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 In order to study effects of water deficit stress and Salicylic acid treatment on grain 
yield, biological yield, harvest index, and some of morphological traits of wheat 
spike of chamran cultivar, an experiment was conducted in Safi-Abad agricultural 
research center, Dezful, in two agricultural years 2010 and 2011 in split-factorial 
whit three replications. In this study, some traits such as grain yield, biological 
yield, harvest index, and other traits were measured. The results showed that stress 
treatment caused grain yield, biological yield, harvest index, the weight of 1000 
grains, awn length, pedancle length, grain growth rate, and effective period of grain 
growth to reduce. Applying low dosage of Salicylic acid (0.7 mM) held the most 
grain yield, biological yield, and effective grain growth period, whereas applying a 
moderate dosage of Salicylic acid (1.2 mM) resulted in the increase in awn length, 
spike length, the percentage of gluten, and the rate of grain growth. Moreover, 
applying Salicylic acid at flowering stage caused Awn length, spike length, and 
gluten percentage to increase and grain yield, 1000 grains weight, pedancle length, 
and effective grain growth period to decrease. Grain yield had a high, positive 
correlation with biological yield, harvest index, and pedancle length, whereas it had 
a negative correlation with the percentage of gluten, and the percentage of grains 
protein. Also there was a positive meaningful correlation between harvest index and 

biological yield 
 
 

© 2013 AENSI Publisher All rights reserved. 
 

INTRODUCTION 
 

Wheat is one of the agricultural plants that, given the place it occupies to supply energy and protein for 
human being, its production necessity in surface area unit by using crops improvement and eugenics plans is 
completely tangible. Stress, to its extensive sense, means every factor or a combination of environmental factors 
that causes the plant not to be able to grow as much as its genetic potential capability is [1]. In the nature, plants 
are exposed to environmental fluctuations such as stresses like salinity, heat, cold, wind, environmental 
pollutants, radiation, deficit of nutritional elements, and animate stressful factors which restrict plant growth or 
change it undesirably and lead to decreasing the growth and yield of plant [5]. Internal and external factors are 
effective in the growth of plant. Of the most important internal factors are hormones, and temperature and light 
that can be mentioned as the most important external factors. Hormones are responsible for regulating and 
adjusting processes that take place in different parts of plants body. Hormones are organic compounds that are 
made in specific tissues and are directly transferred from one cell to another or are transferred all over the plant 
through vessels and effect the destination [6]. Some of hormones also have a restrictive effect. Generally, 
natural growth of a plant is mostly adjusted by the interactions of provocative and restrictive hormones. Some of 
plant hormones provoke growth, whereas some others slow or delay the same prosess. Salicylic acid belongs to 
a group of phenolic compounds theat exists extensively in plants and nowadays is regarded as a Semi-hormonic 
substance. This acid plays an important role in plants growth [15]. Some reports on effect of Salicylic acid  on 
increased yield of some plants such as Soybean [7], black-eyed been [15], and pea [7] have been published. This 
substance can have a pivotal role in resistance to diseases in plants, particularly through acqurred systemic 
resistance. Also it is effective in defensive responses of the plant and increases the activity of phenyl alanine 
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amoniase enzyme by which synthesis and accumulation of phenolic compounds increase, and, finally, these 
phenolic compounds with antioxidant characteristics elevate the tolerance of tissue to animate and inanimate 
stresses. Effects of humidity stress on wheat can be different, depending on at which stage it took place, and its 
effects on Yield and other traits were studied by Van Andel and Jager [14]. They concluded that stress could 
expedite flowering and ripening. This study was conducted with the aim of investigating effects of Salicylic acid 
and water deficit stress on grain yield, biological yield, harvest index, the weight of 1000 grains, grain growth 
rate, effective grain growth period, and some of chemical and morphological traits of chamran cultivar wheat in 
Khuzestan Province. 
 

MATERIALS AND METHODS 
 

This experiment was performed in research field of Safi-Abad agricultural research center, Khuzestan, in 
fall season of the years 2010-11. Wheat genotype was Chamran. Design of the experiment was split factorial 
with three replications in the field. 

