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ABSTRACT: Fusarium culmorum is a ubiquitous soil-borne fungus able to cause foot and root rot on 
different small-grain cereals, in particular wheat and barley. Wheat (Triticum aestivum L.) is among the 
oldest and most extensively grown of all crops. Systemic acquired resistance (SAR) is a pathogen-
induced disease resistance response in plants that is characterized by broad spectrum disease control. 
The effect of the resistance inducer, benzo (l,2,3) thiadiazole -7- carbothioic acid S-methyl ester (BTH) 
was tested by seed soaking to determine whether this resistance inducer controlled root rot of wheat 
caused by Fusarium culmorum. Systemic acquired resistance is an important component of the disease 
resistance repertoire of plants. (BTH) is a inducing disease resistance in a number of dicotyledonous 
and monocotyledonous plant species. In this study we have examined the factors chlorophyll a, 
chlorophyll b, total protein, Peroxidase enzyme, Total phenol and phenylalanine ammonia lyase (PAL). 
BTH, which is an important chemical inducer of systemic acquired resistance (SAR), can Activate 
resistance to pathogen infection in commercial crops. Seeds treatment with Benzothiadiazole showed an 
elevation in the activity of defense related enzyme, peroxidase.  
  
Keywords: Agar plug, Chlorophyll, Peroxidase, Phenylalanine ammonia lyase (PAL), Protein, 
Resistance inducer, Seed soaking, Total phenol 
 
Abbreviation: BTH - Benzo (l,2,3) thiadiazole -7- carbothioic acid S-methyl ester, PAL - Phenylalanine 
ammonia lyase, PDA - Potato Dextrose Agar, POD – Peroxidase, SAR - Systemic acquired resistance 
 

 
INTRODUCTION 

 

 Yield and quality of wheat are affected by various plant pathogens, among them fungi of the genus Fusarium 
(Scheider et al., 2009). Fusarium culmorum is a fungal plant pathogen and the causal agent of seedling blight, foot 
rot, ear blight, stalk rot, common root rot and other diseases of cereals, grasses, and a wide variety of monocots 
and dicots (Rodriguez et al., 2008). It causes significant yield and quality losses and results in contamination of the 
grain with mycotoxins (Scherm et al., 2012). Infected crowns and roots are brown and rotted, and a brown to 
reddish brown discoloration of the stem may extend up several internodes. This Fusarium species produce sickle-
shaped macroconidia and chlamydospore in the macroconidia and/or mycelium. Microconidia are absent. F. 
culmorum  is efficient saprophyte that survive and multiply on many crop residues ( Inglis et al., 1986). Wheat 
(Triticum aestivum L.) is among the oldest and most extensively grown of all crops. It is a main cereal cultivated 
throughout the world along with rice, barley, maize, rye, sorghum, oats and millet (Hung et al., 2008). Chemical 
resistance inducers are an additional means to control plant diseases, within an integrated crop protection system. 
Resistance inducers have been effective in a number of crops (Smith-Becker et al., 2003). Benzo [1,2,3] 
thiadiazole-7-carbothioic S-methyl ester (BTH), which is an important chemical inducer of systemic acquired 

http://en.wikipedia.org/wiki/Plant_pathogen
http://en.wikipedia.org/wiki/Common_root_rot_(wheat)
http://en.wikipedia.org/wiki/Cereals
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resistance (SAR), can Activate resistance to pathogen infection in commercial crops. For instance, BTH has been 
reported to induce resistance in Arabidopsis (Lawton et al., 1996), tobacco (Friedrich et al., 1996), wheat (Gorlach 
et al., 1996), pea (Dann and Deverall, 2000), potato (Bokshi et al., 2003), tomato (Soylu et al., 2003), sunflower 
(Serrano et al., 2007), rice (Chen et al., 2007), corn(Rostas and Turlings, 2008), and cotton (Whan et al., 2009). 
The role of BTH as an resistance inducer was reported (Abdel-Mnaim et al., 2012). BTH, a synthetic analogue of 
salicylic acid, protected cantaloupe against Colletotrichum lagenarium and cucumber mosaic virus (CMV) (Smith-
Becker et al., 2003). The aim of this study was to test whether the resistance inducer BTH activated defense 
related enzyme of wheat in pot experiments in soil naturally infected with F. culmorum . In this study biochemical 
factors in 20 day old wheat seedlings were measured and There was a significant increase in the amount of 
peroxidase enzyme. 

