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Bean plants grown under field conditions were exposed to drought stress (DS) and 
supplementary ultraviolet-B radiation (sUV-B) singly and in combination (DS + sUV-B). The 
effects of these two stresses on net photosynthetic rate (PN), stomatal conductance (gs), 
quantum efficiency of photosystem II (ФPSII), variable to maximum chlorophyll (Chl) fluorescence 
(Fv/Fm), photochemical (qp) and non-photochemical (NPQ) Chl fluorescence, biomass and yield 
were investigated. PN, gs, chlorophyll (Chl) content, and NPQ were dramatically reduced due to 
exposure to DS by 54, 41, 29, and 12% and by 19, 19, 16 and 12% due to exposure to s UV-B, 
respectively. This reduction resulted in a change in assimilate allocation in favour of shoot 
growth leading to a decrease in root to shoot ratio and eventually to a decrease in relative growth 
rate (RGR) of both root and shoot. Seed yield was decreased by 27 and 23% due to DS and s UV-
B, respectively. Their interaction was more than additive. qp showed no significant response to 
sUV-B. There was antagonistic interaction between DS and sUB-V showing that DS effectively 
protects against the adverse effects of sUV-B 
 
Keywords: Drought stress (DS), supplementary ultraviolet radiation (sUV-B), quantum efficiency of 
photosystem II(ФPSII), net photosynthetic rate (PN), stomatal conductance (gs), photochemical (qp) and 
non-photochemical (NPQ) Chl fluorescence biomass, yield. 

 
 
INTRODUCTION 
 
The depletion of stratospheric ozone, caused by the 
emission

 
of chlorofluorocarbons (CFCs) and other 

gases, has resulted
 
in increased amounts of ultraviolet-

B radiation reaching the Earth's surface (Blumthaler and 
Ambach, 1990). Global warming and increasing solar 
UV-B radiation at the Earth's surface are two major 
concerning factors in climate change (Madronich et al., 
1995; Zhao et al., 2005; Hidema and Kumagai, 2006; 
Agrawal and Rathore, 2007). 

Long-term UV-B data are sparse and not very 
reliable. Moreover, there has been no global network for 
monitoring surface-level UV-B radiation. Nevertheless, 
numerous investigators have examined the effects of 
UV-B radiation on crops in artificial exposures, but large 
uncertainties in the relevance to climate change of 
much of the information obtained remain. According to  
 
 
 
*Corresponding Author E-mail: ihassan_eg@yahoo.com 

Runeckles and Krupa (1994), the transfer of results 
from growth chamber or greenhouse experiments to the 
ambient environment has been particularly difficult. This 
appears to be due to the differences in the 
characteristics of plants grown under these 
environments and to photorepair under the high 
photosynthetic photon flux densities encountered in the 
ambient environment. Studies of the effects of UV-B 
and drought stress on physiological processes such as 
photosynthesis and on modes of action are 
appropriately examined under controlled environment 
conditions. However, the integration of their effects on 
the processes affected within the whole organism that 
ultimately lead to growth can only reliably be 
investigated using plants growing under true field 
conditions. 

During summer periods, the weather in Egypt is 
characterized by being anticyclonic with no rainfall and 
high temperature, so vegetation is often exposed to 
prolonged  periods  of  drought  which  is  reflected  in  
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lowering their relative water content and their water 
potential (Hassan, 2006). During such periods of 
drought, large depressions in photosynthetic rates are 
observed in many plants in the Mediterranean (Nogués 
and Baker, 2000) and maximum rates of CO2 
assimilation occurs either early in the morning or late 
afternoon (Munakata et al., 1999). This would involve 
heterogeneity of leaf photosynthesis. 

Most plant species develop a biochemical adjustment 
as a mechanism of protection against environmental 
stress(s), through induction of reactive oxygen species 
(ROS), such as Hydrogen peroxide (H2O2), superoxdie 
(O2

-
) and singlet oxygen  (

1
O2) (Wu and Tiedemann, 

2002) and this is a common response to most stresses 
(e.g. Hassan, 2006). 

UV-B is species specific, as other environmental 
stresses, (Smith, 2000, Alexieva et al., 2001; Zu et al., 
2004).There is paucity on the knowledge concerning 
the antioxidant response of plants to UV-B (e.g. Costa 
et al., 2002; Kakani et al., 2003; Agrawal and Rathore, 
2007).  

