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Salinity 
 

Salinity is the presence of excess soluble salt 

in the soil and one of the most significant 

environmental challenges limiting plant 

productivity, particularly in arid and semi-arid 

climates (Ashraf et al., 2004; Hussain et al., 

2009). Salinity in irrigation water and in soils 

is one of the major abiotic constraints on 

agriculture worldwide causes reduction in 

growth and leaf scorching in fruit plants. As 

per ministry of Agriculture (GOI) In India, 

over 8.5 mha lands have been reported to be 

saline soil. Salt affected soils are found in 

Indo-Gangetic plains, arid regions and coastal 

areas. The malady continues to increase due  

 

 

 

 

 

 

 

 

 

to the mismanagement of canal irrigation as 

well as due to brackish groundwater 

irrigation. Salt damage usually manifests as 

leaf burn and defoliation, and is associated 

with accumulation of toxic levels of 

Na
+
 and/or Cl

−
 in leaf cells. The inhibition of 

crop growth under saline conditions is 

commonly caused by osmotic effect and/or 

due to excessive ion accumulation in the plant 

tissues, which may cause ionic toxicity and/or 

nutritional imbalance (Boursier and Lauchli, 

1990). The extent to which each stress 

condition affects plant growth/development, 

however is dependent on various factors, 
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Fruit trees can be potentially exposed to numerous abiotic stresses during 

production and distribution. Among these, salinity is one of the most important 

abiotic stresses, limiting crop production mainly in arid and semi-arid regions, 

where soil salt content is naturally high and precipitation can be insufficient for 

leaching (Zhao et al., 2007). According to the FAO Land and Nutrition 

Management Service (2008), over 6% of the world‟s land is affected by either 

salinity or sodicity. Fruit crops are generally sensitive to salinity and sodicity. 

However, some fruit crops like pomegranate, sapota, aonla, bael, jamun, karonda, 

tamarind and date palms are relatively tolerant to salinity. Multiple solutions are 

available for managing these soils and enhance the productivity of horticultural 

crops in these soils. There is a need for an increased understanding of the 

mechanisms of salt tolerance, the development of methods to comprehensively 

integrate and predict the effects of environmental factors on plant response 

throughout all stages of growth and development, and the development of 

improved methods to identify and manipulate genes and gene groups between 

species. 
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including plant species, cultivar and 

phenological stage, soluble salt composition, 

stress intensity and its duration, and edapho-

climatic conditions (Cramer et al., 1994). 

 

Effect of Salinity on Fruit Plants 

 

The term „salinity‟ refers to the presence in 

soil and water of electrolytic mineral solutes 

in concentrations that are harmful to many 

fruit crops. Salinity in soil or water is one of 

the major stresses and, especially in arid and 

semi-arid regions, can severely damage the 

fruit crop production. The deleterious effects 

of salinity on plant growth are associated with 

low osmotic potential of soil solution (water 

stress), nutritional imbalance, specific ion 

effect (salt stress), or a combination of these 

factors (Ashraf et al., 2004). 

 

General signs 

 

Plants on the basis of adaptive evolution can 

be classified roughly into two major types: 

 

Halophytes 
 

Halophytes are plants that can survive and 

reproduce in environments with high salt 

concentration (200 mM NaCl), these plants 

constitute about 1% of the world‟s flora. 

Halophytescan be classified as “natural” and 

plants that tolerate salt but do not normally 

live in saline conditions (Patane et al., 2012). 

 

Glycophytes 
 

The plants that cannot withstand salinity and 

eventually die. Majority of major fruit crop 

species belong to this category. Salinity is one 

of the most brutal environmental stresses that 

hamper fruit crops. The general signs of 

salinity include reduction in total leaf area, 

indeed, decreased leaf growth is the earliest 

response of glycophytes exposed to salt stress 

(Munns et al., 1986), marginal and tip 

burning of leaves, followed by yellowing and 

bronzing. In fruit plants premature leaf drop, 

twig dieback, leaf scorching, blackening, 

necrosis are the main symptom of salt stress. 

