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A field experiment on loamy soil was conducted in the 

Haditha district, Anbar province, Iraq, during the 

winter season of 2021-2022. The study aimed to 

determine the effect of different zinc levels and 

methods on wheat growth, yield, and tolerance to 

salinity. The experiment used a randomized complete 

block design (RCBD) with a split-plot arrangement 

and three replications. The seeds were soaked before 

planting with three zinc levels: 0 (control treatment, 

soaked in water only), 75 mg Zn Kg-1 (seeds soaked in 

zinc at a concentration of 75 mg Zn Kg-1), and 150 mg 

Zn Kg-1 (seeds soaked in zinc at a concentration of 

150 mg Zn Kg-1) for eight hours. This was followed 

by two spray applications of the same concentrations, 

the first at the tillering stage and the second at the 

booting stage. Statistical analysis showed that adding 

zinc to soak the seeds and spraying it on the plants 

increased plant height, number of tillers, flag leaf area, 

grain yield, and 1000-grain weight. Additionally, it 

was observed that seed soaking and plant spraying 

with zinc increased the plant's tolerance to salinity by 

reducing the chloride and sodium concentration in the 

wheat straw and roots and increasing the potassium 

concentration and the potassium/sodium ratio in the 

wheat straw and roots. The best results were obtained 

using the 150 mg Zn Kg-1 level (seed soaking and 

plant spraying) for most of the studied characteristics. 
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             الحنطة المزروعة في تربة مالحة تأثير مستويات وطرائق اضافة الزنك في نمو وحاصل  
  

   الجبوري*وقاص محمود             محمد سعد عبدالله حميد
    جامعة الانبار –كلية الزراعة 

 

  .، العراقجامعة الانبار ،كلية الزراعة ،علوم التربة والموارد المائيةقسم  ،وقاص محمود الجبوري *المراسلة الى: 
 ag.waqas.mahmood@uoanbar.edu.iq  البريد الالكتروني:

 الخلاصة

في تربة ذات  2022  -2021نفذت تجربة حقلية في قضاء حديثة التابع لمحافظة الانبار خلال الموسم الشتوي 
ئق اضافة الزنك في نمو وحاصل الحنطة ومدى قابليتها لتحمل الملوحة.  نسجة مزيجة لمعرفة تأثير مستوى وطرا

( بترتيب الالواح المنشقة وبثلاثة مكررات،  R.C.B.Dنفذت التجربة وفقا لتصميم القطاعات العشوائية الكاملة )
الاول   المستوى  الزنك،  بثلاثة مستويات من  بالزنك  الزراعة  قبل  البذور  نقع  التجربة  معاملة   ويمثل  : 0تضمنت 

البذور بالزنك بتركيز   الثاني نقع  الثالث   1-كغم  Znملغم    75المقارنة )نقع بالماء فقط( والمستوى  اما المستوى 
لمدة ثمان ساعات ثم رش النبات بنفس التراكيز اعلاه    1-كغم  Znملغم    150  تضمن نقع البذور بالزنك بتركيز 

 نت عند مرحلة البطان للنبات.على دفعتين الاولى عند مرحلة التفرعات والثانية كا
النبات   ارتفاع  النبات زاد من صفة  للبذور ورشاً على  الزنك نقعاً  التحليل الاحصائي ان اضافة  نتائج  اظهرت 

حبة، كما لوحظ ان نقع البذور والرش بالزنك    1000وعدد الاشطاء ومساحة ورقة العلم وحاصل الحبوب ووزن  
ديوم في قش الحنطة والجذور كما زاد من  زاد من مقاومة النبات للملوحة عن طريق خفض تركيز الكلورايد والصو 

تركيز البوتاسيوم ونسبة البوتاسيوم الى الصوديوم في قش الحنطة والجذور. أفضل النتائج تحققت عند استعمال  
 . نقعاً للبذور ورشاً على النبات معاً في اغلب الصفات المدروسة 1-كغم Znملغم  150المستوى 

       .تنقيع، حنطة، تربة مالحةزنك، رش،  كلمات مفتاحية:

Introduction 

The significant decrease in the crop productivity rate is due to the salt, water, and 

thermal stresses prevailing in Iraq; the salinity of irrigation water and soil, high 

temperatures, and the wilting that occurs in the hot afternoon all negatively affect the 

plant performance and its vital processes, and thus its productivity. Therefore, 

modern studies have focused on studying these obstacles and developing appropriate 

solutions, including using micronutrients (zinc), whether sprayed on the plant or 

through soaking the seeds, which would make the growing plants more resistant to 

environmental conditions. Zinc is a necessary nutrient for growth and production. It is 

added in limited quantities to support plant pods forming and various enzymes (10). 