Although responses of crop physiology, growth, and 
yield to one factor of temperature or UV-B radiation 
have been extensively studied in Northern Europe and 
the USA (e.g. Kakani et al., 2003: Zhao et al., 2005). 
However, knowledge of their interactive effects on 
crops, especially in developing countries, is extremely 
limited (Agrawal and Rathore, 2007). 

The aim of the present study was to investigate the 
effects of UV-B radiation and / or drought stress on gas 
exchange characteristics, growth and yield of broad 
bean (Vicia faba L). 
 
 
MATERIALS AND METHODS 
 
Seeds of an Egyptian cultivar of bean (Vicia faba L.), 
obtained from a commercial source, were sown 20 cm 
apart at The Botanical Garden of Faculty of Science, 
Alexandria University, Egypt on 13/7.2010. Ten days 
after placing the plants half the plants were subjected to 
progressive drought by withholding

 
water, while well 

watered plants were irrigated once a week. Well-
watered and water-stressed (DS) plants were divided 
equally

 
between the two sections in a split-plot design. 

Consequently,
 
four treatments were distributed in each 

plot in a randomized Latin square design: (a) control, 
i.e. without

 
UV-B radiation and well-watered (b) Plots 

supplied with supplementary UV (sUV-B), (c) Plants 
subjected to drought stress (DS) without UV-B radiation 
and (d) plants were subjected to both sUV-B and DS. 
Twenty plants were used in each

 
treatment.  

No fertilisers or other fungicides were applied at either 
location to avoid interference with the fungicides. 

Supplemental UV-B radiation was supplied by filtered 
Westinghouse FS-40 sunlamps oriented perpendicular 
to the planted rows and suspended above the plants. 
Lamps were filtered either with 0.13 mm thick cellulose 
acetate  (transmission  down  to  290  nm)  for  supple- 

 
 
 
 
mental UV-B radiation or 0.13 mm Mylar Type S plastic 
films (absorbs all radiation below 320 nm) as a control. 
The radiation filtered through the cellulose acetate 
supplied a weighted daily supplemental irradiance of 
either 3.0 or 5.1 effective kJ m

-2
 UV-BBE using the 

generalized plant response action spectrum (Caldwell, 
1971) normalized to 300 nm. Plants beneath these 
cellulose acetate filtered lamps received supplemental 
doses in addition to ambient levels of UV-B radiation. 
These increased levels of UV-B radiation (supplemental 
+ ambient) (Green et al., 1980). The weighted 
irradiance of Mylar filtered lamps was 0, so plants 
beneath these lamps received only ambient levels of 
UV-B (8.5 effective kJ m

-2
 UV-BBE on the summer 

solstice). Spectral irradiance beneath the lamps was 
measured with an Optronics Spectroradiometer (Model 
742) equipped with a double monochromator with dual 
holographic grating and interfaced with a Hewlett 
Packard 85 printing calculator. The Spectroradiometer 
was calibrated using a National Bureau of Standards 
traceable 1000 W tungsten halogen lamp and 
wavelength alignment checked with known mercury 
emission lines using a Hg Arc lamp. 

 
 

Non Destrctive harvests 
 
Net photosynthetic rate (PN) and total CO2 gs were 
measured on the youngest fully expanded leaf of the 
main stem. Gas exchange measurements were carried 
out seven times at 5 d intervals to cover all growth 
stages (10 days after sowing) using a LI-6200 portable 
IRGA (LI-COR, Lincoln, USA) between 10:00 and 
14:00 h (Local time). All plants were measured on each 
day (Hassan, 2006). 
 
 
Chlorophyll fluorescence analysis 
 
Steady-state modulated chlorophyll fluorescence of 
attached leaves was measured using a fluorimeter

 

(PAM-2000, H Walz GmbH, Effeltrich, Germany) during 
the gas

 
exchange measurements. Calculations were 

made from fluorescence
 
parameters of the maximum 

quantum efficiency of PSII photochemistry
 
(given by 

Fv/Fm) and the relative quantum efficiency of PSII
 

electron transport (ΦPSII), the photochemical (qp) and 
non photochemical (NPQ) quenching. Measurements

 
of 

Fv/Fm were made after dark adaptation for 15 min and 
ΦPSII,

 
and qp were measured

 
at a PPFD of 500 µmol m

-2
 

s
-1

, which was similar to the
 
minimum mean growth 

PPFD (Nogués et al., 1998).
 
