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Abstract— In order to evaluate productivity of some 

wheat cultivars grown in sandy, saline soil under foliar 

spraying with humic acid, amino acids and nitrogen 

fertilizer levels. Highest chlorophyll b and carotenoid 

content, percentage of sodium and calcium, tallest  plants 

and higher number of tillers/plant were achieved from 

Gemiza 9 cultivar. The highest relative growth rate 

(RGR) and net assimilation rate (NAR), chlorophyll and 

total chlorophyll values, higher flag leaf area and stem 

diameter were resulted from Giza 168 cultivar. While, 

higher percentages of proline, total phenols and 

potassium percentages were found from Shaka 93 

cultivar. The earlier for a number of days to heading and 

flowering were resulted from Shaka 93 cultivar. 

Application of humic and amino acid mixture significantly 

enhanced total leaf area/plant, plant dry weight after 75 

and 95 days from sowing (DFS), RGR, NAR, 

photosynthetic pigments, i.e. chlorophyll a, chlorophyll b 

and carotenoids and proline contents. In addition, highest  

total phenols, potassium and calcium percentages, height 

flag leaf area, tallest plants, highest stem diameter and 

number of tillers/plant compared with other foliar 

spraying treatments. Accordingly, it could be 

recommended that foliar spraying wheat plants Giza 168 

cultivar with the mixture of humic acid and Amino acids 

with addition, mineral fertilizing with 262 kg N/ha to 

obtain the best growth characters of wheat under newly 

reclaimed sandy saline soil conditions.   

Keywords— Wheat Cultivars, Humic Acid, Amino 

Acids, Nitrogen Fertilizer levels.  

 

I. INTRODUCTION 

There is a huge shortage in production of wheat in Egypt, 

it imported more than 50% of our consumption [1]. The 

extreme increase in population in Egypt needs to increase 

wheat production in order to overcome this lack in 

production through its cultivation in the new reclaimed 

soils especially under saline conditions of such soil.  To 

increase the cultivated area of wheat plant it is necessary 

to go to newly reclaim soils. However, most of the newly 

reclaimed soil suffers from salinity problem. Salinity is a 

major abiotic stresses in arid and semi-arid regions that 

sustained decreases the yield of major crops by more than 

50%. Considerate the influences between a plant’s initial 

response and the downstream events that establish a 

successful adjustment to its altered environment is one of 

the next grand challenges of plant biology [2]. Salinity 

restrictions, soil fertility in irrigated regions of the world, 

this effect due to low rainfall in these areas besides soil 

leaching does not occur [3]. Soils contain soluble salts of 

multifarious nature, when soil and environmental 

conditions allow the concentrations in soil profiles to a 

high level, soil salinity becomes a severe threat to land 

degradation and crop productivity [4]. According to FAO 

about 20 to 30 million hectares of irrigated land are 

currently seriously damaged by salinity, and 0.25 to 0.50 

million hectares are lost from production every year as a 

result of salt accumulation. So, it could be achieved 

through using suitable agronomic practices. Chosen the 

high yielding ability cultivars undoubtedly is very 

important to raise wheat productivity per unit area. For 

this reason, this study is aimed to evaluate the new 

promising cultivars for scooping light on the best cultivar 

that can be used under the environmental conditions of 

newly reclaimed sandy saline soils. Gemmiza 7 cultivar at 

the three stages (75, 96 and 117 days after sowing) of 

growth produced tallest plants, number of tillers/plant, dry 

weight/plant, leaf area/plant and flag leaf area and also 

crop growth rate (CGR) and relative growth rate (RGR) at 

growth intervals of 96-117 days after sowing than Sakha 

93 cultivar [5]. The largest flag leaf area was obtained 

from Sakha 93 and Gemmeiza 9 cultivars. Though, Sakha 

94 cultivar significantly exceeded all studied cultivars in 

plant height [6]. Sohag-3 cultivar produced tallest plants. 

While, BaniSweef-3 recorded the highest number of 

tillers/plant. Whereas, Sohag-2 recorded highest leaves 

area/plant [7]. Total phenols increased in Sakha 93 

cultivar as compared with those of Gemiza 9 cultivar 
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grown under salinity stress  [8]. Gemmiza 10 cultivar 

exceeded (Gemmiza 9 and Sakha 93) cultivars in number 

of days to heading, flag leaf area and plant height [9]. 

