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Abstract 

The decreased chlorophyll content of both a, b and total was non-significant in 
resistant varieties which may be due to the alternation of nutrition and 
physiology by the nematode infection. There was increase of total sugar in roots 
and decrease of the same in shoots marked in resistant varieties. Elevated level 
of peroxidase, catalase, PAL and TAL activities was observed in all the  varieties 
during post infection period. 
Key words: Amylase activity, biochemical analysis, chlorophyll,  Meloidogyne 
incognita, Solanum melongena, total sugar. 

INTRODUCTION 

Plant parasitic nematodes are obligate parasites. During feeding in or on the roots, they 
penetrate cells and inject their salivary fluid into the host tissues. It is apparent that a 
number of digestive enzymes like amylase, proteases  etc., are released during the 
process of feeding resulting in hydrolysis of host components and  leading to  altered 
host metabolism. Metabolites vital for the growth and maintenance of host tissues are 
often blocked at the site of infestation. Feeding injury will thus impair the efficient 
functioning of the organs concerned. To overcome all of these losses and also to 
increase production several suitable management practices are adopted. The perusal of 
literature indicated that from the past two decades or so, the emphasis of managing 
nematode with chemical has gradually hampered the other eco-friendly approaches. 
Chemicals are identified as the major cause of environmental pollution and ground water 
contaminations. Besides, hazardous to human beings and live-stock, the cost-benefit ratio 
except for the cash crops has not been always remunerative. The use of resistant cultivars to 
manage the obnoxious nematodes is an ideal means but breeding of resistant varieties takes 
usually long time and some time quality of product may not be up to the farmer’s satisfaction. 
Among the biotic constraints  hampering brinjal production root-knot nematode, 
Meloidogyne incognita is one of the most potential plant parasitic nematode which 
causes about 27.30-32.00 per cent yield loss in brinjal . (Bhatti and Jain, 1977(1), 
Darekar and Mahase, 1988(2), Nayak,1995(15) &. Nayak,2006(16). 
 Traditional approaches for the development of nematode resistant cultivars are 
time consuming and often limited by intraspecific barrier. Biotechnology and genetic 
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engineering provide potential for efficient development of nematode resistant plants 
which may be enhanced by elucidation of mechanisms limiting nematode development. 
Resistant responses of host plant during post infection period have often been regulated 
by several internal factors. In diseased conditions the sequences of biochemical changes 
is rather more important than the external symptoms, which are nothing but the 
manifestation of the internal disorders. The esophageal secretions carry signals for ups and 
down regulation of specific genes ultimately leading to compatible or incompatible 
interactions with the host plants.. 
 Recent advances in molecular biology and genetic engineering have ushered in a 
new era equipping scientists with the power to tailor the biological system at will 
through recombinant DNA-technology. This technology would be of immense utility in 
introducing pesticidal gene into root colonizing organisms including nematodes. In this 
context full knowledge of nematode physiology, biochemistry alongwith its host is 
absolutely essential. Biochemical changes induced by plant parasitic nematodes relating 
to various crops have been well documented in a series of publications (Mohanty et al.,, 
2001(7), Farooqi, et.al., 1988(3), Mote, et.al., 1990(8), Sundarraj and Meheta, 1991(11). A 
series of biochemical and physiological reactions occur in host plants in response to root-knot 
nematode infection as a result of which, the plant is either overcome by the nematode and the 
disease ensures or the nematode is localised by the plant and disease development is limited. 
Detailed characterization of these biochemical and physiological processes is essential to 
advance our understanding of plant-nematode interaction. This information would be of 
greatly helpful to plant breeders and nematologists in breeding works for development of 
cultivars resistant to root-knot nematode. 
 
MATERIALS AND METHODS 

In order to understand the basis of nematode resistance three varieties namely 
PusaKranti (Moderately resistant check), Kantabaigan (Resistant check) and Pusa 
Purple Long (Susceptible check) were grown in earthen pots in the greenhouse of Deptt. 
Of Nematology laboratory, C.A, OUAT in earthen pots of 15 cm height x 15 cm diameter 
sterilized with formaldehyde solution (1.0 %) and filled with autoclaved soil (15 
lbs/20min).Pots were arranged on green house benches according to the treatments 
and replications. The water used for irrigation purpose was passed through a 500 mesh 
sieve before use. 
Estimation of Chlorophyll 