Treatments used in this study were drought stress as main factor at 3 levels:1- control(non-stress) treatment, 
2- cutting off an irrigation turn in the middle of flowering period (Z=55), and 3- cutting off an irrigation turn in 
the early grain filling stage (Z=85); time of Salicylic acid application at 3 levels: 1- priming grain with SA, 2- 
Salicylic acid foliar spray in the middle of tillering stage (Z=25), and 3- Salicylic acid foliar spray in the 
beginning of flowering (Z=31); and, Salicylic acid dosage at 4 levels: (zero, 0.7, 1.2 and 2.7 mM). The first 
factor  Stress, was performed in primary plots and the second and third factors were conducted in secondary 
plots in factorial arrangement. To reduce any rainfall effects on drought stress treatment, each plot was covered 
by  shelter protector. 
 
-Traits’ Evaluation: 

The traits studied in this research included : grain yield per hectare ,biological yield,1000 grains weight, 
Harvest index , Protein percentage,gluten percentage, Pedancle legth,Grain growth rate and effective grain 
filling period. For determining the grain yield, biological yield, harvest index and1000 grains weight, at the time 
of final harvest in 1 m-2 surface, all plants were cut off from the bottom and after being dried out at 75˚ c for a 
duration of 48 hours they were weighed and then threshed; and grain yield was calculated in kilogram and it was 
generalized to hectare,then1000 grains were counted by a digital grain counting apparatus and then were 
weighed by an accurate digital scale.Protein percentage and gluten percentage was computed by using an NIR 
(Near Infrared Analyzer) apparatus.Fordetermining pedancle legth 10 plants were selected randomly and, after 
separating pedancles, their lengths were measured by using a ruler and their average was computed.in order to 
consider the process of grain growth and determining each of its components (grain growth rate and effective 
grain filling period), sampling was performed once per Five days from one week after pollination till 
physiological ripening. In each of samplings a number of 5 main spikes which had been premarked were 
selected and harvested. At every stage, 50 grains were totally separated from spikelets number 5 to number 9 
(counting from the base of the spike). Spikes dried in oven at 80̊ c for 48 hours were separated and weighed by 
an accurate scale. After fitting the curve of grain growth, gradient of regression equation at the stage of linear 
growth of grain considered grain growth rate (SGR). Effective grain filling period (EFP) was obtained by 
calculating the ratio of final grain weight at physiological ripening stage to grain growth rate. 
 
- Statistical Analyses:  

Data analysis was performed using mstat-c, Spss and Excel softwares. 
 

RESULTS AND DISCUSSION 
 
Grain yield was meaningful under simple effect of stress and Salicylic acid dosage; however, treatments 

