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1. INTRODUCTION

Tomato is a major vegetable crop that has achieved tremendous

popularity over the last century. It is grown in practically every country of the

world - in outdoor fields, greenhouses and net houses. Cultivation of tomato is

limited by both biotic and abiotic stress factors. Root-knot nematode,

Meloidogyne incognita, is one of the major pathogens of tomato throughout

the world, affecting both the quantity and quality of marketable yields. It is an

economically important polyphagous, highly adapted obligate plant parasite,

distributed worldwide and parasitizes nearly every species of higher plant.

Chemical nematicides that are applied in large quantities to tackle this pest not

only very toxic to the mammals and beneficial soil micro fauna/flora, but also

leaves toxic residue on farm produce. Therefore management of root knot

nematode adapting alternative approaches including biological control is

getting momentum.

Biological control of nematodes has long been considered as an

alternative to managing nematodes with pesticides. Plant growth-promoting

rhizobacteria (PGPR) like Psuedomonas jluorescens, Bacillus subtilis,

Azospirillum, Azotobactor etc., are having protection potential in modern

agricultural system. PGPR are capable of improving the plant growth in many

plants and they also act as biological control agents against various soil borne

plant pathogens including root infecting nematodes. Biological amendment

with PGPR inoculants in transplanted vegetables has been reported by several

workers (Gagne et al., 1993; Nemec et al., 1996., Kokalis-Burelle <?/ al„

2002; Russo, 2006; Russo and PerkinsVeazie, 2010).



Biological agents used as consortium, or as mixture, is advantageous

than when they are used separately (Schisler et al., 1997; Slininger et al.,

2010). However, their in vitro and in vivo interactions are to be studied for

efficient use. The fungal endophyte, P. indica has been applied together with

other beneficial bacterial agents such as PGPR strains as mixed inoculum in

mung bean and tomato and improved growth response and disease

suppression ability of the consortium was reported (Sarma et al., 2011;

Kumar et at., 2012). Improved plant growth promotion by combined

inoculation of P. indica and phosphate solubilizing bacteria Pseudomonas

striata in chick pea has been reported by Meena et al., (2010). Anith et al.

(201 1) have reported dual inoculation of Pirifonnosproa indica and the

mycoparasitic fungus Trichoderma harzianum and its effect on plant growth

in tissue cultured black pepper. It is therefore hypothesized that utilizing the

plant growth promotional and nematicidal effect if any, of P. indica and

PGPR will help enhance the growth and yield of tomato plants and

suppression of root knot nematode. The current study was undertaken with the

objective of assessing the potential of the root endophytic fungus

Piriformospora indica, and plant growth-promoting rhizobacteria in

improving plant growth and suppressing root knot nematode infection in

tomato.





2. REVIWE OF LITERATURE

2.1 TOMATO

Solanum lycopersicum L, the commercially cultivated tomato belongs to the

family of Solanaceae, which includes important crops such as eggplant, pepper,

tobacco and potato. According to FAQ (2010) about 125 million tonnes of fresh

tomatoes were produced in the world in 2008. China is leading in production with 25

per cent of the global output followed by the United States. The crop is consumed

and distributed in almost all the countries and considered as one of the most

important horticultural crops worldwide. Tomato is the second most cultivated

vegetable in the world, after potato. It is grown in practically every country of the

world - in outdoor fields, greenhouses and net houses.

The fruit is consumed in diverse ways, as raw, as an ingredient in many

dishes, sauces and in drinks. The beneficial health effects are attributed to lycopene

present in the fruit. Lycopene is a very powerful antioxidant which can help prevent

the development of many forms of cancer. The fruit is a good source of vitamins

such as vitamins A, C, thiamine, riboflavin, niacin as well as minerals such as

potassium and sodium (Smith, 2004). The antioxidant is known to prevent prostate

cancer and improve the skin's ability to guard against harmful ultra-violet radiation

(Rao and Rao, 2007).

2.2 ROOT KNOT NEMATODE {Meloidogyne incognita)

The rhizosphere is the imperative ecological zone of intense microbial

activity where a vast array of organisms, including microbial phytopathogens and
nematodes, live together. In the immediate root zone area nematodes are found to be

significantly prominent than to root free soil (Bazin et al, 1990). These include
obligate parasites, sedentary endoparasites, ectoparasites that cause dramatic yield



losses in many agricultural crops. Plant parasitic nematodes cause global losses to

crop plants with an estimated loss of $ 125 billion per year in the tropics (Chitwood,

2003).

Root knot nematodes are sedentary obligate endoparasites that cause major

economic damage to crops around the world (Williamson and Hussey, 1996).

Meloidogyne spp. cause significant constraints in production of vegetables and other

commercially cultivated crops. It has been considered the most damaging of ten

important genera of plant parasitic nematodes (Sasser and Freckman, 1987) and

cause 5 per cent of worldwide crop loss (Hussey et al,, 2002). The devastating and

deleterious effect on economically important crop plants gives root knot nematodes

the status of most serious pests group among the phjdonematodes in India (Sharma

and Pankaj, 2002).

Meloidogyne incognita, the most important root knot nematode species

causes dramatic yield losses in tropical and subtropical agriculture attacking more

than 2000 species of cultivated plants, particularly vegetables (Sikora and

Fernandez, 2005). Second stage juveniles (J2) penetrate the roots and migrate to the

vascular cylinder, induce severe root galling and ravage the utilization efficiency of

water and nutrients and greatly affect photosynthetic products (McClure, 1977).

Consequently the nematode infection of plants leads to foliage symptoms including

stunted growth, wilting, and poor fruit yield.

Root knot nematodes are one of the major parasites of tomatoes worldwide.

In India the estimated damage to tomato production due to Meloidogyne spp. is

around 40 to 46% (Bhatti and Jain, 1977; Reddy, 1985). Meloidogyne incognita,
Meloidogyne javanica, Meloidogyne hapla and Meloidogyne arenaria are the four

major species of root knot nematode infecting crops among which the one seriously
damaging tomato plants is reported to be M. incognita and has been found to be an
important limiting factor in the tomato production (Maqbool et ai, 1988). The



destructive potential of M incognita in tomato is very high indicating a yield loss of

up to 7.2% in India (Jain et al., 2007). Tomato plants infected with Meloidogyne

shows nitrogen deficiency symptoms or chlorosis, stunted growth and profused root

galling. This disease is a major constraint to the successful cultivation of tomato crop

(Reddy, 1985).

2.3. MANAGEMENT OF ROOT KNOT NEMATODE

Several control strategies, such as host plant resistance, rotation with non-

hosts, destruction of residual crop roots and use of nematicides have been reported to

effectively control root-knot nematodes (Whitehead, 1998). An imperative nematode

management strategy is the use of chemicals but with some serious constraints.

Fumigation of the soil with approved chemical nematicides achieves the best control

of root-knot nematodes. However, the residual effect and slow degradation rate of

chemical nematicides may lead to environmental and human health concerns (Atkins

et al., 2003). The deleterious effects of chemical nematicides are unavoidable since

they are highly toxic to the mammals and beneficial soil micro fauna/flora. Pollution

of groundwater and residual effect on farm produce could not also be excluded.

Integrated nematode management approaches by the use of plant extracts and

antagonistic microorganisms are now getting fast momentum.

2.3 BIOLOGICAL MANAGEMAENT OF ROOT KNOT NEMATODE

Microbial pathogens, endophytes and antagonists are extremely important in

the regulation of plant parasitic nematode populations, irrespective of
agroecosystems. Biological control activity is omnipresent in soil and can range

from negligible to complete nematode suppression, with the degree of biological
control determined by the diversity and density of communities and / or individual

antagonistic microorganisms present in a specific soil.



The potential of microbial pathogens, endophytes and antagonists for

biological control of Meloidogyne spp. is great in a suppressive soil -a soil that

totally suppresses nematode multiplication. Nematode suppressive soils have been

detected, and their activity has been shown to be driven by a diverse spectrum of

microbes: fungal pathogens of eggs, rhizobacteria, generalized fungal antagonists,

mutualistic fungal endophytes and obligate nematode parasitic bacteria (Whipps and

Davies, 2000). Methodologies have been developed to measure and monitor specific

microbial agents comprising the antagonistic potential of a soil suppressive to root-

knot nematodes (Hirsh et ai, 2001).

2.4. BIOLOGICAL CONTROL OF ROOT KNOT NEMATODES WITH

BACTERIAL AGENTS.

Endoparasitic bacteria are known to affect nematodes, the most studied of

which are from the genus Wolbachia (Taylor, 2003). The Pasturia group of bacteria

is hyperparasites of plant parasitic nematodes and water fleas. All the economically

important genera of plant parasitic nematodes are parasitized by Pasturia spp.

Todate, five species of Pasturia that differ in their host ranges and pathogenicity

have been described, among which Pasturia penetrance is parasitic on Meloidogyne

spp. (Sayre and Starr, 1985). Parasitized females of root knot nematode produce only

a few eggs (Davies et at., 2008) and this bacterium has been associated with root

knot nematode suppressive soil (Turdgill et al., 2000).

Rhizosphere bacteria form a complex assemblage of species and among the

dominant bacterial genera. Bacillus and Pseudomonas are able to antagonize plant

parasitic nematodes (Sikora, 1992). Other rhizosphere bacteria expressing
antagonistic potential against Meloidogyne include members of the genera
Agrobacterium, Alcaligens, Aureobacterium, Chryseobacterium, Corynebacterium,



Enterobacter, Klebsiella, Paenibacillus, Phyllobacterium, Rhizobium and

Xanthomonas. (Klopper et a/., 1992; Duponnois et a!., 1999; Krechel et al, 2002;

Oliveira et al., 2007). Following intensive in vitro and ad planta screening

procedures, several endophytic bacteria have been identified as antagonists of

spp.(Siddique and Mahmood, 1999),

2.5. PLANT GROWTH PROMOTING RHIZOBACTERIA (PGPR)

Plant growth-promoting rhizobacteria (PGPR), are rhizosphere bacteria that

significantly facilitate plant health, by improved plant growth and crop yields under

greenhouse and field conditions. Many of them also act as biocontrol agents against

various plant diseases, (Kloepper et al., 1980; Kloepper et al., 2004', Hass and

Defago, 2005; Lugtenberg and Kamilova, 2009; Kavino et al, 2010; Lee et al.,

2014)). The amendment of soil with beneficial rhizobacterial strains may help

promote plant growth in various ways, such as phosphate utilization (Rodriguez and

Fraga, 1999), enhancing indole-3-acetic acid (lAA) production (Gupta et al, 2000),

and making atmospheric nitrogen available to the plants (Bashan and Holguin,

1997). Most of the PGPR strains are able to protect the plants through direct

mechanisms by the production of antibiotics, biocidal volatiles, lytic enzymes, and

detoxification enzymes, bacterial allelochemicals, including iron-chelating

siderophores (Raupach et al, 1996).

Many marketable biofertilizers are mainly based on plant growth promoting

rhizobacteria (PGPR) that exert beneficial effects on plant development often related

to the increment of nutrient availability to host plant (Vessey, 2003). PGPR seem to

promote plant growth through suppression of plant pathogens (Zehnder et al, 2001;
Ji et al, 2006; Veerubommu and Kanoujia, 2011), production of antimicrobial

substances, competition for space, nutrients and ecological niches, or through

production of phytohormones and peptides acting as bio stimulants without negative



effects on the user, consumer or the environment (Click el al., 1998; Johnsson et al,

1998; Jimenez-Delgadillo, 2004).

Alternatively PGPR act against phytopathogens through induced systemic

resistance (ISR), production of antimicrobials and bacteriocins (Kloepper et al,

2004). Research efforts all over the world have led to the successful development of

biotic and abiotic agents that can induce systemic resistance in host plants against

infectious agents and promote plant growth (Kloepper et al., 2004', Catinot et al.,

2008).

PGPR can also protect plants against nematodes (Oliveira et al., 2007; El-

Hadad et al, 2010). Approximately, 7-10% of all rhizobacteria display antagonistic

potential against nematodes through antibiosis and induced resistance (Burkett-

Cadena, 2008). Several Bacillus and Pseudomonas species are effective in managing

Root-Knot Nematode diseases in pot experiment (Siddiqui and Akhtar, 2009; Singh

and Siddiqui, 2010). Consortium of biocontrol agents with different plant

colonization patterns and mode of action may be useful for suppression of different

plant pathogens (Akhtar and Siddiqui, 2007). Moreover, mixtures of taxonomically

different biocontrol agents that require different optimum temperature, pH, and

moisture conditions may colonize roots more aggressively, improve plant growth

and efficacy of disease suppression (Siddiqui, 2006).

Upregulated activity of defence related enzymes such as peroxidase (PO),

polyphenol oxidase (PPO), phenylalanine ammonia lyase (PAL) and total phenol

content was observed in the consortium of P. fluorescens (pf 123) and B. subtilis (Bs

214) black pepper cv. Panniyur 1 against root knot nematode, Meloidogyne
incognita (Devapriyanga et al., 2011). Bioagents such as Trichoderma harzianum
and P. fluorescens was found to have significant effect on control of M. incognita-
Rhizoctonia solani complex on okra (Bhagwati et al, 2009). Several rhizophere



bacteria, such as Bacillus sphaericus B43, Rhizohium elti GI2 and P. fluorescens

pfl, have been shown to induce systemic resistance towards several plant parasitic

nematodes, including species of Meloidogyne (Siddiqui and Shaukat, 2004; Sikora

and Fernandez, 2005).

2.5.1 Bacillus spp.

The genus Bacillus includes organisms which are often considered as

microbial factories for the production of a wide variety of biologically active

molecules against phytopathogens, and the beneficial interactions stimulates the host

defense mechanisms in the colonized plants (Ongena and Jacques, 2007). The

beneficial effect as a growth promoter by the genus is attributed to its good

colonization ability and production of growth hormones (Weller, 1988). Bacillus

species have been reported to possess growth promotional effect on a wide range of

plants (De Freitas et al, 1997; Kokalis-Burelle et al., 2002) and are very effective in

the biological control of many plant diseases. Bacillus spp. are helps the plant to

evade diseases through pathogen inhibition by diffusible or volatile compounds,

induction of resistance in plants and aggressive root colonization (Kloepper et al,

1980; Weller, 1988; Siddiqui and Mahmood, 1999; Siddiqui, 2000). They produce a

wide variety of antibiotics, growth promoting hormones and can solubilize

phosphorous (Rodriguez and Fraga, 1999). Bacillus spp. is capable of producing

endospores that allow them to survive in adverse environmental conditions for

extended periods. Moreover, a few members are diazotrophs B. subtilis was isolated

from the root zone of a wide range of plant species at concentrations as high as lO'

per gram of rhizosphere soil (Wipat and Harwood, 1999). Bacillus megaterium
KL39, a biocontrol agent of red-pepper Phytophthora blight, produces an antifungal
antibiotic active against a broad range of plant pathogenic fungi (Jung and Kim,

2003). The species such as B. cereus, B. lentimorbus and B. licheniformis were

found to be the best isolates to inhibit Fusarium roseum var. sambucinum (Sadfi et

10



al., 2001). The enhancement of plant growth and suppression of plant pathogenic

organisms in the rhizosphere was reported to be contributed by a strain of B.

amyloliquefaciens, FZB42 (Koumoutsi et al., 2004).

The cell free extracts of Pseudomonas spp.RKR-33 and Bacillus spp. RKB-

91 containing the toxic metabolites has significantly delayed egg hatching and

nematode mobility to the extent of 64-77 % of the treated juveniles within 24 houres

(PankaJ et al., 201 1). In the package of practice KAU, nursery treatment with

Bacillus macerans/Paecilomyces lilacinus at the rate of 25 g/ m" and drenching the

same at the rate of 3% solution seven days after sowing is recommended for

managing root knot nematode. BioNem-WP and BioSafe are two biological

nematicides based on lyophilized Bacillus firmus supplemented with non-toxic

additives intended mainly for controlling Meloidogyne spp. and BioYield™ is a

biological inoculant containing Paenibacillus maceram and B. amyloliquefaciens to

be incorporated into glass house planting mixes (Hallmann et al., 2009). Commercial

products containing B. thuringiensis such as Dipel and Turex, have been shown to

reduce damage caused by root-knot nematodes (Radwan, 2007a).

2.5.2 Fluorescent Pseudomonads

The genus Pseudomonas belongs to the y subclass of the proteobacteria and

includes mostly fluorescent Pseudomonads as well as few non-fluorescent species.

Among the wide array of rhizosphere bacteria, Pseudomonas spp. are referred to as

plant growth-promoting rhizobacteria (PGPR) because of their intimate association

with improved plant growth and health (Kloepper, 1993).

The effects of Pseudomonas in plant growth promotion have been observed

in many crops (Lemanceau, 1992). The beneficial effects of these bacteria are

positively correlated with its ability to promote plant growth and to protect the plant
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against pathogenic microorganisms. Indoie acetic acid (lAA) production by

Pseudomonas and its role in the plant development is also evidenced (Patten and

Click., 2002).

Pseudomonas fluorescens can act as strong elicitors of plant defense reaction

(M'Piga et ai, 1997). These bacteria are able to produce a wide range of antifungal

metabolites, have catabolic versatility, and excellent root-colonizing capacity.

Fluorescent Pseudomonas spp. are among the most effective rliizosphere bacteria in

ameliorating diseases caused by soil-bome pathogens (Siddiqui and Shaukat 2004 ).