 
Figure1. structure of BTH 

 
MATERIALS AND METHODS 

 
Plant and treatment 
 Wheat seeds cultivar Falat were surface sterilized by using 5-min incubation in 5% (w/v) sodium hypochlorite. 
After three washes with distilled water, seeds were soaked in solution containing BTH until the solution was 

completely absorbed (0.75 ml solution g˗¹seeds). The following dose was used: BTH (Sigma Chemical Co., USA) 
formulated as 50% a.i. in wettable granules and distilled water was used as a control then seeds were germinated 
on moist filter paper for 48 h at 24°C and then transferred to pots containing perlite and watered with 1/2 strength 
Hoagland nutrient solution. The seedlings were grown for 20 days. Growth conditions were 16 h light and 8 h dark, 
temperature of 25/30°C day/night and relative humidity of 70% .The treatments were: (1) nutrient solution alone 
(Control), (2) BTH, (3) Fusarium, (4) Fusarium + BTH. 
 
Fungus and inoculation procedures 
 Isolate Fusarium culmorum originally isolated from infected wheat. The isolate was grown on potato dextrose 
agar (PDA) at 25°C. For isolates, an agar plug (1 cm diameter) with spore only was cut from the periphery of 8 day-
old cultures grown on PDA. The agar plug was then placed next to the root of each plant and covered with perlite. 
An agar plug without fungus was used as a control treatment (Gargouri-Kammoun et al., 2009). 
 
Determination of carotenoids  
 Total carotenoid was determined by the method of Jensen (1978). One gram sample was extracted with 100 
ml of 80% methanol solution and centrifuged at 4000 rpm for 30 minutes. The supernatant was concentrated to 
dryness. The residue was dissolved in 15 ml of diethyl ether and after addition of 15 ml of 10% methanolic KOH the 
mixture was washed with 5% ice–cold saline water to remove the alkali. The free ether extract was dried over 
anhydrous sodium sulphate for 2 hour. The ether extracts were filtered and its absorbance was measured at 450 
nm by using ether as blank (Jensen, 1978). 
 
Determination of Chlorophyll  
 Chlorophyll was extracted into 80% (w/v) acetone and then centrifuged at 500g for 5 min. The absorption was 
measured at 652 nm and the chlorophyll concentration (in micrograms per milliliter) was calculated as      ×1,000/ 
34.5 (Arnon, 1949). 
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Determination of Proline 
 Proline accumulation was determined as described by Bates et al with slight modification (Bates et al. 1973).  

Powdered frozen (-70   C) tissue (50 mg) was weighed in to 1.5 ml centrifuge tubes and then added 3% 1.2 ml of 
sulphosalicylic acid to precipitate protein. Samples were mixed, centrifuged at 18,000 ×g for 10 min, and the filtrate 
transferred to a fresh 1.5 ml tube. Total 500 ml of filtrate and made up 1 ml with distilled water and thereafter 1ml 
glacial acetic acid and 1ml ninhydrin reagent [prepared 3% (w/v) ninhydrin in 60% (v/v)6M phosphoric acid] added 

and kept for 1 h at 90   C. After cooling of the tubes in ice, the products were extracted with 2 ml of toluene by 
vortex mixing and the upper (toluene) phase decanted into a glass cuvette and absorbance read at 520 nm. Proline 
concentrations were calculated using proline standards (0–50 mg/ml) in identical manner (Bates et al., 1973). 
 
Determination of Protein 
 Protein contents were assayed by Bradford's method (Bradford 1976).  
 
Determination of Total phenol  
 Total phenols were recorded by Folin Ciocalteu reagent. A dilute leaf extract of each treated plants (0.5 ml of 
1:10 g/ml) or gallic acid used as standard was mixed with Folin Ciocalteu reagent (5 ml, 1:10 diluted with distilled 
water) and aqueous       (4 ml, 1M). The mixture was allowed to stand for 10 min and the absorbance was 
measured by colorimetry at 765 nm. The standard curve was prepared using 0, 50, 100, 150, 200, 250 mg/l 
solutions of gallic acid in methanol: water (50:50, v/v). Total phenol contents were expressed in terms of gallic acid 
equivalent (mg/g of dry mass), which is used as a reference compound (McDonald et al., 2001). 
 
Determination of Peroxidase activity  
 Peroxidase (POD) activity was assayed as described by Loiza-Velarde et al. (1997), 4 g of wheat tissue was 
ground in 12 ml 50 mM phosphate buffer (pH 6.2), filtered and centrifuged. The reaction mixture was 2.55 ml 50 
mM phosphate buffer, 0.1 ml enzyme extract, 0.25 ml 0.1 M guaiacol and 0.25 ml of 0.25%     . The 
quantification of POD activity was done as for PPO, but the absorbance was read at 420 nm (Loiza-Velarde et al., 
1997). 
 
