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Use of salicylic acid application and Azospirillum inoculation 

to improve wheat plant growth under saline conditions 
 

Saleh A. Khaled             Souhaib A. ElFraikh           Rabha I. Mohamed  

 

1/5/2024: يخ النشرتار                        7/3/2024: رإجازة النش                    21/1/2024تاريخ الاستلام:   

    Abstract: The experiment was conducted to evaluate Azospirillum inoculation or salicylic 

acid (1 mM) Spray the plant leaves during growth, nitrogen fixation and On some 

physiological characteristics under different NaCl concentrations (100, 200, 300 mM). The 

results are summarized as following : Wheat, Triticum aestivum L. tolerated NaCl salt stress 

up to 300 mM. Salt stress led to a decrease in some growth traits especially at high NaCl 

concentration (300mM). Azospirillum inoculation increased shoot and root length and leaf 

area by 59.0, 30.3cm / pot and  87.5Cm2 / plant at 100 mM NaCl, and salicylic acid 

application recorded 59.0, 33.0 cm / pot and  77.8 Cm2 / plantat100 mM NaCl compared with 

the control treatment, respectively. Azospirillum inoculation or salicylic acid application 

increased wheat dry shoot and root mass at different level of NaCl as compared with control 

plant. Bacterization increased chlorophyll a, b and Carotenoids contents by 2.46, 2.72 and 

2.51mg/g at100 mM NaCl. In addition, salicylic acid application was recorded 2.94, 2.80 and 

2.58  mg/gat a concentration of 100 mM of sodium chloride, respectively. Azospirillum 

inoculation or salicylic acid application highly significant increased shoot soluble 

carbohydrates at a concentration of 100 mM of sodium chloride. Wheat plant exposed to 

sodium chloride salt(200, 300 mM) exhibited a significant decreased in antioxidant enzymes 

activity like catalase and peroxidase activities. Whereas, addition of Azospirillum sp. or 

Salicylic to wheat plants with different salt levels significantly mitigated salt stress deleterious 

effect by increase antioxidant enzymes activity. When salt stress levels increase, it leads to an 

increase in hydrogen peroxide in the plant, while it was decreased by Azospirillum inoculation 

or salicylic acid application as compared with control plants Azospirillum inoculation was 

increased shoot and root total N-yield by 30.6 and 6.6 mg N/pot at 200 mM NaCl, 

respectively. The nitrogen derived atmosphere (%NdFa) by Azospirillum inoculation recorded 

42.1% and 36.3% at 200 mM NaCl concentration and salicylic acid application recorded 

33.3% and 20% in the shoot and root system at 100 mM NaCl concentration, respectively. 

Shoot minerals content (Ca, K, P) was changed by Azospirillum inoculation at 200 mM NaCl 

concentration compared with control. Results show that root minerals content of wheat plant 

was resisted salt stress levels by Salicylic acid application. 
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ملبم و أد  التلقبيح بالأزوسببييلوم إنخ  300النبات  الطول، المساحة الورقية، الكتلبة الطازجبة وافا بة  خاصبة عنبد التركيبز العبالي مب  كلوريبد ال بوديوم  
ريببببد ملببببا مببببول كلو  100ي نبببببات عنببببد  2سببببم 5و87سببببمي أصببببيص و  3و30، 0و59زيادة طببببول ا مببببومخ اذرببببرا وافببببةرا ومسبببباحة الورقببببة  قببببدار 

ملببا مببول كلوريببد ال ببوديوم  100ي نبببات عنببد  2سببم 8و77سببم ي أصببيص و  0و33، 0و59ال ببوديوم، كمببا سببالت إاببا ة حببامس الساليسببيلي  
في على التواليو أد  التلقيح بالأزوسبييلوم أو إابا ة حبامس الساليسبيلي  إنخ زيادة ا مبومخ اذربرا افباة وكتلبة افبةور  القياسية،مقارنة مع المعاملة 

ينويببد  قببدار القمبح عنببد مسبتويات اتلفببة مبب  كلوريبد ال ببوديوم مقارنببة ضنببات السببيطرةو أدت عمليبة البكببتريا إنخ زيادة محتببو  الكلورو يبل أ، ب والكاروث
ام ملياراميجبر  58و2و  80و2، 94و2ملا مولار كلوريد ال بوديومو باجابا ة إنخ كلب ، س ثسبايل  100ملاميجم عند  51و2و 72و2، 46و2

