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Abstract 

 
To investigate the role of potassium and zinc fertilizers in increasing yield and reducing the water consumption of wheat (Triticum 

aestivum L.), a field experiment was conducted in the form of a randomized complete block design with five treatments and three 

replications in November 2017 in Kahnooj city in Kerman province. Experimental treatments in this study included; The first 

treatment: Control (consumption of all fertilizers except potassium based on the results of soil analysis with 7 irrigations); The 

second treatment: The conventional fertilizing by the local farmers (NP) with 7 irrigations; the third treatment: First treatment + 

application of potassium sulfate (SOP) before planting, with 7 irrigations; Fourth treatment: First treatment + application of 33% 

sulfate-potassium (SOP) before planting and 67% of the remaining source of soluble potassium sulfate (SSOP) as a foliar 

application with 7 irrigations; Fifth treatment: The first treatment + application of 33% of sulfate-potassium (SOP) before planting 

and 67% of the remaining source of the sulfate-potassium solution containing chelate (SSOP + Zn-EDTA) as foliar application and 

irrigation in 5 times. The results showed that A) application of potassium and zinc fertilizers had a significant effect on yield, protein 

content, phosphorus, potassium, and zinc concentrations and also the molar ratio of phytic acid to zinc (unfavorable nutritional 

index) Zn) in grain as well as water and potassium use efficiency. B). While the yield and percentage of protein in the grain in the 

control treatment were 4648 kg/ha and 11.68%, respectively, in the second, third, fourth, and fifth treatments were 4077 and 8.57, 

5402 and 69, 12.12, 6137 and 13.62, increased 6022 kg/ha and 13.85%, respectively. C). Unfavorable nutritional index (molar ratio of 

phytic acid to zinc) - (PA/Zn) in wheat grain in the control treatment was 46, while this ratio in the second, third, fourth, and fifth 

treatments was 74, 33, 23, respectively. D). While the water use efficiency in the control was equal to 0.62 kg/m3, the values in the 

second, third, fourth, and fifth treatments were 0.54, 0.72, 0.82, and 1.11 kg/m3, respectively. The efficiency of potassium fertilizer in 

the third treatment was 2.51 kg/kg. In the fourth treatment this value improved to 4.96, and in the fifth treatment to 4.58 kg/kg. E). 

Despite reducing water consumption from 7560 cubic meters in all four treatments to 5400 cubic meters in the fifth treatment, the 

yield in the fifth treatment compared to the control treatment had a 31% increase yield, which was significant at the percent 

probability level. Considering the above results, it was concluded that in soils where the concentration of potassium and zinc was less 

than the critical limit, it was better to use potassium and zinc fertilizers in several stages. 
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Introduction 

According to the Standard Organization of Iran (2017), 

the per capita consumption of wheat in the country is 

334 grams per day per person. Wheat has been reported 

to provide 47% of a person's daily energy (Aquino et 

al., 2001). By consuming bread, 61 to 78% of calories 

and 78 to 93% of protein needed by human beings are 

provided, and considering the increase in world and 

Iran’s population and food shortages, evaluating the 

possible ways to increase wheat production is one of the 

most critical and significant issues (Ghorbani et al., 

2011). Plant nutrition is one of the most important and 

influential factors in wheat yield. According to the 

Liebig law of the minimum, if all elements are available 

to the plant and only one nutrient is deficient, the 

maximum yield of the plant is limited. Potassium and 

zinc are essential in improving plants' quantitative and 

qualitative yield (Malakouti, 2018). In a study 

conducted by Zhang et al. (2011) for 18 consecutive 

years (1990-2008) on sustainable management of 

potassium and long-term productivity in interaction with 

conventional fertilizers (N and P) in five Chinese 
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research stations, in response to the addition of potassium in 

areas with low or non-exchangeable potassium content, a 21% 

increase in yield was reported for wheat and a 16-172% 

increase in yield for maize. Keshavarz and Malakouti (2005) 

showed in an experiment that zinc application positively 

affecting wheat growth under salinity stress. According to 

studies by Tariq et al. (2014) on corn and Imran et al. (2015) 

on rice, the combined application of zinc and potassium 

significantly increased plant yield compared to the application 

of potassium alone. 

Potassium is present in the soil in four forms: 

Mineral, stabilized, exchangeable and soluble 

(Malakouti et al., 2008). The balance between the 

different forms of potassium in the soil keeps plants 

supplied with potassium. Soluble and exchangeable 

potassium equilibrate rapidly. While the balance 

between structural potassium and solution-stabilized 

potassium is slow (Havlin et al., 2005). Exchangeable 

potassium and potassium-absorbed potassium are both 

exchangeable and stabilized. It forms a small part of soil 

potassium and is about 1%, fixed potassium is up to 

about 8%, and insoluble or insoluble minerals are up to 

90%. The amount of dissolved potassium in soil is 

negligible compared to the soil potassium. Khavazi et 

al. (2014) reported that 28.10% of the country's soils are 

deficient in potassium, so a deficiency of this element 

can be an important factor in limiting plant growth. 

Potassium nutrition increases crop WUE by utilizing the 

soil moisture more efficiently than in K-deficient plants. 

The positive effects of K on water use efficiency may be 

through promotion of root growth accompanied by a 

greater uptake of nutrients and water by plants (Waraich 

et al., 2011) and through the reduction of transpirational 

water loss (Umar and Moinuddin, 2002). 

Zinc plays a non-essential role in many physiological 

processes, including the synthesis of many enzymes, 

metabolic processes, protein synthesis, and the biosynthesis of 

chlorophyll in plants, as well as in coordinating the immune 

response in animals (Huang et al., 2019). Calcareous soils of 

the country, high concentration of bicarbonate in irrigation 

water, lack of organic matter, and high pH in the soils have 

caused zinc deficiency in plants (Malakouti, 2018). Wheat is 

inherently low in zinc; when grown in soil with zinc 

deficiency, its concentration will naturally decrease further 

(Cakmak, 2008). In Turkey, it is reported that when wheat 

grows in soil with sufficient concentration of zinc, it has a 

concentration of 20 to 30 mg/kg, while wheat grown in soil 

with zinc deficiency has a concentration of 5 to 12 mg zinc/kg 

(Cakmak et al., 2010). The average zinc concentration in 

whole wheat grains in different countries has been reported to 

be 20 to 35 mg/lg (Cakmak, 2008). Hashemi Nasab et al. 

(2021) have reported that the concentration of zinc in wheat 

grains in the country by 23.80 mg/kg, which is very low due to 

the optimal level of zinc in wheat grains (40 mg/kg). 

Considering that bread constitutes the significant share of the 

community food basket (334 grams per day - Standard 

Organization of Iran), the lack of zinc in the grain, in 

addition to reducing yield, will also affect the 

community's health. According to the report of Khavazi 

et al. (2014), 54.60% of the agricultural soils of the 

country have a zinc concentration of less than 0.75 

mg/kg, which indicates a severe deficiency of this 

element in Iranian soils. Therefore, zinc deficiency in 

the soil seems to have caused a lack of zinc in wheat 

grain (Cakmak, 2008). 

