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Introduction

Rice (Oryza sativa L.) is one of the most important staple foods in the world, particularly in
Asia, where it serves as the basis for livelihoods and food security. However, rice is susceptible to
salinity, especially in terms of reproduction and seedlings. Soil salinity, which has become a major
obstacle to rice production, affects around 20% of irrigated agricultural land worldwide. Areas
affected by salt are expected to increase significantly due to climate change, rising sea levels, and
inadequate irrigation methods. Therefore, improving rice's resistance to salt is one of the primary
goals of crop breeding and stress physiology research.

The effects of salinity stress on plants include oxidative stress, ion toxicity, osmotic stress,
and nutritional imbalance. High concentrations of sodium (Na*) and chloride (C1") ions interfere with
water intake and enzyme function, reducing photosynthesis, slowing growth, and reducing yield. To
survive in saline conditions, rice plants rely on a range of physiological and biochemical mechanisms
that maintain cellular homeostasis. One of the most vital metabolic activities is the accumulation of
appropriate solutes or osmolytes such as proline, glycine betaine, sugars, and polyols. These
compounds stabilize cellular organization, osmotic balance, and protein and membrane integrity.
Proline is the best studied of these osmolytes in rice and is accumulated in greater quantities in salt-
tolerant genotypes. Proline is also used as a free radical scavenger and as a signal molecule. In
addition, oxidative protein, DNA, and lipid damage can be induced by the excessive production of
reactive oxygen species (ROS), such as superoxide and hydrogen peroxide radicals, during salinity
stress.

To counteract ROS, rice plants employ an antioxidant defense system with enzymatic and

non-enzymatic components. Three of the predominant antioxidant enzymes are ascorbate peroxidase
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(APX), catalase (CAT), and superoxide dismutase (SOD). These enzymes function synergistically to
safeguard cells and detoxify ROS. Antioxidant enzyme activity is generally greater in salt-tolerant
rice genotypes. Another critical biological process is ion homeostasis. Salt-tolerant rice genotypes
regulate the uptake, transport, and compartmentalization of Na® and K* to maintain the Na*/K* ratio
low. Phytohormones such as ethylene, salicylic acid, jasmonic acid, and abscisic acid (ABA) also
contribute significantly to the regulation of the stress response. ABA, in particular, regulates osmotic
adjustment, gene expression, and stomatal closure during salinity stress.

Secondary metabolites such as alkaloids, flavonoids, and phenolics are implicated in
antioxidant and signalling functions. These secondary metabolites help the plant adapt to stress via
gene expression and maintenance of plant tissue. Biochemical constituents are those chemical
substances that are responsible for rice's resistance to salinity.Understanding and utilizing these
biochemical traits is crucial for developing salt-tolerant rice varieties through breeding,
biotechnology, or agronomic interventions.

1. Assessing Crop Salinity Stress

An accumulation of soluble salts, such as sodium chloride (NaCl), in the root zone is the
primary cause of salinity stress, which significantly affects plant growth by decreasing water
absorption due to osmotic stress, causing a dangerous buildup of Na+ and Cl+ ions, upsetting the
nutrient equilibrium (like the K/Na ratio), and leading to a decline in photosynthesis and metabolic
activity. This stress condition is especially severe in arid and semi-arid regions, where it is
exacerbated by insufficient irrigation methods and rising groundwater salinity. Notably, several
agricultural crops, including rice, wheat, and soybeans, are particularly sensitive to these stress

factors during the critical early phases of seedling and reproductive development.
2. Biochemical Mechanisms of Salinity Resistance

Plants produce several biochemical components as part of their defense against salinity. These

include
a) Osmolytes (Compatible Solutes):

In order to preserve osmotic equilibrium when exposed to salt stress, plants produce tiny
molecules such as proline, glycine betaine, trehalose, and sugars. These molecules aid in the retention

of water in cells to keep membranes and proteins stable. Keep the photosynthetic equipment safe.
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b) Antioxidant Enzymes:

Gnanasri et al

Reactive oxygen species (ROS) are produced in excess when salinity causes oxidative stress.

Plants prevent this by activating enzymes such as,

By detoxifying ROS, these enzymes reduce cellular damage and encourage development in stressful

situations.

