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Introduction 
 

Certain strains of Pseudomonas fluorescens 

are able to suppress a variety of plant diseases 

caused by soil-borne plant pathogens, and 

hence are of considerable agricultural value 

(Kloepper 1993). Previous studies 

demonstrated that specific rhizobacteria 

reduce plant infection by various plant 

parasitic nematodes (Oostendrop and Sikora, 

1990; Muthulakshmi et al., 2010). A pot 

culture study was conducted by Jonathan and 

Umamaheswari (2006) to assess the biocontrol 

potential of endophytic bacteria. A significant 

reduction in nematode population was 

observed in the combined treatment of EPB 5 

+ 31. Munif et al., (2001) reported that the 

endophytic bacterium Pseudomonas pullida 
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Pseudomonas fluorescens culture was applied at different dilutions to induce resistance in 

Tomato (Solanum esculentum L.) against the root-knot nematode, Meloidogyne incognita. 

The efficacy of this culture, when applied as a soil drench or root dip, was compared with 

inoculated non-treated plants under greenhouse conditions. P. fluorescens was able to 

reduce nematode parameters at all dilutions and in both types of application. The dilution 

9x10
8
cfu/ml was the most effective in reducing nematode reproduction as measured by the 

number of developmental stages, Plant height (cm), Root length (cm), Fresh and dry 

weight of Shoot and Root (gm), No. of galls/plant, and No. of egg masses/gall nematode 

reduction was 28.68 cm, 21.83 cm, 8.90gm, 2.12gm, 4.76gm, 0.89gm, 28.75 and 38.50 

respectively) when treated as a soil drench compared to the untreated control inoculated 

with M. incognita only. This was followed by P. fluorescens at a concentration of 6 g/kg 

soil which significantly reduced the same parameters by 40.30cm, 27.15cm, 35.49gm, 

7.18gm, 0.85gm, 0.26gm, 17.00 and 47.75, respectively compared to control inoculated 

with M. incognita only. Also, plant growth criteria improved in treated plots compared to 

controls. The activity of three enzymes (peroxidase, polyphenol oxidase and chitinase) 

increased in treated plants exposed to 9x10
8
cfu/ml as bare root dip treatment and 6 g/kg 

soil as soil drenching compared to the inoculated untreated control. P. fluorescens thus 

induced resistance in tomato against M. incognita. 
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Mt-19 was able to reduce M. incognita on 

tomato when applied as a seed treatment 

and/or soil drench. Siddiqui and Shaukat 

(2002) reported that two rhizobacteria, 

Pseudomonas aeruginosa strain IE-6S+ and P. 

fluorescens strain CHA0, used as a bare root-

dip treatment or as a soil drench, substantially 

reduced M. javanica juvenile penetration into 

tomato roots under glasshouse conditions. The 

chemical, physical and biological factors 

which in total constitute its habitat. 

Temperature, soil texture and structure as well 

as moisture affect motility, penetration and 

buildup of populations of nematode species. 

Temperature has been found to be an 

important environmental factor that influences 

the ability of root-knot nematodes to penetrate 

and develop within a host. The optimum 

temperature for growth and reproduction of M. 

javanica is 25-30 
o
C, while the optimum 

temperature for survival of eggs and juveniles 

in soil is 10-15 
o
C. Optimum moisture favors 

population buildup, while too low or too high 

moisture is detrimental to the survival of 

nematodes (Tadele, 1998). The degree of crop 

damage due to root-knot nematodes depends 

on the population density of nematodes, 

susceptibility of the crop and environmental 

conditions, such as fertility, moisture and 

presence of other pathogenic organisms, 

which may, in turn, interact with nematodes 

(Tadele, 1998). 

 

Materials and Methods 

 

Isolation and purification of nematode 

culture 

 

Root-knot nematode infested tomato plants 

(Plate 1-B) were collected from the fields of 

nearby vegetable growing villages of Jabalpur 

and isolation was done as per Baermann’s 

funnel technique modified Cobb's sieving and 

decanting method (Christie and Perry, 1957). 

The extraction was carried out at room 

temperature (25°C ± 2) and the second stage 

juveniles (J2) were collected 24 and 48 h. The 

extraction was further continued till 72 to 96 h 

and juveniles emerged within 96 h were used 

for the inoculation after calibrating the 

population. Two methods were employed to 

inoculate plant with nematode population i.e., 

by dispersed inoculation method and Point 

Inoculation Method as described by Grewal et 

al., 1974. 

