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ABSTRACT

Lycopersicon esculentumespond to UV-B by enhanced synthesis of flavonoid quercetin, a strong antioxidant that
helps the plants to well acclimatize to UV-B stress. Three weeks old plants of L. esculentunwere subjected to acute
UV-B irradiation for 20, 40 and 60 minutes daily until 28 days and analyzed for the morphological and biochemical
changes. UV-B exposure for 40 and 60 minutes considerably affected the growth and biomass of L. esculentumThe
leaves were deformed, developed chlorosis and abscised early as compared to the unexposed plants. Biomass
declined by 35% and total chlorophyll decreased by 24.7% due to disintegration of chloroplasts. Enhancement was
seen in the content of carotenoids, anthocyanins and total flavonoids by 15, 33.3 and 22.8%, respectively, which
was attributed to the photoprotective role of these compounds as potential quenchers of excess excitation energy.
Quercetin content decreased on UV-B exposure to 20 and 40 min, and thereafter increased significantly by 5.19%
on 60 min of exposure. This pattern probably indicated that the over-expression of genesinvolved in its biosynthesis
such as phenylalanine ammonia lyase (PAL), chalcone synthase (CHS), flavanone 3-hydroxylase (F3H) and
dihydroflavonol 4-reductase (DFR) occurred only after certain threshold exposure (60 min), which could be the
strategy for developing tolerance against UV-B stressin L. esculentum.
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INTRODUCTION al. 2010), induce changes in plant foliar chemistry
(Tevini and Teramura 1989; Teramura et al. 1994),
UV radiations (200-400 nm) constitute about 7%cause DNA and cellular damage, increase
of the spectrum of sunlight reaching the earth’susceptibility to diseases, and consequently alter
surface of which UV-B (280-320 nm), which the pattern of plant growth and development
represent only approximately 1.5% of the totalirectly affecting the yield and nutritional quglit
spectrum, causes the most severe damage to thiecrop plants.
plants. Interactions with these radiations elicit ahe ability of plants to respond to strong
variety of morphological, physiological and irradiation by the synthesis and accumulation of
molecular responses in the plants and bring abotlie compounds selectively absorbing in the UV or
many changes such as alter the leaf morphologhe visible part of the spectrum is the foundatibn
(Cassi-Lit et al. 1997 and Caldwell et al. 2003)photoprotective mechanisms. Continuous exposure
affect photosynthesis and transpiration (Teramurto UV-B potentially damages the photosynthetic
and Sullivan 1994; Maxwell et al. 1999; Cascio esystem by photobleaching and photodegradation of
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pigments (Strid and Porra 1992; Ziska et al. 1993)n quercetin donate electrons through resonance to
UV-B irradiation has been reported to decrease thetabilize the free radicals (Smith and Markham
activity of PS Il complex with a corresponding 1998; Michalak et al. 2006). The UV energy
decrease in electron transport and ATP synthesabsorbed by quercetin may be dissipated as heat or
(Campbell et al. 1998), leading to oxidative stressconverted into decomposition products.

Such damages are prevented to some extent Bye present work aimed to study the effect of UV-
accessory pigments such as carotenoidg® stress on the biosynthesis of major flavonoid
xanthophylls, anthocyanins, etc. Carotenoidguercetin, plant pigments and other phenolics as
contain seven or more conjugated double bondsell as to assess their photoprotective role in the
and have remarkable capability to quench thalleviation of stress irLycopersicon esculentum
triplet sensitizers such dshl and the free radical underacute exposure to UV-B.

intermediates such a8,.

UV stress also leads to a cascade of reactions that
ultimately result in the formation and
accumulation of secondary metabolites (Wilson et
al. 2001), which help the plants to acclimatize to
UV-B stress. These compounds are mostly
phenolics, e.g., anthocyanins and other flavonoids,
which show effective absorption in the UV
spectral region and are said to be induced on
exposure to UV (Lee and Lowry 1980; Reuber et Figure1 - Structure of Quercetin.
al. 1996; Jenkins et al. 2009 and Stracke et al.

