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ABSTRACT

The effects of ultraviolet-B (UV-B) radiations were studied on strawberry. The transplanted plants
were irradiated with UV-B (280-320 nm) for 30, 60, 90 and 120 minutes on 20", 40", and 60" days
after transferring. The enhanced UV-B radiation caused a negative effect on photosynthetic
pigments and protein content of strawberry. Distinct decreased as a result of UV-B irradiation in
contents of chlorophyll a, chlorophyll b, carotenoids and protein content was observed in
strawberry. The impact of increase of duration of UV-B irradiation was also observed and found to
be directly proportional.
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1. INTRODUCTION UV radiation reaching the earth’'s surface

depends on many factors, the most important of
A decrease (1%) in ozone layer will cause an which are: The time of year and day i.e. the
increase (2%) in UV-B radiation. The intensity of distance of sun from the earth, latitude and
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altitude. UV radiation (UVR) constitutes
approximately 5% of the solar radiation that
reaches the earths surface. UVR constitutes UV-
A, UV-B, and UV-C. Of the solar UV energy
reaching the equator, 95% is UV-A, and 5% is
UV-B. No measurable UV-C from solar radiation
reaches the earth’s surface, because the
shortest UV wavelengths are completely
absorbed by ozone, molecular oxygen, and water
vapour in upper atmosphere. The last two
decades have witnessed a decrease in ozone
concentration within the stratosphere which has
resulted in more UV-B radiations reaching the
earth surface. Studies have shown that
penetration of harmful UV-B radiations have
caused deleterious biochemical as well as
physiological effects on plants. These effects are
mainly due to the absorption of these radiations
by proteins, nucleic acids and lipids, which have
resulted in reduced photosynthesis, growth and
biomass accumulation in plants [1]. Ever since
the appearance of ozone hole over the Antarctic
in early 1980s, many studies pertaining to the
effect of increased UV-B radiation have been
conducted. The studies have shown the
alteration in chloroplast and thylakoid membrane
[1], reduced ribulose 1,5 bisphosphate
carboxylase/oxygenase (RUBISCO) activity,
changes in functioning of the photosystem Il (PS-
Il) reaction center and oxygen evolving complex
[2] and stomatal closure are important
mechanisms through which UV-B radiation led to
reduced photosynthesis. Enhanced UV-B
radiation causes structural, physiological, bio-
chemical and molecular changes in plants. UV-B
radiation affects plants in several ways e.g. by
impairment of decrease in protein synthesis and
lowering of m-RNA levels of photosynthetic
genes [3]. UV-B exposure also resulted in
regulation of genes involved in the synthesis of
phenolic compounds. Since global warming and
changing environmental conditions are leading to
higher incidence of UV-B radiation on the earths
surface, this will be an important additional stress
for the development of cash crops and it may
have serious economic implications. Increased
UV-B radiation may include detrimental changes
to plants’ anatomical features, photosynthesis,
biomass and flowering, although some of the
changes may be taken as positive responses for
some plants [4]. It has been reported that
photosynthesis and photosynthetic productivity of
some higher plants are vulnerable to increased
UV-B radiation [5,6]. It has been seen that water
oxidizing complex (WOC) is the most sensitive
target of UV-B damage in PS-Il [7]. It has also
been noticed that UV-B impact on RUBISCO
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results in break down products, 66 Kilo Dalton is
the result of tryptophan photolysis under UV-B
exposure. Both subunits of RUBISCO contain
tryptophan [8]. Thus study is aimed to study the
effects of UV-B radiation on the photosynthetic
pigments and protein content of strawberry
plant.

2. MATERIALS AND METHODS

The experiment was performed at the
Department of Biological Sciences of Allahabad
Agricultural  Institute  Deemed  University,
Allahabad (UP) situated in the eastern Gangetic
plains of India at 24°97N latitude and 82°271
longitudes and 96 m above mean sea level. The
variety of strawberry used in this study is “Sweet
charlie”. Soil and farmyard manure (FYM) was
sieved and mixed in 3:1 ratio, respectively. In
each pot 4 Kg of this mixture was added and
before transplanting, urea, phosphorus and
potash were mixed in 1:1:2 ratio. A spray of
Dithan M-45 (0.2%) was given to each pot. UV-B
exposure was provided artificially by Q panel UV-
B 313 fluorescent lamps (Q panel, Cleveland,
Ohio, USA) in UV-B chamber. Plants were kept
at 30 cm distance from the UV source and
iradiated at 20", 40", and 60" day after
transferring for 30, 60, 90 and 120 minutes to
maintain an overall dosage of 20J/square which
is optimal for viability.

