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                                                                    CHAPTER 1 

GENERAL INTRODUCTION 

 

The population on the earth is about 6.3 billion and is increasing at an alalrming rate. 

According to some estimates it will be 9.0 billion by 2050. Hence demands on soil 

resources for food and fiber have been increased tremendously (Lal, 2007). Furthermore, 

the increased demographic pressure and industrialization have increased concern on 

environmental issues. The growth rate in developing country is much more than in 

developed nations. It is difficult for many of these countries to fulfill the needs of ever-

increasing population. To cope with this situation, there is a need to increase crop 

productivity either through increase in yield per unit area or by increasing area under the 

arable crops. However, most of the available good land is already under cultivation so it 

is very hard to increase area under crop production. Rather, we have to increase crop 

yield per unit area and degraded land will have to be pressed into service (Epstein, 2001). 

A number of approaches have been used to grow crops on degraded lands however; crop 

yields on these lands are seriously low compared to their yield potential. Hence use of 

these degraded lands in many cases is not economical for crop production. There is a dire 

need to develop and/or adopt strategies to increase crop yield on these degraded lands.        

 Salinization is one of the major factors for soil degradation, noxiously reducing plant 

growth and productivity worldwide. About 7 % of the world’s total area is salt affected 

(Szabolcs, 1989). The percentage of cultivated land affected by salinity is even greater, 

with 23 % of the cultivated land being saline and 20 % of the irrigated land suffering 

from secondary salinization. The situation is further aggravated through out the world 

with 10 % increase in salinization annually particularly in countries where artificial 



 12 

irrigation is essential aid to agriculture (Flowers, 2004). With the initiation and spread of 

irrigation system by British ruler in the Indo-Gangetic plains salt related problems were 

increased. Pakistan being one of the country in this region with the largest contiguous 

surface irrigation system of the world, is worst affected by soil salinization. About 40,000 

ha arable land is degraded annually due to salinity (Ghafoor et al., 2004). This is the 

region where soil resources are limited in extent per capita, fragile to natural and 

anthropogenic perturbations, and prone to degradation by the projected climate change 

and the increase in demographic pressure.  

Several chemical, physical (engineering) and biological approaches are provoked for crop 

production on such soils. Integrated use of these approaches is imperative in most 

situations due to economic and environmental limitations. Of all above approaches, 

exogenous application of nutrients has gained a considerable ground as a shotgun 

approach to ameliorate the adverse effects of salt stress (Raza et al., 2006). The adverse 

effects of salt were ameliorated with an exogenous application of K in wheat (Akram et 

al., 2007), Ca in bean (Awada et al., 1995), and N in Phaseolus vulgaris (Wagenet et al., 

1983). Furthermore, some beneficial mineral nutrients also significantly counteract 

adverse effects of salt stress. 

Silicon is a beneficial element for plant growth, which means it brings significant benefits to 

any type of plant at any stage of growth. Si has not yet been widely accepted among the 

essential elements for higher plants despite its higher accumulation in plants. The role of 

Si in plant biology is poorly understood and lacks a direct evidence that it is a part of 

plant composition or enzymes (Epstein, 1999). However, there is an increasing body of 

evidence showing that Si is beneficial for the growth of many higher plants, especially 
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under  abiotic (e.g. salt and heavy metal toxicity) and biotic stresses (e.g. plant diseases 

and pests) (Liang et al., 2003 and Ma et al., 2004). The exogenous application of Si 

enhanced the growth of higher plants under salt stress especially of graminaceous family 

(Matoh et al., 1986; Liang et al., 2003). A number of possible mechanisms are proposed 

through which Si may increase salinity tolerance in higher plants. Based on these 

mechanisms , Si improved water status under salt stress (Romero et al., 2006), increased 

photosynthetic activity and ultra structure of leaf organelles (Shu & Liu., 2001), 

stimulated antioxidant system (Zhu et al., 2004) & immobilized of toxic Na ion (Liang et 

al., 2003). Liang et al ., (2005) reported a significant increase in K uptake and decrease in 

Na uptake under salt stress, they considered this process as a major mechanism of salinity 

tolerance in most higher plants. They also observed an increased activity of plasma 

membrane H-ATPase when Si was included in the growth medium.  

In general, gramineous plants accumulate much more Si in their tissues than other species 

(Matichenkov and Kosobrukhov, 2004). Wheat a member of Gramineous family and a 

major staple diet of most Pakistanis, is grown on an area of 8447.9 thousands hectares 

with an average yield of 21276.9 thousands tones. It contributes 14.4 percent value added 

in agriculture and 3.0 percent to G.D.P of the country (GOP, 2007). Wheat is categorized 

as salt sensitive plant that is widely cultivated both under irrigated and rain-fed 

conditions throughout the globe (Xue et al., 2004). Yield losses upto 45% in wheat have 

been reported due to salinity stress in Pakistan (Qureshi and Barrett-Lennard, 1998). 

Wheat genotypes differed significantly in salinity tolerance (Munns, 2002; Flowers, 2003 

& Saqib et al., 2005). These variations can be exploited to develop more salt tolerant 

genotypes.             
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Keeping in view the hazardous effect of salinity and importance of wheat in developing 

country like Pakistan, we planned present research that encompasses a series of 

hydroponic, pot culture and field experiments to achieve the following objectives;  

1-To explore genetic variations among wheat genotypes for salt tolerance   

2- To evaluate positive role of Si application to enhance salt tolerance in wheat.  

3- To identify the physiological mechanism by which Si mediated salt toxicity in wheat  
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CHAPTER 2 

 

REVIEW OF LITERATURE 

A reasonable amount of literature exists which suggests that Si has beneficial effects on 

plants under saline conditions. Research work reported by different investigators around 

the world regarding reduction of salt toxicity by Si application among higher plants 

especially in wheat is reviewed in the following pages:  

2.1 Silicon: Importance and Problem 

 

The element silicon (Si) represents an anomaly in plant physiology. It occurs in two 

major forms: silica and oxides of silicon and both types exist in crystalline and/or 

amorphous forms such as quartz, flint, stand-stone, opal and diatomaceous earth’s 

silicates (Datnoff et al., 2001). In the soil solution silicon mainly occurs as silicic acid 

(0.1-0.6 mM) and plants absorb most of Si in monosilicic acid form from the soil solution 

through transpiration stream. When silicic acid is concentrated over a critical level of (~ 

100 ppm at biological pH), it polymerizes as phytoliths (SiO2.nH2O) bodies, which 

constitutes the bulk of a plant’s Si content (Exley, 1998).  

As a consequence, all plants rooting in soil contain significant silicon content in their 

tissues (Ma et al., 2006). Most of Si is deposited in cell wall material as a polymer of 

hydrated amorphous silica, forming silica-cuticle double layers and silica cellulose 

double layer on the surfaces of leaves and stem (Raven, 2001). The leaf edges and awns 

of plants grown in Si-deprived environment are smooth, but those that are Si-replete are 

quite rough due to deposition of solid, amporhphous silica or opal phytoliths (Deren, 

2001). 
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 Despite Si being ubiquitous and prominent constitute of plants it is still widely not 

recognized as an essential element for plant growth. Its roles in plant biology are poorly 

understood and lack a direct evidence that it is a part of plant constitutes or enzymes. In 

addition most terrestrial plants complete vegetative and reproductive growth in silicon 

deprived growth medium (Epstein, 2001). The situation is exacerbated by the continued 

reliance on a badly flawed old definition of essentiality due to which Si does not qualify 

as an essential element. Now a days the definition of essentiality has been criticized and a 

new one has been devised by Epstein and Bloom in (2003). According to the new 

definition: An element is essential if it fulfills either one or both of two criteria, viz; first 

the element is part of a molecule which is an intrinsic component of the structure or 

metabolism of the plant, and second the plant can be severely deficient in the element that 

it exhibits abnormalities in growth, development, or reproduction, i.e. performance, 

compared to plants with a lower deficiency. According to this new definition, Si is an 

essential element for higher plants because Si deficiency causes various abnormalities in 

the plant. Si-deprived plants are, widely different from Si-replete plants in a) chemical 

composition, b) structural features, c) mechanical strength, d) various aspects of growth 

especially yield, e) enzymes activities, f) disease & pest resistance, g) metal toxicity, h) 

salt & drought tolerance and probably others features (Epstein, 2001). 

   The role of Si in plant growth and development was mostly overlooked until the 

beginning of the 20th century. Due to abundance of the element in nature and because 

visible symptoms of either Si deficiency or toxicity are not apparent. Despite being the 

quantitatively major inorganic constitute of plants and its abundance in nature, the most 

plant physiologist ignored the positive effects of Si on plant body as Si is biologically un 
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reactive element in soil plant system (Richmond and Sussman, 2003). However, repeated 

cropping and the constant application of chemical fertilizers such as nitrogen, phosphorus 

and potassium have depleted the Si that is available to plants in soil. An awareness of Si 

deficiency in soil is now recognized as being a limiting factor for crop production, 

particularly in highly weathered soils, Oxisols and low base saturation Ultisols soil orders 

(Datnoff, 2004).  

However, not much is known about the role of Si on the growth of plants that are grown 

on selectively young, high base saturation Aridisols soil order which are relatively less Si 

depleted. But ample evidence exists about the deficiency of Si in the Aridisol soil order 

found in Pakistan. Present research is an attempt to evaluate the beneficisl role of Si in 

wheat under salt stress in Aridisols . 

2.2 Salinity and Crop Productivity  

Salinity is major noxious environmental factor that poses a major threat to crop 

productivity mainly in arid ad semiarid region of the world (Munns, 2005). Wheat is an 

important cereal crop of this region whose growth and yield is severely affected due to 

salt stress. Soil salinity reduces plant growth by perturbing different biochemical and 

physiological processes (Zeng and Shannon, 2000). The salts taken up by plants reduce 

their growth by affecting turgor, photosynthesis and enzymes activities (Munns, 1993). 

Meinzer et al. (1994) reported that decreased plant growth under salinity could be 

attributed to reduced photosynthetic efficiency and occurrence of certain specific changes 

in the leaf. Increased salinity had an inverse relationship with stomatal conductance and 

net photosynthetic rate leading to reduced photosynthetic assimilation (Rozeff, 1995; 

Lingle and Weigand, 1997). According to Cheesman (1988) reported when plant roots 
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were exposed to saline rooting medium, the cell turgor pressure decreased and stomata 

were closed which resulted in decreased photosynthesis. The reduction in photosynthesis 

under salinity could also be attributed to decrease in chlorophyll content. Another 

possible factor contributing to decreased photosynthesis under saline conditions is the 

inhibitory effect of salt stress on the translocation and assimilation of photosynthetic 

products. Long and Baker (1986) also reported that the decline in crop productivity 

observed for many plant species subjected to excess salinity was often associated with the 

reduction in photosynthetic capacity. Salinity reduced growth in radish (Raphanus sativus 

L.) at high salinity level was attributed to a reduction in leaf area expansion and hence a 

lower light interception (Marcelis and Hooijdonk, 1999).  

         According to Javid et al. (2000), The anatomical changes at leaf level induced by 

salinity are smaller leaves, reduced stomatal frequency and changes in the mesophyll 

area. All these factors exhibited a close relationship with each other and hence all of them 

played a drastic role in reduction of growth and productivity under salt stress. Salinity 

may affect cell division and expansion directly due to decreased turgor in the cell 

expansion zone of growing leaves and caused a damaging effect on plant growth 

(Greenway and Munns, 1980). Prolonged exposure of plants to NaCl induced shrinkage 

and even complete distortion of chloroplast. Moreover, NaCl caused plasmolysis and 

breakage of plasmodesmata of leaf cells. The major mechanism by which salinity 

significantly reduced the growth and yield of wheat is discuss in next pages. 

2.3 Mechanisms of Growth Reduction under Salt Stress 

 

       Increased soil salinity has been taken as a noxious factor for most of the glycophytes 

like wheat . It induces specific changes at cell, tissue and organ levels. These changes are 
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morphological and anatomical in nature (Cheesman, 1988; Shannon, 1997; Sairam and 

Tyagi, 2004; Flowers, 2004). Grattan and Grieve (1999) reported that under saline 

conditions, soils contained high ratios of Na
+
:Ca

+2
, Na+:K+, Ca

2+:
Mg

2+
 and Cl-:NO

3-
 

which caused reduction in plant growth due to specific ion toxicities and ionic 

imbalances and acted on physiological and metabolic components of plant growth 

processes. Major mechanisms responsible for reduction in plant growth under salt stress 

are: 

 Specific ion toxicity 

 Osmotic stress 

 Nutritional imbalance 

 Oxidative stress   

2.3.1 Specific Ion Toxicity  

 

       Specific ion toxicity, the result of excessive uptake of certain ions (Na
+
 and Cl

-
) is 

the primary cause of growth reduction under salt stress (Chinnusamy et al., 2005). 

According to Jacoby (1993) long term inhibition of growth under salinity stress might be 

more a consequence of ion toxicity than negative water status. Although the rate of 

canopy development and final size were an outcome of leaf and stem extension-growth. It 

had been shown that leaf injury and loss due to excess salt accumulation might be an 

important factor controlling the active size of canopy (Francois and Maas, 1993). 

Accumulation of Na+ and Cl- to toxic levels in leaves interfered with the metabolic 

processes going on in cytoplasm and retarded the growth and development of wheat 

plants. 
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         Ion cytotoxicity caused by the replacement of K
+ 

with Na
+
 in biochemical reactions 

and conformational changes and loss of function of proteins as Na
+
 and Cl

-
 ions 

penetrated the hydration shells and interfered with non-covalent interaction between their 

amino acids. Dionisiosese and Tobita (2000) reported that increased concentration of Na+ 

under saline conditions suppressed the leaf gas exchange and PS II photochemical 

activity and consequently hampered the growth and development of plants. 

2.3.2 Osmotic Stress 

         Presence of excessive salts in soil solution reduced the ability of plants to take up 

water that lead to slower plant growth (Munns et al., 2006). The excess salts reduce plant 

growth primarily because these bulk salts increase the utilization of energy that the plant 

must use to acquire water from the soil and to make biochemical adjustments. This 

energy is diverted from the processes that lead to reduced growth and yield of plants 

(Akram et al., 2002). Grattan and Grieve (1999) reported that reduction in dry matter 

yield under salt stress could be attributed to inadequacy of nutrients present in growth 

media or the decrease in water entry rate into the plants under saline conditions. 

Consequently, less water was taken up by the roots and transported into shoot for various 

physiological and metabolic processes (Lopez and Satti, 1996). This ultimately resulted 

in reduced growth and development of plant under saline conditions. Plaut et al. (2000) 

described that higher salinity tolerance of sugarcane genotype, H 69-8235, could be 

interpreted on the basis of its hydraulic conductivity resulting in higher transpiration rate, 

not associated with lower leaf water potential. An efficient exclusion of Na+ from leaves 

and the transport of other ions to the leaves could assist in their osmotic adjustment. 

Saqib et al., (2004) stated that reduced growth in wheat under saline conditions was 
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largely due to the loss of turgor  which resulted in reduced gas exchange and 

photosynthesis and in turn had detrimental effects on cell division and elongation.  

2.3.3 Nutritional Imbalance 

         Crop performance may adversely be affected by salinity induced nutritional 

imbalances (Grattan and Grieve, 1994; Rogers et al., 2003; Hu and Schmidhalter, 2005). 

These imbalances may result from the effect of salinity on nutrient availability, 

competitive uptake, transport and/or partitioning within the plant that may be caused by 

physiological inactivation of a given nutrient resulting in an increased plant’s internal 

requirement for that essential element (Marschner, 1995). It is reasonable to believe that 

one or more of these processes may occur at the same time, but whether they ultimately 

affect crop yield or quality depends on salinity level, composition of salts, the crop 

species, the nutrient in question and a number of environmental factors (Grattan and 

Grieve, 1999).  