Drought stress is the most common environmental stress 

that limits crop yields in 25% of the world. Among 

environmental factors, drought stress is the second major 

cause of yield decline after pathogens (Biglouie et al., 2010). 

Water stress reduces grain weight and yield by reducing 

growth (Galle et al., 2010), decrease in photosynthesis (Urban 

et al. 2017), and accelerating leaf senescence (Martinez et al., 

2003). Studies have shown a close relationship between 

nutrient status and water requirements for the plant. Fertilizer 

application increases crop efficiency with the same water 

source. This shows that crop yield can be increased by 

effectively increasing nutrients under moisture restriction. 

Therefore, this study was designed and conducted to 

investigate the role of potassium sulfate solution containing 

zinc-chelate in increasing the yield and reducing the water 

consumption of wheat in the Kahnooj (Kerman) region. 

 

Materials and methods 

Time and location of the project: The present study 

was conducted during the cropping year of 2019-2020 in the 

Kahnooj city, south of Kerman province, and in the 

geographical position of 28º 5’N and 57º 45’E. 

Treatments: This experiment was performed in a 

randomized complete block design with 5 treatments and 3 

replications in a wheat field. The area of the plots for each 

replicate was 100 square meters, and wheat cultivar Chamran 

2 with a seed content of 250 kg/ha was selected for this study. 

Before planting, the soil was sampled from a depth of 0-30 

cm, and the physical and chemical properties were determined 

by conventional laboratory methods (Pansu and Gautherou, 

2003)  

(Table 1). 

Experimental treatments in this study included; the first 

treatment: Control (consumption of all fertilizers except 

potassium based on the results of soil analysis with 7 

irrigations). The second treatment: The conventional 

fertilizing by the local farmers (NP) with 7 irrigations; the 

third treatment: First treatment + application of potassium 

sulfate (SOP) before planting, with 7 irrigations; Fourth 

treatment: First treatment + application of 33% sulfate-

potassium (SOP) before planting and 67% of the remaining 

source of soluble potassium sulfate (SSOP) as foliar 

application with 7 irrigations; Fifth treatment: The first 

treatment + application of 33% of sulfate-potassium (SOP) 

before planting and 67% of the remaining source of the 

sulfate-potassium solution containing chelate (SSOP + Zn-

EDTA) as foliar application and irrigation in 5 times. 

Fertilization and fertilizer treatments: 
Micronutrient fertilizers with sulfate sources, including ferrous 

sulfate, manganese sulfate, zinc sulfate, and copper sulfate, 

were added to the soil at 100, 80, 50, and 20 kg/ha before 

planting, respectively. Sulfur at a rate of 300 kg/ha 

(with Thiobacillus bacterium at a rate of 1%) 
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Table 1- Results of the physical and chemical properties of the soil 

 

and superphosphate-triple at a rate of 150 kg/ha and 300 

kg of sulfate-potassium per hectare were utilized. The 

urea fertilizer was added to the treatments at the time of 

tillering and the beginning of stalking as a foliar 

application. Soluble potassium sulfate and soluble 

potassium sulfate-containing zinc chelate were added as 

foliar at the time of stem formation and grain filling.  

In the present study, irrigation was conducted as 

flood irrigation. Water stress was applied to the fifth 

treatment so other treatments were irrigated seven times 

as usual in the region. However, the fifth treatment was 

irrigated five times and included two stages, the first 

stage at the shoot and the second stage at the grain 

formation. Plant harvest was performed at the stage of 

complete physiological maturity. For this purpose, 2 

meters from the middle of each plot were harvested to 

measure wheat yield, and the grains were separated 

from the cluster and cleaned. Measured traits included 

total yield, potassium fertilizer efficiency, water 

efficiency, grain potassium content, grain zinc 

concentration, grain phosphorus, protein content per 

grain, and the molar ratio of phytic acid to zinc (PA/Zn) 

per grain. 

Measuring plant dry matter percent: To 

determine the plant dry matter percentage, the samples 

were transferred to the laboratory and dried in an oven 

at 65°C for 48 hours. The dry matter percent was 

calculated by the distraction of initial sample weight 

(fresh sample) and oven-dried weight. 

Measurement of plant biochemical traits, 

nitrogen measurement: 

Grain nitrogen concentration was determined using 

the Kjeldahl method (Bremner and Mulvaney, 1982) so 

that 0.1 g of milled samples adjacent to the catalyst 

(copper sulfate, potassium, and selenium sulfate) and 

concentrated sulfuric acid at 380°C for 3 hours of 

digestion and grain nitrogen concentration were 

determined using a Kjeldahl apparatus. 

Measurement of grain protein: The grain protein 

concentration was measured using the Kjeldahl method 

(Bremner and Mulvaney, 1982) so that the amount of 

0.1 g of milled samples adjacent to the catalyst (copper 

sulfate, potassium sulfate, and selenium) and 

concentrated sulfuric acid at 380°C for 3 hours of 

digestion and grain nitrogen concentration were 

quenched using a device. Then, using a coefficient of 

6.25, the grain nitrogen concentration was converted to 

the grain protein (Boulos et al., 2020). 

Grain phytic acid concentration: Phytic acid with 

the chemical name cyclohexane is hexylhexa 

metaphosphate, and its chemical formula is C6H18O24P6. 

In order to determine the molar ratio of phytic acid to 

zinc, it was calculated by first converting the 

concentration of phytic acid. 

Grain phytic acid percent= grain P content × 3.55 

According to the molar mass of phytic acid (660.04 

g/mol) and the molar mass of the element zinc (65.38 

g/mol), their concentrations were calculated in moles, 

and the molar ratio of phytic acid to zinc was calculated 

according to the following equation. 

The molar ratio of phytic acid to zinc = molar ratio of 

phytic acid/molar concentration of zinc 

Water use efficiency: According to the following 

equation, water use efficiency was calculated based on 

biological consumption and economic yield of grain in 

terms of kg/kg (water consumption). 

 

Where, water use efficiency in kg/kg, D is the yield 

in the treated plot in kg/ha, and W is the amount of 

water used in kg/ha. Considering the time of water 

consumption and water consumption, the amount of 

water consumed for the first to fourth treatments was 

7560 cubic meters and for the fifth treatment was 5400 

cubic meters. 

Fertilizer use efficiency: Fertilizer efficiency is 

defined as the yield produced per unit of input 

consumed. The efficiency of fertilizer or elements is the 

amount of yield production per kilogram of fertilizer or 

applied element, expressed in kilograms of yield per 

kilogram of fertilizer or desired element (Malakouti, 

2018). The efficiency of potassium fertilizer was 

calculated from the following formula. 

 

Where, KUE is the fertilizer use efficiency in kg/kg, 

Kf is the yield in the treated plot in kg/ha, KC is the 

yield in the control plot in kg/ha, and R is the amount of 

potassium applied in kg/ha. 

The data were statistically analyzed using SAS 

software (Ver. 9.0). Also, the mean of the data was 

compared using LSD test at 5%. 

