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Abstract

This research was mainly carried out to test the plant defence promoting ability of 

various nematophagous fungi like Arthrobotrys oligospora, Paecilomyces lilacinus and

Pleurotus sp. against root knot nematodes Meloidogyne incognita in tomato by determining

the plant defence promoting biomolecules viz., hydrogen peroxide, superoxide dismutase,

catalase, peroxidase and polyphenol oxidase. It was observed that soil application of A. 

oligospora along with FYM enhanced the activity of defense related biomolecules from day

30 to day 60 after transplanting thereby showing its immense potential in controlling root knot 

nematodes in tomato. The highest mean defense related enzyme activity in plants was recorded 

in treatment containing Nematode infested soil + Farm Yard Manure + Arthrobotrys oligospora 
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with 97.65 Enzyme Unit (EU) mg-1 protein min-1 of hydrogen peroxide, 1.54 EU mg-1 protein 

min-1 of superoxide dismutase, 4.57 EU mg-1 protein min-1 of catalase, 9.45 EU mg-1 protein 

min-1 of peroxidase and 5.89 EU mg-1 protein min-1 of polyphenol oxidase. The gall production 

in nematode infested soil was also reduced drastically after application of nematophagous 

fungi.  

Keywords: Nematophagous fungi; plant defence; hydrogen peroxide; superoxide dismutase; 

catalase; peroxidase and polyphenol oxidase. 

Introduction 

Vegetables play a prime role by ensuring nutritional and livelihood security in Indian 

agriculture. Globally, India ranks second in vegetable cultivation with a production of 185.88 

million tonnes of vegetables with an average productivity of 18.41 tonnes per hectare under 

the area of 10.10 million hectares (Anonymous, 2019a)[3]. Though there is a remarkable 

growth in the area and production of vegetables, productivity is quite low since the last few 

decades due to several biotic and abiotic constraints. Among biotic constraints, plant-parasitic 

nematodes are considered to be the major problem in the vegetable eco-system. 

In India, an average annual loss of around 19.6 per cent has been estimated to be caused 

by plant-parasitic nematodes. However, in protected cultivation of vegetable crops, this 

nematode loss goes up to 60 per cent (Gowda et al., 2007)[7]. Among various vegetable crops, 

tomato is a widely grown vegetable that belongs to the Solanaceae family and is most popular 

after potato. More than 80 per cent of the area of tomato cultivation is in Asia and Africa, 

yielding about 70 per cent of the world tomato output (Anonymous, 2012)[2]. In India, it is 

estimated that about 778 thousand hectare area was under tomato cultivation, producing more 

than nineteen thousand metric tonnes of fruits (Anonymous, 2019b)[4]. Tomato suffers both 

qualitative and quantitative yield losses caused by various pests and diseases. Among them, 

root-knot nematode of tomato causes a loss of about $80 billion  per year (Nicola et al., 



Unedite
d ve

rsi
on publish

ed onlin
e on 20/02/2024

2011)[15]. Globally, it was estimated that the root-knot nematodes caused a yield loss of 27 per 

cent in tomato (Sharma and Sharma, 2015)[16]. Considering these issues in mind, it was decided 

worthwhile to carry out the detailed studies of nematophagous fungi with the objective to check 

the plant defense promoting ability of them. 

Material and methods 

Nematophagous fungal culture 

The nematophagous fungal cultures viz., Arthrobotrys oligospora, Paecilomyces 

lilacinus and Pleurotus sp. were collected from the Department of Plant Pathology, 

Chimanbhai Patel College of Agriculture, Sardarkrushinagar Dantiwada Agricultural 

University, Sardarkrushinagar, Gujarat and were used for the study. The cultures of each isolate 

were maintained on cornmeal agar medium at 25 ± 1 oC at the time interval of 20 days by 

regular sub-culturing. These nematophagous fungi were mass multiplied using sorghum grains 

and were used for the study. 

Preparation of nematode inoculum 

The population of second-stage juvenile of Meloidogyne incognita were obtained from 

infected crops like tomato, brinjal, okra. The mature knots were first washed in tap water and 

then soaked in sterile distilled water for overnight. On the very next day, knots were teased 

with a fine, sterile needle to extract the egg masses. The egg masses were then cleaned and 

subsequently kept in fresh sterile distilled water and incubated at 28 oC for hatching. 

Immediately after hatching, J2 population was used for experimental work. 

Greenhouse study on tomato 

A study under greenhouse condition was carried out during November, 2019 at 

Chimanbhai Patel College of Agriculture, Sardarkrushinagar Dantiwada Agricultural 

University, Sardarkrushinagar, Gujarat. The mass culture of three different nematophagous 
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fungi was used as treatment application to know their efficacy. Fresh mass culture of 

nematophagous fungi having 1 x 107 Cfu/g was incorporated in the soil. A total of twelve 

treatments with three replications was maintained (Table 1). Nematode infested soil without 

fungal culture served as control. After twenty days, tomato seedlings of uniform length and 

weight were transplanted in each pot with three seedlings per pot. The efficacy of 

nematophagous fungi was also compared with two nematicides viz., Fluensulfone 2GR and 

Carbosulfan 25%.   

Table 1: Details of treatment for biocontrol potentiality of nempatophagous fungi 

T1  Sterilized soil 

T2  Sterilized soil + FYM 

T3  Sterilized soil + FYM + Paecilomyces lilacinus (100g of mass cultured 

nematophagous fungi per kilogram of soil) 

T4  Sterilized soil + FYM + Arthrobotrys oligospora (100g of mass cultured fungi 

per kilogram of soil) 

T5  Sterilized soil + FYM + Pleurotus sp. (100g of mass cultured nematophagous 

fungi per kilogram of soil) 

T6  Nematode infested soil 

T7  Nematode infested soil + FYM 

T8  Nematode infested soil + FYM + Paecilomyces lilacinus. (100g of mass cultured 

nematophagous fungi per kilogram of soil) 

T9  Nematode infested soil + FYM + Arthrobotrys oligospora (100g of mass 

cultured nematophagous fungi per kilogram of soil) 

T10  Nematode infested soil + FYM + Pleurotus sp. (100g of mass cultured 

nematophagous fungi per kilogram of soil) 

T11  Nematode infested soil + Fluensulfone 2GR (4.5g per pot) 

T12  Nematode infested soil + Carbosulfan 25% EC (1ml/Litre) 

Determination of defense related biomolecules 

Plant defence related biomolecules helps the plants to develop immunity against biotic 

and abiotic stresses. The activities of plant defence related biomolecules viz., hydrogen 

peroxide, superoxide dismutase, catalase, peroxidase (PO) and polyphenol oxidase (PPO) were 
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determined at 30, 45 and 60 days after transplanting which helps the tomato plants to develop 

immunity against root knot nematode, thereby decreasing the population of nematodes.  