Determination of Phenylalanine ammonia lyase activity 
 Phenylalanine ammonia-lyase (PAL) activity was determined following the direct spectrophotometric method 
adapted by Cavalcanti et al. (2007). Two hundred microlitres of the crude enzyme extract previously dialyzed 
overnight with 100 mM Tris-HCl buffer, pH 8.8, were mixed to obtain a solution containing 200 µL 40 mM 

phenylalanine, 20 µL 50 mM β-mercaptoethanol and 480 µL 100 mM Tris-HCl buffer, pH 8.8. After incubation at 30   
C for 1 h, the reaction stopped by adding 100 µL 6 N HCl. Absorbance at 290 nm was measured and the amount of 
trans-cinnamic acid formed was evaluated by comparison with a standard curve (0.1-2 mg trans-cinnamic acid/mL) 

and expressed as units of PAL min ˉ¹ mg protein   ¹ (Cavalcanti et al., 2007). 
 
Statistical Analysis 
 The experimental designs were randomized complete and each value reported is the average of three 
replicates. Raw data were imported to Microsoft Excel 2007 program for calculations and graphical representation. 
SAS program was used for analysis of variance. Duncan's multiple range test at P < 0.05 being used to determine 
significant differences among treatments.  
  

RESULTS  
 

Effect of Fusarium culmorum fungus on biochemical responses of wheat seedlings  
 Reduction in caretonoid, chlorophyll, protein content, Total phenol, Phenylalanine ammonia lyase activity and 
increase in Proline and Peroxidase activity was observed in the treated wheat seedlings by Fusarium culmurum.  
 
Effect of BTH treatment on Chlorophyll of wheat seedlings 
 The chlorophyll was measured in wheat leaves after treatment with BTH. the control displayed highest 
chlorophyll while Fusarium culmorum, BTH and BTH+Fusarium culmorum displayed the lowest chlorophyll (Figure. 
2). 
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Figure 2. Effect of Benzo (l,2,3) thiadiazole -7- carbothioic acid S-methyl ester (BTH) seed treatment with the inoculation of F.culmorum on 
chlorophyll, 15d after inoculation. ( F= Fusarium ) 

 
Effect of BTH treatment on carotenoid of wheat seedlings 
T he control displayed highest carotenoid while BTH+Fusarium culmorum displayed the lowest carotenoid 
whereas seeds treated with BTH and Fusarium culmorum showed moderated effects (Figure. 3). 
 

 
Figure 3. Effect of Benzo (l,2,3) thiadiazole -7- carbothioic acid S-methyl ester (BTH) seed treatment with the inoculation of F.culmorum on 
carotenoid, 15d after inoculation. ( F= Fusarium ) 

 
Effect of BTH treatment on Proline accumulation of wheat seedlings  
 Proline was measured in wheat leaves after treatment with BTH. Plants inoculated with Fusarium culmorum 
displayed highest proline accumulation while BTH+ Fusarium culmorum treatment displayed the lowest proline 
accumulation whereas seeds treated with BTH and untreated control showed moderated effects (Figure. 4). 

 
Figure 4. Effect of Benzo (l,2,3) thiadiazole -7- carbothioic acid S-methyl ester (BTH) seed treatment with the inoculation of F.culmorum on 
Proline, 15d after inoculation. ( F= Fusarium ) 
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Effect of BTH treatment on protein content of wheat seedlings  
 The effect of BTH on protein content of wheat plants was study. the control displayed highest protein content 
while Fusarium culmorum, BTH and BTH+Fusarium culmorum displayed the lowest protein content (Figure. 5). 

 
Figure 5. Effect of Benzo (l,2,3) thiadiazole -7- carbothioic acid S-methyl ester (BTH) seed treatment with the inoculation of F.culmorum on 
Protein, 15d after inoculation. ( F= Fusarium ) 

 
Effect of BTH treatment on Total phenol of wheat seedlings  
 The level of total phenol was measured in wheat leaves after treatment with BTH. the wheat plants differed in 
their phenolic content in treated and untreated. Seeds treated with BTH had significantly reduced total phenolic 
content when measured at 20 days after sowing , as compared with Fusarium culmorum, BTH+Fusarium 
culmorum and untreated control. the control displayed highest phenolic content while BTH treatment displayed the 
lowest phenolic content whereas seeds treated with BTH+Fusarium culmorum and Fusarium culmorum showed 
moderated effects (Figure. 6). 
 

