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ABSTRACT

Salt is naturally present in soils, surface water and
groundwater systems. The most common salt causing
salinity is sodium chloride, but there may be a range of
other salts such as magnesium, calcium or potassium.
Salinity is a major abiotic stress limiting growth and
productivity of plants in many areas of the world due
to increasing use of poor quality of water for irrigation
and soil salinization. Plant adaptation or tolerance to
salinity stress involves complex physiological traits,
metabolic pathways, and molecular or gene networks.
Identification of genes that play important role in salt
tolerance in plants when exposed to high salt levels in
soil is very important tool to improve plant tolerance
in stress condition. The success in the development
of crops adapted to drought and salt depends on the
efficient and combined use of genetic engineering
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and traditional breeding tools. Moreover, we propose
the domestication of new halophilic crops to create a
‘saline agriculture’ which will not compete in terms of
resources with conventional agriculture. To improve
salinity tolerance of crops, various traits can be incor-
porated, including ion exclusion, osmotic tolerance
and tissue tolerance. We review the roles of a range
of genes involved in salt tolerance traits.

Keywords Breeding, Salt, Vegetable, Abiotic, Re-
sistance.

INTRODUCTION

Salinity is derived from the Latin word Selenium
meaning “salt cellar” and its meaning “condition or
quality of being”. Salinity refers to the presence of
soluble salts in soil or water. The development of
salt-tolerant cultivars normally requires the transfer
of several genes due to the multigenic character of
plant resistance or tolerance to this abiotic stress .

In India alone, 7 million hectares of land are salt
affected. Globally, more than 800 million hectares
(Mha) of land are estimated to be salt-affected (FAO
2008). These soils cover a range of soils defined as
saline, saline—sodic and sodic.

The impact of salinity on the economic exploita-
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tion of land for agriculture and forestry is very severe
salt-affected soils occupy 7% of the world land area,
and salinity is also a problem that is increasing rap-
idly. The ability of plants to survive salinity stress
is important for natural distribution of plant species
and to agriculture.

Salinity of arable land is a problem that is
becoming more and more important in many areas
where irrigation is a regular agro-technical measure,
and in semi-arid and arid regions in the world where
atmospheric precipitations are not sufficient to flush
the salts from the root zone. When irrigation water
is of inadequate quality, the occurrence of chlorosis
between leaf veins is commonly observed, leaf tissue
necrosis often develops and flowering may not happen
at all. Very great importance is ascribed to the time
during which the plants were exposed to different con-
centrations of salts. As explained by Munns (2002).

Effects of salinity on salt-tolerant plants are the
same as effects of water deficiency. Within minutes
and hours of exposure to salinity salt-specific effects
are not visible. If the exposure to salts lasts many
days, salt-induced injuries become apparent on
older leaves of salt-sensitive plants, in addition to
reduced rate of leaf emergence and heavier impact on
leaves than on roots, which are symptoms typical for
water-stress. After weeks of exposure to salts older
leaves of sensitive genotypes die and if exposure lasts
several months younger leaves die and the whole plant
may die before seed maturation.

Definition

Salinity is defined as the presence of excessive
amounts of soluble salts that hinder or affect the
normal functions of plant growth. It is measured
in terms of electrical conductivity (ECe), with the
exchangeable sodium percentage (ESP) or sodium
adsorption ratio (SAR) and pH of a saturated soil
paste extract. Salt stress is one of the most brutal
environmental factors limiting the productivity of
vegetable crops because most of the vegetable crops
are glycophyte in nature. Salt tolerance is important
in vegetables because of their cash value. One-third
of the land being irrigated worldwide is affected by
salinity. Therefore, saline soils are those that have

saturated soil paste extracts with an ECe of more
than 4 dSm™!, ESP less than 15%, and pH below
8.5. Saline soils have a mixture of salts of Chloride,
Sulfate, Sodium, Magnesium and Calcium ions with
sodium chloride often dominant.

There are two main sources of salinity:
Primary or natural sources

Resulting from weathering of minerals and the soils
developed/derived from saline parent rocks.

Secondary salinization

Caused by human factors such as irrigation, defor-
estation, overgrazing, or intensive cropping.

