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Interrelationships between microbial antagonists having divergent modes-of-action and their influence on biological control of plant-parasitic nematodes

The effects of single and combined applications of three nematode antagonists on the degree of control of plant parasitic nematodes, especially of Radopholus similis in banana, were investigated. The microbial antagonists studied were the endophytic fungus Fusarium oxysporum strain 162 (FO162), the egg pathogenic fungus Paecilomyces lilacinus strain 251 (PL251) and the nematode antagonistic bacterium, Bacillus firmus (Bf). In addition, the factors that can adversely affect biological control activity were studied.

In vitro experiments were carried out to study the effect of the water extracts of two formulations of BioNem and of the culture filtrates of Bf on Radopholus similis, Meloidogyne incognita and Ditylenchus dipsaci. Significant nematistatic and nematicidal effects were observed.. In addition, culture filtrates of Bf inhibited the hatching of M. incognita eggs. Bf also significantly reduced the number of recoverable R. similis in sand. The proteolytic activity of Bf under a wide range of temperature and pH was demonstrated. 

In vitro and in vivo experiments were conducted to investigate the compatibility of the three biocontrol agents and the effect of treatment methods on the colonization of FO162 of banana roots. High in vitro compatibility between the biocontrol agents was observed. Under glasshouse conditions, banana root colonization by FO162 increased over time and with increasing inoculum density. The incorporation of the fungus in soil amended with 2% organic matter improved the colonization level of FO162. The ability of FO162 to colonize banana roots was not adversely affected by the presence of PL251 or Bf.

Glasshouse trials were conducted to investigate the biological control of R. similis in banana by single or combined applications of FO162, PL251 and Bf. Single application of both formulation of Bf (Bf-125 or Bf-106) significantly reduced the number of R. similis in banana roots. The level of nematode control increased as the rate of both formulations increased. The highest level of nematode control was obtained when plants were treated with 1.5g Bf-125 or 2.5g Bf-106 per kg soil. However, at these concentrations, phytotoxicity in the form of leaf yellowing was observed. Multiple, sequential applications of PL251 at a concentration of 6 × 106 cfu/g soil reduced the number of R. similis in banana roots to a greater degree than a single application of PL251 at a rate of 6 × 106 cfu/g soil. Multiple inoculations of PL251 also reduced R. similis reproduction more than a single application.

Co-applications of FO162 with PL251 or Bf decreased nematode penetration and improved the consistency of R. similis control in banana, when compared to single applications of any one of the three antagonists. This may be due to the endophytic presence of FO162 which inhibited nematode penetration in addition to the continued attack of the nematodes in the soil by Bf. Combined applications of PL251 and Bf reduced nematode infection to a greater degree than the individual application of either biocontrol agent. When both biocontrol agents were applied either alone or together at planting, the number of nematodes in the root and in the soil after 8 and 18 weeks was significantly reduced.

The studies on the persistence of PL251 conidia in different soil substrates demonstrated that PL251 is not able to multiply in sand or clay soil alone, nor when the soil was amended with organic matter. On the other hand, data demonstrated that PL251 persisted longer in clay soil than in sandy soil.
Zusammenhänge zwischen mikrobiellen Antagonisten mit unterschiedlichen Wirkungsmechanismen und deren Einfluss auf die biologische Kontrolle von Pflanzen-parasitären Nematoden

Die Auswirkung dreier mikrobieller Antagonisten zur Kontrolle phytoparasitärer Nematoden, speziell Radopholus similis an Bananen, wurde in Einzel- und Kombinationsanwendungen untersucht. Getestet wurden der endophytische Pilz Fusarium oxysporum Stamm 162 (FO162), der eipathogene Pilz Paecilomyces lilacinus Stamm 251 (PL251) und das Nematoden antagonistische Bakterium Bacillus firmus (Bf). Weiterhin wurden mögliche negative Einflüsse auf die Wirksamkeit der biologischen Kontrollmaßnahmen untersucht.

Mittels In-vitro-Experimenten wurden die Effekte der Wasserextrakte zweier Formulierungen von BioNem und des Kulturfiltrats von Bf auf Radopholus similis, Meloidogyne incognita und Ditylenchus dipsaci untersucht. Signifikante nematostatische und nematizide Effekte wurden beobachtet. Zusätzlich wurde die Eischlupfrate von M. incognita durch die Kulturfiltrate von Bf verringert. Nachweisbar war zudem eine signifikante Reduktion der in Sand wiederauffindbaren R. similis durch Bf. Die proteolytische Aktivität von Bf in einer großen Temperaturspanne und unter verschiedensten pH-Werten wurde aufgezeigt.

In-vitro und In-vivo Experimente wurden durchgeführt, um die Kompatibilität der drei biologischen Mittel sowie die Wirkung der Behandlungsmethoden auf die Kolonisation von Bananenwurzeln mit FO162 zu untersuchen. In-vitro wurde eine starke Kompatibilität zwischen den biologischen Mitteln beobachtet. Unter Gewächshausbedingungen stieg die Wurzelkolonisation mit FO162 im Laufe der Zeit und mit zunehmender Menge Inokulum an. Die Einbringung des Pilzes in mit 2% organischer Substanz angereicherten Boden verbesserte die Kolonisierungsraten mit FO162. Die Fähigkeit von FO162 Bananenwurzeln zu kolonisieren, wurde durch die Anwesenheit von PL251 oder Bf nicht beeinträchtigt.

In Gewächshausversuchen wurden außerdem die Möglichkeiten zur biologischen Kontrolle von R. similis an Banane durch einzelne oder kombinierte Anwendungen von FO162, PL251 und Bf untersucht. Einzelinokulationen mit den Formulierungen Bf-125 und Bf-106 reduzierten die Zahl an R. similis in den Bananenwurzeln deutlich. Die Effektivität der Nematodenbekämpfung stieg mit Erhöhung des Anteils der Mittel. Mehrmalige Anwendung von PL251 mit einer Konzentration von 6 × 106 KBE/g Boden reduzierte die Anzahl von R. similis in Bananenwurzeln stärker als die einmalige Anwendung mit einer Konzentration von 6 × 106 KBE/g Boden. Weiterhin führten mehrere Impfungen mit PL251 zu einem stärkeren Rückgang der Reproduktion von R. similis als eine einmalige Behandlung.

Die gleichzeitige Applikation von FO162 mit PL251 oder Bf verringerte die Nematodeneindringung und verbesserte die Kontrolle von R. similis in der Banane gegenüber den jeweiligen Einzelapplikationen. Auch kombinierte Anwendungen von PL251 und Bf reduzierten die Infektion mit Nematoden stärker als die einzelne Anwendung. Bei Inokulation der biologischen Mittel auf Pflanzen, entweder allein oder zusammen, wurde die Anzahl der Nematoden in den Wurzeln und im Boden nach 8 und 18 Wochen signifikant reduziert.

Die Studien über die Persistenz der Konidien von PL251 in verschiedenen Substraten zeigte, dass PL251 nicht in der Lage war sich in Sand- oder Lehmböden zu vermehren, auch nicht bei Erhöhung des Anteils an organischer Substanz. Andererseits zeigte sich, dass PL251 in Lehmböden länger persistent war als in sandigen Boden.
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GENERAL INTRODUCTION

1 Banana and its importance

Bananas originated from south-east Asia and the western Pacific islands where several wild seed-bearing Musa spp. still exist in natural vegetation. The wild relatives were inedible, however a cross between two produced a sterile plant that has developed or been shaped into the varieties of edible banana and plantain growing today (Simmonds, 1962; 1966). All edible bananas are sterile, and are propagated vegetatively. Of the very great number of recognized clones, some are derived from Musa acuminata Colla and others from natural hybridisations of Musa acuminate and Musa balbisiana Colla. Currently accepted nomenclature of clones indicates ploidy and genomic origin, with A for acuminata and B for balbisiana (Simmonds, 1966; Nestel, 1984; Gowen, et al. 2005). 

Bananas, including the dessert bananas and the cooking types or plantains, are cultivated in more than 130 countries throughout the tropic and subtropic regions of the world (UNCTAD, 2008). While commercial production of bananas is oriented to the fresh export trade destined mainly for temperate-zone markets, plantains and even unripe bananas consumed boiled, fried, roasted, or even brewed are a major staple food throughout the tropics. Bananas are grown and harvested for fruit over an area of approximately 10 million hectares, with an annual production of around 90 million metric tons (FAO, 2008).

Bananas are the main fruit in international trade and play a key role in the economics of many developing countries. In terms of volume, it is the top exported fruit. According to the Food and Agriculture Organization of the United Nations (FAO) statistical estimations, total world exports of banana accounted for 15.9 million tonnes in 2004 (FAO, 2008).

In commercial terms, the most important dessert bananas are those of the Cavendish subgroup-sterile, seedless triploids (AAA) of M. acuminata, of which the best known cultivars are "Grande Naine" and "Dwarf Cavendish". Others include AAA triploids (the best known is "Gros Michel," absent from cultivation because of its high susceptibility to Panama disease, a fungal wilt of serious economic importance), AA diploids (such as "Pisang Mas" in Southeast Asia and "Bocadillo" in Latin America), various AB diploids (acuminata balbisiana), and AAB triploids such as "Silk Fig" (also known as "Pome" and "Manzano"), and the recently obtained AAAB tetraploid "Goldfinger" (Nestel, 1984; Stover and Simmonds, 1987; De Langhe 1995).

1.1 Botanical description

Bananas and plantains are evergreen herbaceous tropical plants that can be considered giant herbs, as some varieties reach up to ten meters in height, although most commercial types grow to between two and five meters. The pseudostem formed by the concentric assemblement of the leaf sheathsis crowned by a rosette of large, oblong to elliptic shaped leaves, conferring on the plant the aspect of a herbaceous tree. The true stem is a subterranean organ that extends upward at the core of the pseudostem until culminating in the inflorescence, which emerges from the top of the plant. It is responsible for producing all the other parts of the plant: roots, leaves, and shoots or suckers. Leaves are produced successively until the inflorescence is cast, and in variable quantity depending on the specific variety of banana or plantain, climate, and cultural practices (Simmonds, 1966; Karamura and Karamura, 1995).

Although the plant dies after producing fruit, banana is considered perennial in as much as suckers successively replace the senescent aerial parts without need for replanting. Several suckers emerge consecutively from buds located at the axil of leaves; under commercial cultivation, they are regularly eliminated, leaving either the most vigorous sucker (Simmonds, 1966), or the one with better position in relation with the other plants, to replace the mother plant.

The large and complex inflorescence is composed of double rows of flowers, called hands, and covered by bracts, usually red or reddish in colour, grouped helixoidally along the inflorescence axis, reproducing the pattern of the leaf system. All flowers are hermaphroditic, but only the female or so called "first" hands will give rise to the edible fruit, technically known as fingers (Simmonds, 1966). Depending mainly on climate, cultivation conditions, and varieties, the time lapse between emission of the inflorescence and harvesting of the bunch can be anywhere from three to ten months. Bananas are harvested year round, with normal commercial bunch weights of 15–45 kg.

2 Nematode pests of banana

Nematodes are an important pest of bananas in most producing areas. Average annual losses worldwide are believed to be in the order of 20% (Sasser and Freckman, 1987). However, the losses can be higher, and are influenced by many factors, such as soil texture, drainage and fertility, climatic conditions, nematode species and biotype (O’Bannon and Esser, 1985). Nematode parasitism in banana roots in characterized by simultaneous infestations by several species. The most widespread and damaging nematode species are Radopholus similis and species of Pratylenchus, Meloidogyne and Helicotylenchus multicinctus (Speijer and De Waele, 1997; Gowen et al., 2005). In addition to this major group, there are approximately 150 other species belonging to 43 genera of nematodes associated with Musa spp. throughout the world (Gowen and Quénéhervé, 1990).

2.1 Burrowing nematode Radopholus similis 

The burrowing nematode R. similis in a migratory endoparasite of the root sytem and the most important root pathogen attacking bananas. This nematode is considered to be the main nematode problem of intensive commercial bananas, especially Cavendish types, oriented towards export markets. Vegetative propagation using infested corms or suckers has disseminated this pest throughout the world (Gowen and Queneherve, 1990; Sarah et al., 1996).

The damage caused by R. similis in banana is known by different names, such as black head, black head toppling disease and toppling disease. The nematode destroys root and corm tissue, reducing the capacity of the plant to uptake water and nutrient. Secondary infection of damaged tissue by fungi and bacteria, result in lengthening of the vegetative growth cycle, production of small bunches, shortened life of the production unit and toppling of the plants particulary during windstorms and heavy rain periods (Stanton, 1994; Sarah, 2000; Viaene et al., 2003; Gowen et al., 2005). Inside the root, the nematode migrates inter- and intracellularly, feeding on the cytoplasm of cortex cells and forming cavities (Williams and Siddiqi, 1973; Esser et al., 1984). These cavities coalesce are continuously enlarged by nematode feeding and tunnelling laterally towards the endodermis, producing the characteristic reddish brown lesions throughout the cortex (Loos, 1962; Williams and Siddiqi, 1973). Some weeks after infection, when extensive cavities have been formed, one or more deep cracks with raised margins appear on the root surface (Gowen and Quénéhervé, 1990). Banana production losses, caused by R. similis in Central America (Costa Rica and Panama) and South America (Colombia) are between 12 to 18% (Sarah, 2000). In the Ivory Coast are generally below 30%, but in poor and eroded soil can reach up to 75% (Sarah, 1989). The losses of banana crop caused by R. similis in Uganda were estimated at approximately 30% (Speijer et al., 1999) and can reach up to 50% in the highlands of East Africa (Sikora et al., 1989; Speijer and Fogain, 1999; Fogain, 2000). 

