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 Drought is a persistent and devastating obstacle to crop production. Selenium (Se) mitigates 

various types of abiotic stress and promotes growth and crop production under unfavorable 

conditions. Two field experiments were conducted at Nubaria research station to evaluate the effects 

of Selenium on yield and oil production of Sunflower under different irrigation levels as 100, 75 and 

50% of water requirement (WR) during seasons of 2020 and 2021. The results showed that low 

irrigation rates(50%WR) reduced the chlorophyll content, growth parameters (head diameter, head 

dry weight, number of seeds/head, 100 seed weight), Seed and Straw yield, oil content, oil yield and 

macro-micronutrient content. While increased the application of selenium (20ppm) resulted in an 

increases in all the above measurements. Results showed that the interaction of selenium was more 

effective in increasing chlorophyll content and growth parameters compared to the control under 

water stress conditions. Foliar application of selenium had a positive effect on Oil content and Oil 

production to increasing by(8.6&52.1%), nutrient content and water use efficiency, particularly at (20 

ppm Se) comparable with the control under deficit irrigation regimes. The most effective way to 

improve the growth, yield and quality of sunflower plants under deficient irrigation systems is to use 

selenium (Se), which increases the plant's resistance to weather and water stress. Therefore, it is 

recommended that gardeners in arid and semi-arid regions fertilize sunflowers with selenium (20 

ppm) to reduce the negative effects of drought and maintain crop yield and quality. 
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1. Introduction 

Sunflower (Helianthus annuus. L.) is the major 

source of edible vegetable oil, with a worldwide 

seed production of 33.3 million ton allocated nearly 

entirely to oil extraction, accounting for 8.5% of 

total global volume (FAO, 2018). Growing 

sunflowers requires a variety of conditions, 

including healthy seeds, moderate rainfall, and rich 

soil. Sunflower is one of the three main oilseed 

crops and a substantial source of edible oil of 

superior quality, especially for use in cooking Pal 

and associates, (2015). Sunflower's ability to 

withstand a variety of climatic conditions makes it 

an important oilseed crop. Due to its short growing 

season and decreased watering needs, sunflowers 

have drawn more attention from plant breeders in 

various areas (Forleo et al., 2018).  

Increasing crop yield with the least amount of water 

is one of the largest challenges facing agriculture as 

a result of current climate change and its 

aftereffects, which include a decrease in water 

availability and an increase in temperature, 

especially in areas where rainfall is unreliable or 

limited (Iqbal et al., 2020). Environmental changes 

alter the physiological mechanisms that plants use 

to grow, develop, and generate agricultural goods 

(Araújo et al., 2019; Ozturk et al., 2020). One of 

the main factors influencing plant growth is water 

stress. Water makes about 85–95% of live plant 

cells on average. There are three different kinds of 

water relationships in plants. Bound water 

A 

18 



212 ELHAM A. BADR, et al. 

___________________________ 

Egypt. J. Agron. 47, No. 2 (2025) 

molecules, which are chemically connected to 

complexes like salts and organic materials, are the 

primary form of water. When the plant is stressed 

or needed, this water is difficult to move (Zafar et 

al., 2023). All of the plant's physiological processes 

are impacted by its water condition, both directly 

and indirectly (Farid et al., 2021). Cell turgidity, 

which is linked to photosynthesis and the growth of 

tissues, organs, and cells, requires water. It is 

believed that water stress is the primary factor 

limiting sunflower photosynthetic yield and 

efficiency. In addition to regulating the plants' 

metabolic processes, adequate moisture availability 

at critical stages of plant growth also improves the 

crop's capacity to absorb fertilizer (Muhammad et 

al., 2021).  

Even in drought-prone environments, selenium can 

control water levels; even trace amounts of this 

element have been demonstrated to boost lettuce's 

selenium content and quicken the plant's typical 

development rate (Hossain et al., 2021). Enhancing 

drought resilience and lowering agricultural losses 

due to water-restricting variables can be achieved at 

a low cost with selenium. Due to its physiological 

and antioxidant properties, selenium has attracted 

the attention of several agricultural specialists in 

recent decades (Sarkar et al., 2023). Despite 

having no direct effect on plant metabolic systems, 

selenium lowers agricultural losses under a variety 

of physiological situations (Kamran et al., 2020).  