Mechanism of Salinity in Plants
Effect of excess salinity on plant growth

Response of vegetables to the presence of increased
amounts of salts is primarily stunted growth (Rome-
ro-Aranda et al. 2001).The accumulation of salts in
the leaves cause premature aging, reduces the supply
of plant parts with nutrients and products of carbon
assimilation of the fastest-growing plant parts and
thus impair the growth of the entire plant. In the more
sensitive genotypes salts accumulate more rapidly
and because cells are not able to isolate the salt ions
in vacuoles to the same extent as more tolerant geno-
types, the leaves of more sensitive genotypes usually
die faster (Munns 2002). Suggests that growth inhibi-
tion due to excessive salt concentration in the leaves
reduces the volume of new leaf tissue in which excess
salts can accumulate and therefore, in combination
with the continuous accumulation of salts, it can lead
to an increase in salt concentration in the tissue. It is
often difficult to determine the relative influence of
osmotic effect and the effect of the toxicity of specific
ions on vegetable yield. In any case, yield losses due
to osmotic stress can be very significant even before
symptoms of toxicity on leaves become noticeable.
Under the influence of salt stress growth of many
species of vegetables is reduced, such as tomato
(Romero-Aranda et al. 2001, Maggio et al. 2004),
pepper (De Pascale et al. 2003b), celery (De Pascale



et al.2003a) and peas (Maksimovic et al. 2010).

There are significant differences in salt tolerance
between plant species and genotypes and similar goes
for the ability to tolerate water deficiency (Munns
2002, Lukovic ef al. 2009). In parallel the classifica-
tion of waters with respect to the total concentration
of salts and tolerance of selected vegetable species
to salts. Salinity causes anatomical changes in leaves
of many plant species. For example, the epidermis
and mesophyll leaves of beans, cotton and Attriplex
become thick, length of palisade mesophyll cells
and diameter of spongy mesophyll cells increase and
thickness of palisade and spongy layers and increas-
ing as well in some other plant species were recorded
adverse effects. In spinach leaves the presence of
salt reduces the intercellular spaces but it increases
stomatal density in pea (Maksimovi¢ et al. 2010).

Effect of excess salinity on the water regime of
plants

The main cause of reduced plant growth in the
presence of salt can be impairment of water regime.
Increasing the salt concentration in the soil increases
the osmotic pressure of the soil solution and plants
cannot uptake the water as easily as in the case of
relatively non-saline soils. Therefore, as the concen-
tration of salt i.e., soil EC increases, water becomes
less accessible to plants, even if the soil contains
significant amounts of water and looks wet. Osmotic
pressure depends on the number of particles contained
in the solution and the temperature. Osmotic pressure
(OP) of extracted soil solution can be expressed by
the following empirical formula: OP=0.36 x EC (dS
m™'). At a pressure of about 1.44 bar, corresponding
to the EC of 4 dSm', the plants start to show signs of
physiological stress caused by water shortage.

As one of the mechanisms by which plants
protect their cells from harmful effect of high con-
centration of salts is dilution, then increasing of water
retention in the tissues of the plant further reduces
transpiration. These factors reduce the efficiency
of water usage and ultimately result in reduction of
vegetable growth and yield. The vegetation period
is shortened, water regime of plants is disrupted and
the uptake and distribution of essential elements in
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both semi-controlled and field conditions is altered
(Maksimovic et al. 2010).

Accumulation of compatible osmolites increases
vegetable tolerance to osmotic stress

One of the ways plants can adapt to conditions of
osmotic stress is the accumulation of salt ions, if
these salts are isolated in individual cell compart-
ments by which their involvement in metabolism is
prevented. The ability to regulate the concentration
of salts through compartmentation is an important
aspect of tolerance to increased salt concentrations
(Romero-Aranda et al. 2001).In the presence of salts
plants often accumulate low molecular weight sub-
stances which are called compatible osmolites. These
substances do not interfere with normal biochemical
reactions in cells (Hasegawa et al.2000). Compatible
osmolites are low molecular weight molecules such
as proline and glycine betaine (Ghoulam et al. 2002,
Ashraf and Foolad 2007).1t is believed that under
conditions of stress, proline has a role in osmotic
adjustment of cells, enzymes and membrane protec-
tion and also as a source of nitrogen for a moment
when conditions of stress are over (Ashraf and Foolad
2007).

The role of glycine betaine is also in maintaining
pH of'the cells, cell detoxification and binding of free
radicals. Conditions of salt stress also lead to the ac-
cumulation of the other nitrogen compounds such as
amino acids, amides, proteins and polyamines, which
is often correlated with tolerance to salt (Mansour
2000). Another group of compatible osmolytes are
carbohydrates, both simple sugars (glucose, fructose,
sucrose, fruktani), and starch. Their most important
roles, beside in osmotic adjustment, is carbon storage
and neutralization of free radicals (Parida et al. 2002).