 

Results and discussion 

This study was conducted to investigate the effect of 

optimal application of potassium fertilizer and water 

consumption on wheat's quantitative and qualitative 

yield. The results of this study were presented as traits 

related to grain yield and quality traits. 

Yield traits: According to Table 2, the analysis of 

variance showed that the effect of different treatments 

on the studied parameters was statistically significant 

(P<0.01). 

Grain yield: According to the results, the lowest 

and highest grain yields were obtained in the second and 

fourth treatments, which were 4648 and 6137 kg/ha, 

respectively (Figure 1). The results showed that in the 

control where all fertilizers (except potassium) were 

applied based on the soil test, grain yield was 14% 

OC 
pH 

EC Sand Silt Clay 
 

P N Cu Zn Mn Fe K 
 

S TNV 

% dS/m % mg/kg % 

0.07 7.3 5.80 68 28 4  6.40 0.007 0.35 0.38 6.13 0.09 86  0.01 11.6 
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Table 2- results of analysis of variance of the effect of the fertilizer and irrigation treatments on studied parameters (first to 

fourth treatments) 

S. O. V. df 
Grain 

Yield 

Water Use 

Efficiency 

Potassium 

Use 

Efficiency 

P K Zn Protein 

Molar ratio 

of phytic 

acid to zinc 

Treatments 4 2357339** 0.148** 5.2** 0.011** 0.011** 198.22** 13.78** 13.78** 

Error 10 3388 0.000072 0.0186 0.000073 0.000073 0.6 0.0076 0.0076 

C.V. (%)  2 2 4 3 3 3 3 3 

** significant at 1 percent probability level 

 
Figure 1- effect of different fertilization treatments on grain yield (T1 (First): Control, T2 (Second): conventionl fertilizing by 

the local farmers, T3 (Third): first treatment + application of potassium sulfate, T4 (fourth): first treatment + application of 

33% sulfate-potassium, before planting and 67% of the remaining source of soluble potassium sulfate (SSOP) as foliar 

application, T5 (fifth): first treatment + application of 33% of sulfate-potassium (SOP) before planting and 67% of the 

remaining source of sulfate-potassium solution containing chelate (SSOP + Zn-EDTA) as foliar application) 
 

higher than in the second treatment, which was done 

according to the farmer's conventional fertilization plan. 

The difference between the two treatments were 

statistically significant. 

The results showed that the grain yield in the fifth 

treatment was 6022 kg/ha. According to Table 3, the 

difference between the grain yield in the fifth treatment 

and the first to fourth treatments (group comparison) 

was statistically significant (P<0.01). 

The the mean comparison between the first to fourth 

treatments compared to the fifth treatment showed that 

the grain yield in the fifth treatment was higher than the 

first to third treatments and was statistically significant. 

The results also showed that the grain yield in the fourth 

treatment was 1.90% higher than in the fifth treatment, 

whereas the difference was not statistically significant 

(Table 3). 

These results were consistent with the results of 

Khan et al. (2014). They reported that the application of 

potassium fertilizers in soils with potassium content less 

than the critical level of initial potassium, mainly sandy 

soils or highly aerated soils, led to a significant increase 

in grain yield. Fornari et al. (2020) also reported that the 

application of potassium fertilizer not only increased 

wheat yield in control but also reduced water 

consumption, which was consistent with the results of 

the present study. The positive effect of potassium on 

increasing grain yield has also been reported by Iqbal et 

al. (2010) for maize and Asgharipour and Heidari 

(2011) for sorghum. Fan et al. (2021) reported an 

increase in dry matter production and yield of maize 

using potassium, which was attributed to the increase in 

photosynthesis and the transfer of more photosynthetic 

materials to the grain by providing moisture. 

Water use efficiency: The lowest and highest water 

use efficiencies were related to the second and fourth 

treatments, whose values were 0.54 and 0.82 kg/m3, 

respectively (Figure 2). According to the results, water 

use efficiency in the first treatment, in which 

fertilization was performed based on the soil test, was 

0.62 kg/m3 of water, which was 14% higher than the 

second treatment, which used only nitrogen and 

phosphorus. Also, the results showed that the water use 

efficiency in the third treatment was 0.72 kg/m3, which 

was 13.60% lower than the fourth treatment, which 

differed only in the method of fertilizer application. 

According to the results, water use efficiency in the 

fifth treatment was 1.11 kg per cubic meter of water. 

Although the amount of water used in this treatment 

was lower compared to other treatments, water use 

efficiency in this treatment compared to the first 

treatments was higher, which was statistically 

significant (group comparison of the first to fourth 

treatments with the fifth treatment) was also significant 

at the level of 1% (Table 2). The amount of water use 

efficiency in the fifth treatment compared to the other 

First                Second                 Third               Fourth 
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Table 3- results of t-test between grain yield of fifth treatment compared to the other treatments (first to fourth treatments) 

Water Use Efficiency in T5 

)3(kg/m 

Water Use Efficiency 

)3(kg/m 

Grain Yield in T5 

(kg/ha) 

Grain Yield  

(kg/ha) 
Experimental Treatments 

**1.11 0.62 **6022 4648 T 1 
**1.11 0.54 **6022 4077 T 2 
**1.11 0.72 **6022 5402 T 3 
**1.11 0.82 ns6022 6137 T 4 

* and ** significant at 5 and 1 percent probability level, respectively, and ns non-significant. (T1 (First): Control, T2 

(Second): conventionl fertilizing by the local farmers, T3 (Third): first treatment + application of potassium sulfate, T4 

(fourth): first treatment + application of 33% sulfate-potassium, before planting and 67% of the remaining source of soluble 

potassium sulfate (SSOP) as foliar application, T5 (fifth): first treatment + application of 33% of sulfate-potassium (SOP) 

before planting and 67% of the remaining source of sulfate-potassium solution containing chelate (SSOP + Zn-EDTA) as 

foliar application)  

 
Figure 2- effect of different fertilization treatments on water use efficiency. (T1 (First): Control, T2 (Second): conventionl 

fertilizing by the local farmers, T3 (Third): first treatment + application of potassium sulfate, T4 (fourth): first treatment + 

application of 33% sulfate-potassium, before planting and 67% of the remaining source of soluble potassium sulfate (SSOP) 

as foliar application, T5 (fifth): first treatment + application of 33% of sulfate-potassium (SOP) before planting and 67% of 

the remaining source of sulfate-potassium solution containing chelate (SSOP + Zn-EDTA) as foliar application) 

 

treatments (first to fourth treatments) was statistically 

significant (t-test), which indicated that consuming less 

water in the fifth treatment while achieving maximum 

yield equivalent to the fourth treatment, water use 

efficiency was also maximized (Table 4). 

