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Abstract: 

This study was conducted in the winter season 2022- 2023 to find out  influence of various  fertilizer 

elements in their nano form by spraying method on two varieties of bread wheat, the first (Al-Fayyad 

V1) is early-growing and the second (Dijla V2) is late-growing, and the randomized complete block 

design (RCBD) at the research station of the Faculty of Agriculture of Kirkuk University included: 

nine treatments with three replications of each one, and the study is  used nanomicroelements (Fe ) , 

(Zn) and (Cu) individually and  intraction  , the  results showed that there are  no significant 

differences in grain yield between the two varieties , but  there are  significant differences between 

them in the grain content of nitrogen, phosphorus, potassium, iron, copper and zinc. As for the 

fertilizer treatments, the triple treatment T9 gave the highest nitrogen, phosphorus and potassium 

content (2.356, 0.400, 5.400, 5.000). 356, 0.400, 5.713) PPM in the grain, T3 the highest iron content 

(43.660) PPM, T4 the highest copper content (4.908) PPM, T5 the highest zinc content (48.511) 

PPM and T1 the lowest values. As for the interaction, the varieties' response to the fertilizer 

treatments varied significantly for the grain yield trait, as the interaction between   Dijla  x T9    gave 

the highest mean trait of 7. 96 tons. Ha
-1

, and did not differ significantly in the al-Fayyad  x T9,  and  

recorded   7.82 tons. Ha
-1

. while the al-Fayyad  x   T1   gave the lowest  value of 3.38 tons. Ha
-1

.    
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Introduction : 

The wheat quality improvement is a 

continuous process employing various 

techniques such as development of new 

varieties with plant breeding and 

biotechnology. The demand for various 

industrial end products such as bread, biscuits, 

cake, pasta is also increasing day by day in the 

modern world. Alternatively, agronomic 

methods such as fertilising crops through 

soil/foliar methods at critical growth stages 

can be used for enhancing uptake and 

assimilation of minerals in wheat grains for 

qualitative improvement in bread wheat as a 

short-term, rapid and complementary strategy 

[1], The mineral content in agricultural crops, 

including grains that are used in the diet, 

increases their importance. Therefore, grains 

must contain a sufficient content of nutritional 

elements, including minerals that are 

important for human health, such as iron, 

copper, zinc, and manganese [2],  

The agricultural technology of nanomaterials 

has helped to improve  the  productivity  [3] 

and nanoparticles  of  mentals have increased 

the nitrogen metabolism and photosynthesis  , 

including the wheat plant, where these 

particles work on the plant nutrition to  

improve productivity  and quality of wheat 

[4], the wheat  (Triticum aestivum L.) is an 

important food crop that has been 

domesticated before  thousands of years in the 

ancient civilizations of Western Asia, North 

America and Europe [7]. There are  several  of 

wheat varieties adopted  to  different climatic 

conditions  gave  wheat to  grown  in wide 

range of the world   .   [8]. The cultivation of 

agricultural crops in the world is  used a large 
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amount of chemical fertilizers, to achieve 

more production per unit area, but the use of 

large doses leads to many issues such as 

environmental pollution (soil, water and air 

pollution), low efficiency of the use of those 

inputs, and low quality of foods . Nano 

fertilizers reduce the negative effects of 

conventional fertilizers on the environment as 

Nano fertilizers are used in small amounts 

because it  reactive, they penetrate the 

epidermis allowing gradual diffusion and thus 

reducing nutrient surplus, and NP  play a role 

in reducing stress and toxicity of heavy metals 

[7]. The search for alternative methods to 

compensate for the fertilization process, 

including the use of nano-fertilizers sprayed 

on the leaves, has become a necessity that 

must be researched due to the damage that 

comes from fertilizing the soil with large 

quantities of traditional fertilizers, as well as 

to improve the yield and quality of the yield 

and increase the content of some mineral 

elements in grains   for   healthly food . 