(Sharma et al., 2011).  

 

Nutrient imbalance- Inhibition the uptake of 

essential nutrients like K
+
, Ca

2+ 
leading to 

nutrient deficiency in fruit plants. The 

morphology of some fruit plants shows their 

sensitivity to salinity viz., in avocado trees, 

the root system is quite superficial and 

presents low ramification, thus reducing the 

water and nutrient absorption capacity, 

resulting in a higher sensitivity to soil salinity 

(Bernstien et al., 2005).  

 

These morphological features limit the 

distribution of this crop to areas where 

irrigation water is of good quality. Another 

major effect is reduction in yield by decrease 

in fresh weight (FW) or dry weight (DW) in 

all plant tissues subjected to salt stress, but it 

is especially noticeable in the aerial part.  

 

(Romero-Aranda et al., 1998) studied 

anatomical disturbances produced by chloride 

salts (KCl, ClCa2, NaCl) in both sensitive 

(Carrizo citrange) and tolerant (Cleopatra 

mandarin) citrus varieties. The salt stress 

leads to changes in leaf anatomical properties, 

such as the increase in leaf thickness and the 

lower area/volume ratio of mesophyll cells. 

These results suggest that in salinized citrus, 

the increase in leaf thickness, in combination 

with several metabolic components such as 

chloride overloading, low Mg
2+

, stomatal 

closure and chlorophyll loss, may contribute, 

among other factors, to the decline in 

photosynthesis. 

 

Salinity tolerance mechanisms 

 

Under saline conditions, plants have to 

activate different mechanisms in order to cope 

with the resulting stress. Such mechanisms 
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include changes in morphology, anatomy, 

water relations, photosynthesis, the hormonal 

profile, toxic ion distribution and biochemical 

adaptation (such as the antioxidative 

metabolism response). 

 

Salt avoidance 
 

Some fruit plants have the avoidance 

mechanism in which the reduction in the 

canopy area may be considered as an 

avoidance mechanism, which minimises 

water loss by transpiration when the stomata 

are closed. 

 

Salt exclusion 
 

Prevents the entry of salts into the vascular 

system. Na
+ 

and Cl
- 
exclusion by roots ensures 

that Na
+ 

and Cl
- 
does not accumulate to toxic 

concentrations in leaves. 

 

Salt excretion 

 

Halophytes can survive in the presence of 

high NaCl concentrations (300–500 mM) 

because they have developed better salt 

resistance mechanisms viz. salt-secreting 

glands and hairs actively eliminate salts, thus 

keeping the salt concentration in the leaves 

beneath a certain threshold. 

 

Osmotic adjustment 
 

The osmotic adjustment, i.e., reduction of 

cellular osmotic potential by net solute 

accumulation, has been considered an 

important mechanism to salt and drought 

tolerance in plants. This reduction in osmotic 

potential in salt stressed plants can be a result 

of inorganic ion (Na
+
, Cl

-
, and K

+
)and 

compatible organic solute (soluble 

carbohydrates, amino acids, proline, betaines, 

etc) accumulations (Hasegawa et al., 2000). 

However these changes are only any few 

initial responses of many others occurred 

from salt-stressed seedlings. Likewise Higher 

salt tolerance due to higher capacity of 

osmotic adjustment (high proline) was found 

in Sour Orange and Attani-1 than Troyer 

citrange and Billikhichlli.  

 

Antioxidant defensive system 
 

Salinity tolerance is positively correlated with 

the activity of antioxidant enzymes, such as 

superoxide dismutase (SOD), catalase (CAT), 

glutathione peroxidise (GPX), ascorbate 

peroxidise (APX), and glutathione reductase 

(GR) and with the accumulation of non-

enzymatic antioxidant compounds salt stress 

induces the increased activities of SOD, CAT, 

Ascorbate peroxidase and GR in Karna khatta 

having higher antioxidant capacity to NaCl 

(Sharma et al., 2011). 

