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Chapter-1 

INTRODUCTION 
 
 Wheat is one of the most demanded cereals in the world. Its production is not 

matching with the increasing pace of human population. Crop production is limited by 

environmental stresses, their impact and severity. With the steady growth of population, 

especially in the developing world, and the declining availability of new agricultural 

land, the need to tackle these stresses is urgent. 

 Amongst the environmental stresses, the adverse effects of soil salinity on crop 

production are more drastic. The salts near the soil surface develop highly stressful 

conditions for plant growth and ultimately decrease the yield or result in total plant 

death. Although salinity has become alarming and an increasing problem of agriculture 

throughout the world, the development of this menace is of greater magnitude in arid 

and semi-arid areas. These areas are characterized by hot and dry climate and amount 

of rainfall fluctuates markedly from year to year. Thus cultivation of crops in these 

areas largely depends upon canal irrigation. Due to high evapotranspiration rate, the 

losses of water result in the deposition of excess salts on the soil surface and in ground 

water, which affects plant growth (Evans, 1998; Penning de Vries, 2001). According to 

Epstein, et al, (1980) about one third of the world irrigated land is adversely affected by 

salinity.  

 Salinity as defined by Blum (1985) is the presence of excessive concentrations 

of soluble salts in soil solutions that suppress plant growth. The salts responsible for 

soil salinity occur in varying proportions in these soils. The properties of soil salinity 

may be quantified by assessing the total amount of exchangeable cations that a soil can 

retain, designated as cation exchange capacity. The soluble cations which give saline 

soils their properties are Na
+
, K

+
, Ca

2+ 
and Mg

2+
 ,while Cl

-
, SO4

2-
, NO3

-
 and HCO3

-
 are 

the predominant anions (Tanji, 1990). Of these, chlorides, sulphates, and bicarbonates 

of sodium, calcium, and magnesium are most commonly found in saline soils and in 

irrigation water. Saline soil has an electrical conductivity (EC) of more than 4 dSm
-1

 in 

some part of the soil profile that lies within 25 cm to the surface, exchangeable sodium 

at < 15% and a pH < 8.5. Depending upon the presence and concentrations of these 



cations and anions, EC, and ESP (Exchangeable Sodium Percentage) the US Salinity 

Laboratory has classified salt-affected soils as follows (1) saline with EC > 4 mmho & 

ESP < 5, (2) saline sodic with EC > 4 mmho & ESP > 15, and (3) non-saline sodic soils 

with EC < 4 mmho & ESP > 15. This system is being used world wide to classify salt 

affected soils.  

 Plants are subjected to salinity problems in two ways (Blum, 1985; Tanji, 1990) 

i.e. (1) when they are grown on inherently saline soils, the primary source of salinity, 

and (2) when they are grown on inherently non-saline soils, but irrigated with saline or 

brackish water, the secondary source of salinity. 

 Soil salinity can result from natural processes, and/or from crop irrigation with 

saline irrigation water under poor drainage conditions. Saline soils are found both under 

humid and arid climatic condition (Larcher, 1995). In the humid regions it is possible 

that soil becomes salty due to salts brought in by winds and clouds originating in 

oceans and sea-spray, on dunes and in marshes.  

 Salinity is considered the most serious environmental stress that threatens 

agricultural productivity in arid and semi-arid regions of the world, which accounts for 

36% of the earth's surface (Meigs, 1968). Soil salinity in these regions has greatly 

increased because of the higher evaporation rates from the soil than the amount of 

precipitation over the course of the year. Large amounts of salt accumulate (1) in 

hollows where the groundwater table is high (2) in depression with no drainage and (3) 

in intensively irrigated areas where there is appreciable salt content in the irrigation 

water and insufficient drainage.  

 Similarly soil in other regions under irrigation associated with river system have 

deteriorated due to salinity, for example the Indus in Pakistan, the Ganges system in the 

north west of India, the head water of the Mekong river system in the north east of 

Thailand, the Haung and associated rivers in the north China, the Colorado in the south 

west of the USA, the Nile in Egypt and the Murray Darling catchment in Australia 

(McWilliam, 1986).     

 A total of about 950 × 10
6 

ha of land is salt affected world wide, (Flowers and 

Yeo, 1995).  There is, however, a great deal of variation in the distribution of sal ine 

land over the world's surface so that the regional impact of salinity is much more 



serious than the average value would imply. In our country about 26% of the 16 ×10
6 

ha 

of cultivated land is salt-affected (Ahmad et al., 1988). Wyn Jones, (1981) reported that 

in Pakistan, about 67%(10 million ha) of 15 million hectares of irrigated land were 

becoming saline or water logged, and one hundred thousand acres of land are going out 

of production annually (Qureshi et al., 1990). This has resulted in a loss of 20 billion 

rupees to the national exchequer per annum (Qayyum and Malik, 1988).  The salt 

affected land in Australia is also large, with about one third of the total agricultural 

area, being predominantly sodic (Northcote and Skene, 1972; Fitzpatrick et al., 1994). 

In Western Canada, soil salinity has reduced the agricultural production of more than 

2.2 × 10
6
 ha of dry land and one hundred thousand hectares of irrigated land. The area 

affected by salinity is increasing about 10% per annum in dry regions. In Syria 30% of 

the 1.13 × 10
6
 ha in the Euphrates valley exists as salt affected soils and 3,500-5,000 ha 

of arable land is becoming saline every year (Al-Khatib et al., 1993).   

 Salinization of irrigated lands threatens current agricultural productivity. About 

20% of irrigated land has suffered from secondary salinization. Irrigation has a crucial 

role in agricultural productivity, and the need for more irrigation appears inevitable to 

increase the productivity of arid and semi-arid areas which constitute about one third of 

the worlds land surface (UNEP, 1992). However, the problem of salinization increases 

with the expansion of area under irrigation, because most of the water in the 

hydrosphere is saline and much of the fresh water is frozen. Thus, non-saline water for 

irrigation is becoming limited, and water quality continues to decline. Szabolcs, (1989) 

quotes FAO and UNESCO estimates that 50% of irrigation schemes are salt-affected. 

World wide, about 10 million ha of irrigated land, equivalent to all the irrigated land in 

Africa, are thought to be abandoned each year because of secondary salinization and 

alkalisations. In India, potential irrigated area is waterlogged, and 11-38% is saline 

(Singh, 1992). The total irrigated land in the world is about 263 × 10
6
 ha (FAO, 1998). 

If half of this is salt affected, then this makes about 16% of the total salt affected land. 

In developing countries of Asia, Africa and Latin America, population growth, 

increased dependence on irrigation, and failure of irrigation, all indicate that 

agricultural salinization will become a life-threatening problem (Flowers and Yeo, 

1995).  



 There are many techniques, which can be used for the reclaimation of saline 

soils, such as leaching down the salts through excessive irrigations or by the addition of 

gypsum. Sulphuric acid has been applied with some success. Another technique for 

reclaiming saline soils involves engineering approach. Installation of an efficient 

drainage system and the installation of tubewells have been effective in decreasing the 

deleterious effects of soil salinity on plants by providing good drainage in the root zone 

in arid and semi-arid areas. This approach has proved to be successful in reclaiming the 

saline deserts, but it is not economical for developing countries (Shannon, 1984). 

Therefore a genetic dimension is essential to overcome such soil problems. Plant 

scientists are seeking to modify plants to suit such adverse soil conditions while 

maintaining economic yield. This approach is called a biological fix and it has been 

emphasized as a possible means of utilizing unexploited saline soil (Epstein et al., 

1980; Epstein and Rains, 1987).   

 The need is, therefore, to breed plant material, which not only survives, but also 

grows and yields well on the salt affected soils. The genetic approach, to encounter the 

toxic effects of these stresses on crop production, is ecologically clean, energy 

conserving, and usually cheaper than amending the soil. Hence, it is compatible with 

national and international goals of economic food production, conservation of soils, 

water and energy and control of pollution.  

 This approach has great potential for solving the problem of crop production 

under environmental stresses, particularly in developing countries, which must use a 

„low input‟ system of agriculture (Foy, 1997). The approach of tailoring the plants 

through selection and genetic means depends upon two basic components. (1) The 

existence of variability in the crop under improvement, in response to a particular 

stress, and (2) variability must have a significant genetic component.  

 Analyses have shown that variability in salinity tolerance does exist both within 

and between plant species. Previous studies have demonstrated the occurrence of 

variation in salt tolerance in a number of crop species, in wheat and barley (Epstein et 

al., 1980; Ashraf and McNeilly, 1988; Salam et al., 1999), Sawar et al., 2003); in 

Lucerne (Al-Khatib et al., 1994); in rice (Chowdhry et al., 1995; Pumendu et al., 2004), 



in millets (Kebebew and McNeilly, 1995), in sorghum (Azhar and McNeilly, 2001), in 

Soybean (Shereen et al., 2001;Kamal et al., 2003) and in Bean (Zeid, 2004).  

  A thorough knowledge about the genetic basis of variation in tolerance to a 

given stress is necessary to plan an effective breeding program. Breeding procedure 

depends upon the pattern of inheritance (qualitative or quantitative), the number of 

genes with major effects, and the nature of the gene action. Such information about the 

genetic basis and components of variation can help in devising a selection strategy for 

genetic improvement of salt tolerance, and predicting progress through selection.  

To facilitate breeding for salt tolerance, adoption of new selection criteria based 

on knowledge of the physiological mechanisms or a character contributing to salt 

tolerance has been proposed by various researchers. Partial exclusion of ions and 

synthesis of organic solutes are the broad physiological mechanisms by which 

cultivated crops could respond to salt stress (Noble and Shannon, 1988; Yeo and 

Flowers, 1990). 

   Substantial progress has been made in crops using conventional plant breeding 

methods despite limited understanding of the physiological and biochemical 

mechanisms. Genetic advance through plant breeding has been slow due to the complex 

and ambiguous natures of the traits, such as stress tolerance. A more comprehensive 

understanding of the physiological and biological mechanisms, would contribute 

positively to breeding salinity tolerant crops. 

      Therefore, the present studies were conducted to have basic information on the 

genetic basis of variation for salinity tolerance in wheat. These informations could be 

used to develop salt tolerant wheat genotypes that can give economic yield on salinity 

prone areas in Pakistan. 

Chapter-2 

 

REVIEW OF LITERATURE  

 



 Salinity is a widespread phenomenon on soil and plant growing in saline 

environments uses various mechanisms at the whole plant as well as at tissue and 

cellular levels to grow under such adverse conditions. Soil salinity refers to the 

presence of excessive levels of dissolved or readily dissolved salts in soil. Salinity may 

be defined as the concentration of the mineral salts present in the water and soil on a 

unit volume or weight basis (Tanji, 1990). The major components of salinity are cations 

(Na
+
, Ca

2+
, Mg

2+
, K

+
) and anions (Cl

-
, SO4

2-
, NO3

-
, and HCO3

-
). Chloride, sulphates 

and bicarbonates of sodium, calcium and magnesium are most commonly found in soils 

and in irrigated water. The primary source of salinity is the continuous geochemical 

weathering of the earth's material i.e. minerals that are the constituents of the rocks and 

soils. The effects of salinity on plant growth with adequate root zone aeration have been 

studied and reviewed extensively (Flower et al., 1977; Maas and Nieman, 1978; 

Gorham et al., 1985; Schachtman and Munns, 1992 and Gorham, 1993). There is a 

huge body of knowledge available on the mechanism of the salt tolerance in wheat. 

 

2.1. Impact of Salinity on Agricultural Productivity  

Salinity problems are especially prevalent and serious in irrigated lands in many 

parts of the world. It has been estimated that nearly 40% of world‟s land surface can be 

categorized as having potential salinity problems (World Resources, 1987).  

Pakistan has extensive areas of saline soils. According to the Soil Survey of 

Pakistan about 5.7 × 10
6
 hectares are salt affected and 2.13 ×10

6
 hectares are water 

logged (Rafique, 1975). But, Muhammad (1978, 1983) estimated that 4.85-7.91 × 10
6
 

hectares land is saline and 1.16-6.17 × 10
6
 hectares are water logged. Qayyum and 

Malik (1988) reported annual loss of Rupees 20 billion due to the decrease in 

agricultural production caused by salinity stress. The soil salinity problem is not 

confined to developing countries, since areas in developed countries such as the USA 

and Australia are also affected by salt (Postel, 1989). In the case of the Colorado River 

system, in 1982 the annual damage to agriculture amounted to US $ 113 × 10
6
 and it 

was expected to increase to over $ 250 × 10
6
 (in constant US$) 2000 (Holburt, 1984). 

Watkins et al., (1991) reported $ 37 million losses per year to agricultural farmland 

because salinity.  



The world has about 13.2 × 10
9
 hectares land. Approximately 7 × 10

9
 hectares 

are potentially productive but only 1.5 x 10
9
 hectares are cultivated (Massoud, 1981). 

Szabolcs (1989) estimated that about 10% of the total arable land is saline or has sodic 

soils (in 100 countries). According to Tanji (1990), 0.34 × 10
9
 hectares (23%) of the 

cultivated land are saline and 0.56 × 10
9
 hectares (37%) are sodic. 

       

2.2. Plant Response to Salinity 

 Different research workers have critically reviewed the response to salinity of 

various crop plants in the past (Bernstein and Hayward, 1958; Strogonov, 1964; 

Greenway; 1973; Maas and Nieman, 1978; Wyn Jones, 1981; Flowers, 1985; 

Tipirdamaz, 1991; and Zerbi et al., 1991). Wheat genotypes behave differently to 

various salinity levels (Agrawal et al., 2003 and Wang et al., 2003). The evolutionary 

process of living organisms has resulted in plant species with a wide range of 

tolerance/resistance to salinity. Salt tolerance is a complex phenomenon, which varies 

not only among species but also, depends upon the environment interactions for 

examples, temperature, air pollution, relative humidity, fertility and water availability 

(Maas, 1986). 

 Some research workers have categorized plants into halophytes (Salt tolerant) 

and glycophytes (salt sensitive) (Flowers et al., 1977, Greenway and Munns, 1980) 

depending upon their behaviour under saline environments. A field experiment was 

conducted in salty loam soil to study the response of different wheat (Triticum 

aestivum) based intercropping systems i.e. wheat + indian mustard and wheat + gram, 

to varying moisture regimes (CPE 0.4 and 0.8) and irrigation water salinity levels (0.4, 

6 and12 dS/m). The growth and yield of wheat was increased with increasing frequency 

of irrigation water when its salt level was EC 6 dS/m. However, a decreasing trend was 

observed in growth and yield with further increase in salinity (12 dS/m) of irrigation 

water. The growth and yield of gram decreased with increasing frequency and salinity 

of irrigation water. However, the yield of indian mustard increased with increasing 

irrigation frequency even with saline water of EC 12 dS/m. Indian mustard was found 

to be tolerant as compared to gram against salinity (Agrawal et al., 2003). 

 

2.3. Effect of Salinity on Ion Uptake  



Several research workers have observed that salinity decreases K
+ 

uptake and 

increases uptake of Na
+ 

and Cl
- 

of crop plants. Such responses have been found in 

wheat (Sastry and Prakash, 1993, Salam, 1993, Astaraei, 1995; Salama, 1995; Sarwar et 

al., 2003), barley (Gorham et al., 1994), sorghum (Azhar and McNeilly, 2001), soybean 

(Kamal et al., 2003), Atriplex hallimas (Abbad et al., 2004;), and tomato (Shaaban et 

al., 2004). Salt-tolerance in wheat is associated with accumulation of inorganic ions 

(Na
+
and K

+
). Salam et al., (1992) found a highly significant negative correlation 

between Na
+
 and Cl

-
 contents and yield. Sharma, (1996a) found that in the youngest 

leaf K
+
/Na

+
 ratio showed a very high positive correlation with yield and its components 

in wheat. They concluded that salt tolerance is under genetic control.  

