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Abstract 

A field experiment was carried out on 15/11/2022 in a private agricultural field at longitude 45.26° 

east and latitude 31.31° north in Muthanna Governorate, during the winter agricultural season (2022 

- 2023) with the aim of studying: response of four genotypes of barley crop (Hordeum vulgare L.); 

three of them were newly introduced to Iraq, namely: Gzmeab, Gzmemb, and Cos-Aluetmarpc 2, and 

the fourth was one of the varieties cultivated Ibaa 265, to foliar spraying with four concentrations of 

metallic iron 6% (0, 50, 100, and 150 mg L
-1

) on the plant’s shoots. The experiment was designed 

according to a randomized complete block design (RCBD) and a split plot arrangement with 

organization for a factorial experiment consisting of two factors. The first factor included four barley 

genotypes that represented the main plots, while the second factor included four iron concentrations 

that represented the secondary plots with three replicates for each treatment, and all combinations of 

the factors’ treatments were distributed randomly within each block, including the entire experiment, 

48 experimental units. 

Results were summarized by the Gzmeab genotype recording the lowest significant mean for the 

number of days from emergence to 75% flowering (90.47 days). The significant superiority of the 

Ibaa 265 genotype was in achieving the highest significant mean for plant height (116.98 cm). The 

highest significant mean were recorded for the number of fertile spikes (457.00 spike m
-2

) and the 

biological yield (20.18 ton ha
-1

) in the Gzmemb genotype. The Cos-Aluetmarpc 2 genotype was 

significantly superior in the number of grains per spike (59.61 grain spike
-1

). The significant role of 

mineral iron at a concentration of 150 mg L
-1

 in recording the highest significant means for the 

number of days from emergence to 75% flowering (94.75 days), plant height (114.95 cm), number of 

tillers (549.50 tiller m
-2

), and number of fertile spikes (437.50 spike m
-2

), grains yield (7.919 ton ha
-

1
), and biological yield (18.88 ton ha

-1
). Also, the interaction of genotypes with iron at the highest 

concentration (150 mg L
-1

) achieved the best combinations for the best results for growth indicators, 

yield and its components for the barley crop with the same single effect of each factor. 
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Introduction 

Barley (Hordeum vulgare L.), is a cereal crop 

belonging to the Gramineae family (Poaceae). 

It is widely spread throughout the world and is 

characterized by its multiple uses for food, 

feed, and the beverage industry. The 

genotypes of barley differ in their agricultural 

characteristics of yield, disease resistance, and 

nutritional value [1; 2]. Barley is grown as a 

commercial crop in many countries, and ranks 

fourth in total cereal production in the world 

after wheat, rice, and maize [3]. 

Barley is also an important grain crop that is 

necessary for the life of global societies, 

especially Iraq. It is a strategic crop grown in 

relatively large areas and its production is 

linked to food security for almost all 

developing countries, including Iraq [4; 5]. 

Barley plays an important role in international 

trade, as global reports indicate that food 
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shortages are mainly due to the lack of wheat 

and barley production [6]. In Iraq, the 

cultivated area for the year 2022 with the 

barley crop was estimated at 2,309 thousand 

dunams, which is 25.30% less than the 

cultivated area for the year 2021, with a 

production of 144 thousand tons for the winter 

season, in which Muthanna Governorate 

ranked second after Al-Qadisiyah 

Governorate, with a production estimated at 

24.80 thousand tons, or 17.20% of production, 

the total for the country in the year 2022 [7]. 

Many studies have investigated the genetic 

diversity of barley genotypes. The study by [8] 

showed an analysis of the genetic diversity of 

96 barley genotypes from different regions of 

the world using molecular markers, and 

recorded great genetic diversity among the 

genotypes, with some genotypes showing 

unique genetic traits that can be used to 

improve crop traits. While [9] study found 

significant differences in yield and its 

components for 38 barley genotypes. 

