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ABSTRACT

Plants have a number of biochemical mechanisms to cope with salt stress. Peroxidases, Catalases and Superoxide
dismutases are important antioxidant enzymes in the metabolism of reactive oxygen species (ROS) produced under salt
stress. To analyze the possible role of these enzymes in developing resistance to salt stress, 60-day-old callus cultures of
sugarcane (cvs. SPF 234 and HSF 240) were subjected to various NaCl levels (0-160 mM; 9 treatments). The activities
of antioxidant enzymes (Peroxidase, Catalase and Superoxide dismutase) were later recorded at day 30 after ascorbic
acid pretreatment. It was observed that ascorbic acid pretreatment to callus cultures as well as in vitro grown plants has a
positive effect on different growth parameters tested during the study. Antioxidant enzyme activities underwent an
increasing trend in response to increasing concentration of NaCl. Healthy sugarcane plants were also successfully
regenerated from 120-days-old NaCl-treated callus cultures treated with various NaCl levels. It was observed that the
plants regenerated from salt-treated callus cultures generally had elevated levels of antioxidant enzymes as compared to
the control. Hence, it is concluded that high antioxidant enzyme activities in sugarcane cultivars induced salt stress in
them which may have a better protection against reactive oxygen species. This hypothesis however needs further testing
both under in vitro as well as greenhouse conditions.
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INTRODUCTION

Soil salinity is an important constraint that
affects plant agriculture worldwide (Mahajan and Tutea,
2005). The capability of crops to grow on saline soils
varies among species and depends on the concentration of
salts present in the root zone as well as on various
environmental and cultural conditions (Maas, 1990). It
has been reported that many plant species are adversely
affected by salinity level greater than 1.38 milli-ohms
(Alam et al., 2000).

Sugarcane is considered as moderately sensitive
to salinity, while exhibited reduction in biomass and juice
quality with an increasing in salinity (Lingle and
Weigand, 1996). Salinity affects the plant growth due to
osmotic stress, specific ion (Na+) toxicity, nutritional
imbalance, hormonal imbalance or production of reactive
oxygen species (Bartels and Sunkar, 2005). Reactive
oxygen species (ROS) are molecules like hydrogen
peroxide (H2O2), ions like the hypochlorite ion, radicals
like the hydroxyl radical (OH°) and the superoxide anion
(O2

-°). . Reactive oxygen species participate in multiple
processes in plants and can damage other molecules and
the cell structures of which they are a part (Mittler, 2002).

The precise mechanisms underlying the effects
of salt stress on plants are not fully understood because
plant resistance to salt stress is a multigenic trait (Parida

and Das, 2005). Plant cells have evolved several
biochemical and physiological pathways against salt
stress. So far, an important strategy of the plants to
overcome oxidative damage is to produce antioxidant
enzymes including peroxidase, catalase and superoxide
dismutase (Bartels and Sunkar, 2005). Peroxidase
enzyme decomposes H2O2 by oxidation of co-substrates
such as phenolic compounds and/or antioxidants (Gaspar
et al., 1991). Catalase enzyme plays an important role in
the acquisition of tolerance to oxidative stress in the
adaptive response of cells (Abassi et al., 1998).
Superoxide dismutase (SOD enzyme converts superoxide
ion produced under stressed conditions to hydrogen
peroxide and molecular oxygen thus playing important
role in defense mechanisms (Harinasut et al., 2003).

Tissue culture techniques have been applied to
plant species not only to select tolerant clones from non-
tolerant plants but also to study the physiological and
biochemical mechanisms that operate at the cellular level
in response to stress conditions (Lerner, 1985). Changes
in activities of various antioxidant enzymes under salinity
stress have been reported but none of these focuses on
sugarcane callus cultures. The present study therefore
was conducted to investigate the role of three antioxidant
enzymes i.e., Catalase, Peroxidase and Superoxide
dismutase in biochemical adaptive mechanism against
salt tolerance in sugarcane under in vitro conditions.
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MATERIALS AND METHODS

Establishment of callus cultures: Callus cultures were
established from the explants ranging from 5-8 mm in
diameter (2-3 mm thick) derived from young inner 2-3
whorls of leaves of two sugarcane (Saccharum spp.
Hybrid) cultivars (SPF 234 and HSF 240) on MS
(Murashige and Skoog, 1962) medium supplemented
with 13.5 M 2,4-D. For callus induction cultures were
placed at 27 ± 2ºC under dark conditions. All the cultures
after callus formation were maintained at 27 ± 2ºC under
16-h photoperiod (35 mol m-2 s-1).

