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Abstract 

Research was conducted on two important groups of nematodes plant parasitic nematodes 

(RKNs) and insect parasitic nematodes (entomopathogenic nematodes). Eggplants 

(Solanum melongena L.) are the most seriously affected by Meloidogyne incognita. 

Entomopathogenic nematodes i.e. Steinernema glaseri, S. asiaticum, Heterohabditis 

indica and H. bacteriophora were evaluated at different time of application against M. 

incognita for invasion, development and reproduction of M. incognita. In a life cycle 

study, S. asiaticum and H. bacteriophora were proved more effective in influencing the 

life cycle of RKNs at all application times than S. glaseri and H. indica. However 

application of entomopathogenic nematodes before application of M. incognita proved 

more effective than with and after the application of root knot nematodes. S. asiaticum 

and H. bacteriophora delayed penetration of nematode juveniles (J2) into roots of brinjal. 

Cells and toxins of and Xenorhabdus spp. and Photorhabdus spp. proved nematoxic to M. 

incognita. Higher concentrations of bacterial cells suspensions and toxins were more 

effective in suppression of hatching of eggs and immobilization of juveniles than the 

lower concentrations. Percentage inhibition of eggs and juvenile’s immobilization of M. 

incognita increased with increase in concentration. At concentration of 4x107cells/ml, 

Xenorhabdus spp. and Photorhabdus spp. cell suspensions completely prevented egg 

hatching of M. incognita at 48 hrs exposure time. Bacterial cell suspensions and bacterial 

toxins equally inhibited egg hatching and immobilized juveniles. Bacterial cell 

suspensions and toxins of Xenorhabdus spp. and Photorhabdus spp. caused more than 

90% immobilization of juveniles. The persistence effectiveness of bacterial cell 

suspensions and toxins in soil were evaluated up to 7, 14 and 21 days against M. 

incognita and determined that Xenorhabdus spp. and Photorhabdus spp. were effective in 

suppressing number of galls, number of females, egg masses and reproduction factors 

after 7 days of application followed by 14, 21 days of application. The efficacy of 

bacteria and toxins decreased in the soil over long period of time. These bacteria and their 

metabolites can be stored in vitro on room temperature up to the period of 5 months. 

Protective and curative effects of Xenorhabdus spp. and Photorhabdus spp. and their 

toxins on root-knot nematodes were also studied on nematode development parameter, 

number of females and reproduction factors. All treatments proved effective as compared 



 

to the control. Protective effect of Xenorhabdus spp. and Photorhabdus spp. and their 

toxins at standard concentrations were more effective in controlling the number of females 

and reproduction factor of root knot nematodes than their curative effect. Compatibility 

and the combined action of bacteria (Xenorhabdus spp. and Photorhabdus spp.) and 

toxins with bio-products (abamectin, emamectin and azadirachtin) against M. incognita 

were also evaluated. The results of the study showed that the combined use of bacterial 

cell suspensions and abamectin significantly reduced the population of M. incognita and 

have synergistic effect with each other. 
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Chapter I                                                           INTRODUCTION 

The economy of Pakistan is based on agricultural. It is the instant major part of 

economy and contributes more than 21% of GDP and absorbs 45% of employers in the 

country. About 62% of population live in rural areas and depend directly or indirectly on 

agriculture. This area is one of the main suppliers of raw material resources, has made a 

major contribution to the processing industries and export to Pakistan (Anonymous, 

2010). 

Eggplant, also known as brinjal or aubergine (Solanum melongena L.), is an 

important low-price summer vegetable. It belongs to family Solanaceae and contains 

92.7% water, 4% carbohydrates, 1.4% protein, 1.3% fiber, 0.3% fats, 0.3% minerals and 

vitamin A in a negligible quantity (Tindall, 1978). Eggplant also has some medicinal 

value, as it is good for diabetic patients. This plant requires warm weather and a long 

growing season with day and night high instead of average temperatures and is cultivated 

in many countries, including Pakistan. Dilnasheen, Cluster King, Purple Queen and 

Nirrala are some important commercial varieties grown in Pakistan. Total production of 

eggplant in Pakistan is 94.3(000) tons. In Punjab (Pakistan), eggplant was cultivated on 

an area of 4.7(000) ha with an annual production of 59.2 (000) tons during 2009-10, with 

the average yield of 12.6 tons/ ha, which is very low as compared to other Asian countries 

(Anonymous, 2011) and stands at 18th position in world ranking (FAO 2010). 

Among the biotic factors (fungi, bacteria, viruses and nematodes) that are 

obstacles in getting the high yield, root-knot nematode Meloidogyne incognita (Kofoid 

and white, ,1919) Chitwood (1949) is widespread, destructive and the most difficult 

pathogen of brinjal (Sasser, 1980; Jones et al., 1991; Fourie and McDonald, 2000). RKNs 

tremendously reduce both quality and quantity of fruit and are obligate sedentary 

endoparasites. 

More than 100, Meloidogyne species (Eisenback and Triantaphyllou, 1991) have 

been described out of them only four have been recognized as the major and widely 

distributed species (Eisenback et al., 1981). These occur in the following order; M. 

incognita (Kofoid and white) Chitwood, 47%; M. javanica (Treub) Chitwood, 40%; M. 

arenaria (Neal) Chitwood, 7% and M. hapla Chitwood, 6% (Sasser, 1980). RKN attack 

more than 3000 species of plants, including almost all cultivated plants and reduce world 

crop production by about 5% losses in individual fields, however may be much higher 
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(Agrios, 2005). Castagnone (2002) concluded that among them M. incognita, M. 

javanica, M. hapla and M. arenaria were of outstanding economic importance because 

they were responsible for at least 90% of all damage caused by RKN. 

In Pakistan, root-knot nematodes Meloidogyne (Goeldi spp.) are recognized as 

important pests of vegetable crops with a host range of about 100 from different 

cultivated zones of Pakistan (Maqbool, 1986, 1987, 1988, 1992; Anwar et al., 1992; Zaki 

et al., 2000). The distribution of RKN in the soil of Pakistan is; M. incognita 52%, M. 

javanica 31%, M. arenaria 8%, M. hapla 7% and other species are about 2% (Maqbool, 

1986, 1987, 1988). Among the root-knot nematode, M. incognita and M. javanica are 

commonly found in the Punjab (Anwar et al., 1991). In Pakistan, losses due to plant 

parasitic nematodes range between 5-20% (Maqbool et al., 1988). In Punjab, 75-100% 

disease incidence was reported on tomato due to root-knot nematode (Shahid et al., 

2007).  

The annual losses, according to estimate by the United States Department of 

Agriculture (USDA), are US$ 4 X 109 per annum (James, 1981) and approximately 12% 

of the annual lossof food and fiber production in the world  are due to plant parasitic 

nematodes (Barker et al., 1994). Diseases caused by nematodes in Pakistan are important 

because the climatic conditions and soil structure are favorable for the nematodes activity 

and its development (Brown, 1963). Synergistic effect of root-knot nematodes with other 

pathogens in disease development causes severe damage (Powell, 1971; Kerry, 1987). 

These microbial infections are often more economically damaging than the direct effects 

of nematode feeding alone. Meloidogyne spp. enhances damage caused by fungi 

(Verticillium, Rhizoctonia and Pythiun species) in cotton. Root-knot infestations accounts 

for more losses at seedling stage (Thorne, 1961; Ploeg, 2001).  

The above ground symptoms caused by root-knot nematodes in their host plants 

are very general like other soil-borne pathogen diseases like stunting plant growth, 

wilting of plant parts, decline in fruit production both in quality and quantity and also like 

mineral deficiency patches in the field (Sikora and Fernandez, 2005). Infested plants are 

generally unhealthy but in favorable growing conditions may tolerate attack, especially 

with partial damaged root system (Evans et al., 1993). The below ground system includes 

swelling and galls throughout the root system and under the severe attack, the plant may 

die. Nematodes produce multinucleate giant cells by injecting secretions into the root 

cells, which provide a continuous source of food to the nematode. A gall is formed at the 
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feeding site due to extensive hypertrophy and hyperplasia of the root cells (Dropkin, 

1969; Endo, 1975; Rushdi et al., 1980; Haseeb et al., 1981; Jones, 1981; Tyagi and 

Rehman, 1981; Youssef, 2001). These feeding sites are sinks for the plant photosynthesis 

and they thus impair plant growth and development (McClure, 1977; Anwar, 1995). In 

addition, deformation and blockage of vascular tissues at the feeding sites limit 

translocation of water and nutrients, which further suppress plant growth and crop yield 

(Mehrotra, 1983; Anwar and Din, 1986; Hussy and Williamson, 1997). 

Due to worldwide distribution, affinity with other pathogens and serious 

destruction to vegetables and field crops, it is necessary to find out the most effective and 

feasible management of root-knot nematodes. Among different nematode management 

strategies, chemical control has proved generally effective (Barker and Koenning, 1998) 

but being highly expensive, toxic to plants, livestock, soil micro-flora and fauna 

(Jairajpuri et al., 1990), removal of key nematicides from the market (Veremis and 

Roberts, 1996) and development of resistance in pathogen against these chemicals, 

governments today demand environmentally safe chemicals with low toxicity and less 

mobility to avoid ground water contamination and limited effects on non-target 

organisms. Therefore, the development and implementation of alternative control 

strategies are needed.  

Besides microbial pathogens of pest insects, entomopathogenic nematodes (EPNs) 

have been successfully used in agricultural systems. Like parasitoids or predators, EPNs 

are motile and have chemoreceptors. Like pathogens, these are highly virulent, killing 

their hosts quickly and can be cultured easily either in vivo or in vitro (Ehlers, 2001). No 

evidence exists for a mammalian pathogenicity (Ehlers and Peters, 1995; Boemare et al., 

1996; Ehlers and Hokkanen, 1996) and can easily be applied by using standard equipment 

and compatible with almost all chemical control compounds (Georgis and Mamweiler, 

1994; Georgis and Kaya, 1991). 

Entomopathogenic nematodes (EPN) belonging to the families’ Steinernematidae 

and Heterorhabditidae infect and kill insects with the aid of symbiotic bacteria carried in 

their intestines (Steinernema spp. carry Xenorhabdus spp., while Heterorhabditis spp. 

carries Photorhabdus spp.). These bacteria are motile and gram-negative and belong to 

the family Enterobacteriaceae (Ehlers et al., 1988; Forst and Clarke, 2002). An IJ carries 

between 0 and 2000 cells of its symbiotic bacterium in the anterior part of the intestine 

(Spiridonov et al., 1991; Sturhan and Kreimeier, 1992; Endo and Nickle, 1994). 
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Xenorhabdus occurs naturally in a special intestinal vesicle of Steinernema IJs (Bird and 

Akhurst, 1983), while Photorhabdus is distributed in the foregut and midgut of 

Heterorhabditis IJs (Boemare et al., 1996). 

Over the past three decades, consideration of EPNs as exclusively biological 

control agents of insect pests has rapidly expanded. Alternative studies in the past shows 

positive and negative interactions with other soil pathogens, indicating the potential of 

some EPNs species to suppress plant-parasitic nematodes (PPN). EPNs have been 

successfully used against insect pests in many crops (Grewal et al., 2005). As additional 

benefits, several researchers including Fallon et al., (2002), Gouge et al., (1997), Grewal 

et al., (1997, 1999), Jagdale and Grewal (2008), Lewis and Grewal (2005), Molina et al., 

(2007), Nyczepir et al., (2004) and Shapiro et al., (2006) have demonstrated that EPNs 

can also be used as biological control agents against RKN infesting different crops in the 

field and green house. Perry et al., (1998), Grewal et al., (1997) and Gouge et al., (1994) 

observed the control of plant-parasitic nematodes by EPNs. 

During 1996-2004, studies on distribution, isolation, biology, taxonomy and 

efficacy of EPNs have been carried out in Pakistan. Approximately 2000 soil samples 

were collected from all habitats of different localities of Pakistan (Shahina & Maqbool 

1996; Shahina et al., 1998; Shahina et al., 1999; Soomro et al., 2002; Shahina et al., 

2002). So far, four species have been identified in Pakistan. Two of them are known viz., 

H. indica Poinar et al., 1992, and re-described by Anis et al., (2000) with the help of 

RFLP and S. feltiae Filipjev, 1934 is reported by Anis et al., (2002) and redescribed by 

Tabassum & Shahina (2004). While, S. pakistanense, Shahina et al., 2001 and S. 

asiaticum Anis et al., 2002  are two new species. According to latest information 

(Nguyen, 2004) a list of total 37 species of Steinernema and 9 species of Heterorhabditis 

is in record. The Pakistani species, S. pakistanense classify under bicornatum group while 

S. asiaticum comes under the carpocapsae group (Nguyen, 2004). 

Other studies have shown that EPNs and symbiotic bacteria possibly may interfere 

with the reproduction and infection of some PPN (Grewal et al., 1999). Some 

nematologists are interested in determining this interaction between EPNs and RKN 

because of their potential for RKN management. Antagonistic interactions between EPN 

and RKN were first shown by Bird and Bird (1986), who showed a reduction of the 

infection of M. javanica (Treub) by the application of EPNs. Entomopathogenic bacteria 

have shown efficacy towards nematodes (Boemare, 2002). The life cycle of RKN consists 
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of eggs, four juvenile stages, adult male/female and matured female with eggs (Bird 1969, 

Bird et al., 1975). EPNs and their associated bacteria inhibit egg hatching (Grewal et al., 

1999; Samaliev et al., 2002), cause mortality of J2s (Grewal et al., 1999; Sasnarukkit et 

al., 2002) or repel J2s from the roots of the target crop (Sasnarukkit et al., 2002). 

In nematode management, the Xenorhabdus spp. and Photorhabdus spp. and their 

toxins must have sustained nematicidal effects in being either systemic, remain in or 

around the rooting zone in the presence of watering and other agronomic practices. These 

bacteria have nematotoxic effect, suppress populations of RKN (Chaubey et al., 2004, 

and Hu et al., 1995, Samaliev et al., 2000 and Lewis et al., 2001), and can be applied for 

soil drenching and bare-root dip treatment as phytochemicals (John and Hebsy, 2000). 

These EPN, their symbiotic bacteria have been reported to have insecticidal (Pang et al., 

2004; Walsh and Webster 2003; Mahar et al., 2004), toxic (Khandelwal et al, 2004; Chae 

and Ryu, 2004) and nematicidal (Chaubey et al., 2004, Fallon et al., 2004) effects.  

In USA, yields on plot infested with M. incognita and treated with DD-MENCS 

(carbofuran) and planted with beans, summer squash, okra or cucumber increased by 128, 

180, 507 and 117% respectively (Johnson, 1985). These figures demonstrate clearly the 

economic impact these nematodes have on vegetable crop production. According to 

Sikorah and Fernandez (2005), the intensive commercial cultivation of vegetables with 

susceptible varieties could lead to total crop failure.  

The advantages of the use of EPNs, their associated bacteria and toxins (culture 

filterate) are many including low cost, high efficacy, safety for humans and other non-

target organisms, preservation of other natural enemies, reduction of pesticide residues in 

food and increased biodiversity in managed ecosystems. 

Keeping in view the importance of the biological control, it was planned to 

investigate the biological control of root-knot nematodes through EPNs, their associated 

bacteria and toxins (culture filterate).  

Objectives: 

 Evaluation of different species of EPNs for their effect against invasion, 

development and reproduction of M. incognita. 



 6

 Study of potential of bacteria and culture filterate associated with the EPNs 

against egg hatching, mortality, invasion, development and reproduction of M. 

incognita. 

 Determination of persistence of bacteria and culture filterate effectiveness in soil. 

 Impact of storage time on the efficacy of bacteria and culture filterate on RKN. 

 Protective and curative effect of bacteria and culture filterate against M. incognita. 

 Compatibility of EPNs with bio products (abamectin, emamectin, and 

azadirachtin) against invasion, development and reproduction of M. incognita. 

 



 7

Chapter II                                       REVIEW OF LITERATURE 

The current study was instigated to exploit the potential of entomopathogenic 

nematodes, their associated bacteria & toxins for the development of Meloidogyne 

incognita on brinjal. This section reviews the work done on production levels of 

entomopathogenic nematodes, their limitations and importance in the control of root-knot 

nematodes, host ranges, management strategies for root-knot nematodes, identification of 

Photorhabdus spp., Xenorhabdus spp., association between the entomopathogenic 

nematodes (Steinernema spp. and Heterohabditis spp.) and associated bacteria 

(Xenorhabdus spp., Photorhabdus spp.) and insecticidal and antibiotic potential of 

Photorhabdus spp., Xenorhabdus spp. and finally, the use of Photorhabdus spp., 

Xenorhabdus spp. and their toxins (metabolites) in the management of insects and 

nematodes. 

2.1. Importance of root-knot nematodes 

One of the most common pests, limiting world agricultural productivity, is the 

root-knot nematodes Meloidogyne spp. Although over 90 species have been described to 

date; four species namely, M. incognita, M. javanica, M. arenaria and M. hapla are of 

particular economic importance to vegetable productivity. It is found that out of 1000 root 

knot nematodes collected from 75 countries, 53% were identified as M. incognita, 30% as 

M. javanica, 8% as M. arenaria, 8% as M. hapla and 2% as M. exigua or other species 

(Taylor and Sasser, 1978). In Pakistan, root-knot nematodes Meloidogyne (Goeldi spp.) 

are recognized as important pests of vegetable crops with a host range of about 100 from 

different cultivated zones of Pakistan (Maqbool, 1986, 1987, 1988, 1992; Anwar et al., 

1992; Zaki et al., 2000). Among the root-knot nematode, M. incognita and M. javanica 

are commonly found in the Punjab (Anwar et al., 1991). In Pakistan, losses due to plant 

parasitic nematodes range between 5-20% (Maqbool et al., 1988).  

 According to Sasser and Carter (1985) crop loss of 12% had been reported in 

USA. However; without the current management strategies already in use, much greater 

losses would have been observed (Baker et al., 1994). M. mayaguensis considered as the 

most pathogenic root knot nematode species has been found in Senegal and South Africa 

(Sikora and Fernandes, 2005). M. incognita was identified as the most important species 

of root-knot nematodes. Yield of beans, okra, summer squash, or cucumber in M. 
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incognita infested plot increased by 128, 507, 180 and 117% respectively, when treated 

with DD-MENCS (carbofuran) to control root knot nematodes (Johnson, 1985). The 

figures clearly demonstrated the economic impact.  According to Sikora and Fernandez 

(2005), the excessive commercial cultivation of susceptible vegetables varieties could 

lead to total crop failure.  

Primary symptom of Meloidogyne spp. infestation is formation of galls on the 

infected plant roots. As a result of severe attack, vascular system of roots completely 

disorganizes. Activity of vascular bundles was severely damaged in roots. Under dry 

growing conditions, plants wilt rapidly and show stunted growth. Work on infestation of 

root knot nematodes was carried out by many nematologists (Steiner, 1940; Linford, 

1941; Golden, 1953; Powell and Moore, 1961; Miller and Edwardo, 1962; Wong and 

Willet, 1969; Kinloch and Allen, 1972), Reproduction, (Triantaphyllou, 1962; Davide and 

Triantaphyllou, 1967), development and biology of root knot nematodes (Jones and 

Dropkin, 1976), mode of action and gall formation (Bird, 1962; Setty and Wheeler, 1968; 

Huang and Maggenti, 1969; Viglierchio, 1971; Glazer et al., 1983), wind borne 

dissemination (Orr and Newton, 1971) and their spread through irrigation water (Faulkner 

and Bolander 1970; Tobar and Palacios, 1974). 

2.2. Hosts of root-knot nematodes 

Root-knot nematodes (Meloidogyne spp.) occur throughout the world infecting a 

wide range of hosts in the tropics and subtropics. They generally affect 2000 plant species 

(Hussey, 1985). According to Busquets et al. (1994), M. javanica showed significantly 

higher reproductive potential on eight vegetable crops including brinjal. Esmenjaud et al., 

(1990) found several cultivars of asparagus (Asparagus officinalis) as host of M. 

incognita and three other species of Meloidogyne. Meyer and Wyk (1989) reported that 

several weed species in South Africa tend to be susceptible to M. incognita to the 

detriment of tobacco production. Moura (1976) found M. incognita galls on fig trees 

(Ficus carica).  M. incognita infested tomato, pea, cowpea and several other plants in 

West Bengal of India (Khan and Murmu, 2004). In Pakistan, root-knot nematodes 

Meloidogyne (Goeldi spp.) have host range of about 100 crops from different cultivated 

zones of Pakistan (Maqbool, 1986, 1987, 1988, 1992; Anwar et al., 1992; 
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2.3. Root-knot nematode management 

Very little research has been done in Pakistan on the management of root-knot 

nematodes by applying EPNs, their symbiotic bacteria and toxins. Elsewhere, organic 

amendment, cultural, physical, chemical (nematicides), biological and integrated 

approaches (IPM) have been studied and in some cases recommended to farmers. 

2.3.1. Organic management  

Ploeg (1999) reported that pre-planted marigold (Tagetes putula, T. erecta, T. 

signata and a hybrid of Tagetes) all reduced galling and the number of J2s in following 

cropping. However; M. incognita, M. javanica, M.arenaria and M. hapla produced on T. 

signata cv. Tangerine Gem. reduced the root galling of M. incognita by applying 

composted dry cork to the potting mixture (Nico et al., 2004).  

2.3.2. Cultural practices (flooding, healthy transplants, non-host crops, soil 

solarization, crop rotation)  

Root knot nematode densities drop significantly when soils are flooded for a 

prolonged period of time. Sikora (1989) showed that the degree of RKN damage was 

lowered in tomato- paddy rice rotations than in other rotations without the paddy. Noling 

(2003) concluded that alternating 2-3 week cycles of flooding with drying seems to be 

more effective than long continuous flooding cycles. Padgham et al., (2003) were 

reported that J2s were killed by exposure to anaerobic conditions that begin in the soil 

few days after flooding. 

The use of root knot nematode-infested transplants would throw all the 

management strategies out of gear. Only nematode-free seedlings have been selected for 

transplanting. The root knot nematode populations at the nursery have been managed 

below the economic injury level by selecting new sites where host plants have not been 

previously planted. Chemical dis-infestation, flooding (Sikora, 1988), soil solarization 

(Souza, 1994; Coelho et, al., 2001), thorough cleaning of containers and pipes along with 

the utilization of ultra violet radiation and heating of irrigation water (Runia, 1995) could 

be employed to produce nematode free seedlings. Root knot nematodes are polyphagous 

and therefore relatively few non-host plants are available to control through crop rotation. 
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Not with standing this condition, Fernandez et al. (1998a) classified crops into four 

groups viz. very susceptible (tomato, brinjal, melon, okra, etc); moderately susceptible 

(cabbage, cauliflower); slightly susceptible (onion, garlic) and resistant (mint, sesame, 

sorghum). 

Rotation with non-host crops is one of the most important techniques used for root 

knot nematode management (Netcher and Sikora, 1990; Patel et, al., 1991; Rodriguez-

Kabana et,al., 1992; Johnson, et,al.,  1998). Different types of rotation have been 

proposed to reduce root knot nematodes on vegetable crops (Sikora et al., 1988). A 

rotation with sesame, maize, groundnut, sorghum, cabbage, velvet bean and then resistant 

sweet potato was effective in controlling M. incognita (Fernandez et al., 1992, 1998). 

Root knot nematode population on tomato after sesame is reduced up to 75% as compared 

with rotation with sweet potato. According to Acosta et al., (1991) yields of tomato from 

fields previously planted with maize were significantly higher than those with continuous 

tomato or tomato treated with granular nematicides. 

2.3.2.1. Soil solarization 

Soil solarization employs the principle of sterilization by heat. It has been in use 

to control soil pests, weeds and diseases. The method is effective, provided the 

appropriate temperature is achieved inside the treated area. The lethal temperature for 

controlling nematodes is around 450C. Soil solarization with plastic mulches leading to 

the development of the lethal temperature in the soil is being utilized to control root knot 

nematodes (Whitehead, 1998). Cost of operation is a major lacuna for subsistence 

farming except where applied on seedbeds (Bridges, 1987). Soil solarization could be 

effective in raised bed production units as used in the peri-urban production systems. The 

use of black plastic mulch (Abu-Gharbieh et al., 1987) has shown greater effectiveness 

over clear plastic. By combining mulch with solar-heated water supplied through drip 

irrigation, increased lethal temperature of soil, soil penetration and nematode control have 

been achieved (Saleh et al., 1988; Abu-Gharbieh et al., 1991). Soil solarization when 

applied (in summer) before the next tomato in plastic green houses led to 99% reduction 

in M. javanica densities compared with controls (Eddaoudi and Ammati, 1995). 
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Root knot nematodes, Verticillium wilt and weeds have been controlled by the 

utilization of soil solarization under sub optimal conditions (Fernandez and Labrada, 

1995).  

2.3.2.2. Crop rotation 

This is the traditional method of managing root-knot nematodes on farmer’s 

fields. With loss in chemical management tools and slower development of new sources 

of nematode resistance, renewed emphasis has been directed towards optimization of 

cropping systems for nematode management (Noe, 1998). This enables the use of crop 

rotation in the management of root-knot nematodes. The choice of crop to suit a particular 

region depends on the produce being acceptable and the producer’s inclination to weigh 

the economic benefits of a high value crop against the damage that can be inflicted by the 

rejection of a rotation (Noe, 1998). 

