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Abstract: A factorial experiment was carried out in field to study the effect
of Nanosilicon (98%Si0,) at three levels (0, 50, and 100 kg SiO, ha?)
and phosphorus fertilizer in the form of concentrated superphosphate at
levels 0, 30, and 60 kg P ha®, on ionic composition and the prevailing salt
of a saline soil, as well as growth and yield of Cauliflower. The results
indicated that adding silicon led to a decrease in the concentration of all
soluble ions except sodium, which led to a decrease in soil salinity, while
phosphorus had the opposite effect, leading to an increase the
concentration of soluble ions and, as a result, an increased soil salinity.
The results also showed that the addition of Nano-silicon up to
100kgSiha* and phosphorus fertilizer up to 60 kgSiha™ led to increase in
the shoot dry weight and curd weight of plant. The level of 100 kg Si ha
L and the level of 30 and 60 kg Si ha* gave the highest values for the dry
weight and yield, respectively. In summary, these results revealed that
enhancement of plant growth and yield by appropriate application of
silicon in saline soil may regard as a key to reduce the harm full effect of
salinity.

Plants under Nano-Silicon and Phosphorus
Application." Scientific Research Journal of
Agriculture and Life Sciences, vol. 4, no. 2, 2024, pp.
1-10.
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INTRODUCTION

Agriculture in arid and semi-arid regions faces the
problem of salinity, which affects more than 20% of the
arable land over the world, and may reach more than 50%
of these lands (Hu and Schmidhalter, 2004). Salinity
negatively affects the soil properties and causes a change
in soil moisture state, permeability, and ionic balance in
the soil solution, as well as the direct effect on the plant
including osmotic  potential.  Toxicity effects.
Imbalanced of nutritional cations in the tissues or
reduction in carbon fixation during photosynthesis (1).
As a result, plant growth and productivity may be
reduced to reach the economically effective limits. One
of the most important sources of soil salinization in arid
and semi-arid regions is irrigation water, since there are
few sources of fresh water, which led to use non-fresh
water sources as a means to compensate for a deficiency
of fresh water. The bad management of using such water
may enhances the salinity problem. The ability of plants
to tolerate salts effects is in considerable importance in
arid and semi-arid regions. So, alleviation of salinity
effects by different approaches involving soil-plant-
water system development to enhance plant salt
tolerance. Cauliflower (2), is a winter crop belonging to
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the Brassica oleracea family. It is one of the most
consumed vegetables among all the world. It contains a
high contents of vitamin B1, B2 and B6 as well as C and
K which is useful in preventing cancer. (3) indicated that
increasing soil salinity from 2.0 to 6.0 dS m™ caused a
decrease in yield from 26.9 to 9.6 t ha?! and in
cauliflower. (4) also found a reduction in cauliflower
yield from 67.91 to 48.45 Mg ha?l with increasing
irrigation water salinity from 1.4 to 45 dSm*
contributing that to the osmotic potential and toxicity of
salts accumulation in soil solution.

Silicon (Si) is the second most abundant element in the
earth's crust (27.7%) after oxygen. Some researchers
classify this element as one of the necessary multi-use
elements because of its multiple beneficial roles for plant
growth, especially under stress conditions such as
salinity, Silicon can reduce the concentration of salts in
soil as a result of increasing their solubility in the soil
solution and increasing their mobility and /or increasing
plant ability to absorb ions (5),6) indicated that silicon
improves plant’s absorption selectivity and sodium ion
collection in the soil or roots, thus reducing salinity
damage. (7) found that adding Si led to increased K
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absorption and decreased Na absorption, which led to
better plant growth under salt conditions. Based on the
above data and the lack of studies related to the effect of
salinity on cauliflower plants in study region, this study
was conducted to demonstrate the growth and yield
cauliflower plants under high soil salinity and the role of
silicon along with phosphorus fertilization in alleviating
salinity harmfull effects.

MATERIALS AND METHODS

Afield experiment was conducted at the Agricultural
Research Station, College of Agriculture ,University of
Basrah, Garmat Ali region (47°44'40"E and 30°33'44"N
with 3 m elevation and 9.78 km away from the Basrah
center ) during the grown season of 2023-2024. The area
is characterized as arid region with low annual
rainfall(<100mm). The area has along dry season from
March to September with high temperature of a peak
reached 52°C in July and August .Irrigation water used
in the area is classified as saline peaking>20dSm™
because of the movement of salt tidal front of Arabian
Gulf along Shatt Al-Arab river which resulting
secondary soil salinization in the area.

