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ABSTRACT: Present study was carried out to evaluate antioxidant, photosynthetic and productivity of moss Racomitrium crispulum

(Hook. f. et Wils.) Hook. f. et Wils. under various phytotoxic concentration of metals Cu and Cd for different days. Exogenous

supplied Cu and Cd to R. crispulum significantly give stress on oxidative enzymes as well as on photosynthesis. After 15 days of
treatment, the maximum decrease in NRA were 27% and 47% at 0.2 M concentration both in Cu and Cd treated moss is concomitant
with the decrease in percent nitrogen and protein of the respective samples. A significant degradation of chlorophyll was 28% at 0.1

M Cd after 15 days. Increase in carotenoid content was noticed at low concentration of metals (0.01 M) attributed to photoprotective
role of them. Carbohydrate content decreases 54% and 57% of Cu and Cd treated moss after 15 days showed their deleterious effect
only after prolong period of incubation. Total sugar content is in inverse of carbohydrate to compensate the moss physiology.

Peroxidase activity increased with the increase in treatment concentration, while it decreases with respect to increase in exposure time.
The maximum peroxidase activity was observed is 11% at 10 mM treatment in 6 days Cu treated sample. The increase in SOD
activity was observed under higher concentration and also concomitant with respect to increase in incubation period under both metal
(Cu and Cd). Our findings and those of other cited herein suggested that under mild to moderate metal (Cu and Cd) stress for prolong
period give inductive effect and also on photosynthates of moss R. crispulum. This further suggests that under every possible
alteration, cell maintains their integrity and homeostasis by shuffling their metabolic and physiological responses. Present finding
recommends that R. crispulum of Kumaon hills (India) is tolerant to Cu and Cd metal pollution and can be use as bioaccumulators for
these two metals.

KEY WORDS: Phytotoxic metals Cu and Cd, Moss Racomitrium crispulum, Oxidative enzymes, Photsynthates, Productivity
response.

enzyme of nitrogen assimilation pathway and gives direct
INTRODUCTION response of plant growth by giving inductive effect on

nitrogen and protein synthesis (Ali et al., 2007).
Chlorophyll and carotenoid degradation is the routinely
observed response to stress or chiefly in elevated
concentrations of various heavy metals (Chen and Djuric,
2001). Thus, changes in chlorophyll and carotenoid
content and pigment ratios are important indicators of
environmental stress and describes about the tolerance
status of the species (Tuba et al., 1996).

The damage caused by reactive oxygen species (ROS)
is known as oxidative stress. In response, plants have
developed defense systems via non-enzymatic and
enzymatic scavenging of cellular ROS to cope with
oxidative stress (Okamoto et al., 2001; Pinto et al., 2003).

. . ; . . These ROS can have significant role in damaging
metal action at the physiological and biochemical levels biomolecule of cell wall and plasma membrane. Since

were reviewed and studied by several workers (Saxena plant have evolved detoxifying mechanisms (Chaoui et al.,
and Kaur, 2005; Saxena and Arfeen, 2006a, b). Heavy  1997) where by SOD, dismutate these superoxides and
metal like Cu and Cd can modify the rate of plant . and molecular oxygen; insignificantly by Fenton
developrpent (Saxena and Kaur, 2005). . reaction it is further degraded into very reactive hydroxyl

Environmental stress such as metal shows direct r;4ical (OH"). These reactive oxygen species shows
response on Nitrate reductase (NR) activity, oxidative maximum reaction velocity (Vima) in hydrophobic
responding enzyme Super oxide dismutase (SOD) and  atmosphere rather than in hydrophilic system. Peroxidase
Peroxidase (Mllnné-BOSCh and Alegre, 2002) Never the may, play a major role scavenging H202 to prevent ROS
less Nitrate reductase activity (NRA) is an indicator —mediated damages.

