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ABSTRACT 
 

A field experiment was conducted to determine the sensitivity of wheat to water stress and changes in 
morphological traits and yield of wheat (Triticum aestivum L.) under Water deficiency at the post anthesis 
Stage. The experiment comprised of three wheat cultivars i.e., Sivand, Marvdasht and DN-11 and two water 
stress treatments i.e., control (Irrigation in all stages of plant growth normally), water stress (post anthesis water 
deficiency with withholding of irrigation). The results depicted that grain yield, biomass, 1000 grain weight and 
number of grain per spike were reduced by 60.1%, 29.5%, 47.6% and 23.6% in water stress environment, 
respectively. Also, water stress caused reduction in morphological traits of both the wheat cultivars. The effect 
of drought on grain yield was primarily due to the significant reduction in grain weight, particularly in drought-
sensitive Marvdasht cultivar. The highest and lowest peduncle and penultimate weight reduction due to water 
deficiency stress was observed in Sivand and DN-11 cultivars. In order to determinate the effect of post anthesis 
water deficiency on plants height, average height of all cultivars in both conditions were compared. Water 
deficiency stress reduced plant height from 43 to 38.9 cm that was about 9.5% decreases. The lowest reduction 
of plant height in post anthesis water deficiency stress was related to DN-11 cultivar and most reduction was 
related to Sivand and Marvdasht cultivars 14.9% and 10.5% respectively. Finally, it can be concluded that 
planting wheat DN-11 in the post anthesis water deficiency stress was recommended for maximizing grain yield 
under the environmental conditions. 
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Introduction 
 

Wheat is the most important cereal crop in the 
world [27, 25], and the major source of staple food 
for the inhabitants of world [19]. In the Iran, wheat is 
grown under a wide variety of climatic and soil 
conditions. Wheat is the major cereal crop of fall 
season and is grown in almost every part of Iran. 

Under Mediterranean climatic conditions (such 
as Iran), wheat cultivars are often subjected to a 
variety of abiotic stresses affecting their productivity 
and even their survival. Drought is a world wide 
problem constraining global crop production serious 
[26, 11]. 

Water stress is one of the main abiotic stresses 
and an important factor for reducing yield of 
cultivated plants in semi arid agricultural lands [3]. 
The average yield of wheat is quite low in such areas, 
which is mainly due to shortage of water [6]. Water 

stress not only affects the morphology but also 
severely affects the metabolism of the plant. The 
extent of modification depends upon the cultivar, 
growth stage, duration and intensity of stress [5, 17]. 

Water stress at anthesis reduces pollination and 
thus less number of grains is formed per spike which 
results in the reduction of grain yield [6]. Adequate 
water at or after anthesis period not only allows the 
plant to increase photosynthesis rate but also gives 
extra time to translocation the carbohydrate to grains 
[28] which improves grain size and thereby lead to 
increase grain yield. Decrease in growth rate is 
caused by reduction in radiation use efficiency when 
drought was imposed at various growth stages, such 
as tillering, booting, earing, anthesis, and grain 
development stages [7]. Better performance of crop 
depends upon availability of water during these 
stages [8, 13]. 
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In the present study, we analyzed some 
morphological responses involved in three 
contrasting wheat genotypes to cope with drought 
stress. Such study will provide valuable information 
that can be used for the genetic basis of improvement 
of wheat to enhance yield and quality under stress 
conditions. 