Salt treatments to callus cultures: To observe the effect
of salt stress on sugarcane callus cultures, 60-days-old
callus cultures were transferred to MS medium
supplemented with 9 different NaCl levels (0-160 mM).
The amount of soluble proteins, peroxidase, catalase and
superoxide dismutase activities were calculated by using
UV-visible range Spectrophotometer (HITACHI U1100)
before every subculture at day 90, 120 and 150.

Plant regeneration from salt treated callus cultures:
Callus cultures after treating with various NaCl
concentrations were transferred to already standardized
regeneration medium (MS + 8.87 mM BAP + 0.5 M
TDZ) at day 120. At day 30 from the initial culture on
regeneration medium, the regenerated shoots were shifted
to the MS basal medium for 30 days for further
development of shoots. These regenerated shoots were
then analyzed for soluble protein contents, peroxidase,
catalase and superoxide dismutase activities.

Biochemical Analysis for antioxidant enzyme
activities: To analyze the activities of antioxidant
enzymes, extraction of the tissue was done with 0.1 M
phosphate buffer (pH 7.2) in 1:2 ratio. Peroxidase (E.C
1.11.1.7) activity was measured with the help of a method
proposed by Racusen and Foote (1965). To estimate the
activity of catalase (E.C 1.11.1.6), method of Beers and
Sizer (1952) was employed with some modifications. The
total SOD (E.C 1.11.1.6) activity was estimated
according to Maral et al. (1977) The details of above
mentioned methods and modifications were the same as
reported earlier (Munir and Aftab, 2009).

Statistical analysis: Statistical analysis was performed
using Univariate analysis of variance (SPSS Version 11).
To apply the F test, data were transformed where
required. P values ≤0.05 were considered as significant.

RESULTS

Peroxidase activities (mg/g tissue) of the callus
cultures of both the cultivars (SPF 234 and HSF 240)
maintained on nine different salt stress treatments are
shown in Fig. 1 and 2. There was an overall enhancement

in peroxidase activity with increasing concentration of
NaCl up till 120 mM, enzyme activity decreased at 140
mM NaCl and approached zero at 160 mM level. For Cv.
SPF 234 peroxidase activity of the callus cultures on the
control medium (MS containing 0 mM NaCl) was 0.017
mg/g tissue at 120 day, whereas general increasing trend
in enzyme activity was recorded with increase NaCl
concentration up till 80 mM NaCl and afterwards a
decrease was observed. At day 150 an increase in
peroxidase activity was recorded upto 60 m Na Cl level
after which a decrease in peroxidase activity was
recorded.

It was also interesting to note that in both the
cultivars, the respective value of peroxidase activity at 0
or 20 mM NaCl were same at day 90. However,
peroxidase activity increased to 0.054 mg/g tissue at 100
mM NaCl level after which its value remained unchanged
at 120 mM NaCl level and approached zero at higher
concentrations. At day 150, all the NaCl-treated callus
cultures had less values of peroxidase activity as
compared to the peroxidase activity in control callus
cultures at 0 mM salt concentration (0.022 mg/g tissue).

Catalase Activity (units/ml enzyme): Values of catalase
activity of sugarcane cultivar SPF 234 have generally
shown an increasing trend from 5.75 units/ml enzyme at
0 mM NaCl level to 20.98 units/ml enzyme at 140 mM
NaCl concentration (Fig. 3). Almost the same general
increasing trend was observed in callus cultures at day
120. However, deviation from this general trend in this
cultivar was observed at 80 mM NaCl level where the
value of catalase activity was slightly lower (9.31
units/ml enzyme) as compared to catalase activity at 60
mM NaCl (11.37 units/ml enzyme). At day 150, the
values of catalase activity were generally less as
compared to the catalase activities both at day 90 and
120.

For cv. HSF 240, an increasing trend in the
catalase activity at day 90 up to 100 mM NaCl level
remained almost the same at the next tested NaCl level,
i.e., 18.03 units/ml enzyme before approaching zero at
higher concentrations (Fig. 4). It was also observed that
callus cultures of cv. HSF 240 at 0 mM had almost
similar catalase activities at day 90 and 120 (5.46 and
5.86 units/ml enzyme, respectively). At day 120, a
statistically significant effect of different salt
concentrations on catalase activity was recorded for
callus cultures of cv. HSF 240. Fig 4 also indicates that
the maximum value of catalase activity (11.14 units/ml
enzyme) at day 120 was observed at 60 mM salt level.
At day 150, no significant effect of different salt
concentrations on catalase activities of cv. HSF 240 was
observed.