(26) indicated that adding zinc as a foliar spray is more effective and leads to an 

increase in the zinc concentration in wheat grains, increases its readiness, and leads to 

a more significant increase in fertilizer use efficiency compared to the ground 

addition method. (23) reported that improving the zinc concentration in grains by 

https://orcid.org/0000-0003-3368-515X
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adding zinc foliar exceeded 46.4% compared to the control treatment, while the 

ground addition method did not exceed more than 1.7%. Soaking seeds in zinc 

solutions is a practical method to increase the zinc content in seeds before planting to 

obtain good seeds and contribute to better plant growth. This technique increases 

seeds' ability to germinate under different environmental conditions (15 and 16). 

(2) stated that zinc is essential for plants because it reduces excessive absorption of 

sodium under salinity stress through its effect on the cell membrane permeability of 

the plant stem. Therefore, cell membranes show high permeability or leakage of some 

compounds from the roots under the influence of zinc deficiency (25). It was found 

that feeding plants with zinc effectively reduces sodium accumulation and improves 

the plant potassium/sodium ratio under the influence of salinity (20). (18) indicated 

that crop growth enhanced under the influence of salinity when increasing the 

potassium concentration and removing sodium ions or by improving the ratio of 

potassium /sodium ions and improving the efficiency of the respiration process and 

regulating osmotic potential by enhancing the plant system (18). (14) concluded that 

salinity is the environmental stress that negatively affects wheat productivity and 

quality by changing the plant's physiological and biochemical activities. Also, salt 

stress causes osmotic stress and ion toxicity by increasing the absorption of sodium 

ions and reducing the potassium/sodium ratio, which is attributed to the low osmotic 

potential within the plant roots. This imbalance affects the absorption and transport of 

other necessary ions in the cells and impedes the fundamental processes and functions 

of the plant (7). This study aims to examine the zinc effect and add methods to 

increase the plant's resistance to environmental stresses, especially salinity, as well as 

find the best fertilizer combination of soaking and spraying and its effect on the 

growth and yield of wheat. 

Materials and Methods 

A field experiment was conducted in the Haditha district, Anbar Governorate, 

Iraq, during the winter season 2021-2022 in a mixed soil texture to study enhancing 

wheat’s resistance to salinity by soaking the seeds and spraying the plant with zinc 

and its effect on growth and yield. Representative random field soil samples were 

taken before planting to estimate some chemical, physical, and fertility characteristics 

of soil before planting according to the methods mentioned in (17), Table 1. 
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Table 1: Some chemical, physical, and fertility characteristics of soil. 

characteristic value unit 

pH -Soil reaction (saturated paste method) 7.03  

ECe 6.06 ds.m-1 

Soil organic matter 3.8 g.kg-1 

Carbonate minerals 235 g.kg-1 

Gypsum  4.33 

Dissolved 

cations 

 +2 Ca 15.3 1-mmol.L 

 +2Mg 7.6 

 +Na 33.1 

Dissolved 

anions 

-Cl 29.1 

 =SO4 12.3 

 -HCO3 18.7 

  -CO3 Nill 

 Available nitrogen(N ) 31.2                     mg 
1-kg Available phosphorus (P) 10.3 

potassium Available (K ) 185.4 

zinc  Available (Zn) 1.1 

Soil particles  (Sand ) 386 g.kg-1 soil 

 (Silt) 406 

 (Clay) 208 

Soil texture          Loamy  

The experiment was conducted using a randomized complete block design 

(RCBD) in a split-plot arrangement, with three replications and three sectors, each 

containing nine experimental units. The land was plowed and prepared on 11-14-

2021, then divided into experimental units 2×4 m. Seeds were planted in lines within 

the experimental unit at a rate of 10 lines, and the distance between those lines was 

20 cm. The distance between the experimental units was 50 cm, and the distance 

between sectors was 1m to control irrigation, fertilization, and crop service 

operations. Potassium and phosphorus fertilizers were added before planting during 

soil preparation according to the fertilizer recommendation of (4) at a rate of 100 kg 

