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ABSTRACT 
 

Plants in the natural environments are exposed to different kinds of stress such as salinity and drought stress 
which can limit plant growth. Plants have different biological pathways and mechanisms to overcome such 
stresses like morphological, physiological and molecular responses. Salicylic Acid is a plant growth regulator 
which could affect florescence, cell division, ion transport, stomata closure and seed germination. In order to 
investigate the effect of salicylic acid on total yield and yield component of wheat under stress conditions an 
experiment was conducted based on split factorial plot design with three replications. The first treatment was 
drought stress at three levels (control, drought stress in Anthesis/heading and drought stress in grain filling 
stage). and second treatment was application of salicylic acid as a priming agent, foliar application at beginning 
of tillering and foliar application of salicylic acid at beginning of flowering, and the third treatment was 
different dosages of salicylic acid (0, 0.7, 1.2 and 2.7 mmol). Results of the experiment showed that drought 
stress could decreased harvest index, grain yield and the number of grains in spikes. Application of 0.7 mmol 
Salicylic acid exhibited the highest biological yield, number of grain and total grain yield (6852 kg/ha) 
comparedto control (5228 kg/ha). 
 
Key words: growth regulat:, Triticum aestivum, , abiotic stress, Yield component 
 
Introduction 
 

Wheat is one of the most important agronomic 
crops and it is planted in nearly 17 % of total farming 
lands of the world [8].  Due to decrease of available 
water in agriculture, application of plant growth 
regulators such as cycocel and salicylic acid could be 
a novel strategy in facing drought and other 
environmental stress [2]. Salicylic acid is (SA) is a 
plant growth regulator with phenolic nature [1]. This 
chemical could regulates some of the physiological 
processes such as photosynthesis and increases plant 
growth [16]. Salicylic acid, acts as a natural inductor 
of thermogenesis in Arum lily, controls ion uptake by 
roots and affects stomatal conductivity [11]. Recent 
studies showed that Salicylic acid plays an important 
role in different biotic and abiotic stress. Regulatory 
mechanism of SA may due to its direct effect on 
specific enzyme function or may activate the genes 
responsible for protective mechanisms [7]. Salicylic 

acid has roles in salinity tolerance of wheat [14,6], 
osmotic stress [15], mineral nutrition and oxidative 
stress [6]. There are some reports that show 
application of Salicylic acid could increase 
antioxidant enzyme activity (e.g catalase, peroxidase 
and superoxide dismutase of wheat) under salinity 
stress [17]. In the recent Years, increase in total grain 
yield is due to increase in number of grain in the 
spike [3]. Larque-saacedra et al, [9] reported that 
salicylic acid could decrease evapotranspiration of 
beans under drought condition. This study was 
performed in order to investigate the effect of 
salicylic acid on improvement of wheat total yield 
and yield component under drought stress and to 
determine the most effective time of salicylic 
application dosage of this chemical. 

 
Materials And Methods 
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Wheat genotype was Chamran, which is the 
most planted cultivar in Khuzestan providence of 
Iran. Design of the experiment was split factorial 
with three replications in the field. Main plot 
treatments were drought stress at three levels 
(control, drought stress(one period) in mid 
florescence(Z=55) and drought stress(one period) in 
grain filling stage(Z=85)Second treatment was 
application of salicylic acid as a priming agent, foliar 
application at beginning of tillering and foliar 
application of salicylic acid at beginning of 
flowering, and the third treatment was different 
dosage of salicylic acid (0, 0.7, 1.2 and 2.7 mmol). 
100 kg ammonium super phosphate, 100 kg urea and 
100 kg potassium sulphate were added to the farm 
before sow seeds and 100kg urea was added to the 

field at tillering stage. For priming treatment seeds 
were soaked in Salicylic acid concentration for 24 
hour at different concentrations. In order to increase 
absorption area, seeds were inoculated by surfactant, 
toein 20% (Merck, Co.). To reduce any rainfall 
effects on drought stress treatment, each plot was 
covered by shelter protector. Investigated traits were 
number of (Plant/m2), Plant height, and number of 
seed in spike, number of spike (m2), 1000 seed 
weight, final yield, biological yield and harvest index 
(HI). Data analysis was performed using Mstat-C, 
Spss and Excel softwares. In order to determine 
physic-chemical properties of soil, sampling was 
performed from depth of   0-30cm and results are 
shown in table 1. 

 
Table 1: Physic-chemical properties of experimental soil 

Soil textureOrganic Carbon 
%

EC 
Mmohs/cm 

PH Total N 
ppm 

P 
ppm 

K 
Ppm 

Clay-loam89 %85 %7.324.6 14.4 100 
 

Results: 
 
Plant height: 

 
Two way interaction of drought stress and time 

of SA application was Significant for plant 
height(table2). The highest plant height was 
exhibited in S1T2(control stress* foliar application at 
beginning of tillering) while the lowest plant height 
was observed at S2T1(drought stress in mid 
florescence* control stress). With increase in drought 
stress, plant height dramatically decreased (Table 3).  

