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Abstract - Salicylic acid (SA) is a plant hormone that plays an important role in induction of plant 

defense against a variety of biotic and abiotic stresses through morphological, physiological and 

biochemical mechanisms. In our study we have observed that plants grown in presence of SA show 

healthy appearance (Fusarium wilt symptoms) and an optimal vegetative growth compared to 

inoculated plants. The aimed objective of this work is to deduce if an exogenous application of 

salicylic acid can induce the accumulation of soluble phenolic compound  in leaves of hydroponic 

tomato plants. This result is confirmed 24h after treatment when a gradual increase in peroxidase 

activity 24h after SA roots feeding were observed in roots and leaves. RT-PCR expression analysis of 

the gene encoding phenyl-amenia-lyase (PAL) and peroxidase (PR9) confirmed those results. The 

present work also showed that the PR-proteins such as glucanase (PR4), and chitinase (PR2) quickly 

responded to salicylic treatment and a high accumulation level of PR4 and PR2 transcripts was 

detected earlier at 48h and 72h post treatment through root feeding. These results suggest that SA at 

200µM is safe to tomato plants and could be recommended for the stimulation of Fusarium defense 

which could be used biologic management programs. 

 

Keywords: Fusarium oxysporum f.s.pradicis lycopercisi, gene expression, peroxidase, Salicylic Acid, 

soluble phenolic compounds, systemic acquired resistance 

 

1. Introduction 
To face innumerable challenges ranging from environmental stresses such as drought, flood, 

temperature fluctuation, and microbial infection to insect attack (War et al., 2011), Plants have 

evolved complex strategies to counter these threats (Ragibaet al., 2012).They defend themselves from 

pathogens with a variety of chemical and physical pathways. Upon infection, they respond by 

activating basal resistance in an attempt to prevent disease. This process is regulated by several 

network of signal molecules and transcriptional regulators (Benhamouet al., 1998) including structural 

alterations, accumulation of reactive oxygen species, synthesis of secondary metabolites and 

production of a wide variety of defense molecules, such as antimicrobial proteins (Daniel et al., 2008). 

Fusarium wilt is considered as one of the most important soil borne pathogens. Among them specially 

Fusarium oxysporum f. sp. lycopersici (FORL) is one of the main soil borne diseases on tomato 

(Lycopersicon esculentum) (Daniel et al., 2008).Various strategies for controlling FORL have been 

introduced over the years (soil disinfestations, cultural practices, fungicide treatments, and grafting on 

resistant roots) but serious losses still occur, largely because the effectiveness of these approaches is 
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variable and often short-lived. In addition, highly resistant tomato cultivars are not commercially 

available, although some breeding lines derived from cultivars Vender and Larma have proven to be 

good sources of resistance (Benhamou et al., 1994). Due to their destructive effects on many important 

crops, FORL has attracted great efforts in different research disciplines over the last century, aiming to 

develop effective control strategies (Ernesto et al., 1998). One of the main strategies consist in grafting 

commercial varieties on resistant rootstocks as Hymen or Bofor which reduces quality and yield of 

grafted plants. It is now well documented that treatment of plants with various agents used such as 

elicitors (e.g., virulent or avirulent pathogens, non-pathogens, cell wall fragments, plant extracts, and 

synthetic chemicals) can lead to the induction of resistance to subsequent pathogen attack exploiting 

both locally and systemically SAR (Walters et al., 2005). Elicitors refer to chemicals that can trigger 

physiological and morphological responses and secondary metabolism in plants (Benhamou, 1996). 

Elicitation causes a variety of defensive reactions and the accumulations of secondary metabolites 

(Yukimune et al., 1996; Zhang et al., 2004; Zhao et al., 2005). 

Plant phytohormones such as ethylene, abscisic acid, jasmonic acid (JA), and salicylic acid (SA) are 

important components of different signaling pathways involved in plant defense. Exogenous 

application of SA and JA manipulates various physiological, biochemical and molecular processes in 

plants (war et al., 2011). Because SA plays a key role in a plant’s growth, development, and defense 

responses, and it is involved in some signal transduction systems to induce particular enzymes (Chen 

et al., 2006).  

