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ABSTRACT 
 

Responses of 50 varieties/lines of Gossypium hirsutum L. to three NaCl salinity levels i.e., control, 10 dS/m 
and 20 dS/m, were compared at seedling stage. The results revealed that increase in NaCl salinity, after 30 
days growth, considerably affected the growth of roots and shoots, but the effect was more pronounced on 
roots. Based upon absolute and relative salt tolerance, using root length and shoot length data, three 
varieties/lines i.e., NIAB 78, B 557  and MNH 522 were found to be salt tolerant, and by contrast Qalandri, 
MNH 147 and BP52NC63 were found to be salt sensitive.  The estimates of broadsense heritability of root 
length was high, suggested that improvement in salinity tolerance in Gossypium hirsutum L. is possible 
exploiting the existing variation through selection and breeding.  Leaves of six selected lines/varieties grown 
in control, 10 and 20 dS/m were stored separately for one week in micro-tubes in deep freezer. The 
concentration of Na+ and K+ ions in the sample were measured with the help of flame photometer. Uptake of 
K+ in relation to Na+ (K+/Na+) was computed. The tolerant cultivars had lower concentration of Na+ and more 
concentration of K+ and thus K+/Na+ ratio in the leaves was high than sensitive ones. Genetic diversity in 
species at molecular level provides an accurate estimate of phenotypic diversity. Random amplified 
polymorphic DNA (RAPD) fingerprinting technique was used to measure the relationship between six 
selected parents. It was revealed that three varieties NIAB78, MNH522 and B557 clustered in one group (A), 
and the other three namely Qalandri, MNH147 and BP52NC63 formed the second group (B). For the 
development of plant material for genetic studies, six parents were crossed according to diallel crossing 
system to get F1 seeds. The genetic basis of variation found in responses of accessions/lines to 17.5 dS/m, 20 
dS/m and control, 30 F1 hybrids and six parents were allowed to grow upto maturity. The data on plant height, 
number of bolls per plant, boll weight, ginning percentage, yield of seed cotton per plant, total biomass per 
plant, staple length, fibre strength, fibre finess, Na+ contents, K+ contents, K+/Na+ ratio and proline 
accumulation were collected. From the data it is shown that all the characters were found to be controlled by 
additive properties of the genes at low salinity (17.5 dS/m), whilst boll weight and proline accumulation 
appeared to be affected by non-additive genes under 20 dS/m salinity. Plant height, number of bolls, boll 
weight, yield of seed cotton, total biomass, Na+, Na+/ K+ and proline accumulation was revealed to be 
effected by the additive genes. Although cumulative genes effects appeared to be important in controlling 
variation in salinity tolerance, dominance acted towards greater NaCl tolerance. This data suggests that 
possibility of breeding Gossypium hirsutum L. does exist in the material.  
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CHAPTER 1 

INTRODUCTION 

 

After planting seed in the soil its production potential is subject to biotic and abiotic 

stresses (Clark and Duncan, 1993). The presence of one or more stresses in a developing 

country like Pakistan is the cause of many social and economic problems of people. Like 

other abiotic stresses, soil salinity is a major limiting factor of plant productivity 

throughout the world. Salt affected soils are all soil formation in which water soluble salts 

exceeds a certain limit, consequently adversely influencing physical, chemical and 

biological soil properties, and as a result this type of soil has a decreased productivity. 

 

 The problem of soil salinity is of frequent occurrence in arid and semi arid regions 

(Ashraf, 1994; Lin et al., 1997, Khan et al., 2001), however the extent of salt affected 

area varies.  It is estimated that over 800 Mha have been affected in the world either by 

salinity or sodicity which becomes over 6% of the total land area (FAO, 2005). The 

global distribution of salt affected area is 357.3 Mha in Australia, 211.7 Mha in north and 

central Asia, 129.2 Mha in south America, 87.6 Mha in south Asia, 80.6 Mha in Africa, 

50.8 Mha in Europe, 20.0 Mha in south-east Asia, 15.7 Mha in north America and 2.0 

Mha in Maxico and central America (Szaboles, 1993; Khan et al., 2001). According to 

another report about 0.34 x109 ha (23%) are designated as saline, ECe >4 dS/m and 0.56 

x109 (37 %) as sodic of the cultivated lands (Tanji, 1990). The saline area has been 

categorized into four major classes i.e. very severe saline, ECe >16 dS/m (652 thousands 

hectares), severely saline, ECe 8-16 dS/m (738.3 thousands hectares), moderately saline, 

ECe 4-8 dS/m (804.8 thousands hectares) and slightly saline, ECe 2-4 dS/m (472.4 

thousands hectares) (Anonymous, 2002).   

 

Salinity is known to affect the metabolism of plants by many aspects and changes the 

anatomy and morphology of plants. Salinity has affected the time and rate of germination 

of seeds of almost all types of crops, the overall size of plants, size of branching and 

leaves, and whole the plant architecture. The salts within the plant enhance the 

senescence of old leaves. Continued transport of salts into transpiring leaves over a long 

period of time eventually results in very high Na+ and Cl- concentrations, and ultimately 

plants die. The old leaves are damaged by accumulation of Na+ in leaf tissues, which 
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shortens the lifetime of individual leaves, thus reducing the net productivity and crop 

yield (Munns, 1993; 2002). A considerable number of photosynthesizing leaves for plant 

to propagate some flowers and seeds must be produced by the plant, and if the rate of leaf 

death exceeds than the rate of new leaves born, then the plant may not survive (Munns, 

2002). 

 

There are many causes of the development of salinity, for example, harsh climatic 

conditions, uneven distribution of rainfall during the whole year. Thus cultivation in these 

areas, by and large, depends upon canal irrigation and due to higher evaporation rate of 

water from the soil a layer of salts of different species is deposited upon the surface of 

soil. There is evidence to show that use of canal water has deteriorated the agricultural 

land in Euphrates valley (7000 years ago), and people started to grow more salt tolerant 

barley instead salt sensitive wheat (Evans, 1998). Similarly in other regions of the world, 

areas associated with river system for irrigation, the soils had become saline; for example, 

the Indus in Pakistan, the Gangas system in the north-west of India, the head-waters of 

the Mekong river system in the north-east of Thailand, the Huang and associated rivers in 

the north-China plains, the colorado in the south-west of the USA, the Niles in Egypt, and 

the Murray-Darling catchments in Australia (McWilliam, 1986). It is a fact that canal 

irrigation water contains sufficient amount of salts of different kinds. It is estimated that 

when this water with electrical conductivity of only 0.5 dS/m (having a salt concentration 

of 0.3 g/l = 0.3 kg/m3) is used to irrigate 10000 m3/ha per year, it adds 3000 kg of salt 

particularly of NaCl. When these soils, are insufficiently drained, these salts are 

accumulated in the root zone, and become a great threat to agricultural activities.   

 

Pakistan is predominantly an agricultural country, and major part of the agricultural area 

is commanded by extensive canal irrigation system. The canal water contains varying 

amounts of different salts (Hollington, 1998), and  insufficient precipitation i.e. 100 mm 

to 700 mm throughout the country is not sufficient to leach these salts in the soil, and 

resultantly about 62 % of canal commanded area had been affected by moderate to severe 

salinity (Salim, 1991). According to another report, due to continuous use of low quality 

irrigation water for agriculture purpose in the country, about 5.7x106 ha of arable land had 

been affected by salinity (Mujtaba et al., 2003). This practice has resulted in the 

development of about 0.6x106 ha slightly saline, ECe 2-4 dS/m, 1.23x106 ha moderately 

saline, ECe 4-8 dS/m, 2.385x106 ha severely saline, ECe 8-16 dS/m, and 2x106 ha very 
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severely saline, ECe >16 dS/m (Anonymous 2003). Certainly this distribution of saline 

area presents the best illustration of the advance of salinization in the country, and has 

become a potential threat to agriculture.  

 

The agricultural scientists and the Government of Pakistan had recommended several 

reclamative measures to reclaim the huge acreage for cultivation, and these include use of 

gypsum, sulpher and sulphuric acid which accelerate leach down the salts present in the 

root zone. In addition to this chemical approach, tube wells were installed under the 

‘Salinity Control and Reclamation Project’ (SCARP) in the area hit by salinity and water 

logging. This engineering approach had been effective to decrease the concentration of 

salts to a greater extent, but due to escalating cost of labor and energy these had become 

uneconomical to the country. Another concept, ‘the genetic approach’ which appears to 

be more feasible and economical, is the development of crop cultivars suitable for the 

areas affected by salinity. This approach is cheaper, and has been emphasized many 

research workers (Qureshi et al., 1990; Noora et al., 1995 ; Azhar and Khan, 1997; 

Hollington, 1998; Shannon et al., 1998; Rao and McNeilly, 1999; Czembor, 2000;  Dakir 

et al., 2002; Khan et al., 2003; Madidi et al., 2004). Another approach, “Saline 

Agriculture”, and this worked successfully by growing some salt-tolerant trees and shrubs 

on these derelict lands without spending huge amount of funds on drainage and 

reclamative work. This approach was suggested by Qureshi (1993). It was demonstrated 

that Atriplex and Eucalyptus grew successfully on farm trials in areas affected by salinity.    

 

These examples of the successful plantation of trees clearly suggest that development of 

salt tolerant crop cultivars seems to be a possible alternative to the expensive engineering 

approach to bring the saline marginal lands under cultivation. Therefore, the plant 

breeders had started many years ago to exploit the plant genetic resources for developing 

crop cultivars tolerant to salinity (Epstein, 1980 and Shannon, 1984). Towards this end, 

development of salt tolerant tomato by Epstein and Norlyn (1980) hybridizing 

Lycopersicon cheesmanii to Solanum lycopersicum, and back crossing, improvement in 

salinity tolerance in lucerne after two generations of selection (Noble et al., 1984) are the 

elegant examples of the success of plant breeders. These successful stories of breeders 

provided impetus to other breeders for bringing genetic modifications in plants species 

endemic to the area affected by salinity. The varieties of wheat, barley, cotton and rice 

were developed for high yields in saline regions of Pakistan, India, Egypt and United 
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States. Salt tolerant varieties were also found suitable for non-saline areas (Akbar et al., 

1972; Kingsbury and Epstein, 1986), for example, Kharchia-Rata, wheat line in India, 

Sakha-8 in Egypt LU-26S and SARC-I in Pakistan (Rana, 1986). Barley varieties namely 

CM-67 and Albacete (Royo and Aragues, 1993); rice variety, Giza-159 (Gad El-

Hak,1966) and Egyptian cotton cultivars, Bhatim-110, Menoufi, Ashmouni, and  Bhatim-

108 (Ashour and Abd. El- Hamid, 1970), and in Pakistan NIAB-78 (Jafri and Ahmad, 

1994; Qadir and Shams, 1997), MNH-93 (Ahmad et al., 1983; Malik and Makhdum, 

1987; Qadir and Shams, 1997), were found most salt tolerant of soil salinity. 

 

For bringing any evolutionary change in a plant character like salinity tolerance in 

Gossypium hirsutum L., either through artificial means or human selection, availability of 

two components in a population is a must. Firstly there must be significant amount of 

variability within the crop species and secondly this variation must involve a significant 

genetic component. Without the advent of biotechnology, morphological markers are 

routinely used for analyzing variability/genetic diversity, but various molecular markers 

have been developed into powerful tools for such studies, for example, random amplified 

polymorphic DNAs (RAPDs) technique is being used more commonly in Gossypium 

hirsutum L. (Multani and Lyon, 1995; Tatineni et al., 1996; Rana and Bhat, 2004). For 

the development of successful strategy for breeding such tolerant plant material, through 

selection and breeding, availability of two components is essential.  

 

The previous work reported in the literature revealed the existence of variation in salt 

tolerance in different crops e.g. wheat (Akhtar et al., 2003; Bhatti et al.,2004; Ali et al., 

2007), maize (Rao and McNeilly, 1999; Khan et al., 2003), sorghum (Azhar and Khan, 

1997; Azhar and McNeilly, 2000; 2001),  barley (Czembor, 2000; Dakir et al., 2002; 

Madidi et al., 2004), rice (Shannon et al., 1998;  Lee et al., 2003). 

 

Although information on the presence of variability in different crop species for salt 

tolerance is well documented, knowledge about the genetic basis of that variability is not 

frequently reported in the literature. However, therefore, genetic studies who do exist 

provided evidence that salinity tolerance was genetically controlled for example in citrus 

root stock (Furr and Ream, 1969), sorghum (Azhar and McNeilly, 1988, 2000, 2001), 

rice ( Shannon et al., 1998), maize (Rao and McNeilly, 1999), Triticeae  (Farooq and 

Azam, 2001; Xing et al., 2002).   
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There is an array of crops grown in Pakistan throughout the year, but cotton (Gossypium  

hirsutum L.) is the most important cash crop grown on extensive area of cotton belt of 

Punjab and Sindh provinces. The cotton crop is grown extensively in the canal irrigated 

area of the country affected by salinity to varying degrees, and therefore development of 

salinity tolerance with in Gossypium hirsutum L. would be useful. Cotton plant has been 

described as moderately tolerant to salinity (Maas, 1986), and being a glycophytic plant 

its growth and yield are severely repressed by high salinity, especially at germination as 

well as emergence stages (Ashraf, 2002).  

 

There are few reports available which do show that variation for salinity tolerance does 

exist. The previous work which may explain the genetic mechanisms controlling 

variation for salinity tolerance in Gossypium hirsutum L. is not frequently reported.  

Recently Azhar and Raza (2000), Noor et al. (2001), Bhatti et al. (2006), and Azhar et al. 

(2007) found that varieties of upland cotton responded differently to NaCl salinity.  

Keeping in view the economic and social importance of cotton in the society of Pakistan, 

the present research work has been done in order to examine the genetic potential in 

Gossypium hirsutum L. for bringing improvement in salinity tolerance through selection 

and breeding. The information on the genetic control of salinity tolerance have been 

derived from the plant material developed by crossing the selected parents according to 

diallel crossing system and data analysed following method given by  Hayman (1954 a,b) 

and Jinks (1954). The information reported herein may be useful for the research workers 

who are engaged in the breeding of cotton varieties suitable for saline conditions. 
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CHAPTER 2 

REVIEW OF LITERATURE  

2.1. Effects of Salinity on Plants 

When crop seeds are planted in salt affected soils, there appears many symptoms of the 

adverse affects of salt, these results poor seed germination, stunted growth, reduced plant 

height, smaller and thicker leaves than in normal plants, having dark green and bluish 

colour (Khan et al., 2001; Munns, 2002). The impact of salinity on agricultural 

production is difficult to quantify  due interaction of different stresses, for example, water 

stress, high temperature, poor irrigation system, salt-rich water with poor drainage system 

and overexploitation of land, and due to multifactorial interaction production potential of 

different crops, especially in over populated areas of the developing world is reduced 

(Pitman and Lauchli, 2002). Under saline conditions, the reduction of plant growth and 

dry matter has been reported in several grain crops (Delgada et al., 1994; Tejera et al., 

2006). The losses due to salinity have been estimated to the extent of US$ 12.6 billion 

annually (Ghassemi et al., 1995). 

 

Transfer of salts from root zone to roots, and then to shoots is an outcome of the 

transpirational system required maintaining the water status of plant, and unregulated 

transpiration may cause accumulation of Na+ and Cl- ions in the shoots to the toxic levels 

(Yeo, 1998). Ultimately the supply of nutritional elements and mineral ions to growing 

region may decline. Lower transpiration rate, and reduced ion uptake by the roots, or 

reduced xylem loading, may cause poor supply of ions. An insufficient supply of ions to 

the expanding region of leaves may disturb cell division and/or expansion of plant parts 

when they are exposed to high levels of NaCl (Bernstein et al., 1995). In expanding 

leaves, salinity has disturbed the level of K (Maas, 1993) and also changed the 

concentration of P (Martinez and Lauchli, 1991). In xylem, concentration of K declined to 

about half of control values in plants grown at high concentration of salt (Wolf et al., 

1990). The immediate response of plants to salinity is the closure of stomata, and at 

different plant growth stages they may show different responses to high salinity, and these 

responses vary with ageing of the plants.  
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Very serious and prolonged effects of this soil-related hurdle is desertification, which 

with different degrees affect all developed and developing countries of the world, and is 

clearly  a major threat to food security in the overpopulated areas particularly in India, 

Bangladesh and Pakistan (Szabolcs, 1989).  In saline soils, the plant harvests i.e. leaves, 

fruits, roots, heads, stems etc. are usually become smaller, and therefore, both quantity of 

fruits, vegetables and all the agricultural products as well as quality may be affected, for 

example, high Na+  reduce sugar recovery in sugar crops (Bray et al.,2000; Munns, 2002). 

Bernal et al. (1993) reported that high concentration of NaCl in nutrient solution reduced 

growth of wheat plant by making osmotic potential of the substrate solution more 

negative, and the actual cause of this reduction is the specific toxicities from excessive 

uptake of Na+ and Cl-.  It had been reported that salinity decreased the weight and number 

of bolls in cotton significantly, and ultimately the yield of cotton crop (Ahmad et al., 

2002; Saqib et al., 2002; Khan et al., 2004; Akhter et al., 2005), and the reduced yield 

could be due to toxic affects of Na+ and Cl- concentration in physiological active parts of 

tissues because of inefficient compartmentation of these ions in vacuoles (Qureshi et al., 

1990; Rashid et al., 1999; Ali, 2004). The quality of fibre traits were also affected by 

salinity (Ashraf and Ahmad, 2000 a; Bhatti et al., 2006).  

 

The previous studies on salt tolerance revealed that the adverse effects of salinity, in the 

presence of macro nutrients in the soil, are less drastic, and numerous studies showed that 

presence of NPK in saline soils stimulated plant growth and increased yield of Gossypium 

hirsutum L. (Pessarakli and Tucker, 1985 a,b), Capsicum annum L. (Castorena et al., 

2003), and Persicon esculentum L. (Shaaban et al., 2004). With the increase in salinity, 

production of dry matter decreased, but with the application of nitrogenous fertilizer it 

increased at each salinity level (Leidi and Saize, 1997; Ashraf and Ahmad, 1999, 2000 b). 

These studies suggest that in order to protect the crop from the detrimental effects of salt 

stress, it is necessary to identify the particular plant growth stage which is affected the 

most by salinity (Ashraf and Rasul, 1988; Francois et al., 1989), for example, wheat, 

brassica species and cotton were shown to be sensitive to salinity at emergence and early 

seedling growth than during germination to later growth stages and at grain filling stage 

(Perveen and Qureshi, 1992; Qadir and Shams, 1997; Gill and Kumar, 1999; Khathar and 

Kuhad, 1999; Jamil et al., 2005). 
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In some crops, tolerance may change from germination to later growth stages, and also 

having variation within the varieties, for example, in soybean.  In sorghum vegetative 

stage was found to be most salt sensitive, and having varieties differed for salinity 

tolerance (Maas et al., 1986; Azhar and McNeilly, 1989). Gossypium hirsutum L. is much 

sensitive to salinity at both germination and seedling stages but comparatively tolerant 

there after (Jafri and Ahmad, 1994; Phoqat et al., 2001). The germination and seedling 

stage of cotton having 6-leaves have recently been reported to be most sensitive to salt 

stress (Zhang et al., 2001). A very important suggestion and valuable report from the 

experimentations of many research workers is that tolerance is directly related to the 

duration of the exposure of plants to salinity (Millihollon et al., 1993; Qadir and Shams, 

1997; Gill and Kumar, 1999).  

 

2.2.   Mechanism of Plant Adaptation to Saline Conditions    

2.2.1. Halophytes and Glycophytes        

Salt marshes, salt swamps, inland saline sweeps and saline deserts are salt-rich in nature 

and are known to be natural sources of salinity, and the plants growing there show 

evidence about their ability to survive under these adverse and severe conditions of 

salinity, for example, Atriplex hastata, Salicornia europaea, Spartina townsendii and 

Distichlis have shown adaptation to high salt concentrations, and they complete their life 

cycle without being  affected  by the salinity, and these  plant species are known as 

halophytes ( Glenn et al., 1991; Edward et al., 1998). 

 

The salinity is obligatory for the growth of halophytes (Shannon, 1997), but these are 

found naturally growing in saline habitats like sea water, and many of them have their 

growth stimulated and favored in the presence of salts, and they require electrolyte such 

as Na+ and Cl- with concentrations higher or much higher than those found in non-saline 

soils. These plants respond best to salinity within a range of 20-500 mM NaCl, and led to 

a number of classification attempts (Glenn et al., 1999). Halophytes seem to lack of 

unique metabolic machinery that is sensitive to or activated by high Na+ and Cl- (Nelson 

et al., 1998). 

 

On the other hand, non-halophytes (glycophytes) cannot germinate, grow and survive 

within the adverse conditions of salinity and may die at high NaCl salt concentrations 

(Shannon, 1984). However, there are some plant species that are originated from non-



 9

saline media but have evolved halophytic progeny or ecotypes e.g. salt tolerant clones of 

Festuca rubra and Agrostis stolonifera (Khan and Marshal, 1981). The above description 

shows that there is no hard and fast rule to distinguish the plants into the two groups 

because the tolerance and sensitivity to salinity of different plants varies over a wide 

range, from sensitive to salt tolerant (Francois et al., 1989).       

 

The reduction in growth and after all death of the plant in saline environments is related 

to a number of factors including a build-up of toxic ions like Na+ and Cl- in a cytoplasm 

of leaves, root cells that inhibits metabolic processes or help build-up some toxic ions in 

the cell walls of the leaves (Greenway and Munns, 1980; Bernstein et al., 1995; Hilal et 

al., 1998). In saline soils, Na+, K+ and Cl- are the dominant ions affecting plant growth 

(Maas, 1993; Akhtar et al., 1999; Munns, 2002). Under these conditions, the activities of 

some essential nutrients may also be reduced (Gratten and Grieve, 1992), and plants may 

experience nutritional disorders due to improper supply of essential nutritional elements 

(Bernstein et al., 1995; Hilal et al., 1998). Ionic ratios in the salt affected soils are quite 

different from those of normal soil which result in disturbed ions balance in the cell after 

dominant accumulation of ions like Na+, Cl-, Mg++, and So4
-- etc. These  ions in the root 

medium induce deficiencies or interfere with the uptake and translocations of nutrient 

ions like Ca+2 , K+, HPO4
-2, HPO4

-, and NO3
 - (Jeschke, 1984; Bernstein et al., 1995; Hilal 

et al., 1998), and these ions some times exclude K+ to the outside (Kalaji and 

PietKiewicz, 1993).  

 

Plants increase its internal osmotic pressure and maintain turgor, in the presence of Na+ 

and Cl- ions, however, there are ample evidences to suggest that these ions are generally 

toxic to higher plants and their other biological systems rely mainly on ions for osmotic 

adjustment and turgor maintenance (Yeo, 1998; Glenn, 1999; Apse et al., 1999). The 

glycophytes respond to salinity differently and do not usually accumulate considerable 

salts to maintain turgor pressure in the presence of salts in the root zone because they do 

not have  the protective mechanisms to tolerate high Na+ and Cl- concentrations (Mass 

and Nieman, 1978). Therefore, these plants try to avoid lethal effects of salts by adjusting 

osmotic-stress-adaptation-strategy which differed from that of halophytes, using energy 

dependent syntheses of organic molecules. Plant growth may also be ceased under saline 

conditions by metabolic disturbances caused by ion toxicity due to excessive 

accumulation of Na+ and Cl- used for osmotic adjustment (Greenway and Munns, 1980; 
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Apse et al., 1999; Yeo, 1998). The metabolic processes such as enzyme activity, protein 

syntheses, the absorption and assimilation of nitrogen and the process of photosynthesis 

are altered by the toxic effects of these ions (Poljkoff- Mayber, 1982; Flowers, 1995; 

Perez-Alfocea et al., 1993).  

 

Halophytes require more electrolytes like Na+ and Cl- with higher concentration of salts 

for better and optimum growth, or much higher than that of present in non-saline soil. 

These types of plants grow well and respond well to high concentrations of salts of 20-

500 mM NaCl (Greenway and Munns, 1980; Glenn et al., 1999). Halophytes have no 

specific and unique metabolic machinery that is insensitive to Na+ and Cl- (Niu et al., 

1995; Nelson et al., 1998). 

