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Abstract 

In order to study the effect of drought stress and foliar application of micronutrients on agronomical 

properties of wheat cultivar Sirvan, the experiments were carried out at the Agricultural Research Field of Islamic 

Azad University of Kermanshah during the 2015-16 and 2016 -17 growing seasons. The experiments were 

performed in a split-plot format in a randomized complete-block design based on 4 replications. The main plots 

included irrigation treatments at three levels: I1- normal irrigation, I2- irrigation withdraw from the beginning of the 

flowering stage to the end of the growth period, and I3- irrigation withdraw from the beginning of the grain filling 

stage to the end of the growth period and the sub-plots included foliar application treatments at four levels: S0 - 

foliar application of water, S1 - foliar application of zinc, S2 - foliar application of manganese and S3 - foliar 

application of  zinc and manganese. Significant interaction between stress levels and foliar application showed that 

the number of spikes per plant in treatment where irrigation withdraw at flowering and irrigation withdraw at the 

grain filling stage was affected by both zinc and manganese foliar application treatments and increased with 

irrigation water compared to foliar application treatments. The number of grains per spike followed the same trend 

and no significant difference was found between treatments at different levels of stress and foliar application 

regarding 1000 grain weight. A significant interaction between stress and foliar application levels on grain yield 

and harvest index showed that wheat Sirvan cultivar behavior in two years of experiment is different from that of 

foliar application levels at each level of stress. In general, the results of the experiments revealed that the tolerance 

of wheat cultivar Sirvan under terminal drought stress conditions increased with zinc and manganese foliar 

application and had a high yield stability. 
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Introduction 

Wheat is one of the most important cereals in the world, 

which has the third place in terms of production after corn 

and rice. About 17% of the total agricultural lands' area in 

the world is devoted to the cultivation of various types of 

wheat, and it provides food for 40% of the world's 

population (Asif et al., 2014). Water shortage is one of the 

major problems of wheat production in Iran. Since Iran's 

rainfall and water resources are limited, optimal water use 

seems to be essential. Optimal use of water volume units is 

one of the main goals of the policies of increasing the 

efficiency of water resources of the country. Under water 

shortage, the reproductive growth of the plant is more 

dependent on the leaf and stem reserves, and the lack of 

appropriate grain formation can be due to the lack of 

photosynthetic material provided during pollination, grain 

filling, or before it (Zinselmeier et al., 1995). For many 

reasons, such as calcareous matter, low organic matter, and 

high calcium carbonate in most of the dry and semi-arid 

regions of the country, there is a shortage of zinc and 

manganese. On the other hand, under these stress 

conditions, in these regions, access to nutrients, absorption 

and transfer of materials are disturbed (Lauer, 2003). The 

amount of dissolved nutrients available in the soil for root 

uptake and transfer of nutrients from root to stem is reduced 

due to lack of soil moisture that reduced transpiration, active 

transfer and membrane permeability. Therefore, reducing 

the access to nutrients is one of the most important factors 

of growth limitation under stress conditions (Hussein, 

2009). Nutrients' foliar application has a significant effect 

on nutrient supply when the use of soil nutrient cannot 

compensate for shortage (Sarkar, 2007). Foliar application is 

thus necessary to compensate the shortage of nutrient intake 

due to root or direct nutrient shortage, as well as to quickly 

feed the plant. Application of zinc and manganese enhances 

the root system, as a result, the plant can absorb water from 

the depths of the soil and thus increase water use and 



Foliar application of Zn and Mg for drought tolerance  

 

 

104 

Soil Environ. 38(1): 103-111, 2019 

nutrient efficiency and reduce the amount of nutrient 

leaching (Gadallah, 2000). Zn and Mn micronutrients can 

affect the plant sensitivity to drought (Khan et al., 2003). 

Zinc is an essential and efficient element involved in all 6 

classes of enzymes in plants (oxidoreductase, transferase, 

lyase, isomerase, hydrolase and ligase) and therefore, it 

plays an important role in the synthesis of proteins and 

carbohydrates, metabolism of cells, protection of the 

membrane from oxygen free radicals and other processes 

associated with the plant adaptation (Hemantaranjan, 1996). 

