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ABSTRACT 
This study has been performed to Effects of potassium and zinc in conditions of the water 
stress on quantitative characteristics of wheatin Zahak agricultural research station, at 
weather condition of Sistan’s area. Experimental design was for two years with three 
replications. The water stress included: three irrigation treatments (I1, I2 and I3 are 
irrigation after 50, 70 and 90% soil water depletion (SWD), respectively), three level of 
potassium sulfate intake fertilizer (K0, K1 and K2 are Control, 150 and 250 Kg/ha , 
respectively) and three level of zinc sulfate intake (Z0, Z1 and Z2 are Control, 50 and 80 
Kg/ha, respectively). The results show that by increasing stress severity, grain yield 
decreased and WUE significantly increased. Yield reduction percentage in each of I2 and I3 
treatments compared to I1 treatment was 11.57 and 23.7 percent, respectively. Also grain 
yield was significantly increased by increasing potassium intake and the highest grain yield 
was obtained with 5/06 ton/ha in K2 (250 Kg potassium sulfate (K) per hectare). But, 
consumption levels of zinc sulfate (Zn) were not significant on grain yield. Interaction 
effects of water stress levels and potassium intake on grain yield were significant, so that 
by increasing potassium intake (K2) and stress severity (I3) as compared to the control, 
grain yield was increased 22.2 percent. 
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INTRODUCTION 

 

Extensive efforts have been done to modify irrigation methods and accessing appropriate methods of 

nutrition management in terms of water shortage with the aim of increasing water use efficiency (WUE) (Reddy 

et al., 2004). By comparing the effect of three irrigation regimes on WUE of three spring wheat genotypes, it is 

concluded that by irrigation maximum WUE is obtained when 50-60% of TAW soil of bottom layer is 

consumed(Feng et al., 2001). The results of (Farshi and Ghaemi, 1996) studies on wheat water showed that the 

highest WUE is obtained by irrigation schedule based on 95% of SWD. But economic performance is obtained 

by irrigation based on 65% of SWD. Vaziri (1999) by studying the effect of five irrigation programs based on 

the deplition 20, 40, 60, 80 and 100 percent of SAW on grain yield and wheat WUE concluded that reduced 

irrigation significantly decreased grain yield and WUE(Vaziri, 1999). The highest grain yield was obtained from 

irrigation after 60% of SWD. 

The results (Ozturk and Aydin, 2004)showed that different water stress treatments reduced grain yield, but 

the quality will be increased. So that constant stress treatments during the growing period, stress during the early 

growth period and stress in the late of growth reduced the mean grain yield by 65.5, 40.6 and 24% compared to 

full irrigation treatment. Fertilizer consumption management is very important in drought conditions because 

leads to plant growth and water use increase in early stages of growth, this may have adverse effects on plant 

growth critical stages by increasing drought stress effect(Yuncai and Schmidhalter,  2005). Crop fertilizer 

response is stronglyassociated with water availability in semi-arid conditions (Campbell et al., 1993). 

Potassium is one of the most important elements in the synthesis of proteins, glycolytic enzymes, 

photosynthesis and the mediator in the development and expansion of the cell and the cell pressure control a 

competitive element with sodium(Beringer andTrolldenier, 1978; Anderson et al., 1992). This element plays an 

important role in maintaining the pressure under stress conditions(Anderson et al., 1992). Generally potassium 

increases plants' resistance against the impact of drought through influencing on stomatal regulation, osmotic 

adjustment, and energy position, hemostasis protein synthesis(Beringer andTrolldenier, 1978; Anderson et al., 
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1992) and also cell pressure maintaining and reducing transpiration under stress conditions. Studies also show 

that the use of potassium fertilizers decreases side effects due to drought stress on plant growth(Beringer 

andTrolldenier, 1978). Studies have shown that increased levels of potassium can increase salt tolerance in 

wheat grains, allows wheat cultivation of more areas(Hemmati andAmini, 2013).Some studies suggest that the 

interaction between potassium and Zn was higher and the concentration of these elements were increased in 

wheat organs and wheat yield has been increased significantly. 