Foliar fertilization is a widely used practice to correct 

nutritional deficiencies in plants caused by improper 

supply of nutrients to the roots. Foliar application 

stimulates the plants to create exudates in the roots which 

excite microbes to work harder and thus increases nutrient 

uptake from the soil. Sprayings are a great supplement to 

boost flavors, sweetness, mineral density and yield of 

crops [10].  Humic acid is a principal component of 

humic substances, which are the major organic 

constituents of soil (humus). Humic substances have 

many beneficial effects on soil physical structure and soil 

microbial populations as well as increase, modify 

mechanisms involved in plant growth stimulation, cell 

permeability and nutrient uptake and increasing yield 

[11,12]. Humic acid foliar spraying significantly 

increased photosynthesis process and antioxidant 

metabolism under water stress conditions [13]. Humic 

acid foliar spraying significantly affected dry weight and 

the uptake of mineral elements. Dry weight was higher in 

humic acid spraying when compared with the control 

treatment. The highest dry weight was obtained from 

0.1% dose of humic acid [14]. Foliar spraying with humic 

acid significantly increased plant height [2,15].  

Amino acids enhanced chlorophyll concentration leading 

to higher degrees of photosynthesis, which makes crops 

lush. Amino Acids act as a cytoplasm osmotic agent on 

stomata cell, which help plants improve absorption of 

macro and trace nutrients as well as gasses through 

favoring the opening of stomata. It helps the absorption 

and transportation of micronutrients inside the plant 

getting easier. Also, it actions as equilibrium of soil 

microbial flora to improve mineralization of the organic 

matter and formation of a good soil structure and fertility 

around the roots  [16]. Applied of nitrogen to the plant will 

affect the amount of protein, protoplasm and chlorophyll 

formed. In turn, this influences cell size, leaf area and 

photosynthetic activity. Availability of nitrogen increased 

tiller number, the number and weight of the grains, 

consequently yields of wheat [17]. Nitrogen fertilizer has 

a good effect on plant productivity, nevertheless it's also 

having a polluting effect on the environment. Increasing 

nitrogen fertilizer up to 90 kg N/fed significantly 

exceeded other levels in photosynthetic pigments, growth 

characters, yield components , yield and quality characters  

[18]. Increasing nitrogen fertilizer level up to 100 kg 

N/fed significantly increased flag leaf area, plant height, 

spike length, grain and straw yields/fed and protein 

content of grains [19]. Plants grown-up under the control 

treatment produced significantly lesser of total dry 

matter than those treated with 90, 120 and 150 kg N /ha 

[20,21]. Increasing nitrogen fertilization rates up to 80 

or 120 kg N/ha significantly increased number 

tillers/plant and spike length. High and economical 

increases of study parameters was 80 kg N/ha, which 

gave the highest number of tillers/plant and spike 

length. Maximum grain yield resulted from the 

application of 100 kg N/ha [22]. Therefore, this study 

was aimed to decide the effect of foliar application with 

humic acid, amino acid under nitrogen fertilizer levels on 

the growth, yield and its attributes and chemical 

constituents of some cultivars of bread wheat grown in 

newly reclaimed sandy saline soil conditions in 

conditions. 

 

II. MATERIALS AND METHODS 

2.1. Research time and location: 

Two field experiments were conducted at Station Farm of 

Kalabsho and Zayan district, Faculty of Agriculture, 

Mansoura University, Egypt. The experiments were set to 

find response of wheat cultivars (Shaka 93, Gemiza 9 and 

Giza 168) to foliar spraying (Spraying with water, 

spraying with Actosol source of humic acid at the rate of 

5 ml /liter water, spraying with Amino-Cat source of 

amino acids at the rate of 5 ml/liter water and spraying 

with the mixture of Actosol and Amino-Cat at the rates of 

5 + 5/liter water, respectively) and nitrogen fertilizer 

levels (166, 214 and 262 kg N/ha as ammonium nitrate 

33.5 % N).  

