ACTA BIOLOGICA CRACOVIENSIA Series Botanica 51/2: 19-27, 2009

AND PHYSIOLOGY OF ACORUS CALAMUS L. (SWEET FLAG)

RIMA KUMARI, SURUCHI SINGH, AND S.B. AGRAWAL’

Laboratory of Air Pollution & Global Climate Change, Department of Botany,
Banaras Hindu University, Varanasi-221005, India

Received January 21, 2009; revision accepted May 30, 2009

Increased UV-B radiation due to depletion of stratospheric ozone has potentially harmful effects on plant growth
and development. The present study uses a field experiment to examine the effect of long-term supplemental UV-
B radiation at two intensities (+1.8 and +3.6 kJ m™2 d'! above ambient) on the growth and physiology of the
medicinal plant Acorus calamus L. (sweet flag). Plant height and leaf area were inhibited in a dose-dependent
manner, with greater inhibition at the higher dose. At the lower dose the net photosynthetic rate increased, with
an increase in stomatal conductance and water use efficiency. Stimulation of physiological functions in plants
under the lower dose resulted in increased biomass production. At the higher dose, total chlorophyll content
showed no marked variation, whereas carotenoids and UV-B-screening pigment flavonoids increased signifi-
cantly after treatment. Increased flavonoid content under lower exposure correlates well with higher activity of
phenylalanine ammonia lyase, a key enzyme of flavonoid biosynthesis. This study clearly showed that the lower
dose of supplemental UV-B promoted rhizome growth in A. calamus, perhaps due to improved photosynthesis.
Plant defense was stronger under the lower dose.
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INTRODUCTION

Depletion of stratospheric ozone, caused by pollu-
tants such as chlorofluorocarbons, leads to an
increase in the amount of UV-B (280-320 nm)
reaching the Earth's surface (Madronich et al.,
1998). This increased UV-B radiation will influence
the growth and metabolism of terrestrial plants due
to their requirement of sunlight for photosynthesis,
and even a slight increase in UV-B intensity will have
a disproportionately large photobiological effect
because it is absorbed by important macromole-
cules (Jansen et al., 1998). Excess UV-B radiation
acts as an environmental stress on plants, altering
their physiological functions and ultimately slowing
plant growth, damaging photosynthetic pigment and
lowering CO,, assimilation; these alterations reduce
biomass productivity (Tevini and Teramura, 1989).

Plant species vary greatly in their response to
UV-B. Some plants tolerate enhanced UV-B irradia-
tion by acquiring protective modifications such as
increased leaf thickness, higher production of UV-B
filters (flavonoids), and stimulated antioxidant activ-
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ity acting to quench free radicals (Caldwell et al.,
2003; Agrawal and Mishra, 2008).

The effect of enhanced UV-B on plant growth
and physiology has been the subject of a number of
studies (Jansen, 2002). Plant morphology is consid-
ered a very sensitive indicator of UV-B damage, as
compared to biomass reduction, under realistic field
conditions of high photosynthetic photon flux densi-
ty (PPFD) (Barnes et al., 1990). Leaf area and plant
height decreased when plants were exposed to
enhanced UV-B radiation (Zhao et al., 2003).
Morphological characteristics can affect the sensitiv-
ity of a species to UV-B radiation by influencing the
amount of radiation intercepted (Bornman and
Teramura, 1993). Measurements of various other
important parameters such as chlorophyll and
carotenoid content and levels of UV-B absorbing
compounds have also proved to be useful indicators

Abbreviations: UV-BBE - biologically effective UV-B; sUV-B -
supplemental UV-B; sUV, — lower-dose supplemental UV-B
(+1.8 kJ m™? d'! above ambient); sUV, — higher-dose supple-
mental UV-B (+3.6 kJ m? d'! above ambient); DAT - days
after transplantation; PAR - photosynthetic active radiation;
PAL - phenylalanine ammonia lyase; Pn — net photosynthesis;
Cs — stomatal conductance; WUE - water use efficiency.
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of UV-B tolerance or sensitivity, since these parame-
ters display the most rapid response to UV-B stress
(Greenberg et al., 1997; Agrawal and Rathore,
2007). UV-B radiation also affects plant develop-
ment, in particular biomass partitioning, carbon
assimilation pattern and relative growth traits (Gao
et al., 2003; Kakani et al., 2003b).

