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Abstract: A field experiment was conducted on clay soil at the Agricultural Research Station,
College of Agriculture, University of Basra, Basra, Iraq, to investigate the impact of silicon
addition on phosphorus and silicon uptake in corn plants. Silicon was applied as potassium silicate
(26.5% Si20) at 0 and 200 kg Si ha”*-1 in two doses: on planting day and two weeks after planting.
Phosphorus was applied as concentrated superphosphate or diammonium phosphate at 0, 12.5, 25,
and 50 kg P ha”-1 on planting day. Measurements included soil available phosphorus at two stages,
leaf phosphorus and silicon concentrations at two stages, grain phosphorus concentration, and the
uptake and ratio of the two elements. Results showed that adding silicon increased soil available
phosphorus, leading to higher phosphorus and silicon concentrations in leaves and improved
uptake of both elements, along with increased grain phosphorus concentration. The Si/P uptake
ratio also rose with silicon addition. Higher phosphorus levels boosted soil available phosphorus,
enhancing phosphorus and silicon concentrations and uptake, and increased grain phosphorus
concentration. The Si/P ratio decreased with rising phosphorus levels. Diammonium phosphate
outperformed concentrated superphosphate in all uptake parameters. The study concludes that
applying silicon at 200 kg Si ha”-1 can enhance phosphorus and silicon absorption. The Si/P ratio
demonstrated that silicon uptake was significantly higher than phosphorus uptake, by nearly four
times in some parameters. It is recommended to use silicon to treat corn plants under stress, as the
plant accumulates a high amount of silicon, qualifying it as an accumulative species.

Keywords: Maize, P — Uptake, Si — Uptake, Si/P Ratio, Concentrated Superphosphate,
Diammonium Phosphate.

INTRODUCTION

Phosphorus (P) is the key element controlling plant production. P deficiency regards as
one of abiotic stress limiting crop growth on approximately half of agricultural soils all
over the world [1]. P is highly immobile in soils and generally is fixed near the site of
application by precipitation processes with soil including formation of surface — adsorbed
complex, dissolution of clay minerals, and slow nucleation, crystallization and
recrystallization of P compounds [2]. P is retained, in soil by Fe and Al hydroxides, alumino
— silicate minerals, carbonates and organic matter [3]. Hence, inorganic P distribution
between Ca, Fe, Al or Si fractions is strongly dependent on soil pH incombination with
mineral composition. At soil pH > 6.5, P is immobilized as Ca — P minerals, whereas at pH
< 6.5, P tends to adsorbed/bound by Fe, Mn, Al, or their hydrous oxides [4]. For calcareous
soils, P interactions with CaCOs involve two reactions, the first is adsorption by CaCOs
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surface which occurs at low P concentration in soil, and the second is formation of Ca — P
crystals. Accordingly, P is one of the elements which has led to large amounts of
fertilization to achieve acceptable production for farmer. However, the intensive and
frequency doses of P fertilizers may cause inbalance of plant nutrients, soil pollution and
deterioration of soil properties as well as the high cost of such fertilizers.

Silicon (Si) fertilization may reduce the demand of P fertilizers in soils for crops. A
large number of studies pointed to a possibility of Si influencing P availability and
consequently nutrient use efficiency [4] Si has been released into soil solution by chemical
and physical weathering of silica minerals, followed by interaction with other elements to
form clay minerals, released to soil or uptake by plants [5]. The beneficial effects of Si
fertilizers on increasing available P in soil can confirmed by many mechanisms involving
competitive sorption and exchange on P-slow available compounds [6], increasing soil pH
and enhanced soil P availability [7], silicic acid competes with P for binding minerals
resulting in a high mobilization of P (25, 3) and enhancement of microbial activity in soil
by Si addition resulting in an increase of P availability. Increasing the P — availability in
soil resulting in increase the P — uptake and concentration of aboveground P, since the
nutrients uptake by plant is a function of the available amount in soil. Many studies have
assessed the effect of Si on P — uptake by plant. That N and P uptakes from soil at early
and late planting of wheat were clearly increased with the addition of Si at levels ranged
7.8 — 23.4 kg ha [8]. That Si can promote shoot P accumulation in rice even without a soil
pH change. In wheat, increasing supply of Si consistently increased P and Si concentrations
in shoot and root [9]. A significant increase in P and Si shoot as well as in grains of corn
plants treated with nanosilicate or potassium silicate at levels of 4.0, 6.0 and 8.0 L ha'[10].
However, [11] demonstrated a decreased of P-uptake by corn with addition of Si, while Si
concentration in plant shoot and root increased.

