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Introduction

Solar electromagnetic radiation contains Ultraviolet-B (UV-

B) in the range of 280-320 nm. Depletion of ozone (O
3
) in the

stratosphere has resulted in increased UV-B radiation reaching the

earth’s surface with serious implications on all the living organisms

(McKenzie et al., 2007). UV-B radiation has disproportionately

large photobiological effects on plant genetic system (DNA),

photosynthesis and membranes (Agrawal et al., 2009). UV-B also

generates reactive oxygen species (ROS) that result in inducting

oxidative stress in plant cells (Kumari et al., 2010). Concomitantly,

transcripts of key enzymes of the antioxidative defense system,

such as superoxide dismutase (SOD), peroxidases (POD) and

catalase (CAT) are also induced upon exposure of UV-B irradiation

(Singh et al., 2009; Agrawal et al., 2009). The majority of plant

species including crops are negatively affected by UV-B radiation

(Agrawal et al., 2006). Exposure to supplemental UV-B (sUV-B)

decreased plant height, leaf weight ratio (Johanson et al., 1995),

leaf numbers, leaf area, leaf area ratio (LAR), root shoot ratio

(RSR), specific leaf weight (SLW) and plant dry weight while specific

leaf area (SLA), number of nodes, auxiliary branching and leaf

curling increased (Greenberg et al., 1997; Furness et al., 1999).

The photosynthetic apparatus is considered as one of the

principal targets of UV-B radiation (Kumari et al., 2009). The

sensitivity of species was partially explained by their ability to

respond to UV-B by increasing the level of protective pigments or

the leaf thickness (Caasi-Lit et al., 1997). Experimental studies of

terrestrial plants to enhanced UV-B radiation often indicate

enhanced leaf thickness (Johanson et al., 1995). Bean pods
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have significant amounts of fiber and soluble fibre which help in

lowering the blood cholesterol. Bean seeds are also rich in protein,

complex carbohydrate, folate and iron (Osman et al., 2007). The

present study was conducted to evaluate the response of

supplemental UV-B (sUV-B) radiation on various morphological,

physiological and biochemical parameters including antioxidative

defense system of bean plants (Dolichos lablab L. cv. Pusa Early

Prolific) under field conditions.

Materials and Methods

Study site and raising of plant: Present study is performed at

the Botanical Garden of the Banaras Hindu University, Varanasi

(25o18’ N latitude and 83o1’ longitudes at an elevation of about 76 m

above the mean sea level) situated in the Eastern Gangetic plain of

India from February, 2007 to March, 2007. Soil of the study site was

sandy loam in texture (sand 45, silt 28 and clay 27%, respectively).

The mean monthly temperature varied from 14.3 to 28.1oC and

total rainfall was 132.2 mm. Natural photosynthetically active radiation

was 1547 µmol m-2 s-1 at mid day. Dolichos lablab L. (cv Pusa Early

Prolific), a herbaceous annual plant is known as bean.

Seeds of bean were sown manually with 5 cm space in 24

pots of having diameter of 12.5 cm. The soil for pot filling was

prepared after mixing the soil with farmyard manure in the ratio of

3: 1. Pots were watered regularly as and when required. After

germination, plants were thinned to two plants per pot. Pots

were randomly divided into two groups, i.e. (i) control, and (ii)

sUV-B treated. For each treatment, twelve replicate pots were

maintained.

Experimental design: The desired sUV-B radiation was provided

by UV-B 313 lamps (Q-Panel, Inc. Cleveland, Ohio, USA). Banks

of four lamps (120 cm long) fitted 30 cm apart on a mobile and

adjustable steel frame were suspended above and perpendicular

to the planted pots. Distance between the top of the plant canopy

and lamps were maintained at 30 cm by adjusting the mobile frames.

Plants were irradiated with supplemental dose of UV-B for 3 hr day-1

in the middle of the photoperiod. Each lamp was covered with 0.13 nm

thick cellulose diacetate film (Cadillac Plastics, Baltimore, USA) which

absorbed radiation emitted by lamps below 320 nm. For control,

lamps were wrapped with polyster filters to exclude UV-B (318 nm).

The UV-B irradiance under the lamps was measured at the top of

the plant canopy by an ultraviolet intensity meter (UVP, Inc, San

Gabriel, CA, USA). Plants beneath cellulose diacetate film received

UV-B
BE
 (ambient + 7.2 kJ m-2 d-1) which mimicked 20% reduction in

stratospheric O
3
 at Varanasi during clear sky condition (Singh et al.,

2009).