Pseudomonas fluorescens which live in close proximity of plant roots, help in

boosting the plant development and defence through various mechanisms is

deleterious to the plant pathogens. The bacteria achieve this mainly by bio-

stimulation, biocontrol, bio-fertilization and bio-remediation.

The biocontrol potential of fluorescent pseudomonads against root-knot

nematode on tomato has been reported (Santhi and Subramanian, 1995). P.

aeruginosa and Paecilomyces lilacinus used as single inoculation or combination

significantly reduced infection of M. javanica and root infecting fungi on chillli. P.

aeruginosa being more effective than P. lilacinus in reducing nematode infection

(Perveen et al., 1998). Combined use of T. harzianum and P. aeruginosa caused

greatest reduction in gall formation (Siddiqui, 2000). Application of P. fluorescens at

10 g Kg"' seed was effective in reducing the menace of root knot nematode, M

incognita in tomato (Varma et al., 1998). The effectiveness of pf (I) strain of P.

fluorescens against M incognita has been reported in tomato (Mani et al., 1998) and

brinjal (Sheela et al., 1999). Pseudomonas fluorescens strain BICC602 suppresses

root-knot nematode {Meloidogyne incognita) by eliciting defense mechanism leading

to induced systemic resistance in cowpea (Vigna unguiculata) and tomato (Solanum

lycopersicum) (Mukherjee and Sinha babu, 2012). Tomato plants treated with P.
lilacinus had a high reduction (55%) in galling and nematode multiplication, while

P. putida caused a 39% reduction in galling and nematode multiplication (Siddiqui
and Akhtar, 2008).
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Many strains of Pseudomonas can indirectly protect the plants by inducing

systemic resistance against various pests and diseases (Van Loon et a/., 1998;

Ramamoorthy et al., 2001; Zehnder et a/., 2001). P. Jluorescem induced systemic

resistance against root-knot nematode through accumulation of defense enzymes PO,

PRO and PAL (Kavitha et al., 2013). Secondary metabolites produced by

Pseudomonas spp. such as 2, 4-diacetylphloroglucinol (DAPG), phenazines and

hydrogen cyanide, inhibit soil-bome pathogens (Haas and Defago, 2005). DAPG

negatively influence mitochondrial activity (Gleeson et at., 2010) and also helps in

the control of plant-parasitic nematodes (Cronin et at., 1997; Siddiqui and Shaukat,

2003). Meloidogyne arenaria development in gound nut root treated with P.

fluorescens was inhibited by reduced and poor development of giant cells

(Kalairasan et al., 2008). The culture filtrates of Pseudomonas spp. at 100 %

concentration has resulted in 83.3 % M. mcog/r/Va juvenile mortality after 48 hours

of exposure (Rajkumar et al., 2012). P. fluorescens is capable of inducing systemic

resistance against Meloidogyne incognita in tomato by the accumulation of the

defence enzymes like PO, PRO and PAL (Sankarimeena et al., 2012).

2.6. FUNGAL BIOCONTROL AGENTS

Fungal bioagents such as Paecilomyces lilacinus, Pochonia chlamydosporia

and Trichoderma harzianum were reported to improve plant growth as well as

reduce the M. incognita reproduction in tomato (Joshi et al., 2012). Application of

YAM (Glomus fasciculatum) along with balanced fertilizer had significant effect in

improving biometric characters and inhibition of M incognita development in

tomato (Sarangi et al., 2014). For cotton, Saleh and Sikora (1984) reported that 38%
mycorrhization by Glomus fasciculatum was required for control of M. incognita.

Dual inoculation of AMF (Funneiiformis mosseae) and Pasturia penetrans showed

highest efficacy in reducing the final nematode densities in tomato. Higher reduction
in galling and nematode multiplication was observed when Pseudomonas putida was
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used with Glomus intraradices together with composted manure (Siddique and

Akhtar, 2008).

Among the nematophagous fungi PaecUomyces lilacinus and Pochonia

chlamydosporia, can parasitize both the egg and female stages of the nematode

(Morgan-Jones et ai, 1982; Rodriguez-Kabana et al., 1984).

Predacious fungi often referred to as nematode trapping fungi, are specialized

forms of nematophagous, soil-borne fungi that form mycelium able to capture

nematodes. Different fungal species produce different trapping structures. The most

simple structures are fungal hyphae covered with adhesive secretions produced by

Stylopage spp., followed by adhesive branches in the case of Monacrosporium

cionopagum iSixrWng, 1991).

Among the saprophagous fungi Trichoderma is a ubiquitous soil fungus that

also colonizes the root surface and root cortex. Trichoderma harzianum, provide

excellent control of root knot nematodes (Sharon et al., 2001). Other species within

the genus Trichoderma with antagonistic activity towards Meloidogyne include T.

viride, T. atroviridae and T. azperellum (Sharon et al, 2007).

The potential of endophytic fungi to reduce infestation by Meloidogyne spp.

was first demonstrated for arbuscular mycorrhizal (AM) fungi in vegetable

transplants (Sikora and Schonbeck, 1975). AM fungi compete with plant parasitic
nematodes for nutrient sources and space (Diedhiou et al, 2003).

Entamopathogenic nematodes have been found to reduce populations of root

knot nematodes. A significant decrease in the number of galls and egg masses by M

incognita on tomato following soil application with Steinernema feltiae was reported
(Lewis etal, 2001).
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2.6.1. Piriformospora indica

Piriformospora indica, a newly described root endophytic fungus has been

reported to have beneficial effect on plant growth and productivity (Varma et ai,

1999; Farkya et al, 2010). The fungus was isolated from the rhizosphere soils of the

woody shrubs Prosopis julijlora and Zizyphus nummularia from the sandy desert

soils of Rajasthan, India (Varma et al., 2001). P. indica is widely distributed as a

symptomless root endophyte, and it colonizes members of bryophytes,

pteridophytes, gymnosperms and angiosperms. Molecular phylogenetic analyses

have revealed that P. indica is a member of the basidiomycetous order Sebacinales

(Basidiomycota: Agaricomycetes) (Qiang et at., 2012; Weiss et al., 2004).

The young mycelia of P. indica are white and almost hyaline, but

inconspicuous zonations are observed in older cultures. The mycelia are mostly flat

and submerged into the substratum. Chlamydospores are formed from thin-walled

vesicles at the tips of the hyphae. The chlamydospores appear singly or in clusters

and are distinctive because of their pear-shaped structure. P. indica grows best on

modified Hill—Kaefer synthetic medium (Hill and Kaefer, 2001; Pham et al., 2004).

The fungus is easily cultivable, lacks host specificity and colonizes roots of many

different plants, mostly in an endophytic fashion (Varma et al., 2001).

P. indica is a wide-host root-colonizing endophytic fungus which allows the

plants to grow under extreme physical and nutrient stresses. The fungus grows inter

and intracellularly, forms pearshaped, auto fluorescent chlamydospores within the

cortex of the colonized roots and in the rhizosphere zone, but it does not invade the

endodermis and the aerial parts of the plants. The fungus promotes nutrient uptake,

allows plants to survive under water, temperature and salt stresses, and confers

systemic resistance to toxins, heavy metal ions, insects and pathogenic organisms
(Das et al., 2012). Further, it was shown to stimulate excessive production of
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biomass, early flowering and seed production. It is a potential microorganism

imparting biological hardening of tissue culture-raised plants (Yadav et ah, 2010).

Besides this direct beneficial interaction, autoclaved cell-wall extracts (CWE) as

well as the application of culture filtrates (CF) containing fungal exudates were

shown to promote plant growth (Vadassery et al, 2009). However, there is only a

limited knowledge about the chemical compositions of the CWE and CF.

P. indica has also been reported to increase plant stress tolerance towards

abiotic stresses like drought, acidity, and heavy metals (Kumari et al., 2004) and

against biotic stresses such as plant pathogens (Waller et al, 2008; Zuccaro et al.,

2009). In barley, P. indica triggers resistance against Fusarium head blight

{Fusarium graminearuni) (Deshmukh and Kogel, 2007) as well as against the leaf

pathogen Blumeria ̂ aminis f. sp. hordei (Waller et al., 2005). Thus, it is suggested

that P. indica may induce systemic resistance in plants. The fungus interacts with

fungal and viral pathogens and also improves the growth of tomato plants (Fukhro et

al., 2009)

P. indica colonization, as well as the application of fungal exudates and cell-wall

extracts, significantly affects the vitality, infectivity, development, and reproduction

of the cyst nematode Heterodem schachtii in Arabidopsis thaliana (Daneshkhah et

al., 2013).

In general, biological control of plant disease against a single pathogen is

aided by a single biocontrol agent (Wilson and Backman, 1999). This may

sometimes account for inconsistent performance because a single agent is not

active in all soil environments or against all pathogens that attack the host plant.

On the other hand, compatible combinations of biocontrol agents with different

plant colonization patterns may be useful for management of different plant
pathogens via different mechanisms of disease suppression (Akhtar and Siddiqui,
2008). Consortium of biocontrol agents with different growth requirements such
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as optimum temperature, pH, and moisture conditions may colonize roots more

aggressively, and act synergisticaliy to improve the biocontrol potential (Siddiqui,

2006). Biocontrol agents with different mode of action can be dual inoculated in

order to provide greater efficiency against plant pathogens on different crops than

inoculation with a single agent (Guetsky et al, 2002).
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3. MATERIALS AND METHODS

The study entitled "plant growth promotion and root-knot nematode

management in tomato using Piriformospora indica and rhizobacteria" was

undertaken in the Department of Agricultural Microbiology, College of Agriculture

Vellayani during 2014-2016. Details of the materials used and methods employed

for the study are furnished below:

3.1 MAINTENANCE OF BACTERIAL AND FUNGAL CULTURES.

The three species of Bacillus viz., Bacillus pumilus, Bacillus .luhtilis and

Bacillus amyloliquefaciens were routinely cultivated on Nutrient broth (NB) or

Nutrient Agar (NA) and stored on NA slants at refrigerated conditions. The

Pseudomonad strains Pseudomonas fluorescens AMB 8 and Pseudomonas

fluorescens PN026 used in the present study were cultured on King's medium B

(KB) broth or Agar and maintained on KB agar slants. Piriformospora indica, the

root endophytic fungus was grown on Potato Dextrose Broth (PDB) or PDA and

preserved on PDA slants. All the microbial cultures were obtained from the

Department of Agricultural Microbiology, College of Agriculture Vellayani.

3.2 MAINTANANCE OF NEMATODE CULTURE

Root-knot nematode, Meloidogyne incognita was cultured and maintained

on tomato plants grown in pots filled with garden soil. Seedlings of the tomato

variety Vellayani Vijay were obtained from the Department of Olericulture, College

of Agriculture Vellayani. Tomato plants were artificially inoculated with initial
culture of M. incognita at the rate of two nematodes per Kg of soil. Inoculated

plants were maintained throughout the experiment for the collection of second stage
juveniles (J2) and egg masses, whenever necessary. Second stage juveniles were
collected by hatching of the eggs collected from the galls.
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3.3 COLLECTION OF EGG MASSES AND h FROM CULTURE PLANTS

Infected tomato plants were carefully uprooted and roots were washed

thoroughly in running tap water. Honeydew like brown egg masses adhered to the

galls were hand-picked using forceps and collected in sterile distilled water. They

were then surface sterilized in 0.5 per cent sodium hypochlorite for two minutes,

followed by three washings with sterile water (Singh and Siddique, 2010). After

surface sterilization, the egg masses were collected in stferile distilled water

amended with rifampicin (100 pg/ml) (Pankaj et al., 2011).

For collection of J2 infective stages the eggs were allowed to hatch in sterile

distilled water for two days using Modified Bearmann Funnel Technique (Southey,

1986). In brief, bottoms of Petri plates (10 cm dia) were poured with sterile water

and above that a concave wire mesh covered with double layared tissue paper was

placed carefully without breaking the tissue paper. The egg masses were spread

evenly on the tissue paper. The edges of the tissue paper extending outside the wire

mesh were folded in order to avoid the trickling of water drops from the edges

which may carry nematodes. Petri plates were then completely filled with water,

and the water level was maintained to 5 mm above the wire mesh. This was

incubated at room temperature. After 24 to 48 hours the wire mesh along with filter

paper was removed and the extracted nematodes in the Petri plates were collected

and counted under a sterio zoom microscope.

3.4. IN VITRO ANTAGONISTIC ASSAY

3.4.1.1. Collection of Cell Free Extract (CPE) of Bacillus spp.

Three isolates of Bacillus such as Bacillus pumilus. Bacillus subtilis and

Bacillus amyloliquifaciens were used for the experiment. A loopful of bacterial
cells from a single well isolated colony was inoculated into 100 ml of Nutrient
broth in 250 ml conical flask and incubated at 28+ 2°C for 24 hours at 100 rpm in
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an incubator shaker. Bacterial cells were separated from Nutrient broth by

centrifugation at 8000 rpm for 5 minutes and the supernatant was aseptically

collected. CFE of each isolate was collected separately in sterile glass vials by filter

sterilization using bacteriological filters of 0.2 pm size under aseptic conditions.

The CFE were further diluted to S/2 (half strength) and S/4 (quarter strength)

concentrations with appropriate amount of sterile water.

3.4.1.2 Collection of Cell Free Extract (CFE) of Pseudomonas spp.

Pseudomonas fluorescens AMDS and Pseudomonas Jluorescens PN026

were inoculated into 100 ml of King's B broth in 250 ml conical flask and

incubated at 28 + 2°C for 24 hours as described above. Collection of CFE and

preparation of diluted CFE were done as mentioned in section 3.4. I.I.

3.4.1.3 Collection of Cell Free Extract (CFE) of Piriformospora indica

The fungus was grown on PDA plates for 7 days and a 5 mm diameter

mycelial disc was cut out using a sterile cork borer and used for inoculating 100 ml

of Potato Dextrose Broth (PDB) (pH 7) in 250 ml conical flask and incubated at 28

+ 2''C for 10 days with shaking at 100 rpm in an incubator shaker. The fungal

mycelium was separated by centrifugation at 8000 rpm for 10 minutes. CFE was

collected aseptically and filter sterilized using bacteriological filters of 0.2 pm size.

The CFE was further diluted to S/2 and S/4 concentrations with appropriate amount

of sterile distilled water.

3.4.2 In vitro screening of CFE of Rhizobacteria for Meloidogyne Incognita egg

hatching and Jz mortality.

3.4.2.1. Effect of CFE oi Bacillus on egg hatching of M. incognita

The cell free extracts of the Bacillus isolates were screened separately for

egg hatching of root-knot nematode M incognita under in vitro conditions. The
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CFE of different concentration were transferred to sterile plastic Petri dishes of

diameter 55 mm. Three surface sterilized egg masses of almost similar size were

picked with sterilized forceps and placed in CFE concentrations of S, S/2, S/4 of

each isolate separately, incubated at 28°C and observed for egg hatching. For

control, three egg masses were placed in 5 ml sterile distilled water. Each set was

replicated six times and the experiment designed as CRD. Observations were taken

at hourly intervals for the first four hours and then at 24, 48 and 72 hours of

incubation.

3.4.2.2. Effect of CFE of Pseudomonas on egg hatching of M. incognita

The experiment was done as described in section 3.4.2.1 using the

CFE of different concentration of the two fluorescent pseudomonads, Pseudomonas

fluorescens PN026 and Pseudomonas fluorescens AMB8. There were six

replications for the experiment. Observations were taken at hourly intervals for the

first four hours and then at 24, 48 and 72 hours of incubation.

3.4.2.3. Effect of CFE of P. indica on egg hatching of M. incognita

The cell free extract of P. indica was screened for egg hatching of root-knot

nematode M incognita under in vitro conditions. From the CFE of different

concentration, 5 ml each were transferred to sterile plastic Petri dishes of diameter

55 mm. Three surface sterilized egg masses of almost similar size were picked with

sterilized forceps and placed in suspensions of S, S/2, S/4 and incubated at 28°C

and observed for egg hatching. For control, three egg masses were placed in 5 ml

sterile distilled water. Each set was replicated six times and the experiment was

performed as CRD. Observations were taken at hourly intervals for the first four
hours and then at 24,48 and 72 hours of incubation.
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3.4.2.4 Effect of CFE of Bacillus on the mortality of M. Incognita J2

Diluted and undiluted CFE of the isolates were separately transferred to

sterile plastic Petri dishes of diameter 55 mm. Hundred juveniles of Meloidogyne

incognita were transferred to CFE of S, S/2, S/4 concentration from each isolate

separately and incubated at 28°C. For control, 100 Juveniles were placed in 5 ml

sterile distilled water. Each set was replicated six times as CRD. Observations were

taken at hourly intervals for the first four hours and at 24 hour of incubation.

3.4.2.5 Effect of CFE of Pseudomonas on the mortality of M. incognita J2

The experiment was conducted as mentioned as in section 3.4.2.4. with CFE

of different concentrations the two P. Jluorescens strains.

3.4.2.6. Effect of CFE of P. indica on the mortality of M. incognita J2

CFE of different strengths from P. indica were separately transferred to

sterile plastic Petri dishes of diameter 55 mm. Hundred Juveniles of Meloidogyne

incognita were transferred to suspensions of S, S/2, S/4 of separately and incubated

at 28°C. For control, 100 Juveniles were placed in 5 ml sterile distilled water. Each

set was replicated six times and designed as CRD. Observations were taken at

hourly intervals for the first four hours and at 24 hour of incubation.

