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ABSTRACT 
Bread wheat is one of the most important cereal crops that improved food security at global and regional 
levels. In this study, the effect of salicylic acid (SA) on growth and development of wheat under salt 
stress was studied for two consecutive years. The experiment was conducted at Adami Tulu Agricultural 
Research Center during the 2021 and 2022 seasons to evaluate the application of SA leading to 
improvement in the growth and yield of wheat under salt stress conditions. A pot experiment was 
performed in Randomized Completely Block Design with three replications. Analysis of variance 
revealed highly significant differences among treatments for grain yield (GY), productive tiller (PT), 
grains per spike (GPS), spike length (SL), plant height (PH), above dry biomass (ADB), and days to 
maturity (DTM). The highest GY (4.62 g), PT (4.17), GPS (35.67), SL (6.42 cm), PH (51.17 cm), ADB 
(9.37 g) were observed in treatments in which SA was applied, whereas early maturity date of 79.33 
days was recorded in control treatment. The study proved that the application of SA improved wheat 
growth and yield under salt stress conditions. 
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1. Introduction 

Bread wheat (Triticum aestivum L.) is one of the most important cereals crops with high demands 
for food consumptions across the world. However, wheat is exposed to multiple environmental stresses, 
such as salinity, drought, high and low temperatures. In particular, salinity is one of the most important 
environmental constraints affecting plant growth, development, and productivity of wheat crop. Salt 
stress causes water deficit, ion toxicity, and nutrient deficiency, leading to growth, yield and 
development reduction and even to plant death (Gezi et al., 2013). Salinity is a significant constraint 
for crop quality and production, affecting wheat growth, yield and quality in the major wheat growing 
regions of the world (Nejla et al., 2014). Additionally, it has a negative impact on photosynthesis, water 
management and enzymatic activity (Salachna et al., 2017).  

Salinity alters many physiological and biochemical processes such as mineral nutrition, 
respiration rate, organic solutes/osmolyte synthesis, seed germination, enzyme activities and 
photosynthesis (Siddiqui et al., 2010). Salt stress induces cellular accumulation of reactive oxygen 
species (ROS), which can damage cell biomolecules (Hernandez et al., 2000; Mansour et al., 2005; 
Amor et al., 2007 and Eyidogan and Öz 2007). Soil salinity refers to the accumulation of water soluble 
salts mainly sodium, but also potassium, calcium and magnesium which may be chlorides, sulfates or 
carbonates. All soils contain salts, but salinity becomes a problem only when certain salts concentrate 
in the crop's rooting zone (Howard et al., 2000). Salt can destroy soil structure causing swelling of clays 
and dispersion of fine particles leading to clogging of the soil pores through which oxygen and water 
move. Up to 7% of the total land surface of the planet is saline (Munns, et al., 2002). Out of the total 
arable lands, one fifth of the land is hit hard by salinity and more area is falling prey to this menace 
(Rasool et al., 2013). The potential agricultural land of Ethiopia is also falling prey to this menace of 
underground saline water and salinity effects. Plants are generally more sensitive to strong alkalinity, 
where the dominant cation is often sodium, than to strong acidity where the dominant cation is hydrogen 
(Roy, 2006). The salts in the rooting medium cause toxicity through absorption of Na+ and Cl- ions, 
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disturbing the ionic balance, thereby impacting the physiological processes of plants (Hasanuzzaman et 
al., 2015). Salt stress considerably reduced the chlorophyll content in wheat, bean (Radi et al., 2013)  
and maize (Rashad and Hussain, 2014); however the exogenous application of salicylic acid (SA) 
improved the chlorophyll content under both saline and non saline conditions.  

Salicylic acid is involved in various processes such as growth and development, seed and fruit 
yield, flowering initiation, glycolysis and defense system to quench the production of ROS (Noreen and 
Ashraf, 2008 and Hasanuzzaman et al., 2015). Salicylic acid is an endogenous growth regulator 
(Sakhabutdinova et al., 2003) that belongs to a group of phenolic compounds having antioxidant 
potential. It participates in the regulation of numerous biochemical processes in plants like stomatal 
closure, ion uptake, transpiration (Khan et al., 2012); triggers chlorophyll biosynthesis; enhances 
photosynthesis (Chattha et al., 2015); increases total sugar (Farahat et al., 2007) total free proline (El-
Khallal et al., 2009), oil content (Metwally et al., 2003) also provides protection against biotic and 
abiotic stresses including salinity (Kaya et al., 2009). Salicylic acid improved plant performance under 
normal or stressed conditions through modulation of growth and yield in maize (Fardus et al., 2017 & 
Ghassemi-Golezani, et al., 2017 and Kareem, et al., 2017). Although it’s definite role and the 
underlying physiological mechanisms have not been fully clarified (Borsani et al., 2001; Rajjou et al., 
2006; Alonso-Ramirez et al., 2009 and Asadi et al., 2013). In wheat, the application of SA also 
mitigated the salt-induced adverse effects (Arfan et al., 2007). The effective concentration of SA is 
highly dependent upon the plant species, the way of the application, the duration of the treatment, and 
the environmental conditions. The tolerance against stressful conditions especially salinity, could be 
augmented by foliar application of certain osmoprotectants, viz., salicylic acid, glycine betaine, 
ascorbic acid and trehalose in most of the crop plants (Kishor et al., 2014). Salicylic acid has a key 
role in abiotic stress tolerance against salinity (Shakirova et al., 2003) and drought (Singh and Usha 
2003) in wheat. Among various osmoprotectants, SA has been reported to be the most cost-effective 
and efficient in improving the salt tolerance in majority of crop species (Noreen et al., 2016). It is now 
very important to develop salt stress management technologies to cope with the upcoming problem of 
food security. For this purpose, we have not to wait only for the genetic improvement of salinity 
tolerance genotypes/cultivars to overcome salt stress. Therefore, it is necessary to develop technologies, 
methods and strategies to ameliorate deleterious effects of salt stress on plants. However, no research 
has been done on the effect of SA to counteract the growth and yield components of wheat under salt 
stress conditions in the study area.  