Effect of excess salinity on mineral nutrition of
plants

Increased salt concentration in the vicinity of the root
system can interfere with mineral nutrition of plants
and limit vegetable yield due to salinity or osmotic
value of the soil solution. Salinity affects nutrient
availability to plants in many ways. It modifies
binding, retention and transformation of nutrients in
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the soil and affects the uptake and/or absorption of
nutrients by the root system due to antagonism of ions
and reduced root growth. It disrupts the metabolism of
nutrients in the plant, primarily through water stress,
thus reducing the efficiency of utilization of nutrients.
In the presence of increasing concentrations of salts
some species-specific symptoms may be present,
such as necrosis and burns of leaf edges due to the
accumulation of Na+ and Cl- ions (Wahome 2001).

The high concentration of ions can disrupt the
structure and function of cell membranes. Mineral
nutrition of plants depends on the activity of mem-
brane transporters which participate in the transfer
of ions from the soil into the plant and regulate their
distribution within and between cells (Tester and
Davenport 2003, Epstein and Bloom 2005).

It is often considered that the use of fertilizers
may aggravate problems that exist due to the presence
of excessive amounts of salts in the soil. However, the
lack of essential elements in accessible forms is a very
common reason for poor productivity on such soils.

Effect of excess salinity on nitrogen, phosphorus
and potassium uptake and metabolism

Nitrogen fertilization on saline soils is often necessary
because in such soils there is a lack of accessible
nitrogen and also because losses of nitrogen due to
leaching typical for nitrate form (Yin ef al.2007, Ab-
delgadir et al. 2010). Level of salinity does not affect
necessarily the overall uptake of nitrogen by plants

which may continue to accumulate nitrogen in the
presence of excess salts despite a reduction in yield
of dry matter. With the increase in soil salinity, total
removal of nitrogen through the yield often decreas-
es. Reduction in nitrogen fertilizer use efficiency is
primarily a result of reduction of plant growth rate
rather than the reduction of nitrogen uptake rate.

In conditions of high salinity plants may show
signs of potassium deficiency due to antagonistic
effects of Na+ and Ca 2+ on K+ absorption and/or
abnormal Na+/K+ or Ca2+/K+ ratio. In such cir-
cumstances, the application of potassium fertilizers
can increase the yield of plants. It has been shown
that increased concentrations of Na+ block channel
protein used for the uptake of K+, AKTI, and in
this way reduce the uptake of K+. Inhibitory effect
of Na+ on transport of K+ through channels in the
membranes is probably more important in the phase
of uptake of K+ from the soil solution than in the
phase of K+ transport to the xylem (Qi and Spadling
2004). The degree of tolerance of plants to the salinity
is higher if they have a more efficient system for the
selective uptake of K+ instead of N+ (Ashraf 2004,
Carden et al. 2003).

Effect of excess salinity on photosynthesis

Since plant growth directly depends on photosynthe-
sis, stress factors that affect plant growth, affect the
photosynthesis as well (Taiz and Zeiger 2006). The
effect of irrigation on production of organic matter
and yield of vegetables is irreplaceable, as illustrated
in Table 1. The capacity of the photosynthetic appara-

Table 1. Improvement in salt tolerance of potential vegetables crops using different strategies.

Crop and strategy employed to improve salt tolerance

Trait improved Reference

Pea

Exogenous application of polyamines
Inorganic nutrient like B and Ca application
in nutrient medium

Okra

Application of K and humic acid in saline medium
Pepper

Application of Mn, Ca, Zn, and N sources and humic acid

Increase seed yield
Increased nodule number and
efficiency

Increased dry biomass

Improved salt tolerance with high

Shabala et al. 2007
El-Hamdaoui et al. 2003

Paksoy et al. 2010

Gulser et al. 2010

K+ and Ca 2+ uptake

Exogenous application of ascorbic acid, and NaCl as pre-
sowing seed treatment

Increased dry biomass

Khafagy ef al. 2009
Khan et al. 2009




tus is reduced in the presence of excess salts (Ashraf
2004, Romero-Aranda ef al. 2001). However, the in-
tensity of photosynthesis and yield are not correlated
in the same way in different plant species.

