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ABSTRACT: A field experiment was conducted at Gelbana district, Sahl El-Tina (latitude of 30.57º 

N and longitude of 32.20º E), North Sinai Governorate, Egypt, in 2021/2022 and 2022/2023 to find out 

the optimal level of nitrogen fertilization and some combinations of Spirulina platensis extract and 

potassium silicate on growth, yield, and quality of sugar beet. This work included 21 treatments of three 

nitrogen levels and seven foliar combinations of Spirulina extract and potassium silicate. A complete 

block design in a split-plot arrangement with three replicates was used. Results indicated that fertilizing 

beets with 288.0 kg N ha-1 increased proline content, root diameter, fresh weight, root impurities, and 

sugar lost to molasses. Enriching beets with 230.4 and/or 288.0 kg N ha-1 gave the highest leaf area index, 

photosynthetic pigments, sucrose, extracted sugar percentages, quality index, root and sugar yields ha-1 in 

both seasons. Spraying beet tops with (3.60 g L-1 ha-1 Spirulina extract combined with a fixed dose of 

potassium silicate) resulted in a significant increase in leaf area index, photosynthetic pigments, root 

diameter, fresh weight, α-amino-N content, yields of root and sugar ha-1. However, proline, potassium, 

and sodium content decreased compared to other single doses of algal extract. Application of 230.4 kg N 

ha-1 and spraying beet tops with a combination of (3.60 g L-1 algal extract and 7.20 cm3 L-1 potassium 

silicate) led to a significant increase in sucrose %, quality index, root and sugar yields ha-1 with a 

reduction in sodium and potassium contents. 
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INTRODUCTION 

Sugar beet is a member of the Amaranthaceae 

family. It is well-suited for growth in a wide 

range of soil types and is cultivated in newly 

reclaimed soils in Egypt. It can naturally tolerate 

salinity levels up to an electric conductivity of 

7.0 dS/m in growth media without a considerable 

yield reduction, and each additional EC unit 

causes a 5.9% yield loss (Grieve et al., 2012). 

However, it is relatively sensitive to soil salinity 

during the early stages of germination and 

seedling growth (Skorupa et al., 2019). 

Salinization is projected to destroy up to 30% of 

the world's cultivated land by 2050. This will 

lead to reduced agricultural productivity and 

significant losses in economic crops. 

Furthermore, as highlighted by Mostafazadeh-

Fard et al., (2007), approximately 20% of 

irrigated areas globally are impacted by different 

degrees of salinity and sodium levels. Mineral 

nutrition with nitrogen and supplementation with 

plant-growth regulators may be one of the best-

suited strategies to improve the tolerance 

potential of a plant to salinity. Nitrogen plays a 

critical role in photosynthesis and is essential for 

protein manufacturing in plants. In this concern, 

Abdou and Badawy (2014) observed that 

increasing nitrogen levels from 70 to 90 and 110 

kg N/fed significantly increased root fresh 

weight, root dimensions, and root and sugar 

yields/fed. They added that high N availability 

late in the season increases foliage growth and 

impurities in beet plants. The highest sucrose% 

was recorded with 90 kg N/fed, whereas sugar 
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yield was the highest with 110 kg N/fed. 

Additionally, El-Shal, (2016) stated that 

increasing the N-level to 357 kg N ha-1 attained a 

significant increase in root yield of sugar beet 

sown in a salt-affected soil. Wael et al., (2017) 

showed that increasing the N rate up to 120 kg 

N/fed significantly increased root fresh weight 

and impurities contents as well as root yield/fed 

and white sugar yield/fed. They added that 

excessive N application decreased sucrose, purity 

and extracted sugar percentages. At the same 

trend, increased shoot and root fresh weight. 

Elwan and Helmy (2018) revealed that raising 

nitrogen fertilization levels from 80 to 100 and 

120 kg N/fed resulted in gradual and significant 

increases in root diameter, fresh weight, sugar 

lost to molasses%, root and corrected sugar 

yields/fed. Nonetheless, the quality index was 

decreased. The highest sucrose and corrected 

sugar percentages were recorded by applying 100 

kg N/fed. 

Potassium silicate is a source of highly 

soluble potassium and silicon. Silicone is 

favorable for plants, but it is not considered 

necessary. It plays a very important role in the 

reduction of the plant's vulnerability to biotic and 

abiotic environmental stress (Sacała, 2009). Aly 

et al., (2014) reported that the application of K-

fertilizer at 24 kg K2O/fed and/or 48 kg K2O/fed 

as soil-side dressing of K-sulphate, along with 

the foliar application of K-silicate at 3 cm3 L-1 

were more effective and significantly increased 

root yield/fed by (8.19 and 10.24 % tons/fed), 

and sugar yield by (8.83 and 13.85% tons/fed), 

respectively compared to the soil application of 

potassium sulphate without spraying silicates. El-

Kalawy, (2021) indicated that the combination 

between fertilizing sugar beet with 24 kg 

K2O/fed and spraying with silicon at 200 ppm 

gave the highest values of chlorophyll a, b and 

total (a+b) in leaf tissues, root diameter, root 

fresh weight/plant and root yield/fed.   

Spirulina platensis algae extract is a rich 

source of nitrogen and potassium, in addition to 

considerable amounts of Ca, Cu, Fe, Mg, Mn, P 

and Zn. It increases the uptake and accumulation 

of these elements in plants, explaining the 

significant increase in vegetative growth and 

yield components, as well as the contents of 

nitrogen, phosphorus, and leaf chlorophyll for 

most crops, especially those grown under semi-

arid and desert conditions (Abd El-Mawgoud et 

al., 2010). In this regard, Enan et al., (2016) 

manifested that foliar application of alga extract 

using 2.5 g L-1 produced significantly higher 

values of photosynthetic pigments, i.e. 

chlorophyll a, b and carotenoids, vegetative 

growth traits of sugar beet plants root diameter, 

root and foliage fresh weights/plant, extractable 

sugar %, quality index, root and sugar yields/fed 

with a decrease in sodium content in roots. 

This work aimed to investigate the effects of 

nitrogen fertilization in combination with 

spraying Spirulina extract and potassium 

silicates in mitigating salt stress, which may 

negatively affect the growth and quality 

characteristics of sugar beet grown in Gelbana, 

Sahl El-Tina. 

 

MATERIALS AND METHODS 

A field experiment was conducted at Gelbana 

district, Sahl El-Tina (latitude of 30.57º N and 

longitude of 32.20º E), North Sinai Governorate, 

Egypt, in 2021/2022 and 2022/2023 seasons to 

find out the optimal level of nitrogen fertilization 

and some combinations of Spirulina platensis 

with potassium silicate on growth, yield and 

quality of sugar beet (Beta vulgaris var. 

saccharifera, L.) grown in a saline soil. This 

work included twenty-one treatments, represent 

the combinations of three nitrogen levels (100%, 

80%, and 60% of the recommended nitrogen 

requirements in this region, i.e. 120 kg N/fed), 

which is equivalent to (288.0, 230.4 and 172.8 kg 

N ha-1) and seven combinations of Spirulina 

platensis extract (SE) with potassium silicate 

(KS), as follows:  

1. without spraying SE or KS. 

2. 1.20 g L-1 SE  

3. 1.20 g L-1 SE + 7.2 cm3 L-1 KS . 
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4. 2.40 g L-1 SE . 

5. 2.40 g L-1 SE  + 7.2 cm3 L-1 KS . 

6. 3.60 g L-1 SE . 