 

 
 
Destructive harvests 
 
Pigment analysis 
 
Chlorophyll was extracted in acetone from all leaves in 
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Figure1. Changes in stomatal conductance (gs) (mmol m
-2
s

-1
) and Net 

Photosynthetic rates (PN) (µmol m
-2

s
-1

). Each value is a mean of 8 
replicates + 1 SE. WW-sUV-B (well watered plants without sUV-B); 
WS-sUV-B (plants subjected to waters stress only without exposure 
to sUV-B); WS+ sUV-B (plants subjected to both stresses) 

 
 
the main stems of three plants per treatment, and 
determined according to Khan and Khan (1994). 
 
 
Plant biomass analysis 
 
At the end of the drought and / or sUV-B treatment(s) 
(45 days after sowing), plants were harvested 
destructively and

 
oven dried at 80 °C for three days, 

and analyses of biomass of
 
shoots and roots were 

carried out. Total plant leaf area was
 
estimated prior to 

drying using a flat-bed scanner (Hewlett-Packard
 
Scan 

Jet model IIcx, San Diego, USA) and analyzed with an 
image

 
processing program (Nogués et al., 1998).

  

 
 
Statistical analysis 
 
Two way ANOVA was applied to log-transformed 
(Statgraphics Statistical Package 4, London, UK) data 
to evaluate effects of DS and/or sUV-B treatments on 
growth and physiology of the plant. PPFD was used as 
a covariate in Leaf gas exchange and fluorescence 
data, there was no covariate used in growth 
measurements. 
 
 

RESULTS AND DISCUSSION 
 
Figure 1 showed that drought stress had a higher 
negative effects on PN and gs (-54 and 41%, 
respectively) than s UV-B treatment (about 19% each), 
while exposure to both stresses caused reductions by 
53 and 44% in these parameters, respectively. 

Biomass and yield parameters were represented in 
Table 1. It was clear that impact of DS and UV when 
applied singly and in combination had a greater effects 
on RDW than on SDW which was reflected in significant 
reductions in RSR (-36 and 33%), number of seeds/pod 
(-23 and -18%) and fresh weight of seeds/pod (-27 and 
23%) due to DS and sUV-B, respectively. Interaction 
between DS and sUV-B was more than additive and 
they have synergistic effects on RSR, number of 
seeds/pod and weight of seeds/pod as they were 
reduced by 30, 35 and 41% due to this interaction, 
respectively (Table.1). However, DS had a higher 
negative impact on leaf number (-40%) than on LA (-
10%), which was reflected on a higher reduction on 
SLA (-23%) (Table.1). In contrast, sUV-B had more 
negative impact (-45%) on LA than on leaf number (-
20%), which was significantly reflected in a 
comparatively lower  SAL  (-12%).  These  effects  were  
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Table 1. Effects of sUV-B and drought stress on growth parameters, yield and chlorophyll 
content of bean plants.  

 

Parameter Control WW + sUV-B WS – sUV-B WS + sUV-B 

TDW (g) 18.66+1.7
c
 15.62+1.1

b
 13.76+0.9

a
 14.21+1.2

a
 

RDW  (g) 1.73+0.08
c 

0.96+0.05
b
 0.88+0.05

a
 0.90+0.04

a
 

SDW(g)  16.93+1.1
c 

14.66+1.0
b 

12.88+0.7
a 

13.31+0.9
a 

RSR 0.102+0.08
c 

0.065+0.03
a 

0.068+0.03
a 

0.076+0.05
b 

Leaf no./plant 17.30+1.2
c 

10.10+0.8
a 

13.80+1.2
b 

9.41+0.9
a 

Leaf area(cm
2
) 24.83+1.6

c 
22.30+1.2

b 
13.41+0.9

a 
13.61+1.0

a 

SLA (m
2
 kg

-1
) 31.60+2.0

d 
24.30+1.5

a 
27.91+1.1

c 
26.09+1.0

b 

No of seeds/pod 6.31+0.8
d 

4.83+0.5
c 

5.19+0.5
b 

4.11+0.3
a 

FW of seeds/pod (g) 5.38+0.6
d 

3.93+0.4
b 

4.12+0.5
c 

3.17+0.3
a 

Chl content (mg g
-1

dwt) 1.78+0.09
c 

1.43+0.05
a 

1.58+0.05
b 

1.45+0.04
a 

 

Values are mean of six replicates + 1 SE. Means not followed by the same letter(s) are 
significantly different from each other at P ≤ 0.05.  
WW+sUV-B (well watered plants subjected to sUV-B); WS-sUV-B (plants subjected to 
waters stress only without exposure to sUV-B); WS+ sUV-B (plants subjected to both 
stresses) 
 

 
reflected on reducing Chl content with a comparable 
percentage due to DS (-20%) and sUV-B (-16%) and 
their interaction (-21%) (Table1).  

