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Abstract

Introduction: A field study was conducted to determine
impact of UV (280-400 nm) radiation on a popular Indian
soybean variety JS 335. Specifically, the influence of ambi-
ent UV radiation on crop growth, PS Il efficiency, perfor-
mance index and leghemoglobin along with peroxidase ac-
tivity was investigated by the exclusion of UV radiation from
solar spectrum.

Method: The plants were grown in specially designed
UV exclusion chambers, wrapped with filters that excluded
both UV-A/B (<400 nm), UV-B (<315 nm), transmitted all
the UV or lacked filters. Growth, biochemical and physiolog-
ical analysis were carried out on 40" Day After Emergence
(DAE) of soybean seedlings.

Results: Exclusion of UV significantly enhanced growth
parameters of above-ground (plant height, fresh weight, dry
weight, leaf area) as well as underground parts (root length,
root fresh weight and dry weight) of soybean as compared
to control plants. Performance index in leaves and Leghe-
moglobin (Lb) content in root nodules also showed a re-
markable increase after UV exclusion. Reduced peroxidase
activities in leaves and nodules of soybean show alleviation
of oxidative stress after UV exclusion. The results are dis-
cussed in the light of advantage of UV exclusion for enhanc-
ing carbon as well as nitrogen fixation and hence yield of
soybean.

Cite this article: Joshi-Paneri J, Sharma S, Guruprasad KN. Impact of Exclusion of Solar UV on Growth, Performance
Index of Photosystem Il and Leghemoglobin Content of Soybean Var. JS 335. J Plant Biol Crop Res. 2020; 3(1): 1023.
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Introduction

Light is a well-known damaging factor of the photosynthet-
ic apparatus both in the visible and in the ultraviolet spectral
range. Nitrogen fixation and photosynthesis process posses
their obvious importance by which atmospheric nitrogen comes
in the plant system and light energy from the sun is trapped and
converted to chemical energy in the form of ATP, NADPH and or-
ganic matter. Depletion of ozone in stratosphere causes harm-
ful effects on human health and crop growth. Ozone layer in
stratosphere protects us from harmful UV radiation of sun. The
depletion of ozone by human activities has become the subject
of interest from last few decades, since reduction in ozone in-
creases UV radiation on earth.

While harvesting light, photosynthetic organisms are un-
avoidably exposed to the UV region of solar spectrum. Crop
plants grown under tropical conditions receive approximately
50% higher dose of UV-B in the natural solar radiation com-
pared to temperate regions due to small solar zenith angle and
thin stratospheric ozone layer. The solar spectrum received at
the earth’s surface has a small component of UV-B (280-315
nm) and a large component of UV-A (315-400 nm) (22% and
72% of original solar radiation, respectively). These UV radia-
tions damage lipids, nucleic acid and proteins in the leaves of
higher plants and specifically target the photo system Il (PS 1)
reaction center, Rubisco, chloroplast, ATPase and violaxanthin
deepoxidase [1-3]. The enhanced exposure to UV-B is potential-
ly detrimental to all living organisms but is especially harmful
for plants due to their obligatory requirements of sunlight for
survival, and its interaction with UV absorbing biological mol-
ecules such as nucleic acid, proteins, lipids and phytohormones
[4]. The effects of UV-B radiation on terrestrial plants have been
studied in considerable details over the last two decades, but
the underlying mechanism governing these integrated respons-
es are not fully known.

