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Abstract 
There was an increase in the activity of peroxidase, catalase, Phenylalanine ammonia lyasetotal phenols, 

and total free amino acids in all the genotypes when inoculated with M. phaseolina. Whereas, there was 

decrease in the activity of total sugar, reducing sugar and non-reducing sugar in all the chickpea 

genotypes upon inoculation with M. phaseolina. Highest enzymatic activity and sugar content was 

recorded in moderately resistant genotypes viz., Phule G 12107, NDG 13-21 and IPC 2010-112 compared 

to susceptible genotype GNG 2228and highly susceptible genotype L550. The enhanced biochemical 

activities during plant pathogen interaction triggers the defense related enzymes such as lignin, suberin, 

wall-bound phenolics, flavonoids, lignin, induction of hypersensitive reaction (HR) etc., which resulted 

in cell strengthening and enhances resistance to pathogen. The depletion of sugars during host-parasite 

interaction might be due to increased utilization of sugars by the fungi for energy and synthetic reactions 

involved in multiplication of the pathogen. 

 

Keywords: Peroxidase, Catalase, Phenylalanine Ammonia Lyase, Total Phenols and Total free Amino 

Acids, Total Sugars, Macrophominaphaseolina, Chickpea 

 

Introduction 
Chickpea (Cicer arietinum L.), is the second most important pulse crop in the world, India 

accounting for 60 to 75 per cent of the world’s chickpea production. The global area under 

chickpea is 14.80 million ha, with production of 14.23 million tonnes and productivity of 962 

kg/ha. In India, it is grown in an area of about 10.74 million ha with production of 9.88 million 

tonnes and productivity of 920 kg/ha.(Anon., 2015) [4]. The per hectare production is low in 

spite of high yielding varieties and new agronomic practices due to incidence of diseases. The 

crop is known to be affected by number of pathogens i.e., fungi, bacteria, viruses and 

nematodes. Soil borne diseases such as wilt, dry root rot, black root rot, collar rot, and stem rot 

are important in reducing the yield of the crop. The foliar diseases viz., Ascochyta blight and 

grey mould are more severe in chickpea crop. Diseases with limited distribution are 

economically important because of continuous changes in cultural practices, human 

interventions and climate change. The dry root rot (M. phaseolina) is a major constraint in the 

chickpea production as it is emerging as a potential threat to chickpea cultivation in semi-arid 

regions due to moisture stress and high temperatures during the flowering to pod filling stage 

(Sharma et al., 2010) [38]. The annual yield loss due to this disease alone is 10-20 per cent 

(Vishwadhar and Chaudhary, 2001) [47]. 

The dry root rot disease generally appears around flowering and podding time. The disease 

may also appear at seedling stage, however, the susceptibility of the plant increases with age. 

The disease generally appears when day temperature is more than 30 0C and soil moisture 

content of 60 per cent. Drooping of petioles and leaflets is confined to those at the very top of 

the plant. Sometimes when rest of the plant is dry, the top most leaves are chlorotic. The 

leaves and stems of affected plants are usually straw colored. The lower portion of the tap root 

usually remains in the soil when plants are uprooted. The tap root is dark and is devoid of most 

of its lateral and finer roots. Dark, minute sclerotial bodies can be seen on the roots or inside 

the wood (Nene et al., 2012) [27]. M. phaseolina is primarily seed and soil-borne fungal 

pathogen. Prolonged saprophytic survival ability of the pathogen in soil makes chemical 

control and crop rotation ineffective. Resistant cultivars is the most practicable, feasible, and 

economical approach for the management of dry root rot of chickpea, but only a few sources 

with low level of genetic resistance are available, so there is a need to identify the resistant 

sources in chickpea. Biochemical analysis is important to understand the resistant mechanism 

before and after infection of plant and to isolate the resistance sources. 
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Materials and Methods 

Assay of peroxidase (PO) 

The peroxidase activity was assayed spectrophotometerically 

(Hartee, 1955) [13]. The reaction mixture consisted of 1.5 ml of 

0.05 M pyrogallol, 0.5 ml of the enzyme extract and 0.5 ml of 

one per cent H2O2. The reaction mixture was incubated at 

room temperature (28±1 °C). The change in absorbance was 

recorded at 470 ηm at a time interval of 30 sec upto 3 min in 

Hitachi U-2900 spectrophotometer. The boiled enzyme 

preparation served as blank. The enzyme activity was 

expressed as change in the absorbance at 420 ηm/min/g on 

fresh weight basis. 

 

Assay of catalase  

The activity of catalase was determined by the method of 

Aebi (1984) [1]. With slight modification by monitoring the 

disappearance of H2O2 at 240 ηm. 3 ml H2O2 phosphate buffer 

was taken in cuvette and 100 μl enzyme extract was added. 

The absorbance was taken in the spectrophotometer at 240 

ηm. The absorbance was allowed to decrease from 0.45 to 

0.40 from the time required in seconds (Δt) against diluted 

phosphate buffer as blank. Δt should be less than 60 seconds. 

The activity was calculated by using extinction coefficient 

0.036 m/M/cm. One unit of the enzyme is the amount 

necessary to decompose 1 mmol of H2O2 per min at 25 °C. 

 

Assay of phenylalanine ammonia lyase (PAL) 

PAL activity was determined as the rate of conversion of L-

phenyl alanine to trans-cinnamic acid at 290 ηm as per the 

method described by Ross and Seder off (1992) [34]. Samples 

containing 0.4 ml of enzyme extract were incubated with 0.5 

ml of 0.1 M borate buffer, pH 8.8 and 0.5 ml of 12 mM L-

phenylalanine in the same buffer for 30 min at 30 °C. The 

reaction was arrested by adding 0.5 ml of 1M TCA and 

incubated at 37 °C for 5 min. The blank contains 0.4 ml of 

crude enzyme extract and 2.7 ml of 0.1 M borate buffer (pH 

8.8) and absorbance was measured at 290 ηm in Hitachi U-

2900 spectrophotometer. Standard curve was drawn with 

graded amounts of cinnamic acid dissolved in acetone. The 

enzyme activity was expressed as μM of trans-cinnamic 

acid/min/g fresh weight of tissue. 