3.4.3 In vitro screening of rhizobacteria for egg hatching of Meloidogyne

incognita and J2 mortality.

Bacillus strains were cross streaked heavily on NA plates and incubated

overnight at 28 + 2''C. Plates were then drenched with 10 ml each of sterile distilled
water and scrapped with a sterile glass spreader, and the cell suspension was

aseptically collected in glass vials. Similarly cell suspension of the Pseudomonas
strains were obtained by growing the bacterial strain on KB agar medium. The CD
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of the cell suspension was adjusted to 1.0 at 660 nm with sterile distillled water to

make them uniform suspension of the cells. Suspensions were also diluted to S/2

(half strength) and S/4 (quarter strength) with sterile water.

3.4.3.1. Effect of rhizobacteria on egg hatching of M incognita

The cell suspensions of the Bacillus isolates and Pseudomonas

isolates were screened separately for the hatching of root-knot nematode M

incognita under in vitro conditions. Sterile petri plates of 55 mm diameter were

separately filled with 5 ml of each dilution of Bacillus spp. and Pseudomonas spp.

separately. Three surface sterilized healthy egg masses of nearly uniform size of M

incognita were transferred to each treatment. The egg masses placed in sterilized

distilled water served as control and they were incubated at 28" C. Percentage

hatching was monitered for a period of up to 4 hour at hourly intervals and at 24, 48

and 72 hour intervals under a stereo binocular microscope. Each set was replicated

six times and the experiment was designed as CRD.

3.4.3.2. Effect of rhizobacteria on the mortality of M. incognita

The rhizobacterial isolates of Pseudomonas and Bacillus were screened for

mortality of root-knot nematode M. incognita under in vitro conditions.

Rhizobacterial cell suspensions of different dilutions were transferred to sterile Petri

dishes of diameter 55 mm. Hundred Juveniles were transferred to suspensions of S,

S/2, S/4 of each isolate separately and incubated at 28"C. For control, 100 Juveniles
were placed in 5 ml sterile distilled water. Each set was replicated six times under
CRD. Observations were taken at hourly intervals for the first four hours and after

24 hour of incubation.

3.4.4. Egg parasitism by P- indica

P. indica was grown on PDA plate for 10 days. Surface sterilized egg

masses were placed on four sides of the mycelial growth and incubated for five
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days at 28° C with three replications. Three control plates without fungus was also

inoculated and incubated as above. After five days, egg masses were picked from

the plates and stained using lactophenol cotton blue and observed under a light

microscope.

3.5 COMPATIBILITY OF Piriformospora indica WITH RHIZOBACTERIA

Dual culture plate assay was done on PDA and coconut water agar (CWA)

for assessing the in vitro interaction and compatibility of P. indica with all the five

rhizobacterial strains. CWA was prepared by straining coconut water (pH adjusted

to 7) and adding agar at the rate of two grams/I 00 ml. This was autoclaved at I2I°C

(15 lbs) for 20 minutes. PDA and CWA plates were prepared and 8 mm diameter

mycelial disc from P. indica previously grown on PDA plates for 7 days was placed

at the centre of the plates and incubated at 28°C for three days. Rhizobacteria to be

tested were separately streaked as a band of 2 cm on the two sides of the plates

inoculated with P. indica and the plates were incubated for 3 more days. Mycelial

growth inhibition by the bacterial isolates was noted and those isolates showing no

inhibition of growth were selected for further studies.

3.6. IN VIVO POT CULTURE EXPERIMENT

Pot culture experiment was conducted to check the plant growth promotion

and root knot nematode infestation in tomato using P. /W/co-rhizobacterial

combinations. Among the rhizobacteria, B. pumilus and Pseudomonas fluorescens

AMB8 were found to be compatible with P. indica in the in vitro screening assay

and therefore selected for in vivo test The experiment comprised of 12 treatments

consisting of single inoculation of rhizobacterial strains, P. indica, and
combinations of P. indica and individual rhizobacteria with and without nematode

inoculation. The experiment was conducted as CRD and replicated four times with

three plants in each replication.
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Treatment details of the experiments are given below

Tl - B. pumilus with nematode

T2 - B. pumilus without nematode

T3 - P.Jluorescens AMB8 with nematode

T4 - P. AMB8 without nematode

T5 - Piriformospora Indica with nematode

T6 - Piriformospora indica without nematode

T7 - B. pumilus + P. indica with nematode

T8 - B. pumilus + P. indica without nematode

T9 - Pseudomonas fluorescens AMB8 + P. indica with nematode

Tl 0 - Pseudomonas fluorescens AMB8 + P. indica without nematode

Tl I - Nematode inoculated control

Tl 2 - Absolute control

Seeds of tomato varietyVellayani Vijay were obtained from the Department

of Olericulture, College of Agriculture, Vellayani. Planting medium for filling the

protray cavities was prepared by mixing vermiculite and perlite in the ratio of 3:1

(v/v). After moistening sterilization of the mixture was done by performing

autoclaving (l2l''C) for one hour each for three consecutive days. Bacterial

inoculants were prepared by inoculating single colony of both the bacteria on

respective broths and 24 hour grown culture was used for seed bacterization after

seeding into protray cavities. Bacterial cell suspension having cell concentration of

l*IO^cfu/ml @ 500 pl/protray cavity.

Fungal inoculation was done into the transplanting medium by incorporating

P. indica mycelium at the rate of I % w/v. P. indica mycelial disc of 5 mm size was
inoculated to 100 ml potato dextrose broth and incubated at 28"C for 10 days. The

mycelial growth was filtered out using a strainer. Mycelium was added to the sterile
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planting medium at the rate of 1% (w/v), mixed properly and filled in protray

cavities.

Seeds were surface sterilized with! % sodium hypoclilorite for five minutes

followed by three washing with sterile water and blot dried with sterile blotting

paper. Single seeds were planted in the protray cells and whenever bacterial

inoculation was needed protray cells were drenched with 500 pi of the respective

cultures. Plants were maintained in a glass house and watered twice daily with

sterile water. At 14 days afier sowing fertilization was done with I % NPK solution

(19; 19:19) at the rate of five ml per cavity.

3.6.2. Transplanting and inoculation with Meloidogyne incognita ImenWes.

Seedlings were transplanted to plastic pots (30 cm diameter) filled with 1

Kg sterile planting medium of sand: soil: cowdung mix in the ratio of 2:1:1 on

2P'day. Sterilization of the planting medium was done as mentioned in section

3.6.1. Second stage juveniles were added at the rate of two nematodes per gram of

soil after 14 days of transplanting.

3.6.3 Biometric observations.

3.6.3.1. Observations of above ground parts

One month after transplanting, the plants were uprooted and biometric

observations were taken. This included per plant shoot and root fresh weight (g),

height of the plant (cm), number of leaves, number of flowers and number of fruits.

Dry root and shoot weight of the plant samples were recorded after drying them in a

drier at SO'' C for three days.

3.6.3.2. Observations of below ground parts

Observations on number of galls/ plant, number of egg mass/plant, number

of eggs/egg mass, number of nematodes/g of root and initial and final nematode
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population in soil were made. Number of eggs/ egg mass was counted by randomly

selecting three egg masses from each root system with three replications.

3.6.4. Root colonization by P. indica

Roots were collected from 30 day old plants treated with P. indica alone and

the combination treatments with rhizobacteria. Both nematodes treated and

untreated plants were subjected to root colonization assay. Roots were carefully

separated from the plant, washed thoroughly with tap water to get rid of the planting

medium. Roots were cut into small pieces of approximately of one cm length. Root

bits were transferred to a beaker with five ml of 10% KOH and boiled for five

minutes. KOH solution was drained out and three washing with tap water was

given. Then the root bits were soaked in 2 % HCI for five minutes. They were then

removed from the acid and transferred to lactophenol trypan blue (0.05%) for 10

minutes for staining. The stained root bits were then allowed to destain in

lactophenol solution. After destaining they were placed on a glass slide and covered

with cover slip with gentle pressing. The samples were viewed under a compound

microscope and checked for presence of chlamydospores in each root bit. The

percentage root colonization was found out by the following formula,

Percentage root colonization =No. of root bits with chlamvdospores xlOO
Total no. o root bits observed

3.6.5. Staining of nematodes in root

Lactophenol method (Byrd et al., 1983) was used to stain the nematodes in

plant tissue. Roots of the test plant were thoroughly washed to remove the adhering
soil particles and cut into one cm bits. Lactophenol was prepared by mixing liquid
phenol (500 ml), lactic acid (500 ml), glycerin (100 ml) and distilled water (500
ml). Stock solution of acid- fuchsin was prepared by dissolving 3.5g acid fuschin in
250 ml of acetic acid and 750 ml of distilled water. Working solution of the stain

was prepared by addition of one ml of the stock solution of the stain into 100 ml of
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lactophenol solution. The stain was boiled in a beaker on a hot plate. The infected

roots of each treatment were immersed in the boiling stain for one minute, rinsed

with tap water, and then destained in lactophenol solution until the maximum

contrast between the nematodes and the root tissue was obtained.

3.6.6. Nematode population in soil

Initial and final nematode population in soil was checked by Cobb's Sieving

and Decanting method (Cobb, 1918). 100 CC of soil sample was collected from

each treatment. The soil sample was passed through a course sieve to remove rocks,

roots etc. The soil was placed in a plastic basin half filled with water and

thoroughly mixed. It was allowed to stand until water almost stopped swirling. The

soil suspension was passed through a 20 mesh sieve and supernatant collected in

another plastic basin. The residue present in the first basin and sieve were

discarded. The same procedure was followed for 100 and 200 mesh sieve. The

supernatant from the 200 mesh sieve after settling was carefully transferred to 350

mesh sieve. The materials retained on the last mesh (350) were backwashed to a

250 ml beaker which contains J2 of Meloidogyne incognita. Nematodes were

extracted from the washate by Modified Beamiann Funnel Technique as mentioned

in section 3.3.

3.7. MICROSCOPIC OBSERVATION OF GALL DEVELOPMENT

Separate set of plants that received treatments mentioned in section 3.6 were

kept for analyzing histopathologic changes upon nematode infection and
development. Developmental stages were analyzed in treated plants at five day

intervals of nematode inoculation. Root samples were prepared and microscopic

observations were carried out by Lactophenol method as mentioned in section 3.6.5.
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3.8 STATISTICAL ANALYSIS

The data generated from the experiments were statistically analyzed using

analysis of varience techniques (ANOVA) as applied to Completely Randomized

Design (Panse and Sukhatme, 1985).
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4. RESULTS

The experimental data collected from the investigation on "Plant growth-

promotion and root knot nematode management in tomato by Piriformospora indica

and rhizobacteria" were analyzed and the results presented in this chapter under the

following headings.

4.1/A^F/77?C> STUDIES

4.1.1. Screening of cell free extracts (CFE) of rhizobacteria for nematicida!

activity

4.1.1.1. Influence of CFE of rhizobacteria on egg hatching of Meloidogyne

incognita

The effect of CFE of five rhizobacterial strains on egg hatching of M incognita

are given in table I (Plate I). Up to the first 4 hours of incubation egg hatching did not

occur in any of the treatment. After 24 hours the full strength concentration of CFE of

B. pumilus, B. subtilis, B. amyloliquefaciens prevented egg hatching completely. The

results represented in Table I indicate that highest hatching among treatments were

observed with CFE of P. jluorescens PN 026 (0.66%) followed by that of P.

jluorescens AMB8 (0.33%). Upon dilution of the CFE the percentage hatching was

found to be increased for egg masses treated with B. subtilis. However the trend was

not common for other rhizobacteria where there was decreased egg hatching when the

diluted samples were used.

After 48 hours of incubation the highest hatching inhibition (8.33 per cent egg

hatch) was observed for undiluted CFE B, amyloliquefaciens while in control 65.00 %

hatching was observed. Half strength concentration of P. Jluorescens PN 026 had the

highest hatching inhibition (1 1.00 per cent egg hatch) followed by B.
amyloliquefaciens (11.33 per cent egg hatch). In quarter strength concentration highest
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hatching inhibition was shown by B. subtilis (22.33 per cent egg hatch) indicating its

less effect on preventing egg hatching.

After 72 hours of incubation, the highest hatching inhibition was observed for

P. Jluorescens AMB8 (22.33 per cent egg hatch) followed by B. amyloliquefaciens

(22.66%) and lowest hatching inhibition was observed for B. subtilis (27 per cent egg

hatch). In S/2 concentration CFE of B. amyloliquefaciens showed significantly

superior hatching inhibition with 28 % hatching followed by P. jluorescens PN 026

(28.66%), P. jluorescens AMB8 (30.00%). Here also B. subtilis had the lowest

hatching inhibition of 32.66 per cent egg hatch, among treatments while in control

after 72 hours of incubation 99 % hatching was observed.

4.1.1.2. Screening of CFE of rhizobacteria for mortality of MeloUlogyne incognita

juvenile

Observations were taken at one hour intervals up to 4 hours and after 24 hours

of incubation. There was no mortality for any of the treatment up to 2 hours (Plate 2).

After 3 hours of incubation highest mortality was shown by B. amyloliquefaciens

(5.60%) followed by B. pumilus with 1.5 per cent. In half strength and quarter strength

concentration also mortality percentage was more for B. amyloliquefaciens. Juvenile

mortality was completely absent in CFE P. jluorescens PN 026, P. jluorescens AMB8,

B. subtilis, and control. (Table. 2)

After 4 hour of incubation B. amyloliquefaciens exhibited the highest mortality

in S concentration (6.66%) which was on par with P. jluorescens AMB8 (4.89%) and

B. subtilis (4.66%). In S/2 concentration also highest mortality percentage was

observed for B. amyloliquefaciens. In S/4 concentration B. amyloliquefaciens and B.

pumilus showed same mortality. Upon diluting the CFE, mortality rate was found to
be reduced. There was no mortality of J2 for P. jluorescens PN 026 in all the dilutions

as with the control.
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Plate 1. Eggs of Meloidogyne incognita.

A) Egg before hatch (100 X)

B) Hatching egg (100 X) C) Hatched juveniles (25 X)



Plate. 2. Meloidogyne incognita J2 after treatment with eell free extract.

(A-100 X, B- 25 X)



Table 1. Meloidogyne incognita egg hatching influenced by cell free extract (CFE) of rhizobacteria and Piriformospora indica.

Egg hatching (%)*

Treatment ifter 24 hrs. After 48 hrs. After 72 hrs.

S S/2 S/4 S S/2 S/4 S S/2 S/4

P. fluorescens PN 026 0.66 0.33 0.33 8.66 11.00 19.33 25.00 28.66 41.66

P. Jlourescens AMB 8 0.33 0.00 0.00 11.33 12.00 21.00 22.33 30.00 48.33

B. pumilus 0.00 0.33 0.00 11.66 12.66 22.00 25.33 31.00 48.33

B. subtilis 0.00 0.33 1.33 12.66 13.00 22.33 27.00 32.66 52.33

B. amyloliquefaciens 0.00 0.00 0.00 8.33 11.33 20.00 22.66 28.00 45.66

P. indica 0.00 1.33 2.33 10.33 11.00 18.66 ■22.78 28.33 44.66

Control 34.33 34.33 34.33 65.00 65.00 65.00 99.00 99.00 99.00

CD 4.086 4.329 5.05 3.80 4.61 4.08 2.02 2.09 4.81

Mean of six replications, S: Full strength CFE, S/2: Half strength CFE, S/4: Quarter strength CFE



Table 2. Meloidogyne incognita h mortality influenced by cell free extract (CFE) of rhizobacteria and Piriformospora indica.

Treatment

Mortality (%)*

After 3 hrs. After 4 hrs. After 24 hrs.

S S/2 S/4 S S/2 S/4 S S/2 S/4

P. fluorescens PN 026 0.00 0.00 0.00 0.00 0.00 0.00 68.21 59.38 45.87

P. Jlourescens AMB 8 0.00 0.00 0.00 4.89 2.08 1.20 92.15 69.73 58.01

B. pumilus 1.50 0.76 0.00 3.74 1.23 2.00 90.62 60.00 52.80

B. subtilis 0.00 0.00 0.00 4.66 2.57 1.33 74.61 58.71 47.80

B. amyloliquefaciens 5.60 3.24 1.30 6.66 2.58 2.00 99.71 72.76 63.25

P. indica 11.00 9.33 6.60 18.00 15.00 9.89 98.00 71.16 60.21

Control 0.00 0.00 0.00 0.00 0.00 0.00 1.33 1.33 1.33

CD 1.32 1.32 1.98 2.47 2.19 2.22 4.25 3.99 2.22

* Mean of six replications, S: Full strength CFE, S/2: Half strength CFE, S/4: Quarter strength CFE



After 24 hours of incubation of M. incognita juveniles in CFE of different

bacteria the highest mortality was observed for B. amyloliquefaciens with 99.71 % in

S, 72.76% in S/2, 63.25% in S/4 respectively. All the treatments with S concentration

showed a mortality percentage of above 60%. The lowest mortality was observed for

P.fluorescens PN 026 in all the three dilutions. After 24 hour of incubation mortality

percentage in control plates was only 1.33%.