Application of potassium showed a positive effect on Zinc (Zn) is an important micronutrient in biological 

systemsand is receiving growing attention worldwide because of increasingreports about Zn deficiencies in 

human populations and crop plants(Alloway, 2004;Hotz and Brown, 2004; Cakmak, 2008). Zinc deficiencyis 

considered one of the top five micronutrient deficiencies inhumans and is conservatively estimated to negatively 

affect nearly1/3 of the world’s populations (Hotz and Brown, 2004; Stein, 2010).An excessive and 

monotonousconsumption of wheat-based products rapidly results in Zn malnutritionbecause wheat is inherently 

low in Zn and rich in compoundssuch as phytate that limit Zn bioavailability (Cakmak, 2008; Welch and 

Graham, 2004). It is estimated that more than half ofthe wheat crop was cultivated on slightly to severely low 

Zn soils(Liu, 1996; Alloway, 2004; Cakmak, 2008), which further reducesthe levels of Zn in wheat grain. 

Furthermore, the processing of wheat after harvestsubstantially reduces the concentration of Zn and also other 

minerals,which further increases the Zn deficiency in humans (Cakmak, 2008; Zhang et al., 2010; Kutman et 

al., 2011).Fertilizationof food crops with Zn represents a short-term and complementarystrategy, which is 

necessary to build the Zn pool for uptakeor translocation (Cakmak, 2008). Because Zn has moderate mobilityin 

phloem (Haslett et al., 2001). 

Zinc (Zn) is an essential nutrient element for plants and plays role in several plant physiological process i.e., 

photosynthesis,respiration, and synthesis of protein, DNA, RNA, and plant hor-mones(Welch, 2002).Zinc 

deficiency in cereal plants, includingwheat, is a well-known problem that causes reduced 

agriculturalproductivity all over the world (Cakmak, 2008).Recent work on agronomic biofortificationof rice 

through soil-applied Zn fertilization has shownit to be inconsistent (Wissuwa et al., 2008), in contrast to 

wheat,primarily because of chemical reactions in flooded soils that makethe Zn fertilizer unavailable to plants 

(Impaand Johnson-Beebout, 2012). Some studies suggest that the interaction between potassium and zinc was 

higher (Savaghebi and Malakoti, 2000) and the concentration of these elements were increased in wheat organs 

and wheat yield has been increased significantly (Keshavarz et al., 2005). 

This investigation aimed to effects of potassium and zinc in conditions of the water stress on quantitative 

characteristics of Hamounwheat cultivars in semi-arid areas using zincand potassium fertilizers during two 

cropping seasons. 

 

MATERIALS AND METHODS 

 

This study was conducted to effects of potassium and zinc in conditions of the water stress on quantitative 

characteristics of Hamoun wheat cultivars in the Zahak Research Station located 25 kilometers southeast of the 

city of Zabol (30° 53̍ 38̎ N, 61° 40̍ 49̎ E ) with an altitude of 483 meters above sea level. The average annual 

rainfall of the area is 55 mm, and the annual evaporation rate is 4000 to 5000 mm. Average annual rainfall in the 

area is 55 mm, the mean annual temperature is 22.6 C° and the average relative humidity is 38%. According to 

the classification Domarten and Ambrgeh with indices of 1.68 and 12.9, respectively, the area is classified as 

extra dry and hot desert. Sandy Loamand Sandy Clay Loam Soil texture is mainly Research Station and Soil 

chemical characteristics of the project location in accordance with table 1. 

 
Table 1: Soilchemicalcharacteristicsofthe teststation 

Mn Zn Cu Fe K (A.V) P(A.V) OC (%) 
pH Ec (ds/m) Depth (Cm) 

(ppm) 

16.2 0.5 0.92 6.8 140 3.2 0.54 8.1 2.1 0-30 

 

This split plot Experiment was done on completely randomized blocks in three replication and with three 

irrigation treatments (I1, I2 and I3 are irrigation after 50, 70 and 90% soil water depletion (SWD), 

respectively),threelevel of potassium sulfate intake fertilizer(K0, K1 and K2 are Control, 150 and 250 Kg/ha , 

respectively) and three level of zinc sulfate intake (Z0, Z1 and Z2 are Control, 50 and 80 Kg/ha, respectively). 

The size of the main plots were 12 m2 (5×2.4 m), including 12 planting lines with 20 cm distance for each sort, 

and 2.5 m length in each main treatment, and also there was 3.5 m distance between replications in which the 

areas of sideway plots. All fertilizers were applied to the soil before planting. 

Irrigation was provided from river water around the station, and measurement of needed water in each test 

plot was done by a volumetric flow. To determine the depthof the required water for irrigation, before each 

irrigation procedure, soil samples were extracted from 0-50 Cm depth of every test plots, and in this way the 

amount of the humidity weight was evaluated. Then, based on the humidity percentage before irrigation, the 

maximum development of plant’s root and the soil physical parameters, the amount of irrigation water was 
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measured by the following formula (1), and this formula was used untilreaching the desired depth to the field 

capacity (FC).  