Table 1: Antioxidant Defense System in Rice Under Salinity Stress

Category Antioxidant

Enzymatic
Antioxidants

Catalase (CAT)

Ascorbate Peroxidase (APX)
Glutathione Reductase (GR)
Glutathione Peroxidase (GPX)

Monodehydroascorbate
Reductase (MDHAR)

Dehydroascorbate Reductase

(DHAR)

Non-Enzymatic Ascorbic Acid (Vitamin C)

Antioxidants

Glutathione (GSH)

Tocopherols (Vitamin E)

Carotenoids

Phenolic Compounds

Flavonoids

¢) lon Homeostasis Regulators:

Superoxide Dismutase (SOD)

Function Under Salinity Stress

Converts superoxide radicals (O:") into
hydrogen peroxide (H:20:) to reduce
oxidative stress.

Breaks down H:O: into water and oxygen,
preventing cellular damage.

Reduces H-0: to water using ascorbate; part
of the ascorbate-glutathione cycle.
Regenerates reduced glutathione (GSH),
maintaining redox balance.

Reduces lipid hydroperoxides and H-O: to
prevent membrane damage.

Regenerates ascorbate from
monodehydroascorbate (MDHA),
supporting APX activity.

Regenerates ascorbate using GSH from
dehydroascorbate (DHA).

Scavenges ROS directly; regenerates
tocopherol and GSH.

Detoxifies ROS and acts as a cofactor for
antioxidant enzymes.

Protects membranes from lipid
peroxidation;  stabilizes  photosynthetic
structures.

Quench singlet oxygen and protect
chloroplasts.

Neutralize ROS, strengthen cell walls, and
chelate metal ions.

Scavenge free radicals and regulate stress-
responsive signaling pathways.

Ion equilibrium is disturbed by salinity, especially when too much Na+ enters cells. Crops

need Na+/H+ antiporters (NHX) to maintain ion homeostasis.
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H-ATPases as well as H-PPase, and SOS (salt oversensitivity) pathways By ensuring appropriate

Na+ sequestration or exclusion, these transporters preserve cellular function.
3. Breeding and Biotechnological Approaches

Research on breeding crops with durability traits is progressing through various strategies.
These include conventional breeding methods utilizing salt-tolerant landraces, such as Pokkali in
rice, and marker-assisted selection (MAS) focusing on traits like proline accumulation. In addition,
transgenic approaches are utilized, where genes such as NHX1 (responsible for Na+ transport),
BADH (helping in glycine betaine biosynthesis), and P5SCS (helping in proline biosynthesis) are
overexpressed. Advances in the CRISPR-Cas9 gene editing also complete this field by allowing the
targeted manipulation of the pathways responsible for salinity tolerance.
4. Methodical Strategies to Reduce Salinity

In addition to breeding practices, field management also can be helpful in reducing salt stress
in crops. It includes the use of plant growth regulators (PGRs) such as salicylic acid and jasmonic
acid. Seed priming using osmoprotective soil amendments such as gypsum or organic matter can
also be helpful. Apart from this, the use of good quality water and proper drainage also turn out to
be very crucial for efficient irrigation. With the use of agronomic practices along with biochemistry

concepts, we can design an entire strategy for sustainable crop production in salt soil.

Table 2: Biochemical components and their role in salinity stress

Biochemical Role in Salinity Stress Key References
Component
Proline scavenges reactive oxygen species (ROS), Ashraf & Foolad, 2007;
stabilises proteins and membranes, and acts as Szabados & Savouré,
an osmoprotectant. 2010
Malondialdehyde Lipid peroxidation marker; shows oxidative
(MDA) stress-induced membrane damage. Heath & Packer, 1968;
Zhang et al., 2012
Superoxide starts the enzymatic antioxidant defence Mittler, 2002
Dismutase (SOD) system and transforms superoxide radicals into
hydrogen peroxide
Na*/K* Ratio represents ion homeostasis; a low ratio Blumwald, 2000; Yeo &
suggests that rice genotypes are more tolerant Flowers, 1986
of saltwater.

Chlorophyll Content = Degradation indicates stress damage and is a Lutts et al., 1996
measure of photosynthetic effectiveness
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Conclusion

In conclusion, an intimate knowledge of the complex web of molecular and physiological
responses that confer salinity resistance in rice is essential to formulate effective strategies against
soil salinization and food security. Osmolytes and antioxidants are among the important biological
molecules that play important functions in defending the plant against salt stress, and hence are
essential to rice survival and productivity in the affected regions. Conjoining this biochemical
knowledge with cutting-edge breeding technologies such as gene editing and marker-assisted selec-
tion, along with sustainable agriculture strategies such as biofertilization and efficient irrigation
management, we can develop salt-resistant rice varieties. This multidisciplinary study is not only a
scientific one but also a necessity in land degradation and climatic change mitigation, eventually
ensuring that rice cultivation is feasible under unfavorable conditions and maintaining the livelihood

of millions.
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