Water use efficiency showed a slight relationship 

between plant growth and water consumption. It is 

defined as the amount of dry matter produced per unit of 

water consumed. Fornari et al. (2020) reported that the 

application of potassium fertilizer at 300 kg/ha led to a 

reduction in water consumption and increased corn 

yield from 7650 kg/ha to 8700 kg/ha compared to the 

control. Considering the role of potassium in the 

stomatal functions and cell turgor, it seems that 

potassium has increased water efficiency in the plant by 

regulating water consumption in the plant while 

reducing the amount of water consumed in the soil 

(Malakouti et al., 2008). The results of the present study 

showed that the application of zinc with potassium 

fertilizers had a synergistic effect on the absorption of 

other cationic nutrients such as potassium, iron, 

manganese, and copper, which in turn led to increased 

plant resistance to the drought stress and not only 

reduced the effects of environmental stresses but also 

reduced the water vapor pressure fraction by regulating 

photosynthesis, stomatal conductance, and fluorescence 

indices, thus prevents water loss, results in a reduction 

in the plant's water requirement and increases relative 

yield (Rizwan et al., 2019). 

Potassium use efficiency: In the present study, 

potassium fertilizer was not used in the first and second 

treatments. In the third, fourth, and fifth treatments, 

potassium-containing fertilizer (application by different 

methods and amounts) was used. The results showed 

that potassium application had higher efficiency in the 

fourth treatment compared to the third treatment, and 

this difference was significant at 1% probability (Figure 

3). Reducing the effects of environmental stresses and 

increasing yields (increasing the potassium fertilizer 

efficiency) in tomato, pepper, eggplant, clove, and 

cereals such as rice has been demonstrated (Grewal and 

Graham, 1999; Hakerlerler et al., 1997; Haque, 1988). 

The results showed that the efficiency of potassium 

application in the fifth treatment was 4.60, which was 

significant compared to other treatments (third and 

fourth treatments) (P<0.01) (Table 2). The results 

indicated that in light-textured lands, it was necessary to 

use potassium in wheat in several steps, in proportion to 
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Table 4- results of t-test between grain yield of fifth treatment compared to the other treatments (first to fourth treatments) 

Experimental Treatments Potassium Use Efficiency (%)  Potassium Use Efficiency (%) in T5 

T 3 2.5 4.6** 

T 4 4.96 4.6ns 

* and ** significant at 5 and 1 percent probability level, respectively, and ns non-significant. T3 (Third): first treatment + 

application of potassium sulfate, T4 (fourth): first treatment + application of 33% sulfate-potassium, before planting and 

67% of the remaining source of soluble potassium sulfate (SSOP) as foliar application 

 
Figure 3- effect of different fertilization treatments on potassium use efficiency, T3 (Third): first treatment + application of 

potassium sulfate, T4 (fourth): first treatment + application of 33% sulfate-potassium, before planting and 67% of the 

remaining source of soluble potassium sulfate (SSOP) as foliar application 

 

wheat's phenological growth stages. Also, the use of all 

fertilizers containing potassium before planting reduced 

the efficiency of fertilizer use and its effect. It also 

reduced yield and increased production costs. The 

results mentioned above were consistent with the results 

of Alcoz et al. (1993) concerning increasing fertilizer 

efficiency and in the application of potassium fertilizers. 

Increasing the efficiency of potassium fertilizer 

application in the fifth treatment compared to the third 

and fourth treatments caused the difference between the 

fifth and third treatments to be statistically significant at 

the level of 1%. In contrast, the difference between the 

fifth and fourth treatments was not statistically 

significant (Table 4). 

Grain quality traits: The analysis of variance of 

grain quality traits (nitrogen, phosphorus, potassium, 

zinc, protein concentration and phytic acid to zinc molar 

ratio) showed a significant difference between the 

studied treatments at 1% level (Table 2).  

Grain phosphorous content: According to the 

results, farmers obtained the highest grain phosphorus 

content in the conventional fertilizer application; 

farmers obtained the highest grain phosphorus content 

in the conventional fertilizer application (second 

treatment), which was 0.37%. Phosphorus content in the 

first, third and fourth treatments were 0.30, 0.26, and 

0.23%, respectively (Figure 4). The results also showed 

that in the application of sulfate-potassium fertilizer, 

phosphorus concentration decreased compared to the 

control. In the application of sulfate-potassium fertilizer 

as a foliar application (fourth treatment), the lowest 

concentration of phosphorus was observed compared to 

the other treatments which were also statistically 

significant. 

Remaining source of sulfate-potassium solution 

containing chelate (SSOP + Zn-EDTA) as foliar 

application) 

The results showed that the concentration of grain 

phosphorus in the fifth treatment was 0.22%, which is 

statistically different (group comparison between the 

first to fourth treatments with the fifth treatment) from 

the concentration of grain phosphorus in other 

treatments (first to fourth treatments). According to the 

results of comparing the mean (t-test) of the first to 

fourth treatments with the fifth treatment, the difference 

between grain phosphorus concentrations in the first to 

third treatments with the fifth treatment was statistically 

significant. At the same time, there were no differences 

between the fourth and fifth treatments in terms of the 

phosphorus concentrations (Table 5). 

Grain potassium content: The lowest and highest 

grain potassium concentrations were obtained in the 

second treatment (conventional fertilizer application 

method by farmers) and the fourth treatment (foliar 

application of soluble potassium sulfate fertilizer) by 

0.29 and 0.54%, respectively (Figure 5). The results 

showed no significant difference in grain potassium 

concentration between the control and the second 

treatment (conventional fertilizer application method by 

farmers). In contrast, the application of potassium 

sulfate fertilizer completely before planting (third 

treatment) and as a foliar application (fourth treatment) 

had a significant difference in grain potassium 
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Table 5- t-test between nutrient concentrations (percentage) of the fifth treatment with other treatments 

Experimental 

Treatments 

P content 

(%) 

P content (%) 

in T5 
K content (%) 

K content (%) 

in T5 
Zn content (%) 

Zn content (%) 

in T5 

T 1 0.30 0.22** 0.30 0.52** 23.33 37.33** 

T 2 0.37 0.22** 0.29 0.52** 17.67 37.33** 

T 3 0.26 0.22** 0.42 0.52** 28 37.33** 

T 4 0.23 0.22ns 0.54 0.52ns 35 37.33** 

* and ** significant at 5 and 1 percent probability level, respectively, and ns non-significant. (T1 (First): Control, T2 

(Second): conventionl fertilizing by the local farmers, T3 (Third): first treatment + application of potassium sulfate, T4 

(fourth): first treatment + application of 33% sulfate-potassium, before planting and 67% of the remaining source of soluble 

potassium sulfate (SSOP) as foliar application, T5 (fifth): first treatment + application of 33% of sulfate-potassium (SOP) 

before planting and 67% of the remaining source of sulfate-potassium solution containing chelate (SSOP + Zn-EDTA) as 

foliar application) 

