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 ABSTRACT 

To study the effect of silica sources on some saline soil properties and sugar beet productivity and quality 
grown under saline soil conditions, a field experiment was conducted in Village El-Rowad in Sahl El-
Hussinia, El-Sharkia Governorate, Egypt. Sugar beet (Beta vulgaris L var. Loil) was cultivated in the winter of 
two successive seasons (2022/23 and 2023/24). The results showed that a slight decrease in soil pH was 
observed with the higher silicate application rate (6 ml L-1), in the form of calcium silicate. The least value of 
soil EC (3.78 dS m-1) was reached under the interaction of the highest silicon rate (6 ml L-1) and calcium 

silicate form, with superior efficacy in mitigating soil salinity. Data showed that calcium silicate had 
significantly enhanced soil macronutrient and micronutrient contents compared to other silica sources used. 
The application rate (6 ml L-1) resulted in the highest increases, from 9.90 to 26.09% for macronutrients N, P 
and from 11.18 to 20.58% for Fe, Mn, respectively, and 15.79% for Zn, compared to the control. Data also 
revealed that root nutrient contents, as macro and micro-nutrient concentrations, with calcium silicate source 

at a rate of 6 mlL-1, were maximized from 21.03 to 42.96%, while reduced Na⁺ was valued by 4.14%. Calcium 
silicate at 6 ml L-1 gave more root length, dry matter, and sugar beet yield with a 2.36% increase compared to 
the control. Potassium silicate enhanced root weight by 17.65%. Finally, calcium silicate at the highest rate 

(0.6 ml L-1) gave the best overall sugar beet quality parameters, the maximum sucrose yield (4.02 Mg fed⁻¹), 
which was a 75.5% relative increase compared with control (2.29 Mg fed-1); total chlorophyll relative increase 
63.92% and stress mitigation as the lowest proline contents compared with control. 

 

INTRODUCTION 

Salinity is considered one of the major plant 

abiotic stresses, which negatively influences the 
yield production up to 70% endangering the global 

food security. Several plant nutrients have proven 

and confirmed their roles in ameliorating stress, 

such as nitrogen, potassium, sulfur, selenium, and 

silicon. The sugar production from sugar beet in 

2018 was approximately 42 million metric tons in 

the world, providing nearly 30% of sugar world 

supply. 

Xiaoyan et al. (2019) stated that by 2050, up to 

30% of the world's arable land will have been 

destroyed by salinization. Soil salinity became one 
of the major environmental stresses on crop growth 

and productivity, causing a significant loss in 

profitable crops and decreased agricultural 

productivity. In Egypt, salt-affected soils are about 2 

million faddans, approximately 35% of the total 

cultivated area (FAO, 2021). Millions of Egyptians 

suffer from the salinity issue; the northern Nile 

Delta, the Mediterranean coast, the Sahl El-Tina 

region, and a few areas from the Fayoum region are 

among the majorly salt-affected soils (Ibrahim et al., 

2017). 

The processes that form the soil and, 
consequently, the types of soil greatly influence the 

quantity of silicon present in the soil and its 

accessibility. Soil Si-pools can be classified as either 

primary minerals inherited from parent material or 

biogenic pools formed by the synthesis of secondary 

minerals such as clay minerals (Summer et al., 

2006). When the pH falls from 7 to 2, the 

concentration of silicon in the soil solution can rise 

dramatically (Berthelsen and Korndörfer, 2012).  

Sugar beet (Beta vulgaris L.) is one of the salt-

tolerant crops; therefore, it could be used for 

studying salt acclimation in crops (Xiaoyan et al., 

2019). Sugar beet is a root crop for sugar 
production. In Egypt, sugar beet is grown on 

recently reclaimed lands and can grow in a variety 

of soil types. Each incremental increase by an EC 

unit results in a 5.9% yield loss, and it can naturally 

withstand salt levels in growth conditions up to an 

electric conductivity of 7.0 dSm-1 without 

experiencing a significant yield decline (Grieve et 

al., 2012).  

According to Ibrahim et al. (2017), adding 

potassium silicate to sugar beet at a rate of 8 g L-1 

increased the plant's vegetative parameters, yields 
and quality of the plant. When potassium silicate 

was applied, the amount of sodium in plants under 

salt stress was greatly reduced. The involvement of 

potassium and silicon in raising enzyme activity and 

soluble solute concentration in the xylem, which 

results in limited sodium adsorption by the plants, 
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may be the cause of the decrease in Na content in 

soil and roots (Enan and Alla, 2024; Ahmad, 2013). 

Fertilization plays a vital role in supporting 

plants to tolerate salt stress (Ghoulam, et al., 2002). 

