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ABSTRACT. In hot and arid regions, 
drought stress is considered as one of the 
main reasons for yield reduction. To study 
the effect of drought stress, iron and zinc 
spray on the yield and yield components of 
wheat, an experiment was carried out during 
the crop seasons of 2010 and 2011 on 
Shahid Salemi Farm in Ahwaz as a split 
factorial within randomized complete block 
design with three replications. The main 
plots with irrigation factor and three levels 
were considered: Level A) full irrigation, 
Level B) stopping irrigation at pollination 
step, and Level C) stopping irrigation at the 
seed filling stage. Subsidiary plots were 
considered with and without iron and zinc 
spray. Influencing the seed filling process, 
in interaction with iron, wich is an important 
leaf's chlorophyll cation, zinc increased the 
seed yield. The drought stress reduced the 
thousand kernels weight (TKW) and the 
number of seeds per spike increased about 
24% and 8.5% more than the one of control 
treatment, respectively. Using iron, as 
compared with control treatment, causes the 
increase of thousand kernels weight from 
45.71 to 46.83 grams and the increase of 
spike from 49.51 to 51.73. Zinc spray 
increased seed yield and thousand kernels 

weight. The results obtained from the 
present research showed that iron and zinc 
spray has fairly improved the effects caused 
by drought stress.  
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INTRODUCTION 

 
Drought is one of the factors, 

which threatens the agricultural 
products in most parts of the world 
(Abolhasani and Saeidi, 2004). 
Drought causes stress in plants. Not 
only it is resulted from precipitation 
reduction and hot temperatures, but 
also when the soil is moist, for some 
reasons such as high salinity of soil 
and/or soil frost, the moisture cannot 
be used by the plant and it causes 
stress in the plant (Baybordi, 2004; 
Soriano et al., 2004).Drought and 
water shortage are considered as 
objective realities in Iran. In the past, 
water crisis has not been so serious as 
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today; however, by increasing 
population during the past 100 years 
and becoming approximately six 
times bigger, the incidence of this 
crisis is more evident than before  
(Castro et al., 2006; Goksoy et al., 
2004). 

Under water shortage conditions, 
the effectiveness of fertilizers 
decreases, especially if consumption 
of these fertilizers is not compatible 
with the vegetative growth of plants. 
Among fertilizers, zinc sulfate 
fertilizer plays a more important role 
in adjusting stomata and ionic balance 
in plant system to decrease stresses 
caused by water shortage; therefore, 
under water shortage conditions, 
consumption of fertilizers should be 
balanced and optimized and special 
attentions should be taken to the 
consumption of zinc sulfate fertilizers 
(Karam et al., 2007; Babaeian et al., 
2010). However, it should be noted 
that soils of Iran, which are 
categorized under the calcareous soils, 
due to drought stress, salinity, being 
calcareous, highly acidity, having low 
contents of organic materials, 
continuing drought, and continuing 
unbalanced consumption of fertilizers, 
iron and zinc contents are too low. 
Therefore, the plants which grow in 
such soils are mainly suffered from 
shortage of iron and zinc and shortage 
indications are observed in them 
(Jaleel et al., 2009). 

One of the most important 
effects, which accompany moisture, is 
that with the decrease of moisture in 
soil, movement of elements such as 
iron and zinc in soil solution 

decreases. This limits the growth of 
root and plants face additional 
shortage of this element (Chimenti et 
al., 2002). It should be noted that 
plants, animals and humans need a 
little amounts of iron and zinc (Zhang 
et al., 2006; Agele et al., 2007). Jiang 
and Huang (2002) reported that the 
yield and its components in wheat are 
increased due to the effects of iron 
and zinc on the amount of chlorophyll 
and concentration of abscisic acid. 
The increase of chlorophyll increases 
yield through the increase of 
photosynthesis. Although plants need 
a little amount of zinc, if sufficient 
amount of this element is not 
available, plants suffer physiological 
stresses resulted from inefficiency of 
various enzyme systems and other 
metabolic functions related to zinc 
(Baydar and Erbas, 2005; Ehdaie et 
al., 2008). Richards et al. (2002) 
reported that lack of zinc in 
microelements creates the major 
problems for producing crops, 
especially in soils of dry and semi-
arid regions with shortage of water. 
Therefore, suitable usage of this 
element in dry and semi-arid regions 
is of crucial importance to improve 
the growth and yield of plants in these 
regions (Salehi et al., 2004; Banks, 
2004; Erdem et al., 2006). 
 

