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ABSTRACT 
 

Salt affected soils have higher concentration of soluble salts or exchangeable sodium to the 

extent that affects normal growth of crops. Salt-affected soils include saline, sodic and saline-

sodic soils. These soils are mostly present in arid and semi arid regions of the globe because in 

such areas annual rainfall is less than evapo-transpiration. Plants face different types of problems 

due to the presence of salts. The research work presented in this thesis includes screening of 25 

wheat genotypes under saline sodic field conditions. The genotypes selected from these salt 

affected conditions were further tested in pots and characterized in nutrient solution studies 

where the salts were artificially applied. Growth reduction occurred under salt stress and 

genotypes differed significantly in stress treatments. In saline treatment, the genotype 25-

SAWSN-12 produced higher shoot fresh and dry weights, and showed lower accumulation of 

Na+ and Cl- and higher concentration of K+ where as the genotype 25-SAWSN-8 produced lower 

shoot fresh and dry weights and had lower accumulation of K+ and higher concentration of Na+ 

and Cl-.  The salt tolerant wheat genotype 25-SAWSN-12 maintained better water relations, 

photosynthetic parameters and showed better oxidative stress tolerance with higher activities of 

SOD, POD and CAT than the salt sensitive genotype. The seminal and nodal root growth of 25-

SAWSN-12 was higher than 25-SAWSN-8. The tolerant genotype also exhibited higher ash 

alkalinity and the production of organic acids including citric acid, malic acid and tartaric acid 

than the salt sensitive wheat genotype. These characteristics helped the tolerant genotype 25-

SAWSN-12 to maintain better growth under salt-affected conditions than the salt sensitive wheat 

genotype 25-SAWSN-8. Therefore, the genotype which can maintain higher concentration of K+ 

and lower concentration Na+ and Cl- tend to grow better in salt affected field conditions. A salt 

tolerant wheat genotype secretes more root exudates and will acidify its rhizosphere in a better 

way thus making the rhizosphere conditions favourable for itself even under unfavorable soil 

conditions. The enhanced enzymatic activity in tolerant genotype will reduce the effect of ROS 

on plants produced as a result of salt exposure. The genotype 25-SAWSN-12 was promising 

under salt-affected conditions, and can be recommended to the farmers and may also be used by 

the breeders for the development of more salt tolerant wheat genotypes. This will help the 

farmers to reclaim their salt affected rootzone soils by biological means as the rhizosphere 

acidification will help to improve the soil for better plant growth under salt affected conditions. 
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Chapter 1 

INTRODUCTION 

Salt-affected areas are inhabited by people with few opportunities of food and livelihood 

(Gregorio et al., 2002). Salinity has destroyed societies for centuries and salt-affected lands 

have been recorded in the Tigris-Euphrate alluvial plains of Iraq in 2400 BC (Rengasamy, 

2006). Almost 800 million hectares (mha) of land throughout the world are salt-affected 

either by salinity (397 mha) and/or by sodicity (434 mha) (FAO, 2005). Salinization plays a 

major role in soil degradation. It is a major problem of irrigated agriculture in the world. It 

affects 19.5 % of irrigated and 2.1% of dry land of the whole globe (FAO, 2000). According 

to FAO and UNESCO estimates half of irrigation systems of the world are facing secondary 

salinization, sodication and waterlogging (Szabolcs, 1987). Areas affected by secondary 

salinity (caused by human activity) are increasing and worldwide estimates reveal that over 

70 mha of agricultural land are salt-affected (FAO, 2005). According to another estimate the 

world is losing at least three hectares of arable land per minute because of salinity 

(Anonymous, 1993). 

Excessive accumulation of salts in soils of arid and semi arid regions are a potential factor for 

limiting productivity and it is a consistent process in these areas of the world (Noreen and 

Ashraf, 2008). Salt intrusions make soil unproductive and/or unsuitable for normal crop 

production. In coastal areas salts are carried with wind and rain from the sea. The coastal 

rains contain about 6-50 mg kg-1 of sodium chloride and its concentration decreases with 

distance from the coast. Rain water having 10 mg kg-1 of sodium chloride can deposit 10 kg 

ha-1 of salt for each 100 mm of rainfall year-1 (Munns and Tester, 2008). In deltas, salinity 

can encroach up to 100 km inland (e.g. Mekong delta). A rising sea level results in very 

complex hydrological effects on existing crop land (Wassmann et al., 2004). 

The world food production need to be increased up to 38% by the year 2025 (Rengasamy, 

2006) to meet the food demand of the increasing world population at the current level. This 

food production may not be increased by expanding in cultivated area as most of the suitable 

land is already under cultivation. The increasing land degradation as a result of soil salinity, 
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sodicity and other problems is a serious threat for the sustainability of world food production. 

These salt-affected soils can be used by developing salinity and sodicity tolerant crops. 

Pakistan is situated in a subtropical region with an arid and semi-arid climate that leads to 

insufficient leaching of soluble salts from soil (Ikarm-ul-Haq, 2009). Low precipitation 

accompanied by high evapo-transpiration results in salt accumulation in the root zone, which 

hinders plant growth. Soil salinity occupies a prominent place amongst other soil problems 

that threaten the sustainability of agriculture in Pakistan. A total loss of 20 billion rupees has 

been estimated from the salt-affected irrigated areas of Indus Basin on account of reduced 

crop production (Qayyum and Malik, 1988). Pakistan has 22.94 mha under cultivation and 

irrigated agriculture is practiced throughout the year on 18.78 mha (Anonymous, 2007). Out 

of this salt-affected area is about 6.67 mha (Khan, 1998). About 56 % of salt-affected soils of 

Pakistan are saline-sodic of which 84 % exist in Punjab. About 75-80 % of ground water in 

Punjab province does not fulfill the criteria of good quality water owing to high EC, SAR 

and/or RSC which adversely affects crop yield (Ghafoor et al., 2001). 

Soil salinity is a major stress that affects plant growth (Allakhverdiev et al., 2000). It affects 

crops both by osmotic effect and by specific ion effect (Hamza et al., 2006). Osmotic effect 

causes disruption in osmotic potentials whereas specific ion effect causes toxicity of different 

ions (Brady and Weil, 2002). Salinity reduces the water uptake and uptake of different 

nutrients by the plants and causes ion toxicity (Saqib et al., 2005). High salts disturb the ionic 

homeostasis resulting in ionic toxicity, osmotic stress and increased production of reactive 

oxygen species (Munns, 2002). Reactive oxygen species affect many cellular activities 

causing oxidative damage to lipids, proteins and nucleotides (Imlay, 2003). Plants possess 

many bio-chemicals to detoxify the reactive oxygen species (Ashraf, 2008). The activity of 

antioxidative enzymes such as catalase (CAT), peroxidase (POD), glutathione reductase 

(GR), and superoxide dismutase (SOD) are increased under salt stress and a relationship 

between increased activities of enzymes and salt tolerance of plants has been reported (Lee et 

al., 2001; Mittova et al., 2004). 

Photosynthesis is reduced by salinity due to stomatal and non-stomatal factors (Seemann and 

Critchley, 1985). Plant growth depends on photosynthesis and as salinity decreased 
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photosynthesis growth is also decreased (Heuer and Plaut, 1989). Stomatal conductance of 

wheat crop is decreased with accumulation of high sodium (Na+) concentration and is 

increased as Na+ accumulation decreases (Rivelli et al., 2002). Soils having high amounts of 

exchangeable Na+ and small amounts of total salt are called sodic-soils. These soils can 

damage the plant growth by specific toxicity of Na+ to sensitive plants, nutrient deficiencies 

and/or imbalances, imbalances in pH and dispersion of particles causing poor physical 

conditions of the soil (Marschner, 1995). 

Salt-affected soils can be managed by reclamation, but due to less availability of good quality 

water, low soil permeability and high cost of amendments, this approach is not practicable on 

large scales (Qureshi et al., 1990). Out of various approaches for overcoming salinity, biotic 

approach has gained considerable importance due to its quality of being economical and 

being an efficient way of utilizing the salt-affected soils (Al-Khatib et al., 1994; Ashraf, 

1994). Salt-affected soils can be used for growing salt tolerant plants, either halophytes 

and/or other crops. Keeping this fact in mind, it is very crucial to explore intra-specific (inter-

cultivar) variations of a crop for salt tolerance by screening its germplasm. A great 

magnitude of inter-cultivar variation for salt tolerance has been observed in different crops 

like wheat (Ashraf and McNeilly, 1988), lentil (Ashraf and Waheed, 1993) and Brassica 

napus (Ulfat et al., 2007). Large areas of the salt-affected soils are available and the 

utilization of these salt-affected lands and waters using salt-tolerant plant species is more 

economical for the poor farmers of these lands in the developing countries than the 

reclamation (Qureshi and Barrett-Lennard, 1998). Breeding and development of cultivars to 

improve their adaptation in salt-stressed conditions is becoming a more viable approach to 

cope with salinity (Hollington, 2000). The knowledge of the physiological mechanisms 

controlling salt tolerance in plants is imperative for success in selection (Noble and Shannon, 

1988). 

Wheat is a major source of food and it ranks first in acreage as well as production amongst 

all the cereals in Pakistan (Ahmad, 1980). It is a grass originated from the Fertile Crescent 

region of Near East but now cultivated worldwide (Belderok et al., 2000). First 

domestication of wheat was found in a small region of southeastern Turkey  and Einkorn 

wheat at Nevalı Çori 40 miles (64 km) northwest of Gobekli Tepe (Turkey) in 9,000 B.C. 
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(Lev-Yadun, 2000). Wheat genotypes differ significantly in their response to salinity and 

sodicity (Saqib et al., 2008). The genetic variation in wheat for tolerance to salinity and 

sodicity may be due to morphological, physiological and biochemical differences in these 

genotypes at root and shoot levels. Wheat plants have seminal and nodal roots. The number 

of seminal axes differs between species (typically 7-8 in barley, 5-6 in wheat) and are usually 

all expressed whereas the number of nodal axes is often limited by adverse environmental 

conditions (Troughton, 1980; Gregory, 1987). While studying a root response under salinity, 

genetic variation in cultivars of durum was observed by Rahnama et al. (2011). They found 

that when seminal and nodal root lengths were examined separately, seminal root elongation 

decreased in response to salt in four genotypes whereas the nodal root length increased in 

three out of four genotypes which may be to compensate the reduced seminal root length. 

Release of H+ and organic anions from plant roots is considered as a process contributing to a 

decrease in pH of rhizosphere (Marschner, 2003). Rhizosphere pH has been observed to be 

up to 2 pH units higher or lower than the bulk soil (Marschner and Römheld, 1983). Ash 

alkalinity has been used as a measure of acidification potential at soil-root interface of 

forages and tree species (Noble and Randall, 1999). It is hypothesized that better nodal root 

growth and root mediated acidification will contribute to salinity and sodicity tolerance of a 

wheat genotype. The present project has been conducted with the following objectives 

1. To identify salinity and sodicity tolerant/sensitive wheat genotypes. 

2. To study the physiological and biochemical characteristics of the selected wheat 

genotypes. 

3. To determine the role of root type and the root-mediated changes in salinity 

tolerance of wheat genotypes. 
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Chapter 2 

REVIEW OF LITERATURE 

Effects of salt on plants are due to interactions of various factors which cause stunted 

growth of salt-affected plants (Singh and Chatrath, 2001). In this chapter, the effects of salts 

on plants and the response of plants to salt stress conditions are reviewed. 

2.1 Effects of salinity on plants 

Salt-affected soils present many challenges to plants, including higher levels of 

soluble salts and exchangeable Na+, micronutrient deficiencies and decreased water uptake. 

Productivity in salt-affected lands depends upon the interactions among soil factors, 

management practices and cultivars. Under saline conditions, the activity of some essential 

nutrients is reduced (Grattan and Grieve, 1992) and plant may experience nutritional 

disorders. Hence salinity is a major factor limiting normal plant growth (Allakhverdiev et al., 

2000). Greenway and Munns (1980) suggested that salinity causes the following stresses in 

plants (a) osmotic effect (b) specific ion toxicity (c) nutritional imbalance resulting in the 

deficiency of major nutrients like K+, N and P (d) damage to macromolecules due to reactive 

oxygen species. 

2.1.1 Osmotic effect 

Plants are stressed under high salt concentrations either by increased osmotic 

potential or by toxic effect of high ionic concentrations (Brady and Weil, 2002). Under 

osmotic conditions, salinity hinders plant’s ability to take water resulting in decreased 

growth. Salinity induced water deficit is very similar to drought stress (Nawaz et al., 2010). 

The water potential of the soil solution controls new leaf formation. Rapidly growing cells 

have the capacity to store higher levels of salts in their expanding vacuoles, so the growth of 

the new leaves is not restricted due to accumulation of salts in the cytoplasm (Munns, 2005). 

Shoot and root growth is more affected due to water stress as compared to salt specific effect 

in early days of stress (Munns, 2002). This fact is evident from the concentrations of Na+ and 

chloride (Cl-) below the toxic levels.  In an experiment wheat was grown in 120 mM NaCl 
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and the concentrations of the Na+ and Cl- in the expanding leaves were only 20 and 50 mM 

respectively (Hu et al., 2005a). Likewise, Neves-Piestun and Bernstein (2005) reported that 

Na+ and Cl- concentrations (actually Cl-) were just 40 mM in fast expanding tissues of maize 

growing in 80 mM NaCl and these ionic concentrations did not seem to have strong 

association with  the growth reduction under this salinity level. At moderate osmotic stress, 

root growth is not much affected whereas the growth of the shoot is reduced to a greater 

extent (Hsiao and Xu, 2000). Osmotic damage depends on many factors such as plant 

species, duration of the stress, type of cell and tissues and the way in which the stress is 

applied (Munns et al., 2000). 

2.1.2 Specific ion effect 

This type of toxicity is mainly due to certain ions like Na+, Cl- and sulphate ( 2
4SO ) 

which are taken up in excess concentrations. Initially crop growth is affected and later on the 

complete loss of the crop may occur due to this type of effect. Great genetic variability is 

observed among plant species for this problem with most of the crops and woody plants 

having sensitivity to this stress (Abrol et al., 1988).  According to Mahmood et al. (2010) the 

main reason of reduced growth in Acacia ampliceps was the higher accumulation of Na+ as 

compared to other cations. Concentrations of Na+ and CI− ions increase significantly due to 

salinity and sodicity (Maas et al., 1986) however, concentrations of K+ decreases 

significantly in leaves of all the wheat genotypes. Salts are mostly accumulated in the older 

leaves of plants. If this salt build up becomes too high, it may result in the death of the 

leaves. This happens when the salt concentration is too high to be stored in the vacuole of the 

cell. In such a case the excessive salts go to cytoplasm where they interfere with the normal 

functioning of the enzymes. On the other hand, they cause cell dehydration by being 

accumulated in the cell walls (Munns, 2005). In defense against this effect, plants either try 

to restrict the salt entry in their bodies or to reduce the amount of the salts in their cytoplasm. 

Sodium concentration in the cytoplasm of root cells in the range of 10-30 mM has been 

reported (Tester and Davenport, 2003).  It was reported that concentrations of Na+ and Cl- in 

the leaf sap caused 50 % reduction in fresh weight of shoot and root (Parveen and Qureshi, 

1992). 
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2.1.3 Nutritional imbalance 

Imbalance of the ions occurs due to higher accumulation of Na+ and Cl-,  as a result of 

low uptake of the other nutrients like K+, Ca2+ and Mg2+ (Karimi et al., 2005). Elevated Na+: 

K+ ratio causes enzyme inactivation and affects normal metabolic functions of the plants 

(Booth and Beardall, 1991). Buildup of the salts disturbs the water relations of the plants 

which result in the limited uptake and utilization of the important nutrients. As a result 

metabolic activities of the cell and functioning of the enzymes is disturbed (Lacerda et al., 

2003). Nutrients and salt interaction causes deficiencies and imbalances of the major 

nutrients (McCue and Hanson, 1990). High uptake of Na+ causes reduction in the uptake of 

K+ and symptoms like K+ deficiency are observed (Gopa and Dube, 2003). More 

accumulation of Na+ suppressed the uptake of K+, Ca2+ and Mg2+ in Acacia ampliceps 

(Mahmood et al., 2010). The regulation of the calcium within the plant in salinity is a crucial 

parameter of plant salt tolerance (Soussi et al., 2001). Potassium is vital for protein 

formation, osmoregulation, cell turgor maintenance and photosynthesis (Ashraf, 2004). 

Decreased K+ uptake in response to salinity was also observed earlier (Khalil et al., 2012; 

Marcar et al., 1991). K+ along with Ca2+ are necessary for maintaining the integrity and 

proper working of the cell membranes (Wenxue et al., 2003). The plants with higher K+: Na+ 

ratio are considered to be more tolerant than plants with low K+: Na+ ratio (Saqib et al., 

2005). Sufficient amount of K+ in plant cell under salinity depends on the selective uptake of 

the K+ and discriminatory compartmentation of K+ and Na+ in the shoots (Munns et al., 

2000). 

2.1.4 Oxidative stress 

In addition to ionic and osmotic components, salt stress leads to oxidative stress 

causing an increase in reactive oxygen species (ROS) (Munns, 2002) i.e. superoxide (O2
-), 

hydrogen peroxide (H2O2) and hydroxyl radicals (OH-) (Mittler, 2002). These ROS can alter 

normal cellular metabolism through oxidative damage to lipids, proteins and nucleic acids 

(Imlay, 2003). Reduction of oxygen causes formation of ROS, which disturb plant metabolic 

processes (Asada, 1999). The extremely reactive nature of these active oxygen species result 



  8

in their reaction with important molecules like DNA, pigments, proteins, lipids, and other 

essential cellular constituents  leading to a series of destructive processes (Mittler, 2002). 

Reactive oxygen species are produced in low concentrations under normal growth conditions 

(Polle, 2001) but these are over produced under environmental stress conditions (Laloi et al., 

2004). Due to osmotic stress stomata are closed leading to a reduced supply of CO2 for 

photosynthesis and thus leads to the deposition of superoxide in high concentration in 

chloroplast which leads to photoinhibition and photooxidation damage to the plant cells 

(Ashraf, 2009). Plants have special mechanisms to detoxify these reactive oxygen species. 

These mechanisms include the activation of the enzymes of antioxidative pathway like SOD, 

POD, CAT and ascorbate-glutathione cycle (Noctor and Foyer, 1998; Smirnoff, 2005). 

2.2 Plant Responses to salts at different growth stages 

Plants response to salinity is different for different growth stages. With exceptions, 

most of the annual crops are better adapted to salinity at germination and are less tolerant at 

emergence and during initial growth (Maas and Grattan, 1999). With maturity or late in the 

growth stages plants become more tolerant to salinity stress. Plants are affected by salinity at 

both vegetative and reproductive stages with prominent reduction in the final harvest of the 

crop. Usually it is observed that shoot growth is more reduced than root growth under salinity 

stress. 

2.2.1. Germination and early seedling stages 

Salinity results in the reduction of germination even though majority of the plants are 

tolerant during this stage (Maas and Poss, 1989). Based on the germination most of the crops 

are categorized as tolerant or sensitve. For instance, the germination of Limonium perezii 

seeds was found to be enhanced at 10 dS m-1 salinity whereas its later growth stages and 

quality was affected even at 6 dS m-1 salinity (Carter et al., 2005). The percent germination is 

highly reduced at higher levels of salinization (Kent and Läuchli, 1985; Badia and Meiri, 

1994; Mauromicale and Licandro, 2002). Abari et al. (2011) studied the germination 

response of two acacia species under various concentrations of NaCl and KCl and found low 

germination of A. oerfota at 350 mM NaCl. On the other hand A. tortilis did not germinate at 

300 mM NaCl. Mehari et al. (2006) conducted a glass house experiment to evaluate the 
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potential salinity tolerance of acacia species seedling of two acacia species, for instance A. 

tortilis and A. nilotica. They found both species highly tolerant and even survived at 300 Mm 

NaCl. Sugar beet is considered as a salt tolerant crop but it is found sensitive at germination 

stages (Läuchli and Epstein, 1990). Different cultivars have different salinity tolerance 

potential (Ahmad et al., 2005; Bayuelo-Jimenez et al., 2002); For example, some barley 

varieties are better tolerant to salinity as compared to others (Tajbakhsh et al., 2006). In 

contrast to germination, most of the plants are sensitive to salt stress during emergence, as it 

delays emergence with limited establishment at severe stress (Maas and Grattan, 1999). 