2.3.3. Chemical (Nematicides) 

Nematicides used in root knot nematode management are either fumigants or non-

fumigants. Several chemicals such as aldicarb, ethoprophos and fenamiphos have been 

evaluated in controlling various species of root-knot nematodes on tobacco. Aldicarb and 

fenamiphos generally gave higher yields. More than 50% reduction in incidence of root 

galling by M. incognita and 2-fold increases in yield was observed with the application of 

metam-sodium, methomyl, D-D, DBCP and Terracur (Yasin, 1974). 

The avermectins are a family of 16 membered macrocyclic lactones produced by 

the soil microorganism i.e. Streptomyces avermitilis. These compounds are the important 

tools in animal health and crop protection (Campbell, 1989; Dybas, 1989). One of its 

derivatives, ivermectin; an endectocide, was used widely in animal health for the control 

of nematode and arthropod parasites of animals (Shoop et al., 1995).  

It was found that avermectins (abamectin) work as stimulator to activate 

presynaptic inhibitory terminals which produces “γ-aminobutyric acid (GABA) which 

inhibit the life cycle of the root knot nematodes (Turner and Schaeffer, 1989). When 

juveniles of root knot nematodes were treated with different concentrations of pesticides 

to check the uptake of O2, they became paralyzed after 24 hours of treatment of 



 12

abamectin (Nordmeyer and Dickson, 1989). Abamectin (a fermentation product from S. 

avermitilis), a strain of Bacillus thuringiensis, Nemaless (containing strains of Serratia 

marcescens), and Sincocin-AG were compared to the nematicide oxamyl and 

significantly reduced the population density of M. incognita with increasing the measured 

plant growth (El-Nagdi and Youssef, 2004).  

Faske and Starr (2007) conducted experiments and reported that infection due to 

M. incognita was reduced by abamectin seed treatment. Plants from abamectin treated 

seed were taller than non-treated seed plants; juvenile’s invasion, galls formation and 

reproductive potential were lower in treated seed plants. Monfort et al., 2006 studied the 

effect of repeated applications of diazinon and abamectin on Aphelenchoides fragriae and 

Ditylenchus dipsaci populations. Diazinan was generally more effective than abamectin 

(LaMondia, 1999). 

Faske and Starr (2006) studied the effect of abamectin and Avermectins as a seed 

treatment to control M. incognita, Rotylenchulus reniformis on cotton and some vegetable 

crops and found that toxicity of abamectin to these nematodes was comparable to that of 

aldicarb.  Avermectin protection of the roots remained constant throughout the first 5 

weeks giving slightly longer protection than oxamyl or aldicarb. Egg production was less 

in the avermectin liquid formulations (Garabedian and Van-Gundy, 1983). Using 

avermectins resulted in a reduction of chemicals required to control root knot nematodes. 

Their water insolubility and rapid degradation in the soil also suggested that avermectins 

would not become contamination problems in agricultural ground water (Barker, 1978; 

Birttle et al., 1982; Nordmeyer and Dickson, 1983). 

Jutsum (1988) found that injections of ivermectin into the stem of tomato 

seedlings were effective for controlling root-knot nematode, M. incognita (Kofoid & 

White) Chitwood. Avermectin has some systemic or translaminar movement into plant 

tissue (Dybas, 1989). If avermectin B1 were to become more economically feasible for 

practical field use against 17 plant parasitic nematodes; it would provide a lower (non-

target) toxicity control alternative. It has little adverse effect on the environment and the 

ability of avermectin B1 to bind to soil particles should prevent groundwater 

contamination (Giblin-Davis et al., 1988). 
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Satisfactory protective, curative and residual control was established when 100 to 

500µg of abamectin was injected into plants. Additionally, control achieved with 

injection of abamectin was comparable to that achieved with a soil incorporated 

application of a chemical standard, fenamiphos (Jansson and Rabatin, 1997). Vyalykh et 

al., (2001) used the predatory fungi Arthrobotrys and Cephalosporium were used alone or 

in combination with Trichoderma sp., T. koningii, Bacillus thuringiensis, B. sphaericus, 

Bactoculicid, Actur, avermectin preparations based on chitosan and plant extracts for the 

control of nematodes. Nemastatic mode of action of neem compounds is similar to those 

of carbamate and oxamyl pesticides (Elskamp et al., 1974). 

2.4. Biological control 

Channer and Gowen (1988) used Pasteuria penetrans in pot and field trials to 

control root knot nematodes. In a study in Ghana, Hemeng and Gowen (2004) reported 

that two isolates of Pasteuria panetrans from Malawi and Thailand singly and in mixture 

suppressed gall formation up to 60% and the number of J2s by 75%. The mixture 

recorded significantly higher plant growth. Alamgir Khan et al., (2006) observed the 

control of plant-parasitic nematodes by Paecilomyces lilacinus and Monacrosporium 

lysipagum. 

2.4.1. Biological control of root knot nematodes by entomopathogenic nematodes 

Entomopathogenic nematodes have been marketed for control of certain plant 

parasitic nematodes, though efficacy has been variable depending on species (Lewis and 

Grewal, 2005). Chaubey et al., (2004) reported that EPNs (Steinernema spp. and 

Heterorhabditis spp.) are not only harmful to insects but inimical to plant parasitic 

nematodes (Meloidogyne spp.). Penetration of M. incognita applied as eggs onto tomato 

‘Rutgers’ was reduced by pre- and post-application of 25 infective juveniles (IJ) of S. 

feltiae and S. riobrave (Perez and Lewis, 2004). It was also reported that increasing the 

population of S. feltiae and H. bacterophora IJ from 25 to 125 per plant improved M. 

incognita suppression. 

Molina et al., (2007) studied the effects of live and dead juveniles of 

Heterorhabditis bacteriophora JPM4, H. baujardi LPP7, S. feltiae SN and S. 

carpocapsae against eggs and J2s of the plant-parasitic nematode M. mayaguensis and 
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concluded that H. baujardi and S. feltiae apparently may be inhibiting egg hatching and 

J2 infection.  

In a pot experiment, Kermarrec et al., (1991) evaluated the effect of S. 

carpocapsae and H. bacteriophora on M. incognita. S. carpocapsae significantly reduced 

the number of M. incognita. Females and reproduction factor were decreased by H. 

bacteriophora. In a series of experiments during 1988 and 1989, Smitley et al., (1992) 

inoculated daily irrigated, 80% pan replacement and non irrigated field plots of Kentucky 

bluegrass with a mixture of S. carpocapsae (All strain) and H. bacteriophora (HP-88 

strain) in 1988 and daily irrigated and non irrigated plots with HP-88 alone in 1989. 

Populations of Tylenchorhynchus dubius, T. nudus, Pratylenchus penetrans, P. projectus, 

and Criconemella rustica were prevailing in turf and associated soil. Population of 

Tylenchorhynchus spp. was decreased in plots inoculated with HP-88 when compared 

with control plots in irrigated plots in 1988, it did not happened so in non-irrigated 

conditions. In 1989, P. penetrans recovered from inoculated turf were lower than those 

from non-inoculated. Plant-parasitic nematodes were higher in the irrigated fields as 

compared with the non-irrigated. 

Tsai and Yeh (1995) studied that the impact of S. carpocapsae Weiser on the plant 

parasitic nematodes was different in different host plants. S. carpocapsae reduced the 

infection of P. coffeae (Zimmermann) Filipjev & Schuurmans, Stekhoven by 85% on 

adzuki bean and 88% in tomato. M. javanica (Treub) Chitwood infection was reduced by 

39% on adzuki bean and 78% in tomato. In reddish, it had no effect on M. javanica and P. 

coffeae. Infection of P. coffeae increased up to 160%. Application rate of Steinernematids 

to plant-parasitic nematodes was 100:1 in sterile sand. S. capocapsae at application ratio 

of 50:1 did not prove effective against P. coffeae on edible rape seedlings on water agar. 

The mechanism of interaction was suggested just competition for root surface.  

Two pot experiments were conducted by Perry et al., (1998) to determine the 

effect of S.  feltiae and S. carpocapsae on the invasion and development of the potato cyst 

nematode (Globodera rostochiensis). Experiments were conducted in glasshouse and in 

an outdoor sand plunge. S. carpocapsae proved effective to reduce the invasion of G. 

rostochiensis juveniles than S. feltiae. It was also effective in outdoor trial. It was 

concluded that S. feltiae and S. carpocapsae could provide better management of G. 

rostochiensis. In two greenhouse experiments on banana,  



 15

In field experiments on boxwood (Buxus spp.) during 1999 and 2000, Jagdale et 

al., (2002) used live and heat-killed dead infective juveniles of S. carpocapsae on plant 

parasitic nematodes and found living and dead S. carpocapsae to be equally effective, 

causing more than 50% reduction in total populations of plant-parasitic nematodes after 

15 and 30 days of application in both years. 

In growth chamber experiments on tomato and peanut, Perez and Lewis (2004) 

studied the effect of S. feltiae, S. riobrave and H. bacteriophora on Meloidogyne spp. In 

peanut inoculation was done with 300 M. hapla eggs and 25 infective juveniles (IJs) of 

entomopathogenic nematodes. H. bacteriophora gave good results as the number of eggs 

of M. hapla recovered from roots was lower. In the greenhouse experiment inoculation of 

peanut plants was with 5000 M. hapla eggs. Rate of entomopathogenic nematodes was 

different with different application time. S. feltiae at pre and post infestation applications 

reduced penetration of M. hapla with no egg production. Only S. riobrave suppressed M. 

hapla when applied before M. hapla. H. bacteriophora at high rates applied at the same 

time with M. hapla was suppressive. Tomato plants were inoculated with 5000 M. 

incognita eggs and 25 or 125 IJs/cm2 of S. glaseri and H. megidis applied at the same 

times. M. incognita penetration was reduced at low rate of S. glaseri and egg production 

at the high rate. 

Aalten and Gowen (1998) used S. carpocapsae and Pseudomonas fluorescens for 

inhibition of Radopholus similis invasion in roots. Live and sonicated S. carpocapsae 

were applied in the study. R. similis invasion was not reduced by the use of live and 

sonicated S. carpocapsae. 50% R. similis invasion was reduced by P. fluorescens in one 

experiment. There was no interaction between the S. carpocapsae and P. fluorescens as 

they did not give the results different from those when applied separately.  

Short staple cotton grown near Coolidge, Arizona was treated with the 

entomopathogenic nematode S. riobravis, and Vydate L. for the management of plant 

parasitic nematodes by Gouge et al., (1997). He treated the fields with S. riobravis a rate 

of l billion and 2 billion per acre and 0.5 lb a.i. Vydate L per acre. Only water treated 

cotton served as control. Subterranean drip system with 12 inch spaced outlets was used 

for application of these treatments. Daily irrigation cycle of 0.33 inches of water and 

normal irrigation cycles were followed for application. Products distribution was uniform 

over cotton fields. Experiment was run for 6 weeks and entomopathogenic nematodes 
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persisted during this period at the rate of 1 billion per acre. Entomopathogenic nematodes 

applied at 2 billion per acre disappeared rapidly. Populations of different plant parasitic 

nematode were observed subsequent to treatment application. Sugar flotation technique 

was used for nematode extraction and nematodes were counted in 1 ml. Application rate 

of 1 billion per acre of S. riobravis proved effective in suppressing the M. incognita and 

Tylenchorhynchus spp. followed by application of Vydate L.  

In an experiment on Agrobacterium transformed cucumber hairy roots, Matsunaga 

et al., (1997) studied the influence of six Steinernema, Heterorhabditis species and 

Aphelenchus avenae on M. incognita and P. coffeae by applying before, at the same time, 

or after the inoculation of plant nematodes in a petri dish or onto seedlings in pots. All 

beneficial nematodes tested suppressed root invasion by M. incognita and P. coffeae to 

various extent. By applying S. carpocapsae and A. avenae root invasion was reduced by 

up to 97% on agar plate and 76% in sterilized soil. S. anomali, S. glaseri, H. 

bacteriophora and A. avenae were the most effective when applied with plant parasitic 

nematodes simultaneously while pre application treatment of S. carpocapsae and S. 

kushidai gave the best results. P. coffeae proved more susceptible to beneficial nematodes 

as compared to M. incognita. Beneficial nematodes did not give good results in non 

autoclaved soil.  

In Georgia and South Carolina, Grewal et al., (1997) managed the natural 

populations of plant-parasitic nematodes of turf grass by the application of S. riobravis at 

6x109 infective juveniles (IJs)/acre. In Georgia, 95-100% control of Meloidogyne spp., 

Belonolaimus longicaudatus and Criconemella spp. was achieved by 24 

entomopathogenic nematodes. S. carpocapsae did not prove effective. S. riobravis gave 

good results. Nemacur 10G was more effective at 4 weeks and 8 weeks after treatment. In 

South Carolina, S. riobravis and S. carpocapsae gave control of the root knot, sting and 

ring nematodes up to 86-100% at the application rate of 1 x 109 IJs/acre while 6 x 109 

IJs/acre gave only 4-14% control over the 1 x 109. Efficacy of S. carpocapsae was 

different at both sites. 

In a micro plot experiment on squash, Riegel et al., (1998) used soil application of 

S. riobrave and H. bacteriophora at a rate of 4.5 x 105 nematodes/ m3 and 1, 3 

dichloropropene at 84 liters/ha to suppress root-knot nematodes. One week after the 

application of nematodes, three zucchini squash cv. Marketeer seeds were planted in each 
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micro plot. Fumigated plots showed good results as compared to control, S. riobrave and 

H. bacteriophora amended plots as the growth parameters were concerned. On squash, S.  

riobrave and H. bacteriophora did not prove effective in the reduction of populations of 

root-knot nematodes. 

2.4.2. Entomopathogenic nematodes (Steinernema spp. and Heterorhabditis spp.) and 

bacteria (Xenorhabdus spp. and Photorhabdus spp.) in root-knot nematode 

management 

It has been reported that the infective juveniles of Steinernema spp. carry their 

symbiotic bacteria, Xenorhabdus spp. in a special intestinal vesicle (Bird and Akhurst, 

1983) whereas the infective juveniles of Heterorhabdits spp. carry their symbiotic 

bacteria, Photorhabdus spp. in the anterior part of the intestine (Boemare et al., 1996) and 

release them in the body cavity of their insect hosts. Working on mechanism of 

suppression of a M. incognita by entomopathogenic nematodes into roots, heat-killed S. 

feltiae and S. riobrave were used by Grewal et al. (1999). He found allelopathic 

interactions between M. incognita, entomopathogenic nematodes and their symbiotic 

bacteria. It was reported that the associated bacteria (Xenorhabdus spp. and Photorhabdus 

spp.) are responsible for death of insects and plant parasitic nematodes.  

In a glasshouse study Fallon et al., (2004) reported that X. bovienii from S. feltiae 

MG 14 (Hawaii) and S. feltiae 5N (France) at 1010 colony forming unit (CFU)/ml reduced 

M. javanica penetration in cowpeas but was ineffective against tomato and snow pea. 

However; S. feltiae application was ineffective. X. bovienii metabolites had no effect of 

M. javanica root penetration and egg production in soybean. Soybean plant growth was 

unaffected by nematode and bacterial treatment. Accordingly, it was reported that the S. 

feltiae-X. bovienii complex did not meet the objective for the suppression of M. javanica 

root penetration and development. In a pot experiment, Kermarrec et al., (1991) evaluated 

the effect of S. carpocapsae and H. bacteriophora on M. incognita. S. carpocapsae 

significantly reduced the number of M. incognita. Females and reproduction factor was 

decreased by H. bacteriophora.  

In Georgia and South Carolina, Grewal et al., (1997) managed the natural 

populations of plant-parasitic nematodes of turf grass by the application of S. riobravis at 

6x109 infective juveniles (IJs)/acre. In Georgia 95-100% control of Meloidogyne spp., 
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Belonolaimus longicaudatus and Criconemella spp. were achieved by 24 

entomopathogenic nematodes. S. carpocapsae did not prove effective. S. riobravis gave 

good results. Nemacur 10G was more effective at 4 weeks and 8 weeks after treatment. In 

South Carolina, S. riobravis and S. carpocapsae gave control of the root knot, sting and 

ring nematodes up to 86-100% at the application rate of 1 x 109 IJs/acre while 6 x 109 

IJs/acre gave only 4-14% control over the 1 x 109. Efficacy of S. carpocapsae was 

different at both sites. Penetration of M. incognita applied as eggs onto tomato ‘Rutgers’ 

was reduced by pre- and post-application of 25 Infective juveniles (IJ) of S. feltiae and S. 

riobrave (Perez and Lewis, 2004), H. baujardi and S. feltiae apparently inhibit egg 

hatching and J2s infection by causing disorientation and convulsive movements 

(Samaliev et al., 2000). 

In In vitro conditions, Pseudomonas oryzihabitans, a bacterium associated with 

the entomopathogenic nematode S. abbasi were applied to control population of root-knot 

nematodes and showed significant results to inhibit juveniles hatching (Vagelas et al., 

2007). 100% mortality of M. incognita juvenile’s was achieved at 72 hrs and 

enhancement in plant growth occurred by application of all biovars of B. thuringiensis 

and P. fluorescens besides R. leguminosarum (Ashoub and Amara, 2010).    

Hala khyami-horani and luma al-banna (2006) evaluated a local strain of Bacillus 

thuringiensis jordanica (Btj), serotype H71 for its efficacy in controlling M. javanica 

attacking tomato. Glasshouse experiments were conducted using a soil drench of the 

bacterium applied one week before transplanting the tomato seedlings to the soil. Results 

showed a reduction in tomato root galling by 51–59% when M. javanica eggs or second 

stage juveniles (J2) were used as inoculums respectively. Single (14 days) and double (14 

and 7 days) applications of Btj before plantation, both achieved a significant reduction in 

root galling. A field trial also showed that Btj, alone or in combination with peptone, 

significantly reduced root galling. 

Anastasiadis et al. (2011) studied the combined effect of S. carpocapsae and 

diallyl disulfide, a volatile component of garlic essential oil, against M. javanica. The 

results of the study showed that the combined use of S. carpocapsae and diallyl disulfide 

significantly reduced the population of M. javanica on tomato.  
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Infective juveniles are compatible with most but not all agricultural chemicals 

under field conditions. Compatibility has been tested with well over 100 different 

chemical pesticides. Entomopathogenic nematodes are compatible (e.g. may be tank-

mixed) with most chemical herbicides and fungicides as well as many insecticides (such 

as bacterial or fungal products) (Koppenhöfer and Grewal, 2005). In fact, in some cases, 

combinations of chemical agents with nematodes results in synergistic levels of insect 

mortality. Some chemicals to be used with care or avoided include aldicarb, carbofuran, 

diazinon, dodine, methomyl, and various nematicides. However; specific interactions can 

vary based on the nematode and host species and their application rates. Furthermore, 

even when a specific chemical pesticide is not deemed compatible, use of both agents 

(chemical and nematode) can be implemented by waiting an appropriate interval between 

applications (e.g. 1 – 2 weeks). Prior to use, compatibility and potential for tank-mixing 

should be based on manufacturer recommendations. Similarly, entomopathogenic 

nematodes are also compatible with many though not all biopesticides (Koppenhöfer and 

Grewal, 2005). 

Koppenhöfer et.al (2000) studied Synergism of Entomopathogenic Nematodes 

and imidacloprid under field conditions against white grub and concluded that H. 

bacteriophora and S. glaseri (Steiner) interacted synergistically against third instars of the 

Japanese beetle, Popillia japonica Newman, the oriental beetle, Exomala orientalis 

Waterhouse, and the masked chafers Cyclocephala borealis Arrow, C. pasadenae, and C. 

hirta. The degree of interaction varied with nematode species. The strongest synergism 

occurred between imidacloprid and S. glaseri. Synergism between imidacloprid and H. 

bacteriophora was weaker and the interaction was not always significant. Combinations 

of imidacloprid and S. kushidai only resulted in additive mortality. The synergistic 

interaction was also observed in field trials but the results were more variable than those 

under greenhouse conditions. The combination of nematodes and imidacloprid could be 

used for curative treatments of white grub infestations, especially against scarab species 

that are less susceptible to nematodes and/or imidacloprid. This combination has a low 

environmental impact and high compatibility with natural biological control of turfgrass 

insects. The possible roles of these combinations in augmentative control approaches are 

discussed.  
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In a micro plot experiment on squash, Riegel et al., (1998) used soil application of 

S. riobrave and H. bacteriophora at a rate of 4.5 x 105 nematodes/ m3 and 1, 3 

dichloropropene at 84 liters/ha to suppress root-knot nematodes. One week after the 

application of nematodes, three zucchini squash cv. Marketeer seeds were planted in each 

micro plot. Data was recorded on the basis of plant stand, number of fruit, marketable 

yield and galling indice. Fumigated plots showed good results as compared to control, S. 

riobrave and H. bacteriophora amended plots as the growth parameters were concerned. 

On squash, S.  riobrave and H. bacteriophora did not prove effective in the reduction of 

populations of root-knot nematodes  

Meyer et al., (2008) used clove oil, derived from the plant Syzygium aromaticum 

(L.), is active against various organisms, and was prepared in a soy lecithin/detergent 

formulation to determine concentrations active against the root-knot nematode M. 

incognita. It was found that the tested formulation is active against M. incognita eggs and 

J2; he concluded that direct contact with the clove oil is needed for optimal management 

results with this natural product 

2.5. Integrated pest management (IPM) 

Johnson and Campbell (1977) recommended clean fallow with fensulphothion for 

suppression of M. incognita and M. javanica. Sotomayor et al., (1999) reported that 

combining flooding and solarization could be used as a means of controlling root knot 

nematodes. Ekanayake et al., (2003) identified an integrated management of M. incognita 

in naturally-infested soil by using carbofuran, Trichoderma koningii, Tithonia diversifolia 

and poultry manure. This combination recorded relatively high mean yields. Soil 

solarization combined with dazomet or calcium cyanamide gave good control of root knot 

nematode and increased tomato yield (Fiume and Parisi, 1995). Similarly, solarization 

with carbofuran increased tomato yield by 96% and solarization with neem cake 52% 

resulted in a significant reduction in M. javanica (Sharma et al., 1996). According to 

Loannou (2001), solarization for 2-4 weeks combined with cadusafos or fenamiphos was 

considered sustainable alternative to methyl bromide fumigation in greenhouse. 
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2.6. Entomopathogenic nematodes and their associated bacteria 

It has been reported that the IJ of Steinernema spp. carry their symbiotic bacteria, 

Xenorhabdus spp. in a special intestinal vesicle (Bird and Akhurst, 1983) whereas the IJ 

of Heterorhabdits spp. carry their symbiotic bacteria, Photorhabdus spp. in the anterior 

part of the intestine (Boemare et al., 1996) and release them in the body cavity of their 

insect hosts these bacteria quickly kill the host. Under In vivo condition 

entomopathogenic nematodes are more lethal than in vitro (Grewal et al., 2005). Kim et 

al. (2012) found a new structure for the retention of cells of symbiotic bacteria 

Xenorhabdus spp. in the infective juveniles of Steinernema spp. but they called this 

structure as a bacterial receptacle instead of intestinal vesicle. However, these researchers 

compared the bacterial receptacles of 25 species of Steinernematid nematodes and 

reported that the size of these receptacles varied between the nematode species. They also 

claimed that these receptacles of each nematode species or of a group of nematode 

species contain morphologically distinctive intra-vesicular structures. 

Shahina et al., (2004) characterized the new and known species, H. indica, S. 

pakistanense, S. asiaticum and S. feltiae by the presence of symbiotic bacteria belonging 

to the genera Xenorhabdus and Photorhabdus and reported three different species of 

bacteria (P. luminescence, X. nematophila and X. bovienii) for the first time from 

Pakistan. Steinernematid and heterorhabditid nematodes are ubiquitous in nature with 

wide range wide range of ecologically diverse soil habitats. When surveyed, these were 

recovered from 2% to 45% of sites sampled (Hominick et al., 1996). 

Xenorhabdus spp. is entomopathogenic bacteria associated with and carried in the 

alimentary canal of the Steinernema spp. (Poinar, 1990). Steinernema spp. is obligate 

parasites of insects. The bacteria and nematodes have mutualistic relationship. According 

to Akhurst and Boemare (1990), the bacteria provide nutrients to the nematodes produce 

antibiotics that inhibit competing microbes and kill the insect host through septicaemia. It 

is this capability of the bacteria that is very closely related to the nematode which 

necessitated their use in insect and plant parasitic nematode management (Perez and 

Lewis, 2002; Koppenhofer et al., 2000). 

Mitani et al., (2004) evaluated the symbiotic relations between S. carpocapsae 

and X. nematophil by rearing nematodes on mutant or wild-type bacterium and found that 
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both bacterial strains were not significantly different in their effect on IJ production, sex 

ratio, or IJ morphology. Gaudriault et al., (2004) reported the symbiotic relationship 

between P. luminescens and Heterorhabditis spp. 

Sicard et al., (2004) investigated the level of specialization of the symbiotic 

association between S. carpocapsae and X. nematophila and found that non-native 

bacterial strains are pathogenic to S. carpocapsae it is because of incompatibility of the 

nematode to resist specific virulence factors produced by these bacteria. They concluded 

that in this mutualism high level of specialization is essential. 

2.6.1. Identification of bacteria (Xenorhabdus spp. and Photorhabdus spp.) 

The genus Xenorhabdus was used to describe all bacteria, symbionts of 

entomopathogenic nematodes (Thomas and Poinar, 1979). Apart from distinct DNA 

relatedness of the genera Xenorhabdus from Photorhabdus (Boemare et al., 1993; 

Akhurst et al., 1996), significant phenotypic differences have been observed (Fischer-Le 

Saux et al., 1999). 