Composite soil sample (0-30cm) was taken, air- dried ,
grinded and passed through 2mm sieve, then measure
the initial soil properties according to methods described
by Richards(1854) and Page et al.(1982) (Table 1). The
experiment lay out under the following factors: -

1- Silicon level: Nano silicon was added at levels 0, 100,
and 200 kg SiO; ha™.

2- Phosphorus fertilizer addition: phosphorus was added
at levels of 0, 30, and 60 kg P ha as concentrated
superphosphate (20% P). The experiment was designed
as a factorial experiment in a randomized complete block
design (R.C.B.D) with three replications. The field was
plowed in two perpendicular plows at a depth of 0.4 m,
smoothing .The field and leveling was divided into three
blocks. Each block containing 9 experimental unite with
a 2m length entervalled by 1m. The cultivation was done
on a row, the distance between tow rows was 1 m, All
rows were fertilized with animal manure (cow) at a level
of 5 tons ha™ at a depth of 0.2 m. Each experimental unit
contained 5 plants, with a 0.4m distance between one
plant and another. The plants were irrigated using a drip
irrigation system using Shatt Al-Arab water. White flake
cauliflower seedlings were sowing in plastic dishes and
then transplanted to the field after they reached the stage
of three leaves. Nano silicon(98%Si0O,) (Fadak complex
new technologies Iran) was added to the soil along with
plants line in two doses at planting and 15 days after the
first dose. Concentrated superphosphate fertilizer(20%P)
was added in along the line of the plants in a
homogeneous manner at planting date were added urea

RESULTS AND DISCUSSION

fertilizer (46% N) at a rate of 250 kg N ha! and
potassium sulfate fertilizer (43% K) at a rate of 160 kg
K>0 ha. Nitrogen was added in three doses during the
growing season, and potassium was added in one dose a
planting date. All agricultural practices adopted in the
region were carried out until the end of the plant season
and harvesting the crop. At post- harvest stage a
randomzed samples were taken from the surface layer (0-
30 cm) from each experimental unit, thoroughly mixed,
air-dried, then passed through a 2mm sieve. soil analyze
for pH and EC in the soil suspension and extract (1:1).
according to the method mentioned in Page et al (1982),
The dissolved ions in the extract (1:1) (Ca*™, Mg**, Na*,
K+, COs7, SO47, CI') were also extracted and estimated
according to the standard methods mentioned in
Richards (1954) and Page et al. (1982). The theoretical
correlation method (Hypothetical combination) was used
to identify the predominant salt in the treatments by
using the concentrations of the above ions after
converting to unit mill MegL? (Al-Zubaidi, 1989). Leaf
samples were taken from two plants for each
experimental unit, cleaned, dried at 70°C and digested
with the acid mixture of 4%HCIO4+H,;SO4 (Cresser and
parsons, 1979).

Table 1 : some chemical and physical properties of soil.

Property Value

pH (1:1 in Water) 7.80

electrical conductivity (EC) 29.22 dsm™
Calcium 44.50 mmol L*
Magnesium 21.00 mmol L
Sodium 81.30 mmol L
Carbonate 0.00 mmol L*
bicarbonate 6.01 mmol L*
sulfate 7.50 mmol L
chloride 195.00 mmol L*
Soil texture loam

The concentration of potassium and sodium was
estimated in the digest using a flame photometer, and the
K/Na ratio was calculated. Two plants were taken from
each experimental unit and their vegetative parts were
dried at 70°C. and the dry weight was recorded. Weight
of curd were recorded for all plants in the experimental
unit and then the average was determined. The data was
subjected to statistical analysis as a two-factor
experiment using analysis of variance (ANOVA) by
using the GenStat 18.2 program, then means were
compared using the revised least significant difference
(RLSD).
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Effect of Nano-silicon and super phosphorus soluble ions on soil:-

Table (2) indicated that adding Nano silicon led to a significant decrease in the concentration of calcium ions in the soil
solution compared to the control, which gave the highest value of 41.66 mmol L, and its lowest value reached 6.53 mmol
L at 100 kg Siha*. These results were consistent with the results of (8) who found that increasing levels of silicon led to
areduction in the activity of calcium ions due to the formation of Ca-Si complexes and thus a decrease in their concentration
in soil solution. (9) indicated that the reduction in calcium concentration could be a result of increasing absorption by plant
due to the reduction of salt pressure resulting from the addition of silicon.

