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 CHAPTER-1 

INTRODUCTION 

 
 

In order to meet the challenges of providing food to the ever increasing 

population of Pakistan, there is an urgent need to boost crop yield. Among the many 

different crops grown in Pakistan, the importance of tomatoes (Lycopersicum esculentum 

Mill ) as a food crop can not be over emphasized. It has the  highest amount of vitamins 

among all the vegetables, has anticancerrous properties, and is good for diabetic patients. 

Its fruit can be used either as such or as tomato products such as juice and sauce, etc. It is  

cultivated over an area of 4528519 hac with the production of 124748282 million tones 

on global level. In Pakistan it is cultivated over an area of 46.2 thousand hac with the 

production of 468.1 thousand tones giving yield of 10.1 tones per hac. (Statistical year 

book of Pakistan, 2005-2006). This yield is quite low as compared to other developing 

countries like Iran, India, and Bangladesh. There are number of reasons for this low 

production of tomatoes in Pakistan, with pathogenic nematodes and other soilborne 

diseases constituting the most important limiting factors. Nematodes are tiny worms, 

lower invertebrates, highly diversified perhaps the most numerous multicellular animals 

on the earth. The nematode is a probably one of the oldest existing life forms dating back 

millions of years.  Fossilized nematodes have been dated to over 250 million years ago, 

and they resemble the nematodes which concern man today in almost every respect. Out 

of total nematode population on the earth, 50% are marine, 25% are free living, 15% are 

animal parasite and only 10% are plant parasitic nematodes. Plant parasitic nematodes 

infect almost every type of plant and can cause heavy economic losses with agriculture 

crops. Among plant parasitic nematodes, root knot nematodes are the best known 

phytonematodes throughout the world. They are polyphagous and implicated in causing 

yield losses to many vegetables. Because of the very prominent and specific symptoms of 

root galls or knots that are formed at infection sites, these nematodes were amongst the 

first plant parasitic nematodes to be recognized on earth. Root knot nematodes the 



Meloidogyne spp are more widely distributed throughout the world than any other group 

of plant parasitic nematodes. However the degree of geographical adaptation to 

continuous existence is evident among the species 

Tomato plants affected by root knot nematodes exhibit slow development and 

stunted appearance. If the infestation has been early and severe, then leaves become 

yellow green to yellow, tend to droop and the plants wilt. The roots become galled and 

the presence of galls is the most characteristic symptom of infection. In case of severe 

infection there may be complete loss of plant vigor resulting into heavy yield losses. 

No systematic work on the distribution and control of Meloidogyne spp on 

tomatoes has been done in Pakistan, although foreign literature provides enough 

information about cultural, biological and chemical control of this disease. The disease is 

becoming one of the most serious calamities for the successful cultivation of tomato crop. 

These nematodes cause up to 70- 90% yield losses in tomatoes and brinjal (Alam and 

Jairajpuri, 1990). Lamberti et al. (1975) reported 50-60% losses in tomatoes and egg 

plant due to the attack of root knot nematodes. Bhatti and Jain (1977) estimated a loss of 

46.2 % in tomatoes due to Meloidogyne incognita. Up to 81% frequency of infection due 

to these nematodes has been recorded in Pakistan (Khan et  al., 2005). 

 In Pakistan the root knot problem is more damaging than in developing countries 

because the country has tropical and subtropical regions where the climate is suitable for 

nematode activity through out the year. The sandy loam soil in irrigated areas favours 

nematode infestation. Moreover, the availability of susceptible perennial crops and 

continuous crop culture of susceptible annuals in the same field often aggravates the 

disease problem. 

In order to control soilborn diseases the use of resistant varieties obviously is the 

best method. However when resistant varieties are not available, chemicals have been 

most commonly employed. Residues of synthetic chemicals however create 

environmental and food safety problems. Resistance to pesticides is also an increasing 

problem. Producers are beginning to use non pesticide control methods so that they can 

compete in the organic food market (Jacobson and Beckman, 1993). Moreover, laws 

regulating pesticide use requires detailed studies of the environmental impact and 

toxicological effects before they are registered. This may require 8 years from the initial 



discovery and cost up to 80 million dollars (Jacobson and Beckman, 1993). Such costs 

have to be recovered once product is marketed. Therefore only compounds with large 

potential marketes can be considered for chemical pesticide registration and sale. In 

contrast, development and registration for biological control agents has been estimated as 

400,000 dollars and require only three years. (Jaccobson and Beckman, 1993). Thus, 

much smaller markets are more feasible for biological control agents. Moreover, 

biological control is better from an environmental and economic sense because it offers 

durable, safe, and cost-effective alternative to seed and soil applied chemicals. 

Free living saprophytic rhizobacteria have been investigated for their biocontrol 

activity against plant pathogens and for their effect on growth and yields of crops 

throughout the 20th century. The term plant growth growth promoting rhizobacteria 

(PGPR) is used for the rhizosphere bacteria colonizing plant roots which have positive 

effects on plant growth. (Kloepper and Schroth, 1978). According to Franken Berger and 

Arshad 1995, all those bacteria, which promote plant growth upon inoculation through 

any mechanism of action, can be grouped under PGPR. Biological control of nematodes 

has been developed successfully during the last few years. PGPR belonging to 

Pseudomonas and Bacillus spp. have also been used in bioantagonism (Ismail et al., 

1997, Aksoy et al., 2004). There has been large body of literature describing potential 

uses of PGPR against control of plant parasitic nematodes of different crops. Initial 

investigations on antagonistic rhizobacteria against nematodes include work by 

(Zavaleta-Meija and van Gundy, 1982, Becker et al., 1988, Oostendorp and Sikora 1989 

and Kloepper et al 1992.) and latest investigation include (Insunza et al., 2002, Hamid, et 

al., 2003. Their investigations show satisfactory results for nematodes control. Keeping 

these facts in mind it was planned to isolate bacterial strains from rhizosphere which are 

bioantagonistic to root knot disease of tomatoe caused by Meloidogyne javanica. So 

specific objectives of the studies are; 

 
•  Isolation and identification of root knot nematodes Meloidogyne sp. infecting 

tomato crop. 
 

• Isolation and identification of plant growth promoting rhizobacteria (PGPR) from 
rhizosphere and endosphere, of infected tomato crops. 

 



• Antagonism between root knot nematode and PGPR in-vitro. 
 

• Detection of metabolites secreted by antagonistic strains. 
 
• Identification and quantification of proteases secreted by PGPRs, responsible for    

antagonism. 
 
• Selection of potential bioantagonists and their application under in-vitro and in   

green house conditions. 
 

.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



CHAPTER-2 

REVIEW OF LITERATURE 

 
 
BIOLOGICAL CONTROL 
 
               The biological control of some plant diseases has been found effective and is 

gaining importance day by day as one of the cheapest control measures. In the past 

extensive work has been done by different workers. 

              Research with free living bacteria as agricultural inoculants has the same 

historical genesis as Azospirillum research. By the late 1800s beneficial effects to the 

symbiotic rhizobia were well established on legumes and researchers began to ask the 

question, “Can the same type of plants benefits be realized on non legumes with other 

soil bacteria”. Pioneering work on non rhizobial system was done in Russia with 

bacterization of seeds i.e. treatment with culture of bacteria to improve plant growth, 

which was proposed as early as 1895 using Bacillus spp. And in 1909 using Azotobacter 

chroococcum. In the  1930s  the soviet Institute of Agriculture Microbiology 

recommended wide spread chroococcum  use of preparation of  Bacillus megatearum and  

Agrobacterium  chrooococcum and by 1962, industrial production of these preparation  in 

Russia and the Ukraine  was sufficient to treat  35 million ha. Multiple studies with these 

inoculants were reported during the 1960s in journals from the Soviet Union and Eastern 

Europe which were reviewed by Brown (1974). These studies supported the conclusion 

that bacterization generally resulted in yield increased of up to 10% for cereal crops and 

15% to 50% with various vegetables. In the mid 1960 and early 1970s bacterization work 

in India was reported using the inoculants from Soviet Union  and indigenous strains of 

Pseudomonas and Beijerinkia (Balasundaram and Sen 1971) were also reported. 

Although modern statistical analysis were generally not performed in these studies. 

            Based on the soviet and Indian accounts of bacterization several laboratory groups 

began statistically designed investigations with various bacteria. In the UK Brown’s 

group concentrated on A. chroococcum while in Australia Rivora and coworkers used 

various strains of Azotobacter, Clostridium and Bacillus. The frequency of plants growth 



promotion which was observed following bacterization in these studies was less in filed 

than in green houses trails leading to hypothesis that failure of the inoculums to establish 

in the plant root zone partially accounted for poor field performance. 

              Bacteria such as Azotobacter which are not normal constituents of the 

rhizosphere are unlikely to compete with native rhizoshere bacteria although some highly 

competitive stains may exist (Kloepper, 1980). Even when the bacterization strain is 

selected form among the indigenous rhizosphere miroflora, such as with Pseudomonas, 

the inoculated strain will encounter intense competition from indigenous bacteria 

immediately upon entry to non pasteurized field. This logic leads to the theory of 

“Microbial equilibrium”, that states that rhizosphere mocroflora is in a state of dynamic 

equilibrium such that the population of any introduced microorganism will decline 

rapidly following inoculation into soil. The theory of microbial equilibrium was widely 

accepted by the 1970s. Howeever, a existed dilemma is that it was not possible to 

monitor the fate to the introduced bacterial strain because bacterization agents were 

selected from among soil microorganism and could not differentiate the introduced stains 

form indigenous member of similar taxa in the soil or rhizosphere. 

             Experimental evidence showed that a specific introduced bacterial strain could 

overcome the microbial equilibrium of the rhizosphere when spontaneous mutants of 

specific stains of fluorescent pseudomonads resistant to the antibiotic rifampicin were 

inoculated on to potato seed pieces in the field trials. Quantification to the inoculated 

stains on roots was accomplished by plating dilutions of root samples on to agar 

containing rifampicin where growth of all bacteria except the resistant mutants was 

prevented. The mutant strains altered the indigenous root populations of fungi and 

bacteria and colonized the exterior of plant roots throughout the growing season. Intense 

research to monitor specific bacteria in the past few years has lead to several new 

marking systems which can measure root colonization by bacteria including 

Azospirillium (Shah 2006) When developing a concept of root colonization it is critical to 

note that the capacity to colonize roots is strain specific. Therefore, not all fluorescent 

pseudomonads exhibit root colonization and one should not extrapolate from individual 

reports of colonization by a strain to assume that all strains of the same taxon will be root 

colonists. Thus root colonists represent a subset of the total rhizosphere bacterial 



community and this subset describes fundamentally different processes. There is general 

an active process and not a passive chance to encounter between soil bacteria and plant 

root. Root colonization is the process where by bacteria multiply in the spermosphere in 

response to seed executed rich in nutrients, associate with the root surface and colonize 

the developing root system in soil with a native microflora. 

              Rhizobacteria may exert one of three effects on the inoculated host plant i.e. 

deleterious, natural, or beneficial. Beneficial rhizobacteria are termed plant growth 

promoting rhizobateria. Hence PGPR is considered as functionally root colonizing 

beneficial bateria 

              The rhizosphere is a volume of soil around plant roots where growth is 

stimulated. It is aplace where many biologically important functions and interactions take 

place. The rhizosphere is populated by a diverse range of microorganisms, and the 

bacteria colonizing this habitat are called rhizobacteria. 

 Exudation can give both physical and chemical support to plants e.g. root 

mucilage reduce friction between root tips and soil and protect root from drying, 

strengthened the contact between the soil and root contribute to soil texture. Exudates 

from roots also attract microorganisms (Timmusk, 2004).  

 These exudates are believed to determine which microorganisms colonize roots in 

the rhizosphere. It is now known that plant roots also generate electrical signals; it has 

been shown that zoospores of oomycetic pathogens take advantage of these signals for 

their movements towards the root surface. 

          The bacteria associated with plant bacteria can act as deleterious rhizobacteria 

(DRB) or beneficial plant growth promoting rhizobacteria (PGPR). Rhizobacteria that 

retard or inhibit plant growth have been believed as deleterious rhizobacteria. A 

bacterium can affect plant growth by one or more mechanisms, at various times during 

the life cycle of the plant (Timmusk, 2004). Plant growth promotion is effected by 

rhizobacteria directly or indirectly. There are various means by which plant growth 

promoting bacteria can influence plant growth directly e.g. by atmospheric nitrogen 

fixation, solubilization of minerals such as phosphorus, production of siderophores that 

dissolve and chelate the iron, or production of plant growth hormones that regulate plant 

growth at different steps of development. Indirect growth promotion occurs when PGPR 



promote plant growth by improving growth conditions. It can happen directly by the 

production of the antagonistic substances, e.g. siderophores, hydrogen cyanide, proteases, 

antibiotics, and chitinases etc, or indirectly by inducing resistance to pathogens.  

 Plant growth promoting rhizobacteria belonging to Bacillus and Pseudomonas 

genus have also been used in bioantagonism (Gasoni et al., 1998). The bacteria of the 

genus Pseudomonas and most other pseudomonads may be illustrated as non-spore 

forming, gram negative, slightly curved or straight rods. They can move by means of one 

or more polar flagella. These basic morphological characteristics, however, are common 

to many families of bacteria and so are of little value in the positive identification or 

diagnosis of a member of the genus Pseudomonas. Generally, species of the genus 

Pseudomonas have some physiological properties such as absence of photosynthesis, 

inability to fix nitrogen, aerobic metabolism, and absence of fermentation, 

chemoorganotrophic nutrition and capacity for growth at the expense of a large variety of 

organic substrates (Todar, K. 2005). 

 

Mechanisms of biocontrol: 
Antibiotic production 

                                                                                                                                                                              

The most widely studied group of rhizobacteria with respect to the production of 

antibiotics is that of the fluorescent pseudomonads. There are several biocontrol systems 

in which one or more antibiotics have been used to play a role in disease management. 

Molecular methods have been used to prove this as mutants defective in antibiotic 

production can be readily generated. A variety of antibiotics have been identified, 

including: amphisin, 2, 4-diacetylphloroglucinol (DAPG), hydrogen cyanide, oomycin A, 

phenazine, pyoluteorin, pyrrolnitrin, tensin, tropolone, and cyclic lipopeptides produced 

by  pseudomonads (De Souza et al., 2003, Nielsen et al., 2002, Nielsen and Sørensen, 

2003, Raaijmakers  et al., 2002) and Oligomycin A, kanosamine, zwittermicin A, and 

xanthobaccin were found to be produced by Bacillus, Streptomyces, and  

Stenotrophomonas spp respectively. (Nakayama et al., 1999). The first antibiotics 

described as being implicated in biocontrol were phenazine derivatives produced by 

fluorescent pseudomonas.  



Production of antibiotics is closely related to the overall metabolic system of the 

organism, which in turn is dictated by nutrient availability and other environmental 

stimuli, such as type of carbon source and supply, major and minor minerals, pH, 

temperature, and other parameters (Ownley et al., 2003). The varied arsenal of 

bioantagonistic strains may enable the pathogen to perform their ultimate objective of 

disease suppression under different environmental conditions. For example, in P. 

fluorescens CHA0 biosynthesis of DAPG is stimulated and pyoluteorin is repressed in the 

presence of glucose as a carbon source. As glucose is depleted, however, pyoluteorin 

becomes the more abundantly antimicrobial compound produced by this strain. This 

ensures a degree of flexibility for the antagonist when confronted with a different or a 

changeable environment. Biotic environment can also effect production of antiobitics 

(Duffy et al., 2004, Haas and Keel. 2002, Pettersone, and Baath, 2004). Secondary 

metabolites e.g. salicylates and pyoluteorin can influence DAPG produced by P. 

fluorescens CHA0. Furthermore, plant development and growth also influence antiobiotic 

synthesis (Picard et al., 2000). Since biological activity of DAPG producers strain is not 

affected by the exudates of young plant roots but is induced by the exudates of older 

plants, which results in selective pressure against other microflora. Bacterial metabolites 

e.g salicylates and pyoleuteorine can effect DAPG produced by P. fluorescens CHA0. 

Furthermore, plant development and growth also influence antiobiotic synthesis (Picard et 

al., 2000). Since biological activity of DAPG producers strain is not affected by the 

exudates of young plant roots but is induced by the exudates of older plants, which results 

in selective pressure against other microflora.  

Siderophores prodution: 

It has been suggested that the ability to produce specific siderophores, and /or to 

utilize a broad spectrum of siderophores, may contribute to the root colonizing ability of 

Pseudomonas strains. Iron is abundant in the Earth’s crust but most of it is in the highly 

insoluble form of ferric hydroxide, and thus unavailable to organisms in soil solution. 

Some bacteria have developed iron uptake systems. These systems involve an uptake 

protein, an iron binding ligand and a siderophore, which are needed for iron transport into 

the cell. The production of siderophores that chelate, and thereby scavenge, the ferric iron 

in the rhizosphere, may result in growth inhibition of other microorganisms whose 



affinity for iron is lower. Siderophore mechanism will only be relevant under conditions 

of low iron availability. As pH of soil decreases below 6, iron availability and 

siderophores become less effective. 

 Plant growth promoting bacteria produce low molecular weight compounds, 

under iron limiting condtion, called siderophores to competitively acquire ferric ion. 

Although various bacterial siderophores differ in their abilities to sequester iron, in 

general, they deprive pathogenic fungi of this essential element since the fungal 

siderophores have lower affinity. Lodewyckx et al., (2002) stated that some plant growth 

promoting bacteria draw iron from heterologous siderophores excreted by other soil 

microflora.  

 
Competition for nutrients: 

 Microorganisms compete with each other for nutrient availability, besides there 

are other ways by which plant growth promoting rhizobacteria can inhibit pathogens. One 

example concerns competition  mechanisms often overlooked, in part because they are 

difficult to study in biological systems. Nutrients competition exerted by root exudates is 

probably a significant factor in many interactions between plant growth promoting 

rhizobecteria and other pathogens. Populations of bacteria established on a plant root 

could act as a sink for nutrients in the rhizosphere, hence reducing the nutritional element 

availability for pathogen stimulation or subsequent colonization of the root. This 

phenomenon is used by pseudomonas fluorescence because they have rapid growth rate 

in soil environment due to their nutritional versatility (Bais et al., 2004). 

Parasitism: 

 The mechanism by which bioantagonists can suppress plant diseases is parasitism 

on microorganisms, especially fungi. Plant parasite cell wall is degraded by various 

enzymes excreted by pathogen, including proteases, chitinases, and glucanases. 

Individually, all these enzymes show antifungal activity, but they often show synergism. 

A wide range of pathogens display hyperparasitic activity, attacking other 

microorganisms by excreting cell wall hydrolases (Chernin and Chet, 2002). Chitinase 

produced by Sclerotium plymuthica C48 inhibited germ-tube elongation in Botrytis 

cinerea (Frankowski et al., 2001). Lim et al. (1991) demonstrated that extracellular 



chitinase and laminarinase synthesized by Pseudomonas stutzeri digest and lyse mycelia 

of Fusarium solani. The ability to produce extracellular chitinases is considered crucial 

for Serratia marcescens to act as antagonist against Sclerotium rolfsii (Ordentlich et al., 

1988), and for Paenibacillus sp. strain 300 and Streptomyces sp. strain 385 to suppress 

Fusarium oxysporum f.sp. cucumerinum.  

None of the these bacteria were able to secrete any of the enzymes involved in 

biocontrol, and that all had the ability to control Rhizoctonia solani through secretion of 

diffusible and volatile metabolites (Montealegre et al., 2003). It may be concluded that 

they use these mechanisms of biocontrol as opposite to some fungal biocontrol 

microorganisms that also use fungal cell wall hydrolyzing enzymes within their 

biocontrol mechanisms (Perez et al., 2002). 

                Bacillus cepacia produces ß-1,3-glucanase loose the integrity of R. solani, S. 

rolfsii, and Pythium ultimum cell walls (Fridlender et al., 1993). Similar to antibiotics in 

biocontrol, siderophores and regulation of lytic enzyme production especially chitinase 

production is highly involved in biocontrol. 

 



PLANT GROWTH PROMOTING RHIZOBACTERIA AND ROOT KNOT 
NEMATODE 

 
Breif history of root knot nematodes ( Meloidogyne spp) 
 
 Although root-knot nematodes produce visible symptoms of disease on plants. 

They were first discovered in 1855 by Berkeley as “vibrios” on cucumber roots grown in   

a green house in England. For about a century different names have been assigned to 

root-knot nematodes by different workers. Greef (1872) in Germany named the causal 

organism of root galls as Heterodera radicicola while in Italy, Licopoli (1875) called it 

just “small worms” and Jobert (1878) as “cysts”. Cornue (1897) in France named it as 

Anguillula marinoi which Muller (1884) transferred to Heterodera. Treub (1885) in 

Goeldi (1887) in Brazil named the root gall producing nematode as Heterodera javanica 

and Meloidogyne exigua respectively. Neal (1889) in United States called it as Anguillula 

arenaria while Atkinson (1889) as Heterodera radicicola. Cobb (1890) named it as 

Tylenchus arenaria during his stay in Newzealand. Lavergne (1901) in France considered 

it as Anguillula vialae. All the above mentioned nematodes were actually the species of 

Meloidogyne which were named differently by different workers. Cobb (1924) proposed 

Caconema radicicola for root-knot nematodes to differentiate it from Heterodera of 

Schmidt (1871). Goody (1932) preferred the name Heterodera marioni. The belief 

dominant in those days that only one species of nematodes was involved in the 

production of root galls, was a great impediment in the development of Phytonematology.  

 Chitwood (1949) re-established the genus Meloidogyne proposed by Goeldi in 

1887. He retained four species viz; javanica, arenaria, exigua and incognita and 

described  

         A new species M. hapla and variety M. incognita acrita from the United States. In 

1952, he also described a sub species M. arenaria thamesi. A year later Loose (1953) 

described M. brevicauda from Srilanka (Ceylon). Thus in 1953 there were only six 

species of Meloidogyne. Gillard (1961) reviewed the genus Meloidogyne. Esser et al 

(1976) published a compendium consisting 35 species in which M. microtyla described 

by Mulvey et al (1975) was not included. In the following years, more species were 

described and the genus Meloidogyne now has 52 valid spp. Siddiqui from Pakistan, 

(1986) described  gnus Meloidogyne in the systematic scheme with Order; (Tylenchida, 



Suborder; Tylenchina.Superfamily; Hoplolaimoidea, Family; Meloidogyne Subfamily; 

Meloidogyninae, Genus; Meloidogyne which is prevailing nomenclarure of root knot 

nematodes in Pakistan. 

 
SYMPTOMS  

 
The presence of galls on the root system is the primary symptom associated with 

Meloidogyne infection. In galls formed by one female a swelling of the central cylinder, 

highly deformed fascular elements and the spherical part of the female surrounded the 

parenchyma can be easily observed in stained roots. The size and form depends on the 

species involved, number of nematodes in the tissue, host and plant. When plants are 

severely infected by Meloidogyne the normal root system is reduced to limited number of 

severely galled roots with a completely disorganized vascular system. Rootlets are almost 

completely absent. The roots are seriously hampered in their functions of uptake and 

transport of water and nutrients. Plants wilt rapidly under growing conditions and are 

often stunted. Although roots are the main plant attacked by these nematodes, it has been 

shown by many workers that leave and stems are also attacked by root-knot nematodes 

(Linford, 1941; Golden, 1953, Wong and Willets 1969).          

 
Life cycle  

Mature females in roots produce eggs into a gelatinous egg-sac. This egg-sac in 

most cases protrudes from the root surface and completely envelops the eggs. 

Reproduction is mainly parthenogenetic (Triantaphyllou, 1962) and fertilization does not 

occur even when sperm are present in the oocyte. Under stress conditions, such as 

overcrowding, food shortages, high temperatures or unsuitable host plants, a high 

percentage of male and intersexes are produced and under favourable conditions juvenile  

development proceeds to the production of females (Triantaphyllou, 1960). These authors 

also demonstrated female intersexes and plants sprayed with high rates of maleic hydride; 

partial sex-reversal may occur due to adverse conditions. The first moult occurs in the 

egg, on hatching, infective second stage jueveniles move towards roots and accumulate at 

the root tip. While discussing ageing and starvation it was found that juveniles can be 

mobile and infect for up to 32 days in vitro. The rate of development will vary between 



host species the density of the nematode population. During the second moult the anterior 

of the stylet is shed and the posterior part is broken down. The adult stylet reforms the 

final (fourth) moult. The third and fourth moults follow rapidly within the moulted cuticle 

of the swollen 2nd stage juvenile. Under optimum conditions the parasitic moults (2nd, 3rd 

and 4th) occur within three days and by the 19th day all specimens should be in the final 

moult or are adults. Growth becomes rapid between 20th to 27th days when egg-sac 

formation commences; this is followed, two days later, by egg laying by which time the 

females are almost at their maximum size. From the 30th to 40th day egg sac growth and 

rate of egg laying increases rapidly. The saccate females continue feeding and increase in 

size by about 100 times (Jones and Dropkin, 1976). 

In the host plant the juveniles feed on the cells of the pericycle. The cells undergo 

a series of modifications, finally forming ‘giant cells’ which are very much enlarged and 

bounded by irregularly thickened walls. The continuous stimulus from the nematode is 

essential for the development and maintenance of giant cells (Bird, 1962). These cells are 

known to disrupt the vascular system which is the main cause of wilting, stunting, 

unthriftiness and even death of the infested plants (Bird, 1961, Huang and Maggenti, 

1969). Gall formation on roots, a separate phenomenon from giant cell formation, is 

brought about by hypertrophy of the cortical tissues. 