The ecological mechanisms including the effect of Si on nutrient accumulation in plant
tissues in most cases is missing [8]. Si supply might influence the P cycle in soil ecosystems
[12] by promoting P nutrient cycles in plant-soil media. In soil, Si might influence the
binding of the nutrients to soil particles making them more or less for uptake. Si is well
known to decrease soil sorption of P, especially at low pH, thus increases plant available
portion of P in soil [13]. Si nutrient may have an indirect effect on P uptake by improving
soil microbe communities, which enhancing the immaobilization of reserved-P of organic
matter as well as promoting the mineralization of P and thus availability in soil [8].

In this study, we aimed to evaluate the effect of adding 200 kg ha* of Si to improve the
availability of P and utilization of P fertilizers and the uptake ratio of Si/P in corn tissues.
The results revealed if corn plants, under study conditions, were among the accumulator
plant species.

MATERIALS AND METHODS
A. Experiment site

An agricultural experiment was conducted at the Agricultural Research Station
affiliated with the College of Agriculture - University of Basra - Basra - southern Iraq (“30
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33 44" N; °47 44" 40" E; 3m elevation) and is 9.78 km away from the city center for the
growing season of 2023-2024 to study the effect of adding silicon at the concentration that
gave the highest available phosphorus in a previously laboratory experiment (200 kg Si ha”
1 by interfering with phosphorus treatments on available-P and phosphorus and silicon
uptake according to the following:

1. The first factor: Phosphorus levels (0, 12.5, 25, 50) kg P hat.

2. The second factor: Silicon levels (0 and 200) kg Si ha™.

3. The third factor: sources of phosphate fertilizer, including concentrated triple
superphosphate (CSP) (20.21% P) and diammonium phosphate (DAP) (21% P).

For identifying initial soil properties, a composite sample (0-30 cm) was taken from
field, air-dried, ground and sieved through a 2mm sieve, and properties were estimated
according to the standard methods mentioned in [14] and [15] and listed in Table 1.

B. Field practices and treatments:

The field was prepared for cultivation by plowing in two perpendicular plows,
smoothing and leveling. The experiment was designed according to a Randomized
Complete Block Design (RCBD) in a factorial experiment with three replications. field was
divided into three blocks, each block containing 6 rows, and the distance between one row
and another was 1 m. Each row contained three experimental units, with a length of 3m
and a width of 0.5m with an interval distance of 0.5m, so the total of the experimental units
IS 48 units (2x4x2x3) (Si level x P level x type of phosphate fertilizerx replications). The
field was fertilized with organic manure (cow waste) at a level of 25 tons ha™ mixing with
the top layer (0-20 cm) of the soil, and the drip irrigation method was used with main and
subsidiary pipes and dripper stands.

Corn seeds, a local variety, was sowing on August 13, 2023, on one line opposite each
dripper, and the distance between one band to another was 0.25 m. Each hole contained 3-
4 seeds, then thinned to one plant in the band, so the number of plants in each experimental
unit was 8 plants. Chemical fertilizers side dressing along the irrigation pipe. Nitrogen was
added in the form of urea (46% N) with a recommended dose of 150 kg N ha™ and in three
doses. The first was at planting date and the second dose was added one month after
planting, and the third dose added 20 days after the second dose. Potassium was added in
the form of potassium sulfate (42% K) with a recommendation of 100 kg K ha™. The first
dose of potassium was added with planting date (10% of the level) and the remaining dose
was added at the beginning of the flowering period. Phosphorus was added eithe at
concentrated triple superphosphate (20.21% P) or diammonium phosphate (21% P) at one
dose at planting day, at levels of 0, 12.5, 25, and 50 kg P ha™. Silicon was added in the
form of potassium silicate in two doses, one dose two days after planting and the other two
weeks later [16] at level of 200 kg Si ha™. Control treatment of Si was also conducted.
Plants were sprayed two months after planting with a preventive spray against the corn.

105

Nabatia/ https://nabatia.umsida.ac.id /index.php/nabatia Desember 2024/ Volume 12/ Issue 2



https://nabatia.umsida.ac.id/index.php/nabatia

Jumana A. Jawad Al-rubaie Phosphorus and Silicon Uptake.......