However, little study has been done on how Se 

helps plants become more drought-resistant 

(Ghorai et al., 2022). During drought stress, Se can 

control water balance and increase biomass output 

by activating plants' antioxidant systems. Selenium 

may boost growth, raise leaf carotenoids and 

chlorophyll, control water availability, accumulate 

appropriate solutes, activate the antioxidant 

mechanism, and improve plant resilience to drought 

even at very low concentrations (Zahedi et al., 

2023). This research demonstrates that applying 

selenium can improve sesame's resistance to 

drought stress Le Vinh et al. (2021). Selenate and 

selenite are commercial types of selenium-enriched 

fertilizers. It was recently shown by Deng et al. 

(2017) that the use of fertilizers based on selenium 

enhanced the buildup of Se. Additionally, it was 

shown that foliar spraying Se was a more 

economical and effective method than 

incorporating it into the soil (Wang et al., 2017). 

The purpose of this experiment is to ascertain how 

foliar selenium affects a few agro physiological 

characteristics of sunflowers during drought stress. 

The premise of the experiment is that foliar 

selenium may be able to mitigate the limiting 

effects of drought stress. 

2. Materials and methods 

2.1 Experimental design  

During the summer seasons of 2020–2021 and 

2021–2022, two field experiments were carried out 

at the Research and Production Station, National 

Research Centre, Nubaria Province, Behera 

Governorate, Egypt, to examine the impact of foliar 

selenium application on sunflower productivity 

when grown in newly reclaimed soil under water 

stress conditions. Seeds of sunflower (Helianthus 

annuus L.) Sakha 53 cultivar was obtained from 

Agricultural Research Centre Giza, Egypt. The split 

plot design with three replicates was used of (100, 

75 and 50 %) from irrigation water requirements 

were distributed in the main plots while foliar 

application treatment (0, 5, 10 and 20 ppm) was 

randomly distributed in the sub plots to equal doss 

after 30 day and 45 day. sunflower seeds were sown 

on May in both two seasons. The plot area was 12.0 

m
2
 and all plots received, the experimental soil 

received the recommended fertilizer dose according 

to the Ministry of Agriculture recommendations 

(Nitrogen fertilizer (as the form of urea 46% N), 

100 Kg fed
-1

 Super phosphate “15.50% P2O5” and 

50 Kg fed
-1

 Potassium sulphate “48% K2O”). Soil 
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was directly irrigated after sowing to provide 

suitable moisture. The initial soil analysis for the 

experimental area was: sandy loam in texture 

(75.3% sand, 5.18% silt, 17.12% clay), OM 

(0.57%), CaCO3 (1.36%), pH (7.34); EC (0.96 

dSm
-1

) and available N, P and K were 33.6, 7.14 

and 13.8 mg kg
-1

 soil, respectively. Soil analysis 

executed according to technique of Rebecca, 

(2004). Seed of sunflower cultivar Sakha 53 were 

sown during the first week of May of the two 

seasons. At harvest; plants were taken at random 

from the inner area of each experimental plot to 

estimate the following characters. 

2.2 Growth characters: 

Head diameter (cm), Head dry weight (g), number 

of seeds per head, 100 seed weight (g), Seed yield 

(ton fed
-1

), Straw yield (ton fed
-1

), Oil yield (kg fad
-

1
) was determined by multiplying seed yield (kg 

fed
-1

) by seed oil percentage. 

2.3 Biological yield 

The total biomass of the harvested plants (kg 

plot
-1

), then it was transformed into ton per ha. 

Grain yield: It was obtained as the weight of clean 

grains of the plot after threshing, and then it was 

transformed into ton ha
-1

. 

Harvest index HI: 
                       

                            
     

 2.4 Irrigation treatments 

Three drip irrigation regimes, applied as a 

percentage of the crop evapotranspiration (ETc), 

employed computations according to Allen et al. 

(1998), as follows:  

             

Where: Kc = crop coefficient, ETc is the crop 

water needs (mm day
−1

), and ETo is the reference 

evapotranspiration (mm day
−1

). ETo calculations 

used the technique of Allen et al. (1998), as 

follows: 

              

Where: Epan is the evaporation from class A 

and Kp is the pan coefficient. The plants in all plots 

incurred irrigation at 10-day intervals with different 

amounts of water. Irrigation water quantities 

approximation used the following equation: 

    
            

         
 

Where: A = plot size (m2), ETc is the reference 

evapotranspiration (mm day
−1

), IWA is the 

irrigation water application (m3), Ii is the irrigation 

intervals (day), and Ea is the application efficiency 

(%). An irrigation water application (IWA) 

controller was a 50 mm diameter plastic pipe 

(spiles). Each plot had a single spile to transport 

water. The pumped volume of water via a plastic 

pipe attained identification using Israelsen and 

Hansen, (1962). 