2.2 Threshold and control measures for nematodes in banana

To define an economic threshold level of a pest is essential in the implementation of control measures. At the same time, it is an important key in Integrated Pest Management (IPM) (Duncan, 1991). Nevertheless, economic thresholds for banana nematodes have not been established in subsistence banana farming (Gowen, 1995), where nematode problems are either not known, not recognized or control measures are too expensive (Sikora, 2002). 

Population densities of R. similis estimated to produce yield loss on banana are very variable worldwide (Marin et al., 1998). In West Africa, 1000 R. similis/100 g roots are considered to cause serious yield loss, while 20000 R. similis/100 g roots are required to cause similar losses in Central America (Gowen, 1995). In Central America, 10000 R. similis /100 g of functional roots are the threshold for nematicide applications on commercial plantations (Chávez and Araya, 2001). However, Gowen and Quénéhervé (1990) and Quénéhervé (1989) consider that 2000 R. similis/100 g roots are a potential cause of yield loss in commercial cultivars.

In commercial banana plantations of Latin America, nematode control basically relies on the use of granular organophosphate and carbamate nematicides (Bunt, 1987; Moens et al., 2004), which can result in bunch weight increases between 15% and 41% (Araya and Chevez, 1997). Cultural practices, such as the use of organic amendments, crop rotations, fallows and clean planing material are also used, but with varying success (zum Felde et al., 2006). In many instances, the banana crop cannot be grown economically without the use of nematicides (Gowen et al., 2005). Repeated use of nematicides has led in some cases to a condition know as “enhanced biodegradation” where the active ingredient is rapidly metabolized by soil microflora (Smelt et al., 1987; Racke and Coats, 1988; Stirling et al., 1992; Anderson and Lafuerza, 1992; Anderson, 1998; Pattison et al., 2000; Moens et al., 2004; Gowen et al., 2005). 

3 Biological approachs for sustainable nematode management in banana

The integration of habitat management with cultural control practices are important measures for current IPM approachs to nematode control. In this contest, the combination of more than one strategy to control nematodes has been considered more effective than any single control method alone (Barker and Koenning, 1998). A combination of practices based on cultural and biological control techniques can reduce dependence and improve the efficacy of the routinely used pesticides when they are included as tools in IPM. On the other hand, the use of antagonists for biological control against nematodes favours the development and restoration of the naturally occurring antagonistic potential in soils (Sikora 1992).

Although many studies have been conducted to identify potential biocontrol agents against Radopholus similis, such as: Pseudomonas spp. (Aalten et al., 1998), Mycorrhizae (Umesh, 1988; Elsen et al., 2003; Jaizme-Vega et al., 2003), Paecilomyces lilacinus (Davide, 1987; Devrajan and Rajendran, 2002; Mendoza et al., 2004; Khan et al., 2006), endophytes including Trichoderma atroviride, Fusarium spp. and Fusarium oxysporum strain 162 (Niere et al., 1999; Pocasangre, 2000; Athman et al., 2006; Vu et al., 2006; zum Felde et al., 2004; 2006; Mendoza and Sikora, 2008), biological control is not widely used. Some biocontrol products, which contain bacteria, such as Deny® or Blue Circle® (Burkholderia cepacia), a fungus, such as PaecilTM or BioAct® (Paecilomyces lilacinus), or the killed fermentation products of a fungus, such as DiTera® (Myrothecium verrucaria), are available for nematode management (zum Felde et al., 2006; Mendoza and Sikora, 2008), but banana producers do not generally use them because of a lack of long-term control.

The combination of biocontrol agents with different modes of action is considered an alternative to improve and increase options for biological management of R. similis in banana and increase yields (Esnard, et al., 1998; Kashaija et al., 1999; Pocasangre et al., 2000; Khan et al., 2006; zum Felde et al., 2006; Mendoza and Sikora, 2008). However, limited information is available.

The strategic application of biocontrol agents with different modes-of-action such as repellency induced resistance (Fusarium oxysporum strain 162), egg pathogenisis (Paecilomyces lilacinus strain 251) and direct toxicity (Bacillus firmus) before and at planting could increase biocontrol of nematodes during plant establishment and over time (Mendoza and Sikora 2008).
3.1 Mutualistic fungal endophytes 

Fusarium oxysporum is one of the most common and diversity species among soil fungi in cultivated soil worldwide, where it survives as dormant propagules (chlamydospores) for long time periods and grows on organic matter in soil as well as in the rhizosphere and inside of roots of many plant species. This fungal species also includes many important plant pathogens that can induce necroses or wilts in crops of economic importance. However, strains of F. oxysporum also are commonly isolated from healthy roots. Strains isolated from healthy plants are termed non-pathogenic and are interesting, since some of them can induce resistance in host plants, which enhances the plant’s ability to defend itself from pathogen attack (Stirling, 1991; Alabouvette et al., 1998; Olivain and Alabouvette, 1999; Larkin and Fravel, 1999; Pereira et al., 1999; Gnanamanickam et at., 2002; Trouvelot et al., 2002; Timper et al., 2005; Sikora et al., 2007). 

Several studies demonstrated that tissue culture banana inoculated with non-pathogenic isolates of F. oxysporum, including F. oxysporum strain 162 growing endophytically were effective under glasshouse conditions in reducing densities of the root-knot nematode, Meloidogyne incognita, on tomato (Hallmann and Sikora 1994; Diedhiou, et al., 2003; Dababat and Sikora, 2007; Sikora et al., 2007), the burrowing nematode, Radopholus similis and Fusarium wilt, on banana (Amin, 1994; Niere et al., 1999; Pocasangre, 2000; Sikora and Pocasangre, 2004; Vu et al., 2006; Felde et al., 2006; Mendoza and Sikora, 2008) and banana weevil under field conditions (Griesbach, 2000). 

3.2 Opportunistic egg-pathogenic fungi

Several species of fungi are known to infect nematodes eggs. In addition, they also can parasite females and sedentary nematodes and their reproductive structures. More than 150 species of fungi have been isolated from the cyst, females, or eggs of nematodes, but the parasitic status of fewer than 10% has been tested (Kerry, 1988). Some egg-parasitic fungi, such as Pochonia spp. (syn. Verticillium spp.) (Kerry and Crump, 1977; Kerry, 1980; Morgan-Jones et al., 1984; Siddiqui and Mahmood, 1996; Hirsch et al., 2001); Paecilomyces lilacinus (Jatala et al., 1979; Dube and Smart, 1987; Gaspard et al., 1990; Gomes Carneiro et al., 1991; Rao et al., 1998; Holland, et al., 1999; Kiewnick and Sikora, 2003; 2006; Mendoza et al., 2004; 2007; Khan et al., 2006; Mendoza and Sikora, 2008); Fusarium spp. (Nigh et al., 1980; Jatala, 1986); Cylindrocarpon destructans (Crump, 1987) and Dactylella oviparasitica (Mankau, 1981; Olatinwo et al., 2006) have been studied. Apart from the opportunistic egg-parasitic fungi, there have been reports of some oomycetous fungi that are obligate parasites of the females of cyst nematodes that are difficult to manipulate and have not been grown on artificial media (Kerry, 2000).

Most of the fungi isolated from nematodes eggs have been readily grown on a range of artificial media, and two species in particular, Pochonia chlamydosporia (syn. Verticillium chlamydosporium) and Paecilomyces lilacinus , have been much studied and their potential as biological control agents assessed (Kerry, 2000). P. lilacinus strain 251 is currently commercialized as BioAct®WG or MeloConTM WG (www.prophyta.de). 

The interaction between many pathogenic fungi and their hosts follows a series of steps that starts with recognition of the host, adhesion to its surface, followed by the development of infective structures required for penetration into the host. Surface recognition is often highly specific and it is assumed that it represents an early event in the specificity of the host-parasitic infection. This process may involve a combination of chemical mediators and physical characteristics of the egg surface to be infected (Allen et al., 1991; Holland et al., 1999). Following recognition, adhesion is considered to be a necessary prerequisite for infection by the fungi. This adhesion involves an active process of secretion of adhesive materials by the fungus which may enhance the physical contact between fungal enzymes and the host, facilitating the breakdown of the host surface. After adhesion, a fungus forms an appressorium, which is a specialized infection structure adhering to the surface that achieves penetration (Dunn et al., 1982; Lopez-Llorca and Claugher, 1990). Through a combination of enzymes and mechanical pressure the fungus penetrates the eggshell and can proceed to parasite the developing juveniles (Segers et al., 1996; Holland et al., 1999).

3.3 Antagonistic bacteria

Bacteria are numerically the most abundant group of organisms in the soil associated with plant root systems. Extensive investigations have been conducted to assess their potential to control plant-parasitic nematodes (Table 1). Biological control of nematodes by bacteria involve different modes-of-action, such as: parasiting, producing toxins, enzymes and other metabolic products, interfering with nematode-plant-host recognition, competing for nutrients, promoting plant growth and inducing systemic resistance (Kloepper et al., 1999; Siddiqui and Mahmood, 1999; Hallmann et al., 2004; Sikora et al., 2007).

3.3.1 Rhizobacteria

Rhizobacteria are a subset of the total soil bacteria which have the capacity to colonize the developing root system in the presence of competing soil microflora. Certain strains of rhizobacteria are able to suppress a variety of nematodes and diseases and stimulate plant growth, and are named as plant growth-promoting rhizobacteria (PGPR) (Kloepper et al., 1980; 2004) or plant health-promoting rhizobacteria (PHPR) (Sikora, 1992). Aerobic endospore forming bacteria, mainly Bacillus spp. and Pseudomonas spp. are among the dominant populations in the rhizosphere that are antagonistic to nematodes (Tian et al., 2007). Other rhizobacteria reported to show antagonistic effects against nematodes include members of the genera Actinomycetes, Agrobacterium, Arthrobacter, Alcaligenes, Aureobacterium, Azotobacter, Beijerinckia, Burkholderia, Chromobacterium, Clostridium and Rhizobium (Racke and Sikora, 1992; Kloepper et al., 1999; Siddiqui & Haque, 2000; Hallmann et al., 2004; Tian et al., 2007).

3.3.2 Endophytic bacteria

Root colonization by bacteria may be viewed as a continuum from the rhizosphere to the rhizoplane to internal tissue of roots, and the latter bacteria are named endophytic bacteria. Endophytic bacteria have been defined by Hallmann et al. (1998) as bacteria that can be isolated from surface-disinfected plant tissue or extracted from within the plant, and additionally, do not visiblely harm the plant. Pseudomonas spp. and Rhizobium etli are two of the most studied endophytic bacteria against nematodes. Other endophytic bacteria reported for their antagonistic effects against nematodes include: Brevundimonas vesticularis, Bulkholderia cepacia, Cedecea davisae, Phyllobacterium rubiacearum and Pantoea agglomerans (Hallmann et al., 2004).

Endophytic bacteria as biocontrol agents can be divided into two groups: (i) strains that extensively colonize the internal plant tissue and suppress invading pathogens by niche occupation, antibiosis, or both, and (ii) strains that primarily colonize the root cortex where they stimulate general plant defense/resistance mechanisms (Hallmann et al. 2001). 

3.3.3 Opportunistic parasitic bacteria

This group of spore forming bacteria is associated with body cavity, gut, gonads and cuticle of the nematodes. Members of this group include genera Pasteuria spp., Bacillus sp. B16 and Brevibacillus lateroscorus strain G4 (Chen and Dickson, 1998; Qiuhong et al., 2006; Tian et al., 2007). Pasteuria penetrans is one of the most efficient and studied bacteria for the control of root-knot nematodes (Chen und Dickson, 1998). The mode-of-action of Bacillus sp. B16 has been studied under in vitro conditions by Qiuhong et al. (2006). The authors determined that the bacteria attached the epidermis of the nematode, which is degraded and destroyed by proteolytic activities. Bacillus is an important genus capable of producing many different hydrolytic enzymes (Cody, 1989).

Table 1. Control of plant-parasitic nematodes by antagonistic bacteria

	Nematode species
	Bacteria
	Host/condition
	Reference

	Meloidogyne incognita
	Pseudomonas fluorescens

Bacillus sp.

Strepmyces sp.