 

Number of grain in each spike: 
 
Results of this experiment showed that number 

of grain in spike was significant main effect of 
drought stress and SA dosage(table2). No stressed 
treatment exhibited the highest and stress during 
florescent exhibited the lowest number of grain in 
spike. increasing salicylic acid concentrations lead to 
gradual reduction of grain numbers in spikes. The 
highest number of seed in each spike was achieved in 
non-stress condition (36.5) and the lowest number of 
seeds in each spike was observed in late stage of 
florescence (17.88) (see fig 1.). 
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Fig 1: Effect of drought stress on number of grain in each spike at different developmental stages 
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Fig. 2: Effect of SA dosage on number of grains in each spike 
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Fig. 3: Effect of time of drought stress on total grain yield 
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Fig. 4: Effect of SA dosage on total grain yield 
 

Biological Yield: 
 
Two- way interaction of SA dosage*time of 

application of SA showed significant effects on 
biologicalyield(table2). Highest biological yield was 
produced at T2D2(foliar application at beginning of 
tillering*0.7 mmol SA) and the lowest Biological 
yield was produce at T1D1(priming agent*0 SA) 

acid treatment (Table 5). Stiven, G. and Sanaratna, T. 
[16] reported that treated plants with SA survive 
more and exhibited higher relative growth rate 
(RGR) and more vegetative growth. 

 
Harvest index (HI): 
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There was a significant two way interaction for 
time of drought stress and application of 
SA(table2).HI show potential of crop in 
photosynthesis and transportation of photosynthetic 
products. In recent years higher potential if grain 
yield in new varieties of wheat are due to increase in 
HI [12]. The highest HI was observed in 
S3T2(drought stress in grain filling* foliar 
application at beginning of tillering). while the 
lowest was observed in S2T2(drought stress in mid 
florescence* foliar applicatio at beginning of 
tillering) (Table 3).  
 
Protein percentage: 
 

Protein  percentage  was significantly affected 
by the drought stress and There was a significant two 
way interaction for time of drought stress and 
application of SA (table2). The highest protein 
percentage was observed in  time of drought stress in 
mid florescence and the lowest protein percentage 
was observed in control treatment(without drought 
stress). 

 
Gluten percentage: 
 

Gluten  percentage  was significantly affected by 
the drought stress and interaction for time of drought 
stress and application of SA (table2). The highest 
gloten percentage was observed in  time of drought 
stress in mid florescence(41%) and time of drought 
stress in grain filling(38%) and and the lowest 
protein percentage was observed in control 
treatment(without drought stress) (table3) . 

 
Discussion: 

 
Salicylic acid could affects photosynthesis and 

also could improve root growth [16], these effects 
could help plant to growing more and as results plant 

height increased [14]. Machado et al, [10] reported 
that moisture stress near flowering stage significantly 
damage seed formation and fertility. This might due 
to negative effect of drought stress on pollination and 
interruption in photosynthesis process [12]. Using 
0.7 mmol Salicylic acid exhibited the highest number 
of spikes in each square meter, total yield and total 
biological yield also drought stress in florescent or 
seed formation stages could significantly decrease 
fertility and might lead to lower number of seeds, 
this might due to the decreases in photosynthesis 
process [10]. 1000 seed weight was higher in the 
stress treatment at florescence stage and number of 
seeds in spikes was lowest at florescence. 

Application of 0.7 mmol SA exhibited the 
highest grain yield while 1.2 mmol SA exhibited the 
lowest grain yield (Fig 4). It is suggested that 
salicylic acid with decreasing evapotranspiration and 
increasing root development let root to absorb more 
nutrients and under drought stress, using this 
treatment resulted in increased grain production 
compare to control (table 3 &4). Emam et al. [5] 
reported that drought stress after pollination stage in 
different wheat cultivars lead to decrease in grain 
yield. Water stress exhibited significant effect on 
harvest index and at the control treatment HI and 
total yield were higher than other treatments. drought 
stress is responsible for  reduction of HI. Results of 
this experiment are in agreement with Debake et al., 
[4]. Time of Salicylic acid application was not 
significant for none of treatments so it is 
recommended to treat wheat seeds with SA before 
swoing. 

Based on results of this study it is suggested that 
water stress could increase the speed of seed filling 
and as a result expected yield might have not been 
reached. Application of SA could help to covers 
some side effect of water stress by increasing yield 
and yield component of wheat through some 
physiological pathways. 