Experiments on terrestrial plant responses to
UV-B mostly concern agricultural crops of high eco-
nomic importance; studies on medicinal plants in
realistic environmental conditions are scarce. Very
few studies on the impact of UV-B on aromatic and
medicinal plants are available (Karousou et al.,
1998; Ioannidis et al., 2002; Nitz and Schnitzler,
2004). UV-B research on medicinal plants has dealt
mainly with analyses of the content and composition
of their essential oil products, with scant attention to
its impact on morphological and physiological
parameters (Grammatikopoulos et al., 1998; Maffei
and Scnnerini, 2000).

The aim of the present investigation was to
study the impact of different doses of sUV-B on
some growth and physiological parameters of
Acorus calamus.

MATERIAL AND METHODS

PLANT MATERIAL

Acorus calamus L. (Acoraceae) is an herb grown in
the temperate zone and subtropics, commonly culti-
vated in India for medicinal use. It is a rhizomatous,
perennial, aromatic plant having a sweet fragrance.
In the Ayurvedic system of medicine, the rhizomes
and its essential oil are considered to have strong
antispasmodic, carminative and anthelmintic prop-
erties, commonly used in epilepsy and mental dis-
eases.

STUDY AREA AND PLANT MATERIAL

The field experiments were conducted in the
Botanical Garden, Department of Botany, Banaras
Hindu University (29°18'N, 81°19'E, 79 m a.s.l.),
Varanasi, India. Rhizomes of A. calamus collected
from the nursery of the B.H.U. Horticulture
Department were transplanted to the experimental
field in November 2006. Equal-sized rhizomes were
transplanted 20 cm apart in 1x1 m? plots. Mean
temperatures during the experimental period were
14.3-17.6°C minimum and 29.8-32.5°C maximum,
and relative humidity ranged from 53% to 85%.
Photosynthetic active radiation (PAR) during the
experimental period ranged between 1100 and 1200
umol m™? s, Field plots were watered regularly and
uniformly to maintain an optimum water regime.
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EXPERIMENTAL DESIGN AND UV-B TREATMENT

Plants were exposed to supplemental UV-B (sUV-B)
irradiation with 40W fluorescent UV-B-313 lamps
(@-Panel, Cleveland, OH, U.S.A.). sUV-B treatment
was started immediately after the plants established
at 20 days and continued up to 100 days for 3 h
daily, centered around solar noon (10.00 a.m to
1.00 p.m.).

The experiment consisted of three treatments.
Control (C) plants received only ambient UV-B (9.6
kJ m? d! UV-Bgg). In the sUV-B treatments, UV-B
lamps were used to expose the plants to two inten-
sities of supplemental biologically effective UV-B
(UV-Bgg): +1.8 kJ m? d (designated sUV, here)
and +3.6 kJ m? d! (sUV,) above the ambient effec-
tive UV-B dose, simulating 5% and 10% reductions
of stratospheric ozone at Varanasi (India) at the
summer solstice under clear sky. Each treatment
was done in triplicate plots. In the control, polyester
film (0.13 mm thick) was used to exclude UV-B (elim-
inates all radiation below 320 nm). In the sUV-B
treatment, radiation transmitted by the UV tubes
was filtered using 0.13 mm thick cellulose acetate foil
(transmission down to 290 nm) to transmit UV-B. The
filters were replaced twice per week. UV lamps
were placed 45 cm (sUV,) and 30 cm (sUV,) above
the plant canopy to ensure the respective doses.
UV-B intensity was measured with an ultraviolet
intensity meter (UV-P Inc., San Gabriel, U.S.A.),
and UV-Bg values was determined with a Spectro
Power Meter (Scientech Inc, Boulder, CO, U.S.A.)
normalized at 300 nm (Caldwell, 1971) to obtain
UV-Bg;, radiation.

PLANT SAMPLING AND GROWTH ANALYSIS

Plants were sampled randomly from the triplicate
plots of each treatment for analysis of the parame-
ters at 40, 70 and 100 days after transplantation
(DAT). Six plants from each treatment were selected
for measurement of growth characteristics and bio-
mass. For determination of dry matter and its pat-
tern of allocation in different plant parts, plant sam-
ples were oven-dried at 80°C for 24 h to constant
weight. Prior to drying, the underground parts were
washed thoroughly to remove dust/soil particles.
Leaf area was measured using a leaf area
meter (LI-3000, LI-COR Inc., U.S.A.). A portable
photosynthetic system (LI 6200, LI-COR Inc.,
U.S.A.) was used for measurement of photosynthe-
sis (Pn), stomatal conductance (Cs), transpiration
rate (E) and water use efficiency (WUE).
Photosynthetic measurements were made with fully
expanded leaves (third leaf from apex) in six plants
from each treatment under ambient insolation,
temperature and CO,, concentration, on clear days
at noon; photosynthetic photon flux density (PPFD)



Effects of ultraviolet-B radiation on Acorus calamus L.