Bacillus subtilis

Bacillus cereus

Enterobacter asburiae

Burkholderia cepacia

Phyllobacterium rubiacearum

Rhizobium etli G12

Pasteuria penetrans

Bacillus firmus


	tomato

cucumber

clover

pepper

bean

potato,

cotton

lettuce

melon

in vivo
in vitro


	Becker et al., 1988

De Leij et al., 1992

Dicklow et al., 1993

Gautam et al., 1995

Keuken, 1996

Hallmann et al., 1998

Hallmann et al., 1999

Hallmann et al., 2001

Yu, et al., 2003

Talavera & Mizukubo, 2003

Giannakou et al. 2004

Mendoza et al., 2008



	Meloidogyne javanica
	Pasteuria penetrans
Pseudomonas aeruginosa

Pseudomonas fluorescens
	tomato


	Chen & Dickson, 1998

Dabiré et al., 2001;

Siddiqui & Haque, 2000

Siddiqui and Shaukat, 2002



	Meloidogyne hapla


	Bacillus thuringiensis
	lettuce
	Chen et al., 2000



	Meloidogyne graminicola


	Bacillus megaterium
	rice
	Padgham & Sikora, 2006

	Globodera pallida
	Bacillus sphaericus

Agrobacterium radiobacter

Rhizobium etli


	potato
	Racke & Sikora, 1992

Reitz et al., 2000

Mahdy et al., 2001



	Heterodera schachtii
	Pseudomonas fluorescens

Rhizobium etli
	sugar beet
	Oostendorp & Sikora, 1989

Mahdy et al., 2001



	Pratylenchus zeae
	Rhizobium etli
	maize
	Mahdy et al., 2001



	Pratylenchus penetrans


	Strepmyces sp.
	strawberry
	Dicklow et al., 1993

	Ditylenchus dipsaci
	Bacillus firmus
	in vitro
	Mendoza et al., 2008



	Rotylenchus reniformis


	Strepmyces sp.
	tomato, pepper
	Dicklow et al., 1993

	Radopholus similis
	Bacillus thuringiensis

Streptomyces costaricanus

Bacillus firmus
	banana,

in vitro
	Esnard et al., 1998

Mendoza et al., 2008

Mendoza & Sikora, 2008


4 Scope of the study

The overall goal of the present study was to develop a strategy for the biological control of the burrowing nematode Radopholus similis in banana with biological control agents having divergent modes-of-action. The objectives of the following studies were to:

1. Determine the in vitro and in vivo interaction of Fusarium oxysporum strain 162, Paecilomyces lilacinus strain 251 and Bacillus firmus under condition.

2. To elucidate the mechanisms of action of Bacillus firmus against Radopholus similis and other plant-parasitic nematodes.

3. Colonization capacity of Fosarium oxysporum strain 162 in banana under glasshouse conditions.

4. Effect of substrate type and the presence of B. firmus on the persistence of P. lilacinus strain 251.

5. Biological control activity of the combined application of F. oxysporum strain 162, P. lilacinus strain 251 and B. firmus against Radopholus similis in banana.
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GENERAL MATERIALS AND METHODS

Material and methods used in this study are described in this chapter. Additional techniques and procedures applied in individual experiments are described within the respective chapter.

6 Antagonistic biocontrol agents

6.1 Origin and culture of B. firmus
A strain of Bacillus firmus, isolated from soil in Israel, is the active biocontrol agent in the commercial bionematicide, registred under the trade name Bionem-WP in Israel (Keren-Zur et al., 2000). This bionematicide contains approximately 5% lyophilized bacteria spores and 95% non-toxic plant and animal extracts (http://www.agrogreen.co.il/bionem.asp). It is recommended for use at 80-150 kg/ha for control of root-knot nematodes in vegetable crops when applied in a drip irrigation system (Giannakou et al., 2004). Product samples of two wettable formulations of B. firmus were provided by AgroGreen, Biological Division, Minrav Infrastructures Ltd., Ashdod, Israel. The two formulations are coded in this study as Bf-125 and Bf-106.

6.1.1 Bacteria culture and identification

Living cells of B. firmus were isolated by taking 2 g of each product and suspending it in 1 liter of sterile demineralized water. A subsample of 37.3 (l was plated on 50% Tryptic Soy Agar (TSA) (Oxoid Ltd., Hampshire, England) using a spiral plater (Eddy-Jet, IUL Instruments, Germany) and incubated at 28° in darkness for 6 days. Individual colonies were then transferred to 100% TSA adjusted to pH 8 and placed in an incubator at 28°C in darkness. Bacterial identity in both formulations was confirmed by FAME-GC analysis as B. firmus (Sasser, 1990). 

6.2 Origin and culture of F. oxysporum strain 162

The mutualistic endophyte F. oxysporum strain 162 (FO162) originally isolated from the cortical tissue of surface sterilized tomato root, Lycopersicon esculentum Mill. cv. “Moneymarker” in Kenya by Hallmann and Sikora (1994) and stored at -80°C using the Microbank Preservation System (Cryobank TM, Master Group, Merseyside, UK) was used.

Inoculum of FO162 for all further experiments was produced by transferring a single frozen Micro-bank bead onto Potato Dextrose Agar (PDA) plates (Difco, Sparks, MD, USA) supplemented with 150 mg 1-1 of streptomycin sulfate and chloramphenicol to suppress bacterial contamination. After 15 days incubation at 25°C in darkness, the mycelium and conidia formed were scraped from the media surface with a spatula and suspended in tap water. Spores were separated from the mycelium by sieving the content through four layers of fine cheese-cloth. Spore density was measured using a hemacytometer (Thomas Scientific, Philadelphia PA) and then adjusted to desired concentrations with tap water.

The average viability of spores of FO162 was 85%. Viability of spores was determined by counting the number of germinated spores on PDA plates after 48h.
6.3 Origin and culture of P. lilacinus strain 251

Paecilomyces lilacinus strain 251 (PL251), deposited at the Australian Government Analytical Laboratory (AGAL; # 89/030550), and commercially formulated as a water dispersible granulate formulation with a concentration of at least 1 × 1010 viable conidia g-1 of product was used in this study. A product sample of P. lilacinus strain 251, registered as BIOACT® WG was provided by Prophyta Biologischer Pflanzenschutz GmbH, Malchow-Germany (http://www.prophyta.de). The average viability of spores of PL251 was > 99%. Viability of spores was determined by counting the number of germinated spores on OHIO plates after 24h.

7 Nematodes

7.1 Origin and culture of R. similis
The nematode Radopholus similis was obtained from Prof. Dr. Dirk De Waele, Laboratory of Tropical Crop Improvement, Katholieke Universiteit Leuven (KUL), Belgium in 2004. The population was reproduced and maintained on surface sterilized carrot disks in Petri dishes (Ø 40 mm) in the laboratory. 

The protocol used for multiplication of R. similis followed the method described by Speijer and De Waele, 1997. Washed carrots were dipped in a 1.5% NaOCl solution for 30 minutes. The carrots were then rinsed 5 times with sterile demineralized water. Under a laminar flow cabinet and with sterile equipment, the carrots were peeled with a household potato peeler, cut in disks of approximately 5 mm thickness and sprayed with 95 % ethanol. After 3 h, dried carrot disks were placed individually in Petri dishes (Ø 40 mm) and sealed with parafilm. To assess possible fungal or bacterial contamination, the carrot disks were placed in an incubator for 3 days at 25°C and examined for microbial growth on the disk surface. The selected carrot disks were then inoculated with 20 μl of a nematode suspension containing approximately 50 mixed stages, previously sterilized with 2 % streptomycin sulfate solution (Speijer and De Waele, 1997). The nematodes were placed in small drops at the outer edge of the sterile carrot disks. The plates were again sealed with parafilm and incubated at 25 °C in an incubator for 6-8 weeks.

7.1.1 Preparation of the inoculum

Six weeks after inoculation, nematodes started to migrate out of the partially decomposed carrot disks to form colonies on the contour of the Petri dish. Between 10000 to 20000 nematodes, could be obtained from one disk. Extraction of nematodes was done by rinsing the carrot disk with 25 ml of tap water if the nematodes were used for inoculation of pot experiments. Generally, nematodes collected immediately after migrating out the carrot disk are very active. When old carrot disks (>9 weeks old) were used, the nematode suspension was placed on an Oostenbrink dish (Oostenbrink, 1960) for 24 hours at room temperature to separate active from inactive nematodes. The collected active mixed stages (male, female and juvenile) nematodes were then adjusted to 1000 nematode/5 ml and used immediately as inoculum.

7.2 Origin and culture of M. incognita
The Meloidogyne incognita race 3 population originating from Florida-USA was used. Nematode inoculum was maintained on the highly susceptible tomato variety “Hellfrucht Frühstamm” (Lycopersicon esculentum Mill.) in a glasshouse at 27(5 °C. Four week old tomato seedlings growing in a large container (150 x 80 x 40 cm) filled with a sterilized soil:sand mixture (1:2, v/v) were inoculated with M. incognita. Plants were fertilizer weekly with a commercial NPK-fertilizer (14-10-14, 2 g/l; AGLUKON, Düsseldof, Germany).

7.2.1 Preparation of the inoculum

M. incognita eggs were extracted from 2 month old infected tomato roots using a 1.5% NaOCl solution (Hussey and Barker, 1973). Eggs collected on the 20-µm aperture sieve were used directly in experiments requiring egg inoculum or transferred into an Erlenmeyer with tap water and supplied oxygen from an aquarium pump over 10 days to induce juveniles hatching. To separated active juveniles (J2) from un-hatched eggs or dead nematodes, the suspension was placed on an Oostenbrink dish (Oostenbrink, 1960) for 24 h at room temperature. The collected active J2 were adjusted to 1000 J2/5 ml and used immediately as inoculum. 

7.3 Origin and culture of D. dipsaci
The stem nematode D. dipsaci used in all tests originated from an infested sugar beet field near Birgel, Germany. The population was multiplied and maintained on surface sterilized carrot disks in glass bottles in the Institute for Plant Pathology, Research Unit Nematology of the University of Bonn (Kühnhold et al., 2006).

Carrots were surface sterilised by dipped in a 0.5% NaOCl solution for 30 min. Thereafter, the carrots were carefully rinsed with sterile demineralized water and aseptically transferred to a clean bench. Carrots were peeled and cut into 4 cm thick disks, which were then transferred to sterile 250 ml wide-mouth flint glass bottles. Three disks of carrot per bottle were incubated in the dark at 20 ± 1◦C. Disks were inoculated with various numbers of D. dipsaci in 100 µl sterile water as soon as callus was visible (Kühnhold et al., 2006).

7.3.1 Preparation of the inoculum

Nematodes used in the experiments were extracted from individual disks using a modified Baermann funnel technique (Hooper et al., 2005). Disks were cut in small pieces and nematodes were collected over a period of 4 days. The resulting nematode suspension was passed through a 20 µm mesh sieve to reduce the water volume and the number of extracted nematodes was adjusted to 1000 juveniles (J4/J5) per ml and used immediately.

8 Plants used for experiments

8.1 Banana plantlets

In vitro micropropagated plantlets of banana, Musa AAA cv. ‘Grande Naine’ used in this study, were acquired from VITROPIC S.A, Saint Mathieu de Tréviers, France. Plantlets received in groups of 100 in plastic containers with agar medium, were between 2 to 8 cm tall and with a scarce to moderately developed root system. Those plants taller than 4 cm were individually transplanted in 35-well multi-pot trays (51.5 x 33 x 6.5 cm) containing a sterile field soil:sand mixture (1:1; v:v). Plantlets were acclimatized in a plastic chamber (71 x 72 x 100 cm), which was placed inside a growth climate chamber (MISA S.p.A., Roma, Italia) at 28±1°C with 16 hours/day supplemental artificial light and 60-70% humidity. Plantlets were fertilized with a commercial NPK-fertilizer (14-10-14, 2 g/l; AGLUKON, Düsseldof, Germany) as required.

In vitro rooted plantlets of banana < 4 cm tall were transferred into a modified Murashige and Skoog nutrient medium (Table 1) for regeneration. After 4 to 8 weeks in nutrient medium, in vitro plantlets that were 5-10 cm tall, with at least 4 leaves and with a developed root system were considered ready for soil planting. During transplanting, plantlets were carefully removed from the tissue culture containers and the root system was shaken gently in water to remove culture medium. The plantlets were transferred to the soil in the multi-pot trays and kept in a small plastic chamber with high humidity as previously described. 