There was strong correlations between PN and Chl 
content (R

2 
= 0.136), TDW (R

2 
= 0.219) and RSR (R

2 
= 

0.191) (Data not shown). 
UV-B radiation, causes reduction in biomass and 

yield and photosynthesis in various crop species 
suggesting that it has an inhibitory effect (e.g. Teramura 
and Muurali, 1986; Teramura and Sulivan, 1991; 
Nogués and Baker, 2000; Agrwal and Rathore, 2007; 
Moussa and Khodary, 2008). Moreover, drought stress 
in the present study caused significant reductions in 
Fv/Fm, ΦPSII, qp and NPQ, growth and yield parameters 
and this is in agreement with huge body of literature 
that stated DS causes limitation in gas exchange and 
growth parameters (e.g. Nogués et al., 1998; Hassan et 
al., 1999; Alexieva et al., 2001). 

However, the mechanisms involved in the response 
of plants to both stresses are yet to be identified 

RWC, E showed severe reductions due to exposure 
to DS as they were decreased by 25 and 43%, 
respectively, while Ψw was decreased from -0.4 to -1.38 
MPa after 30 days of drought stress (Figure 2). 
However, RWC and Ψw of well watered plants were 
maintained at about 90% and -0.05, respectively 
(Figure. 2).  

UV-B had similar effects on these parameters and its 
interaction with DS was synergistic as it reduced RWC 
and E by 23 and 55%, respectively (Figure. 2). 

The exposure to drought stress resulted in slow 
development of water stress, with the first effect on 
RWC of bean leaves and there was no significant effect 
on ΦPSII. This is in agreement with the results of Cornic 
(1994), who reported insignificant effect of mild drought 
stress on photosynthetic capacity of wheat leaves. 

Furthermore, Nogués et al. (1998) found similar result 

on pea leaves. 
The photosynthetic assimilates that can be attributed 

to biomass is ascribed to both leaf area and net 
photosynthetic rates (e.g. Chisi et al., 2002; Quaggiotti 
et al., 2004; Hassan, 2006). 

The changes in the maximum efficiency of PSII 
photochemistry

 
after 15 min dark-adaptation (Fv/Fm), 

quantum yield of PSII
 

electron transport (ΦPSII), 
photochemical quenching (qp) and non-photochemical 
(NPQ) Chl fluorescence are shown in Table.2. 

Fv/Fm, qp and NPQ were decreased by 23, 19 and 
12% due to DS and by 25, 17 and 12% due to sUV-B, 
respectively, while no significant

 
changes (P ≥ 0.05) in 

ΦPSII of the dark-adapted leaves in either
 
non-UV-B or 

UV-B treatment were observed (Table.2). However, 
there was a significant interaction between DS and 
sUV-B on Fv/Fm, ΦPSII, qp and NPQ as they were 
decreased by 34, 15 and 24%, respectively (Table 2). 

In contrast to the results of Nogués et al (1998), who 
stated that UV-B radiation had no significant effect on 
leaf number of pea plants, our results showed that both 
leaf number and leaf area were significantly reduced 
due to exposure to s UV-B and/or DS which was 
reflected in reduction in SLA, Chl content, gs and PN. 
The reduction in SLA indicate that UV-B could inhibit 
either cell expansion or cell division (Ballarè et al., 
1995; Hopkins et al., 1997). Nogués et al (1998) did not 
find a significant effect of UV-B on cell expansion and 
they ascribed the reduction in leaf area of peas to an 
inhibitory effect of UV-B on cell division. This was not 
the case our study, we found a pronounced increase in 
stomatal frequency of UV-B- treated leaves, and in 
contrast, stomatal index was reduced, which indicates a 
significant reduction in cell expansion (data discussed 
elsewhere). Such observation was confirmed by overall  
45% reduction in LA in either well-watered or water-
stressed plants. Moreover, previous work of Nogués et al.,  
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Figure 2. Changes in the leaf relative water content 
(RWC)(%), leaf water potential (Ψw) (MPa) and daily plant 
evaporation rate (E) (g H2O day

-1
). Legends as Figure1. 