علبببى التبببواليو أد  التلقبببيح بالأزوسببببييلوم أو  القياسبببية،ملبببا مبببولار مببب  كلوريبببد ال بببوديوم مقارنبببة بالمعاملبببة  100مببب  ابببس الساليسبببيلي  عنبببد ثركيبببز 
رنببة  حطببة ملببا مببول كلوريببد ال ببوديوم مقا 100اسببتخدام حببامس الساليسببيلي  إنخ زيادة معنويببة كبببية في إطببرق الكرضوليببدرات القاضلببة للببةوبا  عنببد 

ملببم  اضفااببان معنببويان في ننببات اجنزدببات المرببادة  300، 200الببتحكمو أرهببرت ضببراعم القمببح وجببةور النبببالت المعراببة لكلوريببد ال ببوديوم وخاصببة  
لحيببة أو الساليسببيلي  لنبببالت القمببح كات المسببتويات الم .Azospirillum sp للأكسببدة مبببل ننببات الكبباثرز والبيوكسببيديزو حيبب  أ  إاببا ة

روجو في المختلفبة خفببش ضنببكل كبببي مبب  التببلإجي الربار لعجهبباد الملحببا عبب  طريببا زيادة ننببات اجنزدبات المرببادة للأكسببدةو زاد ثببراكم ضيوكسببيد ا يببد
سببييلوم أو إابا ة نبالت القمح وافهباز افبةرا لنببالت المكا حبة عب  طريبا زيادة مسبتو  اججهباد الملحبا، في حبو اضفبس عب  طريبا التلقبيح با زو 

ملبا مببول كلوريبد ال بوديوم، علبى التبواليو سبال ثببيبت النيتروجببو  200وعبا  عنبد /N مل بم 6و6حبامس الساليسبيلي  مقارنبة مبع نببالت المقارنبةو 
طبيببا ملببا مببولار مبب  كلوريببد ال ببوديوم، كمببا سببال ث 200% عنببد ثركيببز 3و36% و1و42عبب  طريببا التلقببيح بالأزوسبببييلوم  (NdFa%) افببوا

ملببا مببولار مبب  كلوريببد ال ببوديوم، علببى التببواليو س ث يببي محتببو   100% في ا مببومخ اذرببرا وافببةرا عنببد ثركيببز 20% و3و33اببس الساليسببيلي  
تباا  أ  ملبا مبولار مب  كلوريبد ال بوديوم مقارنبة مبع البتحكمو أرهبرت الن 200  ع  طريا التلقيح بالأزوسبييلوم ضتركيز   Ca ،K،Pالمعاد  المطلقة  

 .محتو  جةور نبات القمح م  المعاد  قد تمت مقاومة مستويات اججهاد الملحا عند إاا ة حامس الساليسيلي 
INTRODUCTION: 

   The wheat plant belongs to the Poaceae family and is one of the strategic crops that is 

widely grown for its nutritional importance (Shewry, 2009).Wheat grains are rich in 

carbohydratesand proteins (Curtis et al. 2002, Shewry and Hey, 2015), Salinity affects the 

physiological and biological processes of plants(Yaycili and Alikamanoglu, 2012, James et al. 

2011). Salt stress affects the productivity of food crops (Regueraet al. 2012, Soussana et al. 

2012).Increased osmotic stress causes ionic toxicity(Rahnamaet al. 2010; James et al. 

2011).The negative effects of salinity are due to an increase in sodium and chlorine ions in the 

plant. Na+ and Cl- are the two main ions that cause many physiological problems in the plant. 

(Tavakkoli et al. 2010).When salt is stressed, the ability to absorb water by the roots 

decreases and the process of water loss from the leaves increases due to the effect of osmotic 

stress as a result of the increased concentration of high salts in the plant (Munns 

2005).Salinity causes cell membrane damage, nutrient imbalance, changes in levels of growth 

regulators, inhibition of enzymes and photosynthesis, and protein and nucleic acid synthesis. 

