
Middle East Journal of Applied 
Sciences 
ISSN 2077-4613 

Volume : 07 | Issue :04 |Oct.-Dec.| 2017 
Pages: 956-966 

 
 

Corresponding Author: Abdel-Baky Y. R., Botany Department, National Research Centre, Dokki, Giza, 
Egypt.  E-mail: yrefaai@yahoo.com 

956 

Effects of Exogenous Salicylic Acid in Soybean Plants Subjected To Salt Stress 
 

El-Lethy Safaa R., Talaat Iman M., Tarraf Shahira A. and Abdel-Baky Y. R. 
 

Botany Department, National Research Centre, 3 El-Bohoothst, (former El-Tahrirst.),Dokki, P.O. 
Code 12622, Giza, Egypt. 

Received: 17 August. 2017 / Accepted: 20 Nov. 2017 / Publication date: 14 Dec. 2017 
 
ABSTRACT  
 

The study was conducted during (2014, 2015) in order to determine the effect of exogenous 
foliar application of salicylic acid (SA) supply at (0.4 or 0.8 mM) on the resistance of soybean 
(Glycine max L. Merr.) plant treated with salt stress of NaCl at (3 or 6 dS/m). the results indicated 
that, plants responded to SA treatments with or without salinity treatments showed enhancement in 
growth characters i.e. plant height, No. of leaves, fresh and dry weight of leaves, fresh and dry weight 
of stem, number and weight of pods / plant, weight of seeds / plant except for number of branches / 
plant. SA treated plants were the best in improving these growth characters of growth. All treatments 
except for NaCl at (3 or 6 ds/m) increased phenol content mg/g dry weight of leave, proline (μmol /g 
dwt.), seed total carbohydrate%, oil% and seed protein%. In the opposite, soluble sugar recorded 
significant increments only with NaCl treated plants. Unsaturated fatty acids increased relative to the 
saturated ones of the soybean seed oil.  
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Introduction 

Soybean seed is a major source of high-quality protein and oil for human consumption (Katerji 
et al., 2001). 

The unique chemical composition of soybean made it one of the most valuable agronomic crops 
worldwide (Thomas et al., 2003). Its protein has great potential as a major source of dietary protein. 
The oil produced from soybean is highly digestible and contains no cholesterol (Essa and Al-ani, 
2001). Soybean seed production may be limited by environmental stresses such as soil salinity 
(Ghassemi–Golezani et al., 2009). Minimizing environmental stress with optimize seed yield soil 
salinity, resulting from natural processes or from crop irrigation with saline water, occurs in many arid 
and semi-arid regions of the world (Meloni et al., 2004). The UNEP (United Nations Environment 
Program) estimates that 20% of the agricultural land and 50% of the crop land in the world is salt-
stressed (Yan 2008). Most of the salt stresses in nature are due to Na+ salts, particularly NaCl 
(Demiral 2005). High salinity lowers water potential and induces ionic stress, and results in secondary 
oxidative stress. It severely limits growth and development of plant by affecting different metabolic 
processes such as CO2 assimilation oil and protein synthesis (Nasir Khan et al., 2007). 

Plants respond to any stress by initiating a broad range of signal transduction pathways. Among 
the signaling molecules salicylic acid has received a particular attention because of its capacity to 
regulate various aspects of plant responses to biotic and abiotic stresses through extensive signaling 
cross – talk with other growth substances (Horavth et al., 2007; Asensi-Fabado and Munné-Bosch 
2011). Numerous studies have demonstrated that exogenous addition of SA can ameliorate toxicity 
symptoms induced by salinity stress in many plant species (Ashraf et al., 2010; Hayat et al., 2010). 
SA has been a key role in defense responses against different abiotic stresses, including salinity and 
osmotic stress (Boorsani et al., 2001). Thus the objective of this study is to evaluate the response of 
soybean plants to treatment with SA under the influence of salinity stress. 

 
Materials and methods 
 

Two pot experiments were carried out in the screen of the National Research Centre, Dokki, 
Giza, Egypt. To study the effect of foliar spraying with salicylic acid (SA) and / or the irrigation with 
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saline solutions of NaCl. Soybean seeds (V.Giza3) were inoculated with specific. Rhizobium 
Japonicum strain before sowing which was on May 21st and 23rd for 1st and 2nd seasons (2014, 2015), 
respectively. 