21

TABLE 1. Effect of two excess UV-B doses on plant biomass, height, leaf area, leaf and branch number per plant in

Acorus calamus L., by age

. . Branch
Total biomass Plant height Leaf area Leaf
Plant age Treatment (g/ plant) (cm) {om?) number/ plant number/ plant
C 3.3610.17» 44.9614,69=2 156.11%11.18= 5.6610.57¢ 1.240.2
40 DAT sUWVy 4.8740.482 35.9042,02¢ 141.77£12.24= 9.6610.25= 1.2+0.2
sUV:z 3.8310.18= 34.86%2.76® 113.4619.05¢ 7.0010.72b 1.610.24
Control 5.6610.29¢ 51.93%3.4= 386.25£31.25=2 6,0010.1° 1.8+0.27
70 DAT sUWVy 7.5040.41= 44.,9045,2¢ 336.54423,97= 9.6710.58* 2.4+0,30
sUV:z 6.8510,13% 40.6714,1 201.55%12.95% 7.6610.57" 2,110.29
Control 16.0340.34» 66,1316.33= 709.29+43,05= 10.0010.1¢ 2.010.32
100 DAT sUV, 18.8740.30= 55.80%4.12¢ 662.65£51.7 70 17.00%1 .62 2.810.2
sUV:z 17,1740 .45¢ 52.6314. 70 426.72£35.19 14.67+1.2= 2.410.24
ANOVA effects
Pla.l’lt age (A) Ak Ak EEE ] EEEd *
Treatment [T] Ak LT *& kA *k
AxT * ns * * ns

Values with different letters in the same column differ significantly at p < 0.05. Values are means +SE.

*p<0.05, **p<0.01, ***p<0.001, ns: Not significant.

was 1100-1200 umol m™? s, Growth indices — spe-
cific leaf area (SLA), leaf area ratio (LAR) and spe-
cific leaf weight (SLW) — were calculated with the for-
mulae given by Hunt (1982).

PIGMENT CONTENT AND PAL ACTIVITY

Pigment content was measured in triplicate from
leaf discs (1.5 cm?) from the same leaves used for
photosynthesis measurement. For estimation of
pigments, leaves were extracted in 80% acetone
and absorbance of leaf extract was measured on a
UV-vis. spectrophotometer (Systronics, model
117, India) at 480 and 510 nm for carotenoids and
at 645 and 663 nm for chlorophyll estimation. The
amounts of photosynthetic pigments were calcu-
lated with the formulae described by Maclachlan
and Zalick (1963) for Chl a and b, and Duxbury
and Yentsch (1956) for carotenoids. Flavonoid
content was determined according to the method
described by Flint et al. (1985). Flavonoids were
extracted by homogenizing fresh leaf samples in
acetic ethanol; the absorbance of the extract was
measured at 260 to 320 nm and the resulting
absorbance profile was plotted as described by
Flint et al. (1985). Phenylalanine ammonia lyase
(PAL) activity was assayed spectrophotometrically
by measuring the amount of t-cinnamic acid
formed at 290 nm according to the method devel-
oped by Subba Rao and Towers (1970). The reac-
tion mixture contained L-phenylalanine (0.01 M,
pH 8.7), tris HCI buffer (0.05 M, pH 8.8) and 0.1
ml enzyme extract in a final volume of 3 ml water.
Enzyme activity was expressed as umol t-cinnamic
acid min! g! fresh weight, and specific activity
was expressed as umol t-cinnamic acid min™ mg!
protein.

STATISTICAL ANALYSIS

The significance of differences between the control
and UV-B exposed plants was verified with Duncan's
multiple range test (p<0.05). Multivariate analysis
was applied to identify significant effects of plant
age, sUV-B and their interactions. All statistical
analyses employed SPSS ver. 10.0 (SPSS Inc.).