𝑑 =
 FC−𝑊 ×(𝜌𝑏  ×𝐷)

100
               (1) 

Where, FC and W are the moisture contents (based on weights) corresponding to the field capacity and Soil 

moisture before watering (gr/gr), respectively, ρb is the soil bulk density (gr/Cm
3
) and D is the soil-root depth 

(mm).The performed calculation during two years (2006-2007) of the experiment consisted of height of the 

plant, grain yield, water use efficiency (WUE) and the biologic yield. 

 

RESULTS AND DISCUSSION 

 

Grain yield: 

The effect of year on grain yield was significant (P < 0.01) (Table 2) so that yield in the first year of the 

experiment with the average of 5.343 ton/h increased up to 19.8 percent than the second year (Figure 1) more 

suitable climatic conditions, rainfall dispersion and relative humidity in the first year of the experiment reduced 

the effects of stress on grain yield. 

 
Table 2: Results of ANOVA on the effects of year (Y), treatment irrigation (A), potassium fertilizer (B) and zinc fertilizer (C) on grain 

yield, biological yield, height and WUE in wheat season in 2006 and 2007. 

MS 
df S.O.V 

WUE (Kg/m3) Height (Cm) Biological Yield (ton/ha) Grain Yield (ton/ha) 

2.827** 11840.89** 297.477** 45.495** 1 Year 

3.98** 299.56** 107.54** 22.56** 2 A 

0.07ns 130.451* 0.987ns 2.446** 2 Year×A 

0.30** 136.93* 4.275ns 2.828** 2 B 

0.04ns 44.17ns 0.054ns 0.428ns 2 Year×B 

0.08* 56.10ns 2.071ns 1.614* 4 A×B 

0.06ns 127.92** 4.387ns 0.998ns 4 Year×A×B 

0.07ns 16.13ns 14.04** 1.242ns 2 C 

0.01ns 65.56ns 2.251ns 0.304ns 2 Year×C 

0.03ns 21.40ns 3.032ns 0.566ns 4 A×C 

0.02ns 16.45ns 3.142ns 0.222ns 4 B×C 

0.01ns 44.62ns 0.841ns 0.162ns 8 A×B×C 

F values and significance levels (**P < 0.01, *P < 0.05 and nsP ≥ 0.05).  
 

Also the effect of irrigation treatments on grain yield was significant (P < 0.01) (Table 2). Two-year 

average of grain yield in different irrigation regimes suggests that the relative yield of 70 (I2) and 90 (I3) 

percent of SWD was decreased 11.5 and 23/7% respectively, to treatment yield of 50 percent (Figure2).Zang 

and Oweis (1999) also reported that reducing more than 55 percent of soil available water, drought stress 

incidence conditions and reduced grain yield of wheat were provided(Zang  andOweis, 1999). 

The results of Farshi and Ghaemi studies (1996) also showed that wheat economic yield in irrigation 

treatment was SWD of 65% and also the results of Vaziri (1999) showed that the highest wheat grain yield was 

obtained in SWD of 60% of soil available water(Farshi andGhaemi, 1996; Vaziri, 1999). Zarea-Feizabady and 

Ghodsi, (2004); Ozturk and Aydin(2004) also reported increasing irrigation interval leads to grain yield 

decrease(OzturkAydin, 2004; Zarea-Feizabady and Ghodsi, 2004). Fanaei (2010) reported that relative yield in 

70 and 90% irrigation periods of soil available water, compared to 50% control, shows 12 and 27% reduction 

respectively(Fanaei,  2010). 