Table(2) also indicated that phosphorus application caused an increase in the concentration of calcium at level 30 kg p ha
1(20.24 mmolL1), then it decreased significantly at 60 kg p ha*(17.24 mmol L) compared to the control, which gave a
value of 19.14 mmol L1, This can be attributed to the increasing the chance of formation of Ca-p complexes at high levels
(10, 11) found that there is a significant correlation between soil salinity and Ca-P compounds, resulting a negative
significant correlation (r = -0.64) between soil salinity and available phosphorus, since calcium and lead to binding the
orthophosphate ion and their adsorption on clay particles (12). Increasing plant growth and ability to absorb calcium my
Ca confirmed the reduction of calcium in soil solution. The increase at the low level (30kgpha*) may be attributed to the
presence of calcium in the superphosphate fertilizer constructing (12-149%). The results of interaction between the addition
of silicon and phosphorus indicated that the lowest value found at the level 100 kg Si ha* along with 60 kg P ha with a
value of 2.80 mmol L.

Table 2 showed that addition of Nano silicon caused a significant decrease in magnesium concentration in soil solution,
reaching 7.43 mmol L™ at level of 100 kg Si ha® and 9.70 mmol L* at level of 200 kg Si ha'* compared to the control
treatment that gave the highest values(9.23 mmol L™?). (13) attributed the decrease soluble magnesium to increasing the
absorption by plant as a result. (14) concluded that decreasing soil magnesium concentration is due to the

Table (2) Effect of phosphorus and nano-silicon on the concentration of some positive and negative ions in the soil

solution
P( kgPha) level Si level (kgSi ha™)
0 100 200 mean

Ca*> mmollL !
0 40.14 8.00 9.30 19.14
30 39.93 8.80 12.00 20.24
60 44,93 2.80 3.99 17.24
mean 41.66 6.53 8.43
R.LS.D:P=0.78;S=0.78 ; PxS=1.34

Mg*? mmollL !
0 14.00 6.40 8.40 9.60
30 22.40 7.09 10.89 13.46
60 21.30 8.80 9.80 13.30
mean 19.23 7.43 9.70
R.LS.D :P=0.88;S=0.88; PxS=1.59

Na* mmolL™*
0 67.00 69.97 72.58 69.84
30 64.00 66.97 74.49 68.49
60 73.90 73.73 86.40 78.01
mean 68.30 70.22 77.82
R.LS.D:P=156;S=156;PxS=2.95

K* mmolL !

0 0.80 0.35 0.56 0.57
30 0.78 0.30 0.48 0.51
60 1.04 0.48 0.90 0.80
mean 0.86 0.37 0.64
R.LS.D : P=0.039; S=0.039 ; PxS=0.71

Cl mmolL !
0 159.16 130.00 110.00 133.05
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30 159.60 100.00 100.00 119.88
60 190.79 110.00 106.66 128.84
mean 169.87 110.00 106.66
R.LS.D : P=280;S5S=2.80; PxS=4.88
HCO3™ mmollL !

0 4.00 2.30 2.40 2.90
30 4.80 2.80 3.20 3.60
60 5.60 3.10 3.10 3.93
mean 4.80 2.73 2.90
R.LS.D:P=0.32;S=0.31;PxS=0.73

S04~ mmoll !
0 7.66 0.24 0.28 2.72
30 7.66 041 0.57 2.88
60 7.69 7.69 0.59 5.32
mean 7.67 2.78 0.48

R.LS.D:P=0.16;S=0.16 ; PxS=0.27

improvement in plant metabolism and growth after the addition of silicon, which leads to an increase in the absorption of
ions by roots. The results showed that phosphorus addition led to a significant increase in magnesium concentration in soil
solution. The highest value was obtained at level of 30 kg P ha*, which will not differ significantly from the level of 60 kg
P ha? (13.46 mmol L) compared to the control treatment with a value of 9.60 mmol L. This can be attributed to the high
acidity of the superphosphate fertilizer which dissolves some salts, causing an increase in its concentration. This is
consistent with the results of (15), who found that adding phosphate fertilizer led to a significant increase in Soil magnesium
soil solution by increasing the addition level. The interaction between Nanosilicon and phosphorus levels led to significant
differences with a highest value (22.40mmolL1) at 0 Si ha and 30 kg P ha, , while the interaction of 100 Si ha™ and 30
kg P hal gave the lowest (7.09 mmol L1). It can be seen that the concentrations of calcium and magnesium in soil solution
have the same trend in regard to the effect of Silicon and phosphorus levels.