This work is devoted i) to study the expression of some protein related gene and ii) to determine the 

effect of SA treatment on phenol release, peroxidase activity and gene defense response in tomato 

(Lycopersicon esculentum), during Fusarium oxysporum f. sp.lycopersici infection, and after 

exogenous SA root feeding. 

 

2. Material and Methods  

2.1. Tomato plants and SA treatment  

Tomato Seeds (Lycopersicon esculentum) Cv. ‘Riogrande’ highly susceptible to FORL were surface 

sterilized for 1 min in 75% ethanol and immerse for 3 min in sterile distilled water to germinate 

aseptically. The tomato seedlings were grown in hydroponic culture. Salicylic acid (Sigma) dissolved 

in distilled water was added to the MS liquid medium for root feeding at a final concentration of 

200µM.  Equal volume of distilled water was added to the hydroponic medium of control plants. In 

order to ensure a continuous supply of nutriments and required concentration of SA,the amended 

medium was renewed daily during one week as adopted by Sudhamony et al. (2009). 

 

2.2. Pathogen inoculation 

Fusarium oxysporum f.sp. radisislycopercisi strain, isolated from greenhouse tomato roots, was grown 

on potato dextrose agar medium in light at 20°C. Spores from 7-days-old cultures were removed 

gently from the surface of each plate culture by adding sterile distilled water. The spore suspension 

used for inoculation was applied at a concentration of 106 spores ml-1. Tomato plants were inoculated 

by the addition of the spore suspension in the hydroponic medium three days after the last SA 

application. No inoculated tomato plants were used as control. 

 

2.3. Antifungal activity in vitro assay of SA against FORL 

The direct effect of SA was tested in vitro by measuring the development of FORL myceliumon PDA 

medium amended with 30, 50, 100, 200, and 300µM SA solution. A plug (6 mm diameter) of fresh 

FORL mycelium was placed in the middle of the amended PDA plate. The mycelium growth was 

measured every three days until the total coverage of no SA amended PDA plate was reached. 

 

2.4. Disease assessment  

The assessment of disease severity was accomplished according to Vakalounakis and Fragkiadakis 

(1999). The inoculum used in this assay was prepared from microconidia grown during three to five 

days in shaking potato dextrose medium at 25°C. The concentration of conidia was assessed with 

Malassez cell evaluated and used to inoculate the seedlings at a final concentration of 106 spores ml-1. 

Two weeks after inoculation, the disease severity was recorded according to a visual scale from 0 to 3 

(0: no symptoms; 1: light yellowing of leaves, light or moderate rot on tap root and secondary roots 
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and crown rot; 2: moderate or severe yellowing of leaves with or without wilting, stunting, severe rot 

on tap root and secondary roots, crown rot with or without hypocotyls rot, and vascular discoloration 

in the stem; and 3: dead seedlings). Disease incidence was determined using the following formula 

(Song et al., 2004) 

 

𝐷𝑖𝑠𝑒𝑎𝑠𝑒 𝑖𝑛𝑐𝑖𝑑𝑒𝑛𝑐𝑒 (%) = [
(∑ 𝑠𝑐𝑎𝑙𝑒 × 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑙𝑎𝑛𝑡𝑠 𝑖𝑛𝑓𝑒𝑐𝑡𝑒𝑑)

(ℎ𝑖𝑔ℎ𝑒𝑠𝑡 𝑠𝑐𝑎𝑙𝑒 × 𝑡𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑙𝑎𝑛𝑡)
] × 100 

 

2.5. Extraction and quantification of soluble phenolic compounds 

Levels of soluble phenolic compound were evaluated according to El Hadrami et al. (1997). Foliar 

tissue (200 mg) was homogenized in an ice bath with 1.5 ml methanol. The homogenate was 

centrifuged three times at 10,000 g for 5min, and the supernatants were recuperated each time. A 

volume of 100 µl of the supernatant was added to Folin-ciocalteu reagent and sodium carbonate. The 

mix was incubated at 40°C for 30 min and the blue color was read at 760nm. The content of soluble 

phenolic compounds was determined for the experiments described above and was expressed in mg-

equivalents of Cathechin (Sigma) per g of fresh weight. 

