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Abstract: The ameliorating effect of exogenous application of ascorbic acid (AA) in combination with
NaCl under in vitro culture on growth and associated biochemical parameters in Saccharum genotypes
Co 0118 and Co 0238 were studied in the presence and absence of ascorbic acid (ImM) in
combination with NaCl [0 (control), 20, 40, 80, 160 and 200 mM]. Plant growth measurements like shoot
length, fresh weight, number of shoot per explant and antioxidant enzyme activities peroxidase and
catalase were recorded and found significant after 4 weeks. NaCl containing medium shows the reduced
growth and antioxidants activity in all the combination as compare to ascorbic acid containing medium.
The AA application not only mitigated the inhibitory effects of salt stress but also induced a
stimulatory effect on all the studied growth parameters. Hence, the application of AA under in vitro
culture significantly alleviated the adverse effects of salinity on growth and biochemical parameters of
sugarcane plantlets.
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I.  Introduction

Sugarcane (Saccharum sp.) is a phenomenal plant species growing in tropical and subtropical
regions™? . It is an important sugar crop of India and ranks among the top ten food crops and accounts
for around 60% of the world’s sugar production. The importance of cane has also increased in recent
years for its wide use in industries as a raw material for sugar, alcohol, acetic acid, butanol, paper,
and animal feed®*’. The sugarcane being a glycophyte (salt susceptible), exhibits toxic symptoms
including low spout emergence, nutritional imbalance and growth reduction, leading to low productivity,
especially sugar content when cultivated in the salt-affected soils®®. So, the development of stress-
tolerant crops will be greatly advantageous for modern agriculture in areas that are prone to such
stresses. The identification of salt tolerant parents and their cross combinations that could yielded higher
proportion of tolerant genotypes is most necessary phenomenon. lon homeostasis, osmoregulation,
antioxidant and hormonal systems are some of the defence mechanisms that helps halophytic species to
cope up the saline conditions”®. On the other hand, glycophytic species are susceptible to salt stress,
because they show reduced leaf expansion, chlorophyll contents and represent the toxic damags, i.e.,
wilting, chlorosis, necrosis, leaf burn and senescence®'®. About 5% of land under sugarcane cultivation
(20 million hectares) is saline™, as per FAO 2008, about 6 % of the arable land and 20 % of the
irrigated areas inthe world are affected by salt stress*’. Variety of salts present in soil thatare quickly
dissolved in water to produce toxic ions, especially sodium ion (Na‘). Sodium (Na") is frequently
absorbed by root tissues and transported to the above-ground plant part through the xylem vascular
tissues. Sodium ion (Na*) is well known for negatively affecting the plant growth and development prior to
plant cell death*®'. Salinity, a serious environmental issue affects growth and development of most of
the crop plants throughout the globe®™ ** "8 High salt levels in soil causes several adverse effect viz.
hyper-osmolarity, ion disequilibrium, nutrient imbalance and production of reactive oxygen species
(ROS). All these, retards the plant growth through molecular damage as well as hamper many cellular
processes such as photosynthesis, respiration and the plasmamembrane function® ?. NaCl is responsible
for both hyperionic and hyperosmotic stress in plants, and its increased accumulation in soil alters its
basic structure and results in decreasing soil porosity consequently, reducing soil aeration and
conductance of water'®. Ascorbic acid (AA) is one of the most extensively studied antioxidants that
have been detected in the majority of plant cell types, organelles and apoplast?. A fundamental role of
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ascorbic acid is providing defence system in plant and protecting the metabolic processes against H,O,
and other toxic derivatives of oxygen. AA reacts non-enzymatically with superoxide, hydrogen peroxide
and singlet oxygen?, and acts as a primary substrate in the cyclic pathway for the enzymatic
detoxification of hydrogen peroxide; thus, it has a significant role in the activation of various biological
mechanisms and plant defence®. AA is signified as one of the most efficient growth regulators against
abiotic stresses and its cellular levels are correlated with the activation of complex biological defence
mechanisms. It has also used to counteract the adverse effects of salt stress in many crop plants 22>%,
Salt-induced adverse effects could be reduced significantly with the exogenous application of AA and
increase the growth and yield of plant”’. In recent years, the involvement of AA in response to
abiotic stresses has come into light. Several studies supporta major role of AA in plant adaptation to
the changing environment, and induce plant tolerance to various abiotic stresses including elevated
NaCl.2%%° It is a well observed fact that AA potentially generates a wide array of metabolic responses
in plants and also affects plant water relations.® It controls cell division and cell expansion, acts as a
cofactor of many enzymes, modulates plant sense, and is involved in photosynthesis, hormone
biosynthesis, and regeneration of antioxidants.*>** The AA pre-treatment effect is studied earlier in
sugarcane under in vitro condition with significant result under NaCl stress*’. Keeping the above facts
in mind present work has been designed with two sugarcane cultivar for their comparative analysis
towards facing the salt stress in the presence and absence of AA under invitro culture condition.

