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ABSTRACT 

Root-knot nematodes Meloidogyne spp. are the most damaging pest to vegetable crops 
especially in tropical and subtropical climate. They are reported to cause annual losses up to 29% in 
tomato and 23% in eggplant. Controlling this pest has been achieved through the use of chemical 
nematicides. Recently, these chemicals began to be more restricted, owing to their adverse effects on 
the environment and human health. Efforts are being increased to find alternative control methods 
more acceptable as ecofriendly tools. Nowadays, many researches are focusing on the effect of 
rhizospheric bacteria to suppress the deleterious effects of these nematodes on plant hosts. In this 
study two pot experiments were conducted to evaluate the nematicidal effect of Bacillus licheniformis 
BL, Pseudomonas aeruginosa PA and two from their fusant products viz. F28 & F40, along with the 
commercial nematicide Micronema® for controlling root knot nematode, Meloidogyne incognita on 
tomato and eggplants under greenhouse conditions. Results from tomato experiment indicated that 
both fusant products F28 and F40 were the highly effective treatments in decreasing M. incognita 
reproduction. The recorded percentage reductions were (83 & 76%) in M. incognita J2, (83 & 77%) in 
galls, (85 & 76%) in egg-masses and (65 & 73%) in females comparing to untreated control. Data 
from eggplant experiment revealed that F40 was the highly effective in suppressing root knot 
reproduction than all other treatments. The percentage reductions were (77%) in M. incognita J2 in 
roots, (87%) in galls and (90%) in egg-masses in root system compared to untreated control. Results 
also showed that combined parental strains treatment (BL & PA) was more effective in suppressing 
M. incognita than individual application. Micronema® ranked the second after the two fusants in 
suppressing M. incognita reproduction on tomato and eggplant. The fusant products significantly 
increased the growth parameters viz. shoot length, leaves, shoot fresh & dry weights and root fresh 
weight of both tomato and eggplants than untreated control (nematode only). 

 
Keywords: Biocontrol, Meloidogyne incognita, Bacillus licheniformis, Pseudomonas aeruginosa, 
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Introduction 

In Egypt; the root-knot nematodes (Meloidogyne spp.) cause great damage in agriculture 
production due to the warm climate, longer growing season and continuous cultivation of susceptible 
hosts (Jones et al., 2013). Therefore, the nematode population density increased and resulted in more 
losses in many crops such as eggplant (Solanum melongena L.) and tomato (Lycopersicon esculentum 
L. Mill). Control root knot nematodes have relied mainly on chemical nematicides, but due to their 
negative impact on environment and human health, innovate for alternative eco-friendly control 
methods are increasingly needed. Biological control of nematodes has received increasing attention as 
a promising supplement or alternative to chemical control. Microorganisms inhabit plant rhizosphere 
such as Agrobacterium, Alcaligenes, Bacillus, Clostridium, Pseudomonas, Serratia and Streptomyces 
strains reduce nematode population when colonize the plant host rhizosphere by different mode of 
actions: production enzymes, toxins and other metabolic products, and indirect effect by regulating 
nematode behaviour, altering root diffusates affects the host recognition, competing for essential 
nutrients, inducing systemic resistance and promoting plant growth (Tian et al., 2007). The most 
studied rhizobacteria are Bacillus and Pseudomonas. Siddiqui, (2002) found that P. aeruginosa or B. 
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subtilis, as cell-free culture filtrates, significantly reduced the mortality of J2 and egg hatching of M. 
javanica in bioassay test, in greenhouse and field experiments. The root treatment was more effective 
in reducing M. javanica population density and galls formation than stem injection or foliar 
application. P. putida or Bacillus spp., when applied alone or in combination, had highly effects on 
the nematode reproduction or plant growth parameters (Anwar-ul-Haq et al., 2011). B. subtilis 
significantly reduced mortality of J2 and egg hatch ability of M. incognita in vitro test. The bacteria 
also reduced the galls formation and disease severity in treated tomato plants in greenhouse trials 
(Wei et al., 2014). Applications of different combinations viz. Bacillus sp. +B. cereus + 
Ochrobactrum sp.+ Serratia sciuri ; B. cereus+ Bacterium sp.; Bacillus sp.+ B. cereus + 
Ochrobactrum sp.and Bacterium sp. only could reduce the numbers of gall and J2 of nematode and 
increase the growth as well as yield in tomato plants (Alfianny et al., 2017). Pseudomonas 
chlororaphis O6 also has nematocidal activity against Meloidogyne spp. in tomato plants (Nam et al., 
2018).  