Manganese is also one of the important micronutrients for 

the plant and is involved in the process of photosynthesis 

that plays an important role in the release of molecular 

oxygen in the process of photolysis of water, the synthesis 

of carbohydrate and lipid metabolism (Wilson et al., 1982) 

as well as a vital role in enzymatic systems that are effective 

on the synthesis of auxins, nitrogen metabolism, CO2 

assimilation, and etc. Apparently, zinc and manganese foliar 

application for these elements' defect can increase wheat 

yield and yield components that in many experiments, the 

role of zinc and manganese has been mentioned in 

increasing the quality and quantity of wheat (Rezaul Karim 

et al, 2012), Alfalfa (Grewal and Williams, 2000) and maize 

(Muhammad and Khan, 2003). The use of three 

micronutrients (zinc, boron and manganese) may affect the 

plants' susceptibility to drought in various ways, in this 

regard, the active species of oxygen interact. At the first 

stage, zinc, boron and manganese are involved in the 

detoxification of oxygen active species and play a protective 

role in preventing photo oxidation damage by active oxygen 

species in the chloroplasts. At the next stage, these 

micronutrients may greatly contribute to drought stress 

through protection against oxidative damage of the 

membrane (Selote et al., 2004). Under drought stress 

conditions, the extent to which single or combined use of 

zinc and manganese micronutrients can reduce stress 

damage is not well known, hence this experiment was 

designed and performed with the aim of evaluating the 

effect of foliar application of micronutrients on wheat under 

drought stress conditions.  

Materials and Methods  

This research was conducted during the 2015-2016 and 

2016-2017 growing seasons at the field of Agricultural 

Research of Islamic Azad University of Kermanshah, Iran 

(34° 20'N, 47° 20'E; elevation 1351 m). The experiments 

were carried out in a split-plot format based on a 

randomized complete-block design in 4 replications. The 

main plots included irrigation treatments at three levels: I1 - 

normal irrigation (irrigation at all stages of plant growth), I2 

- irrigation withdraw from the beginning of the flowering 

stage to the end of the growth period and I3 - irrigation 

withdraw from the beginning of grain filling stage to the end 

of the growth period. The 4 foliar application levels of S0 

(foliar application of water (control)), S1 (zinc foliar 

application), S2 (manganese foliar application), and S3 (zinc 

and manganese foliar application) were treated using the 

allocated sub-plots. Wheat cultivar Sirvan was obtained 

from Cereal Research Department, Seed and Plant of 

Improvement Institute, Karaj, Iran. The soil of the 

experiment site had a clay loamy texture with a pH of 6.4 

and an electrical conductivity of 0.56 dSm-1. According to 

the results of soil analysis, organic matter content was 

0.72%, phosphorus, potassium, zinc and manganese were 

8.5, 178, 0.82 and 6.5 mgkg-1, respectively. The total 

nitrogen content was 0.19%. One hundred kilograms per 

hectare of potassium (from the source of potassium sulfate) 