The seeds were sown on earthenware pots (30 cm in diameter) filled with air dried loamy 
claysoil. The pots were arranged in complete randomized block design of 9 treatments as follows:  

1- Tap water (control).  
2- Salicylic Acid (SA) at 0.4 mM.  
3- (SA) at 0.8 mM.  
4- The salinity solution of (NaCl) at 3dS/m.  
5-  SA at 0.4 mM + NaCl at 3dS/m.  
6-  SA at 0.8 mM + NaCl at 3dS/m.  
7-  Salinity solution (NaCl) at 6dS/m.  
8-  SA at 0.4 mM + NaCl at 6dS/m. 
9- SA at 0.8 mM + NaCl at 6dS/m. 

Each treatment has 5 replicates and each pot received equal and adequate amount of tap water 
and fertilizers. Thinning was performed to leave three seedlings in each pot. SA treatments at 2 
concentrations (0.4 or 0.8 mM) were sprayed after 1 month from sowing and the 2nd spraying of SA 
after 10 days from the 1st one. 

The plants were irrigated with the saline solution 3 or 6 dS/m NaCl in accordance to treatments 
after 20 days from the 1st spray with SA. 

Two plant samples were drawn to represent 2 stages of growth and development for soybean 
plants, the 1st sample after  60 days from sowing (vegetative growth), and 2nd sample at (maturity) to 
determine yield.  

The data of vegetative growth were determined as follows: plant height (cm), number of leaves 
and branches / plant, fresh and dry weight of stem & over ground parts (g / plant). Data included at 
the 2nd sample: number of pods / plant, weight of pods (g/ plant), weight of seeds (g / plant) and straw 
weight (g / plant). 

 
Chemical analysis: 
 

The dried plants (leaves and seeds) were finely ground and reset for chemical determination of 
the following constituents:  
1- Determination of total carbohydrate and total soluble sugars were carried out according to Dubois 

et al. (1956). 
2- Seed oil content was determined using Soxhelet apparatus and petroleum ether (40-60C) 

according to A.O.A.C. (1990). Methylesters of fatty acids were prepared from an aliquot of total 
lipid according to Harborne (1984) for Identification and quantitative determination of fatty acids 
liquid chromatography. 

3- Total phenols of fresh leaves were determined by the colourimetric method of folin-Ciocalteo 
reagent according to Sigleton et al. (1999). 

4- Total protein concentration was determined by the Bradford method (1976) using Bovin serum 
albumin (BAA) as a standard. 

5- Proline was estimated in the leaves according to Bates et al. (1973). 
6- Fixed oil content of each sample was individually extracted from dried seeds and fatty acids 

percentage was also estimated according to A.O.A.C. (1970). The methyl esters prepared from oil 
samples and standard materials were analyzed by Hewlett Packard gas chromatograph (HP 6890, 
USA) equipped with a dual flame ionization detector. The separation of fatty acid methyl esters 
was carried out with a capillary column: Agilent 1909M-413 (length 30 m; diameter 320 μm; 
thickness 0.25 μm). Column was used with temperatures program of 70º to 190ºC at 8ºC/min. The 
injector and detector temperatures were maintained at 250º and 300ºC, respectively. The pressure 
of carrier gas (nitrogen) was 18 kg/cm2, chart speed 0.5 mL/min. The relative percent of each 
compound was determined according to the peak area by Varian 4370 integrator. Different fatty 
acids were identified by matching their retention times with those of the authentic samples under 
the same conditions. 
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Statistical analysis.  
 

Data obtained (means of the two growing seasons) were statistically analyzed as a spilt plot 
design. The values of LSD were calculated, whenever F values were significant at 5 % level as 
reported by Snedecor and Cochran (1980). 
 