  

2.2.2.    Osmoregulations - A Mechanism of Salt Tolerance 

A well developed mechanism of osmotic adjustment is found in halophytes, and having 

the ability of synthesizing the organic compounds such as glycerol, mannitol, sorbitol and 

proline that helps in reducing the effects of dehydration and salinity (Khan et al., 2000). 

Proline and glycine-betain have been found to decrease the toxic effects of NaCl salinity 

(Roy et al., 1992). In the presence of these organic substances plants become able to 

accumulate high levels of salts, also maintain the soil-water balance and can grow under 

high salt concentrations (Turan et al., 2007 a, b). The process of maintenance of the cell 

turgor by a sufficient increase in cell solutes to compensate for external osmotic stress is 

called osmoregulations, osmoprotectants, osmotic compensation or osmotic adjustment 

(Munns, 2002). Osmoregulations in higher plants under salt stress involve either uptake 

of salts or synthesis of organ solutes or both. To avoid dehydration and maintain turgor, 

the cell must decrease total water potential by reducing osmotic potential. The primary 

responses of almost all the agricultural crops (commonly known as glycophytes) to 

salinity are the restricted transport of the salt to the shoots and maintenance of a favorable 

water balance by the synthesis of organic solutes (Lauuchli and Epstein, 1990). In plants, 

the major well-suited and compatible osmoregulations or osmoprotactants are 

glycinebetaine, proline and polyols (Rontein et al., 2002). 

 

In order to survive, the plant must adjust osmotically; it must build up even higher 

internal solute concentrations. Potassium and other organic solutes such as proline, sugar, 

and glycinebetaine are the main organic osmoregulators in glycophytes which protect 
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them from adverse effects of salinity (Lauuchli and Epstein, 1990; Rontein et al., 2002). 

Some glycophytes accumulate Na+ in shoots e.g., the family Chenopodiaceae, and the 

member of this family tolerate a higher concentrations of NaCl than those which exclude 

Na+. Proline accumulation under stress is proposed to be a part of the mechanisms of 

osmotic adjustment (Misra et al., 1996; Van Heerden and de Villier, 1996; Lutts et al., 

1996; Turan et al., 2007 b), although a negative correlation has also been shown between 

proline accumulation and the degree of stress tolerance (Perez-Alfocea et al., 1993; Lutts 

and Guerrier, 1995). Glycophytes do not possess the protective mechanism to tolerate 

high Na+ and Cl- concentrations, and in these plants K+ and organic solutes are the major 

osmotic components (Wyn Jones and Gorham, 1983). 

 

2.3.     Mechanisms of Salt Tolerance and Ion Compartmentation 

Plants responses to salinity are in general extremely complex, and many physiological 

mechanisms are involved in enabling them to overcome with these biotic and abiotic 

environmental stresses (Munns, 2002; Rontein et al., 2000; Balibrea et al., 2000). Several 

research workers have demonstrated salt tolerance mechanisms, for example, ion 

accumulation (Rush and Epstein, 1976; Flowers et al., 1977, Tal and Shannon, 1983), ion 

exclusion (Noble et al., 1984; Qadir and Shams, 1997; Ahsan and Wright, 1998), osmotic 

adjustment (Morgan, 1977; Shannon et al., 1987) are the most common mechanisms of 

salt tolerance in most of crop species. 

 

On the other hand, in case of halophytes, uptake of high concentrations of ions proved to 

be an adaptation mechanism to salinity (Flowers et al., 1977). However, plants can store 

toxic ions not only in vacuoles but also in specialized organs such as salt glands and 

bladders (Levitt, 1972; Schirmer and Breckle, 1982). The wild tomato species 

(Lycopersicon cheesmanii) is considered to be most tolerant than the cultivated species 

due its capacity  to accumulate ions (Rush and Epstein, 1981b), and the salt tolerant line 

of tomato (Edkawy) also accumulates higher concentrations of Na+ in leaf tissues than 

Solanum lycopersicum which is more sensitive one (Hashim et al., 1986; Hassan et al., 

1999). In both glycophytes and halophytes, salt may accumulate and store preferentially 

in vacuoles, interstitial compartmentation, stems or older leaves. The physical and genetic 

factors that influence ion compartmentation and distribution within plants are mostly 

unknown. Wild halophytes may be introduced and used as new and useful salt tolerant 

crops keeping in view their agronomic as well as combination potential. But it may not be 
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possible to transfer halophytes crop species into glycophytes crop species. Only a few 

crop species, e.g. Beta vulgaris are halophytes. 

 

In high salinity and high concentration of salts in the root zone of plants causes water 

potential to decrease to the extent that water and, in turn, nutrient supply to the plant is 

severely disturbed which results in reduced plant growth and ultimately yield (Jafri and 

Ahmad, 1994; Ashraf and Ahmad, 1999; Saqib et al., 2002). Plants survive and grow in 

the presence of salinity due to osmotic adjustment through intracellular 

compartmentation, and differentiate toxic ions away from the cytoplasm through energy-

dependent transport into a vacuole (Glenn et al., 1999; Apse et el., 1999). There are many 

examples of glycophytes whose salt tolerance has been related to their ability to exclude 

Cl- and Na+ ions from their shoots (Qureshi et al., 1990; Gorham, 1990). Halophytes have 

an edge on glycophytes to get rid off Na+ and Cl- with the help of some glands and 

bladders, through accumulations of organic solutes in the cytosol, and the lumen, matrix, 

or stroma of organelles (Niu et al., 1995; Yeo, 1998). Plants, whether glycophytes or 

halophytes, cannot tolerate large amounts of salts in the cytoplasm, and therefore under 

saline conditions they either restrict the excess salts in the vacuole or compartmentalize 

the ions in different tissues to facilitate their metabolic functions (Lyenger and Reddy, 

1996). 

 

2.4.   Salinity Impose Water Deficit  

Plants can not take water from the soil in the presence of salts which ultimately reduces  

growth rate of the plant, and these excessive amounts of salts enter in the transpiration 

system of plants, which injure the cells of transpiring leaves, and known as ion-excess 

effect of salinity (Greenway and Munns, 1980; Munns, 2002). The results of several 

studies had revealed that reduced plant growth and decreased yield under stress 

conditions were due to unequal supply and impairment in essential nutrient elements and 

water deficit, abnormal metabolism and improper synthesis of protein (Salim, 1991; 

Pessarakli, 1995; Dubey, 1993; Castorena et al., 2003). It would seem that plants able to 

adjust osmotically by taking large quantities of salts might be able to avoid physiological 

drought, whereas plants which tend to exclude salts to some extent as part of their 

tolerance mechanism might tend to suffer physiological drought. 
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It was noted that the major effects of salinity inhibit the plants, and their development has 

been resulted by the water deficits (Richards, 1954). With the increase in soluble salts in 

the soil solution near the root zone lowers the osmotic potential and disturbs the 

availability of water to the plants, and this phenomenon is known as physiological 

drought (Hsioa, 1973). High salt concentration in the root zone may depress the growth of 

most of the plant species by lowering the water potential, excessive accumulation of ions 

and effects of specific ions on metabolic processes ranging from absorption of nutrients to 

enzyme activation (Kingsbury et al., 1984; Gratten and Grieve, 1992). With the increase 

in soluble salt contents in the soil solution near the root-zone lowers the osmotic potential 

and disturbs the availability of water to the plants, and this phenomenon is known as 

physiological drought (Steponkus, 1980). There are many evidences to show that deficit 

of water has direct and very important relationship with salinity problem. Salinity directly 

reduces the plant water potential (Azaizeh and Stendele, 1991), which actually reduces 

the expansion of leaves, ultimately reduces the photosynthesis and multiplication of new 

tissues and as a consequence retarded the whole plant growth and production. There are 

numerous reports of suppression of photosynthesis as a result of salt stress (Kao et al., 

2001). 

 

Roots are reported the most sensitive to salinity (Levitt, 1980; Okusanya and Ungar, 

1984.), and thus root growth inhibition adversely affects plant growth, survival of plant 

and ultimately its whole production, and it is due to specific ion toxicity of Na+ and Cl- 

(Bernal et al., 1993; Rashid et al., 1999; Ali, 2004), and also due to osmotic imbalance 

(Kingsbury et al., 1984).  

 

2.5   Genetic Variability - A Valuable Tool for Salt Tolerance 

Although the engineering approach was effective to ameliorate the problem of soil and 

water salinity and waterlogging, due to the escalating cost of energy the continued 

running of these projects did not appear feasible. Another possibility which appears to be 

more feasible is the development of crop cultivars suitable for the areas affected by 

salinity, called “biological/genetic approach” which is much cheaper and has been 

emphasized by many workers (Qureshi, 1993; Hollington, 1998). This approach 

suggested that improvement in salt tolerance in different plant species would be possible 

through selection and breeding. There must be available a significant and considerable 
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amount of genetic variability in the gene pool to start a breeding program  on any stress 

tolerance, e.g., salinity tolerance, drought tolerance, any disease tolerance.  

 

Fortunately, the work done during the last four decades on soil salinity problem has 

shown the presence of significant genetic variability for salinity tolerance at the family, 

genus and species levels (Mass, 1986). Although salt tolerant species are found within a 

wide range of plant families, and some families have greater number of salt tolerant 

species e.g. Chenpodiacae has wild species, Salicornia and Atriplex, as well as cultivated 

Beta vulgaris. The main salt tolerant species in the Poaceae family are wild Spartina 

species, tall wheat grass (Elytrigia pontica), Bermuda grass (Cynodon dactylon), barley 

(Hardeum vulgare), and sugarcane (Saccharum officinarum). It is clear from the studies 

of intergenic differences for salt tolerance (Shani and Dudley, 2001), that when 

concentration of salt increases crop species show different response to salinity, and thus 

the potential for selection and breeding (Shannon et al., 1998; Volkmar et al., 1998).     

                       

The presence of variation in salt tolerance has been reported by many research workers in 

different varieties of different crops, for example, in wheat (Akhtar et al., 2003; Bhatti et 

al., 2004; Ali et al., 2007),  maize (Noora et al.,1995; Rao and McNeilly, 1999; Khan et 

al., 2003), sorghum (Azhar and McNeilly, 1987, 2000, 2001), sunflower (Bhutta et al., 

2004), barley (Czembor, 2000; Dakir et al., 2002; Madidi et al., 2004), rice (Ahmad et 

al.,1990; Shannon et al., 1998; Lee et al.,2003). 

 

Potato is moderately sensitive to salinity (Ahmad and Abdullah, 1997), sunflower being 

moderately tolerant to salinity remains unaffected up to 4.8 dS/m but its yield decreased 

about 5 % with the increase in salinity (Francois, 1996).Variation against salinity is also 

present in linseed (Ashraf and Fatima, 1994), Alfalfa (Johnson et al., 1992; Al-khatib et 

al., 1994), clover ( Noble and Shannon, 1988; Shannon and Noble,1995) and millets 

(Kebebew & McNeilly, 1996). Legumes are sometimes sensitive and sometimes 

moderately sensitive to salinity (Maas and Hoffman, 1977), and thus it is also strong 

evidence that variation for salinity tolerance in legumes exist to differing degrees. All 

these studies revealed that the variation may be exploited through hybridization followed 

by selection for improving salinity tolerance in these crops. Salt tolerance comparisons 

among a number of salt sensitive, cool season legumes have shown that feba bean is more 

tolerant than lentil and chick pea rated by germination and yield tests (Sexena et al., 
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1994), in water melon different responses to salinity have shown at seed germination 

stage, seedling stages and at maturity (Shannon and Francois, 1978; Menliger et al., 

1983; Shannon et al., 1984). 

 

As a result of these research work on salinity, Noble and Rogers (1992) have revealed  

that in few species, there was very little or no genetic variability within the genotypes to 

salt tolerance, and they suggested that lack of variation was due to inbreeding depression 

and narrow genetic base resulted  by domestication and selection of the desirable plant 

progenies suitable for favorable environmental conditions, and thus the genes  for 

adaptation to adverse growing conditions have been lost, or, if present they are  in very 

low frequency. Screening of only a small portion of available gene pool was another 

cause of lack of variation among the genotypes against salinity, for example, Ayers et al, 

(1952) found little variation between six varieties of lettuce, and in contrast Shannon et 

al, (1983) found considerable and significant variation in salt tolerance in 85 lettuce 

cultivars.  

 

Previous studies of salinity tolerance in cotton are relatively few but these provide strong 

evidence that variation existed within the species (Ashraf and Ahmad, 1999; 2000a, b; 

Noor et al., 2001; Saqib et al., 2002; Bhatti and Azhar 2002; Khan et al., 2004; Akhtar et 

al., 2005; Ali et al., 2005). Recently Bhatti et al. (2006) and Azhar et al. (2007) have 

suggested that different varieties of upland cotton responded differently to NaCl salinity.  

In another study variability in cotton has been found to be under genetic control (Liu et 

al., 1998). Variation can also be generated artificially by mutation (Gottschalk, 1981), by 

using tissue culture techniques, known as somaclonal variation (Larkin and Scowcroft, 

1981). Noble and Rogers (1992) suggested that protoplast fusion might also be useful 

tool to overcome the natural inter-specific barriers to hybridization Therefore it is 

suggested that the species having relatively less genetic variability for their salt tolerance, 

there would be a little likelihood of improving salt tolerance in these species through 

breeding (Bernstein, 1961). In addition, total soluble solids (TSS) in tomato have 

increased using the wild salt tolerant tomato relatives (Jobes et al., 1981; Rush and 

Epstein, 1981 a; Adams and Ho, 1995), and similarly, it has been developed with high 

salt tolerance by the growers in Egypt (Hasan and Desouki, 1982). There are numerous 

elegant examples of the development of salt tolerance in different crop through breeding, 

for example, Fredrickson and Epstein (1975) and Rush and Epstein, (1976, 1981 a, b), 
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improved salt tolerance through backcrossing a wild tomato species (Lycopersicon 

cheesmanii) to a cultivated plant (Solanum lycopersicum). In the same crop many 

breeding lines were developed by using wild relatives i.e., Lycopersicon pennellii, 

(Sacher et al., 1982).  

 
2.6. Genetics of Salt Tolerance   

Breeding for salt tolerance is more difficult and lengthy process, as it involved a number 

of stages (Shannon and Noble, 1990). Although there is increased research in this regard, 

the success on the development of salinity tolerance in crop plants has been limited. The 

potential for selecting and breeding of plants for increased salt tolerance may be good if 

variation exhibited for the character is heritable. The variability in genotypic responses to 

salinity tolerance had been reported to be under genetic control, and thus they may be 

improved through breeding and selection (Ashraf and Noor, 1993; Azhar and Khan, 

1997). Genetic variation demonstrating high heritability is amenable to direct phenotypic 

selection, and it is possible that only a few cycles of selection could result in effective 

improvement in salinity tolerance e.g. Medicago sativa (Noble et al.,1984). By contrast, 

in populations involving a greater non-additive genetic component, selection of desirable 

plants is not straightforward. 

 

A considerable research work has been done to develop salinity tolerance in various 

crops, and most of the strategies were improved salt tolerance of crop species (Flowers 

and Yeo, 1995; Shannon et al., 1998; Volkmar et al., 1998). Ahsan et al. (1996, 2000) 

studied the genetics of salt tolerance in spring wheat and reported that ion uptake in leaf 

sap, grain yield and yield components were under simple genetic control, which could be 

easily exploited in breeding program to improve salt tolerance. All these workers 

reported high estimates of narrow-sense heritability for grain weight and ion content. In 

sorghum, salinity tolerance was controlled by both additive and dominance properties of 

genes and moderate estimates of narrow-sense heritability suggested that rapid 

improvement in salinity tolerance was possible in the species (Azhar and McNeilly, 

1988; Azhar et al., 1998). In addition to these studies, the reports available on maize        

(Rao and McNeilly,1999), rice (Gregorio and Senadhira, 1993; Shannon et al.,1998), 

pearl millet (Kebebew and McNeilly, 1996), lucerne (Al-Khatib et al.,1994) and tomato 

(Foolad, 1996) revealed that salt tolerance was heritable in nature, and thus significant 
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improvement in these species may be made through selection and breeding. While study 

on salinity tolerance in cotton based upon root length, Bhatti and Azhar (2002) reported 

high estimates of broad-sense heritability i.e. 82-89%, suggesting that improvement in 

salinity tolerance in cotton might be possible by exploiting variation through 

conventional breeding method. Ashraf and Ahmad (2000a) studied genetic effects for 

yield and yield components, and fibre quality traits in the material grown at 140 mol m-3 

NaCl stress. It was revealed that both additive and dominance gene effects were involved 

in the genetic control of salinity tolerance. The presence of high additive genetic 

component suggested that effective improvement in salt tolerance might be made through 

appropriate selection. Bhatti et al. (2006) reported both additive and non-additive genes 

effects for fibre quality characters like staple length, fibre finess, and fibre strength in 

cotton grown in 10 and 20 dS/m NaCl salinities. These results suggested that variation 

existed was genetically controlled, and thus a considerable improvement for salinity 

tolerance in Gossypium hirsutum L. could be achieved through selection and breeding. 

2.7.  Development of Salinity Tolerance in Crops 

Many potential criteria based upon physiological traits were proposed for screening the 

germplasm against salinity. These criteria had no relation with each other, and thus 

showed different estimates of salt tolerance, and also tolerance examined at one growth 

stage had differed at other stage. In many cases, the test criterion is also an unrealistic 

predictor of crop performance e.g. germination on filter paper wet with saline solution. 

In the field many seeds that could germinate under these conditions would be unable to 

break through a soil crust, and seedling vigor might be a better criterion. Various 

research workers for example Shannon and Noble (1990), Flowers and Yeo (1995) had 

suggested that physiological markers or physiological traits should be used as selection 

criteria in screening experiments for salinity tolerance, either singly or in combination.  

For example, seed germination, plant growth, fresh root and shoot lengths, fresh and 

dry weights of root and shoot are the most commonly used criterion for screening the 

germplasm against salinity, but root length has been found to be more seriously 

affected than the shoot length (Levitt, 1980; and Okusanya and Ungar, 1984). It has 

been reported that under severe stresses growth and production of cytokinins in roots 

were immediately stopped (Bottger, 1978). Therefore, research workers had been able 

to distinguish salt tolerant and non-tolerant plants of a number of species using root 
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length, for example, grasses (Leim et al.,1985), sorghum (Azhar and McNeilly, 1987), 

and cotton (Noor et al., 2001; Bhatti and Azhar, 2002; Khan et al., 2004; Azhar et al., 

2007). 

 

The sensitivity of some crops to NaCl salinity had been attributed to the inability to keep 

Na+ and Cl- out of the transpiration stream e.g. in rice (Flowers et al., 1977). Plants 

having the ability to uptake toxic ions or maintaining normal nutrient ion contents could 

show greater tolerance; uptake mechanisms that differentiate between similar ions such 

as Na+ and K+ could be useful selection criteria for screening the germplasm as well as to 

evaluate the crosses and parents against different levels of NaCl salinity. However, 

correlations between salt tolerance on yield bases and ion content are not always clear, 

and Isla et al. (1997) concluded that ion content should not be used to screen for salt 

tolerance in barley. Similarly, although Rashid et al. (1999) found correlations between 

ion content and seedling growth on individual plant bases, on pooled cultivar data the 

relationship was much weaker, due to large variation in Na+ and Cl- transport in 

apparently homozygous cultivars. In sorghum, Azhar and McNailly (2001) examined that 

ion content of leaves of different ages differed but not consistently among accessions. 

Accessions Double TX, Giza 114 had the lowest Na+ and Cl-1 concentrations in young 

leaves and these increased with leaf age. In INRA 353 leaf Na+ and Cl-1 concentration 

decreased in older leaves. Nonetheless differences in the responses of all sorghum 

accessions i.e. Double TX, Giza 114, INRA 353, and INRA 133, Na+ and Cl-1 

accumulations were maintained, wholly or partially, at harvest-1 and harvest-2. Salt 

tolerance in Tritiaceae appeared to be associated with much ability to differentiate Na+ 

and K+ in soil solution and to preferentially uptake K+ and exclude Na+ (Maas, 1993; 

Khatun and Flowers, 1995). 

 

Growth and yield of wheat and gram was adversely decreased when grown under 

increasing salinity of irrigation water, whereas Indian mustard was found to be tolerant to 

NaCl salt and moisture stress (Agrawal et al., 2003). Mano and Takeda (2001) checked 

1300 wheat lines for their tolerance against soil salinity at seed germination and seedling 

stage. Salt tolerance at these stages revealed wide and continuous variation among the 

wheat varieties tested, and some highly salt tolerant varieties were selected from this 
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experiment. In other experiment, Ashraf (2002) screened accessions from F3 population 

obtained by crossing two salt tolerant cultivars, LU-26S from Pakistan and ‘Kharchia’ 

from India, and the plant material developed has been successfully grown under 24 and 

36 dS/m salt levels. Haq et al. (2003) reported that with the increase in salinity from 1.2 

dS/m to 15dS/m resulted in significantly shorter shoot length while Na+ and K+ 

concentrations in expressed leaf sap increased significantly in LU 26S. Two salt tolerant 

germplasm, W4909 and W4910, were developed in USA, and these lines can grow in a 

medium irrigated with salt solution having EC=22 dS/m being more tolerant than 

Chinese Spring, the common genetic background (Wang et al., 2003). While studying 

genetic variability of eight primitive bred wheat varieties, Sarwar et al. (2003) identified 

two varieties, 236/1 and 245/1 having superior salt tolerance potential, on the bases of dry 

matter reduction. In  screening experiment of wheat, Akhtar et al. (2003) studied twenty 

wheat varieties,  and the results revealed that genotypes in salt tolerant group were 8244, 

8730, 8659, B2-57 and B2-5711; whereas, moderately salt tolerant group included 8602-

1, B4-5711, 8784, 8670, 8706-1, and 8638 and the sensitive group comprised of 8699, 

8757, B4-92, B2-5713, 8290, 5039, 8750, 8284 and B2-5734 in descending order of salt 

tolerance within each group. 

 

Yilmaz et al. (2004) studied growth and development of three pepper varieties at 

germination and seedling stages, and two genotypes Ilica 256 and Derme were found to 

be tolerant to salinity. Azhar and McNielly (2001) examined the response of 11 sorghum 

accessions to NaCl salinity alone, and mixture of salts NaCl and CaCl2 in 1:1 molar ratio, 

using four EC levels of each type of salinity, i.e. 4 dS/m, 6 dS/m, 8 dS/m, 10 dS/m and 

one control. It was observed that both the salinities caused significant reduction in root 

lengths of all the accessions; however this reduction was more in mixture of salts than in 

single salt.  Iqbal et al. (1995) studied 25 cotton genotypes under different salinity levels, 

and the results revealed that NIAB-78 and MUT-909 were salt tolerant in nature. Six new 

conventional lines have been developed in China, which were drought and salt tolerant 

(Liu et al., 1998). In a pot experiment, four cotton genotypes MNH 93, NIAB 78, S 12 

and B557 were grown for making comparison of their performance on a sandy clay loam 

soil salinized with a salt mixture (Na2 SO4, NaCl, CaCl2,, MgSO4) in the ratio of 9:5:5:1 
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on equivalent bases to obtain salinity levels of 10 and 20 dS/m  NIAB-78 and MNH-93 

were reported to be most salt tolerant (Qadir and Shamas, 1997).  

 

Noor et al. (2001) studied the response of 11 varieties of Gossypium hirsutum L. to three 

different NaCl salinity levels i.e. 0, 150, and 200 mM at seedling stage, and reported that  

BH-121, CIM-240 and CIM-1100 varieties were more NaCl tolerant  than other varieties. 

In another experiment, Khan et al. (2001) investigated the response of 35 cotton hybrids 

at two salinity levels i.e. zero and 250 mM, and suggested that rapid improvement in 

salinity tolerance might be possible through selection pressure in early segregating 

populations. Akhtar et al. (2005) found that FH-938 was salt tolerant and NIAB-111 was 

sensitive one. The varieties of wheat, barley, cotton and rice developed primarily for high 

yields in saline regions of Pakistan, India, Egypt and United States have better salt 

tolerance than varieties developed in non-saline areas, for example, Kharchia-Rata, wheat 

line (India), Sakha 8 (Egypt) LU26S and SARC-I (Pakistan), (Rana,1986). Barley 

varieties, CM 67 and Albacete (Royo and Aragues, 1993); rice variety, Giza 159 (Gad El-

Hak, 1966) and Egyptian cotton cultivars, Bhatim-110, Menoufi, Ashmouni,& Bhatim-

108 (Ashour and Abd. El- Hamid, 1970) while NIAB-78 (Jafri and Ahmad, 1994; Qadir 

and Shams, 1997), MNH-93 (Qadir and Shams, 1997), from Pakistan declared to be most 

salt tolerant. 

