps was significantly higher in both
experiments conducted than the other species in seed germination and
chlorophyll A, B and A+ B concentration. The UV-C exposure
periods in the both of experiments were highly significant and the
most affective exposure period on the seed germination was 72 hours,
while the lowest one was 6 hours. As for the chlorophyll
concentrations, the control treatment (No exposure) had the highest
chlorophyll A, B and A+ B concentration than the other UV-C
exposure periods and the most effective exposure period was found at
120 minutes. The Chlorophyll ratio was varied among the tree species.
Numerous studies have shown that impact of UV-B radiation on plant
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development can be miscellaneous. Exceeding ambient radiation
intensity caused damage or negative impact on different plant cell,
membrane, photosynthesis system, hormones, but no studies were
concerned with the UV-C and their impact on plant development and
heath status. Further studies are required to understand the mechanism
of the UV-C radiation on the trees growth, trees development and
trees heath.



17

J.Agric.&Env.Sci.Alex.Univ.,Egypt Vol.8 (2)2009

REFERENCES

Bacci, L., Grifoni, D., Sabatini, F. and Zipoli, G., 1999. UV-B
radiation causes early ripening and reduction in size of fruits in
two lines of tomato (Lycopersicon esculentum Mill.). Glob.
Chang. Biol. (5): 635-646.

Ballaré, C.L., Scopel, A.L., Stapleton, A.E.and Yanovsky, M.J.,
1996. Solar ultraviolet-B radiation affects seedling emergence,
DNA integrity, plant morphology, growth rate, and
attractiveness to herbivore insects in Datura ferox. Plant
Physiol., 112:161-170.

Bassman, J.H., 2004. Ecosystem consequences of enhanced solar
ultraviolet radiation: Secondary plant metabolites as mediators
of multiple trophic interactions in terrestrial plant
communities. Photochem. Photobiol., 79: 382-398.

Close, D.C. and McArthur, C., 2002. Rethinking the role of many
plant phenolics — protection from photodamage not herbivores.
Oikos, 99: 166-172.

Day, T.A, Ruhland, C. T. and Xiong, F. S., 2001. Influence of solar
ultraviolet B radiation on Antarctic terrestrial plants. Results
from a 4-year field study. J. photochem. Photobiol., 62 (1-2):
78- 87.

Diaz, M., de Haro, V., Munoz, R. and Quiles, M.J., 2007.
Chlororespiration is involved in the adaptation of Brassica
plants to heat and high light intensity. Plant Cell
Environ.,30:1578-1585.

Feng, H.Y., W. Li S, Xue, L.G, An, L.Z. and X.L. Wang,
2007.The interactive effects of enhanced UV-B radiation and
soil drought on spring wheat, South African J.Bot., 73: 429—
434,

Geberscik, A., Voncina, M., Trost, T., Germ, M. and Olof Bjorn,
L., 2002. Growth and production of buckwheat (Fagopyrum
esculentum) treated with reduced, ambient,and enhanced UV-
B radiation. J. Photochem Photobiol. Botany, 66(1):30-36.

Gedorc,J.J., McConnaughay, K.D.M. and Coleman, J.S., 1996.
Plasticity in root/shoot partitioning: Optimal, ontogenetic, or
both? Funct. Ecol., 10:44-50.



18

J.Agric.&Env.Sci.Alex.Univ.,Egypt Vol.8 (2)2009

Griffen, L.R.,Wilczek, A.M. and Bazzaz, F., 2004. UV-B affects
within seed biomass allocation and chemical provisioning.
New phytologist, 162:167-71.

Harborne, J.B. and Williams, C.A., 2000. Advances in flavonoid
research since 1992. Phytochemistry, 55: 481-504.

Hinokuchi,T. and Hashimoto, H., 2005. Effect of closed low
pressure environment on germination rate of white radish,
buckwheat and ging-gen-cai. Biol. Sci. Space., 15(3): 135-144.

Horneck, G., 1993. Response of Bacillus subtilis spores to
environment: Results in space. Origins life and Evol.
Biosphere, 23: 37-52.

Horneck, G; Eschweiler, U., Reitz, G.; Wehner, J.; Willimek, R.
and Strauch, K., 1995. Biological response to space: Results
of experiment “Exobiological unite” of ERA on EURECA 1.
Adv. Space. Res., 16 (8): 105-111.

Joshi, P.N., Ramaswamy, N.K., lyerc, R.K., Nairb, J.S., Pradhan,
M.K., Gartia, S., Biswal, B. and U.C. Biswal,., 2007. Partial
protection of photosynthetic apparatus from UV-B induced
damage by UV-A radiation, Environmental and Experimental
Botany, 59:166-172.

Kakani, V.G., Reddy, K.R., Zhao, D. and Sailaja, K., 2003. Field
crop responses to ultraviolet-B radiation: a review, Agric.
Forest Meteorol., 120:191-218.

Kolb, C.A., Kaser, M.A., Kopecky, J., Zotz, G., Riederer, M. and
Pfandel, E. E., 2001. Effects of natural intensities of visible
and ultraviolet radiation on epidermal ultraviolet screening and
photosynthesis in grape leaves. Plant Physiol., 127:863-875.