RESULTS

The effects of sUV-B treatment on plant height and
various growth traits are shown in Tables 1 and 2.
Plant height and leaf area significantly decreased
with increased sUV-B. At 100 DAT, plant height
decreased by 15.6% (sUV,) and 20.4% (sUV,) and
leaf area decreased by 20.7% (sUV,) and 39.9%
(sUV,) versus the control (Tab. 1). Number of leaves
per plant and number of branches per plant
increased under sUV-B, with a greater increment at
the lower dose, showing an increment of 61.2% (70
DAT) and 70% (100 DAT) in the number of leaves,
and in the number of branches by 33.3% (70 DAT)
and 40% (100 DAT) in sUV, plants versus their con-
trols (Tab. 1). Multivariate analysis for morphologi-
cal parameters showed significant variation of plant
height, leaf area and number of leaves per plant due
to plant age and treatment (Tab. 1). SLW increased
under enhanced UV-B, with maximum increments of
151.3% (40 DAT) and 75.3% (100 DAT) in sUV,-
exposed plants. SLA and LAR decreased significant-
ly due to sUV-B treatment, with maximum reduction
of 58.8% for SLA and 36.2% for LAR in sUV,-treat-
ed plants at 100 DAT (Tab. 2). Multivariate analysis
for these growth traits also showed significant
effects of plant age, sUV-B and their interactions
(Tab. 2).
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TABLE 2. Effect of two excess UV-B doses on specific leaf area (SLA), leaf area ratio (LAR) and specific leaf weight (SLW)

of Acorus calamus L., by age

Kumari et al.

SLA LAR SLW
Plant age Treatment (cm? ) (om2 g1 (mg cm-2)
C 447.00 £ 33.100 70.30 £15.04= 1.87£0.13
40 DAT sUWV1 280.41 £29.55¢ 44,64 £10.72"° 3.69 £0.200
sUV; 186,95 £13.71* 29.54 * 5.35¢* 5.47 £0.47=
+0.36¢
C 203.00%+21.102 46,22 £3.41= ?gf +8 gga
70 DAT sUVy 139.00+£10.80» 29.47 +2.89 8'62 ; 0'52a
sUVz 120.66* 9.00v 2032 2,17 ' '
C 204.85 £ 17.000 44,26 +3.64= 4,94 + 0,460
100 DAT sUVL 135.64 £ 22,24 29.75 +2.66% 7.53+0.31=
sUVz 116.04 £ 26,72 25.70 £2.83¢% 8.66 10.262
ANOVA effects
Plant age (A] ik *k *kk
Treatment (T) ik whE e
A X T *x * *

Values with different letters in the same column differ significantly at p < 0.05. Values are means + SE.

* p<0.05, ** p<0.01, *** p<0.001.

It is interesting to note that although root and
shoot lengths decreased in sUV-B-exposed plants as
compared to control plants, rhizome growth
increased at the lower sUV-B dose, with a 22.5%
increment at 100 DAT; at the higher dose rhizome
growth was not affected (Fig. 1).

Biomass change versus the control was not sig-
nificant in the sUV, treatment; under the lower dose
it increased (Tab. 1): the increment of total biomass
per plant was 44.9% (40 DAT) and 17.7% (100 DAT)
in sUV,-exposed plants. Multivariate analysis
showed significant differences in biomass due to
plant age and sUV-B as well as their interaction
(Tab. 1). Changes in biomass allocation to different
plant parts of control and sUV-B-exposed plants are
given in Figure 2. sUV, exposure led to an increase
in shoot biomass by 19.4%, root biomass by 11.3%
and rhizome biomass by 27% at final age of sam-
pling. Differences in biomass translocation between
control and sUV,-treated plants were not significant.

Even after long-term sUV-B exposure, visible
symptoms of damage did not appear in plants grown
under the lower dose. At the higher dose there was
minor damage in the form of terminal and marginal
chlorosis in older leaves. Total chlorophyll and the
chlorophyll a/b ratio showed nonsignificant changes
in the control and sUV-B-exposed plants at all sam-
pling ages (p>0.05) (Fig. 3). Carotenoid content sig-
nificantly increased in sUV-B treated plants, with
increments of 60.1% at 70 DAT and 77.6% at 100
DAT in sUV,-exposed plants (Fig. 3). There were
also significant differences in the absorbance pat-
terns of flavonoid pigments recorded between 280
and 310 nm (Fig. 4). At 280 nm, the maximum
observed increment of flavonoid content was 67.6%

under sUV,, followed by 39.4% in sUV,-treated
Acorus plants at 100 DAT. Phenylalanine ammonia
lyase (PAL) also showed increased activity in sUV-B-
treated leaves (Fig. 4). At 100 DAT, specific activity
of PAL showed an increment of 47% in sUV,-treated
plants, and 25%. in the sUV, treatment. Trends in
PAL activity were well correlated with the increasing
trend of flavonoid induction for both sUV-B treat-
ments (Fig. 4).

