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ABSTRACT 
 

The relationship between citric (CA) or ascorbic acid (AsA) as non-enzymatic antioxidants and 
inducing resistance to viral diseases in plants is not clear. Therefore, two pot experiments were conducted 
during the seasons of 2013 and 2014 to investigate the influence of foliar application of CA (0, 10 and 20 
mM) or AsA (0, 75 and 150 ppm) on tomato plants grown in insect-proof cages. Plants were divided to 
two groups; the first one was inoculated with Tomato spotted wilt virus (TSWV) and the second one was 
not inoculated. The obtained results showed that the inoculation with TSWV caused significant (P≤0.05) 
decreases in the concentration of photosynthetic pigments (chlorophyll a, chlorophyll b and carotenoids) 
compared to the non-inoculated ones in both seasons. Conversely, there were significant (P≤0.05) 
increases in reactive oxygen species (ROS) as indicated by elevating the concentration of H2O2 and 
malondialdehyde (MDA) in the inoculated leaf tissues. Gene expression of phenylalanine ammonia-lyase 
(PAL) revealed that there were markedly increases in the expression of PAL genes in the inoculated plants 
treated with AsA at 150 followed by CA at 10 mM in comparison to the other treatments. These findings 
led to increase significantly (P≤0.05) the activity of PAL and accumulation of phenolic compounds in the 
AsA or CA treated plants compared to the untreated ones. Symptoms appearance on the inoculated plants 
indicated that there was reducing and delaying in the severity of symptoms in the treated plants with ASA 
at 150 ppm and CA at 10 mM compared to the other treatments. These results were confirmed 
serologically by ELISA test and biologically by estimation the average number of local lesions of TSWV 
on Nicotiana glutinosa. 
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Introduction 
 

Tomato (Solanum lycopersicum) is one of the most widely cultivated vegetable crops in the world. 
It is considered a rich source for essential amino acids, vitamins, minerals, sugars, dietary fibers and 
antioxidants. People who eat tomatoes regularly showed to have fewer opportunities to different cancer 
diseases (Naika et al., 2005; Bhowmik et al., 2012). In Egypt, tomatoes have a considerable significance 
for the farmers as a cash crop because it may be cultivated for several purposes including the consumption 
of fresh fruits or processing as ketchup, sauce, or paste. 

One of the major obstacles facing the production of tomatoes in the world is the spread of viral 
diseases (Weimin et al., 2009; Akos and Balazs, 2010; Pradeep and Masato, 2010) which cause 
substantially reducing in the growth and yield.  

In this concern; Tomato spotted wilt virus (TSWV) is considered as a top 10 plant virus which have 
a scientific and economic importance (Scholthof et al., 2011). It had been shown that TSWV can reduce 
the productivity of tomato by 50 – 90% (Cho et al., 1987).  Moreover, it has a wide host range of plants 
reached about 900 species and more than 70 families (Peters, 1998). 

In general, the negative effects of the viral diseases on plants could be occurred through altering 
several of physiological and biochemical aspects of the infected plants (Tajul et al., 2011). 

In this respect; multiple previous investigations reported that viral diseases could disturb the 
photosynthesis by affecting the content of leaf pigments (Hemida 2005; Srivastava et al., 2012; Kobeasy et 
al., 2013). This response may be attributed to trigger some of harmful molecules called reactive oxygen 
species (ROS) such as hydrogen peroxide, oxygen, superoxide anion and hydroxyl radical in the tissues of 
infected plants. Additionally, these molecules (ROS) can modify the gene expression, destroy the 
biological membranes and cell components including proteins, nucleic acids and causing lipid peroxidation 
as indicated by increasing the concentration of malondialdehyde (MDA). At the same time, it is known 
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that ROS could play a key role in the signaling and inducing the systemic acquired resistance (SAR) either 
under biotic or abiotic stresses (Kwak et al., 2003; Wang et al., 2014). 

Phenolic compounds are considered among the most important metabolites which involved in plant 
defense against both biotic and abiotic stresses. They can reduce ROS in the stressed plants through their 
antioxidant properties which are attributed to their redox status and ability to be strong reducing agents 
(Beckman, 2000; Weidner et al., 2009). Phenylalanine ammonia-lyase (PAL) is considered the principle 
enzyme which responsible for the synthesis of phenolic compounds and most secondary metabolites in 
plants; this reaction occurs through elimination of an ammonia molecule from phenylalanine to form 
cinnamic acid which is considered the precursor of most phenolic compounds (Taize and Zaiger, 2002). 

Citric acid (CA) is an organic acid mainly served as antioxidant and involved in plant metabolism 
through its role in Krebs cycle during the respiration in mitochondria which produces cellular energy by 
oxidative phosphorylation (Wills et al., 1981; Taize and Zaiger, 2002).  This energy is required for 
different physiological  processes and development the mechanisms of resistance systems under different 
stressful factors. 

Ascorbic acid (AsA) is the major compound functioning in plant antioxidant systems (Zechmann, 
2011). It is implicated in cell division, cell elongation and synthesis of phytohormones (Gallie, 2013). 
Furthermore, it plays a key role in protecting plants from ROS through ascorbate–glutathione cycle. 
Furthermore, it acts as a cofactor to violaxanthin de-epoxidase which is considered an important enzyme in 
the photoprotective xanthophyll cycle during photosynthesis (Smirnoff, 1996; Smirnoff and Wheeler, 
2000). 