7. 3.60 g L-1 SE  + 7.2 cm3 L-1 KS. 

The combinations of algal culture filtrate 

(SE) and potassium silicates (KS) were sprayed 

on beet canopies thrice: after thinning and the 

other two ones were applied every 25-day 

interval.  

A complete block design in a split-plot 

arrangement with three replications was used, 

where the main plots were assigned to the three 

levels of nitrogen, while the seven foliar 

combinations of SE and KS were allocated at 

random in the sub-plots. The sub-plot area was 

25.2 m2 including 7 ridges of 6 m in length and 

60 cm in width, with 20 cm between hills. Seeds 

of the multi-germ sugar beet variety viz 

"Meralda" were soaked in water for 1-2 hours in 

a cloth bag, which was hang overnight to 

moisten them and enhance their germination. 

Then, seeds were sown in the lower part of 

ridges, to avoid the negative influence of salts 

that may appear on the top of ridges on the 

germinated sugar beet seedlings. Sowing seeds 

took place in 2nd week of September while 

harvesting beets was done at the age of 210 days, 

in both seasons. Plants were thinned twice: at age 

of 15 days and the appearance of 4-true leaves, to 

ensure one plant per hill. The studied nitrogen 

fertilizer levels were applied into four split-equal 

doses as follows: the 1st dose was added after 

thinning, followed by three doses given at two-

week intervals after the first one in the form of (a 

mixture of ammonium nitrate, 33.5% N + 

ammonium sulphate 20.6% N) at the ratio of 

50:50), as mentioned by (Enan, 2014) for 

fertilizing the saline soil. Potassium silicate, 

which contains 11% silicon and 60% K2O, was 

applied as a foliar spray at a fixed rate of 3 cm3 

L-1. This is equivalent to 180 g K2O/fed or 432 g 

K2O ha-1, which is equal to 7.2 cm3 ha-1. 

Phosphorus fertilizer was applied in the form 

of calcium super phosphate (15 % P2O5) at the 

rate of 480 kg ha-1at seedbed preparation. 

Potassium fertilizer was added to the soil as 

potassium sulfate 48% K2O at the rate of 60 kg 

ha-1 in two equal doses: at seedbed preparation 

and the other one was given with the second dose 

of N-fertilizer. Other recommended agricultural 

practices were followed as advised by the Sugar 

Crops Research Institute. 

 

Algal extract preparation 

The early isolated blue-green alga Spirulina 

platensis from Wadi El-Natrun, El-Beheira 

Governorate was scaled up to a massive scale at 

the Algal Biotechnology Unit, at the Algae 

Production Station of the National Research 

Centre (El-Sayed, 2004), within three open 

ponds (75 m3 of a final capacity). Continuous 

centrifugation (Westfalia Separator) was 

employed for harvesting algal bulk, which 

contains 75-80 % moisture and then after 

freezing for 48 h at 25o C., before centrifugation, 

the algal slurry was drastically stressed by hyper 

nutritional doses to meet obligatory nutrient 

accumulation within algal cells. The frozen bulk 

was then re-melted at room temperature, 

homogenized and aerobically fermented for 72 h. 

The fermented biomass was then homogenized 

and filtered till it was used. Major components of 

the used alga extract are shown in Table 1. 

 

Table 1. Chemical composition of some macro and micro-nutrients of Spirulina platensis extract 

Element 

concentration 

N P K Mg Ca Na Fe Zn Mn Cu 

% mg/kg 

11.2 1.68 1.1 0.22 0.35 0.01 1930 65 67 19 

 

Soil samples at (0-30 cm depth) were 

collected from the experimental site to determine 

their physical and chemical properties using the 

method described by (AOAC, 1990), as shown in 

Table 2 
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Table 2. Particle size distribution and chemical soil properties of the experimental site in 2021/2022 

and 2022/2023 seasons 

Physical 

characteristics 

Particle size distribution 
Soil 

texture 

Available 

nutrients  

(mg kg-1 soil) O.M.% 
*SAR 

% 

*ESP 

% 
Coarse 

sand 

Fine 

sand 
Silt Clay N P K 

2021/2022 66.20 8.95 11.86 12.99 Sandy 

loam 

33.0 4.40 170 0.43 13.32 15.66 

2022/2023 67.30 9.00 10.30 13.40 35.0 5.10 180 0.46 15.49 17.90 

Chemical 

characteristics 
pH 

EC 

(dS/m) 

Soluble Cations (mmolc L-1) Soluble Anions (mmolc L-1) 

Ca2+ Mg2+ Na+ K+ HCO3- Cl- SO4
 2- 

2021/2022 8.10 8.01 13.79 16.00 49.50 0.81 8.93 50.50 20.67 

2022/2023 7.97 8.09 11.69 15.00 53.50 0.71 9.90 52.50 18.50 

* Sodium Adsorption Ration (SAR) =Na/SQRT (Ca+2 + Mg+2)/2 according to (Richards, 1954). 

* Exchangeable sodium percentage (ESP%) = 1.95 + 1.03 SAR 

 

Studied traits 

Five plants were randomly collected from the 

middle ridges of each sub-plot at 110 days from 

sowing to determine the following: 

1. Leaf area index (LAI): Leaf area was 

measured using the disk method according to 

Watson (1958), and then the following 

equation was used:  

LAI = Leaf area per plant (cm2)/plant ground 

area (cm2) 

2. Photosynthetic pigments i.e., chlorophyll a, b, 

and carotenoids (mg/g leaf fresh weight) were 

determined according to the method described 

by Wettstein (1957), where:  

Chlorophyll a (mg/g fresh leaf) = 9.784 (A 

662) - 0.99 (A 644), Chlorophyll b (mg/g fresh 

leaf) = 21.426 (A 644) - 4.65 (A 662) and 

Carotenoids (mg/g fresh leaf) = 4.695 (A 440)-

0.268 (chl. "a"+ chl. "b"). 

3. Proline content in sugar beet leaves, expressed 

in (µg. g leaf fresh weight-1) was determined 

using the method of Bates et al., (1973). 

At harvest, a random sample of ten guarded 

plants was taken from the middle ridges of each 

sub plot to determine the following traits:  

1. Root diameter/plant (cm). 

2. Root fresh weight/plant (g).  

Quality analysis was done on fresh samples 

of sugar beet roots at the Laboratory of Canal 

Sugar Company, Egypt, including the following 

characteristics:  

3. Sucrose percentage (Pol %) was determined in 

fresh macerated root according to the method 

of Le-Docte (1927). 

4. Sugar lost to molasses percentage (SLM%) 

was calculated according to the equation of 

Devillers (1988): SLM = 0.14 (Na + K) + 

0.25 (α–amino N) + 0.5 

5. Extracted sugar percentage (EX %) was 

calculated by the following equation of 

Dexter et al., (1967): EX% = sucrose % - 

SLM % - 0.6 

6. Quality index (QI) % was calculated using the 

equation of Cooke and Scott (1993) as 

follows:  

     QI = (extracted sugar % / sucrose %) x 100 

 

Yields 
1. Root yield ha-1 (megagram). 

2. Sugar yield ha-1 (megagram) was calculated 

according to the following equation: 

Sugar yield ha-1 (megagram) = Root yield ha-1 

(megagram) x Extracted sugar %. 

 

Statistical analysis 

The obtained data were statistically analyzed 

using “Co-STATC” computer software package, 

to estimate the analysis of variance (ANOVA) 

for the split plot design as published by Gomez 

and Gomez (1984). The least significant 
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difference (LSD) method was used to test the 

differences between treatment means at the 5% 

level of probability as described by Snedecor and 

Cochran (1980). 

