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ABSTRACT 

Root-knot nematodes have a wide host range, causing damage to many annual and 

perennial crops. More than 100 species of Meloidogyne are known in which M. incognita 

(Kofoid and White) Chitwood is one of the most common and important plant parasitic 

nematode in tropical and subtropical regions of the world including Pakistan. Therefore, 

the present study was planned to check the effect of PGPRs on juvenile mortality and egg 

hatching inhibition of M. incognita under lab conditions. Eggs were isolated from egg 

masses by using NaOCl solution. Rhizobacteria (Bacillus subtilis, Pseudomonas fluorescens, 

Azotobacter chroococcum, Azospirillum sp., Rhizobium leguminosarum) were multiplied on 

nutrient broth and kept overnight at 28 ± 2 °C in shaking incubator. Cell free culture 

filtrates were obtained in falcon tubes by centrifuging PGPRs @ 4000 RPM twice for 30 

minutes. Two ml of toxins of each PGPR was poured into each 5cm-dia. petri plate and 

100 microliters of egg suspension containing approximately 100 eggs were put in each 

petri plate. Similar experimental conditions and protocols were used for juveniles’ 

mortality. In this experiment, instead of eggs, 100 J2s contained in 100 microliters of 

juvenile suspension were put in each petri plate.  The petri plates were placed in 

completely randomized design in incubator at 28 ± 2 °C with ten replicates. Petri dishes 

containing distilled water were kept under control. All the PGPRs caused larval mortality 

and inhibition in egg hatching with varying degrees. The maximum egg hatching was 

inhibited by Bacillus subtilis while Rhizobium leguminosarum was found the least effective. 

The other PGPRs i.e. Pseudomonas fluorescens, Azotobacter chroococcum, and Azospirillum sp. 

showed intermediate results. 

 

Keywords: PGPR, Root knot nematode, Mortality, Hatching, Meloidogyne incognita, 

nematicides. 
________________________________________________________________________________________ 

 

Introduction 

Meloidogyne spp. obligate sedentary endoparasites of host plants which attack plant roots. 

Five root-knot species viz. M. arenaria, M. graminicola, M. hapla, M. incognita, and M. 

javanica out of more than 100 known Meloidogyne spp. are found more frequently in 

Pakistan as well as all over the world as major pests of vegetables, fruit plants and field 

crops (Anwar, 1989; Anwar et al., 1991; Anwar & Khan, 1992; Anwar and McKenry, 2012; 
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Eisenback et al., 1981; Fourie and McDonald, 2000; Hunt and Handoo, 2009; Mateille et 

al., 2000; Menjivar et al., 2011; Moens et al., 2009). Root knot nematodes are polyphagous 

and more than 3000 plant species have been reported as hosts of these nematodes (Abad 

et al., 2003; Agrios, 2005). Due to such wide host arrange, root knot nematodes cause 

major economic damage to vegetables, fruit plants and field crops and an estimated loss 

of 125 billion $ occurs annually worldwide (Chitwood, 2003; Collange et al., 2011; Dodzia 

et al., 2012; Koenning et al., 1999). In Pakistan as well as worldwide, 10-100% yield losses 

on vegetables were reported by many scientists (Anwar and McKenry, 2012; Kamran et 

al., 2010; Shahid et al, 2007).  

Many management strategies i.e., host plant resistance; cultural practices, physical, 

biological and chemical methods are used for the management of root knot nematodes, 

but chemicals have given relatively quick and better results to farmers. Therefore, some 

microbial antagonists were potentially used in the replacement of chemical nematicides 

against root knot nematodes (Barker and Koenning, 1998; Brand et al., 2010; Hussain et 

al., 2014; Jairajpuri et al., 1990; Mukhtar et al., 2017; Nico et al., 2004; Siddiqui and 

Shaukat, 2003; Sikora and Fernandez, 2005; Veremis and Roberts, 1996; Whitehead, 1998). 

Plant growth promoting rhizobacteria (PGPR) have the potential as bio-control agents to 

substitute chemicals because they are ecofriendly and significantly reduce the disease. 