(Mahajan and Tuteja 2005; Hasanuzzaman et al. 2012a; Apel and Hirt 2004; Turkan and 

Demiral 2009).Difficult plants with high salt concentration have an effect on cellular 

homeostasis, physiological and biochemical processes.Biochemical and molecular 

investigations of salt stress in plants have reported significant increases in reactive oxygen 

species . (Tanou et al. 2009; Ahmad et al. 2010, 2012).The ability of a plant to grow and 

complete its life cycle under stressful salt conditions (Yadav et al. 2011).In saline areas, 

limited by nitrogen deficiency. Applying nitrogen fertilizer to plants growing in dry climates 

may increase tolerance (Van-Hoorn et al., 2000).The increasing costs of nitrogen fertilizers 

and the risk of increased soil salinity will likely further limit nitrogen use in fields 

(Mohammed et al., 1989).Inoculation of crop seeds and seedlings with various plant growth-

promoting bacteria (PGPB), such as Rhizobium and Azospirillum spp. Also, with mycorrhizal 

fungi, it reduces salt stress (Zahran, 1991; Ribaudo et al., 2001; El-Komy et al., 

2004).Azospirillum has gained the reputation of being the most studied plant nitrogen-fixing 

rhizobacteria (Bashan and Holguin, 1997 ; Steenhoudt and Vanderleyden,2000).Salt stress 

enhances the performance of Azospirillum in field conditions with conditions that are not 

ideal for plant growth (Jofre et al., 1998 ; Reinhold et al., 1987 ; Hartmann and Baldani, 
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2006).There are many modes of action, such as N2 fixation, bioactive effects, and stimulation 

of nitrate reductase activity, which are sure to increase nitrate accumulation. (Boddey and 

Dobereiner.,1988)., Abdel Samad and Al-Komy (1998) and Al-Komy et al. 2003 and 2004), 

studied the potential role played by atmospheric nitrogen-fixing microorganisms under salt 

and drought stress on plants. The hormone (salicylic acid) plays an important role in 

regulating a number of physiological processes (Raskin, 1992; Hayat et al., 2007) and also 

has a major role during plant growth under salty conditions (Kaya et al., 2007). High salinity 

leads to disturbances in the cellular redox system in favor of oxidized forms and thus leads to 

DNA damage and enzyme inactivation (Smirnov, 1993). The ameliorative effects of SA are 

well recorded to work to stimulate plants to tolerate salinity (Aldesuquy et al., 1998, El-

Tayeb, 2005; Gunes et al., 2005).Global production is being affected by increased salinity in 

arable land in dry and semi-arid lands (Sahi et al., 2006 ; Joseph et al., 2010 ; Sakhabutdinova 

et al., 2003).World interest in the ability of SA to exert a protective effect on plants under the 

influence of various stress factors has increased. Thus, the objectives of this study were 

designed to obtain information regarding the possible role of Azospirillum inoculation or 

Salicylic acid foliar application of wheat plants grown under salt-stress in greenhouse pot 

experiments in improving Salinity tolerance. 

MATERIALS AND RESEARCH METHODS: 

   This research was conducted during the 2013-2014 growing season. To study the effect of 

different levels of Stalin (0.100, 200, 300 mmol sodium chloride) on the wheat plant, as well 

as the interactive effect of Azospirillum sp., foliar spraying with salicylic acid, and levels of 

Stalin on the growth and physiological processes of the plants.Wheat seeds,local variety from 

the Agricultural Research Center, Al-Fattayah - Libya. Seeds were selected and surface 

sterilized with a mixture of ethanol (90%) and H2O2 (25%) in a 1:1 (V:V) ratio for 3 minutes, 

followed by several washes with sterile distilled water. 

Wheat seeds were planted in pots filled with field soil, placing five seeds in them, then adding 

the treatments to them. The pots were divided into three groups, each pot containing three 

seedlings 12 cm tall: the seedlings of the first group of pots were considered standard 

treatment, and the pots of the second group. The plants of the second group were inoculated 

with Azospirillum sp. The third group of pots and seedlings (two weeks old) were sprayed 3 

times with 1 mm salicylic acid (25 ml per pot). The pots were adjusted to the Stalin level 

(100, 200, 300 mM NaCl).Supplemental irrigation was completed for all pot groups to 

maintain the field capacity necessary for seedling growth. The experiment followed a 

completely randomized design with three replications for each treatment (Figure 1). 
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Fig. 1: Wheat plants grown in a pot experiment at different Stalinization levels 

 

CHARACTERISTICS UNDER STUDY: 

Leaf area was calculated according to Norman and Campbell (1994). 