 

Assay of total phenols 

The total phenol content was estimated as per the procedure 

given by Sadasivam and Manickam (1996) [35]. Two hundred 

milligram of powdered root sample was grinded with pestle 

and mortar 10 times the volume of 80 per cent ethanol. The 

homogenate was centrifuged at 10000 rpm for 20 minutes. 

The supernatant was collected and the residue was re-

extracted with 5 times the volume of 80 per cent ethanol, 

centrifuged and supernatant was collected. The supernatant 

was kept in hot water bath until it gets dried. The residue was 

dissolved in 5 ml of distilled water and used for estimation of 

total phenols. 

 

Assay of total free amino acids 

Total amino acids were determined by the ninhydrin method 

of Yemm and Cocking (1955) [49]. With some modifications. 

The incubation mixture (5±1 ml final volume) containing 100 

µl of the ethanolic extract, 1 ml of 80 per cent ethanol, 1 ml of 

0±2 ml citrate buffer pH 5, and 2 ml of an acetonicninhydrin 

solution (1% ninhydrin and 0±06 % KCN in acetone), was 

incubated for 15 min at 100 °C. The mixture was cooled for 5 

min in tap water before 8 ml of distilled water was added. The 

absorbance was recorded at 570 ηm. Glycine equivalents were 

calculated from a standard curve obtained with pure analytical 

grade glycine. 

 

Assay of total sugars 

The total sugar content was estimated by Anthrone method 

and as per the procedure given by Hedge and Hofreiter (1962) 
[15]. One hundred mg of the powdered root sample was 

hydrolysed by keeping it in a boiling water bath for 3 hrs with 

5 ml of 2.5 N HCl. The tube was cooled to room temperature 

and the acid was neutralised with solid sodium carbonate until 

effervescence ceases. The volume was made to 10 ml and this 

was centrifuged at 1000 rpm for 5 min. The supernatant was 

collected and used for estimation of total sugars. 

 

Assay of reducing sugars 

The reducing sugars of powdered plant root samples was 

estimated by Nelson-Somogyi method (Nelson, 1944) [24]. 10 

ml of stock was diluted to 100 ml with distilled water (100 

µg/ml). Extraction of plant root material (Loomis and Shull, 

1957) [19]. One hundred mg of powdered root sample was 

grounded with 5 ml of 80 per cent boiling ethanol. The 

supernatant was collected and kept on hot water bath at 80 °C 

for complete evaporation of ethanol. The sugars in test tube 

was dissolved by adding 5 ml of distilled water. This extract 

was used for further estimation. 

 

Results and Discussion  

Peroxidase activity  
There was an increase in the activity of peroxidase in all the 

genotypes when inoculated with M. phaseolina. Highest 

enzymatic activity was recorded at 48 hpi (hours after post 

inoculation) in moderately resistant genotypes, Phule G 12107 

(3.80 min/g), NDG 13-21 (3.08 min/g) and IPC 2010-112 

(2.93 min/g) compared to susceptible genotype GNG 

2228(2.64 min/g) and highly susceptible genotype L550 (2.56 

min/g). However peroxidase activity started declining after 48 

hpi (Table 1). The mean total peroxidase activity was found to 

be more in Phule G 12107 (2.73 min/g) followed by NDG 13-

21(2.33 min/g),IPC 2010-112 (2.12 min/g), GNG 2228(1.78 

min/g) and L550 (1.67 min/g) at all stages of sampling. 

During oxidative stress, the plant protects itself against 

reactive oxygen species by antioxidant enzymes as well as a 

wide array of non-enzymatic antioxidants (Das and Roy 

Choudhury, 2014 [8]. Superoxide dismutase was considered to 

be the first line of defense against reactive oxygen species 

(ROS) and was the major O2
− scavenger. Its enzymatic action 

resulted in H2O2 and O2 formation. The H2O2 produced was 

then scavenged by several classes of peroxidases. Peroxidases 

decomposed H2O2 by the oxidation of phenolic compounds. 

Increased peroxidase activity had often been studied in 

connection with the oxidation of phenolic substances in the 

diseased plants and resistance in host attributed to toxicity of 

these oxidation products (Fric, 1976) [9]. Moreover, enhanced 

peroxidase activity was linked with synthesis of lignin (Ride, 

1975) [33]. 

Similarly there was an increase in the activity of peroxidase in 

all the genotypes when inoculated with peigonpea sterility 

mosaic virus. Highest enzymatic activity after 28 DAI (Days 

after inoculation) was recorded in resistant/moderately 

resistant genotypes, ICP 7035 (37.40 %) and BRG 1 (34.69 

%) at all stages of sampling compared to susceptible 

genotypes maruthi (19.44 %) and TTB 7 (18.91 %). However 

in susceptible genotypes peroxidase activity slightly increase 

over healthy and was observed upon 21 DAI later on it was 

decreased (Manjunatha, 2012) [21]. The peroxidase was 
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increased in resistant cultivars than susceptible ones in 

Fusariumoxysporumf. sp. ciceri inoculated seedlings over 

control. In Vijay (wilt resistant), peroxidase activity was 

increased from 2.06 to 8.54 units (un-inoculated over 

inoculated) and in JG-62 (susceptible) activity was increased 

from 1.68 to 1.96 units (un-inoculated over inoculated) in 

seedlings (Dalvi et al., 2011) [7]. 