 
 

Table 2. Effects of sUV-B and drought stress on maximum quantum efficiency of 
PSII photochemistry

 
(Fv/Fm), the relative quantum efficiency of PSII

 
electron transport 

(ΦPSII), photochemical quenching (qp) and non-photochemical (NPQ) Chl 
fluorescence. 

 

Parameter Control WW – sUV-B WS – sUV-B WS + sUV-B 

Fv/Fm 0.941+0.08
c 

0.710+0.06
b 

0.730+0.06
b 

0.622+0.05
a 

ΦPSII 0.746+0.07
b 

0.701+0.06
b 

0.693+0.06
ab 

0.635+0.04
a 

qp 0.871+0.09
c 

0.723+0.06
b 

0.704+0.06
b 

0.658+0.05
a 

NPQ 0.569+0.08
b 

0.501+0.04
ab

 0.503+0.05
ab

 0.471+0.05
a 

 
 
(1998) on peas and Logemann et al. (1995) on parsley 
suggested that it is unlikely that UV-B radiation acts 
directly on dividing cells and it may affect indirectly by 
delaying microtubule formation (Staxèn et al., 1993) 
through transcriptional repression of the genes 
encoding for a mitotic cyclin and a p34

cdc2 
protein kinase 

(Logemann et al., 1995). 
It was reported that exposure to UV-B causes a rapid 

loss of photosynthetic competence primarily through 
effects on Rubisco (Nogués and Baker, 1995: Allen et 
al., 1997; Moussa and Khodary, 2008). This may be the 
case in the present study, as we found leaf area growth, 
biomass and yield were reduced due to exposure to 
UV-B which suggests reducing photosynthetic supply. 
However, this was contrasts results of Nogués et al. 
(1998), who found no effects of UV-B on photosynthetic 
rates and other photosynthetic parameters in pea 
leaves. 

Reduction in PN could be due to reduction in Chl 
content, and this is supported with the results of Pal et 
al. (1999), who found that UV-B irradiated mungbean 
plants showed reduced chlorophyll content along with 
lower photosynthetic rates. Recently (Moussa and 
Khodary, 2008) found similar results in bean and barely 
leaves. This was in contrast to the finding with peach 
grown under solar UV-B exclusion where UV-B 
irradiated plants showed increased PN but chlorophyll 
content remained unaffected (Laposi et al., 2002).. 

Nevertheless, the reduction in PN may be due to 
reduction in gs (Ziska et al., 1992). The inhibitory effect 
of UV-B on gs was clearly through changes in stomatal 
aperture, since stomatal frequency was in creased. The 
reduction in stomatal aperture must be a direct 
response to UV-B radiation that was not mediated 
through PN (Nogués et al., 1998), this warrants further 
investigation. 
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The severe reduction in yield (41% loss in weight of 
seeds) and biomass (24% loss in TDW) confirmed the 
synergistic effects of both drought stress and sUV-B. 
 
 
CONCLUSION 
 
Exposure to DS and sUV-B affect plant growth, 
photosynthesis and other biochemical processes of 
bean plants which proved to be sensitive to either DS or 
sUV-B. The reductions in leaf area and plant biomass 
were associated with a decline in PN, chlorophyll 
content and leaf cell numbers and cell division. There 
was an interaction between sUV-B and DS, where the 
first delayed and reduced the severity of the latter 
through a reduction in plant water loss rates and 
through reductions in leaf area and gs. 
 
 
REFERNCES 
 
Agrawal S, Rathore D, (2007). “Changes in oxidative stress defense 

system in wheat (Triticum aestivum L.) and mung bean (Vigna 
radiate L.) cultivars grown with and without mineral nutrition and 
irradiant by supplement ultraviolet-B”,  Environ., Exper. Bot. 39: 21 
– 33. 

Alexieva V, Sergiev I, Mapelli S, Karanov E, (2001). The effect of 
drought and UV-B radiation on growth and stress markers in pea 
and wheat. Plant Cell Environ. 24: 1337 – 1344.  

