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Table 2. Effect of abiotic inducers on disease severity after 10 and 20 days of pathogen inoculation. 
 

Treatment 
Disease severity after pathogen inoculation disease control (%) 

Disease severity after 10 
days 

Disease severity after 20 
days 

At 10 days At 20 days 

Ferric chloride (FeCl2) 19.60 (26.26) 23.01 (28.62) 29.00 52.00 
Hydrogen peroxide (H2O2) 15.48 (23.14) 17.68 (24.83) 56.37 67.09 
Salicylic acid (SA) 10.45 (18.77) 14.00 (21.93) 43.91 63.13 
Calcium chloride (CaCl2) 12.04 (20.23) 15.78 (23.33) 41.68 58.76 
Metalaxyl 16.10 (23.60) 19.77 (26.37) 62.15 70.80 
Indole-3 acetic acid (IAA) 19.45 (26.14) 23.93 (29.25) 29.54 50.09 
Di potasium hydrogen phosphate (DPHP) 21.42 (27.56) 25.46 (30.28) 22.38 46.91 
Control 1 (healthy) 1.63 (7.11) 7.56 (15.88)   
Control 2 (infected) 27.60 (31.68) 47.95 (43.82)   
SE 1.09 1.21   
CD at 5% 3.24 3.61   

 

The data in the parenthesis are transformed values (angular transformation). 
 
 
 
Total phenol estimation 
 
The accumulation of phenols in mustard leaves was estimated 
following the procedure developed by Bray and Thorpe (1954). In 
this method, the total phenols estimation was carried out with FCR, 
which was measured at 650 nm calorimetrically. Leaves (1.0 g) of 
the treated plants were grounded with a mortar and pestle in 80% 
ethanol (1:10 w/v). It was then centrifuged at 10,000 rpm for 15 min 
at room temperature (25±2°C). Supernatant was separated and re-
extracted with 5 times volume of 80% ethanol, centrifuged and the 
supernatant was pooled. It was then evaporated to dryness and 
residues were dissolved in 5 ml of distilled water. Different aliquots 
were pipetted out into test tubes and the volume in each tube was 
made to 3 ml with distilled water. A test tube with 3 ml distilled water 
served as blank. Subsequently, 0.5 ml of FCR was added and after 
three minutes, 2 ml of Na2CO3 (20%) solution was thoroughly mixed 
in each tube. After this, the tubes were placed in boiling water for 1 
min and cooled at room temperature (25±2°C). The absorbance at 
650 nm against blank was measured using ultra violet visible (UV-
VIS) spectrophotometer and the standard curve using different 
concentration of catechol was prepared. From the standard curve, 
the concentration of phenols in the test samples was determined 
and expressed as mg/g of fresh sample materials. 
 
 
Protein profiling 
 
Sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS 
PAGE) was carried out to study the soluble protein profile of the 
challenged mustard leaves after various treatments. Soluble 
proteins were electrophoresed by 10% SDS polyacrylamide gel 
based on the method of Laemmli (1970). 
 
 
RESULTS 
 
Effect of abiotic inducers on disease development  
 
The effect of pre-foliar spray of abiotic inducers on 
mustard leaves revealed that there is a decline in the 
disease incidence due to various treatments under 

glasshouse condition (Table 2). The susceptible variety of 
mustard, Varuna, showed maximum Alternaria blight 
incidence in the case of control-2. The minimum disease 
incidence (14.0%) was recorded with salicylic acid 
treated plants followed by calcium chloride, hydrogen 
peroxide and metalaxyl which was 15.78, 17.68 and 
19.77%, respectively. The reduced disease incidence 
seems to be due to the various treatments that induced 
resistance against A. brassicae. 
 
