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 This study was carried out to evaluate the effect of salicylic acid on seed germination 
and seedling of chickpea plants, under salt stress. Seeds were treated with three 
concentration of salicylic acid (0.05, 0.5, 1mM) and then subjected to high salinity (100 
mM). In addition, to understanding molecular modes of SA action in physiological 
processes protein and polyphenol quantification and antioxidant activity was also 
determined in seeds and plants. Result showed that salt stress decreased the germination 
percent and growth parameters in no-treated seeds (control). In the other hand, when 
subjected to salicylic acid a significant enhanced tolerance against salinity stress was 
observed in chickpea both on the speed and level of germination (80%) and the seedling 
plants (50% to 60%). Salt stress also diminished the protein and polyphenol as well as 
antioxidant activity. In contrast, these compounds were increased by SA application. 
Based on germination rate and growth parameters we can suggest that the inhibitory 
effect of high salinity was significantly reduced in the presence of SA and a correlation 
between SA and protein level, total phenolic content, antioxidant activity was shown.  
2. More information should be added for the abstract…such as conclusion 
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INTRODUCTION 

 
Salinity is one of the major environmental factors limiting plant growth and productivity.  Various methods 

were established in agriculture and horticulture to Enhancing stress tolerance in plants [31]. Recent studies 
indicated that SA regulates diverse aspects of plant responses to abiotic stresses [16,29]. It has been showed that 
SA plays a role in plant adaptive responses such as osmotic stress [33], chilling and drought [31] and high 
salinity [10,23,5,16,2]. Salicylic acid induced many physiological and biochemical processes in plants, some 
processes were promoter and some others were inhibited [28,11]. Most adaptation strategies are chemical by 
involving the production of secondary metabolites which are essential for the growth and are produced as a 
response for defending plants against stress in general. It is therefore possible that polyphenol may promote the 
germination and growth probably by reducing the ROS that accumulate in the salt stress [39]. The interest in 
polyphenolic antioxidants has increased remarkably in the last decade because of their elevated capacity in 
scavenging free radicals associated with various diseases [36].  

Chickpea is one of the major protein sources in developing countries such as Algeria. It’s contains 13 to 
33% protein, 40 to 55% carbohydrates, and 4 to 10% oil, approximately 50% oleic and 40% linoleic acid, which 
are unsaturated fatty acids and cannot be synthesized by animals [1]. Chickpea is very sensitive to saline, the 
major environmental constraints limiting crop chickpea production [12].      

The present study was performed to investigate whether salicylic acid can reduce the effect of salt stress in 
chickpea during the germination and seedlings and to determine the best SA concentration effect on plants 
response and the potential interactions between proteins, polyphenols and antioxidant activity in salt stress 
without and in the presence of SA.  

Please write the objective in the scientific ways 
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MATERIALS AND METHODS 
 

1-Seeds SA treatments: 
Salicylic acid (SA; 2-hydroxybenzoic acid) was initially dissolved in 1 ml ethanol and concentrations of 

0.05 and 0.5 mM (pH 6.0-6.5) were made up with distilled water  [22].  Seeds were imbibed for 8 hours in SA 
solutions.  

 
2-Seed germination:   

Control and treated seeds were distributed to germinate in Petri dishes on two filter-paper discs; each dish 
contains 50 seeds and sprayed with 20 ml of salt solution (100 mM). The dishes are put in an incubator at 25 °C. 
Germination is spotted by the output of radical from the integuments and counted every 24 hours. The test ends 
when after two successive counts no germination is registered.  After 96 h, germinated grain of each dish is 
taken for biochemical analyses.  
 
3-Seedling growth:  

Treated seeds were raised in earthen pots and at vegetative state; the seedlings were transplanted after 30 
days into clay pots. Plants were sprayed with adding 100 mM of NaCl to a base complete nutrient solution of 
Hoagland and combined to SA doses (0, 0.05, 0.5 mM SA). Three replicates (5 pots and each pot contained 2 
plants) were used for each observation under each treatment. In the end of the experiment the percentage of 
healthy and wilted plants in each row was counted, the shoot elongation was measured, the number of leafs. 
Vegetative parts were taken for biochemical analyses.  
 
4- Soluble protein: 
 content was measured at 595 nm according to [8] using bovine serum albumin as standard.  
 
5- Determination of total phenols and antioxidant activity in chickpea: 

For the extraction, about 5.0 g of fresh plant material were homogenized with 10 ml water/methanol (1:1); 
the resulting pellet was extracted twice. The extracts were sonicated for 15 minutes on an ultrasonic bath 
(Branson model 3510, USA), centrifuged for 15 minutes at 4°C,4000 xg,and the supernatants were concentrated 
in rotary evaporator at 37°C [24]. The extract was diluted and used for the following analyses.  
 