2010). There are several reports focused on t

accumulation of flavonoids, including rﬁATERl ALSAND METHODS
anthocyanins under enhanced UV-B levels, acting,lant material and UV-B exposure

as UV-B screens by serving as active 0XYQ€Rhg geeds of. esculentum Mill (variety Pusa
scavengers (Liu et al. 1995; Grace 1998, HoQughini) were collected from the National Seed
and Remus 1999; Burchard et al. 2000). Thetentre IARI, Pusa, New Delhi. They were

participate in the elimination of free radicals, e minated in the trays on moist filter paper beds.
thereby strongly combating the oxidative damagey, fifih day, uniformly germinated seeds were

(Jenkinset al. 2009). Phenolic synthesis has begfysterred to soil under controlled environmental

shown to be up-regulated by stress-inducefyqitions at 25 + % and 78% relative humidity
OXIda'[IV.e load, Whlle photosynthetic processes a8 green house. Twenty-one day old plantlets were
concomitantly said to be down-regulated (Casalynsed to ultraviolet irradiation using UV lamps
and Walbot 2003; Ulm et al. 2004). Pigments ang3n, nm, 20 Watts). The plants were placed at
antioxidants, therefore, constitute important lofie 55t 30 cm distance from the lamp to adjust the
defense in the plants. o radiation intensity of 5600 uW/ém The
Flavonoids are the most ubiquitous group Obyperimental sets were divided into four batches,
natural  polyphenols  known  for  their p4ying 50 plants each. One set served as control
photoprotective and antioxidative role in stress,q \as left unexposed to UV-B, while other three
acclimation of the plants, especially as UV ﬁlt_er_sbatches were exposed daily for 28 days to UV-B
(Landry and Chapple 1995). Flavonol quercetin igy, gitferent intervals of time, i.e., 20, 40 andl 6

a remarkable scavenger of reactive oxygen Spe_c'ﬁﬁnutes, respectively. The light, temperature and
dug to its structural propertles. It is a potentia umidity regimes were same for the control as
radical target at am-dihydroxy group in the B\ q)| 55 UV-B exposed plants bf esculentum. All
ring, has capacity to delocalize the uncouplegne pigchemical analyses were performed using

electron of the flavonoid radical due to a doublgy, plant tissue harvested after 28 days of UV-B
bond between positions 2 and 3 of the C'rin%xposure.

conjugated with keto group in position 4 and is a

potential free radical scavenger due to C-3, C-Browth Parameters

and C-7 hydroxyl groups of the C and A ringsPlants were visually assessed daily for the shoot
(Fig. 1) (Strandjord et al.1983; Falkovskaia etand root growth, morphological symptoms in
al.1998). The double bonds and hydroxyl groupaerial parts, abscission of leaves and senescence.

OH O
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Assessment of the biomass was done every sevam, respectively. Distilled water was used as the
days throughout the exposure time and biomadsank. The concentration (%, w/w) of each

was expressed as gram dry weight (gdw) per plaainthocyanin in the sample was calculated
taking average weight of randomly selected 1@ccording to the formula given in equation (5) and

plants from each treatment batch. expressed as cyanidin-3-glc equivalents:
N - Absorbance = (&onm pH 1.0 - Aygam pH 1.0) -
Determination of Photosynthetic Pigments
> ) (As'M pH 4.5 - Aogm pH 4.5) (5)

Analysis of chlorophyll a, chlorophyll b and total
chlorophyll was done following the method of The percent weight per weight (%ow/w) of total
Arnon (1949). The chlorophyll from 1.0 g freshanthocyanins in the sample was calculated as
leaf tissue was extracted in 80% acetone and tlgeven in equation (6):

absorbance of the extracts at 663 nm and 645 g (Wiw) = (A/eL) X MW x DF x (V/WH) x 100 %
were measured with a spectrophotometer. Th€6)

concentrations of chlorophyll a (Chl-a),

chlorophyll b (Chl-b), and total chlorophyll were Where, A is the absorbance;

then calculated using the equations (1), (2) ahd (3¢ is the extinction coefficient (26,900 Mm™* for

and expressed in pg per gram fresh weighty-3-glc);

(Lg/gfw)- MW is the molecular weight (449.2 g/mol for cy-
A= ) 3-glc);

Chl-a = 12.72(As3) - 2.69(Aeus) (1) bFis the dilution factor (1 ML sample is diluted

Chl-b = 22.9 (Aus) — 4.68 (As3) (2) to 25 mL, DF = 25);

Total Chl = 20.2 (Au) + 8.02 (Acd) (3) Vis the final volume (50 mL);

Wt is the sample weight (1 g);
The carotenoid content was determined accordinlgis the cell paR[h Ieng%h ((1 c?%).