This study was done with the following objectives i.e., to evaluate salicylic acid (SA) application 
to improve the growth and yield of wheat under salt stress and to investigate the physiological 
mechanism of salicylic acid (SA) application for salt tolerance.  
 
2. Materials and Methods 
2.1. Description of the study area  

The study was conducted in pots under controlled conditions (inside mesh-wire) to prevent bird 
attack to wheat in Adami Tullu agricultural research center during the 2021 in Ganna or winter and 
2022 in Bona or summer season. The study area is located at a latitude of 7°9'N and longitude of 38°7'E 
with an altitude of 1650 m.a.s.l, which is 168 km from Addis Ababa and 7 km from Batu/Ziway city.  

 
2.2. Treatments and experimental design  

The treatments were (10 g L−1 SA, 25 g L−1 NaCl, 10 g L−1 SA + 25 g L−1 NaCl, 50 g L−1 NaCl, 
10 g L−1 SA + 50 g L−1 NaCl, 100 g L−1 NaCl, 10 g L−1 SA + 100 g L−1 NaCl, 200 g L−1 NaCl, 10 g L−1 

SA + 200 g L−1 NaCl and control) tested for their effects on Kingbird bread wheat cultivar. The 
experimental design was completely randomized block design with three replicates. 

  
2.3. Experimental procedure  

Soil was collected from field for each plastic pot of 16 cm length with 26 cm upper and 18 cm 
lower diameter was filled with soil. The fertilizer rate was depending on Surface area of curved bucket 
S area = ��(� + �) of 0.11 m2 incase 1.7 g NPS (150 kg ha-1) and 1.2 g Urea (100 kg ha-1 ) of (½ at 
sowing and ½ at tiller initiation stage) applied equally except for control.  

The soil in each pot was allowed to hand fed water application with the same amount of water. 
Ten seeds of wheat cultivar were sown with two rows in each pot with equal depth and distance. After 
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germination, seedlings were thinned to six numbers equally for all pots. The pots were applied water 
for the crop to attain field capacity (FC) depending on the moisture of the soil. After 35 days after 
sowing (DAS), different rates of salt treatment (NaCl) were applied. Foliar application of 10 g salicylic 
acid diluted with one liter of water for each pots was done except to control where normal water was 
applied. The foliar spray treatments were used twice: first time five days after salt treatment (40 DAS) 
and second time after ten days of salt treatment (45 DAS).  

 
2.4. Experimental soil and water 

The same soil type was used for all experimental pots. Before sowing, one representative soil 
sample was collected and analyzed for physico-chemical parameters such as organic carbon, texture, 
soil pH, electrical conductivity (EC), cation exchange capacity (CEC), CaCO3, total N, available K, 
available P, available S, Fe, Mn, Zn, and Cu. The water used in the study was also analyzed for physico-
chemical parameters viz., pH, electrical conductivity, total dissolved solids, sodium (Na+), potassium 
(K+), calcium (Ca2+), magnesium (Mg2+), alkalinity (CaCO3), carbonate (CO3

2-), bicarbonate (HCO3
-), 

chloride (Cl-), nitrate (NO3-N), fluoride (F-), aluminum (Al), lead (Pb), total nitrogen (N) and total 
phosphorus (P).  

 
2.5. Data collected  
Days to 50% heading (DTH): Days to spike heading was determined as the number of days taken 
from the date of sowing to the date of 50% heading of the plants from each pot by visual observation. 
 
Days to 90% physiological maturity (DTM): Days to physiological maturity was determined as the 
number of days from sowing to the date when 90% of the panicle turned yellow in straw color.  
 
Plant height (cm): Plant height was measured from the soil surface to the tip of the spike (awns 
excluded) of 3 plants at physiological maturity. 
 
Spike length (cm): It was measured from the bottom of the spike to the tip of the spike excluding the 
awns from 3 plants.  
 
Number of total tillers: Number of total tillers was determined from 3 plants of the pot at physiological 
maturity by counting the number of tillers. 
 
Number of productive tillers: Number of productive tillers was determined at maturity by counting 
all kernel bearing spikes from 3 plants of the pot at physiological maturity. 
 
Number of grains per spike: The mean number of grains per spike was computed as an average of 3 
plants randomly taken spikes from the pot.  
 
Above ground dry biomass (g pot-1): The aboveground dry biomass was determined from plants 
harvested from the pot after sun drying to a constant weight. 
 
Grain yield (g pot-1): Grain yield was taken by harvesting and threshing the seeds from the pot. The 
grain weight of each pot was recorded in gram (g) after sun drying. 
  
Harvest index (HI): Harvest index was calculated as ratio of grain yield per plot to total aboveground 
dry biomass yield per plot. 
 