 Physiological changes occur in the shoots and roots of Meloidogyne infected 

plants. On the roots, galls of various sizes are induced by plant growth regulators like 

auxins and cytokinins (Vigierchio, 1971). Ethylene has also been associated with gall 

formation and correlated with the increase in gall weight (Glazer et al., 1983). However, 

above ground symptoms exhibited by infected plants include suppressed shoot growth 

and an accompanying decrease in the root-shoot ratio. Infected plants may show 

nutritional deficiencies in the foliage and wilting during the warm period of the day due 

to water stress. These symptoms ultimately result in very low yields and inferior quality 

of produce from infected plants. 

 Root-knot nematodes are obligate parasites; therefore, the absence of suitable host 

plants for prolonged periods ultimately leads to their disappearance.  



If under conditions optimum for emergence, host plants are absent, juveniles will 

deplete their energy reserves in the soil and eventually die. Although nematode 

populations rapidly decline, a proportion of the eggs in the egg mass are in diapauses and 

assure perpetuation of the species. Under adverse environmental conditions, emergence 

and juvenile activity is reduced, increasing the chances of survival.  

  
Overveiow of management of Root knot nematodes 

 The control of Meloidogyne spp causing root-knot disease to a large number of 

cultivated plants can be obtained through land management, cultural practices, resistant 

hosts, biocontrol agents, physical factors and by using nematicides. The biological 

methods may include the use of resistance or the antagonists. 

 
Management by the use of resistant cultivars 
 

                The use of resistant cultivars is an elegant, economical, and environmentally 

safe method for controlling root-knot nematodes (Netscher & Mauboussin, 1973). Host 

resistance in the available germplasm or commercial varieties of cultivated crops is 

generally scarce. A brief review of resuls work done in this aspect by different scientists 

follows. 

          Viglierchio (1978) evaluated the resistance and susceptibility in cultivars of 

tomato, beans, cotton and lucern against 10 populations of M. incognita collected from 

different locations in California. Nine populations were different in aggressiveness 

towards resistant tomato cultivars. Patel et al., (1979) reported after evaluation that 

tomato cultivars Nematax and SL-T20 were found to be resistant and NTDR-1 to be a 

tolerant to M. incognita and M. javanica.  Lamberti et al (1983) tested the reactions of six 

tomato cultivars, including one susceptible (Katugastota) and five resistant (Brech, Bush, 

Piersol, Rossol and VFN 8) to two local populations of root-knot nematodes Meloidogyne 

arenaria and M. javanica in a screen house in Srilanka. They found that all cultivars were 

attacked by both nematode species. However, M. javanica was more pathogenic to 

susceptible variety, while M. arenaria retarded the growth and reduced the weight to a 



larger extent on the resistant varieties. RajKumar and Krishnappa (1984) screened 38 

tomato cultivars for their reaction to 3 races of M. incognita in a green house. 3 Cultivars 

Pelican, VFN-8 and A.1010102 were found to be highly resistant to race 1 and race 2 and 

very resistant to race 3. 3 cultivars, Rossol, Ronita and Karnataka hybrids were resistant 

to all 3 races. Remaining all was succeptible. Dalmasso et al (1985) surveyed the 

resistance of crops including potato, tomato, egg-plant and chillies to Meloidogyne 

arenaria, M. incognita and M. javanica. It was noted that one gene Mi in tomato confers 

resistance to the principal Meloidogyne species except M. hapla, and several cultivars of 

Capsicum annum confer resistance to the 3 major species, and that resistance is also 

found in wild species such as Solanum sisymbriifolium, S. warscewiezii and S. torvum. 

The genetic basis for resistance is determined by one major gene (Gilbert and McGuire, 

1956, Hare, 1957).  However, Hendy et al., (1985) reported the presence of five dominant 

genes which when present in one genotype protect against M. incognita, M. javanica and 

M. arenaria. In roots of the susceptible cultivar no such reactions were observed. Jimenez 

(1985) observed that tomato cultivars 76 FMN and Piersal were highly resistant to 

Meloidogyne spp. While Carmelo was resistant, and VHN-63 and Auburn were slightly 

resistant and Tarasque was moderately resistant. Resistance has also been found in 

pepper and bean cultivars and was incorporated in to tomato via an embryo culture of a 

hybrid between a resistant line of Lycopersicum penuviamum  (Smith, 1944).  Kassim 

and Hussain (1987) found that tomato cv. Energia VFN was highly resistant while cvs. 

Novia, and F-187 showed resistant reaction to M. javanica, they also found that highest 

number of galls occurred on roots of cvs. C32 VFN and Roma and lowest on roots of 

Novia, no galls developed on Energia VFN roots.  

Khan and Khan (1991) evaluated thirty six cultivars of tomato for resistance 

against M. javanica and four races of M. incognita. Most cultivars were found 

susceptible, ten cultivars were immune, three cultivars exhibited a degree of race specific 

resistance to M. incognita, two varieties were highly susceptible, one variety was tolerant 

to M. incognita and resistant to other races. 

 From above informations it can be concluded succeptibility of cultivars toward 

nematodes is dominant, and resistancce in cultivars have been found scarce. If a cultivar 



has resistance due to incorporation of one gene like Mi gene in tomatoes. This resistance 

can be break at 800C 

The Hero gene of tomato is a broad spectrum resistance gene that confers a high 

level of resistance to all pathotypes of the potato cyst nematodes Globodera rostochiensis 

and partial resistance to G. pallida. The isolated Hero gene displayed resistance to 

various G. rostochiensis pathotypes and partial resistance to G. pallida pathotype Pa2/3 in 

transgenic tomato lines (Peter et al 2004). Transfer of resistance against the beet cyst 

nematode from radish (Raphanus sativus) to rape (Brassica napus) by monosomic 

chromosome has been studied by Budhan, 2004. Raffi ( 2005) reported that the Cry 

family of Bacillus thuringiensis have insecticidal and nematicidal proteins, which 

constitutes a valuable source of environmentally benign compounds for the control of 

insect pests and disease agents.from above finding it is concluded. Resistance is very 

effective control measure but it can be broken by the evolution of new races. 

Use of chemicals  

 Nematicides used in control of root-knot nematodes are either fumigants or non-

fumigants.  In most cases the fumigants are broad spectrum contact nematicides effective 

against juveniles and eggs as well as fungal pathogens and weeds. Non-fumigant 

nematicides have either contact or systemic activity. A brief review about nematicides 

follows. 

          Nematicides can be applied effectively by surface and drip irrigation (Johnson, 

1985). The fumigant metham-sodium was effective in controlling root-knot nematodes 

through drip irrigation (Roberts, 1988). Jones and Overman (1976) found that Carbofuran 

consistently controlled sting, stubby and root knot nematodes. Johnson (1978) revealed 

that when Phenamiphos and Carbofuran were applied through water in a sprinkler 

irrigation system, yields of marketable tomato transplants were increased by 50% and 

35% respectively as compared with yields from non-treated plots. While Ethoprop 

applied in similar manner severe stunting in tomato transplants and was found yields of 

marketable transplants was reduced by 67 % below the yields from non-treated plots. All 

nematicides significantly reduced the number of root-knot nematodes. Khan and Alam 



(1985) revealed that Aldicarb or Carbofuran at 100 and 1000 ppm were highly toxic to 

Meoidogyne incognita and it inhibited larval hatching when applied to tomato seedlings. 

Whitehead (1986) briefly discussed the various methods of applying the fumigant and 

non fumigant nematicides these are seed, seed furrow, crop row, seed bed, planting hole, 

localized, top soil and top soil treatment. Maqbool et al. (1987) tested the  influence of 

different concentrations of NaCL2. 2H2O on juvenile hatching and found that juvenile 

hatching was inversely proportional to the salt concentration. Rahman et al. (1988) 

reported that pesticides viz. Dimecron and Metasystox-R showed highly significant 

inhibitory effect on juvenile hatching of the root-knot nematode, Meloidogyne incognita. 

The chemicals also brought about high enhancement in mortality of the juveniles. 

Metasystox-R was more effective than Dimecron.  

             Use of nematicides have been found an effective mean to control nematodes all 

over the world. A few nemticides, like Aldicarb, Furadan, and Tenekil have been used in 

Pakistan for control of nematodes (Hussain et. al 1993, Maqbool et. al 1988; Qamar et al 

1985) but contradictory results have been found. Khan et al 1991 found that Tenekil was 

less effective as compared with Furadan and more effective than Aldicarb in reducing 

nematode populations. Qamar et al 1985 observed that Tenekil was more effective than 

aldicarb and Furadan, whereas, maximum reduction in gall formation and greater shoot 

weight was observed with Furadan than aldicarb, Tenikil or phenomiphos by Hussain et 

al., 1993. Cucumber rootstocks which have shown resistance to soil-borne diseases were 

tested to reveal any resistance/tolerance to root-knot nematodes, and integration of these 

rootstocks with nematicides was investigated. Metham-sodium and 1, 3-dichloropropene 

(1, 3-D) provided good control of nematode populations when their application was 

followed by the application of a non-fumigant nematicide such as cadusafos or oxamyl. 

(Ioannis et. al., 2001). Winter et al., (2002) stated that low doses of the 

acetylcholinesterase-inhibiting carbamate nematicides disrupt chemoreception in plant-

parasitic nematodes. Fluorescein isothiocyanate (FITC)/dextran conjugates up to 12 kDa 

are taken up from the external medium by certain chemosensory neurons in 

Caenorhabditis elegans. Similar chemoreceptive neurons of the non-feeding infective 

stage of Heterodera glycines (soybean cyst nematode) fill with FITC and the nuclei of 

their cell bodies selectively stain with bisbenzimide. The widely used nematicide aldicarb 



disrupts the chemoreceptive response of H. glycines with 50% inhibition at very low 

concentrations (ca 1 pM), some 10−6-fold lower than required to affect locomotion. 

Nematode control in the large commercial banana plantations is currently based on the 

application of two to four nematicide treatments per year for the best control. (Christian 

et al 2003)  

                Use of nematicides have been found effective mean to control nematodes all 

over the world but they have some limitations also. Most of the nematicides have been 

found to be volatile and toxic having poor target specificity leading to ground water 

contamination or atmospheric zone depletion. In modern era continuing problems by the 

use of nematicides (Thomasan; 1987) have introduced a sense of urgency into research 

for alternative methods of nematodes management. More over use of methyl bromide, a 

soil fumigant, is being restricted because of this chemical's deleterious effects on 

stratospheric ozone concentrations. Several products, some of which are currently used as 

soil fumigants, are being considered as possible replacements for methyl bromide, alone 

and in various combinations. Among these, 1, 3-dichloropropene, methyl isothiocyanate 

generators such as metam-sodium, and chloropicrin are currently registered, while others 

such as methyl iodide and sodium azide are at different stages of the registration process. 

(Luis o ruzo, 2005) 

The use of organic material  

              Considerable progress has been made in the utilization of organic materials as 

soil amendments for the control of plant-parasitic nematodes (Singh and Sitaramaiah, 

1966; Muller and Gooch, 1982; Akhtar and Alam (1984, 1990, 1993), Akhtar and 

Mahmood, 1993; Akhtar, 1999). Various kinds of organic and inorganic wastes have 

been shown to reduce nematodes populations (Walia and Gupta 1995; D. Addabbo 

(1998) and Jonathan et al., 2000, Khan et al., 2001).  

The incorporation of organic material in to the soil reduces root-knot densities 

(Muller and Gooch, 1982). Oilcakes, sawdust, urea and bagasse have been used with 

some success (Singh and Sitaramaiah, 1966, Sikora et al., 1973). Chitin in combination 

with waste products from the paper industry has been used to reduce root-knot nematodes 



(Culbreath et al., 1985). Pillai and Desai (1976) stated after his observation that 

undecomposed cake of Callophyllum inophyllam gave best control of Meloidogyne 

javanica on tobacco but cake allowed to be decomposed for 15 days before application 

gave better plant growth. Nematodes control was directly proportional to the quantity of 

cake added. Haseeb et al., (1977) observed highest reduction in nematode population 

when soil was amended with chopped leaves of Calotropis procera while Iserin herbstii 

was highly effective in promoting the growth of egg plant. Muller and Gooch (1982) 

reduced nematode population and increased yield by applying organic amendments such 

as saw-dust, compost, green manure and chicken manure. Akhtar and Alam (1984) 

showed that the soil amendments (chooped flowers of different plants) brought about 

reduction in population of all genera of plant parasitic nematodes. Haseeb et al (1987) 

found that the incorporation of chopped shoots of latex bearing plants significantly 

suppressed the population build up of Rotylenchulus reniformis and Tylenchorhynchus 

brassicae and root-knot nematode. Akhtar and Alam (1990) showed that agro-wastes of 

some harvested crop viz; marigold, mustard and sunflower showed highly significant 

inhibitory effect on development of root-knot nematode and population of other plant 

parasitic nematodes. Marigold plant residues were more effective followed by mustard 

and sunflower. Moreover, the increasing doses showed better results. The growth of 

potato plants was improved with treated soil. In addition to their suppressive effects on 

nematode density, organic amendments improve soil structure and water holding capacity 

but large quantity is needed (Mc.Sorley and R.N.Gallar 1995).  

Biological control by fungi 

The biological control involving the incorporation of nematode parasites or 

antagonists into the soil have been reported for the control of root-knot nematodes on 

vegetables (Kerry, 1987).  Duddington (1960) conducted the most early research on 

nematode trapping fungi. Shipinova (1964) studied the use of predatory fungi for control 

of the root-knot nematode, Meloidogyne species. Promising results were obtained when 

pot experiments were carried out using beans as indicator plants to test the effectiveness 

of several species of nematode trapping fungi for the control of root-knot nematode. 

Melendez and Powell (1969) applied antagonistic fungi Pythium ultimum and 



Trichoderma harzianum against nematode Meloidogyne incognita. Trichoderma 

harzianum was restricted to giant cells and hyper plastic tissues. Duddington and Wyborn 

(1972) explained the possibilities of biological control of plant pathogenic nematodes 

using nematode-trapping fungi of Hyphomycetes. Kurt et al. (1973) conducted laboratory 

tests on the toxic effect of the metabolic products of the fungus Aspergillus niger on 

nematodes. In laboratory tests a pure filtrate of the culture fluid of the fungus was 100% 

toxic to Meloidogyne incognita larvae in 24 hours.  

Cayrol (1978) found a strain of Arthrobotrys irregularis, marketed as Royal 350 

and commercially produced on rye grains. This product reduced root galling caused by 

Meloidogyne spp. and increased yield of tomato. Stirling et al. (1979) identified seven 

species of nematode parasitizing fungi from various orchards and vine yards of U.S.A. 

Fernandez et al. (1989) evaluated in vitro the effectiveness of a concentration of 105-109 

conidia per ml. of the Peruvian strain of Paecilomyces lilacinus in the biological control 

of M. incognita. Ali (1990) evaluated the effects of a nematode trapping fungus 

(Arthrobotrys oligospora) and organic amendments (Pigeon dropping) in the greenhouse 

for the control of Meloidogyne incognita on melons. Plant growth was increased and root 

galling reduced by 72% and 72% respectively. When the fungus was introduced into the 

soil two weeks before planting and nematode inoculation, it had a greater effect. Walia 

and Bansal (1992) evaluated a minimum dose of P. lilacinus against M. javanica. In a pot 

experiment, P. lilacinus spore suspensions of 1x101 to 1x106 /g soil were poured in to 

rhizosphere before seeding with okra. Plants were then inoculated with M. javanica. A 

minimum of 1 x 104 spores were required to initiate significant suppression of nematode 

population. Zaki (1994) conducted an experiment to establish the optimum/effective dose 

of the bio-control fungus, Paecilomyces lilacinus against M. javanica in tomato. The 

fungus was cultured on gram seeds using 1, 2,3,4,5,6,7,8 g/kg soil. Four gram of fungus 

per kg soil was found to be the optimum dose for effective reduction in the gall index 

(69%) and second stage Juveniles (86%) of M. javanica in tomato with optimum egg 

mass infection 58% and egg destruction (66%). Biological control by using fungi is 

effective. However, fungal growth is slower than that of bacteria, so biological control by 

using bacteria is preffered.  



 

Biological control of root knot nematodes by using PGPR 

Different methods have been used to control nematodes; the most used cultural 

practices, being solarization, chemical and biological control. Biological control of 

nematodes has been developed successfully during the last few years. PGPR belonging to 

Pseudomonas and Bacillus spp. have also been used in bioantagonism (Ismail and Fadel 

1997, Aksoy and Mennan 2004). There has been large body of literature describing 

potential uses of PGPR against control of plant parasitic nematodes of different crops. 

Initial investigations on antagonistic rhizobacteria against nematodes include work by 

(Zavaleta-Mejia and Van Gundy, 1982; Becker et al., 1988, Oostendorp and Sikora 1989 

and Kloepper et al.,1992.) and latest investigation include (Insunza et al., 2002; Hamid, 

et al., 2003).  

Crude suspensions of twenty two Bacillus spp. were evaluated for their 

potentiality in the control of Meloidogyne incognita and Tylenchulus semipenetran 

(Ismail and Fadel, 1997), these treatments exhibited higher mortality of both the 

nematode juveniles than water. In an experiment when different laboratory formulations 

of B. thruingiensis were tested against Tylenchulus semipenetrans under field conditions. 

There was positive correlation between reduction percentage in nematode population and 

doses of tested isolates. Culture filtrates of these bacteria showed alkaline resistance, heat 

and cold stability (Xie et al., 2005). Studies to asses the ability of pseudomonas 

fluorescence to contro the cyst nematodes were conducted by Aksoy et al., 2004 these 

bacteria showed inhibitory effect on egg hatching. Moreover, Pseudomonas aeruginosa 

when used as seed or soil drench for the control of Meloidogyne javanica in mungbean 

under glasshouse conditions, It significantly reduces nematode population and gall 

formation   (Nasima et al., 2002) and also paralysis Caenorhobditis  elegans ( Darbey et 

al., 1999). 

Rhizobacteria mediated suppression of root knot nematode in tomato was 

assessed by Siddiqui et al., 2003.  It was concluded that fluorescent pseudomonas induces 

systemic resistance against root knot nematodes via a signal transduction pathway. This 



is independent of salicylic acid accumulation in roots. Rhizobacteria, when applied with 

Trichoderma harzianum, Bavistin, Azadirachta indica seed powder for the control of M. 

incognita and Fusarium oxysporum disease complex of green gram, shows maximum 

increase in yield parameters after reducing nematodes population (Haseeb et  al., 2005 ). 

Mode of action: 

Certain plant parasitic bacteria can reduce nematode mobility (Stirling 1984). 

While other bacteria are antagonistic and can synthesize compounds lethal to plant 

parasitic nematodes (Oostendorp & Sikora 1990, Spiegel et al 1991). In a biochemical     

and moleculer analysis  of  mechanisms involve in suppression of plant pathogens (fungi,   

bacteria, nematodes), rhizobacteria  were found to produce antibiotics (phenazine, 2,4 

DAPG, HCN), siderophores, and  enzymes like chitinases and proteases.These bacterial 

metabolites were associated  with  inhibitory  action  against  several pathogens and 

induces resistance against  several  pathogens, including  bacteria,  viruses, and   

nematodes  (Saymiyappan, 2003 ). 

The  role of antibiotic  ( 2-4 DAPG )  in the intraction of biocontrol Pseudomonas 

with potato cyst nematode Globodera rostochienses ( Cronin et al.,1997 a,b ) showed that 

synthetic DAPG check egg hatch and mortility of nematode juveniles.The results of this 

study suggest that  DAPG  producing  Pseudomonas  may  be  useful for  developing   a 

biocontrol strategy against Globodera rostochienses eggs.  The inhibition of egg hatch of 

G. rostochienses by chitinase producing bacteria was suggested as a biocontrol method 

for the defense of potato crop against potato cyst nematodes (Cronin et al., 1997 (a, b) 

Some experiments were conducted to check the effect of cyanide on nematodes killing. 

Cyanide produced by Pseudomonas aeureginosa kills Caenorhobditis elegans and 

cyanide produced by Pseudomonas fluorescence kills   Meloidogyne   javanicain   

tomatoes     (Siddiqui et al., 2005). 

 Culture supernatant of protease producing Pseudomonas strain CHAO grown in 

kings B medium inhibited egg hatching and caused mortality of juveniles of M. javanica 

in vitro. So keeping in view, the potential of PGPR to control parasitic nematodes 

through different defensive metabolite production like DAPG, chitinase, protease, etc) 



will be identified in this project and their inhibitory effect on nematodes will be 

examined. Moreover a biocontrol strategy against root knot disease will be developed in-

vivo. 

Identification of bioantagonistic bacteria: 

 Bacteria are traditionally identified after isolation on the basis of their 

morphological characteristics, including Gram staining, morphology, culture 

requirements, and biochemical reactions. However, these procedures for identification of 

bacteria have many limitations.  

 

1) They cannot be used for non-cultivable organisms. 

2) We are occasionally faced with organisms exhibiting biochemical characteristics 

that do not fit into patterns of any known genus and species. 

3) Identification of slow growing organisms would be extremely slow and difficult 

(Patrick et al., 2003). 

 The comparison of the gene sequences of bacterial species and the discovery of 

PCR and DNA sequencing showed that the 16S rRNA gene is highly conserved within a 

species and among species of the same genus, and hence can be used as the new "gold 

standard" for identification of bacteria to the species level. Using this new standard, based 

on differences between species, phylogenitic tree are constructed, and bacteria are 

classified and reclassified into new genera (Olsen and Woese, 1993). 

 Ever since Woese (1987) published the universal tree, no other gene has been 

explored for the phylogenetic purpose to such extent as the 16S rRNA.  

The16SrDNA.whichcodes for the small subunit of ribosomal RNA, is now the most 

widely used informational macromolecule for bacterial systematic studies at the family, 

genus, species, and subspecies levels. The 16S rDNA contains conserved sequences that 

can be used to infer natural relationships between distantly related species and variable 



regions that can be used to separate closely related ones. Such a 16S rDNA sequence-

based identification technique will substantially facilitate the ecological study and the 

control of difficult to culture microorganisms (Woo 2002, Jill 2004). 

 

 

 

 

 

 

                                                               

 

 

                                     

    

 

 



CHAPTER-3 

MATERIALS AND METHODS 

        

The studies undertaken for the completion of this dissertation were carried out at 

University of Agriculture Faisalabad and National Institute for Biotechnology and 

Genetic Engineering (NIBGE) Faisalabad.  

 
3.1   Collection of Root Samples  

         A total number of 12 sites were surveyed.  From which total of 159 samples of 

tomatoes infected with root knot nematodes (13-15 samples from each site)  were 

collected from  District Barkhan, Baluchistan. 

 
3.2   Sampling from tomato plants. 
 
          Sampling from tomato plants was done by uprooting the whole plant from soil the 

using spade. Effort was made to remove the entire root system by digging carefully 

around the roots. After excising the aerial portion and removing soil from the root system 

of the uprooted plants, the roots were placed in polythene bags. However, when the root 

system of a plant was too large to be contained in one bag, it was cut and reduced to 

suitable size and placed in one bag. All the bags were tied and labelled. 

          One hundred grams of soil and roots from each sample were processed for the 

isolation of nematodes. Nematodes were extracted by the use of methods like Whitehead 

and Hemming tray methods (Whitehead 1986) and sieving method. 

  
3.2.1 White head and Hemming tray method:   

 In this method, the infested roots with egg masses were washed thoroughly under 

tap water.  The roots along with soil were kept in the tray lined with tissue paper having 

sufficient water that roots and soil should dipped in water and after 24 hours, the water 

was poured off in a beaker and allowed to settle for one hour.  When the juveniles had 

settled, the excess of water was siphoned off until about 100 ml remained.The 



suspensions of juveniles (J-2s) was taken with a pipette and three replicates of 2 ml of 

aliquots of J-2s were counted in a counting dish. 

              Equal numbers of J2 were pipetted into holes made around the plant root after 

agitation of water, and then the holes were covered over.  

 
3.3    Extraction of egg masses from galled roots: 

 Egg sacs from galled roots of sampled plants were obtained by teasing washed 

roots in water and recovering the egg sacs on a 60 mesh sieve. Egg sacs were added to 

100 ml of tap water, 500 ml of 1% sodium hypochlorite (20% commercial bleach) 

macerated in an electric blender for 40 sec. the suspension of egg and root debris was 

poured through 100 and 400 mesh sieves over a container. The material retained on the 

100 mesh sieve was discarded while the material retained on the 400 mesh sieve (37 mm) 

was washed several times with distilled water and the filtrate were collected in a beaker. 

More eggs were recovered by repeated sieving and rinsing (Mecheal et al. 1973). 

 
3.4    Counting the number of nematode eggs: 

 The number of nematode eggs in an aqueous suspension was determined by using 

a counting dish. A 5 cm diameter glass petri dish was used as a counting dish. Squares 

were made on the outer surface of the bottom of the dish to facilitate counting. A 10 ml 

volume of aqueous suspension from the tubes of each sample was taken and placed into 

the petridish. Nematode eggs were counted in all squares under a stereoscopic binocular 

microscope. After counting, the suspension was transferred back to the mother container. 

Counting of each sample was repeated four times in this manner. The mean number of 

nematode eggs per ml was determined by averaging the counts taken. 

 
3.5    Quantitative estimation of nematodes in infested roots: 
 
 For quantitative assessment of second stage juvenile nematodes in infested roots, 

the stained and cleaned roots were cut into 1 cm pieces and put into a 7 cm vial using 

forceps. The roots were immersed in a sufficient amount of water and macerated by a 

laboratory homogenizer for 20-30 seconds, depending on the age of the roots. Water was 

added to this suspension and a 2 ml aliquot was taken by pipette for counting. The 

number of juveniles per root system was determined from counts of four replicates. 



