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ABSTRACT

Heat stress and consequently drought stress conditions are the main causes of reduced wheat yield in most
regions of Iran. On the other hand, reduction of water sources demands more logical management for greater
productivity of land and water. For this purpose, in order to determine the effect of different levels of irrigation
and to evaluate responses of six genotypes of bread wheat, an experiment was conducted in the Research Farm
of University. Under-study wheat genotypes were cultivated as a split plot based on randomized complete
blocks with three replications. Main factor included irrigation levels (1- normal irrigation, 2– drought stress)
and sub-factor included wheat genotypes. Qualitative and quantitative traits were measured such as one-
thousand grain weight, biological yield, harvest index, grain yield, protein and gluten. According to results of
variance analysis, there were meaningful differences between under-study genotypes except biological yield for
total traits. Also, for irrigation levels, it was seen meaningful differences for biological yield, grain yield,
protein and gluten. Only about harvest index there was meaningful difference in interaction between genotype
× irrigation levels. Under drought stress conditions in the grain filling stage, number of grain per spike and
grain yield had been decreased. Also, drought stress caused an increase in protein and gluten content in under-
study genotypes. The results showed that genotypes 4057, Sabalan and Ruzi-84 had higher yield and protein
than other genotypes.
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Introduction

Wheat is one of the most ancient and precious
plants on the globe which overall is occupied nearly
one-eighth of the world's agricultural lands [1,2,3]. In
many parts of Iran, wheat yield and similar crops
that have optimal conditions during the growth stage
will dramatically reduced at the end of growth period
and dealing with heat stress conditions and
consequently drought stress. Due to lack of irrigation
water as the grain filling coincides with mid-summer
(warm season); irrigated wheat is also facing heat
stress, depending on the geographic area. Despite
severe damage stress factors on crop yield in our
country, history of research on stress in agriculture is

very low.
About the effect of heat stress on wheat,

although almost all research has been focused to
identify factors determine the potential grain weight
over the period of anthesis (flowering), knowledge of
short-time effects of high temperatures is low under
farm conditions for the period after anthesis [4]. The
researchers stated that the potential weight of wheat
grain is reduced if the average temperature exceeds
18 °C; they added genetic diversity has been
observed in this context [5]. Results represent
difference of varieties in response to the impact of
temperature after anthesis [6]. In order to cope with
stress conditions, we should either remove these
conditions which this is not practical especially for
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heat, cold and drought stress or identify particular
genotypes have a set of desirable traits and high
heritability [7].

Optimization of water consumption and
modification of the major systems are two basic
ways to remove the effects of stress. Transpiration is
able to decrease plant temperature of the environment
up to 5-10 °C [8]. Plant transpiration cooling
mechanism can be optimized by improving plant
power through uptake of water from soil and
irrigation management [9] and also increased
irrigation turns through evaporation and transpiration
cooling, can moderated heat stress [10]. It is also
believed that high heat reduces ratio of root to the
above-section of plant. It can therefore be concluded
that the optimal values of fertilizer and water needed
in more hot conditions is favorable conditions [10].
Hydrostatic slope between the soil root system and
leaf is the driving force to flow water and factors
which act as increasing slope reduced canopy
temperature, since lead to decreasing transpiration.
Resistance to water flow in root systems whether
radial (inside roots) or axial (internal flow of xylem)
can results in increasing the slope, reducing hydraulic
conductivity and increasing canopy temperature.
Within a canopy depending on the size, shape and
direction of plant leaves, we can decrease occurrence
of heat causing the temperature. Selection of stomata
specifications that minimize transpiration under water
restrictions, is the way to improving drought
tolerance, but may lead to reducing the plant
production. Transpiration loss while maintaining
water in the plant may lead to increasing leaf
temperature and thus plant yield had been reduced
due to heat stress. When water is the limiting factor,
there was an inevitable interaction between water
supply and heat stress. But, however, the intensity
and the damage of each is not clear [9].

Wheat is significantly sensitive to heat stress
from flowering to anthesis stages, and decreased
yield in heat conditions have been attributed to
acceleration of this period, and then to production of
small spikes with fewer seeds [10]. High temperature
after anthesis puts undesirable effects on fertilization
and seed growth until grain ripeness, increasing
temperature reduces the grain size due to high
respiration rate which results in grain weight
reduction due to the rapid growth of seeds [6].