Random sampling of bean plants was done in triplicate at

15 and 30 days after germination for biomass and biochemical

analysis. Photosynthetic rate (Ps), stomatal conductance (g
s
),

transpiration (E) and internal CO
2 
(Ci) were measured using portable

photosynthetic system (Model LI- 6200, LI- COR, USA). The

measurements were made on the third fully expanded leaf from the

top of plant on cloud free days between 08.00 and 10.00 hr local

time on three randomly selected plants using different pots. The

amount of total chlorophyll and carotenoids were calculated by

using the formulae developed by Maclachalan and Zalik (1963)

and of Duxbury and Yentsch (1956), respectively. The absorption

profile of flavonoid was estimated using the method proposed by

Mirecki and Teramura (1984). The methods of Keller and Schwager

(1977) were used for the extraction and determination of ascorbic

acid. The total soluble protein content was estimated from fresh

leaves of the plant by using the method given by Lowry et al.

(1951).  The phenol content of the supernatant was determined by

Bray and Thorpe (1954). Superoxide dismutase (SOD) activity

was measured by the method of Fridovich (1974). Ascorbate

peroxidase and peroxidase enzyme activities were determined

using the methods of Nakano and Asada (1987) and Britton and

Mehley (1955), respectively. For total biomass, randomly sampled

plants were oven dried at 80oC till a constant weight was achieved.

Results and Discussion

sUV-B radiation negatively affected the growth of the bean

plants. Total biomass reduced by 61.6% at both the ages of

observations (Table 1). Change in biomass accumulation is an

important measure to assess sUV-B sensitivity, since this parameter

reflects the cumulative effect of many small disruptions in plant function.

UV-B radiation exclusion studies have also indicated that UV-B

radiation reduced biomass accumulation in cucumber (Krizek et al.,

1997), spinach (Mishra and Agrawal, 2006) and mungbean

(Agrawal et al., 2006).  Decrease in biomass observed in the

present study may be caused by reduction in photosynthetic rate

and enzymes activities as reported by Jordan et al. (1992). Root

shoot ratio increased significantly by 103% at 30 days after

germination under sUV-B treatment (Table 1).  It remains unclear

whether most UV-B induced changes in RSR resulted due to altered

ontogeny or because of altered partitioning priorities. Increment in

RSR values at later stage of sampling showed that more

photosynthate was translocated to below ground parts to minimize

the growth of aerial parts as a defense strategy. Agrawal et al.

(2006), however, observed reduction in RSR of Vigna radiata

under sUV-B radiation at all the ages of observation.

LAR showed significant increments of 60.5 and 57.4%

whereas LWR reduced by 63.3 and 23.9%, respectively at 15 and

30 days after germination (Table 1). SLA increased significantly by

95.7 and 82.3 %, respectively in UV-B treated plants at 15 and 30

days after germination (Table 1). Results of two-way ANOVA showed

that total biomass, RSR and LWR varied significantly with age,

treatment and their interaction whereas SLA and LAR varied with

individual factors of age and treatment (Table 2). SLA increased

under sUV-B which led to more damage of mesophyll tissues thus

significantly affecting the rate of photosynthesis.

Total chlorophyll and carotenoids contents were affected

significantly after sUV-B exposure due to age, treatment and their

interaction (Table 2). Total chlorophyll and chlorophyll a/b ratio

decreased significantly in UV-B treated plants at both the ages of



141

Journal of Environmental Biology  �March 2011�

SUV-B induced changes in bean plants

Table - 1:   Effect of sUV-B on total biomass, RSR, SLA, LAR, LWR, total chlorophyll, carotenoid, chlorophyll a/b and flavonoid of bean plants

Parameters Plant age (DAG) Control sUV-B treated

Total biomass (g plant-1) 15 1.46±0.167 0.596±0.12** (-59.1)

30 3.33±0.33 1.29±0.03*(-61.3)

RSR (g g-1) 15 0.365±0.13 0.356±0.029ns (-2.47)

30 0.133±0.005 0.270±0.016** (+103)

SLA (cm2 g-1) 15 185.5±7.72 363.1± 6.69*** (+95.7)

30 241.3± 7.23 439.9±5.5*** (+82.3)

LAR (cm2 g-1) 15 107.7±4.39 172.9±5.66**(+60.5)