Using the different antioxidants as exogenous application has become a common procedure to 
enhance growth, yield and various physiological and biochemical pathways under both biotic and abiotic 
stresses. Therefore; this study was conducted to investigate the effect of foliar application of CA or AsA 
on the photosynthetic pigments and ROS as indicated by the concentration of H2O2 and MDA in leaf 
tissues of non-inoculated and inoculated tomato plants with TSWV. Moreover, to study their effect on 
PAL gene expression and production of phenolic compounds which play an important role in inducing 
resistance to numerous of plant pathogens.  

 
Materials and Methods 
 
Plant materials and growth conditions 
 

Two pot experiments were carried out on 3th and 5th of March during the seasons of 2013 and 2014 
respectively to investigate the influence of foliar application of distilled water as control, citric acid (CA) 
at 10 and 20 mM or ascorbic acid (AsA) at 75 and 150 ppm on tomato plants cv. Wady Star inoculated and 
non-inoculated with Tomato spotted wilt virus (TSWV). Seeds were sown under greenhouse conditions 
(25±5 ◦C), 16 h light and 8 h dark cycle in trays with 50 individual cells (4X4X6) containing a sterilized 
sandy-loamy soil (2:1 w/w). After 20 days, seedlings uniform in size were selected for transplanting in 
pots 25 cm in diameter filled by 8 kg soil in insect proof cages. The physical and chemical properties of the 
experimental soil are shown in Table (1). 
 
Table 1: Physical and chemical analysis of the experimental soil. 

FC 
% 

Hydraulic 
conductivity 

Cm/ sec. 

Sand Silt Clay 
texture 

% 

25.0 7X 10-4 79.8 2.5 17.7 Sandy loam 

pH 
EC 

ds/m 
O.M (%) 

Ca++ Mg++ K+ CO3
-2 HCO3

- SO4
-2 

meq/L 

8.52 2.05 0.31 3.30 1.80 0.92 0.0 0.58 3.92 

Central Soil and Plant Analysis Laboratory, Fac. Agric. Ain Shams University, Cairo, Egypt. 

The Experimental Layout 

All experimental pots (300; 2 inoculation status X 5 foliar treatments X10 pots X 3 replicates ) were 
divided to two equal groups as main plots; the first group was non-inoculated with TSWV and the second 
one was inoculated with TSWV. Each group was divided to 5 equal sub-groups to distribute randomly the 
different foliar applications. The experimental design was split plot with Completely Randomized Block 
Design (CRBD) of sub plots. The nutrient solution was prepared according to Abd-Elmoniem et al. (1997) 
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and used day by day two times then, the third time of irrigation carried out by tap water in order to avoid 
nutrient accumulation. 

Foliar application and sampling 

The foliar application of distilled water as control, citric acid (CA) at 10 and 20 mM or ascorbic 
acid at 75 and 150 ppm was done twice; the first time 7 days after transplanting (4 days before inoculation; 
dbi with TSWV) and the second one 15 days after transplanting (4 days post inoculation; dpi) to help 
plants to assimilate the examined compounds before and after the inoculation with TSWV and develop 
their defense mechanisms. Samples of leaves were taken randomly at 30 dpi from different locations on 
plants to determine the biochemical constituents and activity of PAL and its gene expression. In addition; 
to determine the relative concentration of TSWV in infected plants biologically and serologically. 
 

Virus inoculation 

The inoculation of Tomato spotted wilt virus (TSWV) was done after the first time of foliar 
application with 4 days (11 days after transplanting). Tomato spotted wilt virus (TSWV) was kindly 
provided by Plant Virus Lab., Plant Pathology Department, Faculty of Agriculture, Ain Shams University. 
Tomato plants were mechanically inoculated using phosphate buffer solution (Garcia- Cano et al., 2006). 
Leaves of control plants were dusted with carborandum and inoculated with buffer solution. 

Parameters measured  

Photosynthetic pigments 

Leaves sample at 30 days post inoculation (dpi) were collected to determine plant pigments 
according to the method of Lichtenthaler and Buschmann (2001) with some modifications. 0.2 g of fresh 
leaves was homogenized with acetone 80% in dark at room temperature. Absorbance was measured in a 
UV/ VIS spectrophotometer. The concentrations were calculated using the following equations:  

Chl a (µg/ml) = 12.25 A663.2 - 2.79 A646.8 

Chl b (µg/ml) = 21.50 A646.8 – 5.10 A663.2 

Total Chl = Chl a + Chl b 
Carotenoids (µg/ml) = (1000 A470 – 1.82 Chl a – 85.02 Chl b) / 198 
After that the calculations were done as mg. g-1 f.wt 

Hydrogen peroxide (H2O2) concentration 

The colorimetric determination of hydrogen peroxide concentration at 390 nm in leaf tissues using 
potassium iodide was assayed as described by Loreto and Velikova (2001). A half gram of f.wt was 
homogenized in 3 mL of 1% (w/v) tri-chloroacetic acid (TCA). The homogenate was centrifuged at 10,000 
rpm at 4°C for 10 min. Subsequently, 0.75 mL of the supernatant was added to 0.75 mL of 10 mM K-
phosphate buffer (pH 7.0) and 1.5 mL of 1M KI. A Standard curve of H2O2 was done to calculate its 
concentration (μmol g-1 f.wt) in plant tissues. 

Determination of lipid peroxidation 

The level of lipid peroxidation was measured by determination of malondialdehyde (MDA) as 
described by Heath and Packer (1968). Frozen tissues were homogenized in 0.1% (w/v) trichloroacetic 
acid (TCA). The extraction ratio was 10 ml for each one gram of plant tissues. The homogenate was 
centrifuged at 5000 rpm for 10 min. The reaction mixture contained 1 ml from the supernatant and 4 ml 
0.5% (w/v) thiobarbituric acid (TBA) dissolved in 20% (w/v) TCA. The mixture was heated in boiling 
water for 30 min then the mixture was cooled at room temperature and centrifuged at 5000 rpm for 15 min. 
The absorbance of the supernatant was measured at 535 nm using spectrophotometer. The MDA 
concentration was calculated by using the extinction coefficient (ε =155 mM-1cm-1). The concentration of 
MDA was expressed as nmol MDA.g-1 FW.  

