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Wheat is a staple food and one of the most widely 
consumed cereal grains worldwide, recognized 

for its relatively high protein content compared to other 
cereals. It serves as a vital source of plant-based 
protein, along with essential components such as 
dietary fiber, B vitamins, and various minerals (Hazard 
et al., 2020). The majority of wheat species belong to 
the genus Triticum, with Triticum aestivum (common 
wheat) being the most extensively cultivated.

The growing global population necessitates a 
significant increase in wheat production to address 
the looming threat of food insecurity. In Egypt, for 
instance, wheat production reached 8.9 million tons per 
year, while consumption soared to 16 million tons per 
year, according to the Egyptian Ministry of Agriculture 
and Land Reclamation (MALR, 2020) (Elsayed et al., 
2022; Lamlom et al., 2023). To mitigate the widening 
gap between consumption and production, increasing 
wheat output has become a key governmental strategy 
in Egypt.

Nitrogen is an essential macronutrient that plays 
a critical role in crop productivity, particularly in wheat 
cultivation. It is often a limiting factor in wheat production, 
especially in arid and semi-arid regions (Blumenthal et 
al., 2008). Consequently, the application of nitrogen 
fertilizers is crucial in conventional agricultural practices 

to enhance both yield and yield components (Gomaa et 
al., 2015; Belete et al., 2018). Nitrogen not only promotes 
vegetative growth but also improves physiological 
characteristics and nutritional status, stimulates crop 
growth rates, and enhances grain yield and quality 
(Hussain et al., 2006; Abd El-Rheem et al., 2021; Khan 
et al., 2022). The management of nitrogen fertilizer 
application is a significant concern for researchers 
globally, given its economic implications and ecological 
impacts. Effective control of nitrogen application rates, 
along with efforts to enhance use efficiency, can mitigate 
environmental pollution associated with nitrogen losses 
through volatilization, denitrification, and leaching, 
while simultaneously increasing wheat yield (Khan et 
al., 2022; Ali et al., 2000). Integrating growth stimulators 
and promoting agents into crop production systems 
presents an indirect strategy to enhance the efficiency 
of applied fertilizers. These agents can improve nutrient 
absorption from the soil, thereby supporting overall crop 
health and productivity (González et al., 2013; Yakhin et 
al., 2016).

Natural-derived stimulants, commonly known as 
biostimulants, such as humic acid, fulvic acid, chitosan, 
polysaccharides, and amino acids, have demonstrated 
significant potential in the agricultural sector due to their 
physiological effects on plants and their environmentally 
friendly nature (Calvo et al., 2014; Halpern et al., 
2015; Mahdy et al., 2019). Among these, alginate has 
emerged as a promising biostimulant with various 
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ABSTRACT
This study investigated the effect of alginate oligosaccharide (Algo) on wheat yield and nitrogen 
fertilizer optimization over two winter seasons (2020-21 and 2021-22). Algo, an environmentally 
friendly biostimulant, was applied as a foliar spray during the vegetative growth phase at four 
different concentrations, in conjunction with three nitrogen application rates-100%, 83%, and 65% of 
the recommended levels. The results demonstrated that the application of Algo, in combination with 
nitrogen fertilization, significantly enhanced various agronomic traits, including plant height, spike 
length, number of spikelets per spike, and the protein and carbohydrate content of wheat grains. 
Notably, the combination of nitrogen fertilization at 83% and 65% of the recommended rate with a 
foliar application of 25 mg L–¹ Algo led to increases in grain yield of approximately 17% and 10%, 
respectively, compared to the control group receiving 100% nitrogen without Algo. These findings 
suggest that the application of 25 mg L–¹ Algo in conjunction with 83% of the recommended nitrogen 
rate is the most effective treatment. This approach not only reduces nitrogen input but also achieves 
optimal performance across all measured parameters.
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applications across food, biomedical, and industrial 
fields. Its versatility and efficacy make it an attractive 
option for enhancing plant growth and productivity in 
sustainable agricultural practices. 

Alginates are primarily derived from natural 
sources, such as marine algae and certain bacteria, 
and consist of varying ratios of D-mannuronic acid 
and L-glucuronic acid (Abd El-Rehim, 2006; Lee and 
Mooney, 2012; Salachna et al., 2018). While alginates 
possess high molecular weights, low degradability, 
and low solubility, these characteristics can limit their 
practical applications. However, the degradation of 
alginate into smaller molecular weight compounds has 
been identified as an effective strategy to overcome 
these limitations and expand its utility across various 
fields (Xing et al., 2020).