There is a great genetic variability among crops for tolerance to salinity at this sensitive 

stage, but this could not be conclusive for final yield reduction. For instance, based on lint 

yield, cotton is thought to be a salt tolerant crop but is was found that saline sodic water 

resulted in a poor crop stand in the field (Grattan and Oster, 2003), in spite of the fact that 

soil salinization in the top soil was less than the threshold for cotton. 

Under natural field situations, in addition to salinity stress, seedlings have to face a 

number of biotic and abiotic stresses like water stress (Katerji et al., 1994), variable 

salinization due to capillary rise and evaporation (Pasternak et al., 1979), changes in the soil 

temperature and surface crusting. According to Vinizky and Ray (1988) salinity is more 

harmful to seed germination when the temperature is beyond the optimal limits. Moreover, 

because germination is delayed due to salinity, the juvenile seedlings are thought to be 

vulnerable to hypocotyl and cotyledon injury (Miyamoto et al., 1985; Esechie et al., 2002). 

2.2.2 Vegetative stages 

Plants are more prone to salinity during seedling and initial vegetative growth stages 

than during their germination e.g. wheat (Maas and Poss, 1989) and corn (Maas et al., 1983). 

In two studies with corn and wheat under green house conditions, it was found that relative 

reduction in total shoot biomass was much lesser than the reduction in relative grain yield 

(Maas et al, 1983; Maas and Poss, 1989). Even this reduction is not found in most crops e.g. 

researchers observed that salt tolerance of melon during early seedling growth is associated 

with their fruit yield (Nerson and Paris, 1984). In a study on wheat genotypes, salinity 
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significantly reduced shoot and root growth but salt tolerant genotypes showed better growth 

than the sensitive ones (Saqib et al., 2005). 

2.2.3 Root growth 

It is a well-established fact that salinity results in the reduction of shoot, mainly leaf 

area, more as compared to root (Läuchli and Epstein, 1990). If there is a shortage in the 

supply of Ca2+, salinity results in the dysfunctioning of cell membrane and growth of the 

roots in very short time (Epstein, 1961; Läuchli and Epstein, 1970; Cramer et al., 1988). 

When extra Ca2+ is provided to salt-stressed plants of cotton, root cell elongation is increased 

at the cost of radial growth whereas new cell formation rate was kept constant (Kurth et al., 

1986). Farooq et al. (2010) studied the growth response of Acacia nilotica to combined stress 

of municipal wastewater and salinity. Root growth was reduced with increasing salinity level 

and maximum reduction was observed at highest salinity level (EC 12 dS m-1). At higher 

levels of salinity both root formation (Kramer, 1983) and their elongation (Garg and Gupta, 

1997) is reduced to a greater extent. So both water and salt stress reduce the plant growth in 

an additive manner. The physical parameters like root and shoot growth are usually related to 

salinity tolerance potential of all plants at their early stages of growth so they are the tools of 

selection for salinity tolerance (Larcher, 1995). Moreover in case of cotton roots, it was fond 

that extra supply of calcium, alleviated to a certain extent the effect of high salt contents on 

the elongation rate but the reduction of the growth zone was not recovered (Zhong and 

Läuchli, 1993). High contents of the Na+ deposited in the growing zones of the root resulted 

in the reduction in the selectivity for K+ over Na+. The harmful effects of salinity can be 

reduced to some extent by the extra suply of calcium (Läuchli and Epstein, 1990; Cramer, 

2002). 

2.2.4. Shoot growth 

Reduction in leaf area and stunted shoots are the main consequences of salinity stress 

on shoots (Läuchli and Epstein, 1990). Leaf size depends upon cell division and elongation. 

Leaf formation, which is due to cell division, was not affected by salinity, but leaf extension 

was very prone to salinity in case of sugar beet plants (Papp et al., 1983). So it could be 

thought that in case of sugar beet leaves, cell division is less receptive to salinity than cell 
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elongation. In contrast to that, cell numbers in grass leaves were reduced due to stress 

(Munns and Termaat, 1986). Maas and Grieve (1987) found that high Na+: Ca2+ ratios can 

result in Ca-deficiency in shoots. The calcium content of the growing zones of the leaves is 

in particular vulnerable to salinity stress (Läuchli, 1990). This seems due to the reduced 

symplastic xylem loading of calcium by salt in the roots (Lynch and Läuchli, 1985; Halperin 

et al., 1997), which results in the limited calcium supply in the growing leaves (Lazof and 

Läuchli, 1991; Neves-Piestun and Bernstein, 2005; Lazof and Bernstein, 1999). Mahmood et 

al. (2010) evaluated the tolerance potential of Acacia ampliceps against various levels of 

sodicity. It was noted that plants survived in all sodicity levels ranging from 20 to 50 (mmol 

L-1) 1/2 but could not survive in SAR of 60 and 70 (mmol L-1) 1/2. The data showed that Na+ 

concentration in plant leaves highly increased which caused the reduction of shoot growth 

parameters like plant height, stem diameter, number of branches and leaves. Hardikar and 

Pandey (2008) performed an experiment to assess the effects of soil salinity on emergence, 

growth, and mineral accumulation of Acacia senegal (L.) seedlings. Salinity caused reduction 

in water contents of tissues, which resulted in internal water deficit to plants. Subsequently, 

growth of the seedlings was significantly reduced in response to salinity. Bernstein et al 

(1993) found that length of the growing area was reduced by about 20 % due to salinity stress 

in case of sorghum and the maximal relative elemental growth rate was also reduced mainly 

in the youngest parts of the leaves. Salt stress reduced calcium level of leaves which might be 

the reason for the reduced leaf growth (Bernstein et al., 1995). Na+ ions were mainly 

accumulated in basal growing zones where growth was not much affected by salinity. So it 

was assumed that higher concentration of Na+ in leaf tissues was not only the main cause of 

growth reduction (Bernstein et al., 1995). Hu et al. (2005a) also said that direct effects of Na+ 

and Cl- on cell extension and formation in case of wheat can be ruled out. Moreover it is 

observed that salinity reduced the area of proto-and meta xylem in developing sorghum 

(Baum et al., 2000) and wheat (Hu et al., 2005b) leaves which had resulted in the reduced 

water accumulation in the leaves. 

2.2.5. Reproductive stage 

Most of the literature suggests that with maturity plants become more tolerant as 

compared to early growth stages (Läuchli and Epstein, 1990; Maas and Grattan, 1999). In 
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various experiments on wheat (Maas and Poss, 1989), it was observed that this crop was 

most susceptible to salinity during vegetative and early reproductive stages, less responsive 

during flowering and least perceptive during seed formation. In the above cases, seed weight 

was the main yield component. Similarly, growth sensitivity was found in determinate and 

indeterminate plants. Growth reduction by salts occurs due to diversion of energy from 

growth to maintenance. Wheat genotypes differed significantly in their response to salinity × 

sodicity with SARC-1 producing better grain yield than the other genotypes (Saqib et al., 

2008). The sensitive plant response was partially dominant whereas the tolerant plants 

showed dominance for yield, moreover tolerance and yield is controlled by many genes 

(Singh and Singh, 2000). 

2.3 Effect of salinity on physiological and biochemical processes 

Growth and biomass production is reduced due to the effects of salinity on different 

physiological and biochemical processes. All growth stages of the plants including 

germination, seedling, vegetative and reproductive stages are affected by salinization. 

Nevertheless, there is a great genetic variability in plant species regarding their salinity 

tolerance at different developmental stages. It was found that salt tolerance varies with stages 

of growth in rice (Akbar and Yabuno, 1977) and wheat (Ashraf and Khanum, 1997).  On the 

other hand Ashraf and Fatima (1995) observed that tolerance of safflower did not change 

with the growth stages. It is a well established fact that exclusion of Na+ at root level or its 

compartmentalization within the vacuole are the main mechanisms of salinity tolerance 

(Munns, 2002, 2005; Ashraf, 2004). Wyn Jones et al. (1984) noticed the higher saltinity 

tolerance of Agropyron junceumas compared to Agropyron intermedium was due to its 

proficient exclusion of both Na+ and Cl-. Likewise, Carden et al. (2003) observed the Na+ 

concentration in tolerant varieties was about 10 times less in the cytosol of the root cortical 

cells as against of sensitive one. Higher concentrations of Na+ in shoots damage enzymatic 

activity, and many other metabolic processes like protein synthesis and photosynthesis 

(Ashraf, 2004; Munns, 2005) which results in leaf growth reduction and even the death of 

leaf.  In many plants, principally glycophytes, Na+ exclusion from shoot and retention in root 

are main elements of salt tolerance (Ashraf, 2004).  It is found that photosynthetic capacity of 

various plants is reduced due to salt stress (Ashraf, 2004; Dubey, 2005). Increased plant 
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growth is a result of increased photosynthesis under both normal and stressed conditions as 

found in cotton (Pettigrew and Meredith, 1994), maize (Crosbie and Pearce, 1982) and wheat 

(Raza et al., 2007). Reduced photosynthesis under salinity is due to stomatal (leading to 

reduction in intracellular CO2 pressure) and non-stomatal factors. Higher concentrations of 

Na+ and Cl- in leaves of rice (Yeo, 1998) and wheat (James et al., 2002) reduced their 

photosynthetic capacity whereas high concentration of Cl- in citrus (Walker et al., 1981) and 

Phaseolous vulgaris (Seemann and Critchley, 1985) were harmful for photosynthetic 

activity. 

Salinity mainly affects two processes in plants: water and ionic relations. During 

initial exposure to salt stress, plants face water stress, which reduces leaf expansion. Plants 

also experience ionic stresses leading to senescence of adult leaves and reducing 

photosynthetic area that supports growth.  (Cramer and Nowak, 1992). Salinity reduces dry 

matter contents and leaf size resulting in reduced grain yield in wheat (Singh and Chatrath, 

2001). Salinity delayed leaf emergence and affected leaf growth longitudinally and laterally. 

Reduction in the final lengths of 3rd, 4th and 5th leaves was the result of decrease in their leaf 

elongation rate (LER). The decreased LER under saline conditions was more pronounced 

during steady growth phase and during the light period compared to the dark period 

respectively. Salinity affected the LER more severely probably as a result of its longer 

exposure and elongation zones for higher leaves (Hu et al., 2000). Salinity also affected pre-

dawn leaf water potential, stomata conductance, evapo-transpiration, leaf area and yield 

(Katerji et al., 2002). 

2.4 Defense mechanisms of plants against salinity 

Plant salt stress tolerance has been studied for regulatory mechanisms of ionic and 

osmotic homeostasis (Ashraf and Harris, 2004). It is now evident that some plant species can 

tolerate high salinity (Rehman et al., 1998). Limited Na+ uptake is a trait related to salinity 

tolerance in several crop plants (Fortmeier and Schubert, 1995). Improving plant resistance to 

salts provides yield stability and also limits salinization (Flowers and Yeo, 1995). Defense 

mechanisms within plants include ionic regulation in various organs and within cells, 

synthesis of organic solutes either for osmoregulation or for protection of macromolecules 
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and for maintenance of membrane integrity (Jain et al., 2001). Biochemical pathways 

products and processes that improve salt tolerance are act additively and synergistically 

(Iyengar and Reddy, 1996). Mechanisms involving changes that protect major processes like 

photosynthesis and respiration preserve features like cytoskeleton, cell wall and plasma 

lemma interactions (Botella et al., 1994). 

2.4.1 Antioxidants 

Plants possess many types of metabolites and enzymes, having the ability to detoxify 

reactive oxygen species (Ashraf, 2009). Evidences suggest that resistance to oxidative stress 

is involved in salt stress tolerance (Badawi et al., 2004). To attenuate the oxidative damage 

caused by ROS, plants have developed a defense system of enzymes such as SOD, CAT, 

ascorbate peroxidase (APX), guaiacol peroxidase (GPX) and GR (McKersie and Leshem, 

1994; Noctor and Foyer, 1998). CAT is present in peroxisomes, cytosol and mitochondria 

and it dismutates H2O2 into H2O and O2 (McKersie and Leshem, 1994). APX uses ascorbate 

as electron donor in the first step of the ascorbate-glutathione cycle and is considered the 

most important plant peroxidase in H2O2 detoxification (Noctor and Foyer, 1998). 

Superoxides are dismutased to H2O2 and molecular oxygen with the help of SOD 

(Giannopolitis and Ries, 1977). It is an important enzyme for mitigation of oxidative stress in 

plants. H2O2 and some organic hydroperoxides are broken to water and oxygen with the help 

of CAT enzymes (Ali and Alqurainy, 2006). Increased activities of SOD under salt stress 

conditions were previously observed indicating its role in salinity tolerance of various plant 

(Mittal et al., 2012; Hu et al., 2011). Chen et al. (2011) observed that salt-tolerant wheat 

cultivar exhibited more SOD activity as compared to sensitive cultivar. Morais et al. (2012) 

observed that A. longifolia was better adapted to saline conditions than Ulex europaeus, 

owing to its better anti-oxidants activities particularly of CAT. Other works also found 

increased activties of this enzyme in response to salinity like Sekmen et al. (2012) and Mittal 

et al. (2012) in G. oblanceolata and B. juncea, respectively. 

2.4.2 Ion regulation and compartmentalization 

Plants can sense salts by ionic and osmotic signals, like excess of Na+ be sensed via 

transmembrane proteins and within cell by Na+ sensitive enzymes (Zhu, 2003). Genetic 
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differences in Na+ exclusion is highly correlated with differences in salinity tolerance 

between tetraploid and hexaploid wheat (Gorham et al., 1987). Na+ efflux from root is a 

defense against toxic levels of Na+ in cytosol and Na+ transport to shoot; plasma membrane 

Na+/proton anti-porters exclude Na+ out of roots (Zhu, 2003). An increase in salinity reduced 

the vegetative growth significantly in wheat genotypes. Genotype BWN-75 proved to be 

tolerant due to exclusion of Na+ and Cl- as it maintained lower Na+ levels and Bakhtawar was 

also classified as tolerant. There was a significant increase in concentrations of Na+, K+ and 

Cl- in leaves of wheat under saline conditions as compared to control (Saqib et al., 2004a). 

Discrimination for K+ and against Na+ was shown by wheat (Triticum aestivum L.) (Gorham, 

1990). Recombinant lines of wheat having K+/Na+ trait showed tolerance to salt stress than 

the line lacking this trait (Dvorak et al., 1994). Tolerance increases in corn, rice and wheat 

like plants with aging (Foolad, 2004). Root length and concentration of K+ showed a highly 

significant positive correlation with grain yield and different yield components of wheat 

(Saqib et al., 2004b). Salt tolerant wheat genotypes showed more Na+ retention at root level 

and higher Na+/H+ anti-porter expression at root and shoot levels than sensitive genotypes 

(Saqib et al., 2005). Ion toxicity causes accumulation of Na+ and/or Cl-; ionic imbalances and 

nutrient deficiency particularly K+ deficiency occurs (Tejera et al., 2006). Alterations in ionic 

ratio of plants are because of Na+ influx through pathways that function for K+ acquisition 

(Blumwald, 1987). 

2.4.3 Other mechanisms of salt tolerance 

Salt-resistant plants restrict the salt uptake by adjusting their osmotic pressure by 

synthesis of compatible solutes. Compatible solutes are low molecular weight compounds 

synthesized in the cytoplasm to balance the higher ionic concentrations in the vacuoles of the 

cell. They do not interfere with metabolic processes (Hasegawa et al., 2000; Zhifang and 

Loescher, 2003). Their main functions in the cell are protection of important cellular 

structures, osmotic balance which make the influx of water possible and scavenging of ROS 

(Hasegawa et al., 2000). These osmolytes are produced under stress conditions due to 

metabolic diversion into unique biochemical reactions. These compatible solutes include 

proline (Singh et al., 2000), glycine betaine (Wang and Nil, 2000), sugars (Kerepesi and 

Galiba, 2000), and polyols (Bohnert et al., 1995). A significant amount of assimilated CO2 is 
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converted into polyols that have many important functional roles like compatible solutes, 

molecular chaperones, and scavenging of reactive oxygen species (Bohnert et al., 1995). 

Different types of sugars like glucose, fructose, sucrose and starch are accumulated in 

response to any type of stress (Parida et al., 2002). The main functions which they perform 

are osmoprotection, osmotic adjustment, storage of carbon and detoxification of ROS. 

Salinity induced hyper production of these sugars is observed in many plants (Singh et al., 

2000). Various nitrogen containing compounds are accumulated in plants in response to 

stress and these are involved in salt tolerance of plants (Mansour, 2000). For example the 

level of glycine betaine was found to be increased in many plants under salinity stress (Wang 

and Nil, 2000). Likewise the accumulation of proline was also observed as a nontoxic and 

protective osmolyte in response to salinity (Jain et al., 2001). 

Salinity stress also results in increased contents of plant hormones like abscisic acid 

(ABA), cytokinins (Aldesuquy, 1998) and jasmonates. Salinity-induced genes are changed 

due to ABA. Abscisic acid induced genes were found to be involved in salinity tolerance of 

rice (Gupta et al., 1998). Positive effects of ABA on photosynthesis, growth and 

translocation of assimilates are well documented under salinity stress (Popova et al., 1995). 

Higher level of ABA under salt stress results in more Ca2+ uptake and in this way increase the 

integrity of membranes, enabling the plants to regulate ion fluxes (Chen et al., 2001).  

According to Gomez-Cadenas et al. (2002) ABA reduces ethylene production and shedding 

of leaves under salinity in citrus by reducing the uptake of Cl- in the leaves. Jasmonates are 

also considered important in salinity tolerance of plants. It is observed that salt-tolerant 

varieties of tomato have more jasmonate level than salt-sensitive ones (Hilda et al., 2003). 

Membrane stability has been utilized to differentiate among tolerant and sensitive cultivars 

(Meloni et al., 2003). 

2.5 Rhizosphere acidification and plant growth under salinity 

Volume of soil around roots (rhizosphere) is influenced by the activities of living 

plant roots (Hinsinger, 1998); change in pH of the rhizosphere is a chemical change 

occurring at soil-root interface. Since late 1960s, evidence has shown that roots substantially 

change rhizosphere pH by releasing protons or hydroxyls to compensate an unbalanced ionic 
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uptake at soil root interface (Riley and Barber, 1971). The relationship of such H+ release 

with root cell growth is called acid growth theory. Main processes of rhizosphere 

acidification include cation-anion exchange balance, source of proton release in rhizosphere 

and differential uptake of ions by roots (Jaillard et al., 2002). Roots secrete acids strong 

enough to dissolve calcium carbonate; thereby leaving clearly visible imprints in the rock 

(Trolldenier, 1987). 

When more anions are taken up than cations, OH− will be released into the apoplasm 

(or H+ will be taken up from the apoplasm) to compensate excess of negative charges 

resulting in a reduction in cytosolic pH. This typically occurs by supplying a plant with a 

CaCl2 solution, which leads to less uptake of Ca2+ than the highly permeating Cl- (Marschner, 

1995). Nitrogen plays an important role in the ionic balance, because it is taken up at the 

highest rate by plant (Mengel et al., 2001). There are numerous papers showing that plants 

supplied with 
3NO  will counterbalance the excessive negative charges by secreting 

equivalent amounts of hydroxyl or bicarbonate into the rhizosphere, hence increase the 

rhizosphere pH. However plants receiving 
4NH  will counterbalance the corresponding 

positive charges by secreting equivalent amounts of protons in their rhizosphere, thereby 

decreasing rhizosphere pH (Imas et al., 1997). Plants use a significant amount of N in the 

form of amino acids that are either positively charged, neutral or negatively charged (Jones 

and Darrah, 1994). Amino acids are a source of N for plant (influx) can also be released as 

root exudates (efflux), therefore both these processes and/or the net balance of their 

influx/efflux should be accounted for (Jones and Darrah, 1994). In a similar manner, plants 

relying on atmospheric N2, such as legumes, take up more cations than anions, hence causing 

a release of excessive amount of positive charges as H+ and acidify their rhizosphere (Tang et 

al., 1997). Release of organic anions (Hoffland et al., 1989) is a major component of cation-

anion balance and influence the net release of proton or hydroxyl ions. 

