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ABSTRACT 
 
        This study was carried out to evaluate the efficacy of two bio-control agents, 
mycorrhizal fungi and the endoparasitic bacterium Pasteuria penetrans in managing 
development of root-knot nematode, Meloidogyne javanica on tomato. Use of both 
bio-agents P. penetrans and mycorrhizal fungi, either alone or combined, reduced 
significantly all related nematode parameters on tomato plants infected with M. 
javanica. The reduction in galls, egg masses, females/root system and eggs/egg 
mass as well as juveniles in soil was highly significant when both bio-agents 
inoculated together as reached 76; 68; 74; 47 and 73%, respectively. Consequently, 
nematode infected plants that were treated with both bio-agents showed improvement 
in vegetative plant growth characters as reflected by a significant increase in the fresh 
shoots and roots as well as dry shoot weights of tomato compared with untreated 
plants. Moreover the contents of Nitrogen, Phosphorus and Potassium in tomato 
plants treated with both bio-agents were also increased compared with those found in 
untreated nematode infected plants. The overall disease symptoms caused by 
nematode on tomato was markedly alleviated in the pots treated with the tested bio-
agents.  

Keywords: Meloidogyne javanica; Mycorrhizal fungi; Pasteuria  penetrans; Tomato  
(Lycopersicon esculentum cv. Super streen). 

 

INTRODUCTION 
 
        Root-knot nematodes, Meloidogyne spp. are one of the most important 
plant-parasitic nematodes worldwide, especially in the new reclaimed lands in 
Egypt. These nematodes are cosmopolitan in distribution and spread in tropic 
and subtropic environments (Whitehead, 1997). They can attack almost all 
soft, underground plant tissues especially the roots of annual crops and play 
an important role in limiting vegetable production especially in tomato as it 
causes losses ranged from 24-38% (Sikora and Fernandez, 2005).  
        A lot of studies investigated several control methods against plant-
parasitic nematodes i.e. chemical, cultural and physical as possible methods 
to reduce losses caused by nematode. Biological control of nematodes has 
been studied as an alternative or complementary approach to physical or 
chemical control methods (Weller, 1988).  
        The obligate endospore forming parasite Pasteuria penetrans has been 
extensively tested for the control of plant-parasitic nematodes (Duponnois et 
al., 1999). This bacterium has been attributed to the partial control of root-
knot nematodes Meloidogyne spp. in pot experiments (Mahdy, 2002) and in 
microplots using either spore-infested soil or powdered roots containing 
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spores (Trudgill et al., 2000). Spore concentrations 5x104 and 5x105 per gram 
of soil showed immediate control of root-knot nematode populations in the 
field (Chen, et al., 1996). 
        Mycorrhizal fungi are one of the promising bio-control agents against a 
broad range of pathogens especially plant-parasitic nematodes. It limits the 
densities of plant-parasitic nematodes on a wide range of host plants and 
subsequently reduces the losses in the crop yields (Sikora, 1981 and 
Sitaramaiah and Sikora, 1982). Moreover, various studies have showed that 
mycorrhizal fungi increase host tolerance in some plant-nematode 
associations (Talavera, et al., 2002). 
        In modern agricultural systems, especially in horticulture, abundant 
application of chemical nematicides now makes very severe troubles in 
agricultural production, food safety and environmental protection. So, an 
effective and friendly environmental bio-nematicide is expected to be 
developed through biological control research. 
        Very little is known about the beneficial effects of combined application 
of P. penetrans and mycorrhizal fungi to soils infected with populations of 
Meloidogyne spp. Therefore, this research aimed to investigate the 
effectiveness of mycorrhizal fungi and P. penetrans isolate Egypt on 
development of root-knot nematode M. javanica in tomato and study their 
impact on tomato growth under greenhouse conditions. 
 