 

Catalase activity  
There was an increase in the activity of catalase in all the 

genotypes when inoculated with M. phaseolina. Highest 

enzymatic activity was recorded at 144 hpi (hours after post 

inoculation) in moderately resistant genotypes, Phule G 12107 

(5.42 µM/min), NDG 13-21 (4.66 µM/min) and IPC 2010-112 

(4.01 µM/min) compared to susceptible genotype GNG 

2228(1.30 µM/min) and highly susceptible genotype L550 

(1.25 µM/min) which recorded highest activity at 96 hpi. 

Catalase activity started declining after 96 hpi in susceptible 

and highly susceptible genotypes whereas, in moderately 

resistant genotypes the catalase activity prolonged upto 144 

hpi (Table 1). The mean catalase activity was found to be 

more in Phule G 12107 (2.04 µM/min) followed by NDG 13-

21 (1.62 µM/min), IPC 2010-112 (1.45 µM/min), GNG 

2228(0.60 µM/min) and L550 (0.49 µM/min). 

Superoxide dismutase was considered as first line of defense 

against reactive oxygen species (ROS) and was the major O2
− 

scavenger. Its enzymatic action resulted in H2O2 and O2 

formation. The H2O2 produced was then scavenged by 

catalase and several classes of peroxidases. The catalase was a 

tetrameric heme protein found in peroxisomes, cytosol and 

mitochondria (Krych et al., 2014) [18]. This enzyme had 

hyperoxidase activity which catalyzed the dismutation of 

hydrogen peroxide into water and oxygen. Catalase activity 

increased during infection as a mechanism to 

scavangefungitoxic H2O2. The major function of catalase 

within cells was to prevent the accumulation of toxic levels of 

hydrogen peroxide formed as a by-product of metabolic 

processes primarily that of the electron transport pathway 

(Montalbini, 1991) [4].  

Similar results were obtained by Amoako (2015) [3] where he 

observed that infected leaf extract had 141.02 ± 3.536 mg/mL 

protein, apparent Michealis constant (Kmapp) of 26.7 µM and 

maximum rate of reaction (Vmax) of 54.50 µM/min 

compared to the uninfected leaf extract with 75.04±0.560 

mg/mL protein, Kmapp of 39.61 µM and Vmax of 143.06 

µM/min. The activation energy of the infected extract was 

0.1578 J/mol compared to 0.2181 J/mol obtained for the 

uninfected extract. Activity of the crude catalase in the viral 

infected leaf extract was higher than that in the uninfected 

one.  

 

Phenylalanine ammonia lyase (PAL) activity  

The increase in the activity of PAL in all the genotypes was 

recorded when chickpea roots were inoculated with M. 

phaseolina. Highest enzymatic activity was recorded at 144 

hpi (hours after post inoculation) in moderately resistant 

genotypes, Phule G 12107 (8.01 µl/ml), NDG 13-21 (7.47 

µl/ml) and IPC 2010-112 (7.24 µl/ml) compared to 

susceptible genotype GNG 2228(1.09 µl/ml) and highly 

susceptible genotype L550 (1.06 µl/ml) which recorded 

highest activity at 96 hpi. PAL activity started declining after 

96 hpi in susceptible and highly susceptible genotypes 

whereas in moderately resistant genotypes the PAL activity 

prolonged upto 144 hpi (Table 1). The mean PAL activity was 

found to be more in Phule G 12107 (3.37 µl/ml) followed by 

NDG 13-21 (3.07 µl/ml), IPC 2010-112 (2.88 µl/ml), GNG 

2228(0.67 µl/ml) and L550 (0.52 µl/ml). Therefore, one can 

conclude that the plant defense mechanism started after the 

pathogen attack with higher synthesis of PAL compounds and 

defense related enzymes.  

Phenylalanine ammonia-lyase (PAL) was the main enzyme of 

plant phenolics production including those under stress 

exposure. It was the key enzyme that catalyzed core reaction 

in phenylpropanoid metabolism leading to functionally 

diverse defense related products such as lignin, suberin, wall-

bound phenolics, flavanoidsetc (Wen et al., 2005) [48]. There 

was an increase in total polyphenols and activity of PAL in 

infected plants of banana against Fusariumoxysporum. 

Though the plant pathogen interaction had triggered the 

activities of defense enzymes initially but later the activities 

drastically declined when pathogen colonized the root tissues 

(Thakkar et al., 2007) [45]. Biochemical response of guar 

against M. phaseolina infection revealed that there was 

maximum accumulation of phenolic acids in infected plants 

i.e., 23 per cent higher than in control after 120 hours of 

infection in all the four cultivars. Similarly, PAL activity was 

also significantly increased by 37 per cent after 96 or 120 

hours of infection depending upon the cultivar in comparison 

to control. Phenolic acid accumulation and enhanced PAL 

activity in the compatible host–pathogen combination 

presumes that both participated actively in the guar resistance 

to root rot (Sharma et al., 2011) [37]. 

Similarly biochemical changes in banded leaf and sheath 

blight affected maize plants caused by Rhizoctoniasolanif. sp. 

sasakii recorded increased phenylalanine ammonia lyase 

(PAL) activities in leaf sheaths when inoculated with the 

pathogen (Sivakumar and Sharma, 2003) [41]. Fungal elicitors 

34 are known to induce the production of phenyl ammonia 

lyase (PAL) and peroxidase which were involved in the 

synthesis and depolymerization of lignin precursors. The 

rapid increase and higher levels of PAL and peroxidases 

activity was found in resistant cultivars as compared to the 

susceptible cultivars of chickpea against Fusarium wilt 

(Aguilar et al., 2000) [2]. 