 

RESULTS AND DISCUSSION 

1. Leaf area index and photosynthetic 

pigments 

The results in Table 3 show that fertilizing 

sugar beet plants sown in saline soil with 288.0 

and or 230.4 kg N ha-1 significantly resulted in 

higher values of leaf area index (LAI), 

photosynthetic pigments concerning chlorophyll 

a, chlorophyll b and carotenoids, compared to 

those received 172.8 kg N ha-1 in both seasons. 

These results may be due to the role of nitrogen 

element in building up and enhancing plant 

foliage i.e. leaves area, which intercepted and 

utilized efficiently the solar radiation. These 

results are consistent with those reported by 

(Nemeat Alla et al., 2023).  

 

Table 3. Leaf area index and photosynthetic pigments (mg/g fresh weight) of beets as affected by 

nitrogen fertilizer levels, spraying a combination of algae extract and potassium silicate in 

the 2021/2022 and 2022/2023 seasons  

Treatments 

Leaf area index 

(LAI) 

Photosynthetic pigments (mg/g f.w.) 

Chlorophyll a Chlorophyll b Carotenoids 

1
st
  

Season 

2
nd

  

season 

1
st
  

season 

2
nd

  

season 

1
st
  

season 

2
nd

  

season 

1
st
  

season 

2
nd

  

season 

(A): Nitrogen fertilization levels (kg ha-1) 

172.8 2.49 2.18 3.44 3.54 1.25 1.30 0.51 0.60 

230.4 2.73 3.18 4.17 4.48 1.75 1.63 0.86 0.95 

288.0 2.93 3.42 4.28 4.57 1.89 1.77 0.98 0.99 

LSD at 0.5% 0.24 0.22 0.21 0.18 0.23 0.32 0.23 0.12 

                           (B): Spirulina algae extract g L-1 (SE)  + potassium silicate cm3 L-1 (KS)  

Without SE or KS 2.17 2.43 3.62 3.78 1.31 1.13 0.53 0.55 

1.20 SE  2.38 2.58 3.69 3.92 1.40 1.29 0.64 0.65 

1.20 SE + 7.20 KS 2.46 2.73 3.89 4.09 1.51 1.44 0.68 0.80 

2.40 SE  2.65 2.95 4.01 4.26 1.63 1.63 0.77 0.89 

2.40 SE + 7.20 KS 2.81 2.98 4.07 4.32 1.70 1.72 0.86 0.93 

3.60 SE  3.12 3.08 4.14 4.43 1.81 1.80 0.96 1.02 

3.60 SE + 7.20 KS 3.42 3.73 4.33 4.59 2.07 1.97 1.07 1.10 

LSD at 0.5% 0.13 0.11 0.18 0.15 0.18 0.14 0.10 0.11 

A x B ** ** NS NS NS NS NS NS 

 

Leaf area index and photosynthetic pigments 

increased significantly when beets were sprayed 

with Spirulina algae extract (SE) either alone or 

in combination with potassium silicate (KS). 

Spraying beet plants with SE at the rate of 3.60 g 

L-1 resulted in higher values of (LAI), 

chlorophyll a, b and carotenoid contents 

compared to the other individual doses of (SE). 

Nevertheless, supplying beet canopy with a 

combination of 3.60 g L-1 (SE) ha-1 and 7.20 cm3 

(KS) ha-1 attained more distinguished and 

appreciable influence on these traits than the 

other individual or combined treatments in both 

seasons. The noticeable effect of (SE) on sugar 

beet can be attributed to its ability to increase the 

permeability of cell membrane, which improves 
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the plant's efficiency in absorbing nutrients such 

as nitrogen, which are directly related to delaying 

leaf senescence by reducing the degradation of 

chlorophyll, as reported by (Enan et al., 2016). 

The positive 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. 

Moreover, the accumulation of silicon in leaves 

causes their erection, which facilitates light 

penetration. Also, it may be due to that 

potassium and silicon elements, involved in K-

silicate, attained a salinity mitigating effect by 

improving osmolytes and strengthening the 

enzymatic and non-enzymatic (proline and 

glycine betaine) antioxidant defense systems as 

mentioned by (Muhammad et al., 2014). 

 

Interaction effect 

Data in Table 4 reveal that the LAI of sugar 

beet plants was significantly affected by the 

interaction between nitrogen levels and the 

combination of SE and KS in both seasons. In 

the first one, there were insignificant differences 

in LAI of plants fertilized with 288.0 kg and/or 

230.4 kg N ha-1, when they were sprayed with 

(2.40 g L-1 SE alone), (2.40 SE+7.20 cm3 KS), 

(3.60g L-1 SE alone) and/or left without spraying. 

However, when beets were sprayed with (3.60 

SE+ 7.20 cm3), (1.20 SE+7.20 cm3 KS) and/or 

(1.20 g L-1 SE alone), fertilizing beets with 288.0 

kg N ha-1 markedly resulted in higher records of 

LAI than that attained by 230.4 kg N ha-1. In the 

second season, the differences between the same 

two nitrogen levels were insignificant when beets 

received a combination of (2.40 SE+7.20 cm3 

KS) and (3.60g L-1 SE alone). Nevertheless, 

beets sprayed with (1.20 g L-1 SE alone), (1.20 

SE+7.20 cm3 KS), (2.40 g L-1 SE alone), (3.60 

SE+ 7.20 cm3) and/or left without spraying 

attained the highest values of LAI when beets 

fertilized with 288.0 kg N ha-1.  

 

Table 4. A significant interaction between nitrogen levels (kg ha
-1

) and Spirulina algae extract g L
-1

 

+ potassium silicate cm
3
 L

-1
 on leaf area index in 2021/2022 and 2022/2023 seasons 

Nitrogen 

fertilization levels 

(kg ha
-1

) 

Spirulina algae extract g L
-1

 (SE)  + potassium silicate cm
3
 L

-1
 (KS)  

1
st
 season 

Without  

SE and KS 

1.20 

SE 

1.20 SE+ 

7.20 KS 

2.40 

SE 

2.40 SE+ 

7.20 KS 

3.60 

SE 

3.60 SE+ 

7.20 KS  

172.8 2.08 2.16 2.26 2.35 2.46 2.97 3.16 

230.4 2.24 2.32 2.40 2.69 2.90 3.21 3.36 

288.0 2.19 2.65 2.74 2.91 3.08 3.18 3.73 

LSD at 0.5% 0.23 

                               2
nd

 season 

172.8 1.78 1.99 2.11 2.23 2.29 2.39 2.47 

230.4 2.61 2.65 2.88 3.21 3.29 3.38 4.22 

288.0 2.91 3.09 3.19 3.41 3.35 3.48 4.52 

LSD at 0.5% 0.19 

 

2. Proline content, root diameter and 

fresh weight/plant 

Results revealed that proline content, root 

diameter and fresh weight/plant were 

significantly affected by different nitrogen 

fertilizer levels in both seasons (Table 5). 