Table 1.
Composition of the modified Murashige and Skoog nutrient medium (Murashige and Skoog, 1962) used for shoot-tip culture of Musa spp. (Musa Germplasm Collection of the International Biodiversity Transit Centre).
	Supplements
	Compound
	mg/l aqua distilled

	Macronutrients
	NH4NO3
	1650

	
	KNO3
	1900

	
	CACL2.2H2O
	440

	
	MgSO47H2O
	370

	
	KH2HPO4
	400

	Micronutrients
	H3BO3
	6.18

	
	MnSO4.H2O
	16.90

	
	Zn SO4.7H2O
	8.60

	
	Kl
	0.83

	
	Na2MoO4.2H2O
	0.24

	
	CoCl2.6H2O
	0.024

	
	CuSO4.5H2O
	0.025

	
	FeSO4.7H2O
	27.80

	
	Na2.EDTA.2H2O
	37.3

	Vitamins
	Glycine
	2.0

	
	Thiamine hydrochloride
	0.1

	
	Nicotin acid
	0.5

	
	Pyridoxine hydrochloride
	10.0

	Antioxidant
	Ascorbic acid
	100

	Carbon source
	Sucrose
	30000

	Gelling agent
	Gelrite® a or

Agar
	2000

8000

	Growth regulators
	N6-bezylaminopurine b
	2.225

	
	Inlole-3-acetic acid
	0.175

	pH of the medium was adjusted to 5.8 before autoclaving
	


a Gelling agent

b N6-bezylaminopurine is added to the medium for regeneration. Source: Carlier et al. (2003).
8.2 Tomato plants

Tomato seeds of the cultivar Hellfrucht Frühstamm (Lycopersicon esculentum Mill.) were sown in 96-well multi-pot trays (50.5 x 30 x 5 cm) containing a sterile sand passed through a 2 mm mesh screen. The trays were maintained in a glasshouse at 26 ± 3°C with 12 hours/day supplemental artificial light. The tomato seedlings were fertilizer with 5 ml of a commercial NPK-fertilizer (14-10-14, 2 g/l) (AGLUKON, Düsseldof, Germany) as needed. Tomato seedlings, 4 weeks old were considered ready to be used in experiments.

9 Culture media and reagents

Potato Dextrose Agar (PDA)

	Potato Dextrose Broth (Oxoid LTD)
	18
	g

	Agar (AppliChem GmbH)
	14
	g

	Deionised water
	1
	L


Diluted Potato Dextrose Agar (10% PDA)

	Potato Dextrose Broth (Oxoid LTD)
	1.8
	g

	Agar (AppliChem GmbH)
	1.4
	g

	Deionised water
	1
	L


Tryptone Soya Agar (TSA) (Oxoid LTD).

	Pancreatic Digest of Casein 
	17
	g

	Enzymatic Digest of Soybean Meal
	3
	g

	NaCl
	5
	g

	K2HPO4
	2.5
	g

	Glucose
	2.5
	g

	Agar (AppliChem GmbH)
	12
	g

	Deionised water
	1 
	L


OHIO Agar

	Glucose
	5
	g

	Yeast extract
	2
	g

	NaNO3 
	1
	g

	MgSO4.7H2O 
	0.5
	g

	KH2PO4
	1
	g

	Oxgall
	1
	g

	Sodiumpropionate
	1
	g

	Agar (AppliChem GmbH)
	18
	g

	Deionised water
	1
	L
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IN VITRO ACTIVITY OF BACILLUS FIRMUS AGAINST RADOPHOLUS SIMILIS, MELOIDOGYNE INCOGNITA, DITYLENCHUS DIPSACI AND THEIR POSSIBLE MODE OF ACTION

11 Introduction

Bacteria have been repeatedly shown in vitro and in vivo to be promising antagonistic microorganisms for use in the biological control of sedentary and migratory endoparasitic nematodes (Sikora et al., 2007). Biological control is usually associated with a number of different modes of action including: parasitism; interference with nematode-host recognition processes; competition for nutrients in the root and induced systemic resistance (Hasky-Günther et al., 1998; Siddiqui and Mahmood, 1999; Hallmann, 2001; Sikora et al., 2007). However in a number of cases the metabolites produced during bacterial fermentation have been shown to be nematicidal. Streptomyces avermitilis (Abamectin), Burkholderia cepacia (Deny ®), and Bacillus amyloliquefaciens combined with Paenobacillus macerans (BioYield TM) are commercial bionematicides (Tian et al., 2007) that produce such toxic compounds. 

The genus Bacillus represents a heterogenic group of gram-positive, endospore-forming and facultative anaerobic bacteria that are widely distributed in nature. Proteolytic enzymes produced by Bacillus species are the most important group of enzymes produced commercially by bacterial fermentation (Kalisz, 1988). 

Bacillus firmus isolated from soil in Israel is the active biological agent responsible for nematode control in the commercial bionematicide BioNem-WP, registered in Israel (Keren-Zur et al., 2000). This bionematicide contains approximately 3% lyophilized bacteria spores and 97% non-toxic organic extracts. When incorporated into the soil or infiltrated into the rhizosphere by drip irrigation, root-knot nematode infection has been shown to be significantly reduced (Giannakou, et al., 2004). Whether the mechanism of action is biocontrol based or due to antibiosis has not been elucidated. A clear understanding of the mode of action could lead to more effective application of this bionematicide. 

The objectives of the present in vitro studies were to:

1. Investigate the existence of toxic metabolites produced by B. firmus in two formulated products.

2. Examine the effect of culture filtrates of B. firmus on Radopholus similis, Meloidogyne incognita and Ditylenchus dipsaci paralysis and mortality.

3. Examine the effect of culture filtrates of B. firmus on Meloidogyne incognita egg hatching viability.
4. Evaluate the effect of B. firmus on Radopholus similis mortality when applied as cells into sand.

5. Determine protease and chitinase activity by B. firmus.

12 Materials and Methods

12.1 Effect of cell-free water extracts of two B. firmus formulations on nematode paralysis and mortality

Two wettable powder formulations of BioNem, containing the antagonistic bacteria B. firmus, designated in our tests as Bf-125 and Bf-106, were used in these experiments to determine if bioactive compounds are present in the product. A suspension containing 2g product per liter sterile tap water (STW) was prepared of each formulation. After 10 minutes agitation to ensure complete dissolution, both suspensions were sterile filtered through a combination of 5 (m, 0.45- (m and 0.22-(m pore size micro-filters (Nalgene®, Rochester, New York) to remove bacterial cells. STW was used to dilute the final extract to 50, 25 and 7.5% of the initial concentration. The pH of the solution was 6.48 and 4.88 for Bf-125 and Bf-106, respectively. Immediately after preparation, 3 ml of each concentration was transferred to 6-well assay plates and supplemented with 10 (l of a 20 mg/ml Streptomycin sulfate and Gentamycin sulfate stock solution to suppress bacterial growth. Approximately 500 R. similis mixed stages or M. incognita second stage juveniles were added in 15 (l STW to each well. Nematodes in STW plus antibiotics alone served as controls. 

The plates were placed in an incubator at 25°C in darkness and nematode paralysis was determined after 24 and 48 hours incubation. To assess mortality of paralyzed nematodes after 48 h exposure, the nematodes were washed free of the filtrate solution on a 20 (m aperture sieve and transferred back into 6-well plates containing only STW. The plates were then incubated for an additional 24 h at 25°C. Nematodes that showed no movement after probing with a fine needle were considered dead. Each treatment was replicated 5 times and the experiment was conducted twice.

12.2 Effect of cell-free culture filtrates from B. firmus fermentation on nematode paralysis and mortality

In vitro tests were conducted to determine whether culture filtrates of B. firmus isolated from the products and fermented under controlled conditions cause paralysis and/or mortality of mobile stages of R. similis, M. incognita or D. dipsaci. To produce the B. firmus culture filtrates, bacteria isolated from the original products (chapter 2, section 1.1.1) were grown at 28°C in Tryptic Soy Broth (TSB, Oxoid Ltd., Hampshire, England) at a pH adjusted to 8 on a rotary shaker at 120 rpm. After 3 days, the bacterial culture was centrifuged for 20 min at 4000 × g at 20°C. The resultant supernatant and the supernatant from the TSB control without bacteria were sterile filtered through 0.45 and 0.22 (m millipore filters (Nalgene®, Rochester, New York). 

The culture filtrate was tested at concentrations of 100, 50, 25 and 15% after dilution with STW. The tests were conducted in 6-well plates. Each well received 3 ml of each solution supplemented with antibiotics as described in section 2.1. Approximately 500 nematodes each of R. similis mixed stages of males, females and juveniles, M. incognita second-stage juveniles or D. dipsaci juveniles (J4) were then added in 15 (l STW to each well. Nematodes in STW or TSB treated with antibiotics served as controls (section 2.1). The 6-well plates were placed in an incubator at 25°C in darkness and nematode paralysis was determined after 3, 6 and 24 hours under a microscope.

To assess mortality after 24 h exposure, the inactive or paralyzed nematodes in all treatments were washed free of the filtrate solution on a 20 (m aperture sieve and transferred back into 6-well plates containing only STW. The plates were then incubated for an additional 24 h at 25°C. Nematodes that showed no movement after probing with a fine needle were considered dead. Each treatment was replicated 5 times and the bioassay was conducted twice.

12.3 Effect of cell-free culture filtrates from B. firmus fermentation on hatching viability of M. incognita eggs

In vitro tests were conducted to determine whether culture filtrates of B. firmus affect hatching viability of M. incognita eggs. Eggs of M. incognita were surface sterilized in a 6 mg/ml solution of streptomycin sulfate for 1 hour (Speijer and De Waele, 1997) and washed several times with sterile distilled water (SDW). Afterwards, approximately 500 eggs with 36% containing second stage juveniles and 64% different embryonic stages were transferred to 3 ml of concentrated culture filtrate in 6-well assay plates. Following incubation in the culture filtrate for 48 hours at 25°C, the eggs were washed several times in SDW and transferred to STW and incubated a further 3, 6 and 9 days at 25°C to allow hatching.

The number of hatched juveniles was then recorded and compared to hatching of eggs incubated in STW or TSB medium controls. Percentage hatch was calculated per replicate as the number of hatched juveniles divided by the number of eggs originally placed in the dish. The experiment was conducted twice with six replications per treatment.

12.4 Effect of B. firmus cell suspensions on R. similis mortality in sand

This test was conducted to determine the biocontrol activity of B. firmus when applied to non-sterile sand as pure cells free of metabolites. Bacteria were grown in TSB adjusted to pH 8 at 28°C in darkness. After 3 days on a rotary shaker at 120 rpm, the cultures were centrifuged for 20 min at 4000 × g. The cell pellet was re-suspended in Ringer’s solution (Merck KgaA, Darmstadt, Germany) and the cell concentration adjusted to an optical density of 2.0 at 560nm (OD560). The bacterial cell suspension was diluted with Ringer’s solution to final concentrations of: 1.0 × 109, 1.9 × 107, 7.7 × 106, 5.5 × 106 and 3.8 × 106 cells/5ml as determined by dilution plating on TSA adjusted to pH 8. Five ml of each concentration were added to 100 ml plastic beakers filled with 100 g non-sterile fine sand passed through 1mm diameter sieve. Afterwards, each beaker received 1000 mixed stages of R. similis in 1 ml water. Beakers were then placed in an incubator at 25°C in darkness and moistened daily. After 1, 3 or 7 days, nematodes were extracted by suspending the sand of a beaker in 250 ml tap water followed by wet sieving through a 20 (m sieve. Nematodes were collected, transferred to a counting chamber and enumerated under a stereomicroscope (100 × magnification). Each treatment was replicated 6 times and the bioassay was conducted twice.

12.5 B. firmus protease and chitinase activity

Protease activity was determined by the degradation of casein in Tryptic Soy Agar (TSA) supplemented with 10% skim milk (Oxoid Ltd., Basingstoke, Hampshire, England) (Berg et al., 2005).

Chitinase activity was determined by the degradation of Carboxy Methyl-chitin-Remazol Brilliant Violet at 50% (CM-chitin-RBV; Loewe Biochemica GmbH, Germany) and by the 1,4-β-D-glucopyranosamine at 0.2% (chitin from crab shells; Sigma-Aldrich Co., Germany) (O’Brien and Colwell, 1987) using two different media: (i) soil-extract agar medium and (ii) organic matter-extract agar medium.

To assess B. firmus chitinase activity, the bacterium from the stock cultures was streaked with a loop on 60 mm Ø petri dishes containing 5 ml of the supplemented media described above. The same procedure was used to determine protease activity on the skim milk medium. The inoculated plates were incubated at 25°C for 7 days until zones of chitin and protein clearing could be seen around the colonies. Plates without a clear zone around the colony were held for an additional 8 days and again examined for protease or chitinase activity before being discarded. Each treatment was replicated 10 times and the test was conducted twice. Bacillus spp. and B. laterosporus Ni-9-MO-3 were included as controls.

12.5.1 Preparation of chitin suspension

Chitin solution from Carboxy Methyl-chitin-Remazol Brilliant Violet at 50% (CM-chitin-RBV; Loewe Biochemica GmbH, Germany) was prepared by dialyzing 100 ml of the product against sterile distilled water for 48 h at 4°C with 3 water changes. The dialyzed proteins were finally passed through a 0.5-, 0.45- and 0.22-µm sterile filters (Nalgene®, Rochester, New York) and stored at 4°C until used. 

Chitin suspension from the 1,4-β-D-glucopyranosamine at 0.2% (chitin from crab shells; Sigma-Aldrich Co., Germany) was prepared by dissolving 1 g of chitin from crab shells in 10 ml of 37% concentrated HCl. The acid was added to the chitin with stirring for 90 min at 25°C. The solution was transferred into an Erlenmeyer containing 200 ml SDW and the resulting suspension was centrifuged at 4500 x g for 15 min at 4°C. The supernatant liquid was carefully removed and new SDW was added to resuspend the chitin. The washing and centrifugation process was repeated several times until the pH of the suspension was approximately 7.0. After final washing, the chitin suspension 2% was concentrated in 50 ml and stored at 4°C for future use. 