2.5 Chemical constituents: 

Chlorophyll a, b and total carotenoids in leaves 

were determined using the method described by 

Lichtenthaler, (1987). Seed oil percentage was 

determined using soxhlet apparatus according to 

A.O.A.C., (1980), protein content was calculated as 

Total N x 6.25. Iodine value of the oil was 

determined using ABBE-refract meter instrument at 

20°C. Photosynthetic pigments of fresh leaves were 

determined as described by Lichtenthaler and 

Buchmann, (2001). Nitrogen (N), phosphorus (P) 

and potassium (K) contents were determined by 

method of Cottenie et al. (1982). Irrigation water 

use efficiency (WUE) was estimated according to 

Jensen, (1980) by equation: WUE =Seed yield 

(kg/fed)/Applied water (m
3
/fed). 

2.6 Statistical analysis  

Using the MSTAT-C, (1988) computer 

software package, a combined analysis of the data 

for the two seasons was statistically examined using 

the analysis of variance (ANOVA) approach for the 

split-plot design. The differences between treatment 

means were tested at the 5% level of probability 
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using the Least Significant Difference (LSD) 

technique, as outlined by Snedecor and Cochran, 

(1990).  

3. Results and Discussion 

Sunflowers are grown in tropical and subtropical 

regions, where drought and high temperatures have 

historically required irrigation (Arshad et al., 

2020). It contains 20%–27% protein and 25%–48% 

oil. It can easily adjust to changes in soil 

composition, temperature, moisture content, and 

farming methods. The growing season's dryness 

and lack of water significantly diminish seed 

production and cut sunflower yield by 41%. 

Climate change and rapid population increase pose 

serious challenges to global food security and 

production (Ameen et al., 2023a). 

   3.1 photosynthetic pigments content  

Foliar application of selenium under water stress 

conditions on the chlorophyll content in the growth 

stages of the sunflower plant. The results shown in 

Figure (1) make it evident that the amount of 

chlorophyll This increase is observed when the 

quantity of Se increases in sunflower and the data 

indicated that the highest values in chlorophyll 

content induced by the combination between 100% 

WR with the foliar application of selenium at a rate 

(20 ppm Se) as comparable with the control (0 ppm 

Se). According to data in fig. (1), applying 

selenium to flowers increased the amount of 

chlorophyll in plants. This could be because 

exogenous selenium has a positive effect on 

chlorophyll synthesis and prevents chlorophyll 

degradation when there is a water deficit (Shahzadi 

et al., 2017). Selenium aids plants in delaying the 

deterioration of their pigments. These outcomes 

mirrored how the okra plant responded to dryness 

when 3 mg/L of selenium was added (Ali et al., 

2020). In tropical and subtropical areas, plant 

development and performance are significantly 

harmed by water shortages and high temperatures 

(Dietz et al., 2021).  

 

 

Fig. 1. Effect of selenium foliar spray on Cha, Chb and Carotien of sunflower under water stress condations. 
 

3.2 Growth analysis and Growth attributes: 

Results of this study presented in Table (1) showed 

that increasing irrigation water requirement 

(100%WR slightly increased the studied growth 

indices (head diameter (cm), head dry weight (g), 

number of seeds per head, and weight of 100 seeds 

(g) of sunflower plant, as compared with those 

plants grown under water stress conditions 

(50%WR) water deficit (75% and 50% WR) 

resulted in significant decreases in growth 
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attributes. Meanwhile foliar spray of Selenium (Se 

20 ppm) increased significant in the diameter of 

head (cm), dry weight of head (g), number of seeds 

per head, and the weight of 100 seeds, by 18.08, 

19.8, 10.54, and 26.5%, respectively, compared to 

the control treatment. Selenium is an element 

whose deficiency causes the decrease in defense 

mechanisms of living organisms and maintains 

antioxidative defense systems and enhances sugar 

and starch accumulation. This led to an increase in 

growth characteristics. Although foliar selenium 

administration can enhance plant development and 

productivity, (Karimi et al., 2020). Despite not 

being a necessary component for plant 

development, selenium has been shown to increase 

crop resistance to drought (Andradea et al., 2018). 

