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ABSTRACT 

Studies to evaluate the wheat performance by silicon (Si) application under late sown 

conditions were carried out at Agronomic Research Area University of Agriculture, 

Faisalabad during 2010-11 and 2011-12. The study consisted of total four experiments. 

Prior to field experiments, two pot experiments were carried out in green house at 

Agronomic Research Area to optimize the best source and rate of Si both as soil and 

foliar application. Best Si source was determined from using sodium silicate, calcium 

silicate, and silicic acid, whereas Si level was optimized using four concentrations (0, 50, 

100, and 150 mg/L) both as soil and foliar application. Both the experiments were carried 

out in green house using completely randomized design with three replications. Results 

revealed that Si from source Ca-silicate at the rate of 100 mg kg
-1

 as soil applied and 100 

mgL
-1

 as foliar spray gave maximum improvement in crop growth. After the optimization 

of Si source and level from green house experiments, two field experiments were 

conducted at using the Randomized Complete Block Design with split-split arrangements. 

Three sowing dates (10
th

 Nov, 10
th

 Dec, 10
th

 Jan) were  placed in main plots, while wheat 

varieties (Sehar-2006 and Faisalabad -2008) and optimized dose of Si at different growth 

stages (control, basal, tillering, booting and heading) were placed in sub-plots and sub-

sub plot, respectively. In first field experiment Si was applied as soil application but in 

second experiment it was applied as foliar spray at various growth stages. Data regarding 

the crop phenology, allometry, agronomic and biochemical traits were recorded using the 

standard procedures. The data so collected were analyzed statistically by using the 

Fischer’s analysis of variance technique and LSD at 5% probability was used to compare 

the difference among the treatments’ means. Results indicate that maximum days to 

maturity, growth attributes, yield and yield components and biochemical parameters   

were observed when Si at the rate of 100 mg kg
-1

 as soil or 100 mg L
-1

 as foliar was 

applied at the heading stage of wheat. Moreover, soil application of Si performed 

comparatively better than foliar spray.   
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CHAPTER 1 

INTRODUCTION 

Wheat (Triticum aestivum L.) is the most important and major cereal crop grown in 

Pakistan.  In 20011-12, wheat production was 20.95 million tons with an area of 8.55 

million hectares and an average yield was 2.65 tons ha
-1

. Currently wheat grown on an 

area of 9.06 million hectares with the total production of 23.42 million tons and average 

annual production is 2.70 tons ha
-1 

(Govt. of Pakistan, 2012-13). Despite of higher yield 

potential, average grain yield of wheat in Pakistan is much lower than many others wheat 

growing countries of the world like Germany (6.69 tons), Egypt (6.47 tons), France (6.26 

tons) and USA (5.90 tons ha
-1

) (FAO, 2013). Wheat has always been one of the most 

reliable traditional food grain crops of semi-arid and continental climates. It is grown in a 

diversity of agro-climatic conditions.  

Uniform germination and better vigor are the main factor of crop improvement 

(Chivasa et al., 1998). Most common factors that causes the low in Pakistan low are 

quality seed (Radford, 1983), non-availability of in time irrigation water (Harris, 1996), 

conventional sowing methods (Radford, 1983), poor seedbed preparation (Joshi, 1987), 

late sowing (Farooq et al., 2008).  

In rice-wheat cropping system, late sowing of wheat is a major cause of low yield 

due to late maturing fine rice varieties cultivation (Iqbal et al., 2002). Similarly in cotton-

wheat cropping system, the last picking of cotton always goes up to last week of 

December or first week of January  (Hussain et al., 2008). Due to these constraints, it is 

not possible for the farmers to sow wheat in time. Early sowing produces higher yields 

than late sowing due to longer duration because both early and late sown wheat mature at 

same time. Because of longer growth period, early sowing wheat accumulates more 

photosynthates as compared to late sowing. Late sowing affects the growth, yield and 

quality of wheat because it is documented that after 20
th
 November, each day delay in 

sowing of wheat decreases grain yield at the rate of 36 kg ha
-1 

due to shorter growing 

period and sub-optimum temperature (Hussain et al., 1998). 

Temperature below or above the optimum alters cellular functions and yield of 

crop. Sub-optimum temperature during the germination of late sowing wheat badly 

affected the germination process and caused the poor stand establishment. Germination is 
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one of the major vital phase, as temperature less than 12°C cause the poor and patchy 

emergence (Timmermans et al., 2007). Consequently, the rate of germination is an 

important factor that find out the crop prospective under varying ambient temperature of 

wheat. In late sowing wheat, low soil temperature below 10°C caused the poor stand 

establishment. Under late sown condition, wheat plant reduced the potential of tillers 

formation due to high temperature than that of optimal for tillering of wheat (Farooq et 

al., 2008). When late planted wheat reached to its reproductive phase, sudden rise in 

temperature i.e. ≥ 35°C can decrease the weight and quality of wheat grains (Wardlaw 

and Wrigley, 1994; Randall and Moss, 1990; Savin et al., 1996). 

The rising temperature during the later stages of crop growth mainly from pre-

heading and post-anthesis, should be considered as an important yield limiting factor. 

Dupont and Altenbach (2003) depicted that 20ºC as the most favorable value of 

temperature for wheat grain filling in sub-tropical climate. Previous literature showed that 

even 1°C increase in temperature from the optimum at reproductive phase of wheat may 

reduce the yield about 3-4% in agriculture production system (Wardlaw et al., 2002). 

During grain development, a temperature of 6-8°C above the normal adversely affected 

the grain growth duration and rate (Viswanathan and Khanna-Chopra, 2001).  Similarly, 

Ciaffi et al. (1996) narrated that even short period of high temperature (35-40ºC) during 

grain filling could have a pessimistic effect on yield.  

Normal physiological processes in the cell play key role in rapid cell division, 

elongation and differentiation which are adversely affected with high temperature. 

Particularly at cellular membranes, high temperature affects after anthesis is complex and 

integrate wheat response for long period with moderate high temperatures (25ºC) 

(Wardlaw et al., 2002) and plant behaviors for short period with high temperatures (> 

32ºC) (Blumenthal et al., 1991; Stone and Nicolas, 1994). Temperature above the 

optimum badly affected the mitochondrial functions due to induction of oxidative stress 

(Davidson and Schiestl, 2001; Larkindale and Knight 2002; Vacca et al., 2004). The 

steady-state transcript and protein level of many reactive oxygen species (ROS)-

scavenging enzymes was found to be elevated by heat stress in the plant (Rainwater et al., 

1996; Sato et al., 2001; Rizhsky et al., 2002; Mittler et al., 2004; Vacca et al., 2004). 

An integrated use of chemical, physical and biological approaches are 

recommended for better crop production in stress conditions to make it economical and 

environment friendly. Of all above approaches, exogenous application of nutrients was 
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considered as a shotgun approach to ameliorate the adversities of high temperature stress 

(Raza et al., 2006).  Literature showed  that adverse effects of high temperature have been 

alleviated with exogenous application of K
+
 in wheat (Akram et al., 2007), N in 

Phaseolus vulgaris (Wagenet et al., 1983) and Ca
+
 in snap bean (Awada et al., 1995). 

Furthermore, some beneficial mineral nutrients have been studied that can counteract 

adverse effects of high temperature. Silicon (Si), being a beneficial element provides 

significant benefits to plants at various growth stages under stressful conditions. 

Generally Si has not still considered in the list of essential nutrients for crop plants 

because its direct role is still lacking that Si is a part of plant constitutes or enzymes 

(Epstein, 1999; Epstein and Bloom, 2005). However, various studies reported that Si is 

agronomically essential nutrient for crops particularly for grasses (Liang et al., 1996; 

Liang, 1999; Liang and Ding, 2002). More recently, roles for Si in alleviating abiotic 

stresses in plants have received attention (Liang and Ding, 2002; Gong et al., 2006; Liang 

et al., 2006; Hattori et al., 2005, 2007). 

Previous studies showed that stress tolerance of wheat (Triticum aestivum) 

(Ahmad et al., 1992), mesquite (Prosopis juliflora) (Bradbury and Ahmad, 1990), and 

barley (Liang et al., 1996, 1999; Liang and Ding, 2002) could be markedly enhanced by 

the addition of small amounts of soluble Si. Deposition of Si in plant increases the 

thickness of the culm wall and the size of the vascular bundle preventing lodging 

(Shimoyama, 1958). Silicon absorption brings several benefits, such as the increase of 

cell wall thickness below the cuticle, imparting mechanical resistance, decrease in 

transpiration (Isa et al., 2010), and improvement of the leaf angle, making leaves more 

erect (Epstein, 1999), thus reducing self shading, especially under stress condition (Shen 

et al., 2010). Added Si decreased the permeability of plasma membrane of leaf cells 

(Liang et al., 1996, 1999), and significantly improved the ultra-structure of chloroplasts, 

which were badly damaged by the temperature stress with the double membranes 

disappearing and the grannae being disintegrated in the absence of Si (Liang, 1998). Si 

also increased plant defense mechanism by improving the antioxidant activity. Leaf 

superoxide dismutase (SOD) activity and suppressed lipid peroxidation are induced by 

stress and stimulated root H
+
-ATPase in the membranes, suggesting that Si may affect the 

structure, integrity and functions of plasma membranes by influencing the stress-

dependent peroxidation of membrane lipids (Liang et al., 1996, 1999). The stimulation of 

root plasma membrane H
+
-ATPase by added Si under stress was responsible for the 
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increased uptake and transport of K
+
 from roots to shoots by plants (Liang et al., 1999; 

Liang and Ding, 2002). However, information is still scant regarding the influences of 

exogenous Si on root antioxidant enzyme activity and non-enzymatic antioxidants 

responsible for scavenging the active oxygen species produced as a result of heat-induced 

oxidative damage. 

The present study has been proposed to investigate the potential role of Si in 

mitigating the heat stress on late sown wheat with the objectives a) To optimize the 

source and rate of Si application for improving wheat growth, b) to identify the growth 

stage and develop best method of silicon application for wheat under late sown conditions 

and c) to evaluate the potential of Si in improving the heat tolerance in late sown wheat. 
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CHAPTER 2 

 

REVIEW OF LITERATURE 

 
 

Wheat is adapted to a wide range of environmental conditions but it grew profusely and 

achieved maximum genetic potential under optimum environmental conditions (Sadras 

and Trapani, 1999).  

2.1. Wheat responses to late sowing 

Wheat is very sensitive to high temperature (Slafer and Satorre, 1999) and trends 

in increasing growing season temperatures have been studied for the major wheat 

growing areas (Gaffen and Ross, 1998; Alexander et al., 2006; Hennessy et al., 2008). 

Wheat experiences high temperature at different phenological stages, but high 

temperature during the reproductive phase is more harmful than during the vegetative 

phase due to the direct effect on grain number and dry weight (Wollenweber et al., 2003).  

Delayed sowing of wheat lowers the yield up to 0.7% a day (Ortizmonasterio et 

al., 1994) because it causes late emergence, poor crop stand, reduced tillering and 

shortened growth. Porter and Gawith (1999) observed that wheat require 17-23°C 

temperature over the course of entire growing season with a minimum temperature of 0°C 

and a maximum of 27°C beyond which growth stops. Temperatures above optimum 

reduce the length of crop growing season, so less radiations are intercepted that results in 

less photo-assimilation and ultimately lowered grain yield (Lawlor and Mitchell, 2000).  

Although high temperatures accelerate growth (Fischer, 1980; Kase and Catsky, 1984), 

that also reduce the phenology, which is not compensated by the increased growth rate 

(Wardlaw and Moncur, 1995; Zahedi and Jenner, 2003). The growth period of wheat 

from germination to stem elongation is reduced by 4.3 day while there is elongation of 

3.3 days in booting period for every 1.8°C increase in minimum temperature (Wang et al., 

2008). Photoperiod also determines the solar radiation interception period and it’s direct 

relation with temperature play a key role in driving developmental processes; responses 

of leaf formation and number are well documented (Slafer et al., 1994; Brooking et al., 

1995), which are also critical determinants of grain yield (Kantolic and Slafer, 2005). 

Under controlled conditions it is estimated that wheat yield decreases by 4% for every 

1°C rise in temperature above optimum (Wardlaw and Wrigley, 1994). Temperature 
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stress in late stages of plant development like anthesis and grain filling affects the enzyme 

activities (Keeling et al., 1994). In wheat crop, grain filling is drastically reduced by high 

temperature as it reduces leaf and ear photosynthesis (Blum et al., 1994). Heat stress 

during grain filling reduced grain weight by 23% when temperature was raised from 

20/15 to 40/15.8°C for 3 days (Stone and Nicolas, 1994). 

2.1.1. Morphological responses 

Under late sown condition, heat stress is the only most limiting factor lowering 

growth and ultimately final yield. The relationship of high temperature to wheat yield was 

intensively studied by several authors and in general, the yield was reported negatively 

correlated to higher temperature (Wheeler et al., 1996 and Batts et al., 1997). Yield 

reduction in wheat under high temperatures is associated with less grain in a spike and 

reduced grain size (Gibson and Paulsen, 1999). Also higher temperature enhances leaf 

senescence lowering the green leaf area. The rapid leaf senescence ultimately resulted in 

less productive tillers/plant, which is one of the major causes of yield loss (Yeh and Hsu, 

2004). However, crop response to high temperatures varied with variation of 

temperatures, duration of exposure, crop growth stage, and also due to the level of crop 

tolerance. 

It was reported that prolonged high temperature affects developing seeds (Grass and 

Burris, 1995). Shoot dry mass and crop growth rate in wheat and some other crops were 

drastically reduced by high temperature (Ashraf and Hafeez, 2004 ; Wahid et al., 2007).  

High temperature and drought negatively affect anthesis and grain filling stages in wheat. 

Heat stress reduced kernel density and weight up to 7% in spring wheat (Guilioni et al., 

2003; Reynolds et al., 1994;Ferris et al., 1998). Phaseolus vulgaris is also affected by 

heat stress (Rainey and Griffiths, 2005) and groundnut, Arachis hypogea did also show 

the same results (Vara Prasad et al., 1999). Foolad (2005) observed that high temperature 

is most deleterious at flowers initiation.  

2.1.2. Phenological responses 

The changes in crop phenology due to high temperature can help understanding of 

stress atmosphere and crop plant interactions. Heat stress affects differently on different 

phenological stages (Wollenweber et al., 2003; Howarth, 2005). High temperature 

increases plant growth to a certain limit and then it decreases afterwards (Hall, 1992; 

Marcum, 1998; Howarth, 2005).  
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It is reviewed that during vegetative growth stage of wheat, leaf gas exchange 

properties are affected by high temperature (Al-Khatib and Paulsen, 1990). A short 

exposure  of floral buds to high temperature can cause significant increases  in bud and 

flowers’ abortion (Guilioni et al., 1997; Young et al., 2004;Peet et al., 1998; Sato et al., 

2002; Sato et al., 2006). Wiegand and  Cuellar (1981) reported that   duration of grain 

filling and grain size is  strongly  responsive  to temperature,  each degree  increase  in  

temperature  during  grain  filling results  in about a 3 day decrease in  duration  of filling 

in wheat that cause the reduction in grain yield of wheat.  High temperature accelerates 

the rate of grain filling whereas grain filling duration is shortened (Dias and Lidon, 2009). 

For instance, 5°C increase in temperature above 20°C increased the rate of grain filling 

and reduced the grain filling duration by 12 days in wheat (Yin et al., 2009). Under these 

conditions, the supply of photoassimilates may be limited (Calderini et al., 2006). It is 

estimated that for every 1°C above the optimal growing temperature of 15–20°C, the 

duration of grain-filling is reduced by 2.8 d (Streck, 2005). 

2.1.3. Physiological responses 

Physiological reactions in plants are affected by temperature stress ultimately 

affecting yield. For temperature stress, intensity, duration and timing of stress, and 

interaction between stress and other factors are extremely important (Plaut, 2003). 

2.1.3.1. Water relations 

Water relation of crop is one of the most important variables under changing 

ambient temperatures (Mazorra et al., 2002). When sufficient amount of water is 

available, crop plants maintain their water status under high temperature; however, 

temperature stress severely impairs this tendency when water is scarce (Machado and 

Paulsen, 2001;Talwar et al., 1999; Simoes et al., 2003). Higher night temperature affected 

a reduction in leaf water potential of water-stressed as compared to non-stressed plants 

(Añon et al., 2004). It was also reported that when sugarcane crop is exposed to high 

temperature its leaf water potential was changed (Wahid and Close, 2007). High 

temperature at day time increases transpiration in plants, causing a decrease in water 

potential which affects physiological processes  (Tsukaguchi et al., 2003).  
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2.1.3.2. Photosynthesis 

Temperature stress reduces photosynthesis rate, decreases leaf size, damaged 

photosynthetic machinery, high leaf senescence and reduced growth and development 

(Wahid and Rasul, 2005). Wise et al. (2004) narrated that high temperature stress injured 

the thylakoid lamella and stroma of the chloroplast in which photochemical reactions and 

carbon metabolism take place. Photo system II (PSII) in light reaction is highly heat 

sensitive (Camejo et al., 2005; McDonald and Paulsen, 1997; Al-Khatib and Paulsen, 

1999). High temperature stress dissociates the oxygen evolving complex (OEC), that 

cause the imbalance in electron flow from OEC in the direction of PSI reaction center  

(De Ronde et al., 2004). Photosynthesis ability of C3 plants is greatly affected by the high 

temperature than C4 plants. It changes the energy distribution and alters the functions of 

carbon metabolism enzymes, particularly the rubisco (Holaday et al., 1992; Pastenes and 

Horton, 1996), thereby changing the rate of RuBP regeneration by the disruption of 

electron transport and inactivation of the oxygen evolving enzymes of PSII (Ferrar et al., 

1989; Salvucci and Crafts, 2004). 

High temperature stress greatly influence the Rubisco than other enzymes which 

take part in carboxylation process. For instance, lower activities of Rubisco and higher 

activities phosphoenolpyruvate (PEP) carboxylase were noted in non-leaf photosynthetic 

organs (like awn, glume, lemma, peduncle, and sheath) when compared with the flag leaf 

blade (Xu et al., 2004). High temperature stress (34/17°C) for 12 d reduced the activity of 

the Rubisco very rapidly than that of the activity of PEP carboxylase which increased 

initially but declined later in all organs. In the non-leaf organ the ratio of the PEP 

carboxylase/ Rubisco is always higher than that of the leafy organs (Xu et al., 2004). 

Even though activity of the Rubisco increases with temperature, its low affinity for CO2 

and ability to act as an oxygenase limit the chance of increasing net photosynthesis with 

temperature (Salvucci and Craft, 2004). The solubility of CO2 greatly decreased than O2 

with increasing temperature that leads to reduce the photosynthesis and increase the 

photorespiration (Lea and Leegood, 1999). 

2.1.4. Molecular Response 

    2.1.4.1 Oxidative stress and antioxidants 

In addition to drought stress, high temperature may cause oxidative stress. For 

instance, production and reactions of reactive oxygen species (ROS) including singlet 
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oxygen (
1
O2), superoxide radical (O

2-
), hydrogen peroxide (H2O2) and hydroxyl radical 

(OH
-
) are symptoms of cellular injury due to high temperature (Dat et al., 1998; Liu and 

Huang, 2000). ROS cause the lipid peroxidation of membrane and pigments thus leading 

to the loss of membrane permeability ( Xu et al., 2006). 

Antioxidant defence mechanism is portion of high temperature stress adaptation and 

its strength is associated with attainment of thermotolerance. Often, the adaptive skill of 

plants to diverse thermal regimes could be considered as amended, because they enable to 

offer a barrier for the effect of temperature shift on their metabolic organization (Berry 

and Raison, 1981). Enzymatic and non-enzymatic detoxification systems was adapted by 

crop plants to counter ROS, by this means protecting cells from oxidative injury (Sairam 

and Tyagi, 2004). These two anti-oxidative systems perform a serious role in prevention 

of damage caused by the free radical in plant cells, particularly the ascorbate-glutathione 

structure is up-regulated (Foyer and Halliwell, 1976). This system cleanses ROS through 

the production of  antioxidants like glutathione and ascorbate. This is evident in mustard 

under high temperature stress where the activities of ascorbate peroxidase (APX) have 

been observed to increase rapidly (Dat et al., 1998). However the activity of the same 

enzyme was decreased in two cool season grass species under long period of high 

temperature (Jiang and Huang, 2001). Production of superoxide dismutase, peroxidases 

and catalase has been reported in plants to scavenge the ROS particularly superoxide and 

H2O2, in addition to the ascorbate-glutathione phase (Scandalios, 1993). Reduction in 

activities of catalase has been observed in most of the species under high temperature 

stress (Dat et al., 2000; Jiang and Huang, 2001). 

Prevalence of high soil temperatures (20/35°C) in bent-grass had been reported to 

enhance the activities of superoxide dismutase (SOD) and catalase (CAT) (Liu and 

Huang, 2002). An increment in activity of polyphenol oxidase enzyme had been recorded 

in wheat plants subjected to high temperature stress (Auld and Paulsen, 2003). Increased 

lipid peroxidation in Vigna radiate had been observed under heat shock treatment (Basra 

et al., 1997). However bent grass plants had been reported to show an increased lipid 

peroxidation at both high soil temperature (Liu and Huang, 2002).  A significant 

increment in lipid peroxidation of about 3- fold compared with unheated control 

Arabidopsis plants had been observed after 2 days and up to 6- folds after 3 days of high 

temperature (40°C) treatment (Larkindale and Knight, 2002). Mohan et al. (1990) 

described an important role of glutathione reductase in the protection of plant from both 
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high and low temperature stresses which is involved in prevention of the enzymes and 

membranes oxidation.  

2.2. Crop management under late sown conditions 

Stimulated tolerance or tolerance traits to abiotic stress has been reported by the 

application of certain mineral elements to various crops. For example, an enhanced 

drought tolerance was found through improved nodule activity in soybean by nitrogen 

application (Purcell and King, 1996). Application of P cause mechanism of osmotic 

adjustment in the cell of sorghum and bean (Alkaraki, 1996) and root cell in white clover 

(Singh and Sale, 2000). Under drought condition, exogenous application of potassium and 

calcium maintained solute potential in the cell of pearl millet (Ashraf et al., 2001) and 

Hibiscus (Egilla et al., 2001) respectively, also enhanced the activity of the antioxidant 

(Li et al., 2003). The modification of fertilizer composition is so considered to be a 

beneficial to increase crop yield under stress conditions. However, insufficient effects on 

heat tolerance have been described for elements other than the major nutrients like silicon 

(Fauteux et al., 2006). 

Certain crops, mostly from the families Poaceae and Cyperaceae, uptake large 

amounts of silicon. They are occasionally referred to as silicon accumulators. Silicon 

application to these crops confirms better growth, especially during environmental stress 

(Ma, 2004). 

 2.3. Silicon as stress alleviator  

 
Plants are uncovered to various field abiotic stresses. Frequent studies have shown 

that beneficial effects of Si are slight under optimized growth conditions, but clear under 

stress conditions (Epstein, 1994). 

Previous studies have revealed that optimum dose of soluble Si significantly 

improved the drought tolerance under water limiting condition in wheat (Ahmad et al., 

1992), mesquite (Prosopis juliflora) (Bradbury and Ahmad, 1990) and barley (Liang et 

al., 1996, 1999; Liang and Ding, 2002). Exogenous application of Si through soil medium 

to most of cereal crop improved the leaf water status under drought condition (Yoshida, 

1965; Matoh et al., 1991; Agarie et al., 1998). This applied Si deposited on the epidermal 

tissue to form the double cuticle layer has been considered to be responsible for stress 

tolerance (Yoshida, 1965; Matoh et al., 1991).  
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2.4. Silicon uptake mechanisms 

There is great variation in the concentration of Si in different parts of the plant 

which ranges from 0.1 to 10.0% of dry weight. This variation in Si concentration mainly 

depends upon the uptake mechanism and its transport to different parts of the plant 

(Epstein, 1994). In general, the plants belonging to family Poaceae take up much more Si 

than plants of other families, whereas most of the crops having dicotyledonous seeds, 

they passively uptake the Si and some dicots like legumes omit Si from uptake (Ma et al., 

2001; Liang et al., 2005). Rice is considered as Si-accumulator that uptake and transport 

the Si through active transport process (Ma et al., 2006), while some dicots like soybean, 

melon, cucumber and strawberry (Ma et al., 2001; Mitani and Ma, 2005) have passive 

uptake of Si while in tomato (Takahashi et al., 1990; Mitani and Ma, 2005) and bean 

(Jones and Handreck, 1967; Liang et al., 2005) Si is excluded from uptake. In addition to 

rice, crops belonging to graminaceae family like wheat and barley absorb Si actively 

(Casey et al., 2003). Si uptake rate is more rapid in rice roots more than water, therefore 

Si concentration decreases quickly in the external solution. Transpiration has no effect on 

Si uptake, but some respiratory (NaCN) and metabolic inhibitors like 2,4-dinitrophenol, 

iodoacetate, and 2,4-D can inhibit this uptake. In contrast to other plant species, Si uptake 

is more rapid in rice roots than other nutrients (Takahashi, 1995). These results propose 

that rice roots contain a specific transport system for silicic acid like Si transporter, which 

is energy dependent.  

Mitani and Ma (2005) found that the xylem sap of C. sativus has lower 

concentration of Si than in the external solution, suggesting that a passive diffusion 

mechanism is involved in xylem loading of Si in C. sativus, although the Si 

concentrations were higher in the root–cell symplast as compared to external solution. 

From the previous research work, it was concluded that some members of the 

Cyperaceae, wetland and dryland species of Gramineae and some dicotyledons such as 

cucumber contain an active mechanism which is responsible for Si uptake and transport 

(Liang et al., 2005). Silicon is taken up by roots in the form of silicic acid (Raven, 2003) 

and it is translocated as monomeric silicic acid in the plant (Casey et al., 2001; Mitani et 

al., 2005). In plants silica is commonly present in the form of amorphous silica bodies 

called phytoliths. Analyses revealed that plant cell walls carry polymers of hydrated 

amorphous silica whereas leaves and stem surfaces are covered with silica-cellulose 

layers (Yoshida et al., 1969). 
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Furthermore, it has been found that Si uptake and transport involve both active 

and passive mechanisms in rice, maize, wheat and intermediate type species such as 

sunflower and wax gourd (Liang et al., 2007). 

2.5. Translocation and accumulation of silicon  

Transporters carry Si in the form of silicic acid and transport it to the shoot in the 

same form. In the shoot, silica is made through polymerization of Si and deposited under 

the cuticle in the bulliform cells (silica body) (Kim et al., 2002). Xylem sap of rice 

contains higher Si concentration as compared to low-Si accumulating plants (Ma and 

Takahashi, 2002). In rice, transporters are responsible for xylem loading, while diffusion 

is used in low-Si accumulating plants (Ma and Yamaji, 2006). Transpiration controls 

distribution of Si in the shoot. Ding et al. (2005) reported that upward movement of a 

silicon-bearing solution and silica precipitation is carried out by evapotranspiration. 

Being an immobile element Si accumulates in older tissues of the plants. Mitani et al. 

(2009) reported that a 2.5 mm layer of Silicon is deposited under the thin (0.1 mm) cuticle 

layer, due to which cuticle Si double layer is formed in leaf blades. Takahashi (1995) 

reported that Si is immediately converted into a gel, as a result more than 90% of the 

total-Si in plant is present in the form of silica gel layer in leaf cuticle. The rice leaf 

blades have two types of silicified cells: silica cells in vascular bundles and silica bodies 

in the bulliform cells. This silicification of cells proceeds with increasing concentration, 

from silica cells to silica bodies. This differential depositions of Si helps to protect plants 

from heat stress (Datnoff and Rodrigues, 2005). 

The study of chemical forms, functional mobility and translocation of elements 

present in plants is considered essential to assess the role of these elements in plant 

growth and development. It is believed that silicon absorption is done by roots as water-

soluble and translocated through the plant xylem (Neumann and Figueiredo, 2002). 

Mayland et al. (1991) conducted an experiment to classify wheat on the bases of 

Si accumulation. Variations in Si solubility in specific soil horizons, plus the active 

accumulation of Si by the wheat plant precludes quantitative inferences of transpiration 

from measurements of accumulated Si in the wheat plant. It was concluded that Si uptake 

was 2.4 to 4.7 times that accounted for by passive uptake, supporting designation of 

wheat as a Si accumulator. A series of experiments was carried out on silicon transport in 

wheat (Rafi and Epstein, 1999). In another experiment conducted on the Si absorption by 

wheat, plants were grown in 100 L nutrient solution having silicon concentration of just 
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above 0.5 mM. At seedling stage plants did not consume much concentration of silicon, 

due to its high supply in solution. But with the passage of time they grew by depleting the 

silicon and after 84 days no silicon was detected in the solution. A parallel set of four 

plants was also grown in a solution having no silicon. At maturity these plants were 

transferred to fresh solutions having same silicon concentration as applied initially; they 

rapidly depleted the solution of silicon and there was little variation in uptake rate that 

either the plants were pre-treated with silicon or they were grown in a minus-silicon 

solution previously.  

Ma et al. (2001) reported that bean (Phaseolum vulgaris) is not a typical silicon 

accumulating plant but increase in silicon concentration in the soil has increased the 

productivity. Silicon is taken up in the form of silicic acid in maize and barley from the 

external solution, Si as silicic acid is taken up from the external solution by the incursion 

of transporters present on the distal side of cells in the epidermis (Mitani et al., 2009). 

2.6. Potential benefits of silicon under high temperature 

The effective management of Si can offer several potential benefits for crop 

production under high temperature including improved plant water status, stimulated 

antioxidants, enhanced morphological and physiological attributes, reduced lodging and 

improved erectness and increased growth and yield of crop. 