and 100 kg ha-1 of pure phosphorus (from triple super 

phosphate source) were used as baseline. The amount of 

used nitrogen fertilizer was also 150 kg ha-1 from the source 

of urea, which was applied to the soil at three stages: 1/3 

before planting, 1/3 at tillering stage and 1/3 at stemming 

stage. Foliar application was applied at the end of the 

tillering stage and the early stage of stemming of wheat at a 

concentration of 5-1000 and was repeated once every 2 

weeks. Land preparation operations include once plowing 

with a moldboard plow and twice plowing using disk and 

leveler. The grains were planted in November. Each plot 

consists of 6 planting lines with a length of 5 m and a 

spacing of 20 cm. Sub-plots were spaced apart from each 

other with a planting line (20 cm), the main plots' spacing 

from each other was 5 planting lines (1 m), and the distance 

between the replications was 4 m. Four hundred seeds per 

square meter were considered for the wheat density. Before 

planting, the seeds were disinfected with Mancozeb 

fungicide. After planting, the seeds were irrigated based on 

the predicted treatments. Broad leaf weeds were controlled 

using 2, 4-D herbicide and narrow leaf weeds were 

manually controlled. At the time of harvesting, the plants of 

lines 2 and 3 were harvested after removing 0.5 m from 

each side of each plot. First, the spikes were separated from 

the rest of the plant parts and then, 10 spikes were randomly 

selected among the isolated spikes to determine the yield 

components, and the remaining spikes were weighed after 

counting and then threshed. The obtained grains were 

weighed with accurate weighing scale and grain yield was 

obtained. The traits such as the plant height, number of 

grains per spike, 1000 grain weight, and spikes per unit area 

were determined using 10 selected spikes. Finally, by 

weighing 4 samples of n = 500 of each treatment, 1000 

grain weight was determined. The height of the plant (n = 

10) was obtained by measuring the surface of the soil to the 

tip of the spike, regardless of the awn. The number of spikes 

per unit area was calculated by counting the number of 



Keyvan 

 
 

 

 

105 

Soil Environ. 38(1): 103-111, 2019 

spikes that can be harvested. The biological yield was 

obtained from the total weighing of harvested plants in lines 

2 and 3, and harvest index was obtained from the ration of 

the grain yield to biological yield x 100. The analysis of the 

combined variance of the data was based on the experiment 

of split plots and a completely randomized block design in 

two years. It should be noted that Bartlett test was used to 

evaluate the uniformity of experimental errors' variance, and 

the results of chi-square showed the uniformity of 

experimental errors' variance in two years. Statistical 

analysis was performed using MSTATC and SPSS software 

and mean comparison was done using Duncan's method at 

5% probability level. Simple correlation analysis between 

traits and significance was done by Pearson's method. 

Charts were plotted using Excel software. 

Results and Discussion 

Table 1 shows the combined analysis of variance and 

mean comparison of simple effects of stress and foliar 

application on agronomical and biochemical properties of 

wheat. Figure 1a shows the mean comparison of harvest 

index that in normal irrigation treatment (I1), foliar 

application levels (S) have a significant difference with each 

other, so that foliar application increased harvest index and 

the highest harvest index compared to foliar application 

with water (S0) is related to zinc foliar application (S1), 

although it is not significantly different from manganese 

(S2) and zinc and manganese (S3) foliar application, zinc 

foliar application treatment (S1) compared to foliar 

application treatment with water (S0) has increased harvest 

index by about 9%. In irrigation withdraw from the 

beginning of flowering stage to the end of growth period 

(I2), the levels of foliar application (S) were significantly 

different from each other, so that in this treatment, also 

foliar application increased the harvest index and the highest 

harvest index compared to irrigation foliar application with 

water (S0) is due to zinc (S1) foliar application, which is not 

significantly different from manganese (S2), and Zn and 

manganese (S3) foliar application. Zinc (S1) foliar 

application compared to foliar application treatment with 

water (S0) has increased harvest index by about 7% (Figure 

1a). Irrigation withdraw treatment from the grain filling 

stage to the end of the growth period (I3) showed a 

significant difference between the levels of foliar 

application (S), so that the highest harvest index compared 

to foliar application with irrigation water (S0) was related to 

Table 1: Effect of foliar application and drought stress on agronomical characteristics in wheat (data derived 

mean two years).                                                                                                                                                                                                   

 
Note: PH-Plant height, NSPP-Number of spikes per plant, NGPS-Number of grains per spikes, TGW-Thousand grain weight, GY-

Grain yield, BY-Biological yield, HI-Harvest index. Within treatment means followed by the same letter are not significant at p<0.05 

according to Duncan’s multiple range test. *-p<0.05, **-p<0.01, ns - Non-signification. 
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zinc foliar application (S1), which is not significantly 

different from manganese (S2) and Zn and Mn foliar 

application (S3). Zinc (S1), manganese (S2), and Zn and Mn 

(S3) foliar application treatments increased harvest index by 

10, 8 and 6%, respectively, compared to foliar application 

with irrigation water (S0) (Fig. 1a). Table 1 shows the mean 

comparison of drought stress levels in relation to 

agronomical and biochemical properties of wheat. Harvest 

index has been affected by drought stress treatment during 

flowering and grain filling stages, with the highest harvest 

index in normal irrigation treatment (I1) and the lowest 

observed in drought stress treatment at flowering stage (I2). 