The goal of modern agriculture is to provide foods 

that are high in vitamins and nutrients so that 

humans, animals, and plants can withstand the 

oxidation process (Dwivedi et al., 2023) humans, 

animals, and plants can withstand the oxidation 

process (Dwivedi et al., 2023). The results in Table 

(2) also showed that the interaction between (100% 

WR and (20 ppm) of selenium gave a significant 

increase on the abovementioned parameters at 

different irrigation water requirements compared 

with plants grown without selenium. It is observed 

from Table (1&2). Dry head weight is the best 

indicator for estimating oil and seed production due 

to the strength of the relationship. Head diameter 

and 100-seed weight also have a significant effect 

on productivity, especially oil production. The 

relationship between variables and productivity is 

generally strong, indicating that these variables can 

be used to predict productivity especially oil 

production. The relationship between variables and 

productivity is generally strong, indicating that 

these variables can be used to predict productivity. 

In addition to addressing soil nutrient deficiencies, 

nutrient supplementation enhanced crop quality and 

yield (Oyetunji et al., 2022).  

 

Table 1. Growth parameters affected by selenium foliar application under water stress conditions 

Treatments 
Head  

diameter (cm) 
Head dry  

weight (gm) 
No. of  

seeds/ deal 
100 seed 

weight (gm) 
WR Selenium 

100 %  

(WR) 

0 ppm Se 15.67 89.50 724.52 6.07 

5 ppm Se 15.93 91.46 731.00 6.18 

10 ppm Se 18.66 108.59 842.60 8.24 

20 ppm Se 20.94 121.81 873.49 8.86 

75 %  

(WR) 

0 ppm Se 14.97 86.67 712.40 5.60 

5 ppm Se 15.48 88.87 722.06 6.00 

10 ppm Se 16.57 97.33 747.77 6.62 

20 ppm Se 17.57 106.53 770.04 7.65 

50 %  

(WR) 

0 ppm Se 14.39 85.00 701.73 5.13 

5 ppm Se 15.27 88.17 717.67 5.80 

10 ppm Se 16.30 95.49 743.90 6.33 

20 ppm Se 16.72 101.07 755.33 6.73 

Mean of 

 WR 

100% WR 17.80 102.84 792.90 7.34 

75% WR 16.14 94.85 738.07 6.47 

50% WR 15.67 92.43 729.66 6.00 

Mean of 
 Se 

0 ppm Se 15.01 87.06 712.88 5.60 

5 ppm Se 15.56 89.50 723.58 5.99 

10 ppm Se 17.18 100.47 778.09 7.06 

20 ppm Se 18.41 109.80 799.62 7.75 

LSD  

0.05 

WR 0.231 1.061 2.182 0.117 

Selenium 0.267 1.225 2.520 0.135 

Interaction 0.472 2.165 4.452 0.238 

WR: Water Requirements 
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3.3 Yield and yield it's compounded: 

Results presented in Table (2) clearly stated that, 

yield and its aspects expressed by (seeds, stove and 

biological (ton/fed) addition to harvest index (%) 

were greatly   affected by irrigation water 

requirement (WR. Findings, the 50% WR treatment 

produced the highest harvest index at 41%, while 

the 100% WR treatment produced the maximum 

yield for (seeds, stove, biological (ton/fed). The 

Table also shows that utilizing a rate of 75% WR 

produced excellent outcomes; specifically, the yield 

of (seeds, stove, biological, and oil) reduced by 3.9, 

8.66, 12.15, and 13.9 as compared to the 100% WR 

treatment. Also.Table (3) show that (oil yield 

(kg/fed), oil and protein content (%) were greatly 

affected by irrigation water requirement (WR. The 

maximum oil (yield &content) and protein (747.6 

(kg/fed), 36.51% and 18.27%) of sunflower were 

recorded under 100%WR compared with 50% WR. 

Foliar treatment of selenium concentration induced 

significant increments in yield criteria in 

comparison with controls. Data clearly show that 

(20 ppm se) caused more significant increases in all 

the studied yield characters (Table 2 & 3) compared 

with untreated controls. It could be noted that 100% 

WR with 20 ppm Se produced the highest amount 

of in all studied characters in yield. 

LSD shows significant differences at 5% level 

between selenium levels and irrigation levels. The 

combined effects of selenium and irrigation were 

significant in all parameter conclusions from mean 

values, at 20 ppm Se, the highest seed (1.89 

ton/fed) and straw (2.82 ton/fed) yields were 

achieved. At 10 ppm Se, a significant but relatively 

lower improvement was achieved compared to 20 

ppm Se. Mean effect of irrigation (WR): With 

100% WR, the highest values were achieved in all 

parameters, reflecting the positive effect of full 

irrigation. 