 

2.6. Peroxidase activity  

Crude enzyme has been extracted with cold tris-maleate buffer 0.1 M, pH 6.5. The Peroxidase activity 

has been evaluated by spectrophotometer at 470 nm as described by EL Hadrami and Aauzac (1997) 

using Guaiacol (Sigma) as substrate. 

 

2.7. RNA extraction and RT-PCR analysis 

Leaves of SA treated plant were excised at 24h, 48h and 72h after SA application. Immersed in liquid 

nitrogen and stored at –80°C. Total RNAs were treated according to Trizol (Invitrogen) protocol. The 

reverse transcription reaction was carried out using MMLV-RT (Invitrogen) and subsequent cDNA 

was used as templates for PCR analysis. After the initial denaturing step at 94°C for 5 min, different 

cycles were performed. Each cycle consisted of denaturing step at 94°C for 30s annealing at 50°C for 

30s, and elongation at 72°C for 30s with a final extension step performed at 72 °C for 7 min. The 

primers sequences used in PCR reactions are listed in table 1. 

 
Table 1.Sequence of primers used in the RT-PCR reactions 

Gene  Description  Primers (Forward and Reverse) 

Tubilin Totub 5′-CCAGGTTTGCCACTCACTTG-3′ 

5′-GGAAAACGAAGAATGTGAGCAT-3 

Chitinase PR4 

 

5’-CTCCAATGGCTCTTCCACAT-3’ 

5’-GAAATTGCTGCTTTCCTTGC-3’ 

Glucanase PR2 

 

5’-TCTTGCCCCATTTCAAGTTC-3’ 

5’-TGCACGTGTATCCCTCAAAA-3’ 

Peroxidase  PR9 

 

5’-GTCTCTTGTGCGGATATTGTTG-3’ 

5’-ATTGTGGTGTTGTCATTGATGG-3’ 

protein isoform PR- P6 PR1 

 

5’-ATAGTCTGGCCTCTCGGACA-3’ 

5’-TCTTGTGAGGCCCAAAATTC-3’ 

Phenylalanine Ammonia-

lyase 

PAL 5’-GGTGTGAAGGCGAGTAGTG-3’ 

5’-AGTTGAGGAGTGTTGTGATGG-3’ 

 

2.8. Statistical analysis 

Data were analyzed by one-way analysis of variance (ANOVA) and Duncan’s multiple range tests 

using a statistical software package (SPSS 10.0 Inc.). There were five replications for each of the 

treatments. 

 

3. Results 

3.1. In vitro antifungal activity assay of SA against FORL 

The mycelium growth of FORL was not significantly affected by SA added to PDA medium. None of 

the three tested concentrations of SA (30µM, 50µM, 100µM, 200µM, 300µM) was found to inhibit 

mycelia growth of FORL compared to the control. 



Volume 21(5). Published september, 01, 2015 
www.jnsciences.org  
ISSN 2286-5314 

Jendoubi et al. (2015) / Journal of new sciences, Agriculture and Biotechnology, 21(5), 985-995                                            988 

3.2. Effect of SA treatment on disease incidence  

The concentration of 200µM SA added to the hydroponic medium affected significantly the infection 

and the wilt development by FORL on tomato plants. The percentage of vascular browning and leaf 

yellowing wilting was remarkably reduced when plants were grown in presence of SA. Tomato plants 

inoculated with FORL, but not receiving SA treatment through roots, exhibited typical vascular 

browning and leaf yellowing wilting, while SA-treated plants showed less than 20℅ of vascular 

browning and leaf yellowing wilting only 2 weeks after inoculation (Figure 1). 

 

 
Figure 1. Disease incidence of FORL on tomato hydroponic culture. Values with different letter are significantly different 

at α = 0.05. 

 

Two weeks after inoculation, SA-treated plants showed less than 9 ℅ of leaf yellowing compared to 

the control which exhibited disease incidence reaching 70 ℅. Moreover, plants treated three days 

before inoculation show healthy appearance and an optimal vegetative growth compared to inoculated 

plants. Applying SA 72h before inoculation has also a beneficial effect on root system development 

(Figure 2 B) compared to inoculated untreated plants (control) (Figure 2 A). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2. Effect of 200µM salicylic acid (SA) treatments72h before inoculation and FORL infestation on tomato seedlings 

grown in nutritive medium 15 days after inoculation. (A) Control inoculated plant exhibiting wilting; (B) plant treated 

with SA and inoculated 72 h after SA application of 200µM by root feeding. 