K ha-1 in the form of potassium sulfate (41.5% K), while phosphorus was added in 

the form of triple superphosphate (21%P) at a rate of 80 kg P ha-1 at once. Nitrogen 

fertilizer was added as urea (46%N) at 180 kg N ha-1 with irrigation water as a ground 

addition in the two batches; the first was three weeks after germination, and the 

second batch was at the booting stage. The seeds were soaked before planting with 

levels of zinc 0, 75, 150 mg Zn kg-1 and potassium sulfate for 8 hrs (9). Then, the 

seeds were dried and planted on 11/20/2021 at a depth of 5 cm in lines by calculating 

the number of seeds per line per plate according to the equation mentioned before 

(22). A sprinkler irrigation system was used to irrigate the experiment. The plants 

were sprayed with zinc in two batches. The first batch was at the Tillering stage, 

while the second batch was at the Booting stage of the plant’s spike. The 

experimental treatments were as follows: T1 treatment: soaking the seeds and 

spraying with only water; T2 treatment: soaking the seeds with only water and 

spraying the plant with zinc at 75 mg Zn kg-1; T3 treatment: soaking the seeds with 

only water and spraying with zinc at 150 mg Zn kg-1; T4 treatment: soaking seeds 

with zinc at 75 mg Zn kg-1, spraying the plant with only water; T5 treatment: soaking 
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the seeds and spraying the plant with zinc at 75 mg Zn kg-1; T6 treatment: soaking the 

seeds with zinc at 75 mg Zn kg-1 and spraying the plant with zinc at 150 mg Zn kg-1, 

T7 treatment: soaking the seeds with zinc at 150 mg Zn Kg-1 and spraying the plant 

with only water, Treatment T8: soaking the seeds with zinc at 150 mg Zn kg-1 and 

spraying the plant with zinc at 75 mg Zn kg-1; T9 treatment: soaking the seeds and 

spray the plant with zinc at 150 mg Zn kg-1. Plant height, flag leaf area, weight of 

1000 seeds, and grain yield were measured. Plant samples were subjected to wet 

digesting according to the method proposed by (12). Sodium and potassium were 

determined using a flame photometer. Chloride was determined by titration with 

silver nitrate according to the procedure proposed by (19).  

Results and Discussion 

Plant height cm: Figure 1 shows the effect of different fertilizer combinations on 

the plant height characteristic of wheat crops. The statistical analysis showed a 

significant effect of the different fertilizer combinations (soaking the seeds and 

spraying the plant with zinc). Treatment T8, which included (soaking the seeds with 

zinc at 150 mg zinc kg-1 and spraying the plant with 75 mg zinc kg-1), gave the 

highest average plant height of 100.3 cm. This treatment was significantly superior to 

all others except for T9 and T6.  

 
Figure 1: Effect of different fertilizer combinations on plant height (cm). 

Fertilizer treatments T9 and T6 (soaking seeds with zinc at 75 mg Zn kg-1), T5 

(soaking seeds + spraying the plant with zinc at 75 mg Zn kg-1), T4 (soaking seeds 

with zinc at 75 mg Zn kg-1 + spraying the plant with only water), T3 (soaking the 

seeds in water only + spraying the plant with zinc at 150 mg Zn kg-1) were increased 

the average height of plant, which were 4.62, 4.62, 2.83, 1.77, and 4.27%, 

respectively, compared to the control treatment T1 (soaking the seeds and spraying 

the plant with water only), which gave the lowest average of plant height, 93.67 cm. 

Most fertilizer combinations achieved an increase in plant height compared to the 

control treatment; this confirms the importance of zinc and its role in increasing the 

activation of plant cells for growth and division through increasing chlorophyll, 

which works to provide the cell with the necessary food to complete the physiological 

activities related to the activity of meristematic tissues in the apical plant tissues, this 

is consistent with (8).  

Number of Tillers: Figure 2 shows the effect of the different fertilizer 

combinations on the number of Tillers  of the wheat crop. The statistical analysis 

results indicate that the different fertilizer combinations have a significant impact 

Treatment 

plant height (cm
) 
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compared to the control treatment. The T9 treatment was significantly superior to all 

other treatments except the T6 treatment. The T6 treatment achieved considerable 

superiority over the rest of the fertilizer treatments, except for the T8 and T5 

treatments. The T9 treatment followed it, and its average Tillers  reached 52.3. The T5 

treatment also significantly outperformed the rest of the other treatments that were 

sprayed with only water (T4, T2, T1) except the T3 treatment, with an increased 

percentage of 51.7, 40.5, and 91.3%, respectively.  

 
Figure 2: The effect of different fertilizer combinations on the number of Tillers 

of wheat plants. 

