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Abstract—Trends in antioxidant enzyme activities were 

studied in response to fusarium wilt disease (Fusarium 

oxysporum f.sp ciceri). i.e normal plot (healthy) , while 

other was kept free for infection of wilt disease in chickpea 

plants in sick plot.  The result obtained from this study was, 

Chickpea plants at infectional stage (no disease), cultivar 

showed similar trend as observed at pre infectional stage. At 

this stage Reactive Oxygen species (ROS) enzymes were 

also higher. In case of diseased tissues obtained from 

naturally infected plot, (Infectional stage) showed higher 

level of oxidative enzymes activity.  At post infectional 

stage, Healthy plants had greater enzyme activities of APX 

(Ascorbate peroxidase) and SOD (superoxide dismutase). 

Irrespective of treatments, at pre-infectional stage (S1), 

susceptible cultivars GG-4 had significantly highest activity 

of APX followed by JG-62. However, resistant (WR-315 

and JCP-27) and susceptible cultivars (JG-62 and JCP-27) 

did not show any significant change in the activity as 

disease progress. Disease roots at post infectional had 

greater amount of APX, and SOD activity. The SOD 

enzyme in cultivars revealed that the level of activity 

significantly increased systemically in root tissues with the 

growth of plant at pre infectional stage to post infectional 

stage. The activities were varying according to cultivars and 

infections pattern. 
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I. INTRODUCTION 

Chickpea (Cicer arietinum L.) is the second most important 

pulse crop of the world which provides high quality protein 

especially in a vegetarian diet. The crop is affected by 

various abiotic and biotic stresses [8], [9], In Gujarat mostly 

cultivars infected by wilt diseases; therefore, It is prime 

important to understand the host pathogen interaction in 

chickpea plant. Therefore, the study was design to see the 

inclination in disease infection pattern in normally grown 

and sick plot diseased plots. As mechanism of disease is 

well defined but within the Cell, superoxide dismutase 

(SOD)’ constitute are the first line of defense against ROS.  

It’s major function is lignified of the cell wall and protects 

the nucleus against fatal mutations caused by O2   molecules. 

Subsequently, these radicals can affect membrane 

permeability, cause damage to DNA and proteins, and 

generate lipid peroxide signaling molecules.  Many 

literatures and cited showed vide variation in both APX and 

SOD enzyme activities.[1] [2], [3], [6] and [11,12]in 

chickpea plants but In order to ascertain the role of some 

antioxidant enzymes, which are important markers for 

resistance, in the cultivars known for their resistance (WR-

315 and JCP-27), tolerant (GG-1 and GG-2) susceptibility 

(JG-62 and GG-4) the activity of defense related enzymes 

was observed in all six cultivars. Some allelochemicals 

rapidly depolarize the cell membrane, increasing membrane 

permeability, inducing lipid peroxidation, and causing a 

generalized cellular disruption that ultimately leads to cell 

death. Therefore trends in antioxidant enzyme activities 

were studied. 

II. MATERIALS AND METHODS 

Experiment was conducted to study the biochemical changes 

in chickpea in response fusarium wilt disease (Fusarium 

oxysporum f.sp ciceri). Chickpea cultivars viz., GG-

1(tolerant), GG-2 (Tolerant), JG-62 (V4, Highly susceptible) 

and   JCP-27, WR-315, (Highly Resistant) GG-4 (, 

Susceptible), were grown under field condition in two plots. 

One plot was i.e normal plot without diseased while other 

was kept free for infection of wilt disease in chickpea plants 

in sick plot that is maintained since 20 years for 

F.oxysporium f.sp.ciceri.  Root tissues were collected at pre 

infectional (12 Days after sowing), infectional (21 days after 

sowing) and post infectional (26 Days after sowing) stage 

from both plots and Extraction of enzyme from root tissues 

were done as per the method. The root were separated and 

cut into small uniform pieces. From this, representative. In 

order to ascertain the role of some antioxidant enzymes, 

which are important markers for resistance, in the cultivars 

known for their resistance (WR-315 and JCP-27), tolerant 

(GG-1 and GG-2) susceptibility (JG-62 and GG-4) the 

activity of defense related enzymes was observed in all six 

cultivars. Data were analyzed statistically with split plot 

design. 

A. Extraction and Assay of Ascorbate Peroxidase (APX) 

activity: 

Enzymes ascorbate peroxidase was estimated as reported by 

Nakano and Asada [10].  the reaction mixture contained 

50ul of enzyme extract prepared by 200mg acetone 

powder/ml 0.1M phosphate buffer pH 7.2 at 4°C grind in 

mortal pestle and centrifuged to  10000 rpm, 10 min, -4
0
C . 