 

Total phenol activity  

The increase in the activity of phenol was recorded when 

chickpea roots were inoculated with M. phaseolina. Highest 

phenol activity was recorded at 96 hpi (hours after post 

inoculation) in moderately resistant genotypes, Phule G 12107 

(1.43 µl/ml), NDG 13-21 (1.35 µl/ml) and IPC 2010-112 

(1.03 µl/ml) compared to susceptible genotype GNG 

2228(0.86 µl/ml) and highly susceptible genotype L550 (0.74 

µl/ml) which recorded highest activity at 48 hpi. Phenol 

activity started declining after 48 hpi in susceptible and highly 

susceptible genotypes whereas in moderately resistant 

genotypes the phenol activity prolonged upto 96 hpi (Table 

1). The mean phenol activity was found to be more in Phule G 

12107 (0.97 µl/ml) followed by NDG 13-21 (0.93 µl/ml), IPC 

2010-112 (0.83 µl/ml), GNG 2228(0.67 µl/ml) and L550 

(0.54 µl/ml). 

Phenolic compounds were found to be most important group 

of secondary plant products that played an important role in 

reducing the susceptibility of a plant to pathogen (Jyosthna et 

al., 2004) [16]. During pathogen infection, deposition of 

phenolics into the cell wall was an important defense 

mechanism, either because of a hypersensitive reaction (HR) 

of entire cells or due to local wall reinforcement (Cončeicao 

et al., 2006) [6]. A distinct correlation between the degree of 

plant resistance and phenolics was reported in plant tissues. 
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phenolic compounds such as cinnamic and ferulic acids 

released into plant cell walls was a common and early 

response to fungal attack, which resulted in cell strengthening 

and then enhanced resistance to pathogen penetration (Stadnik 

and Buchenauer, 2000) [42]. This showed that when plant cells 

were recruited into infection, it switches from normal primary 

metabolism to a multitude of secondary metabolism defense 

pathway and activation of novel defense enzymes and genes 

takes place (Tan et al., 2004) [44]. 

The results obtained are in conformity with Shreenivas (2000) 
[39]. reported that resistant varieties (ICPL 8863 and ICPL 

87119) showed higher levels of phenolics contents for 

Fusarium in both the control and inoculated pigeonpea 

seedlings over the susceptible (TTB 7 and AKT 9221) at all 

the growth stage. Similarly Mandavia et al. (2002) [20]. 

Collected root exudates from ten day old seedlings and were 

analyzed for total phenol content. A significant inverse 

relationship was found between wilt susceptibility and total 

phenol content in root exudates of chickpea seedlings. 

Resistant genotypes (0-30 % wilt) had the highest amount of 

phenol, followed by moderately resistant (31-70 % wilt) and 

susceptible (71-100 % wilt) genotypes. 

Manjunatha (2012) [21]. Reported that total phenol content of 

healthy leaves and resistant/moderately susceptible varieties, 

ICP 7035 (4.416 mg) and BRG 1 (2.981 mg), exhibited highly 

increase in phenolic content than susceptible variety maruthi 

(2.241 mg) and TTB 7 (2.251 mg). However phenol content 

was increased upon inoculation with peigonpea sterility 

mosaic virus upto 28 days in resistant genotypes, whereas it 

stared declining after 21 days in susceptible genotypes. 

Variety ICP 8863 recorded total phenol content of 0.49, 1.03, 

2.36 and 3.45 mg/g of fresh roots at 30, 60, 90 and 120 days 

respectively upon inoculation with pigeon pea sterility mosaic 

virus. WRP 1 had total phenol content of 0.32, 0.79, 1.56 and 

2.02 mg/g of fresh roots at 30, 60, 90 and 120 days 

respectively. Similarly, TTB 7 registered total phenol content 

of 0.20, 0.57, 1.02 and 1.98 mg/g of fresh roots at 30, 60, 90 

and 120 days respectively. ICP 8863 a wilt resistant variety 

had highest total phenol content compared to WRP 1, 

whereas, TTB 7 wilt susceptible variety had lowest total 

phenol content. As the age of the crop progressed, 

consequently there was increase in the total phenol content 

(Asha, 2012) [5]. In the present study also phenol content 

increased after infection and it was high in resistant genotypes 

than susceptible genotypes. 

 

Total free amino acid activity  

There was an increase in the activity of total free amino acids 

in all the genotypes when chickpea roots were inoculated with 

M. phaseolina. Highest amino acid activity was recorded at 

48 hours after inoculation (hpi) and continued to be constant 

upto 96 hpi and started declining after 96 hpi. At 48 hpi 

enzymatic activity was highest in resistant genotypes Phule G 

12107 (2.45 mg/ml), NDG 13-21 (2.26 mg/ml) and IPC 2010-

112 (2.18 mg/ml) compared to susceptible genotype GNG 

2228(1.17 mg/ml) and highly susceptible genotype L550 

(1.09 mg/ml). The mean amino acid activity was found to be 

more in Phule G 12107 (2.06 mg/ml), followed by NDG 13-

21 (1.88 mg/ml),IPC 2010-112 (1.79 mg/ml), GNG 2228(0.93 

mg/ml) and L550 (0.81 mg/ml) data presented in Table 2.  

Involvement of amino acids in the relationship between host 

and parasite was established (Omokolo et al., 2002; Omokolo 

and Boudjeko, 2005) [28, 29], indicating an accumulation during 

the development of infections. Amino acids might act directly 

to inhibit fungal development, or indirectly by their 

implication in the metabolic ways associated with resistance 

to diseases (Graham et al., 1990) [10]. After infection of 

resistant genotypes of some host species, accumulation of 

certain specific amino acids such as glutamine, histidine, 

glycine and arginine were observed in tomatoes (Hassan et 

al., 1994; Starrat and Lazarovits, 1996) [14, 43], tyrosine and 

alanine in wheat (Tyuterev and Tarlakovskii, 1994) [46] and 

asparagin, glutamic acid, proline, glycine and arginine in 

citrus (Nemec, 1995) [26]. Free amino acids were important 

indicators of the plant conditions, arising as a consequence of 

protein degradation in tissues under programmed cell death 

(Scarpari, et al. 2005) [36]. The increase in amino acids under 

infection conditions may also indicate pathogen effects on 

molecular transportation via phloem tissues. Indeed, 

inhibition of metabolite translocation due to the presence of 

pathogen in infected plants was described by Guthrie et al. 

