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Abstract
The present study was conducted with eight cultivars of soybean (Glycine max) to determine the effect of exclusion of solar UV-B
on the vegetative growth (plant height, leaf area, no. of nodes), UV absorbing compounds (implicated in UV protection) and crop
yield (No. of pods and seed weight) and to determine the cultivar difference in their sensitivity to ambient UV-B. Exclusion of solar
UV-B enhanced the vegetative growth and yield of all the soybean cultivars. The results showed a significant inverse association
between the enhancement in vegetative growth and number of pods among the cultivars tested, indicating differences in the carbon
partitioning amongst the cultivars by the way of exclusion of solar UV-B. NRC-7, Pusa-24 and JS-335 showed maximum promotion
in vegetative growth and less enhancement in crop yield after solar UV-B exclusion. Kalitur, JS71-05, Hardee, PK-472 and PK-1029
showed improved performance both in terms of number of pods/plant and seed weight after solar UV-B exclusion. An enhancement
in the crop yield by exclusion of solar UV-B indicated poor response of the cultivar to the ambient solar UV-B; these cultivars would
be more suitable at latitudes, which received less UV-B. According to UV-SI, sensitivity of eight Indian soybean cultivars to ambient
level of UV-B (280-320 nm) radiation had the following descending order; PK-472 > JS-335 > Hardee > Kalitur > JS71-05 >
Pusa-24 > NRC-7 > PK-1029. These findings suggest the way to select the best-suited cultivar for particular latitude.
Key words: Exclusion, Leaf Area, Sensitivity index, UV-Absorbing substances.

INTRODUCTION
A wealth of research effort during the past decades
has been directed towards quantifying the potential
effects of UV-B fluxes on plant parameters (Madronich
et al., 1995; Guruprasad et al., 2007). Numerous studies
have investigated the effects of elevated UV-B on plants,
and have shown a diverse range of responses, including
changes at the physiological, morphological, biochemical

and molecular levels (Carletti et al., 2003; Paul and GwynnJones, 2003; Guruprasad et al., 2007). These studies
have shown deleterious effects of UV-B such as reduced
photosynthesis, biomass reduction, decreased protein
synthesis, damage to nucleic acids and lipids (Jansen et
al., 1998; Rathore et al., 2003).
The level of ambient UV-B radiation in sunlight varies with
reference to latitude and is relatively higher in tropical regions
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than in temperate regions. In tropics, due to small solar zenith
angle and the thin stratospheric ozone layer, terrestrial plants
encounter much higher level of UV-B radiation than at higher
latitudes (Caldwell et al., 1989; Madronich et al., 1995).
Plants in their need to capture sunlight for photosynthesis
are unavoidably exposed to higher amount of UV-B radiation
under tropical conditions. Soybean crop introduced to India
in 1960s is being propagated at a fast rate and several new
cultivars are being released. The optimum performance of
a variety apart from other factors would also depend on its
tolerance to solar UV-B.
An assessment of the impact of solar UV-B at given
latitude is possible by growing plants after the exclusion of
this radiation by using specific filters. The studies carried
out by different laboratories using this approach have
generally focused on UV-B impacts on plant growth and
morphology and their results have been mixed. Caldwell
(1968) did not find any significant effect of solar UV-B
exclusion on the naturally occurring plants of alpine plant
community. Tezuka et al., (1993) obtained a transient
reduction in biomass accumulation in tomato plants by
excluding solar UV-B in field experiments carried out in
Japan, whereas Becwar et al., (1982) did not detect any
effect of UV-B exclusion at a high elevation site in Colorado
on final biomass of plants of potato, radish and wheat. Such
exclusion studies in radish have shown an enhancement in
leaf growth but decrease in the yield (Zavala and Botto,
2002). An increase in biomass and yield by exclusion of
solar UV-B has also been observed in tropical crops like
Cyamopsis and Vigna (Amudha et al., 2005) and in an
Indian variety of soybean (JS-71-05) (Varalakshmi et al.,
2003; Guruprasad et al., 2007).
Increase in the UV-B radiation is known to reduce
biomass, leaf area, yield and photosynthesis (Golaszewska et
al., 2003; Jayakumar et al., 2004; Pal et al., 2006; Guruprasad
et al., 2007) and increased UV absorbing compound (Flint
et al., 2004). Plants are more resistant to UV-B then are
microbes or mammalian cells, because they produce a
variety of secondary metabolites that effectively absorb UV-B
and prevent it from penetrating leaf mesophyll (Caldwell et al.,
1995; Mazza et al., 2000).
Responses of plants to UV-B vary not only among the
species, but also among the varieties of same species (Tevini,
2000). Variations in responsiveness of different species and
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varieties to UV-B were also reported for a variety of plant
species (Smith et al., 2000; Yanqun et al., 2003; 2004; Li
et al., 2010). Smith et al. (2000) concluded that variations
in UV-B sensitivity between different species represent the
relative contribution of morphological, physiological and
biochemical differences, but variations within species are
usually more subtle.
In the present investigation eight Indian soybean cultivars
have been tested for their response to ambient level of UV-B at
Indore (Latitude-22.4oN) India.