2.6. Data analysis  

Data was analyzed using GenSTAT statistical software package and mean values or Least 
Significant Differences (LSD) were compared using Duncan’s test at 5% level of significance.  
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3. Results and Discussion  
From total ten numbers of treatments with three replications, the data were available only for 

three treatments because the plants from other treatments got totally damaged due to salt except the 
minimum concentration of 10 g L−1SA + 25 g L−1NaCl, 10 g L−1SA and control treatments. This may 
be due to the addition of NaCl to growth medium leading to reduced net CO2 assimilation rate, 
transpiration rate, stomatal conductance and sub-stomatal CO2 concentration (Sumaira et al., 2014)  

 
Physico-chemical properties of the soil used for the experiment 

According to the laboratory analysis result of soil, the soil texture of the experiment is loam for 
two years. However, the low level of organic matter and Nitrogen content of the experimental soil could 
influence the availability of nutrients for the crops (Table 1).  
 
Table 1: Physico-chemical properties of the soil experiment before sowing 

No  Soil characters Values Source 

2021  2022  

1 Soil texture ₰     

Sand (%)  47.62 38.71 

Clay (%)  23.05 19.02 

Silt (%)  29.33 42.27 

Texture Class  Loam Loam 

2 
pH-Water (H2O) ₩  

8.64 Strongly 
alkaline 

8.05 Moderately 
alkaline 

Kanyanjua et al., 
2002. 

3 EC(mS/cm) ₵ 0.26 Non-saline 0.75 Non-saline Landon, 1991. 

4 
CEC(meq/100 gm soil) ₶ 

36.36 high 
 

38.94 High Landon, 1991.  

5 
Organic carbon (OC) (%) ₺ 1.22 Low 1.66 Low 

Ethiosis, 2014.  
 

6 
Total nitrogen (N) (%) ₸ 0.07 Poor  0.09 Poor  

Tekalign et al., 
1991. 

7 Available potassium (K) (mg 
K2O/kg soil) ¥ 

708.01 high 1837.34 very high  Ethiosis, 2014.  

8 Available phosphorus(P) (mg 
P2O5/kg soil) ₯ 

30.34 Very high  19.44 High  Olsen et al., 1954. 

9 
Available sulfur (S) (mg/kg soil) ₴ 

13.89 
Low  

95.70 High  Ethiosis, 2014. 

10 
Iron (Fe) mg/kg soil Ω  8.81 High  5.46 Medium  

Agvise 
Laboratories 

11 
Magnesium (Mn) mg/kg soil Ω 6.23 High 7.09 High  

Agvise 
Laboratories 

12 
Copper (Cu) mg/kg soil Ω 0.96 Very high 0.97 Very high  

Agvise 
Laboratories 

13 
Zink (Zn) mg/kg soil Ω 0.99 Medium 2.84 Very high 

Agvise 
Laboratories 

Test Methods: ₰ Potentiometric, ₩ Hydrometer, ₵ Conductivity cell poteniometric, ₶ Ammonium acetate Ext. & 
instrumental, ₺ Walklay Black, ₸ Kjeldehal, ¥ Ammonium Acetate, ₯ Olsen, ₴ KH2PO4 Ext.Turbidimetric and Ω 
DTPA Ext. & Instrumental.  

 
Physico-chemical properties of laboratory result of water used in the experiment  

The chemical composition of water used is varying in which some values are below the 
approximate standard of world health organization (WHO) and the others are above the standard of 
maximum allowable concentration of WHO.  
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Table 2: Physico-chemical parameters of water used for this study  

No Tests 
Test 
results 

Unit Test method 
WHO Maximum 

allowable concentration 
(mg/L) 

1 pH 7.64 - Potentiometric 6.5-8.5 

2 Electrical Conductivity 500.00 µS/cm Potentiometric - 

3 Total dissolved soil 275.00 mg/L Potentiometric 1000.0 

4 Sodium (Na+) 73.8 mg/L Flame photometric 200.0 

5 Potassium (K+) 10.5 mg/L Flame photometric - 

6 Calcium (Ca2+) 16.32 mg/L Titrimetric 200.0 

7 Magnesium (Mg2+) 4.90 mg/L Titrimetric 150.0 

8 Alkalinity (CaCO3) 192.9 mg/L Titrimetric - 

9 Carbonate (CO3
2-) Nil mg/L Titrimetric - 

10 Bicarbonate (HCO3
-) 235.28 mg/L Titrimetric - 

11 Chloride (Cl-) 16.9 mg/L Mohr Argentometric 250.0 

12 Nitrate (NO3-N), ND 
mg/L 

Cadminium Reduction 
method 

10 

13 Fluoride (F-) 2.1 mg/L Ion-Selective Electrode 1.5 

14 Aluminum (Al) ND mg/L Aluminion 0.2 

15 Lead (pb) ND mg/L Flame AAS 0.01 

16 Total kjeldahl Nitrogen 
(N) 

1.71 
mg/L Keldjahal 80.0 

17 Total Phosphorus (P) 0.34 mg/L Ascorbic acid 10.0 

ND, not detected  

 
Days to heading (DTH)  

The combined treatments mean effect on days to 50% heading of wheat was non-significant 
(Table 3). The highest delayed duration to reach days to flowering was observed in response to SA 
application of 47 days. However, the minimum duration of days to flowering (46 days) was obtained 
from control.  
 