Results and Discussion 
 

Data in Table (1) shows that SA plays an important role in decreasing the adverse effects of 
salinity stresses through the vegetative growth stage. Meanwhile, SA increased plant height (cm) 
when accompanied with3or 6 dS/m NaCl comparing with NaCl treated plants which show a 
significant reduction in plant height. The same results were observed with number of leaves / plant, 
thus SA at (0.4 or 0.8 mM) with 3 or 6 dS/m NaCl increased this character of growth, while, NaCl as 
a single treatment significantly decreased No. of leaves / plant.  Concerning the number of branches / 
plant, it could be observed that interaction treatments registered insignificant differences and the 
salinity treated plants showed slight decreases in this parameter of growth comparing with untreated 
plants. On the other hand, highest decreases in the leaves fresh weight was observed with 6 dS/m 
NaCl, while, moderate decrease is realized with 0.4 mM SA + 6 dS/m NaCl, comparing with control 
plants. On the other hand significant increases were detected by 0.8 mM of SA, 0.8 mM SA + 3 dS/m 
NaCl, 0.8 mM SA +6 dS/m NaCl and SA at 0.4 mM, compared with tap water irrigated plants. 
Concerning fresh weight of stem / plant data presented in Table (1) showed that significant decreases 
with almost all treatments, especially with 6.0 dS/m of NaCl, 6.0 dS/m NaCl + 0.4 mM SA, and 3.0 
dS/m NaCl. Whereas, the interaction between various treatments on dry weight of leaves of soybean 
plant (Table, 1) the results revealed that almost all treatments showed significant differences in the 
dry weight of leaves and the highest value was recorded with SA at 0.8 mM, while the lowest value 
was obtained with 6 dS/m NaCl.  

 
Table 1: Effect of salicylic acid on vegetative growth of soybean plants subjected to salt stress  

Treatment 
Plant  
height 
(cm) 

Number of 
leaves/plant 

Fresh 
weight 

of 
leaves 

(g) 

Fresh 
weight 

of stems 
(g) 

Dry 
weight 

of 
Leaves 

(g) 

Dry 
weight 

of 
Stems 

(g) 

Number of 
branches/plant 

Effect of Interaction between salinity and salicylic acid 

Tap water (control) 104.67  13.00  6.75   6.06  2.03  1.22  2.67  

0 dS/m NaCl 0.4mMSA 107.00  14.33  7.36  6.37  2.60  1.47  3.00  

0 dS/m NaCl 0.8mMSA 116.33  19.33  10.39  6.62  3.17  1.94  3.33  

3 dS/m NaCl 0.0 mM SA 98.67  9.33  6.04  4.96  1.79  1.05  2.33  

3 dS/m NaCl 0.4 mM SA 100.67   13.00   7.97  5.12  2.07  1.28  2.67  

3 dS/m NaCl 0.8mM SA 103.00  16.00  8.74  5.83  2.63  1.87  3.00  

6 dS/m NaCl 0.0 mM SA 74.00  9.00  3.99  3.11  1.38  0.95  2.00  

6 dS/m NaCl 0.4 mM SA 92.79  11.00   5.90  3.20  1.84  1.26  2.33  

6 dS/m NaCl 0.8 mM SA 98.33  16.00  7.59  4.16  2.33  1.46  2.67  

LSD interaction 2.72  1.14  1.00  0.26  0.11   0.17 1.03  

Effect of salinity 

Tap water (control) 109.33  15.56   8.17  6.35  2.60   1.54   3.00  

3 dS/m NaCl 100.78  12.78  7.58  5.30  2.16  1.40  2.67  

6 dS/m NaCl 88.38  12.00  5.83  3.49  1.85  1.22  2.33  

LSD (Salinity) 3.27  0.69 0.61  0.34 0.11   0.16 N.S.  

Effect of Salicylic acid 

Control 92.44   10.44  5.59  4.71  1.73  1.07  2.33   

0.4 mM SA 100.15   12.78  7.08  4.90  2.17  1.33  2.67  

0.8 mM SA 105.89  17.11  8.90  5.54  2.71  1.76  3.00  

LSD (SA) 1.57  0.66  0.58  0.15 0.07   0.10 0.59 
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In general, different salinity levels when applied as a single treatment showed negative results in the 
leaves dry weight. Whereas, SA at 0.8 mM + 3 or 6 dS NaCl resulted in increasing dry weight of 
leaves. Concerning the dry weight of stem (branches + shoot) data in table (1) recorded significant 
differences between treatments and most of these treatments showed the same trend of the dry weight 
of leaves. Thus the interaction effects between salinity and SA decreases the injury of salt stress. 

