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ABSTRACT

A study was conducted in the Department of Biotechnology and Microbiology, 
Lahore College for Women University, Lahore, Pakistan during the year 2011. 
Effect of various levels of ascorbic acid pretreatment (0, 0.25, 0.5 and 1 mM) 
was studied on NaCl tolerance of in vitro-grown plants of a salt sensitive 
sugarcane cultivar SPF-213. Callus cultures (60-days old) as well as in vitro-
grown plants were transferred to MS medium supplemented with various NaCl 
levels (0-120 mM; 9 treatments) after ascorbic acid pretreatment. All ascorbic 
acid pretreatments to callus culture generally had a positive effect on 
sugarcane callus cultures as well as plants in terms of fresh weights, number 
of shoots/roots per culture vessels, shoot/root length, soluble protein contents 
and antioxidant enzyme activities. However, the best response was observed at 
0.25mM and 0.5mM ascorbic acid pretreatment to callus cultures and in vitro 
grown plants, respectively. These morphological as well as biochemical 
parameters showed a positive effect of ascorbic acid pretreatment in 
enhancing salt tolerance in sugarcane.

KEYWORDS: Saccharum officinarum; genotype; ascorbic acid; salt stress; 
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INTRODUCTION

Soil salinity is a major factor threatening the production of a number of crops 
including sugarcane throughout the world (25). Salinity not only results in 
osmotic stress but also it generates reactive oxygen species (3). Sugarcane 
is an important industrial cash crop of many countries of the world which is 
vulnerable to salt stress. Enhancing stress tolerance in plants has major 
implications in agriculture and horticulture (23).

Among different strategies, use of in vitro conditions is considered as an 
important tool in improving plants characteristics to survive under various 
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abiotic stresses including salinity (17). Hence this can greatly facilitate the 
development of salt tolerance in plants including sugarcane. 

An important aspect of salinity tolerance studies is production of reactive 
oxygen species (ROS) under stress conditions which are considered as 
signal molecules at non-toxic concentrations but at toxic concentrations they 
are also capable of injuring cells (9). Antioxidant enzymes like peroxidase 
(POD), catalase (CAT) and superoxide dismutase (SOD) are main 
intracellular scavengers of reactive oxygen species (14).  Increased levels of 
enzymatic and non-enzymatic antioxidants are one of the strategy adopted 
by the plants to overcome damage imposed by ROS. There are many recent 
studies indicating the positive correlation between levels of antioxidants and 
plant stress tolerance (11, 12). Non-enzymatic factors that are antioxidant in 
nature such as alpha-tocopherol (vitamin E), ascorbic acid (vitamin C) and 
carotenoids (18), also play an important role in enhancing salt stress 
tolerance of plants. There are a number of reports indicating that ascorbic 
acid is an important factor involved in biological defence mechanisms (8, 15). 
Many workers have reported that exogenous application of ascorbic acid 
(AA) and other biomolecules such as PEG, Sorbitol, Mannitol, IAA and 
gibberelic acid is a ‘short-cut method’ for increasing the stress tolerance in 
different plants (4, 11, 26). There is no previous report regarding efficacy of 
exogenous application of AA in sugarcane to mitigate salt stress. 

Ascorbic acid has a great potential in ameliorating and modifying the salt 
stress-induced changes in plants (6). External application of ascorbic acid 
has been reported to affect the metabolism of cell (21). Earlier findings (12) 
also indicated positive effect of ascorbic acid on in vitro plants but this was 
not applicable to callus cultures. 

The objective of present study was to highlight effect of various levels of 
ascorbic acid in alleviation of salt stress in sugarcane. Moreover, relationship 
between activities of antioxidant enzymes (POD, CAT and SOD) and various 
levels of exogenously applied ascorbic acid was also investigated. 