The experimental soil was sandy in texture, pH was 8.5, 

E.C. was 9.11 dSm-1, available nitrogen was 4.1 ppm, 

available phosphorus was 5.53 ppm and organic matter 

was 0.65%. Each experimental unit area was 3 × 3.5 m 

occupying an area of 10.5 m2. A split-split plot design 

with three replicates was followed. Wheat cultivars were 

assigned to the main plots, whereas foliar spraying and 

nitrogen fertilizer were allocated in the 1st and 2nd order 

sub plots, respectively. Each experiment included thirty-

six treatments comprising, three wheat cultivars, four 

foliar spraying and three nitrogen fertilizer levels. The 

foliar solution volume was 475 liter/ha and spraying was 

conducted by hand sprayer (for experimental plots) until 

saturation point three times after 30, 45 and 60 days from 

sowing. Tween-20 was used as a wetting agent at 0.02% 

concentration. While, Nitrogen fertilizer was applied at 

the aforementioned levels as a side-dressing in four equal 

doses prior every irrigation and finished before heading. 

All plants received full irrigation and maintained weed 

free by hand weeding after sowing whenever necessary. 

Phosphorus fertilizer was applied during soil preparation 

as calcium super phosphate (15.5% P2O5) at the rate of 

476 kg/ha. Potassium fertilizer was broadcasted in one 

dose before the second irrigation as potassium sulphate 

(48 % K2O) at the rate of 178 kg/ha.  Grains of wheat 
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cultivars were sown at the rate of 190 kg/ha, during the 

last week of November by using hand drilling in both 

seasons. Plants were harvested on 5th and 9th of May for 

growing seasons.  

2.2. Studies characters: 

At the emergence of approximately 50% spikes/plot and 

50% flowering approximately of the spikes/plot, it was 

calculated the number of days to 50% heading and 

number of days to 50% flowering, respectively. At 75 and 

95 days after sowing samples were taken for 

determination total leaf area/plant (cm2): Determined 

according to [23]. The dry weight of plant (g): All plant 

fractions were air-dried, then oven dried at 70ᵒC till 

constant weight obtained. 3-Crop growth rate (CGR): 

Determined according to [24]. 4-Relative growth rate 

(RGR): Determined according to [24]. 5-Net assimilation 

rate (NAR): Determined according to [25]. Samples of 

flag leaf were taken after 90 days from sowing for the 

following chemical analysis . 6-Photosynthetic pigments: 

Both chlorophyll and carotenoid contents in fresh leaves 

were estimated using the method of [26]. 7-Proline 

content: Proline content was determined in flag leaf by 

the modification of ninhydrine method of [27]. 8-Total 

Phenols: Total Phenols was assayed according to the 

method described by [28]. 9-Sodium and potassium 

percentages: Sodium and potassium percentages were 

estimated by using flame photometer according to [29]. 

10-Calcium percentage: Calcium percentage was 

determined by using the atomic absorption 

spectrophotometer as a method of [30] After 125 days 

from sowing, where five guarded plants were chosen from 

each sub-plot to determine 6-Flag leaf area (cm2): 

Calculated according to [23]. 7-Plant height (cm). 8-Stem 

diameter (mm). 9-Number of tillers/plant. 

2.3. Experimental analysis: 

All obtained data were statistically analyzed according to 

the technique of analysis of variance (ANOVA) for the 

split – plot design to each experiment (row spacing), then 

combined analysis was done between row spacing trails 

as published by [31] by using “MSTAT-C” computer 

software package. A Least significant of the difference 

(LSD) method was used to test the differences between 

treatment means at the 5 % level of probability as 

described by [32].   

 

III. RESULTS AND DISCUSSION 

3.1. Cultivars Performance: 

Results presented in Tables 1, 2 and 3, the results clearly 

showed that there were significant differences in most the 

growth, physiological and chemical characters among 

wheat cultivars in the two growing seasons. Under 

conditions of this study, Gemiza 9 cultivar caused a 

significant increase in characters, i.e. chlorophyll b, 

carotenoids, sodium, calcium percentages, plant height 

(cm) and number of tillers/plant in both seasons. The 

highest values of relative growth rate (g/g/week), net 

assimilation rate (g/m2/week), chlorophyll a (mg/g fresh 

weight), total chlorophylls (mg/g fresh weight), flag leaf 

area (cm2) and stem diameter (cm) were resulted from 

Giza 168 cultivar. Whereas, the highest values of proline 

(mg/g fresh weight), total phenols (mg/100 g fresh 

weight) and potassium percentages were obtained from 

Shaka 93 cultivar. From obtained results, earliness 

characters (numbers of days to 50% heading and numbers 

of days to 50% flowering) significantly affected by 

different wheat cultivars. The earlier in heading and 

flowering were resulted from Shaka 93 cultivar in the first 

and the second seasons, respectively. The variation 

among wheat cultivars may be due to the genetically 

variation among them as a result of the differences of 

wheat cultivars pedigree (Table 1). Similar results were 

obtained by [5,6,7,8,9].    