interactions were not meaningful (table 1). The most grain yield was associated with control (non-stress) 
treatment and the least was related to stress treatment at flowering stage (Figure 1). Figures 2 and 3 show other 
effects of treatments on grain yield. Dane shian (2000) pointed out that grain yield was more in non-stress 
conditions because of the availability of enough water for plant, which increased yield components of dry 
substance and, Finally, elevated grain yield. In a study corn plants treated with Salicylic acid had a grain yield of 
about 9% more than untreated (control) corn plants. More over, in another study which considered effect of 
using Salicylic acid on yield and yield components of corn plant in drought stress condition, the most yield 
(11926 kg grains per hectare) was associated with 1 mm concentration with an irrigation turn of 4 days, whereas 
the least yield, which was 5435 kg grains per hectare, was attributed to control treatment with an irrigation turn 
of 8 days [4]. biological yield was not meaningful under simple effects of stress, time of  Salicylic acid 
application and treatment combination of stress and time of Salicylic acid (SA) application, as well as the effect 
of treatment combination of stress and dosage of Salicylic acid: however, it was meaningful under simple effect 
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of dosage of Salicylic acid and treatment combination of time of using Salicylic acid and dosage of Salicylic 
acid at 5% level (table 1). The most biological yield was observed for control (non-stress) treatment, and the 
least biological yield was associated with stress at flowering period (figure 4). [10]. Pointed out that any water 
stress at generative stage and also at every stage of the growth of plant (vegetative-generative) caused biological 
yield, grain yield, and its components to reduce meaningfully, and in this case a significant difference was not 
observed between generative stressand vegetative-generative stress. Furthermore, it seemed that Salicylic acid 
modified effects of stress, improved growth, and produced a desirable yield by reducing perspiration. Increasing 
root enlargement, increasing the absorption of food elements in drought stress condition, and elevating plants 
height, by which it increased biological yield [13] hervest index is the product of the ratio of grain yield to 
biological yield, and it shows the plants capability of transferring and allocating photosynthesic substances to 
grains (i.e. economic organ). In recent years, the increase in potential of grain yield of new cultivars of wheat 
has owed to the increase in their harvest index [12]. Harvest index was meaningful under effect of stress at 1% 
level and of treatment combination of stress and time of SA application at 5% level; however, it wasn’t 
meaningful under effect of treatment combination of time of SA application and dosage of using Salicylic acid 
(table1). Control (non-stress) treatment held the most harvest index, where as stress treatment at flowering stage 
had the least hervest index, and stress at grain filling stage was some where between them(figure7).The results 
obtained from different studies show that exerting stress, particularly after pollination, is followed by 
meaningful decrease in harvest index; these results are consistent with those obtained from studies conducted by 
Zara-Feiz-Abadi and Ghodsi [15], Khozai [8], and Debake et al [2]. That is because stress at pollinating stage 
causes pollen grains to be infertile, and less grains be produced in spike: more over, it reduces economic yield. 
The weight of 1000 grains was meaningful under effect of stress and two-way interaction of stress and time of 
SA application; however, effects of other treatments were not meaningful(table1).Stress treatment at flowering 
stage and stress treatment at grain filling stage held the most and the least weight of 1000 grains respectively 
(figure 8). The comparisons of the average of other treatments is indicated in (figures 9 and 10).Water deficit 
stress near the flowering stage reduces formation of grain and its fertility meaningfully and leads to the 
production of less grains with more weight in spike. The reason for this reaction is decrease in competition for 
gaining photosynthesic substances, where as exerting stress at grain filling stage reduces the capacity of 
transferring photosynthesic substances to grain meaningfully, causes the grains to wrinkle, and decreases the 
weight of 1000 grains [11]. Stress had a significant effect on grain yield, biological yield, 1000 grains weight, 
and harvest index and caused them to decrease considerably. None of simple effects and treatment combination 
effects on awn length  and spike length and pedancle length traits were meaningful (table 1). The most awn 
length was associated with the time of exerting stress at grain filling stage, where as the least awn length was 
observed for stress at flowering stage (Figure 11). The study of two-way interaction showed that treatment S3D3 
and treatment S3D1 held the most and least awn length respectively (table 3).and the most spike length was 
related to time of exerting stress at flowering stage and the least of it was associated with control (non-stress) 
treatment (figure 12). More over, grain priming with low dosage (0.7 mM) of SA held the most spike 
length.however, the most pedancle length was observed for control (non-stress) treatment and grain priming 
with Salicylic acid, whereas the least pedancle length was associated with stress at grain filling stage and SA 
application at generative stage.The percentage of protein was meaningful under effect of stress, treatment 
combination of stress and time of Salicylic acid application (table). Stress at flowering stage and control (non-
stress) treatment held the most and the least protein percentage respectively; also, there was no significant 
difference between stress at flowering stage and stress at grain filling stage, so they were placed in the same 
group (figure13).The investigation of treatment combination showed that stress at flowering stage and time of 
application at generative stage(S2T3) held the highest protein percentage; more over, stress at flowering stage 
and the application of dosage 1.2 mm (S2D3) had the highest protein percentage (table 3).also the percentage of 
gluten and treatment combination of stress and time of Salicylic acid application were meaningful at 5% level 
under effect of stress(table 1). Stress at flowering stage and control (non-stress) treatment held the highest and 
the lowest gluten percentage respectively (figure 14). The comparison of treatment combinations indicated that 
stress at flowering stage and the application of dosage 1.2 mm of Salicylic acid (S2D3) had the highest 
percentage of gluten, whereas control (non-stress) treatment and applying 2.7 mm acid Salicylic (S1D4) held the 
lowest percentage (table 3).None of the treatments effects on the trait of grain growth rate was significant 
(table1). Stress treatment at flowering stage and stress treatment at grain filling stage held the most and the least 
grain growth rate respectively and control (non-stress) treatment was between them(figure15).Effects of none of 
the treatments on the trait of effective grain filling period was significant (table1).Stress treatment at grain filling 
stage and time of SA application at generative stage had the most effective filling period, and stress treatment at 
flowering stage and solution application with grain had the least effective filling period (figures 16 and 17). 
Also, the treatment of time of application at generative stage and applying dosage 1.2 mM (T3D3) had the most 
effective filling period, whereas the treatment of time of application at generative stage and applying 2.7 mM of 
SA (T3D4) held the least effective filling period (table 4). Mean comparisons of treatment combinations showed 
that the combination of stress treatment at flowering stage and time of application at vegetative stage (S2T2) 
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held the most grain growth rate; however, stress treatment at grain filling stage and time of application at 
generative stage (S3T3) had the least grain growth rate (table 2). Furthermore, the combination of stress 
treatment at flowering stage and applying dosage 0.7 mm of SA (S2D2) had the most grain growth rate, whereas 
the least grain growth rate was observed for the combination of stress treatment at grain filling stage and 
applying dosage 2.7 mm (S3D4)(table3). 