Alteration in environmental condition can be
assessed by change in physiological responses of
community. Plants having tolerance potential can fight
to maintain the cell integrity and homeostasis. Heavy
metals constitute an environmental pollutant with
toxicity to biota. Non biodegradable nature and high
density of metals make them distinguished from other
toxic pollutants to accumulate in living tissue. Since the
industrialization and improper control measure of
pollution make it serious threat to induct global
warming. Certain metals at low concentrations act as an
essential element for their metabolism and their high
doses are toxic (Wu et al., 2009). The mechanism of
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There is a strong evidence for detection and
investigation of environmental element contamination,
cryptogams (mosses) respond more sensitive than other
plant species (Glime and Saxena, 1991; Saxena et al.,
2008; Sun et al., 2009). Only bryophytes have tendency
to grow in any kind of habitat as they have evolutionary
background to adapt environmental stress. However,
very little is known about physiological responses and
oxidative stress damages in bryophytes under metal
pollution (Panda, 2003). In present study an attempt is
made to correlate the different enzymatic responses of a
moss Racomitrium crispulum (Hook. f. et Wils.) to Cu
and Cd.

MATERIALS AND METHODS

Sample of moss Racomitrium crispulum (Hook. f. et
Wils.) were collected in the month of December (winter
season) from a uniform area of at least 50 cm” to avoid
intraspecific variability from Mukteswar (Kumaon hill).
Samples were carefully cleaned of all dead material and
attached litter and finally washed with running tap water
to remove soil and adhering dust particles and were then
washed in distilled water. Only green or green-brown
shoots were transferred to Petri plates containing various
concentrations (0.01, 0.1, 0.2 M) of CuSO, and CdCl,.
The objective of taking higher doses of metals is that
tolerant moss has capability to accumulate metals at very
high level (Sun et al., 2009). The plates were transferred
to Biological oxygen Demand (B.0O.D.) incubator under
continuous white light by two fluorescent lamps (Philips
20 W TLD. India) with a photon flux density of 52 nE
m?S" and kept at 22 + 2°C. Assay was carried out after
3,6 and 15 days of incubation. Plant material was taken
out for various physiological experiments. No nutrient
medium was provided exogenously as bryophytes have
unique property to intake directly from their surrounding
air (Glime and Saxena, 1991).

Photosynthetic pigments were estimated according
to the method of Arnon (1949) by extracting in 80 %
acetone in liquid nitrogen. Guaiacol peroxidase and in
vivo NR activity were estimated according to Putter
(1974) and Srivastava (1975) respectively. Total
nitrogen was estimated by Micro-Kjeldahl method
(Jackson, 1962) while, protein was measured by Lowry
et al., (1951) method. To determine the dry matter, the

plants were dried in oven at 70 °C for 2 days. The dried
samples were then weighed to determine the plant dry
matter with respect to 0.5 g of fresh weight. Total
carbohydrate was estimated by the method of Hedge and
Hofteiter (1962). The total soluble sugar was determined
by the method of Loewus (1952) with modifications,
Cerning and Beroard (1975). Proline content and SOD
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activity was measured by using the methods of Bates et al.,
(1973) and Beauchamp, (1971) respectively. All the
statistical analysis was performed by using software
Statistical Package for the Social Science (SPSS 14.0)
(Illinois, USA) for windows program. All data represents
mean of three separate experiments + standard error (n =
3). The data were analyzed by student’s t-test at P < 0.05
significance level.

RESULTS AND DISCUSSION

Preliminary phytochemical screening of the of moss
Racomitrium crispulum revealed the presence of various
antioxidative enzyme along with photosynthetic response
were the most prominent and the result of physiological
test has been summarized in the Figures one to four. The
phytotoxicity of metals on moss R. crispulum is depend on
both heavy metal concentration (0.01 M, 0.1 M and 0.2 M)
and as well as the exposure period (i.e. 3, 6 and 15 days).