 
Detection of phenylalanine ammonia-lyase gene expression 
  
a- Extraction of total RNA 
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Total RNA was extracted from tomato leaves (30 days post inoculation), Samples of inoculated 
tomato plants treated with CA at 10, 20 mM and AsA at 75 ppm, 150 ppm and inoculated with TSWV, 
tomato plants inoculated with TSWV treated with distilled water and negative control non-inoculated and 
treated with distilled water were using for total RNA purification kit (Jena Bioscience, Germany). 
According to the manufacturer's instructions, leaf samples (0.3 g) were ground to a fine powder with liquid 
nitrogen and stored at -80ºc. 150-200 mg of the tissue powder was transferred to an eppendorf tube (size 
1.5 ml) with 500 µl of RNA lysis buffer included β-mercaptoethanol (1µl/ml). The samples were vortexed 
and centrifuged at maximum speed (12,000 rpm for 15 min, 4 ºc). The cleared supernatants were 
transferred to new microcentrifuge tubes and then 300 µl of 95 % ethanol was added. The mixture was 
transferred to spin column assembly and centrifuged at 12,000 rpm for 1 min. The wash step was repeated 
using the secondary washing buffer and then centrifuged at 12,000 rpm for 30 sec. RNA was eluted by 
50µl elution buffer and centrifuged at 12,000 rpm for 1 min. The purified RNA was stored at -80oC for 
further analysis. 

 
b-  Reverse Transcription Polymerase chain reaction (RT-PCR)   

  RT-PCR amplification of mRNA was carried out to determine the effect of treatments with CA 
and AsA on the expression of PAL gene enzyme. In order to obtain cDNA, mRNA was reverse transcribed 
using a one-step RT-PCR kit (Bioline, United Kingdom) according to the manufacturer's instructions. 

RT-PCR amplification was carried out using gene specific primers for PAL gene (PAL forward 
and PAL reverse). A control PCR with the tomato actin gene was made in parallel with the primers 
(tomato actin forward and tomato actin reverse)  
PAL fwd AAGCTGATGTTCGCGCAGTTCT   
PAL rev AAACCATAGTCCAAGCTCGGGT 
Actin fwd. GAAATAGCATAAGATGGCAGACG 
Actin rev. ATACCCACCATCACACCAGTAT 

The amplification conditions of the different PAL genes were optimized. The thermal cycling 
conditions consisted of an initial denaturation step at 95°C for 1 minutes followed by 35 cycles at 95°C for 
10 s, 53°C for 10 s, 72°C for 30 s, and a final step at 72°C for 5 minutes. The respective PCR products 
were corresponded to the expected amplicons. The actin gene was used as a constitutively expressed 
endogenous control. The thermal cycling conditions of actin consisted of an initial denaturation step at 
95°C for 1 minutes followed by 35 cycles at 95°C for 10 s, 55°C for 10 s, 72°C for 30 s, and a final step at 
72°C for 5 minutes. 

c- Analysis of amplified RT-PCR product       

PCR products were separated on 1% agarose gels and visualized after staining with ethidium 
bromide. DNA molecular weight marker (Jena Bioscience Corporation, Germany) was used to determine 
the size of RT-PCR amplified cDNA products of PAL expression. Bands of DNA were visualized on a UV 
transilluminator and photographed using gel documentation system (BioDoc Analyze, Biometra, 
Germany). 

Phenylalanine ammonia-lyase (PAL) assay 

To prepare the extraction of enzyme and soluble proteins, fresh leaves were homogenized in 5 mL 
phosphate buffer (0.1 mol/L, pH 7.8), centrifuged at 10,000 ×g for 20 min at 4 ◦C and then the supernatant 
was used for assays. Soluble proteins were evaluated by the method of Bradford (1976). 

The activity of phenylalanine ammonia-lyase, PAL (E.C 4.3.1.5) was assayed as described by 
Lister et al. (1996). The PAL assay reaction consisted of 100 µL crude extract and 900µL of 6 µmol 
phenylalanine in 500 mM tris-HCl buffer (pH 8.5). The mixture was incubated at 37 ºC for 1 h and 
measured spectrophotometrically at 290 nm. Trans- cinnamic acid was used as standard. 

Determination of phenolic compounds  

The extraction of dry leaves in cold MeOH 85% was used to determine the phenolic compounds 
according to the method of Folin-Denis as described by Shahidi and Naczk (1995) by reading the 
developed blue color at 725 nm. 
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Symptomatology and time of TSWV symptoms appearance in infected plants 

Symptoms and time of symptoms appearance of infected tomato plants were recorded at 7, 14 and 
30 days post inoculation (dpi) with TSWV on the inoculated plants comparing with the non-inoculated 
control.  

Relative concentration of TSWV in infected plants 

Relative concentration of TSWV in the infected plants was detected at 30 days post inoculation 
(dpi) with TSWV with two methods at the two seasons. 

a- Serologically:  

Enzyme-linked immunosorbent assay (Clark and Adams, 1977) was used to determine TSWV 
levels in sap of young leaves of infected tomato plants 30 days post (dpi) inoculation. Absorbance values 
were determined using ELISA reader (BIE & BERNTSEN A.S) at 405 nm [1 hr].  

b- Biologically:  

Number of local lesions were appeared after 7 dpi with TSWV from grinded crud sap of (1 gram 
collected tomato leaves sample from each treatment in the inoculated group after 30 days post inoculation 
with 10 ml phosphate buffer pH 7.4), on N. glutinosa plants.  

