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Abstract 
 
About 7% of the world’s total land area is affected by salt, as is a 
similar percentage of its arable land. Even today it threatens 
agricultural productivity in 77 mha of agricultural land, of which 45 
mha (20% of irrigated area) is irrigated and 32 mha (2.1% of dry land) 
is unirrigated. Salinization is further spreading in irrigated land 
because of improper management of irrigation and drainage. Rain, 
cyclones and wind also add NaCl into the coastal agricultural land. Soil 
salinity often leads to the development of other problems in soils such 
as soil sodicity and alkalinity. Soil sodicity is the result of the binding 
of Na+ to the negatively charged clay particles, which leads to clay 
swelling and dispersal. Hydrolysis of the Na-clay complex results in 
soil alkalinity. Thus, soil salinity is a major factor limiting sustainable 
agriculture. Salinity stress negatively impacts agriculture yield 
throughout the world production whether it is for subsistence or 
economic gain. Recent research on the physiology of salt tolerance has 
demonstrated that the overall trait is determined by several sub-traits, 
any of which can in turn be determined by several genes. There are two 
main avenues for improving salt tolerance of a given crop or cultivated 
species. First one is to searching amongst natural diversity within the 
species, or closely related and inter-fertile species, and second is 
genetic engineering. This requires precise screening of progeny, using 
either a quantitative trait or a molecular marker for that trait. Screening 
for a trait associated with a specific mechanism is preferable to 
screening for salt tolerance itself, as measuring the effect of salt on 
biomass or yield of a large number of lines is not feasible. Salinity is a 
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major factor limiting the crop productivity in the arid and semi-arid 
areas of the world. In this review biotechnological and genomic 
approach to screen out salinity tolerance sugarcane will be discuss. 
 
Keywords: Sugarcane, Crop productivity, Salt tolerant, Genes, 
Molecular marker. 
 
 

1. Introduction 
Sugarcane is an important commercial crop occupying about 4 million hectares of 
cultivable land. It is grown in India in 4.2 million hectares and about one fourth of the 
acreage is affected by salinity and or alkalinity to varying degrees. The crop requires 
adequate sunlight, warm weather, and soil rich in nutrients for high productivity. One 
of the causes of low yield is abiotic stress like drought, salinity, and water logging. Soil 
salinity and alkalinity / poor quality irrigation water coupled with moisture stress 
during peak growth phases result in low yield. Yield losses of 10-40% have been 
reported due to salinity. Abiotic stress is the primary cause of crop loss worldwide, 
reducing average yields for most major crop plants by more than 50%. Low 
temperature, drought, and high salinity are common stress conditions that adversely 
affect plant growth and crop production (Xiong et al., 2002).. Drought and salinity are 
becoming particularly widespread in many regions, and may cause serious salinization 
of more than 50% of all arable lands by the year 2050 (Bray et al., 2000). 

The remarkable ability of plants to adapt different adverse environments is a 
fascinating process. The cellular and molecular responses of plants to environmental 
stress have been studied intensively (Hasegawa et al., 2000). Research into the 
physiology and metabolism of so-called extremophiles has not only foster better 
understanding of the evolutionary processes that have created the diversity of life as it 
exists on earth, but also has economic implications for agricultural biotechnology and 
the development of novel products. 

 
 

2. Sugarcane Response to Salinity Stress and Adaptation 
Sugarcane being a glycophyte shows high sensitivity to salinity at various growth 
stages. As for glycophytes, sodium toxicity represents the major ionic stress associated 
with high salinity, enforcing ion imbalance or disequilibrium, hyperionic and hyper-
osmotic stress, thus disrupting the overall metabolic activities and causing plant 
demise (Zhu, 2001). Sugarcane varieties differ in their responses to soil salinity and 
acidity. Germination and early growth stages are more sensitive than later stages of 
crop growth, besides ratoon crop is more sensitive to salinity than plant crop. 
Sugarcane (Saccharum officinarum) are highly susceptible, with a threshold EC of <2 
dS m-1, Soil type (particularly Ca2+ and clay content), rate of transpiration (which 
determines the amount of salt transported to the shoot for any given rate of salt uptake 
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and loading to the xylem by roots) and radiation may further alter the salt tolerance of 
crops sugarcane. 
 
2.1 Effect of Salinity on Physiology of Sugarcane 
Salinity affects photosynthesis mainly through a reduction in leaf area, chlorophyll 
content and stomatal conductance, and to a lesser extent through a decrease in 
photosystem II efficiency .The adverse effects of salinity on plant development are 
more profound during the reproductive phase. The adverse effect of salinity on 
vegetative and reproductive development and the differential sensitivity of yield 
components to different intensities of salt stress in sugarcane. Salinity adversely affects 
reproductive development by inhibiting microsporogenesis and stamen filament 
elongation, enhancing programmed cell death in some tissue types, ovule abortion and 
senescence of fertilized embryos.  
 