 
Materials and Methods 

 
Based on preliminary experiments [2], three 

contrasting winter wheat cultivars (Triticum aestivum 
L.) Marvdasht (drought susceptible) and Sivand and 
DN-11 (drought tolerant during grain filling), 
respectively were used in pot culture experiments 
during the growing season from 2011 to 2012 in the 
greenhouse of Campus of Agricultural and Natural 
Resource, Razi University in Kermanshah state in the 
west of Iran (47º, 9′/E; 34º, 21′/ N), with 1319 meter 
elevated from sea level. The experiment was laid out 
in a randomized complete block design (RCBD) in a 
factorial arrangement with three replications. It 
comprised of three wheat cultivars i.e., Sivand, 
Marvdasht and DN-11 and two water stress 
treatments i.e., control or well water (Irrigation in all 
stages of plant growth normally), water stress (post 
anthesis water deficiency with withholding of 
irrigation). Pots with a diameter of 20 cm and height 
of 30 cm were each containing 1:1 Humus and soil. 
Date of anthesis was determined from middle rows in 
each plot when 50% of the spikes had extruded 
anthers [12]. In the measuring grain yield and its 
components such as: number of grains per spike, 
number of fertile and infertile spikelet's, 1000 grain 
weight and also spike, peduncle and penultimate 
length and weight, Plant height, 10 plants randomly 
selected and measurements were performed. Harvest 
index was measured by dividing grain yield to 
biomass production. Statistical analyses were 
performed using EXCEL and SAS 9.1software. 
Differences were analyzed by ANOVA. Means were 
compared by the LSD test (p < 0.05). 

 
Results and Discussion 

 
Grain yield and its Components: 

 
Mean comparison of grain yield, its components 

and morphological traits (Table 1, 2 and 3) suggested 
that there was a significant difference between 
studied genotypes on number of grain per spike, 
1000 grain weight, harvest index, grain yield and 
plant height. However, there was no significant 
difference found between other studied traits. Hence, 
it could be claimed that there is a proper diversity 
between genotypes for selection of most traits. There 
are various factors which lead to low wheat yield. 
Among the main factors which result in low yield are 
low yield potential and local genotypes’ 
incompatibilities with rain fed conditions. The 

research results proved that these yield components 
were playing an important role in determining grain 
yield in Wheat like other studies reported by 
Behradfar et al [9], Anandhan et al [4] and Abd El-
Mohsen [1]. Water deficiency during grain filling 
period applies limitations on 1000 grain weight and 
grain yield through reducing photosynthesis leaf and 
grain filling period. Environmental conditions affect 
plant metabolic activities and drought and heat 
stresses could lead to reduce the grain filling period 
or even stop the grain growth . Effect of different 
water treatment on the yield and its components in 
wheat cultivars (Table 1) indicates that DN-11 
genotype had the highest grain yield in the water 
stress and control conditions. In the control 
treatment, grain yield and biomass of Marvdasht 
cultivar were significantly lower than other cultivars 
(0.98 g spike-1 and 2.22 g plant-1, respectively). In 
terms of grain yield and biomass productions, except 
Marvdasht cultivar, there were no significant 
differences between other cultivars. Post anthesis 
water stress significantly reduced grainyield of 
cultivars (Table 1). Greatest reduction in grain yield 
in Marvdasht cultivar and greatest reduction in 
biomass in Sivand cultivar respectively was seen. 
Lowest reduction in grain yield and biomass were in 
DN-11 cultivar (50.6 and 25.4 %, respectively). The 
effect of drought on grain yield was primarily due to 
the significant reduction in grain weight per plant 
(grains per spike and 1000 grain weight) (Table1). 
This result may agree with Sattore and Slafer [23] 
and Slafer and Andrade [24]. They reported that, 
yield components were correlated with each other 
and changes in one’s character may lead to 
subsequent changes in other's characteristics. 

It is noteworthy that water stress led to 25.5% 
and 29.2% reduction in numbers of grains per spike 
in Marvdasht and Sivand cultivars, but 16% 
reduction in numbers of grains per spike for DN-11 
cultivar (Table 1). A similar changing pattern was 
found for 1000 grain weight in three cultivars. In the 
control treatment, 1000 grain yield of Sivand and 
DN-11 cultivars were significantly highest than other 
cultivars (31.4 and 27.1%, respectively). In the water 
stress condition, 1000 grain yield of Marvdasht 
cultivar were significantly lower than other cultivars 
(8 g). Jamal et al [13] concluded that grain yield of 
different wheat cultivars were significantly reduced 
by water stress at all critical growth stages and 
greatest reduction was at the anthesis stage. 
Saeedipour [22] also reported that the thousand 
kernel weight and weight of kernels per spike were 
more severely decreased by water deficit than by 
heat in both wheat varieties and less in Zagros than 
in Marvdasht cultivars. 