Xenorhabdus and Photorhabdus belong to the family Enterobacteriaceae. These 

bacteria are Gram-negative, rod shape, facultatively anaerobic, a sporous, motile (except 

few taxa), chemoorganic heterotrophs having both respiratory and fermentive 

metabolisms (Brenner, 1999). All members of the family are phenotypic variant (Holt et 

al., 1994). Xenorhabdus isolates are catalase and bioluminescent negative whereas 

all Photorhabdus are positive for both traits (Forst et al., 1997). 

Both genera produce two phenotypically different phases. Phase I (primary form) 

is naturally associated with the nematodes whereas the phase II (secondary form) can 

come up in culture spontaneously. Phase-I bacteria have divergent morphological and 

physiological traits, adsorb certain dyes and produce antibiotics and have intracellular 

inclusions composed of crystalline proteins, whereas phase-II bacteria are negative for 

both traits and produce intracellular inclusions inefficiently. Their colonies have specific 

morphological characters. (Volgyi et al., 1998). In Gram stained smears, small-celled 

bacteria (represent a new, slow-growing, unnamed bacterial species) were observed on 

mucoid layer around colony of the primary form of Xenorhabdus cells while these were 

absent around the colony of secondary form of Xenorhabdus cells (Wouts, 1990). It was 
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thought that Phase-I have better ability for nematode propagation than phase-II in vitro, 

recent studies suggests that this is not always happened (Ehlers et al., 1990). 

Xenorhabdus spp. has capability for reversion from phase-II to phase-I but it has not been 

observed in Photorhabdus. Comprehensive information on the phonetically based 

taxonomy of the symbiotic bacteria is discussed by Akhurst and Boemare (1990), Forst et 

al. (1997), Boemare and Akhurst (1999) and Boemare (2002). 

According to Hatab et al. (1998), Xenorhabdus and Photorhabdus are highly 

pathogenic to insects and are symbiotically associated with the genera Heterorhabditis 

and Steinernema, respectively. Fischer-Le Saux et al., (1999) isolated Xenorhabdus 

symbionts from IJs of S. cubanum, using physiological and morphological parameters. 

Lately, Chaubey et al. (2004), Lewis et al. (2001), Samaliev et al. (2000), and Hu et al. 

(1995) reported that Xenorhabdus spp. and Photorhabdus spp. suppress populations of 

plant-parasitic nematodes. Samaliev et al. (2000) and Lewis et al. (2001) observed the 

nematotoxic effect of the bacteria on M. javanica and M. incognita respectively. Soil 

drenching and bare-root dip have been widely used in the management of plant-parasitic 

nematodes. John and Hebsy Bai (2000) reported the use of phytochemicals while Amer-

Zareen et al. (2001) used fungal filtrates as bare-root dips in the management of root-knot 

nematodes. According to Lacey et al. (2001), the use of entomopathogens have many 

advantages includes high efficacy and low cost. These are safe for humans and other non-

target organisms, reduced pesticide residues in food and increased biodiversity in 

managed ecosystems. 

2.6.2. Reproduction and some characteristics of Xenorhabdus spp. and Photorhabdus 

spp. 

Shahina et al., (2004) characterized the new and known species viz. H. indica, S. 

pakistanense, S. asiaticum and S. feltiae by the presence of symbiotic bacteria belonging 

to the genera Xenorhabdus and Photorhabdus. The nematodes carry specific bacterium in 

their lumen of pharynx and intestine. These bacteria spent dual life cycles i.e. a symbiotic 

stage in the gut of the nematode and a pathogenic stage in which susceptible insects were 

killed by the combined action of the nematode and the bacteria. The bacterial cells were 

large, motile, flagellated and gram negative. During these studies, three different species 

of bacteria P. luminescence, X. nematophila and X. bovienii were reported for the first 

time from Pakistan.  
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A strain of X. nematophila with high antibiotic and insecticidal activity has been 

isolated from S. carpocapsae and named X. nematophila var. pekinegnsis (Pang et al., 

2004). Hwang et al., (2003) isolated N-phenethyl-2-phenylacetamide (NPPA), which 

displayed strong inhibitory effects on cell proliferation and viability and induced 

apoptosis. Chae and Ryu (2004) isolated partially purified and characterized an 

intracellular protease (metalo-protease) whose activity was maximal at pH 7 and in the 

presence of CaCl2. An antibacterial compound, benzylidene acetone has been isolated 

from X. nematophila against major plant-pathogenic bacteria such as A. vitis, 

Pectobacterium carotovorum sub spp. atrosepticum, P. carotovorum sub spp. 

carotovorum, P. syringae pv. tabaci and R.  solanacearum (Ji et al., 2004). It was 

reported that the associated bacteria Xenorhabdus spp. and Photorhabdus spp. are 

responsible for death of insects and plant parasitic nematodes. 

Shahina et al., (2004) charactrized H. indica, S. pakistanense, S. asiaticum and S. 

feltiae by the presence of symbiotic bacteria belonging to the genera Xenorhabdus and 

Photorhabdus. The nematodes carry specific bacterium in their lumen of pharynx and 

intestine. These bacteria spend duel life cycles i.e. a symbiotic stage and a pathogenic 

stage. These bacterial cells are large, motile, flagellated and gram negative. During these 

studies three different species of bacteria P. luminescence, X. nematophila and X. bovienii 

are reported for the first time from Pakistan. X. nematophila is a Gram-negative insect 

pathogen that mutualistically colonizes a specialized region of the intestinal tract of its 

nematode host, S. carpocapsae. The molecular mechanisms by which X. nematophila 

mutualistically interacts with its nematode host are only beginning to be elucidated. 

Understanding the details of this interaction, however; is expected to shed light on other 

beneficial and harmful microbe-host interactions that may be mediated in a similar 

manner (Cowles and Goodrich-Blair, 2005). Xenorhabdus cells are rod-shaped (0.3-2x2-

10um), asporogenous and Gram negative. Optimum temperature is around 28 0C. The 

upper threshold of growth for X. beddingii is 39 0C, 35 0C for X. nematophila whilst X. 

bovienii grows up to 32 0C with some strains growing at 5 0C. X. japonica grow until 35 

0C. X. poinarii is the most heat tolerant species with the upper threshold for growth being 

40 0C for most strains (Boemare, 2002). Phase shift occurs to varying degrees in growth 

stationary cultures (Boemare and Akhurst, 1988).  
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 Sun Ho Park and Yeon Su Yuen (1999) reported that X. nematophilus spp. an 

insect-pathogenic bacterium, was newly isolated from Korean entomopathogenic 

nematode of S. carpocapsae, which can be used as a useful bioinsecticide. Primary and 

secondary form variants of X. nematophilus were observed when cultured in vitro. 

Primary form variants adsorbed bromothymol blue while secondary form did not. 

However, many other characters of two variants were very similar. The variants were all 

rod-shaped and cell size was highly variable ranging from 0.5 by 2.0μm to 1.0 by 5.0 μm. 

Both produced highly toxic substances and killed the insect larva within 20–38 hr, 

indicating that insect pathogenicity of Xenorhabdus is not directly associated with its 

phase variation. In addition, cell-free culture supernatant of Xenorhabdus was sufficient 

to kill the insect larva by injecting it into insect hemolymph; however, cell-harboring 

culture broth was more effective for killing the insect. The use of Xenorhabdus 

nematophilus may provide a potential alternative to Bacillus thuringiensis (Bt) toxins. 

2.6.3. Toxins from Xenorhabdus and Photorhabdus nematophila  

Xenorhabdus nematophila is an insect pathogenic bacterium; known to produce 

protein toxins that kill the larval host. Khandelwal et al., (2004) isolated and purified a 

pilin subunit from X. nematophila cell surface which showed cytotoxicity to larval 

hemocytes of Helicoverpa armigera in an in vitro assay. The study demonstrated for the 

first time a cytotoxic structural subunit of pilin from an entomopathogenic bacterium X. 

nematophila that is excreted in the extra cellular medium with outer membrane vesicles. 

Similarly, East (2003) reported the identification and isolation of polynucleotide 

molecules encoding a new class of protein insecticidal toxins that are produced by 

bacteria from the genera Xenorhabdus and Photorhabdus. The polynucleotide molecules 

may be incorporated into insect-specific viruses, bacteria, protozoa, yeast and plants for 

control of insect pests. Rabeiro et al., (2003) observed the potential of Xenorhabdus 

nematophila in biological control of insects. It was reported that X. nematophila broth 

growth exhibits different cytotoxic activities on insect (Spodoptera littoralis, 

Lepidoptera). X. nematophila produces flh DC-dependent cytotoxin, a peptide referred to 

as alpha-Xenorhabdolysin (alphaX), which possibly caused selective vacuolation of the 

endoplasmic reticulum, cell swelling and death. 
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2.7. Entomopathogenic nematodes (Heterorhabditus spp. and Steinernema spp.)  and 

bacteria (Photorhabdus spp. and Xenorhabdus spp.) in insect pest management 

Shahina and Salma (2011) evaluated seven indigenous entomopathogenic 

nematodes species, S. pakistanense, S. asiaticum, S. abbasi, S. siamkayai, S. feltiae, H. 

bacteriophora and H. indica were examined against adult and larval stage of Tribolium 

castaneum in laboratory bioassays. Mortality of adult and larval stage red flour beetle was 

higher in the nematode treatments than in the control. A strain of X. nematophila with 

high antibiotic and insecticidal activity has been isolated from S. carpocapsae and named 

X. nematophila var. pekinegnsis (Pang et al., 2004). 

Žiga Lazniki et al., (2010a) tested three Slovenian strains of entomopathogenic 

nematodes and commercial product Entonem (active ingredient S. feltiae) under 

laboratory conditions for their activity against adult cereal leaf beetles (Oulema 

melanopus). The nematode strains were tested at four different doses (250, 500, 1000, and 

2000 infective juveniles/adult) and at three temperatures (15, 20, and 25 ºC). S. 

carpocapsae strain C101 was the most effective and showed it to be a good alternative to 

chemical insecticides, and appears to have the highest potential for controlling 

overwintered cereal leaf beetles under field conditions. In our bioassay the temperature 

had the greatest influence on the efficacy of the entomopathogenic nematode strains; both 

S. feltiae treatments (strain B30 and Entonem) proved to work better at the lowest 

temperature, however; the strain H. bacteriophora D54 had its best efficacy at the highest 

temperature in the experiment. Several species (S. feltiae and S. carpocapsae) have been 

efficient at lower suspension concentrations which enable their economical usage against 

the cereal leaf beetle in integrated cereal production in the future.  

Walsh and Webster (2003) reported that Xenorhabdus spp. multiply in the 

presence of Enterococcus and Acinotobacter. While Enterococcus populations declined to 

zero over time, that of Acinetobacter was unaffected by secondary metabolites of 

Xenorhabdus spp. Cowles and Goodrich-Blair (2005) proposed that X. nematophila 

possesses an arsenal of virulence factors one of which was detected as haemolysin XhIA. 

Haemolysin IXhA was required for full virulence towards Manduca sexta larvae. 

Similarly, Khandelwal et al., (2004) identified an insecticidal pilin submit from X. 

nematophila. According to Park et al., (2004), the pathogenicity of X. nematophila is 

somewhat due to spoiling cellular protection by blocking the major recognised signal 
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transduction system in insect cellular immunity. The same effect was observed in tobacco 

hornworm, Manduca sexta (Park et al., 2004). 

According to Mahar et al., (2004), cells and metabolites (toxins) of X. 

nematophila exhibited insecticidal activity towards diamondback moth P. xylostella on 

Chinese cabbage. Also Mahar et al., (2004, 2004b) observed suppression of black vine 

weevil (Otiorhynchus sulcatus) with Xenorhabdus spp. and concluded that insect 

mortality was increased by increasing bacterial concentration and temperature and 

bacterial cells were not as persistent as the toxins. Mahar et al., (2004) evaluated 

insecticidal potential of X. nematophila islolated from S. carpocapsae and its toxins 

against G. mellonella larvae. Ji and Kim (2004) reported the effect of X. nematophila in 

Spodoptera exigua (beet armyworm). Mahar et al., (2008) observed control of larvae of 

the Spodoptera exigua, P. xylostella, Otiorhynchus sulcatus and Schistocerca gregaria 

insects by the application of cell solutions or toxins from symbiotic bacterium X. 

nematophila. It was also reported that infective juveniles of S. feltiae and H. 

bacterophora suppress M. incognita infestation. 

Ansari et al., (2003) studied the effectiveness of H.megidis, S. feltiae, and S. 

glaseri (2.5-7.5 billion nematodes/ha) and their associated bacteria against larvae of the 

scarabaeid beetle Hoplia philanthus, and observed that S. glaseri was most effective 

followed by H. megidis. Inoculums level affects the H. philanthus larval mortality more 

than 80%. Similarly, Vyas et al., (2002) reported that Heterorhabditis spp. applied alone 

or in IPM package against H. armigera on pigeon pea significantly reduced the 

population of H. armigera and pod damage and increased the yield of pigeon pea. In 

studies conducted in turf fields in New Jersey, H. bacteriophora (H strain P88 and a New 

Jersey strain, NJ-2) and S. glaseri (strain NC and a New Jersey strain, NJ-43) gave a level 

of control of larvae of Popillia japonica comparable to that obtained with bendiocarb 

(Selvna et al., 1993). 

According to Abdel-Razek (2003), P. luminescens was more effective than that of 

X. nematophilus when experienced against the diamondback moth, P. xylostella pupae. 

The X. nematophila induces immuno-depression in target insects and finally leads to 

lethal septicemia of the infected hosts. A hypothesis has been raised that the bacteria 

inhibit eicosanoid-biosynthesis pathway to interrupt immune signalling of the infected 

hosts. Park et al., (2004) illustrated undeviating support that X. nematophila hinders the 
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action of phospholipase A2 (PLA2), the preliminary step in the eicosanoid-biosynthesis 

pathway. 
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Chapter III                                 MATERIALS AND METHODS 

All experiments in this research were conducted at the Department of Plant 

Pathology University of Agriculture, Faisalabad, Pakistan. 

3.1. Sources of material: Nematodes and Bacteria 

The nematodes used in the study include root-knot nematodes (Meloidogyne 

incognita) and entomopathogenic nematodes (Steinernema spp, and Heterorhabditus spp. 

(Table 1). M. incognita was obtained from a single egg mass obtained from infected 

brinjal roots collected from vegetable area of University of Agriculture, Faisalabad and 

maintained at the glasshouse. Three species of EPNs  Heterorhabditis indica, H. 

bacteriophora and Steinernema glasseri were taken from Reading University maintained 

by Ernesto and S. asiaticum was taken from Shahina, National Nematological Research 

Center, Karachi (NNRC). These EPN were stored in an incubator at 150C in the 

laboratory. 

The brinjal plants were used in the study while sterilized soil was used for all pot 

experiments. 

3.2. Nematode culturing 

3.2.1 Culturing of root knot nematodes (Meloidogyne incognita) 

The population of Meloidogyne incognita collected from the vegetable area of 

University of Agriculture, Faisalabad, Pakistan, maintained on eggplants in glasshouse. 

3.2.1.1 Identification and multiplication of M. incognita. 

M. incognita identified on the basis of perineal pattern (Jepson, 1987). The root 

tissue was teased apart with forceps to remove adult females and collected into a drop of 

45% lactic acid in another petri dish. A fully developed female was placed over a clean 

glass slide and its posterior half of the body was cut off using a surgical scalpel. The 

lower piece of the cuticle having perineal patterns was further trimmed to square shaped 

and inner tissue was completely removed by flexible bristle. The perineal pattern-bearing 

portion was transferred to drop of glycerin on a slide so that the anterior surface was in 

contact with the glass and the anus was oriented upwards. The glass cover slip was gently 

placed and sealed with paraffin and labeled. The pattern was examined under a research 

microscope (Eisenback et al., 1981). 
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3.2.1.2 Maintenance and transplanting of nursery  

Preparation of soil 

Soil used for pot experiments was obtained from experimental plots of 

Department of Plant Pathology, University of Agriculture, Faisalabad. The soil was 

thoroughly mixed and air-dried by spreading in a thin layer on plastic sheet in sun. After 

drying the large stones and plant debris were removed by sieving through 3.5 mm pore 

size sieve. Care was taken that pebbles and crumbs were not removed, to avoid the 

compacting. After this, mechanical analysis of the soil was performed. Soil used for the 

experiments was sandy loam (72% sand, 17% silt, and 8% clay) with pH ranged from 7-8 

with moisture holding capacity (MHC) of 45%. Total organic matter was 3.4-3.8%.  

Soil sterilization 

The sterilization of sandy loam soil was accomplished by applying formalin. 

Diluted formalin (1:320) was poured in the small heap of soil and covered with polythene 

sheet to avoid the evaporation completely. This process continued for a week. After a 

week the soil was exposed to get rid from residual formalin, mixed the soil thoroughly 

and then filled the pots. 

Raising of nursery 

Brinjal (Purple Queen) seed was collected from AARI (Ayub Agriculture 

Research Institute) Faisalabad. Care was made for seed germinating capacity, health and 

purity. Seed were not treated with any sort of chemical. Brinjal “Purple Queen” was 

raised in modular plastic trays (5X8 each cell containing 25 ml soil) filled with formalin 

sterilized sandy loam soil (72% sand, 17% silt, and 8% clay). One week after germination 

the seedlings were thinned keeping single seedling/pot. Nursery was maintained for 3-4 

weeks in growth room. Care was taken that seedlings should not be sprayed with any 

insecticide or fungicide. One day before transplanting the nursery tray was not watered. 

Seedlings were removed from pots carefully and then adhering soil was removed gently 

by shaking. Before transplanting the roots of nursery seedlings were not washed to avoid 

the risk of root damage. 

3.2.1.3 Extraction of M.  incognita eggs to obtain its infective stage juveniles (J2s) 

Eight to nine weeks-old root- knot nematodes infected seedlings of brinjal cultivar 

were cleaned of debris by gently washing under a stream of water. The roots were cut into 

2-3 cm segments and shaken vigorously (manually) for 3-4 min in a coffee jar (one litter) 
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with a tightly fitting lid, containing 200 ml of 0.5 % (a. i.) NaOCl solution to dissolve the 

gelatinous matrix to release the eggs from the egg masses. This suspension was quickly 

passed through 250 m sieve nested over 38 m sieve to collect root fragments on the 

former and freed eggs on the latter. Then 38 m sieve with freed eggs was quickly passed 

under a stream of cold tap water to remove the residual NaOCl. Rinsing of eggs was done 

for several minutes. Then these freed eggs were collected in a beaker. This process was 

repeated twice, for removing additional eggs. The egg suspension was poured onto an 

extraction dish containing tap water. This extraction dish (10.5 cm diameter) with 1mm 

pore size, nylon mesh sieve was covered by a double paper (Kleenex) on the surface of 

water. It was covered with another dish of same size to prevent evaporation but allowing 

oxygenation to hatched juveniles (J2) and hatching eggs. 

The hatching juveniles passed through the tissue and eggs were held on the tissue 

paper. Eggs were incubated for 3-4 days at 28 C.  The nematode suspension was 

collected after every 24 h. The first collection done within 24 h was discarded, because: 

1) it was mixture of few older juveniles and eggs, which passed through the tissue paper: 

2) uniform and larger number of juveniles was available within the next 24 h. If a juvenile 

suspension was to be required to stay in the laboratory for more than 24 h before 

inoculation or evaluation, the volume was reduced and oxygen was provided by an air 

pump. 

Collecting of eggs by this procedure has several advantages: 1) it is simple and 

rapid procedure: 2) eggs are surface sterilized: 3) the inoculums are easily standardized 

and uniformly distributed around root system (Hussey and Barker, 1973). 

Care was taken that eggs should not be exposed to more than 1 % concentration of NaOCl 

and for more than 4 minutes. Cultures should be obtained from those plants where egg 

masses were 56-63 days old to obtain maximum number of mature eggs (Ehwaeti et al, 

1998).  

3.2.1.4 Concentration of juveniles 

Nematode suspension was settled for 3-4 h, and then excess water was siphoned 

off without disturbing the nematodes in the bottom. This method is slow but loss of 

nematodes is less. To concentrate the nematodes quickly the suspension was passed 

through 20 m sieve and nematodes were collected from the sieve, this process was 

repeated 3-4 times to collect maximum number of nematodes.  

3.2.1.5 Counting and standardization of nematodes 
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To estimate the inoculums density the juvenile suspension was poured into a 

measuring cylinder.  The suspension was mixed vigorously by blowing with pipette. The 

numbers of J2s were estimated in 3X1 ml aliquots in a counting dish under a dissecting 

microscope at X3.5 magnification. The total population was estimated by multiplying the 

mean of three aliquots with total volume. 

When the nematodes were difficult to count in one ml due to high concentrations, 

0.25-0.5 ml nematode suspension was diluted with 1-2 ml water and then counting was 

done. 

3.2.1.6 Inoculation of plants with root-knot nematodes 

Depending on the size of pots 4-6 holes up to middle of the pots around the plants 

were made with the help of pointed wood. Requisite number of juveniles was pipetted in 

these holes held in a small volume of nematode suspension. The holes were covered with 

soil to prevent drying. For ten days after inoculation these pots were watered carefully to 

prevent loss of nematodes through leaching or excessive drying. 

3.2.1.7 Mass culturing of root-knot nematodes 

Three-week old brinjal seedlings at 5-6-leaf stage were removed from seedling 

trays and transplanted into 1.5 L earthen pots containing sterilized sandy loam soil (72% 

sand, 17% silt, and 8% clay). After one week these plants were inoculated with 1500-

2000 freshly hatched juveniles by making 3-4 holes (3-cm deep) around each plant were 

made with the help of pointed wood (Campos and Campos, 2005). The holes were 

covered with soil to prevent drying. These plants were not watered just after inoculation 

and they were kept in individual dishes to avoid cross contamination. Throughout the 

experiment the culture plants were kept in greenhouse where temperatures ranged from 

22-35oC.  The plants were watered regularly and protected against pests and diseases. For 

powdery mildew they were sprayed with Benlate @ 0.5g/l tap water and to protect them 

against mites and thrips, bio-pesticide abamectin were used. 

3.2.2. Culturing of EPNs (Steinernema spp. and Heterorhabditus spp.) 

3.2.2.1. Rearing of wax moths galleria 

Galleria mellonella- medium (Wiesner, 1993) 

Corn groats (polenta)                                                           22% 

Wheat flour (full com)                                                         22% 

Milk powder (skim-milk)                                                    11% 
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Honey                                                                                  11% 

Glycerol                                                                               11% 

Yeast powder (Brewer`s beer yeast)                                    5.5% 

Bee-wax                                                                               17.5% 

The grater wax moth larva G. mellonella L. (Lepidoptera: Galleridae) was used 

for nematode baiting and produce progeny of nematode isolates. Bee hives infected with 

G. mellonela were obtained from bee farm of Entomology Department, University of 

Agriculture, Faisalabad. The insect culture was reared in 1,500 ml volume glass 

containers (11 cm diameter and 15 cm height) at 30-32 °C on an artificial medium 

according to Wiesner (1993). The glass containers were closed with filter paper and a 

metal screen. Females laid eggs on the filter paper from where they were collected and 

transferred into fresh medium. The eggs hatched within 3- 10 days. Larvae were fed 

weekly. After 5-6 weeks, larvae reached the last instars and were collected to be used in 

the experiments. Some larvae were left in the containers to pupate. Two weeks later, the 

adult females emerged and laid eggs. 

 Preparation of the artificial medium: Mix honey, glycerol and yeast-powder at 

80 °C until mixture is homogenous. Melt bee-wax separately at 80 °C. Add cereals and 

milk powder to the honey-glycerol-yeast mixture, then add melted bee-wax and mix 

ingredients, until medium is almost homogenous. 

3.2.2.2. Extraction of entomopathogenic nematodes  

Entomopathogenic nematodes were collected from dead G. mellonella larvae by 

modified White trap (White, 1927). Alive, black and smelled putrid (this indicated 

contamination) larvae were discarded. Modified White trap consist of a clear plastic 

container (9 cm diameter x 4.5 cm deep). The bottom of an inverted petri dish was placed 

in container. It was filled with sterilized distilled water to a depth of 1 cm. A sheet of 

filter paper was placed on petri dish allowing the edge of filter paper to come in contact 

with water. Then dead larvae (about 2-4 per trap) were placed on filter paper on the top of 

the petri dish and plastic container was closed with the lid.  

Then it was incubated at 20-27 ºC depending upon nematode species until 

infective juveniles start to leave the cadaver 8 to 20 days after infection. Infective 

juveniles that moved down through the filter paper into the water were harvested every 

day until there was no recovery from cadaver. The container was rinsed out to collect all 

infective juveniles and refilled with sterilized distilled water for the next harvest. Water 
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containing infective juveniles was transferred to 100 ml beaker. To get clear suspension, 

it was diluted, by filling the beakers up to the top with distilled water. Nematodes were 

then allowed to settle for about 30 minutes and the supernatant was siphoned out. Beakers 

were refilled with sterilized distilled water and the process was repeated three to four 

times or until suspensions appeared clears. Then these nematodes were collected in clean 

transparent plastic pots and labeled with date of harvesting of each species EPNs and then 

stored in incubator at 15 ºC. 

3.2.2.3. Identification of entomopathogenic nematodes  

Identification was made on the basis of color of dead larvae. Steinernema infected 

larvae showed gray color and Heterorabditis genus cause brick red color of larvae after 

death (Tabassum et al., 2005). 

3.2.2.4. Storage of entomopathogenic nematodes 

Entomopathogenic nematode suspensions were kept in shallow clear plastic 

containers with lids with suspension being no more than 1 cm in depth to ensure 

sufficient oxygen availability at 15 °C. The in vivo produced nematodes could be kept for 

3 months. All stock nematode cultures were recultured every 4 months. 