 

2.8.    Physiological Bases of Salt Tolerance  

 Ion exclusion is the basic criterion to study the response of most of the salt tolerant crop 

species to salinity.  Tolerant varieties maintained high K+: Na+ ratio (Gorham et al., 1985 

and Iram et al, 1998). Selection with varieties or lines having low Na+ transport has been 

accomplished  in rice (Yeo et al., 1988), while variation for Na+ uptake and yield in saline 

conditions has been found within Blue Silver wheat (Rashid et al., 1999), and low Na+ 

lines have been selected (Salam,1992). Salinity tolerance in tomato is due to the exclusion 

of Na+ and Cl-1, and higher concentration of K+ in stem and leaves (Shaaban et al., 2004). 

A marked reduction in plant height, fresh and dry weight of shoots, and relative growth 

rate has been investigated in different varieties of Glycine max due to its response to high 

concentration of salinity. The Na+ contents were observed to have increased in response 

to salinity, but K+ contents in salt stressed plants became lower than that of controls 

(Shereen et al., 2001; Kamal et al., 2003). The similar  was  the case observed  regarding 



 21

Na+ and K+ contents and K+/Na+ ratios in Capsicum annum L. (Yilmaz et al., 2004), and  

Atriplex helimus (Abbad et al., 2004). 

 

It was observed in cotton that K+ and K+/Na+ ratio decreased with increased salinity level 

(Akhtar et al., 2005). However, Na+ content increased with increasing level of salinity, 

and on these bases they concluded that FH 938 was salt tolerant and NIAB111 was 

susceptible. Salinity increased uptake of Na+ while effects on K+ uptake varied between 

cotton cultivars. Ion uptake in response to salinity was lowest in NIAB78, which classed 

the more salt tolerant (Jafri and Ahmad, 1994). Willadino et al. (1994) concluded that leaf 

Na+/K+ ratio were higher for plants subject to salinity. The salt tolerance of cotton was 

associated with high Na+ accumulation at all salinity levels, while in maize tolerance was 

due to Na+ remaining in the roots and in above ground regions, therefore, being too low to 

have a large effect on growth (Chen et al., 1996). Qadir and Shams (1997) concluded that 

leaf sap analysis showed increased Na+ and Cl- and decreased K+ concentrations with 

increase in substrate salinity. The Na+ concentrations in the leaf apoplast did not reach 

high enough concentrations to be responsible for the decline in leaf growth under salinity 

while K+ concentrations increased in the leaf apoplast under salinity. The Na+ 

concentration in the leaf apoplast of salt sensitive corn and salt tolerant cotton plant 

significantly increased with higher Na+ supply (Muhling and Lauchli, 2002). Ali and 

Aslam (2004) reported that the mean performance for salinity rating, Na+, K+, Na+/ K+ 

absorption  ratio of cotton in shoots indicated that NIAB999 and CIM 707 possessed 

tolerance. The higher salt tolerance in maize varieties based on the severity of leaf 

symptoms was associated with significantly lower Na+ concentrations in shoots. The 

K+/Na+ ratio was significantly greater in most of the tolerant varieties (Eker et al., 2006).  

 

In many glycophytes differences in salt tolerance may be associated with competitively 

less uptake of Na+ at whole plant, shoots or in the leaf level ( Naseem et al., 2000; Ashraf 

and Ahmad, 2000 b; Shereen et al., 2001; Azhar and McNeilly, 2001; Abbad et al., 

2004). The tolerance of some crops to salinity has been demonstrated on the bases of low 

Na+ uptake, high K+ and high K+ / Na+ ratio, for example; in maize low Na+ uptake 

(Mushling and Lauchli, 2001), in wheat low Na+ (Salama et al.,1994; Rashid et al., 1999), 

low Na+, high K+, and high K+ /Na+ ratio (Ahsan and Wright, 1998), high K+ and low Na+ 

uptake (Shafqat et al., 1998), and high K+ / Na+ ratio ( Chhipa and Lal, 1995; Ashraf  and 

O’ Leary, 1996), barley; low Na+ (Royo and Aragues, 1993), in rice low Na+ (Lin and 
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Kao, 1995), and high K+ (Grieve and Fujiyama, 1987; Iram et al., 1989), in melon low 

Na+ (An et al., 2002), and in cotton  low Na+ uptake (Reboucas et al., 1989; Jafri and 

Ahmad, 1994; Qadir and Shams, 1997), high K+ and high K+ /Na+ ratio (Subbaiah et al., 

1995; Ashraf and Ahmad, 2000b; Bhatti et al., 2006), low Na+ and high K+ (Leidi and 

Saize 1997).  

 

2.9.   Molecular Studies for Salinity Tolerance.    

It has been suggested that availability of information on diversity and genetic relatedness 

among elite breeding material is essential in plant breeding. Historically, many genetic 

markers such as morphological markers (Porter and Smith, 1982) and biochemical 

markers (Miller et al., 1989) have been used to monitor and maintain germplasm 

biodiversity, but these markers were more prone to environmental effects and limited by 

small number of loci (Tanksley et al., 1989). Although conventional breeding methods 

have contributed much to the development of cotton cultivars against salinity, DNA 

markers have facilitated the conduct of genetic studies in plant, animal and also in 

prokaryotic genomes (Mullis, 1990; Elich et al., 1991). Among the several DNA based 

techniques, random amplified polymorphic DNA (RAPD) (Walsh and McClelland, 1990; 

Williams et al., 1990) gained importance due to its simplicity, efficiency and non 

requirement of sequence information (Gepts, 1993; Karp et al., 1997), and progress in the 

development of techniques in molecular genetics has provided plant breeder with a rapid, 

powerful and alternative approach in selection. The use of molecular markers has been 

proposed as an alternative procedure (Tobey et al., 1999) for the identification of 

promising parental lines. The DNA markers can be used for DNA fingerprinting of 

genotypes to quantify the genetic variations among them, and to tag useful genes. The 

success of a cross i.e. identification of a true hybrid can be established using 

morphological characters which may not be significantly distinct, thus molecular markers 

analyses are more reliable for identification of hybrids, as genetic relationships are 

estimated on the basis of genotype. 

 

The advent of polymerase chain reaction (PCR) technology has made possible to study 

the genetic differences in plants and animals. The DNA fingerprinting, gene mapping and 

polymorphic studies have tremendously benefited from PCR. One variation of PCR is the 

random amplified polymorphic DNA (RAPD), which generates DNA fingerprinting with 

a single synthetic oligo-nucleotide primer (Williams et al., 1990). RAPDs are inherited in 
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a simple Mendelian fashion and are usually dominant markers. Gene mapping using 

RAPD markers has several advantages over RFLPs. The RAPD procedure is less 

expensive, faster, requires less amount of DNA (0.5 to 50 ng) and dose not involve the 

radioisotopes. There are several examples available in the literature on the application of 

molecular markers to calculate genetic distances in maize (Smith et al., 1990) and rice     

(Zhang et al., 1995). In an experiment of estimating the genetic diversity in cotton 

cultivars, using RAPD, Rahman et al. (2002) revealed that only cultivar VH-137 

possessed a diverse genetic background. Haiyuan et al. (1998) had used RAPDs and 

reported that a single major gene controlled salt tolerance in rice. Similarly, Foolad and 

Chen (1998) identified 13 RAPD markers at eight genomic regions that were associated 

with quantitative trait loci (QTL) affecting salt tolerance during germination in tomato. It 

was concluded that simultaneous or sequential transfer of QTL at different developmental 

stages would improve salt tolerance throughout the ontogeny of a crop cultivar. 
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CHAPTER 3 

MATERIALS AND METHODS  

The present genetic investigations on salinity tolerance in Gossypium hirsutum L. were 

made in the department of Plant Breeding & Genetics, University of Agriculture, 

Faisalabad. For these studies seeds of 50 lines/varieties were collected from different 

research centers, (Appendix I) and maintained in the department. The details of all the 

experiments are given as follows.  

 

3.1.   Screening of the Germplasm for Salt Tolerance at Seedling Stage   

In this experiment, 50 cotton entries were grown in polythene bags measuring 14.24 cm × 

20.32 cm filled with soil. The ECe and pH of the soil was determined prior to seedling, 

and there were 2.41 and 8.6, respectively. The response of 50 lines to salinity was 

assessed under three NaCl salinity levels i.e., control, 10 and 20 dS/m, and thus 150 

polythene bags in each repeat were arranged following completely randomized design. 

The required ECe for both the salinity levels was developed using the following formula 

(USDA, 1954). 

Amount of salt        =       TSS × Saturation percentage ×58.5 × weight of soil 
                                             100×1000 

 
 Where TSS (total soluble salts) = (required ECe – existing ECe) × 10. 

The seeds of each line were sown in each bag under proper moisture condition. There 

were three repeats in the experiment. Anhydrous NaCl was dissolved in Hoagland 

nutrient solution to develop the desired levels of salinity. The desired level of NaCl 

salinity in the polythene bags was progressively completed using two doses for 10 dS/m, 

and four doses for 20/dSm. The first dose was applied to all the treatment bags one week 

after germination. The young seedlings were allowed to grow under NaCl salinity. Three 

weeks old eight seedlings of each line were measured for root length (cm), and shoot 

length (cm).  

 

Based upon the measurement of these two characters, the responses of all the entries to 

increasing NaCl salinity were compared on absolute basis of  (Dewey, 1960), and relative 

basis (Maas, 1986). Relative salt tolerance may be defined as % growth of a genotype in 
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salinized condition and compared with that in control. Relative salt tolerance was 

computed according to the following formula: 

  Relative salt tolerance     =          Value of a character in NaCl  ×  100 
    (Salt tolerance index)                 Value of a character in control 

 

3.1.1. Statistical analysis of salt tolerance 

The absolute salt tolerance values of 50 genotypes were subjected to ordinary analysis of 

variance in order to see whether the genotypic differences are significant (Steel et al., 

1997).  

 

3.1.2. Estimation of Broad Sense Heritability (h2B) For Salinity Tolerance 

Root length and shoot lengths 24 seedlings (8 from each replicates) of 50 genotypes 

assessed under 10 and 20 dS/m NaCl salinity, and without NaCl were analysed using 

variance technique (Steel et al., 1997). This method partitioned the total variance into 

between-accessions and within-accessions, and these variances were used to calculate 

broad sense heritability (h2
B), according to Falconer and Mackay (1996). Between-

accessions variance comprised of genetic and environmental components, whilst within-

accessions variance provided the estimate of environmental component. The formula 

used to calculate the estimate of broad- sense heritability (h2
B) is given below: 

                                         h2
B   = Vg/Vp 

Where,  

  Vg = genetic variance = (variance between-accessions _ variance within-accessions)/24 

  Vp = phenotypic variance = [(variance between-accessions _ variance within-accessions) 

/24] + variance within-accessions. 

 

3.1.3.    Salt Tolerance of Selected Plant Material Based Upon Na+ and K+ Ions Content 

The relative salt tolerance of 50 genotypes (Appendix II), based upon the comparison of 

relative values of root lengths, and shoot lengths of six lines/varieties were identified as 

workable samples of germplasm for the development of genetic material for further 

studies. The names of the genotypes are NIAB-78, MNH-522 and B-557 (tolerant), 

Qalandri, MNH-147 and BP52 NC63 (susceptible). Salt tolerance of these genotypes 

further assessed was determining Na+ and K+ concentrations in the seedlings. Seedlings 

of the selected material were grown using the methodology described in section 3.1. The 

leaves of each line/variety grown in control, 10 and 20 dS/m were stored separately for 
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one week in micro-tubes in deep freezer. The cell sap was extracted using the standard 

technique of centrifugation (Gorham et al., 1984). The sap was diluted by 41 times 

adding double de-ionized water. The concentration of Na+ and K+ ions in the sample were 

measured with the help of flame photometer. Uptake of potassium in relation to sodium 

(K+/Na+) was also computed. The data on seedling measurements, and ion content in each 

accession were analysed using ordinary analysis of variance technique (Steel et al, 1997). 

Mean squares for various traits of six genotypes were used for comparison.  

 

3.2   Assessment of Genetic Diversity among the Selected Lines Using RAPD.    

Development of polymerase chain reaction (PCR) technology has made possible to study 

the genetic differences in plants and animals. DNA fingerprinting, gene mapping and 

polymorphic studies have tremendously benefited from PCR and one variation of this 

technology is the random amplified polymorphic DNA (RAPD) which generates DNA 

fingerprinting with a single synthetic oligo-nucleotide primer (Williams et al., 1990). 

Inheritance of RAPDs is a simple Mendelian character fashion, and is usually dominant 

in nature (Williams et al., 1990). Gene mapping using RAPD markers has several 

advantages over RFLPs. The objective of the present study was to investigate genetic 

diversity/differences and genetic relationship among six cotton varieties, and provide an 

additional evidence of the variation existed in the selected plant material. The procedure 

of DNA fingerprinting was completed in following steps. 

 

3.2.1.   Collection of Plant Sample 

The selected parental material i.e. NIAB78, MNH522, B557, Qalandri, MNH147 and 

BP52 NC63 were grown in earthen pots, and supplied with optimum amount of water and 

nutrition through Hoagland solution for two weeks. After two weeks of the growth, leaf 

samples were collected in liquid nitrogen for DNA extraction. 

 

3.2.2.    DNA Extraction 

DNA was extracted from the leaves by CTAB method (Doyle and Doyle, 1990). The 

material was transferred to a microfuge tube. Hot (650 C) 2x CTAB [2 % CTAB (W/V), 

100 mM EDTA (pH 8.0), 1.4 NaCl and 1% PVP] buffer was added and incubated in 

water bath for 10 minutes. Equal amount of chlorophom isoamyl alchohol (24:1) was 

added and mixed gently by inverting the tube to form an emulsion; microfuge tube was 
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then centrifuged at 13000 rpm for 10 minutes. Supernatant solution from the top phase 

was transferred to a new microfuge tube. To this supernatant solution, 1/10 volume of 10 

% CTAB solution was added and mixed. Chloroform/isoamyl alcohol extraction was 

repeated as in step 4-6. Equal volume of CTAB precipitation buffer was added and mixed 

gently. The solution was centrifuged for 30 seconds. Supernatant solution was discarded. 

Equal volume of cold (stored in freezer) and 80 % ethanol was added and centrifuged for 

5 minutes. Supernatant solution was discarded. Sample was dried in desicator for 20-30 

minutes or until the liquid had evaporated. The pellet of DNA was rehydrated in dd H2O. 

The sample was treated with RNAse. RNAse was added to the sample (100µl DNA: 1 µl 

RNAse), and the sample was incubated at 37o C for one hour. 

 

3.2.3.   Estimation of DNA Concentration 

For the determination of total genomic DNA of six samples, absorbance was measured at 

260 nm on spectrophotometer. A solution with an O.D.260 of 1 contains 50µg of DNA per 

millimeter. The quantity of DNA was calculated by the following formulae. 

       DNA concentration in µg / ml = Absorbance at 260 nm × Dilution factor × 50 

 

3.2.4.    RAPD (PCR) Reaction. 

DNA concentration in the working solution of approximately 12ngµl
-1
in d3H2O was 

confirmed by spectrophotometer. For RAPD analysis (Williams et al., 1990), 

concentration of genomic DNA, 10xPCR buffer with (NH4)2SO4, MgCl2, dNTPs (dATP, 

dCTP, dGTP, dTTP), 10-mer random primers and Taq DNA polymerase were optimized. 

The 10 base oligonucleotide primers obtained from Gene Link Company (USA) were 

used for the amplification of the genomic DNA. While Taq polymerases together with 

buffer, MgCl2, dNTPs, gelatin were purchased from Fermentas. DNA amplification 

reactions were performed in a thermal cycler (Eppendorf AG No. 5333 00839). The PCR 

profile was followed as, one cycle of 94 ºC for 5 minutes, 40 cycles of, 94ºC for 1 

minute, 36ºC for 1 minute 72 ºC for 2 minutes and final extension for 10 minutes at 72 

ºC. 

 

3.2.5.   Scoring and Analysis of RAPD Data 

Amplification products were analysed by electrophoresis in 1.2 % (w/v) agarose gels and 

were detected by staining the gel with ethidium bromide (10 ng/100ml of agarose 
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solution in TBE). All visible and unambiguously scoreable fragments amplified by 

primers were scored under the heading of total scoreable fragments. Amplification 

profiles of all the six cotton genotypes were compared with each other and bands of DNA 

fragments were scored as present (1) or absent (0). The data of the primers were used to 

estimate the similarity on the basis of number of shared amplification products (Nei and 

Li, 1979). Similarity coefficients were utilized to generate a dendrogram by means of 

unweighted pair group method of arithmetic means (UPGMA)  

 

3.3.   Hybridization of Parents 

For the development of plant material for genetic studies, six parents identified in 

selection 3.13 were grown in earthen pots in glasshouse during October to November, 

2005.  Each parent had eight pots and seedlings were thinned to two plants per pot. For 

good health, growth and development of plants, 0.25 g Urea fertilizer (46% N) was 

supplied to each pot every 15 days after planting, and plants were watered daily. When 

the parents were started to flower, they were crossed using hand emasculation and 

pollination method. The diallel crossing system was followed to get F1 seeds. Maximum 

number of pollinations were attempted to produce sufficient quantity of F1 seeds. Some 

of the buds of the parents were also covered with glassine paper bags to produce selfed 

seed. All the precautionary measures were adopted during handling of plants to avoid 

foreign pollen contamination of the genetic material. At maturity, hybrid seed cotton 

from crossed bolls and selfed bolls were picked, and ginned to obtain F1 and the selfed 

seeds. 

 

3.4.   Assessment of Response of F1 Hybrids along with their Parents to NaCl Salinity 

In order to study the genetic basis of variation in responses of accessions/lines to salinity, 

30 F1 hybrids and six parents were planted under 17.5 dS/m, 20 dS/m and control. In 

order to plant the material 54 iron containers measuring length of 157.5 cm × width of 90 

cm × depth of 45 cm were used for experimentation. The plant material was sown 

following a completely randomized design with three replications; there were 18 

containers per replication. Each container contained six genotypes each having five plants 

spaced 18 cm within the rows 25 cm apart from other row. When seedlings emerged, all 

the containers were watered once with Hoagland nutrient solution (Hoagland and Arnon, 

1950). The desired concentration of Na+ salt i.e. 17.5 and 20dS/m considering the 

saturation percentage of soil in the containers were prepared and applied to the plants. 
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The experimental units to be treated as control were fed with only nutrient solution. The 

salinity levels i.e., 17.5 dS/m and 20 dS/m were checked weekly, (using the ECe meter) 

and maintained by adding proper quantity of salt solution to the container. The 

experiment was conducted during crop season April- May 2006. The plant material was 

sprayed, when required, to save the plants from the attack of sucking pests and boll 

worms. After emergence of seedlings, containers were continuously watered as and when 

needed in order to keep the moisture at filed capacity on the bases of visual observation 

and experience. The following parameters were measured to see the response of the 

genetic material to salinized conditions on salinity tolerance at maturity. 

 

3.4.1.    Agronomic Characters 

3.4.1.1.   Plant Height 

When the apical bud ceased to grow, final height of the main stem was measured (cm) 

under each salinity level. Plant height was recorded from first cotyledonary node to the 

apical bud, and this was measured on all plants in three repeats. Mean values of plant 

height of each family was computed for statistical analyses.  

 

3.4.1.2.   Number of Bolls per Plant 

Number of bolls on each plant picked at time of picking and was noted. When final 

picking was over, the pick wise data was summed up to calculate total number of bolls on 

each plant, and means were obtained.  This data were recorded under each salinity level 

and control. 

  

3.4.1.3.    Boll Weight  

Average boll weight of a plant in each family was obtained by dividing total yield of seed 

cotton of the plant by number of bolls picked from that plant. The character was recorded 

in grams. 

  

3.4.1.4.    Ginning Percentage 

Two samples of seed cotton of each family were weighed and ginned with a single roller 

electric gin, lint obtained was weighed and to calculate ginning percentage. The mean of 

two samples was obtained to estimate the character in all the F1 families and the parents. 
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3.4.1.5.    Yield of Seed Cotton 

Seed cotton of each plant was picked in three picks at different dates and bulked in kraft 

paper bags. After the final pick the total weighed using Petit Balance. Mean yield of seed 

cotton of each family under control and two salinized levels were calculated for statistical 

analysis. 

 

3.4.1.6. Total Biomass per Plant 

When all the pickings were over, the iron containers were copiously watered to uproot 

the whole plant. The roots of all the plants of each family were washed and sun dried for 

five days, and total plant biomass was recorded. Average biomass of each family was 

computed for further statistical analysis.   

 

3.4.2.    Fibre Traits 

Staple length, fibre strength and fibre fineness of 36 families in each replication under 

three salinity levels were measured using spin lab HVI-900. This computerized 

instrument measures fibre characteristics according to the international standards. The 

data on fibre characteristics were recorded in 36 families grown in stressed and non-

stressed conditions. 

 

3.5.      Physiological Traits/Chemical Analysis  

3.5.1.   Measurement of Na+ and K+ (mmoleL-1) 

Concentration of Na+ and K+ in fully expanded leaves of each genotype grown under 

control and two salinities were determined using the procedure explained in section 3.1.3.  

In addition, the uptake of K+ in relation to Na+ was calculated in all the families.  

  

3.5.2.   Proline Accumulation 

Proline was established according to the method of Bates et al. (1973). Fresh leaf tissue 

weighing 0.5 g was homogenized in 10 ml of 3 % sulfo-salicylic acid. The homogenate 

was filtered through Wattman filter paper (No. 2). Two ml of the filtrate was reacted with 

2 ml acid ninhydrin solution (1.25 g ninhydrin in 30 ml glacial acetic acid and 20 ml of 6 

M orthphosphoric acid and 2 ml of glacial acetic acid in a test tube for 1 h at 100 0C. The 

reaction terminated in an ice bath. The reaction mixture was extracted with 4 ml toluene, 

mixed vigorously by passing a continuous stream of air for 1-2 minutes. The 

chromophore containing toluene was aspirated from the aqueous phase, warmed at room 
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temperature and the absorbance was read at 520 nm using toluene as a blank. The proline 

concentration was determined from a standard curve and calculated on fresh weight bases 

as follows:- 

 

Proline (µmol/g f. wt)      =    µg proline ml-1 × ml of toluene /115.5 
                        Grams of sample 

 

The solutions for proline contents were prepared in following steps.  

 

3.5.3.   M Orthophosphoric Acid 

This solution was prepared by taking 407 ml of 85 %   orthophosphoric acid and making 

volume to 1000 ml with distilled water. 

 

3.5.4.   Acid Ninhydrin 

1.25 g of ninhydrin was dissolved in 30 ml of glacial acetic acid and 20 ml of 6 M 

orthophosphoric acid with agitation, until it was completely dissolved. This solution was 

made cool at 40 C and used within 24 hours. 

 

3.6.       Statistical Analysis 

3.6.1.   Simple Analysis of Variance of Data 

Ordinary analysis of variance technique was run on all the data according to the 

procedure in order to see whether the genotypic differences are significant, (Steel et al., 

1997). 

  

3.6.2. Diallel Analysis of F1 Data Following Hayman’s Approach 

The characters measured in salinized and non-salinized conditions were analysed for 

genetic interpretation of salt tolerance in Gossypium hisutum L. following simple 

additive-dominance model of Hayman (1954 a,b), and Jinks (1954). This biometric 

technique is characterized by providing information on genetic mechanism controlling 

metric traits in early generations like F1. The variation present in the diallel cross may 

have arisen due to the differences among maternal and paternal parents, or due to the 

interaction between parents. Analysis of the diallel table provides the preliminary 

information about the presence of significant additive or non-additive variation. 

According to Mather and Jinks (1982), where the additive dominance and additive-
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environmental models are adequate, and no reciprocal differences exist, the mean squares 

of the items in the analysis of variance can be interpreted in simple terms. 