The superiority of fertilizer combinations may be due to zinc's role in forming and 

dividing meristematic cells, which encourages the plant to increase the Tiller's  

number (13). 

Area of flag paper (cm2): Figure 3 shows the effect of different fertilizer 

combinations on the flag leaf area of wheat plants. The statistical analysis results 

indicate a significant impact of the other fertilizer combinations compared to the 

control treatment. Treatment T9 achieved the highest value of 44.75 cm2; it was 

followed by treatment T8 (soaking the seeds with zinc at a concentration of 150 mg 

Zn kg-1 and spraying the plants with zinc at 75 mg Zn kg-1), where the rate was 41.13 

cm2, followed by treatment T6 (soaking the seeds with zinc at a concentration of 75 

mg Zn kg-1 and spraying the plant with zinc at 150 mg Zn kg-1), which reached 38.1 

cm2. Each of the treatments, T9, T8, and T6, achieved a significant effect compared 

to the rest of the other treatments, with an increased rate of 97.1, 81.1, and 67.8%, 

respectively, compared to the control treatment T1, which gave the lowest value for 

the flag leaf area, 22.7 cm2. Regarding soaking seeds in only water, the T3 treatment 

was significantly superior to the T1 treatment, and the differences were insignificant 

with the T2. Zinc promotes plant growth and development by improving 

photosynthesis (21). It is significant in physiological and biochemical processes, 

enzyme activity, photosynthesis, and protein synthesis (21).  
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Figure 3: The effect of fertilizer combinations on the flag leaf area of wheat 

plants, cm2. 

The effect of fertilizer combinations on some wheat yield characteristics: 

Weight of 1000 grain: Figure 4 shows how adding different fertilizer blends 

affects 1000 grain (g) weight. Treatment T9 achieved the highest significant 

difference, reaching 48.7 g, and it was significantly superior to all other 

combinations, with a percentage increase in weight that was 18.6%, compared to the 

control treatment T1. It was followed by the T6 treatment with an average of 46.5 g, 

which was significantly superior to the rest of the other combinations except for the 

T3, with an increase in the weight of 1000 grain of 13.2% compared to the control 

treatment T1.  

 
Figure 4: Effect of different fertilizer combinations on the weight of 1000 gm 

grain. 

It is noted from Figure 4 that the seed soaking treatments with only water and its 

various combinations led to a significant increase compared to the control treatment. 

It is noted that treatment T3 (soaking the seeds in water and then spraying the plant 

with zinc at a level of 150 mg Zn kg-1) and T2 (soaking the seeds in water only and 

spraying the plant with zinc at a level of 75 mg Zn kg-1) were superior by an average 

of 45.4 and 42.6 g, respectively, compared to the control treatment T1, which their 

average amounted to 41 g, with an increase rate of 10.7 and 3.9% for each, 

respectively. Treatments T5, T7, and T8 achieved a significant increase in the weight 

of 1000 grain by 43.4, 42.17, and 44.2 g, respectively, and an increase in the weight 

of 1000 grain amounted to 5.6, 2.6, and 7.6%, respectively, compared to the control 

treatment T1. 

Grain yield (Megagram h-1): The results of Figure 5 show the effect of different 

fertilizer combinations on the yield of wheat grains (Megagram h-1), as spraying zinc 

on the vegetative parts and soaking the seeds significantly increased the wheat plant's 
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A
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yield. Treatment T9 was significantly superior to all treatments, as it achieved an 

increase in yield at a rate of 4.2 Mg ha-1, an increase of 18.6% compared to the 

control treatment T1, which was the least influential treatment at a rate of 2.73 Mg 

ha-1. Treatment 6 outperformed all treatments, followed by T9, with a rate of 3.83 Mg 

ha-1 and an increase in yield by 40.2% compared to the control treatment T1. 

Treatments T5 and T8 significantly increased yield by 3.43 and 3.5 Mg ha-1, 

respectively, at 25.6 and 28.2% compared to the control treatment T1. Figure 5 

indicates that spraying zinc at 150 mg Zn kg-1 and soaking the seeds with zinc at 75 

mg Zn kg-1 led to an increase in yield. Treatments T2 and T3 achieved a significant 

increase in the yield at a rate of 3.23 and 3.73 Mg ha-1, respectively, with an increase 

in yield of 18.3 and 36.6% for each compared to the control treatment T1.  

 
Figure 5: Effect of different fertilizer combinations on wheat yield (Megagram h-1). 