Total phenol content analysis (TPC): 

was determined colourimetrically using the Folin-Ciocalteu method [24].  
 
Antioxidant activity: 
 was measured by DPPH determination [6]. To 2,9 ml de DPPH à 0,004% (P/V) in methanol- H2O (8 : 2), 
added to 100 µl of the plant methanolic extract  was added. The mixture was shaken and allowed to stand at 20 
°C in dark for 30 minutes. the resulting solution was monitored at 517 nm.  The control solution was consisted 
by 100 µl of methanol and 2.90 ml of DPPH solution. The percentage inhibition of the DPPH radical (IP50) by 
the samples was calculated using the formula: IP50 (%) = [(Ac - Ax)/Ac] × 100. 

 
RESULTS AND DISCUSSSION 

 
Salicylic acid is a messenger molecule and a growth regulator in the induction of tolerance under high 

salinity [23,7,16]. These compounds achieved their influence in a variable manner; inhibiting certain processes 
and enhancing others [28]. 
 
Germination percent: 
 

 
Fig. 1: Effect of different salicylic acid (SA) concentrations on seed germination (%) of Chickpea (ILC 3279) 

stressed with NaCl (100 mM) 
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 Seeds of chickpea were germinated since 24 h, either for all lots.  The percent of germinated seeds were 
higher in treated seeds until (80%) at the both concentrations of (0.05 mM and 0,5 mM SA) as well as the 
radical elongation. Whereas the higher concentration (1mM) may have reversed the phenomenon, neither 
germed seeds were observed. Both 0,5mM SA and 0,05 mM SA had significant effect among the percent of 
germination and emergence of radicle at (P < 0.05). 

Seed germination is an important agronomic trait that profoundly affects plant growth and productivity. It 
was observed that the germination level was significantly lower at salt stress (30%) and the radical elongation 
was about 2 mm only in control. In the other hand, SA treatment initially indicated high percent germination and 
high emergence of radicles than control. This is in agreement with the results obtained by several authors  
[32,27,16,11]. The application of 0.5 mM SA under salt stress gave the higher values (80%) than 0.05 mM SA 
(70%) except for 1mM concentration it had inhibitory effect on germination (0.5%) (Fig 1A). Several workers 
reported that SA effects on germination are concentration dependent [27,33]. Although, Rajjou et al. [27]; 
Jadhav and Bhamburdekar [19] hypothesized that detoxification mechanism in germinating seeds counteract by 
exogenous SA treatments and stimulated the activities of enzymes.  

 
Growth parameters: 
 
Table 1: Effect of salicylic acid on percent developed and necrosed plants of Chickpea (ILC 3279), stressed with salt, during seedling, in 

treated and no treated plants. 
Traitement Developped plants (%) Necrosis plants/developped plants (%) 
Salt (Control) 30,7 23 
Salt+0,05 mM SA 50 20 
Salt+ 0,5 mM SA 60 21 

 
The percentage of the developed plants was estimated in relation to the control one. The treatment of seeds 

then the watering of plants with the different doses of SA had shown a significant effect on growth value in 
chickpea, under salt conditions (P < 0.05). 

  
Table 2: Effect of salicylic acid on growth parameters of Chickpea (ILC 3279), stressed with salt in treated and no treated plants. 

Treatment Leaves number Shoots length (cm) Freah Weight (g) 
Salt (Control) 6,75±0,5 17,9±1,5 0,59±0,1 
Salt+0,05 mM SA 12,75±4,4 24,3±6,5 1,904±0,2 
Salt+ 0,5 mM SA 14,5±4,5 23,9±4,9 1,82±0,11 

 
Salicylic treatment also had significant differences on chickpea growth parameters (P<0.05). The 

measurements made on the stems and the number of leaves had shown a positive effect with the treatment 
depending on the doses of SA.  

The 0.5 mM SA recorded higher performance for Shoots length (24,3 cm) and leaves number (12.7) (P < 
0.05). While, we noted that these parameters were less in control.  Weightings of the seedlings vegetation of 
each treatment were carried out at the harvesting; the maximum fresh weights of the vegetable parts were 
indicated for the plants watered with 0.05 mM SA (1.904) and 0.5 mM (1.82 g). While in control it’s did not 
exceed (0. 53 g).  

Salicylic acid is known to affect various physiological and biochemical activities of plants and may play a 
key role in regulating their growth and productivity [4,28]. Application of NaCl in chickpea plants adversely 
influenced their growth percent (Tab 1) and growth parameters us shoot length, leaf number and fresh weights 
(Tab 2). A number of studies also mentioned that salinity affects the seed imbibitions and led reduction in plants 
growth and production [23,34,20]. Furthermore, exogenous SA applications significantly stimulated these 
parameters as compared to the control under salt stress (table 1, 2). There was no significant difference between 
effect of 0,05 and 0,5 mM SA As demonstrated by [23,21,37,34]. The applications of SA increased number of 
leaves under stress conditions. Similar results were reported that treated plants with SA survive more, exhibit 
higher relative growth rate, enhanced the leaf area and the dry mass production [22,23].  