MATERIALS AND METHODS 
 

1- Preparation of Meloidogyne javanica inoculum:   
        Root-knot nematode, Meloidogyne javanica (Treub) Chitwood was used 
as inoculum in the experiment. Nematode inoculum was extracted from 
infected black nightshade roots (Solanum nigrum L.). Nematode stock culture 
was multiplied under greenhouse conditions at 25±20C on tomato plants 
(Lycopersicon esculentum cv. Super streen) grown in 30 cm in diam. plastic 
pots filled with sand-soil mixture (2:1, v/v). The heavily galled tomato plants 
were uprooted and nematode eggs were extracted from roots by sodium 
hypochlorite technique (NaOCl) as described by Hussey and Barker (1973). 
Galled tomato roots were washed in water to remove soil debris. The roots 
were then cut into 1-2 cm pieces and macerated in a blender for 20 seconds. 
The macerates were filled into a flask containing 500 ml of 1.5% NaOCl 
solution and manually shaken for 3 minutes to free eggs from the gelatinous 
matrix. The eggs suspension was rinsed over a sieve combination of 250 µm, 
100µm and 20µm to remove excess root debris. The eggs of 20µm sieve 
were gently washed several times to remove excess chlorine and collected 
under tap water. These eggs were passed again over the same sieve, 
recollected and hatched using a modified Baerman dish (Oostenbrink, 1960). 
The juveniles in the distilled water suspension were adjusted to 1000 J2s/ml 
and used as inoculum. 
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2- Preparation of spore suspension from Pasteuria penetrans: 
        The endoparasitic bacterium P. penetrans isolate Egypt (Pp EGY) was 
used to investigate its ability to attach to and control the root-knot nematode, 
M. javanica on tomato plants.  
        Spore suspension of P. penetrans isolate Egypt was prepared by adding 
0.1 gram of Pasteuria root powder to small amount of distilled water and 
mixed using a pestle and mortar. After mixing thoroughly the root debris were 
removed by pouring the spore suspension through a 25µm sieve (Stirling and 
Wachtel, 1980). The concentration of the spore suspension (Fig. 1a) was 
counted with a hemicytometer slide and adjusted to 5x105 spores/ml. 

 

3- Attachment of P. penetrans spores to Meloidogyne javanica juveniles:   
        One thousand freshly second stage juveniles of M. javanica collected in 
1 ml distilled water were added to 1 ml spore suspension of P. penetrans in 
test tubes and incubated for 24 hours at room temperature (25±20C). After 24 
hours, the attachment rate of P. penetrans was evaluated by counting the 
number of attached spores on 50 juveniles of M. javanica under 
Stereomicroscope (X600) (Fig. 1b). 
 

             (a)                                                                 (b) 

 Fig. 1 (a)   Spores of Pasteuria penetrans Isolate Egypt (Pp EGY). 

      (b)  Attachment of Pp EGY spores to second-stage larva of   

Meloidogyne javanica. 
 