Raising nitrogen fertilization levels to 230.4 and 

288.0 kg N ha-1 supplied to sugar beet resulted in 

a gradual increase in proline content, compared 

to those fertilized with 172.8 kg N ha-1. This 

finding suggests that the accumulation of proline 

in leaves is associated with tolerance to osmotic 

and salt stress, or that a higher nitrogen supply 

leads to an increase in proline content (Wang et 

al., 2004). A Similar trend was observed 

concerning root diameter and fresh weight/plant, 

with increases amounting to (1.52 cm and 1.59 

cm in root diameter) and (156.28 g and 118.45 g 



 

 

 

 
 

Alleviation of salt stress on sugar beet by nitrogen, Spirulina algae extract and potassium silicate 

217 

in root fresh weight) in comparison to that 

fertilized with 172.8 kg N ha-1, in the 1st and 2nd 

season, successively. These results are mainly 

due to the role of N as an essential structural 

element in building plant organs and stimulating 

the meristematic growth activity, which relates to 

the increase in the number of cells and their 

enlargement, thereby increasing root diameter 

and fresh weight/plant (El-Sharnoby et al., 

2021). 

 

Table 5. Proline content, root diameter, fresh weight/plant of beets as affected by nitrogen fertilizer 

levels, spraying a combination of algae extract and potassium silicate in the 2021/2022 and 

2022/2023 seasons 

Treatments 

Proline content 

(µg. g leaf fresh weight
-1

) 

Root diameter  

(cm) 

Root fresh weight/plant 

(g) 

1
st
 

season 

2
nd

 

Season 

1
st
 

Season 

2
nd

 

Season 

1
st
 

season 

2
nd

 

season 

(A): Nitrogen fertilization levels (kg ha-1) 

172.8 2.22 2.12 10.68 11.21 454.45 482.21 

230.4 2.31 2.55 11.88 12.45 590.23 584.43 

288.0 3.04 3.12 12.20 12.80 610.73 600.66 

LSD at 0.5% 0.20 0.56 0.25 0.34 18.37 10.88 

(B): Spirulina algae extract g L-1 (SE)  + potassium silicate cm3 L-1 (KS)  

Without SE or KS 3.07 3.19 10.30 11.02 438.97 481.17 

1.20 SE  2.81 3.05 10.74 11.27 485.11 533.34 

1.20 SE + 7.20 KS 2.72 2.85 11.69 12.19 561.63 546.81 

2.40 SE  2.66 2.76 11.97 12.41 575.15 561.78 

2.40 SE + 7.20 KS 2.43 2.60 12.03 12.53 584.18 573.67 

3.60 SE  2.10 1.99 12.11 12.66 594.99 583.97 

3.60 SE + 7.20 KS 1.87 1.74 12.30 12.97 622.57 609.64 

LSD at 0.5% 0.14 0.20 0.15 0.11 11.60 10.09 

A x B NS NS ** ** ** ** 

 

Data in the same table show that root 

diameter and fresh weight/plant increased with 

the foliar application of Spirulina algae extract. 

However, they were thicker and heavier when 

combined with potassium silicate in both 

seasons.  Otherwise, increasing the algae extract 

level from zero to 3.60 g L-1 resulted in a 

decrease in proline content in the leaf, which was 

more reduced with the fixed foliar dose of SE ha -

1 compared to the other treatments in both 

seasons. The increase in root diameter and fresh 

weight/plant were (19.42%, 17.70%) and 

(41.83%, 26.70%), compared to the untreated 

plants in the 1st and 2nd seasons respectively. 

These results could be attributed to the role of 

Spirulina algae extract in promoting 

photosynthesis and shifting assimilated 

osmoregulation. Furthermore, it may be 

attributed to potassium silicate's role in 

improving plant physiological processes, 

reducing stress and maintaining plant water 

potential, stomatal conductance, and leaves 

under high levels of transpiration cannot be 

understated (Ibrahim et al., 2017 and Galal et al., 

2022).  

 

Interactions effect 

Data in Table 6 show insignificant 

differences in the root diameter of plants 

fertilized with either 288.0 kg or 230.4 kg N ha-1 

when they were sprayed with only 1.20 g L-1 SE. 

However, beets sprayed with (1.20 g L-1 SE+ 

7.20 cm3 KS), (2.40 g L-1 SE alone), (2.40 g L-

1SE+7.20 cm3 KS), (3.60 g L-1 SE alone), (3.60 g 

L-1 SE+7.20 cm3 KS) and those left without 

spraying and fertilized with 288.0 kg N ha-1 had 

wider root diameter compared to those enriched 

with 230.4 kg N ha-1. In the second season, there 

were insignificant differences in root diameter of 
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beets fertilized with 288.0 kg and/or 230.4 kg N 

ha-1 when they received only 2.40 g L-1 SE. 

However, fertilizing them with 288.0 kg N ha-1 

resulted in greater values of root diameter than 

those fertilized with 230.4 kg N ha-1. Overall, the 

thickest roots were obtained when the beet plants 

were fertilized with 288.0 kg N ha-1 and sprayed 

with 3.60 SE + 7.20 cm3 KS ha-1. 

 

Table 6. Significant interaction between nitrogen levels (kg ha
-1

) and Spirulina algae extract g L
-1 

+ 

potassium silicate cm
3
 L

-1
 on root diameter in 2021/2022 and 2022/2023 seasons 

Nitrogen  

fertilization levels  

(kg ha
-1

) 

Spirulina algae extract g L
-1

 (SE)  + potassium silicate cm
3
 L

-1
 (KS)  

1
st 

season 

Without  

SE and KS 
1.20 SE 

1.20 SE+ 

7.20 KS 
2.40 SE 

2.40 E+ 

7.20 KS 
3.60 SE 

3.60SE+ 

7.20 KS 

172.8 9.00 10.05 10.72 11.11 11.17 11.25 11.45 

230.4 10.78 11.00 12.00 12.22 12.27 12.35 12.56 

288.0 11.10 11.17 12.35 12.56 12.65 12.72 12.84 

LSD at 0.5% 0.27 

                               2
nd 

season 

172.8 10.43 10.57 11.22 11.37 11.52 11.59 11.74 

230.4 11.10 11.39 12.45 12.84 12.94 13.05 13.38 

288.0 11.53 11.85 12.92 13.01 13.14 13.33 13.78 

LSD at 0.5% 0.19 

 

The interaction between the studied factors 

significantly affected root fresh weight/plant in 

both seasons (Table 7). In the 1st season, 

insignificant variance was detected in root fresh 

weight/plant when beets were fertilized with 

230.4 and/or 288.0 kg N ha-1 and sprayed with 

1.20 g L-1 or left without SE and KS. However, 

supplying beets with 288.0 kg N ha-1, combined 

with the other foliar treatments of SE and KS 

attained higher and appreciable values of root 

fresh weight compared to 230.4 kg N ha-1 with 

the same treatments. In the 2nd season, fertilizing 

beets with 288.0 kg N ha-1, in combination with 

spraying them with (3.60 g L-1 SE and 3.60 g L-1 

SE + 7.20 cm3 KS) or left without SE or KS 

significantly led to getting heavier roots than 

those obtained by applying 230.4 kg N ha-1, with 

the same combinations of SE and KS. 

Meanwhile, insignificant variance in root fresh 

weight/plant was observed as affected by 

applying 230.4 and/or 288.0 kg N ha-1, combined 

with the other foliar treatments of SE and KS.    