Increase in the UV-B radiation is known to reduce biomass,
leaf area, yield and photosynthesis [5-10]. Compilation of the
data of the last two decades suggest that nearly 50% of the crop
plants are affected by elevated level of solar UV-B making it one
of the most important abiotic stress factors to influence most of
the plant growth parameters [11-13]. UV exposure causes loss
in Ribulose-1,5-bisphosphate carboxylase/oxygenase (Rubisco)
activity, and a down regulation of mRNA for Rubisco transcripts
[14], increased expression of stress response and ribosomal
protein genes, whereas photosynthesis associated genes were
down- regulated [15]. UV-B radiation damage photosynthet-
ic apparatus, leading to decreased oxygen evolution and CO,
fixation [16]. Chlorophyll a fluorescence transient indicates the
UV-B damage on PS Il by reduced electron flow from reaction
center to plastoquinone [17]. also support the view that dam-
age to the PS Il quantum yield is robustly and linearly related
to carbon fixation. Using chl a fluorescence induction curve it
is possible to resolve that UV-B treatment inhibits the energy
transfer within PS Il reaction centre [18,19]. Vass [20] showed
that UV-A irradiance causes loss in maximal fluorescence vyield
and rate of fluorescence rise from F_via level J and | to the peak
P. Kautsky curve is highly affected by ambient UV-B light [21]
followed by strong reduction in the variable to maximal fluo-
rescence values (Fv/Fm) of dark adapted leaves [22] leading to
decreased potential efficiency of PS II.

Ontheother hand, exclusion studies have indicated enhanced
growth of plants like radish [23], Cymopsis and Vigna [24], cu-
cumber [25], cucumber and cotton [26] and soybean [11,27].

Exclusion of UV radiation from the natural solar spectrum re-
sulted in an elevated overall activity of Rubisco, related to an
increase in its cellular concentration [28], CO, uptake and pho-
tosystem | efficiency [29] and increase in the root biomass [30].
These findings indicate alleviation of stress after UV exclusion.

Most of the deleterious effects of UV-B radiation are related
to the formation of free radicals, resulting in oxidative stress.
Reactive oxygen species (ROS) are routinely generated in low
levels in non-stressed plant cells in chloroplast, mitochondria
and also by membrane bound exocellular enzymes involved
in redox reactions, its concentration increases under chemi-
cal and environmental stress conditions. Peroxidase have been
used as marker of stress, as they are involved in defense against
stress [31], they act to scavenge the deleterious species O,
H,0, and their derivatives, thus limiting: (a) the deterioration
of cellular membranes [32] and (b) the functional inactivation
of Lb*(reduced Lb)/ Lb*O, oxyleghemoglobin) [33,34]. Peroxi-
dase activity increases substantially in Arabidopsis following
UV exposure [35]. Increased peroxidase activity in response to
supplemental UV-B radiation is observed in detached Hibiscus
leaves [36] and Beta vulgaris [37]. Exposure of plant tissue to
UV-B results in enhancement of production of oxyradicals and
activates the plant antioxidant defence system against oxy-
radicals [38,39]. In the present study, peroxidase activity is
assessed in both leaf as well as nodules. Legumes and other
N_-fixing plants face oxidative risks especially leghemoglobin
protein beyond those proteins associated with photosynthesis.
As is the case with leaves, nodules are rich in strongly reducing
compounds, polyunsaturated fatty acids and O,-labile proteins
(most notably, nitrogenase itself), which can readily react with
0, and generate ROS. Nodules have high rates of respiration due
to the extensive energy demands of N, fixation, which results in
a high flux of O, into the nodule and, hence, an elevated risk of
ROS formation [40].

The present study has been undertaken with the model
plant soybean as soybean is widely known to be cheap, easily
available and a good source of rich and cheap protein compared
with expensive animal protein and other nutrients. India is 5%
largest producer of soybean in the world after USA, Brazil, Ar-
gentina and China. In India, it is the 3" largest oilseed crop next
to groundnut and mustard. About 98% of land under cultivation
is predominantly in 3 states in central India, M.P., Maharashtra,
and Rajasthan, with Indore city, the epicenter of soybean re-
naissance, situated at 22°4’ N and 75°50’E.

We paid particular attention in designing this experiment, to
make photosynthetically active radiation (PAR) and other mi-
croclimatic factors same through out the filter excluded cham-
bers and control chambers. In this report we are giving possible
reason for the enhancement in biomass and nitrogen fixation of
soybean plant grown under UV exclusion.