Results recorded in Table (3) stated that foliar 

application of selenium levels and water 

requirements on yield such as oil yield, oil content, 

protein content, and water use efficiency (WUE). 

Effect of Selenium Levels. (Oil yield, oil content 

and protein content) increases with increasing 

selenium levels from 0 to 20 ppm, regardless of 

water level. The highest values were (oil yield, oil 

and protein content (622.2 kg/fed, 35.30% and 

17.51%) at 20ppm Se. Water use efficiency 

increases gradually with increasing selenium levels, 

where it recorded the highest value (3.37 kg/m³) at 

20 ppm. Oil Yield decreased with water reduction 

from 100% to 50% WR). At 100% WR, the average 

yield was highest (534.8 kg/fed). Oil Content 

decreased slightly with water reduction, but 

remained higher with high selenium levels. Protein 

Content decreased with water reduction. At 100% 

WR, the average was 16.47%, while it decreased to 

13.15% at 50% WR. Water Use Efficiency (WUE) 

improved with water reduction, with the highest 

value recorded at 50% WR (4.03 kg/m³). The 

supply of irrigation water is the sufficient amounts. 

Selenate and selenite are the forms of selenium that 

plants may bio accumulate. The application of 

foliar selenium may serve as an effective approach 

to mitigate the negative impacts of drought stress, 

thereby promoting sustainable agricultural 

practices. sufficient amounts. Selenate and selenite 

are the forms of selenium that plants may bio 

accumulate. The application of foliar selenium may 

serve as an effective approach to mitigate the 

negative impacts of drought stress, thereby 

promoting sustainable agricultural practices. 
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Table 2. Yield parameters affected by selenium foliar application under water stress conditions. 

Treatments Seed yield 

(ton/fed) 

Straw yield 

(ton/fed) 

Biological yield  

(ton/fed) 

Harvest Index  

(%) 
WR Selenium 

100 %  

(WR) 

0 ppm Se 1.56 2.43 3.98 39.07 

5 ppm Se 1.65 2.46 4.11 40.11 

10 ppm Se 1.87 2.77 4.64 40.38 

20 ppm Se 2.04 3.11 5.15 39.62 

75 %  

(WR) 

0 ppm Se 1.48 2.24 3.72 39.80 

5 ppm Se 1.53 2.33 3.86 39.58 

10 ppm Se 1.76 2.60 4.36 40.39 

20 ppm Se 1.84 2.71 4.55 40.40 

50 %  

(WR) 

0 ppm Se 1.44 2.18 3.62 39.80 

5 ppm Se 1.50 2.29 3.79 39.54 

10 ppm Se 1.70 2.54 4.24 40.06 

20 ppm Se 1.80 2.63 4.44 40.62 

Mean of 

 WR 

100% WR 1.78 2.69 4.47 39.80 

75% WR 1.65 2.47 4.12 40.04 

50% WR 1.61 2.41 4.02 40.01 

Mean of 

 Se 

0 ppm Se 1.49 2.28 3.77 39.56 

5 ppm Se 1.56 2.36 3.92 39.75 

10 ppm Se 1.78 2.64 4.42 40.28 

20 ppm Se 1.89 2.82 4.71 40.21 

LSD  

0.05 

WR 0.022 0.027 0.042 

 Selenium 0.025 0.032 0.049 

 Interaction 0.045 0.056 0.086 

 
 

WR: Water Requirements 

  

Table 3. Oil yield, Oil content, protein and water using efficiency as affected by selenium foliar 

application under water stress conditions. 

Treatments Oil yield 
(kg/fed) 

Oil Content 
(%) 

Protein Content  
(%) 

WUE 
Kg/m3 WR Selenium 

100 %  

(WR) 

0 ppm Se 358.0 33.34 14.79 1.95 

5 ppm Se 400.8 34.63 15.42 2.06 

10 ppm Se 633.0 35.40 17.40 2.34 

20 ppm Se 747.6 36.51 18.27 2.55 

75 %  

(WR) 

0 ppm Se 338.4 32.36 8.94 2.46 

5 ppm Se 352.9 33.21 11.46 2.54 

10 ppm Se 416.4 34.32 16.75 2.94 

20 ppm Se 603.4 34.85 17.25 3.06 

50 %  

(WR) 