to the method of Britton (2005). The dried leaf
tissue (0.5 g) was homogenized with 25 mL oDetermination of Total Flavonoids
95% ethanol, then 2.0 mL of 5% KOH was addeg\luminium chloride colorimetric method was used
and stored in dark for 2 h. Carotenoids were thetv determine flavonoid content in the aerial parts
extracted using 5.0 mL of ether and extraction wasf the plants (Harborne 1973; Aiyegroro and Okoh
repeated three times. The supernatant was pool2d10). Flavonoids were extracted in acidified
and absorbance was read at 436 nm with methanol (methanol: water: HCI, 78: 20: 2, v/v) at
spectrophotometer. The total amount of carotenoid’C for 24 h. Aliquots of 1.0 mL from each extract
was calculated according to the equation (4) an@das mixed with 3.0 mL of methanol, 0.2 mL of
expressed in pug per gram dry weight (ug/gdw)-  10% aluminium chloride, 0.2 mL of 1M potassium
Total Carotenoid = [(&s / 0.25) vol. of ether acetate and 56 mL of distiled water. After
extract] / initial weight of sample (4) incubation at room temperature for 30 min, the
absorbance of the reaction mixture was measured
Deter mination of Anthocyanins at 415 nm with a spectrophotometer. The
Anthocyanins were extracted according to thé&alibration curve was prepared by using quercetin
method of Mazza et al. (2004), for which 1.0 g of@S standard. Flavonoid contents were determined
dried plant tissue from each sample was ground #0m the standard curve and were expressed as
3.0 mL acidified methanol (99:1, methanol: HCl)guercetin equivalents (mg/gdw).
and refluxed for 2 h. Samples were then o _
centrifuged at 17.000 x g for 20 min andDetermination of Quercetin
evaporated to dryness at 40°C and reconstituted i€ estimation of quercetin in the samples was
methanol to 50 mL. Total anthocyanins weredone through RP-HPLC. The plant samples were

measured using pH differential method describegXtracted in 80% ethyl alcohol and then refluxed
by Fuleki and Francis (1968), with minor With 6.0 mL of 25% hydrochloric acid for one

modifications. One milliliter aliquot of the exttac hour and a weighed amount of each hydrolysate
was placed into 25 mL volumetric flasks, dilutedas dissolved in HPLC grade methanol to give a
to volume with pH 1.0 and pH 4.5 buffer andconcentration of 10@g/mIT. All the samples were
mixed. The absorbance of the pH 1.0 and pH 4.8tored at 4°C and were filtered through a QuAb
sample preparations were measured at 510 and 70#¢er before undertaking the HPLC analysis. The
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chromatographic analyses were performed opresent study was in agreement with several
HPLC system (Agilent Technologies) equippedresearches done on barley (Aiyegroro and Okoh
with 1100 series isocratic pump, manual injector2010), green gram (Rajendiran and Ramanujam
variable wavelength detector with deuterium lamp2004), soybean (Roman et al.1984), lettuce
and a reversed-phase pre-packed C18 column (18Qrizek et al.1998) and rye (Tevini et al.1991).

X 4.6 mm, 5um particle size). The column was Lowering of biomass accumulation with respect to
maintained at room temperature. The mobile phasecreasing UV-B exposure could be related to
was run at as a flow rate of 1.0 mL/min andslower growth and rapid degeneration of leaf
consisted of acetonitrile/water (1:1), acidifiediwi tissue over the time. It was deduced that the plant
1% acetic acid. Throughout the experiment, all thehowed tolerance towards the UV stress until a
injection volumes were 1L and the compounds critical exposure limit (in this case 40 min) was

were detected at 254 nm. Quercetin was identifieceached beyond which deleterious effects of
by direct comparison of retention time of its peakadiation stress became quite conspicuous.
(Rt = 2.76) with reference standard (QuercetirBiomass production in the plant is directly

98.0%, CAS No. 6151-25-3, Himedia RM6191)correlated with growth and vyield of plant. It

and quantified on the basis of its peak area. represents total carbon assimilation occurring
o _ through the primary metabolism and is, therefore,
Statistical Analysis a good indicator of physiological well-being and

All the experiments were conducted using thregowth of the plant.
replicates per treatment and data presented as

mean * standard error (SE). The significan~ 14.00
differences between the control and UV-BZ 12.00
exposed plants were analyzed by Tukey’s post hcz 10.00 |
test using one-way ANOVA for comparison of the.E g |
means at the level of significance p< 0.05. 6.00

4.00 -
2.00
0.00 -

RESULTSAND DISCUSSION

Biomass per p

Effects of UV-B exposure on plant mor phology Control  20min 40 min 60 min
and biomass Uv. bosire (28 davs
Results showed marked difference in the JV-B Exposure (28 days)

morphology and growth of UV-B irradiated plants

X . Figure 2 - Effect of UV-B on Biomass dfycopersicon
as compared to non-irradiated plants bf d yoop

esculentum. Results expressed as + SEM of

esculentum. Conspicuous morphological effe;ct; three determinations. Values marked by
were seen after acute exposure to UV-B radiation same letter are not significantly different
for 40 and 60 min such as shrunken leaves, shorter (p<0.05) from control and from each other.

plant height and less extensive root system.