Material and methods
Plant material and treatments

Seeds of soybean (Glycine max L. merill) var. JS 335 were col-
lected from Directorate of Soybean Research, Indore, India. Field
experiments under natural sunlight were conducted in the bo-
tanical garden of School of Life Sciences, Indore, India at 22°43’
north latitude and 75°49'60" east longitude. Seeds of uniform
size were selected and treated with recommended fungicide
viz. Bavistin and Diathane M @ 2g/kg seeds, and then inocu-
lated with powdered Rhizobium japonicum (National Fertilizer
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limited, New Delhi, India) before sowing. A basal dose of N:P:K
@ 20:60:20 kg/ha was applied at the time of sowing. The seeds
were sown in plastic bags (34 cm H x 34 cm B; filled with mix-
ture of sand, soil and manure- 1:4:1) and kept inside iron cages
(4ft.L.x 3ft.W.x 3ft.H.) with UV cut-off filters (Garware polyester
Itd., Mumbai, India) that selectively cut-off UV-B (280-315 nm)
and UV-A+B (280-400 nm) radiation. The plots were watered
as needed and weeds were controlled manually. Two types of
control were taken under study, for FC (Filter Control) plants
the cages were covered with polythene film which transmits all
the ambient solar radiation, OC (Open Control) plants were di-
rectly exposed to natural solar radiation (Figure 1). Metal cages
received full solar radiation during the day without shading.
There was no significant temperature difference between con-
trol and UV-excluded chambers as horizontal holes in chambers
allowed passive air ventilation. Absolute solar irradiance, with
and without UV-B or UV-A+B, was measured with a radiome-
ter (PMA2100, Solar Light, Glenside, PA). The average ambient
solar irradiance at midday was 1455 pmol m™ s, the loss in
light intensity at midday was 11.34% (1290 umol m= s™*) under
-UV-A+B filters and -UV-B filters was 12.37% (1275 pumol m™
s™) and 4.32% (1392 umol m= s™) under the polyethylene filter
transmissible to UV (filter control). The PAR intensity for normal
plant growth was optimal saturating light. Emission characters
of these filters were measured by Shimadzu spectrophotometer
(model UV-1601, Shimadzu, Duisburg, Germany) (Figure 2).

Sampling and statistical analysis

Samplings were done on 40™ DAE before 8:00 AM for obtain-
ing all the data. The data were replicated in triplicate (n = 3); five
plants were taken from each replica for each parameter. Data
were subjected to analysis of variance using Prism 4 software
for windows (Graf Pad Software, Inc., LaJolla, CA) and means
separated with SEM.

Growth parameters of above-ground parts

Growth parameters of above ground parts of the plants were
measured on 40™ DAE for all the treatments. Plant height was
measured from the ground level to the raised leaf-tip with me-
ter rule. Plant fresh weight and dry weight were determined on
a top-loading balance. Plants were dried at 60 °C for 72 hours
for dry weight. Leaf area was taken by pressing the blotted dry
leaf on a cm graph paper, tracing the exact outline and weighing
the cut paper outlines. The calibration curve was prepared by
weighing 0-100 cm? area graph paper.

Growth parameters of below ground parts

Root length was measured in all the treatments on 40™ DAE.
Plant roots with nodules were taken out carefully, washed and
measured against a centimeter scale. The roots were dried on
filter paper and weighed for the fresh weight. For dry weight,
roots were dried at 60 °C for 72 hours. The number of root
nodules and the nodule fresh weight were recorded per plant.
Nodules on each root were counted, removed carefully and
washed. They were dried on filter paper and weighed for the
fresh weight in gm/plant.

Chlorophyll a fluorescence

Chl a fluorescence transient exhibited by dark-adapted (30
min) leaves was measured by a Handy PEA fluorimeter (Hansat-
ech Instruments, Pentney, King’s Lynn, UK) in fully opened third
trifoliate leaves of soybean plants from each treatment. The
transients were induced by red light (peak at 650 nm) of 600