The results of table 2 showed that increasing silicon levels consequently increase sodium concentration in soil solution,
with a mean value of 68.30, 70.22 and 77.82 mmolL™ at levels of 0,100 and 200 kgSiha™, respectively. This is due to the
high plant selectivity resulting from the addition of silicon. Many studies indicated that silicon improves plant selectivity
and prevents sodium from penetrating into the plant cell and accumulating it in the root and soil solution (16), in addition
to the fact that the interaction among silicon, calcium, and magnesium resulting in increased sodium accumulation in the
plant. roots (17). The results also indicated that addition phosphorus resulted an increase in sodium concentration in soil
solution, reaching the highest value of 78.01 mmol L™ at the 200kgSiha™ treatment. This may be attributed to the
competition of calcium (which concentration decreased as a result of the formation of complexes with phosphorus) and
sodium on the surfaces of soil colloids leading to an increase in the concentration of sodium in soil solution (18). The
results also showed that the highest values of soluble sodium were obtained at the highest levels of silicon and phosphorus
reaching 86.40mmolL™* which significantly superior among other treatments with an increase percents ranged 15.98 —
35.00%.

Soluble potassium concentration in soil solution reached 0.37 and 0.64 mmol L™ for 100 and 200 kg Si ha?, respectively,
while reached the highest value of 0.86 mmol L at control. The decrease in soluble potassium may due to increasing
absorption by plants as a result of improved growth due to addition of silicon (19). On the other hand, the results showed
an increase in potassium concentration after addition of phosphorus with a highest value of 0.80 mmol L at 60 kg pha?,
compared to lowest value of 0.57 mmlIL™* at the control treatment. (15) attributed this to potassium and calcium antagonism,
leading to a decrease in the plant’s absorption of potassium since the concentration of calcium is tenfolds the concentration
of potassium in the solution (Table 2). The highest value of soluble potassium was recorded at treatment of 0 kg Si ha®
along with 60 kg P ha(1.04 mmol L) while the lowest value was recorded at treatment of 100kgSiha* along with
30kgSiha* (0.30mmiIL™) .

The results of table (2) indicated a negative effect of the addition of silicon on chloride concentration. Increasing silicon
level from 0 to 200kgsiha* decreased chloride concentration 169.87 mmol L to 106.66 mmol L. The reason can be
attributed to the decrease in the concentration of ions with an increase silicon level due to the formation of complexes
between the ions and silicon or due to the increase in plant growth and its ability to absorb, resulting in small quantities of
these ions present in the soil solution. Addition of phosphorus levels significantly decrease in the concentration of chloride,
and the highest value ( 133.05 mmol L) registered at level of 0 kg P ha!, which matches the results of Al-Maghrabi
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(2015) who obtained the lowest chloride concentration(320 C mole.kg™?) at the highest level of phosphorus addition of 120
kg P ha’. The highest value of the interaction was 190.79 mmol L in the treatment of 0 kg Si ha?* along with 60 kg P ha-
1 In contrast, the treatment of 100 or 200 kg Si ha* along with 30 kg P ha'* gave the lowest values of 100 mmol L.

Table 2 showed Different level of silicon had significant influence on bicarbonate concentration in soil solution (table2).
Bicarbonate concentration decreased gradually with increasing silicon levels. The maximum concentration (4.80mmolL 1)
was recorded from control treatment . The improvement of plant growth and up take capacity may explain the decrease in
the concentration of bicarbonate as which we noticed with the rest ions studied. Increasing phosphorus levels led to an
increase in bicarbonate concentration. Bicarbonate concentration increased gradually with increasing phosphorus levels.
That was possibly due to an increase in the solubility of many compounds after addition of phosphorus and the formation
of Ca-P complexes, which led to an increase bicarbonate ions into the soil solution. Control silicon treatment was found to
be the highest bicarbonate concentration at all phosphorus levels, while oppositely the control phosphorus treatments was
found to be the lowest values at all silicon levels.