3.3.2.5 Preparation of inoculums of M. incognita and entomopathogenic nematodes 

Nematodes were always checked for viability before starting experiments. 

Nematodes were provided oxygen by aerator used for fish aquarium tanks. The number of 

M. incognita used as inoculums in greenhouse experiment always refers to infective M. 

incognita. Only freshly hatched (24-48 hours old) were used. For EPNs, only those 

freshly produced in vivo (less than 2 weeks old) were used. 

3.3.3. Isolation and multiplication of bacteria (Xenorhabdus spp. and Photorhabdus 

spp.) 

3.3.3.1. Isolation 

Photorhabdus spp. and Xenorhabdus spp. were isolated using methods described 

by Arkhurst (1983). Six last instars larvae of G. mellonella were infected with 500 

infective juveniles of EPNs i.e. S. asiaticum and H. bacteriophora separately in 1 ml of 

distilled water.. After 48 hours, the infected cadavers of G. mellonella were surface 

sterilized in 70% alcohol for 5 min. and left to dry on a laminar flow bench. Cadavers 

were opened with sterilized needles without damaging the gut epithelium. A small drop of 
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the oozing haemolymph was picked using an inoculating needle and smeared onto NBTA 

(NA + 0.00 25% bromothymol blue + 0.00 4% triphenyltetrazolium chloride (Akhurst, 

1980) agar. The plates were sealed with Paraffin tape and incubated at 280C in the dark 

for 36 to 48 hours. Single colonies were picked and smeared on NBTA agar. The process 

was continued until colonies of uniform size and morphology were obtained. To test the purity, 

the bacteria was inoculated and then isolated from G. mellonella following the Koch’s 

postulates. 

3.3.3.2. Multiplication  

For taxonomic test, primary form of the symbiotic bacteria from these cultures 

was maintained every week by streaking on nutrient agar (NA) and NBTA (Akhurst, 

1980). Primary and secondary forms were selected on the basis of morphology and colour 

change on NBTA. Primary form is only used for taxonomic purpose and the stock 

cultures of the bacteria were maintained on yeast - extract/salts (YS) agar (Dye, 1968) at 

12 0C and sub cultured monthly. For the Gram staining, 24 hrs old cultures were used and 

assessed for motility by microscopic examination. Bio-luminescence was assessed 

quantitatively by observing in a dark room for 10 min. Pathogenicity for Lepidoptera was 

tested by injecting 5 days old bacterial culture (on NA) into the haemocoel of G. 

mellonella larvae.  

A total of 100 cells suspended in normal saline were injected in each larva. 

Mortality was recorded after 24-48 hrs at 23 C. Primary phase of symbiotic bacteria were 

streaked on MacConkey Agar and incubated at 25-28 C for 24 hrs to check the dye 

absorption for annular haemolysis and the same culture were also streaked on to sheep 

blood agar. Most of the biochemical tests were conducted by using the same method as 

Akhurst (1983). To prevent contamination, all the steps were done in a laminar flow 

under sterile condition. Pure colonies of the bacteria Photorhabdus spp. and Xenorhabdus 

spp. were added to nutrient broth No.2 and kept in a mechanical shaker for 24 to 48 hours 

at 280C and 150 rpm in the dark. 

3.3.4. Preparation and storage of cells and cell-free suspension of bacteria 

3.3.4.1. Preparation of bacterial cells and cell-free suspension  

Cell suspensions multiplied in nutrient broth over 24-48 hours were calibrated on 

spectrophotometer to 0.48 on the 600 nm scale to representing 4x107 cells/ml. To obtain 

the cell-free culture filtrates, the calibrated cell suspension was centrifuged at 2500 for 15 
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mins. The cells form a pellet under the centrifuge bottle and the supernatant was passed 

through a filter of 0.2 µm pore size using syringe. The filtrate, which contains the culture 

filtrates (no cells) of the bacteria (referred to as the cell-free filtrate), was designated as 

100% in concentration. 

3.3.4.2. Storage of cells and culture filtrates from the bacteria 

For all experiments, freshly produced bacteria not older than 48 hours were used. 

However, for the shelf-life studies, cells and cell-free culture filtrates of Photorhabdus 

spp. and Xenorhabdus spp. were stored over months. Cells and corresponding cell-free 

culture filtrates calibrated to 4x107 cells/ml and its dilutions were stored on the laboratory 

bench or in a fridge. 

3.3.4.3. Storage of brinjal plants, soil and root-knot nematodes 

Plastic pots were used in plant experiments. In all, one plant was grown in each 

pot. Whenever root infestation is required for assessment; the brinjal plants were gently 

removed from the pots. The plants with the ball of soil were placed in a tray under slow 

flowing moving tap water. The roots were washed carefully until the soil is eliminated. 

The roots were patted dry between tissue papers and stored in labeled polythene bags. 

Where the soil is needed for analysis, the roots with the soil were shaken gently in a 

polythene bag. This continued until the soil separate into a labeled bag. Samples of the 

root or the soil were taken, analyzed and extrapolated for the whole. Juveniles of M. 

incognita were always stored in the fridge. 

3.3.4.4. Staining of roots  

In experiments where eggs were not required to be alive, the roots with egg 

masses were stained by the improved lactoglycerol technique (Bridge et al., 1982). The 

stain was heated on hot plate inside a fume chamber to the boiling point. The clean brinjal 

roots kept in muslin cloth were lowered into the boiling stain and kept immersed for 3 to 

5 mins depending on the hardness of the tissue. The stain roots were allowed to cool and, 

washed in tap water and kept in a clearing solution (equal volumes of water and glycerol 

with few drops of lactic acid). This could be stored on the laboratory bench until needed 

to analyze. To assess the number of juveniles or females in the root, 1g sample of the 

roots was put in a Petri dish and placed under the stereo microscope to count the 

nematodes embedded in the roots. To count the number of eggs on the roots, the 

maceration method was used. The root sample (1g) is macerated gently in a laboratory 
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mixer-emulsifier. Eggs and nematodes stained dark pink were easily discernible by the 

naked eye and under the lower magnification of the stereomicroscope. 

3.4. Evaluation of experiments  

3.4.1. Counting and standardization of nematodes 

To estimate inoculums density, the nematode suspension was poured into a 

measuring cylinder and mixed thoroughly by blowing with pipette. 1 ml from the original 

suspension was diluted by adding 3 ml water and counted under stereomicroscope 

(Olympus SZ 61 at 6 X magnifications). Total number of nematodes was counted based 

on the average of 3 counts multiplied by the total volume.  

3.4.1.1. Estimation of nematode numbers in roots  

Estimating nematode numbers in roots was based on whole root systems. It is a 

general practice in nematology to take (mixed) root samples for estimating the number of 

nematode. However, in this study only small potted-plants, inoculated with relatively 

small nematode numbers were used and counting whole root samples was regarded as 

most reliable and accurate.  

3.4.2. Extraction method  

Both modified Baermann trays and Whitehead and Hemming tray methods were 

used for the extraction of Meloidogyne spp. second stage juveniles from root material 

(White-head and Hemming, 1965; Southey, 1986). These extraction methods are based on 

nematode motility. Modified Baermann extraction trays consisted of sieves made out of 

nylon gauze fixed onto a plastic ring (11 cm diameter, 3 cm deep). A layer of tissue paper 

was placed on top of the nylon gauze onto which the root system (cut up into 1-2 cm 

pieces) or other material was placed. Sieves with 1.5 cm supports fixed onto them were 

placed in 17 cm diameter, 3 cm deep trays. Trays were then filled with water until 

material on the sieves was almost awash. Each extraction tray was covered and incubated 

at 25-28 °C. Water was carefully added to trays when levels were low. For extraction of 

nematodes from root material, trays were left for 1-2 weeks and harvested for nematodes 

two to three times during this period. By removing the sieve from the tray and pouring off 

the suspension into a beaker, nematodes that migrated out of the root pieces into the water 

were collected. After collecting nematodes, trays were refilled with water ready for the 

next harvest. 
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3.4.2.1. Estimation of nematode suspensions  

When counting and estimating nematode suspensions, all samples were made up 

to equal volumes for a given experiment. Volumes varied from 25 to 300 ml. If samples 

were too large in volume they were left undisturbed for several hours, allowing 

nematodes to settle on the bottom. Water was then siphoned off until the volume was 

reduced to the required level. Before taking each aliquot, the suspension was agitated to 

ensure an even distribution of nematodes. For each suspension, 3 x 1 ml aliquots were 

taken and placed in 5.5 cm x 4 cm counting dishes with 2 mm x 4 mm squares. For 

macerated root suspensions, a pipette with a wide (2 mm) opening was used. Root pieces 

were found to clog up smaller pipette openings. The number of nematodes in each aliquot 

was counted using stereomicroscope (Olympus SZ 61 at 6X magnifications). Estimation 

thus was made of the total number of nematodes in the suspension. 

3.4.3. Preparation of media and stains 

3.4.3.1 Staining methods 

Two staining methods were used. Acid fuchsine was used for staining nematodes 

within the root systems whereas phloxine B was used to stain Meloidogyne spp. egg 

masses. 

3.4.3.2. Staining of nematodes with acid fuchsin  

At the harvest, plants were watered 3-4 h before harvesting, to be removed easily 

from pots. Plant roots were washed gently under running tap water to remove soil 

particles. Care was taken that roots should not be broken especially the root tips. The 

stain, filling only one third of a 500 ml Pyrex beaker (as frothing occurs when adding wet 

material), was brought up to boiling point. Then roots were stained in boiling 0.1% acid 

fuchsin solution (acid fuchsin dissolved in a 1:1:1 mixture of glycerol, lactic acid and 

distilled water). Whole root systems were placed in the boiling stain for 1 to 7 minutes 

according to size of root system (small root systems required only a short staining 

period). Chopped up roots were stained using a small muslin cloth bag attached to a steel 

wire acting as a handle. Roots were considered stained when the fuchsin colour had 

penetrated completely and the roots lost their white appearance. After cooling, the excess 

stain was removed by dipping the roots in a beaker filled with tap water and then they 

were transferred to clearing solution (50:50, glycerol and distilled water, acidified with 

few drops of acetic acid).  
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The stained roots were transferred into clearing solution in a glass tube and 

macerated using a Molinex blender at maximum speed for 30 seconds. The suspension 

was made up to 20-30 ml by adding clearing solution. Then half of the suspension was 

taken with modified wide tip plastic pipette in a petri dish (9 cm diameter). Counting of 

nematodes was done under a stereomicroscope (Olympus SZ 61) at 3.5X magnification 

and then it was multiplied by two, to get total number of nematodes / root system (Bridge 

et al., 1982). Care was taken that stain should not be very hot; roots were added as it 

started boiling. Well-ventilated place was selected for boiling to avoid the fumes. The 

stain should not be very thick, as it will damage the nematodes.  

The staining should be done deep in beakers and roots should be immersed very 

carefully to avoid the froth of stain. The maceration of nematodes should be done in that 

clearing solution in which they were fixed otherwise the vermiform juveniles will lose 

their color quickly. If the operation is to be repeated, the stain should be diluted with 10-

15 ml of water to compensate the amount of water evaporated. Care was taken to count 

nematodes on the bottom of the dish and those caught on the surface tension of the 

sample. Similarly those nematodes, which were left in root pieces were also dissected out, 

and counted. 

3.4.3.3. Staining of egg masses with phloxine-B 

Meloidogyne spp. egg masses were stained with phloxine B (Al-Hazmi and 

Sasser, 1982; Southey, 1986). Roots were placed in a phloxine B solution (0.15 g / L tap 

water) for about 15 mm. Stained egg masses from the entire root system were counted 

under a stereomicroscope (Olympus SZ 61 at 3.5 X magnifications). A direct count of 

number of egg masses could thus be made. Care was taken to reduce the loss of egg 

masses but where there were mature females which were considered to have had egg 

masses these were also counted. Similarly, the females present within the root were 

teased out and counted. 

3.4.3.4. Improved lacto-glycerol stain 

The ingredients include 100ml each of Lactic acid (99%), Glycerol (98%) and 

Distilled water and 150 to 300mg of Acid Fuchsin stain (giving 0.05 to 0.1% of total 

volume). The components were put together and heated in a flat-bottomed flask or beaker 

until the stain is fully dissolved. The stain is then stored for later use. 
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3.4.4. NBTA agar 

37g, 25mg and 1000ml of Nutrient Agar, Bromothymol Blue and Distilled Water 

respectively were used along with 4ml of 1% 2,3,5 Triphenyl-Tetrazolium Chloride. The 

Nutrient Agar, Bromothymol Blue and Distilled Water were mixed in a media bottle and 

autoclaved for 30mins at 120lb pressure. The bottle was removed into the laminar flow 

chamber. At a temperature around 450C, the 1% 2, 3, 5 Triphenyl-Tetrazolium Chloride 

was added. The media which was blue black was then distributed into Petri dishes, 

allowed to cool and stored in a fridge. 

3.4.5. Nutrient broth 

Nutrient Broth No 2 of 30g and 1000ml Distilled Water were mixed in a media 

bottle and autoclaved for 30mins at 120lb pressure. The media was cooled and used for 

multiplication of bacteria. 

3.5. Assessment of galling index 

The formation of knots on plant roots is a clear indication of damage occurring to 

root system and obviously it has a negative effect on growth and development of plants. 

The whole root system was visually rated for galling on a 0 to 5 scale (Quesenberry et al., 

1989; Anwar et al., 2007) listed below. 

When 0 = no gall 

          1 = 1-2 

          2 = 3-10 

          3 = 11-30 

          4 = 31-100 

    5 = > 100 galls per root system 

3.6. Statistical methods  

All data collected were subjected to statistical analysis by Analysis of Variance or 

Regression Analysis using statistical package Genstat 6.0 for Windows (VSN 

International Ltd, UK). Graphs were prepared using the Excel for Windows 2007. Most 

of experiments were carried out in controlled laboratory conditions so completely 

randomized design was the most appropriate. Results were statistically analyzed, before 

analyses; data was checked for homogeneity of variance and normal distribution. The 

means were compared by LSD test at 5% significance level. 
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Experiment No. 1 

Screening of entomopathogenic nematodes for the management of M. incognita in 

brinjal  

A preliminary trial was carried out to study effects entomopathogenic nematodes 

on life cycle of M. incognita and its development in a host plant brinjal. 

Culture of S. glaseri, H. indica, H. bacteriophora and S. asiaticum was 

maintained on G. mellonella. The sterilization of sandy loam soil (72% sand, 17% silt and 

8% clay) was accomplished by applying formalin. Diluted formalin (1:320) was poured 

on the small heap of soil and covered with polythene sheet to stop the fumes completely. 

This process continued for a week. After a week, the soil was exposed to get rid from 

residual formalin, mixed the soil thoroughly and then filled the pots.  Host plants brinjal 

was grown into earthen pots containing 240 ml formalin sterilized soil. After four weeks 

when the plants established their root system, inoculation of plants except control was in 

the rhizosphere of each plant by making 3-4 holes (Campos and Campos, 2005) and then 

filled with soil to prevent drying. Entomopathogenic nematodes were used at the 

concentration of 2,000 and M. incognita was 1000 per plant. Plants inoculated with only 

M. incognita were kept as control. Treatments were replicated three times. EPN were 

applied at three different time intervals (at the same time with M incognita, 5 days before 

application of RKN and 5 days after application of RKN) simultaneously in separate 5 ml 

water suspensions by making 1 cm holes with sharp pointed wood around the base of 

plants. The application of RKNs and EPNs were done in the separate holes. 

Plants were harvested after 35 days to observe the development and reproduction 

of RKN factor. After 35 days of inoculation, seedlings of brinjal were soaked along with 

their pots for 3-4 h. After soaking their roots were gently shaken in a bucket filled with 

water (washing with a stream of water was avoided to reduce the risk of loosing egg 

masses). Plant tissue or compost balls trapped by roots were gently removed with forceps. 

After washing shoots of plants were cut off and roots were placed in between two folds of 

tissue paper to prevent drying. Care was taken in order to limit the loss of small roots and 

egg masses during the washing procedure. At harvest, plant roots were stained in 0.1% 

acid fuchsin (Bridge et al., 1982) and macerated. Then total number of females was 

counted.  To facilitate counting of egg masses, the washed roots were stained with 

phloxine B (Al-Hazmi and Sasser, 1982; Holbrook et al., 1983; Southey, 1986). Roots 
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were placed in a phloxine B solution (0.15g/ liter tap water) for about 15-20 minutes. The 

stain was absorbed by the gelatinous matrix, which took a pink to red color while roots 

remained either unstained or very lightly stained, whereas eggs remained viable. Excess 

stain was removed by three consecutive rinses in one liter beaker filled with water. 

After staining, roots were wrapped in tissue paper to prevent drying out during the 

steps of the procedure of evaluation. Stained egg masses from entire root system were 

counted under a stereomicroscope (Olympus SZ 61) at 2.5X magnification. The whole 

root system was rated for galling and egg mass presence on a 0 to 5 scale (Taylor and 

Sasser, 1978; Quesenberry et al., 1989; Anwar et al., 2007) where 0 = no gall or egg 

masses, 1 = 1-2, 2 = 3-10, 3 = 11-30, 4 = 31-100, and 5 = >100 galls or egg masses per 

root system. Each treatment was replicated three times and RKN alone treated plant were 

as control. Experiment was repeated three times. 

The data of following parameters was recorded. 

Fresh weight of root 

Number of galls/root system 

Number of females 

Galling index (No. of egg masses) 

Nematode reproduction factor [Pf/Pi] 

Where Pf = final nematode population at harvest, Pi = initial inoculums (1000). 

Experiment No. 2 

Effect of EPN on invasion, development and reproduction of RKN (M. incognita) 

The objective of this experiment was to see the effect of entomopathogenic 

nematodes on the invasion and development and reproduction of root-knot nematodes, after 

their application into the soil. 

Two species of EPNs, H. bacteriophora, S. asiaticum were selected, one from 

each group based on the results of experiment 1 (Table.4.1) and these were tested against 

the invasion and development of root knot nematodes. Brinjal was grown into earthen pot 

containing 240 ml formalin sterilized soil ((72% sand, 17% silt and 8% clay). After four 

weeks when the plants established their root system,  inoculation was done with EPN at 

the concentration of 2,000 and M. incognita  1000 (J2s) per plant in the rhizosphere of 
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each plant by making 3-4 holes (Campos and Campos, 2005) and then filled with soil to 

prevent drying. Three replicated pots for each treatment were arranged in completely 

randomized design and maintained at 25-30 0C in green house. Invasion/development of 

root knot nematodes in brinjal plant was studied by staining the roots with acid fuchsin 

(Bridge et al., 1981). 

Data was recorded after 7, 17 and 35 days to observe the invasion, development 

and reproduction of various stages of M. incognita. RKN alone treated plants were as 

control. Experiment was repeated three times. 

The data of following parameters was recorded. 

Fresh root weight 

No. of females  

Experiment No.3 

Effect of bacterial cell suspension and culture filtrates on egg hatching of RKN (M. 

incognita) 

The overall aim was to investigate the potential of Xenorhabdus spp. and 

Photorhabdus spp. cells and culture filtrates in managing root-knot nematodes by 

investigating inhibition of hatching of eggs of M.  incognita. 

Experiment No 3.1 

Effect of cells of Xenorhabdus spp. and Photorhabdus spp. on egg hatching of RKN 

(M. incognita) 

Eggs of M. incognita were obtained by shaking egg masses in 1% NaOCl for 5 

minutes. The eggs collected over 28m pore sieves were thoroughly washed and 

backwashed with sterilized tap water (STW) into a beaker. The density of eggs was 

adjusted to 50 eggs/ml; 50 eggs in 1ml of STW was added to the equal volume of the 

bacterial cells to obtain 4x104, 4x105, 4x106 and 4x107cells/ml. Distilled water served as 

control. Each treatment was replicated three fold. The experiment was conducted at 25oC 

in an incubator. Six days later, the number of hatched juveniles was counted and 

percentage of egg hatching was measured by using formula  

%age inhibition of egg hatching = Total no. of  eggs – Egg  hatched x 100 

                                                                     Total no. of Eggs  
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Experiment was repeated three times. 

Experiment No. 3.2 

Effect of culture filtrates of Xenorhabdus spp. and Photorhabdus spp. on egg 

hatching of RKN (M. incognita) 

A pure colony of Xenorhabdus and Photorhabdus on NBTA was introduced into a 

nutrient broth (No. 2) for mass production of the bacteria. The broth was placed in a 

shaker at the temperature between 23oC and 25oC at 150 rev/min. After 48 hours, the 

broth was centrifuged at 2500g for 30 minutes to remove the cells. The supernatant was 

passed through a 0.2µm filter. The extract, which contains the culture filtrates of the 

bacteria (referred to as the cell-free filtrate), was designated as 100% in concentration. 

Sterilized tap water was used in diluting to the required concentration (10%, 25%, 50% 

and 100%). Eggs of M. incognita were obtained by shaking egg masses in 1% NaOCl for 

5 minutes. 

The eggs collected over 28m pore sieves were thoroughly washed and 

backwashed with sterilized tap water (STW) into a beaker The density of eggs was 

adjusted to 50 eggs/ml; 50 eggs in 1ml of STW was added to equal volume of the culture 

filtrates to obtain 10%, 25%, 50% and 100%. Distilled water served as control. Each 

treatment was replicated three fold. The experiment was conducted at 25oC in an 

incubator. Six days later, the number of hatched juveniles was counted and percentage of 

egg hatching was measured by using formula  

%age inhibition of egg hatching = Total no. of  eggs – Egg  hatched x 100 

                                                                     Total no. of Eggs  

Experiment was repeated three times. 

Experiment No.4 

Effect of bacterial cell suspension and culture filtrates on juvenile’s immobilization 

of RKN M. incognita 

The objective of this experiment was to observe the effect of different concentrations 

of bacterial cell suspensions and culture filtrates on the movement of J2s of M. incognita 

within bacterial cell suspensions and culture filtrates and after replacing them into water. 
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Experiment No.4.1 

Effect of bacterial cell suspension on juvenile’s immobilization of RKN M. incognita 

Different concentrations (4x104, 4x105, 4x106 and 4x107cells/m) of Xenorhabdus 

spp. and Photorhabdus spp. were prepared by adding the requisite amount of water. Then 

5ml of nematode suspension, carrying 100 ± 10 freshly hatched juveniles, was poured in 

different concentrations of bacteria to make the volume up to 10 ml (in 9 cm diameter Petri-

dishes). Each treatment was replicated three times. Each treatment had four Petri dishes. 

These dishes were covered with top and were randomized in a moist chamber with two trays 

the lower was lined with 4 layers of wet tissue paper, the other to cover it. These were 

incubated at 28oC for 48 hours. After stipulated time the dishes were removed from moist 

chamber and each dish with J2s suspension was poured in to an open counting dish. The 

nematodes were divided into four categories i.e. mobilized, immobilized, dead and static. 

This was confirmed by putting them in distilled water in petriplate. Twenty nematodes in the 

counting dish were taken for the data. After this, the nematode suspension was poured on a 

300 mesh sieve and treated nematodes were washed off several times by using about 500 ml 

water. Then washed nematodes were collected in 50 ml glass beakers. After 1 hour the extra 

water was poured off and only 10 ml remained in the beaker. After washing 10ml nematodes 

suspension was poured in a clean Petri dish (9 cm diameter) and these nematodes were 

incubated for 24 hours. After incubation they were again transferred to a counting chamber 

and their movements were observed as mentioned earlier. Up to 10 nematodes which 

remained still inactive were touched with a bristle of brush if they did not respond they were 

considered as dead. It was kept in mind not to make the water deep so that the juveniles might 

kill due to lack of oxygen. Before counting, the nematodes were allowed to settle down so 

that static juveniles might not be confused with the active juveniles (Javed, 2000). 

%age of Immobilization of J2= (number of J2 immobilized/20) x100 

Experiment No.4.2 

Effect of bacterial culture filtrates on juvenile’s motality of RKN M. incognita 

In second part of experiment, different concentrations (100%, 50%, 25% and 10% 

concentrations) of Xenorhabdus and Photorhabdus spp. culture filtrates were prepared by 

adding the requisite amount of water. Then 5ml of nematode suspension, carrying 100 ± 10 

freshly hatched juveniles, was poured in different concentrations of bacteria to make the 

volume up to 10 ml (in 9 cm diameter Petri-dishes). Each treatment was replicated three 

times. Each treatment had four Petri dishes. These dishes were covered with top and were 
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randomized in a moist chamber with two trays the lower was lined with 4 layers of wet tissue 

paper, the other to cover it. These were incubated at 28oC for 48 hours. After stipulated time 

the dishes were removed from moist chamber and each dish with J2s suspension was poured 

in to an open counting dish. The nematodes were divided into four categories i.e. mobilized, 

immobilized, dead and static. Twenty nematodes in the counting dish were taken for the data. 

After this, the nematode suspension was poured on a 300 mesh sieve and treated nematodes 

were washed off several times by using about 500 ml water. Then washed nematodes were 

collected in 50 ml glass beakers. After 1 hour the extra water was poured off and only 10 ml 

remained in the beaker. After washing 10ml nematodes suspension was poured in a clean 

Petri dish (9 cm diameter) and these nematodes were incubated for 24 hours. After incubation 

they were again transferred to a counting chamber and their movements were observed as 

mentioned earlier. Up to 10 nematodes which remained still inactive were touched with a 

bristle of brush if they did not respond they were considered as dead. It was kept in mind not 

to make the water deep so that the juveniles might kill due to lack of oxygen. Before 

counting, the nematodes were allowed to settle down so that static juveniles might not be 

confused with the active juveniles (Javed, 2000). 