W m= (3,200 uE m= s*) provided by an array of six light emit-
ting diodes, focused on the leaf surface in the clips on a spot of
4 mm diameter to provide homogenous illumination over the
exposed area of the sample. Data were recorded for 1 s with
12-bit resolution; the data acquisition was every 10 us for the
first 2 ms and every 1 ms thereafter. All the measurements were
recorded at 25+1 °C. The Chl a fluorescent transient, when plot-
ted on a logarithmic scale clearly showed a polyphasic fluores-
cence rise kinetics (O—J—I-P phase). The fluorescence intensity
at 20 ps was considered as the intensity F_ (O phase) when all
reaction centers are open, the fluorescence intensity at 2 ms
was J phase, 30 ms was | phase, and the maximum fluorescence
(F,) was the P phase. (Fp equals here to F_ since the excitation
intensity is high enough to ensure the closure of all reaction
centers of PS Il). We calculated the quantum efficiencies, such
as maximum quantum yield of PS Il photochemistry (F /F ),
which is equal to the efficiency by which absorbed photon will
be trapped by the PSII reaction center with the resultant reduc-
tion of Q, to Q,- (TR /ABS), phenomenological fluxes, such as
electron transport per leaf CS (ET /CS_), and the performance
index based on absorption of light energy (P, ). All these pa-
rameters were measured using the software Biolyzer HP 3 (Chl
fluorescence analyzing program by Bioenergetics Laboratory,
University of Geneva, Switzerland).

Extraction and estimation of Leghemoglobin (Lb) content

Leghemoglobin (Lb) was extracted from the root nodules
of 40-day old soybean plants and measured by the method of
Jun et al [41]. Root nodules (1.25 g) from the 40-day old plants
grown under ambient UV radiation, or under exclusion of UV-B
and UV-A+B were crushed in liquid nitrogen in a mortar with
pestle. The resulting powder was resuspended in 25 mL of 50
mM sodium phosphate buffer (pH 7.5) containing 1 mM™ EDTA,
1 mM! PMSF, betamercaptoethanol, and 10% polyvinyl pyrroli-
done (PVPP). The resulting solution was filtered through cheese
cloth and centrifuged at 20,000 g for 20 min. at 4 °C. The deep
red supernatant was saturated to 50% with solid (NH,), SO, and
then centrifuged at 15,000 g for 20 min at 4 °C. The pellet was
discarded, and the red supernatant was saturated to 90% with
solid (NH,),SO, and then centrifuged at 15,000 g for 20 min at 4
9C. The red pellet was resuspended in 15 mL of 20 mM Tris HCI
(pH 8.0) containing 1 mM (NH,), SO,. The Lb-containing frac-
tions (50 to 90% pellet) were detected at 410 nm by using UV-
Visible Shimadzu Spectrophotometer (model-UV1601).

Extraction and assay of peroxidase

Extraction: 30 mg tissue was crushed in a pre-chilled mortar
and pestle using chilled 80% acetone at 4°C. The extract was
centrifuged at 10000 x g for 10 min. The supernatant was dis-
carded and the pellet redissolved in 10 ml of 0.02 M phosphate
buffer (pH 6.4) and centrifuged for 15 min at 20000 x g. The
buffered supernatant was used for the peroxidase assay.

Assay: peroxidase was assayed by the method of Maehly
[42]. The reaction mixture contained 0.5 ml enzyme extract, 1
ml 20 mM guaiacol and 3 ml 0.02 M phosphate buffer. The reac-
tion was started by addition of 0.03 ml of H,0, (88.2 mM). The
initial and final absorbance was noted at 470 nm for 2 min. Ac-
tivity was calculated as change in OD min™® mg* protein.

Results
Plant Height and Leaf Area

Plant height was significantly enhanced by solar UV exclu-
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sion. Maximum enhancement of 57% and 39% in plant height
was observed by UV-A+B exclusion and UV-B exclusion, respec-
tively (Figure 3 & Figure 4).

Exclusion of solar UV increased area of leaves significantly.
UV-B exclusion enhanced leaf area by 32% whereas exclusion
of both UV-A+B enhanced it by 73% as compared to leaves of
control plants (Figure 5 & Figure 6).

Fresh weight and dry weight of plant

Enhancement of 75% (-UV-B) and 97% (-UV-A+B) was re-
corded in fresh weight. There was also an enhancement in dry
weight at this stage by 63% (-UV-B) and 111% (-UV-A+B) com-
pared to filter control plants (Figure 7 & Figure 8).