In control and water stress conditions, a negative 
correlation was found between 1000 grain weight 
and number of grain spike and harvest index (Table 
4). These findings are supported by Kang et al [14] 
and Pirdasti et al [20] who reported a positive 
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correlation between spikelet’s per spike and 1000 
grain weight and grain yield. 

The harvest index can be expressed as ability of 
plants to allocate photosynthetic material to produce 
economic yield. In terms of this trait under control 
and post anthesis water deficiency stress, there was 
significant variation between cultivars. Post anthesis 
water stress significantly decreased harvest index in 
most cultivars. In the control treatment, DN-11 and 
Sivand cultivar had the highest harvest index (Table 
1). Generally, harvest index decreased under water 
stress conditions, although the reduction was more in 
the drought-sensitive (54.4%) than in the drought-
tolerant (33.6%) cultivar. 

Post anthesis water deficit had no significant 
effect on the number of fertile and infertile per spike 
butin terms of these properties a wide range of 
variation in different cultivars was observed. Dencic 
[10] concluded that numbers of spikelets per spike 
are more sensitive to drought stress indifferent 
cultivars of wheat. It is noteworthy that water stress 
led to 17.9% reduction in fertile spikelet's in each 
spick for Marvdasht cultivar, but 5.6% reduction in 
fertile spikelet's in each spick for DN-11 and Sivand 
cultivars (Table 1). Qadir et al [21] found that water 
stress reduced the spikelets per spike in wheat. 

 
Morphological traits: 
 
Spike, peduncle, penultimate and other stem weight: 

 
Water deficiency stress decreased spike weight, 

so that reached 637 mg from 526 mg (17.6% reduce). 
In post anthesis water deficiency, the highest 
reduction in spike weight was seen in Sivand cultivar 
(23.6%) and lowest reduction was seen in Marvdasht 
cultivar (9.7%). 

In all cultivars, peduncle weight and penultimate 
weight reduction under post anthesis water stress 
conditions was 15.2% and 4.7%, respectively. The 
highest and the lowest peduncle weight reduction due 
to water deficiency stress were observed in Sivand 
(20%) and DN-11 (8.2%) genotypes (Table 2). Also, 
the highest and the lowest penultimate weight 
reduction due to water deficiency stress were 
observed in Sivand (10.6%) and DN-11 (8.1%) 
cultivars, but post anthesis water deficit had no 
significant effect on Marvdasht cultivar (Table 2). 

Grain yield mean in normal and stress condition 
has a close relation with strength and intensity of 
photosynthesis and remobilization dry matter after 
anthesis. But photosynthesis before anthesis can have 
a deep effect on yield by means of affecting the 
saved segments of the plant especially in grain and 
spike growth period [18]. 

 
Spike, peduncle, penultimate and other stem length 
and plant height: 

 

The results demonstrated that the effects of 
cultivars and well watered at post anthesis conditions 
were signification spike length, peduncle length and 
penultimate length (Table 3). It is noteworthy that 
water stress led to 8.6% reduction in spike length in 
Sivand cultivar, but 0.6% and 1% reduction in spike 
length for Marvdasht and DN-11 cultivars (Table 
3).The highest and the lowest peduncle length 
reduction due to water deficiency stress were 
observed in Marvdasht (30.1%) and DN-11 (5%) 
cultivars (Table 3). Also, the highest and the lowest 
penultimate length reduction due to water deficiency 
stress were observed in Sivand and DN-11 (10.8%) 
and Marvdasht (3.8%) cultivars. 