 

 
 

Fig. 1: Effect of stress on grain yield.                                  Fig. 2: Effect of time of salisylic acid application on  
                                                                                                          grain yield. 
 

 
 

Fig. 3: Effect of salisylic acid dosage on grain yield            Fig. 4: Effect of stress on biological yield. 
 

 
 
Fig. 5: Effect of time of salisylic acid application on     Fig. 6: Effect of salisylic acid dosage on biological yield 
            biological yield.  
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Fig. 7: Effect of stress on harvest index percentage                  Fig. 8: Effect of stress on 1000 grains weight. 

 

 
Fig. 9: Effect of time of salicylic acid application on               Fig. 10: Effect of salicylic acid dosage on 
           1000 grains weight.                                                                      1000 grains weight 
 

 
Fig. 11: Effect of stress on awn length.                                     Fig. 12: Effect of stress on spike length 

 

 
Fig. 13: Effect of stress on protein percentage                      Fig. 14: Effect of stress on gluten percentage 
 

 

 
 

Fig. 15: Effect of stress on effective grain growth rate.   Fig. 16: Effect of stress on effective grain filling period. 
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Fig. 17: Effect of time of Salicylic acid application on effective grain filling period. 

 
Table 1: Analysis of variance (mean squares) traits estimated 

S. O. V Df grain yield biological 
yield 

1000 
grain 

weight 

Harvest 
index 

Awn 
Lengh

t 

Spike 
Lengh

t 

Pedancle 
length 

Protein 
percentag

e 

Gluten 
percentag

e 

Seed 
growt
h rate 

Effectiv
e seed 
filling 
period 

Replication 2 377/1537329  ns 839/11532404  

ns 
318/1  ns 865/3  ns 422/0  

ns 
733/8 *

* 
835/

1008 ns 913/3  ns 370/31  ns 140/0  

ns 
350/31  ns 

time of 
drought 
stress(A) 

2 710/14372819 *

* 
635/

124629229 ns 
339/150 *

* 
309/3280 *

* 10/0  ns 699/0  

ns 
957/759  

ns 560/50 * 398/520 * 366/0  

ns 
528/15  

ns 

Error 4 655/80022 066/41564585 696/1 813/43 497/0 328/0 906/950 881/3 745/38 056/0 361/6  ns 
Time of 

applicationSA(
B) 