Kadir et al., (2004) reported that leaf contents of K
+
, Na

+
 and K

+
/Na

+
 in pepper 

were affected by an increase in NaCl concentration. They also found that Na
+
 

concentration was increased, whereas K
+
 and K

+
/Na

+
 concentration decreased. Gorham 

and Wyn Jones (1990) reported that high leaf K
+
/Na

+
 ratio is associated with salt-

tolerance and this character is genetically controlled in durum wheat. They also 

reported development of salt-tolerant lines from chinese spring × Agropyron junceum 

[Elymus farctus spp. bessarabicus] hybrid. Begum et al., (1992) reported that salt stress 

increased accumulation of Na
+
 and Cl

-
 while it decreased K

+
 accumulation in 

germinated wheat seeds. In soybean similar trend were observed by Shereen et al., 

(2001). Sharma, (1996a) found that salinity reduced the leaf area and number of tillers 

and increased Na
+
 and Cl

-
 concentrations in wheat leaves.  

Pattern of ion distribution was disclosed in stem and root that ion contents were 

different in leaves of different ages (Ahsan and Wright, 1998, and Azhar and McNeilly, 

2001). The Na
+
 concentration and Na

+
/Ka

+
 ratio increased with salinization in all plant 

parts, most significantly in roots and stems (Sharma, 1995). 

There are a number of reports indicating that addition of calcium in the 

hydroponic culture medium can influence responses to salt. (Lahaye and Epstein, 

1969). Uptake of Ca
++

 was not hindered by high Na
+
 in soils (Waisel, 1972). Rangel 

(1992) reported the beneficial effects of Ca
++

 and Na
+
 uptake through roots. Colmer et 

al., (1994) found that supplemented Ca
2+

 reduced Na
+
 accumulation, and maintained 

the levels of K
+
 in Sorghum bicolor root tips. Hyder and Greenway (1965) observed 



that elevated levels of external Ca
2+

 could increase both growth and Na
+
 exclusion of 

plant root exposed to NaCl stress (Lahaye and Epstein, 1971). Lauchli (1990) also 

found that under saline conditions, roots supplied with elevated levels of external Ca
2+

 

are often able to maintain their K
+
 concentrations, whereas roots supplied with lower 

Ca
2+

 frequently don‟t.  

It has also been suggested that Ca
2+

 displaces Na
+
 from the plasmalemma of 

salt-stressed root cells, thus increasing the influx of ions into the cytoplasm (Cramer et 

al., 1985; Lynch et al., 1987). Helal and Mengel (1981) found that plants grown at high 

light intensity treatment were more able to exclude Na
+
 and Cl

-
 and accumulate nutrient 

cations (Ca
2+

, K
+
, Mg

2+
) than plants grown under low light intensity.  

Ehret et al., (1990) found that amendment of the saline solution with Ca
2+

 

increased the Ca
2+

/(Na
+
 + Mg

2+
) ratio and ameliorated the effects of salt but more so in 

wheat than in barley. At least part of the difference in salt tolerance between the two 

species must therefore be attributed to species differences in the interaction of salinity 

and Ca
2+

 nutrition. The greater response of wheat to Ca
2+

 was not due to a lower Ca
2+

 

status in leaf tissues. On the contrary, although Ca
2+

 amendments improved tissue 

Ca
2+

/(Na
+
 + Mg

2+
) ratio in both species, salinized wheat had equivalent or higher Ca

2+
 

content, and high Ca
2+

/ (Na
+
 + Mg

2+
) ratio than in barley. The higher Ca

2+
 requirement 

of wheat is apparently specific to a saline condition. At low salinity, wheat growth was 

not reduced as extensively as that of barley when Ca
2+

/(Na
+
/Mg

2+
) ratio decreased.  

High night time humidity dramatically improved wheat growth under saline 

conditions, but increasing the Ca
2+

 concentration of the saline solution had no effect on 

growth in the high humidity treatment. These results confirm the importance of Ca
2+

 

interaction with salinity stress, and indicate differences in species response.  Behaviour 

of wheat genotypes was different at various salinity levels. Interactions of Ca
2+ 

with 

other ions at high salinity are also known to occur. Low Ca
2+

/Na
+ 

concentration ratios 

result in reduced plant growth and in some cases tissue Ca
2+ 

deficiencies (Kent and 

Lauchli, 1985, Maas and Grieve, 1987; Muhammad et al., 1987; Grieve and Maas, 

1988). It had been shown that high ionic strength of saline solutions displaces Ca
2+

 

from the membrane of root cells (Cramer et al., 1985; Lynch et al., 1987; Lynch and 

Lauchli, 1988), contributing to salinity-induced Ca
2+

 deficiencies. Salt tolerance is not 



associated with Na
+
 accumulation in maize (Alberico and Cramer, 1993; Cramer et al., 

1994a). There are significant effects of salinity on ion accumulation in and transport 

from the roots of maize. The Na
+
 and Cl

-
 are increased and K

+
 and Ca

2+
 are decreased 

by the ample amount of NaCl salt. Supplemental Ca
2+

 increases Ca
2+

 & K
+
 and 

decreases Na
+
 accumulation and transport. There are no apparent effects of Ca

2+
 on Cl

-
 

accumulation and transport (Cramer et al., 1994b).  

Joshi (1986) reported no inter-relation between Mg
2+

 and Ca
2+

 concentrations in 

halophytes. Albert and Popp (1977) found that plants growing under saline conditions 

accumulated more Mg
2+

 than K
+
. Similarly Joshi and Bhoite (1988) found that 

proportionate accumulation of all ions in decreasing order: Cl
-
>Na

+
>Mg

2+
>Ca

2+
>K

+
 in 

soils as well as in vegetative parts of the halophytic grass (Aeluropus lagopoides L.) 

whereas Albert and Popp (1977) observed that monocotyledonous halophytes 

accumulated more K
+
 than Na

+
. 

 

2.4. Mechanisms of Salt Tolerance  

 It is commonly observed that some plant species can grow in soils containing 

salt stress levels that are lethal for sensitive species many wild plant species grow 

successfully in environments which contain salts at concentrations exceeding those 

found in sea water (Waisal, 1972). Plants growing in saline environments have evolved 

or developed a number of morphological, physiological, biochemical and anatomical 

adaptive mechanisms, which enable them to survive and grow in the presence of toxic 

salts. There is great deal of literature available dealing with the responses of various 

plant species to external salinity (Wyn Jones, 1981; Poljakoff-Mayber, 1982; Flowers, 

1985) yet the precise mechanisms adapted by different species are not yet clear. 

Generally plants avoid excessive quantities of toxic salts either by restricting ion uptake 

into the shoot, or by allowing ion uptake and adjusting to high salt concentration 

through osmotic regulation. There is, however, no doubt to the conclusion that plant 

must achieve and maintain a favourable water balance as well as a favourable ionic 

balance at the cellular and whole plant levels to successfully grow under saline 

environments. 

 

2.4.1. Morphological Mechanisms 



 Morphologically, adaptations of plants, which are easily distinguished, seem to 

be the result of evolution of many species for salt tolerance in saline habitats through 

natural selection. Adaptations of species for salt tolerance are mainly concerned with 

the control of water loss and sometime with improved ionic balance. Increased 

succulence in response to salinity is an important adaptation in many dicotyledonous 

and chenopods halophytes. Succulence is related to the enlargement of parenchyma 

cells. Greenway et al., (1966) found a similar effect on Atriplex species. Plants exposed 

to salinity are characterized by succulence and xero-morphism e.g., the presence of 

NaCl in the substrate caused succulence in cotton, tomato and salicornia (Blits and 

Gallagher, 1991). Other structural changes include fewer and smaller leaves, fewer 

stomata per unit leaf area, thickening of leaf cuticles and surface layer of wax, and 

earlier lignification of roots. These changes may vary with plant species, type and 

amount of salinity in maintaining tissue water contents or succulence (water contents 

per unit volume) (Strogonov, 1964, Waisal, 1972, Poljakoff-Mayber, 1975). Heikal 

(1977) reported that wheat leaf water content was not affected by different levels of 

salinity while those of safflower, sunflower and radish showed a significant decrease at 

high salinity. Jenning (1976) associated succulence with increase in total leaf volume in 

most of the plant species. This may occur by increasing the cell size, which can help in 

accumulating sodium, and chloride in the vacuole and ultimately vacuole-cytoplasm 

ratio is increased (Gorham et al., 1985). 

 According to Strogonov (1964), the presence of NaCl in growth medium caused 

succulence in tomato, cotton and salicornia herbacea. There are many halophytes, 

which show other morphological features such as trichmoes (Halimione, Elytrigia) and 

succulence (Salicomica) associated with reduced transpiration and drought tolerance. 

 

2.4.2. Physiological Mechanisms 

 Salts in the growth medium (soil/solution culture) decrease water potential 

thereby creating a problem of water deficit for the growing plants. In this situation

 plants must decrease internal water potential for a continuous water uptake. All 

plants growing in saline condition, be halophytes or glycophytes, face the twin-hazards 

of ion toxicity and water deficit. There are variation in tolerance from low to higher 



concentration of salts among various species and had led to the division of species into 

physiological groups, e.g. halophytes that tolerate relatively high concentrations and 

glycophytes that can tolerate low concentrations of salts (Maas and Nieman, 1978). 

Poljakoff-Mayber (1975) reported that salinity developed large cells in halophytes as 

cell division is reduced and cell extension is not affected, while in the case of 

glycophytes, both cell division and cell extension were inhibited with the latter being 

very sensitive (Arif, 1990). Halophytes ecologically are considered the native flora of 

saline soils, which survive and complete their life cycle at higher salinity levels 

(Jennings, 1968, Waisal, 1972). Halophytes can tolerate high concentration of Na
+
 and 

Cl
-
 by removing the toxic ions away from important metabolic processes (Greenway 

and Munns, 1980; Jeschke, 1984; Lauchli, 1984). In the case of glycophytes the ion are 

retained in the root, while in the halophytes, have the ability to accumulate toxic ions 

like Na
+
 and transport them to the shoot (Flowers et al., 1977). Some important 

physiological mechanisms that enable plants to tolerate higher salt concentration are 

discussed as under. 

 

2.4.2.1. Osmotic Adjustment or Pressure 

 If the osmotic potential of the medium became lower than that of the plant‟s 

cells, the latter would suffer osmotic desiccation. To survive, the plant must adjust 

osmotically, i.e. in a medium of a given high salinity; it must build up even higher 

internal solute concentrations. This can be affected by absorption of ion from the 

medium or synthesis of organic compounds, or both.  

     Plant cells exposed to saline environments first experience loss of turgor 

because of the low water potential of the medium. To avoid dehydration and maintain 

turgor, the cell must decrease total water potential by reducing osmotic potential 

(increased osmotic pressure). The process of maintenance of the cell turgor by a 

sufficient increase in cell solutes to compensate for the external osmotic stress is called 

osmoregulation, osmotic compensation or osmotic adjustment (Levitt, 1980). 

Osmoregulation in higher plants under salt stress involves either the uptake of salt or 

synthesis of organic solutes or both depending upon the species of the plant. 



 Generally halophytes accumulate and transport high amount of inorganic ions, 

especially Na
+
 and Cl

-
 differently as compare to glycophytes, for osmotic adjustment. 

Survival and growth of these plants in the presence of such high concentrations of toxic 

ions appears to depend on the localization of ions in the tissue and partitioning of 

solutes between vacuoles and cytoplasm (Flowers et al., 1977; Flowers and Lauchli, 

1983). 

 On the other hand, the glycophytes or non-halophytes are unable to cause the 

sharp asymmetrical intracellular compartmentation of inorganic and organic solutes that 

is central in the adoption of salt-absorbing halophytes to their saline habitats. 

Glycophytes do not possess the protective mechanism to tolerate high Na
+
 and Cl

-
 

concentrations. In these plants, K
+
 and organic solutes are the major osmotic 

components (Hellebust, 1976; Wyn Jones and Gorham, 1983). Some glycophytes 

accumulate Na
+
 in the shoots (Na

+
 accumulators) and plants belonging to this group 

affect osmotic adjustment primarily by NaCl accumulation. Generally, roots of all 

plants accumulate NaCl, accounting for a significant part of osmotic adjustment in this 

tissue even for those species (e.g. Phaseolus species) in which Na
+
 is excluding from 

the top (Bernstein, 1963). Most of Na
+
 absorbed by Na

+
 excluders is retained in the 

roots and lower stem (Jacoby, 1964, Wallace et al., 1965; Pearson, 1967). 

 

2.4.2.2. Ions Inclusion/Exclusion  

 Xylem and phloem are the main pathways of transport of ions, water and 

assimilates from root to shoot, seed to seedling or between older and younger leaves. 

The ion transport and distribution within a plant is related to many external and internal 

factors. On the whole, supply of ions to shoot is in balance with its overall requirements 

(Pitman, 1975). Achievement of such a control has been envisaged by some workers to 

be the result of a negative feed back mechanism (Pitman and Cram, 1977). In plant 

tissues/organs, there are diffusion pathway comprising parts of cell walls and 

intercellular spaces called apoplasm. The other diffusion transport from cell to cell -

through plasmodesmata (symplasm) is called symplasmic transport (Epstein, 1972; 

Pitman, 1976). 



 Cramer et al., (1985) reported that access NaCl leads to a loss of K
+
 due to 

membrane depolarization and that there is a loss of Ca
+
 ions from the cell 

plasmalemmae and internal pool due to displacement by Na
+
 ions (Lauchli, 1990; 

Crammer et al., 1991). Ion excluders possess a variety of mechanisms which limit the 

amount of Na
+
 and Cl

-
 that reaches the shoot and such plants usually maintain relatively 

high shoot K
+
/Na

+
 ratio (Gorham et al., 1985; Greenway and Munns, 1980; Aslam et 

al., 1993, Gorham, 1994). Levitt (1972) and Greenway (1973) referred to exclusion as 

an avoidance mechanism in which roots were effectively impermeable to salts upto a 

certain limit. At some critical threshold value, roots lose the ability to exclude and a 

burst of salt causes damage to the shoot and consequently death of plant. 

 The response of the many glycophytes to moderate salinity stress is salt 

exclusion by a variety of mechanisms including low rate of net transport of Na
+
 and/or 

Cl
-
 from root to shoot possibly by the retention in the cortical vacuoles of the root 

(Lessani and Marschner, 1978) or by induced cortical efflux (Jeschke, 1979). If the ions 

move through the xylem they may be absorbed any where along the transpirational 

stream in mature root, stem, petiole, leaf veins (Yeo and Flowers, 1984) or may be 

retranslocated to the medium via the phloem e.g. in cotton (Lessani and Marschner, 

1978). The wild tomato species Lycopersicon cheesmanii is thought to be more tolerant 

than the cultivated as a result of its capacity to accumulate high levels inorganic ions 

(Rush and Epstein, 1981). Munns and Termaat, (1986) concluded from their studies on 

barley that crop salt tolerance must rely on the ability of the roots to regulate salt 

transport to the shoot rather than on the leaves to retranslocate the mobile ions. 

Sodium/potassium selectivity in many glycophytes is important with a preferential 

accumulation of K
+
 in the younger plant tissue. 