4- Preparation of mycorrhizal fungi inoculum: 
        The mycorrhizal fungi spores isolated from the rhizosphere of wheat field 
were used for inoculum propagation on sorghum plants. Mycorrhizal fungi 
spores were extracted from 250 gm soil from the rhizosphere of sorghum 
plants. The soil was taken and diluted in 1 liter tap water, suspended and then 
sieved using wet-sieving and decanting technique according to Jackson 
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(1958). Four sieves (400, 250, 150 and 75 µm) were used in this experiment. 
The 250, 150 and 75µm fractions were transferred into a glass bottle and 
diluted with tap water to give between 40-50 spores/ml. The numbers of 
spores were estimated by spreading certain volume of mycorrhizal spore 
suspension onto a grided filter paper or petri dish divided into squares from its 
base. The number was recorded using a binocular microscope according to 
Daft and Hograph (1983). 
        Cultures of mycorrhizal fungi were raised on sorghum seeds, which were 
surface sterilized with chlorox solution 0.01% and sown (5 seeds/pot) in clay 
pot (25cm in diam.) containing steamily sterilized sand soil. Fifty spores were 
layered at 2-6 cm depths. Thinning was done to one seedling/pot. After 120 
days, plants were uprooted and spores of mycorrhizae were isolated from the 
pot soil using wet-sieve and decanting method. The roots were then stained 
and examined for mycorrhizal colonization. The roots colonized by 
mycorrhizal fungi were mixed with sand soil containing mixed spores of 
genera: Glomus spp.; Gigaspora spp. and Acaulospora spp. and added to the 
soil as inoculum at the rate of 1000 spores/ g. This inoculum (1000 
spores/pot) was spread as a layer at a depth of 3-5 cm in the pot at the same 
time of tomato transplanting. 
        To estimate the root infection with mycorrhizal fungi; root samples were 
washed several times with tap water to remove remaining soil particles. Each 
sample was cut into small pieces (1cm long) and covered with 10% KOH in 
test tubes. Test tubes were autoclaved for 20 minutes at 121oC according to 
the modified method by Kormanik et al., (1980). Depending on the age and 
size of the roots, the host cytoplasm and most of the cell nucleic acid were 
removed to allow penetration of stains to the roots. The roots were then 
washed with tap water and acidified with 1% HCL for 1-2 minutes, then the 
acid was poured off. Roots were submerged in the trypan blue stain (0.05%) 
in lactic acid and heated in water bath at 80-90oC for 10-15 minutes according 
to Phillips and Haymann (1970). The percentage of mycorrhizal root infection 
was determined in 10 root sections from each mycorrhizal fungi treatment. 
5- Treatment of tomato plants with bio-agents and nematode:   
        The experiment was carried out in 15 cm in diam. pots filled with mixture 
of soil/sand 1:2 (v/v). A hole is made in the soil and the mycorrhizal fungi 
inoculum (1000 spore/pot) was added into the hole. Three weeks old tomato 
seedlings cv. Super streen were transplanted in the same hole and then 
covered with pure sand. Three days later, 1000 freshly second-stage juveniles 
and 3 ml of 5x105 Pp spores/ml of spore suspension were inoculated into 3-4 
holes around plant roots.  
        In this study, five treatments were prepared; 1-plants treated with fresh 
healthy juveniles of M. javanica alone, 2- Freshly juveniles of M. javanica and 
mycorrhizal fungi. 3- Freshly juveniles of M. javanica and mycorrhizal fungi 
and P. penetrans spores. 4- Juveniles of M. javanica and P. penetrans 
spores, 5- completely untreated plants served as controls. Each treatment 
was replicated 3 times. The treatment 1 and 2 were repeated 6 times more to 
estimate the penetration rate of nematode into tomato roots in presence or 
absence of mycorrhizae at different intervals; 2, 4, 8, 24, 48 and 336 hours (3 
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replicates of each). Plants were watered daily and fertilized weekly with 
nutrient solution.  

 

6- Evaluation of nematode parameters and plant growth conditions: 
        After two months of inoculation, tomato roots were carefully removed 
and washed with tap water. Number of galls/root system; number of egg 
masses/root system; number of eggs/egg mass; number of healthy and P. 
penetrans infected females/root system; nematode reproduction factor (RF); 
nematode final population (Pf); as well as number of juveniles in soil were 
recorded. Egg masses of M. javanica were stained by dipping the roots in 
0.015% Phloxine B solution for 20 minutes as described by Daykin and 
Hussey (1985). Rate of nematode reproduction (Pf/Pi) was calculated 
according to Norton (1978) whereas: 
*Reproduction Factor = Final population (Pf)/Initial population (Pi) 
        Females infected with Pp spores were also recorded by collecting all 
females of M. javanica by cutting the root system of each plant in 2 cm pieces 
and dipping the root pieces in a beaker full of tap water for 4 days at room 
temperature until they become soft (Ratnasoma and Gowen, 1996). Roots 
were washed with vigorous tap water stream through 500µm and 250µm 
sieves to separate the females from the root debris.  
        Pasteuria infected females were distinguished by their opaque dull 
creamy white to amber colour compared to white, glistening females (Mankau 
and Prasad, 1977) as shown in Fig. (2). All collected females were crushed 
under a cover slips (3 females/slide) in a few drops of tap water and the 
presence of Pasteuria spores verified using the Stereomicroscope (X600) as 
shown in Fig. (1a). 
 

 
Fig. (2):Females of Meloidogyne javanica infected with Pasteuria   

penetrans isolate Egypt  
 
        The percentages of mycorrhizae infected roots after 30 and 60 days as 
well as the mean number of mycorrhizae spores in soil were also determined. 
        Vegetative plant growth parameters i.e. fresh shoot and root weights as 
well as dry shoot weight were also estimated. Chemical composition in plants 
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i. e. the percentages of nitrogen (N), phosphour (P) and potassium (K) 
contents were recorded. 
        All obtained data were statistically analyzed by using COSTAT-Computer 
program for statistics. The L.S.D. test at 5% level of probability was used to 
compare the means of the treatments according to Duncan (1955). 