4.1.2. Screening of rhizobacteria for nematicidal activity

4.1.2.1. Screening of rhizobacteria for Meloidogyne incognita egg hatching

Data on the direct inhibition of the rhizobacterial suspensions of B. pumilus, B.

amyloliquefaciens, B. subtilis, P. fluorescens PN 026, P. fluorescens AMB8 on egg

hatching of M incognita are presented in Table 3. During the first four hours of

incubation there was no hatching in any of the treatments. After 24 hours of incubation

a higher hatching inhibition was observed with P. fluorescens PN 026 which was

followed by B. amyloliquefaciens. Reducing the concentration of bacterial cell

population had positive effect on egg hatching in the case of all rhizobacterial isolates.

All other treatments also showed low levels of hatching after 24 hours while in control

34.33 percent hatching was observed. In all the dilutions, the effect was found to be on

par among the treatments except that in control.

After 48 hours of incubation the highest hatching inhibition was observed for P.

fluorescens AMB8 with 22.33 % hatching in full strength concentration followed by
32.33 % and 43.33%, in S/2 and S/4 respectively. The minimum hatching inhibition

was for B. subtilis with a 56.66 % hatching in S/4 concentration, which is near to the

hatching per cent in control (65 %). Similar effect was also excerted by B. pumilus and
B. amyloliquefaciens.

After 72 hour of incubation the hatching inhibition was more for P. fluorescens

AMB8 (30 per cent egg hatch) in S concentration followed by undiluted cell
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suspension of B. amyloliquefaciens (30.66%). In half strength and quarter strength

concentration also the lowest hatching was observed with B. amyloliquefaciens

followed by P. fluorescens AMB8.

4.1.2.2. Screening of rhizobacteria on mortality of Melohlogyne incognita\u\em\e

There was no mortality of J2 infective stages up to 4 hours of incubation in any

of the treatment. After 24 hours of incubation highest mortality was observed for B.

amyloliquefaciens (8.56 %) in full strength concentration and which was on par with

P. fluorescens AMB8 (8.22 %), B. subtilis (8.30%), B. pumilus (8.16 %) (Table 4).

Upon dilution of the cell suspension mortality was found to be reduced. In quarter

strength dilution mortality by P. fluorescens PN 026 was significantly superior and B.

subtilis and B. amyloliquefaciens was found to be reduced. In quarter strength dilution

mortality by P. flourescens PN 026 was significantly superior.

4.1.3. Screening P. indica for nematicidal activity

4.1.3.1 Screening CFE of P. indica for nematicidal activity

CFE of P. indica was screened for egg hatching and mortality of M. incognita

juveniles. After 24 hours of incubation very low level of egg hatching was observed in

all the concentrations (Table I). Incubation for 48 hours showed that hatching was

increased to 10.33%, 1 1.0%, 18.66% in S, S/2, S/4. Dilution of the sample had a

positive effect on egg hatching.

In the case of mortality of M incognita influenced by the CFE of P. indica, the

results indicated a positive impact. There was no mortality observed for the first and
second hour of incubation. After third hour of incubation the highest mortality

percentage of 11 was observed in the undiluted CFE (Table 2). Dilution of the samples
had a negative effect on mortality. After 4 hour of incubation mortality was further
found to be increased to 18.00%, 15.00% and 9.89% in S, S/2 S/4 concentrations
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Table 3. Meloidogyne incognita egg hatching influenced by rhizobacterial cell suspension.

Treatment

P. fluorescens PN 026

Egg hatching (%)*

After 24 hrs. After 48 hrs. After 72 hrs.

R flourescens AMB 8 4.33 7.66 12.66 22.33 32.33 43.33 30.00 47.33 57.66

B.pumilus 4.33 8.00 13.33 23.00 36.66 51.33 33.66 52.33 62.00

B.subtilis 5.66 10.00 14.00 36.33 42.66 56.66 50.00 61.66 64.33

B. amyloliquefacles 2.66 6.33 12.33 26.00 36.00 46.33 30.66 45.00 54.00

Control 34.33 34.33 34.33 65.00 65.00 65.00 99.00 99.00 99.00

CD 5.11 5.25 5.17 4.74 4.66 7.46 7.72 7.09 7.04

* Mean of six replications, S: Full strength cell suspension, S/2: Half strength cell suspension, S/4: Quarter strength cell
suspension



Table 4. Meloidogym incognita J2 mortality influenced rhizobacterial cell suspension

Treatment

Mortality of J2 (%)*

After 24 hrs.

S S/2 S/4

P. fluorescens PN 026 6.21 5.80 4.00

P. flourescens AMB 8 8.22 7.35 2.00

B. pumilus 8.16 5.20 2.10

B. subtilis 8.30 6.94 3.22

B. amyloUquefaciens 8.56 3.70 2.97

Control 1.33 1.33 1.33

CD 1.50 1.51 1.10

* Mean of six replications, S: Full strength cell suspension, S/2: Half strength cell
suspension, S/4: Quarter strength cell suspension



respectively. After 72 hour of incubation, CFE of P. indica recorded the highest

mortality of 98.0% in full strength concentration.

4.1.3.2. Egg parasitization by the P. indica

Staining of the eggs treated with P. indica mycelium revealed that the mycelium

of the fungus was not able to penetrate into the eggs even though the chlamydopores

are adhered to the egg surface. However a few eggs were found, to take up the stain.

(Plate 3).

4.1.4. Compatibility of P. indica with rhizobacteria

The results of the dual culture plate assay done on PDA and CWA showed that

P. indica growth was not inhibited by B. pumilus on both the media (Table 5; Plate 5)

and P. Jluorescens AMB8 on CWA. P. fluorescens PN026 produced a zone of

inhibition of above 0.55 mm in both the media (Plate 7). Zone of inhibition of above

0.75 mm was observed with P. fluorescens AMB8 when tested on PDA while there

was no inhibition on CWA (Plate 6). B, subtilis in both the media (Plate 8) and B.

amyloliquefaciens on CWA (Plate 9) showed inhibition of P. indica mycelial growth

though there was no clear production of inhibition zone that could be measured.

4.2. IN VIVO POT CULTURE EXPERIMENT

Results obtained from pot culture experiments for assessing the plant growth

promotion and root knot nematode management in tomato using P. indica and
compatible rhizobacterial combinations are furnished below in detail.

4.2.1. Root colonization by P. indica

Roots of both M. incognita inoculated and uninoculated plants were stained for

assessing the colonization of P. indica (Plate 10). The percentage root colonization in
nematode un-inoculated plants treated with P. indica alone was found to be 52.82%
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Plate 3. Chlamydospores of P.indica attached to the egg of Meloidogyne
incognita (A-25 X, B- 100 X)



Plate 4. Control plate.

Plate 5. In vitro dual culture plate assay of B. pumilus against P. indica on potato
dextrose agar and coconut water agar plates.



m

Plate 6. In vitro dual culture plate assay of P. fluorescens AMB 8 against P. indica
on potato dextrose agar and coconut water agar plates.

,  j , nlatp assav of P. fluorescens PN 026 against P. indica
Plate 7. In vitro dual culture plate assay ox y &

on potato dextrose agar and coconut water agar plates.



Plate 8. In vitro dual culture plate assay of B. subtilis against P.indica on potato
dextrose agar and eoconut water agar plates.

Plate 9. In vitro dual culture plate assay of B. amyloliqnefaciens against P. indica
on potato dextrose agar and coconut water agar plates.
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Plate 10. Light micrograph of chlamydospores of P. indica on tomato root surface.
(400 X)

Plate ILLight micrograph of P. indica colonization in nematode uninoculated
tomato plant roots. (400 X)



Table 5. Compatibility of P. indica with rhizobacteria.

Treatment

Test medium

PDA CWA

P. fluorescens PN 026 ++ ++

P. fluorescens AMB 8 +++

B. subtilis + +

B. pumilus
B. amyloliquefaciens ++ +

++ Inhibition zone above 0,5 mm

+++ Inhibition zone above 0.75 mm

No inhibition

i. Inhibition present no measurable zone of inhibition



(Plate 1 1). Combination treatments of P. indica and B. pumilus had colonization of
54.70% with the fungus (Plate 12). P. indica and P. fluorescens AMB8 combination
displays a lesser colonization percentage of 52.23 (Plate 13).

Nematode inoculated plants were also tested for root colonization by P. indica.
The results indicated that nematode penetration into the plants improves the root
colonization by P. indica. In P. indica and ?. fluorescens AMB8 treated combination
the percentage root colonization by the fungus was 61.5% (Plate 15). P. indica alone
also gave a good colonization of 60 % (Plate 14). However, the combination of P.
indica and B. pumilus reduced the colonization of P. mdica to 34% (Plate 16, Table
6).

4.2.2. Biometric characters of nematode inoculated plants.

Application of P. indica, combination of/', indica with P. fluorescens AMB8,
and P. indica with B. pumilus had significant effect on the biometric characters such as
shoot length, leaf number, flower number, fruit number, fresh and dry shoot weight
fmsh and dry root weight, and yield of the treated tomato plants in the presenee o roo
knot nematode (Table?).

Thete was aignifieant effeot on the shoot length of tomato tteated wift single
inoeulation and combinations ofthe selected organisms. "Hte maximum mean height of^  combination of/', mdica

44.31 cm was observed for plants irc

and rhizobacteria were found to be on par with the above

Plants treated with f. fntf/Co showed a maximum fiesh shoot weight of 23.92
.  n I for all Other treatments other than controi were on parg/plant though the values for an otne

statistically.

•  r onf effect on dry shoot weight of tomato seedlings. The

combination, P. indica ani Pfluoreso
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Plate 12. Light micrograph of P. indica colonization in nematode uninoculated
tomato plant roots treated with P. indica and B. pumilus.{^00 X)

I

P indica colonization in nematode uninoculatedPlate I3.Liglit micrograp ^ ̂  i„dica and P. fluorescence AMB 8. (400 X)
tomato plant roots treated with P.



Plate 14.Ught micrograph of P. Mica colonization in nematode inoculated tomato
plant roots (arrow head showing egg and chlamydospores).

(A- 400 X, B and C-IOOX)

Plate 15,
U .p WrVfl colonization in neinatode inoculated tomatoLLight micrograph or r. Huorescence AMB 8. (Arrow head

plan, roots X)



W7T

r, P indica colonization in nematode inoculated

(A-IOOX, B and C-400X)



g/plant) and combination of P. indica with B. pumilus (8.23 g/plant) treatments were
found to be on par.

The maximum fresh root weight was observed for P. indica and P. fluorescent

AMB8 treated plants (7.6! g/plant) which is on par with P. indica alone (6.33 g/plant)
and combination of P. indica and B. pumilus (6.77 g/plant).

Dry root weight was found to be not significantly different among the
treatments.

,  j cirrm'firflnt differeiice among the treatments and
Number of leaves showed signiticani amcicn &

in niants treated with P. indica and P.
maximum mean number of leaves was observed m pianis

L- on This was followed by P. indica (24.08) andJluorescens AMB8 combination (25.91). I ms was
combination of P. indica and B. pumilus (23.08).

u  f 10 n8 was observed for P. indica treated plants whichHighest flower number of 19.08 was odsci
A \/iR8 (17 74), combination of P. indica and B.wasonparwiththatof/'./worejce«5AMB8(l ■ ) ^

pumilus (17.08), P. indica and P. Jluorescens AMB8 (17.33).
.  . r f effect on the number of fruits and the maximumTreatments had significant effect on

j • tre&tcd with P* lYidiCQ*
mean number of fruits was observed in p

. . • r H That the treatments significantly influenced the yield ofAnalysis of data implied that tneir . „ . * j i * a
^  was obtained in P. mdica treated plants and

tomato. Highest yield of 94.11 g pe P . j^^ed with nematodes with 59.29 g
which was significantly higher than the plants
per plant.

X. ^afnde un-inoculated plants
4.2.3. Biometric characters of nema

ode un-inoculated plants revealed that all theBiometric observation of n of nematode inoculated plants (Table
characters were showing higher values than
8).
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In the case of shoot length, plants treated with P. indica (48.02 cm) were found

to be superior to all other individual and combined treatments.

The combination treatment P. indica and P. fluorescens AMB8 was found to be

having maximum fresh shoot weight of 25.48 g/plant. This was on par with />. indica
(23.99 g /plant) and P. indica and B. pumilus (24.79 g/plant).

P. indica and P. fluorescens AMB8 had the maximum dry shoot weight of 9.09
g/plant.

Analysis of .he data indicated that ftesh root weight was also maximum for P.
Mica and P. fluorescens AMB8 .mated plants (7.62 g/plant). This was on par with P
indica aione (6.81 g/plant) and P. indica and B. pumilus (6.68 g/plant).

.. . I- oJoiiificant in all the treatments.
Dry root weight was found to be non sig

oo r^hcfsrved in plants treated with P. indica and P.Maximum number of leaves was observe p
This was followed by P. indica alone (25.33),fluorescens AMB8 combination (26.66). I nis

and P. indica and B. pumilus (25.08).

U  f n ,.r ran 83) was noticed for piants treated with f. indica.Highest number of flower (20.8J) wa
jn .ry,i]ij<! (2QM), P-fluorescens MAQZ {\ZA9)

This was on par with P indica and B. pumdus (2P.o h J
combination off. indica and P. fluorescens AMB8 (18.3 ).

on number of fruits and maximum meanTreatments showed significant effect on num
j • lontc treated with P. mdica (9.75).

number of fruits was observed in pla
.  led that the treatment had significant effect

The data presented in a e ^ ̂ j j^nts treated with P. indica with
on yield ofthe plant. Highest

118.05 g/plant where as in control p
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Table 6. Root colonization by Piriformospora indica in tomato.

Presence of

Meloidogyne
incognita

Un inoculated

Inoculated

Root colonization (%)*

P. indica

52.82

60

P. indica and
RJIuorescens AMB 8

52.23

61.5

P. indica and B.

pumilus

54.70

34

^Mean of three replications having five plants each



Table 7. Biometric characters ofMe/oidogyne incognita inoculated tomato plants treated with rhizobacteria and Piriformospora
indica*

Treatments \ Shoot length 1 Fresh shoot 1 Dry shoot 1 Fresh root Dry root 1 Number of
/plant(cm) j weight 1 weight weight weight leaves

/plant(g) /plant(g) /plant(g) /plant(g) /plant

"^lumber of Number of

Flowers Fruits

/plant /plant

rield

/plant(g)

B. pumilus
36.88 18.03 7.16 4.98 0.48 20.58 12.83 7.91 69.70

P. fluorescens
AMB8

35.64 18.95 7.18 5.03 0.54 16.99 17.74 8.41 80.13

P. indica
44.31 23.92 8.08 6.33 0.71 24.08 19.08 9.41 94.11

P. indica and

B. pumilus
42.17 21.17 8.23 6.77 0.69 23.08 17.08 9.00 83.82

P. indica and

P. fluorescens
AMB8

42.73 23.64 8.82 7.61 0.84 25.91 17.33 9.16 89.74

Control
34.40 15.56 5.15 4.40 0.53 16.41 12.58 7.16 59.29

CD 6.11 5.90 1.14 1.58 NS 3.18 4.76 0.62 2.99

*Mean of four replications having three plants each



Table 8. Biometric characters ofMeloidogyne incognita uninoculated tomato plants treated with different rhizobacteria and
P. indica*

Treatments 1 Shoot length
/plant (cm)

j Fresh shoot 1
weight
/plant(g)

Dry shoot j
weight
/plant(g)

Fresh root

weight
1  /plant(g)

1 Dry root
weight

/plant(g)

Number

of leaves

/plant

Number

of

Flowers

/plant

Number

of Fruits

/plant

Yield

/plant(g)

1 B. pumilus 1
39.25 19.18 1  7.405 5.11 0.50 21.41 18.24 8.66 93.77

I P. jluorescens 1
AMB 8

41.96 20.23 7.640 5.27 0.56 19.41 18.49 9.16 97.58

\ P. indica \
1  48.02 23.99 8.45 6.81 0.77 25.33 20.83 9.75 118.05

VP. indica and
\ B. pumilus 1  41.52 1  24.79 1  8.64 6.68 0.72 25.08 20.66 9.47 108.47

\ P. indica and
1 P. Jluorescens
AMB 8

1  43.02 j  25.48 1  9.09 1  7.62 0.72 26.66 18.33 9.49 116.07

1 Control 1  37.31 1  17.76 5.45 4.56
0.40

18.41 12.58 7.83 72.63

CD 1  6.47 1  5.23 1.80 1.71 NS 3.00 4.24 0.68 1.28

*Mean of four replications having three plants each



4.2.4. Nematode reproduction in plant

Observation of roots infected with nematode indicated the nematode suppression
capability of different treatments (Table 9).

Reduced number of galls/plant was observed for plants treated with P. mdu:a
(33.30). Percentage reduction of galls/plant over control was 76.58 in plants treated
with the beneficial root endophyte. Combined application of P. indka and P
fluorcscens AMB8 tieatment recotded 50.31 galls/plant and this was on par to P.
indica, (Plate 17 and 18).