%age of Immobilization of J2= (number of J2 immobilized/20) x100 

Experiment No.5 

Soil persistent effect of bacterial cell suspension and culture filtrates on RKNs 

development 

Experiment was carried out to study the persistent effect of soil application of 

bacterial cell suspension and culture filtrates on life cycle of M. incognita and its 

development in a host plant for the period of 21 days. 

Experiment No. 5.1 

Soil persistent effect of bacterial cell suspension on RKNs development 

Sterilized, air-dried and sieved soil was amended with 20 ml standard concentration 

(4x107cells/ml) of Xenorhabdus and Photorhabdus species. These pots were placed in a 

tray, lined with a capillary mat. Watering the capillary mat moistened these pots. There 

were 4 sets of pots and each treatment was replicated 3 times. The soil without any 

amendment was kept as control. These pots were placed in the growth room at 252oC. 

Seven days after amendment one set of pots was removed and each pot was infested with 

100030 freshly hatched M. incognita juveniles, held in 15 ml water, including the 
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control treatment. After 24 h 4-week old brinjal seedlings were transplanted into these 

pots. For up to 2 weeks these pots were watered by placing them on capillary mat to avoid 

leaching of compounds and nematodes. 

After 35 days these plants were harvested and their roots were stained in phloxin-

B for 15-20 minutes. Total number of galls and egg masses were counted as mentioned 

earlier. These roots were wrapped in a damp tissue and stored in a freezer or refrigerator 

depending on the length of storage. A similar process was repeated with the other three 

sets but 14 and 21 days after application of Xenorhabdus and Photorhabdus species. 

Experiment was repeated three times.  

The data was recorded for fallowing parameters  

Fresh root weight  

Number of galls/root system 

Number of females 

No. of egg masses 

Nematode reproduction factor [Pf/Pi] 

 Where Pf = final nematode population at harvest, Pi = initial inoculums (1000). 

Experiment No.5.2 

Soil persistent effect of bacterial culture filtrates on RKNs development 

In a second experiment, sterilized, air-dried and sieved soil was amended with 

standard concentration inoculation was done with Xenorhabdus and Photorhabdus 

species culture filtrates by using their standard concentration (A pure colony of 

Xenorhabdus and Photorhabdus species on NBTA was introduced into a nutrient broth 

(No. 2) for mass production of the bacteria. The broth was placed in a shaker at the 

temperature between 23oC and 25oC at 150 rev/min. After 48 hours, the broth was 

centrifuged at 2500g for 30 minutes to remove the cells. The supernatant was passed 

through a 0.2µm filter. The extract, which contains the culture filtrates of the bacteria, 

was designated as standard concentration). These pots were placed in a tray, lined with a 

capillary mat. Watering the capillary mat moistened these pots. There were 4 sets of pots 

and each treatment was replicated 3 times. The soil without any amendment was kept as 

control. These pots were placed in the growth room at 252oC. Seven days after 
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amendment one set of pots was removed and each pot was infested with 100030 freshly 

hatched M. incognita juveniles, held in 15 ml water, including the control treatment. After 

24 h 4-week old brinjal seedlings were transplanted into these pots. For up to 2 weeks 

these pots were watered by placing them on capillary mat to avoid leaching of compounds 

and nematodes. 

After 35 days these plants were harvested and their roots were stained in phloxin 

B for 15-20 minutes. Total number of galls and egg masses were counted as mentioned 

earlier. These roots were wrapped in a damp tissue and stored in a freezer or refrigerator 

depending on the length of storage. A similar process was repeated with the other three 

sets but 14 and 21 days after application of Xenorhabdus and Photorhabdus species 

culture filtrates. Experiment was repeated three times.  

The data was recorded for fallowing parameters  

Fresh root weight  

Number of galls/root system 

Number of females 

No. of egg masses 

Nematode reproduction factor [Pf/Pi] 

 Where Pf = final nematode population at harvest, Pi = initial inoculums (1000). 

Experiment No.6 

Impact of storage time of bacterial cell suspension and culture filtrates on M. 

incognita infection 

Experiment was carried out to study impact on storage time of bacterial cell 

suspension and culture filtrates on life cycle of M. incognita and its development in a host 

plant. 

The cells and culture filtrates were stored in sealed bottles on the laboratory bench 

at ambient temperature. After 2, 3, 4, and 5 months of storage, standard concentrations of 

the stored Photorhabdus and Xenorhabdus spp. bacterial cell suspension and culture 

filtrates were taken and assessed for the efficacy against M. incognita. Brinjal plants were 

grown into earthen pot containing sterilized soil.  
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Experiment No.6.1 

Impact of storage time on bacterial cell suspension on M. incognita infection 

In first experiment, brinjal was grown into earthen pot containing 250 gms 

formalin sterilized, air-dried and sieved soil (72% sand, 17% silt and 8% clay), after four 

weeks of transplanting when the plants have established their root system, inoculation 

was done with 0, 2, 3, 4 and 5 months stored Photorhabdus and Xenorhabdus spp. 

bacterial cell suspension (4x107cell/ml concentration) and with 100030 freshly hatched 

M. incognita juveniles per plant, held in 15 ml water, including the control treatment in 

the rhizosphere of each plant by making 3-4 holes (Campos and Campos, 2005) and then 

filled with soil to prevent drying. Three replicated pots for each treatment were arranged 

in completely randomized design and maintained at 25-30 0C in green house. After 35 

days, they were removed from pots and the root balls were shaken until most of the soil 

had been dislodged from the root. RKN alone treated plants were as control. Experiment 

was repeated three times.  

Experiment No.6.2 

Impact of storage time on culture filtrates on the M. incognita infection 

In a second part of the experiment, brinjal was grown into earthen pot. Inoculation 

was done with 0, 2, 3, 4 and 5 months stored standard concentration of culture filtrates of 

Photorhabdus and Xenorhabdus spp. and with 100030 freshly hatched M. incognita 

juveniles per plant, held in 15 ml water, including the control treatment in the rhizosphere 

of each plant by making 3-4 holes (Campos and Campos, 2005) and then filled with soil 

to prevent drying. Pots for each treatment were arranged in completely randomized 

design and maintained at 25-30 0C in green house. RKN alone treated plants were as 

control. Experiment was repeated three times.  

The data of following parameters was recorded. 

Fresh root weight  

Number of galls/root system 

Number of females 

No. of egg masses 

Nematode reproduction factor [Pf/Pi] 
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 Where Pf = final nematode population at harvest, Pi = initial inoculums (1000). 

Experiment No.7  

Protective and curative effect of bacterial cell suspension and culture filtrates on 

RKN 

Experiment was carried out to see whether plants might acquire some sort of 

protective defense mechanism which resists the nematode invasion or later their development 

or whether Photorhabdus and Xenorhabdus spp. and their culture filtrates stop the 

development of nematodes, which had already invaded into brinjal roots. 

Experiment No.7.1 

Protective effect of bacterial cell suspension and culture filtrates on RKN 

In first part of experiment, for protective effect of standard concentrations of 

bacterial cell suspensions 4x107cell/ml and culture filtrates from Photorhabdus and 

Xenorhabdus spp. were calibrated (culture filtrates extracted from bacterial cell 

suspensions with concentration of 4x107cells/ml were used as standard concentration). 

Air dried sieved (3.55 mm sieve) sterilized soil was amended with 4x107cell/ml bacterial 

cell suspension of Photorhabdus and Xenorhabdus spp. (250 ml pots) and moistened by 

capillary mat. One month old brinjal seedlings were washed free of soil and transplanted 

into this amended soil. Watering was maintained by capillary mat. 

Sterilized soil was filled into 250 ml pots and it was moistened over night. The 

1000 freshly hatched J2s (24 hr) contained in 10 ml were pot into these pots by making 3-

4 holes (Campos and Campos, 2005) and then filled with soil to prevent drying  kept 

overnight. Those seedling which were exposed to bacterial cell suspension amended soil 

for 5 days were transplanted into these RKNs infested pots. Watering was maintained by 

capillary mat. 

This experiment was carried out in two sets i.e. one set was used to see the 

protective effect for bacterial cell suspensions and other for culture filtrates. Each 

treatment was replicated three times and RKN alone treated plants were as control. 

The harvesting was done 35 days after transplanting; the plants were uprooted by 

washing off the soil in slow flowing tap water. The roots were blot dried. Experiment was 

repeated three times.  

The data of following parameters was recorded. 
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Fresh root weight 

No. of egg masses 

Number of galls/root system 

Number of females 

Nematode reproduction factor [Pf/Pi] 

Where, Pf = final nematode population at harvest, Pi = initial inoculums (1000). 

Experiment No.7.2 

Curative effect of bacterial cell suspension and culture filtrates on RKN 

  In second part of experiment, for curative effect of standard concentrations 

of bacterial cell suspensions and culture filtrates from Photorhabdus spp. and 

Xenorhabdus spp. were calibrated (culture filtrates extracted from bacterial cell 

suspensions with concentration of 4x107cells/ml were used as standard concentration). 

Brinjal seedlings were grown and maintained in small pots (6x4 plastic tray) containing 

sterilized soil. After one month these seedlings were inoculated with 1000 J2s contained 

in 10 ml collected after 24 hours. 

Sterilized soil was filled into 250 ml earthen pots and it was moistened over night 

and was inoculated with standard concentration (4x107cell/ml) of Photorhabdus spp. and 

Xenorhabdus spp. bacteria and their culture filtrates in two different pots sets. The EPNs 

and their culture filtrates amended pots were moistened by capillary mat. After 4 days the 

RKNs inoculated plants were uprooted very carefully and washed in plenty of water jut 

by shaking to avoid damaging the roots. The these plants were transplanted separately 

into EPNs and culture filtrates amended soil in such a way that half of the amended soil 

was put in the pot then other half was put after planting the seedlings, this was done to 

avoid damaging to roots. These pots were completely randomized and kept in citadel. 

Watering was maintained by capillary mat to avoid seepage of compounds. This 

experiment was carried out in two sets i.e. one set was used to see the curative effect for 

bacterial cell suspensions and other for culture filtrates. Each treatment was replicated 

three times and RKN alone treated plants were as control. 

After 35 days, they were removed from pots and the root balls were shaken until 

most of the soil had been dislodged from the root. Experiment was repeated three times.  
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The data of following parameters was recorded. 

Fresh root weight 

No. of egg masses 

Number of galls/root system 

Number of females 

Nematode reproduction factor [Pf/Pi] 

Where, Pf = final nematode population at harvest, Pi = initial inoculums (1000). 

Experiment No. 8 

Compatibility of bacterial cell suspension and culture filtrates with other bio-

product (Abamectin, Emamectin and Azadirachtin) 

Experiment was carried out to access compatibility of bacterial cell suspension 

and culture filtrates with other liquid formulations of bioproducts (abamectin, emamectin 

and azadirachtin) of Byer-crop sciences on development of M. incognita in a host plant. 

Experiment No. 8.1  

Compatibility of bacterial cell suspension with other bio-product (Abamectin, 

Emamectin and Azadirachtin) 

Disposable pots (250 gms) were filled with formalin sterilized soil. The bio-products used 

were: abamactin, emamectin and azadirachtin. These were thoroughly incorporated in the soil 

at the concentration of 0.1 % (v/w) and these doses were adjusted in 50 ml of water 

(Blackburn et al., 1996). Twenty-four hours later, four weeks old brinjal seedlings at the 5-6 

leaves stage were transplanted into these pots by making a hole in the centre of each pot. 

Then they were watered carefully. Over irrigation of the pots was avoided. After four days of 

transplanting when the plants established their root system, inoculation of plants was 

done with Xenorhabdus and Photorhabdus spp. at the concentration of 4x107 cell/ml 

followed by 1000 ± 25 freshly hatched juveniles (24 hr) of M. incognita per plant 

contained in 15 ml water were added into these pots by making holes (Campos and 

Campos, 2005) around the plant and then filled with soil to prevent drying kept overnight. 

These pots were completely randomized, kept in the glass house. All the treatments were as 

follows (t1= Photorhabdus spp. + abamectin, t2= Photorhabdus spp. + azadirechtin, t3= 

Photorhabdus spp. + emamectin, t4= Xenorhabdus spp. + abamectin, t5= Xenorhabdus spp. + 
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azadirectin, t6= Xenorhabdus spp. + emamectin, t7= abamectin alone, t8= azadirechtin alone, 

t9= emamectin alone, t10= RKN alone, t11= Photorhabdus spp. alone, t12= Xenorhabdus spp. 

Alone). Experiment was repeated three times. 

After 35 days, they were removed from pots and the root balls were shaken until 

most of the soil had been dislodged from the root. 

The data of following parameters was recorded. 

No. of females 

Nematode reproduction factor [Pf/Pi] 

Where Pf = final nematode population at harvest, Pi = initial inoculums (1000). 

Experiment No. 8.2 

Compatibility of culture filtrates with other bio-product (Abamectin, Emamectin 

and Azadirachtin) 

In a second experiment, disposable pots (250 gms) were filled with formalin 

sterilized soil. The bio-products used were: abamactin, emamectin and azadirachtin. These 

were thoroughly incorporated in the soil at the concentration of 0.1 % (v/w) and these doses 

were adjusted in 50 ml of water (Blackburn et al., 1996). Twenty-four hours later, four weeks 

old brinjal seedlings at the 5-6 leaves stage were transplanted into these pots by making a 

hole in the centre of each pot. Then they were watered carefully. Over irrigation of the pots 

was avoided. After four days of transplanting when the plants established their root 

system, inoculation was done with Xenorhabdus and Photorhabdus species culture 

filtrates by using their standard concentration (A pure colony of Xenorhabdus and 

Photorhabdus species on NBTA was introduced into a nutrient broth (No. 2) for mass 

production of the bacteria. The broth was placed in a shaker at the temperature between 

23oC and 25oC at 150 rev/min. After 48 hours, the broth was centrifuged at 2500g for 30 

minutes to remove the cells. The supernatant was passed through a 0.2µm filter. The 

extract, which contains the culture filtrates of the bacteria was designated as standard 

concentration), followed by 1000 ± 25 freshly hatched juveniles (24 hr) of M. incognita 

per plant contained in 15 ml water were added into these pots by making holes (Campos 

and Campos, 2005) around the plant and then filled with soil to prevent drying kept 

overnight. These pots were completely randomized, kept in the glass house. All the 

treatments were as follows (t1= Xenorhabdus spp. culture filtrates +abamectin, t2= 
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Xenorhabdus spp. culture filtrates + azadirectin, t3= Xenorhabdus spp.+emamectin, t4= 

Photorhabdus spp.+abamectin, t5= Photorhabdus spp. culture filtrates +azadirectin, t6= 

Photorhabdus spp. culture filtrates +emamectin, t7= abamectin alone, t8= azadirectin  alone, 

t9= emamectin alone, t10= RKN  alone, t11= Photorhabdus spp. culture filtrates alone, t12= 

Xenorhabdus spp. culture filtrates alone). Experiment was repeated three times.  

After 35 days, they were removed from pots and the root balls were shaken until 

most of the soil had been dislodged from the root. 

The data of following parameters was recorded. 

No. of females 

Nematode reproduction factor [Pf/Pi] 

Where Pf = final nematode population at harvest, Pi = initial inoculums (1000). 
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Chapter IV                                                                      RESULTS 

4.1. Screening of entomopathogenic nematodes for the management of M. incognita 

in brinjal 

A preliminary trial was carried out to study entomopathogenic nematodes (EPNs) 

effects on life cycle of Meloidogyne incognita and its development in a host plant brinjal. 

Steinernema glaseri, Heterohabditis indica, H. bacteriophora and S. asiaticum were 

tested by applying at different time intervals (before, at the same time and after the 

application of root knot nematodes) against M. incognita on brinjal (P<0.05). The 

primary objective of this study was to evaluate the response of four entomopathogenic 

nematodes species for the management of M. incognita. Effect of entomopathogenic 

nematodes on M. incognita was assessed on brinjal plant by using plant root weight and 

nematode development parameter (number of galls, egg masses, number of females and 

reproduction factors). 

Root weight of brinjal varied significantly among all treatments. All the 

entomopathogenic nematodes species were significantly different in their effect with 

respect to root weight (Fig.4.1a).   

When compared average means of entomopathogenic nematodes species at all 

times of applications with root knot nematodes, the maximum root weight was observed 

in H. indica, followed by S. glaseri, H. bacteriophora and S. asiaticum respectively. 

Minimum root weight was recorded in H. bacteriophora (3.83g) followed by S. asiaticum 

(3.84g) statistically similar (p<0.05) in all time of application with root knot nematodes 

and these were significantly different from other treatments. Whereas minimum root 

weight (3.80g) was observed in the treatment where only entomopathogenic nematodes 

were applied and maximum was observed in control where only root knot nematodes 

were applied (5.66). 

Root weight varied significantly according to entomopathogenic nematodes 

species (p<0.05) whereas application time did not affect the root weight. All the 

treatments gave significant reduction in root weight as compared to control treatments 

where only root knot nematodes were applied (p<0.05). It was observed that there was 

direct relationship of root weight and number of galls. Maximum root weight was 

observed in the treatment where the number of galls was the maximum. 
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At all time intervals, all the entomopathogenic species varied in their effect as the 

number of galls is concerned. All the entomopathogenic nematodes used proved effective 

in reducing the number of galls. S. asiaticum found to be the most effective at all 

application time with root knot nematodes followed by H. bacteriophora. Less number of 

galls was recorded in S. asiaticum (152) when applied before the application of root knot 

nematodes and it was significantly different from other treatments p<0.05. It was 

followed by H. bacteriophora (170), H. indica (179) and S. glaseri (192) respectively 

(Fig.4.1b). Application of entomopathogenic nematodes after the application of root knot 

nematodes proved less effective than before and with the application.  

 Fig.4.1c. shows that the maximum number of females was recorded in control. 

All the entomopathogenic nematode species varied in their effects on the number of 

females. Time of application did not affect the number of females (p<0.05). Maximum 

number of females was observed in S. glaseri (228), followed by H. indica (221), H. 

bacteriophora (197) and S. asiaticum (180) respectively and were significantly (P<0.05) 

lower as compared to control treatment (322) as given in Fig. 1c (p<0.05). 

As for as the number of egg masses are concerned, the best treatment was S. 

asiaticum (92) followed by H. bacteriophora (116), S. glaseri (127) and H. indica (153) 

and these were significantly different from each other at P<0.05. While the number of egg 

masses were maximum (323) in the control where only root knot nematodes were applied 

(Fig.1d). Time of application significantly affect the number of egg masses (p<0.05). 

Similar trend was observed with reproduction factors. Fig.4.1e shows that S. 

asiaticum was the best treatment in reducing the reproduction factors of root knot 

nematodes with values of 3.026 at all-time intervals P<0.05. Highest reproductive 

potential of root knot nematodes with values of 19.407 were observed with root knot 

nematodes (control). All the treatments demonstrated upright results as compared to 

control. Final population of root knot nematodes and rate of reproduction were directly 

proportional to each other. 
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Fig. 4.1a. Effect of EPN species at different times on root weight (gm) of RKN 

LDS at P=0.05, Grand Mean 4.2467, CV (rep*Time) 1.15, CV (rep*Time*Species) 1.02 

 

 
Fig.4.1b. Effect of EPN species at different times on number of galls of RKN 

LDS at P=0.05, Grand Mean 166.47,  CV(rep*Time) 2.98,  CV(rep*Time*Species) 1.03 
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Fig.4.1c. Effect of EPN species at different times on number of females of RKN 

LDS at P=0.05, Grand Mean 185.88,  CV(rep*Time) 1.54,  CV(rep*Time*Species) 1.64 

 

 
Fig. 4.1d.Effect of EPN species at different times on number of egg masses of RKN 

LDS at P=0.05, Grand Mean 138.53, CV(rep*Time) 1.95,  CV(rep*Time*Species) 1.82 
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Fig. 4.1e. Effect of EPN species at different times on reproductive potential of RKN 

LDS at P=0.05, Grand Mean 6.8714,  CV(rep*Time) 4.98, CV(rep*Time*Species) 0.61 

 

The regression equation showed that root weight (gm) and no. of galls had a 

positive relationship with each other i.e., with one unit increase in root weight, the no. of 

galls would likely to be increased by 100.6 units (Fig.4.1.f). The relationship was 

significant at P=0.05. The root weight explained 53.0 % variation as explained by 

increase in no. of galls.  

 

Fig.4.1f 

Fig.4.1f. Relationship of root weight (gm) and number of galls of RKN 
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4.2. Effect of EPNs on invasion, development and reproduction of RKN (M. 

incognita) 

Two species, H. bacteriophora and S. asiaticum (one from each group) were 

selected from experiment number 1 on the basis of their effectiveness against M. 

incognita and reevaluated for their efficacy against invasion, development and 

reproduction of M. incognita at 7, 17 and 35 days of harvesting. Both entomopathogenic 

nematodes (H. bacteriophora and S. asiaticum) and root knot nematodes were applied at 

same time. 

At the first harvest after seven days of inoculation of root knot nematodes and 

EPNs, root weight did not differ significantly (P<0.05). The reason behind that most of the 

nematodes were invading the root system but not developing into galls. 

Numbers of J2s of root knot nematodes in roots of brinjal were reduced 

significantly in S. asiaticum and H. bacteriophora as compared to control. Minimum 

number of J2s were recorded in S. asiaticum (81.3) followed by H. bacteriophora (123.7) 

while the maximum number of J2s were recorded in control treatment (159.7) where only 

RKNs were applied. Minimum number of dJ2s were recorded in S. asiaticum (31.3) 

followed by H. bacteriophora (71.7) and were significantly (P<0.05) lower as compared 

to control (166.7) as shown in Tab. 4.2.1. 

At second harvest, after 17 days of application, root weight was recorded 

minimum in S. asiaticum and H. bacteriophora (statistically similar) as compared to 

control where it was maximum (3.67gm). Root weight was in relation to the number of 

nematodes invaded into the root. Number of dJ2s in all the treatments was significantly 

different (p<0.05) as compared to control. These were recorded the maximum in H. 

bacteriophora (43), minimum in S. asiaticum (17) while it was intermediate in control 

(31). As far as the number of dJ4s were concerned, they were recorded minimum in S. 

asiaticum (67) followed by H. bacteriophora (130) and recorded maximum in control 

(208). Lesser number of dJ2s and higher number of dJ4s in control treatment as compared 

to H. bacteriophora indicate that most of the dJ2s had been passed to the next stage (dJ4s) 

in control treatment (Tab. 4.2.2). The minimum number of females was recorded in S. 

asiaticum (31) followed by H. bacteriophora (34) statistically similar and were 

significantly (P<0.05) lower as compared to control treatment (93) as given in Tab. 4.2.2. 
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At the final harvest after 35 days, root weight of brinjal plants was recorded by 

applying H. bacteriophora and S. asiaticum at same time along with root knot nematodes. 

Influence of both entomopathogenic nematodes species and root knot nematodes alone 

were also studied. Tab. 4.2.3 shows that both the entomopathogenic nematodes species 

were not significantly differed (p<0.05) in their effect with respect to root weight. The 

minimum root weight was recorded in S. asiaticum (3.79gm) fallowed by H. 

bacteriaphora (3.84gm) statistically similar and were found to be most effective species 

influencing the root weight as compared to root knot nematodes (5.64gm).  

J2s and dJ2s found on roots were neglected at this stage. (As the purpose of 

research was to study only one generation and these were probably of juveniles who were 

hatched out because there was not any J2s present at second harvest (17 days) which 

showed that all the J2s had been passed to the next stage.) 

Numbers of dJ4s were significantly different from each other. These were 

minimum in S. asiaticum followed by H. bacteriophora while maximum number of dJ4s 

was observed in control (p<0.05). 

More a less similar trend was observed in case of number of females, these were 

recorded minimum in S. asiaticum (108) followed by H. bacteriophora (201). Maximum 

females were counted in control (329) where only the root knot nematodes had been 

applied (p<0.05) as shown in table 4.2.3. 
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Table 4.2.1. Effect of different species of entomopathogenic nematodes on invasion 

and development of RKN in Brinjal (after 7 Days) 

 Treatments Root Weight (g) J2s1 dJ2s2 

S. asiaticum +RKN 1.38NS 81.3b 31.3b 

S. asiaticum 1.37 0.0a 0.0a 

H. bacteriophora +RKN 1.37 123.7c 71.7c 

  H. bacteriophora 1.38 0.0a 0.0a 

  RKN alone 1.38 159.7d 166.7d 

1J2s= 2nd stage Juveniles, 2dJ2s= developing 2nd stage Juveniles, 3dJ4s= developing 4th stage 

Juveniles 

Numbers followed by different letters are significantly different from each other at p<0.05. 

Data is mean of three replications. 

Table 4.2.2. Effect of different species of entomopathogenic nematodes on invasion 

and development of RKN in Brinjal (after 17 Days) 

Treatments Root Weight (g) J2s1 dJ2s2 dJ4s3 No. of females 

S. asiaticum + RKN 2.67b 0 17b 67.3b 31.3c 

S. asiaticum 2.32a 0 0a 0.0a 0.0a 

H. bacteriophora 

+RKN 

2.69b 0 43d 130.3c 34.3c 

H. bacteriophora 2.32a 0 0a 0.0a 0.0a 

RKN alone 3.67d 0 31c 208.3d 93.7d 

1J2s= 2nd stage Juveniles, 2dJ2s= developing 2nd stage Juveniles, 3dJ4s= developing 4th stage 

Juveniles 

Numbers followed by different letters are significantly different from each other at p<0.05. 