In order to determinate the effect of post anthesis 
water deficiency on plants height, average height of 
all cultivars in both conditions were compared. 
Water deficiency stress reduced plant height from 43 
to 38.9 cm that was about 9.5% decreases. The 
lowest reduction of plant height in post anthesis 
water deficiency stress was related to DN-11 cultivar 
and most reduction was related to Sivand and 
Marvdasht cultivars 14.9% and 10.5% respectively. 
Under control condition Marvdasht and DN-11 
cultivars (44.3 and 43.6 cm, respectively) had the 
highest and Sivand cultivar (41.1 cm) had the lowest 
plant height and DN-11 cultivar in the stress 
condition (42.2 cm) had the highest and Sivand 
cultivar (34.9 cm) had the lowest value (Fig 1). The 
competition between spike and stem for absorb of 
leaf produced photo-assimilates initiates from 
beginning of terminal spikelet production, at anthesis 
and when the upper stem internodes are in growth 
and development stage in their structure reaches its 
maximum [2]. Malik and Hassan [16] have earlier 
reported that stem length of guar (Cyamopsiste 
tragonaloba L.) genotypes significantly reduced 
under water stress. Khanzada et al [15] also observed 
that plant height in wheat varieties reduced 
significantly under water stress when it was 
compared with irrigated. 

Peduncle length had significant and positive 
correlation with biomass, number of grains per spike 
and peduncle length under post anthesis water 
deficiency, there were significant and positive 
correlation between penultimate length and other 
stem length with plant height (Table 4). 

 
Conclusion: 

 
All physiological parameter responses of the 

drought-tolerant (DN-11) and the drought-sensitive 
(Marvdasht) wheat cultivar to limited water supply 
showed similar patterns: decreased morphological 
traits and yield. Drought stress significantly but 
differentially affected the growth and yield of the 
three contrasting genotypes. The grain dry mass 
accumulation followed by numbers of grains per 
spike was the most affected yield components under 
drought stress. Compared with Marvdasht, DN-11 
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had larger grain weight and higher harvest index 
under drought stress. Further research are 
recommended for full understanding the effects of 

water stress on yield and its components of 
recommended wheat genotypes under agro climatic 
conditions such as west of Iran. 

 
Table 1: Effect of different water treatment (well watered and withholding water from anthesis to maturity) on the grain yield and its components in three wheat cultivars. 

Treatme
nts Cultivars 

Grain 
yield 
(gspike1) D* 

(%) 

Biomass 
(g 
plant1) D 

(%) 

Harvest 
Index 
(%) D 

(%) 

1000 
grain 
weight D 

(%) 

Number 
of 
grains 
per 
spike 

D 
(%) 

Fertile 
Spikele
t D 

(%) 

Infertile 
Spikelet D 

(%) 
WW† Sivand 1.06±0.0

2†† 

 

2.38±0.
10 

 

44.6±2.2 

 

31.4±3.
6 

 

34.7±4.
3 

 

15.2±1.
6 

 

2.53±0.7
6 

 
Marvdas
ht 

0.89±0.1
2 

2.22±0.
25 40.0±1.2 19.6±2.

2 
45.9±4.
7 

16.3±0.
6 

1.92±0.1
4 

DN-11 1.17±0.0
8 

2.60±0.
10 44.8±1.8 27.1±0.

5 
43.1±2.
7 

15.4±0.
5 

1.28±0.2
0 

WS Sivand 0.40±0.0
8 -61.8 1.56±0.

15 -34.3 25.3±3.1 -43.4 17.6±4.
5 -44.1 24.5±4.

7 -29.2 14.3±0.
7 -5.6 3.00±0.2

3 18.7 

Marvdas
ht 

0.29±0.0
4 -67.8 1.58±0.

20 -28.9 18.3±1.5 -54.4 8.0±0.5 -58.9 34.2±3.
6 -25.5 13.4±1.

9 -17.9 3.04±0.5
4 58.8 

DN-11 0.58±0.0
9 -50.6 1.94±0.

07 -25.4 29.7±4.2 -33.6 16.3±3.
3 -39.9 36.2±2.

1 -16.0 14.6±0.
4 -5.6 1.93±0.0

7 51.3 

WW 1.04±0.0
7 

-60.1 

2.40±0.
15 

-29.5 

43.1±1.7
0 

-43.8 

26.0±2.
1 

-47.6 

41.2±3.
9 

-23.6 

15.6±0.
9 

-9.7 

1.91±0.3
7 

42.9 WS 0.42±0.0
7 

1.69±0.
14 

24.4±2.9
0 

14.0±2.
8 

31.6±3.
5 

14.1±1.
0 

2.66±0.2
8 

CV (%) 20.4  13.6  14.1  26.7  21.3  13.9  33.2  
†WW: Irrigation in all stages of plant growth normally and WS: post anthesis water deficiency with withholding of irrigation. 
††In each column, compared to the 5% level of LSD method is used. Data were means ± SE (n = 3). 
D* (%): Percentage decrease down control when water deficiency was applied at post anthesis. 