 Calcium is quite important for selective transport of ions like K
+
 across 

membranes (Wyn Jones and Lunt, 1967, Muhammad et al., 1986) and for the 

maintenance of the normal differential permeability of the cell membrane (Hawking 

and Lewis, 1993). Calcium has recently been recognized as a primary physiological 

transducer of environmental stress. This hypothesis of Ca
2+

 being the primary 

physiological transducer of environmental stress effects has been advanced for salt 

stress (Lynch et al., 1989, Rangel, 1992). Addition of Ca
2+

 reduced Na
+
 binding to cell 



walls and plasma membrane (Lynch et al., 1987, Eklund and Eliasson, 1990) and 

prevented salt-induced decline in cell production and cell elongation (Zidan et al., 

1990). Ca
2+

 also improved germination and plumule, root elongation (Nakamura et al., 

1990) and shoot growth (Cramer et al., 1989, Yeo et al., 1991) of salt affected plants. 

Most tolerant varieties of barley had shown low concentrations of Na
+
 and Cl

-
 and high 

concentration of K
+
 in the shoot than the sensitive ones (Greenway, 1962; Storey and 

Wyn Jones, 1978). Torres and Bingham (1973) also observed similar results in wheat 

(Triticum aestivum L.) 

 There are other mechanisms that can prevent turgor losses through better water 

use efficiency, including increased leaf resistance (fewer stomatae), and cuticular 

thickness. There are some halophytes, which have anatomical structure such as salt 

glands, or bladders or trichmoes, which serve as repositories for accumulated salt, and 

this limits the exposure of the growing cell to NaCl (Flowers et al., 1977; Greenway 

and Munns, 1980). Ions secretion via glands or bladder is highly selective for NaCl 

(Luttge, 1975). Salt glands have been found in wild rice (Oryza coarctata Rotb) (Bal 

and Dutt, 1986), and bermuda grass, Agropyron sp. (Liphschitz and Waisal, 1974). 

Ability of plant tolerance related to exclude Na
+
 or avoid Na

+
 excess has been reported 

by Sharma, (1995). 

  

2.4.2.3. Ion Distribution in Leaves 

 Excessive amount of salts into plants may be inevitable under certain 

conditions, and hence plants adopt a number of different mechanisms to keep their 

concentrations below the critical limits to perform their normal biological functions. 

Exclusion of salts through specialized anatomical structures like glands (Flowers et al., 

1977) and extrusion of excessive amount of Na
+
, via Na

+
/K

+
 pumps at the plasma 

membrane of root cells (Jeschke, 1973, 1984) is well documented. Some varieties or 

species have shown that low Na
+
 concentration in leaves correlate with salt tolerance 

(Marcar and Termaat, 1990). Some plants overcome the adverse effects of excess salt 

by diluting the cell sap through rapid growth (more succulence) while others have 

differential distribution of salts with greater accumulation in the older than the younger 

leaves (Yeo and Flowers, 1982). Munns et al., (1983) suggested that lower rates of Na
+
 



accumulation in expanding leaves might be the results of higher leaf growth rates, a 

mechanism that limits the transport or uptake of Na
+
 by roots. Changes in leaf growth 

rate within a genotype have been shown to influence leaf ion concentration (Delane et 

al., 1982), however it is not perfectly known whether leaf or whole plant growth rate 

determines genotypic differences in Na
+
 accumulation rates. 

 Import of ions into the old leaves is dependent mainly upon xylem transport as 

determined by transpiration rate and ionic concentration in the xylem sap. Ion export is 

through phloem or in some cases through the salt glands. In the younger leaves, the 

intake of various ions and nutrients is through the xylem as well as through the phloem. 

The younger leaves receive a lesser load of ions while they manage to keep their 

concentration at sub lethal level through dilution because of their rapid growth rate 

(Flowers et al., 1977; Greenway and Munns, 1980). Munns and Termaat (1986) 

reported that fully expanded leaves were adversely affected earlier than the young 

leaves. This is a reason salt concentration is always highest in oldest leaves when 

exposed to salinity (Greenway and Munns, 1980). The higher salt concentration in older 

leaves of glycophytes may result from transpiration rate (Greenway and Munns, 1980), 

or partly exclusion of specific ions from the xylem vessels supplying the younger 

leaves (Yeo and Flowers, 1982). The development and expanding of leaves close to the 

shoot apex derive nutrients including ions mainly from the phloem. The composition of 

ions in the young leaves, which is rich in K
+
 and low in Na

+
, is reflected from phloem 

sap even under saline condition (MacRobbie, 1971 and Delane et al., 1982). Potassium 

cations to be translocated by phloem from older to younger leaves and inflorescence in 

barley plants even under salt stress (Greenway, 1973). This mechanism permits some 

young leaves to remain at sublethal salt concentration. 

 Greenway (1962) studied barley and observed that higher Na
+
 and Cl

-
 ions 

concentration was found in sheaths of older leaves than the younger leaves, while K
+
 

was more in the younger leaves. Similar patterns were reported with studies on rice 

(Yeo and Flowers, 1982), bean (Larcher, 1985): Suaeda maritima (Gorham and Wyn 

Jones, 1983) and wheat (Rashid, 1986). 

 

2.4.2.4. Potassium-Sodium Selectivity 



 The plants physiological behaviour to different ions are complex. The role of K
+
 

and Na
+
 in plants is reviewed by Flower and Lauchli (1983). They reported that K

+
 is 

an essential micronutrient for plants, while for most species including extreme 

halophytes Na
+
 is non-essential even as micronutrient. Sodium is considered to be a 

micronutrient for C4 plant. Plants showing tolerance to salts have developed mechanism 

to maintain K
+
 uptake in the presence of high Na

+
. Gorham et al., (1991) pointed out 

that all plants discriminate to some extent in favour of K
+
 against Na

+
 ion uptake into 

the roots and translocation of absorbed cations to the shoots. 

 The K
+
/Na

+
 selectivity regulation in higher plants is a complex phenomenon 

under salinity. Many salt tolerant plants show a decrease in K
+
 when exposed to salinity 

(Greenway and Munns, 1980). All plants are reported to be highly selective in uptaking 

monovalent cations, usually favouring K
+
 over Na

+
, particularly at low external K

+
 

concentrations (Epstein et al., 1980). 

 Selectivity of plants for potassium versus sodium (S.K
+
, Na

+
) is defined as the 

ratio of K
+
/Na

+
 in the plant part divided by the ratio of K

+
/Na

+
 in the growth medium. 

S. K
+
, Na

+
 = K

+
/Na

+
 in plant tissue / K

+
/Na

+
 in external solution (Pitman, 1976). 

Varying K
+
/Na

+
 ratios in the presence of constant (K

+
 and Na

+
) contents showed that 

K
+
 selectivity was greater at low K

+
/Na

+
 ratio (Yeo and Flowers, 1982, Devitt et al., 

1984). In some species with increased uptake of Na
+
 there was some reduction in S.K

+
, 

Na
+
 possibly at the expense of K

+
 (Pitman, 1976). Lauchli and Stelter (1982) found in 

cotton, that at high concentration of K
+
 and Na

+
 (144 mol m

-3
, NaCl, 6 mol m

-3
 KCl) 

salt tolerant varieties showed higher Ka
+
/Na

+
 ratio than the more salt sensitive ones. 

Plant growth was reduced in all cotton genotypes but less pronounced in tolerant 

genotypes. This study suggests that other physiological factors other than different 

patterns of mineral transport were involved in determining differential salt resistance in 

cotton varieties. The relationship between salt tolerance and K
+
/Na

+
 has been reviewed 

by Wyn Jones (1981) and Gorham et al., (1985). As a general rule, actual K
+
: Na

+
 ratio 

in the tissue decreases but the selectivity ratio increases with salinity. This criterion has 

been related to salt tolerance in barley (Gorham, 1990a) and in wheat (Gorham, 1990, 

Gorham et al., 1991). 

 



2.5. Effects of Salinity on Germination 

 Generally, salinity inhibits seed germination (Jibury et al., 1986; Yaseen et al., 

1989; Kumar et al., 1988; Mondal et al., 1988; Navetiyal et al., 1989; Alwan et al., 

1989; Begum et al., 1992; and Kabar, 1986). Narele et al., (1969) found that salinity 

level of 4.5 mmhos/cm did not affect germination, but salinity level of 8.9-mmhos/cm 

inhibited germination. Other researchers observed decreased or delayed germination of 

wheat seed or Pepper (Babu and Kumar, 1975, Kabar 1986 and Kadir et al., 2004) 

under salinity. Parkash and Sastry (1992) also found that germination and early growth 

stages were affected by salinity in wheat.  Salinity and sodicity decreased the 

germination and root/shoot ratio in wheat (Ray and Khaddar, 1992)  

 Uhvits (1946) reported that high concentration of NaCl decreased the 

germination of alfalfa seeds. Dell‟ Aquila and Spada (1993) observed the decrease or 

disappearance of polypeptides under salinity stress of two salt tolerant genotypes at 

radical emergence. Moreover, when the seeds of same genotypes were imbibed in water 

no new polypeptides were synthesised. They also found a differential synthesis of 

polypeptides that are unique to each cultivar. So they suggested that the expression of 

salt stress proteins is related to the adaptation process of seeds to salinity as well as to 

the genetic constitution of selected salt-tolerant genotypes. Rice seed emergence and 

seedling growth were sensitive to salinity (Alam et al., 2004). 

 Dass and Jain (1988) found that Ziziphus rotundifolia was tolerant to saline 

irrigation water of 4.5 and 6.5 mmhos EC during germination and seedling growth 

stages, respectively. Ziziphus spinachisti and Ziziphus mauritiana cv Tikadi exhibited 

moderate tolerance at 2.5 mmhos EC however; Ziziphus hummularia was sensitive to 

salinity. Poljakoff-Mayber et al., (1994) reported that the effect of salinity on 

germination is largely osmotic in nature. However, the combined osmotic and “ionic” 

effects, especially at high NaCl concentrations, inhibit germination. Inhibition of 

germination by high NaCl concentrations is relatively more severe in scarified than in 

intact seed, indicating that the seed coat acts as a partial barrier to Na
+
 influx in 

Kosteletzya virginica ((Malvaceae). Somers (1982) also reported that Kosteletzya 

virginica is more tolerant to salinity during germination than at the seedling stage. Shah 

et al., (1973), Singh et al., (1985), and Al-Ansari, (2003) found that germination of 



wheat decreased with increase in the salinity level as well as decreased coleoptile 

length in wheat. 

 

2.6. Effects of Salinity at Different Growth Stages  

 Crop Plants at different growth stages respond differently to salinity (Leidi et 

al., 1991 and Maas and Grieve, 1995). Maas et al., (1986) reported that sorghum was 

more sensitive during vegetative and early reproductive stages than at flowering and 

grain filling stages. Similar results were found in wheat (Maas and Poss, 1989a), and in 

cowpea (Maas and Poss, 1989b). Similarly, Francois et al., (1994) reported the effects 

of salinity at different growth stages in wheat. They found that continuous salinity 

throughout the growing season significantly reduced plant growth and yield 

components. Salinity imposed prior to terminal spikelet differentiation reduced the 

number of spikelets per spike and the number of tillers per plant, whereas salinity 

imposed after terminal spikelets differentiation significantly reduced only kernel 

number and weight. Salinity causes a great reduction in vegetative and reproductive 

growth. The reduction was through a decrease in tillers per plant and leaf area (Gorham 

et al., 1985; Sharma and Kumar, 1985). Kadir et al., (2004) found that high salinity had 

negative effect on different growth development stages in crop plants. Ion contents of 

leaves at various ages were different (Azhar and McNeilly, 2001). Shereen et al., 

(2001); observed that high salinity had negative correlation with fresh and dry weight 

of shoot in soybean. Plant height, root length, number of leaves/plant, total number of 

tillers, dry weight/plant and leaf area were lower but number of effective tillers, 

root/shoot ratio and harvest index were higher with chloride than with sulphate salinity 

in wheat (Sharma, et al., 1996). Poustini and Siosemardeh, (2004) observed the adverse 

effects of the higher leave Na
+
 in grain dry matter. The process involved in the rate or 

duration of grain filling may be more efficient in term of salt tolerance in wheat. A field 

experiment was conducted in silty loam soil to study the response of different wheat 

(Triticum aestivum L.) based intercropping systems i.e. wheat + indian mustard and 

wheat + gram, to varying moisture regimes (CPE 0.4 and 0.8) and irrigation water 

salinity levels (0.4,6 and12 dS/m). The growth and yield of wheat was increased with 

increasing frequency of irrigation water when its salt level was EC 6 dS/m. However, a 



decreasing trend was observed in growth and yield with further increase in salinity (12 

dS/m) of irrigation water. The growth and yield of gram decreased with increasing 

frequency and salinity of irrigation water. However, the yield of Indian mustard 

increased with increasing irrigation frequency even with saline water of EC 12 dS/m.  

Growth and yield of wheat and gram decreased by increasing salinity (Agrawal et al., 

2003).    

 

 Supplemental Ca
2+

 can decrease Na
+
 and increase K

+
 concentrations and Ca

2+
 

uptake. It is ultimately associated with an increase in plant growth. Several reviewers 

(Bernstein and Hayward, 1958; Maas and Nieman, 1978; Munns and Termaat, 1986; 

Cheeseman, 1988) question whether Na
+
, Cl

-
 or other ions are the predominant 

neutrients limiting plant growth. Few studies have indicated that Na
+
 accumulation is 

not correlated with the growth inhibition of some plant species (Lauchli, 1984; Alberico 

and Cramer, 1993; Cramer et al., 1994a). Cramer (1993) concluded that osmotic not 

ionic effects primarily limit the growth of maize under saline conditions. Rice seedling 

was proved to be very sensitive after emergence at salinity level 10.5 ds/m (Alam et al., 

2004).   

 Munns and Termaat (1986) reported that short-term salinity might limit plant 

growth by inhibiting leaf expansion, whereas long-term stress may limit growth by 

inhibiting the carbon supply. In addition, relative salt tolerance between genotypes can 

change with time (Lynch et al., 1982; Rawson et al., 1988). According to Kaddah and 

Ghowail, (1964) and Maas et al., (1993) seedling stage is most sensitive to salinity. 

Cheeseman (1988) reported that reduction of growth by plants exposed to salinity is 

often much greater than the reduction in photosynthesis. The author suggested that 

carbon allocation might be an important factor in salt tolerance.  

 Cramer et al., (1994) found that relative growth rate (RGR) and leaf area ratio 

(LAR) were inhibited by salinity in the early stages of stress and were associated with 

differences in salt tolerance. Net assimilation rate (NAR) was not significantly affected 

by salinity nor was it correlated with the differences in salt tolerance between hybrids. 

In the later stages of salinity stress, both RGR and LAR of Na
+
 and Ca

2+
 treated plants 

were very similar to the controls. Thus it appears that the early differences in leaf 



expansion establishment and early plant size, resulted in differences in final total dry 

matter production, despite similar RGR at later stages of plant growth. This study 

suggests that it is important to consider the early effects of salinity on plant growth 

when considering long-term salt tolerance of the plant. 

 

 

2.7. Mechanisms of Growth Inhibition 

2.7.1 Water Stress 

 Salts in the root medium increase osmotic pressure of the growth medium, 

which could lead to water deficit. The major evidence indicated that the increase in soil 

salinity reduced the entry of water into the roots (Bernstein, 1961). Gauch and 

Waldleigh, (1945) observed that water stress was a significant factor in the inhibition of 

growth by external salinity stress. The authors observed that in some cases, osmotic 

potential and not the ionic composition of the saline medium was the crucial factor 

controlling plant growth. Excess salts in the root medium lower its osmotic potential 

and hence decrease its water potential. Plants that fail to decrease their internal water 

potential substantially below that of the root medium have difficulties absorbing water 

and thus suffer water stress.     

