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Abstract
Salt stress is one of the most critical abiotic stresses affecting crop productivity worldwide,
including sugarcane, which is essential for biofuel, sugar, and ethanol production. This study
investigates the effect of salt stress on callus induction and regeneration in different sugarcane
cultivars. Through in vitro experiments, we assessed the growth responses of sugarcane callus
under varying concentrations of sodium chloride (NaCl). The primary aim of this research was
to explore the correlation between salt tolerance and callus induction efficiency and
regeneration potential. The findings indicate cultivar-specific responses to salt stress, with
significant differences in callus growth and regeneration frequencies. The study offers insights
into the role of tissue culture techniques in improving salt tolerance in sugarcane and paves the
way for developing more resilient cultivars through biotechnological methods.
Introduction
Sugarcane (Saccharum spp.) is a crucial cash crop, contributing to the global sugar industry
and biofuel production. It is widely grown in tropical and subtropical regions, but its
productivity is significantly affected by various abiotic stresses, particularly soil salinity.
Salinity can disrupt cellular processes, leading to reduced water uptake, nutrient imbalance,
and ultimately, poor growth and yield. As global salinity levels increase due to factors such as
climate change and over-irrigation, it is imperative to develop salt-tolerant sugarcane varieties
to ensure food and energy security.
Callus induction and regeneration through tissue culture techniques have emerged as promising
strategies to enhance salt tolerance in sugarcane. This study evaluates the effect of varying salt
concentrations on the induction of callus and subsequent regeneration in different sugarcane
cultivars. The objective is to identify cultivars with superior salt tolerance and to develop
protocols for improving salt resilience in sugarcane through in vitro techniques.
Objective of the Study
The primary objective of this study is to explore the relationship between salt stress and callus
induction/regeneration in sugarcane. Specifically, this research aims to:
1. Evaluate the effect of different salt concentrations on callus induction and regeneration in
sugarcane cultivars.
2. Identify sugarcane cultivars with superior salt tolerance based on their callus formation
and regeneration capacity.
3. Investigate the physiological and biochemical responses of sugarcane callus to salt stress,
including the accumulation of Osmo protectants and reactive oxygen species (ROS).
4. Develop in vitro protocols for enhancing salt tolerance in sugarcane through callus culture
techniques.
5. Contribute to the development of salt-tolerant sugarcane cultivars, which can be used for
sustainable production in saline-prone areas.
Hypothesis
1: Cultivars with higher salt tolerance will exhibit better callus induction and regeneration
capacity compared to salt-sensitive cultivars under high saline conditions.
2: Salt stress will induce higher production of Osmo protectants, such as proline and glycine
betaine, in sugarcane callus, which correlates with enhanced salt tolerance and better
regeneration rates.
3: The accumulation of reactive oxygen species (ROS) under salt stress will be higher in salt-
sensitive sugarcane cultivars, leading to greater oxidative damage and reduced callus
regeneration compared to salt-tolerant cultivars.
4 The expression of key stress-related genes such as Na+/K+ transporters and stress-responsive
transcription factors will be higher in salt-tolerant sugarcane cultivars, contributing to their
enhanced ability to cope with saline conditions during callus induction and regeneration.
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Literature Review
Khan and Rana (2018) extensively reviewed biotechnological interventions for improving
salt tolerance in sugarcane, focusing on various molecular and cellular strategies that have
shown potential in enhancing salt resistance. Their study highlights how genetic engineering,
along with tissue culture techniques like callus induction, has been central to producing salt-
tolerant sugarcane cultivars.
Singh and Raghav (2017) explored the direct impacts of salinity on the growth and
regeneration of sugarcane callus in vitro, emphasizing the varying responses of different
sugarcane varieties to salt stress and the molecular mechanisms governing callus growth under
saline conditions. Their research underscores the importance of selecting salt-tolerant varieties
for successful regeneration in tissue culture.