 
Table 2: Effect of different water treatment (well watered and withholding water from anthesis to maturity) on the spike, peduncle, 

penultimate and other stem weight in three wheat cultivars. 

Treatments Cultivars Spike 
weight (mg) D* 

(%) 

Peduncle 
weight 
(mg) 

D 
(%) 

Penultimate 
weight (mg) D 

(%) 

Other Stem 
Weight (mg) D 

(%) 
WW† Sivand 601±58†† 

 

260±24 

 

155±16 

 

126±11 
 Marvdasht 659±58 269±15 160±16 136±38 

DN-11 651±22 244±12 193±18 168±19 
WS Sivand 459±21 -23.6 208±18 -20.0 139±16 -10.6 105±4.0 -17.2 

Marvdasht 595±78 -9.7 223±24 -17.2 168±22 4.5 152±39 12.3 
DN-11 525±28 -19.4 224±13 -8.2 177±23 -8.1 182±39 8.3 

WW 637±46 
-17.6 

258±17 
-15.2 

169±17 
-4.7 

143±22 
1.1 WS 526±42 218±18 161±20 146±27 

CV (%) 13.4  14.1  20.0  39.3  
†WW: Irrigation in all stages of plant growth normally and WS: post anthesis water deficiency with withholding of irrigation. 
††In each column, compared to the 5% level of LSD method is used. Data were means ± SE (n = 3). 
D* (%): Percentage decrease down control when water deficiency was applied at post anthesis. 

 
Table 3: Effect of different water treatment (well watered and withholding water from anthesis to maturity) on the spike, peduncle, 

penultimate and other stem length in three wheat cultivars. 

Treatments Cultivars Spike length 
(cm) D* 

(%) 

Peduncle 
length 
(cm) 

D 
(%) 

Penultimate 
length 
(cm) 

D 
(%) 

Other Stem 
Length (cm) D 

(%) 
WW† Sivand 8.66±0.52†† 

 
16.8±1.2 

 
8.99±0.81 

 
6.61±0.49 

 Marvdasht 8.57±0.32 18.5±0.5 9.78±0.06 7.45±1.32 
DN-11 9.14±0.24 15.0±0.7 11.2±0.74 8.28±0.56 

WS Sivand 7.92±0.13 -8.6 13.5±1.4 -19.4 8.02±0.61 -10.8 5.44±0.20 -17.7 
Marvdasht 8.51±0.25 -0.6 12.9±0.5 -30.1 9.41±0.78 -3.8 8.80±1.73 18.1 
DN-11 9.04±0.17 -1.0 14.2±0.4 -5.0 9.96±0.89 -10.7 9.00±1.32 8.7 

WW 8.79±0.36 
-3.4 

16.8±0.8 
-18.1 

9.98±0.54 
-8.4 

7.45±0.79 
3.1 WS 8.49±0.18 13.6±0.8 9.13±0.76 7.75±1.09 

CV (%) 6.65  9.61  13.6  27.1  
†WW: Irrigation in all stages of plant growth normally and WS: post anthesis water deficiency with withholding of irrigation. 
††In each column, compared to the 5% level of LSD method is used. Data were means ± SE (n = 3). 
D* (%): Percentage decrease down control when water deficiency was applied at post anthesis. 
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Fig. 1: Effect of different water treatment (well watered and withholding water from anthesis to maturity) on the 

plant height in three wheat cultivars. Vertical bars represent ± SE (n=3). 
 

Table 4: Correlation coefficients grain yield, its components and some morphological traits in wheat cultivars under well watered (WW) and withholding water from anthesis to maturity 
(WS). 