I1. Materials And Methods

Plant material and media Composition

For this experiment 3 weeks old micropropagated shoots of variety Co 0238 and Co 0118 were
taken for the experiment and subcultured in the MS medium® induced with NaCl [0 (control), 20, 40,
80, 160 and 200 mM] and NaCI+AA (0+1, 20+1, 40+1, 80+1, 160+1, 200+1 mM) separately, supplemented
along with 0.5 mg/l BAP (N6-benzylaminopurine), 0.5 mg/l kinetin (N6-furfuryladenine), 3% sucrose,
0.8% agar and 300 mg/l PVP (polyvinylpyrrolidone) (Hi-media, India). pH of each nutrient medium was
adjusted between 5.6+2 before its sterilization (autoclave at 121°C and 15 Ib/inch? pressure for 20
minutes) and cultures were maintained in 16/8 hours day and night light conditions with light intensity
3000 lux with culture room temperature 25°C+2. Data were taken after 4 weeks, with each repeated
five times. Data for morphological (fresh weight, shoot length, number of shoot per explants) and
biochemical parameters (catalse and peroxidase) were estimated accordingly.

Enzyme assay

For enzyme extraction, a sample of fresh leaves (0.5g) was homogenized in 1 mL of 0.1 M
phosphate buffer, 0.1 g of polyvinylpolypyrollidone (PVP), and 0.5% (v/v) Triton X-100. The resultant
mixture was centrifuged at 14,000 rpm at 4 °C for 30 min. The supernatant was carefully separated
and used further for quantitative estimation of catalase and peroxidase. Catalase (CAT) (EC 1.11.1.6)
activity was assayed calorimetrically according to the method given by Sinha®, (1972) and expressed as
(units/ ml enzyme) and Peroxidase (POD) (EC 1.11.1.7) activity was assayed by the method of Kumar
and Khan® (1982), and expressed as (mg/ g tissue). Absorbance for both the enzyme activities were
taken by UV-visible range Spectrophotometer (PerkinElmer VIS/UV, Lambda 25).

Experimental design and statistical analysis

The experiment was laid out as Completely Randomized Design with five replications (n=5),
two shoots per replication per test-tube, in each concentration of NaCl and NaCl+AA. Analysis of
variance  (ANOVA) in each parameter was computed, and the mean values of morphological and
biochemical parameters were compared with the significance level at P <.05% and P<.001%.