Table 3: The combined mean square values of ANOVA for salicylic acid and NaCl on wheat at Adami 

Tulu Agricultural Research Center tested for two years  

SoV. df GY(g) DTH DTM TT PT GPS SL PH HI ADB 

Rep. 2 
2.59 
NS 

0.17 
NS 

0.06 
NS 

1.26 
NS 

0.22 
NS 

55.10 
NS 

0.14 
NS 

127.76 
NS 

16.9 
7 NS 

7.48 
NS 

Trt. 2 
5.22 
** 

1.50 
NS 

2.72 
** 

3.01 
NS 

4.39 
*** 

72.60 
*** 

2.71 
*** 

73.85 
** 

43.21 
NS 

13.66 
** 

Year 1 
0.06 
NS 

4.50 
NS 

20.06 
*** 

2.35 
NS 

3.56 
** 

78.13 
*** 

0.13 
NS 

13.35 
NS 

17.07 
NS 

0.93 
NS 

Trt. 
Year 

2 
0.38 
NS 

0.17 
NS 

0.72 
NS 

0.18 
NS 

0.06 
NS 

5.38 
NS 

0.02 
NS 

5.01 
NS 

14.38 
NS 

1.89 
NS 

 SoV source of variation, NS non-significant, df degree of freedom, Rep replication, GY grain yield, DTH days to 
heading, DTM days to maturity, TT total tiller, PT productive tiller, GPS grain per spike, SL spike length, PH plant 
height, HI harvest index, ADB Above dry biomass, LSD least significant difference at 5% **Significant difference at 
P < 0.05; ***highly significant differences at P < 0.01  

 
The reason may be that wheat seedlings treated with 50 µM SA developed larger spike due to 

enhanced cell division within the apical meristem of seedling roots (Shakirova et al., 2003). The 
increase in growth parameters of water stressed plants in response to SA may be related to the induction 
of antioxidant responses that protect the plant from damage (Daneshmand et al., 2010b). SA plays a 
key role in physiological processes like flower induction, photosynthesis and protein synthesis (Hayat 
et al., 2010). SA has proved to have an important contribution to growth stimulation in wheat seedlings 
by an enhancement of cell division and extension of root cells (Shakirova et al., 2003). In mung bean 
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also, exogenous SA application alleviated the harmful effects of salt stress through the improvement of 
plant photosynthesis, growth and also enhancing antioxidant system (Maissa et al., 2018).  
 
Days to maturity (DTM)  

The combined treatments mean effect on days to maturity was highly significant (P < 0.05) (Table 
4). The late maturity days of (80.67 days) was recorded from SA+NaCl treatment, while the early 
maturity days of (79.33 days) were recorded from control. The earliness of maturity days for control 
treatments, while the delay maturity days of treatment SA+NaCl may be due to time taken to 
restructuring the impact of salt stress. Salicylic acid treatment (1 mM) ameliorative impact of calcium 
chloride (5 mM) on the growth and development of 3 mg/L boron stressed barley (El-Feky et al., 2012) 
and enhanced the growth of wheat (Tammam et al., 2008). SA also counteracted salt stress-induced 
growth inhibition (Singh and Gautam, 2013) and enhanced the net photosynthetic rate in wheat (Arfan 
et al., 2007). Salicylic acid could generate a high level of ionic competition with Na+ and Cl–, thus 
avoiding the ionic phytotoxicity in plant tissues, allowing an effective development at the cell and tissue 
levels (Henry et al., 2012.  

 
Plant height (cm) 

The analysis of variance indicated that the combined treatments mean effect of plant height was 
highly significant (P < 0.05) (Table 4). The plant height was less pronounced as compared to open field 
crops. However, the tallest plant height of (51.17 cm) was recorded from SA treatment, while the 
shortest plant height (44.75 cm) was obtained in NaCl + SA treatment.  

 
Spike length (cm)  

The analysis of variance indicated that the combined treatments mean effect of spike length was 
highly significant (P < 0.001) (Table 4). Thus, the longest spikes (6.42 cm) were recorded from SA 
treatments. Whereas the shortest spikes length (5.15 cm) was recorded from control (Table 4). This may 
be due to the reason that SA acts as a potential osmoprotectant to mitigate the adverse effects of salinity, 
thereby improving the physiological and biochemicals attributes and also enhanced uptake of K+ ion 
while depressing Na+ and Cl- ions in plant system (Noreen et al., 2017).  

 
Number of total tillers  

The combined treatments mean effects on number of total tillers of wheat was non-significant 
(Table 4). The highest (4.83) number of total tiller was recorded from SA and the lowest (3.50) was 
recorded from control. The number of total tillers decreased as compared to open field wheat crop. The 
number of tillers ranged from 3 to 12 with 6 on average, while under control conditions the average was 
eight (Nejla et al., 2014). The reduction in the number of tillers in wheat under salt stress has been 
reported previously (El-Hendawy et al., 2005 & Goudarzi and Pakniyat, 2008).  
 
Number of productive tillers  

The combined treatments mean effect on number of productive tillers was highly significant (P 
< 0.01) (Table 4). The highest (4.17) number of productive tillers was recorded from SA and the lowest 
(2.50) was recorded from control treatment. The number of fertile spikes can be considered as one of 
the main traits to evaluate salt tolerance in wheat because only tolerant varieties could produce fertile 
spikes, while the susceptible ones produce sterile spikes (Nejla et al., 2014). SA has an important 
competition with ions such as Na+ at the membrane transport level (Henry et al., 2012) , has positive 
effects on ion uptake and inhibitory effects on Na+ and Cl– uptake where it is responsible for managing 
salinity in maize plants (Gunes et al., 2005).  