To improve the nematicidal potential of such rhizobacteria strains scientists rely on the 
protoplast fusion technique to produce genetically engineering microbial strains combine genes with 
desired control properties. The fusant strain between P. fluorescens and P. aeruginosa was more 
effective than their parental strains in reducing different nematode parameters as well as enhanced 
plant growth (El-Hamshary et al., 2006). Also, the fusants between Serratia and Pseudomonas 
induced high mortality levels against M. incognita when compared with the parental strains under 
laboratory conditions (Zaied et al., 2009).  Bacillus thuringiensis fusants have 1.48 time more δ-
endotoxin than their parents (Yari et al., 2002). Elkelany (2017), found that fusant from Anoxybacillus  
flavithermus and B. pumilus strains was more effective in reducing M. javanica on eggplant than their 
parents.  

This work aimed to assess the nematicidal potential of the fusant products F28 and F40 
obtained from Bacillus licheniformis and Pseudomonas aeruginosa via protoplast fusion technique 
against root-knot nematode, Meloidogyne incognita reproduction on tomato or eggplants as well as 
their plant growth parameters. 

 
Materials and Methods 
 
Bacterial strains 

Two bacterial strains isolated from the Egyptian soil and had nematicidal activity against plant 
parasitic nematodes were identified based on 16S rDNA sequence analysis in the GenBank database 
nucleotides as Bacillus licheniformis (under accession number LC187270) and Pseudomonas 
aeruginosa (under accession number LC187271). Their two protoplast fusants products (F28 and F40) 
were realized by Soliman et al. (2018). A Luria-Bertani (LB) medium was used for bacterial growth 
(Kado and Liu, 1980).  

 
Pot experiments: 

Two pot experiments were conducted Plastic pots (20cm diam) filled with 2 kg autoclaved 
mixture of sandy and loamy soil (1: 1 V/V). One-month-old tomato seedlings cv. Super Strain B or 
eggplant cv. Baladi were transplanted separately to the center of each pot. One week later, each pot 
was inoculated with 1,000 newly hatched J2 of M. incognita from pure culture pipette in four holes 
around the roots and immediately after inoculation pots received 20 ml from each bacterial strains 
suspension at the rate of (2x107CFU)/ml). Treatments were as follows: B. licheniformis (BL); P. 
aeruginosa (PA) singly and in combination, the fusant F28 and F40, the commercial nematicide 
Micronema®(containing Serratia sp., Pseudomonas sp., Azotobacter sp., Bacillus circulans and B. 
thuringiensis strains) obtained from the Agricultural Research Center, Giza, Egypt) at the rate of 0.5 
ml/pot along with  untreated control (nematode only). Pots were arranged in a complete randomized 
design with 6 replicates for each treatment at the experimental greenhouse of Plant Pathology 
Department, National Research Centre, Egypt. Pots were maintained at 30 ± 5 °C and watered as 
needed. 

 
 
 

http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=Bacillus+cereus
http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=Bacillus+cereus
http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=Bacillus+cereus
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Effect on M. incognita: 
Three months after nematode inoculation, tomato plants & eggplants were carefully uprooted 

and roots were washed thoroughly with running tap water. The data on nematode parameters were 
recorded as: numbers of galls and egg-masses per root system, second stage juveniles (J2), females 
and eggs per 5g roots of tomato. While nematode parameters on eggplants were numbers of J2 in soil 
& roots, galls and egg-masses per root system. The second stage juveniles J2 in soil was extracted 
using sieving and decanting technique (Barker, 1985). The number of J2 in roots was count in 5g roots 
using incubation method (Young, 1954). Also, females and eggs were extracted from an aliquot of 5 g 
roots per treatment according to Southey, (1970). All numbers of nematodes were counted under a 
light microscope. Percentage nematode reduction in each parameter was calculated with respect to 
untreated control (nematode only). 

 
Effect on growth parameters: 

Six plants from each treatment were obtained, after three months of nematode inoculation, for 
determining the growth parameters of tomato or eggplant viz. length of shoots (cm), fresh and dry 
weights of shoot (g), leaves number and dry weight of roots (g). Percentage growth increase in each 
parameter was calculated with respect to untreated control (nematode only). 