The photosynthetic activity of A. calamus exhib-
ited a positive response under sUV, in this study: Pn
increased by 26.4%, Cs by 30.5% and WUE by
80.7% in sUV,-treated plants at 100 DAT (Fig. 5). Pn
and Cs did not significantly vary in sUV,-exposed
plants versus their controls (Fig. 5). The increase of
photosynthetic activity in sUV,-exposed plants was
well correlated with stimulation of assimilatory per-
formance, resulting in increased biomass produc-
tion. Transpiration rates initially declined in the
sUV-B treatment but showed nonsignificant varia-
tion at later stages.

DISCUSSION

In the present study, sUV-B exposure significantly
reduced plant height and leaf area, and the number
of branches and leaves increased, producing shorter
and more compact plants. Inhibition of plant height
was dose-dependent and was consistent with earlier
studies on Fagopyrum tataricum (Yao and Liu,
2006) and Gossypium hirsutum (Gao et al., 2003).
In G. hirsutum under UV-B exposure, Kakani et al.
(2003b) reported a decrease in plant height by 16%
(8 kJ m? d!) and 34% (16 kJ m™? d!). Reduction of
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Fig. 1. Changes in growth of Acorus calamus exposed to
UV-B radiation. Bars showing different letters differ sig-
nificantly by Duncan's test at p<0.005 (Mean * SE).

plant height as a result of shortening of internodes
has been reported (Zhao et al., 2003; Kakani et al.,
2003a). Reduction of plant height and leaf area
under UV-B stress has also been reported in, for
example, Solanum tuberosum (Santos et al., 2004),
Spirodela polyrhiza (Farooq et al., 2005) and
Triticum aestivum (Agrawal et al., 2004). Hopkins
et al. (2002) reported reduction of plant growth
under UV-B stress as a result of alteration of the rate
and duration of cell division and elongation, per-
haps due to inhibition of indole acetic acid (IAA), a
key regulator of plant growth. UV-B-induced oxida-
tion of IAA may also be related to increased axillary
branching. Increased leaf number and axillary
branching such as we report under low-dose sUV-B
are commonly observed plant morphogenetic
responses under UV-B stress (Meijkamp et al.,
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Fig. 2. Changes in dry weight of Acorus calamus exposed
to UV-B radiation. Bars showing different letters differ sig-
nificantly by Duncan's test at p<0.005 (Mean = SE).

2001). Acorus calamus L. exposed to UV-B showed
increased SLW and increased leaf thickness, which
are considered important protective responses to
UV-B radiation (Santos et al., 2004; Kakani et al.,
2003a). Along with morphological changes in above-
ground shoot parts, UV-B also affects patterns of
root and rhizome development. Although root length
decreased at the lower dose of sUV-B, rhizome size
increased. Rhizome growth was promoted under
lower-dose sUV-B; this is a point of interest in the
present study, as it is a part of A. calamus contain-
ing the essential oil, having great medicinal value.
Similar results showing UV-B-induced stimulation
of the growth of belowground propagating organs
have been reported in some plant species of a fen
ecosystem in Tierra del Fuego, Argentina (Zaller et
al., 2004).
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Fig. 3. Effect of supplemental UV-B radiation on photo-
synthetic pigments content in Acorus calamus leaves.
Bars showing different letters differ significantly by
Duncan's test at p<0.005 (Mean * SE).

Acorus calamus showed increased biomass
production efficiency in the sUV, treatment.
Bassman et al. (2002) reported a similar positive
response of biomass to UV-B in Douglas fir
(Pseudotsuga menziesii). Petropoulou et al. (1995)
also reported increased biomass under enhanced
UV-B, with no marked cost for modification of main-
tenance and other metabolic processes. Kim et al.
(1996) found no significant changes in biomass and
pigment content in three UV-B-radiated rice culti-
vars. In the present study, the biomass allocation
pattern showed a greater proportion allocated to
belowground parts (rhizomes) after sUV-B treat-
ment. Stimulated production of rhizome biomass at
the lower sUV-B dose is one of our chief findings
here.

Acorus calamus was able to maintain chloro-
phyll levels in both sUV-B exposure treatments.
Since photosynthesis is dependent on the light-har-
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Fig. 4. Effect of supplemental UV-B radiation on (a)
flavonoid content and (b) PAL activity of Acorus calamus
at 100 DAT (Mean + SE).

vesting complex of chlorophyll a, the absence of a
significant reduction of chlorophyll should promote
tolerance to UV-B stress (Greenberg et al., 1997).
The increase in carotenoid content under sUV-B is
an adaptive mechanism, acting as a quencher of
reactive oxygen species and protecting sensitive tar-
gets (chlorophyll) from intense irradiation by
screening excess excitation energy via the zeaxan-
thin-associated energy dissipation pool and the
epoxidation state. Increased levels of flavonoids and
PAL activity are considered important defense
responses of UV-B-tolerant species (Wilson et al.,
2001). Flavonoids, which act as a UV-B filter, also
possess a capacity to scavenge free radicals, which
might help protect UV-B-exposed plants. Up-regula-
tion of genes of the phenylpropanoid pathway is a
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common response to UV-B, resulting in enhanced
production of flavonoids due to increased PAL activ-
ity. It appears that the Acorus plants protected
against photosynthetic damage from UV-B by pro-
ducing higher amounts of carotenoids and
flavonoids.