         Interactive effects between Na
+
 and NH4

+
 and/or between Cl

-
 and NO

3- 
decreased 

nitrogen uptake under saline conditions that ultimately reduced the growth and yield of 

the crop (Rozeff, 1995). A number of laboratory and greenhouse studies have shown that 

salinity could reduce N accumulation in plants (Passarakli and Tucker, 1988; Feigin et al, 

1991; Subasinghe, 2006). Many attribute this reduction to Cl
-
 antagonism of NO

3-
 uptake 

(Feigin et al, 1987; Bar et al., 1997) while others attribute this to reduced water uptake 

under saline conditions (Lea-Cox and Syvertsen, 1993). Phosphate availability was 

reduced in saline soils not only because of ionic strength effects that reduced the activity 

of phosphate but also because of phosphate concentrations in soil solution were tightly 

controlled by sorption processes and by low solubility of Ca-P minerals. Therefore, it is 
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understandable that phosphate concentration in field grown agronomic crops decreased as 

salinity increased (Sharpley et al., 1992; Qadir and Schubert, 2002). In many cases, tissue 

P concentration was reduced by  20 to 50%, yet there was no evidence of P deficiency in 

the crops. Under saline conditions, high levels of external Na+ not only interfered with 

K
+
 acquisition by the roots, but also may disrupt the integrity of root membranes and 

altered their selectivity. Numerous studies with wide variety of crops had shown that K
+
 

concentration in plant tissues, expressed on dry matter basis, declined as the Na-salinity 

or as the Na
+
/Ca

2+
 in the root media increased (Asch et al., 2000; Hu and Schmidhalter, 

2005). High Na
+
 concentration in the external solution caused a decrease in both K

+
 and 

Ca
2+

 concentrations in the tissues of many plant species (Hu and Schmidhalter, 1997). 

These decreases could be due to the antagonism of Na+ and K+ at uptake sites in the 

roots, the effect of Na
+
 on K

+
 transport into xylem (Lynch and Lauchli, 1984) or the 

inhibition of uptake processes (Suhayda et al., 1990). 

         A recent review (Hu and Schmidhalter, 2005) summarized the research on Na
+
/Ca

2+
 

interactions under salinity stress from physiological prospective indicated reduced Ca
2+

 

availability in the presence of salinity. Because Na
+
 readily displaced Ca

2+
 from its extra 

cellular binding sites, Ca
2+

 availability could be seriously reduced under salinity 

especially at low Ca
2+

/Na
+
 ratio (Cramer et al., 1988). Furthermore, the decreased uptake 

of Ca
2+

 under saline conditions might be due to its precipitation and the increase in ionic 

strength that reduced its activity. Calcium deficiency could impair the activity and the 

integrity of cell membrane and permitted the passive accumulation of Na
+
 in plant 

tissues. In addition, the low Ca
2+

/Na
+
 ratio in saline media played a significant role in 

inhibiting the plant growth as well as causing significant changes in morphology and 
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anatomy of plants (Cakmak, 2005). A study by Hu and Schmidhalter (1997) revealed that 

Mg
2+

 concentration decreased in wheat leaves reduced under saline conditions. 

         The availability of micronutrients in saline soils depends on the solubility of 

micronutrients, the pH and redox potantial of the soil solution and the nature of binding 

sites on the organic and inorganic particle surfaces. Thus, salinity can differently affect 

the micronutrient concentrations in plants depending upon crop species and salinity level 

(Oertli, 1991). Zhu et al. (2004) reported that micronutrient deficiencies are very 

common under salt stress owing to high pH.  

2.3.4 Oxidative Stress 

 

       Salt stress, in addition to osmotic stress and ion toxicity, also manifests itself as an 

oxidative stress, and all these factors contribute to its deleterious effects (Comba et al., 

1998; Hernadez and Almansa, 2002; Vranova et al., 2002). Salt stress caused stomatal 

closure, which reduced the CO2/O2 ratio in leaves and inhibited CO2 fixation. These 

conditions increased the rate of reactive oxygen species (ROS) like superoxide radical 

(O2), hydrogen peroxide (H2O2), hydroxyl radical (OH) and singlet oxygen (1O2) which 

are inevitably generated naturally via a number of cell metabolic pathways (Becana et al., 

2000; Kanazawa et al., 2000) such as photosynthesis, photorespiration (Foyer and 

Noctor, 2000), fatty acid oxidation and senescence (Vitoria et al., 2001). Reactive oxygen 

species had the potential to interact non-specifically with many cellular components, 

triggering peroxidative reactions and causing significant damage to membrane and other 

essential macro-molecules such as photosynthetic pigments, proteins, nucleic acids and 

lipids (Foyer et al., 1994; Lin and Kao, 2000) via enhanced leakage of electrons to 

oxygen (Sharma et al., 2005). Under normal conditions, up to 20% of the total 
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photosynthetic electron flux is transferred to molecular O2, forming O2 and other O2 

species (Robinson, 1988; Kanazawa et al., 2000; Cakmak, 2000). When utilization of 

light energy into CO2 fixation is limited under salt stress, the electron flux to O2 is 

intensified, resulting in a large accumulation of ROS in chloroplast. Under these 

conditions, excitation energy is also transferred to O2 to form highly toxic 1O2 (Wise, 

1995; Cakmak, 2000; Choi et al., 2002). Shalata and Tal (1998) reported that an 

unfortunate consequence of salinity stress in plants is the excessive generation of ROS. 

The excess production of ROS under salinity stress resulted from impaired electron 

transport processes in chloroplast and mitochondria as well as from pathways such 

photorespiration causing membrane damage and chlorophyll degradation and responsible 

for the development of leaf chlorosis and necrosis (Choi et al., 2002). 

 

 

 

 

 

2.4 Approaches to Improve Salt Tolerance 

 

         Various approaches such as introduction of genes for salt tolerance into adopted 

genotypes, screening of large international collections, detailed field trials of selected 

genotypes, conventional and non-conventional breeding methods and adequate regulation 

of mineral nutrients have been employed to improve salt tolerance in plants (Munns et al., 

2006).  
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During last decade saline agriculture and exogenous application of mineral elements 

especially silicon has been professed as cost effective approach to alleviate salinity stress 

in cereal crops like wheat. Certain cereal crops especially from Gramineae and 

Cyperaceae families accumulate large amounts of Si (Mitani and Ma, 2005) and Si 

application to these crops ensured better growth. Being the member of Gramineae family, 

wheat is also considered as Si accumulator. Wheat is the major staple food of the 

population of Pakistan (Richmond & Sussman, 2003) and is categorized as salt sensitive 

glycophte, salt stress reduced the vegetative and reproductive stage of wheat (Zhe eat al., 

2004). In addition, Si is the only element that does not damage plants when accumulated 

in excess due to its properties of un-dissociation at physiological pH and polymerization 

(Ma et al., 2001). The effects are usually expressed more clearly when plants are under 

various abiotic and biotic stresses (Takashi and Ma., 1999; Epstein, 1999). Beneficial 

effects are more obvious in plants that accumulate Si in their shoots. Use of Si against 

salt stress in agriculture is cost effective and environmental friendly tool against salt 

stress.Silicon is also known to ameliorate the salt stress in higher plants. The ameliorative 

effect of silicon may be due its hydrophilic nature.  Different mechanisms by which Si 

mediates salinity tolerance in plants are proposed and described below:  

2.4.1 Silicon Alleviates Salt Stress by Improving Water Status of Plants  

 

Under salt stress, plants must cope with the corresponding water stress imposed by the 

low external water potential, and with ion toxicity, due to accumulation of Na and Cl 

inside the plant body (Romero-Aranda et al., 2001). Saline ions are continuously 

transported to the aboveground plant by transpirational flow, inducing deleterious effects 

in the tissues when the saline ions content reaches a toxic threshold. Any factor that can 
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retard to attain the toxic threshold is important to increase tolerance to salinity. The 

ability of plant to retain water under saline growth condition can improve tissue tolerance 

by mitigating an excessive ion concentration by a dilution effect (Cuartero et al., 1992). 

Silicon due to its hydrophilic nature helps plants to withstand salt toxicity by affecting the 

water economy of the plant. Supply of Si could improve plant water status by reducing 

the osmotic effect of salinity on plant water uptake, plant water storage or plant water 

losses.  

The high leaf area recorded in salinized plants treated with Si suggest that in addition to 

benefits of Si to keep/store water and to increase cell turgor, Si could be involved in cell 

wall to expand and consequently enhance cell enlargement. Badubry and Ahmad (1990) 

reported in Prosopis Juliflora that plants  growing in saline soil and irrigated with 260 

mM NaCl  in the presences of Si had a significantly greater leaf weight ratio (LWR) and 

lower values of specific leaf area (SLA) compared to salinized plants in the absence of Si. 

This indicated that the salinized plants treated with Si had a lower fraction of their whole 

plant dry weight as leaves and that leaves were small and thick as compared to plants 

irrigated with 260 mM NaCl in the absence of Si. The reduced surface area of these 

plants may have a beneficial effect on salinity tolerance by reducing the transpiration loss 

of water.      

In Loblolly Pine reported by Ahmad et al., 1992. The increase in the symplastic water 

volume in seedlings grown under salt stress with Si application in the growth medium, 

with concomitant promotion in dry biomass production as a function of increased water 

influx. (Romero et al., 2006) Leaf turgor potential and net photosynthesis rates were up to 



 27 

42 and 20 % higher in salt stressed plants supplied with Si than in salinised plants grown 

in Si free solution.  

The plant water content was also reduced by 54 % in tomato plants. Supply of Si to non-

salinized plants did not significantly change the plant water content. However, when 

salinized plants were treated with Si, their plant water content increased by 40 %. Also 

plants treated with NaCl plus Si showed values of turgor potential 42 % higher than those 

plants treated only with NaCl (Romero et al., 2006).    

Water use efficiency estimated as the ratio between net CO2 assimilation and 

transpiration rates was reduced by salt stress. However, salt stressed plants treated with Si 

showed values of WUE 17 % higher than those of salinized plants that were not treated 

with Si. 

It can be concluded that Si improves the water storage within plant tissues, which allows 

a higher growth rate that, in turn, contributes to salt dilution into plants, mitigating salt 

toxicity effect to some extent.     

 

 

 

 

2.4.2 Si Combating Salt Stress in Plants by Influencing K:Na  

 

Inhibition of sodium influx, active Na efflux and compartmentation of Na in the vacuole 

has been proposed as mechanism of salt tolerance in plants (Marscner, 1995). Inclusion 

of Si under salt stress partially alleviated the salinity stress. Ma et al., (2001) working on 

corn roots, suggested that amelioration of Na toxicity was due to the formation of Na and 

Si complexes in solution rather than any physiological effect of Si on the plant. They 

found that the concentration of toxic Na was reduced in the presence of Si and the 
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decease in toxic Na level was paralleled by an increase in root elongation. Moth et al. 

(1986) reported that Si ameliorate Na toxicity not only by decreasing the activity of free 

Na in solution, but also reducing the internal toxicity of Na in plants, thus reducing their 

transportation to the aerial parts of the plant. They found that the contents of Na in the 

rice shoot were nearly half those in the shoots of plants which did not receive soluble 

silicates in their growth medium. Liang et al. (1996) found in two contrasting barley 

cultivars: Kepin No.7 (salt sensitive), and Jian 4 (salt tolerant) that addition of Si reduced 

sodium but increase potassium concentration in shoots and roots of salt stressed barley. 

Sodium uptake and transport into shoots from roots was greatly inhibited by added Si 

under salt stress conditions. However, Si addition exhibited little effect on calcium 

concentrations in shoots of salt-stressed barley. Thus, Si-enhanced salt tolerance is 

attributed to selective uptake and transport of potassium and sodium by plants. It is 

known that a high proportion of Na taken up into plant roots remains in the apoplast, and 

this comprises as much as 85-90 % of the total in some species. Gong et al. ( 2006) 

reported in rice that silicon deposition in exodermis and endoderemis reduces sodium 

uptake through a reduction in apoplastic transport across the root . One of the possible 

mechanism for the detoxification of Na by Si in plants is co-precipitation of the two 

elements in roots. Transportation of Na from cytoplasm into the vacuole via the tonoplast 

vacuole Na/H antiport is an important mechanism of salt tolerance in plants. The  H-ATP 

ase on the tonoplast, coupled with H-ppase  is a principal source of H-electrochemical 

potential gradient, which provides the driving force for such energy dependent antiports 

(Blumwald,2000).  Liang et al. (2003) observed that in barley plants root  plasma 

membrane H-ATP ase  activity was significantly stimulated by the inclusion of Si which 
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was severely inhibited by salt stress. This increased activity of H-ATPase that 

subsequently enhanced the uptake and translocation of K and diminishing the uptake of 

Na. The Si- induced enhancement of H-ATP ase and H-ppase activity in tonoplast of 

roots of barley under salt stress may facilitate the compartmentation of Na into the 

vacuole through tonoplast Na/H antiport movement. Thus they concluded that Si addition 

reduced sodium but increased potassium concentration in shoots of salt stressed plants, 

thus increasing the K/Na selectivity ratio in the shoots of plants under salt stress.  In a 

green house experiment (Zuccarini , 2008) reported that silicon application enhanced 

growth of salt stressed plants , significantly reduced Na content especially in leaves and 

counterbalanced the effect of NaCl on gas exchange.The drop in K content caused by 

salinity was partially counterbalanced by silicon, especially in roots. But Cl content in 

shoot and root was not significantly modified by silicon application. 

 

 

 

 

2.4.3 Si Response to Metabolic and Physiological Changes in Plants under 

 Salt Stress 
Stress conditions favour the accumulation of reactive oxygen species (ROS), such as 

superoxide radicals (O
-
2), hydroxyl radicals (OH

–
) and hydrogen peroxide (H2O2).  ROS 

are strong oxidizing species that cause oxidative damage to biomolecules such as lipids 

and proteins, and eventually lead to cell death (Mittler, 2002). It is well known that free 

radicals induced peroxidation of lipids of membranes is a reflection of stress-induced 

damage at the cellular level (Jian et al., 2001). Enhanced production of oxygen free 

radicals is responsible for stress-dependent per oxidation of membrane lipids. Increasing 

evidence exist that plasma membrane injury induced by salt stress is related to an 
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increase in production of highly toxic free radicals.Under salt stress, both SOD 

(superoxide dismutase) and catalase (CAT) activities decline in plants (Halliwell and 

Gutteridge, (1999) and malondialdehyde (MDA), the product of peroxidation of 

membrane lipids, accumulates rapidly which results in an increase in permeability of 

plasma membranes. Therefore, the level of MDA, produced during peroxidation of 

membrane lipids, is often used as an indicator of oxidative damage. The plants posses 

two defense system to combat stress environment. First is antioxidant defense system in 

the plant cell includes both enzymatic antioxidants such as superoxide dismutase (SOD ), 

catalase (CAT) and  ascorbate peroxidase (APX), and second non-enzymatic antioxidants 

such as ascorbate, glutathione and a-tocopherol.  Al-Aghabary et al.(2004) observed in 

tomato plants that salt stress decreased soluble protein content and activities of  SOD and  

CAT in the leaves. However addition of Si partially offset the negative impacts of NaCl 

stress with eventuall raise in SOD and CAT activities, chlorophyll content, and 

photochemical efficiency of PSII under salt stress. In contrast, salt stress slightly 

promoted APx activity and considerably increased H2O2 level and MDA concentration 

and Si addition slightly decreased APx activity and significantly reduced H2O2 level and 

MDA concentration in the leaves of salt-treated plants. Zhu et al. (2004) in cumber plants 

reported that addition of one mM Si under 50 mM NaCl toxicity significantly decreased 

ELP (electrolytic leakage percentage), LPO (lipidPeroxidation), H2O2 (hydrogen 

peroxide) and TBARS (thiobarbituric acid reactive substances) content. But there was 

significantly were enhanced activities of SOD (superoxide dismutase), GPX (guaiacol 

peroxidase), APX (ascorbate peroxides), DHAR (dehydroascorbate reductase) and GR 

(glutathione reductase) in salt stressed leaves. It can be concluded that higher activities of 
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SOD, GPX, APX, DHAR and GR in salt stressed leaves induced by Si addition may 

protect plant tisssuees from membrane oxidative damage under salt stress, thus mitigating 

salt toxicity and improving the growth of cumcumber plants.            

Gunes et al. (2007) reported that in spinach and tomato crops grown on sodic–B toxic soil 

that Si amendment in the growth medium decreased salt- induced production of H2O2 and 

improved the chlorophyll content, ribulose bisphosphate carboxylase activity and 

photosynthetic activity of leaf cell organelles under salt stress. Si enhanced the stability 

of lipids in cell membranes and prevented the structural and functional deterioration of 

cell membranes under environmental stress. Thus it was suggested that Si is involved in 

the metabolic or physiological changes in plants under salt stress. 
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CHAPTER 3, STUDY I 

 

EXOGENOUS APPLICATOIN OF SILICON ENHANCED SALINITY 

TOLERANCE IN WHEAT (Triticum aestivum L.) GENOTYPES 

GROWN IN HYDROPONICS 

 
3.1 ABSTRACT 

Silicon (Si) is known to increase salinity tolerance in higher plants. I investigated the role 

of Si in alleviating salinity tolerance in five wheat genotypes (Inqlab-91, Auqab 2000, 

SARC-1, SARC-3, and SARC-5). Wheat genotypes were grown with three levels of 

salinity viz; 0, 60 and 120 mM NaCl in the presence of 0, 2 and 4 mM Si (as potassium 

silicate) in nutrient solution for 40 days. Salinity stress significantly decreased shoot and 

root biomass in all of the genotypes with varying degrees. Wheat genotype SARC-3 

performed better with regards to shoot and root biomass compared to other genotypes and 

showed higher salt tolerance. Sodium (Na) concentration in shoots and roots was 

significantly increased in all of the genotypes as salinity level was increased in growth 

medium. Silicon application significantly (p<0.05) increased plant biomass both in the 

control as well as in saline growth environment. However, increase in biomass was more 

under saline conditions than in normal nutrient solution. Genotypes differed significantly 

for their response to applied Si in terms of biomass production. Silicon application 

significantly (p<0.01) increased K concentration in all of the genotypes; however the 

increase was much pronounced under salt stress. Potassium: sodium ratio was 

significantly (p<0.05) increased as Si was applied in the growth medium. Enhanced 
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salinity tolerance in wheat by Si application was attributed to increased K uptake thereby 

increasing K/Na ratio and lower Na translocation towards shoot (Sodium exclusion at 

root level).  

