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Abstract: In 2023 and 2024 seasons two field experiments were carried out at El-Qasasin district, Ismailia 
Governorate, Egypt. In which the effect of four mixture of micronutrients concentrations namely tap water (control), 
1500, 2500 and 3500 ppm and three concentrations of Glycine betaine namely tap water (control), 50, 100 and 150 
mM on yield, its attributes and quality of sunflower (Helianthus annuus L.) Giza 102 variety under salinity stress 
conditions in loamy sandy soils of Ismailia Governorate, Egypt were studied. Increasing concentration of 
micronutrients up to 3500 ppm significantly increased plant height, stem diameter, head diameter, hundred seed 
weight, seed weight per head and seed, straw and oil yields per fad as well as seed oil percentage of sunflower. 
Increasing Glycine betaine concentration up to 100 mM statistically increased all characters. The interaction 
between mixture of micronutrients and Glycine betaine affected significantly all above-mentioned traits. The 
highest values of these characters produced from sunflower plants sprayed with 3500 ppm mixture of micronutrients 
and 100 mM Glycine betaine. 
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INTRODUCTION 

One of the most important sources of edible oils 
worldwide is sunflower (Helianthus annuus L.). In 
Egypt, the total production of edible oils is about 
2% of the consumption (FAO, 2023). In the Nile 
valley, competition of corn and rice with sunflower 
over suitable planting area makes increasing the 
area planted with sunflower is very difficult. This 
enforces us to expanding sunflower planting area 
in newly reclaimed sandy soils, in spit off, it faces 
many problems like salinity stress. There are 
several treatments which help plants for salinity 
tolerance such as spraying plants with 
micronutrients and Glycine betaine. Some 
micronutrients such as iron, manganese, zinc, 
boron, copper and molybdenum are very important 
for plants as they are a component of many 
enzymes, enhance several metabolic processes 
namely photosynthesis rate and translocation of 
sugars, required for synthesis of chlorophyll, 
proteins and lipids. Boron is concerned with water 
reactions in the cells and regulates then takes of 
water into the cells (Marschner, 1986). Also, 
copper affects water permeability of xylem vessels, 
in turn, controls water relationships (Kabata-
Pendias and Pendias, 1984). Positive effect of 
micronutrients on yield, its components and yield 
quality of sunflower were highlighted by Taha et 
al. (2013); Baraich et al. (2016); Al-Doori (2017); 
Faisal et al. (2020); Lotha and Dawson ( 2021); 
Said and Noaman (2021); Sher et al. (2021) and 
Jagasia et al. (2023). Glycine betaine (N, N, N-tri 
methyl glycine) is an amino acid derivative that 

synthesized by some plant families such as 
Compositae (Rhodes 1993; Gorham, 1996 and 
Blunden et al., 1999). To acclimatize adverse salt 
stress, plants use different antioxidants and 
accumulate some compounds which known as 
compatible solutes such as proline, sugars, amino 
acids and Glycine betaine (Hasegawa et al., 2000). 
In most crop plants, exogenous application of 
Glycine betaine enhances salt stress tolerance 
(Yang and Lu, 2005; Demiral and Turkan, 2006; 
Hamdia and Shaddad, 2010).  Glycine betaine, 
also, reduces lipid peroxidation of the cell 
membranes and prevents deterioration of 
photosynthetic protein complexes (Holmstrom et 
al. 2000 and Iqbal et al., 2008). Glycine betaine is 
known to enhance growth of plants and activity of 
antioxidant enzymes  (Ma et al., 2006 and 
Alasvandyari et al., 2017), improve chlorophyll 
content, relative water content, membrane stability 
and water use efficiency (Radya et al. 2018). 
Useful effect of foliar spraying with Glycine 
betaine on yield, its attributes and yield quality 
were documented by Iqbal et al. (2005); Kotb and 
Gaballah (2007); Hussain et al. (2008); Safdari-
Monfared et al. (2020); Gupta et al. (2021); Miri et 
al. (2021); Shemi et al. (2021) and Pardhi et al. 
(2024). Present study was designed to investigate 
the response of yield, its attributes and quality of 
sunflower Giza102 variety to foliar spraying with 
mixture of micronutrients and Glycine betaine 
under salinity stress conditions in loamy sandy 
soils of Ismailia Governorate, Egypt. 
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MATERIAL AND METHODS 
 

Two field experiments were conducted during 
2023 and 2024 seasons at EI-Qasasin district in 
Ismailia Governorate to study the effect of 
micronutrients and Glycine betaine on sunflower 
(Helianthus annuus L.) Giza 102 variety under 
salinity stress conditions in newly reclaimed soils. 
Some physical and chemical properties of the 
experimental soils in both seasons were analyzed 
according to Sparks (1996) as shown in Table (1). 
Irrigation was performed by using water produced 
from underground well. Some chemical properties 

of irrigation water according to Sparks (1996) were 
shown in Table (2). Each experiment included 16 
treatments, which were the combinations of four 
concentrations of micronutrients mixture and four 
Glycine betaine concentrations as foliar spraying. 
The experimental design was split plots with four 
replicates. Four concentrations of micronutrients 
mixture arranged randomly in the main plots, while 
four Glycine betaine concentrations were allocated 
at random in the sub plots. Each experimental sub 
plot consisted of six ridges, 6 meter in length and 
50 cm in width (plot area was 18 m2). 