 

Table 7. Significant interaction between nitrogen levels (kg ha
-1

) and Spirulina algae extract g L
-1

+ 

potassium silicate cm
3
 L

-1
 on root fresh weight/plant in 2021/2022 and 2022/2023 seasons 

Nitrogen  

fertilization levels  

(kg ha
-1

) 

Spirulina algae extract g L
-1

 (SE) 
 
+ potassium silicate cm3 L

-1 
(KS)  

1
st 

season 

Without 

SE and KS 
1.20 SE 

1.20 SE+ 

7.20 KS 
2.40 SE 

2.40 SE+ 

7.20 KS 
3.60 SE 

3.60 SE+ 

7.20 KS 

172.8 358.70 369.38 472.17 482.08 488.91 499.30 510.58 

230.4 482.86 542.59 593.66 604.19 615.00 625.44 667.87 

288.0 475.35 543.36 619.08 639.20 648.62 660.23 689.27 

LSD at 0.5% 20.09 

                                     2nd season 

172.8 363.56 472.33 482.63 492.44 506.80 518.55 539.18 

230.4 526.15 559.90 575.00 589.81 598.62 606.37 635.16 

288.0 553.80 567.80 582.79 603.10 615.59 627.00 654.57 

LSD at 0.5% 17.47 
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3. Sucrose% and root impurities 

Root sucrose and impurities were 

significantly affected by the applied levels of N 

fertilizer in both seasons (Table 8). It was found 

that increasing nitrogen fertilization from 172.8 

to 230.4 kg N ha-1 increased sucrose %. 

However, when the N level was raised to 288.0 

kg N ha-1 a decrease in sucrose % was observed. 

These results indicate that adding 230.4 kg N ha-1 

was the appropriate N-dose, while increasing it 

by 20% i.e., 288.0 directed sugar beets to 

produce more foliage at the expense of sugar 

accumulation and storage in the tap roots.   

On the other hand, it was observed that 

increasing nitrogen levels from 172.8 to 230.4 

and 288.0 kg N ha-1 increased root impurities. 

These results may be due to that applying the 

moderate nitrogen dose (230.4 kg N ha-1) in the 

form of ammonium nitrate and ammonium 

sulphate, as recommended in saline soil, led to a 

higher uptake of potassium than sodium, which 

may increase sucrose percentage due to 

potassium's role in the transfer of sucrose from 

leaves to roots as explained by (Enan, 2014), 

while excessive N application (288.0 kg N ha-1) 

can enhance plant's ability to absorb more solutes 

from the soil solution. These findings are 

consistent with those reported by DeBruyn 

(2017) and Neamat Alla (2023).  

 

Table 8. Sucrose% and root impurities (meq/100 g beet) as affected by nitrogen fertilizer levels, 

spraying a combination of algae extract and potassium silicate in the 2021/2022 and 

2022/2023 seasons 

Treatments 

Sucrose % 
Impurities (meq/100 g beet) 

Potassium Sodium α-amino N 

1
st
 

Season 

2
nd

 

season 

1
st
 

Season 

2
nd

 

season 

1
st
 

season 

2
nd

 

season 

1
st
 

season 

2
nd

 

Season 

(A): Nitrogen fertilization levels (kg ha-1) 

172.8 17.48 17.59 3.65 4.12 1.17 1.27 1.13 1.17 

230.4 19.75 19.70 3.96 4.41 1.33 1.50 1.37 1.64 

288.0 18.47 18.72 4.48 4.72 1.46 1.71 1.49 1.90 

LSD at 0.5% 0.38 0.43 0.37 0.15 0.14 0.18 0.18 0.28 

(B): Spirulina algae extract g L-1 (SE)  + potassium silicate cm3 L-1 (KS)  

Without SE or KS 18.11 18.30 5.34 6.17 1.65 1.90 1.04 1.18 

1.20 SE  18.28 18.44 5.17 5.19 1.51 1.79 1.12 1.31 

1.20 SE + 7.20 KS 18.38 18.53 4.90 4.81 1.37 1.65 1.24 1.52 

2.40 SE  18.49 18.64 4.22 4.21 1.30 1.51 1.32 1.57 

2.40 SE + 7.20 KS 18.73 18.76 3.72 3.96 1.24 1.37 1.42 1.67 

3.60 SE  18.87 18.85 3.80 3.82 1.14 1.21 1.51 1.77 

3.60 SE + 7.20 KS 19.10 19.16 2.05 2.76 1.05 1.03 1.66 1.95 

LSD at 0.5% NS NS 0.21 0.20 0.10 0.15 0.10 0.17 

A x B ** ** ** ** NS NS NS NS 

 

In the same table, spraying the beet tops with 

Spirulina algae extract separately or in 

combination with potassium silicate resulted in a 

gradual decrease in potassium and sodium 

content in roots with a simultaneous increase in 

α-amino-N content in both seasons. Foliar 

application of the higher dose of the algal extract 

(3.60 g L-1) decreased potassium and sodium 

content in roots, which was more pronounced in 

combination with potassium silicate than in the 

other combinations. The reduction of Na content 

in root sap may be due to the role of potassium 

and silicon in increasing enzyme activity and 

soluble solute concentration in the xylem, 
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resulting in limited sodium adsorption by the 

plants (Liang, 1999). These results are consistent 

with those of Ahmad (2013), who found that 

exogenous application of potassium silicate 

significantly lowered Na content in wheat plants 

under salt stress. Contrariwise,  spraying 3.60 g 

L-1 SE + 7.20 cm3 KS significantly increased α-

amino N compared to other combinations. 

However, the distinctions of foliar doses of algae 

extract alone or with potassium silicate failed to 

reach the significance level of their effect on root 

sucrose content in both seasons. These results 

may be due to the integration of algal extract 

with potassium silicate functions which 

contributed towards enhancing the water status 

of plants, boosting photosynthetic activity and 

reducing Na+ uptake therefore, increasing K+ 

uptake instead of sodium in saline soil as 

reported by by Tahir et al., (2006). 
 

Interactions effect 

Data  in  Table 9 show   that  sucrose %   was 

significantly affected by the interaction between 

nitrogen levels and the combination of SE and 

KS in both seasons. In the first season, there 

were insignificant differences in sucrose % in 

beets sprayed with (3.60 SE+7.20 cm3 KS) 

and/or (2.40 SE+7.20 cm3 KS), when they were 

given 288.0 kg N ha-1. However, when plants 

were fertilized with 172.8 kg N ha-1 only, 

spraying beets with (3.60 g L-1 SE+7.20 cm3 KS) 

markedly resulted in higher sucrose % than that 

recorded by applying (2.40 g L-1 SE+7.20 cm3 

KS). In the second season, the two spraying 

treatments of (1.20 g L-1 SE+7.20 cm3 KS) and 

(without SE and KS) exhibited the same trend as 

interacted with the two N-doses of 172.8 and 

288.0 kg N ha-1, in their influence on sucrose %. 