Foliar application of silicon positively affected the 
yield quantity and quality of most agricultural plant 

species (Laane, 2018). Potassium silicate is an 

activator for numerous enzymes involved in protein 

synthesis and N-fixation, as well as its function in 

preserving the water balance in plants. The 

maximum sucrose percentage and T.S.S. values 

were obtained by spraying potassium silicate at a 

rate of 200 ppm (Nor Eldin and Abd-Allah, 2022). 

While silicic acid spraying enhanced development 

and yield and reduced biotic and abiotic stressors 

(Laane, 2018). Potassium silicate spraying on sugar 
beet plants may reduce the adverse impacts of 

drought stress and improve fertilizer efficiency, 

which could result in fertilizer savings (Ali et al., 

2019). Sugar beet root output was increased by 

spraying potassium silicate at a rate of 2000 mg L-1. 

The presence of potassium in the potassium silicate 

solution, which significantly increases sugar beet 

roots, may be the cause of this rise. It may also be 

the result of lessening the adverse impacts of high 

soil salinity (Ali et al., 2019). Applying K-silicate 

topically to sugar beet increased the amount of 

chlorophyll and the activity of photosynthetic 
enzymes. This outcome might be the consequence 

of silicon buildup in leaves, which leads to their 

erection and makes light penetration easier. 

Additionally, silicon and potassium components of 

K-silicate improved osmolytes and strengthened the 

antioxidant defense mechanisms, both enzymatic 

and non-enzymatic as proline and glycine betaine 

(Enan and Alla, 2024). 

Calcium silicate, one of the most widely used 

silicon fertilizers, is a by-product of the steel and 

phosphorus industries. Despite being costly, calcium 
silicate is a highly soluble material that can be 

utilized in hydroponics (Parimala and Singh, 2022). 

When calcium silicate was applied, leaf area index, 

leaf yield, root yield, total chlorophyll and 

carotenoids, and sugar production all were increased 

(Siuda et al., 2024). 

One of the dissolved polymers is silica gel, 

which is made up of silicate ions that are 

polymerized into many chain series or three-

dimensional chains (Majeed and Ahmed, 2015). 

Due to silica gel's high porosity, a small amount of 

silica gel can effectively adsorb a significant amount 
of heavy metals from soil (Omura et al., 2021). By 

creating an inner protective layer, silica gel helps 

plants defend against external attacks (Sharma et al., 

2019). When applied to soil, silica gel improves soil 

properties and crop yield (Mahrous and Abd 

Elghany, 2020). As a silicon supply, silica gel 

improved the results of cultivars growing under salt 

stress by raising potassium and lowering sodium 

concentrations in the soil salinity. Under salt stress, 

the application of silicone gel improves wheat's 

development, physiological function, and metabolic 

efficiency. Reduced sodium absorption and 

enhanced potassium absorption are the reasons for 
silicon-applied wheat's resistance to salinity, which 

contributes to better nutrition (Kousar et al., 2021). 

The objective of this study was to provide more 

information about the effects of applying different 

silica sources and rates on the fertility properties of 

saline soil, as well as on the productivity and quality 

of sugar beet grown under these saline conditions. 

MATERIAL AND METHODS 

Tow field experiments were conducted on a 

saline clay soil in Village El-Rowad in Sahl El-

Hussinia, El-Sharkia Governorate, Egypt, (located 

between N 31o 13\ 4.76\\, Longitude E 30o 58\ 26.94\\ 

E and elevation 2.0 m above sea level), cultivated 

with sugar beet (Beta vulgaris L.) in winter of two 

successive seasons (2022/23 and 2023/24), to study 
the effect of some silicate sources as potassium 

silicate, calcium silicate and silica gel, and rates on 

saline soil fertility properties, sugar beet 

productivity and quality under saline soil. The 

experiment layout was RCBD, which was carried 

out in a split-plot design with three replicates. 

Silicate source treatments were assigned to the main 

plots, whereas silicate rates were assigned to the 

subplots. Some physical and chemical properties of 

the soils shown in Table 1 were determined before 

sowing according to standard methods described by 
Cottenie et al. (1982), Page et al. (1982) and Klute 

(1986).  

The area of each experimental plot was 5 × 10 m 

(50 m2), which made to rows at 60 cm apart. All 

farming practices were carried out before planting. 

Calcium super phosphate (15.5 % P2O5) was applied 

at a rate of 300 kg fed-1 during soil preparation. 

Urea fertilizer (46 % N) was applied at a rate of 100 

kg fed-1 on three equal doses after 31, 50, and 65 

days after planting. Potassium (48 % K2O) was 

applied at a rate of 75 kg fed-1 on two equal doses 
after 31 and 50 days from sowing.  Silicate sources 

as silica gel, calcium, and potassium silicate applied 

at rates of 0, 4, and 6 ml L-1 foliar spray as at rates 

of 0, 800, and 1.200 ml per 200 L-1 water fed-1 for 

each source used. Sugar beet (Beta vulgaris L) seeds 

were obtained from Sugar Crops Res. Inst. Agric. 