AllenMcKee DJ, Farage PK, Baker NR (1993). “Analysis of limitation 
to CO2 assimilation on exposure of leaves of two Brassica napus 
cultivars to UV-B. Plant Cell Environ. 20: 633 – 640. 

Ballarè CJ,  Barnes PW, Flint SD,  Price S (1995). “Inhibition of 
hypocotyls elongation by UV radiation in de-etiolated tomato 
seedlings. II. Time-course, comparisons with flavonoid responses 
and adaptive significance”, Physiol. Plant. 93: 593 – 601. 

Blumthaler M, Ambach W, (1990). “Indication of increasing solar 
ultraviolet-B radiation flux in alpine regions” Science 248: 206–208. 

Caldwell MM, Robberecht R, Nowak RS Billings WD, (1982). 
“Differential photosynthetic inhibition by ultraviolet radiation in 
species from the arctic-alpine life zone” Arctic and Alpine Res. 
14,195-202.  

Chisi R, Trentin AR, Musi A, Ferretti M, (2002). “Carbon and nitrogen 
metabolism in barely plants exposed to UV-B radiation” Physiol. 
Plant. 116: 200 – 2005. 

Costa H, Gallego SM, Tomaro ML, (2002). “Effect of UV-B radiation 
on antioxidant defense system in sunflower cotyledon” Plant Sci. 
162: 939 – 945. 

G. Cornic, “Drought stress and high light effects on leaf 
photosynthesis”, In: NR Baker, JR Bowyer (1994). (Eds.) 
Photoinhibition of Photosynthesis: from molecular Mechanism to 
field. Pp. 297 – 313, Bios Scientific Pub. Oxford, UK. 

Green AES, Cross KR, Smith LA, (1980). “Improved analytical 
characterization of Ultraviolet skylight” Photochem.  Photobiol. 31: 

59-65.  
Hassan IA (2006). Physiological and biochemical response of potato 

(Solanum tuberosum L. Cv. Kara) to O3 and antioxidant chemicals: 
possible roles of antioxidant enzymes.   Ann. App. Biol. 146: 134 – 
14.  

Hassan IA, Bender J, Wiegel HJ (1999). “Effects of O3 and water 
stress  on growth and physiology of  Egyptian cultivars of tomatoes” 
Gartenbauwiessenschaft. 76: 122- 135. 

Hidema J, Kumagai T, (2006). “Sensitivity of Rice to Ultraviolet-B 
Radiation” Annals of Botany. 97(6):933-942. 

Hopkins L, (1997). “The effects of elevated UV-B radiation on the 
growth and development of the primary leaf of wheat (Triticuum 
aestivum L.cv Maris Huntsman)” PhD thesis, University of St. 
Andrews. UK. 129 Pp. 

Kakani VG, Reddy KR, Zhao D, Salaja K (2003). “ Filed responses to 

 

 
 
 
UV-B radiation:    a review. Agric. Forest Met. 120, 191 – 218.  
Khan MR, Khan MW, (1994). Single and interactive effects of O3 and 

SO2 on tomato. Environ. exp. Bot. 34: 461-469.  
Krupa SV, Kickert RN (1993). “The Effects of Elevated Ultraviolet 

(UV)-B Radiation on Agricultural Production”Report submitted to 
the Formal Commission on 'Protecting the Earth's Atmosphere' of 
the German Parliament, Bonn, Germany. 432 p. 

Krupa SV, Kickert RN, (1989). “The greenhouse effect: impacts of 
UV-B radiation, carbon dioxide (CO2), and ozone (O3) on 
vegetation” Environ. Pollut. 61 (4): 263-393. 

Laposi R, Veras SZO, Meszaros I (2002). “Photosynthesis-ecological 
properties of beech under the exclusion of ambient UV-B radiation” 
Acta Biol., Szegediensis, 46: 243- 245. 

Logemann E, Wu SC, Schröder J, Schmelzer E, Smossich IE, 
Hahlbrock K (1995). “Gene activation by UV light, fungal elicitor or 
fungal infection in Petroselinum crispum is correlated  with 
repression of cell cycle-related genes” Plant J. 8: 865 -876. 

Madronich S, McKenzie RL, Caldwell MM, Björn LO (1995). Changes 
in ultraviolet radiation reaching the earth's surface. Ambio B. 143–
152.  