Sharma and Tyagi (2016) examined the cellular and molecular mechanisms underlying salt
tolerance in sugarcane, highlighting key stress responses such as ion homeostasis, osmotic
regulation, and antioxidant defense systems. Their findings reveal the complexity of salt stress
tolerance in sugarcane and stress the need for a deeper understanding of genetic markers and
pathways involved in this trait.
Rai and Tripathi (2018) further explored the role of biotechnological approaches in enhancing
salt stress tolerance in sugarcane, suggesting that tissue culture and genetic modification can
be utilized to overcome salinity challenges, which could eventually lead to the development of
more resilient sugarcane varieties. They also discussed the importance of using modern
genomic tools to identify salt-tolerant genes that could be incorporated into breeding programs.
Mohan and Desai (2017) also contributed significantly to the understanding of callus
induction in sugarcane under salt stress conditions. They focused on the physiological changes
occurring in sugarcane cells when exposed to saline environments and discussed how callus
cultures could serve as a useful model for studying stress tolerance mechanisms. Their research
points out that callus induction not only offers a system for studying the biochemical and
molecular responses to salt stress but also provides an avenue for selecting salt-tolerant plant
materials through in vitro culture techniques.
Salt Stress and Its Impact on Sugarcane Growth
Salinity adversely affects plant growth by disrupting osmotic balance, ion toxicity, and nutrient
availability. Sugarcane, like many other crops, is highly sensitive to high salt concentrations,
especially during the germination and early growth stages. The effects of salt stress include
stunted growth, reduced photosynthesis, chlorosis, and necrosis, ultimately leading to yield
loss. Studies have shown that sugarcane cultivars exhibit varying degrees of tolerance to salt
stress, making the identification of salt-resistant varieties a priority for breeding programs.
Callus Induction and Regeneration in Sugarcane
In vitro tissue culture techniques, including callus induction and regeneration, provide an
effective way to study and enhance stress tolerance in plants. Callus induction is the process
by which plant cells are induced to form undifferentiated tissue (callus) under controlled
laboratory conditions. The ability of callus to regenerate into complete plants is essential for
successful plant propagation and genetic modification. The regeneration potential of sugarcane
callus under stress conditions is a crucial factor in assessing its viability for genetic
improvement.
Several studies have demonstrated that callus cultures can be used to screen sugarcane for salt
tolerance, with variations in regeneration efficiency observed depending on the cultivar and
stress level. However, the mechanisms behind callus induction and regeneration under salt
stress are still not fully understood and warrant further exploration.
Advances in Salt Tolerance Research in Sugarcane
Research into salt tolerance mechanisms in sugarcane has identified several physiological,
biochemical, and molecular strategies employed by plants to cope with salinity. These include
the accumulation of osmolytes like proline, enhanced antioxidant activity, and the regulation
of ion transport systems. Additionally, biotechnological approaches, including genetic
However, the application of these strategies in large-scale sugarcane breeding programs
engineering and tissue culture, have been explored to enhance salt tolerance in sugarcane.
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remains limited.
Methodology
The methodology employed in this study focuses on an in-depth exploration of the effects of
salt stress on callus induction and regeneration in sugarcane cultivars, using a combination of
in vitro tissue culture techniques and physiological assessments. The experiment begins with
the selection of different sugarcane cultivars, chosen for their known variability in salt
tolerance, as the model plant material. Sugarcane explants, typically leaf segments or nodal
tissues, are sterilized using a surface sterilization protocol to prevent microbial contamination.
The explants are then cultured on a callus induction medium (CIM) containing varying
concentrations of sodium chloride (NaCl) to simulate salt stress conditions. The medium is
supplemented with essential growth regulators such as 2,4-Dichlorophenoxyacetic acid (2,4-
D) or kinetin, which are known to facilitate callus induction and growth.
After incubation under controlled environmental conditions, the callus formation is monitored,
and the effects of salinity on callus growth and morphological characteristics are recorded.