2.6.1. Silicon maintains plant water status   

Water relation of crop is one of the most important factor under variable ambient 

temperatures (Mazorra et al., 2002). High temperature stress and reduced water 

availability are frequently associated with each other (Talwar et al., 1999; Simoes et al., 

2003). It reduces the leaf water potential of water-stressed plants as compared to non-

stressed plants (Anon et al., 2004). Plants deposit silicon mainly in the cell wall (Epstein, 

1999). Si-organic complexes are reported to be formed in plant shoots (Inanaga and 

Okasaka, 1995).  Mera and Beveridge (1993) reported that cation-binding properties of 

cell walls can be modified by Si. Si deposition in leaves can be helpful to decrease 

transpiration (Matoh et al., 1986) under high temperature. 

The growth of wheat seedlings was significantly reduced by water stress as 

compared to control. Shoot fresh and dry weights under water stress were decreased by 

63 and 51% respectively in the absence of added silicon, however in the presence of 

added silicon these levels were decreased by 38 and 22%, respectively (Pei et al., 2010). 
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In another experiment it was found that leaf water potential of PEG-stressed plants was 

significantly improved by application of Si at the same level as that of the control plants. 

Addition of Si in maize reduced leaf transpiration and the water flow rate in the xylem 

vessel but increased water use efficiency (Gao et al., 2004, 2006). Hattori et al. (2005, 

2007) reported that Si could help in water uptake and transport in sorghum (Sorghum 

bicolor L.) under drought stress. Gong et al. (2005) found that improvement in the water 

status of water-stressed wheat can be done through addition of Si. Recent studies revealed 

that Si-induced reduction in transpiration of rice and maize (Zea mays L.) was associated 

with decreased stomatal conductance (Agarie et al., 1992, 1998; Gao et al., 2006), 

reported that silicon is involved in stomatal movement. In addition, Liang et al. (2008) 

proposed that water molecules may escape less easily from leaf surfaces because the 

accumulation of polar monosilicic acid and polymerized silicic acid in the epidermal cell 

walls may form H bonds between H2O and SiO2.nH2O. 

2.6.2. Stimulation of antioxidant by silicon application 

In addition to drought stress, high temperature may cause oxidative stress e.g. 

production and reactions of reactive oxygen species (ROS). ROS cause the lipid 

peroxidation of membrane and pigments thus leading to the loss of membrane 

permeability ( Xu et al., 2006). Antioxidant defence mechanism is part of high 

temperature stress adaptation and its strength is correlated with acquisition of 

thermotolerance. In most cases, the adaptive ability of plants to different thermal regimes 

could be considered as compensatory, because they enable to buffer the effect of 

temperature shift on their metabolic system (Berry and Raison, 1981). Crop plants adapt 

the both enzymatic and non-enzymatic detoxification systems to counteract ROS, thereby 

protecting cells from oxidative damage (Sairam and Tyagi, 2004). 

Previous studies suggested that the improvement of drought tolerance of wheat by 

silicon was associated with the increase of antioxidant defense abilities and the alleviation 

of oxidative damage (Gong et al., 2005). Gunes et al. (2007) found that Si improved lipid 

peroxidation (MDA), SOD and CAT activities in spinach and tomato under combined 

effects of drought and UV-B radiation. Silicon also increased leaf and root superoxide 

dismutase (SOD), peroxidase (POD), catalase (CAT) and glutathione reductase (GR) 

activities and the glutathione (GSH) concentration but suppressed the malondialdehyde 

(MDA) concentration in barley under salt stress and stimulated root H
+
-ATPase and H

+
-

PPase activity in the plasma membranes and tonoplasts and mediated membrane fluidity, 
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suggesting that Si may affect the structure, integrity and functions of plasma membranes 

by influencing the stress-dependent peroxidation of membrane lipids (Liang et al., 1996, 

2003, 2005, 2006; Liang, 1999). Liang et al. (2003) found that Si decreased lipid 

peroxidation in salt-stressed plants via enhancing antioxidant enzyme activity in 

cucumber (Zhu et al., 2004) and tomato (Al-Aghabary et al., 2004). 

2.6.3. Silicon maintains the integrity of cell membrane 

Cell membrane has dynamic structure formed essentially by lipids and proteins, 

supporting many bio-physical and biochemical processes, with emphasis in regulation 

and transport of ions and enzymatic activity. This permeable selective barrier allows the 

development of many biological responses, but it is also a main target of environmental 

stresses, therefore having an essential role in the adaptation to environmental adverse 

conditions (Routaboul et al., 2000). As membrane fluidity is largely determined by the 

lipid class composition, fatty acid un-saturation and chain length (Harwood, 1998; Sung 

et al., 2003), the induced changes by temperature in membrane fluidity is an immediate 

consequence of thermal stress, representing a potential place of perception and/or damage 

(Horvath et al., 1998). Under heat stress (>35°C) membrane fluidity changes, lipid 

peroxidation increases and membrane selectivity is often impaired (Bukhov et al., 1999). 

Agarie et al. (1998) reported that silicon deposited mainly on the cell wall helps to 

maintain the integrity, stability and functioning of plasma membranes and as a 

consequence increased H
+
-ATPase activity of leaves of barley under stress condition. In 

another study, it was suggested that silicon is involved in the thermal stability of cell 

membranes (Somerville and Browse, 1991). It was demonstrated that silicon prevents the 

structural and functional deterioration of cell membrane when cereal crop is exposed to 

high temperature stress. The increased stability of cell membrane caused by silicon might 

also contribute to prevent the aging process in leaves. These effects of silicon on the 

physiological activities of leaves may contribute not only to the maintenance of 

photosynthetic capacity, but also capacity for growth of crop under various stress 

condition (Liang et al., 2003). The fact that Si-treated plants acquired tolerance to high 

temperature suggests that silicon play a significant role in the maintenance of the integrity 

of cell membrane.  
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2.7. Application of silicon 

For effective use of Si fertilizers, it is essential to have adequate knowledge of 

physical and chemical characteristics of Si sources, and when, and at what rate and how 

(methodology) to apply them. 

2.7.1. Sources of silicon 

 

For a material to be useful as a fertilizer, it must have a relatively high content of 

silicon, provide sufficient water-soluble silicon to meet the needs of the plant, be cost 

effective, have a physical nature that facilitates storage and application, and not contain 

substances that will contaminate the soil (Gascho, 2001). Many potential sources meet the 

first requirement; however, only a few meet all of these requirements. Crop residues, 

especially of silicon-accumulating plants such as rice, are used as silicon sources either 

intentionally or unintentionally. When available, they should not be overlooked as 

sources of silicon. However, the crop demand for application of silicon fertilizer generally 

exceeds that which can be supplied by crop residues. Inorganic materials such as quartz, 

clays, micas, and feldspars, although rich in silicon, are poor silicon-fertilizer sources 

because of the low solubility of the silicon. Calcium silicate, generally obtained as a by-

product of an industrial procedure (steel and phosphorus production, for example) is one 

of the most widely used silicon fertilizers (Belanger et al., 1995). Potassium silicate, 

though expensive, is highly soluble and can be used in hydroponic culture. Other sources 

that have been used commercially are calcium silicate hydrate, silica gel, silicic acid, 

sodium silicate and thermo-phosphate (Gascho, 2001).  

2.7.2. Rate of silicon 

Silicon application rates are mainly influenced by the chemical makeup of the Si 

source, Si levels in the soil, and in the plant. 

2.7.2. Methods of application of silicon  

  

Silicon can be applied to crop through several ways.   Foliar spray application   with 

100 ppm silicon is sometimes used in crop production. However, the benefit is only to the 

leaves and bracts, and no reports exist of silicon being transported from the leaf surface to 

stems or roots.  Pre-incorporating silicon into the substrate before planting is an efficient 

method and acceptable for short term crops.  Little research has been conducted to 

determine how long pre-incorporated silicon will persist in various substrates.  Another 

simple way of getting silicon to crop is by including it as part of regular fertigation; 
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typically applied at rate of 50 ppm silicon. The silicon products currently available will 

cause precipitation if tank mixed with concentrated water soluble fertilizers so a second 

injector is required or add 100 ppm Si as a weekly drench to plants. Before using silicon 

supplementation to crops, conduct small test runs. Several commercial products are 

available on the market, however rates and application methods can vary between species 

and cultivars, so testing are important.  Reports of damage from high application rates are 

rare.  One researcher reported that in sunflower high rates of silicon led to stunted plants 

with deformed flowers. Silicon has several known benefits for a few crops and will likely 

become an important tool in helping growers reduce shrink during production and in the 

retail environment. 
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CHAPTER 3 
 

MATERIALS AND METHODS  
 

To evaluate the wheat performance under the exogenous application of silicon, two green 

house experiments were conducted and based on performance of these studies; optimized 

treatments were appraised under field conditions. The details of these experiments are 

discussed below:  

3.1. Experimental site and materials  

For pot studies, soil was collected from Research Area, Department of Agronomy, 

University of Agriculture Faisalabad, Pakistan. Wheat cultivar Sehar-2006 obtained from 

Ayub Agriculture Research Institute, Faisalabad, Pakistan was used as experimental 

material.  Twelve (12) kg of well ground and fine soil was filled in each pot. A basal dose 

of N at 100 mg kg
-1

 as urea, P at 90 mg kg
-1

 as DAP and K at 60 mg kg
-1

 as potassium 

sulphate was well mixed into soil prior to seeding. Ten seeds were sown in each pot and 5 

plants per pot were maintained. The pots were arranged in completely randomized design 

(CRD) with three replications. The soil of the experimental site was analyzed for the 

physio-chemical properties. 

Table 3.1: Physico-chemical properties of soil used in the experiment 

Soil Analysis  Value 

Mechanical Analysis 

Sand (%) 52 

Silt (%) 22 

Clay (%) 27 

Textural Class Sandy loam 

Chemical Analysis 

Soil pH 8.5 

EC (dSm
-1

) 2.32 

Cations exchangeable capacity (dSm
-1

) 2.01 

Organic matter (%) 0.78 

Calcium carbonate (%) 2.96 

Available K (mg kg
-1

 soil) 162 

Available Si (mg kg
-1

 soil) 16 
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3.2. Experiment 1: Optimizing the soil applied silicon for improving the 

wheat growth  

First experiment was conducted to optimize the source and level of Si as soil application 

during 2010. The experiment comprised the following treatments:  

Factor A. Source of Silicon 

i) Sodium silicate 

ii) Calcium silicate   

iii) Silicic acid 

Factor B. Level of silicon 

i) 0 (Control) 

ii)  50 mg kg
-1

 

iii) 100 mg kg
-1

 

iv) 150 mg kg
-1

 

Following observations were recorded 40 days after seedling emergence 

 Shoot length (cm) 

 Shoot fresh weight (g) 

 Shoot dry weight (g) 

 Root length (cm) 

 Root fresh weight (g)  

 Root dry weight (g)  

 Root: shoot ratio 

 Total biomass of harvested seedling (g) 

3.3. Experiment 2: Optimizing the foliage applied silicon for improving 

wheat growth 

To optimize level of Si as foliar application, Ca-silicate source was used for Si. The detail 

of treatments is given under:  

i) 0 (Control) 

ii)  50 mg L
-1

 

iii) 100 mg L
-1

 

iv) 150 mg L
-1

 

Following observations were recorded 40 days after seedling emergence 

 Shoot length (cm) 
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  Shoot fresh weight (g) 

 Shoot dry weight (g) 

 Root length (cm) 

 Root fresh weight (g)  

 Root dry weight (g)  

 Root: shoot ratio 

 Total biomass of harvested seedling (g) 

3.4. Procedure 

Wheat seedlings were harvested 40 days after emergence. The plants were thoroughly 

washed with distilled water and separated into roots and shoots. Root and shoot lengths 

and fresh weights were measured. The samples were then oven-dried at 75ºC till a 

constant weight for dry weights of root and shoot. Root shoot ratio was calculated on dry 

weight basis. Root and shoot dry weights were pooled and total dry biomass weight was 

also calculated.   

3.5. Field studies 

Two field studies were carried out at Agronomic Research Area, University of 

Agriculture Faisalabad, Pakistan during 2010-11 and 2011-12. The experiments were laid 

out using randomized complete block design (RCBD) in split-split arrangement with 

three replications. Seeds of two contrasting wheat cultivars viz. Faisalabad-2008 and 

Sehar-2006 was used @ 125 kg ha
-1

. Sowing was done in well pulverized soil with the 

help of hand drill keeping 22.5 cm spaced rows. The net plot size was 1.35 m × 5 m. 

Fertilizer at 100-90 kg NP ha
-1 

was used. Irrigation was applied according to the general 

recommendation of wheat cultivar. Appropriate plant protection measures were adopted 

to control weeds infestation. 

3.6. Experiment No. 1: Evaluating the wheat performance by silicon as 

soil application under late sown conditions 

 

The experiment comprised the following treatments:  

Factor A:  Sowing dates (Main plot) 

 

i) 10
th
  of November 

ii) 10
th
 of December 

iii) 10
th
 of  January 
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Factor B:  Wheat cultivars (Sub plot) 

  

i) Faisalabad-2008  

ii) Sehar-2006  

 

Factor C: Time of Si application through soil (Sub-sub plot) 

 

i) Control 

ii) Basal 

iii) Tillering  

iv) Booting 

v) Heading 

 

Silicon applied as 100 mg kg
-1

 as per findings of green house experiment I. 

 

3.7. Experiment 2: Evaluating the performance of wheat by silicon as 

foliar application under late sown conditions 

 
The experiment comprised the following treatments:  

Factor A:  Sowing dates (Main plot) 

 

i) 10
th
  of November 

ii) 10
th
 of December 

iii) 10
th
 of  January 

 

Factor B:  Wheat cultivars (Sub plot) 

  

i) Faisalabad-2008  

ii) Sehar-2006  

Factor C: Time of Si spray (Sub-sub plot) 

 

i) Control 

ii) Tillering  

iii) Booting 

iv) Heading 

 

Silicon sprayed as 100 mg L
-1

 as per findings of experiment II. 

 

3.8. Observations recorded   

3.8.1. Phenological parameters  

3.8.1.1. Days to heading  
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Number of days from emergence to heading was taken when 50% heads were formed. In 

each plot, heading time was recorded from 3 different sites and then average was 

calculated. 

3.8.1.2. Days from heading to maturity 

Days from heading to maturity were recorded as time from heading to maturity was 

formed. In each treatment plot maturity time was recorded from 3 different sites and then 

average was calculated.      

3.8.2. Growth parameters 

 3.8.2.1. Leaf area index (LAI) 

Plant samples were taken from a randomly selected 0.25 m
2
 area from each plot 

with 10 days interval starting from 35 days up to 95 days after sowing.  Leaves were 

removed and weighed on an electric balance. The weight was recorded and a sub sample 

of 5 g was taken from each leaf lot. Leaf area was measured with digital leaf area meter 

(JVC TK-5310) and leaf area index was calculated by taking the ratio of leaf area to 

ground surface area. 

3.8.2.2. Seasonal leaf area duration (LAD) (days) 

 Leaf area duration was calculated on the basis of every fortnight data  by 

following formula (Reddy, 2004).   

                                          2

)()( 1212 ttLAILA
LAD




 

 Where LAI2 and LAI1 are leaf area indices at time t2 and t1, respectively 

3.8.2.3. Crop growth rate (CGR) (g m
-2

 d
-1

)
 

 For estimation of crop growth rate plants were harvested in a unit area of 0.25 m
2 

and oven dried to obtain constant dry weight. Crop growth rate was calculated fortnightly 

by using formula given below (Reddy, 2004). 

  

CGR = (W2 – W1) / (T2 – T1) 

 

W1 = oven dried weight at first sampling 

W2 = oven dried weight at second sampling 
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T1 = time of first sampling 

 T2 = time of second sampling 

3.8.2.4. Net assimilation rate (NAR) (g m
-2

 d
-1

) 

Following formula was used to determine NAR.                       

  NAR  =  TDM/LAD 

Where,  

 TDM   =  Total dry matter accumulated (W2 - W1) 

 LAD   =  (LAI1 + LAI2) x (T2 – T1) / 2 

 3.8.3. Agronomic parameters  

3.8.3.1. Number of fertile tillers (m
-2

) 

From each plot number of fertile tillers was determined by counting them from an area of 

one square meter (1 m
2
) at maturity. 

3.8.3.2. Plant height at maturity (cm) 

Ten plants were selected at random from each plot and individual plant height was 

measured from soil surface to the tip of the ear, with the help of meter rod and then 

average was calculated. 

3.8.3.3. Spike length (cm) 

Ten spikes were selected at random from each plot and their length was measured with 

the help of meter rod and then average spike length was calculated. 

3.8.3.4. Number of grains per spike 

Grains from the ten randomly selected spikes were threshed and counted separately. Then 

average number of grains per spike was calculated. 

3.8.3.5. 1000-grain weight (g) 

Thousands grains were counted from grain sample of each plot and weighed on an 

electric balance. 

3.8.3.6. Biological yield (t ha
-1

) 

In each plot the crop was harvested and tied into bundles. Then it was weighed using an 

electric balance. 

3.8.3.7. Grain yield (t ha
-1

) 

Grain yield from each plot was recorded after threshing the crop. 

3.8.3.8. Straw yield (t ha
-1

) 
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Total weight of sun dried samples was recorded for each treatment. After threshing, grain 

weight was subtracted from the total weight to calculate straw yield.   

3.8.3.9. Harvest Index (%) 

It was calculated by the following formula as given by Hunt (1978). 

 

                          Economicyield 

H.I.        =       ----------------------- x 100 

                          Biological yield 

 

 

3.8.4. Biochemical analysis 

3.8.4.1. Chlorophyll contents (mg g
-1

)  

 

The chlorophylls a and b were determined according to the method of Arnon 

(1949). Fresh leaves (0.5 g) were extracted overnight with 5 mL 80% acetone at 0-4°C. 

The extracts were centrifuged at 10,000 × g for 5 min. Absorbance of the supernatant was 

read at 645 and 663 nm using a spectrophotometer (Hitachi-U2001, Tokyo, Japan). The 

chlorophylls a and b were calculated by the following formulae:  

 

Chl a = [12.7 (OD 663) -2.69 (OD 645)] x V/1000 x W 

Chl b = [22.9 (OD 645) -4.68 (OD 663)] x V/1000 x W 

V = volume of the extract (mL) 

          W = weight of the fresh leaf tissue (g) 

3.8.4.2. Total soluble proteins (mg g
-1

) 

The determination of total soluble protein was consisted of following steps: 

3.8.4.3. Total soluble proteins extraction/ sample preparation 

For extraction of total soluble proteins, 0.5 g of fresh plant material (leaves) was 

ground in a pre-chilled pastor mortar by adding 1 mL extraction buffer with pH 7.2. 

Before extraction of proteins, cocktail protease inhibitors in a concentration of 1 µM were 

added to the buffer. The buffer used was phosphate buffer saline (PBS) containing 10 

mM Na2 HPO4, 2 mM KH2 PO4, 2.7 mM KCl and 1.37 mM NaCl dissolved in distilled 

water and made a volume up to 1 L. The pH 7.2 of PBS was adjusted with HCl and then 
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autoclaved (Sambrook and Russell, 2001). The ground leaf material was centrifuged at 

12000 x g for 5 min. Supernatant was preserved in a separate centrifuge tube for the 

analysis of soluble proteins, while the pellet was discarded.  

3.8.4.4. Determination of total soluble proteins 

Total soluble proteins were determined followed by Bradford assay (Bradford, 

1976). For construction of standard curve 10, 20, 30, 40, 50, 60, 70,80, 90 and 100 µg µL
-

1
 were prepared from bovine serum albumin (BSA) by adding 400 µL Dye stock (Biorad, 

USA) and distilled water followed by vortexed and incubation at room temperature for 30 

min. The absorbance was recorded at 595 nm using spectrophotometer (UV 4000 UV-

VIS spectrophotometer). The absorbance for the sample supernatant was also determined 

in a similar way. Concentration (mg mL
-1

) of total soluble or heat stable fractions of 

proteins was determined from standard curve (Fig. 3.1) prepared from absorbance of 

bovine serum albumin (BSA) and computed by applying the formula: slope x absorbance 

/ mL of extract used. 

 

Fig. 3.1. Standard curve of total soluble protein 

3.8.4.5. Enzymatic antioxidants  

For enzymatic antioxidants determination, , extraction of leaf sample was done in 

5 ml of 50 mM phosphate buffer (pH 7.8), after centrifugation at 15000 × g for 20 min, 

the supernatant was used in further assay for superoxide dismutase (SOD) activity  
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(Giannopolitis and Ries, 1977), Catalase (CAT) activity (Chance and Maehly, 1955) by 

recoding absorbance at 560 and 240 nm respectively. 

3.8.4.6. Superoxide dismutase (unit mg
-1

 protein) 

The SOD activity inhibits the photochemical reduction of nitroblue tetrazolium 

(NBT) at 560 nm. The monitoring of this inhibition is used to assay SOD activity. The 

reaction mixture was prepared by taking 50 µL enzyme extract and adding 1 mL  NBT 

(50 µM), 500 µL  methionine (13 mM), 1 mL riboflavin (1.3 µM), 950 µL (50 mM) 

phosphate buffer and 500 µL EDTA (75 mM). This reaction was started by keeping 

reaction solution under 30 W fluorescent lamp illuminations and turning the fluorescent 

lamp on. The reaction stopped when the lamp turned off 5 min later. The NBT photo 

reduction produced blue formazane which was used to measure the increase in 

absorbance at 560 nm. The same reaction mixtures without enzyme extract in dark were 

used as blank. The SOD activity was determined and expressed as SOD IU min
-1

 mg
-1

 

protein (Giannopolitis and Ries, 1977). 

3.8.4.7. Catalase (CAT) (unit mg
-1

 protein) 

The CAT activity assayed by the decomposition of H2O2 and change in absorbance 

due to H2O2 was observed every 30 s for 5 min at 240 nm using a UV- visible 

spectrophotometer. Reaction mixture for CAT contained 900 µL H2O2 (5.9 mM) and 2 mL 

phosphate buffer (50 mM). Reaction was started by adding 100 µL enzyme extract to the 

reaction mixture. The Catalase activity was expressed as µmol of H2O2 min
-1 

mg protein
-1 

(Chance and Maehly, 1955). 

3.9. Statistical analysis 

Data collected on all parameters were analyzed statistically by using Fisher
’
s Analysis of 

Variance technique and Least Significant Difference (LSD) test at 5% probability level 

was applied to compare the treatments’ means (Steel et al., 1997).  

3.10. Weather data during the crop season 

Weather data of daily maximum and minimum mean temperature, rainfall and 

relative humidity were recorded by observatory of Agro-meteorological Cell, Department 

of Crop Physiology, University of Agriculture Faisalabad, Pakistan. 
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   Figure 3.2. Meteorological data of the wheat season 2010-11 and 2011-12 

 

 

 

Figure 3.3. Temperature of the green house a) 1
st 

experiment b) 2
nd

 experiment. 

 

0 

20 

40 

60 

80 

100 

0 

10 

20 

30 

40 

50 

Nov Dec Jan Feb Mar Apr 

2010 2011 

R
e
la

ti
v
e
 h

u
m

id
it

y
 (

%
) 

T
e
m

p
. 
(°

 C
) 

 R
a
in

fa
ll

 (
m

m
) 

Max temp Min temp Avg. Temp. 

 Total rainfall Avg. RH 

0 

20 

40 

60 

80 

100 

0 

10 

20 

30 

40 

50 

Nov Dec Jan Feb Mar Apr 

2011 2012 

R
e
la

ti
v
e
 h

u
m

id
it

y
 (

%
) 

T
e
m

p
. 
(°

 C
) 

 R
a

in
fa

ll
 (

m
m

) 

0 

5 

10 

15 

20 

25 

30 

35 

1st 2nd 3rd 4th 5th 6th 

T
e
m

p
e
r
a

tu
r
e 

(°
C

) 

Weeks  

(a) 

0 

5 

10 

15 

20 

25 

30 

35 

1st 2nd 3rd 4th 5th 6th 

T
e
m

p
e
r
a

tu
r
e 

(°
C

) 

Weeks  

(b) 



28 
 

CHAPTER 4 

RESULTS AND DISCUSSION 

 

4.1. EXPERIMENT 1: OPTIMIZING THE SOIL APPLIED SILICON 

FOR   IMPROVING WHEAT GROWTH 

In present investigation, an attempt was made to optimize the source (sodium silicate, 

calcium silicate and silicic acid) and levels (0, 50, 100, 150 mgL
-1

) of Si for wheat growth 

as soil application for further studies. 

4.1.1. Results 

4.1.1.1. Shoot length (cm) 

The data (Fig 4.1) showed that soil applied silicon from all sources significantly 

affected the shoot length of wheat. Different level of silicon from all sources significantly 

enhanced the shoot length than control. Maximum shoot length was recorded when 

calcium silicate was applied at the rate of 100 mg kg
-1

 of soil that was statistically at par 

with 150 mg kg
-1

. 100 mg kg
-1 

and 150 mg kg
-1 

silicon from sodium silicate and silicic 

acid had similar effects on shoot length of wheat which was followed by the 50 mg kg
-

1
silicon from these sources.  

4.1.1.2. Shoot fresh weight (g) 

Higher shoot fresh weight indicates better growth response of wheat seedling to 

the treatments. A perusal of data (Fig 4.2) on shoot fresh weight showed that soil applied 

silicon from all sources promoted the growth of wheat than control. Higher shoot fresh 

weight was recorded when 100 mg kg
-1

 silicon was applied from calcium silicate which 

was statistically equal to the 150 mg kg
-1

 silicon from that source and followed by 100 

and 150 mg kg
-1

  silicon applied from a source sodium silicate. Minimum shoot fresh 

weight was observed when silicon was applied from source silicic acid than other sources.       

4.1.1.3. Shoot dry weight (g) 

Vigorous seedling give healthier shoots higher in dry matter accumulation. Data 

presented (Fig 4.3) showed that shoot dry weight was significantly affected by various  
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Fig. 4.1. Influence of various sources and levels of silicon on shoot length (cm) of 

wheat ± SE. Ck (control),  50 mg kg
-1

, 100 mg kg
-1

, 150 mg kg
-1

 

 

 

 

Fig. 4.2. Influence of various sources and levels of silicon on shoot fresh weight (g) of 

wheat ± SE 
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sources and levels of silicon. 100 mg kg
-1

 silicon from calcium silicate produced higher 

shoot dry weight that have similar to the 150 mg kg
-1 

silicon of that source and followed 

by 100 and 150 mg kg
-1

  silicon applied from a source sodium silicate. Minimum shoot 

dry weight was recorded when silicon was applied through silicic acid as compared to the 

other sources but higher than control. 

4.1.1.4. Root length (cm) 

Seedling produce healthier and deeper root considered to be more vigorous. The 

comparison of different sources and their levels indicate that all sources and their levels 

improved the root length in wheat as compared to control (Fig 4.4). Longer and 

statistically similar root length was produced when silicon was applied at the rate of 100 

and 150 mg kg
-1

 from calcium silicate.  100 mg kg
-1 

and 150 mg kg
-1 

silicon from sodium 

silicate and silicic acid had similar effects on root length of wheat which was followed by 

the 50 mg kg
-1

silicon from these sources, whereas minimum root length was observed in 

control where silicon was not applied.   

4.1.1.5. Root fresh weight (g) 

Vigorous seedlings bear healthier and penetrating roots. Results show that all the 

silicon sources and their levels significantly improved the root fresh weight than control 

(Fig 4.5).  Maximum root fresh weight was recorded when silicon was applied with the 

concentration of 100 mg kg
-1 

from calcium silicate that was statistically at par with 150 

mg kg
-1 

silicon. Application of 100 and 150 mg kg
-1 

silicon from both sodium silicate and 

silicic acid significantly increase the root fresh weight but lower than calcium silicate. 

Minimum root fresh weight was observed in control where silicon was not applied.  

4.1.1.6. Root dry weight (g) 

Data on root dry weight shows that root dry weight was significantly influenced 

by soil applied silicon sources and their levels (Fig 4.6). Wheat plants supplied with 100 

and 150 mg kg
-1 

silicon from calcium silicate produced higher root dry weight as 

compared to the concentration of other sources of silicon. 100 mg kg
-1 

and 150 mg kg
-1 

silicon from sodium silicate and silicic acid had similar effects on root length of wheat 

which was followed by the 50 mg kg
-1

silicon from these sources, whereas minimum root 

length was observed in control where silicon was not applied.   
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4.1.1.7. Root shoot ratio 

The data regarding root shoot ratio (Fig 4.7) reveal that there was no significant 

difference among concentration or levels of various sources of silicon for root shoot ratio 

in wheat.  Minimum root shoot ratio was observed in control where silicon was not 

applied.  

4.1.1.8. Total biomass of harvested plant (g) 

The data regarding the total biomass of harvested plant indicate that there was 

significant effect of source and their levels on total biomass of harvested wheat plant (Fig 

4.8). The comparison of means shows that all the sources and their concentration 

improved the total biomass than control. With the increasing rate of silicon from all 

sources steadily increased the total biomass of wheat. Both 100 and 150 mg kg
-1

 Si from 

Ca-silicate gave the highest values of total biomass of harvested wheat plant over all other 

Si sources. These two levels were observed statistically at par with each other. This 

indicated that there was a linear increase in biomass up to 100 mg kg
-1 

of Si applied. 