The release of H+ from plant root is considered a process that contributes to a 

decrease in the pH of rhizosphere (Marschner, 2003). Rhizosphere pH has been observed to 

be up to two pH units higher or lower than the bulk soil (Marschner and Römheld, 1983). 

Plants acidify or alkalinize their growth medium depending upon the uptake of ions, some 
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plants acidify their rhizosphere when supplied with 
4NH whereas some other species cause 

alkalinity when nitrate is supplied as a nitrogen source (Schubert and Yan, 1997). Legumes 

relying upon symbiotic N2 fixation have been found to acidify their rhizosphere (Schubert et 

al., 1990a) through considerable H+ extrusion (Schubert et al., 1990b). 

Organic acids are referred as a possible source for rhizosphere acidification (Hoffland 

et al., 1989). Among the organic acids: citric, oxalic and malic acids are the most frequently 

referred for their effect on rhizosphere pH (Jones et al., 2002). Organic acids comprise a 

wide variety of compounds that vary with plant species, age and environmental constraints 

(Dakora and Phillips, 2002). These acids are present in large concentrations in root cells 

where they play an important role in buffering the cytosolic pH (Marschner, 1995). These 

organic acids are stored in the vacuoles of root cells in many plant species, while a 

substantial proportion may be exuded in the rhizosphere in some species (Jones, 1998). 

Differences between measured H+ efflux and independently determined cation-anion balance 

are attributed to organic anion release, when other sources of H+ (such as root respiration) 

can be discounted (Durand et al., 2001). Organic anions might result in an increase in 

rhizosphere pH if they are protonated because of a lower external pH than internal pH (Jones 

and Darrah, 1994) or if they are degraded (Yan et al., 1996). 

For most of plant species other than cluster-rooted species, rate of release of organic 

anions per minute are two to three orders of magnitude lower compared with the rates of H+ 

release that arise from excessive cations over anions taken up. Cytosolic pH-stat in root cells 

largely relies on carboxylation-decarboxylation of organic acids/anions. Concentrations of 

organic anions (e.g. malate) build up in vacuole as a consequence of excess cation uptake and 

the reverse takes place when more anions than cations are taken up. Larger concentrations of 

carboxylates are generally found in root cells of plants fed with 
3NO , compared with plants 

fed with 
4NH  (Marschner, 1995). Larger exudation of carboxylates (e.g. citrate, malate and 

fumarate) occurred for tomato plants relying on 
3NO  relative to those relying on 

4NH  

(Imas et al., 1997). 
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2.6 Root characteristics and plant growth under salinity 

Rahnama et al. (2011) studied the diversity of root growth of wheat in screening to 

recognize variation in rates of root growth under salt stress. Seedlings were grown in 

germination paper roll in plastic tubes with a gradient of salt concentration increasing near 

the bottom of the tubes, which had 50-200 mM NaCl with essential nutrients. Seedlings were 

grown under light up to two leaf stage evaporation and transpiration were lessened so that 

salinity gradient was maintained. NaCl concentration of 150 mM at the bottom was proved to 

be suitable to identify variation. This corresponds to a level of salinity in the field that 

decreases shoot growth by 50 %. The screen subdued seminal axile root length more than 

branch root length. 

Shafi et al. (2010) carried out a solution culture experiment to investigate the effect of 

salinity (NaCl) and cadmium (Cd) on root morphology of wheat in salt tolerance. Cd and 

NaCl stress inhibited shoot and root dry weight, number of lateral roots, total root length, 

root average diameter and total root volume. Increasing concentration of Cd and NaCl had 

negatively affected root morphology of all the cultivars. Furthermore, there was a clear 

difference in response to both stresses among the tree cultivars, with tolerant cultivars being 

less affected than sensitive ones. Jun-Feng et al. (2010) conducted an experiment to study the 

effect of salinity and nitrate on growth, root morphology and nitrogen uptake of halophytes 

in solution culture. Addition of nitrate greatly increased the root and shoot growth. A greater 

effect of nitrate was observed in root dry weight despite the high concentration of NaCl in 

solution culture, leading to a significant increase in root: shoot ratio and lateral root length, 

although primary root length did not increase with increasing salinity and nitrate levels as 

they stimulate lateral root growth. Concentration of Na+ in plant tissues increased with 

salinity levels but the concentration of 
3NO and total N was greatly reduce by increasing 

salinity. Results show that lateral root development and effective N uptake of the shoot 

contribute to high salt tolerance of the plant. Saira (2012) conducted a solution culture 

experiment using three wheat genotypes SARC-1, Pasban 90 and 25-SAWN-35 in order to 

study the effect of salinity on the growth and ion uptake of seminal and nodal roots. The 

genotype SARC-1 performed better regarding growth and physiological parameters as 

compared to Pasban-90 and 25-SAWN-35. 
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2.7 Genetic variability in wheat in response to salinity 

  Dulai et al. (2011) observed that 200 mmol L-1 NaCl concentrations substantially 

reduced net CO2 assimilation rate and resulted in the closure of stomata. Changes of these 

parameters were less significant for barley as compared to wheat. 

Response of contrasting wheat genotypes to salt stress (100 and 200 mM NaCl) were 

studied by Sairam et al. (2005) and they found that a tolerant genotype (Kharchia 65)  

showed less reduction in relative water content, chlorophyll content, membrane stability 

index as compared to a sensitive genotype (HD 2009). On the other hand the activities of 

different antioxidents were higher in the tolerant than in the sensitive genotype. Mandhania et 

al. (2006) compared the response of two wheat genotypes i.e. tolerant and sensitive to 

various levels of salinity they found that relative water content decreased more in sensitive 

genotypes. In both the genotypes the activities of antioxidants except SOD increased with 

increasing salinity. Chen et al. (2011) observer that under NaCl stress, oxidative damage was 

more severe and the K+, Ca2+, Zn, and Fe accumulations were lower in Shi 4185 (sensitive 

cultivar) than in Cang 6001 (tolerant one). Exogenous application of ascorbic acid and N-

acetyl-L-cysteine improved Zn and Fe contents in the plants. More activity of the SOD was 

found in Cang 6001 than in Shi 4185. Effect of seawater salinity (10 % and 25 %) on 

different growth parameters, water relations, protein and nucleic acids in flag leaves of two 

wheat genotypes Gemmieza-9 (sensitive) and Sids-1(tolerant) was investigated by Aldesuquy 

et al. (2012) during grain-filling. Significant decrease in all growth parameters, water 

relations, protein and nucleic acids content of both genotypes was noticed. There was more 

decrease in all the mentioned parameters at higher salinity levels than the lower one 

particularly for Gemmieza-9. 

Esfandiari et al. (2011) worked on two wheat genotypes under control and salt stress 

(200 mM NaCl) conditions. The activities of antioxidant like ascorbate peroxidase and 

guaiacol peroxidase were increased in the tolerant cultivar in response to salinity whereas of 

SOD and CAT were not changed. On the other hand activities of SOD, CAT and GPX in the 

sensitive cultivar were lower than control as compared to salinity. Membrane stability index 

and K+/Na+ of both genotypes were reduced under salnity. Hameed et al. (2008) applied 
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various levels (5, 10 and 15dS m-1 NaCl) of salinity to three-days-old wheat seedlings for 6 

days. They found that salinity reduced the growth and protein content, mainly at 15dS m-1 

NaCl. CAT activity was decreased at all salinity levels in both genotypes indicating that high 

salinity generally reduced the CAT activity. These findings show that Lu-26 (tolerant 

grnotype), exhibits a better protection mechanism against salt stress by lower salt induced 

proteolysis, higher biomass accumulation and protein content as compared to sensitive 

genotype Pak-81. 

2.8 Need of the project 

Screening of crop genotypes for salt tolerance is usually carried out in solution 

culture and the success rate of the selected genotypes in the field is very low. A possible 

reason may be the lack of consideration of the conditions prevalent in natural environment as 

compared to controlled conditions during the screening of genotypes. Keeping in view the 

field conditions and the lack of information on the response of wheat root type to salinity and 

differential rhizosphere acidification potential of different wheat genotypes the present 

studies have been planned and conducted with the following specific objectives: 

1. To identify salinity and sodicity tolerant/sensitive wheat genotypes. 

2. To study the physiological and biochemical characteristics of the selected wheat 

genotypes. 

3. To determine the role of root type and the root-mediated changes in salinity 

tolerance of wheat genotypes. 
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Chapter 3 

MATERIALS AND METHODS 

The research work reported in this thesis has been conducted at the Institute of Soil 

and Environmental Sciences, University of Agriculture, Faisalabad, Pakistan. This work has 

been conducted to evaluate the performance of different wheat genotypes against salinity and 

sodicity.  Five different studies as given below were conducted to achieve the specific 

objectives of this research project: 

 

Study-I: Screening of wheat genotypes under saline sodic field conditions 

Study-II: Comparative salt tolerance of the selected wheat genotypes under 

saline conditions  

Study-III: Physiological characterization of the selected wheat genotypes     

                  under saline conditions 

Study-IV: Comparative seminal and nodal root growth and ion uptake of the     

selected wheat genotypes under saline conditions 

Study-V: Root mediated acidification and oxidative stress tolerance of the        

   selected wheat genotypes under saline conditions 

3.1 Experimental techniques 

3.1.1 Study-I: Screening of wheat genotypes under saline sodic field conditions 

Seed source 

The wheat (Triticum aestivum L.) genotypes were collected from Dept. of Plant 

Breeding and Genetics, University of Agriculture Faisalabad, Institute of Soil and 

Environmental Sciences, University of Agriculture Faisalabad and Ayub Agricultural 

Research Institute (AARI), Faisalabad, Pakistan. There were twenty five genotypes used in 

this experiment and the names of these genotypes are given in Table 3.1. 
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Experimental details: 

This study was conducted at the experimental farms of the University of Agriculture 

Faisalabad, Pakistan at two sites, one having non-saline and non-sodic soil and the other 

having a saline sodic soil (Table 3.2). The experiment was arranged following a randomized 

complete block design (RCBD) with four replications for each genotype at each site. The 

experiment was sown and conducted following the recommended agronomic practices. The 

recommended doses of nitrogen, phosphorous and K+ fertilizers were added taking into 

consideration the fertility status of the soil. Soil and water analyses of the experimental site 

(Table 3.2 and 3.3) were carried out. The crop was grown up to maturity in the field. At 

harvesting, grain and straw yields and different yield components were recorded. The plant 

analyses were carried out at booting stage using one leaf next to the flag leaf.  The following 

parameters were recorded/ determined in this study: 

1. ECe, SAR and pH of the soil and water  

2. Soil texture 

3. Na+,  K+ and Cl- concentration in plants 

4. Grain and straw yields m-1 strip 

5. Plant height 

6. Number of tillers plant-1 

7. Number of spike-lets spike-1 

8. 100 grain weight 

The details of soil analysis are given in section 3.2 and of water analysis are given in section 

3.3. 
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Table 3.1 Wheat genotypes used in Study-I 

Names of wheat genotypes 

25-SAWSN-12 SARC-1 Bhakar-2002 V-07194 V-07007 

25-SAWSN-39 Sehar-2006 V-08158 V-07142 Pasban-90 

V-05082 25-SAWSN-8 V-08171 V-05003 V-08164 

25-SAWSN-47 25-SAWSN-35 V-07663 Faisalabad-08 Lasani 

25-SAWSN-31 V-07032 Uqab V-06018 V-3094 

 

Table 3.2 Characteristics of soil used for Study-I 

Soil Characteristics Normal Soil Salt-affected Soil 

Texture Sandy clay loam Sandy clay loam 

Saturation %age 32 31 

pH 7.7 8.57 

ECe (dS m-1) 2.45 15.4 

SAR (mmol L-1)1/2 7.7 34.8 

 

Table 3.3 Characteristics of irrigation water used for Study-I 

Characteristics Used on normal Soil Used on salt-affected Soil 

ECe (dS m-1) 1.41 2.75 

TSS (mmolc L-1) 14.1 27.5 

SAR (mmol L-1)1/2 8.37 11.7 

RSC (mmolc L-1) Nil Nil 

 

 

3.1.2 Study II: Comparative salt tolerance of the selected wheat genotypes under 

saline conditions 

This is a pot study in which ten wheat genotypes as given in Table 3.4 were used. 

These genotypes have been selected from Study-I as salt tolerant or salt sensitive. 
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Growth conditions and experimental details 

This pot experiment was conducted at the Institute of Soil and Environmental 

Sciences (ISES), University of Agriculture, Faisalabad, Pakistan in a wire-house. The 

experiment was laid out in a Completely Randomized Design (CRD) and factorial 

arrangement with four replicates. There were two treatments control or non-saline and saline 

(ECe 15 dS m-1). Normal soil free from salinity and sodicity was collected up to 0-15 cm 

depth (Table 3.5). This soil was filled in glazed earthen pots (25 cm high and 20 cm 

diameter). Ten kg soil was filled in each pot. Two salinity levels i.e. control (original soil: 

2.57 dS m-1) and ECe of 15 dS m-1 were developed. Salinity was developed artificially by 

mixing NaCl salt in the soil for saline treatment pots before filling in the pots. Nitrogen (N), 

phosphorous (P) and K fertilizers were applied at the rate of 120, 90 and 60 kg ha-1, 

respectively. Initially 10 seeds of each genotype were sown per pot. Thinning was done after 

14 days of sowing keeping three plants per pot. Tap water was used for irrigation throughout 

the growing period (Table 3.6). The crop was harvested after two months of growth and 

shoot and root growth was recorded. Roots were removed from the soil after washing the soil 

from the pots. Measurements recorded in this experiment are as under: 

1. ECe, SAR and pH of the soil and water  

2. Soil texture 

3. Shoot and root fresh and dry weights 

4. Shoot and root lengths 

5. Na+,  K+ and Cl- concentration in plants 

 

The details of soil analysis are given in section 3.2 and of water analysis are given in section 

3.3. 
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Table 3.4 Salt tolerant and salt sensitive wheat genotypes used in Study-II 

Salt tolerant Salt sensitive 

25-SAWSN-12 V-08164 

SARC-1 V-03094 

25-SAWSN-39 V-05082 

25-SAWSN-47 25-SAWSN-35 

LASANI 25-SAWSN-8 

 

Table 3.5 Characteristics of soil used for Study-II  

Characteristics Value 

Texture Sandy clay loam 

Saturation %age 33 

pH 7.35 

ECe (dS m-1) 2.57 

SAR (mmol L-1)1/2 9.7 

 

Table 3.6 Characteristics of irrigation water used for Study-II 

Characteristics Value 

ECe (dS m-1) 1.07 

TSS (mmolc L-1) 10.7 

SAR (mmol L-1)1/2 7.73 

RSC (mmolc L-1) Nil 

 

3.1.3 Study III: Physiological characterization of the selected wheat genotypes under 

saline conditions 

Two genotypes of wheat (one salt sensitive and one salt tolerant) were finally selected 

from Study-II. The wheat genotype 25-SAWSN-12 was selected as a salt tolerant and wheat 

genotype 25-SAWSN-8 was selected as a salt sensitive. These genotypes were grown in this 

study for their physiological characterization. 
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Experimental details 

Seeds of both the wheat genotypes were kept overnight in distilled water for priming. 

The pre-treated seeds were planted in nursery plates (40 × 50 × 7 cm) filled with 5 cm layer 

of moistened quartz sand for germination at 28 ± 3 °C. The sand was kept moistened with 

water and nutrient solution after seedling emergence. At two leaf stage, seedlings of both the 

genotypes under study were transplanted to foam plugged holes in polystyrene sheets floating 

on nutrient solution contained in 25 liter tubs (Table 3.7). Each genotype had four 

replications and there were two treatments control and saline (125 mM NaCl) in separate 

tubs. After two days of transplantation, salinity (125 mM NaCl) was developed in three 

increments (one per day) in saline treatment tubs. No salt was added in control. The pH of 

nutrient solution was adjusted at 6.0 ± 0.5 with dilute NaOH and/or HCl daily and the 

treatment solutions were changed weekly. The experiment was arranged following CRD 

(Completely Randomized Design) with factorial arrangement. Plants were harvested after 

four week growth in the solutions having above mentioned treatments. Following parameters 

were recorded/ determined in this study: 

1. Shoot fresh and dry weights 

2. Shoot and root lengths 

3. Root fresh and dry weights  

4. Na+,  K+ and Cl- concentration in plants 

5. Water relations 

6. Membrane stability index  

7. Photosynthetic attributes 

The details of water analysis are given in section 3.3. 
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Table 3.7 Composition of the nutrient solution used in the solution culture studies 

(Study III, IV and V) 

Macro-nutrients Concentration (mM) Micro-nutrients Concentration (µM) 

Ca(NO3)2 .4H2O 4 H3BO3 1 

KH2PO4 0.2 MnSO4.H2O 0.5 

K2SO4 1 ZnSO4.7H2O 0.5 

MgSO4.7H2O 0.6 CuSO4.5H2O 0.3 

CaCl2. 2H2O 5 (NH4)Mo.O24 0.01 

Fe-EDTA 0.2   

 

3.1.4 Study IV: Comparative seminal and nodal root growth and ion uptake of the 

selected wheat genotypes under saline conditions 

The wheat genotype 25-SAWSN-12 selected as a salt tolerant and wheat genotype 

25-SAWSN-8 selected as a salt sensitive from Study-II were grown in this study for their 

root characterization.  

 

Experimental details 

Healthy seeds of selected wheat genotypes were sown in nursery trays (40 × 50 × 7 

cm) filled with 5 cm layer of moistened quartz sand for germination at 27 ± 4 °C. The sand 

was kept moistened with nutrient solution (modified Hoagland’s solution was used) 

(Hoagland and Arnon, 1950) after seedling emergence. At two leaf stage, seedlings of all the 

genotypes under study were transplanted to foam plugged holes in polystyrene sheets floating 

on nutrient solution (Table 3.7). The pH of nutrient solution was adjusted at 6.0 ± 0.5 with 

dilute NaOH and/or HCl daily and the treatment solutions were changed weekly. Plants were 

allowed to grow for 6 weeks in non saline nutrient solutions. After 6 weeks of growth in non-

saline solutions the plants were transplanted to a split root system. The split root system 

consisted of a plastic pot of about 3 L capacity and a plastic bottle of 1 L capacity. The 

plastic bottle was placed in the plastic pot. One plant of a genotype was transplanted in this 

system in a way that the seminal roots were placed in the bottle and the nodal roots were 
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placed in the pot, salinity was applied to both bottle and pot simultaneously. One liter of 

solution was added in the bottle and one liter in the pot. The experimental design was 

completely randomized with factorial arrangement and four replications. The following 

treatments were maintained in this system for a period of two weeks. 

T1 = Nodal as well as seminal roots in control (non-saline) conditions 

T2 = Nodal roots in saline (125 mM NaCl) and seminal roots in non-saline conditions  

T3 = Seminal roots in saline (125 mM NaCl) and nodal roots in non-saline conditions 

T4 = Nodal as well as seminal roots in saline (125 mM NaCl) conditions 

 

Following parameters were recorded/ determined in this study: 

1. Shoot length  

2. Shoot fresh and dry weights 

3. Seminal and nodal root lengths 

4. Seminal and nodal root fresh and dry weights  

5. Na+,  K+ and Cl- concentration in plants 

The details of water analysis are given in section 3.3. 

3.1.5 Study V: Root mediated acidification and oxidative stress tolerance of the 

selected wheat genotypes under saline conditions 

Two genotypes of wheat screened from Study-II were used in this study. The 

genotype 25-SAWSN-12 was used as a salt-tolerant and 25-SAWSN-8 as a salt-sensitive 

genotype. 

Experimental details 

This study was conducted in the wire house at the Institute of Soil and Environmental 

Sciences, University of Agriculture, Faisalabad; Pakistan and a part of the work was carried 

out at the Institute of Plant Nutrition, Justus Liebig University, Giessen, Germany. The 

experimental lay out and the treatment application was same as used in study 3. 
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The measurements taken in this study include the followings 

1. Shoot fresh and dry weights 

2. Shoot and root lengths 

3. Root fresh and dry weights  

4. Na+,  K+ and Cl- concentration in plants 

5. Total soluble proteins 

6. Analysis of antioxidant enzyme activities 

7. Ash alkalinity 

8. Analysis of organic acids in root exudates 

The details of water analysis are given in section 3.3. 