Chlorophyll a fluorescence

Kautsky curve for chl a fluorescence of third trifoliate leaf
showed an increase of 59% after UV-B exclusion whereas PI
(abs) showed increase of 68% after UV-A+B exclusion as com-
pared to control plants receiving ambient solar radiation (Figure
9 & Figure 10).

Root length

There was a significant increase in root length after the ex-
clusion of UV-B and this enhancement is increased by the exclu-
sion of UV-A/B. A 44% increase after UV-B exclusion and 94%
increase after UV-A+B exclusion was recorded as compared to
control plants grown under polythene filter permissible to UV-
A+B (Figure 11).

Fresh weight and dry weight of root

An enhancement of 54% (-UV-B) and 80% (-UV-A+B) in root
fresh weight was recorded. Root dry weight enhanced by 69%
(-UV-B) and 105% (-UV-A+B) as compared to control plants (Fig-
ure 12 & Figure 13).

Number of nodules

There was a significant increase in number of nodules after
exclusion of UV-B and this enhancement is increased by the
exclusion of UV-A+B at all the Days After Emergence (DAE) of
seedlings. An increase of 26% after UV-B exclusion and 59% af-
ter UV-A+B exclusion was recorded as compared to filter control
plants (Figure 14).

Nodule fresh weight

Nodule fresh weight significantly increased in plants grown
under UV exclusion filters. 70% increase after UV-B exclusion
and 82% increase after UV-A+B exclusion was recorded as com-
pared to control plants (Figure 15).

Leghemoglobin Content

Leghemoglobin was isolated from 1.25 gm of nodules on the
40" days of sampling. Crushed nodules resuspended in buffer
were fractionated with (NH,),SO, between 50 and 90% satura-
tion [40]. Fractions were collected and absorbance was taken
at 410 nm.

Exclusion of UV-B and UV-A+B radiation enhanced the leghe-
moglobin content in root nodules as compared to control plants.
After the exclusion of UV-B alone, there was 64% increase in
the leghemoglobin content which was further increased by 71%
after the exclusion of UV-A+B both compared to control plants
(Tablel, Figure 16 & Figure 17).

Peroxidase activity

Solar UV exclusion had a drastic effect on peroxidase activity in
leaves as well as nodules. Exclusion of UV-B reduced peroxidase
activity by 30% whereas exclusion of both UV-A+B reduced per-
oxidase activity by 40% in leaves. In nodules, UV-B exclusion re-
duced peroxidase activity by 36% and UV-A+B exclusion reduced
it by 45%. Also, it was found that peroxidase activity was much
higher in nodules as compared to leaves (Figure 18 & Figure 19).