Whatever the time between anthesis and maturity
of wheat grain is shorter; seeds are smaller with less
starchy materials, but the percentage of gluten would
be most [11]. Of effective factors to the final grain
weight, high temperature during grain filling is one
of the most important causes of yield loss in many
parts of the world for wheat-cultivation [4]. 30 °C
temperature during the stage of meiosis had been
categorized and afterwards reduces yield, because
they impaired natural growth of the pollen grain and

decreased pollen tube growth [10]. It is known that
during the grain filling stage and in the range of 12
to 26 °C (average daily temperature) against each
degrees Celsius increase in temperature, grain weight
is reduced from 4 to 8 percent [12].

Farmers of our region prefer instead of wheat,
potatoes are irrigated in the end of wheat growth
stages (sexual reproduction). On the other hand,
because of global changing, there are heater summers
with comparison of ancient years (It is not
comparable with the heat of the south of country).
Irrigated wheat production, despite of dehydration
also is facing the heat in the grain filling period.
Dehydration will increase the canopy temperature.
The purpose of this experiment is to identify and
compare the quantity and quality yield of six lines
and genotypes of bread wheat under drought stress
conditions after flowering which can maybe create a
new idea for farmers and researchers to evaluate and
selection of their positive responses to stressed
conditions.
 
Materials and Methods

This research was conducted in the Research
Farm of Islamic Azad University, Ardabil branch
located in the village lands of Hasan Barugh at
agricultural year 2008-2009. The experiment was
carried out as a split plot based on completely
randomized block design with three replications.
Main factor was included irrigation levels (1 -
normal irrigation, 2 – drought stress) and sub-factor
was wheat genotypes. Plant materials used in these
experiments was included three wheat genotypes
named Gascogne, Sabalan and 4057 prepared from
Agriculture and Natural Resources Research Center
of Ardabil province, and three genotypes named
Ruzi-84, Gobustan and saratovskaya-29 prepared
from Azerbaijan Republic. Amount of consumption
seed had been determined according to 450 seeds per
square meter and with respect to one-thousand grain
weight for each cultivar and were planted in early
November. Irrigation had been performed as flooding
irrigation. Two times as fall irrigation and three times
as spring irrigation was performed. In treatments
under drought stress, two times of irrigation were not
carried after flowering. No type of fertilizer or
chemicals used during experiment and at all stages
growth, from tillering to grain filling stages, fight
process with the weeds were conducted mechanically
and manually. Cultivated land was under their crop
rotation. Land provision operations includes plough
process after harvesting prior crop, one-time disc,
two leveler unit (perpendicular to each other) and
fertilization . Each experimental plot includes 3 rows
at a distance of 20 cm with each other and with 3
meter length.

Dimensions of each experimental plot were 7×3
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square meter. From beginning to end of each plot,
we considered 30 cm as margin. Traits examined in
this study including one-thousand grain weight,
biological yield, harvest index, grain yield, protein
and gluten content. After harvesting, we removed
random samples from seeds of each plot to evaluate
protein and gluten contents as quality characters.
Whole flour of grains was prepared by Laboratory
Mill 3100 device. Then, gluten was isolated on the
wet base using the Glutomatic 2200 system. Protein
content on dry base was measured by Inframatic
8600 device. All three devices used in this
experiment were constructed by Perten Swedish
Company. Statistical calculations were performed
using software’s MSTAT-C, and SPSS-16.

Results and Discussion

1- One-thousand grain weight:

Based on results in Table 1, it was observed
meaningful difference between under-study genotypes
for one-thousand grain weight at probability level of
one percent. Gascogne with 61.90 g had the most
one-thousand grain weight and genotypes Sabalan,
4057 and Ruzi-84, had the minimum with 53.92,
54.07 and 54.47 gr, respectively (Table 2). It was not
observed meaningful difference for irrigation levels.
However, normal irrigation with 57.38 g was better
than drought stress level with 56.34 g. There was no
meaningful difference between interactions of
genotype and irrigation levels. The results match with
the findings of Sinha [13], Takamy et al. [14],
Wardella et al. [15], and Ritchie et al. [16]. They
reported that drought stress reduces one-thousand
grain weight and irrigation increases it. In fact,
irrigation during grain filling stage results in
increasing photosynthetic materials and their
transition to grain, thus their weight would be
increased. In contrast, the lack of sufficient moisture
in this critical period results in reducing one-thousand
grain weight noticeably. Plaut et al. [17] also
concluded that water shortage in the anthesis stage
reduced significantly grain formation and its fertility,
and in grain filling stage it reduced photosynthetic
mobilization capacity to seeds significantly, causing
the shrinkage of grain and reduction of one-thousand
grain weight.