Iron is an essential micronutrient for plant 

growth and development, as it participates in 

many biochemical processes, including 

photosynthesis, respiration, and nitrogen 

fixation. Iron deficiency in plants can lead to 

chlorosis, poor growth, and reduced yield [10; 

11]. Foliar spraying of crops with mineral iron 

is also a promising strategy to address iron 

deficiency in them. This advanced agricultural 

practice includes foliar spraying of minerals 

that contain iron, with the aim of enhancing 

nutrient absorption and improving plant health 

[12], so the response of barley crops to 

spraying with iron has been mineral attention; 

due to its ability to overcome challenges 

associated with traditional soil-based iron 

supplementation methods [13]. The complex 

interplay between soil conditions, plant 

physiology, and the unique properties of iron 

mineral compositions contribute to the 

complexity of this phenomenon [14]. By 

examining advanced references from the 

scientific literature, the study aims to clarify 

the complex relationships between iron use 

and crop physiology, and ultimately improve 

the productivity and quality of barley 

genotypes. Understanding these dynamics is 

pivotal to improving agricultural practices and 

ensuring sustainable barley production in light 

of confronting evolving environmental and 

nutritional challenges according to the 

available capabilities through knowing the 

performance of barley. Barley genotypes 

studied in terms of growth, productivity and 

determining the most appropriate amount of 

mineral iron added, as well as determining the 

best combination of genotypes and mineral 

iron that produces superior growth and yield 

of the barley crop. 

Materials and Methods 

1. Experiment site 

A field experiment was carried out on 

15/11/2022 in one of the agricultural fields 

whose location appears on the map at 

longitude 45.26° east and latitude 31.31° north 

in Muthanna Governorate near the second 

agricultural research station affiliated with the 

College of Agriculture/ Muthanna University, 

which is specifically located in Al Bandar 

village, southwest of Muthanna Governorate, 

3 km from the center of Samawa city/ 

Muthanna Governorate, during the winter 

agricultural season (2022-2023) for soil with 

known characteristics (Table 1) with the aim 

of studying the response of newly introduced 

genotypes of barley crop (Hordeum vulgare 

L.) to iron spraying. 
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Table (1) some chemical and physical properties of field soil before planting for the winter 

agricultural season (2022-2023)
*
 

Property Value Unit 

Chemical properties 

pH 7.8 
 

EC 4.4 ds m
-1

 

Available nitrogen 20.30 mg kg
-1

 

Available phosphorus 13.20 mg kg
-1

 

Available potassium 179.60 mg kg
-1

 

Available Iron 1.67 mg kg
-1

 

Organic matter 0.73 % 

Physical properties 

Soil 

components 

Sand 11.47 % 

Silt 35.61 % 

Clay 52.92 % 

Soil texture Clay Loam 
* 

The analyses were carried out in the soil and plant analysis laboratory / College of Agriculture / 

Muthanna University according to [15]. 

2. Experiment factors 

The experiment included two factors, the first 

included four barley genotypes (three of which 

were newly introduced to Iraq, namely: 

Gzmeab, Gzmemb, and Cos-Aluetmarpc 2, 

and the fourth was one of the cultivated 

varieties Ibaa 265), while the second factor 

included spraying 6% mineral iron with four 

concentrations (0, 50, 100, and 150 mg L
-1

), 

which are equivalent to 100% mineral iron (0, 

833.3, 16667, and 2500 mg L
-1

) by foliar 

spraying on the plant’s shoot. 

3. Experiment design 

The experiment designed according to a 

randomized complete block design (RCBD) 

and a split plot arrangement with organization 

two-factor for a factorial experiment. The first 

factor included four barley genotypes that 

represented the main plot, while the second 

factor included four iron concentrations that 

represented the sub plot, with three replicates 

for each treatment. All combinations of the 

factors’ treatments were distributed randomly 

within each block, including the entire 

experiment, 48 experimental units. 

4. Agricultural processes and experiment 

implementation 

The experimental field was plowed using a 

rotary plow after carrying out the irrigation 

process. It was then smoothed using disc 

harrows and then leveled using a leveling 

machine. It was divided according to the 

design used into 48 experimental units 

(plates), each of which had an area of 4 m
2
 (2 

m × 2 m), and 1 m
2
 was left between one 

experimental unit and another, as well as 

between one block and another, to avoid 

interaction of treatments. In addition, one 

experimental unit included ten agricultural 

lines in preparation for planting barley 

genotypes using the lines method. 