The addition of Nanosilicon showed a significant decrease in sulfate concentration, It decreased by 93.74% at the addition
level of 200 kg Si ha*compared to control. (20) explained that the decrease in the concentration of sulfate resulting from
the addition of silicon is due to the high absorption resulting from improved plant growth and the effect of dilution. On the
other hand, the addition of phosphorus resulted in an increasing in sulfate concentration with a highest value(5.32mmolL"
1) at 60 kg P ha. This is possibly due to the increasing the release of many ions as a result of adding phosphorus to the
soil, in addition to that concentrated superphosphate fertilizer contains a sulfur of about 1% sulfur (21). Interaction
treatment indicated that the highest value of sulfur was registered at the highest level of phosphorus and the lowest level
of silicon( 7.69 mmol L) while it was significantly superior to most of the interaction treatment.

It can be concluded from the results of cations and anions the opposite trends of the effect of silicon and phosphorus.
While silicon caused a decrease in the concentrations, phosphorus increased their concentration. Sodium differed from the
rest of the ions this phenomenon since the tow factors have similar trend. This confirms the nature of the selectivity that
may develops in plants treated with an appropriate level of silicon.

Effect of Nanosilicon and phosphorus on soil salinity:

In figure(1), soil salinity expressed as dSm* significantly affected by silicon and phosphorus levels and their interaction.
Soil salinity decreased with increasing silicon levels. The mean values were 19.30, 10.71 and 10.71 and 11.31 dS m*! for
the level of 0, 100 and 200 kg Si ha™* respectively. These results were similar to that of both Lee and Kim (2006) and Jabal
and Abdulkareem (2023). This can be attributed to decreasing the cations and ions in soil solution as a result of addition
silicon, then led to decrease soil salinity. Figure 1 showed that increasing phosphorus levels a significant increased soil
salinity, which can be attributed to an increase in the concentration of the most of the ions in soil solution. (22) found that
adding phosphorus to calcareous soil at rates 50, 100 and 150 kg P,Os ha™! led to a significant increase in soil salinity. The
highest values of soil salinity (20.28 dS m™) were registered in soil treated with 0 kg Si ha® and 60 kg P ha™. In contrast,
soil treated with 100 kg Si ha and 0 kg P ha* gave the lowest value of 10.20 dS m™, so this result confirms the role of
silicon in reducing soil salinity by up to 50%, and it can be used as a strategy to reduce the damage caused by soil salinity
or irrigation water for plants.

EC(dSm™)

S3

Figure 1 Effect of Nanosilicon and phosphorus on soil salinity .(S1=0 kg Si ha*; S,=100 kg Si ha*; S;=200 kg Si ha"
1:P1=0 kg P hat; P,=30 kg P ha!; P;=60 kg P ha!; RLSD(S=0.68,P=0.70, SxP=1.18)

Effect Nanosilicon and phosphorus on the prevailing salt in soil :-
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It is showed from Table (3) that the dominance of salts for all treatments at low levels (S1, S2) and (P1, P2) was same and
it followed the sequence: CaHCO3 > CaSO4 > CaCl2 > MgCI2 > NaCl. This is due to the opposite effect of the silicon
and phosphorus on the dominance of soluble ions (Table 2) ,since one of them cancels the effect of the other on calcium
precipitation .The results also indicated that the variation in the dominance of salts occurred in treatments S3P1 and S2P3,
resulting from increasing the level of silicon or phosphorus to the level that can control the solubility of ions in the solution,
and dominance of a particular salt. As for treatment S2P3, the addition of silicon and phosphorus at high levels caused a
precipitation of calcium ions as Ca-p

Table(3)Effect of Nanosilicon and phosphorus and on Prevailing salt in soil

Treatment Prevailing salt
1 S1P1 CaHCOs> CaSO4> CaCl,> MgCl>> NaCl
2 S1P2 CaHCOs> CaSO4> CaCl,> MgCl>> NaCl
3 S1P3 CaHCOs> CaSO4> CaCl,> MgCl>> NaCl
4 S2P1 CaHCOs> CaSO4> CaCl,> MgCl>> NaCl
5 S2p2 CaHCOs> CaSO4> CaCl,> MgCl>> NaCl
6 S2P3 CaHCOs> CaSO4> MgSO,> MgClz> NaCl
7 S3P1 CaHCOs> MgHCO3> MgS0O4> MgCl,> NaCl
8 S3P2 CaHCOs> CaSO4> CaCl,> MgCl>> NaCl
9 S3P3 CaHCOs> CaSO4> CaCl,> MgCl>> NaCl