Photosynthesis is the most important metabolic
process of plants, essential for production of bio-
mass. Although sUV-B exposure resulted in
decreased plant height and leaf area, it did not cause
inhibition of net photosynthesis in A. calamus; the
outcome was no significant change in biomass pro-
duction. The increased biomass production of
Acorus plants under sUV,; may be attributable to
higher carbon assimilation capacity via the substan-
tial increase in photosynthetic rates. Photosynthetic
efficiency was lower under the higher than under the
lower dose of UV-B irradiation, but the differences
between the higher-dose treatment and the control
plants were not significant. Some studies have
reported higher accumulation of UV-B-absorbing
compounds in the epidermal vacuolar region, mini-
mizing the penetration of harmful UV-B radiation to
photosensitive tissues (Tevini et al., 1991; Smith et
al., 2000.). The lack of inhibition of photosynthetic
activity under UV-B supplementation in our experi-
ment accords with the results of earlier investiga-

tions (Ziska et al.,, 1993; Bassman et al., 2002).
Bassman et al. (2002) reported increased net photo-
synthesis under moderate UV-B irradiance in
Pseudotsuga menziesii; a higher dose was lethal. In
our work the lower sUV-B dose boosted the photo-
synthetic rate through increased stomatal conduc-
tance. Stomatal conductance can play a major role
in photosynthetic performance under stress condi-
tions. Increased stomatal conductance under low
UV-B supplementation could also enhance WUE.
sUV-B radiation did not negatively affect the photo-
synthetic efficiency of the plants, so that total bio-
mass was not reduced.

In fact, growing A. calamus under the lower
UV-B dose might be advantageous in view of the sub-
stantial increase in its efficiency of production, espe-
cially production of rhizome biomass. Calabrese
and Baldwin (2001) noted maximum stimulation of
biological activities at low doses due to the nature of
the hormetic dose-response phenomenon. Acorus
improved its performance under low-dose sUV-B by
optimizing the photosynthetic system and stomatal
regulation, leading to better production efficiency.
The beneficial effect of low doses (hormesis) is
broadly discussed in biomedicine, especially in tox-
icology and radiation biology; Calabrese and
Baldwin (2001) explained that overcompensation
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induced by hormesis is an adaptive response to low
levels of stress or damage, yielding enhanced fitness
for some physiological processes for finite periods.
It results from modest overcompensation of dis-
rupted homeostasis.

CONCLUSION

Here we showed that the growth of Acorus plants
was adversely affected under sUV-B exposure,
with the response dependent on the dose.
Maximum reduction of growth was noted under
the higher dose of UV-B (sUV,). Higher flavonoid
content due to increased PAL activity was found in
plants exposed to the lower dose of UV-B (sUV,).
Increased photosynthetic rates in sUV,-treated
plants led to higher accumulation of biomass.
Since the medicinal value of Acorus plants is con-
fined mainly to its rhizome, the increment in its
growth at the lower dose of sUV-B is an important
finding of this study.

ACKNOWLEDGEMENTS (I)

We are grateful to Professor B. R. Chaudhary, Head
of the Department of Botany of Banaras Hindu
University, for providing the necessary laboratory
facilities; to CSIR, New Delhi, for providing a Junior
Resarch Fellowship to R. Kumari; and to UGC, New
Delhi, for financial assistance in the form of
a research grant to SBA.

REFERENCES (I)

AGRAWAL SB, RATHORE D, and SINGH A. 2004. Effect of supple-
mental ultraviolet-B and mineral nutrients on growth,
biomass allocation and yield of wheat (Triticum aes-
tivum L.). Tropical Ecology 45: 315-325.

AGrawAL SB, and RATHORE D. 2007. Changes in oxidative
stress defense system in wheat (Triticum aestivum L.)
and mung bean (Vigna radiata L.) cultivars grown with
and without mineral nutrients and irradiated by supple-
mental ultraviolet-B. Environmental and Experimental
Botany 59: 21-23.

AGRawAL SB, and MisHrRA S. 2008. Effects of supplemental
ultraviolet-B and cadmium on growth, antioxidants and
yield of Pisum sativum L. Ecotoxicology and
Environmental Safety 72: 610-618.