 
Figure 4- The effect of different fertilizer treatments on grain phosphorus concentration. (T1 (First): Control, T2 (Second): 

conventionl fertilizing by the local farmers, T3 (Third): first treatment + application of potassium sulfate, T4 (fourth): first 

treatment + application of 33% sulfate-potassium, before planting and 67% of the remaining source of soluble potassium 

sulfate (SSOP) as foliar application, T5 (fifth): first treatment + application of 33% of sulfate-potassium (SOP) before 

planting and 67% of the  

 
Figure 5- The effect of different fertilizer treatments on grain potassium concentration. (T1 (First): Control, T2 (Second): 

conventionl fertilizing by the local farmers, T3 (Third): first treatment + application of potassium sulfate, T4 (fourth): first 

treatment + application of 33% sulfate-potassium, before planting and 67% of the remaining source of soluble potassium 

sulfate (SSOP) as foliar application, T5 (fifth): first treatment + application of 33% of sulfate-potassium (SOP) before 

planting and 67% of the remaining source of sulfate-potassium solution containing chelate (SSOP + Zn-EDTA) as foliar 

application) 

 

concentration compared to the control. Also, there was a 

statistically significant difference between the third and 

the fourth treatments in the grain potassium 

concentration. The grain potassium concentration 

influenced by these two treatments were 0.42 and 

0.54%, respectively. Ma et al. (2018) showed that by 

increasing the application of potassium fertilizer up to 

80 kg/ha, leaf potassium concentration increased to 2.7, 
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2.5, 1.2, and 1.7% in wheat plant shoots. 

The results showed that the potassium concentration 

in the fifth treatment was 0.52% which was statistically 

significant compared to the other treatments (first to 

fourth treatments) (group comparison of first to fourth 

treatments with the fifth treatment) (P<0.01; Table 2). 

According to the results, the grain potassium 

concentration in the fifth treatment was numerically 

higher than in the first to third treatments, which was 

also statistically significant (t-test). However, the 

difference between the fourth and fifth treatments was 

not statistically significant (Table 5). 

Grain zinc content: The lowest and highest grain 

zinc concentrations were observed in the second and 

fourth treatments 17.67 and 35 mg/kg, respectively 

(Figure 6). According to the results, the zinc 

concentration in the control treatment, fertilizer based 

on soil test (except potassium), was 23.33 mg/kg. The 

results also showed that between the third and fourth 

treatments, which were differences in the application of 

sulfate-potassium fertilizer, a significant difference was 

observed in the concentration of zinc in the grain.  

The results showed that the zinc concentration in 

this treatment was 37.33 mg/kg. Group comparison of 

the first to fourth treatments with the fifth treatment 

showed a statistical difference between these treatments 

and the fifth treatment (P<0.01; Table 2). 

According to the results, the zinc concentration in 

the fifth treatment was higher than in the other 

treatments, which was statistically significant with one 

treatment (first to fourth treatments) (t-test; Table 5). 

Based on the results, the amount of zinc uptake from 

the soil to provide grain zinc concentration in the field 

has increased, consistent with Soleimanzadeh et al. 

(2010) results in improving the quality of wheat grain. 

This experiment's results align with the results of Saha 

et al. (2020), who reported that the soil application of 

zinc fertilizer increased grain enrichment with zinc up to 

5 mg/kg (17%) compared to the control. While soil 

application and zinc foliar application increased zinc 

enrichment up to 27.8 mg/kg (95%) compared to the 

control treatment. 

Grain protein content: The lowest and highest 

grain protein content was observed in the second and 

fourth treatments by 8.57 and 13.85%, respectively 

(Figure 7). Protein content in the first treatment in 

which fertilization was based on soil test (except for the 

application of fertilizer containing potassium) was 

11.69%, which was 36.40% higher than the second 

treatment in which fertilization was based solely on the 

conventional fertilizer application by farmers. Also, the 

results showed that the protein concentration in the third 

treatment was 13.62%, lower than the fourth treatment 

and higher than the first and second treatments. The rice 

grain protein content in Saha et al. (2020) ranged from 

7.91 to 11.18%, with an average of 9.28%. The 

application of zinc increased the grain protein content 

compared to the control treatment. For example, a 10% 

increase in this parameter was reported. Differences in 

the grain protein content of cereals can depend not only 

on zinc fertilizer management but also on variation in 

cereal cultivars. The use of zinc was helpful in 

increasing protein content in plant parts since zinc was 

involved in protein metabolism through several enzyme 

systems (Feng et al., 2008). Therefore, increasing the 

protein content of cereals due to the zinc application can 

also improve the desired quality characteristics of 

cereals (Horino et al., 1983). 

Results showed that the grain protein content in the 

fifth treatment was 13.85% which was statistically 

significant compared to the other treatments (first to 

fourth treatments) (group comparison between the first 

to fourth treatments with the fifth treatment) at a 1 

percent probability level (Table 4). 

Similar investigations showed that by pre-planting 

application of zinc sulfate and also the foliar application 

of chelated zinc fertilizer, wheat grain protein 

concentration significantly increased compared to other 

treatments (Soleimanzadeh et al., 2010) high synergistic 

uptake of zinc, potassium, and nitrogen. There is also an 

increase in the physiological and morphological 

characteristics of the plant. 

According to the results, the grain protein content in 

the fifth treatment was higher than in other treatments 

(first to fourth treatments), where the difference 

between this treatment and the first to third treatments 

was statistically significant (t-test). In contrast, the 

difference with the fourth treatment was not significant 

(Table 6). 

Increasing the grain protein content could be 

affected by the positive effects of potassium and zinc in 

providing the nutritional requirements of wheat for 

these elements and thus the biosynthesis of grain 

protein. The results obtained in the present study were 

in line with the findings of and Wang et al. (2017) on 

the combined use of potassium and zinc as foliar 

application and also the results of Ranjbar et al. (2007) 

on the effect of zinc application in increasing grain zinc 

concentration, grain protein, 1000-grain weight, and 

grain yield. 

The molar ratio of phytic acid to zinc 

(unfavorable nutritional index) in the grain: 
According to the results, there was a significant 

difference between treatments in terms of PA/Zn 

(P<0.01; Figure 8). The fourth, third, first, and second 

treatments had the lowest to highest PA/Zn value. The 

values of this trait in these treatments were 23.44, 32.71, 

45.82, and 73.74, respectively. 

The results showed that PA/Zn value in the fifth 

treatment was 20.72, which was statistically significant 

compared to the other treatments (group comparison of 

the first to fourth treatments with the fifth treatment) at 

the 1% probability level (Table 2). 

