
Effect of ultravilolet-B (0.4 Wm–2) irradiation on growth, flavonoid content, lipid peroxidation, proline
accumulation and activities of superoxide dismutase and peroxidase was comparatively analysed in
Azolla pinnata and Azolla filiculoides. Growth measured as increment in dry weight reduced consider-
ably due to all UV-B treatments. However, the reduction was found to be severe in A. filiculoides as com-
pared to A. pinnata. The level of UV-absorbing compound flavonoids increased significantly in A. pin-

nata plants whereas only a slight increase in the flavonoid content was observed in A. filiculoides. UV-
B exposure led to enhanced production of malondialdehyde (MDA) and electrolyte leakage in A. filicu-

loides than A. pinnata. Proline accumulation also showed a similar trend. Marked differences in the activ-
ity of antioxidant enzymes such as superoxide dismutase (SOD) and peroxidase (POD) was noticed in
both the plants exposed to UV-B. Our comparative studies indicate A. pinnata to be better tolerant to UV-
B as compared with A. filiculoides which appears to be sensitive.
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INTRODUCTION

The gradual destruction of stratospheric ozone due to anthropogenic activities has
resulted in an increase in solar ultraviolet-B radiation on the earth surface [1]. In spite
of the best efforts to curb the use of ozone depleting substances, their stratospheric
levels are reported to remain unchanged for the next 25 years [2]. Increase in the
level of UV-B can lead to severe loss of productivity in paddy fields where Azolla
forms a major component. Azolla plants have global distribution and occur in fresh-
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water habitats of tropical, subtropical and warm temperate regions. It is used as a
biofertilizer especially in rice paddy fields because of its ability to fix dinitrogen [3].
Wagner [4] has listed a variety of uses of the Azolla–Anabaena symbiosis such as
animal feed, human food, medicine, hydrogen fuel, production of biogas, water puri-
fier, weed control and reduction of ammonia volatilization after chemical nitrogen
application and rightly called it as “green gold mine”. Enhanced UV-B radiation may
damage nucleic acids, proteins and lipids leading to an array of physiological disor-
ders [5, 6]. UV-B radiation leads to the formation of reactive oxygen species (ROS)
in plants and are highly deleterious for cell structures and function thereby leading to
a negative effect [7]. However, protection mechanisms evolved by plants keep dele-
terious effects of the free radicals to a minimum level during stress conditions and
the main tolerance mechanisms in response to an environmental stress like UV-B
may involve antioxidant enzymes [8]. Plants are able to metabolize the ROS by
increasing the activity of several enzymatic antioxidants such as superoxide dismu-
tase (SOD), catalase (CAT), peroxidase (POD) and non-enzymatic antioxidants such
as proline, flavonoids and ascorbate [9].

Thus, UV-B radiation affects plants from the molecular level to ecosystem level,
thus posing a serious threat to the survival of biotic communities [10]. However, we
do not have any information on the diversity of UV-B tolerance within species of
Azolla and potential of UV-B tolerance has not been fully explored hither to.
Understanding of the physiological and biochemical basis of UV-B tolerance could
help in selection of Azolla strains tolerant to UV-B. In the present investigation, we
have examined the effect of UV-B exposure on Azolla pinnata and Azolla filiculoides
in terms of growth, lipid peroxidation, electrolyte leakage and the activities of antiox-
idant enzymes.

MATERIALS AND METHODS

Two different species of Azolla viz. Azolla pinnata and Azolla filiculoides were
screened for sensitivity to UV-B. A. pinnata was isolated locally from the paddy
fields where as A. filiculoides was procured from the Centre for Conservation and
Utilization of Blue Green Algae, Indian Agriculture Research Institute, New Delhi.

Plant material, UV-B exposure and growth conditions

A. pinnata and A. filiculoides were collected, washed and cleaned of contaminating
organisms. The plants were surface sterilized with a solution of mercuric chloride
(0.1% for 30 s) and were dipped immediately into a large volume of sterile distilled
water. Plants were then transferred into specially designed dishes containing com-
bined-N free 2/5 strength sterile Hoagland’s nutrient solution with added micronutri-
ents and 0.04 mM ferrous ion as Fe-EDTA, pH 5.6 [11]. The cultures were grown at
26 °C, under a 16 : 8 (light : dark) photoperiod with light from a combination of



incandescent and cool white light fluorescent lamps at a photon fluence rate of 95
μmol m–2 s–1. Log phase cultures were used for experiments.