The reaction mixture (3mL) consisted of 50mM Ascorbic 

acid with 0.1 mM hydrogen peroxide. The addition of 50ul 

of crude enzyme extract initiated the reaction, which was 

measured spectrophotometrically at 290 nm at 15s interval 

for 2 min oxidized Ascorbic acid.  

B. Extraction and Assay of Superoxide dismutase (SOD) 

activity:  

Enzyme was extracted in one gram chickpea root tissues 

with 10 ml of 0.1M phosphate buffer (pH 7.5) containing 

0.5mM EDTA, in a pre-chilled mortar and pestle. The 

extract was filtered through whatman No.1 and the filtrate 

was centrifuged at 40C for 15 min at 12000 g.  The 

supernatant obtained is referred as the enzyme extract. 

Superoxide dismutase activity was estimated according to 

the method of Dhindsa et al., (1981).  The 3.0 ml reaction 

mixture contained 13 mM methionine, 25M nitroblue 

tetrazolium chloride (NBT), 0.1 mM EDTA, 50mM 
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phosphate buffer (pH 7.8), 50 mM sodium bicarbonate and 

0.1 ml enzyme followed by addition of 2 M riboflavin. The 

tubes were exposed to light source of 2 x 15 W fluorescent 

lamps for 15 min.  The tubes were covered with black cloth 

and switched off the light to terminate the reaction for 15 

min. Tubes without enzyme developed maximum colour. A 

non-irradiated tube complete reaction mixture did not 

develop colour and served as a blank. Absorbance was 

recorded at 560 nm and 1 unit of enzyme activity was taken 

as the quantity of enzyme that reduced the absorbance 

reading to 50% in comparison with the tubes lacking 

enzyme. Proteins were estimated by the method of Lowry et 

al. [7] 

III. RESULTS AND DISCUSSIONS 

A. Ascorbate Peroxidase:  

Plants grown in normal and sick plots showed significant 

difference in root ascorbate peroxidase activity. The root 

tissues obtained from sick plot (T1) resulted 1.76 times 

higher ascorbate peroxidase activity as compared to the 

tissues received from normal plot  (T2) (Table.1). Cultivars 

differed significantly in their ascorbate peroxidase activity. 

Among the cultivars, susceptible cultivars JG-62 (2.37 

U.mg
-1

 protein.) and GG-4 (2.41Unit mg
-1

 protein) had 

significantly higher APX activity as compared to resistant 

cultivars and susceptible cultivars. The APX activities in 

resistant and tolerant cultivars were at par. (Fig.1).Among 

the different infectional stages, the activity increased from 

0.69 to 2.97 Unit mg
-1

 protein with the advancement of 

disease and growth of plants i.e. pre-infectional stage (S1) to 

post infectional stage (S3). The APX level drastically 

increased and it was almost doubled at infectional stage and 

it continuously increased upto post infectional stage (S3).  

Plants grown in sick plot, the APX activity in root tissues of 

chickpea obtained from the different cultivars were varied 

between 1.67 to 3.51 U.mg
-1

 protein (Table.1). Susceptible 

cultivar JG-62 and GG-4 showed significantly higher 

activity. Both resistant cultivars and moderately susceptible 

cultivars resulted significantly lower values than the 

susceptible cultivars and it was in the range of 1.67 to 1.72 

Unit mg
-1

 protein. The APX activity of root tissues of 

chickpea obtained from normal plots showed lower 

activities as compared to plants obtained from sick plot and 

the activity did not differ much in all the cultivars.  

 Irrespective of treatments (T), at pre-infectional 

stage (S1), susceptible cultivars GG-4 contained 

significantly highest activity of APX followed by JG-62. 

However, resistant (WR-315 and JCP-27) and susceptible 

cultivars (JG-62 and JCP-27) did not show any significant 

change in the activity as disease progress. The activity 

significantly increased infectional stage (S2)and it was 

atleast 2.5 times greater than the pre infectional stage (S1). 

However, susceptible cultivars showed greater APX activity 

than tolerant cultivars. The activity continued to increase 

with the advancement of disease i.e post infectional stage 

(S3). However susceptible cultivars JG-62 and GG-4 

resulted almost doubled the APX activity. 

 Induction of ascorbate peroxidase is usually 

increased in the cell surrounding infection area and there is 

close correlation between enzyme activity and induced 

resistance. The observation reordered here suggested that 

that increases in lipid peroxidation and antioxidative 

enzymes activities in roots can be associated with resistance 

to fusarium wilt in chickpea. Similar results obtained by 

Garcia et al[3]Combined effect of treatment X stage was 

found to be significant (Table.1). cultivars grown in sick 

plot root tissues showed significantly higher APX activity 

(0.61 to 4.20 U. mg
-1

 protein) as compared to the healthy 

tissues obtained from normal plot (0.78 to 1.73 Unit mg
-1

 