 

Thus, ‘a’ item tests the significance of additive genetic effects, whilst ‘b’ item signifies 

the importance of the dominance effects of genes. If ‘b’ is non-significant, the ‘a’ item is 

a test of additive genetic component. The ‘b1
’ item tests the significance of mean 

deviation of the F1s from their mid-parent values, and it is significant only if the 

dominance deviations of the genes are predominantly unidirectional. The ‘b2
’ item tests 

whether the mean dominance deviation of the F1 from their mid parent values within each 

array differs over arrays, and this will occur if some parents contain considerably more 

dominant alleles than the others. The ‘b3
’ item determines that part of the dominance 

deviation unique to each F1.  

 

If there is no genotype × environment interactions and no differences between reciprocal 

crosses the mean squares due to c, d, and the block interaction are all estimates of E, the 

environmental component of variation. If reciprocal crosses differ, ‘c’ detects the average 

maternal effects of each parent line, and‘d’ the reciprocal difference is not ascribable to 

‘c’ If genotype × environment interactions are present, the variation will be detected as a 

difference between the block interactions for ‘a’ and ‘b’ items if the additive and 

dominance variation are influenced to different extents by environment. Information was 

obtained about gene action by plotting the covariance (Wr) between parents and their 

offspring of each array against its variance (Vr). The position and slope of the regression 

line fitted to the array points within the limiting parabola indicate the degree of 

dominance and the presence or absence of gene interaction. The array refers to the crosses 

in which a particular parent is common. 

 

Using array variance (Vr) and covariance (Wr) with the limiting parabola, the regression 

line was drawn. The distance between the origin and the point where the regression line 

cut the Wr-axis provides a measure of average degree of dominance. 

Complete dominance: when the line passed through the origin. 

Partial dominance:  when the intercept is positive 

Over dominance: when intercept is negative. 

No dominance: when regression line touches the parabola limits.  
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The position of array points represented the distribution of dominance and recessive 

genes among the parents. The parents with most dominant genes had their points nearest 

to the origin, and in contrast the parents with maximum recessive genes fall farthest from 

the origin, and the parents with equal frequencies of dominant and recessive genes had 

their points in the middle.. The standard error of the regression slope was estimated 

following Aksel and Johnson (1963).    

 

3.6.3.   Validity of the Assumptions and Adequacy of Hayman- Jinks Model 

The validity of the genetic information derived from the experiment involving a group of 

genotypes developed by diallel crossing method depends upon the following assumptions 

underlying the simple additive-dominance model. 

a) Homozygous parents 

b) Diploid segregations 

c) No reciprocal effects  

d) Independent action of non- allelic genes 

e) No multiple allelism 

f) Independent distributions of genes among the parents 

 

Although the diallel cross method was originally devised to analyse data collected from 

parental material meeting all the above conditions, the work on potato (Kaminski, 1977) 

showed the testing of these assumptions unnecessary. However, a brief examination of 

some of these conditions fulfilled is given here. 

1. Although flower of Gossypium hirsutum L. plant is hermapheroditic in nature, the 

extent of cross- pollination varies 5-6 % or more, depending upon the population of 

insects in the locality (Poehlman and Sleper, 1995). In the present investigation the 

parental material was taken from the gene pool maintained in the department through 

selfing the flower buds each year. Therefore, the parents involved in the crossing 

scheme were assumed to be homozygous.  

2. Gossypium hirsutum L. is an amphidiploid developed by crossing two diverse 

diploid species with A and D genomes but the studies of Endrizzi (1962) and Kimber 

(1961) showed that the chromosomes of tetraploid segregate in diploid manner. 

3. The reciprocal differences in the characters examined here were removed by taking 

the means of direct and reciprocal crosses. 
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 The other assumptions of the simple genetic model such as independent actions of non- 

allelic genes, no multiple allelism, and independent distribution of genes were tested by 

conducting the formal analysis of variance of the data in diallel table. The adequacy of 

simple additive- dominance model to account for the data set on different characters was 

determined by using two scaling tests. The first test i.e., joint regressions analysis was 

carried out using variance (Vr) and co- variance (Wr). According to the suggestions of 

Hayman (1954), the regression co-efficient (b) must deviate significantly from zero, but 

not from unity, if all the assumptions underlying the genetic model were met. The 

second test for adequacy of the model to the data was made by conducting analysis of 

variance of (Wr + Vr) and (Wr-Vr). In the presence of dominance, Wr + Vr must change 

from array to array, and at the same time if there are non- allelic interactions, Wr – Vr 

will not vary between arrays, although in case of dominance, Wr – Vr will not vary more 

than would be expected from error variation (Mather and Jinks, 1982). 
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CHAPTER 4 

RESULTS 

4.1. Screening 

The mean of root and shoot lengths of 50 cotton genotypes tested in control and two NaCl 

salinities i.e. of 10 and 20 dS/m, are given in Appendix-I. Analyses of variance of 

absolute data of these two characters of 50 genotypes showed significant genotypic 

differences (P≤ 0.01, Table 4.1). Differences between three NaCl concentrations were 

also revealed to be significant (P≤ 0.01). The significant genotype × salinity interaction 

(P≤ 0.01) term revealed that 50 genotypes responded differently to increasing levels of 

salinity in the growing medium. The growth of shoot and root length measured in 10 

dS/m and 20 dS/m was compared with that in control conditions (relative salt tolerance), 

and given in Appendix-II. From the germplasm a sub sample of 15 genotypes, based upon 

differences in root and shoot lengths, was take for detailed description of genotype 

comparisons. Absolute and relative salt tolerances of 15 cotton genotypes are given in 

table 4.2 and 4.3. 

 

Means given in table 4.2 showed that root lengths of 15 entries differed even in un-

salinized conditions.  Root length was longer in PB-899 (7.15 cm), FH 634 (7.23 cm), and 

NIAB 78 (7.59 cm), whilst MNH 554, VH 142, and VH 144 measured 5.25, 5.38 and 

5.17 respectively. Root lengths of PB 843, BP52NC63, B557, Qalandri, PB 494, MNH 

522, MNH147, NIAB 639 and S12 varied between the two extremes. When means of root 

length in two salinities were compared, differing responses of the genotypes were 

revealed, for example, PB494, MNH 554, MNH 147, VH-142, BP52NC63, and Qalandri 

with shortest root lengths i.e., 3.49, 3.13, 3.24 and 2.85 cm respectively were revealed to 

have affected the most, and thus appeared to be sensitive genotypes. Comparison of 

means showed that root lengths of MNH 522, NIAB 824, NIAB78, and B557 were 

affected less due to salinity, and with 5.66, 5.41, 6.21, and 5.78 cm, appeared to be salt 

tolerant. 

 



 36

Table 4.1 (a)   Mean squares for absolute root and shoot length of 50 genotypes 
tested in three NaCl levels 

 
 
Source of variation DF Root length Shoot length 

Genotypes     (G) 49 3.20** 14.29** 

Salinity level (S) 2 221.37** 193.99** 

G x S 98 0.64** 0.88** 

Error 300 0.09 0.90 

 
 
 
Table 4.1 (b)   Mean squares for relative root and shoot length of 50 genotypes tested 

in three NaCl levels 
  

Source of variation DF Root Length Shoot Length 

Genotypes (G) 49 1735.16** 1156.01** 

Salinity Level (S) 1 350.01** 156.73** 

G x S 49 219.53** 93.33** 

Error 200 16.57 16.82 

 **, shows differences significant at P<0.01 level
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Table 4.2.       Mean performance of 15 genotypes based upon root length measured   
incontrol and two salinity levels. 

 
 
 

PB494 5.95 3.49 68.90 48.57 58.73 

PB843 6.51 4.44 86.78 49.61 68.20 

PB899 7.15 4.43 75.66 48.27 61.98 

MNH554 5.25 3.74 83.80 58.85 71.33 

FH634 7.23 4.47 71.23 52.55 61.89 

MNH147 6.75 2.84 64.00 36.44 50.22 

VH142 5.38 3.84 75.09 67.84 71.46 

VH144 5.17 4.12 89.74 69.63 79.69 

S12 6.49 4.75 83.20 63.17 73.18 

MNH522 6.71 5.66 92.69 76.00 84.35 

BP52NC63 6.27 3.12 64.11 39.07 51.59 

NIAB824 6.39 5.41 88.57 80.75 84.66 

NIAB78 7.59 6.21 87.62 76.15 81.88 

B557 6.74 5.78 92.72 78.78 85.75 

Qalandri 6.26 3.23 64.05 39.13 51.59 

 

Genotypes 

Root length 

Absolute salt 
tolerance 

Relative salt tolerance 

control Means 10dS/m 20dS/m Means 
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Table 4.3.     Relative salt tolerance of 15 genotypes based upon shoot length 
measured in control and two salinity levels. 

 

Genotype 

Shoot length 

Absolute salt 
tolerance 

Relative salt tolerance 

control Means 10dS/m 20dS/m Means 

PB494 10.5 9.11 78.36 71.08 74.72 

PB843 10.68 9.04 89.14 80.24 84.69 

PB899 10.18 8.91 93.03 82.02 87.52 

MNH554 9.75 7.95 87.08 76.00 81.54 

FH634 9.72 8.26 88.68 81.37 85.03 

MNH147 10.13 5.48 63.27 45.01 54.15 

VH142 9.56 6.26 67.99 63.07 65.53 

VH144 9.42 7.12 77.38 73.77 75.58 

S12 10.51 9.24 93.05 82.77 87.91 

MNH522 13.19 12.06 93.03 89.84 91.43 

BP52NC63 9.56 5.12 62.97 44.24 53.60 

NIAB824 10.22 8.49 88.64 77.49 83.07 

NIAB78 12.57 11.43 96.34 85.60 90.47 

B557 12.33 11.15 93.02 87.92 90.47 

Qalandri 11.01 6.27 61.39 52.49 56.94 
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Comparison based upon relative root length data (relative salt tolerance) provided further 

estimates of the salinity tolerance of genotypes (Table 4.2). Means of root lengths 

revealed that some of the genotypes were more tolerant than others even at 10 dS/m NaCl 

salinity, and PB 843, MNH 554, VH 144, S12, MNH 522, NIAB 824, NIAB 78, and 

B557 with 83%-93% tolerance index were shown to be less affected by salinity. Under 

increased salinity i.e., 20 dS/m, root length of these accessions were significantly 

reduced, but the differences were still discernible, and MNH 522, NIAB 824, NIAB 78, 

and B 557 with 76% to 80% growth compared with that in control, whilst MNH 147, BP 

52 NC 63 and Qalandri with salt tolerance index of 36%, 39%, and 39%, and seemed to 

be sensitive to NaCl salt. Means of relative salt tolerance under low and high salinities 

revealed that MNH 522, NIAB 78, and B 557 with 84%, 84%, 82% and 86% tolerance 

index  were found to be salt tolerant accessions, and MNH 147, BP52NC63 and Qalandri, 

with mean value showing greater of 50%, 51%, and 51% respectively seem to be most 

sensitive to salinity. 

 

Similar to root lengths, shoot lengths of 15 genotypes also differed in control as well as 

salinities (Table 4.3). Shoot length of MNH 522 was the longest (13.19cm) followed by 

NIAB 78 (12.57cm) in control. When means of shoot length in stress were compared, 

different responses of the genotypes were revealed. Shoot lengths of MNH 522, NIAB 78 

and B 557 were not reduced much under NaCl stress, and measured having 12.06, 11.44 

and 11.2 cm, respectively, revealing highly tolerant, and by contrast shoot lengths of 

MNH 147, BP52NC63, and Qalandri were affected the most due to salinities, and 

measured 6.27, 5.13 and 5.49 cm respectively, and thus appeared to be sensitive to NaCl 

stress. 

 

Shoot lengths of 15 genotypes were also markedly decreased and genotype Qalandri with 

a tolerance index of 61% appeared to be more sensitive than the others at 10dS/m (Table 

4.3). In contrast, S12, MNH 522, NIAB 78, and B 557 had the greatest index of salt 

tolerance of 93%, 93%, 93%, 96% and 93% respectively. Although shoot lengths 

decreased markedly at 20dS/m, pronounced differences between genotypes are still 

evident for example, PB843, PB899, FH634, S12, MNH522, NIAB 78 and B557 with 

80% to 90% relative values appeared to be tolerant, and mnh147, BP52NC63, and 

Qalandri showed marked decrease in shoot length.  From overall assessment of the 

germplasm, MNH 522, NIAB 78, and B557 with means of 90%, 91%, and 90% 
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respectively appeared to be most tolerant. In contrast MNH147, BP52NC63 and Qalandri 

with relative values of 54%, 53%, and 57% were affected greatly by the salinities, and 

thus may be called salt tolerant accession.   

 

4.2. Heritability (h2
B) Estimates for Salt Tolerance 

Varied root length and shoot length revealed a range of responses of the genotypes to low 

and high salinity stress. Analysis of variance of absolute data showed that mean squares 

due to salinity levels were highly significant (P≤0.01) (Table 4.4). In 10 dS/m and 20 

dS/m salinity levels, estimated genetic variances for the absolute shoot length were 0.46 

and 0.56 respectively, and h2
B were 0.85, and 0.89, respectively. The h2

B estimate for 

shoot length in un-salinized condition was 0.72. The genetic variance for absolute root 

length were 2.04 and 2.2 in low and high salinity levels, and the estimates of h2
B being 

0.94, and 0.96, respectively (Table 4.5). 

 

4.3. Selection of Parental Material for Genetic Studies 

Roots are the most sensitive organ of plant, which remain in contact with soil stress like 

salinity, water deficit etc. Therefore roots have been used very frequently by the 

researcher to distinguish tolerant and non-tolerant plants (Levitt, 1980; Okusanya and 

Ungar, 1984). Thus based upon the differences and similarities in root length of 15 

genotypes, NIAB78, MNH522, and B557 seemed to be highly tolerant, whilst Qalandri, 

MNH147 and BP52 NC63 were categorized as most susceptible genotypes. These 

genotypes have been used to develop genetic material for further studies.   
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Table 4.4.     Mean squares of absolute root lengths and shoot lengths of 50  
           genotypes grown in control and two NaCl salinities 
 
 

Source of 
variation 

Absolute root length Absolute shoot length 

Between 
genotypes 

Within 
genotypes 

Between 
genotypes 

Within 
genotypes 

Degree of 
freedom 

49 1150 49 1150 

Control 7.792** 0.125** 27.014** 0.295** 

10 dS/m 11.015** 0.079** 49.048** 0.134** 

20 dS/m 13.619** 0.0638** 52.533** 0.089** 

**, shows differences significant at P<0.01 level 
 
 

Table 4.5.   Components of variance and broad sense heritability (h 2 B) of NaCl 
tolerance at seedling stage. 

 
 

Components Absolute root length Absolute shoot length 

 control 10 dS/m 20 dS/m Control 10 dS/m 20 dS/m 

Vg 1.11 2.04 2.2 0.32 0.46 0.56 

Vp 1.41 2.17 2.27 0.44 0.53 0.63 

h2 B =Vg/ Vp 0.79 0.94 0.96 0.72 0.85 0.89 
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4.4. Physiological Analysis of the Selected Parents 

In order to substantiate the selection of the parents, it was considered worthwhile to study 

substrate salt tolerance of the selected varieties, the uptake of Na+ and K+ in the leaves.  

The six varieties were grown in polythene bags under control, 10 dS/m and 20 dS/m filled 

with soil, following the procedure already described in Section 3.1.3. Concentration on 

Na+ and K+ ions in the seedlings was measured using flame photometer. Ratio of K+/Na+ 

was also estimated in each parent. The data on Na+, K+, and K+/ Na+ ratio of six 

genotypes in control and two salinities are given in the table 4.7. Data on Na+ and K+ and 

K+/ Na+ were subjected to analysis of variance. Mean squares of the three parameters are 

given in table 4.6. Analysis of variance revealed significant differences (P≤ 0.01) in Na+, 

K+, and K+/ Na+ ratio measured between the six parents. Differences between the three 

salinity levels were also significant (P≤ 0.01). Significant genotype × salinity interaction 

(P≤ 0.01) suggests that uptake of Na+, K+, and K+/ Na+ ratio were affected greatly under 

low and high salinities. The comparison of Na+ contents in genotypes showed that NIAB 

78, B557, and MNH 522 had the lowest concentration of Na+ ion i.e., 177, 200, and 180 

m mol L-1 respectively whiles uptake of Na+ in Qalandri, MNH 147, and BP52NC63 was 

to the extent of 231, 251 and 247 mmol L-1 respectively. 

 

Data on K+ uptake in the six parental lines provided further estimates of the responses to 

salinity. The genotype B 557 had accumulated the highest K+ ions (136 mmol L-1), 

followed by MNH 522 (125 mmol L-1) and NIAB 78 (121 mmol L-1). In contrast, 

Qalandri, MNH147 and BP52NC63 contained 117, 103 and 94 mmol L-1 respectively. 

The adverse effect of   salinity was also shown by the ratio K+/Na+, and again differences 

between six genotypes are apparent. Though K+/Na+ ratio all the entries differed in the 

genotypes NIAB78, MNH522 and B557 accumulated more K+ than Na+, and  K+/Na+ 

ratios are 0.68, 0.62 and 0.76 respectively. In contrast, this ratio in Qalandri, MNH147 

and BP52NC63 with 0.53, 0.42 and 0.39 again appeared to be susceptible. 
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Table 4.6.   Mean squares of absolute values for various traits of six cotton  
                   genotypes grown in control and two salinity levels 
 
 

Source of Variation DF Na+ K+ K+/Na+ 

Genotypes (G) 5 5272** 1973.6** 0.9097** 

Salinity levels (S) 2 172638** 17816.2** 45.256** 

G x S 10 1505** 835.8** 0.39** 

Error 36 121 5.7 0.0058 

 **, shows differences significant at P<0.01 level 
 
 

Table 4.7.      Na+, K+, and K+/ Na+ ratio in six parental lines selected for the development  
                       of genetic material 
 

 
 

 

 

 

 

 

Genotypes 
Na+  (m mol L-1) K+ (m mol L-1) K+/Na+ ratio 

control Means  control       Means control     Means                 

NIAB78 44.31 177.46 198.55 121.41 4.48 0.68 

MNH522 52.51 200.46 171.94 124.81 3.27 0.62 

B557 36.37 180.325 132.47 136.45 3.64 0.76 

QALQNDRI 61.74 231.24 151.56 117.23 2.45 0.52 

MNH147 52.57 250.84 160.81 102.67 3.06 0.42 

BP52NC63 55.68 246.725 154 94.23 2.77 0.38 
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4.4. Molecular Studies for Genetic Diversity 

Availability of information regarding the extent of genetic diversity in cultivated crops is 

essential for the successful breeding efforts for the development of any plant characters 

like salinity tolerance in cotton. Genetic diversity in species at molecular level provides 

an accurate estimate of phenotypic diversity. RAPD fingerprinting was used to measure 

the relationship between the parents identified for objective breeding NIAB 78, MNH522, 

B557, Qalandri, MNH147 and BP52NC63. The results of molecular assessment of 

variation among the six parents are given in the table 4.8 and shown in the figure 4.1. 

 

From the similarity matrix table, it is revealed that all the parental lines are distantly 

unrelated genetically except MNH 147 and BP-52-NC-63 only NIAB 78 is genetically 

closer to MNH 522 with 71.70%. Similarly NIAB78 is genetically 66.04% simillar to 

B557, with MNH 147 by 54.72%, and 54.72% with BP52NC63 and 67.72% with 

Qalandri. MNH522 is 75.47% similar with B557, 50.94% with Qalandri, 41.51% with 

MNH147 and 49.06% similar with BP52NC63. B557 is genetically 56.60% similar with 

Qalandri, 47.17% similar with MNH147 and 54.72% with BP52NC63. Qalandri is 

75.47% similar with MNH147, and 64.15% similar with BP52NC63. MNH147 is 

appeared to be genetically 62.26% similar with BP52NC63. These similarity coefficients 

were used to construct a dendrogram (Figure 4.1) by UPGMA analysis to determine 

clusters of six cotton genotypes based on RAPD. In dendrogram; the three varieties 

NIAB78, MNH522 and B557 clustered in one group (A), and the other three namely 

Qalandri, MNH147 and BP52NC63 formed the second group (B).  

 

4.5. Genetic Basis of Salt Tolerance  

Indices of salt tolerance based upon plant height, number of bolls, boll weight, ginning 

percentage, yield of seed cotton per plant, total biomass, and fibre characters were 

analysed following simple additive-dominance model to study genetic basis of variation 

in these characters. The results of individual plant character are presented here. 
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Table 4.8 (a) List of Primers 

 

S. No Primer Name Sequence 

1 GL DecamerA-09 GGGTAACGCC 

2 GL DecamerA-11 CAATCGCCGT 

3 GL DecamerA-16 AGCCAGCGAA 

4 GL DecamerA-19 CAAACGTCGG 

5 GL DecamerB-10 CTGCTGGGAC 

6 GL DecamerB-13 TTCCCCCGCT 

7 GL DecamerB-14 TCCGCTCTGG 

8 GL DecamerB-15 GGAGGGTGTT 

9 GL DecamerB-18 CCACAGCAGT 

10 GL DecamerB-19 ACCCCCGAAG 

11 GL DecamerC-07 GTCCCGACGA 

12 GL DecamerC-12 TGTCATCCCC 

13 GL DecamerC16 CACACTCCAG 

14 GL DecamerD-02 GGACCCAACC 
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Table 4.8 (b) Similarity Matrix  
 
 
 

 NIAB78 MNH522 B557 QALANDRI MNH147 BP52NC63 

NIAB78 **** 0.7170 0.6604 0.6792 0.5472 0.5472 

MNH522  **** 0.7547 0.5094 0.4151 0.4906 

B557   **** 0.5660 0.4717 0.5472 

QALANDRI     **** 0.7547 0.6415 

MNH147     **** 0.6226 

BP52NC63      **** 
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Fig 4.1 Dendrogram generated from the UPGMA 
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                        DNA after RNAse 
 
 

 
 
Figure:4.2.  Amplification of DNA of 1: NIAB-78,  2: MNH-522, 3: B-557,  
                   4: Qalandari, 5 MNH-147,  6: BP52NC63 
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   M              1                2              3               4                 5              6                 M
 

 
 
Figure: 4.3.   RAPD (PCR) of six cotton genotypes with primer with GLA-11.  M is 
                    a 1kb ladder. 1: NIAB-78, 2: MNH-522, 3: B-557, 4: Qalandari, 
                   5 MNH-147, 6: BP52NC63 
 
 
       M                  1                2               3                4              5                6                M 

 
 
Figure: 4.4.  RAPD (PCR) of six cotton genotypes with primer with GLB-14.  M is 
                    a 1kb ladder. 1: NIAB-78,  2: MNH-522,  3: B-557,  4: Qalandari,   
                    5 MNH-147, 6: BP52NC63 
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4.5.1 Plant Height 

The results of formal analysis of variance of the diallel data revealed that ‘a’ item was 

highly significant (P≤ 0.05) in both low and high salinity levels, indicating the presence of 

additive gene effects for plant height (Table 4.9). The item ‘b’ was also highly significant 

(P≤ 0.05) showing that in the salinities, 17.5 dS/m and 20 dS/m dominance effects were 

present, and dominance was directional (‘b1’ item significant). The significant ‘b2’ and ‘b3’ 

items in both the salinity levels suggested that the six parents contained differing number 

of genes and presence of specific gene interaction in genetic control of plant height 

respectively. Due to significant ‘c’ and‘d’ items, presence of maternal and reciprocal 

effects were indicated. The retesting reduced ‘a’, ‘b1’ item to non-significant (P≤ 0.05) in 

both the saline environments; whilst mean squares due to ‘b’, and ‘b3’, item remained 

significant.  The ‘b2’ item in 17.5 dS/m reduced to non-significant, but in 20 dS/m it 

remained unchanged. 

 

4.5.2 Number of Bolls per Plant 

Formal analysis of variance of the F1 data under 17.5 dS/m and 20 dS/m was carried out, 

and the results are given in the table 4.10. Mean squares due to the items ‘a’, ‘b’, ‘b1’, ‘b 2’ 

‘b3’ ‘c’ and‘d’ were significant in both the salinities. Significant ‘a’ and ‘b’ item showed 

the presence of both additive and dominance gene effects in the inheritance of the character 

under salt stress.  Significant‘b2’ and ‘b3’ items revealed the presence of asymmetrical gene 

distributions among the parents, and presence of specific gene interaction, respectively. 