Alginate oligosaccharide (Algo) is a derivative of 
alginate degradation, characterized by its low molecular 
weight. Its biological activity varies significantly 
depending on its structure and the degradation method 
used (Abd El-Mohdy, 2017; Zhang et al., 2020). The 
structural properties of Algo enhance its water solubility 
compared to alginate, thereby improving its absorption 
by plants (Ali et al., 2014). Research by Salachna et al. 
(2018) explored the effects of bulb coating of Eucomis 
autumnalis, a medicinal plant, with sodium alginates of 
varying molecular weights. They found that all tested 
alginates stimulated plant growth, with the highest 
growth parameters observed in plants treated with 
low molecular weight alginate. Furthermore, a recent 
study highlighted Algo as a growth-promoting factor 
for various beneficial microorganisms, highlighting its 
suitability for industrial applications (Le et al., 2022). 
Algo also serves as a potential growth stimulator for 
plants, positively influencing the antioxidant system and 
various biophysical activities, which ultimately enhance 
growth and yield quality. Soaking wheat and barley 
seeds in Algo solutions has been shown to improve 
seed germination, seedling development, and root 
growth (He et al., 2018; Yang et al., 2021). Additionally, 
foliar applications of Algo have increased photosynthetic 
rates and the accumulation of soluble solids and sugars, 
thereby promoting growth and quality in tea and citrus 
plants (Hossain et al., 2021; Li et al., 2023). Moreover, 
Algo has demonstrated significant contributions to plant 
resistance against various environmental stresses, 
including heat, drought, salinity, pollution, and irrigation 
acidity (Liu et al., 2013; Wang et al., 2020; Zhang et 

al., 2020; Yang et al., 2021; Moussa et al., 2023). This 
resilience is attributed to Algo’s ability to enhance root 
growth and upregulate resistance-related genes and 
antioxidant enzymes, such as catalase, superoxide 
dismutase, and peroxidase.

As the costs of inorganic fertilizers continue to 
rise, integrating growth-promoting and stimulating 
agents into agricultural practices offers a promising 
avenue for enhancing yield production while potentially 
reducing the quantity of fertilizers applied. In developing 
countries, improving the efficiency of agricultural inputs 
and increasing profitability are essential for achieving 
sustainable agricultural development. Consequently, 
there is a pressing need for further research on the 
management of alginate oligosaccharide (Algo) 
applications and their interactions with fertilization 
systems.

The primary objective of this study is to evaluate 
the impact of varying rates of nitrogen fertilizer in 
conjunction with Algo application on the growth of wheat 
plants cultivated in loamy sand soil. To achieve this, we 
test the following hypotheses: I) the application of Algo 
will enhance the growth parameters, nutritional status, 
and yield of wheat plants; II) the combination of Algo 
foliar application with nitrogen fertilization will allow for 
a reduction in the nitrogen application rate compared 
to the recommended levels, without compromising yield 
quantity or quality.

MATERIALS AND METHODS

Description of the study site 
A two-year field trial was conducted at the Ismailia 

Agricultural Research Station, situated at 30° 35’ 30” N 
and 32° 14’ 50” E. The study focused on the cultivation 
of the wheat crop, Triticum aestivum L., cultivar Sakha 
69, during the winter seasons of 2020-21 and 2021-
22. The experimental soil exhibited low organic matter 
content (0.05%), with available macronutrient levels 
of nitrogen (N), phosphorus (P), and potassium (K) 
recorded at 60, 3, and 16 mg kg⁻¹, respectively. The 
soil was characterized as loamy sand. A summary 
of the physical and chemical properties of the soil is 
presented in Table 1.

Experimental design and treatment description 
The field experiment was designed as a split-

Table 1. Some physical and chemical characteristics of the experimental soil

Soil texture CaCO3
(%)

Organic matter
(%)

pH
(water suspension)

EC
(dS m-1)

Available macronutrients
(mg kg-1)

N P K
Loamy sand 1.9 0.05 8.1 1.2 60 3 16
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plot arrangement with four replicates, where nitrogen 
fertilization constituted the main plots and alginate 
oligosaccharide (Algo) treatments were randomly 
assigned to the subplots. Wheat was sown on November 
15 and 17 during the first and second seasons, 
respectively. The study employed four concentrations 
of Algo (0, 25, 50, and 100 mg L⁻¹) in conjunction with 
three levels of ammonium nitrate fertilizer (190, 240, 
and 290 kg N ha⁻¹), which corresponded to 65%, 83%, 
and 100% of the recommended rate, resulting in a total 
of 12 treatment combinations.

All agricultural practices were standardized across 
the experimental units. Each nitrogen fertilizer rate 
was divided into six equal applications, which were 
administered biweekly from the time of planting. Algo 
was sprayed three times during the vegetative growth 
stage. Standard agricultural practices for wheat 
cultivation, including irrigation and pest control, were 
implemented according to the guidelines of the Egyptian 
Ministry of Agriculture. Additionally, superphosphate 
fertilizer (15.5% P₂O₅) was applied once at a rate of 71 
kg ha⁻¹ during soil preparation prior to planting, while 
potassium fertilizer (potassium sulfate) was applied in 
two equal doses at planting and during the booting stage 
(114 kg K₂O ha⁻¹). Wheat harvesting took place on May 
6 and 8 in the first and second seasons, respectively.

Plant sampling and analysis 
The crop was harvested on May 6 and 8 during 

the first and second seasons, respectively. For each 
treatment, a sample of 20 plants was randomly selected 
to collect data on various growth and yield parameters, 
including plant height (cm), spike length (cm), number 
of spikelets per spike, straw yield (ton ha⁻¹), grain 
yield (ton ha⁻¹), and grain index (g). Grain and straw 
samples were oven-dried at 65°C for 48 hours. After 
drying, the samples were ground, and 0.5 g of each was 
digested using the mixed acids method to determine 
macronutrient concentrations (Cottenie, 1980).