 
 

Fig. 1: Effect of yearon the grain yield, biological yield (A) and effect of potassium on the grain yield (B) 
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Fig. 2: Interactive effects of irrigation treatments (I1, I2 and I3 are irrigation after 50, 70 and 90% soil water 

depletion, respectively) in the potassium (K0, K1 and K2 are Control, 150 and 250 Kg/ha potassium 

sulfate, respectively)on the grain yield (A) and irrigation treatments on the grain yield and biological 

yield (B) 

 

Effect of potassium on grain yield was significant (P < 0.01) (Table 2). The results show that by increasing 

potassium intake the yield increases (Hemmatiand  Amini, 2013). The highest grain yield belongs to 250 kg per 

hectare (K2) treatment of potassium sulfate (K2) (5.060 ton/ha) that to treatments K0 (control) and K1 (150 kg 

per hectare consumption of potassium sulfate) shows 8.9 and 5.8 percent increase in yield (Figure 1). Several 

results indicate potassium positive impact on increasing wheat grain yield and other products (Savaghebi and 

Malakoti, 2000; Kholdbarin and Eslamzadeh, 2001; Fanaei, 2010). Regarding area texture which is often clay 

minerals of type (ILLITE), potassium ions are stabilized in crystal textures of clay and prevent releasing of 

potassium and its absorbtion by plant roots that continued use of potassium fertilizer leads to saturation of the 

colloids and the remaining is absorbed by plant root (Rezaei et al., 2001). Also interaction of irrigation regime 

and potassium on grain yield was significant (P < 0.05) (Table 2) indicating that, in stress conditions (I3) by 

increasing consumption of 250 kg per hectare of potassium sulfate (K2), grain yield was increased up to 22.2% 

compared to control (Figure 2), whereas in the absence of stress (I1), an increase of 3.8 percentage was obtained 

(Hemmati andAmini, 2013). 

Increasing moisture in the soil (I1) leads to soil potassium leaching and potassium diluting in the soil 

solution which prevents its effect on the plant in high humidity conditions (Umar, 2006; Fanaei, 2010). High 

potassium intake also causes high concentration of potassium in the soil around the roots and continuous 

potassium ion transport to the root without drought effect (Vyn and Janovicek, 2001). Also soil humidity 

decreasing causaes more ventilation in it and provides more oxygen to the roots, which causes the absorption of 

potassium ions in the soil and improves the conditions of high concentration of potassium (Azizi, 

1998).Different levels of Zn consumption, as well as the interactions with year, stress and potassium had no 

significant effect on grain yield. In (K0) by increasing Zn concentration, the yield was also increased, but this 

increase was not significant also this increase was not observed in the higher levels of potassium (Fanaei, 2010). 

 

Biological yield: 

Variance analysis (Table 2) results showed that the effect of year was significant (P < 0.01), Maximum 

biological yield was obtained 14.176 ton/ha in the first year of the experiment. The (Figure 1) that represents 

weather conditions difference in the two years of the experiment. Also effect of irrigation treatments was 

significant (P < 0.01), (Table 2). Biological yield decrease in I2 and I3 compared to I1 treatment is respectively 

9.61 and 19.8%. Bingham (1966) reported that the lack of available water in the plant reduces photosynthesis 

and thus reduces minerals and changes the amount of plant hormones which influences on plant growth and thus 

plant biological yield(Bingham, 1966). The effect of water stress through reducing plant height reduced total dry 

weight of the plant. The results Fanaei, 2010and (Salemi and Afioni, 2004)also indicated a decrease in plant 

biological function affected by incteasing humidity stress severity. Zinc also was significant (P < 0.01) over the 

plant biological yield (Table 2). Maximum amount of biological yield was obtained in control and the lowest 

was obtained by consumption 50Kg zinc sulfate per hectare (Z1). It was found that the decrease in root and 

shoot growth, leaf chlorophyll contentand total dry weight was influenced by higher concentrations of Zn in soil 

(Ortega-Villasante et al., 2005; Zhou et al., 2007) (Figure 3). 
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Fig. 3: Effect of zinc on the biological yield 

 

Savaghebi and Malakoti (2000) also reported that Zn consumption to control has decreased yield, but in 

fertilizers, increasing consumption of zinc increases the biological yield of wheat(Savaghebi and Malakoti2000). 

Other reports had no significant changes in the biological yield of wheat. This study's findings are consistent 

with Fanaei, (2010) and Keikhaei, (2011) findings. 

 

Height: 

Variance analysis (Table 2) results showed that the effects of year and irrigation treatments were significant 

(P < 0.01), and the effect of potassium was significant (P<0.05) over the height. Plant height decreased with 

increasing stress (Savaghebi et al., 2000; Keikhaei,  2009; Fanaei, 2010).But the loss 3.9% (I2) and 8.6% (I3) are 

not significant to control treatment among water stress treatments (Figure4). High altitude plants in I1 and I2 

treatments suggests that phonological stages occurence of plant growth is consistent with appropriate humidity 

conditions (Chan et al., 1987; Masle, 1992)also by increasing potassium intake, plant height was increased 

(Figure 4). Addition of K fertilizer could improve both the number of leaves produced and the size of shrub, 

which then improve the photosynthetic rate and accelerate assimilate transport out of the leaves to bolls 

(Pettigrew,  2008). 

