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ABSTRACT 
 

To investigate the effects of drought stress on wheat, this experiment was conducted in 2010 at Doroud in 
Lorestan, Iran.The experiment was conducted in split plot in the form of a randomized complete block design 
with four replications. The main plots were irrigation (T1control, No water stress imposed and plots were never 
allowed to dry out, T2: Water stress imposed at anthesis stage, T3: Water stress was imposed at stem elongation 
stage, T4: Water stress was imposed at grain filling stage). The sub plots were fourwheat varieties (V1: WS82; 
V2;Sadr; V3:Bahar & V4: B2).The measured traits were harvest index, biological yield, number of spikes/m2, 
number of grains per of spike, 1000-grain weight, grain yield and plant height.Mean comparison was conducted 
using LSD range test (at 1% level). The results showed that drought stress had significant effect on harvest 
index, biological yield, number of spikes/m2, number of grains per of spike, 1000-grain weight, grain yield and 
plant height. Among populations B2harvest index, biological yield, number of spikes/m2, number of grains per 
of spike, 1000-grain weight, spike length, grain yield and plant height had more reduction than the two other 
populations in drought conditions, whereas WS82 was less affected. 
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Introduction 

 
Wheat (Triticum aestivum, L.) is the staple food 

crop of Iran and is grown under a wide range of 
climatic conditions [8]. It is the staple food of nearly 
35 % of the world population and demand for wheat 
will grow faster than for any other major crop. 

Water stress is the main environmental 
constraint for the wheat crop besides high 
temperature and salinity [16,7,9,20]. This stresses the 
need to increase the productivity of wheat crop under 
available limited water resources. It is estimated that 
to feed the increasing population, 40% more food 
would be required by the year 2025. 

Water stress is the most influential factors 
affecting crop yield particularly in irrigated 
agriculture in arid and semi-arid regions, it is 
necessary to get maximum yield in agriculture by 
using available water in order to get maximum profit 
form per unit area because existing agricultural land 
and irrigation water are rapidly diminishing due to 
rapid industrialization and urban development. 
Optimizing irrigation management due to water 

scarcity together with appropriate crops for 
cultivation is highly in demand; the cost of irrigation 
pumping and inadequate irrigation scheme capacity 
as well as limited water sources is among the reasons 
that force many countries to reduce irrigation 
applications. Drought stress usually occurs when 
available water in soil reduces and atmospheric 
conditions increase water loss through 
evapotranspiration. A primary symptom of low 
available water to plants is the loss of turgor pressure 
and reduction of cell development especially in stems 
and leaves. Reduction of cell development makes the 
plant smaller in size, which is the characteristic of 
drought stressed plants. Moreover, drought stress 
disturbs nutrient absorption and reduces leaves 
growth. Lower leaf area means lower light 
absorption and photosynthesis. All these events 
finally decrease plant growth and yield. 

Nowadays water deficit is known as an 
important limiting factor of yield increase in arid and 
semiarid regions and growth decrease is much 
greater under water deficit than that under other 
environmental stresses. It is more important in 
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regions which experience the problem due to climate 
change but have not been paid attention because 
global environment change programs show the 
growth of water deficit in future and the recurrence 
of much more severe events in most parts of the 
world. Environmental stresses bring about a wide 
range of responses in plants from genetic changes to 
the changes in growth speed and yield.  

Drought stress from anthesis to maturity, 
especially if accompanied by high temperatures, 
hastens leaf senescence; reduce mean kernel weight 
[17]. 

Grain yield in wheat is dependent on assimilates 
produced by current photosynthesis in the 
postanthesis period, post-anthesis carbohydrates 
stored temporarily in vegetative organs before being 
re-translocated to the grain, and assimilates 
translocated from stored carbohydrates in the 
vegetative plant parts produced during the pre-
anthesis period [15] 

The ability to effectively translocate assimilates 
from stems and leaves to the developing grain is 
desirable for maximizing grain yield production in 
water-limited environments [23]. Midseason drought, 
experienced under rainfed conditions, reduced 
mainly the number of spikes per square meter and 
kernels per spike, traits that develop during the 
period most sensitive to drought stress from 
doubleridge to anthesis [19].  

 
Materials And Methods 

 
Doroud is located in 61 km south east of 

Borujerd (33° 29' N, 49° 4' E, 1522 m above the sea 
level). Average annual precipitation at the site is 
724.8 mm and average annual air temperature is 
16.1°C. The properties of soil at the test site are 
listed in Table 1. 