protein) at all the stages but plants grown in normal plots 

APX activity in root tissues found to gradually increased 

from S1 to S3.  The same trend was recorded in diseased 

plants of all the cultivars obtained from sick plot and the 

activity was higher than the healthy tissues received from 

normal plot. Interaction effect of TxVxS revealed significant 

differences for APX activity in root tissues. (Fig.2). Plant 

grown in sick plot (diseased plants) resulted significant 

change in responses to APX activity for the different 

cultivars.  Susceptible cultivars JG-62 and GG-4 had the 

highest APX activities 1.03 unit mg protein, and the activity 

in resistant and tolerant cultivars was varied between 0.37 -

0.45 at pre infectional stage. All cultivars showed increased 

in their activity at infectional stage. Appreciable amount of 

change in enzyme activity showed in cultivar JG-62 .ie. 1.03 

to 3.10 from pre infectional stage (S1) to infectional stage 

(S2) same trend was observed in GG-4 also. Changes among 

the severity of diseases development and the enzyme 

activity correlate at this stage showed significant changes in 

cultivars root tissues.  Susceptible cultivar showed 

significantly highest APX activity as compared to tolerant 

(GG-1 and GG-2) cultivars and, resistant cultivars (WR-315 

and JCP-27) infectional stage (S2). At post infectional stage 

JG-62 and GG-4 recorded significantly highest APX activity 

as compared to other cultivars grown in sick plots. The 

increasing trend was observed in APX activity in the root 

tissues with the advancement of disease, however, at post 

infectional stage. The highest level of enzyme activity was 

compared to S2 and S1.  

 In case of plant grown in normal plot, APX activity 

showed rising trend with advancement of growth from S1 to 

S3 stage. The activity drastically increased from S1 to S3 in 

all the cultivars at infectional stage (S2) and post infectional 

(S3) stage too. However, the rise was greater in susceptible 

cultivars JG-62 and GG-4 whereas, other cultivars showed 

similar trend for APX activity. Incase of healthy plants 

obtained from normal plot contained lower activity of the 

enzyme in root tissues as compared to the diseased plants 

obtained from sick plot. All cultivars showed similar trend 

as obtained in sick plot at infectional (S2) and post 

infectional stage (S3). 

 Susceptible cultivars showed greater rise in their 

activity at infectional stage and it was about three times at 

infectional stage as compared to pre infectional stage (S1). 

Incase of plant grown in normal plots similar trend was 

recorded. However the APX activities in root were low at all 

stages as compared to the root tissue obtained from the sick 

plot. 

 [3], [5], reported that higher level of APX activity 

in tomato plant parts as disease infection progress. They 

observed the several antioxidant enzymes, namely ascorbate 

peroxidase in roots of resistant and susceptible cultivars 

inoculated with the highly virulent race 5 of Wilt. They also 

reported that APX activity was increased in infected roots, 
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but only in the compatible interaction. Similar results are 

obtained in the present experiment at different stages of 

infection. Cultivars also followed similar trend for ascorbate 

peroxidase activity. Ascorbate peroxidases [APX] reduces 

H2O2 to water by utilizing ascorbate as a specific electron 

donor and glutathione peroxidase [GPX] oxidizes 

glutathione to form oxidized glutathione [11]Similarly in 

tomato spoted wilt virus [4] in leaf rust (P. recondita f.sp. 

tritici) 

1) Superoxide Dismutase:   

The root tissues obtained from sick plot showed higher 

activity as compared to the tissues received from sick plot 

(Fig. 3). In general, cultivars found to be non significant in 

their superoxide dismutase activity and It was varied from 

66.3 to 66.8 Unit mg
-1

 protein (Fig.2). Among the different 

growth stages, the activity increased from 62.75 to 70.67 

Unit mg
-1

 protein with the advancement of disease growth of 

plants at pre-infectional stage (S1) to infectional stage (S2). 

The activity did not show any change between S1 and S2 

stage. The SOD activity significantly increased from 

infectional stage to post infectional stage (S3).  Results 

revealed that interaction effect of treatments and cultivars 

were found to be non significant (Table.2). In general, 

higher level of SOD activity in diseased plants as compared 

with the healthy plants was observed and it was varied from 

65.6 to 73.00 and 61.00 to 62.3 Unit mg
-1

 protein 

respectively. Interaction effect of VxS did not show any 

significant change in SOD activity. In general, plants 

obtained from normal plot possessed the lower activity than 

the plants from sick plot. 

 Irrespective of treatments, at pre-infectional stage 

(S1), susceptible cultivars GG-4 and JG-62 contained higher 

activity of the enzyme followed by GG-1, GG-2 and JCP-

27. However resistant WR-315 showed significantly lower 

activity. At infectional stage (S2), the enzyme activity 

slightly increased in all the cultivars except in cultivar WR-

315, where the activity was significantly increased. The 

SOD activity increased from infectional stage (S2) to post 

infectional stage (S3).  [4] They had reported that after 

infected susceptible and resistant plants with leaf rust (P. 

recondita f.sp. tritici), showed higher superoxide dismutase 

activity in the resistant plants than in the susceptible plants.  