 

RESULTS 
 
        Data presented in table (1) revealed that the penetration rate of M. 
javanica juveniles into tomato roots inoculated with mycorrhizal fungi was 
increased over time either in presence or absence of mycorrhizal fungi. This 
increase was only significant after 336 hours of inoculation in pots treated with 
M. javanica alone as well as those treated with both M. javanica and 
mycorrhizal fungi.  
 

Table (1): Effect of mycorrhizal fungi on the penetration rate of 

Meloidogyne javanica juveniles into tomato roots at 

different times. 

Treatments 
Mean no. of penetrated juveniles after 

Mean 
2 hrs 4 hrs 8 hrs 24 hrs 48 hrs 336 hrs 

M. javanica + 
Mycorrhizal fungi 

1.0 5.3 9.0 14.3 18.3 81.0 21.5 a 

M. javanica alone 0.7 4.0 7.0 09.3 12.7 88.3 20.3 a 
Mean 0.83 b 4.7 b 8.0 b 11.8 b 15.5 b 84.7 a  

 
        Inoculation of both mycorrhizal fungi and P. penetrans either alone or 
together significantly reduced numbers of galls/root system, egg masses/root 
system and eggs/egg mass compared with plants treated with M. javanica 
alone. However, application of both bio-agents together was the effective 
treatment, as the percentage of reduction reached 76, 68 and 47% 
respectively (Table 2). Moreover, healthy females were lowered by 69% and 
40% after application of mycorrhizal fungi and P. penetrans, respectively, and 
by 74% when applied together (Table 2). In this regard, reproduction factor 
was reduced by more than 50 % in plants treated with either individual or 
combined bio-agents.  
 

Table 2. Effect of mycorrhizal fungi and Pasteuria penetrans on some 

nematode parameters. 
 Treatments* 

 Am-Mj Am-Mj-Pp Mj-Pp Mj Am Control 

Galls/root system 77.4   b 34    c 71.4 b 140  a 0.0 d 0.0 d 

Egg masses/root 
system 

17.4   b 13.4 b 14    b 41.4 a 0.0 d 0.0 d 

Eggs/ Egg mass 169    b 117  c 153  b 219  a 0.0 d 0.0 d 

Females 29.4   c 24.4 c 57.4 b 95.4 a 0.0 d 0.0 d 

Pp. infected females 0.0     c 12    a 6.6   b 0.0   c 0.0 d 0.0 d 

Reproduction factor 0.8     b 0.6   b 0.7   b 1.9   a 0.0 d 0.0 d 

Number of Juveniles 1.1x103 b 6.6x102 b 8.3x102 b 2.5x103 a 0.0 d 0.0 d 
* AM= Arbuscular Mycorrhizae; MJ= Meloidogyne javanica; Pp= Pasteuria penetrans 
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        Data in table (2) also revealed that densities of juveniles per 250 g of soil 
were greater in pots treated with nematode alone than those treated with 
either mycorrhizae or P. penetrans or  both bio-agents together. A significant 
increase in numbers of Pp infected females was also shown in the plants 
treated with mycorrhizae and Pp than those treated with Pp alone (table 2). 
        Results presented in Fig. (3 A and B) and illustrated in Fig. (4) revealed 
that the percentage of roots infected with mycorrhizal fungi and numbers of 
mycorrhizal spores in pots infected with M. javanica were significantly 
increased compared with those treated with mycorrhizal fungi alone. This 
increase in mycorrhizal infection was 17 % and 11% in presence of Pp and 
20% and 14% in their absence after 30 and 60 days of inoculation, 
respectively. However, the percentage of mycorrhizal spores in rhizosphere of 
plants infected with nematode was almost similar in absence or presence of 
Pp as reached 18-19% after 60 days of inoculation. 
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Fig. (3): Effect of Meloidogyne javanica on % of mycorrhizal fungi 

infection  after 30 and 60 days of nematode inoculation (A), 

and numbers of AM-spores in 10 g soil (B). 

 
Fig. (4): Endomycorrhizal fungus vesicles and arbuscules of Glomus 

spp. within tomato root tissues (60 days age) infected with 

Meloidogyne javanica. 
 