Various parameters such as callus induction rate, callus color, texture, and the presence of
differentiated structures like shoots and roots are observed. To assess salt tolerance, the callus
tissues are transferred to regeneration media, and shoot regeneration is evaluated based on the
percentage of explants showing shoot development and the number of shoots produced per
explant.
Physiological measurements such as relative water content, chlorophyll content, and ion
leakage are recorded to assess the stress response of sugarcane callus to salinity. Additionally,
molecular analysis may be performed to detect the expression of key stress-related genes,
including those associated with osmotic regulation, ion homeostasis, and antioxidant defense
mechanisms. The results are statistically analyzed to determine the significance of salt
concentrations on callus induction and regeneration, as well as to identify any correlations
between salt tolerance and physiological or biochemical traits.
Through this methodology, the study aims to establish a comprehensive understanding of the
effects of salt stress on sugarcane and to identify potential cultivars or traits that can be utilized
for developing salt-tolerant sugarcane varieties.
Experimental Design
This study utilized an in vitro tissue culture approach to evaluate the effect of salt stress on
callus induction and regeneration in four different sugarcane cultivars (Cultivar A, B, C, D).
Each cultivar was subjected to various NaCl concentrations (0, 50, 100, 150, and 200 mM) to
simulate different levels of salt stress. The experiment was conducted in a controlled
environment with constant temperature (25°C), humidity (60%), and light conditions (16 hours
of light per day).
Callus Induction Protocol
Explants were excised from mature sugarcane stems and sterilized with a 0.1% mercuric
chloride solution. The explants were cultured on Murashige and Skoog (MS) medium
supplemented with 3% sucrose, 0.1 mg/L 2,4-D (2,4-dichlorophenoxyacetic acid), and various
concentrations of NaCl. The cultures were maintained for 4-6 weeks to monitor callus
formation.
Regeneration Protocol
Following successful callus induction, regenerated shoots were transferred to a regeneration
medium containing MS basal salt, 3% sucrose, and 0.5 mg/L kinetin. The regenerated plantlets
were grown in the same conditions, and the growth parameters such as shoot length, leaf
number, and root development were recorded.
Data Collection and Analysis
Data on callus growth (fresh weight, size) and regeneration efficiency (number of shoots per
callus) were recorded every week. Statistical analysis was performed to assess the impact of
salt stress on callus induction and regeneration across the different sugarcane cultivars.
ANOVA and post-hoc tests were used to compare differences in salt tolerance between
cultivars.
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Results and Discussion
The results of this study highlight the complex relationship between salt stress and callus
induction and regeneration in sugarcane cultivars. As expected, exposure to increasing
concentrations of salt significantly impacted the morphological and physiological responses of
the sugarcane explants during the in vitro culture process.
Callus Induction and Morphological Changes
Callus induction was observed in all sugarcane cultivars across varying salt concentrations;
however, the response differed markedly between cultivars. In control conditions (0 mM NacCl),
callus formation was robust and showed typical characteristics: a soft, friable texture with a
yellowish-white color. With the increase in salt concentration (50 mM to 200 mM NaCl), a
noticeable reduction in callus induction rate was observed, particularly in sensitive cultivars.
In contrast, some cultivars demonstrated better salt tolerance, with callus formation remaining
healthy even at higher salinity levels. These cultivars exhibited slower but steady callus growth,
maintaining a more compact structure and a light greenish color, indicative of the stress
tolerance mechanism employed by the plant tissues. The results align with previous studies that
indicate a variation in salt tolerance across sugarcane cultivars (Singh et al., 2017; Sharma &
Tyagi, 2016).
The salt-induced reduction in callus size and altered morphology can be attributed to the
osmotic stress caused by high NaCl concentrations. High salinity often results in cellular
dehydration, affecting the water retention capacity of the explants and leading to changes in
cell wall structure, which in turn influences callus formation (Mohan & Desai, 2017). These
findings underscore the importance of cultivar selection in breeding programs aimed at
improving salt tolerance.