3.2 Soil analysis 

3.2.1 Particle-size analysis 

Hydrometer method (Bouyoucos, 1962) was followed for particle size analysis. Forty 

grams of air dry soil was taken in a 400 mL beaker, 40 mL of 2 % Na+ hexametaphosphate 

[(NaPO3)6] solution was added, mixture was transferred to dispersion cup and stirred for 10 

minutes. The contents of dispersion cup were washed into 1000 mL graduated cylinder. The 

volume was made up to 1000 mL with distilled water and hydrometer was placed in cylinder. 

Hydrometer was removed and the contents of the cylinder were shaken manually by means 

of a metal plunger. When an uniform suspension was obtained, plunger was taken out and 

after 4 minutes a hydrometer reading (HR1) was recorded. Shaking procedure was repeated 

by removing hydrometer with minimum of disturbance and a second hydrometer reading 

(HR2) was recorded after 2 hours. Since hydrometer is calibrated at temperature of 68 °F (20 

°C), the HR1 and HR2 were corrected for temperature variation (for each degree above 20 °C, 

added a factor of 0.3 to the reading and for each degree less than 20 °C, subtracted a factor of 

0.3 from the reading to get corrected hydrometer reading) and designed as CHR1 and CHR2, 

respectively. Calculations involved are: 



  31

)(

]100)[(
(%) 1

soilofWeight

CHR
claySilt   

)(

]100)[(
(%) 2

soilofWeight

CHR
Clay   

ClayClaySiltSilt (%))(%(%)   

]%[%100(%) ClaySiltSand   

Soil textural class was determined using USDA textural triangle. 

3.2.2 pH of saturated soil paste (pHs) 

For pHs determination, 300 g soil was saturated with distilled water, wet soil mass 

was allowed to stand overnight and pHs was recorded by a Jenco Model 671P pH meter. 

3.2.3 Electrical conductivity of soil saturated paste extracts (ECe) 

Soil extract was collected by a suction pump, electrical conductivity of the saturation 

extract was determined with the help of TOA, CM-14P   conductivity meter. Na+- 

hexametaphosphate (0.1% solution) was added @ 1 drop per 25 mL of the extract to prevent 

any precipitation of salts during storage of extract. The EC meter was calibrated with 0.01 N 

KCl solution. Cell constant (k) was calculated by the formula: 

)](01.0[
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3.2.4 Carbonate and bicarbonate 

Saturation extract was titrated against 0.01 N H2SO4 using phenolphthalein indicator 

to colorless end point for 2
3CO . To the same sample, methyl orange indicator was added and 

titrated against 0.01 N H2SO4 to pinkish yellow end point for 
3HCO . 
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2

)( 4212
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takensampleofmL

SOHofNormalitya
LmmolCO c  

Where a = mL of H2SO4 used during titration for 2
3CO . 
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Where b = mL of H2SO4 used for 
3HCO determination. 

3.2.5 Chloride 

Saturation extract was titrated against 0.005 N AgNO3 solution using K2CrO4 

indicator to a brick red end point and Cl- was calculated as under: 

1000)( 331 
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LmmolCl C  

3.2.6 Sulphate 

Sulphate was calculated by difference: 

)()( 3
2
3

12
4

  ClHCOCOTSSLmmolSO c , all expressed as mmolc L-1. 

3.2.7 Calcium + Magnesium 

Saturation extract was titrated against 0.01 N EDTA (Versinate solution) in the 

presence of NH4Cl + NH4OH buffer solution using eriochrome black T indicator to a bluish 

green end point. 

1000)( 122 


 

takensampleofmL

EDTAofNormalityusedEDTAofmL
LmmolMgCa c  

3.2.8 Sodium 

A series of NaCl standard solutions (2, 4, 6, 8, 10, 12, 14 and 16 ppm Na+) was used 

to standardize the Sherwood- 410 Flame Photometer. Sample readings were recorded and 

concentrations (ppm) were calculated from regression equation obtained by plotting 

concentration of standards against their readings from flame photometer. The actual 

concentration of soluble Na+ in mmolc L-1 was calculated from the formula below: 


 


NaofWteq

factordilutionionconcentratppm
LmmolNa c ..

)( 1
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3.2.9 Potassium 

A series of KCl solutions (2, 4, 6, 8, 10, 12 and 14 ppm K+) were used to standardize 

the Sherwood- 410 Flame Photometer. Sample readings were recorded and concentrations 

(ppm) were calculated from regression equation obtained by plotting concentration of 

standards against their readings from flame photometer. The actual concentration of soluble 

Na+ in mmolc L-1 was calculated from the formula below: 


 


KofWteq

factordilutionionconcentratppm
LmmolK c

..
)( 1  

3.2.10 Sodium adsorption ratio (SAR) 

Sodium adsorption ratio was calculated by the formula: 

]
2
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[
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MgCa

Na
SAR  

Where the concentration of soluble cations was in mmolc L-1 

3.3 Water analysis 

Samples of irrigation water were collected in clean plastic bottles. The EC, 2
3CO , 


3HCO , Cl-, 2

4SO , Ca2+ + Mg2+, Na+ and SAR of water were determined in the same way as 

for soil saturation extract. 

Residual sodium carbonate (RSC) 

It was calculated by the equation: 

)()()( 22
3

2
3

1   MgCaHCOCOLmmolRSC c    

Where all ions are expressed in mmolc L-1 
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3.4 Plant Analysis 

3.4.1 Sodium, potassium and chloride 

Roots and shoots were separately oven dried at 75°C for 48 hours. Dry root and shoot 

weights were recorded. Dried and ground shoot and root samples were digested with H2SO4 

and H2O2 following the method of Wolf (1980). For this purpose the dried ground material 

was placed in digestion tubes, 10 mL of conc. H2SO4 was added and incubated over night at 

room temperature. Then 2 mL of H2O2 (35 % A. R. grade extra pure) was poured down 

through the sides of the digestion tubes and was rotated. Tubes were placed in a digestion 

block and heated up to 350 °C until fumes were produced and continued to heat for another 

30 minutes. Digestion tubes were removed from the block and allowed to cool. Then 2 mL of 

H2O2 were gently added. The tubes were placed again into the digestion block until fumes 

were produced for 20 minutes. Again digestion tubes were removed. Above step was 

repeated until the cool material became colorless. After digestion volume was made 50 ml 

with distilled water and used for ionic analysis. The ionic concentration for Na+ and K+ in 

plant samples was determined by Sherwood- 410 Flame Photometer with the help of self-

prepared standard solutions using reagent grade salt of NaCl and KCl respectively. Chloride 

was determined with Sherwood- 926 Cl- analyzer. 

3.4.2 Measurement of membrane stability index (MSI) 

         The membrane stability index was determined by estimating the ions leaching from leaf 

tissue into distilled water by the method described by Sairam et al. (2002). Fresh leaf sample 

(0.2 g) was taken in test tubes containing double distilled water in two sets. One set of test 

tubes was kept in water bath at 40 °C temperature for 30 minutes and its electrical 

conductivity was recorded (C1) using an electrical conductivity meter. Second set of test 

tubes was kept at 100 °C in boiling water for 15 minutes and its electrical conductivity (C2) 

was also recorded. MSI was calculated using the following formula: 

100)](1[)(
2

1 
C

C
MSIIndexStabilityMembrane  
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3.4.3 Activities of antioxidant enzymes  

 SOD 

 CAT 

 POD 

For extracting antioxidant enzymes, 0.5 g fresh leaf samples were ground using a tissue 

grinder in 5 mL of 50 mM cold phosphate buffer (pH 7.8) placed in an ice bath. The 

homogenate was centrifuged at 15000 x g for 20 min at 4 °C. The supernatant was used for 

determination of antioxidant enzymes. 

3.4.3.1 SOD 

 SOD activity was determined by measuring its ability to inhibit the photoreduction of 

nitroblue tetrazolium (NBT) using the method as described by Giannopolitis and Ries (1977). 

The reaction mixture (3 ml) contained 50 µM NBT, 13 mM methionine, 1.3 µM riboflavin, 

50 mM phosphate buffer (pH 7.8), 75 nM EDTA and 20 to 50 µl of enzyme extract. The test 

tubes containing the reaction solution were irradiated under light (15 fluorescent lamps) at 78 

µmol m-2 s-1 for 15 min. The absorbance of the irradiated solution was recorded on UV-

VIS-spectrophotometer at 560 nm. One unit of SOD activity was defined as the amount of 

enzyme required for 50 % inhibition of nitroblue tetrazolium (NBT) reduction. Activity of 

each enzyme was expressed on protein basis and protein contents of the extract were 

determined by the method of Bradford (1976) using bovine serum albumin as standard. 

3.4.3.2 CAT and POD 

 For the determination of activities of POD and CAT, the method of Chance and Maehly 

(1955) was used with some modifications. CAT reaction mixture (3 ml) contained 5.9 mM 

H2O2, 50 mM phosphate buffer (pH 7.0) and 0.1 ml enzyme extract. The reaction was 

initiated by addition of the enzyme extract. The changes in absorbance of the reaction 

mixture were recorded after every 20 seconds at 240 nm. One unit enzyme activity was 

defined as change in absorbance of 0.01 units per minute. The POD reaction mixture 
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contained (3 mL) 20 mM guaiacol, 50 mM phosphate buffer (pH 5.0), 40 mM H2O2, and 0.1 

ml enzyme extract. The changes in absorbance of the reaction mixture were recorded every 

20 s at 470 nm. One unit of POD activity was defined as an absorbance change of 0.01 units 

per min. Activity of each enzyme was expressed on protein basis and protein contents of the 

extract was determined by the method of Bradford (1976) using bovine serum albumin as 

standard. 

3.4.4 Determination of ash alkalinity and organic acids 

3.4.4.1 Ash alkalinity 

 Ash alkalinity was measured following the method of Jungk (1968) with minor 

modifications. Ground samples (0.05 g) were taken in porcelain crucible. After adding 2.5 

mL of 0.1M NaOH, crucible was heated on sand bath till dryness and dry ashed at 520 °C in 

a muffle furnace overnight. After cooling, 10 mL of 0.1M HCl was added to this ash in two 

splits and boiled for 1 minute on hot plate and the material was transferred in 100 ml 

volumetric flask. The flask was again heated till boiling and volume was made after cooling 

the contents. Excess acid in 50 mL of this solution was back titrated with 0.1 M NaOH and 

reading was used to calculate ash alkalinity. 

10021.0)100( 1  usedNaOHMofVolumeDWgNaOHmmolealkalinityAsh  

3.4.4.2 Root exudate collection 

 Collection of root exudates and their analysis for organic acids was done following the 

method of Fang et al. (2008) with some changes in the chromatographic conditions. The root 

exudates were collected on 14th and 28th days after the NaCl treatment. After 2 hours of 

exposure to light in the morning, the plants were taken from the tubs and washed three times 

with distilled water. Plant roots were dipped in conical flasks with 100 mL de-ionized water. 

After 2 hours, the plants were returned to the solution in tubs. The exudate solution was then 

filtered and concentrated with the help of rotary evaporator. The exudates were re-dissolved 

in 10 mL de-ionized water and transferred to test tubes for high pressure liquid 

chromatography (HPLC) analysis.  
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3.4.4.3 Analysis of organic acids in root exudates 

 Prior to the sample measurement, the root exudate solution was filtered with a 0.45 mm 

filter film. The high pressure liquid chromatography (HPLC-10A, SHIMADZU) was used to 

isolate organic acids in root exudates and determine their contents. The chromatographic 

conditions were: Column: Shim-Pack CLC-ODS (C-18), (25 cm×4.6mm, 5 µm); Mobile 

phase: Isocratic: H3PO4 (6×10-3 mol L-1), (pH 2.1). Injection volume: 20 mL; Flow rate: 0.7 

mL/min; Column temperature: RT; Detector: SPD 10-A, UV- Visible at 210 nm. 

Determination of organic acids was done through the standard reagent method and the 

contents of these organic acids were determined by the peak area method. 

3.4.5 Water relations  

 Water relations including leaf water potential (ΨW), osmotic potential (ΨS) and turgor 

potential (ΨP) were measured, ΨW was measured at midday by pressure-bomb technique 

(Tyree and Hammel, 1972), using the uppermost fully expanded leaf (three to four nodes 

from the shoot apex). Same leaves were used for osmotic potential determination, the leaf 

samples were frozen in 2.0 cm polypropylene tubes for two weeks; after that the sap was 

extracted by pressing it with a glass rod. The sap so extracted was used directly for osmotic 

potential determination in an osmo-meter (VAPRO vapor pressure osmo-meter, Model 5520, 

USA) (Siddiqi and Ashraf, 2008). Turgor potential was calculated as the difference between 

water and osmotic potentials (Nobel, 1991). 

SWP    

3.4.6 Photosynthetic attributes 

 Photosynthetic attributes including transpiration rate (E), stomatal conductance (gs) and net 

photosynthetic rate (PN) were measured. All these parameters were studied two days prior to 

mid-season harvest. For the determination of transpiration rate (E), stomatal conductance (gs) 

and net photosynthetic rate (PN) of youngest unfolded healthy leaf of main stem; an Infrared 

Gas Analyser (IRGA) LCA-2 attached to a Parkinson Broad Leaf Chamber (Analytical 

Development Company, Herts, U.K.) was used. These measurements were carried out 
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between 0900-1600 hours in the natural light conditions on a bright sunny day using flag 

leaves (Wahid et al., 2011). 

3.5. Statistical Analysis 

Standard procedures were applied to analyze the data using appropriate experimental 

design following Steel et al. (1997) and the means were compared using least significant 

difference (LSD) test. Any specific detail of statistical analysis is given in chapter four under 

individual experiments. 
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Chapter 4 

RESULTS AND DISCUSSION 

4.1 STUDY I: SCREENING OF WHEAT GENOTYPES UNDER SALINE SODIC 

FIELD CONDITIONS 

4.1.1 Brief introduction and methodology 

This study included twenty five wheat (Triticum aestivum L.) genotypes as given in 

Table 3.1. These were grown simultaneously in two fields one having non-saline and non-

sodic soil while other having saline-sodic soil. Plants were grown in the field up to maturity 

using recommended doses of fertilizers and following the recommended agronomic 

practices. Different parameters like ECe, SAR and pH were determined from soil samples 

taken from both fields. Water quality characteristics of irrigation water were also measured. 

Leaves were harvested at booting stage for ionic analysis (Na+, K+ and Cl- contents) from 

leaf sap while the crop was harvested at maturity for determination of yield components like 

plant height, plant biomass, number of tillers, spikelets per spike, 100 grain weight and grain 

yield. Experiment was arranged under Randomized Complete Block Design (RCBD). 

4.1.2   Results 

4.1.2.1   Grain and straw yields  

Grain and straw yields (g m-1 strip) showed significant differences among genotypes 

and between treatements (control: ECe: 2.0-2.9 dS m-1; SAR: 6.7-8.5 (mmol L-1)1/2 and 

saline-sodic: ECe: 13.7-17.3 dS m-1; SAR: 28.7-32.5 (mmol L-1)1/2) (Table 4.1.1). All 

genotypes produced more grain and straw weights under non saline sodic field conditions as 

compared to saline-sodic field conditions (ECe: 13.7-17.3 dS m-1; SAR: 28.7-32.5 (mmol L-

1)1/2). The comparison of genotypes under saline sodic field conditions showed that the grain 

weight per meter strip was the highest in case of 25-SAWSN-12 where as 25-SAWSN-8 

showed the minimum grain weight per meter strip. These genotypes also have the highest 

and the lowest relative grain weight per meter strip (grain weight in saline-sodic conditions 

relative to control). SARC-1 and 25-SAWSN-39 also perfomed good under saline sodic field 
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conditions in terms of grain yield. In terms of straw yield, the genotypes 25-SAWSN-12 and 

25-SAWSN-8 performed the best and the poorest, respectively. 

4.1.2.2   Yield components  

In case of 100 grain weight and the number of spikelets per spike, there were 

significant differences among genotypes and between treatments (Table 4.1.2).  100 grain wt 

(g) as well as number of spikelets per spike was significantly lower under saline sodic 

conditions. The genotypes perfoming better for 100 grain weight included 25-SAWSN-12, 

25-SAWSN-39, SARC-1 and Pasban-90 where as the genotypes 25-SAWSN-8, 25-SAWSN-

35 and V-07007 were the poor performers. 

Plant height and number of tillers per plant were also significantly low under saline 

sodic field conditions as compared to the non saline sodic control conditions (Table 4.1.3). 

The genotypes also differed significantly for these two parameters under saline conditions 

wheras in case of normal soil the genotypes showed non significant differences and 25-

SAWSN-12 was among the genotypes producing the maximum number of tillers per plant 

under saline sodic conditions where as 25-SAWSN-8 was among the genotypes producing 

the minimum number of tillers per plant. The maxiumum plant height under saline sodic 

conditions was noted for the genotype V-07032 and the mimimum was noted for the 

genotype V-08164. 

4.1.2.3 Leaf ionic composition  

The data regarding leaf ionic composition including leaf Na+, K+ and Cl- are given in 

Tab. 4.1.4. The wheat genotypes differed significantly for the accumulation of these 

important ions in their leaves. The accumulation of Na+ and Cl- was higher under saline sodic 

field conditions whereas the accumulation of K+ was less in these conditions than normal soil 

field conditions (data shown for saline sodic conditions only). The comparison of genotypes 

showed that leaf Na+ and Cl- concentrations were minimum, whereas leaf K+ concentrations 

was maximum in case of 25-SAWSN-12.  The genotype 25-SAWSN-8 showed maximum 

leaf Na+ and Cl- concentration whereas leaf K+ concentration was minimum in case of this 

genotype. 
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4.1.3 DISCUSSION 

This study was conducted to evaluate the performance of different wheat genotypes in 

actual salt-affected field conditions where usually both salinity and sodicity co-exist. The 

performance of the tolerant and sensitive genotypes from this study was further confirmed in 

the coming studies reported in this thesis. Plant height, straw weight, 100 grain weight and 

other yield components were reduced under saline sodic conditions in all the genotypes. All 

these parameters were higher under normal soil as compared to salt-affected soil. 

Comparison of genotypes showed that most of these parameters had their maximum values in 

genotype 25-SAWSN-12. On the other hand, 25-SAWSN-8 produced the minimum grain 

and straw yields and most of the yield components. The obtained results are in accordance 

with the findings of Ghogdi et al., (2012). Due to accumulation of excessive salts, the cells 

are shrinked. Development of tissues and differentiation of tissues into new cells become 

limited, which lead towards suppression of plant growth (Kent and Läuchli, 1985). The 

reduction in number of tillers in case of 25-SAWSN-8 may be due to absorption of excessive 

salts by plants, which ultimately affected the plant growth indirectly by decreasing the 

amount of photosynthates, water or other growth factors (Khathar and Kuhad, 1999). It 

seems that salt stress might have caused flower sterility, and reduced the transport of 

assimilates in growing plant parts. As a result, other yield components like the grain weight 

and the number of grains were reduced due to salinity. It is reported that reduction of yield 

under salt stress was used as an indicator of tolerance of the plants to salt stress (Ochiai and 

Matoh, 2001). In a study by Ahmad et al. (1992) salinity stress significantly decreased 

number of tillers, spike length, number of spike-lets spike-1, 100 grain weight and number of 

grains spike-1 leading towards decline in biological and grain yield.  

Due to higher concentrations of Na+ and Cl- in leaves of 25-SAWSN-8 different 

metabolic processes like photosynthesis and protein synthesis are negatively affected and 

resulted in the reduced grain weight as reported by Ibrahim (2003). High salt concentration 

disturbs several physiological processes of plants, which results in the reduction of plant 

growth and development (Taffouo et al., 2004). Similar results were observed in the study 

under discussion in which 25-SAWSN-8 showed reduced growth due to above mentioned 

factors. Calcium is required for both cell wall and membrane integrity. Decreased Ca2+ 
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availability in salt-affected field further reduces plant growth. It might be due to removal of 

Ca2+ ions from the cell plasma lemma and internal pool (Cramer et al., 1985) and water 

deficit due to NaCl. The better growth performance of 25-SAWSN-12 might be due to its 

better adaptation to salinity. The concentrations of Na+ and Cl- were found minimum in 25-

SAWSN-12. On the other hand the concentration of K+ was highest in this genotype. 