 

 

3.6 Picking of Nematodes 

 A small quantity of suspension was poured into the counting-dish or a watch 

glass. The watch glass was moved under stereomicroscope and the nematodes were then 

picked up with the help of bamboo needle. The nematodes were then transferred to a 

watch glass. 

 
3.7 Killing of Nematodes 

 Killing of nematodes was done by holding the watch glass containing specimens 

with small quantity of water over a small flame and moving it about 5-6 seconds.  

Heating was done gradually until the nematodes no longer moved. The progress of 

heating was checked under microscope in order to avoid over heating and cooking. 

 
3.8      Fixing of Nematodes  

The fixative had following contents: 

Formaline (40% formaldehyde)      = 10 ml 

Glacial acetic acid                  = 0.5 ml 

Distilled water                              = 100 ml 

The nematodes after heat killing were fixed in the above mentioned fixative for over-

night. It gave excellent results. 

  
3.9        Preparation of Mounts (slides) 

For microscopic studies both temporary and permanent slides were prepared 

(a) Temporary Mounts  

The killed specimens were transferred to 3% glycerin solution on a microslide 

(3”x 1”) without fixing. A coverslip was applied on them and sealed with hot 

liquid paraffin.  



b)     Permanent Mounts  
 

For permanent mounting, dehydration of specimens was carried out.Two methods 
were used namely: 

i)        Slow method 

ii)        Rapid method 

 
i)  Slow Glycerin Method 

After fixing, the nematodes were transferred to diluted glycerin in a small watch           

glass. The diluted glycerin used for dehydration in the slow method was as following:  

 Glycerin   = 1.5 ml 

 7.5% Ethanol   = 98.5 ml 

 One percent-saturated solution of CuSO4 was added to prevent fungal growth. 

The watch glass with specimens and diluted glycerin was placed in a dust free dish for a 

week to allow the glycerin to soak thoroghly into the nematodes.  The watch glass was 

then placed into a desicrator. After 4-5 weeks specimens were ready for preparing 

permanent mounts.  

 
ii) Rapid Lactophenol Method (Franklin and Goodey, 1949) 

 A cavity slide was filled with 1-2 drops of fresh 0.0025 percent cotton blue 

Lactophenol.  It was warmed by a small flame or a small hot plate warmed to about  

60 °C.  When lactophenol was hot, relaxed nematodes were transferred to it and fixed 

over night, till they were sufficiently coloured.   

 
Lactophenol 
       Phenol (Liquid)   = 500 ml 

       Lactic acid   = 500 ml 

       Glycerol     = 1000 ml  

       Distilled water    = 500 ml 

 



3.10   Processing of root samples  

i) Washing  

Samples were taken from cool incubator and thoroughly washed with running tap 

water.  

ii)   Staining of nematodes within roots (McBeth, Taylor and Smith, 1947) 

 Sedentary endoparasitic nematodes which do not emerge from the infected plant 

tissue can be stained with different stains for demonstration as well as for studying host-

parasite relationships. One of the procedures is as follows:  

           Make a Lactophenol-acid fuchsin staining solution by mixing.   

   Phenol crystals  = 20 g 

   Lactic acid   = 20 g 

   Glycerin   = 40 g 

   Distilled water  = 20 ml  

1) Add to this 5-ml of a solution made by dissolving 1 g of acid fuchsin (red) or 

cotton blue (Aniline blue in 100 ml of water). 

2) Wash the infected roots free of soil particles. 

3) Heat the staining solutions to boiling point (about 80 °C) and immerse the plant 

tissue for one to three min. Both plant tissue and nematodes will be stained in this 

hot solution.  Always use a large container for staining purposes. 

4) Remove the material with the help of forceps and wash excess stain with water. 

5) The material is then placed in petri-dish and clear lactophenol is poured over 

them.  The plant tissue will lose colour while nematodes will remain stained and 

clearly visible. 

For removing chlorophyll from leaves and succulent stems, the staianed material 

can be kept in 50 percent alcohol and then in lactophenol. 

 
3.11    Identification of root knot nematode on the basis of perineal pattern 

Galls with mature females were selected and placed in a petri-dish with tap water; 

root tissues were torn apart with forceps and half spear to remove adult females.  Necks 



of females were cut-off with the help of a half spear to remove the interiors. The cuticle 

was then placed in to a drop of 45% lactic acid on a plastic petri dish.  

Similarly, 5-10 cuticles were collected in the drop and allowed them to stand for 

30 minutes. The Cuticle was cut in half (equatorially) with the help of modified common 

blade and a portion of cuticle with perineal pattern to square shape. The trimmed perineal 

pattern was placed back in the 45% lactic acid and cleaned free from debris, using the 

pulp canal file. 

After cleaning, the perennial pattern was transferred to a drop of glycerin on a 

clean microslide and aligned in such a way that anus was oriented downward. A warm 

coverslip was placed on the glycerine drop sealed with nail polish and labelled. 

 
3.12     Mass culturing of root-knot nematodes 

 To multiply the culture of root-knot nematodes, the most susceptible variety of 

egg plant (Black beauty) was used.  Three weeks old nursery was transplanted in earthen 

pots containing 2.5 kg, 1:2 sandy loam soil sterilized with formaline one plant/pot was 

planted.  One week after transplanting, these plants were inoculated with approximately 

2000 freshly hatched second stage juveniles of Meloidogyne incognita. Tap water was 

used to irrigate young seedlings throughout out the period of study. The temperature 

range 20-30 °C was recorded. 

 
3.13  Isolation of plant growth promoting rhizobacteria 

Soil from the rhizosphere of tomato plants was taken. From which rhizobacteria 

were isolated. One gram of soil was mixed in the 20 ml test tube containing 9 ml 

autoclaved saline. The suspension was vortexed and dilutions were made up to 10-8.  

0.1ml of each dilution was spread on Lauria Bertani plates (Kezampur et al., 2004) and 

plates were incubated at 28 ± 3 0C until colony development was observed. For isolation 

of bacteria from the endosphere, roots of tomato plants were cut into pieces and were 

crushed in pestle and mortar. Further procedure was same as described above. PGPRs 

were identified on the bases of cell morphology, colony morphology, and gram staining. 



A total of fifteen bacterial strains were isolated on the basis of colony morphology 

from the rhizosphere of diseased and healthy roots of tomato plants colleted form 

different sites of Baluchistan, Pakistan. 

 
3.14       Morphological Characters of bacterial isolates  

3.14.1    Colony Morphology 

              Different shapes of bacterial colonies were observed on plates. The colonies 

were rounding convex with smooth and wavy margins. These colonies were of different 

sizes colors and textures. Size of bacterial colonies ranged form 1-4 mm in diameter. 

3.14.2 Cell Morphology 

Morphological studies of bacteria under light microscope was conducted. These 

studies showed that all bacteria were motile and belonged to different genra but most of 

them were of Pseudomonas and Bacillus spp.  

Twelve bacteria were found to be rod shaped and three were cocci. 

3.14.3   Gram staining 

Purified bacterial strains were observed for gram staining reaction under the light 

microscope. 

 

          Bacteria were also identified by 16SrRNA. 

 

3.15 Studying growth promoting characteristics of plant growth 
promoting rhizobacteria 

 
3.15.1 Phosphate solubilization:  

   A single colony of bacterial culture grown on LB medium was streaked on to 

Pikovskaia’s medium plates containing tricalcium phosphate (Pikovskaia et al., 1948) 

and these plates incubated at 30+2 oC for 7-10 days. These were observed for clear P-

zone formation around colonies. 

3. 15.2   Quantification of Mobilized Phosphate: 

 For the total mobilized phosphate (Murphy and Riley, 1962). Duplicate 100 ml 

samples of liquid Pikovskaia medium supplemented with tricalcium phosphate, or un 

supplemented (control) were inoculated and culture were grwn overnight and incubated 



further in an orbital shaker incubator (150 rpm and 30±2oC) for approximately 12 days. 

The samples were centrifuged at 4,000 rpm for 15 minutes to remove bacterial cells and 

insoluble materials. The pH was recorded using glass electrodes. The available 

phosphorus was determined by using spectrophotometer (comspec M350) at 882 nm and 

calibrated it with standard phosphate curve (Halder et al., 1990). 

 

3.15.3   Standard solution for phosphorus estimation: 

 For quantitative anlaysis stock solution of phosphorus was prepared by dissolving 

0.349 g of KH2PO4 in 500 ml of distilled H2O in volumetric flask and the total volume up 

to one liter was made. This solution contain 0.1 mg p/ml or 100 µg/ml stock solutions. 

Working solutions for making standard curves (2, 4, 6, 8, 10, 12, 14, 16, 20, 25, 50, 75 

µg/ml) were prepared by dilution of stock solution. Phosphate concentration of these 

solutions were measured by using reagent B of 1 ml working solution and 4ml of reagent 

B and the total volume up to 25 ml was made. 

 

Reagent A: 

Reagent A was prepared by mixing Ammonium Paranolybdate and Potassium 

antimony tortarate. These solutions were prepared as follows; 

1) Ammonium paramolybdate [(NH4)6 MoO24. 4H2O)] , 12 g was dissolved in 250 

ml of distilled water. 

2) Potassium antimony tortorate (KsbO. C4H4O6) (0.29 g) was dissolved in100 ml of 

distilled water. 

The above mentioned reagents were mixed in one liter of 5N H2SO4 thoroughly 

and diluted with distilled water up to 2 liters. Reagent A was stored in Pyrex glass bottle 

in dark cool place. 

 

Reagent B: 

 Reagent B was made by dissolving Ascorbic acid (1.05 g) in 200 ml of reagent A 

by thorough mixing. It was freshly prepared when required for use. Phosphorous 

concentration of standard solution was measured by using spectrophotometer at 882 nm. 

The standard curve was made and used to determine the available phosphorus 



concentration by bacterial culture. The available phosphorus concentration of bacterial 

strain was determined by making a standard curve. 

 

3.15.4 Indol Acitic Acid production  

Indol Acidic Acid production by the isolates was studied in malate medium (i.e. NFM 

with nitrogen) to which tryphphan was added as a precursor of IAA biosynthesis. 

Tryptophan free media were used to study IAA production in the absence of precursor 

 
3.16      Antagonistic activity of PGPRs against Meloidogyne javanicain- vitro. 

 Rhizobacterial strains were maintained at on King’s B medium at 60C (King et 

al., 1954) before use. The inoculum was produced by transferring two loopful of the 

bacteria from a 5 day old culture to 100 ml KB liquid medium and incubated at room 

temperature on a shaker (150 rpm) for 48 hr. The bacterial cells were centrifuged at (4500 

×g) for 15 min. Supernatant was discarded and pellet was suspended in sterile Mg SO4 

(0.1M). For preparation of cell free culture filtrate, the bacterium was grown at 300C in 

KB Liquid medium for 48 hrs in dark and centrifuged twice at 2800 rpm for 20 min. 

Pellets were discarded and culture filtrate was collected in a sterilized beaker prior to use. 

The filtrate was spread over KB medium for the presence or absence of bacterial cells. 

No bacterial growth was observed on any of the plate. Meloidogyne javanica was 

maintained on egg plants in a glass house. Egg masses were hand picked from infested 

roots and kept in autoclaved distilled water. Juveniles were collected three days after 

incubation. Nematicidal activity of bacterial culture filtrate was determined by 

transferring 2 ml of filtrate in a 3 cm cavity glass slide along with 25-30 surface sterile 

juveniles per ml. Number of dead juveniles were counted after 24 and 48 hr. The mean 

percentage of dead larva was estimated. The juveniles were considered dead when they 

do not move on probing with a fine needle (Cayrol et al., 1989). 

 
3.17     Detection for metabolites  

Certain plant parastic bacteria can reduce nematode mobility (Stirling 1984) while 

other bacteria are pathogenic and can produce metabolites responsible for killing of plant 

parasitic nemotades (Oostendorp & Skiora 1990, Spiegal et. al 1991, In a biochemical 



and molecular analysis of the mechanism involve in supersion of plant pathogens (fungi 

bacteria nematodes rhigobacteria were found to produce antibiotic (Phenazine, 2, 4 

DAPG, HCN and Siderophores, enzymes chitinases & protinases. These metabolites 

were associated with inhibitory action against several pathogens and induce resistance 

against several pathogens. (Saymiappan., 2003). 

 
3.17.1    Detection for HCN Production  

   Production of HCN was observed according to method of Lork (1948). Freshly 

grown cells were spread on king’s B medium containing glycine (4.5 g/L). A sterilized 

filter paper saturated with 2 % solution of sodium carbonate and 1 % solution of Picric 

acid was inserted in the upper lid of a petriplate. The petriplate was sealed with parafilm 

and incubated at 30 0C for 4 days. A change in colour of the filter paper from yellow to 

reddish brown was used an index of cynogenic activity. 

 
 
3.17.2    Detection for chitinase production  

   Chitinases were detected on chitin agar medium (Brian and Colwall, 1987) 

Bacterial strains were streaked on this medium. Plates were incubated at 370C. After five 

days of incubation plates were checked. Formation of a hollow zone around the spot 

indicates chitinase production. 

 
 

3.17.3     Detection of protease production 

    Protease production was tested as described by  ( Denizci et al 2003) on Skim 

milk agar medium that contained 0.1% glucose, 0.2% peptone, 0.5% yeast extract, 0.1% 

K2HPO4, 0.02% MgSO4.7H2O, 0.5% skim-milk (skim-milk was sterilized separately). 

The pH of the medium was adjusted to 10 by addition of 10% Na2CO3 solution after 

sterilization. Inoculated plates were incubated for 72 h at 300C. Out of fifteen strain six 

potential antagonistic strains were tested for protease production.  

 



3.17.4   Protein concentration and protease activity analysis 

Protein concentration was determined by the method of Bradford (1976) using 

bovine serum albumin (BSA) as a standard. Protease activity was assayed by a modified 

caseinolytic method (Peterson 1977). Hundred microlitres protease solution was added to 

200 of 1% casein solution (prepared in 20 mmol -1 Tris–HCl, pH 7.0) and incubated at 

370C for 20 min. The reaction was stopped by adding 300µl of 10% trichloroacetic acid 

(TCA). Non-digested proteins were removed by centrifugation at 10 000 g for 5 min. 

Then 500  of the clear supernatant was mixed with 2.5 ml  mol -l Na2CO3 and 0.5 ml 

Folin-phenol agent, followed by incubation at 300C for 15 min. The absorbance value of 

the resulting supernatant was measured at 680 nm against a blank control. One unit (U) of 

protease activity was defined as the amount of enzyme that hydrolyzed the substrate and 

produced 1 micro gram tyrosine in 1 min under the assay conditions. 

3.18  Molecular identification of potent strains 
 
3.18.1 DNA Extraction 

 The isolation of total genomic DNA was done by the method as described by 

Maniatitis et al, (1982) with slight modification. Bacterial cultures were grown in 5ml LB 

broth for 2-3 days at 28±20C. The cells form pure  culture were harvested by 

centrifugation at 13,000rpm for 5 minutes, then pellet was suspended in 567 μl TE buffer 

by repeated pipeting. Then 30 μl of 1`0% SDS and 3 μl of 20mg/ml protinase k was 

added, mixed and then incubated at 37oC for 1 hhour. Moreover, 100 μl of 5M Nacl was 

also added and mixed thoroughly. This mixture was incubated at 65oC fro 10 minutes 

after adding 80μl of CTAB/NACL solution. The mixture was centrifuged at 13,000 x g 

for 10 minutes and supernatant was extracted twice with phenol / chloroform (25:24) 

followed by two extraction with chloroform/isoamyl alcohol (24:1). After centrifugation 

at 13,000 x g for 5 minutes. Pellet was taken in fresh tube and was mixed with 100% 

ethanol and placed at -40oC for 1 hour. Pellit was washed with 85% ethanol before drying 

under vacuum and dissolved in 20µl of PCR water.  

DNA concentration was compared by running known amount of lambda DNA on 

0.8% agarose gel and DNA was stored at -20 C 

 



3. 18. 2 Optimization of PCR condition for 16 S rRNA genes 

 Various concentrations of dNTPs (Gibco BRL) MgCl2 (Invitrogen at different 

annealing temperatures were optimized to get best results of gene amplification using 

mastercycler gradient (Eppendorf) 

DNA and annealing temperatures were optimized for the specific amplification 

full length 16S ribosomal gene. 

 
3. 18. 3 PCR profile 

 25ml reaction mixture was proposed. It was initially denatured at 94oC for 2 min 

followed by 30 cycles consisting of denaturation at 940C for 1 min primer annealing at 

600C for 1 min and primer extension at 72 0C for 3 min and finally extension at 72 0C for 

10 min in thermal cycler. 

 

Primer 

Universal primer P1 (forward primer) and P6 (reverse primer) were used for amplification of full length 16S rRNA gene were 
which correspond to E. coli  position 8-37 and 1479-1506 respectively  and amplifies 1500 bp fragment. 

The primer sequences are 

P1 = 5’ -CGGGATCCAGAGTTTGATCCGGTCAGAAGCGAACGCT-3 

P6 = 5’ -CGGGATCCTACGGCTACCTTGTTACGACTTCACCCC-3 

3. 18. 4   Electophorosis 

  Amplified PCR product of 16 S ribosomal genes was separated on 1% agarose 

gel in 0.5xTBE (Tri-Borate EDTA) buffer containing 2 ul ethidium bromide (20mg/ml). 

A 1 kb DNA ladder (Fermentase) was used as size marker. The gels were viewed under 

UV light and photographed using Eagle Eye gel documentation system.  

 



3. 18. 5 Cloning of Full Length 6S r RNA gene 

3.18.6 Transformation vectors used (pTZ57R/T) 

 The 2885 bp vector provided with TA cloning kit (Fermantas) had been 

precleaved with Eco321 and treated with terminal deoxynucliotidyl transferase to create 

3ddt overhangs at both ends for cloning of PCE products. The vector carries a gene for 

ampicillin resistance and the lac Z gene fragment to provide blue/white selection. 

 

3.18.7. Ligation of purified PCR product of full length 16 SrRNA gene in TA 
Cloning vector 

 
             The amplified 16 SrRNA gene fragment form antagonistic strains were ligated in 

TA cloning vector pTZ57R/T. In case of pTZ57R/T vector, 20µl ligation reaction was 

prepared in sterile water with 1µl T4 DNA ligase, 2µl ligation buffer, 2µl pTZ57R/T, 8μl 

PCR product & 7μl of distilled water vector. Ligation was performed overning in water 

bath at 16 0C. 

 
3.18.8   Transformation of heat shocked method 

              10μl of ligation mixture was added into E. coli top 10 F. Competent cells (in 

eppendorf). The mixture was kept on ice for 10 to 15 min and was shifted at 42oC for 2 

min. The eppendorf tube containing mixture was replaced again on ice for 10 min. After 

that 700μl L.B broth (without antibiotic) was added into it and it was placed at 37oC for1 

h. Then 200μl of mixture was spread over L.B plates containing ampicilline after adding 

25μl IPTG and X-gall each. Then the plates were kept at 37oC for 16 h until the 

appearance of blue and white colonies.  

 
3.18.9   Selection of transformation 

              White recombinant colonies were picked from transformation plates with sterile 

tips and cultured in liquid LB medium containing 100 ug/ml ampicillin. Subsequent 

cultures were  grown over night at 37±2 0C  in water  bath with vigorous shaking. 

 
 



3.18.10 Rapid plasmid miniprep 

From overnight grown cultures E. colli plasmids were isolated using rapid 

plasmid miniprep (Marligen Biosciences) according to the protocol provided by the 

manufacturer. The plasmid concentration and size were detected on 1% agarose gel using 

1kb DNA marker ( Fermentas) 

3.18.11   Restricted analysis of clones 

                The plasmid DNA was digested with EcoRI and BamHI in case of pTZ57RT 

vector at 37 0C in dry bath for 2 hours. The digested DNA was separated on 1% agarose 

gel. 

 
3.18.12  Sequencing of  partial 16S rRNA gene fragments 

                 Cloned PCR products were sent for sequencing. The gene sequenced were 

compared with others in the gene bank database using the NCB1 BLAST. 

 

3. 19. Efficacy of Pseudomonas fluorescence (Rh37) and Bacillus subtilis 
(Asr38) against Meliodogyne javanica  under controlled conditions  
  

The two bacteria, Pseudomonas fluoresence (Rh37) and Bacillus subtilus (Asr38) 

caused heavy mortality of M. javanica juveniles in vitro, they were selected for 

evaluation in growth chamber. The bacteria were grown on liquid KB medium for 48 h, 

as shake culture at room temperature. Tomato seed were surface sterilized in 1% Ca 

(OCl) 2 for 3 min, then rinsed several times with distilled water, and were then treated 

with an aqueous cell suspension of the bacteria using 1% gum arabic as a sticking agent. 

The process yielded 4×109 cfu/seed. 24 pots were used. Three treated seeds were sown in 

each pot and after germination, one seedlings retained per pot. For root dip treatment, 

also 24 pots were used. roots were dipped in bacterial suspension and one seedling was  

planted in each pot. Seed and root treated with sterile MgSO4 (0.1 M) without the 

bacterium served as control. For application of the bacteria as a soil drench, a 25-ml 

aqueous cell suspension prepared in sterile MgSO4 (0.1M) was drenched onto the soil and 

three seeds sown into the pot. One seedling per pot was retained after emergence.24 pots 

were also used. Soil drenched with 25-ml sterile MgSO4 (0.1M) served as controls. 



 One week after seedling emergence, each pot was inoculated with 1000 freshly 

hatched juveniles of M. javanica that were added to a hole  made between the seedlings 

in the soil of each pot. Treatments and controls were replicated four times and the pots 

were arranged in randomized complete block design. 8 weeks after nematodes addition, 

the root system was washed and number of galls induced by M. javanica on entire root 

system recorded. The root-knot nematodes in bacteria treated and untreated pots were 

extracted using a modified Baermann funnel technique (Rodriguez-Kabana and Pope, 

1981) and following treatments were used. 

 
 T1   =      Pseudomonas fluorescence 

 T2   =     Pseudomonas fluorescence+ Meloidogyne javanica 

 T3   =     Bacillus subtilus 

 T4   =     Bacillus subtilus + Meloidogyne javanica  

 T5   =     Meloidogyne javanica 

 T6   =     No bacteria +No nematode 

 

3.19 Efficacy of Pseudomonas fluorescence (Rh37) and Bacillus subtilis 
(Asr38) against Meliodogyne javanica  in net house 

  
The two bacteria, Pseudomonas fluoresence (Rh37) and Bacillus subtilus (Asr38) 

caused heavy mortality of M. javanica juveniles in vitro, they were selected for 

evaluation in growth chamber. The bacteria were grown on liquid KB medium for 48 h, 

as shake culture at room temperature. Tomato seed were surface sterilized  in 1% Ca 

(OCl) 2 for 3 min, then rinsed several times with distilled water, and were then treated 

with an aqueous cell suspension of the bacteria using 1% gum arabic as a sticking agent. 

The process yielded  4×109 cfu/seed. 24 pots were used. Three treated seeds were sown in 

each pot and after germination, one seedlings retained per pot. For root dip treatment, 

also 24 pots were used. roots were dipped in bacterial suspension and one seedling was  

planted in each pot. Seed and root treated with sterile MgSO4 (0.1 M) without the 

bacterium served as control. For application of the bacteria as a soil drench, a 25-ml 

aqueous cell suspension prepared in sterile MgSO4 (0.1M) was drenched on to the soil 



and three seeds sown into the pot. One seedling per pot was retained after emergence. 24 

pots were also used. Soil drenched with 25-ml sterile MgSO4 (0.1M) served as controls. 

 One week after seedling emergence, each pot was inoculated with 1000 freshly 

hatched juveniles of M. javanica that were added to a hole  made between the seedlings 

in the soil of each pot. Treatments and controls were  replicated four times and the pots 

were arranged in randomized complete block design. 8 weeks after nematodes addition, 

the root system was washed and number of galls induced by M. javanica on entire root 

system  recorded. The root-knot nematodes in bacteria treated and untreated pots were 

extracted using a modified Baermann funnel technique (Rodriguez-Kabana and Pope, 

1981) and following treatments were used. 

 
 T1   =      Pseudomonas fluorescence 

 T2   =     Pseudomonas fluorescence+ Meloidogyne javanica 

 T3   =     Bacillus subtilus 

 T4   =     Bacillus subtilus + Meloidogyne javanica  

 T5   =     Meloidogyne javanica 

 T6   =     No bacteria +No nematode 

 

 
 
 

 



CHAPTER-4 

RESULTS  

 
4.1 Collection of samples from District Barkhan  

Tomato samples were collected from different sites of District Barkhan. A total number 

of 159 samples were collected.The frequency of infection from these sites ranged 

between 35% to 69 %. Maximum frequency of infection (69%) was recorded in Tagha 

Bagha and minimum (35%) was observed in Khagoori as in table 1. Both Meliodogyne 

javanica and Meloidogyne arenaria were found. But at most locations, Meloidogyne 

javanica was found to be most destructive species.  It was therefore, selected for further 

studies.  

 
4.2 Isolation and Morphological   Identification of bacterial isolates. 

4.2.1   Colony Morphology 

 Bacterial strains were isolated from the rhizosphere of tomato plants infected with 

root knot nematodes. Bacterial colonies of various colony morphologies from colour and 

texture were isolated (Table-2). The size of bacterial colonies ranged from 1-4 mm in 

diameter (Table 2). 

 
4.2.2    Cell Morphology 

Light microscopic studies showed that all bacteria were motile and belong to 

different genera but most were likely related to Pseudomonas and Bacillus species. 