McKenzie R, Björn LO, Bais A, Ilyasd M. (2003). Changes in 
biologically active ultraviolet radiation reaching the Earth's surface. 
Photochemical and Photobiological Sciences 2: 5–15. 

Moussa HR, Khodary SEA, (2008). “Changes in growth and 
14

CO2 
fixation of Hordeum vulgare and Phaseolus vulgaris induced by 
UV-B radiation” J. Agric. Soc. Sci. 4:59 – 64 

Munakata N, Cornain S, Kanoko M, Mulyadi K, Lestari S, 
Wirohadidjojo W (2006). “Biological monitoring of solar UV radiation 
at 17 sites in Asia, Europe and South America from 1999 to 2004” 
Photochemistry and Photobiology.(Cited in Hidema and Kumagai. 

Nogués S, Allen DJ, Morison JIL, Baker NR (1998). Ultraviolet-B 
radiation effects on water relations, leaf development, and 
photosynthesis in droughted pea plants. Plant Physiology. 117, 
173–181. 

Nogués S, Baker NR (2000). “Effects of drought on photosynthesis in 
Mediterranean plants grown under enhanced UV-B radiation” J. 
Exp. Bot. 51 (348): 1309 – 1317.  

Pal M, Sengupta Uk, Srivastava AC, Jain V, Meeena RC (1999). 
“Changes in growth and and photosynthesis of mungbean induced 
by UV-B radiation” Indian J. Plant Physiol. 4: 79 – 84. 

Paul ND (2001). Plant response to UV-B: time to look beyond 
stratospheric ozone depletion?. New Phytol. 150: 5 – 8.  

Quaggiotti S, Trentin AR, Vecchia FD, Chisi R (2004). Response of 
maize (Zea mays L.) nitrate reductase to UV-B radiation. Plant Sci. 

167: 107 – 116. 
Runeckles VC, Krupa SV (1994). The impact of UV-B radiation and 

ozone on terrestrial vegetation. Environ. Pollut. 83: 191-213.  

Santos I, Fidalgo F, Amedia JM, Alema RS (2004). “Biochemical and 
ultrastructure changes in leaves of potato plants grown under 
supplementary UV-B radiation”  Plant Sci. 167, 925 – 935. 

Sasaki M, Takeshita S, Oyanagi T, Miyake Y, Sakata  T (2002). 
“Increasing trend of biologically active solar ultraviolet-B irradiation 
in mid-latitude Japan in the 1990s” Ortical Engineering, 41: 3062–

3069. 
Smith JL, Burrritt DJ, Bannister P (2000). “Shoot dry weight, 

chlorophyll and UV-B absorbing compounds as indicators of plant 
sensitivities to UV-B radiation” Ann.  Bot. 1057 – 1063. 

Staxèn L, Bergounioux C, Bornman JF (1993). Effect of UV-B 
radiation on cell division and microtubule organization in Petunia 
hybrid Protoplasts. Protoplasm. 173,70 – 76. 

Teramura AH,  Murali NS, (1986). “Interspecific differences in growth 
and yield of soybean exposed to UV-B radiation under green house 
and field conditions” Environ. Exp. Bot. 26,89 – 95. 

Teramura AH, Sulivan JH (1991). “Potential impacts of increased 
solar UV-B on global plant productivity” In: Photobiology, (Ed. E. 
Riklis), pp 645 – 634. New York, Pleium press.  

Wu Y, Tiedemann AV (2002). Impact of fungicides on active oxygen 
species and antioxidant enzymes in spring barely (Hordeum 
vulgare L.) exposed to O3, Environ. Pollut., 116, 37 – 47.  

Zhao D, Reddy KR, Kakani VG, Koti S, Gao W (2005). ”Physiological 
causes of cotton fruit abscission under conditions of high 
temperature and enhanced UV-B radiation.  Physiol. Plant. 
124:189-199. 

Ziska LH, Teramura AH (1992). “CO2 enrichment in rice (Oryza 



 
 
 
 
sativa). Modification by increased UV-B radiation” Plant Physiol., 99: 

473 – 481. 
Zu Y, Li Y, Chen J, Chen H.  (2004). “Intraspecific responses in grain  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Hassan et al.  461 
 
 
 

quality of 10 wheat cultivars to enhanced UV-B radiation under filed 
conditions” J. Photochem. Photobiol. B. Biol. 74: 95 – 100.  