12.6 Soil extract and organic matter-water extract media

To prepare soil-extract or organic matter-extract, soil from the top layer of fertile arable land and seedling substrate used as source of organic matter (Einheitserde, Type ED 73; Gebr. Patzer KG, Sinntal, FRG) were air-dried and passed through a 1mm sieve. The soil and organic matter was mixed with tap water in a relation of 1:1 and 1:3 w/w, respectively. After 24 h incubation at 25°C, both suspensions were autoclaved for 20 minutes at 121°C. The suspensions were cooled and centrifuged at 4500 x g for 20 min at 20°C. The fresh supernatant liquid was carefully removed and stored at 4°C for future use.

12.7 Culture media and reagents

Soil-Extract Agar (SEA) and Organic Matter-Extract Agar (OMEA) were used as a basal medium for the detection of B. firmus chitinase activity. SEA or OMEA was prepared by adding the chitin source in an autoclaved extract-agar at 121°C for 15 minutes. When the autoclaved extract-agar reached approximately 55°C, the chitin solution, under aseptic conditions, was added and the pH adjusted as required.

SEA or OMEA + CM-chitin-RBV at 50%

	Soil or organic matter extract
	500
	ml

	CM-chitin-RBV solution
	500
	ml

	Agar (AppliChem GmbH)
	15 
	g


SEA or OMEA + Chitin colloidal at 0.2%

	Soil or organic matter extract
	900
	ml

	Chitin colloidal solution
	100
	ml

	Agar (AppliChem GmbH)
	15 
	g


Tryptic Soy Agar (TSA) + Skim milk at 10%
	Trytone Soya Broth (Oxoid LTD)
	30
	g

	Agar (AppliChem GmbH)
	12
	g

	Skim milk (Oxoid LTD)
	100
	g

	Deionised water
	1000 
	ml


13 Results

13.1 Effect of cell-free water extracts of two B. firmus formulations on nematode paralysis and mortality

Bacterial-free water extracts from the two formulations of B. firmus, paralyzed and killed all stages of R. similis and the juveniles of M. incognita. The levels of paralysis and mortality for both nematodes increased as the extract concentration increased. Water extracts of 7.5, 25, 50 and 100% concentrations showed a significant effect on paralysis of R. similis compared to the control (Table 1). The highest rates of paralysis for R. similis were 70.2% and 94.1% with the free-cells water extract from Bf-125 and 66% and 68% with the extract Bf-106 after 24 and 48 h, in the 100% concentration, respectively (Table 1). 

Table 1. Effect of cell-free water extracts from two formulations based on Bacillus firmus (Bf-125, Bf-106) on paralysis and mortality of Radopholus similis after incubation for 24 and 48 hours at 25°C.
	Treatment
	Conc. (%)
	
	Exposure time (h)

	
	
	
	Paralysis (%)
	
	Mortality (%)

	
	
	
	24
	
	48
	
	48

	Bf-125
	100
	
	70.2 ( 4.9 a
	
	94.1 ( 1.4 a
	
	99.3 ( 0.7 a

	
	50
	
	55.4 ( 3.1 b
	
	86.5 ( 1.2 b
	
	90.7 ( 3.8 a

	
	25
	
	52.8 ( 1.0 b
	
	66.2 ( 1.2 c
	
	41.0 ( 7.5 b

	
	7.5
	
	32.1 ( 1.0 c
	
	34.9 ( 3.6 d
	
	27.7 ( 2.0 c

	Water control
	-
	
	16.9 ( 2.2 d
	
	25.0 ( 2.4 d
	
	22.8 ( 3.6 c

	P-value
	
	
	0.0024
	
	<0.0001
	
	<0.0001

	LSD
	
	
	9.0
	
	6.8
	
	13.2

	
	
	
	
	
	
	
	

	Bf-106
	100
	
	66.4 ( 2.4 a
	
	68.4 ( 2.0 a
	
	96.0 ( 1.9 a

	
	50
	
	60.8 ( 5.6 ab
	
	45.9 ( 1.2 b
	
	99.7 ( 0.3 a

	
	25
	
	50.7 ( 2.5 b
	
	43.6 ( 4.3 b
	
	85.0 ( 6.0 b

	
	7.5
	
	25.9 ( 1.3 c 
	
	43.6 ( 2.1 b
	
	24.7 ( 2.6 c

	Water control
	-
	
	15.9 ( 5.2 d
	
	26.1 ( 0.8 c
	
	20.3 ( 3.5 c

	P-value
	
	
	0.0228
	
	0.0464
	
	<0.0001

	LSD
	
	
	11.9
	
	7.7
	
	10.8


Mean ( S.E. in the same column followed by the same letter are not significantly different according to the Least Significant Difference (LSD) test (P ≤ 0.05; n = 10).

Significant levels of mortality of R. similis were observed at 25, 50 and 100% concentrations. The highest levels of R. similis mortality were 99.3% and 96.0% with Bf-125 and Bf-106, respectively, after exposure to the high concentration (Table 1).

The cell-free water extracts of both formulations also caused significant paralysis and mortality of M. incognita at 25, 50 and 100% concentrations (Table 2). The highest levels of paralysis were 43% and 91% in the 100% extract from Bf-125 and 28% and 86% in the 100% extract from Bf-106 after 24 and 48 h incubation respectively. Mortality of M. incognita ranged from 4 to 65% after 48 h incubation in different concentration of cell-free water extracts of both formulations (Table 2). 

Table 2. Effect of cell-free water extracts from two formulations based on Bacillus firmus (Bf-125, Bf-106) on paralysis and mortality of Meloidogyne incognita after incubation for 24 and 48 hours at 25°C.

	Treatment
	Conc. (%)
	
	Exposure time (h)

	
	
	
	Paralysis (%)
	
	Mortality (%)

	
	
	
	24
	
	48
	
	48

	Bf-125
	100
	
	43.0 ( 2.1 a
	
	91.0 ( 0.6 a
	
	65.3 ( 1.8 a

	
	50
	
	12.3 ( 3.8 b
	
	42.6 ( 5.1 b
	
	45.3 ( 1.5 b

	
	25
	
	12.3 ( 3.8 b
	
	24.3 ( 1.8 c
	
	21.4 ( 2.2 c

	
	7.5
	
	4.7 ( 1.7 c
	
	6.3 ( 0.9 d
	
	4.3 ( 1.2 d

	Water control
	-
	
	1.7 ( 1.7 c
	
	3.0 ( 0.0 d
	
	10.3 ( 1.2 d

	P-value
	
	
	<0.0001
	
	<0.0001
	
	<0.0001

	LSD
	
	
	5.1
	
	7.2
	
	5.1

	
	
	
	
	
	
	
	

	Bf-106
	100
	
	28.2 ( 1.6 a
	
	86.5 ( 1.2 a
	
	57.0 ( 1.7 a

	
	50
	
	13.1 ( 2.1 b
	
	43.8 ( 0.6 b
	
	41.0 ( 0.0 b

	
	25
	
	12.4 ( 1.7 bc
	
	28.7 ( 0.8 c
	
	37.0 ( 1.7 c

	
	7.5
	
	8.9 ( 1.2 bc
	
	8.2 ( 2.5 d
	
	24.7 ( 2.2 d

	Water control
	-
	
	8.2 ( 0.2 c
	
	5.3 ( 1.0 d
	
	11.4 ( 0.9 e

	P-value
	
	
	<0.0001
	
	<0.0001
	
	<0.0001

	LSD
	
	
	4.4
	
	4.3
	
	4.8


Mean ( S.E. in the same column followed by the same letter are not significantly different according to the Least Significant Difference (LSD) test (P ≤ 0.05; n = 10).

13.2 Effect of cell-free culture filtrates from B. firmus fermentation on nematode paralysis and mortality

Culture filtrates of B. firmus had a significant effect on paralysis and mortality of R. similis, M. incognita and D. dipsaci (Table 3, 4 and 5).

Culture filtrate concentrations of 25, 50 and 100% caused significantly greater levels of paralysis of R. similis, than the TSB-control and water control (Table 3). Mortality levels of all three nematodes tested, after incubation for 24 h in 50% and 100% culture filtrate, were significantly higher compared to the lower concentrations and to both control treatments (Table 3). Juvenile stages of R. similis were more sensitive to the B. firmus culture filtrates than adults after 3 and 6 h incubation (data not shown).

Table 3. Percent paralysis and mortality of Radopholus similis after 3, 6 and 24 hours incubation at 25 °C in culture filtrate of Bacillus firmus.

	Treatment
	Conc. (%)
	
	Exposure time (h)

	
	
	
	Paralysis (%)
	
	Mortality (%)

	
	
	
	3
	6
	24
	
	24

	B. firmus
	100
	
	27.5 ( 2.1 a 
	35.0 ( 1.3 a
	42.8 ( 2.7 a
	
	25.2 ( 1.1 a

	
	50
	
	21.2 ( 1.9 b
	26.3 ( 1.9 b
	33.0 ( 1.8 b
	
	15.8 ( 1.1 b

	
	25
	
	18.5 ( 1.1 b
	22.7 ( 3.1 b
	23.2 ( 1.0 c
	
	8.0 ( 0.4 c

	
	15
	
	13.8 ( 1.5 c
	16.2 ( 2.0 c
	16.2 ( 1.8 d
	
	7.2 ( 0.7 c

	Medium control
	-
	
	10.0 ( 0.6 cd
	11.3 ( 1.3 cd
	13.5 ( 1.6 d
	
	6.8 ( 0.7 c

	Water control
	-
	
	7.0 ( 0.7 d
	7.5 ( 0.6 d 
	7.8 ( 0.9 e
	
	5.8 ( 0.4 c

	P-value
	
	
	< 0.0001
	< 0.0001
	< 0.0001
	
	< 0.0001

	LSD
	
	
	4.08
	5.46
	5.04
	
	2.30


Mean ( S.E. in the same column followed by the same letter are not significantly different according to the Least Significant Difference (LSD) test (P ≤ 0.05; n = 10).
Significant levels of paralysis of M. incognita juveniles were detected in all concentrations after 3 and 6 h incubation (Table 4). Paralysis after 24 h in the 50 and 100% concentrations was significantly higher than the TSB-control. The level of M. incognita mortality at concentrations higher than 25%, were significantly different from the 15% concentration and the control treatments (Table 4). 

Table 4. Percent paralysis and mortality of Meloidogyne incognita juveniles after 3, 6 and 24 hours incubation at 25 °C in culture filtrate of Bacillus firmus.

	Treatment
	Conc. (%)
	
	Exposure time (h)

	
	
	
	Paralysis (%)
	
	Mortality (%)

	
	
	
	3
	6
	24
	
	24

	B. firmus
	100
	
	28.0 ( 2.0 a
	28.3 ( 0.6 a
	34.3 ( 1.9 a
	
	33.0 ( 1.2 a 

	
	50
	
	21.2 ( 0.4 b
	20.7 ( 1.0 b
	25.0 ( 3.4 b
	
	17.2 ( 2.4 b

	
	25
	
	20.7 ( 0.8 b
	20.3 ( 0.8 b
	18.3 ( 2.0 c
	
	12.5 ( 1.3 c

	
	15
	
	19.7 ( 2.3 b
	19.0 ( 2.3 b
	16.0 ( 1.0 c
	
	8.3 ( 0.3 d

	Medium control
	-
	
	12.0 ( 0.2 c
	11.3 ( 0.2 c
	15.7 ( 0.8 c
	
	9.5 ( 0.4 cd

	Water control
	-
	
	8.0 ( 0.4 d
	10.0 ( 0.4 c
	7.3 ( 0.2 d
	
	6.8 ( 0.6 d 

	P-value
	
	
	< 0.0001
	< 0.0001
	< 0.0001
	
	< 0.0001

	LSD
	
	
	3.40
	3.23
	5.39
	
	3.68


Mean ( S.E. in the same column followed by the same letter are not significantly different according to the Least Significant Difference (LSD) test (P ≤ 0.05; n = 10).

D. dipsaci paralysis after 3 and 6 h incubation at concentrations of 50 and 100% was significantly higher than both control treatments. However, only 12% and 13% of the nematodes were inactived. After 24 h incubation at 100% concentration, only 11% of the inactived nematodes were considered dead. 

Table 5. Percent paralysis and mortality of Ditylenchus dipsaci juveniles after 3, 6 and 24 hours incubation at 25 °C in culture filtrate of Bacillus firmus. 

	Treatment
	Conc. (%)
	
	Exposure time (h)

	
	
	
	Paralysis (%)
	
	Mortality (%)

	
	
	
	3
	6
	24
	
	24

	B. firmus
	100
	
	12.0 ( 1.0 a
	13.5 ( 1.2 a
	13.8 ( 1.1
	
	11.2 ( 0.5 a

	
	50
	
	9.7 ( 0.7 b
	11.3 ( 0.5 ab
	10.7 ( 0.8
	
	9.8 ( 0.5 ab

	
	25
	
	8.3 ( 0.7 bc
	9.3 ( 1.1 bc
	11.5 ( 1.7
	
	9.7 ( 0.8 ab

	
	15
	
	7.7 ( 0.8 bc
	7.8 ( 0.5 c
	11.0 ( 0.9
	
	7.8 ( 0.5 c

	Medium control
	-
	
	7.0 ( 0.4 c
	7.5 ( 0.4 c
	8.8 ( 1.2
	
	8.2 ( 0.6 bc

	Water control
	-
	
	6.5 ( 0.7 c
	8.2 ( 0.8 c
	9.5 ( 1.5
	
	7.2 ( 0.7 c

	P-value
	
	
	0.0001
	< 0.0001
	0.1021
	
	0.0007

	LSD
	
	
	2.13
	2.35
	n.s.
	
