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Abstract 
A field experiment was carried out at Balouza North Sinai Research Station, Desert Research Center, to 

study the effect of application of P and Si on wheat productivity growing in the winter season of 2018-2019. 

The design of the experiment was a factorial randomized complete block design with two factors in three 

replicates. The first factor was the P fertilizer and the second one was the Si foliar spray. P treatments were P1 = 

60kgPha
-1

, P2= 30kgP ha-
1
 applied as soil application +30 kgP ha-

1
 applied as foliar application and P3= 45kgP 

ha
-1

 applied as soil application +15 kgP ha
-1

 applied as foliar application. Silicon was applied in the form of 

potassium silicate at three rates as follows, S1 (0 mgL
-1

); S2 (500mgL
-1

); and S3 (1000mgL
-1

). At maturity , 

wheat plants were harvested on 9/5/2019. Grain and straw yields significantly increased by the application  of P 

and Si . Also, the obtained results showed that N, P, and K contents in grains and straw increased with 

increasing the application P and Si. 
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Introduction 

 

Wheat is one of the most important strategic 

crops. Phosphorus (P) is a macronutrient that plants 

require in relatively considerable quantities. Its 

primary role in plants is to store and transport the 

energy generated by photosynthesis for use in the 

growth and reproduction processes. A availability of 

P in soil is affected by several factors such as pH, 

(White, 2006). Since P is not very mobile in soil, 

diffusion is the main way in which it reaches to the 

root surface (Lamberset al., 2008). Although its 

diffusion in soil is lower than that of other nutrients, 

it increase by increasing the concentration of 

phosphate in the soil solution (Lamberset al., 2006) 

and also by spraying plants with it. (Femandezand 

Eichert, 2009).Uptake, and transport of foliar P 

determine the overall efficacy of its application 

(Noacket al., 2011). Phosphorus spray reduces 

production costs (Faulkner, 1999). The main reason 

for P spraying is to maintain at an early stage of 

growth (Faulkner, 1999).To enhance phosphorus 

application, Fernandez and Eichert (2009) 

suggested foliar application, Talboyset al. (2020) 

stated that fertilizers have a dramatic conventional 

methods of P application result in limited recovery of 

the applied P. Irfanet al. (2019) stated that enriching 

the aerial parts of plant with P via foliar application 

functions as P provider to grains. Rafiullah et al. 

(2021) applied P as foliar spray in conjunction with 

soil application and obtained an increase in plant 

height and biomass. Concerning silicon, Epstein 

(1999) reported that silicon is the second most 

abundant element in the Earth's crust, Silicon 

compounds reduce or neutralize the toxic effect of 

iron, aluminum, and manganese (Cockeret al., 1997; 

Epstein, 1999 and Rains et al., 2006) and is 

absorbed by roots and deposited within the plants. 

Epstein, et al.,  (1994) found positive effects of 

gypsum and sodium silicate on wheat grown under 

waterlogged conditions. Although the effect of 

silicon is positive on many crops its efficiency as 

fertilizer has not been determined (Sundahri et al., 

2001).  

 

Materials and Methods 

 

A field experiment was conducted in winter 

seasons of 2018 - 2019, at Balouza Research Station 

of the Desert Research Center (DRC) in North Sinai, 

to study the effect of application of phosphorus and 

silicon on wheat productivity under sandy soil 

conditions. Table 1 show physical and chemical 

properties of the soil under study. Nitrogen was 

added to all plots (600 kg N ha
-1

as ammonium 

sulfate) in three unequal doses i.e 20% at seedbed 

preparation prior to sowing, 40% after 25 days from 

sowing, and 40% after 45 days from sowing. K 

fertilizer was added to all plots in three equal doses 

in the form of potassium sulfate at a rate of 480 kg 

ha
-1

 after 25, 45, and 65 days after sowing.  

The design of the experiment was a factorial 

randomized complete block design with two factors 

in three replicates. The first factor (A) was the P and 

the second one was Si. P was applied as soil and 

foliar applications, while silicon (potassium silicate) 

was applied as a foliar application. P treatments were 

three as follow: P1=applied at a rate of 60kg P ha-
1
 as 

soil application; P2= 30 kgP ha-
1
 as soil application 

+30 kgP ha-
1
 as foliar spraying and P3= 45 kgP ha

-1
 

as soil application +15 kgP ha-
1
 as foliar spraying. 