Estimation of photosynthetic pigment contents pigment content (Chlorophyll a , Chlorophyll 

b , Carotenoids )was calculated according to Lichtenthaler and Wellburn (1983): 

Extraction and estimation of soluble carbohydrate was calculated according toFales (1951) . 

Enzymes were extracted and examined according to ( Esfandiariet al. 2007b ; Yingsangaet al. 

2008 ; Ranieri et al. 1995 ) . 

Hydrogen peroxide levels were determined according to the method of Sergievet al. (1997).  

nitrogen content was estimated spectrophoto-metrically at 420 nm using the Nessler's method 

as described by Hesse, (1971). The percentage of crude protein in plant tissues was found by 

multiplying the total nitrogen content (%N) by the factor 6.25 according to the Association of 

Official Agricultural Chemistry (A.O.A.C 1995). 

Total nitrogen yield and fixed nitrogen according to the Rennie 1980 equation. 

Determination of phosphorus (P), calcium (Ca), potassium (K), were according to Lachicaet 

al.1973 ; Brown and Lillel 1946.  
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Statistical analysis of the data was conducted according to the analysis method used in a 

completely randomized design, and the means were isolated using the least significant 

difference test at the 5% significance level, Gomez, K.A. and Gomez, A.A. (1984) 

RESULTS AND DISCUSSION: 

   Under pot experiment conditions, wheat (T. aestivum L.) was inoculated with Azospirillum 

sp. or Salicylic acid application at stress levels (0, 100, 200, and 300 mM NaCl). The obtained 

were presented in Fig. 2-3 show that Azospirillum sp. Inoculation or Salicylic acid 

applicationresulted significant increases in the growth parameters (length, fresh and dry 

weight, leaf-area) At all transaction levels compared to the standard transaction.Maximum 

stimulatory effect was obtained by Azospirillum sp. Inoculation  at 100 mMNaCl and recorded 

the highest values of shoot and root height, leaf area recording 59.0, 30.3cm / pot and 

87.5Cm2 / plant, respectively. Also, Salicylic acid foliar application are increased in the (fresh 

and dryshootweight ; fresh and dryroot weight)  by increasing treatments salinity, recorded 

9.9, 1.9, 3.0 and 0.8  g / pot at 100 mM NaCl. 

   Results of this study demonstrated that wheat plant (Triticum aestivum L.) tolerated NaCl 

salinity up to the level 300 mM. Generally, reduction in the growth parameters of control un-

inoculated plants was accompanied with increasing NaCl salinity,because salinity plant death. 

This inhibition in growth is ascribed to the metabolic disorder induced by NaCl salinity.  

  The Azospirillum sp. or Salicylic acid in the plants at all stress concentrations.When 

inoculated sorghum plants were exposed to water stress, the harmful effects on plant growth 

were reduced (Sarig et al., 1992). Similarly, Dolatabadian et al., 2010)Spraying plant leaves 

with salicylic acid improved the growth of corn plants under water stress. Spraying plant 

leaves with salicylic acid also led to non-significant increases in seedling growth traits of 

sunflower plants grown under five levels of drought stress conditions reported by Sgherri and 

Navari-Izzo 1995. 
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Fig. 2:  Effect of applying treatments on some wheat plant growth characteristics 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3:  Effect of applying treatments on some wheat plant growth characteristics 

 

Chlorophyll a, chlorophyll b  of Triticum aestivum L. grown at different NaCl levels 

gradually decreased with increasing salinity level in the soil (Fig. 4). This reduction was more 

prominent at the higher saline levels (300 mM NaCl).Application of the bio fertilizersand 

NaCl salinity the biosynthesis of pigments, but also induced a pronounced increase in their 

contents. Azospirillum sp. Inoculation increased pigments content (chl. a,  b and Carotenoid) 

up to the level of 100 mM NaCl, and recording 2.46, 2.72 and 2.51mg/g compared with the 

control plant, respectively. In addition, Salicylic acid foliar application increased in pigments 

content and recorded 2.94, 2.80 and 2.58  mg/g at 100 mM NaCl. 
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Fig. 4:  Effect of applying treatments on some wheat plant growth characteristics 