Data is mean of three replications. 
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Table 4.2.3. Effect of different species of entomopathogenic nematodes on invasion 

and development of RKN in Brinjal (after 35 Days) 

Treatments Root Weight (gm) J2s1 dJ2s2 dJ4s3 No. of females

S. asiaticum+RKN 3.84c 117b 36.3b 6.33b 108.7b 

S. asiaticum 3.43b 0.0a 0.0a 0.00a 0.0a 

H. bacteriophora+RKN 3.79c 177c 83.0c 7.33c 201.7c 

H. bacteriophora 3.43b 0.0a 0.0a 0.00a 0.0a 

RKN alone 5.64d 312d 311.0d 10.33d 329.0d 

1J2s= 2nd stage Juveniles, 2dJ2s= developing 2nd stage Juveniles, 3dJ4s= developing 4th stage 

Juveniles 

Numbers followed by different letters are significantly different from each other at p<0.05. 

Data is mean of three replications 
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4.3. Effect of bacterial cell suspension and culture filtrates on egg hatching of RKN 
inoculums (M. incognita) 

The overall aim was to investigate the potential of Xenorhabdus spp. and 

Photorhabdus spp. cells and culture filtrates in managing root-knot nematodes by 

investigating inhibition of hatching of eggs of M.  incognita. 

Xenorhabdus spp. and Photorhabdus spp. bacteria were isolated from S. asiaticum 

and H. bacteriophora respectively. Different concentrations of these bacteria 

(4x107cell/ml 4x106cell/ml, 4x105cell/ml and 4x104cell/ml) and culture filtrates (100%, 

50%, 25% and 10%) were tested against egg hatching of root knot nematodes (for the 

period of 6 days). The impact of concentrations of all treatments on M. incognita varied 

significantly (p<0.05).  

Both the Xenorhabdus spp. and Photorhabdus spp. were equally effective and 

showed the maximum egg inhibitions (98.6% and 96.3% respectively) at standard 

concentration (4x107 cells/ml). Xenorhabdus spp. proved more effective at concentrations 

(4x106cell/ml, 4x105cell/ml and 4x104cell/ml) and inhibited the egg hatching up to 

84.3%, 58.3% and 47% respectively followed by Photorhabdus spp. (4x106cell/ml, 

4x105cell/ml and 4x104cell/ml) which inhibited the egg hatching up to 62.6%, 41.6% and 

35% respectively (Table. 4.3.1). All the treatments were significantly different from 

control. While comparing both species at all concentrations Xenorhabdus spp. gave more 

promising results than Photorhabdus spp. with respect to the percentage inhibition of egg 

hatching. Whereas all the concentrations of Photorhabdus spp. also significantly reduced 

eggs hatching as compared to control. There was minimum inhibition in control 

containing distilled water (Table. 4.3.1). 

Similar trend was observed in case of bacterial culture filtrates (Table. 4.3.2). 

Photorhabdus spp. culture filtrates showed maximum percentage inhibition (99.3%) at 

standard concentration followed by Xenorhabdus spp. culture filtrate (98.6%) statistically 

similar (p<0.05).  Culture filtrates of Xenorhabdus spp. inhibited egg hatching 82%, 54% 

and 41% at concentrations 50%, 25% and 10% respectively while culture filtrates of 

Photorhabdus spp. inhibited egg hatching 72%, 44% and 32% at concentrations 50%, 

25% and 10% respectively. Standard concentration gave maximum egg inhibition; it was 

followed by 50%, 25% and 10% concentrations of culture filtrates respectively (p<0.05). 

All other dilution of bacterial cell suspensions and culture filtrates proved less 

effective as compared to standard dilution. There was minimum inhibition in control 
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containing distilled water. Only the highest bacterial concentration 4x107cells/ml of both 

species and their culture filtrate (100%) completely suppressed hatching of eggs of M. 

incognita. In general, increase in the concentration of the bacterial cells increased the 

inhibition of egg hatching of M. incognita as shown in figure 4.3a. 

 

Fig. 4.3a. Effect of different concentrations of bacteria and culture filtrates on %age inhibition of 

egg hatching of RKN inoculums (M. incognita) 

The regression equation showed highly significant positive correlation was 

observed between concentration and percentage of inhibition of hatched juveniles. i.e.  

High value of coefficient of determination (R2=0.975) was significant at P<0.05 indicated 

that with 1.147 unit increase in concentration, percentage of inhibition of hatched 

juveniles would probably be increased by 103.2 units (Fig. 4.3b). 

 

Fig. 4.3.b Relationship of %age of J2 hatched and %age inhibition of hatching 
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Table 4.3.1. Effect of different concentration of bacteria on egg hatching of M. 

incognita 

 

Treatments 
Concentration 

(cells ml-1) 
No. of egg 
hatched 

% Inhibition of 
hatching 

Photorhabdus spp. 

Control  (D.W) 41h 18.6a 

4×103 32.6g 35b 

4×104 29.6f 41.6c 

4×106 19c 62.6f 

4×107 2.3a 96.3h 

Xenorhabdus spp. 

Control (D.W) 40.3h 19.6a 

4×103 26.6e 47d 

4×104 21.3d 58.3e 

4×106 8b 84.3g 

4×107 1a 98.6h 

 

Numbers followed by different letters are significantly different from each other at p<0.05. 

Data is mean of three replications 

Table 4.3.2. Effect of different concentration of bacteria on egg hatching of M. 
incognita 
 

Treatments Concentration (%) 
No. of egg 
hatched 

% Inhibition of 
hatching 

Photorhabdus spp. 
Culture filtrates 

Control  (D.W) 43g 15a 

1.0 34.3f 32b 

25 28.3e 44.3c 

50 14c 72e 

100 1.6a 97.3g 

Xenorhabdus spp. 
Culture filtrates 

Control  (D.W) 41.6g 17.3a 

1.0 29.6e 41c 

25 23.0d 54.6d 

50 9.3b 82f 

100 0.6a 99.3g 

Numbers followed by different letters are significantly different from each other at p<0.05.  

Data is mean of three replications. (D.W = distilled water) 
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Fig. 4.3.c Relationship of %age of J2 hatched and %age inhibition of hatching at different 

concentration of bacteria. 

 

 Fig. 4.3.d Relationship of %age of J2 hatched and %age inhibition of hatching at different 

concentration of bacteria on egg hatching. 

y = -2.0071x + 100.69       R² = 0.9999

0

20

40

60

80

100

120

0 10 20 30 40 50

%
ag

e 
of

 e
gg

 h
at

ch
in

g

% age of egg inhibition

% Inhibition of hatching

Linear (% Inhibition of
hatching)

y = -2.0071x + 100.69       R² = 0.9999

0

20

40

60

80

100

120

0 2 4 6 8 10 12

%
ag

e 
of

 e
gg

 h
at

ch
in

g

% age of egg inhibition

% Inhibition of hatching

Linear (% Inhibition of
hatching)



 68

 4.4. Effect of bacterial cell suspension and culture filtrates on juvenile’s 

immobilization of RKN (M. incognita) 

The effect of the different concentrations of Photorhabdus spp. and Xenorhabdus 

spp. and their culture filtrates on juvenile’s motility of root knot nematodes was also 

studied. It was observed that increasing the concentrations of both species of bacteria 

increased %age immobilization of juveniles of M. incognita (P<0.05). At the highest 

concentration 4x107cell/ml of bacterial cell suspension, both bacteria (Photorhabdus spp. 

and Xenorhabdus spp.) caused 100% immobilization after 48h. Other concentrations 

(4x106, 4x105 and 4x104) caused 85%, 45.3% and 8% immobilization of juveniles for 

Xenorhabdus spp.  and 85%, 45.3% and 8.66% immobilization for Photorhabdus spp. 

(Table 4.4.1). 

Similar trend was observed for culture filtrates of the Photorhabdus spp. and 

Xenorhabdus spp. bacteria isolated from two different nematodes are shown in 

table.4.4.1. There was no significant difference in the effectiveness of the culture filtrates 

after 48h exposure (statistically similar) at P<0.05. Standard concentrations of culture 

filtrates were more efficacious as compared to control and showed significant differences 

(P<0.05). Immobilization of juveniles increased with increased in concentrations of 

culture filtrate. After 48 hours all treatments at their standard concentrations gave 100% 

immobilization. Motility of juveniles of root knot nematodes were significantly affected 

by the increasing concentration (P<0.05). Juvenile’s immobilization was less at the 

control containing distilled water as shown in table 4.4.1. 

 

 

 

 

 

 

 

 

 



 69

Table 4.4.1. Effect of different concentrations of Bacteria and Culture filtrates on %age of juvenile’s immobilization of RKN (M. 
incognita) at 48 hours 

 

Treatments Conc. (Cells/ ml) 
Juvenile’s 

immobilization % 
at 48 Hours 

Treatments Concentration (%) 
Juvenile’s 

immobilization % 
at 48 Hours 

Xenorhabdus spp. 

Control (D.W) 2.33ba 

Xenorhabdus spp. 
culture filtrate 

Control (D.W) 0a 

4 X 104 8c 10 32d 

4 X 105 52.3g 25 37.3e 

4 X 106 90j 50 87.6i 

4 X 107 100k 100 100k 

Photorhabdus spp. 

Control (D.W) 4.33b 

Photorhabdus spp. 
culture filtrate 

Control (D.W) 0.33a 

4 X 104 8.66c 10 37e 

4 X 105 45.3f 25 39e 

4 X 106 85i 50 82.6i 

4 X 107 100k 100 100k 

Numbers followed by different letters are significantly different from each other at p<0.05. Data is mean of three replications. 
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Fig. 4.4.a Relationship of %age motality of J2 with different concentration of bacteria 

 

Fig. 4.4.b Relationship of %age motality of J2 with different concentrations of bacterial 

culture filtrates. 
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4.5. Soil persistent effect of bacterial cell suspension and culture filtrates on RKNs 

development 

Experiment was carried out to study the persistent effect of soil application of 

bacterial cell suspension and culture filtrates on life cycle of M. incognita and its 

development in a host plant for the period of 21 days. The primary objective of this study 

was to evaluate the persistence effectiveness of bacterial cell suspensions and culture 

filtrates in soil up to 7, 14 and 21 days and their response against M. incognita as a source 

for nematode management. The populations of M. incognita multiplied on brinjal plant as 

indicated by root weight, number of galls, number of females, egg masses and 

reproduction factors. 

Root weight of brinjal plant was monitored by applying Xenorhabdus spp. and 

Photorhabdus spp.  All the treatments significantly decreased root weight (Table 4.5.1). 

Minimum root weight was observed in Xenorhabdus spp. at 7 days persistence (3.9gm) 

fallowed by Photorhabdus spp. at 7 days persistence time (4.11gm) and maximum 

(5.63gm) was observed in control (P<0.05) . All other treatments also significantly reduce 

root weight as compared to control where bacterial cell suspensions were not applied. The 

direct relationship was observed between root weight and the no. of galls, more the no. of 

galls the more root weight.  

Xenorhabdus spp. was more effective in reducing the galls on brinjal roots after 7 

days of application followed by 14, 21 days of application but statistically similar (Table 

4.5.1).  Photorhabdus spp. also proved effective at 7 days of application but later on, the 

galls in the Photorhabdus spp. treatment increased indicating that the effect of bacteria 

declined with the passage of time (Table 4.5.1). By comparing the overall means of 

treatments it was observed that all the treatments of Xenorhabdus spp. and Photorhabdus 

spp. bacteria reduced the galling index on brinjal roots after their application into soil 

(Table.4.5.1). The effects of treatments and time on the number of egg masses over time 

was significant (P<0.05) All treatments showed a significant effect in reducing egg 

masses but there was no significant difference between the 7, 14 and 21days persistence 

of Photorhabdus spp. (P<0.05). 

As far the no. of females was concerned Xenorhabdus spp.  at 7 days persistence  

was again found at top (Table 4.5.1) followed by Photorhabdus spp. similar results were 



 72

found for 14 and 21 days which are significantly different from each other (P<0.05). All 

the treatments proved significantly effective as compared to control (P<0.05). 

With respect to no. of egg masses, all treatments proved effective. Xenorhabdus 

spp. at 7 days of persistence time reduced the no. of egg masses up to (62.22%) fallowed 

by 14 and 21 days 58% and 57% (statistically similar) respectively as compared to control 

P<0.05. Similar trend was observed in all the treatments of Photorhabdus spp. It was 

found that that Xenorhabdus spp. showed significantly good results than Photorhabdus 

spp. P<0.05. at all persistence times in soil. 

More a less similar trend was observed with reproductive potential (Table 4.5.1). 

Xenorhabdus spp. was more effective in reducing the reproductive potential of root knot 

nematodes on brinjal roots after 7 days followed by 14, 21 days (Table 4.5.1). Minimum 

reproductive potential (4.34) of root knot nematodes was obsreved in treatment of 

Xenorhabdus spp. at 7 days of persistence time. It was followed by Photorhabdus spp. at 

7 days persistance time. While minimum reduction in reproductive potential of root knot 

nematodes was observed in control where no EPNs applied. All the treatments 

demonstrated upright results as compared to control. Final population and rate of 

reproduction were directly proportional to each other. 

In the second part of the experiment, standard concentration of metabolites 

(culture filtrates) of Xenorhabdus spp. and Photorhabdus spp. were evaluated for their 

persistent effect in soil against M. incognita. 

Minimum root weight was observed in treatment of Xenorhabdus spp. culture 

filtrates at 7 days persistence time while maximum in control, where no culture filtrates 

were applied. Persistent time did not affect the root weight for all other treatments though 

these were equally effective but statistically similar (P<0.05). 

No. of galls were recorded minimum in the treatment of Xenorhabdus spp. culture 

filtrates at 7 days persistence time followed by 14, 21 days and Photorhabdus spp. at 7 

days persistence time (statistically similar) and Photorhabdus spp. at 14 and 21 days 

persistence time (statistically similar) at P<0.05 while maximum no. of galls were 

observed in control (Table 4.5.2). 

In case of number of females, culture filtrates from Xenorhabdus spp. at 7 days 

persistence time again proved more effective as compared to control (322) at P<0.05. 

Effect of 14, 21 days persistence time for culture filtrates of Photorhabdus spp. and 21 
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days persistence time of Xenorhabdus spp. culture filtrates were also significant but 

statistically similar (Table 4.5.2). It was found that all the treatments of culture filtrates at 

all persistent times proved effective in reducing the no. of females as compared to control 

as shown in table 4.5.2 (P<0.05). 

More a less similar trend was observed with reproductive potential (Table 4.5.2) 

Maximum control was obsreved in Xenorhabdus spp. at 7 days of persistence time 

(P<0.05). 
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Table 4.5.1. Soil persistent effect of bacteria on invasion and development of RKN 

(M. incognita) in soil 

Persistant 
time 

Treatment Root 
Wt. (g) 

No. of 
Galls 

No. of 
Females 

Egg 
Masses 

Rep. Pot. 

7 days 

Photorhabdus 
spp. 

4.11b 193c 214c 125b 4.86cb 

Xenorhabdus 
spp. 

3.90a 181a 192a 122a 4.34a 

control 5.63d 296d 322e 323e 19.41e 

14 days 

Photorhabdus 
spp. 

4.24c 203c 228d 130cb 5.20c 

Xenorhabdus 
spp. 

4.21c 191b 198d 135d 4.76b 

control 5.63d 296d 322e 323e 19.41e 

21 days 

Photorhabdus 
spp. 

4.22c 203c 232d 140d 5.25d 

Xenorhabdus 
spp. 

4.23c 192b 203b 139d 5.14dc 

control 5.63d 296d 322e 323e 19.41e 

Numbers followed by different letters are significantly different from each other at p<0.05. 

Data is mean of three replications. 

Table 4.5.2. Soil persistent effect of Bacterial Culture filtrates on invasion and 
development of RKN (M. incognita) in soil 

Persistant 
time 

Treatment Root 
Wt. (g) 

No. of 
Galls 

No. of 
Females

Egg 
Masses 

Rep. 
Pot. 

7 days 

Photorhabdus spp. 
(culture filtrates) 

4.11b 199b 220c 128ba 4.89b 

Xenorhabdus spp. 
(culture filtrates) 

3.80a 181a 186a 121a 4.24a 

control 5.63d 296d 322e 323e 19.41e 

14 days 

Photorhabdus spp. 
(culture filtrates) 

4.24b 206c 233d 135c 5.24c 

Xenorhabdus spp. 
(culture filtrates) 

4.20b 190b 202b 126ba 4.74b 

control 5.63d 296d 322e 323e 19.41e 

21 days 

Photorhabdus spp. 
(culture filtrates) 

4.22b 210c 232d 152b 6.11d 

Xenorhabdus spp. 
(culture filtrates) 

4.23b 194b 212c 133cb 6.16d 

control 5.63d 296d 322e 323e 19.41e 

Numbers followed by different letters are significantly different from each other at p<0.05. 

Data is mean of three replications. 
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Table No. 4.5. Soil persistent effect of Bacteria and Bacterial Culture filtrates on 
invasion and development of RKN (M. incognita) in soil 

 

Persistant 
time 

Treatment Root 
Wt. 
(gm) 

No. of 
Galls 

No. of 
Females

Egg 
Masses 

Rep. 
Pot. 

7 days 
 

Photorhabdus spp. 4.11b 193dc 214e 125efg 4.86dc 

Xenorhabdus spp. 3.90a 181a 192ba 122a 4.34b 

control 5.63d 296g 322g 323g 19.41g 

14 days 
 

Photorhabdus spp. 4.24c 203ed 228f 130def 5.20ed 

Xenorhabdus spp. 4.21cb 191b 198cb 135edc 4.76c 

Control 5.63d 296g 322g 323g 19.41g 

21 days 
 

Photorhabdus spp. 4.22cb 203ed 232f 140c 5.25e 

Xenorhabdus spp. 4.23cb 192b 203c 139e 5.14ed 

Control 5.63d 296g 322g 323g 19.41g 

7 days 
 

Photorhabdus spp. 
(culture filtrates) 

4.11b 199cb 220ed 128ba 4.89dc 

Xenorhabdus spp. 
(culture filtrates) 

3.80a 181a 186a 121a 4.24b 

Control 5.63d 296g 322g 323g 19.41g 

14 days 
 

Photorhabdus spp. 
(culture filtrates) 

4.24c 206fe 233f 135ed 5.24e 

Xenorhabdus spp. 
(culture filtrates) 

4.20cb 190b 202c 126ba 4.74c 

Control 5.63d 296g 322g 323g 19.41g 

21 days 

Photorhabdus spp. 
(culture filtrates) 

4.22cb 210f 232f 152f 6.11f 

Xenorhabdus spp. 
(culture filtrates) 

4.23c 194cb 212d 133edc 6.16f 

Control 5.63d 296g 322g 323g 19.41g 

Numbers followed by different letters are significantly different from each other at p<0.05. 

Data is mean of three replications. 
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The regression equation showed that root weight and no. of galls had a positive 

relationship with each other i.e., with one unit increase in root weight, the no. of galls 

would likely to be increased by 100.6 units (Fig.4.5a). The relationship was significant at 

P<0.05. The root weight explained 53.0 % variation as explained by increase in no. of 

galls. High value of coefficient of determination (R2=0.981) significant at P<0.05 

indicated that with one unit increase in root weight, number of galls would probably be 

increased by 139 units. On similar pattern significant relationship was found between root 

weight and number of galls in case of culture filtrate (R2=0.957) (Fig.4.5a). 

 

Fig. 4.5a. Comparison of relationships of root weight (gm) and No. of galls between different 

species of bacteria and culture filtrates 
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4.6. Impact of storage time of bacteria and culture filtrates on M. incognita infection 

An experiment was carried out to study the effect of storage time of 

entomopathogenic bacteria (Xenorhabdus spp., Photorhabdus spp.) and their culture 

filtrates on life cycle of RKN. The primary objective of this study was to evaluate the 

most suitable and effective storage time of bacterial cell suspensions and culture filtrates 

on laboratory shelf up to the period of (2, 3, 4 and 5 months) and their response against 

M. incognita as a source for nematode management. The populations of M. incognita 

multiplied on brinjal plant as indicated by root weight, number of galls, number of 

females, egg masses and reproduction factors. 

Root weight of brinjal plant was monitored by applying Xenorhabdus spp. and 

Photorhabdus spp.  After 2, 3 and 4 month shelf life storage, both species of bacteria are 

equally affective (statistically similar) fallowed by the effectiveness of 5 month storage 

time as compared to control P<0.05. It was observed that storage time up to 4 months did 

not affect the root weight  

In case of number of galls, when the efficacy of bacterial cells suspension and 

culture filtrate was compared with control the number of galls was reduced but with the 

passage of time their efficacy slightly decreased. After 2, 3, 4 and 5 months, the number 

of galls were 178, 181, 208 and 215 respectively as compared to control where number of 

galls were 296 (Table 4.6.1). 

The number of galls was found significant for species and storage time (Table 

4.6.1). With respect to storage time, the most effective bacterial species was Xenorhabdus 

spp. with mean value of 192 followed by Photorhabdus spp. at 2 month storage time. 

Number of galls was minimum in Xenorhabdus spp. culture filtrates as compared to 

Photorhabdus spp. culture filtrates. There was a significant difference in number of galls 

between the species at (P<0.05). All the treatments gave good results and significant 

difference over the control treatment where highest number of galling indices (5) was 

observed in control. Minimum number of galls was observed in the treatment of EPNs 

(alone) where RKNs not applied. In case of number of females, maximum no of females 

was observed after five month storage while minimum was at 2 month (Table 4.6.1). 

After 3 and 4 months their results were intermediate P=0.05 (Table 4.6.2). 

With respect to number of egg masses the best treatment was Xenorhabdus spp. 

culture filtrate with mean value of 130 followed by Xenorhabdus spp., Photorhabdus spp. 
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culture filtrate and Photorhabdus spp. (131, 135 and 148 respectively). Maximum number 

of egg masses was observed with RKN (322) significant at P<0.05 (Table 4.6.1). 

Bacterial cells culture filtrates of both species showed good results at all storage times as 

compared to bacterial cell suspensions. All the treatment proved to be effective and show 

significant results at P<0.05 (Table 4.6.2) at all storage times over control. 

More a less similar trend was observed with reproductive potential (Table 4.6.2) 

found all the treatments proved very effective as control at all storage time intervals. All 

the treatments demonstrated upright results as compared to control. Final population and 

rate of reproduction were directly proportional to each other. 
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Table 4.6.1. Impact of storage time of bacterial cells on M. incognita infection 

Treatments Shelf life Root 
Wt. 

No. of 
Galls 

No. of 
Females 

Egg 
Masses 

Rep. 
Pot 

Photorhabdus spp. 

2 Months 4.11d 216d 236cd 142c 4.97b 

3 Months 4.19cd 218c 233cde 139cd 5b 

4 Months 4.14d 219c 246bc 261b 5.14b 

5 Months 4.31bc 231b 251b 266b 5.19b 

Control 5.62a 296a 322a 323a 19.4a 

Xenorhabdus spp. 

2 Months 4.04d 192f 211f 125de 5.08b 

3 Months 4.14d 202ef 216f 124de 5.19b 

4 Months 4.13d 207de 221ef 122e 5.19b 

5 Months 4.39bc 215cd 225def 125a 5.2b 

Control 5.62a 296a 322a 323a 19.4a 

Numbers followed by different letters are significantly different from each other at p<0.05. 

Data is mean of three replications. 

Table 4.6.2. Impact of storage time of bacterial culture filtrates on M. incognita 

infection 

Treatments Shelf life Root wt. No. of 
galls 

No. of  
females 

Egg 
masses 

Rep. 
Pot 

Photorhabdus 
spp. (culture 

filtrates) 

2 Months 125e 4.86fg 183bc 210cde 4.11e 

3 Months 130cd 4.96def 189bc 215bcd 4.3cd 

4 Months 128c 5.03de 195cd 205cd 4.39c 

5 Months 133b 5.13b 211bc 216bc 5b 

Control 323a 19.4a 296a 333a 5.63a 

Xenorhabdus 
spp. (culture 

filtrates) 

2 Months 121f 4.23g 178e 186de 3.8f 

3 Months 118e 4.42efg 187de 196e 4.03e 

4 Months 126de 4.6cd 198bc 212cde 4.16de 

5 Months 139b 4.83bc 208b 219b 5.03b 

Control 323a 19.4a 296a 333a 5.63a 

Numbers followed by different letters are significantly different from each other at p<0.05. 

Data is mean of three replications. 
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4.7. Protective and curative effect of bacteria and culture filtrates on RKN 

Experiment was carried out to see whether plants might acquire some sort of 

protective defense mechanism which resists the nematode invasion or later their development 

or whether Photorhabdus and Xenorhabdus spp. and their culture filtrates stop the 

development of nematodes, which had already invaded into brinjal roots. Effect of standard 

concentrations of bacteria (Xenorhabdus spp. Photorhabdus spp.) and culture filtrates on 

M. incognita was assessed in brinjal plant by using nematode development parameter 

(number of females and reproduction factors). 

For protective effect, application of bacteria increased the suppression of J2s from 

entering the roots of brinjal. The standard concentration of Xenorhabdus spp. produced 

relatively lower number of females (144) followed by Photorhabdus spp. (153) than 

number of females (322) in control treatment (Table 4.7.1). All plants treated with the 

bacteria recorded lower no. of females than the control p<0.05. Protective effect of 

Xenorhabdus spp. and Photorhabdus spp. at standard concentration was the most effective 

in controlling the no. of females and reproduction factor of root knot nematodes on brinjal 

roots than their curative effect (Table 4.7.1).  