Humans follow correct scientific methods in 

the fertilization process through foliar 

application , as well as knowing the effect of 

these elements and their interactions on 

growth characteristics and yield. Between 

[8],Foliar spraying of nutrients to crops can 

increase the economic yield. Among the main 

nutrients, nitrogen plays a vital role in 

increasing crop productivity. Phosphorus is an 

essential part of many physiological functions 

such as energy accumulation and transfer, 

photosynthesis, respiration, and cell 

differentiation and expansion. It is also 

fundamentally involved in the synthesis of A 

phosphate compound rich in energy, such as 

ATP, ADP, phosphorylated proteins, nucleic 

acids, nucleotides, and phospholipids. 

Potassium is considered an important plant 

nutrient because it is not bound to any specific 

plant compound and is called the “work 

horse.” It is free to move and work within the 

plant, and its deficiency inevitably leads to a 

decrease in yield and poor quality. And its 

economic return [9],  It plays an important role 

in metabolic processes such as DNA synthesis, 

respiration, and photosynthesis. Moreover, 

several metabolic pathways are activated by 

iron [10]. It plays an important role in vital 

processes such as respiration, photosynthesis, 

carbohydrate metabolism, and the formation 

of vitamins P and B, and also interacts with 

amino acids, carboxylic acids, and nitrogenous 

bases [11]. [12] also pointed out in their study 

the role of zinc in reducing the accumulation 

of cadmium in the tissues of the wheat crop, 

which is harmful to consumer health, as well 

as enhancing the growth efficiency of wheat 

and increasing the zinc content of the grain. 

 Materials and Methods : 

A field experiment was carried out during the 

season (2022-2023 AD) at the research station 

of the Faculty of Agriculture at Kirkuk 

University located at longitude (044° 23' 29") 

east and latitude (35° 28' 06") north. Soil 

samples were taken randomly before planting 

at a depth of 0) - 30) Laboratory analyses were 

conducted in the laboratories of the 

Department of Soil and Water Sciences at the 

Faculty of Agriculture, Tikrit University, as 

shown in Table (1). 
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Table (1) Soil analysis of physical and chemical properties before planting at a depth of (0-

30) cm. 

Title Unit Form/Concentration 

pH   7.49 

Electrical conductivity C.E. Desi Siemens
 M-1 

1.07 

Ready nitrogen mg 
kg-1

 soil 27 

Ready phosphorus mg 
kg-1

 soil 9 

Ready Potassium mg 
kg-1 

soil 106 

Organic matter g kg
-1

 soil 2.25 

 

Soil 

Sand  g kg
-1

 soil 53% 

Silt    g kg
-1

 soil 39% 

Clay   g kg
-1

 soil     8% 

Structure  Clay soil sandy 

 

The land was prepared for planting by 

conducting two perpendicular plowing of the 

soil and then smoothing and leveling it, then 

the process of dividing the experimental land 

into 9 experimental units, each unit consisting 

of two wheat varieties planted manually with 

four lines, each line is three meters long, the 

distance between one line and another is 20 

cm and between one variety and another is 40 

cm in the same treatment and the distance 

between one experimental unit and another is 

1 meter, then two seed varieties of bread 

wheat (Triticum aestivum L.) were planted, 

namely (the Fayadh  and the Dijla al-Khair 

variety), the seeds of which were obtained at 

the Faculty of Agriculture at Tikrit University. 

(Al-Fayyad variety and Dijla Al-Khair 

variety), whose seeds were obtained at the 

Faculty of Agriculture, Tikrit University, and 

NPK nanofertilizers were bring from  Turkish 

company Vitagroup and nano-micronutrients 

from the Iranian company Khazra. The seeds 

were planted on (November 20, 2022) with 

nine treatments from T1 to T9 and each 

treatment with three repetitions R1 to R3 in 

the form of boards with dimensions of 1 meter 

by 3 meters and four planting lines with a 

depth of 5 cm and a seed quantity of 48 g per 

variety (3 meters
2
), or 160 kg.ha

-1
. 