In Figures 4 and 5, the achieved increase was due to zinc's essential role in 

activating enzymes and forming chlorophyll while accelerating the formation of 

growth hormones (auxins) by stimulating the formation of Tryptophan. It also has an 

essential role in forming carbohydrates until the plant stores them in wheat grains, 

which increases the number and weight of grains, consistent with what was found (3). 

Chloride concentration: 5-1 in wheat straw %: Figure 6 shows the effect of 

different fertilizer combinations on the chloride concentration in wheat straw. The 

statistical analysis showed that both the zinc concentrations sprayed on the shoots and 

the concentrations soaked in the wheat seeds had a significant effect on the chloride 

content of the plant. Treatment T9 achieved the slightest difference and was superior 

to all treatments. It led to a noticeable decrease in the chloride concentration in wheat 

straw by 38.7% compared to the control treatment T1. This was followed by 

treatment T6, which reduced chloride concentration by 26.1% compared to the 

control treatment T1. Treatments T3 and T5 achieved a chloride reduction of 18% 

compared to the control treatment T1, followed by treatment T8, which reduced by 

4.5% compared to the control treatment T1.  
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Figure 6: Effect of different fertilizer combinations on the chloride content of 

wheat straw%. 

Chloride concentration in wheat root system %: Figure 7 shows the effect of 

different fertilizer combinations on the chloride concentration in the wheat roots. It is 

noted that the seed soaking treatments and plant spraying with zinc led to a reduction 

in the chloride concentration in the roots. The T9 treatment decreased the roots' 

chloride content by 45% compared with the control treatment T1. Treatment T3 

followed with a decrease of 26% compared to the control treatment T1. T6 and T8 

treatments reduced chloride levels by 25.1% compared to the control treatment, T1. 

Treatment T5 reduced the chloride level in wheat roots by 19.9% compared to the 

control treatment T1. Treatment T2 also decreased chloride concentration by 11.3% 

compared to the control treatment T1, and treatment T7 decreased chloride 

concentration by 5.2% compared to treatment T1.  

 
Figure 7: Effect of fertilizer combinations on chloride concentration in wheat 

roots%. 

Sodium concentration in wheat root system %: Figure 8 shows the fertilizer 

treatment effect on the sodium concentration in the wheat roots, as a decrease in the 

sodium concentration in the roots was observed in all treatments, whether soaking or 

spraying on the plant. Treatment T5 achieved the lowest sodium concentration, which 

was 0.55%, significantly superior to all treatments except for T9, T8, and T3. The 

seed soaking treatments with only water, treatment T3 significantly decreased 

compared to treatments T2 and T1, and its value was 0.64%. As for the treatments 

whose seeds were soaked with zinc and whose plants were sprayed with zinc, the T8 

treatment achieved the slightest difference, 0.61%, significantly superior to the T7 

and T6 but insignificant with the T9.  
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Figure 8: Effect of different fertilizer combinations on sodium concentration in 

wheat roots%. 

Sodium concentration in wheat straw %: Figure 9 shows the different effects of 

fertilizer treatments on the sodium content of wheat straw. It was observed that the 

concentration of sodium in wheat straw decreased in all treatments, whether zinc was 

added, the seeds were soaked, or the plant was sprayed. Treatment T3 achieved the 

lowest significant percentage of 1.27% compared to treatments T2 and T1 for the 

treatments whose seeds were soaked in only water, indicating that soaking with 150 

mg Zn kg-1 (T3) significantly reduced sodium. Treatment T9 also achieved the 

smallest decrease, 1.08%, and thus significantly outperformed all treatments except 

for T6 and T3. Thus, it could be concluded that soaking the seeds and spraying them 

with zinc at 150 mg Zn kg-1 had an essential role in preventing sodium absorption and 

its concentration in the plant, thus preventing its harmful effect. 

 
Figure 9: Effect of different fertilizer combinations on sodium concentration in 

wheat straw%. 

Potassium concentration: 

Potassium concentration in the root system of wheat: Figure 10 shows the effect of 

the different fertilizer combinations on the potassium concentration in wheat roots. 

The statistical analysis results showed a significant effect of the different fertilizer 

combinations (soaking the seeds and spraying the plant with zinc), as treatment T9 

showed the highest percentage of potassium, at a rate of 1.38%, and this treatment 

was significantly superior to all treatments except for T6. Treatment T6 achieved 

significant superiority over all treatments except for T3, followed by T9, by 1.14%. 

Treatment T3 also outperformed treatments T2 and T1, whose seeds were soaked in 

only water, with a rate of 0.87%, followed by T2, with a rate of 0.77%. Both 

treatments were significantly superior to T1, but no significant differences existed.  
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Figure 10: Effect of different fertilizer combinations on potassium concentration 

in wheat roots %. 