 
Number of grains per spike 

The combined treatments mean effect on number of grains per spike was highly significant (P < 
0.01) (Table 4). The highest (35.67) grains per spike were recorded from SA and the lowest (28.92) 
were recorded from control. The number of grains per panicle, number of filled grains per panicle, 
1000-grain weight were also increased by SA application to the high saline soil in both the rice varieties 
(ASD16 and BR26) (Jini and Joseph 2017). The previous studies, Gunes et al., (2007) and Szepesi et 
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al., (2009) reported that SA strongly inhibited Na+ and Cl− accumulations, but also stimulated N, Mg, 
Fe, Mn, and Cu concentrations in stressed maize plants.  
 
Table 4: The combined means of salicylic acid and NaCl treatments on wheat tested at Adami Tulu 

Agricultural Research Center for two years  

Treatments 
Combined means for each parameters 

GY(g) DTH DTM TT PT GPS SL PH HI ADB 

Control 2.77a 46.00 79.33a 3.50 2.50a 28.92a 5.15a 45.50a 43 6.37a 

NaCl +SA 3.48a 46.50 80.67b 3.75 3.00a 30.83a 5.39a 44.75a 46 7.58a 

SA 4.62b 47.00 79.83ab 4.83 4.17b 35.67b 6.42b 51.17b 49 9.37b 

LSD (0.05) 
1.11 
** 

NS 
0.99 
** 

NS 
0.84 
*** 

2.91 
*** 

0.44 
*** 

4.31 
** 

NS 
1.77 
** 

CV (%) 23.9 2.4 1.0 22.2 20.2 7.1 6.1 7.1 11.7 17.7 

NS non significant, SA salicylic Acid, NaCl sodium chloride, GY grain yield, DTH days to heading, DTM days to 
maturity, TT total tiller, PT productive tiller, GPS grain per spike, SL spike length, PH plant height, HI harvest index, 
ADB Above dry biomass, LSD least significant difference at 5% **Significant difference at P < 0.05; ***highly 
significant differences at P < 0.01, CV coefficient of variation in percent  

 
Above ground dry biomass (g pot-1)  

The combined treatments mean effect on above ground dry biomass was highly significant (P ≤ 
0.01) (Table 4). The highest (9.37 g) above ground dry biomass was recorded from SA, while the lowest 
(6.37 g) was recorded from control. Salicylic acid alone applied enhanced vegetative growth as 
compared to salt-induced treatments by increasing fresh and dry biomass. However, salt-induced 
treatments have higher above ground dry biomass than control. These findings correlate with; the foliar 
application of SA enhanced biomass production in barley and wheat ( Gautam and Singh 2009). They 
concluded that the increase in growth biomass in response to SA under salinity stress may be due to 
protective role of SA on cell membranes that might be responsible for increasing plant salt tolerance. 
Others author also observed that foliar application of SA increased the stomatal conductance under 
drought stress (Waseem et al., 2006). The foliar spray of SA enhanced the relative water content, 
biological yield, soluble protein, proline content and photosynthetic pigments in wheat seedlings (Kong, 
et al., 2012).  

 
Grain yield (g pot-1)  

The combined treatments mean effect on grain yield was highly significant (P ≤ 0.01) (Table 4). 
The highest (4.62 g) grain yield was recorded from SA and the lowest (2.77 g) was recorded from 
control. This may be due to time taken to take action against salt stress may decreased grain yields. This 
suggests that the increases in photosynthetic rates following foliar spray of certain phenolic compounds 
such as SA could be the result of increased enzyme activity related to CO2 uptake at the chloroplast 
level, rather than simple increases in stomatal opening (Khan et al., 2003). Foliar application of SA 
enhanced the values of net CO2 assimilation rate in salt treated and untreated plants (Sumaira et al., 
2014).  

Similar conclusion was found during salt stress, as the improvement in growth and grain yield 
due to SA application was associated with improved photosynthetic capacity, which was not due to 
stomatal limitations, but was associated with metabolic factors, other than photosynthetic pigments and 
leaf carotenoids (Arfan et al., 2007). However, the exact mechanism of Salicylic acid mediated 
photosynthesis enhancement is still unclear. In another study, it was claimed that faba bean yield was 
improved by foliar spraying the plants with SA under both greenhouse and open field conditions (El-
Hendaway et al., 2011). The unfavorable environmental conditions have shown to increase the 
endogenous SA level in plants (Horváth et al., 2007, Szalai 2009 and Pál, 2013). SA inhibits seed 
germination in favorable conditions, but promotes growth under abiotic stress (Alonso-Ramirez et al., 
2009 and Rivas-San et al., 2011);  It has long been suggested that different stressors, such as UV light, 
ozone fumigation or virus infection can activate a common signal transduction pathway that leads to 
SA accumulation and increased stress resistance (Yalpani et al., 1994).  
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Harvest index (HI) 
The combined treatments mean effects on harvest index of wheat was non-significant (Table 4). 

The highest harvest index (49 %) was obtained from SA, whereas the lowest harvest index (43%) was 
recorded from control (Table 4). The higher the harvest index value, the greater the physiological 
potential of the crop for converting dry matter to grain yield. The highest harvest index of (50.4 %) was 
recorded from Ogolcho bread wheat cultivar (Usman et al., 2022).  
  
4. Conclusions and Recommendations  

The study proved that the application of salicylic acid (SA) improved wheat growth and yield 
under salt stress conditions of treatment containing 10 g L−1SA + 25 g L−1NaCl, but not under 25 g L−1 

NaCl alone. The present study revealed that the optimum level of SA application minimizes the 
deleterious effects of salt stress in wheat. It was observed that SA application improved the growth and 
yield of wheat plants under salt stress conditions.  
 