Nitrogen content was estimated using the Kjeldahl 
method (Cottenie, 1980). This involved converting 
nitrogen to ammonia through acid digestion, followed by 
steam distillation, during which the resulting ammonia 
was captured in excess boric acid. Phosphorus 
concentration was determined using the ammonium-
vanadate and molybdate method, as described by 
Motsara and Roy (2008). For potassium determination, 
the digested samples were analyzed using a flame 
photometer set specifically for potassium, and the 
potassium percentage was calculated based on the 
photometer readings and a calibration curve established 
with a standard solution (Chapman and Pratt, 1961). 
Total carbohydrates were assessed on a dry weight 
basis following the method outlined by Dubois et al. 
(1956). The total protein percentage was estimated by 

multiplying the nitrogen content by 6.25.
All collected data underwent statistical analysis, 

and the differences between treatment means were 
evaluated using Fisher’s Least Significant Difference 
(LSD) at a 0.05 level of probability (Snedecor and 
Cochran, 1980).

RESULTS AND DISCUSSION
The effects of different concentrations of alginate 

oligosaccharide (Algo) on agronomic parameters, yield, 
and nutritional status of wheat plants grown in sandy 
loam soil under varying levels of nitrogen fertilization 
are illustrated in Figures 1 and 2, as well as in Tables 
2 - 4. 

The main effects of nitrogen (N) fertilization rates on 
the growth, yield, and yield parameters of wheat plants, 
irrespective of the Algo treatments, are presented in 
Figure 1. The data represent the average results from 
two growing seasons, as the values observed during 
the 2020-21 cropping season were comparable to 
those in the 2021-22 season. Reducing the amount of N 
fertilizer from 290 kg ha⁻¹ (100% of the recommended 
rate) to 240 kg ha⁻¹ (83% of the recommended) 
adversely affected all measured growth parameters, 
including plant height, spike length, and the number of 
spikelets per spike. This negative impact was further 
exacerbated by an additional reduction in the fertilization 
rate to 190 kg ha⁻¹ (65% of the recommended rate). 
Consequently, grain yield reductions of 4.1% and 25% 
were observed when applying nitrogen at 83% and 65% 
of the recommended rate, respectively, compared to 
the yield at the full recommended rate.

The data presented in Figure 2 illustrates the main 
effects of alginate oligosaccharide (Algo) treatments 
on wheat yield and growth parameters, represented as 
mean values across the two seasons. The application of 
Algo resulted in significant improvements in all studied 
attributes compared to the control treatment (zero Algo). 
Specifically, increasing the Algo concentration to 50 mg 
L⁻¹ (50 Algo) led to enhanced growth characteristics 
and yield values. However, further increasing the Algo 
concentration to 100 mg L⁻¹ (100 Algo) resulted in a 
decline in these attributes, although the values remained 
higher than those recorded for the control treatment.

The interaction between foliar application of 
alginate oligosaccharide (Algo) and various nitrogen 
fertilization rates had a positive effect on wheat yield 
and its components, with the data for each growing 
season summarized in Table 2. Increasing the nitrogen 
fertilization rate, in conjunction with Algo application 
at any concentration, significantly enhanced plant 
height, photosynthetic capacity, spike length, number 
of spikelets per spike, and grain index compared to 
treatments without Algo (0 Algo). These parameters 
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exhibited both direct and indirect correlations with grain 
yield (Mecha et al., 2017). Moreover, under all nitrogen 
rates, the application of lower Algo concentrations 
(25 mg L⁻¹ and 50 mg L⁻¹) resulted in greater yield 
parameter values than those recorded with the highest 
concentration of 100 mg L⁻¹, suggesting an inverse 
relationship between Algo concentration and the 
growth attributes measured. This trend was consistent 
across both growing seasons. Additionally, under the 
0 Algo treatment, reducing the nitrogen application 
rate from 290 to 190 kg ha⁻¹ led to a decline in grain 
yield of approximately 29%. However, this trend was 
reversed following Algo application; specifically, the 

foliar application of Algo at 25 mg L⁻¹ in combination 
with a nitrogen rate of 190 kg ha⁻¹ increased grain yield 
by about 9.6% compared to the yield obtained from the 
290 kg N ha⁻¹ with 0 Algo treatment.

The results presented in Table 3 indicate that 
the application of alginate oligosaccharide (Algo) 
at different nitrogen fertilization levels significantly 
improved the quality of wheat yield by enhancing protein 
and carbohydrate content in the grains. Generally, 
lower concentrations of Algo resulted in increased 
protein and carbohydrate content in both the straw and 
grains of wheat plants compared to the highest Algo 

Table 2. The interaction effect of alginate oligosaccharide concentrations (Algo) and nitrogen fertilization rates on 
growth parameters and yield of wheat plants

N fertilization 
rate
(kg ha-1)

Algo
(mg l-1)

Plant 
height
(cm)

Photo-
synthetic 
capacity*
(g/cm2)

Spike 
length
(cm)

Number of
spikelets/ 

spike

Yield
(ton ha-1)