 

3.2 . INTRODUCTION 

Soil salinity is a serious agricultural and environmental problem affecting crop 

production. Excess of soluble salts in root zone adversely affect plant growth and yield 

through osmotic effects, nutritional imbalances and specific ion toxicities (Grattan and 

Grieve, 1999; Munns, 2005; Tahir et al., 2006) resulting from accumulation of Na
+
 and 

Cl
-
 ions in the plant tissues (Saqib et al., 2004, 2005; Munns, et al., 2006; Jaleel et al., 

2007a; Manivannan et al., 2008). High Na
+
 disturbs potassium (K

+
) nutrition and inhibits 

activities of many enzymes (Jaleel et al., 2007b). 

 Wheat, a major cereal crop of Pakistan, is categorized as a moderately glycophyte plant, 

is severely affected by salinity stress (Zhu, 2003). Yield losses up to 45% have been 

reported due to salinity in wheat (Qureshi and Barrett-Lennard, 1998). Approximately 6.3 

million hectares of agricultural land in Pakistan is salt affected (Ghafoor et al., 2004). 

Hence sustaining wheat production is imperative for Pakistan to feed her ever rising 

population as average per hectare yield of wheat in the country is seriously low (<1200 

kg  acre
-1

) compared to its yield potential. Wheat adaptation to salinity is crucial to ensure 

food security in Pakistan where there is little opportunity to acquire new arable land 

under wheat cultivation. Thus there is a dire need to study and increase salinity tolerance 

mechanism of local wheat genotypes.  

A number of adaptive mechanisms have been reported in various plant species to prevent 

accumulation of Na
+
 ion in plant tissues. These mechanisms include ion exclusion, ion 
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inclusion, ion uptake selectivity, ion compartmentation and ion homeostasis etc 

(Marschner, 1995; Saqib et al., 2005; Tahir et al., 2006).  Species and cultivars within 

species differ in one or more of these mechanisms hence may differ in salinity tolerance 

(Luo et al., 2005; Saqib et al., 2005; Tahir et al., 2006; Khan and Panda, 2008). Saqib et 

al. (2004; 2005) have reported significant variations among wheat cultivars for salinity 

tolerance. Salt tolerant plants accumulate less Na than salt sensitive plants, which 

maintains the ion balance within plant tissues. Exploitation of genetic variations among 

wheat genotypes can sustain its production through development of more salt resistant 

wheat genotypes (Tahir et al., 2006).  

Silicon has not been considered as essential nutrient for higher plants, however, 

numerous studies have demonstrated that Si application significantly increased plant 

growth under normal and stress condition including both biotic and abiotic stresses (Aziz 

et al., 2001; Rodrigues et al., 2003; Ma, 2004; Liang et al.,  2003; 2005; Tahir et al., 

2006). The exogenous application of Si enhanced the growth of higher plants 

 Under salt stress especially of graminaceous family (Liang et al., 2003; Liang et al., 

2005; Tahir et al., 2006). A number of possible mechanisms are proposed through which 

Si may increase salinity tolerance in plants (Liang et al., 2007) including improved plant 

water status (Romero et al., 2006), increased  photosynthetic activity and ultra structure 

of leaf organelles (Shu and Liu., 2001), stimulation of  antioxidant system (Zhu et al., 

2004), immobilization of toxic sodium ion (Liang et al., 2003), reduced Na  uptake in 

plants and enhanced K uptake (Yeo et al., 1999; Liang et al., 2005; Tahir et al., 2006). 

 The primary objective of present experiment was to study genetic variations in salinity 

tolerance among commonly grown local wheat genotypes. The second objective was to 
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study beneficial effects of Si on salinity tolerance of wheat genotypes. It was 

hypothesized that wheat genotypes differing in salinity tolerance would respond 

differently to applied Si. 

 

3.3 MATERIALS AND METHODS 

 

3.3.1 Plant Growth 

The experiment was conducted at rain protected wire house at Institute of Soil & 

Environmental Sciences, University of Agriculture, Faisalabad. Average temperatures in 

the wire house were 20+5 
o
C at different times of day and 12+3 

o
C at night during the 

experimental period. Relative humidity dropped to 50% at midday and increased to 85% 

at mid night. Light intensity varied between 300 and 1400 μmol photon m
-2

 S
-1

 depending 

upon the day and cloud conditions. Seeds of five wheat genotypes (Inqalab-91, Auqab-

2000, SARC-1, SARC-3 and SARC-5) were germinated in pre-washed riverbed sand 

taken in polyethylene lined iron trays. Optimum moisture content for seed germination 

and seedling establishment was maintained with distilled water. Two week old uniform 

wheat seedlings were transplanted in nutrient solution. The nutrient solution contained 6 

mM N, 3 mM K, 0.2 mM P. 2mM Ca, 1mM Mg, 50 μM Cl, 25 μM B, 2 μM Mn, 2μM 

Zn, 1 μM Cu, 0.05 μM Mo and 50 μM Fe. There were three levels of NaCl (control, 60 

and 120 mM Na) and three levels of Si (viz; 0, 2 and 4 mM Si as potassium silicate). The 

salinity level in the solution was increased in three equal splits. The experiment was laid 

out according to completely randomized design (CRD) with six replicates (Steel et al., 

1996). The plants were harvested 40 d after transplanting. The harvested plants were 

separated into shoot and root before drying them to a constant weight at 70 
o
C in a 
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forced-air oven for their dry matter yield. The dried samples were ground in a Wiley mill 

fitted with stainless steel chamber to fine powder and mixed thoroughly. Samples (0.20 

g) were digested in 50 % NaOH and 50% H2O2 in open vessels (Teflon beakers) on a hot 

plate at 150ºC for 2h. The digest was used for Si estimation by the colorimetric 

molybdenum blue method (Elliot and Snyder, 1991). To 1ml of supernatant filtrate 

liquid, 25 ml of 20% acetic acid, 10 ml of ammonium moblybdate (54g/L) solution was 

added in 50 ml of polypropylene volumetric flask. After 5 minutes, 5 ml of 20% tartaric 

acid and 1 ml of reducing solution was added in flask and volume was made with 20% 

citric acid. After half hour, the absorbance was measured at 650 nm with a 

spectrophotometer (Shimadzu, Japan). The reducing agent was prepared by dissolving 1 

g Na2SO3, 0.5 g 1 amino-2-naphthol-4-sulfonic acid and 30 g NaHSO3 in 200 ml water 

(Elliott and Synder, 1991). 
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3.3.2 Statistical Analysis 

The data was analyzed statistically using PC based program MStat-C (Michigan State 

University, 1996) and Microsoft Excell®. Comparison among different means of 

genotypes, salinity and Si were made by DMR test at 5% probability. 

 

3.4. Results  

 

 

 

Inqalab-91 

 

 

 

Auqab-2000 

 

 

 

SARC-1 

 

 

 

SARC-3 

 

 

 

SARC-5 
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3.4.1 Plant Biomass 

There were significant main and interactive effect of genotypes and treatments on shoot 

dry matter (SDM) and root dry matter (RDM) of wheat plants (Table 3.1). 

Table.3.1.Shoot and root dry weights of five wheat genotypes grown with 0, 60 and 120 mM NaCl in the presence of 0, 

2 and 4 mM of silicon. Values are means of six replications + standard error 

 

Para
mete
rs 

Silicon 
levels 
(mM) 

Salinity level Wheat Genotypes 

Inqlaab-91 Auqab-2000 SARC-1 SARC-3 SARC-5 

Shoot dry 
matter 
(g/plant) 

  
0  

0 m M NaCl 7.57 ± 0.02 8.61 ± 0.23 8.17 ± 0.61 9.49 ± 0.12 6.51 ± 0.21 

60 m M NaCl 3.83 ± 0.18 3.96 ± 0.04 4.35 ± 0.11 5.59 ± 0.12 3.96 ± 0.18 

120 mM NaCl 2.05 ± 0.06 1.58 ± 0.01 2.12 ± 0.03 3.10 ± 0.08 1.31 ± 0.09 

  
2  
  

0 m M NaCl 8.64 ± 0.21 7.81 ± 0.40 10.23 ± 0.29 9.73 ±0.11 6.77 ± 0.23 

60 m M NaCl 6.22 ± 0.11 6.78 ± 0.08 8.27 ± 0.19 7.58 ± 0.32 7.11 ± 0.24 

120 mM NaCl 5.37 ± 0.04 5.82 ± 0.02 4.82 ± 0.12 6.63 ± 0.21 5.28 ± 0.32 

  
4  
  

0 m M NaCl 9.31 ± 0.21 8.11 ± 0.05 8.95 ± 0.69 10.12 ± 0.43 8.92 ± 0.91 

60 m M NaCl 6.09 ± 0.10 7.66 ± 0.02 6.17 ± 0.45 8.16 ± 0.12 7.58 ± 0.24 

120 mM NaCl 5.16 ± 0.02 6.01 ± 0.10 5.22 ± 0.23 9.44 ± 0.07 5.38 ± 0.11 

Root dry 

matter 

(g/plant) 

0  
  

0 m M NaCl 0.82 ± 0.003 1.03 ± 0.03 0.96 ± 0.01 1.14 ± 0.01 0.95 ± 0.07 

60 m M NaCl 0.53 ± 0.003 0.74 ± 0.01 0.69 ± 0.01 0.86 ± 0.01 0.64 ± 0.02 

120 mM NaCl 0.24 ± 0.001 0.44 ± 0.002 0.33 ± 0.04 0.39 ± 0.004 0.30 ± 0.002 

  
2  
  

0 m M NaCl 1.24 ± 0.02 1.10 ± 0.002 1.09 ± 0.02 1.42 ± 0.01 1.02 ± 0.004 

60 m M NaCl 0.87 ± 0.005 1.00 ± 0.001 0.93 ± 0.002 0.94 ±0.01 0.82 ± 0.01 

120 mM NaCl 0.80 ± 0.002 1.03 ± 0.002 1.30 ± 0.01 1.27 ± 0.01 1.08 ± 0.01 

  
4  
  

0 m M NaCl 0.90 ± 0.002 1.19 ± 0.002 1.16 ± 0.03 1.46 ±0.01 0.89 ±0.01 

60 m M NaCl 0.95 ± 0.002 1.28 ± 0003 1.35 ± 0.04 1.12 ± 0.004 1.20 ± 0.02 

120 mM NaCl 0.83 ± 0.003 1.29 ± 0.02 1.24 ± 0.01 1.61 ±0.01 0.99 ± 0.01 

LSD for shoot dry matter 1.92 

 LSD for root dry matter 0.05 

 

 

 

Highest SDM was observed in Inqalab-91 and Auqab-2000 genotypes when grown under 

non-saline treatment. Salinity stress significantly reduced plant biomass in all of the 

wheat genotypes. Maximum reduction in SDM due to salinity stress was observed in 

Auqab-2000 compared to other genotypes. Relative SDM was much higher in SARC-3 

and SARC-1 compared to other genotypes at 60 mM NaCl without Si treatment. Silicon 
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addition in the nutrient solution increased SDM in all of the genotypes. Maximum 

increase in SDM due to Si addition was observed in plants grown at 120 mM NaCl than 

those grown at 60 mM Si and control treatment. 

 Root dry matter of genotypes differed significantly among genotypes at all levels of 

salinity and Si (Table 3.1). Root dry matter of plants was higher in SARC-3 when 

averaged over all treatments. Salinity significantly reduced RDM in all of the genotypes 

grown without Si in the solution. However, reduction in RDM due to salinity was non 

significant when Si was applied (Table 3.1) and it was rather high when plants were 

grown at 60 mM NaCl along with 4 mM Si in the nutrient solution. 

 

3.4.2 Ionic Composition of Plant Tissues 

There was significant (p<0.05) main and interactive effect of treatments and genotypes 

on the sodium (Na) concentration in shoots and roots of wheat plants (Table 3.2).  

 

 

 

 

Table 3.2. Sodium (Na) concentration in shoots and Na contents in shoots and roots of wheat genotypes grown with 

0, 60 and 120 mM NaCl in the presence of 0, 2 and 4 mM of silicon. Values are means of six replications + 

standard error. 
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Increased NaCl concentration in the nutrient solution significantly increased Na 

concentration both in shoots and roots of all genotypes. Sodium concentration in shoots 

and roots of wheat plants grown at 60 mM NaCl was significantly (p<0.01) lower than 

those grown at 120 mM NaCl in the nutrient solution. Silicon addition in the nutrient 

solution significantly decreased Na concentration at all levels of salinity stress. However, 

maximum reduction in Na concentration in shoots was observed at higher level of Si 

application (4 mM Si).  

Parameters Silicon 
levels 
(mM) 

Salinity 
levels 
(mM Na) 

Wheat Genotypes 

Inqlaab-91 Auqab-2000 SARC-1 SARC-3 SARC-5 

Sodium 
concentration 
in shoots 
 (mg/g) 

  
0  

0 1.82 ± 0.20 1.69 ± 0.21 1.60 ± 0.21 1.72 ± 0.22 1.66 ± 0.12 

60 10.7 ± 0.51 11.0 ±0.49 10.21 ±0.36 9.44 ±0.19 9.42 ±0.14 

120 15.0 ± 0.17 14.43±0.41 13.96 ±0.83 14.36 ±0.36 14.4 ±0.27 

  
2 
  

0 1.54 ± 0.08 1.55 ±02.0 1.41 ±0.22 1.40 ±0.16 1.25 ±0.06 

60 8.55 ± 1.11 12.0 ±0.53 8.44 ±0.24 8.34 ±0.23 8.24 ±0.22 

120 13.16 ± 0.79 16.0 ±0.14 11.41 ±0.18 10.68 ±0.20 10.38 ±0.18 

  
4 
  

0 1.29 ± 0.06 1.15 ±0.14 1.26 ±0.19 1.12 ±0.11 1.09 ±0.08 

60 8.36 ± 0.60 13.0 ±0.099 8.22 ±0.41 7.50 ±0.22 7.28 ±0.14 

120 10.58 ± 1.20 15.0 ±0.37 9.03 ±0.23 8.71 ±0.26 8.93 ±0.15 

Sodium 

content in 

shoots 

(mg/plant) 

  
0  

0 13.78 ± 0.78 14.55 ±1.77 13.07 ±1.72 16.32 ±2.00 10.81 ±0.73 

60 40.98 ± 3.20 67.32 ±2.51 44.41 ±1.77 52.77 ±1.59 37.30 ±0.39 

120 41.00 ± 2.97 39.50 ±0.09 22.80 ±0.13 24.52 ±0.13 18.86 ±0.42 

  
2 
  

0 13.31 ± 1.10 12.11 ±1.50 14.42 ±2.80 13.62 ±1.57 8.46 ±0.40 

60 53.18 ± 3.89 81.36 ±3.51 69.80 ±2.04 63.22 ±1.63 58.59 ±1.40 

120 70.67 ± 3.14 93.12 ±1.16 55.00 ±1.05 70.81 ±0.90 54.81 ±1.70 

  
4 
  

0 12.01 ±2.30 9.33 ±0.12 11.28 ±0.92 11.33 ±1.06 9.72 ±0.73 

60 50.91 ±1.86 99.58 ±0.50 50.72 ±2.77 61.20 ±1.59 55.18 ±0.88 

120 54.59 ±2.06 90.15 ±1.99 47.14 ±1.41 82.22 ±2.11 48.04 ±0.68 

Sodium 

content in 

roots 

(mg/plant) 

  
0  

0 1.58 ±0.01 1.66 ±0.03 1.49 ±0.13 1.96 ±0.11 1.66 ±0.09 

60 5.39 ±0.23 8.29 ±0.18 6.91 ±1.33 7.74 ±0.12 6.06 ±0.16 

120 3.57 ±0.07 6.44 ±0.32 4.82 ±0.39 5.67 ±0.04 4.33 ±0.17 

  
2 
  

0 1.90 ±0.18 1.48 ±0.06 1.36 ±0.08 1.88 ±0.06 1.29 ±0.05 

60 7.26 ±0.30 8.83 ±0.32 7.81 ±0.21 7.53 ±0.09 6.88 ±0.12 

120 10.21 ±0.27 12.77 ±0.20 14.42 ±0.25 14.33 ±1.29 11.81 ±0.98 

  
4 
  

0 1.07 ±0.12 1.25 ±0.02 1.26 ±0.03 1.56 ±0.04 0.98 ±0.02 

60 7.68 ±1.50 10.47 ±0.13 10.46 ±0.28 10.55 ±2.39 9.33 ±0.16 

120 9.18 ±0.29 13.26 ±0.39 11.15 ±0.17 16.27 ±1.75 9.56 ±0.78 

LSD for Na concentration in shoot 2.10 

 

LSD for Na content in shoot 6.11 

LSD for Na content in root 2.14 
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There were significant (p<0.05) main and interactive effects of genotypes and treatments 

on shoot Na content (Table 3.2). Salinity significantly increased shoot Na content in all of 

the genotypes at all treatments, except those grown with 120 mM Na without Si 

application. Silicon addition in the nutrient solution did not affect the increased Na 

contents in shoot of wheat plants grown with higher salinity levels (Table 3.2). Maximum 

Na contents were accumulated by SARC-1 followed by Inqlab-91 at high salinity without 

Si in growth medium. Salinity stress significantly increased Na translocation towards 

shoots. Silicon application significantly decreased Na translocation from roots towards 

shoots in all of the genotypes as calculated by Na contents in shoots/Na contents in roots 

(Table 3.3).  