Drought stress applied at flowering stage (I2) and grain 

filling (I3) reduced biological yield and grain yield with the 

same ratio, which reduced the harvest index as compared to 

no stress (I1) treatment. This may be due to water constraint 

that both biological yield and grain yield reduced, biological 

yield under stress conditions is less than the reduction in 

grain yield. In fact, by reducing the number of irrigations 

rounds due to the sharp reduction in grain yield, the harvest 

index also reduced (Patra et al., 1999). In this regard, the 

results of most studies have confirmed the results of this 

study. In this regard, Gupta et al. (2001) reported that the 

number of grains, grain yield, biological yield, harvest index 

and dry weight of the shoot reduced by applying drought 

stress at pollination stage. Also, drought stress at flowering 

stage has a greater effect on grain yield. In the study of three 

wheat cultivars at the stages of tailoring, node formation, 

spike formation in leaf sheath and flowering stage under 

drought stress, it was observed that although wheat grain 

yield reduced significantly at all stages of growth, the 

maximum yield reduction was obtained from the application 

of drought stress at the flowering stage, all drought stress 

treatments significantly reduced harvest index (Jamal et al., 

1996). Table 1 presents the mean comparison of foliar 

application levels with respect to agronomical and 

biochemical properties of wheat so that also, zinc (S1) foliar 

application significantly increased harvest index compared 

to foliar application treatment with water (S0), but no 

significant difference was observed between zinc (S1), 

which was not significantly different with manganese (S2) 

and zinc and manganese (S3) foliar application treatments, 

which seems to be due to the allocation of a larger amount 

of matter to grain compared to vegetative organs, due to the 

application of foliar application of micronutrients, in other 

words, the use of micronutrients for better utilization of 

starch content and the better allocation in the grain and the 

transfer of assimilates to the developing grain which 

increases the size and number of grains in the spike, leads to 

an increase in the harvest index. In fact, micronutrient foliar 

application at the stages of vegetative and reproductive 

growth in wheat, due to its effect on physiological and 

biochemical processes, leads to more dry matter production 

(Torun et al., 2001). Fig. 1b shows the mean comparison of 

grain yield that normal irrigation (I1) treatment with zinc 

foliar application (S1) had higher grain yield than foliar 

application with water (S0), but no significant difference 

was observed between Mn (S2), and Zn and Mn (S3) foliar 

application treatments. On the one hand, no significant 

difference was observed between Zn (S1) and Mn (S2) foliar 

application treatments, but a significant difference was 

observed between (S1) and (S3), so that in zinc (S1), 

manganese (S2), and zinc and manganese (S3) foliar 

application treatments, grain yield increased by 520, 283, 

and 211 kg ha-1, respectively compared to S0 foliar 

application. In irrigation withdraw treatment (I2), zinc (S1) 

foliar application produced more yield than that of foliar 

application with water (S0), which showed a significant 

difference between (S1) and (S3) foliar application 

treatments, so that zinc foliar application (S1) increased 

grain yield by about 325 kg ha-1 compared to foliar 

application with water (S0) (Fig. 1b). In irrigation withdraw 

treatment (I3), foliar application treatment (S1) had higher 

yield than foliar application treatment (S0) and no 

significant difference was observed between (S2) and (S3) 

foliar application treatments. Foliar application treatment 

(S1) increased grain yield by about 719 kg ha-1 compared to 

foliar application treatment (S0) (Fig. 1b). In this regard, 

researchers reported that the use of micronutrients as foliar 

application, in addition to increasing the quantitative yield, 

also had an effect on the improvement of forage quality in 

millet, which could be associated with increased drought 

stress tolerance (Cramer and Nowarc, 1992). Grewal and 

Williams (2000) reported that adequate nutrition is essential 

for both drought tolerance and waterlogged stress and leads 

to increased yield in alfalfa. In this study, it was found that 

the most sensitive growth stage of wheat is flowering stage 

and mean grain yield is 7250 kg ha-1 in Sirvan cultivar. A 

significant difference was observed between foliar 

application treatment (S1) and treatment (S0) in relation to 

grain yield, with an increase in yield by 700 kg ha-1 and 

foliar application treatments (S2) and (S3) are after (S1) 