  One hundred fifty mg leaf portion of each treatment was cut from the 
composited leaves and were immersed in 50 ml of 80 % acetone in a conical flask and kept in 
dark for 24 hours for extraction of chlorophyll from the leaf samples. Thereafter, the 
chlorophyll extracts were filtered through Whatman No.1 filter paper. Absorbance of the 
chlorophyll extract was measured at 645 nm and 663 nm using a colorimeter. The amount of 
chlorophyll-a, chlorophyll-b and total chlorophyll were calculated in mg/g fresh weight 
according to the following equations. 
i) Chlorophyll –a (mg/g fresh weight of leaf )  = 12.7 x (D-663) – 2.69 x (D-645) 

W1000

V


  

ii) Chlorophyll-b (mg/g fresh weight of leaf) = 22.9 x (D-645) – 4.68 x (D-663) 

W1000

V
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iii) Total chlorophyll (mg/g fresh wt. of leaf) = 20.2 x (D-645) + 8.02 x (D-663) x 

W1000

V


  

Where  
D –645  =  optical density at 645 nm 
D-663  =  optical density at 663 nm 
V   =  final volume of 80 % acetone chlorophyll  extract in ml 
W   =  Fresh weight in g of corresponding amount of fresh leaves 

used in  the extraction of chlorophyll 
For all chemical analysis purposes sterilized oven dried glassware and double 
distilled water were used throughout the experiment. 

Estimation of total sugar content 
 One hundred mg of ground root and shoot samples were taken in 15 ml centrifuge 
tubes and 10 ml of 80 % ethanol was added to it. The mouth of the centrifuge tube was 
covered with polythene paper and kept in a water both at 80-85oC for 30 minutes. Then it 
was cooled and centrifuged for 15 minutes at 2000 rpm. After centrifugation, the supernatant 
was decanted into a 25 ml. volumetric flask. This extraction procedure was repeated once 
again and the supernatant was collected in the previous 25 ml. volumetric flask. The final 
volume was made up to 25 ml with distilled water and was filtered through Whatman 
No.1 filter paper. This was the sugar extract kept for sugar estimation. 
Extraction of total sugar  
 Two ml of sugar extract was transferred into a 50 ml volumetric flask and 
volume was made upto 50 ml volumetric flask and volume was made upto 50 ml with 
distilled water. Five ml of this extract was taken in a 25 ml volumetric flask. 
Simultaneously standards of   0 ml, 1 ml, 1.5 ml and 2 ml. Of 100 ppm glucose solution 
were taken in 25 ml volumetric flasks. Volume of these standards was made up to 5 ml 
with addition of distilled water and 2 drops of 80 per cent ethanol. Volumetric flasks 
containing samples and standards were kept in an ice-bath. To each volumetric flask, 10 
ml of anthrone reagent (2 gm of anthrone in one litre of 95 % H2SO4) was added 
allowing it to run down the side of the volumetric flask. The contents of the flasks were 
shaken slowly by swirling the flask and then shaken thoroughly. The volumetric flasks were 
kept in boiling water bath for exactly 7.5 minutes. Then immediately the flasks were cooled 
in ice. After cooling, absorbance was measured at 630 nm and sugar content was calculated 
by the help of standard curve. 
 Estimation of PAL and TAL 
 Fresh roots (1.0 g) of various treatments were homogenised separately at 15oC 
with prechilled acetone at the rate of 10 ml per gram of root sample in a pre-chilled 
mortar and pestle. The homogenate was filtered through Whatman No.1 filter paper 
followed by rinsing with 10 ml of acetone. The filtrate was dried at room temperature 
and stored in freeze. The enzyme was extracted by suspending the acetone powder in 
cold 0.1 m borate buffer (pH 8.8) at the rate of 6 ml of buffer per gram of sample. The 
suspension was incubated at 0oC for 1 hour. Again it was filtered through cheese cloth. 
The filterate was centrifused at 5000 rpm at 4oC  for 10 minutes and the aliquot was 
used as the source of enzyme. 
Estimation of enzymes 
 Phenylalanine ammonia lyase (PAL) activity was assayed following the method 
of Koukol and Conn (1961)(6). Assay mixture for phenylalanine ammonia Lyase (PAL) 
contained 1.5 ml enzyme extract (Supernatant after centrifugation), 1 ml of 0.05M L-
phenylalenine and 2.5 ml of 0.1 M borate buffer. The reaction was stopped by adding 0.1 
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ml of 5 N HCL after 1 hour incubation at 40oC followed by addition of 7.5 ml ether to it. 
The mixture was evaporated to complete dryness and the residue was dissolved in 0.05 
N of NaOH and the amount of t-cinnamic acid formed was estimated by measuring the 
absorbance at 268 nm. A blank was performed without the respective substrate. The 
enzyme activity was expressed as mg of t-cinnamic acid formed per gram fresh weight 
of root. 
Estimation of peroxidase and catalase activities in roots 
 One gram of root material was ground with 5 ml cold 0.1 M phosphate buffer (pH 
7.0) in a pre-chilled mortar and Pestle. The homogenate was centrifused at 15,000 rpm 
at 4oC for 30 minutes and the aliquot was used as the source of the enzymes. 
i)Activity of  peroxidase : 
 Peroxidase activity was assayed following the modified method .Assay mixture 
for peroxidase contained  2ml of 0.1 M phosphate buffer (pH 7.0), 1 ml of 0.01M 
pyrogallol, 1 ml of 0.005 M H2O2 and 1 ml of well diluted enzyme extract. The reaction 
was stopped by adding 1 ml of 1.5 N H2SO4 after 5 minutes incubation at 25oC and the 
amount of purpurogallin formed was estimated by measuring the absorbance at 420 
nm. The enzyme activity was expressed in OD absorbancy units. 
ii) Activity of catalase 
 Catalase activity was assayed by the modified method .1 ml of enzyme extract 
was added to 2 ml of 0.005 M H2O2 and 3 ml of phosphate buffer (pH 7.0). the reaction 
was stopped by adding 10 ml of 0.7 N H2SO4 after 1 min, incubation at 20oC. The residual 