Hydrogen peroxide content of tomato leaf samples from all the treatments was 

estimated as per the protocol of Mukherjee and Choudhary (1983)[14]. Absorbance was 

recorded at 415 nm against the blank (Eppendorf - BioSpectrometer). The concentration of 

H2O2 was determined using a standard curve plotted with a known concentration of H2O2. 

Superoxide dismutase (SOD) activity was assayed from the root samples of all the 

treatments of tomato plants following the method of Dhindsa et al. (1981). Absorbance was 

recorded at 560 nm in a spectrophotometer (Eppendorf - BioSpectrometer). Enzyme units were 

calculated as follows: 

Enzyme Unit (EU) = 
Enzyme* (light-Enzyme

#
 (light) x  Enzyme

#
 (dark)

 Enzyme* (light) / 2
 

The catalase (CAT) activity from the roots of the tomato plant in all the treatments was 

assayed according to the protocol given by Aebi (1983)[1]. Changes in absorbance at 240 nm        

(δ A240) at an interval of 15 seconds for 2 minutes was noted. The enzyme activity per gram 

fresh weight was estimated using the extinction coefficient 43.6 for H2O2 decomposition. It 

was also estimated on per mg protein basis and was expressed according to the formula:  

EU mg-1 protein = δA240/min x 1000 / 43.6 x mg protein ml-1 reaction mixture 

The activity of peroxidase and polyphenol oxidase (PPO) was measured in roots of 

tomato as per the protocol of Kar and Mishra (1976)[8]. Absorbance was measured at 420 nm 

with the help of a Spectrophotometer (Eppendorf - BioSpectrometer). Enzyme units were 

calculated as:  

Units mg-1 protein = Change in absorbance mg-1 protein minute-1 

The EU was expressed on as per gram fresh weight basis as well as based on per mg 

protein (specific activity). Estimation of protein content from root tissue was carried out by the 

method described by Lowry et al. (1951)[11]. 
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Statistical analysis 

The experiment was carried out in Completely Randomized design with factorial concept 

(FCRD) with three replications and the data subjected to analysis of variance (ANOVA) and 

Duncan’s Multiple Range Test (DMRT) for testing the treatment significance using statistical 

package for Social Sciences Version 22.0 (SPSS 22.0) programme. Data were compared with 

DMRT at p ≤ 0.05. 

Result and Discussion 

Estimation of Hydrogen Peroxide activity (H2O2) 

The change in hydrogen peroxide content as influenced by different treatments in tomato 

plant was assessed at 30, 45 and 60 days after transplanting (DAT) and the data were compared 

(Table 2 and Fig. 1). The data clearly indicated a significant increase in hydrogen peroxide 

content in tomato leaves with various treatments from day 30 to day 60.  

The hydrogen peroxide activity was recorded from 9.08 EU mg-1 protein min-1 in T1 

(Sterilized Soil) to as high as 58.22 EU mg-1 protein min-1 in T9 (NIS + FYM + Arthrobotrys 

oligospora) at 30 days after transplanting. The highest hydrogen peroxide activity recorded in 

T9 (58.22 EU mg-1 protein min-1) was significantly superior to rest of the treatments at 30 days 

after transplanting. The next best treatment at 30 days after transplanting was T8 which 

recorded a hydrogen peroxide content of 57.68 EU mg-1 protein min-1. At 45 days after 

transplanting, significantly the highest hydrogen peroxide activity was recorded in T9 (110.42 

EU mg-1 protein min-1) which was at par with T8 (109.90 EU mg-1 protein min-1). However, at 

60 days after transplanting, significantly the highest hydrogen peroxide activity (124.64 EU 

mg-1 protein min-1) was recorded in T8 (NIS + FYM + Paecilomyces lilacinus) which was at 

par with T9 (124.31 EU mg-1 protein min-1). The hydrogen peroxide activity of less than 15 EU 

mg-1 protein min-1 at all the days after transplanting was recorded in sterilized soil (T1).  

The data further indicated that the trend of increase in the hydrogen peroxide activity 

(EU mg-1 protein min-1) was found to be 47.28% (110.42) and 53.17% (124.31) at 45 and 60 
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days after transplanting, respectively in T9 while in T8, it was found to be 47.52% (109.90) 

and 53.73% (124.64) at 45 and 60 days after transplanting. The least hydrogen peroxide activity 

on 30 days after transplanting was recorded in treatment T1 (9.08) which was found to be 

increased by 12.04% (10.32) on 45 DAT and 28.18% (12.64) on 60 DAT.   

The highest mean hydrogen peroxide activity of 97.65 EU mg-1 protein min-1 was 

recorded in T9 while the lowest mean hydrogen peroxide activity of 10.68 EU mg-1 protein 

min-1 was recorded in T1. 

The data (Fig. 1) further explained that the hydrogen peroxide activity was 

comparatively higher in nematode infested soil with different treatments. The treatments 

receiving the bio-agents in nematode infested soil were notably superior with hydrogen 

peroxide activity of 57.57, 105.98 and 117.87 EU mg-1 protein min-1, respectively at 30, 45 and 

60 days after transplanting. From the above observations it can be clearly noted that all the 

nematode infested plants produces more hydrogen peroxide than the plants present in sterilized 

soil. This is because the nematode infested plants by nature have the ability to produce 

hydrogen peroxide as a hypersensitive response and it creates cell death to prevent further 

spread of nematode infestation. 