Potassium concentration in wheat straw %: Figure 11 shows the effect of adding 

fertilizer treatments on the potassium content of wheat straw. It is noted that 2T 

achieved a significant difference represented by an increase in the potassium 

concentration in the wheat straw, and it outperformed each of the treatments T1, T4, 

and T7 by a rate of 1.65% and an increase of 60.1% compared to the control 

treatment T1. It is noted that in T4 and T7, both of which were sprayed with only 

water, soaking did not have an essential role in increasing the potassium 

concentration in wheat straw, i.e., spraying the plant with zinc was superior to 

soaking the seeds with zinc. Treatment T3 achieved a significant difference and 

outperformed the rest of the treatments, except for T6 and T9, at a rate of 2.64%.  

 
Figure 11: Effect of different fertilizer combinations on potassium concentration 

in wheat straw, %. 

T4 and T7 increased the average potassium concentration of 1.11 and 1.28% for 

each of them, respectively, and exceeded the increase by 7.7 and 24.2%, respectively, 

compared to the control treatment T1. Treatments T5 and T8 achieved a significant 

difference in potassium in wheat straw at a rate of 83.4 and 128% for each of them, 

respectively, compared to the control treatment T1. Treatment T6 achieved the 

highest significant difference after T9, at a rate of 216%, outperforming all other 

treatments. Treatment T9 achieved the highest significant difference, represented by 

an increase in potassium concentration in wheat straw by a rate of 250%, superior to 

all other treatments.  

Potassium/sodium ratio:  

Potassium/sodium ratio in wheat straw: Figure 12 shows the effect of fertilizer 

treatments on the potassium/sodium ratio in the wheat straw, as the statistical analysis 
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showed that there is a significant difference represented by an increase in the 

potassium/sodium ratio in the wheat straw when zinc is added to the plant as a spray 

and for the seeds to be soaked. The spraying treatments with zinc at 150 mg Zn kg-1 

and soaking with zinc at the same concentration significantly increased the 

potassium/sodium ratio.  

 
Figure 12 The effect of fertilizer combinations on the potassium/sodium ratio in 

wheat straw. 

Potassium/sodium ratio in wheat root system: Figure 13 shows the effect of 

different fertilizer treatments on wheat roots' potassium/sodium ratio. It is noted that 

the fertilizer treatments led to significant effects on the potassium/sodium ratio, as the 

spraying treatments with zinc at 150 mg Zn kg-1 generally achieved significant 

differences. The treatments led to an apparent increase in the potassium/sodium ratio. 

The Figure showed that T5 was superior by a percentage of 1.46, followed by 

treatment T8 by 1.35. Both treatments were significantly superior to most of the 

remaining treatments, whose seeds were soaked with zinc at varying concentrations, 

as soaking had an essential role in increasing the potassium concentration and 

reducing the sodium concentration.  

 
Figure 13: The effect of different fertilizer combinations on the 

potassium/sodium ratio in wheat roots. 

The results in Figures 6, 7, 8, 9, 10, 11, 12, and 13 showed that adding zinc led to 

a reduction in the sodium concentration and chloride in wheat straw and roots, as it 

contributed to reducing salinity by reducing the accumulation of salt elements 

(sodium and chloride). In other words, it increased wheat's tolerance to salinity by 

establishing a mechanism that regulates sodium and chloride absorption (6). Zinc 

added to the plant in sufficient quantities also prevents sodium absorption and 

accumulation by increasing the integrity of the root cell membrane (24). The reason 
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for the highest potassium concentration in wheat straw and roots with the increase in 

added zinc is due to the role of zinc in activating nutrient absorption processes, 

including potassium, which is consistent with (1). Zinc is an enzyme activator and the 

nucleic acids formation and participates in the amino acid tryptophan formation, 

which is the primary substance for the manufacture of indole acetic acid, a hormone 

(auxin) necessary for elongation and cell growth, which increases the plant’s root 

system length, its growth, and its penetration into the soil, thus increasing the 

nutrients absorbed by the plant (5 and 11).  

Supplementary Materials: 

No Supplementary Materials. 

Author Contributions: 

Author 1; methodology, writing—original draft preparation, Author 1 and Author 2 

writing—review and editing. All authors have read and agreed to the published version of the 

manuscript. 

Funding: 

This research received no external funding. 

Institutional Review Board Statement: 

Non. 

