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Impacts of Ambient Solar UV (280-400 nm) Radiation
on Three Tropical Legumes
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Tropical regions receive the highest level of global solar ultraviolet (UV) radiation especially UV-B (280-320 nm). The
average daily dose of the UV-B radiation in Madurai, South India (10°N) is 10 k) m™, This is approximately 50% more
than the average daily UV-B radiation in many European countries. A field study was conducted using selective filters
to remove either the UV-B (< 320 nm) or UV-B/A (<400 nm) of the solar spectrum, and the effects were followed in
Cyamopsis tetragonoloba, Vigna mungo, and Vigna radiata to determine their sensitivity to UV. When compared to
ambient radiation, exclusion of solar UV-B increased the seedling height, leaf area, fresh weight and dry weight and
the crop yield by 50% in the case of Cyamopsis, and the extent of such increase was slightly less under UV-B/A exclu-
sion. In V. mungo a significant reduction was seen in solar UV excluded plants while V. radiata was found to be unaf-

fected.
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The reduction in the stratospheric ozone column
thickness by chlorofluocarbons (CFCs) and other trace
gases has generated significant increase in the amount
of incident UV-B (280-320 nm) radiation on the earth
surface. Recent analyses show that ozone has
declined globally by 4-5% since 1979 (Madronich et
al., 1995; Pyle, 1997). Numerous studies have been
conducted to assess the effects of enhanced UV-B
radiation on higher plants (Tevini, 1993; Caldwell and
Flint, 1994) but relatively little is known about UV-B
exclusion (Sharma et al, 1991; Hasimoto et al.,
1993; Tezuka et al., 1993; Searles et al., 1995). The
increasing food demands of ever growing population
will require increases in agricultural yields. Approxi-
mately 90% of the legume species interact symbioti-
cally with Rhizobium to fix nitrogen and thus supply
themselves with a costly biofertilizer. Increase in the
UV-B radiation is known to reduce biomass, leaf area,
plant height, and photosynthesis (Tevini and Tera-
mura, 1989; Tevini et al., 1990; Jayakumar et al.,
2004). A worldwide decrease of 25-30% in crop yield
has also been predicted by UV-B radiation. But the
results of UV-B enhancement studies are often diffi-
cult to interpret, because of the unrealistically high
UV irradiation levels, inadequate levels of UV-A, low
photosynthetic photons flux density (PPFD) or other
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technical difficulties (Edwards, 1992; Adamse et al,,
1997; Ryan and Ireland, 1997).

To overcome all these limitations, recent investiga-
tions are aimed at using systems that attenuate or
exclude the UV components of natural solar radiation
(Adamse et al., 1997; Krizek et al., 1997; Pal et al,,
1997; Krizek and Mirecki, 2004)). Till now only a few
species or cultivars have been investigated under UV
exclusion conditions. The results of UV exclusion
studies indicate that the plants vary greatly in their
response to ambient UV-B. It has been already
reported that in some species (cucumber, mung bean,
and New Zealand spinach) the growth is inhibited by
the solar UV-B and in few crops (tomato) growth is
stimulated, while in others (cotton and oats) it is unaf-
fected (Adamse et al., 1997; Krizek et al., 1997).

The primary objective of our study was to deter-
mine the changes in vegetative growth, the level of
UV-B absorbing compounds, photosystem 1l activity
and fruit yield in tropical legumes by the exclusion of
either UV-B radiation or UV-A and B in the natural
sunlight.

MATERIALS AND METHODS

Site Description

All the field experiments under the natural sunlight
were conducted in the University Botanical garden,
Madurai Kamaraj University, Madurai, India. In the
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garden, he average annual day and night temperature
was 33/23°C and the maximum and the minimum
humidity was 80% and 39%, respectively. The natu-
ral photoperiod varied between 10 and 12 h and the
total rainfall was 56 mm. The experiments were car-
ried out in summer (February 2003 to May 2003) and
pre-winter months (August 2003 to October 2003)
when the average daily solar UV-B dose is around 10
k] m™ which is approximately 50% higher than the
average daily dose in the temperate regions. Plants
grown directly on soil were covered with polyester
film mounted on metal mesh cages (180 cm long, 90
cm wide, 90 cm high). All sides of the frames up to
30 cm from ground were left uncovered to allow nor-
mal ventilation. The frames received full solar radia-
tion for most period of the day without any shading.