Statistical Analysis 

The procedure of two-way ANOVA was done; data were analyzed using SAS Institute Inc. (1988) 

Standard divisions of the means were calculated and LSD’s test (P≤0.05) was used to determine significant 

differences between means 

Results and discussion  

Photosynthetic pigments 
 

Data presented in Table (2) show that all investigated leaf pigments including chlorophyll a, 
chlorophyll b and carotenoids were decreased significantly (P≤0.05) in the inoculated plants with tomato 
spotted wilt virus  (TSWV) compared to the healthy ones in both seasons. Reducing the concentration of 
leaf pigments in the virus-infected plants was well documented in several previous studies (Hemida 2005; 
Srivastava et al., 2012; Kobeasy et al., 2013). Plant viruses may cause a lot of symptoms such as mosaic 
mottling and yellowish in leaf tissues; these effects are always concomitant with an inhibition in the 
synthesis of photosynthetic pigments (Sutic and Sinclair; 1990). In plants, virus infection could lead to 
multiple substantially modifications at the physiological and biochemical levels. It may disturb the balance 
and functions of several vital processes of host cells’ through using its systems of protein synthesis to 
produce non-structural protein (NSP) such as coat protein (CP) of the virus and nucleic acid replicating 
enzymes which are essential to produce new viral particles (Lesemann, 1999). Therefore, in this study, the 
obviously decline in the concentration of leaf pigments in the inoculated plants with TSWV could be 
attributed to a disruption in the chloroplast enzymes’ which responsible for the synthesis of these 
pigments. Also, these results indicated that the inoculation with TSWV may lead to abnormal regulating to 
the photosynthesis in tomato plants. 

Respecting the effect of foliar applications of citric acid (CA) or ascorbic acid (AsA) on leaf 
pigments, it was obvious that in general, both examined compounds achieved an improving in the 
concentrations of photosynthetic pigments. The highest significant (P≤0.05) increases were obtained by the 
treatment of AsA at 150 ppm compared to the other treatments in both seasons.  

One of the most important reasons to decline the photosynthetic pigments in leaf tissues under biotic 
or abiotic stresses is generating considerable amounts of reactive oxygen species (ROS); these molecules 
can destroy the cell membranes and affect the structure and functions of different subcellular organelles 
including chloroplast (the location for most leaf pigments), mitochondria and nucleus etc. All of these 
adverse impacts could be occurred through reacting ROS with cell components’ including proteins and 
lipids. Moreover, ROS can affect DNA and alter negatively most of the physiological and biochemical 
processes in plant cell. 
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Table 2: Effect of foliar application of citric acid (CA) at 0, 10 or 20 mM and ascorbic acid (AsA) at 0, 75 or 150 ppm on 
the concentration of photosynthetic pigments in leaf tissues of tomato plants non-inoculated and inoculated with 
TSWV during the seasons of 2013 and 2014. 

 2013 2014 

Foliar treatments 
Non-

inoculated inoculated  Mean 
Non-

inoculated inoculated  Mean 
Chlorophyll a (mg. g-1 f.wt) ± SD 

Control (distilled water) 1.32±0.15 d 1.12±0.05 e 1.22 D 1.21±0.12 e 1.08±0.03 f 1.15 C 
CA 10 mM 1.65±0.09 a 1.38±0.03 d 1.52 AB 1.61±0.07 ab 1.41±0.04 cd 1.51 A 
CA 20 mM 1.53±0.09 b 1.30±0.05 d 1.41 C 1.51±0.10 bc 1.24±0.05 e 1.37 B 
AsA 75 ppm 1.52±0.04 bc 1.37±0.03 d 1.44 BC 1.40±0.02 d 1.21±0.06 e 1.30 B 
AsA 150 ppm 1.68±0.03 a 1.41±0.02 cd 1.55 A 1.64±0.06 a 1.47±0.02 cd 1.55 A 
Mean 1.54 A’ 1.32 B’  1.47 A’ 1.28 B’  

LSD≤0.05 
Inoculation                                         0.0524 Inoculation                                               0.0489 
Foliar treatments                                0.0828   Foliar treatments                                     0.0772    
Interaction                                          0.1172 Interaction                                                0.1092 

 Chlorophyll b (mg. g-1 f.wt) ± SD 
Control (distilled water) 0.94±0.11 de 0.80±0.05 f 0.87 C 0.83±0.07 d 0.72±0.02 e 0.78 D 
CA 10 mM 1.28±0.04 a 0.99±0.03 bc 1.13 A 1.14±0.09 a 0.90±0.03 bcd 1.02 AB 
CA 20 mM 1.09±0.04 b 0.90±0.02 de 0.99 B 1.11±0.10 a 0.91±0.02 bcd 1.01 B 
AsA 75 ppm 1.00±0.04 cd 0.83±0.05 ef 0.91 C 0.93±0.07 bc 0.85±0.03  cd 0.89 C 
AsA 150 ppm 1.32±0.02 a 1.04±0.03 bc 1.18 A 1.18±0.02 a 0.99±0.03 b 1.08 A 
Mean 1.13 A’ 0.91 B’  1.04 A’ 0.87 B’  

LSD≤0.05 
Inoculation                                         0.0373 Inoculation                                               0.0417    
Foliar treatments                                0.0589 Foliar treatments                                      0.0660 
Interaction                                          0.0834 Interaction                                                0.0933 