2 
724/77752  ns 249/5716074  

ns 031/2  ns 144/30  ns 294/0  

ns 
056/1  

ns 203/2  ns 902/0  ns 454/5  ns 039/0  

ns 028/0  ns 

A*B 4 476/156041  ns 981/9377984  

ns 674/4  ns 507/90 * 254/0  

ns 
627/0  

ns 711/2  ns 644/2 ** 745/20 * 015/0  

ns 681/2  ns 

SA dosage(C) 3 548/299237 * 766/23481202
* 560/5  ns 343/71  ns 374/0  

ns 
576/0  

ns 908/2  ns 078/1  ns 728/6  ns 017/0  

ns 988/0  ns 

A*C 6 068/2228508  ns 669/5254945  

ns 
* 087/9 697/19  ns 585/0  

ns 
334/0  

ns 750/1  ns 256/1  ns 127/7  ns 019/0  

ns 997/2  ns 

B*C 6 749/1747710  ns 178/17485168
* 118/6  ns 679/29  ns 283/0  

ns 
283/0  

ns 663/1  ns 718/0  ns 775/1  ns 018/0  

ns 830/6  ns 

A*B*C 12 672/1962867  ns 568/14139360  

ns 784/4  ns 737/19  ns 299/0  

ns 
424/0  

ns 339/2  ns 357/1  ns 737/12  ns 043/0  

ns 465/4  ns 

Error 66 811/1062842  179/6466448 334/3 619/33 306/0 485/0 762/3 730/0 327/6 023/0 733/2  
C.V% - 04/21 06/15 98/3 30/20 83/6 00/7 04/6 35/5 71/6 88/8 55/5  

ns: non significant,* ,** : respectively significant (p≤0.05) and highly significant (p ≤ 0.01). 

 
Table 2: Mean comparison of two way interaction (Drought stress* Time of SA application) 

Treatments Protein 
Precentage 

Gluten 
Precentage 

EFP SGR 1000 
grain 
weight 

Harvest 
index 

Pedanclelenght Awnlenght Spike 
lengh 

Total 
yield 

Biologic
al yield 

Drought 
stress* time 
of SA 
application 

 
 

          

1T1S 
 

cd 23.15 e50.34 30.50a 1.673bcd cd 
31.45 

a 62.37 36.06a 8.202a 10.43a 
 

a 6798 ab 18230 

T21S de 47.14 ef 33.33 29.42ab 1.772ab bc 
26.46 

a 53.37 36.21a 7.838a 9.842ab a 6973 a 18700 

3T1S e 25.14 f 33.32 29.67ab 1.727abc c 90.45 a 64.40 35.71ab 8.247a 9.725b a 6787 ab 17800 
1T2S a 07.17 ab 00.41 28.75b 1.745ab ab 

55.47 
c 58.19 33.08c 8.172a 10.13ab c 2972 c 15030 

2T2S ab 52.16 bc 75.39 29.25ab 1.851a ab 
54.47 

c 72.20 34.17bc 8.065a 9.825ab c 2892 c 14320 

3T2S a 23.17 a 00.42 29.25ab 1.764ab a 93.48 c 49.18 32.86c 7.998a 10.09ab c 2713 a 14950 
1T3S a 03.16 d 83.36 30.17ab 1.599cd de 

18.44 
b 33.30 26.89d 8.043a 9.842ab b 4933 bc 16370 

2T3S ab 39.16 cd 67.38 30.58a 1.587d de 
96.43 

b 73.28 26.89d 8.070a 9.625b b 4969 a 18960 

3T3S ab 61.16 bc 25.39 30.42a 1.581d e 63.43 c 39.23 27.38d 8.220a 10.08ab b 5056 ab 17650 
 *means with same later do not differ by Tukey test at 5% probability. . ns no significative difference 

 
Table 3: Mean comparison of two way interaction (Drought stress* Dosage of SA application) 

Treatments Protein 
Precentage 

Gluten 
Precentage 

EFP SGR 1000 
grain 
weight 

Harvest 
index 

Pedanclelenght Awnlenght Spike 
lengh 

Total 
yield 

Biological 
yield 

Drought Stress* 
SA dosage 

 
 

          