Twelve bacteria were found to be rod shaped while three were round (two circular motile, 

one coccoid). (Table 2) 

 
4.2.3   Gram staining 

Purified bacterial strains were observed for gram staining reaction under the light        

Microscope. All the strains were gram negative exept three (Table 2). 

 

 



 

Collection of samples  
Table-1 
Serial No. Site Total no. of 

samples 
Infected % infection Meloidogyne 

spp.identified 

1 Tagha 
Bagha 

13 9        69 Meloidogyne 
javanica 

2 Rakni 15 10        66 Meloidogyne 
javanica 

3 Uchri 12 7 58 Meloidogyne 
arenaria 

4 Barkhan 14 9 64 Meloidogyne 
javanica 

5 Gunda 
kasmani 

14 7 50 Meloidogyne 
arenaria 

6 Rarken 13 8 61 Meloidogyne 
javanica 

7 Rarasham 13 6 46 Meloidogyne 
arenaria 

8 Kingri 12 6 50 Meloidogyne 
javanica 

9 Toor 12 6 50 Meloidogyne 
javanica 

10 Bawatta 14 8 57 Meloidogyne 
javanica 

11 Makhater 13 7 53 Meloidogyne 
javanica 

12 Khagoori 14 5 35 Meloidogyne 
arenaria 

 

 

 
 
 
 
 
 
 
 



 
 
 
Table-2.       Morphologocal characterization Of PGPR 
 
NO Origion Colony Morphology Cell Morphology Gram reaction 

Isolate1 Rhizosphere 
diseased plant 

whitish colony on 
l.B,mossly cells are 
joined together,but 
single cells also found 

Lage curved rods 
motile 

      -  

Isolat -2 Rhizoshere 
diseased plant  

Round small.raised 
centerally,whitish 
colony 

Slightly motile       - 

Isolate-3 Rhizosphere 
diseased plant 

Roud , large , flate,not 
helicle not surrounded 
by sheath, offwhite 

motile having 
fluoresence 

      - 

Isolate-4 Rhizosphere 
diseased plant 

Roud , large ,walled 
boarder, orange 

Long rods       - 

Isolate-5 Rhizosphere 
diseased plant 

Roud , large,wavy, dark 
creamy, 

Shord  rods      + 

Isolate-6 Rhizosphere 
diseased plant 

white colony , cells are 
straight rods, not 
surrounded by sheath 

Short rods       - 

Isolate-7 Rhizosphere 
diseased plant 

Round 
,medium,Centeally 
raised,dark red. 

Thin rods      - 

Isolate-8 Rhizosphere 
diseased plant 

Roud , large,wavy, dark 
creamy, 

Shord  rods      + 

Isolate-9 Rhizosphere 
diseased plant 

Roud , small ,raised, 
light pale 

Dumble shaped ,motile      - 

Isolate10 Rhizosphere 
diseased plant 

white colony , cells are 
straight rods, not 
surrounded by sheath 

Circular motile      - 

Isolate11 Rhizosphere 
diseased plant 

Roud , small ,raised, 
lightly brown 

Medium rods      - 

Isolate12 Rhizosphere 
diseased plant 

Round ,small,smooth 
creamy 

Medium rods      - 

Isolate13 Rhizosphere 
diseased plant 

Large Ovoid cells, 
or irregular 
clamp,pigments are 
produced 

pleomorphic,  coccoid 
cells 

    + 

Isolate14 Rhizosphere 
diseased plant 

Roud , small , 
smooth,light green 

Circular motile     - 

Isolate15 Rhizosphere 
diseased plant 

Roud , small ,flate 
offwhite 

long rods     - 

 



4.3    Phosphate solubilization 
 A total of 15 bacterial strains were tested for phosphate solubilization. Six strains 

were able to form clear zones on Pikovskaia’s agar by mobilization of calcium phosphate 

(Table 3). Glucose was found to be the best suitable carbon source for formation of clear 

zone around the colonies on the solid medium having tricalcium phosphate (TCP). 

Phosophate solubilization  was also observed with help of  a carbon source.  

 
4.4       Quantitative estimation of mobilized phosphate: 

Quantification of phosphate of only one protease producing strain forming largest  

clearing zone on media was done. Using spectrophotometer. It was found that it it has 

ability to solubilize  phosophate upto 300 µg/ml. 

 

4.5  Phytohormone (IAA) production  

Among 15 isolates 7 isolates produced IAA in medium containing tryptophan 

while IAA was not detected in tryptophan free media (Table 3).  

 
4.6.  Nematicidal activity of bacterial srains  

All fifteen strains tested produced compounds that resulted in the death of   

Meloidogyne javanica ranging from (3-53%). Maximum mortality was observed by 

Pseudomonas fluorescence Rh37 which gave 53% juvenile mortality after 48 hr. as 

compared to control. The lowest mortality (3%) was observed with strains Asr14 and 

R.E.4. Strains MR1, Mr53, Asr38, Asr28 and Rh17 showed mortility of Meloidogyne 

javanica 43%, 28%,25%,24% and 23% respectively. Mortality of Meloidogyne javanica 

by the other strains ranged from 9-23%. (Table 4). The six most active strains (Rh37, 

MR1, Mr53, Asr38, Asr28 and Rh17) were chosen for further analysis of their metabolite 

products. 



Table-3.   Characteristics of rhizobacteria for phosphate solubilization 
and indole acetic acid production 

 
 

Bacterial 

Strain 

1 Phosphate  Solubilization   2 I.A.A production 

 A.Sr14               -            - 

 R.E4               -              - 

 A.Sr38               +            - 

 A.Sr13               -            -   

 R.h37               -            + 

 R.h33                     +            - 

 Mr1              +            - 

 Rh46              -            +  

 A.Sr28              +             - 

 Rh17              -             + 

 Mr53              -             + 

 Rh27              +             - 

 A.Sr24             +             + 

R6             _             + 

R7             -             + 

                                                                                                                                                                  

 

             1) Determined using Pikovskaia s’ agar 

             2)  Determined using malate medium 



Table-4 Antagonistic activity of PGPRs against Meloidogyne javanica   
in- vitro 

 
Strain %Mortality after 24 hrs %Mortality after 48 hrs 

 A.Sr14 1 3 

 R.E4 3 3 

 A.Sr38 16 25 

 A.Sr13 6 12 

 R.h37 14 53 

 R.h33 9 3 

 Mr1 24 43 

 Rh46 7 9 

 A.Sr28 15 24 

 Rh17 14 23 

 Mr53 13 28 

 Rh27 9 11 

 A.Sr24 7 9 

R-6 10 15 

R-7 5 9 

control 6 10 

 
 



4.7 Metabolite secretion  

4.7.1.   HCN   Production  

Six potential strains antagonistic to Meloidogyne were  tested for cyanogenic 

activity. A remarkable change in colour from yellowish to reddish brown of the strain 

CHAO (Control) indicates HCN production. All the tested strain were found to be 

negative for their cynogenic activity. Results shown in (Table 5) and fig-1 

 
4.7.2  Chitinase production 

All six strains antagonistic to nematodes were also examined for  chitinase  

production in chitin agar medium. None of the strains tested produce chitinase where as 

strain C18 (control) produced 1 cm diameter clearing zone on chitin media. Thus all 

tested strains are considered as negative for chitinase production (Table 5  Fig-2). 

 
4.7.3  Protease production 

Similarly production for protease was detected according to method of Denizci et 

al 2003. Of the 6 tested strains, 4 did not form any clearing zone in the culture medium. 

Compared to strain CHA0 (control) which did. Two strains RH37 and Asr38 produced a 

clear zone around the inoculated area. These two strains were considered as protease 

positive & were used for further study. (Table 5 figure- 3). 
 

4.7.4 Blast analysis of 16sRNA gene fragment. 

The full length 16sRNA gene nucleotide sequence was determined by automated 

sequencer are shown in the table (Table 6a). The neucleotide sequences of strains were 

compared with data bank at NCBI blast. They showed heighest similarity with Bacillus 

and Pseudomonas spp.  

4.7.5 Quantification of proteases 

Total protease activity of Bacillus subtilis was done using spectrophotometer at 680 nm 

Total protease activity of Bacillus subtilis was found to be 1.682 i.u/ml and total activity 

of Pseudomonas fluorescence was noted as 5.9 i.u/ml in the Table 6b. Specific 

quantification of bacterial proteases antagonistic to nematodes has not been reported in 

the literature.    

 



 

 

Table-5.      DETECTION OF THE ABILITY OF SIX SELECTED 
RHIZOSPHERE BACTERIA ISOLATED FROM TOMATO FOR 
THE PRODUCTION OF HYDROGEN CYANIDE, CHITINASES 

AND PROTEASES 
 
 
Strain 
 
 

*HCN Production Chitinases 
Production 

Proteases 
Production 

Mr53 
 
 

- - - 

R.h37 
 
 

- - + 

Mr1 
 
 

- - - 

A.Sr38 
 
 

- - + 

Mr53 
 
 

- - - 

A.Sr24 
 
 

- -  

 
 
 
*HCN (Hydrogen cyanide) 
 
 
              



                                        

 
 
 
 
 

 
 
                 Figure-1            HCN Detection  
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CHITINASE PRODUSING STRAIN 
 
 
 
   Figure-2       CHITINASE PRODUCING STRAIN 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



PROTEASE PRODUCING STRAIN 
 

 
 
 
 
 
 
Figure-3       PSEUDOMONAS FLUORESCENCE 
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subtillus 

- ve Control 

+ve Control 



Table-6 (a) Resuls of molecular identification of bacteria Sequence of 
16sRNA gene of the strain  using M13 primer is given below 

 
 
Strain Asr38 
 
 
Complete sequence  
 
CGGGATCCAGAGTTTGATCCTGGTCAGAACGAACGCTGGCGGCGTGCCTAATACATGCA
AGTCGAGCGGAGATAATGGAGCTTGCTCCATTATCTTAGCGGCGGACGGGTGAGTAACA
CGTGGGCAACCTGCCCTGCAGATCGGGATAACCCCGGGAAACCGGTGCTAATACCGAAT
AGTTTGCGGCCTCTCATGAGGCTGCACGGAAAGACGGTTTCGGCTGTCACTGCAGGATG
GGCCCGCGGCGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCCACGATGCGTA
GCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACG
GGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTCTGACGGAGCAACGCCGCG
TGAGTGAAGAAGGTTTTCGGATCGTAAAACTCTGTTGTGAGGGAAGAACAAGTACCAAC
TAACTACTGGTACCTTGACGGTACCTCACCAGAAAGCCACGGCTAACTACGTGCCAGCA
GCCGCGGTAATACGTAGGTGGCAAGCGCTGTCCGGAATTATTGGGCGTAAAGCGCGCG
CAGGCGGTCCTTTAAGTCTGATGTGAAAGCCCACGGCTCAACCGTGGAGGGTCATTGGA
AACTGGGGGACTTGAGTGCAGAAGAGGAAAGTGGAATTCCACGTGTAGCGGTGAAATG
CGTAGAGATGTGGAGGAACACCAGTGGCGAAGGCGACTTTCTGGTCTGTAACTGACGCT
AGGCGCGAAAGCTAAGTGTTAGGGGGTTTCCGCCCCTTAGTGCTGCAGCTAACGCATTA
AGCACTCCGCCTGGGGAGTACGGCCGCAAGGCTGAAACTCAAAGGAATTGACGGGGGC
CCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGT
CTTGACATCCCGCTGACCGCCTAGGAGACTAGGCTTTCCCTTCGGGGACAGCGGTGACA
GGTGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGA
GCGCAACCTTGATCTTAGTTGCCAGCATTCAGTTGGGCACTCTAAGGTGACTGCCGGTG
ACAAACCGGAGGAAGGTGGGGATGACGTCAAATCATCATGCCCCTTATGACCTGGGCTA
CACACGTGCTACAATGGACGGTACAAAGGGCTGCAAACCCGCGAGGGGGAGCCAATCC
CAGAAAACCGTTCTCAGTTCGGATTGCAGGCTGCAACTCGCCTGCATGAAGCCGGAATC
GCTAGTAATCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCG
CCCGTCACACCACGAGAGTTTGTAACACCCGAAGTCGGTGGGGTAACCCTTACGGGAGC
AGCCGCCGAAGGTGGGACAGATGATTGGGGTGAAGTCGTAACAAGGTAGCCGTAGGAT
CCG 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Strain Rh37 
 
 
 
Definite sequences  
 
CGGGATCCAGAGTTTGACCCTGGTCAGAACGAACGCTGGCGGCGTGCCTAATACAT 
GCAAGTCGAGCGGACAGATGGGAGCTTGCCCCTGATGTTAGCGGCGGACGGGCGAG 
TAACACGTGGGTAACCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGCTAAT 
ACCGGATGCTTGAACCGCATGGTTCAAACATAAAAGGTGGCTTCGGCTACCACTTAC 
AGATGGACCCGCGGCGCATTAGCTAGTTGGTGAGGTAATGGCTCACCAAGGCA 
ACGATGCGTAGCCCACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGGCC 
CAGACTTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTCTGAC 
GGAGCAACGCCGCGTGAGTGATGAAGGTTTTCGGATCGTAAACGTCTGTTGTTAGGG 
AAGAACAAGTACCGTTCGAATAGGGCGGTACCTTGACGGTACCTAACCAGAAAGCCA 
CGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGA 
ATTATTGGGCGTAAAGGGCTCGCAGGCGGTTCCTTAAGTCTGATGTGAAAGCCCCCG 
GCTCAACCGGGGAGGGTCATTGGAAACTGGGGAACTTGAGTGCAGAAAGAGGAGAGT 
GGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGA 
AGGCGACTCTCTGGTCTGTAACTGACGCTGAGGAGCGACGGGATCCTACGGCTACCTT 
GTTACGACTTCACCCCAATCATCTGTCCCACCTCCGGCGGCTGGCTCCATAAAGGTTAC 
CTCACCGACTTCGGGTGTTACAAACTCTCGTGGTGTGACGGGCGGTCTGTACAAGGCCC 
GGGAACGTATTCACCGCGGCATGCTGATCCGCGATTACTAGCGATCCAGCTTCACGCA 
GTCGAGTTGCAGACTGCGATCCGAACTGAGAACAGATTTGTGGGATTGGCTTAACCTC 
GCGGTTTCGCTGCCCTTTGTTCTGTCCATTGTAGCGACGTGTGTAGCCCAGGTCATAAG
G 
GGCATGATGATTTGACGTCATCCCCACCTTCCTCCGGTTCGTCACCGGCAGTCACCTTA 
GAGTGCCCAACTGAATCGTGGCAACTAAGATCAAGGGTTGCGCTCGTTGCGGGACTTA 
ACCCAACATCTCACGACACGAGCTGACGACAACCATGCACCACCTGTCACTCTGCCCC 
CGAAGGGGACGTCCTATCTCTAGGATTGTCAGAGGATGTCAAGACCTGGTAAGGTTCT 
TCGCGTTGCTTCGAATTAAACCACATGCTCCACCGCTTGTGCGGGCCCCCGTCAATTCC 
TTTGAGTTTCAGTCTTGCGACCGTACTCCCCAGGCGGAGTGCTTAATGCGTTAGCTGCA 
GCACTAAGGGGCGGAAACCCCCTAACACTTAGCACTCATCGTTTACG 
 
 
 
Results of blast analysis  
 
Strain Asr38   was identified as     Bacillus subtilis 
Strain Rh37     was identified as   Pseudomonas fluorescence    
 
 
 
 



Table -6(b)     Quantification of proteases  
 
 
 
 

Strain 
 

Bacillus subtils 
 
 
 
 
 

 
Pseudomonas fluoresence 

 
 
 
 
 
 

 
Total activity (i.u/ml) 

    ( Enzyme solution) 

 
1.682 

 
5.9 

 
 
 
 

 
Total protein (mg/µl) 

     ( Enzyme solution) 

 
0.239 

 
0.239 

 
 
 
 

 
Specific activity (i.u/mg) 

(Crude protease) 

 
7.04 

 
24.69 

 
 
*One unit (U) of protease activity was defined as the amount of enzyme that can 

hydrolyzed the substrate and produced 1 micro gram tyrosine in 1 min under the 

 assay conditions. 

 
 
 
 
 
 
 
 
 



4.8  Effect of rhizobacterial isolates Pseudomonas fluorescence and 
Bacillus subtilis on the growth parameters and severity of root 
knot disease in tomato in controlled conditions (growth chamber) 

 
4.8.1 Effect on Plant height 

Effect of Pseudomonas fluorescence  and Ballus subtilis on the height of tomato 

and development of root kont nematode disease was observed in pot experiment in 

growth room. This is shown in the Appendix 1 and Table-7a. 

The results obtained regarding this parameter were analysed and presented in the 

table (7a) The F. value obtained by ANOVA for treatment was found to be highly 

significant. Comparasion of treatment means showed that height was maximum with   

Pseudomonnas fluorescence which showed 12.43% increase over control and was the 

lowest with nematode treatment and gave 10.40% decrease over control. Treatment with 

Bacillus subtilis) enhances plant height and gave 3% increase over control. Treatment 

with Pseudomonas fluorecnese and  Meloidogyne javanica resulted in reduction in plant 

hight was observed. It means that Pseudomonas fluorescence showd better performance 

than that bacillus subtilis. 

 
4.8.2 Effect on fresh weight of Shoot 

Analysis of variance of data regarding plant fresh weight was significant   

(Appendix 2 and Table-7a). For treatment effect  comparasion of treatment means shows 

that maximum fresh weight of shoot was observed with Pseudomonas flueresence 

treatment which increased weight by 45.65% over control. The lowest fresh weight of 

shoot was observed with nematode alone as showing 45.65% decrease over control. In 

case of  Bacillus subtilis, a 26.8% increase over control was seen. Pseudomonas 

fluorescence + Meloidogyne javanica  and Bacillus subtilis + nematode gave 6% and 

21.73% decease over control. However Bacillus subtilis  with nematode  showed 26.08% 

increase in plant height over control. 

It was concluded that Pseudomonas fluorescence improved weight of plants to 

greater extent both alone and in the presence of nematodes.  

 



4.8.3  Effect on dry weight of Shoot 
 
F. value in ANNOVA for this value was highly significant as shown in the 

Appendix 3 and Table-7a. Comparison of treatment means showed that dry weight of 

shoot was maximum with Pseudomonas fluorescence which gave 37 % increase over 

control and was minimum with nematode alone which showed 88% decrease over 

control. Dry weight of shoot in case Bacillus subtilis was enhanced and it shows 18.51 

increase of control. Other treatments Pseudomonas fluorescence+ Meloidogyne javanica  

and  Bacillus subtilis + Meloidogyne javanica  showed 37% and 40.74% decrease over 

control. Although Pseudomanas fluroesence increased weight of shoot to a greater degree 

than Bacillus subtillis, both gave the same reduced yield in the presence of nematodes.. 

 
4.8.4  Fresh weight of root 

F- Value in respect of fresh weight of root was highly significant  as  shown  in 

Appendix 4 and Table-7a. Treatment with nematode alone shows maximum increase 

(243%) over control due to gall formation. Fresh weight of root was minimum with  

Bacillus subtilis only which shows 31.25 % increase over control. Other treatments  

Pseudomonas fluorescence+ Meloidogyne javanica  and Bacillus subtilis + Meloidogyne 

javanica showed 125% and  187% increase over control. Pseudomonas fluorescence 

showed better results in reducing gall formation. 

 
4.8.5  Dry wt of root 

Analysis of variance in respect of dry weight of root was highly significant as 

shown in the Appendix 5 and Table-7a. For treatment effect comparison of treatment 

means indicated that dry weight of root was maximum with nematode alone which gave 

400% increase over control because of gall formation. Dry weight of root with 

Pseudomonas fluorescence was more (214 %) than that of Bacillus subtiils due to 

hormone production. However in nematode inoculated treatments Bacillus subtilis 

showed better performance in reducing gall formation. 



4.8.6 Effect on nematode population 

i)  Soil 

F- Value regarding nematode population in 250 gm of soil showed significant 

results as shown in the Appendix 6 and Table-7a. 

Treatment with Pseudomonas fluorescence + Meloidogyne javanica shwoed 

33.40% reduction of juveniles in soil population as compared to control while Bacillus 

subtilus + Meloidogyne javanica gave 32 % reduction in nematode population in soil. 

The treatment Pseudomonas flurescence + Meloidogyne javanica showed better 

performance than that of  Bacillus subtilis+ Meloidogyne javanica 

 
ii)  Root  

F.value regarding this parameter showed significant results as shown in the 

Appendix 7 and Table-7b. Comparasion of treatment means showed that  Pseudomonas 

flurescence + Meloidogyne javanica showed 47% reduction in nematode penetration 

while Bacillus subtilis + Meloidogyne javanica showed 37% reduction in nematode 

penetration. Thus Pseudomonas fluorescence showed better results than that of Bacillus 

subtilis 

iii)   No. of egg masses.  

F- Value regarding number of egg masses showed significant results as shown in 

the Appendix 8 and Table-7b. Treatment with  Pseudomonas flueresence + Meloidogyne 

javanica showed 45% decrease in egg mass production over control and treatment with 

Bacillus subtilis+ Meloidogyne javanica showed 25% decrease in egg mass production 

over control. Thus Pseudomonas flueresence + Meloidogyne javanica considered to have 

much significant in reducing number of egg masses production. 

iv)  Gallig Index  

F- Value regarding galling index significant results as shown in the Appendix 9 

and Table-7b 



4.9   Effect of rhizobacterial isolates (Pseudomonas fluorescence and 

Bacillus subtilis on the growth parameters and severity of root knot 

disease in tomato in net house conditions 

 
4.9.1  Effect on plant height 

Effect of Pseudomonas fluorescence and Bacillus subtilis on the growth 

parameters of tomato and development of root kont nematode disease was measured  in 

pot experiment in net house ( Appendix 10 table-8a). 

The results obtained regarding plant height was analyzed and presented in the 

Table (8a). F-value in ANOVA for treatments was found to be highly significant. 

Comparasion of treatment means showed that height was maximum with Pseudomonas 

fluorescence treatment which showed 26% increases over control and was lowest with 

nematode alone which gave 13% decrease over control. Treatment with Bacillus subtilis 

enhances plant height and gave 13% increase over control. Both the  treatments 

Pseudomonas flurecnese + Meloidogyne javanica and Bacillus sublitis + + Meloidogyne 

javanica 19.2% increased plant height over control and gave 6% decrease in plant hight. 

It means that Pseudomonas fluorescence is considrerd as much significant for plant 

growth. 

4.9.2 Effect on fresh weight of Shoot 

Results regarding this parameter showed that F. value in ANOVA was significant 

as shown (Appendix 11 table-8a). Comparasion of treatment means shows that maximum 

fresh weight of shoot was observed with  Pseudomonas flueresence treatment which 

shows 67% increase over control.The lowest  fresh weight of shoot was observed with 

nematode alone. Which showed 20% decrease over control. Other treatments 

Pseudomonas fluorescence + Meloidogyne javanica  and  Bacillus subtillus + 

Meloidogyne javanica gave 5% and 9% decrease over control. However Bacillus subtilis 

showed 40% increase in plant height over control. 

It was concluded that Pseudomonas fluerescence improved weight of plant shoot 

to a greater extent both alone and in the presence of  Meloidogyne javanica 

 



4.9.3  Effect on dry weight of Shoot 

F. value in ANNOVA for dry weight of shoot was hightly significant as shown in the    

Appendix 12 table-8a.  Comparasion of treatment means showed that dry weight of shoot 

was maximum with  Pseudomonas flueresence treatment which showed 116 % increase 

over control and was minimum  Meloidogyne javanica  which showed 28% decrease over 

control. Dry weight of shoot in case of  Bacillus subtilis was enhanced and  it showed 

84% increase over control Both the treatments Pseudomonas fluorescence+ Meloidogyne 

javanica  and  Bacillus subtilis + Meloidogyne javanica  showed 8% and 16% decrease 

over control. Pseudomanas fluroesence increased weight of plants shoot to a greater 

extent. 

4.9.4  Fresh weight of root 

F- value in respect of fresh weight of root was highly significant as shown in the 

Appendix 13 table-8a. Treatment with  namatode alone showed maximum increase 

(209%) over control due to gall formation. Fresh weight of root was lowest with  Bacillus 

subtilis only  which shows 67 % increase over control. Both the treatments Pseudomonas 

fluorescence+ Meloidogyne javanica  and  Bacillus subtilis + Meloidogyne javanica  

showed 119% and 171 % increase over control. Pseudomonas fluorescence showed better 

results in reducing gall formation. 

 
4.9.5  Dry wt of root 

Analysis of varieance in respect of dry weight of root was hightly significant as 

shown in the Appendix 14 table-8a. For treatment effect  comparison of treatment means 

indicated that dry weight of root was maximum  with Meloidogyne javanica alone which 

showed  213% increase over control because of gall formation. Dry wight of root with 

Pseudomonas fluorescence was more than that Bacillus subtilis which gave 40% and 

33% increase over control respectively due to harmone production. However in nematode 

inculated treatments Pseudomonas fluorescence+ Meloidogyne javanica and Bacillus 

subtilis + Meloidogyne javanica  213 % and 140% increase in dry weight of root was 

observed as compared to control. So the treatment  Pseudomonas fluorescence + 

Meloidogyne javanica showed better performance in reduction of mematode gall 

formation.  