Table3.3. Shoot Na content: Root Na content ratio of salt stressed wheat genotypes grown with 0, 60 and 120 mM NaCl 

in the presence of 0, 2 and 4 mM of silicon. Values are means of six replications + standard error 

  

Maximum translocation of Na towards shoot was observed when plants were grown 

without Si in the nutrient solution.  

Potassium concentration in shoots and roots of wheat plants grown in nutrient solution 

differed significantly among genotypes and maximum concentration was observed in 

SARC-3 averaged over all genotypes. Potassium concentration was gradually decreased 

in shoots of wheat plants as NaCl level was increased in the solution from 0 to 120 mM 

Silicon 
levels 

Salinity 
levels 

Wheat Genotypes 
Inqlaab-91 Auqab-2000 SARC-1 SARC-3 SARC-5 

  
Control 
  

Control 6.43+0.67 8.81+1.15 8.79+1.90 8.34+1.40 6.52+0.74 

Saline1 7.65+0.99 5.31+0.30 7.93+0.15 5.44+0.15 6.16+0.26 

Saline2 8.64+0.87 3.54+0.24 10.5+03.01 5.09+0.03 4.35+0.26 

  
Si1 
  

Control 7.03+0.29 8.22+1.05 10.75+2.64 7.28+0.61 6.57+0.56 

Saline1 7.33+0.50 6.51+0.61 8.94+0.089 8.40+0.29 8.52+0.29 

Saline2 6.92+0.39 5.79+0.08 3.82+0.08 4.94+0.45 4.64+0.31 

  
Si2 
  

Control 11.32+0.22 7.50+0.82 8.37+0.54 7.26+0.73 9.98+0.99 

Saline1 6.63+0.38 5.87+0.11 7.21+0.24 5.80+1.22 5.92+0.25 

Saline2 5.95+0.40 4.77+0.098 4.23+0.16 5.06+0.61 5.03+0.33 
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NaCl. However, Si addition in the solution increased the K concentration in the shoots of 

all of genotypes (Table 3.4). 

 

 

Table 3.4. Potassium (K) concentration in shoots and K contents in shoots and roots of wheat genotypes grown with 

0, 60 and 120 mM NaCl in the presence of 0, 2 and 4 mM of silicon. Values are means of six replications + 

standard error. 

 

The increase in K concentration due to increase in Si level in the nutrient solution was 

statistically similar in all of the genotypes. There were significant main and interactive 

effects of genotypes and treatments on K content in shoots of wheat plants (Table 3.4). 

Parameters Silicon 
levels 
(mM) 

Salinity 
levels 
(mM Na) 

Wheat Genotypes 

Inqlaab-91 Auqab-2000 SARC-1 SARC-3 SARC-5 

Potassium 
concentration 
in shoots 
 (mg/g) 

  
0  

0 2.72+0.29 2.29+0.16 3.30+0.07 3.45+0.11 3.35+0.07 

60 2.34+0.020 2.22+0.13 1.99+0.01 2.17+0.10 2.16+0.03 

120 1.33+0.06 1.80+0.07 1.81+0.06 1.76+0.06 1.78+0.10 

  
2 
  

0 5.04+0.03 5.20+0.11 5.18+0.27 5.25+0.09 5.23+0.06 

60 8.60+0.24 8.90+0.12 8.603+0.04 9.28+0.15 9.01+0.16 

120 9.99+0.33 10.860.26 10.52+0.14 11.3+10.37 10.86+0.42 

  
4 
  

0 6.08+0.07 6.29+0.19 6.39+0.16 6.56+0.18 6.51+0.12 

60 12.12+0.10 13.55+0.32 13.04+0.17 12.76+0.45 14.74+0.28 

120 17.13+0.39 18.59+0.76 17.87+1.0 19.92+0.19 19.50+0.40 

Potassium 

content in 

shoots 

(mg/plant) 

  
0  

0 15.13+1.70 28.30+1.43 26.93+0.66 32.77+1.23 21.80+0.41 

60 08.90+0.99 08.80+0.531 10.67+0.01 09.70+0.46 08.53+0.18 

120 02.7+0.109 02.83+0.107 03.83+0.17 3.57+0.10 02.33+0.13 

  
2 
  

0 43.53+0.30 40.63+0.832 52.97+1.29 51.1 +1.22 35.40+0.35 

60 53.43+1.40 60.37+0.889 71.13+0.44 70.33+1.29 64.07+0.85 

120 53.77+4.08 63.20+1.69 50.7+0.87 75.032.95 57.30+2.01 

  
4 
  

0 56.63+0.76 51.07+1.64 57.5+1.19 66.33+1.97 58.07+1.60 

60 73.80+0.65 103.8+2.71 119.5+1.79 104.2+.10 111.8+1.87 

120 88.30+1.70 111.7+4.78 93.35+.64 188.29+.47 105.0+1.87 

Potassium 

concentration 

in roots (mg/g) 

  
0  

0 2.64+0.003 1.63+0.365 1.62+0.39 3.15+0.065 3.04+0.033 

60 2.09+0.021 2.36+0.037 2.16+0.082 2.49+0.041 2.45+0.072 

120 1.15+0.091 2.06+0.018 1.87+0.273 1.70+0.062 1.58+0.108 

  
2 
  

0 4.62+0.016 5.27+0.145 4.98+0.160 4.60+0.190 4.58+0.215 

60 6.07+0.012 4.34+0.165 4.91+0.556 6.42+0.235 6.39+0.364 

120 5.54+0.051 5.96+0.073 5.65+0.277 5.44+0.134 5.56+0.220 

  
4 
  

0 5.37+.091 5.93+0.151 5.71+0.255 5.73+0.267 5.49+0.207 

60 7.09+0.039 5.30+0.052 5.71+0.592 7.17+0.037 7.18+0.063 

120 6.15+0.033 7.04+0.036 6.62+0.387 6.30+0.071 6.46+0.205 

LSD for K concentration in shoot 7.8 

 

LSD for K content in shoot 11.9 

LSD for K concentration in root 1.74 
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Increased salinity without addition of Si significantly decreased K content in shoots in all 

of the genotypes. Maximum K contents were observed in SARC-3 at control treatment. 

Addition of Si in nutrient solution significantly increased K contents in all of the 

genotypes at all levels of salinity. However maximum increase in K contents due to Si 

addition was observed in SARC-3 at all levels of salinity.  

Potassium:sodium ratio in shoots of wheat plants differed significantly among genotypes 

and were maximum in SARC-3 and SARC-5 (Table 3.5). Salinity stress significantly 

decreased K:Na ratio in shoots of the wheat plants. Maximum decrease in K:Na ratio due 

to salinity was observed in SARC-1. Addition of Si significantly increased K:Na ratio in 

shoots of wheat plants. Maximum increase in K:Na ratio due to Si addition was observed 

in SARC-3. 

Table3.5. Shoot K: Na ratio of salt stressed wheat genotypes grown with 0, 60 and 120 mM NaCl in the 

presence of 0, 2 and 4 mM of silicon. Values are means of six replications + standard error 

 

Silicon 
levels 

Salinity 
levels 

Wheat Genotypes 
Inqlaab-91 Auqab-2000 SARC-1 SARC-3 SARC-5 

  
Control 
  

Control 1.49+0.026 1.98+0.170 2.11+0.213 2.06+0.215 2.03+0.1 

Saline1 0.22+0.035 0.20+0.014 0.20+0.007 0.23+0.0072 0.23+0.007 

Saline2 0.09+0.003 0.13+0.0016 0.10 +0.028 0.12+0.006 0.12+0.009 

  
Si1 
  

Control 3.38+0.438 3.43+0.361 3.83+0.606 3.81+0.345 4.20+0.518 

Saline1 1.01+0.012 1.06+0.082 1.02+0.023 1.11+0.048 1.09+0.030 

Saline2 0.76+0.031 0.86+0.029 0.92+0.0089 1.06+0.054 1.05+0.023 

  
Si2 
  

Control 4.97+0.756 5.62+0.707 5.31+0.81 5.98+0.669 5.99+0.354 

Saline1 1.45+0.060 1.69+0.058 1.59+0.064 1.70+0.068 2.02+0.002 

Saline2 1.62+0.067 1.77+0.124 1.98+0.091 2.29+0.173 2.18+0.0135 

 

There were significant main and interactive effect of Si concentration in shoots and root 

of wheat plants. Silicon concentration in shoots and roots of wheat plants grown with or 

without salinity was increased significantly as Si was added in the nutrient solution 

(Table 3.6).   
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Table 3.6. Silicon (Si) concentration in shoots and roots of wheat genotypes grown with 0, 60 and 120 

mM NaCl in the presence of 0, 2 and 4 mM of silicon. Values are means of six replications + standard error 

 

 

 

 

 

           

 

  

 

 

 

 

3.5. Discussion  

Parameters Silicon 
levels 
(mM) 

Salinity 
levels 
(mM Na) 

Wheat Genotypes 

Inqlaab-91 Auqab-2000 SARC-1 SARC-3 SARC-5 

Silicon 
concentration 
in shoots 
(mg/g) 

  
0  

0 2.35+0.026  3.00+. 024 2.63+0.135 2.24+0.046 2.41+0.148 

60 2.76+0.040 2.22+0.033 2.94+0.039 2.68+0.034 2.33+0.063 

120 3.31+0.10 2.87+0.066 2.23+0.115 2.22+0.045 2.74+0.108 

  
2 
  

0 7.96+0.70 7.20+0.033 6.86+0.171 3.33+0.063 7.21+0.118 

60 8.15+0.096 8.65+0.005 7.91+0.170 8.86+0.067 9.18+0.040 

120 8.46+0.182 9.15+0.045 8.65+0.211 8.66+0.012 9.31+0.092 

  
4 
  

0 9.95+0.038 10.78+0.03 11.2+0.161 9.91+0.028 10.650.127 

60 11.81+0.23 12.1+0.005 10.6+0.151 11.2+0.078 11.88+0.04 

120 12.72+0.07 13.30+0.05 13.6+0.231 12.79+0.06 13.56+0.14 

Silicon 

concentration 

in roots (mg/g) 

  
0  

0 1.10+0.008 1.410.168 1.39+0.075 1.65+0.176 1.30+0.126 

60 1.29+0.080 1.250.085 1.63+0.104 1.69+0.311 1.55+0.138 

120 1.65+0.131 1.480.084 1.49+0.167 1.71+0.043 1.67+0.084 

  
2 
  

0 2.55+0.005 2.530.125 2.25+0.143 2.69+0.173 2.66+0.167 

60 2.62+0.037 2.660.058 2.27+0.080 2.11+0.158 2.38+0.174 

120 2.75+0.048 2.770.084 2.48+0.186 2.23+0.055 2.15+0.165 

  
4 
  

0 3.09+0.003 3.180.055 3.65+0.189 3.50+0.101 3.28+0.260 

60 3.11+0.057 3.24+0.073 3.75+0.117 2.97+0.179 3.28+0.234 

120 3.18+0.031 3.35+0.145 3.85+0.107 3.32+0.085 3.69+0.04 

LSD for Si concentration in shoot 1.82 

 LSD for Si concentration in root 0.83 
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Wheat genotypes differed significantly in their response to salinity and Si application. 

Salinity significantly suppressed shoot and root growth of plants in all of the genotypes: 

however, intensity of reduction was different among genotypes. Growth reduction due to 

salinity stress may be attributed to water stress, ion imbalance and ion toxicity (Saqib et 

al., 2005; Tahir et al., 2006). Salt tolerance of wheat genotypes was calculated as dry 

matter production of plants grown under salinity stress (60 mM Na) compared to plants 

grown at normal (non-saline treatment) conditions. Wheat genotypes SARC-1, SARC-3 

and SARC-5 were the most salt tolerant wheat genotypes compared to Auqab-2000 and 

Inqlab-91 as indicated by their higher salinity tolerance index as shown in (Fig. 3.2).  
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Fig. 3.2. Salt tolerance of wheat genotypes calculated by dry matter produced at 60 mM Na percent of dry 

matter at 0 mM Na (control). 

Sodium concentration in plants is a good indicator of salinity tolerance (Saqib et al., 

2004). Salinity stress significantly increased Na concentration in shoots and roots of the 

wheat genotypes (Table 3.2). Lower Na concentration in plants indicates lower Na uptake 
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thus higher tolerance of plants as in SARC-3 and SARC-1 (Fig.3.2). Sodium 

concentration in shoots was significant but negatively correlated with salt tolerance of 

plants and plant biomass (r > 0.7, P<0.01, n=135).  

Potassium is an important nutrient required for normal water uptake and transpiration 

flow (Marschner, 1995). High concentration of Na
+
 in the root environment restricts K

+
 

uptake at root level (Subbarao et al., 1990; Liu et al., 2001; Saqib et al., 2004) and 

ultimately affects plant growth. Hence, adequate K
+
 concentration in plant tissues is 

essential for survival particularly in saline soils. In the present study, salinity stress 

significantly decreased K concentration in shoots and roots of wheat genotypes. 

Potassium concentration in SARC-3 was significantly more than other genotypes under 

saline treatments, which might be the possible reason of its higher salt tolerance (Fig. 

3.2).  

Increased growth in higher plants by Si application has been reported particularly under 

biotic and a-biotic stresses (Epstein, 1999). Silicon application significantly increased 

plant biomass in all of the genotypes. However, percent increase in biomass varied 

significantly among genotypes (Fig. 3.3).  
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Fig. 3.3. Percent increase in shoot dry matter of wheat genotypes after addition of 2 mM Si in nutrient 

solution. 

Maximum increase in biomass production due to Si application was observed in SARC-5. 

Increase in dry matter was more pronounced in saline environments indicating beneficial 

effects of Si application in alleviating salinity stress (Al-aghabary et al., 2004).  

A number of possible mechanisms have been proposed by which Si can increase 

resistance of plants against salinity stress (Liang et al., 2003; Tahir et al., 2006). Reduced 

Na uptake is reported as one of the mechanism by which Si enhances salinity tolerance of 

plants (Ahmad et al., 1991; Matichenkov and Kosobrukhov, 2004). Gong et al. (2003) 

reported that Si when deposited in exodermis and endodermis of roots reduces Na uptake 

in plants (Gong et al., 2003). Silicon application reduced Na uptake by plants when 

grown with Si application, however reduction in Na uptake varied in genotypes. Salinity 

tolerance of plants was negatively correlated with Na concentration in shoots, hence 
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reduced Na concentration by Si application is one the major reasons for increased salinity 

tolerance of wheat plants. Higher Na translocation towards shoot from roots renders 

reduction in growth of plants under salinity. Silicon application also reduced Na 

translocation towards shoots in all of the genotypes (Table 3.2) thus indicating formation 

of some complex between Si and Na at root level hampering its upward movement as 

suggested by Ahmad et al., (1991). Liang et al., (2005)  also reported Na exclusion at 

shoot level in barley by addition of Si in nutrient solution under salt stress. 