Plant Material

The certified seeds of Cyamopsis tetragonoloba var.
Pusa navbagar, Vigna mungo var. T9 and Vigna radiata
var. KM2 obtained from Farm Aids, Madurai, India
were used in all the experiments.

Plant Growth and Treatments

Seedlings were exposed to solar UV radiation from
the time of germination. One of the cages was cov-
ered with 0.12 mm polyester transparent film (Mylar
type) to exclude UV-B and the other was covered
with 0.3 mm polyester film to exclude both UV-B and
UV-A radiation. The cage covered with polyethylene
film was used for ambient light treatment. The spec-
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Figure 1.Transmission spectra of polyester [0.12 mm for
(-)UV-B and 0.3 mm for (-)UV-B/A] and polyethylene (for
ambient) films in UV-visible regions.

tral characteristics of these filers (films) are shown in
Figure 1.

Radiation Measurements

Absolute solar irradiance with and without UV-B
was measured using a double monochromatic spec-
troradiometer system (IL-700/760/790, International
Lights, USA). The average level of ambient UV-B dur-
ing the experimental period was 10 ki m™d™". Under
(-)UV-B radiation conditions the dosage was 1.5 kJ
m~*d". The daily average photosynthetic photon flux
density (PPFD) inside the filter cages was 54 mol m™.

Growth Analysis

After the initiation of the 3™ trifoliate leaves, seed-
lings were harvested for analyses. The growth param-
eters such as shoot length, leaf area, fresh and dry
weight of the shoots were analyzed immediately after
harvest. Only plant materials above ground were con-
sidered for fresh and dry weight determination in
which the latter involved drying the plant parts at
60°C for 72 h.

Pigment Analysis

Fresh leaf tissue was extracted with 80% acetone for
the complete release of chlorophylls and carotenoids.
The chlorophyll and carotenoid contents were quan-
tified using the formulae of Wellburn and Lichtentha-
ler (1984).

Crop Yield

Yield parameters including pod fresh weight, pod
dry weight, number of pods per plant and their size
were measured.

RESULTS

Effects of UV-B and UV-B/A Filtered Solar Radia-
tion on Growth Characteristics

Cyamopsis seedlings grown under (-)UV-B and
{(-UV-B/A radiation showed a significant increase in
various growth parameters as compared to those
under ambient light. In contrast to this, a marginal
increase in V. radiata and reduction in the case of V.
mungo was observed. Changes in various growth
parameters are shown in Figure 2. Both Cyamopsis



286 Amudha et al. J. Plant Biol. Vol. 48, No. 3, 2005

60 - Cyamopsis " Cyamopsis

FRESH WEIGHT (g/seedling)

SHOOT LENGTH (cm)

60 -
fm =2
Cyumopsis
1,6 60 - uv-B&A W-)U\’"B

1,2

-}

0,8

0,4

LEAF AREA (cm™)

4]

DRY WEIGHT (g/seedling)

1.2

0.8

0.4

V. mungo

o L L 1 L 1
10 20 30 40 50 10 20 30 40 50

AGE OF THE PLANT [d]

Figure 2. Changes in the shoot length, shoot fresh weight, dry weight, and leaf area of Cyamopsis, V. radiata and V. mungo seed-
lings grown under ambient, (-)UV-B and (-JUV-B/A solar radiation at different time intervals.

and V. radiata showed a large increase in the shoot early growth period and at full maturity. Both the spe-
length under (-)UV-B. Such increase was more in the cies showed more or less similar enhancement in
case of V. radiata than that of Cyamopsis during the both UV-B and UV-B/A exclusion. In these plants UV-
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Table 1. Changes in the level of total chlorophyll and carotenoid in Cyamopsis, V. radiata and V. mungo seedlings grown under
ambient, (-)UV-B and (-)UV-B/A conditions at different time intervals. Values given are in mg g™' leaf fresh weight. Mean=SE,

n=5.
Cyamopsis V. radiata V. mungo
Tr . . .