Res. Cent. Egypt. Sowing was carried out on 15 

October 2022 and 2023. Two seeds were sown in 

each hill at two cm. After 31 days from sowing, hills 

were thinned to one plant. 

After 75 days from planting, random samples of 

top leaves of sugar beet were taken to determine 
total chlorophyll content according to the method 

described by Wettstein (1957).  
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Table 1: Some physical and chemical properties of the experiment soil before planting. 

Soil characteristics Value Soil characteristics Value 

Particle size distribution%:  Soluble cations (soil paste mmolecL-1):  

Clay 49.45 Ca2+ 14.10 

Silt 35.67 Mg2+ 18.00 

Sand 14.88 Na+ 65.20 

Textural class*                                                    

Clay 

K+ 1.10 

Soil chemical properties:  Soluble anions (soil paste mmolecL-1):  

pH (soil paste extract) 8.41 CO3
2- ND 

 

 

 

 

 

 

 

** 

CaCO3 % 10.75 HCO3
- 5.20 

Organic carbon % 1.12 Cl- 42.10 

EC (dS m-1, soil paste extract) 9.84 SO4
2- 51.00 

SAR 15.91 ESP 21.00 

Soil physical properties: 

Bulk density g cm-3 1.48 Soil moisture at wilting point % 17.10 

Soil moisture at field capacity % 35.10 Avail. Water % 18.10 

Available Nutrients mg kg-1 

N P K B Fe Mn Zn 

35.20 3.98 180.00 0.069 6.23 2.97 0.54 
Critical level of nutrients (mg kg-1) after Lindsay and Norvell, (1978) and Page et al. (1982). 

Limits N P K B Fe Mn Zn 

Low < 40.0 < 5.0 < 85 < 0.08 < 4.0 < 2.0 < 1.0 

Medium 40-80 5-10 85-170 0.08-0.1 4-6 2-5 1-2 

High > 80.0 > 10.0 > 170.0 > 0.1 > 6.0 > 5.0 > 2.0 
*Using USAD Soil Texture Triangle, after (Issam and Sayegh, 2007). **ND- Not detected 

 

Proline content was estimated by the ninhydrin 
method according to Bates et al. (1973) using a 

Spectrophotometer (JENWAY 6405 UV/Vis). 

At harvest time, after 150 days from planting, 

random samples of sugar beet plants were taken 

from each plot to determine root length (cm), weight 

of root plant-1 (Kg), dry matter plant-1 (g), and root 

yield weight (Mg fed-1). Sucrose percentage was 

determined using the Sacharimeter apparatus 

according to the method described by Le–Docte 

(1927). Sugar yield was also calculated by 

multiplying root yield (Mg fed-1) × Sucrose%. 

Sugar beet plant samples were oven-dried at 70 ºC 
till a constant weight and the dry weight was 

recorded. The plant material was ground to a fine 

powder. The plant content of total nitrogen was 

determined according to (Bremner and Mulvaney, 

1982) with micro-Kjeldahl, phosphorus was 

determined colorimetrically by using Vanado-

Molybdate yellow color method according to 

AOAC (2010) using Spectrophotometer (JENWAY 

6405 UV/Vis), while potassium was determined by 

flame photometer (JENWAY PFP7 flame). 

according to Jackson (1973). The plant content of 
Fe, Mn, Zn, and Cu was determined in plant digest 

using an Atomic Absorption Spectrophotometer 

(Perkin-Elmer 372) using methods described by 

Cottenie et al. (1982) and Page et al. (1982). 

Data were statistically analyzed according to 

Snedecor and Cochran (1980), and means were 

compared using the L.S.D test at 0.05 of probability. 

RESULTS and DISCUSSION 

Bartlett test (Bartlett, 1937) indicated the 

homogeneity of variance. So, data were pooled over 

the two seasons.  
Some soil properties 

Data in Table 2 indicated that the silicate 

source did not significantly affect soil pH. The soil 

pH values were between 8.14 and 8.00. Also, the 

rates of Si fertilizer application had no effect on soil 

pH. However, the decrease of soil pH as a result of 

calcium silicate treatment at a rate of 6 ml L-1 

compared with other treatments had not reached the 

level of significance. Soil pH tends to slightly 

decrease with increasing the rates of any silicate 

source. Regarding the interaction between sources 
of Si and the rates, data clearly showed that there 

was no effect on soil pH. These results are in 

agreement with the results of AbdElghany et al. 

(2019), who stated that the soil pH means ranged 

from 8.27 to 8.05, between slightly to moderately 

alkaline.  

Soil salinity values (EC dSm-1) presented in 

Table 2 and Fig. 1, data revealed that the least EC 

values were obtained as a result of calcium silicate 

foliar application compared with other treatments. 