2-Biological yield:

Based on results in Table 1, it was not observed
meaningful difference between under-study genotypes
for biological yield. However, genotype 4057 with
7.94 t/ha was better than Gascogne with 6.36 ton/ha
(Table 2). There was meaningful difference between
the irrigation levels at one percent. Normal irrigation
level with 8.14 ton/ha was superior compared to

drought stress level with 6.10 ton/ha. The results of
mean comparison are presented in Figure 1. It was
not observed meaningful difference between
interactions of genotype × irrigation levels. In most
studies related to the physiological basis of genetic
improvement of yield increase, it was concluded that
wheat breeding has not been a significant change
during long history [18]. Therefore, this trait has not
fundamental role in increasing yield. However, in
few studies, it was seen meaningful increasing in
biological yield during under-study years [19 and 20].
It was also found that less than 20% increase in
grain yield was due to increased biological yield
[19]. The only exception is a report presented by
Hucl and Baker [21] in Canada. They achieved not
only a positive and meaningful increasing for the
biological yield during the under-study years, but
also stated that the major increase in grain yield is
due to increased biological yield [18].

3-Harvest index:

Based on the results presented in Table 1, it was
observed meaningful difference between under-study
genotypes for harvest index at probability level of
one percent. Gascogne, Sabalan, 4057 and Ruzi-84
with averages 49.87, 49.79, 48.89 and 48.29 percent,
respectively, had the most harvest index, and
Gobustan and Saratovskaya-29 with averages of
42.89 and 40.89 percent, respectively, had the
minimum (Table 2). It was not observed meaningful
difference for irrigation levels. However, harvest
index in normal irrigation (46.97%) was slightly
higher than drought stress level (46.25%). Also, it
was observed meaningful difference between
interactions of genotype × irrigation levels at
probability level of 5 percent. Results showed that
Gascogne in normal irrigation condition with average
55.19% had the most value and saratovskaya-29 in
normal irrigation with average 39.59% had the
minimum value. This issue is shown in Figure 5.
Ehdaei [22] announced that an increase in the yield
in short varieties in recent years is more because of
increasing harvest index by selection process in good
farming conditions. Austin [23] believes that by
selection for high harvest index, we would be able to
increase grain yield up to 20 percent. The range for
increasing harvest index is about 60 percent. Ehdaei
[22] reported that harvest index would be decreased
via influencing by inappropriate environmental
factors, especially drought. He also noted that if
consumption water had been reached to vegetative
organs and production consumption before the
anthesis and seed production, then sufficient water
for seed production and grain filling will not exist.
Consequently, the number of grain and grain weight
would be decreased and grain yield and harvest index
will decrease  dramatically. Harvest index had been
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decreased by drought stress, and it depends on
factors such as relative weight dry matter, pre and
post anthesis, and also the ability to transfer stored
materials (before anthesis) from stem to grain [3].
Therefore, based on reports by Rahimian and
Bannayan [18] it is suggested that in order to
increasing grain potential yield, we should looking
for some genotypes that have high biomass
production capacity and can also maintain the current
amount of harvest index. Superiority of harvest index
not recognized as a criterion to select as compared
with grain yield.

4-Grain yield:

Based on results of variance analysis in table 1,
it was observed meaningful difference between
under-study genotypes for grain yield at probability
level of 5 percent. Genotype, 4057 with average 3.88
ton/ha had the maximum of grain yield among
genotypes and do not significantly different with
Sabalan and Ruzi-84. Genotype Saratovskaya-29 with
average 2.67 ton/ha had the lowest grain yield that
do not different significantly with Gascogne and
Gobustan (Table 2). It is not observed meaningful
difference for irrigation levels at probability level of
one percent. Normal irrigation level with 3.81 ton/ha
was superior compared to the drought stress level
with 2.82 ton/ha. This issue is shown in Figure 2. It
was not observed meaningful difference between
interactions genotype × irrigation levels. The same
results are presented by Ebrahim Mollabashi [24] and
Radmehr [25]. Radmehr [25] was noted that
decreasing yield in drought stress before anthesis due
to decreasing number of spike per square meter.
Most researchers reported that relationship between
grain yield and irrigation is positive.