A positive correlation exists between Na+ exclusion and salt tolerance of many crops 

including wheat (Ghogdi et al., 2012). When the amount of Na+ in rooting medium is 

increased, it increases Na+ content in leaves with increasing salinity level. This results in 

passive Na+ diffusion through damaged membranes and decreases efficiency of exclusion 

mechanism (Leidi and Saiz, 1997).  Under salt stress K+ influx transporters mediate Na+ 

influx into root cells (Rabhi et al., 2007). High external Na+ concentration interferes with K+ 

absorption resulting in low root K+ due to Na+ antagonistic effect. The preferred uptake of K+ 

is an important physiological mechanism of salinity tolerance in many crop plants. The 

higher K+ was an indicator of better tolerance and better yield attributes of 25-SAWSN-12 as 

compared to 25-SAWSN-8.  The other better performing genotypes (25-SAWSN-39, 

LASANI, 25-SAWSN-47 and SARC-1 also performed better under saline sodic field 

conditions than the other genotypes in terms of grain yield. These genotypes accumulated 

lower Na+, Cl- and higher K+ in their leaves than the other genotypes. On the other hand the 

genotypes V-05082, 25-SAWSN-35, V-08164 and V-3094 were the poor performers under 

saline sodic conditions in terms of grain and straw yield. These genotypes accumulated 

higher Na+, Cl- and lower K+ than other genotypes. These ten genotypes were selected for 

further screening and confirmation of the field results under controlled saline conditions in a 

pot study. 
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Table 4.1.1. Grain and straw yields of different wheat genotypes under normal (ECe: 

2.0-2.9 dS m-1; SAR: 6.7-8.5 (mmol L-1)1/2) and saline-sodic (ECe: 13.7-17.3 dS m-1; 

SAR: 28.7-32.5 (mmol L-1)1/2) field conditions. *Mean ± standard error 

Genotypes Grain yield m-1 strip  (g) Straw yield m-1 strip (g) 

 Control Saline sodic Control Saline sodic 

25-SAWSN-31 280.17±9.67* 120.98±8.26  (43) 906.0±55.90 592.9±21.83 

V-05082 173.39±9.82 80.65±4.68   (47) 918.0±52.72 700.3±25.77 

SEHAR-06 184.77±9.01 123.93±6.36 (67) 929.5±63.62 528.9±45.59 

25-SAWSN-35 170.82±6.45 67.19±4.69    (39)  997.5±43.38 496.2±21.04 

V-3094 157.66±6.15 70.17±4.58   (45) 794.5±54.58 402.6±12.86 

V-07032 188.12±8.78 114.74±5.96 (61) 706.8±55.88 423.2±14.62 

BHAKAR-02 277.03±9.79 150.21±6.41 (54) 1096.9±72.26 894.4±35.77 

25-SAWSN-39 248.73±5.34 177.45±6.14 (71) 1125.8±60.64 863.5±30.51 

V-08164 120.55±9.14 44.71±5.76   (37) 899.2±43.36 564.3±21.27 

V-05003 226.05±4.01 137.34±7.36 (61) 912.9±58.70 773.6±29.10 

PASBAN-90 233.82±5.64 151.55±7.85 (65) 958.3±41.35 807.3±19.95 

V-08171 175.69±7.48 100.15±9.25 (57) 849.8±29.46 679.5±29.48 

UQAB 170.15±5.86 115±4.92      (68) 676.3±36.56 535.1±21.98 

V-06018 209.59±2.50 103.14±8.32 (49) 868.4±34.11 510.2±14.34 

V-5066 139.09±5.21 87.09±4.81   (63)  696.8±69.04 553.3±11.86 

25-SAWSN-12  285.36±5.44 211.65±5.89 (74) 1069.2±50.20 915.1±41.26 

V-07194 210.71±3.55 101.45±4.96 (48) 916.1±39.03 654.2±22.85 

V-07007 149.33±7.12 97.5±6.96    (65) 938.7±73.86 714.2±34.98 

25-SAWSN-8 123.7±3.80 36.88±0.75  (30) 613.7±48.26 343.9±8.90 

V-07663 289.38±5.14 159±3.04    (55) 1129.3±54.83 687.1±44.86 

LASANI 273.25±9.61 174.5±2.03  (64) 913.0±55.07 802.4±42.52 

V-07142 241.03±6.63 151.16±6.09 (63) 786.3±66.80 589.7±34.58 

SARC-1 266.7±8.86 189.7±9.02   (71) 1009.9±57.86 855.7±41.98 

FSD-08 195.36±5.53 103.94±4.94 (53) 790.1±59.23 472.7±18.78 

25-SAWSN -47 285.13±8.00 186.15±9.16 (65) 987.3±49.03 779.5±29.48 
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Table 4.1.2. 100 grain weight and spikelets spike-1 of different wheat genotypes under 

normal (ECe: 2.0-2.9 dS m-1; SAR: 6.7-8.5 (mmol L-1)1/2) and saline-sodic (ECe: 13.7-

17.3 dS m-1; SAR: 28.7-32.5 (mmol L-1)1/2) field conditions. *Mean ± standard error 

Genotypes 100 grain weight (g)  Spikelets spike-1 

 Control Saline sodic Control Saline sodic 

25-SAWSN-31 5.08±0.55* 3.16±0.07 17±0.96 14±0.96 

V-05082 4.35±0.46 3.17±0.12 18±1.71 15±1.71 

SEHAR-06 4.61±0.51 3.23±0.03 18±1.26 13±1.29 

25-SAWSN-35 4.66±0.68 2.55±0.19 17±0.82 15±1.29 

V-3094 4.33±0.48 2.53±0.16 16±0.58 12±1.29 

V-07032 4.57±0.46 3.06±0.18 17±1.71 14±1.29 

BHAKAR-02 5.12±0.46 3.17±0.16 19±1.15 13±1.29 

25-SAWSN-39 5.04±0.46 3.53±0.04 17±1.29 15±1.31 

V-08164 4.26±0.27 3.09±0.03 18±1.26 16±1.71 

V-05003 4.94±0.50 3.20±0.08 16±0.96 16±1.71 

PASBAN-90 4.75±0.48 3.52±0.11 18±1.29 15±1.29 

V-08171 4.39±0.45 3.08±0.06 17±1.26 13±1.71 

UQAB 4.39±0.43 2.98±0.02 18±1.26 16±1.29 

V-06018 4.90±0.50 2.79±0.06 16±1.29 17±1.71 

V-5066 4.12±0.44 2.52±0.10 18±1.26 15±1.29 

25-SAWSN-12  5.21±0.76 3.65±0.17 17±0.82 15±1.29 

V-07194 4.92±0.55 2.83±0.05 16±1.29 12±1.71 

V-07007 4.63±0.50 3.18±0.04 19±1.29 14±1.71 

25-SAWSN-8 3.94±0.38 2.17±0.17 17±1.29 12±1.29 

V-07663 5.09±0.61 3.25±0.07 15±1.71 13±1.31 

LASANI 5.01±0.53 3.37±0.06 17±1.29 14±1.29 

V-07142 4.53±0.52 3.35±0.03 18±1.26 12±1.29 

SARC-1 5.05±0.59 3.52±0.06 19±0.82 13±1.29 

FSD-08 4.80±0.44 2.81±0.09 17±1.71 14±1.29 

25-SAWSN -47 5.17±0.50 3.19±0.03 16±1.29 13±1.91 
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Table 4.1.3. Plant height and number of tillers plant-1 of different wheat genotypes 

under normal (ECe: 2.0-2.9 dS m-1; SAR: 6.7-8.5 (mmol L-1)1/2) and saline-sodic (ECe: 

13.7-17.3 dS m-1; SAR: 28.7-32.5 (mmol L-1)1/2) field conditions. *Mean ± standard error 

Genotypes Plant height (cm) Number of tillers plant-1 

 Control Saline sodic Control Saline sodic 

25-SAWSN-31 83.99±1.47* 48.5±0.29 8±0.29 4±0.29 

V-05082 80.70±0.89 47.3±0.40 8±0.48 5±0.29 

SEHAR-06 82.99±3.69 49.6±1.04 8±0.71 5±0.65 

25-SAWSN-35 80.11±4.61 51.4±0.25 8±0.48 5±0.89 

V-3094 79.64±3.28 45.7±0.37 7±0.48 4±0.33 

V-07032 80.32±1.98 57.2±0.38 7±0.38 4±0.41 

BHAKAR-02 84.78±3.39 56.8±0.69 8±0.48 5±0.29 

25-SAWSN-39 84.01±2.68 48.9±0.97 9±0.48 4±0.50 

V-08164 79.61±4.14 56.3±0.48 7±0.25 4±0.75 

V-05003 88.60±2.82 54.4±0.30 8±0.65 3±0.48 

PASBAN-90 82.92±3.88 54.8±0.36 8±0.48 3±0.25 

V-08171 79.59±1.53 52.7±0.42 8±0.25 5±0.29 

UQAB 82.38±1.57 51.3±0.55 9±0.65 3±0.63 

V-06018 80.76±3.98 52.2±0.43 8±0.25 4±0.50 

V-5066 79.51±1.92 50.4±0.42 8±0.75 3±0.26 

25-SAWSN-12  80.00±4.62 49.2±0.39 8±0.63 5±0.29 

V-07194 82.74±4.35 43.3±0.31 7±0.41 4±0.41 

V-07007 81.38±1.89 50.4±0.74 8±0.50 4±0.50 

25-SAWSN-8 76.86±3.99 43.5±0.40 8±0.50 3±0.58 

V-07663 84.87±3.53 39.8±0.64 7±0.82 5±0.29 

LASANI 83.56±4.04 54.3±0.39 8±0.48 4±0.41 

V-07142 81.25±3.43 52.6±0.48 8±0.41 4±0.48 

SARC-1 71.83±3.31 46.5±0.30 8±0.63 4±0.48 

FSD-08 80.50±3.64 52.1±0.43 7±0.41 4±0.41 

25-SAWSN -47 74.65±4.75 45.6±0.85 8±0.25 4±0.65 
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Table 4.1.4. Leaf ionic composition (mM) of different wheat genotypes under saline-

sodic (ECe: 13.7-17.3 dS m-1; SAR: 28.7-32.5 (mmol L-1)1/2) field conditions. *Mean ± 

standard error 

Genotypes Shoot Na+ Shoot K+ Shoot Cl- 

25-SAWSN-31 146.35±8.40* 94.24±4.90 147.48±3.12 

V-05082 119.10±7.60 142.75±9.18 106.38±1.20 

SEHAR-06 93.88±4.17 188.08±9.15 92.20±0.63 

25-SAWSN-35 178.30±8.72 84.66±4.89 193.36±1.94 

V-3094 166.56±9.08 83.10±4.48 196.16±4.27 

V-07032 138.53±8.13 134.94±8.03 91.23±0.46 

BHAKAR-02 110.57±10.00 149.77±9.23 74.07±1.75 

25-SAWSN-39 109.35±8.40 164.93±8.99 85.44±1.79 

V-08164 157.37±9.18 86.85±4.84 195.74±2.87 

V-05003 95.85±4.88 200.69±9.17 77.73±0.66 

PASBAN-90 108.04±8.37 168.49±9.01 77.86±0.82 

V-08171 152.04±7.93 92.69±4.70 153.66±1.56 

UQAB 124.26±8.54 101.81±8.46 94.86±1.68 

V-06018 143.66±11.94 153.10±8.03 143.83±3.98 

V-5066 170.21±8.08 83.60±4.80 173.12±3.85 

25-SAWSN-12  74.62±3.28 222.28±13.54 67.71±1.55 

V-07194 122.10±8.19 128.79±8.99 87.30±0.97 

V-07007 148.49±8.00 129.67±7.96 123.77±2.29 

25-SAWSN-8 186.30±8.24 73.45±4.61 210.15±3.86 

V-07663 105.73±8.13 175.75±8.54 68.18±0.66 

LASANI 114.50±9.18 129.24±8.76 94.13±1.24 

V-07142 149.78±8.14 116.96±8.73 106.92±0.44 

SARC-1 105.65±7.82 201.08±5.69 86.63±1.09 

FSD-08 132.95±7.78 109.60±9.31 117.12±3.52 

25-SAWSN -47 116.39±9.46 146.59±8.96 93.41±0.91 
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4.2 STUDY II: COMPARATIVE SALT TOLERANCE OF THE SELECTED WHEAT 

GENOTYPES UNDER SALINE CONDITIONS 

4.2.1 Brief introduction and methodology  

As there is much heterogeneity in field condition and varietal differences may mix up 

with environmental effects so in order to eliminate the environmental differences and to 

focus on genotypic differences this pot study was conducted. Ten wheat genotypes 25-

SAWSN-12, SARC-1, 25-SAWSN-39, 25-SAWSN-47, LASANI, V-08164, V-03094, V-

05082, 25-SAWSN-35 and 25-SAWSN-8 selected from the field study were used in the 

present pot study. This study was conducted to assess the genotypic variations among these 

genotypes in response to salinity (15 dS m-1). This pot experiment was conducted in the 

Institute of Soil and Environmental Sciences (ISES) at University of Agriculture, Faisalabad, 

Pakistan in a wire-house. Normal soil free from salinity and sodicity was collected from 0-15 

cm soil depth. These soil samples were air dried, ground and passed through a 2 mm sieve. 

After this soil was filled in glazed pots (25 cm high and 20 cm diameter) @ of 10 kg soil   

pot-1 with two layers of polythene bags. The experiment was laid out in a Completely 

Randomized Design (CRD) and factorial arrangement with four replicates. Recommended 

agronomic practices like timely application of irrigation, fertilizer and hoeing were adopted. 

The plants were harvested after six week growth. Growth parameters which include shoot 

fresh and dry weights, root fresh weight, shoot and root length, number of tillers per plant 

and ionic parameters Na+, K+ and Cl- were studied. Two wheat genotypes comprising of one 

tolerant and one sensitive were selected from this study for further investigation in the next 

studies. 

4.2.2 Results 

4.2.2.1 Shoot and root growth 

The data regarding shoot fresh and dry weights along with plant height are presented 

in Figs. 4.2.1, 4.2.2 and 4.2.3. The analysis of variance indicated significant differences 

among the genotypes and between the treatments with a significant interaction. These growth 

parameters were reduced significantly when NaCl (15 dS m-1) was applied to the soil. 



  48

Overall genotype means of shoot fresh and dry weights, and plant height were higher in 

control treatment (28.02 g pot-1, 5.87 g pot-1 and 46.87 cm, respectively) than in the saline 

treatment (16.73 g pot-1, 2.29 g pot-1 and 23.68 cm, respectively). Mean shoot fresh weights 

of the genotypes in saline treatment were in the order of 25-SAWSN-12 > SARC-1 > 25-

SAWSN-39 > LASANI > 25-SAWSN-47 > 25-SAWSN-35 > V-05082 > V-03094 > V-

08164 > 25-SAWSN-8. Mean shoot dry weights of the genotypes in saline treatment were in 

the order of 25-SAWSN-12 > SARC-1 > 25-SAWSN-47 > V-08164 > LASANI > 25-

SAWSN-39 > V-03094 > 25-SAWSN-35 > V-05082 > 25-SAWSN-8. 

Data regarding root fresh weight along with root length and number of tillers per pot 

are presented in Figs. 4.2.4, 4.2.5 and 4.2.6. The genotypes differed significantly according to 

the analysis of variance. Salinity (15 dS m-1) caused a significant reduction in these growth 

parameters of all the genotypes. Overall mean root fresh weight, root length and the number 

of tillers per pot were more in control treatment (7.79 g pot-1, 25.23 cm and 13.88 

respectively) than in saline treatment (5.00 g pot-1, 16.00 cm and 4.88, respectively). Means 

for root fresh weights of the genotypes in saline treatment were in the order of 25-SAWSN-

12 > SARC-1 > LASANI > 25-SAWSN-39 > 25-SAWSN-47 > V-05082 > V-08164 > V-

03094 > 25-SAWSN-35 > 25- SAWSN -8. Means of the root length of the genotypes in 

saline treatment were in the order of 25-SAWSN-12 > SARC-1 > LASANI > 25-SAWSN-47 

> 25-SAWSN-39 > V-08164 > V-03094 > 25-SAWSN-35 > V-05082 > 25-SAWSN-8. 

Means of number of tillers pot-1 of the genotypes in saline treatment were in the order of 25-

SAWSN-12 > SARC-1 > 25-SAWSN-47 > 25-SAWSN-39 > LASANI > V-03094 > 25-

SAWSN-35 > V-08164 > V-05082 > 25-SAWSN-8. 

4.2.2.2 Leaf ionic composition 

Data regarding shoot Na+, K+ and Cl- are presented in Figs. 4.2.8, 4.2.9 and 4.2.10. The 

analysis of variance indicated significant differences among genotypes, treatments and their 

interaction. Overall shoot Na+ and Cl- means were maximum (0.98 mmol g-1 dw and 1.01 

mmol g-1 dw respectively) while K+ was found minimum (0.41 mmol g-1 dw) in saline 

treatment. On the other hand Na+ and Cl- were minimum (0.23 mmol g-1 dw and 0.34 mmol 

g-1 dw, respectively) while K+ (1.37 mmol g-1 dw) was maximum in control. Means of shoot 
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Na+ of genotypes under salt stress (15 dS m-1) were in the order of 25-SAWSN-12 < SARC-1 

< LASANI < V-08164 < 25-SAWSN-39 > 25-SAWN-47 < V-03094 < V-05082 < 25-

SAWSN-35 < 25-SAWSN-8. Shoot K+ means of the genotypes under salt stress (15 dS m-1) 

were in the order of 25-SAWSN-12 > SARC-1 > 25-SAWSN-47 > 25-SAWSN-39 > V-

03094 > V-05082 > LASANI > V-08164 > 25-SAWSN-35 > 25-SAWSN-8. Shoot Cl- means 

of the genotypes under salt stress (15 dS m-1) were in the order of 25-SAWSN-12 < SARC-1 

< 25-SAWSN-39 < 25-SAWSN-47 < LASANI < V-08164 < V-05082 < V-03094 < 25-

SAWSN-35 < 25-SAWSN-8. 

4.2.3 DISCUSSION 

Shoot and root growth was decreased by salinity. Salinity induced decrease in growth 

might be due to three major detrimental effect of salinity on plants such as specific ion 

toxicity, nutrient imbalance and osmotic effect. The results obtained in this study are 

supported by Hasegawa et al. (2000) who showed that salinity influences plant physiology by 

changing the water and ionic status of the cells. The effect of salinity was more in the salt 

sensitive genotypes than the salt tolerant genotypes. Salts in the soil solution exert an osmotic 

pressure and because of this soil water is not available to the plants (Munns et al., 2006). The 

decrease in shoot growth parameters of wheat genotypes may be due to the fact that plants 

subjected to NaCl stress utilized their metabolic energy for the osmo-regulation at the 

expense of growth (Torres and Bingham, 1973). Results obtained from our study are in the 

line with those reported by Francois et al. (1986) and Qureshi et al. (1991). The reduction in 

shoot growth due to salinity was much more pronounced in sensitive genotypes specially 25-

SAWSN-8 while tolerant genotypes like 25-SAWSN-12 managed to cope with the salinity 

and the shoot growth was not decreased in the way as it decreased in sensitive genotypes.  