I11. Results and Discussion

Growth parameter

The present study shows the effect of NaCl in combination with AA to the in vitro grown
sugarcane plants viz. variety Co 0238 and Co 0118, and simultaneously the ameliorative effect of AA
on plant under saline conditions. Our results for the experiment showed that salt stress attenuated all
the studied growth parameters (fresh weight, shoot length and no. of shoots per culture vessel) and
enzyme activities (catalase, and peroxidase) as well. Ascorbic acid is known to protect organelles and
cells from the adverse effect of ROS (reactive oxygen species), which over-accumulate due to stress-
induced oxidative damages®®**4°*!, Efficient detoxification of ROS help plants in growth and
development, thorugh increased activity of SOD and POD that scavenge 02 and H,O, radicals
quickly*>*®, The data for fresh weight, number of shoot per culture vessel and shoot length of plant are
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shown in fig. 1(a,b,c) and fig. 2, from the graph it is evident that all these parameters were significantly
affected by the NaCl and NaCl+AA medium. At 0 and 0+1mM, an increase in mean value from 0.56
to 0.62 mg in Co 0238 and 0.42to 0.48 mg in var. Co 0118 was observed in fresh weight. The
average number of shoot inthe presence of AA was also found to be increased by 8.6 to 10.2 for Co
0238 and 7.8 to 9 for Co 0118 at OmM and 0+1mM itself. Similarly, in case of shoot length there
was an increment of 7.7cm to 9 cm in Co 0118 and 84 cmto 9.7 cm in Co 0238. Although,
results indicate a significant decline in fresh weight, number of shoot and shoot length with subsequent
increase of NaCl, variety Co 0238 in the presence of AA give better result than Co 0118 in all the
concentration with the presence and absence of AA. Plant survival rate decrease severely, browning
and necrosis of plants was observed after 80 mM NaCl containing medium in Co 0118 and after 160
mM in Co 0238. The inhibitory effects of salt stress on plant growth and biomass production are well
known, accumulation of high amounts of toxic salts in the leaf and other tissues leads to dehydration
and turgor loss, and hence death of leaf cells and tissues*’. Exogenous application of AA appreciably
increased the growth of sugarcane plants under both the salt-stressed and non stressed conditions e.g.
shoot length, shoot diameter, and leaf area of sugarcane plant?3*. Similarly, a significant improvement
in the salt tolerance of wheat** and sorghum plants* were found on applying AA externally. AA
application on Khaya senegalensis greatly increased the leaf area, stem height, and diameter of the
plant®®. In the present study, presence of AA to the NaCl containing medium appreciably enhanced the
fresh weight, shoot length and number of shoots per explants of sugarcane plants when compared to
non treated plants. Similarly, on applying foliar spray of AA on Solanum melongena L. under salinity
stress, biomass production of Brassica plants was also improved®®“®. There are much more evidence
that proves the importance of AA in plant development in stressed and non stressed condition whether
supplied exogenously or by endogenous itself.