30 90.23±2.01 142.0±1.21***(+57.4)

LWR (g g-1) 15 0.572±0.004 0.210±0.019* (-63.3)

30 0.492±0.005 0.374±0.002* (-23.9)

Total chlorophyll (mg g-1 dry wt.) 15 3.58±0.022 2.59±0.81** (-27.7)

30 2.06±0.058 1.95±0.03ns(-5.34)

Carotenoid (mg g-1 dry wt.) 15 0.945±0.005 0.864±0.005*** (-8.57)

30 1.21±0.01 0.726±0.004*** (-40.0)

Chlorophyll a/b 15 2.71±0.043 2.16±0.019*** (-20.3)

30 2.53±0.31 1.95±0.089* (-22.9)

Flavonoids (Absorbance 310 nm) 15 0.689±0.051 0.579±0.015*** (-15.9)

30 0.651±0.075 0.915±0.307*** (+40.5)

Value in the parenthesis show percent change; +/- denotes increase or decrease, Values are mean ± SE, RSR = Root shoot ratio, SLA = Specific leaf area,

LAR = Leaf area ratio, LWR = Leaf weight ratio, DAG = Days after germination

Table - 2:  F-ratios and level significance of two-way ANOVA for different

parameters of bean plants exposed with sUV-B radiation

Parameters Age Treatment Age x

treatment

Total biomass 43.5*** 55.3*** 8.99*

SLA 758.9*** 94.2*** 2.39ns

LWR 18.2** 594.3*** 153.6***

LAR 241.6*** 41.3*** 3.22ns

RSR 75.9*** 12.3*** 16.0**

Internal CO2 10.2* 807.3*** 113.5***

Photosynthetic rate 45.4*** 32458.7*** 113.4***

Transpiration rate 3833.9*** 10043.7*** 537.9***

WUE 1.29ns 3141.1*** 1482.3***

Total chlorophyll 404.6*** 107.5*** 67.3***

Chlorophyll a/b 4.3ns 36.1*** 0.025ns

Flavonoids 17.4** 4.76ns 27.7**

Carotenoids 1716.7*** 82.5*** 868.4***

SOD 65.1*** 2478.2*** 204.6***

POD 463.9*** 2252.3*** 539.2***

APX 6038.4*** 759.6*** 108.3***

Ascorbic acid 386.0*** 0.370ns 26.4***

Phenol 1326.6*** 415.7*** 4.09ns

Protein 644.1*** 0.043ns 22.9***

ns = not significant, *p<0.05, **p<0.01, ***p<0.001

observations (Table 1). Total chlorophyll content reduced by 27.8

and 5.3% at 15 and 30 days after germination, while carotenoids

showed reductions of 8.6 and 40% at 15 and 30 days after

germination (Table 1). Reduction in chlorophyll a/b ratio was

observed at both the ages of observations (Table 1). A decrease

in photosynthetic pigments has been evident during exposure

to enhanced UV-B radiation in most of the crop species (Kakani

et al., 2003; Agrawal and Rathore, 2007).  Strid and Porra (1992)

suggested that decline in chlorophyll level might be due to inhibition

of cab gene, which codes for chlorophyll protein. The reduction in

chlorophyll a/b ratio by sUV radiation might be due to greater

reduction in chlorophyll a than chlorophyll b (He et al., 1993).

Carotenoids play an important role against UV-B damage in higher

plants. Carotenoids, the scavengers of singlet oxygen species formed

during intense light, are involved in the light harvesting and protection

of chlorophylls from photoxidative destruction. The reduction in

carotenoid content may result either from inhibition of synthesis or

from breakdown of the pigments or their precursors. Flavonoid

content increased significantly at 30 days after germination (40.5%)

(Table 2) after sUV-B treatment. Two-way ANOVA showed that

flavonoid content varied significantly with age and due to the

interaction between age and treatment (Table 2).