The second factor was Si applied as foliar spray in 

the form of potassium silicate at three rates; 0, 500, 

and1000 mg Si L
-1

. Samples of grains and straw were 
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Table 1. Soil physical and chemical properties. 

Soil Characteristics Values 

Particle size distribution   
Sand % 91.5 

Silt    % 3.3 

Clay % 5.2 

Textural class Sand 

pH  8.12 

EC  dS m 
-1

 1.72 

O.M % 0.22 

CaCO3  % 1.93 

Soluble cations and anions  (mmolc L
-1

)  

Ca
2+

 3.92 

Mg
2+

 2.78 

Na
+
 4.29 

K
+
 1.64 

CO3
 2 - 

0.00 

HCO3
 - 

1.37 

Cl
-
 4.80 

SO4
2 -  

6.46 

Available N ( mg kg
-1

 )  7.6 

Available P (mg kg
-1

)  6.6 

Available K (mg kg
-1

)  144 

 

Results and Discussion 

 

Effect of phosphorus application on wheat yield:-  

Effect on grain yield:-  

Results presented in Table 2 show the effect of P-

fertilizer application, Si spraying, and their 

combination on wheat grain yield.  

Concerning the effect of P, there were significant 

differences between the P treatments. The highest 

value was obtained with the application of 

phosphorus by the rate P3 (45kgPha
-1

as soil 

application +15kgPha
-1

 as foliar spraying. 

Meanwhile, phosphorus application by the rate 

P1(60kg Pha
-1

as soil application) gave the lowest 

value. 

 As for the effect of foliar spraying with Si, there 

were significant differences between the Si 

treatments. The highest value was obtained by 

Si3treatment (1000 mg Si L
-1

) whereas the lowest one 

was obtained by the treatment .Si1 (0 mg Si L
-

1
).Concerning the interaction between the P-fertilizer 

application rates and the Si application rates, results 

in Table 2 show that there were significant variations 

among treatments. The obtained results show that 

increasing the P-fertilizer application rate increased 

wheat grain yield especially under the high rate of Si 

application. The highest value was obtained by P3 

treatment whereas the lowest one was obtained by P1. 

These results are in harmony with those obtained by 

Mosali et al, (2006) who reported that foliar 

application of P increased wheat grain yield and P 

uptake. 

 

Effect on straw yield:- 
Data presented in Table 3 show the effect of P-

fertilizer, Si spraying, and their interaction on straw 

yield. There were significant differences among the P 

treatments. The highest value was obtained by the 

application of P at the rate P3 whereas  the lowest one 

was obtained by application of P at the rate P1. As for 

the effect of foliar spraying with Si, there were no 

significant differences between the Si treatments on 

straw yield. Increasing P rate increased wheat straw 

yield especially under the high rate of Si application. 

The highest value was obtained by P3 application 

combined with the application of Si3.  

 

Table 2.  Effect of phosphorus and silicon application on the grain yield (kg h
-1

) of wheat plants grown on the 

sandy soil under study  

Factor (A) 

P 

Factor (B) Si 
Mean 

Si1 Si2 Si3 

 Grain yield (kg h
-1

)  

P1 4731 5044 5623 5133 

P2 5084 5621 5992 5566 

P3 4733 4981 5211 4975 

Mean 4849 5216 5609  

LSD at 0.05  
P Si P*Si  

119 119 207  
Notes: P1=  60 kg p  ha-1  applied as soil application,   P2=  30kg p ha-1 applied as soil application + 30 kg p  ha-1 foliar. P3=  45kg P ha-1 

applied as soil application + 15 kg p ha-1 foliar , Si1= (0 mg Si L-1) ,Si2= (500 mg Si L-1) , Si3 = (1000 mg Si L-1) foliar. 
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Table 3.  Effect of phosphorus and silicon application on the straw yield (kg h
-1

) of wheat plants grown on the 

sandy soil under study   

Factor (A) 

P 

Factor (B) 

Si Mean 

Si1 Si2 Si3 

P1 7806 7590 7699 7698 

P2 8002 8102 8261 8121 

P3 9064 9056 9174 9098 

Mean 8290 8249 8378  

LSD at 0.05  
P Si P*Si  

654 654 1132  

See footnotes of Table 2 

 

Effect of phosphorus and silicon application on 

nutrients concentration in wheat grains and 

straw:-  
a- Effect on nutrients content in wheat grains: 

b-  Results in Tables 4, 5 and 6 show the effect of 

P-fertilization, Si spraying, and their interaction 

on N, P, and K contents in the grains of wheat. 