 Combined effect of treatment X stage was found to 

be significant. At infectional stage, Chickpea cultivars 

grown in sick plot that was inoculated with Fusarium 

oxysporum and the healthy tissues obtained from normal 

plot did not show any significant change in SOD activity. In 

case of sick plot the activity significantly increased at 

infectional stage (S2) and further there was no change in the 

activity. However, plants grown in normal plot the SOD 

activity significantly reduced at infectional stage (S2) and it 

was raised at post infectional stage (S3).(Table.2) At pre 

infectional stage (S1), all the cultivars have shown non 

significant  change in SOD content except cultivar WR-315 

where the activity was significant lower. The activity 

increased in all the cultivars, in general, at infectional stage, 

there was no change between the infectional and post 

infectional stage. In case of plants grown in normal plot 

resulted lower activity at infectional stage as compared with 

the pre infectional stage. The SOD activity again increased 

at post infectional stage except in susceptible cultivars 

where it significantly reduced. Overall data recorded for 

SOD activity are in supported with the findings of [3,2]They 

suggested that SOD activity in roots can be associated with 

resistance to fusarium wilt in chickpea. [14] Indicated that 

the resistant cultivar exhibited higher superoxide dismutase 

activity while susceptible cultivar was inferior to the control. 

Treatments and stages WR-315(V1) JCP-27(V2) GG-1(V3) GG-2(V4) GG-4(V5) JG-62(V6) 

Sick plot (T1) 1.67 1.68 1.69 1.72 3.51 3.51 

Normal plot (T2) 1.29 1.32 1.32 1.31 1.31 1.23 

Pre infectional stage (S1) 0.65 0.67 0.64 0.62 0.82 0.77 

Infectional stage (S2) 1.50 1.55 1.53 1.54 2.17 2.10 

Post infectional stage (S3) 2.28 2.29 2.35 2.39 4.25 4.25 

 S1 S2 S3    

Sick plot (T1) 0.61 2.08 4.20    

Normal plot (T2) 0.78 1.38 1.73    

 VXT VXS TXS    

S.Em 0.05 0.08 0.03    

C.D. at 5% 0.16 0.24 0.10    

Table 1: Combined effect of cultivars, treatments and stages on ascorbate peroxidase activity (Unit/mg protein.) in root 

tissues of chickpea. 

Treatments and stages WR-315(V1) JCP-27(V2) GG-1(V3) GG-2(V4) GG-4(V5) JG-62(V6) 

Sick plot (T1) 65.60 72.22 71.89 73.00 65.67 65.67 

Normal plot (T2) 61.00 61.00 60.67 60.67 62.33 62.33 

Pre infectional stage (S1) 52.50 63.00 63.00 63.50 67.50 67.00 

Infectional stage (S2) 61.50 61.33 59.83 61.00 64.00 64.00 

Post infectional stage (S3) 76.00 75.50 76.00 76.00 60.5 60.00 

 S1 S2 S3    

Sick plot (T1) 62.00 72.39 72.67    

Normal plot (T2) 63.50 51.50 68.67    

 VXT VXS TXS    
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S.Em 2.03 2.57 1.05    

C.D. at 5% NS 7.31 2.98    

Table. 2: Combined effect of cultivars, treatments and stages on superoxide dismutase activity (unit/mg protein.) in root 

tissues of chickpea. 

 

 
Fig. 1: Mean effect of cultivars, treatments and stages on 

ascorbate peroxidase activity in chickpea root tissues. S1- 

pre infectional stage; S2-infectional stage; S3-post 

infectional stage. S.Em± 0.05 (V), 0.03 (T), 0.03 (S); C.D. at 

5%, 0.16 (V), 0.09 (T), 0.10 (S). 

 
Fig. 2: Interaction effect of TxVxS on ascorbate peroxidase 

activity in root tissues of chickpea cultivars. S1- pre 

infectional stage; S2-infectional stage; S3-post infectional 

stage. S.Em±0.08, C.D. at 5% 0.24. 

 

 

Fig. 3: Mean effect of cultivars, treatments and stages on 

superoxide dismutase activity in chickpea root tissues. S1-

pre infectional stage; S2-infectional stage; S3-post 

infectional stage. S.Em± 0.0 (V), 0.83 (T), 1.05 (S); C.D; at 

5%, NS (V), 2.44 (T), 2.98 (S). 

 
Fig. 4: Interaction effect of TxVxS on superoxide dismutase 

activity in root tissues of chickpea cultivars. S1- pre 

infectional stage; S2-infectional stage; S3-post infectional 

stage. S.Em±3.63, C.D. at 5% 10.34 
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