3.2. Effect of foliar spraying treatments: 

Foliar spraying treatments using from humic acid, amino 

acids and the mixture of humic and amino acids were 

associated significant effect on most growth, 

physiological and chemical characters in both seasons 

(Tables 1, 2 and 3). Foliar spraying with a mixture of 

humic and amino acids significantly improved most 

characters and induced the highest values of total leaf 

area/plant (cm2), plant dry weight (g) after 75 and 95 

DFS, relative growth rate (g/g/week), net assimilation rate 

(g/m2/week), flag leaf area (cm2), plant height (cm), stem 

diameter (cm) and number of tillers/plant. These findings 

associated with increasing of photosynthetic pigments 

(chlorophyll a, chlorophyll b and carotenoids  mg/g fresh 

weight), Proline content (mg/g fresh weight), total 

Phenols (mg/100 g fresh weight), potassium percentage, 

calcium percentage and decrease of sodium percentage of 

wheat plants compared with other foliar spraying 

treatments (humic acid or amino acids) and spraying with 

water (control treatment) in both seasons. From obtained 

results, earliness characters (numbers of days to 50% 

heading and 50% flowering) significantly affected by 

foliar spraying treatments in both seasons .  Foliar 

spraying wheat plants with the mixture of humic acid and 

amino acids significantly surpassed other foliar spraying 

treatments (humic acid or amino acids) and spraying with 

water (control treatment) and produced the highest values 

in the first and second seasons. This increase in attributes 

under study by foliar spraying treatments with nutrient 

compounds that contains macro and micronutrients may 

be due to the role of macro and micronutrients in 

increasing meristematic activity and production of some 

growth regulators such as Indole Acetic Acid (IAA), 

which is essential for the elongation of the internodes 
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reflecting increases in these traits. These findings were 

proportionately with those reported by [12,14,15].     

3.3 Effect of nitrogen fertilizer levels: 

With respect to the effect of nitrogen fertilizer levels on 

most growth, physiological and chemical characters in 

both seasons (Tables 1, 2 and 3). The results clearly 

indicated that a significant in the two growing seasons of 

these characters as shown in Tables 1, 2 and 3. All studied 

characters of wheat plants gradually increased as a result 

of increasing nitrogen fertilizer levels from 166 to 214 

and 262 kg N/ha in both seasons, it was evident that, 

under the environmental conditions of newly reclaimed 

sandy, saline soil, wheat plants still responded to more 

levels of nitrogen fertilizer up to 262 kg N/ha. Generally, 

maximum means of all studied characters were produced 

from fertilizing wheat plants with 262 kg N/ha in the first 

and second seasons. On the contrary, the lowest values of 

these characters were obtained from plots that received 

lowest nitrogen fertilizer levels (166 kg N/ha). This 

increase in wheat growth characters due to increasing 

nitrogen fertilizer levels might have been due to nitrogen, 

which considers as one of the major elements which is 

essential for plant growth, and plays an important role as 

division and elongation of cells are concerned, thus 

increasing cell number and size and also via activation 

metabolic and photosynthesis processes. Similar results 

were obtained by [18,18,20,21,22].      

3.4- Effect of interactions: 

Regarding the effect of interactions, there are many 

significant effects of the interactions on the studied 

characters. We present only the effect of significant 

interactions on the studied characters in both seasons 

(Tables 1, 2 and 3). Means of relative growth rate (RGR) 

were insignificantly affected by various interactions 

among studies factors, i.e. cultivars, foliar spraying and 

nitrogen fertilizer levels in both seasons, except the 

interaction between cultivars × nitrogen fertilizer levels in 

the first season and foliar spraying × nitrogen fertilizer 

levels in both seasons (Table 2). The results graphically 

illustrated in Fig.1 showed that foliar spraying with humic 

and amino acids in mixture and increasing nitrogen 

fertilizer levels up to 262 kg N/ha significantly recorded 

highest relative growth rate (RGR). The interaction 

among wheat cultivars, foliar spraying treatments and 

nitrogen fertilizer levels had a significant effect on the 

total chlorophylls percentage in flag leaf in both seasons, 

except the interaction between cultivars × foliar spraying 

treatments, cultivars × nitrogen fertilizer levels (in the 

second season) and foliar spraying treatments × nitrogen 

fertilizer levels (in the first season). The results 

graphically illustrated in Figs. 2 showed that foliar 

spraying Giza 168 cultivar with humic and amino acids in 

mixtures and increasing nitrogen fertilizer levels up to 

262 kg N/ha significantly recorded highest total 

chlorophylls percentage in flag leaf in both seasons. 