The seeds of the barley crop genotypes were 

planted at an amount of 100 kg ha
-1 

using the 

lines method and were covered with soil using 

hand rakes on 15/11/2022 [16], and then the 

implementation rate was given immediately 
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after the completion of the planting process 

and with complete control over the flow water 

to avoid seed drift, and other irrigations were 

given according to field need, while the 

genotypes of the barley crop were treated with 

different concentrations of iron by foliar 

spraying on the shoots in the elongation and 

budding stages of the barley crop. 

The fertilization process was carried out 

according to the addition of triple 

superphosphate fertilizer as a source of 

phosphorus in one batch at planting at a rate of 

80 kg P ha
-1

, and the applied of urea fertilizer 

(N 46%) as a source of nitrogen at a rate of 

200 kg N ha
-1

 and in four equal amounts, the 

first was done at the planting stage. 

Emergence, the second at the tiller stage, the 

third at the elongation stage, and the fourth at 

the budding stage, while potassium sulphate 

fertilizer (K 42%) was applied as a source of 

potassium at a rate of 60 kg K ha
-1

 in two 

equal batches, the first after emergence and 

the second at the tiller stage [17]. 

5. Studied characteristics 

 Number of days from emergence to 75% 

flowering (day): It was calculated on the 

basis of the number of days from 

emergence of the barley genotypes to 

75% flowering for all experimental 

units. 

 Plant height (cm): The height of the 

plants was measured at harvest, starting 

from the soil surface to the end of the 

spike, excluding the stem, using a metric 

ruler for ten plants taken randomly from 

each experimental unit (from the 

experimental lines) and for all replicates. 

The mean was then extracted by 

dividing the sum of the height of the 

plants by each experimental unit 

depends on its number. 

 Tillers number (tiller m
-2

): The number of 

tillers in the middle two lines of each 

experimental unit was calculated at 

harvest and then converted to square 

meters. 

 Number of fertile spikes (spike m
-2

): The 

number of fertile spike was calculated 

after they reached full maturity for all 

plants harvested from two central lines 

from each experimental unit. 

 Grain yield (ton ha
-1

): The grains yield of 

the group of plants harvested manually 

was estimated from the middle lines of 

each experimental unit after manual 

threshing and isolating the straw from 

the grains, then weighing them and 

extracting the mean grain yield in units 

(g m
-2

), which was mathematically 

converted to unit (ton ha
-1

). 

 Biological yield (ton ha
-1

): The biological 

yield was calculated from the weight of 

the entire midline plants from each 

experimental unit immediately after 

harvesting and extracting the mean 

biological yield in units (g m
-2

), which 

was converted mathematically to units 

(ton ha
-1

). 

6. Statistical analysis 

The data for the studied traits were statistically 

analyzed using the Genstst Discovery 4 

statistical program, and the means were 

compared using the least significant difference 

(LSD) test at the 0.05 significance level to 

diagnose statistical differences between the 

means of the treatments [18]. 

Results and Discussion 

1. Number of days from emergence to 75% 

flowering (day) 

Results in table (2) showed that there are 

significant differences between the four 

genotypes in number of days from emergence 

to 75% flowering; The two genotypes Gzmeab 
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and Gzmemb required the shortest duration to 

reach flowering, with an mean of 90.47 and 

90.75 days, respectively, with a significant 

difference between them, compared to the 

genotype Ibaa 265, which required the longest 

duration to reach flowering, with an mean of 

103.50 days, followed by the Cos-Aluetmarpc 

2 genotype, which recorded 103.00 days. This 

could be due to differences in genotype, [19] 

reported that barley cultivars differ in the 

number of days from emergence to flowering. 

Flowering time is an important agronomic trait 

in barley, which greatly affects yield and grain 

quality. Multiple factors influence flowering, 

including genotype, environmental conditions, 

and agricultural practices such as iron 

spraying. Understanding the complex interplay 

between these factors is crucial to improve 

barley production [20]. This result is 

consistent with was found by [21]; [22]; [23]; 

[24]; [25] regarding the presence of significant 

differences between varieties (genotypes) in 

terms of the number of days from planting or 

emergence until flowering. Barley varieties 

also have diverse flowering dates due to 

differences in their genotype, as several genes 

have been identified as key regulators of 

flowering, including the VRN (Vernalization) 

genes that control the plant's requirements for 

exposure to low (cold) temperatures for the 

transition from vegetative growth to 

reproductive growth, PPD (Photoperiod) genes 

that cause plants to respond to changes in day 

length and begin flowering, and ELF (Early 

flowering) genes that promote early flowering 

under long-day conditions [26], as these genes 

interact in a complex network, and these 

differences in their alleles lead to differences 

in flowering date between genotypes, and the 

study of [27] showed that choosing barley 

varieties with specific genetic structures can 

significantly affect the flowering date and 

ultimately on grains yield. 