 Carotenoids (mg. g-1 f.wt) ± SD 
Control (distilled water) 0.52±0.06 d 0.42±0.02 f 0.47 C 0.48±0.04 ef 0.45±0.03 f 0.46 C 
CA 10 mM 0.68±0.03 a 0.55±0.03 cd 0.62 A 0.60±0.02 ab 0.57±0.04 bc 0.59 AB 
CA 20 mM 0.65±0.03 ab 0.49±0.02 de 0.57 B 0.61±0.02 ab 0.54±0.01 cd 0.58 B 
AsA 75 ppm 0.62±0.03 ab 0.46±0.02 ef 0.54 B 0.60±0.02 ab 0.51±0.02 de 0.55 B 
AsA 150 ppm 0.67±0.08 a 0.60±0.02 bc 0.63 A 0.63±0.05 a 0.61±0.04 ab 0.62 A 
Mean 0.63 A’ 0.50 B’  0.58 A’ 0.54 B’  

LSD≤0.05 
Inoculation                                         0.0289 Inoculation                                              0.0235  
Foliar treatments                                0.0457 Foliar treatments                                      0.0372 
Interaction                                          0.0647 Interaction                                                0.0526 

Means followed by different letters are significantly different at P ≤0.05; LSD's multiple range test. 

Citric (CA) and ascorbic acids (AsA) are considered non-enzymatic antioxidants; in this study, the 
foliar application of both compounds could play an important role to keep the level of ROS under control 
which reflected positively on photosynthetic pigments. Improving the leaf pigments by the applications of 
CA or AsA was confirmed previously in several studies; for instance; Fayed (2010) found that the foliar 
application of both components (CA or AsA) individually or in combination enhanced significantly the 
concentration of leaf pigments of pomegranate. These results were also in harmony with Ehsan et al., 
(2014) who reported that applied CA increased significantly the concentrations of chlorophyll a, b and 
carotenoids of cadmium stressed Brassica napus L compared to the untreated plants. In addition, applied 
AsA was found to maintain chlorophyll and photosynthesis higher than the untreated wheat seedlings 
under drought conditions (Malik and Ashraf, 2012). 

Concerning the interaction effect of different treatments, the general tendency was that the highest 
significant (P≤ 0.05) increases in the concentration of leaf pigments were obtained by the treatment of AsA 
at 150 ppm in the non-infected plants compared to the other treatments in both seasons. 

Ascorbic acid (AsA) has been shown to have many physiological functions in plants not only 
under stressful conditions but also, under normal ones; it plays important roles in plant growth and 
development through its functions in cell division, elongation and synthesis many of phytohormones. 
Moreover, it can act as cofactor for numerous of essential enzymes (Gallie, 2013). On the other hand, 
photosynthesis and chloroplasts are considered the major sources for ROS and the oxidative stress in 
plants; the accumulation of these molecules can cause a series of harmful effects; in addition; the photo-
oxidation which can lead to destroy leaf pigments and photosynthetic apparatus. In this respect; several 
previous studies had been found that AsA plays a key role in protecting plants from ROS through 
ascorbate–glutathione cycle. Furthermore, it acts as a cofactor to violaxanthin de-epoxidase which is 
considered an important enzyme in the photoprotective xanthophyll cycle (Smirnoff, 1996; Smirnoff and 
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Wheeler, 2000). All of above mentioned positive effects of AsA on photosynthetic apparatus could explain 
its significant improving to the concentration of leaf pigments under the circumstances of this study. 

 
Hydrogen peroxide (H2O2) and lipid peroxidation 

One of the most remarkable features to either biotic or abiotic stresses in plants is increasing the 
concentration of H2O2 and the rate of lipid peroxidation as indicated by elevating the concentration of 
malondialdehyde (MDA) in tissues; in this respect data presented in Table (3) show that the inoculation of 
tomato plants with TSWV caused significant (P≤0.05) increases in the concentration of H2O2 and MDA in 
leaf tissues compared to the non-inoculated ones in both seasons. 
 
Table 3:Effect of foliar application of citric acid (CA) at 0, 10 or 20 mM and ascorbic acid (AsA) at 0, 75 or 150 ppm on the 

concentration of hydrogen peroxide (H2O2) and malondialdehyde (MDA) in leaf tissues of tomato plants non-
inoculated and inoculated with TSWV during the seasons of 2013 and 2014. 

 2013 2014 

Foliar treatments Non-inoculated inoculated  Mean 
Non-

inoculated inoculated  Mean 

Hydrogen peroxide (H2O2) (µmol. g-1 f.wt) ± SD 
Control (distilled water) 5.66±0.41 c 9.69±1.03 a 7.67 A 5.72±1.04 de 8.34±0.48 a 7.03 A 
CA 10 mM 4.41±1.18 d 7.73±0.45 b 6.07 BC 5.17±0.57 def 6.99±0.22 bc 6.08 B 
CA 20 mM 4.93±0.10 cd 8.02±0.74 b 6.47 B 4.37±0.27 fg 7.77±0.80 ab 6.07 B 
AsA 75 ppm 4.89±0.80 cd 8.10±0.34 b 6.49 B 4.73±0.47 ef 7.24±0.97 abc 5.99 B 
AsA 150 ppm 3.84±0.78 d 7.01±0.38 b 5.43 C 3.50±0.41 g 6.26±0.82 cd 4.88 C 
Mean 4.74 B’ 8.11 A’  4.69 B’ 7.32 A’  

LSD≤0.05 
Inoculation                                              0.532 Inoculation                                                0.504 
Foliar treatments                                    0.841 Foliar treatments                                       0.797 
Interaction                                               1.189 Interaction                                                 1.128 