However, Silica gel gave the highest mean value of 

7.19 dSm-1. The relative decreases of EC mean 
values were 34.92 & 52.69 %; 14.48 & 30.54 % and 
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8.13 & 22.25 % for soil treated with calcium 

silicate, potassium silicate, and silica gel at rates 4 

and 6 mlL-1 foliar application, respectively, 

compared to the control. Also, soil EC recorded the 

least mean value as 3.78 dSm-1 as a result of the 
interaction between the highest Si rate and calcium 

silicate. These results are in agreement with Al-

Toobi et al. (2023), who stated that soil salinity 

decreased as affected by the application of silicate 

on saline soil. Foliar application of Ca-silicate on 

soil decreased Na+ % concentrations, which may be 

owing to more ions occupying the adsorbent 

surfaces (Eissa, 2024). 

The soil electrical conductivity (EC) 

significantly reduced from 60 dSm-1 to 17 dSm-1 in 

the leached sugar beet (Abd El-Rahman et al., 

2024). Potassium silicate treatments decreased soil 

salinity. The application of silicate to the soil may 

have reduced soil salinity values due to the soluble 

ions in the irrigation water, which increases the soil 
solution. This is because the soil retains a portion of 

the water up to the field capacity (Jabal and 

Abdulkaree, 2023). Additionally, silica gel, as a 

source of silicon, positively influenced ion 

homeostasis by increasing potassium levels and 

decreasing sodium concentrations in the soil. This 

balance in ion concentration contributed to the 

overall reduction in soil salinity (Kousar et al., 

2021). 

 

 

Fig. 1: Soil salinity as affected by the interaction between Si Sources and rates. 

Table 2: Soil pH, EC and available macro and micronutrients in soil after harvest time as affected by 

different sources and rates of silicate fertilizer. 

Types of 

fertilizers 

(A) 

Spray 

Rate 

ml L-1 

pH EC 
Available macronutrients  Available micronutrients    

mg kg-1 

1:2.5 dSm-1 N P K Fe Mn Zn 

Calcium 

silicate  

0 8.12  7.99   38.4
9 

4.77 185.00 
bcde 

6.64 3.12 0.58  

0.4 8.07  5.20  40.5

2 
5.16 188.00 7.14 3.55 0.63  

0.6 8.00  3.78  43.9

0 
5.98 191.00 7.75 3.85 0.69  

Mean Ca Si 8.06  5.66  40.9

7 
5.30 188.00 7.18 3.51 0.63  

Potassium 

silicate 

0 8.14  8.22  37.8
9 

4.12 182.00 6.60 3.10 0.55  

0.4 8.09  7.03  38.6

6 
4.87 184.00 

cdef 
6.89 3.24 0.60  

0.6 8.05  5.71  40.1

2 
5.23 186.00 7.14 3.66 0.63  

Mean  KSi 8.09  6.99  38.8

9 
4.74 184.00 6.88 3.33 0.59  

Silica gel  

0 8.13  8.00  37.5
5 

4.22 181.00 6.62 3.11  0.57 

0.4 8.10  7.35  39.4

4 
4.89 183.00 6.96 3.36  0.62 

0.6 8.06  6.22  41.2

1 
5.33 187.00 7.20 3.75  0.65 

Mean Si gel 8.10  7.19  39.4

0  
4.81  183.67 6.93 3.41 0.61 

Mean (B) 

0 8.13  8.07  37.9
8  

4.37 182.67 6.62 3.11 0.57  

0.4 8.09  6.53  39.5

4  
4.97 185.00 7.00 3.38 0.62 

0.6 8.04  5.24  41.7

4  
5.51 188.00 7.36 3.75 0.66 

L.S.D. at 0.05 

Types of fertilizers (A) ns 0.149 1.54
9 

0.546 3.146 0.274 0.198 0.13 

Spray rates (B) ns 0.247 0.43

9 
0.281 2.271 0.292 0.097 0.045 

A×B ns 0.428 0.76

1 
0.487 3.934 0.506 0.168 0.079 
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The data presented in Table 2 and Figures 2 and 

3 clearly demonstrate that the application of silicate 

sources has a significant positive effect on the 

availability of macro- and micronutrients in the soil. 
Notably, calcium silicate significantly outperformed 

other sources regarding the nutrient content of 

nitrogen (N), phosphorus (P), potassium (K), iron 

(Fe), manganese (Mn), and zinc (Zn). The highest 

application rate of silicon resulted in superior mean 

values of 9.90%, 26.09%, 2.92%, 11.18%, 20.58%, 

and 15.79% for N, P, K, Fe, Mn, and Zn, 

respectively, when compared to the control 

treatment . 
In terms of the interaction between silicon 

sources and application rates on soil pH values, the 

data indicate that there was no effect on pH. 