Two-way ANOVA showed that Ps, Ci, E, g
s
 and water use

efficiency were also affected due to treatment, and interaction of age

× treatment (Table 2). Significant reduction in Ps was observed in

sUV-B treated plants at all the ages of observations. Photosynthetic

rate reduced by 68.3 and 88.6% at 15 and 30 days after germination,

respectively as compared to their respective controls (Fig. 1). The

possible reason for reduction in photosynthetic rate in plants exposed

to high levels of UV-B radiation was noticed due to altered stomatal

functioning (Cechin et al., 2007) or to both stomatal functioning and

density (Gitz et al., 2005). Photosynthetic rate may be reduced

directly by the effect of UV-B radiation on photosynthetic enzymes

(Kumari et al., 2009), or due to disruption of PSII reaction centers

(Herrmann et al., 1997).
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Fig. 1: Effects of sUV-B on photosynthetic rate, transpiration rate, stomatal conductance, internal CO
2
, and water use efficiency of bean plants. Values are

mean ± SE. Level of significance between control and sUV-B treated plants: ns, not significant, **p<0.01, ***p<0.001
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Both internal CO
2
 (Ci) and stomatal conductance (g

s
)

showed significant reductions of 20.8 and 39.4% and 62.8 and

22.8% at 15 and 30 days after germination, respectively (Fig.1).

Transpiration rate (E) also declined significantly by 41.9 and 85%

at 15 and 30 days after germination, respectively in sUV-B treated

plants (Fig. 1). Values of water use efficiency (WUE) also reduced

due to sUV-B treatment at both the ages of observations (Fig. 1).

Internal CO
2
 (Ci) decreased in test plants might be because of

reduced stomatal conductance (Cechin et al., 2007).
 
The

transpiration rate was lower in exposed plants grown under sUV-B

radiation and this inhibition was accompanied by a reduction in

stomatal conductance. Cechin et al. (2007), observed that 35%

decrement in E took place in sunflower plants after UV-B treatment.

Plants’ water use efficiency is an effective index for assessing the

water use status of the plants. Qaderi et al. (2007) also reported

reduction in water use efficiency (14.9%) of Siliquas sp. grown

under 4.2 kJ m-2 d-1 of UV-B.

Protein and ascorbic acid contents varied significantly due

to age and interaction between age and treatment, whereas phenol

content varied significantly due to individual factors (Table 2). Protein

content increased significantly by 34% at initial age (15 days after

germination) and then declined by 10% at 30 days after germination

(Fig. 2). sUV-B induced increment in total soluble protein content

was also reported in  rice (He et al., 1994). It was argued that the

increase in water soluble proteins was partially due to the stimulated

production of several stress proteins participating in defense

mechanism against UV-B stress. Phenol contents decreased with

successive growth stage and showed reductions by 34.7 and 18.6%

at 15 and 30 days after germination, respectively after sUV-B treatment

as compared to control ones (Fig. 2).The increase in phenols may

be attributed due to its increased synthesis from amino acids produced

in plant cells during stress. Phenolics can protect DNA from UV-B

induced damage (Mazza et al., 2000). Ascorbic acid showed an

increment of 22% at 15 days after germination whereas reduction of

39% was observed at 30 days after germination (Fig. 2).

Results of two-way ANOVA showed that SOD, POD and

APX activities varied significantly with age, treatment and also due

to their interaction (Table 2). SOD and POD activities were induced

significantly under sUV-B treatment in test plants at both the ages of

observation, with maximum increment at 15 days after germination

(257.1 and 82.7%, respectively). APX activity increased by 45.6 at

15 days after germination  and by 167.4% at 30 days after

germination (Fig. 2). Peroxidases in presence of phenols help to

detoxify the increased amount of H
2
O
2
 in plants. Generation of UV-

B induced reactive oxygen species (ROS) may trigger the response

of antioxidative defense system. Enzymatic ROS scavenging

mechanism in plants includes SOD, POX and APX. SOD acts as first

line of defense against ROS. Yao and Liu (2006) reported decline

in APX activity in Acer mono maxim leaves at high UV-B dose

under field condition. Selvakumar (2008) observed increment in

SOD in Crotalaria juncea, while Alexieva et al. (2001) reported

increment of peroxidase activity in pea plants after UV-B exposure.

UV-B treatment negatively affected the bean plants under

natural photosynthetically active radiation. Reduction in total biomass

was accompanied by alteration in biomass translocation pattern.

More biomass shift to the root portion lead to an increment in root

shoot ratio.  Reduction in leaf thickness under sUV-B leads to more

damage to photosynthetic mesophyll tissue. Physiological responses

showed that photosynthetic system was the potential target of sUV-

B radiation.  There was stimulation of enzymatic and non-enzymatic

antioxidants under sUV-B treatment to cope up the oxidative stress

generated by reactive oxygen species. Metabolites showed varied

response under sUV-B radiation, while protein showed an increment

as compared to control ones.
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