The maternal effect and reciprocal effect were significant, suggesting the need of retesting 

of ‘a’ and ‘b’ item against ‘c’ and‘d’ respectively. The term tested ‘a’ with ‘c’ and ‘b’, ‘b1’ 

‘b2’ and ‘b3’ with ‘d’, as suggested by Mather & Jinks (1982), and thus items were changed 

from significant to non-significant, except ‘b’, item. 
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Table 4.9    Mean squares from formal analysis of variance of plant height in F1   

                             generation of Gossypium hirsutum L. assessed through relative data  
                   of two salinities. 
     

Items D.F 

17.5 dS/m 20 dS/m 

M.S 
Retesting against 

M.S 
Retesting against 

c D c d  

a 5 250.028** 0.5874NS - 72.478** 0.3442 NS - 

b 15 809.603**  3.1166* 729.429**  4.8029** 

b1 1 577.944**  2.224 NS 699.665**  4.6069 NS 

b2 5 745.184**  2.8686 NS 759.439**  5.000** 

b3 9 871.130**  3.3535* 716.064**  4.7149** 

c 5 425.615**   250.511**   

d 10 259.766**   151.871**   

Total 35 517.712   396.431   

a x blocks 10 12.879   27.964   

b x blocks 30 26.581   14.149   

b1 x blocks 2 34.053   16.392   

b2 x blocks 10 27.033   15.785   

b3 x blocks 18 25.499   12.991   

c  x blocks 10 28.028   18.858   

d  x blocks 20 21.990   18.494   

total x 

blocks 
70 23.519   18.037   

 *,**, shows differences significant at P< 0.05 and P<0.01 levels respectively, whilst  ns, 
reveal non significant differences.
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Table 4.10   Mean squares from formal analysis of variance of number of bolls in F1                                   

generation of Gossypium hirsutum L. assessed through relative data of two salinities      
 

Items D.F 

17.5 dS/m 20 dS/m 

M.S 
Retesting against 

M.S 
Retesting against 

c D c d 

a  5 118.955** 1.085N.S - 75.667** 1.991 N.S - 

b 15 160.715**  2.267 N.S 106.517**  1.9767 N.S 

b1 1 114.374**  1.613 N.S 135.952**  2.5230 N.S 

b2 5 147.243**  2.077 N.S 38.439**  0.7134 N.S 

b3 9 173.348**  2.445 N.S 141.067**  2.6179 N.S 

c 5 109.616**   37.990**   

d 10 70.891**   53.884**   

total 35 121.785   77.282   

a x blocks 10 11.155   3.305   

b x blocks 30 4.524   5.505   

b1 x blocks 2 0.108   11.007   

b2 x blocks 10 3.360   2.389   

b3 x blocks 18 5.661   6.625   

c  x blocks 10 7.470   5.081   

d  x blocks 20 8.525   1.625   

total x 

blocks 
70 7.035   4.022   

*,**, shows differences significant at P< 0.05 and P<0.01 levels respectively, whilst  ns, 
reveal non significant differences.
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4.5.3. Boll Weight 
 
Significant mean squares for ‘a’ (P≤ 0.05) showed that variation in boll weight in both the 

salinities was controlled by genes with additive gene effects (Table 4.11). Highly 

significant ‘b’ item (P≤ 0.05) in both the saline conditions, showed the presence of non-

additive genetic effects. Significant mean squares due to ‘b1’ item showed the presence of 

directional dominance and significant ‘b2’ and ‘b3’ indicated the presence of dissimilar 

number of genes in the parents and specific gene interaction for boll weight. Significant 

(P≤ 0.05), ‘c’ and‘d’ items was the evidence of presence of maternal and reciprocal 

effects. Thus after retesting against ‘c’ and‘d’ all the items were reduced to non-

significant. 

 

4.5.4. Ginning Percentage  

Formal analysis of variance showed that variation in ginning percentage was effected by 

the genes acting additively and non-additively, because ‘a’ and ‘b’ items were significant 

(P≤ 0.05) in both the saline environments (Table 4.12). Directional dominant effects were 

present as ‘b1’ in both the salinities was highly significant (P≤ 0.05). Significant mean 

square values for ‘b2’ and ‘b3’ (P≤ 0.05) indicated the presence of asymmetrical 

distribution and specific gene interaction in the characters. Maternal and reciprocal effects 

were present as ‘c’ and‘d’ significant. The retesting of ‘a’ item with ‘c’ and ‘b’ ,‘b1’, ‘b2’ 

and ‘b3’ items with ‘d’ was made in all the cases of the items significance changed to 

non-significant. 
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Table 4.11   Mean squares from formal analysis of variance of boll weight F1   

                               generation of Gossypium hirsutum L. assessed through relative data  
                    of two salinities   

   

Items D.F 

17.5 dS/m 20 dS/m 

M.S 
Retesting against 

M.S 
Retesting against 

c D c d 

a 5 572.045** 2.3768 NS - 384.397** 2.928 NS - 

b 15 278.074**  0.5822 NS 737.829**  1.9042NS 

b1 1 350.707**  0.7343 NS 339.626**  0.8765 NS 

b2 5 279.038**  0.5843 NS 807.326**  2.0835 NS 

b3 9 269.468**  0.5642 NS 743.464**  1.9187 NS 

c 5 240.672**   131.248**   

d 10 477.569**   387.472**   

total 35 371.725   500.582   

a x blocks 10 4.713   13.857   

b x blocks 30 16.200   22.674   

b1 x blocks 2 19.904   13.258   

b2 x blocks 10 14.873   24.239   

b3 x blocks 18 16.526   22.850   

c  x blocks 10 12.671   13.058   

d  x blocks 20 31.526   16.752   

total x 

blocks 
70 18.434   18.349   

*,**, shows differences significant at P< 0.05 and P<0.01 levels respectively, whilst  ns, reveal 
non significant differences.
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Table 4.12    Mean squares from formal analysis of variance of ginning percentage in 
                      F1 generation of Gossypium hirsutum L. assessed through relative data  
                     of two salinities     
      

Items D.F 

17.5 dS/m 20 dS/m 

M.S 
Retesting against 

M.S 
Retesting against 

c D c d 

a 5 21.2976** 0.7116 NS - 43.366** 0.7383 NS - 

b 15 56.6299**  0.5665NS 156.907**  1.2789 NS 

b1 1 45.8384**  0.4632 NS 47.972**  0.3836 NS 

b2 5 79.0136**  0.7984 NS 95.394**  0.7629 NS 

b3 9 45.3937**  0.4587 NS 203.185**  1.047 NS 

c 5 29.9260**   58.735**   

d 10 98.9530**   125.031**   

Total 35 59.8599   117.555   

a x blocks 10 13.4906   4.625   

b x blocks 30 6.8998   8.959   

b1 x blocks 2 25.0054   9.563   

b2 x blocks 10 6.2495   18.444   

b3 x blocks 18 5.2493   3.622   

c  x blocks 10 35.8773   17.122   

d  x blocks 20 9.5766   14.117   

total x 

blocks 
70 12.7458   10.980   

*,**, shows differences significant at P< 0.05 and P<0.01 levels respectively, whilst  ns, 
reveal non significant differences.
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4.5.5.   Yield of Seed Cotton per Plant 
Results of formal analysis of variance in table 4.13 showed that there was additive and 

non-additive variation in seed cotton yield as ‘a’ and ‘b’ items were highly significant (P≤ 

0.01) in both the salinized conditions. Significant mean squares of ‘b1’item was (P≤ 0.01) 

indicated the presence of directional dominance in 20 dS/m but non-significant ‘b1’ item 

in 17.5 dS/m revealed that the absence of directional dominance. Highly significant (P≤ 

0.05) ‘b2’ and ‘b3’ items showed the presence of dissimilar number of genes as well as 

specific gene interaction in the inheritance of the character. The significant ‘c’ and ‘d’ 

items in both the growth conditions indicated the presence of maternal and reciprocal 

difference, which suggested retesting ‘a’ against ‘c’, but retesting of ‘b’,‘b1’, ‘b2’ and ‘b3’ 

items against ‘d’ in both salinities  reduced to non-significant (P≤ 0.05). 

 

4.5.6 Total Biomass per Plant 

Mean square obtained for formal analysis of variance indicated that the presence of both 

additive and non-additive variation effected total biomass production of plant as the ‘a’ 

and ‘b’ items significant (P≤ 0.05). The significant mean squares of ‘b1’, ‘b 2’ and ‘b3’ in 

both the stress conditions indicated the presence of directional dominance effects, 

dissimilar number of dominant genes and specific gene interaction for total biomass per 

plant respectively. The  maternal and reciprocal effects in the inheritance of the character 

was present, as ‘c’ and ‘d’ items were significant (P≤ 0.05), and this situation, in both the 

salinities suggested the retesting of ‘a’ item with ‘c’ and ‘b’ item with ‘d’. After retesting 

significant mean square of ‘a’ item reduced to non-significant, whilst the ‘b’ item in 17.5 

dS/m remained unchanged but in 20 dS/m it reduced to non-significant. Mean squares of 

item ‘b1
’ and ‘b2

’ in both the salinities were reduced to non-significant, however item ‘b3
’ 

in 17.5 dS/m remained unchanged, but 20 dS/m it reduced to non-significant. 

 

 

 

 

 

 

 

 

Table 4.13      Mean squares from formal analysis of variance of yield of seed cotton 
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                        in F1 generation of Gossypium hirsutum L. assessed through relative  
                        data of two salinities.     
 

Items D.F 

17.5 dS/m 20 dS/m 

M.S 
Retesting against 

M.S 
Retesting against 

c D c d 

a 5 55.3071** 5.251** - 64.204** 7.5013** - 

b 15 25.8216**  2.0395NS 89.710**  1.1971 NS 

b1 1 3.2994NS  0.2606 NS 157.162**  2.097 NS 

b2 5 22.8408**  1.8041 NS 101.033**  1.3481 NS 

b3 9 29.9800**  2.3680 NS 75.924**  1.0131 NS 

c 5 10.5326**   8.559**   

d 10 12.6603**   74.942**   

total 35 24.0893   70.254   

a x blocks 10 1.5757   2.816   

b x blocks 30 1.2941   3.152   

b1 x blocks 2 1.448   5.297   

b2 x blocks 10 1.5534   3.238   

b3 x blocks 18 1.1667   2.866   

c  x blocks 10 0.6082   1.204   

d  x blocks 20 0.7349   1.939   

total x 

blocks 
70 1.0766   2.479   

*,**, shows differences significant at P< 0.05 and P<0.01 levels respectively, whilst  ns, 
reveal non significant differences.
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 Table 4.14   Mean squares from formal analysis of variance of total biomass per  
                      plant in F1 generation of Gossypium hirsutum L. assessed through 
                      relative data of two salinities  
  

Items D.F 

17.5 dS/m 20 dS/m 

M.S 
Retesting against 

M.S 
Retesting against 

c D c d 

a 5 85.792** 4.924 NS - 117.378** 3.6418NS - 

b 15 261.442**  3.1417** 94.233**  1.1825 NS 

b1 1 131.365**  1.5786 NS 127.682**  1.6024 NS 

b2 5 89.506**  1.0755 NS 59.395**  0.7454 NS 

b3 9 371.415**  4.4633** 109.854**  1.3786 NS 

c 5 17.424**   32.329**   

d 10 83.215**   79.681**   

total 35 150.568   84.585   

a x blocks 10 11.628   3.232   

b x blocks 30 6.687   6.537   

b1 x blocks 2 8.345   2.350   

b2 x blocks 10 7.241   6.491   

b3 x blocks 18 6.195   7.028   

c  x blocks 10 7.595   3.374   

d  x blocks 20 14.544   5.549   

total x 

blocks 
70 9.767   5.331   

*,**, shows differences significant at P< 0.05 and P<0.01 levels respectively, whilst  ns, 
reveal non significant differences. 
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4.5.7. Staple Length 

The results of formal analysis of variance given in table 4.15 revealed the presence of 

variation in the material as ‘a’ item was significant (P≤ 0.05) in both the salinity regimes. 

Highly significant (P≤ 0.01) ‘b’ item in both the salinities, indicated that some part of 

variation was effected by non-additive genetic effects. The significant mean squares due 

to ‘b2’ and ‘b3’ items in both the stress conditions indicated the presence of dissimilar 

number of dominant genes in the parents and presence of specific gene interaction for 

staple length. The non-significant mean squares due to ‘b1’ in 17.5 dS/m indicated that the 

absence of directional dominance effects but in 20 dS/m it was significant revealed the 

presence of directional dominance effects. Significant ‘c’ and ‘d’ items indicated the 

presence of maternal as well as reciprocal effects. After retesting ‘a’ item and b, b1, b2, b3 

items in 17.5 dS/m were reduced to non-significant, but in 20 dS/m a item ‘b’ and ‘b3
’ 

reduced to non-significant, whilst  and ‘b1
’ and ‘b2

’ items remained unchanged.  

 

4.5.8 Fibre Strength 
 
Significant (P≤ 0.01) ‘a’ item suggested the presence of additive variation in fibre 

strength measured in material tested at 17.5 dS/m but non-significant ‘a’ item at 20 dS/m 

revealed that presence of dominant gene (Table 4.16). Significant ‘b’ item also showed 

the presence of non-additive variation in both salinity levels. In 17.5 dS/m was non-

significant b1 item indicated the absence of directional dominance but in 20 dS/m it was 

directional dominance as ‘b’ was significant. The items ‘b2’ and ‘b3’ in both the salinity 

levels were highly significant indicating dissimilar number of genes in the parents and 

presence of specific gene interaction. As both ‘c’ and ‘d’ items were significant in both 

the NaCl stress conditions the presence of maternal and reciprocal effects was indicated 

in the inheritance of the character. After retesting, significant ‘a’, ‘b1, ‘b’, ‘b2’, and‘b3’  

items in both the salinity levels, were revealed to be non-significant. 
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Table 4.15   Mean squares from formal analysis of variance of staple length in F1  
                    generation of Gossypium hirsutum L. assessed through relative data 
                    of two salinities 
 
  

Items D.F 

17.5 dS/m 20 dS/m 

M.S 
Retesting against 

M.S 
Retesting against 

c D c d 

a 5 47.4692** 2.8952 NS - 91.932** 2.7264 NS - 

b 15 20.9063**  1.3258NS 105.792**  2.0761NS 

b1 1 12.1260NS  0.7690 NS 181.679**  3.5652** 

b2 5 13.2214**  0.8385 NS 180.684**  3.5457** 

b3 9 26.1513**  1.6585 NS 55.754**  1.0941 NS 

c 5 16.3958**   33.719**   

d 10 15.7679**   50.958**   

total 35 2.5885   77.849   

a x blocks 10 3.2134   38.711   

b x blocks 30 24.5212   47.776   

b1 x blocks 2 18.1697   11.356   

b2 x blocks 10 40.0239   61.582   

b3 x blocks 18 16.6143   44.152   

c  x blocks 10 16.9461   57.065   

d  x blocks 20 19.0313   34.574   

total x 

blocks 
70 18.7984   44.036   

*,**, shows differences significant at P< 0.05 and P<0.01 levels respectively, whilst  ns, 
reveal non significant differences.
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Table 4.16   Mean squares from formal analysis of variance of fibre strength in F1 

                       generation of Gossypium hirsutum L. assessed through relative  
                       data of two salinities 
 

Items D.F 

17.5 dS/m 20 dS/m 

M.S 
Retesting against 

M.S 
Retesting against 

c D c d 

a 5 3.2677** 0.1489 NS - 0.9747NS 0.1184 NS - 

b 15 29.6247**  1.1621 NS 29.5866**  0.5978 NS 

b1 1 0.8696NS  0.3411 NS 64.9654**  1.3007 NS 

b2 5 55.2118**  2.1658 NS 31.9464**  0.3696 NS 

b3 9 18.6046**  0.7298 NS 24.7947**  0.4964 NS 

c 5 21.9402**   8.2314**   

d 10 25.4922**   49.9452**   

Total 35 23.58089   28.3809   

a x blocks 10 15.8282   2.5658   

b x blocks 30 16.4882   11.3359   

b1 x blocks 2 1.5399   41.5388   

b2 x blocks 10 23.7884   5.4890   

b3 x blocks 18 14.0935   11.2283   

c  x blocks 10 11.7437   8.5214   

d  x blocks 20 7.2575   13.5396   

total x 

blocks 
70 13.0788   10.3106   

*,**, shows differences significant at P< 0.05 and P<0.01 levels respectively, whilst  ns, 
reveal non significant differences.
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4.5.9 Fibre Fineness 
 
Formal analysis of variance of diallel data showed that items ‘a’ and ‘b’ were significant 

in both the salinized conditions, suggesting the variation in fineness to be controlled by 

additive and dominance gene effects (Table 4.17) significant b1 item indicated the 

presence of directional dominance was 17.5 dS/m, whilst in 20 dS/m it was non-

significant indicated that the absence of directional dominance. Significant ‘b2’ and ‘b3’ 

items indicated that genes were asymmetrical by distributed in the parents, and specific 

gene interaction, in both the salinity levels. Significant ‘c’ and ‘d’ items indicated the 

presence of maternal effects and reciprocal differences in both the saline conditions, 

respectively. After retesting against ‘c’ and ‘d’, all significant were reduced to non-

significant.  

    

4.5.10 Na+ Contents 

Significant (P≤) item ‘a’ suggested the distribution of additive Na+ content in the material  

Significant (P≤) ‘b’, ‘b 1’, ‘b 2’ and ‘b3’ items showed that general dominance effects, 

directional dominance, dissimilar number of genes in the parents and specific gene 

interaction were present in the genetic make up of plant material in both the saline 

conditions. The significant items ‘c’ and ‘d’  indicated the maternal effects and reciprocal 

differences in first and second salinity levels. After retesting ‘a’ against ‘c’ showed that, 

in both salinity levels, the mean squares due to ‘a’ reduced to non-significant and of ‘b’,  

‘b1’, ‘b2’ and ‘b3’ against d showed unchanged in 17.5 dS/m and reduced to non-

significant in 20 dS/m (Table 4.18).   
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Table 4.17    Mean squares from formal analysis of variance of fibre finess in F1  
                      generation of Gossypium hirsutum L. assessed through relative data  
                      of two salinities 
  

Items D.F 

17.5 dS/m 20 dS/m 

M.S 
Retesting against 

M.S 
Retesting against 

c D c  d  

a 5 124.702** 2.0582 NS - 120.482** 1.6707NS - 

b 15 176.018**  2.1657NS 42.758**  1.0709 NS 

b1 1 54.849**  0.6748 NS 0.917NS  0.0229 NS 

b2 5 194.303**  2.3907 NS 66.379**  1.6625 NS 

b3 9 179.323**  2.2064 NS 34.284**  0.8586 NS 

c 5 60.587**   72.113**   

d 10 81.274**   39.927**   

Total 35 125.128   57.247   

a x blocks 10 25.284   6.463   

b x blocks 30 21.886   10.031   

b1 x blocks 2 9.777   24.847   

b2 x blocks 10 20.783   5.656   

b3 x blocks 18 23.845   10.816   

c  x blocks 10 35.658   23.280   

d  x blocks 20 16.599   13.300   

total x 

blocks 
70 22.828   12.348   

*,**, shows differences significant at P< 0.05 and P<0.01 levels respectively, whilst  ns, 
reveal non significant differences.
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    Table 4.18  Mean squares from formal analysis of variance of Na+ contents in F1  
                        generation of  Gossypium hirsutum L. assessed through relative data of  
                        two salinities 
 
  

Items D.F 

17.5 dS/m 20 dS/m 

M.S 
Retesting against 

M.S 
Retesting against 

c D c d 

a 5 3645.4** 1.275NS - 2403.59** 1.050 NS - 

b 15 8539.7**  4.2178** 7440.38**  2.2306 NS 

b1 1 15588.7**  7.6992** 3503.25**  1.0503 NS 

b2 5 10217.6**  5.0464** 7490.54**  2.2457 NS 

b3 9 6824.3**  3.3705** 7849.97**  2.3535NS 

c 5 2858.2**   2287.31**   

d 10 2024.7**   3335.37**   

total 35 5167.4   4811.83   

a x blocks 10 58.0   191.64   

b x blocks 30 107.2   372.21   

B1 x blocks 2 347.7   4.49   

B2 x blocks 10 156.2   680.86   

B3 x blocks 18 53.2   241.59   

c  x blocks 10 21.9   613.39   

d  x blocks 20 52.5   301.74   

total x 

blocks 
70 72.3   360.73   

*,**, shows differences significant at P< 0.05 and P<0.01 levels respectively, whilst  ns, 
reveal non significant differences.
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4.5.11.  K+ Contents 
Formal analysis of variance of data on K+ content in the material tested revealed that 

variation in K+ contents was due to additive and non-additive genes in both saline 

conditions, as item ‘a’ and ‘b’ appeared to be significant (P≤ 0.01). The significant mean 

squares due to ‘b1’, ‘b2’ and ‘b3’ indicated the presence of directional dominance, 

dissimilar number of dominant genes and specific gene interaction in the parents. 

Significant ‘c’ and ‘d’ indicated the presence of maternal and reciprocal effects under low 

and high NaCl stress. Retesting ‘a’ item against ‘c’, and ‘b’, 'b1’, ‘b2’ and ‘b3’ against ‘d’, 

reduced significant items to non-significant (Table 4.19). 

 

4.5.12. K+/Na+ ratio 

Significant mean squares due to items ‘a’ and ‘b’ show that variation in K+/Na+ in both 

the salinity levels were additive and non-additive (Table 4.20). The ‘b1’, ‘b2’ and ‘b3’ 

items were also significant, indicating the presence of directional dominance, 

involvement of parents containing differing number of genes, and presence of specific 

gene interaction for K+/Na+ respectively. Significant ‘c’ and ‘d’ items indicated that 

maternal and reciprocal effects were present in the inheritance of K+/Na+. Thus retesting 

of ‘a’ item with ‘c’ and ‘b’, ‘b1’, ‘b2’ and ‘b3’ with ‘d’ was made, and hence all the items 

were reduced to non-significant (P≤ 0.01). 
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Table 4.19       Mean squares from formal analysis of variance K+ contents in F1  
                         generation of  Gossypium hirsutum L. assessed through relative data  
                         of two salinities 
  

Items D.F 

17.5 dS/m 20 dS/m 

M.S 
Retesting against 

M.S 
Retesting against 

c D c d 

a 5 97.019** 0.909 NS - 118.623** 0.986 NS - 

b 15 73.415**  0.525 NS 227.198**  1.0175 NS 

b1 1 292.339**  2.0931 NS 177.665**  0.7956 NS 

b2 5 19.942**  0.1427 NS 218.381**  0.9780 NS 

b3 9 78.797**  0.5642 NS 237.600**  1.0641NS 

c 5 106.642**   120.266**   

d 10 139.668**   223.289**   

total 35 100.463   195.294   

a x blocks 10 1.137   13.402   

b x blocks 30 10.738   20.516   

b1 x blocks 2 17.600   28.099   

b2 x blocks 10 7.664   25.428   

b3 x blocks 18 11.683   16.945   

c  x blocks 10 4.736   24.792   

d  x blocks 20 14.449   11.604   

total x 

blocks 
70 9.569   17.564   

*,**, shows differences significant at P< 0.05 and P<0.01 levels respectively, whilst  ns, reveal 
non significant differences.
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Table 4.20     Mean squares from formal analysis of variance of   K+/Na+ ratio in F1 

                                 generation of  Gossypium hirsutum L. assessed through relative data of  
                       two salinities.  
  

Items D.F 
17.5 dS/m 20 dS/m 

M.S 
Retesting against 

M.S 
Retesting against 

c D c d 
a 5 48.982** 0.682NS - 33.6987** 1.0522 NS - 

b 15 76.441**  2.450 NS 78.9873**  1.6876 NS 

b1 1 231.635**  7.4248 NS 59.3020**  1.2671 NS 

b2 5 45.573**  1.4608 NS 78.7718**  1.6831 NS 

b3 9 76.346**  2.4472 NS 81.2942**  1.7364 NS 

c 5 71.784**   32.0273**   

d 10 31.197**   46.8020**   

total 35 58.926   56.6131   

a x blocks 10 0.504   0.5560   

b x blocks 30 2.557   3.1287   

b1 x blocks 2 6.273   1.7153   

b2 x blocks 10 1.103   5.3221   

b3 x blocks 18 2.951   2.0672   

c  x blocks 10 0.721   2.2961   

d  x blocks 20 1.752   1.4142   

total x 

blocks 
70 1.771   2.1524   

*,**, shows differences significant at P< 0.05 and P<0.01 levels respectively, whilst  ns, 
reveal non significant differences.
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4.5.13.   Proline Accumulation  
 
The results of formal analysis of variance of the diallel table revealed that the pattern of 

inheritance for proline contents was similar in both the saline conditions (Table 4.21). 