MATERIALS AND METHODS
Seeds of soybean (Glycine max) cultivars: PK 472,
PK 1029, Pusa 24, JS 71-05, JS 335, Hardee, NRC 7 and
Kalitur were obtained from Directorate of Research for
Soybean, Indore (M.P.). The seeds, graded by weight in order
to ensure uniform seed size within a cultivar by excluding
the heaviest and lightest 10% of the seeds, were surface
sterilized and then inoculated with a slurry of Rhizobium
japonicum strain before sowing in the field area of 120 x 90
cm in three feet rows planted 0.3m apart with 0.06m plant
spacing within the row under iron cages of dimensions [4
feet L × 3 feet W × 3 feet H]. All the field experiments
were carried out during Rabi season in the Botanical
garden of School of Life Sciences, Devi Ahilya University,
Indore, India. The cages received full solar radiation for
most of the day without shading. The plots were irrigated
regularly to avoid water stress. Temperatures both inside
and outside each enclosure where monitored daily using
max/min thermometers. The average daily temperature at
outside raised from 25° to 27° C during the growing period
of October 2009 to January 2010. The temperature inside
the cages never differed more than 2° C from the external
air temperature.
For the exclusion of UV-B, sunlight was filtered through
Polyester cut off filters (Garware Polyester Limited, Mumbai),
these filters were wrapped on iron cages in which the plants
were grown. The plants grown under UV-B exclusion filters
were compared to control plants (ambient UV-B) growing in
the cages, which were covered by polythene that transmits
all the UV radiation in sunlight. The transmission/exclusion
characteristics of these filters were measured by Shimadzu
(UV-160) spectrophotometer (Figure 1).
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Figure 1. Transmission spectra of UV-B cut off filter and Control filter used in
growth cabins for raising soybean plants under natural condition. The spectra
were between 200 to 700 nm by using an UV-Visible Spectrophotometer. No
transmission spectral change was noted during the experimental period.

Absolute solar irradiance without UV-B was measured
using a radiometer (IL 1350, International light Inc) U.S.A. The
ambient solar irradiance during experimental period at midday
was 10 W/m2/ s the loss in light intensity at midday by -UV-B
filters was 17% (8.3 W/m2/ s) and 20% (8 W/m2/ s) under
UV-A/B filter and 5% (9.5 W/m2/ s), under polythene filter
transmissible to UV (Control). The PAR intensity for normal
plant growth was observed to be optimal saturating light.
Plant height, number of nodes/plant, number of pods,
seed yield (g/plant) have been taken at the crop maturity in
three replicates of five plants each. Plant population was
uniform at the time of maturity of crop. Leaf area and UV
absorbing substances (UAS) were monitored in fully matured
third trifoliate leaves at fifth node. Leaf discs of 100 mm2 were
taken and these discs were extracted in 10 ml of acidified
methanol (79:20:1 v/v methanol, water, HCl) for measuring
UV absorbing compounds, according to the procedure of
Mirecki and Teramura, (1984). The absorbance was taken at
300 nm using Shimadzu Spectrophotometer.
Differences in the UV-sensitivity of the eight cultivars
were ascertained by a UV sensitivity index (UV-SI) which was
calculated according to the following equation (Saile-Mark
and Tevini, 1997):
UV-SI =