2.1 Estimation of Chlorophyll

The chlorophyll was estimated following the
method of Arnon [9]. Fresh leaves (0.1 g) were
homogenized thoroughly in 10 ml of 80%
acetone, and centrifuged at 6000 rpm. The
supernatant was collected and the absorbance
was recorded at 663 and 645 nm. The
chlorophyll a and b were quantified by using the
following formula.

Chlorophyll a = 12.7 (Ags3) - 2.60 (Asss) X V
1000 x W

Chlorophyll b =22.9 (Aess) - 4.68 (Aes3) X V
1000 x W
Where,

V= Volume of acetone

W = Fresh Weight of sample
Agsz = Absorbance at 663nm.
Aess = Absorbance at 645nm.

Chlorophyll
Weight.

was expressed as mg/g Fresh



2.2 Estimation of Carotenoids

The carotenoids were determined according to
Duxbuy and Yentshe [10]. Leaves (0.1 g) were
homogenized in 10 ml of 80% acetone, and
centrifuged at 6000 rpm. The absorbance of
clear supernatant was recorded at 480 and 510
nm. Carotenoid was quantified by using following
formula:

Carotenoid = 7.6 (Dyg0) — 1.49 (Ds10) XV
d x1000 x W

Where,

V= Volume of acetone
d = Length of cuvette.
W = Fresh Weight of sample.

The amount of carotenoid is expressed as mg/g
fresh weight of leaves.

2.3 Protein

Protein was estimated following the method of
Lowry et al. [3].

Extraction of protein: Sample (100 mg) was
homogenized with the help of pestle and
mortar in 5 to 10 ml of phosphate buffer (pH-7).
The sample was harvested by centrifugation
and the supernatant was used for protein
estimation.

2.4 Statistical Analysis and Presentation
of Data

The data were analysed statistically as
suggested by Prof. R. A. Fisher [11]. The results
were interpreted on the basis of ‘F’ test and
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critical difference (at 5% level between means).
ANOVA table was wused for testing the
hypothesis.

3. RESULTS AND DISCUSSION

Chlorophyll a, b and carotenoid decreased non-
significantly in all UV-B irradiated plants
compared to controls (Table 1).

Chlorophyll and carotenoids are the central
parts of the energy manifestation of virtually
every green plant system and any alteration
in their levels is likely to cause a marked effect
on the entire metabolism of the plant. Earlier
reports suggested that UV-B may modify the
amount of photosynthetic and accessory
pigments. Deleterious UV-B effects may be
largely partitioned between damage to plant
genome and photosynthetic machinery [12].
Almost every facet of the photosynthetic
machinery can be damaged directly by UV-B
exposure.

Several studies have demonstrated that PS-II,
component of the photosynthetic apparatus is
most sensitive to increased UV-B radiation [13]
while others suggested that UV-B radiation
inhibits photosynthesis without an appreciable
effect on PS-Il photochemistry [14,15]. Various
other reports also suggested decrease in
chlorophyll and carotenoids contents in plants
when exposed to enhanced UV-B radiation [16-
20]. However, there are few reports suggesting
increase in the chlorophyll content [21-23].
Reduction in chlorophyll content (Figs. 2, 3) may
be due to degradation of chlorophyll and their
precursors. Combined effect of UV-B radiation on
various parameters of strawberry plant is referred
to in Fig. 1.

Table 1. Photosynthetic pigments and protein content of strawberry under enhanced levels of

UV-B radiation

UV-B treatments Chl a Chl b Carotenoid Protein

(min) (mgl/g FW) (mg/g FW) (mg/g FW) (mg/g FW)

0 2.83 (+0.09a) 1.82 (+0.07a) 0.565 (+0.08a) 0.804 (+0.05b)
30 2.76 (+0.09a) 1.71 (+0.07a) 0.539 (+0.08a) 0.698 (+0.05b)
60 2.66 (+0.09a) 1.71 (+0.07a) 0.464 (+0.08a) 0.686 (+0.05b)
90 2.66 (+0.09a) 1.65 (+0.07a) 0.461 (+0.08a) 0.624 (+0.05b)
120 2.56 (+0.09a) 1.64 (+0.07a) 0.452 (+0.08a) 0.608 (+0.05b)