 
4.9.6 Effect on nematode population 
i)  Soil 

F- Value regarding nematode population in 250gm of soil showed significant results as 

shown in the Appendix 15 table-8a. The treatment with Pseudomonas fluorescence+ 

Meloidogyne javanica shwoed 39 % reduction of juveniles in soil population as 

compared to control while Bacillus subtilis + Meloidogyne javanica  showed 30% 

reduction in nematode population in soil. Pseudomonas fluorescence+ Meloidogyne 

javanica showed significant degree in reducing number of nematodes in soil than that of 

Bacillus subtilis + Meloidogyne javanica. 

 
ii)  Root 

F.value regarding this parameter showed significant results as shown in the Appendix 16 

table-8b. Comparasion of treatment means showed that  Pseudomonas flurescence + 

Meloidogyne javanica   showed 40% reduction in nematode penetration. Bacillus subtilis 

+ Meloidogyne javanica.showed 35% reduction in nematode penetration. Thus 

Pseudomonas fluorescence showed significant  results than that of Bacillus subtilis. 

 
iii)   No. of egg masses.  

F. value regarding number of egg masses showed significant results as shown in 

the Appendix 17 table-8b.Treatment with Pseudomonas flueresence + Meloidogyne 

javanica  showed 46% decrease in egg mass production over control while Bacillus 

subtilis+ Meloidogyne javanica  showed 35% decrease in egg mass production over 

control. Thus treatment with Pseudomonas flueresence + Meloidogyne javanica  

considered to be much significant in reducing number of egg masses.  

iv)      Galling index  
F-value regarding galling index showed significant results as shown in the 

Appendix 18 table-8b. 

Note.  Performace of rhizobacterial isolates was more better in growth chamber than in 

Net house, in enhancing plant growth and reducing  Meloidogyne javanica infection.  

 
 
 



Table-7    Performance of plant growth and Meloidogyne javanica on tomatoes 
when rhizobacterial isolates were applied in growth chamber 

 
 

 Treatments  Plant 
height 
(cm) 

Fresh 
weight 

of shoot 
(g) 

Dry 
wt of 
shoot

(g) 

Fresh 
wt of 
root 
(g) 

Dry wt 
of root

(g) 

No. of 
juveniles 
/250 gm 
of soil 

No. of 
juveniles 
/g of fresh 

root 

No. of egg 
masses/ro

ot 

Galling 
index 

Pseudomonas 
fluorescence 

8.86a 0.66a 0.37a 0.26d 0.15d 0.0c 0.0d 0.0d 0.0c 

Pseudomonas 
fluorescence 
+ nematode 

7.81c 0.46c 0.17c 0.46b 0.25b 293b 50c 11c 3.1b 

Bacillus 
subtilis 

8.11b 0.56b 0.32b 0.16e 0.09c 0.0c 0.0d 0.0d 0.0c 

Bacillus 
subtilis+ 
nematode 

7.61c 0.36d 0.16c 0.36c 0.22b 339b 59b 15b 3.3a 

Nematode 
alone 

7.06d 0.26e 0.03e 0.56a 0.35a 482a 93a 20a 3.6a 

No bacteria 
+no 
nematode 

7.88c 0.46c 0.27d 0.16e 0.07e 0.0c 0.0d 0.0d 0.0c 

 
These are means of three replications and the same letters are not significantly different at 
P=0.05 according to DMR test 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table-7a     Performance of plant growth and Meloidogyne javanica on tomatoes 
when rhizobacterial isolates were applied in growth chamber 

 
 Treatments  Plant height 

(cm) 
 
 
 

%increase 
/decrease over 

control 

Fresh weight of 
shoot(g) 

 
 

 %increase 
/decrease over 

control 

Dry wt of shoot
(g)  

 
%increase 

/decrease over 
control 

Fresh wt of root
(g)  

 
%increase 

/decrease over 
control 

Dry wt of root 
(g) 

 
%increase 

/decrease over 
control) 

No. of 
juveniles /250 gm of 

soil) 
 

(%increase /decrease 
over control 

Pseudomonas 
fluorescence 

 
8.86-
7.88/7.88x100=12.43 

 
0.67-
0.46/0.46x100 
             = 45.65 

 
0.37-
0.27/0.27x100 
              =37.03 

 
0.27-
0.16/0.16x100 
           = 68.75 

 
0.15-
0.07/0.07x100 
                
=114.28 

 
            0.0 

Pseudomonas 
fluorescence + 
nematode 

 
7.81-7.88/7.88x100= 
                        -0.08 

 
0.43-
0.46/0.46x100 
                  =-6.52

 
0.17-
0.27/0.27x100 
                 =-
37.03 

 
0.36-
0.16/0.16x100 
           =125 

 
0.22-
0.07/0.07x100 

             
=214.28 

 
239-440/440x100=-
33.40 

 Bacillus     
subtilis 

 
8.11-7.88/7.88x100= 
                         2.91 

 
0.58-
0.46/0.46x100 

=26.09 

 
0.32-
0.27/0.27x100 
              =18.51 

 
0.21-
0.16/0.16x100 
           =31.25 

 
0.09-
0.07/0.07x100 
                =28.57 

              0.0 

Bacillus 
subtilis+ 
nematode 

 
7.61-7.88/7.88x100= 
                         -3.42 

 
0.36-
0.46/0.46x100 
          =-21.77 

 
0.16-
0.27/0.27x100 
              =-40.74

 
0.46-
0.16/0.16x100 
           =187.5 

 
0.25-
0.07/0.07x100 
                
=257.14 

           
301-440/440x100=-
31.59 

Nematode alone  
7.06-7.88/7.88x100= 
                          -
10.40 

 
0.250.46/0.46x100
          =-45.65 

 
0.03-
0.27/0.27x100 

=-88.88 

 
0.55-
0.16/0.16x100 
           =243.75

 
0.35-
0.07/0.07x100 
                =400 

           
              440 

No bacteria +no 
nematode 

 
           7.88 

 
           0.46 

 
          0.27 

 
              0.16 

 
0.07 

        
               0.0 

These are means of three replications and the same letters are not significantly different at 
P=0.05 according to DMR test 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table-7b    Performance of plant growth and Meloidogyne javanica on tomatoes 
when rhizobacterial isolates were applied in growth chamber 

 

 Treatments  No. of 
juveniles /g of fresh 

root) 
(%increase /decrease over 

control 

No. of egg masses 
/root) 

%increase /decrease 
over control 

Galling index) 
 
 
%increase /decrease over 
control 

Pseudomonas 
fluorescence 

0.0d 0.0 0.0 

Pseudomonas 
fluorescence + 
nematode 

 
50-93/93x100=-40 

                   
   11-20/20x100=-45 

3.1 

 Bacillus     
subtilis 

0.0d 0.0 0.0 

Bacillus subtilis+ 
nematode 

   59-93/93x100=36.55 15-20/20x100=-25 3.3 

Nematode alone 93 20 3.6 

No bacteria +no 
nematode 

0.0 0.0 0.0 

 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table-8     Performance of plant growth and Meloidogyne javanica on tomatoes 
when rhizobacterial isolates were applied in nethouse 

 
 

 Treatments  Plant 
height 

(cm)(% 

Fresh 
weight 

of 
shoot 

(g) 

Dry 
wt of 
shoot

(g) 

Fresh 
wt of 
root
(g) 

Dry wt 
of root

(g) 

No. of 
juveniles 
/250 gm 
of soil 

No. of 
juveniles 

/g of fresh 
root 

No. of egg 
masses/root 

Galling 
index 

Pseudomonas 
fluorescence 

10.04  a 0.67a 0.37a 0.27d 0.15d 0.0 0.0d 0.0c 0.0c 

Pseudomonas 
fluorescence 
+ nematode 

7.81 c 0.43c 0.17c 0.36b 0.22b 293 293c 14b 3.2b 

 Bacillus     
subtilis 

8.11  b 0.58b 0.32b 0.21e 0.09e 0.0a 0.0d 0.0c 0.0c 

Bacillus 
subtilis+ 
nematode 

7.61d 0.36d 0.16d 0.46c 0.25c 301 339b 17b 3.5a 

Nematode 
alone 

7.06 f 0.25e 0.03e 0.55a 0.35 a 1482a 440 26a 3.8a 

No bacteria 
+no 
nematode 

7.88 e 0.46c 0.27d 0.16e 0.07e 0.0d 0.0d 0.0c 0.0c 

 
These are means of three replications and the same letters are not significantly different at 
P=0.05 according to DMR test 
 

 

 
 
 
 
 

 
 
 
 
 
 
 
 



Table-8a     Performance of plant growth and Meloidogyne javanica on tomatoes 
when rhizobacterial isolates were applied in nethouse 

 
 

 Treatments  Plant height 
(cm) 

 
 
 

%increase /decrease 
over control 

Fresh weight of 
shoot(g) 

 
 

 %increase 
/decrease over 

control 

Dry wt of shoot 
(g)  

 
%increase 

/decrease over 
control 

Fresh wt of root 
(g)  

 
%increase 

/decrease over 
control 

Dry wt of root 
(g) 

 
%increase 

/decrease over 
control) 

No. of 
juveniles /250 gm of soil)

 
(%increase /decrease 

over control 

Pseudomonas 
fluorescence 

 
10.04-7.99/7.99x100= 
                             25.65 

 
0.75-0.45/0.45x100
                    =66.66
 

 
0.54-0.25/0.25x100
                  = 

 
0.31-0.21/0.21x100
                  =47.61 

 
0.21-0.15/0.15x100 
                =40 

0.0 

Pseudomonas 
fluorescence + 
nematode 

 
9.51-7.99/7.99x100= 
                           19.02 

 
0.43-0.45/0.45x100 
=-4.44 

 
0.32-0.25/0.25x100
                  = -8 

 
0.46-0.21/0.21x100
                 =119 

 
 .32-0.15/0.15x100 
           =113.33        

 

 
293-482/482x100=-39.21 

 Bacillus     subtilis  
9.03-7.99/7.99x100=  
                             13 

 
0.63-0.45/0.45x100
                    =40 

 
0.46-0.25/0.25x100
                   =   84 

 
0.15-0.21/0.21x100
               = 66.66 

 
 0.20-
0.15/0.15x100 
=33.33 

 
         0.0 

 

Bacillus subtilis+ 
nematode 

 
7.54-7.99/7.99x100= 
                       -5.63 

 
0.41-0.45/0.45x100
                  =-8.88 

 
0.21-
0..25/0.25x100= 
              -16 

 
0.57-0.21/0.21x100
                         
=171.42 

 
0.36-0.15/0.15x100 
             =140 

    
 301-482/482x100= 
         - 29.66 

Nematode alone  
6.95-7.99/7.99x100= 
                            -13 

 
 

 
0.36-.45/0.45x100 
=  -20          

 
0.18-0.25/0.25x100
                 =-28 

 
0.65-0.21/0.21x100

            =209.5 

 
0.47-0.15/0.15x100 
                 213.33 

             
                  482 

No bacteria +no 
nematode 

 
7.99  

 
            0.45 

 
0.25 

 
0.21 

 

 
0.15 

 
0.0d 

 
These are means of three replications and the same letters are not significantly different at 
P=0.05 according to DMR test 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table-8b    Performance of plant growth and Meloidogyne javanica on tomatoes 
when rhizobacterial isolates were applied in nethouse 
 

 Treatments  No. of 
juveniles /g of fresh 

root) 
(%increase /decrease over 

control 

No. of egg masses 
/root) 

%increase /decrease over 
control 

Galling index) 
%increase /decrease 
over control 

Pseudomonas 
fluorescence 

0.0 0.0 0.0 

Pseudomonas 
fluorescence + 
nematode 

 
59-100/100x100=-40

 
14-26/26x100= -46.15

3.2 

 Bacillus     subtilis 0.0 0.0 0.0 

Bacillus subtilis+ 
nematode 

 
65-100/100x100=-35

 
17-26/26x100=-34.61

3.5 

Nematode alone  
100 

26 3.8 

No bacteria +no 
nematode 

0.0 0.0 0.0 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



CHAPTER-5 

DISCUSSION  

 
 The survey of root knot nematodes in the District Barkhan revealed that 

Meloidogyne species are fairly wide spread in the study area. Among the four most 

common species such as Meloidogyne incognita, Meloidogyne javanica and Meloidogyne 

arenaria and Meloidogyne hapla are found associated with tomato crop. The above 

mentioned four species of root knot nematodes are considered to be most common 

species ( Taylor et al., 1982). 

Barron (1982) was probably first authority who reported the wide spread 

occurance of Meloidogyne javanica and Meloidogyne incognita on banana, popaya, 

sugarcane, cabbage and other plant species from Karachi (Sindh), Faisalabad, Multan 

(Punjab) and Peshawar (NWFP). Moreover, Meliodogyne javanica, Meloidogyne 

orenaria, Meloidogyne hapla are being responsible for at least 90% of all damage caused 

of root knot nematodes.  In a survey conducted by Khan et. al. 2005 out of 47 host of 

Meloidogyne spp. maximum infection was recorded on tomatoes (81%) followed by 

Okara 78% egg plant (70%) and cucumber (52%) and infestation was high on these hosts 

frequency of occurrence of Meloidogyne javanica was to be 53.19%. 

The results on the occurrence of root knot nematodes (Meloidogyne spp.) in 

tomato crop are in conformity with Berkely (1855), Greef (1872), Lamberti et al. (1983), 

Belair (1984), Ajmal (1979) Kassim and Hussain 1987 in Pakistan. 

The root knot nematode (Meloidogyne javanica) is also an important pest of crop 

plants in the tropical and subtropical areas of the world. 

  

Phosphate Solubilization 
  Phosphate solubilization is considered to be an important attribute of plant growth 

promoting rhizobacteria (PGPRs; Kloepper et al., 1989; Tilak, 1991; Chabot et al, 1996; 

Kumar et al., 2001; Peix et al., 2001). The PGPR strains have drawn much attention, as 

they can benefit plant growth by different mechanisms. While the mechanism (s) of 



microbial solubilization of insoluble phosphate has received some attention (Illmer et al., 

1995). 

 The ability of some PGPR strains to convert insoluble form of phosphate to plant 

available form is an important trait for increasing plant growth and plant yield. In present 

study 15 strains were screened for their ability to mobilize insoluble phosphate. Six 

strains belonging to Pseudomonas, Bacillus and  Azotobacter spp form clear zone on 

Pikovskaia’ sagar medium containing TCP as insoluble source of phosphate hence 

indicating phosphate solubilization. Glucose was found to be the best carbon source for 

screening of phosphate solubiliing bacteria in the growth medium. Similar results have 

been reported by Ptrividi et al 2003 and Pratibha et. al, 2007. Similarly phosphate 

solublisation has been reported by Bacillus , Pseudomonas and Azotobactar by E.di-

Husen 2007. According to present study the phosphate solubilization results show that 

the most of the bacterial strains did not have the ability to solubilize phosphate. Only few 

strains showed phosophate solubilization solubilize phosphates, including (Asr38, Rh37, 

Rh33, Mr1, Asr28, and Rh27) 

I.A.A Production 

 IAA production by the bacterial isolates in pure culture was detected. Among the 

16 bacterial strains tested IAA was not detected in any of the isolate in tryptophan free 

growth media. No IAA production has been reported by bacterial strains in growth media 

lacking tryptophan as precursor of IAA production (Kravchenko et al., 1991). Among 

protease producing strain only one strain Asr38 is found to produce indole acetic acid.  

Phytohormone production by Pseudomonas, Azotobacter and Bacillus spp has also been 

reported by Debora A  et al 2007, Fett et al., 1987, Rasul et al., 1998, Fauzia et. al 2006. 

and Ahmed et al 2008. Phytohormone production by Pseudomonas strains has also been 

reported by (Lidija-Halda 2003) 

 
Nematicidal activity of bacterial srains  

 All fifteen strains tested agaist nematodes showed mortility against Meloidogyne 

javanica from 3-53%. Maximum mortality was observed by Pseudomonas fluorescence 

which showed 53% juvenile mortality after 48 hr. as compared to control. Mimnimum 

mortility (3%) was observed by Asr14, R.E.4.  MR1, Mr53, Asr38, Asr28 showed 



mortility of Meloidogyne javanica 43%,28%,25%,24%. Mortility of Meloidogyne 

javanica by other remaining strains ranges from 9-23%. Kurt, found similar results 1973, 

Khurrum  et al., 1997, Nasima et al., 2002. 

Nematode mortality upto 17-96% was recorded after 48 hours when seaweed at 

the concentration 2mg/ml was used against Meliodogyne Javanica. Gehan et. al (1996). 

The reason is that microorganisms antagonistic to nematodes secret diffrerent metabolites 

which would be responsible for nematode mortality. In our study proteases are detected 

and may be responsible for mortality of Meliodogyne javanica. 

Effect of Pseudomonas fluorescence and Bacillus subtilis on growth parameters 

of tomato and on the development of root knot development was observed in growth 

chamber. Results of different parameters of growth reveal that application of biocontrol 

agents Pseudomonas fluorescence and Bacillus subtilis enhances plant growth 

characteristics such as plant height fresh weight and dry weight of shoot and significantly 

reduces nematode population in soil as well as in root. Moreover, they reduce number of 

egg masses per root system.  

Treatment with  Pseudomonas fluorescence  showed greatest  increase in plant 

height  likely it is because indol acetic acid producer. Phosphate solubilization and indole 

acetic acid production by Pseudomonas spp has also been reported by Debora et  al 2007. 

 Treatment  with Pseudomonas fluorescence along with nematodes resulted  in 

reduction in plant height. But the effect of this in reducing the impact of nematode 

infection was better than that of treatment with nematode as indicated by plant height. 

Treatment of nematodes alone reduced plant growth. Plant height with Pseudomonas 

fluorescence+Meloidogyne javanica was more than that of Bacillus subtilis+ 

Meloidogyne javanica The reason behinde this is that equal number of nematodes were 

inoculated in both the treatment but due to characteristic of hormone producer  

Pseudomonas fluorescence and Meliodogyne javanica showed more plant height. 

Moreover protease enzyme produced by Pseudomonas fluorescence was 5.9 i.u / ml and 

was 1.682 i.u /ml in case of Bacillus subtillus which retards nematods effect. 

Fresh weight of shoot is also increased by rhozobacteial strains.  Increase in shoot 

weight is due to ability of strains to promote the growth but fresh weight of shoot in case  

Pseudomonas fluorescence in combination with Meliodogyne javanica and  nematode 



alone  is same. The reason is unknown. 

Fresh weight of shoot in case of Pseudomonas fluorescence is more than Bacillus 

alone due to good property of indole acetic acid producion of Pseudomonas fluorescence. 

Fresh weight of shoot in case of  Pseudomonas fluorescence and Meliodogyne javanica  

is  observed more than that of  Bacillus subtilis and Meliodogyne javanica due to more 

production of proteases i.e 5.9 i.u/ml by  Pseudomonas fluorescence than that of Bacillus 

subtilis (1.682 i.u/ml). Proteases have potential role to reduce nematode effect on plant. 

The fresh weight of shoot in case of  Bacillus subtilis and Meliodogyne javanica is  

observed lesser than that of all treatments due to Meloidogyne javanica effect. Because 

only nematodes were inoculated in this treatment. Results regarding dry weight of shoot 

wre observed same as fresh weight of root.   

The increased fresh and dry weight of root in case of nematode treatment alone 

provided the most dramatic increase  compared to all other treatments.This  is due to gall 

formation by nematodes and due to higher production of growth regulators. Auxins and 

cytokinins are known to be involved in the formation of gaint cells and galls (Viglierchio, 

1971). Moreover, ethylene production is reported to increase weight of root infested with 

Meloidogyne spp. Due to gall formation. In treatment with Pseudomonas flourescenc and 

T2 fresh and dry weight of root is less because sterilized soil ( without nematode 

inoculation ) was used of no nematodes attack is observed.But fresh and dry weight of 

root in case of treatment with Pseudomonas fluorescence was  observed greater than 

Pseudomonas fluorescence and Meliodogyne javanica  due to  production of hormone by 

Pseudomonas flourescenc.   
PGPR are known to suppress disease by inhibition of pathogens by competition 

for Fe (III), inhibition of pathogen by diffusible or volatile products, induction of 

resistance in plant and aggressive root colonization and stimulation of plant growth 

(Kloepper et al. 1980; Weller 1988; Siddiqui and Mahmood 1999; Siddiqui, 2006). In a 

study Pseudomonas putida caused greater root colonization and greater siderophore 

production than the other species of PGPR used. This may be the reason that P. putida 

caused greater increase in plant growth and greater reduction in nematode multiplication 

the other species used in study. Moreover. Other workers have also reported that P. 

putida caused a greater increase in plant growth and inhibition in the invasion of 



pathogen (Aalten et al. 1998; Bora et al. 2004). B. pumilus, P. polymyxa and P. 

alcaligenes are also known to increase plant growth and reduce disease severity (Gamliel 

and Katan 1993; Wei et al. 1996; Raupach and Kloepper 1998; Enebak and Carey 2000; 

Yan et al. 2002). The nematode population was also reduced in Rhizobium-inoculated 

plants and uninoculated ones. Root nodule bacteria fix atmospheric nitrogen and are 

reported to produce toxic metabolites inhibitory to many plant pathogens. All this 

suggests that application of rhizobia, which increase nitrogen content and plant growth 

can also reduce nematode multiplication (Siddiqui and Mahmood (1995). Some isolates 

of pseudomonads are aggressive colonizers of the root and shoot, have broad spectrum of 

antagonistic activity against root-infecting fungi and the root-knot nematodes (Sharma 

and Nowak, 1998; Siddiqui et al., 2000, 2001). Colonisation of roots by rhizosphere 

bacteria has also been reported to reduce nematode invasion (Oostendorp and Sikora, 

1989). Meloidogyne  incognita galling on tomato, cucumber and clover was suppressed 

following application of bacterial soil drenches or root treatment (Zavaleta-Mejia and 

Van Gundy, 1982). Similarly, Sikora (1988) reported that treatment of sugarbeet with 

Bacillus subtilis controlled M. incognita, M. arenaria and Rotylenchulus reniformis. 

There are reports where production of metabolites by rhizosphere bacteria causes lyses of 

nematode eggs (Westcott and Kluepfel, 1993), reduces egg hatching (Oostendorp and 

Sikora, 1990), affects the vitality of second stage juveniles (Becker et al., 1988) and 

degrades specific root exudates resulting in reduced attraction and penetration 

(Oostendorp and Sikora, 1989). In this study weight of tomato roots treated with  

Pseudomonas fluorescence was less than that of Bacillus subtilis because the gall 

formation by the nematode was less. Pseudomonas fluorescence produces proteases. 

Proteases have been proposed as virulence factors in the pathogenesis of nematodes by 

microorganisms.Previous studies have suggested that microbial proteases may contribute 

to infection of hosts by degrading the host’sprotective barriers (Ahman et al. 2002; 

Huang et al. 2004). The most compelling evidences to support microbial proteases as 

virulence factors derived from studying proteasem deficient mutants (Ahman et al. 2002; 

Tian et al. 2006). In nematophagous fungi, it is believed that extracellular serine 

proteases are involved in several steps of the infection: releasing nutrients for pathogenic 

growth, facilitating penetration by degrading proteins of the cuticle, and digesting the 



host tissue. It has also been shown that bacterial proteases can degrade and digest 

nematode cuticle or even kill hosts (Ahman et al. 2002; Clarkson and Charnley 1996; 

Meyer 2003; Morton et al. 2004). It is  well known that the cuticle of nematodes is rigid 

and composed of proteins and chitin, especially the outer part that is covered by a layer of 

proteinaceous membrane, which is an effective barrier protecting nematodes from 

damage from the environment (Tunlid et al. 1994). Therefore, protease, collagenase, and 

chitinase have been emphasized in biocontrol of nematodes. Hydrolytic enzymes 

probably play a role in the process of infection against nematodes by their natural 

enemies: releasing nutrients, mainly amino acids or small peptides, for pathogen growth 

and propagation; facilitating penetration by solubilizing the cuticle; and inducing 

cytotoxic effects on nematodes (Leger et al. 1987). The roles of extracellular protease, 

especially serine protease, have been studied extensively in nematophagous fungi in the 

infection of nematodes. Extracellular protease has also been described to play important 

roles in nematocidal action in previous reports (Singh et al. 2001; Balaji et al. 2002; Beg 

and Gupta 2003). B. laterosporus strain G4 shows high toxicity to the tested nematodes, 

with activities similar to nematophagous fungi. Bacteria can also directly penetrate 

cuticles of nematodes to kill their hosts (Huang et al. 2005a). Various proteases 

(including bacterial protease, collagenase, and elastase) have been examined for their 

effects on purified cuticles to measure the composition and regional differentiation of 

cuticle components (Cox et al. 1981; Katznelson et al. 1964; Niu et al. 2006). These 

studies showed that protein components of the inner and outer cuticle layers and the 

pharynx cuticle are different, suggesting that different proteases from bacteria may 

function differently during infection of nematodes. Clearly, identification and localization 

of more enzymes involved in infection and penetration of nematode cuticles by B. 

laterosporus need to be investigated further in light of current results. On the basis of 

workdone sofor, it can be concluded that mentioned protease producing strains can be use 

multiplied and inoculated in bag with sterilized pressmud for commercialization against 

Meloidogyne javanica for the protection of tomato crop. Moreover other Meloidogyne 

spps can be studied and can be checked against these strains. Several other rhizobacterial 

strains can also be searched from tomato roots, their metabolites can be tested against 



other nematode spps. Best antagonists can be selected and used for further studies and 

can be commercialized. 



                                               SUMMARY 
 Plant parasitic nematodes are considered  worst enemies of mankind because of 

devastation they cause  to crops. They are distributed all over the world in different 

kinds of habitats and cause severe losses to economically important crops. There is 

hardly any crop or plant which is not affected by nematodes. Up to 81% nematode 

infection has been observed in tomatoes.  Currently, the management of nematodes 

relies largely on application of  nematicides. But high costs of nematicides and potential 

threat to environment posses a serious problem in their wide application especially in 

underdeveloped / developing countries like Pakistan. So biocontrol is one of the best 

approach than chemical and cultural control because it is safe and sound. 