H2O2 was titrated with 0.01 N KmnO4. A blank was prepared by adding the extract to an 
acidified solution of the reaction mixture of zero time. Catalase activity was expressed 
as mol. H2O2 used per g fresh weight of root. 
 
RESULTS AND DISCUSSIONS: 
Estimation of Chlorophyll of leaves 

Chlorophyll content is the most important constituent of the plants as it 
manufactures the food, which is necessary for the growth and development of all the 
parts of plant. It is directly correlated with the yield of the crops. Root-knot nematodes 
are known to reduce the chlorophyll contents of the plants by disrupting its nutrient 
uptake and partitioning of the photosynthates. 
 In the experiment it was observed that the chlorophyll content reduced from 
2.702 mg/g to 2.010 mg/g due to nematode infection in case of Pusa Kranti variety. 
Similarly in the varieties Kantabaigan and Pusa purple long chlorophyll ‘a’ reduced from 
2.542 to 1.736 and 2.687 to 1.920 mg/g respectively. Hence nematode caused 25.60 per 
cent reduction in chlorophyll’’a’’content of Pusa Kranti, 31.70 per cent reduction in 
Kantabaigan and 28.50 per cent reduction in Pusa Purple Long. 
 In case of chlorophyll ‘b’ content reduction from healthy to infected plants 
recorded were 1.114 to 1.020, 0.986 to 0.820 and 1.082 to 0.414 mg/g in case of 
varieties Pusa Kranti, Kantabaigan and Pusa Purple long respectively. Hence nematode 
caused 8.43 per cent reduction in  chlorophyll”b”’ content of Pusa Kranti, 16.80 per cent 
reduction in Kantabaigan and 34.00 per cent reduction in Pusa Purple Long. 
 Similarly the total chlorophyll content was decreased from 3.816 to 3.230 mg/g 
in Pusa Kranti, 3.528 to 2.554 mg/g in Kantabaigan and 3.769 to 2.634 mg/g in Pusa 
Purple Long. Hence nematode caused 20.60 per cent reduction in total chlorophyll 
content of Pusa Kranti, 27.60 per cent reduction in Kantabaigan and 30.10 per cent 
reduction in Pusa Purple Long.(Table 1 and Fig 1) 
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Action of nematode infection on total sugar content 
Total sugar in roots 
 The amount of total sugars contained in the healthy roots of varieties was 1.445, 1.198 
and 1.628 per cent in Pusa Kranti, Kantabaigan and Pusa Purple Long respectively (Table 2 ) 
on fresh weight basis. In the infected roots of these varieties sugar contents were 2.568, 2.102 
and 3.565 per cent respectively. The percentage of increase in total sugar content due to root-
knot nematode infection over control was noted to be 77.70 , 75.50  and 118.98 per cent 
respectively  (Fig. 2).  
Total sugar in shoots 
 The amount of sugar present in the shoot portion of the inoculated plants were 
recorded as 5.638, 6.298 and 7.218 per cent of the varieties Pusa Kranti, Kantabaigan 
and Pusa Purple Long respectively on fresh weight  basis      (Table 2). Conversely this 
amount was decreased in all cases than healthy plants i.e., 44.76, 50.09 and 46.98 per 
cent in the shoot portion of these varieties due to root-knot infection (Fig. 2 ). 
Activity of phenylalanine ammonia lyase (PAL) and tyrosine ammonia lyase (TAL) 
The activity of PAL 
 It was measured as mg of t-cinnamic acid formed per gram of fresh root extract. 
These were 24.03, 27.52 and 30.45 mg/g in Pusa Kranti, Kantabaigan and Pusa Purple 
Long respectively. In the inoculated roots these values increased to 29.75, 42.85 and 50.25 
mg/g respectively, registering 23.30, 55.70 and 65.00 per cent enhancement over control 
(Table3 and fig 3). 
The activity of TAL 
The activity of TAL was calculated as mg of p-coumaric acid formed per gram of fresh 
roots (Table  3). In the normal roots the activities were recorded as 18.2, 22.06 and 
26.20 mg/g in Pusa Kranti, Kantabaigan and Pusa Purple Long respectively but in the 
nematode infected roots the amounts increased by 8.24, 18.80 and 61.10 per cent 
respectively over control (Fig.3). 
Effect of root-knot nematode infection on peroxidase activity in brinjal varieties 
 The increased peroxidase activity was observed in nematode inoculated samples 
of both susceptible and resistant brinjal varieties but higher enzymatic activity was 
recorded in resistant varieties (Table 4 ) and registered 45.18, 32.09 and 11.30 per cent 
increase over control  (Fig.4 ). 
Effect of root-knot nematode infection on catalase activity in brinjal varieties 
 The catalase activity was decreased (15.68 %) in case of nematode inoculated 
susceptible cultivar, Pusa Purple Long whereas its activity was increased considerably in 
resistant varieties inoculated with root-knot nematode over control. The formation of giant 
cells and galls in plants, susceptible to the endoparasitic nematode was considered to be a 
function of increased level of auxin (Giebel 1973)(5) (Table   5 and Fig  5). 
 