Significant ‘a’ and ‘b’ items reveal that variation in the material was due to additive 

effects in both dominance gene effects. Similarly, components of dominance (b1, b2 and 

b3) were significant in both the stress conditions showing the presence of variation due to 

directional dominance, presence of differing number of genes in the parents and specific 

gene interaction in the inheritance of proline contents. Significant ‘c’ and ‘d’ signified the 

involvement of maternal and non-maternal effects in the genetic controlling mechanism 

of the proline contents. The retesting of ‘a’ item with ‘c’, and b, b1, b2 and b3 with ‘d’ was 

made, and all the items were reduced to non-significant. 

 

4.6. Assessment of Diallel Data for Genetic Analysis 

The adequacy of the additive-dominance model to the data set of different characters, and 

validity of some of the assumptions underlying the genetic model were tested by joint 

regression analysis, and the analysis of variance of (Wr + Vr) and (Wr –Vr).    

 

4.6.1 Adequacy of Additive-Dominance Model to the F1 Data Set. 

The results of joint regression analysis, and analysis of variance of (Wr + Vr) and (Wr –Vr) are 

given in table 4.22. The regression co-efficient of plant height (b = 1.043 ± 0.04), number of 

bolls (b = 0.843 ± 0.134), boll weight (b = 0.723 ± 0.145), ginning percentage (b = 0.858 ± 

0.242), yield of seed cotton (b = 0.770 ± 0.192), total biomass (b = 0.813 ± 0.311), staple length 

(b = 1.164 ± 0.323), fibre strength (b = 1.054 ± 0.225), fibre finess (b = 1.008 ± 0.171), Na+ 

content (b = 1.108 ± 0.067), K+ content (b = 1.134 ± 0.236), Na+/ K+ ratio (b = 0.916 ± 0.165), 

proline accumulation (b = 0.625 ± 0.272), all are deviated significantly from zero, and are of 

unit slope. 

 

Analysis of variance of (Wr + Vr) and (Wr –Vr)  revealed that the variances between the arrays 

(Wr + Vr)  were significant (P≤ 0.01) for plant height, boll weight, total biomass, fibre strength, 

fibre finess, Na+, K+/Na+ and praline accumulate, whilst variances within arrays (Wr–Vr) were 

non-significant (P≤ 0.05) showing the presence of dominance and absence of epistasis.  
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Table 4.21      Mean squares from formal analysis of variance of proline 
                       accumulation in F1 generation of Gossypium hirsutum L. assessed  
                       through relative data of two salinities. 
  

Items D.F 

17.5 dS/m 20 dS/m 

M.S 
Retesting against 

M.S 
Retesting against 

c D c d 

a 5 2005.13** 1.2401NS - 21720.6** 1.1278 NS - 

b 15 5119.28**  0.8223 NS 9801.8**  0.6787 NS 

b1 1 2368.40**  0.3804 NS 25799.3**  1.7864 NS 

b2 5 5644.68**  0.9066 NS 7871.4**  0.5451 NS 

b3 9 5133.05**  0.8245 NS 9096.8**  0.6299 NS 

c 5 1616.91**   19258.0**   

d 10 6225.65**   14441.6**   

total 35 4490.17   14181.0   

a x blocks 10 158.00   228.3   

b x blocks 30 229.25   716.4   

b1 x blocks 2 427.50   1324.1   

b2 x blocks 10 165.18   347.3   

b3 x blocks 18 242.81   853.9   

c  x blocks 10 304.79   634.9   

d  x blocks 20 220.14   385.0   

total x 

blocks 
70 227.26   540.3   

*,**, shows differences significant at P< 0.05 and P<0.01 levels respectively, whilst  ns, 

reveal non significant differences.
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Thus based upon the results of both the tests, it was shown that the additive-dominance 

model was fully adequate for analyzing the data. But however, the genetic model was 

found to be partially adequate to the data of number of bolls, ginning percentage, yield of 

seed cotton, staple length, and K+, as the significant mean square of (Wr-Vr) for number 

of bolls, yield of seed cotton, K+ indicated the presence of epistasis, non-significant and 

mean squares of (Wr +Vr) for staple length and ginning percentage was non-significant 

showed the absence of dominance.  

 

The results of joint regression analysis, and analysis of variance of (Wr + Vr) and (Wr –

Vr) carried out using relative data of F1 generation under 20 dS/m are given in table 4.23. 

The regression co-efficient of plant height (b = 1.023 ± 0.136), number of bolls per plant 

(b = 1.223 ± 0.218), boll weight (b = 0.794 ± 0.155), ginning percentage (b = 

0.441±0.1331), yield of seed cotton (b = 0.951 ± 0.306), total biomass per plant (b = 

1.031 ± 0.106), staple length (b = 0.538 ± 0.180), fibre strength (0.876±0.266), fibre 

finess (b = 0.865 ± 0.396), Na+ content (b = 0.909 ± 0.105), K+ content (b = 1.018 ± 

0.199), K+/Na+ ratio (b = 0.977 ± 0.073), proline accumulation  (b = 0.742 ± 0.098), all 

appeared to deviate significantly from zero, but not for unity. Significant mean square due 

to (Wr + Vr) revealed that variances between the arrays (Wr + Vr) were significant ( P≤ 

0.01 ) for plant height, total biomass, K+/Na+ ratio and proline accumulation, whilst 

variances within arrays (Wr –Vr) were non-significant (P≤ 0.05) significantly the 

presence of dominance and absence of epistasis in the plant material.  

 

The results of both the scaling tests suggested that the additive-dominance model was 

fully adequate for analyzing the data. But the genetic model showed partially adequately 

to the data set on number of bolls, boll weight, yield of seed cotton, fibre strength, fibre 

finess,  Na+ content and K+ content, as the significant mean square due to (Wr-Vr) for 

number of bolls, yield of seed cotton indicated the presence of epistasis, and, non-

significant mean squares due to (Wr +Vr) for boll weight, fibre strength, fibre finess, Na+ 

and K+, showed the absence of dominance, the data for fibre length and ginning 

percentage were not fit for analysis.  
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Table 4.22    Scaling tests for adequacy of additive-dominance model for various traits grown in 17.5dS/m                       
 

Traits Regression slope 
Mean squares of 

Conclusion Wr + Vr 
 

Wr - Vr 

Plant height 1.042* ± 0.036 3445* 22.01NS Adequacy of model was shown by both the tests 

Number of Bolls/plant 0.843* ± 0.134 57963* 1854.8* Both the test suggested that model was partially adequate   

Boll weight 0.723* ± 0.145 24697* 1515.9 NS Genetic model was adequate by both the tests 

Ginning percentage 0.858* ± 0.242 291.1NS 53.28 NS 
Genetic model was partially adequate for genetic analysis 
of data 

Yield of Seed Cotton 0.770* ± 0.192 88.80* 5.855* 
Genetic model was partially adequate for genetic analysis 
of the data 

Total Biomass/plant 0.813* ± 0.311 1713.5* 245.0 NS Adequacy of genetic model was shown by both the tests 

Staple Length 1.164* ± 0.323 548.1NS 54.55 NS Both the test suggested that model was partially adequate. 

Fibre Strength 1.054* ± 0.225 380.6* 25.19 NS Both the test suggested that model was partially adequate.  

Fibre Finess 1.008* ± 0.171 1340* 47.93 NS 
Genetic model was fully adequate  for genetic analysis of 
data 

Na+ contents 1.108* ± 0.067 4609040* 48474 NS 
Genetic model was fully adequate for genetic analysis of 
data 

K+ contents 1.134* ± 0.236 1872.8* 144.87* 
Genetic model was partially adequate for genetic analysis 
of data 

K+/ Na+ ratio 0.916* ± 0.165 319.41* 12.882 NS Genetic model showed fully adequately to the data 

Proline accumulation  0.625* ± 0.272 3504728* 6666132.8 NS Genetic model showed fully adequate to the data 

*, shows differences significant at P< 0.05 level whilst ns, reveal non significant differences.
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Table 4.23    Scaling tests for adequacy of additive-dominance model for various traits grown in 20dS/m  

 

Traits Regression slope 
Mean squares of 

Conclusion  
Wr + Vr 

 
Wr – Vr 

Plant height 1.023* ± 0.136 1781.1* 34.93 NS Model is shown adequate by both the tests 

Number of Bolls/plant 1.223* ± 0.218 6681* 350.0* 
Both the tests suggested that model was partially 
adequate to account for the data 

Boll weight 0.794* ± 0.155 77139 NS 3320* 
Both the tests suggested that model was partially 
adequate to account for the data 

Ginning percentage 0.441 NS ± 0.133 877.8 NS 225.6* Model is shown inadequate by both the tests 

Yield of Seed Cotton 0.951*± 0.306 282.72 NS 25.540* 
Both the tests suggested that model was partially 
adequate to account for the data 

Total Biomass/plant 1.031*± 0.106 910.1* 18.54 NS Model is shown adequate by both the tests 
Staple Length 0.538 NS ± 0.180 2492 NS 871.9* Model is shown inadequate by both the tests 

Fibre Strength 0.876*± 0.266 86.7 NS 11.10* 
Both the tests suggested that model was partially 
adequate to account for the data 

Fibre Finess 0.865* ± 0.396 461.0 NS 98.1* 
Both the tests suggested that model was partially 
adequate to account for the data 

Na+ contents 0.909* ± 0.105 2954945 NS 99160* 
Both the tests suggested that model was partially 
adequate to account for the data 

K+ contents 1.018*± 0.199 1400 NS 117.9* 
Both the tests suggested that model was partially 
adequate to account for the data 

K+/ Na+ ratio 0.977*± 0.073 223.69* 0.962 NS Model  showed fully adequately to the data set  
Proline accumulation  0.742*± 0.098 28874163* 1219435 NS Model is shown adequate by both the tests 

*, shows differences significant at P< 0.05 level whilst ns, reveal non significant differences
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4.7. Estimation of Genetic Components of Variation in Plant Characters Measured   
       in Two Salinities 
 
4.7.1 Plant Height  

The estimation of genetic components of variation in plant height in both the salinity levels 

is presented in table 4.24. In 17.5 dS/m, the greater magnitude of D than those of H1 and 

H2 revealed that additive gene effects were more important in the inheritance of plant 

height. The degree of dominance was denoted by (H1/D)0.5, and is less than 1, and denoted 

the presence of partial dominance, and this nature of dominance was also confirmed by the 

regression slope  position, which was presented by the figure 4.5 (a). The unequal 

magnitude of H1 and H2   indicated the unequal distribution of dominant and recessive 

genes in the parents, and this was signified by the ratio of H2/4H1 (0.152). Positive value 

of F showed that numbers of dominant genes were more frequent than recessive, and the 

positive value of h2 indicated the trend of dominance towards the parents with latter plants. 

Estimate of narrow sense heritability for plant height is 0.917. Estimation of figure 4.5 (a) 

indicated variety B557 contained the maximum number of recessive genes, whilst the 

cluster of other five varieties reveal that both dominant and recessive genes. 

 

In 20 dS/m again the effects of additive genes appeared to be important in affecting 

variation in plant height, as the magnitude of D is greater than H1 and H2. Low ratio i.e., 

0.41 of (H1/D)0.5 revealed the degree of dominance partial (figure 4.5 b). Since estimate of 

H1 was greater than H2, hence indicated that the genes for the character were distributed 

unequally in the parents and this claim was strong that by the low ratio of H2/4H1, 0.21 (in 

case of equal distribution of genes this value is almost 0.25). The positive and significant 

value of F showed that there were more dominant genes than recessive genes in the 

parents. Under increased NaCl salinity magnitude of heritability for plant height was 

0.872. The comparison of the array distribution in figure 4.5 (b) it is again clear that B 557 

extreme greater number of recessive genes, whilst Qalandri and BP-52-NC-63 contained 

maximum number of dominant genes, whilst NIAB78, MNH522 and MNH 147 carried 

both dominant and recessive genes. 
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Table 4.24    Estimates of components of variation in plant height measured in  
                      two salinities 
          

Components 
Estimates 

17.5 dS/m 20 dS/m 

D 133.43±0.93 74.03±2.45 

H1 10.80±2.17 12.53±5.66 

H2 6.56±1.88 10.29±4.92 

F 49.72±2.22 23.12±5.8 

h^2 1.38±1.26 -0.74±3.29 

E 2.293±0.31 1.33±0.82 

(H1/D)0.5 0.284 0.41 

H2 /4H1 0.1517 0.21 

Heritability ns 0.917 0.872 

 

E = Environmental component 

F = Frequency of dominant alleles 

D = Additive gene effects 

H1 and H2 = Dominance effects of genes  

F   = Estimation of relative frequency of dominance and recessive alleles in the parents  

h^2 = overall dominance effects of heterozygous loci 

(H1/D)0.5  = Average degree of dominance 

H2/4H1 =  Proportion of gene with positive and negative effects in the parents
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Fig.4.5 (a) Wr/Vr graph for Plant height measured in 17.5 dS/m salinity  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 

 

                 Fig. 4.5 (b) Wr/Vr graph for Plant height measured in 20 dS/m salinity 
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4.7.2 Number of Bolls per Plant 

Estimates of components of variation in number of bolls in both saline conditions are 

given in the table 4.25 under low salinity, and 17.5 dS/m as well as high salinity, 20 dS/m, 

the relative size of D, H1 and H2 showed that effect of additive genes were important in 

affecting variation in the plant material tested in stressed conditions. The unequal 

estimates of H1 and H2 in both the salinities revealed unequal distribution of genes in the 

parents, and this was verified by the ratio of H2/4H1 i.e. 0.21. The negative sign of F 

suggest that number of recessive genes were more frequent than dominant genes in 17.5 

dS/m, but in 20 dS/m reverse was true. The positive sign of h2 indicated the trend of 

dominance towards the parents with greater number of bolls in 17.5 dS/m, and vice versa. 

The estimates of narrow sense heritability in both the stressed conditions appeared to be 

almost similar i.e., 0.824 and 0.872. Figure 4.6 (a) and figure 4.6 (b) indicated that 

distribution of varietals points for number of bolls in plant describes that B 557 in 17.5 

dS/m and MNH 522 in 20 dS/m possessed the greater number of dominant genes, and in 

contrast Qalandri in 17.5 dS/m and B 557 in 20 dS/m carried the greater number of 

recessive genes for number of bolls per plant.  
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Table 4.25 Estimates of components of variation for number of bolls/plant in two 
                  salinities    
                                                                

Components 
Estimates 

17.5 dS/m 20 dS/m 

D 285.35±16.63 407.33±7.53 

H1 129.59±38.39 76.27±17.39 

H2 109.06±38.39 52.41±15.14 

F -24.64±39.47 168.46±17.88 

h^2 0.969±22.35 -1.39±10.13 

E 8.02±5.57 6.10±2.52 

(H1 /D)0.5 0.67 0.43 

H2 /4H1 0.21 0.17 

Heritabilityns 0.824 0.872 

 

E = Environmental component 

F = Frequency of dominant alleles 

D = Additive gene effects 

H1 and H2 = Dominance effects of genes  

F  = Estimation of relative frequency of dominance and recessive alleles in the parents  

h^2  = overall dominance effects of heterozygous loci 

(H1 /D)0.5= Average degree of dominance 

H2 /4H1= Proportion of gene with positive and negative effects in the parents 
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         Fig.4.6 (a) Wr/Vr graph for number of bolls/plant in 17.5 dS/m salinity 
 

 

 

 

 

 

 

 

 

 

Fig.4.6 (b) Wr/Vr graph for number of bolls/plant in 20 dS/m salinity 
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4.7.3. Boll Weight 

The estimates of genetic components of variation for boll weight given in table 4.26, 

revealed that D, H1 and H2 are significant, but greater magnitude of H1 and H2 than that of 

D in 17.5 dS/m, indicated that genes with non-additive properties were important in the 

inheritance of boll weight. The magnitude of H1 and H2 in both the salinity levels,   

indicated the unequal distribution of genes in the parents, and this was signified by the 

ratio of H2/4H1 (0.22). The positive value of F indicated dominant genes were more 

frequent than recessive genes. Positive value of h2 suggests that dominance appeared to be 

towards the parents with heavier boll weight. The degree of dominance was exhibited by 

the ratio (H1/D)0.5 = 0.75, and it was partial dominance (Fig.4.7a). The estimates of narrow 

sense heritability for the character in 17.5 dS/m calculated as 0.57.  

 

When these components of variation were calculated in the material assessed in 20 dS/m, 

genes with both additive and non-additive properties appeared to be important in the 

inheritance of boll weight, as D, H1 and H2 components of variation were significant. The 

low estimate of (H1 /D)0.5 (0.66) revealed partial dominance for the character, and this 

situation was supported by the intercept of regression line on the positive side of Wr axis 

(Fig. 4.7 b). The great difference between H1 and H2, and the low ratio of H2/4H1 (0.20) 

suggested that genes were unequally distributed in the parents. The positive sign of F 

indicated that there were more dominant genes in the parents than recessive for boll 

weight. The narrow sense heritability was (0.828). 

 

 Examination of Fig. 4.7 a, b signified that the varieties B557 and Qalandri contained 

maximum number of dominant genes in 17.5 and 20 dS/m salinities respectively. 

Similarly, BP52NC63 in 17.5 dS/m and MNH522 in 20 dS/m being farther away from 

origin contained maximum number of recessive genes for boll weight.  
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Table 4.26   Estimates of components of variation for boll weight in two salinities                                                              

 

Components 
Estimates 

17.5 dS/m 20 dS/m 

D 154.53±15.78 291.25±23.90 

H1 240.01±36.45 126.93±55.19 

H2 215.18±31.71 103.13±48.02 

F 19.42±37.47 0.64±56.73 

h^2 73.08±21.22 3.51±32.13 

E 6.16±5.29 6.75±8.00 

(H1 /D)0.5 0.75 0.66 

H2 /4H1 0.22 0.200 

Heritabilityns 0.571 0.828 

 

*, Value is significant when it exceeds 1.96 after dividing its standard error 

E = Environmental component 

F = Frequency of dominant alleles 

D = Additive gene effects 

H1 and H2 = Dominance effects of genes  

F = Estimation of relative frequency of dominance and recessive alleles in the parents  

h^2  = overall dominance effects of heterozygous loci 

(H1 /D)0.5 = Average degree of dominance 

H2/4H1 =  Proportion of gene with positive and negative effects  in the parents 
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Fig.4.7 (a) Wr/Vr graph for boll weight in 17.5 dS/m salinity 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.4.7 (b) Wr/Vr graph for boll weight in 20 dS/m salinity 
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4.7.4 Ginning Percentage 

In 17.5 dS/m, D, H1 and H2 components are significant which is indication of the 

involvement of both additive and dominant gene effects in controlling the inheritance of 

ginning percentage in (Table 4.27). Varying degree of dominance was indicated by ratio of 

[(H1/D)0.5 = 0.61], the presence which is verified by the slope of regression line in Fig 4. 

The genes appeared to be almost equally distributed among the parents, because H1 is 

almost equal to H2, and thus the ratio H2/4H1= 0.26 (which is near to 0.25 maximum 

value). The negative value of F revealed that there were more recessive genes in the 

parents. Narrow sense heritability was estimated as 0.68.  

 

Distribution of array points in figure 4 showed that the variety B557 contained the 

maximum number of dominant genes, whilst MNH147 possessed the maximum number of 

recessive genes. For data set of ginning percentage under 20 dS/m, the genetic model was 

not adequate for analyzing the data.  

 

4.7.5. Yield of Seed Cotton per Plant 

Genetic components of variation, estimated in low and high salinity levels are presented 

in table 4.28. The magnitude of D under 17.5 dS/m (11.72) and in 20 dS/m (51.15) is 

greater than H1 and H2, suggesting cumulative gene effects were more pronounced in the 

inheritance of yield of seed cotton. The negative sign of F in 17.5 dS/m indicated that 

numbers of recessive alleles were more frequent than dominant alleles in the parents, but 

in 20 dS/m the positive sign of F indicated the presence of more number of dominant 

alleles than recessive in the parent. The positive value of h2 in 17.5 dS/m indicated the 

trend of dominance towards parents having more yield of seed cotton, whilst reverse was 

observed 20 dS/m. Estimate of narrow sense heritability of yield of seed cotton is 0.82 

and 0.85 in 17.5 and 20 dS/m, respectively.  
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Table 4.27  Estimates of components of variation for ginning percentage  
                    under 17.5 dS/m salinity 

          
Components 17.5 dS/m 

D 26.60±2.30 

H1 9.98±5.31 

H2 10.42±4.63 

F -3.21±5.47 

h^2 -0.798±3.09 

E 4.199±0.77 

(H1 /D)0.5 0.61 

H2 /4H1 0.26 

Heritabilityns 0.683 

 

*, Value is significant when it exceeds 1.96 after dividing its standard error 

E = Environmental component 

F = Frequency of dominant alleles 

D = Additive gene effects 

H1 and H2 = Dominance effects of genes  

F  = Estimation of relative frequency of dominance and recessive alleles in the parents  

h^2   = overall dominance effects of heterozygous loci 

(H1 /D)0.5 = Average degree of dominance 

H2/4H1 =   Proportion of gene with positive and negative effects in the parents 
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Fig.4.8   Wr/Vr graph for ginning percentage in 17.5 dS/m salinity 
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The distribution of parents the regression line (Fig.4.9a) showed that the variety 

BP52NC63 contained the maximum number of dominant genes in low salinity 17.5 dS/m, 

and Qalandri possessed the more number of recessive genes. Under increased salinity, 20 

dS/m, variety B557 contained the maximum number of dominant genes, and BP52NC63 

possessed the maximum number of recessive genes (Fig. 4.9 b).  

 

4.7.6 Total Biomass per Plant 

In both the salinity stress the greater and positive magnitude of D than H1 and H2, revealed 

that gene acting additively appeared to be more important in the inheritance of total 

biomass per plant. The degree of dominance was exhibited by (H1/D)0.5 which is less than 

1, in both the stress, which is partial dominance, and this was also verified by the position 

of regression slope (Fig.4.10a.). In 17.5 dS/m, H1 is almost equal to H2, which suggest 

equal distribution of genes in parents to be equal for total biomass per plant, but in 20 

dS/m, unequal distribution of genes in the parents was noted for this character. The 

positive sign of F, in both the salinized conditions revealed that number of dominant 

alleles were more frequent than recessive one. The ratio (H1/D)0.5 = 0.24 (17.5 dS/m), and 

0.19 (20 dS/m) indicated the presence of partial dominance, under low and increased stress 

conditions. The positive sign of h2 indicated dominance was towards the parents with more 

total biomass per plant. The estimates of narrow sense heritabilities for the character were 

0.800 and 0.889 in both the salinity levels, respectively.  