        Results in Fig. (5) showed that all bioagents treatments either alone or 
combined significantly improved the fresh weight of shoot and root (Fig. 5 A) 
as well as dry weight of shoot (Fig. 5 B) of plant infected with nematode 
compared with those treated with nematode alone. This improvement in these 
characteristics reached 57%, 55% and 43% respectively, in plants treated 
with combined bio-agents. Moreover, the percentages of nitrogen (N), 
phosphour (P) and postassium (K) were also enhanced with the use of all bio-
agents either individual or combined when compared with plants treated with 
nematode alone as shown in Fig. (5 C). A high increase in NPK contents 
(more than 50%) in plants infected with nematodes was shown when treated 
with both bio-agents together compared with those treated with nematode 
alone (Fig 5 C).  
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Fig. (5): Effect of used bio-agents either alone or combined on; fresh 

shoot and root weights (A), shoot dry weight (B) and % of NPK 

contents of tomato (C) infected with Meloidogyne javanica.  
 

DISCUSSION 
 

        Inoculation of mycorrhizal fungi three days earlier than M. javanica did 
not retard penetration of nematode juveniles into tomato roots. Moreover, the 
penetration rate of juveniles was increased over time and became significant 
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after 2 weeks of nematode inoculation either in presence or absence of 
mycorrhizae. This might be due to the short period between application of 
mycorrhizae and nematodes and the weak early colonization of mycorrhizae. 
In this regard, Talavera et al., (2001), found that inoculation of mycorrhizae 
(Glomus sp.) two weeks earlier than M. incognita allowed high colonization 
proportion by mycorrhizae  and reduced damages caused by nematodes.    
        On the other hand, numbers of mycorrhizal spores in soil and % of 
mycorrhizae infected roots was increased after 30 and 60 days in plants 
infected with nematode compared with those treated with mycorrhizae alone. 
Similar observation was shown by Bagyaraj et al., (1979), they found that 
inoculation of tomato roots with root-knot nematodes, M. incognita and M. 
javanica, enhanced infection and spore production by mycorrhizae (Glomus 
fasciculatus). In view of this, fast invasion of nematodes may facilitate 
penetration of mycorrhizal fungi into tomato roots and enhance colonization 
process. 
        The actual action of mycorrhizal fungi in reducing vegetative plant growth 
parameters caused by nematodes and other pathogens is not well known. 
The proposed hypotheses include improving the availability of phosphorus as 
well as other nutrients within the host and/or by antagonistic interactions with 
the pathogens (Siddiqui and Mahmood, 1995), or by inducing local and 
systemic resistance against Meloidogyne species Cordier et al., (1998), that 
might contribute to limit further development of M. incognita within roots 
(Diedhiou et al., (2003), and production and accumulation of compounds such 
as phenols, phytoalexins and hormones within mycorrhizal root system that 
affect nematode feeding (Talavera et al., 2002). 
        In P. penetrans treatments, the significant reduction in numbers of egg 
masses/root system and eggs/egg mass suggests that the main effect of Pp 
was in reducing egg laying (Talavera, et al., 2002).  In this regard, Chen et al. 
(1996) and Adiko and Gowen, (1999) reported that the reduction in M. 
javanica development and reproduction and by P. Penetrans is mainly due to 
reduced mobility and death of spore-encumbered juveniles, and reduced egg-
production by females.  
        Application of P. penetrans or mycorrhizae alone to nematode infected 
plants, although it had a marked effect on nematode development, combined 
inoculation of both P. penetrans and mycorrhizal fungi significantly reduced all 
nematode parameters compared with all other treatments. Moreover, it 
partially compensated for growth reduction in tomato plants infected with M. 
javanica (Fig. 6). In addition to nematode suppression by both bio-agents, 
improving the biological, chemical and physical properties of the soil and 
improving the mineral elements uptake might be complementary reasons of 
enhancing the growth of nematode infected plants. 
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   AM-Pp-MJ                          AM-MJ                                 MJ alone      

AM= Arbuscular Mycorrhizae; MJ= Meloidogyne javanica; Pp= P. penetrans 
 

Fig. (6) Impact of inoculation with the used bio-agents on vegetative 

tomato growth characteristics as affected by root-knot 

nematodes. 
 