 The above mentioned results showed negative effects of salinity stress on growth and 
development of soybean plants. Most of the salt stresses in nature are due to Na+ salts, particularly 
NaCl (Demiral, 2005). High salinity lowers water potential and induces ionic stress, and results in 
secondary oxidative stress. It severely limits growth and development of plants by affecting different 
metabolic processes as CO2 assimilation, oil and protein synthesis (Nasir Khan et al., 2007). Netondo 
et al. (2004) reported that, photosynthetic activity decreases when plants are grown under saline 
condition leading to reduced growth and productivity. On the other side, all treatments of SA as a 
single application or when it is combined with NaCl solution has promotive effects on growth 
measurements which is attributed to its capacity to regulate various aspects of plants responses to 
biotic and abiotic stresses through extensive signaling cross-talk with other growth substances 
(Horvath et al., 2007; Asensi-Fabdo and Munné-Bosch, 2011). Apart from involvement in biotic 
stress responses (Volt et al., 2009), SA has been shown to play a key role in defence responses against 
different abiotic stresses, including salinity and osmotic stress (Boorsani et al., 2001).  
Table (1) showed significant differences between SA and control (untreated) plants from a side as 
well as between NaCl and control plants from the other side. In this regard, it could be observed that 
SA increased plant height and 0.8 mM of SA was the best which recorded 105.89cm / plant 
comparing with 3 or 6 dS/m NaCl which inhibit plant height and recorded (100, 88 cm) respectively. 
On the other hand, insignificant effects were observed in relation to the number of branches as 
influenced by SA or NaCl. Slight increment was observed with 0.8 mM SA, while, 0.4 mM SA did 
not reflect any effect in the No. of branches in comparing with control plants while 3 or 6 dS/m NaCl 
resulted in a reduction in the No. of branches / plant comparing with untreated plants. Table (1) 
revealed that spraying soybean with SA at both concentrations increased leaves fresh and dry weights 
/ plant and 0.8 mM SA surpassed 0.4 mM SA. In the opposite side, NaCl treated plants reduced leaves 
fresh and dry weights / plant, maximum decrease was obtained with 6 dS/m NaCl. 

Insignificant increase in the stem fresh weight was detected with SA at low concentration (0.4 
mM). Moderate significant increase was obtained with (0.8 mM SA) comparing with tap water treated 
(control) plants. At the same time treatment of salinity stresses inhibited fresh weight of stem / plant 
and the obvious decrease was obtained by 6 dS/m NaCl. Table (1) cleared that dry weight of stem / 
plant (shoots and branches) not greatly affected by all treatments of (SA) or (NaCl) compared with 
control plants. Concerning stem weight / plant significant increases were observed with SA at (0.4 or 
0.8 mM). Slight significant decreases were also recorded with NaCl at (3 or 6 dS/m) comparing with 
soybean tap water treated plants (control). 

The above mentioned results cleared that SA as a growth regulator substance encouraged 
almost vegetative growth parameters of soybean plant. Whereas, NaCl inhibited the growth of plants. 
In this regard, War et al. (2011) reported that SA, a plant hormone plays an important role in 
metabolic and physiological responses in plants involved in plant defense in addition to their impact 
on plant growth and development. Also, Hayat et al. (2010) concluded that SA is an endogenous 
growth regulator of phenolic nature which participates in the regulation of physiological processes in 
plants such as growth, photosynthesis, nitrate metabolism, ethylene production and flowering. Rivas-
San Vicent and Plasencia (2011) stated that the effect of exogenous SA on growth is dependent on 
concentration and plant species. Usually SA at relatively low concentrations enhanced growth, and at 
relatively high concentrations decreased growth. SA is also considered as an alternative in the status 
of other hormones (Shakirova, 2003) and / or photosynthesis, transpiration and stomatal conductance 
(Steven el al. 2006) was suggested as a reason for the above effects. On the other hand, Pattanagul 
and Thitisaksakul, (2008) also reported that salt-sensitive and moderately salt-tolerant cultivar of rice 
(Oryza sativa L.) showed growth reduction when exposed to increased salinity levels. 