The treatment comprising nematicides registered a hydrogen peroxide activity of 53.34, 

76.57 and 99.78 EU mg-1 protein min-1, respectively at 30, 45 and 60 days after transplanting. 

Thus, it can be concluded clearly that all the three nematophagous fungi viz., P. lilacinus,           

A. oligospora and Pleurotus sp. increased the hydrogen peroxide activity. 

Due to the oxidative stress created by the invasion of nematode and endophytic nature 

of A. oligospora, and P. lilacinus hydrogen peroxide content in the tomato plant was increased. 

This was due to the production of free radicals like hydroxyl and superoxide radicals in the 

infected plants. However, the reactive oxygen species and hydrogen peroxide creates a 

hypersensitive response in the infected cells and stimulates the signalling molecules against the 
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invading pathogen thereby triggering the innate host resistance mechanism. This finding is in 

agreement with the study conducted by Singh et al. (2013)[17].  

Estimation of Superoxide dismutase activity (SOD) 

Data pertaining to superoxide dismutase enzyme activity as influenced by different 

treatments in tomato plant was assessed at 30, 45 and 60 days after transplanting (DAT) and 

their interaction effect was also studied and presented in Table 2 and Fig. 2. The quantitative 

estimation showed significant increase in superoxide dismutase activity in tomato plant with 

various treatments from day 30 to day 60 and the mean SOD activity was presented in Table 

2.  

The superoxide dismutase activity was recorded from 0.5 EU mg-1 protein min-1 in T1 

(Sterilized Soil) to 1.37 EU mg-1 protein min-1 in T9 (NIS + FYM + Arthrobotrys oligospora) 

at 30 days after transplanting. The superoxide dismutase activity (1.37 EU mg-1 protein min-1) 

recorded in T9 was significantly superior to rest of the treatments at 30 days after transplanting. 

The next best treatment was T8 which recorded 1.23 EU mg-1 protein min-1 superoxide 

dismutase activity at 30 days after transplanting and it was closely followed by T10 (1.20 EU 

mg-1 protein min-1). However, at 45 DAT, significantly the highest superoxide dismutase 

activity (EU mg-1 protein min-1) was recorded in T9 (1.53) which was at par with T8 (1.48). 

While at 60 days after transplanting significantly the highest superoxide dismutase activity was 

recorded in T9 (1.71 EU mg-1 protein min-1). The superoxide dismutase activity of less than 1.0 

EU mg-1 protein min-1 at all the days after transplanting was recorded in sterilized soil (T1).  

The data further revealed that the trend of increase in superoxide dismutase activity 

among the various dates was found to be 10.46% (1.53) and 19.88% (1.71) at 45 and 60 days 

after transplanting, respectively in T9 while in T8, it was found to be increased by 16.89% 

(1.48) and 19.08% (1.52) at 45 and 60 days after transplanting. The least superoxide dismutase 

activity was observed in T1 (0.5) which was increased by 18.03% (0.61) on 45 DAT and 

35.06% (0.77) on 60 DAT.  
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The highest mean superoxide dismutase activity of 1.54 EU mg-1 protein min-1 was 

recorded in T9 whereas T1 recorded the least mean superoxide dismutase activity of 0.62 EU 

mg-1 protein min-1. 

The data (Fig. 2) further clarified that the treatments receiving the bio-agents were 

notably superior with superoxide dismutase activity of 1.27, 1.47 and 1.57 EU mg-1 protein 

min-1, respectively at 30, 45 and 60 days after transplanting in nematode infested soil. The 

treatment comprising nematicides registered a superoxide dismutase activity of 1.03, 1.35 and 

1.45 EU mg-1 protein min-1, respectively at 30, 45 and 60 days after transplanting. Thus, it can 

be noted clearly that all the three nematophagous fungi viz., P. lilacinus, A. oligospora and 

Pleurotus sp. increased the superoxide dismutase activity. 

The maximum SOD activity was observed in nematophagous fungi like Arthrobotrys 

oligospora and Paecilomyces lilacinus was attributed due to the fact that these fungi are 

endophytic in nature and they can reduce lipid peroxidation caused during oxidative stress. 

However, the SOD activity was more in nematode infested soil compared to sterilized soil. 

This is due to the fact that the free radicals are produced during nematode infestation and an 

oxidative stress is created in nematode infested soil. During this oxidative stress, 

nematophagous fungi produce more superoxide dismutase (SOD) enzyme to neutralize the free 

radicals in nematode infested soil. 

The study conducted by Singh et al. (2013)[18] revealed that the endophytic nature of                 

A. oligospora helps in enhancing the defense-related biomolecules, enzymes and showed 

biocontrol potential against Meloidogyne incognita. 

Bilal et al. (2017) studied the Ni-removal efficiency of various phyto-hormone 

producing endophytic fungi, in which P. formosus LHL10 modulated the physio-chemical 

apparatus of soybean plants during Ni-contamination by reducing lipid peroxidation and 

accumulation of linolenic acid, glutathione, peroxidase, polyphenol oxidase, catalase and 

superoxide dismutase. 
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Thus, the results obtained are in accordance with the results of previous research works. 

Estimation of Catalase activity 

The change in catalase activity as influenced by different treatments in tomato plant 

was assessed at 30, 45 and 60 days after transplanting (DAT) and the data were compared 

(Table 3 and Fig. 3). A significant increase in catalase activity in tomato plants with various 

treatments from day 30 to day 60 was recorded and the mean catalase activity was presented 

in table 3. 