 

Salinity tolerance strategies 

 

Salt tolerance is the ability of plants to grow 

and complete their life cycle on a substrate 

that contains high concentrations of soluble 

salt. Salt tolerance is a complex trait 

involving several interacting properties. 

 

Traditional approaches 

 

The deleterious effects of salinization can be 

managed by changed in farm management 

practices (Munns et al., 2002). Like better 

irrigation practices, such as drip irrigation, to 

optimize use of water can be employed. In 

rain-fed agriculture, this researcher suggest 

practices such as rotation of annual crops with 

deep-rooted perennial species may restore the 

balance between rainfall and water use, thus 

preventing rising water tables bringing salts to 

the surface. All such practices will rely on a 

high degree of salt tolerance, not only of the 

perennial species used to lower a saline water 

table, but also of the crops to follow, as some 

salt will remain in the soil. 
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Leaching 

 

Leaching excess salts and maintaining a 

favourable salt balance remains the best 

strategy to prevent detrimental salt 

accumulation in the soil profile. This is 

achieved by supplying enough water to leach 

salts below the root zone but not into ground 

water reserves. Irrigation water quality can 

have a profound impact on crop production. 

In reference, the work affirms that all 

irrigation water contains dissolved mineral 

salts, but the levels and composition of the 

salts vary depending on the source of the 

irrigation water. Salinity from irrigation can 

occur over time wherever irrigation occurs, 

since almost all water (even natural rainfall) 

contains some dissolved salts.  

 

When the plants use the water, the salts are 

left behind in the soil and eventually begin to 

accumulate. Since soil salinity makes it more 

difficult for plants to absorb soil moisture, 

these salts must be leached out of the plant 

root zone by applying additional water. This 

water in excess of plant needs is called the 

leaching fraction (Grattan, 2002). 

 

Fig.1 Effects of salt stress on fruit plants 

 

 
 

 

Table.1 Fruit crops tolerant to salinity 

 

Tolerance level Fruit crops (Mckersie et al.,1994) 

Tolerant Phoenix dactylifera, Emblica officinalis 

Moderately tolerant Olea europaea and Ficus spp. 

Sensitive Malus domestica, Prunus armeniaca, Prunus domestica, Prunus persica 
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Table.2 Rootstocks for salinity tolerance 

 

Fruit Crops Rootstock References 

Almond GF677  (Zrig et al., 2015) 

Ber Zizyphus nummularia  (Pareek, 2001) 

Grape Dogridge and Salt Creek B-2/56,110R (Sharma et al., 2011)  

Mango Mangifera zeylanica, Gomera-1, 13-1  (Ravishankar et al.,2012)  

Citrus Rangpur lime and Cleopatra mandarin  (Anjum et al., 2008)  

Annona Annona diversifolia and Annona reticulata (Pareek et al., 2011)  

 

Tillage 

 

It is a mechanical operation usually carried 

out to break the salty layer closer to the root 

surface. 

 

Mulching 

 

Soil mulching maintain wet zone in the 

rhizosphere, salt concentration in root zone 

gets diluted and the salinity effect on the fruit 

plants reduced. 

 

Irrigation method 

 

The irrigation method and volume of water 

applied have a pronounced influence on salt 

accumulation and distribution. Flood 

irrigation and an appropriate leaching fraction 

generally move salts below the root zone. 

Similar results can be obtained with a 

properly managed sprinkler irrigation system. 

With furrow and pressurised irrigation, 

soluble salts in the soil move with the wetting 

front, concentrating at its termination or at its 

convergence with another wetting front. In 

drip-irrigated plots, water moves away from 

the emitter and salts concentrate where the 

water evaporates.  