	1.80


Mean % ( S.E. in the same column followed by the same letter are not significantly different according to the Least Significant Difference (LSD) test (P ≤ 0.05; n = 10).
Juveniles of D. dipsaci therefore were not greatly affected by B. firmus culture filtrates when compared to the other nematodes tested (Table 5).

Overall, the multi-factorial analysis of variance showed highly significant interactions between nematodes species tested and the time of exposure or concentration of the culture filtrate of B. firmus (Table 6). 

Table 6. Multi-factorial analysis of variance of Radopholus similis, Meloidogyne incognita and Ditylenchus dipsaci paralysis after 3, 6 and 24 hours incubation at 25°C in different concentrations of culture filtrate of Bacillus firmus.

	Source of variation
	
	Time
	
	Concentration
	
	Time X Concentration

	
	
	F-test
	P-value
	
	F-test
	P-value
	
	F-test
	P-value

	R. similis
	
	21.6
	<0.0001
	
	109.9
	<0.0001
	
	3.1
	0.0002

	M. incognita
	
	1.4
	n.s.
	
	82.6
	<0.0001
	
	3.3
	0.0010

	D. dipsaci
	
	9.3
	<0.0001
	
	12.9
	<0.0001
	
	0.6
	n.s.


Time df = 2; Concentration df = 5; Time x Concentration df = 10.

Significant interactions between R. similis or D. dipsaci paralysis and the length of time of nematode exposure to the cultural filtrate were detected. In addition, highly significant interactions between nematode species and concentration of B. firmus cultural filtrate also were detected. A clear interaction between time of exposure and concentration of the cultural filtrate of B. firmus on R. similis or M. incognita also was demonstrated (Table 6).

13.3 Effect of cell-free culture filtrates from B. firmus fermentation on hatching viability of M. incognita eggs
After 3, 6 or 9 days incubation in B. firmus culture filtrate, hatching rates of M. incognita eggs were significantly lower compared to eggs incubated in the STB control or water control (Figure 1). 
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Figure 1. Effect of Bacillus firmus cultural filtrate on egg hatch of Meloidogyne incognita after incubation for 3, 6 and 9 days, as compared with the water and Triptic Soy Broth (STB) controls. Vertical bars represent standard error of the mean values. Columns in the same time group with different letters are significantly different according to the LSD test (P ≤ 0.05, n = 16). 

In addition, the hatching rates of eggs exposure to the STB control were also lower compared with the water control (Figure 1). The percentage of egg hatch increased progressively over the time in all treatments. After 9 days in the filtrates, all unhatched eggs were in advanced stages of degradation as observed under the microscope. 

13.4 Effect of B. firmus cell suspensions on R. similis mortality in sand

When B. firmus cell suspensions were applied to non-sterile sand, the highest concentration of B. firmus (1.0 x 109 cells per 100g sand) caused R. similis mortality rates significantly higher than all other concentrations and from both control treatments (Table 7). After 3 and 7 days incubation, all cell concentrations tested caused mortality rates significantly higher than from both controls ranging from 25.4 to 36.4% and 31.8 to 41.0%, respectively (Table 7).

Table 7. Mortality level of Radopholus similis after 1, 3 and 7 days incubation at 25°C in non-sterile sand treated with different cell concentrations of Bacillus firmus.
	Treatment  1
	
	Mortality [%]

	
	
	1 day
	
	3 days
	
	7 days

	3.8 × 106 cells
	
	25.8 ( 4.0 a 
	
	29.6 ( 2.2 b
	
	31.8 ( 1.5 b

	5.5 × 106cells
	
	24.2 ( 2.1 ab
	
	25.4 ( 2.4 b
	
	32.6 ( 2.0 b

	7.7 × 106cells
	
	26.4 ( 1.6 ac
	
	30.0 ( 3.4 b
	
	35.8 ( 2.0 b

	1.9 × 107cells
	
	24.8 ( 1.9 a
	
	28.0 ( 1.7 b
	
	33.2 ( 2.5 b

	1.0 × 109cells
	
	32.2 ( 0.5 c
	
	36.4 ( 0.7 c
	
	41.0 ( 1.9 c

	Water control
	
	13.8 ( 0.9 d
	
	17.4 ( 0.8 a
	
	22.0 ( 1.3 a

	Ringer’s control
	
	18.8 ( 1.2 bd
	
	19.2 ( 0.8 a
	
	25.6 ( 1.0 a

	P-value
	
	< 0.0001
	
	0.0005
	
	< 0.0001

	LSD
	
	5.94
	
	6.2
	
	5.3


Mean ( S.E. in one column followed by the same letter are not significantly different according to LSD test (P ≤ 0.05; n = 10).

1 Bacterial cells/100g sand.
13.5 B. firmus protease and chitinase activity

B. firmus grown on Triptic Soy Agar (TSA) supplemented with 10% skim milk exhibited protease activity (Table 8). Protease activity in the presence of casein was observed at temperature ranging from 20 to 40°C. At 15°C, the bacteria did not exhibit protease activity.

The high B. firmus protease activity was detected at temperatures over 30°C in the TSA medium supplemented with skim milk after 5 days. Similar protease activity was shown by Bacillus spp. used as a control. In contrast to the Bacillus spp. control, the B. laterosporus Ni-9-MO-3 did not exhibit protease activity (Figure 2).

Considering 30°C as an optimal temperature for B. firmus protease activity, the influence of the pH was evaluated. In this experiment, the highest protease activity was observed at pH values ranging from 6.5 to 8. At a pH of 6, B. firmus incubated at 30°C showed slight protease activity (Table 8). B. firmus colonies on TSA at pH 7 incubated at 15°C or on TSA at pH 5 incubated at 30°C did not grow and lacked any zones of clearing.

Table 8. Effect of pH and temperature on the capacity of Bacillus firmus to degrade protein after 7 days of incubation on Triptic Soy Agar supplemented with skim milk 10%.

	Protein source
	
	Incubation temperature (°C)
	
	pH of the medium (30°C)

	
	
	15
	20
	25
	30
	35
	40
	
	5
	6
	6.5
	7
	7.5
	8

	Casein
	
	Ø
	+
	+
	+
	+
	+
	
	Ø
	±
	+
	+
	+
	+


+
B. firmus growth and degraded protein.

±
B. firmus no growth but formed a slight clear zone.

Ø
B. firmus no growth and no protein degradation observed. (n=10).
The results of B. firmus capacity to hydrolyzed chitin after 5 days growth on soil-extract agar and organic matter-extract agar at different temperatures and pH levels are presented in Table 9 and Figure 2. 

B. firmus exposed to 0.2% colloidal chitin in both media exhibited very low levels of chitinase activity. In both media, slight clearing zones were formed when B. firmus was incubated at 30 and 35 °C or when the pH of the media was adjusted to a range of 7 - 8 (Table 9). In the presence of 50% CM-chitin RBV, B. firmus did not exhibit protease activity in any of the media. B firmus did not grow after 7 days of incubation at 15 or 20°C, as well as at pH below 7 (Table 9).

Table 9. Effect of different incubation temperatures and pH on the capacity of Bacillus firmus to degrade 0.2% chitin colloids from crab shells and 50% Carboxy Methyl-chitin in two different media after 7 days of incubation.

	
	
	Chitin colloids.2%

	Type of medium 
	
	Incubation temperature (°C)
	
	pH of the medium (30°C)

	
	
	15
	20
	25
	30
	35
	40
	
	5
	6
	6.5
	7
	7.5
	8

	Soil-extract Agar
	
	Ø
	Ø
	-
	±
	±
	-
	
	Ø
	Ø
	Ø
	±
	±
	±

	O. matter-extract Agar
	
	Ø
	Ø
	-
	±
	±
	-
	
	Ø
	Ø
	Ø
	±
	±
	±

	
	
	CM-chitin-RBV 50%

	Type of medium
	
	Incubation temperature (°C)
	
	pH of the medium (30°C)

	
	
	15
	20
	25
	30
	35
	40
	
	5
	6
	6.5
	7
	7.5
	8

	Soil-extract Agar
	
	Ø
	Ø
	-
	-
	-
	-
	
	Ø
	Ø
	Ø
	-
	-
	-

	O. matter-extract Agar
	
	Ø
	Ø
	-
	-
	-
	-
	
	Ø
	Ø
	Ø
	-
	-
	-


±
B. firmus growth forming a slight clear zone.

-
B. firmus growth and did not degrade chitin.

Ø
B. firmus no growth and no chitin degradation observed. (n=10).

In the presence of 50% CM-chitin RBV, B. firmus did not exhibit protease activity in any of the media. B firmus did not grow after 7 days of incubation at 15 or 20°C, as well as at pH below 7 (Table 9).

B. laterosporus Ni-9-MO-3, used as a control, showed high chitinase activity in both media when adjusted to pH 7 and incubated at 30°C for 7 days. Under the same conditions, Bacillus spp., also used as a control, did not exhibit chitinase activity (Figure 2).

I eliminated this picture to make the file smaller
Figure 2. In vitro degradation of protein and chitin by Bacillus firmus in different media: A) Triptic Soy Agar supplemented with skim milk at 10%, B) Soil Extract-Agar and C) Organic Matter-Extract Agar all adjusted to pH 7 and incubated at 30°C for 7 days.

14 Discussion

14.1 Effect of cell-free water extracts of two B. firmus formulations on nematode paralysis and mortality

The bioassays conducted with the bacterial cell-free water extracts from Bf-125 and Bf-106 resulted in a high level of mortality of both R. similis and M. incognita. The high level of in vitro control could be caused by bioactive compounds present in the formulation. The presence of secondary metabolites produced by a microorganism during fermentation that are effective in control of plant-parasitic nematodes is well known. Toxins have been detected in the fermented by-products of Myrothecium verrucaria (DiTera®) and Streptomyces avermitilis (Abamectin), which are sold as commercial biopesticides (El-Nagdi and Youssef, 2004).

14.2 Effect of cell-free culture filtrates from B. firmus fermentation on nematode paralysis and mortality

Cell-free culture filtrates of B. firmus produced in Triptic Soy Broth media contained bioactive compounds that caused significant levels of paralysis and mortality to R. similis, M. incognita and D. dipsaci. The production of bioactive compounds has been reported for Bacillus sp B16, B. nematocide and B. thuringiensis in experiments designed to control plant-parasitic nematodes (Wei et al., 2003; Qiuhong et al., 2006a, 2006b). Becker et al. (1988) also found that nematicidal compounds produced by rhizobacteria were involved in the control M. incognita. Similar findings were presented by Bin et al. (2005) and Li et al. (2002) who showed the effects of toxic metabolites produced by the rhizobacterium B7 and Burkholderia ambifaria BC-F on root-knot nematodes. Various bacteria belonging to the Pseudomonas cepacia complex were also shown to produce metabolites inhibitory to plant-parasitic nematodes (Gonzalez and Vidaver, 1979; Kang et al., 1998). Secondary metabolites (ammonia, indole and stilbene derivative), produced by Xenorhabdus spp. and Photorhabdus luminescens in culture media were toxic to second stage juveniles of M. incognita. (Hu et al., 1999).

14.3 Effect of cell-free culture filtrates from B. firmus fermentation on hatching viability of M. incognita eggs
B. firmus produced substances in the culture filtrates that significantly inhibited egg hatch of M. incognita under in vitro conditions. Eggs that did not hatch were severly damaged. The detection of B. firmus protease activity in TSA medium supplemented with 10% skim milk (section 4.5) and the reduction of egg hatch with undiluted culture filtrate of B. firmus, suggest that the suppressive activity in the culture filtrate could have been enzymatic. Similar effects have been shown for secondary metabolites produced by Bacillus megaterium that affected hatching of Meloidogyne graminicola (Padgham and Sikora, 2006). Rhizobacteria culture filtrates from sugar beet also affected hatch of the cyst nematode Heterodera schachtii (Oostendorp and Sikora, 1990; Neipp and Becker, 1999). The secondary metabolites ammonia, indole and stilbene derivatives produced by Xenorhabdus spp. and Photorhabdus luminescens in culture media inhibited egg hatching of M. incognita (Hu et al., 1999). More recently Ryan and Jones (2004) reported significant reductions of hatching for Globodera rostochiensis and G. pallida when secondary metabolites from 6 bacteria isolated from potato roots were tested. In addition, Mena and Pimentel (2002) reported that Corynebacterium paurometabolum inhibited nematode egg hatching by producing hydrogen sulphide and chitinase. The commercial preparation of the fermentation by-products of the antagonistic fungus Myrothecium verrucaria sold as DiTera®, also reduced hatching of potato cyst nematodes (Twomey et al., 2000).
14.4 Effect of B. firmus cell suspensions on R. similis mortality in sand 

After application of B. firmus cell suspensions to sand, significant levels of mortality were detected. The level of mortality was proportional to the bacteria cell concentration added to the sand, which may be related to a higher production of secondary metabolites. Giannakou et al. (2004) reported that increasing the dose of B. firmus caused an improved reduction of root-knot nematode damage on tomato after soil treatment under commercial glasshouse conditions. Since the mortality level was not as high as in previous experiments, it could be deducted that only nematodes that were in direct and constant contact with the bacteria or their metabolites were affected. The lack of organic matter supplied nutrients in soil probably reduced bacterial growth and thereby control. 