 

Isolation and mass multiplication of 

bacterial bio-agents 

 

Pseudomonas fluorescens was also isolated 

from the soil of Jabalpur by serial dilution 

technique and was multiplied on sorghum 

seeds. The seeds were boiled in water for half 

an hour and excess moisture was drained. The 

boiled seeds of sorghum were filled in 

polypropylene bags @ 500g seeds / bag and 

autoclaved at temperature of 121.6 
0
C and at 

1.05 kg/cm
2
pressure for 20 minutes. After 

cooling, the bags were inoculated with pure 

culture of bacteria and incubated at 24°C for 

ten days. When sufficient growth was 

achieved the load was determined by 

haemocytometer. After calculating the cfu/ ml 

(9 x 10
8
) 400 ml bacterial suspension of 

Pseudomonas fluorescens were mixed with 

one kg of purified talc powder (sterilized). To 

this 15 g of calcium carbonate was added to 

adjust the pH to neutral. 

 

Efficacy of isolated bacterial bio-agent 

against root-knot nematode  

 

Soil treatment 

 

Talc containing Pseudomonas fluorescens was 

incorporated in soil @ 2, 4 and 6 g/kg soil and 

Carbofuran (@ 1g/kg) filled in ten cm earthen 

pots containing 500 g sterilized soil. Four 

replications for each treatment were 

maintained and inoculated with 1000 freshly 

hatched surface sterilized second stage 

juveniles. 
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Bare root dip treatment 

 

Seeds of tomato (Lycopersicon esculentum cv. 

Pusa Ruby) after surface sterilization in 1% 

Sodium hypochlorite solution were washed 

thoroughly under running tap water and 

allowed to dry under a laminar flow hood.  

 

These seed were sown and 2 week old 

seedlings were uprooted and washed in 

sterilized distilled water to remove soil 

particles. These seedlings were dipped in 

suspensions of Pseudomonas fluorescens with 

9 x 10
8
cfu/ml, 9 x 10

6
cfu/ml and 

9x10
4
cfu/mlfor 1 hour.  

 

All the plant protection measures were 

employed to grow healthy crop. The glass 

house temperature ranged from 12 to 39 ᵒC 

during the course of investigation. After 45 

days of inoculation observations on plant 

height, root length, shoot weight (fresh and 

dry), Root weight (fresh and dry), number of 

galls and number of egg masses/gall were 

recorded. 

 

Results and Discussion 

 

Efficacy of Pseudomonas fluorescens isolate 

against root-knot nematode (Meloidogyne 

incognita) as soil treatment 
 

The data presented in Table 1 indicated that 

maximum plant height (43.31 cm) was noted 

in carbofuran followed by Pseudomonas 

fluorescens at 6 g/kg (40.30 cm). 

Pseudomonas fluorescens at 4 and 2 g/kg 

recorded 37.18 and 31.05 cm, uninoculated 

control reduced (32.10 cm) plant height. 

Minimum (21.83 cm) plant height was 

recorded in inoculated control. Similar trend 

was observed with root length. Significantly 

higher root length (27.15 cm) was noted in 

6g/kg soil and minimum (17.23 cm) in 

inoculated control. Carbofuran showed 

maximum root length (29.60 cm). 

Fresh weight of shoots and roots were also 

influenced by the higher dose of Pseudomonas 

fluorescens (6g/kg) which recorded 35.49 g 

and 7.18 g weight respectively. Minimum 

fresh shoot and root weights (12.42 and 2.44 

g) were recorded in inoculated control and 

maximum (36.89 and 8.31 g) shoot and root 

weight were recorded in Carbofuran.  

 

Significant increase in fresh shoot and root 

weights were also noted in 4g/kg (29.74 and 

5.14 g) and 2g/kg (4.14 and 0.69 g) 

Pseudomonas fluorescens incorporated pot 

soils as against inoculated control.  

 

On dry weight basis, maximum shoot and root 

weights (0.95 and 0.36 g) were recorded in 

Carbofuran and minimum in inoculated 

control (0.27 and 0.10 g).  

 

Significant increase (0.85 and 0.26 g) in the 

weights was noted in Pseudomonas 

fluorescens 6g/kg soil followed by 4g/kg (0.76 

and 0.23 g) and 2g/kg (0.69 and 0.16 g) 

Pseudomonas fluorescens incorporated pot 

soils.  