Materials and methods 

Single egg mass culture of M. incognita  

Eggplants showing characteristic root knot symptoms (poor and stunted growth, and 

galled roots) were selected during surveys of vegetable fields. Plants were uprooted 

carefully along with rhizosperic soil, put in polythene bags, labeled properly and 

brought to the laboratory. Soil was detached from the roots and roots were washed 

under tap water carefully. After washing, the roots were cut into small pieces. Healthy 

light brown egg masses were picked singly with the help of needle and inoculated 

individually the five-week-old seedlings of tomato in the root zone. After 50 days of 

inoculation, tomato plants were harvested carefully, and root systems were cut into 

pieces. From each root system, fifteen mature whitish females were randomly isolated 

under stereoscope, put in 40% lactic acid and perineal patterns were made (Taylor, 1967). 

The perineal patterns were compared with standard diagrams and females were 

confirmed to be M. incognita (Eisenback et al., 1981).  

Mass culturing of M. incognita  

For mass culturing, three-week-old tomato seedlings (Money Maker) were transplanted 

singly in 15-cm-diam. pots having formalin sterilized soil. Two weeks after 

transplantation, two thousand eggs of M. incognita contained in 10 ml of water were 

inoculated in each plant in the root zone by making three holes around the stems of 

plants grown in pots containing 2 kg of sterilized soil. The earthen pots were watered 

according to their requirement. For the continuous supply of culture throughout the 

experiments, the same procedure was repeated regularly.  

Collection of Bio-control Agents 

Bio-control agents, plant growth promoting rhizobacteria (PGPRs) were collected from 

Plant Bacteriology Section, Ayub Agricultural Research Institute, Faisalabad. Five PGPRs 

(Bacillus subtilis, Pseudomonas fluorescens, Azotobacter chroococcum, Azospirillum sp., 
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Rhizobium leguminosarum) were used for experimental purpose. These PGPRs were 

multiplied on Nutrient Broth for their culture maintenance. 

Evaluation of inhibitory influence of PGPRs on egg hatching of M. incognita 

The effect of cell free cultural filtrates of PGPRs was assessed on inhibition of eggs 

hatching of M. incognita. Eggs were isolated from egg masses by using NaOCl solution 

(Hussey and Barker, 1973). Rhizobacteria were multiplied on nutrient broth and kept 

overnight at 28 ± 2 °C in shaking incubator. Cell free culture filtrates were obtained in 

falcon tubes by centrifuging PGPRs @ 4000 RPM twice for 30 minutes. Two ml of toxins 

of each PGPR was poured into each 5cm-dia. petri plate and 100 microliters of egg 

suspension containing approximately 100 eggs were put in each petri plate. The petri 

plates were placed in completely randomized design in incubator at 28 ± 2 °C with ten 

replicates. Petri dishes having distilled water were kept as control. Data were recorded 

after 24, 48, 72, 96 and 120 hours and percentage egg inhibition were calculated using. 

 

Percentage Egg Inhibition =
Number of Eggs Hatched

Total number of Eggs
X100 

 

Evaluation of nematicidal potential of PGPRs on the mortality of M. incognita juveniles 

The effect of cell free cultural filtrates of PGPRs was investigated against mortality of M. 

incognita juveniles. Similar experimental conditions and protocols were used as described 

in pervious experiments. In this experiment, instead of eggs, 100 J2s contained in 100 

microliters of juvenile suspension were put in each petri plate. Data were recorded after 

24, 48, 72, 96 and 120 hours and percentage mortality were determined using. 

  

 Mortality Percentage =
Number of Juveniles killed

Total number of Juveniles
X100 

 

Straight, unmoved J2s were considered as dead if they did not move after pinching with 

fine bamboo needle. Dead J2s were also transferred in distill water to confirm their death. 