The agriculture operations were employed as commonly practiced in corn fields of southern
Basrah region until harvest time.

Table 1. Basic physiochemical properties of the used soil.

Properties Value Unite
pH 8.18 -
EC 6.5 dS mt
CEC 34.27 Cmol* Kg!
Organic matter 20.85 g Kg?
Auvailable P 30.4 mg Kg?
Available N 4.20 mg Kg*!
Available K 115.6 mg Kg!
Available Si 22.34 mg Kg*
Ca* 9.4
. . Mg* 7.75
Dissolved Cations Na* 365
os o mmoleL?
. . HCO3 5.44
Dissolved Anions S04 13.33
CI 34.45
Sand 13.5
Soil particles Clay 81.8 %
Silt 4.70
Soil texture Clay

C. Soil and plant analyses:

Soil samples were taken in the vegetative stages and the end of the season by taking a
composite sample for each experimental unit from two locations. Sample was taken
included the fertilizer addition line and between two plants from the middle of the
experimental unit. The samples were air-dried, ground, and sieved through 2mm sieve, then
the available phosphorus was determined by extraction with a 0.5M NaHCO3 solution,
then determined by the blue color method using ammonium molybdate and ascorbic acid
at a wavelength of 700 nm [17].

Two plant shoots were harvested at the end of the season for each experimental unit,
cut into small pieces and dried in the oven at a temperature of 65°C for 48 hours, and the
dry weights were recorded. The leaf under the ear was taken from two plants per
experimental unit at two stages; flowering - early maturity and the end of the season.
Leaves were cleaned with distilled water, then dried at 65°C for 48 hours, ground and
divided in two parts. First part was digested using the acidic mixture (4% HCIO4 + H2SO.)
according to the method [18]. Total phosphorus in the digest was estimated using the blue
color method after adjusting the acidity of the phosphorus mixture. The another part was
digested (0.1g) using 3 ml of 50% sodium hydroxide to determine total silicon. The samples
were placed in an autoclave at 121°C for 20 minutes. After digestion process, 1 ml of the
digest transferred into a 50 cm3 polyethylene test tube, 30 ml of 20% acetic acid and 10
ml of ammonium molybdate solution were added, shaked for 5 minutes and then add 5 ml

106
Nabatia/ https://nabatia.umsida.ac.id /index.php/nabatia Desember 2024/ Volume 12/ Issue 2



https://nabatia.umsida.ac.id/index.php/nabatia

Jumana A. Jawad Al-rubaie Phosphorus and Silicon Uptake.......

of 20% tartaric acid. After that 1 ml of reducing solution was added. Absorbance was
measured using a spectrophotometer at a wavelength of 650 nm as described in [19].

The amount of phosphorus or silicon uptake by the plant was calculated from the
following formula:

Uptake = dry weight of plant x element (P or Si) concentration.

A sample of corn grains was selected after harvest and digested according to the method
of (36). Total phosphorus in the digest was estimated as recorded for leaves sample. The
Si/P ratio uptake in shoot was also calculated at the end of season by divided Si uptake by
P uptake.

D. Statistical analysis:

The experiment was designed as a factorial experiment with three factors (Si level, P
level, and type of phosphate fertilizer). The data were analyzed using GenStat Procedure
Library PL 18.2 program, and the means were compared using the least significant
difference (LSD) at the probability level of 0.05 according to [20]

RESULT AND DISCUSSION
A. Available phosphorus in the soil:

Table (2) showed the effect of adding silicon and phosphate fertilization on the amount
of available phosphorus at the vegetative growth stage and the end of the season of corn.
Silicon caused a significant decrease in available phosphorus compared to the control
treatment. The average values were 28.74 and 22.54 mg kg at the vegetative growth stage
and 25.70 and 17.36 mg kg™ at the end of the season at levels of 0 and 200 kg Si ha™,
respectively. The addition of silicon improves the efficiency of nutrient use and also affects
the binding of nutrients to soil particles, making them available to the plant [21]. The lack
of available phosphorus at the mentioned level resulted from increased phosphorus
absorption by plant and thus drop the remaining part into the soil. Taking a soil sample
during the plant's vegetative growth period, which is the more active stage of the plant's
life, can confirm the role of absorption in reversing the results of this trait. Silicon increased
the availability of phosphorus through several mechanisms, as the addition of silicates leads
to modifying the acidity of soil and thus increases the availability of phosphorus by
displacing the adsorbed phosphorus into the soil solution [22]. Also, silicate complexes
with organic and inorganic forms are the mobile forms of silicon in the soil replace the
phosphorus present in calcium phosphate, which contributes to converting unavailable
phosphorus into plant-available phosphorus [23]. [24] suggested that silicic acid competes
with phosphorus present on the surface of minerals, and this exchange depends on their
concentration in the soil solution. As for the biological aspect, that the addition of silicon
improves the activity of functional microorganisms in soil, especially P-solubilizing
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bacteria, through its role in improving soil pH, increasing basic ions, accelerating the
decomposition of organic matter, phosphorus mineralization, and developing soil structure.