 

Minimum number of (5.25) galls/plant were 

recorded in Carbofuran followed by the 

treatment where Pseudomonas fluorescens 

incorporated soils @ 6g/kg (17.00).  

 

Significantly reduced numbers of galls were 

recorded in 4g/kg (30.50) and 2g/kg (35.25) as 

against maximum number of (48.75) galls in 

inoculated control. 

 

Similarly, there was significant decrease 

(10.25) in number of egg masses/gall in 

Carbofuran followed by the treatment where 

Pseudomonas fluorescens was inoculated @ 

6g/kg soil (47.75). Significantly less number 

of egg masses/gall was also recorded in 4g/kg 

(56.00) and 2g/kg (70.00) as against maximum 

number of (74.50) egg masses/gall in 

inoculated control. 
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Efficacy of Pseudomonas fluorescens isolate 

against root knot nematode (Meloidogyne 

incognita) as bare root dip treatment 
 

The data presented in the Table 2 indicated 

that maximum plant height (35.96 cm) was 

noted in Carbofuran followed by uninoculated 

control (35.62 cm). Significantly higher plant 

height was recorded in Pseudomonas 

fluorescens 9x10
8
cfu/ml, (34.69 cm). 

Pseudomonas fluorescens at 9x10
6
, and 9x10

4 

cfu/ml, recorded 32.60 and 31.48 cm plant 

height respectively. Minimum plant height 

(29.20 cm) was recorded in inoculated control. 

Similar trend was noted with root length. 

Significantly higher root length (29.73 cm) 

was noted in Pseudomonas fluorescens at 

9x10
8
cfu/ml, and minimum (26.58 cm) in 

inoculated control. Carbofuran showed 

maximum root length (30.68 cm). 

 

 

 

 

 

 

 

 

 

 

 
 

Plate-1 Effect of Pseudomonas fluorescens against root knot nematode (Meloidogyne incognita) 

as soil treatment in tomato Shoot and Root. 

 

 

 

 

 

 

 

 

 

 

 
Plate-2 Effect of Pseudomonas fluorescens.against root knot nematode (Meloidogyne 

incognita) as bare root dip treatment in tomato plant  
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Table.1 Efficacy of Pseudomonas fluorescens isolate against root-knot nematode (Meloidogyne incognita) as soil treatment 

 

S. No. Treatment Plant height 

(cm) 

Root length 

(cm) 

Fresh weight 

(g) 

Dry weight (g) No. of 

galls/plant 

No. of egg 

masses/gall 

Shoot Root Shoot Root 

1 Control (Uninoculated) 32.10* 22.90 30.23 5.23 0.57 0.13 00 00 

2 Control (Inoculated) 21.83 17.23 12.42 2.44 0.27 0.10 48.75 (7.05)** 74.50 (8.69)** 

3 2 g/kg soil 31.05 24.35 26.27 4.14 0.69 0.16 35.25 (6.02) 70.00 (8.43) 

4 4 g/kg soil 37.18 25.45 29.74 5.14 0.76 0.23 30.50 (5.61) 56.00 (7.55) 

5 6 g/kg soil 40.30 27.15 35.49 7.18 0.85 0.26 17.00 (4.24) 47.75 (6.98) 

6 Carbofuron 43.31 29.60 36.89 8.31 0.95 0.36 5.25 (2.50) 10.25 (3.35) 

 S.E(m)± 0.48 0.33 0.16 0.14 0.03 0.02 1.05 (1.43) 1.46 (1.57) 

 CD at 5 % 1.44 0.98 0.48 0.41 0.09 0.07 3.11 (2.03) 4.33 (2.31) 
* Mean of four repetitions. 

** Figures in parentheses are  transformed values. 

 

Table.2 Efficacy of Pseudomonas fluorescens isolate against root-knot nematode (Meloidogyne incognita) as bare root dip treatment 

 

S. No. Treatment Plant height 

(cm) 

Root length 

(cm) 

Fresh weight (g) Dry weight (g) No. of 

galls/plant 

No. of egg 

masses/gall Shoot Root Shoot Root 

1 Control (Uninoculated) 35.62* 30.18 46.19 12.49 1.07 0.42 00 00 

2 Control (Inoculated) 29.20 26.58 21.36 4.98 0.53 0.16 59.75 (7.79)** 73.50 (8.63)** 

3 9x10
4
cfu/ml 31.48 27.80 28.47 5.62 0.61 0.19 46.50 (6.89) 64.75 (8.12) 