The field experiment was carried out at the 

research station according to the RCBD design 

with three replications, where the main 

treatments included the two varieties Al-

Fayyad and Dijla Al-Khair and the secondary 

treatments were the treatment with NPK 

nanofertilizers as a supplementary fertilizer for 

the treatments from T2 to T9 that were 

fertilized with half the fertilizer 

recommendation of the NPK compound 

fertilizer (15- 15-15), in addition to spraying 

nano-micronutrients (Fe, Cu, and Zn) on the 

leaves at three stages (the beginning of  

tillering , the second at the beginning of 

elongation at the first node, and the third  the 

stage before expelling the panicle). 

The nano microelement  were prepared for the 

experimental units as follows: 

T1- 320  kg /ha
-1

 NPK Ground fertilization.  

T2 - 0.75 g L
-1

 nano NPK Foliar spray with 

half T1. 

T3- 2 g L
-1

 nano Fe +  T2. 

T4- 1 g L
-1

 nano Cu +  T2. 

T5- 1.5 g L
-1

 nano  Zn+  T2. 

T6-  2 g L
-1

 nano Fe + T2. 
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T7-  2 g L
-1

 nano Fe +   1.5 g nano Zn + T2. 

T8-  1 g L
-1

 nano Cu +   1.5 g nano Zn +  T2. 

T9-  2 g L
-1

 nano Fe + 1g nano Cu + 1.5 g 

nano Zn +  T2. 

With the addition of urea fertilizer to all 

treatments at the plant tillering  stage with a 

amount of 200 kg ha
-1

 

Foliar spraying with nano-micronutrients was 

carried out at the beginning of branching as a 

first dose, at the beginning of elongation at the 

first node as a second dose, and at the stage 

before expelling the spike as the last dose, and 

the spraying was carried out in the morning 

after the dew was gone using a backpack 

sprayer with a capacity of (8 liters). 

The process of separating the grains from the 

spike was carried out and calculated based on 

the weight of the grains per square meter area 

and then converted the weight to (tons.ha
-1

). 

 Grain content of elements: (PPM) Zn- Cu- 

Fe-K expresses the granular content of the 

mentioned elements in parts per million and 

was prepared and analyzed at the Iraq-Iran 

border customs laboratory (Bashmakh) by 

iCAP 7600 ICP-OES, a high-precision device 

manufactured by Thermo Fisher, which 

examines the physical content of sixteen 

metallic elements simultaneously for more 

than one sample with high accuracy. 

Results and discussion: 

1- Grain yield (tons ha
-1

) 

Grain yield is the product of the final result of 

its three components, the number of spikes per 

unit area, the number of grains in the spike, 

and the weight of the grain. The results of 

table (2) show that there were no significant 

differences between varieties in the grain yield 

trait, as the Dijla variety gave the highest 

mean of the trait (5.68 tons. ha
-1

), while the 

Fayyad variety gave the lowest mean of the 

trait (5.66 tons. ha
-1

). 

It is noted in  the same table that there are 

significant differences between the fertilizer 

treatments, as the T9 treatment gave the 

highest mean grain yield of (7.891  tons. ha
-1

), 

while the T1 treatment gave the lowest mean 

grain yield )3.510). The superiority of the T9 

treatment may be attributed to the effect of the 

fertilizer combinationto  increasing cell 

division and leaf area, which positively 

affected the stages of plant growth, which led 

to an increase in the accumulation of 

photosynthetic products, and thus reflected 

positively that the increase in the number of 

plants per unit area, spike length and 1000 

grains weight Tables (1, 6 and 11) led to 

increased grain yield. 

As for the interaction, it is clear from the data 

of Table (10) that the response of the varieties 

to the fertilizer treatments differed 

significantly for the grain yield, as the 

interaction between the Dijla variety and the 

T9 fertilizer treatment gave the highest mean 

yield of 7.96 tons H
-1

, and did not differ 

significantly from the Fayyad variety with the 

T9 treatment that recorded an mean of 7.82 

tons H
-1

, while the Fayyad variety gave the 

lowest mean yield of (3.38) tons. ha
-1

 with the 

T1 fertilizer treatment. 