Grain 
index

(g)
Grain Straw

First season
290 0 76.1 4.96 10.5 18.3 5.81 8.24 46.1

25 80.3 5.42 11.8 22.1 6.74 9.29 48.2
50 80.2 5.40 11.7 22.0 6.71 9.43 47.9

100 71.4 4.88 10.4 19.0 5.67 9.17 45.9
240 0 73.1 4.11 10.0 19.0 5.95 8.71 39.2

25 79.1 4.85 11.6 21.3 6.71 9.10 45.6
50 79.2 4.82 11.5 21.2 6.69 9.05 45.1

100 70.2 4.12 10.4 18.8 4.76 8.60 40.2
190 0 52.6 3.44 8.52 14.1 4.12 6.26 38.0

25 70.7 3.97 10.3 18.3 6.29 8.86 43.5
50 70.8 3.96 10.2 18.1 6.24 8.93 43.3

100 65.8 3.51 9.00 15.0 4.50 6.95 39.1
LSD  (p≤0.05) 1.85 0.12 0.67 1.20 0.41 1.31 2.66
Second season
290 0 76.0 4.95 10.4 18.2 5.74 8.17 46.0

25 81.4 5.61 11.9 22.3 6.88 9.40 49.1
50 81.3 5.42 11.8 22.2 6.86 9.38 48.9

100 72.0 4.98 10.3 19.1 5.48 8.67 46.1
240 0 74.3 4.21 10.6 19.2 5.83 8.21 39.5

25 80.3 4.91 11.8 22.1 6.76 9.02 46.2
50 80.2 4.68 11.7 22.1 6.74 9.05 45.8

100 74.1 4.20 9.11 18.7 4.81 8.62 40.3
190 0 57.9 3.47 7.99 13.9 4.05 6.19 38.1

25 78.2 4.01 10.8 18.5 6.36 9.00 44.4
50 77.9 3.97 10.8 18.3 6.31 9.05 44.1

100 66.5 3.51 8.42 14.4 4.31 6.90 40.0
LSD  (p≤0.05) 1.86 0.12 0.68 1.19 0.43 1.33 2.67

*Photosynthetic capacity = flag leaf weight (g)/flag area (cm2) (Abd El-Rheem et al., 2021)

w
w

w
.In

d
ia

n
Jo

u
rn

al
s.

co
m

N
o

t 
fo

r 
C

o
m

m
er

ci
al

 U
se

D
o

w
n

lo
ad

ed
 F

ro
m

 IP
 -

 2
16

.7
3.

21
6.

16
3 

o
n

 d
at

ed
 1

4-
Ju

l-
20

26



503

concentration treatment. The positive effects of Algo 
were most pronounced at the lowest nitrogen rate of 
190 kg ha⁻¹. Under this condition, the application of 
25 mg L⁻¹ of Algo led to a 1.2- and 1.4-fold increase 
in carbohydrate content, as well as a 1.2- and 1.3-fold 
increase in protein content in the grains and straw, 
respectively, compared to the control treatment (0 Algo) 
under the same nitrogen fertilization rate.

The results presented in Table 4 illustrate the 
effects of applying different concentrations of alginate 
oligosaccharide (Algo) in conjunction with various 
nitrogen fertilization rates on the nutritional status of 
wheat plants. Significant enhancements in the nitrogen, 
phosphorus, and potassium content of wheat leaves 

were observed following the foliar application of Algo 
under all nitrogen treatments compared to the control. 
The increases in nitrogen and phosphorus content 
were particularly statistically significant. Among the 
treatments, the combination of 25 mg L⁻¹ of Algo 
with 290 kg N ha⁻¹ yielded the highest macronutrient 
content, highlighting it as the most effective treatment 
for enhancing the nutritional status of the wheat plants.

The appropriate application of nitrogen, an essential 
component in the structure of various constituents within 
plant tissues, is crucial for achieving maximum wheat 
yields (Ma et al., 2010). The results of this study indicated 
that applying nitrogen fertilizer at the recommended 
rate significantly improved wheat yield and all studied 

Table 3. Effect of alginate oligosaccharide concentrations (Algo) and nitrogen fertilization rates on carbohydrate and 
protein of straw and grains of wheat

N fertilization
rate

Algo First season Second season
Carbohydrate Protein Carbohydrate Protein

(kg ha-1) (mg l-1) (%) (%)
Straw
290 0 14.5 12.9 14.0 12.8

25 17.0 13.6 17.1 13.5
50 16.9 13.7 17.0 13.6
100 14.0 12.7 13.8 12.8

240 0 13.5 11.2 12.8 11.7
25 16.0 13.4 15.8 13.7
50 15.8 13.4 18.9 13.6
100 13.5 12.0 13.4 12.0

190 0 10.1 9.82 9.92 10.0
25 13.7 12.4 13.4 12.7
50 13.6 12.1 13.4 12.5
100 12.0 10.2 11.8 10.5

LSD  (p≤0.05) 2.1 0.88 2.07 0.9
Grains
290 0 53.0 16.7 52.9 16.6

25 60.1 19.8 61.2 19.4
50 60.0 19.5 61.1 19.1
100 53.5 17.8 53.1 17.5

240 0 50.0 15.6 49.1 15.8
25 58.7 18.4 59 18.1
50 58.0 18.2 58.8 17.9
100 52.8 17.1 52.5 17.2

190 0 49.7 14.9 48.9 14.8
25 57.7 17.5 56.8 17.7
50 56.4 17.1 56.1 17.4
100 52.2 15.5 50.1 15.8

LSD  (p≤0.05) 3.5 1.06 3.46 1.1
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attributes. This finding aligns with the observations 
of Belete et al. (2018) and Khan et al. (2022), who 
examined the influence of nitrogen fertilization rates 
on different wheat varieties. Furthermore, Abd El 
Rheem et al. (2021) confirmed that the application of 
nitrogen fertilizer at 290 kg ha⁻¹ markedly enhanced 
the physiological activities and growth of wheat plants, 
supporting our findings regarding nitrogen fertilization 
under the zero Algo (0 Algo) treatment. 