However, the lowest total chlorophylls percentage in flag 

leaf was produced fertilizing Sakha 93 cultivar with 166 

kg N/ha without foliar spraying (control treatment).  

 

IV. CONCLUSION 

Accordingly, it can be recommended that foliar spraying 

wheat plants Giza 168 cultivar with the mixture of humic 

acid and Amino acids with addition, mineral fertilizing 

with 262 kg N/ha to obtain the best growth characters of 

wheat under newly reclaimed sandy saline soil 

conditions. 
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Table.1: Total leaf area/plant, plant dry weight, crop growth rate, relative growth rate and net assimilation rate as affecte d 

by foliar spraying and nitrogen fertilizer levels of some wheat cultivars as well as their interactions during 

2013/2014 and 2014/2015 seasons. 

Characters 

Treatments 

Total leaf area/plant (cm
2
) Plant dry weight (g) 

CGR 

(g/week) 

RGR 

(g/g/week) 

NAR 

(g/m
2
/week) 

75 

DFS 

95 

DFS 

75 

DFS 

95 

DFS 

75 

DFS 

95 

DFS 

75 

DFS 

95 

DFS 
2013 

/2014 

2014 

/2015 

2013 

/2014 

2014 

/2015 

2013 

/2014 

2014 

/2015 2013 

/2014 

2014 

/2015 

2013 

/2014 

2014 

/2015 

2013 

/2014 

2014 

/2015 

2013 

/2014 

2014 

/2015 

A- Cultivars:   

Shaka 93 212.4 216.0 238.7 243.2 6.05 6.28 11.36 11.82 1.86 1.93 0.18 0.18 10.73 10.82 

Gemiza 9 238.8 248.6 270.1 281.3 7.85 8.67 13.21 14.29 1.87 1.96 0.20 0.19 12.21 12.22 

Giza 168 213.3 216.1 246.0 251.8 7.43 7.80 12.88 13.36 1.90 1.94 0.23 0.22 12.22 12.74 

F. test * * * * * * * * NS NS * * NS * 

LSD at 5 % 9.5 9.6 10.6 10.1 0.47 0.30 0.80 0.78 - - 0.02 0.02 - 0.68 

B-Foliar spraying:   

Control 

treatment 
183.5 189.3 209.3 215.6 6.28 6.82 11.70 12.50 1.89 1.98 0.19 0.18 9.65 9.43 

Humic acid 

(HA) 
207.3 212.2 237.5 246.0 6.72 7.36 12.16 13.05 1.90 1.99 0.21 0.20 12.37 12.56 

Amino acids 

(AA) 
231.0 233.0 262.0 265.2 7.49 7.70 12.77 13.15 1.84 1.90 0.19 0.19 10.90 11.47 

Mixture of 

HA + AA 
264.4 273.2 297.7 308.3 7.94 8.45 13.31 13.90 1.87 1.90 0.22 0.21 13.96 14.24 

F. test * * * * * * * * NS NS NS * * * 
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LSD at 5 % 15.6 15.6 15.7 16.2 1.13 1.01 1.00 1.08 - - - 0.02 1.23 1.51 

C- Nitrogen fertilizer levels:   

166 kg N/ha 216.3 219.2 243.2 248.1 5.36 5.98 10.99 11.87 1.80 1.86 0.16 0.16 10.77 10.80 

214 kg N/ha 218.2 224.9 248.0 256.5 6.82 7.41 12.16 12.89 1.86 1.92 0.20 0.19 11.73 11.73 

262 kg N/ha 230.2 236.6 263.7 271.7 9.15 9.37 14.30 14.70 1.97 2.06 0.25 0.24 12.67 13.23 

F. test * * * * * * * * * * * * * * 

LSD at 5 % 8.9 9.7 8.0 9.8 0.34 0.27 0.35 0.32 0.06 0.08 0.01 0.01 0.58 0.37 

 

Table.2: Chlorophyll a, chlorophyll b, total chlorophylls, carotenoids, proline percentage, total phenols, sodium percentage,  

potassium percentage and calcium percentage as affected by foliar spraying and nitrogen fertilizer levels of some wheat 

cultivars as well as their interactions during 2013/2014 and 2014/2015 seasons. 