SUMMARY AND CONCLUSION: 

Chlorophyll content is the most important constituent of the plants as it 
manufactures the food, which is necessary for the growth and development of all the 
parts of plant. It is directly correlated with the yield of the crops. Root-knot nematodes 
are known to reduce the chlorophyll content of the plants by disrupting its nutrient 
uptake and partitioning of the photosynthates. 
 In the experiment it was observed that the chlorophyll ‘a’ content reduced from 
2.702 mg/g to 0.010 mg/g due to nematode infection in case ofPusaKranti variety. 
Similarly in the varieties Kantabaigan and Pusa purple long chlorophyll ‘a’ reduced from 
2.542 to 1.736 and 2.687 to 1.920 mg/g respectively.  
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 In case of chlorophyll ‘b’ content reduction from healthy to infected plants 
recorded were 1.114 to 1.020, 0.986 to 0.820 and 1.082 to 0.414 mg/g respectively in 
case of varieties PusaKranti, Kantabaigan and Pusa Purple long 
 Similarly the total chlorophyll content was decreased from 3.816 to 3.230 mg/g 
in PusaKranti 3.528 to 2.554 mg/g in Kantabaigan and 3.769 to 2.634 mg/g in Pusa  
Purple Long. Hence nematode caused 20.60 per cent reduction in total chlorophyll 
content of PusaKranti, 27.60 per cent reduction in Kantabaigan and 30.10 per cent 
reduction in Pusa Purple Long.  

 Sugar is the prime source of metabolic energy in all living organisms. Perusal of data 
clearly envisaged significant increase quantity of total sugars in the roots of nematode 
inoculated plants but on the other hand the sugar content decreases in the shoots of 
nematode infected plants. Increase in sugar content following nematode infection is in 
confirmative with the findings of earlier workers (Ganguly and Dasgupta, 1983(4), Mohanty 
et al., 2001(7). Increased sugar content in infected samples might be due to movement of 
various metabolites towards the infection site from other parts of plants. Alternatively more 
of these metabolites are produced by cell at the infection site as a result more of 
carbohydrates are required for respiration and metabolism. 