Results and Discussion 

Efficacy of PGPR cell free cultural filtrates on egg hatching of M. incognita   

Cell free cultural filtrates of five PGPRs were evaluated for in vitro percent egg hatching 

inhibition against M. incognita at different time intervals at 30 ± 2 °C. All the five PGPRs 

showed great potential to inhibit the percent egg hatching over control.  After 24 hours, 

the maximum % egg hatching inhibition was examined in Bs (0.400) fallowed by Pf (1.4), 

Azto (2.50), Azo (3.60) while the minimum was in Rhiz (6.60) as compared to control 

(40.30) (Table 4.2). Similar trend was noted in all the treatments after 48, 72, and 96 hours 

after exposure to filtrates. Egg hatching was increased after exposure to filtrates but after 

120 hours, the maximum % egg hatching inhibition was examined in Bs (21.400), while 

Pf, Azto and Azo (25.20, 27.30, and 29.90) showed intermediary results. The minimum 

percent egg inhibition was found in Rhiz (35.30) over control (98.70) (Table 1).  

The maximum percent egg hatching was inhibited (99.00, 89.76, 83.42, 80.80, and 78.31) 

by Bs while Rhiz showed the minimum percent egg inhibition (83.62, 73.24, 69.40, 71.09, 

and 64.23) while all other treatments revealed intermediary results after 24, 48, 72, 96 and 

120 hours respectively (Figure 1).  
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Table 1. Efficacy of PGPRs cell free culture filtrates on egg hatching of M. incognita. 

*Treatments  24 Hours 48 Hours 72 Hours 96 Hours 120 Hours 

Bs 0.40 e 5.70 e 11.70 e 17.20 e 21.40 f 

Pf 1.40 de 7.80 d 14.30 d 19.70 d 25.20 e 

Azto 2.50 cd 9.70 c 15.80 cd 21.10 d 27.30 d 

Azo 3.60 c 11.40 c 17.20 c 23.70 c 29.90 c 

Rhiz 6.60 b 14.90 b 21.60 b 25.90 b 35.30 b 

Control 40.30 a 55.70 a 70.60 a 89.60 a 98.70 a 

Means within a column sharing the same letters are not significantly different from each other at P =0.05 according to 

Tukey HSD Test 

*Bs= Bacillus subtilis, Pf = Pseudomonas fluorescens, Azoto = Azotobacter chroococcum, Azo = Azospirillum sp., Rhiz = Rhizobium 

leguminosarum.   

 
Figure 1. Efficacy of PGPRs cell free cultural Filtrates on % egg hatching inhibition of M. 

incognita 

*Bs= Bacillus subtilis, Pf = Pseudomonas fluorescens, Azoto = Azotobacter chroococcum, Azo = 

Azospirillum sp., Rhiz = Rhizobium leguminosarum. 

 

Efficacy of PGPR Cell Free Cultural Filtrates on Juvenile Morality of M. Incognita  

Cell free cultural filtrates of five PGPRs were also evaluated in vitro against juvenile 

mortality of M. incognita at different time intervals at 30 ± 2 °C. All the PGPRs caused the 

mortality of J2s with varying degrees. After 24 hours, the maximum mortality of J2s was 

examined in Bs (44.7) followed by Pf (42.3), Azoto (41.2), and Azo (39.8) while the 

minimum mortality was observed in Rhiz (32.7) as compared to control (00) (Table 4.3). A 

similar tendency was recorded in all the treatments after 48, 72, and 96 hours after 

exposure to filtrates. J2s mortality increased after exposure to filtrates and after 120 

hours, the maximum J2s mortality was examined in Bs (94.5), while Pf, Azoto and Azo 

(90.1, 86.2, and 79.5 respectively) showed intermediate results. The minimum J2s 

mortality was found in Rhiz (75.5) as compared to control (00) (Table 2).  
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Table 2.  Efficacy of PGPRs cell free cultural filtrates on juveniles’ mortality of M. incognita 