 It was reported by Hoffman and Rawlins, (1971) that non-halophytes perform 

better to higher salinity stress rather than at low humidity levels. Hsiao et al., (1976) 

suggested that since cell elongation is turgor dependent, it could provide the link 

between water and growth. The effect of salinity stress, on plant development has also 

been reported by Mayer and Poljakoff-Mayber (1982). 

 The physiological process of leaf expansion is most sensitive to drought and 

salinity induced water stresses (Bradford and Hsio, 1982). Arif, (1990) founded that 

leaves grow more slowly after exposure to salinity induced water stress. This response 

salinity is very fast. The turgor pressures in the growing cells remain unchanged. It may 

be due to the uptake of solutes present in the cell wall by cells Matsuda and Riazi, 

1981, Yeo et al. (1991).  

          Halophytes accumulate Na
+ 

ions to adjust osmotically under salinity (Jenning, 

1976; Flowers et al., 1977). Most terrestrial halophytes and highly vacuolated algae 



rely mainly on ions accumulation for osmotic adjustment and turgor maintenance 

(Kauss, 1977). The tolerance in non-halophytes has been correlated with their 

capability to exclude Na
+
 and Cl

-
 from their shoot (Greenway and Munns, 1980; Wyn 

Jones, 1981; Qureshi et al., 1990; Gorham et al., 1985; Gorham, 1990). 

 

 

2.7.2 Ion Toxicity or Specific ion Effect 

 Toxic effect to various physiological processes in plants may be due to having 

excessive amounts of specific ions. High concentrations of ions inside the cell may act 

on membrane permeability or on enzyme activity (Greenway and Munns, 1980 and 

Yeo, 1983). Kalaji and Pietkiewicz (1993) concluded that specific toxic effects involve 

salt, on the external plasma membrane or after entering through the membrane into the 

protoplast. It is well documented that salt tolerance in glycophytes and halophytes is 

related with their ability to exclude Cl
-
 and Na

+
 from their shoot. Flowers and Yeo 

(1981); Yeo and Flowers (1984). There is also evidence that salt sensitivity of certain 

varieties glycophytic plants is due to absorption of relatively high amount of ions 

(Greenway and Munns, 1980). This relationship between high concentration of internal 

Na
+
 and Cl

-
 in plant tissue and growth reduction has been established in crops such as 

soybean (Abel and Mackenzie, 1964, Abel, 1969), avocado (Downton, 1978), barley 

(Greenway, 1973, Storey and Wyn jones, 1978), wheat grass (Shannon 1978), rice 

(Flowers and Yeo, 1981, Yeo and Flowers, 1982) and wheat (Torres and Binghum, 

1973). 

 The toxic effect is apparently due to Cl
-
 (Marcar and Termaat, 1990, McCune 

and Silberman, 1991), than Na
+
 (Brawley and Mather, 1990). The high concentration of 

Cl
-
 affects the mitochondrial activity interrupting the inter and intra-cellular transport of 

organic acids (Brursur and Lauchli, 1989). But Wyn Jones and Lunt (1967) argued that 

effect of salt on on plants results in membrane leakage due to excess of Na
+
. However it 

is difficult to distinguish between the water deficit and a specific salt effect, which 

triggers the reduction in shoot growth. It is well known that effect of both stresses 

(water and salt) exerted on the whole plant is somewhat similar Bachman, (1990). 

Osmotic stress exert toxic effects resulting from an excess of salt ions accumulat ion 



inside the plant, and at low concentration of salts ions, only water stress occur (Munns 

and termaat, 1986). 

 

2.7.3. Ion Imbalance Stress 

  Ionic ratios in salinity soils differ from normal soils, which result in 

disturbed ionic ratio in the cell after dominant accumulation of ions like Na
+
, Cl

-
, Mg

2+
, 

and SO4
2-

 etc. These ions in the root medium induced deficiencies or interferes with the 

uptake and translocations of such nutrients ions such as Ca
2+

, K
+
, HPO4

2-
, H2PO

-4
,
  
No

-
3 

(Gauch, 1972, Levitt, 1972, Ahmad et al., 1988 and Jeschke, 1984) and these ions 

sometime exclude K
+
 to the outside (Kalaji and PietKiewicz, 1993). Presence of 

Sodium in the root medium may affect the uptake of Ca
+
 adversely (Bernstein, 1975), 

although calcium is needed for selective uptake of K
+
 from the root medium having 

high Na
+
/ K

+
 ratio (Greenway, 1962). The addition of Ca

2+
 ion up to 10 mol m

-3
 to bean 

plant (Phaseolus vulgaris L.) grown in 50 mol m
-3

 NaCl solution resulted in decreased 

Na
+
 uptake and increased dry matter yield (Lahaye and Epstein, 1971). The plants, 

which have capability to resist the absorption of Na
+
 at the cost of K

+
 tend to be tolerant 

to salinity (Marschner, 1971, Rashid, 1986) Jeschke and Nassery, (1981) found that 

addition of K
+
 in the root medium caused a significant net Na

+
 extrusion from wheat 

roots. The effect of NO3
-
 concentration on Cl

-
 in plant tissue has been studied by Torres 

and Bingham (1973). The author found that Cl
-
 induced NO3

-
 deficiency was 

responsible for growth retardation in wheat plants exposed to higher level of NaCl 

stress. Increasing NO3
-
concentration in the root medium can improve growth of NaCl 

treated plants more than plants without NaCl (Bermuda grass) Torres and Bingham, 

(1973), Kafkafi et al., (1982) Pecetti and Gorham; (1997). Similarly various studies on 

wheat and tomato found that plants had a lower leaf Cl
-
 ion concentration when the 

external NO3
-
 level was increased. In the root medium, the higher level of salinity 

causes increased phosphorus uptake. The elevated level of phosphate under saline 

conditions induces phosphorus toxicity (Bernstein et al., 1974, Mass and Nieman, 

1978). The presences of high concentration of salt ions in the root medium tend to upset 

the balance of nutrients, which are essential for the normal wheat plant growth. Plant 



ultimately face nutrition imbalance due to lack of proper nutrition and reduce the shoot 

and biomass (Davenport et al., 1997). 

 

2.8. Effect of Salinity on Yield and Yield Components  

 Evans et al., (1975) and Kirby (1988) reported that yield components of wheat 

depend on the growth of contributing organs, which develop at different phenological 

stages. Straw and grain yield, was affected negatively by increasing salinity. Salinity 

reduced dry matter yield and increased in solute accumulation in four forage species 

(Ashraf et al. 1987). Environmental stresses shorten the duration of spikelet 

differentiation, resulting in few spikelets per spike, affect total grain yield differently 

depending on when they occur (Friend, 1965; Halse and Weir, 1974; Frank et al., 

1987;Heakal et al., 1991 and Udachin, 1991). Salinity had different effects on yield 

components depending on when plants were exposed to stress (Maas and Grieve, 1990). 

Grain filling and maturation is accelerated in some cereal crops by salt stress (Francois 

et al., 1986; 1988). Straw yield was more sensitive to salt than grain yield (Pearson, 

1959; Francois et al., 1986; 1989). Grain yield was reduced due to increase in salinity 

(Munns, et al., 1995, Astaraei, 1995,Huang and Murray, 1993 and Shaaban et al., 

2004). 

 Francois et al., (1994) reported significant reduction in straw yield, total above 

ground biomass, number of spikelets per spike, number of kernels per spike, individual 

kernel weight, number of tillers per plant and number of spikelets per spike in wheat 

exposed to salinity throughout the growing period. In another study Francois et al., 

(1986) and Hu et al., (1997) observed no decrease in tiller number in a wheat variety 

grown under saline conditions, but vegetative growth and yield were reduced. Sharama 

and Sastry (1995) and Kamal et al., (2003) reported that increasing salinity reduced 

height and plant biomass production.  Qureshi et al., (1990) found that salinity stress 

after emergence i.e. before tillering and at the booting stage, were more injurious than 

at later stages in wheat resulting in a drastic decrease in grain yield. Other researchers 

(Padole et al., 1995 and Sharama, 1996) have founded that grain yield was not affected 

by moderately saline water. Grain yield responded to salinity negatively because of 

adverse effect of higher leave Na
+
 on grain dry matter (Poustini and Siosenardeh, 



2004). Abrol and Bhumbla (1971) reported substantial reductions in crop yield with 

increasing exchangeable sodium. Swarup, (1981) and Maas (1993) reported that foliar 

injury, and reductions in growth and fruit yields of citrus appear to be related to the 

accumulation of Cl
-
 rather than Na

+
. Mehboob et al., (2004) using marker-assisted 

selection for salinity tolerance in wheat reported that the K
+
/Na

+
 ratio and net 

photosynthesis were not correlated with yield components. A reduction in yield and 

plant growth was observed when salinity increased (Agarawal et al., 2003).             

 Salt stress led to a great reduction in grain yield. This observation is similar to 

work done by various researchers (Joshi et al., 1979; Ashraf and McNeilly, 1988; 

Qureshi et al., 1990). Yeo (1983) reported that reduction in grain yield as a result of 

salt stress may be due to the fact that energy required for the maintenance of ion 

gradients and osmotic adjustment is obtained at the expense of growth. Salt stress 

induced early maturity (Ayer et al., 1952) and enhanced leaf senescence (Iqbal, 1992) 

resulting in reduced grain yield, because of the decrease in grain filling and leaf area 

duration. Grieve et al., (1992) found a 12-15% increase in yield under saline conditions, 

as compared to control, when only grain on the main spike was considered. It appears 

that the increase in yield observed under salt stress could be attributed to the increase in 

kernel weight of the central spikelet. In wheat decrease in yield is mainly due to 

reduction in tiller number and fewer kernels per spike (Gorham et al, 1985; Maas and 

Grieve, 1990). In rice, Pumenddu et al.,(2004) founded that number of tillers, biomass 

and plant height decreased with the an increase in salinity. 

 Cordovilla et al. (1994) reported that in Vicia faba, dry matter yield of both 

shoot and root decreased significantly at 75 and 100 mol m
-3

 salt concentrations; 

however salinity affected shoot growth more than root growth. Garg et al., (1990) 

found that improved soil fertility significantly increased the yield of both salt tolerant 

(Kharchia-65) and sensitive (HD-2009 and HD-4502) wheat varieties under 10 dSm
-1

  

saline water irrigation. Oertli (1976) reported that overall effect of salt stress is to 

decrease productivity. Srivastava et al. (1988) found reduction in dry matter 

accumulation and yield at elevated levels of soil salinity and alkalinity. However, the 

author also observed that grain size was less affected fewly on stress factor, salinity and 

alkalinity increased. Sarwar et al., (2003) observed that dry weight per plant, number of 



tiller per plant, shoot and root length decreased with increase of salinity. Abbad et al., 

(2004) reported increasing salinity reduced that plant biomass. Grain straw yield 

decreased significantly by increasing salinity (Mehdi et al., 2002). Salinity decreased 

the number of tillers bearing spikes and relative growth (Poustini, 1995).  

  

2.9. Genetic Basis of Salt Tolerance in Crop Plants  

 Lauchli (1976) strongly emphasized the importance of genetic differences in ion 

uptake or transport for a successful breeding program for salt-tolerance. Inter and Intra-

specific variation in salt-tolerance has been reported by several workers (Epstein et al., 

1980, Qureshi et al., 1980, Rashid, 1986 and Gorham, 1990). (Gorham, 1990; Gorham 

et al., 1991, Mehmood and Quarrie, 1994 and Gorham, et al., 1994) reported that an 

enhanced K
+
/Na

+
 discrimination character is present in most D and U genome of 

Aegilops species, but absent in the S genome species of the Aegilops section sitopsis. 

These species are thought to have contributed to the evolution of the B and G genomes 

of wheat. The enhanced K
+
/Na

+
 discrimination character is also present in the A 

genome of diploid wheats (Triticum boeoticum Boiss; T. monococum L. and T. urartu 

tum.) and is expressed in amphidiploid wheats and diploid wheats).  

Gorham (1994) reported that some wild species in the family Malvaceae are 

resistant to drought, salinity and hot climates. These species may be a useful source of 

genes for tolerance to abiotic stress and these genes could be incorporated into 

commercially important members of the family, Malvaceae such as Cotton and Okra. 

One aspect of stress tolerance found in the Malvaceae is appearance of glycinebetaine. 

This compound is found at high concentrations in several Gossypium species, which 

exhibited positive response to salt and drought stress. However, a much few studies 

reveal the identification of genes involved in salt tolerance in different crops, which 

may be exploited for further research work in wheat. For instance, ALP gene in 

resistance in case of barley, gene on chromosomes 5A
L
, 6A

s
, 2D

L
, 4D

L
, 4B

L
, 5D and 7D 

in wheat crop. Gene on 3R, 4R and 6R in case of Rye. These genes can be manipulated 

for salinity resistance variety.    

 

2.10. Effect of Different Salinity Forms on Crop Plants   



 Ashraf et al., (1986) reported the tolerance of inland and sea cliff populations of 

Holcus lanathus and Agrostis stolonifera to soil salinity and salt spray. There were no 

differences between ecotypes in their sensitivity to soil salinity, but there were 

differences in response to salt spray. This observation led to the author conclusion that 

resistance to the two forms of salt application are independent.  

 Gorham et al., (1994) reported that barley varieties differed in foliar uptake of 

sodium and chloride than through roots. Storey (1995) described the ion relations of 

two citrus genotypes (sensitive and resistant) under conditions of high NaCl 

concentrations. The author found that calculated rates of net Na
+
and K

+
 uptake and 

transport were higher in plants grown in solution culture than those grown in sand 

culture for both genotypes. 

 

2.11. Selection Criterion for Salt Tolerance  

 Various workers evaluated different characters for their potential as selection 

criteria for salt tolerance. For early screening of wheat genotypes, germinability at high 

salt concentration along with Na
+ 

and K
+ 

contents are useful criteria for salt tolerance 

(Roy, 1991). Also for early screening of wheat genotypes, seedling dry and fresh 

weight along with Na
+ 

and K
+ 

contents are useful criteria for salt tolerance at different 

levels of salinity (Prakash and Sastry, 1992; and Sharma et al., 1995). On the other 

hand Jafari and Ahmad (1994) found that high grain yield under salinity stress to be a 

better selection criterion for salinity tolerance than biomass yield or harvest index in 

wheat. Selection in low salinity would produce cultivars with high yield potential for 

environment with moderate salinity (Kelman and Qualset, 1992). Ashraf and McNeilly 

(1988) proposed a general selection criterion for salt tolerance as they suggested the use 

of whole plant performance for assessment of salt tolerance in wheat. Growth response 

to salinity is very important and can be regarded as a basis for the evolution of 

tolerance (Weimberg and Shannon, 1988). Greenway and Munns (1980) suggested 

values of ion content as selection criteria in non-halophytes. With increase of salinity 

more solutes accumulated. Solutes accumulation were considered as suitable selection 

parameter for salinity tolerance by Ashraf et al., (1992)    



 Several researchers (Epstein, 1976, Epstein and Noryln, 1977, Kelman and 

Qualset 1991) suggested that selection in low salinity environments would produce 

cultivars with high yield potential for environments with moderate salinity stress such 

as soil conductivity of ~7 dSm
-1

.  

 Falconer (1960) suggested that the relative efficiency of selection in moderate 

saline and non-saline environments could also be approached using the concept of 

genetic correlation. Cramer et al. (1994) found that salt tolerance in maize was not 

correlated with Na
+
 concentration in the shoot. Matveev and Vakulenko (1990) reported 

that selection for grain weight per plant, grain weight per main spike and grain number 

per spike in wheat under saline conditions was found to be more favourable 

.  