 

3.3. Effect of SA on soluble phenolic compounds  

The addition of 200µM of SA to the hydroponic medium enhances the content of soluble phenols 

dices in the leaves 24h after application until 4 mg g-1 fresh weight. The value of 2.13 is higher than 

the amount found in the leaf of the untreated plants (Figure 3A). Content of free phenolic compounds 

B A 
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is 4.7 times higher than those of control plants 72h after roots SA feeding. Similarly, this content is 

2.48 times higher than the control at 48 h after root SA feeding (Figure 3A). The soluble phenolic 

content in leaves of treated infected plant showing no symptoms was 13.25 mg per g f wt, representing 

about 6 and 5.5 times higher than that found in untreated infected plants without disease symptoms 

respectively after 72h and 48h of inoculation (Figure 3 B). For all dates the released phenolic 

compound was higher in SA treated seedlings than the control. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3. Response of of phenolic content in tomato leaves to SA feeding during 72h. A:Time-course of changes in the 

content of free phenolic compounds in tomato leaves  in response to 200µM SA. Each bar is the mean of three replicates 

of leaf extracts. B: Effect of SA treatments (200µM) on soluble phenolic contents in leafs of tomato plants 24h, 48h and 

72h after inoculation with FORL. 

 

3.4. Effects of salicylic acid on the activities of PAL 

RT-PCR expression analysis of the gene encoding phenyl-amenia-lyase (PAL) confirmed the results 

found earlier (Figure 4).The results showed that PAL transcripts were highly accumulated at 72h after 

SA roots feeding. This is correlated with a high levels of phenolic compounds measured in leaves at 

72h. 

 

 

 

Figure 4. expression patterns of PAL transcript accumulation analyzed by RT-PCR in tomato leaves after 24h (1), 48h (2) 

and 72h (3) of 200µM SA roots feeding compared to untreated plant (4) and to inoculated plants24h (5),48h (6) and 72h 

(7) after inoculation. Totub is the constitutive gene of tubulin in tomato used as positive control. 

 

3.5. Effects of salicylic acid on peroxidase activity 

The treatment with 200µM SA have an effect on the peroxidase activity in roots and leaves of 

hydroponic tomato plants. Interestingly, the peroxidase activity of plants inoculated by FORL is 1.4 
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times higher in  roots (Figure 5A) than in leaves (Figure 5B). Thus, the maximum increase in 

peroxidase activity has been reported at 72h  post inoculation. Indeed, inoculation of control plants (+ 

FORL) induce peroxidase activity at 24 h post inoculation  with 8.87 and 3.62 times higher than that of 

healthy plants (-SA) in roots and leaves respectively. 

Peroxidase activity was 6.41 and 14.79 times higher in treated plants (+SA) at 72h in roots and leaves 

respectively. Peroxidase activity increased several fold in tomato leaves after 200µM SA feeding, 

indicating that the root system might have the capacity to assimilate and re-circulate SA throughout 

the plant or reduce the peroxidase activity by systemic signal in leaves.  

 

 

 
 
Figure 5. Peroxidase activity detected in roots (A) and leaves (B) of tomato plants grown in liquid nutritive medium 

amended with SA and inoculated with FORL compared to the controls. 

 

3.6. Effects of salicylic acid on the expression of PR9 gene 

To confirm the biochemical assay of peroxidase activity, a molecular study of the gene involved in the 

expression of peroxidase (PR9) was performed by RT-PCR analysis. The expression patterns of PR9 

showed that there is an accumulation of PR9 transcripts in leaves of FORL inoculated plants, 72h after 

inoculation (Figure 6). Furthermore, a noticeable accumulation of PR9 transcripts was detected in 

tomato leaves at 48 h and 72h after SA treatment (Figure 6).  

 

 

 
 

Figure 6. PR9 transcript accumulation analyzed by RT-PCR in tomato leaves after 24h, 48h and 72h of 200µM SA roots 

feeding (lanes 1, 2, 3) compared to untreated plant  (lane 4) and to infected plant by FORL 24h, 48h and 72h after 

inoculation (lane 5,6,7). Totub is the constitutive gene of Tubulin in tomato used as positive control. 