Therefore, 100 mg kg
-1 

level of Si was selected for further experiments. These results 

(Fig. 4.8) indicated a significant linear relationship between Si-levels applied and total 

biomass of harvested wheat plant. 
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Fig. 4.3. Influence of various sources and levels of silicon on shoot dry weight (g) of 

wheat ± SE 

 

 

 

 

Fig. 4.4. Influence of various sources and levels of silicon on root length (cm) of 

wheat ± SE 

  

f 

de e e 

a 

b 
c 

a 

b 
c 

0 

2 

4 

6 

8 

10 

Ca-Silicate Na-Silicate Silicic acid 

S
h

o
o
t 

d
ry

 w
ei

g
h

t 
(g

) 
Ck 50 100 150 

d 

b 

c 
c 

a 

b b 

a 

b b 

0 

10 

20 

30 

Ca-Silicate Na-Silicate Silicic acid 

R
o
o
t 

le
n

g
th

 (
cm

) 

Ck 50 100 150 



33 
 

 

 

 

Fig. 4.5. Influence of various sources and levels of silicon on root fresh weight (g) of 

wheat ± SE 

 

 

 

Fig. 4.6. Influence of various sources and levels of silicon on root dry weight (g) of 

wheat ± SE 
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Fig. 4.7. Influence of various sources and levels of silicon on root shoot ratio of 

wheat ± SE 

 

 

 

Fig. 4.8. Influence of various sources and levels of silicon on total biomass of 

harvested plant (g) of wheat ± SE 
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4.1.2. Discussion  

Silicon (Si) is the second most abundant element on earth crust. It is a beneficial 

element (Liang et al., 2003) however; Mengel and Schubert (2012) recently declared it an 

essential element for the growth of higher plants. Si is consistently present at 

concentration equal to other essential macro-nutrients. Efforts have been made to identify 

the metabolic role of Si in plant at molecular level. Fauteux et al. (2006) showed that Si 

supply to Arabidopsis change the expression of a few genes. So, Si alone has apparently 

no effect on the metabolic processes of plants growing in control condition.  In contrast, 

Chain et al. (2009) and Bruning et al. (2009) reported that Si changed the expression of 

47 and 221 genes in wheat and rice, respectively. The effects of silicon was reported in 

crops that required the more silicon for example rice (Ma et al., 1989; Hossain et al., 

2002), sugarcane (Datnoff  et  al.,  2001),  oat  (Hossain  et  al.,  2002),  maize, and 

cucumber  (Lewin  and  Reimann, 1969; Epstein, 1994; Shen et al., 2010). 

It is evidence from the present study that soil applied Si enhanced the growth of 

wheat seedling at all concentrations. However, maximum increase in growth attributes of 

wheat seedling was recoded at 100 mg kg
-1

  Si. Silicon not only increase the total 

biomass of wheat plant (Fig 4.8) but also increase the expansion growth parameters like 

shoot length (Fig 4.1), root length (Fig 4.4) of young wheat seedling. In line with these 

results, a number of studies showed that Si is nutrient that can increase the plant biomass 

of various plant species such as maize (Vaculík et al., 2009), rice (Alvarez and Datnoff, 

2001), barley (Liang et al., 1996), cucumber (Zhu et al., 2004), cow pea (Mali and Aery 

2009) and alfalfa (Guo et al., 2006). Conspicuous influences of Si were noted at newly 

growing parts of the plant like root, shoot and leaf. The finding of these studies are 

consistent with the finding of Hossain et al. (2002); Hattori et al.  (2003); Hossain at  al. 

(2007) who also reported that Si application through soil medium improved the growth of 

only new growing plant tissues like apical and sub-apical zones of both  roots and leaf. 

 Different authors proposed the different theories about the role of silicon in plant 

growth processes. Some authors suggest that soil applied Si enhanced the growth of plant 

by altering the morpho-biochemical attributes of the crop plants (Epstein, 1994). In this 

regards, exogenous application of Si altering morphology of the leaves (Epstein, 1999; Isa 

et al., 2010). In cucumber, Si applied through soil enhanced the growth and yield by 

increasing the rigidity of mature leaves which are held horizontally to intercept more 
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photosynthetically active radiation (Miyake and Takahashi, 1983; Adatia and Besford, 

1986). Additionally, deposition of Si in leaves also improved the concentration of phenol 

and other anti-oxidants that act as a solar screen that may provide the protection to leaf 

tissues against the ultraviolet radiations (Goto et al., 2003; Shen et al., 2010). 

The current study showed that soil applied Si enhanced the shoot and root fresh 

and dry weight (Fig 4.2, 4.3, 4.5 and 4.6) which might be due to higher photosynthetic 

rate resulting into higher dry matter production. In line with these results, various studies 

showed that exogenous application of Si enhanced shoot dry and fresh weight in wheat 

(Gong et al., 2002) and rice (Yeo et al., 1999). It was proposed that Si form a silica body 

in the mesophyll cells act as window that enhanced the light use efficiency by facilitating 

the transmission of light for photosynthesis (Kaufman et al., 1979). Application of Si also 

enhanced the CO2 fixation in rice (Ma et al., 2002) and 31% increased the Rubisco 

activity in cucumber on dry weight basis compared to the control (Adatia and Besford, 

1986). Additionally, soil applied Si enhanced the concentration of chlorophyll in the leaf 

of crop plant and leaf stay green and photosynthetic active for long period of time and 

fixed more CO2.  There are some contradictory results found that Si to unstressed tomato 

and maize plants had no positive effect on photosynthesis or chlorophyll fluorescence 

(Al-aghabary et al., 2004; Hattori et al., 2005). Gong et al. (2006) also reported that Si 

application increased the barley root weight by 15% compared to the control. But some 

contradictory results were observed in root growth that adding Si in solution culture did 

not alter the root growth showing a little effect on root length (Moussa, 2006), Al-

aghabary et al., 2004). 

Si primarily exists in the soil in different minerals of silicate. Most of these 

minerals are largely insoluble, though low levels of mono and polysilicic acid invariably 

found dissolved in the soil solution. The ability of soils to meet plant requirements for Si 

depends upon the Si solubility and the dissolution kinetics of various silicate minerals 

under typical soil conditions is not well understood. Similarly, the response of crops to Si 

application at different growth stages is not well established. Many Si containing products 

have been used for Si fertilizer but there is great variation in their composition, solubility 

and amount of available Si (Datnoff et al., 2001; Ma and Takahashi, 2002).    

Efficiency of Si also depends upon its formulation. Various form of Si is being 

used. These include sodium silicate, calcium silicate and silicic acid. Results indicate that 
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Ca-silicate found to be the best source of Si for the wheat growth. Ca-silicate might be 

more soluble and provide available Si to the rooting media as compared to other sources.  

A number of studies showed that Ca-silicate as a source of Si was one of the most 

effective source in rice (Prakash et al., 2010; Prakash, 2002; Singh, 2006). Synder (1989) 

reported that application of Ca-silicate increased the yield of rice mainly due to the more 

supply of plant available Si. Ca-silicate suitable for use as soil fertilizer, however, its 

effectiveness is mostly dependent on their reactivity and solubility rather than total Si 

contents (Ma and Takahashi, 2002; Gascho, 2001). 

It was concluded that soil applied Si significantly enhanced the growth of wheat. 

Better results were obtained when Si from source Ca-silicate was applied at the rate of 

100 and 150 mg kg
-1

 of soil. However, these two levels were mostly at par with each 

other in many parameters observed.  The current results also enabled us to select the most 

effective (100 mg kg
-1

) out of four levels of Si. 
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4.2. EXPERIMENT 2: OPTIMIZING THE FOLIAGE APPLIED 

SILICON FOR IMPROVING WHEAT GROWTH 

This study was carried out to test the relative effectiveness of different levels of Si as 

foliar application for improving the growth of wheat. The experiment was conducted in 

green house of Department of Agronomy, University of Agriculture, Faisalabad. Results 

obtained from this study are being presented below:      

4.2.1. Results 

4.2.1.1. Shoot length (cm) 

Foliar application of Si substantially affected the shoot length of wheat. Shoot 

length was increased by all concentration of Si sprayed. Plants sprayed with 100 and 150 

mg L
-1 

Si produced higher shoot length than control treatment (Fig 4.9). 

4.2.1.2. Shoot fresh weight (g) 

High shoot fresh weight indicates vigor of the plant. Foliar application of Si 

significantly increased the shoot fresh weight of the wheat. Data presented in the Fig 

(4.10) showed that maximum shoot fresh weight was produced when plants were sprayed 

with 100 mg L
-1 

Si that was statistically at par with 150 mg L
-1 

Si. Minimum shoot fresh 

weight was recorded where Si was not sprayed (control).  

4.2.1.3. Shoot dry weight (g) 

It is evident from the data (Fig 4.11) that foliar application of all concentration of 

Si significantly increased the shoot dry weight of wheat seedling. Higher shoot dry weight 

was recorded when plants were sprayed with 100 and 150 mg L
-1 

Si (statistically non-

significant with each other) as compared to other silicon concentration (0 and 50 mg L
-1

). 

4.2.1.4. Root length (cm) 

Root length was significantly increased by the foliar application of Si (Fig 4.12). 

All concentration of Si enhanced the root length when compared to control. Maximum 

root length was observed when Si was sprayed at the rate 100 mg L
-1

 that was statistically 

similar to the 150 mg L
-1

 followed by the 50 mg L
-1

. Minimum root length was recorded 

in the control treatment.  
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Fig. 4.9. Influence of different levels of silicon as foliar application on shoot length 

(cm) of wheat ± SE 
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Fig. 4.10. Influence of different levels of silicon as foliar application on shoot fresh 

weight (g) of wheat ± SE 
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Fig. 4.11. Influence of different levels of silicon as foliar application on shoot dry 

weight (g) of wheat ± SE 
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Fig. 4.12. Influence of different levels of silicon as foliar application on root length 

(cm) of wheat ± SE 
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4.2.1.5. Root fresh weight (g)  

Foliar application of all concentration of Si significantly increased the root fresh 

weight of the wheat seedling than the control treatment (Fig 4.13). Application of 100 mg 

L
-1 

Si from the source Ca-silicate caused the maximum increased in root fresh weight of 

wheat seedling. Further increased concentration of Si did not improve the root fresh 

weight of wheat plants. Minimum root fresh weight was recorded in control treatment 

where Si was not sprayed.   

4.2.1.6. Root dry weight (g) 

Data on root dry weight shows that root dry weight was significantly affected by 

the foliar application of Si (Fig. 4.14). Maximal increase in root dry weight was observed 

when 100 mg L
-1

Si was foliarly applied that was statistically similar to 150 mg L
-1 

Si 

sprayed to the wheat seedling.  

4.2.1.7. Root shoot ratio  

Foliar application of Si significantly affected the root shoot ratio of wheat plant. 

All concentration of the Si had similar affect the root shoot ratio of wheat plant when 

compared to control (Fig. 4.15).  

4.2.1.8. Total biomass of harvested plant (g) 

Total biomass of harvested plant was calculated by pooling the shoot and root dry 

weight as shown in Fig. 4.13. Foliar application of Si significantly enhanced the total 

biomass of wheat plant than the control (Fig. 4.16). Total biomass of harvested wheat 

plant increased gradually with the increase of Si concentration. Maximum total biomass 

of harvested plant was achieved at 100 mg L
-1 

Si concentration. Data show that above the 

100 mg L
-1

 Si concentration did not have any effect on the total biomass of harvested 

plant.               
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Fig. 4.13. Influence of different levels of silicon as foliar application on root fresh 

weight (g) of wheat ± SE 
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Fig. 4.14. Influence of different levels of silicon as foliar application on root dry 

weight (g) of wheat ± SE 
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Fig. 4.15. Influence of different levels of silicon as foliar application on root shoot 

ratio of wheat ± SE 
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Fig. 4.16. Influence of different levels of silicon as foliar application on total biomass 

of harvested plant (g) of wheat ± SE 
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4.2.2. Discussion  

Silicon is one of the most common occurring nutrients present in the soil. In spite 

of its high concentration in the soil, very low amount of Si is available for the plants 

(Sommer et al., 2006). Most of the Si present in soil is in the form of insoluble oxides and 

silicates because when the concentration of soluble Si increased above 2 mmol L
-1

 

polymerized rapidly (Iler, 1979). In contrast, large molecules of Si in the form of silicate 

are very stable but have shown to be less accessible to the plants (Voogt and Sonneveld, 

2001). Therefore, availability of Si fertilizer applied into the soil is very low because 

silicates of Si dissolve and form polymers with organic matter and other minerals in the 

soil (Dixon and Weed, 1989; Savant et al., 1997).  There was little evidence suggesting 

that foliar application of Si improved the growth and development of crops such as rice 

(Liu et al., 2009; Ghanbari-Malidarreh et al. (2011), rapseed (Nasir and Khalatbari, 

2010), dry bean (Paula-Junior et al., 2010), wheat (Hellal et al., 2012) and strewberry 

(Wang and Galletta, 2010).       

As shown in this study, foliage applied Si increased the plant growth at all 

concentration. However, foliar application of 100 mg L
-1

 Si produced the maximum shoot 

and root length of wheat (Fig. 4.9 and 4.12).  These results are consistent with finding that 

foliage applied Si enhanced the growth and development of young growing tissues. There 

are different school of thoughts about the role of Si in growth of plants. Some reports 

showing that Si-induced expansion growth was due to an increase in individual cell size 

not due to the total number of cells in the leaves of plant. Increased in cell size may be a 

results of increased the water uptake into the cell and increased the tugor pressure 

(Hossian et al., 2002). However, studies showed that Si had no effect on solutes or water 

potential of the plant (Pei et al., 2010; Chen et al., 2011). And other possible reason is 

that Si may involve in the extensibility of the cell wall that resulted in expansion growth 

of cell in plant (Cosgrove, 2005).  Beside these studies, there are some evidence that Si 

promotes the growth by changing the metabolic processes in the plant like 

photosynthesis, chemical composition of the cell wall and physiological availability of 

mineral nutrients (Hattori et al., 2003; Zhu et al., 2004; Guo et al., 2006; Vaculik et al., 

2009). Moreover, some scientists proposed that Si play very important role in maintaining 

the internal balance of other essential nutrients in plants (Marschner et al., 1990).   Si 

influenced the carbon and nitrogen metabolism by altering the amino acid composition 



45 

 

and amount (Watanabe et al., 2001). Ma and Takahashi (1990) reported that application 

of Si increased plant growth by increasing phosphorus metabolism within the plant. 

The current results show that foliar application of Si significantly affected the 

shoot and root fresh and dry weight of wheat young seedling. Application of 100 mg L
-1 

Si from the source Ca-silicate caused the maximum increased in shoot and root fresh and 

dry weight of wheat seedling (Fig. 4.10, 4.11, 4.13 and 4.14). In addition, further 

increased in the concentration of Si did not further improve the shoot and root fresh and 

dry weight of wheat plants. In line with these results, various studies showed that 

exogenous application of Si enhanced shoot and root dry and fresh weight in wheat (Gong 

et al., 2002) and rice (Yeo et al., 1999). It was proposed that foliar applied Si deposited 

into leaf sheath and blades and start to polymerize into amorphous silica. Polymerized 

silica is deposited in the cell wall, cell column, intracellular spaces, and trichomes (Cooke 

and Leishman, 2011), and thus increases the strength of the tissues. As described earlier 

that other possibility is that Si may increase the extensibility of the cell wall that involved 

in growth expansion. Plasma membrane H
+
-ATPase involved in expansion growth due to 

the acidification of the cell wall. Si-induced stimulation of plant growth caused by 

changes in the plasma membrane H
+
-ATPase activity (Bakhat, 2012). 

From these results foliar applied Si enhanced the total biomass of plant (Fig 4.16) 

which might be due to higher photosynthetic rate resulting into higher dry matter 

production. It was proposed that Si form a silica body in the mesophyll cells act as 

window that enhanced the light use efficiency by facilitating the transmission of light for 

photosynthesis (Kaufman et al., 1979). Application of Si also enhanced the CO2 fixation 

in rice (Ma et al., 2002) and 31% increased the Rubisco activity in cucumber on dry 

weight basis compared to the control (Adatia and Besford, 1986). Additionally, Si 

treatment improved  the  chlorophyll  concentrations  and  also  delayed  leaf  senescence  

that  further contributed to CO2 fixation. These results are in agreement with those 

reported by Parveen and Ashraf (2010), they found that, exogenously applied Si in 

various concentration significantly increased biomass of maize plants. 100 ppm Si 

treatment significantly increased total biomass of rose (Hwang et al., 2008 and Reezi et 

al., 2009) and wheat plants (Hanafy Ahmed et al., 2008). In parts of the plant silica 

bodies are located in the silica cells below the epidermis and in epidermal appendages 

(Dagmar et al., 2003) that reduced transpiration.  Many studies have suggested that the 
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positive effects of Si on the growth of plant, including more  dry mass and increased 

yield, increased pollination and increased most commonly  disease resistance in plant 

(Rodrigues et al., 2004). 

It was concluded from this experiment that foliar application of the Si 

significantly improved the growth of the wheat seedling. Maximum growth improvement 

was observed when Si was applied at the concentration of 100 mg L
-1

. So, 100 mg L
-1

 Si 

was considered as an effective concentration for the growth of wheat.  
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Field study: 

4.3. EXPERIMENT-I: EVALUATING THE WHEAT PERFORMANCE       

BY SOIL APPLIED SILICON UNDER LATE 

SOWN CONDITIONS 

The present investigation was conducted to explore the effect of soil applied Si on 

growth and yield of wheat under different sowing dates. The experiment was carried out at 

Agronomic Research Area, University of Agriculture, Faisalabad, Pakistan for two 

consecutive years 2010-11 and 2011-12. 

4.3.1. Results  

4.3.1.1. Phenological parameters 

4.3.1.1.1. Days to heading  

Days to heading represent the time from seedling to spike emergence or it is 

basically the vegetative growth in days. Statistical analysis revealed that days to heading 

were significantly affected by all the main factors; sowing dates, wheat cultivars and Si 

application at different growth stages of crop during both the years (Table 4.1). Likewise 

during 2011-12, interaction between sowing dates and Si application at different stages 

was also found to be significant while in 2010-11 it was not significant. However, 

interaction of sowing dates and wheat cultivars, wheat cultivars and Si application and 

sowing dates, wheat cultivars and Si application were not significant during both the years 

(Table 4.1). 

Maximum days taken to heading were recorded in early sowing (10
th

 Nov.) and 

minimum time taken to heading was recorded when crop was sown very late (10
th
 Jan) 

(Table 4.2). Soil applied Si on different stages of wheat showed the significant effect on 

days to heading. Maximum time taken to heading was observed when Si was applied at 

tillering stage followed by the basal dose in year 2010-11 and 2011-12 (Table 4.2). 

Interactive effects of sowing dates and soil applied Si at different stages of wheat on days 

to heading was found significant in year 2011-12 (Table 4.1). Maximum days to heading 

were recorded in early sowing (10
th

 Nov) when Si was applied at tillering stage that was 

similar to basal application at same sowing time (Table 4.2). In case of late (10
th

 Dec) and 

very late (10
th
 Jan) sowing, Si application at tillering stage significantly increased days to 

heading when compared to control treatment of each sowing date (Table 4.2). Days to 
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heading of both cultivars differ significantly. Maximum days taken to heading were 

recorded in Faisalabad-2008 than Sehar-2006 during both the years (Table 4.3). 

4.3.1.1.2. Days from heading to maturity              

Days from heading to maturity is the period during which crop complete their 

reproductive phase. A long duration of reproductive stage is thought to be better for high 

yield. Statistical analysis of data showed that sowing dates significantly affected days from 

heading to maturity during both the years (Table 4.1). Days from heading to maturity were 

also significantly affected by the wheat cultivars and Si application at various growth 

stages of wheat (Table 4.1). Interaction between sowing dates and Si application was 

found be significant during 2010-11 and 2011-12 (Table 4.1) while all other interactions 

were non-significant during both the years (Table 4.1).  

Maximum days from heading to maturity were recorded in early sowing (10
th

 Nov) 

and followed by late sowing (10
th
 Dec) and minimum days taken from heading to maturity 

were observed in very late sowing (10
th

 Jan) (Table 4.4). Analyzed data indicate that 

application of Si at different phenological stages significantly affected days from heading 

to maturity. Si application at different stages of wheat increased the days from heading to 

maturity when compared to control. Maximum days from heading to maturity were 

observed when Si application was applied at heading stage followed by the booting while 

minimum days from heading to maturity were recorded in control treatment during both 

the years (Table 4.4). Furthermore, interactive effects of sowing dates and Si application 

significantly affected the days from heading to maturity of crop. Application of Si at 

various stages of wheat caused the late maturity under different sowing conditions. 

Delayed maturity was observed when Si was applied at heading stage of crop under all the 

sowing dates when compared to control of each during both the years (Table 4.4). 

Cultivars showed the significant effect on days from heading to maturity. Sehar-2006 took 

more days from heading to maturity than Faisalabad-2008 (Table 4.5).        
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Table 4.1. Analysis of variance for influence of Si application at various growth stages 

on phenology of wheat cultivars under different sowing dates  

* = Significant at 0.05 probability level, ** = Significant at 0.01 probability level, ns = Non-

significant at 5% probability 

Table 4.2. Influence of Si application at different growth stages on days to heading of 

wheat cultivars under different sowing dates 

Interaction and main effect means not sharing same letter differ significantly (P ≤ 0.05) 

SD = Sowing dates, Si = Silicon application  

 

Table 4.3. Influence of cultivars on days to heading of wheat 

Cultivars 2010-11 2011-12 

Faisalabad-2008 71.60 a 69.84 a 

Sehar-2006 69.84 b 67.93 b 

LSD ≤ 0.05 
1.10 

0.435 

Means not sharing same letter within a column differ significantly (P ≤ 0.05) 

Source of  variation D.F. 
Mean Square 

Days to heading  Days to maturity 

     2010-11     2011-12    2010-11     2011-12 

Replications 2 85.14 136.81 17.50 10.13 

Sowing dates (A) 2 4893.34** 6720.18** 6356.23** 3564.40** 

Error-I 4 32.74 53.13 17.68 18.68 

Varieties (B) 1 69.34** 82.18** 41.34** 46.94** 

A×B 2 9.48ns 9.38ns 1.48ns 0.04ns 

Error-II 6 4.57 0.71 0.73 0.74 

Silicon (C) 4 34.19** 63.53** 193.76** 154.04** 

A×C 8 2.93ns 6.22** 3.18** 3.19* 

B×C 4 0.76ns 5.87ns 1.43ns 1.36ns 

A×B×C 8 1.23ns 0.36ns 1.06ns 0.46ns 

Error-III 48 1.82 1.69 0.93 1.12 

 

Si 

application  

2010-11 2011-12 

10-Nov 10-Dec 10-Jan Means 10-Nov 10-Dec 10-Jan Means 

Control 83.00 67.66 56.00 68.88 D 84.16 b 65.50 f 52.83 i 67.50 D 

Basal 84.50 69.66 59.33 71.16 B 85.50ab 67.66 e 56.5 g 69.88 B 

Tillering 84.83 72.50 60.50 72.61 A 86.00 a 72.00 d 56.66 g 71.55 A 

Booting 84.16 70.33 58.16 70.88BC 84.00 b 67.66 e 54.16 h 68.61 C 

Heading 83.00 69.66 58.00 70.05 C 82.33 c 65.83 f 52.50 i 66.88 D 

Means 83.90 A 69.86 B 58.40 C  84.40 A 67.73 B 54.53 C  

LSD ≤ 0.05 SD = 4.10, Si = 0.904 SD = 5.22, Si = 0.87, SD×Si = 1.50 
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Table 4.4. Influence of Si application at different growth stages on days to maturity of 

wheat cultivars under different sowing dates 

Interaction and main effect means not sharing same letter differ significantly (P ≤ 0.05) 

SD = Sowing dates, Si= Silicon application  
 

Table 4.5. Influence of cultivars on days to maturity of wheat 

Cultivars 2010-11 2011-12 

Faisalabad-2008 40.55 b 35.17 b 

Sehar-2006 41.91 a 36.62 a 

LSD ≤ 0.05 
0.441 

0.445 

Means not sharing same letter within column significantly (P ≤ 0.05) 

 

 

Si 

application  

2010-11 2011-12 

10-Nov 10-Dec 10-Jan Means 10-Nov 10-Dec 10-Jan Means 

Control 51.66 e 36.33 j 24.5 m 37.33 E 43.66 d 32.83 hi 21.33 l 32.61 E 

Basal 53.33 d 37.66 i 25.16 m 38.66 D 45.16 c 34.00 gh 22.00 l 33.72 D 

Tillering 56.50 c 39.66 h 26.66 l 40.94 C 46.66 b 35.16 g 24.16 k 35.33 C 

Booting 59.00 b 42.16 g 29.83 k 43.66 B 49.00 a 38.16 f 27.66 j 38.27 B 

Heading 61.33 a 44.16 f 30.50 k 45.33 A 49.33 a 39.66 e 29.66 i 39.55 A 

Means 56.36 A 40.00 B 27.33 C  46.76 A 35.69 B 24.96 C  

LSD ≤ 0.05 SD = 3.014, Si = 0.645, SD×Si = 0.556 SD = 3.08, Si = 0.683, SD×Si = 1.18 
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4.3.1.1.3. Discussion  

The results of this study show that sowing dates in terms of changed temperatures 

affected phenology of crop. Late sowing wheat prevailed sub-optimum temperature during 

all the phenological stages.  Phenological phases of wheat may respond to the changes of 

both minimum and maximum temperatures (Zhou et al., 2007). Parmesan and Yohe (2003) 

observed that changing environment expected to lead changes in life cycle events. Results 

indicate that late sowing wheat reduced the days from emergence to heading and from 

heading to maturity (Table 4.2 and 4.4) which might be due to supra-optimum temperature 

during the various phases of wheat. The wheat plant required the definite temperature 

before attaining the certain phenological stages (Islam and Sikder, 2011). However, due to 

variation of sowing date, the ambient temperature varies widely that affected the crop 

phenology. Temperature is a modifying factor at all stages of crop, including germination, 

tillering, booting, heading, flowering and maturity, as it can affect the rate of water supply 

and other substrates as necessary for growth and development (Wanjura and Buxtor, 

1972). Under high temperature, the wheat completes its life cycle much faster than under 

normal temperature (Fischer, 1985). All phases have short duration, so crop has very short 

time for assimilate accumulation during the life cycle and consequently biomass 

production is reduced (Fischer and Maurer, 1976). It was reported that under high 

temperature conditions, earlier heading in wheat is helpful in maintaining stay-green 

leaves during anthesis, leading to a smaller reduction in yield (Tewolde et al., 2006). 

Growth chamber and greenhouse studies suggested that the elevated temperature is more 

harmful when first flowers are visible and sensitivity continues for 10-15 days (Nahar et 

al., 2010). Current results showed that wheat exposed to high temperature due to late 

sowing, shortened the days from heading to maturity (Table 4.4). Increased leaf 

senescence due to high temperature led to the reduction of green leaf area and leaf area 

duration during the reproductive phase of wheat. Ultimately crop was forced to complete 

the reproductive phase owing to rapid leaf senescence (Gibson and Paulsen, 1999). A 

number of studies showed that high temperature at later stages of wheat reduced the leaf 

area duration (Stone and Nicolas, 1999; Fisher et al., 1998), decreased the number of  

leaves (Calderini et al., 1997; Cao and Moss, 1989; Acevedo et al., 1991) and increased 

the leaf senescence (Rahman et al.,  2005).  

It is well known that Si is not essential although its application in crop is essential 

against many abiotic stresses (Epstein, 1999; Liang et al., 2007).  Crops of Poaceae family 
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usually accumulate more Si in their tissues than other species (Matichenkov and 

Kosobrukhov, 2004). It accumulates in plants at a rate comparable to that of 

macronutrients such as calcium, magnesium and phosphorus (Epstein, 1999). In the 

current study, application of Si significantly enhanced the days from emergence to heading 

and maturity in early as well as in late sown conditions in comparison to control (Table 4.2 

and 4.4). The previous reports and current study suggest that Si deposition in crop plant 

delayed the crop phenology under high temperature. Its application delayed the heading 

and maturity stage that would be attributed to increase the leaf area duration (Gong et al., 

2003), vegetative growth and enhanced the light use efficiency (Miyake and Takahashi, 

1983; Isa et al., 2010) by increasing the nitrogen metabolism (Watanabe et al., 2001). 

Moreover, it has been reported that under late sowing high temperature conditions, Si 

treatment delayed the leaf senescence, sustained leaf photosynthesis resulting in healthy 

stay-green plants (Hattori et al., 2005). Vigorous crop growth might have elongated 

growth period and thus have delayed the phenology of crop (Li et al., 2003). Kumar et al. 

(2010) reported that stay-green plant during the grain filling period extended the duration 

of grain fill stage that play a very crucial role in grain development in wheat when 

assimilates are limited.     