5-Protein:

Based on results of variance analysis (Table 1),
it was observed meaningful difference between
under-study genotypes for protein content at
probability level of one percent. Genotype
Saratovskaya-29 with average 14.51 percent had the
most protein among genotypes and Gobustan with
average 13.17 percent had the lowest protein content
do not different significantly with Gascogne and
4057 (Table 2). It was observed meaningful
difference for irrigation levels at probability level of
one percent. These findings did not match with
Shahriari et al. [26]. Stress level with 13.89 percent
produced more protein than irrigation level with
13.47 percent. These results were consistent with
Shahryari et al [26] (Fig. 3). It was not observed
meaningful difference between interactions of
genotype  × irrigation levels. However, Saratovskaya-
29 with average 14.66 percent in stressed conditions
had the highest amount of protein, genotype
Gobustan with average 12.92 percent had the lowest
amount of protein in normal irrigation conditions
(Figure 6).

6-Gluten:

According to results of variance analysis (Table
1), it was observed meaningful difference between
under-study genotypes for gluten at probability level
of one percent. Genotype Saratovskaya-29 with
average 39.88 had the most gluten among genotypes
which is consistent with Shahryari et al. [26] and
Gobustan with average 35.80 percent had the lowest
and this do not different significantly with Gascogne
and 4057 (Table 2). It was observed meaningful
difference for irrigation levels at probability level of
one percent. Stress level with 38.48 was better as
compared to irrigation levels with 36.23 percent
(Figure 4). It was not observed meaningful difference
between interactions of genotype  × irrigation levels.

Table 1: Variance analysis of the measured traits
Sources of Variation df Mean of Squares

-------------------------------------------------------------------------------------------------------------------------
1000 grain weight Biological yield Harvest index Grain yield Protein Gluten

Replication 2 26.45ns 9.912** 5.087ns 1.776** 0.062ns 0.388ns
Irrigation levels 1 9.662ns 37.37** 4.752ns 8.890** 1.525* 43.34**
Error a 2 8.597 1.925 8.721 0.449 0.154 2.124
Genotypes 5 73.621* 2.102ns 83.90** 0.953* 1.4254** 12.771**
Irrigation levels  × Genotypes 5 33.84ns 0.201ns 41.603* 0.103ns 0.130ns 1.537ns
Error b 20 25.170 0.920 10.847 0.241 0.204 1.856
CV (%) 8.82 13.47 7.07 14.80 3.30 3.64
* and ** Significantly at p < 0.05 and  < 0.01, respectively

Table 2:  Mean comparison of the measured traits for under-study wheat genotypes 
Characters

-----------------------------------------------------------------------------------------------------------------------------------------------------------
Genotypes 1000 grain weight (gr) Biological yield (ton/ha) Harvest index (%) Grain yield (ton/ha) Protein ( % )Gluten ( % )
Gascogne 61.90 a 6.36 b 49.87a 3.17 bc 13.57 bcd 37.03 bc
Sabalan 53.92 b 7.18 ab 48.79 a 3.48 ab 13.86 b 37.63 b
4057 54.07 b 7.94 a 48.89 a 3.88 a 13.22 cd 36.07 bc
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Table 2: Continue
Ruzi-84 54.47 b 7.11 ab 48.29 a 3.44ab 13.76 bc 37.58 b
Gobustan 60.53 ab 7.56 ab 42.89 b 3.24 bc 13.17 d 35.80 c
Saratovskaya-29 56.29 ab 6.58 b 40.89 b 2.68 c 14.51 a 39.88 a
Differences between averages of each column which have common characters are not significant at probability level of 5%.

Fig. 1: Effect of irrigation levels on biological yield content

Fig. 2: Effect of irrigation levels on grain yield content

Fig. 3: Effect of irrigation levels on protein content of flour
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Fig. 4: Effect of irrigation levels on gluten content of flour 

Fig. 5: Interaction of genotype× irrigation levels for harvest index

Fig. 6: Interaction of genotype× irrigation levels for protein content of wheat flour
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