P. indka treated plants (3.41) exhibited an eight times reduction in number of
egg mass/plant than that of control (24.91).

o cicn found to be reduced two times than controlNumber of eggs/ egg mass was also found to
(663.54) in P. indica treated plants (306.40) (Plate 19).

j  .nrracpnt oer eram of root revealed that P.Assessment of number of nematodes present per gr
M ,„^duce the development of nematodes mside the rootindica treated plants were able to reduc

as well.

in soil was zero in all the treatments
The initial nematode experiment. Final nematode

since sterilized planting medium ^ was also analyzed. In nematode
population in soil after termination o population in soil was 294.16/100
inoculated control treatment the fina s nematode population in soil was
cc of soil. However, in P.indica treatmen
found to be reduced to 58.00/100 cc.
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Table 9. Parameters of nematode infection and development

Treatments Number of 1 Number of egg Number of eggs
galls/plant | mass/plant j /egg mass

Number of nematodes/g
of root

Final nematode

population/lOOcc soil

B. pimilus 82.58 7.66 479.36 170.49 186.99

P. fluorescens

/^MB8

91.66 7.33 424.88
165.16 135.33

P. indica 33.30 3.41 306.40 54.41 58.00

P. indica and

B. pimilus
73.83 6.74 347.73 72.56 100.58

P. indica and

P. fluorescens

AMB8

50.31 6.58 430.19 165.16 81.41

Control 142.24 24.91 663.54 220.57 294.16

CD 29.64 3.82 41.17 12.95 18.62

*Mean of four replications having three plants each



4.2.5. Microscopic observation of developmental stages of Meloidogyne

incognita in tomato plants

Separate set of plants maintained for studying the developmental stages were

microscopically observed and photographs taken at regular intervals after sectioning

and staining. The plant roots were stained in five days intervals after nematode
inoculation. The developmental stages were found to show variation among the

different treatments.

4.2.5.1. Control plants

The penetration of M mcogmW juveniles into the plant system started within
five days of inoeulation. In between five to ten days Juveniles started feeding from the
vaseular tissue and gall development started. After fifteen days J: stages were
destructively feeding from vaseular area and transformed to peg tail (J,) stage. Within
20 to 25 days of inoeulation h transformed into female. After 30 days of inoculation
the life eycle was completed and mature females started laying eggs.

4.2.5.2. P. flmrescens AMB8 treated plants

The developmental stages showed slight variation than the control plants.
J U 4 rsasan flvB to tcii days of inoculation. J3 developmental stagesPenetration occurred between f r-ji j i r ■
.  . • Fn between ten to fifteen days J3 to femalewere observed within this period. In betwee , ̂ ,

A Aftpr 20 days of inoculation underdeveloped femaletransformation was observed. After 2U oay c -i a i
.• A .nd life cycle shortened to 20 days. Further development ofwith eggs were noticed and liic y

female happened in 30 days.

4.2.5.3. B. pumilus treated plants
.. was observed after ten days of inoculation. Within

Penetmtion of Jr to the ro -
,5daysd.movedonto thevascu arama^^^^^^^^^^ After 20 days 3, completely
tfie giant cell formation an 8
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transformed to J3 (peg tail stage) and within 20 to 30 days J3 completely transfonned to
female stage.

4.2.5.4. P. indica treated plants

In the case of P. indica treated plants root penetration by the juveniles was
found to be .estricted up to 15 days of inoculation. Nematode penetration and feeding
of Ja front vascular area started between 15 to 20 days after inoculation. Peg tail stages
wetc visible within 25 days and transfonnation to female occurred within five days.
Hete the life cycle found to be shortened to 10 to 15 days.

4.2.5.5. P. indica and P.JIuerescens AMB8 treated plants
r. j- within 15 days of inoculation. After 20Root penettation and feeding started within ^

r. ^ Dor. t5,il staees were found in 25 and 30 days after
davs the ealls were formed. Peg tail stage

I  • females with eggs were found after 30 days. Life cycle wasinoculation. Developing females witn egg

extended.

4.2.5.6. P. Indica and B. pnmUus treated plants
.  h.,„een ten to fifteen days of nematode inoculation.

Root ao days and peg tail stages were also
Feeding resulted m ga inoculation,

present. Transformation from J3
Here also life cycle found to be extended.
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5. DISCUSSION

Root-knot nematodes are one of the devastating endoparasites of tomato since

they feed from the vascular area of the plants and affect the normal physiological
mechanisms. Research on microbial pathogens and antagonists of root-knot

nematodes, as well as other economically important plant parasitic nematode species

has progressed over several years and the developments process the isolation and
identification of the organisms with biological control potential; ecological

manipulation of the soil environment to improve antagonism, elucidation of
mechanisms of parasitism and infection, and exploration for commercial product
development. However, it is realized that after many years of extensive research the
impact of biological control on root knot nematode management in the field is still
marginal. The current investigation on P. Mica and rhizobacteria both in in vUro and
in vivo conditions has given promising results on biocontrol of Meioidogyne
incognita in tomato.

The programme of work was divided into two parts in vilro and In vivo
analysis The in vitro screening methods were employed to assess the potential of the
CFE of the biological agents against H irrcognto juvenile mortality and egg hatching
and also to detect the direct interaction of the rhizobacteria and the root endophyte, />.
Mica with the nematode pest. Previous reports reveal that bacterial and fungal

•  • ei.fffurent toxIc metabolites and are hannful for the survivalculture filtrates containing different to . , • u . • i u
.  a w/ 9005i The screening of rhizobacterial cell

of nematode pest (Bansal et al., 2m>V- , , . , „ . ..
H CFE of rhizobacteria and the root endophytrc fungus P tndtcasuspension and CPb or r . ^ \ c \jf -

ravealed that they am having detrimental effects agarnst dre survrval of Af. tncognda
by inhibiting the egg hatching or by causing J2 mortality.

r- u incosnita was inhibited by CFE of rhizobacteria
Egg hatching ot m. iol s

„ r nercentage hatching varied with exposure time as well as^d it was apparent that percen s
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dilution (Fig.l). Reducing the concentration of the CFE might have diluted the
amount of toxic metabolites present exhibiting positive influence on egg hatching
(Fig.2) with more hatching in most diluted sample (Fig.3). The results indicated that
CFE of all the selected rhizobacteria influenced the mortality with a maximum
mortality of 99.71 percentage for B. amyloliquefaciem upon 24 hours of incubation
(Fig.4). However, dilution of the same had less effect (Fig 5 and 6). A wide variation
in the mortality percentage of infective juveniles (J2) was noticed in all the treatments
ranging from 99.71 to 68.21 in full strength concentration. The percentage mortality
of juveniles increased along with increase in concentration of CFE and exposure
time Related results were reported in studies conducted by PankaJ er al. (2011) with
Bacillus and Pseuodomouas strains. Delayed netnatode egg hatch and reduced
Juvenile ntobility of MeloUioByne spp. due to culture supenratants of ̂ onor
spp. (Sbamra er aU .998, and Bacillus spp, (Padghan. er a,.. 2005) were also
reported.

Scteening of rhi«.bacterial cell suspension for egg hatching and Juvenile
c hPlnful in finding out the direct antagonism. The data

rs I'jz
(Fig. 10).

.  I ».reed with the findings of Siddique and Mahmood,The pt^ent study .prtxluction
(1999) that M mcognuaem bacterial cell free extracts. Production of
was affected by the pyrolnitrin, tropolone, pyocyanin and 2,4-
secondary metabolites sue ^ extracts of P.
diacetylphloroglucinol was Rajendran (2010) reported the
fiuorescens by Becker el a ^ fluoresceus, Trichodema
presence of toxic metabolites m
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viridae, B. subtiUs and Paedhmyces lilacims that induced significant levels of
mortality of banana lesion nematodes. The present work also facilitated the
comparative anaiysis of the effect of CFE and rhizobactriai cell suspension on
mortaiity and egg hatching of M mcognita at different concentrations. From the Fig.
11 it is evident that CFE of all the isolates eaused high mortality and a reduced egg
hatching, in cell suspension the juveniie death was vety low. Though good inhibition
of egg hatch was noticed (Fig. 12). The effect of diluting the CFE and cell

j  13 & 14 indicated less mortality and increased eggsuspension expressed in Figure IJ «
.w nilution of rhizobacterial suspension improved

hatch than the undiluted suspensions. D.lution or m ^
r^n 19 mortality. In quarter strength, mortaiityhatching but had less influence on J2 morta ^ ^

.  J ^ nH «howine nearby values as that of percentage eggpercentage was much reduced and showing nea y
hatching of M. incognita was noticed m quarter

hatch fPig 15). An increase m egg hate g ^ u^  ̂ effect on percentage mortality seems to be
strength rhizobactorial suspension white effect P
negligible (Fig. 16).

»o:Hce nematodes and/ or secrete nematicidal

metabolites that affect nemato hatching inhibition. The trend of
showed a higher mortality perce decreasing efficiency with
increasing efficiency with rcspcc rhizobacteria.
dilution was noticed m case^o^ of Mayer et al. (2004) that the nematicidal
This is in accordance with t e ^ incognita increased with increase in
effect of fungal culture titrate of different endophytic fungi
exposure time. Active nematistatic potentials earlier (Mani and Sethi
were described to have nemat" ^ Djjan, 1990; Hallman and Sikora, 1996;
1984 a, b ; Cayrol et al. 1989, ayr^
Chen e/ al., 2007; Mayer e/ effect on adult nematodes, inhibition of egg
antagonistic fungi involves 2004) and production of
hatching and juvenile ^gtabolites (Benedict and Brady, 1972).

'adtagouistio compounds including P
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The effect of fungal culture filtrate was more pronounced with increase m exposure
,ime with more inactivation of juvenile after 72 hours as compared to 24 hour.
Similar results were obtained for Singh and Mathur (2009) with the CFE of
Acremonium. The effect of culture filtrate and cell wall extract of P. md,ca in

j  .^Unrhtii J2 within 24 hour of exposure has been alreadyimmobilizing Heterodera schacht

reported (Daneshkhah et al, 2013).

Dual culture has been used to understand antagonism between diffetem2002 and Aravind er of. 2009). The endophytic root
biological agents { \ e ^ reactions with rhizobacterial strains. Many had
symbiont P. mdica induce vano „i„ulato.y reactions to P. Mica
neutral response, but some jdlj, -phe present study established
when cocultivated on agar p a ^ „as found that B. pumUus a
the compatibility of P.Mica compatible with P. Mica. Dual
plant growth promoting rhizo showed that B. pumilus had no
culturing of the fungus and cWA. Mycelial growth was
antagonistic effect on the fungus ^ gubtilis. The result was in correlation
highly inhibited by B. . coconut water, a waste product from the

^ Anith et aL ^
with the findings ot Amu p,„ltivation of the two biological agents.

j ag a medium tor cuiuv«
coconut industry, was use microbial contamination and rich in
Reports reveal that coconut wa can be used as an efficient and
nutrients like amino acids, "^"^"""'JV^^gorganisms (Survase el al., 2007; Anith el
cheap media for the multiplication o^ ^^^^^nt with the result of Anith et al..
al., 2014). The present study co^cultivation of P. Mica with P.
(2015) since coconut water agar j„|,||,i,io„. This ensures a cheap media
fluorescens AMB8 and B. P"""'"" " p. fluorescens AMB8 andlemative.Thecompatlb|eJ^^-
B. pumilus were selected for <,g,ervation revealed that treatments that

Staining root bits and mic colonization in the cortical region
included P. indica showed mte
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of ,he plan. root. Micros^pic observation revealed that in nentatode non-nf^tet^
rr^ts /ntfico hyphae g.w along the root epidennis and invaded
and endcderntal cells intracellularly. A higher root colon,zat,on pe^entage of 5
T H for /. M,ca and S. pun,il«s combination than />. M,ca alone and P.was obseived fo . accordance with the Hndings of

indica with P. fluorescens combination.
Anith c/a/. (2015).

,  • of nematode infected root bits showed remarkableMicroscopic analysis Colonization by P. indica was

variation in root colonization than non-m^ with nematodes. This might be
found to be enhanced in all the which paved the easy passage of
due to the destruction of root cell by •
hyphae of the fungus and further prolifera nematodes exhibited
having presence of nematode ^'°^"'®J|,facted root bits were colonized by P.
chlamydospore colonization, thoug i j^gated with
Mica (Plate 26). A higher root co o^ of nematode while it was
combination of P. fdica and (Fig. 17). The root colonization by
least for the P. iadica and B. pumUus co ^ ,
B. pumilus might have prevented the co fomation in P. indica
lower colonization petcentage. The pa Both the
seated plants both in the „ed and un-inoc«lated plants showedcombination tteatments^mj^^j^^^^
clustered colonization o f the endophytic fungus Z'. as

The current worit studied the PO«nt.a- ^

an antagonistic organism to focive stages in tomato and many other
■,a M mcognlta J2 juveml® "< „enation and multiplication of,„cognna. M. mcog _ preventing the P |„oculation of plants

plant species. Biocont- B eompamd to plantsare found to be successful aa a plant giowt
/7a caused a sigivith M. incognita
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without netuatode. From the results of the pot culture experintent It was clear that all
the treatments had positive influence on the plant growth.

fc rfiiised a significant increase in the growth of plants mAll the treatments causea a sigm ^ j
I  rvntml niants P. indica treated plants showed a

„ematode inoculated Varma et of .01.
better performance even in ^ ^reported that root colomzajon altemtlon in the secondary metabolites..
early flowering, high hjoprotective potential against plant pathogens
PMica is shown to have enomtous
and pest of agricultural crops. peported to have toxic effect on plant
compounds of microbial origtn la volatile metabolites such asparasitic nematodes including averm^ctl'^,^^^ antinemic
ammonia and various organic .:,,:ties of the nematode necessary for the

•  ̂ KJnIoeical activiiic2> ^compounds disrupt various bio g embiyogenesis, hatching (Neipp and
successful plant- nematode movement through soil, attraction to
Becker, 1999; Bansal and Bajaj, 2 » penetration in the roots

A Recker 1999), recognitioroots (Neipp and Becker, 999).
1  itiQfi* ̂ bidp and ̂(Beckeretal., I988,N p, fl̂ ^esce^ AMB8 and F.

The combination treatments o
Mica alone were having combination of P. Mica and F.
pathogen. Single inoculation ^ „cre better in all the parameters tb^
flaorescens AMB 8 . ,he presence and ^
be single Inoculation with the flndings of Amtb e o„ 201 )
nematode pest. This result are m ac« ^ ,„c,ent than smgle
,bat CO inoculation off- i„g «edling growth i" Tomato. However this,  . f ,1,. bioagents for imP«»' ® p^^cnt study. Combination ofinoculation o „n,„|„g them individually. However F
bend was not fo ^^^cous than apply 8
beneficial organisms is better m the pr

.  lontc were
rindica treated pla^t®
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I  /^f P ctriala and P. indica in plant growthWe.a.ivei„nue„ceofsi.,e —

T r""- - "(Meena « al. 2010). T „„i„oculatad treatments
plants treated with P. mdica m Analyzing the fresh shoot weight ofwith the maximum value for uninMU^^^
nematode inoculated and uninocu ̂  ® ^j^gg combination showed higher
nematode pathogen, P. indica and ^ nematode pest. Whereas P.
shoot weight compared to that m ^ that of nematode
indica treated uninoculated plants ' fungus in improving p
inoculated plants indicating the potentia
growth even in the presence of nemato e
fungus in growth promotion ""-""S "'"J ^ ,^,ca and P.flmrescem (Fig 19).
.oot weight wem obse^ed for -""jj p„motingeffeetofF. tndtenandF.
This could be due to tite synergestto pla J ,„„p,pb,hty
flucre^cens AMB8 eventhough they ^ „f flowers number of
test. Also P. indica treated plan a i„oe„|ated and an tnoculated p an s
fuits. and higher yield i" the ease ^ ^„w,„ promoter an M.