Similar trends were observed for culture filtrates treatments of both species for 

number of females and reproduction factor (Table 4.7.2). Standard concentration of 

culture filtrates of Xenorhabdus spp. proved more effective than Photorhabdus spp. 

culture filtrates (p<0.05).  However, protective effects of all bacterial concentrations were 

more effective in suppressing number of females and reproduction factor than the curative 

effect of these concentrations (Table 4.7.2).  

Over all we can say that bacteria and its culture filtrates can impart protection to 

plants against nematodes. If we compare the curative experiment with protective the plant 

health was good in curative as compare protective as in protective the plants got shock 

twice.  
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Table 7.1. Protective and curative effect of bacterial cells on RKN (M. incognita) 

Methods Bacteria Conc. (cell/ml) 
No. of 

Females 
Rep. pot. 

Protective effect 

Photorhabdus 
spp. 

Control 322a 19.28a 

4 x 107 153d 4.84bc 

Xenorhabdus 
spp. 

Control 322a 19.2a 

4 x 107 144e 4.57c 

Curative Effect 

Photorhabdus 
spp. 

Control 322a 19.2a 

4 x 107 202b 4.30b 

Xenorhabdus 
spp. 

Control 322a 19.2a 

4 x 107 163c 5.09bc 

Numbers followed by different letters are significantly different from each other at p<0.05. 

Data is mean of three replications. 

 

Table 7.2. Protective and curative effect of bacterial culture filtrates on RKN (M. 
incognita) 

Methods Bacterial 
Culture 
filtrates 

Conc. (%) No. of 
Females 

Rep. pot. 

Protective 
effect 

Photorhabdus 
spp. culture 

filtrate 

Control 333a 19.4a 

100 163c 4.86b 

Xenorhabdus 
spp. culture 

filtrate 

Control 333a 19.4a 

100 126e 4.23c 

Curative effect 

Photorhabdus 
spp. culture 

filtrate 

Control 333a 19.4a 

100 192b 5.3b 

Xenorhabdus 
spp. culture 

filtrate 

Control 333a 19.4a 

100 184b 5.27b 

Numbers followed by different letters are significantly different from each other at p<0.05. 

Data is mean of three replications. 
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Experiment No. 8 

Compatibility of bacterial cell suspension and culture filtrates with other bio-

product (Abamectin, Emamectin and Azadirachtin) 

Experiment was carried out to access compatibility of bacterial cell suspension 

and culture filtrates with other bioproduct (abamectin, emamectin and azadirachtin) on 

development of M. incognita in a host plant. Statistical analysis showed a highly 

significant results (p<0.05). Comparison of treatment means was done using DUNCAN’s 

multiple range test. It was observed that all the treatments differed significantly in 

reducing the no. of females of M. incognita as compared to control treatment. 

Maximum control (63.6%) for number of females of M. incognita on brinjal roots 

was observed in Xenorhabdus spp.+ abamectin treatment. It was followed by 

Photorhabdus spp.+ abamectin treatment (60.7%) and abamectin treatment (57%) whereas 

minimum control was observed in azadirechtin alone (45%) as compared to control 

treatment where only RKN were applied p<0.05 (Fig. 4.8.1a).  

The highest number of females was in the control (341) whereas the least numbers 

of females were in the treatment of Xenorhabdus spp. + abamectin (134) at p<0.05. It was 

observed that Xenorhabdus spp. alone as well as in combination with bio-products were 

proved more effective in reducing No. of females as compared to Photorhabdus spp. 

alone as well as in combination with bio-products. 

The treatment means regarding reproduction factor of M. incognita were 

statistically significant (p-value < 0.05, Appendices ANOVA Table 4.8.1b). 

The results showed that Photorhabdus spp. + abamectin proved the most effective 

for controlling the reproduction factor of M. incognita followed by Xenorhabdus spp. + 

abamectin, Photorhabdus spp. + emamectin, abamectin alone, Xenorhabdus spp. alone 

and Photorhabdus spp. alone statistically similar. Whereas azadirachtin  and emmamectin  

treatments was the least effective (p<0.05). 

Xenorhabdus spp., Photorhabdus spp., abamectin and Photorhabdus spp. + 

emamectin were also proved to be effective (statistically similar) at p<0.05 (Table 

4.8.1b). In case of reproduction factor per plant the differences in treatments were also 

significant (P-value < 0.05, ANOVA in Appendices Table 4.8.1b). 
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Fig. 4.8.1a. Effect of bacterial cell suspension with other bio-product on No. of females of RKN 

 

 
Fig.4.8.1b. Effect of bacterial cell suspension with other bio-product on reproductive potential of 
RKN 

T1 = Photorhabdus spp. + abamectin, T2 = Photorhabdus spp. + azadirectin,  

T3 = Photorhabdus spp. + emamectin, T4 = Xenorhabdus spp. + abamectin, 

T5 = Xenorhabdus spp. + azadirectin, T6 = Xenorhabdus spp. + emamectin, T7 = abamectin alone, 

T8 = azadirectin alone, T9 = emamectin alone, T10 = RKN alone, 

T11 = Photorhabdus spp. alone, T12 = Xenorhabdus spp. alone. 
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Statistical analysis for culture filtrates compatibility effect on number of females 

of M. incognita on brinjal roots showed a highly significant results (p<0.05). Maximum 

control (59%) for number of females was observed in Xenorhabdus spp. + abamectin 

treatment followed by Xenorhabdus spp. culture filtrates + azadirectin, Xenorhabdus spp. 

culture filtrates + emamectin, abamectin, Photorhabdus spp. culture filtrates + abamectin 

and Xenorhabdus spp. culture filtrates statistically similar whereas minimum control was 

observed in azadirechtin alone treatment (45%) as compared to control treatment where 

only RKN were applied as given in Fig. 4.8c (P-value < 0.05, ANOVA in Appendices 

Table 4.8.2a). 

The treatment means regarding reproduction factor of M. incognita were 

statistically significant (p-value < 0.05, Appendices ANOVA Table 4.8.2b). The results 

showed that Xenorhabdus spp. culture filtrates + abamectin proved the most effective for 

controlling the reproduction factor of M. incognita followed by Photorhabdus spp. + 

abamectin , abamectin respectively. Whereas azadirachtin and emmamectin treatments 

were proved least effective (p<0.05). All other treatments also proved effective regarding 

reproduction factor of M. incognita and statistically similar (p-value < 0.05, Appendices 

ANOVA Table 4.8.2b). 
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Fig. 8.2a. Effect of Culture filtrates with other bio-product on No. of females of RKN 

 

 
Fig. 8.2b. Effect of Culture filtrates with other bio-product on reproductive potential of RKN 

T1= Photorhabdus spp. culture filtrates + abamectin, T2= Photorhabdus spp. culture filtrates + 
azadirectin,  

T3= Photorhabdus spp. culture filtrates + emamectin, T4= Xenorhabdus spp. culture filtrates + 

abamectin, 

T5= Xenorhabdus spp. culture filtrates  + azadirectin, T6= Xenorhabdus spp. culture filtrates 
+emamectin, 

T7= abamectin, t8= azadirectin, T9= emamectin, T10= RKN alone, 

T11= Photorhabdus spp. culture filtrates and T12= Xenorhabdus spp. culture filtrates
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Chapter V                                                               DISCUSSION  

Plant parasitic root rot nematodes are the most notorious parasites having their presence 

around the globe, but excessively inhabiting in areas having damp conditions. Root knot 

nematodes (RKN) not only damage the plants by drawing away nutrients of diseased 

plants but also affect the fruit quality. Normally, at seedling stage because tissues of the 

plants roots are tender, therefore, the invasion of nematodes is more resulting in heavy 

losses. Nematodes cause injury usually by entering into the infected tissues, this also 

facilitates other pathogens to enter through these openings and expedite the losses.  

Plants have two types of resistance against RKN including pre-infection and post 

resistance. Pre-infection resistance is because of the presence of root containing toxic or 

antagonistic chemicals which create resistance against puncturing of root knot nematodes 

in roots (Haynes and Jones, 1976; Bendezu and Starr, 2003), whereas an early 

hypersensitive reaction (HR) operates in post-infection resistance which averts 

establishment of feeding sites leading to resistance to avoid development of nematodes in 

host tissues (Haynes and Jones, 1976; Bendezu and Starr, 2003).  

M. incognita causes mechanical damage by withdrawing of nutrients and 

impairing other physiological aspects in the roots of infected plants resulting in declining 

root growth which ultimately disturb the function of vascular bundles (Anwar and Din, 

1986). When uptake of both nutrients and water gets upset top growth of plants is 

severely distressed on account of weakened water relations. This is mostly considered 

that giant cells developed which restrict the activity of xylem. Secondly, rate of 

photosynthetic activity because of less light interception and carbohydrate synthesis is 

also disturbed. This forces the plant to produce more roots in response to the attack of 

nematode to overcome the damage (Trudgill, 1992). This further affects the root 

efficiency which decreases the root shoot ratio of the plant resulting in complete 

paralyzing the plant. Moreover, developing females remain intact in the roots of infected 

plants and cause additional damage. It is found that root weight is directly influenced by 

inoculum level which means as inoculum density increases root weight also increases. It 

may be attributed that in the affected plants, root weight increases due to the high 

production of tryptophan and other amino acids (growth substances) than un-inoculated 

plants (Setty and Wheeler, 1968).  

The objective of this study was to manage the root-knot nematode (Meloidogyne 

incognita) exploiting the potential of entomopathogenic nematodes and their associated 
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bacteria of the genera Photorhabdus and Xenorhabdus that occur symbiotically in 

association with  the entomopathogenic nematodes  H. indica, H. bacteriophora and S. 

glasseri originally collected from  Dr. Ernesto, Reading University UK and S. asiaticum 

was taken from Dr. Shahina, National Nematological Research Centre, Karachi (NNRC).  

Most research on the use of these entomopathogenic bacteria and their secondary 

metabolites has been directed towards the control of insects (Grewal and Georgis, 1998, 

East, 2003; Khandelwal et al., 2004b Mahar et al., 2004a, 2004b and Mahar et al., 2005). 

Effect of entomopathogenic nematodes, their associated bacteria and toxins on 

root knot nematodes (M. incognita) were studied by designing different experiments 

under in vitro conditions. Impact of application time and rate of entomopathogenic 

nematodes on root knot nematodes in brinjal was studied. Different species of EPN 

preciously have been reported to control RKN. Pre and post application of S. riobravis 

and S. feltiae @ 25 IJs/cm2 and before application of H. bacteriophora against M. 

incognita suppresses the entry and egg production (Perez and Lewis, 2002). Similar 

results were obtained under in vitro conditions when H. bacteriophora, H. indica, S. 

asiaticum and S. glaseri were applied at the rate of 2000IJs/pot. It was revealed that all 

the species of EPN tested in experiment significantly suppressed M. incognita by 

affecting the invasion of J2, egg production, number of females and the reproductive 

potential of RKN at all different times of applications. But our findings are not in line 

with the results of Perez and Lewis (2004) who concluded that only pre-infestation 

application was effective, but in our research it was found that application at the same 

time and after the application of root knot nematodes was effective likewise. Our 

revelations confirming the previous studies in which plant parasitic nematodes were 

effectively controlled by entomopathogenic nematodes (Bird and Bird, 1986; Ishibashi 

and Kondo, 1986; Ishibashi and Choi, 1991; Kermarrec et al., 1991; Smitley et al., 1992; 

Gouge et al., 1994; Grewal et al., 1997; Perry et al., 1998; Aalten and Gowen, 1998; 

Riegel et al., 1998; Grewal et al., 1999; Somasekhar et al., 2000; Lewis et al., 2001; 

Perez and Lewis, 2004; Burelle and Lewis, 2004). However, application time and species 

of EPN influence the suppressive effect of EPN against root-knot nematodes (Perez and 

Lewis, 2002). 

In second experiment conducted in pots, S. asiaticum and H. bacteriophora were 

investigated for invasion, development and reproduction of root knot nematodes in brinjal 

roots. Treatments were terminated at various time intervals over a period of 35 days. 

Reduction was recorded in root knot nematodes along with reduced number of galls per 
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root system, number of egg masses and number of females in EPN treated roots. From 

this, it was inferred that it might be due to crowding effect of EPN, nematicidal properties 

of metabolites and their allopathic effects which was influencing the life cycle and 

maturity of RKN (Grewal et al., 1999; Hu et al., 1999; Samaliev et al., 2000; Lewis et al., 

2001).  Different factors, like competition between nematode groups for CO2, space in 

rhizosphere and other root exudates assist the entomopathogenic nematodes to create 

suppressive effects on plant-parasitic nematodes (Robinson, 1995; Bird and Bird, 1986; 

Tsai and Yeh, 1995).  

Furthermore, behavioral response of nematodes, increased population of natural 

enemies and predators in the soil (Ishibashi and Kondo, 1986, Grewal et al., 1999), 

production of allelochemicals by the entomopathogenic nematodes and symbiotic bacteria 

complex are also considered important factors enhancing the potential of EPN against 

RKN (Grewal et al., 1999; Hu et al., 1999; Samaliev et al., 2000; Lewis et al., 2001). 

Steinernema spp. and Xenorhabdus spp. produce toxins (metabolites) which kill the 

nematodes (Grewal et al., 1999; Hu et al., 1999; Samaliev et al., 2000). Boemare, 2002, 

further concluded that P. luminescens and P. temperate with H. bacteriophora and H. 

megidis might create suppressive impact on RKN. In our results, different 

entomopathogenic species have variations in their suppressive effects on invasion, 

development and reproduction of M. incognita. This difference in suppressive effect 

might be produced by associated bacteria and its toxic metabolites. Grewal et al., 1999 

found that toxic metabolites of Xenorhabdus spp. and Photorhabdus spp. were having 

nematicidal and repellent effects against J2 of M. incognita and restricted its egg 

hatching.  

Steinernema spp. get enter into roots through the injuries caused by RKN.  

Steinernematids suppress the M. incognita more than the Heterohabditis. It is because of 

their ability to enter through roots and discharge their associated bacteria inside root 

tissues. In the root tissues bacteria releases toxic chemicals wich are lethal and act as 

repellent to RKN (Grewal et al., 1999; Fallon et al., 2002). S. asiaticum, S. glaseri, H. 

indica and H. bacteriophora were tested against M. incognita. Because it is difficult to 

formulate, store, and transport living EPN. Therefore, these results may assist in resolving 

these manifestations. S. asiaticum, S. glaseri, H. indica and H. bacteriophora have shown 

quite good results in suppressing M. incognita in contrast to control treatment. In our 

finding lower number of females were recorded in EPN treatments. Results exhibited that 

the both EPN, their associated bacteria and toxins declined down the invasion of M. 
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incognita in brinjal crop. This confirms the researches done by different workers on of 

plant-parasitic nematodes using living EPN (Bird and Bird, 1986; Ishibashi and Kondo, 

1986; Ishibashi and Choi, 1991; Smitley et al., 1992; Gouge et al., 1994; Grewal et al., 

1997; Perry et al., 1998; Grewal et al., 1999; Somasekhar et al., 2000; Lewis et al., 2001) 

and dead EPN (Grewal et al., 1999; Jagdale et al., 2002). 

The most susceptible stages in the life cycle of RKN are eggs and juveniles. Most 

of the recent and past nematicides were developed focusing on this view to manage root-

knot nematodes effectively (Hague and Gowen, 1987). Much focus was given on the 

inhibition of egg hatching, causing reduction in viability of eggs and J2s and reducing 

root invasion and final populations of RKN. Hatching and immobilization tests were 

performed in our studies to gauge out the potential of Photorhabdus spp., Xenorhabdus 

spp.  and their metabolites in administrating  M. incognita. 

It was observed that different concentrations of both Photorhabdus spp. and 

Xenorhabdus spp. immobilized J2s and inhibited egg hatching in M. incognita. However, 

similar trend was observed in effectiveness against RKN by metabolites of   

Photorhabdus spp. and Xenorhabdus spp. It is probably nematoxic effect of toxins 

produced by EPN bacteria. Irreversible (nematicidal) effect was noticed at higher 

concentrations over time while at lower concentrations nematostatic effect was observed. 

Similar findings were reported by Andreoglou (2001) regarding inhibition of egg 

hatching and quick convulsions leading to J2s mortality of M. incognita.  

Number of reports are available that by reducing primary inocula in connection 

with other integrated management strategies may increase yield and decrease the remains 

of M. incognita populations. Wright, 1981 demonstrated that higher bacterial cell 

suspension concentrations and metabolites had the same activity as the halogenated 

aliphatic hydrocarbons and methyl isothiocyanate precursor compounds in killing 

nematodes and eggs, while minor concentrations acted similar to that of 

organophosphates or organocarbamates.Both Photorhabdus spp. and Xenorhabdus spp. 

and their metabolites reduced J2s penetration into roots and suppressed egg production in 

brinjal as compare to control treatment. Further, It was observed drenching of bacterial 

cell suspensions and toxins gave equally good results as bare- root dip, however, more 

effectiveness was seen at higher concentration. These results are in accordance with many 

researchers. Considerable reduction was observed in RKN population by the appliatin of 

EPN (Bird and Bird (1986). Similarly, Photorhabdus spp. and Xenorhabdus spp. 
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effectively control RKN populations of plant parasitic nematodes (Perry et al., 1998; 

Grewal et al., 1994; Gouge et al., 1994).  

In tomato crop, Photorhabdus spp. and Xenorhabdus spp. showed good results in 

managing RKN (Chaubey et al., 2004; Lewis et al., 2000; Samaliev et al., 2000; Hu et 

al., 1995). The mechanism behind this effectiveness of these species against RKN may be 

due to toxicity, biostasis and repellency (Grewal et al., 1999 and Sasnarukkit et al., 2002). 

Webster et al., 2002 isolated secondary metabolites (toxins) having nematicidal properties 

against RKN from Xenorhabdus spp. It may be inferred that similar mechanisms 

mentioned by above researchers, are participating as nematicidal activity of cells and 

toxins of Photorhabdus spp. and Xenorhabdus spp, used in following study. 

Crowding of EPNs along with roots forces intensive doses of EPNs symbiotic 

bacteria (Xenorhabdus spp. and Photorhabdus spp.), bacterial toxins and allelochemicals 

(ammonium and indole) produced by the activity of bacteria inhibit the egg hatching and 

suppress the plant-parasitic nematodes (Bird and Bird, 1986; Ishibashi and Kondo, 1986; 

Ishibashi and Choi, 1991; Grewal et al., 1999 and Hu et al., 1999). 

H. bacteriophora strain GPS11, H. bacteriophora strain HP88 and H.  indica 

strain LN2 significantly impedes the nematode development, abundance and diversity by 

decreasing the population abundance of plant-parasitic nematodes, but free-living 

nematodes are not effected (Somasekhar et al., 2002). It represents that H. bacteriophora 

and H. indica cause selective inhibition of plant-parasitic nematodes without disturbing 

free-living nematodes. Therefore, reduced inoculum level of these associated bacteria and 

their secondary metabolites may not affect non-parasitic (beneficial organisms) in the 

soil. 

In the shelf-life studies, the cells and toxins of Photorhabdus spp. and 

Xenorhabdus spp. were stored in sealed bottles on the laboratory bench at 25OC After 2, 

3, 4, and 5 months of storage, aliquots of the stored cells and toxins were taken, diluted 

and assessed for the efficacy against M. incognita.  

Bacteria and their associated toxins demonstrated toxicity by inhibiting the 

motility of J2s of M. incognita. Our results showed immobilization above 60% for all the 

bacteria after storage period of 5 months. This suggests that bacterial cells along with 

their associated toxins can be stored for reasonable periods without disturbing their 

nematoxic properties. The increased longevity for 1 to 3 months is because of 

anhydrobiosis (Grewal, 2000). In our experiments, longer shelf life was observed in the 
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Photorhabdus and Xenorhabdus spp. which is a positive attribute and could be worked 

out in future in the integrated management of RKN.  

Further, it may be added that the bacterial cell suspensions and their metabolites 

(toxins) utilized in formulations with some suitable preservatives may enhance bacterial 

efficiency for the control of nematode.  

The entomopathogenic nematodes, Photorhabdus spp and Xenorhabdus spp. and 

toxins used in following research showed very good potential in the management of 

RKN. Because, Pakistan is a developing country, therefore, cost effective management 

must be in practice for the management of plant parasitic nematodes. Hence, EPN and 

bacteria may be produced on commercial scale at low cost. By investigating the safety 

measures along with hazardous environmental problems, these toxins could be allowed to 

apply under field conditions.  Further, to avoid disturbance in the flora and fauna under 

field conditions investigations may be made on repeated applications of these toxins.  

The ability of bacteria and toxins used in these experiments to kill nematodes 

within two days is quite good for the management of RKN. In Pakistan, different 

practices are in fashion to control insect-pest management. Integrated pest management 

could ameliorate pest management under field conditions. The Photorhabdus spp and 

Xenorhabdus spp. in present study could be made part of an IPM programme to manage 

RKN. Further, improvement may be brought by using resistant genotypes, organic 

amendments, cultural practices and other biological agents, to frame a workable 

management of RKN. 

Abamectin and emamectin showed most effective results than the azadirechtin on 

the life cycle of M. incognita. In fact, avermectins (abamectin) work as stimulator to 

activate presynaptic inhibitory terminals which produces “γ-aminobutyric acid (GABA) 

which inhibit the life cycle of the RKN (Turner and Schaeffer, 1989). When J2 of RKN 

was treated with different concentrations of pesticides to check the uptake of O2, J2 of M. 

incognita became paralyzed after 24 hours of treatment of abamectin (Nordmeyer and 

Dickson, 1989).  This was in fact because of impeding of O2 to root knot nematodes 

Juveniles.  Further, It was suggested that lack of oxygen had created additive effect which 

produced toxicity of  bio products resulted in death of RKN There are still chances that 

depletion of oxygen may be due to some other microorganism which utilized it 

(Nordmeyer and Dickson, 1989). So, it is inferred from above discussion that bio-

products prevent the motility of RKN.  
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Nemastatic mode of action of neem compounds are similar to those of carbamate 

and oxamyl pesticides (Elskamp et al., 1974). These pesticides block the production of 

acetylcholinesterase enzyme which is involved in transferring the signal to neurosystem 

resulting in avoiding the breakdown of acetylcholine, which is a signaling substance to 

the muscular system (Elskamp et al., 1974). Subsequently, accumulation of acetylcholin 

occurs causing convulsion, paralysis and ultimately death of nematodes.  

In general, it may be concluded that bio-products halt the nematodes and reduce 

invasion of nematodes. Bio-products higher doses especially of abamectin and emamectin 

exhibited good results by monitoring the attack of nematodes into brinjal roots.  

Azadirachtin do not cause the immobility and mortality of RKN (Javed et al., 2008b) 

which means having no toxic effect on the J2. This proposes that azadirachtin works as 

protective bio-product within brinjal roots and avoid nematodes development.  

The feeding process of the nematodes is inhibited by bio-chemicals (systemic) 

affecting the reproduction. When curative application of toxins is made it is absorbed by 

the roots and reduces the development and consequently decreasing reduction in egg mass 

(Kondrollochis, 1972; Wright, 1981; Hague and Gowen, 1987).  

In our findings, we observed that both curative and protective treatments of 

bacteria and toxins were effective as compare to control. However, protective treatments 

gave more promising results than curative in suppressing the invasion of the J2 and 

inhibit development of RKN in roots. Because, effect of toxins on life cycle of RKN were 

not clear during our studies, therefore, it may be said that above mentioned processes may 

be the cause of control of RKN in brinjal crop. 

Furthermore, it was seen in our experiments that combine effect of bio-chemicals 

with symbiotic bacteria and their metabolites gave better results than bio-chemicals alone.  

These results are in accordance with many research workers (Barker, 1978 and 

Garabedian and Van Gundy, 1983).  

Following further lines of work would require accomplishing above plan of research;  

 Long-term studies on the effect of entamopathogenic nematodes, symbiotic bacteria 

(Photorhabdus spp. and Xenorhabdus spp.) and their metabolites on beneficial 

microorganisms in different agro-ecological zones. 

 The persistency of entamopathogenic nematodes, symbiotic bacteria (Photorhabdus 

spp. and Xenorhabdus spp.) and their associated toxins under natural conditions (soil, 

temperature, moisture level, pH, etc).  
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 Hypersensitive reaction of other vegetable crop roots to bacterial cells suspensions 

and toxins of Photorhabdus spp. and Xenorhabdus spp. 

 The residual impact of Photorhabdus spp. and Xenorhabdus spp. and their associated 

toxins on fruit/food quality etc.  

 To evaluate the impact of Photorhabdus spp. and Xenorhabdus spp. and their 

associated toxins on roots and tubers of vegetable crops.  

 Since Photorhabdus spp. and Xenorhabdus spp. and their associated toxins having  

five months shelf life, thus, their effects on aquatic life needs to be assessed before 

applying under field conditions.  
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Chapter VI                                                  SUMMARY 

Root knot nematodes (RKN) are small microscopic, unsegmented worm like 

organisms that reside in plant roots and rhizosphere. They have the needle shaped mouth 

parts called stylet used to puncture the roots and thus get their food. The root parts where 

the nematodes attack by stylet gets damaged and further absorption of water and nutrients 

is disturbed. These problems are more prevalent in sandy soils. Diseased/affected plants 

exhibit the symptoms on upper and underground parts.  

On above ground plant parts stunted growth, discoloration may be observed which 

ultimately resulted in death of plant. These symptoms further aggravate when conditions 

are hot, drying resulting in wilting and drying up of the plants. Underneath the ground, 

there is development of galls or knots (swollen areas) on roots. Both small and large roots 

have circle shaped inflammations on them. This attack of RKN, make root system 

shallow having dead or branched areas excessively. 