 
Figure 6. Effect of Benzo (l,2,3) thiadiazole -7- carbothioic acid S-methyl ester (BTH) seed treatment with the inoculation of F.culmorum on Total 
phenol, 15d after inoculation. ( F= Fusarium ) 

 
Effect of BTH treatment on Peroxidase activity of wheat seedlings 
 The peroxidase activitiy was measured in wheat leaves after treatment with BTH. seeds treated with BTH, 
BTH+Fusarium culmorum  and Fusarium culmorum resulted in a significant increase in peroxidase activity when 
compared with the untreated control. The highest reduction in peroxidase activity of wheat seedlings was observed 
with water treatment whereas seeds treated with BTH showed moderated effects (Figure. 7).  
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Figure 7. Effect of Benzo (l,2,3) thiadiazole -7- carbothioic acid S-methyl ester (BTH) seed treatment with the inoculation of F.culmorum on 
Peroxidase, 15d after inoculation. ( F= Fusarium ) 

 
Effect of BTH treatment on Phenylalanine ammonia lyase activity of wheat seedlings 
 The effect of BTH on the activity of PAL of wheat plants was study.Seeds treated with BTH+ Fusarium 
culmorum and Fusarium culmorum had significantly reduced enzyme activity when measured at 20 days after 
sowing , as compared with BTH and untreated control (Figure. 8).  

 
Figure 8. Effect of Benzo (l,2,3) thiadiazole -7- carbothioic acid S-methyl ester (BTH) seed treatment with the inoculation of F.culmorum on PAL, 
15d after inoculation. ( F= Fusarium ) 