MATERIALS AND METHODS 
 
This experiment was carried out in 

2010 and 2011 in Shahid Salemi Research 
Farm in Ahwaz city. Ahwaz is located at 
the latitude of 31°20’ north, longitude of 
48°40’ east and altitude of 18 meters 
above sea level. The average annual 
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rainfall is 256 mm; the average annual 
temperature is 23°C with the annual 
relative humidity of 58%. Based on the 
climatic division, Ahwaz is of the dry and 
semi-arid regions. In this region, the 
evaporation to rainfall ratio is more than 
ten times. Before starting the experiment, 
in order to determine the physical and 
chemical properties of the soil, a sampling 
was carried out at five points of the 
experiment location from the depth of 0-
30 and 30-60 cm. The soil texture was 
clay loam (clay 33%, silt 33.5% and sand 
33%); pH and EC of soil were 7.95 and 
11/48 EC*cm-1, respectively. Available 
nitrogen, phosphorous and potash were 
0.065%, 6.5% and 0.13%, respectively. 
The experiment was carried out as a split 
factorial with three repetitions. Drought 
stress was considered at the three levels of 
A) complete irrigation, stopping irrigation 
at the pollination stage, B) stopping 
irrigation at seed filling stage as the main 
factor. Iron and zinc spray, each at two 
spraying and non-spraying stages were 
considered as the subsidiary factors. 
Generally, there were 36 subsidiary plots 
with the surface area of 20 m2 (5 meters 
NS and 4 meters WE) which were divided 
into two rows. The planted item was of 
Chamran type. Planting was performed on 
23 November as dry planting with the 
density of 350 plants per square meter. 
According to the results obtained from the 
soil analysis, the required fertilizer was 
added to the farmland. To do so, 250 kg 
of urea, 150 kg of super phosphate and 
100 kg of potassium soleplate per hectare 
were added to the soil. In order to 
calculate the seed yield, all the spikes 
picked from one square meter were 
distributed and threshed manually; at that 
moment, the humidity was about 14%. 
The biological yield (biomass) in each 
plot was performed after picking the 
plants from one square meter and 
counting all the spikes (number of spikes 

per surface unit). Five plants were 
selected randomly and the weight of 
thousand kernels and each spike, number 
of grains per spike, number of spikelets 
per spike, length of the spike, height of 
the plant and stem, diameter of the stem 
were calculated. Analyzing data and 
drawing graphs were carried out by SAS 
and EXCEL software. Comparisons of 
average related to the drought stress and 
spray were carried out through Duncan 
experiment.  

 
RESULTS AND DISCUSSION 

 
Seed yield 

The results obtained from the 
analysis of data variances showed that 
the interaction between drought stress 
and elements spray on the seed yield 
is significant (p < 0.01) (Table 1). The 
highest seed yield from the 
simultaneous application of iron and 
zinc, under the stress-free condition 
and application of iron under the 
stress-free condition were 660.79 and 
651.67 g*m-2, respectively (Fig. 1). 
The lowest amount of iron application 
under the stressed condition at the 
seed filling stage and application of 
zinc under the stressed condition at 
the seed filling stage were 420.38 and 
412.75 g*m-2, respectively (Fig. 1). In 
all the stress treatments, except the 
stress at the flowering and stress-free 
stage, seed yield increased 
significantly by spraying iron (Table 
1). In stress treatment at the seed 
filling stage, the increase was 10%. 
Apparently, seed yield increased due 
to the presence of iron, the increase of 
photosynthesis, and consequently the 
increase of efficiency of the dry 
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substance. Yahyavi et al. (2004), 
showed that seed yield and percentage 
of protein increase significantly with 
the consumption of 5 mg of iron for 
each plant in one kilogram of soil. 
This result conforms to the ones 
obtained in the other studies (Banziger 
et al., 2002; Chimenti et al., 2002). 
Zinc spray increased the seed yield 
significantly in two stress treatments 
at the seed filling stage and stress-free 
condition (Table 1). The increase in 
stress treatment at the seed filling 
stage and stress-free condition were 
12% and 14%, respectively. Zinc is an 
essential element, which is not 
consumed much. It takes part in all six 
classes of enzymes in plants 
(oxidoreductase, transferases, lyases, 
isomerase, hydrolases, and ligases); 
therefore, it plays a crucial role in the 
synthesis of proteins, carbohydrates, 
cell metabolism, protection of 
membrane from oxygen free radicals 

and other processes related to make 
the plants compatible with stresses 
(Yari et al., 2005). Iron and zinc spray 
increased seed yield up to 10.4 % in 
comparison with the non-spray 
condition. Iron and zinc spray in 
stress treatments at seed filling stage 
and stress-free condition increased the 
seed yield significantly as 21% and 
17%, respectively (Table 1); it also 
decreased the seed yield in the stress 
treatment at the flowering stage for 5 
percent. Maximum decrease of the 
seed yield occurred at the seed filling 
stage. It appears that with the 
occurrence of drought at reproduction 
stages, seed filling stage period 
decreases which leads to weight loss 
of seeds. Drought stress reduces 
nutrient transfer from leaves to seeds 
as well. Drought accelerates ripening 
of seeds, this helps to reduce seed 
yield of grains through reducing 
photosynthesis (Baybordi,  2004).  