 

 
 

Fig. 4: Interactive effects of irrigation treatments in the year (A) and potassium and irrigation treatments (B) on 

the height 

 

Potassium intake relatively increases leaf water (RWC) (Hemmati andAmini 2013) and as a result 

photosynthesis and chlorophyll growth will be higher [2]. Potassium positive effect on plant photosynthesis can 

be effective in this increase. This study's finding is consistent with (Fanaei, 2010). Interactive effects of 

irrigation treatments and year were significant (P < 0.05), (Table 2). So that based on the results (Table 2) due to 

appropriate environmental conditions in the first year, the height had no significant decrease by increasing stress 

severity compared to control treatment, but this decrease was significant in the second experiment, the reason 

was environmental stresses influencing on nutrients uptake, materials transport and physiological processes of 

plant growth (Keikhaei, 2009). Forohar and Mahdavi (2007) stated that in less amount of soil humidity, 

potassium diffusion was decreased(Forohar andMahdavi 2007). Photosynthesis was decreased by stress and 

chlorophyll growth was decreased by increasing stomatal resistance (Ma et al., 1995).  
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WUE: 

Variance analysis (Table 2) results showed that the effects of year, irrigation treatments and potassium 

sulfate intake were significant (P<0.001) and interactive effects of irrigation treatments in levels of potassium 

were significant (P < 0.05), over the water use efficiency (WUE) (Table 2). WUE wheat showed 18.16% 

increase in the first year of experiment to the second year, indicating that this attribute is influenced by weather 

conditions (Figure 5).By increasing SWD severity and long irrigation interval, water use efficiency has 

increased, so that WUE was increased in each I1 and I2 treatments 14.47 and 32.98 percent respectively, 

compared to the control. The results of (Abdel et al., 1995; Farshi andGhaemi, 1996; Vaziri, 1999;Montajabi 

and Vaziri 2004; Keikhaei,  2009; Fanaei, 2010)reported WUEincrease by increasing stress severity that 

corresponds to this study's results.  

 

 
 

Fig. 5: Interactive effects of irrigation treatments in the potassium (A) and potassium and irrigation treatments 

(B) on the WUE 

 

Also WUE was increased by increasing potassium intake (Figure 5), but this increase was not significant 

between treatments K0 and K1. Accordingly, the highest WUE was obtained by 1.410 Kg/m
3
 of water consumed 

by 250 Kg potassium sulfate per hectare. Drought stress adverse effects decreasing and water use efficiency 

increasing has been proved by many researchers by potassium intake (Vyas et al., 2001; Yadav et al 2009; 

Fanaei, 2010). Since potassium is an active osmotic solution and involves in surface adsorption of water in the 

cell and in all plants levels, by controlling the opening and closing of stomata, cellular inflammation 

maintaining, water loss reducing and fading preventing can increase WUE and decrease the effects of water 

drought stress by water balance in plant tissues (Beringer andTrolldenier, 1978; Anderson et al., 1992). 

In conditions of severe humidity restriction of I3, increasing potassium intake will lead to increased WUE 

(Figure 5). So the highest WUE (1.783 Kg/m
3
) is obtained by 250 Kg potassium sulfate per hectare. The results 

show that potassium intake without increasing plant water demand and consumption of more water by the plant, 

increased WUE and reduced plant water demand to produce each kilogram of grain. This study's findings are 

consistent with (Cakmak, 2005; Fanaei, 2010) findings. Consumption levels of zinc sulfate (Zn) were not 

significant on height. 

 

Conclusion: 

Wheat grain yield was increased by increasing potassium intake and Zn intake had little impact on grain 

yield. Effectiveness of potassium intake in terms of increased stress due to potassium less dispersion and 

ventilation in the soil shows that consumption of 250 kg per hectar of potassium sulfate in stress conditions (I3) 

has increased grain yield up to 22.2 percentage. Increased yield can be achieved by the effect of potassium in 

maintaining cellular inflammation through osmotic regulation. Also potassium ion was stabilized in crystal 

textures of soil ILLITE clay minerals and prevented it from being released and absorbed by plant root that 

continued use of potassium fertilizer leads to saturation of the colloids and the remaining was absorbed by plant 

root. 
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