Table (1): Some physical and chemical properties of the experimental soils in 2023 and 2024 seasons 

Season Sand% Silt% Clay% Texture class PH E.C 

(dSm-1  ) 

O. M 

(%) 

2023 84 9.5 6.5 Loam sandy 8.46 4.55 0.43 

2024 84 9.5 6.5 Loam sandy 8.39 4.42 0.44 

Available nutrients (ppm) 

Season N P K Fe Zn Mn Cu 

2023 10.3 5.56 68.1 10.28 0.29 0.46 0.02 

2024 10.8 5.94 68.7 10.35 0.31 0.48 0.02 

Soluble anions (meq/L) Soluble cations (meq/L) 

Seasons CO3-2 HCO3-1 Cl-1 SO4-2 Ca+2 Mg+2 Na+1 K+1 

2023 - 1.14 28.84 15.52 15.3 6.13 23.77 0.3 

2024 - 1.16 27.13 15.91 15.6 6.23 21.87 0.5 

 
Table (2): Some chemical properties of irrigation water 

PH E.C(dSm-1  ) Sodium adsorption Ratio Residual sodium carbonate 

7.37 4.63 20.88 - 

Available nutrients (ppm) 

NH4 NO3 P Fe Zn Mn B Cu 

9.8 11.2 0.27 0.01 0.24 0.07 0.76 0.17 

Soluble anions (meq/L) Soluble cations (meq/L) 

CO3 HCO3-1 Cl-1 SO4-2 Mg+2 Ca+2 Na+1 K+1 

- 5.10 38.27 2.93 3.16 5.09 37.78 0.27 
 
The preceding crop was wheat in both growing 
seasons. Seeds of sunflower Giza 102 variety were 
sown on one side of the ridge in hills 20 cm apart 
on May18 in the two seasons. After 17 days from 
sowing sunflower plants were thinned to one plant 
per hill. Four concentrations from these 
micronutrients (tap water, 1500, 2500 and 3500 
ppm) were conducted. Mixture of chelated 

micronutrients contain zinc 5%, iron 6%, 
manganese 2%, copper 0.3%, boron 1.5% and 
molybdenum 0.5% in a chelate form (EDTA) was 
used. Four concentrations of Glycine betaine (tap 
water, 50, 100 and 150 mM) were used. The foliar 
spraying with mixture of chelated micronutrients 
was done three times after 27, 37 and 51 days from 
sowing. The volume of solution was 200- 400 Liter 
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/fad. Foliar spraying with Glycine betaine was done 
three times after 29, 39 and 53 days from sowing 
with volume solution 200- 400 Liter /fad. Calcium 
superphosphate (15.5% P2O5) at rate of 300 kg 
/fad was applied during soil preparing for sowing. 
Nitrogen in the form of ammonium sulphate 
(20.5% N) at rate of 100 kg N /fad was applied at 
four equal doses, after thinning, 30, 40 and 50 days 
from sowing. Potassium sulphate (48% K2O) at 
rate of 150 kg /fad was applied at three equal doses, 
after 30, 40 and 50 days from sowing. The normal 
cultural practices for growing sunflower crop at 
Ismailia Governorate were followed. At harvest 
time, after 86 days from sowing, samples of ten 
guarded plants were randomly taken from two 
inner ridges in each sub plot to determine the 
following characters namely plant height (cm), 
stem diameter (cm), head diameter (cm), number 
of seeds per head, hundred seed weight (g) and 
weight of seeds per head (g). Seed yield (kg/fad) 
and straw yield (ton/fad) were estimated from the 
plants of three inner ridges in each sub plot and the 
yields per fad were calculated. Seed oil percentage 
was determined by using the Soxhelt continuous 
extraction apparatus with petroleum ether as an 
organic solvent according to A.O.A.C. (1990). Oil 
yield (kg/fad) was estimated by multiplying seed 
oil percentage and seed yield/fad. Seed crude 
protein percentage was determined as a total 
nitrogen (%) of sunflower seeds using the modified 
Micro-Kjeldahl Apparatus according to A.O.A.C. 
(1990), then the obtained values were multiplied by 
6.25 (Tripathi et al. 1971). Protein yield (kg/fad) 
was estimated by multiplying seed crude protein 
percentage and seed yield/fad. The analysis of 

variance of split plots design was used according to 
Snedecor and Cochran (1982). Differences 
between treatments means were compared using 
Duncan's Multiple Range Test (Duncan, 1955). 
Means of treatments followed by the same 
alphabetical letters are not statistically different 
according to Duncan’s Multiple Range Test at the 
5% level of significance (Duncan, 1955).  
 

