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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 P, =
60kgPha™, P,= 30kgP ha-' applied as soil application +30 kgP ha-' applied as foliar application and P;= 45kgP
ha* applied as soil application +15 kgP ha™ applied as foliar application. Silicon was applied in the form of
potassium silicate at three rates as follows, S; (0 mgL™); S, (500mgL™); and S; (1000mgL™). At maturity ,
wheat plants were harvested on 9/5/2019. Grain and straw yields significantly increased by the application of P

and Si .
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.

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

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 (Sundabhri 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’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™* 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: P,=applied at a rate of 60kg P ha-* as
soil application; P2= 30 kgP ha-' as soil application
+30 kgP ha-' as foliar spraying and P3= 45 kgP ha™
as soil application +15 kgP ha-! 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. 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 dSm™ 1.72
O.M % 0.22
CaCO; % 1.93
Soluble cations and anions (mmol, L™)

ca* 3.92
Mg 2.78
Na* 4.29
K* 1.64
CO;% 0.00
HCO;~ 1.37
Ccr 4.80
SO%° 6.46
Available N (mg kg™) 7.6
Available P (mg kg™) 6.6
Available K (mg kg™ 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 P, (45kgPhaas soil
application ~ +15kgPha™ as foliar  spraying.
Meanwhile, phosphorus application by the rate
P,(60kg Pha™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
Sistreatment (1000 mg Si L) whereas the lowest one
was obtained by the treatment .Si; (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 P
treatment whereas the lowest one was obtained by P;.
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 P;whereas the lowest one
was obtained by application of P at the rate P,. 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 P; application
combined with the application of Sis.

Table 2. Effect of phosphorus and silicon application on the grain yield (kg h™) of wheat plants grown on the

sandy soil under study

Factor (A)

Factor (B) Si

P Si; Siy Sis Mean
Grain yield (kg h™)

P 4731 5044 5623 5133

P, 5084 5621 5992 5566

P 4733 4981 5211 4975
Mean 4849 5216 5609
P Si P*Si
LSD at 0.05 119 119 207

Notes: P;= 60 kg p ha™ applied as soil application, P,= 30kg p ha™applied as soil application + 30 kg p ha™ foliar. P;= 45kg P ha™
applied as soil application + 15 kg p ha™ foliar , Si;= (0 mg Si L™) ,Si,= (500 mg Si L™, Siz= (1000 mg Si L) foliar.
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Table 3. Effect of phosphorus and silicon application on the straw yield (kg h™) of wheat plants grown on the

sandy soil under study

Factor (B)
Fact(;r (A) Si Mean
Siy Si, Sij
P 7806 7590 7699 7698
P, 8002 8102 8261 8121
P; 9064 9056 9174 9098
Mean 8290 8249 8378
P Si P*Si
LSDat0.05 654 654 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. P; treatment gave the
highest value as compared with the P, 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 P;
combined  with  Si; (1000  mgL™).

Table 4. Effect of application of phosphorus and silicon on N content (g kg™ ) in grains of wheat plants grown

on the sandy soil under study.

Factor A Factor B

P Silicon concentration Mean

Siy Si, Siz
P1 116.4 132.1 139.7 129.4
P2 114.6 127.9 149.0 130.5
P3 134.8 153.2 1725 153.5
Mean 121.9 137.7 153.7 137.8

P Si P*Si

LSD at 0.05 36 36 6.2

Table 5. Effect of application of phosphorus and silicon on P content (g kg™) in grains of wheat.
Factor (B)

Facth))r (A) Si Mean

Sll SI2 S|3
Py 22.21 26.46 32.68 27.12
P, 22.80 28.61 39.65 30.35
Ps 28.90 35.75 43.15 35.93
Mean 24.64 30.27 38.49 31.13

P Si P*Si

LSDat0.05 167 167 2,90

See footnotes of Table 2

Table 6. Effect of application of phosphorus and silicon on K content (g kg™) in grains of wheat plants grown

on the sandy soil under study.

Factor (B)
Fact(F))r (A) Silicon concentration Mean
Siy Si, Si;

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

P Si P*Si

LSD at0.05 1.76 1.76 3.04

See footnotes of Table 2
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c- Effecton 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. P; gave the highest
values of N, P contents and there were significant
differences as compared with the P; treatment.
However, there were no significant differences in K
content as compared with the P;treatment.

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 P; combined with Siz. 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™) in the straw of wheat plants

grown on the sandy soil under study.

Factor (A) Factor (B) M
P _ _ ean
Siy Siy
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 PrSi
3.02 5.24

See footnotes of Table 2

Table 8. Effect of application of phosphorus and silicon on P content (g kg™) in the straw of wheat plants

grown on the sandy soil under study .

Factor (A) Factor (B)

p Mean

Sil SIS
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

P P*Si

LSD at 0.05 3.90 6.75

See footnotes of Table 2

Table 9. Effect of application of phosphorus and silicon on K content (g kg™*) in the straw of wheat plants

grown on the sandy soil under study

Factor (A) Factor B
p _ _ Mean
Siy Si3
P1 260.85 333.91 376.12 323.63
) 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
P i P*Si
LSD at 0.05 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' as soil
application +15kg P ha™ as foliar combined with
foliar spraying with 1000 mg Si L™ could be
recommended for increase wheat yields, and
contents of N P K in North Sinai Governorate.
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