A marked growth reduction was reported in rice seedlings exposed to salinity stress. Samayeh 
et al. (2012) reported that salinity stress decreased shoot and root length, dry weight and chlorophyll 
contents in three seedlings of barley (Hordeum vulgar L). Also reduction in fresh and dry weight, root 
and shoot length were observed as affected by salinity (Lee et al., 2003). 
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Data presented in Table (2) illustrate the results of soybeen yield which include (No. of pods / 
plant, weight of pods / plant, weight of seeds / plant and weight of straw / plant). Concerning the No. 
of pods, we can mention that SA alone at (0.4, 0.8 Mm) or + NaCl at (3, 6 dS/m) increased greatly 
No. of pods especially with SA at (0.8 mM or 0.4 mM) respectively, however NaCl at 6 dS/m resulted 
in significant decrease of pods No. / plant. NaCl at 3dS/m showed moderate reduction in this 
character. Table (2) clearly indicated that the weight of pods / plant followed the same trend and there 
were significant differences between treatments, while, the best treatment was realized with SA 
especially at (0.8 mM), highly significant reduction was recorded with NaCl salt especially at (6 
dS/m). Concerning the weight of seeds / plant, the results in Table (2) indicated that, salt treatments 
have positively, affected only with exogenous spraying of SA growth substance which revealed 
greatly improvement in the growth and development and that reflected positively effects on the 
production of seed. On the contrary salinity treated plants showed negative results and reduced seed 
weight / plant, whereas, there are obvious and significant increments in seed weight as affected by SA 
especially with (0.8 mM). Table (2) revealed that spraying plants with SA resulted in pronounced 
increases in (number and weight of pods) and (weight of seeds). 

 
Table 2: Effect of salicylic acid on yield components of soybean plants subjected to salt stress 

Treatment Number of pods/plant Weight of pods/plant Weight of seeds/plant Weight of ash 

Effect of Interaction between salinity and salicylic acid 

  Tap water (control) 23.00 de 13.58 c 13.52 c 6.97 c 

0 dS/m NaCl   0.4 mM SA 38.67 b 17.54 b 14.21 b 10.66 b 

0 dS/m NaCl   0.8 mM SA 42.00 a 19.44 a 16.19 a 12.09 a 

  3 dS/m NaCl 0.0 mM SA 21.33 e 10.23 e 6.70 f 6.46 cd 

3 dS/m NaCl 0.4 mM SA 25.33 d 12.19 d 9.07 e 6.80 c 

3 dS/m NaCl 0.8 mM SA 32.00 c 12.90 c 9.95 d 6.97 c 

6 dS/m NaCl 0.0 mM SA 5.67 h 2.26 h 2.41 h 5.09 e 

  6 dS/m NaCl 0.4 mM SA 13.00 g 5.99 g 4.63 g 5.53 de 

  6 dS/m NaCl 0.8 mM SA 17.33 f 7.45 f 6.57 f 6.02 cde 

  LSD interaction 2.42 0.69 0.54 0.97 

Effect of salinity 

Tap water (control) 34.56 a 16.85 a 14.64 a 9.90 a 

3 dS/m NaCl 26.22 b 11.77 b 8.57 b 6.74 b 

6 dS/m NaCl 12.00 c 5.23 c 4.53 c 5.54 c 

LSD (Salinity) 1.71 1.47 0.83 1.16 

Effect of Salicylic acid 

Tap water (control) 16.67 c 8.69 c 7.54 c 6.17 c 

0.4 mM SA 25.67 b 11.90 b 9.30 b 7.66 b 

0.8 mM SA 30.44 a 13.26 a 10.90 a 8.36 a 

LSD (SA) 1.40 0.40 0.31 0.56 

 
The significant increases in the above mentioned results reflect high increases in the straw 