Pe:%ac}r?sg;s) Total Chl Carotenoid Total Chl Carotenoid Total Chl Carotenoid
Ambient 1.22 = 0.09 0.31 = 0.01 1.09 +0.09 0.252+0.02 1.11+=0.10 0.23 = 0.01

10 (-)UV-B 1.45 = 0.11 0.36 + 0.02 1.20 = 0.10 0.260 £ 0.02 1.42+0.13 0.29 = 0.02
(-)UV-B/A 142 =£0.13 0.36 = 0.02 1.34 +0.09 0.293+0.03 1.49+0.12 0.29 £ 0.02
Ambient 1.87 £ 0.15 0.45 = 0.03 1.93 = 0.1 0.352 £ 0.03 1.81x0.16 0.33 = 0.03

20 (-)UV-B 2.22 £0.20 0.46 = 0.04 1.93 £0.13 0371002 1.88+0.17 0.35 £ 0.02
(—-)UV-B/A 2.49 + 0.22 0.58 = 0.05 204016 0396003 1.89%0.15 0.36 £ 0.03
Ambient 2.63 +0.23 0.52 = 0.04 276 £0.23 0482 =004 273024 0.58 = 0.04

30 (-)UV-B 2.90 = 0.24 0.57 = 0.05 2.81 025 0.502+0.05 259 +0.21 0.58 = 0.05
(-)UV-B/A 3.36 = 0.31 0.63 = 0.05 287 £0.26 0.588 +0.05 2.65=+0.25 0.58 = 0.05
Ambient 2.82 =0.25 0.63 + 0.06 326 +0.29 0.541 x0.05 3.08 =0.29 0.61 = 0.05

40 (-)Uv-B 3.04 =0.29 0.69 = 0.07 3.22 £0.30 0.589 £ 0.04 3.09 = 0.31 0.62 = 0.06
(—)UV-B/A 3.60 = 0.31 0.70 = 0.06 3.54 +£0.33 0.658 +0.05 3.05+0.29 0.61 = 0.05
Ambient 2.66 = 0.24 0.67 = 0.06 223 +0.18 0.523 £0.05 297 =0.25 0.50 + 0.04

50 (=) UV-B 2.67 = 0.23 0.70 = 0.05 2.26 = 0.19 0.544 £ 0.05 2.83 =£0.25 0.48 = 0.03
(-)UV-B/A 2.83 = 0.25 0.71 = 0.06 2.53 + 0.21 0.635 £ 0.06 2.68 £0.24 0.50 = 0.04

B exclusion produced an intermediate level of
enhancement. In V. mungo none of these treatment
conditions produced any significant effect. An
increase in shoot fresh weight was observed in Cya-
mopsis under UV exclusion. A 26% increase under
(-)UV-B and an additional 3% increase was observed
at 30 days when UV-A along with UV-B was
excluded. In V. radiata, 33% increase in both (-)UV-B
and (-)UV-B/A was observed when compared to the
ambient grown seedlings, whereas V. mungo seedlings
showed a 3% decrease when both radiations were
excluded. As far as the shoot dry weight is concerned,
as much as 29% and 34% increase was observed in
(-UV-B and (-)UV-B/A grown Cyamopsis seedlings,
respectively. In V. radiata seedlings, 25% and 36%
increase was observed in (-)UV-B and (-)UV-B/A over
the ambient grown ones, respectively. Similar trend
was observed in dry weight and in fresh weight in the
case of V. mungo.