Table (2) Effect of varieties and different fertilizer treatments on the grain yield (tons ha
-1

) 

LSD 

5% 

  Effect 

ofVariety 

LSD 

5% 

T9 T8 T7 T6 T5 T4 T3 T2 T1 Treats  

Variety 

0.557 5.66a 0.584 7.82 6.54 7.28 6.11 5.45 4.59 5.66 4.12 3.38 Dijla 

5.68a 7.96 6.29 7.64 6.61 5.56 5.07 4.28 4.07 3.63 Faiadh 

  0.413 7.89

1 

6.41

5 

7.46

1 

6.36

6 

5.50

5 

4.83

3 

4.97

3 

4.09

5 

3.51

0 

Effect of 

treats 
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Nitrogen content in grains (%) : 

The results of table (3) show that there are 

significant differences between the varieties in 

the nitrogen percentage in grains, as the 

Fayyad variety gave the highest mean of the 

trait (2.217%), while the Dijla variety gave the 

lowest mean of the trait (2.154%), the 

superiority of the variety in this test can be 

attributed to the nature of the genetic varieties 

and this result is consistent with [13]. It is 

noted that there are significant differences 

between the fertilizer treatments, as T9 

treatment gave the highest mean trait (2.356%) 

The reason is due to the role of the fertilizer 

combination (T9) in encouraging important 

biological processes in the plant such as 

transportation, absorption and synthesis of 

amino acids, as well as activating the plant 

roots in the soil to absorb nutrients, which 

leads to an increase in the proportion of 

nitrogen in the leaves (source) and then later 

transferred to the grains (sink). 

As for the interaction, it is clear from the data 

in Table (3) that the response of the varieties 

to the fertilizer treatments differed 

significantly for the nitrogen percentage in the 

grain, as the interaction between the Fayyad 

variety and the T9 fertilizer treatment gave the 

highest mean value of 2.416%, while the Dijla 

variety gave the lowest mean value of 1.823% 

at the T1 fertilizer treatment. 

Table (3) The effect of varieties and different fertilizer treatments on the nitrogen percentage 

(%) 

 

Percentage of phosphorus in grains (%) : 

    The results of table (4) show that the 

varieties differed significantly among them in 

the trait of phosphorus content in cereals crop , 

as the Fayyad variety gave the highest mean of 

the trait (0.328%), while the Dijla variety gave 

the lowest mean of the trait (0.304%), perhaps 

due to the superiority of the Fayyad variety in 

the trait of flag leaf area and chlorophyll 

content, thus increasing the source which leads 

to an increase in the accumulation of nutrients 

in the plant.   

As for the effect of fertilizer treatments, the T9 

treatment gave the highest mean value of 

0.400) While T1 treatment gave the lowest 

mean of 0.240%, the reason is due to the role 

of mineral fertilizers in encouraging plant 

biological processes that increase the synthesis 

of various elements in the plant and thus the 

accumulation of these substances in the grain 

estuaries.  

As for the interaction, it is clear from the data 

in Table (4) that the response of varieties to 

fertilizer treatments differed significantly for 

the phosphorus ratio trait, as the interaction 

between the Fayyad  x T9   gave the highest 

mean trait of 0.416%, while the Dijla variety 

LSD   Effect 

ofVariety 
LSD T9 T8 T7 T6 T5 T4 T3 T2 T1 Treats  

Variety 

0.057 2.217 0.068 2.416 2.276 2.270 2.123 2.0170 2.273 2.103 2.380 1.943 Dijla 

2.154 2.296 2.186 2.216 2.170 2.253 2.133 2.153 2.156 1.823 Faiadh 

  0.048 2.356 2.231 2.243 2.146 2.211 2.203 2.128 2.268 1.883 Effect 

of treats 



Euphrates Journal of Agricultural Science-16 (1): 549-558 , (2024)                        Rojbayany&Aljoburi 

 
  ISSN 2072-3857           

 
554 

gave the lowest mean trait of 0.236% in the T1 fertilizer treatment.  