2.12. Basis for Current Work  

 Biotic approaches to overcoming salinity problems have recently received 

considerable attention from many workers. There are three major approaches for 

improving salinity crop species have been used. Firstly, salinity tolerance can be 

improved by examining variation within existing crop cultivars and selecting promising 

lines/genotypes (Srivastava and Jana, 1984; Kingsbury and Epstein, 1984). Secondly, 

variable material can be produced by artificial crossing of self-pollinated species 

(Ashraf et al., 1986). Thirdly, the tolerance of crops may be improved if genes from a 

wild relative can be transferred to the cultivated species. Wild relatives of crop plants 

provide a rich source of novel variation. One of the major limitations in transferring 

genes for stress tolerance is the lack of good tests for tolerance, which is largely due to 

the fact that the physiological mechanisms involved are not fully understood (Forster, 

1992).  

 Wheat is grown in the crop rotation in the San Joaquin Valley. The degrees of 

grain and biomass yield reduction per unit increase in soil electrical conductivity in San 

Joaquin and Imperial Valley of California have been well documented (Ayers et al., 

1952; Francois et al., 1986; Rhoades et al., 1988). Richards et al., (1987) found 

significant differences between the slopes of regression lines relating grain yield to soil 

salinity (at 5-20 dSm
-1

).        

 



 Kelman and Qualset (1991) reported that under saline conditions genetic 

variances were significant and genotype  environment interaction variances were not 

significant for grain yield biomass yield and harvest index in wheat. Broad-sense 

heritabilities estimated each year were low for grain yield (0.30 and 0.10) and biomass 

(0.07 and 0.02). At the high saline irrigation treatment levels differences between Anza 

and Cajeme-71 became more apparent. These differences may relate to the differing 

pattern of dry matter accumulation in the two cultivars in the Anza accumulates while 

Cajeme-71 loses vegetative dry matter after anthesis.  

 Munns and Termaat (1986) hypothesized that plant responses to salinity in the 

long term (week, months) are largely dependent on the balance between new leaf 

production and death of older leaves, because of the accumulation of salts. Salam 

(1993) concluded that Na
+
and K

+ 
accumulation and K

+
/Na

+
 ratio and osmotic pressure 

in wheat are all heritable traits in wheat under saline conditions.  

 Wheat is regarded as moderately salt tolerant among glycophyte species. Salt 

tolerant cultivars show selective uptake of K
+ 

both at plant (Erdei and Trivedi, 1989) 

and callus levels (Trivedi et al., 1991). Plants may be ion excluders or ion includers 

depending on their responses to salinity. These properties tend to change in the same 

species at different levels of salinity. The salt tolerant species can grow at higher levels 

of salinity compared to sensitive species (Flowers et al., 1977). Greenway and Munns 

(1980) reported that monocotyledonous species could be considered as moderately 

resistant to salinity stress. Nagy et al., (1995) found that maize proved to be more 

susceptible than sorghum to drought and salt stresses.  

 Wheat productivity plays a vital role in stabilizing the economy of an 

agricultural country such as Pakistan. Pakistan spends a large amount of foreign 

exchange every year on importing wheat. In Pakistan wheat is grown on 8.00 mha 

(Anonymous, 2004), out of which approximately 2.9 mha are salt affected (Qureshi et 

al., 1990), and the area of saline arable land is growing at the rate of 250 acres per day 

(Rozema et al., 1990). According to estimate (Qayyum and Malik, 1988) losses in 

wheat yield due to salinity damage range from 36% to 67% on slightly affected soils to 

moderately affected soils, respectively.  



 It is well documented that improving salt tolerance to increase economic yield 

can be accompanied by genetic manipulations, which are normally accomplished 

through hybridisation and selection. Genetic diversity is the foundation of all plant-

breeding programme. Systematic work to examine genetic variability within crops is 

still in its infancy (Srivastava and Jana, 1984), but it is evident from previous work that 

there are inter-specific (Maas and Hoffman, 1977; Kingsbury and Epstein, 1984; Shah 

et al., 1987) and intra-specific variations for salt tolerance (Ashraf and McNeilly, 1988; 

Rashid, 1986; Singh et al., 1988) in wheat.  

  The magnitude of heritable variation for tolerance in any genetic stock has a 

close relationship with the success of breeding programmes aiming to improve salinity 

tolerance in crop cultivar. Information about the gene action and components of genetic 

variation is the necessary link between the detection of variation in response to salinity 

and breeding salt tolerant crops. The efficiency of most of the biometrical designs 

available now a days e.g. Hayman‟s approach (Jinks and Hayman, 1953; Jinks, 1954, 

1956; Hayman, 1954, 1958), Griffing‟s approach (Griffing, 1956), North Carolina 

Designs-I, II, & III (Comstock and Robinson, 1952) etc for the estimation of genetic 

components is based on the assumption of absence of linkage and non-allelic 

interaction (epistasis) in the inheritance of a character, whilst the fact is converse to this 

assumption. However, most methods estimate a much larger standard error and the 

additive and dominance components are differently affected by linkage disequilibrium 

(Tripathi and Singh, 1983). Since epistasis is an essential component of genetic 

variation, and affects the inheritance of different characters to a considerable extent 

(Comstock and Robinson, 1952; Gorsline, 1961; Sprague et al., 1962; Ketata et al., 

1976), its role cannot be over ruled while making inferences about the role of additive 

and dominance components of genetic variation regarding a particular character. The 

triple test cross (TTC) design, which is an extension of the North Carolina Design III, 

in addition to allowing an unambiguous detection of epistasis and unbiased estimation 

of the additive and dominance components in the absence of epistasis, is also 

unaffected by differences in allele frequencies, degree of inbreeding and gene 

correlation. Furthermore, the method can be used to investigate inbred lines as well as 

the F2 generation (Kearsey and Jinks, 1968; Jinks and Virk, 1977) and backcross 



populations (Jinks and Perkins, 1970). The biometrical design “triple test cross” 

(Kearsey and Jinks, 1968), used to assess the genetic basis of salt tolerance based on 

yield and its component, seedling traits and K
+
, Na

+ 
and K

+
/Na

+
 ratio in pots and 

hydroponics culture provides such information. 

  

 

 

 

 



Chapter-3 

 

MATERIALS AND METHODS 

 

3.1 Experimental Design for the Development of Genetic Material 



  The present studies were conducted in the department of Plant 

Breeding and Genetics, University of Agriculture, Faisalabad. 

(Pakistan). For these studies seeds of two genetically diverse 

genotypes: KRL1-4 (salt tolerant) and Alexandria (salt susceptible) 

obtained from Ayub Agriculture Research Institute, Faisalabad was 

used. These two genotypes (KRL 1-4 and Alexandria) were crossed to 

develop plant material for genetic studies. Florets in each spike were 

hand emasculated at booting stage in the evening and all necessary 

precautions were taken to avoid alien pollen contamination. 

         In wheat anthesis commences in the middle of the inflorescence 

and proceeds in both directions. For emasculation, desirable florets in 

the middle of the spike were retained and others were removed with a 

pair of scissors. At maturity F1 seeds from all the emasculated plants 

were collected to grow F1 population. The crosses were made during 

the Rabi season 2000-01. During the 2001-02 Rabi season, half of the 

F1 seeds were sown in the field to develop the F2 seed. In the Rabi 

months of 2002-03, three testers KRL-1-4, Alexandria and F1 were 

sown along with F2 generation. Randomly selected, twenty-five plants 

from F2 population were crossed to the three testers. The 75 families 

(Table 3.1) were developed following the triple test cross (TTC) 

technique described by Kearsey and Jinks 1968. 

 

  



Table 3.1.    List of 75 triple test cross families and 3 testers 

studied for genetic analysis at three salinity levels.  

 
Families 

L1i = KRL 1-4 × Plant1 (F2) L2i = Alexandria × Plant1 (F2) L3i = F1 × Plant1 (F2) 
KRL 1-4 × Plant 2 (F2) Alexandria × Plant 2 (F2) F1 × Plant 2 (F2)  

KRL 1-4 × Plant 3 (F2) Alexandria × Plant 3 (F2) F1 × Plant 3 (F2)  

KRL 1-4 × Plant 4 (F2) Alexandria × Plant 4 (F2) F1 × Plant 4 (F2)  

KRL 1-4 × Plant 5 (F2) Alexandria × Plant 5 (F2) F1 × Plant 5 (F2)  

KRL 1-4 × Plant 6 (F2) Alexandria × Plant 6 (F2) F1 × Plant 6 (F2)  

KRL 1-4 × Plant 7 (F2) Alexandria × Plant 7 (F2) F1 × Plant 7 (F2)  

KRL 1-4 × Plant 8 (F2) Alexandria × Plant 8 (F2) F1 × Plant 8 (F2)  

KRL 1-4 × Plant 9 (F2) Alexandria × Plant 9 (F2) F1 × Plant 9 (F2)  

KRL 1-4 × Plant 10 (F2) Alexandria × Plant 10 (F2) F1 × Plant 10 (F2)  

KRL 1-4 × Plant 11 (F2) Alexandria × Plant 11 (F2) F1 × Plant 11 (F2)  

KRL 1-4 × Plant 12 (F2) Alexandria × Plant 12 (F2) F1 × Plant 12 (F2)  

KRL 1-4 × Plant 13 (F2) Alexandria × Plant 13 (F2) F1 × Plant 13 (F2)  

KRL 1-4 × Plant 14 (F2) Alexandria × Plant 14 (F2) F1 × Plant 14 (F2)  

KRL 1-4 × Plant 15 (F2) Alexandria × Plant 15 (F2) F1 × Plant 15 (F2)  

KRL 1-4 × Plant 16 (F2) Alexandria × Plant 16 (F2) F1 × Plant 16 (F2)  

KRL 1-4 × Plant 17 (F2) Alexandria × Plant 17 (F2) F1 × Plant 17 (F2)  

KRL 1-4 × Plant 18 (F2) Alexandria × Plant 18 (F2) F1 × Plant 18 (F2)  

KRL 1-4 × Plant 19 (F2) Alexandria × Plant 19 (F2) F1 × Plant 19 (F2)  

KRL 1-4 × Plant 20 (F2) Alexandria × Plant 20 (F2) F1 × Plant 20 (F2)  

KRL 1-4 × Plant 21 (F2) Alexandria × Plant 21 (F2) F1 × Plant 21 (F2)  

KRL 1-4 × Plant 22 (F2) Alexandria × Plant 22 (F2) F1 × Plant 22 (F2)  

KRL 1-4 × Plant 23 (F2) Alexandria × Plant 23 (F2) F1 × Plant 23 (F2)  

KRL 1-4 × Plant 24 (F2) Alexandria × Plant 24 (F2) F1 × Plant 24 (F2)  

KRL 1-4 × Plant 25 (F2) Alexandria × Plant 25 (F2) F1 × Plant 25 (F2)  

Testers 

KRL-1-4  Alexandria  F1 ×F2 

 



During the Rabi Crop Season of 2003-04, the 75 families along with three testers (KRL 

1-4, Alexandria and F1) were sown in a completely randomised design for both 

experiments described below.  

 

3.2    EXPERIMENT No. 1. 

3.2.1 Evaluation of Genetic Material for Salt Tolerance at Seedling Stage Using 

Hydroponic Condition.  

To develop nursery, 75 wheat families along with three testers were grown in iron trays 

filled with gravel. These trays were placed in the glasshouse with natural temperature 

of 11-16Cº and about 10-hour photoperiod during November 2003. Young seedlings at 

the two-leaf stage were transferred to aerated half strength Hoagland solution 

(Hoagloand and Arnon, 1950), in three large iron containers (118cm × 88cm × 30cm). 

Seedlings of each family were held in position through foam-plugged holes made in 

thermopol sheets floating over 200 litres of culture solution.  

 Growth of 75 families along with three testers in three salinity levels; control, 

10 dSm
-1

 and 15 dSm
-1

 were planted in quadruplicate in the three NaCl treatments. The 

appropriate salinity levels in the two containers were developed after two days of 

transplanting the seedlings and were completed in four equal NaCl doses. The pH of the 

solutions ranged from 6.0 to 6.5 and was maintained daily using 1N HCl and/or NaOH 

solutions. The NaCl solutions in the containers were changed after two weeks. Forty 

days after the development of salinity, the plants were harvested early in the morning. 

The data for the following parameters were taken after harvesting. 

3.2.1.1    Shoot Length (cm) Shoot length was measured of each genotype from first 

node to tip of shoot. 

3.2.1.2 Root Length (cm) Root length was measured of each genotype from 

first node to the tip of root. 

3.2.1.3 Fresh Shoot Weight (g) Fresh shoot weight was measured of all the 

genotypes by using electronic balance. 



3.2.1.4  Fresh Root Weight (g) Fresh root weight was measured of all the 

genotypes by using electronic balance. 

3.2.1.5   Root/Shoot Ratio Root/shoot ratio was calculated by dividing the root 

length by shoot length. 

 

3.3 EXPERIMENT No.2. 

3.3.1       Evaluation of Genetic Material for Salt Tolerance at Maturity 

Stage. 

 The same material tested in experiment No.1 was sown in earthen pots of 30 cm 

diameter lined with polythene sheet. Each pot was filled with 8.5 kg soil, having a pH 

value 7.65 and saturation percentage of 38.9. The pots were arranged in completely 

randomised design with three replications. Ten seed of each family were sown in each 

pot. Before sowing, the pots were irrigated with tap water. The experiment was 

conducted during the Rabi season 2003-2004.  

 Twelve day after the germination, all pots were treated once, with half strength 

Hoagland nutrient solution. Thinning was done after 1st irrigation (12 days) and five 

plants were retained in each pot. There were two pots per family per treatment in each 

replication. 

 Salt treatment was started four weak after sowing. The appropriate salt solutions 

were applied considering the saturation percentage of the soil. The salt treatments were 

the same as in experiment No. 1. The soil salt concentration in each pot was checked 

fortnightly and a deficiency in the salt level if any was adjusted by the addition of 

appropriate amount of NaCl. During the week all the pots were kept at field capacity. 

Agronomic practices were similar for all treatments. At maturity, data was recorded as 

on individual plant basis for all treatments. Methods used to measure the characters are 

described below. 

3.3.1.1 Plant Height (cm): Plant height (cm) of each central tiller of the plant was 

measured from the ground level to the end of the spike excluding awns. 

3.3.1.2 Number of Fertile Tillers Per Plant: Number of tillers per plant was counted 

on each plant in each family. 



3.3.1.3 Number of Grains Per Spike: The spike of the main shoot was threshed 

manually and number of grains counted for all families in all treatments. 

3.3.1.4 1000-Grain Weight (g): Hundred-grain weight was measured with an 

electronic balance from the bulk produce of each treatment and multiplied by 

ten to get 1000-grain weight. 

3.3.1.5 Grain Yield Per Plant (g): All the spikes of individual plants threshed 

manually and total produce was weighed using an electronic balance. 

3.3.1.6 Determination of Na
+ 

and K
+
 Concentration: To study the concentration of 

Na
+
 and K

+
, fully expanded leaves (2nd to flag leaf), were detached from the 

shoot. The detached leaves were rinsed quickly in distilled water and blotted dry 

with tissue paper. The samples were placed in Eppendorf tubes and stored in a 

deep freezer for one week. Cell sap was extracted after thawing by crushing the 

frozen leaves in Eppendorf tubes using a metal rod with a tapered end. Small 

holes were made in the base of tube and then inserted in another empty 

Eppendorf tube. Sap was extracted by centrifugation and collected in second 

tube (Gorham et al., 1984). Diluted cell sap was used for estimating Na
+
 and K

+
 

contents using Jenway flame photometer PFP-7, and K
+
/Na

+
 ratio was also 

calculated. 