Characters 

Treatments 

Chlorophyll a  

(mg/g fresh 

weight) 

Chlorophyll b  

(mg/g fresh 

weight) 

Total 

chlorophylls 

(mg/g fresh 

weight): 

  

Carotenoids  

(mg/g fresh 

weight) 

Proline 

percentage 

(mg/g fresh 

weight) 

Total phl. 

(mg/100 g 

fresh 

weight) 

Na (% ) K (% ) Ca  (% ) 

  1st  2nd  1st  2nd  1st  2nd  1st  2nd  1st  2nd  1st  2nd  1st  2nd  1st  2nd  1st  2nd 

A- 

Cultivars

: 

  

Shaka 93 0.780 1.144 0.367 0.439 1.146 1.583 0.439 0.494 14.22 15.21 95.68 96.44 0.092 0.101 2.192 2.392 0.313 0.323 

Gemiza 9 0.778 1.056 0.472 0.520 1.251 1.576 0.611 0.684 12.41 13.61 93.49 95.46 0.107 0.116 1.870 2.070 0.248 0.298 

Giza 168 1.026 1.151 0.422 0.488 1.448 1.639 0.430 0.485 13.07 14.47 93.92 95.95 0.099 0.109 2.025 2.225 0.254 0.304 

F. test * * * NS * NS * * * * * NS * * * NS * * 

LSD at 5 

%  
0.073 0.074 0.067 - 0.127 - 0.060 0.050 0.40 0.58 1.40 - 0.011 0.006 0.054 - 0.004 0.007 

B-Foliar spraying: 

Control 

treatment 
0.806 0.939 0.387 0.453 1.205 1.393 0.411 0.455 11.15 12.67 91.45 93.84 0.133 0.143 1.310 1.510 0.335 0.372 

Humic 

acid 

(HA) 

0.853 1.075 0.399 0.455 1.240 1.529 0.505 0.568 14.11 15.04 95.15 96.64 0.090 0.100 2.274 2.474 0.250 0.357 

Amino 

acids 

(AA) 

0.864 1.164 0.407 0.469 1.271 1.633 0.469 0.543 12.12 14.04 94.22 95.26 0.113 0.123 1.802 2.002 0.320 0.286 

Mixture 

of HA + 

AA 

0.922 1.289 0.488 0.551 1.411 1.841 0.588 0.651 15.54 15.98 96.64 98.07 0.061 0.069 2.729 2.929 0.181 0.218 

F. test * * * * * * * * * * * * * * * * * * 

LSD at 5 

%  
0.011 0.010 0.011 0.009 0.011 0.009 0.002 0.001 0.93 0.79 0.98 0.86 0.020 0.015 0.189 0.152 0.023 0.030 

C- Nitrogen fertilizer levels: 

166 kg 

N/ha 
0.830 1.080 0.387 0.449 1.217 1.529 0.462 0.523 13.11 14.45 94.25 95.75 0.090 0.099 1.931 2.131 0.275 0.312 

214 kg 

N/ha 
0.864 1.120 0.421 0.483 1.285 1.603 0.496 0.557 14.02 14.88 94.25 96.14 0.108 0.118 2.123 2.323 0.276 0.313 

262 kg 

N/ha 
0.890 1.151 0.453 0.515 1.343 1.666 0.521 0.583 12.57 13.96 94.59 95.96 0.101 0.109 2.033 2.232 0.263 0.300 

F. test * * * * * * * * * * NS NS * * * * * * 

LSD at 5 

%  
0.007 0.005 0.005 0.005 0.006 0.005 0.001 0.001 0.36 0.43 - - 0.005 0.004 0.065 0.077 0.009 0.010 
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D- Interactions:   

A × B NS * NS * * NS NS * * NS * NS NS NS NS * * NS 

A × C NS * NS * * NS NS * * NS * NS * NS NS NS NS NS 

B × C NS * * NS NS * * NS NS NS NS NS NS NS NS * NS NS 

A × B × 

C 
* NS * NS * * * * NS NS NS NS NS * NS NS * NS 

 

Table.3: Flag leaf area, plant height, stem diameter, number of tillers/plant, number of days to 50% heading and number of 

days to 50% flowering as affected by foliar spraying and nitrogen fertilizer levels of some wheat cultivars as well as their 

interactions during 2013/2014 and 2014/2015 seasons. 