A positive co-relation was found between shoot dry weight and shoot K+ contents 

whereas the co-relations between shoot dry weight and shoot Na+ and Cl- were negative as 

shown in the figures 4.2.11, 4.2.10 and 4.2.12. Ionic imbalance is created in the cells of 

sensitive genotypes like 25-SAWSN-8 by excessive accumulation of Na+ and Cl- (Grattan 

and Grieve, 1999). The primary cause for reduced growth of 25-SAWSN-8 under salt stress 

is due to the inclusion of certain ions (Na+ and Cl-) to supra-optimal levels mentioned as a 
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specific ion toxicity (Chinnusamy et al., 2005). Ion toxicity inhibits the growth of sensitive 

plants (25-SAWSN-8) along with water stress (Jacoby, 1993). Toxic effects of saline ions 

specially Na+ and Cl- in the root medium and water and nutrient imbalance of plant tissue 

reduced growth of sensitive genotypes 25-SAWSN-8 (Aslam et al., 1991a). The magnitude 

of decline in dry matter production among genotypes varied possibly because of their 

differential selectivity for K+ over Na+ (Ashraf, 2002). Our study also showed genotypic 

variation for ionic toxicity as the tolerant genotypes acumulated more K+ and less Na+ and Cl- 

while sensitive genotypes showed an opposite trend by having more accumulation of Na+ and 

Cl- and lower accumulation of K+ ions. Hence concentration of these toxic ions hinders the 

normal plant growth. This adverse affect of toxic ions on plant growth due to salinity is also 

supported by many scientists like Zhu, (2002) and Thimmaiah, (2002). 

The reduction in root growth at higher salinity levels is generally attributed to osmotic 

pressure of the soil culture that results in reduced water uptake in the plants (Richards et al., 

1987). The decrease in root growth may also be due to excess of salts in the root growing 

medium or by ion toxicity (Greenway and Munns, 1980). The results reported in this study 

showed that 25-SAWSN-8 (sensitive) had much lesser root growth as compared to 25-

SAWSN-12 (tolerant) genotype which is in the line with the results reported by Francois et 

al. (1986). Deteriorated soil structure due to high exchangeables Na+ also restricts root 

growth (Marschner, 1989) thus causing additional problems to plants in soils that have 

sodicity in addition to salinity. Like the growth trend of our sensitive and tolerant genotypes 

under salt stress Chinnusamy et al. (2005) also reported similar trend. Depressive effect of 

salinity on shoot and root lengths and shoot and root fresh weight of wheat is probably due to 

factors associated with water stress and salt-specific effect (Munns, 2002). The decrease in 

tillering capacity might be due to the toxic effects of salts on plant growth as a result of the 

less up-take of water and nutrient essential for vigorous growth. The results reported in this 

study are in line with those reported by Aslam et al. (1989). More reduction in tillering 

capacity of sensitive genotypes like 25-SAWSN-8 is also observed by Holloway and Alston 

(1992) in wheat. The reduction in all the growth parameters was more in sensitive genotype 

(25-SAWSN-8) as compared to tolerant genotype (25-SAWSN-12). On the basis of growth 

and ionic composition, the wheat genotype 25-SAWSN-12 has been selected as salt tolerant 
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and 25-SAWSN-8 has been selected as salt sensitive wheat genotype for further 

characterization in the next studies. 
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Fig. 4.2.1. Effect of salinity (15 dS m-1) on shoot fresh weight (g pot-1; 3 plants) of 

different wheat genotypes. Error bars show the values of standard error. 
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Fig. 4.2.2. Effect of salinity (15 dS m-1) on shoot dry weight (g pot-1; 3 plants) of 

different wheat genotypes. Error bars show the values of standard error. 
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Fig. 4.2.3. Effect of salinity (15 dS m-1) on plant height (cm) of different wheat 

genotypes. Error bars show the values of standard error. 
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Fig. 4.2.4. Effect of salinity (15 dS m-1) on root fresh weight (g pot-1; 3 plants) of 

different wheat genotypes. Error bars show the values of standard error. 
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Fig. 4.2.5. Effect of salinity (15 dS m-1) on root length (cm) of different wheat genotypes. 

Error bars show the values of standard error. 
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Fig. 4.2.6. Effect of salinity (15 dS m-1) on number of tillers pot-1 (3 plants) of different 

wheat genotypes. Error bars show the values of standard error. 
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Fig. 4.2.7. Effect of salinity (15 dS m-1) on shoot Na+ (mmol g-1 dw) of different wheat 

genotypes. Error bars show the values of standard error. 
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Fig. 4.2.8. Effect of salinity (15 dS m-1) on shoot K+ (mmol g-1 dw) of different wheat 

genotypes. Error bars show the values of standard error. 
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Fig. 4.2.9. Effect of salinity (15 dS m-1) on shoot Cl- (mmol g-1 dw) of different wheat 

genotypes. Error bars show the values of standard error. 

 



  55

**R2 = 0.9827

0.00

0.20

0.40

0.60

0.80

1.00

1.20

1.40

0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00

Shoot dry weight (g pot-1)

S
h
o
o
t 
s
o
d
iu

m
 (
N

a+
) 
(m

m
o
l g

-1
 d

w
)

 

Fig. 4.2.10. Relationship between shoot Na+ (mmol g-1 dw) and shoot dry weight (g pot-1) 

of different wheat genotypes. 
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Fig. 4.2.11. Relationship between shoot K+ (mmol g-1 dw) and shoot dry weight (g pot-1) 

of different wheat genotypes. 
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Fig. 4.2.12. Relationship between shoot Cl- (mmol g-1 dw) and shoot dry weight (g pot-1) 

of different wheat genotypes. 
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4.4.3 STUDY III: PHYSIOLOGICAL CHARACTERIZATION OF THE SELECTED 

WHEAT GENOTYPES UNDER SALINE CONDITIONS 

4.3.1 Brief introduction and methodology 

This study has been conducted using wheat genotypes identified as salt tolerant and 

sensitive from the study 2. This experiment has been carried out to investigate the 

physiological basis of the tolerance or sensitivity of the selected wheat genotypes in response 

to salinity. This study was conducted in the wire house at the Institute of Soil and 

Environmental Sciences, University of Agriculture, Faisalabad, Pakistan. Two genotypes of 

wheat 25-SAWSN-12 (tolerant) and 25-SAWSN-8 (sensitive) selected from study 2 were 

used for this solution culture experiment. Seeds of both genotypes were kept overnight in air 

bubbled distilled water for priming. The primed seeds were planted in nursery plates (40 × 50 

cm) filled with moistened quartz sand for germination. Uniform 7-day-old seedlings were 

selected for transplantation in the solution culture contained in 100 liter tubs (Tab. 3.3.1). 

Plants were grown in in half-strength nutrient solution for two days. After two days of 

transplantation, salinity (125 mM NaCl) was developed in three increments (one per day) in 

saline treatment tubs. No salt was added in control, the pH of nutrient solution was adjusted 

at 6.0 ± 0.5 with dilute NaOH and/or HCl daily and the treatment solutions were changed 

weekly. Each genotype had four replications and there were two treatments viz. control (no 

salt added) and saline (125 mM NaCl). The experiment was arranged following a CRD 

(Completely Randomized Design). The plants were harvested after four weeks of growth in 

the solutions having above mentioned treatments. 

4.3.2 Results 

4.3.2.1 Shoot and root growth 

The shoot fresh and dry weights along with plant height were significantly affected by 

treatments, in the two selected genotypes (Figs. 4.3.1, 4.3.2 and 4.3.3). The interactions 

between genotypes and treatments were also found significant. On overall treatment mean 

basis all the growth parameters of shoot were significantly higher in control treatment than in 

saline treatments. The decrease in shoot fresh weight, dry weight and plant height in saline 
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treatment was 61, 49 and 51 percent respectively as compared to control. Salt tolerant 

genotype showed non-significant differences from sensitive genotype under control 

treatment, however in saline treatment significant differences were observed in both 

genotypes for shoot fresh and dry weights. 

The treatments and genotypes differed significantly for their effect on root fresh and 

dry weights along with root length (Figs. 4.3.4, 4.3.5 and 4.3.6). The interactions between 

genotypes and treatments were also found to be significant. On overall mean basis all the 

growth parameters of root showed higher values in control and the application of stress 

resulted in significant reduction of these parameters. In saline treatment there was 33, 58 and 

30 % reduction in root fresh weigth, dry weight and length, respectively. In control both the 

genotypes showed non-significant differences for root fresh and dry weights but under salt 

stress tolerant genotype 25-SAWSN-12 produced significantly higher amount of root fresh 

and dry weight as compared to the sensitive genotype 25-SAWSN-8. 

4.3.2.2 Ionic composition of shoot and root 

The data about Na+, K+ and Cl- concentrations in shoot are given in Figs. 4.3.7, 4.3.8 

and 4.3.9. Significant differences were observed between genotypes and treatments. On 

overall mean basis, there was significant increase in shoot Na+ and Cl-, however a significant 

reduction was found in shoot K+ under saline conditions as compared to control. The 

interactions between genotypes and treatments for shoot ionic compositions were found 

significant. In control treatment the genotypes showed non-significant differences in shoot 

ionic composition but under salt stress sensitive genotype (25-SAWSN-8) showed 

significantly higher accumulation of Na+ and Cl- in its shoot as compared to tolerant 

genotype (25-SAWSN-12) but shoot K+ showed an opposite trend being significantly higher 

in tolerant genotype as compared to sensitive one. 

The data regarding root Na+, K+ and Cl- concentrations revealed significant differences 

between treatments and genotypes as shown in Figs. 4.3.10, 4.3.11 and 4.3.12. The 

interactions between genotypes and treatments were also found significant. On overall mean 

basis, there was a significant increase in root Na+ and Cl- where as root K+ was decreased 

significantly under saline conditions as compared to control treatment. Under salt stress 
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sensitive genotype (25-SAWSN-8) showed significantly higher accumulation of Na+ and Cl- 

in its roots as compared to tolerant genotype (25-SAWSN-12) but shoot K+ was less in case 

of 25-SAWSN-8 than 25-SAWSN-12. 

4.3.2.3 Water relations 

The data regarding water relations which include water potential (ΨW), osmotic 

potential (ΨS) and turgor potential (ΨP) showed significant differences between genotypes 

and treatments as shown in Figs. 4.3.13, 4.3.14 and 4.3.15. Interactions of all the parameters 

for genotypes and treatments were significant.  Salinity significantly reduced all the 

parameters of the water relations including osmotic potential, water potential and turgor 

potential. The genotypes differed significantly for these parameters of the water relations 

under saline conditions. The salt sensitive genotype showed the lowest ΨW, ΨS and ΨP values 

where as the salt tolerant genotype maintained higher values for water relation parameters 

under saline conditions. 

4.3.2.4 Photosynthetic attributes, specific leaf area and membrabe stability index 

Data regarding photosynthetic attributes, which include transpiration rate (E), 

photosynthetic rate (PN) and stomatal conductance (gs), showed significant differences 

between genotypes and treatments as shown in Figs. 4.3.16, 4.3.17 and 4.3.18. Interactions of 

genotypes and treatments were also significant.  On over all mean basis, the genotypes 

differed significantly and the salt sensitive genotype showed the lower E, PN and gs values 

where as the salt tolerant genotype maintained the higher values for these photosynthetic 

attributes. Salt treatment caused a reduction of 37, 56 and 28 % in E, PN and gs respectively. 

The data regarding specific leaf area (SLA) and membrane stability index (MSI) also showed 

significant effect of treatment and genotype (Figs. 4.3.19 and 4.3.20). The interaction 

between genotypes and treatments in case of SLA was non-significant whereas a significant 

interaction between genotypes and treatments was observed in case of MSI. Under saline 

condition, significant reduction in SLA and MSI was recorded as compared to control. 

Salinity caused a reduction of 47 and 72 % in SLA and MSI, respectively. In control both the 

genotypes showed non-significant differences, where as in salt treatments 25-SAWSN-12 
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(tolerant) genotype showed significantly higher SLA and MSI as compared to 25-SAWSN-8 

(sensitive) genotype. 

4.3.3 DISCUSSION 

The data regarding shoot and root growth showed that the effect of salt stress was more 

pronounced in salt sensitive genotype 25-SAWSN-8 as compared to salt resistant genotype 

25-SAWSN-12. Data about ionic analysis revealed that salt sensitive genotype accumulated 

more Na+ than salt resistant genotype, whereas reverse trend was observed for accumulation 

of K+ in salt sensitive and salt resistant genotypes respectively. Reduction in growth of crops 

by salt stress has been reported earlier by Sotiropoulos et al. (2006). Data regarding the 

stomatal conductance and photosynthetic rate revealed that salt stress has decreased the 

stomatal conductance and photosynthetic rate and this reduction was more pronounced in salt 

sensitive genotype 25-SAWSN-8 than salt resistant genotype 25-SAWSN-12. Photosynthesis 

is one of the most important processes that are inhibited under salt stress (Sharma and 

Minhas, 2005). Reduction in growth and yield is directly related to the reduction in 

photosynthesis (Meloni et al., 2003). Reduction in photosynthetic rate is also related to the 

decrease of stomatal conductance (Brugnoli and Lauteri, 1991). Excessive amounts of salt in 

cellular tissues can also induce changes in structure and chemical composition of plasma 

membrane (Wang and Zhao, 1997) which results in disruption of cell metabolism (Hasegawa 

et al., 2000). Therefore a negative relationship between shoot Na+ and membrane stability 

index was observed in this study (Fig. 4.3.27). According to Iqbal et al. (2002) net 

photosynthesis was reduced by Na+ in the leaf mesophyll. Toxic concentration of Na+ in the 

cytoplasm or chloroplast can affect the integrity and function of photosynthetic membranes 

when toxic ions are not sequestered in the vacuole (Bastias, 2004) especially in the genotypes 

like 25-SAWSN-8 that are sensitive. In our study a negative co-relation was found between 

shoot Na+ contents and photosynthetic rate (Fig. 4.3.25). The decrease in photosynthesis may 

also be due to stomatal closure, restricting the availability of CO2 for carboxylation or due to 

non-stomatal inhibition, resulted by direct effects of salt on the photosynthetic apparatus 

(Brugnoli and Lauteri, 1991). Maintenance of photosynthetic activity is considered an 

important physiological adaptive component of salt tolerance in different plant species 
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(Dubey, 2005) particularly in tolerant genotypes like 25-SAWSN-12 which maintained 

higher photosynthetic activities as compared to sensitive genotypes like 25-SAWSN-8. 

In the present study significant variations for transpiration rates were observed and salt 

tolerant genotype 25-SAWSN-12 maintained higher transpiration rate than salt sensitive 

genotype 25-SAWSN-8 but on the whole transpiration rate was significantly reduced under 

salt stress. The toxic effect of salt stress was more pronounced in the case of 25-SAWN-8 as 

compared to 25-SAWSN-12. A negative relationship was noticed between shoot Na+ and 

transpiration rate as shown in the figure 4.3.24. High salt concentration would have disturbed 

the physiological processes of plants which resulted in the reduction of plant growth and 

development (Taffouo et al., 2004). Similar effects of salinity have been reported by many 

authors including Turan et al. (2009). The tolerant genotypes like 25-SAWSN-12 avoids 

these destructive effects by maintenance of lower leaf Na+ and higher K+ possibly by 

selective ion transport at root level under saline conditions. 

As the water uptake from soil is reduced, a decrease in stomatal conductance occurs 

because of closure of the stomata. The results of our experiments showed a negative 

relationship between shoot Na+ and stomatal conductance of wheat genotypes (Fig. 4.3.26). 

An increase in leaf Na+ concentration reduces leaf gas exchange under saline conditions 

(Walker et al., 1993). Similarly, high leaf Cl-concentrations have also been held responsible 

for reduced photosynthetic capacity and stomatal conductance (Banuls et al., 1997). In the 

present study both the Na+ and Cl- seems to have played their role in reducing the stomatal 

conductance, transpiration rate and photosynthesis of 25-SAWSN-8, which is a sensitive 

genotype, and all the above parameters were affected more in this genotype, as compared to 

25-SAWN-12, which is a tolerant genotype. The results of water relations from this study 

also match the findings of Khan (2010). The finding of this study showed negative 

relationships among shoot Na+ and water relations which included water, osmotic and turgor 

potentials as shown in the figures 4.3.21, 4.3.22 and 4.3.23 respectively. Decreased 

availability of water to plants, due to low external water potential is considered to be the first 

cause of growth restriction under saline conditions (Munns and James, 2003). For proper 

growth under salinity a decrease in water potential in the plants is needed (Greenway and 

Munns, 1980). The decrease of tissue solute potential would compensate the salt-induced 
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lowering of root zone water potential. This would help the plant to maintain turgor pressure 

and functioning of cells under adverse water conditions. The genotype 25-SAWSN-12 

responded to salinity by maintaining better ionic composition, water relations and 

photosynthetic attributes which helped this genotype to better adapt to saline conditions as 

compared to 25-SAWSN-8. 
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Fig. 4.3.1 Effect of salinity (125 mM NaCl) on shoot fresh weight (g plant-1) of different 

wheat genotypes. Error bars show the values of LSD at P ≤ 0.05. 
 

 
 
Fig. 4.3.2 Effect of salinity (125 mM NaCl) on shoot dry weight (g plant-1) of different 

wheat genotypes. Error bars show the values of LSD at P ≤ 0.05. 
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Fig. 4.3.3 Effect of salinity (125 mM NaCl) on plant height (cm) of different wheat 
genotypes. Error bars show the values of LSD at P ≤ 0.05. 
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Fig. 4.3.4 Effect of salinity (125 mM NaCl) on root fresh weight (g plant-1) of different 

wheat genotypes. Error bars show the values of LSD at P ≤ 0.05. 
 

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

Control Salinity

R
o

o
t 

d
ry

 w
ei

g
h

t 
(g

 p
la

n
t-1

)

25-SAWSN-12

25-SAWSN-8

 
Fig. 4.3.5 Effect of salinity (125 mM NaCl) on root dry weight (g plant-1) of different 

wheat genotypes. Error bars show the values of LSD at P ≤ 0.05. 
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Fig. 4.3.6 Effect of salinity (125 mM NaCl) on root length (cm) of different wheat 
genotypes. Error bars show the values of LSD at P ≤ 0.05. 
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Fig. 4.3.7 Effect of salinity (125 mM NaCl) on shoot Na+ (mmol g-1 dw) of different 

wheat genotypes. Error bars show the values of LSD at P ≤ 0.05. 
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Fig. 4.3.8 Effect of salinity (125 mM NaCl) on shoot K+ (mmol g-1 dw) of different wheat 

genotypes. Error bars show the values of LSD at P ≤ 0.05. 
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Fig. 4.3.9 Effect of salinity (125 mM NaCl) on shoot Cl- (mmol g-1 dw) of different wheat 

genotypes. Error bars show the values of LSD at P ≤ 0.05. 
 



  65

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

Control SalinityR
o

o
t 

so
d

iu
m

 (
N

a+
) 

(m
m

o
l 

g
-1

 d
w

)

25-SAWSN-12

25-SAWSN-8

 
Fig. 4.3.10 Effect of salinity (125 mM NaCl) on root Na+ (mmol g-1 dw) of different 

wheat genotypes. Error bars show the values of LSD at P ≤ 0.05. 
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Fig. 4.3.11 Effect of salinity (125 mM NaCl) on root K+ (mmol g-1 dw) of different wheat 

genotypes. Error bars show the values of LSD at P ≤ 0.05. 
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Fig. 4.3.12 Effect of salinity (125 mM NaCl) on root Cl- (mmol g-1 dw) of different wheat 
genotypes. Error bars show the values of LSD at P ≤ 0.05. 
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Fig. 4.3.13 Effect of salinity (125 mM NaCl) on water potential (ΨW) (MPa) of different 

wheat genotypes. Error bars show the values of LSD at P ≤ 0.05. 
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Fig. 4.3.14 Effect of salinity (125 mM NaCl) on osmotic potential (ΨS) (MPa) of 

different wheat genotypes. Error bars show the values of LSD at P ≤ 0.05. 
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Fig. 4.3.15 Effect of salinity (125 mM NaCl) on turgor potential (ΨP) (MPa) of different 
wheat genotypes. Error bars show the values of LSD at P ≤ 0.05. 