For UV-B treatment healthy fronds of A. pinnata and A. filiculoides were taken
in Petri dishes containing Hoagland’s nutrient solution and exposed to UV-B
(0.4 Wm–2) along with white light (50 μmol m–2 s–1 Photon flux density). The UV-B
irradiation was provided by UV-B tube (Philips, TL 40 W/12, Holland) with its main
out put at 312 nm and required intensity was obtained by adjusting the distance
between the source and fronds. The radiation was filtered through 0.127 mm cellu-
lose diacetate (Johnson Industrial Plastics, Toronto, Canada) to remove all incident
UV-C (<280 nm) radiation. UV-B radiation of 0.4 Wm–2, simulating 15% ozone
depletion in and around Allahabad has been measured. The dry weight of the plants
exposed to various doses of UV-B (15, 30, 60 and 90 min) was measured after dry-
ing the samples for 24 h at 90 °C. Based on these results we have selected 15 and 60
min of UV-B exposure corresponding to 0.18 and 0.72 kJm–2, respectively, for a
comparative analysis on the effect of UV-B on rest of the parameters.

Analytical methods

UV-B absorbing pigments such as flavonoids were determined spectrophotometri-
cally after extracting the fronds in acidified methanol (methanol : water : HCl:
78 : 20 : 2) after 24 h incubation at 4 °C according to Mirecki and Teramura [12]. The
absorption was measured at 320 nm.

The electrolyte leakage was determined as described by Dionisio-Sese and Tobita
[13]. Fresh Azolla plants (200 mg) were cut into pieces of 5 mm length and placed in
test tubes containing 10 ml distilled de-ionized water. The tubes were then incubat-
ed in a water bath at 32 °C  for 2 h and the initial electrical conductivity of the medi-
um (EC1) was measured. The samples were autoclaved at 121 °C for 20 min to
release all electrolytes, cooled to 25 °C and the final electrical conductivity (EC2)
was measured. The electrolyte leakage (EL) was calculated by using the formula
EL = EC1/EC2 × 100.

Lipid peroxidation was estimated by measuring the content of 2-thiobarbituric
acid-reactive substances in leaf homogenates, prepared in 20% TCA containing 0.5%
2-thiobarbituric acid and heated at 95 °C for 25 min [14]. Malondialdehyde (MDA)
content was determined spectrophotometrically at A532 nm and corrected for non-
specific turbidity at A600 nm.

Proline was estimated by the method of Bates et al. [15]. The fronds were sus-
pended in 10 ml of 3% sulfosalicyclic acid and crushed thoroughly using a homoge-
nizer for 10 min. The extract was then separated from cell debris by centrifugation at
5000 rpm for 20 min. The free proline in the supernatant was treated with acid-nin-
hydrin at 80 °C for 1 h. The reaction was terminated in an ice bucket and absorbance
of the coloured complex was recorded at 520 nm. Proline concentration was deter-
mined using a standard curve of proline prepared by dissolving proline in 3% (w/v)
sulfosalicyclic acid.
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Superoxide dismutase (EC 1.15.1.1) activity of the samples was assayed by mea-
suring its ability to inhibit the photochemical reduction of nitro blue tetrazolium
(NBT), according to Stewart and Bewley [16]. Azolla plants (100 mg) were ground
using liquid nitrogen and homogenized in 50 mM potassium phosphate buffer (pH
7.8) containing 5 mM sodium ascorbate, 7 mM β-mercaptoethanol and 0.2% (v/v)
Triton X-100 and centrifuged at 9000 g for 10 min at 4 °C. The reaction mixture
(3 ml) contained 13 mM methionine, 75 mM NBT, 100 mM EDTA, 50 μl of enzyme
extract in 50 mM phosphate buffer (pH 7.8). The reaction was started with 2 mM
riboflavin by exposing the cuvette to a 15 W fluorescent tube for 10 min. The
absorbance of each reaction mixture was measured at 560 nm. One unit of SOD
activity was defined as the amount of enzyme, which causes 50% inhibition of the
photochemical reduction of NBT.