 

 

 

Table (4) The effect of varieties and different fertilizer treatments on the phosphorus content 

(%) 

 

2- Percentage of potassium in grains (%): 

It is observed from the results of table (5)  

there are significant differences between 

varieties in the potassium percentage in the 

grain, the   Dijla gave the highest mean of the 

trait (5.162%), while the variety Al-Fayyad 

gave the lowest mean of the trait (5.033%), the 

reason for the variability of varieties in this 

trait may be due to their variation in most 

growth and yield characteristics as well as this 

variation between varieties in this trait gives 

an indication of their variation in genetic 

nature   

It is noted that there are significant differences 

between the fertilizer treatments, as the T9 

treatment gave the highest mean for the trait 

(5.713%) The superiority of the T9 treatment 

may be attributed to the effect of the fertilizer 

combination in increasing cell division of  

leaves  , which is a  positively affected  of  

plant growth stages, which led to an increase 

in the accumulation of photosynthetic 

products, which led to an increase in 

potassium content in the leaves (source), and 

finally an increase in grain. 

As for the  l interaction between varieties and 

fertilizer s   a  potassium content in the grain, 

it is clear from the data of Table (5) that the 

variety Al-Fayyad and fertilizer treatment T9 

recorded the highest mean value of 5.880% 

and did not differ significantly from treatment 

T8 with the same variety, while the variety 

Dijla gave the lowest mean value of 4.670% at 

fertilizer treatment T1. 

Table (5) Effect of varieties and different fertilizer treatments on potassium content (%) 

 

3- Iron content in grains (ppm): 

 The data in  table (6) showed the  differed 

significantly  between  in the characteristic 

rate  of iron in the grain, as the variety Al-

Fayyad gave the highest mean of the 

characteristic (41.354 ppm), while the variety 

LSD   Effect 

ofVariety 
LSD T9 T8 T7 T6 T5 T4 T3 T2 T1 Treats  

Variety 

0.024 0.328 0.033 0.416 0.383 0.400 0.320 0.326 0.286 0.313 0.276 0.243 Dijla 

0.304 0.383 0.353 0.310 0.306 0.306 0.266 0.283 0.283 0.236 Faiadh 

  0.023 0.400 0.368 0.355 0.313 0.316 0.276 0.298 0.280 0.240 Effect of 

treats 

LSD 

5% 

  Effect 

ofVariety 
LSD 

5% 

T9 T8 T7 T6 T5 T4 T3 T2 T1 Treats  

Variety 

0.054 5.033 0.015 5.880 5.870 5.120 4.830 4.680 4.700 4.680 4.873 4.896 Dijla 

5.162 5.546 5.336 5.100 5.133 5.043 5.246 5.040 5.120 4.670 Faiadh 

  0.011 5.713 5.603 5.110 4.981 4.861 4.793 4.855 4.996 4.783 Effect 

of treats 



Euphrates Journal of Agricultural Science-16 (1): 549-558 , (2024)                        Rojbayany&Aljoburi 

 
  ISSN 2072-3857           

 
555 

Dijla gave the lowest mean of the 

characteristic (37.005) ppm, and that the 

difference between the varieties in this 

characteristic is due to the nature of the 

genetic   of the variety and its efficiency in 

converting food material into grains. 

As for the effect of fertilizer treatments, 

treatment T3 gave the highest   value of 

43.221 ppm and did not differ significantly of  

treatment T9, which is  recorded a value of 

43.160 ppm, while  T1 gave a lowest   value of 

(34.516 ppm). This resulted  in line with the 

findings of [14] and [15] who found that the 

addition of iron by spraying on the leaves , 

increase the concentration of iron in the plant.  

 As for the interaction, it is clear from the data 

in Table (6) that the response of varieties to 

fertilizer treatments differed significantly for 

the trait of iron content in grains, as the 

interaction between the Fayyad variety and T3 

fertilizer treatment gave the highest value    

about  44.833 ppm, while the Dijla variety 

gave the lowest value about  31.036 ppm at T1   

treatment.  