These results showed the beneficial role of SE 

and KS combined with N-level on sucrose % in 

saline soil.  Applying 230.4 kg N ha-1, along with 

foliar application of 3.60 g L-1 SE and 7.20 cm3 

KS, directed beets towards sugar translocation at 

the expense of producing more foliage   

 

Table 9. Significant interaction between nitrogen levels (kg ha
-1

) and Spirulina algae extract g L
-1

 + 

potassium silicate cm
3
 L

-1
 on sucrose % in 2021/2022 and 2022/2023 seasons 

Nitrogen  

fertilization levels  

(kg ha
-1

) 

Spirulina algae extract g L
-1

 (SE) ha
-1

 + potassium silicate cm
3
 L

-1
 (KS) ha

-1
 

1
st 

season 

Without 

SE and KS 
1.20 SE 

1.20 SE+ 

7.20 KS 
2.40 SE 

2.40 SE+ 

7.20 KS 
3.60 SE 

3.60 SE+ 

7.20 KS 

172.8 17.16 17.25 17.33 17.46 17.55 17.70 17.90 

230.4 19.19 19.45 19.49 19.53 20.00 20.10 20.50 

288.0 17.99 18.15 18.33 18.49 18.64 18.82 18.90 

LSD at 0.5% 0.27 

                               2
nd

 season 

172.8 17.21 17.35 17.43 17.52 17.62 17.76 18.24 

230.4 19.24 19.47 19.58 19.68 19.97 19.92 20.22 

288.0 18.45 18.51 18.58 18.72 18.87 18.86 19.02 

LSD at 0.5% 0.14 

 

Data in Table 10 showed an insignificant 

difference in root potassium content between 

plants fertilized with 172.8 and 288.0 kg N ha-1 

when they were left without spraying with SE 

and KS. However, fertilizing beets with 288.0 kg 

N ha-1, significantly resulted in higher values of 

potassium in roots, compared with that fertilized 

with 172.8 kg ha-1, under the other combinations 

of SE and KS, in the first season. In the second 

one, it was found that spraying beets with 2.40 

SE and/or 3.60 SE caused insignificant 

differences in potassium content values in roots, 

of beets fertilized by 172.8 and 288.0 kg N ha-1. 

However, the difference between these two N 

doses reached the level of significance under the 

other combinations of SE and KS.  
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Table 10. Significant interaction between nitrogen levels (kg ha
-1

) and Spirulina algae extract g L
-1

 + 

potassium silicate cm
3
 L

-1
 on beet K content in 2021/2022 and 2022/2023 seasons 

Nitrogen 

fertilization levels 

(kg ha
-1

) 

Spirulina algae extract g L
-1

 (SE) ha
-1

 + potassium silicate cm
3
 L

-1
 (KS) ha

-1
 

1
st 

season 

Without 

SE and KS 
1.20 SE 

1.20 SE+ 

7.20 KS 
2.40 SE 

2.40 SE+ 

7.20 KS 
3.60 SE 

3.60 SE+ 

7.20 KS 

172.8 5.15 4.91 4.72 3.83 2.98 2.51 1.45 

230.4 5.56 5.06 4.72 4.30 3.86 2.65 1.55 

288.0 5.30 5.53 5.27 4.54 4.32 3.24 3.17 

LSD at 0.5% 0.36 

                               2nd season 

172.8 6.53 4.73 4.30 4.13 3.63 3.41 2.14 

230.4 5.87 5.34 5.03 4.17 4.08 3.93 2.47 

288.0 6.11 5.51 5.12 4.34 4.17 4.13 3.68 

LSD at 0.5% 0.33 
 

4. Sugar lost to molasses, extracted 

sugar and quality index percentages 

Sugar lost to molasses, extracted sugar and 

quality index percentages of sugar beet were 

significantly influenced by varying nitrogen 

levels and spraying algae extract in combination 

with potassium silicate in both seasons (Table 

11). Increasing the N level from 172.8 kg to 

288.0 kg ha-1 resulted in higher sugar lost to 

molasses % in both seasons. Nevertheless, both 

extracted sugar % and quality index values 

appreciably increased as N-dose was raised from 

172.8 to 230.4 kg N ha-1. Therefore, increasing 

the N-level to 288.0 kg N ha-1 reduced these two 

traits (Extracted sugar and quality index 

percentages). These results are probably referred 

to the same tendency of sucrose percentage 

(Table 8). Such effects were also noted by 

(Elwan and Helmy 2018). 

 

Table 11. Some technological parameters as affected by nitrogen fertilizer levels, spraying a 

combination of algae extract and potassium silicate in the 2021/2022 and 2022/2023 

seasons 

Treatments 

Sugar lost to molasses % Extracted sugar % Quality index % 

1
st
 

Season 

2
nd

 

season 

1
st
 

Season 

2
nd

 

Season 

1
st
 

season 

2
nd

 

season 

(A): Nitrogen levels (kg ha-1) 

172.8 1.46 1.55 15.41 15.44 88.21 87.78 

230.4 1.58 1.74 17.57 17.36 88.92 88.12 

288.0 1.70 1.88 16.17 16.25 87.52 86.77 

LSD at 0.5% 0.10 0.07 0.40 0.46 0.45 0.56 

(B): Spirulina algae extract g L-1 (SE) + potassium silicate cm3 L-1 (KS( 

Without SE or KS 1.74 1.93 15.77 15.77 87.07 86.16 

1.20 SE  1.71 1.81 15.97 16.04 87.32 86.96 

1.20 SE + 7.20 KS 1.69 1.79 16.10 16.14 87.53 87.13 

2.40 SE  1.60 1.69 16.29 16.35 88.08 87.69 

2.40 SE + 7.20 KS 1.55 1.67 16.58 16.49 88.52 87.93 

3.60 SE  1.43 1.65 16.84 16.60 89.23 88.08 

3.60 SE + 7.20 KS 1.35 1.52 17.15 17.05 89.76 88.94 

LSD at 0.5% NS NS 0.17 0.11 0.22 0.31 

A×B NS NS NS NS ** ** 
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Data in the same Table cleared those beets 

sprayed with a combination of 3.60 g L-1 SE + 

7.20 cm3 KS had the highest values of extracted 

sugar % and quality index %, where it exceeded 

those untreated by (8.75% and 8.11% in 

extracted sugar) and improved quality index % 

by (3.08% and 3.22%), in the 1st and 2nd season, 

respectively. These results may be due to 

reduced values of potassium and sodium contents 

recorded by applying 3.60 g L-1 SE + 7.20 cm3 

KS (Table 8). The impact of foliar doses of algae 

extract, whether administered alone or in 

combination with potassium silicate, failed to 

reach the significance level of their effect on the 

sugar lost to molasses content of the roots in both 

seasons. 

 

Interaction effect 

Data in Table 12 indicate that the quality 

index of sugar beet plants was significantly 

affected by the interaction between N levels and 

the combination of SE and KS in both seasons. 

In the case of fertilizing beets with 172.8 and/or 

288.0 kg N ha-1, an insignificant difference was 

found in the quality index % of beets left without 

SE and KS. Nevertheless, supplying beets with 

172.8 kg N ha-1 resulted in higher quality index 

values than those recorded by applying 288.0 kg 

N ha-1 under the other combinations of SE and 

KS, in the 1st and 2nd seasons. These findings 

may explain the role of the studied treatments on 

trait of quality index. Fertilizing beet plants with 

230.4 kg N ha-1, along with foliar application of 

3.60 g L-1 SE and 7.20 cm3 KS, significantly 

improved the quality index compared to other 

treatments. 

 

5. Root and sugar yields ha
-1

 

Data in Table 13 show that yields of root and 

sugar ha-1 were markedly influenced by the 

applied nitrogen levels in both seasons. Beets 

fertilized with 288.0 and/or 230.4 kg ha-1 (with 

insignificant variance between the two) produced 

the highest root and sugar yields ha-1, compared 

to that applied with 172.4 kg N ha-1 in both 

seasons. The increase in root and sugar  yields 

ha-1 could be due to the increase in the fresh 

weight of harvested individual roots (Tables 5) 

and sucrose % (Tables 8). These results are 

consistent with those found by (Elwan and 

helmy, 2018).  