MATERIALS AND METHODS

This study was conducted in the Department of Biotechnology and 
Microbiology, Lahore College for Women University, Lahore, Pakistan during 
the year 2011.  For callus induction leaf discs from young inner 2-3 whorls of 
leaves of sugarcane cultivar SPF-213 were inoculated on MS (13) basal 
medium supplemented with 13.5 µM 2,4-D. Callus induction was achieved 
under dark conditions at 27 ± 2 ºC and after 30 days shifted to 16-h 
photoperiod (35 mol/m2/s).
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Ascorbic acid pretreatment was given by shifting 60-day old callus cultures to 
callus maintenance medium (as mentioned above) supplemented with three 
levels (0.25, 0.5 and 1 mM) for 36 hours. To analyze the effect of ascorbic 
acid pretreatment on in vitro-grown sugarcane plants, 60-day old regenerants 
from cultivar were transferred to MS basal medium containing 0.25, 0.5 and 1 
mM AA for 36 hours.

Ascorbic acid-pretreated calluses/in-vitro grown plants were transferred to 
MS medium+0-160mM NaCl. The experiment was performed with 20 
replicates per treatment. Data on fresh weights, shoot/root length, number of 
roots/shoots per culture vessel, soluble protein contents as well as 
antioxidant enzyme activities of callus cultures were recorded at 30th day.

For extraction of proteins and enzymes, samples were prepared by crushing 
1 g tissue with 2 ml of 0.1 M phosphate buffer and pH 7.2.  The methodology 
regarding the quantitative estimation of soluble protein contents and 
antioxidant enzyme activities was used as reported earlier (11). The data 
were subjected to analysis of variance by ANOVA using SPSS Ver. 14.

RESULTS AND DISCUSSION

Fresh weight

The data (Fig. 1-a) indicated that NaCl in medium had a significant effect on 
fresh weight of callus cultures. It was observed that ascorbic acid had no 
significant effect at 0mM NaCl level but at other salt concentrations a 
significant effect of ascorbic acid was observed. A general increase in fresh 
weight was recorded after ascorbic acid pretreatment as compared to control 
callus cultures maintained at that salt level. 

The results revealed that concentration of ascorbic acid is an important factor 
in enhancing salt tolerance. Ascorbic acid pretreatment resulted in increase 
in fresh weights but concentration of 0.25mM AA pretreatment gave better 
promising results regarding salt stress tolerance of sugarcane callus cultures.

Soluble protein contents of callus cultures

No significant difference was observed in the soluble protein contents at 0mM
NaCl level while a significant effect of other NaCl levels was recorded (Fig. 1-
b). It was though interesting that ascorbic acid pretreatment resulted in a 
remarkable increase in soluble protein contents of callus cultures. Callus 
cultures pretreated with 0.25mM AA had higher values of soluble protein 
contents.

Antioxident enzyme activity of callus cultures

Addition of salt to the medium generally increased peroxidase activity of 
callus cultures (Fig. 1-c). It was observed that ascorbic acid pretreatment to 
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callus cultures with different concentrations generally had a significant effect 
on POD activity of sugarcane callus cultures except at 1mM ascorbic acid 
concentration. The highest POD activities were recorded when callus cultures 
were pretreated with 0.25mM NaCl. 

Fig. 1 Effect of medium and/or ascorbic acid pretreatment on (a) fresh weights,
(b) soluble protein contents, (c) peroxidase activity, (d) catalase activity and (e) 
superoxide dismutase activity of callus cultures of sugarcane (SPF-213).
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No significant effect was recorded on CAT activity of sugarcane callus 
cultures (Fig. 1-d). However, the highest CAT activity was recorded in callus 
cultures pretreated with 0.25mM ascorbic acid.  It was also observed that 
both salt as well as ascorbic acid had a significant effect on SOD activities of 
sugarcane callus cultures (Fig. 1-e). Like POD, 0.25mM ascorbic acid 
pretreatment to callus cultures resulted in higher SOD activities.

These results indicate that among all ascorbic acid levels 0.25 mM level gave 
the best response for improving salt tolerance of sugarcane callus cultures.
The results further indicated that AA pretreatment resulted in increased 
soluble protein contents as well as antioxidant enzyme activities in callus 
cultures as well as in plants. Previous reports also confirm the positive 
correlation of antioxidant enzyme activities and salt stress tolerance (7, 16). It 
revealed that concentration of ascorbic acid is an important factor in 
utilization of this compound for enhancing salt tolerance under ex-vitro
conditions. 