 Malondialdehyde(MDA) (nmol.g-1 f.wt) ± SD 
Control (distilled water) 3.13±0.28 e 6.59±0.62 a 4.87 A 3.67±0.50 d 5.96±0.45 a 4.82 A 
CA 10 mM 2.40±0.18 g 5.15±0.26 cd 3.77 CD 2.52±0.13 ef 4.62±0.50 c 3.57 C 
CA 20 mM 2.89±0.18 ef 5.64±0.24 b 4.27 B 2.99±0.11 e 5.41±0.17 b 4.20 B 
AsA 75 ppm 2.62±0.24 fg 5.36±0.27 bc 3.99 BC 2.73±0.08 ef 5.38±0.23 b 4.05 B 
AsA 150 ppm 2.31±0.15 g 4.68±0.13 d 3.50 D 2.37±0.23 f 4.45±0.28 c 3.41 C 
Mean 2.67 B’ 5.48 A’  2.86 B’ 5.17 A’  

LSD≤0.05 
Inoculation                                             0.217 Inoculation                                                0.235 
Foliar treatments                                    0.342 Foliar treatments                                       0.372 
Interaction                                              0.484 Interaction                                                 0.526 

Means followed by different letters are significantly different at P ≤0.05; LSD's multiple range test. 

Hydrogen peroxide (H2O2) is one of the most stable ROS which produced in plant cell during 
different physiological processes including photosynthesis, photorespiration and relatively to a lesser 
extent in respiration; it plays an important role as a signaling molecule under stressful conditions (Ślesak et 
al., 2007). This response could help plants to develop their defense mechanisms against various stressful 
factors either biotic or abiotic ones; for instance, Kuzniak and Urbanek (2000) reported that H2O2 has 
crucial role against pathogens by regulating some related physiological and developmental processes such 
as lignification and the formation of cell-wall polymers; in addition; it has direct effect as anti-microbial 
against pathogens and induces defense genes which required in the induction of systemic acquired 
resistance. 

Malondialdehyde (MDA) is also widely known as a biochemical marker to increase the activity of 
ROS and the oxidative stress in plant tissues under adverse conditions. It is considered the most final 
product of lipid peroxidation and an important indicator to the oxidative damage which could be occurred 
to the cellular membranes under different stresses conditions (Jain et al., 2001; Angel Catala, 2012). In this 
study, the increases in the concentration of MDA in the inoculated plants with TSWV could be attributed 
to increase ROS especially H2O2 which was associated with the infection. 

Concerning the effect of interaction of the different foliar treatments with the inoculation with 
TSWV on the concentration of H2O2 and MDA, it was obvious that the non-inoculated plants which 
treated by AsA at 150 ppm followed by CA at 10 mM showed significant (P≤0.05) decreases in the 
concentration of H2O2 and MDA compared to the untreated ones in the two seasons. Under normal 
conditions ROS are also produced in plant tissues through some physiological processes such as 
photosynthesis and respiration. The level of these molecules is usually in equilibrium due to the presence 
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of different efficient antioxidant systems which help plants in scavenging regularly some of them. These 
findings indicated that the foliar application of AsA or CA as antioxidants had been shown to have an 
efficient role in scavenging ROS from plant tissues under both different inoculations status with TSWV in 
this study. 

 
RNA expression of phenylalanine ammonia-lyase (PAL) 
 

To further study whether the expression patterns of PAL gene differ in Ascorbic acid (AsA) and 
citric acid (CA) treatments. Samples of inoculated tomato plants treated with AsA and CA inoculated with 
TSWV, tomato plants inoculated with TSWV treated with distilled water and negative control non- 
inoculated and treated with distilled water were collected 30 days post inoculation (dpi) then, amplified by 
RT-PCR using PAL gene-specific primers. Tomato actin gene was also tested for comparison with PAL 
gene expression.  

 Results shown in Figure (1) (upper panels) revealed that PAL gene expression is efficiently 
transcribed into an mRNA by detecting specific amplicons of the expected sizes (300 bp) in all treatments. 
Distinct expression patterns among PAL gene was found in the semi-quantitative RT-PCR analysis.  The 
PAL expression was strongly induced in the inoculated plants treated with AsA and CA compared to both 
inoculated and non-inoculated control plants, its expression was markedly up-regulated in inoculated plant 
treated with either AsA 150 ppm or CA 20 mM than the other treatments. Specific actin transcript 
amplification was detected in all plants as an internal control for cDNA synthesis (Fig.1; lower panels). 

 

 
Fig. 1: RNA expression of PAL in tomato plants treated with distilled water as control, citric acid (CA) at 10 

and 20 mM or ascorbic acid (AsA) at 75 and 150 ppm compared to actin gene expression 
(Housekeeping gene).  Notes: M (marker): 100 bp DNA Ladder (Bio science control non- inoculated 
without treatment. 

Activity of phenylalanine ammonia-lyase (PAL) and the concentration of phenolic compounds. 
 

Data presented in Table (4) show that, there were simultaneous significant (P≤0.05) increases in the 
activity of phenylalanine ammonia-lyase (PAL) and phenolic compounds in the inoculated plants with 
TSWV compared to the non-inoculated ones in both seasons. These results could be attributed to induce 
strongly the expression of PAL genes (Figure 1) during the hypersensitive reaction to plant viruses or other 



1256 
Middle East j. Agric. Res., 3(4): 1248-1261, 2014 

 
 

pathogens (Pellegrini et al., 1994). This response is considered a common regulatory step to induce 
resistance to plant viruses because phenolic compounds can reduce the concentration of ROS in the 
inoculated plants through their antioxidant properties which are attributed to their redox status and ability 
to be strong reducing agents (Beckman, 2000; Weidner et al., 2009). 
 