 
Statistical analysis:  

Data of nematode reproduction and plant growth parameters were subjected to analysis of 
variance (ANOVA) using Computer Statistical Package (CO-STATE) User Manual Version 3.03, 
Barkley Co., USA. The means were compared with Duncan’s multiple range test. 

 
Results 
 
Tomato Experiment:  

The nematicidal effects of B.  licheniformis and P. aeruginosa and their two fusant products viz. 
F28& F40 on the root knot nematode reproduction infected tomato plants along with Micronema® and 
untreated check (nematode only) were recorded in Table (1). The obtained data showed that all 
treatments had the potential activity to reduce the root–knot nematode infectivity and reproduction, 
compared to untreated control. The treatments significantly (P≤0.05) suppressed J2, females, galls, 
egg-masses and eggs per eggmass. The two fusants, F28 and F40 were more effective in reducing 
nematode parameters than their parental strains and Micronema®.The recorded reduction percentages 
were in J2 (83 & 76%), galls (83 & 77%), egg-masses (85 & 76%), females (65 & 73%), respectively, 
as compared to control. Also, Results showed that combined parental strains (BL & PA) were more 
effective than when applied individually. Data also showed that Micronema® induced the highest 
reductions in eggs per 5g roots (68%) as compared to control (Table, 1).  

Effects of treatments on tomato plants growth parameters are listed in Table (2). Data revealed 
that the almost used treatments recorded significant increase in shoot length, leaves; shoot fresh & dry 
weights and dry weight of roots when compared to untreated control. Data represented in (Table 2) 
indicated the positive performance of the fusants in improving tomato plant growth parameters. The 
application of F28 and F40 achieved the great increase in shoot length (50& 67%), number of leaves 
(29 & 33%), shoot fresh weight (67 & 52%), shoot dry weight (59 & 62%) and dry weight of roots 
(21 & 23%) as compared to control treatment. The combined treatment of the parental strains was 
more effective in improving tomato plant growth than individually. The percentage increases were 
(37%) in shoot length, (16%) in number of leaves, (48%) in fresh weight, (41%) in dry weight and 
(19%) in dry roots weight as compared to control. The least increase in tomato plant growth 
parameters were resulted from Micronema® (Table 2). 

 
Eggplant Experiment:  

All treatments had significant (P≤0.05) suppressive effects on different nematode criteria 
(numbers of J2 in soil & roots, galls and egg masses) on eggplant as compared to untreated control 
(Table, 3). Fusant product F40 recorded the highest nematode reduction inJ2 in roots (77%), galls 
(87%) and egg-masses (90%) as compared to control. Also, combined parental strains was more 
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Table 1: Effects of Bacillus licheniformis, Pseudomonas aeruginosa and their fusants on development of Meloidogyne  incognita parameters infected tomato 
plants under greenhouse conditions.  

 

  

Treatments 

Nematode parameters 

J2s /5g roots Galls/root system Egg-masses/root system Female/5g roots Eggs/5g roots 

Count Reduction 

% 

Count Reduction 

% 

Count 

 

Reduction 

% 

Count 

 

Reduction 

% 

Count 

 

Reduction 

% 

B. licheniformis(BL) 113b 64 18bc 72 15c 61 237b 37 433b 53 

P. aeruginosa (PA) 113b 64 22b 65 20b 48 200bc 47 417c 55 

BL + PA 107b 66 17c 73 13cd 66 200bc 47 357d 61 

Fusant 28 53e 83 11d 83 6e 85 133de 65 350d 62 

Fusant 40 73de 77 15cd 77 9de 76 103e 73 313e 66 

Micronema® 83c 73 17c 74 12cd 70 163cd 57 293f 68 

Untreated control (M. 

incognita only) 

310a - 64a - 39a - 375a - 925a - 

Values are averages of six replicates. Averages followed by the same letter(s) are not significantly (P ≤ 0.05) different according to Duncan's Multiple Range Test. 

 
Table 2: Effects of Bacillus licheniformis, Pseudomonas aeruginosa and their fusants on the growth parameters of tomato plants infected by Meloidogyne 

incognita under greenhouse conditions. 