Results also showed that spraying the plant 

with iron at concentrations of 50, 100, and 150 

mg L
-1

 led to a significant decrease in the 

mean number of days from emergence to 75% 

flowering compared to spraying with irrigation 

water (0 mg L
-1

), which recorded 97.75 days, 

as the decrease was the mean number of days 

was more evident at the iron concentration of 

150 mg L
-1

, which recorded the shortest 

duration of flowering, with an mean of 94.75 

days. The reason for this is that iron plays a 

vital role in the various physiological 

processes of the plant, including chlorophyll 

synthesis, photosynthesis, and enzyme 

activity, and its deficiency is a common 

problem in barley cultivation, especially in 

alkaline and calcareous soils [28]. It has been 

suggested to spray iron as a potential strategy 

to improve iron levels in plants and improve 

productivity. Many studies have studied the 

effect of spraying with iron on the timing of 

flowering in barley. Some studies indicate a 

slight delay in flowering, while other studies 

indicate non-significant effect [29]. 

Discrepancies in results can be attributed to 

several factors, most notably the timing of iron 

addition, the dose or concentration, and soil 

conditions. Results indicated a non-significant 

interaction between genotypes and iron spray. 
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Table (2) Effect of genotypes, iron spraying and their interaction on number of days from 

emergence up to 75% flowering (day) of barley crop 

Barley genotypes 
Fe concentrations (mg L

-1
) Mean of barley 

genotypes 0 50 100 150 

Ibaa 265 105.00 104.00 103.00 102.00 103.50 

Gzmeab 89.00 93.78 93.10 86.00 90.47 

Gzmemb 92.00 91.00 90.00 90.00 90.75 

Cos-Aluetmarpc 2 105.00 103.00 103.00 101.00 103.00 

Mean of Fe spraying 97.75 97.95 97.28 94.75 
 

LSD (P ≤ 0.05) Genotypes = 4.51 Fe = 2.30 Interaction = N.S 

 

2. Plant height (cm) 

Results in table (3) showed that there were 

significant differences between the four 

genotypes in the plant height mean. Ibaa 265 

genotype was significantly superior in 

recording the highest plant height mean of 

116.98 cm, followed by the Gzmeab genotype 

with a mean of 111.68 cm, and then the Cos-

Aluetmarpc 2 genotype, which recorded 

112.52 cm, while the plant height mean of 

Gzmemb genotype was the lowest 

significantly with a mean of 106.26. cm, and 

this is due to the difference in genotype 

between varieties that interact with 

environmental factors and affect growth 

characteristics in a different way depending on 

the extent to which these characteristics are 

related to the genetic factor and its influence 

by the environmental conditions 

accompanying them in the different stages of 

growth, and the result was consistent with 

reached [24]; [25]; [30] showed that there 

were significant differences between varieties 

in plant height. Barley plants show varying 

heights due to differences in their genotype. 

The genes that control plant height mainly 

affect the culm length, which is determined by 

the genes that regulate the elongation of 

internodes and cell division [31; 32]. It also 

affects the synthesis of gibberellin, which is 

the main plant growth hormone that promotes 

stem elongation, and variations in genes 

involved in GA biosynthesis or transmission 

pathways affecting plant height [33]. On the 

other hand, genes that affect cell wall 

thickness, lignin content, and root 

development contribute to resistance to 

lodging, which indirectly affects plant height 

[34; 35]. Modern breeding programs use these 

genetic differences strategically to develop 

barley cultivars with desired plant heights, as 

shorter plants are often preferred for resistance 

to lodging, while taller cultivars may be 

advantageous for higher light interception in 

denser growing conditions [36]. 