1D1S d 70.14 a 67.36 30.11ab 1.692abc bcd 14.46 a 36.38 36.42a 8.200ab 10.18a ab 6663 ab 17700 
2D1S d 76.14 a 89.37 30.56ab 1.746ab bcd 13.46 a 19.41 35.69ab 8.089ab 9.861a a 7070 ab 18670 
3D1S d 99.14 a 22.38 29.22ab 1.755ab cde 51.45 a 25.37 36.43a 7.842b 9.756a ab 6825 ab 18390 
4D1S d 16.14 a 00.37 29.56ab 1.703abc cde 50.45 a 58.37 35.42abc 8.251ab 9.678a ab 6852 ab 18210 
1D2S abc 64.16 a 22.36 28.78b 1.779a b 88.47 de 75.20 33.83bcd 8.073ab 9.978a g 2899 d 13790 
2D2S abc 61.16 a 89.36 28.78b 1.814a bc 39.47 de 76.19 33.60cd 7.921b 10.30a fg 3090 bcd 16120 
3D2S a 29.17 a 56.37 29.33ab 1.796a a 00.50 de 59/19 33.21d 8.084ab 10.41a g 2795 cd 14580 
4D2S ab 22.17 a 67.37 29.44ab 1.756ab bcd 74.46 e 29.18 32.82d 8.236ab 9.778a g 2652 cd 14590 

1D3S 
 

c 83.15 a 67.37 29.78ab 1.680abcd f 55.43 bc 12.27 27.51e 7.911b 9.922a 4600ed b 17320 

2D3S 
 

abc 40.16 a 56.37 30.67a 1.551cd def 99.44 b 36.31 27.13e 7.820b 9.911a cd 5524 a 20040 

3D3S 
 

c 32.16 a 44.38 31a 1.597bcd f 48.43 cd 53.24 26.34e 8.602a 9.944a ef 3949 bcd 16440 

4D3S ab 74.16 a 78.37 30.11ab 1.530d ef 66.43 bc 91.26 27.22e 8.111ab 9.756a bc 5871 dc 16840 
*means with same later do not differ by Tukey test at 5% probability. . ns no significative difference 

a b a

0
5

10
15
20
25
30

seed priming vegetative stage generative stage

ef
fe

ct
iv

e 
gr

ai
n 

fil
lin

g 
pe

rio
d 

(d
ay

)

time of salicylic acid application 
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Table 4: Mean comparison of two way interaction (Time* Dosage of SA application) 
Treatments Protein 

Precentage 
Gluten 

Precentage 
EFP SGR 1000 

grain 
weight 

Harvest 
index 

Pedanclelenght Awnlenght Spike 
lengh 

Total 
yield 

Biological 
yield 

Time*Dosage of 
SA 

 
 

          

T1D1 a 54.15 a 67.36 29.11ab 1.705a ab 17.46 ab 62.30 32.62a 8.031ab 10.11ab ab 4692 b 15470 
2D1T a 39.16 a 89.37 30.33ab 1.651a ab 18.46 ab 88.28 32.29a 8.079ab 10.24a ab 5136 b 17700 
3D1T a 22.16 a 22.38 29.33ab 1.695a b 34.45 ab 70.27 31.29a 8.118ab 10.12ab ab 4695 b 16580 
4D1T a 21.16 a 00.37 30.44ab 1.637a b 02.45 ab 49.29 31.83a 8.329ab 10.08ab ab 5080 b 16430 
1D2T a 64.15 a 22.36 29.67ab 1.769a b 96.45 ab 25.29 32.41a 8.044ab 9.856ab ab 4813 b 15790 
2D2T a 43.15 a 89.36 30ab 1.751a ab 54.46 ab 05.31 32.31a 7.927ab 9.767ab a 5742 a 20780 
3D2T a 03.16 a 56.37 29.22ab 1.785a b 73.45 ab 91.27 32.77a 7.902ab 9.856ab ab 4624 b 16370 
4D2T a 06.16 a 67.37 30.11ab 1.641a b 43.45 ab 76.27 32.20a 8.091ab 9.711ab ab 4600 b 16370 
1D3T 

 
a 99.15 a 67.37 29.89ab 1.676a b 45/45 ab 36.26 32.73a 8.109ab 10.11ab ab 4657 b 17540 

2D3T 
 

a 94.15 a 56.37 29.67ab 1.709a b 80.45 a 39.32 31.82a 7.824b 10.07ab ab 4805 b 16360 

3D3T 
 

a 34.16 a 44.38 31a 1.667a a 92.47 b 77.25 31.93a 8.509a 10.13ab b 5250 b 16460 

4D3T a 86.15 a 78.37 28.56b 1.711a b 45.45 b 51.25 31.43a 8.178ab 9.422b a 5695 b 16830 
*means with same later do not differ by Tukey test at 5% probability. . ns no significative difference 
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