 
DISCUSSION 

 
 In previous study, we have examined the factors chlorophyll a, chlorophyll b, total protein, Peroxidase enzyme, 
phenolic compounds and phenylalanine ammonia lyase (PAL) of wheat seedlings at 20 days after sowing with BTH 
against the soil borne fungal pathogen, Fusarium culmorum. We demonstrated that the wheat seedlings treated 
with BTH were increased peroxidase activitiy. We expected that the other plant defense factors also increased, but 
a lot of interval between treatment and measurement was reduced defensive factors. Reduction in caretonoid and 
chlorophyll as a result of fusarium blight disease may be a consequence of the fungal effect on the liberation of 
reactive oxygen species (Ketabchi and Shahrtash, 2011). We found that the Fusarium infection caused chlorophyll 
decrease during the plant-pathogen interaction. It might result from high levels of lipid peroxidation mediating 
membranes structure damage in plant tissues (Khallal, 2007).Other reports also described the negative effect of 
fungal infection on fluorescence parameters. Chlorophyll fluorescence measurements can help in determining the 
health status of plant before any disease symptom appear (Bowden et al., 1990). 
 In many plants, free proline accumulates in response to the imposition of a wide range of biotic and abiotic 
stresses (Hare et al., 1996). the contributions of proline and protein as indicators of resistance to several biotic 
(virus, fungus) and abiotic stresses (salinity, drought, heavy metals, mineral stress etc.). In all these stress situation 
there is an increase in the accumulation of proline (Maiti et al., 2000). Proline catabolism occurs in mitochondria 
(Szabados et al., 2009). Plants inoculated with Fusarium culmorum displayed highest proline accumulation, the 
reason for this increase is related to the stress imposed by the fungi to plant. BTH did not increase proline of wheat 
seedlings at 20 days after sowing.  
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 Fusarium culmorum exhibited significant reduction in protein content. The significant decrease in the protein 
content of wheat leave tissues as a result of pathogen infection may be due to some activities related to a 
hypersensitive response (Chandra and Bhatt, 1998). BTH treatment did not increase protein content of wheat 
seedlings at 20 days after sowing. 
 Peroxidases are monomeric hemoproteins that catalyze the oxidation of a range of substrates by hydrogen 
peroxide. These enzymes have been implicated in physiological processes like phenol-oxidation (Kobayashi et al., 
1994) cross-linking of phenolic compounds to proteins and poly-saccharides and/or the deposition of polyphenols 
and lignin (Jansen et al., 2001). increased peroxidase activity in infected tissues might also be due to the excretion 
of these enzymes by the pathogen. Peroxidase positive effect on fungal, viral and bacterial diseases has been 
demonstrated. Peroxidase is one of the phenol oxidizing enzymes (Farkas and Kiraly, 1962). Increased peroxidase 
and polyphenol oxidase activity may contribute to defense through the production of oxidized forms of quinones, 
which can inactivate pectinolytic enzymes produced by pathogens. This suggests that peroxidase and polyphenol 
oxidase could play an effective role in the observed resistance (Gogoi et al., 2001). seeds treated with BTH, 
BTH+Fusarium culmorum  and Fusarium culmorum resulted in a significant increase in peroxidase activity when 
compared with the untreated control. stresses increase phenol oxidizing enzymes compared to healthy tissues 
(Farkas and Kiraly, 1962). BTH was increased peroxidase activity in wheat seedlings. peroxidase and polyphenol 
oxidase have been associated with induced resistance and are involved in several plant defense mechanisms such 
as lignin biosynthesis, oxidative cross-linking of plant cell walls, generation of active oxygen species (Abdel-
Monaim et al., 2012) and other defence responses in plants to pathogens particularly to fungi (Gogoi et al., 2001). 
 The importance of Phenolic compounds in a wide variety of physiological processes is becoming increasingly 
evident (Farkas and Kiraly, 1962). Phenolics are well-know antifungal, antibacterial and antiviral compounds 
occurring in plants. the first step of the defence mechanism in plants involves a rapid accumulation of phenols at 
the infection site, which restricts or slows the growth of the pathogen. Thus, total phenol status of wheat has been 
correlated with host resistance to a variety of disease (Gogoi et al., 2001). Recent studies indicate that higher 
amounts of phenolics are synthesized from cinnamic acid in healthy than in diseased leaves probably because the 
enzymatic systems in the rusted tissues are saturated with substrates (Farkas and Kiraly, 1962).in this study, the 
control displayed highest phenolic content while BTH treatment displayed the lowest phenolic content whereas 
seeds treated with BTH+Fusarium culmorum and Fusarium culmorum showed moderated effects. Since some 
studies showed the accumulation of phenolic compounds in vascular sap of plants was higher than in the healthy. 
Thus, the amount of phenolic compounds varies from tissue to tissue. Consequently, it is necessary to use different 
parts of the same plant (Gogoi et al., 2001). Also, the amount of phenolic compounds depends on the age of the 
plant. the amount of phenolic compounds decreases with the increase in the age of the plant. Thus, the 
concentration of phenolic compounds is dependent on plant age and tissue (Farkas and Kiraly, 1962).   
 PAL is a key enzyme of phenylpropanoid pathway that leads to a variety of defense-related plant secondary 
metabolites such as SA, phytoalexins, and lignin-like polymers (Cools and Ishii, 2002). It has been shown to play a 
critical role in BTH-mediated resistance, as its expression was primed early by BTH in Japanese pear (Faize et al., 
2004) and cucumber (Cools and Ishii, 2002). However, the direct role of PAL in resistance induced by ASM comes 
from the work of Standik and Buchenauer who showed that chemical inhibition of PAL abolished resistance in 
wheat induced against B. graminis f. sp. tritici (Standik and Buchenauer, 2000). PAL is also involved in plant 
defence against oxidative stress, it increases during biotic and abiotic stress caused by heavy metal, light (through 
its effect on phytochrome), and fungal infection (Gao et al., 2008). PAL is involved in phenolic compound 
biosynthesis. Vanitha et al have found that PAL and Peroxidase activity increased significantly in the resistant 
cultivars of tomato at 12 h and 15h after pathogen inoculation. (Vanitha et al., 2009) In another experiment, PAL 
maximum amount was observed at 48 h after inoculation in the resistant varieties (Chakraborty and Som, 2010). In 
this study Seeds treated with BTH+ Fusarium culmorum and Fusarium culmorum had significantly reduced enzyme 
activity when measured at 20 days after sowing , as compared with BTH and untreated control. These results can 
be dependent on the age of the plant (Campos-Vargas and Saltveit, 2002), Variety (Abdel-Monaim et al., 2012) 
and Tissue (Gao et al., 2008). PAL showed Increase in resistant cultivars than susceptible cultivars (Abdel-Monaim 
et al., 2012). Since the Variety used in this experiment was susceptible, also seedlings were Fifteen days after 
treatment. it is possible, Because of this reasons PAL did not increase. 
 In conclusion, BTH treatment only increase the peroxidase activitiy, that is one of the defense factors in plant. 
BTH treatment at 20 days wheat seedlings Could not increase other defense factors. other biochemical factors 
activity are highly correlated with the seedling age, Variety and plant tissue. Further work to develop knowledge 
that would enable us to rationalize active biochemical factors. 
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