Figure 1: Experimental setup.
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Figure 2: Transmission spectra of the UV-B and UV-B+A cutoff
filters used on wire mesh cages for growing soybean plants under
field conditions. The spectra between 200-700 nm by using an
UV-visible spectrophotometer.
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Figure 3: Effect of solar UV-B and UV-A+B exclusion on
plant height of soybean var: JS 335. Vertical bars are +SE.
UV-A+B and UV-B excluded plants were significantly differ-
ent at *** (P <0.001) compared to controls (Newman—Keuls
multiple comparison test). OC: Open control; FC: filter con-
trol; —~UV-B: exclusion of solar UV-B; and —UV-A+B: exclusion
of solar UV-A+B.
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Figure 4: Effect of solar UV-B and UV-A+B exclusion on
aerial and underground parts of soybean var: JS 335.
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Figure 5: Effect of solar UV-B and UV-A+B exclusion on leaf area
of soybean var: JS-335. Vertical bars are +SE. UV-A+B and UV-B ex-
cluded plants were significantly different at *** (P < 0.001), **(P <
0.01) compared to controls (Newman—Keuls multiple comparison
test). OC: Open control; FC: filter control; -UV-B: exclusion of solar
UV-B; and -UV-A+B: exclusion of solar UV-A+B.
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Figure 6: Effect of solar UV-B and UV-A+B exclusion on leaf area
of soybean var: JS 335.
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Figure 7: Effect of solar UV-B and UV-A+B exclusion on plant
fresh weight of soybean var: JS 335. Vertical bars are +SE. UV-A+B
and UV-B excluded plants were significantly different at *** (P <
0.001) compared to controls (Newman—Keuls multiple comparison
test). OC: Open control; FC: filter control; -UV-B: exclusion of solar
UV-B; and —UV-A+B: exclusion of solar UV-A+B.
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Figure 8: Effect of solar UV-B and UV-A+B exclusion on plant
fresh weight of soybean var: JS 335. Vertical bars are +SE. UV-A+B
and UV-B excluded plants were significantly different at *** (P <
0.001) compared to controls (Newman—Keuls multiple comparison
test). OC: Open control; FC: filter control; ~UV-B: exclusion of solar
UV-B; and -UV-A+B: exclusion of solar UV-A+B.
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Figure 9: Effect of UV-B and UV-A+B exclusion on fluo-
rescence emission transient of PS Il in third trifoliate leaf of
soybean var: JS 335.
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Figure 10: Effect of solar UV-B and UV-A+B exclusion on Per-
formance index of photosystem Il (Pl ) of soybean var: JS 335.
Vertical bars are +SE. UV-A+B and UV-B excluded plants were sig-
nificantly different at *** (P < 0.001) compared to controls (New-
man—Keuls multiple comparison test). OC: Open control; FC: filter
control; -UV-B: exclusion of solar UV-B; and ~UV-A+B: exclusion of
solar UV-A+B.
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Figure 13: Effect of solar UV-B and UV-A+B exclusion on root dry
weight of soybean var: JS 335. Vertical bars are +SE. UV-A+B and
UV-B excluded plants were significantly different at *** (P < 0.001)
compared to controls (Newman—Keuls multiple comparison test).
OC: Open control; FC: filter control; ~UV-B: exclusion of solar UV-B;
and -UV-A+B: exclusion of solar UV-A+B.
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Figure 11: Effect of solar UV-B and UV-A+B exclusion on root
length of soybean var: JS-335. Vertical bars are +SE. UV-A+B and
UV-B excluded plants were significantly different at *** (P < 0.001)
compared to controls (Newman—Keuls multiple comparison test).
OC: Open control; FC: filter control; -UV-B: exclusion of solar UV-B;
and -UV-A+B: exclusion of solar UV-A+B.
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Figure 12: Effect of solar UV-B and UV-A+B exclusion on root
fresh weight of soybean var: JS 335. Vertical bars are +SE. UV-A+B
and UV-B excluded plants were significantly different at *** (P <
0.001) compared to controls (Newman—Keuls multiple comparison
test). OC: Open control; FC: filter control; -UV-B: exclusion of solar
UV-B; and -UV-A+B: exclusion of solar UV-A+B.
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Figure 14: Effect of solar UV-B and UV-A+B exclusion on number
of nodules of soybean var: JS 335. Vertical bars are +SE. UV-A+B
and UV-B excluded plants were significantly different at *** (P <
0.001), ** (P < 0.01) compared to controls (Newman—Keuls mul-
tiple comparison test). OC: Open control; FC: filter control; -UV-B:
exclusion of solar UV-B; and —UV-A+B: exclusion of solar UV-A+B.
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Figure 15: Effect of solar UV-B and UV-A+B exclusion on nodules
fresh weight of soybean var: JS 335. Vertical bars are +SE. UV-A+B
and UV-B excluded plants were significantly different at *** (P <
0.001) compared to controls (Newman—Keuls multiple comparison
test). OC: Open control; FC: filter control; -UV-B: exclusion of solar
UV-B; and -UV-A+B: exclusion of solar UV-A+B.
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Figure 16: Spectral analysis of leghemoglobin isolated from
root nodules of soybean var: JS-335 in terms of fresh weight by
ammonium sulphate fractionation.
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Figure 19: Effect of solar UV-B and UV-A+B exclusion on peroxi-
dase activity in nodules of soybean var: JS 335. Vertical bars are
+SE. UV-A+B and UV-B excluded plants were significantly different
at *** (P < 0.001) compared to controls (Newman—Keuls multiple
comparison test). OC: Open control; FC: filter control; -UV-B: ex-
clusion of solar UV-B; and —UV-A+B: exclusion of solar UV-A+B.
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Figure 17: Effect of solar UV-B and UV-A+B exclusion on Lb con-
tent of soybean var: JS 335. Vertical bars are +SE. UV-A+B and UV-B -UV-A+B 0.258 0.412 171%x>
excluded plants were significantly different at *** (P < 0.001) com- . .
Discussion