  67

0.0

0.5

1.0

1.5

2.0

2.5

3.0

Control SalinityT
ra

n
sp

ir
at

io
n

 r
at

e 
(E

) 
(m

m
o

l 
m

-2
 s

-1
)

25-SAWSN-12

25-SAWSN-8

 
Fig. 4.3.16 Effect of salinity (125 mM NaCl) on transpiration rate (E) (mmol m-2 sec-1) of 

different wheat genotypes. Error bars show the values of LSD at P ≤ 0.05. 
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Fig. 4.3.17 Effect of salinity (125 mM NaCl) on photosynthetic rate (PN) (µmol m-2 sec-1) 

of different wheat genotypes. Error bars show the values of LSD at P ≤ 0.05. 
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Fig. 4.3.18 Effect of salinity (125 mM NaCl) on stomatal conductance (gs) (mol m-2 sec-1) 
of different wheat genotypes. Error bars show the values of LSD at P ≤ 0.05. 
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Fig. 4.3.19 Effect of salinity (125 mM NaCl) on specific leaf area (cm2 g-1) of different 

wheat genotypes. Error bars show the values of LSD at P ≤ 0.05. 
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Fig. 4.3.20 Effect of salinity (125 mM NaCl) on membrane stability index (MSI) of 
different wheat genotypes. Error bars show the values of LSD at P ≤ 0.05. 
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Fig. 4.3.21 Relationship between water potential (Ψw) (MPa) and shoot Na+ (mmol g-1 
dw) of different wheat genotypes. 
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Fig. 4.3.22 Relationship between osmotic potential (ΨS) (MPa) and shoot Na+ (mmol g-1 
dw) of different wheat genotypes. 
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Fig. 4.3.23 Relationship between turgor potential (ΨP) (MPa) and shoot Na+ (mmol g-1 

dw) of different wheat genotypes. 
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Fig. 4.3.24 Relationship between transpiration rate (E) (mmol m-2 sec-1) and shoot Na+ 

(mmol g-1 dw) of different wheat genotypes. 
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Fig. 4.3.25 Relationship between photosynthetic rate (PN) and shoot Na+ (mmol g-1 dw) 

of different wheat genotypes. 
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Fig. 4.3.26 Relationship between stomatal conductance (gs) (mol m-2 sec-1) and shoot Na+ 

(mmol g-1 dw) of different wheat genotypes. 
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Fig. 4.3.27 Relationship between membrane stability index (MSI) and shoot Na+ (mmol 

g-1 dw) of different wheat genotypes. 
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4.4 STUDY IV: COMPARATIVE SEMINAL AND NODAL ROOT GROWTH AND 

ION UPTAKE OF THE SELECTED WHEAT GENOTYPES UNDER 

SALINE CONDITIONS 

4.4.1 Brief introduction and methodology 

This study has been conducted to explain the response of nodal and seminal roots of 

different wheat genotypes to salt-affected conditions. The study has been conducted 

following the solution culture procedures explained in study 3. Additional protocols were 

followed to conduct this split root experiment as detailed in Chapter No. 3. At the time of 

harvest physical growth parameters were recorded and ionic composition for Na+, Cl- and K+ 

concentrations from the dried, ground and digested material of shoot, seminal and nodal roots 

were determined separately. 

4.4.2 Results 

4.4.2.1 Shoot growth  

Data regarding shoot fresh weight, dry weight and plant height are presented in Figs. 

4.4.1, 4.4.2 and 4.2.3. The analysis of variance showed significant differences between 

genotypes and treatments, the interaction between genotypes and treatments was also 

significant. On overall basis these parameters were higher in T1 (both nodal and seminal 

roots in control) than the other treatments. In all other treatments they were decreased and the 

trend was: T1>T2~T3>T4. The lowest values of these parameters were found in case of T4 

(salinity in both nodal and seminal roots). The comparison of genotypes in each treatment 

showed that in all the three stress treatments 25-SAWSN-12 produced more values of these 

parameters as compared to 25-SAWSN-8. The analysis of variance (Appendix IV.IV) 

showed significant differences between genotypes and treatments but the interaction between 

genotypes and treatments was non-significant for the number of tillers per plant (Fig. 4.4.4). 

On overall mean basis, the maximum number of tillers (NOT) was recorded in T1 (control in 

nodal and seminal roots). In all other treatments NOT was decreased significantly and found 

in the following trend: T1>T2~T3>T4. In T4 (salinity in both nodal and seminal roots) NOT 
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was the minimum for both the genotypes. The comparison of genotypes in each treatment 

showed that 25-SAWSN-12 produced more NOT as compared to 25-SAWSN-8. 

4.4.2.2 Root growth  

Data regarding fresh and dry weights and length of seminal roots are presented in Figs. 

4.4.5, 4.4.6 and 4.4.7. The analysis of variance showed significant differences between 

genotypes and treatments. The interaction between genotypes and treatments was also found 

to be significant.  On overall these parameters of seminal roots were highest in control 

treatment T1 (control in nodal and seminal roots) and decreased when seminal roots were 

exposed to salinity or both roots were exposed to salinity. The comparison of genotypes in 

each treatment showed that 25-SAWSN-12 produced more fresh and dry weights and length 

of seminal roots as compared to 25-SAWSN-8. Data regarding fresh and dry weights and 

length of nodal roots are presented in Figs. 4.4.8, 4.4.9 and 4.4.10. The analysis of variance 

showed significant differences between genotypes and treatments. The interaction between 

genotypes and treatments was also significant. On overall these parameters of nodal roots 

were maximum in control treatment T1 (control in nodal and seminal roots) and were 

decreased significantly when either nodal roots were in salinity or both roots were in salinity. 

The comparison of genotypes in each treatment showed that 25-SAWSN-12 performed better 

for nodal roots as compared to 25-SAWSN-8. 

4.4.2.3 Shoot ionic composition  

Data regarding shoot Na+, K+ and Cl- concentrations are presented in Figs. 4.4.11, 

4.4.12 and 4.4.13. The analysis of variance showed significant differences among genotypes, 

treatments and the interaction between genotypes and treatments was also significant. On 

overall mean basis, the shoot Na+ was maximum in T4 (salinity in nodal and seminal roots) 

i.e. 1.12 mmol g-1 dw followed by T2 and T3. The comparison of genotypes in each treatment 

showed that 25-SAWSN-8 showed more shoot Na+ concentration as compared to 25-

SAWSN-12. 

On overall mean basis shoot K+ concentration was maximum in T1 (control in nodal 

and seminal roots) i.e. 1.26 mmol g-1 dw and was decreased significantly by exposure of 
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roots to salinity with a minimum of shoot K+ concentration in the treatment where both the 

roots were exposed to salinity T4 (salinity in nodal and seminal roots; 0.20 mmol g-1 dw). The 

comparison of genotypes in each treatment showed that 25-SAWSN-12 showed more shoot 

K+ concentration as compared to 25-SAWSN-8. The mean shoot Cl- concentration was 

maximum in T4 (salinity in nodal and seminal roots) i.e. 1.13 mmol g-1 dw. The comparison 

of genotypes in each treatment showed that 25-SAWSN-8 showed more shoot Cl- 

concentration as compared to 25-SAWSN-12. 

4.4.2.4 Root ionic composition  

Data regarding seminal root Na+, K+ and Cl- are presented in Figs. 4.4.14, 4.4.15 and 

4.4.16. The analysis of variance showed significant differences among genotypes, treatments 

and their interactions were also significant. On overall mean basis seminal root Na+ was 

maximum in T4 (salinity in nodal and seminal roots) i.e. 1.12 mmol g-1 dw. The comparison 

of genotypes in each treatment showed that 25-SAWSN-12 showed less seminal root Na+ 

concentration as compared to 25-SAWSN-8. On overall mean basis seminal root K+ was 

maximum in T1 (control in nodal root and seminal roots) i.e. 1.21 mmol g-1 dw. In T4 

(salinity in both nodal and seminal roots) SR K+ was minimum 0.18 mmol g-1 dw. The 

comparison of genotypes in each treatment showed that 25-SAWSN-12 showed more 

seminal root K+ concentration as compared to 25-SAWSN-8. 

On overall mean basis seminal root Cl- was maximum in T4 (salinity in nodal and 

seminal roots) i.e. 1.22 mmol g-1 dw. In all other treatments SR Cl- concentration was less 

than T4. The comparison of genotypes in each treatment showed that 25-SAWSN-8 showed 

more seminal root Cl- concentration as compared to 25-SAWSN-12. Data regarding nodal 

root Na+, K+ and Cl- are presented in Figs. 4.4.17, 4.4.18 and 4.4.19. The analysis of variance 

showed significant differences among genotypes, treatments and their interactions. On 

overall mean basis nodal root Na+ was maximum in T4 (salinity in both nodal and seminal 

roots) i.e. 1.10 mmol g-1 dw and the minimum when no salt was added (T1). The comparison 

of genotypes in each treatment showed that 25-SAWSN-8 showed higher nodal root Na+ 

concentration as compared to 25-SAWSN-12. On overall mean basis NR K+ concentration 

was maximum in T1 (control in both nodal and seminal roots) i.e. 1.20 mmol g-1 dw. The 
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comparison of genotypes in each treatment showed that 25-SAWSN-12 showed more nodal 

root K+ concentration as compared to 25-SAWSN-8. On overall mean basis nodal root Cl- 

was maximum in T4 (salinity in nodal and seminal roots) i.e. 1.22 mmol g-1 dw and minimum 

when no salt was added to the nutrient solution. The comparison of genotypes in each 

treatment showed that 25-SAWSN-8 showed more nodal root Cl- concentration as compared 

to 25-SAWSN-12. 

4.4.3 DISCUSSION 

Salinity causes significant reduction in the shoot growth of different wheat genotypes 

(Akhtar and Azhar, 2001). The decrease in shoot growth by salt stress may be due to ion 

toxicity, nutrient imbalance and osmotic effects. Salinity affects the physiology of plants by 

affecting the solute and water potential of the cell (Hasegawa et al., 2000). Ionic imbalance is 

developed in the cell by the accumulation of huge amount of Na+ and Cl- ions especially in 

genotypes like 25-SAWSN-8 being sensitive ones which affects the uptake of other ions like 

K+ (Grattan and Grieve, 1999). The main reason for less plant growth under salinity is due to 

accumulation of certain ions like Na+ and Cl- to toxic limits called as specific ion toxicity 

(Chinnusamy et al., 2005). In salt sensitive genotypes like 25-SAWSN-8 shoot dry weight 

decreased because when sensitive plants are subjected to salt stress, these plants use their 

metabolic energy for osmoregulation at the cost of growth. The results of our study are 

according to the finding of Torres and Bingham (1973). The trends of decrease in dry weight 

among genotypes vary because of different selectivity for K+ over Na+ (Ashraf, 2002). In our 

study the genotype 25-SAWSN-12 accumulated more K+ and less Na+ as compared to 25-

SAWSN-8 as a result the former genotype showed better shoot and root growth. 

The accumulation of salts in the cell wall decreases its elasticity and limits cell 

enlargement. Number of tillers was more in the genotype 25-SAWSN-12 as compared to 25-

SAWSN-8. The results regarding number of tillers are in accordance with that of Mass et al. 

(1993). The reason for decrease in tillering capacity as reported by Bernal et al. (1993) is that 

when NaCl is present in large amounts then the osmotic potential of the cells becomes higher 

negative as well as Na+ and Cl- cause specific toxicities. The reduction in number of tillers 

may also be due to uptake of excessive salts by plants, which finally affected the plant 
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growth indirectly by lessening the amounts of photosynthates, water or other growth 

elements (Khathar and Kuhad, 1999). 

Root growth was greater in case of genotype 25-SAWSN-12 than in 25-SAWSN-8. 

Reduction in root growth under salinity was also found by Huang et al. (1995). Wheat plant 

responds to stress conditions by limiting root growth, reducing the dry matter production, 

prematurely senescing leaves, reduced tillering, wilting, producing sterile florets, and 

lowering kernel weights and finally grain yield (Hossain et al., 2011). Reduction in root 

length may be due to excessive amount of salts in the root zone (Greenway and Munns, 

1980). Data obtained in this study showed more reduction in root length of 25-SAWSN-8 

and these results are in agreement with those reported by previous workers like Chul (1989). 

Root length and concentration of K+ showed a highly significant positive correlation with 

grain yield and different yield components of wheat (Saqib et al., 2004b). Reductions in 

seminal root length due to NaCl stress is shown in our present study. However, the tolerant 

genotypes have the ability to continue their root growth under stress to some extent. 

Genotype 25-SAWSN-12 showed more lengths of both seminal and nodal roots as compared 

to 25-SAWSN-8. These observations are supported by Huang et al. (1995) who reported a 

drastic decrease (42-50 %) in length of the longest seminal roots by stress condition. As the 

concentration of salt increases a decrease in root characteristics like seminal root length and 

length of nodal roots was noted. 

Na+ exclusion improves salt tolerance of wheat genotypes as shown by 25-SAWSN-12. 

When the quantity of Na+ in root zone is increased this tends to increase Na+ content in 

leaves (Leidi and Saiz, 1997). Under such conditions the tolerant genotypes (25-SAWSN-12) 

tend to accumulate less Na+ in their shoots as comared to sensitive ones (25-SAWSN-8).  

Our results match the findings of Hamada (1996) and Turan et al. (2007). Potasium 

concentration was reduced in both genotypes but the tolerant genotype maintained more K+ 

content than sensitive genotype. Decrease in K+ concentration by increasing salt stress was 

reported earlier by Anil et al. (2005). It indicates that K+ has negative co-relation with 

salinity as its concentration decreases with increasing salinity levels. Consequently under salt 

stress deficiency of K+ in plants results in loss of membrane integrity and functioning of cell 

membranes (Gorham et al., 1987).  Under salt stress the Cl- concentration was significantly 
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increased in case of both the genotypes and again 25-SAWSN-12 accumulated less Cl- as 

compared to 25-SAWSN-8. The results are in the line of the findings of Diedhiou et al. 

(2006) who reported that with increasing salt stress Cl- concentration was also increased. 

This study shows that salt tolerant wheat genotype (25-SAWSN-12) maintained the 

growth of both types of roots i.e. seminal and nodal. However a salt sensitive genotype (25-

SAWSN-8) experienced more reduction in seminal and nodal root growth when exposed to 

salinity. 
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Fig. 4.4.1 Effect of salinity on shoot fresh weight (g plant-1) of wheat genotypes. Error 

bars show the values of LSD at P ≤ 0.05. 
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Fig. 4.4.2 Effect of salinity on shoot dry weight (g plant-1) of wheat genotypes. Error 

bars show the values of LSD at P ≤ 0.05. 
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Fig. 4.4.3 Effect of salinity (125 mM NaCl) on plant height (cm) of different wheat 

genotypes. Error bars show the values of LSD at P ≤ 0.05. 
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Fig. 4.4.4 Effect of salinity (125 mM NaCl) on number of tillers plant-1 of different 

wheat genotypes. Error bars show the values of LSD at P ≤ 0.05. 
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Fig. 4.4.5 Effect of salinity (125 mM NaCl) on fresh weight of seminal roots (g plant-1) of 

different wheat genotypes. Error bars show the values of LSD at P ≤ 0.05. 
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Fig. 4.4.6 Effect of salinity (125 mM NaCl) on dry weight of seminal roots (g plant-1) of 

different wheat genotypes. Error bars show the values of LSD at P ≤ 0.05. 
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Fig. 4.4.7 Effect of salinity (125 mM NaCl) on length of seminal roots (cm) of different 

wheat genotypes. Error bars show the values of LSD at P ≤ 0.05. 
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Fig. 4.4.8 Effect of salinity (125 mM NaCl) on fresh weight of nodal roots (g plant-1) of 

different wheat genotypes. Error bars show the values of LSD at P ≤ 0.05. 
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Fig. 4.4.9 Effect of salinity (125 mM NaCl) on dry weight of nodal roots (g plant-1) of 

different wheat genotypes. Error bars show the values of LSD at P ≤ 0.05. 
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Fig. 4.4.10 Effect of salinity (125 mM NaCl) on length of nodal roots (cm) of different 

wheat genotypes. Error bars show the values of LSD at P ≤ 0.05. 
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Fig. 4.4.11 Effect of salinity (125 mM NaCl) on shoot Na+ (mmol g-1 dw) of different 

wheat genotypes. Error bars show the values of LSD at P ≤ 0.05. 
 

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

T1 T2 T3 T4

T1=Control in both roots; T2=Nodal salinity and seminal control; 

T3=Nodal control and seminal salinity; T4=Salinity in both roots

S
h

o
o

t 
p

o
ta

ss
iu

m
 (

K
+
) 

(m
m

o
l 

g
-1

 

d
w

)

25-SAWSN-12

25-SAWSN-8

 
Fig. 4.4.12 Effect of salinity (125 mM NaCl) on shoot K+ (mmol g-1 dw) of different 

wheat genotypes. Error bars show the values of LSD at P ≤ 0.05. 
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Fig. 4.4.13 Effect of salinity (125 mM NaCl) on shoot Cl- (mmol g-1 dw) of different 

wheat genotypes. Error bars show the values of LSD at P ≤ 0.05. 
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Fig. 4.4.14 Effect of salinity (125 mM NaCl) on seminal root Na+ (mmol g-1 dw) of 

different wheat genotypes. Error bars show the values of LSD at P ≤ 0.05. 
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Fig. 4.4.15 Effect of salinity (125 mM NaCl) on seminal root K+ (mmol g-1 dw) of 

different wheat genotypes. Error bars show the values of LSD at P ≤ 0.05. 
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Fig. 4.4.16 Effect of salinity (125 mM NaCl) on seminal root Cl- (mmol g-1 dw) of 

different wheat genotypes. Error bars show the values of LSD at P ≤ 0.05. 
 

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

T1 T2 T3 T4

T1=Control in both roots; T2=Nodal salinity and seminal control; 

T3=Nodal control and seminal salinity; T4=Salinity in both roots

N
o

d
al

 r
o

o
t 

so
d

iu
m

 (
N

a
+ ) 

(m
m

o
l 

g
-

1  d
w

)

25-SAWSN-12

25-SAWSN-8

 
Fig. 4.4.17 Effect of salinity (125 mM NaCl) on nodal root Na+ (mmol g-1 dw) of 

different wheat genotypes. Error bars show the values of LSD at P ≤ 0.05. 
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Fig. 4.4.18 Effect of salinity (125 mM NaCl) on nodal root K+ (mmol g-1 dw) of different 

wheat genotypes. Error bars show the values of LSD at P ≤ 0.05. 
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Fig. 4.4.19 Effect of salinity (125 mM NaCl) on nodal root Cl- (mmol g-1 dw) of different 
wheat genotypes. Error bars show the values of LSD at P ≤ 0.05. 
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4.5 STUDY V: ROOT MEDIATED ACIDIFICATION AND OXIDATIVE STRESS 

TOLERANCE OF THE SELECTED WHEAT GENOTYPES UNDER 

SALINE CONDITIONS 

4.5.1 Brief introduction and methodology  

This study has been conducted to investigate the antioxidant activity and rhizosphere 

acidification of salt tolerant and salt sensitive wheat genotypes under salt stress conditions. 

This is a solution culture study and the detailed procedures are given in Chapter No. 3. At the 

time of harvest physical growth parameters were recorded and ionic composition was 

determined for Na+, K+ and Cl- from the dried, ground and digested material of shoot and 

root. The leaf samples were collected and processed for the determination of antioxidant 

enzymes. The activities of antioxidant enzymes including SOD, POD and CAT were 

determined as described in Chapter No. 3. Rhizosphere acidification involving determination 

of ash alkalinity and release of organic acids in root exudates was determined as given in 

Chapter No. 3. 

4.5.2 Results 

4.5.2.1 Shoot and root growth 

The shoot fresh and dry weights along with plant height were significantly affected by 

different treatments and genotypes (Figs. 4.5.1, 4.5.2 and 4.5.3). The interaction between 

genotype and treatment was also found significant. On overall mean basis these shoot growth 

parameters were more in control and these were significantly decreased in saline conditions. 

In saline treatment relative decrease in shoot fresh weight, dry weight and plant height was 

64, 67 and 59 %, respectively (percent of control). The salt tolerant wheat genotype 25-

SAWSN-12 produced more shoot fresh and dry weights and plant height than the salt 

sensitive wheat genotype 25-SAWSN-8. 

The data regarding root fresh and dry weights and root length of wheat genotypes are 

shown in Figs. 4.5.4, 4.5.5 and 4.5.6. The treatments and genotypes showed significant 

differences and the interaction between genotype and treatment were also found significant. 
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On overall mean basis these parameters of root growth showed more values in control and 

the application of salt stress resulted in significant reduction of these parameters. In saline 

treatment there was 54, 43 and 43 % reduction in root fresh weight, dry weight and root 

length, respectively as compared to control. The salt tolerant wheat genotype 25-SAWSN-12 

produced more root fresh and dry weights and root length than the salt sensitive wheat 

genotype 25-SAWSN-8. 