Superoxide Dismutase Activity (units/mg protein): It
is evident from Fig. 5 that the values of superoxide
dismutase activities of both the cultivars were
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significantly influenced by the addition of salt in MS
medium. The SOD activities of the salt-treated callus
cultures at day 90 or 120 were generally greater as
compared to control callus cultures. At day 90, there was
a general tendency towards an increase in superoxide
dismutase activity that reached its peak at 120 mM NaCl
level (58.02 units/mg protein). Then a decrease (42.69
units/mg protein) in SOD activity was observed at 140
mM NaCl level. Superoxide dismutase contents
approached zero at still higher NaCl level, i.e., 160 mM
NaCl treatment. With some minor variations, the SOD
activity generally increased in cv. SPF 234 under
increasing salt levels at day 120. However, at day 150,
SOD activities in NaCl-treated callus cultures were
statistically non-significant.

The SOD activity of the callus cultures of cv.
HSF 240 maintained on the medium without salt (0 mM
salt level) was found to be less (2.63 units/mg protein) as
compared to control callus cultures of cv. SPF 234 (Fig.
6). The maximum value (25.45 units/mg protein) was
observed at 120 mM NaCl, which was again less than
superoxide dismutase activity of callus cultures of cv.
SPF 234 at the same salt levels. At day 120, superoxide
dismutase activity at all the salt levels was statistically
different as compared to the control. It is also evident
from figure that generally an increase was recorded in
SOD activities at day 120 with increasing salt level with
the maximum value at 120 mM NaCl level (17.45
units/mg protein). At day 150, once again a significant
effect of various NaCl levels was recorded on the values
of SOD activities.

Peroxidase, Catalase and Superoxide Dismutase
Activities of the Regenerated Plants of Sugarcane: For
cv. SPF 234, regeneration of the callus cultures was
recorded up till 120 mM NaCl whereas for cv. HSF 240,
the maximum level of salt treatment still allowing some
regeneration was 100 mM (data not shown). Peroxidase
activities of regenerated plants of SPF 234 are given in
Fig. 7. Plants regenerated from callus cultures of cv. SPF
234 maintained on medium supplemented with 0 or 20
mM NaCl had the same peroxidase activity (0.016 mg/g
tissue). Plants regenerated from callus cultures treated
with 40 mM NaCl showed a slight increase (though non-
significant) in peroxidase activity to 0.017 mg/g tissue.
The maximum value for peroxidase activity (0.04 mg/g
tissue) was observed in the plants regenerated from 80
mM NaCl-treated callus cultures. For HSF 240, the
peroxidase activities of plants regenerated from callus
cultures were found to be significantly affected with
various salt concentrations.

For cv. SPF 234, the control plants had catalase
activity of 2.16 units /ml enzyme (Fig. 8). The maximum
value of catalase activity for this cultivar (4.38 units /ml
enzyme), like peroxidase, was also observed in plants
regenerated from calluses treated with 80 mM NaCl. The

overall effect of various NaCl levels on catalase activity
of regenerated plants (derived from 0-160 mM NaCl-
treated callus cultures), however was non-significant. The
plants regenerated from callus cultures of cv. HSF 240
treated with different NaCl concentrations, however, did
not show significant difference in catalase (Fig 8).

It is evident from Fig 9 that the values of
superoxide dismutase activity of the plants regenerated
from 0 mM was 3.19 units/mg protein which increased to
7.44 units/mg protein  at 40mM NaCl level and
afterwards remained almost the same at 60 mM NaCl
(7.38 units/mg protein). The maximum value of
superoxide dismutase activity (8.74 units/mg protein),
was however, observed in the plants regenerated from
callus cultures treated with 120 mM NaCl. However, Fig
9 indicates that like catalase activities no significant
difference in superoxide dismutase activities was
recorded for HSF 240.
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DISCUSSION

Results of the present study indicated that when
salt was supplied to the growth media, generally there
was a significant increase in peroxidase activity of the
callus cultures as compared to the control treatments.
Thus the peroxidase activity increased up to 3-3.6 times
in both sugarcane cultivars (SPF 234 and HSF 240) at
day 90 in 120 mM NaCl-treated, 4 times in cv. SPF 234
at day 120 in 80 mM NaCl level and relatively less (3
times) in cv. HSF 240 at 100 mM NaCl level.
Interestingly, a similar increasing pattern with a
maximum of 2.5 or 3.0 times increase of peroxidase
activity at 50 or 100 mM NaCl concentrations,
respectively was observed in chickpea by Sheokand et al.
(1995). The increased total peroxidase activities in
response to salinity have also been reported in other
plants (Lee et al., 2001, Sairam et al., 2005). It is a well
documented fact that in plants there exists a relationship
between total peroxidase activity and changes in cell wall
as well as oxidative stress under salt stress (Chen et al.,
1993). This high activity of peroxidase may, therefore, be
correlated with the capability of the cells to quash
oxygen-free radicals, which can damage the cell
compartment.