The catalase activity was recorded from 0.11 EU mg-1 protein min-1 in T1 (Sterilized 

Soil) to as high as 3.18 EU mg-1 protein min-1 in T9 (NIS + FYM + Arthrobotrys oligospora) 

at 30 days after transplanting. The highest catalase activity (EU mg-1 protein min-1) was 

recorded in T9 (3.18) which was at par with T10 (3.17) and which were found to be 

significantly superior to rest of the treatments at 30 days after transplanting. The next best 

treatment was T8 which recorded 1.90 EU mg-1 protein min-1 catalase activity at 30 days after 

transplanting. However, at 45 days after transplanting, significantly the highest catalase activity 

(4.11 EU mg-1 protein min-1) was recorded in T9 and T8. The next best treatment at 45 DAT 

was T10 which registered 3.49 EU mg-1 protein min-1. Whereas, at 60 DAT, significantly the 

highest catalase activity (6.41 EU mg-1 protein min-1) was recorded in T9 which was followed 

by T8 with a catalase activity of 5.51 EU mg-1 protein min-1. The catalase activity of less than 

1.0 EU mg-1 protein min-1 at all the days after transplanting was recorded in sterilized soil (T1).  

Among the various dates, the trend of increase in the catalase activity (EU mg-1 protein 

min-1) was found to be increased by 22.73% (4.11) and 50.47% (6.42) at 45 and 60 days after 

transplanting, respectively in T9 while in T10, it was found to be increased by 9.09% (3.49) 

and 37.99% (5.11) at 45 and 60 days after transplanting. The least catalase activity was 

recorded in T1 (0.11) on 30 DAT which was increased by 67.07% (0.33) on 45 DAT and 86.3% 

(0.79) on 60 DAT.   
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Irrespective of the days after transplanting, the highest mean catalase activity 4.57 EU 

mg-1 protein min-1 was recorded in T9 (NIS + FYM + Arthrobotrys oligospora) whereas the 

lowest catalase activity 0.41 EU mg-1 protein min-1 was observed in T1. 

The data (Fig. 3) further explained that the catalase activity in plants was comparatively 

higher in nematode infested soil irrespective of the treatments. However, the treatments 

receiving the bio-agents were notably superior with catalase activity of 2.75, 3.90 and 5.68 EU 

mg-1 protein min-1, respectively at 30, 45 and 60 days after transplanting in nematode infested 

soil. The treatment comprising nematicides registered a catalase activity of 1.12, 2.13 and 2.77 

EU mg-1 protein min-1, respectively at 30, 45 and 60 days after transplanting. Thus, it can be 

noted clearly that the nematophagous fungi viz., P. lilacinus, A. oligospora and Pleurotus sp. 

increased the catalase activity in sterilized soil as well as in nematode infested soil.  

In present study, the tomato plants inoculated with Arthrobotrys oligospora, Pleurotus 

sp. and Paecilomyces lilacinus showed increased plant growth and decreased root knot 

nematode infestation because of the generation of catalase enzyme which acts as a scavenger 

of free radical produced as a result of nematode infestation. This validates the findings of Singh 

et al. (2013)[18], Bilal et al. (2017)[5] and Mostafa et al. (2019)[12]. 

Estimation of Peroxidase activity 

The data representing the change in peroxidase activity as influenced by different 

treatments in tomato plant was assessed at 30, 45 and 60 days after transplanting were 

compared (Table 3 and Fig. 4). The data indicated a significant increase in peroxidase activity 

in tomato plant with various treatments from day 30 to day 60.  

The peroxidase activity was recorded from 0.21 EU mg-1 protein min-1 in T1 (Sterilized 

Soil) to as high as 6.23 EU mg-1 protein min-1 in T9 (NIS + FYM + Arthrobotrys oligospora) 

at 30 days after transplanting. The highest peroxidase activity (6.23 EU mg-1 protein min-1) 

recorded in T9 was significantly superior to rest of the treatments at 30 days after transplanting. 

The next best treatment was T8 which recorded 5.51 EU mg-1 protein min-1 peroxidase activity 
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which was at par with T10 with 5.51 EU mg-1 protein min-1 peroxidase activity at 30 days after 

transplanting. Such trend was also noticed at 45 and 60 days after transplanting. The peroxidase 

activity of less than 2.5 EU mg-1 protein min-1 at all the days after transplanting was recorded 

in sterilized soil (T1).  

Among the various treatments, the data further indicated that the trend of increase in the 

peroxidase activity (EU mg-1 protein min-1) was 42.15% (10.77) and 45.06% (11.34) at 45 and 

60 days after transplanting, respectively in T9. In T8, it was found to be increased by 44.57% 

(9.94) and 49.40% (10.89) at 45 and 60 days after transplanting. The least peroxidase activity 

was observed in T1 with 0.21 EU mg-1 protein min-1 on 30 DAT which on 45 DAT was 

increased by 80.56% (1.08) and further by 90.37% (2.18) on 60 DAT. 

The highest mean peroxidase activity of 9.45 EU mg-1 protein min-1 was recorded in T9 

(NIS + FYM + Arthrobotrys oligospora) regardless of the days after transplanting while, the 

least mean peroxidase activity (1.15 EU mg-1 protein min-1) was noted in T1, i.e., Sterilized 

soil. 

The data (Fig. 4) further elucidated that the values of peroxidase activity in different 

treatment were comparatively higher in nematode infested soil. The treatments receiving the 

bio-agents were notably superior with peroxidase activity of 5.74, 10.21 and                               

11.05 EU mg-1 protein min-1, respectively at 30, 45 and 60 days after transplanting in nematode 

infested soil. The treatment comprising nematicides registered a peroxidase activity of 1.69, 

6.38 and 7.98 EU mg-1 protein min-1, respectively at 30, 45 and 60 days after transplanting. 

Thus, it can be noted clearly that all the three nematophagous fungi viz., P. lilacinus, A. 

oligospora and Pleurotus sp. increased the peroxidase activity. 

The plants supplied with nematophagous fungi showed maximum plant biomass and 

reduced root knot nematode infection. This is due to the presence of peroxidase enzyme 

generated from Arthrobotrys oligospora, Pleurotus sp. and Paecilomyces lilacinus that 

contains a pathogenesis related protein (PR-9) which catalyzes phenolic radical formation 
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thereby decreasing reactive oxygen species which in further decreasing oxidative stress created 

by the nematode infestation. The root knot nematode infested tomato plants which were not 

inoculated with nematophagous fungi (T6 and T7) showed less amount catalase and peroxidase 

activity because of the presence of higher amount of free radicals and reactive oxygen species.  