Concerning the effect of P, the obtained results 

show that there were significant differences 

between the P treatments. P3 treatment gave the 

highest value as compared with the P1 treatment. 

As for the effect of foliar spray with Si, there 

were non-significant variations between the Si 

treatments. The highest N, P, and K content in 

grains of wheat were obtained by applying P3 

combined with Si3 (1000 mgL
-1

). 

 

Table 4.  Effect of application of phosphorus and silicon on N content (g kg
-1

 ) in grains of wheat plants grown 

on the sandy soil under study.    

Factor A 

P 

Factor B  

Silicon concentration Mean 

Si1 Si2 Si3 

P1 116.4 132.1 139.7 129.4 

P2 114.6 127.9 149.0 130.5 

P3 134.8 153.2 172.5 153.5 

Mean 121.9 137.7 153.7 137.8 

LSD at 0.05  
P Si P*Si  

3.6 3.6 6.2  

 

Table 5.  Effect of application of phosphorus and silicon on P content (g kg
-1

) in grains of wheat.     

Factor (A) 

P 

Factor (B) 

Si Mean 

Si1 Si2 Si3 

P1 22.21 26.46 32.68 27.12 

P2 22.80 28.61 39.65 30.35 

P3 28.90 35.75 43.15 35.93 

Mean 24.64 30.27 38.49 31.13 

LSD at 0.05  
P Si P*Si  

1.67 1.67 2.90  

See footnotes of Table 2 

 

Table 6.  Effect of application of phosphorus and silicon on K content (g kg
-1

) in grains of wheat plants grown 

on the sandy soil under study.     

Factor (A) 

P 

Factor (B) 

Silicon concentration Mean 

Si1 Si2 Si3 

P1 52.68 55.49 61.00 56.39 

P2 46.58 54.62 63.89 55.03 

P3 57.78 70.27 77.14 68.40 

Mean 52.35 60.13 67.34 59.94 

LSD at 0.05  
P Si P*Si  

1.76 1.76 3.04  

See footnotes of Table 2 
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c- Effect on N, P and K content in straw: 

Results in Tables 7, 8, and 9 show the effect of P-

fertilization, Si spraying, and their interaction on N P 

K contents in the straw of wheat. P3 gave the highest 

values of N, P contents and there were significant 

differences as compared with the P1 treatment. 

However, there were no significant differences in K 

content as compared with the P1treatment.  

 About the impact of foliar spray with Si on 

N, P and K contents, the obtained results show that 

there were no significant differences between the Si 

treatments on N, K contents, The highest content of 

N, P, and K in the straw of wheat occurred by 

applying P-fertilizer at P3 combined with Si3. These 

results are in harmony with Lambers et al., (2008). 

P- diffusion can be increased by increasing the 

concentration of phosphate in the soil solution 

(Lambers et al., 2006) and also by spraying plants 

with P.  

 

Table 7.  Effect of application of phosphorus and silicon on N content (g kg
-1

) in the straw of wheat plants 

grown on the sandy soil under study.    

Factor (A) 

P 

Factor (B) 

Si Mean 

Si1 Si2 Si3 

P1 93.56 110.33 127.72 110.53 

P2 90.75 104.38 133.54 109.55 

P3 136.95 142.40 182.76 154.04 

Mean 107.08 119.03 148.01 124.71 

LSD at 0.05 
P Si P*Si  

3.02 3.02 5.24  

See footnotes of Table 2 

 

Table 8.  Effect of  application of phosphorus  and silicon on  P content (g kg
-1

) in the straw of wheat plants 

grown on the sandy soil under study .    

 Factor (A) 

P 

Factor (B) 

Si Mean 

Si1 Si2 Si3 

P1 40.80 47.25 53.92 47.32 

P2 36.30 41.15 51.42 42.96 

P3 50.86 55.66 63.61 56.71 

Mean 42.65 48.02 56.32 49.00 

LSD at 0.05  

P Si P*Si 
 

3.90 3.90 6.75 
 

See footnotes of Table 2 

 

Table 9. Effect of application of phosphorus and silicon on K content (g kg
-1

) in the straw of wheat plants 

grown on the sandy soil under study    

Factor (A) 

P 

Factor B  

Si Mean 

Si1 Si2 Si3 

P1   260.85 333.91 376.12 323.63 
P2 258.58 297.72 362.88 306.39 
P3 322.89 361.01 416.71 366.87 

Mean 280.77 330.88 385.24 332.30 

LSD at 0.05 
P Si P*Si  

12.12 12.12 21.00  

See footnotes of Table 2 

 