Morphological parameters of in-vitro grown plants of sugarcane

The data on fresh weight of plants, number of shoots and roots per culture 
vessel, shoot length and root length at 30th day are depicted in Fig 2. It is 
evident that values of all studied morphological parameters showed a general 
reduction in response to salt stress. However, when the plants were 
pretreated with ascorbic acid generally a significant increase was recorded in 
fresh weights (Fig. 2-a), number of shoots/roots per culture vessel (Fig. 2-b 
and d) as well as shoot length (Fig. 2-c) as compared to non-pretreated 
controls except for root length (Fig. 2-e) where this effect was non-significant.
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Fig. 2. Effect of medium and/or ascorbic acid pretreatment on (a) fresh weights, (b) 
number of shoots per culture vessel, (c) shoot length, (d) number of roots per 
culture vessel and (e) root length of in-vitro grown sugarcane plants (SPF-213) 
maintained on MS medium supplemented with different concertrations of NaCl 
at 30th day.

Hence, exogenous supply of ascorbic acid to in-vitro grown sugarcane plants 
improved their salt tolerance as indicated by studied morphological 
parameters. Among various concentrations of AA, 0.5mM level resulted in 
improved growth of in-vitro grown sugarcane plants. These results agree to 
those of previous workers (24) where addition of 0.5 mM ascorbic acid to root 
medium, prior to salt-treatment for 9 hours, facilitated subsequent recovery 
and long-term survival of 50 percent of wilted tomato seedlings. 

Soluble protein contents of in-vitro grown plants

Salt stress to the plants caused a significant decrease in soluble protein 
contents of in-vitro grown plants (Fig. 3-a). Significant effect of ascorbic acid 
pretreatment was recorded for soluble protein contents with respect to non-
pretreated control at that salt level.  
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Antioxidant enzymes activity of in-vitro grown plants

The results (Fig 3-b) depicted a considerable increase in POD activity in 
plants at all salt levels. Generally, increased peroxidase activities were 
recorded for in-vitro grown plants after ascorbic acid pretreatment. The 
highest values of POD activities were noted at 1mM ascorbic acid level as 
compared to non-pretreated controls. 

A positive effect was also recorded for CAT activity in response to ascorbic 
acid pretreatment (Fig. 3-c). The highest values for catalase activities were 
recorded when plants were pretreated with 0.5 mM ascorbic acid. Similar 
trend was also noted in SOD activities at all ascorbic acid concentrations 
added to various NaCl containing media. It is evident (Fig 3-d) that like CAT 
activities, the highest SOD activities were recorded for in-vitro grown plants 
treated with 0.5mM ascorbic acid.

Fig. 3. Effect of medium and/or ascorbic acid pretreatment on (a) soluble protein 
contents, (b) peroxidase, (c) catalase and (d) superoxide dismutase activities of 
in-vitro grown plants of sugarcane (SPF-213) maintained on MS medium 
supplemented with NaCl at 30th day.
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There is no prior report of ascorbic acid pretreatment given to callus cultures 
or in-vitro plants of sugarcane. However, AA pretreatment on other plant 
tissues/organs such as leaves has been reported in some plants. For 
instance, Mozafar and Oertli (10) reported that application of AA to leaves 
increased concentration of AA in plants. Similarly, it has been observed (1) 
that soaking of wheat grains in AA also counteracted the adverse effects of 
NaCl salinity on wheat seedlings which suggested that additional supply of 
AA to seedlings might decrease the build-up of active oxygen species and 
thereby increase resistance to salt-stress. The role of exogenous application 
of AA in wheat has also been reported earlier (5) where an increase in 
photosynthetic activity was noted as a result of AA application resulting in 
overcoming damaging effect of salt stress.  Sajid and Aftab (19) also noted 
significant effect of ascorbic acid pretreatment on in-vitro grown plants of 
potato. So the response of callus cultures/ in-vitro grown plants of sugarcane 
as observed for sugarcane plants in present study, was in line with previous 
studies.

CONCLUSION

The results conclude that ascorbic acid pretreatment has a positive effect in 
enhancing salt tolerance of sugarcane callus cultures as well as plants. 
Hence, there is a great need in exploiting the full potential of this compound 
to make it feasible to use for plants under field conditions.
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