The results showed a significant effect (P < 0.05) of phosphorus levels on available
phosphorus in the soil, as it decreased with increasing phosphorus levels due to increasing
growth and uptake by plant with increasing levels of phosphorus resulting in a lower
amount as a residuals in soil. The average values were 7.61, 38.97, 33.54, and 22.46 mg
kg™ soil at the vegetative growth stage, and 7.78, 27.23, 28.18 and 22.93 mg kg™ soil at
the end of the season for levels of 0, 12.5, 25 and 50 kg P ha, respectively. This is
confirmed by the fact that the amount uptake (fig.1) and the phosphorus concentration in
the leaves (table 3) increased with increased levels of phosphorus, and this explains the
decrease in available phosphorus at high levels of phosphorus. The type of phosphate
fertilizer had a significant effect on available phosphorus (table 2). Concentrated
superphosphate fertilizer outperformed diammonium phosphate fertilizer with an increase
percent of 14.47 and 10.50% at the vegetative growth and the end of season, respectively.
This also represented the remaining amounts due to the high absorption at diammonium
phosphate compared to concentration superphosphate.

Table 2. Effect of Si application and P fertilization on available — P (mg kg soil) in soil
at two growth stages of corn plant

Silevel (kg  P-fertilizer P —level (kg P hal), P
Si hal), Si (F)
0 125 25 50 mean
Vegetative stage
CsP 8.59 42.63 45.56 25.62 30.60
0 DAP 8.59 41.46 33.05 24.45 26.89
200 CSP 6.62 38.52 32.27 19.17 24.15
DAP 6.62 33.25 23.28 20.59 20.94
mean 7.61 38.97 33.54 22.46

LSDo.os: Si = *; P =3.24; F =*; SixP = 4.59; SixF = NS; PxF = 4.59; SixPxF = NS
Post-harvest

CSP 8.20 34.73 32.58 26.45 19.20
0 DAP 8.20 31.50 37.04 26.89 2591
200 CSP 7.36 24.29 24.04 23.20 19.72
DAP 7.36 18.41 19.05 15.20 15.01

Mean 7.78 27.23 28.18 22.93

LSDoos: Si =*; P =3.43; F = NS; SixP = 4.85; PxF = 3.43; SixPxF = NS
CSP: concentrated superphosphate; DAP: diammonium phosphate; *: significant; NS: not significant.

This is confirmed by the superiority of diammonium phosphate in the amount uptake (Fig.
1).

The interactions of the experimental factors indicated that available phosphorus was
superior when silicon was not added compared to the level of 200 kg Si ha* and at all levels
of phosphorus. The highest value of the interaction was obtained when silicon was not

added and at low levels of phosphorus, with a value of 42.04 and 34.81 mg kg™ for
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vegetative growth and the end of the season, respectively. The results of Table (2) also
showed that the interactions including the type of fertilizer referred to the superiority of
concentrated superphosphate fertilizer over diammonium phosphate fertilizer in the
remaining amount of available phosphorus, and the highest value was obtained when using
concentrated superphosphate at the level of 12.5 kg P ha® (40.58 mg kg soil) during
vegetative growth, and the highest value was obtained when silicon and diammonium
phosphate fertilizer were not added (25.91 mg kg™ soil) at the end of the season.