Nitrate reductase activity

Maximum decrease in NR activity (NRA) after 15 days
was significantly (p<0.05) ranged from 27-47% in Cd and
Cu treated moss at higher dose and prolong exposure, is

evident in present finding (Fig. 1a). Decrease in NRA after
prolong period of treatment was reported earlier by
suppressing the synthesis of enzyme or by reducing the
activity of existing enzyme molecules (Ali et al., 2007;
Saxena and Arfeen, 2006b). In addition metal ions Cd and
Cu can interfere with the plants metabolism by binding to
essential sulfthydryl groups of enzymes, largely defining
their phytotoxicity (Wang and Su, 2005). In present study,
small dose (0.01 M) exhibited a small increase in NR
activity (Fig. 1a), that small doses of such metals act as
micro nutrient for their growth (Berg et al., 1995).

The specificity and accumulating capability of heavy
metal specifically Cd in moss depend on the genotype for
their metal tolerance and bioremediation (Tickoo et al.,
2007). Furthermore it has been reported that, both Cd and
Cu under high dose can inhibit photosystem II, ATP
synthetase and various Calvin cycle enzymes (Mostowska,
1997). The heavy metal accumulation in leaves reduces
net photosynthesis by altering the chlorophyll content
(Rascio et al., 1993) as evident in present study (Figs.
2a-c).

There are reports on reduction in the chlorophyll
content, triggers in reduction of NRA (Huffaker et al.,
1970), as depicted in present finding (Figs. 1a and 2a-c). It
is also noteworthy that Cd induces water stress (Costa and
Morel, 1994) however among enzymes of nitrogen
metabolism NR activity is perhaps the most responsive to
water stress (Srivastava, 1980). The metal induced water
stress is evident in induction of proline synthesis (Fig. 4c).
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Fig. 1. Effect of metals (Cu and Cd) on A: Nitrate reductase activity. B: Total nitrogen. C: Total crude protein. D: Dry weight of
moss Racomitrium crispulum. Each value is mean of 3 replicates * S.E.
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Fig. 2. Effect of metals (Cu and Cd) on A: Total chlorophyll. B: Chlorophyll a. C: Chlorophyll b. D: Chlorophyll a/b ratio of

moss Racomitrium crispulum. Each value is mean of 3 replicates * S.E.

368



December, 2009

Total nitrogen, crude protein and dry weight

An increase in both nitrogen and protein content of
the moss plants was measured in 0.01M of Cu and Cd
treatment (Figs. 1b and 1c), on the contrary Saxena and
Saxena (2002) reported decline in both nitrogen and
protein content in the peat moss Sphagnum cuspidatum,
supplied with NiSQO, in the range of 0.0001-0.1 M under
in vitro conditions. The increase observed in total
nitrogen may be due to the increase in amino acids under
mild stress (Ali et al., 2007). Further result of NR activity
is support for the increase in nitrogen and crude protein
(Shaner and Boyer, 1976).

Particularly increase in proline accumulation in
response to heavy metal exposure in present study has
been suggested to perform dual role during stress
development. Firstly, it acts as a source of solute for
intra-cellular osmotic adjustment (Delauney and Verma,
1993) and secondly it is hypothesized that proline
provides a store of nitrogen and carbon for subsequent
utilization as an energy source after period of stress
(Sivaramakrishnan et al., 1988).

Similarly increase in crude protein content in
comparison to untreated plants was also noticed in moss
at low concentration doses (i.e. 0.01 M) for all treatment
days of exposure period to Cu and Cd (Fig. lc). A
comparable crude protein relative to control or slight
increase was reported by several workers after metal
exposure in a range of plants (Srivastava, 2004; Gupta et
al., 2003).

The decrease observed at high doses (0.1 and 0.2 M)
in protein content in Cu and Cd treated moss may be due
to the breakdown of soluble proteins or due to the
increased activity of proteins or other catabolic enzymes
which were activated and destroyed the proteins (Ali et
al., 2007).