Even though direct antagonism of B. firmus against the nematodes has not been demonstrated, the capacity of this bacterium to produce protease could contribute to the process of nematode paralysis and mortality by facilitating penetration of bioactive compounds through solubilizing the cuticle and digesting host tissue. Qiuhong et al. (2006a, 2006b) demonstrated the control of Panagrellus redivivus by direct contact with Bacillus sp. B16 that produce an extracellular protease that degraded the nematode cuticle. The authors also emphasize that beside protease, collagenase and chitinase are involved in biological control of this nematode by Bacillus spp.

14.5 B. firmus protease and chitinase activity

B. firmus grew well and secreted protease enzymes that degraded casein under varying temperature (20 - 40°C) and pH values (6.5 - 8). The conditions used for B. firmus incubation, suggest a high probability that the protease produced is temperature and alkaline stable. These results are in agreement with Rao and Narasu (2007), who reported production of mesophilic protease by B. firmus 7728 in a range of pH of 4-12 and temperature ranging from 20 – 55°C. B. firmus NRS 783 showed protease activity in the presence of yeast extract as a source of protein at 37°C and pH 7.7 (Moon and Parulekar, 1993).

The protease produced by B. firmus in this study colud be important for the biological control activity observed. Qiuhong et al.(2005; 2006) for example, demonstrated in in vitro experiments that a protease produced by Bacillus sp.B16 killed about 90% of the tested nematodes within 24 h and finally dissolved the specimens within 48 h by degrading the cuticle. 

Isolates of thermostable alkaline protease from other strains of Bacillus spp. have been previously reported. Some of them had good potential for industrial uses such as detergents, for degumming and for processes like silver recovery, bioremediation and protein hydrolysate production, as the isolate was capable of hydrolysis of casein, gelatin and starch (Manachini et al., 1988; Ferrero et al., 1996; Gupta et al., 1999; Eftekhar et al., 2003).

The expression of chitinolytic activity by species of Bacillus is controversial. B. firmus expressed low chitinolytic activity when grown on soil-extract agar with 0.2% chitin colloids from crab shells. The size of the clear zone was slow to appear. In the presence of soluble MC-chitin, the bacteria did not express any chitinolytic activity when grown on soil-extract or organic matter-extract agar. Similarly, Alves et al. (2002) demonstrated that the media used and the conditions of cultivation play and important rolle in B. fimus strain 37 growth and production of the enzyme cyclodextringlycosyltransferase (CGTase). The authors demonstrated that higher enzymatic activity by B. firmus strain 37 was detected in media with high yeast and pectone content. However, using tryptone glucose extract agar and Bushnell Haas-chitin agar supplemented with swollen chitin, Cody (1989) demonstrated that B. firmus ATCC 14575 and NRRL-B 14307 did not produce chitinase activity.

15 Conclusion

The results of this study led to the following conclusions:

1. B. firmus biological control activity againsts different nematodes and under different forms of treatment were demonstrated.

2. Secondary metabolites produced by B. firmus and present in both formulations of this bacteria played a role in the control of R. similis and M. incognita. 
3. In a liquid fermentation of B. firmus isolated from the formulation, secondary metabolites produced were toxic to the burrowing nematode R. similis, the root knot nematode M. incognita and the stem nematode D. dipsaci
4. High densities of B. firmus cells control R. similis even under non-sterile conditions in sand. The bacterial was able to produce bioactive substances at a reduced level.

5. Metabolites presence in B. firmus culture filtrates inhibited egg hatching of M. incognita and cause damage to the unhatched eggs.
6. B. firmus produced protease that degraded casein under varying temperature and pH. 

7. The results obtained suggested that protease activity and possibly other still unidentified secondary metabolites produced by B. firmus during growth processes have significant influence in the biological control of nematodes tested in this study.

8. B. firmus should be considered a potentially important bacteria antagonist for control of nematodes.
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EFFECT OF TREAMENT METHODOLOGIES ON THE COLONIZATION OF FUSARIUM OXYSPORUM STRAIN 162 ON BANANA

17 Introduction

Fusarium oxysporum is a common soilborne fungus, represented by a large diversity of strains, all of which are successful saprophytes. They survive for long periods on organic matter in soil, in the rhizosphere or inside living plant tissue. A few strains are pathogenic but non-pathogenic strains exist, which are able to invade plant tissue without inducing symptoms (Alabouvette et al., 1998; Larkin and Fravel, 1999; Trouvelot et al., 2002). In addition, endophytic non-pathogenic F. oxysporum starins increase resistance in host plants that enhances the plant’s ability to defend itself from pathogen attack (Stirling, 1991; Gnanamanickam et at., 2002; Timper et al., 2005; Sikora et al., 2007).

Several studies demonstrated that non-pathogenic isolates of F. oxysporum growing endophytically were effective in reducing densities of the root-knot nematode, Meloidogyne incognita, on tomato (Hallmann and Sikora 1994; Dababat and Sikora, 2007) and of the burrowing nematode, Radopholus similis, on banana (Sikora and Pocasangre, 2004; Vu et al., 2006; Mendoza and Sikora, 2008).

The endophytic non-pathogenic F. oxysporum strain 162 is a well studied fungus that colonizes banana and tomato roots and has biological control activity against plant-parasitic nematode (Hallmann and Sikora, 1994; 1996; Vu et al., 2006; Dababat and Sikora, 2007; Mendoza and Sikora, 2008). This strain caused high reductions in the number of galls and egg masses produced by M. incognita in different cultivars of tomato, some with Fusarium wilt resistance. Biological enhancement of seedlings with this isolate reduced nematode penetration by up to 56% (Dababat, 2006). Similar results were obtained by Vu et al. (2006), who evaluated banana plants enhanced with F. oxysporum strain 162 again R. similis.

The level of control efficacy of F. oxysporum strain 162 is often variable due to both, abiotic and biotic factors affecting the antagonist’s colonization and growth in the endorhiza. The most important factors affecting control seem to be time of inoculation and inoculum density (Dababat, 2006). In addition, form of application and the simultaneous presence of other biocontrol agent can affect efficacy of biocontrol agents due to competition in the host plant (Inyang et al., 2000; Kessler et al., 2004; Rumbos et al., 2008).

The main objectives of this study were to:

6. Evaluate the effect of time, dose-response and inoculation method on the colonization of F. oxysporum strain 162.

7. Determine the in vitro compatibility between F. oxysporum strain 162, P. lilacinus strain 251 and B. firmus.

8. Study the effect of P. lilacinus strain 251 or B. firmus on F. oxysporum strain 162 endorhiza colonization.

18 Materials and Methods

18.1 Substrates

Autoclaved or non-autoclaved substrate was used in all the tests. The texture and properties of the components are shown in Table 1.

Table 1. Texture and properties of the substrates in the soil mixture used in the experiments

	Substrate type
	(%)

	
	Silty loam
	Clay
	Sand
	Organic matter
	pH

	Soil
	77.6
	14.6
	7.8
	0.97
	6.6

	Sand
	0.6
	-
	99.4
	-
	8.3


The silty soil and sand were passed through a 1 mm mesh sieve. A mixture of this soil:sand (1:1 v/v) and designated in the studies as soil, was used in all the different experiments. All substrates were autoclaved at 121 °C for 60 minutes. Two weeks after autoclaving, plastic bags containing the different substrates were opened to allow the substrate to dry at room temperature for 48 hours before the experiment start.

The soil was placed in 14 cm diameter plastic pots. All experiments were placed in a climate chamber or on a greenhouse bench with 16 hour/day supplemental artificial light. Plants were watered and fertilized with a commercial NPK-fertilizer (14-10-14, 2 g/l; AGLUKON, Düsseldorf, Germany) as required. 

18.2 F. oxysporum re-isolation

To determine the level of root colonization by FO162, treated plants were carefully harvested and the whole root system was separated from the corm. The roots were then washed free of soil with tap water and root length and fresh weight was measured. The roots were then sterilized by submersion in a 1.5% NaOCl solution for 5 min, followed by five rinses in sterile demineralized water under aseptic conditions. 

The entire root system of each plant was cut into 1 cm long sections with a sterile scalpel and 30 root segments placed on three Petri plates containing Potato Dextrose Agar (PDA) supplemented with 150 mg l-1 streptomycin sulfate and chloramphenicol. The plates were incubated for 5-10 days at 25°C and emerging FO162 colonies observed under a binocular microscope. Percent clonization was calculated as follows:

	Colonization (%) =
	N° of root pieces colonized by F. oxysporum 162
	× 100

	
	Total N° of root pieces
	


18.3 In vitro compatibility between F. oxysporum, P. lilacinus and B. firmus
A dual culture technique was used to determine in vitro compatibility between FO162, PL251 and Bf using Petri plates (9 mm diameter) containing 20 ml of 10 or 100% Potato Dextrose Agar (PDA; Difco, Sparks, MD, USA).

To determine compatibility between FO162 and PL251, a plug (6 mm Ø) of both fungi taken from 15-day old cultures grown on 100 and 10% PDA, respectively, were placed 4 cm on opposite edges of the plate. 

The compatibility between the two fungal antagonists and the bacteria Bf, was determine using two different dual culture techniques. In the first test, the bacteria was streaked on a PDA plate forming a cross from edge to edge. Then 4 plugs of the fungus from 15-day old cultures were placed at the outer edge of each quadrant of the cross. In the second test, a plug of the fungus was placed at the center of a Petri plate and 4 plugs of Bf, taken from a 20-day old culture grown on Tryptic Soy Agar adjusted to pH 8 (TSA; Oxoid Ltd., Hampshire, England), were placed 2 cm from the edge of the plate around the fungus, forming a quadrant. Control plates were inoculated with either the fungus or bacteria alone. Each treatment was replicated 5 times and the bioassay was conducted three times. Plates were incubated in darkness at 25°C for 8 - 15 days. Compatibility was determined when colonies were close to merging. Direct inhibition zones and radial growth was then measured and compared with colony growth on the control plates. Using a light microscope at magnification of up to 400 ×, morphological changes in the antagonists were examined.

18.4 F. oxysporum colonization dynamics over time

Four week old banana plantlets were transplanted into 14 cm diameter plastic pots containing 1 kg of sterile soil (section 2.1). Immediately after transplanting, a suspension of 5×106 spores/5 ml of FO162 was applied into four holes placed 2 cm from each plant. The same inoculation procedure was repeated two weeks after transplanting to ensure high colonization. Pots were arranged in a completely randomized block design in a glasshouse at 26 ± 3°C. Plants treated with water were included as controls. Each treatment was replicated six times and the experiment was repeated twice. Groups of plants were harvested 1, 2, 3, 4 and 7 weeks after fungal inoculation and root colonization by FO162 was determined as described in section 2.2.

18.5 Effect of inoculum density on F. oxysporum root colonization

In order to determine the impact of inoculum density on the colonization of FO162, a pot trial was conducted in sterile soil (section 2.1) in a climate chamber (MISA S.p.A., Roma, Italia) at 28 ± 2°C, approximately 67% humidity and 16 hours of supplemental artificial light per day. 

Immediately after transplanting, plants were inoculated with 5 ml of a suspension of FO162 at a concentration of 2.5, 5.0 and 7.5× 106 and 1 × 107 spores/plant applied into four holes, each 1 cm in diameter and 2 cm deep around the plant base. Plants treated only with water served as controls. Each treatment was replicated 8 times and the experiment was conducted twice. Eight weeks after fungal inoculation, the experiment was terminated and FO162 colonization was assessed (section 2.2).

18.6 Effect of the application form on F. oxysporum colonization and distribution in the roots

Four application forms were tested to optimize FO162 banana root colonization on 4 weeks old banana plantlets in a glasshouse experiment.

The application forms were:

Plantlets in the seedling trays (24 cells, 35 cm × 22cm) were inoculated with a 5 ml FO162 suspension containing 5 × 106 spores/plant 1 and 3 weeks before final transplanting. The inoculum was added in holes around the plantlets.

The planting soil was inoculated with a 5 ml FO162 suspension containing 5 × 106 spores/kg soil immediately after transplanting and then again two weeks later. The suspension was added in 5 holes, 2 cm from the base of the plant into 14 cm diameter plastic pots.

A 10 ml suspension of FO162 at a concentration of 1 × 107 spores/kg soil was mechanically incorporated into a large amount of soil in a large container. Pots were them filled with 1 kg of the treated soil, followed by immediate transplanting of a banana plant per pot.