 

Fertilizer management 
 

Many fertilisers contain soluble salts in high 

concentrations. Therefore, the nutrient source, 

rate, timing and placement are important 

considerations in the production of 

horticultural crops. Salt indices for most 

commercial fertiliser products have been 

reported. For example, KCl has a salt index 

205 times that of K2SO4. Generally, band 

application of fertilisers with high salt indices 

near seedlings should be avoided. The salt 

content of other things added to the soil, such 

as gypsum and manures, also should be 

considered. Applying gypsum is a useful 

management practice for precluding sodium 

accumulation on the soil‟s exchange complex, 

maintaining soil structure and improving 

water infiltration. 

 

Salt tolerant fruits 
 

Plant species vary in their responses to saline 

conditions. While salt-tolerant plants have the 

ability to cope with a relatively high level of 

soil salinity, susceptible plants are not able to 

grow under the same salinity conditions 

(Munns and Tester, 2008) (Table 1). As in 

fruit crops Cashew nut (Annacardium 

occidentale L.) showing some adaptations and 

acclimations to water deficit, and it has been 

strongly used as a model to evaluate salt 

tolerance mechanisms (Marques et al., 2010). 

Of all fruit crop species, fruit trees, including 

citrus, are highly salt sensitive (Storey and 

Walker, 1999). 

 

Biofertilizer application 

 

Another possible way to relieve or protect 

plants from saline stress is to inoculate the 

roots with arbuscular mycorrhizal fungi 
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(AMF), which are considered to be important 

bio-ameliorators for saline soils. This role of 

AMF was studied by (Navaro et al., 2010) in 

citrus seedlings inoculated with a mixture of 

AMF (Rhizofagus irregularis and Funneli 

formismosseae), which alleviated the negative 

effect of salt stress. This protective effect or 

synergic interaction is even better when it is 

established with salt-tolerant rootstocks. 

Similarly mycorrhizal symbiosis have been 

found the ability of salinity tolerance in 

Carrizo citrange colonized with Glomus 

intraradices and grape vine plants inoculated 

with Burkholderia phytofirmans accumulated 

higher level of proline, and CHOs (Bensalim 

et al., 1998) (Table 2). 
 

Salinity tolerant rootstocks 

 

Generally the fruit crops are vegetatively 

propagated and rootstocks are commonly used 

where the grafted technique has been applied, 

the rootstock properties like salinity tolerance 

can affect the plant response to salinity. Salt-

tolerant rootstocks alleviate the negative 

effects of stress and protect the plants. 

 

Application of triazole compounds 

 

Triazole compounds on mitigating stress 

impacts on different crops by up-regulating 

proline content and activities of antioxidant 

enzyme (Sankar et al., 2007). 

 

Use of plant growth regulators 

 

Grape 
 

Cultivar Chardonnay cells treated with 10 μM 

putrescine dihydrochloride increased salinity 

tolerance (Hassan et al., 2010). 

 

Banana 

 

Adding 0.2 and 0.4 g/l potassium humate to 

rooting medium tends to increase salinity 

tolerance of banana plantlets (Hassan et al., 

2010) and application of PBZ (1500 mg/l) 

mitigated the salinity stress (Srivastav et al., 

2010). 

 

Thus, salinity inhibition of plant growth is the 

result of osmotic and ionic effects and the 

different plant species have developed 

different mechanisms to cope with these 

effects. Crop productivity is severely affected 

by salinity stress. This occurs directly due to 

the impact of salinity on photosynthesis, 

respiration, nutrient assimilation, hormonal 

imbalance, etc. The indirect adverse effect of 

salinity is enhanced generation of reactive 

oxygen species in stressed plant which 

subsequently cause damage to 

macromolecules such as lipids, proteins, and 

nucleic acids, and thus, constrain crop 

productivity. Therefore, to engineer more salt-

tolerant plants, it is important to find out the 

key components of the plant salt-tolerance 

network. 
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