4.3.1.2. Allometery 

4.3.1.2.1. Leaf area index 

Leaf area index (LAI) of crop indicates the assimilatory system and is considered 

an important parameter to measure the growth of the crop. Leaf area may be said as 

catchment area of sunlight. Leaf area index of crop increased gradually with time till the 

active growth period of crop then started to decline. Results showed that LAI of both 

wheat cultivars was affected significantly by the sowing dates and Si application at 

different growth stages during both the years. Significantly higher LAI was noted in 10
th

 

November planting whereas, minimum LAI was recorded when wheat crop was planted on 

10
th

 January (Fig. 4.17). In early planting (10
th

 Nov) there was a linear increase in LAI and 

maximum leaf area index (LAI) was noted 75 DAS after that there was gradually decline 

in LAI. While in late (10
th
 Dec) and very late (10

th
 Jan) sown wheat, maximum LAI was 

recorded 65 DAS after that there was a sharp decline in the LAI of both cultivars during 

both the years. Si application at different growth stages of wheat improved the LAI in all 

three sowing dates when compared to control treatment in both the cultivars (Fig. 4.18).  
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4.3.1.2.2. Crop growth rate (g m
-2

 day
-1

) 

Crop growth rate express the rate of dry matter accumulation and is closely related 

to the solar radiations captured by the leaves. Figures exhibited the data regarding the crop 

growth rate during both the years. Varying sowing dates differ significantly with each 

other in term of crop growth rate however; same trend was observed in both wheat 

cultivars.  In 10
th

 November planted wheat crop growth rate was increased upto fourth 

harvest (65-75 DAS) afterward there was steadily decreased in all Si treatment in both 

wheat cultivars. While under late (10
th
 Dec) and very late (10

th
 Jan) sown conditions, crop 

growth rate was increased up to third harvest (55-65 DAS) after that there was stridently 

decline in CGR in both the cultivars (Fig. 4.19-20). Soil applied Si at various growth 

stages of wheat significantly improved the crop growth rate seems with varying response 

in wheat cultivars in various sowing dates.  Almost similar response was recorded in 

second year of study in both wheat cultivars.   

4.3.1.2.3. Seasonal Leaf area duration (days) 

Analyzed data indicated that sowing dates, wheat varieties and Si application 

significantly affected the seasonal leaf area duration during both the year. Interactive effect 

of sowing dates with Si application was also found to be significant. All other interactions 

were non-significant during both the years. During 2010-11, Sehar-2006 attained 

significantly more seasonal leaf area duration than Faisalabad-2008. Same trend was 

observed in next year 2011-12 (Fig. 4.22). During 2010-11, maximum seasonal leaf area 

duration was recorded with Si application at heading stage of wheat that was statistically at 

par with Si applied at booting and tillering stage of crop in all sowing dates when 

compared to the control treatment of that sowing date (Fig. 4.21). In 2011-12, almost 

similar response was observed in seasonal leaf area duration.  

4.3.1.2.4. Net assimilation rate (g m
-2

 day
-1

) 

Net assimilation rate is the integration of photosynthetic assimilates from 

photosynthetically active sites of plants per unit area of land in a day. Various sowing 

dates, Si application and their interaction significantly affected the net assimilation rate 

during both the years while wheat cultivars and all other interactions were non-significant.  

Si application at heading, booting and tillering stage of crop gave the similar response in 

all sowing dates when compared to the control treatment of that sowing date (Fig. 4.23). 

Almost similar trend was observed during both years of study.    
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Fig. 4.17. Influence of sowing date and silicon application on leaf area index of 

cultivar Faisalabad-2008 during (a) 2010-11 and (b) 2011-12  
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 Fig.4.18. Influence of sowing date and silicon application on leaf area index of 

cultivar Sehar-2006 during (a) 2010-11 (b) 2011-12 
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Fig. 4.19. Influence of sowing date and silicon application on crop growth rate (g m
-2

 

day
-1

) of wheat cultivar Faisalabad-2008 during (a) 2010-11 and (b) 2011-12 
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Fig. 4.20. Influence of sowing date and silicon application on crop growth rate (g m
-2

 

day
-1

) of wheat cultivar Sehar-2006 during (a) 2010-11 and (b) 2011-12 
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Fig.4.21. Effect of soil applied Si on seasonal leaf area duration (days) of wheat under 

different sowing dates (a) 2010-11 and (b) 2011-12 

Fig. 4.22. Influence of cultivars on seasonal leaf area duration of wheat (a) 2010-11 

and (b) 2011-12 

b 

d 

g 

ab 

c 

fg 

a 

cd 

ef 

a 

c 

e 

a 

c 

e 

0 

20 

40 

60 

80 

100 

120 

140 

10-Nov 10-Dec 10-Jan 

S
ea

so
n

a
l 
le

a
f 

a
re

a
 d

u
ra

ti
o
n

 (
d

a
y
s)

  
Control Basal Tillering Booting Heading 

LSD ≤ 0.05 = 4.195        (a) 

c 

g 

k 

b 

f 

j 

ab 

e 

i 

ab 

de 

i 

a 

d 

h 

0 

20 

40 

60 

80 

100 

120 

140 

10-Nov 10-Dec 10-Jan 

S
ea

so
n

a
l 
le

a
f 

a
re

a
 d

u
ra

ti
o
n

 (
d

a
y
s)

 

Sowing dates  

LSD ≤ 0.05 = 1.786        (b) 

  

  

b 
a 

20 

40 

60 

80 

100 

Faisalabad-2008 Sehar-2006 

S
ea

so
n

a
l 
le

a
f 

a
re

a
 d

u
ra

ti
o
n

 (
d

a
y
s)

  
 LSD ≤ 0.05 = 2.47        (a) 

b 
a 

20 

40 

60 

80 

100 

Faisalabad-2008 Sehar-2006 

S
ea

so
n

a
l 
le

a
f 

a
re

a
 d

u
ra

ti
o
n

 (
d

a
y
s)

  
 

LSD ≤ 0.05 = 2.22       (b) 



59 
 

 

 

 

Fig.4.23. Effect of soil applied Si on net assimilation rate (g m
-2

 day
-1

) of wheat under 

different sowing dates (a) 2010-11 and (b) 2011-12 

 

b 

d 

f 

b 

c 

f 

ab 

c 

e 

ab 

c 

e 

a 

c 

e 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

10-Nov 10-Dec 10-Jan 

N
e
t 

a
ss

im
il

a
ti

o
n

 r
a

te
 (

g
 m

-2
 d

a
y

-1
) 

  Control Basal Tillering Booting Heading 

LSD ≤ 0.05 = 0.642        (a) 

b 

cd 

e 

b 

c 

e 

ab 

c 

e 

ab 

c 

de 

a 

c 

e 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10-Nov 10-Dec 10-Jan 

N
e
t 

a
ss

im
il

a
ti

o
n

 r
a

te
 (

g
 m

-2
 d

a
y

-1
) 

  

Sowing dates  

LSD ≤ 0.05 = 0.601        (b) 



60 
 

4.3.1.2.5. DISCUSSION 

Growth parameters like LAI, CGR, LAD and NAR of wheat were significantly 

affected by the sowing dates. There was a significant reduction in the growth parameters 

by the late sowing of wheat. Under late sown conditions, supra-optimum temperature 

during the various growth phases of crop significantly reduced the LAI, LAD, CGR and 

NAR. Earlier it has been reported that under late sown conditions, most of the growth 

phases of wheat coincided with rise in temperature causing the poor growth (Singh et al., 

2011). Upon exposure to high temperature, development of various growth stages is 

accelerated to such a degree that the environment cannot supply necessary inputs 

(radiation, water and nutrient) fast enough (Sardana et al., 2002). Previously, it is reported 

that mean temperatures often exceeding the optimum (25°C) caused reduction in growth 

parameters (Paulsen, 1994). Noohi et al. (2009) reported that heat stress reduced the leaf 

area index and the seasonal leaf area duration of wheat (Acevedo et al., 1990). This late 

sown crop gets exposed to mean maximum temperature of about 35°C during crop growth 

period that caused reduction in crop growth rate (CGR) and LAD (Nagarajan and Rane, 

2002). It is a fact that under high temperature the plant life cycle was shortened and the 

duration of all phenophases was reduced, so that the plant did not have enough assimilate 

to translocate towards sink. Reduction of LAI and chlorophyll content as a result of 

thermal stress could lead to a reduction in the rate of photosynthesis (Almeselmani and 

Deshmukh, 2012). Late planted wheat produces fewer leaves that lead to lower LAI 

associated with poor NAR and CGR (Takahashi and Nakaseko, 1992). Many studies 

described that high temperature reduced the LAI by accelerating  the leaves senescence in 

wheat (Guttieri et al., 2001; Pourreza et al., 2009; Rehman et al., 2009), maize (Valentinuz 

and Tollenaar, 2004) and rice (Hong et al., 1999; Xie et al., 2011). 

Silicon has been implicated as a quasi-essential element, as an appreciable body of 

evidence supports the conclusion that Si often enhances plant growth and development 

(Epstein, 1999). On the other hand, it was reported that supplementary Si increased plant 

growth variables under stressful conditions (Ma and Yamaji, 2006; Liang et al., 2007). 

Application of Si increased crop growth by enhancing the photosynthetic efficiency, 

erectness of leaves and structure of xylem vessels under high transpiration rates due to 

higher temperature and moisture stress (Hattori et al., 2005). Similarly, Gong et al. (2003 

and 2005) observed improved water economy and crop growth rate under application of 

silicon. A number of possible mechanisms were proposed through which Si may increase 
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thermotolerance in plants, especially improving water status of plants, increased 

photosynthetic activity and ultra-structure of leaf organelles.  In the view of results from 

the present study, it can be proposed that Si application at different growth stages of wheat 

showed promoting effect on LAI, NAR and seasonal LAD. This increase in mean NAR 

was linked with increase in LAI and LAD, period for which leaves remain persistently 

involved in photosynthesis. Enhancement in growth variables by Si application might have 

a role in the regulation of cell growth behaviour especially cell elongation, enhancing the 

photosynthetic efficiency thus protecting the chlorophyll from oxidative damage under late 

sown high temperature. These results are in line with those of Ahmed et al. (2011) who 

also reported that Si regulates the cell growth by affecting especially cell expansion and 

protecting the cell structure under stress condition (Cosgrove, 2005). It was proposed that 

Si form a silica body in the mesophyll cells acting as window that enhanced the light use 

efficiency by facilitating the transmission of light for photosynthesis (Kaufman et al., 

1979). Some authors suggested that Si enhanced the growth of plant by changing the 

morphological and biochemical attributes of the leaves (Epstein, 1994).   In this context, Si 

changes the morphology of the leaves in term of leaf area and thickness (Epstein, 1999; Isa 

et al., 2010). It increased the rigidity in leaves and held them horizontally to intercept more 

light (Miyake and Takahashi, 1983; Adatia and Besford, 1986). Additionally, deposition of 

Si in leaves and its mediation increased phenol and anthocyanin concentration that act as 

solar screen and may protect the leaf tissues from damage by ultraviolet radiations (Goto et 

al., 2003; Shen et al., 2010). As described earlier that other possibility is that Si may 

increase LAI and CGR by increasing the extensibility of the cell wall involved in growth 

expansion. Si-induced stimulation of plant growth caused by changing in the plasma 

membrane H
+
-ATPase activity (Bakhat, 2012). Moreover, it has been reported that under 

late sowing high temperature conditions, Si application at booting or heading stage delayed 

the leaf senescence and sustained leaf photosynthesis thus resulting in healthy stay-green 

plants (Hattori et al., 2005) that would be attributed to increased seasonal LAD (Gong et 

al., 2003). 
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4.3.1.3. Agronomic Parameters  

4.3.1.3.1. Number of fertile tillers per m
2
 

 Number of fertile tillers is one of the key factors that maintain the plant population 

of the crop. Statistical analysis of data reveals that sowing dates significantly affected the 

number of fertile tillers of wheat (Table 4.6). Table of treatment means (Table 4.7) 

comparison indicates that early sowing (10
th
 Nov.) wheat produced the maximum fertile 

tillers as compared to late sowing conditions. Whereas; minimum fertile tillers were 

counted in very late sowing (10
th

 Jan) condition. Almost similar trend was observed during 

the second year of study. Analysis of data regarding the number of fertile tillers as affected 

by the application of Si at different phases of wheat was found to be significant in both the 

years (Table 4.6). During 2010-11, number of fertile tillers was maximum with Si 

application at heading stage however; it was at par with all other treatments except control 

(Table 4.7). During 2011-12 again maximum fertile tillers were counted when Si was 

applied at heading stage but it was at par only with treatment where Si was applied at 

booting stage of wheat then followed by Si applied at tillering and then basal dose against 

the minimum in control (Table 4.7). 

 Table 4.6. Analysis of variance for influence of Si application at various growth stages 

on number of fertile tillers and plant height of wheat cultivars under 

different sowing dates 

 

* = Significant at 0.05 probability level, ** = Significant at 0.01 probability level, ns = Non-

significant at 5% probability 
 

 

Source of  variation D.F. Mean Square 

  Number of fertile tillers Plant height 

     2010-11    2011-12  2010-11    2011-12 

Replications 2 5263 3510 17.72 1.68 

Sowing dates (A) 2 138361** 181443** 2359.3** 7189.8** 

Error-I 4 5394 827 15.66 20.69 

Varieties (B) 1 48 ns 73 ns 127.38* 507.8** 

A×B 2 1490 ns 697 ns 71.60* 232.6* 

Error-II 6 2243 852 14.81 24.55 

Silicon (C) 4 4074*  3248* 7.85ns 4.05ns 

A×C 8 696ns 82ns 3.77ns 6.56ns 

B×C 4 830 ns 400 ns 3.23ns 30.8** 

A×B×C 8 813 ns 447 ns 15.52ns 5.91ns 

Error-III 48 1440 323 12.59 7.12 
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Table 4.7. Influence of Si application at different growth stages on number of fertile tillers 

of wheat under different sowing dates 

 

Interaction and main effect means not sharing same letter differ significantly (P ≤ 0.05) 

    SD = Sowing dates, Si= Silicon application  

 

 

Table 4.8. Influence of various sowing dates on plant height (cm) of wheat cultivars   

 

Sowing 

dates 

2010-11 2011-12 

Faisalabad-2008 Saher-2006 Means Faisalabad-2008 Saher-2006 Means 

10- Nov 100.31 a 99.93 a 100.1 A 105.66 a 104.44 a 105.1A 

10-Dec 92.55 b 98.27 a 95.4 B 86.14 c 95.95 b 91.0 B 

10-Jan 82.06 c 83.85 c 82.96 C 71.30 e 76.97 d 74.1 C 

Means 91.6 B 94.0 A  87.7 B 92.45 A  

LSD ≤ 0.05 SD = 2.83, Cv = 1.98, SD×Cv = 3.43 SD = 3.25, Cv = 2.55, SD×Cv = 4.42 

Interaction and main effect means not sharing same letter differ significantly (P ≤ 0.05) 

SD = Sowing dates, Cv = Cultivar 

 

Si 

application  

2010-11 2011-12 

10-Nov 10-Dec 10-Jan 
Means 

10-Nov 10-Dec 10-Jan 
Means 

Control 396.17 329.83 264.0 330.00 B 382.33 320.33 231.2  311.28 C 

Basal 429.0 348.83 291.6 356.50 A 398.67 337.17 247.5  327.78 B 

Tillering 427.67 350.00 316.6 364.78 A 411.00 339.50  254.6  335.06 B 

Booting 449.50 344.50 311.3 368.40 A 406.33 350.00 253.1  336.50AB 

Heading 438.33 345.67 385.1 389.39 A 422.33 359.67 261.0  347.67 A 

Means 428.13 A 343.7 B 313.7 B  404.1 A 341.3 B 249.5 C  

LSD ≤ 0.05 SD = 52.65, Si = 12.65 SD = 20.62, Si = 12.03 
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   4.3.1.3.2. Plant height at maturity (cm)      

Among the different morphological attributes of the plant, plant height is one of the 

important parameters which is the function of combined effect of genetic makeup, 

nutrients and environmental conditions of plant. Statistical analysis of data revealed that 

plant height was significantly affected by the sowing dates and wheat cultivars (Table 4.6). 

While soil applied Si at various phases of wheat did not differ significantly for plant height 

at maturity during both the years (Table 4.6). Interaction of sowing dates and wheat 

cultivars was significant during both the years while wheat cultivars × soil applied Si at 

different growth stages of wheat was significant only in 2011-12 (Table 4.6). All other 

interactions were non-significant (Table 4.6). 

Height of wheat plant was significantly reduced by the late sowing. Maximum 

plant height was noted in 10
th

 November sowing while minimum plant height was 

recorded in 10
th

 January sowing. In case of interaction between wheat cultivars and sowing 

dates, Faisalabad-2008 and Sehar-2006 had relatively produced equal plant height when 

planted at 10
th
 Nov during both the years when compared to other sowing dates (Table 

4.8). In case of wheat cultivars, Sehar-2006 had relatively taller plants than Faisalabad-

2008 during both the years (Table 4.8). In 2011-12 interaction of wheat cultivars and soil 

applied Si at different growth stages of wheat was significant (Table 4.6). Maximum plant 

height was recorded in Sehar-2006 when Si was applied at heading stage however; it was 

statistically at par with all other Si application treatments (Table 4.9).  

4.3.1.3.3. Spike length (cm) 

Spike length is an important yield determinant. A perusal of data (Table 4.10) 

indicated that sowing dates caused the significant difference in spike length during both 

the years. Similarly soil application of Si at different growth stages affected spike length of 

wheat significantly both the years (Table 4.10). However, all two way as well as three way 

interactions did not reach to a significant level (Table 4.10). 

More (P ≤ 0.05) spike length was recorded in 10
th
  Nov sowing followed by the 

10
th

  Dec. Lowest value of spike length was observed in very late sowing (10
th
 Jan) in 

2010-11 and 2011-12 (Table 4.11). Among the cultivars Sehar-2006 produced longer spike 

than Faisalabad-2008 (Table 4.12), however, this difference in spike length was significant 

during the second year of study only (Table 4.10).  
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Table 4.9. Influence of Si application at different stages on plant height (cm) of wheat 

cultivars   

   Means not sharing same letter for differ significantly (P ≤ 0.05), SD = Sowing dates, Cv = Cultivar 

 

Table 4.10. Analysis of variance for influence of Si application at various growth stages 

on yield components of wheat cultivars under different sowing dates 

  

* = Significant at 0.05 probability level, ** = Significant at 0.01 probability level, ns = Non-significant at 

5% probability 

 

 

 

 

Si application  

2010-11 2011-12 

Faisalabad-2008 Saher-2006 Faisalabad-2008 Saher-2006 

Control 91.12 93.13 86.89 e 89.78 bc 

Basal 91.90 93.18 87.20 de 92.13 ab 

Tillering 91.05 93.91 89.46 cd 93.01 a 

Booting 92.10 94.32 87.87 cde 93.12 a 

Heading 92.02 95.54 87.09 de 94.21 a  

LSD ≤ 0.05 ns Cv ×Si =2.52 

Source of  variation D.F. 

Mean Square 

Spike length Grains per spike 1000-grain weight 

2010-11    2011-12    2010-11    2011-12   2010-11     2011-12 

Replications 2 1.12 0.041 25.07 17.86 1.89 60.16 

Sowing dates(A) 2 78.79** 181.32** 1235.43** 1913.38** 698.42** 943.55** 

Error-I 4 0.31 0.144 44.54 6.07 7.73 9.09 

Varieties (B) 1 0.011ns 1.315** 60.98* 59.05* 27.82* 52.21** 

A×B 2 0.211ns 0.206ns 5.57ns 3.66ns 2.89ns 3.90ns 

Error-II 6 0.522 0.087 6.83 9.22 2.56 2.78 

Silicon (C) 4 1.28** 0.314* 114.31** 67.62** 61.25** 150.51** 

A×C 8 0.260ns 0.077ns 3.74ns 13.24* 12.46** 2.21* 

B×C 4 0.165ns 0.084ns 0.64ns 2.54ns 3.64ns 0.97ns 

A×B×C 8 0.091ns 0.212ns 1.21ns 4.32ns 0.73ns 1.16ns 

Error-III 48 0.313 0.101 4.42 6.04 4.17 0.89 
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Table 4.11. Influence of Si application at different growth stages on spike length (cm) of 

wheat under various sowing dates  

Si 

application 

2010-11 2011-12 

10-Nov 10-Dec 10-Jan Means 10-Nov 10-Dec 10-Jan Means 

Control 10.02 8.25 6.57 8.28 C 8.72 6.77 4.79 6.76 B 

Basal 10.00 8.49 7.04 8.51 BC 9.04 6.92 4.99 7.00 A 

Tillering 10.22 9.11 6.72 8.69 AB 8.84 6.99 5.05 6.99 A 

Booting 10.35 9.17 7.32 8.95 A 9.29 6.89 5.18 7.12 A 

Heading 10.44 8.90 7.21 8.85 AB 8.90 7.07 5.09 7.02 A 

Means 10.21 A 8.76 B 6.97 C  8.99 A 6.92 B 5.02 C  

LSD ≤ 0.05 SD = 0.401, Si = 0.375 SD = 0.271, Si =  0.213 

Interaction and main effect means not sharing same letter differ significantly (P ≤ 0.05) 

SD = Sowing dates, Si= Silicon application 

Table 4.12. Influence of cultivars on spike length (cm) of wheat 

Means not sharing same letter within a column differ significantly (P ≤ 0.05) 

Table 4.13. Influence of Si application at different growth stages on number of grains 

per spike of wheat under various sowing dates 

 

Interaction and main effect means not sharing same letter differ significantly (P ≤ 0.05) 

SD = Sowing dates, Si= Silicon application 

 

 

 

 

Cultivars 2010-11 2011-12 

Faisalabad-2008 8.64 6.86 b 

Sehar-2006 8.66 7.10 a 

LSD ≤ 0.05 
ns 

0.152 

 

Si 

application  

2010-11 2011-12 

10-Nov 10-Dec 10-Jan Means 10-Nov 10-Dec 10-Jan Means 

Control 44.17 38.88 30.31 37.79 D 39.39 bc 37.40 bc 26.19 e 34.32 D 

Basal 45.09 41.45 31.88 39.47 C 45.62 a 36.44 c 27.34 de 36.29 C 

Tillering 45.92 43.67 33.91 41.17 B 44.07 a 38.44 bc 27.97 de 36.82BC 

Booting 48.42 45.74 37.38 43.85 A 45.62 a 39.88 b 29.37 d 38.29 AB 

Heading 48.90 44.07 36.51 43.16 A 46.09 a 40.11 b 29.97 d 38.72 A 

Means 46.50 A 42.76 A 34.00 C  44.06 A 38.45 B 28.17 C  

LSD ≤ 0.05 SD = 4.53, Si = 1.40 SD = 3.17, Si = 1.57, SD×Si = 2.73 
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In 2010-11, tillering, booting and heading were equally good for Si application for the 

parameter under discussion while during 2011-12 Si application at either stage of wheat 

gave the similar response when compared to control treatment. Minimum spike length was 

obtained in control where Si was not applied during both the year (Table 4.11).   

4.3.1.3.4. Number of grains per spike 

Number of grains per spike also contributes toward the production potential of the 

crop. More number of grains per spike more will be the grain yield of the crop and vice 

versa. Analyzed data indicated that number of grains per spike was significantly affected 

by the sowing dates. Wheat cultivars and Si application significantly affected the number 

of grain per spike during both the years (Table 4.10). During 2011-12, interaction between 

sowing dates and Si application for number of grain per spike was significant only while 

all others two way as well as three way interactions were non-significant in both the years 

(Table 4.10). Early sowing (10
th
 Nov) wheat produced more number of grains per spike 

followed by the 10
th

 December while 10
th

 January sowing wheat produced minimum 

number of grains per spike during 2010-11(Table 4.13). Same trend was observed during 

second years of study. In case of cultivars, more number of grains per spike was recorded 

in Sehar-2006 than Faisalabad-2008 during both the year (Table 4.14).   

   Interaction between sowing dates and Si application was significant in 2011-12. 

Silicon application at different growth stages equally improved the number of grains per 

spike of wheat in all sowing dates when compared to control of each sowing date (Table 

4.13).  

4.3.1.3.5. 1000-grain weight (g) 

1000-grain weight is one of the important final yield contributing factors that 

expresses the size of the grain. Bold size grain results in higher economic yield of crop. 

Statistical analysis of data revealed that different sowing dates significantly affected the 

1000-grain weight of wheat (Table 4.10). Wheat cultivars and Si application at different  

 

 

 

 



68 
 

Table 4.14. Influence of cultivars on number of grains per spike of wheat 

Cultivars 2010-11 2011-12 

Faisalabad-2008 40.26 b 36.15 b 

Sehar-2006 41.91 a 37.63 a 

LSD ≤ 0.05 
1.34 

1.31 

   Means not sharing same letter within a column differ significantly (P ≤ 0.05) 

Table 4.15. Influence of Si application at different growth stages on 1000-grain weight 

(g) of wheat under various sowing dates 

Interaction and main effect means not sharing same letter differ significantly (P ≤ 0.05) 

SD = Sowing dates, Si= Silicon application 

 

Table 4.16. Influence of cultivars on 1000-grain weight (g) of wheat 

Means not sharing same letter within a column differ significantly (P ≤ 0.05) 

 

  

  

 

Si 

application  

2010-11 2011-12 

10-Nov 10-Dec 10-Jan Means 10-Nov 10-Dec 10-Jan Means 

Control 39.97 de 38.45 ef 31.79 g 36.74 D 36.40 de 28.62 g 24.11h 29.71 D 

Basal 43.38 bc 38.34 ef 31.28 g 37.66 CD 38.55 c 32.09 f 26.56 g 32.40 C 

Tillering 43.71 b 39.87 de 32.64 g 38.74 BC 39.99 b 34.95 e 28.60 g 34.23 B 

Booting 41.17 cde 41.38 bcd 35.75 f 39.43 B 41.57 a 35.96 de 31.36 f 36.30 A 

Heading 46.52 a 42.04 bcd 36.15 f 41.57 A 41.82 a 36.50 cd 31.47 f 36.68 A 

Means 42.95 A 40.02 B 33.52C  39.67 A 33.45 B 28.47C  

LSD ≤ 0.05  SD = 1.99, Si = 1.37, SD×Si =2.37 SD = 2.16, Si = 0.63, SD×Si = 1.09 

Cultivars 2010-11 2011-12 

Faisalabad-2008 38.27 b 33.10 b 

Sehar-2006 39.39 a 34.62 a 

LSD ≤ 0.05 
0.82 

0.85 
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growth stages also differ significantly for 1000-grain weight in wheat. However; only the 

significant interaction in this regards was sowing dates × Si application at various growth 

stages during the year 2010-11 and 2011-12 (Table 4.10). 

Comparison of treatments’ means shows that late sowing wheat significantly 

reduced the 1000-grain weight. Early sown crop produced the heavier grains than late and 

very late sown crop during 2010-11 and 2011-12 (Table 4.15). Both wheat cultivars differ 

in 1000-grain weight. More 1000-grain weight was recorded in Sehar-2006 than 

Faisalabad-2008 (Table 4.16). Data showed that soil applied Si at various stages of wheat 

significantly improved the 1000-grain weight. During 2010-11, significantly higher 1000-

grain weight was recorded when Si was applied at heading stage. During 2011-12, again 

1000-grain weight was maximum when Si was applied at heading stage however, it was 

statistically at par with Si application at booting stage (Table 4.15). Interaction (sowing 

dates × Si application) values also give similar information that early sowing and late Si 

application would be helpful for producing the bold grain.  

4.3.1.3.6. Biological yield (t ha
-1

) 

 It is the total biomass of crop produced from a unit area. Biological yield is the 

mutual contribution of all yield components of the crop like number of tillers per unit area, 

plant height, number of grains per spike and grain weight. Any change in these 

components will change the biological yield of the crop. According to the analysis of 

variance table biological yield of crop was significantly affected by the sowing dates and 

Si application at various growth stages of wheat during both years. Varietal behaviour was 

significant during 2011-12 only (Table 4.17). All the interactions were non-significant in 

this regards (Table 4.17). Comparison of treatment’s means table showed that maximum 

biological yield was recorded in early sowing (10
th

 Nov) followed by the late sowing (10
th

 

Dec) whereas minimum biological yield was obtained in very late sown (10
th

 Jan) 

conditions during 2010-11 and 2011-12 (Table 4.18). Data regarding the Si application at 

different growth stages of wheat indicated that during 2010-11 Si application at heading 

stage of crop gave the similar response when compared to the control while in 2011-12 the 

maximum biological yield was achieved in treatment where Si was applied at heading 

stage that was statistically at par with Si applied at booting or tillering stage. Minimum 

biological yield was recorded in control where Si was not applied (Table 4.18). 

Comparison of cultivars means indicated 
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Table 4.17. Analysis of variance for influence of Si application at various growth stages 

on biological and grain yield of wheat cultivars under different sowing dates 

* = Significant at 0.05 probability level, ** = Significant at 0.01 probability level, ns = Non-significant at 

5% probability 

Table 4.18. Influence of Si application at different growth stages on biological yield (t 

ha
-1

) of wheat under various sowing dates 

Interaction and main effect means not sharing same letter differ significantly (P ≤ 0.05) 

SD = Sowing dates, Si= Silicon application 

 

 

  

  

Source of  variation D.F. 
Mean Square 

Biological yield Grain yield 

     2010-11     2011-12    2010-11     2011-12 

Replications 2 2.31 3.08 0.075 0.960 

Sowing dates (A) 2 394.42** 1039.67** 70.88** 74.43** 

Error-I 4 4.28 6.39 0.55 0.53 

Varieties (B) 1 2.96ns 11.12* 0.106ns 0.38ns 

A×B 2 5.85ns 0.66ns 0.619ns 1.46* 

Error-II 6 2.69 1.22 0.529 0.24 

Silicon (C) 4 12.37** 3.08* 1.899** 1.04* 

A×C 8 0.207ns 1.5ns 0.042* 0.23* 

B×C 4 0.224ns 0.71ns 0.002ns 0.09ns 

A×B×C 8 0.212ns 0.18ns 0.044ns 0.098ns 

Error-III 48 0.220 1.30 0.047 0.38 

Si 

application  
2010-11 2011-12 

10-Nov 10-Dec 10-Jan Means 10-Nov 10-Dec 10-Jan Means 

Control 12.75 9.13 5.89 9.26 E 13.56 9.52 4.57 9.22 B 

Basal 13.70 10.00 6.69 10.13 D 13.05 9.45 5.34 9.26 B 

Tillering 14.26 10.31 6.85 10.47 C 13.42 10.42 4.71 9.52 AB 

Booting 14.87 10.70 7.16 10.91 B 13.77 10.63 5.20 9.87 AB 

Heading 15.24 11.11 8.01 11.45 A 15.02 10.07 5.48 10.19 A 

Means 14.16 A 10.25 B 6.92 C  13.75 A 10.02 B 5.06 C  

LSD ≤ 0.05  SD = 1.48, Si = 0.314 SD = 1.81, Si = 0.76 
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that Sehar-2006 produced significantly more biological yield over Faisalabad-2008 in 

years 2011-12 (Table 4.19).       