4 9x10
6
cfu/ml 32.60 28.63 42.08 6.92 0.83 0.22 21.25 (4.72) 45.00 (6.78) 

5 9x10
8
cfu/ml 34.69 29.73 43.76 7.89 0.91 0.27 15.25 (4.03) 30.25 (5.59) 

6 Carbofuron 35.96 30.68 44.55 11.74 1.04 0.35 3.50 (2.12) 7.50 (2.92) 

 S.E(m)± 0.46 0.69 0.66 0.25 0.04 0.04 0.54 (1.24) 1.11 (1.45) 

 CD at 5 % 1.38 2.06 1.96 0.74 0.11 0.11 1.61 (1.61) 3.30 (2.10) 
* Mean of four repetitions. 

** Figures in parentheses are  transformed values. 
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Fresh weights of shoot and root were also 

influenced by the higher dose of 

Pseudomonas fluorescens at 9x10
8
cfu/ml 

which recorded (43.76 and 7.89 g) weights 

respectively. Minimum fresh shoot and root 

weights (21.36 and 4.98 g) were recorded 

with inoculated control and maximum shoot 

and root weights (46.19 and 12.49 g) were 

recorded in uninoculated control. Significant 

increase in fresh shoot and root weights was 

also noted in Pseudomonas fluorescens at 

9x10
6
 (42.08 and 6.92 g) and 9x10

4 
cfu/ml, 

(28.47 and 5.62 g) root treated plants as 

against inoculated control.  

 

On dry weight basis, maximum shoot and root 

weights (1.07 and 0.42 g) were recorded in 

uninoculated control and minimum (0.53 and 

0.16 g) in inoculated control. Significant 

increase (0.91 and 0.27 g) in the weight was 

noted in Pseudomonas fluorescens at 

9x10
8
cfu/ml followed by Pseudomonas 

fluorescens at 9x10
6
 (0.83 and 0.22 g) and 

9x10
4 

cfu/ml, (0.61 and 0.19 g) Pseudomonas 

fluorescens root treated plants. 

 

Minimum number of (3.50) galls/plant was 

recorded in carbofuran followed by the 

treatment where roots were dipped in 

Pseudomonas fluorescens at 9x10
8
cfu/ml, 

(15.25). Significantly reduced numbers of 

galls were recorded in Pseudomonas 

fluorescens at 9x10
6
 (21.25) and 9x10

4 
cfu/ml, 

(46.50) as against maximum number of 

(59.75) galls in inoculated control. 

 

Similarly, there was significant decrease 

(7.50) in number of egg masses/gall in 

carbofuran followed by the treatment where 

roots were dipped in Pseudomonas 

fluorescens at 9x10
8
cfu/ml, (30.25). 

Significantly less number of egg masses/gall 

was also recorded in Pseudomonas 

fluorescens at 9x10
6
 (45.00) and 9x10

4 
cfu/ml 

(64.75) as against maximum number of 

(73.50) egg masses/gall in inoculated control. 

Effect of bioagents on root-knot nematode 

and plant growth parameters as soil 

treatment 

 

Pseudomonas fluorescens favoured all the 

plant growth parameters and adversely 

affected nematode reproduction at all its 

concentrations. Maximum increase in growth 

parameters and reduction in nematode 

population was recorded at highest level of P. 

fluorescens (6 g/kg soil) followed by 4 and 2 

g/kg soil. Drastic reduction in the numbers of 

galls/plant and egg masses/gall were recorded 

in highest level.  

 

The experiments conducted by Akhtar et al., 

(2005), Hadad et al., (2011), Hamida et al., 

(2011), Joo et al., (2012) and Akhtar et al., 

(2012) supported the present findings. 

Significant suppression of nematode 

multiplication by Pseudomonas fluorescens 

was due to its capability of altering root 

exudates which could alter nematode behavior 

and suppress nematode population in root 

system (Oostendrop and Sikroa 1989). 

 

Effect of bioagents on root-knot nematode 

and plant growth parameters as bare root 

dip treatment 

 

Pseudomonas fluorescens also followed the 

same trend. Highest inoculum level of 

Pseudomonas fluorescens increased plant 

growth parameters with nematode 

suppression. Results of the findings of 

Siddiqui and Shaukat (2004) and Kaur (2016) 

on tomato also confirm the present findings. 
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