Table 3.2  Chemical Composition of Nutrient Medium (Hoagland Solution) 

used in the Growth Medium. 

 

Nutrients  Stock Solution (g/L) mL of stock solution for 

10L
-1

x ½   concentration 

Hoagland solution 

Macronutrients 

KH2 PO 4 

KNO3 

Ca (NO3) 2.4H2O 

MgSO4.7H2O 

Micronutrients 

H3BO3 

MnCl2.4H2O 

ZnSO4.7H2O CuSO4.5H2O  

H2MoO4 

Fe.EDTA 

 

136.0 

101.0 

236.0 

246.1 

 

2.86 

1.81 

0.22 

0.08 

0.02 

37.33 

 

5.0 

25.0 

25.0 

10.0 

 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

 



3.4   STATISTICAL ANALYSIS 

 Mean absolute salt tolerance values (Dewey, 1960) for shoot length, fresh shoot 

weight, root length, fresh root weight, root/shoot ratio, plant height, number of fertile 

tillers per plant, number of grains per spike, 1000-grain weight, grain yield per plant, 

Na
+
, K

+ 
and K

+
/Na

+
 ratio of 75 genotypes and three testers of Triticum aestivum L. 

obtained in control, 10 dSm
-1

, and 15 dSm
-1

 were subjected to analysis of variance 

(Steel and Torrie, 1980) in order to determine if the 78 genotypes differed for the 

characters measured in salinized and non-salinized conditions. The performance of each 

genotype measured in 10 and 15 dSm
-1

 was also compared with control treatment called 

relative salt tolerance (Maas, 1986). The relative salt tolerance (indices of salt 

tolerance) was also assessed using analysis of variance to determine the response of 

genotypes to low and high salinity levels. 

 

3.5 GENETIC BASIS OF SALT TOLERANCE 

 Genetic analysis was conducted for both absolute and relative values of different 

plant traits. The test of epistasis (L1i + L2i – 2L3i, where L1i are the means of F2 × P1, 

L2i the mean of F2 × P2, L3i, the mean of F2 × F1, crosses, where i=25) was carried out 

according to Perkins and Jinks (1970). Additive × additive [i], additive × dominance 

and dominance × dominance [j+l interaction was computed according to Perkin and 

Jinks (1970). Variances of the orthogonal comparisons L1i + L2i, and L1i – L2i provided 

tests and estimates of the additive (D) and dominance (H) components. The estimates of 

D and H components were obtained, assuming no linkage, so that 
2

s (sums) = 1 / 8 D 

and 
2

d (differences) = 1 /8 H (Singh and Chaudhary, 1985). The estimates of degree of 

dominance were worked out as the square root of the ratio of D and H components  

(H / D) following Wigan (1944).     

 

 

 

 

 

 

 

 

 



Chapter-4 

 

RESULTS  

 

4.1      ABSOLUTE SALT TOLERANCE 

Before subjecting the data to biometric analysis, the data were analysed 

following analysis of variance technique (Steel and Torrie, 1980), in order to determine 

if genotypic responses to salinities were significant. The mean squares obtained from 

analyses of variance for all the characters are given in Table 4.1. Results of analyses of 

variance revealed that the 75 families and three testers (78 genotypes) differed 

significantly (P0.01) from each other for the 13 plant characters. 

  

4.1.1 Genetic Analysis 

4.1.1.1 Shoot Length 

 The results of the genetic analysis revealed that epistasis was non-significant 

(P≥0.05) for shoot length in control and 10 dSm
-1

, whilst it was highly significant 

(P0.01) in 15 dSm
-1

 (Table 4.3). Further partitioning of the epistasis item revealed that 

[i] and [j + l] type epistasis were also non significant (P≥0.05) in control and 10 dSm
-1

, 

whereas[ i] type epistasis was highly significant in 15 dSm
-1

 in contrast to [j+l] type 

epistasis which was non significant. 

 The mean squares for sums (L1i + L2i) and differences (L1i - L2i) were highly 

significant at P0.01 (Table 4.4) for shoot length in all the three salinity levels except 

the mean squares of differences (L1i - L2i) in15 dSm
-1

. Both the dominance (H) and 

additive (D) components of variance were highly significant in all the salinity regimes 

except H component in15 dSm
-1

, which was non-significant. The magnitude of degree 

of dominance (H/D) was 1.03 in control, 2.78 in 10 dSm
-1

, and 0.55 in 15 dSm
-1

 

(Table 4.4), which indicated the presence of complete dominance of genes controlling 

shoot length in non-salinized conditions, over-dominance in lower and partial 

dominance in higher salinity levels, respectively. 

4.1.1.2 Fresh Shoot Weight  



Highly significant (P0.01) mean squares of deviations of (L1i+L2i-2L3i=0) 

indicated the importance of epistatic interaction (Table 4.5) in the inheritance of fresh 

shoot weight in each salinity level. Partitioning of epistasis revealed highly significant 

(P0.01) epistatic effect of the [j + l] type component in control, which was not 

significant in both NaCl concentrations, however, [i] type epistatic component was 

significant at P0.05 in each case. 

 Analyses of variance for sums and differences provide the effects of additive 

(D) and non-additive (H) components of genetic variation, respectively. Mean squares 

of sums (L1i + L2i) and differences (L1i - L2i) were highly significant in control, whilst 

non-significant in low and high salinity regimes. Accordingly both D and H 

components of genetic variance were highly significant (P0.01) in control and non-

significant in 10 and 15 dSm
-1

. The magnitude of D was higher than that of H showing 

the importance of additive genetic effects in control and 15 dSm
-1

, whilst both the 

components were almost equal in magnitude in 10 dSm
-1

 (Table 4.6). The ratio √ (H/D), 

a measure of degree of dominance, was less than unity revealing the presence of partial 

dominance in control and 15 dSm
-1

. However, this ratio was almost equal to unity 

indicating complete dominance of genes in the inheritance of fresh shoot weight in 10 

dSm
-1

. 

 

4.1.1.3 Root Length 

Test of epistasis showed the presence of highly significant (P0.01) amount of 

epistasis in the inheritance of root length measured in non salinized and the two 

salinized conditions (Table 4.7). Further partitioning of the epistatic variation, revealed 

that  [i] type epistasis (additive × additive) and [j + l] type epistasis was highly 

significant (P0.01), indicating the importance of additive × additive, additive × 

dominance and dominance × dominance interactions at three NaCl salinities. 

Analysis of variance for sums (L1i + L2i) and differences (L1i - L2i) showed 

highly significant (P0.01) mean squares (Table 4.8), and thus revealed that both 

additive (D) and non-additive (H) gene effects were important in controlling root length 

in stress and non-stress conditions. The estimates of D were almost equal to that of H, 



and their ratio H/D (degree of dominance) indicated complete dominance in control, 

10 and 15 dSm
-1

 salinity levels. 

 

4.1.1.4 Root Fresh Weight 

 The presence of epistasis in the genetic control of root fresh weight was tested 

using the deviations of (L1i + L2i – 2L3i) from zero. The deviations were subjected to 

analysis of variance, and results are given in Table 4.9. Mean squares showed the 

presence of highly significant epistatic interactions in the inheritance of root fresh 

weight in control, moderate (10 dSm
-1

), and high salinity (15 dSm
-1

). The partitioning 

of total epistasis revealed the presence of highly significant additive × additive i.e. [i] 

type and [j+l] components, which indicated that homozygote × homozygote, 

homozygote × heterozygote, and heterozygote × heterozygote interactions were present 

in the inheritance of root fresh weight in all the three growing conditions (Table 4.9). 

 In Table 4.10, mean squares due to sums (L1i + L2i) and differences (L1i - L2i) 

were non significant (P≥0.05), which indicated the absence of both additive (D) and 

dominance (H) gene effects in the genetic mechanism controlling root fresh weight in 

stressed and non-stressed conditions. The magnitudes of D and H were almost equal but 

non significant (P≥0.05) in control, 10 and 15 dSm
-1 

salinity levels. The ratio of (H/D) 

were almost equal to unity suggesting the presence of complete dominance of genes if 

any. 

 

4.1.1.5 Root/ Shoot Ratio 

    The presence or absence of epistasis in the genetic control of root/ shoot ratio 

was tested using the deviations of (L1i + L2i – 2L3i) from zero. The deviations were 

subjected to analysis of variance, and results are given in Table 4.11. Mean squares 

showed the presence of highly significant epistatic interactions in the inheritance of 

root/shoot ratio in control, moderate (10dSm
-1

), and high salinity (15 dSm
-1

). The 

partitioning of total epistasis revealed the presence of highly significant additive 

×additive i.e. [i] type and [j+l] components, which indicated that homozygote × 

homozygote, homozygote × heterozygote, and heterozygote × heterozygote interactions 



were present in the inheritance of root/ shoot ratio in all the three growing conditions 

except homozygote × homozygote interaction in nonsalinized condition, where it was 

significant at P0.05. 

 In Table 4.12, mean squares due to sums (L1i + L2i) and differences (L1i - L2i) 

were non significant (P≥0.05), which indicated the absence of both additive (D) and 

dominance (H) gene effects in the genetic mechanism controlling root/ shoot ratio in 

stressed and non-stressed conditions. The magnitudes of D and H were almost equal but 

non significant (P≥0.05) in control, 10 and 15 dSm
-1

. The ratios of (H/D) were almost 

equal to unity suggesting the presence of complete dominance of genes if any.  

 

4.1.1.6 Plant Height 

The highly significant (P0.01) mean squares due to deviations of (L1i + L2i - 

2L3i) from zero suggested the presence of non-allelic interaction in the inheritance of 

plant height under normal and the two NaCl conditions (Table 4.13). The results 

revealed that additive × additive gene interaction was absent, as [i] type epistasis 

appeared to be non-significant (P0.05) in both salinized conditions, however it was 

significant (P0.05) in nonsalinized condition. The [j + l] type epistasis being highly 

significant (P0.01) revealed the presence of additive × dominance and dominance × 

dominance interactions in both the stress and non-stress conditions. 

 The mean squares obtained from analyses of variance of sums (L1i + L2i) and 

differences (L1i – L2i), were highly significant in salinized and non-salinized growing 

conditions, indicating the importance of both additive and dominance gene effects in 

the control of plant height (Table 4.14). The estimates of D component in all growing 

conditions were almost equal to that of H component, thus degree of dominance (H/D) 

was almost unity, which revealed the presence of complete dominance of genes 

controlling plant height in the stressed and non stressed conditions (Table 4.14). 

 

4.1.1.7 Number of Fertile Tillers Per Plant 

    Highly significant (P0.01) deviations of (L1i + L2i - 2L3i) families from zero 

suggested the presence of epistasis in the control of fertile tillers per plant measured in 



salinized and non salinized conditions (Table 4.15). The mean squares of [i] type 

epistasis being significant revealed the presence of additive × additive gene interaction 

in control and 10 dSm
-1

 , whilst it was found to be absent in 15 dSm
-1 

salinity level. 

However, gene interaction involving additive × dominance and dominance × 

dominance loci were highly significant (P0.01) in the inheritance of fertile tillers per 

plant in all the growing conditions.    

 In Table 4.16, mean squares due to sums (L1i + L2i) and differences (L1i - L2i) 

were non significant (P≥0.05), which indicated the absence of both additive (D) and 

dominance (H) gene effects in the genetic mechanism controlling fertile tillers per plant 

in stressed and non-stressed conditions. The magnitudes of D and H were almost equal 

but non significant (P≥0.05) in control, 10 and 15 dSm
-1 

salinity levels. The ratios of 

(H/D) were almost equal to unity in 15 dSm
-1 

suggesting the presence of complete 

dominance of genes if any, whilst over dominance in 10 dSm
-1

 and partial dominance 

of genes in control appeared to be involved in the inheritance of the character.  

 

4.1.1.8 Number of Grains Per Spike 

Test of epistasis for number of grains per spike was conducted subjecting the 

deviations of (L1i + L2i – 2L3i) from zero to analyses of variance, and the results are 

given in (Table 4.17). The results showed the presence of highly significant magnitude 

of epistatic component involved in the inheritance of number of grains per spike in 

control, 10 and 15 dSm
-1

 salinities. Partitioning of total epistatic variation into various 

components revealed that both [i] type and [j + l] type epistasis being highly significant 

indicated that homozygote × homozygote, homozygote × heterozygote, and 

heterozygote × heterozygote interactions were involved in the genetic control of the 

character in all the three growing conditions. 

 Mean squares due to sums of families (L1i + L2i) and differences between 

families (L1i - L2i) were highly significant (P0.01), signifying the presence of both 

additive and dominance components of variation (Table 4.18). The magnitude of D was 

greater than that of H in both salinity regimes, thus the ratio, (H/D) was less than 1, 

indicating the occurrence of partial dominance in controlling number of grains per 



spike, whilst in control, over dominance of genes was involved in inheritance of the 

character. 

 

4.1.1.9 1000-Grain Weight 

   The results of genetic analyses of absolute data revealed that the deviations of 

(L1i + L2i – 2L3i) from zero being highly significant (P0.01) thus indicated the 

presence of interaction of non-allelic genes controlling 1000-grain weight in control, 10 

and 15 dSm
-1

 salinities (Table 4.19). It was further revealed that mean squares of [i] 

type epistasis being non significant showed the absence of additive × additive 

interaction in the inheritance of 1000-grain weight in control and 10 dSm
-1 

salinity 

level, whilst this interaction was found to be involved in 15 dSm
-1

. However mean 

squares due to [j + l] type appeared to be highly significant (P0.01) in the three cases 

suggesting interaction at additive × dominance and dominance × dominance loci 

predominantly controlled the character in stress and non-stress conditions. 

 The mean squares due to sums (L1i + L2i) and differences (L1i - L2i) were highly 

significant at P0.01 for 1000-grain weight in control, 10 and 15 dSm
-1

 NaCl salinity 

levels (Table 4.20), showing predominant role of the genes acting additively and non-

additively. The magnitude of additive component (D) was higher than dominance 

component (H), thus the magnitude of (H/D) was less than 1 in control and moderate 

salinity level, which revealed the presence of partial dominance, whilst over dominance 

of genes appeared to be involved in 15 dSm
-1

 NaCl stress (Table 4.20). 

 

4.1.1.10     Grain Yield Per Plant 

 Highly significant (P0.01) deviations of (L1i + L2i - 2L3i) families from zero 

suggested the presence of epistasis in the control of grain yield per plant measured in 

salinized and non-salinized conditions (Table 4.21). The mean squares of [i] type 

epistasis being highly significant in control and significant in 10 dSm
-1

 revealed the 

presence of additive × additive gene interaction, whilst it was found to be absent in 15 

dSm
-1 

salinity levels. However, gene interaction involving additive × dominance and 

dominance × dominance loci were highly significant (P0.01) in the inheritance of 

grain yield per plant in all the growing conditions.    



 In Table 4.22, mean squares due to sums (L1i + L2i) and differences (L1i - L2i) 

were non significant (P≥0.05), which indicated the absence of both additive (D) and 

dominance (H) gene effects in the genetic mechanism controlling grain yield per plant 

in both salinity stressed conditions, whilst highly significant (P0.01) mean squares 

were recorded in non stressed condition. The magnitudes of D and H were non 

significant (P≥0.05) in 10 and 15 dSm
-1 

salinity levels   but highly significant in control, 

where the ratios of (H/D) was greater than unity, suggesting the presence of over 

dominance of genes in controlling the character. 