Table 4: Effect of foliar application of citric acid (CA) at 0, 10 or 20 mM and ascorbic acid (AsA) at 0, 75 or 150 ppm on 

the activity of phenylalanine ammonia-lyase (PAL) and the concentration of phenolic compounds in leaf tissues of 
tomato plants non-inoculated and inoculated with TSWV during the seasons of 2013 and 2014. 

 2013 2014 

Foliar treatments Non-inoculated inoculated  Mean 
Non-

inoculated inoculated  Mean 
Phenylalanine ammonia-lyase (PAL) (µmol. h-1 .mg-1 protein) ± SD 

Control (distilled water) 0.73±0.047 g 0.95±0.147 ef 0.84 D 0.77±0.128 e 1.10±0.032 bc 0.93 C 
CA 10 mM 0.87±0.036 f 1.33±0.086 ab 1.10 B 0.89±0.050 de 1.20±0.025 b 1.05 B 
CA 20 mM 0.85±0.029 fg 1.12±0.045 cd 0.98 C 0.78±0.056 e 1.08±0.082 bc 0.93 C 
AsA 75 ppm 1.01±0.102 de 1.23±0.060 bc 1.12 B 0.82±0.107 e 1.23±0.038 b 1.03 BC 
AsA 150 ppm 0.97±0.091 ef 1.46±0.059 a 1.22 A 1.04±0.119 cd 1.53±0.165 a 1.29 A 
Mean 0.885 B’ 1.220 A’  0.861 B’ 1.229 A’  

LSD≤0.05 
Inoculation                                            0.0596 Inoculation                                               0.0701         
Foliar treatments                                   0.0942   Foliar treatments                                      0.1108  
Interaction                                             0.1333 Interaction                                               0.1567 

 Phenolic compounds (µg.g-1 d.wt) ± SD 
Control (distilled water) 1046±110 f 1442±39 c 1244 D 948±97 g 1544±67 c 1247 D 
CA 10 mM 1224±46  d 1915±83 a 1569 AB 1243±42 de 1812±38 b 1528 B 
CA 20 mM 1110±41 ef 1729±76 b 1420 C 1134±87 ef 1650±36 c 1392 C 
AsA 75 ppm 1216±31 de 1780± 37b 1498 B 1103±63 f 1841±121 b 1472 BC 
AsA 150 ppm 1255±25 d 1985±91 a 1620 A 1275±17 d 2054±61 a 1665 A 
Mean 1170 B’ 1770 A’  1141 B’ 1780 A’  

LSD≤0.05 
Inoculation                                             48.98  Inoculation                                                 53.10 
Foliar treatments                                  77.44 Foliar treatments                                      83.95 
Interaction                                            109.52 Interaction                                               118.73 

Means followed by different letters are significantly different at P ≤0.05; LSD's multiple range test. 

Respecting the effect of foliar application of CA or AsA on PAL activity and phenolic compounds, 
the general tendency was that all investigated foliar treatments revealed significant (P≤0.05) increases in 
the activity of PAL and the accumulation of phenolic compounds compared to the untreated plants in both 
seasons. The highest values were achieved by the treatment of AsA at 150 ppm followed by the treatment 
of CA at 10 mM 

Two possibilities could be suggested to explain this response: firstly, applied CA or AsA as 
antioxidants may enhance the performance of photosynthesis which is considered the main source for the 
precursors of phenolic compounds through shikimic acid pathway (Taize and Zaiger, 2002). These 
findings were confirmed previously in this study by increasing the concentration of leaf pigments (Table, 
2) in comparison to the untreated plants; secondly, the treatments of CA or ASA increased the expression 
of PAL genes (Figure, 1) which reflected positively and directly on the activity of PAL and the synthesis 
of phenolic compounds 

Regarding the effect of interaction, it can be observed that the treatment of AsA at 150 ppm in the 
inoculated plants with TSWV gave the highest significant increases in the activity of PAL and phenolic 
compounds compared to the other treatments. This response may help plants to reduce effectively ROS in 
the infected plant tissues because both AsA and phenolic compounds are implicated in a phenolic/ 
ascorbate peroxidase/ peroxidase system (Michalak, 2006) which plays a key role in scavenging H2O2 
from the infected tissues. This effect was confirmed earlier in this investigation by decreasing the 
concentration of H2O2 and MDA (Table, 3). 
 
Symptomatology and time of TSWV symptoms appearance in inoculated plants 
  

The effect of foliar application of distilled water as control, CA at 10 and 20 mM or AsA at 75 and 
150 ppm on the reaction of tomato plants to the inoculation with TSWV and symptoms appearance were 
shown in Table (5). The symptoms were recorded 3 times at 7, 14 and 30 days post inoculation (dpi). It can 
be observed that in general, all investigated foliar treatments exhibited later and less severe symptoms than 
the untreated ones in the two seasons. 
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Fig. 2: Effect of foliar application of distilled water as control, citric acid (CA) at 10 and 20 mM or 
ascorbic acid (AsA) at 75 and 150 ppm on average number of local lesions of TSWV on Nicotiana 
glutinosa inoculated leaves during the seasons of 2013 and 2014. 
 
Table 5: External symptoms on tomato plants after7, 14 and 30 days from inoculation with TSWV in different treatments 

foliar treatments during the seasons of 2013 and 2014. 

      Symptoms* 

        

Treatments  ** 

7 

days 

14  

days 

30  

days 

N.L.S N.L.S M.M Mo. M N.L.S Mo.M S.M Stunting L.Mal. Y. 