However, other soil parameters were significantly 

affected by the different treatments. The relative 

increases in mean values for soil treated with 

calcium silicate at rates of 4- and 6-ml L-1, 

compared to the control, were as follows: 5.27% and 

14.06% for N, 8.18% and 25.37% for P, 1.62% and 
3.24% for K, 7.53% and 16.72% for Fe, 13.78% and 

23.40% for Mn, and 8.62% and 18.97% for Zn. 

 

 

 

 

Fig. 2: Soil macro-nutrient as affected by the interaction between Si sources and rates.  
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Table 2 presents data showing the relative 

increases in the mean values of available macro- and 

micronutrient contents in soil treated with potassium 

silicate at foliar application rates of 4- and 6-ml L-1 
compared to the control group. The relative 

increases in mean values were as follows: 5.03% 

and 9.75% for nitrogen (N), 15.88% and 26.30% for 

phosphorus (P), 1.10% and 3.31% for potassium 

(K), 5.14% and 8.76% for iron (Fe), 8.04% and 

20.58% for manganese (Mn), and 8.77% and 

14.04% for zinc (Zn) with the application of silica 

gel at the same rates . 
Additionally, the results indicated an increase in 

the mean percentage values of N, Fe, and Mn in soil 

treated with foliar application of calcium silicate at 

both 4- and 6-ml L-1. A specific increase in K 

content was noted in soil treated with calcium 

silicate only at the 4 ml L-1 rate compared to the 

control. Moreover, the mean values of P and Zn 

showed increases in soil treated with foliar 

application of potassium silicate at both 4- and 6-ml 

L-1 compared to the control . 
These findings align with the research conducted 

by Al-Toobi et al. (2023), which indicated that silica 

application enhances soil organic matter as well as 

the availability of N, P, and K concentrations, in 

addition to increasing the soil Si level. The use of 
Si-rich organic materials likely contributed to this 

outcome. The improved availability of nutrients can 

be attributed to an increase in soil cation exchange 

capacity (CEC), improved water and air regimes, 

and changes in soil mineral composition, as noted 

by Jabal and Abdulkaree (2013). 

 

 

 

Fig. 3: Soil micro-nutrient as affected by the interaction between Si sources and rates. 
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Effect of silicate fertilizer on sugar beet 

productivity 

The data presented in Table 3 indicate that the 

parameters of sugar beet, including root length, 
weight, dry matter, and yield, increased with the 

application of higher rates of silicate from all 

sources used. The highest values for root length, 

root weight, root dry matter, and root yield were 

achieved with calcium silicate applied at a rate of 6 

ml L-1. The relative increases in mean values 

compared to the control were as follows: for root 

length, 14.74%; for root weight, 13.59% and 

13.90%; for dry matter weight, 36.57% and 18.92% 

and 34.42%; and for root yield, 22.36%, 19.35%, 

and 22.59% for plants treated with calcium silicate, 

potassium silicate, and silica gel, respectively . 
Additionally, Table 3 shows that the type of 

silicate source had an insignificant effect on root 

weight, whereas calcium silicate fertilizer 

significantly affected root and sucrose yield, 

achieving values of 20.51 and 3.05 Mg fed-1, 

respectively  . 
In summary, the positive effects of the various 

silicate sources on sugar beet growth parameters can 

be ranked as follows : 

-For root length: calcium silicate > silica gel > 

potassium silicate > control 

 

 

-For weight of dry matter: potassium silicate > silica 

gel > calcium silicate > control 

-For root weight per plant: silica gel > calcium 

silicate > potassium silicate > control 

- For root yield per fed: potassium silicate > silica 

gel > calcium silicate > control. 
The foliar application of silica gel on sugar beet 

has been found to be beneficial for the growth, 

development, and yield of sugar beet plants. This 

may be due to its ability to improve organogenesis, 

growth traits, and the morphological, anatomical, 

and physiological characteristics of the plants under 

conditions of soil salinity. These findings align with 

those of Elsokkary (2018), who noted that silica gel 

accumulates in the epidermal plant tissues and 

enhances plant growth. Consequently, silica is now 

recognized as an essential element for plant health . 
In addition, the effects of potassium silicate on 

plant growth indicate improvements in growth and 

yield; this may be due to the alleviating roles of both 

potassium and silicon in mitigating drought stress 

(Abu El-Azm and Youssef, 2015). A foliar 

application of potassium silicate at 2000 ppm led to 

increases in vegetative parameters. This 
enhancement of vegetative growth in potato plants 

can be attributed to potassium's role in plant 

nutrition and its ability to promote the translocation 

of assimilates and protein synthesis (Abd El-Gawad 

et al., 2017) . 
 

Table 3: Sugar beet productivity as affected by different silicate sources and rates.  