Klessing et al. (2000)[9] reported that reactive oxygen species (ROS) played an important 

role in plant defense and during pathogen attack levels of ROS detoxifying enzymes like 

peroxidase (POX) and catalase (CAT) were often suppressed in the plants.   

The multifarious effects of endophytic and rhizospheric isolates of Arthrobotrys 

oligospora were investigated in greenhouse and field conditions in tomato plants by              

Singh et al. (2013)[18]. Two isolates of A. oligospora viz., EAO-147 and RST-101 inoculated 

individually or in combination significantly increased various attributes in the soil as well as 

plants. Among both the isolates, A. oligospora EAO-147 was comprised to be more potential 

in enhancing defense-related biomolecules, enzymes and showed biocontrol potential against 

M. incognita. 

Thus, the results obtained in present investigation are in accordance with the findings of 

previous research works. 

Estimation of Polyphenol oxidase activity 

The change in polyphenol oxidase (PPO) activity (EU mg-1 protein min-1) influenced by 

different treatments in tomato plant was assessed at 30, 45 and 60 days after transplanting 

(Table 4 and Fig. 5). The data revealed a significant increase in polyphenol oxidase activity in 

tomato plants inoculated with various treatments from day 30 to day 60. 

The polyphenol oxidase activity was recorded from 0.07 EU mg-1 protein min-1 in T1 

(Sterilized Soil) to as high as 3.01 EU mg-1 protein min-1 in T9 (NIS + FYM + Arthrobotrys 

oligospora) at 30 days after transplanting. The highest polyphenol oxidase activity                    

(3.01 EU mg-1 protein min-1) recorded in T9 was significantly superior to rest of the treatments 

but was at par with T10 (2.80 EU mg-1 protein min-1) at 30 days after transplanting. The next 
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best treatment was T8 which recorded 2.65 EU mg-1 protein min-1 polyphenol oxidase activity 

at 30 days after transplanting. The data further indicated that a significant rise in polyphenol 

oxidase activity (> 6 EU mg-1 protein min-1) at 45 and 60 DAT in treatments receiving bio-

agents in nematode infested soil. At 45 days after transplanting, significantly the highest 

polyphenol oxidase activity (6.84 EU mg-1 protein min-1) was recorded in T8. While, at 60 days 

after transplanting the highest polyphenol oxidase activity (8.12 EU mg-1 protein min-1) was 

recorded in T9.  The polyphenol oxidase activity of less than 1.0 EU mg-1 protein min-1 at all 

the days after transplanting was recorded in sterilized soil (T1).  

The data further revealed that the polyphenol oxidase activity (EU mg-1 protein min-1) 

was found to be increased by 53.91% (6.53) and 62.93% (8.12) at 45 and 60 days after 

transplanting, respectively in T9. In T10, it was found to be increased by 54.62% (6.17) and 

58.08% (6.68) while in T8 it was increased by 61.26% (6.84) and 64.33% (7.43) at 45 and 60 

days after transplanting, respectively. The least polyphenol oxidase activity on 30 DAT was 

recorded in T1 with 0.07 EU mg-1 protein min-1 which was increased by 86.00% (0.50) on 45 

DAT and 91.25% (0.80) on 60 DAT. 

Irrespective of the days after transplanting, the highest mean polyphenol oxidase activity 

of 5.89 EU mg-1 protein min-1 was recorded in T9 which was followed by T8 with a mean 

polyphenol oxidase activity of 5.64 EU mg-1 protein min-1 whereas the least polyphenol oxidase 

activity was noted in T1 (0.46 EU mg-1 protein min-1). 

The data (Fig. 5) further elucidated that the treatments receiving the bio-agents in 

nematode infested soil were notably superior with polyphenol oxidase activity of 2.82, 6.51 

and 7.41 EU mg-1 protein min-1, respectively at 30, 45 and 60 days after transplanting. Whereas, 

the treatment comprising nematicides registered a polyphenol oxidase activity of 1.77, 4.26 

and 5.27 EU mg-1 protein min-1, respectively at 30, 45 and 60 DAT.   
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Thus, it can be noted clearly that all the three nematophagous fungi viz., P. lilacinus,  

A. oligospora and Pleurotus sp. increased the accumulation of polyphenol oxidase thereby 

contributing to induced systemic resistance. 

The results obtained from the analysis of various enzyme activity viz., superoxide 

dismutase, catalase, peroxidase and polyphenol oxidase are in accordance with the study 

conducted by Mostafanezhad et al. (2014)[13] who reported that combined application of A. 

oligospora and SA provided the best nematode control along with the increased activity of the 

enzymes viz., phenylalanine ammonia-lyase (PAL), peroxidase (POX) and polyphenol oxidase 

(PPO) and phenolic compounds in comparison with the other treatments.    

The results obtained are in accordance with the study designed to analyze the kinetics 

of some defense-related enzymes in the roots of zucchini plants inoculated with 

nematophagous fungi Pochonia chlamydosporia var. chlamydosporia (Pcc) against 

Meloidogyne javanica by Lalezar et al. (2016)[10]. They observed that when the plants were 

inoculated with both Pcc and nematode, the activity of phenylalanine ammonia lyase (PAL), 

polyphenol oxidase (PPO), peroxidase (POX) and catalase (CAT) was significantly improved 

when compared with other treatments. The polyphenol oxidase (PPO) activity in such plants 

was more than PPO activity in nematode-infected plants only on the 5th and 7th day after 

inoculation. 

Effect of different treatments of nematophagous fungi on population of nematodes 

Number of galls, gall index and size of galls  

Apart from plant defence related biomolecules study, the number of galls, gall index 

and size of galls were also studied in this experiment and observations were compared on 30, 

45 and 60 days after transplanting (Table 5 and 6). 

The treatments with sterilized soil reported no galls with a zero gall index whereas 

various treatments imposed in nematode infested soil revealed significant difference. 