4.3.1.3.7. Grain yield (t ha
-1

) 

 The final grain yield of crop is the function of cumulative effect of various yield 

components of crop under particular environmental condition. Analyzed data indicate that 

grain yield was significantly affected by the sowing dates, Si application and interaction 

between these two variables during both study years (Table 4.17). Varietal means showed 

non-significant differences. Sowing dates × wheat cultivars interaction was significant in 

this regard for one year only (2011-12). All other possible interactions were non-

significant (Table 4.17).   

 Interactive effect of sowing dates and Si application at various stages of crop 

indicated that maximum grain yield was obtained when crop was sown on 10
th

 of 

November and Si was applied at heading stage that was statistically at par with Si applied 

at booting stage on the same sowing date (Table 4.20). Interactive effect of sowing dates 

and wheat cultivars on grain yield indicated that Sehar-2006 produced significantly higher 

grain yield when planted on 10
th
 of November (Table 4.21).   

4.3.1.3.8. Straw yield (t ha
-1

) 

Straw yield indicates the vegetative growth of crop. It in an indirect index of 

photosynthetic machinery. Analyzed data showed that sowing dates significantly affected 

the straw yield of wheat during both the years (Table 4.22). While the effect of cultivars 

and the interaction of cultivars × sowing dates in the said parameter was significant during 

2011-12 only. Silicon application and all other interactions remained non-significant in 

affecting wheat straw yield (Table 4.22).  

Comparison of treatment’s means indicate that late sown wheat significantly 

reduced the straw yield of the crop. Interactive effect of sowing dates and wheat cultivars 

showed that both produced equal good mass of straw yield when planted earlier (10
th

 Nov) 

while minimum straw yield was recorded in Faisalabad-2008 when planted on 10
th

 of 

January (Table 4.23)   
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Table 4.19. Effect of various wheat cultivars on biological yield (t ha
-1

) 

Cultivars  2010-11 2011-12 

Faisalabad-2008 10.26 9.26 b 

Sehar-2006 10.63 9.96 a 

LSD ≤ 0.05 ns 0.56 

Means not sharing same letter within a column differ significantly (P ≤ 0.05) 

 

Table 4.20. Influence of various sowing dates on grain yield (t ha
-1

) of wheat cultivars   

 

Sowing 

dates 

2010-11 2011-12 

Faisalabad-2008 Sehar-2006 Faisalabad-2008 Sehar-2006 

10- Nov 4.98 5.21 4.57 b 5.21 a 

10-Dec 3.62 3.53 3.65 c 3.57 c 

10-Jan 1.85 2.20 1.85 d 1.67 d 

LSD ≤ 0.05 ns SD×Cv = 4.42 

Interactive means not sharing same letter differ significantly (P ≤ 0.05) 

   SD = Sowing dates, Cv = Cultivars 

 

Table 4.21. Influence of Si application at different growth stages on grain yield (t ha
-1

) of 

wheat under various sowing dates 

 

Interaction and main effect means not sharing same letter differ significantly (P ≤ 0.05) 

SD = Sowing dates, Si= Silicon application   

 

Si 

application  

2010-11 2011-12 

10-Nov 10-Dec 10-Jan Means 10-Nov 10-Dec 10-Jan Means 

Control 4.49 c 3.14 e 1.55 i 3.06 D 4.80 a 3.45 de 1.34 g 3.20B 

Basal 4.97 b 3.36 e 1.97 h 3.43 C 4.55 abc 3.19 e  1.90 fg 3.21B 

Tillering 5.32 a 3.68 d 2.02 gh 3.67 B 4.74 ab 3.61 de 1.68 fg 3.34 AB 

Booting 5.35 a 3.82 d 2.27 fg 3.82 A 5.25 a 3.87 cde 1.80 fg 3.64 A 

Heading 5.35 a 3.88 d 2.30 f 3.83 A 5.13 a 3.93 bcd 2.08 f 3.71 A 

Means 5. 10 A 3.57 B 2.02 C  4.89 A 3.61 B 1.76 C  

LSD ≤ 0.05 SD = 0.53, Si = 0.145, SD×Si = 0.215 SD = 1.81, Si = 0.42, SD×Si = 0.73 
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Table 4.22. Analysis of variance for influence of Si application at various growth stages on 

straw yield and harvest index of wheat cultivars under different sowing dates 

  * = Significant at 0.05 probability level, ** = Significant at 0.01 probability level, ns = Non-significant at 

5% probability 

Table 4.23. Influence of various sowing dates on straw yield (t ha
-1

) of wheat cultivars   

Interactive means not sharing same letter differ significantly (P ≤ 0.05) 

   SD = Sowing dates, Cv= Cultivars 

 

 

 

 

 

 

 

 

 

Source of  variation 
D.F. Mean Square 

Straw yield Harvest index 

     2010-11     2011-12    2010-11     2011-12 

Replications 2 3.185 7.18 37.44 317.38 

Sowing dates (A) 2 131.30** 232.84** 366.39* 13.99* 

Error-I 4 3.63 4.09 62.86 37.05 

Varieties (B) 1 1.93ns 7.35** 7.78ns 207.14* 

A×B 2 9.04ns 4.07* 285.81ns 303.75** 

Error-II 6 4.52 0.53 126.65 3.61 

Silicon (C) 4 4.96ns 0.59ns 21.08* 30.68ns 

A×C 8 0.190ns 1.18ns 10.28ns 30.56ns 

B×C 4 0.251 ns 0.45ns 5.23ns 2.56ns 

A×B×C 8 0.325 ns 0.24ns 8.56ns 9.21ns 

Error-III 48 0.301 1.09 12.14 67.82 

Sowing 

dates 

2010-11 2011-12 

Faisalabad-2008 Saher-2006 Means Faisalabad-2008 
Sehar-

2006 
Means 

10-Nov 9.49 8.64 9.06 A 8.99 a 8.72 a 8.68 A 

10-Dec 7.17 6.17 6.67 B 5.93 c 6.89 b  6.41 B 

10-Jan 4.41 5.38 4.89 C 2.78 e 3.81 d 3.30 C 

Means 7.02 6.73  5.90 B 6.47 A  

LSD ≤0.05 SD = 1.36 SD = 1.44, Cv = 0.37,SD×Cv = 0.65 
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4.3.1.3.9. Harvest index (%) 

The physiological ability of crop to convert the dry matter into the economic yield 

is called harvest index (HI). Analysis of variance regarding the harvest index showed the 

significant effect of sowing dates during both years (Table 4.22). Wheat cultivars and 

interactive effect of sowing dates and wheat cultivars on harvest was significant only 

during 2011-12 while soil applied Si at various growth stages of wheat had significant 

effect on harvest index only during 2010-11 (Table 4.22). All others interactions were non-

significant (Table 4.22).   

Maximum HI was observed when crop was planted at 10
th

 of November followed 

by the 10
th
 of December and 10

th
 of January. Almost similar trend was observed in the 

second year of study (Table 4.24). In 2011-12, significantly higher HI was attained by the 

cultivar Faisalabad-2008 than Saher-2006 (Table 4.24). As regards interaction maximum 

HI was recorded in Saher-2006 when planted on 10
th
 of November followed by the 

Faisalabad-2008 planted at 10
th
 of December during the year 2011-12 (Table 4.24). 

Maximum harvest index was recorded when Si was applied at booting stage and 

statistically similar to that where Si was applied at heading (Table 4.25).   

4.3.1.3.10. Discussion 

In the present study, results indicated that number of fertile tillers and plant height 

were significantly affected by the sowing dates. Number of fertile tillers and plant height 

were decreased due to late sowing in comparison to normal sowing that might be due the 

sub-optimum temperature during growth phases of crop (Table 4.7). Under late sown 

conditions, crop is exposed to high temperature during March and April might have 

reduced growth and other attributes.  These results were supported by the Sattar et al. 

(2010) and Akbar et al. (2000) that number of tillers was negatively affected by the delay 

sowings. However, it is not clear whether this effect was the result of less prolific tillering 

or of more mortality (Hay and Walker, 1989). Shivani et al. (2003), Ejaz et al. (2002) and 

Khan (2003 and 2004) also narrated that in time sowing of wheat produced more tillers. 

Similar trend was observed in plant height as mentioned by Khan et al. (2004) that early 

sowing wheat produced taller plants than late due to more availability of time for growth 

and development. This showed that due to long duration, 
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Table 4.24. Influence of various sowing dates on harvest index (%) of wheat cultivars   

Interaction and main effect means not sharing same letter for any trait differ significantly (P ≤ 0.05) 

SD = Sowing dates, Cv = Cultivars 

 

Table 4.25. Influence of Si application on harvest index (%) of the wheat 

Means not sharing same letter within a column differ significantly (P ≤ 0.05) 

  

Sowing 

dates 

2010-11 2011-12 

Faisalabad-2008 Saher-2006 Means Faisalabad-2008 Sehar-2006 Means 

10- Nov 34.55 37.74 36.14 A 37.48 ab 33.71 c 35.60 B 

10-Dec 33.84 36.59 35.21AB 34.58 bc 38.61 a 36.60 A 

10-Jan 33.54 25.82 29.65 B 30.87 c 39.71a 35.29 B 

Means 33.39 33.97  34.31 B 37.34 A  

LSD ≤ 0.05 SD = 5.65 SD = 0.53, Cv = 0.98, SD×Cv = 1.69 

Si application 2010-11 2011-12 

Control 32.17 b 34.24 

Basal 33.53 ab 34.46 

Tillering 34.46 ab 35.42 

Booting 34.95 a 36.62 

Heading 33.29 ab 37.61 

LSD ≤ 0.05 2.33 ns 
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crop used more solar radiation for photosynthesis that results in taller plants (Ejaz et al., 

2002; Khan, 2004). 

Present studies indicate that the decrease in grain yield of wheat can be attributed 

to the decrease in spike length, number of grains per spike and weight of 1000-grains. 

Several researchers also supported this fact. Late sowing  shorten the total growth causing 

a significant reduction in biological and economic returns by reducing the spike length, 

number of grains per spike and 1000- grain weight (Verma et al., 2000 and 2003; 

Mohanty, 2003; Patil et al., 2003; Singh and Pal, 2003). These results can be attributed to 

the relatively high temperature prevailing during critical phases of crop growth in late 

sowing. Some researchers have highlighted the negative effects on late sown wheat 

cultivation and its impact on growth and productivity. In this context, the increasing 

temperature during February (≥23°C) accelerated the transition from vegetative to 

reproductive and therefore reduced the duration of tillering. Further rise in temperature 

(≥28°C) in March reduced grain filling period and in turn, produced less spike length, 

grains in spike and grain weight (Mostafa et al., 2010; Verma et al. 2000; Pal et al., 1996). 

Moreover, these results are confirmed by several researchers (Dogiwal and Pannu, 2003; 

Nagarajan and Rane, 2002) that effects of late cultivation reduced the grain yield due to 

reduction in all yield components. In another study, it was reported that exposure of wheat 

to high temperatures due to late cultivation seems to be more severe during anthesis 

(Smika and Shawcroft, 1980). This adversely affected the pollination process. In this 

regard, it was found that the grains set is reduced at temperatures above 30°C during the 

onset of meiosis in the male generative tissue at the end of anthesis (Ferris et al., 1998). 

Some authors also reported that the high temperature caused grains abortion in wheat 

(Wheeler et al., 1996). High temperature at flowering stage reduced pollen production, 

pollen receipt and increased infertility (Prasad et al., 2006b; Mohammed and Tarpley, 

2009). In sorghum and maize, high temperature decreased in pollen production, viability, 

longevity of pollen and pollen shedding resulting in reduced grain-set (Prasad et al., 

2006a; Prasad et al., 2011).  

Silicon is known to increase the growth of many crops particularly under biotic and 

abiotic stresses (Epstein, 1999). A number of possible mechanisms are proposed by which 

Si can increase plant resistance against high temperatures that is one of the main limiting 

factors under late sown conditions. Present results revealed that Si application at different 

stages of wheat significantly increased the number of tillers and plant height of wheat 
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under normal and late sown conditions (Table 4.5-4.7).  Si application may enhance the 

tolerance against high temperature on late sown wheat by improving the water status 

(Romero et al., 2006), increased the photosynthetic activity and ultra structure of leaf 

organelles (Shu and Lui, 2001) by involving in many metabolic processes (Liang et al., 

2007) for the growth of plants. High temperature on late sown wheat increased the 

transpiration rate and caused the water stress in crop plants (Tsukaguchi et al., 2003). Si 

deposited in the tissues of the plant helps to alleviate water stress by reducing transpiration 

and improves the characteristics of light interception keeping the leaf blade erect (Epstein, 

1999). Researchers have clearly shown that transpiration from leaves of some plants is 

considerably reduced by the application of Si (Agarie et al., 1998). This result was 

explained by a very thick layer of silica gel associated with the cellulose in the walls of 

epidermal cells, which can help to reduce water loss, while epidermal cell wall of silica gel  

allows water to escape at an accelerated pace (Wong et al., 1972). Gong et al. (2003) also 

reported that application of Si improved water economy and increased the growth of plants 

under water stress condition.  

Biological yield is the mutual contribution of yield components such as number of 

tillers per unit area, plant height, number of grains per spike and grain weight. Any factor 

that causes a change in these components reflects the change in the biological yield. 

Moreover, the efficiency and effectiveness of any technology package is ultimately 

reflected by the level of grain yield that can also be described as a function of cumulative 

behaviour of yield components. It is evident from the results that Si application at booting 

and heading stage of wheat significantly increased the yield and all yield contributing 

factors both in optimum and late sown conditions (Table 4.15 to 4.20). The increase in 

wheat yield might be attributed to enhanced rate of photosynthesis and higher water 

retained by wheat plants when fertilized with Si at reproductive stage, as suggested by 

Hattori et al. (2005) who reported that the application of Si in sorghum increased relative 

growth rate. They suggested that this increase was due to higher net assimilation and 

photosynthetic rate and increased water use efficiency (WUE). The current findings are 

also supported by the Ando et al. (1999) who observed that increasing rate of soil applied 

Si enhanced the yield of rice in field condition. This increase in yield was attributed to 

increase panicle length, number of grains per panicle and kernel weight by Si 

supplementation. A number of studies showed that Si application enhanced drought 

tolerance in wheat (Gong et al., 2005), maize (Li et al., 2007; Yong et al., 2007), sorghum 
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(Hattori et al., 2003, 2005),  barley, tomato and cucumber (Liang et al., 2003; Al- 

Aghabary et al., 2004; Zhu et al., 2004). In another study, it has been reported that Si 

application has increased the number of spikelets per panicle (Deren et al., 1994; Ma et al., 

1989; Takahashi, 1995), spikelet fertility (Takahashi, 1995) and the mass of grains 

(Balastra et al., 1989). Regarding the number of panicles, the results found in the literature 

are contradictory; Takahashi (1995) found an increase of this trait, while Ma et al. (1989) 

and Deren et al. (1994) did not observe significant increases. In our studies, application of 

Si at different growth stages of wheat has increased spike length, number of grains per 

spike and 1000-grain weight compared with the non-Si treatment both in the optimum and 

late sown conditions during both the years (Table 4.15 to 4.19), So our results suggest that 

grain yield was increased by the application of Si. These results can be accessed from two 

aspects. Firstly, because of the Si application, form for light-interception of crop leaf was 

improved so photosynthetic capacity also increased. Second, the increased photosynthetic 

capacity induced the increase of anabolite in the plant and, more-anabolite in the plant 

affected the spike length and number of grains per spike and 1000-grain weight through 

various metabolic processes. This has been confirmed by numerous studies. According to 

Matoh et al., (1991), if high amount of Si accumulate in plant tissue it helps to alleviate the 

high temperature stress in the plant through reducing transpiration and also high 

accumulation of Si causes the photosynthetic capacity by keeping the leaf blade erect 

thereby improving form for light interception of plant (Hattori et al., 2005). 
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4.3.1.4. Biochemical analysis  

4.3.1.4.1. Chlorophyll a (mg g
-1

) 

  Various sowing dates significantly affected the chlorophyll a content of wheat 

during both the years. Chlorophyll a contents also varied significantly between the two 

cultivars of wheat. Likewise, Si application at different growth stages, and its interaction 

with sowing dates was also significant in 2010-11 and 2011-12 (Table 4.26). However, 

interaction between sowing dates and wheat cultivars, Si application and wheat cultivars 

and their accumulative interaction was non-significant during both the years (Table 4.26). 

  Data revealed that chlorophyll a content decreased significantly due to late sowing 

of wheat. Maximum chlorophyll a content was recorded in early sown (10
th
 Nov) wheat 

whereas minimum chlorophyll a content was observed in very late sown (10
th
 Jan) 

condition (Table 4.27). Between wheat cultivars, Sehar-2006 produced significantly higher 

chlorophyll a content than Faisalabad-2008 during both the years (Table 4.28). Interaction 

between sowing dates and Si application at different stages showed the significant effect 

on chlorophyll a content of flag leaf of wheat. During 2010-11, Si application at heading 

stage of wheat was found to be more effective in promoting the chlorophyll a content in 

early and late sown conditions (Table 4.27).  While during 2011-12, soil applied Si at 

heading and booting stage gave same results in increasing the chlorophyll a content when 

compared with Si applied at other stages under early and late sown conditions with 

comparison to the control of each sowing date (Table 4.27). 

4.3.1.4.2. Chlorophyll b (mg g
-1

) 

  According to analysis of variance table, it is indicated that chlorophyll b content in 

flag leaf of wheat was significantly influenced by different sowing dates, wheat cultivars 

and by Si application timing however, all two way and three way interactions remained 

non-significant during both the years (Table 4.26). 

  The highest chlorophyll b content was observed in wheat sown on 10
th

 November 

while the lowest chlorophyll b contents were recorded in flag leaf of wheat sown on 10
th

 

January (Table 4.29). Sehar-2006 produced significantly higher chlorophyll b content than 

Faisalabad-2008 during both the years (Table 4.30). Table 4.29 revealed that soil applied 

Si at heading stage of wheat gave the maximum value of chlorophyll b content of flag leaf 
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followed by the Si applied at booting stage. Whereas; minimum chlorophyll b content was 

noted in control where Si was not applied.  

4.3.1.4.3. Total chlorophyll contents (mg g
-1

) 

Analysis of variance with regards to total chlorophyll content is presented in table 

4.26. Data showed that total chlorophyll content in flag leaf of wheat was significantly 

affected by various sowing dates and cultivars. Likewise; interaction of sowing dates with 

wheat cultivars was also significant. Application of Si at different growth stages and its 

interaction with sowing dates was also found to be significant (Table 4.26). However, 

other interactions were non-significant. 

Total chlorophyll contents were reduced significantly by the late sowing of wheat. 

Maximum reduction of total chlorophyll contents was observed when crop was sown very 

late i.e on 10
th
 of January (Table 4.31). Among the cultivars of wheat, Sehar-2006 

contained significantly more total chlorophyll content in comparison to Faisalabad-2008 

(Table 4.32). During 2010-11, soil applied Si at heading stage of wheat produced 

significantly maximum total chlorophyll content in flag leaf while minimum total 

chlorophyll contents were recorded in control where Si was not applied (Table 4.31). 

Similar trend was observed during the next year of experiment.   
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Table 4.26. Analysis of variance for influence of Si application at various growth stages on 

chlorophyll pigments of wheat cultivars under different sowing dates  

   * = Significant at 0.05 probability level, ** = Significant at 0.01 probability level, ns = Non-significant at 

5% probability 

  Table 4.27. Influence of Si application at different growth stages on chlorophyll-a (mg g
-1

) 

of wheat under various sowing dates 

Interaction and main effect means not sharing same letter differ significantly (P ≤ 0.05) 

SD= Sowing dates, Si= Silicon application 

 

  Table 4.28. Influence of cultivars on chlorophyll-a (mg g
-1

) of wheat 

Cultivars 2010-11 2011-12 

Faisalabad-2008 1.62 b 1.40 b 

Sehar-2006 1.70 a 1.48 a 

LSD ≤ 0.05 0.038 
0.045 

  Means not sharing same letter differ significantly (P ≤ 0.05) 

Source of  

variation 
D.F. 

Mean Square 

Chlorophyll-a Chlorophyll-b Total chlorophyll 

2010-11  2011-12 2010-11  2011-12   2010-11     2011-12 

Replications 2 0.022 0.065 0.100 0.120 0.064 0.267 

Sowing dates(A) 2 2.774** 1.747** 0.513** 0.520** 5.666** 4.174** 

Error-I 4 0.019 0.049 0.006 0.008 0.091 0.081 

Varieties (B) 1 0.121** 0.142** 0.072** 0.102** 0.380** 0.485** 

A×B 2 0.011ns 0.018ns 0.004ns 0.031ns 0.020* 0.035* 

Error-II 6 0.005 0.007 0.042 0.0029 0.0025 0.0045 

Silicon (C) 4 0.196** 0.278** 0.048** 0.071** 0.438** 0.632** 

A×C 8 0.009** 0.008** 0.0008ns 0.0013ns 0.014** 0.0146* 

B×C 4 0.003ns 0.002ns 0.0006ns 0.0011ns 0.0029ns 0.0029ns 

A×B×C 8 0.001ns 0.008ns 0.0002ns 0.0002ns 0.0008ns 0.0009ns 

Error-III 48 0.0024 0.0029 0.0005 0.0008 0.0018 0.0027 

 

Si 

application 

2010-11 2011-12 

10-Nov 10-Dec 10-Jan Means 10-Nov 10-Dec 10-Jan Means 

Control 1.86 d 1.60 h 1.19 m 1.55 E 1.55 cd 1.31 g 0.99 j 1.28 D 

Basal 1.89 cd 1.65 g 1.24 l 1.59 D 1.60 c 1.37 f 1.09 i 1.36 C 

Tillering 1.92 c 1.68 fg 1.30 k 1.63 C 1.70 b 1.44 e 1.22 h 1.45 B 

Booting 2.01 b 1.71 f 1.43 j 1.72 B 1.78 a 1.51 d 1.34 fg 1.54 A 

Heading 2.08 a 1.79 e 1.56 i 1.81 A 1.81 a 1.54 d 1.39 ef 1.58 A 

Means 1.95 A 1.69 B 1.34 C  1.69 A 1.44 B 1.21 C  

LSD ≤ 0.05 SD = 0.101, Si = 0.025, SD×Si = 0.037 SD = 0.159, Si = 0.036, SD×Si = 0.063 
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Table 4.29. Influence of Si application at different growth stages on chlorophyll-b (mg g
-1

) 

of wheat under various sowing dates 

   Interaction and main effect means not sharing same letter for any trait differ significantly (P ≤ 0.05) 

SD= Sowing dates, Si= Silicon application 

 

  Table 4.30. Influence of cultivars on chlorophyll-b (mg g
-1

) of wheat 

Cultivars 2010-11 2011-12 

Faisalabad-2008 0.44 b 0.34 b 

Sehar-2006 0.49 a 0.41 a 

LSD ≤ 0.05 0.033 
0.027 

  Means not sharing same letter for any trait differ significantly (P ≤ 0.05) 

 

Table 4.31. Influence of Si application at different growth stages on total chlorophyll 

content (mg g
-1

) of wheat under various sowing dates 

 

   Interaction and main effect means not sharing same letter for any trait differ significantly (P ≤ 0.05) 

SD= Sowing dates, Si= Silicon application 

 

 

Si 

application  

2010-11 2011-12 

10-Nov 10-Dec 10-Jan Means 10-Nov 10-Dec 10-Jan Means 

Control 0.54 0.41 0.27 0.41 E 0.43 0.30 0.16 0.29 D 

Basal 0.57 0.43 0.30 0.43 D 0.48 0.32 0.19 0.33 C 

Tillering 0.61 0.45 0.32 0.46 C 0.53 0.37 0.25 0.38 B 

Booting 0.62 0.48 0.37 0.49 B 0.56 0.40 0.31 0.42 A 

Heading 0.66 0.54 0.43 0.54 A 0.57 0.43 0.33 0.44 A 

Means 0.60 A 0.46 B 0.34 C  0.51 A 0.36 B 0.25 C  

LSD ≤ 0.05 SD = 0.056, Si = 0.016 SD = 0.066, Si = 0.019 

 

Si 

application  

2010-11 2011-12 

10-Nov 10-Dec 10-Jan Means 10-Nov 10-Dec 10-Jan Means 

Control 2.40 e 2.01 j 1.47 n 1.96 E 1.98 d 1.61 h 1.16 k 1.58 E 

Basal 2.46 d 2.08 i 1.55 m 2.03 D 2.09 c 1.70 fg 1.29 j 1.69 D 

Tillering 2.53 c 2.14 h 1.62 l 2.10 C 2.24 b 1.81 e 1.47 i 1.84 C 

Booting 2.64 b 2.10 g 1.80 k 2.21 B 2.35 a 1.91 d 1.66 gh 1.97 B 

Heading 2.75 a 2.33 f 1.99 j 2.36 A 2.38 a 1.97 d 1.73 f 2.03 A 

Means 2.55 A 2.15 B 1.69 C  2.21 A 1.80 B 1.46 C  

LSD ≤ 0.05 SD = 0.099, Si = 0.028, SD×Si=0.051 SD = 0.20, Si = 0.034, SD×Si = 0.063 
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Table 4.32. Influence of various sowing dates on total chlorophyll (mg g
-1

) of wheat 

cultivars   

 

Sowing 

dates 

2010-11 2011-12 

Faisalabad-2008 Sehar-2006 Faisalabad-2008 Sehar-2006 

10- Nov 2.48 b 2.63 a 2.10 b 2.13 a 

10-Dec 2.07 d 2.24 c 1.72 d 1.88 c 

10-Jan 1.65 f 1.72 e 1.43 f 1.50 e 

Means 2.07 B 2.20 A 1.75 B 1.90 A 

LSD ≤ 0.05 Cv = 0.025, SD×Cv =  0.044 Cv = 0.035, SD×Cv = 0.06 

Interaction and main effect means not sharing same letter for any trait differ significantly (P ≤ 0.05) 

SD = Sowing dates, Cv = Cultivars 

 

Table 4.33. Analysis of variance for influence of Si application at various growth stages 

on soluble protein and antioxidants of wheat cultivars under different sowing 

dates  

* = Significant at 0.05 probability level, ** = Significant at 0.01 probability level, ns = Non-significant at 5% 

probability 

 

  

Source of  variation D.F. 

Mean Square 

Soluble protein Catalase  Superoxide dismutase 

2010-11  2011-12 2010-11  2011-12   2010-11     2011-12 

Replications 2 0.0019 0.024 15.06 6.50 2086.1 2189.2 

Sowing dates(A) 2 0.472** 0.485** 833.00** 1253.6* 40614.9* 40631.9** 

Error-I 4 0.0043 0.0153ns 10.13 66.01 2290.7 1109.9 

Varieties (B) 1 0.005ns 0.009ns 21.37ns 15.10ns 1348.5ns 1337.0** 

A×B 2 0.011ns 0.0017ns 5.95ns 6.90ns 48.3ns 4.80ns 

Error-II 6 0.0053 0.0043 4.61 5.30 323.6 83.8 

Silicon (C) 4 0.062** 0.070** 35.46** 47.64** 1865.6** 1902.3** 

A×C 8 0.008ns 0.0003ns 4.16** 1.97* 93.5ns 139.9ns 

B×C 4 0.003ns 0.0008ns 1.30ns 0.48ns 391.5ns 260.1ns 

A×B×C 8 0.003ns 0.0007ns 1.08ns 1.05ns 238.5ns 293.5ns 

Error-III 48 0.0005 0.0007 1.03 0.88 254.5 205.1 
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Interactive effect of sowing dates with wheat cultivars showed that maximum total 

chlorophyll content was recorded in Sehar-2006 when planted at 10
th
 of November 

followed by the Faisalabad-2008 planted at the same date. Whereas; minimum total 

chlorophyll contents were observed when cultivar Faisalabad-2008 was planted on 10
th

 

January during both study years (Table 4.32). Interaction of sowing dates and Si 

application at various growth stages of wheat indicated that during 2010-11, maximum 

total chlorophyll content was recorded by the application of Si at heading stage under 

normal (10
th

 Nov) sown condition. But during 2011-12, soil applied Si either at heading or 

at booting stage of early sown (10
th

 Nov) produced significantly more total chlorophyll 

content that all other treatment combinations (Table 4.31).    

4.3.1.4.4. Total soluble protein  

There was a significant effect of sowing dates on the leaf protein content of wheat 

(Table 4.33). A significant increase in leaf protein content was observed with delay in 

sowing. High magnitude of total soluble protein was recorded in very late (10
th

 Jan) sown 

condition followed by the wheat sown on 10
th

 December while minimum total soluble 

protein content was noted in early sown (10
th

 Nov) condition (Table 4.34).  It is clear from 

table 4.33 that there was statistically no difference between the wheat cultivars for total 

soluble protein content in leaf during both the years. Analyzed data revealed that Si 

application at various growth stages of wheat significantly increased the total soluble 

protein content of flag leaf. Significantly more total soluble protein content was observed 

when Si was applied at heading stage of wheat followed by the Si applied at booting stage 

against in minimum in control; results being similar during both year of study (Table 

4.34). All possible interactions were non-significant (Table 4.33). 