(2001) [12] in papaya and by Maust et al. (2003) [22] in coconut. 

These results are in accordance with Gupta and Khare (1992) 
[11] who carried out biochemical analysis of chickpea resistant 

and susceptible cultivars to vascular wilt, caused by F. 

oxysporumf. sp. ciceris. They established that the quantities of 

total polysaccharides, total carbohydrates, total amino acids, 

total phenols and mineral contents were greater in the roots of 

resistant cultivars. Similarly amino acids content increased in 

70 per cent of genotypes after injury or infection by 

Phytopthoramegakarya in cocoa. A significant positive 

relationship was observed between amino acid contents and 

the severity of necrosis (Pierr et al., 2011) [30]. In the present 

study also amino acid activity was recorded high in resistant 

genotypes compare to susceptible genotypes and the activity 

increased after infection. 

 

Total sugar content  

There was a decrease in the activity of total sugar content in 

all the genotypes when chickpea roots were inoculated with 

M. phaseolina. The mean total sugar content was found to be 

more in resistant genotypes Phule G 12107 (3.37 mg/ml), 

NDG 13-21 (3.04 mg/ml) and IPC 2010-112 (2.50 mg/ml) 

compared to susceptible genotype GNG 2228(1.74 mg/ml) 

and highly susceptible genotype L550 (1.64 mg/ml) data 

presented in Table 2. 

 

Reducing sugar content and non-reducing sugar content  

The decrease in the activity of reducing sugar content was 

observed in all the genotypes when chickpea roots were 

inoculated with M. phaseolina. The mean reducing sugar 

content was found to be more in resistant genotypes Phule G 

12107 (1.71 mg/ml), NDG 13-21 (1.57 mg/ml) and IPC 2010-

112 (1.46 mg/ml) compared to susceptible genotype GNG 

2228(0.54 mg/ml) and highly susceptible genotype L550 

(0.47 mg/ml) data presented in Table (2). The mean non-

reducing sugar content was found to be more in resistant 

genotypes Phule G 12107 (1.66 mg/ml), NDG 13-21 (1.48 

mg/ml) and IPC 2010-112 (1.04 mg/ml) compared to 

susceptible genotype GNG 2228(1.21 mg/ml) and highly 

susceptible genotype L550 (1.17 mg/ml) data presented in 

(Table 2). A similar trend of decreased sugar levels in 

diseased plants was observed by Prasad et al. (1976) [31]. The 

depletion of sugars during host-parasite interaction might be 

due to increased respiration or utilization of sugars by the 

fungi which depends on the capability of fungi to secrete 

carbohydrate degrading enzyme. Similarly Nema (1989) [25] 

suggested that reduction in sugars during disease development 

might be due to utilization of sugars probably for energy and 

synthetic reactions involved in multiplication of the pathogen. 
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These results are in agreement with Kaur and Dhillon (1989) 
[17] they also noticed susceptible cultivars of groundnut 

showed a rapid decrease of sugars but the decrease was 

relatively slow in resistant cultivars. Similarly, Sindhan et al. 

(1999) [40] screened two hundred and sixty genotypes of 

mungbean against Cercospora leaf spot reported that total 

sugar, reducing sugar and non reducing sugar content was 

decreased in diseased leaves of susceptible varieties than 

resistant varieties. The Fusarium infected plants resistant 

varieties ICP 8863 had highest total sugar content compared 

to BDN 2010 (moderately resistant), whereas, TTB 7 

(susceptible) has lowest total sugar content (Prasad, 2011) [31]. 

The present study also correlates with decrease in total sugars, 

reducing sugars and non-reducing sugars after infection with 

M. phaseolina. The sugar content was found to be more in 

resistant genotypes compare to susceptible genotypes. 

 

Conclusion 
There was an increase in the activity of peroxidase, catalase, 

total phenols, Phenylalanine ammonia lyase and total free 

amino acids in all the genotypes when inoculated with M. 

phaseolina. Highest enzymatic activity was recorded in 

moderately resistant genotypes compared to susceptible 

genotype and highly susceptible genotype. The enhanced 

activity of Peroxidase, Catalase, Phenylalanine Ammonia 

Lyase, Total Phenols and Total free Amino Acids is linked 

with production of defense related products such as lignin, 

suberin, wall-bound phenolics, flavonoids, lignin, induction of 

hypersensitive reaction (HR) etc., which resulted in cell 

strengthening and then enhanced resistance to pathogen 

penetration. This shows that when plant cells were subjected 

into infection, it switches from normal primary metabolism to 

secondary metabolism defense pathway and activation of 

novel defense enzymes and genes takes place which inhibit 

fungal development, or indirectly by their implication in the 

metabolic ways associated with resistance to diseases. 

Whereas, there was decrease in the activity of total sugar, 

reducing sugar and non-reducing sugar in all the chickpea 

genotypes upon inoculation with M. phaseolina. The 

depletion of sugars during host-parasite interaction might be 

due to increased respiration or utilization of sugars by the 

fungi which depends on the capability of fungi to secrete 

carbohydrate degrading enzyme. 