  

   The results were given shown in figure 5 It indicates the percentage of carbohydrates in the 

plant as a whole It decreased as a result of increased salinity compared to untreated control 

plants. However,  Azospirillum sp. inoculation  or  Salicylic acid application highly enhanced 

shoot and root soluble carbohedrates at 100 mM NaCl and recording 5.0, 4.2, 5.4 and 4.4 

mg/g compared with the control plant, respectively.  
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Fig. 5: Effect of applying treatments on some wheat plant growth characteristics 

The present study showed that significant reduction in enzyme activity of un-inoculated plants 

exposed to salt stress by presence of addition H2O2. On contrast, the Azospirillum inoculated 

plants elevated the activity of CAT, POD  when compared to the control. Salicylic acid 

caused decrease H2O2 levels are related to increased enzyme activities of shoot and root of T. 

aestivum L. Plant cells presumably regulate H2O2 levels by coordinating activities of H2O2 

degrading enzymes such as CAT, POD (Mellouk et al. 2016). The POD activity was 

significantly increased  under salt stress in Pseudomonas and Azospirillum inoculated 

Sunflower plant (Naz and Bano,  2013).  
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Fig. 6:  Effect of applying treatments on some wheat plant growth characteristics 

    In present investigation hydrogen peroxide correlated increment was recorded in shoots and 

roots of wheat plants as compared with that of non-Stalinized control at all levels of NaCl 

(Fig.7) . Using H2O2 accumulation in plant tissues as an index for stress severity and its 

recovery was applied successfully in our laboratory (Mousa, 2014).  

   Mahesh et al., (2013) found in radish water stressed seedlings that there was a marked 

increase in H2O2 content reflecting lipid peroxidation and loss of membrane integrity. Hossain 

et al., (2013) reported that under Stalinized culture condition H2O2  content exhibited elevated 

levels in two rice genotypes with a higher magnitude in salt sensitive. Application 

Azospirillum sp. Inoculation or Salicylic acid  on wheat plant resulted in decline in hydrogen 

peroxide accumulation and lipid peroxidation levels. The decrease in the levels of H2O2, as 

key indicators of stress indication demonstrates the efficient stress management by 

Azospirillum sp. Inoculation or Salicylic acid application. Ravkumar et al., (2002) 

recommended the saline tolerant Azospirillum sp. for improving crop yield in coastal 

agricultural fields.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7: Effect of applying treatments on some wheat plant growth characteristics 

 

   Results presented in Fig. 7 and representative in figure Fig. 8 Show that total shoot and root 

N-yield  were Dropped by the NaCl as in the control non-saline treatment. However, 

Azospirillum sp. Inoculation resulted in the accumulation of  N-Yield and fixed nitrogen 

amounting 30.6, 12.9, 6.6 and 2.4 mg N/pot in shoot and root at 200 mM sodium chloride, 

respectively. However, SA  at 100 mM sodium chloride showed the highest % nitrogen 

derived atmosphere (%NdFa), which amounting 33.3 % and 20%  in the shoot and root 

system. El-Komy et al. (2004) demonstrated that using the difference method for 
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quantification of %NdFa in maize inoculated with Azospirillum sp. and grown under salt 

stress that the plants derived up to 28% and 17.6% of their shoot and root nitrogen from the 

atmosphere. 

  

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8: Effect of applying treatments on some wheat plant growth characteristics 

   Results presented in Fig.8 and 9 indicated that inoculation of wheat with Azospirillum 

inoculation and salicylic acid application enhanced Ca+2 , K+ and phosphorus accumulation in 

shoot and root tissues under different levels of NaCl compared to control un-inoculated 

plants. Ca+2 accumulation increased significantly by Azospirillum inoculation and salicylic 

acid application as compared with the control plant up to the highest NaCl level (200 mM) 

and recorded 34.1 and 29.4 mg/g in shoot systems, respectively.   Potassium accumulation 

enhanced with addition salicylic acid recorded 90.8 and 74.0  mg/gram of whole plant, 200 
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mM NaCl concentration, respectively. The change in the contents of minerals could be regard 

as a means of osmotic regulation in plant tissues (Hamdia and El-Komy, 1998; Abdel-Samad, 

2005).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 9 : Effect of applying treatments on some wheat plant growth characteristics 
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