Results also showed that spraying plants with 

iron at concentrations of 50, 100, and 150 mg 

L
-1

 significantly increased plant height mean 

compared to spraying with water (0 mg L
-1

), 

which recorded 106.66 cm. The mean of 

height increased with the increase in the 

concentration used (50, 100 and 150 mg L
-1

) 

to 113.26, 113.58 and 114.95 cm, respectively 

and with a significant superiority between 

them, as iron is a vital factor for various 

physiological processes of the plant, including 

chlorophyll synthesis, photosynthesis, and 
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enzyme function, and a deficiency can lead to 

iron causes stunted growth and decreases the 

height of barley plants [37], and iron spraying 

has been proposed as a strategy to address iron 

deficiency and enhance plant growth in barley, 

as studies have shown that applied iron can 

significantly increase plant height, especially 

in soils suffering from iron deficiency, 

however, effectiveness depends on various 

factors such as soil conditions, application 

timing and dosage [38; 39]. 

As for the results of the significant interaction 

between the genotypes and iron spray, they 

showed the significant superiority of the 

genotype Ibaa 265 treated with different 

concentrations of iron over the other 

genotypes treated with the same 

concentrations under study, as the interaction 

(Ibaa 265 × 150 mg L
-1

) achieved the highest 

significant mean for plant height of 119.30 cm 

compared to the rest of the other interactions 

listed in table (3). In addition, the plant height 

characteristic was clear in the genotype Ibaa 

265 even without treating it with iron 

compared to the other genotypes treated with 

different concentrations of iron, which 

achieved its highest height of 115.00 cm when 

Cos-Aluetmarpc 2 genotype treated with the 

highest concentration of iron used, which is 

lower than what was recorded by the genotype 

Ibaa 265 without treatment with iron (115.63 

cm) compared to 119.30 cm when treated with 

the highest concentration of iron used. The 

combined effect of genotypes and spraying 

with iron on the height of barley plants is due 

to several factors, including: differential 

absorption and use of iron. Different 

genotypes may show varying abilities to 

absorb iron from the soil or applied fertilizers, 

and this can lead to different responses to iron 

spraying in terms of plants height. Genetic 

regulation of iron balance through genes 

involved in iron absorption, transport and 

storage within plants also affects the response 

to iron deficiency and the subsequent effects 

on plant growth and height. On the other hand, 

the effect resulting from iron deficiency can 

lead to various physiological changes that 

limit cell division and growth, and genotypes 

with a high ability to tolerate stress may be 

less affected by iron deficiency and show less 

response to iron spray. 

 

Table (3) Effect of genotypes, iron spraying and their interaction on plant height (cm) of barley 

crop 

Barley genotypes 
Fe concentrations (mg L

-1
) Mean of barley 

genotypes 0 50 100 150 

Ibaa 265 115.63 116.13 116.87 119.30 116.98 

Gzmeab 111.68 113.77 112.33 112.93 112.68 

Gzmemb 88.49 111.77 112.23 112.57 106.26 

Cos-Aluetmarpc 2 110.83 111.37 112.87 115.00 112.52 

Mean of Fe spraying 106.66 113.26 113.58 114.95   

LSD (P ≤ 0.05) Genotypes = 6.83 Fe = 4.45 Interaction = 9.59 
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3. Tillers number (tiller m
-2

) 

The results of the genotypes indicated non-

significant effects for tillers number (Table 4). 

Regarding the significant effect of spraying 

with iron at concentrations of 50, 100, and 150 

mg L
-1

, it led to an increase in the mean of 

tillers number with increasing concentration, 

achieving 384.80, 437.30, and 549.50 tiller m
-

2
, respectively, compared to spraying with 

water (0 mg L
-1

) with a mean the least 

significant (355.55 tiller m
-2

), as iron plays a 

vital role in chlorophyll synthesis, 

photosynthesis, and various metabolic 

processes, and iron deficiency can greatly 

affect the development of shoots in barley, 

leading to a decrease in the tillers number and 

poor growth [40]. Results also showed the 

non-significant effect of the interaction 

between genotypes and iron spraying. 