Catalase is quite important for the maintenance
of normal cellular processes because it plays an important
role in the removal of electrons that can lead to the
production of O–2 free radical (Abassi et al., 1998). The
present investigation indicated that catalase activity of
both the sugarcane cultivars showed an increasing trend
with a correspondingly increasing salt level in the
medium. Our findings are contradicted to previous works
where decreased catalase activity was noticed in response
to salinity (Neto et al.., 2006). The results of our
experiments are thus consistent with many previous
observations indicating an enhanced catalase activity

under different environmental stresses including salt
(Gossett et al., 1994), heat (El-Shintinawy et al., 2004) or
cold (Scandalios et al., 1984). Therefore, greater catalase
activities in salt-treated callus cultures of sugarcane as
compared to the control can be correlated to the ability of
this enzyme to detoxify the damaging effects of hydrogen
peroxide produced under stressed conditions (Willekens
et al., 1997).

Superoxide dismutase enzyme also plays a key
role in the antioxidative defense mechanism. SOD
enzyme converts superoxide to hydrogen peroxide and
molecular oxygen. Therefore, SOD activity has been
reported to be negatively correlated to the concentration
of O2

– and H2O2. An increase in superoxide dismutase
activity in response to salt stress was observed during the
current study. So our results support previous reports
indicating increased SOD activity in plants exposed to
different environmental stresses, including salinity (Lee
et al., 2001; Harinasut et al., 2003). It has been
demonstrated that salt-tolerant varieties exhibit higher
constitutive and induced levels of SOD as compared to
their salt-sensitive counterparts (Bor et al., 2003). On the
basis of our results, we may also suggest that superoxide
dismutases are important enzymes within the antioxidant
defense system of sugarcane to detoxify ROS and confer
salt tolerance.

It was interesting to note during the present
study that the plants regenerated from salt-treated callus
cultures had generally more antioxidant enzyme activities
as compared to the control plants (regenerated from non-
treated callus cultures). Thus it can be suggested that
NaCl treatment at the callus level probably triggered the
synthesis of antioxidant enzymes which was retained in
the regenerated plants from these callus cultures.
Although there is no prior study regarding the antioxidant
enzymes in sugarcane plants regenerated from NaCl-
treated calluses but it is well documented that plants with
high levels of antioxidant enzymes have more salinity
tolerance because of resistance to oxidative damage
(Sehmer et al., 1995). Therefore, it can be suggested that
higher antioxidant enzyme activities of the regenerated
plants from NaCl-treated callus cultures could result in
the increased ability of these plants to withstand NaCl
stress.

As mentioned before, there might be the
production of reactive oxygen species in sugarcane callus
cultures such as superoxide (O2

-) and hydrogen peroxide
(H2O2) in response to NaCl stress as confirmed by
previous study on other plants (Bartels and Sunkar,
2005). In order to quench these ROS, elevation was
observed in the activities of antioxidant enzymes
peroxidase, catalase and superoxide dismutase in NaCl-
treated sugarcane callus cultures as compared to the
control. In conclusion, this investigation has shown that
salt tolerance is correlated with higher levels of
antioxidant enzyme activities and these enzymes can act
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as a defense team in protecting the cells from oxidative
damage imposed by salt stress. Hence, soluble protein,
peroxidase, catalase and superoxide dismutase contents
of callus cultures seem quite useful as biochemical
parameters of salt tolerance in plants including sugarcane.
This study has also shown that healthy and vigorously
growing sugarcane were successfully regenerated from
calluses maintained under various NaCl levels. Because
such higher NaCl levels generally prove lethal for most
sugarcane tissues maintained under in vitro conditions,
the successful regeneration of sugarcane plants from
callus cultures maintained at higher NaCl levels (120 mM
in cv. SPF 234 and 100 mM in cv. HSF 240) seems quite
a significant step forward. Though not tested till the
compilation of present work, it is optimistically assumed
that regenerated salt-tolerant plants retain salt-tolerance
characteristics under greenhouse or field conditions.
Further studies on salt tolerance characteristics of
regenerated plants from this study under either in vitro or
greenhouse/field conditions are highly recommended.
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