 

4.1.1.11 K
+
 Concentration 

     The presence of epistasis in the genetic control of K
+
 concentration was tested using 

the deviations of (L1i + L2i – 2L3i) from zero. The deviations were subjected to analysis 

of variance, and results are given in Table 4.23. Mean squares showed the presence of 

highly significant epistatic interactions in the inheritance of K
+
 concentration in control, 

moderate (10 dSm
-1

), and high salinity level (15 dSm
-1

). The partitioning of total 

epistasis revealed the presence of highly significant additive × additive i.e. [i] type and 

[j+l] components, which indicated that homozygote × homozygote, homozygote × 

heterozygote, and heterozygote × heterozygote interactions were present in the 

inheritance of K
+
 concentration in all the three growing conditions. 

 Analysis of variance for sums (L1i + L2i) and differences (L1i - L2i) showed 

highly significant (P0.01) mean squares (Table 4.24), and thus revealed that both 

additive (D) and non-additive (H) gene effects were important in controlling K
+
 

concentration in stress and non-stress conditions. The estimates of D were higher than 

that of H, and their ratio H/D (degree of dominance) indicated partial dominance in 

control, 10 and 15 dSm
-1

 salinity levels.  

 

4.1.1.12 Na
+
 Concentration 

The deviations of (L1i + L2i – 2L3i) from zero were subjected to analysis of 

variance, and results are given in Table 4.25. Mean squares showed the presence of 

highly significant epistatic interactions in the inheritance of Na
+
 concentration in 

control, moderate (10 dSm
-1

), and high salinity levels (15 dSm
-1

). The partitioning of 

total epistasis revealed the presence of highly significant additive × additive i.e. [i] type 



and [j+l] components, which indicated that homozygote × homozygote, homozygote × 

heterozygote, and heterozygote × heterozygote interactions were present in the 

inheritance of Na
+
 concentration in all the three growing conditions. 

 Analysis of variance for sums (L1i + L2i) and differences (L1i - L2i) showed 

highly significant (P0.01) mean squares (Table 4.26), and thus revealed that both 

additive (D) and non-additive (H) gene effects were important in controlling Na
+
 

concentration in stress and non-stress conditions. The estimates of D were less to that of 

H, and their ratio H/D indicated over dominance in control, 10 & 15   dSm
-1

 salinity 

levels. 

 

4.1.1.13 K
+
/Na

+
 Ratio 

The highly significant (P0.01) mean squares due to deviations of (L1i + L2i - 

2L3i) from zero suggested the presence of non allelic interaction in the inheritance of 

K
+
/Na

+
 ratio under normal and the two NaCl salinity levels (Table 4.27). The results 

revealed that additive × additive gene interaction was absent in control, as [i] type 

epistasis appeared to be non significant (P0.05, however it was significant (P0.05) in 

10 dSm
-1

 and highly significant (P0.01) in 15 dSm
-1

 salinity level. The [j + l] type 

epistasis being highly significant (P0.01) revealed the presence of additive × 

dominance and dominance × dominance interactions in both the stress and non-stress 

conditions. 

 

 The mean squares obtained from analyses of variance of sums (L1i + L2i) and 

differences (L1i – L2i), were highly significant in non salinized growing conditions, 

indicating the importance of both additive and dominance gene effects in the control of 

K
+
/Na

+
 ratio (Table 4.28). However, the mean squares were non significant in both 

salinized conditions. The estimates of D component in 15 dSm
-1

 were almost equal to 

that of H component, thus degree of dominance (H/D) was almost unity, which 

revealed the presence of complete dominance of genes controlling K
+
/Na

+
 ratio, 

whereas in control and 10 dSm
-1

 salinity level, partial dominance of genes appeared to 

be involved being the estimates of D greater in magnitude than those of H (Table 4.28). 

 



4.2    RELATIVE SALT TOLERANCE  

 The mean performance of relative data of 78 genotypes of Triticum aestivum L. 

was studied under 10 dS m
-1

, and 15 dS m
-1

 NaCl salinity. The relative values of salt 

tolerance of all the characters were subjected to analysis of variance technique, and the 

mean squares obtained are presented in Table 4.2. There were highly significant 

(P0.01) differences in relative shoot length, shoot fresh weight, root length, root fresh 

weight, root/shoot ratio, plant height, number of fertile tillers per plant, grains per 

spike, 1000-grain weight, grain yield per plant, K
+ 

, Na
+ 

and K
+
/Na

+
 ratio among 78 

wheat genotypes (Table 4.2). 

4.2.1 Genetic Analysis 

 Results of the analysis of variance of relative values of salt tolerance for all 

characters measured under 10 and 15 dSm
-1

 NaCl salinity levels are presented below: 

4.2.1.1 Shoot Length 

            The results of the genetic analysis of data revealed that the sum of squares due 

to deviations (L1i + L2i – 2L3i) indicated non-significant (P0.05) epistasis in the 

genetic control of shoot length (Table 4.3). Further partitioning of the epistasis revealed 

that [i] effects were significant at P0.05, whereas [j + l] type was found to be non-

significant (P≥0.05). This result indicated that additive × dominance and dominance × 

dominance interaction were involved in the inheritance of the trait. 

 The mean squares for sums (L1i + L2i) and differences (L1i - L2i) were significant 

at P0.05 (Table 4.4) for relative shoot length at 10 dSm
-1

 salinity showing that genes 

acted non-cumulatively controlling shoot length. The additive component (D) was 

lower than dominance component (H). The estimate of √(H/D) is given in Table 4.4. 

The value of degree of dominance was 6.58 indicating that over dominant genes 

controlled relative shoot length at this salinity level.  

 

4.2.1.2 Fresh Shoot Weight 

 The mean squares due to deviations of (L1i+L2i-2L3i) from zero revealed that 

overall epistasis and both of its components [i] and [j+l] type epistasis were significant 

(P0.05), indicating the presence of non-allelic interactions in the genetic control of 

relative fresh shoot weight at 15 dSm
-1

 (Table 4.5).  



 Mean squares due to sums (L1i+L2i) were significant (P0.05) and differences 

(L1i-L2i) were non-significant (P0.05), revealing the significance of additive (D) 

components of genetic variation (Table 4.6). The estimates of D components were 

greater than H components, thus the ratio of √(H/D) was less than unity, which 

indicated the presence of partial dominance controlling the character. 

 

4.2.1.3 Root Length 

 The results of analysis of variance showed highly significant (P0.01) 

differences between (L1i + L2i) and 2L3i, and revealed the presence of non-allelic 

interaction in the inheritance of root length (Table 4.7). Only the mean squares due to 

[i] effects are highly significant. The results suggested components of additive × 

additive effects.    

 The mean squares due to sums (L1i + L2i) and differences (L1i - L2i) were non-

significant at P0.05 (Table 4.8). Estimates of H higher than that of D revealed the 

nature of dominance √(H/D) to be (0.25), showing partial dominance. 

 

4.2.1.4 Root Fresh Weight  

 The results of the genetic analysis revealed that mean squares due to deviations 

of (L1i + L2i – 2L3i) from zero indicated the presence of highly significant (P0.01) 

epistasis for root fresh weight (Table 4.9). However, further partitioning of the epistasis 

revealed that [I] type epistasis was significant (P0.01), whereas [j + l] type epistasis 

appeared to be non-significant (P≥0.05). 

 The mean squares for sums (L1i + L2i) and differences (L1i - L2i) were non-

significant at (P0.05) (Table 4.10) for root fresh weight measured at 10 dSm
-1

 salinity 

levels. But the additive component was higher than H component, indicating the 

importance of additive gene effects.  The √(H/D) ratio is less than unity (0.82) thus 

indicated the involvement of partial dominant genes. 

 

4.2.1.5 Root/Shoot Ratio 

     The test of epistasis, as measured by deviations of (L1i + L2i – 2L3i) at 15     

dSm
-1

 provided evidence of the presence of epistasis, as mean squares were significant 



(P0.01, Table 4.11). The mean squares due to [j + l] type epistasis were non-

significant (P0.05), whereas [i] type epistasis was highly significant (P0.01), which 

revealed that the additive effects of genes seemed to be biased. 

 The mean square for sums (L1i + L2i) and differences (L1i - L2i) non-significant 

at P≥0.05 (Table 4.12). The √(H/D) ratio greater of 1.20 indicated the presence of over 

dominance controlling root/shoot ratio at increased salinity. 

 

4.2.1.6 Plant Height 

    The significant mean squares due to deviations of (L1i+L2i-2L3i) provided the 

evidence of presence of epistasis in plant height. The [i] type epistatic effects were non-

significant (Table 4.13). However, [j + l] components were highly significant (P0.01) 

at 15 dSm
-1

 suggesting the involvement of additive × additive interactions in the genetic 

control of relative plant height. 

 Mean squares due to sums (L1i+L2i) and differences (L1i-L2i) were highly 

significant (P0.01) revealing the significance of dominance (H) and (D) additive 

components of genetic variation (Table 4.14). The absence of [i] type epistasis 

suggested that the additive gene effects were unbiased, and thus much important in the 

genetic control of relative plant height at high salinity. As the ratio of √(H/D) was less 

than unity, therefore, presence of partial dominance controlled plant height at 15dsm
-1

  

salinity level. 

 

4.2.1.7 Number of Fertile Tillers per Plant 

The highly significant mean squares of deviations of (L1i+L2i-2L3i) indicated the 

presence of epistatic interaction (Table 4.15), and partitioning of this epistasis into three 

components revealed the presence of non-allelic interactions as [i] and [j + l] type 

epistasis was highly significant (P0.01). 

Analysis of variance of sums (L1i + L2i) and differences (L1i - L2i) showed 

highly significant (P0.01) mean squares (Table 4.16), which revealed that both the 

components of genetic variation, D and H, were important in controlling fertile tillers 

per plant. The estimates of D were considerably higher than that of H, therefore, the 

proportion of √(H/D), was less than unity (0.82), which revealed partial dominance of 

genes controlling fertile tillers per plant at 15 dSm
-1

 NaCl concentration. 



 

4.2.1.8 Number of Grains per Spike 

 The mean squares due to deviations (L1i+L2i-2L3i) families showed that total 

epistatic effects, and its [i] and [j + l] components were all highly significant at P0.01 

(Table 4.17), thus indicated the presence of non-allelic interactions in relative grains 

per spike.  

 Mean squares obtained from analysis of variance of sums (L1i+L2i) and 

differences (L1i-L2i) were highly significant (P0.01) revealing the presence of additive 

(D) and dominance (H) variation in grains per spike (Table 4.18). The presence of [i] 

type and [j + l] type epistasis indicated that both the additive and dominance gene 

effects were biased at increased salinity stress. The estimates of additive components 

were higher than the dominance components, resulting in the √(H/D) ratio of 0.83, an 

indication of importance of partial dominance in controlling the character. 

 

4.2.1.9 1000-Grain Weight 

     The mean squares due to deviations of (L1i+L2i-2L3i) families for relative 

1000-grain weight showed that total epistasis and [j+l] type epistasis were highly 

significant (Table 4.19). However, [i] type of epistasis was non-significant (P0.05) at 

10 dSm
-1

 . 

 The mean squares for sums (L1i + L2i) and difference (L1i + L2i) were highly 

significant (P0.01, Table 4.20) for 1000-grain weight. These results suggested that 

genes with additive and non-additive effects influenced 1000-grain weight. The 

estimate of additive components (D) was significantly higher than dominance 

components (H), thus the ratio √(H/D), was 0.88 revealing the presence of partial 

dominance controlling 1000-grain weight at 10dSm
-1

salinity stress (Table 4.20). 

 

4.2.1.10 Grain Yield per Plant 

  The presence of highly significant (P0.01) epistatic effects was detected for 

grain yield per plant at 15 dSm
-1 

NaCl salinity (Table 4.21). Further partitioning of total 

epistasis into [i] and [j+l] types also showed that these components were highly 



significant, indicating the presence of additive × additive, additive × dominance and 

dominance × dominance interactions in the inheritance of grain yield per plant.    

 The mean squares due to sums (L1i + L2i) and differences (L1i-L2i), were highly 

significant (P0.01) indicating the presence of both additive and dominance gene 

effects, in the control of relative magnitude of grain yield per plant in 15 dSm
-1

 salinity 

level (Table 4.22). Estimates of H were considerably higher than that of D, resulting in 

√(H/D)
  
 ratio of 1.15 which indicate that   non-additive effects were more pronounced 

than  additive effects.  

 

4.2.1.11 K
+
 Concentration 

      The test of epistasis (L1i + L2i – 2L3i) revealed the presence of highly significant 

(P0.01) epistatic in the genetic control of K
+
 concentration at 15 dSm

-1
 (Table 4.23). 

The mean squares due to epistasis showed that [i] type epistatic effects and [j + l] type 

epistasis were highly significant suggesting the interaction of additive × additive, 

additive × dominance and dominance × dominance gene effects.  

The analyses of variance for sums (L1i + L2i), and differences (L1i - L2i) under 15 

dSm
-1

 salinity level showed highly significant (P0.01) mean squares indicating the 

presence of additive and non-additive gene effects, respectively. The estimates √(H/D), 

was 1.03, revealing the presence of complete dominance in the inheritance of genes 

(Table 4.24). 

4.2.1.12 Na
+
 Concentration 

The presence or absence of epistasis in relative Na
+
 ion concentration was 

determined using deviations of (L1i + L2i – 2L3i) families. Significant mean squares 

showed the presence of epistatic interactions (Table 4.25), suggesting that both additive 

and dominance effects were biased. 

 Mean squares due to sums (L1i + L2i) and differences (L1i + L2i) were highly 

significant (P0.01) indicating that the variance resulting from additive and non 

additive genes was important in controlling the character at 10 dSm
-1

 soil salinity 

(Table 4.26). The estimates of non-additive components were significantly greater than 

that of additive components indicating the preponderance of over dominance in the 

genetic control of Na
+
 ion concentration in 10 dS m

-1
 NaCl stress.  



4.2.1.13 K
+
/Na

+
 Ratio 

The significant mean squares of deviations of (L1i+L2i-2L3i) indicated the 

presence of epistatic interaction (Table 4.27) in the inheritance of K
+
/Na

+
 ratio. Further 

partitioning of total epistasis revealed that [i] and [j + l] factors were significant, 

(P0.01).  

Analysis of variance for sums (L1i+L2i) and differences (L1i-L2i) indicated that 

effects of additive (D) and non-additive (H) components of genetic variation were 

important, as both the D and H items appeared to be statistically significant at P0.01 

(Table 4.28). The ratio √(H/D) was 1.66 showing the presence of over dominance of 

genes controlling the expression of K
+
/Na

+
 ratio at 10 dSm

-1
 salinity level. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter-5 
 

DISCUSSION  

 
 

 

 To improve salinity tolerance in a crop species like Triticum aestivum L. 

through selection and breeding, availability of two components is necessary. Firstly, 

there must be significant amount of variation in the plant material subjected to selection 

and secondly, the variation must be controlled by significant genetic component. The 

previous work done on salt tolerance in wheat showed the existence of significant 

amount of variation in genotypic responses to increasing NaCl salinity (Salam 1993, 

Ashraf and McNeilly 1988 and Ahsan et al. 2000). Thus, the collection of information 

on the relative contribution of genetic components i.e. additive, dominance, epistatic, 

and linkage is necessary before developing an appropriate breeding programme for 

improving salinity tolerance in wheat. 

 Choice of the most efficient breeding procedures depends to a great extent on 

knowledge of the genetic systems controlling the characters to be selected. While 

simple genetic models assume additivity of genetic effects over loci, models are 

available which estimate epistasis in addition to additive and dominance variation. 

However, limited use of these models has been made in wheat (Triticum aestivum L.). 