Types of 

fertilizers (A) 

Spray 

Rate 

ml L-1 

Root length Root weight Root dry matter Root yield 

cm Kg plant-1 g Mg fed-1 

Calcium 

silicate  

0 23.14 0.99  385.52  17.85  

0.4 25.88  1.08 494.63  19.35  

0.6 27.21  1.15  558.34  24.33  

Mean Ca Si 25.41  1.07  479.50  20.51  

Potassium 

silicate 

0 21.63  0.85  380.22  17.52  

0.4 23.48  0.97  419.00  18.96  

0.6 25.66  1.03  485.27  22.85  

Mean K Si 23.59  0.95  428.16  19.78  

Silica gel  

0 22.52  0.93  385.24  17.66  

0.4 25.31  1.06  490.00  19.10  

0.6 25.99  1.12  545.66  23.65  

Mean Si gel 24.61  1.04  473.63  20.14  

Mean (B) 

22.43  0.92  383.66  17.68  

24.89  1.04  467.88  19.14  

26.29  1.10  529.76  23.61  

L.S.D. at 0.05 

Types of fertilizers (A) 1.443 ns 2.817 0.401 

Spray rates (B) 0.986 0.065 3.374 0.889 

A×B 0.922 0.112 5.844 1.54 
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Fig. 4: Root length, 

cm as affected by 

the interaction 

between Si sources 

and rates. 

 

Fig. 5: Root weight, 

kg Pl
-1

 as affected 

by the interaction 

between Si sources 

and rates. 

 

Fig. 6: Root dry 

matter, g as 

affected by the 

interaction 

between Si sources 

and rates. 

 

Fig. 7: Root yield, Mg 

fed-1 as affected by 

the interaction 

between Si sources 

and rates. 
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Furthermore, the addition of calcium silicate 

under saline soil conditions has been shown to 

enhance plant growth (Nizar et al., 2024). Silica gel, 

as a source of silicon, significantly improves wheat 
characteristics by mitigating the adverse effects of 

salt stress (Kousar et al., 2021). Eneji et al. (2008) 

indicated that applying 1000 mg kg-1 of potassium 

silicate to the soil at the time of transplanting 

resulted in the greatest biomass yield responses 

across various species when compared to calcium 

silicate or silica gel. 

Effect of silicate fertilizer sources on nutritional 

status in sugar beet root 

The nutritional status of sugar beet roots is 

presented in Table 4 and Figures 8, 9, and 10. The 
data indicate that the mean values of nutrient 

concentrations increased as follows: nitrogen (N) by 

21.03%, phosphorus (P) by 35.71%, potassium (K) 

by 4.15%, iron (Fe) by 15.04%, manganese (Mn) by 

18.45%, and zinc (Zn) by 42.96%. In contrast, the 

concentration of sodium (Na+) decreased by 4.14% 

in sugar beets treated with calcium silicate 

compared to the control group  . 
Additionally, when sugar beets were treated with 

potassium silicate at various rates, the relative 

increases in mean values for nutrient concentrations 

were as follows: 17.55% for N, 17.07% for P, 

2.46% for K, 11.98% for Fe, 13.74% for Mn, and 

28.43% for Zn, while the Na+ concentration 

decreased by 5.06% compared to the control . 
The application of foliar silicate sources 

significantly affected the sodium concentration. 

With silica gel treatments, the relative increases in 

mean values were 20.11% for N, 24.39% for P, 

4.53% for K, 10.00% for Fe, 13.22% for Mn, and 

18.16% for Zn. There was also a decrease of 6.41% 

in Na+ concentrations in the roots of sugar beets 

compared to the control . 
The highest concentrations of N, P, K, Fe, Mn, 

and Zn in the roots were achieved with a calcium 

silicate application rate of 6 ml L-1, accompanied by 

a decrease in Na+ concentration compared to the 

other treatments. 

The interaction between different silicate 
sources and application rates showed an increase in 

effectiveness when various silicate sources were 

applied at high rates under saline soil conditions. 

However, the effect was insignificant on nitrogen 

(N), phosphorus (P), and potassium (K) levels in 

sugar beet. In contrast, there were significant effects 

observed on micronutrient and sodium (Na) content . 

 

Table 4: Macro-micro nutrients and non-nutrient content in root of sugar beet as affected by different 

silicate sources and rates. 