pared to controls (Newman—Keuls multiple comparison test). OC:
Open control; FC: filter control; ~UV-B: exclusion of solar UV-B; and
-UV-A+B: exclusion of solar UV-A+B.
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Figure 18: Effect of solar UV-B and UV-A+B exclusion on peroxi-
dase activity in leaves of soybean var: JS-335. Vertical bars are +SE.
UV-A+B and UV-B excluded plants were significantly different at **
(P <0.01) compared to controls (Newman—Keuls multiple compari-
son test). OC: Open control; FC: filter control; ~UV-B: exclusion of
solar UV-B; and —UV-A+B: exclusion of solar UV-A+B.

The present study revealed that exclusion of UV-B and UV-A
from the solar radiation causes significant physiological and
biochemical changes in soybean var. JS 335. There is a signifi-
cant visible difference in the plants grown under the exclusion
of UV-B and UV-A compared to those grown under the ambi-
ent solar radiation. Omission of UV-B radiation enhanced the
plant height, leaf area, fresh and dry weight of plant and root,
number of root nodules and their fresh weight. All these param-
eters are further promoted by excluding UV-A along with UV-B
as compared to the plants grown under the ambient solar ra-
diation. The results of the present study indicate that UV-A has
more impact on the growth of the plants than UV-B. Exclusion
of UV components leads to overall increase in biomass in terms
of fresh and dry weight. These results were supported by chlo-
rophyll a fluorescence data showing significant enhancement in
performance index (Plabs) after UV exclusion. Also, the improved
efficiency of PSIl has been observed after UV exclusion which in
turn contributes in enhancing photosynthesis and carbon fixa-
tion as well. These results are also in accordance with recent
study on soybean showing increased F /F_and F /F_after UV
exclusion [43]. Biochemical analysis of nodules has revealed
enhancement in total soluble proteins, specific enhancement
in the level of leghemoglobin content a protein which plays an
important part in fixation of nitrogen in the nodules, an indirect
evidence for increased nitrogen fixation [44,45].
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UV exclusion leads to considerable decrease in the activity
of peroxidase enzyme which protects leaves and the nodular
tissues against oxidative damage. Thus, reduction in the peroxi-
dase activities after UV exclusion indicate decrease in oxidative
stress of UV excluded plants [43].

Conclusion

In conclusion, these results indicate that the presence of
UV-B and UV-A components in sunlight was the cause of inhi-
bition of some morphogenetic expression and loss in carbon
and nitrogen assimilation. Industrialization, transportation,
population growth and energy consumption have all contrib-
uted to a sharp rise in the concentration of CO, from a near
stationary level of 270 ppm two centuries back, to the present
level of 350 ppm, with a tendency to rise further in the next
few decades. Since soybean is rich in protein and exclusion of
UV enhanced vegetative biomass in a fixed land area infers that
soybean plant have the potential for fixing more carbon and ni-
trogen, this potential is suppressed by the UV component of
solar spectrum. Enhancement of photosynthesis by exclusion of
solar UV components is one of the very new method for car-
bon sequestration. The present data on exclusion of solar UV
radiation indicates an effect on the activity of nitrogen fixation
by enhancement in the synthesis of leghemoglobin. Increased
growth of aerial parts seems to be deriving more nitrogen to
support growth and enhanced protein synthesis. More carbon
sequestration, nitrogen fixation and thus overall productivity af-
ter UV exclusion open more lines of investigations and avenues
for research in this field.
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