According to Table 6, the PA/Zn value in the fifth 

treatment was less than other treatments, which is 

statistically significant (t-test) between the first to third 

treatments at the level of 1% and with the fourth 

treatment at the level of 5%. The application of 
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Figure 6- Effect of different fertilizer treatments on grain concentration. (T1 (First): Control, T2 (Second): conventionl 

fertilizing by the local farmers, T3 (Third): first treatment + application of potassium sulfate, T4 (fourth): first treatment + 

application of 33% sulfate-potassium, before planting and 67% of the remaining source of soluble potassium sulfate (SSOP) 

as foliar application, T5 (fifth): first treatment + application of 33% of sulfate-potassium (SOP) before planting and 67% of 

the remaining source of sulfate-potassium solution containing chelate (SSOP + Zn-EDTA) as foliar application) 

 
Figure 7- The effect of different fertilizer treatments on grain protein concentration. (T1 (First): Control, T2 (Second): 

conventionl fertilizing by the local farmers, T3 (Third): first treatment + application of potassium sulfate, T4 (fourth): first 

treatment + application of 33% sulfate-potassium, before planting and 67% of the remaining source of soluble potassium 

sulfate (SSOP) as foliar application, T5 (fifth): first treatment + application of 33% of sulfate-potassium (SOP) before 

planting and 67% of the remaining source of sulfate-potassium solution containing chelate (SSOP + Zn-EDTA) as foliar 

application) 

 

potassium and zinc fertilizers plays an essential role in 

decreasing the absorption of phosphorus in soils that are 

low in potassium and zinc. Zinc and potassium, through 

primary mechanisms such as inhibition of phosphorus 

root uptake, transfer of absorbed phosphorus to less-

mobile areas such as cell walls and vacuoles, and 

changes in plant root position, lead to reduced 

phosphorus transfer to organs where it has more 

motility. Then its entry into the cytoplasm, thus 

reducing the transfer of phosphorus to the grain, which 

leads to a decrease in the unfavorable nutritional index 

(Malakouti, 2018; Marschner, 1995). Also, the results 

showed a statistical difference between the fifth 

treatment and other treatments in terms of the molar 

concentration of phytic acid at the level of 1%  

(Table 6). 

In order to investigate the role of zinc in increasing 

yield and reducing the molar ratio of phytic acid to rain-

fed wheat, Bahrami (2011) experimented by 10 farms 

near Khodabandeh city located in Zanjan province in 

the 2010-2011 cropping year. The three treatments of 

this experiment were the first treatment: control 

(without fertilizer application), the second treatment: 

fertilization according to the conventional method of the 

farmers in the region, and the third treatment: 

Fertilization based on the results of soil analysis 

(balanced nutrition) and planting and maintenance 

operations were conducted according to farmers' 

conventions in the area. The results showed that while 

the average yield per hectare in the treatment areas 

without fertilizer was 975 kg and in the conventional 

treatment of farmers was 1401 kg/ha, this yield in the 
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Table 6- t-test between protein content and PA/Zn ratio of the fifth treatment with other treatments 

Experimental 

Treatments 

Protein 

content (%)  

Protein content 

(%) in T5 

PA/Zn PA/Zn (%) in 

T5 

T 1 11.68 33.85** 45.82 20.72** 

T 2 8.57 33.85** 73.74 20.72** 

T 3 12.69 33.85** 32.70 20.72** 

T 4 13.62 33.85ns 23.44 20.72* 

* and ** significant at 5 and 1 percent probability level, respectively, and ns non-significant. (T1 (First): Control, T2 

(Second): conventionl fertilizing by the local farmers, T3 (Third): first treatment + application of potassium sulfate, T4 

(fourth): first treatment + application of 33% sulfate-potassium, before planting and 67% of the remaining source of soluble 

potassium sulfate (SSOP) as foliar application. 

 
Figure 8- Effect of different fertilizer treatments on the molar ratio of phytic acid on grain. (T1 (First): Control, T2 (Second): 

conventionl fertilizing by the local farmers, T3 (Third): first treatment + application of potassium sulfate, T4 (fourth): first 

treatment + application of 33% sulfate-potassium, before planting and 67% of the remaining source of soluble potassium 

sulfate (SSOP) as foliar application, T5 (fifth): first treatment + application of 33% of sulfate-potassium (SOP) before 

planting and 67% of the remaining source of sulfate-potassium solution containing chelate (SSOP + Zn-EDTA) as foliar 

application) 

 

balanced nutrition treatment was 1628 kg/ha. The mean 

concentrations of phosphorus and zinc in wheat grain 

compared to the control treatment were 0.26% and 21 

mg/kg, respectively, in the conventional treatment of 

farmers, 0.24% and 25 mg/kg, and the optimal fertilizer 

application treatment, 0.21% and 30 mg/kg, 

respectively. While the molar ratio of phytic acid to zinc 

in the treatment without fertilizer was 30 and in the 

conventional treatment of farmers was 23, this value 

decreased to 15 in the balanced nutrition treatment, 

which was significant at a 5 percent probability level. 

Considering the results, it was inferred that with 

balanced nutrition, in addition to a 16% increase in yield 

per hectare of dryland wheat fields compared to the 

conventional method of farmers, the molar ratio of 

phytic acid to zinc decreased from 23 to 15. Therefore, 

dryland wheat can be prepared without bran being 

separated from the wheat, which was in line with the 

current results of our research. 

 

Conclusion 

Potassium efficiency in wheat grain varied depending 

on the source and time of fertilizer application and was 

obtained in the range of 2.5 to 4.96 kg/kg. Potassium 

application in several steps at the same time as urea 

fertilizer application in the shoot and emergence stages 

compared to a single application at the pre-planting 

stage. While significantly affecting grain yield and 

protein, it significantly increased potassium use 

efficiency. In the study of fertilizer efficiency, based on 

the presented results, the fourth fertilizer treatment 

(consumption of soluble potassium sulfate as foliar) 

with 7 irrigations increased by 98%, and the fifth 

treatment (consumption of soluble potassium sulfate-

containing chelating) with 5 irrigations, increased by 

84%. Regarding the optimal fertilizer recommendation 

treatment of soil analysis laboratory, the third treatment; 

application of sulfate-potassium, showed that this was a 

positive result of using the foliar application of soluble 

potassium sulfate and soluble potassium sulfate-

containing zinc chelate, affected fertilizer use 

efficiency. On the other hand, in this experiment, the 

preference of applying potassium sulfate fertilizer 

containing zinc chelate over soluble potassium sulfate 

(exterior soluble potassium sulfate) was proved, mainly 

due to the presence of zinc that could be used during 

flowering. The results indicated that these two elements, 

potassium, and zinc, had positive interactions and the 

combination of zinc with potassium application in 

several steps had a more significant effect on increasing 

wheat's quantitative and qualitative yield. Therefore, in 

order to increase grain yield and protein, enrich the 
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grain with potassium and zinc, and improve the 

efficiency of potassium in wheat, in lands facing 

potassium and zinc deficiency, it is recommended to use 

potassium sulfate fertilizer containing Zn-EDTA chelate 

instead of a single application of potassium sulfate 

before planting. Further research should be continued to 

compare potassium and zinc application methods at 

different phenological stages of wheat growth. 

 

 
References 

 

Alcoz, M. N., Hons, F. M. and Haby, V. A. (1993) Nitrogen fertilization, timing effect on wheat production, nitrogen 

uptake effeciency and residual soil nitrogen. Agronomy Joural 85: 1198-1203. 

Amanullah Iqbal, A., Irfanullah et al. (2016) Potassium management for improving growth and grain yield of maize 

(Zea mays L.) under moisture stress condition. Scientific Reports 6: 34627.  

Aquino, P., Federico, C. and Ricardo, C. (2001) Selected wheat statistics. Cimmyt 2001 (2000): 52-62. 