 

Table (6) Effect of varieties and different fertilizer treatments on iron content (ppm) 

 

4- Copper content in grains (ppm): 

The results of table (7) show that there were 

significant differences between varieties in the 

trait of copper content in grains, as the Fayyad 

variety gave the highest mean trait of (4.944) 

ppm, while the Dijla variety gave the lowest 

mean trait of (3.442) %, and the reason for the 

difference between varieties in this trait may 

be due to the difference in their genetic  nature 

, as a certain   may have the ability to express 

itself under the influence of factors better, 

while the other structure is not able to do so. 

These results are consistent with [16]. 

It is noted that there are significant differences 

between the fertilizer treatments. T4 treatment 

gave the highest mean percentage of copper in 

grains (4.908) ppm, while T1   gave the lowest 

mean of the trait (3.513) ppm. The reason for 

the increase in copper concentration of  leaves  

because  of  increase in the amount of copper 

supplied in the spray solution and then 

increase the amount absorbed  leaves  [17]. 

As for the interaction, it is clear from the data 

in Table (7) that the response of the varieties 

to the fertilizer treatments differed 

significantly for the copper content in the 

grain, as the interaction between the Fayyad 

variety and the T4 fertilizer treatment gave the 

highest mean value of 6.200 ppm, while the 

Dijla variety gave the lowest   value   3.066 

ppm at the T7   treatment. 

 

 

LSD 

5% 

  Effect 

ofVariety 
LSD 

5% 

T9 T8 T7 T6 T5 T4 T3 T2 T1 Treats  

Variety 

0.628 41.354 0.170 43. 

826 

41.06

0 

42.60

0 

41.52

0 

39.21

6 

39.343 44.83

3 

41.79

3 

37.99

6 

Dijla 

37.005 41.61

6 

38.12

6 

32.80

6 

36.58

6 

33.31

6 

35.496 42.48

6 

41.57

6 

31.03

6 

Faiadh 

 0.120  42.72

1 

39.59

3 

37.70

3 

39.05

3 

36.26

6 

37.420 43.66

0 

41.68

5 

34.51

6 

Effect of 

treats 
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Table (7) The effect of varieties and different fertilizer treatments on the copper content (ppm) 

5- Percentage of zinc in grains (ppm): 

The results of table (8) showed that the 

varieties differed significantly among them in 

the trait of Zinc content in grains in the plant, 

as the Fayyad variety gave the highest mean of 

the trait (42.615 ppm), while the Dijla variety 

gave the lowest value  (35.870 ppm), the 

reason for the variability of varieties among 

them can be attributed to their different 

genetic nature, these results agreed with the 

findings of [18]. 

 As for the effect of fertilizer treatments, the 

T5 treatment gave the highest mean value of 

48.51 ppm, while the T1 treatment gave the 

lowest mean value of 32.16 ppm, and the 

reason for the superiority may be due to the 

positive effect of spraying nutrients, including 

(zinc) in the early stages of plant growth due 

to its integral role in activating plant growth 

and stimulating its vegetative growth, which is  

led to increased accumulation of these 

substances in the leaves   [19].  

As for the interaction, it is clear from the data 

in Table (8) that the response of the varieties 

to the fertilizer treatments differed 

significantly for the trait of zinc content in 

grains, as the interaction between the Fayyad 

variety and the T5 fertilizer treatment gave the 

highest mean trait of 55.976 ppm, while the 

Dijla variety gave the lowest mean trait of 

30.756 ppm at the T1   treatment. 