Low K uptake under saline or sodic conditions hampers crop production on these soils. 

Silicon concentration in shoots was positively correlated (r=0.88, p<0.01, n=135) with K 

concentration in shoots as shown in figure 3.4 indicating enhanced K uptake in plants by 

Si application. Liang et al., (2003) also reported a significant increase in K uptake and 

decrease in Na uptake under salt stress when Si was included because of increased 

activity of plasma membrane H-ATPase. Potassium:sodium ratio was significantly lower 

under salinity stress when Si was not applied. It was significantly increased when Si was 

applied in root environment indicating enhanced K/Na selectivity ratio in wheat 

genotypes. Shoot dry matter of wheat genotypes correlated significantly with K:Na ratio 

(r=0.77, P < 0.01, n=135) indicating important role of Si in enhancing biomass 

production. Increased K uptake and decreased Na uptake by addition of Si in genotypes 

was the major mechanisms responsible for better growth of plants under salinity stress.  
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Fig. 3.4. Relationship between salt tolerance and Si concentration and K:Na ratio in shoots of wheat 

genotypes 

3.6. CONCLUSION 

Reduction in growth of wheat genotypes under salinity stress was due to toxicity of Na
+ 

and its imbalances with K
+
 nutrition. The Present results concluded that plants usually 

have high selectivity of potassium over sodium particularly in those treatments where we 

amended highly saline water with silicon. Salt tolerant genotypes of wheat exhibited 

strong affinity for K
+
 over salt sensitive genotypes and showed less reduction in dry 

matter production. Silicon significantly alleviated the toxic effects of Na
+ 

by reducing its 

uptake and translocation with improvement in plant growth particularly in salt sensitive 

genotypes. Selective uptake of K
+
 that reduced the uptake of toxic Na

+
 ion may be 

a mechanism of salt tolerance in wheat.   
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CHAPTER 4, STUDY II 

 

PHYSIOLOGICAL RESPONSE OF SALT SENSITIVE AND SALT 

TOLERANT WHEAT GENOTYPES TO SALT STRESS WITH AND 

WITHOUT SILICON APPLICATION 
 

 

ABSTRACT 

We investigated the effect of exogenous application of silicon on the growth and 

physiological response of salt stressed wheat genotypes. Two contrasting wheat 

genotypes SARC-3 (salt tolerant) and Auqab-2000 (salt sensitive) were grown in 

hydroponics containing 150 mM NaCl (control) with and without 2 mM Si. Shoot growth 

of plants grown in Si amended treatment was significantly more than control. The plants 

receiving Si in root medium had slightly higher chlorophyll and water contents in their 

leaves. Membrane stability index in leaves was more in Si fed plants than Si deprived 

plants. Electrolyte leakage percentage was significantly lower in SARC-3 than in Auqab-

2000. Sodium uptake by plant roots was estimated by nutrient depletion technique. 

Sodium uptake was significantly lower in Si fed plants. The exposure of plants to salinity 

stress in the presence of 2 mM Si reduced the Na influx in plant roots by influencing the 

kinetics parameters viz; Km and Vmax, the Km value for Na uptake was increased from 

27 to 73 mM and 12 to 71 mM respectively in Auqab-2000 and SARC-3, but Vmax value 

was also reduced to 40 %. However, further verification of the results is warranted under 

field situation. 
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3.2.1 INTRODUCTION 

Wheat is an important staple cereal of most Pakistani people and is categorized as salt 

sensitive glycophyte plant (Xue et al. 2004). Like other glycophytes wheat plants have 

also shown significant negative response to salt stress at germination, vegetative and 

reproductive growth stages. Salinity has two fold effects on wheat plant, first reduced 

plant’s ability to take up water, this lead to slower growth called osmotic or water deficit 

effect of salinity. Second, it may enter the transpiration stream and eventually injure cells 

in the transpiring leaves, result in further growth reduction called as salt specific or ion 

excess effect (Munns 2005). In salt stress growth environment Na is primary cause of the 

ion specific damage particularly in gramineous crops (Sumer et al. 2004). Sodium also 

disturb ionic balance of plant cells and organs this result in a loss of Ca and K from plant 

cells (Stephen & Lynch 2003). Sodium specific damage is associated with the 

accumulation of Na in leaf tissues followed by reduction of enzymatic processes and 

protein synthesis (Tester & Davenport 2003). The time scale over which Na specific 

damage is manifested depends on the rate of accumulation of Na in leaf tissues and the 

effectiveness of Na compartmentation in plant cells and organs (Zorb et al. 2004). Any 

factor that reduced the uptake and translocation of Na in plant body eventually lead the 

plant to combat the salt stress.  

Exogenous application of mineral elements has gained a considerable ground as an 

environmentally friendly and cost effective tool to ameliorate the adverse effects of 

salinity on plant growth (Raza et al. 2006). As application of K ameliorated adverse 

effects of salt stress in wheat (Akram et al. 2007), Ca in bean (Awada et al.1995), and N 
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in Phaseolus vulgaris (Wagenet et al. 1983). Furthermore, some beneficial mineral 

nutrients like Si significantly counteract adverse effects of salt toxicity in plants.  

Silicon is second most abundant element in the earth crust, but not recognized as essential 

element for plant growth due to its ubiquitous presence in the biosphere (Epstein, 2001). 

However, Si increases quality and yield of several agricultural crops and has several 

beneficial effects on plant growth and crop yields under stress environment (Epstein, 

2001; Ma et al. 2001). Si is known to effectively mitigate salinity stress in higher plants 

(Matoh et al. 1986; Liang et al. 2003; Rodrigues et al.2003). But mechanism responsible 

by which Si alleviate salinity damage is unclear.  A number of possible mechanisms are 

proposed through which Si may increased salinity tolerance in plants. These mechanisms 

include improved plant water status (Romero et al. 2006), increased photosynthetic 

activity and ultra structure of leaf organelles (Shu & Liu. 2001), stimulation of 

antioxidant system (Zhu et al. 2004) and immobilization of toxic sodium ion through a 

reduction in apoplastic ion transport across the root which reduces Na uptake in plants 

(Gong et al. 2006). Liang et al. (2005) reported that Si increased activity of plasma 

membrane H-ATPase which enhanced uptake and translocation of K and diminishing 

uptake of Na in barley plants.  

Keeping view all beneficial mechanisms by which Si mediated salt tolerance in plants, 

we planed a solution culture experiment to evaluate the role of Si  on wheat plant under 

salt toxicity, with one common theme that Si is involved in physiological and 

biochemical changes in wheat plants under salt stress. 

3.2.2 MATERIALS AND METHODS 
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3.2.2.1 Plant material 

The plant material used was two wheat genotypes (Triticum aestivum L. cv. Auqab-2000 

and SARC-3; Auqab-2000 obtained from Ayub Agriculture Research Institute, 

Faisalabad, and SARC-3 obtained from the Saline Agriculture Research Centre, 

University of Agriculture, Faisalabad, Pakistan). The genotypes were chosen on the basis 

of their pervious history of growth and yield in saline growth environment. SARC-3 used 

a salt tolerant (Saqib et al. 2005) and Auqab-2000 as salt sensitive wheat genotype.  

3.2.2.2 Growth conditions and plant culture 

 For pre-germination seeds of wheat genotypes were soaked in Petri-dishes for 48 hours 

using double dionized distilled water. The pre-germinated seeds were sown on 15 

November 2006 in pre-washed river bed sand taken in polyethylene lined iron trays. Sand 

in the trays was kept moistened with distilled water for germination. The seedlings were 

grown in river bed sand for 15 days before transplanting. On 1st December 2006 two-

week-old uniform wheat seedlings were transplanted in foam plugged holes of thermopal 

sheet, floating on 100 liter of one half strength of Johnson’s modified solution (Johnson 

et al. 1957) in polyethylene lined iron tub. The ionic composition of the culture solution 

is given in Table.1.The plants were grown in stress free solution for 25 days. For the 

uptake and Na influx study 25 days old wheat plants  (Four replicated plants per 

treatment) were each transferred into 1 liter plastic jar which are impermeable to light and 

contained the relevant aerated nutrient solution. Both salt sensitive and salt tolerant wheat 

genotypes were exposed to 150 mM NaCl stress with and without Si application for 30 

hours in plastic jars. The experiment was consisted of two treatments with three 

replicates: (i) 150 mM NaCl alone (referred as Si-Na+), (ii) 150 mM NaCl & 2 mM Si 
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(referred as Si+Na+) with three replicates. In the experiment silicon was used as sodium 

silicate (Natronwasserglas, Riedel-DeHaen- Germany) which had been neutralized at 

pH=6.0 with 0.1 M HCl before use, and the Na was added as sodium chloride 

(Natriumcholride reinst, Merk-Germany). In integrated flux analysis of sodium the 

periodic sub-sampling of 50 ml cultural solution after 30 minutes done for consecutive 30 

hours. The kinetic parameters Km and Vmax were derived from Linerweaver-Burk plots 

constructed using the program Enzfitter, version 1.03. The study was carried out in green 

house with average temperatures in the green house were 30+5 
o
C at different times of 

day and 22+3 
o
C during the night during the experimental period. Relative humidity 

dropped to 35% at mid day and increased to 85% at mid night. Light intensity varied 

between 300 and 1400 µmol photon m-2 S-1 depending upon the day and cloud 

conditions.  
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Table  1. Basal composition of the nutrient solution used as growth medium                         

        Macronutrients            Concentration                 Micronutrients              Concentration 

                            (mmol L
-1

)                                                                 (µmol L
-1

)     

                                                            Growth Solution 

               N                                    8.0                                      Cu                                      0.5  

               P                                    0.25                                     Mo                                    0.5 

               K                                    3.0                                       B                                        25 

               Ca                                  2.0                                       Mn                                     2.0   

               Mg                                 0.5                                       Cl                                       50 

               S                                     0.5                                       Fe-EDTA                          50                  

                                                                                                  Zn                                      2.0     

                                             Experimental Solution   

              Na                                   50        

              Si                               2    * Si was added as a basic sodium silicate solution, the growth  

medium was then acidified to pH= 6.0 with 1.0 M HCl 

 

 

3.2.2.3 Plant harvest and analysis of K, Na in shoot and cultural samples 

After 30 hours growth in the treatment solution, wheat plants were harvested and 

separated into shoot and root before drying them to a constant weight at 70 
o
C in a 

forced-air oven for their dry matter yield. Those were then ground with a Wiley mill 

fitted with stainless steel chamber and blades. The fine ground samples of shoot was 

digested in di-acid mixture of nitric and perchloric acids (3:1) at 60 °C for 2 hrs. 

Potassium and sodium in shoot was determined by the method (Standford & English, 

1949) using flamephotometer (Jenway PFP-7). In the same way Na concentration was 

determined in the sub samples of nutrient solution by diluting the sub-samples to the 

desirable range of standard samples. 

3.2.2.4 Silicon Estimation 

For Si estimation, a 0.2 g of ground plant samples was digested in 2 ml of 50% hydrogen 

peroxide and 6 ml of 50% NaOH for 4 hrs at 150 °C (Elliot & Snyder, 1991). Silicon was 



 56 

measured in the digest samples by amino-molybdate blue method using UV visible 

spectrophotometer at 650 nm wave length (Shimdzu, Spectronic 100, Japan). 

3.2.2.5 Electrolyte Leakage Percentage  

The third fully expanded leaf of both salt sensitive and salt tolerant wheat genotype was 

selected to determine electrolyte leakage percentage using electric conductivity method 

described by Lutts et al. (1995). The leaves were cut into 1 cm 2 segment. Leaf samples 

were then placed in individual stopper test tubes containing 10 ml distilled water after 

three wash with distilled water to remove surface contamination. These samples were 

incubated at room temperature on a shaker for 24 hour. Electrical conductivity of bathing 

solution (EC1) was read after incubation. The same samples were then placed in 

autoclave at 120 
o
C for half an hour and second reading (EC2) was determined after 

cooling the solution at room temperature. The electrolyte leakage was calculated as EC1/ 

EC2 and expressed as percentage. 

3.2.2.6 Leaf Chlorophyll Content  

The first fully expanded leaf blade was designated to determine chlorophyll content after 

30 hours salt stress period. Leaf discs were ground to fine powder and extracted with 10 

ml of 80 % acetone (v/v). The homogenate was centrifuged at 4000 g at 4 oC for 

chlorophyll assay three replicate of individual samples were analyzed. The amount of 

chlorophyll a and b was determined spectrophotometrically, by reading the absorbance at 

663 and 645 nm respectively. The chlorophyll content results are expressed as unit micro 

gram per gram fresh weight and calculated by using the extinction coefficient and the 

equation given by Porra & Aron et al. (1949) as following. 
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3.2.2.7 Shoot Water Content 

The biphasic model of salt stressed proposed by Munns (2005) has provided new 

physiological insight of salt toxicity, according to this model , salinity reduced the ability 

of plant to take up water, this lower water content leads to quickly  reduction in growth 

rate, for this propose we determine the shoot water content by the use of below equation.  

 

Shoot Water Content (%) = 

Shoot Fresh Weight- Shoot Dry Weight 

X 100 

Shoot Fresh Weight 

 

    Chl a 

(µg/g  leaf) 

(12.7 x Abs 663)- (2.6 x Abs 645) x ml Acetone 

mg leaf tissue 

  Chl b  

 (µg/g  leaf) 

(22.9 x Abs 645)- (4.65 x Abs 663) x ml Acetone 

                        Mg leaf tissue 
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3.2.2.8 Statistical Analysis 

The data were subjected to statistical analysis using computer software “MS-Excel” and 

“MSTAT-C” (Russell & Eisensmith 1983). Completely randomized factorial design was 

employed for analysis of variance (ANOVA). Comparison among different means of 

genotypes, salinity and silicon were made by DMR test at 5% probability (Steel et al. 

1996). 
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3.2.3 RESULTS & DISCUSSION  

In this solution culture experiment, two wheat genotypes, respectively  salt tolerant and 

salt sensitive selected from our preliminary study, were evaluated for their physiological 

growth behavior under salt stress with and without Si application in growth environment.  

3.2.3.1 Plant Growth  

The effect of salinity on plant is complex. The salinity significantly (p < 0.05) reduced 

the shoot dry matter yield of both wheat genotypes (Tab.2). 

Table .2. Effect of Si application on the ionic composition of salt sensitive (Auqab-2000) 

and salt tolerant (SARC-3) wheat genotypes grwun in +Si and –Si under salt 

stress solution. The values are mean of three replicates, different letter above on 

each value represent significant differences at P=0.05, based on Duncan 

multiple range test.  

Si 

Levels 

Genotypes SDW 

(g/pot) 

Si conc. 

(%) 

Na conc. 

(%) 

K Conc. 

(%) 

K
+
/ Na

+
 

Ratio 

Control Auqab-2000 1.50 c 0.063 c 2.53 a 0.53 d 0.210 c 

SARC3 1.58 b 0.097 c 2.03 a 0.707 c 0.350 c 

(+) Si Auqab-2000 1.60 b 1.47 a 1.66 c 2.70 a 1.63 b 

SARC-3 1.71 a 1.95 a 1.16 d 3.03 a 2.62 a 

 

The reduction in shoot growth due to salinity was more prominent in Auqab-2000 as 

compared with SARC-3 which indicated that genotype SARC-3 is more tolerant to salt 

than Auqab-2000. The exogenous application of Si significantly (p < 0.05) enhanced 

SDM upto 10 % in SARC-3 and 18 % in Auqab-2000. as compared with control. It has 

been reported by liang et al. (1996) that at lower level salinity did not alter the growth of 
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barley plant , while at higher level of salinity (120 mM NaCl/L) the growth of plants 

severely depressed and was significantly enhanced by the addition of silicon in growth 

environment. Our results are partially in agreement with the findings of Bradbury & 

Ahmad (1990) that Si stimulates the growth of salt stressed Prosopis Juliflora to some 

extent. Increase in dry matter was more pronounced in saline environments indicating 

beneficial effects of Si application in alleviating salinity stress. Al-aghabary et al. (2004) 

in tomato plant reported that Increase in dry matter was more pronounced in saline 

environments as compared with salt free growth environment.  

3.2.3.2 Ionic Composition 

Plant growth depends on the supply of inorganic nutrients, ionic imbalance occurred in 

the cell due to excessive accumulation of Na and Cl which reduces the uptake of other 

mineral nutrients including Ca, Mg, Mn and K (Lutts et al. 1999). Sodium concentration 

in plants is a good indicator of salinity tolerance. Any factor that reduced the 

concentration of Na in the plant body is ultimately enabling the plant to combat the salt 

stress. Silicon is also known to reduce Na uptake (Matichenkov & Kosobrukhov, 2004). 