 

Table 12. Significant interaction between nitrogen levels (kg ha
-1

) and Spirulina algae extract g L
-1

 + 

potassium silicate cm
3
 L

-1
 on quality index % for sugar beet in 2021/2022 and 2022/2023 

seasons 

Nitrogen  

fertilization levels  

(kg ha
-1

) 

Spirulina algae extract g L
-1 

(SE) + potassium silicate cm
3
 L

-1 
(KS)  

1
st 

season 

Without  

SE and KS 

 

1.20 SE 
1.20 SE+ 

7.20 KS 
2.40 SE 

2.40 SE+ 

7.20 KS 
3.60 SE 

3.60 SE+ 

7.20 KS 

172.8 86.88 87.08 87.42 88.22 88.70 89.14 90.03 

230.4 87.64 88.20 88.36 88.54 89.06 89.88 90.79 

288.0 86.68 86.70 86.83 87.48 87.80 88.67 88.47 

LSD at 0.5% 0.38 

                               2
nd

 season 

172.8 85.30 87.51 87.73 87.83 88.29 88.50 89.28 

230.4 87.50 87.59 87.25 88.20 88.23 88.42 89.67 

288.0 85.67 85.78 86.42 87.04 87.25 87.39 87.86 

LSD at 0.5% 0.53 
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Table 13. Root and sugar yields (megagram) ha
-1

 as affected by nitrogen fertilizer levels, spraying a 

combination of algae extract and potassium silicate in the 2021/2022 and 2022/2023 

seasons 

Treatments 

Root yield ha
-1

 

(megagram) 

Sugar yield ha
-1

 

 (megagram) 

1
st
 

season 

2
nd 

season 

1
st 

season 

2
nd 

season 

(A): Nitrogen levels (kg ha-1) 

172.8 46.68 46.19 7.20 7.15 

230.4 50.70 50.99 8.92 8.87 

288.0 53.05 52.06 8.59 8.46 

LSD at 0.5% 2.39 3.22 0.36 0.64 

(B): Spirulina algae extract g L-1 (SE) + potassium silicate cm3 L-1 (KS)  

Without SE or KS 46.02 44.13 7.27 6.99 

1.20 SE  48.66 46.97 7.78 7.55 

1.20 SE + 7.20 KS 49.15 48.55 7.92 7.85 

2.40 SE  50.06 49.81 8.16 8.15 

2.40 SE + 7.20 KS 50.91 51.57 8.45 8.51 

3.60 SE  52.38 52.93 8.84 8.80 

3.60 SE + 7.20 KS 53.82 54.26 9.25 9.26 

LSD at 0.5% 1.15 1.50 0.22 0.26 

A x B  ** ** ** ** 

 

As for the effect of Spirulina algae extract, 

data in the same table clear that root and sugar 

yields ha-1 were significantly and gradually 

increased by raising the sprayed SE level, either 

individually or mixed with KS. The highest root 

and sugar yields were produced by spraying 

beets with 3.60 SE + 7.20 cm3 KS ha-1, 

exceeding the untreated plants with SE and/or 

KS by (7.80 and 10.13 megagrams of roots ha-1) 

and (1.98 and 2.27 megagrams of sugar), in the 

1st and 2nd season, respectively. Meantime, an 

insignificant difference in root yield was detected 

between 1.20 g L-1 SE alone or 1.20 SE + 7.20 

cm3 KS ha-1, in the 1st season, and (2.40 g L-1 SE 

alone) and (2.40 SE + 7.20 cm3 KS ha-1), in both 

seasons. Also, there was insignificant variance in 

sugar yield in the case of spraying beets with 

(1.20 g L-1 SE) or (1.20 SE + 7.20 cm3 KS ha-1) 

in the 1st season. The augmentative effect of algal 

extract and potassium silicate could be due to the 

increase in chlorophyll content in the leaves 

(Table 3), which promoted photosynthetic 

activity of the sprayed plants and led to a higher 

production of various metabolites, such as the 

accumulation of carbohydrates, dry matter in 

plant tissues and sucrose content (Table 8). 

Additionally, the stimulator effect of potassium 

silicate which contains silicon might be 

associated with silicon-decreased plant Na 

uptake increased potassium and consequently 

improved, yields (Muhammad et al., 2014), 

which had a positive effect on the final 

production of root yield and consequently sugar 

yield ha-1. These findings are in agreement with 

those reported by (Enan et al., 2016, Aly et al., 

2014 and El-Fotoh et al., 2020). 
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Interactions effect 

The data in Table 14 show that the root yield 

ha-1 of the sugar beet plants in both seasons was 

significantly influenced by the interaction 

between the nitrogen levels and the combination 

of SE and KS. In the 1st season, there were 

insignificant differences between 230.4 and 

288.0 kg N ha-1 in their effect on the harvested 

root yield ha-1, when beets were sprayed with 

(2.40 SE alone) and (1.20 SE+ 7.20 cm3 KS) ha-1 

and between sprayed with (3.60 SE alone) or 

(3.60 SE+ 7.20 cm3 KS) ha-1. However, 

supplying beets with 288.0 kg N ha-1 markedly 

resulted in higher root yield in comparison with 

230.4, in beets sprayed with the other mixtures of 

SE and KS. In the 2nd season, the foliar 

application of (1.20 g L-1 SE+ 7.20 cm3 KS) ha-1 

significantly produced higher root yield/ha than 

that recorded by spraying beets with (1.20 g L-1 

SE) only along with the lowest N-dose (172.8 kg 

N ha-1). Nevertheless, the variance in root yield 

as affected by supplying beets with (1.20 g L-1 

SE alone) or (1.20 SE+ 7.20 cm3 KS) ha-1 was 

insignificant under higher N fertilization levels 

(230.4 and 288.0 kg N ha-1). Fertilizing the beet 

plants with 288.0 or 230.4 kg N ha-1 (with 

insignificant difference between them) and 

spraying with (3.60 g L-1 SE + 7.20 cm3 KS) 

resulted in the highest values of root yield ha-1 in 

both seasons. 

 

Table 14. Significant interaction between nitrogen levels (kg ha
-1

) and Spirulina algae extract g L
-1

 + 

potassium silicate cm
3
 L

-1
 on root yield (Megagram ha

-1
) of sugar beet in 2021/2022 and 

2022/2023 seasons 

Nitrogen  

fertilization levels  

(kg ha
-1

) 

Spirulina algae extract g L
-1

 (SE) + potassium silicate cm
3
 L

-1
 (KS)  

1
st 

season 

Without  

SE and KS 
1.20 SE 

1.20 SE+ 

7.20 KS 
2.40 SE 

2.40 SE+ 

7.20 KS 
3.60 SE 

3.60 SE+ 

7.20 KS 

172.8 43.57 46.24 46.52 46.93 47.34 47.80 48.39 

230.4 46.18 49.02 49.85 50.20 50.58 53.46 55.59 

288.0 48.31 50.70 51.07 53.06 54.81 55.89 57.48 

LSD at 0.5% 1.99 

                               2
nd

 season 

172.8 37.58 42.28 45.26 47.06 49.77 50.42 50.95 

230.4 46.50 48.90 50.14 50.30 51.50 53.75 55.86 

288.0 48.31 49.72 50.26 52.07 53.44 54.63 55.96 

LSD at 0.5% 2.60 

 