 
Biochemical changes associated with foliar spray of 
chemicals 
 
Total soluble protein 
 
The results presented in Table 3 indicate that the soluble 
protein contents in salicylic acid treated leaves were 
26.47 and 27.02 mg/g of fresh leaves at 5 and 10 days of 
pathogen inoculation, respectively. The content was the 
highest among all the treatments. The soluble protein 
contents in control-1 plants were 14.52 and 15.29 mg/g at 
5 and 10 days, respectively, after pathogen inoculation. 
In the control-2, the values of the same were 13.72 and 
14.35 mg/g, respectively. Other treatments like calcium 
chloride (26.53 mg/g), hydrogen peroxide (24.72 mg/g) 
and metalaxyl (23.19 mg/g) also showed significant 
increase in protein content over the control-1 and 2. The 
rest of the treatments also had significantly higher protein 
content than control-1 and 2. From Table 3, it is also 
clear that all treatments increased protein content to a 
maximum at 10th day of pathogen inoculation.  
 
 
Total phenol 
 
The results presented in Table 4 showed that total phenol
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Table 3. Effect of abiotic inducers on total soluble protein. 
  

Treatment 

Protein content (mg/g leaf weight) 

After 5 days of 
pathogen inoculation 

After 10 days of 
pathogen inoculation 

Ferric Chloride (FeCl2) 21.94 22.37 
Hydrogen peroxide (H2O2) 24.26 24.72 
Salicylic acid (SA) 26.47 27.02 
Calcium Chloride(CaCl2) 25.74 26.53 
Metalaxyl 22.73 23.19 
Indole-3 acetic acid (IAA) 20.75 21.29 
Di Potasium hydrogen phosphate (DPHP) 19.12 19.85 
Control 1 (Healthy) 14.52 15.29 
Control 2 (Infected) 13.72 14.35 
SE 0.23 0.17 
CD at 5% 0.69 0.52 

 
 
 

Table 4. Effect of abiotic inducers on total phenol. 
  

Treatment 

Phenol content (mg/g leaf weight) 

After 5 days of 
pathogen inoculation 

After 10 days of 
pathogen inoculation 

Ferric chloride (FeCl2)  3.89 4.11 
Hydrogen peroxide (H2O2)  4.43 4.52 
Salicylic acid (SA)  4.85 5.02 
Calcium chloride(CaCl2)  4.67 4.80 
Metalaxyl  4.08 4.21 
Indole-3 acetic acid (IAA)  3.94 4.04 
Di Potasium hydrogen phosphate (DPHP) 3.45 3.73 
Control-1 (healthy)  2.08 2.47 
Control- 2 (infected)  1.83 1.94 
SE 0.19 0.19 
CD at 5% 0.57 0.57 

 
 
 
content was significantly increased in all the treatments 
as compared to control-1 and 2 at 5 and 10 days of 
pathogen inoculation. The maximum amount of phenol 
content was found in salicylic acid treatment with a value 
of 4.85 and 5.02 mg/g of leaves against 2.08 and 2.47 
mg/g in the case of control-1 and 1.83 mg/g and 1.94 
mg/g in the case of control-2 after 5 and 10 days of 
pathogen inoculation. The data also show that phenol 
content in all the treatments was somewhat higher at 10 
days in comparison with 5 days after pathogen 
inoculation.  
 
 
Protein profiling 
 
SDS PAGE experiment showed the banding patterns of 
soluble proteins from different treatments as presented in 
Figure 1. It is clear from Figure 1 that a molecular weight 

of 40 KDa proteins appeared on the gel. The darkest 
band was obtained in salicylic acid treated plants 
followed by calcium chloride and H2O2. Protein bands 
with similar molecular weight were also obtained with 
metalaxyl, ferric chloride, IAA and DPHP treated plants. 
Whereas, no such band was obtained in control-1 
(healthy) and control-2 (infected). The banding pattern of 
proteins from the figure shows that some new proteins 
are synthesized in all the treatments which were absent 
in control-1 and 2. The presence or absence of protein 
bands might be due to the activities of abiotic inducers in 
plant which may also be key factor for defense 
mechanism in tomato against A. brassicae. 
 
 
DISCUSSION 
 
It is evident from the above mentioned results that in
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