Azeem, T., Shakeel, A. A., Randhawa, M. A. and Mubashar, N. (2014) Influence of zinc nutrition on growth and yield 

behaviour of maize (Zea mays L.) hybrids. American Journal of Plant Sciences 05: 2646-2654. 

Bahrami, A. (2011) Investigating the effect of zinc on increasing yield and decreasing the molar ratio of phytic acid to 

zinc (PA/Zn) of wheat grain in some dryland wheat fields in Zanjan province, Iran. Master Thesis, Tarbiat Modares 

University, Tehran, Iran.  

Biglouie, M. H., Assimi, M. H. and Akbarzadeh, A. (2010) Effect of water stress at different stages on quantity and 

quality traits of virginia (flue cured) tobacco type. Plant Soil Environment 2: 67-75. 

Boulos, S., Tannler, A. and Nystrom, L. (2020) Nitrogen-to-Protein conversion factors for edible insects on the swiss 

market: T. molitor, A. domesticus, and L. migratoria. Frontiers in Nutrition 7: 89.  

Bremner, J. M. and Mulvaney, C. S. (1982) Methods of soil analysis, part 2. Chemical and Microbiological Properties 

595-624. 

Cakmak, I. (2008) Enrichment of cereal grains with zinc: Agronomic or genetic biofortification. Plant and Soil  

302: 1-17.  

Cakmak, I., Kalayci, M., Kaya, Y., Torun, A. A., Aydin, N., Wang, Y. and Ozturk, L. (2010) Biofortification and 

localization of zinc in wheat grain. Journal of Agricultural and Food Chemistry 58: 9092-9102. 

Fan, Y. F., Gao, J. L., Sun, J. Y., Liu, J., Su, Z. J., Hu, S. P., Wang, Z. G. and Yu, X. F. (2021) Effects of potassium 

fertilizer on dry matter accumulation and potassium absorption characteristics of maize (Zea mays L.) inbred lines 

with different yield types. bioRxiv. https://doi.org/10.1101/2021.04.06.438571. 

Feng, Y., Wang, L., Xin, Z., Zhao, L., An, X. and Hu, Q. (2008) Effect of foliar application of zinc, selenium, and iron 

fertilizers on nutrients concentration and yield of rice grain in China. Journal of Agricultural and Food Chemistry 

56: 2079-2084. 

Fornari, A. J., Caires, E. F., Haliski, A., Tzaskos, L., and Joris, H. A. (2020) Nitrogen fertilization and potassium 

requirement for cereal crops under a continuous no-till system. Pedosphere 30: 747-758. 

Galle, A., Florez-Sarasa, I., Thameur, A., De Paepe, R., Flexas, J. and Ribas-Carbo, M. (2010) Effects of drought stress 

and subsequent rewatering on photosynthetic and respiratory pathways in Nicotiana sylvestris wild type and the 

mitochondrial complex I-deficient CMSII mutant. Journal of Experimental Botany 61: 765-775.  

Ghorbani, R., Mondani, F., Amirmoradi, S., Feizi, H., Khorramdel, S., Teimouri, M., Sanjani, S., Anvarkhah, S. and 

Aghel, H. (2011) "A case study of energy use and economical analysis of irrigated and dryland wheat production 

systems," Applied Energy, Elsevier 88: 283-288. 

Grewal, H. S. and Graham, R. D. (1999) Residual effects of subsoil zinc and oilseed rape genotype on the grain yield 

and distribution of zinc in wheat. Plant and Soil 207: 29-36. 

Hakerlerler, H., Oktay, M., Eryuce, N. and Yagmur, B. (1997) Effect of potassium sources on the chilling tolerance of 

some vegetable seedlings grown in hotbeds. In: Food Security in the WANA Region, The Essential Need for 

Balanced Fertilization. (ed. Johnston, A. E.) Pp. 317-327. International Potash Institute, Switzerland. 

Haque, M. Z. (1988) Effect of nitrogen, phosphorus and potassium on spikelet sterility induced by low temperature at 

the reproductive stage of rice. Plant and Soil 109: 31-36. 

Havlin, J. L., Beaton, J. D., Tisdale, S. L. and Nelson, W. L. (2005) Soil Fertility and Fertilizers: An Introduction to 

Nutrient Management (Vol. 515): Pearson Prentice Hall Upper Saddle River, NJ. 

Horino, T., Haraki, T. and AE, N. (1983) Phosphorus, potassium and magnesium contents and their balance in cereal 

grain. Japanese Journal of Crop Science 52: 461-467. 

Huang, T., Huang, Q., She, X., Ma, X., Huang, M., Cao, H. and Wang, Z. (2019) Grain zinc concentration and its 

relation to soil nutrient availability in different wheat cropping regions of China. Soil and Tillage Research  

191: 57-65. 

Institute of Standards and Industrial Research of Iran. (2017) Food and Feed- Maximum Limit of Heavy Metals. 1st Ed. INSO 

12968, Tehran, Iran. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

72
7.

14
01

.1
1.

49
.8

.1
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 ji
sp

p.
iu

t.a
c.

ir
 o

n 
20

26
-0

6-
24

 ]
 

                            11 / 12

https://austinpublishinggroup.com/agriculture-crop-sciences/fulltext/aacs-v7-id1104.php
https://austinpublishinggroup.com/agriculture-crop-sciences/fulltext/aacs-v7-id1104.php
https://austinpublishinggroup.com/agriculture-crop-sciences/fulltext/aacs-v7-id1104.php
https://ideas.repec.org/a/eee/appene/v88y2011i1p283-288.html
https://ideas.repec.org/a/eee/appene/v88y2011i1p283-288.html
https://ideas.repec.org/s/eee/appene.html
https://dor.isc.ac/dor/20.1001.1.23222727.1401.11.49.8.1
https://jispp.iut.ac.ir/article-1-1496-en.html


Journal of Plant Process and Function, Vol. 11, No. 49, Year 2022 74 

 

 

Keshavarz, P. and Malakouti, M. J. (2005) The effects of zinc and salinity on growth, chemical composition and 

vascular tissues of wheat. Iranian Journal of Soil and Waters Sciences 19: 115-123. 

Khan, A. A. and Tariq, J. M. (2014) Impact of various nitrogen and potassium levels and application methods on grain 

yield and yield attributes of wheat. Sarhad Journal of Agriculture 30. 

Khavazi, K., Balali, M. R., Bazargan, K., Tehrani, M. M., Rezaee, H., Asadi Rahmani, H., Gheibi, M. N., Davoodi, M. 

H., Saadat, S., Moshiri, F. and Davatgar, N. (2014) Comprehensive Soil Fertility and Plant Nutrition Program 2014- 

2025. Soil and Water Research Institute Press. Karaj, Iran. (in Persian). 

Ma, D., Zhang, J., Hou, J., Li, Y., Huang, X., Wang, C., Lu, H., Zhu, Y. and Guo, T. (2018) Evaluation of yield, 

processing quality, and nutritional quality in different‐colored wheat grains under nitrogen and phosphorus fertilizer 

application. Crop Science 58: 402-415. 