 

The distribution of parents for total biomass per plant (Fig. 4.10 a,b) indicated that the 

variety BP52NC63 contained the maximum number of dominant genes in both the salinity 

levels, and in contrast B557 and Qalandri possessed the maximum number recessive genes 

for 17.5 dS/m and 20 dS/m, respectively. 
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Table 4.28   Estimates of components of variation for yield of seed cotton in 
                    two salinities          
 

Components 
Estimates 

17.5 dS/m 20 dS/m 

D 11.72±1.02 51.15±2.21 

H1 5.97±2.37 18.95±5.10 

H2 5.20±2.06 11.59±4.44 

F -2.51±2.44 12.71±5.25 

h^2 0.25±1.38 -0.46±2.97 

E 0.37±0.34 0.99±0.74 

(H1 /D)0.5 0.71 0.61 

H2 /4H1 0.22 0.15 

Heritabilityns 0.817 0.854 

*, Value is significant when it exceeds 1.96 after dividing its standard error 

E = Environmental component 

F = Frequency of dominant alleles 

D = Additive gene effects 

H1 and H2 = Dominance effects of genes  

F   = Estimation of relative frequency of dominance and recessive alleles in the parents  

h^2  = overall dominance effects of heterozygous loci 

(H1 /D)0.5= Average degree of dominance 

H2 /4H1 =   Proportion of gene with positive and negative effects in the parents 
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Fig.4.9 (a): Wr/Vr graph for yield of seed cotton in 17.5 dS/m salinity 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4.9 (b): Wr/Vr graph for yield of seed cotton in 20dS/m salinity 
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Table 4.29   Estimates of components of variation for total biomass per plant in two  
                     salinities          
 

Components 
Estimates 

17.5 dS/m 20 dS/m 

D 107.88±5.86 69.58±1.40 

H1 35.82±13.54 9.31±3.23 

H2 34.75±11.77 7.24±2.81 

F 14.08±13.91 13.59±3.32 

h^2 0.853±7.87 0.371±1.88 

E 3.34±1.96 1.86±0.47 

(H1 /D)0.5 0.57 0.36 

H2 /4H1 0.24 0.19 

Heritabilityns 0.797 0.887 

 

*, Value is significant when it exceeds 1.96 after dividing its standard error 

E = Environmental component 

F = Frequency of dominant alleles 

D = Additive gene effects 

H1 and H2 = Dominance effects of genes  

F   = Estimation of relative frequency of dominance and recessive alleles in the parents  

h^2  = overall dominance effects of heterozygous loci 

(H1 /D)0.5 = Average degree of dominance 

H2/4H1 = Proportion of gene with positive and negative effects in the parents 
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Fig. 4.10(a): Wr/Vr graph for total biomass per plant in 17.5 dS/m salinity 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4.10 (b): Wr/Vr graph for total biomass per plant in 20 dS/m salinity 
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4.7.7. Staple Length 

In 17.5 dS/m, the relative magnitude of D than H1, and H2, revealed the importance of 

additive gene effects for controlling variation in staple length (Table 4.30). The unequal 

magnitude of H1 and H2 indicated the unequal distribution of genes in the parents and this 

was evidenced by the ratio of H2/2H1 i.e. 0.16 which is less than 0.25. The negative sign of 

F denoted that recessive alleles were more frequent than dominant alleles. The negative 

sign of h2 indicates that dominance was directional towards the parents for high staple 

length. Estimate of narrow sense heritability is 0.30. The degree of dominance was 

exhibited by (H1/D)0.5 = 2.17 which showed the presence over dominance, which is also 

clear by the slope of regression line in figure 7. The examination of the figure 4.11 showed 

that parent MNH522 contained the maximum number of dominant genes whilst MNH147, 

BP-52NC63 and Qalandri possessed the maximum number of recessive genes for the 

channels. 
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Table 4.30   Estimates of components of variation for staple length in 17.5  
                    dS/m salinity      
  

Components 17.5 dS/m 

D 1.59±0.72 

H1 -7.52±1.67 

H2 -4.81±1.45 

F -6.84±1.72 

h^2 -1.14±0.97 

E 7.85±0.24 

(H1/D)0.5 2.168 

H2 /4H1 0.159 

Heritabilityns 0.300 

 

*, Value is significant when it exceeds 1.96 after dividing its standard error 

E = Environmental component 

F = Frequency of dominant alleles 

D = Additive gene effects 

H1 and H2 = Dominance effects of genes  

F  = Estimation of relative frequency of dominance and recessive alleles in the parents  

h^2  = overall dominance effects of heterozygous loci 

(H1/D)0.5 = Average degree of dominance 

H2 /4H1 =  Proportion of gene with positive and negative effects  in the parents 
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Fig.4.11  Wr/Vr graph for Staple length in 17.5 dS/m salinity 
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4.7.8. Fibre Strength 

The estimates of components of variation in fibre strength under both the salinities are 

given in table 4.31. Comparison of the magnitude of the items showed that due to greater 

size of D than H1 and H2 revealed that additive gene with cumulative effects were more 

important in the inheritance controlling the trait. The unequal size of H1 and H2 denotes 

the unequal distribution of genes in the parents, and this was evidenced by the ratio of 

H2/4H1 (0.19) in (17.5 dS/m) and -1.00 (20 dS/m). Negative value of F in both the 

salinities revealed that recessive genes were more numerous than dominant. The 

estimates of heritability of fibre strength in low and high salinity were 0.52 and 0.57, 

respectively.  

 

Comparison of the array distribution in figure 4.12 (a) revealed that variety MNH147 

contained the maximum number of genes for fibre strength in low stress and BP52NC63 

possessed the maximum number of genes. Under 20 dS/m stress B557 appeared to carry 

maximum number of dominant genes, and by contrast NIAB78 was revealed to possess 

the maximum number of recessive genes for fibre strength (fig. 4.12 b). 

 

3.7.9 Fibre Fineness 

The estimates of components of variation in fibre fineness for both the salinity levels are 

given in table 4.32. The magnitude of item D is greater than that of H1 and H2, therefore 

presence of additive gene effects were indicated in the inheritance of the character. The 

unequal distribution of genes in the parents was shown by different magnitude of H1 and 

H2 17.5 and 20 dS/m, respectively and this was supported by the different ratio of H2//4H1 

= 0.138 and 0.196. Negative value of F revealed that numbers of recessive alleles were 

more frequent than dominant, and in contrast in 20 dS/m salinity  

 

The numbers of dominant alleles were more frequent than recessive genes. The negative 

sign of h2 in both the saline conditions denoted that dominance was towards the parents 

with greater fibre fineness. The estimates of narrow sense heritability for fibre fineness 

were 0.83 and 0.69 under 17.5 and 20 dS/m, respectively. Parents B557, and NIAB78  
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Table 4.31 Estimates of components of variation for fibre strength in two 
                  salinities 
          

Components 
Estimates 

17.5 dS/m 20 dS/m 

D 9.04±1.00 10.68±1.22 

H1 -2.15±2.31 -0.17±2.81 

H2 -1.68±2.01 0.69±2.44 

F -0.800±2.37 -1.90±2.88 

h^2 -1.39±1.34 -0.71±1.64 

E 4.74±0.33 4.19±0.41 

(H1/D)0.5 0.487 0.127 

H2 /4H1 0.195 -1.003 

Heritabilityns 0.520 0.573 

 

*, Value is significant when it exceeds 1.96 after dividing its standard error 

E = Environmental component 

F = Frequency of dominant alleles 

D = Additive gene effects 

H1 and H2 = Dominance effects of genes  

F  = Estimation of relative frequency of dominance and recessive alleles in the parents  

h^2    =overall dominance effects of heterozygous loci 

(H1 /D)0.5 = Average degree of dominance 

H2 /4H1 =  Proportion of gene with positive and negative effects  in the parents 
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Fig.4.12 (a)  Wr/Vr graph for fibre strength in 17.5 dS/m salinity 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.4.12 (b)  Wr/Vr graph for fibre strength in 20 dS/m salinity 
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Table 4.32 Estimates of components of variation for fibre finess in two salinities 

Components 
Estimates 

17.5 dS/m 20 dS/m 

D 69.17±1.66 30.19±2.90 

H1 -6.78±3.82 9.77±6.71 

H2 -3.77±3.32 7.69±5.83 

F -5.73±3.93 4.27±6.89 

h^2 -4.04±2.23 -2.25±3.91 

E 8.33±0.55 4.17±0.97 

 (H1 /D)0.5 0.313 0.568 

H2 /4H1 0.138 0.196 

Heritabilityns 0.829 0.696 

 

*, Value is significant when it exceeds 1.96 after dividing its standard error 

E = Environmental component 

F = Frequency of dominant alleles 

D = Additive gene effects 

H1 and H2 = Dominance effects of genes  

F = Estimation of relative frequency of dominance and recessive alleles in the parents  

h^2  = overall dominance effects of heterozygous loci 

(H1/D)0.5 = Average degree of dominance 

H2 /4H1 =  Proportion of gene with positive and negative effects  in the parents 
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Fig.4.13 (a)  Wr/Vr graph for fibre finess in 17.5 dS/m salinity 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.4.13 (b) Wr/Vr graph for fibre finesss in 20 dS/m salinity 
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 contained maximum number of dominant genes for fibreness, whilst Qalandri contained 

recessive alleles under low and high salinity respectively (fig. 4.13 a,b)  

 

4.7.10. Na+ Contents 

The estimates of components of variation under both the salinity levels showed that both 

additive and non-additive effects were important for controlling variation Na+ contents as 

D, H1 and H2 appeared to be significant (Table 4.33). The estimate item of dominance 

(H1/D)0.5 indicated the presence of partial dominance under low and high salinity levels, 

and this was supported by the intercept of regression line on Wr axis (Fig.10 a,b). The 

difference between irrigation of H1 and H2 item and the ratios of  H2/4H1 = 0.19 in 17.5 

dS/m and 0.171 in 20 dS/m, suggested the unequal distribution of genes in the parents. 

Positive sign of F, for both the salinities, showed that more dominant genes were present 

in the parents. Positive sign of h2, in both the stress conditions indicated that dominance 

occurred towards the parents with greater Na+ contents. Narrow sense heritability of Na+ 

contents in 17.5 dS/m and 20 dS/m were similar.  

 

Examination of figure 4.14 (a, b) depicts that the variety MNH522 contained maximum 

number of dominant genes, in both the saline conditions, and in contrast BP52NC63 in 

17.5 dS/m and MNH147 in 20 dS/m, being further away from origin, possessed maximum 

number of recessives for Na+ content. 
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Table 4.33 Estimates of components of variation for Na+ contents in two  
                  salinities          
 

Components 
Estimates 

17.5 dS/m 20 dS/m 

D 
5281.35±70.156 

 
3653.68±77.752 

 

H1 746.29±161.99 
345.60±179.535 

 

H2 
593.79±140.94 

 
241.18±156.199 

 

F 
1771.17±166.510 

 
317.96±184.538 

 

h^2 
47.29±94.288 

 
-19.18±104.497 

 

E 
25.74±23.490 

 
123.86±26.033 

 
(H1 /D)0.5 

 
0.37591 

 
0.30756 

 

H2 /4H1 
0.19892 

 
0.17447 

 

Heritabilityns 
0.91314 

 
0.90329 

 
 

*, Value is significant when it exceeds 1.96 after dividing its standard error 

E = Environmental component 

F = Frequency of dominant alleles 

D = Additive gene effects 

H1 and H2 = Dominance effects of genes  

F  = Estimation of relative frequency of dominance and recessive alleles in the parents  

h^2  = overall dominance effects of heterozygous loci 

(H1 /D)0.5 = Average degree of dominance 

H2 /4H1 =  Proportion of gene with positive and negative effects  in the parents 
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Fig. 4.14 (a) Wr/Vr graph for Na+ contents in 17.5 dS/m salinity 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4.14 (b)  Wr/Vr graph for Na+ contents in 20 dS/m salinity 
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4.7.11. K+ Contents 

The estimates of component of variation in K+ content 17.5 and 20 dS/m salinities are 

presented in table 4.34. The results revealed that in both the salinities additive gene 

effects were more pronounced in the expression of K+ content, due to greater magnitude 

of D than H1 and H2. In 17.5 dS/m due to unequal size of magnitude of H1 and H2 

unequal distribution of genes in the parents was indicated but in 20 dS/m H1 = H2 which 

is an indication of equal distribution of genes in the parents. The ratio of H2/4H1 was 0.22 

in 17.5dS/m and 0.24 in 20dS/m, which again strengthened this observation. The ratio of 

(H1/D) 0.5 = 0.54 in 17.5 dS/m and 0.31 in 20 dS/m, therefore presence of partial 

dominance was suggested. The positive value of F, in both the salinities indicated that 

there were more dominant genes than recessive genes in the parents. Estimates of narrow 

sense heritability, for both the saline conditions were 0.81 and 0.87, respectively. 

 

The distribution of varietal points for K+ contents depicts that Qalandri in 17.5 dS/m and 

BP52NC63 possessed the greatest number of dominant genes, and in contrast MNH147 

and MNH522 carried the greatest number of recessive genes for K+ content in both the 

salinity levels, respectively (Fig.4.15 a, b). 

 

4.7.12. K+/Na+ Ratio 

In 17.5 and 20 dS/m, greater the magnitude of D than H1 and H2 items revealed that 

additive gene effects were more important in the inheritance of variation K+/Na+ ratio 

(Table 4.35). The degree of dominance as exhibited by the ratio (H1/D)0.5,  in both the 

salinity levels was partial  position of regression slope in fig. 4.16 a,b. The unequal 

magnitude of H1 and H2 indicated that genes were not equally distributed in the parents in 

both the salinized conditions, which is evidenced by the ratio of H2/4H1 i.e. 0.23 in 17.5 

dS/m and 0.21 in 20 dS/m. Positive value of F, in both the saline conditions, revealed that 

number of dominant genes was more frequent than recessive in the parents. The estimate 

of heritability narrow sense was 0.88 in 17.5dS/m which was less than 0.94 in 20 dS/m.  

The relative position of array along with the regression line (Fig. 4.16 a,b) indicated that  

Qalandri carried the most dominant genes in both the salinity levels. In contrast, NIAB78 

contained the more recessive genes in 17.5 as well as in 20 dS/m. 
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Table 4.34    Estimates of components of variation for K + contents in two 
                     salinities          
 

Components 
Estimates 

17.5 dS/m 20 dS/m 

D 
62.51±3.92 

 
145.12±3.67 

 

H1 18.38±9.06 
13.89±8.47 

 

H2 
16.85±7.89 

 
13.42±7.37 

 

F 
1.34±9.32 

 
16.78±8.71 

 

h^2 
-1.77±5.27 

 
-2.23±4.93 

 

E 
3.18±1.31 

 
5.75±1.22 

 
(H1 /D)0.5 

 
0.542 

 
0.309 

 

H2 /4H1 
0.229 

 
0.241 

 

Heritabilityns  
0.809 

 
0.876 

 
 

*, Value is significant when it exceeds 1.96 after dividing its standard error 

E = Environmental component 

F = Frequency of dominant alleles 

D = Additive gene effects 

H1 and H2 = Dominance effects of genes  

F  = Estimation of relative frequency of dominance and recessive alleles in the parents  

h^2  = overall dominance effects of heterozygous loci 

(H1 /D)0.5 = Average degree of dominance 

H2 /4H1 =  Proportion of gene with positive and negative effects  in the parents 
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Fig.4.15 (a) Wr/Vr graph for K+ contents in 17.5 dS/m salinity 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                Fig.4.15 (b) Wr/Vr graph for K+ contents in 20 dS/m salinity
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Table 4.35 Estimates of components of variation for K+/Na+ ratio in two  
                   salinities 
 
 

Components 
Estimates 

17.5 dS/m 20 dS/m 

D 
45.21±1.03 

 
40.55±0.47 

 

H1 5.94±3.09 
2.84±1.09 

 

H2 
8.72±2.62 

 
2.35±0.95 

 

F 
5.94±3.09 

 
0.49±1.12 

 

h^2 
0.48±1.75 

 
0.003±0.63 

 

E 
0.58±0.43 

 
0.75±0.16 

 
(H1 /D)0.5 

 
0.459 0.264 

H2 /4H1 0.228 0.206 
Heritabilityns 0.878 0.937 

 

*, Value is significant when it exceeds 1.96 after dividing its standard error 

E = Environmental component 

F = Frequency of dominant alleles 

D = Additive gene effects 

H1 and H2 = Dominance effects of genes  

F   = Estimation of relative frequency of dominance and recessive alleles in the parents  

h^2  = overall dominance effects of heterozygous loci 

 

(H1 /D)0.5 = Average degree of dominance 

H2 /4H1 =  Proportion of gene with positive and negative effects  in the parents 
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Fig. 4.16 (a) Wr/Vr graph for K+/Na+ ratio in 17.5 dS/m salinity 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Fig. 4.16 (b) Wr/Vr graph for K+/Na+ ratio in 20 dS/m salinity  
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4.7.13 Proline Accumulation  

The relative magnitude of estimation of component of variation given in table 4.36 

indicated that magnitude of D and H1 appeared to be almost similar, revealing the effects 

of genes with both additive dominance properties prominent in the inheritance of praline 

accumulation. Since the magnitude of H1 is almost equal to H2, thus showing that genes 

were equally distributed in the parents, and therefore ratio of H2/4H1 (0.24) which is 

almost equal to maximum 0.5. The ratio of (H1/D)0.5 = 0.694  showed the partial 

dominance in 17.5 dS/m. The positive value of F indicated that more there were dominant 

genes than recessive genes in the parents. Estimate of narrow sense heritability was 0.57.  

 

In 20 dS/m the magnitude of D was greater than H1 and H2 revealed that additive gene 

effects were, more important in the inheritance of proline accumulation (Table 4.36). 

Unequal distribution of H1 and H2 described the unequal gene frequencies in the parents. 

The ratio of H2/4H1 was 0.22 which again strengthened the idea of unequal distribution of 

genes in the parents. The ratio of (H1/D)0.5 = 0.77 was less than 1 and therefore evidenced 

the partial dominance and this was substantiated by the slope of regression line in figure 

4.17 b.  

 

The negative value of F indicated that there were more recessive genes than dominant 

genes in the parents. Estimates of narrow sense heritability was high than 17.5 dS/m 

(0.82). The distribution of varietal points for  proline accumulation percentage presented 

that NIAB78 possessed the maximum number of dominant genes in both the salinity 

levels and in contrast MNH147 carried more recessive genes in 17.5 dS/m and 

BP52NC63 in 20 dS/m.                                                          
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Table 4.36 Estimates of components of variation for proline accumulation in two 
                   salinities         
  

Components 
Estimates 

17.5 dS/m 20 dS/m 

D 1858.08±319.27 
5633.82±435.84 

 

H1 
2719.93±737.234 

 
33.05±1006 

H2 
2572.75±641.410 

 
2987.70±875.58 

 

F 
71.66±757.781 

 
-2680.72±1034.44 

 

h^2 
-36.05±429.101 

 
428.89±585.76 

E 
78.39±106.902 

 
209.92±145.93 

 
(H1 /D)0.5 

 
0.694 

 
0.766 

 

H2 /4H1 
0.23647 

 
0.225 

 

Heritabilityns 
0.57262 

 
0.818 

 
 

*, Value is significant when it exceeds 1.96 after dividing its standard error 

E = Environmental component 

F = Frequency of dominant alleles 

D = Additive gene effects 

H1 and H2 = Dominance effects of genes  

F  = Estimation of relative frequency of dominance and recessive alleles in the parents  

h^2  = overall dominance effects of heterozygous loci 

(H1 /D)0.5 = Average degree of dominance 

H2 /4H1 =  Proportion of gene with positive and negative effects  in the parents 
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Fig.4.17(a)  Wr/Vr graph for proline accumulation in 17.5 dS/m salinity  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.4.17(b)  Wr/Vr graph for proline accumulation in 20 dS/m salinity 
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CHAPTER 5 

DISCUSSION 

Bringing genetic modification in crop plants endemic to the area affected is the cheaper 

and effective method of utilizing the saline soils for agricultural purposes. For rapid 

development of salinity tolerance in Gossypium hirsutum L., the adoption of a technique 

which could rapidly evaluate the germplasm under salinized conditions, and distinguish 

salt tolerant and salt susceptible material is important. The pot culture technique used in 

the present investigation simply measured four weeks old seedlings of 50 diverse cotton 

genotypes. Assessment of salinity tolerance at seedling stage has been made by numerous 

workers in various crops, for example, in maize (Rao and McNeilly, 1999; Khan and 

McNeilly, 2000), rice (Shannon et al.,1998), wheat (Akhtar et al., 2003; Khan et al., 

2005; Ali et al., 2007), barley (Madidi et al., 2004), sorghum (Azhar and McNeilly, 1987;  

2001a,b), lucerne (Al-Khatib et al.,1993) and  cotton (Azhar and Ahmed, 2000; Noor et 

al., 2001; Bhatti and Azhar 2002; Akhtar et al., 2005; Azhar et al., 2007). Thus the 

present assessment of the Gossypium hirsutum L. germplasm for salinity tolerance based 

upon shoot length and root length is similar to the studies reported previously. 

 

The results of these studies showed marked differences in salinity responses of accessions 

to low (10 dS/m) and increased salinity (20 dS/m). Thus based upon mean root lengths, 

lines/varieties PB843, NIAB78, B557 and MNH522 appeared to be little affected by low 

salinity, and in increased salinity NIAB824, NIAB78, B557 and MNH522 showed a little 

reduction, and thus showed better salt tolerance. In contrast accessions PB494, Qalandri, 

MNH147 and BP52NC63, with greater reduction in root length appeared to be salt 

sensitive. Similarly, varieties S12, NIAB 78, B557 and MNH 522 showed little decrease 

in shoot length in 10 dS/m, and NIAB 78, B557 and MNH 522 in 20 dS/m salinity were 

shown to be highly salt tolerant, and by contrast Qalandri, MNH147 and BP52NC63 

which were affected the most by both the salinities, and thus may be regarded as salt 

sensitive genotypes.  

 

Similar varied responses to NaCl salinity at seedling stage of Gossypium hirsutum L. had 

been examined by  Ashraf and Ahmad (2000), Akhtar et al. (2005), Khan et al. (2001), 

Khan et al. (2004), Bhatti and Azhar (2002), and Noor et al. (2001). In salt tolerance 

studies similar to the one reported here, Ashraf and Ahmad (2000) also examined 
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varieties MNH 147 and B 557 for salinity tolerance, and reported MNH 147 as salt 

sensitive B 557 as salt tolerant. Thus with respect to the potential of these varieties, 

present observations are according to the previous reports. Similarly, NIAB 78 had been 

reported as salt tolerant by Khan et al. (2004). In another study on salinity tolerance, 

Azhar et al. (2004) measured the root length of BP52NC63 found it susceptible to salinity 

as compared with other cultivars/lines. All the above mentioned the previous studies 

agreed to the present research work. 

 

It has been suggested that variation in control (i.e. non-saline) condition may account to 

some extent for variation in NaCl tolerance, high vigor and high tolerance being 

correlated (Shannon, 1984). This may be examined using the indices of some of the lines, 

for example,  VH144, MNH522, NIAB824, NIAB78, had greater root length in control 

and also showed little reduction in salinity stress due to 10 dS/m, and S12, MNH522, 

NIAB78, and B557, in 20 dS/m salinity. Similar response was noted when shoot length of 

these accessions were measured in control, and under low and high salinities. It is thus 

not necessarily always the case that high tolerance to environmental stress and high yield 

to non stress conditions are mutually exclusive as suggested by Rosielle and Hamblin 

(1981) and substantiated by Azhar and McNeilly (1987). However, some varieties namely 

Qalandri, MNH147 and BP52NC63 do show such a negative correlation and these 

genotypes illustrate the low salt tolerance, a characteristic of Shannon (1984). By contrast 

some slow growing accessions were relatively much less affected by increased salinity, 

for example, VH 144 and MNH554 grew small root length in control, but their root 

length did not markedly decrease with increasing salinity stress. Examination of the data 

for the total number of genotypes studied reveals general pattern of responses  to NaCl, 

and  show a diverse range in responses to NaCl, and hence in salinity tolerance. 

 

In previous studies root lengths had been used to successfully distinguish salt tolerant and 

normal population in a number of grass species growing in saline hebitates (Hannon and 

Bradshaw, 1968; Ahmad and Wainwright et al., 1985). In recent work on salinity 

tolerance on field crops root length had been used by numerous workers for measuring 

salt tolerance in maize (Khan and McNeilly, 2000), wheat (Ali et al., 2007), sorghum 

(Azhar and McNeilly 2000), cotton (Akhtar et al., 2005). Therefore use of root length as a 

reliable indicator of responses to salinity in the present investigation is justified. Thus 

estimation of heritabilities in broad sense about the phenotypic variation existed in 50 
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lines/varieties were made based upon root length data.  These estimates were 85%, and 

89% under 10 and 20dS/m, respectively. In previous work on salinity tolerance on cotton 

similar but varying magnitude h2
BS of  these  had been reported, for example, 89% (Noor 

et al., 2001), 83% (Akhtar and Azhar 2001), 85% ( Bhatti and Azhar, 2002). The broad-

sense heritability estimates in sorghum ranged from 38% -78% (Azhar and McNeilly, 

1987; Ashraf, 1994). Similar magnitude estimates of h2
BS  had been reported in wheat (Ali 

et al., 2002). Thus based upon these estimates it is possible to improve salinity tolerance 

in cotton using high selection pressure. 