4.3.1.4.5. Catalase  

 Analyzed data showed that different sowing dates, application of Si at various 

growth stages of crop and interaction between these two significantly affected the catalase 

(CAT) activity (Table 4.33). However; effect of cultivars, interactive effect of sowing 

dates with wheat cultivars and three way interaction of sowing dates, wheat cultivars and 

Si application were not significant on CAT activity (Table 4.33).  

It was observed during both years of study that very late (10
th
 Jan) sowing of wheat 

gave significantly highest activity of CAT followed by the wheat sown on 10
th

 December 
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while the lowest CAT activity was recorded in early (10
th

 Nov) sown wheat (Table 4.35). 

The interaction between sowing dates and soil applied Si at different growth stages showed 

that under very late (10
th
 Jan) sown condition, significantly higher and statistically similar 

activity of CAT was observed when Si was applied at heading or booting stage of wheat 

(Table 4.35).  

4.3.1.4.6. Superoxide dismutase  

A perusal of statistically analysed of data revealed that superoxide dismutase 

(SOD) was affected by sowing dates and by Si application at different stages of crop 

during both the years (Table 4.33). However; wheat cultivars did vary significantly for 

SOD activity during 2010-11 but not during 2011-12 (Table 4.33). While, all interactive 

effects remained not significant during both the years (Table 4.33).  

The mean value of sowing dates indicated that maximum activity of SOD was 

recorded in very late (10 Jan) sown condition while minimum SOD activity was observed 

in early (10 Nov) sown condition during both the years (Table 4.36). Among the wheat 

cultivars, Sehar-2006 showed significantly higher SOD activity than Faisalabad-2008 

during 2011-12 (Table 4.37). As for as of Si application is concerned, the highest activity 

of SOD was observed when Si was applied at heading stage of wheat that was statistically 

at par with Si applied at booting or tillering stage while lowest activity of SOD was 

recorded in control treatment where no Si was not applied (Table 4.36). 

4.3.1.4.7. Discussion  

Most of the crop yield is known to result from the work of photosynthetic 

apparatus, in which the chlorophyll molecule occupies a key place (Bojovic and 

Stojanovic, 2005). In the present study, photosynthetic pigments content were studied in 

the flag leaf of wheat because during grain formation, plumping of grain is supplied with 

carbohydrates produced by photosynthetic activity in the flag leaf. Result indicated that chl 

a, chl b and total chlorophyll contents were decreased significantly due to late sowing of 

wheat (Table 4.28-33). Total chlorophyll was decreased in the flag leaf of wheat due to 

decrease in both chl a and chl b. This reduction in chlorophyll contents under late sown 

conditions might be due to high temperature during the reproductive stage of wheat. 
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Table 4.34. Influence of Si application at different growth stages on soluble protein 

(mg g
-1

) of wheat under various sowing dates 

   Interaction and main effect means not sharing same letter differ significantly (P ≤ 0.05) 

SD = Sowing dates, Si= Silicon application 

 

Table 4.35. Influence of Si application at different growth stages on catalase (unit mg
-1 

of protein) of wheat under various sowing dates  

   Interaction and main effect means not sharing same letter differ significantly (P ≤ 0.05) 

SD = Sowing dates, Si= Silicon application 

 

Si 

application  

2010-11 2011-12 

10-Nov 10-Dec 10-Jan Means 10-Nov 10-Dec 10-Jan Means 

Control 0.22 0.42 0.46 0.37 E 0.31 0.46 0.54 0.44 E 

Basal 0.26 0.45 0.51 0.41 D 0.35 0.50 0.59 0.48 D 

Tillering 0.29 0.47 0.54 0.44 C 0.40 0.54 0.65 0.53 C 

Booting 0.35 0.52 0.60 0.49 B 0.42 0.59 0.69 0.56 B 

Heading 0.38 0.53 0.61 0.51 A 0.45 0.60 0.71 0.59 A 

Means 0.30 C 0.48 B 0.54 A  0.38 C 0.54 B 0.64 A  

LSD ≤ 0.05 SD = 0.047, Si = 0.016 SD = 0.089, Si = 0.018 

 

Si 

application  

2010-11 2011-12 

10-Nov 10-Dec 10-Jan Means 10-Nov 10-Dec 10-Jan Means 

Control 10.21 h 15.50 f 19.91 c 15.21 C 12.88 j 20.39 g 24.91 d 19.39 D 

Basal 12.06 g 16.81 e 21.73 b 16.86 B 14.72 i 21.70 f 26.73 c 21.05 C 

Tillering 12.70 g 16.69 e 22.87 b 17.42 B 15.87 h 22.25 f 28.87 b 22.33 B 

Booting 12.39 g 18.16 cd 24.55 a 18.37 A 15.89 h 23.38 e 29.88 ab 23.06 A 

Heading 14.17 f 17.12 de 25.01 a 18.77 A 16.50 h 23.52 e 30.10 a 23.34 A 

Means 12.30 C 16.85 B 22.81 A  15.17 C 22.25 B 28.08 A  

LSD ≤ 0.05 SD = 2.28, Si = 0.68, SD×Si = 1.18 SD = 5.82, Si = 0.63,  SD×Si = 1.09 
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     Table 4.36. Influence of Si application at different growth stages on superoxide 

dismutase (unit mg
-1 

of protein) of wheat under various sowing dates 

    

   Interaction and main effect means not sharing same letter differ significantly (P ≤ 0.05) 

 SD = Sowing dates, Si= Silicon application 

 

    Table 4.37. Effect of various wheat cultivars on superoxide dismutase (unit mg
-1 

of 

protein) 

     Means not sharing same letter for any trait differ significantly (P ≤ 0.05) 

  

 

Si 

application  

2010-11 2011-12 

10-Nov 10-Dec 10-Jan Means 10-Nov 10-Dec 10-Jan Means 

Control 163.6 195.4 236.2 198.4 C 145.5 195.1 217.6 186.1 C 

Basal 174.2 216.7 243.9 211.6 B 155.7 210.6 225.4 197.2 B 

Tillering 180.2 226.0 256.0 220.8 AB 163.0 217.2 235.4 205.2 AB 

Booting 182.9 219.1 260.2 220.7 AB 171.4 211.2 246.6 209.8 A 

Heading 188.0 220.1 260.7 222.9 A 173.2 213.1 245.8 210.7 A 

Means 177.8 C 215.4 B 251.4 A  161.7 C 209.4 B 234.6 A  

LSD ≤ 0.05 SD = 34.31, Si = 10.69 SD = 23.87, Si = 9.59 

Cultivars  2010-11 2011-12 

Faisalabad-2008 218.7 205.6 a 

Sehar-2006 211.0 197.9 b 

LSD ≤ 0.05 Ns 4.72 
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The current findings supported the results of Almeselmani et al. (2006) who also reported 

that chlorophyll contents in flag leaf of wheat reduced significantly by late planting of 

wheat. Yang et al. (2002) narrated that high temperature 30/25°C applied at anthesis phase 

of wheat decreased chlorophyll of flag leaf by 11-38%. In this context, reduction in 

chlorophyll may be due to high temperature-induced electrolytic leakage from thylakoid 

membrane (Ristic et al., 2007) or lipid peroxidation of chloroplast membranes 

(Djanaguiraman et al., 2010). Decline in chlorophyll content due to high temperature have 

been observed in many crops like wheat (Ling et al., 2001; Ristic et al., 2008; 

Almeselmani et al., 2012), rice (Mohammed and Tarpley, 2009), barley (Ilik et al., 2000) 

and mustard (Hayat et al., 2009).    

Si was considered as an essential element in a number of species of family Poaceae 

and Cyperaceae (Kaya et al., 2006). Liang et al. (2003) strongly suggest that Si may be 

involved in metabolic and structural activity in crop plant exposed to abiotic factors. It has 

been reported that Si increases plant tolerance to high temperature (Ma et al., 2004). As 

shown in this study, soil applied Si at various growth stages of wheat significantly 

increased the chl a, chl b and total chlorophyll content in comparison to control. Under 

early and late sown conditions, Si application at all growth phases of wheat improved chl 

a, chl b and total chlorophyll content when compared to control (Table 4.28-4.33). The 

increase in chlorophyll contents by the application of Si might be due to increase 

photosynthetic efficiency by motivating the activity of photosynthetic enzymes like 

Rubisco. These results are consistent with the findings that Si-supplementation enhanced 

the photochemical efficiency of PSII in tomoto under stressful condition (Al-aghabary et 

al., 2004). In this regard, soil applied Si increased photosynthetic efficiency by 22% in 

maize as compared to control (Moussa, 2006). Application of Si also enhanced the CO2 

fixation in rice (Ma et al., 2002) and increased the Rubisco activity by 31% on dry weight 

basis in cucumber compared to the control treatment (Adatia and Besford, 1986). 

Additionally, Si treatment improved the chlorophyll concentrations and delayed leaf 

senescence that further contributed to CO2 fixation under stress conditions (Gong et al., 

2008). Similar positive results of Si were observed in current study indicating that soil 

applied Si at booting and heading stage of wheat significantly increased the chlorophyll 

contents under late and very late sown conditions. Silicon could increase the 

photosynthesis that might be associated with the enhancement in activities of 

photosynthetic enzymes, ribulose-bisphosphate carboxylase and NADP
+
 dependent 

https://www.soils.org/publications/cs/articles/48/6/2372#ref-36
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glyceroldehyde-3-phosphate dehydrogenase, as well as chlorophyll content in wheat 

(Gong et al., 2005), maize (Li et al., 2007) and sorghum (Hattori et al., 2005). 

In addition to drought, high temperatures can cause production of reactive oxygen 

species. These ROS induced by heat stress cause cellular damage (Liu and Huang, 2000). 

Lipid peroxidation of these ROS with cellular membrane and pigments reduced 

permeability biologically (Xu et al., 2006). Antioxidant defense mechanism is part of the 

high thermal stress adaptation and resistance is correlated with the acquisition of 

thermotolerance. In most cases, the adaptability of plants to different thermal regimes can 

be considered compensatory because they allow mitigating the effects of temperature 

change on their metabolic system (Berry and Raison, 1981). Crop plants adapted 

enzymatic detoxification systems to counteract ROS, thereby protecting cells from 

oxidative damage (Sairam and Tyagi, 2004). The coordinate function of antioxidant 

enzymes such as SOD and catalase help in processing of ROS and regeneration of redox 

metabolites (Ristic et al., 2008). It is clear from the data that there was a significant 

increase in total soluble protein, SOD and catalase activity in response to late and very late 

planting (Table 4.35, 4.36 and 4.37). Many studies have shown an increase in endogenous 

antioxidant levels under high temperature (Jiang and Huang, 2000; Fang et al., 2009; 

Mohammed and Tarpley, 2009). SOD is the first defense line in the detoxification of ROS 

(Allen, 1995; Asda, 1999) which are produced as the result of disruption of cellular 

homeostasis by oxidative stress under high temperature stress (Liu and Huang, 2000).   

Soil applied Si has promising influences to mitigate the harsh effects of heat stress on 

plants (Takahashi et al., 1990; Epstein, 1999; Raza et al., 2006). The result of current 

study indicated that Si application at different growth stages of wheat significantly 

increased the activity of SOD and CAT. Higher activity of the antioxidant was observed at 

booting and heading stage because late sown wheat faced high temperature at the booting 

phase during March and April. Soil applied Si during booting and heading stage enhanced 

the activity of SOD and CAT.  These results are in line with the finding of Almeselmani et 

al. (2006) who also reported that Si application on wheat significantly increased the 

activities of SOD and CAT under late and very late sown conditions. Application of Si 

increased antioxidant activities of plants and thereby alleviate ROS damage induced by 

stresses such as salt (Liang et al., 2003; Zhu et al., 2004; Qian et al., 2006) and drought 

(Gong et al., 2005; Li et al., 2007). Liang et al. (2008) reported that silicon enhanced the 

resistance against stress in winter wheat. 

https://www.soils.org/publications/cs/articles/48/6/2372#ref-36
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4.4. EXPERIMENT-II: EVALUATING THE WHEAT PERFORMANCE 

BY FOLIAGE APPLIED SILICON UNDER LATE 

SOWN CONDITIONS 

The present investigation was conducted to explore the effect of foliage applied Si on 

growth and yield of wheat under different sowing dates. The experiment was carried out 

at Agronomic Research Area, University of Agriculture Faisalabad, Pakistan for two 

consecutive years 2010-11 and 2011-12. 

4.4.1. Results  

4.4.1.1. Phenology 

4.4.1.1.1. Days to heading  

Statistical analysis of data showed that days to heading were significantly affected 

by the sowing dates, wheat cultivars and foliar application of Si at various growth stages 

of wheat during both the years. All other possible interactions remained non-significant 

during both years 2010-11 and 2011-12 (Table 4.38).  

Maximum days to heading were recorded in early sowing (10
th
 Nov) and followed 

by late sowing (10
th

 Dec) and minimum days taken from emergence to heading were 

observed in very late sowing (10
th

 Jan) (Table 4.39). Sehar-2006 took more days to 

heading than Faisalabad-2008 (Table 4.40). Analyzed data indicate that foliar application 

of Si at different phenological stages of wheat increased the days to heading when 

compared to control. Maximum days to heading were observed when Si was sprayed at 

booting stage followed by the treatment when Si was applied at the tillering while 

minimum days to heading were recorded in control during both the years (Table 4.39).    

4.4.1.1.2. Days from heading to maturity 

According to analysis of variance table 4.38 it was showed that days from heading 

to maturity were significantly affected by sowing dates and timing of foliar application of 

Si during both the years. However, wheat cultivars were significant only in 2010-12 while 

during second year it did not reach to significant level.     

Maximum days taken from heading to maturity were reached in early sowing (10
th

 

Nov) and minimum in very late sown crop (10
th
 Jan) (Table 4.41). Maximum days taken 

from heading to maturity were recorded in Sehar-2006 than Faisalabad-2008 (Table 

4.42).  In case of foliar application of Si, maximum time taken from heading to maturity 
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was observed when Si was sprayed at heading stage and it was significantly different 

from all other application timings during both the years (Table 4.41). 

4.4.1.1.3. Discussion  

In this experiment, it has been shown that early sown wheat ends to place its 

growth stages in the optimum temperature required for their growth and development. 

While under late and very late sown conditions, reproductive phases (booting, heading 

and anthesis) of wheat were exposed to high temperature during late March and April. 

Results showed that early (10 Nov) planted wheat completed its vegetative (emergence to 

heading) and reproductive (heading to maturity) phases in time under the optimum 

temperature. Early heading and maturity due to late sowing in the present study may be 

associated with rise in temperature. Sikder (2009) also found earlier appearance of 

heading and maturity in late sown wheat and vice versa. Late sowing reduced the wheat 

development and transfer from source to sink that shortened the days to heading and 

maturity (Mahboob et al., 2005). Days to heading and maturity are among the major traits 

related to the adaptation of wheat varieties to different temperatures. Under normal 

conditions, late maturity permits long grain-filling period during which photosynthetic 

components remain green, improving grain filling because of contribution of post-

anthesis assimilates in cereals (Sanchez et al., 2002; Khan et al., 2007).  However, high 

temperature stress which was found under late sown condition induced modifications in 

plants through altering the pattern of plant development (Wahid et al., 2007). These 

responses may differ from one phenological stage to another. In another study, it was 

reported that high temperature stress decreased the duration of each growth phase that 

adversely affected the crop performance (Tewolde et al., 2006).  

Prasad et al. (2008) reported a decrease in time to heading, grain set, and 

physiological maturity in spring wheat when grown under late sown high temperature. A 

number of studies showed that high temperature at later stages of wheat reduced the leaf 

area duration (Stone and Nicolas, 1999; Fisher et al., 1998), decreased the number of 

leaves (Cao and Moss, 1989; Acevedo et al., 1991; Calderini et al., 1997) and increased 

the leaf senescence (Rahman et al., 2005) which forced the crop to complete the 

reproductive phase fast enough.   
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Table 4.38. Analysis of variance for influence of foliage applied Si at various growth 

stages on phenology of wheat cultivars under different sowing dates  

* = Significant at 0.05 probability level, ** = Significant at 0.01 probability level, ns = 

Non-significant at 5% probability 

Table 4.39. Influence of foliage applied Si at various growth stages on days to heading 

(days) of wheat under different sowing dates 

 

Interaction and main effect means not sharing same letter differ significantly (P ≤ 0.05) 

SD= Sowing dates, Si= Silicon application  

Table 4.40. Influence of cultivars on days to heading (days) of wheat 

Means not sharing same letter within a column differ significantly (P ≤ 0.05) 

 

 

Source of  variation D.F. 
Mean Square 

Days to heading  Days to maturity 

     2010-11     2011-12    2010-11     2011-12 

Replications 2 1.29 36.79 58.35 20.29 

Sowing dates (A) 2 6154.1 ** 5054.2** 3800.7** 4043.7** 

Error-I 4 53.17 45.83 49.43 23.08 

Varieties (B) 1 82.35** 91.12* 32.00** 16.06ns 

A×B 2 0.51ns 0.13ns 1.50ns 0.10ns 

Error-II 6 3.21 3.37 0.46 5.54 

Silicon (C) 3 40.05** 40.0** 146.46** 127.72** 

A×C 6 6.27ns 6.27ns 1.57ns 2.90ns 

B×C 3 1.20ns 1.20ns 0.41ns 1.72ns 

A×B×C 6 0.92ns 0.92ns 1.35ns 1.76ns 

Error-III 36 4.13 4.30 2.75 2.81 

 

Si 

application 

2010-11 2011-12 

10-Nov 10-Dec 10-Jan Means 10-Nov 10-Dec 10-Jan Means 

Control 87.50 68.33 53.33 69.72 C 82.00 62.66 51.00 65.22 C 

Tillering 88.50 70.33 56.66 71.83 B 83.00 64.66 54.33 67.33 B 

Booting 88.83 73.16 57.83 73.27 A 83.33 67.50 55.50 68.77 A 

Heading 86.50 71.00 55.50 71.00 BC 81.00 65.33 53.16 66.50BC 

Means 87.83 A 70.70 B 55.83 C  82.33 A 65.04 B 53.50 C  

LSD ≤ 0.05 SD = 5.84, Si = 1.37 SD = 5.42, Si = 1.37 

Cultivars 2010-11 2011-12 

Faisalabad-2008 70.38 b 65.83 b 

Sehar-2006 72.52 a 68.08 a 

LSD ≤ 0.05 
1.03 

1.05 
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Table 4.41. Influence of foliage applied Si at various growth stages on days to 

maturity (days) of wheat under different sowing dates 

 

Interaction and main effect means not sharing same letter differ significantly (P ≤ 0.05) 
SD= Sowing dates, Si= Silicon application  

 

Table 4.42. Influence of cultivars on days to maturity (days) of wheat 

Means not sharing same letter within a column differ significantly (P ≤ 0.05) 

 

 

  

 

Si 

application 

2010-11 2011-12 

10-Nov 10-Dec 10-Jan Means 10-Nov 10-Dec 10-Jan Means 

Control 49.66 34.33 26.00 36.66 D 47.00 35.16 22.66 34.94 D 

Tillering 51.83 35.83 27.16 38.27 C 49.16 36.33 23.33 36.27 C 

Booting 54.50 37.66 28.83 40.33 B 51.83 37.33 24.83 38.00 B 

Heading 57.33 40.16 32.33 43.27 A 54.66 40.66 28.00 41.11 A 

Means 53.33 A 37.00 B 28.58 C  50.66 A 37.37 B 24.70 C  

LSD ≤ 0.05 SD = 5.63, Si = 1.12 SD = 3.85, Si = 1.13 

Cultivars 2010-11 2011-12 

Faisalabad-2008 38.97 b 37 

Sehar-2006 40.30 a 38 

LSD ≤ 0.05 0.39 Ns 
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The results of current study indicated that foliar application of Si at various growth stages 

of wheat significantly enhanced the days to heading and maturity under early and late 

sown condition (Table 4.41). This suggests that applied Si get deposited on the leaves 

leading to increased leaf area duration, delayed leaf senescence and sustained leaf 

photosynthesis resulting in healthy stay-green plants. Li (2003) and Hattori et al. (2005) 

also reached the conclusion that Si application delayed the days to heading and maturity 

by increasing the leaf area duration and stay-green plants. In addition, Agrie et al. (1992) 

working on rice, reported that Si reduced transpiration and increased the photosynthetic 

activity of leaves by enhancing the water use efficiency of plant under stressful condition.  

Also, Liang et al. (1996) pointed out that Si treatment increased the CO2 assimilation in 

the leaves of barley. Many researchers reported that Si application increased the 

vegetative growth of bamboo (Lux et al., 2003), rice (Sistani et al., 1997), sugar cane and 

sugar beet (Du and Lin, 2002) and soybean (Li et al., 2004). But some contradictory 

results show that foliar application of Si had no significant effect on the vegetative growth 

of cordgrass (De et al., 1999) and cowpea (Dakora and Nelwamondo, 2003). 
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4.4.1.2. Allometery 

4.4.1.2.1. Leaf area index 

Leaf area index (LAI) is the ratio of leaf area and ground area of crop that may be 

said as catchment area of sunlight. Figures showed that leaf area index of crop increased 

gradually with time then started to decline. Results showed that LAI of both wheat 

cultivars was affected significantly by the sowing dates and foliar application of Si at 

different growth stages during both the years. Significantly higher LAI was noted in 10
th

 

November planting whereas, minimum LAI was recorded when wheat crop was planted 

on 10
th
 January (Fig. 4.24). In early planting (10

th
 Nov) there was a linear increase in LAI 

and maximum leaf area index (LAI) was noted 75 DAS after that there was gradually 

decline in LAI. While in late (10
th
 Dec) and very late (10

th
 Jan) maximum LAI was 

recorded 65 DAS after that there sharp decline in the LAI of both cultivars during both 

the years. Si application at different growth stages of wheat improved the LAI in all three 

sowing dates when compared to control treatment in both the cultivars (Fig. 4.24-25).  

4.3.1.2.2. Crop growth rate (g m
-2

 day
-1

) 

Crop growth rate express the rate of dry matter accumulation and is closely related 

to the solar radiations captured by the leaves. Figures exhibited the data regarding the 

crop growth rate during both the years. Varying sowing dates differ significantly with 

each other in term of crop growth rate however; same trend was observed in both wheat 

cultivars.  In 10
th
 November planted wheat crop growth rate was increased upto fourth 

harvest (65-75DAS) afterward there was steadily decreased in all Si treatment in both 

wheat cultivars. While under late (10
th
 Dec) and very late (10

th
 Jan) sown conditions, crop 

growth rate was increased up to third harvest (55-65 DAS) after that there was stridently 

decline in CGR in both the cultivars (Fig. 4.26-27).  Foliage applied Si at various growth 

stages of wheat significantly improved the crop growth rate seems with varying response 

in wheat cultivars in various sowing dates.  Similar response was recorded in second year 

of study in both wheat cultivars. 

4.4.1.2.3. Seasonal leaf area duration (days) 

A perusal of data indicated that seasonal leaf area duration (LAD) significantly 

affected by different sowing dates and timing of foliar sprayed and interaction between 

these two variables was also significant during both the years.  Results indicates that 
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under late (10
th
 Dec) and very late (10

th
  Jan) sown conditions, foliar application of Si at 

heading stage gave the maximum value of seasonal LAD that was statistically at par with 

Si sprayed at booting stage of wheat when compared to control of each sowing date. 

Similarly foliar application of Si at heading, booting, and tilling stage separately gave 

statistically same response in early sown (10
th

 Nov) wheat. Similar results were observed 

in next year (Fig. 4.28).  

4.4.1.2.4. Net assimilation rate (g m
-2

 per day) 

Analyzed data revealed that sowing dates and timing of Si application 

significantly affected the net assimilation rate (NAR) during both the years. Interaction of 

sowing dates × Si application at various growth stages was significant during both the 

years. Both wheat cultivars and all other interactions were non-significant.   

During 2010-11, under early (10
th
 Nov) and late (10

th
 Dec) sown conditions, foliar 

application of Si at the rate of 100 mg L
-1 

produced maximum NAR when sprayed at 

booting stage of wheat as compare to control treatment of each sowing date. While 10
th
 of 

January sowing wheat produced maximum NAR with the foliar application of Si at 

heading stage that was statistically at par with booting and then tillering stage. In 2011-

12, Si application at heading stage of crop produced maximum NAR in 10
th

 November 

planting wheat. Under late (10
th
 Dec) and very late (10

th
 Jan) planting wheat gave the 

similar result when Si was sprayed at heading, booting and tillering stage (Fig. 4.29).         

4.4.1.2.5. Discussion 

Results suggest that all growth parameters (LAI, CGR, LAD and NAR) were 

reduced significantly under late and very late sown conditions when compared to early 

(10 Nov) sown wheat. This reduction might be due to high temperature particularly at 

reproductive stage of the crop. Because late sown wheat was subjected to high 

temperature during the critical growth phases. Nagarajan and Rane (2002) reported that 

late sown wheat gets exposed to mean temperature ≥30°C cause the reduction in growth 

parameters. Saini (1988) narrated that high temperature reduces the duration of vegetative 

growth and therefore decreased the leaf area (Warrington et al., 1977) and leaf number 

(Acevedo et al., 1990) of crop. Takahashi and Nakaseko (1992) observed that delayed 

sowing decreased crop growth rate and net assimilation rate during the late grain filling 

period in wheat cultivars and that ultimately decreased the biomass of the crop. The 

drought stress induced by high temperature in late sown condition reduced the leaf area.  
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Fig. 4.24. Influence of sowing dates and foliar application of silicon on leaf area 

index of cultivar Faisalabad-2008 during 2010-11 (a) and 2011-12 (b) 
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Fig. 4.25. Influence of sowing dates and foliar application of silicon on leaf area 

index of cultivar Sehar-2006 during (a) 2010-11 and (b) 2011-12  
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Fig 4.26. Influence of sowing dates and foliar application of silicon on crop growth 

rate (g m
-2

 day
-1

) of cultivar Faisalabad-2008 during (a) 2010-11 and (b) 2011-12 
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Fig. 4.27. Influence of sowing dates and foliar application of silicon on crop growth 

rate (g m
-2

 day
-1

) of cultivar Sehar-2008 during (a) 2010-11 and (b) 2011-

12 
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Fig. 4.28. Effect of foliage applied Si on seasonal leaf area duration (days) of wheat 

under different sowing dates (a) 2010-11 and (b) 2011-12 
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Fig.4.29. Effect of foliage applied Si on net assimilation rate (g m
-2

 day
-1

)  of wheat 

under different sowing dates (a) 2010-11 and (b) 2011-12 
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The possible reason is that when drought occurs, cells lose the turgidity, cell wall shrink, 

which subsequently decreased the turgor-dependent activities such as leaf expansion and 

leaf elongation (Taiz and Zeiger, 2006). Another possible reason might be leaf senescence 

tend to reduce LAI and seasonal LAD due to high temperature under late sown 

conditions. High temperature induced leaf senescence and associated changes in 

physiological activities have been reported in various plant species (Xu et al., 1995; Yeh 

and Hsu, 2004). Xu et al. (1995) reported that increases in temperature during 

developmental phases of wheat (Triticum aestivum L.) enhanced leaf senescence, 

accentuated the loss of chloroplast integrity, and accelerated the decline of PSII-mediated 

electron transport. Leaf senescence was observed after 20 d at 30°C and only 8 d at 35°C 

for A. stolonifera cv. Penncross (Huang and Gao, 2000; Huang et al., 1998).  

Foliar application of Si at different growth stages increased the LAI and CGR 

under different sowing date especially late sown conditions. This increase in LAI and 

CGR might be associated with erectness of leaves that enhanced the light use efficiency 

by facilitating the transmission of photosynthetic active radiation for photosynthesis by 

the foliage applied Si. These findings are accordance with Kaufman et al. (1979) who 

stated that exogenous application of Si form a silica body in the mesophyll cells of leaves 

act as window that enhanced photosynthesis by the increasing the radiation use efficiency 

in sugarcane. The involvement of Si in cell wall synthesis (Yamamoto et al., 2012) also 

explains improvement in leaf area index by the foliar application of Si. In this connection, 

evidence has been provided that foliar application of Si not only enhanced the cell wall 

rigidity and strengthens but might also increase the cell wall elasticity during the 

extension growth (Marschner, 1995; Ahmed et al., 2008). Improvement of crop growth 

rate (CGR) with Si indicates the involvement of Si in the cell wall extensibility (Hossain 

et al., 2007) that results in cell elongation and expansion. It is also mentioned that Si 

application maintained of erectness of leaves which can easily account for 10% increased 

in photosynthesis of crop canopy that consequently enhanced the crop growth rate (CGR) 

(Ma and Takahashi, 1993). Other possibility is that plasma membrane H
+
-ATPase might 

be involved in expansion growth due to the acidification of the cell wall. Si-induced 

stimulation of plant growth caused by changing in the plasma membrane H
+
-ATPase 

activity (Bakhat, 2012). Similarly LAD was increased with foliar application of Si at 

booting and heading stage under late sown conditions. Reason of this is that exogenous 

application of Si delayed the leaf senescence, sustained leaf photosynthesis resulting in 
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healthy stay-green plants (Hattori et al., 2005) that would be attributed to increase the 

seasonal LAD. 
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4.4.1.3. Agronomic traits and yield components  

4.4.1.3.1. Number of fertile tiller per m
2
 

A perusal of data (Table 4.43) indicated that sowing dates caused the significant 

difference in number of fertile tillers per unit area.  Likewise, foliar application of Si at 

various growth phases of crop gave significant effect on the number of fertile tillers. 