0 ppm Se 331.1 31.70 8.65 3.60 

5 ppm Se 344.5 33.17 10.67 3.75 

10 ppm Se 409.8 34.13 16.29 4.25 

20 ppm Se 515.7 34.54 17.00 4.50 

Mean of 

 WR 

100% WR 534.8 34.97 16.47 2.22 

75% WR 427.8 33.68 13.60 2.75 

50% WR 400.3 33.39 13.15 4.03 

Mean of 

 Se 

0 ppm Se 342.5 32.47 10.79 2.67 

5 ppm Se 366.1 33.67 12.51 2.79 

10 ppm Se 486.4 34.62 16.81 3.18 

20 ppm Se 622.2 35.30 17.51 3.37 

LSD  
0.05 

WR 3.481 0.374 0.467  

Selenium 4.020 0.432 0.539  

Interaction 7.102 0.763 0.953  
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3.4 The nutritional contents of the yielded 

sunflower 

Presented in Table (4). It is clear nutrient content 

and uptake affected by selenium foliar application 

under water stress conditions, Nitrogen increases 

with increasing selenium levels at all water 

requirement levels (WR). the highest value for 

nitrogen was at 20 ppm Se with 100% WR (2.92%), 

Phosphorus its effect is limited compared to 

nitrogen and potassium, but it increases slightly at 

higher selenium levels. values are almost constant 

at 0.32-0.35, Potassium follows the same trend as 

nitrogen, with an increase with higher selenium 

levels. Nutrient Uptake (N, P, K Uptake). all 

nutrient uptake values (N, P, K) increase 

significantly with increasing selenium levels. The 

most significant effect was on N Uptake, which 

increased from 36.81 (kg/fed) at 0 ppm Se with 

100% WR to 59.63(kg/fed) at 20 ppm Se with 

100% WR. The highest performance was observed 

at 100% WR, where the highest values were for N 

and K and their uptake. At 75% and 50% WR, the 

values gradually decreased with water reduction. 

Selenium plays a crucial role in enhancing the 

nutrient content of leaves, primarily by promoting 

vegetative growth and expanding leaf area. This 

improvement in leaf development subsequently 

fosters the growth of the root system, thereby 

increasing the surface area available for the 

absorption of essential nutrients reduced, which in 

turn caused a drop in the net absorption rate. 

Additionally, a lack of water leads to nutritional 

imbalance (Abd–Elrahman et al., 2022). In order 

to increase crop output in the face of water stress 

conditions, it is crucial and challenging to use more 

efficient irrigation techniques (Ramadan et al., 

2023). These advancements boosted adaptive 

mechanisms, such as maintaining appropriate 

cellular turgor alongside physiological processes 

(Awad et al., 2021), which raise plant stress 

tolerance and provide satisfactory growth and seed 

output. Although it is not a necessary element for 

plants, selenium (Se) supports the antioxidant 

system of plants and increases crop yield and 

development when it is present in sufficient 

amounts. Selenate and selenite are the forms of 

selenium that plants may bio accumulate. The 

application of foliar selenium may serve as an 

effective approach to mitigate the negative impacts 

of drought stress, thereby promoting sustainable 

agricultural practices.   

 

Table 4. Nutrient content and uptake affected by selenium foliar application under water stress 

conditions. 

Treatments 
N% P% K% 

N uptake  

(kg/fed) 

P uptake  

(kg/fed) 

K uptake  

(kg/fed) WR Selenium 

100 %  

(WR) 

0 ppm Se 2.37 0.32 2.20 36.81 5.01 34.25 

5 ppm Se 2.47 0.33 2.22 40.68 5.39 36.68 

10 ppm Se 2.78 0.35 2.69 52.15 6.58 50.35 

20 ppm Se 2.92 0.35 2.88 59.63 7.21 58.81 

75 %  

(WR) 

0 ppm Se 1.43 0.31 2.03 21.15 4.65 29.97 

5 ppm Se 1.83 0.32 2.17 27.99 4.89 33.09 

10 ppm Se 2.68 0.33 2.40 47.24 5.88 42.25 

20 ppm Se 2.76 0.35 2.62 50.74 6.37 48.10 

50 %  

(WR) 