B. Phosphorus concentration in leaves:

The results of table (3) showed a significant effect of silicon on phosphorus
concentration in compared to the control treatment. The values were 3.74 and 4.32 g kg™
at the flowering - early maturity stage and were 3.01 and 3.50 g kg at the end of the season
for levels 0 and 200 kg Si ha™l, respectively. This is due to the role of silicon in increasing
the availability of phosphorus in the soil, which leads to its availability in sufficient
quantities for the plant (Table 2). In addition, the role of silicon in improving plant growth,
dry mass, and root development leads, as a result, to increased absorption of nutrients from
the soil. The study of [9] illustrated the high correlation between the phosphorus
metabolism in plants and the accumulation of silicon in the plant, indicating that the high
solubility of silicon in soil results in saturate the pore water in the soil and plant tissues
with phosphorus due to increasing its availability. Silicon can also develop carriers in the
cell walls of the root, which controls the Apoplasmic pathway, followed by the transfer of
the element from the root cell walls to the shoot part [25]; [26]. A plant exposed to low
phosphorus show a range of physiological processes that modify absorption, such as
increasing the density of root hairs, increasing carboxylates exudation into the rhizosphere,
and enhancing expression genes considered important to increase Pi uptake, which is
present in the plasmalema.

Phosphorus concentration in leaves increased with increasing levels of phosphorus,
with an average values of 1.25, 4.39, 4.99 and 5.50 g kg™ at the flowering - early maturity
stage and 2.40, 2.25, 3.48 and 3.90 g kg at the harvest stage for levels 0, 12.5, 25 and 50
kg P hal, respectively. This is consistent with the findings of [27] and [28]. Table (3)
showed a significant effect (P < 0.05) of the type of phosphate fertilizer, where
diammonium phosphate outperformed concentrated superphosphate fertilizer by 9.89 and
10.00% for the flowering - early maturity and harvest stages, respectively. This is due to
the fact that plant treated with diammonium phosphate fertilizer resulted in high growth
leading to an increase phosphorus uptake and an increase in the concentration in leaves.
This confirms the decrease in the available amount remaining in the soil (Table 2), as
diammonium phosphate fertilizer has a high solubility, a large diffusion in soil, and a lack
of immobilized materials resulting from its reaction, in addition to the presence of the
ammonium ion in such fertilizer increases the absorption of phosphorus due to modifying
the soil pH and increasing the solubility of phosphorus near the plant roots [29]. These
results were similar to the results of [30].
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Table 3. Effect of Si application and P fertilization on P concentration (g kg dry weight)
in leaves at two growth stages of corn plant

Silevel (kg P- fertilizer P —level (kg P ha'), P
Si hat), Si (F)
0 125 25 50 mean
Vegetative stage
CSP 0.70 3.70 4.86 5.36 3.65
0 DAP 0.70 4.30 4.93 5.40 3.83
200 CSP 1.80 4.53 4.56 5.20 4.02
DAP 1.80 5.03 5.60 6.03 4.61
mean 1.25 4.39 499 5.50
LSDoos: Si =*; P=0.43; F =*; SixP = NS; PxF = NS; SixPxF = NS
Post-harvest
CSP 2.00 3.06 2.90 3.40 2.84
0 DAP 2.00 3.30 3.43 4.00 2.18
200 CSP 2.80 3.23 3.40 4.00 3.35
DAP 2.80 3.40 4.20 4.20 3.65
Mean 2.40 3.25 3.48 3.90

LSDo.os: Si =*; P =0.17; F = *; SixP = 0.24; PxF = 0.24; SixPxF = NS
CSP: concentrated superphosphate; DAP: diammonium phosphate; *: significant; NS: not significant.

Since the addition of silicon has a role in such modifications. These results were similar to
those of [31].

The two-way interaction between phosphorus levels and both silicon levels and the type
of phosphate fertilizer has a significant effect on the phosphorus concentration at the
harvest stage. It is noted that phosphorus values increase with increasing levels of
phosphorus at both silicon levels and both types of fertilizer, with a clear superiority of 200
kg Si ha® level over the control treatment. On the same way diammonium phosphate gave
higher values over concentrated superphosphate fertilizer for all treatment.