 
Table 1: Physio-chemical characteristics of the experimental soil. 

Organic 
carbon(%) 

T.N.V K(mg kg-1) P(mg kg-1) N(%) Sand 
% 

Silt  
% 

Clay 
% 

Texture Ec(dsm-1) 
 

Ph 

4.43 17.5 350 20.09 0.15 41 29 36 loamyClay   1.05 7.5 

 
The experiment was conducted in split plot in 

the form of a randomized complete block design with 
four replications. The main plots were irrigation 
(T1control, No water stress imposed and plots were 
never allowed to dry out, T2: Water stress imposed at 
anthesis stage, T3: Water stress was imposed at stem 
elongation stage, T4: Water stress was imposed at 
grain filling stage). The sub plots were 
fourwheatvarieties (V1: WS82; V2;Sadr; V3:Bahar 
& V4: B2). 

Plot size was 4×2.5 m with 7 rows 4m long and 
row distance was 15 cm. Seeds were obtained from 
the Esfehan Pakanbazr co. Seeds were planted in 
October 2010, and irrigated immediately. The crop 
was sown at the rate of 125 kg seed/ha. The plots 
were fertilized at the rate of 150, 100 and 140 kg N, 
P2O5 and K2O ha-1 respectively. All agnornic 
practices were carried out uniformly for all 
treatments. 

The number of grains/spike, number of 
grains/spike, 1000-grain weight, plant height, spike 
length, harvest index, biological yeild and grain 
yieldwere measured. Data were analyzed using 
MSTAT-C statistical program and means were 
compared using an LSD test (p < 0.01). 

Results: 
 
Plant height: 
 

Analysis of variance is presented in Table 2. 
According to the variance table, plant height was 
affected significantly by water stress. Also there 
were significant differences among wheat cultivars 
with respect to the harvest index. Full irrigation and 
stress treatments at stem elongation stage had the 
highest and the lowest plant height, 
respectively(Table 3). Interaction of irrigation and 
cultivars on plant height was significant (p<0.01). 
Mean comparison of the effect of the two factors 
interaction showed that plant height was the highest 
in T1control × WS82 (86.05) and was the lowest in 
T3( Water stress at stem elongation stage) ×V4( 
B2)cultivar (71.20) (Table 5). 

 In drought stressed plants, intracellular spaces 
and their water content reduces to facilitate water 
flow to plant tissue; resulting in the reduction of 
relative water content and yield. The results were 
indicated that watedeficit can result in shorter plants 
and smaller leaf areas of mint [1] and yarrow [18].

 
Table 2: Mean of squares for onyieldand yield components in wheat 

Source of 
variance 

df harvest  
index 

spike 
length 
(cm) 

plant 
height 
(cm) 

grains/spi
ke 

spikes/m2 1000 
grain 
weight(
gr) 

grain yield Biologic 
yeild 
 

replication 3 78.57** 29.2ns 88.5** 10.71ns 138.2** 153.02** 78.84ns 36.07ns 
stress(A) 
error(A) 

3 
9 

245.28** 
41.7 

149.7**

47.3 
276.2** 
8.7 

14.26* 
8.72 

77749.6**

31254.4 
436.03** 
35.01 

951066.7** 
11.81 

123.7** 
8.41 

Population(B) 
 

3 375.5** 364.6** 186.9** 47.53** 1434.1ns 328.8** 27.67ns 0.0034ns 

A× B 9 82.06** 37.6ns 48.3** 10.22 ns 8357.3 ns 23.9ns 17.55ns 3.23ns 
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Error 36 21 16.7 6.3 5.3 6 21.7 11.12 11.7 
Cv (%)  13.8 15.3 13.08 10.20 16.3 14.76 15.22 13.9 

ns, *and**:non Significant, Significant difference in 5% and 1% level respectively 
 

spike length: 
 

Analysis of variance showed that drought stress 
significantly affected spike length (Table 2). Mean 
comparison indicated that spike length was the 
highest in T1control (38.5cm) and was the lowest in 
water stress at stem elongation stage (25.6cm). Spike 
length was significantly influenced between 
cultivars(Table 2). Mean comparison indicated that 
spike length was the highest in WS82 and was the 
lowest in B2 population (Table 4). 
 