*Treatments  24 Hours 48 Hours 72 Hours 96 Hours 120 Hours 

Bs 44.7 a 60.1 a 72.2 b 84.5 a 94.5 a 

Pf 42.3 b 55.7 b 78.2 a 80.3 b 90.1 b 

Azto 41.2 bc 59.9 a 69.7 c 76.5 c 86.2 c 

Azo 39.8 c 54.2 b 62.9 d 72.0 d 79.5 d 

Rhiz 32.7 d 51.2 c 60.2   e 66.1 e 75.5 e 

Control 0.00 e 0.00 d 0.00 f 0.00 f 0.00 f 

Means within a column sharing the same letters are not significantly different from each other at P =0.05 according to 

Tukey HSD Test 

*Bs= Bacillus subtilis, Pf = Pseudomonas fluorescens, Azoto = Azotobacter chroococcum, Azo = Azospirillum sp., Rhiz = Rhizobium 

leguminosarum 

After 120 hours, the maximum J2s mortality over control was observed in Bs (94.5) while 

Rhiz showed the minimum J2s mortality (75.5) while the rest of the treatments showed 

intermediary results (Figure 2). 

 

 
Figure 2.  Efficacy of PGPRs cell free cultural filtrates on % juveniles’ mortality of M. 

incognita after 120 hours 

*Bs= Bacillus subtilis, Pf = Pseudomonas fluorescens, Azoto = Azotobacter chroococcum, Azo = 

Azospirillum sp., Rhiz = Rhizobium leguminosarum. 

 

Many researchers investigated the effects of PGPR metabolites, toxins and suspensions 

against egg hatching and juvenile mortality of Meloidogyne spp. El-Moneim and Massoud 

(2009) tested the endotoxin of four isolates of Bacillus thuringiensis (AI, AII, AIII and AIV) 

against juveniles of M. incognita. AI and AII isolates with crystal toxin (1×108 crystal/ml) 

gave the best results against J2s. Ravari and Moghaddam (2015) tested the nematicidal 

activity of two B. thuringensis strains (ToIr 65 and ToIr 67) against eggs and juveniles of 

M. javanica in the form of bacterial suspension and spore/crystal mixture in lab. Bacterial 

suspensions of two strains revealed 70% nematicidal efficacy as compared to 

spore/crystal mixture. Meyer et al. (2009) evaluated 2,4-diacetylphloroglucinol (DAPG) 

antibiotic produced by various isolates of P. fluorescens against eggs and hatched 

juveniles of many plant parasitic nematodes (Pratylenchus scribneri, Xiphinema 
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americanum, Heterodera glycines and M. incognita) and bacterial feeder nematodes 

(Rhabditis rainai, Caenorhabditis elegans and Pristionchus pacificus) in different doses from 0 

to 100 mg/ml of DAPG in laboratory. Antibiotic DAPG decreased the egg hatching. 

The nematicidal action of culture filtrates of PGPRs against Meloidogyne spp. and other 

plant parasitic nematodes might be ascribed to the production of certain enzymes (Segers 

et al., 1994; Webb et al., 1972) and toxins (Minato et al., 1973) which help in weakening 

and dissolving the barriers of their hosts. In the current study, PGPRs strains effectively 

inhibited egg hatching by changing the eggshell structures due to protease, chitinase and 

chitosanase activities. Soliman et al. (2019) showed that eggs exposed to chitinase 

enzyme, more and large vacuoles in the chitin layer of eggshell resulting in an increase in 

percentage mortality of juveniles. These results agree with those described by Mercer et 

al. (1992). Soliman et al. (2019) also found that B. subtilis and Paenibacillus polymyxa 

produced maximum chitinase enzyme which caused egg hatching inhibition and J2s 

mortality. From this perspective, Sohrabi et al. (2018) reported that the rhizobacterial 

strains P. polymyxa and B. subtilis significantly caused reductions in the juvenile 

population of M. javanica. Batool et al. (2013) revealed that above 90% mortality of M. 

javanica in in vitro studies occurred due to high production of chitinase. The bacterial 

strains tested in the current study may be promising biocontrol agents as PGPR for the 

future nematode management strategies.   
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