Types of 

fertilizers 

(A)  

Spray 

Rate 

ml L-1 

Macronutrients content Micronutrients content  

(%) (Mg kg-1) 

N P K Na Fe Mn Zn 

Calcium 

silicate  

0 1.95 0.42 2.89 1.45 123 .00 76.65 28.96 

0.4 2.23 0.55 2.96 1.42 138.00 85.95 36.58 

0.6 2.48 0.58 3.05 1.35 145.00 95.63 46.21 

Mean Ca Si 2.22 A 0.52 2.97 1.41 135.33 86.08 37.25 

Potassium 

silicate 

0 1.88 0.41 2.85 1.58 115.30 72.66 27.96 

0.4 2.14 0.47 2.88 1.52 125.21 79.65 33.28 

0.6 2.28 0.49 2.96 1.48 133.00 85.63 38.54 

Mean K Si 2.10 0.46 2.90 1.53 124.50 79.31  33.26 

Silica gel  

0 1.89 0.41 2.87 1.56 120.85 75.96 27.96 

0.4 2.18 0.49 2.97 1.49 126.34 82.65 35.10 

0.6 2.35 0.53 3.02 1.42 139.52 89.34 42.15 

Mean Si gel 2.14 0.48 2.95 1.49 128.90 82.65 35.07 

Mean (B) 

1.91 0.41 2.87 1.53 119.72 75.09 28.29 

2.18 0.50 2.94 1.48 129.85 82.75 34.99 

2.37 0.53 3.01 1.42 139.17 90.20 42.30 

L.S.D. at 0.05 

Types of fertilizers 

(A) 

ns ns ns 0.083 2.901 0.964 0.95 

Spray rates (B) 0.229 0.046 0.129 0.108 2.449 1.439 1.85 

A×B 0.398 0.079 ns 0.056 4.241 2.493 3.204 
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Fig. 8: N and P (%) as affected by the interaction between Si sources and rates. 

 

Fig. 9: K and Na (%) as affected by the interaction between Si sources and rates. 

 

Fig. 10: Micronutrients concentrations (mg kg-1) as affected by the interaction between Si sources and 

and rates. 

 

The use of potassium silicate, calcium silicate, 

and silica gel as foliar applications at different rates 

resulted in increased concentrations of both macro- 
and micronutrients in sugar beet roots grown in 

saline soil. Specifically, the foliar application of 

calcium silicate at the highest rate achieved the 

greatest mean values for N, P, and K content . 
Additionally, the interaction between calcium 

silicate and the higher fertilizer rate resulted in mean 

values of 145.00, 95.63, and 46.21 mg kg-1 for iron 
(Fe), manganese (Mn), and zinc (Zn), respectively, 

indicating a significant increase in micronutrient 

concentrations. 

It is evident from the distribution patterns of N, 

P, K, Fe, Mn and Zn concentrations in root sugar 
beet that it could be arranged according to the 

following orders: 

for N, P, Fe, Mn and Zn as calcium silicate > 

potassium silicate > silica gel > control, for K. as 

silica gel > calcium silicate > potassium silicate> 

control and 

decrease of Na+ as silica gel > Potassium silicate 

> calcium silicate > control  

These results are in agreement with Abo-Basha 



Vol. 71, No.1, pp. 142-156, 2026                                                                            Alex. J. Agric. Sci. 

 152 

et al., (2024) who found that the application of 

potassium silicate and silica gel to sugar beet 

improved nutrient contents in the root and shoot of 

sugar beet and gave the highest values on N (0.58%, 

2.54%), P (0.132%, 0.318%), K (0.42%, 1.05%), Fe 
(67.18, 83.28 mg kg-1), and Zn (11.29, 12.73 mg  

kg-1) content, respectively, under deficit irrigation 

conditions. Kousar et al. (2021) reveal that the silica 

gel foliar application on plants decreased sodium 

concentration (16 mg kg-1) while increasing 

potassium concentration (114.73 mg kg-1). Also, the 

foliar application of silicon on sugar beet had 

increased P concentration in leaves, while N and K 

concentrations increased in sugar beet roots 

(Artyszak et al., 2019). The application of silicon to 

sugar beet increased the content of nitrogen, 
phosphorus, and potassium, which may be due to 

the intensification of the microbiological activity of 

the soil (Kulikova et al., 2019). The application of 

silicon to plants improved the living status of plants 

by reducing the uptake and translocation of heavy 

metals from root to shoot (Etesami and Jeong, 

2018). Silicon application increased of heavy metals 

in plants (Khan et al., 2021). 

Effect of silicate fertilizer on Sugar beet quality 

Data presented in Table 5 showed that potassium 

silicate gave the highest proline value (4.86 mg g-1 

FW), and Ca silicate showed the lowest mean value. 
Regarding chlorophyll and sucrose content, both Ca 

silicate and Silica gel did not significantly differ and 

had the highest mean value. So, the relative 

increases of mean values were 45.82 % for 

chlorophyll content in leaves, 12.68 % for sucrose, 

and 32.30 % for sucrose yield, respectively, for 

sugar beet treated with potassium silicate at 

different rates than the control. Also, data showed 

that the highest fertilizer rate, which has the 

maximum mean value for all tested parameters 
except proline content, the control treatment 

exceeds the other rates by 48.83 % over the highest 

rate. The highest rate showed the highest mean 

value for chlorophyll, sucrose content, at (63.64, 

22.72 %). The maximum values of total chlorophyll, 

sucrose parentage, and sucrose yield were foliar 

application of calcium silicate at a rate of 6 ml L-1 

compared with other treatments. The decrease in 

proline content was affected by all silicate high 

rates, especially calcium silicate at a rate of 6 ml L-1 

foliar application. However, the relative increases of 
mean values were 59.61 % for chlorophyll content 

in leaves, 21.32 % for sucrose, and 49.78 % for 

sucrose yield contents in sugar beet treated with 

calcium silicate at different rates compared control. 