Harvest index:  
 

Harvest index of wheat was significantly by 
drought stress. Also there were significant 
differences among wheat cultivars with respect to the 
harvest index (Table 2). Mean comparison indicated 
that the harvest index decreased from 42.9 in 
T1control (No water stress) to 28.7; 33.7 and 33.8 in 
T2; T3 and T4 irrigation regime respectively(Table 
3). The cultivar V1: WS82 produced significantly 
higher number of harvest index than other 
cultivars(Table 4).Mean comparison of the effect of 
the two factors interaction showed that harvest index 
was the highest in T1control × WS82 (40.8) and was 
the lowest in T2(Water stress at anthesis stage) × 
B2cultivar (28.6)(Table 5). 
 
Biological Yield: 
 

Results obtained from data analysis of variance 
indicating a significant difference (p<0.01) under 
stress conditions (Table2). Full irrigation and stress 
treatment at all stages had the highest and lowest 
1000-grain weight, respectively.This difference 
could due to decreasing cultivars ability to adsorption 
nutrients and transforming  material as a result of 
deficit water whichcaused biological yield [13]. 
Increasing biological yield at full irrigation treatment 
was due to more expanded leaf area and its durability 
which caused to increasing  biological yield by 
generating physiological source to consuming 
received light. On the basis of data analysis of 
variance, there had significant differences among 
cultivars. WS82cultivar had the highest and B2  
cultivar had the lowest biological yield (Table 3). 
 
Number of Spikes: 
 

Results indicated that the effect of drought stress 
on number of spikes was significant at p<0.01 (Table 
2). Full irrigation and stress treatments at stem 
elongation stage had the highest and the lowest 
number of spikes, respectively (Table 3). Stress at 
stem elongation stage has high sensitivity, because 
this stage is the most determined factor for yield 

components. Also, in this stress condition, number of 
spikes/m had 218.6 spikes/m less than control. This 
indicated the importance of irrigation at the 
beginning of stem elongation. Day an Intapal(1970) 
suggested that water stress in beginning of stem 
elongation induced decreasing number of spikes and 
1000-grain weight. Results of this study showed that 
the effect of moisture during forming and late growth 
stage which is coincident with stem elongation stage 
has important role in enhancing wheat grain yield. 
Number of fertile tillers that resulted  in number of 
spikes is determined at stem elongation stage. 
Irrigation at primary stages of growth of wheat 
cultivars could effect on productivity of tillers and 
more produced spike. Researches of Jones et al [5] 
showed that deficit water during flowering stage 
affected grain number, while water deficiency after 
anthesis reduces grain size. A significant difference 
was observed in number of spikes among tested 
cultivars. As shown in table 4, WS82 cultivar had 
maximum and B2 cultivar had minimum of spikes, 
respectively. Interactive effect of irrigation treatment 
and cultivars on number of spikes/m2was not 
significant (Table 2).  
 
Number of Grains per of Spike: 
 

Results obtain from data analysis of variance 
indicated that there is significant differences (p<0.05) 
under drought stress treatments on number of grains 
per spike (Table 2). Full irrigation treatment had 
most grain number and stress treatment at stem 
elongation stage had the least number of grains per 
spike (Table 3). Reduction of grain yield in deficit 
water conditions are related to reducing number of 
flowers and ability of flowers to transform to grain. 
In other hand, transferring materials from  phloem is 
depended on photosynthesis which supplying main 
materials and sink metabolism. Deficiet water stress 
reduces photosynthesis materials in growing leaves. 
So, drought decreases amount of  photosynthesis 
materials produced by leaves. Because rate of 
transferred extract from phloem is depending on 
pressure potential, water potential of phloem 
decreasing during deficit water stress and reducing 
turgor potential. Also, reduction of grain forming 
under deficit water affected by decrease of  
transforming photosynthesis materials and amount of 
reserved assimilation resulted in enhancing damage. 
Among cultivars, number of grains per spike had a 
significant difference. So, WS82 cultivar had the 
most number of grains per spike and the least number 
of grains per spike was observed in B2 cultivar. 
Interaction of irrigation and cultivars on number of 
grains per spike was not significant . Moisture stress 
is known to reduce grains per spike and grain size at 
any stage when it occurs. So, the over all effect of the 
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moisture stress depends on its intensity and length of 
stress [2]. Song et al., [21]. in corn showed that water 
stress led to slower pollen and filament development 
decreased filament fertility and resulted in a 
reduction in grain number and weight per ear. 
 