The 0.01 M treatment of Cu and Cd in moss showed
marked difference in their dry weight in moss
comparison to control (Fig. 1d) and therefore the study
conducted on biomass, attributes that low concentration
metal increases the plant productivity or plant is able to
mitigate the toxicity of low metal treatment (Gonzalez et
al., 2009). However, the prolonged treatment data of 15
days gives significant decrease in dry weight at higher
concentration i.e. 0.2 M.

Chlorophyll and Chl a/b ratio:

A statistically significant decrease (p<0.05) in
chlorophyll content was observed in moss after
application of different concentrations of Cu and Cd,
resulted in toxicity at 0.2 M concentration which become
pronounced at prolong period (Fig. 2). However, there
are reports that in tolerant mosses the total chlorophyll
content is apparently not influenced much under short
exposure and low doses (Tuba et al., 1996; Saxena and
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Arfeen, 2006a). In present finding same trend was
observed in undertaken moss R. crispulum. Dose of
Copper (0.2 M) decreased the chlorophyll content after 6th
days till study period of 15th day. Chettri et al. (1998) also
described the same trend in lower plants.

Photosynthetic pigments

A mild increase in chlorophyll content was reported
earlier by Wu et al., (2003) at 0.1 pM Cd concentration.
The significant increase (P<0.05) in total chlorophyll on
0.01 M Cd treated moss was supported by few earlier
findings (Wu and Zhang, 2002; Lu et al., 2004), that there
is some potentially positive impact of Cd on plant growth.
After 15 days of Cd treatment, its phytotoxicity was
evident, as noticed by significant decrease (P<0.05) in
chlorophyll content (28%) at 0.01M Cd (Fig 2a). These
results are in general agreement with earlier findings on
moss Tortula ruralis by Csintalan et al., (1991), who
reported 40% reduction (0.1 M) in chlorophyll content
after two weeks treatment.

Cadmium has no biological function and is extremely
toxic, even at low concentrations and is easily assimilated
by plants (Milone et al., 2003). In contrast reports on lower
plants like moss execute efficient Cd detoxification
mechanism, imparting low stress (Reichmann, 2002).

The ratio of chlorophyll a/b is more sensitive to
changes than ch/ a+b (Chettri et al., 1998). The Chl a/b
ratio was less affected in the tolerant species. Moss of 0.01
M Cd treated sample exhibited 9% increase in there a/b
ratio. Nevertheless the experimental concentrations used
in present study are too high, suggestive of enhanced
tolerance mechanism in mosses compared to higher plants.

Carotenoid and Chlorophyll / Carotenoid ratio:

It is feasible that singlet oxygen produced due to metal
stress might have caused co-oxidation of chlorophyll and
other pigments, initiating their bleaching further
suggesting that the defense system of the chloroplast is
over changed (Chen and Djuric, 2001). This might perhaps
explain the low carotenoid content in the Cu and Cd
treated plants and its degradation after long term exposure
(Fig. 3i). Due to this low quantity of carotenoids, ROS
may also cause oxidative damage to chloroplast structure
and chlorophyll in sensitive species (Thompson et al.,
1987). In present study an increase in carotenoid content
were noticed at low concentration of metals (0.01M),
attributed to photoprotective role of them (Fig. 3a).

The increase in the chlorophyll and carotenoid ratio
under long incubation period of metals signifies rapid
degradation of chlorophyll pigment and significantly
decrease in the carotenoid imply decrease in protection
action of carotenoid (Saxena and Arfeen, 2006a).
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Fig. 4. Effect of metals (Cu and Cd) on A: Peroxidase. B: Superoxide dismutase. C: Proline content of moss Racomitrium
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Carbohydrate and Sugar