Lower Na concentration in plants indicates lower Na uptake, but the capacity of plants to 

counteract salinity stress will strongly depend upon status of their of K content. The 

physiological window of optimum K concentration in plant body narrows in the presence 

of increasing amount of Na in higher plants (Marschner 1995). After addition of salt in 

growth medium, sodium concentration in the leaf tissue increased with time 

(Tab.2).)Sodium uptake is a passive process, which is affected by transpiration flow 

(Marschner 1995). Silicon is reported to inhibit Na uptake and its onward translocation to 

shoots partly by the inhibitory effect of Si on the transpiration rate (Yeo et al. 1999) and 
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by making certain complex with Na (Ahmad et al. 1992) after its deposition in exodermis 

and endodermis of roots (Gong et al. 2003). In present study, Na content of wheat leaf 

was significantly reduced when Si was applied in growth environment. Potassium uptake 

was significantly more in plants grown with Si than those grown without Si. Potassium 

uptake and transport toward aerial parts is an active process depends on expenditure of 

ATP associate with plasmalemma H-ATPase activity. Liang et al. (2003) reported 

significant increase in H-ATPase activity in barley by addition of Si under salt stress. He 

also noted taht increased K uptake by Si application was attributed with increased H-

ATPase activity. There was a significant (p<0.01) positive regression co-efficient 

relationship (R2= 0.99, n=6) between Si and K concentration in leaf. But also present a 

negative correlation (R2= -0.84, n=6) between Si and Na concentration of wheat when 

grown in Si fed and control growth environment. (Fig. 1). 
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Figure . 1. Schematic illustration showed regression coefficient relationship between 

Si and K, Na concentration among salt sensitive (Auqab-2000) and salt 

tolerant (SARC-3) wheat genotypes 
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Our results are in accord with the findings of Matoh et al. 1996 that silicate at the dose of 

0.89 mM reduces the translocation of Na to the shoots and increases dry matter 

production of salt stressed rice plants. 

Michaelis-Menten kinetics model used to describe Si and Na ions competition in growth 

medium. The integrated flux analysis (IFA) indicated that the presence of 2 mM Si in salt 

stressed nutrient solution reduced the Na influx in plant body which influencing the value 

of the  kinetics parameters viz; Km and Vmax, the Km value for Na uptake was increased 

from 27 to 73 mM and 12 to 71 mM respectively in Auqab-2000 and SARC-3, but Vmax 

value was reduced to 40 %. The similar findings observed by Liang & Ding, 2002 in 

barley plants that inclusion of Si under salt stress improved the uptake and translocation 

of K ion and diminishing the uptake of Na and Cl ions. 

3.2.3.3 Membrane Permeability Index 

Electrolyte leakage percentage (ELP) was determined to know the membrane 

permeability. Salt stress significantly increased ELP that was more pronounced in Auqab-

2000 than SARC-3 (Fig. 2).  
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Figure.2. Effect of  sodium toxicity on Electrolyte leakage percentage (ELP) of  salt 

sensitive (Auqab-2000) and salt tolerant (SARC-3) wheat genotypes under 

Si deprived and Si replete growth environment .The values are mean of 

three replicates, + standard error (SE) represent a significant differences at 

P=0.01, based on Duncan multiple range test 

 

No significant differences between treatments for either genotype were present. The 

addition of silicates in the growth environment significantly (p<0.01) decreased the ELP 

2.5 fold in Auqab-2000  and  1.70 fold in SARC-3 (figures .2). it is concluded that 

addition of sodium silicate in growth medium maintained membrane permeability thus 

decreased the permeability of the plasma membrane  of leaf cells. Hence, Si prevented 

the structural and functional deterioration of cell membrane. Liang et al. 2003 also 

reported similar results that exogenous application of Si in growth medium reduced that 

ELP of salt stressed barley. Si that maintain the integrity and functions of membrane, thus 

mitigating salt toxicity and improving the growth of plants.   
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3.2.3.4 Photosynthetic Activity  

Both salinity and silicon treatments had no significant effect on the chlorophyll fractions 

and their ratios (Fig. 3). The figures represented that amendment of nutrient solutions 

with soluble Si resulted in marked increase in chlorophyll a content as compared with 

chlorophyll b that enhance the photosynthesis rate in salt stressed plants by enhancing the 

activity of photosynthetic enzymes ribulose bisphosphate carboxylase and NADPH+ . Al-

aghabary et al. (2004) reported that Si improved photochemical efficiency of PS II of 

salinised tomato plants.  

 

 

 

 

   

 

 

 

Figure.3. Effect of  sodium toxicity on shoot chlorophyll content of  salt sensitive 

(Auqab-2000) and salt tolerant (SARC-3) wheat genotypes under Si 

deprived and Si replete growth environment .The values are mean of three 

replicates, + standard error (SE) represent a significant differences at 

P=0.01, based on Duncan multiple range test.  
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3.2.3.5 Water Economy 

The salt injury first observed in older leaves where transpiration has occurred for the 

longest time (Munns 2005). The plant water content, that was calculated as the difference 

between shoot fresh and dry weight, was significantly reduced  to 27 %. Under salt stress. 

But when salinised plants treated with Si, their plant water content increased upto40 %.  

as seen in the figurer, 4. 

 

 

 

 

 

 

 

 

 

 

 Figure.4. Effect of Si application on shoot water content of both  salt sensitive 

(Auqab-2000) and salt tolerant (SARC-3) wheat genotypes under Si 

deprived and Si replete growth environment .The values are mean of 

three replicates, + standard error (SE) represent a significant differences 

at P=0.01, based on Duncan multiple range test.  

 

The beneficial effect of silicon has been related to the depression of excessive loss of 

water by transpiration. it is suggested that silicates  crystals deposited beneath the 

epidermal cells of leaves and stems that reduce the water loss through the cuticle.   This 
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dilution factor created by Si crystals in plant body reduced deleterious effect of salinity 

on plant growth (Romero et al., 2006). 

3.2.4 CONCLUSION 

Si is involved in the metabolic, physiological and/or structural activity in wheat plant 

under salt stress. Si enhanced the photosynthetic activity in plants by enhancing the plant 

water and chlorophyll content under salt stress. Si may also contributed to more balanced 

nutrition by enhancing nutrient uptake especially K under salt stressed condition in 

wheat.  However, further studies are to need to verify solution culture results under field 

conditions.  
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CHAPTER 5, STUDY III 

DEPICTING AMELIORATIVE EFFECT OF SI IN SALINE 

GROWTH ENVIRONMENT BY CHANGES IN K
+
/Na

+
 

SELECTIVITY RATIO OF TWO WHEAT GENOTYPES UNDER 

GREEN HOUSE CONDITION  
 

5.1. ABSTRACT 

In this research growth performance of two wheat genotypes (Auqab-2000 & SARC-3) 

differing in salinity tolerance was under Si amended saline conditions. Plants were grown 

in pots filled with normal (ECe=1.16 dS m
-1

) and saline soil (artificially developed 

ECe=10 dS m
-1

). Silicon was applied @ 0, 50 and 130 µg Si/g soil using calcium silicate. 

Plants were harvested at maturity and different physical and chemical parameters were 

recorded. Salinity stress significantly (p<0.01) reduced dry matter production and grain 

yield of both wheat genotypes; however reduction was lower in SARC-3 than in Auqab-

2000. Silicon application in growth medium significantly (p < 0.01) improved dry matter 

and grain yield of both genotypes grown either in normal and/or in saline conditions. 

Potassium concentration was significantly increased in plants grown with Si in saline 

soil. Potassium concentration was lower in plants grown with salinity than those grown in 

normal soil only in Si deprived plants. Sodium uptake was higher in plants grown under 

salinity, however Si application significantly reduced Na uptake, resulting in a significant 

increase in K:Na selectivity ratio in shoots. Sodium concentration in shoots had a 

significant negative correlation (r = 0.81, p < 0.01) with shoot dry matter in both 

genotypes; however, reduction in SDM was more in Auqab-2000. Percent increase in Na 

concentration due to salinity was significantly reduced in plants receiving Si in growth 

environment. Shoot Si concentration significantly correlated with shoot K concentration 

(r=0.83, p < 0.01) and negatively correlated with shoot Na concentration (r=0.57, p < 
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0.05). Increased K concentration and reduced Na uptake or translocation may be one of 

the possible mechanisms of increased salinity tolerance by Si application in wheat.  

 5.2. INTRODUCTION 

Excess amount of soluble salts in root medium is an important constraint to crop 

production in soils of semi arid and arid environments around the globe. Approximately 

6.3 million hectares of agricultural land in Pakistan is affected by varying degrees of 

salinity/sodicity (Rafiq, 1990; Ghassemi et al., 1995) that adversely affect plant growth 

and yield in a number of species including wheat (Munns, et al., 2006; Raza et al., 2006). 

Qureshi and Barrett-Lennard, (1998) reported that > 55% yield losses in wheat occurs 

due to salinity. To ensure food security and sustainable economy, there is dire need to 

find ways to improve salinity tolerance of wheat. Various chemical, physical and 

biological strategies are adapted for economic crop production on such soils (Ashraf, 

1994; Flowers, 2004; Caurtero et al., 2006; Ashraf & Foolad, 2007). Of all these 

strategies, exogenous application of nutrients has gained a considerable ground as a 

shotgun approach to ameliorate the adverse effects of salt stress (Grattan and Grieve, 

1999). For example, exogenous application of K ameliorated adverse effects of salt stress 

in wheat (Akram et al., 2007)and  Ca in bean (Awada et al., 1995). Furthermore, some 

non-essential beneficial mineral nutrient such as Si may also counteract adverse effects of 

salt stress. Silicon is non-essential element for plant growth, and various studies have 

demonstrated that Si application significantly increased plant growth under normal 

(Agurie et al., 1992) and stress condition including both biotic (pest & diseases) and 

abiotic (drought & salinity) stresses (Ma et al., 2001; Rodrigues et al., 2003; Ma, 2004).  
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A number of possible mechanisms are proposed through which Si may increase salinity 

tolerance in plants, e.g., improving water status (Romero et al., 2006), increased 

photosynthetic activity and ultra structure of leaf organelles (Shu and Shi., 2001), 

stimulation of antioxidant system (Zhu et al., 2004), alleviation of specific ion effect 

(Rafiq et al.,1992) by reducing Na uptake (Epstein, 2001; Gong et al., 2003; Liang et al., 

2003) and/or enhancing activities of H-ATPase that responsible for enhancement in K in 

shoots (Liang et al., 2005). Gong et al. (2003) also observed improved water economy 

and dry matter yield of higher plants by Si application in root zone. Silicon application is 

reported to enhance leaf water potential in wheat under drought and salinity stress (Liang 

et al., 1999). They suggested that silica-cuticle double layer formed on leaf epidermal 

tissue is responsible for this higher water potential.  

Keeping in view all beneficial mechanisms of Si in salinity tolerance of plants, the 

present pot culture study was conducted to evaluate the growth, K and Na uptake by two 

wheat genotypes, grown under saline and normal soil conditions with different levels of 

Si in the root medium.  

 

 

 

 

5.3. MATERIALS AND METHODS 

The present experiment was conducted in rain-protected wire house of Institute of Soil & 

Environmental Sciences, University of Agriculture, Faisalabad during November, 2006.  

5.3.1. Soil Preparation and Growth Conditions  
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A surface soil (0-15 cm), hyperthermic Ustalfic Haplargids, (Gee and Bauder, 1986) was 

collected from research area of Institute of Soil & Environmental Sciences, University of 

Agriculture, Faisalabad. The soil contained 11.6 meq/kg of total dissolved salts, 0.85% 

organic matter (Nelson and Sommers, 1996), 2.1% calcium carbonate (Leoppert and 

Suarez, 1996), 5.6 mg/kg Olsen P, 185 mg/kg NH4oAc-K, 240 mg/kg total Si extracted 

by sodium acetate buffer, and 35 mg/kg calcium chloride extractable Si. The pH of soil in 

1:10 calcium chloride suspension was 7.7. The soil texture was sandy clay loam (Gee and 

Bauder, 1986). 

Six kg of prepared soil was filled in each of 36 plastic pots lined with polyethylene bags. 

In 18 pots, sodium chloride salt was added in solid form on soil paste extract base to 

develop salinity (10 dS m
-1

) and rests of 18 pots were kept as control having original EC 

of 1.16 dS m
-1

. The EC of 10 dS m
-1

 was selected because various earlier workers have 

reported a 50% yield reduction in wheat at this EC. A basal dose of N @ 100 mg/kg as 

urea, P @ 90 mg/kg as single super phosphate and K @ 120 mg/kg as potassium sulphate 

were added prior to seed sowing. Silicon was applied @ 0, 50 and 130 µg Si/g soil using 

calcium silicate. The soil was mixed thoroughly and irrigated with distilled water to attain 

field capacity (30%).  

Average temperature in the green house varied from 17 to 25 ºC during night and day. 

Relative humidity in the greenhouse ranged from 45 to 85% at day and night. Light 

intensity varied between 300 and 1400 µmol photon m
2
S

-1
 depending upon day and cloud 

conditions during the growth period.  

Table .5.1. Selected Properties of Soil Used in This Experimental 
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Property Unit Values 

Sand (%) (%) 55.16 

Silt     (%) ~ 24.19 

Clay   (%) ~ 20.65 

Textural Class 
1/

  Sandy Clay Loam 

Soil Paste pH 
2/

  7.68 

ECe  (dS/m) 
2/

 dS m
-1

 1.12 

Organic Matter  
3/

 (%) 0.78 

Calcium Carbonate (%) 
4/

 ~ 2.01 

NaHCO3-P  
5/

 (mg/kg soil) 6.05 

Available K (mg/kg soil) 
6/

 (mg/kg soil) 220 

Available Si (mg/kg soil) 
7/

 (mg/kg soil) 31 

Total Si       
8/

 (mg/kg soil) 225 

1/ 
 
Hydrometer method                                 5/ CaCO3 equivalent by acid dissolution 

2/ Saturated water extract                             6/ Extracted with 1N HN4OAC 

3/ Walkley and black method                       7/ Extracted with CaCl2 

4/ Extracted with NaHCO3                                         8/ Extracted with sodium acetate buffer 

 

 

 

5.3.2. Plant Growth and Chemical Analysis 

In each pot when the soil was at field capacity level, six pre-soaked seeds of two wheat 

genotypes, SARC-3 (salt tolerant) and Auqab2000 (salt sensitive) were sown they were 

thinned to four plants per pot after the establishment of seedling. Plants were grown till 

maturity and distilled water was used for irrigation during the growth period. Plants were 

then harvested at maturity and grains were separated from shoots with hands. The 

samples were oven-dried at 65 °C for 48 hours and the dried samples were ground in a 
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mechanical mill fitted with stainless steel blades to pass through a 1 mm sieve. For Si 

estimation, a 0.2 g of ground plant samples was digested in 2 ml of 50% hydrogen 

peroxide and 6 ml of 50% NaOH for 4 hrs at 150 °C. Silicon was measured from the 

digest by amino-molybdate blue method using UV visible spectrophotometer 

(Shimdzu,Spectronic 100, Japan) at 650 nm wavelength (Elliot and Snyder, 1991). For 

the determination of Na and K, fine ground shoot samples were digested in di-acid 

mixture of nitric and per-chloric acids (3:1) at 60 °C for 2 hrs and K and Na was 

determined using a flame photometer (Jenway PFP-7). 

5.3.3. Experimental Design 

Twelve treatments, involving two wheat genotypes along with three levels of soil salinity 

and three doses of Si were imposed in triplicate according to completely randomized 

factorial design. 

5.3.4 Statistical Analysis 

The data were subjected to statistical treatments using computer software “MS-Excel” 

and “MSTAT-C” (Russell and Eisensmith, 1983) and following the methods of Gomez 

and Gomez (1984). Completely randomized factorial design was employed for analysis 

of variance (ANOVA). Relationship among various parameters was established by least 

square method of regression / linear correlation. 
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5.4. RESULTS 

In this pot research, two wheat genotypes, selected from our preliminary hydroponics 

study, were evaluated for their differential growth response under saline and normal 

growth environment with Si application.  

5.4.1. Growth Parameters  

Shoot dry matter of both genotypes was significantly lower (p< 0.05) when grown in 

saline soil (EC=10 dS m
-1

) than those grown in normal soil (EC=1.16 dS m
-1

) (Table 5.2). 

However, reduction in SDM was much lower in SARC-3 than in Auqab-2000. Addition 

of silicate in soil significantly (p<0.01) increased SDM (up to 3.5 folds) of both 

genotypes grown either in saline or normal soil conditions. Increase in SDM due to Si 

application was more in Auqab-2000 when grown in normal soil, but the reverse was true 

when plants grown in saline soil.  