 

 

Treatments 

Plant Growth parameters 

Shoot Parameters Dry weight of Root 

length 

(cm) 

Increase 

% 

Leaves No. Increase 

% 

Fresh 

weight 

(g) 

Increase 

% 

Dry 

weight 

(g) 

Increase 

% 

Weight  

(g) 

Increase 

% 

B.licheniformis(BL) 45.4bc 36 13.2abc 14 13.0bc 17 4.1ab 41 5.3a 13 

P. aeruginosa (PA) 38.8cd  16 13.0bc 12 13.3bc 20 3.4ab 17 4.9a 4 

BL + PA 45.8bc 37 13.4abc 16 16.4ab 48 4.1ab 41 5.6a 19 

Fusant 28 50.2ab 50 15.0ab 29  18.5a  67 4.6a 59 5.7a  21 

Fusant 40 55.6a  67 15.4a  33 16.9ab 52 4.7a 62 5.8a 23 

Micronema® 36.0d  8 12.6c 9 12.8bc 15 3.5ab 21 4.8a 2 

Untreated control (M. 

incognita only) 

33.4d - 11.6c - 11.1c - 2.9b - 4.7a - 

Values are averages of six replicates. Averages followed by the same letter(s) are not  significantly (P ≤ 0.05) different according to Duncan's Multiple Range Test. 
. 
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Table 3: Effects of Bacillus licheniformis and Pseudomonas aeruginosa and their fusants on the development of   Meloidogyne incognita parameters infected 
eggplants under greenhouse conditions. 

 

  

Treatments 

Nematode parameters 

J2 in soil/pot J2 in root/5 g Galls/root system Egg-masses/root system 

Count Red. 

% 

Count Red. 

% 

Count 

 

Red. 

% 

Count 

 

Red. 

% 

B. licheniformis(BL) 5470b 48 192b 39 20b 68 12bc 73 

P. aeruginosa (PA) 3600c 66 150bcd 52 17bc 73 12bc 73 

BL + PA 3270c 69 170bc 46 15bc 77 8bc 82 

Fusant 28 1630d 85 103 bcd 67 10bc 84 8bc 83 

Fusant 40 2140cd 80 73d 77 8c 87 5c 90 

Micronema® 1500d 86 93 cd 70 18bc 72 12bc 74 

Untreated control (M. incognita only) 10530a - 313a - 64a - 45a - 
Values are averages of six replicates. Averages followed by same letter(s) are not significantly (P ≤ 0.05) different   according to Duncan's  Multiple Range Test 
 
Table 4: Effect of Bacillus licheniformis, Pseudomonas aeruginosa and their fusants on the growth parameters of  eggplants infected by  Meloidogyne incognita 

under greenhouse conditions. 

 

 

Treatments 

Plant Growth parameters 

Shoot Parameters Dry weight of root 

length 

(cm) 

Increase 

% 

leaves Increase 

% 

Fresh 

weight 

(g) 

Increase 

% 

Dry 

weight 

(g) 

Increase 

% 

weight 

(g) 

Increase 

% 

B. licheniformis(BL) 28.4c 12 28.0c 56 16.8c 25 6.5c 14 3.6ab 57 

P. aeruginosa (PS) 25.8c 3 23.8c 28 16.1c 24 6.8c 19 3.7ab 61 

BL + PA 32.4bc 30 33.0bc 83 17.8c 33 7.5bc 32 3.7ab 61 

Fusant 28 49.0a 96 70.4a 291 61.4a 358 13.5a 137 4.5a 96 

Fusant 40 39.8ab 59 50.2ab 178 38.9b 190 14.1c 147 4.4a 91 

Micronema® 44.0a 79 37.0bc 106 31.5b 135 9.3b 36 3.5ab 52 

Untreated control (M. incognita 

only) 

25.2c - 18.6c - 13.4c - 5.7bc - 2.3b - 

Values are averages of six replicates. Averages followed by the same letter(s) are not significantly (P ≤ 0.05) different according to Duncan's Multiple Range 
Test.                   
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effective in reduced nematode counts than when applied individually. Micronema® recorded the 
highest nematode reduction in J2 in soil (86%) compared to untreated control (Table 3). 

All treatments enhanced eggplant growth parameters (shoot length, leaves, shoot fresh & dry 
weights and root fresh weight over control Table (4). The fusant product F29 recorded the highest 
increase in shoot length (96%), number of leaves (291%), shoot fresh weight (358%), shoot dry 
weight (137%) and dry weight of roots (96%) as compared to control. Parental strains when applied 
together were more effective in increasing the most plant growth parameters, than individually. 
Micronema® increased eggplants growth parameters more than the parental strains combined or 
individually except for root dry weights (Table, 4).  
 