RESULTS AND DISCUSSIONS  

 
A- Effect of micronutrients: 
 Table (3) revealing a significant effect of 
micronutrients mixture on plant height, stem 
diameter and head diameter of sunflower, which is 
true for the two seasons 2023 and 2024. Increasing 
concentration of micronutrients as foliar spraying 
up to 3500 ppm significantly increased plant 
height, stem diameter, head diameter in the two 
seasons (Table 3). Since micronutrients encourage 
several enzymes, metabolic processes and 
photosynthesis rate (Marschner, 1986) in turn 
increase plant growth characters; this is why such 
results were expected. These results are in 
accordance with those recorded by Baraich et al. 
(2016); Emam (2020); Lotha and Dawson (2021); 
Said and Noaman (2021); Jagasia et al. (2023) and 
Buriro et al. (2024).  
Table (4) showing that increasing mixture of 
micronutrients concentration up to 3500 ppm 
increased number of seeds per head, but the 
differences among the four concentrations was not 
great enough to reach the 5% level of significance 
except between the high concentration (3500 ppm) 
and control. This was true in the two seasons. 

Table (3): Effect of micronutrients and Glycine betaine on plant height (cm), stem diameter (cm), head 
diameter (cm) of sunflower in 2023 and 2024 seasons 

Head diameter (cm) Stem diameter (cm) Plant height (cm) Treatments 

2024 2023 2024 2023 2024 2023 

Micronutrients ( ppm) 
14.49 D 14.02 D 1.62 D 1.53 D 140.97 D 134.90 D Tap water (control) 

16.95 C 16.52 C 1.70 C 1.64 C 156.97 C 151.35 C 1500 ppm 

19.19 B 18.70 B 1.88 B 1.83 B 167.07 B 161.17 B 2500 ppm 

20.97 A 20.57 A 2.20 A 2.07 A 185.92 A 179.45 A 3500 ppm 

* * * * * * F. test 
Glycine betaine ( mM) 

16.53C 16.02 C 1.64 C 1.56 C 152.55 C 147.22 C Tap water (control) 

17.77 B 17.37 B 1.79 B 1.72 B 160.15 B 154.17 B  50 mM 

18.73 A 18.37 A 2.00 A 1.91 A 170.65 A 165.12 A 100 mM 

18.59 A 18.05 A 1.97 A 1.88 A 167.60 A 160.35 A 150 mM 

* * * * * * F. test 

Interaction effect 
* * * * * * M x G 
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Micronutrients positive effect on number of seeds 
per head might be due to that micronutrients 
enhance seeds setting percentage and reduce seeds 
abortion and incomplete fertilization. Also, some 
micronutrients such as boron are necessary for 
pollen grain formation and reproduction process 
(Marschner, 1986). Confirming results were 
reported by Jabeen and Ahmad (2011); Al-Doori 
(2017); Kaleri et al. (2019); Rex et al. (2020) and 
Buriro et al. (2024). Results recorded in Table (4) 
illustrate that hundred seed weight and seed weight 
per head were influenced significantly by spraying 
sunflower plants with mixture of micronutrients 
and that was true in the two growing seasons 2023 
and 2024. Hundred seed weight and seed weight 
per head were increased statistically by increasing 
micronutrients concentration up to 3500 ppm in the 
two seasons. The increase in hundred seed weight 
by spraying plants with micronutrients might be 
attributed to the enhancement of plant growth, 
photosynthesis rate and enzymes activity in turn 
increase amount of metabolites synthesized in the 

leaves and partitioned them to seeds (Marschner, 
1986). Similar results were detected by Abdo et al. 
(2002); Abo-El-Wafa and Abd El-Lattief (2006); 
Kumar et al. (2010); Baloch et al. (2015); Abdel-
Motagally et al. (2016); Emam (2020); Faisal et al. 
(2020); Prabhakar et al. (2021); Said and Noaman 
(2021); Sher et al. (2021) and Noaman et al. 
(2022). Data in Table (4) show that sunflower 
plants sprayed with 3500 ppm mixture of 
micronutrients outweighed those treated with 
2500, 1500 ppm and  unsprayed control in seed 
weight per head by 16.58%, 34.47% and 50.07%, 
respectively in the first season and 19.29%, 34.76 
% and 54.83 %, respectively in the second season. 
These results were expected since mixture of 
micronutrients increase number of seeds per head 
and hundred seed weight in turn increase seed 
weight per head. These findings agree with those 
stated by El-Ganaini (2009); Siddique et al. (2020); 
Jabeen and Ahmad (2011); Baloch et al. (2015); 
Baraich et al. (2016); Jarecki (2022) and Buriro et 
al. (2024). 