The combination of different nitrogen rates with 
foliar application of alginate oligosaccharide (Algo) 
resulted in significant improvements in all studied 
growth parameters compared to treatments with 
nitrogen alone. In the first season, enhancements in 
grain yield following the application of Algo at 25 mg L⁻¹ 
were observed at rates of 16%, 13%, and 53% under 
nitrogen rates of 290, 240, and 190 kg ha⁻¹, respectively. 
In the second season, these enhancements were 20%, 
16%, and 57%, respectively. The positive effects of 
Algo on growth have been documented in the literature, 
particularly regarding its influence on seedling and root 
development in crops such as lettuce, carrots, barley, 
faba bean, and rice (Abd El-Mohdy, 2017; Yang et al., 
2021; Iwasaki and Matsubara, 2000; Xu et al., 2003). 
In a recent study, Liu et al. (2022) explored the effects 
of Algo, alongside other growth regulators, on Chinese 
milk-vetch plants, confirming that Algo application 
significantly enhanced pod and seed setting rates, seed 
number, and seed weight during the squaring stage of 
development. 

During the two growing seasons, no statistically 
significant differences were observed in the protein and 

carbohydrate content of straw and grains from plants 
treated with the lowest nitrogen rate (190 kg ha⁻¹, 
65% of the recommended rate) combined with foliar 
application of Algo (25 mg L⁻¹) compared to those from 
plants receiving the highest nitrogen rate alone (290 
kg ha⁻¹, 100% of the recommended rate). This finding 
highlights the beneficial role of Algo application. Idrees 
et al. (2015) reported that alginate in its depolymerized 
form stimulates seed germination and enhances protein 
content in plants. Furthermore, Yang et al. (2021) 
indicated that the effectiveness of Algo depends on its 
molecular weights and the Mannuronate/Guluronate 
ratio, functioning as biostimulants that regulate various 
physiological and antioxidant activities in plants. 
He et al. (2018) demonstrated that soaking wheat 
seeds in a solution of 100 µg mL⁻¹ calcium alginate 
microparticles promoted seed germination, improved 
seedling growth parameters, and increased chlorophyll 
and soluble protein content; however, increasing the 
concentration to 500 µg mL⁻¹ had a detrimental effect 
on growth. Additionally, another study found that the 
application of Algo positively influenced the quality of 
the productive yield in citrus. Specifically, foliar spraying 
at concentrations of 300-500 mg L⁻¹ enhanced the 
photosynthetic rate of leaves, as well as the soluble 
solids and sugar content in the fruits (Li et al., 2023). 
Our data also indicated an increase in carbohydrate 
and protein content in wheat straw and grains, despite 
the applied Algo concentrations (25-100 mg L⁻¹) being 
significantly lower than those used for citrus and milk-
vetch plants. This discrepancy may be attributed to the 
specific type of plant being studied.

Table 4. Effect of alginate oligosaccharide concentrations (Algo) and nitrogen fertilization rates on N, P and K content 
in wheat leaves

N fertilization
rate

Algo Nutrients content (%)
N P K N P K

(kg ha-1) (mg l-1) First season Second season
290 0 2.66 0.28 2.82 2.64 0.27 2.80

25 2.81 0.35 2.98 2.80 0.34 2.99
50 2.80 0.34 2.97 2.79 0.32 2.97

100 2.76 0.30 2.86 2.75 0.30 2.86
240 0 2.25 0.22 2.76 2.22 0.22 2.75

25 2.78 0.32 2.92 2.79 0.33 2.91
50 2.76 0.32 2.90 2.76 0.31 2.91

100 2.70 0.28 2.85 2.69 0.29 2.84
190 0 1.90 0.20 2.70 1.87 0.21 2.71

25 2.75 0.32 2.86 2.72 0.33 2.88
50 2.73 0.31 2.86 2.70 0.32 2.87

100 2.60 0.27 2.78 2.56 0.26 2.77
LSD  (p ≤ 0.05) 0.10 0.04 0.30 0.11 0.03 0.30
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The increase in nutrient concentrations in wheat 
leaves observed in this study can be attributed to the 
role of alginate oligosaccharide (Algo) as a biostimulant. 
Generally, such stimulators promote shoot elongation, 
root development, and overall growth, including the 
formation of additional adventitious roots (Li et al., 
2023; Taha and Sorour, 2019). This enhanced root 
structure improves the mobility and translocation of 
nutrients between plant parts, thereby facilitating 
greater nutrient absorption (Halpern et al., 2015; He 
et al., 2018). Consistent with our findings, Wang et al. 
(2020) reported that spraying alginic acid in various 
diluted solutions significantly improved phosphorus 
and potassium uptake in radish plants. Additionally, the 
application of nitrogen fertilizer further contributed to the 
increased nutrient concentrations, as it promoted root 
growth and the development of fine roots, potentially 
enhancing nutrient availability in the soil (Pasley et al., 
2019; Chen et al., 2020). 