Peroxidase (EC 1.11.1.7) activity was measured according to Aono et al. [17].
Plants (100 mg) were homogenized in 1 ml of 50 mM phosphate buffer (pH 7.8) con-
taining 5 mM ascorbate, 5 mM DTT, 5 mM EDTA, 100 mM NaCl and 2% (w/v)
polyvinyl pyrrolidone (PVP). The homogenized material was centrifuged at 15,000 g

Fig. 1. Effect of UV-B on growth of Azolla plants. Growth was measured in terms of dry weight after
exposure to UV-B for 15, 30, 60 and 90 minutes (0.18, 0.36, 0.72 and 1.08 Kjm–2). Values are means of

three replicates ± SE. Values are significantly different from control (P < 0.01)



for 15 min at 4 °C. The reaction was initiated by adding H2O2 to a final concentra-
tion of 44 μM as described by Nakano and Asada [18]. The reaction rate was moni-
tored by the decrease in absorbance at 290 nm. The rate constant was calculated
using the extinction coefficient 2.8 mM–1 cm–1 and corrected for the rate obtained
prior to the addition of H2O2.

Protein was estimated by the method of Bradford [19] using bovine serum albu-
min as standard.

RESULTS AND DISCUSSION

The present study shows a comparative analysis of UV-B induced changes in the
growth and antioxidant enzymes level of Azolla pinnata and Azolla filiculoides. As
shown in Fig. 1 UV-B treatment resulted in inhibition of growth in both A. pinnata
and A. filiculoides as evidenced by reduction in dry weight. The dry weight of A. pin-
nata plants reduced by 10 and 25% due to 15 and 60 min of UV-B exposure where-
as in A. filiculoides reduction in dry weight was 15 and 40%. Growth reduction can
be the result of a changed allocation of biomass or morphological alterations, which
lead to low photosynthetic productivity [20–22]. Reduction in growth could also be
due to phytotoxic effect of UV-B and is in conformity with findings on different plant
species [23, 24]. Jaya Kumar et al. [25] observed reduction in growth and biomass
production in Azolla microphylla plants due to UV-B exposure. However, differen-
tial response of growth inhibition by Azolla plants to UV-B could be due to the geno-
typic differences.

A significant increase in MDA, a product of lipid peroxidation in A. filiculoides
was observed as compared to A. pinnata due to UV-B (Fig. 2a). The content of MDA
increased by 8 and 21% with 15 and 60 min UV-B treatment in A. pinnata. However,
the increase in MDA levels in A. filiculoides exposed to 15 and 60 min UV-B expo-
sure was 11 and 27%. The enhanced lipid peroxidation could be the result of exces-
sive accumulation of reactive oxygen species in response to UV-B exposure and
A. filiculoides appears to be sensitive as compared to A. pinnata. The reactive oxy-
gen species are highly reactive and induce lipid peroxidation, thereby affecting the
structural integrity and permeability of cellular membranes [26]. Prasad et al. [27]
also reported increase in lipid peroxidation in soybean seedlings exposed to UV-B
radiation.

The extent of membrane damage was assessed by measuring the solute leakage of
both A. pinnata and A. filiculoides (Fig. 2b). Solute leakage increased with UV-B
exposure and a higher percentage of solute leakage was noticed in A. filiculoides (10
and 25%) as compared to A. pinnata (6 and 15%) due to 15 and 60 min. UV-B expo-
sure. The extent of membrane damage was not so severe in A. pinnata due to UV-B.
Increased lipid peroxidation and enhanced electrolyte leakage due to cell membrane
damage has been reported [28].