.(S:1=0 kg Si ha'; S,;=100 kg Si ha*; S3=200 kg Si ha*;P;=0 kg P ha'!; P,=30 kg P ha*; P;3=60 kg P ha!

and Ca-Si complexes, leading to the predominance of magnesium ions and formation of MgSO. salt unlike the other
treatments. For treatment S3P1, the effect is due to the presence of high levels of silicon, which led to the formation of Ca-
Si complexes and the beginning of the dominance of the magnesium ion, forming two salts, MgHCO3; and MgSQa. The
difference in salts in the two treatments may be confirmed by superior effect of silicon over phosphorus for calcium
precipitation process under experimental conditions. (22) indicated that increasing silicon application leads to the formation
of more silicon-calcium complexes and thus decreasing the amount of soluble calcium in soil solution. (23) explained that
the reduction in calcium concentration could be a result of increasing absorption rate of this ion after addition of silicon. It
can be concluded that the dominance of any salt in soil grow with plant strongly controlled by plant uptake potential as
well as solubility.

Effect of Nanosilicon and phosphorus on the K/Na ratio in leaves:

The presence of sufficient concentrations of potassium under salinity conditions is so important for the plant to remain
healthy and active, and the presence of a high percentage of this element indicates its tolerance to salinity. One of the most
important measurements of plant salinity tolerance is K/Na ratio in plant tissues, and its value depends on the selectivity
in absorption and transport of potassium and sodium ions, since It controls H-ATPase activity in the plasmalema of root
cells (23). Figure 3 showed that application of Nanosilicon significantly increased K/Na ratio reaching 1.16, 1.47, and 1.36
for levels of 0, 100. and 200 kg Si ha'?, respectively. These results were similar to the results of (24, 25) attributed this to
the high selectivity of the plant treated with silicon, in addition to the fact that the addition of silicon resulted an increase
in sodium accumulation in roots and its failure to rise to the vegetative part, which is consistent with the results for sodium
and potassium (Table 2), since the concentration

K/Na

s2

s3

Figure (3) Effect of Nanosilicon and phosphorus on K/Na ratio in leaves.(S1=0 kg Si ha'; S,=50 kg Si ha'; S;=100 kg
Si ha;P;=0 kg P hal; P,=30 kg P hal; P3=60 kg P ha ;RLSD(S=0.1,P=0.09, SxP=0.18)

of sodium in the soil solution increased, while the concentration of potassium in the soil solution decreased. The results
also showed that adding phosphorus increased the K/Na ratio in plant tissue, and the highest value (1.42) was obtained at
30 kg p ha! compared to lowest value in the control treatment (1.27), despite that phosphorus had the same effect in both
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soluble potassium and soluble sodium (Table 2), however, potassium is superior to sodium absorbed by the plant,
confirming the role of phosphorus in improving potassium absorption and increasing in the leaves. The results of (26)
showed a higher response of alfalfa plant to potassium fertilization when sufficient amounts of phosphorus were added,
and the reason for this may be due to increased root growth. after phosphorus addition, enhanced the uptakes of nutrients,
including potassium. The results also indicated that there were significant differences for the interaction treatments. Plants
treated 100 kg Si ha* along with 30 kg P ha gave the best K/Na ratio with a mean value of 1.66 and it outperformed all
interaction treatments, while the lowest value was 1.01 associated with no adding silicon and phosphorus, with an increase
percent between the two values of 64.35%.

Effect of Nanosilicon and phosphorus on shoot dry weight of cauliflower :

The addition of Nano-silicon increased the shoot dry weight, with a mean value of 1583.55, 2079.91, and 2009.55 kgha™
for levels of 0, 100, and 200 kg Si ha?, respectively. A significant differences between level and another were found (Figure
4). Controlling The nutrients uptake after the addition of silicon positively affect absorption processes, photosynthesis and
the formation of carbohydrates, which results in an improvement in plant height, number of leaves and leaf area plant
(27,28) also found that adding silicon significantly

dry weight( kgha)