1000-grain Weight: 
 

Results obtained from data analysis of variance 
indicated that there is a significant difference 
(p<0.01) using drought stress treatment to 1000-grain 
weight (Table 2). Full irrigation and stress treatment 
at anthesis stage had the most and least 1000-grain 
weight, respectively (Table 3). Stress at anthesis 
stage stage is caused to reducing grain yield due to 
decreasing 1000- grain weight. In anthesis stage 
stage, photosynthesis materials transferred to grain. 
Therefore, any deficit water stress in this stage 
induced  thinning and small size of grain. In the 
study of pandy et al., [12] under water stress 
conditions at anthesis stage, grain yield was 
decreased due to reducing 1000-grain weight. A 
significant difference was observed between tested 
cultivars in 1000-grainweight. Among cultivars, the 
most and least 1000-grain weight was observed in 
WS82and B2 cultivars, respectively. 

The decrease in 1000-grains weight under 
stressed condition may be due to disturbed nutrient 

uptake efficiency and photosynthetic translocation 
within the plant that produced shrivelled grains due 
to hastened maturity. The results of Kang et al. [6] 
and Pirdashti et al. [14]agree with the results 
obtained in this study. Giunta et al. [4]. Pannu et al. 
[11] also obtained the same results. 
 
Grain Yield: 
 

Grain Yield of wheat was significantly by 
drought stress (Table 2). Drought stress at any 
growth stages induced decreasing grain yield. In 
comparison with control (full irrigation), the most 
grain yield was observed at control treatment (full 
irrigation), by grain yield of 803.4 kg.ha at this 
treatment. Lowest grain yield obtained in water stress 
imposed at anthesis stage .Grain yield was 
significantly influenced between cultivars(Table 2). 
Mean comparison indicated that Grain yield was the 
highest in Bahar and was the lowest in B2 population 
(Table 4). 

 Solomon et al. and Ozturk and Aydin also 
found yield reductions of 79.7 and 65.5% when 
water stress was imposed either at earlier stages or at 
grain formation. Significant reducing grain yield 
under deficit water stress was due to variability of 
yield components [22,10].

 
Table 3: Effects of drought stresson onyieldand yield components in wheat 

    Mean of Parameters  Treatment 
Biological 
yeild 

grain 
yield 
(Kg) 

1000 grain 
weight(gr) 

spikes/m2 grains/spike plant 
height 
(cm) 

spike 
length 
(cm) 

harvest  
index 

drought 
stress (day) 

 
1162.7a 803.4a 36.7 a 662.6 a 27.4 a 89.7 a 38.5 a 42.9 a T1 

542.4d 278.5c 19.7 c 566.8 b 24.5 b 75.8 c 27.2 b 28.7 c T2 

562.6 c 285.4c 23.8 b 425.7 c 22.4 c 72.2 d 25.6 c 33.7 b T3 

866.7 b 395.6 b 22.6b 644.3 ab 26.6 b 80.7 b 38 a 33.8 b T4 

Means that have at least one common letter didn,t show significant difference in 1% level 
 

Table 4: Effects of population onyieldand yield components in wheat 
 Mean of Parameters     Treatment 

Biological 
yeild 

grain 
yield 
(gr) 

1000 grain 
weight 

spikes/m2 grains/spike plant 
height 
(cm) 

spike 
length 
(cm) 

harvest  
index 

Population 

887a 489.9a 26.2a 563.5a 27.2a 82.4a 34a 38.7a V1 
781a 476.7a 24.4b 554.2a 25.3b 79.1b 30b 32.5b V2 
750a 636a 23.3b 512.8a 24.2c 73.5c 27.3c 30c V3 
735a 435a 19.8c 490.8a 21d 70.25d 25d 28.5d V4 

Means that have at least one common letter didn,t show significant difference in 1% level 
 

 
Table 5: Effects of drought stressandpopulation on harvest index and plant height in wheat 

 Mean of Parameters  Treatment            
plant 
height 

(cm) 

harvest  
index 

Drought stress  Population 

86.05a 40.8a V1  
84.4ab 37.7b V2  
81.6b 36.45bc V3 T1 
79.95bc 35.07d V4  
79.1c 33.7e V1  
77.45d 34.5de V2  
74.65f 29.35g V3 T2 
73.fg 28.6h V4  
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77.3d 36.20c V1  
75.65e 33.1e V2  
72.85g 31.85f V3 T3 
71.20h 31.1fg V4  
81.55b 36.25c V1  
79.9c 33.15ef V2  
77.1d 31.9f V3 T4 
75.45e 31.15fg V4  

Means that have at least one common letter didn,t show significant difference in 1% level 
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