Some plants can adapt to higher salinity by
biochemical changes in the photosynthetic pathway.
For example, facultative halophyte Mes Embryanthe-
mum crystallinum instead of the usual C3 uses CAM
pathway (Cushman et al. 2008), Understanding the
mechanisms by which salinity affects photosynthesis
would help to improve conditions for growing vege-
tables and increase their yield, and would provide a
useful tool for future genetic engineering.

Effect of excess salinity on amino acid composition,
hormonal balance, antioxidant system and quality
of vegetables

Changes in electrical conductivity of water, the sodi-
um adsorption ratio (SAR) and the concentration of
boron in water can affect the amino acid composition
of plants. Totawat and Saxena (1974) in the green-
house experiment found that with increasing SAR
and/or boron, regardless of the electrical conductivity
of water, significantly decrease the synthesis of amino
acids for the species Vigna catjang. Synthesis of argi-
nine, histidine, aspartate, glutamine, methionine and
phenylalanine decreased, and the synthesis of lysine
and valine increased. In addition to the synthesis of
amino acids, which was reduced two to three times,
in this experiment excess salts reduced the total
amount of nitrogen in plants. Both phenomena can
be explained by inhibition of the synthesis of RNA
and DNA.

Salts affect the level of hormones in plants. The
responses of tomato to salt stress conditions are large-
ly determined by the concentration of endogenous
ABA (Chen et al. 2003).

Mechanism of tolerance to salinity in vegetable
crops

Pea (Pisum sativum L.)

Salinity effects and crop responses

Almost all morphological, physiological, and molec-
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ular attributes of pea are adversely affected by growth
medium salinity. Pea shows poor seed germination
under saline conditions (Bonilla et a/. 2004) and
pea growth is considerably inhibited by the rooting
medium salt stress.

Salt stress causes high accumulation of free
proline and increased photorespiration, stomatal re-
sistance and CO, compensation concentration, where
as it causes a decrease in net CO, assimilation rate,
transpiration rate, relative water content (RWC) and
protein contents (Ahmad and Jhon 2005).

Strategies to improve crop growth and yield

Under saline conditions, application of additional
inorganic nutrients such as boron (B) and calcium
(Ca). In nutrient medium was reported to be effec-
tive in alleviating the adverse effects of salt stress
on pea (Bonilla ef al. 2004). Application of Ca or
B improved germination percentage and vegetative
growth of pea at 75 mM NacCl but not at 150 mM
(Bonilla et al. 2004).

Okra (Abelmoschus esculentus L.)
Strategies to improve salinity tolerance

Very little work has been reported on the improvement
of salt tolerance of okra. Only (Paksoy et al. 2010)
have reported that addition of K and humic acid to the
saline medium are very effective in enhancing the salt
tolerance of okra particularly at the seedling stage.

Tomato (Solanum lycopersicum L.)

Salinity effects and crop response

Tomato is considered by some authors to be sensitive
to moderately sensitive to salt stress (Foolad 2007)
and 50% yield loss occurs at moderate salinity level
(5 dSm™). However, this growth reduction is more
apparent in salt sensitive than that in salt-tolerant
genotypes (Turhan et al. 2009).

Strategies to improve salinity tolerance

Grafting in tomato has been found very effective in
enhancing the crop salt tolerance (Asins et al. 2010).
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For example, a commercial tomato hybrid cv Jaguar
was grafted on rootstocks of several tomato genotypes
with the potential for salt exclusion.

Eggplant (Solanum melongena L.)
Salinity effects and crop response

Eggplant is considered to be moderately sensitive
to salt stress. Salt stress also adversely affects the
plants at later stages including shoot and root fresh
and dry weights, shoot and root lengths and the gas
exchange characteristics, net CO, assimilation rate,
transpiration rate, stomatal conductance, and internal
CO, concentration. In contrast, water use efficiency
of eggplant is not affected by salt stress (Abbas et al.
2010). Potassium (K+) and Ca 2+ concentrations and
the K+/Na+ ratio also decrease while concentrations
of Na+ and Cl— in plant tissues increase in saline
medium. Similarly, leaf glycine betaine and proline
concentrations were reported to increase under saline
conditions. Salinity also markedly reduces both fruit
weight and number of fruits per plant (Abbas et al.
2010).

Strategies to improve salinity tolerance

Very few strategies have been reported in the literature
to overcome the salinity-induced losses in eggplant
production under saline conditions. Exogenous ap-
plication of inorganic fertilizers, compatible solutes,
and plant growth promoting bacteria has been found
to be viable approaches to enhance salt tolerance
(Abbas et al. 2010).