Table (8) Effect of varieties and different fertilizer treatments on Zinc percentage (ppm) 

Conclusion   

We conclude from this study that the supplied  

of trace elements (iron, copper and zinc) in the 

spraying method leads to an increase in the 

grain yield and quality of the wheat crop by 

increasing the content of mineral elements 

LSD 

5% 

  Effect 

ofVariety 
LSD 

5% 

T9 T8 T7 T6 T5 T4 T3 T2 T1 Treats  

Variety 

0.192 4.944 0.141 5.600 5.840 4.300 5.700 4.200 6.200 4.420 4.330 3.910 Dijla 

3.442 3.416 3.446 3.066 3.786 3.476 3.616 3.676 3.376 3.116 Faiadh 

  0.1 4.508 4.643 3.683 4.743 3.838 4.908 4.048 3.853 3.513 Effect of 

treats 

LSD 

5% 

  Effect 

ofVariety 

LSD 

5% 

T9 T8 T7 T6 T5 T4 T3 T2 T1 Treats  

Variety 

0.18

7 

42.615 0.266 50.08

6 

49.04

6 

44.96

6 

40.26

6 

55.97

6 

40.416 32.90

6 

37.31

0 

33.56

6 

Dijla 

35.870 38.77

6 

37.57

6 

35.46

6 

36.49

6 

41.04

6 

33.916 33.52

6 

35.26

6 

30.75

6 

Faiadh 

 0.188  44.43

1 

43.31

1 

40.21

6 

38.38

1 

48.51

1 

37.166 33.21

6 

36.28

8 

32.16

1 

Effect of 

treats 
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beneficial to human health within the 

components of the grain and it is 

recommendedto suppied these elements 

because they increase the yield in  the  

quantity and quality. 

References: 

1- Kumar, P., Uppal, R. S., Ram, H., & 

Kaur, H. (2014). Grain quality of bread 

wheat as affected by varieties and 

nutrient application of nitrogen, 

manganese and copper. Indian Journal 

of Fertilisers, 16.  

2- Mlivojević, J., Bošković-Rakočević, L., 

Đekić, V., Luković, K., & Simić, Z. 

(2018). Cultivar-specific accumulation 

of iron, manganese, zinc and copper in 

winter wheat grain (Triticum aestivum 

L.). Journal of Central European 

Agriculture, 19(2), 423-436.  

3- Farooqui, A.; Tabassum, H.; Ahmad, A.; 

Mabood, A.; Ahmad, A.; Ahmad, I.Z. 

(2016). Role of nanoparticles in growth 

and development of plants. Int. J. 

Pharm. Bio. Sci., 7(4), 22 – 37. 

4- Behboudi, F.; Kassaee, M.; Sarvestani, T. 

(2018). Evaluation of chitosan 

nanoparticles effects with two 

application method on wheat under 

drought stress. J. Plant Nutrition., 

42(13),1439- 1451 

5- Giraldo, P., Benavente, E., Manzano-

Agugliaro, F., and Gimenez, E. (2019). 

Worldwide research trends on wheat 

and barley: A bibliometric comparative 

analysis. Agronomy 9, 352. 

doi:10.3390/agronomy9070352 

6- Wolde, G. M., Trautewig, C., Mascher, 

M., and Schnurbusch, T. (2019).          

Genetic insights into morphometric 

inflorescence traits of wheat.  

Theoretical and Applied Genetics, 132, 

1661–1676. 

7- Mohamed T. El-Saadony , Ameina S. 

ALmoshadak , Manal E. Shafi,  Najah 

M. Albaqami c , Ahmed M. Saad d , 

Amira M. El-Tahan e , El-Sayed M. 

Desoky f , Ahmed S.M. Elnahal g , 

Aisha Almakas h , Taia  A. Abd El-

Mageed , Ayman E. Taha , Ahmed S. 

Elrys, Ayman M. Helmy Vital roles of 

sustainable nano-fertilizers in 

improving plant quality and quantity-

an updated review. 2021 

8- Gosavi, A. B., Deolankar, K. P., Chaure, 

J. S., & Gadekar, D. A. (2017). 

Response of wheat for NPK foliar 

sprays under water stress condition. 

5(4), 766–768. 

9- Burhan, A. K., & Al-taey, D. K. (2018). 