Changes in the leaf area showed a different trend in
Cyamopsis, where UV-B exdusion produced more
increase than UV-B/A exclusion. A significant increase
of 40% and 20% was observed in (-)UV-B and (-)UV-
B/A filtered seedlings, respectively. In contrast to this
36% and 70% increase was seen in (-)UV-B and
(-)UV-B/A grown V. radiata seedlings, respectively. No

marked reduction or increase had occurred in V.
mungo. Seedlings grown under ambient radiation
produced small and thick leaves in the case of Cya-
mopsis when compared to the plants grown under
(-)UV-B and (-)UV-B/A radiation.

Many nodules were noticed under (-)UV-B and
much higher number under (-)UV-B/A radiation in
Cyamopsis but almost same number in the case of V.
mungo and V. radiata under all treatment conditions
(data not shown).

Pigment Analysis

Changes in the photosynthetic pigment composi-
tion of Cyamopsis, V. radiata and V. mungo seedlings
grown under ambient, UV-B and UV-B/A filtered radi-
ation are given in Table 1. Photosynthetic pigments
showed an increase on UV-B and UV-B/A exclusion
in Cyamopsis, when compared to V. mungo and V.
radiata. A 19% and 33% increase in total chlorophyll
(Chl) in UV-B and (-)UV-B/A grown seedlings,
respectively, when compared to ambient grown seed-
lings was observed. Such increase was due to changes
in both Chl a and Chl b. Increase in the amount of
Chl was observed in the initial stages and there was a
marked reduction in the level of total Chl after 30
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Figure 3. Changes in pod size, pod fresh, and dry weight in Cyamopsis, V. radiata and V. mungo seedlings grown under ambient,

(-)UV-B and (-)UV-B/A radiation.

days. A similar trend was observed in the carotenoid
levels. The percentage of increase was higher when
both the UV-B/A radiations were excluded than that
of UV-B exclusion alone.

In V. radiata, there was no significant increase or
decrease in all the pigments. In V. mungo, there was a
reduction in the level of pigments under UV filtered
seedlings when compared to the ambient radiation
grown plants. Such a decrease was more in the case
of UV-B filtered seedlings than those under (-)UV-B/
A. Both the Vigna species showed a high Chl a/b ratio
due to reduced level of Chl b (results not shown).

Crop yield

There was a 60% increase in the size of the pod in
(—=)UV-B grown Cyamopsis plants when compared to
those grown under ambient radiation, however the
increase was reduced to 50% under (-)UV-B/A radia-
tion. There was no change in the size of the pod in V.
radiata. In contrast to these plants, V. mungo showed
negative changes (Fig. 3). As far as the pod fresh

weight is concerned, there was a 74% and 56%
increase in (-)UV-B and (-)UV-B/A plants when com-
pared to the ambient light grown plants, respectively.
In V. radiata, a 33% and 10% increase was noticed
under (-)UV-B and (-)UV-B/A radiation, respectively.
In contrast to these plants, pod fresh weight of V.
mungo showed a 8% and 15% reduction in (-)UV-B
and (-)UV-B/A plants, respectively. Similar trend was
also reflected in the changes in pod dry weight which
are shown in Figure 3.

DISCUSSION

The inhibitory effects of solar UV-B radiation on the
growth and various photosynthetic responses have
been well investigated in field and green house
experiments where plants were either grown under
ambient or artificially UV-B supplemented radiation.
Since the level of ambient UV-B radiation in sunlight
varies with reference to latitude and is relatively
higher in tropical regions than in temperate regions, a
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true assessment of UV radiation effects is possible
by the UV exclusion studies. This study provides
evidence that these tropical legumes respond to
the exclusion of solar UV radiation both positively
and negatively and such responses vary with plant
species. The inhibitory effects of ambient solar UV
radiation on the growth of phytoplankton (Jeffrey
et al., 1996; Santaz et al., 1996) and microalgae
(Dohler et al., 1995) are well documented. Till
date, there are only a few reports on the response
of plants to the natural solar UV-B radiation
(Latimer and Mitchell, 1987; Ballaré et al., 1991;
Sharma et al., 1991; Tezuka et al., 1993; He et al,,
1994; Searles et al., 1995; Mark et al., 1996). Little
research has been focused on the woody pines
(Kossuth and Biggs, 19871; Sullivan and Teramura,
1992, 1994; Naidu et al., 1993).