weight (g / plant) of soybean plant. On the other hand, opposite results were obtained with NaCl 
solution treated plants, especially for (6 dS/m) which resulted in high reduction in straw weight / 
plant. As usually the interaction treatments of (SA & NaCl) the negative effects of salinity stress on 
soybean plants was decreased by SA treatments. It could be illustrated that the above mentioned 
results may refers to that increasing salinity is associated with decreasing endogenous hormones 
(growth regulator) such as auxin, cytokinin, gibberellins and SA in plant tissues and an increase in 
ABA and JA. Changes in hormone levels in plant tissue are thought to be an initial process controlling 
growth reduction due to salinity. Therefore, NaCl induced reduction in the plant growth can be 
mitigated by application of plant growth regulators such as SA (Javid et al., 2011). Ghassemi-
Golezani et al., 2009) found that salinity stress can considerably reduce chlorophyll content PS II 
activity and consequently grain yield / plant in soybean cultivars. Ehsapour and Fatahian, (2003) 
concluded that salinity is a major factor in reducing the growth and productivity of plant. Jayakannan 
and Base, (2015) also stated that SA is a signaling molecule known to participate in defense responses 
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against variety of environmental stresses including salinity. It has been proposed that SA affects the 
plant growth and development under stress through nutrient uptake, water relations, stomata 
regulation and photosynthesis (Hayat et al., 2009). SA regulates the activities of various enzymes, 
which are the major components of induced plant defense against biotic and abiotic stresses (Idrees et 
al., 2011). Table (2) indicated that obvious significant increases in the seed yield characteristics (No. 
and weight of seeds, straw weight) / plant were observed with SA compared to control plants, 
especially with (0.8 mM) SA surpassed (0.4 mM) and recorded the highest positive effects. 
Concerning the salinity treated plants the same Table (2) cleared that (NaCl) at two concentrations 
resulted in negative effects for seed yield including (No. and weight of pods/plant, weight of seeds / 
plant and straw weight / plant). Meanwhile, the lowest concentration of NaCl (3 ds/m) achieved better 
results comparing with tap water treatment. Ghassemi-Golezani et al. (2009) stated that, soybean seed 
production may be limited by environmental stresses such as soil salinity.  

 
Chemical constituents: 
 

Data presented in Table (3) indicated that total soluble sugars in the seeds greatly increased as 
affected by salinity treatments. The maximum increase obtained with (6 dS/m + 0.8 mM NaCl) 
followed by (6 dS/m NaCl) then comes (6 dS/m. NaCl + 0.4 mM SA) then comes (3dS/m NaCl) 
which realized 25.89%, 24.50%, 22.10% and 19.57% of soluble sugars in the leaves, respectively. 
Meanwhile, control plants recorded 15.45%. Table (3) cleared that foliar application of SA at (0.4 or 
0.8 mM) resulted in slightly increased leaves soluble sugars % comparing with untreated plants. In the 
opposite, percentage of seeds total carbohydrate content significantly increased as affected by SA, 
especially with 0.8 mM, whereas total sugar decreased with salinity treatments especially (6 dS/m of 
NaCl). Application of NaCl solution in addition to SA foliar application enhanced total carbohydrate 
percentage of soybean seeds compared with single application of salinity to plants. Data shown in 
Table (3) indicated that increasing SA concentration was accompanied by increases in the percentage 
of seed protein and proline content in the leaves. So, SA partly inhibited harmful effects of salinity 
stress and improved composition of seed protein, although NaCl at (3 or 6 dS/m) significantly 
decreased the percentage of seed protein. Data presented in Table (3) revealed that salinity exerts its 
undesirable effects on plants through the reduction of plant metabolism. So, high decreases of oil 
percentage with increasing salinity was shown under the effect of NaCl at 6 dS/m treated plants. Also, 
some reduction in oil % was detected with NaCl at 3 dS/m, while, SA induced oil formation and high 
increases were obtained with 0.4 or 0.8 mM SA. At the same time combination treatments (SA + 
NaCl) enhanced seed oil percentage content. 

Table (3) cleared the effect of SA and NaCl on chemical composition of soybean plant. SA, 
especially at (0.8mM) revealed significant results and the increments were detected in seed total 
carbohydrate %, seed protein %, seed oil % , phenol (mg/g dry weight of leaves) and proline content 
in the leaves  (μmol /g dwt.). Meanwhile, SA did not affect greatly soluble sugars content showed 
some increase with each concentration of SA. On the other hand, Table (3) showed that NaCl salt 
stimulated the chemical constituents of leaves soluble sugars, phenols and proline contents, whereas 
inhibit seed total sugars content (%), seed protein % and seed oil %, while the last one did not exhibit 
a significant decrease.  