Treatment T9 had very few mean numbers of galls (19.44) with mean gall index of 3 and the 
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galls were produced only on the tertiary roots, without affecting the host root physiology. This 

was followed by T10 in which the mean number of galls per root was 26.33 with mean gall 

index of 3. The next best treatments were T8 and T12 with 33.00 and 33.78 number of galls, 

respectively with mean gall index of 3 and 4. This was followed by T11 with 46.11 galls and 

mean gall index of 4 and T7 with 106.11 galls with mean gall index of 5. The maximum mean 

number of galls per root (136.89 galls) with mean gall index of 5 was recorded in T6 i.e. 

nematode infested soil. 

The treatment T11 recorded a maximum mean gall size of 0.56 mm whereas, T12 

recorded with a least mean gall size of 0.28 mm. The treatment T6 which served as 

uninoculated control showed maximum galling whereas Arthrobotrys oligospora, 

Paecilomyces lilacinus and Pleurotus sp. controlled the root knot nematode infestation more 

efficiently when compared to chemical nematicides. This proved the potential of 

nematophagous fungi in managing root knot nematodes effectively, especially when inoculated 

prior in soil. Treatment T6 showed maximum number of galls because the cells present in the 

roots get hypertrophied and become giant cells due to the occurrence of karyokinesis without 

cytokinesis as a result of root knot nematode infection.  

The nematophagous fungi A. oligospora was more efficient in suppressing the root galls 

in nematode infested soil when applied to root system. This nematode trapping fungi had ability 

to colonize the soil completely within 7 days of application to soil and established endophytic 

relationship with tomato root system and checked the activity of root knot nematode and greatly 

reduced the root galls and size of galls produced. Similar results were obtained by Slepetiene 

et al. (1993), Mostafa (2001) and Singh et al. (2012).  

The biocontrol agent Pleurotus sp. also suppressed nematode infestation by producing 

very few galls and stimulated growth of tomato plants. This finding validates the study by            

El-Sherbing and Awd Allah (2014) who reported that Pleurotus sp. colonized the soil better 

within 10 days of inoculation whereas, P. lilacinus failed to colonize in soil. This indicated the 
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limited saprophytic ability of P. lilacinus in soil and subsequent rhizospheric competence. This 

might be due to lack of appropriate available growth substrate that could help initial 

establishment of the fungus in the plant rhizosphere. Also, it was noted that P. lilacinus could 

not control the gall production as efficiently as A. oligospora and Pleurotus sp. This is in 

accordance with the findings of Thakur and Devi (2007), where A. oligospora and P. lilacinus 

were studied to manage root-knot nematode (Meloidogyne incognita) infecting okra and it was 

found that A. oligospora alone and in combination with P. lilacinus suppressed root galling 

and nematode population and improved plant growth parameters but P. lilacinus alone could 

not reduce root galling. 

Conclusion 

Our study showed that, all the three nematophagous fungi viz., Arthrobotrys oligospora, 

Paecilomyces lilacinus and Pleurotus sp. used in the present investigation were found to be 

effective in promoting defence systems of tomato plants. It can also be noticed that 

nematophagous fungi not only increased the defence mechanism of the plants but also 

drastically reduced the population of root knot nematode in the soil. Howerver, A. oligospora 

was found to be the most potent nematophagous fungi against Meloidogyne incognita infecting 

tomato plants which increased the plant defense related biomolecules in tomato plants. This is 

due to the immense ability of A. oligospora to control the production of root knot nematodes 

which ultimately leads to plant defence promotion in tomato plants. Thus, A. oligospora proves 

to be the most promising nematophagous fungi against root knot nematodes. Further, 

investigations are needed for isolation and characterization of nematicidal compounds 

produced by these nematophagous fungi. Nematophagous fungi would be an environmentally 

friendly approach to cope with the highly variable environmental conditions common in 

farmers’ fields and would optimize the potential benefits of the various other naturally 

occurring beneficial microorganisms in soil, thereby improving the health status of soil.  
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 Hydrogen peroxide activity Superoxide dismutase activity 

Treatments 30 DAT 45 DAT 60 DAT Mean 30 DAT 45 DAT 60 DAT Mean 

T1 - Sterilized soil (SS) 9.08g 10.32h 12.64f 10.68 0.50h 0.61h 0.77j 0.62 

T2 - SS + FYM 12.73f 15.23g 15.26f 14.41 0.62g 0.77g 0.90i 0.77 

T3 - SS + FYM + Paecilomyces lilacinus 23.07e 33.99f 41.15e 32.73 0.72fg 0.86f 1.13h 0.9 

T4 - SS + FYM + Arthrobotrys oligospora 23.54e 33.90e 41.45e 32.96 0.82e 0.98e 1.29ef 1.03 

T5 - SS + FYM + Pleurotus sp. 23.52e 33.03f 47.51d 34.69 0.75ef 0.90e 1.20gh 0.95 

T6 - Nematode Infested soil (NIS) 49.72d 73.58c 97.86c 73.72 0.84e 1.08d 1.24fg 1.05 

T7- NIS + FYM 49.83d 73.58c 97.29c 73.57 1.12c 1.34c 1.37de 1.28 

T8- NIS + FYM + Paecilomyces lilacinus 57.68b 109.90a 124.64a 97.41 1.23b 1.48ab 1.52b 1.41 

T9- NIS + FYM + Arthrobotrys oligospora 58.22a 110.42a 124.31a 97.65 1.37a 1.53a 1.71a 1.54 

T10 - NIS + FYM + Pleurotus sp. 56.81c 97.62b 104.65b 86.36 1.20bc 1.39bc 1.48bc 1.36 

T11- NIS + Fluensulfone 2GR 49.80d 55.94d 94.10c 66.61 0.95d 1.3c 1.42cd 1.22 

T12- NIS + Carbosulfan 25% EC 56.87c 97.19b 105.45b 86.5 1.11c 1.39bc 1.48bc 1.33 

Mean 39.24 62.06 75.53 58.94 0.94 1.14 1.29 1.12 

C.V.% 2.61 4.71 

Data are means of three replicates. 