Effect of Potassium humate, humic 

acid, and compost of rice wastes in the 

growth and yield of two cultivars of 

Dill under salt stress conditions. 

Advances In Natural And Applied 

Sciences, February. 

https://doi.org/10.22587/anas.2018.12.

10.1 

10- Rout, G. R., & Sahoo, S. (2015). Role of 

Iron in Plant Growth and Metabolism. 

Reviews in Agricultural Science, 3(0), 

1–24. https://doi.org/10.7831/ras.3.1 

11- Kabdrakhmanova, S., Kabdrakhmanova, 

A., Shaimardan, E., Akatan, K., 

Beisebekov, M., Hryhorchuk, N., 

Selenova, B. S., Joshy, K. S., & 

Thomas, S. (2023). Fungicidal and 

Stimulating Effects of Heteroleptic 

Copper Complex on the Germination 

and Phytosafety of Plants. Journal of 

Composites Science, 7(8). 

https://doi.org/10.3390/jcs7080308 

https://doi.org/10.22587/anas.2018.12.10.1
https://doi.org/10.22587/anas.2018.12.10.1
https://doi.org/10.3390/jcs7080308


Euphrates Journal of Agricultural Science-16 (1): 549-558 , (2024)                        Rojbayany&Aljoburi 

 
  ISSN 2072-3857           

 
558 

12-  Wu, C., Dun, Y., Zhang, Z., Li, M., & 

Wu, G. (2020). Foliar application of 

selenium and zinc to alleviate wheat 

(Triticum aestivum L.) cadmium 

toxicity and uptake from cadmium-

contaminated soil. Ecotoxicology and 

Environmental Safety, 190, 110091. 

11- RAFII, M., & SHAMSUZZAMAN, S. 

(2017). RESPONSE OF YIELD, 

NITROGEN USE EFFICIENCY AND 

GRAIN PROTEIN CONTENT OF 

WHEAT (TRITICUM AESTIVUM 

L.) VARIETIES TO DIFFERENT 

NITROGEN LEVELS ANA HAQUE, 

ME HOSSAIN, ME HAQUE, MM 

HASAN, MA MALEK. Bangladesh J. 

Bot, 46, 389-396.  

12- Azwai, Belkis Mohammed 2023 Genetic 

heterogeneity of sorghum genotypes 

under different concentrations of 

ferrous iron, Master's thesis, Faculty of 

Agriculture, University of Tikrit. 

13- Bakhtiari, M., Moaveni, P., & Sani, B. 

(2015). The effect of iron nanoparticles 

spraying time and concentration on 

wheat. Biological Forum – An 

International Journal, 7(1), 679–683. 

www.researchtrend.net.  

14- Yaqoob, Muhammad, N. Hussain. And 

A. Rashid.2015. Genetivariability and 

heritability analysis for yieid and 

morphological traits in sorghum 

[Sorghum bicolor (L.) Moench ]. 

Genotypes. J.Agric. Res., 53 (3) : 331 

– 343. 

15- Al-Shammari, Ali Hussein Awad 

Muharib. 2020. Growth and yield 

response of Sorghum bicolor (L.) 

Moench varieties fertilized foliarly 

with Zn-Cu Nano. Master Thesis, 

Faculty of Agriculture, University of 

Basra. A.A. Pp. 61. 

16- Zarea, M. J., & Karimi, N. (2023). Grain 

yield and quality of wheat are 

improved through post-flowering foliar 

application of zinc and 6- 

benzylaminopurine under water deficit 

condition. Frontiers in Plant Science, 

13(January), 1–16. 

https://doi.org/10.3389/fpls.2022.1068

649 . 

17- Al-Rubaie, Manar Abduljabbar Abbas 

(2018) Effect of iron and zinc 

nanospraying dates for sorghum 

varieties on growth traits, yield, vitality 

and seedling vigor, PhD thesis, Faculty 

of Agriculture, Anbar University. 

 

https://doi.org/10.3389/fpls.2022.1068649
https://doi.org/10.3389/fpls.2022.1068649