In the fact of understanding physiological and biochemical processes of SA action in chickpea protein and 
polyphenol quantification and antioxidant activity was also determined in seeds and plants. SA is known to 
affect a range of plant functions and to induce many physiological processes in the plant, some processes were 
promoted and some others were inhibited [28,16]. In this regard, a significant correlation was found between 
seed vigor and plant growth and the biochemical analyzed (P<0.05).  
 
Biochemical parameters: 
Protein level: 
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Fig. 2: Effect of different salicylic acid (SA) concentrations on protein content of seeds and plants in Chickpea 

(ILC 3279) stressed with NaCl (100 mM)  
 
These Results demonstrated that seeds exhibit the highest level protein. Treatment with SA could 

significantly enhance protein contents during germination or seedling stage under salt stress (P<0.05). 
Proteins are important for cell survival under abiotic stress. In all stage, there was protein accumulation (Fig 

2) in relation to salicylic acid concentration and salt stress. Previous reports showed that salicylic acid increase 
the protein contents inside the plant cells that make the plant have the ability to tolerant the salt stress [25]. SA 
affected the processes related to seed quality including protein biosynthesis, seed primary metabolism and 
transport of seed storage proteins which were increased like the seed vigour [27]. [38] reported that exogenous 
SA application could improve N remobilization efficiency by up-regulating protein degradation and amino acid 
transport in source leaves. 

 
Polyphenol level: 

 

 
 
Fig. 3: Effect of different salicylic acid (SA) concentrations on total polyphenol level (TPC) of Chickpea (ILC 

3279) seeds and plants   stressed with salt (100 mM).  
 
Poly phenol level was significantly higher in plants than seeds. It’s generally decreased in treated seeds in 

comparison with control (P<0.05). 
Plant phenolic compounds are the most abundant and important group of defensive compounds that mediate 

plant defense and can constitute a rational for their extensive exploitment as food additives and products [9]. We 
can noted that polyphenol level was significantly higher in plants than seeds and the highest rate of this 
compounds in plant was observed with 0.5 mM SA. While, the lowest rate was recorded in control (Fig 3). 
These results agree with the work of [16]. He indicated that the accumulation of polyphenol in plants had 
relationship with photosynthetic reaction in leaves and proved enhancement leaves numbers after SA application 
were generally accompanied by increasing secondary metabolites rate. However, when applied in different 
quantities phenolic compounds are well known to rapidly alter plant growth from seed germination to 
senescence [3]. 

 
Antioxidant activity: 
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Fig. 04: Effect of different salicylic acid (SA) concentrations on antioxidant activity of Chickpea (ILC 3279) 

seeds and plants stressed with salt (100 mM)  
          
Plants with the lowest IP50 are the most potent vegetable that could scavenge most free radicals. These 

results clearly show that application of SA caused the highest antioxidant activity , either in seeds or plants of 
chickpea than controls  one, under salt stress. Although, among the both concentration the 0.05 mM SA 
exhibited the highest antioxidant capacity in seeds and plants (P<0.05). 

Various studies have shown that exogenous SA can regulate the activities of antioxidant enzymes and 
increase plant tolerance to abiotic stress [17]. Our studies showed that chickpea plants submitted to NaCl 
salinity present the lowest antioxidant activity during germination or seedling (Fig 4).While an opposite trend 
was noticed with salicylic acid treatment which caused an increase of antioxidant activity both in seeds and 
plants (Fig 4). Sedghi et al. [30] reported that SA can induce tolerance or resistance mechanisms facing 
environmental conditions and prepares the plant for avoiding oxidative damage.  

It’s still difficult to create better combinations between beneficial effect of salicylic acid and intervention of 
many biochemical compounds in physiological salt stress response. It seems that SA increased protein level and 
polyphenol contents, protein-polyphenol complexes are believed to play a role in plant defense mechanisms. 
Early studies of polyphenol/protein binding suggested that polyphenols bound preferentially to proline residues 
[18,26] and also increased antioxidant activity. Ghasemzadeh et al. [13] revealed that polyphenol accumulation 
activate antioxidant defense mechanisms. In addition the best response generated is with 0,5mM SA in all stage.   

In conclusion more information and knowledge are still required to select treatments that can be used to 
stimulate plant’s biochemical compounds in order to improve stress tolerance and enhance their nutritional 
quality. But, based on germination and growth results it can be suggest that SA can generally be used as a 
regulator to enhance chickpea germination and growth in response to salt stress and acts as an antioxidant 
molecule by increasing greatly protein and polyphenol contents.  
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