Informed Consent Statement: 

No Informed Consent Statement. 

Data Availability Statement: 

No Data Availability Statement. 

Conflicts of Interest: 

The authors declare no conflict of interest. 

Acknowledgments: 

The authors haven't received any financials support. 

Disclaimer/Journal’s Note:  

The statements, opinions, and data contained in all publications are solely those of the 

individual author(s) and contributor(s) and not of AJAS and/or the editor(s). AJAS and/or the 

editor(s) disclaim responsibility for any injury to people or property resulting from any ideas, 

methods, instructions, or products referred to in the content. 

References 

1. Abd-El-Hadi, M. A., Hassan. A. A., Mustafa. A., and Shalaby, S. A. (1990). 

Effect of Zn, Mn, Fe and some different foliar fertilizers on wheat production in 

Egypt Soil. Agric. Res. Center. Soil and Water Res. Inst. Giza, Egypt. 

2. Aktaş, H., ABAK, K., Öztürk, L., and Çakmak, İ. (2006). The effect of zinc on 

growth and shoot concentrations of sodium and potassium in pepper plants under 

salinity stress. Turkish journal of agriculture and forestry, 30(6): 407-412.  

3. Al-Hadethi, A. A., Alqwaz, G., and Abbas, R. S. (2008). Effect of Zinc 

Fertilization in yield components of two wheat cultivars. Anbar Journal of 

Agricultural Sciences, 6(1): 20-28. 



Anbar J. Agric. Sci., Vol. (22) No. (1), 2024.                   ISSN: 1992-7479        E-ISSN: 2617-6211 

356 

4. Ali, N. S., H. S. Rahi, and A. A. Shaker. (2014). Soil fertility. 1sth edition. Dar 

Al Kotob Al ilmiyah Publishing House. Iraq. 

5. Al-Joboory, W., Jumaah, M. S., & Marzoog, A. (2020). Effect of addition date of 

phosphorus, zinc, zinc source and bio-inoculation on the growth of maize (Zea 

mays L.). Int. J. Agricult. Stat. Sci. Vol, 16(1), 1779-1785. 

6. Ahmad, F., & Noori, I. M. (2023). The Evaluation of genetic diversity of figs 

(Ficus carica L.) in Sulaymaniyah governorate using morphological, pomological 

and ISSR molecular marker: Evaluation of genetic diversity of figs (Ficus carica 

L.) in Sulaymaniyah governorate using morphological, pomological and ISSR 

molecular marker. Tikrit Journal for Agricultural Sciences, 23(4), 147–175. 

https://doi.org/10.25130/tjas.23.4.13.  

7. Arif, Y., Singh, P., Siddiqui, H., Bajguz, A., and Hayat, S. (2020). Salinity 

induced physiological and biochemical changes in plants: An omic approach 

towards salt stress tolerance. Plant Physiology and Biochemistry, 156: 64-77. 

https://doi.org/10.1016/j.plaphy.2020.08.042. 

8. Awalin, S., Shahjahan, M., Roy, A., Akter, A., and Kabir, M. (2017). Response 

of bell pepper (Capsicum annuum) to foliar feeding with micronutrients and 

shoot pruning. Journal of Agriculture and Ecology Research International, 11(3): 

1-8. https://doi.org/10.9734/JAERI/2017/31620. 

9. Chen, T. H., and Murata, N. (2002). Enhancement of tolerance of abiotic stress 

by metabolic engineering of betaines and other compatible solutes. Current 

opinion in plant biology, 5(3): 250-257. https://doi.org/10.1016/S1369-

5266(02)00255-8. 

10. ChitraMani, P. K., and P. Kumar. (2020). Evaluation of antimony induced 

biochemical shift in mustard. Plant Archives, 20(2): 3493-3498.  

11. Farhan, H., and Al-Dulaemi, T. (2011). The effect of foliar application of some 

microelements on growth and productivity of Wheat (Triticum aestivum L.). 

Jordan Journal of Agricultural Sciences, 7(1). 

12. Gresser, M. S., and Parson, J. W. (1979). Sulfuric-Perchloric acid digestion of 

plant material for the determination of nitrogen, phosphorus, potassium, calcium 

and magnesium. Analytical chemical Acta, 109: 431-436. 

13. Gurmani, A. R., Khan, M. Q., Bakhsh, A., and Gurmani, A. H. (2003). Effect of 

micronutrients (Zn, Cu, Fe, Mn) on the rice yield and soil/plant concentration. 