(Table 1). In fact, micronutrients (Zn, Fe, and B) when used 

separately or in combination, significantly improved wheat 

yield compared to the control (Chaudry et al., 2007). The 

increase in wheat yield has been reported with the use of 

iron, manganese, zinc and copper by 780, 540, 860, and 480 

kg ha-1, respectively, (Tandon, 1995). In this regard, 

Cakmak et al. (1996) have reported that zinc in wheat 

cultivars increased wheat yield from 5 – 54%. In general, 

numerous studies have shown that low foliar application, 

especially zinc, boron and manganese, can increase the yield 

of products (Kutman et al., 2010). In fact, the effect of 

micronutrients on grain yield can be justified as follows that  
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these elements increase grain yield and biological yield by 

increasing the amount of photosynthesis and improving the 

durability of leaf area. Regarding biological yield, no 

significant difference was observed between treatments at 

different levels of foliar application (Table 1). Table 1 

shows the mean comparison of drought stress levels in 

relation to agronomical and biochemical properties of wheat 

so that no significant difference was observed between 

treatments of irrigation withdraw at flowering stage (I2) and 

irrigation withdraw at grain filling stage (I3) compared to 

   
 

   
 

 
Figure 1: Effect of irrigation and foliar application on, a –Harvest index, b –Grain yield, c-Number of spikes per 

plant d – Number of grains per spike e –Plant height.  
Note: I1- normal irrigation, I2- irrigation withdraw from the beginning of the flowering stage to the end of the growth period, and I3- 

irrigation withdraw from the beginning of the grain filling stage to the end of the growth period and S0 - foliar application with water, 

S1 - foliar application with zinc, S2 - foliar application with Mn and S3 - foliar application with zinc and manganese.Within treatment 

means followed by the same letter are not significantly at p<0.05 according to Duncan’s multiple range test. 
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normal irrigation (I1) on grain yield and biological yield, so 

that the greatest reduction in grain yield and biological 

function was observed in irrigation withdraw treatment (I2). 

In fact, damages due to drought stress were great at 

flowering stage because the occurrence of drought stress 

during pollination and inoculation induces floral sterility 

(Bradford, 1994) and reduces the total number of grains 

produced per single spike, resulting in reduced yield. And if 

drought stress occurs during grain filling, remobilization of 

the matter to the grain will have a critical effect on grain 

yield (Ehdaie and Waines, 1996). Fig. 1c, d and e show the 

interaction between two factors of stress and foliar 

application on the number of spikes per plant, number of 

grains per spike and plant height. The number of spikes per 

plant at stress levels (I1, I2 and I3) was influenced by zinc and 

manganese (S3) foliar application and increased compared to 

foliar application with water (S0) (Fig. 1c). The number of 

grains per spike follows the same trend (Fig. 1d). No 

significant difference was observed between treatments at 

different levels of stress and foliar application in 1000 grain 

weight (Table 1). The plant height was affected by foliar 

application in stress treatment (I1) a significant difference 

was observed between the levels of foliar application (S1), 

(S2) and (S3) relative to (S0), although no significant 

difference was observed between (S1) and (S2) and (S3) 