 
Table (4): Effect of micronutrients and Glycine betaine on number of seeds per head, hundred seed 
weight (g) and weight of seeds per head (g) of sunflower in 2023 and 2024 seasons 

Weight of seeds per head (g) Hundred seed weight (g) Number of seeds per head Treatments 
2024 2023 2024 2023 2024 2023 

Micronutrients ( ppm) 
46.72 D 45.49 D 5.62 D 5.52 D 794.67 B 771.40 B Tap water (control) 
53.68 C 50.77 C 6.23 C 6.09 C 818.47AB 782.95 AB 1500 ppm 
60.64 B 58.56 B 6.76 B 6.62 B 848.22 AB 796.82 AB 2500 ppm 
72.34 A 68.27 A 8.32 A 8.07 A 877.62 A 815.35 A 3500 ppm 

* * * * * * F. test 
Glycine betaine ( mM) 

51.60 C 49.68 C 5.97 C 5.83 C 810.46 A 779.50 A Tap water (control) 
56.67 B 54.40 B 6.41 B 6.29 B 827.52 A 789.55 A   50 mM 
62.67 A 59.58 A 7.34 A 7.13 A 853.60 A 800.45 A 100 mM 
62.43 A 59.42 A 7.20 A 7.05 A 847.40 A 797.02 A 150 mM 

* * * * NS NS F. test 
Interaction effect 

* * * * * * M x G 
 
Table (5) shows a significant effect of spraying 
sunflower plants with mixture of micronutrients on 
seed and straw yields per fad in the two growing 
seasons 2023 and 2024. Seed and straw yields per 
fad were significantly increased with increasing 
micronutrients concentration up to 3500 ppm and 
that held true in the two seasons as shown in Table 
(5). The relative increases in seed yield per fad by 
spraying sunflower plants with 3500 ppm of 
micronutrients compared to 2500, 1500 ppm and 
unsprayed control were 16.29%, 34.79% and 
67.07%, respectively in the first season and 16.22 
%, 35.97 %  and 68.34 %, respectively in the 
second season (Table 5). The positive effect of 

micronutrients on seed yield per fad could be due 
to the fact that micronutrients are a constituent of 
several enzymes such as catalase and peroxidase 
and required for synthesis of chlorophyll, proteins 
and chloroplast ides (Marschner, 1986). Also, 
micronutrients enhance photosynthesis rate and 
metabolic processes which reflected on increasing 
leaves area per plant and leaf area index in turn 
increase amount of metabolites synthesized in the 
leaves and partitioned to seeds which reflected 
favorably on hundred seed weight, number of seeds 
per head and seed weight per head, ultimately 
increase seed yield per fad. These results are in 
conformity with these reported by Abo-El-Wafa 
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and Abd El-Lattief (2006); Baloch et al. (2015); 
Al-Doori (2017); Emam (2020); Lotha and 
Dawson (2021); Prabhakar et al. (2021); Said and 
Noaman (2021); Sher et al. (2021) and Buriro et al. 
(2024). The increase in straw yield per fad by foliar 
spraying with micronutrients was expected since 
micronutrients increase plant height, stem and head 

diameter of sunflower plants as shown in Table 5. 
In harmony with these results, there are many 
researchers like Abo-El- Wafa and Abd El- Lattief 
(2006); Sabra et al. (2019); Emam (2020) and 
Lotha and Dawson (2021) stated that 
micronutrients increase straw yield per fad. 

 
 Table (5): Effect of micronutrients and Glycine betaine on seed yield/fad, straw yield/fad and seed crude 

protein percentage of sunflower in 2023 and 2024 seasons  
 

Seed crude protein 
percentage 

Straw yield (ton/fad) Seed yield (kg/fad) Treatments 

2024 2023 2024 2023 2024 2023 
Micronutrients ( ppm) 

11.08 D 10.62 D 13.96 D 12.29 D 952.14 D 915.79 D Tap water (control) 
12.16 C 11.73 C 16.05 C 14.30 C 1178.81 C 1135.15 C 1500 ppm 
13.26 B 12.77 B 17.80 B 15.60 B 1379.20 B 1315.75 B 2500 ppm 
14.43 A 13.84 A 20.27 A 18.09 A 1602.85 A 1530.07 A 3500 ppm 

* * * * * * F. test 
Glycine betaine ( mM) 

11.53   C       11.13  C 15.20 C 13.50 C 1066.37 C 1028.03 C Tap water (control) 
12.31 BC 11.82 BC 16.53 B 14.70 B 1209.06 B 1162.90 B   50 mM 
13.21 AB 12.69 AB 18.27 A 16.22 A 1432.30 A 1359.27 A 100 mM 
13.87   A 13.32  A 18.07 A 15.85 A 1405.27 A 1346.55 A 150 mM 

* * * * * * F. test 
Interaction effect 

* * * * * * M x G 
 
The results recorded in Tables (5 and 6) 
demonstrate that spraying sunflower plants with 
mixture of micronutrients had significant effect on 
seed crude protein percentage and protein yield per 
fad during the two seasons 2023 and 2024. 
Increasing mixture of micronutrients concentration 
up to 3500 ppm significantly increased seed crude 
protein percentage and protein yield per fad in the 
two seasons. The relative increases in seed crude 
protein percentage by spraying plants with 3500 
ppm mixture of micronutrients compared to 2500, 
1500 ppm and control were 8.38%, 17.99% and 
30.32%, respectively in the first season and 8.82 %, 
18.67 % and 30.23 %, respectively in the second 
season (Table 5). These results may be due to that 
micronutrients enhance metabolic processes and 
various enzymes and stimulate synthesis of protein 
(Marschner, 1986).  Similar results were detected 
by Abdo et al. (2002); El-Ganaini (2009); Jabeen 
and Ahmad (2011); Taha et al. (2013) and Jarecki 
(2022). The positive effect of spraying sunflower 
plants with mixture of micronutrients on protein 
yield per fad could be mainly due to the increase in 
seed yield per fad and seed crude protein 
percentage. These results are in a good line with 
those observed by Vahedi (2011);  Gowthami and 
Ananda (2017); Sabra et al. (2019) and Jarecki 
(2022). Data in Table (6) show that there was 
significant increase in seed oil percentage 