Salinity also reduced grain yield (more than 50%) in both genotypes. However, addition 

of Si improved grain yield from 50% to 225%. Grain yield increased due to Si was more 

pronounced in SARC-3 under saline environment.  

Harvest index of both genotypes increased significantly under saline conditions (Table 

5.2). Harvest index of plants grown with salinity was least affected when Si was added in 

the root medium.  
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Table.5.2. Growth parameters of salt sensitive & salt tolerant wheat genotypes grown in 

control and saline environment as affected by Silicon application values are means 

of three replicates + standard error  

Parameters Genotypes Silicon Application Rate 

0 µg Si/g  50 µg Si/g 130 µg Si/g 

Normal  Saline Normal Saline Normal  Saline 

Shoot dry 

matter 

(g/plant) 

Auqab-

2000 

3.78+1.19 1.36+0.72 4.12+1.31 2.16+1.06 5.12+2.65 3.42+1.6 

SARC-3 3.51+1.10 1.71+0.89 4.0+ 1.20 2.26+ 

1.09 

5.35+ 2.71 3.86+ 1.7 

Grain yield 

(g/plant) 

Auqab-

2000 

0.74+0.15 0.61+0.13 1.65+0.42 0.82+0.61 2.82+1.36 1.86+0.90 

SARC-3 0.67+0.39 0.62+0.3 1.60+0.79 1.12+0.67 2.57+1.20 2.17+1.01 

Harvest 

index (%) 

Auqab-

2000 

0.20+0.07 0.45+0.1 0.40+0.06 0.38+0.04 0.54+0.09 0.34+0.06 

SARC-3 0.25+0.01 0.39+0.03 0.40+0.07 0.50+0.05 0.48+0.08 0.33+0.06 

 

5.4.2 Physiological Parameters 

Salinity stress significantly reduced K concentration in shoot of both genotypes when 

grown under Si free growth environment. Silicon application significantly (p<0.01) 

increased K concentration in leaves of both wheat genotypes under normal and saline 

growth environments. Increase in shoot K concentration varied from 1.25 folds to 1.56 

folds in normal soil. Under saline conditions, increase in K concentration ranged from 2 

folds to 2.6 folds due to Si application in root environment. Maximum K concentration 

(16.8 mg/g) was observed in SARC-3 when grown under saline conditions.  

Sodium concentration was significantly more in plants of both genotypes grown either in 

saline or in normal soil (Table5.3). Concentration of Na was higher in Auqab-2000 than 

in SARC-3 at all levels of Si and salinity. Application of Si in root medium significantly 

decreased Na concentration in shoots of both genotypes compared to control. Maximum 

reduction in Na concentration due to Si application was observed when Si was added @ 

130µg Si/g of soil. Cultivars differed non-significantly in K:Na ratio in all treatments 

except when grown with highest dose of Si under salt free growth environment. In Si 
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deprived plants, salinity reduced K:Na ratio (2 folds) in both genotypes. When Si was 

added @ 50 µg Si/g of soil, K:Na ratio in saline and non saline plants was statistically 

similar in both genotypes. It increased significantly in plants receiving 130 µg Si/g in 

their growth medium from 1.8 to 3.0 in SARC-3 and from 1.6 to 2.5 in Auqab-2000.  

Table .5.3. Concentration of potassium and sodium and their interaction in two wheat 

genotypes grown in saline and normal soil as affected by silicon application.Values 

are means of three replicates + standard error  

 

Parameters Genotypes Silicon Application Rate 

0 µg Si/g 50 µg Si/g 130 µg Si/g 

Normal  Saline Normal Saline Normal  Saline 

K 

concentration 

(mg/g) 

Auqub-

2000 

7.00+3.71 5.0+2.20 8.60+4.01 11.7+4.85 9.20+4.42 16.6+6.6 

SARC-5 6.90+3.36 4.7+1.83 8.00+3.89 11.9+4.96 9.00+4.01 16.8+5.63 

Na 

concentration 

(mg/g) 

Auqub-

2000 

6.57+3.23 11.85+4.90 6.01+3.10 7.10+3.3 5.63+2.73 6.72+2.8 

SARC-5 5.78+2.23 9.01+4.01 5.02+1.94 6.98+3.42 4.90+1.85 5.50+2.63 

K:Na ratio Auqub-

2000 

1.1+0.22 0.40+0.13 1.40+0.78 1.60+0.91 1.60+0.89 2.50+1.68 

SARC-5 1.2+ 0.85 0.50+0.16 1.60+0.91 1.70+ 0.95 1.80+ 0.97 3.0+1.23 

Si 

concentration 

(mg/g) 

Auqub-

2000 

4.99+ 

1.69 

5.88+2.02 10.42+3.85 13.64+5.93 19.21+7.23 22.63+8.16 

SARC-5 4.60+1.23 6.18+2.19 9.63+3.12 12.12+5.22 17.01+6.95 19.73+ 

7.56 

 

 

Note: Normal soil : EC 1.18 dS m
-1 

and Saline soil EC: 10 dS m
-1

.  
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5.5. DISCUSSION 
 

Silicon is reported to enhance growth of many higher plants particularly under biotic and 

abiotic stresses (Epstein, 1999). A number of possible mechanisms are proposed by 

which Si can increase resistance of plants against salinity stress which is a major yield 

limiting factor in arid and semiarid areas. The present experiment was an attempt to 

monitor the beneficial effects of Si application on growth and salinity tolerance of two 

wheat genotypes. Application of Si to growth medium significantly increased dry matter 

production and grain yield in both genotypes when grown under normal as well as in 

saline environments. Increase in dry matter was more pronounced in saline environments 

indicating beneficial effects of Si application in alleviating salinity stress (Al-aghabary et 

al., 2004). Bradbury and Ahmad (1990) also observed significantly more dry matter 

production in Prosopis Juliflora due to Si application in saline environments than in non-

saline environment. Among major possible mechanism of Si induced salinity tolerance is 

increased K uptake (Liang et al., 1999). Present results also revealed a significant 

increase in K uptake in both genotypes under saline conditions when Si was added (Table 

5.3). However, salinity caused a significant decrease in K concentration when Si was not 

applied to root environment.  

Sodium concentration in plants is also a good indicator of salinity tolerance, lower Na 

concentration indicates lower Na uptake by plants such as in SARC-3, which is salinity 

tolerant genotype (Saqib et al., 2004). The dat in Fig.2 indicated that Sodium in higher 

amounts in plants caused a reduction in SDM which is evident from significant negative 

correlation between Na concentration and SDM in both wheat genotypes.  
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Fig. 1 Correlation between sodium concentration and biomass production of 

two wheat genotypes grown with different levels of Si
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Silicon is also known to reduce Na uptake (Matichenkov and Kosobrukhov, 2004).  This 

reduction in Na uptake may be due to the deposition of Si in exodermis and endodermis 

of roots reduces Na uptake in plants (Gong et al., 2003). The results in Fig 5.3 also 

clearly showed the reduced Na uptake by plants when grown with Si application in soil. 

Percent increase in Na uptake by salinity treatment was significantly reduced in plants 

grown with Si application.  

 

 

 

 

 

 

 

 

 

Fig. 5.3. Percent decrease in shoot Na concentration under salinity in wheat grown 

at different levels of Si 
Auqab-2000 performed better for growth and grain yield under normal conditions, 

however, under saline conditions SARC-3 performed better for both growth and K 
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concentration. Sodium concentration in SARC-3 was significantly lower than Auqab-

2000 indicating some Na exclusion mechanism in this genotype (Saqib et al., 2004). 

 Low K uptake under saline and sodic conditions hamperd crop production on these soils. 

Potassium had a significant role in improving plant water status and mitigating the toxic 

effects of Na. Silicon concentration was positively correlated with K concentration in 

shoots (Fig.5.3). The data indicated enhanced K uptake in plants by Si application. Liang 

et al., (2003) also reported a significant increase in K uptake and decrease in Na uptake 

under salt stress when Si was included which increased activity of plasma membrane H-

ATPase. Potassium:sodium ratio was significantly lower under salinity stress when Si 

was not applied. It was significantly increased when Si was applied in root environment 

indicating enhanced K/Na selectivity ratio in wheat genotypes thus enhancing dry matter 

and grain yield of both genotypes. Increased K uptake and decreased Na uptake by 

addition of Si in both genotypes was the major mechanisms responsible for better growth 

of plants under salinity.  

3.6. CONCLUSION 

Silicon application significantly increased dry matter and grain yield of both wheat 

genotypes under normal as well as under saline conditions indicating its importance in 

mineral nutrition of wheat. Major mechanism inducing tolerance against salinity in both 

genotypes was increased K uptake and decreased Na uptake, thus enhancing K/Na 

selectivity ratio in leaves. The current results warrant further studies to explore different 

mechanisms in plants working at cell level by which Si alleviates salinity stress under 

control and field conditions. 
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CHAPTER 6, STUDY IV 

 

ROLE OF SI APPLICATION IN SALT TOLERANCE OF WHEAT 

UNDER FIELD CONDITION  

 

6.1. ABSTRACT 

Silicon (Si) is known to combat salinity stress in a number of plant species. To evaluate 

the role of Si in salinity tolerance, two contrasting wheat (Triticum aestivum L.) 

genotypes: Auqab-2000 (salt sensitive) and SARC-3 (Salt tolerant) were grown at Site I 

(normal soil having EC=2.2 dS m
-1

) and Site II (natural saline soil having EC=11.20 dS 

m
-1

) along with 0, 75 and 150 Kg ha
-1

Si application using calcium silicate. Application of 

silicon significantly (p<0.05) improved growth and grain yield of wheat plants at both 

sites. Dry matter produced by plants on saline soil was 54% of their maximum potential 

than at non-saline soil. Shoot biomass was increased up to 96% of their maximum 

potential when Si was amended in saline growth environment. Both shoot biomass and 

grain yield was more in Auqab-2000 when grown in normal soil. Opposite was the case 

in saline soil, where SARC-3 performed better with respect to shoot biomass and grain 

yield. Addition of Si under salt stress significantly (p<0.01) enhanced K uptake but 

decreased Na uptake in both wheat genotypes. However, Si treatment did not alter 

mineral ionic composition in wheat under salt free growth medium. Enhanced salinity 

tolerance in wheat by Si application is attributed to selective uptake and translocation of 

K in shoot, which enhanced K/Na ratio under salt stress in wheat.  
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6.2. INTRODUCTION 

In arid to semi-arid regions more, than 70 % world agriculture is accomplished here 

artificial irrigation is pre-requisites for crop growth (FAO, 2008). Accumulation of 

excessive soluble salts and/or exchangeable toxic sodium ions is a characteristic of arid 

and semiarid soils like once Pakistan (Szabolcs, 1989). Most soils in Pakistan are 

Aridisols with alluvial origins that have high calcium carbonate contents. The climate is 

arid to semi-arid in nature. Theses soils are agriculturally important and have the largest 

contiguous surface irrigation system of the world (Rafiq, 1990). Sustainable crop 

production in Pakistan is threatened by several factors and the most important one is soil 

salinity which is swallowing about 40,000 ha arable land annually due to salt stress 

(Ghafoor et al., 2004). Wheat is an important staple cereal of most Pakistanis and is 

widely cultivated both in irrigated and rain-fed areas of Pakistan. Unfortunately both 

areas are severely suffered from salinity stress. Yield losses upto 55% in wheat have been 

reported due to salinity stress (Qureshi and Barrett-Lennard, 1998). Crop adaptation to 

salinized soil is crucial to feed the exploding population in Pakistan. Several chemical 

reclamation, biological improvement in salt tolerance of crops and physical (engineering) 

approaches are provoked for crop production on such saline soils. Integrated use of all 

these approaches is both economically and environmentally imperative in most situations. 

It is very crucial to find out environmentally friendly and economically acceptable 

approach for sustainable crop growth on such salt affected soils. Of all above approaches, 

exogenous application of nutrients has gained a considerable ground as a shotgun 

approach to ameliorate the adverse effect of salt stress on plant growth (Raza et al., 

2006). Exogenous application of nutrients such as K ameliorated the adverse effects of 
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salt stress in wheat (Akram et al., 2007), Ca in bean (Awada et al., 1995), and N in 

Phaseolus vulgaris (Wagenet et al., 1983). Furthermore, some beneficial mineral 

nutrients also significantly counteract adverse effects of salt stress. For example, silicon 

is a non-essential beneficial element for plant growth, but it brings significant benefits to 

any type of plant at any growth stage (Epstein, 2001). Numerous studies around the globe 

have demonstrated that Si application significantly increased plant growth both under 

normal (Agurie et al., 1992) and stresses condition including biotic and abiotic stresses 

(Ma et al., 2001; Rodrigues et al., 2003; Ma, 2004). Matoh et al., 1986 and Liang et al., 

2003 reported that exogenous application of Si enhanced the growth of higher plants like 

barley, rice and wheat under salt stress. A number of possible mechanisms have been 

reported through which Si increased salinity tolerance in plants. These mechanisms 

includes: a) improved plant water status (Romero et al., 2006), b) increased 

photosynthetic activity and c) ultra structure of leaf organelles (Shu and Liu., 2001), d) 

stimulation of antioxidant system (Zhu et al., 2004) and e)immobilization of toxic sodium 

ion in growth medium by deposited Si in exodermis and endodermis of roots that reduced 

the Na uptake in plants through a reduction in apoplastic ion transport across the root 

(Gong et al., 2006).  Liang et al., (2005) also reported a significant increase in K uptake 

and decrease in Na uptake under salt stress when Si was added in growth medium. Silica 

increased activity of plasma membrane H-ATPase and this ultimately enhanced the 

uptake and translocation of K and diminished the uptake of Na in crops such as barley . 

Most of the work on beneficial effects of Si on growth of crops is reported in hydroponics 

system and in highly weathered Oxisols and low base saturated Ultisols soils that are 

severely deficit in plant available Si content (Datnoff, 2004). However, not much is 
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known about the role of Si on the growth of plants that are grown on selectively young, 

high base saturation Aridisols soil order which are relatively less Si depleted like 

Pakistani soils. In our preliminary hydroponics and pot culture studies, Si application 

significantly improved growth of wheat under varying levels of salinity in root medium 

(Tahir et al., 2006). To our knowledge, this is the first study on Aridisols where we used 

original natural salt affected and normal soil, to investigate the effect of Si application on 

yield and ionic composition of wheat grown under control & natural salt affected lands.  

6.3. MATERIALS AND METHODS 

6.3.1 Field Location and Characteristics 

The study was conducted in farmer’s fields located at latitude 31 02 to 31 45 north and 

longitude 72 50 to 73 22 east. It is a part of sub-continental lowland region and is 

designated as semiarid central Punjab (Punjab is a province of Pakistan). The climatic 

conditions have marked variation in temperature (mean monthly maximum temperature 

ranged from 20C to 41.2C) and annual rainfall over the year (<350 mm). Most rain fall 

occurs during mon soon season (July-August). Composite soil samples were randomly 

collected from two locations, Site I (Normal non-saline field EC=2.20 dS m
-1

) and Site II 

(Naturally salt affected field EC= 1.20 dS m
-1

). The samples were collected at soil depth 

0-15 cm. They were air dried, ground, and passed through a 2 mm sieve. The processed 

samples were analyzed for texture by hydrometer method (Gee & Bunder, 1986), CaCO3 

by acid dissolution method (Loepprt & Sunrez, 1996). For Available and total Si in soil 

used double acid method (Rodgriues et al., 2003) and organic matter content by Walkely-
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Balack method (Nelson & Sommers, 1996). Soil pH was measured in a saturated soil 

paste by calomel glass electrode assembly using a Beckman pH meter. WTW- Cond 3I 5i 

EC meter was used to measure ECe of the saturated extract. Basic physicochemical 

properties of soils of both sites are presented in Table 6.1 

 Table 6.1. Basic Physico-chemical Properties of Soils at Both Experimental Sites   

  

6.3.2. Plant Growth and Treatments 

Field plots were laid according to randomized complete block design in factorial fashion. 