 
Table 2: Analysis of variance (mean squares) yield & component yield  

Gluten 
percent
age 

Protein 
percent
age 

Harvest 
index 

biological 
yield 

grain yield 1000 
grain 
weight 

Plant 
height 
 

Number of 
grain per 
spike 

Number of 
spike (m2) 

 

Df S. O. V 

31/370
ns 

3/913 ns 865/3  ns 839/
11532404 

ns 

377/
1537329 ns 

318/1
ns 

*372/
1266 

679/4  ns 331/55538  

ns 
2 replication 

520/398
* 

50/560
* 

**309/
3280 

635/
124629229 

ns 

**710/
14372819 

**339/
150 

302/361
ns 

** 541/3182  259/92448  

ns 
2 time of 

drought 
stress(A) 

38/745 3/881 813/43  066/
41564585 

655/80022  696/1  903/130  771/34  329/36238  4 Error 

5/454 ns ./902 ns 144/30  

ns 
249/

5716074 ns 
724/77752

ns 
031/2

ns 
549/37

ns 
361/63  ns 454/3822  ns 2 Time of 

applicationS
A(B) 

20/745* 2/644** *507/90  981/
9377984 ns 

476/
156041 ns 

*674/4  **169/
97 

513/69  ns 218/15146  

ns 
4 A*B 

6/728 ns 1/078 ns 343/71  

ns 

*766/
23481202 

*548/
299237 

560/5
ns 

905/13
ns 

*050/112  491/17793  

ns 
3 SA 

dosage(C) 
7/127 ns 1/256 ns 697/19  

ns 
669/

5254945 ns 
068/

2228508 ns 
087/9

ns 
896/25

ns 
979/78  ns 481/11997  

ns 
6 A*C 

1/775 ns ./718 ns 679/29  

ns 

*178/
17485168 

749/
1747710 ns 

118/6
ns 

381/19
ns 

056/27  ns 898/13834  

ns 
6 B*C 

12/7371/357 ns 737/19  568/672/784/4242/14062/79  ns 069/18708  12 A*B*C 
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ns ns 14139360
ns 

1962867 ns ns ns ns 

6/327 ./730 619/33  179/
6466448 

811/
1062842 

334/3  154/20  852/39  862/8597  66 Error 

6/71 5/35 30/20  06/15  04/21  98/3  59/4  59/22  15 - C.V% 

           
ns: non significant,  * , ** : respectively significant (p≤0.05) and highly significant (p≤0.01) 
 
Table 3: Mean comparison of two way interaction (Drought stress* Time of SA application) 

 
Treatments 

Protein  
Precentage 

Gluten 
Precentage 

Number 
of grain 
in spike 

1000 
grain 
weight 

Harvest 
index 

Plant 
height 

Number 
of spike 
in m2 

Total 
yield 

Biological 
yield 

Drought 
stress* time 
of SA 
application 

 
 

        

1T1S cd 23.15 e50.34 ab 69.35 cd 31.45 a 62.37 ab 
65.99 

a 3.700 a 6798 ab 18230 

2T1S de 47.14 ef 33.33 bc 17.34 bc 26.46 a 53.37 a 6.102 a 5.682 a 6973 a 18700 
3T1S e 25.14 f 33.32 a 67.39 c 90.45 a 64.40 ab 

62.98 
ab 6.632 a 6787 ab 17800 

1T2S a 07.17 ab 00.41 e 09.17 ab 55.47 c 58.19 d 47.91 bc 3.587 c 2972 c 15030 
2T2S ab 52.16 bc 75.39 e 77.18 ab 54.47 c 72.20 b 85.97 c 8.544 c 2892 c 14320 
3T2S a 23.17 a 00.42 e 79.17 a 93.48 c 49.18 cd 

58.93 
bc 3.587 c 2713 a 14950 

1T3S a 03.16 d 83.36 bc 16.32 de 18.44 b 33.30 ab 
8.100 

abc 3.617 b 4933 bc 16370 

2T3S ab 39.16cd67.38d48.26de96.43b73.28bc 
74.96 

a 0.678 b 4969 a 18960 

3T3S ab 61.16 bc 25.39 cd 68.29 e 63.43 c 39.23 ab 
65.99 

ab 7.631 b 5056 ab 17650 

*means with same later do not differ by Tukey test at 5% probability. . ns no significative difference 
 
Table 4: Mean comparison of two way interaction (Drought stress* Dosage of SA application) 

Treatment Protein   
percentage 

Gluten  
percentage 

Number 
of grain 
in spike 

1000 
grain 
weight 

Harvest 
index 

Plant 
Height 

Number 
of spike 
in m2 

Total 
yield 

Biological 
yield 

Drought 
Stress* SA 
dosage 

 
 

        