 

In addition to identifying salt tolerant and salt sensitive material based upon root length, 

accumulation of Na+, K+, and K+/ Na+ ratio in genotypes has been useful for the 

identification of potential parents. Thus low uptake of Na+ in NIAB78 and MNH522, and 

B557, and  increased uptake in Qalandri, MNH147, and BP52NC63 are according to 

phenomenon of exclusion and inclusion a characteristics of  glycophytes (Qureshi et al., 

1990; Gorham, 1990). Similar observations were made by Munns et al., (1995). At 

increased salinity level plants take excessive amounts of Na+ at the cost K+ (Kuiper, 

1984). The selectivity of K+ over Na+ is also reduced due to energy shortage (Berrett-

Lennard, 1986; Saqib et al., 2002) that leads to higher Na+ and lower K+ concentrations in 

the leaves. Thus decreased K+ uptake due to increased NaCl salinity in lines Qalandri, 

MNH 147, and BP52NC63 appears to be  in accordance with the conclusion of Kent and 

Lauchli (1985), Qadir and Shams (1997), Ashraf and Ahmad (2000), and Pervaiz (2002). 

Clearly  NIAB78, B557, and MNH522 with greater K+/ Na+ ratio is the behavior of  salt 

tolerant lines, and  low or K+/ Na+ ratio in Qalandri, MNH147, and BP52NC63 is the 

phenomenon of salt sensitive genotypes. These results appeared to agree with previous 

work on salinity tolerance in wheat (Akhtar et al., 1998) and cotton (Kent and Lauchli, 

1985; Qadir and Shams, 1997) where salinity significantly reduced K+/ Na+ ratio. 

 

In previous work similar to the one conducted here but using different crops salinity stress 

was imposed at the commencement of the particular development stage depending upon 

the growth habit of the species concerned. For example in rice, salt treatment was started 

at the early tillerring, late tillerring, and heading stages (Pearson and Bernstein, 1959), in 

maize at the vegetative, tessling and grain filling  stages (Maas et al.,  1983), in sorghum 

during vegetative, reproduction, and maturation period (Maas et al., 1986). In these 

studies salt treatment were continued for a certain period at each growth stage. In present 
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work, genetic material was by subjected to constant NaCl stress from transplanting of the 

seedling till the harvest of plant ay maturity. Thus such a procedure would seem to 

provide better evaluation of the genetic material for salinity tolerance (Meiri and 

Poljakoff-Mayber, 1970). 

 

It is suggested elsewhere that when a specified readily quantifiable physiological 

mechanism conferring salt tolerance is not available, assessment of plant material based 

upon the measurement other plant characters of agronomic importance i.e., yield of green 

matter and grain yield appears to be practical alternative method (Noble, 1984). Thus 

based upon this suggestion Azhar and McNeilly (1989) evaluated four sorghum 

accessions for their salinity tolerance at plant maturity, and measured relative grain yield, 

relative grain weight and relative number of grains/spike as an indicator of the responses 

to salinity. In the present plant material agronomic measurement on  plant height, number 

of bolls, boll weight, total biomass and yield of seed cotton, in addition to some other 

parameters, were made  to study the responses to  as suggested by Noble et al, (1984).  

When such a useful plant material is available for improving salinity tolerance in 

Gossypium hirsutum L., use of biometric methods which could provide information on 

genetic mechanism controlling variation in salinity tolerance becomes important. It helps 

the breeder to estimate relative contribution of the genetic components of variation, i.e., 

additive, non-additive and epitasis, etc in salinity tolerance. 

 

The simple additive model was found to be fully adequate for analyzing data on plant 

height, boll weight, total biomass, fibre strength, fibre finess, Na+, Na+/ K+ and proline 

accumulation at 17.5 dS/m, and plant height, total biomass, Na+/ K+ and proline 

accumulation for 20 dS/m. However, the model was partially adequate for number of 

bolls, ginning percentage, yield of seed cotton, staple length, and K+ for 17.5 dS/m, and 

for number of bolls, boll weight, yield of seed cotton, fibre strength, fibre finess, Na+ and 

K+ for 20 dS/m. The diallel cross analyses of salinity tolerance had been done in previous 

studies on cotton (Akhtar and Azhar, 2001; Azhar et al., 2007), sorghum (Azhar and 

McNeilly, 2001) and maize (Khan et al., 2003). 

 

The partial adequacy of the additive-dominance model to some of the characters may be 

due to the presence of non-allelic interaction, linkage and non independent distribution of 

genes in the parents, as suggested by Mather and Jinks (1982). Many research workers 
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who had observed similar partial adequacy of the simple genetic model to the data set, for 

example,  in sorghum (Azhar and McNeilly, 1988), rice (Moeljowiro and Ikehashi, 1981),  

and cotton (Azhar et al., 1994; Khan et al., 2003; Murtaza et al., 2005; Azhar et al., 

2007), had analysed the data for studying the inheritance pattern of different characters, 

and therefore analyses of the characters showing partial adequacy to the single genetic 

model is justified. 

 

From the present data it is clear that the characters measured to study the response to 

salinity e.g., plant height, number of bolls, yield of seed cotton, total biomass, Na+ and 

Na+/ K+ were found to be controlled by additive properties of the genes at low salinity 

(17.5 dS/m), whilst boll weight and proline accumulation appeared to be affected by non-

additive genes under increased salinity, 20 dS/m. Plant height, number of bolls, boll 

weight, yield of seed cotton, total biomass, Na+, Na+/ K+ and proline accumulation were 

revealed to be effected by the additive genes. Although cumulative genes effects appeared 

to be important in controlling variation in salinity tolerance, dominance acted towards 

greater NaCl tolerance. This is clearly advantageous in a breeding program aimed to 

improve salinity tolerance of Gossypium hirsutum L. The estimates of narrow-sense 

heritability are also high in both the salinity levels due to greater magnitude of additive 

effects. In the present investigations magnitude of additive component and magnitude of 

heritability narrow sense for number of bolls, boll weight, total biomass, yield of seed 

cotton and fibre strength appeared to be greater in magnitude under increased salinity 

stress (20 dS/m) as compared to those estimated under low salinity (17.5dS/m), which is 

according to the suggestion of (Blum, 1998; Hoffmann and Parsons, 1991).  

 

However, in some previous studies this prediction did not occur, the additive variance 

was suppressed as level of NaCl stress increased from 100 mM to 150 mM in sorghum 

(Azhar and McNeilly, 1988) and maize from control to 60 mM (Rao and McNeilly, 

1999). While studying salinity in cotton, Bhatti et al. (2006) reported both additive and 

non-additive genes effects for fibre quality characters like staple length, fibre finess, and 

fibre strength, and some plant performance traits, namely plant height number of bolls, 

boll weight, number of seeds per boll and seed cotton yield, in cotton grown in 10 and 20 

dS/m NaCl salinities.  
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Lawrence (1984) has argued that population subjected to strong directional selection         

pressure showed reduced additive components for the character under selection. Since 

there is no evidence available in the literature which could show that cotton had 

previously been subjected to strong directional selection pressure, either in the wild or 

cultivated forms, for increasing salinity tolerance. Thus it would seem possible that 

variation for salinity tolerance due to additive genes may be available to cotton breeders 

for making selection for tolerant genotypes. The estimates of heritability of the agronomic 

characters used as measure of salinity tolerance are high which might be due to greater 

additive genetic variation, due to expression of genes associated with salinity tolerance or 

a smaller environmental variation as speculated by Saranga et al. (1992), who also noted 

increased estimates of heritability in tomato. It had been argued else where that hidden 

variation previously unselectioned could be uncovered when moderate stress is applied, 

thus possibility increasing heritability estimates (Bradshaw and Hardwick, 1989). 

 

Falconer and Mackey (1996) suggested that the estimates of heritability are subjected to 

environmental variation, and therefore must be used with great care while screening the 

breeding material.  Nonetheless, these estimates and mode of inheritance of salinity 

tolerance seem to be encouraging to a breeder and making selection for plants with 

enhanced salinized tolerance in subsequent generations based upon root length, at high 

seedling stage and other characters of agronomic importance at maturity. Thus based 

upon the reports available on maize (Rao and McNeilly,1999), rice (Gregoria and 

Senadhira, 1993; Shannon et al.,1998), pearl millet (Kebebew and McNeilly, 1999), 

lucerne, ( Al-Khatib et al.,1994) and tomato (Foolad, 1996) and results of present work, it 

seems possible that significant improvement in these species may be made through 

selection and breeding.  
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CHAPTER 6 

SUMMARY 

 

The spread of soil salinity is a limiting factor for exploitation of field crops in arid and 

semi arid areas of the world, and is a potential threat to the survival of human population 

in developing countries. The suggested genetic approach to this problem (Epstein, 1980; 

Shannon 1984) that allows the use of salinity areas for raising crops in its essence 

requires genetic improvement in salinity tolerance of existing crop species so that they 

may be successfully grown in saline areas.  

 

For continued improvement of our knowledge of salinity tolerance and exploitation of the 

potential available for increased salt tolerance in crop species, further studies are required. 

The research work on salinity tolerance reported in this thesis on Gossypium hirsutum L. 

is a step forward in this direction. The basic objective of the present study was to develop 

an understanding of the potential for the development of salt tolerant material of 

Gossypium hirsutum L. The importance of variation in salinity tolerance for improving 

the character through selection and breeding has been emphasized by many workers in 

this area.  

 

The variation examined in seedling responses of 50 varieties/cultivars at low and high   

salinity is clearly an indication of their differing potential to grow in saline condition. The 

two characters i.e., root length and shoot length, measured for assessing the germplasm 

were significantly affected by salinity, yet the responses ranging from tolerant to highly 

sensitive were identified based upon indices of salt tolerance. Measurement of one month 

old seedling for assessing the genotypic responses to salinity has been useful criterion to 

screen the germplsm. Based upon absolute and relative root length data, varieties NIAB 

78, B 557, and MNH 522 were found more tolerant than Qalandri, MNH 147, and 

BP52NC63. Estimates of broad sense heritability appeared to be high under low and high 

salinity suggesting that salinity tolerance in Gossypium hirsutum L. is genetically 

controlled. Studies on Na+ and K+ uptake in these cultivars/lines further confirmed the 

differences and similarities in their potential. Thus relative root length and shoot length 
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revealed superior salt tolerance of NIAB 78, B 557, and MNH 522 which may be due to 

low uptake of Na+ and greater K+/Na+ ratio. 

Breeding is an essential component of any program for successful development of highly 

tolerant plant material. Diallel  cross analysis provided useful information on the genetic 

mechanism controlling salinity tolerance in Gossypium hirsutum L. Study of material at 

whole-plant-development by subjecting it to constant salt stress revealed  the affect of 

additive genes  with varying magnitude of heritabilities of yield of seed cotton, number of 

bolls, and boll weight. The predominant effect of additive genes controlling agronomic 

characters, yield of seed cotton and its components, and fibre characteristics had inflated 

magnitude of narrow sense heritabilities under low and high salinity stress suggested that 

a potentially useful advance in NaCl tolerance may be achieved selecting individual 

plants showing longest root length at seedling stage, and agronomic characters at adult 

plant stage. Variation in proline accumulation, Na+ and K+ concentrations in the genetic 

material was also shown to be genetically controlled, and influence of cumulative genes 

appeared to be important. High estimates of h2
ns of these parameters suggested that 

straight forward selection of plants with greater K+/Na+ ratio may be made from the 

segregating population. 

 

In the present investigation magnitude of epistatic component in the inheritance of 

number of bolls, ginning percentage, yield of seed cotton, staple length, fibre strength, 

and K+ concentration at low salinity stress, and number of bolls, boll weight, yield of seed 

cotton, fibre strength, fibre finess, Na+, and K+, at high salinity stress remains to be 

assessed following an appropriate mating design like triple test cross method. Salinity  

tolerance potential of varieties NIAB 78 and B 557 have been confirmed in the present 

investigations which simply relied upon the measurement of 4-weeks old seedlings in 

pots. This suggests that pot culture experiment has been effective in isolating the 

germplasm for salinity tolerance.  

 

The present study which compares the response of wide range of germplasm confirmed 

their potential at seedling stage in pot culture. The results reported in this thesis provide 

considerable hope that further improvement in salinity tolerance in Gossypium hirsutum 

L. may be made following conventional selection and breeding methods. 
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Appendix I Absolute data of 50 genotypes for shoot length 
S. No. Genotype Control  10dS/m 20dS/m Mean 

1 CIM109 11.63 10.0 9.1 10.2 
2 CIM240 12.03 11.0 10.1 11.1 

0 CIM443 10.42 8.7 7.8 9.0 

4 CIM446 9.61 8.3 8.0 8.6 

5 CIM448 12.46 11.2 10.2 11.3 

6 CIM465 10.78 9.8 9.1 9.9 

7 CIM473 9.56 8.7 8.0 8.7 

8 CIM496 11.465 10.6 9.6 10.6 

9 CIM506 11.54 10.2 9.8 10.5 

10 Qalandri 11.01 6.8 5.8 7.9 

11 CIM1100 10.23 7.9 6.8 8.3 

12 MNH93 11.28 9.4 8.7 9.8 

13 MNH247 9.32 7.2 6.1 7.5 

14 MNH329 10.29 9.3 8.6 9.4 

15 NIAB111 10.1 9.2 8.1 9.1 

16 B557 12.33 11.5 10.8 11.5 

17 NIAB98 9.8 8.8 7.7 8.8 

18 NIAB78 12.57 12.1 10.8 11.8 

19 NIAB228 9.31 8.4 7.6 8.4 

20 NIAB824 10.22 9.1 7.9 9.1 

21 NIAB884 9.69 8.5 7.4 8.5 

22 GOHAR87 10.5 9.6 8.7 9.6 

23 PB494 9.89 7.8 7.0 8.2 

24 PB622 11.14 10.0 8.6 9.9 

25 PB630 12.51 10.6 10.1 11.1 

26 PB842 10.4 8.9 8.1 9.1 

27 PB843 10.7 9.5 8.6 9.6 

28 PB897 9.5 8.6 7.7 8.6 

29 PB899 10.2 9.5 8.4 9.3 

30 FH59 9.0 7.9 7.5 8.2 

31 FH115 11.2 10.3 9.7 10.4 

32 MNH554 9.8 8.5 7.4 8.6 

33 MN522 13.2 12.3 11.9 12.4 

34 BP52NC63 9.6 6.0 4.2 6.6 

35 FH137 9.6 8.5 7.9 8.7 

36 FH634 9.7 8.6 7.9 8.8 

37 FH682 9.4 8.6 8.0 8.6 

38 FH901 10.2 8.1 7.6 8.7 

39 FH1000 9.4 8.3 7.9 8.5 

40 MNH147 10.1 6.4 4.6 7.0 

41 FH1100 10.6 9.8 8.5 9.6 

42 VH141 8.5 7.6 7.0 7.7 

43 VH142 9.6 6.5 6.0 7.4 

44 VH144 9.4 7.3 7.0 7.9 

45 VH148 10.5 7.2 6.9 8.2 

46 S12 10.5 9.8 8.7 9.7 

47 BH36 11.5 10.6 9.8 10.6 

48 BH118 10.3 9.3 8.8 9.4 

49 BH121 8.5 7.6 7.0 7.7 

50 AC134 9.6 8.7 7.7 8.7 
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Appendix II Relative data of 50 genotypes for shoot length 
S. No. Genotype 10dS/m 20dS/m Mean 

1 CIM109 86.2 78.0 82.1 

2 CIM240 91.8 84.1 87.9 

0 CIM443 83.7 74.5 79.1 

4 CIM446 85.8 83.1 84.5 

5 CIM448 90.0 81.5 85.8 

6 CIM465 90.4 84.0 87.2 

7 CIM473 91.2 83.3 87.2 

8 CIM496 92.5 84.0 88.3 

9 CIM506 88.4 85.0 86.7 

10 Qalandri 61.4 52.5 56.9 

11 CIM1100 77.1 66.8 71.9 

12 MNH93 83.6 77.3 80.5 

13 MNH247 77.6 65.1 71.4 

14 MNH329 89.9 83.8 86.8 

15 NIAB111 91.3 80.0 85.6 

16 B557 93.0 87.9 90.5 

17 NIAB98 89.8 78.6 84.2 

18 NIAB78 96.3 85.6 91.0 

19 NIAB228 90.7 81.2 85.9 

20 NIAB824 88.6 77.5 83.1 

21 NIAB884 87.9 76.4 82.1 

22 GOHAR87 91.1 82.4 86.8 

23 PB494 78.4 71.1 74.7 

24 PB622 89.6 77.0 83.3 

25 PB630 85.0 80.9 82.9 

26 PB842 85.3 77.8 81.5 

27 PB843 89.1 80.2 84.7 

28 PB897 89.9 81.0 85.5 

29 PB899 93.0 82.0 87.5 

30 FH59 87.4 83.1 85.2 

31 FH115 91.9 86.0 88.9 

32 MNH554 87.1 76.0 81.5 

33 MN522 93.0 89.8 91.4 

34 BP52NC63 63.0 44.2 53.6 

35 FH137 88.7 82.2 85.4 

36 FH634 88.7 81.4 85.0 

37 FH682 91.7 85.1 88.4 

38 FH901 79.2 74.6 76.9 

39 FH1000 88.9 84.0 86.4 

40 MNH147 63.3 45.0 54.1 

41 FH1100 92.2 80.6 86.4 

42 VH141 88.7 81.5 85.1 

43 VH142 68.0 63.1 65.5 

44 VH144 77.4 73.8 75.6 

45 VH148 68.2 65.9 67.0 

46 S12 93.1 82.8 87.9 

47 BH36 92.6 85.1 88.8 

48 BH118 90.4 85.6 88.0 

49 BH121 89.0 81.9 85.5 

50 AC134 91.4 80.9 86.1 
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Appendix III Absolute data of 50 genotypes for root length 
S. No. Genotype Control  10dS/m 20dS/m Mean 

1 CIM109 5.9 4.8 3.7 4.2 

2 CIM240 6.7 5.7 4.1 4.9 

0 CIM443 5.5 4.5 3.0 3.8 

4 CIM446 6.9 5.2 4.4 4.8 

5 CIM448 6.7 6.0 4.0 5.0 

6 CIM465 6.7 5.5 3.9 4.7 

7 CIM473 6.2 5.1 3.9 4.5 

8 CIM496 5.3 4.6 3.7 4.2 

9 CIM506 5.3 4.9 3.6 4.2 

10 Qalandri 6.3 4.0 2.5 3.2 

11 CIM1100 6.1 5.6 3.0 4.3 

12 MNH93 5.2 5.0 3.4 4.2 

13 MNH247 5.4 4.3 2.7 3.5 

14 MNH329 6.0 5.2 4.1 4.6 

15 NIAB111 5.9 4.1 3.8 4.0 

16 B557 6.7 6.3 5.3 5.8 

17 NIAB98 5.7 4.7 2.9 3.8 

18 NIAB78 7.6 6.7 5.8 6.2 

19 NIAB228 6.1 5.3 3.2 4.2 

20 NIAB824 6.4 5.7 5.2 5.4 

21 NIAB884 5.4 4.7 3.7 4.2 

22 GOHAR87 6.4 5.3 2.9 4.1 

23 PB494 6.0 4.1 2.9 3.5 

24 PB622 5.6 4.7 3.0 3.9 

25 PB630 6.5 5.7 3.2 4.4 

26 PB842 5.9 4.3 3.1 3.7 

27 PB843 6.2 4.3 3.2 3.7 

28 PB897 5.7 4.7 3.1 3.9 

29 PB899 7.2 5.4 3.5 4.4 

30 FH59 5.5 4.3 3.2 3.7 

31 FH115 6.7 5.7 3.7 4.7 

32 MNH554 5.3 4.4 3.1 3.7 

33 MN522 6.7 6.2 5.1 5.7 

34 BP52NC63 6.3 4.0 2.5 3.2 

35 FH137 5.8 5.7 4.2 4.9 

36 FH634 7.2 5.2 3.8 4.5 

37 FH682 6.5 5.6 4.5 5.0 

38 FH901 5.7 4.6 4.0 4.3 

39 FH1000 6.2 4.8 3.9 4.4 

40 MNH147 6.8 4.3 2.5 3.4 

41 FH1100 6.3 5.2 4.3 4.7 

42 VH141 5.2 4.3 3.8 4.0 

43 VH142 5.4 4.0 3.7 3.8 

44 VH144 5.2 4.6 3.6 4.1 

45 VH148 5.2 4.6 3.7 4.2 

46 S12 6.5 5.4 4.1 4.8 

47 BH36 6.7 5.8 4.7 5.3 

48 BH118 5.9 4.7 3.7 4.2 

49 BH121 5.6 4.3 3.3 3.8 

50 AC134 5.9 4.7 3.6 4.1 
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Appendix IV Relative data of 50 genotypes for root length 
S. No. Genotype 10dS/m 20dS/m Mean 

1 CIM109 80.7 62.2 71.5 

2 CIM240 83.8 60.1 72.0 

0 CIM443 81.9 53.8 67.9 

4 CIM446 75.5 62.8 69.2 

5 CIM448 90.1 59.9 75.0 

6 CIM465 81.3 58.7 70.0 

7 CIM473 82.4 64.1 73.3 

8 CIM496 86.9 69.4 78.1 

9 CIM506 91.9 66.8 79.4 

10 Qalandri 64.1 39.1 51.6 

11 CIM1100 90.7 49.3 70.0 

12 MNH93 95.4 64.8 80.1 

13 MNH247 79.7 49.2 64.4 

14 MNH329 86.7 68.7 77.7 

15 NIAB111 70.8 64.4 67.6 

16 B557 92.7 78.8 85.8 

17 NIAB98 82.3 50.6 66.5 

18 NIAB78 87.6 76.2 81.9 

19 NIAB228 86.7 53.2 69.9 

20 NIAB824 88.6 80.8 84.7 

21 NIAB884 88.1 68.7 78.4 

22 GOHAR87 83.6 45.4 64.5 

23 PB494 68.9 48.6 58.7 

24 PB622 84.3 53.8 69.1 

25 PB630 86.8 49.6 68.2 

26 PB842 71.9 52.5 62.2 

27 PB843 69.5 51.0 60.2 

28 PB897 82.2 54.8 68.5 

29 PB899 75.7 48.3 62.0 

30 FH59 78.0 57.7 67.9 

31 FH115 85.5 55.0 70.3 

32 MNH554 83.8 58.9 71.3 

33 MN522 92.7 76.0 84.4 

34 BP52NC63 64.1 39.1 51.6 

35 FH137 99.0 72.9 85.9 

36 FH634 71.2 52.6 61.9 

37 FH682 86.6 68.4 77.5 

38 FH901 81.2 70.1 75.6 

39 FH1000 78.1 64.0 71.0 

40 MNH147 64.0 36.4 50.2 

41 FH1100 82.9 68.4 75.6 

42 VH141 81.1 72.7 76.9 

43 VH142 75.1 67.8 71.5 

44 VH144 89.7 69.6 79.7 

45 VH148 88.7 70.7 79.7 

46 S12 83.2 63.2 73.2 

47 BH36 87.1 70.3 78.7 

48 BH118 79.3 63.3 71.3 

49 BH121 77.0 59.6 68.3 

50 AC134 79.1 59.9 69.5 
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Appendix V. Chemical Composition of Hoagland Solution  

Nutrients Quantity of nutrients (g) dissolved 
in one L water to prepare stock 

solution 

Stock solution (mL) 
required to prepare 10L 
of ½ strength Hoagland 

solution 
Macronutrients    

KH2PO4 136 5 

KNO3 101 25 

Ca(MO3).4H2O 236 25 

MgSO4.7H2O 246 10 

Micro Nutrients    

H3BO3 2.86 5 

MnCL2.4H2O 1.81 5 

ZnSO4.7H2O 0.22 5 

CuSO4.5H2O 0.08 5 

H2MoO4.H2O 0.02 5 

Fe.EDTA 37.33 5 

  
• Maintain pH of the solution between 6.0 to 6.5 daily by adding 1N HCl or NaOH. 

• Prepare stock solutions of macronutrients and Fe.EDTa separately in 1 L each.  

• Prepare stock solutions of micro nutrients by dissolving altogether in 1L  

 
. 
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