4.5.2.2 Ionic composition of shoot and root  

The data about Na+, K+ and Cl- concentrations in shoot are given in Figs. 4.5.7, 4.5.8 

and 4.5.9. The genotypes and treatments showed significant differences. The interaction 

between genotypes and treatments was also found to be significant. On overall mean basis, 

there was a significant increase in shoot Na+ and Cl- but shoot K+ showed a significant 

decrease under saline conditions. The tolerant genotype (25-SAWSN-12) showed higher K+, 

and lower Na+ and Cl- in its shoots as compared to sensitive genotype (25-SAWSN-8) under 

salt stress. 

The data regarding root Na+, K+ and Cl- are shown in Figs. 4.5.10, 4.5.11 and 4.5.12. 

The genotypes and treatments differed significantly and the interactions were also significant. 

On overall mean basis, there was a significant increase in root Na+ and Cl- but root K+ was 

decreased under saline conditions as compared to control. The tolerant genotype showed 

significantly lower Na+ and Cl- and higher K+ in its roots as compared to sensitive genotype 

in salt treatment. 

4.5.2.3 Antioxidants, ash alkalinity and organic acid release in the root exudates 

Data regarding total protein contents (TPC), SOD, CAT and POD are shown in Figs. 

4.5.13, 4.5.14, 4.5.15 and 4.5.16. Significant differences were observed among treatments as 

well as genotypes for all these parameters. The interaction between genotypes and treatments 

was also found to be significant. On over all mean basis there was a significant decrease in 

TPC whereas significant increase was observed in SOD, POD and CAT activities under salt 

stress as compared to control. Saline treatment showed 76 % TPC as compared to control. 

Salinity caused an increase of 40, 42 and 61 % in the activities of SOD, CAT and POD, 
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respectively.  In salt stress, the activity of the enzymes as well as TPC was significantly 

higher in tolerant genotype (25-SAWSN-12) as compared to sensitive genotype (25-

SAWSN-8). 

There were significant differences between treatments and genotpyes for shoot and root 

ash alkalinity as shown in Figs. 4.5.17 and 4.5.18. The interactions between genotypes and 

treatments were observed significant. On over all mean basis there was a significant increase 

in shoot and root ash alkalinity under stress as compared to control. Salt stress caused an 

increase of 50 and 19 % in root and shoot ash alkalinity, respectively. The salt tolerant 

genotype showed significantly higher values of shoot and root ash alkalinity as compared to 

the salt sensitive genotype under saline conditions. 

The data regarding release of organic acids from roots is shown in Figs. 4.5.19, 4.5.20 

and 4.5.21. Significant differences were observed between treatments and genotypes and 

their interaction was also significant. Salt stress caused an increase of 22, 18 and 17 % in the 

release of citric acid, malic acid and tartaric acid in the root exudates of both genotypes after 

their 28 days exposure to salts as compared to their 7 days exposure to salinity. The tolerant 

genotype released significantly higher amount of organic acids as compared to the sensitive 

genotype at all time intervals (7, 14, 21 and 28 days). 

4.5.3 DISCUSSION 

This study investigates the comparative oxidative stress tolerance of the wheat 

genotypes and the role of rhizosphere acidification in salt tolerance. Oxygen is necessary for 

life whereas its reduction leads to the formation of reactive oxygen species (ROS) which 

disturbs plant metabolic processes (Asada, 1999). The ROS include superoxide, hydroxyl 

radicals and hydrogen peroxide. These reactive oxygen species are produced in low 

concentrations under normal growth conditions (Polle, 2001) but are over produced under 

environmental stress conditions (Laloi et al., 2004) and their production is much higher in 

sensitive genotypes like 25-SAWSN-8. Due to osmotic stress, stomata are closed leading to 

reduced supply of CO2 for photosynthesis and accumulation of superoxide in high 

concentration in chloroplast which leads to photo-inhibition and photo-oxidation and all this 

results in cell damage (Ashraf, 2009). To cope with the oxidative stress the antioxidant 
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enzymes namely CAT, POD and SOD were activated under saline conditions in both 

genotypes; however their activities were more in case of tolerant genotype (25-SAWSN-12) 

than sensitive one (25-SAWSN-8). Therefore a positive relationship was found among the 

shoot Na+ contents and the activities of SOD, CAT and POD as shown in the figures 4.5.22, 

4.5.23 and 4.5.24 respectively. 

Plant species differ greatly for salinity induced activities of enzymatic and non-

enzymatic antioxidants (Nayyar and Gupta, 2006). Similar differences have also been found 

in some cases between cultivars of a same species (Bartoli et al., 1999). As in our present 

study 25-SAWSN-12 being tolerant genotyope showed significantly higher enzyme activities 

than differences from 25-SAWSN-8 which was sensitive genotype. The particular role of an 

antioxidant in detoxification of ROS is affected by the type of species, stress intensity and the 

plant growth stage at the time of stress. Salinity increases the production of antioxidants in 

plants and the salt tolerant plants like 25-SAWSN-12 with high antioxidant production can 

better scavenge ROS (Garratt et al., 2002). Higher increase in the activity of SOD in salt 

tolerant genotype than in salt sensitive genotype has also been observed by Sairam et al. 

(2005). These results are very much similar to our findings where tolerant genotype 25-

SARC-12 showed significantly higher activities of SOD as compared to sensitive genotypes 

(25-SAWSN-8). Similarly the activities of CAT and POD were increased more in tolerant 

genotypes as compared to sensitive genotypes under salt stress conditions. These results 

match the findings of Perveen et al. (2011) for wheat. 

Main processes of rhizosphere acidification include cation-anion exchange balance, 

exhibiting alkalinization or acidification (Römheld, 1986), organic anion release (Hoffland et 

al., 1989) and root exudation (Lambers et al., 1996). Release of H+ and organic anion may 

result in increased dissolution of CaCO3, hence increasing the Ca2+ available for removal of 

Na+ from soil exchange sites. This will not only help the crop to establish but will also 

ameliorate soil and make certain nutrients available to plants. Therefore tolerant genotypes 

like 25-SAWSN-12 release more H+ ions and make more Ca2+ available to them as compared 

to sensitive genotypes like 25-SAWSN-8. The minimum values of ash alkalinity were shown 

by species well adapted to highly weathered soil of wet tropics; however species tailored well 

to heavy textured base rich soils of semi-arid tropics showed higher values of ash alkalinity 
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(Jungk, 1968). Findings of this study revealed positive co-relations among shoot Na+, and 

shoot and root ash alkalinities as shown in the figures 4.5.25 and 4.5.26 respectively. 

Moreover in this study both the genotypes showed higher values of ash alkalinity in the 

medium having salts in it as compared to control but the tolerant genotype 25-SAWN-12 

showed higher ash alkalinity as compared to sensitive one (25-SAWSN-8). 

A tolerant wheat genotype showed significantly higher amount of tartaric acid and 

malic acid than the susceptible genotype under stress as compared to control (Fang et al., 

2008). Previous experiments also confirmed differences in rhizosphere acidification between 

the tolerant and susceptible wheat genotypes (Fang et al., 2000). The accumulation of 

organic acids in wheat might be a response to the deficiency of inorganic ions due to salt 

stress. Mechanism of the tolerance for nutrient deficiency would involve processes like 

chemical reduction or rhizosphere acidification (Huang et al., 1994). The deficit of negative 

charge was remedied by higher accumulation of organic acids (OAs) i.e. malic and citric 

acids as dominant components in shoot (Guo-Hui, 2012). Doug et al. (1987) also observed 

large amounts of citrate and malate in the exudates of plants having stress as compared to 

control. We found similar results in this study as the release of organic acids was increased in 

both the genotypes due to salt stress as the exposure of salts was prolonged in the growth 

medium from 7 days to 28 days. Tolerant genotype (25-SAWSN-12) released higher 

amounts of organic acids including more citric, malic and tartaric acids in its root exudates as 

compared to sensitive genotype (25-SAWSN-8) which showed less amount of organic acids 

released in its root exudates. 
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Fig. 4.5.1 Effect of salinity (125 mM NaCl) on shoot fresh weight (g plant-1) of different 
wheat genotypes. Error bars show the values of LSD at P ≤ 0.05. 
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Fig. 4.5.2 Effect of salinity (125 mM NaCl) on shoot dry weight (g plant-1) of different 
wheat genotypes. Error bars show the values of LSD at P ≤ 0.05. 
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Fig. 4.5.3 Effect of salinity (125 mM NaCl) on plant height (cm) of different wheat 
genotypes. Error bars show the values of LSD at P ≤ 0.05. 
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Fig. 4.5.4 Effect of salinity (125 mM NaCl) on root fresh weight (g plant-1) of different 
wheat genotypes. Error bars show the values of LSD at P ≤ 0.05. 
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Fig. 4.5.5 Effect of salinity (125 mM NaCl) on root dry weight (g plant-1) of different 
wheat genotypes. Error bars show the values of LSD at P ≤ 0.05. 
 

0

5

10

15

20

25

30

35

40

45

Control Salinity

R
o

o
t 

le
n

g
th

 (
cm

)

25-SAWSN-12

25-SAWSN-8

 

Fig. 4.5.6 Effect of salinity (125 mM NaCl) on root length (cm) of different wheat 
genotypes. Error bars show the values of LSD at P ≤ 0.05. 
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Fig. 4.5.7 Effect of salinity (125 mM NaCl) on shoot Na+ (mmol g-1 dw) of different 
wheat genotypes. Error bars show the values of LSD at P ≤ 0.05. 
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Fig. 4.5.8 Effect of salinity (125 mM NaCl) on shoot K+ (mmol g-1 dw) of different wheat 
genotypes. Error bars show the values of LSD at P ≤ 0.05. 
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Fig. 4.5.9 Effect of salinity (125 mM NaCl) on shoot Cl- (mmol g-1 dw) of different wheat 
genotypes. Error bars show the values of LSD at P ≤ 0.05. 
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Fig. 4.5.10 Effect of salinity (125 mM NaCl) on root Na+ (mmol g-1 dw) of different 
wheat genotypes. Error bars show the values of LSD at P ≤ 0.05. 
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Fig. 4.5.11 Effect of salinity (125 mM NaCl) on root K+ (mmol g-1 dw) of different wheat 
genotypes. Error bars show the values of LSD at P ≤ 0.05. 
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Fig. 4.5.12 Effect of salinity (125 mM NaCl) on root Cl- (mmol g-1 dw) of different wheat 
genotypes. Error bars show the values of LSD at P ≤ 0.05. 
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Fig. 4.5.13 Effect of salinity (125 mM NaCl) on total protein (mg g-1 of fresh weight) of 
wheat genotypes. Error bars show the values of LSD at P ≤ 0.05. 
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Fig. 4.5.14 Effect of salinity (125 mM NaCl) on SOD (units mg-1 proteins) of wheat 
genotypes. Error bars show the values of LSD at P ≤ 0.05. 
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Fig. 4.5.15 Effect of salinity (125 mM NaCl) on CAT (units mg-1 of proteins) of different 
wheat genotypes. Error bars show the values of LSD at P ≤ 0.05. 
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Fig. 4.5.16 Effect of salinity (125 mM NaCl) on POD (units mg-1 of proteins) of different 
wheat genotypes. Error bars show the values of LSD at P ≤ 0.05. 
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Fig. 4.5.17 Effect of salinity (125 mM NaCl) on ash alkalinity of shoots (mmole NaOH 
100g -1 dw) of wheat genotypes. Error bars show the values of LSD at P ≤ 0.05. 
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Fig. 4.5.18 Effect of salinity (125 mM NaCl) on ash alkalinity of roots (mmole NaOH 
100g -1 dw) of wheat genotypes. Error bars show the values of LSD at P ≤ 0.05. 
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Fig. 4.5.19 Effect of salinity (125 mM NaCl) on citric acid release of roots (µg.ml-1 
root.2h-1) of different wheat genotypes. Error bars show the values of LSD at P ≤ 0.05. 
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Fig. 4.5.20 Effect of salinity (125 mM NaCl) on malic acid release of roots (µg.ml-1 
root.2h-1) of different wheat genotypes. Error bars show the values of LSD at P ≤ 0.05. 
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Fig. 4.5.21 Effect of salinity (125 mM NaCl) on tartaric acid release of roots (µg.ml-1 
root.2h-1) of wheat genotypes. Error bars show the values of LSD at P ≤ 0.05. 
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Fig. 4.5.22 Relationship between SOD (units mg-1 of proteins) and shoot Na+ (mmol g-1 
dw) of different wheat genotypes. 
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Fig. 4.5.23 Relationship between CAT (units mg-1 of proteins) and shoot Na+ (mmol g-1 
dw) of different wheat genotypes. 
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Fig. 4.5.24 Relationship between POD (units mg-1 of proteins) and shoot Na+ (mmol g-1 
dw) of different wheat genotypes. 
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Fig. 4.5.25 Relationship between shoot ash alkalinity (mmole 100g-1 dw) and shoot Na+ 

(mmol g-1 dw) of different wheat genotypes. 
 

R2 = 0.8824

0

200

400

600

800

1000

1200

1400

0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60

Root sodium (Na+) (mmol g-1 dw)

R
o

o
t 

as
h

 a
lk

al
in

it
y 

(m
m

o
l 

10
0g

-1
 

d
w

)

 
Fig. 4.5.26 Relationship between root ash alkalinity (mmole 100g-1 dw) and shoot Na+ 

(mmol g-1 dw) of different wheat genotypes. 
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Chapter 5 

SUMMARY 

Salt-affected soils have higher concentration of soluble salts or/and exchangeable Na+ 

to the extent that affects normal growth of crops. Salt-affected soils include saline, sodic and 

saline-sodic soils. These types of soils are mostly present in arid and semi arid regions of the 

globe because in such areas annual rainfall is less than evapo-transpiration. Plants face 

different types of problems due to the presence of salts. 

The studies reported in this thesis have been planned with the following objectives: 

1. To identify salinity and sodicity tolerant/sensitive wheat genotypes. 

2. To study the physiological and biochemical characteristics of the selected wheat 

genotypes. 

3. To determine the role of roots and the root mediated changes in salinity 

tolerance of wheat genotypes. 

Twenty five wheat genotypes were screened against salinity and sodicity in salt-

affected field. Different ionic parameters including leaf Na+ and Cl- showed significant 

increase in salt-affected fields whereas leaf K+ was significantly decreased. Salt tolerant 

genotypes showed significantly more K+ in their leaves as compared to salt sensitive 

genotypes. The physical growth parameters including plant height, straw and grain weight m-

1 strip, yield parameters like number of tillers plant-1, spike length, number of spikelets spike-

1, and 100 grain weight were decreased under salt-affected conditions with a higher reduction 

in the case of sensitive wheat genotypes. 

On the basis of this evaluation, tolerant and sensitive genotypes were selected and used 

for further studies. Ten selected genotypes from the first study were grown in pots with 

salinity level of 15 dS m-1. Our data regarding shoot and root fresh and dry weights along 

with their respective length, and number of tillers plant-1 showed reduction in these 

parameters under saline conditions. Salt tolerant genotypes showed more shoot and root fresh 

and dry weights. Similar results were observed in case of number of tillers plant-1. In shoot, 

the concentrations of K+ decreased, while the concentration of Na+ and Cl- increased under 
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saline conditions. Salt tolerant genotypes accumulated less Cl- and Na+, while more K+ in the 

shoot than salt sensitive genotypes. One most salt tolerant (25-SAWSN-12) and one most 

sensitive wheat genotype (25-SAWSN-8) were selected from this study for further 

characterization and investigation of the mechanisims of their contrastic behavior. This study 

confirmed the field results about the performance of selected genotypes under saline 

conditions and helped to narrow down the number of selected genotypes. 

The two selected genotypes (one sensitive and one tolerant) were exposed to 125 mM 

NaCl stress in a solution culture study to investigate their water relations and photosynthetic 

performance. The physical growth parameters like shoot and root fresh and dry weight along 

with their respective lengths, leaf area and membrane stability index (MSI) of both the 

genotypes showed significant reduction due to salinity. The tolerant genotype (25-SAWSN-

12) showed better results in all these parameters as compared to sensitive genotype (25-

SAWSN-8). The shoot and root Na+ and Cl- contents of sensitive genotype were higher as 

compared to tolerant genotype; however K+ contents of both shoot and root of tolerant 

genotype showed vice versa results. Photosynthetic parameters like photosynthetic rate, 

transpiration rate and stomatal conductance were decreased under salt stress but the decrease 

in these parameters was more pronounced in sensitive genotype as compared to tolerant 

genotype. The water relations involving water potential, osmotic potential and turgor 

potential showed different results as water and osmotic potential became more negative due 

to presence of salts in the rooting medium. These two potentials showed more negative 

values for sensitive genotype as compared to tolerant genotype, however salt tolerant 

genotype showed more turgor potential as compared to salt sensitive genotype. 

In the fourth study, the level of salinity was 125 mM NaCl but it was applied in a split 

root system and seminal and nodal roots were exposed separately to salinity. It was observed 

that the growth parameters including shoot and root (seminal and nodal) fresh and dry 

weights along with their respective lengths, and number of tillers per plant were decreased 

due to the exposure of the plants to salts. This decrease was more pronounced when both the 

roots (seminal and nodal) were exposed to salinity than the exposure of either seminal or 

nodal roots to salinity. The decrease in these growth parameters was more in 25-SAWSN-8 

as compared to 25-SAWSN-12. The Na+ and Cl- contents of shoot and both roots (seminal 
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and nodal) were increased due to salinity and this increase was higher in the sentive genotype 

as compared to the tolerant genotype. However, there was a decrease in K+ concentration of 

shoot and both roots (seminal and nodal) with the application of salinity and this decrease 

was more in sensitive as compared to tolerant genotype. 

In the final study, the effect of salt stress on antioxidant enzymes and rhizosphere 

acidification was checked. A salinity level of 125 mM was applied to the plants in a nutrient 

solution study. Like in the previous studies, a decrease in shoot and root fresh and dry 

weights along with their respective lengths were observed. The Na+ and Cl- contents of both 

the genotypes were increased whereas K+ contents were decreased in both the genotypes. The 

activity of all the three enzymes (SOD, CAT and POD) showed increased activities due to 

salt stress. The increase in the enzymatic activities was higher in 25-SAWSN-12 (tolerant 

genotype) as compared to 25-SAWSN-8 (sensitive genotype). The ash alkalinity of shoot and 

root was increased due to salts in the nutrient solution and tolerant genotype showed more 

shoot and root ash alkalinity as compared to sensitive genotype. The contents of citric acid, 

malic acid and tartaric acid were higher in the presence of salts and their concentrations 

increased in root exudates as the exposure of roots to salt stress was prolonged. The tolerant 

genotype showed more contents of these acids in its exudates as compared to the sensitive 

genotype. 

So from these studies it can be concluded that the genotype which can maintain higher 

concentration of K+ and lower concentration Na+ and Cl- tend to grow better in salt-affected 

field conditions. It is also observed that a salt tolerant wheat genotype  secrete more root 

exudates and will acidify its rhizosphere in a better way thus making the rhizosphere 

conditions favourable for itself even under unfavorable soil conditions. The enhanced 

enzymatic activity in tolerant genotype will reduce the effect of ROS on plants produced as a 

result of salt exposure. This will help the plants to cope with the deleterious effect of salinity 

on plant tissues. Therefore, the farmers should grow salt tolerant cultivars in their salt-

affected fields. This will help them to reclaim their salt-affected root zone soil by biological 

means as the rhizosphere acidification caused by salt tolerant genotypes will help to improve 

the soil for better plant growth under salt-affected conditions. The genotype 25-SAWSN-12 

is promising under salt-affected conditions, and can be recommended to the farmers and may 
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also be used by the breeders for the development of more salt tolerant wheat genotypes. This 

will help the farmers to reclaim their salt-affected rootzone soils by biological means as the 

rhizosphere acidification will help to improve the soil for better plant growth under salt-

affected conditions. 
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