Discussion 

Among many pests and diseases, root knot nematode Meloidogyne spp. are one of the most 
important pests associated with serious losses in tomato production up to 29% and eggplant to 23% 
(Sasser 1979).  Managing nematode chemically cause serious ecological and human health problems, 
innovate for alternative eco-friendly control methods are increasingly needed (Weller, 1988). 

Biological control using microorganisms has received increasing attention as a promising 
alternative to chemical control. Plant Growth-Promoting rhizobacteria are currently developed as a 
biocontrol agent against plant parasitic nematodes due to their multiple modes of action (Sikora, 1992; 
Siddiqui & Mahmood, 1999; Siddiqui & Shaukat, 2002, Tian et al., 2007 and Abd-El-Khair, 2016). 

In this study B.  licheniformis, P. aeruginosa and their two fusant products (F28 & F40) along 
with the commercial nematicide Micronema® were evaluated as potential control agents against M. 
incognita on tomato and eggplant in two separated greenhouse pot experiments. The results show that 
B.  licheniformis, P. aeruginosa significantly reduced nematodes parameters. Plant growth was 
improved as a result of the application of rhizobacteria compared to control. These results are in 
accordance with Siddiqui and Ehteshamul-Haque (2000) and Siddiqui (2002). They reported that P. 
aeruginosa caused significant inhibition in egg hatching and mortality of M. javanica on tomato. 
Similar observations were reported by Soliman et al. (2017 and 2018) P. aeruginosa and B. 
licheniformis could kill M. incognita J2 in bioassay test and the percentages mortality ranged from 94-
96% compared to control. These may be referring to the ability of P. aeruginosa to produce hydrogen 
cyanide toxin (Gallagher and Manoil, 2001) and the production of proteinaceous or 
glycoproteinaceous whuich induced nematode mortality (Siddiqui, 2002). The protease and chitinase 
produce by B. lichineformis affect nematodes survival (Ahmed et al., 2007 and Khiyami and 
Masmali, 2008). Moreover, Siddiqui and Shaukat (2002) and Amin et al., (2014) refer the potency of 
P. aeruginosa to inhibit nematode reproduction to its ability to induce systemic resistance against 
nematode infection. Salicylic acid production by bacteria act as endogenous signal for the activation 
of plant defense response (Siddiqui and Shaukat 2002). Data also showed combined treatment of 
parental strains was more effective than individually. The results agree with Elkelany (2017), who 
found that Anoxybacillus  flavithermus and B. pumilus strains in combination was more effective in 
reducing M. javanica on eggplant than individually.  

In this study the tested protoplast fusions of B. licheniformis and P. aeruginosa were achieving 
the highest reduction in M. incognita reproduction and increased the growth parameters of plants than 
their parental strains and Micronema®. The hydrogen cyanide from P. aeruginosa in combination with 
the nematicidal activity of protease and chitinase produced by B. licheniformis enhanced the 
nematicidal effect of the fusants as compared with their parents. These are in conformity with the data 
established by Yari et al. (2002) and Zaied et al. (2009), who found that fusant are more powerful in 
biocontrol activity than their parents as it contains more than one of the most distinguishable and 
important biocontrol activity from the parents. 

Protoplast fusion technique has opened new gateways to obtain new biocontrol agents with 
increasing in their production from enzymes, toxins and antibiotics against plant pathogens. This 
technology allows recombination to take place not only between related species but also between 
unrelated genera and is of great potential in improvement of biocontrol strains (Abdel-Salam et al., 
2007 and 2018). 

Presented data show that Micronema® significantly reduced M. incognita parameters compared 
to control. Similar observation reported by El-Nagdi and Youssef (2015) that the commercial product 
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contains some bacterial isolates of Serratia sp., Pseudomonas sp., Azotobacter sp., Bacillus circulans 
and B. thuringiensis which are well known to suppress nematodes.  

 
Conclusion 

We conclude that out of different ecofriendly approaches plant growth promoting rhizobacteria 
strains may act as an efficient nematode biocontrol as well as plant growth promoting agents due to 
their multiple modes of action against nematodes. 

Protoplast fusion technique is a promising biotechnological approach to improve the 
potentiality of such bacterial strains to control plant parasitic nematode and minimize the depend on 
chemical nematicides. 

Fusant products F28 & F40 from B. lichineformis and P. aeruginosa are a promising candidates 
for development of  biocontrol agents against root knot nematodes. 
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