However, there was no significant difference in number of fertile tillers between the two 

wheat cultivars (Table 4.43). Interactive effect of all factors remained non-significant (Table 

4.43). 

A significant increase in number of fertile tillers was observed in 10
th

 Nov sowing 

then late sowings. More fertile tillers were observed when Si was sprayed at booting stage 

that was statistically similar to Si applied at tillering stage during 2010-11 and to Si applied at 

heading stage during 2011-12. Minimum number of fertile tillers was recorded in control 

where no Si was sprayed (Table 4.44).      

4.4.1.3.2. Plant height (cm) 

All main effects (sowing date, cultivars, Si application timing) differ significantly 

with respect to plant height of wheat while all two way and three way interactions were non-

significant (Table 4.43). 

Comparison of treatments’ means showed that significantly taller plants were 

produced in early sown (10
th
 Nov) wheat as compared to late sown during both years 2010-11 

and 2011-12 (Table 4.45). 

Between the wheat cultivars Sehar-2006 produced significantly taller plants than 

Faisalabad-2008 (Table 4.46).Data in table 4.45 showed that foliage applied Si at various 

stages of wheat significantly improved the plant height. Higher plant height was recorded 

when Si was sprayed at booting stage that was statistically at par with Si sprayed at tillering 

stage. Lower plant height was observed in control where Si was not applied (Table 4.45). 
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Table 4.43. Analysis of variance for influence of foliage applied Si at various growth 

stages on number of fertile tillers and plant height of wheat cultivars under 

different sowing dates  

* = Significant at 0.05 probability level, ** = Significant at 0.01 probability level, ns = Non-

significant at 5% probability 

Table 4.44. Influence of foliage applied Si at various growth stages on number of fertile  

                   tillers of wheat under different sowing dates 

 

Interaction and main effect means not sharing same letter differ significantly (P ≤ 0.05) 

SD= Sowing dates, Si= Silicon application  

Source of  variation D.F. Mean Square 

  Number of fertile tillers Plant height 

     2010-11    2011-12  2010-11    2011-12 

Replications 2 1775 2017 6.5 47.03 

Sowing dates (A) 2 46678.6* 106334** 10806.7** 8242.8** 

Error-I 4 3641.1 2928 26.7 35.66 

Cultivars (B) 1 2403ns 68ns 445.0** 1338.6** 

A×B 2 1255.4ns 207ns 10.7ns 42.87ns 

Error-II 6 5294.4 4128 29.4 14.68 

Silicon (C) 3 11425.8** 8851** 511.8** 755.02** 

A×C 6 1432.2ns 426ns 11.3ns 6.14ns 

B×C 3 1088.2ns 53ns 2.4ns 15.41ns 

A×B×C 6 422.9ns 233ns 1.1ns 6.05ns 

Error-III 36 720.8 357 25.9 22.92 

Si 

application  

2010-11 2011-12 

10-Nov 10-Dec 10-Jan Means 10-Nov 10-Dec 10-Jan Means 

Control 344.6 293.6 261.1 299.8 C 368.1 318.1 238.3 308.2 C 

Tillering 401.1 327.6 330.6 353.1 A 389.3 327.3 266.6 327.6 B 

Booting 388.3 345.5 326.3 353.3 A 428.1 365.1 277.6 356.9 A 

Heading 405.6 316.0 284.8 335.1 B 416.6 345.8 287.6  350.06 A 

Means 384.9 A 320.7 B 300.5 B  400.5 A 339.1 B 267.5 C  

LSD ≤ 0.05 SD = 48.36, Si = 18.00 SD = 43.36, Si = 12.76 
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Table 4.45. Influence of foliage applied Si at various growth stages on plant height (cm) 

of   wheat under different sowing dates 

Interaction and main effect means not sharing same letter differ significantly (P ≤ 0.05) 

SD = Sowing dates, Si= Silicon application  

Table 4.46. Influence of cultivars on plant height (cm) of wheat 

Cultivars 2010-11 2011-12 

Faisalabad-2008 77.77 b 70.5 b 

Sehar-2006 82.75 a 79.2 a 

LSD ≤ 0.05 3.12 2.20 

Means not sharing same letter within a column differ significantly (P ≤ 0.05) 

 

 Table 4.47. Analysis of variance for influence of foliage applied Si at various growth 

stages on yield components of wheat cultivars under different sowing dates  

* = Significant at 0.05 probability level, ** = Significant at 0.01 probability level, ns = Non-

significant at 5% probability 

Si 

application 

2010-11 2011-12 

10-Nov 10-Dec 10-Jan Means 10-Nov 10-Dec 10-Jan Means 

Control 95.3 71.3 53.8 73.5 C 85.3 65.4 49.9 66.9 C 

Tillering 104.6 85.2 64.1 84.3 A 99.43 77.3 61.8 79.5 A 

Booting 106.0 83.8 64.3 84.7 A 100.1 78.2 63.9 80.7 A 

Heading 101.5 77.5 56.5 78.5 B 93.2 68.7 55.1 72.3 B 

Means 101.8 A 79.4 B 59.5 C  94.5 A 72.4 B 57.7 C  

LSD ≤ 0.05 SD = 4.14, Si = 3.44 SD = 4.78, Si = 3.23 

Source of  

variation 

D.

F. 

Mean Square 

Spike length Grains per spike 1000-grain weight 

2010-11    2011-12    2010-11    2011-12   2010-11     2011-12 

Replications 2 0.58 4.71 27.83 87.10 23.08 106.86 

Sowing dates(A) 2 30.74** 65.33** 854.61** 1421.14** 1072.73** 1761.19** 

Error-I 4 0.317 0.675 36.46 29.29 23.95 13.33 

Varieties (B) 1 0.188ns 1.122ns 25.98ns 104.06* 30.81ns 62.46* 

A×B 2 0.039ns 0.184ns 2.65ns 4.15ns 2.44ns 0.54ns 

Error-II 6 0.466 0.725 20.68 11.46 20.76 9.04 

Silicon (C) 3 0.033* 5.12** 135.15** 220.88** 119.29** 220.38** 

A×C 6 0.190ns 0.023ns 15.85ns 1.87ns 13.21ns 2.57ns 

B×C 3 0.024ns 0.011ns 2.66ns 0.33ns 0.76ns 0.54ns 

A×B×C 6 0.035ns 0.025ns 2.00ns 1.99ns 0.45ns 0.37ns 

Error-III 36 0.877 1.053 11.48 8.13 12.68 4.96 
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4.4.1.3.3. Spike length (cm) 

Analysis of variance showed that different sowing dates significantly affected the 

spike length however; wheat cultivars did not differ significantly in spike length during both 

the years. Foliar application of Si at different growth stages also affected the spike length of 

wheat significantly (Table 4.47). However, none of the interactions could reach to a 

significant level in affecting wheat spike length (Table 4.47). 

Comparison of means showed that late sowing of wheat significantly reduced the 

spike length. Foliar applied Si at various stages of wheat significantly improved the spike 

length. More spike length was obtained when Si was sprayed at booting stage that was 

statistically at par with Si sprayed at heading and it was closely followed by that where Si 

was applied at tillering stage. The lowest spike length was observed in control where Si was 

not sprayed (Table 4.48). 

4.4.1.3.4. Number of grains per spike  

Number of grains per spike of wheat was significantly affected by the different 

sowing dates and foliar applied Si at various growth stages during both the years however; 

wheat cultivars differ significantly for number of grains per spike during 2011-12 but not 

during 2010-11. All two way as well as the three way interactions were not significant (Table 

4.47)  

Significantly higher number of grains per spike was produced when wheat was 

planted at 10
th
 November followed by the 10

th
 December planted crop; whereas minimum 

number of grains per spike was recorded in 10
th

 January planting. Similar trend was observed 

during 2011-12 (Table 4.49). In case of wheat cultivars, Sehar-2006 produced significantly 

more number of grains per spike than Faisalabad-2008 in 2011-12 (Table 4.50). Regarding Si 

application its spray at all stages of wheat significantly improved the number of grains per 

spike when compared to control. However, maximum number of grains per spike was 

counted in treatment where Si was sprayed at heading stage followed by Si applied at booting 

stage. Similar trend was observed during next year of study (Table 4.49).                      

4.4.1.3.5. 1000-grain weight (g) 

Grain size is considered as an important factor contributing to final grain yield and 

1000-grain weight is a representative of grain size. So, more 1000-grain weight results in 

more grain yield and vice versa. Data regarding the 1000-grain weight were significantly 
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affected by the sowing dates and Si application timing during both the years. Cultivars did 

show a significant effect on 1000-grain weight only during2011-12 (Table 4.47). Maximum 

1000- grain weight was recorded in 10
th

 Nov sowing followed by the 10
th

 Dec while 

minimum 1000-grain weight was observed in 10
th

 Jan planted wheat (Table 4.51). In case of 

wheat varieties, data indicate that Sehar-2006 produced significantly heavier 1000-grain 

weight than Faisalabad-2008 during 2011-12 (Table 4.52). Data regarding the treatments’ 

means of Si application at various stages of wheat showed that maximum 1000-grain weight 

was recorded in treatment where Si was applied at heading stage followed by Si sprayed at 

booting stage whereas minimum 1000-grain was obtained in control where Si was not 

sprayed. Almost similar trend was observed both years (Table 4.51). 

4.4.1.3.6. Biological yield (t ha
-1

) 

 Biological yield was significantly (P≤0.05) affected by of sowing dates and different 

timing of foliar applied Si during both years of study. However; wheat cultivars did not differ 

significantly for biological yield. All the two way and three way interactions were also non-

significant in both the years (Table 4.53) 

 A perusal of data indicated that early sown (10
th

 Nov) wheat produced significantly more 

biological yield than late (10
th

 Dec) and very late (10
th

 Jan) sowing dates during both the 

years. Foliar application of Si at various stages of wheat significantly increased the biological 

yield of the crop. Silicon spray at heading stage produced the highest biological yield 

followed by the Si applied at booting stage whereas; minimum biological  yield of crop was 

recorded in control where Si was not sprayed. Similar trend was observed during both years 

(Table 4.54).  

4.4.1.3.7. Grain yield (t ha
-1

)       

 Grain yield is the major factor contributing to the economic yield of the crop. Grain yield 

of crop is controlled by large number of the internal and external factors and any variation in 

them is liable to bring about variation in grain yield. Analyzed data indicated that sowing 

dates, timing of Si spray, and wheat cultivars significantly affected the grain yield of wheat 

during 2010-11 and 2011-12. Interactions between sowing dates and Si application, sowing 

dates and wheat cultivars, wheat cultivars and Si application and three way interaction of 

these variables remained non-significant during both the years (Table 4.53).    
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Table 4.48. Influence of foliage applied Si at various growth stages on spike length (cm) 

of wheat under different sowing dates 

Interaction and main effect means not sharing same letter differ significantly (P ≤ 0.05) 

SD= sowing dates, Si= Silicon application 

 

Table 4.49. Influence of foliage applied Si at various growth stages on number of grains 

per spike of wheat under different sowing dates 

Interaction and main effect means not sharing same letter differ significantly (P ≤ 0.05) 

SD= Sowing dates, Si= Silicon application 

Table 4.50. Influence of cultivars on number of grains per spike of wheat 

Cultivars 2010-11 2011-12 

Faisalabad-2008 41.42 38.74 b 

Sehar-2006 42.62 41.15 a 

LSD ≤ 0.05 ns 1.95 

Means not sharing same letter within a column differ significantly (P ≤ 0.05) 

 

Si 

application 

2010-11 2011-12 

10-Nov 10-Dec 10-Jan Means 10-Nov 10-Dec 10-Jan Means 

Control 10.08 9.15 7.68 8.97 B 9.02 7.47 5.65 7.38 C 

Tillering 10.41 9.47 8.04 9.31 AB 9.44 7.87 6.19 7.83 BC 

Booting 11.08 9.69 8.96 9.91 A 10.27 8.65 6.93 8.62 A 

Heading 10.68 9.73 8.53 9.65 A 9.91 8.21 6.68 8.28 AB 

Means 10.58 A 9.51 B 8.30 C  9.66 A 8.05 B 6.36 C  

LSD ≤ 0.05 SD = 0.45, Si = 0.63 SD = 0.65, Si = 0.69 

 

Si 

application 

2010-11 2011-12 

10-Nov 10-Dec 10-Jan Means 10-Nov 10-Dec 10-Jan Means 

Control 45.70 39.08 30.48 38.42 C 43.65 36.35 27.12 35.71 D 

Tillering 47.58 42.96 34.48 41.53 B 46.12 39.38 30.45 38.65 C 

Booting 48.80 44.95 40.55 44.77 A 51.01 43.64 36.41 43.68 A 

Heading 48.07 44.34 37.66 43.36 AB 48.72 42.41 34.07 41.73 B 

Means 47.54 A 42.83 B 35.69 C  47.38 A 40.44 B 32.01 C  

LSD ≤ 0.05 SD = 4.83, Si = 2.29 SD = 4.33, Si = 1.92 
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Table 4.51. Influence of foliage applied Si at various growth stages on 1000-grain weight 

(g) of wheat under different sowing dates 

Interaction and main effect means not sharing same letter differ significantly (P ≤ 0.05) 

SD= Sowing dates, Si= Silicon application 

Table 4.52. Influence of cultivars on 1000- grain weight (g) of wheat 

Means not sharing same letter within a column differ significantly (P ≤ 0.05) 

 

Table 4.53. Analysis of variance for influence of foliage applied Si at various growth 

stages on biological and grain yield of wheat cultivars under different sowing 

dates  

* = Significant at 0.05 probability level, ** = Significant at 0.01 probability level, ns = Non-

significant at 5% probability 

  

 

Si 

application 

2010-11 2011-12 

10-Nov 10-Dec 10-Jan Means 10-Nov 10-Dec 10-Jan Means 

Control 45.38 36.23 29.03 36.88 C 41.46 32.61 22.75 32.28 D 

Tillering 46.99 39.64 32.35 39.61 B 43.32 35.22 26.35 34.96 C 

Booting 47.13 41.89 34.61 41.21 AB 45.48 38.49 28.69 37.55 B 

Heading 47.61 43.56 37.64 42.94 A 47.99 41.29 32.05 40.44 A 

Means 46.78 A 40.29 B 33.41 C  44.56 A 36.90 B 27.46 C  

LSD ≤ 0.05 SD = 3.92, Si = 2.40 SD = 2.92, Si = 1.50 

Cultivars 2010-11 2011-12 

Faisalabad-2008 39.51 35.38 a 

Sehar-2006 40.81 37.24 b 

LSD ≤ 0.05 Ns 
1.73 

Source of  variation 
D.F. Mean Square 

 Biological yield  Grain yield  

     2010-11    2011-12  2010-11    2011-12 

Replications 2 52.86 4.66 0.226 0.339 

Sowing dates (A) 2 427.42** 506.04** 32.31** 30.29** 

Error-I 4 3.31 7.91 0.413 0.234 

Cultivars (B) 1 9.84ns 5.29ns 0.915* 0.920** 

A×B 2 1.18ns 0.63ns 0.025ns 0.04ns 

Error-II 6 1.87 2.85 0.141 0.019 

Silicon (C) 3 34.44** 12.32** 0.664** 1.316** 

A×C 6 1.76ns 0.053ns 0.053ns 0.013ns 

B×C 3 0.028ns 0.028ns 0.002ns 0.002ns 

A×B×C 6 0.041ns 0.010ns 0.005ns 0.001ns 

Error-III 36 1.53 0.584 0.118 0.069 
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Significantly higher grain yield was attained when wheat was sown on 10
th
 November 

followed by 10
th

 December sowing date, while lowest grain yield was obtained at 10
th

 

January planting during both the years of experiment (Table 4.55). Varietal means show that 

Sehar-2006 produced significantly higher grain yield over Faislabad-2008 during both the 

years (Table 4.56). Grain yield of wheat was increased significantly by the foliar application 

of Si at various stages of wheat. Si sprayed at heading stage of wheat produced higher grain 

yield that was statistically at par with Si sprayed at booting stage during 2010-11. While 

during 2011-12 foliar application of Si at heading stage produced significantly higher grain 

yield than all other treatments (Table 4.55).  

4.4.1.3.8. Straw yield (t ha
-1

) 

Statistically analyzed data revealed that straw yield of crop was significantly affected 

by the sowing dates and Si application at various growth stages of crop while wheat cultivars 

did not significantly differ for straw yield. All the possible interactions were found non-

significant for straw yield of wheat during both years of study (Table 4.57).  

 Comparison of treatments’ means (Table 4.58) show that maximum straw yield was 

recorded in early sowing (10
th

 Nov) followed by the late sowing (10
th

 Dec) whereas 

minimum straw yield was obtained in very late sown (10
th

 Jan) crop, trend was almost during 

both years. Data regarding the treatments’ means of Si application at different growth stages 

of wheat indicate that during 2010-11 the maximum straw yield was achieved in treatment 

where Si was sprayed at heading stage followed by Si applied at booting stage. Minimum 

straw yield was recorded in control where Si was not sprayed (Table 4.58). 

4.4.1.3.9. Harvest index (%) 

Harvest index represents the transformation of photosynthates into economic yield or 

it indicates the efficiency of photosynthetic system of the crop. Analyzed data indicated that 

different sowing dates significantly affected the harvest index of crop only in 2011-12. Wheat 

cultivars, foliar applied Si and all the possible interactions were non-significant during both 

the years (Table 4.57).     

 Wheat sown on 10
th
 December and 10

th
 January gave statistically similar harvest 

indices against the minimum in Nov. sown crop (Table 4.59).  
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Table 4.54. Influence of foliage applied Si at various growth stages on biological yield (t 

ha
-1

) of wheat under different sowing dates 

 

Interaction and main effect means not sharing same letter differ significantly (P ≤ 0.05) 

 SD= Sowing dates, Si= Silicon application 

Table 4.55. Influence of foliage applied Si at various growth stages on grain yield (t ha
-1

) 

of wheat under different sowing dates 

 

Interaction and main effect means not sharing same letter differ significantly (P ≤ 0.05) 

SD= Sowing dates, Si= Silicon application 

Table 4.56. Influence of cultivars on grain yield (t ha
-1

) of wheat 

Means not sharing same letter within a column differ significantly (P ≤ 0.05) 

 

Si 

application 

2010-11 2011-12 

10-Nov 10-Dec 10-Jan Means 10-Nov 10-Dec 10-Jan Means 

Control 16.15 10.88 7.05 11.36 D 13.96 8.02 5.07 9.02 C 

Tillering 17.49 11.86 8.41 12.59 C 14.68 8.68 5.68 9.68 B 

Booting 17.67 13.44 9.52 13.54 B 15.37 9.44 6.48 10.43 A 

Heading 18.20 14.79 10.83 14.61 A 16.05 9.88 6.76 10.90 A 

Means 17.38 A 12.74 B 8.95 C  15.02 A 9.01 B 6.00 C  

LSD ≤ 0.05 SD = 1.46, Si = 0.840 SD = 2.25, Si = 0.51 

 

Si 

application 

2010-11 2011-12 

10-Nov 10-Dec 10-Jan Means 10-Nov 10-Dec 10-Jan Means 

Control 4.36 2.94 1.82 3.04 C 3.90 2.90 1.57 2.79 C 

Tillering 4.44 3.08 2.09 3.20 BC 4.05 3.09 1.83 2.99 B 

Booting 4.49 3.22 2.33 3.34 AB 4.21 3.29 2.00 3.17 B 

Heading 4.61 3.45 2.40 3.49 A 4.43 3.63 2.23 3.43 A 

Means 4.47 A 3.17 B 2.16 C  4.14 A 3.23 B 1.91 C  

LSD ≤ 0.05 SD = 0.51, Si = 0.23 SD = 0.38, Si = 0.17 

Cultivars 2010-11 2011-12 

Faisalabad-2008 3.16 b 2.98 b 

Sehar-2006 3.38 a 3.21 a 

LSD ≤ 0.05 0.216 0.079 
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Table 4.57. Analysis of variance for influence of foliage applied Si at various growth 

stages on straw yield and harvest index of wheat cultivars under different 

sowing dates  

* = Significant at 0.05 probability level, ** = Significant at 0.01 probability level, ns = Non-

significant at 5% probability 

Table 4.58. Influence of foliage applied Si at various growth stages on straw yield (t ha
-1

) 

of wheat under different sowing dates 

 

Interaction and main effect means not sharing same letter differ significantly (P ≤ 0.05) 

SD= Sowing dates, Si= Silicon application 

Table 4.59. Influence of foliage applied Si at various growth stages on harvest index of 

wheat under different sowing dates 

Source of  variation D.F. Mean Square 

  Straw yield  Harvest index  

     2010-11    2011-12  2010-11    2011-12 

Replications 2 56.58 3.46 305.34 16.22 

Sowing dates (A) 2 224.71** 299.28** 9.48ns 442.24* 

Error-I 4 1.59 7.92 9.69 61.59 

Cultivars (B) 1 4.75ns 1.80ns 6.03ns 17.69ns 

A×B 2 0.95ns 0.43ns 4.04ns 9.63ns 

Error-II 6 1.84 3.15 11.19 56.50 

Silicon (C) 3 25.54** 5.70** 33.44ns 6.11ns 

A×C 6 1.38ns 0.09ns 3.70ns 2.18ns 

B×C 3 0.037ns 0.04ns 0.645ns 1.03ns 

A×B×C 6 0.058ns 0.01ns 1.44ns 0.40ns 

Error-III 36 1.57 0.67 13.79 16.11 

 

Si 

application 

2010-11 2011-12 

10-Nov 10-Dec 10-Jan Means 10-Nov 10-Dec 10-Jan Means 

Control 11.78 7.93 5.23 8.31 C 10.06 5.12 3.49 6.22 B 

Tillering 13.05 8.77 6.32 9.38 B 10.63 5.59 3.84 6.69 B 

Booting 13.18 10.22 7.19 10.19 B 11.15 6.14 4.47 7.26 A 

Heading 13.59 11.33 8.42 11.11 A 11.62 6.25 4.52 7.47 A 

Means 12.90 A 9.56 B 6.79 C  10.87 A 5.77 B 4.08 B  

LSD ≤ 0.05 SD = 1.01, Si = 0.84 SD = 2.25, Si = 0.55 

 

Si 

application 

2010-11 2011-12 

10-Nov 10-Dec 10-Jan Means 10-Nov 10-Dec 10-Jan Means 

Control 27.33 27.62 26.53 27.16 28.23 36.66 31.09 31.99 

Tillering 25.72 26.76 24.96 25.81 28.05 36.69 32.43 32.39 

Booting 25.62 24.47 24.99 25.03 27.44 35.48 31.01 31.31 

Heading 25.45 23.60 22.71 23.92 27.72 36.95 33.26 32.65 

Means 26.03 25.62 24.80  27.86 B 36.44 A 31.95 AB  

LSD ≤ 0.05 ns SD = 6.29 
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4.4.1.3.10. Discussion  

The present study delineates that wheat sowing at different dates significantly affected 

the data regarding the agronomic traits and yield components (Table 4.43-4.56). The plant 

height and number of tillers were reduced by the late sowing of wheat. Different sowing dates 

in terms of changed temperatures affected the agronomic traits of wheat. High temperature, at 

any time of wheat development, decreased leaf chlorophyll and photosynthesis, and hastened 

senescence (Gibson and Paulsen, 1999; Yang et al., 2001; Altenbach et al., 2003; Dulai et al., 

2006). High temperature stress during vegetative stages of wheat development decreased 

number of tillers and plant height (Hafid et al., 1998; Nouri et al., 2011). Akbar et al. (2000) 

and Sattar et al. (2010) also reported that number of tillers was negatively affected by the 

delayed sowings. However, it is not clear whether this effect was the result of less prolific 

tillering or of more mortality (Hay and Walker, 1989). Shivani et al. (2003), Ejaz et al. 

(2002) and Khan (2003 and 2004) also narrated that in time sowing of wheat produced more 

tillers. Similar trend was observed in plant height as mentioned by Khan et al. (2004) that 

early sown wheat produced taller plants than late sown due to more availability of time for 

growth and development. This showed that due to long duration, crop used more solar 

radiation for photosynthesis that results in taller plants (Ejaz et al., 2002; Khan, 2004).  

Grain yield is the most important character in appraising crop yield of wheat which 

depends upon the spike length, number of grains per spike and 1000grain weight. Maximum 

grain yield was observed in early (10 Nov) sowing date that might be due to more spike 

length, more number of grains per spike and more 1000grain weight. The lower yield 

observed in late planted crop can be attributed to reduction in spike length, number of grains 

per spike and/or 1000 grain weight (Table 4.37-4.43). Delayed sowing accompanied by high 

temperature at reproductive stage might decrease net photosynthesis and grain abortion.  All 

these yield components were decreased significantly due to late sowing of wheat. These 

results are also supported by Sial et al. (2010) and Laghari et al. (2012) who reported that 

delayed plantings are generally accompanied by increased temperature during the growing 

season, which accelerate crop development and decreased solar radiation interception, 

resulting in less straw yield and grain set. Riazuddin et al. (2010) narrated that reproductive 

stages of wheat development are most vulnerable to high temperature. High temperature at 

booting stage negatively affects the formation of spikelets (Wollenweber et al., 2003). High 

temperature stress during meiosis reduces the number of grains per spike inducing egg and 

pollen sterility and anther indehiscence (Prasad et al., 2006; Prasad et al., 2008a; Prasad et 
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al., 2008b). At anthesis, high temperature decreases the number of grains (Stone and Nicolas, 

1994; Yang et al., 2002; Prasad et al., 2008b) by impairing ovary development, pollen 

germination and pollen tube growth (Saini et al., 1983; Prasad et al., 2011). During the grain 

filling period (a period of grain set at physiological maturity) high temperature reduces the 

chlorophyll content of leaves and accelerated senescence (Yang et al., 2002; Zhao et al., 

2007) leading to shortened grain filling duration which ultimately decreased individual grain 

weight and yield (Gibson and Paulsen, 1999. Altenbach et al., 2003). The increasing grain 

filling rate under high temperature cannot compensate the reduction in the duration of grain 

filling duration (Prasad et al., 2006a; Prasad et al., 2006b; Prasad et al., 2008a). 

In the current study, Si sprayed using the Ca-silicate source significantly increased the 

plant height and number of tillers of wheat under late sown conditions in comparison to 

control treatment where Si was not applied (Table 4.52-4.59). Previous reports and current 

research suggest that foliar application of Si gets deposited on the leaves of wheat plant that 

might be responsible for amelioration of high temperature stress under late sown conditions. 

Ahmad et al. (2008) supported that foliar application of Si enhanced the plant height and 

number of tillers in wheat under stress condition compared to those where Si was not applied. 

Beneficial effect of Si may be due to its hydrophilic nature to protect the leaves of wheat 

from drought stress induced by high temperature. Si can enhance the tolerance against high 

temperature in late sown wheat by improving the water status (Romero et al., 2006), 

increasing the photosynthetic activity and ultra structure of leaf organelles (Shu and Lui, 

2001). High temperature on late sown wheat increased the transpiration rate and caused the 

water stress in crop pants (Tsukaguchi et al., 2003). Foliar application Si improved the 

drought tolerance in plant by decreasing the rate of transpiration and make the leaf more erect 

result in increase photosynthetic efficiency (Epstein, 1999).   

Grain yield of wheat is the combined contribution of all the yield components like 

spike length, grains per spike and weight of 1000-seed. Any change in these factors causes a 

change the grain yield of wheat. Current study revealed that foliar application of Si increased 

the spike length, number of grains per spike and 1000grain weight that ultimately enhanced 

the biological and grain yield of crop under early (10
th

 Nov), late (10
th
 Dec) and very late 

(10
th

 Jan) sown conditions. These results are consistent with the finding of Sandhya et al. 

(2010) that foliar application of Si enhanced the yield and yield components of millet. It is 

evident from the results that foliage applied Si at booting or heading stages of wheat 

significantly increased the yield and all yield contributing factors in optimum and late sown 
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conditions. Chandrashekar et al. (2011) narrated that grain yield of rice increased with the 

foliar spray of Si from the soluble silicic acid sprayed at 20 ml L
-1

 on nursery. This increase 

in yield was attributed to increased panicle length, number of grains per panicle and kernel 

weight in rice by Si supplementation under high temperature stress. The use of 3-6 foliar 

sprays with silicic acid significantly increased many growth and yield parameters that might 

be due to physiological mechanism of silicic acid foliar sprays (Laane, 2011). The increase in 

wheat yield might be due to enhanced rate of photosynthesis and higher water retained by 

wheat plants when Si sprayed at reproductive stage, as suggested by Hattori et al. (2005) that 

the application of Si in sorghum increased relative growth rate. They suggested that the 

increase was due to higher net assimilation, photosynthetic rate and increased water use 

efficiency (WUE). Foliar application of Si at booting or heading stage enhanced the grain 

filling duration due to stay “green” for longer period of time (Hattori et al., 2005) under water 

stress induced by high temperature. Previous studies indicated that foliar application of Si at 

heading stage improved the water relation of flag leaf under high temperature result in 

improving the grain filling rate of wheat could increase the remobilization of stored food to 

the grains (Ma, 2004). More grain filling duration and grain filling rate significantly 

improved the grain number and grain size which ultimately increased the grain yield of crop 

(Yang et al., 2001). Another reason is that foliar application of Si might be enhanced the 

photosynthetic efficiency by decreasing the leaf senescence during the grain filling period, 

(Liu et al., 2005). 
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4.4.1.4. Biochemical analysis  

4.4.1.4.1. Chlorophyll-a (mg g
-1

) 

Statistical analysis revealed that chlorophyll a content was significantly affected by 

different sowing dates, varieties and Si application at various growth stages of wheat during 

both the years. Likewise, interaction of sowing dates × timing of Si application was also 

significant. All other two way and three way interactions were non-significant during both the 

years (Table 4.60)    

 Comparison of treatments’ means indicates that significantly higher chlorophyll a 

content was observed when wheat was sown on 10
th
 November whereas minimum 

chlorophyll a content was recorded in 10
th
 January planted wheat (Table 4.61). Between two 

wheat cultivars, significantly more chlorophyll a content was recorded in Sehar-2006 than 

that of Faisalabad-2008 (Table 4.62). Regarding the interaction of sowing dates and Si 

application, significantly higher chlorophyll a content was observed with the foliar 

application of Si at heading stage (Table 4.61). Similar pattern of results was observed in next 

year.             