        Our results also showed a significant increase in % of mycorrhizae 
infected roots in presence of P. penetrans, and in numbers of females 
infected with P. penetrans in plants treated with mycorrhizae. These results 
were consistent with the finding of Rao and gowen (1998), as they noticed a 
greater attachment and infection of Pasteuria to juveniles of M. incognita in 
presence of mycorrhizae. All these observations suggest that the positive 
effect on plant growth conferred by combined application of used bio-agents 
may due to a synergistic interaction between P. penetrans and mycorrhizal 
fungi. It may also explain the superiority of application of both bio-agents 
together over the treatments with either organism alone.  
        The application of these two organisms appears to be compatible and 
should be considered as a nematode management strategy. However, further 
study is needed to reconfirm the effectiveness of these bio-agents in the open 
field. 
 
 
 
 
 
 



Mahdy, E. M. et al. 

 594 

 

REFERENCES 
 
Adiko, A. and S. R. Gowen (1999). Effects of spore of Pasteuria penetrans on 

the motility of second-stage juveniles of Meloidogyne incognita. Rus. J. 
Nematol. 7:5-6. 

Bagyaraj, D. J.; A. Manjunath and D. D. R. Reddy (1979).  Interaction of 
vescular arbuscular mycorrhizae with root knot nematodes. Plant Soil. 
51(3)  

Chen, Z. X.; D. W. Dickson; R. McSorley; D. J. Mitchell and T. E. Hewlett 
(1996). Suppression of Meloidogyne arenaria race1 by soil application 
of endospores of Pasteuria penetrans. J. Nematol. 28:159-168. 

Cordier, C.; M. J. Pozo; J. M. Barea; S. Gianinazzi and Gianinazzi-Pearson 
(1998). Cell defence response associated with localized and systemic 
resistance to phytophthora parasitica induced in tomato by an 
arbuscular mycorrhizal fungus. Mol. P. Micro. Interact. 11: 1017-1028.  

Daft, M. J. and B. C. Hograph (1983). Competitive interaction amongst four 
species of Glomus on maize and onion. Trans. Brit. Mycol. Soc., 80: 
339-345. 

Daykin, M. E. and R. S. Hussey (1985). Staining and histopathological 
techniques in nematology. Pp. 39-48 in Barker, K. R., Carter, C. C. and 
Sasser, J. N., eds. An Advanced Treatise in Meloidogyne, Vol. II 
Methodology, Raleigh: North Carolina State University Graphics, USA. 

Diedhiou, P. M.; J.  Hallmann; E. C. Oreke and H. W. Dehne (2003). Effects 
of vesicular arbuscular mycorrhizal fungi and a non-pathogenic 
Fusarium oxysporum on Meloidogyne incognita infestation of tomato. 
Mycorrhizae 13:199-204. 

Duncan,D. B. (1955). Multiple range and Multiple F. Test Biometrics, 11: 1-42. 
Duponnois, R.; M. B. Amadou and M. Thierry (1999). Beneficial effects of 

Enterobacter cloacae and Pseudomonas mendocina for biocontrol of 
Meloidogyne incognita with the endospore-forming bacterium Pasteuria 
penetrans. Nematology 1: 95-101. 

Hussey, R. S. and K. R. Barker (1973). A comparison of methods collecting 
inocula of Meloidogyne spp. including a new technique. Plant Disease 
Reporter 57:1025-1028.  

Jackson, M. L. (1958). Oxidizable matter by chromic acid with H3BO4 heat of 
dilution. In: Soil Chemical Analysis, pp. 214-219., Prentice Hall, Inc. 
Englewood Cliffs. 

Kormaink, P. P.; W. C. Dryan and R. C. Schultz (1980). Procedures and 
equipment for staining large number of plant root samples for 
endomycorrhizal assay. Can. J. Microbiol. 26: 536-538. 

Mahdy, M. E. (2002). Biological control of plant parasitic nematodes with 
antagonistic bacteria on different host plants. Ph.D Thesis, Fac. Agric., 
Plant Pathology Institute, Bonn University, Germany.  

Mankau, R. and N. Prasad (1977). Infectivity of Bacillus penetrans in plant 
parasitic nematodes. Journal of Nematology 9: 40-45. 

Norton, D. C. (1978). Ecology of plant parasitic nematodes. John Willey and 
Sons, New York, 238pp. 