.  introauce5> ̂

(Fig. 20). This in viyo study eonditions./ncognto suppressor in tomato ,„™e,o plants revealed the potential of

,  • of nematode repro<lu<^tion m „,ion and development ofAnalysts .„ „,eoag.ng tl P ^
.he root endophytic fung ,„o combinatton o ^
M/«cognto.nPl»"tJ^^^^^j^ig„ificantmde'=tJJJ jovelopment was
mi p.jluorescens h cteria. than four times reduction in
inoculation of P. indicn able to reduce the gall
observed tn plan ,he trea „an single

rCenlTe eo..F-
Wulation. All the treatments
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plant. Eight times reduction in number of egg mass was noticed in P. mdica treated
plants (Fig. 22). P. Mica also significantly reduced the number of eggs compared to
other treatments and control (Fig 23). Nematode development inside the root tissue
was also highly affected by the endophytie fungus (Fig. 24). Final nematode
population showed about five times reduction titan that of control (Fig 25.).Th,is
nematode antagonistic activity might be due to the production of secondary fungal

c.rh as chitinase that are reported tQ .act against plant-metabolites and enzymes such as cniuna^ r
.  /ci • ,o z,/ nl 2008). Except for the direct nematicidai activity of

parasitic nematodes (Shinya e •,
J  zizynhvfic funei are able to produce large amounts offungus derived compounds, endophytie tungi ̂  ^

.  . /I/ 200^;) Thus they may also secrete such compounds totoxic chemicals in vitro (Vu, )• / c i ^ /i* i
.  when growing in pMla. Several studies have

thf. Qiirroundine environment wnen gi" e ^„ay alter chemical properties of root exudates or
elucidated that funga en or hormones which repel or disturb
may stimulate plants to P™""- ̂  sihom, 2007a; Lee er a,.
nematode attraction (Shahas, el at., 2006,
2009).

nematode development and reproduction were
Apart from the infection, Reduced nematode infection might

significantly affected by P- development of adults. The result
I' m number oxhave lead to a decline m migration of J2s but also later stages of

indicated that not only p indica. In the present study, a delayed
nematode development were a ton^ato treated with P. indica was
penetration and development of l„ a split-root system, this
observed. However, plant defence.
response could not be corr ^ Inside the plant system showed clear

Developmental stages of the ne^^^^ „f inoculation under developed
variations according to the ^„„„sce»s traated plants. This result is in
females with eggs were j,asan er al. (2008) that Pflnoresceas treated
a^pomance with the „f hypertn-P"- cells with immatura female
root sections showed hmiterl
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„en.a.odes and adults tapped in cortical region in ground nut. Other studies also
reported that suppression of nematode muitipiieation by was due to .u

•  rrtnt exudates which could alter nematode behavior and reducedcapability of altering ^ ^ Oostendrop and Sikora, (1989).
nematode J ™°J^^i„,hemicai and physioiogieai changes which are
The defence enzy Jonathan el cd. (2009)

directly inhibitoiy to nem ^ ̂„o,csce» and ft sub,His against
reported the inhibiting
root-knot nematode, M mcospUa in tomato.

a  i,nts exhibited a normal iifeeycie. Bacttlm isolates wereft pamlte tteate p reduetion in galling. Singh and
reported to cause improve g ^ greater increase in plant growth
Siddique, (2010) reported that yhg combination treatments found to
and better reduction in nemato e mu nematode multiplication rate and

I  ̂ K/f riowt?extend the life cycle ot M. |„„^„|a,ion of the rhizobacteria. Earlier reports
galling was less compared ^ capability of Boc.Vte spp. inhibiting
by Siddique and Mahmood ( of tesistence in plants and
the pathogen by stimulation of plant growth.
aggressive root colomza ^

The results revealed tn ^ ^ biotic
blocontrol agent agains' M
stress conditions in tomato.
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6. SUMMARY

Biological management of diseases and pest is a need based strategy for the
subsistence of sustainability in erop production. Moreover sustainable development Is
the masterful balance of meeting our own needs without jeopardizing ftture

.■ . .hilifv to do the same. Meloidogym mcognita is one of the majorgenera ion dramatic yield loss across world. Most of the chemical
narasites of tomato causing dramatic y . . .

,• vtcs failed to maintain the farming practices without compromising th.e
I  fv Here comes the importance of biological agents, whichenvironmenta pun ■

potentially improve fauna of the soil system. Many biocontrol
harmony with the promoting rbizobacteria and antagonistic fungi have
organisms such as p an incognita and stimulate plant growth both inbeen tested for their ability to contr

in vitro and in vivo conditions
, «„dv envisages the capacity of the root colonizing endophyticThe present y interaction with other beneficial rbizobacteria in

fungus nematode infection. The fungus has been

improving plant growth an^^^^ effect by eliciting defence response in
reported to have plant grow phosphate and nitrate by different
plants, improve the uptake diseases and pest, and tolerate
mechanisms, plays a role m and salt stress. The present study
abiotic stresses like drought, o^^ ^i^.^^bacteria in managing M incognita and
evaluated the effect of this ungu situations. The salient results of the

•  niant growth in in vitroimproving plant gr^ ^ ^ ^study are summarize ^^,racts were screened for juvenile mortality
Rhizobactria and their ce rbizobacteria was found to influence

mrd egg hatching of M. pgg hatching. The effects varied with the
I incogKiia juvendo mothe M.
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113'? I'

exposure time and concentration of the CFE used. After 24 hours of incubation B.
amyloligue/aciens showed the highest mortality among the tested ones. The least was
for P. fluorescms PN026 in full strength concentmtion. P flmr.sce«s AMB 8 was

■  . i hatchine inhibition (22.33 %) followed by B.with the minimum highest hatching v . ^ ^
.  . after 72 hours of incubation in full strengthamyloliquefaciens (22.66 ) j l u- u * • i

■  u mco<mUa Juvenile mortality was less influenced by rhizobactenalconcentration. M, incogni j • ♦ ^ u d
A  the treatments highest mortality was registered by B.cell suspension an^^^^ ^ pe^entage juvenile death, though the percentage

Z  .hiaobacterial cell suspension. After 72 houm ofegg hatch was affect y j,^„rescem AMB 8 (30.00%) and B.

amyloliquefaciens (3U.oo ^ amyloliquefaciens for both CFE and
maximum juvenile death treatments, egg hatching was inhibited mostly
rhizobacterial suspension. Amo g ̂ loliquefaciens for both CFE and rhizobacterialbyP./«omce«5AMP8and .

cell suspension.
CFE on M, /«cogw7a juvenile mortality andAnalysis of the effect o egg hatching and affected the

hatching revealed that it had ® best rhizobacterial treatment
f  /allies \V6i®

juvenile mortality and the p^n^ration of the fungus and therefore no egg
in both the cases. There was no i ^ ̂

chlamydospores were a understanding the in vitro interaction

Dual culture plate pp^) and P, fluorescens AMB 8 (in CWA)
revealed that B. pumilus (in^C^^ ^ ^^„,pntible rhizobacteria were
showed no Culture experin^®"^-
selected for the m vivo po colonized by the fungus and the

All the plants treated with ̂  by lightpresence of chlamydospore in-
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microscopy. Above 50 percentage colonization was observed for plants treated witlt
P. Mica and Its combination with the selected rhizobacteria where maximum
colonization accounted for plants treated with combination of B. pumilus and P
Mica in nematode uninoculated plants. In the presence of nematode percentage root
colonization was found to be increased in all the treatments and highest root
colonization was observed for combination of f>. Mica and P fluoresceas AMB8
treated plants. .

In vivo pot culture experiments revealed that the
nematode inoculated and un-inoculated plants for the same tremment. All ̂ e
biometric parameters wem with higher values in the absence of the nemato
pathogen. However in the pmsence of nematode, the treatment R M.ca alone ™s
found to produce better yield attributes. Since the en*
in the presenee of nematode pathogen the study confirms the capa
for growth promotion and stress tolerance. ,„mato plants revealed that

Study of developmental stages of H mcogm
P Mica treated plants were not infected by the p.
inoculation. The life cycle was found to be shortene o

4MR8 treated plants underdeveloped females wrth egg/rtorascens AMB8 treated p p Mica mAi B. p«i"ilt<s md P.
within twenty days of inoculation. Com rna ro . ^ extended beyond
fluorescem AMB8, revealed that tire hfe cycl . days of inoculation.iirty days with a few developing and mature females after thrrty

a Mica as. potential antagonist agarnst the
The present study rntroduces .m ^ „ematode

root knot nematode M. MognW ^ identification of ftrrrgal forived
infection and development in tomato^ u ^ oommercral
compounds and exact composition o urrderstandlug the genet,c
agriculture for developing fonPo'ated P i„„ibition
mechanisms of upregulafron of genes ̂  ,„dophyte.knowledge on basrs of brocon
\yill enlighten the

52





7. REFERENCE

Akhtar M S and Siddiqui, Z. A. 2007. Biocontrol of a Root-Rot Disease Complex of
'chiekpea by Mmradices. Rhizobium sp. and Pseudomonas straUa,
Crop Prol. 27:410-417.

•  7 A 2008 Biological Control by Combining Biocontrol
Akhtar M. S. and Siddiqui, Z. A. ,

'a nts Eaeh with Several Meehanisms of Disease Suppress,on. Phylopalhol.
92: 976-985.

•  s and Sreekumar. J. 2015. The growth of tomato seedlingsAnith, K. oo-cultivated Pinfomospom Indica and Bacillus pumilm.

Symbiosis. 05: 0-16

,  km Arohana. p. a., and Prathapan,K.D. 2011. Compatibility
Anith, K. N., Faseela, • ' Trirhoderma harzianum as dual inoculants inof Piriformospora indica <5.11 17

LekpepperCf'P-'"^™""-'"^'"*'""
N V. and Manomohandas, T. P. 2004. Seteening of

Anith, K. N., Radhakrishnan, ' ' black pepper
antagonistic bacteria for b, E

A  Rfli A R. and Radhakrishnan, N.V. 2014.
V G Sreekumar, A., Raj, a. k.

Anith, K. N., Souroya, V. •. multiplication of Pseudomonas
.  and farmer-frienaiy

A chc&P // ^9* 145" 148.j Trap. AgricuU- 52. 14a
„ s J and Ramanna, K. V. 2009. Endophytic bacterial

Aravind, R. Kumar, A., ^i^ck pepper {Piper nigrum L.) genotype:
flora in root and ste ,nation against Phytophthora capsici.
.  . „ identification andIsolation,

.  48:58-64.Lett.ApP • ,. T H Davies, K. G. and Kerry, B. R. 2003.
_ n Mauchli'i®' i. •> ^

Adtins, s. D.. Hirscb. P- R-' _,^„,„pHagous fungi in the root env.ronment. Plan.
Technique '
udSoil. 232- •anc

53



Bansal and Bajaj, 2003. Evaluation of biological activity of rhizobactcria flora Beta
vulgarls against HeteroderaschachUi J. Nemalol. 31:42-49.

Bansai R K Dahiya. R. S., Naruia, N. and Jain, R. K. 2005. Manageraent of
Ueloidogy.e incognid, in cotton, using strains of the bacteriura fflnconaccto
backer diazodophlcus. NenudologiaUedU.nc.ea. 33: 101-105.

Bashan B O and Hoiguin, L. 1997. Effects of antagonist cell concentration and two-
on. 177-183.Phytopathol. 87: 177-183.

■  r ,QQ7 ̂ zoW/MW-plant relationship: environBashan, V. and Hoigura.G. W^^ ^^^_,^,
physiological advances. Can. J.m

M., and Lynch, J. M. 1990. 'Population Dynamics andBazin, M. J. M., Scott, • ' Rhizosphere, ed. J.M. Lynch, England: John
Rhizosphere Interaction , m.

Wiley and Sons Ltd. 99 128
E., Colbert, S. F., Schroth, M. N., Weinhold, A. R.,

Becker, J. O., Zavaleta- ejia, ; rhizobacteria on root
.  f r, and Van Gunoy.Hancock, • • ^ ^jon. 78: 1466-1469.knot-nematodes and gall form

R  1972. 'Antimicrobial Activities of Mushroom
Benedict, R- G., and jn tomato. 7. 5/o/. Co«/ro/. 23:311-316.

Metabolites', (LinfoJ
P s Bashan, Y. and Jha, D. K. 2009. Plant growth-

Bhagwati, P. N-. "(poPR): emergence in agriculture. WoMJ. Microbiol.
promoting

I 28: 1327-1350.Biotechno . r 2012. Plant growth-promoting rhizobacteria

Bhattachawo. ^ rajculture. World J. Microbiol. Btoleclmol. 28: 1327-(POPR): emergence ">

1977. Estimation of loss in okra. tomato and brinjal yield
Bhatti, D. S. and IndiauJ^ Nemalol. 7:37-41.

MeloldogymeJ



Burkett-Cadena, M., Kokalis-Burelle, N., Uwrence, K. S., VanSanten, E., and
Kloepper, J. W. 2008. Suppressiveness of root-knot nematodes mediated by
rhizobacteria. Biol. Coultol, 47. 55—59.

Catinot J A Buchala A. E. and Mansour-Metranx, J. P. 2008. Salicylic acid
production in response to biotic and abiotic stress depends on isoehorismate in
Nicotiam benthamiam. FEBSLell. 582:473^78.

Cavnrl J C and Djian, C. 1990, Study of tbe toxicity of Fusariu. roseu. var.
'AHbrospor,aides to tbe nematode Meloido^e areaaria. Comptes-rendus del.
f,asiem\es.AgncMuredeFrance. >29-

H I 1989. study of the Nematocidal Properties

Mr^fTlnlr Filtrates against Soybean Cyst Nematode and
Root-Knot. Crap. PratecL 27: 4I(MI7.

s  and Melakeberhan, H. 2007. Effects of Hirsutella
Chen, S. Y., Mennan, • of Meloidogyne hapla. Bio.

minnssotct^sis and N

Cam. Sci. Technal. 17: 233-246.
n , ,003 Reseatch on plant parasitic nematode biology conduct by theChitwood, D. J. • aericuiture, agriculture research service. Pest

United States department g
Manas. Eci. 59:748—753.

pi ind U.S.Dep.Agric.No.l.48pP-
, Y. Fenton, A., Dunne. C. and O'Gara. D. N. 1997. Role

Cronin, D., Moenne-Loccoz, lucinol in the interactions of the biocontro! pseudomonadof2,4-diacetyiphlo''og"® nematode Globodera rostochinensis. Appl.
.  pu3 with the potato cystrain FH3 w 57.1361.

Environ. Microbiol- 63.
^ 2007a. Induced resistance by the mutualistic

Dababat, A. A. and strain 162 toward MetoWogyne ineognto on
endophyte, 17: 969-975.

tomato.

55



Daneshkhah, R., Caballo, S., Rozanska, E, Sobczak, M.,. Onindler. F.M.W.,
Wieczorek, K. and Hofinann, J. 2010. Trends MIcrobhIM-. 114-125.

^ u II c Rozanska E., Sobczak, M., Grundler, P.M., Wieczorek,Daneshkhah, R., Cabello, S., Rozanska, ti., > , , .
H Hofmann J 2013. Piriformospora indica antagonizes cyst nematode

Hfln and devdopn-en. In M(,2,: 3703-37,4.
.  n rabello s.. Rozanska, E., Sobczak. M... Grandlcr. F.M.W.,Daneshkhah, ., ' j cobb, N.A. 1918. Estimating the nema

:;:::^^He:i,.Ag:ic.rech.Cim.Bat.F,.M^
pp. 48.

A sherameti,I.,Oe!muiier,R.,Dua,M.,Tuteja,N.,I c Rhflkil Najam, A., biieraiiK^ ,Das, A., Kama! b., & ' ^ ̂  endophyte fungus Piriformospora mdica
Johri, K. and Varma A. and altered secondary metabolites of
leads to early ^ itohlii. Plenl. Signal. Behav. 7: l-IO.

.dicinai plant, Coleusi
the meutw— .

^ 2012. Contaminated soils: physical, chemical andDas, A., Sheramatl, I. and Varroa, • |„ metal-eontaminated soils.

biological components.
Springer, Heidelberg, PP Purification and

Davies, O., Sobczak, M., Gw „ga,eHum KL 39, a
characterization phytophthora blight disease. Kcr. J Microbiol

u  / 31 •235-241.Biolec no. ■ ^ ̂  ^ ^ Phosphate-solubilising
De Freitas, J. Bancrjce.^^ „c, phosphorus uptake of canola

(Brassica napus activity of endophytic bacteria from tomato
Defago. 2005. Evaluation of Mederfef/ngen FacuUeU ran de Land

iouwkundige. vm

56



Deshmukh S D. and Kogel. K. H. 2007. Piriformospora Mica protects barley from
rooi rot caused by Fasarium gramwearm,. ./. Plam Dis. and Proi. 114: 263-
268.

„  • R Jonathan, E. I., SankarimeenaK. and Kavitha P.O. 2011. Defence
''"'"Reird Enzymatic Activities Mediated by Pscndomonas and isolates

against Root-Knot Neraatode, A&toWogvna Mo^Ua in Black Pepper cv.
Panniyur. Indian J. ofNmatol. 41(2): 150-155.

.  Id s. T. and Smith, K. S. 2003. Biological control ofDiedhiou, M., Oriswo , produced Pasieuria penelrans in a
Mcloidogyne incognita usmg m pmicroplot study, a 38,274-28 .

L Sail, S., and Cadet, P. 1999. 'Tlie Effects of OrganicDuponnois, R., Chotte, J. ■. ' Between a Nematophagous Fungus
Amendments on the " nf^/^uogyne mayaguensis
—"''-;"'^r^;:^2.un..--''.-
Parasitizing Tomato

Sail s., and Cadet, P. 2001. -The Effects of Organic
Duponnois, R-, Chotte, J.L., ^ a Nematophagous Fungus

Amendments on the Nematode Meloidogyne
Arthrobottys Plants', Biol. andFert. Soils, 34:1-6.
mavaguensis Parasitizing

, MI Seiim,S.M.,Mahgoob,A.E.A.,El.Tayeb,T.S.andEl-Hadad, M. E., Mustafa, bacterial isolates as
AbdelAziz, N. H. ■ ,PP„„d ,age juveniles of
biofertillK^ mcrobiol.andBiolechnol.26-.22^9-2256.

diincognil^-^Meloidogyn Bandet, M., Buttener, C., Grosch, R.,
n A Bargen, . .. a aFakhro, A., Einar^s. D. R. • ^ ^^^^ ^,„^ofPirifomosporaM,camtcmn,oschwarzz, D., and Fran ^ Mycorrhiza 20:191-200.

growth an ^ ^ ^ _ Srivaslava,
^ v ueiXi^f ^ r.

Farkya, S., Baldi, A.. .^pact of symbiotic fung, on production of
K. and Bisaria, V.A

57



secondary metabolites by plant cell culture. Asia-Pacific J. Mat. Bid. and
Biotechnol. 18: 51 -53.

Food and Agricultural Organization. 2010. FAG production year book for Rome, Italy:
rAu. .

Franken, P. 2012. "Pte plant strengthening root endophyte Pirifornuispora ,nd.ca-
potential application and the biology behind. Appl. Microbioi BmecHnol
96:1455-1464.