0 ppm Se 1.38 0.31 2.02 19.92 4.47 29.09 

5 ppm Se 1.71 0.32 2.10 25.62 4.78 31.55 

10 ppm Se 2.61 0.33 2.32 44.30 5.60 39.49 

20 ppm Se 2.72 0.34 2.49 49.00 6.14 44.86 

Mean of 

 WR 

100% WR 2.64 0.34 2.50 47.32 6.05 45.02 

75% WR 2.18 0.33 2.30 36.78 5.45 38.35 

50% WR 2.10 0.32 2.23 34.71 5.25 36.25 

Mean of 

 Se 

0 ppm Se 1.73 0.32 2.08 25.96 4.71 31.10 

5 ppm Se 2.00 0.32 2.16 31.43 5.02 33.77 

10 ppm Se 2.69 0.34 2.47 47.90 6.02 44.03 

20 ppm Se 2.80 0.35 2.66 53.12 6.57 50.59 

LSD  

0.05 

WR 0.075 0.003 0.042 1.275 0.100 0.977 

Selenium 0.086 0.004 0.048 1.472 0.115 1.128 

Interaction 0.152 0.007 0.085 2.601 0.204 1.993 
 

WR: Water Requirements.  
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3.5 Micronutrient contents: 

Data presented in Table (5) showed that affected by 

selenium foliar application under water stress 

conditions on sunflower. With decreasing water 

requirement from 100% to 50%. Iron (Fe) ppm total 

values decrease (385.1 → 363.6 ppm). Zn ppm also 

decreases gradually (32.55 →8.83 ppm). Mn ppm 

decreases clearly (20.33 → 17.64 ppm). 

All decrease with decreasing irrigation. Full water 

requirement (100% WR) consistently leads to the 

highest concentrations and uptakes for Fe, Zn, and 

Mn compared to water-stressed conditions (75% 

WR and 50% WR) with increasing Se 

concentration (0 → 20 ppm). Fe ppm increases 

(302.01 → 417.37). Zn ppm increases (25.64 → 

32.74). Mn ppm increases (16.11 → 21.12). All 

show significant increases with increasing 

selenium. Increasing Se generally improves Fe, Zn, 

and Mn uptake across all WR levels. Higher Se 

levels (10 ppm and 20 ppm) show notable increases 

in both concentration and uptake. Interaction 

between WR and Se to influence the uptake of 

these micronutrients significantly. 100% WR shows 

the highest average Fe, Zn, and Mn levels and 

uptakes. Se at 20 ppm achieves the maximum 

uptake values for Fe, Zn, and Mn.  LSD values 

suggest that Se, WR, and their interaction have 

statistically significant effects on the measured 

parameters, with notable distinctions at p ≤ 0.05. 
 

Table 5. Micronutrient content and uptake affected by selenium foliar application under water stress 

conditions.

Treatments 

Fe ppm Zn ppm Mn ppm 
Fe uptake  

(kg/fed) 

Zn uptake  

(kg/fed) 

Mn 

uptake  

(kg/fed) 
WR Selenium 

100 %  

(WR) 

0 ppm Se 312.5 28.49 16.90 486.5 44.36 26.31 

5 ppm Se 389.6 32.41 19.82 642.8 53.47 32.71 

10 ppm Se 404.0 33.46 20.70 756.9 62.68 38.79 

20 ppm Se 434.2 35.83 23.90 885.6 73.07 48.75 

75 %  

(WR) 

0 ppm Se 299.1 24.52 16.07 442.3 36.26 23.76 

5 ppm Se 314.5 29.94 17.71 480.1 45.71 27.04 

10 ppm Se 402.0 33.44 21.65 708.7 58.96 38.16 

20 ppm Se 410.3 34.50 22.65 754.2 63.41 41.63 

50 %  

(WR) 

0 ppm Se 294.4 23.91 15.35 423.9 34.44 22.11 

5 ppm Se 368.0 31.03 18.81 551.9 46.54 28.22 

10 ppm Se 384.3 32.48 19.57 653.1 55.19 33.26 

20 ppm Se 407.6 27.89 16.80 734.4 50.25 30.27 

Mean 

of 

 WR 

100% WR 385.1 32.55 20.33 693.0 58.39 36.64 

75% WR 356.5 30.60 19.52 596.3 51.08 32.65 

50% WR 363.6 28.83 17.64 590.9 46.61 28.46 

Mean 

of 

 Se 

0 ppm Se 302.01 25.64 16.11 450.9 38.3 24.1 

5 ppm Se 357.34 31.12 18.78 558.3 48.6 29.3 

10 ppm Se 396.78 33.13 20.64 706.3 58.9 36.7 

20 ppm Se 417.37 32.74 21.12 791.4 62.2 40.2 

LSD  

0.05 

WR 1.402 1.431 1.496 0.424 0.378 0.635 

Selenium  1.063 1.438 1.528 0.281 0.232 0.316 

Interaction 2.378 2.751 2.899 0.682 0.591 0.925 

WR: Water Requirements 
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3.6 Correlation: 

The Tables (6) presented contain correlation 

coefficients between different sunflower plant 

characteristics (such as head diameter, head dry 

weight, number of seeds, 100-seed weight, etc.) and 

productivity outcomes (such as oil and protein 

yield). Correlation Coefficient (r): Indicates the 

strength of the relationship between the two 

variables. If the value is close to +1, the 

relationship is strong positive. 