Values in columns followed by the common letter(s) are not significantly different at 5% level of significance. 
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 Catalase activity Peroxidase activity 

Treatments 30 DAT 45 DAT 60 DAT Mean 30 DAT 45 DAT 60 DAT Mean 

T1 - Sterilized soil (SS) 0.11f 0.33g 0.79i 0.41 0.21i 1.08j 2.18j 1.15 

T2 - SS + FYM 0.31f 1.00f 1.27gh 0.86 0.46h 1.87i 3.36i 1.90 

T3 - SS + FYM + Paecilomyces lilacinus 0.96e 1.16f 1.52g 1.21 1.74f 3.13h 4.96h 3.28 

T4 - SS + FYM + Arthrobotrys oligospora 1.03de 1.56e 1.97f 1.52 1.82e 5.25g 6.37f 4.48 

T5 - SS + FYM + Pleurotus sp. 0.98e 1.22f 1.43g 1.21 1.73f 3.13h 4.97h 3.28 

T6 - Nematode Infested soil (NIS) 1.43c 2.24c 3.63d 2.43 2.24c 6.84d 7.32d 5.47 

T7- NIS + FYM 1.24cd 1.82de 2.27e 1.78 1.84e 5.52e 6.17g 4.51 

T8- NIS + FYM + Paecilomyces lilacinus 1.90b 4.11a 5.51b 3.84 5.51b 9.94b 10.89b 8.78 

T9- NIS + FYM + Arthrobotrys oligospora 3.18a 4.11a 6.41a 4.57 6.23a 10.77a 11.34a 9.45 

T10 - NIS + FYM + Pleurotus sp. 3.17a 3.49b 5.11c 3.92 5.50b 9.93b 10.93b 8.79 

T11- NIS + Fluensulfone 2GR 0.91e 2.03cd 2.81e 1.92 1.32g 5.32f 6.93e 4.52 

T12- NIS + Carbosulfan 25% EC 1.32c 2.23c 2.73e 2.09 2.05d 7.44c 9.02c 6.17 

Mean 1.38 2.11 2.95 2.15 2.55 5.85 7.04 5.15 

C.V.% 8.94 1.41 

Data are means of three replicates. 

Values in columns followed by the common letter(s) are not significantly different at 5% level of significance. 
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Table 4: Polyphenol oxidase activity at 30, 45 and 60 DAT  

 

 

Treatments 30 DAT 45 DAT 60 DAT Mean 

T1 - Sterilized soil (SS) 0.07g 0.50k 0.80i 0.46 

T2 - SS + FYM 0.16g 0.77j 0.89hi 0.61 

T3 - SS + FYM + Paecilomyces lilacinus 0.77f 1.15i 1.04hi 0.98 

T4 - SS + FYM + Arthrobotrys oligospora 1.11e 1.86h 1.72g 1.56 

T5 - SS + FYM + Pleurotus sp. 0.61f 1.10i 1.23h 0.98 

T6 - Nematode Infested soil (NIS) 1.05e 3.12g 3.36f 2.51 

T7- NIS + FYM 1.30e 3.42f 3.44f 2.72 

T8- NIS + FYM + Paecilomyces lilacinus 2.65b 6.84a 7.43b 5.64 

T9- NIS + FYM + Arthrobotrys oligospora 3.01a 6.53b 8.12a 5.89 

T10 - NIS + FYM + Pleurotus sp. 2.80ab 6.17c 6.68c 5.22 

T11- NIS + Fluensulfone 2GR 1.61d 3.77e 4.45e 3.28 

T12- NIS + Carbosulfan 25% EC 1.93c 4.74d 6.10d 4.26 

Mean 1.42 3.33 3.77 2.84 

C.V.% 5.98 

Data are means of three replicates. 

Values in columns followed by the common letter(s) are not significantly different at 5% level of significance. 
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##
Square root transformed values. 

 Values in parentheses are original values.
 

Data are means of three replicates.  

Values in columns followed by the common letter(s) are not significantly different at 5% level of significance. 

Treatments 30 DAT 

Gall 

index on 

30 DAT 

45 DAT 

Gall 

index on 

45 DAT 

60 DAT 

Gall 

index on 

60 DAT 

Mean 

number 

of galls 

Mean gall 

index 

T1 - Sterilized soil (SS) 
##0.71f 

(0.0) 
0 

0.71g 

(0.0) 
0 

0.71f 

(0.0) 
0 

0.71 

(0.0) 
0 

T2 - SS + FYM 
0.71f 

(0.0) 
0 

0.71g 

(0.0) 
0 

0.71f 

(0.0) 
0 

0.71 

(0.0) 
0 

T3 - SS + FYM + Paecilomyces lilacinus 
0.71f 

(0.0) 
0 

0.71g 

(0.0) 
0 

0.71f 

(0.0) 
0 

0.71 

(0.0) 
0 

T4 - SS + FYM + Arthrobotrys oligospora 
0.71f 

(0.0) 
0 

0.71g 

(0.0) 
0 

0.71f 

(0.0) 
0 

0.71 

(0.0) 
0 

T5 - SS + FYM + Pleurotus sp. 
0.71f 

(0.0) 
0 

0.71g 

(0.0) 
0 

0.71f 

(0.0) 
0 

0.71 

(0.0) 
0 

T6 - Nematode Infested soil (NIS) 
6.67a 

(44.00) 
4 

11.76a 

(138.00) 
5 

15.12a 

(228.67) 
5 

11.18 

(136.89) 
5 

T7- NIS + FYM 
5.98b 

(35.33) 
4 

9.87b 

(97.00) 
4 

13.65b 

(186.00) 
5 

9.84 

(106.11) 
5 

T8- NIS + FYM + Paecilomyces lilacinus 
4.18d 

(17.00) 
3 

5.31de 

(27.67) 
3 

7.40c 

(54.33) 
4 

5.63 

(33.00) 
3 

T9- NIS + FYM + Arthrobotrys oligospora 
3.57e 

(12.33) 
3 

4.29f 

(18.00) 
3 

5.33e 

(28.00) 
4 

4.40 

(19.44) 
3 

T10 - NIS + FYM + Pleurotus sp. 
4.06d 

(16.00) 
3 

4.94e 

(24.00) 
3 

6.28d 

(39.00) 
4 

5.09 

(26.33) 
4 

T11- NIS + Fluensulfone 2GR 
4.93c 

(24.00) 
3 

7.06c 

(49.33) 
4 

8.08c 

(65.00) 
4 

6.69 

(46.11) 
4 

T12- NIS + Carbosulfan 25% EC 
3.84de 

(14.33) 
3 

5.36d 

(28.33) 
3 

7.68c 

(58.67) 
4 

5.63 

(33.78) 
4 

Mean 
3.07 

(13.58) 
1.92 

4.35 

(31.86) 
2.08 

5.59 

(54.97) 
2.5 

4.33 

(33.47) 
2.33 

C.V.% 7.12 
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Table 6: Size of galls at 30, 45 and 60 DAT 