Kovacs, E. and Keresztes, A., 2002. Effect of gamma and UV B/C
radiation on plant cells. Micron, 33 (2): 199-210.

Kuhlmann, F. and Muller, C., 2009. Development- depended effects
UV radiation exposure on broccoli plants and interaction with
herbivorous insects. Environmental and Experimental Botany,
66: 61-68.

Li, H.Y., Pan, K.W.,, Liu, Q. and Wang, L., 2009. Effect of
enhanced UV-B on allopathic potential of Zanthoxylum
bungeanum. Scientia Horticulturae, 119:310-314.

Link, L., Sawyer, J., Venkateswaran, K. and Nicholson, WL.,
2003. Extreme spore UV resistance of Bacillus pumilus


http://www.sciencedirect.com/science/journal/00988472
http://www.sciencedirect.com/science/journal/00988472
http://www.sciencedirect.com/science/journal/00988472
http://www.sciencedirect.com/science/journal/00988472

19

J.Agric.&Env.Sci.Alex.Univ.,Egypt Vol.8 (2)2009

isolates obtained from an Ultra-clean spacecraft assembly
facility. Microbial Ecol., 47: 159-163.

Liu, Y. and Zhong, Z.C.,2009. Interactive effects of a-NAA and
UV-B radiation on the endogenous hormone contents and
growth of Trichosanthes kirilowii Maxim seedlings. Acta
Ecologica Sinica, 29: 244 —-248.

Musil, C. F., 1994. Ultraviolet-B irradiation of seeds affects
photochemical and reproductive performance of the arid-
environment ephemeral dimorphotheca pluvialis.
Environmental and Experimental Botany, 34(4): 371-378.

Noble, R., 2002. Effect of UV irradiation on seed germination. The
Sci. of total Environ., 299: 173-176.

Paul, N.D.and Gwynn-Jones, D., 2003. Ecological roles of solar UV
radiation: towards an integrated approach. Trends Ecol.,
18:48-55.

Pliura, A., Baliuckiene, A. and Baliukas, V., 2008. Phenogenetic
response of silver brich populations and half-sib families to
elevated ozone and ultraviolet-B radiation at juvenile age.
Environmental Polluation, 156:152-161.

Porra, R.J., Thompson, W.A. and Kriedemann, P.E., 1989.
Determination of accurate extinction coefficients and
simultaneous equations for assaying chlorophylls a and b
extracted with four different solvents: verification of the
concentration of chlorophyll standards by atomic absorption
spectroscopy. Biochemica et Biophysica Acta, 975: 384-394.

Rozema, J., van de Staaij, J., Bjorn, L.O. and Caldwell, M., 1997.
UV-B as an environmental factor in plant life: stress and
regulation. Trends Ecol., 12:22-28.

Saile-Mark, M. and Tevini, M., 1997. Effects of solar UV-B
radiation on growth, flowering and yield of central and
southern European bush bean cultivars (Phaseolus vulgaris
L.). Plant Ecol., 128: 115-125.

Searles, P.S., Caldwell, M.M. and Winter, K. ¢., 1995. Response of
five tropical dicotyledon species to natural solar ultraviolet-B
radiation. Amer. J. Botany. 82: 445-453.

Shetta, N.D., 2008. Test the resistance to Ultraviolet irradiation and
low vacuum pressure on germination of some woody tree
seeds. Alex. J. Agric. Res., 53 (1): 95-103.


http://www.sciencedirect.com/science/journal/00988472
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%235022%231982%23999779995%23438171%23FLP%23&_cdi=5022&_pubType=J&view=c&_auth=y&_acct=C000052544&_version=1&_urlVersion=0&_userid=3651281&md5=12c22f3614cd7f74c4e4167591a0720e

20
J.Agric.&Env.Sci.Alex.Univ.,Egypt Vol.8 (2)2009

Snedecor, G.W. and Cochran, W.G., 1967. Statistical Method. 6"
edition lawa State Univ. Press. Ames, lawa, 593p.

Stephanou, M. and Manetas, Y., 1998. Enhanced UV-B radiation
increases the reproductive effort in theMediterranean shrub
Cistus creticus under field conditions. Plant Ecol., 134:91-96.

Sullivan, J.H., Gitz, D.C., Peek, M.S. and McElrone, A.J., 2003.
Response of three easterntree species to supplemental UV-B
radiation: leaf chemistry and gas exchange.Agric. For.
Meteorol., 120: 219-228.

Sultan, S.E., 2000. Phenotypic plasticity for plant development,
function and life history. Trends Plant Sci., 5: 537-542
Tepfer, D., Message, B. Rémy, L., Zalar, A., Hoffman,S.,
Kenney,J.M. and Leach, S., 2003. Are plant seeds terrestrial
models for space travelers? 3™ European Workshop

Exo/Astrobiology,Madrid Spain.

Tevini, M., Thoma, U. and Iwanzik, W.,1983. Effects of UV-B
radiation on germination, seedling growth, leaf anatomy and
pigments of some crop plants, flazenphysiol., 109: 435-448.