Figure (4)Effect of phosphorus and Nano-silicon on Dry weight(kg ha?).(s;=0 kg Si ha; S,;=50 kg Si ha*; S3=100 kg Si
ha;P;=0 kg P ha; P,=30 kg P ha'; P3=60 kg P ha*;RLSD(S=152.67,P=158.39, SxP=287.07)

enhance the plant water use efficiency (WUE) and increases the rate of photosynthesis in wheat and corn due to the role of
silicon in increasing the activity of enzymes and biochemical processes in plant tissues. In the present study ,decreasing
soil salinity by about 50% (Figure 1) and increasing the K/Na ratio in leaves (Figure 3) were confirmed the improvement
in the dry weight of cauliflower plants under experimental conditions. Reducing salinity damage resulted in increased plant
activity, increased photosynthesis rates and the existence a high percentage of potassium at over sodium in the leaves. The
role of potassium in sugar and starch synthesis, assimilation of lipids, fixation of nitrogen, neutralization of organic acids
and osmotic control has been proven (29). On the other hand, the slight decrease in shoot dry weight with the higher level
of silicon (200kgSiha) may attributed to the stress response with negative effect on plant growth and utilization of soil
nutrients (30, 31) found that moderate Si level enhances biomass and grain yield as well as nutrient use efficiency, but high
level results a negative effects on such parameter .

Data of figure(4) showed that increasing phosphorus levels increased the dry weight of cauliflower. Mean values were
1684.25, 2079.61, and 1906.16 kg ha™* for 0,30 and 60 kg pha, respectively. Phosphorus plays an important role in plant
growth and development through involvement in the formation of energy-rich compounds (ATP, GTP, and CTP). It is also
included in the composition of some co-enzymes (Abu Dahi and Al-Younis, 1988). Phosphorus is also control the process
of decomposing carbohydrates and other substances ,releasing energy and forming amino acids, which are considered the
basis for building plant cells (Jayapaul and Devasagayam, 1997). Phosphorus also stimulates the cytokinins building, which
are important in increasing the growth of buds and increasing the number of branches (Muhammad and Younis, 1991).
The interaction treatments between Nanosilicon and phosphorus showed significant differences in dry weight. The
combination between 200 kg Si ha* and 60 kg P ha! gave the highest dry weight of 2288.25 kg ha™, while the lowest
values (1319.00 kg ha™ ) was obtained with the combination of 0 kg Si ha* and 60 kg P ha?, which did not differ
significantly from the combination of 0 kg Si ha' and 0 kg P ha™.

Effect of Nanosilicon and phosphorus on curd weight: of cauliflower: -
Addition of Nanosilicon significantly increased the curd weight of cauliflower, reaching values of 2297.55 and 1879.88 g.
head? for 100 and 200 kg Si ha, respectively, compared to the control treatment (1455.55 gm. head™?). This is due to the
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positive effect of silicon on shoot dry weight, uptake nutrient and increasing K/Na ratio leading to increasing curd weight.
Silicon plays a role in increasing the size of chloroplasts and increasing the number of grana (units present in the structure
of the chloroplast wall) (32). Silicon may have a role in enhancing plant uptake of involved in manufacturing chlorophyll,
including iron and magnesium (33). Improving growth and increasing photosynthesis rates resulting in increase food
processing and transportation to sinks. These results are similar to the results of (S34) The significant decrease of curd
weight at higher level of silicon (200kgSiha™) compared to 100kgSiha™ was same to that of shoot dry weight (Fig.4) .

The results also indicated a significant effect of phosphorus levels in curd weight

2500

2000

1500

1000

500

(weight curd (g

S3

Iéigure (5) Effect Nanosilicon and phosphorus on curd weight of cauliflower (gm head™).(5:=0 kg Si ha*; S,=50 kg Si
ha'l; S3=100 kg Si ha?;P1=0 kg P ha'; P,=30 kg P ha; P;=60 kg P ha* ;RLSD(S=152.67,P=158.39, SxP=287.07)

(Fig.5). The mean values of curd weight were1839.55 and 2030.00 g. head™* for the levels 0,30and 60 kgpha, respectively.
This is of course due to the role of phosphorus in increasing growth (dry weight) and nutrients uptake. In regards to
interaction effect, Fig.5 illustrated the superiority of plant received silicon at rate of 100 kgSiha™ in curd weight at all
phosphorus level. However, plant received phosphorus at rate of 60kgpha™ gave the highest curd weight. It can be
concluded the positive role of adding Nanosilicon at level of 100kgSiha™ in reducing soil salinity to the level that
contributed to improving growth and yield of cauliflower grown in saline soil. However, increasing silicon to 200kgSiha
decreased growth and yield of plant. Data also revealed that increasing phosphorus levels from 0 to 30 and 60 kgpha
gradually increased plant growth and yield inspite of the slight elevation in soil salinity.
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