 

3.7. Accumulation of PR transcripts in tomato plants 

The PR proteins are a group of inducible proteins whose synthesis is associated with some types of 

resistance to pathogen and elicitors. Thus, we study the expression of three different PR proteins. The 

electrophoresis profiles showed an accumulation of PR4 (glucanase), PR2 (chitinase) and PR1 
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(defensine) transcripts in leaves of plants inoculated by FORL only 72h after inoculation. In plants 

treated with 200µM SA a high level of PR4 and PR2 was detected earlier at 48h and 72h post 

treatment. However, very low PR1 gene expression was observed for the same treatment (Figure 7) 

 

 

Figure 7. PR proteins transcripts accumulation analyzed by semi quantitative RT-PCR in tomato leaves after 24h, 48h and 

72h of 200µM SA roots feeding (lanes 1, 2, 3) compared to untreated plant  (lane 4) and to infected plant by FORL 24h,48h 

and 72h (lane 5,6,7). Totub is the constitutive gene of  tubulin in tomato used as positive control. 

 

4. Discussion 
Pre-treatment of plants with different biotic (pathogens and insect pests) and abiotic inducers 

(chemicals) induce plant defense against their subsequent attack. This induction of plant defense is 

mediated through various physiological, biochemical and molecular mechanisms (Idrees et al., 2011). 

In this study, we showed that SA can activate systemically the resistance against FORL in 

hydroponically grown tomato plants. This was accomplished by providing 200 μM of SA directly to 

the root system of the plant. The growth rates of FORL mycelium after the treatments with different 

concentrations of SA did not show any significant impact, which is on correlation with the result 

found by Juane (2010). It has been proposed that SA affects the plant growth under stress through 

nutrient uptake, water relations, stomatal regulation and photosynthesis (Hayet et al., 2009). SA 

treated plants showed healthy appearance and an optimal vegetative growth. These results indicate that 

SA has several beneficial effects including the enhancement of plant growth (Raskin, 1992) related to 

signaling pathways. In each experiment performed, there was a significant decrease in the incidence of 

disease when the pathogen inoculation was preceded by SA treatment. Plants that did not receive SA 

consistently had larger vascular browning and leaf yellowing than the treated plant.  

Exogenous application of 200 µM SA on tomato plants through hydroponic medium could 

significantly increase foliar SA levels and activates systemic resistance that was effective against 

Alternaria solani (Spletzer et al., 1999). Exogenous SA stimulated the systemic resistance against 

Fusarium wilt of chickpea and reduced the disease severity significantly (Saikia et al., 2003). In this 

study it was observed that SA did not possess direct antifungal activity against F. oxysporum f. sp. 

radisiclycopersici, and disease resistance in tomato was the result of plant defense mechanisms rather 

than direct inhibitory effects of SA on the fungus. This strengthens the hypothesis that SA activates 

the signal transduction pathway, thus leading to the expression of SAR, rather than inhibiting the 

fungus directly (Métraux et al., 2002) 

SA is known to be a potent inducer of systemic resistance in tobacco, cucumber, potato, and 

Arabidopsis (Coquoz et al., 1995; Ward et al., 1991; White et al., 1979). Consequently, it is not 

surprising that SA exerts a similar effect in tomato. This is in agreement with other reports showing 

that the treatments of plants with SA can provide a significant degree of protection against pathogens 

(Métraux et al., 1993; Kauss et al., 1993; Van Kan et al., 1995) as well as delaying the development of 
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disease. Current findings revealed salicylic acid induced resistance to grey mould (Botrytis cinerea) on 

tomato and tobacco plants (Achuo et al., 2004). 