Present study was aimed  at isolation, purification and identification of nematodes as well 

as bacteria, checking the antagonistic activity, and metabolite secretion of potential 

bioantagonists against nematodes and  application of potential bioantagonists in-vivo. 

Rhizobacteria with their enormous genetic potential could be utilized to counter a number 

of plant health and growth problems in agricultural crops. They are adaptable to mass 

production and formulation technology and could be important in biological pest control. 

The selection of efficient PGPR and improved application technology has lead to 

advances in field of crop production.  

  

 The influence of rhizobacteria pseudomonas fluorescence and Bacillus subtilus  

on mortality of nematodes was studied in-vitro  as well  as  the seed  treatment, soil 

treatment and root dip treatment of rhizobacteria on growth parameters of  tomatoes  was 

checked  

 The results obtained were highly significant that revealed that Pseudomonas 

fluerescence promote germination, and was effective in reducing in root penetration by 

Meloidogyne javanica than Bacillus subtilus   

 

 Antagonistic activity was probably caused by bacterial attraction by root exudates 

that influenced nematode attraction and penetration. 

 



 Seeds of tomato ( when treated with rhizobacteria Pseudomonas fluerescence and 

Bacillus subtilus)  to see the efficacy on disease development and different growth 

parameters. The results achieved were highly significant. This showed that Pseudomonas 

fluerescence enhanced the growth of tomato by controlling deleterious microorganisms as 

compared to Bacillus subtilus and increased plant height /plant, fresh and dry weight of 

shoot and root and decreased number of galls/plant was achieved due to the reason that 

Pseudomonas fluorescence was found more protease producer than that of Bacillus 

subtillus when metabolites responsible for nematodes killing were detected. 

 

 It was concluded from the studies that rhizobacteria Pseudomonas fluerescence is 

a potential biocontrol agent and it has ability to increase yield and suppress the attack of 

plant pathogen and it can be used as an effective and feasible control which has been 

replaced other control measures. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



LITERATUE CITED  

 
. 

Aalten, P.M., D. Vitour, D. Blanvillain, S. R. Gown. and L. Sutra (1998) Effect of 

rhizosphere fluorescent Pseudomonas strains on plant parasitic nematodes 

Radopholus similis and Meloidogyne spp. Letters in Appl. Microbiol. 

27:357–361. 

Adesemoy, A.O., M. Obino and  E.O.Ugoji. Comparasion of plant growth promotion 

with Pseudomonas aureginosa and Bacillus subtilis. 

Ahman J, T. Johansson., and M oslen,  P.J. Punt., Van den Hondel CAMJJ., and 

A.S.Tunlid  (2002) Improving the pathogenicity of a nematode trapping 

fungus by genetic engineering of a subtilisin with nematotoxic activity. 

Appl . Environ. Microbiol.  68:3408–3415. 

Ahmed, F, I. Ahmed and M. S.  Khan. (2008). Screening of fee living rhizobacteria for 

multiple plant growth promoting activities. Microbial Res. 163(2): 173-

181.  

Ajmal, A.H. (1979). M.Sc Theses, Deptt. Plant pathology U.A.F. Faisalabad. 

Akhtar, H., A.M. Khan and S.K. Sexana. (1982). Toxicity of latex bearing plants to 

phytonematodes Ind. J. Parasitol. Vol. 6: 119-120. (Environment and 

Biotic Interaction, 1984) 

Akhtar, M. and M.M. Alam, (1984). Use of chopped floral plant parts in suppressing 

population of plant parasitic nematodes. Ind. J. Pl. Pathol. 2(2): 194-195  

Akhtar, M. and M. M. Alam. (1990). Control of plant parasitic nema-todes with 

agrowastes soil amendments. Pak. J. Nematol. 8(1): 25-28. 

 

Akhtar, M. and  M.M. Alam.  (1993a) Utilization of waste materials in nematode control: 

A review. Bioresource Technology 45, 1-7. 

 



Akhtar, M. and I. Mahmood.(1993b) Effect of ononchus aquaticus and organic 

amendments on Meloidogyne incognita development on chilli. 

Nematologia Mediterranea 21, 251-252. 

. 

Akhtar, M., (1997). Current options in integrated management of plantparasitic 

nematodes. International Pest Management Reviews 2, 187-197  

Akhtar M (1999) Plant growth and nematode dynamic in response to soil amendments 

with neem product, urea and compost. Bioses. Technol., 19: 181-183 

Aksoy, H.M., and S. Mennan, (2004). Biological control of Heterodera cruciferae 

(Tylenchida: Heteroderidae) Franklin 1945 with fluorescent pseudomonas 

spp.  Phytopathology 152, 514-518. 

Alam M.M. and M.S. Jairajouri. (1990). Nematode Control Strategies pp. 5-15 In: 

Nematode Bio-control (Aspects and prospects). (Eds.) M.S. Jairajpuri, 

M.M Alam Ahmad. CBS Publisher and Distributors, Delhi, India. 

Alam, A.H. (1990). Possible use of weeds as soil amendments for the management of 

root-knot and stunt nematodes attacking egg plant. Agricultural wastes. 

16, 97-102. 

 Ali, A.H. (1990). The use of nematode trapping fungi and organic amendments to 

control root-knot nematodes. Bulletin of Faculty of Agriculture, 

University of Cairo, 41(3, Suppl.1): 1001-1012.  

Atkinson, G.F (1889). Nematode Root galls. A preliminary report on the life history and 

metamorphosis of a root gall nematode and injuries producesd by it up on 

roots of various plants. Bull. Ala. Agric. Exp. sta 9:176-226. 

Bais, H. P., S. W. Park, T. L. Weir, R. M.  Callaway and J. M. Vivanco. (2004). How 

plants communicate using the underground information super high way. 

Trends Plant Sci. 9:26-32. 

Balaji V., M.V. Jesudason., G. Sriclharan and K. Subramanian (2002) Detection of 

virulence attributes of Burkholderia pseudomallei. Indian J Med Res. 

119:101–106 

 Balasundram, V.R and Sen, A., Effect of bacteria on rice (Oryza sativa) with bejirinkia 

Jour.of. Agri.Sciences 41, 700, 1971. 



Barron, G.L. (1982). Nematodes destroying fungi .Experimental Microbiological 

ecology, Oxford U.K. Scientific Publication: 533-552. 

Bar-Yosef, B., R.D. Rogers. J.H. Wolfram. and E. Richman., (1999). Pseudomonas 

cepacia mediated rock phosphate solubilization in kaolinite and 

montmorillonite suspensions. Soil Sci. 63:1703-1708. 

Becker, J. O, E. Zavaleta-Mejia., S. F. Colbert., M. N. Schroth., A R Weinhold, J.G., 

Hancock and S. D. Van Gundy (1988) Effects of rhizobacteria on root 

knot nematodes and gall formation. Phytopathology   78: 1466–1469. 

Becker, J.O., E. Mejia., S.F. Colbert, M.N. Scroth., A.R. Wienhold., J.G. Hancock, S.D 

Van Gundy. (1988). Effects of rhizobacteria on root Knot nematodes and 

gall formation.  Phytopathplogy.78, 1466-1469 

Beg Q.K., and R. Gupta (2003) Purification and characterization of an oxidation stable, 

thiol-dependent serine alkaline protease from Bacillus mojavavensis. 

Enzyme Microb Technol 32:294–304. 

Belair, G. (1984) Tolrence of carrot cultivars to northern root knot nematodes as 

influenced by pre-plant densities Phytopathol 65(2) :69-73. 

 

Berkely, M.J. (1855).Vibrio forming excrescence on the roots of cucumber plants. Gard 

Chron. 14:220.cited by thorn, G .In principkle of Nematology.Mc GRAW. 

Hill BOOK C O.New York, 1961, pp.312. 

Bhatti, D.S.and R.K. Jain. (1977) Estimation of loss in okra, tomato and brinjal yield due 

to  Meloidogyne incognita. Ind. J. Nematol., 7:37-41 

 Bird, A.F. (1961). The ultrastructure and histo-chemistry of a nematode induced giant 

cell. J. Biophys. Biochem, Cytol. 2: 701-15. 

Bird, A.F. (1962). The inducement of giant cell by Meloidogyne javanica. Nematologica. 

8: 1-10.  

Bora T, H. Ozaktan., E. Gore and  E. Aslan (2004) Biological control of Fusarium 

oxysporum f.sp. melonis by wettable powder formulations of two strains of 

Pseudomonas putida. J. Phytopathol. 152:471–475 



Bradford, M. M. (1976) A rapid and sensitive method for the quantitation of microgram 

quantities of protein utilizing the principle of protein dye binding. Annu 

Rev Biochem. 72, 248-254. 

Brian, M.O., R.R. Colwall. 1987. A rapid test for chitinese activity that uses 4-methyl 

umbelliferyl N-acetyl-beta D-Glucosamine. Applied Environmental 

Microbiol 53(7): 1718-1720. 

Brown, M.E. (1974). Seed and root bacterization. Annu.Rev. Phytopathology. 62: 550-

554. 

 Budahn, H. O. Schrader, R. Ahne and W. Schütze (2004) Transfer of resistance against 

the beet cyst nematode from radish (Raphanus sativus) to rape ( Brassica 

napus) by monosomic chromosome addition Theoratical and applied 

genetics  vol  1 : 30-41 

Cayrol, J.C. and J.P. Frankowski. (1987). A method of biological control of root gall 

nematodes of the genus Meloidogyne. Rovue Horticole. 193: 15-23. 

Chabot R, H., Antoun and P. Cescas Michel (1996) Growth promotion of maize and 

lettuce by phosphate solubilizing Rhizobium leguminosarum biovar. 

phaseoli. Plant Soil 184, 311–321 

Chernin, L., and I. Chet. (2002). Microbial enzymes in biocontrol of plant pathogens and 

pests, p. 171-225. In R. G. Burns and R. P. Dick (ed.), Enzymes in the 

environment: activity, ecology, and applications. Marcel Decker, New 

York. 

Chitwood B.G. (1949). Root knot nematodes Part 1 A revision of genus Meloidogyne 

(Goeldi, 17) Proceeding of Helminthological Society of Washington, 16; 

19-104. 

Choi, Y.E.   (1976. Studies on root-knot nematodes (Meloidogyne species) in Korea. The 

kasetsart. Jour. 12: 31-35. 

Clarkson J. M., A.K. Charnley (1996) new insights into the mechanisms of fungal 

pathogenesis in insects. Trends Microbial.  4:197–203 

Cobb, N.A. 1890). Tylenchus and root gall.  Agr Gz. N.S Wales 1(2) 213-214. 

Cobb, N.A. 1924). The Amphids of caconema and other Nema’s .J.Parasit. 11,118-121. 



Cornue, M. (1987).Etudes Sur le Phylloxera vastatrix. Mem. Press.ACAD.Sci.paris, 26; 

164 

Cox, G. N., M. Kusch. , R.S. Edgar (1981) Cuticle of Caenorhabditis elegans: its 

isolation and partial characterization. J. Cell Biol 90:7–17 

Cronin, D., Locoz, Y.M., Dunne, C.& Gora, F. (1997a). Inhibition of egg hatch of the 

potato cyst nematode Globodera rostochiensis by chitinase producing 

bacteria. European Journal of Plant Pathology 103, 433-440. 

Cronin, D., M. Loccoz., A. Feneton, C. Dunne,. D.N Dowling.,  and  F Gara,. (1997b). 

Role of 2,4-Diacetylphloroglucinol in the interactions of the biocontrol 

Pseudomonad strain F113 with the potato cyst nematode Globodera 

rotochiensis     European Journal of Plant Pathology 103, 440-445 

Cryol, D.J., C. Djain, and L. Pijaroski,. (1989). Study of nematocidal properties of the 

culture filtrate of the nematophagous fungus Paecilomyces lilacinus .Rew 

de Nematologei 12, 331-336. 

Culbreath, A.K., R. Rodrigues-Kabana. and G. Morgan-Jones,. (1985). The use of 

hemicellulosic waste matter for reduction of the phytotoxic effect of chitin 

and control of root-knot nematodes. Nematropica, 15: 49-75. 

D.Addabbo, T and Sassanelli, N (1998) .The Suppression of Meliodogyne incognita on 

tomato by grape paramece Soil amendments Nematol medit; 26: 145-149. 

Dalmasso, A., M.C. Cardin., E. Pochard and M.C. Daunay. (1985. Pathogenicity of 

Meloidogyne spp. and their genetic of resistance in some Solanaceous 

Vegetables. Comptes Rendus des Seances del Academic de-e Agriculture 

de France, 71(7): 771-779. (Helminth. Abst; Sr. B.55 (2): 421, 1986 

Darby, C.L., J.H.  Christine, Thomas & Manoil. (1999). Lethal paralysis of 

Caenorhabditis elegans by Pseudomonas aeruginosa.    PNAS. vol 96, 

15202-15207 

. 

De Souza, J. T., M. de Boer, P. de Waard, T. A. van Beek, and J. M. Raaijmakers. (2003. 

Biochemical, genetic, and zoosporicidal properties of cyclic lipopeptide 

surfactants produced by pseudomonas fluorescens. Appl. Environ. 

Microbiol. 69:7161-7162. 



Debora A- Tiexeira, Acelinocouto Alfenas, Reginaldo Gonealves Mafia, Eraclides M. 

Ferreira Leanvrodesiquairaluizamafia (2007. A Rhizobacterial promotion 

of eucalyptas rooting and growth. Brazilean Journal of Microbiology 38: 

118-123 

Denizci A.A., Kazen, D., Abeln E.C.A and Erarslan (2004) A. Newly Isolated Bacillus 

clausii GMBAE 42: an alkaline protease producer capable to grow under 

highly alkaline conditions. Jour.of Applied Microbiology 96,320-327 

Duddington, C.L. (1960). Biological control by predaceous fungi. In nematology 

fundamentals and recent advances with emphasis on plant parasitic and 

soil forms. Sassier, J.N. nd W.R. Jenreins (Eds.) Chapel Hill. University of 

North Carolina Press: 461-465. 

Duddington, C.L. and C.H.E. Wyborn. (1972). Recent research on the nematophagous 

hyphomycetes. Botanical Review: 38(4), Deptt. Of Life Science, 

Polytechnic of Central London, U.K 

Duffy, B., C. Keel, and G. Defago. (2004). Potential role of pathogen signaling in 

multitrophic plant-microbe interactions involved in disease protection. 

Appl. Environ. Microbiol. 70:1836-1842. 

Edi-Husen R. D. M. Simonung Kalit, Rasti saraswati and irawan (2007). Characterization 

and quality assesment of Indonacian commercial Biofertilizer. Indonacian 

Journal of Agricultural Sciences Vol 8: 31-38. 

Enebak SA, W.A. Carey (2000) Evidence for induced systemic protection to Fusarium 

rust in Loblolly pine by plant growth-promoting rhizosphere. Plant 

Disease 84:306–308  

Esser, R.P., V.G Perry., and A.L. Taylor. (1976). A diagnostic compendium of genus 

Meloidogyne (Nematoda: Heteroderidae) Proc. Helm Soc. Wash. 43:138-

150. 

Fauzia Y. Hafeez, Sumera Yasmin, Dini Aryani and Mehboob ur Rehman, Yousuf zafar, 

K. A. Malik. (2006). Plant growth rhizobacteria and biofertilizers. Agron. 

Sustain dev.26, 2006: 243-250  



Fernandez, E., M. Lopez, J. Perez, and M. Acosta, (1989). Invitro effectivity of 

Paecilomyces lilacinus as biological control agent for Meloidogyne 

incognita. Revista de Protection Vegetal 4(1):66-70. 

Fett, W.F., S.F. Osamn, and M..F. Dunn, (1987). Auxin Production by plant pathogenic 

pseudomonas and xanthomonas. Appl. Environ. Microbiol. 53:1839-1845 

Fox G. E., J. D. Wisotozeky and J. P. Jurtshuk. (1992). how close is close: 16SrRNA 

sequence identity may not be sufficient to guarantee speciesidentity. Int. J. 

Syst. Bacteriol. 42: 421-426. 

Frankenberger, W.T.  and M. Arshad (Eds). (1995). Phytoharmone in soil: Microbial 

Production and function .Marcel Dekker, Inc., New York, N.Y( In press). 

Frankowski, J., M. Lorito, F. Scala, R. Schmidt, G. Berg, and H. Bhal. (2001. Purification 

and properties of two chitinolytic enzymes of Serratia plymuthica HRO-

C-48. Arch. Microbiol. 171:421-426. 

Frannklin, M.J. and Goody, J.B. (1949).A cotton blue lactophenol technique for 

mounting plant parasitic nematodes .Tech. Bull. No.2. Laboratory 

Methods for work with plant and soil nematodes by Basal Goody Pub. 

London Her Majesty’s Stationary office, 1963. 

Fridlender, M., J. Inbar, and I. Chet. (1993). Biological control of soil borne plant 

pathogens by a B-1,3-glucanase-producing pseudomonas cepacia.Soil 

Biol. Biochem. 25:1211-1221. 

Gamliel A, and  Katan J (1993) Suppression of major and minor pathogens by fluorescent 

pseudomonads in solarized and nonsolarized soils. Phytopathology 83:68–

75 

Gasoni, L., J. Cozzi, K. Kobayashi, V. Yossen, G. Zumelzu and S. Babbit. (1998). 

Suppressive effectof antagonistic agents on Rhizobia isolates on lettuce 

and potato in Argentina field plots. In: International Congress of Plant 

Pathology. ( 7,9th-16th August, (1998),   Edinburgh, Scotland). P. 5.2.44. 

Gehan Ara, S. Ehtasham ul Haq, V. Sultana, R. Qasim and A. R. Ghaffar (1996) 

Nematicidal activity of sea weeds against Meloidogyne Javanica rootknot 

nematodes.    Journal of Nematology 15: 539-544. 

 



Gilbert, J.C. & D.C. McGuire,. (1956). Inheritance of resistance to severe root-knot from 

Meloidogyne incognita in commercial type tomatoes. American Society of 

Horticulture Science Proceeding. 68: 437-442 

Gillard, A. (1961). Onden zoekingen omtret de Biologi, de vesprijding en de b var. 

wertelknobbelsaltjesprijding (Meloidogyne spp.) Medded landouwhog. 

Opzoek Gent 26:515-646. 

Glazer, I.D., Orion and A. Apelbaum. (1983). Interrelationships between ethylene 

production, gall formation and root-knot nematode development in tomato 

plants infected with Meloidogyne javanica. Journal of Nematology 15: 

539-544. 

Goeldi, E.A. (1887). Relatorio sobre a molestia do caffeeiro  provincial do Rio de 

Janeire. Apparently an advanced sperate of Arch .mus .nac.Rio de 

Janeiro.8:721-1892 

Golden, A.M. (1953). Root knot nematodes attacking the crown, petiol and leaves of 

Afarican violet. Phytopathol.43; 406, (Abstr) 

Goody, T. (1932).On the nomenclature of root gall nematodes Jour.Helminthol.10:21-23. 

Greef, R. (1872).Uber Nematoden in Wurzelansch wellugen verschiedener pFlan ges, 

Naturw.Marburg 11:172-174. 

Haas, D., C. Keel and C. Reimmann. (2002). Signal transduction in plant beneficial 

rhizobacteria with beneficial properties. Antonie Leeuwenhoek. 81: 385-

395.. 

Halder.A.K, K.A. Mishra, P. Bhattacharyya, and K.P Chakarabartty. (1990) 

Solubilization by rock phosphate by Rhizobium and Bradyrhizobium. 

J.Appl.Microbiol.36:81-92. 

Hameeda, B., H.K.Y. Reddy., O.P. Rupela., G.N. Kumar, and G.Reddy, (2006). Effect of 

carbon substrate on rock phosphate solubilization by bacteria composts 

and macrofauna. Curr. Microbiol. 298-302 

Hamid, M., I.A. Siddiqui., and S.S Shaukat. (2003). Improvement of Pseudomonas 

fluorescens CHA0 biocontrol activity against root-knot nematode by 

addition of ammonioum molybdate. Letters in Applied Microbiology. 36, 

239-244. 



Hare, W.W. (1957). Inheritance of resistance to root-knot nematodes in pepper. 

Phytopathology. 47: 455-459. 

Haseeb, A., M.A.  Sidddiqi and M. M. Alam. (1987). Evaluation of nematicidal 

properties in some latex bearing plants. Ind. J. Nematol. 17(1):99-102. 

Haseeb, A., M.M. Alam, A.M. Khan and S.K. Saxena. (1977). Nematode population as 

influenced by soil amendments. Geobios, 5: 152-155. 

Haseeb, A., S. Anita, .and S.P. Kumar (2005). Studies on the management of root-knot 

nematode, Meloidogyne incognita-wilt fungus, Fusarium oxysporum 

disease complex of green gram, Vigna radiate c.v. ML-1108 

Hendy, H., E. Pochard, and A. Dalmasso. (1985). Transmission heriditaire de deux 

nouvelles sources de resistance aux nematodes du genre Meloidogyne chez 

le piment Capsicum anrum L.Comptes rendus de I’ Academic 

d’Agriculture: 817-822. 

Huang, C.S. and Maggenti. (1969). Wall modification in developing giant cells Vicia 

faba and Cucumis sativus induced by root-knot nematode, Meloidogyne 

javanica. Phytopathology, 59: 931-937. 

Huang,  X.W., N.H. Zhao., K.Q. Zhang (2004) Extracellular enzymes serving as 

virulence factors in nematophagous fungi involved in infection of the host. 

Res Microbiol 155:811–816 

Huang , X. W., QH Niu., W. Zhou., and K.Q. Zhang (2005a) Bacillus nematocida sp. 

nov., a novel bacterial strain with nematotoxic activity isolated from soil 

in Yunnan, China. Syst Appl Microbiol (In press) 

Huang, X. W, B.Y Tian., Q.H. Niu., J.K.Yang., L.M. Zhang.  and K. Q Zhang (2005b) 

An extracellular protease from Brevibacillus laterosporus G4 without 

parasporal crystal can serve as a pathogenic factor in infection of 

nematodes. Res Microbiol 156:719–727 

Hussain, N., A.R. Saljogi, and S.K. Khalil. (1993). Efficacy of different nematicides for 

the control of root knot nematodes associated with tomato crop.pp 51-

59.In proc Second Int workshop on plant nematology nov,22-26 1992 

(Eds) M.A Maqbool A Ghaffar and M.J Zaki.NNRC Karachi. 



Illmer, P., A Barbato and F Schinner (1995) Solubilization of hardly- soluble AIPO4 with 

P- solubilizing microorganisms. Soil Biol. Biochem. 27(3), 265–270. 

Insunza, V., S. Alstrom. and K.B. Eriksson.  (2002). Root bacteria from nematicidal 

plants and their biocontrol potential against trichodorid nematodes in 

potatoes.   Plant and Soil 241, 271-278. 

Ioannis, O Giannakou , Dimitrios G Karpouzas  (2001) Ealuation of chemical and 

integrated strategies as alternatives to methyl bromide for the control of 

root-knot nematodes in Greece Pest Management Science  Volume 59 

Issue 8, Pages 883 – 892 

Ismail, A.E. and Fadel, M.  (1997). Suppressive effects of some native isolates of 

Bacillus spp on Meloidogyne incognita and Tylenchulus semipenetrans.  

Egyptian Journal of Biological Pest Control. 7 (2): 53-60 

Jacobson, B. J. and A. Beckman. (1993). Biological and cultural plant disease control 

Alternatives and supplements to chemical s in IPM systems. Presented at 

the annual meeting of APS. Plant Disease 77: 311-315. (Helminth. Abst; 

Sr.B.55 (2): 502-1986).  

Jill clarridge (2004). Impact of 16Sr RNA gene sequence analysis for identification of 

bacteria. Clinical Microbiology 17,840-862.  

Jimenez, M. (1985). Screening for resistance to Meloidogyne Sp. in five cultivars of 

tomato (Lycopersicon esculentum Mill.) IDESIA 9, 15-20. 

Jobert, C. (1878) Sur Une maladie du caflier odservee au Bresil, Comptes Rendus 

Hebdomadaris des séances de 1,  Academic des science (paris ) 37:941-

943 

Johnson, A.W. (1985). The role of nematicides in nematode management. In: Sasser, J.N. 

and Carter, C.C.(Eds). An advance treatise on Meloidogyne Volume 1. 

Biology and control. Raleigh, North Carolina, U.S.A., North Carolina 

University Graphics: 249-267. 

Johnson, R.W. (1978). Effect of nematicides applied through overhead irrigation on the 

control of root-knot nematodes on tomato transplants. P1. Dis. Reptr; 

62(1): 48-51. 



Jonathan, E.I., Genendran, G and W.W. Mannel. (2000) Management of meloidogyne 

incognita and Helicotylenchus multicinctus in banana with organic 

amendments .Nematol Medit: 28:103-105 

Jones, J.P. and A.J. Overman. 1976). Tomato wilt, nematodes and yields as affected by 

soil reactions and a persistent contact nematicides. Pl. Dis. Reprt., 60: 913-

917. 

Jones, M.G.K. and V.H. Dropkin. (1976). Scanning electron microscopy of nematode 

induced giant transfer cells. Cytobios, 15: 149-161. 

Kaliram and D.C. Gupta. 1980. A note on the efficacy of fresh neem leaf extract in the 

control of Meloidogyne javanica infecting chickpea (Cicer arietinum). 

(Helminth. Abstr. 803, Sr. B. 50 (2): p, 95, 1981) 

 Kassim, A.H. and S.I. Hussain. (1987). Screening of some tomato cultivars for their 

resistance to Meloidogyne javanica under Iraqi conditions. Intl. Nematol. 

Network, Newsl. 4:1, 27-29. 