Plant height + UV - B
Plant height - UV - B

+

Dry weight + UV - B
Dry weight - UV - B

+

Grain yield + UV - B
Grain yield - UV - B

UV-B exclusion had a common effect of enhancing
the plant height, number of nodes and the area of the
third trifoliate leaf in all the cultivars. The area of third
trifoliate leaf showed enhancement, varied between
a maximum of 53 % of control (var. JS-335) to a
minimum of 3.4 % of control (Pusa-24) (Figure 2) at
5th node. Average number of nodes/plant was enhanced
in all the eight cultivars by the exclusion of UV-B. The
enhancement varied quantitatively from 37% (Hardee)
and 28% in (Kalitur) to 4% in (PK-1029) (Figure 3). The
plant height was enhanced by 20% to 31% of control
in six of the cultivars (PK- 472, NRC- 7, Pusa -24, JS
-335,JS -7105,PK -1029) (Figure 4).
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Figure 2. Effect of exclusion of solar UV-B on the area of third trifoliate leaf of
soybean cultivars. The vertical bar indicates ± SE for mean. The plants raised
in polythene filters were taken as control.
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Figure 3. Effect of exclusion of solar UV-B on the number of nodes in soybean
cultivars. The vertical bar indicates ± SE for mean.

An UV-tolerant plant has an UV-SI of 3, whereas UV-SI
values below 3 indicate an UV-sensitive plant.
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enhancement in height showed less increase in the number of
pods/plant with the exception of JS 71-05 (Figure 8).
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Figure 4. Effect of exclusion of solar UV-B on plant height in soybean cultivars.
The vertical bar indicates ± SE for mean.
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Figure 6. Effect of exclusion of solar UV-B on number of pods/plant in
soybean cultivars. The vertical bar indicates ± SE for mean.
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All the eight cultivars showed a decline in the amount
of UV absorbing substances synthesized by the exclusion of
UV-B in third trifoliate leaf in all the eight cultivars (Figure 5).
The decline varied quantitatively from 32% (JS-335) to 2.5%
(PK-1029) (Figure 5).
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Figure 7. Effect of exclusion of solar UV-B on seed yield/plant in soybean
cultivars. The vertical bar indicates ± SE for mean.
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Also, an inverse association between the enhancement
in the height of the plant and increase in number of pods/
plant was detected. The cultivars with higher than 25%
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We found an enhancement in the number of pods/
plant and seed yield after exclusion of solar UV-B in all the
cultivars tested. Out of 8 cultivars, in 4 cultivars, there was
a significant increase in the number of pods/plant from 35
to 43 % (Kalitur, Hardee and PK- 472); in the rest of the
cultivars there was less than 20% enhancement (Figure 6).
The seed yield was enhanced to the maximum in Hardee
(53% of control) then in PK-472 (51%) and minimum in PK1029 (4 % of control) (Figure 7).
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Figure 5. Changes in UV absorbing substances expressed per unit fresh
weight of soybean leaf due to exclusion of UV-B. The vertical bar indicates
± SE for mean.
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Figure 8. Inverse association between plant height and number of pods/plant
in soybean cultivars after exclusion of solar UV-B. The vertical bar indicates
± SE for mean.
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There were intraspecific variations in the UV-B sensitivity
amongst the soybean cultivars tested according to UV
Sensitivity Index (UV-SI) by the exclusion of solar UV-B. The
sensitivity index was numerically lowest in PK-472 (1.87) and
highest for PK-1029 (2.64) rest of the cultivars exhibited UVSI as JS-335(2.13), Hardee (2.24), Kalitur (2.29), JS 71-05
(2.29), Pusa-24(2.35) and NRC-7(2.38) (Figure 9).
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Figure 9. UV sensitivity index in eight cultivars of soybean after exclusion of
ambient UV-B. The vertical bar indicates ± SE for mean.