Silicon, salinity, and genotypes treatments were replicated three times. Plot size was 0.25 

ha for each treatment. Seedbed was cultivated 3-4 times followed by planking, one 

plough with turning furrow plough. Uniform doses of basal fertilizer were applied to all 

plots at the rate of 75 Kg N ha
-1

 as urea, 50 Kg P ha
-1

 as single super phosphate and 30 

Property Unit Site - I (Normal 

field) 

Site - II (Natural 

Saline field) 

Sand % 61 55 

Silt ~ 23 24 

Clay ~ 16 21 

Textural Class
1/

 Sandy Loam Sandy Clay Loam 

pHs  7.26 8.02 

ECe
2/

 dS m
-1

 2.20 11.20 

Organic Matter 
3/

 % 0.90 0.78 

Calcium Carbonate 
4/

 ~ 2.25 2.01 

Olsen-P 
5/

 mg kg
-1

 4.80 6.05 

Available K 
6/

 ~ 170 220 

Available Si 
7/

 ~ 28 37 

Total Si 
8/

 ~ 150 193 
1/

 Hydrometer method (Day, 1965) 
2/

 Saturated extract 
3/

 Walkley and Black (Allison,1965) 
4/

 CaCO3 equivalent by acid dissolution 
5/

 Extracted with NaHCO3 
6/

 Extracted with 1N NH4  O AC 
7/

 Extracted with sodium acetate buffer 

(Rodrigues et al., 2003) 
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Kg K ha
-1

 as potassium sulfate. Field was irrigated after fertilizer application and after 6
th

 

day when the soils was at field capacity. On November 24
th

 2007 seeds were placed @ 

100 Kg ha
-1

 at site I and 110 Kg ha
-1

 at site II by drill. The row spacing was 22 cm. Four 

irrigations were applied to wheat crop during growth period, 1
st
 irrigation after 18 days of 

sowing, 2
nd

 irrigation at tillering stage, 3
rd

 irrigation at booting stage and 4
th

 irrigation at 

milking stage. Silicon was applied at both saline and normal fields in their respective 

plots @ 0, 75 and 150 Kg Si ha
-1

 using calcium silicate after dissolving it with KOH at 

70C at hot plate. Plants were harvested at maturity on April 18
th

 2007. After harvesting 

grains were separated from wheat straw with wheat thresher and their weights were 

recorded separately to determine the harvest index by equation given below.  

 

 

 

Five plants per treatment were separately harvested for ionic analysis. The samples were 

then dried in a forced air driven oven at 75 °C for 48 hours. The dried samples were then 

ground in a mechanical mill that was fitted with stainless steel blades and a 1 mm sieve. 

The ground samples were analyzed chemically for ions content.  

Harvest Index= 
Grain Yield 

Total Biomass Yield 
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Figure  6.1. Experimental Layout of Study-IV 
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6.3.3. Chemical Analysis 

 

For Si estimation, a 0.2 g of ground plant samples was digested in 2 ml of 50% hydrogen 

peroxide and 6 ml of 50% NaOH for 4 hrs at 150 °C (Elliot and Snyder, 1991). Silicon 

was measured in the digest samples by amino-molybdate blue method using UV visible 

spectrophotometer (Shimdzu, Spectronic 100, Japan) at 650 nm. For the determination of 

Na and K, fine ground shoot samples were digested in di-acid mixture of nitric and 

perchloric acids (3:1) at 60 °C for 2 hrs. Potassium and sodium was determined using a 

flamephotometer (Jenway PFP-7). Uptake of each element was calculated by multiplying 

concentration of element with its respective dry matter yield.  

 6.3.4. Statistical Analysis 

 

The data was analyzed statistically using PC based program MStat-C (Michigan State 

University, 1996) and Microsoft Excell®. Comparison among different means of 

genotypes, salinity and silicon were made by DMR test at 5% probability (Steel et al., 

1996). 

 

 

 

 

 

 

 

 

 

 

 

6.4. RESULTS 
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6.4.1. Growth Parameters 

There was significant (p<0.05) main and interactive effect of genotypes, salinity and 

silicon treatments on shoot biomass and grain yield of wheat genotypes (Table 6.2).  

Table 6.2. Straw and grain yield of two wheat genotypes grown on normal (EC=1.20 dS m
-1

) and 

saline field (EC=10 dS m
-1

) as affected by silicon application @ 0, 75 and 150 mg Si g
-1

. Values are 

means of three replications + standard error 

Si Treatment Genotypes Field 

Yield (dry weigt) (kg ha
-1

) 

Straw Grain 

0 Kg/ha Si 

Auqab-2000 
Normal 4900 ± 240 2570 ± 49 

Saline 2029 ± 110 980 ± 21 

SARC-3 
Normal 4500 ± 236 1960 ± 78 

Saline 2440 ± 101 1100 ± 110 

75 Kg/ha Si 

Auqab-2000 
Normal 5300 ± 198 2782 ± 117 

Saline 2690 ± 168 1480 ± 78 

SARC-3 
Normal 6160 ± 301 2240 ± 134 

Saline 2700 ± 78 1550 ± 79 

150 Kg/ha Si 

Auqab-2000 
Normal 9625 ± 340 2925 ± 201 

Saline 3265 ± 123 2020 ± 167 

SARC-3 
Normal 8391 ± 330 2379 ± 78 

Saline 3100 ± 101 1900 ± 102 

LSD value at p<0.05 1090 759 

 

Shoot biomass (t/ha) in both genotypes was significantly (p<0.01) lower in saline field 

than those grown in normal field. Reduction in straw yield due to salinity was > 50% of 

their maximum yield potential in both genotypes; however reduction was slightly lower 

in salt tolerant SARC-3 than in salt sensitive Auqab-2000 genotype as shown in Fig.1. 

Straw yield of SARC-3 (3.5 t/ha) was higher than Auquab-2000 (3.0 t/ha) irrespective of 

Si application when grown in saline conditions. However, under normal field, straw yield 



 89 

of SARC-3 (6.20 t/ha) was significantly (p<0.05) lower than Auqab-2000 (7.60 t/ha) in 

plots where no Si applied , except at high dose of Si (150 kg ha
-1 

) application where 

plants absorbed more silicon in their body and their leaf structure became brittle and 

destroyed so less straw yield was obtained. 

Similar to shoot biomass yield, reduction in grain yield due to salinity was much 

pronounced in Auqab-2000 (6 folds) than in SARC-3 (3 folds) when Si was not applied. 

Silicon application significantly (p<0.05) improved grain yield of both genotypes grown 

either on normal and or on saline fields. 

Increase in grain yield due to Si application was more prominent under saline growth 

environment than in normal field. The highest grain yield (3 t/ha) was observed in 

Auqab-2000 grown with 150 kg Si ha
-1

 under salt free Si amended growth environment  

and the lowest grain yield was recorded in (0.9 t/ha) Auqab-2000 (salt sensitive) wheat 

genotypes under salt affected Si free growth environment (Table 6.2).Salinity reduced the 

grain yield more than 65 % in both genotypes. However, addition of Si in soil improved 

grain yield from 65 to 175 %.   

Harvest index (HI) was not significantly affected by genotypes, salinity and silicon 

application in wheat (Fig. 6.2). Comparing both genotypes, HI was slightly higher in 

Auqab-2000 at all levels of Si in normal field. The case was opposite in saline 

environment, SARC-3 had about almost similar HI to Auqab-2000 at all level of Si 

application. Increase in HI was more pronounced under saline conditions.  
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Figure.6.2. Effect of Si application on the harvest index (H.I.) of salt sensitive (Auqab-

2000) and salt tolerant (SARC-3) wheat genotypes both under normal and salt 

affected soil. The values are mean of three replicates, letter present on each bar 

represent a non- significant differences, based on Duncan multiple range test   

 

6.4.2 Physiological Parameters  

 

6.4.2.1 Silicon Concentration and Uptake in Straw 

 

There was significant (p<0.01) main effect of Si application on Si concentration in straw 

of both wheat genotypes (Table 6.3.).  
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Table. 6.3. Effect of Si application on the ionic composition of salt sensitive (Auqab-2000) and salt 

tolerant (SARC-3) wheat genotypes both under normal and salt affected soil. The values are mean of three 

replicates, different letter above each value represent significant differences at P=0.05, based on Duncan 

multiple range test. 
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However, genotypes and salinity levels did not significantly affect Si concentration in 

straw under normal soil. There were significant main and interactive affects of genotypes, 

salinity levels and Si levels on Si uptake in straw. Averaged over all treatments, Si uptake 

was significantly (p<0.05) more in SARC-3 than Auqab-2000. Excess of soluble salts in 

root medium significantly reduced Si uptake in both genotypes; however, reduction in Si 

uptake was more pronounced in Auqab-2000. Silicon uptake by plants grown on saline 

Si 

application 

rate (Kg/ha) 

 

Site I (Normal Field) Site II (Salt Affected Field) 

Wheat Genotypes 

Auqab-2000 

(Salt sensitive) 

SARC-3 

(Salt tolerant) 

Auqab-2000 

(Salt sensitive) 

SARC-3 

(Salt tolerant) 

Na Conc. (mg/g)  

0 5.99 d 4.92 e 20.24 a 19.37 a 

75 5.65 e 5.13 e 15.75 b 12.25 b 

150 5.42 e 5.22 e 8.88 d 7.64 c 

LSD Si, Na α (0.01)=1.30 

                            K Conc. (mg/g)  

0 13.56 de  10.95 g 10.01 fg 9.36 g 

75 14.37 ce 12.88 ef 16.09 c 14.24 ce 

150 15.48 b 13.44 cd 23.28 a 20.19 d 

LSD Si, Na α (0.01)=2.13 

                           Si Conc. (mg/g)  

0 10.23 e 11.42 d 12.67 d 12.54 d 

75 16.67 c  17.15 c 17.15 c 18.67 c 

150 22.24 b 24.9 a 22.25 b   23.67 ab 

LSD Si, Na α (0.01)=2.28 

                              K/Na Ratio  

0 2.26 a 2.23 a 0.49 c 0.48 c 

75 2.54 a 2.51a 1.02 b 1.16 b 

150 2.86 a 2.57 a 2.62 a 2.64 a 

LSD Si, Na α (0.01)=0.14 
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conditions with 150 kg ha
-1

 Si accumulated almost double amount of Si in their straw 

compared to those grown on normal soil with no Si application (Table 6.3).  

 6.4.2.2 Potassium Concentration and Uptake in Straw 

There were significant main and interactive effects of silicon on K concentration (%) in 

straw of wheat genotypes (Table 6.3). Potassium concentration was significantly (p<0.01) 

lower (<75% of their maximum) in plants grown with salinity than those grown in non-

saline field without Si application. However, K concentration was significantly increased 

under saline conditions, when Si was applied at either 75 or 150 kg Si ha
-1

 to the soil. 

Increase in K concentration due to Si application under salinity was significantly more at 

150 kg ha
-1

 (>2 fold) than at 75 kg Si ha
-1

 (1.5 fold). Reduction in K uptake due to 

salinity was significantly more in Auqab-2000 at all levels of Si application. Reduction in 

K uptake due to salinity was significantly decreased by silicates addition in soil. There 

was a significant (p<0.01) positive regression co-efficient relationship between K uptake 

(g/ha) and straw yield of salt tolerant (R
2
=0.61) and salt sensitive (R

2
=0.75) wheat 

genotypes (Fig.6.4 & 6.5). 



 94 

 

 

 

 

 

 

 

 

 

 

 

 

Figure.6.4. Regression co-efficient relationship between straw yield (Kg/ha) and K, Na uptake in salt 

sensitive (Auqab-2000) wheat genotype 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure.6.5. Regression co-efficient relationship between straw yield (Kg/ha) and K, Na uptake in 

salt tolerant (SARC-3) wheat genotype 
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6.4.2.3 Sodium Concentration and Uptake in Straw 

 

Sodium concentration was significantly more in plants grown in saline field irrespective 

of Si application (Table 6.3). Increase in Na concentration due to salinity was > 3.75 

folds in plants grown without Si than those plants grown with Si (<2 folds at 150 Kg Si 

ha-1) in soil. Addition of Si under natural saline soil, significantly (p<0.01) reduced Na 

concentration in straw of both genotypes when compared to plants grown without Si 

application.  Genotypes did not differ for Na concentration in their straw at both levels of 

salinity and Si application. However, Na was slightly more in Auqab-2000 than in 

SARC-3. Sodium uptake in shoot biomass had a significant low regression co-efficient 

relationship in SARC-3 (R
2
=0.34) and Auqab-2000 (R

2
=0.46) wheat genotypes grown 

under saline growth environment (Fig. 6.4 & 6.5).  

6.5. DISCUSSION 

Salinity is an ever-present threat to crop yields where irrigation is an essential aid to 

agriculture like once Pakistan and growth inhibition by Na toxicity among the most 

common effect of salinity (Tester & Davenport, 2003). It is the primary cause of ion 

specific damage in gramineous crops, Na specific damage is associated with the 

accumulation of Na in leaf tissue followed by disruption of enzymatic process and 

protein synthesis this reduced lifespan of individual leaves which resulted in    reduced 

growth and yield of crops (Munns, 2002). The capacity of plants to counteract salinity 

stress will strongly depend upon status of their K content. The physiological window of 

optimum K concentration narrows in the presence of increasing amount of Na 

(Marschner, 1995). Any factor that reduces the concentration of Na in the plant body 
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ultimately enables the plant to combat the salt toxicity. It has been well established fact 

that Si neutralizes Na toxicity in alkaline soils (Liang et al., 2005). 

K/Na ratio in tissues is also an important indicator of salinity tolerance of plants (Saqib et 

al., 2004). Silicon is reported to increase K/Na selectivity ratio under salt stress (Moth et 

al., 1986, Liang et al., 1999, Shu & Liu ., 2001 & Al-aghabary et al., 2004).In the current 

research the application of soluble silicates in the growth medium enhanced the K/Na 

ratio in flag leaf of wheat (Table.6.3).But genotypes differed non-significantly in K/Na 

ratio. Increased in K/Na ratio was most significant under saline growth environment (R
2 

= 

0.88) as compared with normal soil (R
2
= 0.52) as shown in (fig.6).  

Figure.6.6. Schematic illustration between soil type and K/Na ratio in flag leaf of salt sensitive (Auqab-

2000) and salt tolerant (SARC-3) wheat genotypes 
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6.6. Conclusion  

Salinity significantly decreased growth and yield of both wheat genotypes; however, 

SARC-3 performed better than did Auqab-2000 under salt stress. Silicon application 

improved growth and yield of both wheat genotypes under normal as well as under saline 

field conditions. Growth improvement in wheat by Si application was more prominent 

under salt stress. The improved growth by Si under salinity was attributed to reduced Na
+
 

uptake and its onward translocation, this increased K
+
 uptake and increased K/Na ratio.  
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CHAPTER 7 

SUMMARY  

 

Silicon is a ubiquitous and prominent constitute of plants and their environments. It plays 

a multitude of roles in plant life and crop performance when plants are under stress (both 

biotic & abiotic stress) condition such as salinity. Today salinity remains a major a-biotic 

stress that adversely affects wheat crop productivity and quality. Wheat is an important 

cereal crop of Pakistan. The vegetative and reproductive development of wheat is 

severely affected by salt stress and it is plant under stress that responds most markedly to 

silicon nutrition to combat salt stress. The present research was planned with the 

following objectives: 

o Study  genotypic variation in wheat  genotypes to salinity tolerance  

o Evaluate beneficial effect of Si application on the growth of five wheat 

genotypes under salinity stress  

o Explore the possible mechanism of salt tolerance in wheat mediated by Si 

application 

A series of solution, pot culture and field experiments were conducted during 2004-2007 

to achieve these objectives. In first experiment, 5 wheat genotypes were grown in 

hydroponics with low and high levels of sodium toxicity along with silicon nutrition in 

nutrient solution. Differential growth and Si contents among genotypes made way for 

further experimentation. Two wheat genotypes; one salt tolerant and other salt sensitive 

were selected to study their growth performance in solution culture under salt stress as 

affected by silicon application in root environment. Si application significantly changed 
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the physiological response of wheat plants under salt stress, which helped plants in 

alleviation of Na toxicity as compared with Si deprived plants. Finally, these salt 

sensitive and salt tolerant wheat genotypes were grown in natural salt affected soils to 

evaluate beneficial effect of Si application in real field condition. Si significantly 

enhanced the grain yield of wheat under salt stressed lands. The main conclusions drawn 

from these studies include: 

1. Genotypes showed significant differences for biomass production when grown 

under salt stress. Two contrasting wheat genotypes: SARC-3 (Salt Tolerant) and 

Auqab-2000 (Salt Sensitive) were selected among 5 five wheat genotypes based 

on their Na content in plant body. 

2. Si fed plants showed better growth performance under salt stress by enhanced 

chlorophyll content, shoot water content and lowers of electrolyte leakage 

percentage in shoot and subsequently enhanced the membrane stability index.  

3. Si application in root environment induced salt tolerance in plants by altering   the 

ionic composition especially with reference to K nutrition. It reduced the uptake 

and translocation of Na in plant body and enhanced the K/Na ratio in plant, a 

major mechanism of salt tolerance in plants.    

In general, results of the present research revealed that application of active Si in growth 

medium enhanced soil fertility, increased quantity and quality of crops and also reduced 

the negative impact of adverse environmental condition especially salinity in wheat.   
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