The above mentioned results of chemical analysis of soybean plant emphasized that salinity 
stress can considerably reduce total carbohydrate %, protein% and oil %. On the contrary, salinity 
increased soluble sugars content. These results could be supported by those obtained by Movafegh et 
al. (2012) who stated that protein content and soluble carbohydrate were increased in barely seedling. 
Othman (2000) also found that salinity due to solutions at osmotic potential reduction toxic ions 
production on imbalance in nutritional elements would led to stop of metabolism. Soybean seed 
protein and oil contents were influenced by salinity stress (Nakasathein et al., 2000). Decreasing 
protein percentage and content with increasing salinity could be attributed to the disturbance in 
nitrogen metabolism or inhibition of nitrate absorption (Tawfik, 2002). Mahboobeh and Akbar (2013) 
reported that, total carbohydrate and protein content were decreased with increasing salt 
concentration. Pattangul and Thitisakul, (2008) found that accumulation of total soluble sugars and 
sucrose in mature leaves were observed in rice seedlings exposed to high levels of salinity and plants 
normally cope with salinity stress in various ways, among these responses, accumulation of 
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compatible solutes including soluble sugars. Treatment with SA essentially dimensioned the 
alternation of phytohormones level in wheat seedlings under salinity. However, protective SA action 
includes the data presented in Table (3) showed the secondary metabolites – phenolic content – as 
affected by SA and / or salinity (NaCl). The results cleared that, phenolic content was induced in all 
plant treatments and higher accumulation of phenolic compounds was observed in plants as affected 
by combining between (0.8 mM SA + 6 dS/m NaCl). 0.8 mM SA, (0.4 mM. SA + 6 dS/m NaCl) and 
(0.8 mM SA + 6 dS/m) in descending order, that all treatments realized significant increments in 
phenol mg/g dry weight of the leaves, comparing with control plants. In this regard, War et al. (2011) 
and Usha et al. (2010) concluded that phenolic compounds defend plants against a number of biotic 
and abiotic stresses. Al-Oubaidi and Ameen, (2014) reported that, in order to increase the production 
of secondary metabolites, SA was used in concentrations of (0, 50, 100, 150 and 200 mg/L). The 
results showed that the (200 mg/L) concentration of SA led to high significance in most of the 
secondary metabolites. 

  
Table 3: Effect of salicylic acid on Chemical constituents of soybean plants subjected to salt stress    

Treatment 

% 
Soluble 
sugar In 

the leaves 

Phenol 
mg/g d.wt. 

In the leaves 

% 
Seed total 

carbohydrate 

% 
Oil in  the   

seeds 
% Seed protein 

Proline 
(μmol/g 

d.wt.) in the 
leaves 

Effect of Interaction between salinity and salicylic acid 

  Tap water (control) 15.54 i 2.07 h 32.41 c 21.79 28.70 c 1.18 

0 dS/m NaCl   0.4 mM SA 15.86 h 3.31 g 33.06 b 23.00 32.41 b 1.52 

0 dS/m NaCl   0.8 mM SA 17.29 g 4.03 f 35.73 a 26.12 33.46 a 2.16 

  3 dS/m NaCl 0.0 mM SA 19.57 f 4.67 e 30.50 f 18.97 23.89 e 2.42 

3 dS/m NaCl 0.4 mM SA 20.81 e 4.82 d 30.92 e 20.12 25.23 d 3.25 

3 dS/m NaCl 0.8 mM SA 21.39 d 5.39 c 31.84 d 22.12 28.24 c 4.67 

6 dS/m NaCl 0.0 mM SA 24.50 b 5.36 c 27.56 i 16.10 19.64 h 5.16 

  6 dS/m NaCl 0.4 mM SA 22.10 c 5.55 b 28.16 h 17.20 20.76 g 5.45 

  6 dS/m NaCl 0.8 mM SA 25.89 a 5.95 a 29.61 g 19.20 22.34 f 7.65 

 LSD interaction 0.13 0.13 0.37 0.28 0.48 0.07 

Effect of salinity 

Tap water (control) 16.23 c 3.14 33.73 a 23.64 31.52 a 1.62 

3 dS/m NaCl 20.59 b 4.96 31.09 b 20.40 25.79 b 3.44 

6 dS/m NaCl 24.16 a 5.62 28.44 c 17.50 20.91 c 6.09 

LSD (Salinity) 0.31 0.01 0.27 0.15 0.17 0.04 

Effect of Salicylic acid 

Tap water (control) 19.87 b 4.04 c 30.16 c 18.95 24.07 c 2.92 

0.4 mM SA 19.59 c 4.56 b 30.71 b 20.11 26.14 b 3.40 

0.8 mM SA 21.52 a 5.13 a 32.39 a 22.48 28.01 a 4.83 

LSD (SA) 0.07 0.07 0.21 0.15 0.28 0.04 

 
Bekheta et al. (2009); Abd El-Samad et al. (2011) and Abdelhamid et al. (2013) reported that proline 
accumulates in larger amounts than other amino acids in salt stressed plants. The accumulation of 
proline in plant tissues in response to different abiotic stresses may play an important role against 
oxidative damages caused by ROS due to its action as a single oxygen quencher (Alia et al., 2001), 
participating in cellular osmotic adjustment (Yamada et al., 2005), buffering the cellular redox 
potential, stabilising the membrane and protein 3D structure, and protecting the subcellular structures, 
such as mitochondria and chloroplasts, under adverse environmental conditions (Kavi-Kishor et al., 
2005; Ashraf and Foolad, 2007), as well as participating in the induction of stress responsive genes 
(Chinnusamy et al., 2005). 