Each value is the mean of 4 measurements + S.E. Mean in each column for each treatment followed by the
letter a are not significantly different and letter b are significantly different at P < 0.05 according to Prof. R.A.
Fisher [11] ‘F’ test. FW= Fresh weight
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Fig. 1. Contents of strawberry plant as affected by UV-B Radiations (intensity 0.4 wlmz)
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Fig. 2. Graph showing Chl a concentration vs UV treatment
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Fig. 3. Graph showing Chl b concentration vs UV treatment
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Fig. 4. Graph showing Carotinoid concentration vs UV treatment

Carotenoids protect chlorophyll from photo-
oxidative destruction and therefore reduction in

carotenoids (Fig. 4) could have serious
consequence on chlorophyll pigments.
Reduction in carotenoid content (27%) in

Sorghum vulgare plants was recorded after 60
days of UV-B exposure [24]. Under high light
regime, carotenoids play an important role in
protecting the photosynthetic apparatus against

oxidative damage. Carotenoids stabilize and
protect the lipid phase of the thylakoid membrane
and are quenchers of the excited triplet state of
chlorophyll and singlet oxygen. It was supported
by our findings that plants after UV-B exposure
showed reduced carotenoid contents and faced
oxidative stress.

Protein content of leaf (Table 1) decreased
significantly under UV-B treatments (Fig. 5).
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Fig. 5. Graph showing protein content concentration vs UV treatment



Oxidative stress caused by UV-B radiation
induced the degradation of a variety of
biologically important molecules such as amino
acid, nucleic acids, lipids proteins and quinines
[25,26]. Leaf soluble protein content was affected
in many of the crop species tested for UV-B
sensitivity. Ravindran et al. [14] reported 54.7%
reduction in protein content of Suaeda maritimea
seedling due to enhanced UV-B. A significant
reduction in total leaf soluble protein also was
observed in UV-B exposed leaves of mung bean
plants [27].

4. CONCLUSION

UV-B radiations caused severe effects on the
physiology of the strawberry plant. The
photosynthetic pigments Chl a, Chl b and
carotenoids were distinctly decreased and
protein content also suffered a major decrease
on account of UV-B radiations. It was further
noticed that as the duration of exposure to UV-B
radiations was increased, its damaging effects
also increased showing that if the current
environmental conditions persist and if the
induction of UV-B radiations on earth continues,
physiology of many plants may be affected in an
irreversible manner.

ACKNOWLEDGEMENT

I wish to thank the Head, Department of
Chemistry, Ewing Christian College, Allahabad
for his constant support and guidance. | also
wish to thank my colleagues for all their
suggestions during the course of this
investigation.

COMPETING INTERESTS

Author has declared that no competing interests
exist.

REFERENCES

1. Brandal JR, Campell WF, Sission WB,
Caldwell MM. Net photosynthesis electron
transport capacity and ultra structure of
Pisum sativum L. exposed to ultraviolet —B
radiation. Plant Physiol. 1978;60:165-169.

2. Nogues S, Allen DJ, Morison JIL, Baker
NR. Ultraviolet-B radiation effects on
water relations, leaf development, and
photosynthesis in droughted pea plants.
Plant Physiol. 1998;117(1):173-181.

3. Lowry OH, Rosebrough NJ, Farr AL,
Randall RJ. Protein measurement with the

10.

1.

12.

13.

14.

Masih; AJACR, 3(4): 1-7, 2019; Article no.AJACR.51531

folin  phenol reagent. J Biol Chem.
1951;193:265-75.

Cen YP, Bornman JF. The effect of
exposure to enhanced UV-B radiation on
the penetration of monochromatic and
polychromatic UV-B radiation in leaves of
Brassica napus. Physiol Plant. 1993;87:
249-255.

Caldwell MM, Madronich S, Bjorn LO, llyas
M. The changing solar ultraviolet climate
and the ecological consequences for
higher plants. Tren. Ecol. Evol. 1989;4(12):
363-367.

Jorden BR. The effect of ultraviolet-B
radiaton on plants: A  molecular
perspective. Adv. Bot. Res. 1996;22:97-
161.

Krause GH, Jahns P, Virgo A, Garcia M,
Aranda J, Wellmann E, Winter K.
Photoprotection, photosynthesis  and
growth of tropical tree seedlings under
near-ambient and strongly reduced solar
ultraviolet-B radiation. Journal of Plant
Physiology. 2007;164(10):1311-1322.
Greenberg BM, Wilson MI, Gerhardt KE,
Wilson KE. Morphological and
physiological responses of Brassica napus
to ultraviolet-B radiation: Photomodification
of ribulose-1,5-bisphosphate carboxylase/
oxygenase and potential acclimation
processes. J Plant Physiol. 1996;148(1/2):
78-85.