foliar application, zinc and manganese (S3) foliar 

application increased the height by about 6% compared to 

foliar application with water (S0) (Figure 1e). The plant 

height in stress treatment (I2) was also influenced by foliar 

application, so that Zn foliar application (S1) shows the 

highest height compared to other foliar application levels 

(Figure 1e). The plant height in stress treatment (I3) has also 

been affected by the foliar application levels and its trend is 

similar to stress (I1) at different levels of foliar application, 

although no significant difference was observed between the 

levels of foliar application (S1), (S2) and (S3) in terms of the 

height, the highest height is observed in zinc and manganese 

(S3) foliar application (Fig. 1e). Table 1 indicates the mean 

comparison of drought stress levels in relation to 

agronomical and biochemical properties of wheat, so that 

the highest number of spikes per plant, number of grains per 

spike, 1000 grain weight and height was related to stress 

treatment (I1) and the lowest was related to stress treatment 

(I2). In fact, applying stress at the flowering stage would 

disrupt the current photosynthesis and transfer the storing 

matter to the grain. This can be due to the reduction in the 

number and weight of grain (Richardes et al., 2001). In 

other words, water constraint during the reproductive stages 

through the disturbance in pollination and reducing the 

length of the period reduced the number of grains per spike 

(Patra et al., 1999). Environmental stresses between stages 

21 (tillering) and 65 (flowering) had the greatest effect on 

the number of grains, dry matter production of shoot, 

harvest index, grain protein yield, number of spikes per 

square meter, number of grains per spike and grains per 

square meter (Entz and Fowler, 1988). Application of 

drought stress, independent of the occurrence of stress 

reduced the grain yield of wheat. Table 1 presents the mean 

comparison of the levels of foliar application with respect to 

agronomical and biochemical properties of wheat, so that in 

relation to the number of spikes per plant, a significant 

difference was observed between the levels of foliar 

application that the level of foliar application of zinc and 

manganese (S3) had the highest number of spikes per plant 

compared to the level of foliar application with irrigation 

water level (S0) and the levels of zinc (S1) and manganese 

(S2) foliar application are the next. In relation to the number 

of grains per spike, we observed a similar trend to the 

number of spikes per plant. In relation to 1000 grain weight, 

however, no significant difference was observed between 

foliar application treatments, but the highest 1000 grain 

weight was observed in foliar application treatment (S3) 

(Table 1). Hemantaranjan and Garg (1988) reported that 

micronutrient application in wheat significantly increased 

grain yield, 1000 grain weight, number of grains per spike, 

spike length and number of spikes per unit area. On the 

other hand, zinc, boron and manganese foliar application 

can also increase photosynthesis, pollen survival, number of 

fertile tillers and number of grains per wheat spike (Rezaul 

Karind et al., 2012). The plant height was also affected by 

foliar application, but no significant difference was 

observed between foliar application levels (S1, S2 and S3) in 

this regard, although numerically, foliar application level 

(S3) had the highest height, and foliar application levels (S1, 

S2 and S3) were significantly different from foliar 

application (S0) (Table 1). An increase in the plant height 

with micronutrient foliar application is due to the 

involvement of micronutrient in various physiological 

processes, such as enzyme activation (Sillanpa, 1982), 

electron transfer (Oosterhuits and Weir, 2010), chlorophyll 

formation (Habib, 2009) and stomata regulation and etc. that 

finally lead to more dry matter production (Khan et al., 

2010). Table 2 shows the mean comparison of the effect of 

year with respect to agronomical and biochemical properties 

of wheat, so that the mean grain yield in the first year (Y1) 

in all experimental treatments is more than that of the 

second year (Y2), which is probably due to more proper 

climatic conditions of the region in the first year than in the 

second year. On the other hand, in the second year, the 

mean temperature in the last months of the growth of wheat 

was higher, which reduced the reproductive period and thus 

yield of wheat (Table 2). Higher yield in the first year than 

in the second year has been related to harvest index, 

biological yield, number of spikes per plant, and number of  
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grains per spike. Single or combined zinc and manganese 