Katznelson H., D.C. Gillesple, F.D., and Cook (1964) Studies on the relationships 

between nematodes and other microorganisms III. Lytic action of soil 

myxobacters on certain species of nematodes. Can J Microbiol 10:699–

704 

Kerry, B.R. (1987). Progress in the use of biological agents for control of nematodes. 

Publishers, Inc. 79-90. Rothamsted Expt. STa, Harpenden, Herts, A15 

2JQ, U.K. 

Kezampour, M. N. (2004). Biological control of Rhizoctonia solani, the causal agent of 

rice sheath blight by antagonistic bacteria in greenhouse and field 

conditions. Plant Pathology Journal 3(2): 88-96. 

Khan, A., S. S.  Shaukat and Ahmad, I (2001) effect of organic manure and carbofuran on 

nematodes associated with garlic. Pak J.Biol.Sci:4: 319-320. 

Khan, A., T. Ali and M. Aslam (1991) comparative efecacy of tenekil against plant 

parasitic nematodes attacking chillies in Pak, Pak.J.Nematol. 3;-105-109 

Khan, A.A. and M.W. Khan. (1991). Response of tomato cultigens M. javanica and 

Races of M. incognita, J. of Nematol. 23: 598-603. 



Khan, A.A., and M.M. Alam (1985). Control of M. incognita on tomato by chemical 

dips. Pak. J. Nematol. 3(2): 105-109. 

Khan, H.U., T.Mukhtar, and R. Ahmed, (2005). Geographical distribution of root knot 

nematodes (Meloidogyne spp) in the Punjab Province of Pakistan.  Pak. 

Journal of Nematology 23 (1): 133-140 

Khurrum Saleem, Jehan Ara Syed Ihtisham-ul-Haq (1997) Nematicidal activity of some 

medicinal plants. Pak. Jour Nemotol. 15(1, 2) 101-105. 

King, E.O., M.K. Ward and D.E. Raney (1954). Two simple media for the demonstration 

of Pyocyanine and fluorescin Journal of  Laboratory and Clinical 

medicine 44,301-307. 

Kinloch, R.A. and M.W. Allen (1972). Interaction of Meloidogyne hapla and M. javanica 

infecting tomato. Journal of Nematology, 4: 7-16. 

Kloepper J. W, R. Lifshitz and R. M. Zablotowicz (1989) Free living bacterial inocula for 

enhancing crop productivity. Trends Biotechnol. 7, 39–44. 

Kloepper J.W, J. Leong, M. Teintze, M.N. Schroth (1980) Enhanced plant growth by 

plant growth-promoting rhizobacteria. Nature  286:885–886 

Kloepper, J.W and M.N. Schroth, (1978).  Plant growth promoting rhizobacteria 

Radishes. P 879-882. In proc .4th Int. conf. Plant pathogenic bacteria, Vol 

.2, Station de pathologies, INRA, Angress (eds) Gibert –Clary, Tours, 

France.  

Kloepper, J.W and M.N. Schroth, and Miller,T.D. (1980) Effect of rhizosphere 

colonization by PGPR on potato plant  Phytopathology 70, 1078. 

Kravchenko, L.V. A.V. Borovkov, and L.Z. Pshikvi, (1991). Possibility of auxin 

synthesis by association forming nitrogen fixing bacteria in the 

rhizosphere of wheat.1962. Microbiol. 60:647-658. 

Kumar V, R., K. Behl and N. Narula (2001) Establishment of phosphate-solubilizing 

strains of Azotobacter chroococcum in the rhizosphere and their effect on 

wheat. 

Kurt, L.A., N.V. Matskevich and I.V. Ivanova. (1973). Laboratory tests on the toxic 

effect of the metabolic products of the fungus Aspergillus niger on some 



plant nematodes. Bulletin Vsesoytuznogo Instituta Skryabina No. 11: 69-

73 

Lamberti, F.,  N. Greco., and H. Zaouchi (1975) A. nemtological survey of date palms 

and other major crops in Algeria. FAO Plant Protection Bulletin, 23: 156 -

160 

Lamberti, F., H. M. Ekanayake and F. Zacheo (1983). Reaction of six tomato cultivars to 

two Sri Lanka populations of Meloidogyne spp. Pak. J. Nematol. 1(1): 43-

48. 

Lavergne, G (1901).Languilluli due chilli .Rev Viticult 16:445-452. 

Leger RJ, M.C. Richard, and A.K. Charnley (1987) Production of cuticledegrading 

enzymes by the entomopathogen Metarhizium anisopliae uring infection 

of cuticles from Calliphora vomitoria and Manduca sexta. J. Gen 

Microbiol 133:1371–1382 

Leger, R. J, Nelson J. O, Screen S.E. (1999) The entomopathogenic fungus Metarhizium 

anisopliae alters ambient pH, allowing extracellular protease production. 

Microbiology 145:2691–2699 

Licopoli, G. (1875).  Supra alcuni tubercoli radicellaria Contenental Anguillula RC 

Accad Sci.Fiz Napoli 14, 41-42 

Lidija Halda-Alija (2003) Identification of indole-3-acetic acid producing freshwater 

wetland rhizosphere bacteria associated with Juncus effusus L Can. J. 

Microbiol. 49(12): 781–787 Canada 

Lim, H. S., Y. S. Kim, and S. D. Kim. (1991). Pseudomonas stutzeri YPL-1 genetic 

transformation and antifungal mechanism against Fusarium solani, an 

agent of plant root rot. Appl. Environ. Microbiol. 57:510-516. 

Linford, M.B. (1941) Parasitism of root knot nematodes in leaves and stems Phytopathol. 

31:634-648 

Lodewyckx, C., J. Vangronsveld., F. Porteous., E. R. B. Moore, S. Taghavi., M. 

Mezageay., and D. Van der Lelie. (2002). Endophytic bacteria and their 

potential applications. Crit. Rev. Plant Sci. 21: 583-606. 

Loose, C.a (1953). Meloidogyne bravicauda n sp. Cause of root knot nematodes on tea in 

cylon .Proc.Helminthol, Soc Wash. 20:83-121. 



 Lordello, L.G.E. and A.P.L. Zamith. (1960). “Sobreas nematodes queperasitarn 

dopessegueiro” Anals de Escola superior de Agri. Luuiz de Queirox 

pracicaba. 17: 361-364 

Lork, H. (1948) Production of hydrocyanic acid by bacteria. Physiol Plant 1:142-146. 

Ludwig, W. and K. H. Schliefer. (1999. )  Phylogeny of bacteria beyond the 16S rRNA 

standard. ASM News. 65:752-757. 

Luis O Ruzo, ( 2005)  Physical, chemical and environmental properties of selected 

chemical alternatives for the pre-plant use of methyl bromide as soil 

fumigant  Pest  Management Science  3;315-321. 

Maqbool, M.A., Hashmi and A. ghaffar. (1987). Effect of Latex extract from Euphorbia 

caducifolia and Calotropis procera on root-knot nematodes Meloidogyne 

incognita infesting tomato and egg plant. Pak. J. Nematol. 5(1): 43-47. 

Maqbool, M., A. S. Hashmi, A. Ghaffar. (1988) .problem of root knot nematodes in 

Pakistan and strategy for their control pp 223-240.In; Advances in plant 

nematology (Eds) M.A .Maqbool.A.M Golden, A, Gaffar L.R krusberg 

procedding international work shop on plant nemetology NNRC UNI 

Karachi, Pakistan 

Maniatitis, T., R.C. Hardison, E. Laey, J. Laver. Co. Connel. 1978. The Isolation of 

structural genes from the libraries of eucarryotic DNA. Cell. 15(2): 687-

701. 

Marschner, H. (1995). Mineral nutrition of higher plants, 2nd edition. Academic Press     

London. 

Mc Beth, Co. W.A.L Talor and A.I. Smith. (1947). Notes on staining nematodes in root 

tissues.Throne’s principles of Nematology .Mc Graw Hill Co; New York, 

1961: 65. 

Mc.Solrey, R. and R.N.Ghallar (1995).Effect of yard wast compost on plant parasitic 

nematode densities in vegetable crops. Supplement to J.Nematology 

27:545-549. Chabot  

Mecheal, M.A., T.H.Cruck and Misaghi. (1973). A method for obtaining quantities of 

clean Meloidogyne eggs Jour.Nematol.5 (3):230 



Melendez K. and N.T. Powell. (1969). The influence of Meloidogyne on root decay 

Nematology 6:161–170 

Meyer, S.L.F. (2003) United States Department of Agriculture research service research 

programs on microbes for management of plant-parasitic nematodes. Pest 

Manag Sci 59:665–670  

Miller, H.H. and A.A. Edwardo (1962). Leaf galls on Siderasis fuscata caused by the 

Root-knot nematode, Meloidogyne incognita Phytopath. 52: 1070-1073 

Montealegre, J. R., R. Reyes, L. M. Perez, R. Herrera, P. Silva and X. Besoain. (2003). 

Selection of Bioantagonistic bacteria to be used in biological control of  

Rhizoctonia solani in tomato. Electronic journal of Biotechnology 6:115-

127 

Morton, CO., P.R. Hirsch., B.R. Kerry. (2004) Infection of plant-parasitic nematodes by 

nematophagous fungi: a review of the application of molecular biology to 

understand infection processes and to improve biological control. 

Nematology 6:161–170 

 

Muller, C. (1884) Mitheilungen Uber die unseren culturepflanzen schadichen ;das 

Geschlecht Heterodera bildenden Wurmer Landw, Jbr, Berlin 13, 1-42. 

Muller, R and P.S Gooch (1982) Oganic amendments in nematode control.An 

examination of of literature Nematropica 12: 319-326. 

Mulvey, R.J., J. L.Townshend and J.W. Potter (1975)  Meloidogyne microtyla spp. 

Nor.from southwestern ONTARIO Canada. Canadian J. of Zool. 53:1528-

1536.  

Murphy, J and J.P. Riley. (1962). Modification solution method for determination in 

natural waters. Anal.Cchem.acta. 27:31-36.  

. 

Nakayama, T., Y. Homma, Y. Hashidoko, J. Mizutani, and S. Tahara. (1999). Possible 

role of xanthobaccins produced by stennotrophomonas sp. Strain SB-K88 

in suppression of sugar beet damping off disease. Appl. Environ. 

Microbiol.65:4334-4339. 



Nasima, I., A.,  I A..Siddiqui., S.S. Shaukat. and   M.J Zakki,.  (2002). Nematicidal 

activity of   some strains of Pseudomonas.  Soil Biology and Biochemistry   

34, 1051-1058  

 Nauchnye Trudy Lemingradskogo Sel’s skokhozyaistvennogo Inst. 405, 44-46. (Hel. 

Absts. Series B53 (3) 818, 1984). 

Neal, J.C (1889). The root knot disease of peach, orang and other plants, due to the work 

of Anguillulie .Bulletin of the United States of Entomology .20:1-31. 

Netscher, C. and J.C. Mauboussin. (1973). Results d’un essai concernant 1’efficacite 

compare d’une variete resistance et de certains nematicides contre 

Meloidogyne javanica, Cahiers O.R.S.T.O.M. Serie Biologie, 21: 97-102. 

Nielsen, T. H., and J. Sorensen. (2003). Production of cyclic lipopeptides by 

pseudomonas flourescense strains in bulk soil and in the sugar beet 

rhizosphere. . Appl. Environ. Microbiol. 69:861-868. 

Nielsen, T. H., D. Sorensen., C. Tobiasen., J. B. Andersen., C. Christeophersen., M. 

Givskov., and J. Sorensen. (2002). Antibiotic and biosurfactant properties 

of cyclic lipopeptides produced by fluorescent pseudomonas spp. from the 

sugar beet rhizosphere. Appl. Environ. Microbiol. 68:3416-3423. 

Niu, Q. H., X.W. Huang., B.Y. Tian., J.K. Yang.,  J. Liu., L. Zhang.,  K. Q. Zhang (2006) 

Bacillus sp. B16 kills nematodes with a serine protease identified as a 

pathogenic factor. Appl Microbiol Biotechnol 69:722–730 

Olsen, G. J., and C. R. Woese. (1993). Ribosomal RNA: a key to phylogeny. FASEB J. 

7:113-123. 

Oostendorp, M.and R.A   Sikora (1989).   Seed treatment with antagonistic rhizobacteria 

for the suppression of Hetrodera schactii early root infection of sugerbeet,   

Rev Nemotol 12, 77-83  

Oostendorp, M.and R.A   Sikora (1990)  In vitro interrelationships between rhizosphere 

bacteria and Heterodera schachtii. Rev. Nematol. 13, 269–274. 

Ordentlich, A., Y. Elad, and I. Chet. (1988). The role of chitinase of Serratia marcescens 

in biocontrol of Sclerotium rolfsii. Phtopathology 78:84-88. 

Ownley, B. H., B. K. Duffy, and D. M. Weller. (2003). Identification and manipulation of 

soil properties to improve the biological control performance of 



phenazine-producing pseudomonas flourescens. Appl. Environ. Microbiol. 

69:3333-3343 

Patel, G.J., H.M. Shah and D.J. Patel. (1979). Reaction of some tomato cultivars to root-

knot disease. Indian J. Nematol. 9: 172-173. 

Patrick, C. Y. W., H. L. N. Kenneth., K. P. L. Susanna., Y. Kam-tong., M. Y. F. Ami., L. 

Kit-wah., M. W. T. Dorothy., Q. Tak-lun and Y. Kwok-yung. (2003)  

Usefulness of the Microseq 500 16S Ribosomal DNA-based bacterial 

identification system for identification of clinical significant bacterial 

isolates with ambiguous biochemical profiles. Journal of Clinical 

Microbiology. 41(5) 1996-2001 

Peix, A. A.,  A. Rivas-Boyero.,  P. F. Mateos., Rodriguez-Barrueco C, Martinez-Molina 

E and Velazquez E (2001)  Growth promotionb of chickpea and barley by 

a phosphates solubilizing strain of Mesorhizobium mediterraneum under 

growth 

Perez, L.M., X. Basoain, M Reyes, G. Pardo, and J. Montealergre. (2002). The 

expression of extracellular fungal cell wall hydrolytic enzymes in different 

Trichoderma herzianum isolates correlate with their ability to control 

Perenochaeta lycopercici. Biological Research 35(3-4): 401-410. 

Peter, E.,  Michael  J. McPherson and Howard (2004). Atkinson enhanced transgenic 

plant resistance to nematodes by dual proteinase inhibitor constructs 

Planta vol ; 472-479) 

Peterson, G.L. (1977).A simplification of the protein assay method of lowry et al., which 

is more generally applicable. Annual Rev Biochem 83,346-356 

Petterson, M., and E. Baath. (2004). Effects of the properties of the bacterial community 

on pH adaptation during recolonization of a humus soil. Soil Biol. 

Biochem. 36:1383-1388. 

Picard, C., F. Di Cello, M. Ventura, R. Fani, and A. Guckert. (2000)  Frequency and 

biodiversity of 2, 4-diacetylphloroglucinol-producing bacteria isolated 

from the maize rhizosphere at different stages of plant growth. 66:948-

955. 



Pikovskaia, R.I, (1948). Metabolism of phosophorus soil in concentration with vital 

activity of some microbial species.  Microbiologia, 17:362-370. 

Pillai, S. N., and M. V. Desai. (1976). “Punnakkai” cake on the control of root-knot 

nematode. Helminth. Abst. 1625, Sr. B. 47(4): P. 154, 1978. 

Powell, N. T. and E. L. Moore. (1961. A technique for inoculating leaves with root-knot      

nematodes. Phytopath, 30: 710. 

Pratibha V. Yas., Parveen Rahi, Anjali Chohan and Arwind Gulati (2007). Phosphate 

solublization potential and stress tolerance of Eupenicillium parvum from t 

soil. Mycological Research. 111, 931-938. 

Ptirivedi, B. Kumar., A. Panday and L. M. S. Palni (2003). Growth promotion of Rice by 

phosphate solublizing bioinoculants in a Himalian location. 1St 

International meeting on microbial phosphate solublization: 291-299 

Qamar, F., S.A Khan., M. Saeed., and H.A Khan. (1985). Efficacy of tenekil against 

nematode parasitizing chillies Pak. J.SC. ind. Res., 28:276-278. 

R, Antoun H and Cescas Michel (1996) Growth promotion of maize and lettuce by 

phosphate solubilizing Rhizobium leguminosarum biovar. Phaseoli. Plant 

Soil 184, 311–321 

Raaijmakers, J. M., M. Vlami., and J. T. de Souza. (2002). Antibiotic production by 

bacterial biocontrol agents. Antonie Leeuwenhoek 81:537-547. 

Raffi, V. Aroian (2005) Many roads to resistance: how invertebrates adapt to Bt toxins 

BioEssays Vol 6 614 – 624 

Rahman, M.F., G.K. Sharma., and M.M. Alam. (1988). Evaluation of nematicidal 

potential in two insecticides against root-knot nematode, Meloidogyne 

incognita attacking tomato. Pak. J. Nematol., 6(20): 79-82. 

Rajkumar, P., and K. Krishnappa., (1984). Response of tomato Cvs. To three races of 

root-knot nematode Meloidogyne incognita Int. Nematol. Network Newsl. 

11 (Dec) 8-9. 

Rasul, G., M. S Mirza., F latif, and K.A Malik. (1998). Identification of plant growth 

harmone production by bacterial isolates from rice, wheat. In: Nitrogen 

fixation with non legume. Eds. K.A. Malik, M.S. Mirza and J.K. Ladtia. 

Klwver academic publisher. Prodrecht. Boston. London pp 25-37. 



Raupach, G. S. and J. W. Kloepper (1998) Mixture of plant growthpromoting 

rhizobacteria enhance biological control of multiple cucumber pathogens. 

Phytopathology 88:1158–1164 

Roberts, P.A. (1988). Effects of metam-sodium applied by drip irrigation on root-knot 

nematodes, Pythium ultimum, and Fusarium sp. In soil and on carrot and 

tomato roots. Plant Disease, 72:213-217.  

Rodriguez, R.J.M. (1988). Determination of different species of Meloidogyne found on 

resistant tomato varieties. Communicaciones del III congress National de 

Fito patologia Puerto de la cruz (Tenerife-Islas canarrias) 29 Oct-2 Nov. 

1984 (Edited by Liobet, L.G.): 71-74. 

 Rodriguez-Kabana, R. and M.H. Pope. (1981). A simple incubation method for the 

extraction of nematodes from soil .Nematotropica 11,175-186. 

Samiyappan, R. (2003).  Molecular mechanisms involved in the PGPR mediated 

suppression of insect pests and plant pathogens attacking major 

agricultural and horticultural crop in India. 6th International PGPR 

Workshop,5-10 Oct. Calicut, India. 

Schmidt, A. (1871). Uberden Ruber-Nematoden (Heterodera schactii) Z.Zuckind 

Zoolversein 21,1-19. 

Sharma V K and J. Nowak (1998) Enhancement of Verticillium wilt resistance in tomato 

transplants by in vitro co-culture of seedlings with a plant growth 

promoting rhizobacterium (Pseudomonas sp. Strain PsJN). Can. J. 

Microbiol. 44, 528–536. 

Shipinova, S.I. (1964). Studies of the use of predatory fungi for control of the root-knot 

nematode. Phytonematology No. 546, PP. 38-41. 

Siddiqui, M.A. and M.M. Alam. (1985). Further studies on the nematodes toxicity of 

Margosa and Persian lilac (Research notes). Neem newsletter 2(4): Octo-

Dec. 

 Siddiqui, Z.A., I. Mahmood (1995) Role of plant symbionts in nematode management, a 

review. Bioresour Technol 54:217–226 

 



Siddiqui ZA., I. Mahmood (1999) Role of bacteria in the management of plant parasitic 

nematodes, a review. Bioresour Technol 69:167–179 

Siddiqui, I. A., S. A. Qureshi., V. Sultana., S. Ehteshamul-Haque and A. Ghaffar (2000). 

Biological control of root rot–root knot disease complex of tomato. Plant 

Soil, 227, 163–169 

 Siddiqui, I. A, S. Ehteshamul-Haque and S. S Shaukat (2001). Use of rhizobacteria in the 

control of root rot–root knot disease complex of mungbean. J. Phytopath. 

149, 337–346. 

. 

Siddiqui, I.A., and S.S Shaukat. (2003).   Plant Species host age and host genotype effects 

on Meloidogyne incognita biocontrol by pseudomonas fluorescens strain 

CHAO and its genetically modified derivatives. Journal of Phytopathology 

151, 231-238. 

 Siddiqui, I.A., D. Hass, and S. Heeb, (2005.  Extracellur protease of Pseudomonas 

fluorescens CAHO, a biocontrol factor with activity against the root knot 

nematode. Applied and Environmental Microbiology Sept, 2005. 5646-

5649 

Siddiqui, Z.A. (2006) PGPR: prospective biocontrol agents of plant pathogens. In: 

Siddiqui ZA (Ed) PGPR: biocontrol and biofertilization. Springer, The 

Netherlands, pp 111–142, 318 pp. ISBN 1402040024 ler and Gooch 1982. 

but usually large amount is needed for such practice 

Sikora R A (1988) Interrelationship between plant health promoting rhizobacteria, plant 

parasitic nematodes and soil microorganisms. Med. Fac. Landbouww. 

Rijksuniv. Gent, 53/2b, 867–878. 

Sikora, R.A., R.S. Singh., and K, Sitaramaiah (1973) Control of root-knot through 

organic and inorganic soil amendments. 3. Effect of rice husk and 

sugarcane bagasse. Haryana Journal of Horticultural Science, 2: 123-127. 

Singh, J., N. Batra., and  R.C. Sobti (2001) Serine alkaline protease from a newly isolated 

Bacillus sp. SSR1. Proc Biochem 36:781–785 

Singh, R.S. and K. Sitaramaiah. (1966). Incidence of root-knot of okraand tomatoes in 

oil-cake amended soil. Plant Disease Reporter, 50: 668-672 



Shah, S.K. (2006).Biofertilizer: An alternative source of nutrients for sustainable 

production of crops. Jour of Sustainable Agri, vol 29. Issue.1 

Smith, P.G. (1944). Embryo culture of a tomato species hybrid. Proceedings of the 

American Society of Horticultural Science, 44:413-416. 

Spiegel, Y., Chet, I., Galper, S., Sharon, E.and  Cohn, E. (1991). Use of chitin for 

controlling plant parasitic nematode.  Plant and Soil    98, 337-345 

Steiner, G. (1940). The root-knot nematodes attacking stem and leave of plants. 

Phytopath 30: 710. 

Stirling, G.R., (1984).  Biological control of Meloidogyne javanica with Bacillus 

penetrans Phytopathology 74, 55-60 

Stirling, G.R., M.V. Mckenry and R. Mankau. (1979) Biological control of root-knot 

nematodes on peach. Phytopathology (8): 806-809 

Taylor, A.L., J.N.Sasser & J.A Nelson (1982). Relation ship of climate and soil 

characteristic to geographical distribution of Meliodogyne spp in 

Agricultural Soils.A coop. Pub. Dept.Pla.Path; N.S. State University and 

U.S Agency.Int.Dev.Releigh, NC.565 PP`  

Thomason, I. J (1987) Challenge facing Nematology: Environmental risk with nematicide 

and need for few approaches 449-47 pp .In; Vistas on nematology (Eds) 

vech, J.A.and Dickson society of nematologists. Maryland 

Tian, B.Y.,  N. Li., L.H. Lian.,  J.W. Liu.,  J.K. Yang., K.Q. Zhang. (2006) Cloning, 

expression and deletion of the cuticle-degrading protease BLG4 from 

nematophagous bacterium Brevibacillus laterosporus G4. Arch Microbiol 

186:297–305 

Tilak K V B R   (1991) Bacterial Fertilizers. Publication and Information Division. Indian 

Council of Agricultural Research, New Delhi.  

Timmusk, S., (2004). Mechanism of growth promotion by P. polymyxa. 

Todar, K. (2005). Pseudomonas and related bacteria. University of Wisconsin-Madison 

Department of Bacteriology. Tudor’s onlineTextbook of Bacteriology 

Treub, M. (1885) Ondenzockingen over sereh-Ziek suikkeriet gendan in S’ Lands 

Plantentium the Buitenzorg. Mededeligen unit‘s Lands Plantentium 

Batavia 1888:1-39 



Triantaphyllou, A.C. (1960). Sex determination in Meloidogyne incognita (Chitwood, 

1949) and intersexuality in M. javanica (Treub, 1885) Chitwood, 1949. 

Annals d L’ Institute Phytopathologi Benaki, 3: 12-31. 

Triantaphyllou, A.C. (1962).Oogenesis in the root-knot nematode M. javanica. 

Nematologica, 7: 105-113. 

Tunlid, A., S. Rosen., B. Ek., L. Rask. (1994) Purification and characterization of an 

extracellular serine protease from the nematode trapping fungus 

Arthrobotrys oligospora.   Microbiology 140: 1687–1695  

Van Gundy, S.D., A.F. Bird. and H.R. Wallace (1967). Aging and starvation in larvae 

Meloidogyne javanica and Tylenchulus semipenetrans. Phytopathology, 

57: 559-571. 

Viglierchio, D.R. (1971). Nematodes and other pathogens in auxin-related plant-growth 

disorders. Botanical Review, 37: 1-21. 

Viglierchio, D.R. (1978). Nematode and other pathogens in auxin related plant growth 

disorders.Bot.Rev.37:1-21.Walia, R.K. and R.K. Bansal. 1992. Factors 

governing efficacy of nematode oviparasitic fungus, Paecilomyces 

lilacinus, effect of fungus inoculum level. Agro. Asian Nematology 

Network 1(1): 9-11.  