References 
Alonso-Ramirez, A., D. Rodriguez, D. Reyes, J. Jimenez, G. Nicolas, M. Lopez-Climent, A. Gomez-

Cadenas and C. Nicolas 2009. Evidence for a role of gibberellins in salicylic acid modulated early 
plant responses to abiotic stress in Arabidopsis thaliana seeds. Plant Physiol., 150:1335-1344.  

Amor, N.B., A. Jiménez, W. Megdiche, M. Lundqvist, F. Sevilla, and C. Abdelly, 2007. Kinetics of the 
anti-oxidant response to salinity in the halophyte Cakile maritima. J. Int. Plant Biol., 49(7):982-
992. 

Arfan, M., H.R. Athar, and M. Ashraf, 2007. Does exogenous application of salicylic acid through the 
rooting medium modulate growth and photosynthetic capacity in two diffrently adapted spring 
wheat cultivars under salt stress? Journal of Plant Physiology, 164(6):685-694.  

Asadi, M., M.A. Heidari, M. Kazemi, and A.R. Filinejad, 2013. Salicylic acid induced changes in some 
physiological parameters in chickpea (Cicer arietinum L.) under salt stress. J Agric. Technol., 
9(2): 311-316. 

Borsani, O., V Valpuesta, and M.A. Botella, 2001 Evidence for a role of salicylic acid in the oxidative 
damage generated by NaCl and osmotic stress in Arabidopsis seedlings. Plant Physiol., 126(3): 
1024-1030.  

Chattha, M.U., M.A. Sana, H. Munir, U. Ashraf, I. Ul-Haq and S.I. Zamir, 2015. Exogenous 
application of plant growth promoting substances enhances the growth, yield, and quality of 
maize (Zea mays L.). Plant Knowledge, J. 4(1): 1-6. 

Daneshmand, F., M.J. Arvin and Kh.M. Kalantari 2010b. Acetyl salicylic acid ameliorates negative 
effects of NaCl orosmotic stress in Solanum stoloniferum in vitro. Biologia Plantarum, 54: 781-
784.  

El-Feky, S.S., F.A. El-Shintinawy, E.M. Shaker, and H.A. Shams El-Din, 2012. Effect of elevated boron 
concentrations on the growth and yield of barley (Hordeum vulgare L.) and alleviation of its 
toxicity using different plant growth modulators. Australian Journal of Crop Science, 6(12): 
1687-1695.  

El-Hendaway, S., W. Shaban and J.I. Sakagami 2011. Does treating faba bean seeds with chemical 
inducers simultaneously increase chocolate spot disease resistance and yield under field 
conditions. Turkish J. Agric. Forest. 34: 475-485.  

El-Hendawy S.E., Y. Hua, G.M. Yakout, A.M. Awad, S.E. Hafiz and U. Schmidhalter, 2005. Evaluating 
salt tolerance of wheat genotypes using multiple parameters. Europ. J. Agron., 22: 243-253.  

El-Khallal, Samia M., A. Hathout Tahani, A.A. Ashour and A.A. Kerrit, 2009. Brassinolide and 
salicylic acid-induced growth, biochemical activities and productivity of maize plants grown 
under salt stress. Res. J. Agric. and Biol. Sci., 5(4): 380-390. 

Eyidogan, F., and M.T. Öz, 2007. Effect of salinity on antioxidant responses of chickpea seedlings. 
Acta. Physiol. Plant, 29:485-493.  

Farahat, M.M., S.M.M. Ibrahim, T.S. Lobna and E.M.F. El-Quesni 2007. Response of vegetative 
growth and some chemical constituents of Cupressus sempervirn L. to foliar application of 
ascorbic acid and zinc at Nubaria. World J. Agric Sci., 3(3): 282-288.  

 



Middle East J. Agric. Res., 12(1): 152-162, 2023 
EISSN: 2706-7955   ISSN: 2077-4605                                           DOI: 10.36632/mejar/2023.12.1.12  

160 

Fardus, J., Abdul Matin, Md. Hasanuzzaman, S. Hossain, S.D. Nath, Md.A. Hossain, M. Rohman, and 
M. Hasanuzzaman 2017. Exogenous salicylic acid-mediated physiological responses and 
improvement in yield by modulating antioxidant defense system of wheat under salinity. Not. 
Sci. Biol. 9(2):219-232. 

Gautam, S. and P.K. Singh 2009. Salicylic acid-induced salinity tolerance in corn grown under NaCl 
stress. Acta Physiologiae Plantarum, 31(6):1185-1190.  

Gezi, L., X. Peng, L. Wei, and G. Kang, 2013. Salicylic acid increases the contents of glutathione and 
ascorbate and temporally regulates the related gene expression in salt-stressed wheat seedlings. 
Gene, 529:321-325.  

Ghassemi-Golezani, K., S. Ghassemi and I. Yaghoubian 2017. Improving oil and falconoid contents of 
milk thistle under water stress by salicylic acid. Adv. Hortic. Sci., 31(1):19-23. 

Goudarzi, M. and H. Pakniyat 2008. Evaluation of wheat cultivars under salinity stress based on some 
agronomic and physiological traits. J. Agric. Soc. Sci., 4: 35-38.  

Gunes, A., A. Inal, M. Alpaslan, F. Eraslan, E.G. Bagci, and N. Cicek 2007. Salicylic acid induced 
changes on some physiological parameters symptomatic for oxidative stress and mineral nutrition 
in maize (Zea mays L.) grown under salinity. Journal of Plant Physiology, 164:728-736.  