However, no considerable negative effects were

observed on the morphology on lesser exposure Effects of UV-B exposure on photosynthetic
UV-B, i.e., for 20 min. The damage caused to th@igments- chlorophyll and carotenoids

leaf tissues by UV-B was evident by leaf surfaceChlorophyll contents were affected at all the doses
characteristics such as appearance of necrotif UV-B, but at the longest duration of exposure
spots, burning at the leaf margins and yellowing of60 min), these declined significantly and total
leaves caused due to depletion of chlorophylichlorophyll reduced by 24.7 % as compared to
Biomass was analyzed in the whole plants at thentreated plants (Fig. 3). Conversely, carotenoid
interval of every seven days. After 28 days, ittontents increased in the amounts consistently
decreased up to 35% on exposure to UV-B for 6Qiith UV-B exposure for 20, 40 and 60 min (0.95,
min in comparison to the control. There wasl.02 and 1.07ig/gdw respectively), and maximum
apparently very less effect on the biomass oBnhancement was about 15% as compared to
lesser exposure to UV-B, i.e., for 20 min (Fig. 2)untreated samples (0.941ug/gdw), (Fig. 4).
Modification of plant morphology and reduction in Chlorophyll depletion was in accordance with
growth due to UV-B radiation as observed in theapid yellowing and chlorosis observed in case of
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longer exposures to UV-B (60 min), which could =
be due to several reasons such as excessifg 120
photodegradation and depletion of chlorophyll= 109 1
(Strid and Porra 1992), disintegration of § 080
chloroplasts (Tevini et al. 1991; Strid and Porre§ 0.60
1992; and Cassi et al. 1997), inhibition of cabegen—< 0.40 -
expression and consequent reduction in th% 0.20 |
biosynthesis of chlorophyll proteins (Strid andg 0.00 | ‘ ‘ ‘
Porra 1992). Chlorophyll a and b are primarily’J Control 20 min 40 min 60 min
involved in harvesting the light for photosynthesis
Any change in chlorophyll content may lead to

impairing of this process, directly affecting cambo Figure 4- Effect of UV-B on carotenoid content of

UV-B Exposure

assimilation and biomass production (Herrmann et Lycopersicon esculentum. Results
al. 1997; Kakani et al. 2003). Carotenoids are expressed as +* SEM of three
accessory pigments, which help in harvesting of determinations. Values marked by same
the light and protect chlorophylls from letter are not significantly different

photoxidative destruction by quenching the triplet- (p<0.05) from control and from each other.

state photosensitizers, singlet oxygen and peroxy
radicals (Krinsky 1989; Woodall 1997).
Carotenoid pigments increase mostly under th
conditions where there is less photosyntheti
assimilation rate with more UV-B radiation
(Campbell et al.1998). The present results we
probably indicative of UV-B inducible
carotenogenesis (Waterman and Mole 1994

gffects of UV-B exposure on anthocyanin and

otal flavonoid content

here was a sharp increase in anthocyanin content
[@n exposure to UV-B for 40 and 60 min, which
was about 33.3% as compared to unexposed plants
g/:ig. 5). Lesser exposure to UV-B, i.e., for 20 min

ensuring the photo-protective role of carotenoid ati not sgfﬂmesnt to an][ar&(_:e tT]e b|0ﬁyntr;ﬁ3|s_ of q
in photosynthetic systems by dissipating excestn toc;;anlns. Several dsu |e“sUVave ypo ,'?S'Zg
excitation energy. at anthocyanin provides a sunscreen” an

that exposure to ultraviolet (UV) light promotes
the production of foliar anthocyanin in the plants

O Chlorophylla (e/gfiv) (Lee and Lowry 1980; Waterman and Mole 1994;
= Chiorophyllb (ue/gfw) Caldwell et al. 1999; Gould et al. 2000).
B Total Chlorophyll (ug/gfw) Accumulation of plant phenolics is directly related

to the intensity of solar radiation to which it is
exposed (Waterman and Mole 1994; Caldwell et
al. 1999). This provides direct evidence of
involvement of phenolics such as anthocyanins
and other flavonoids in minimizing and
overcoming the harmful effects of radiation stress
such as cellular damage, oxidative damage and
DNA damage (Caldwell et al. 1999).