DISCUSSION
Exclusion of UV-B had a general effect of enhancement in
growth and yield of all the eight cultivars; although there were
significant quantitative differences. In terms of yield cv. Kalitur,
Hardee, JS71-05 and PK-472 showed improved performance
both in terms of number of pods and seeds produced (Figure
6, 7). An enhancement in the seed yield by exclusion of solar
UV-B implies a poor adaptation of the cultivar to the ambient
solar UV-B. These four cultivars may give better yield only
in those latitudes, which receive less of UV-B radiation.
Enhancement in the biomass and yield by UV-B exclusion has
been recorded earlier in India in Cymopsis, Vigna (Amudha et
al., 2005) and soybean variety JS-71-05 (Varalakshmi et al.,
2003; Guruprasad et al., 2007).
There was a significant inverse association between the
enhancement in the vegetative growth of plant and the number
of pods/plant amongst the cultivars tested. This data indicates
differences in the carbon partition amongst the cultivars by
way of exclusion. In general photosynthesis is enhanced in
all the cultivars since the leaf expansion was enhanced by
exclusion of UV-B (Figure 2). The additional carbon fixed is

either directed towards the enhancement of vegetative growth
or towards the production of pods and seeds. Those cultivars
in which the partition of carbon is towards enhancement of
growth show very less enhancement in the yield and their yield
may not vary in latitudes with less of ambient UV-B radiation.
Zavala and Botto, (2002) also found that plant height
was greater in radish plants grown under solar UV-B exclusion
than those grown under ambient UV-B but on the other hand
the percentage of dry matter partitioned to the tubers, the
tuber fresh weight and the tuber diameter was consistently
increased in plants grown under solar UV-B relative to those
developed under UV-B exclusion. They came to the conclusion
that in addition to source activity, strengthened sink demand
may affect the biomass partitioned to tubers.
Sensitivity indices or response indices have established
as useful indicators of plant sensitivity to UV-B radiation
(enhanced or supplemental) (Saile-Mark and Tevini, 1997). The
UV sensitivity index of all the cultivars tested was significantly
less than 3, and it seems that all the tested cultivars are
sensitive to ambient levels of UV-B. Cultivar PK-472 exhibited
sensitivity index of 1.87 which seems to be highly affected
by the ambient levels of UV-B and cultivar PK-1029 shows SI
(2.64) is the least sensitive amongst the cultivars tested. These
results indicate that ambient levels of UV-B have deleterious
effect on the growth and yield characteristics in tested
soybean cultivars. According to UV-SI, sensitivity of eight
Indian soybean cultivars to ambient level of UV B (280-320
nm) radiation at Indore (22.40N) had the following descending
order; PK-472>JS-335> Hardee>Kalitur>JS71-05>Pusa24>NRC-7>PK-1029 (Figure 9).
A close link is also evident from the data between the
partition of carbon to secondary and primary metabolism
and its regulation by solar UV-B. Cultivars with lower UV-B SI,
in which the amount of UAS is reduced to the maximum by
UV-B exclusion (cv. JS-335, JS 71-05, Kalitur and PK-472,
Figure 5); the weight of the seeds produced is enhanced to
a high level (Figure 7). Whereas cultivars with higher UV-B
SI in which the amount of UAS is reduced to lesser extent
by exclusion of UV-B (cv. NRC-7, Pusa-24 and PK-1029) the
weight of the seeds produced is less (Figure 7) A decrease in
UAS was also found in radish and Cyamopsis by the exclusion
of UV-B from solar radiation (Zavalla and Botto, 2002; Amudha
et al., 2005). Intraspecific differences in the composition and
concentration of flavonoids have been shown to determine
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the UV sensitivity amongst five cultivars of Cucumis sativus
(Murali and Teramura, 1986) and in two cultivars of soybean
(Murali et al., 1988). Thus the differences in the partition of
carbon by UV-B exclusion may help in the selection of the
cultivar. Exclusion studies will have significance under tropical
environment where the plants receive higher amount of
ambient UV-B. Exclusion studies would help in the assessment
of the adaptability of a cultivar to ambient UV-B received and
selection of the best-suited cultivar for given latitude. These
intraspecific differences suggest that future attempts at
breeding for increased tolerance to UV-B radiation might be
successful.
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