 
Table 1: Peroxidase activity (min/g), Catalase activity (µM/min), Total Phenol activity (µl/ml) and Phenylalanine Ammonia Lyaseactivity in 

chickpea genotype 
 

 Peroxidase activity (min/g) Catalase activity (µM/min) 

Genotypes 
Duration of inoculation Duration of inoculation 

Healthy 24 hpi 48 hpi 96 hpi 144 hpi Mean Healthy 24 hpi 48 hpi 96hpi 144 hpi Mean 

IPC 2010-112 (MR) 2.52 2.54 2.93 2.14 0.45 2.12 0.22 0.33 0.54 2.16 4.01 1.45 

Phule G 12107 (MR) 3.24 3.54 3.80 2.57 0.48 2.73 0.30 0.64 0.69 3.18 5.42 2.04 

NDG 13-21 (MR) 2.82 2.91 3.08 2.36 0.46 2.33 0.26 0.38 0.54 2.29 4.66 1.62 

GNG 2228 (S) 1.98 2.14 2.64 1.87 0.26 1.78 0.10 0.28 0.49 1.30 0.83 0.60 

L550 (HS) 1.75 1.98 2.56 1.80 0.23 1.67 0.08 0.16 0.36 1.25 0.62 0.49 

S. Em ± 
Genotypes Hours Genotypes × Hours Genotypes Hours Genotypes × Hours 

0.01 0.014 0.031 0.018 0.018 0.039 

CD at 1 % 0.053 0.053 0.118 0.067 0.067 0.149 

 Total Phenol activity(µl/ml) Phenylalanine Ammonia Lyaseactivity (µl/ml) 

Genotypes 
Duration of inoculation Duration of inoculation 

Healthy 24 hpi 48 hpi 96 hpi 144 hpi Mean Healthy 24 hpi 48 hpi 96hpi 144 hpi Mean 

IPC 2010-112 (MR) 0.63 0.71 0.93 1.03 0.86 0.83 0.39 0.64 1.14 5.01 7.24 2.88 

Phule G 12107 (MR) 0.69 0.79 1.00 1.43 0.94 0.97 0.66 0.84 1.36 6.00 8.01 3.37 

NDG 13-21 (MR) 0.68 0.76 0.95 1.35 0.92 0.93 0.41 0.64 1.23 5.63 7.47 3.07 

GNG 2228 (S) 0.63 0.84 0.86 0.68 0.32 0.67 0.08 0.63 0.92 1.09 0.64 0.67 

L550 (HS) 0.59 0.63 0.74 0.52 0.20 0.54 0.02 0.57 0.63 1.06 0.32 0.52 

 Genotypes Hours Genotypes × Hours Genotypes Hours Genotypes × Hours 

S. Em ± 0.018 0.018 0.040 0.016 0.016 0.037 

CD at 1 % 0.067 0.067 0.150 0.062 0.062 0.138 

*hpi – Hours after post inoculation, MR – Moderately resistant, S – Susceptible, HS – Highly susceptible 

 
Table 2: Total Free Amino Acids content (mg/ml), Total Sugar content (mg/ml), Reducing Sugar (mg/ml) and Non-reducing sugar (mg/ml)in 

chickpea genotype 
 

 Total Free Amino Acids content (mg/ml) Total Sugar content (mg/ml) 

Genotypes 

Duration of inoculation Duration of inoculation 

Healthy 24 hpi 48 hpi 96hpi 144 hpi Mean Healthy 
24 

hpi 

48 

hpi 
96hpi 

144 

hpi 
Mean 

IPC 2010-112 (MR) 1.15 1.69 2.18 2.18 1.75 1.79 5.09 3.12 2.55 0.99 0.73 2.50 

Phule G 12107 (MR) 1.40 2.00 2.45 2.45 2.01 2.06 5.96 4.48 3.64 1.95 0.82 3.37 

NDG 13-21 (MR) 1.20 1.80 2.26 2.26 1.86 1.88 5.63 4.21 2.71 1.89 0.78 3.04 

GNG 2228 (S) 0.40 0.92 1.17 1.17 1.01 0.93 3.05 2.37 1.92 0.90 0.48 1.74 

L550 (HS) 0.32 0.73 1.09 1.08 0.83 0.81 3.01 2.01 1.89 0.82 0.46 1.64 

S. Em ± 
Genotypes Hours Genotypes × Hours Genotypes Hours Genotypes × Hours 

0.007 0.007 0.016 0.079 0.079 0.177 

CD at 1 % 0.027 0.027 0.061 0.299 0.299 0.669 

 Reducing Sugar (mg/ml) Non-reducing sugar(mg/ml) 

Genotypes 

Duration of inoculation 
Total sugars 

(mg/ml) 

Reducing 

sugars 

(mg/ml) 

Non-reducing 

sugars (mg/ml) Healthy 24 hpi 48 hpi 
96 

hpi 
144 hpi Mean 
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IPC 2010-112 (MR) 2.55 2.1 1.53 0.81 0.29 1.46 2.50 1.46 1.04 

Phule G 12107 (MR) 2.70 2.52 1.87 0.94 0.51 1.71 3.37 1.71 1.66 

NDG 13-21 (MR) 2.56 2.28 1.67 0.9 0.42 1.57 3.04 1.57 1.48 

GNG 2228 (S) 1.21 0.99 0.3 0.10 0.08 0.54 1.74 0.54 1.21 

L550 (HS) 1.05 0.81 0.22 0.19 0.06 0.47 1.64 0.47 1.17 

 Genotypes Hours Genotypes × Hours -- -- -- 

S. Em ± 0.005 0.005 0.010 -- -- -- 

CD at 1 % 0.017 0.017 0.039 -- -- -- 

*hpi – Hours after post inoculation, MR – Moderately resistant, S – Susceptible, HS – Highly susceptible 

 

References 

1. Aebi H. Catalase in-vitro. Methods Enzymology. 1984; 

105:121-126. 