Total flavonoids also significantly enhanced in
UV-B exposed plants ofL. esculentum and
showed sudden increase of 22.8% at 40 min of
Figure 3 - Effect of UV-B on chlorophyll content of UV-B exposure, and 38% at 60 min of UV-B

Lycopersicon esculentum. Results €xposure, as compared to control (Fig). 6
expressed as + SEM of three Biosynthesis of flavonoids is often induced under
determinations. Values marked by samethe influence of UV-B radiation in the plants ( Li
letter are not significantly different et al. 1993; Jordan 1996; Caldwell et al. 1999 and
(p<0.05) from control and from each other. jenkins et al. 2009), which may be due to the
increased influx of precursor amino acids intorthei
metabolic pathways. This can be seen as a strategy

of the plants to overcome UV-B stress through

Amount of Chlorophvll (pg/gtw

Control 20 min 40 min 60 min

UV-B Exposure
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effective absorption shown by the flavonoids inEstimation of Quercetin content by RP-HPLC
the UV-B spectral region (Reuber et al.1996Considerable accumulation of total flavonoids in
Schnitzler et al. 1996 and Hoque and Remus 1999)V-B exposed plants df. esculentum led to the
and by overcoming the oxidative stress in cellgjuantification of quercetin, one of its major
(Dawar et al. 1998). Despite these favourablflavonoid. It was observed that the amount of
effects in the plants, the increased level ofjuercetin decreased slightly on 20 min of exposure
flavonoids has been shown to interfere with vitato UV-B (0.62 pg/gdw) as compared to the
physiological processes such as ATP synthesis anthexposed ones (0.73 pg/gdw). Thereafter, it
oxidative phosphorylation leading to disintegrationincreased by 5.19% on 60 min of exposure. The
of chloroplasts, causing chlorosis and necrosigicrease in quercetin on 40 min of exposure was
(Kumari et al. 2009). In the present study, longeinsignificant (Fig. 7). Although the absorbance
exposure of.. esculentum plants to UV-B induced maxima of quercetin lies in the UV-A and UV-C
higher accumulation of flavonoids as aregion {m.x = 365 nm and 256 nm respectively),
photoptotective mechanism, but simultaneouslyts photoprotective role in UV-B stressed plants
the destruction of chloroplast led to yellowing andnay be attributed to its potential radical
early senescence of the leaves. scavenging activity, which help to prevent direct
DNA damage rather than direct absorption of UV-

450 B radiations. Quercetin has a polyphenol structure,
4.00 . .

250 | which contains numerous double bonds and
300 hydroxyl groups that can donate electrons through
550 | resonance (Fig. 1) to stabilize the free radicals

(Machlin and Bendich 1987). Quercetin, which
absorbs UV radiation at 255 and 365 nm, is
determined to be a strong inhibitor of lipid
oxidation induced by UV-B (3.7 radicals

‘ scavenged per molecule) (Fahlman and Krol
Control 20 mmn 40 min 60 min 2009)

2.00 1
1.50
1.00
0.50 A
0.00 -

Anthocyanin Content (mg/gdw)

UV-B Exposure

0.90
0.80 A
0.70 -
0.60 |
0.50 -
0.40
0.30
0.20
0.10

Figure 5- Effect of UV-B on anthocyanins of
Lycopersicon esculentum. Results
expressed as + SEM of three
determinations. Values marked by same
letter are not significantly different
(p<0.05) from control and from each other.

Quercetin Content (mg/gdw)

Control 20 min 40 min 60 min

UV-B Exposure

Figure 7- Effect of UV-B on Quercetin in aerial parts
of  Lycopersicon esculentum.  Results
expressed as + SEM of three determinations.
Values marked by same letter are not
significantly different (p<0.05) from control
and from each other.