The concentration of UV-B absorbing compounds, mainly flavonids, was com-
pared in Azolla plants exposed to UV-B (Fig. 3). Although, the flavonoid content
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Fig. 2. Effect of UV-B (15 and 60 min) on MDA concentration (a) and electrolyte leakage (b) of Azolla

pinnata and Azolla filiculoides. Values are means of three replicates ± SE. Values are significantly
different from control (P < 0.01)

a

b



increased significantly following UV-B exposure in both A. pinnata and A. filicu-
loides the level of increase was more pronounced in A. pinnata. Flavonoid content in
A. pinnata increased by 11 and 25% due to 15 and 60 min UV-B exposure. Similarly
in A. filiculoides the increase was 4 and 15%. Increase in flavonoid contents could
also provide protection in plants against photo-oxidative damage. Bors et al. [29]
reported effective free radical scavenging capacity of flavonoids. Bolink et al. [30]
observed increased tolerance to high light stress in pea and bean plants due to
increase in flavonoid content. Increase in flavonoid content in A. pinnata plants could
therefore provide better protection against UV-B than A. filiculoides. Chloroplasts of
plants contain flavonoids which can serve as antioxidants in the chloroplast [31, 32].

Following UV-B treatment (15 and 60 min) the proline level in A. pinnata
increased by 12 and 26% where as in A. filiculoides the increase in proline level was
4 and 10% (Fig. 4). Enhanced levels of proline may have conferred the capacity to
detoxify reactive oxygen species efficiently in A. pinnata as compared to A. filicu-
loides. Hyperaccumulation of proline in plants is linked with detoxification against
UV-B induced oxidative stress [33, 34].
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Fig. 3. Effect of UV-B (15 and 60 min) on flavonoid content of Azolla pinnata and Azolla filiculoides

(values in untreated control was 0.76 absorbance g–1 fresh wt. at 320 nm). Values are means of three
replicates ± SE. Values are significantly different from control (P < 0.01)
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The total SOD activity of both the A. pinnata and A. filiculoides exposed to UV-
B increased steadily.  But the increase in SOD activity was higher in A. pinnata
plants as compared to A. filiculoides (Fig. 5a). SOD activity of A. pinnata plants
increased by 15 and 45% following 15 and 60 min of UV-B exposure. However,
SOD activity of A. filiculoides plants increased by 6 and 18% due to UV-B exposure.
A similar trend was also observed in the POD activity (Fig. 5b). SOD converts rela-
tively less toxic O2

*- radical to the more toxic H2O2. Therefore an increase in H2O2

scavenging capacity is required to enable rapid removal of H2O2 [35]. Following
UV-B treatment A. pinnata plants exhibited a higher activity of the H2O2 detoxify-
ing enzyme POD which could be related to its better UV-B tolerance due to efficient
removal of H2O2. Low levels of SOD and POD activity in A. filiculoides could be
one of the reasons for sensitivity towards UV-B. Prasad et al. [36] observed enhanced
activity of SOD and POD in Riccia thalli exposed to UV-B. Changes in the level of
antioxidant molecules are signals of plant tolerance/adaptation to stress conditions.

Fig. 4. Effect of UV-B (15 and 60 min) on proline concentration of A. pinnata and A. filiculoides. Values
are means of three replicates ± SE. Values are significantly different from control (P < 0.01)
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Fig. 5. Effect of UV-B (15 and 60 min) on superoxide dismutase (a) and peroxidase activity (b) of Azolla

pinnata and Azolla filiculoides. Values are means of three replicates ± SE. Values are significantly
different from control (P < 0.01)

a

b
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Therefore changes in the activity of these enzymes are correlated with oxidative
stress tolerance of plants [37, 38]. Increase in the activity of SOD and POD enzymes
in A. pinnata plants could be due to either enhanced expression of genes controlling
antioxidant enzymes or activation of existing enzyme pools. Variations in the antiox-
idant levels can serve as a signal for the modulation of ROS scavenging mechanisms
and ROS signal transduction [39, 40].

The results demonstrated differential response in terms of growth, flavonoid con-
tent, proline accumulation, electrolyte leakage, lipid peroxidation, SOD and POD
activities of A. pinnata and A. filiculoides in response to UV-B. The observed vari-
etal diversity in the response to UV-B is probably because of the genetic differences.
A. pinnata plants appear to be better tolerant probably due to efficient scavenging of
free radicals by increasing the antioxidant activity. In contrast, A. filiculoides exihib-
ited poor antioxidant activity and detoxification of free radicals making them sensi-
tive to UV-B. These observations serve as a baseline data for the evaluation and
quantification of Azolla genotypes towards increasing the usefulness of the Azolla-
Anabaena association as biofertilizer in view of the threat of increasing levels of
UV-B.
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