Walia, K. K and D.C. Gupta, (1995). Neem is effective biocide against Meloidogyne 

javanica effecting vegetable Crops.PP.Dis.Rep- 10:50-61.  

Walia, R.K. and R.K. Bansal. (1992). Factors governing efficacy of nematode 

oviparasitic fungus, Paecilomyces lilacinus, effect of fungus inoculum 

level. Agro. Asian Nematology Network 1(1): 9-11. 

Wei, G.,  J.W. Kloepper., S. Tuzun (1996) Induced systemic resistance to cucumber 

diseases and increased plant growth by plant growth-promoting 

rhizobacteria under field conditions. Phytopathology 86:221–224 

Weller, D. M (1988) Biological control of soil borne plant-pathogens in the rhizosphere 

with bacteria. Annu Rev Phytopathol 85; 13-15 

Westcott, Swand and D. L. Kluepfel (1993 ) Inhibition of Criconemella xenoplax egg 

hatch by Pseudomonas aureofaciens. Phytopathology 83, 1245–1249 



Whitehead, A.G. (1986). Techniques of applying nematicides to soil. Bulletin OE. PP. 

16(2): 335-341 (Helminth, Abst, St. B.55 (4): 1174, 1986). 

Winter, M. J. Mcpherson and H. J. Atkinson (2002) Neuronal uptake of pesticides 

disrupts chemosensory cells of nematodes   Parasitology, 125: 561-565 

Woes, C.R., 1987. Bactel evolution. Microbial Rev. 51:221-271 

Wong, C.L and H.J. Willetts (1969). Gall formation in aerial parts of plants inoculated 

with Meloidogyne javanica .Nematolo) gia, 16:425-428.  

Woo P.C., A. M Fung, and S.K.Lau.K.Y. Yuen (2002) Identification of Lactobacillus 

Salvarius by 16s RNA from a bone marro transplants. J.Clinical Microbiol 

40.265-267. 

Xie, L.B., G.L Soada., and Coosemans, J. (2005).  Suppression of Meloidogyne javanica 

by antagonistic and plant growth promoting rhizobacteria. Journal of 

Zhejiang University Science 2005 6(B) 496-501 

Yamanaka, K., K. Wakabayashi, T. Saito and K. Tubaki. (1982). Promotion and 

prevention of growth of pinewilt nematode.  J. of the Agri. Society of 

Japan. 56(6): 427-434. 

Yan, Z., M.S. Reddy., C.M. Ryu., J.A. McInroy., M.A. Wilson and J.W. Kloepper (2002) 

Induced systemic protection against tomato late blight elicited by plant 

growth-promoting rhizobacteria. Phytopathology 92:1329–1333 

Zaki, F.A. (1994). Effect of culture filtrates of Paecilomyces lilacinus on M. javanica. 

Nematol. Medit. 22(1): 41-43. 

Zavaleta-Mejia, E. and  S.D VanGundy. (1982).  Effects of rhizobacteria on Meloidogyne 

infection Journal of Nematology. 14, 475-476 



Appendsix -1   Analysis of variance showing effect of bacterial isolates their 
modes of applications on plant height of tomatoes under 
controlled conditions 

                                     
S .O.V         D.F S.S M.S F-VALUE 
BAC 5 22.99601 4.599201 5.929838** 

MOP 2 200.8277 100.4139 129.4655** 

BAC*MOP 10 0.533797 0.05338 0.068823 

Error 54 41.88258 0.775603  

 
*   =    Significant 
**   =   Highly significant 
 
 
 
                                                     Least Significant Test  
                                             Comparison of Treatment Means 
 
                                                     Plant Height 
 
                Treatment                   Means  
Meloidogyne javanica 7.06 E 
Bacillus subtilis + 

Meloidogyne javanica                 
        7.643333 D 

Pseudomonas fluorescence+ 
Meloidogyne javanica 

7.81 C 

No bacteria +No nematode 7.88 C 
Bacillus subtilis     8.3725 B 

Pseudomonas fluorescence 

 
8.86 A 

                                     
 
                                                    Mode of application 
 
          Mode of application                 Means  

Seed  treatment 5.9 C 

          Root dip treatment 7.922083 B 

           Soil drenching 9.990833 A 

 
*Separation of means by least significant test at 5% level of significance. Mean sharing 
same letter do not differ significantly 



 
Appendix-2  Analysis of variance showing effect of bacterial isolates their modes of 

applications  on fresh weight of shoot of tomatoes under controlled 
conditions 

                                     
 
S .O.V DF S.S M.S F-VALUE 
BAC 5 1.532828 0.306566 2095.511** 

MOP 2 1.834744 0.917372 6270.646** 

BAC*MOP 10 0.031056 0.003106 21.22785** 

Error 54 0.0079 0.000146  

   0.001167  

*   =    Significant 
**   =   Highly significant 
 
 
                                        Least Significant Test  
                                 Comparison of Treatment Means 
 
                                               Fresh weight of shoot 
              Treatment                Means  
Bacillus subtilis +  

Meloidogyne javanica                 
0.216667 E 

Meloidogyne javanica                0.36 D 
Pseudomonas fluorescence+ 
Meloidogyne javanica 

0.433333 C 

No bacteria +No nematode                0.46 C 
Bacillus subtilis 0.578333 B 
Pseudomonas fluorescence 

 
               0.67 A 

                                     
 
                                  
 
                                              Mode of application 
         Mode of application                  Means  

Seed  treatment 0.254167 C 

          Root dip treatment                 0.46 B 

           Soil drenching                0.645 A 

*Separation of means by least significant test at 5% level of significance.Mean sharing 
same letter do not differ significantly 



 
Appendix-3  Analysis of variance showing effect of bacterial isolates their modes of 

applications on Dry weight of shoot of tomatoes under controlled 
conditions 

 
 

S.O.V D.F S.S M.S F-Value 
BAC 5 0.808563 0.161713 2512.942** 

MOP 2 0.544758 0.272379 4232.655** 

BAC*MOP 10 0.082592 0.008259 128.3439** 

Error 54 0.003475 6.44E-05  

     
*   =    Significant 
**   =   Highly significant 
 
 
 
                                                      Least Significant Test  
                                           Comparison of Treatment Means 
 
                                               Dry weight of shoot 
               Treatment                   Means  
Meloidogyne javanica 0.0575 F 
Bacillus subtilis + 

Meloidogyne javanica                 
0.16 E 

Pseudomonas fluorescence+ 
Meloidogyne javanica 

0.17 D 

No bacteria +No nematode 0.27 C 
Bacillus subtilis 0.32 B 
Pseudomonas fluorescence 

 
0.37 A 

                                     
 
                                                    Mode of application 
Mode of application                  Means  

Seed  treatment 0.133333 C 

          Root dip treatment 0.22 B 

           Soil drenching 0.32 A 

 
*Separation of means by least significant test at 5% level of significance. Mean sharing 
same letter do not differ significantly 
 



 
Appendix-4    Analysis of variance showing effect of bacterial isolates their modes of 

applications on fresh weight of root of tomatoes under controlled 
conditions 

 
            
 
S.O.V D.F SS M.S F-Value 
BAC 5 0.732192 0.146438 16.65279** 

MOP 2 0.297978 0.148989 16.94282** 

BAC*MOP 10 0.073613 0.007361 0.837114** 

Error 54 0.474856 0.008794  

*   =    Significant 
**   =   Highly significant 
 
 
                                          Least significant difference 
                                       Comparison of Treatment Means 
 
                                                  Fresh weight of root 

Treatment Means  
  No bacteria +No nematode  0.16 F 

       0.21 E 
Pseudomonas fluorescence 

  
0.26 D 

 Pseudomonas fluorescence+ 

Meloidogyne javanica           
0.36 C 

Bacillus subtilis +Meloidogyne 

javanica                 
0.37 B 

Meloidogyne javanica 0.556667 A 

                                     
 

Mode of application 
Mode of application Means  

Seed  treatment 0.120417 C 

          Root dip treatment                0.22 B 

           Soil drenching 0.333333 A 

*Separation of means by least significant test at 5% level of significance.Mean sharing 
same letter do not differ significantly 



Appendix-5  Analysis of variance showing effect of bacterial isolates their modes of 
applications on Dry weight of root tomatoes under controlled 
conditions 

                                     
 
 
S.O.V D.F S.S M.S F-Value 
BAC 5 0.808563 0.161713 2512.942** 

MOP 2 0.544758 0.272379 4232.655** 

BAC*MOP 10 0.082592 0.008259 128.3439** 

Error 54 0.003475 6.44E-05  

     
*   =    Significant 
**   =   Highly significant 
 
 
                                                     Least Significant Test  
                                            Comparison of Treatment Means 
 
                                                      Dry weight of root 

Treatment Means  
No bacteria +No nematode            0.083333 E 
Bacillus subtilis 0.08925 E 
 Pseudomonas fluorescence 

        
0.15 D 

Pseudomonas fluorescence+ 

Meloidogyne javanica 
0.25 C 

Bacillus subtilis + 

Meloidogyne javanica                 
0.2875 B 

Meloidogyne javanica 0.35 A 
                                     
 

Mode of application 
Mode of application Means  

Seed  treatment 0.130417 C 

          Root dip treatment 0.188333 B 

           Soil drenching 0.286292 A 

 
*Separation of means by least significant test at 5% level of significance. Mean sharing 
same letter do not differ significantly 



Appendix-6     Analysis of variance showing effect of bacterial isolates their 
modes of applications  on Number of juveniles/250 gram of soil 
tomatoes under controlled conditions 

 
 
 
S.O.V D.F S.S M.S F-Value 
BAC 5 2143140 461220.9 49712.43** 

MOP 2 2306104 542.8889 58.51497** 

BAC*MOP 10 1085.778 110.8889 11.9521** 

Error 54 1108.889 9.277778  

     
*   =    Significant 
**   =   Highly significant 
 
 
 
                                          Least Significant Test  
                                 Comparison of Treatment Means 
 
                                 Number of juveniles/250gram of soil 

Treatment Means  
No bacteria +No nematode 0 0 
Bacillus subtilis 0 0 
Pseudomonas fluorescence 0 0 
Pseudomonas fluorescence+ 
Meloidogyne javanica 

292.1667 C 

Bacillus subtilis + 

Meloidogyne javanica                 
303 B 

Meloidogyne javanica 440 A 
                                     
 

Mode of application 
Mode of application Means  

Seed  treatment 167.9167 C 

          Root dip treatment 172.25 B 

           Soil drenching 177.4167 A 

*Separation of means by least significant test at 5% level of significance. Mean sharing 
same letter do not differ significantly 
 
 
 



Appendix-7  Analysis of variance showing effect of bacterial isolates their modes of 
applications on number of juveniles /1 gram fresh weight of root of 
tomatoes under controlled conditions 

 
 

 
S.O.V D.F S.S M.S F-Value 

BAC 5 112120 22424 15932.84** 

MOP 2 1200 600 426.3158** 

BAC*MOP 10 1200 120 86.26316** 

Error 54 76 1.407407  

     
*   =    Significant 
**   =   Highly significant 
 
 
 
 
                                                  Least Significant Test  
                                        Comparison of Treatment Means 
 
                                  Number of juveniles/1gram of fresh root 
              Treatment                  Means  
No bacteria +No nematode 0 0 
Bacillus subtilis 0 0 
Pseudomonas fluorescence 0 0 
Pseudomonas fluorescence+ 
Meloidogyne javanica 

59 C 

Bacillus subtilis + 

 Meloidogyne javanica                 
65 B 

Meloidogyne javanica 100 A 

                                     
 

Mode of application 
Mode of application Means  

Seed  treatment 32.33333 C 

          Root dip treatment 37.33333 B 

           Soil drenching 42.33333 A 

*Separation of means by least significant test at 5% level of significance. Mean sharing 
same letter do not differ significantly 
 



Appendix-8  Analysis of variance showing effect of bacterial isolates their modes of 
applications on egg masses of tomatoes under controlled conditions 

                                     
 
S.O.V D.F S.S M.S F-Value 
BAC 5 5418 1083.6 1950.48** 

MOP 2 261.3333 130.6667 235.2** 

BAC*MOP 10 602.6667 60.26667 108.48** 

Error 54 30 0.555556  

     
*   =    Significant 
**   =   Highly significant 
 
                                        
                                                  Least Significant Test  
                                           Comparison of Treatment Means 
                                                 Egg masses/root system 
               Treatment                 Means  
No bacteria +No nematode 0 0 
Bacillus subtilis 0 0 
Pseudomonas fluorescence 0 0 
Pseudomonas fluorescence+ 
Meloidogyne javanica 

14 C 

Bacillus subtilis + 

 Meloidogyne javanica                 
17 B 

Meloidogyne javanica 20 A 

                                     
 
                                                    Mode of application 
         Mode of application                 Means  

Seed  treatment 6.166667 C 

          Root dip treatment 8.5 B 

           Soil drenching 10.83333 A 

 
*Separation of means by least significant test at 5% level of significance. Mean sharing 
same letter do not differ significantly 
 
 

 
 
 



Appendix-9  Analysis of variance showing effect of bacterial isolates their modes  
                       of applications on gall index of tomatoes under controlled conditions 
 

S.O.V D.F S.S M.S F-Value 
BAC 5 203.8407 40.76814 5990.42** 

MOP 2 12.01361 6.006806 882.6327** 

BAC*MOP 10 12.06806 1.206806 177.3265** 

Error 54 0.3675 0.006806  

     
*   =    Significant 
**   =   Highly significant 
 
 
                                             Least Significant Test  
                                     Comparison of Treatment Means 
 
                                                    GALL INDEX 
               Treatment Means  
 No bacteria +No nematode       0 0 
Bacillus subtilis 0 0 
Pseudomonas fluorescence 0 0 
Pseudomonas fluorescence+ 

Meloidogyne javanica                 
3.1 C 

Bacillus subtilis + 

 Meloidogyne javanica                 
3.358333 B 

Meloidogyne javanica 3.6 A 

                                     
 

Mode of application 
         Mode of application                 Means  

Seed  treatment 1.166667 C 

          Root dip treatment 1.695833 B 

           Soil drenching 2.166667 A 

 
*Separation of means by least significant test at 5% level of significance. Mean sharing 
same letter do not differ significantly 
 
 
 



 
 
NET HOUSE  
 
Appendix-10  Analysis of variance showing effect of bacterial isolates their modes of 

applications on plant height of tomatoes under green house conditions 
 
 

S.O.V        D.F       S.S M.S         F-VALUE 
BLK 3 0.685026 0.228342 0.230071 

BAC 5 97.14024 19.42805 19.57519** 

MOP 2 195.2755 97.63776 98.37723** 

BAC*MOP 10 0.153292 0.015329 0.15445 

Error 51 50.61665 0.992483  

*   =    Significant 
**   =   Highly significant 
 
                                                    Least Significant Test  
                                             Comparison of Treatment Means 
 
                                                       Plant Height 
                 Treatment                 Means  
Pseudomonas fluorescence 6.866667 D 
Pseudomonas fluorescence+ 
Meloidogyne javanica 

               7.54 D 

Bacillus subtilis + 

Meloidogyne javanica                 
9.031667 C 

Bacillus subtilis                9.52 B 
Meloidogyne javanica 9.596667 A 
No bacteria +No nematode 10.04583 A 
                                                  

Mode of application 
 

Mode of application Means  
         Seed treatment 6.730833 C 

          Soil drenching 8.778333 B 

          Root dip treatment 10.79125 A 

 
*Separation of means by least significant test at 5% level of significance. Mean sharing 
same letter do not differ significantly. 
 
 



Appendix-11  Analysis of variance showing effect of bacterial isolates their modes of 
applications on Fresh weight of shoot of tomatoes under green house 
conditions 

 
 
 
S.O.V D.F S.S M.S F-VALUE 
BLK 4 0.010633 0.002658 0.336056 

BAC 5 2.450056 0.490011 61.94531 ** 

MOP 2 1.612289 0.806144 101.9097** 

BAC*MOP 10 0.248978 0.024898 3.147481 N.S 

Error 122 0.965067 0.00791  

     
 *   =    Significant 
**   =   Highly significant 
 
                                                 Least Significant Test  
                                           Comparison of Treatment Means 
 
                                               Fresh weight of shoot 
                 Treatment                  Means  
Pseudomonas fluorescenc 0.35 E 
Pseudomonas fluorescence+ 

Meloidogyne javanica 
0.445833 D 

Bacillus subtilis 0.535833 C 
Bacillus subtilis + 

 Meloidogyne javanica                 
0.54 C 

Meloidogyne javanica 0.655 B 
 No bacteria +No nematode          0.75 A 

                                     
 
                                                 Mode of application 
        Mode of application Means  
         Seed treatment 0.4175 C 

          Soil drenching 0.544167 B 

          Root dip treatment 0.676667 A 

 
*Separation of means by least significant test at 5% level of significance. Mean sharing 
same letter do not differ significantly 



Appendix -12  Analysis of variance showing effect of bacterial isolates their 
modes of applications on Dry weight of shoot of tomatoes 
under green house conditions 

 
 

S.O.V D.F S.S M.S F-VALUE 
BLK 3 0.002104 0.000701 0.788247 

BAC 5 1.390405 0.278081 312.5797** 

MOP 2 1.595874 0.797937 896.929** 

BAC*MOP 10 0.064939 0.006494 7.299567** 

Error 51 0.045371 0.00089  

     
 *   =    Significant 
**   =   Highly significant 
 
                                                 Least Significant Test  
                                       Comparison of Treatment Means 
 
                                             Dry weight of shoot 
               Treatment                 Means  
Pseudomonas fluorescenc 0.181667 E 
Pseudomonas fluorescence+ 
Meloidogyne javanica 

               0.21 D 

Bacillus subtilis + 

Meloidogyne javanica                 
                0.23 D 

Bacillus subtilis 0.245833 C 
Meloidogyne javanica                 0.46 B 
No bacteria +No nematode 0.548333 A 
                                     
 

Mode of application 
        Mode of application               Means  
         Seed treatment 0.129167 C 

          Soil drenching 0.311667 B 

          Root dip treatment 0.497083 A 

 
*Separation of means by least significant test at 5% level of significance. Mean sharing 
same letter do not differ significantly 
 
 
 



 
Appendix-13   Analysis of variance showing effect of bacterial isolates their 

modes of applications  on Fresh weight of root tomatoes under 
green house conditions 

                                                          
S.O.V S.S D.F M.S F-VALUE 

BLK 0.0144 4 0.0036 30.5 

BAC 5.48 5 1.096 9285.556** 

MOP 0.96 2 0.48 4066.667** 

BAC*MOP 0 10 0 0 

Error 0.0144 122 0.000118  

     
 *   =    Significant 
**   =   Highly significant 
 
 
                                              Least Significant Test  
                                         Comparison of Treatment Means 
 
                                               Fresh weight of root 

Treatment Means  
Meloidogyne javanica 0.15 E 
Bacillus subtilis 0.15 E 
 No bacteria +No nematode  0.25 D 
Bacillus subtilis + 

 Meloidogyne javanica                 
0.45 C 

Pseudomonas fluorescence+ 

Meloidogyne javanica              
0.55 B 

 Pseudomonas fluorescence 0.65 A 

                                     
 

Mode of application 
       Mode of application                  Means  
         Seed treatment 0.266667 C 

          Soil drenching 0.366667 B 

          Root dip treatment 0.466667 A 

 
*Separation of means by least significant test at 5% level of significance. Mean sharing 
same letter do not differ significantly 



Appendix-14   Analysis of variance showing effect of bacterial isolates their 
modes of applications on Dry weight of root of tomatoes under 
green house conditions 

                                     
S.O.V S.S D.F M.S F-VALUE 
BLK 0.023811 4 0.005953 9.276398** 

BAC 1.0735 5 0.2147 334.5737** 

MOP 0.858867 2 0.429433 669.1993** 

BAC*MOP 0.019133 10 0.001913 2.981607 

Error 0.078289 122 0.000642  

     
                                       
*   =    Significant 
**   =   Highly significant 
 
 
                                              Least Significant Test  
                                       Comparison of Treatment Means 
 
                                           Dry weight of root 
               Treatment                   Means  
Meloidogyne javanica 0.83333 D 
Bacillus subtilis 0.83333 D 
No bacteria +No nematode 0.155833 C 
 Bacillus subtilis + 

 Meloidogyne javanica                 
0.19 C 

Pseudomonas fluorescence+ 

Meloidogyne javanica 
0.24 B 

Pseudomonas fluorescence 0.3275 A 

                                     
 

Mode of application 
        Mode of application                  Means  
         Seed treatment 0.85833 C 

          Soil drenching 0.179167 B 

          Root dip treatment 0.275 A 

*Separation of means by least significant test at 5% level of significance. Mean sharing 
same letter do not differ significantly 
 



Appendix-15   Analysis of variance showing effect of bacterial isolates their 
modes of applications on Number of juveniles/250 g of soil  
under green house conditions 

                                     
 
 
S.O.V S.S D.F M.S F-VALUE 
BLK 93.66667 4 23.41667 0.389498 

BAC 2951538 5 590307.6 9818.797** 

MOP 0 2 0 0 N.S 

BAC*MOP 1.037037 10 0.103704 0.001725 N.S 

Error 5170.333 86 60.12016  

     
*   =    Significant 
**   =   Highly significant 
 

Least Significant Test 
                                        Comparison of Treatment Means 
 
                                         Number of juveniles/250 g of soil        
                Treatment                Means  
Meloidogyne javanica 0 0 
 Bacillus subtilis 0 0 
 No bacteria +No nematode 0 0 
Bacillus subtilis + Meloidogyne 

javanica 
293 B 

Pseudomonas fluorescence+ 

Meloidogyne javanica  
339 C 

Pseudomonas fluorescence 482.3333 A 

                                     
 

Mode of application 
        Mode of application                  Means  
         Seed treatment 247.5556 B 

          Soil drenching 247.6667 B 

          Root dip treatment 247.6667 A 

 
*Separation of means by least significant test at 5% level of significance. Mean sharing 
same letter do not differ significantly 



Appendix-16  Analysis of variance showing effect of bacterial isolates their modes of 
applications on Number of juveniles/1 gram fresh weight of root of 
tomatoes under green house conditions 

 
 

S.O.V D.F S.S M.S F-VALUE 
BLK 3 29.41935 9.806452 1.254775 

BAC 5 92692.03 18538.41 2372.064** 

MOP 2 1216.951 608.4756 77.85691** 

BAC*MOP 10 1220.246 122.0246 15.61354** 

Error 51 398.5806 7.815307  

     
 *   =    Significant 
**   =   Highly significant 
 
                                            Least Significant Test  
                                 Comparison of Treatment Means 
 
                        Number of juveniles/1 gram fresh weight of root   
                Treatment                  Means  
Meloidogyne javanica 0 0 
Bacillus subtilis 0 0 
No bacteria +No nematode 0 0 
Bacillus subtilis + Meloidogyne 
javanica 

50 C 

Pseudomonas fluorescence+ 
Meloidogyne javanica 

59 B 

Pseudomonas fluorescence        93.33333 A 

                                     
 
                                                 Mode of application 
     Mode of application                 Means  
         Seed treatment 28.66667 C 

          Soil drenching 33.83333 B 

          Root dip treatment 38.66667 A 

*Separation of means by least significant test at 5% level of significance. Mean sharing 
same letter do not differ significantly 



Appendix-17   Analysis of variance showing effect of bacterial isolates their 
modes of applications on number of egg masses of tomatoes 
under green house conditions 

 
 

S.O.V D.F S.S M.S F-VALUE 
BLK 3 21.63226 7.210753 1.517316 

BAC 5 4606.022 921.2045 193.8436** 

MOP 2 1206.493 603.2466 126.9376** 

BAC*MOP 10 1207.069 120.7069 25.39964** 

Error 51 242.3677 4.752309  

     
 *   =    Significant 
**   =   Highly significant 
 
                                             
 
                                                Least Significant Test  
                                            Comparison of Treatment Means 
 
                                                           Egg masses 
              Treatment                  Means  
Meloidogyne javanica 0 0 
Bacillus subtilis 0 0 
No bacteria +No nematode 0 0 
Bacillus subtilis + Meloidogyne 
javanica 

11 C 

Pseudomonas fluorescence+ 
Meloidogyne javanica 

15 B 

Pseudomonas fluorescence 20 A 

                                     
 

Mode of application 
Mode of application Means  

         Seed treatment 2.666667 C 

          Soil drenching 7.666667 B 

          Root dip treatment 12.666667 A 

 
*Separation of means by least significant test at 5% level of significance. Mean sharing 
same letter do not differ significantly 



Appendix-18  Analysis of variance showing effect of bacterial isolates their modes of 
applications on gall index of tomatoes under green house conditions 

                                    
 
 
S.O.V D.F S.S M.S F-VALUE 
BLK 3 0.009871 0.00329 0.356937 

BAC 5 187.0199 37.40399 4057.617** 

MOP 2 11.87238 5.936191 643.9631** 

BAC*MOP 10 11.87388 1.187388 128.8089** 

Error 51 0.470129 0.009218  

     
*   =    Significant 
**   =   Highly significant 
 
                                          
                                         Least Significant Test  
                                 Comparison of Treatment Means 
 
                                               Gall index 
               Treatment                  Means  
Meloidogyne javanica 

 
0 0 

Bacillus subtilis  0 0 
No bacteria +No nematode 0 0 
Pseudomonas fluorescence+ 

Meloidogyne javanica 
2.5 C 

Bacillus subtilis + Meloidogyne 

javanica  
3.2 B 

 Pseudomonas fluorescence 

 
3.8 A 

                                     
 

Mode of application 
Mode of application Means  

         Seed treatment 1.083333 C 

          Soil drenching 1.583333 B 

          Root dip treatment 2.083333 A 

 