The results of this study suggest that it is possible 
to reduce nitrogen fertilization rates when applying 
foliar alginate oligosaccharide (Algo), as the Algo 
agent helps wheat plants mitigate the negative effects 
associated with lower nitrogen doses. This approach 
not only preserves high yield and good quality but also 
leads to cost reductions, optimized nitrogen utilization, 
and increased profitability. Furthermore, it minimizes 
the environmental impact associated with nitrogen loss, 
as noted by Ali et al. (2000). 

From an economic perspective, the combination 
of a low concentration of alginate oligosaccharide (25 
mg L⁻¹) with 240 kg N ha⁻¹ (83% of the recommended 

fertilization rate) emerged as the most effective 
treatment. This approach utilized a lower amount of 
nitrogen fertilizer compared to the recommended rate 
of 290 kg ha⁻¹, while still achieving high wheat yields 
and favourable values for all tested growth parameters.

CONCLUSION
In conclusion, this study highlights the pivotal role 

of alginate oligosaccharide (Algo) in enhancing wheat 
production while simultaneously reducing the reliance 
on nitrogen fertilizers. The foliar application of Algo at 
a concentration of 25 mg L⁻¹ effectively allowed for 
reductions in nitrogen fertilization rates of 17% to 35% 
from the recommended levels, without compromising 
wheat yield. This approach not only optimizes nitrogen 
utilization but also lowers production costs and 
enhances profitability for farmers. By integrating Algo 
into agricultural practices, we can promote sustainable 
farming while minimizing the environmental impacts 
associated with excessive nitrogen use. Overall, these 
findings suggest that Algo presents a viable strategy 
for improving wheat productivity and sustainability in 
agricultural systems.
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are presented as mean values from two growing 
seasons, with vertical bars representing standard 
deviation

w
w

w
.In

d
ia

n
Jo

u
rn

al
s.

co
m

N
o

t 
fo

r 
C

o
m

m
er

ci
al

 U
se

D
o

w
n

lo
ad

ed
 F

ro
m

 IP
 -

 2
16

.7
3.

21
6.

16
3 

o
n

 d
at

ed
 1

4-
Ju

l-
20

26



506

KhMA); Preparation of manuscript (DMFM, KhMA).

Conflicts of interest
The authors declare that they have no competing 

interests or conflicts related to the content of this article. 
No funding, grants, or other support was received for 
this study.

LITERATURE CITED
Abd El-Mohdy H L 2017. Radiation-induced degradation of 

sodium alginate and its plant growth promotion effect.  
Arab J Chem 10: S431-S438. https://doi.org/10.1016/j.
arabjc.2012.10.003 

Abd El-Rehim H A 2006. Characterization and possible 
agricultural application of polyacrylamide/sodium alginate 
crosslinked hydrogels prepared by ionizing radiation. J 
Appl Polym Sci 101: 3572–80. https://doi.org/10.1002/
app.22487 

Abd El-Rheem Kh M, Zaghloul S M, Yassen A  A and El-Ashry 
S M 2021. Effect of glutamic acid and N fertilization 
levels on growth, yield and nutrients content of wheat 
plants. Worldwide J Multidiscip Res Dev 7: 10-13. https://
wwjmrd.com/archive/2021/2 

Ali A, Choudhry M A, Malik M A, Ahmad R and Saifullah A 
2000. Effect of various doses of nitrogen on the growth 
and yield of two wheat cultivars. Pak J Biol Sci 3: 1004-
05. https://10.3923/pjbs.2000.1004.1005 

Ali A, Khan M A, Uddin M, Naeem M, Idrees M, Hashmi N and 
Varshney L 2014. Radiolytically depolymerized sodium 
alginate improves physiological activities, yield attributes 
and composition of essential oil of Eucalyptus citriodora 
Hook. Carbohydr Polym 112: 134-44. https://10.1016/j.
carbpol.2014.05.070 

Belete F, Dechassa N, Molla A and Tana T 2018. Ef﻿fect of 
nitrogen fertilizer rates on grain yield and nitrogen uptake 
and use efficiency of bread wheat (Triticum aestivum L.) 
varieties on the Vertisols of central highlands of Ethiopia. 
Agric Food Secur 7: 78. https://doi.org/10.1186/s40066-
018-0231-z 

Blumenthal J M, Baltensperger D D, Cassman K G, Mason 
S C and Pavlista A D 2008. Importance and effect of 
nitrogen on crop quality and health. In: J L Hatfield and 
R F Follett (eds.) Nitrogen in the Environment, 2nd edn., 
Academic Press, pp. 51-70. https://doi.org/10.1016/
B978-0-12-374347-3.00003-2 

Calvo P, Nelson L and Kloepper J W 2014. Agricultural uses 
of plant biostimulants. Plant Soil 383: 3-41. https://doi.
org/10.1007/s11104-014-2131-8 

Chapman H D and Pratt R E 1961. Methods of analysis for 
soil, plants and water. Department of Soil and Plant 
Nutrition, University of California, Los Angeles, U.S.A.