J. Agric. Sci. Mansoura Univ., 33 (1), January, 2008 

 595 

Oostenbrink, M. (1960). Estimating nematode populations by some selected 
methods. Pp. 85-102 in Sasser, J. N. and Jenkins, W. R., eds. 
Nematology. Raleigh, NC:  North Carolina State University Press, USA. 

Phillips, J. M. and D. S. Hayman (1970). Improved procedures for clearing 
roots and staining vesicular arbuscular mycorrhizal fungi for trap 
assessment of infection. Trans. R. Mycol. Soc., 55: 158-161.  

Rao, M. S. and S. R. gowen (1998). Bio-management of Meloidogyne 
incognita on tomato by integrating Glomus deserticola and Pasteuria 
penetrans. Z. pf-krank. Pf.schuz. 105: 49-52. 

Ratnsoma, H. A. and S. R. Gowen (1996). Spore attachment of Pasteuria 
penetrans on the juveniles of Meloidogyne incognita as affected by pH 
and organic matter. Nematologia Mediterranea 24:283-285. 

Siddiqui, Z. A. and I. Mahmood (1995). Biological control of Heterodera cajani 
and Fusarium udum by Bacillus subtilis, Bradyrhizobium japonicum and 
Glomus fasciculatum on pigeonpea. Fundamental and Applied 
Nematology 18: 559-566. 

Sikora, R. A. (1981). Interaction between plant parasitic nematodes, plant 
roots and vesicular arbuscular mycorrhizae. In: Biological and Chemical 
Interactions in the Rhizosphere, pp. 115-136. Symp. Proceedings 
Stockholm. Swedish Nat. Sci. Res. Counc. Press 

Sikora, R. A. and E. Fernandez (2005). Nematode parasites of vegetables. In: 
Plant Parasitic Nematodes In Subtropical And Tropical Agriculture, eds. 
Luc, M.; Sikora, R. A. and Bridge, J., pp. 319-392. CABI, UK. 

Sitaramaiah, K. and R. A. Sikora (1982). Effect of the mycorrhizal fungus 
Glomus fasciculatum on the host-parasite relationship of Rotylenchulus 
reniformis in tomato. Nematologica 28: 412-419.  

Stirling, G. R. and M. F. Wachtel  (1980). Mass production of Bacillus 
penetrans for the biological control of root-knot nematodes. 
Nematologica 34:308-312. 

Talavera, M.; K. Itou and T. Mizukobu (2001). Reduction of nematode 
damage by root colonization with arbuscular mcorrhiza (Glomus spp.) in 
tomato-Meloidogyne incognita (Tylenchida: Meloidogynidae) and carrot-
pratylenchus penetrans pathosystems.Appl. Entomol. Zool. 36:387-392. 

Talavera, M.; K. Itou and T. Mizukobu (2002). Combined application of 
Glomus sp. and Pasteuria penetrans for reducing Meloidogyne 
incognita (Tylenchida : Meloidogynidae) populations and improving 
tomato growth. Appl. Entomol. Zool. 37 (1): 61-67. 

Trudgill, D. L.; G. Bala; V. C. Block; A. Daudi; K. G. Davies; S. R. Gowen; M. 
Fargette; J. D. Madulu; T. Mateille; W. Mwageni; C. Netscher; M. S. 
Phillips; A. Sawadogo; C. C. Trivino and E. Vouyoukallou (2000). The 
importance of tropical root-knot nematodes (Meloidogyne spp.) and 
factors affecting the utility of Pasteuria penetrans as a biocontrol agent. 
Nematology 2: 823-845.  

Weller, D. M. (1988). Bio-control of soil-borne plant pathogens in the 
rhizosphere with bacteria. Ann. Rev. Phytopathol. 26: 379-407. 

Whitehead, A. G. (1997). Sedentary endoparasites of roots and tubers 
(Meloidogyne and Nacobbus). In Plant nematode control. Pp 209-260. 
CAB International pub. Wallingford, UK. 



Mahdy, E. M. et al. 