BARNES JD, VELLISSARIOU D, DavisoN AW, and HoLEvas CD. 1990.
Comparative ozone sensitivity of old and modern Greek
cultivars of spring wheat. New Phytologist 116: 707-714.

BassMaN JH, EDWARD GE, and ROBBERECHT R. 2002. Long term
exposure to enhanced UV-B radiation is not detrimental
to growth and photosynthesis in Douglas-fir. New
Phytologist 154: 107-120.

Kumari et al.

BornmaN JF, and TErRaMURA AH. 1993. Effects of ultraviolet-B
on terrestrial plants. In: Young AR, Bjorn CO, Moan J,
Nultsch W [eds.], Environmental UV Photobiology, 427—-
471. Planum Press, New York, U.S.A.

CaLABRESE EJ, and BaLpwiN LA. 2001. Hormesis: U-Shaped
dose responses and their centrality in toxicology. Trends
in Pharmacological Sciences 22: 285-291.

CaLDWELL MM. 1971. Solar ultraviolet radiation and the
growth and development of higher plants. In: Giese AC
[ed.], Phytophysiology, 131-177. Academic Press, New
York.

CALDWELL MM, BALLARE CL, BORNMAN JF, FLINT SD, BJORMAN LO,
TeEramURA AH, KuLaNDAIVELU G, and Tevint M. 2003.
Terrestrial ecosystems, increase solar ultraviolet radia-
tion and interactions with other climatic change factors.
Photochemical and Photobiological Sciences 2: 29-38.

DuxBURY AC, and YENTscH CS. 1956. Plankton pigment mono-
graphs. Journal of Marine Research 15: 91-101.

FAaroog M, SHANKAR U, Ray RS, AcrawaL N, VErRMA K, and
Hans RK. 2005. Morphological and metabolic alterations
in duckweed Spirodela polyrhiza on long term low level
chronic exposure. Ecotoxicology and Environmental
Safety 62: 408-414.

FLINT SD, JorDAN PW, and CAaLDWELL MM. 1985. Plant protec-
tion response to enhanced UV-B radiation under field
conditions, leaf optical properties and photosynthesis.
Photochemistry and Photobiology 41: 95-99.

Gao W, ZHENG Y, SLUSSER JR, and HEISLER GM. 2003. Impact
of enhanced ultraviolet-B radiation on cotton growth,
development, yield and qualities under field conditions.
Agricultural and Forest Meteorology 120: 214-248.

GRAMMATIKOPOULOS G, KarRousou R, KOkkINI S, and MANETAS Y.
1998. Differential effects of enhanced UV-B radiation on
reproductive effort in two chemotypes of Mentha spicata
under field conditions. Australian Journal of Plant
Physiology 25: 345 — 351.

GREENBERG BM, WiLsoN MI, HuanG XD, DuxBURY CL, GARHARDT
KE, and GENSEMER RW. 1997. The effects of ultraviolet-B
radiation on higher plants. In: Wang W, Gorsuch JW,
Hughes JS [eds.], Plants for Environmental Studies,
1-36. Boca Raton, CRC Press, Florida.

Hopxkins L, Bonp MA, and Tosiv AK. 2002. Ultraviolet-B radi-
ation reduces the rates of cell division and elongation in
the primary leaf of wheat (Triticum aestivum L cv
Maris Huntsman). Plant Cell and Environment 25:
617-624.

Hunt R. 1982. Plant growth curves. In: Baltimore MD [ed.],
The Functional Approach to Plant Growth Analysis.
Edward Arnold publishers Ltd., London.

IoannDIs D, BONNER L, and JonnsoN CB. 2002. UV-B is
required for normal development of oil glands in
Ocimum basilicum L. (Sweet Basil). Annals of Botany
90: 453-460.

JANSEN MAK, GaBa V, and GREENBERG BM. 1998. Higher plant
and UV-B radiation: balancing damage, repair and accli-
mation. Trends in Plant Sciences 3: 131-135.

JANSEN MAK. 2002. Ultraviolet-B radiation effects on plants:
induction of morphogenic responses. Physiologia
Plantarum 116: 423-429.

Kakant VG, RepDY KR, ZHAO D, and SHaiLga K. 2003a. Field
crop responses to ultraviolet- B radiation: a review.
Agricultural and Forest Meteorology 120:191-218.



Effects of ultraviolet-B radiation on Acorus calamus L.