Sprague et al., (1962) suggested that the frequent occurrence of nonallelic interactions 

in qualitative traits implies their existence in quantitative characters. Comstock and 

Robinson (1952) indicated that nonallelic interactions might inflate the average degree 

of dominance by 10 to 25%. The importance of epistasis on the expression of several 

agronomic traits has been reported in a number of instances. Gorsline (1961) found that 

epistasis was a part of the genetic system controlling grain yield and nine other 

characters in maize (Zea mays L.) populations. Sprauge et al; (1962) also indicated that 

epistasis may influence yield in maize. Studies in several other crops indicate that 

epistatic gene action is a nontrivial factor in the inheritance of agronomically important 

characters. Singh and Singh (1978) reported epistasis to be an important component of 



variation for final plant height and yield per plant in wheat (Triticum aestivum L.). 

Since epistasis is an essential component of genetic variation, and affects the 

inheritance of different characters to a considerable extent (Comstock and Robinson, 

1952; Gorsline, 1961; Sprague et al., 1962; Ketata et al., 1976), its role cannot be 

ignored while making inferences about the role of additive and dominance components 

of genetic variation regarding a particular character.  

While additive and dominance effects may have a greater influence on variation 

in yield and other agronomic characters, information on nonallelic interactions in wheat 

would be of value to wheat breeders. Among different biometric methods available to 

the breeders now a days, Triple Test Cross (TTC) is one of the most efficient designs 

currently used for investigating the genetic information on the presence or absence of 

epistasis in addition to additive and non additive genetic components in the inheritance 

of a character. 

 The expression of salt tolerance is the manifestation of both physiological and 

morphological plant characters (Shannon, 1984). However, when a specific and readily 

quantifiable physiological mechanism conferring salt tolerance is not available, the 

assessment of plant material based upon other characters of agronomic importance, i.e. 

plant yield and yield components appeared to be practical alternative method as 

suggested by Noble et al; 1984. In studies similar to the one reported here but using 

different crops, salinity stress was imposed at the commencement of a particular 

developmental stage depending upon the growth habit of the species concerned. For 

example, in rice, salt treatment was started at the early tillering, late tillering, and 

heading stages (Pearson and Bernstein, 1959); in maize, at the vegetative, tasseling, and 

grain filling stages (Maas et al; 1993); in sorghum, during vegetative, reproductive, and 

maturation periods (Maas et al; 1986). Salt treatments were continued for a certain 

period at each growth stage. 

 In present investigations, the genetic material was subjected to constant NaCl 

stress at 10 and 15 dSm
-1

 from fourth week of sowing till the harvesting of plants. 

Therefore, such a procedure provided better evaluation of potential salinity tolerance, as 

has been done in corn (Kaddah et al; 1964), bean (Mayer and Poljakoff-Mayber, 1982), 

and sorghum (Azhar and McNeilly, 1989). In present work, an attempt was made to 



study the genetic mechanism controlling salt tolerance in Triticum aestivum L. at 

seedling as well as adult plant stage. The variation in genetic material under 10 and 15 

dsm
-1

 NaCl salinity was assessed using thirteen plant parameters namely, shoot length, 

shoot fresh weight, root length, root fresh weight, root/shoot ratio, plant height, number 

of fertile tillers per plant, grains per spike, 1000-grain weight, grain yield per plant, K
+ 

, 

Na
+ 

and K
+
/Na

+
 ratio 

 The genotypic responses to low and high salinities were compared using both 

the absolute and relative basis as suggested by Dewey (1960) and Maas (1986) 

respectively. Analysis of variance of absolute and relative salt tolerance showed highly 

significant differences among the genotypes. When the genotypic responses to control, 

10 dSm
-1

, and 15 dSm
-1

 salinity levels were analyzed individually, the results revealed 

highly significant variation in the responses with respect to all the characters measured 

using both absolute and relative terms. 

 The results of the analysis of salt tolerance data, using absolute and relative 

values of all the traits were generally consistent with respect to the detection of 

epistasis. In absolute salt tolerance, epistasis affected all the traits except shoot length 

in control; shoot length and root shoot ratio at 10 dSm
-1

. The additive × additive 

interaction was absent in the inheritance of shoot length, 1000 grain weight, K
+
/ Na

+
 

ratio in control; shoot length, plant height, 1000 grain weight in 10 dSm
-1

; plant height, 

fertile tillers per plant and grain yield per plant in 15 dSm
-1

. Whereas [j+l] type of 

epistasis was highly significant which suggested that inheritance of all these characters 

measured in control, 10 and 15dSm
-1

 salinity levels was complicated. The results of 

genetic analysis using relative salt tolerance are almost similar to those described for 

absolute values.         

 Additive and dominant components were estimated for all the characters 

irrespective of the significance of epistasis in order to have an idea about their relative 

magnitudes. Mean squares due to sums (L1i + L2i) and differences (L1i-L2i) were 

significant for shoot length, fresh shoot weight, root length, plant height, grains per 

spike, 1000-grain weight, grain yield per plant, K
+
 concentration and Na

+
 concentration 

at control and non significant for rest of the characters, whereas, D and H components 

were significant for shoot length, root length, plant height, grains per spike, 1000-grain 



weight, K
+
 concentration, Na

+
 concentration and non significant for the remaining traits 

at 10 and 15 dSm
-1

 salinity levels, except that H component was non significant for 

shoot length at 15 dSm
-1

 salinity level. The present study are similar to the findings of 

Chaudhary et al. 1992, in wheat, for 100-seed weight by Malhotra (1983) and Barush 

and Pandey (1983) in Urd-bean, Luthra et al., (1977), Luthra et al., (1979) and Wilson 

et al., (1983) in mung-bean.  

 The estimates of D were higher for fresh shoot weight, root length, fresh root 

weight, number of tillers per plant, 1000-grain weight, K
+
 concentration and K

+
/Na

+
 

ratio and for root length, grains per spike 1000-grain weight, grain yield per plant, K
+
 

concentration and K
+
/Na

+
 ratio and root length, grains per spike, 1000-grain weight, 

grain yield per plant, K
+
 concentration and K

+
/Na

+
 ratio for shoot length, fresh shoot 

weight, fresh root weight, gains per spike, grain yield per plant, K
+
 concentration and 

K
+
/Na

+
 ratio at control, 10 and 15 dSm

-1
 salinity levels, respectively. The H component 

was higher than D component for rest of the characters at three salinity regimes. The 

results of present studies for absolute values of all the characters at three salinity levels 

revealed that generally all the three kinds of variances namely additive, dominance and 

epistatic were significant for all the characters at three salinity levels.  

 The degree of dominance (H/D) was in the range of partial dominance for most 

of the traits in control. Shoot length, plant height, gains per spike, grain yield per plant 

and Na
+
 concentration appeared to be under the control of dominant gene action at all 

salinity levels in the present study. Partial dominance has also been observed for most 

of the traits i.e. fresh shoot weight, root length fresh root weight, number of fertile 

tillers per plant, 1000-grain weight, K
+
 concentration and K

+
/Na

+
 ratio. Whereas, at the 

increased salinity level of 10 dSm
-1

 and 15 dSm
-1

 partial dominance was shown for root 

length, grains per spike, 1000-grain weight, grain yield per plant, K
+
 concentration and 

K
+
/Na

+
 ratio and shoot length, fresh shoot weight grains per spike, grain yield per plant, 

K
+
 concentration and K

+
/Na

+
 ratio, respectively. Similar results were reported for most 

of the traits in wheat by Singh (1976), in Pea by Singh (1986), Singh et al. (1987) and 

Singh et al. (1988).           

 



 Because epistasis was significant for all the characters except shoot length at 

control and 10 dSm
-1

 salinity level, no precise conclusion could be drawn about the 

relative importance of three components of genetic variation on the basis of biased 

estimates of D and H components.  

 Since additive × additive type of epistasis coupled with additive gene action was 

predominant for some important characters like shoot length, root length, fresh shoot 

weight, fresh root weight, grains per spike, grain yield per plant, K
+
 concentration and 

K
+
/Na

+
 ratio at increasing salinity level reciprocal recurrent selection as suggested by 

Comstock et al., (1949) would be effective for the improvement of these traits. 

The measurement of different quantitative plant parameters revealed marked 

differences in salinity responses of 78 genotypes. Based on mean grain yield per plant, 

the genotypes KRL-1-4, KRL-1-4 × F2-2, KRL-1-4 × F2 -4, KRL-1-4 × F2 -6, KRL-1-4 

× F2-24, KRL-1-4 × F2-25, appeared to be highly salt tolerant. High salt tolerance of 

these genotypes was also evaluated in terms shoot length, root length grains/spike, 1000 

grain weight, K
+

  uptake, K
+
/Na

+
 ratio. Generally these genotypes also had higher mean 

values for grains/spike, 1000-grain weight, K
+  

uptake and K
+
/Na

+
 ratio.  

In the present studies the genotypes viz. KRL-1-4, KRL-1-4 × F2-2, KRL-1-4 × 

F2-4, KRL-1-4 × F2-6, KRL-1-4 × F2-24, KRL-1-4 × F2-25, had the higher 

concentration of K
+
. Whereas the lower concentration of K

+
  in genotypes viz. 

Alexandria, F1×F2(11) Alexandria  × F2 (14), Alexandria  × F2 (19), F1 × F2 (21) and 

F1× F2 (22) which revealed that these were sensitive to salt which is also evident from 

their performance on the basis of their grain yield at higher salinity level (15 dSm
-1

). 

Salt tolerance of genotypes has also been estimated on the basis of K
+
 uptake by several 

researchers and it has been suggested that the genotypes containing high K
+
 are 

considered to be salt tolerant (Gorham, 1993; Salama et al., 1994; Leidi and Saize, 

1997).  

K
+
/Na

+
 ratio is widely advocated as a criterion of salt tolerance by a number of 

research workers (Chhipa and Lal, 1995; Subbaiah et al., 1995; Ashraf and O‟ Leary, 

1996; Ahsan, Wright, 1998 and Salam et al, 1999). In the present investigations the 

genotypes showing high performance for grain yield also exhibited high K
+
/Na

+
 ratio. 

The significant genotype × salt stress interaction indicates that all the three salinity 



levels had affected the genotypes differently. However, the differences of the genotypic 

responses to salinity in control and 10 dSm
-1 

did not give the clear picture, as the means 

differences were narrow. Study at higher salinity level (15 dSm
-1

) clearly differentiated 

the dominant and susceptible genotypes. Therefore, 15 dSm
-1

 NaCl salinity level seems 

to be appropriate for screening wheat genotypes for salt tolerance.  

 

 

 

 



Chapter-6 

 

SUMMARY 

 

 

 The problem of soil salinity is a limiting factor, which hinders the realization of 

plants genetic potential of crop plants in many parts of the world, in arid and semi arid 

areas, similarly poses a threat to food security and thus the survival of human 

population in those areas. Pakistan is situated in areas characterized by low rainfall and 

high temperature, thus resulting in the development of salinity in the fields. It suggested 

the biotic approach to this problem that allows the use of salinity areas for cultivation, 

in its essence requires improvement in the salinity tolerance of existing crop species so 

that they may be successfully grown in saline soils.  

 The three important criteria i.e. seedling traits, ion uptake and yield and yield 

components to measure salinity tolerance were used in the present study. The 

hydroponic culture system employed in the present investigation used, four week old 

seedling grown in salinized solutions to evaluate patterns of variability in genotypes 

developed using triple test cross. Since whole plant performance is probably a better 

indicator of salinity response, therefore, the whole plant performance was also studied 

in addition to seedling traits by subjecting the genetic material developed through triple 

test cross technique to constant salinity levels of 10 and 15 dSm
-1

 till maturity.  

 The inheritance pattern of variation for salt tolerance in Triticum aestivum L. 

following triple test cross appeared to be complex. Although genetic variation in 

salinity tolerance as assessed from data on yield and its components appeared to be 

influenced by both additive and dominance gene effects, the gene effect were additive 

at 10 and 15 dSm
-1

 salinity levels. This finding is of particular interest for plant 

breeders to make potentially useful advance in NaCl tolerance by selecting individual 

plants. The magnitude of epistatic component due to additive × dominance and 

dominance × dominance at low and high salinity for both absolute and relative 

tolerance may likely misguide the plant breeder for making further selection. This 



situation suggest that epistatic component of genetic variation should be given due 

consideration in improving salinity tolerance by selecting wheat plants with greater 

yield and its components. Therefore, this component cannot be ignored when one is 

formulating breeding plans to improve wheat genotypes for economic traits, against 

salinity stress. If the presence of epistasis is ignored in selection one would not only 

lose information about epistasis but also the estimates of additive and dominance 

components would be biased as they are in the present material and, therefore, could be 

misleading. Further, the detection and estimation of epistasis would enable the breeder 

to determine the genetic cause of heterosis with greater reliance (Singh, 1976, Singh 

and Singh, 1976 and Chaudhary et al., 1992). Thus it seems possible that improvement 

in Triticum aestivum L. against salinity can be achieved by advancing the material 

studied here to F3 and further generations and selecting the desirable segregants from 

these genotypes.  

 

CONTRIBUTION TO KNOWLEDGE 

 Soil salinity is a major environmental hazard causing decreased yield of crops 

grown in arid and semi-arid zones. Plant responses to salt stresses are well documented 

in the scientific literature. In Pakistan 16×10
6
 ha is arable land. Out of that wheat is 

cultivated on 8.176 mha. Pakistan has extensive areas of saline soils and the area of 

arable land is gong to saline at the rate of 250 acres per day. Due to this reason the 

wheat yield is decreasing, wheat varieties evolved up till now with major emphasis of 

high yield without any tolerance for biotic stress with the potential of 3200 Kg. per 

acre, while the average wheat yield of country is not more than 1000 Kg per acre. 

Among causes of low yield soil salinity is the major factor. With this alarming increase 

in saline area, biotic approach to overcome salinity problem have recently received 

considerable attention from many workers. For successful increase in plant salt 

tolerance breeding and selection techniques can be used (Epstien et al., 1980). This can 

be achieved if the traits associated with salt tolerance are genetically controlled and 

heritable (Shannon, 1988). In addition pattern of inheritance, the number of genes 

contributing to salt tolerance and nature of gene action should be known. Keeping the 



above factors in mind the study was planned to cross the salt susceptible genotype 

(Alexendria) with salt tolerant variety (KRL-1-4) to explore the mode of gene action 

controlling the different plant parameters. This study has generated a lot of information 

regarding the nature of genes including allelic and non-allelic controlling different plant 

traits. Various scientists through out the world exploring the gene action of salt 

tolerance in wheat have conducted several studies. In most of the studies diallel fashion 

was used which give information on additive and dominant gene actions only, but don‟t 

reflect the true picture of non-allelic interactions.  So in the present studies Triple Test 

Cross has been used which not only estimate dominance and additive portion of gene 

action but also quantify epistasis.  

 Secondly, KRL1-4 highly salt tolerant wheat variety which could be fully 

adaptable in Pakistan. This genotype has not been widely used in genetic studies for salt 

tolerance like the others as Kharchia–65, which is agronomically not acceptable. This 

information will facilitate the professional breeders to plan their research accordingly 

and will provide a guideline to design the breeding strategy. 

Suggestion for Future Research 

 In the present study various morpho-physiological traits were studied which 

provided a lot of information for breeding salt tolerant genotypes but most of these 

traits are environment sensitive and selection for these traits may some time be 

misleading. So it is suggested that in future conventional research should be coupled 

with molecular techniques to acquire knowledge, about genetics of salt tolerance. The 

techniques like finger printing, RAPD, AFLP, RFLP and SSR may be used to locate 

specific salt tolerant genes and this information will help breeders, to use these genes 

precisely in their breeding programs aimed to evolve salt tolerant and high yielding 

wheat genotypes.  
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