C. Phosphorus uptake in shoot:

The addition of silicon significantly (P < 0.05) affected the amount of phosphorus
uptake by corn plant, with an increase of 51.25% over control treatment (Fig. 1). This result
was similar to the results of [32] who obtained an increase in the uptake amount of
phosphorus at the highest level of silicon, and attributed this to increased root growth,
increased availability of phosphorus with the addition of silicon, and a decrease in binding
of phosphorus. [13] indicated that silicon has a direct effect in improving phosphorus
absorption as a result of regulating the transport genes responsible for the absorption of
mineral phosphorus. Adding silicon increases the absorption of nutrients, transpiration,
exploitation of available moisture resulting in an increase phosphorus absorption by corn.
In present study, increasing the concentration of phosphorus in the leaves and increasing
the dry weight of the vegetative part results in an increase in phosphorus uptake.
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The results of the figure (1) showed a significant effect on phosphorus levels, as the
uptake amount increased with increasing levels, with significant differences observed
among levels. The average values reached 21.07, 30.10, 36.45, and 45.04 kg P ha* for
levels 0, 12.5, 25, and 50 kg P ha, respectively. This increase is due to an increase in the
availability of phosphorus in the soil (table 2) and thus an increase in its concentration in
the leaves (table 3) by increasing the added levels. This result agreed with the results of
[33] As for the type of fertilizer, the results indicated that diammonium phosphate was
superior to concentrated superphosphate by a percent of 14.24% (Fig. 1). This result agreed
with the findings of who reported that diammonium phosphate was superior to concentrated
superphosphate in the amount of phosphorus uptake by eggplant, with an increase of
16.77%. They attributed the reason to the superiority of diammonium phosphate fertilizer
in the amount of available phosphorus in soil at the time the plant needs the element, and
dividing the dose of fertilizer that reduces contact fertilize with the soil and deposit it. From
the results of Figure (1), phosphorus uptake increased with increasing phosphorus levels in
both fertilizers, with a superiority of adding silicon compared to control, and a superiority
of diammonium phosphate over concentrated superphosphate fertilizer for all treatments.
The highest value was 53.22 kg ha, with a significant superiority over all interaction
treatments.

70
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20

P - uptake (kg ha'?)

10
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MSio

Csp DAP H Si 200

Fig. (1): Effect of Si application and P fertilization on P — uptake in corn shoot (means followed by
the same letter are not significantly different at 0.05 level)

D. Phosphorus concentration in seeds:

A significant effect of silicon addition on seed phosphorus was obtained compared to
control with a mean values of 7.95 and 7.27 g kg%, respectively (Fig. 2). This result clearly
correlated with phosphorus concentration in leaves (table 3) and phosphorus uptake (fig.1).
Providing the appropriate level of silicon helping the transfer of phosphorus from flag leaf

to wheat grain [9]. [34] explained that phosphorus is transferred in the form of phytin
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(calcium and magnesium salts of phytic acid) to seeds immediately after pollination. These
results agreed with (7) who obtained an increase in phosphorus content of corn seeds with
increasing silicon levels. Increasing phosphorus levels increased phosphorus concentration
in seeds with no significant differences among treatments which outperformed the control
treatment. The value were 5.15, 8.15, 8.43, and 8.72 g kg™* for levels 0, 12.5, 25, and 50 kg
P ha!, respectively, and this increase coincided with the concentration of phosphorus in
the leaves (table 3).

Phosphorus source did not have a significant effect on phosphorus concentration in
grains, in spite of the superiority of diammonium phosphate over concentrated
superphosphate. Moreover, when this fertilizer interacts with phosphorus levels, its
superiority over concentrated superphosphate is clear at all levels of phosphorus addition.
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Fig. (2): Effect of Si application and P fertilization on phosphorus concentration in seeds of corn
plant (means followed by the same letter are not significantly different at 0.05 level)

Silicon concentration in leaves:

Table (4) showed the effect of silicon and phosphorus fertilization on concentration of
silicon in leaves at flowering - early maturity and the end of the season stages. The results
showed a significant effect of adding silicon, at the level of 200 kg Si ha* compared to the
control with an a percent of 300.67 and 14.08% for flowering - early maturity stage and
the end of season stage, respectively. Adding silicon increased the available amount in the
soil, leading to increased absorption by the plant and increased concentration in leaves.
[11] obtained similar results for wheat and maize plants. Silicon concentration increased
with increasing phosphorus levels, with an average of 5.53, 6.94, 8.17, and 9.21 g kg™ at
the flowering-early maturity stage and 10.08, 12.58, 13.63 and 14.48 g kg™ at the end of
the season for levels 0, 12.5, 25, and 50 kg P hat, respectively. The reason may be due to
the role of phosphorus in increasing the availability of silicon, as indicated by [35] who

obtained that adding phosphorus at high levels increases the possibility of its absorption on
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silicate minerals, forming dissolved compounds in the soil. [23] found that silicon-rich
sources have the ability to absorb phosphorus, resulting available forms for plant, which
leads to plant absorption. Compounds containing phosphorus and silicon, which reflected
positively on the concentration of both elements in the leaves (table 3) (table 4), as it is
noted that the two elements tend to have the same behavior. In addition the important role
of phosphorus in the synthesis and activation of enzymes involved in the absorption and
transport of nutrients. In P-deficit soils, imbalance in plant nutrients may occur resulting in
toxicity [36]