Catalase and Peroxidase activity

Here, activities of antioxidant enzymes (peroxidase and catalase) in sugarcane plants were found
to be increased under salt stress as well as after AA application. In this study, 1 mM concentration of
AA enhanced the oxidative capacity and hence protects the plant from oxidative stress. Multiple
antioxidant enzyme systems are involved in the enzymatic scavenging of ROS, catalase scavenge
hydrogen peroxide by breaking it directly to form water and oxygen and an increase in its activity is
related to an increase in stress tolerance. Peroxidases decompose H,O, by oxidation of phenolic
compounds and its activities increased under salt stress®**°**3, Catalase and peroxidase, both parameters
shows significant increase in stressed and non stressed medium as shown in figl. (d, €). An increase of
8.62 units/ml to 9.62 units/ml enzyme at 0 and 0+1mM invar. Co 0118, while 9.2 units/ml to 10.04
units/ml in Co 0238 was found. Maximum value of 14.36 units/ml was observed at 40+1 mM and
12.4 units/ml at 50+1mM in Co 0238. On the other hand, in variety Co 0118 maximum value of
13.18 units/ml was observed at 40+1 mM and 11.44 units/ml in 20 mM alone. From the graph, it is
evident that the value of enzymatic action increase upto a limit of 40 mM and then decrease with the
increase concentration of NaCl and NaCl+AA medium significantly. An increase in the activity of
antioxidant enzymes helps the plants to maintain their growth under stress conditions and signifies itself
as an indicator of salinity tolerance®*®°. Presence of higher concentrations of antioxidants in plant cell is
directly related to resistance against the oxidative stress caused by salinity®. Positive effect of POD
activity in response to NaCl and NaCl +AA medium was recorded in all the concentration of MS
medium. Like catalase, peroxidase activity was also found to be increase efficiently from 0, 0+ 1mM
to 40+1mM in both the varieties. No significant difference is found in between 40+1mM (.039 mg) and
80+1mM (.036 mg) in variety Co 0238, while in Co 0118, 0.36 mg is the value for 40+1 mM and
0.024 mg at 80+1mM. In the absence of AA, the value was found 0.030 mg for Co 0118 and 0.033 mg
for Co 0238 at 40 mM NaCl containing medium. Least value for POD at 200 mM NaCl induced
medium was found as 0.00926 mg for the variety Co 0118 and 0.013mg for Co 0238. Although the
value seems to be decreasing effectively after 40 mM in both the varieties yet Co 0238 proves itself
better than Co 0118 in all the concentrations. The activity of catalase enzyme increased significantly
with the increment in NaCl stress®, thus regulating the level of other peroxidases necessary for
preventing peroxidation of organelle and cell membrane®. Upon exogenous application of ascorbic acid
on potatoes, the activities of antioxidant enzymes, such as superoxide dismutase, catalase and peroxidase,
were found to be increased significantly under the influence of NaCl stress and it also enhances the plant
resistance to survive under environmental stress®. While studying the effect of exogenous application of
AA on Vicia faba seedlings, addition of AA (4 mM) in the NaCl containing medium induced a
beneficial and statistically significant increase in the percentage resistance to salt stress and the
growth®. Addition of 1 mM ascorbic acid significantly increased seed germination, carotenoid,

DOI: 10.9790/264X-0504024248 www.iosrjournals.org 44 | Page



Effect of Ascorbic acid in combination with NaCl for mitigating the salinity stress in ..

chlorophyll contents and dry mass of Egyptian clover (Trifolium alexandrinum L.) seedlings grown in
NaCl induced medium®. Similarly, in case of rice also addition of 1mM AA to different concentration of
NaCl induced medium enhances the chlorophyll content and hence the photosynthetic ability of plant,
resulting in their improvement of salinity tolerance®. NaCl inthe medium generate ROS and addition
of AA increase the inhibition of oxidative stress through the development of enzymatic antioxidants
responsible for organizing the ROS in Barley plant %,

IV. Conclusions

There are a number of reports indicating that ascorbic acid is an important factor involved in
biological defence mechanisms®®3 Likewise in our study, ascorbic acid in the medium improved the
growth of sugarcane plants as indicated by morphological as well as biochemical characteristics, by
combating the harmful effect of oxidative damages. These higher levels of antioxidant enzymes might
be attributed to their property to help develop the plant’s resistance against ROS caused due to NaCl.
So, here we can conclude that an increase in the activities of antioxidant enzymes of NaCI+AA treated
sugarcane plants than NaCl alone, as observed during the present work is in line with the earlier
findings cited above in the paper.
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Fig. 1 Effect of different concentration of NaCl and NaCl+ AA medium on (a) number of shoot per culture
vessel, (b) shoot length (c) fresh weights, (d) peroxidase activity and (e) catalase activity in in vitro grown
sugarcane plants after 4™ week of treatment.

iii) Co 0238 NaCl iv) Co 0118 NaCl

Fig. 2 Effect of different concentration of NaCl and NaCl +AA medium on plant multiplication rate of Co
0118 and Co 0238 under in vitro condition after 4" week of treatment. i: Co 0238 (NaCl+AA) ii: Co 0118
(NaCl + AA) iii: Co 0238 NaCl iv: Co 0118 NaCl {a: 0 (control) mM, b: 20 mM, c: 40 mM, d: 80 mM, e: 160
mM and f: 200 mM in NaCl supplemented medium, and a: 0+1(control) mM, b: 20+1 mM, c: 40 +1 mM, d:
80+1 mM, e: 160+1 and f: 200+1 mM in NaCl and ascorbic acid supplemented medium.}
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