attributable to spraying plants with mixture of 
micronutrients in the two seasons 2023 and 2024. 
Spraying sunflower plants by 1500 ppm mixture of 
micronutrients overcome insignificantly unsprayed 
control in seed oil percentage. But increasing 
mixture of micronutrients concentration from 1500 
ppm to 2500 and 3500 ppm induced significant 
increases in seed oil percentage and that held true 
in the two seasons (Table 6). Sunflower plants 
sprayed with 3500 ppm mixture of micronutrients 
exceeded those treated by 2500, 1500 ppm and 
control treatment in seed oil percentage by 11.83 
%, 23.06 % and 28.27 %, respectively in the first 
season and 12.90 %, 24.63 % and 30.01 %, 
respectively in the second season (Table 6). The 
favorable effect of micronutrients on seed oil 
percentage was expected since micronutrients 
enhance metabolic processes, various enzymes, 
synthesis of many other compounds and 
translocation of metabolites synthesized from the 
leaves to seeds (Marschner, 1986). In harmony 
with these results Vahedi (2011); Baraich et al. 
(2016); Raghu et al. (2017); Sabra et al. (2019); 
Emam (2020); Rex et al. (2020); Prabhakar et al. 
(2021); Said and Noaman (2021); Sher et al. 
(2021); Babar et al. (2024) and Buriro et al. (2024) 
revealed that micronutrients increase seed oil 
percentage of sunflower. It is obvious from Table 
(6) that spraying sunflower plants with mixture of 
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micronutrients exhibited significant effect on oil 
yield per fad in the two seasons. There were 
consistent and significant increases in oil yield per 
fad as mixture of micronutrients concentration was 
raised up to 3500 ppm and that was true during the 

two seasons (Table 6). The relative increases in oil 
yield per fad by spraying plants with 3500 ppm 
mixture of micronutrients compared to 2500, 1500 
ppm and control were 30.21, 66.95% and 116.36%, 
respectively in the first season and 31.32%, 70.51 
% and 120.95 %, respectively in the second season 
(Table 6). The beneficial effect of micronutrients 

on oil yield per fad might be due to the increase in 
seed yield per fad and seed oil percentage (Tables 
5 and 6). These results are in accordance with those 
reported by Abo-El- Wafa and Abd El- Lattief 
(2006); Vahedi (2011); Halli et al. (2015);  
Gowthami and Ananda  (2017); Al-Doori (2017); 
Raghu et al. (2017); Sabra et al. (2019); Emam 
(2020); Prabhakar et al. (2021) and Said and 
Noaman (2021).  
 

 

Table (6): Effect of micronutrients and Glycine betaine on protein yield/fad, seed oil percentage and 

oil yield/fad of sunflower in 2023 and 2024 seasons 

Oil yield (kg/fad) Seed oil percentage Protein yield (kg/fad) Treatments 
2024 2023 2024 2023 2024 2023 

Micronutrients ( ppm) 
247.07 D 234.13 D 25.92 C 25.50 C 106.14 D 97.75 D Tap water (control) 
320.15 C 303.43 C 27.04 C 26.58 C 144.76 C 134.42 C 1500 ppm 
415.71 B 389.06 B 29.85 B 29.25 B 184.83 B 169.85 B 2500 ppm 
545.89 A 506.58 A 33.70 A 32.71 A 233.90 A 214.28 A 3500 ppm 

* * * * * * F. test 
Glycine betaine ( mM) 

289.08 C 272.81 C 26.85 B 26.28 B 124.87 C 116.09 C Tap water (control) 
348.01 B 329.56 B 28.30 B 27.85 B 151.80 B 139.95 B   50 mM 
453.12 A 421.42 A 30.88 A 30.24 A 193.22 A 176.21 A 100 mM 
438.61 A 409.40 A 30.47 A 29.67 A 199.75 A 184.05 A 150 mM 

* * * * * * F. test 
Interaction effect 

* * * * * * M x G 
 

B- Effect of Glycine betaine:  

Data presented in Table (3) illustrate that 
spraying sunflower plants with Glycine betaine had 
significant effect on plant height, stem diameter 
and head diameter in the two growing seasons 2023 
and 2024. 