The type of fertilizer did not have a significant effect at flowering-early maturity
stage, but at the end of the season it was noted that diammonium phosphate was superior
to concentrated superphosphate with an average values of 13.05 and 12.33 g kg?,
respectively. The improvement in plant growth in the presence of diammonium phosphate
and increasing nutrient uptake explains the difference in the effect of the two fertilizers on
this trait.

The concentration of silicon in the leaves increased after silicon addition compared to
control and at all phosphorus levels. Conversely, the concentration increased with
increasing levels of phosphorus at the two silicon treatments, and the highest value were
14.58 and 15.10 g kg for interaction of 50 kg P ha™ and 200 kg Si ha® at the two stages.

As shown in table (4), silicon values ranged 2.00 and 14.80 g kg* dry matter during the
flowering and early maturity stage, and ranged 3.10 and 16.23 g kg™ dry matter at the end
of the season. This clearly indicated that the values exceeded the threshold of 10 g kg*
(1%) when adding silicon, which indicates that corn (of the variety grown in the Present
study) can be classified as a silicon-accumulating plant, and thus this property can be
exploited to improve the growth of this plant when exposed to various biotic and abiotic
stresses. This result is also confirmed the low silicon content in the study soil. [36] indicated
that the response of wheat to the addition of silicon increases in soils with low available
silicon. Plants differ greatly in their ability to accumulate Si and the concentrations in shoot
parts ranged from 1 to 100 g kg™ that accumulate Si higher than 1% are considered as
accumulators, while those in which the percentage of Si is lower than 0.5% are considered
as non-accumulators of Si. [37] indicated that the concentration of silicon is normally
present in concentration of some major elements such as calcium, magnesium, and
phosphorus. As shown by [38] that corn is one of the accumulator species of cereals in its
organs. These results were similar to those of [39] who indicated that corn was superior to
lettuce, wheat, carrots, and pea plants in the silicon content in shoot part and root, noting
that the concentrations in the root were higher than in the shoot part reaching, 14702 and
10294 g g dry matter, respectively.

Table 4. Effect of Si application and P fertilization on silicon concentration (g kg™ dry weight) in
leaves at two growth stages of corn

Silevel (kg  P- fertilizer P —level (kg P ha), P
Si hal), Si (F)
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0 12.5 25 50 mean
Vegetative stage

CsP 2.00 3.20 2.80 3.90 2.97
0 DAP 2.10 3.30 2.80 3.86 3.02
200 CSP 9.00 12.20 12.70 14.37 12.07
DAP 9.00 9.07 14.40 14.80 11.82

mean 553 6.94 8.17 9.21

LSDoos: Si=* P =0.90: F = NS: SixP = 1.27; PxF = NS: SixPxF = NS
Post-harvest

CSP 727 12.33 13.50 13.70 117
0 DAP 727 13.00 13.80 14.00 12.01
200 CsP 12.90 1150 13.50 13.97 12.97
DAP 12.90 13.50 13.70 16.23 14.08

Mean 10.08 1258 13.63 14.48

LSDoos: Si =*; P =0.95; F =*; SixP = 1.35; PxF = NS; SixPxF = NS
CSP: concentrated superphosphate; DAP: diammonium phosphate; *: significant; NS: not significant.

When comparing the concentrations of silicon and phosphorus in the leaves and for the
two stages, it can be showed that there is a clear superiority of the silicon content of the
leaves compared to phosphorus, with an increase of 1.8 and 2.6 times for the stages of
flowering - early maturity and the end of the season, respectively. When comparing the
available amounts of the two elements in the incubation experiment (unpublished data), it
is noted the available phosphorus was more than available silicon at all stages, so this
confirms that absorption was linked to factors related to the plant, but not to the available
amounts in soil, such as a difference in the nature of absorption for the two elements, (active
or passive) as well as interactions between the two elements in soil and plants tissues.
Similar results were obtained by [16] on tomato plants, however [10] obtained an increase
in the concentration of phosphorus compared to silicon at vegetative growth stage, and the
two concentrations were approximately equal at the silking and harvest stages of the corn
plant. In general, the concentration of the two elements inside the leaves at the two stages
is over the critical level, except for the concentration of phosphorus at the level of 0 kg P
ha! at the flowering - early maturity stage. [35] indicated that the concentration of silicon
and phosphorus in well-fertilized cereals and grasses ranged between 2 and 20 mg Si g*
dry matter and 0.3 - 0.4% P, respectively.