2. Aguilar EA, Turner DW. And Sivasithamparam, 

K.Fusariumoxysporum f. sp. cubenseinoculation and 

hypoxia alter peroxidase and phenylalanine ammonia 

lyase activities in nodal roots of banana cultivars (Musa 

sp.) differing in their susceptibility to Fusarium wilt. 

Aust. J Bot. 2000; 48:589-596. 

3. Amoako S, Adams Y, Sarfo JK. Catalase activity of 

cassava (Manihotesculenta) plant under Africancassava 

mosaic virus infection in Cape coast, Ghana. African J 

Biotechnol. 2015; 14(14):1201-1206. 

4. Anonymus. Chickpea project co-ordinater report, 2015, 

27. 

5. Asha SM. Studies on wilt diseases of pegionpea caused 

by Fusariumudum. M.Sc. (Agri.) Thesis, Univ. Agril. 

Sci., Bengaluru, 2012, 50. 

6. Conceicao LF, Ferreres F, Tavores RM, Dios AC. 

Induction of phenolic compounds in 

Hypericumpertoralum L. cells by 

Collectotricohumgloeosprioides elicitation. 

Phytochemistry. 2006; 67:149-155. 

7. Dalvi US, Chavan UD, Dethe AM, Naik RM. 

Biochemical analysis of Fusariumwilt resistant and 

susceptible cultivars of chickpea. J Food Legumes. 2011; 

24(1):75-76. 

8. Das K, Roychoudhury A. Reactive oxygen species (ROS) 

and response of antioxidants as ROS-scavengers during 

environmental stress in plants. Front. Environ. Sci. 2014; 

2:53. 

9. Fric F. Oxidative enzymes. In: Encyclopedia of Plant 

Physiology-IV. (Eds.) Heitefuss, R. and Williams, P. H., 

Physiological Plant Pathology. Springer-Verlag, Berlin, 

Heidelberg. New York, 1976, 617-631. 

10. Graham TL, Kim JE, Graham MY. Role of constitutive 

isoflavoneconfugates in the accumulation of glyceollin in 

soybean infected with P. megasperma. Mol. and Pl. 

Microbe Inter. 1990; 3:157-166. 

11. Gupta O, Khare MN. Studies on resistance in chickpea to 

vascular wilt. Legume Res. 1992, 2:69-75. 

12. Guthrie JN, Walsh KB, Scott PT, Rasmusseen TS. The 

phytopathology of Australian papaya dieback: a proposed 

role for the phytoplasma. Physiological and Mol. Pl. 

Pathology. 2001; 58:23-30. 

13. Hartee EF. Haematin compounds. In: Peach K, Tracy M, 

(Eds.) Modern methods of plant analysis. New York: 

Springer-Verlag, 1955, 97-245. 

14. Hassan AM, Khalf-Allah AM, Ibrahim IKA, Badr HM. 

Free amino acids and oxidative enzymes in infected roots 

of tomato genotypes resistant and susceptible to 

Meloidogyme incognita. Nematologia Mediterranea, 

1994; 22:179-183. 

15. Hedge JE, Hofreiter BT. In: Methods in Carbohydrate 

Chemistry (Eds. Whistler, R.L. and Be Miller, J. N.), 

Academic Press, New York. 1962; 17:420. 

16. Jyosthna MK, Eswara Reddy NP, Chalam TV, Reddy 

GLK. Morphological and biochemical characterization of 

Phaeoisariopsispersonataresistant and susceptible 

cultivars of groundnut (Arachishypogaea). Plant Pathol. 

Bull. 2004; 13:243-250.  

17. Kaur J, Dhillon M. Biochemical alterations in groundnut 

(Arachishypogaea L.) leaf induced by 

Cercosporidiumpersonatum (Berk and Curt.) Deighton. 

Indian J Mycol. Pl. Pathol. 1989; 19:151-156. 

18. Krych J, Gebicki JL, Gebicka L. Flavonoid-induced 

conversion of catalase to its inactive form - Compound II. 

Free Radic. Res. 2014; 48:1334-1341. 

19. Loomis WE, Shull C. A. Methods in Plant Physiology. 

McGraw-Hill Book Co., New York, 1937, 276. 

20. Mandavia MK, Gajera HP, Khan NA, Andani VP, 

Parameswaran M. Total phenols in root exudates of 

chickpea varieties: screening marker for resistance to 

Fusarium wilt. Indian J Agri. Biochem. 2002; 15:1-6. 

21. Manjunatha L. Detection and characterization of 

pegionpea sterility mosaic virus (PPSMV) and its 

management. Ph.D. Thesis, Univ. Agri. Sci., Bengaluru, 

2012, 111. 

22. Maust BE, Espadas F, Talavera C, Aguilar M, Santamaria 

JM, Oropeza C. Changes in carbohydrates metabolism in 

coconut palms infected with the lethal yellowing 

phytoplasma. Phytopathol. 2003; 93:976-981. 

23. Montalibini P. Effect of rust infection on levels of uricase 

allantoinase and ureides in susceptible and hypersensitive 

bean leaves. Physiol. Mol. Pl. Pathol. 1991; 39:173-188. 

24. Nelson N. A photometric adoption of Somoggyi’s method 

for determination of glucose. J Biol. Chem. 1944; 

153:375-380. 

25. Nema AG. Sugar and Phenol Contents of Betelvine 

Leaves after Inoculation with Leaf Spot Bacterium. 

Indian Phytopathol. 1989; 42(1):31-37. 

26. Nemec S. Stress-related compounds in xylem fluid of 

blight-disease citrus containing Fusariumsolaninaph-

thazarintoxins and their effects on the host. Can. J. 

Microbiol. 1995; 41:515-524. 