Arnon D. Copper enzymes in isolated
chloroplasts. Polyphenoloxidase in Beta
vulgaris. Plant Physiol. 1950;25(1):6.
Duxbury AC, Yentshe CS. Plankton
pigment monographs. J Mar Res. 1956;15:
19-101.

Fisher RA. The genetical theory of natural
selection. 2™ Edition, Dover Publications,
New York; 1958.

Molina MJ, Rowland FS. Statospheric sink
for chlorofluro-methanes: Chlorine atoms
catalysed destruction of ozone. Nature
(London). 1974;249:810-811.

Mackerness SAH, Liu-LianSen, Thomas B,
Thompson WF, Jordan BR, White MJ.
Individual members of the light harvesting
complex Il chlorophyll a/b binding protein
gene family in pea (Pisum sativum) show
differential responses to ultraviolet-B
radiation. Physiol. Plant. 1998;103(3):377-
384.

Ravindran KC, Mahesh Kumar,
Amirthalingham V, Ranganathan R,
Chellappan KP, Kulandaivelu G. Influences
of UV-B supplemental radiation on growth



15.

16.

17.

18.

19.

20.

and pigment content in Suaeda maritimea
L. Biol. Plant. 2001;44(3):467-469.

Sharma PK, Anand P, Sankhalkar S,
Shetye R. Photochemical and biochemical
changes in wheat seedlings exposed to
supplementary ultraviolet-B radiation. Plant
Science Limerick. 1998;132(1):21-30.

Strid A, Pora RJ. Alteration in pigments
contents in leaves of Pisum sativum
after exposure of supplementary UV-B.
Plant Cell Physiol. 1992;33:1015-
1023.

Strid A, Chow WS, Anderson JM. Changes
in the relaxation of electrocromatic shifts of
photosynthetic pigments and in the leaves
of mMRNA transcript in leaves of Pisum
sativum as a result of exposure to
supplementary UV-B radiation. The
dependency on the intensity of the
photosynthetically active radiation. Plant
Cell Physiol. 1996;37:61-67.

Takeuchi, Murakanil M, Nakajima N,
Konda N, Nikaodo O. Induction and repair
of damage to DNA in cucumber cotyledons
irradiated with UV-B. Plant Cell Physiol.
1996;37:181-181.

Sharma PK, Anand P, Sangeeta S.
Oxidative damage and changes in
activities of antioxidant enzymes in wheat
seedlings exposed to ultraviolet-B
radiation. Curr. Sci. 1998;75(4):359-366.
Strid A, Chow WS, Anderson JM. Changes
in the relaxation of electrocromatic shifts of
photosynthetic pigments and in the leaves
of mRNA transcript in leaves of Pisum
sativum as a result of exposure to
supplementary UV-B radiation. The

21.

22.

23.

24,

25.

26.

27.

Masih; AJACR, 3(4): 1-7, 2019; Article no.AJACR.51531

dependency on the intensity of the
photosynthetically active radiation. Plant
Cell Physiol. 1996;37:61-67.

Murali NS, Teramura AH, Randall SK.
Response differences between two
soybean cultivars with contrasting UV-B
radiation sensitivities. Photochem.
Photobiol. 1988;48(5):653-657.

Middleton EM, Teramura AH. The role of
flavonol glycosides and carotenoids in
protecting soybean from UV-B damage.
Physiol Plant. 1993;103:741-752.
Madronich S, Mckenzie RL, Bjorn LO,
Caldwell MM. Changes in biologically
active ultraviolet radiation on reaching the
Earth’s surface. Ambio. J. Photochem.
Photobiol. 1995;64:357-463.

Ambasht NK, Madhoolika-Agrawal.
Interactive effects of ozone and ultraviolet-
B, singly and in combination on
physiological and biochemical
characteristics of soybean plants. J Plant
Biol. 2003;30(1):37-45.

Alexieva V, Sergiew |, Mapelli S, Karanov
E. The effect of drought and ultraviolet
radiation on growth and stress marker in

pea and wheat. Plant Cell Environ.
2001;24:1337-1344.

Jansen MAK, Noort RE, van-den.
Ultraviolet-B radiation induces complex

alterations in stomatal behaviour. Physio.
Plant. 2000;110(2):189-194.

Larkum AWD, Karge M, Reifarth F, Eckert
HJ, Post A, Renger G. Effect of
monochromatic UV-B radiation on electron
transfer reaction of photosystem Il
Photosyn. Res. 2001;68:49-60.

© 2019 Masih; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www. sdiarticle4.com/review-history/51531