Characters 

Treatments 

Flag leaf area 

(cm
2
) 

Plant height (cm) 
Stem diameter  

(cm) 

Number of 

tillers/plant 

Number of days to 

50%  heading 

Number of days to 

50%  flowering 

  1st  2nd  1st  2nd  1st  2nd  1st  2nd  1st  2nd  1st  2nd  

A- Cultivars:   

Shaka 93 25.79 26.71 80.84 84.18 3.20 3.60 3.69 3.88 77.8 78.1 84.1 84.1 

Gemiza 9 30.74 32.22 93.30 96.30 3.77 4.03 4.76 4.93 87.9 88.9 92.9 95.9 

Giza 168 32.20 35.18 90.25 93.25 3.66 3.98 4.38 4.38 82.1 82.6 89.5 90.6 

F. test * * * * * * * * * * * * 

LSD at 5 %  1.68 1.24 1.77 1.67 0.09 0.13 0.45 0.44 1.1 1.0 1.7 1.6 

B-Foliar spraying: 

Control 

treatment 
25.24 25.84 85.02 85.02 3.10 3.28 3.31 3.27 82.0 82.4 88.0 89.4 

Humic acid 

(HA) 
29.71 33.30 88.64 92.32 3.66 4.02 4.70 5.00 82.7 83.0 88.7 90.0 

Amino acids 

(AA) 
30.55 31.73 87.45 91.97 3.51 3.84 4.33 4.25 82.8 83.2 88.8 90.2 

Mixture of HA 

+ AA 
32.82 34.59 91.42 95.66 3.90 4.33 4.77 5.07 83.0 84.3 89.9 91.3 

F. test * * * * * * * * * * * * 

LSD at 5 %  1.77 1.26 0.80 0.97 0.12 0.19 0.53 0.79 0.6 0.5 0.8 0.6 

C- Nitrogen fertilizer levels: 

166 kg N/ha 26.40 28.43 83.39 88.64 3.32 3.59 3.93 3.76 81.9 81.7 87.8 88.7 

214 kg N/ha 29.36 31.08 88.82 91.09 3.51 3.87 4.36 4.47 82.5 83.4 89.0 90.4 

262 kg N/ha 32.98 34.59 92.18 94.00 3.79 4.14 4.55 4.97 83.4 84.6 89.8 91.6 

F. test * * * * * * * * * * * * 

LSD at 5 %  0.72 0.80 0.63 0.56 0.09 0.09 0.35 0.24 1.0 0.7 0.6 0.5 

D- Interactions: 

A × B NS NS * * NS * NS NS NS NS NS NS 

A × C * NS * NS NS NS NS * NS * NS * 

B × C NS * * * * NS * NS NS NS * NS 

A × B × C * NS * NS * NS * NS NS NS * NS 
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Fig. 1: Plant dry weight (g) after 75 DFS as affected by the interaction between foliar spraying and nitrogen fertilizer leve ls 

during 2013/2014 and 2014/2015 seasons. 

 

Fig. 2: Plant dry weight (g) after 95 DFS as affected by the interaction between foliar spraying and nitrogen fertilizer levels 

during 2013/2014 and 2014/2015 seasons. 

 

Fig. 3: Relative growth rate (RGR) as affected by the interaction between foliar spraying and nitrogen fertilizer levels during 

2013/2014 and 2014/2015 seasons. 
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Fig. 4: Total chlorophylls content as affected by the interaction among wheat cultivars, foliar spraying and nitrogen 

fertilizer levels during 2013/2014 season. 

 

Fig. 5: Total chlorophylls content as affected by the interaction among wheat cultivars, foliar spraying and nitrogen 

fertilizer levels during 2014/2015 season. 

 

Fig. 6: Carotenoids content as affected by the interaction among wheat cultivars, foliar spraying and nitrogen fertilizer 

levels during 2013/2014 season. 
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Fig. 7: Carotenoids content as affected by the interaction among wheat cultivars, foliar spraying and nitrogen fertilizer 

levels during 2014/2015 season. 

 

 
Fig. 8: Plant height as affected by the interaction between wheat cultivars and foliar spraying during 2013/2014 and 

2014/2015 seasons. 

   
Fig. 9: Plant height area as affected by the interaction between foliar spraying and nitrogen fertilizer levels during 

2013/2014 and 2014/2015 seasons. 
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