 

Table (4) Effect of genotypes, iron spraying and their interaction on tillers number (tiller m
-2

) 

for barley crop 

Barley genotypes 
Fe concentrations (mg L

-1
) Mean of barley 

genotypes 0 50 100 150 

Ibaa 265 356.5 399.0 405.0 488.0 412.1 

Gzmeab 308.3 326.0 465.0 525.0 406.1 

Gzmemb 387.0 404.0 450.0 630.0 467.8 

Cos-Aluetmarpc 2 370.0 410.0 429.0 555.0 441.0 

Mean of Fe spraying 355.5 384.8 437.3 549.5   

LSD (P ≤ 0.05) Genotypes = N.S Fe = 34.22 Interaction = N.S 

 

4. Number of fertile spikes (spike m
-2

) 

The results in table (5) showed that there were 

significant differences between the four 

genotypes in the mean of number of fertile 

spike; The Gzmemb genotype outperformed 

significantly by recording the highest in the 

mean of number of fertile spike, amounting to 

457.00 spike m
-2

, followed by the Gzmeab 

genotype, which recorded 383.84 spike m
-2

, 

and then the Cos-Aluetmarpc 2 genotype, with 

a mean of 369.90 spike m
-2

, while the mean of 

number of fertile spike for the genotype was 

the genotype Ibaa 265 was the least 

significant, reaching 339.75 spike m
-2

. This 

result is consistent with the findings of [22]; 

[24]; [25]; [41] that the variation in the 

number of fertile spike came as a result of the 

variation in genetic compositions (varieties) in 

their genetic ability to produce shoots due to 

the production of representative materials that 

it supports the growth of shoots until they turn 

into shoots bearing fertile spike. Barley 

varieties show inherent differences in the 

number of fertile spike due to differences in 

their genotype, as the genes that control shoot 

emergence and development ultimately 

determine the number of potential shoot-

bearing shoots [42]. Genes related to grain 

size, number per spike, and overall plant 

growth also indirectly affect the number of 

fertile spike by influencing resource allocation 

[43]. 

Results also showed that spraying plants with 

iron at concentrations of 50, 100, and 150 mg 

L
-1

 significantly increased the in the mean of 

number of fertile spike of barley crop 

compared to spraying with water (0 mg L
-1

), 
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which recorded 329.00 spike m
-2

, as the mean 

number increased. Fertile ears with increasing 

concentration used (50, 100, and 150 mg L
-1

) 

significantly increased to 343.25, 385.00, and 

437.50 spike m
-2

, respectively, and with a 

significant superiority among them, as iron 

plays a determining role in various plant 

processes, including that is, chlorophyll 

synthesis, photosynthesis, carbohydrate 

metabolism, and iron deficiency can 

significantly affect the reproductive 

development of barley, leading to decreased 

spike fertility and ultimately a lack of fertile 

spikes [44]. Studies have shown that the 

application of iron can significantly increase 

the number of fertile spikes, especially in iron-

deficient soils, depending on various factors 

such as soil conditions, timing of application, 

and dosage [12; 45; 46]. 

As for the results of the significant interaction 

between the genotypes and iron spray, they 

showed that the Gzmemb genotype treated 

with different concentrations of iron had a 

significant superiority over the other 

genotypes treated with the same 

concentrations under study, as the interaction 

(Gzmemb × 150 mg L
-1

) achieved the highest 

significant in the mean of number of fertile 

spike. It reached 560.00 spike m
-2

 compared to 

the rest of the other interventions listed in 

table (5). In addition, the characteristic of the 

number of fertile ears was clear in the 

Gzmemb genotype even without treating it 

with iron (413.00 spike m
-2

) compared to the 

other genotypes. On the other hand, both 

interventions (Gzmeab × 150 mg L
-1

 and 

Gzmemb × 100 mg L
-1

) achieved the same in 

the mean of number of fertile spike, reaching 

430.00 spike m
-2

, while the genotype Ibaa 265 

without treatment with iron recorded the 

lowest significant in the mean of number of 

fertile spike amounted to 316.00 spike m
-2

. 

The combined effect of genotypes and iron 

application on the number of fertile spikes in 

barley is due to several factors, including 

differential absorption and use of iron. 