The increased peroxidase activity was observed in nematode inoculated samples 
of both susceptible and resistant brinjal varieties but higher enzymatic activity was 
recorded in resistant varieties and registered 45.18, 32.09 and 11.30 per cent increase 
over control. The increased peroxidase activity was observed in nematode inoculated 
samples of both susceptible and resistant brinjal varieties but higher enzymatic activity 
was recorded in resistant varieties and registered 45.18, 32.09 and 11.30 per cent 
increase over control . The catalase activity was decreased (15.68 %) in case of nematode 
inoculated susceptible cultivar, Pusa Purple Long whereas it’s activity was increased 
considerably in resistant varieties inoculated with root-knot nematode over control. The 
formation of giant cells and galls in plants, susceptible to the endoparasitic nematode was 
considered to be a function of increased level of auxin (Giebel 1973(5). 
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Table 1.Reduction in chlorophyll content (a, b, total) due to the infection of root knot nematode in the varieties Pusa Kranti 
(R), Kantabaigen  (R) and Pusa Purple Long (S) 

Variety 

Chlorphyll ‘a’ content mg/g leaf Chlorophyll ‘b’ content mg/g leaf Total chlorophyll in leaf mg/g 

Healthy Infested Mean 
% 
decrease 
(-) 

Healthy Infested Mean 
% 
decrease 
(-) 

Healthy Infested Mean 
% 
decrease 
(-) 

 
Pusa Kranti 

2.702 2.010 2.356 25.60 1.114 1.020 1.067 8.43 3.816 3.230 3.423 20.60 

Kantabaigan 2.542 1.736 2.139 31.70 0.986 0.820 0.903 16.80 3.528 2.554 3.041 27.60 

Pusa Purple 
Long 

2.687 1.920 2.304 28.50 1.082 0.414 0.898 34.00 3.769 2.634 3.202 30.10 

CD (0.05) 0.080 0.0086 - - 0.0087 0.0086 - - 0.0462 0.118 - - 

 
Table 2.Percentage increase/decrease of total sugar content in the root and shoot of brinjal varieties as influenced by M. 

incognita infection 

Variety 

Total sugar  content % on fresh weight basis 
% increase (+) or decrease (-) over control 

Healthy Infected Mean 

Root Shoot Root Shoot Root Shoot Root Shoot 

Pusa Kranti 1.445 10.207 2.568 5.638 2.007 7.923 +77.70 -44.76 

Kantabaigen 1.198 12.619 2.102 6.298 1.650 9.459 +75.50 -50.09 

Pusa Purple 
Long 

1.628 13.616 3.565 7.218 2.597 10.417 +118.98 -46.98 

CD (5 %) 0.009 0.036 0.009 0.062 - - - - 
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Table 3 .Effects of Meloidogyne incognita infection on phenylalanine ammonia Lyase (PAL) and Tyrosine Ammonia Lyase (TAL) 
activity as compared to control (H) 

Variety 

Activity of PAL and TAL in healthy 
and infected roots of brinjal in mg/g 

% increase over  control (H) 

Healthy Infected Mean 
PAL TAL 

PAL TAL PAL TAL PAL TAL 

Pusa Kranti 24.03 18.20 29.75 19.70 26.89 18.95 +23.80 +8.24 

Kantabaigen 27.52 22.06 42.85 26.20 25.18 24.13 +55.70 +18.80 

Pusa Purple Long 30.45 26.20 50.25 42.20 40.35 34.20 +65.00 +61.10 

 
Table 4 .Percentage increase/decrease of enzyme peroxidase in the inoculated brinjal varieties as compared to healthy (H) 
plants 

Varieties 
Enzyme activity in OD units/gm fresh weight of roots 

% increase (+) or % decrease (-) 
Healthy Inoculated 

Pusa Kranti 1.350 1.960 +45.18 

Kantabaigen 1.62 2.140 +32.09 

Pusa Purple Long 1.15 1.28 +11.30 

CD (5 %) 0.062 0.079  

Table 5 .Effect of root-knot nematode, M. incognita on enzyme catalase activities in brinjal roots 

Varieties 
Enzyme activity in mole gm-1  fresh weight of roots 

% increase (+) or % decrease (-) 
Healthy Inoculated 

Pusa Kranti 8.92 11.22 +25.78 

Kantabaigen 9.05 12.26 +35.47 

Pusa Purple Long 7.65 6.45 -15.68 

CD (5 %) 0.004 0.087 - 
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Fig 1.Chlorophyll contents of inoculated and healthy brinjal cultivars/varieties 

 

 
Fig. 2.Total sugar content of root and shoot in control and infected plants 
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Fig 3 .Activity of PAL and TAL in healthy and infected plants 

 

 
Fig 4 .Enzyme activity, peroxidase on OD units/g of  fresh weight of roots 

 

 
Fig 5 .Enzyme activity, Catalase on mole/g of fresh weight of roots 
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