If it is close to -1, the relationship is strong 

negative, If it is close to 0, there is no significant 

relationship between the two variables. Notes on 

the results. Strong relationships: Head diameter is 

strongly correlated with most variables such as 

head dry weight (r = 0.986), and oil yield (r = 

0.965). Head dry weight (Head dry wt.) is strongly 

correlated with most variables such as 100-seed 

weight (r = 0.980) and biological yield (r = 0.981). 

Yield (seed Y, straw, and Bio .Y): Total yield 

(Bio.Y) has a strong correlation with all 

productivity parameters, especially straw yield (r = 

0.998). Oil yield (Oil yield): is strongly correlated 

with most variables, especially 100-seed weight (r = 

0.976). Protein and nitrogen relationships. Protein 

(%) is well correlated with total yield (Bio.Y, r = 

0.893) and nitrogen (N%, r = 0.899). Nutrients 

(N%, P% and K%). Phosphorus (P %) and 

potassium (K%) show strong correlation with 

productivity (e.g. seed. Y, straw. Y and Bio.Y). 

There is a strong relationship between increasing 

macronutrients and increasing straw and grain 

yields, as increasing nitrogen leads to increased 

protein content and increased seed quality and 

productivity. 

 

Table 6. correlation coefficients between different sunflower plant characteristics. 

 

Head 

diameter 

Head dry wt. 

(g) 

No. 

Seed/head 

100 wt. 

seed 

Seed 

yield 

Straw 

Yield Bio. Y HI 

Oil 

yield 

Oil 

% 

Protein 

% N% P% 

Head DW. 0.986 

            No. 

Seed/head 0.980 0.958 

           100 wt. seed 0.981 0.980 0.970 

          G.Y 0.949 0.972 0.910 0.952 

         S.Y 0.978 0.982 0.934 0.964 0.986 

        Bio. Y 0.969 0.981 0.927 0.962 0.995 0.998 

       HI 0.237 0.348 0.246 0.324 0.483 0.332 0.396 

      Oil yield 0.965 0.986 0.953 0.976 0.946 0.948 0.950 0.374 

     Oil % 0.958 0.958 0.920 0.963 0.976 0.982 0.982 0.362 0.924 

    Protein % 0.780 0.801 0.721 0.807 0.903 0.881 0.893 0.475 0.759 0.899 

   N% 0.780 0.801 0.721 0.807 0.903 0.881 0.893 0.475 0.759 0.899 1.000 

  P% 0.926 0.956 0.907 0.966 0.977 0.954 0.966 0.512 0.955 0.966 0.889 0.889 

 K% 0.966 0.987 0.940 0.981 0.985 0.982 0.987 0.415 0.975 0.974 0.866 0.866 0.986 
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Table 7. Determination coefficient r2. 

Traits 
Seed yield/fed. 

(kg) 

Oil yield /fed. 

(kg) 

Head diameter cm 0.8997 0.9307 

Head dry wt. (g) 0.9451 0.9724 

No. of seed/head 0.8272 0.9073 

100 seed wt. (g) 0.8272 .0.9524 

Seed yield (kg/fed) 0 0.8942 

Oil yield (kg/fed) 0.8942 0 
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4. Conclusion 

In times of stress, plants have evolved or adapted 

defenses (such as antioxidants, osmoprotectants, 

etc.) to cope with water deficiency stress or even to 

endure it. The exogenous use of certain adjuvants 

(such as selenium) is crucial to assist plants 

effectively tolerate water deficit stress since these 

endogenous anti-drought chemicals are insufficient 

to allow stressed plants to endure extended drought 

periods. This study aimed to investigate how 

selenium could reduce drought stress and improve 

crop resilience and productivity under the adverse 

effects of climate change and aggravation of 

drought conditions. This could be through its role in 

increasing antioxidant levels in plants. Since 

Egyptian soils are selenium deficient, it should be 

supplied to plants through foliar application. 

Previous studies have reported that foliar selenium 

treatment was important to improve drought 

tolerance. 
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