 

 
 

Figure 1 - Interaction drought stress, Zn and Fe on seed yield of wheat 
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Yield components 
Interaction of moisture stress and 

iron and zinc spray on yield 
components was significant (p<0.01) 
(Table 1). Applying iron and zinc at 
the same time under stress-free 
condition, the maximum weight of 
thousand kernels, number of grains 
per spike, number of spikelets per 
spike and number of spikes per 
surface unit were achieved. Under 
stress treatment at the flowering stage, 
iron spray increased number of 
spikelets per surface area, number of 
seeds per spikelet, and number of 
spikelet per spike significantly as 
13.7%, 13.5% and 10.4%, 
respectively (Table 1). In all stress 
treatments, except stress at the seed 
filling stage, zinc spray increased 
yield components significantly (Table 
1). In stress-free treatment, zinc spray 
increased number of spikes per 
surface area and thousand kernels 
weight as 10.5% and 15.9%, 
respectively. In stressed treatment at 
the flowering stage, zinc spray 
increased number of spikelets per 
surface area, number of spikelets in 
spike and number of seeds in spike as 
16%, 10.8%, and 7.3%, respectively. 
Iron and zinc spray increased number 
of spikes per unit area, number of 
spikelets per spike, number of seeds 
per spikelet and thousand kernels 
weight significantly as 9.7%, 12.6%, 
7.5%, and 8.8%, respectively as 
compared with non-spray (Table 1).  

 
Biological yield 

The interaction of drought stress 
and iron and zinc spray on the 
biological yield was significant 

(p<0.01) (Table 1). Simultaneous 
application of iron and zinc under 
stress-free conditions and application 
of iron under stress-free condition 
were 1593.08 and 1564.08 g*m-2, 
respectively. Considering a statistical 
level and treatments of non-
application of iron and zinc elements, 
under stress-free conditions at the 
seed filling stage and their individual 
application under the same stress 
condition, the maximum biological 
yield produced the least amount of 
biomass yield. Under the stress 
treatment at the seed filling stage, 
biological yield was increased 
significantly by spraying iron and zinc 
(Table 1). On iron spray, the increase 
(15%) was more than zinc (12.6%). 
Under stress-free conditions, iron and 
zinc spray significantly increased the 
biological yield for 13% (Table 1). 

 
Protein 

Drought stress has a significant 
effect - one percent probability - on 
the seed’s percentage of protein 
(Table 1). The most percentage of 
protein was 15%, which was obtained 
in a stress treatment at the filling 
stage; the least percentage of protein 
was 12%, which was produced in a 
stress-free treatment (Table 1). Based 
on the obtained results, it seems that 
stress, at seed’s filling stage, shortens 
the seed filling stage, which in turn, 
increases seed’s protein, due to the 
increase of hydrocarbons contents. 
This result is consistent with other 
findings (Jiang et al., 2002). Under 
the stress-free condition, iron spray 
increased the percentage of protein 
significantly (14.3%) (Table 1). Under 
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the stressed condition at the flowering 
time, zinc spray decreased the 
percentage of protein significantly 
(6.5%) (Table 1). Percentage of 
protein placed significantly at the 
statistical level of one percent under 
the three-lateral interaction of 
drought, iron, and zinc interaction 
(Table 1). Simultaneous application of 
iron and zinc, under the drought stress 
condition at the seed’s filling-stage 
with 15.16% and non-application 
treatment of iron and zinc, under the 
stress-free conditions with 10.70 % 
produced the maximum and the 
minimum seed’s percentage of 
protein, respectively. Accordingly, 
when the seed-filling period is short, 
appropriate nutrition can increase 
seed’s protein content and improve 
the quality of wheat grain.  

 
CONCLUSIONS 

 
As Fig. 2 shows, when zinc 

element is not used, the relationship 
between number of seeds per spike 

and yield of seed is positive 
(R2=0.33). With the increase of 
number of seeds, the yield of seed 
increases and vice versa; however, 
zinc spray decreases the effect of 
number of seeds on the seed yield 
(R2=0.05). As Fig. 3 shows, seed’s 
weight importance is increased. As a 
result, if zinc spray is used, seed’s 
weight importance will be increased 
as compared with the number of seeds 
in determining the yield seed. The 
trend of Figs. 4 and 5 is fairly similar 
to the one of Figs. 2 and 3. The 
emphasis on the issue “i.e. 
simultaneous use of iron and zinc has 
more effects on the relationships 
between the seed weight and seed 
yield than the time zinc is used only,” 
means that iron could intensify the 
effects of zinc element. The use of 
iron and zinc spray, especially zinc 
element, can fairly compensate the 
decrease of yield caused by drought 
stress through increasing the seed 
weight.  

 

 
 

Figure 2 - Effect Zn on relationship between seed yield and seed number in panicle 
wheat 
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Figure 3 - Effect Zn on relationship between seed yield and seed weight in wheat 
 
 
 

 
 

Figure 4 - Effect Zn and Fe on relationship between seed yield and seed number in 
panicle wheat 
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Figure 5 - Effect Zn and Fe on relationship between seed yield and seed weight in 
wheat 
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