Gunes, A., A. Inal, M. Alpaslan, N. Cicek, E. Guneri, F. Eraslan, and T. Guzelordu, 2005. Effects of 
exogenously applied salicylic acid on the ninduction of multiple stress tolerance and mineral 
nutrition in maize (Zea mays L.). Archives of Agronomy and Soil Science, 51: 687-695. 

Hasanuzzaman, M., K. Nahar, M.M. Alam, S. Ahmad, and M. Fujita, 2015. Exogenous application of 
phytoprotectants in legume against environmental stress. In: Legumes under environmental 
stress, yield, improvement and adaptations, Azzoz, M.M., Ahmad, P. (eds). Wiley, New York, 
161-198.  

Hayat, Q., S. Hayat, M. Irfan, and A. Ahmad 2010. Effect of exogenous salicylic acid under changing 
environment: a review. Environ. Exp. Bot. 68(1):14-25.  

Henry, G., P. Thonart and M. Ongena, 2012. PAMPs, MAMPs, DAMPs and others: an update on the 
diversity of plant immunity elicitors. Biotechnol. Agron. Soc. Environ., 16(2):257-268.  

Hernandez, J.A., A. Jimenez, P. Mullineaux, and F. Sevilia, 2000. Tolerance of pea (Pisum sativum L.) 
to long-term salt stress is associated with induction of antioxidant defenses. Plant Cell 
Environ., 23(8): 853-862.  

Horváth, E., G. Szalai and T. Janda 2007. Induction of abiotic stress tolerance by salicylic acid 
signaling. J. Plant Growth Regul, 26:290-300. 

Howard, M.R. and G.M. Helena, 2000. Irrigated wheat: managing your crop. (FAO) Food and 
Agriculture Organization of the United Nations, Rome.  

Jini, D. and B. Joseph 2017. Physiological Mechanism of Salicylic Acid for Alleviation of Salt Stress 
in Rice. Science Direct. 24(2): 97-108.  

Kareem, F., H. Rihan and M. Fuller, 2017. The effect of exogenous applications of salicylic acid and 
molybdenum on the tolerance of drought in wheat. Agri Res. Tech. Open Access J. 9(4):555-768.  

Kaya, C., A. Tuna, and I. Yokaş 2009. Salinity and Water Stress. Netherlands: Springer: 45-50.  
Khan, S.U., A. Bano, J. Din and A.R. Gurmani, 2012. Abscisic acid and salicylic acid seed treatmentas 

potent inducer of drought tolerance in wheat (Triticum aestivum L.). Pak. J. Botany, 44(1):43-49. 
Khan, W., B. Prithiviraj, and D.L. Smith 2003. Photosynthetic responses of corn and soybean to foliar 

application of salicylates. J. Plant Physiol., 160:485-492. 
Kishor, P.B.K., K. Rajesh, P.S. Reddy, C. Seiler, and N. Sreenivasulce, 2014. Drought stress tolerance 

mechanisms in barley and its relevance to cereals. In: Biotechnological approaches to barley 
improvement, Kumlehn, J. Stein, N. (eds). Springer, Berlin, 161-179.  

Kong, G., G. Li, B. Zheng, Q. Han, C. Wang, Y. Zhu, and D.T. Guo, 2012. Proteomic analysis on 
salicylic acid induced salt tolerance in common wheat seedlings (Triticum aestivum L.). Biochim. 
Biophys. Acta., 1824(12):1324-1333.  

Maissa M. Morsi, Hala M. Abdelmigid and Norah G.S. Aljoudi, 2018. Exogenous Salicylic Acid 
Ameliorates the Adverse Effects of Salt Stress on Antioxidant System in Rosmarinus officinalis 
L. Egypt. J. Bot., 58 (2):249-263.  

Mansour, M.M.F., K.H. Salama, F.Z.M. Ali, and A.F. Abou Hadid, 2005. Cell and plant responses to 
NaCl in Zea mays L. cultivars differing in salt tolerance. Gen Appl Plant Physiol, 31: 29-41.  



Middle East J. Agric. Res., 12(1): 152-162, 2023 
EISSN: 2706-7955   ISSN: 2077-4605                                           DOI: 10.36632/mejar/2023.12.1.12  

161 

Metwally, A., I. Finkemeier, M. Georgi and K.J. Dietz, 2003. Salicylic acid alleviates the cadmium 
toxicity in barley seedlings. Pl. Physiol., 132:272-281.  

Munns, R., S.H. Husian, R. Rivelli, R. James, A.G. Condon, M. Lindsay, E.S. Lagudah, D.P. 
Schachtman, and R.A. Hare, 2002. Avenues for increasing salt tolerance of crops and the role of 
physiologically based selection traits. Plant and Soil, 247: 93-105.  

Nejla, T., S. Tariq, H. Moncef, T. Moktar and O. Kazutoshi 2014. Variation in Response to Salt Stress 
at Seedling and Maturity Stages among Durum Wheat Varieties. Journal of Arid Land Studies, 
24-1:261-264. 

Noreen Sibgha, A. Siddiq, K. Hussain, S. Ahmad, and M. Hasanuzzaman 2017. Foliar application of 
salicylic acid with salinity stress on physiological and biochemical attributes of sunflower 
(Helianthus annuus L.) Crop. Acta Sci. Pol. Hortorum Cultus, 16(2):57-74. 

Noreen, S., and M. Ashraf 2008. Alleviation of adverse effects of salt stress on sunflower (Helianthus 
annuus L.) by exogenous application of salicylic acid: growth and photosynthesis. Pak. J. Bot., 
40(4):1657-1663.  