Kakant VG, RepDY KR, ZHAO D, and MoHAMMED AR. 2003b.
Effect of ultraviolet-B radiation on cotton (Gossypium
hirsutum L.) morphology and anatomy. Annals of
Botany 91: 817-827.

Karousou R, GRAMMATIKOPOULOUS SG, LANARAS T, MANETAS Y,
and Kokkint S. 1998. Effect of enhanced UV-B radiation
on Mentha spicata essential oil. Phytochemistry 49:
2273-2277.

Kim HY, KoBavasHi K, Nouchil I, and YoNeEyuama T. 1996.
Enhanced UV-B radiation has little effect on growth, d'3C
values and pigments of pot-grown rice (Oryza sativa) in
the field. Physiologia Plantarum 96: 1-5.

MacLACHLAN S, and ZaLIK S. 1963. Plastid structure, chloro-
phyll concentration and free amino acid composition of
chlorophyll mutant barley. Canadian Journal of Botany
4: 1053-1063.

MaDpRONICH S, McKENzIE LO, BJorN LO, and CALDWELL MM.
1998. Changes in biologically active ultraviolet radiation
reaching the earth's surface. Journal of Photochemistry
and Photobiology B: Biology 46: 5-19.

MAaFFEI M, and ScANNERINI S. 2000. UV-B effect on photomor-
phogenesis and essential oil composition in peppermint
(Mentha piperita L.). Journal of Essential Oil Research
12: 523-529.

MEwKamMP BB, DooDEMAN G, RozeEma J, AErTs MAPA, and
ErnsT WHO. 2001. The response of Vicia faba to
enhanced UV-B under low and high PAR levels. Plant
Ecology 154: 117-126.

Ntz GM, and ScuniTzLER WH. 2004. Effect of PAR and UV-B
Radiation on the quality and quantity of the essential oil
in Sweet basil (Ocimum basilicum L.), Acta Horticulture
(ISHS) 659: 375-381.

PETROPOULOU Y, Kvyprariasis A, NikoLopouLous D, and
MENETUS Y. 1995. Enhanced UV-B radiation alleviates
the adverse effect of summer drought in two
Mediterranean pines wunder field condition.
Physiologia Plantarum 94: 37-44.

SuBBAa Rao PV, and Towers GHN. 1970. L-phenylalanine
ammonia-lyase (Ustilago hordei). In: Colowick SP and

27

Kaplan NO [eds.], Methods in Enzymology, 581.
Academic Press, New York and London.

Santos I, FipaLco F, ALMEIDA JM, and SaLEMA R. 2004.
Biochemical and ultrastructural changes in leaves of
potato plants grown under supplementary UV-B radia-
tion. Plant Science 167: 925-935.

SMmiTH JL, BurirT DJ, and BANNISTER P. 2000. Shoot dry
weight, chlorophyll and UV-B absorbing compounds as
indicators of a plant's sensitivity to UV-B radiation.
Annals of Botany 86: 1057-1063.

TevINI M, BrauN J, and FIESER G. 1991. The protective func-
tion of the epidermal layer of rye seedlings against ultra-
violet-B radiation. Photochemistry and Photobiology 53:
329-333.

TeviNT M, and TERaMURA AH. 1989. UV-B effects on terrestrial
plants. Photochemistry and Photobiology 50: 479-487.

WiLson KE, THompsoN JE, HUNER NP, and GREENBERG BM.
2001. Effects of ultraviolet-A exposure on ultraviolet-B
induced accumulation of specific flavonoids in Brassica
napus. Photochemistry and Photobiology 73: 678-684.

Yao XQ, and Liu Q. 2006. Changes in morphological, photo-
synthetic and physiological responses of Mono Maple
seedlings to enhanced UV-B and to nitrogen addition.
Plant Growth Regulator 50: 165-177.

ZALLER JG, SEARLES PS, CALDWELL MM, FLINT SD, ScoPEL AL,
and SaLa OE. 2004. Growth response to ultraviolet-B
radiation of two Carex species dominating an
Argentinian fen ecosystem. Basic Applied Ecology 5:
153-162.

Zuao D, REDDY KR, KakaNt VG, ReEAD J, and SuLLivan JH. 2003.
Growth and physiological responses of cotton
(Gossypium hirsutum L.) to elevated carbon dioxide and
ultraviolet-B radiation under controlled environment
conditions. Plant Cell and Environment 26: 771-782.

Ziska LH, TERaMURA AH, SuLLivan JH, and McCoy A. 1993.
Influence of ultraviolet-B radiation on photosynthetic
and growth characteristics in field grown cassava
(Manihot esculentum Crantz). Plant Cell and
Environment 16: 73-79.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