Various experiments were performed to categorize the effect of entomopathogenic 

nematodes (EPNs) on life cycle of RKN (Meloidogyne incognita). Furthermore, EPNs 

impact was checked out on invasion, development of RKN. Five parameters viz; fresh 

root weight of brinjal plants, number of no. of galls, female population, egg masses and 

reproductive potential of RKN were evaluated by using different species of EPN at 

different time intervals. Entamopathogenic nematodes; S. glaseri, S. asiaticum H. 

bacteriophora and H. indica showed excellent results in suppressing root knot nematodes. 

Among these four species, two EPN species;   S. asiaticum H. bacteriophora were found 

very effective in contrast to S. glaseri and H. indica.  

After evaluating the four species of EPN and finding S. asiaticum and H. 

bacteriophora most effective against RKN, were further studied to find out the most 

vulnerable stage during life cycle (invasion, development and reproduction) of RKN in 

brinjal roots. Culmination of trails was done at a range of time intervals (7, 17 and 35 

days). It was revealed that EPN treated roots had reduced root weight, less number of 

juveniles at different developmental stages, less no. of females and reduced reproductive 

potential of M. incognita as compare to control treatment.  

Egg hatching and larval mortality of RKN was also examined by applying different 

concentrations of Xenorhabdous spp. and Photorhabdus spp. (4x107cells/ml, 

4x106cells/ml, 4x105cells/ml and 4x104cells/ml) and their associated metabolites at 

different concentrations (100%, 50%, 25% and 10%) under in vitro conditions. Standard 
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concentrations of bacteria (4 x 107cells/ml) and toxins were found most optimum against 

egg hatching. Further, it was observed that by enhancing concentrations, % age inhibition 

of egg hatching and %age was also increased. Similar, results were obtained against 

larval mortality of RKN with same bacterial and toxin concentrations. The bacterial cell 

suspension and toxins proved toxic to nematodes by immobilizing J2s of M. incognita.    

In soil persistence of bacteria (Xenorhabdous spp. and Photorhabdus spp.) and 

their toxins effectiveness were tested against RKN at 7, 14 and 21 days gaps. All 

treatments showed excellent results in controlling RKN by lowering invasion of J2s and 

reducing reproductive potential of RKN more than 60% in brinjal roots. However, 

decreasing trend was observed in persistence of bacteria and toxins in soil with passage of 

time, but were still effective as compare to control.  

Photorhabdous spp. and Xenorhbous spp. and their metabolites were tested for 

their shelf life (2, 3, 4 and 5 months) at an interval of one month. It was concluded that 

Xenorhbous spp. was more effective as compare to Photorhabdous spp. More than 60% 

reduction in reproduction factor of RKN was observed by all bacteria after the storage 

period of five months. This confirms that bacterial cells and their metabolites may be 

preserved for considerable period of time without disturbing their efficacy.   

Compatibility of Photorhabdus spp. and Xenorhbous spp. and their associated 

toxins with bio-products (Abamectin, Emamectin and Azadirechtin) tested against RKN 

and it was found that combine effect of Abamectin and Xenorhabdous spp. and its toxins 

gave maximum results. This proved that there was a synergistic effect among bio-

products, bacteria and their toxins against RKN.  

Biological management of RKN is an important field and needs to be explored. 

Plant breeders can share vital role in development of new resistant varieties against root 

knot nematodes. Projects should be developed on using biotechnological techniques to 

produce transgenic plants. Formulations of EPN, bacteria and toxins can be synthesized 

and promoted at low cost among farmers to manage RKN. 

New and native species of EPN may be isolated, and their probable use in the 

administration of RKN can be traced out. Trails may be performed to develop different 

techniques to isolate bacteria, bacterial toxins from EPN, and further work can be done on 

their possible combination with other biological control agents (PGPR, Verticillium 

chlamydosporium, Pasteuria spp, Paecilomyces spp). Also, combination of bio-products 

with symbiotic bacteria, and with their associated metabolites may also be made part of 

this project. Being the environmentally friendly, biological control measures to handle the 
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manifests of root knot nematodes can be paramount resolving issues of pollutions linked 

with the application of nematicides and may be chief preference for the management of 

nematode. 
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APPENDICES 
 

Experiment No.1. Screening of entomopathogenic nematodes for the management of 
M. incognita in Brinjal 
 
Apped.4.1a: Analysis of variance table for root weight   
 

Source DF SS MS F P 

Rep 2 0.0056 0.00279   

Time 4 28.4259 7.10647 2973.94 0.0000 

Error rep*Time 8 0.0191 0.00239   

Species 3 0.1212 0.04040 21.38 0.0000 

Time*Species 12 0.0792 0.00660 3.49 0.0027 

Error rep*Time*Species 30 0.0567 0.00189   

Total 59 28.7077    

 
Apped.4.1b: Analysis of variance table for number of galls of RKN  
 

Source DF SS MS F P 

Rep 2 38 19   

Time 4 540593 135148 5481.76 0.0000 

Error rep*Time 8 197 25   

Species 3 4949 1650 556.06 0.0000 

Time*Species 12 3543 295 99.51 0.0000 

Error rep*Time*Species 30 89 3   

Total 59 549409    

 
Apped.4.1c: Analysis of variance table for number of females of RKN   
 

Source DF SS MS F P 

Rep 2 28 14   

Time 4 647708 161927 19647.4 0.0000 

Error rep*Time 8 66 8   

Species 3 7270 2423 259.33 0.0000 

Time*Species 12 5132 428 45.77 0.0000 

Error rep*Time*Species 30 280 9   

Total 59 660484    
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Apped.4.1d: Analysis of variance table for number of egg masses of RKN  
 

Source DF SS MS F P 

Rep 2 177 88   

Time 4 649249 162312 22247.3 0.0000 

Error rep*Time 8 58 7   

Species 3 10315 3438 541.93 0.0000 

Time*Species 12 7171 598 94.19 0.0000 

Error rep*Time*Species 30 190 6   

Total 59 667161    

 
Apped.4.1e: Analysis of variance for reproductive potential of RKN 
 

Source DF SS MS F P 

Rep 2 0.23 0.114   

Time 4 2580.70 645.174 5505.37 0.0000 

Error rep*Time 8 0.94 0.117   

Species 3 62.41 20.802 11889.0 0.0000 

Time*Species 12 41.65 3.471 1983.58 0.0000 

Error rep*Time*Species 30 0.05 0.002   

Total 59 2685.97    
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Experiment No.2. Effect of EPN on invasion, development and reproduction of RKN 
(M. incognita) in brinjal (after 7 days). 
 
Apped.4.2.1a: Analysis of variance for root weight   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Apped.4.2.1b: Analysis of variance of No of J2s/root system   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Apped.4.2.1c: Analysis of variance of dJ2s/root system 
 

Source DF SS MS F P 

Treatment 4  48878.1       24439.1     31.32    0.0000 

Error 10    9362.8     780.2   

Total 14     

  

Source DF SS MS F P 

Treatment 4 7.607E-05   3.803E-05   1.13    0.3566 

Error 10 4.057E-04   3.381E-05   

Total 14     

Source DF SS MS F P 

Treatment 4 29554.1    14777.1     5.37    0.0216 

Error 10 33034.8     2752.9   

Total 14     
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Effect of EPN on invasion, development and reproduction of RKN (M. incognita) in 
brinjal (after 17 days) 
 
Apped.4.2.2a: Analysis of Variance Table for root weight   
 

Source DF SS MS F P 

Treatment 4 3.68171      0.92043           541.75    0.0000 

Error 10 0.01699       0.00170   

 
 
Apped.4.2.2b: Analysis of Variance Table for J2s1/root system 
   

Source DF SS MS F P 

Treatment 4 0.00000    0.00000s   

Total 4 0.00000       

 
WARNING: The total sum of squares is too small to continue. The dependent variable 
may be nearly constant. 
 
Apped.4.2.2c: Analysis of Variance Table for dJ2s/root system    
  

Source DF SS MS F P 

Treatment 4 4328.40       1082.10            102.08     0.0000 

Error 10 106.00          10.60   

Total 14 4434.40    
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Apped.4.2.2d: Analysis of Variance Table for dJ4s/root system 
  

Source DF SS MS F P 

Treatment 4 95868.4       23967.1           1079.60     0.0000 

Error 10 222.0            22.2   

Total 14 96090.4    

 
 
Apped.4.2.2e: Analysis of Variance Table for Number of females/root system  
  

Source DF SS MS F P 

Treatment 4 17569.7        4392.43           1689.40    0.0000 

Error 10 26.0             2.60   

Total 14 17595.7    

 
Effect of EPN on invasion, development and reproduction of RKN (M. incognita) in 
brinjal (after 35 days) 
 
Apped.4.2.3a: Analysis of Variance Table for root weight  
  

Source DF SS MS F P 

Treatment 4 10.1390        2.53475           6380.47     0.0000 

Error 10 0.0040          0.00040   

Total 14 10.1430    
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Apped.4.2.3b: Analysis of Variance Table for J2s/root system 
 

Source DF SS MS F P 

Treatment 4 206848      51712.0          2543.21      0.0000 

Error 10 203      20.3   

Total 14 207051    

 
 
Apped.4.2.3c: Analysis of Variance Table for dJ2s/root system 
 

Source DF SS MS F P 

Treatment 4 203678   50919.6         1788.74        0.0000 

Error 10 285 28.5   

Total 14 203963    

 
Apped.4.2.3d: Analysis of Variance Table for dJ4s/root system 
   

Source DF SS MS F P 

Treatment 4 256.400    64.1000          320.50          0.0000 

Error 10 2.000     0.2000   

Total 14 258.400    
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Apped.4.2.3e: Analysis of Variance Table for Number of females/root system 
   

Source DF SS MS F P 

Treatment 4 241056 60263.9        2993.24        0.0000 

Error 10 201 20.1   

Total 14 241257    

 
 
Experiment No.3. Effect of bacterial cell suspension and toxin on egg hatching of 
RKN (M. incognita) 

Apped.4.3a: Analysis of Variance Table for %age inhibition of egg hatching.  

Source DF SS MS F P 

Conc 4 5429.80    1357.45    904.97    0.0000 

species 1 224.13     224.13    149.42    0.0000 

conc*species     4 118.87      29.72     19.81    0.0000 

Error 20 30.00       1.50   

Total 29 5802.80    

 
Apped.4.3.1a: Analysis of Variance Table for hatching of eggs   
 

Source DF SS MS F P 

Conc 4 21875.5     5468.88      948.36      0.0000 

Species 1 864.0      864.03      149.83     0.0000 

conc*species     4 482.5       120.62      20.92     0.0000 

Error 20 115.3          5.77   

Total 29 23337.4    
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Apped.4.3.1b: Analysis of Variance Table for inhibition of egg hatching.   
 

Source DF SS MS F P 

Conc 4 21875.5     5468.88      948.36      0.0000 

Species 1 864.0      864.03      149.83     0.0000 

conc*species     4 482.5       120.62      20.92     0.0000 

Error 20 115.3          5.77   

Total 29 23337.4    

 
 
Effect of toxins of Xenorhabdus and Photorhabdus on hatching of eggs RKN (M. 
incognita) 
 
Apped. 4.3.2a: Analysis of Variance Table for egg hatching 
 

Source DF SS MS F P 

Conc 4 6396.53      1599.13       979.06       0.0000 

Species 1 86.70        86.70       53.08       0.0000 

conc*species     4 25.47         6.37         3.90    0.0169 

Error 20 32.67           1.63   

Total 29 6541.37    

 
Apped. 4.3.2b: Analysis of Variance Table for hatching of eggs 
 

Source DF SS MS F P 

Conc 4 25446.3    6361.58    1231.27    0.0000 

Species 1 340.0     340.03      65.81    0.0000 

conc*species     4 105.8      26.45       5.12    0.0053 

Error 20 103.3       5.17   

Total 29 25995.5    
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Apped. 4.3b: Analysis of Variance Table for %age inhibition  of egg hatching 
 

Source DF SS MS F P 

Conc 4 25446.3    6361.58    1231.27    0.0000 

Species 1 340.0     340.03      65.81    0.0000 

conc*species     4 105.8      26.45       5.12    0.0053 

Error 20 103.3       5.17   

Total 29 25995.5    

Experiment No.4. Effect of bacteria and toxins on juvenile’s immobilization of RKN 

(M. incognita) 

Apped.4.4: Analysis of Variance Table for juvenile’s immobilization of RKN (M. 

incognita) 

Source DF SS MS F P 

Bacteria 3 348.3      116.1      31.81    0.0000 

Conc.            4 78175.6    19543.9    5354.49    0.0000 

Bacteria*CON    12 4075.5      339.6      93.05    0.0000 

Error 40 146.0        3.6   

Total 59 82745.4    

Experiment No.5 Soil persistent effect of bacterial cell suspension and toxins on 

RKNs development 

Apped.4.5.1a: Analysis of Variance Table for root weight/root system  
      

Source DF SS MS F P 

Days 3 9.9956    3.33186    1349.20    0.0000 

Treat 1 0.0228    0.02276      9.21    0.0079 

days*treat     3 0.0477    0.01590      6.44    0.0046 

Error 16 0.0395    0.00247   

Total 23 10.1055    
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Apped.4.5.1b: Analysis of Variance Table for number of galls/root system    
    

Source DF SS MS F P 

Days 3 46876.1    15625.4    2205.94    0.0000 

Treat 1 630.4      630.4      88.99    0.0000 

days*treat     3 253.1       84.4      11.91    0.0002 

Error 16 113.3        7.1   

Total 23 47873.0    

 
 
Apped.4.5.1c: Analysis of Variance of number of females/root system   
     

Source DF SS MS F P 

Days 3 54626.7    18208.9    1571.99     0.0000 

Treat 1 2773.5     2773.5     239.44    0.0000 

days*treat     3 929.8      309.9      26.76    0.0000 

Error 16 185.3       11.6   

Total 23 58515.3    

 

Apped.4.5.1d: Analysis of Variance of egg masses/root system 

Source DF SS MS F P 

Days 3 164987 54995.7    6470.08    0.0000 

Treat 1 3 2.7       0.31    0.5832 

days*treat     3 86 28.8       3.39    0.0441 

Error 16 136 8.5   

Total 23 165212    
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Apped.4.5.1e: Analysis of Variance of reproduction factor 

Source DF SS MS F P 

Days 3 944.107    314.702    8024.02    0.0000 

Treat 1 0.448      0.448      11.42    0.0038 

days*treat     3 0.304      0.101       2.58    0.0893 

Error 16 0.628      0.039   

Total 23 945.486    

 
Apped.4.5.2a: Analysis of Variance Table for root weight/root system  
  

Source DF SS MS F P 

Days 3 10.2795    3.42649    435.96    0.0000 

Bacterial toxins   1 0.0413    0.04133     5.26    0.0357 

days*Bac Toxins    3 0.1010    0.03368     4.29    0.0212 

Error 16 0.1258    0.00786   

Total 23 10.5476    

 

Apped.4.5.2b: Analysis of Variance Table for number of galls /root system 

Source DF SS MS F P 

Days 3 46461.8    15487.3    553.12    0.0000 

Bacterial toxins   1 704.2      704.2     25.15    0.0001 

days*Bac Toxins    3 248.5       82.8      2.96    0.0638 

Error 16 448.0       28.0   

Total 23 47862.5    
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Apped.4.5.2c: Analysis of Variance Table for females/root system  
      

Source DF SS MS F P 

Days 3 55050.8    18350.3    793.53    0.0000

Bacterial toxins   1 2320.7     2320.7    100.35    0.0000

days*Bac Toxins    3 877.0      292.3     12.64   0.0002

Error 16 370.0       23.1   

Total 23 58618.5    

 
 
 
Apped.4.5.2d: Analysis of Variance Table for egg mass /root system 
     

Source DF SS MS F P 

Days 3 165523 55174.3    2233.03    0.0000 

Bacterial toxins   1 400 400.2      16.20    0.0010 

days*Bac Toxins    3 306 101.8       4.12    0.00241 

Error 16 395 24.7   

Total 23 166624    

 

Apped.4.5.2e: Analysis of Variance Table for reproduction factor 

Source DF SS MS F P 

Days 3 912.944    304.315    7227.86    0.0000 

Bacterial toxins   1 0.437      0.437      10.37    0.0053 

days*Bac Toxins    3 0.535      0.178       4.24    0.00220 

Error 16 0.674      0.042   

Total 23 914.589    

 



 135

Apped.4.5a: Analysis of Variance Table for root weight  
  

Source DF SS MS F P 

Days 3  20.2700     6.75668      1308.27      0.0000 

Treat 3 0.0655      0.02182        4.23    0.0126 

days*treat     9 0.1537      0.01708        3.31    0.0058 

Error 32 0.1653      0.00516   

Total 47 20.6545    

 
 
Apped.4.5b: Analysis of Variance Table for galls/root system   
 

Source DF SS MS F P 

Days 3  93243.1    31081.0    1771.84    0.0000 

Treat 3 1342.1      447.4      25.50    0.0000 

days*treat     9 596.5       66.3       3.78    0.0025 

Error 32 561.3       17.5   

Total 47 95743.0    

 
 
Apped.4.5c: Analysis of Variance Table for number of females/root system 
 

Source DF SS MS F P 

Days 3  109469 36489.6    2102.64    0.0000 

Treat 3 5098 1699.4      97.93    0.0000 

days*treat     9 2016 224.0      12.90    0.0000 

Error 32 555 17.4   

Total 47 117138    
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Apped.4.5d: Analysis of Variance Table for number of egg masses/root system 
 

Source DF SS MS F P 

Days 3  330455 110152 6633.97    0.0000 

Treat 3 403 134 8.09    0.0004 

days*treat     9 447 50 2.99    0.0105 

Error 32 531 17   

Total 47 331836    

 
 
Apped.4.5e:  Analysis of Variance Table for reproduction factor  
  

Source DF SS MS F P 

days 3  1854.97    618.322    15206.6    0.0000 

treat 3 1.48      0.492      12.10    0.0000 

days*treat     9 2.92      0.325       7.99    0.0000 

Error 32 1.30      0.041   

Total 47 1860.67    

 

Experiment No.6 Impact of storage time of bacterial cell suspension and toxins on 

M. incognita infection 

a) Impact of storage time of bacterial cell suspension on M. incognita infection 
 
Apped.4.6.1a: Analysis of Variance Table for root weight  
  

Source DF SS MS F P 

Storage time (T)    4  10.1152    2.52879    329.71    0.0000 

Bac.species (B)     1 0.0133    0.01327     1.73    0.2032 

Interaction(AXB) 4 0.0110    0.00274     0.36    0.8355 

Error 20 0.1534    0.00767   

Total 29 10.2928    
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Apped.4.6.1b: Analysis of Variance Table for number of galls/root system 
 

Source DF SS MS F P 

Storage time (T)    4  34639.1    8659.78    226.30    0.0000 

Bac.species (B)     1 1414.5    1414.53     36.97    0.0000 

Interaction(AXB) 4 450.5     112.62      2.94    0.0460 

Error 20 765.3      38.27   

Total 29 37269.5    

 
 
Apped.4.6.1c: Analysis of Variance Table for number of females/root system 
       

Source DF SS MS F P 

Storage time (T)    4  41338.5    10334.6    151.39    0.0000 

Species 1 2688.5     2688.5     39.38    0.0000 

storage*species     4 753.1      188.3      2.76    0.0563 

Error 20 1365.3       68.3   

Total 29 46145.5    

 
Apped.4.6.1d: Analysis of Variance Table for egg masses/root system  
      

Source DF SS MS F P 

Storage time (T)    4  145492 36373.0    467.72    0.0000 

Species 1 29266 29265.6    376.33    0.0000 

storage*species     4 30448 7611.9     97.88    0.0000 

Error 20 1555 77.8   

Total 29 206760    
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Apped.4.6.1e: Analysis of Variance Table for reproduction factor   
 

Source DF SS MS F P 

Storage time (T)    4  979.213   244.803    7857.01   0.0000 

Species 1 0.042      0.042       1.34  0.2599 

storage*species     4 0.037      0.009       0.30  0.8766 

Error 20 0.623      0.031   

Total 29 979.915    

 
 
Apped.4.6.2a: Analysis of Variance Table for root weight   
 

Source DF SS MS F P 

Storage 4  11.7062   2.92654    249.20    0.0000 

Bacterial 1 0.1745    0.17450    14.86    0.0010 

storage*Bacterial   4 0.1463    0.03659     3.12    0.0381 

Error 20 0.2349    0.01174   

Total 29 12.2619    

 
Apped.4.6.2b: Analysis of Variance Table for number of galls/root system  
      

Source DF SS MS F P 

Storage 4  53072.5   13268.1    301.78    0.0000 

Bacterial 1 13.3       13.3      0.30    0.5879 

storage*Bacterial   4 62.3       15.6      0.35    0.8379 

Error 20 879.3       44.0   

Total 29 54027.5    
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Apped.4.6.2c: Analysis of Variance Table for number of females/root system    
    

Source DF SS MS F P 

Storage 4  76932.8   19233.2    350.33    0.0000 

Bacterial 1 333.3      333.3      6.07    0.0229 

storage*Bacterial   4 1183.3      295.8      5.39    0.0041 

Error 20 1098.0      54.9   

Total 29 79547.5    

 
Apped.4.6.2d: Analysis of Variance Table for egg masses/root system  
      

Source DF SS MS F P 

Storage 4  183991 45997.7    1416.77    0.0000 

Bacterial 1 46 45.6       1.41    0.2497 

storage*Bacterial   4 285 71.3       2.20    0.1063 

Error 20 649       32.5   

Total 29 184971    

 
Apped.4.6.2e: Analysis of Variance Table for reproduction factor   
 

Source DF SS MS F P 

Storage 4  1029.87   257.469    7605.83      0.0000 

Bacterial 1 1.09      1.091      32.24    0.0000 

storage*Bacterial   4 0.36      0.090       2.67    0.0619 

Error 20 0.68          0.034   

Total 29 1032.00    
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Experiment No.7. Protective and curative effect of bacteria and toxins on RKN  
 
Apped.4.7.1a: Analysis of Variance Table for No. of females/root system  
        

Source DF SS MS F P 

Species 1 852 852 43.32    0.0000 

Methods 1 1751 1751 89.04    0.0000 

conc 1 146172 146172 7432.48    0.0000 

species*methods      1 330 330 16.78    0.0008 

species*conc         1 852 852 43.32    0.0000 

treat*conc           1 1751 1751 89.04    0.0000 

species*methods*conc 1 330 330 16.78    0.0008 

Error 16 315 20   

Total 23 152353    

 
Apped.4.7.1b: Analysis of Variance Table for Reproduction factor   
 

Source DF SS MS F P 

species 1 0.08178   0.08178    0.78    0.3911 

methods 1 0.35697   0.35697    3.39    0.0841 

conc 1 1220.61   1220.61   11598.2    0.0000 

species*methods      1 0.00146     0.00146    0.01    0.9078 

species*conc         1 0.08178     0.08178    0.78    0.3911 

treat*conc           1 0.35697     0.35697    3.39    0.0841 

species*methods*conc 1 0.00146     0.00146    0.01    0.9078 

Error 16 1.68386   0.10524   

Total 23 1223.18    
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Apped.4.7.2a: Analysis of Variance Table for No. of females/root system  
        

Source DF SS MS F P 

species 1 2522    2522 62.91    0.0000 

methods 1 913    913      22.77    0.0002 

conc 1 185504    185504 4627.96    0.0000 

species*methods      1 24       24 0.60    0.4503 

species*conc         1 2522      2522 62.91    0.0000 

treat*conc           1 913       913 22.77    0.0002 

species*methods*conc 1 24       24 0.60    0.4503 

Error 16 641    40   

Total 23 193062    

 
Apped.4.7.2b: Analysis of Variance Table for Reproduction factor  
 

Source DF SS MS F P 

Species 1 0.16         0.16       2.12    0.1647 

Treat 1 0.82          0.82         10.76    0.0047 

Conc 1 1259.37     1259.37   16593.1    0.0000 

Species*Treat         1 0.14       0.14       1.78    0.2003 

Species*Conc.         1 0.16         0.16       2.12    0.1647 

Treat*Conc.          1 0.82         0.82      10.76    0.0047 

Species*Treat*Conc.   1 0.14         0.14       1.78    0.2003 

Error 16 1.21         0.08   

Total 23 1262.81    
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Experiment No. 8 

Compatibility of bacterial cell suspension and toxins with other bio-product 

(Abamectin, Emamectin and Azadirachtin) 

Apped.4.8.1a: Analysis of Variance Table for No. of females/root system 
 

Source DF SS MS        F P 

Treatment 11 105618 9601.60 187 0.0000 

Error 24 1231 51.28   

Total 35 106848    

                   CV 4.16 
 
Apped.4.8.1b: Analysis of Variance Table for Reproduction factor 
  

Source DF SS MS        F P 

Treatment 11 616.878 56.0798 1255 0.0000 

Error 24 1.073 0.0447   

Total 35 617.950    

                  CV 3.20 
Apped.4.8.2a: Analysis of Variance Table for No. of females/root system 
 

Source DF SS MS        F P 

Treatment 11 107925 9811.35 171 0.0000 

Error 24 1374 57.25   

Total 35 109299    

                   CV 4.41 
 



 143

 
Apped.4.8.2b: Analysis of Variance Table for Reproduction factor  
 

Source DF SS MS        F P 

Treatment 11 624.481 56.7710 1036 0.0000 

Error 24 1.315 0.0548   

Total 35 625.796    

                   CV 3.58 
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