foliar application improved yield components regardless of 

the interactions between stress and foliar application. In this 

study, significant interactions between the two factors of 

drought stress and foliar application on grain yield and 

harvest index show that wheat Sirvan cultivar in two years 

of experiment differs for different levels of foliar 

application at each stress level. For grain yield and harvest 

index, it was observed that wheat Sirvan cultivar was able to 

react positively to single and combined zinc and manganese 

foliar application at each stress level, so that the solution 

partially compensated for drought stress damage in the 

plant. The stress at flowering stage due to a sharp reduction 

in the number and weight of grains results in a sharp 

reduction in grain yield because the number of 

photosynthetic matter storing cells in the grain was 

determined shortly after fertilization and then it started to 

fill, for this reason, stress at flowering stage by reducing the 

number of storing cells, reduced the grain capacity to absorb 

the storing matter. At grain filling stage, stress due to the 

constraint of water or reducing storing matter and share of 

current photosynthesis of leaves in grain filling affected 

1000 grain weight, and finally yield. The number of grains 

per spike and number of spikes per plant are the most 

important functional components that have been improved 

at drought stress levels with zinc or manganese or the 

combination of zinc and manganese. One thousand grain 

weight increased with zinc, manganese and zinc and 

manganese in comparison with foliar application treatment 

with irrigation water. All of these cases indicate that zinc, 

manganese and their combination foliar application are 

likely to affect photosynthesis and enzymes in metabolic 

pathways of turning photosynthetic matter into energy and 

grain storing compounds positively and increase the plant 

efficiency. A positive and significant correlation between 

yield and other traits studied under the conditions of this 

Table 2: Meteorological condition in 2015 -2017 

 

Table 3. Coefficients of correlation between agronomical traits in wheat (data derived mean two years)  

 
Note: PH - Plant height, NSPP- Number of spikes per plant, NGPS - Number of grains per spike, TGW - Thousand grain weight, GY - 

Grain yield, BY - Biological yield, HI - Harvest index.  * - p<0.05, ** - p<0.01. 
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study shows that in general, single and combined foliar 

application of zinc and manganese, if properly applied with 

optimal amount, would have a significant effect on the plant 

drought resistance. With regard to the improvement of 

alfalfa drought resistance, some reports have been published 

(Grewal and Williams, 2000). In fact, wheat cultivar Sirvan, 

which is resistant to terminal drought, has a positive 

response to zinc, manganese, and zinc and manganese foliar 

application under terminal drought stress conditions. In 

relation to the years of experiment, it seems that higher 

temperatures in the second year, especially after March are 

factors that have reduced wheat yield with increasing 

maintenance respiration. Increased maintenance respiration 

or temperature of more than 20 °C has been emphasized in 

other studies (Gifford, 1995; Ryan, 1991); on the other 

hand, high temperatures, especially at post-flowering stages, 

reduced grain' filling time (Evans and Fischer, 1999). Due 

to higher temperatures in the second year that exacerbated 

drought stress, followed by an increase in the amount of 

proline and soluble carbohydrates, although the effects of 

drought stress on yield were somewhat higher, especially, 

the cultivar Sirvan resistant to terminal drought has been 

modulated through micronutrient foliar application, but 

always the effect of drought stress on the reduction of grain 

yield is evident (Table 2). Table 3 shows a correlation 

between agronomical traits of wheat. As shown, grain yield 

had a positive and significant correlation with all traits, and 

the highest correlation was observed between grain yield 

and number of grains per spike (950**) and the number of 

spikes per plant (663**) and 1000 grain weight (545**), 

which shows that the most effective factors on grain yield 

are these three functional components, which by increasing 

each component, grain yield increased. A positive and 

significant correlation was also observed between the 

harvest index and the number of grains per plant (509**), 

number of spikes per plant (885**), 1000 grain weight 

(546**), plant height (901**), and grain yield (907**).   

Conclusion 

In general, the results of two-year experiments showed 

that Sirvan cultivar under the conditions of terminal drought 

stress has been able to maintain its high yield and with foliar 

application (zinc and manganese), its tolerance to drought 

also increased and has a high yield stability. It was also 

found that even the flowering and filling of wheat grain in 

the studied areas occurred from mid-May to the end of June, 

micronutrients' foliar application (zinc and manganese) and 

irrigation withdraw may result in compensation for drought 

stress damage to a certain extent, and with optimal use of 

the excess water of wheat fields in the region's cultivation 

pattern, the efficiency increased. 
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