Total Flavonoid Content (mg/gdw)

Control 20 min 40 min 60 min
UV-B Exposure
Figure 6- Effect of UV-B on total flavonoid content of 1here —are several reports indicating the
Lycopersicon esculentum. Results expressed accumulation of quercetin under UV-B due to
as + SEM of three determinations. Valuesover-expression of flavonoids biosynthesis genes
marked by same letter are not significantlysuch as Phenylalanine ammonia lyase (PAL),
different (p<0.05) from control and from each chalcone  synthase (CHS), flavanone 3-
other. hydroxylase (F3H), dihydroflavonol 4-reductase
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(DFR), and anthocyanidin synthase (ANS) ) (XUREFERENCES

and Li 2006; Zhou et al. 2007). Similar responses

have also been reported Anabidopsis, involving  Aiyegroro OA, Okoh, Al. Preliminary phytochemical
three key factors COP1 (an E3 ubiquitin ligase), screening and in vitro antioxidant activities of
UVRS8 (a p-propeller protein), and HY5 (a bzIP aqueous extract oHelichrysum longifolium DC.
transcription factor) mediating the accumulation of BMC Compl And Alt Med. 2010; 10: 21.

quercetin  under the sun simulator growth™on DL. A copper enzyme is isolated chloroplast
conditions (Henriette et al. 2010). Homologs of PolyPhenol oxidase in Beta Vulgarigdant Physiol.

. . X 1949; 24:1-15.
theseArabidopsis factors are said to be enCOdeBritton G. UVlvisible spectroscopy. In: G. Brittofs.

by the genome of a moshyscomitrella patens Liaaen-Jensen, H. Pfander (Eds.), Carotenoids, Vol.
(R|Chardt et al 2007, Luise et a.l 2010), WhICB ar 1B Spectroscopy. Birkhauser Ver|ag, BaseL

instrumental in conferring the protection and Switzerland; 1995.p. 13-62.

constitute a UV signaling pathway (Jiang et alBurchard P, Bilger W, Weissenbdck G. Contributidn o

2006 and Luise et al. 2010). hydroxycinnamates and flavonoids to epidermal
shielding of UV-A and UV-B radiation in developing
rye primary leaves as measured by ultraviolet-
induced chlorophyll fluorescence measurements.

CONCLUSIONS Plant Cell Environ. 2000; 23:1373-1380.

g Caldwell MM, Ballare CL, Bornman JF, Flint SD,

Overall, the growth of thé&. esculentum retarde ) ;
Bjorn LO, Teramura AH et al. Terrestrial ecosystems

by Ionger_ UV-B Exposures. Along with other increased solar ultraviolet radiation and intexatdi
morphologlcal deformities, _blomass reduced with other climatic change factorsPhotochem
significantly to gbout 35%, 'WhICh was a matter of ppoiobiol i 2003: 2:29-38.

concern regarding crop yield under such stressaidwell MM, Searles PS, Flint SD, Barnes PW.
conditions. However, L. esculentum plants Terrestrial ecosystem responses to solar UV-B
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particular quercetin. It was also observed that the Blackwell Science. 1999; 241-262.
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. center D1 proteinglant Biology. 1998; 95: 364-369.
depended upon the type of radiation, age aneasati P, Walbot V. Gene expression profile in

physiological state of the plant. Limited exposure (e5nonse to ultraviolet radiation in maize genosype
to UV-B is said to stimulate such responses, while yith varying flavonoid contentlant Physiol. 2003;

longer exposure exert high influence, causing 132:1739-1754.
cellular damage by generating photoproducts iascio CM, Schaub K, Novak R, Desotgiu F, Bussotti,
DNA and directly damaging the proteins. In this Strasser RJ. Foliar responses to ozoneFafus
study, the biosynthesis of quercetin and other sylvatica L. seedlings grown in shaded and in full
metabolites was sufficiently stimulated on acute Sunlight conditionsEnviron Exp Bot. 2010; 68:188-
UV-B exposure to at least 60 min daily as 197. :
accounted for 28 days. Therefore, it could b&asSi-Lit MM, Whitecross J, Nayudu M, Tanner GJ.
. ! UV-B radiation induces differential leaf damage,
proposed that the_ accumulatlon of quercetm_ could ultra structural changes and accumulation of sjgecif
be used as the biochemical model to examine theppenolic compounds in rice cultivaraust J Plant
underlying strategies of developing UV tolerance physiol. 1997; 24: 261-274.
in the plants. This could further lead to invest®ga Dawar S, Vani T, Singhal GS. Stimulation of
the potential role of quercetin as a key metabolic antioxidant enzymes and lipid peroxidation by UV-B
marker for UV resistance in the plants and help in irradation in the thylakoid membranes of whetibl
selection of UV tolerant crop plants having high Plant. 1998; 41: 65-73.

content of nutritionally important metabolite- Fahlman BM, Krol ES. Inhibition of UVA and UVB
quercetin. radiation-induced lipid oxidation by quercetid,

Agric Food Chem. 2009; 57(12): 5301-5305.
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