In addition to delaying the development of disease, SA also affected the accumulation of phenolic 

compounds which are associated with plant resistance (El Hadrami et al., 1997). Phenolic compounds 

are naturally antifungal compounds and their accumulation in plants reduces pathogen attacks (Mpiga 

et al., 1997). In addition to direct effects of phenolic compounds on fungal pathogen, they are 

oxidized, by peroxidase, to form more toxic quinines (Gogoi et al., 2001). The study also showed that 

SA is an elicitor that stimulated the accumulation of the PAL transcripts in tomato leaves. This gene 

codes for an enzyme catalyzing biosynthetic reactions form defensive compounds (Sgarbi et al., 2003; 

Solecka and Kacperska, 2003; Zhao et al., 2005). It has been suggested that SA inhibits catalase 

activity, leading to increased levels of H2O2 (Chen et al., 1993), which in turn induces PAL gene 

expression (Desikanet al., 1998) and synthesis of phenolic compounds (Dorey et al., 1997). Evidence 

has shown that the PAL activity could be induced by SA elicitation in parsley, citrus and grapes (Chen 

et al., 2006; Lafuente et al., 2004; Thulke and Conrath, 1998), which would result in the accumulation 

of plant secondary metabolites (Janas et al., 2002; Sgarbi et al., 2003; Soleckaand Kacperska, 2003; 

Zhao et al., 2005). In addition, we found that in both SA-treated and infected untreated plants different 

phenolics of the hydroxycinnamic derivatives group were accumulated. These phenolics were different 

from those expressed by a healthy untreated plant. In summary, the results indicate that SA protects 

tomato plants from Fusarium wilt and could induces tomato resistance by enhancing induced chemical 

defenses. 

Peroxidases are not only constitutive but also inducible enzymes, which are synthesized under the 

influence of various physical, chemical, and biotic agents (Haluskova et al., 2009). the peroxidase 

activity increased to a great extent in the SA treated plants compared to control, probably contributing 

in enhanced resistance of tomato to FORL. Spraying SA on pear plants increased peroxidase activity 

greatly and contributed in protection of pear fruits against postharvest diseases (Cao et al., 2006). A 

rapid increase in peroxidase activity was found also in pretreated infected faba bean plants after 24 h 

for B. fabae pathogen and after 48h for B. cinerea (Maggie et al., 2007). The role of oxidative 

enzymes such as peroxidase could be explained as an oxidation process of phenol compounds to 

oxidized products (quinones) which may limit the fungal growth. Vance et al. (1980) and Fry (1982) 

stated that peroxidase is known to be involved in the oxidation of polymerization of hydroxycinnamyl 

alcohols to yield lignin and crosslinking isodityrosine bridges in cell wall. Ride (1983) and Tarradet al. 

(1993), reported that increase in peroxidase activity, enhance lignification in response to chocolate 

spot infection which may restrict the fungal penetration. These findings indicate a positive relationship 

between resistance and peroxidase activity. Peroxidase also produces free radicals and hydrogen 

peroxide which are toxic to many microorganisms (Pena and Kuc, 1992). Another supportive 

suggestion was brought by Nawar and Kuti (2003) who stated that an increase in peroxidase activity is 

considered as a preliminary indicator for resistance of broad beans to chocolate spot disease. 

According to Igor (2014), this increase in peroxidase activity may be considered as defense function of 

the plant organism view the highest peroxidase activity observed in the calli growing on the medium 

containing SA and infected by bunt and smut pathogens. These compounds act as barriers against 

pathogen invasion. The study of gene expression encoding peroxidase (PR9) confirms the results 

found following the analysis of the peroxidase activity. 

It is evident that SA is an endogenous signal for the activation of certain plant defense responses, 

including PR-gene expression and establishment of enhanced resistance (Klessig et al., 2000). In the 

present work the results obtained after 200 µM SA roots treatment of tomato plants revealed the over-

expression of PR2 and PR4 genes in leaves at 48h and 72h post treatment. Exogenous application of 

SA induced expression of the same set of nine defense related-genes as were activated systemically 

after infection by TMV (Durner et al., 1997; Bidyut et al., 2013). Altogether, our results are supported 

by previous works indicating that the SA is involved in the regulation of induced immunity in tomato 

after induction of PRs protein expression locally and systemically in which SA effect induced the PR 

protein, chitinase, β-1, 3-glucanase and peroxidase enzyme activity, (Ryals et al., 1996; Wobbe and 

Klessig 1996; Durner et al., 1997; Bokshi et al., 2003). Finally, the results presented here show that 

exogenously applied SA induces a set of plant defense reactions affecting the plant pathogen invasion. 

Thus, SA could be a valuable alternative to disease control.  
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