27. Nene YL, Reddy MV, Haware MP, Ghanekar AM, Amin 

KS, Pande S et al. Field Diagnosis of Chickpea Diseases 

and their Control. Inform. Bull. No. 28 (revised). 

Patancheru, A.P., India: International Crops Research 

Institute for the Semi-Arid Tropics, 2012, 60.  

28. Omokolo ND, Boudjeko T. Comparative analyses of 

alteration in carbohydrates, amino acids, phenols and 

lignin in roots of three cultivars of Xanthosomasag-

ittifolium (macabo) infected by Pythium myriotylum. 

South Afr. J Botany. 2005; 71:432-440. 

29. Omokolo ND, Nankeu DJ, Niemenak N, Djocgoue PF. 

Analysis of amino acids and carbohydrates in the cortex 

of nine clones of Theobroma cacao L. in relation to their 

susceptibility to Phytophthoramegakarya Bra. and Grif. 

Crop Prot. 2002; 21:395-402. 

30. Pierre FD, Hermann DM, Thaddée B, Pierre OE, Denis 

NO. Amino acids, carbohydrates and heritability of 



 

~ 1901 ~ 

Journal of Pharmacognosy and Phytochemistry 

resistance in the Theobroma cacao/Phythophthora 

megakarya interaction. Phytopathol. Mediterr. 2011; 

50:370-383. 

31. Prasad B, Verma OP, Daftari LN. Biochemical Changes 

in Safflower Leaves Caused by Rust Infection. Indian 

Phytopathol. 1976; 29(1): 53-58. 

32. Prasad PS. Molecular variability, population dynamics 

and integrated management of Fusariumudum butler 

causing pigeonpea wilt. Ph.D. Thesis, Univ. Agril. Sci. 

Bengaluru, 2011, 67-77. 

33. Ride JP. Lignification of wounded wheat leaves in 

response to fungi and its possible role in resistance. 

Physiol. Pl. Pathol.1975; 5:125-134. 

34. Ross WW, Sederoff RR. Phenylalanine ammonia lyase 

from loblolly Pine: Purification of the enzyme and 

isolation of complementary DNA clone. Pl. Physiol. 

1992; 98:380-386. 

35. Sadasivam S, Manickam A. Biochemical methods. New 

Age International (p) Limited Publishers, New Delhi, 

1996, 256. 

36. Scarpari LM, Meinhardt LW, Mazzafera P, Pomelle 

AWV, Schiavinato MA, Cascardo JCM et al. 

Biochemical changes during the development of witche’s 

broom: the most important disease of cocoa in Brazil 

caused by Crinipellisperniciosa. J Experimental Botany. 

2005; 56(413):865-877. 

37. Sharma A, Joshi N, Sharma V. Changes in phenylalanine 

ammonia lyase activity and phenolic acid content in 

cluster bean after infection with 

Macrophominaphaseolina. Prog. Agric. 2011; 11(2):373-

378. 

38. Sharma M, Mangla UN, Krishna Murthy L, Vadez V, 

Pande S. Drought and dry root rot of chickpea. In 5th Int. 

Food Legumes Res. Conference, Antalya, Turkey, 2010, 

263. 

39. Shreenivas H. Biochemical studies on resistant to 

Fusarium wilt in pigeonpea (Cajanuscajana (L.) Millsp.) 

Seedlings. M Sc. (Agri) Thesis, Univ. Agri. Sci. 

Bengaluru, 2000, 107. 

40. Sindhan GS, Indra Hooda, Parashar RD. Sources of 

resistance to Cercospora leaf spot in mungbean and 

biochemical parameters for resistance. J Mycol. Pl. 

Pathol. 1999; 29:130-132. 

41. Sivakumar G, Sharma RC. Induced biochemical changes 

due to seed bacterization by Pseudomonas fluorescens in 

maize plants. Indian Phytopathol. 2003; 56(2):134-137. 

42. Stadnik MJ, Buchenauer H. Inhibition of phenylalanine 

ammonia-lyase suppresses the resistance induced by 

benzothiadiazole in wheat to Blumeriagraminisf. sp. 

tritici. Physiol. and Mol. Plant Pathol. 2000; 57:25-34. 

43. Starrat AN, Lazarovits G. Increases in free amino acid 

levels in tomato plants accompagning herbicide-induce 

disease resistance. Pesticide Biochemistry and Physiol. 

1996; 54:230-240. 

44. Tan JB, Schneider, Svatos A, Bendnarek P, Liu J, 

Hahlbrock K. Universally occurring phenylpropanoid and 

specific indolic metabolites in infected and uninfected 

Arabidopsis thaliana roots and leaves. Phytochemistry. 

2004; 65:691-699. 

45. Thakker JN, Patel N, Kothari IL. Fusariumoxysporum 

derived elicitor-induced changes in enzymes of banana 

leaves against wilt disease. J Mycol. Pl. Pathol. 2007; 

37(3):510-513. 

46. Tyuterev SL, Tarlakovskii SA. Dynamics of the ac-

cumulation of free amino acids in wheat plants under 

influence of disease inducer. Sel’Skokhzyaiste Vennaya 

Biologia. 1994; 7:120-127. 

47. Vishwadhar, Chaudhary RG. Disease resistance in pulse 

crop-current status and future approaches. In: Nagarajan, 

S., Singh, D. P., (Eds.) The role of resistance in intensive 

agriculture. Kalyani, New Delhi. 2001, 144-157. 

48. Wen PF, Chen JY, Kong WF, Pan QH, Wan SB, Huang 

WD. Salicylic acid induced the expression of 

phenylalanine ammonia lyase gene in grape berry. Plant 

Sci. 2005; 169:928-934. 

49. Yemm EW, Cocking EC. The determination of amino 

acids with ninhydrin. The Analyst. 1955; 80:209-213. 