Sarhad Journal of Agriculture, 19(3): 383-390. 

14. J. Z, G., & Ghalib, W. (2023). Effect of seedling age and NPK fertilizer on 

qualitative of Kohlrabi (Brassica oleracea var.gongylodes) grown under drip 

irrigation system . Tikrit Journal for Agricultural Sciences, 23(3), 13–21. 

https://doi.org/10.25130/tjas.23.3.2.  

15. Lutts, S., Benincasa, P., Wojtyla, L., Kubala, S., Pace, R., Lechowska, K., ... and 

Garnczarska, M. (2016). Seed priming: new comprehensive approaches for an 

old empirical technique. New challenges in seed biology-basic and translational 

research driving seed technology. Intech Open, 1-46. 

16. Muhammed, S. A. H., and Al-Joboory, W. (2023). The Influence of the Levels 

and Addition Methods of Zinc on Stimulating some Enzymes to Resist Salinity. 

https://doi.org/10.25130/tjas.23.4.13
https://doi.org/10.1016/j.plaphy.2020.08.042
https://doi.org/10.9734/JAERI/2017/31620
https://doi.org/10.1016/S1369-5266(02)00255-8
https://doi.org/10.1016/S1369-5266(02)00255-8
https://doi.org/10.25130/tjas.23.3.2


Anbar J. Agric. Sci., Vol. (22) No. (1), 2024.                   ISSN: 1992-7479        E-ISSN: 2617-6211 

357 

In IOP Conference Series: Earth and Environmental Science, 1252(1): 012060. 

DOI: 10.1088/1755-1315/1252/1/012060. 

17. Page, A. L. (Ed.). (1982). Methods of soil analysis. Part 2. Chemical and 

microbiological properties, 1159. 

18. Rahman, M. A., Chikushi, J., Yoshida, S., Yahata, H., and Yasunaga, E. (2005). 

Effect of high air temperature on grain growth and yields of wheat genotypes 

differing in heat tolerance. Journal of Agricultural Meteorology, 60(5): 605-608. 

https://doi.org/10.2480/agrmet.605. 

19. Richards, L. A. (Ed.). (1954). Diagnosis and improvement of saline and alkali 

soils (No. 60). US Government Printing Office. 

20. Saleh, J., Maftoun, M., Safarzadeh, S., and Gholami, A. (2009). Growth, mineral 

composition, and biochemical changes of broad bean as affected by sodium 

chloride and zinc levels and sources. Communications in soil science and plant 

analysis, 40(19-20): 3046-3060. https://doi.org/10.1080/00103620903261619. 

21. Samreen, T., Shah, H. U., Ullah, S., and Javid, M. (2017). Zinc effect on growth 

rate, chlorophyll, protein and mineral contents of hydroponically grown 

mungbeans plant (Vigna radiata). Arabian Journal of Chemistry, 10: 1802-1807. 

https://doi.org/10.1016/j.arabjc.2013.07.005. 

22. Singh, I. D., and Stoskopf, N. C. (1971). Harvest index in cereals 1. Agronomy 

Journal, 63(2): 224-226. 

23. Wang, J., Mao, H., Zhao, H., Huang, D., and Wang, Z. (2012). Different 

increases in maize and wheat grain zinc concentrations caused by soil and foliar 

applications of zinc in Loess Plateau, China. Field crops research, 135: 89-96. 

https://doi.org/10.1016/j.fcr.2012.07.010. 

24. Weisany, W., Sohrabi, Y., Heidari, G., Siosemardeh, A., and Ghassemi-

Golezani, K. (2012). Changes in antioxidant enzymes activity and plant 

performance by salinity stress and zinc application in soybean ('Glycine max'L.). 

Plant Omics, 5(2): 60-67.  

25. Yeşil, E. (2008). Genetic variation for salt and zinc defficiency tolerance in 

aegilops tauschii (Doctoral dissertation).  

26. Zhang, Y. Q., Sun, Y. X., Ye, Y. L., Karim, M. R., Xue, Y. F., Yan, P., ... and 

Zou, C. Q. (2012). Zinc biofortification of wheat through fertilizer applications 

in different locations of China. Field Crops Research, 125: 1-7. 

https://doi.org/10.1016/j.fcr.2011.08.003. 

https://doi.org/10.2480/agrmet.605
https://doi.org/10.1080/00103620903261619
https://doi.org/10.1016/j.arabjc.2013.07.005
https://doi.org/10.1016/j.fcr.2012.07.010
https://doi.org/10.1016/j.fcr.2011.08.003