As well as the relative increases of mean values 

for chlorophyll content level, sucrose, and sucrose 

yield contents in sugar beet treated with silica gel 

were 56.13 %, 16.63% and 42.17 % respectively, 

compared with the control. The effect of foliar 

application on proline content in sugar beet, as 

affected by silicate sources at different rates, was 

decreased with increasing rates under saline soil 
conditions. The relative decreases of mean values 

were 52.42 %, 57.43 % and 62.68 % for proline 

content in sugar beet treated with calcium silicate, 

potassium silicate, and silica gel at different rates, 

respectively, compared with the control.  

 

Table 5: Effect of silicate sources and rates on sugar beet quality.  

Types of 

fertilizers (A) 

Spray Rate 

ml L-1 

Proline 

mg g-1 FW 

Total Chlorophyll 

mg g-1 FW 

Sucrose 

% 

Sucrose yield 

Mg fed-1 

Calcium 

silicate  

0 4.69 2.55 12.85 2.29 

0.4 2.85 3.96 14.63 2.83 
0.6 2.18 4.18 16.55 4.02 

Mean Ca Si 3.24 3.56 14.68 3.05 

Potassium 

silicate 

0 5.69 2.51 12.93 2.26 

0.4 4.68 3.22 13.66 2.58 

0.6 4.22 4.10 14.89 3.40 
Mean K Si 4.86 3.28 13.83 2.75 

Silica gel  

0 4.88 2.53 13.05 2.30 

0.4 4.36 3.75 14.22 2.71 

0.6 3.85 4.15 16.21 3.83 

Mean gel Si 4.36 3.48 14.49 2.95 

Mean (B) 

5.09 2.53 12.94 2.28 

3.96 3.64 14.17 2.71 

3.42 4.14 15.88 3.75 

L.S.D. at 0.05 

Types of fertilizers (A) 0.379 0.155 0.608 0.041 

Application rates (B) 0.383 0.184 0.287 0.473 
A×B 0.663 0.318 0.497 0.819 

https://www.sciencedirect.com/science/article/pii/S0147651321006229#bib50
https://www.sciencedirect.com/science/article/pii/S0147651321006229#bib50
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These results are in agreement with Abd El-

Hady and Bondok (2017) indicate that increasing 

potassium silicate at rates 4, 8, and 16 cm3 L-1 
continuously led to significantly increased values of 

the sucrose and purity % contents in sugar beet.  

Potassium silicate application to plants increases of 

chlorophyll. Abd El Gawad et al. (2017) found that 

the application of 125 mgL−1 silicate improved the 

total soluble sugars and total chlorophylls in leaves. 

The application of silicate to plants at a rate of 60 

mgL-1 led to an increase in the chlorophyll content 

in leaves and sugar percentage in pepper plants 

(Trejo-Tellez et al., 2020). Adding calcium silicate 

to plant growth under saline soil maintains 
membrane permeability, chlorophyll content, and 

net photosynthesis by diluting salts accumulated in a 

saline environment. This may be attributed to the 

fact that silicon helps in increasing the erectness of 

leaves, thereby enhancing photosynthetic capacity 

(Nizar et al., 2024).  Enan and Neneat Alla (2024) 

found that the effect of the foliar application of K-

silicate might be associated with the role of silicon 

in increasing the activities of photosynthetic 

enzymes and chlorophyll content, and the 

accumulation of silicon in leaves causes their 

erection, which facilitates light penetration. 
Potassium silicate application to sugar beet led to an 

increase in stomata conductance, transpiration rate, 

and total sugar, while proline content was decreased 

under soil salinity conditions (Ibrahim et al., 2017). 

Potassium silicate foliar application at a rate of 16 

cm3 L-1 continuously significantly increased the 

values of sucrose and purity % (Abd El-Hady and 

Bondok 2017). 

CONCLUSION 

Silicon foliar fertilization is an effective 

agronomic technique for alleviating stress on sugar 

beet plants, which can hinder the growth of their 

photosynthetic machinery and ultimately reduce 

yields. This study's findings suggest that applying 
silicate sources at a rate of 6 ml per liter to sugar 

beet plants grown in saline soils is beneficial. 

Silicon positively enhances homeostasis by 

increasing potassium levels and decreasing sodium 

levels in these conditions. 
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