-  nr. • I I I Pinav R., and Foumier, N.Gagne, S., Dehbi. U Quere, D. L., Cayer, F., Monn, J-U ̂
1993. Increase in green house tomato fruit yie y
rhizobacteria (PGPR) inoculated into the peat-based gmwing medta.
Biol.Biochem. 25: 269-272.

I  on in The Pseudomonas fluorescesGleeson, O., O'Gara, F. and Morrtssey, J. 2010. Tl f„„„ion
secondaty metabolite 2.4.diacetylphloroglucinol impairs mttochond
in Saccharomyces cerevisiae. Anton. Leetm. 97.261-273.

At. ^ I • I P 1998 A model for the lowering of plant
Click, B. R., Penrose, D. M. and Li, J. • • ,90.

ethylene concentrations by plant growth-promoting bactena .
63-68.

A 2002. 'Improving
Guetsky, R., Shtienberg, D., Elad, Y., Fischer, E., straita'.

Chickpea by Glomus intraradices, Rhizobium sp.
Crop. Protect. 27:410-417.

Gupta, A., Gopal, M. and T.lak K. .rhizobacteria.fnrf-rm.^P.-'3S.S ^ ̂  ^ ̂
Gupta, B. H., Mohamed, A. F., Chia-Hui H., m Arabidopsis. Plan,

W. p. 2000. Bacterial volatiles in
Physiol. 134: 1017-1026.

58



J C R A 1996. Toxicity of fungal endophyte secondaryHaiimann, J. and Sikora, . • , ^ •
„eUbolites to plant-parasitic nematodes and soil-bonte plant pathogen,c fung,.

T Di^nt Pnthol, 102: 155-162.Furo J. Plant. Pathol 102: 155-162.

M „ ann j' Quadt-Hailntann. A„ Kaban^ R-
Z.Z Meloido^^ incosnua and endopbytic baeteria in cotton and
cucumber. Soil. Biol. Biochem. 30; 925-937.

r- 7005. Biological control of soil-borne pathogens by
Mass D. Defago, • i.'inTllO

fluotescentfseu—■

,  F. 2001 improved pmtocois for aspergiilus medium; tmce
'eLrnl Id minimum medium salt stoch solutions. Fun,a, Gone,. News. .e«

48:20-21. . . • . m
lie D 2003. Effects of soil fumigants and bioyield onHirsh N., Dickson K. and Bure e, ^

g„„. Emissions i-5«-
Methyl Bromide Aitema

Violante P. 2007. Alteration of tomato fruit qualityHortencla, G. M.. Oinidn, ^ rhiaobacteria (POPR); Baolllus

Morgan-Jones, G. and Rodriguez-Kabana, R.
Hussey, G., Jnnssen. H. B., J oiseaMS of Nematodes, Boca Raton.

. 1 J j^0]ticito* 2. ^Florida, • h R V. 2007. Estimation of losses due to plant

Jain. R. K., Mathur.^K^N., ,„aia.parasitic nemato ^ ^ Integrated
I  jon^Sj '

P Campbell. H.. KloePP''-- J ' ^po. of tomato under field conditions
" biological conttcl of bact g„wth-promoting rhizobacteria.using foliar bio^;,

Biol. COB"-"'-

59



Jimenez-Delgadillo, M. R. 2004. Peptidos Seoretadospor Bacillus suMlis quo
Codifican la Arquitectura dela Raizde Arabidopsis thaliana. PliD. Dissertation,
CINVESTAV, incognita and Heterodera glycines for Detection of Nematode-Antagonistic Fungal Con.pot.nds-, y. »«<o/, 31: 172-183.

I  Hokeberg, M. and Oerhardson, B, 1998. Perfomtance of the
PscuJo^ouas cBlorora^Bis bio control agent MA 342 ̂ inst seed-bo^e
diseases in field experintents. £nr. a Plan,PalBol. 104: 701-711.

hander T., Zareena Begum, M. and Suridaramoorthy, S. 2009.Jonathan, E.I., Raguc an er, management of root-knot nematode,
c- u saffirflcv of biocontrol agems miField ettica y chitwood and reniform nematode,

hdeloidosy^^ ( o o. 071 #70Meioiau^ . ^a.Nematology
Ro,ylenclmlusneniform,s,m-»>">S

IVI K 2012. Management of Root-knot Nematode,
Joshi, G., Subhash, B. and Sharma. ^ Infecting Tomato (Lycopersicum

Meloidogync IncognM ( o »' . n^ Indian. J. Nemalol. 42(2)129-
K/f!ii ̂  bv using Fungal di gesculentum Mill.) "V

2003 Purification and characterization of an antifungalq, K. and Kim, S. D. , tiecontroi agent of red-pepper

antibiotic from Microbiol. Biotechnol. 31: 235-241.
nhytophthorabligb.di^'^^-^'"^^-'-^

p samiyappan. R. and John sudheer, M. 2008. Influence
Kalairasan,P.. _ hlstopathological changes caused by n^loldogyne

pseudontonas P ^^^^ypogaeal) Indian. J.Ncma,ol.nO): \S-2(l.
V, In eroundnut {.araarenana g ^ Samiyappan, R., 2010. Effect of

Kavino, M.. Harish, S., Kuma.^ .^i,ntes of banana
chitinolytic POPR ^„ndi.ions.^PP'- SoUEcoi 45: 71-77.
(il^twaspp )"" ^ Sankarimeena K. 2013. Defence Related

Kavitha P. O., Psendomonas and BadUus isolates against
Enzymatic Activoea Me .„ 3,,^, pepper cv. Panmyur.
Root-KPO. Nemam e.

Indian J. of''''"'"'''

131.

Jung, H. K



Kloepper J W. Zablotowicz, R. M, Tipping E. M and Lifshiiz. R. 1991. Plan, growth
promotion mediated by bacterial rhizosphere colonizers. The rhizosphere and
Plant growth. Kluwer Academic Publishing, Dordrech,. 23: 315-326.

W 1993 Pla"' gm»«h-promoting rhizobacteria as biocontrol agents. So.l
"'""Tic^bial ecology-applications in agricultural and environmental management.

New York (NY): Marcel Dekker. 6:255 274.
j Tuntze, M. and Scroth, M. N. 1980. Enhanced plant-growthKloepper, J. W., Leang, promoting rhizobacteria. Nature.

286: 885-886.

J  Tuntze, M. and Scroth, M. N. 1992. Induced systemic
Kloepper, J. W., Leang, -a ' Bacillus spp. Phytopathol 94:

resistance and promotion of plant g
1259-1266.

J  -yuona S 2004. Induced systemic resistance and
,  o r M. and /.nang,

Kloepper, J. W., X"' • ^pp phytopathol. 94: 1259-1266.
oromotion of plant gro

•  C. S., Rosskop, E. N. and Shelby, R. A. 2002. FieldKokalis-Burelle N., promoting Rhizobacteria amended transplant mixes
evaluation of plant pepper production in Florida. Plant. Soil.

918' 257"^266.

.H Henne.A..Liesegang.H.,Hitzeroth,G.,Fmnlte,P., Vater,Koumoutsi,A.,Cben,X.H., ,|,a„„er,zat,on of gene
J. and Borriss, R- synthesis of bioactive cyclic lipopeptides m
clusters directing non n ^842. J. 5ac/mW. 186: 1084-1096.
o  ilusamylornaef^''"'

J yirich, A. and Berg, G. 2002. Potato-associated
Kreohel. A.. Foupd. A., ic'potontid towards plant-pathogenic fungi and the

bacteria and their antag ^ White) Chitwood.
citic nernatodeplant-paras."

hiol 48: 772-786.
Cana.r, J. Microbtoi- '*

61



Kumar BSD. 1999- Fusarial wilt suppression and crop improvement through two
""""'rhizobacterial strains in chick pea growing in soils infested with

Fusariumoxysporurafsp. ciceris. SW.fcrtio/& 29: 87-91.

Kuroar V., Sarma, M. V., Saharan, K.. Srivastava, R., Kumar, U Sahai, V., B.sana,
d Sharma, A K 2012. Effect of formulated root endophytic fungus

p" M/bmospora indka and plant growth promoting rhizobacteria fluorescent
pseudomonads R62 and R8I on Vigna^mgo. World J. Mlcrotiol.
Biotechnol.2S:595-603.

G H and Prasad, R. 2004. Piriformospora indica: fungus of theKumari, R., Pham, _ ' ̂ j myxrorr/rto. McnoirWogy serfes.
millennium. Basic resea
New York: IK International-India, •

,  , S H Balareju, K., Park, K. S., Nam, K. W., Park, J. W., and Park, K.Lee, S. W., Lee, o. •' induced disease suppression of four vegetable
2014. Growth promotion ^l^j^^bacteria strain 5ac///i«
crops by a selected p an g physiologiae. Plantarum. 36: 1353-
under two different soil condit.o .
1362.

R A 2009. Biological control of the rice root-
I  J and SiKora, k-Lee, T. H., Padgham, ■ ^ graminkola on rice, using endophytic and

knot Mmag. 55: 31-36.
ririzosphere fungi- M- J-

, pffect of culture filtrates ofFusarium oxysporum f.sp. Ckero andUmanceau, ?■ 1992- E"' _ pseudomonm spp. fluorescents. Agrooomie. 12:
Ft4sanum solani on. ex
413-437. Sardanelli, S. 2001. Interactions between the

Uwis, E. E., "orienil insect pathogen complex and the
S,einerr,ekP incogoila Blot. Com. 21:55-62.
root-knot nem ^ ^ ^ ^ ̂  ^ Lumsden, R. D. and

Li, W., Roberts. D. P-. anti-biotic activity and disease suppression
Hebbar, K. P-

62



by the potential biocontrol agent Burkholderia ambifaria BC-F. Crop. Prat.
21:129-135.

Lugtenberg L and Kamilova, 2009. Increase in green house toraato fruit yields by
plant growth promoting rhizobaeteria inoculated into the peat-based growing
media. Soil Biol. Biochem. 25:269-272.

MTiga P.. Belanger, R. R-. T- C- and Benhamou, N 1997. Inere^^
resi tanee to Fusariu. o^spon.. f. sp. raBic ,s lycopers.. ,n tomato plants
ILd witb dte endophytic bacterium PseuBo^ooosJIyorescens stram. Physro/.
Mot. Plant Pathol 50: 301-320.1984a. Effect of culture filtrates of frrsorirrm oayspomm f. sp.

Mani, A. and Sethi, . • hatching and juvenile mobility of Meloidogyne
Cicero and Fusarinm solani on
mcogniia.Nematropicai'iJi^-^* ■

,084b. Some charaeteristics of eulture filtrate ofFnsariumMani, A. and Setbi, C. L. i cosmiia. NemairopicaM-. i2\-\2').
soianiionictoMeioidogyne'ncogn.

R and Sivakumar, C. V. 1998. Management of the potato
Mani, M. P., Sundarababu, R- » pl^„, ri,ia„sphere bacteria

cyst nematodes, Olo o ,2: 131-134.
i1'^QyCSCCtl^^ M1&Psuedomona ,ggo Problem of root knot nematode in

•  Q

Maqbool, M. A., Haabmi, ■. Maqbool, M. A., Oolden, A. M.,
Pakistan and strategy » p|a„t Nematology. National
Ghaffar, A., , u„i'versity of Karachi, Pakistan, pp. 229-240.
Nematologica ^ Secondary metabolites with

iv/I ftfid Stem®'?
Mayer, A., Anke, H., activity fmm nematophagous fungi and

oematieidal 73: 932-939.
Ascomycetes. metabolic sink. CAB International,

a  ,077. W^'''""'»'"''"TTnn. 384(9): 88-90.McClure, M. A., j^ernat- Contro
Wallingfo'"'''^

63



Meena K K , Mesapogu, S., Kumar. M.. Yaudigeri, M. S., Singh, S. and Saxena, A. K.
'2010 Co-inoculation of the endophytic fungus Pirlfomospora mdico with the
ohosphate-solunilising bacterium Pseudomonas strtam affects population
dynamics and plan, growth in chickpea. Bid. Feriil Soils. 46:169-174.

sa 9 L F Huettei, R. N.. Liu, X. Z., Humber, R. A., Juba, J. and Nitao, J, K.
2004' Activity of fungal oultum filtrates against soybean cyst nematode and root
knot nematode egg hatch and juvenile modality. Neo,a.d 6:23-32.

S I., Chitwood. D. J. and Roberts, D. P. 2000. Evaluation of
Meyer, S. L. F„ Massou , • •• cepacia (or antagonistic activity against

::r
44(2): 159-163.

H Godoy, G., Shelby, R. A., Rodriguez-Kabana, R. andMorgan-Jones, G., Mian, ' " Meloidogyne arenaria in infested soil.
1982. Chitin amendments
Nematropica. Archives of Phytopathology and Plant

A <;inha Babu, S. P- 'Mukherjee, A. and
Protection. 46(5): 607-

,999. Evaluation of biological activity of rh.zobactena
Neipp, P. W. and ̂ ^^'J^„stHeleroderoschr,chlii. J. Nemolol. 31: 54-61.

from Beta ,996 Efficacy of biocontrol agents in
J gjr3.nob6rg9

Nemec, S., Datnoff, L. E- a" gisease of vegetables and
• cc to coloniz® P'»plant mixe 735.742.
rropBf^^'citrus.*- f . rY I IQ99 'In-vitro assays of A/e/o/f/ogyne

A rhitwood, u. J.

Nitao, J. K., Meyer, ̂^^^J Jgjuvenilemotility.Z Nenraiol. 36: 23-32.
nematode egg" ^ Vanna, A. 2009. wrf/ca, a

oelmuller, R.. v:ith multiple biotechnologica, applications.
cultivable root en
Symbiosis

64



■  n F Camoos V. P., Amaral, D. R., Nunes, A. S., Pantaleao, J. A., andOliveira, D. F., campob, v , j . . .v

Costa D A. 2007. Selection of rhizobacteria able to produce metabolites activeZLMoidogyme.igua.Eur.J.PIa..Pa,ho,AX9AV-A19.
Ongana, M. and Jacques, P. 2007. Buctfte lipopepudes: versatde weapons for plant

disease bioconttol. Trends Microblol. 16:114-125.
R A 1989. Seed-treatment with antagonistic rhizobacteriaOostendorp, M. and Sikora, ' ' ^ early root infection of sugar beet,

for the suppression o

Revue, de. Nematol 12. 77 83.
R A 2005. Opportunities for nematode biocontrol in

Padgham, J., Le, H. and Sikora, endophytes. In: Symposium of the Global
lowland rainfed rice using innovations, Conflicts, Strategies.
Food & Product Chain^^^y
Hohenheim, Gern y r 2OI1. /w vitro screening of bacteria free

Pankaj, K., Bansal, R-K. and Dabu
culture Nematol. 41(1): 14-20.
Meloidogyttegrant methods for agricultural workers,

X/ <; and Sukhatme, P-Panse, V. S. ana 1<2-155.
irAR New Delhi, PP-^^ .
'CAR- pseudomonas pulida indole acetic acid in

Patten, C. L. and Click. B. R^ 200^^ Environ. Microblol. 68: 3795-
developn.en.of.k^'-^^'P
3801. promoting rhizobacteria (POPR) help

the plant m pro cRhizosphere Colonization and control of

c and Jans®""' 'l.mppingFungi',,/»mr.to/. 31: 164-171.Persson, C. an j,y Nematode rrdpp
Meloidogyn^ ̂PP' ^atachari, S. 1998. Allelopathy; a possible
„ C uwi'k E- nematodes by entomopathogenicPerveen, P- =• • ,„ppression of P»

mechanisih of a PF .^35.743.
nematodes. '

65



Pham, H. G., Kumari, R., Singh, A., Malia, R., Prasad, R., Sachdev, M., Kaldorf, M.,
Buscot, F., Oeimueller, R., Hampp, R., Saxena, A. K., Rexer, K. H., Kost, G.
and Varma. A. 2004. Axenic cultures of Piriformospora indica. Plant surface
microbiology. Springer, Germany, pp. 593-613.

Riga, P., Belanger, R. R., Paulit, T. C. and Benhamon, N. 1997. Increased resistance to
Fi^arium oxyspomm f. sp. lycopersici in tomato plants treated with the
endophytic bacterium Pseudomoms ftuorescem strain. PhysioL Mol. PImt
Pathol. 50: 301-320.

„  _ u f R Tantasawat, P., Tittabutr, P., Boonkered, N.,Piromyou, P., Buranabanyat, B., Tantasaw i, , . .. . rpcPR)
Teaumroong, H., 2011. EfTect of plant growth promoting ' ^
inoculation on micrebial community structure in rhizosphere of forage
cultivated in Thailand. Eur. J. SoilBiol. 47:44-54.

.  I K H and Schafer, P., 2012. Piriformospora indica a

m'u'tu!:: —ete with an exceptionally large plant host range. M.
/>/««/ 1110:'364-3703.

, ,n07a Bioactivityofcommercial products of
Radwan. M. A. 2007m ^ 3„0-33.

Meloidogyne incognita infecti g

.7b Efficacy of Bacillus thuringiensis integrated with other non-

UediterrarK"- 35: 69-73.
r Shivakumar. S. and Nagesh, M. 2012. /n ^itro

Kajkumar. R..
potency evaluation 43(3): ,56-160.
Meloldogy^ incog" ■ . _ ■

I  „ R Raguchander, T.. Prakasam. V. and Samiyappan,
Ramamoorthy, V., Viswanatha . .