Toma, F.M.and Boya, A.F., 1999. Effects of physical and chemical
parameters on Lentils seeds brone-fungi. Journal of Dohuk
Universith (JDU). 2 (2): 281-294.

Tosserams, M. and Rozema, J., 1995. Effects of Ultraviolet-B (UV-
B) on growth and physiology of the dune grassland species
Calamgrostis epigeios. Environmental Polluation, 89 (2): 209-
214.

UNEP, 1998. Environmental effects of ozone depletion, Report
Assessment, Nairobi , Kenya . November 1998.

Vu, C. V., Allen, L. H. and Garrard, L. A., 1982. Effects of UV-B
radiation (280-320 nm) on photosynthetic constituents and
processes in expanding leaves of soybean (Glycine max (L.).
Environmental and Experimental Botany, 22(4): 465-473.

Walling, L.L., 2000. The myriad plant responses to herbivores. J.
Plant Growth Regul., 19: 195-216.

Weining, P.C.and Schmitt, J., 2001. Susceptibility to UV in
Impatiens capensis (Balsaminaceae): testing for opportunity
costs to shade-avoidance and population differentiation. Amer.
J. Botany. (88):1401-1408.


http://www.sciencedirect.com/science/journal/00988472
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%235022%231982%23999779995%23438171%23FLP%23&_cdi=5022&_pubType=J&view=c&_auth=y&_acct=C000052544&_version=1&_urlVersion=0&_userid=3651281&md5=12c22f3614cd7f74c4e4167591a0720e

21

J.Agric.&Env.Sci.Alex.Univ.,Egypt Vol.8 (2)2009

Zalar,A., 2004. Résistance des graines d’Arabidopsis aux UV et a
d’autres condition néfastes dans 1’espace. Mémoire de DES,
Université Pierre et Marie, Paris6.



22

J.Agric.&Env.Sci.Alex.Univ.,Egypt Vol.8 (2)2009

2l padlal)

b Jsdaslsl) S 5 g Jdl) il o o Ay (368 dadY) 0l
4 grd) Ay o) ASlaal) 8 Aalil) Apuddd) i) g1 5 (lany
e daaa ab] ) ** g Bl daal) e Bgs U *
LSy daals — Ao )3l S — GLEAY) Lin ol iS5 5 Aaddl) s s
3 s Sl dnalas el 0 5 A2 Y) agle A0S L) Z LY aud ¥

8 Bl Bl ) Csan ) ool Wlall sadl i 8 (5 5Y) Akl el il
Sy pal o pdial) (A e BN ple o piial) B i S ALl g Bl 3 b A2
— Al A agle AUS LY sl cenall Cand) 5 bl Qasa 3 Al 5l
Coags O ) SE G a3 3 2009 sile Sin 5 2008 e 5iST (e 5 8 3 g L) dasla
g5l Ana )Y J s sII 38 55 5 sl Al e s - Apmasdiall (358 Aa2Y) L5 Al o
) @) Y S 5 Gl sl Aae gia o Aoy 3 Gla) ddase (B Al 4 ad
il Canm gl L i) S 5 slaaud) Ly 5 3SI 5 251 ellall 5 Gusnanlaal LinlST o
& J il S i s s aldl e o “aaadill § 58 A gl 5 5 sina Ll i
oali &gon ) (a5 Axi (i yaill 5y ol o 43 2 g Cus g aall 4yl g V)
La gl sl Sy dedly o + P ddsss 5o 558 P dss sl S5 sl
iy ST Y A (8RS (el 5y 5l 3y G Al (m yall 6yl aal o) W i
120 <ulS Ly Alial gia delu 72 saal (i jeil) cuilS @l A e ) ils 22330 (i il
ftoadl) Al ol Jae gl s b T s s g IS0 5853 e )il s dad
oaall Aaiis i pail) 8 A el o) Yy s SIS Jame 8 DR A jall < el
A il g5 el anill wlhall 5 ol CulS 5 o — Apmnsii) (358 AaiYL gLyl 0l
55l Jane cubael (a3 58 ST G 5 ot padl) (3 Jig 518D Jane (8 5504l
ldlao yie (IS g IS Jane il Ly 4383 30 o s AV ) 5l 4 lAally Lo 5 i 0
o) clS Lty J 5 sl dlalra G (S GuSall | (0¥ 4 il (8 (O a8 s ) J sl
O Ll Jaanial) gl e AU 25 a3l) (8 4382 120 B2al (el e Jid 5 ) 5ISH Jaes
o nill s gl G g paal) Ay pactll g Y1 ST ClS Gunndynal LiadSY) 5 a0 o a3 Al )
G dissi 5 Jis sl 58 5 bl A el e Cua ¢ Auaiid) (552 253
oamill dpulin £ ) ST et A g paall 4 jadll g1 53V0 4 lie e + 1 g5
o) yals alaia Wl Al jall a5 Vi il ) 81SD) S s A padid) (358 AaiS)
5 bnslad Lo Tnadill (358 2asY) il A0S pgd 5 Jlaall 138 (8 Ll Sl (g 3 3
Apiall JladY La glsd )y 5e