The deleterious effect of Cu and Cd was most
apparent after 15 days of treatment, where the decrease
in carbohydrate content is 54% and 57% respectively.
The metal stress limits the photosynthetic capacity of
plants (Reichmann, 2002) and this was consequently
reflected on the carbohydrate content. Carbohydrate
metabolism seems to be associated with stress responses

in various plant systems. It is probable that the metals
might have caused a decrease in carbohydrate synthesis.
Decrease in carbohydrate is in inverse with increase in
sugar content (Figs. 3c and d). Present result is also
consonance with earlier findings (Subbaiah and Sachs,
2003) that at higher doses of metals (Cu and Cd),
carbohydrate content decreases and sugar content
increases. Seemingly the starch reserves serve as a buffer
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to compensate the reduced production of photosynthates
(Kumar and Rajam, 2002).

Anti-oxidant enzymes
Peroxidase (POX):

The Cd and Cu stress elevated the level of Guaiacol
Peroxidase (GPOX) which varied with the intensity and
duration of exposure (Fig. 4a). It is well documented that
in plants subjected to stress the activity of peroxidase
increases (Gaspar et al., 1991) and in present study there
is 11% increase (p<0.05) in peroxidase activity recorded
in 0.01 M Cu treated moss for 6 days. The increase in
Guaiacol Peroxidase (GPOX) activity in moss treated to
Cu and Cd is probably related to oxidative reactions
corresponding to an increase in peroxides and free
radicals in the plant cells. This increase in enzyme
activity could represent an appropriate protection against
overproduction of peroxides radicals under low
concentration (0.01 M) of heavy metals (Munné-Bosch
and Alegre, 2002).

From present study it can be safely stated that high
POX activity observed in the plants is indicative of
oxidative stresses (Okamoto et al., 2001a). It probably
suggests higher capability of moss Racomitrium species
to adapt to oxidative stress by eliminating reactive H,O,
species under tolerable limit i.e. 0.01M.

Superoxide dismutase (SOD):

Moss plants exposed to different levels of Cu and Cd
for 3, 6 and 15 days showed an induced SOD-specific
activity initially, indicating that this moss plant have the
greater capacity to adapt to heavy metal stress by
developing antioxidant system (Saxena and Arfeen,
2006b; Pinto et al., 2003). Interestingly, an increase
CdSOD caused by Cd exposure after 6 days, where the
activity increased to 92% at p<0.05, well above the
treated plants. The enzyme SOD dismutates O, to H,O,
and oxygen. The transient increase in SOD during initial
periods of metal stress might protect plants from
oxidative injury. Cu and Cd has been shown to elevate
lipid peroxidation under low doses (Chaoui et al., 1997
WU et al., 2009), resulting in ROS formation.

Proline:

Increase in proline content in plants is either due to
the inhibition of proline oxidation or to the more rapid
biosynthesis of proline from its precursors (Claussen,
2005). Proline accumulation in plant is accompanied
bydecrease in osmotic potential. Osmotic adjustment or
osmoregulation enables plant to maintain growth as plant
water potential decrease (Mohammed et al., 1998). The
value of proline content and NR activity are inversely
proportional as evident in present study (Figs. 1a and 4c¢).

Proline accumulation under 15 days treatments of
Cd showed protective response, not only due to the
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osmo-protectent role of proline that prevent a metal
induced water deficit stress, but also for the radical
scavenger and protein stabilization properties (Fig. 4c).
Further, the result of total nitrogen and protein content are
also down the line of proline, justify the role of proline to
ignite the store nitrogen and protein to satisfy the energy
gap due to heavy metal stress (Sivaramakrishnan et al.,
1988).

This finding recommends that Racomitrium crispulum
(Hook. f. et Wils.) of Kumaon hill is more over tolerant to
Cu and Cd metal pollution and can be use as
bioaccumulator. Which further supported by metal
accumulated under different treatment concentration. Our
earlier finding on metal biomonitoring value by R.
crispulum is validated from the present study (Saxena and
Arfeen, 2006c¢).
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