Noreen, S., S. Noor, S. Ahmad, F. Bibi, and M. Hasanuzzaman 2016. Quantifying some physiological 
and productivity indices of canola (Brasica napus L.) crop under an arid environment. Not. Bot. 
Horti Agrobot., 44:272-279. 

Pál, M., V. Kovács, G. Vida, G. Szalai and T. Janda 2013. Changes induced by powdery mildew in the 
salicylic acid and polyamine contents and the antioxidant enzyme activities of wheat lines. Eur. 
J. Plant Pathol., 135:35-47. 

Radi, A.A., F.A. Farghaly and A.M. Hamada 2013. Physiological and biochemical responses of salt-
tolerant and salt-sensitive wheat and bean cultivars to salinity. J. Biol. Earth Sci., 3(1):72-88.  

Rajjou, L., M. Belghazi, R. Huguet, C. Robin, A. Moreau, C. Job, and D. Job 2006. Proteomic 
investigation of the effect of salicylic acid on Arabidopsis seed germination and establishment of 
early defense mechanisms. Plant Physiol., 141(3): 910-923. 

Rashad, R.T. and R.A. Hussain, 2014. A comparison study on the effect of some growth regulators on 
the nutrients content of maize plant under salinity conditions. Ann. Agric. Sci., 59(1):89-94.  

Rasool, S., A. Ahmad, T.O. Siddiqui and P. Ahmad 2013. Changes in growth, lipid peroxidation and 
some key antioxidant enzymes in chickpea genotypes under salt stress. Acta Physiol. Plant, 
35(4):1039-1050.  

Rivas-San, V.M., and J. Plasencia 2011. Salicylic acid beyond defense: its role in plant growth and 
development. J. Exp. Bot. 62:3321-3338.  

Roy, R.N., 2006. Plant nutrition for food security: A guide for integrated nutrient management. FAO 
fertilizer and plant nutrition bulletin, 16(57).  

Sakhabutdinova, A.R., D.R. Fatkhutdinova, M.V. Bezrukova, and F.M. Shakirova, 2003. Salicylic acid 
prevents the damaging action of stress factors on wheat plants. Bulg. J. Plant Physiol., 29: 314-
319. 

Salachna, P., R. Piechocki, and A. Byczyńska, 2017. Plant growth of Curly kale under salinity stress. 
Journal of Ecological Engineering, 18(1).  

Shakirova, F.M., A.R. Sakhabutdinova, M.V. Bezrukova, R.A. Fatkhutdinova, and D.R. Fatkhutdinova, 
2003. Changes in the hormonal status of wheat seedlings induced by salicylic acid and salinity. 
Plant Science, 164: 317-322. 

Siddiqui, M., F. Mohammad, M.N. Khan, M.H. Al-Whaib, and A.H.A. Bahkali, 2010. Nitrogen in 
relation to photosynthetic capacity and accumulation of osmoprotectant and nutrients in Brassica 
genotypes grown under salt stress. Agricultural Sciences in China, 9:671-680. 

Singh, B. and K. Usha 2003. Salicylic acid induced physiological and biochemical changes in wheat 
seedlings under water stress. Plant Growth Regulation, 39(2):137-141.  

Singh, P.K. and S. Gautam 2013. Role of salicylic acid on physiological and biochemical mechanism 
of salinity stress tolerance in plants. Acta Physiol. Plant, 35:2345-2353. 

Sumaira, B., H.S. Ejaz, H. Iqbal, H.B. Khizar, and R. Rizwan, 2014. Mitigating the Effects of Salinity 
by Foliar Application of Salicylic Acid in Fenugreek. Physiology Journal, 1-6.  

Szalai, G. and T. Janda 2009. Effect of salt stress on the salicylic acid synthesis in young maize (Zea 
mays L.) plants. J Agron Crop Sci., 195:165-171.  

 



Middle East J. Agric. Res., 12(1): 152-162, 2023 
EISSN: 2706-7955   ISSN: 2077-4605                                           DOI: 10.36632/mejar/2023.12.1.12  

162 

Szepesi, A., J. Csiszár, K. Gémes, E. Horváth, F. Horváth, M.L. Simon, I. Tari 2009. Salicylic acid 
improves acclimation to salt stress by stimulating abscisic aldehyde oxidase activity and abscisic 
acid accumulation and increases Na+ content in leaves without toxicity symptoms in Solanum 
lycopersicum L. Journal of Plant Physiology, 166:914-925. 

Tammam, A.A., M.F.A. Alhamd, and M.M. Hemeda 2008. Study of salt tolerance in wheat (Triticum 
aestivum L.) cultivar Banysoif 1. Aust. J. Crop Sci., 1(3): 115-125.  

Usman K.. 2022. Effect of Seed and NPS Fertilizer rates supplemented with N on yield Components, 
yield and grain quality of bread wheat (Triticum aestivum L.) at low land of East Shawa, Ethiopia. 
Int. J. Adv. Res. Biol. Sci. 9(7): 18-40.  

Waseem, M., H.U.R. Athar and M. Ashraf 2006. Effect of salicylic acid applied through rooting 
medium on drought tolerance of wheat. Pak. J. Bot. 38: 1127-1136.  

Yalpani, N., A.J. Enyedi, J. León and I. Raskin 1994. Ultraviolet light and ozone stimulate accumulation 
of salicylic acid, pathogenesis-related proteins and virus resistance in tobacco. Planta, 193:372-
376.  

 