2013 

Cont.(distilled water) + + - + + - + + + + 

CA 10 mM - + - - + + - - + - 

CA 20 mM - - + - - - + - + + 

AA 75 ppm - - + - - - + - + + 

AA 150 ppm - + - - + + - - - - 

2014 

Cont.(distilled water) + + + - + - + + + + 

CA 10 mM - - + - - - + - + + 

CA 20 mM - - + - - - + - + + 

AA 75 ppm - + - - + + - - + - 

AA 150 ppm - + - - + + - - - - 

*: N.L.S= necrotic local spot, M.M= Mild mosaic, Mo.M = moderate mosaic S.M= sever mosaic, L.Mal. = Leaf 
malformation, Y= yellowing, **:+= symptoms, - = no symptoms. 
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At 7 dpi, the untreated plants showed necrotic local spots on lower leaves but other treatments did 
not show any reaction. Meanwhile, at 14 dpi the control plants exhibited necrotic local spots on lower 
leaves and moderate mosaic. The foliar treatments of AsA at 150 ppm or CA at 10 mM showed only 
necrotic local spots on lower leaves. At 30 dpi, the untreated plants showed necrotic local spots on lower 
leaves, severe mosaic, stunting, leaf malformation and yellowing. Tomato treated with CA at 10 mM 
showed necrotic local spots on lower leaves, moderate mosaic and leaf malformation; whereas, tomato 
treated with AsA at 150 ppm showed necrotic local spots on lower leaves and moderate mosaic. Tomato 
treated with CA at 20 mM or AsA at 75 ppm showed severe mosaic, leaf malformation and yellowing.  

According to the above mentioned results, it can be concluded the treatment of AsA at 150 ppm led 
to reduce and delay the severity of symptoms than other treatments. Decreasing and delaying the 
symptoms of the inoculated plants with plant viruses in the treated plants by AsA was in harmony with 
Miyamoto and Miyamoto (1980). These findings could be attributed to several of physiological aspects 
which had been affected by the foliar application of AsA. For instance, in this study, the treatment of AsA 
at 150 ppm led to enhance the concentration of photosynthetic pigments, PAL gene expression and 
phenolic compounds synthesis. At the same time, it reduced the concentration of H2O2 and MDA in leaf 
tissues. All of these responses could explain the obvious improving in the resistance to TSWV and 
reducing the appearance symptoms in the treated plants compared to the other treatments. 

 
Relative concentration of TSWV in infected plants 

a- Biologically 
 Relative concentration of TSWV in tomato plants at 30 dpi was determined biologically by 

recording the number of local lesion appear after 7 days from inoculation on N. glutinosa. Data in table (6) 
showed that all foliar treatments caused significant (P≤0.05) decreases in the number of local lesion 
compared to the untreated plants. The lowest values were achieved by the treatment of AsA at 150 ppm 
followed by CA at 10 mM in both seasons. These results were in agreement with Parish et al., (1965) who 
found that applied AsA can reduce the number of local lesion in the leaves of N. glutinosa which 
inoculated with TMV. This effect was interpreted by that AsA can reduce the accumulation of quinones 
and consequently prevent the local lesions to appear. 
 
Table 6: Effect of foliar application of distilled water as control, citric acid (CA) at 10 and 20 mM or ascorbic acid (AsA) at 

75 and 150 ppm on average number of local lesions of TSWV on Nicotiana glutinosa inoculated leaves during the 
seasons of 2013 and 2014. 

Foliar treatments 2013 2014 
Cont. 36.68± 3.44 a 43.03± 3.57 a 
CA 10 mM 14.98±1.62 c 13.91±1.24 c 
CA 20 mM 19.41±1.87 b 23.38±1.07 b 
AsA 75 ppm 17.12± 0.77 bc 15.43±1.30 c 
AsA 150 ppm 8.92±1.15 d 9.17±0.78 d 
LSD≤0.05 3.63 3.42 

Means followed by different letters are significantly different at P ≤0.05; LSD's multiple range test 

b- Serology  
Data presented in table (7) showed that ELISA values (405 nm) at 30 dpi decreased significantly 

(P≤0.05) by all investigated foliar treatments compared to the positive controls in both seasons. The 
minimum results in the inoculated plants with TSWV were obtained by the treatment of AsA at 150 ppm 
followed by the treatment of CA at 10 mM. These results were confirmed previously in this study by 
reducing the number of local lesions during the biological test on N. glutinosa. 
 
Table 7: Effect of foliar application of citric acid (CA) at 0, 10 or 20 mM and ascorbic acid (AsA) at 0, 75 or 150 ppm on 

relative concentration of TSWV with ELISA in inoculated tomato plants during the seasons of 2013 and 2014. 
Foliar treatments 2013 2014 
Negative cont. 0.120± 0.004 e  0.117±0.003 d 
Positive cont. 0.681±0.016 a    0.625±0.008 ab 
CA 10 mM 0.571±0.012 c   0.605±0.017 b 
CA 20 mM 0.627±0.005 b  0.640±0.016 a 
AsA 75 ppm 0.612±0.005 b    0.620±0.007 ab 
AsA 150 ppm 0.402±0.007 d   0.413±0.019 c 
LSD≤0.05 0.0159 0.0226 
Means followed by different letters are significantly different at P ≤0.05; LSD's multiple range test 
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Conclusions 

 According to the results of this study, it can be concluded that the foliar application of CA or AsA 
can induce the resistance of tomato plants to Tomato spotted wilt virus (TSWV). These responses were 
occurred through modifying some physiological, biochemical and molecular aspects including 
photosynthetic pigments, ROS, MDA, PAL gene expression and accumulation of phenolic compounds. In 
this respect, the foliar application of AsA at 150 ppm gave the best results and could be recommended to 
induce the resistance to TSWV in tomato plants 
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