 

 
 

Fig. 1: Cell signaling pathway for Salinity stress 
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2.2 Cell Signalling and Salinity Stress Adaptation Mechanism in Sugarcane 
The ability of the plant to combat environmental stress is determined by the efficiency 
of the plant to sense the environmental stress and activate its defense machinery. Salt 
stress is perceived by plants as ionic and osmotic stresses. Excess Na+- and Cl--
induced conformational changes in protein structure and membrane depolarization can 
lead to the perception of ion toxicity. Plasma membrane proteins, ion transporters 
and/or Na+-sensitive enzymes have been hypothesized as sensors of toxic Na+ 
concentrations in extracellular and intracellular sites. Many transporters with long 
cytoplasmic tails similar to that of SOS1 (Salt Overly Sensitive 1, the plasma 
membrane Na+/H+ antiporter) have been implicated as being sensors of the molecule 
transported by that transporter. SOS1 has been proposed to be one of the potential 
sensors of Na+ ions in sugarcane plants (Fig -1).  

 
 

3. Biotechnological & Genomic Approach to Salinity Tolerant 
Sugarcane 

Genome analysis has been mostly limited to model plants that fulfil some specific 
requirements such as: small genome size, short generation time, small size to enable 
growth in limited space, and availability of gene manipulation technologies (Tabata, 
2002). Fundamental step in any functional genomics study is the analysis of gene 
expression. One of the greatest strengths of genomics compared to other disciplines is 
the prospect of analyzing the expression of thousands of genes simultaneously, 
resulting in a more comprehensive picture of changes occurring in the transcriptome 
across different conditions (Green et al., 2001).  

 
 

Table 1: Technique used in genome analysis. 
 

S. 
No 

Technique System Method of Application 

1 cDNA-
AFLP. 

Open systems RNA is converted into double stranded cDNA 
and then digested with two restriction enzymes: 
a frequent-cutter and a rare-cutter. Synthetic 
adapters are ligated to the cDNA ends and 
primers complementary to the adapter 
sequences (plus small extensions of 1, 2, or 3 
nucleotides) are used to amplify fragments with 
asymmetric ends. These fragments are 
displayed on sequencing gels and compared. 
Specific fragments can be eluted from gels and 
sequenced to identify genes with differential 
expression  
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2 SAGE. Open systems RNA is converted to double-stranded cDNA 
with a biotin attached to the oligo(dT) first 
strand synthesis primer and cleaved with a 
restriction enzyme, leaving 3’-most fragments 
immobilized onto streptavidin beads. After 
ligation with linkers onto the non-biotinylated 
end cDNAs are released, ligated together and 
amplified by PCR. Primer regions are removed 
from PCR products and the resulting fragments 
are ligated together into concatemers, cloned 
and sequenced. Finally, a software package 
identifies and counts the relative frequency of 
the sequences in the samples. 

3 MPSS. Open systems Individual 3´ restriction fragments from a 
cDNA library are coupled to one of a million 
beads, amplified, arrayed and sequenced 
simultaneously for 20 residues to provide a 
million signature sequences. Transcripts can 
then be identified and the corresponding 
transcriptome quantitatively characterized. 

4 Microarrays. Closed 
systems 

Marked samples are tested against sequences 
from thousands of different genes fixed on 
small solid supports (usually glass microscope 
slides). Depending on their sequence, the 
samples will hybridize with different spots in 
the array, which is analyzed by specialized 
image software . 

5 Real-time 
PCR. 

Closed 
systems 

A variant from conventional PCR based on the 
detection and quantification of the fluorescence 
emitted by PCR products accumulated through 
the amplification process. 

 
The capacity to sequence genomes and the availability of novel molecular tools 

have now catapulted biological research into eras of genomics and post-genomics, 
creating an opportunity to apply genomic techniques to extremophile models 
(Amtmann et al., 2005), which is a dire need of time to feed the increasing global 
population through significant increase in agricultural production.  

Analyses of the identities and expression levels of these genes that were high 
throughout could be conducted with the aid of different molecular biology tools, which 
has provided a better understanding of the role of the genes to plant stress adaptation 
and will form basis for effective engineering of the non-model plants for improved 
stress tolerance. Various molecular techniques have been used as shown in (Table-1) 
for studying differential gene expression in many plant species includes 
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representational difference analysis (RDA), suppression subtractive hybridization 
(SSH), differential display, differential hybridization, subtractive library construction, 
serial analysis of gene expression (SAGE), cDNA-RAPD and cDNA microarrays 
(Kawar et al., 2010). 

 
 

4. Conclusion 
During the past decade, significant progress has been made toward understanding salt-
stress signaling that controls ion homeostasis and salt tolerance. Molecular, genetic and 
cell biological approaches to identify signaling components and biochemical 
characterization of signaling complexes will be required to further understand salt-
stress signaling pathways and their use in sugarcane salinity stress crop improvement. 
The transgenic approach demonstrates the possibilities of gene transfer across 
organisms and engineering salt tolerance by manipulating a single gene or a few genes. 
Genetic engineering of ion transporters has been shown to significantly enhance salt 
tolerance. Transgenic manipulation of signaling molecules and transcription factors 
will be advantageous, because engineering a single gene can change the expression of 
several target genes involved in stress response and provide multiple abiotic stress 
tolerance. The overexpression of osmoprotectant and antioxidant systems has been 
shown to protect transgenic plants from salt stress. Some of the osmoprotectants, such 
as polyols and trehalose, overproduced in transgenics, are often associated with growth 
defects and sterility. So application of biotechnological tools and genome approach is 
significant in improving salt tolerance of sugarcane plants.  
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