Regeneration Capacity and Salt Tolerance
The regeneration capacity of the callus was also significantly affected by salt stress. Under non-
stress conditions, callus derived from all sugarcane cultivars was able to regenerate shoots and
roots after transfer to regeneration media, with the highest regeneration frequency observed in
the control treatments. However, as the salt concentration increased, the regeneration rate
declined sharply, with a particularly low regeneration frequency at 200 mM NaCl. This
suggests that salt stress inhibits the shoot and root organogenesis pathways, which are critical
for plant recovery and growth. The most salt-tolerant cultivars maintained a relatively higher
regeneration rate, particularly at moderate salt concentrations (50 mM NaCl), compared to
more sensitive cultivars that failed to regenerate any shoots under high salinity conditions.
Effect of Salt Stress on Callus Induction
The presence of NaCl significantly affected the callus induction process. At 0 mM NacCl, all
cultivars exhibited healthy and robust callus growth. However, as the NaCl concentration
increased, callus formation was markedly reduced. Cultivars B and D exhibited better tolerance
to salt stress, with callus induction observed up to 150 mM NaCl. In contrast, Cultivars A and
C showed poor callus formation beyond 100 mM NaCl.
Effect of Salt Stress on Regeneration
The regeneration of shoots from the induced callus was also impacted by salt stress. Cultivars
B and D showed better shoot regeneration at moderate salt concentrations (50-100 mM NacCl),
with more shoots per callus and higher shoot length compared to Cultivars A and C. At higher
NaCl concentrations (150-200 mM), regeneration was almost completely inhibited across all
cultivars, indicating that higher levels of salinity hindered the growth of regenerated shoots.
Physiological and Biochemical Responses
Physiological and biochemical analyses revealed that salt stress induced the accumulation of
osmolytes like proline in the callus tissue. Cultivars B and D exhibited higher proline content,
which is correlated with better salt tolerance. Additionally, the activity of antioxidant enzymes
(SOD, CAT) was higher in the salt-tolerant cultivars, indicating a stronger defense mechanism
against oxidative stress induced by salinity.
Implications for Breeding Salt-Tolerant Varieties
The results of this study indicate that salt tolerance in sugarcane can be effectively assessed
through callus induction and regeneration protocols. The better-performing cultivars (B and D)
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can serve as candidates for further genetic improvement using biotechnological approaches
such as genetic transformation and marker-assisted selection. These findings have significant
implications for developing salt-tolerant sugarcane varieties that can withstand the challenges
of saline environments.
Conclusion
This study demonstrates the potential of in vitro callus induction and regeneration techniques
for evaluating salt tolerance in sugarcane cultivars. While some cultivars showed promising
results under salt stress, further research is needed to optimize these techniques for large-scale
application. The integration of tissue culture methods with molecular breeding approaches
holds great promise for developing salt-tolerant sugarcane varieties that can thrive in saline
environments, ensuring sustained productivity in the face of increasing salinity levels
worldwide. the study confirms that salt stress significantly affects the callus induction and
regeneration capacity of sugarcane cultivars, with variations observed between cultivars in
their ability to tolerate and adapt to salinity. The physiological and biochemical responses,
including reductions in water content, chlorophyll levels, and increased ion leakage, reflect the
damaging effects of salt on sugarcane tissues. However, the ability of certain cultivars to
maintain better growth and regeneration under salt stress underscores the potential for
developing salt-tolerant varieties through biotechnological methods. Further research into the
genetic and molecular mechanisms underlying salt tolerance in sugarcane will be essential for
the successful application of these findings in crop improvement programs.

Future Directions

Future research should focus on:

o Investigating the molecular mechanisms underlying salt tolerance in sugarcane through
genomic and transcriptomic analyses.

o Expanding the study to include more cultivars and other abiotic stresses (e.g., drought and
temperature).

o Field testing of the salt-tolerant cultivars developed through tissue culture and
biotechnological interventions.

e Exploring the economic feasibility of cultivating salt-tolerant sugarcane in saline-prone
areas.
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