Malakouti, M., Keshavarz, P. and Karimian, N. (2008) A Comprehensive Approach Towards Identification of Nutrients 

Deficiencies and Optimal Fertilization for Sustainable Agriculture. Tarbiat Modares University Press, Iran. 

Malakouti, M. J. (2018) The role of balanced fertilization on increasing yield and producing healthy agricultural 

products: Determining the amount, type and time of fertilization to achieve relative self-sufficiency, food security 

and increase farmer’s incomes. 4th Ed. Farmer’s house, 104, Mobaleghan publication, Tehran, Iran.  

Malakouti, M. J., Moshiri, F., Gheibi, M. and Molavi, S. (2005) Optimal concentration of nutrients in the soil and some 

garden products. Technical Bulletin No. 406. Ministry of Agriculture, Soil and Water Research Institute 23 (In 

Persian).  

Marschner, H. (1995) Mineral Nutrition of Higher Plants. Academic Press. Harcourt Brace and Company Publishers. 

Martinez, D. E., Luquez, V. M., Bartoli, C. G. and Guiamet, J. J. (2003) Persistence of photosynthetic components and 

photochemical efficiency in ears of water‐stressed wheat (Triticum aestivum). Physiologia Plantarum 119: 519-525. 

Asgharipour, M. R. and Heidari, M. (2011) Effect of potassium supply on drought resistance in sorghum: Plant growth 

and macronutrient content. Pakistan Journal of Agricultural Research 48: 197-204. 

Imran, M., Kanwal, Sh., Shahid, H. and Maqsood, M. A. (2015) Efficacy of zinc application methods for concentration 

and estimated bioavailability of zinc in grains of rice grown on a calcareous soil Pakistan. Journal of Agricultural 

Research 52: 169-175. 

Pansu, M. and Gautheryou, J. (2003) Handbook of Soil Analysis: Mineralogical, Organic and Inorganic Methods. 

Springer-Verlag. Berlin. 

Ranjbar, G. A. and Bahmaniar, M. A. (2007) Effects of soil and foliar application of Zn fertilizer on yield and growth 

characteristics of bread wheat (Triticum aestivum L.) cultivars. Asian Journal of Plant Sciences 6: 1000-1005. 

Rizwan, M., Ali, S., Ali, B., Adrees, M., Arshad, M., Hussain, A. and Waris, A. A. (2019) Zinc and iron oxide 

nanoparticles improved the plant growth and reduced the oxidative stress and cadmium concentration in wheat. 

Chemosphere 214: 269-277.  

Saha, B. N., Saha, S., Saha, S. et al. (2020) Zinc (Zn) application methods influences Zn and iron (Fe) bioavailability in 

brown rice. Cereal Research Communications 48: 293-299.  

Soleimanzadeh, H., Habibi, D., Ardakani, M. R., Paknejad, F. and Rejali, F. (2010) Effect of potassium levels on 

antioxidant enzymes and malondial dehyde content under drought stress in sunfluwer (Helianthus annuus L.). 

American Journal of Agricultuarl and Biological Sciences 5: 56-61. 

Umar, S. and Moinuddin (2002) Genotypic differences in yield and quality of groundnut as affected by potassium 

nutrition under erratic rainfall conditions. Journal of Plant Nutrition 25: 1549-1562.  

Urban, L., Aarrouf, J. and Bidel, L. P. R. (2017) Assessing the effects of water deficit on photosynthesis using 

parameters derived from measurements of leaf gas exchange and of chlorophyll a fluorescence. Frontiers in Plant 

Science 8: 2068.  

Wang, S., Li, M., Liu, K., Tian, X., Li, S., Chen, Y. and Jia, Z. (2017) Effects of Zn, macronutrients, and their 

interactions through foliar applications on winter wheat grain nutritional quality. PLoS One, 12: e0181276. 

Waraich, E. A., Ahmad, R., Ashraf, M. Y. and Ahamad, M. (2011) Improving agricultural water use efficiency by 

nutrient management in crop plants. Acta Agriculturae Scandinavica, Section B — Soil and Plant Science 61: 1-12.  

Zhang, H. M., Xue-Yun, Y. A. N. G., Xin-Hua, H. E., Ming-Gang, X. U., Huang, S. M., Hua, L. I. U. and Bo-Ren, W. 

A. N. G. (2011) Effect of long-term potassium fertilization on crop yield and potassium efficiency and balance 

under wheat-maize rotation in China. Pedosphere 21: 154-163. 

 

 

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

72
7.

14
01

.1
1.

49
.8

.1
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 ji
sp

p.
iu

t.a
c.

ir
 o

n 
20

26
-0

6-
24

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            12 / 12

https://www.sid.ir/en/Journal/Searchpaper.Aspx?Writer=16931
https://www.sid.ir/en/Journal/Searchpaper.Aspx?Writer=2948
https://austinpublishinggroup.com/agriculture-crop-sciences/fulltext/aacs-v7-id1104.php
https://austinpublishinggroup.com/agriculture-crop-sciences/fulltext/aacs-v7-id1104.php
https://austinpublishinggroup.com/agriculture-crop-sciences/fulltext/aacs-v7-id1104.php
https://www.researchgate.net/profile/Mohammad-Asgharipour?_sg%5B0%5D=jlJLjfDECuMtOMPMvrrh7piL5FE2NKswpVqSShmxMuQMuqLpH1jglkBnai3BrkND-4q6SE8.rqP5z3kVrzEsX8ydI4NKJ0hon1eJx0rdtJ_h3ybYs07YWR_wlUvgJz9SzDuMlqiPpT0DCcoJ_X-Cq3y4Xmqk4g&_sg%5B1%5D=vS0Cat_rzQ1T1ZVGDDKvsYrxLeXQ-4T9mdvSZH5UxAiH_7gX8LzB3F9N2szLQMkPygjwjKw.Amavx-_UTwTEJVhGAk_SeHYSfWxKXoLj-co4xtwIhcp5peIxyj2907dRCUxhp6jQoWJeC2v_SUNbu1ZBlnDNRw
https://www.researchgate.net/scientific-contributions/Mahmood-Heidari-2087831321?_sg%5B0%5D=jlJLjfDECuMtOMPMvrrh7piL5FE2NKswpVqSShmxMuQMuqLpH1jglkBnai3BrkND-4q6SE8.rqP5z3kVrzEsX8ydI4NKJ0hon1eJx0rdtJ_h3ybYs07YWR_wlUvgJz9SzDuMlqiPpT0DCcoJ_X-Cq3y4Xmqk4g&_sg%5B1%5D=vS0Cat_rzQ1T1ZVGDDKvsYrxLeXQ-4T9mdvSZH5UxAiH_7gX8LzB3F9N2szLQMkPygjwjKw.Amavx-_UTwTEJVhGAk_SeHYSfWxKXoLj-co4xtwIhcp5peIxyj2907dRCUxhp6jQoWJeC2v_SUNbu1ZBlnDNRw
https://dor.isc.ac/dor/20.1001.1.23222727.1401.11.49.8.1
https://jispp.iut.ac.ir/article-1-1496-en.html
http://www.tcpdf.org