Increasing Glycine betaine concentration from 
zero to 50 and 100 mM significantly increased the 
three aforementioned characters and that was true 
during the two seasons (Table 3).   Sunflower 
plants sprayed with 100 mM Glycine betaine was 
statistically in par with those treated by 150 mM in 
plant height, stem diameter and head diameter, 
however the last treatment induced significant 
increase compared to 50 mM and unsprayed 
control during both seasons (Table 3). These results 
were expected since Glycine betaine enhances 
growth of plants (Ma et al, 2006). Confirming 
results were detected by Hussain et al. (2008); 
Safdari- Monfared et al. (2020); Shemi et al. 
(2021) and Pardhi et al. (2024). Data in Table (4) 
show that number of seeds per head was increased  
gradually by increasing Glycine betaine 
concentration up to 100 mM, which also exceeded 
150 mM, however the differences among the four 

treatments was not significant and that held true 
during the two seasons. Similar results were 
recorded by Hussain et al. (2008). Table (4) reveals 
that Glycine betaine concentrations differed 
significantly regarding their effect on hundred seed 
weight and seed weight per head in the two seasons 
2023 and 2024. Spraying sunflower plants with 
100 mM Glycine betaine produced the heaviest 
hundred seed weight as well as seed weight per 
head followed by 50 mM and unsprayed control, 
respectively with significant variations among 
them and that was true in the two seasons (Table 
4).  Sunflower plants sprayed with 100 mM 
Glycine betaine exceeded insignificantly those 
treated by 150 mM in hundred seed weight and 
seed weight per head, however the last treatment 
resulted significant increase compared to 50 mM 
and unsprayed control in the two seasons (Table 4). 
The superiority of Glycine betaine in increasing 
hundred seed weight may be due to its 
improvement of plant growth and activity of 
antioxidant enzymes (Ma et al. 2006). Also, 
Glycine betaine enhances chlorophyll content and 
relative water content (Radya et al., 2018) in turn 
increases the amount of metabolites synthesized in 
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the leaves and partitioned them to fruiting organs 
(seeds). These results agree with those recorded by 
Iqbal et al. (2005); Hussain et al. (2008); Rezaei et 
al. (2012); Sakr et al. (2012); Elhakem (2019); 
Safdari-Monfared et al. (2020) and Dawood et al. 
(2021). Concerning positive effect of Glycine 
betaine on seed weight per head, the relative 
increases in seed weight per head by spraying 
plants with 100 mM Glycine betaine compared to 
those  treated with 50 mM and unsprayed control 
were 9.52% and 19.93%, respectively in the first 
season and 10.59 % and 21.45 %, respectively in 
the second season (Table 4). The favorable effect 
of Glycine betaine on seed weight per head was 
expected since it increases hundred seed weight 
and number of seeds per head. Confirming results 
were emphasized by Safdari-Monfared et al. 
(2020). Data in Table (5) reveal that foliar 
application of sunflower plants with Glycine 
betaine exhibited significant effect on seed and 
straw yields per fad and that held true in the two 
seasons 2023 and 2024. There were consistent and 
significant increases in seed and straw yields per 
fad as Glycine betaine concentration was raised up 
to 100 mM during the two growing seasons (Table 
5). Sunflower plants sprayed with 100 mM Glycine 
betaine overcome insignificantly those treated by 
150 mM in seed and straw yields per fad, however 
both treatments resulted significant increase 
compared to 50 mM and treatment of control and 
that held true in the two seasons (Table 5).  

Sunflower plants sprayed with 100 mM Glycine 
betaine outyielded those treated with 50 mM and 
control treatment in seed yield per fad by 16.88 % 
and 32.22 %, respectively in the first season and 
18.46 % and 34.32%, respectively in the second 
season as shown in Table (5). These results were 
expected since Glycine betaine increases plant 
growth, total chlorophyll content, relative water 
content, leaves area per plant, leaf area index (Ma 
et al., 2006 and Radya et al., 2018), in turn 
increases amount of metabolites synthesized in the 

leaves and partitioned them to seeds consequently 
increases hundred seed weight as well as number 
and weight of seeds per head (Table 4), in finally 
increases seed yield per fad. These results agree 
with those reported by Iqbal et al. (2008); Hussain 
et al. (2010); Sakr et al. (2012); Shallan et al. 
(2012); Hamedani et al. (2019); Safdari-Monfared 
et al. (2020) and Haque et al. (2024). The favorable 
effect of Glycine betaine on straw yield per fad 
may be due to its positive effect on plant growth as 
plant height, stem diameter and head diameter per 
plant (Table 3). Similar results were emphasized by 
Kotb and Gaballah (2007); Aldesuquy et al. (2012) 
and Kotb and Elhamahmy (2014). Table (5) shows 
a significant effect of Glycine betaine on seed 