Table (4) shows Fatty acids composition of seed oil and their changes under the influence of 
various treatments. It could be noticed that NaCl at (3 or 6 dS/m) decreased total essential fatty acids 
(TEFA) and this reduction was observed also with (6 dS/m NaCl + 0.4 or 0.8 mM of SA). Meanwhile, 
SA at (0.4 or 0.8 mM) + (3 or 6 dS/m) NaCl, increased total essential fatty acids (TEFA). Concerning 
total saturated fatty acids (TS) showed increase as affected by all salinity treatments alone or when 
adding with (SA) treatments. On the other hand, salt stress treatments decreased unsaturated fatty 
acids (TUS) of soybean seeds, while SA at (0.4 or 0.8 mM) or when interacted with salinity 
treatments enhanced (TUS) content. Table (4) showed that, obvious increments were recorded in the 
ratio of TUS / TS except for NaCl irrigated plants, especially at (8 dS/m). Whereas, SA alone at (0.4 
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or 0.8 mM) or SA + (3 dS/m) NaCl recorded high ratio of (TUS / TS). In this concern, (Xu and Dal, 
1997) stated that increasing salinity in the growth medium of Green Microalga, increase the degree of 
saturated fatty acids. Also, Mutsumi et al., (2006) reported that (1.5 M) NaCl markedly inhibited cell 
growth. Increasing NaCl concentration from 0.5 (equal to sea water) to 1.0 M resulted in a higher 
intracellular lipid content and triglyceride in Dunaliela cell in comparison with 60% for the salt 
concentration of 0.5 M. 

 
Table 4: Effect of salicylic acid on GLC of fixed oil of soybean plants subjected to salt stress 

Fatty acids 
Tap water (control) 3 dS/m NaCl 6 dS/m NaCl 

0.0 mM 
SA 

0.4 mM 
SA 

0.8 mM 
SA 

0.0 mM 
SA 

0.4m 
MSA 

0.8 mM 
SA 

0.0 mM 
SA 

0.4 mM 
SA 

0.8 mM 
SA 

Palmitic acid C16:0 16.64 12.37 15.42 19.53 14.55 14.46 13.96 8.64 17.17 

Palmitooleic 
acid 

C16:1 1.12 ------ ------ 1.82 ------ ----- ----- 2.85 ------ 

Stearic acid C18:0 6.68 7.26 4.05 3.05 5.53 5.26 6.36 5.59 3.38 

Oleic acid C18:1 21.37 19.70 23.30 28.46 19.64 20.54 35.30 14.31 32.62 

Linoleic acid C18:2 49.57 53.89 51.29 37.29 53.39 52.89 16.46 40.08 35.89 

Linolenic acid C18:3 4.63 6.83 5.94 1.78 6.89 6.86 5.40 4.66 2.94 

Arachidic acid C20:0 -------- -------- -------- 3.01 ------ ------- 2.72 3.90 8.94 

Paullinic acid C20:1 -------- ------- -------- 2.76 ------- ------- 4.69 2.49 ------- 

Behenic acid C22:0 ------- ------- ------- ------ -------- -------- 15.11 8.94 ------- 

TEFA  54.20 60.72 57.23 39.07 60.27 59.75 21.86 44.74 38.83 

TS  23.31 19.63 19.48 25.59 20.09 19.72 38.15 27.07 29.49 

TUS  76.69 80.42 80.52 72.11 79.91 80.28 61.85 64.40 71.44 

TUS/TS  3.29 4.10 4.13 2.82 3.98 4.07 1.62 2.38 2.42 

TEFA (Total Essential Fatty Acids), TS (Total Saturated), TUS (Total Unsaturated),  
TUS/TS (Total unsaturated / total saturated ratio) 
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