 596 

لالتأأير الالتأأاتفطللاطا أأيكلالت ااوب أأيالوفاتا أأيلفيتأأت ا يلف  تأأاا  ل  أأ  ل ل لل للل ل للللللل للل للللل ل لللل للل ل ل ل ل للل لللل لل ل ل لللل للل ل لللل لللل لتقيوتأأ لللل ل ل للللل

للل  تيتودالتعقدلالجذوالت  ودوج   يلجيف  ايل   ل فيتيكلالطتيطمل لل ل لللل للللللل لل لللللللل لللللل ل لل للل لل ل لل للللللللللل للل للل
لتجديلالت دلتهدى لل ل لللل لللل لل ل  ا نلتجديلجلالللل،للل1ل ل ل لل لل ل لل ل يدللالت دلالف تيج لللوللل2لللل ل لللللللللل لللل لل1للل

للللل   لالياا  لـلجيتع لالت وف  لـلقتملال فيكلالياا يلـلشف نلالالا-ل1 للل لللل ل لل ل لللل لللللللل للللل للل لل لللل لل لل لللل ل لل ل لللل لللوملل

للعهدلفحوثلأتااضلال فيكلـلتاايلالفحوثلالياا   لـلالج يةلتلل-ل2 لل لللللل لل لل ل لللل ل ل للللل لل ل لللل للللللل لل ل للل ل ل لللل لل
 

                                                                      تممإ راممهذه اممرا ذ بهذفممق يمممبث ت نممنإ تممكانه تمملتنا  مما وي تممي  ذ ت مميب ذ  نممل     
       يل ممق                                                                              فطهنممي  ذ  نوهلانمماذ لذ يوتهنممي ذ  تطباممق راييهنممي لبذرانممي ييفممتنهني ينتتممهذت  تامم   

                     تا  تييتي  ذ ط يطإ .                                          تن يتلبذ تع ب ذ ارله  نالبلانتني ايفتنوي
    ذت                                                                        أظمه  ذ تتمي   أا ذفمتربذإ وما ومي تت ذ ت ميب ذ  نمل  يوتهنمي ذ ييفمتهني ينتتمه

                                                                               لفطهني  ذ  نوهلاناذ فملذه ومم  متمإ ي بمهبا أل  عمي لمب لامم  عتلنمي ومم ذ صمبي  ذ ريصمق
   .     نوي                                                                              يي تن يتلبذ تا  تييتي  ذ ط يطإ ذ  عبذا يتن يتلبذ تع ب ذ ارله  نالبلانتني ايفت

                                                                  فا ممب  ممل ظ ذتربمميي  عتممل  فممت تممبب ذ ع ممب ذ ارهنممق لتممبب أونممي  ذ يممني لتممبب 
   يمق                                                                            ذلإتيث  ا ا لع ذ اره  لتبب ذ يني  وم ون  يني ييلإ يفق ر   تبب ذ نهلي  فت ذ ته

    تام     %  67        76        67        76        67                                          .  نث لصا  تفميق ذنتربميي فمت امرا ذ صمبي  ر م  
                                  ا نح وا وي تت ذ ت يب ذ  نل   عي .                       ذ تلذ ت لر ك تتب ي تإ ت

                                                                لتهتممع تامم  ر ممك ت فمما فممت صممبي  ذ ت ممل ذ ر ممه   تييتممي  ذ ط مميطإ ذ  عممبذا 
        ت ذ لاا  ف                                                   ً                        يي تن يتلبذ لذ تت تل ا  يوا وي تت ذ ت يب ذ  نل   عيً    نث لاب انيبة  عتلنق 

   لع                                                                       ذ طياج  وم  ا ذ  ا ملع ذ ر مه  لذ  ا ملع ذ امره  ييلإ ميفق  املاا ذ اميث  ا ا م
                                             ذ ر ه    يهتق يتييتي  ذ ط يطإ ذ غنه  عي اق .

    نلإ                                                                             تالة تا  ر ك أظمه  ذ تتي   أن ي انيبة فت   تمل  ذ تنتمهلانا لذ بلفمبله لذ يلتيفم
                                                            تييتي  ذ ط يطإ   يهتق يي تييتي  ذ  عبذا يي تن يتلبذ ف ط .

                                                                  ليصممبق تي ممق لاممب أا ذاتممهذي ذ  ه ممنق ذ تيتاممق تمما ذ تن مميتلبذ تامم  تييتممي  
                                                                        ط يطإ لب لا  لظمه ت فا  ا ل  ف  ذاصص ذ  عي اق يوي تي  ذ ت يب ذ  نل  . ذ
 