.'"'irplantsagainstpes.sanddiseases.CropPiwl.20: i-i,.
rhizobacteria m crop v

66



Rao, A. V. and Rao, L. 0. 2007. Carotenoids and human health. Pharm. Res. 55(3):

F Blaxter M. L and Maizels, R. M. 1996 Taxocara canis-a labile
"""Xle ouetLIn, *e epleutlele o( InOeetlve la„ae. ...

Parasitol. 75: 72-86.

Reddy, DDR. 1985. Analysis of crop losses in tomato due to Meloidogyne mcognita.
Indian JNematol. \S: 55-59.

V  1Q99. Phosphate solubilizing bacteria and their role in
Rodriguez, H. and Fraga, • j.7. 3I9_339.plantgrowthpromotlon.il^*'"'"'

„ o A and Morgan-Jones, G. 1984. Chitin amendments forRodriguez-Kabana., Shelby, • . ■ :„festedsoilNemalropica. 123:271-276.
eontrolofA/eto/rfoS""''"-^"''"

Hment fertillMr rate, and irrigation frequeney for

Yield and nutrient content of bell pepper

Russo, V. M. and f„m seedlings inoculated, or not, with

microorganisms ^p^arium roseum var. arthrosporioides to the
Ryu, C.M. 2003. study of .He to^^o ..eudemicd. dgrtWrure

nematode MeMdo^'
defnrtnce. 76: 121-' ' ^ ̂nd Antoun, H. 2001. Evaluation of

r-he M mi Bacillus thurtugieusis strains for the

Saleh, H. and Sihora, .ucogu.
eolonization and ds
237.

67



Sankarimeena. K.. Jonathan, K.. Devrajan, H. and Raguchander, T. 2012. Pseu^monas
TUnl induced systemic resistance in tomato against Md/ot.o^ne
incognila. Indian J. » of systemic resistance by Trichoderma

Santhi, M. and fyf „ ,adlala) against root-knot nematode
viridae treatment m green gia ' «

^rrvtitn Cui^VBVlt NctnCltOl* Ij«Meloidogyne incognita, curre

M K and Mahapatra, S. N. 2004. Management of root-knot

163.

V Sahatan. K., Srivastava, R., Sharma, A. K., Prakash, A.,Sarma, M. V., Kumar, v., ^ ̂  Application of inorganic carrier based
Sahai, V. and Bisaria, ' pi,iformospora indica on tomato
formulation of efficacy. J. Appl- Microbio. Ill: 456-466.
plants and evaluation o , ti I

^ ,987. A world perspective on nematology: The role
Sasser, J. N. and ^,„„ration of the 25th Anniversary of the society of

of the ^'^fUemalologisls, Inc.. pp. 7-14.
npmatologists, Socteiy J
"  r nematodes and their role in controlling

Sayre,R.M. ^ En..on.I.I.^O.
nematode popnia ondospore-

Sayre, R. M- and Stam, M. ̂  nematodes. He,niin,Magical
forming bacterium P ^^ ,^5

fWashinS^^"'Society oj^ Bothast, R. J- 1^^^- Effects of antagonist cell
.  , „ A Slininga' P- A- ° o„ biological control of Fusariura d^t rotSchisler, D- two-stram mixture

concentration an 177-183.concentration ano ,,,,77-183.
Phvtop^^^ ... Aof potatoes, r / ^ Labuschagne, N. and Viljoen, A.

. V A.. Dubois, T., i^spanim on host preference of
" i r«..

,  unlusRadopholus"'"'"'
68



Shanthi H and Rajeadran, N. B. 2010. Effect of fuagal culture flitrates of VeMUum
l'ecaM (Lecamcillim. spp.) hybrid strains on Merodera glyci.es eggs and
juveniles. 7./nv.fnrto'. 9': 291-297.

e, ^ D,nW«i P 2002. Nematode problem in India, crop pest and disease

.  rv P Ansari M. A. and Gopaiakrishnan, S. 1998. Suppression
Sharma, b. o., w ^ Pseudomonas striata. In:o^Meloidogynejavamca j^fro-Asim Society of Nematologists.

^^'International Symposium oj F
Coimbatore, 109: 16-19.

Chet, I., Herrera-Estrella, A., Kleifeld, O. and Spiegel, Y.
Sharon, E., Bar-Byal, ■. ' ' nematode Meloidogyne javanica by,001. Biological control

Trichodermaharziamm.P'-yoP
A Bar-Eyai. M., Nagan, H., Samuels, G. J. and Spiegel,Sharon, E., Chet, I., Viterbo, •. Meloidogyne javanica and role of the

gelatinous mairiA- ^
JR. and Goswami, B. K. 1999. Management of rootSheelaJ.,Pandey,R K' '^®'^®"^^^^ application of fungal antagonists,

knot nematode on j,^.^fjg^erma harzianum. J.Envi. Sci. Health. 43: 237-
Acremonium strictum

]Vi., Kuramochi, K., Koike, M. 2008. Effect
Sbinva R.. Aioohi. D., K"''"'"' " y^^nciilinm lecanii (Ucaniciliium spp.) hybrid

and juveniles.^. /«v. Pa,M. 97: 291-297.
Strains on ^ induced by biocontrol bacteria

Siddiqni, 1. A- ^O""' ®''f„f„Zre. Mdoidogyne javanica is independent of
'Trl^ ction.^.'"'2'"'^'"

salicylio acid pro

69



Siddiqui I. A. and Shaukat, S. S. 2002. Rhizobacteria mediated induced systemic
resistance in tomato against Meloidogy,.e javamca. J. PhylopalhoU SO: 469-
473

ou I, f <; S 2003. Role of salicylic acid in Pseudomonas
Siddioui I. A. and Snau a ̂ .

:eru,.osa strain .E-OS.- mediated induction of
MeMo^eJav^Plca in tomato. PHyopaM. Med 42: 268-274.

c c 9004 Systemic resistance in tomato induced by
•  I A 5inH Shaukat,Siddiqui, l.A. anu root-knot nematode, Meloidogytte javamca is

j  I IQQ9 Role of bacteria in the management of plant
Siddiqui, Z. A attd 167-179.

parasitic nematodes. B
. rPR- Prospective biocontrol agents of plant pathogens", in

Siddiqui, Z. A. 2006. 'P „ . motion, Netherlands: Springer, pp. 111-142.
PCPR: Bioconttol and Bioten

2008. Effects of antagonistic fungi, plant growth-
Siddiqui, Z. A. and Akhtar, M. mycorrhizal fungi alone and in

promoting of Meloidogytte ittcogttUa and growth of
combination on t 144—153.
,  taett-PldMPd""''^^-tomato. 4. ^agonistic potential in agriculture ecosystems

Sikota, R. A. I9«- patasitic nematodes. Attnu. Ree. Plonopatltol. 30:
for the biocontrol ot P
245-270. Nematode parasites of vegetables. Plant parasitic

Sikora. R. A. and F'-^^d hopi-'
nematodes m su vesicular-arbuscular mycorrhizae

O A and sehonbeek. dynamics of the root-knot nematode
' '^(EtMogot.e -"-'^l^o^^eloMogyoeltopla. PMtt.Pro, pp. 158-166.

Meloidogy"' P"^"' Eatimation of losses due to plant parasitic
a. V. a"^^;;;;;,;;!lps in India.Singh

nematot'®^
70



Singh, P. and Siddiqui, Z. A. 2010. Biocontrol of root knot nematode Meloldogyne
' imognila by isolates of Bacillus on tomato. Arch Phylopalhol. PlanI Pro!. 43:

552-561.

Singh, P., Jetiyanon, K., Fowler. W. D. and Kloepper, J. W. 2003. Btoad-sp^trnm
prateetion against several pathogens by PGPR mixtures under field eond, tons
in Thailand. Plant. Dis. 87; 1390-1394.

Slinlnger, P. 3., Schisler, D. A., Shea-Andemh, M. A., Siomt, 3. M-. "
Frazier, M. 3. and Olseu, N.L. 2010. Multi-strain eo-cultures p
broad spectntm biological control of maladies of potato ,n storage. Bto. .
Sci. Tech. 20:763-786.

I  I Iniversity of iHnois Press. 87.
Smith, A. F. 2004. The tomato in Amertca. London.

'39-143.

I  A fr^r work with plant and soil nematodes, 6th

Mii: r:—'fIsU and Ftmd. Kefemnce book .o. 402.
London: HMSO. p-202.

,  . R ,991 Biological Control of Plan. Parasitic Nematodes, England:
Stirling, G. K.

Chichester, CABI, 282.
,  A j PHpn L M. 1998. Control of root-knot

of 'nlatode' tmpplng fltngus Ar.BroBo.rys

J c- hai R S 2007. Use of complex media for the

'TZ^oltacIa in the infiammatoty pathogenesis of human filariasis.

71



Turdgill z A Siddiqui J. K. and Fowler, W. D. 2000. Systemic resistance in tomato
indnced'by biocontrol bacteria against the root-knot nematode, Mdoidogyne
javamca is independent of salicylic acid production../. Phy,opa,hol. 152:48-54.

T  RanfS Drzewiecki,C.,Mithofe,A.,Mazars,C.,Scheel,D.,Lee,J.andVadassery, ., • ^ theendophytic fungus

fntf^o P-otes gtuwth of Ar„s seedlings and induces
i„,racellular calcium elevation in roots. Z Plan,. 59: 193-206.

Rakker P A. and Pieterse, C. M. J.,1998. Systemic resistance
":Ledb;rhizospH;re-^^^^^^

Lou, B., Hartmann, A. and Oelmueiier, R. 2012.Varma, A., Bakshi, •» growth promoting endophytic fungus.
piriformosproa indica:

Azric.

U A sudha, M., Sahay, N. s., Sharma, J., Roy, A., Kuman, M., ana,Varma, A., Sing » •> p Bharti, K., Hurek ,T., Blechert, O., Rexer, K.H.,
p., Thakran, S., J ^ Strack, D. and Kranner, I. 2001.
Kost, G., Hahn, A., ai mycorrhiza-like endosymbiotic fungus.
piriforntospora indica. 125-150.

Verlag Berlin, Germany, pp. 125Springer-Verlag, d

Shay N, BUtehorn, B. and Franken, P. H. 1998.
Varma, A., Verma, S., a p,ant-growth-promoting root endophyte.

.. N 2011. Biological management of vascular wilt of
veerubommu, S. and .^sporun,. sp. lyeospersici by plant growth-

tomato caused y Control 57: 85-93.
■■ „ rliizobacterial mixiupromoting ^ Sarbhoy, A., Bisen, P.,

c Vanna, A., ptriformospora indica, a new root-Verma, S., pranken, "•

fungicolonizing

72



Vessey J K. 2003. Plant growth promoting rhizobacteria as biofertiiizers. Plant Soil.
255: 571-586.

V T T 2005 Modes of action of non-pathogenic Fusarium oxysporum endophytes
' for bio-onhancement of banana towari Radopholus sMIis. PhD thesis. Bonn.
Germany: University of Bonn.

. I rr B. and Baltmschat, H. 2005. The endophytic fungusWaller, F., eta , ■, salt-stress tolerance, disease
P<nfor.ospora ,33^^.
resistance, and higher yici
13391.

.  K Deshmukh, S. D., Achatz, B., Shamta, M., Sohafer, P. andWaller, F., and local modulation of plant msponses by
Kogel, K. H. ■ sebacinales species. J. PImt Physlol. 165:
PIriformospora inJ-ca and relate
60-70.

pr I 2001. Piriformospora indica: a cultivable1/0 srid K.rftnncr *•Walter, M., Strack ' ^ springer-Verlag, Berlin, Germany, pp
mycorrhiza lite
125-150.

Rexer, K. H., Urban, A. and Oberwinkler, F. 2004.
Weiss, M, Selosse, M. . gosm of hetero basidiomycetes with a broadSebacinales: a hitherto ov ,oo3-1010.

^ycorrhizalpotentinl-W^"''^"
Weller,

^.oorHtizalpo-'i'"-^'"""'
,  ntrol of soil borne plant pathogens in the rhizosphere

hacteria.with bac • penetrans within the genus
•  c 2000. Host specificityWhippa and Daves 3,,03-209.

Meloidogyn Nematode Problems and
xyf A and Kci'O'' t>. • ^Wbitehead, N.. Maqboo A- of the Expert Consuitabon

,Keir control in -te contml in the Near East Region Karachi,on Plant Nenwtode pro

73



FAO-Food and Agriculture Organization of the United Nations, Rome, Italy,
pp. 79-92.

Williamson V. M. and Hussey, R. S. 1996. Nematode pathogenesis and resistance in

D A 1099. Biological control ofplant pathogens. Handbook
Wilson, M. and Bac man

of pest management. New

C R 1999- The Bacillus subtilis genome sequence: the
Wipat, A, and tgrium.FEMS.Mcroi.£co/.28:l-9.molecular blueprint of a soil D

D K., Kumar, H., Sharma, R., Tripathi, T., Tuteja, N.,Yadav, V., Kumar, M., D®®P' ^ ̂  2OIO. A phosphate transporter from the root
Saxena, A. K. and pj^ys a role in phosphate transport to
endophytic fungus Pinfo '" P
,Ke host plan.. ^

S kora E J. and Kloepper. J. W. 2001. Appl.caOon of
Zehnder, G. W., Murphy. J- F-.^ ^ 39-50.

rhizobacteria for mduce

, Zurawska. M.. Biedenkop, D. and Kogol. K. H. 2009.
Zuccaro, A., Basiewiu^. M., and stable genetic ttansformat.on of

Kaiyotype analysts, gauo Mica. Fung. Geml. and Blot. 46:
the toot colonfeinS f""8"
543-550.

74





8. APPENDIX-1

8.1 MEDIA COMPOSITION

8.1.1 Nutrient agar

Glucose

Peptone

Beef extract

NaCI

Agar

Distilled water

pH

8.1.2 King's B agar

Protease peptone

-5.0 g

-5.0g

.3.0g

-5.0g

.20.0g

-1000 ml

-7

-20.00g

-l.SOOg

Dipotassium hydrogen phosp
Magnesium sulphate heptahydmte

Agar .15 ml

Glycerol ,1000 ml

Distilled water

pH

8.1.3 Coconut Water Ag .| qoo ml
Coconut water _20g

Agar -7

pH
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(13^/^

8.1.4 Potato Dextrose Agar
-200g

Potato

Dextrose

Agar

Distilled water

pH

-20g

-20g

-1000 ml

-7
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abstract

The study entitled "Plant growth-promotlon and root knot nematode
Jmato by Firiformospora Mca and rhizobaeteria" was oondueted atmanagement,n o AgLuural Microbiology College of Agriculture, Vellayani

,He Departm pmential of the root

during the per. p|a„t growthrpromoting rh.zobactena
endophytic fungus / nematode infestation in tomato.in improving plant growth and suppress,ngr

ondueted as in v.Vm and in vivo studies involv.ng
The experiment was p,.,

interaction assay between the b.o ojca ^ i„(,aenced by treatment with
culture studies. Egg hatching an a nf
chizobacteria and their cell fr^ ex « nP
.hizobacteria significantly reduced egg „as
Meloidogyne incognito juveniles^ fpl,„„cd by S.
with CFE of

Pseudon,onos fluorescent ^,^,5 ,„h„v/s (27%). Juvenile
an,ylol,c,uefaciens (22.66 «/.) and maxim Higher
mortality was highly influenced by the eel free ex
mte of mortality was observed with un , u Pp^ CFE of B
P^-tage tanged

•  rivio' bacterial cell/ml) negatively Influenced
All the rhizobacterial strains (IxlO Upon



the test suspension of all the rhizobacterial strains had positive effect on egg hatching.
Treatments with cell suspension of all rhizobacterial strainsshowed significantly low
mortality of h juveniles, with highest mortality for B. amyloliquefaciem (8.56 %)
indicating less influence by the rhizobacteria as such.

Piriformospora indica showed no egg parasitism. Compatibility between
piriformospora indica and rhizobacteria was assessed by dual culture plate assay
under in vitro condition and it was found that B. pumilus and Pseudomonas
B^uorescens AMB8 were compatible with the fungus though the test medium differed.
Thriompatible bacteria as single inoculation and combination with P. indica vyere
used for in vivo analysis.

Pot culture experiments using sterile planting medium with single inoculat.on
the selected rhizobacteria, Piriformospora indica, and their combinations m the

"  e or absence of nematode were carried out. Ail treatments with P.presence ^„|„„i2a,io„ by the fungus.in the presence of nematode,
mdicas o found to be increased and the highest was for
percentage ^ ji„orescens AMB8. Higher biometric characteristics
combination o ' f„, parameters, in the nematode
were observe w combination of P. indica and P. fluorescens
inoculated trea m , „„„ber, fruit number, shoot weight and root weight
AMB8 had positive .p^^^jment with P. indica resulted in formation of less
when compared to t e „,ass (306.405), number
galls/plant (33.30), SS nematode popuiation/iOOcc soil (58) as
of nematodes/g of root • ^^3 3^^ 22^ 53_compared to the control plants, where

294.16 respectively.
• u H the biocontroi potential of P. indica against root knoThe study estabiishe ^ production

nematode in tomato. App ' olant growth and suppression of root knot
ensures better performance m terms
neVnatode infection in the main