Treatments 30 DAT 45 DAT 60 DAT Mean 

T1 - Sterilized soil (SS) 
##0.71b 

(0.0) 

0.71f 

(0.0) 

0.71b 

(0.0) 

0.71 

(0.0) 

T2 - SS + FYM 
0.71b 

(0.0) 

0.71f 

(0.0) 

0.71b 

(0.0) 

0.71 

(0.0) 

T3 - SS + FYM + Paecilomyces lilacinus 
0.71b 

(0.0) 

0.71f 

(0.0) 

0.71b 

(0) 

0.71 

(0.0) 

T4 - SS + FYM + Arthrobotrys oligospora 
0.71b 

(0.0) 

0.71f 

(0.0) 

0.71b 

(0.0) 

0.71 

(0.0) 

T5 - SS + FYM + Pleurotus sp. 
0.71b 

(0.0) 

0.71f 

(0.0) 

0.71b 

(0.0) 

0.71 

(0.0) 

T6 - Nematode Infested soil (NIS) 
0.87a 

(0.27) 

1.13a 

(0.67) 

1.00a 

(0.50) 

0.98 

(0.48) 

T7- NIS + FYM 
0.79a 

(0.13) 

1.13b 

(0.77) 

0.99a 

(0.50) 

0.97 

(0.47) 

T8- NIS + FYM + P. lilacinus 
0.82a 

(0.17) 

0.98d 

(0.47) 

1.13a 

(0.80) 

0.98 

(0.48) 

T9- NIS + FYM + A. oligospora 
0.81a 

(0.17) 

1.03c 

(0.57) 

1.00a 

(0.50) 

0.95 

(0.41) 

T10 - NIS + FYM + Pleurotus sp. 
0.79a 

(0.13) 

1.00cd 

(0.50) 

1.08a 

(0.67) 

0.96 

(0.43) 

T11- NIS + Fluensulfone 2GR 
0.81a 

(0.17) 

1.15a 

(0.83) 

1.08a 

(0.67) 

1.01 

(0.56) 

T12- NIS + Carbosulfan 25% EC 
0.79a 

(0.13) 

0.79e 

(0.13) 

1.03a 

(0.57) 

0.87 

(0.28) 

Mean 
0.77 

(0.10) 

0.89 

(0.33) 

0.91 

(0.35) 

0.86 

(0.26) 

C.V.% 12.51 
##

Square root transformed values. 
 Values in parentheses are original values.

 

Data are means of three replicates.  

Values in columns followed by the common letter(s) are not significantly different at 5% level of significance. 
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Treatments

Hydrogen Peroxide estimation (H2O2)

30 DAT

45 DAT

60 DAT

1- Sterilized Soil (SS) 5- NIS+FYM

2- SS+ FYM 6-NIS+FYM+ Nematophagous fungi (mean of T8, T9 and T10)

3- SS+FYM+ Nematophagous fungi (mean of T3, T4 and T5) 7- NIS+ FYM+ Chemical nematicides (mean of T11 and T12)

4- Nematode Infested Soil (NIS)

Fig. 1: Hydrogen peroxide activity at 30, 45 and 60 days after transplanting
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Treatments

Superoxide dismutase activity (SOD)

30 DAT

45 DAT

60 DAT

1- Sterilized Soil (SS) 5- NIS+FYM

2- SS+ FYM 6-NIS+FYM+ Nematophagous fungi (mean of T8, T9 and T10)

3- SS+FYM+ Nematophagous fungi (mean of T3, T4 and T5) 7- NIS+ FYM+ Chemical nematicides (mean of T11 and T12)

4- Nematode Infested Soil (NIS)

Fig. 2: Superoxide dismutase activity at 30, 45 and 60 days after transplanting
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Treatments

Catalase activity (CAT)

30 DAT

45 DAT

60 DAT

1- Sterilized Soil (SS) 5- NIS+FYM

2- SS+ FYM 6-NIS+FYM+ Nematophagous fungi (mean of T8, T9 and T10)

3- SS+FYM+ Nematophagous fungi (mean of T3, T4 and T5) 7- NIS+ FYM+ Chemical nematicides (mean of T11 and T12)

4- Nematode Infested Soil (NIS)

Fig. 3: Catalase activity at 30, 45 and 60 days after transplanting
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Treatments

Peroxidase activity (PO)

30 DAT

45 DAT

60 DAT

1- Sterilized Soil (SS) 5- NIS+FYM

2- SS+ FYM 6-NIS+FYM+ Nematophagous fungi (mean of T8, T9 and T10)

3- SS+FYM+ Nematophagous fungi (mean of T3, T4 and T5) 7- NIS+ FYM+ Chemical nematicides (mean of T11 and T12)

4- Nematode Infested Soil (NIS)

Fig. 4: Peroxidase activity at 30, 45 and 60 days after transplanting
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Treatments

Polyphenol oxidase activity (PPO)

30 DAT

45 DAT

60 DAT

1- Sterilized Soil (SS) 5- NIS+FYM

2- SS+ FYM 6-NIS+FYM+ Nematophagous fungi (mean of T8, T9 and T10)

3- SS+FYM+ Nematophagous fungi (mean of T3, T4 and T5) 7- NIS+ FYM+ Chemical nematicides (mean of T11 and T12)

4- Nematode Infested Soil (NIS)

Fig. 5: Polyphenol oxidase activity at 30, 45 and 60 days after transplanting
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