crude protein percentage in the two seasons 2023 
and  2024. Increasing Glycine betaine 
concentration from zero to 50 mM reflected 
insignificant increase in seed crude protein 
percentage in the two seasons (Table 5). Spraying 
sunflower plants with 100 mM Glycine betaine 
resulted increase in seed crude protein percentage 
insignificant compared to 50 mM and significant 
with unsprayed control and that was true during the 
two seasons (Table 5). Plants sprayed with 150 mM 
Glycine betaine was statistically in par with those 
treated by 100 mM in seed crude protein 
percentage, however both treatments significantly 
overcome unsprayed control in the two seasons 
(Table 5). Sunflower plants sprayed with 150 mM 
Glycine betaine exceeded those received 100, 50 
mM and unsprayed control in seed crude protein 
percentage by 4.96%, 12.69% and 19.68%, 
respectively in the first season and 4.99 %, 12.67% 
and 20.29%, respectively in the second season 
(Table 5 ). Confirming results were reported by 
Makela et al. (2000); Aldesuquy et al. (2012); 
Dawood and Sadak (2014); Osman (2015); Ilyas et 
al. (2016); Alasvandyari et al. (2017); Gupta et al. 
(2021) and Miri et al. (2021). Data in Table (6) 
demonstrate that Glycine betaine concentrations 
differed significantly regarding their effect on 
protein yield per fad in the two seasons 2023 and 
2024. Increasing Glycine betaine concentration up 
to 100 mM significantly increased protein yield per 
fad and that held true in the two seasons (Table 6). 
Sunflower plants sprayed with 150 mM Glycine 
betaine was statistically in par with those treated by 
100 mM in protein yield per fad, however both 
treatments significantly surpassed 50 mM and 
unsprayed control in the two seasons (Table 6). The 
increase in protein yield per fad by spraying plants 
with Glycine betaine might be due to the increase 
in seed yield per fad and seed crude protein 
percentage (Table 4). These results are in a good 
line with those detected by Miri et al. (2021). Data 
in Table (6) illustrate that there was significant 
effect of Glycine betaine on seed oil percentage 
during the two seasons 2023 and 2024. Increasing 
Glycine betaine concentration from zero to 50 mM 
insignificantly increased seed oil percentage. Both 
treatments of 100- and 150-mM Glycine betaine 
resulted statistically similar seed oil percentage, 
but significantly higher than 50 mM and control 
and that held true in the two seasons (Table 6). The 
relative increases in seed oil percentage by 
spraying plants with 100 mM Glycine betaine 
compared to 50 mM and control were 8.58 % and 
15.07%, respectively in the first season and 9.12 % 
and 15.01 %, respectively in the second season 
(Table 6). Similar results were reported by Iqbal et 
al. (2005); Sakr et al. (2012) and Bakhoum and  
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Sadak (2016). It is clear from Table (6) that 
Glycine betaine concentrations differed 
significantly regarding their effect on oil yield per 
fad in the two seasons 2023 and 2024. Increasing 
Glycine betaine concentration up to 100 mM 
significantly increased oil yield per fad in the two 
seasons (Table 6). Sunflower plants sprayed with 
100 mM Glycine betaine was statistically in par 
with those treated by 150 mM in oil yield per fad, 
however both treatments significantly overcome 50 
mM and control and that held true in the two 
seasons (Table 6). Plants sprayed with 100 mM 
Glycine betaine outyielded those received 50 mM 
and control in oil yield per fad by 27.87 % and 
54.47 %, respectively in the first season and 30.20 
% and 56.75 %, respectively in the second season 
(Table 6). The positive effect of Glycine betaine on 

oil yield per fad could be mainly due to the increase 
in seed yield per fad and seed oil percentage. These 
results are in a good line with those recorded by 
Hussain et al. (2010); Safdari-Monfared et al. 
(2020) and Siddique et al. (2020). 
C- Effect of the interaction:-   

There was significant interaction between 
mixture of micronutrients and Glycine betaine on 
plant height, stem diameter, head diameter, number 
of seeds per head, hundred seed weight, seed 
weight per head, seed yield per fad, straw yield per 
fad, seed oil percentage and oil yield per fad in the 
two seasons 2023 and 2024 (Table 7). The highest 
values of all aforementioned characters were 
produced by spraying sunflower plants with 100 
mM Glycine betaine and 3500 ppm mixture of 
micronutrients.  

 

Table (7): Yield, its attributes and quality of sunflower  as significantly affected by the interaction 

between micronutrients and Glycine betaine in 2023 and 2024 seasons 

 

While the lowest values were achieved from 
unsprayed plants with Glycine betaine and mixture 
of micronutrients in the two seasons (Table 7). 
Similar results were emphasized by Azzam and 
Omran (2005); Shemi et al. (2021); Soliman et al. 
(2023); Elahi et al. (2024) and Yahya and 
Abdulqader (2024). Significant response of seed 
crude protein percentage and protein yield per fad 
to the interaction between Glycine betaine and 
mixture of micronutrients were observed during 

the two seasons 2023 and 2024 (Table 7). The 
highest seed crude protein percentage and protein 
yield per fad were gained from plants sprayed with 
150 mM Glycine betaine and 3500 ppm mixture of 
micronutrients. While the lowest values were 
obtained from unsprayed plants with Glycine 
betaine and mixture of micronutrients and that was 
true in the two seasons (Table 7).These results are 
in agreement with those observed by Azzam and 
Omran (2005) and Elahi  et al. (2024). 
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Treatment Lowest 
value 

Treatment Highest 
value 

Season Character 

Control Micro. x control G.B. 127.10 3500 ppm Micro. x 100 mM  
G.B. 