Paramet
ers 

Con
ditio
ns 

Y B HI 1000G
W NGP FS NFS SW Ped

W 
Pen
W OSW SL Ped

L PenL OSL PH 

Y WW 1                WS 1                
B WW 0.90*

* 1               
WS 0.75* 1               

HI WW 0.73* 0.36 1              WS 0.95*
* 0.51 1              

1000G
W 

WW 0.55 0.30 0.73* 1             WS 0.71* 0.30 0.81*
* 1             

NGP WW 0.11 0.27 -0.22 -0.74* 1            WS 0.20 0.67* -0.08 -0.49 1            
FS WW 0.07 0.43 -0.53 -0.56 0.65* 1           WS 0.46 0.71* 0.26 0.18 0.46 1           
NFS WW -0.28 -0.50 0.22 0.54 -

0.76* 
-
0.68* 1          

WS -0.54 -
0.76* -0.34 -0.08 -0.62 -

0.69* 1          

SW WW 0.19 0.60 -0.52 -0.36 0.45 0.85*
* -0.62 1         

WS -0.05 0.55 -0.34 -0.37 0.73* 0.50 -0.38 1         
PedW WW 0.06 0.35 -0.42 -0.32 0.39 0.75* -0.39 0.62 1        WS 0.26 0.75* 0.00 -0.19 0.77* 0.60* -0.48 0.78* 1        
PenW WW 0.69* 0.82*

* 0.13 -0.05 0.46 0.54 -0.75* 0.60 0.48 1       
WS 0.13 0.72* -0.15 -0.32 0.85*

* 0.46 -0.54 0.77* 0.86*
* 1       

OSW WW 0.83*
* 

0.86*
* 0.44 0.12 0.49 0.34 -0.44 0.46 0.22 0.72* 1      

WS 0.00 0.13 -0.06 -0.27 0.35 -0.52 -0.02 0.03 0.18 0.37 1      
SL WW 0.41 0.71 -0.26 -0.09 0.25 0.71* -0.69* 0.82*

* 0.51 0.76* 0.37 1     
WS 0.29 0.67* 0.05 -0.28 0.83*

* 0.29 -0.79* 0.56 0.55 0.73* 0.53 1     

PedL WW -0.47 -0.30 -0.54 -0.66 0.48 0.53 -0.17 0.15 0.70* -0.06 -0.22 -0.06 1    WS 0.50 0.70* 0.33 -0.03 0.67* 0.60 -0.50 0.28 0.75* 0.66 0.15 0.40 1    
PenL WW 

0.46 0.54 0.07 -0.36 0.68* 0.47 
-
0.92*
* 

0.42 0.26 0.85*
* 0.56 0.56 0.03 1   

WS 0.07 0.58 -0.18 -0.44 0.88*
* 0.43 -0.60 0.63 0.62 0.90*

* 0.29 0.75* 0.59 1   

OSL WW 0.72* 0.85*
* 0.21 -0.07 0.60 0.52 -0.57 0.64 0.35 0.77* 0.97*

* 0.49 -0.11 0.63 1  
WS -0.17 -0.05 -0.20 -0.42 0.33 -0.64 0.07 0.05 0.02 0.28 0.94*

* 0.50 -0.06 0.30 1  

PH WW 
0.29 0.53 -0.24 -0.56 0.83*

* 
0.84*
* 

-
0.82*
* 

0.67* 0.75* 0.77* 0.57 0.58 0.53 0.77* 0.70
* 1 

WS 0.12 0.49 -0.07 -0.45 0.82*
* 0.00 -0.43 0.41 0.54 0.78* 0.77* 0.81*

* 0.55 0.81*
* 

0.74
* 1 

Y: Grain Yield (g spike2), B: Biomass (g plant2), HI: Harvest Index (%), 1000GW: 1000 Grain Weight (g), NGS: Number of Grain per Spike, FS: Fertile Spikelet, NFS: Non Fertile 
Spikelet, SW: Spike Weight (mg), PedW: Peduncle Weight (mg), PenW: Penultimate Weight (mg), OSW: Other Stem Weight (mg), SL: Spike Length (cm), PedL: Peduncle Length (cm), 
PenL: Penultimate Length (cm), OSL: Other Stem Length (cm), PH: Plant Height (cm). 
*and **Significant at the 5 and 1 percent levels, respectively and another no significant. 
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