Different genotypes may show varying 

abilities to absorb iron from the soil or added 

fertilizers, and this may lead to this leads to 

varying responses to iron spraying in terms of 

the number of fertile spikes. Genes related to 

iron absorption, transport, and allocation 

within plants can affect the response to iron 

deficiency and the subsequent effects on spike 

growth and fertility, which affects the growth 

of floral organs and the vitality of the ovules. 

Genetic structures with high potential may be 

it is less susceptible to iron deficiency and 

shows less response to iron spray. 

 

Table (5) Effect of genotypes, iron spraying and their interaction on number of fertile spikes 

(spike m
-2

) for barley crop 

Barley genotypes 
Fe concentrations (mg L

-1
) Mean of barley 

genotypes 0 50 100 150 

Ibaa 265 316.00 325.00 358.00 360.00 339.75 

Gzmeab 365.16 367.20 373.00 430.00 383.84 

Gzmemb 413.00 425.00 430.00 560.00 457.00 

Cos-Aluetmarpc 2 370.00 371.00 365.54 373.05 369.90 

Mean of Fe spraying 329.00 343.25 385.00 437.50   

LSD (P ≤ 0.05) Genotypes = 9.07 Fe = 5.12 Interaction = 11.75 
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5. Grains yield (ton ha
-1

) 

Results in table (6) showed that spraying 

plants with iron at concentrations of 50, 100 

and 150 mg L
-1

 it significantly increased the 

mean grain yield of the barley crop compared 

to spraying with water (0 mg L
-1

), which 

recorded 6.279 ton ha
-1

, as the mean grain 

yield increased with the increase in the 

concentration used (50, 100 and 150 mg L
-1

). 

Significantly to 6.634, 7.379 and 7.919 ton ha
-

1
, respectively, and with a significant 

superiority between them, and this depends on 

the yield indicators represented by the number 

of grains in the spike and the weight of 1000 

grains, as iron plays a decisive role in various 

plant processes, including chlorophyll 

synthesis. Photosynthesis, enzyme activity, 

and iron deficiency is a widespread problem in 

barley, especially in calcareous or high-pH 

soils, which leads to a decrease in the 

photosynthesis process, poor nutrient 

absorption, and ultimately a decrease in grain 

yield [47; 48]. As for the results of the 

significant interaction between genotypes and 

iron spraying, the interaction (Gzmemb × 150 

mg L
-1

) achieved the highest significant mean 

for grain yield, amounting to 9.729 ton ha
-1

, 

compared to the rest of the other interactions 

listed in table (6). In addition, the trait grain 

yield was clear in the Gzmemb genotype even 

without treating it with iron (7.072 ton ha
-1

) 

compared to the other genotypes. On the other 

hand, some of the interactions included in the 

Gzmeab genotype were the least significant 

for grain yield, as shown in table (6). It is 

possible that the combined effect of genotypes 

and iron spraying on barley grain yield arises 

from several factors. Different genotypes may 

show varying abilities to absorb iron from soil 

or added fertilizers, and this could lead to 

different responses to iron spraying in terms of 

grain yield. Genes involved in iron uptake, 

transport, and allocation within plants can 

influence the response to iron deficiency and 

subsequent effects on photosynthesis, nutrient 

uptake, and resource allocation to grain 

production. 

 

Table (6) Effect of genotypes, iron spraying and their interaction on grains yield (ton ha
-1

) for 

barley crop 

Barley genotypes 
Fe concentrations (mg L

-1
) Mean of barley 

genotypes 0 50 100 150 

Ebaa 265 6.261 6.767 8.322 7.769 7.280 

Gzmeab 5.177 5.853 6.752 7.423 6.301 

Gzmemb 7.072 7.606 8.090 9.729 8.124 

Cos-Aluetmarpc 2 6.604 6.309 6.351 6.755 6.505 

Mean of Fe spraying 6.279 6.634 7.379 7.919   

LSD (P ≤ 0.05) Genotypes = N.S Fe = 0.549 Interaction = 2.346 

6. Biological yield (ton ha
-1

) 