191.50 2023 Plant height (cm) 
132.40 198.80 2024 

Control Micro. x control G.B. 42.52 3500 ppm Micro. x 100 mM  
G.B. 

73.22 2023 Seed weight/head (g) 
43.88 78.49 2024 

Control Micro. x control G.B. 759.60 3500 ppm Micro. x 100 mM  
G.B. 

821.50 2023 Number of seeds/head 
769.53 893.71 2024 

Control Micro. x control G.B. 1.35 3500 ppm Micro. x 100 mM  
G.B. 

2.28 2023 Stem diameter (cm) 
1.42 2.44 2024 

Control Micro. x control G.B. 13.10 3500 ppm Micro. x 100 mM  
G.B. 

21.40 2023 Head diameter (cm) 
13.56 21.77 2024 

Control Micro. x control G.B. 5.11 3500 ppm Micro. x 100 mM  
G.B. 

9.22 2023 100-seed weight (g) 
5.18 9.57 2024 

Control Micro. x control G.B. 830.12 3500 ppm Micro. x 100 mM  
G.B. 

1700.69 2023 Seed yield (kg/fad) 
849.88 1782.95 2024 

Control Micro. x control G.B. 11.54 3500 ppm Micro. x 100 mM  
G.B. 

19.75 2023 Straw yield(ton/fad) 
12.65 22.19 2024 

Control Micro. x control G.B. 10.00 3500 ppm Micro. x 150 mM 
G.B. 

15.61 2023 Seed crude protein % 
10.33 16.22 2024 

Control Micro. x control G.B. 83.15 3500 ppm Micro. x 150 mM 
G.B. 

264.49 2023 Protein 
yield (kg/fad) 87.93 285.42 2024 

Control Micro. x control G.B. 25.05 3500 ppm Micro. x 100 mM  
G.B. 

35.77 2023 Seed oil % 
25.39 36.95 2024 

Control Micro. x control G.B. 208.29 3500 ppm Micro. x 100 mM  
G.B. 

609.35 2023 Oil yield (kg/fad) 
215.78 658.80 2024 



 
Manal et al., 2025 
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 ىحلملا داھجلإا فورظ تحت نیاتیب نیسیلجلاو ىرغصلا رصانعلاب ىقرولا شرلل سمشلا دابع ةباجتسا
 حلاصتسلاا ةثیدح ىضارلأا ىف

ملیوس نسح دیع ،بطق اللهدبع رھام ،ةدامح ىربص دمحم ،ظفاح تزع حلاص ،میلحلا دبع ىركش لانم  

.رصم -ةیلیعامسلإا -سیوسلا ةانق ةعماج -ةعارزلا ةیلك -لیصاحملا مسق  

 ىقرولا شرلا نم تازیكرت عبرأ ریثأت ةساردل ةیلیعامسلإا ةظفاحمب نیصاصقلا ةقطنمب 2024 و 2023 يمسوم يف ناتیلقح ناتبرجت تیرجأ
 ىقرولا شرلا نم تازیكرت عبرأ كلذك و نویلملا ىف ءزج 3500و 2500 و1500و )لورتنك( ءاملاب شرلا يھ ىرغصلا رصانعلا طولخمب
 102 ةزیج فنص ھتدوج و ھتانوكمو سمشلا دابع لوصحم ىلع لوم ىللم 150 و100 و50 و )لورتنك( ءاملاب شرلا ىھ نیاتیب نیسیلجلاب
 .رصم ، ةیلیعامسلإا ةظفاحمب ءارفصلا ةیلمرلا ىضارلأا ىف ىحلملا داھجلإا فورظ تحت
 :يلی امك جئاتنلا صیخلت نكمیو
 صرقلا رطقو قاسلا رطق و تابنلا عافترا ىف ةیونعم ةدایز ىلإ نویلملا ىف ءزج 3500 يتح ىرغصلا رصانعلا طولخم زیكرت ةدایز ىدأ -1
 .روذبلاب تیزلل ةیوئملا ةبسنلاو نادف /تیزلا لوصحمو نادف /شقلا لوصحم و نادف/روذبلا لوصحم و صرقلا /روذبلا نزوو ةرذب ةئاملا نزوو
 .ةقباسلا تافصلا لك ىف ةیونعم ةدایز ىلإ لوم ىللم 100 ىتح نیاتیب نیسیلجلا زیكرت ةدایز ىدأ -2
 میقلا ىلعأ ىلع لوصحلا نكمأ دقو ةقباسلا تافصلا لك ىلع نیاتیب نیسیلجلاو ىرغصلا رصانعلا طولخم نیب لعافتلل ىونعم ریثأت دجوی -3
 .لوم ىللم 100 زیكرتب نیاتیب نیسیلجلاو نویلملا ىف ءزج 3500 زیكرتب ىرغصلا رصانعلا طولخمب ىقرولا شرلاب ةقباسلا تافصلا عیمجل
 .ةحولملاب ةرثأتملا يضارلأا ،ةدسكلاا تاداضم ،ىرغصلا رصانعلا ،سمشلا دابع -:ةلادلا تاملكلا
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