Data in Table 15 manifest that sugar  yield 

ha-1 was significantly influenced by the 

interaction between N fertilization levels and the 

combination of SE and KS, in both seasons. In 

the 1st one, fertilizing sugar beets with 230.4 kg 

N ha-1 substantially attained higher sugar yields 

ha-1 compared with those produced by applying 

288.0 kg N ha-1, when beets were sprayed with 

(1.20 SE) ha-1, (1.20 SE+ 7.20 cm3 KS) ha-1 

and/or (3.60 SE+ 7.20 cm3 KS) ha-1, nevertheless 

the difference between 230.4 and 288.0 kg N ha-1 

in their influence on sugar yield was insignificant 

under the other combinations of Spirulina algae 

extract and potassium silicate. The same results 

were obtained in the 2nd season. Fertilizing beet 

plants with 230.4 kg N ha-1 and spraying with 

(3.60 g L-1 SE + 7.20 cm3 KS) achieved the 

highest sugar yield ha-1 in both seasons, 

compared to other treatments. 
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Table 15. Significant interaction between nitrogen levels (kg ha
-1

) and Spirulina algae extract g L
-1

 + 

potassium silicate cm
3
 L

-1
 on sugar yield (megagram ha

-1
) of sugar beet in 2021/2022 and 

2022/2023 seasons 

  Nitrogen  

fertilization levels  

(kg ha
-1

) 

Spirulina algae extract g L
-1

 (SE) + potassium silicate cm
3
 L

-1
 (KS) 

1
st 

season 

Without  

SE and KS 
1.20 SE 

1.20 SE+ 

7.20 KS 
2.40 SE 

2.40 SE+ 

7.20 KS 
3.60 SE 

3.60 SE+ 

7.20 KS 

172.8 6.50 6.95 7.05 7.23 7.37 7.54 7.80 

230.4 7.77 8.41 8.58 8.68 9.01 9.66 10.34 

288.0 7.53 7.98 8.13 8.58 8.97 9.32 9.61 

LSD at 0.5% 0.38 

                               2
nd

 season 

172.8 5.53 6.42 6.92 7.24 7.74 7.92 8.30 

230.4 7.83 8.34 8.57 8.73 8.99 9.47 10.13 

288.0 7.64 7.89 8.07 8.48 8.80 9.03 9.35 

LSD at 0.5% 0.44 

 

CONCLUSIONS 

Under the conditions of the present work, 

fertilizing sugar beet plants at the rate of 230.4 

kg N ha-1, along with foliar spraying of beet tops 

with a mixture of (3.60 g L-1 ha-1 “Spirulina 

platensis” algae extract and 7.20 cm3 of 

potassium silicate) led to a significant increase in 

sucrose %, quality index, root and sugar yields 

ha-1, as well as low root contents of impurities 

(sodium and potassium). 
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تخفيف الإجهاد الولحي علي بٌجر السكر بإستخذام الٌيتروجيي وهستخلص طحالب 

 الإسبيروليٌا وسليكات البىتاسيىم
 

 هيثن السيذ أحوذ ًعوت الله ،صلاح علي عبذ اللاٍ هحوىد عٌاى 

مصز –قظم ثحوس المعبملاد الشراعيخ ، معهد ثحوس المحبصيل الظكزيخ ، مزكش الجحوس الشراعيخ ، الجيشه   

 الولخص العربي

درجةخ رةمب(،   03,03درجةخ رةزقب، ، اداةةزح عةز   02,23أقيمذ رجزثخ حقليخ ثمنطقخ جلجبنخ ثظهل الطينةخ )طةط لةو  

لمعزفةةخ  المظةةزوم ا منةةل مةة  الظةةمبد النيززاجينةة   2322/2320ا  2322/2322ثمحبفظةةخ رةةمب  طةةينب ، طةةلا  موطةةم  

االةةزع الةةورق  لةةجعل الزولي ةةبد مةة  مظةةزبلر لحبلةةت نطةةجيزالينب ثلارنظةةيضن اطةةيليكبد الجوربطةةيو   ف ةةل نمةةو اأعلةة  

  إحدم اعشزي  معبملخ رمنةل الزوافقةبد ثةي  ةلاةةخ مظةزويبد مة  الظةمبد حبصل اجودح م  ثنجز الظكز. إرزمل هذا العمل عل

كجةم نيزةزاجي   223اهة   خالدراطة خ% م  مزطلجبد النيززاجي  الموص  ثهب فة  منطقة03% ، 03% ، 233النيززاجين  )

طةةجيزالينب  /هكزةةبر  ، اطةةجل رولي ةةبد رع ارقةة  مةة  مظةةزبلر( كجةةم232,0 ،   203,2،  200,3لل ةدا(  اهةةو مةةب يعةةبد  ) 

 :، عل  النحو الزبل (KS)  مل طيليكبد الجوربطيو  (SE) ثلارنظيض

  .KSأا طيليكبد الجوربطيو     ES المقبرنخ )ثدا( رع مظزبلر الطحبلت .2

 لزز./  SE جزا  2,23 .2

  ./ لزز KS 0طم 3,23/ لزز +  SE جزا  2,23 .0

 لزز.  /  SE  جزا  2,23 .2

 لزز./  KS  0طم 3,23/ لزز +  جزا  2,23 .0

 لزز.  / SE جزا  0,03 .0

 ./ لزز KS  0طم 3,23/ لزز +  SE جزا  0,03 .3

رحذ ظزاف الززثخ الملحيخ رم إطزبدا  رصميم القطبعةبد الكبملةخ العشةواةيخ ثززريةت القطةل المنشةقخ مةزح ااحةدح فة  ةةلاس 

   .مكزراد

إلة  أكجةز محزةول الجةزالي  اقطةز  كجةم نيززاجي /هكزةبر أدد 200,3أربرد النزبةج إل  أ( رظةميد ثنجةز الظةكز ثئةةبفخ 

الجذر االوس( الطبسج للجذر، ارواةت الجذر االنظجخ المئويخ للظكز الم قود ثبلمو(ص، اأكجز دليل لمظةبحخ ا ارا  امحزةول 

ثينمةب أعطةذ إةةبفخ  -ا ارا  م  ا صجبغ ال وةيخ )كلورافل أ ، كلورافل ة ، الكبرارينبد ، اأعل  حبصةل جةذار/هكزبر 

كجم (/هكزبر أعل  نظجخ مئويخ للظكزاس االظكز المظزبلر، امؤرز الجةودح ف ةلا، عة  حبصةل الظةكز/ هكزةبر  فة   203,2

 .كلا الموطمي 

طيليكبد ثوربطةيو /لزز   0طم 3,23جم/لزز م  مظزبلر طجيزالينب مل  0,03)معد  أدل رع أارا  نجبربد ثنجز الظكز ث

أمينةةو -ب  ال ةوة ، اقطةةز الجةةذر، االةوس( الطةةبسج للجةةذر، امحزةواه مةة  ا ل ةةبإلة  سيةةبدح دليةةل مظةبحخ ا ارا ، اأصةةجبغ الجنةة

ف  حي  انب ل محزةول الجةزالي  ثةب ارا ، اكةلا، مة  الجوربطةيو  االصةوديو  ، نيززاجي ، احبصل  الجذار االظكز/هكزبر 

 .ثبلجذار مقبرنخ ثبلجزعبد ال زديخ ا طزل م  مظزبلر الطحبلت

كجم نيززاجي /هكزبر مل الزع الورق  ثمشيج م   203,2رظميد نجبربد ثنجز الظكز ثمعد   رحذ ظزاف هذا العمل، أدم

  إلة  سيةبدح معنويةخ فة  نظةجخ لززطةيليكبد ثوربطةيو / 0طةم 3,23جم/لزز مظةزبلر لحبلةت نطةجيزالينب ثلارنظةيضن ا  0,03)

 لصوديو  االجوربطيو  .الظكزاس احبصل  الجذار االظكز/هكزبر اإنب ب  محزويبد الجذار م  الشواةت )ا

 