Table (7) showed the effect of the genotypes, 

spraying with iron, and their interaction in the 

mean biological yield (ton ha
-1

) of the barley 

crop. Results showed that the four genotypes 

of the crop had different effects on the mean 

biological yield, and the Gzmemb genotype 

had a significantly higher mean biological 

yield of 20.18 ton ha
-1

 compared to the other 

genotypes under study, in addition to the Cos-

Aluetmarpc 2 genotype recording mean the 
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least significant biological yield for the barley 

crop was 15.21 ton ha
-1

. The reason may be 

that the biological yield of the barley crop is 

an important indicator of production efficiency 

and achieving food security, as barley varieties 

show wide variation in biological yield, as a 

result of their differences in genotype, as 

genotype determines the number of spikelets 

in a spike, the number of grains in spike, and 

the weight of 1000 grains [49; 50]. Genotypes 

also determine barley's tolerance to nutrient 

deficiencies [51]. On the other hand, genotype 

determines the efficiency of barley in using 

available resources, such as water and 

nutrients [52]. Result agreed with [24]; [25]; 

[53]; [54]. 

Regarding the significant effect of spraying 

with iron at concentrations of 50, 100, and 150 

mg L
-1

, it led to an increase in the mean 

biological yield with increasing concentration 

by achieving 16.25, 17.39, and 18.88 ton ha
-1

, 

respectively, compared to spraying with water 

(0 mg L
-1

) with higher yield. The biological 

yield was significantly lower, with a mean of 

14.34 ton ha
-1

, as spraying with iron leads to 

an increase in the biological yield of barley, by 

increasing the chlorophyll content in the 

leaves, which enhances the process of 

photosynthesis and increases the production of 

carbohydrates [47]. Iron helps improve the 

absorption of other nutrients, such as nitrogen, 

phosphorus, and potassium, which contributes 

to increased plant growth and development 

[55]. Results also showed the significant effect 

of the interaction between the genotypes and 

spraying with iron, as the interaction 

(Gzmemb × 150 mg L
-1

) achieved the highest 

significant mean of the biological yield, 

amounting to 24.50 ton ha
-1

, while the 

interaction of the same genotype with iron at a 

lower concentration (100 mg L
-1

) achieved the 

second highest mean biological yield reached 

20.93 ton ha
-1

 compared to other interventions 

with significantly lower mean for the 

biological yield, which reached below 12.67 

ton ha
-1

 with the Gzmeab genotype without 

treatment with iron (0 mg L
-1

). Spraying with 

iron can interfere with the genotype of barley 

to affect biological yield. In some varieties, 

spraying with iron may lead to a significant 

increase in biological yield, while its effect 

may be minimal or nonexistent in other 

varieties. This interaction can be explained by 

the effect of genotypes on barley’s tolerance to 

iron deficiency. Varieties that tolerate iron 

deficiency better may not respond to spraying 

with iron, while varieties that tolerate iron 

deficiency poorly may respond significantly to 

iron spraying. 

 

Table (7) Effect of genotypes, iron spraying and their interaction on biological yield (ton ha
-1

) 

for barley crop 

Barley genotypes 
Fe concentrations (mg L

-1
) Mean of barley 

genotypes 0 50 100 150 

Ibaa 265 12.85 16.75 17.50 17.00 16.03 

Gzmeab 12.67 15.07 16.00 18.00 15.43 

Gzmemb 17.03 18.27 20.93 24.50 20.18 

Cos-Aluetmarpc 2 14.80 14.90 15.13 16.00 15.21 

Mean of Fe spraying 14.34 16.25 17.39 18.88 
 

LSD (P ≤ 0.05) Genotypes = 2.10 Fe = 1.08 Interaction = 2.61 
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Conclusion 

Recording the lowest means for the number of 

days from emergence to 75% flowering with 

the genotype Gzmeab, and achieving the 

highest means for plant height with the 

genotype Ibaa 265, and reaching the highest 

means for the number of fertile spikes, grains 

yield, and biological yield with the genotype 

Gzmemb, in addition to recording the highest 

means for tillers number with Cos-Aluetmarpc 

2 genotype. The role of iron at a concentration 

of 150 mg L
-1

 was clear in recording the 

highest means for the indicators under study 

for the barley crop. Interfering the genotypes 

with iron at the highest concentration (150 mg 

L
-1

) achieved the best combinations for the 

best results for growth indicators, yield and its 

components for the barley crop

. 
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