 

 
.  
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Conclusion 

It could be concluded that application of P-

fertilizer at a rate of 45kg P ha
-1

 as soil 

application +15kg P ha
-1

 as foliar combined with 

foliar spraying with 1000 mg Si L
-1

 could be 

recommended for increase wheat yields, and 

contents of N P K in North Sinai Governorate. 
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 القمح تحت ظروف التربة الرملية يةإنتاجتأثير إضافة الفهسفهر والسليكهن على 
 2محمد محمد  متهلى حسن – 1محمدالسيد د. ابراهيم -2احمدالقاصد ا.د/ فرج -1سرورالسيدعبدالعال ا.د/ رافت -1نهفل عطية ا.د/عصمت حسن

 
لجراسة تأثيخ  ،  الصحخاءفى محطة بحهث بالهظة شطال سيظاء ، مخكد بحهث 2019 -2018فى الطهسم الشتهى  أجخيت تجخبة حقمية  

مع  ةعشهائيال ةكامم اتتصطيم قطاع فى عاممية تجخبةحيث أقيطت  .القطح تحت ظخوف التخبة الخممية يةالسميكهن عمى إنتاجو إضافة الفهسفهر 
إلى التخبة السهبخ فهسفات  إضافة. تم السميكهن  إضافةوالعامل الثاني هه  ىتاد الفهسفاسطالعاممين في ثلاث مكخرات. كان العامل الأول هه 

سطاد السهبخ فهسفات بثلاث معجلات عمى  إضافةعمى الأوراق. تم  رشا  السميكهن )سيميكات البهتاسيهم(  إضافةالأوراق ، بيظطا تم الخش عمى و 
هكتار  سطاد /كجم  P2 = 420( ؛ فه / هيكتاركجم  60)أي  كإضافة أرضية( P٪ 6,8كجم سطاد سهبخ فهسفات ) P1 = 840الظحه التالي: 

 30ورقي )أي  كخشهكتار سطاد سهبخ فهسفات /كجم  420+  % من الطعجل الطهصى بة( 50ما يعادل )أى  إضافة أرضيةسهبخ فهسفات ك
% من الطعجل الطهصى بة(  50كجم فهسفهر/هكتار )ما يعادل  420+ عمى الأوراق(فه/هيكتار رشا  كجم  30+  فه/هكتاركإضافة أرضيةكجم 

هكتار سطاد سهبخ فهسفات  /كجم 210+  أرضيةكإضافة سطاد سهبخ فهسفات  هكتار /كجم P3 = 630؛ بطظقهع سطاد السهبخ فهسفاتكخش 
 210% من الطعجل الطهصى بة( +  75)ما يعادل أى  ورقي( رش1- هكتار هكجم ف 15+  إضافة أرضية1-هكتار هكجم ف 45ورقي )أي  خشك

 % من الطعجل الطهصى بة( كخش بطظقهع سطاد السهبخ فهسفات. 25كجم فهسفهر/هكتار )ما يعادل 
مجم  S2   =500؛  1-مجم لتخ= صفخ  S1م بثلاث معجلات عمى الظحه التالي:سيميكات البهتاسيه  فى صهرةالسميكهن  إضافةتم  

وكحلك تم الخى  2018نهفطبخ  23فى  (Triticumaestivum cv. Giza 168)تم زر اعة حبهب القطح .1- مجم لتخ S3  =1000؛ و  1- لتخ
الظطه  ثم تم تسجيل وزن محصهل الحبهب والقش وكحلك محتهاهم من  . بعج الظضج تم حصاد نباتات القطح وأخح قياسات بطياه تخعة السلام

فة خاصة عظج إضافة الطعجل وقج أضحت الظتائج أن هظاك زيادة معظهية فى أوزان الحبهب والقش نتيجة إضافة الفهسفهر والسميكهن وبص NPKالـ
 1000الثالث من السميكهن ) الطعجلفهسفهر/هكتاركخش( مع  كجم210كجم فهسفهر/هكتار لمتخبة + 630الثالث من سطاد السهبخ فهسفات )

 الغالب. في معظهيا    زادتأوضحت الظتائج أنها  فقج والقش لحبهبا والبهتاسيهم )٪( في والفهسفهر الظيتخوجين لطحتهيات ممجم/المتخ(. أمابالظسبة