1D1S d 70.14 a 67.36 a 97.40 bcd 
14.46 

a 36.38 a 2.101 abcd 
0.643 

ab 6663 ab 17700 

2D1S d 76.14a89.37abc62.35bcd
13.46 

a19.41a 1.100 a 0.714 a 7070 ab 18670 

3D1S d 99.14 a 22.38 cd 31.31 cde 
51.45 

a 25.37 a 0.101 ab 9.673 ab 6825 ab 18390 

4D1S d 16.14 a 00.37 ab 13.38 cde 
50.45 

a 58.37 ab 80.98 abc 3.656 ab 6852 ab 18210 

1D2S abc 64.16 a 22.36 f 58.18 b 88.47 de 75.20 d 91.91 de 2.568 g 2899 d 13790 
2D2S abc 61.16 a 89.36 f 38.20 bc 39.47 de 76.19 abc 

03.97 
cde 9.580 fg 3090 bcd 16120 

3D2S a 29.17 a 56.37 f 07.17 a 00.50 de 59/19 cd 88.93 bcde 
2.591 

g 2795 cd 14580 

4D2S ab 22.17 a 67.37 f 51.15 bcd 
74.46 

e 29.18 bcd 
38.94 

e 0.552 g 2652 cd 14590 

1D3S 
 

c 83.15 a 67.37 cd 72.29 f 55.43 bc 12.27 oc 5.100 bcde 
0.623 

de 4600 b 17320 

2D3S 
 

abc 40.16a56.37bc93.32def
99.44 

b36.31ab 63.98 b 0.703 cd 5524 a 20040 

3D3S 
 

c 32.16a44.38cd47.29f48.43cd53.24a 64.99 cde 1.570 ef 3949 bcd 16440 

4D3S ab 74.16 a 78.37 de 64.25 ef 66.43 bc 91.26 abc 
54.97 

ab 1.673 bc 5871 dc 16840 

*means with same later do not differ by Tukey test at 5% probability. . ns no significative difference 
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Table 5: Mean comparison of two way interaction (Time* Dosage of SA application) 
Treatments Protein  

Precentage 
Gluten 
Precentage 

Number 
of grain 
in spike 

1000 
grain 
weight 

Harvest 
index 

Plant 
height 

Number 
of Spike 
in m2 

Total 
yield 

Biological 
yield 

Time*Dosage 
of SA 

 
 

        

1D1T a 54.15a67.36a63.29ab17.46ab62.30a 44.99 c 4.560 ab 
4692 

b 15470 

2D1T a 39.16a89.37ab07.28ab18.46ab88.28a 91.97 a 705 ab 
5136 

b 17700 

3D1T a 22.16 a 22.38 ab 83.28 b 34.45 ab 70.27 a 50.96 ab 9.649 ab 
4695 

b 16580 

4D1T a 21.16 a 00.37 ab 72.26 b 02.45 ab 49.29 a 42.95 abc 1.624 ab 
5080 

b 16430 

1D2T a 64.15 a 22.36 ab 54.28 b 96.45 ab 25.29 a 39.97 abc 3.631 ab 
4813 

b 15790 

2D2T a 43.15 a 89.36 a 83.29 ab 54.46 ab 05.31 a 87.99 ab 3.672 a 5742 a 20780 
3D2T a 03.16 a 56.37 b 36.22 b 73.45 ab 91.27 a 51.99 bc 7.600 ab 

4624 
b 16370 

4D2T a 06.16 a 67.37 ab 16.25 b 43.45 ab 76.27 a 51.99 abc 0.636 ab 
4600 

b 16370 

1D3T 
 

a 99.15 a 67.37 a 09.31 b 45/45 ab 36.26 a 79.96 abc 4.642 ab 
4657 

b 17540 

2D3T 
 

a 94.15a56.37a03.31b80.45a39.32a 00.98 abc 2.620 ab 
4805 

b 16360 

3D3T 
 

a 34.16 a 44.38 ab 66.26 a 92.47 b 77.25 a 54.98 c 6.584 b 5250 b 16460 

4D3T a 86.15 a 78.37 ab 41.27 b 45.45 b 51.25 a 79.95 abc 3.621 a 5695 b 16830 
*means with same leter donot differ by Tukeytest at5% probability ns nosignificationdifference 
 
Conclusions: 

 
1- Water stress exhibited significant effect on 

harvest index and at the control treatment HI and 
total yield were higher than other treatments. 

2-1000 seed weight was higher in the stress 
treatment at florescence stage and number of seeds in 
spikes was lowest at florescence. 

3- Time of Salicylic acid application was not 
significant for none of treatments so it is 
recommended to treat wheat seeds with SA before 
swoing. 

4-Using 0.7 mmol Salicylic acid exhibited the 
highest number of spikes in each square meter, total 
yield and total biological yield. 

Based on results of this study it is suggested that 
water stress could increase the speed of seed filling 
and as a result expected yield might have not been 
reached. Application of SA could help to covers 
some side effect of water stress by increasing yield 
and yield component of wheat through some 
physiological pathways. 
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