4.4.1.4.2. Chlorophyll b (mg g
-1

) 

Analysis of variance table 4.60 depict that sowing dates, wheat cultivars and timing of 

Si application influenced significantly on chlorophyll b content of flag leaf of wheat. 

Interactive effect of sowing dates and timing of Si application was significant only in 2011-

12 (Table 4.60).  While all other interactions were non-significant during both years of study.   

Maximum chlorophyll b content was obtained in early planted (10
th
 Nov) wheat 

followed by the late (10
th
 Dec) planting while minimum chlorophyll b content was recorded 

in very late (10
th
 Jan) planting (Table 6.63). Both varieties of wheat showed significantly 

different response in chlorophyll b content during both the years. Significantly more 

chlorophyll b content was recorded in Sehar-2006 than Faisalabad-2008 (Table 6.64).  

In case of interaction of sowing dates × Si application, early sowing (10
th

 Nov) with 

Si foliar application at heading stage gave maximum chlorophyll b content that was 

statistically at par with Si applied at booting stage at same sowing date (Table 4.63). 

Similarly under late (10
th
 Dec) and very late (10

th
 Jan) sown conditions, maximum 

chlorophyll b content was also produced when Si was sprayed at heading stage of wheat 

when compared to control of each sowing dates where Si was not sprayed during 2010-11 

and 2011-12 (Table 4.63).              
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4.4.1.4.3. Total chlorophyll contents (mg g
-1

) 

Data pertaining to total chlorophyll content showed that different sowing dates, wheat 

cultivars and Si application significantly (P≤0.01) affected total chlorophyll contents in flag 

leaf of wheat. Similarly, the interactive effect of sowing dates × wheat cultivars and sowing 

dates × Si application was significant while of wheat cultivars × Si application and among 

sowing dates × wheat cultivars × Si application were non-significant for this parameter 

(Table 4.60).  

Maximum total chlorophyll content was recorded in cultivar Sehar-2006 when planted 

on 10
th

 November whereas minimum total chlorophyll content was observed in Faisalabad-

2008 when planted on 10
th
 of January during both years 2010-11 and 2011-12 (Table 4.65).   

    Significantly more total chlorophyll contents of flag leaf were observed when 

wheat was sown on 10
th
 of November (early) and foliarly sprayed at heading stage. Similarly 

Si sprayed at heading stage of wheat on 10
th
 December and 10

th
 January sowing date gave 

maximum response when compared to control of these sowing dates during both the years 

(Table 4.66).    

4.4.1.4.4. Total soluble proteins (mg g
-1

) 

Total soluble protein content of flag leaf of wheat was significantly affected by 

sowing dates, wheat cultivars and Si foliar application. Likewise, interactive effect of sowing 

dates × wheat cultivars was significant in 2010-11 but during 2011-12 it did not reach to a 

significant level. All other interactions were found to be non-significant during both the years 

(Table 4.67). During 2010-11, both wheat cultivars Sehar-2006 and Faisalabad-2008 gave 

significantly more total soluble protein content when planted on 10
th

 of January and 10
th 

of 

December against the minimum in 10
th

 November sown crop (Table 4.68). Among the timing 

of Si application; maximum total soluble protein content was recorded when Si was sprayed 

at heading stage of crop during both the years (Table 4.69).  

4.4.1.4.5. Catalase (unit mg g
-1 

protein)   

Analyzed data revealed that activity of catalase (CAT) was affected significantly by 

sowing dates and Si application timing. Wheat cultivars and all the interactions were non-

significant during both the years (Table 4.67). 
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Table 4.60. Analysis of variance for influence of foliage applied Si at various growth stages 

on chlorophyll pigments of wheat cultivars under different sowing dates 

* = Significant at 0.05 probability level, ** = Significant at 0.01 probability level, ns = Non-significant 

at 5% probability 

Table 4.61. Influence of foliage applied Si at various growth stages on chlorophyll-a (mg g
-1

) 

of wheat under different sowing dates 

Interaction and main effect means not sharing same letter differ significantly (P ≤ 0.05) 

   SD= Sowing dates, Si= Silicon application  

 

Table 4.62. Influence of cultivars on chlorophyll-a (mg g
-1

) of wheat 

Cultivars 2010-11 2011-12 

Faisalabad-2008 1.71 b 1.56 b 

Sehar-2006 1.79 a 1.63 a 

LSD ≤ 0.05 
0.042 0.043 

Means not sharing same letter within column differ significantly (P ≤ 0.05) 

 

Source of  

variation 
D.F. 

Mean Square 

Chlorophyll-a Chlorophyll-b Total chlorophyll 

2010-11  2011-12 2010-11  2011-12   2010-11     2011-12 

Replications 2 0.016 0.038 0.086 0.099 0.061 0.056 

Sowing dates(A) 2 2.147** 1.305** 0.401** 0.412** 4.402** 3.174** 

Error-I 4 0.013 0.013 0.005 0.004 0.015 0.023 

Varieties (B) 1 0.106* 0.106* 0.053** 0.056** 0.312** 0.031** 

A×B 2 0.011ns 0.011ns 0.004ns 0.004ns 0.018* 0.018* 

Error-II 6 0.0056 0.0056 0.0035 0.0033 0.002 0.002 

Silicon (C) 3 0.319** 0.319** 0.078** 0.137** 0.7144** 0.875** 

A×C 6 .0105** 0.0105** 0.001ns 0.0016* 0.0158** 0.0175** 

B×C 3 0.003ns 0.003ns 0.0007ns 0.0009ns 0.003ns 0.0035ns 

A×B×C 6 0.001ns 0.0013ns 0.0001ns 0.0001ns 0.0009ns 0.0010ns 

Error-III 36 0.0017 0.0017 0.0006 0.0007 0.002 0.0018 

 

Si 

application 

2010-11 2011-12 

10-Nov 10-Dec 10-Jan Means 10-Nov 10-Dec 10-Jan Means 

Control 1.91d 1.65 g 1.24 j 1.60 D 1.69 d 1.50 f 1.15 i 1.45 D 

Tillering 1.97 c 1.73 f 1.35 i 1.68 C 1.74 c 1.59 e 1.26 h 1.53 C 

Booting 2.10 b 1.80 e 1.52 h 1.81 B 1.88 b 1.66 d 1.43 g 1.66 B 

Heading 2.17 a 1.88 d 1.65 g 1.90 A 1.95 a 1.74 c 1.56 e 1.75 A 

Means 2.04 A 1.77 B 1.44 C  1.81 A 1.62 B 1.35 C  

LSD ≤ 0.05 SD = 0.094, Si = 0.028,  SD × Si = 0.052 SD = 0.093, Si = 0.027,  SD × Si = 0.052 
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Table 4.63. Influence of foliage applied Si at various growth stages on chlorophyll-b (mg g
-1

) 

of wheat under different sowing dates 

Interaction and main effect means not sharing same letter differ significantly (P ≤ 0.05) 

   SD= Sowing dates, Si= Silicon application  

 

Table 4.64. Influence of cultivars on chlorophyll-b (mg g
-1

) of wheat 

Cultivars 2010-11 2011-12 

Faisalabad-2008 0.51 b 0.42 b 

Sehar-2006 0.56 a 0.48 a 

LSD ≤ 0.05 
0.035 0.033 

Means not sharing same letter within column differ significantly (P ≤ 0.05) 

Table 4.65. Influence of various sowing dates on total chlorophyll contents (mg g
-1

) of 

wheat cultivars   

Sowing 

dates 

2010-11 2011-12 

Faisalabad-2008 Sehar-2006 Means Faisalabad-2008 Sehar-2006 Means 

10- Nov 2.63 b 2.79 a 2.71 A 2.32 b 2.48 a 2.40 A 

10-Dec 2.22 d 2.38 c 2.30 B 1.99 d 2.16 c 2.07 B 

10-Jan 1.82 f 1.89 e 1.85 C 1.64 f 1.71 e 1.67 C 

Means 2.22 B 2.35 A  1.98 B 2.12 A  

LSD ≤ 0.05 SD = 0.098, Cv = 0.028, SD×Cv = 0.049 SD = 0.122, Cv = 0.030, SD×Cv = 0.053 

Interaction and main effect means not sharing same letter differ significantly (P ≤ 0.05) 

   SD= Sowing dates, Si= Silicon application  

 

Si 

application 

2010-11 2011-12 

10-Nov 10-Dec 10-Jan Means 10-Nov 10-Dec 10-Jan Means 

Control 0.59 0.46 0.32 0.46 D 0.49 c 0.36 f 0.21 h 0.35 D 

Tillering 0.66 0.50 0.37 0.51 C 0.56 b 0.40 de  0.26 g 0.40 C 

Booting 0.69 0.55 0.44 0.56 B 0.62 a 0.49 c 0.38 ef 0.50 B 

Heading 0.73 0.61 0.50 0.61 A 0.66 a 0.54 b 0.43 d 0.54 A 

Means 0.66 A 0.53 B 0.41 C  0.58 A 0.45 B 0.32 C  

LSD ≤ 0.05 SD = 0.062, Si = 0.017 SD = 0.055, Si = 0.018,  SD × Si = 0.037 
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Table 4.66. Influence of foliage applied Si at various growth stages on total chlorophyll 

contents (mg g
-1

) of wheat under different sowing dates 

 

Interaction and main effect means not sharing same letter differ significantly (P ≤ 0.05) 

   SD= Sowing dates, Si= Silicon application  
 

 

Table 4.67. Analysis of variance for influence of foliage applied Si at various growth 

stages on soluble protein and antioxidants of wheat cultivars under different 

sowing dates 

 * = Significant at 0.05 probability level, ** = Significant at 0.01 probability level, ns = Non 

significant at 5% probability 

Si 

application 
2010-11 2011-12 

10-Nov 10-Dec 10-Jan Means 10-Nov 10-Dec 10-Jan Means 

Control 2.50 d 2.11 g 1.57 j 2.06 D 2.18 de 1.87 g 1.37 i 1.80 D 

Tillering 2.63 c 2.24 f 1.72 i 2.20 C 2.30 c 1.99 f 1.52 h 1.94 C 

Booting 2.80 b 2.36 e 1.96 h 2.37 B 2.51 b 2.15 e 1.81 g 2.16 B 

Heading 2.91 a 2.49 d 2.15 fg 2.52 A 2.61 a 2.28 cd 2.00 f 2.30 A 

LSD ≤ 0.05 Si = 0.030,  SD × Si = 0.052 Si = 0.018,  SD × Si = 0.050 

Source of  

variation 
D.F. 

Mean Square 

Soluble protein Catalase  Superoxide dismutase 

2010-11  2011-12 2010-11  2011-12   2010-11     2011-12 

Replications 2 0.053 0.042 14.16 23.55 868.9 435.6 

Sowing dates(A) 2 0.315** 0.422** 277.40** 407.47* 56150.2* 27243.8* 

Error-I 4 0.014 0.012 5.48 9.66 976.5 1652.8 

Varieties (B) 1 0.010** 0.014* 0.907ns 36.52ns 2996.3** 1184.4* 

A×B 2 0.003* 0.006ns 16.18ns 7.36ns 86.9ns 150.3ns 

Error-II 6 0.0002 0.0015 15.08 8.69 45.9 101.4 

Silicon (C) 3 0.012** 0.011** 9.037** 11.03** 1188.2** 2501.8** 

A×C 6 0.0003ns 0.0005ns 0.277ns 0.965ns 18.8ns 70.8** 

B×C 3 0.0003ns 0.0001ns 0.155ns 0.270ns 57.4* 2.20ns 

A×B×C 6 0.0002ns 0.0004ns 0.109ns 0.330ns 35.5ns 5.9ns 

Error-III 36 0.0002 0.0002 0.177 0.621 17.1 19.6 
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Table 4.68. Influence of various sowing dates on soluble protein (mg g
-1

) of wheat 

cultivars 

   Interaction and main effect means not sharing same letter differ significantly (P ≤ 0.05) 

   SD= Sowing dates, Cv = Cultivar 

 

Table 4.69. Influence of foliage applied Si on soluble protein (mg g
-1

) of the wheat 

Means not sharing same letter within column differ significantly (P ≤ 0.05) 

Table 4.70. Influence of foliage applied Si at various growth stages on catalase (unit mg
-

1
 protein) of wheat under different sowing dates 

Interaction and main effect means not sharing same letter differ significantly (P ≤ 0.05) 

   SD= Sowing dates, Si= Silicon application 

  

 

Sowing 

dates 

2010-11 2011-12 

Faisalabad-2008 Sehar-2006 Means Faisalabad-2008 Sehar-2006 Means 

10- Nov 0.32 c 0.36 b 0.34 B 0.34  0.38  0.36 C 

10-Dec 0.50 a 0.53 a 0.51 A 0.50  0.55  0.52 B 

10-Jan 0.56 a 0.55 a 0.55 A 0.63  0.62  0.62 A 

Means 0.46 B 0.48 A  0.49 B 0.51 A  

LSD ≤ 0.05 SD = 0.095, Cv = 0.01, SD×Cv = 0.014 SD = 0.088, Cv = 0.022 

Si application 2010-11 2011-12 

Control 0.44 d 0.47 d 

Tillering 0.46 c 0.49 c 

Booting 0.48 b 0.51 b 

Heading 0.50 a 0.52 a 

LSD ≤ 0.05 0.011 0.010 

 

Si 

application 

2010-11 2011-12 

10-Nov 10-Dec 10-Jan Means 10-Nov 10-Dec 10-Jan Means 

Control 9.69 12.94 16.28 12.97 D 10.70 14.62 18.03 14.45 C 

Tillering 10.31 13.84 17.10 13.75 C 10.98 14.80 19.46 15.08 B 

Booting 10.70 14.44 17.35 14.16 B 11.49 16.24 20.05 15.93 A 

Heading 10.86 15.08 18.02 14.65 A 11.98 15.89 20.57 16.14 A 

Means 10.39 C 14.07 B 17.18 A  11.29 C 15.39 B 19.53 A  

LSD ≤ 0.05 SD = 1.87, Si = 0.284 SD = 2.49, Si = 0.53 
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 The mean value of sowing dates indicated that maximum activity of CAT was recorded in 

very late (10
th
 Jan) sown condition while minimum CAT activity was observed in early (10

th
 

Nov) sown condition. During 2010-11 the highest activity of CAT was observed when Si was 

sprayed at heading stage of wheat while in 2011-12, Si sprayed at booting or heading stage 

gave statistically similar results while lowest activity of CAT was recorded in control 

treatment where Si was not sprayed (Table 4.70). 

4.4.1.4.6. Superoxide dismutase (unit mg
-1 

protein) 

There was a significant effect of sowing dates, wheat cultivars and timing of foliar 

application of Si on superoxide dismutase (SOD) activity of flag leaf of wheat during both 

the years.  Interaction of wheat cultivars × Si application was significant only during 2010-

11, while interaction of sowing dates × Si application was significant only during 2011-12.  

All other interactions were non-significant during both the years (Table 4.67).    

Comparison of treatments’ means showed that during 2011-12, maximum activity of 

SOD was recorded by the foliar application of Si at heading stage of wheat under all sowing 

dates with comparison to control treatment of each sowing date. Among the sowing dates, 

there was a increasing trend in SOD activity with delayed sowing (Table 4.71). 

Foliar application of Si at various growth stages of wheat significantly enhanced the 

activity of SOD in both cultivars during the year 2010-11.  Maximum activity of SOD was 

recorded in Sehar-2006 with Si application at heading stage that was statistically at par with 

Si sprayed at booting stage in same cultivar (Table 4.72).    

4.4.1.4.7. Discussion  

Chloroplast is one of the main food manufacturing factory of the plant. Photosynthetic 

pigments like chl a and chl b which play vital role in the photo-systems of photosynthesis 

(Taiz and Zieger, 2002). The current study shows that there was a reduction in the chl a and 

chl b when wheat sown on 10
th

 of December and 10
th

 of January that was associated with 

high temperature at reproductive stage. High temperature stress causes the loss of chlorophyll 

contents from flag leaf by the oxidative damage. Zhao et al. (2007) reported that chlorophyll 

contents of flag leaf were significantly decreased in high temperature when two spring wheat 

cultivars Yangmani-9 and Xuchou-26 were subjected to high temperatures of 32/24°C and 

34/22°C at 7 d after anthesis. High temperature of 30/25°C, applied at 10 d after anthesis, 

decreased flag leaf chlorophyll of synthetic hexaploid wheats by 11-38% (Yang et al., 2002). 

Chlorophyll is harbored in the thylakoid membranes, and loss of chlorophyll may   
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Table 4.71. Influence of foliage applied Si at various growth stages on superoxide 

dismutase (unit mg
-1

 protein) of wheat under different sowing dates 

Interaction and main effect means not sharing same letter differ significantly (P ≤ 0.05) 

   SD= Sowing dates, Si= Silicon application 

 

Table 4.72. Influence of foliage applied Si at various growth stages on superoxide 

dismutase (unit mg g
-1

 protein) of wheat cultivars 

Interaction and main effect means not sharing same letter differ significantly (P ≤ 0.05) 

Cv = Cultivar, Si= Silicon application 

 

 

  

 

Si 

application 

2010-11 2011-12 

10-Nov 10-Dec 10-Jan Means 10-Nov 10-Dec 10-Jan Means 

Control 156.3 214.3 249.4 206.7 C 168.6 j 208.5 f 241.3 c 206.2 D 

Tillering 162.7 224.7 257.2 214.8 B 183.8  i 219.3 e 251.4 b 218.2 C 

Booting 169.2 233.1 266.3 222.8 A 190.4 h 234.7 d 254.8 b 226.6 B 

Heading 170.2 236.2 266.4 224.3 A 199.2 g 239.0 cd 262.5 a 233.5 A 

Means 164.6 C 227.1 B 259.8 A  185.5 C 225.4 B 252.5 A  

LSD ≤ 0.05 SD = 25.06, Si = 2.79 SD = 32.58, Si = 2.99,  SD × Si = 5.18 

Sowing 

dates 

2010-11 2011-12 

Faisalabad-2008 Sehar-2006 Faisalabad-2008 Sehar-2006 

Control 202.3 f 211.0 de 202.3 210.0 

Tillering 209.5 e 220.2 b 214.0 222.3 

Booting 214.2 cd 231.4 a 222.9 230.3 

Heading 218.1 bc 230.4 a 229.1 238.0 

Means 211.0 B 223.3 A 217.1 B 225.2 A 

LSD ≤ 0.05 Cv = 3.90, Si × Cv = 3.95  Cv = 5.80 
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be due to high temperature induced electrolytic leakage of thylakoid membrane (Al-Khatib 

and Paulsen, 1984; Ristic et al., 2007) and lipid peroxidation of chloroplast membranes 

(Djanaguiraman et al., 2010). Loss of chlorophyll due to thylakoid membrane damage could 

be another reason to decrease in photosynthesis. PS II is highly temperature-sensitive and 

high temperature reduces its activities (Camejo et al., 2005). PS I system is usually more 

conserved under high temperature than PS II (Heckathorn et al., 1998). In wheat, high 

temperature might damage the various sites of PS II (Sharkova, 2001). At high temperature, 

Rubisco deactivation rate normally exceeds the capacity of activases to promote activation, 

which results into a decrease in net photosynthesis (Salvucci and Crafts, 2000). All above 

discussion supported the results of current study that high temperature due to late sown wheat 

significantly decreased the chl a, b and total chlorophyll contents.  

 It is evident from present study that different sowing dates significantly influenced 

the protein and Defense mechanism like SOD and CAT activities in the flag leaf at heading 

stage of wheat (Table 4.68-4.72). If the defense mechanism against oxidative stress is not 

sufficient, plant may become susceptible to ROS damage (Pell and Dann, 1991). Reactive 

oxygen species in crop plants are eliminated by the variety of enzymatic and non-enzymatic 

antioxidants which is most proficient against oxidative stress (Halliwell and Gutteridge, 

1999). High temperature stress induced oxidative stress and expression of antioxidants in 

crop plants was reported by many researchers (Storozhenko et al., 1998; Gong et al., 1998; 

Lee et al., 1999; Panchuk et al., 2002; Kochhar and Kochhar, 2005). Antioxidants’ enzymes 

productions is triggered by the increased level of ROS which are produced when the cellular 

homeostasis is disrupted (Badawi et al., 2007). It could be stated that the higher SOD activity 

is the part of the ability to tolerate high temperature. Increase in SOD activity as a result of 

high temperature was reported by Jiang and Huang (2001), such increase could be due to the 

accumulation of Cu/Zn-SOD m RNA (Tsang et al., 1991).   

As shown in current study, foliar applied Si at various growth stages of wheat 

significantly increased the chl a, chl b and total chlorophyll content in comparison to control 

(Table 4.61 -4.66). Under early and late sown conditions, maximum improvement in chl a, 

chl b and total chlorophyll content was obtained when Si was sprayed at booting or heading 

phase of wheat when compared to control of each sowing date. This increase in chlorophyll 

contents by the application of Si might be due to increased photosynthetic efficiency by 

motivating the activity of photosynthetic enzymes like Rubisco. These results are consistent 

with the findings that Si foliar application enhanced that photochemical efficiency of PSII in 
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tomato under stressful condition (Al-aghabary et al., 2004). In this regard, Si application 

increases 22.2% more photosynthetic efficiency in maize as compared to control (Moussa, 

2006). Application of Si also enhanced the CO2 fixation in rice (Ma et al., 2002) and 

increased the Rubisco activity by 31% in cucumber on dry weight basis compared to the 

control (Adatia and Besford, 1986). Additionally, Si treatment improved the chlorophyll 

concentrations and delayed leaf senescence that further contributed to CO2 fixation under 

stress condition (Gong et al., 2008). The result of current study indicated that Si application 

at different growth stages of wheat significantly increased the activity of SOD and CAT. 

Higher activity of the antioxidant was observed at booting and heading stage because late 

sown wheat faced high temperature at the booting phase during March and April. Soil applied 

Si during booting and heading stage enhanced the activity of SOD and CAT.  These results 

are in line with the finding of Almeselmani et al. (2006) who also reported that Si application 

on wheat significantly increased the activities of SOD and CAT under late and very late sown 

conditions. Under late sown conditions, high temperature changes in lipid peroxidation are 

mediated by ROS. Antioxidant defense mechanism is one of the more efficient preventing 

system by detoxifying the reactive oxygen species (Scandalios, 1993). In this present study, 

foliage applied Si significantly increased the SOD and CAT activity. It indicated that the 

oxidative damage due to high temperature in late sown wheat was ameliorated by Si 

application due to the remarkable increase of SOD and CAT and decrease of H2O2 content 

(Liang, 1996). Gong et al. (2005) reported that application of Si on wheat under water stress 

conditions also enhanced the activities of SOD, CAT and reduced the activity of H2O2. 
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 CHAPTER 5 

SUMMARY 

High temperature at reproductive stage of wheat is one the main problem in late sown 

wheat. Early sowing of wheat seems an ideal solution to escape the high temperature 

during the reproductive stage. Under late sown conditions, high temperature and 

oxidative stress are the major reasons of crop damage. The exogenous application of Si at 

various growth stages of wheat as a soil or foliage applied may reduce the effect of high 

temperature under late sown conditions.  

Two green house experiments were conducted in pots containing the soil medium. 

Soil was taken from Research Area, Department of Agronomy, University of Agriculture, 

Faisalabad. Wheat cultivar Sehar-2006 used for these experiments was obtained from 

Ayub Agriculture Research Institute, Faisalabad, Pakistan. These experiments were 

conducted to optimize the sources and levels of Si as soil and foliage applied in the green 

house. In the first experiment three sources (calcium silicate, sodium silicate, and silicic 

acid) and four levels (0, 50, 100, 150 mg kg
-1

) of Si were used for wheat growth as soil 

application. The second experiment was conducted to optimize level of Si out of four 

levels (0, 50, 100, 150 mg L
-1

) for wheat growth as foliar application. The optimization 

was done on the basis of the seedling growth.  

Two field experiments were carried out at Agronomic Research Area, University 

of Agriculture, Faisalabad using randomized complete block design in split-split 

arrangements with three replications in 2010-11 and 2011-12. In these experiments two 

wheat varieties viz. Sehar-2006 and Faisalabad- 2008 having contrasting behavior in late 

sown conditions were selected on the basis of their track record. Field experiments 

comprised of three sowing dates (viz. 10 Nov, 10 Dec, 10 Jan) placed in main plots, 

wheat varieties (viz. Sehar-2006 and Faisalabad-2008) placed in sub plots and growth 

stages (viz. control, basal, tillering, booting and heading) placed in sub-sub plots at which 

Si optimized level was applied either as soil application or as foliar spray. Data regarding 

the developmental, growth, agronomic, biochemical and yield related parameters were 

studied. The data so collected were analyzed statistically by using the Fisher’s analysis of 

variance technique and LSD at 5% probability was used to compare treatments’ means. 

The results of experiments are given below:   
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Green house experiments    

Experiment-I 

Soil applied Si significantly enhanced the growth of wheat. Better results were 

obtained when Si from source Ca-silicate was applied at the rate of 100 and 150 mg kg
-1

 

of soil. However, these two levels were mostly at par with each other in many parameters 

observed.  The current results also enabled us to select the most effective level (100 mg 

kg
-1

) out of four levels of Si. 

Experiment-II 

Foliar application of the Si significantly improved the growth of the wheat 

seedling. Maximum growth improvement was observed when Si was sprayed at the 

concentration of 100 mg L
-1

. So, 100 mg L
-1

 Si was considered as an effective 

concentration for the growth of wheat because seedling vigor and its dry weight were 

increased significantly when compared to control.  

Field experiments   

Experiment-I 

 Under late sown conditions, days to heading and maturity were significantly 

reduced. 100 mg kg
-1

 soil applied Si at various growth stages of wheat 

significantly increased days to heading and maturity. Maximum days from 

heading to maturity were recorded when Si was applied at heading stage of crop.  

 Application of Si at various growth stages of wheat improved the LAI, CGR, 

NAR and seasonal LAD at each sowing date. Maximum increase in growth 

attributes was obtained when Si was applied at booting or heading stage of wheat.    

 Grain yield and all yield contributing factors (spike length, number of grains per 

spike, and 1000-grain weight) were reduced significantly under late (10
th
 Dec) and 

very late (10
th
 Jan) sown conditions. 100 mg kg

-1
 soil applied Si at various growth 

stages of wheat significantly increased the grain yield and yield components when 

compared to control. Maximum grain yield and yield contributing factors were 

recorded when Si was applied at heading stage of the crop.    

 100 mg kg
-1

 soil applied Si at all growth stages of wheat improved the chlorophyll 

contents and enhanced the activity of antioxidants under early (10
th
 Nov), late 
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(10
th
 Dec) and very late (10

th
 Jan) sown conditions  but improvement was more 

prominent with Si applied at heading stage.   

Experiment-II  

 Foliar application of Si at all growth stages of wheat increased the days to heading 

and maturity at each sowing date. Maximum increase in days to maturity was 

recorded when 100 mg L
-1

 Si was sprayed at heading stage of crop under late 

sown conditions.  

 Silicon sprayed at all growing stages of wheat significantly improved the LAI, 

CGR, LAD and NAR under all sowing dates. Significantly higher LAI, CGR, 

LAD and NAR were obtained when 100 mg L
-1

 Si was sprayed at booting or 

heading stages of wheat crop under late sown conditions when compared to 

control.  

 Under late sown conditions, yield and all yield attributes (spike length, number of 

grains per spike, and 1000-grain weight) were reduced significantly. All these 

parameters improved significantly by Si application at all growth stage but was 

more effective when sprayed at heading stage of crop.       

 Chlorophyll contents and antioxidants’ activities of flag leaf were improved 

significantly by foliar application of 100 mg L
-1 

Si at all growth stages under early 

and late sown conditions. However, maximum chlorophyll contents and 

antioxidants’ activities were obtained when Si was sprayed at heading stage of 

wheat.  

Conclusion  

Silicon application significantly improved the wheat performance under late sown 

condition by enhancing the growth attributes, increasing the days from heading to 

maturity, photosynthetic pigment concentration, antioxidants activity and yield and yield 

components.  A dose of 100 mg kg
-1 

Si for soil application and 100 mg L
-1 

Si for foliar 

application was best for the growth of wheat. Silicon application, as soil applied or foliar 

spray was more effective when applied at heading stage of wheat. Soil application of Si 

performed comparatively better than foliar spray.   
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Future thrusts 

• Role of silicon in Plasmalemma H
+
-ATPase hydrolytic and pumping activity in 

wheat should be determined. 

•  We should identify silicon transporters involved in silicon uptake in crop, and a 

new strategy for producing crops with high resistance to multiple stresses by 

genetic modification of the root’s silicon uptake capacity. 

• Role of Si in resistance against the biotic stress should be investigated  

• Role of Si in resistance against lodging should be investigated 
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