Chen J, Liu L, Wang Z, Zhang Y, Sun H, Song S, Bai Z, Lu Z 
and Li C 2020. Nitrogen fertilization increases root growth 
and coordinates the root–shoot relationship in cotton. 
Front Plant Sci 11, 544032. https://doi.org/10.3389/
fpls.2020.00880

Cottenie A 1980. Soil and plant testing and analysis as a basis 
of fertilizer recommendations. FAO Soils Bull 38/2, Rome. 
https://openknowledge.fao.org/handle/20.500.14283/
ar118e

Dubois M, Gilles K A, Hamillon J K, Rebers P A and Smith F 
1956. Colorimetric methods for determination of sugars 
and related substances.  Analytic Chem 28: 250-65.

Elsayed H H A, Farag R M A and Ramadan A K E 2022. 
Economic impact for the adoption of the recommended 
improved varieties on wheat production in Egypt. Bulg J 
Agric Sci 28: 369-75.

Gomaa M A, Radwan F I, Rehab I F and Mabrouk W S 
2015. Response of bread wheat to organic and nitrogen 
fertilization. Middle East J Agric Res 4: 712-16.

González A, Castro  J, Vera J and Moenne A 2013. Seaweed 
oligosaccharides stimulate plant growth by enhancing 
carbon and nitrogen assimilation, basal metabolism, and 
cell division. J Plant Growth Regul 32: 443–48. https://
doi.org/10.1007/s00344-012-9309-1 

Halpern M, Bar-Tal A, Ofek M, Minz D, Müller T and Yermiyahu 
U 2015. The use of biostimulants for enhancing nutrient 
uptake. Adv Agron 130: 141-74. https://doi.org/10.1016/
bs.agron.2014.10.001 

Hazard B, Trafford K, Lovegrove A, Griffiths S, Uauy C and 
Shewry P 2020. Strategies to improve wheat for human 
health. Nature Food 1: 475-80. https://doi.org/10.1038/
s43016-020-0134-6 

He J, Li R, Sun X, Wang W, Hu J, Xie H and Yin H 2018. 
Effects of calcium alginate submicroparticles on seed 
germination and seedling growth of wheat (Triticum 
aestivum L.). Polymers 10: 1154. https://doi.org/10.3390/
polym10101154 

Hossain M A, Islam J M, Hoque M M, Nahar S and Khan M A 
2021. Field demonstration of irradiated sodium alginate 
as tea production booster. Heliyon 7, e05881. https://doi.
org/10.1016/j.heliyon.2020.e05881 

Hussain H, Khan M A and Khan E A 2006. Bread wheat 
varieties as influenced by different nitrogen levels. J 
Zhejiang Univ Sci 7: 70-78. http://dx.doi.org/10.1631/
jzus.2006.B0070 

Idrees M, Dar T A, Naeem M, Aftab T, Khan M M A, Ali A, Uddin 
M and Varshney L 2015. Effects of gamma-irradiated 
sodium alginate on lemongrass: Field trials monitoring 
production of essential oil. Ind Crops Prod 63: 269-75. 
https://doi.org/10.1016/j.indcrop.2014.09.037 

Iwasaki K and Matsubara Y 2000. Purification of alginate 
oligosaccharides with root growth-promoting activity 
toward lettuce. Biosci Biotechnol Biochem 64: 1067-70. 
https://10.1271/bbb.64.1067 

Khan G R, Akmal M, Ali N, Goher R, Anjum M M and Wahid 
F 2022. Effect of different nitrogen rates and split 
applications on growth and productivity of wheat cultivars. 
Gesunde Pflanzen 74: 523-38. https://doi.org/10.1007/
s10343-022-00628-z 

Lamlom S F, Irshad A and Mosa W F A 2023. The biological and 

w
w

w
.In

d
ia

n
Jo

u
rn

al
s.

co
m

N
o

t 
fo

r 
C

o
m

m
er

ci
al

 U
se

D
o

w
n

lo
ad

ed
 F

ro
m

 IP
 -

 2
16

.7
3.

21
6.

16
3 

o
n

 d
at

ed
 1

4-
Ju

l-
20

26



507

biochemical composition of wheat (Triticum aestivum) as 
affected by the bio and organic fertilizer. BMC Plant Biol 
23: 111.

Le N T M, Le V V, Shin D and Park S 2022. Growth-promoting 
effect of alginate oligosaccharides on Rhodobacter 
sphaeroides. Biotechnol Bioproc E 27: 99-104.

Lee K Y and Mooney D J 2012. Alginate: Properties and 
biomedical applications. Prog Polym Sci 37: 106-26. 
https://dx.doi:org/10.1016/j.progpolymsci.2011.06.003 

Li Z, Duan S, Lu B, Yang C, Ding H and Shen H 2023. 
Spraying alginate oligosaccharide improves 
photosynthetic performance and sugar accumulation in 
citrus by regulating antioxidant system and related gene 
expression. Front Plant Sci 30, 1108848. https://dx.doi.
org/10.3389/fpls.2022.1108848 

Liu C, Zheng C, Nie L, Zhang L, Zhang J, Lv Y, Li B and Cao 
W 2022. Effects of foliar spray with various bioactive 
compounds on seed number and seed weight of Chinese 
milk vetch (Astraga lussinicus). Acta Prataculturae Sinica 
J 31: 176-83.