Broccoli (Brassica oleracea var. italica L.)
Salinity effects and crop responses

Salt stress modifies the nutritional status of broccoli
by altering contents of nitrogen, phosphorus, and sul-
fur and activities of enzymes involved in nutritional
metabolism.

Cauliflower (Brassica oleracea var. botrytis L.)

Salinity effects and crop responses

Cauliflower yield is also greatly reduced due to salt
stress. There is a need to explore detailed responses

of cauliflower to salt stress because it has become a
popular vegetable all over the world.

Strategies to improve crop salt tolerance

The reason one report on the improvement of salt
tolerance of cauliflower. Reported that nitrogen
application to the growth medium could effectively
enhance yield of cauliflower under salt stress.

Sources of salinity

The main sources and causes of salt accumulation
include:

Geo-chemical weathering of rocks and parent mate-
rials and the salts brought down from the upstream
to the plains by rivers and subsequent deposition
along with alluvial materials,

Derived directly from sea water by flooding or
intrusion into ground water resources,

Salt-laden sand blown by sea winds,

Indiscriminate and injudicious use of irrigation
waters of different qualities,

Capillary rise from subsoil salt beds or from shallow
brackish ground water,

Lack of natural leaching due to topographic situ
ation and economic activities in arid and semi-arid
regions.

Mitigation of salt stress

Seed hardening with NaCl (10 mM concentration)
Application of gypsum @ 50% Gypsum Require-
ment (GR),

Incorporation of daincha (6.25 t/ha) in soil before
planting,

Foliar spray of 0.5 ppm brassinolode for increasing
photosynthetic activity,

Foliar spray of 2% DAP + 1% KCI (MOP) during
critical stages,

Spray of 100 ppm salicylic acid,

Spray of 40 ppm of NAA for arresting pre-mature
fall of flowers / buds / fruits,

Extra dose of nitrogen (25%) in excess of the
recommended,

Split application of N and K fertilizers,

Foliar application of ascorbic acid alone increased



number of leaves and leaf area, while in combina-
tion with zinc sulfate increased the plant height
and total plant biomass,

The exogenous application of PGRs, auxins,
gibberellins and cytokinins produces some benefit
in alleviating the adverse effects of salt stress and
also improves germination, growth, development
and seed yields and yield quality,

Exogenous application of ABA reduces the release
of ethylene and leaf abscission under salt stress
in plants, probably by decreasing the accumulation
of toxic Cl- ions in leaves,

Post-application with exogenous Jasmonic Acid
can ameliorate salt stress, especially the salt-sen-
sitive rather than the salt-tolerant cultivar

4 mM ascorbic acid and 4 mM gibberellin could
increase transpiration rate, relative water content,
chlorophyll b, total chlorophyll and xanthophyll

content. In general, it was concluded that synergis-
tic interaction between ascorbic and gibberellin
could alleviate the adverse effects of salinity on
plants,

Maintenance of high K/Na ratio by applying pot-
ash and Ca fertilization

Application of PGRs like cytokinin, GA3, [AA,

cycocel, thiourea and polyamines (putrescine,
spermidine and spermine) either as seed treatment
or foliar spray.

CONCLUSION

The stress provoked by excess salts in the soil solution
has similarities with the stress caused by lack of wa-
ter, although there are differences. Excess salt has an
osmotic effect, which means that the amount of water
accessible for plants is reduced. Yield losses due to
osmotic stress can be very significant before toxicity
symptoms on plants become apparent. Increased salt
concentrations can lead to a reduction in evapotrans-
piration, disturbances in mineral nutrition of plants,
the plant hormone imbalances, and to the formation
of free radicals that damage cell membranes. Expan-
sion of leaves may be impaired and their anatomical
properties altered. The high concentration of salts in
the soil solution may reduce the removal of nitrogen,
phosphorus and potassium so it is necessary to add
these elements in the form of fertilizers.

The threshold salinity level at which most of veg-
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etable crops are affected is poorly documented. For
example, okra is considered to be semi or moderately
salt tolerant, tomato sensitive to moderately sensitive,
eggplant moderately sensitive to salt sensitive, and
potato moderately sensitive to moderately salt toler-
ant. Similarly, carrot is considered a salt sensitive crop
but many authors are of contradictory views about its
degree of tolerance. Further studies are required to
classify these vegetables and their common varieties
with respect to their degree of salt tolerance.
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