In this study we have shown that the removal of
UV-B and UV-B/A from natural solar radiation caused
a large increase in the vegetative growth of Cyamopsis
as compared to Vigna species. These results corre-
spond to the earlier field studies (Ziska et al., 19971;
Nouchi et al., 1995; Lingakumar et al., 1999). A sig-
nificant increase in the shoot length also had occurred
in Cyamopsis when the UV-B and UV-B/A compo-
nents in sunlight were removed. This suggests that the
level of UV-B present in solar radiation produced a
strong effect on the shoot elongation in plants like
Cyamopsis, but not in V. mungo. Reduction in plant
height in response to supplementary UV-B radiation
has been reported for soybean (Biggs et al., 1981),
cucumber (Murali and Teramura, 1985) and cotton
(Ambler et al., 1975). Tevini et al. (1981) found that
IAA absorbs in the UV-B range and the UV radiation-
modified product may be the cause for the reduction
in shoot growth. Ambler et al. (1975) found no effect
on the plant height in sorghum and corn at high UV
irradiance from unfiltered lamps under field condi-
tions. Among the parameters studied, changes in the
leaf expansion were prominent. The increase in shoot
length of (-)UV-B and (-)UV-B/A grown Cyamopsis
appears to be due to an overall enhancement growth
of the plant as evidenced by the accumulation of
more dry matter (55%) than ambient UV-B grown
plants.

The results of the growth analysis of Cyamopsis
used in our study showed an increase in the shoot
length, leaf size and biomass production when the
solar UV-B radiation was excluded and an additional
increase in growth was observed when UV-A radia-
tion also was excluded. These findings suggest that
even small changes in ozone depletion may have

important biological consequences for certain plant
species.

The Chl and carotenoid content in seedlings grown
under UV-B and UV-B/A filtered radiation showed a
significant increase in Cyamopsis and slight increase in
V. mungo and V. radiata. Such increase was found to
be due to the enhanced synthesis of Chl a rather than
Chl'b. Enhanced UV has been shown to cause dam-
age to chl b rather than chl a which could be due to
its direct absorption (Lingakumar and Kulandaivelu,
1993) or due to inhibition in Chl biosynthesis (El-
Mansy and Salisbury, 1997). On the other hand, on
removal of the stress, the inhibition is overcome or
degradation processes might have been ‘stopped,
resulting in an accumulation of these pigments. Signif-
icant reduction in total Chi and carotenoids found in
Cyamopsis exposed to ambient UV radiation is in
agreement with El-Mansy and Salisbury (1997). In the
present investigation, high Chl a/b ratio was obtained
in both the Vigna species (results not shown). UV-B
racdiation resulted in a greater reduction in the
amount of Chl b as opposed to Chl a and may point
to more selective destructions of Chl b biosynthesis or
degradation of precursors.

High level of UV-B radiation delays flowering and
thereby reducing the yield. In the case of Cyamopsis,
a delay in the onset of flowering was observed in the
ambient light grown plants. The reason for the delay
is probably the impact of solar UV radiation on the
biosynthesis of gibberellins as described by Saile-Mark
(1993) in Hyoscyamas niger. The reason for vyield
reduction may be due to alterations in the reproduc-
tive phase, e.g. flower suppression and /or delay of
flowering as well as morphological changes. As far as
the pod fresh weight is concerned, Cyamopsis and V.
racliata plants showed a remarkable increase, whereas
V. mungo showed a negative change.

Our results show that the exclusion of UV-B or UV-
B/A from the solar radiation brings about a larger
increase in the vegetative growth, pigments as well as
in crop vield in certain tropical crops. However, these
changes are species specific.
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