Liu H, Zhang Y, Yin H, Wang W, Zhao X and Du Y 2013. 
Alginate oligosaccharides enhanced Triticum aestivum L. 
tolerance to drought stress. Plant Physiol Biochem 62: 
33-40. https://doi.org/10.1016/j.plaphy.2012.10.012 

Ma B L, Wu T Y, Tremblay N, Deen W, McLaughlin N B, 
Morrison M J and Stewart G 2010. On-farm assessment 
of the amount and timing of nitrogen fertilizer on 
ammonia volatilization. Agron J 102: 134-44. https://doi.
org/10.2134/agronj2009.0021 

Mahdy A A, Mubarak D M, El-Azab M E, Mohammed K A S 
and Abd El-Rheem Kh M   2019. Effect of foliar spraying 
with amino acid and cytokinin on growth, yield quality and 
quantity and nutritional status of roselle plants. Biosci 
Res 16: 102-109. https://www.isisn.org/BR_16_1_2019.
htm 

MALR 2020. Bulletin of Agricultural Statistics. Ministry of 
Agriculture and Land Reclamation, Economic Affairs 
Sector, Central Department of Agrarian Economics and 
Statistics, Giza, Egypt, (In Arabic)

Mecha B, Alamerew S, Assefa A, Assefa E and Dutamo D 
2017. Correlation and path coefficient studies of yield and 
yield associated traits in bread wheat (Triticum aestivum 
L.) genotypes. Adv Plant Agric Res 6: 128-36. https://
dx.doi.org/10.15406/apar.2017.06.00226  

Motsara M R and Roy R N 2008. Guide to laboratory 
establishment for plant nutrient analysis. FAO, Fertilizer 
and Plant Nutrition Bulletin, Rome, pp. 204.

Moussa H R, Taha M A, Dessoky E S and Selem E 2023. 
Exploring the perspectives of irradiated sodium alginate 
on molecular and physiological parameters of heavy 

metal stressed Vigna radiata L. plants.  Physiol Mol Biol 
Plants 29: 447-58. https://doi.org/10.1007/s12298-023-
01286-9 

Pasley H R, Cairns J E, Camberato J J and Vyn T J 2019. 
Nitrogen fertilizer rate increases plant uptake and soil 
availability of essential nutrients in continuous maize 
production in Kenya and Zimbabwe. Nutr Cycling 
Agroecosyst 115: 373-89. https://doi.org/10.1007/
s10705-019-10016-1 

Salachna P, Grzeszczuk M, Meller E and Soból M 2018. 
Oligo-alginate with low molecular mass improves 
growth and physiological activity of Eucomis autumnalis 
under salinity stress. Molecules 23: 812. https://dx.doi.
org/10.3390/molecules23040812 

Snedecor G W and Cochran W G 1980. Statistical Methods. 
7th edn., Iowa State University Press, Ames, Iowa, USA.

Taha A M and Sorour M A 2019. An evaluation study on the 
effects of sodium alginate and irradiated sodium alginate 
on the growth of Acokanthera oblongifolia Hochst. 
Alex J Agric Sci 64: 133-39. http://dx.doi.org/10.21608/
ALEXJA.2019.48445 

Wang H, Min Z, Yong M, Wang S, Cheng F, Li Q, Jiang B 
and Xu D 2020. Ef﻿fects of alginic acid on phosphorus 
and potassium absorption in radish under cadmium 
contamination. IOP Conf Ser.: Earth Environ Sci 
480, 012005. https://dx.doi.org/10.1088/1755-
1315/480/1/012005 

Xing M, Cao Q, Wang Y, Xiao H, Zhao J, Zhang Q, Ji A and 
Song S 2020. Advances in research on the bioactivity of 
alginate oligosaccharides. Mar Drugs 18: 144. https://
dx.doi.org/10.3390/md18030144 

Xu X, Iwamoto Y, Kitamura Y, Oda T and Muramatsu T 
2003. Root growth-promoting activity of unsaturated 
oligomericuronates from alginate on carrot and rice 
plants. Biosci Biotechnol Biochem 67: 2022-2025. https://
dx.doi.org/10.1271/bbb.67.2022 

Yakhin O I, Lubyanov A A, Yakhin I A and Brown P H 2016. 
Biostimulants in plant science: A global perspective. 
Front Plant Sci 7, 2049. https://dx.doi.org/10.3389/
fpls.2016.02049 

Yang J, Shen Z, Sun Z, Wang P and Jiang X 2021. Growth 
stimulation activity of alginate‑derived oligosaccharides 
with different molecular weights and mannuronate/
guluronate ratio on Hordeum vulgare L. J Plant Growth 
Regul 40: 91-100. https://doi.org/10.1007/s00344-020-
10078-4 

Zhang C, Wang W, Zhao X, Wang H and Yin H 2020. Preparation 
of alginate oligosaccharides and their biological activities 
in plants: A review. Carbohydrate Res 494, 108056. 
https://doi.org/10.1016/j.carres.2020.108056 

w
w

w
.In

d
ia

n
Jo

u
rn

al
s.

co
m

N
o

t 
fo

r 
C

o
m

m
er

ci
al

 U
se

D
o

w
n

lo
ad

ed
 F

ro
m

 IP
 -

 2
16

.7
3.

21
6.

16
3 

o
n

 d
at

ed
 1

4-
Ju

l-
20

26