E. Silicon uptake in the shoot:

Figure (3) illustrated that silicon uptake increased with addition of 200 kg Si ha®
compared with non-addition with an average values of 154.84 and 33.61 kg ha®,
respectively. This is due to the role of silicon in increasing the concentration in the plant
after increasing its availability in soil. These results agreed with [40]. As for the effect of
phosphorus, it is noted that silicon uptake increased with increasing phosphorus levels,
with a significant difference among levels. This an attributed to the increase in the amount
of silicon in the leaves at the two stages (table 4). Diammonium phosphate was superior to
concentrated superphosphate in regard to silicon uptake, and the two fertilizers gave an
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average of 99.84 and 88.61 kg ha™l, respectively. This result was consistent with the silicon
concentration in the leaves at the end of the season (table 4). It can be seen from the results
of Figure (3) that the treatments including the addition of silicon gave the high values of Si
uptake compared to no addition at all levels of phosphorus and type of fertilizer, with a
appreciable effect of diammonium phosphate compared to concentrated superphosphate.
The highest value reached 223.97 and 43.26 kg ha* for the two fertilizers, respectively,
and each of them outperformed the corresponding values by an increase rate of 80.85 and
82.91%, respectively.

250

200

[ERN
Ul
o

50

Si - uptake (kg ha?)
[y
o
o

ESio

M Si 200

Fig. (3): Effect of Si application and P fertilization on Si — uptake in corn shoot (means followed by
the same letter are not significantly different at 0.05 level)

F. Si/P uptake ratio:

Table (5) showed that the ratio of uptake silicon/uptake phosphorus in the shoot part
of corn gave values higher than (1). This clearly indicated that the uptake amount of silicon
over the uptake amount of phosphorus at all treatments and even in the treatment of not
adding silicon. This is due to the concentration of silicon in the leaves is higher than the
concentration of phosphorus at the end of the season (tables 3,4). Results also showed that
this ratio continued to excess over (1) even in the case of high levels of phosphorus (50 kg
P hal), which had the greatest uptake of phosphorus. This is further confirmation of the
ability of the corn used in the present study to accumulate silicon excess than the
concentration of phosphorus in the leaves. This is true for adding or not adding silicon
treatments For control also, it can be seen that the Si/P ratio at diammonium phosphate did
not strongly differ with concentrated superphosphate for adding silicon. This is further
evidence of the high ability of corn to absorb silicon even in treatments with diammonium
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phosphate which have a higher concentration of phosphorus in plant. The Si/P ratio for the
treatments including the addition of 200 kg Si ha™* were higher than treatments without the
addition of silicon at all interactions, with an increase of 2.99 times. This can confirmed by
increasing silicon concentration and dry weight at 200 kg Si ha™* treatments . Therefore, it
can be concluded that the ratio of Si/P uptake was not significantly affected by the type of
phosphate fertilizer and phosphorus levels, but was greatly affected by the silicon addition.

Table 5. Effect of Si application and P fertilization on Si/P uptake ratio in corn shoot at post-
harvest stage

Silevel (kg  P-fertilizer P —level (kg P ha'), P
Si hat), Si (F)
0 12.5 25 50
CSspP 1.54 1.33 1.44 1.23
0

DAP 154 1.33 1.11 105
200 CSspP 4.60 3.57 3.97 3.49
DAP 4.60 3.97 3.57 3.86

CSP: concentrated superphosphate; DAP: diammonium phosphate
CONCLUSION

It can be concluded that it is possible to use potassium silicate at a level of 200 kg Si ha™!
to increase phosphorus availability in calcareous soil and improve the uptake of phosphorus
by corn plants. The success of using diammonium phosphate fertilizer as an alternative to
concentrated superphosphate fertilizer since we know that the conditions of producing the
latter fertilizer are currently not suitable. The results of the study also indicated that corn,
of the variety used, is a silicon-accumulator plant, and this phenomenon can be exploited
to improve the growth conditions of this plant under different stress conditions prevailing
in the region, such as salinity, drought, and infections.
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