A 10 ml suspension of FO162 at a concentration of 1 × 107 spores was mixed with 20 g sterile seedling substrate as a source of organic matter (Einheitserde, Type ED 73; Gebr. Patzer KG, Sinntal, FRG, Germany) passed through a 5 mm mesh sieve. The inoculated organic matter was then mechanically incorporated into a large amount of soil at 20g organic matter/kg soil. Pots were filled with 1 kg of the inoculated mixture, follow by transplanting.

Pots were arranged in a completely randomized design on a glasshouse bench at 24 ± 5 °C. All treatments were replicated 8 times and experiments were conducted twice. Plants were harvested after eight weeks and growth parameters and FO162 colonization were determined (section 2.2).

The distribution of FO162 in the colonized root was studied only in the plants inoculated twice with 5 × 106 spores/plant in the seedling tray (treatment 1) and the plants transplanted into soil inoculated one time with 10 × 106 spores/ kg of soil (treatment 3). Single roots were cut in 1 cm long segments, starting from the plant base until the root tips. Ten segments from the same distance and from each plant were placed on Petri dishes containing 100% PDA supplemented with 150 mg l-1 solution of streptomycin sulfate and chloramphenicol. Root colonization was evaluated as described in section 2.2. A total of 80 segments per distance were examined to calculate the percent of colonization.

18.7 Effect of P. lilacinus or B. firmus on F. oxysporum colonization

The possible adverse effect of PL251 or Bf on the level of colonization of FO162 in banana roots in non-sterile soil was evaluated under glasshouse conditions. Evaluation of this interaction was done by re-isolating FO162 from the same banana plants used to determine biocontrol of R. similis with co-application FO162 and Pl251 or FO162 and Bf as described in chapter 5, section 2.7.1 and 2.7.2. 

The non-sterile soil was inoculated one week before transplanting with 1.8 × 107 conidia/g dry soil of PL251 or 2.0 g/k soil of Bf-106 formulated product and then inoculated with 1000 R. similis added in 4 holes around the centre of the pot. Eight week old banana plantlets inoculated with FO162 at a rate of 5 × 106 spores/plant 2 and 4 weeks before transplanting were them transplanted into 14 cm in diameter plastic pots containing 1 kg soil. Plants treated with water served as controls. Pots were arranged in a completely randomized design on a glasshouse bench at 27 ± 6 °C. Each treatment was replicated 8 times and the experiment was conducted twice. 

Plants were harvested 8 weeks after transplanting. Root colonization was determined by placing three 1 cm long pieces from each root on a Petri plate containing 100% PDA as describe in section 2.2. A total of 30 root segments per plant were examined to calculate percent colonization.

19 Results

19.1 In vitro compatibility between F. oxysporum, P. lilacinus and B. firmus
Compatibility of the biocontrol agents FO162, PL251 and Bf with each other was demonstrated using a dual inoculation on PDA. In dual culture, colonies of FO162 and PL251 resulted in neutral intermingling (Figure 1). 

I eliminated this picture to make the file smaller
Figure 1. Compatibility of Fusarium oxysporum strain 162 (FO), Paecilomyces lilacinus strain 251 (PL) and Bacillus firmus (Bf) on potato dextrose agar plates after incubation in darkness for 10 days at 25°C. A) FO alone, B) PL alone, C) Bf alone, D) FO + PL, E) FO + Bf and F) PL + Bf.

The interaction between both fungi and Bf was also studied. In this case, FO162 and PL251 overgrow Bf (Figure 1). Bf growth did not exceed 1 mm beyond the initial amount of bacterial streaked or a 3 mm distance when the bacterial was transferred using TSA plugs. Observations under light microscope reveled that no morphological changes in FO162 or PL251 mycelium where induced by the presence of each other or Bf. 

19.2 F. oxysporum colonization over time

Root colonization by FO162 increased significantly over time. Regression analysis demonstrated a positive relationship (R2=0.973; P<0.0001) between FO162 root colonization and time after inoculation (Figure 2). Root colonization by FO162 increased from 3.0% to 9% one and two weeks after inoculation to 44.4% after 7 weeks. No endophytic FO162 growth was detected in the control plantlets.
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Figure 2. Percent colonization of Fusarium oxysporum strain 162 in banana roots 1, 2, 3, 4 or 7 weeks after two fungal inoculation. Vertical bars represent standard error of the mean values. Columns with different letters are significantly different according to the LSD test at P ≤ 0.05; n = 12. (*** significant at P < 0.0001).

19.3 Effect of inoculum density on F. oxysporum root colonization

Colonization of FO162 increased significantly after 8 weeks with increasing inoculation density (Figure 3). The correlation between inoculum density and endophytic colonization is explained by a significant linear regression (R2 = 0.953; P < 0.0001). The level of endophytic colonization after 8 weeks ranged between 23.6% and 51.9% at the low and high inoculum densities, respectively. 
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Figure 3. Effect of inoculum density on Fusarium oxysporum strain 162 colonization in banana roots 8 weeks after fungal inoculation. Vertical bars represent standard error of the mean values. Columns with different letters are significantly different according to the LSD test at P ≤ 0.05; n = 16. (*** significant at P<0.0001).

19.4 Effect of the application form on F. oxysporum distribution in the roots and colonization

FO162 colonized over 38% of the banana root regardless of inoculation form (Figure 4). However, the inoculation form used had a clear and significant effect on the level of endophytic colonization 8 weeks after inoculation. The highest level of colonization was detected in plants transplanted into soil or soil supplemented with organic matter where the inoculum of FO162 was mechanically incorporated (48.6% and 60.8%, respectively). Non significant differences in the percentage of colonization were detected between plants treated twice with 5 × 106 spores of FO162 in the seedling trays and plants treated with the same amount of inoculum in the pots (38.0% and 37.7%, respectively).
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Figure 4. Effect of different application forms on the capacity of Fusarium oxysporum strain 162 to colonize banana roots after 8 weeks. y fungal was injected twice at a concentration of 5 × 106 spores/plant, z fungal was incorporated into the soil at a concentration of 1 × 107 spores/plant. Vertical bars represent standard error of the mean values. Columns with different letters are significantly different according to the LSD test at P < 0.001; n = 16.

FO162 was able to colonize the entire root system from the base of the corm to the root tip (Figure 5 A-B). Root colonization by FO162 in plants inoculated in the seedling trays was concentrated in the first 5 cm from the base, considered the pathozone (R2 = 0.859; P < 0.0001). Colonization ranged from 72% and 91% between 0 to 5 cm from the corm base to 12% to 1.7% at 13 to 20 cm (Figure 5A). When FO162 was mechanically incorporated into the soil, root colonization was better distributed over the 20 cm root length and near the tips (R2 = 0.751; P<0.0001), ranging from 69.0% close to the corm base to 29% at the 20 cm long and 4.3% near the root tips (Figure 5B). In both cases, very low colonization was observed near the tips. The tips which are fast growing were colonized but only at low levels.
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Figure 5. Distribution of Fusarium oxysporum strain 162 in the first 20 cm and in root tips of colonized banana roots 8 weeks after fungal inoculation. Fungal inoculum at a concentration of (A) 5.0 × 106 spores/plant was injected twice around the plant in the seedling trays and (B) 10 × 106 spores/plant was mechanically incorporated into the soil. Vertical bars represent standard error of the mean values. (*** significant at P<0.0001; n = 160).

19.5 Effect of P. lilacinus or B. firmus on F. oxysporum colonization

The ability of the mutualistic endophytic FO162 to colonize banana roots was slightly reduced but not significantly in the presence of PL251 or R. similis (Figure 6). Root colonization decreased non-significantly from 44.4% when FO162 was applied alone to 31.5% in the combined treatment with Pl251 and R. similis 10 weeks after two fungal inoculations.
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Figure 6. Effect of Paecilomyces lilacinus strain 251 (PL) or Radopholus similis (Rs) or their combination on the colonization ability of Fusarium oxysporum strain 162 (FO) in banana roots after two fungal inoculations. Vertical bars represent standard error of the mean values. n.s. = no significant, according to the LSD test (P ≤ 0.05, n = 16).

Neither the presence of B. firmus, nor R. similis or their combination affected colonization of FO162 in banana roots (Figure 7). Root colonization after 10 weeks increased from 37.8% when FO162 was applied alone to 44.30% in the combined treatment with B. firmus without nematodes.
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Figure 7. Effect of Bacillus firmus (Bf) or Radopholus similis (Rs) or their combination on the colonization ability of Fusarium oxysporum strain 162 (FO) in banana roots after two fungal inoculations. Vertical bars represent standard error of the mean values. n.s. = no significant, according to the LSD test (P ≤ 0.05, n = 16).
20 Discussion

20.1 In vitro compatibility between F. oxysporum, P. lilacinus and B. firmus
The compatibility between biocontrol agents with different modes of action and their ability to enhance the biocontrol of plant-parasitic nematodes are extremely important factors. In the present study, no evidence of negative effects of FO162, Pl251 or Bf on the growth of each other on 10 or 100% PDA medium was observed. There was a clear indication that none of the fungi nor Bf produced diffusible metabolites that act antagonistically or inhibit the growth of the other antagonists. Rumbos (2005) tested the in vitro interactions between Paecilomyces lilacinus strain 251 and P. fumosoroseus, Trichoderma harzianum, T. virens, Pochonia chlamydosporia, Clonostachys rosea, Gliocladium cantenulatum and Lecanicillium lecanii. He determined that no negative interaction between P. lilacinus and the other antagonistic fungi tested was found at optimum growing conditions. In another study, Stahl and Christensen (1992) investigated the in vitro interaction between P. lilacinus and six members of the soil fungal community and reported that neutral intermingling of the interacting hyphae or deadlock were the outcomes of the tested fungal pairings. 

20.2 F. oxysporum colonization over time

Successful colonization of roots by FO162 in this study confirms previous findings that banana is a suitable host permitting growth of this endophytic fungus originally isolated from tomato (Vu et al., 2006). This study demonstrated that the endophytic colonization by FO162 is a continuous process over four weeks after inoculation, during which colonization reached 39%. After this time period, the levels of colonization continue increasing, but not significantly. Similar levels of colonization with FO162 in banana were obtained by Vu (2005) 4 weeks after fungal inoculation. Paparu et al. (2006) who studied the colonization pattern of F. oxysporum strain III4w1 and V2w2 in banana demonstrated that 47.5% and 64.9% colonization were obtained after four weeks, respectively. The level of endophytic colonization of Fusarium strains varied from strain to strain and is also influenced by type of banana cultivar (Speijer, 1993; Hallmann and Sikora, 1994; Pocasangre, 2000; Niere et al., 1999; zum Felde et al., 2006; Vu, 2005).

20.3 Effect of inoculum density on F. oxysporum root colonization

The influence of inoculum density on the level of root colonization by FO162 was investigated in this study. Significant differences were found in the percent colonization with the different doses of FO162. The results demonstrated that there is a relationship between inoculum density and percent root colonization in each stage of plantlet growth. A similar relationship between inoculum density and colonization was also demonstrated by Olivain et al. (2006), who evaluated endophytic colonization of tomato by F. oxysporum strain Fo18 and Fo47. This dose-colonization relationship has been used by Larkin and Fravel (1999) to characterize the mechanisms of action involved in endophytic non-pathogenic F. oxysporum for the control of wilt disease of tomato. The control of Fusarium wilt by non-pathogenic strains was also shown to be related to the dose of the biocontrol agent and its ability to colonize the root (Larkin et al., 1996; Larkin and Fravel, 1999; Olivain et al., 2003).

20.4 Effect of the application form on F. oxysporum distribution in the roots and colonization

In the present study, better endophytic distribution of FO162 in the root was observed when the fungus inoculum was mechanically incorporated into the soil or soil supplemented with 2% organic matter. This indicated that good colonization is associated with the presence of the fungus throughout the soil and not by movement through the endorhiza. The results also showed clearly that FO162 is unable to growth quickly along the root as banana root growth takes place. Therefore, a good distribution and establishment of FO162 in the soil is required for continous root colonization. These observations are in agreement with the results of Turlier et al. (1994) who studied endophytic colonization of Fusarium oxysporum f. sp. lini in roots of Linum usitatissimum in soil and in a hydroponic system. The authors observed better distribution of endophytic colonization in the root system, including the apical zone when plants were grown in a hydroponic system than in soil injected with the fungus.

When FO162 inoculum was injected into the soil around the plant stem, the highest level of endophytic colonization was recorded in the root near the corm, compared to the treatment where FO162 was mechanically incorporated into the soil. The former application technique delivered the total amount of inoculum around the corm; therefore colonization outside this area was lower. The results demonstrated that the growth rate of banana roots of up to 2.5 cm a day (Lecompte et al., 2003) is too rapid for the endophyte to effectively maintain pace and colonize younger root sections. This finding is in accordance with Paparu et al. 2006 who determined that higher root colonization of F. oxysporum strains V2W2 and III4wl was detected at the corm base. They inoculated the fungi by dipping the roots and rhizomes of banana plantlets in a spore suspension. Olivain et al. (2006) demonstrated that Fusarium oxysporum strains Fo47 and Fo18 colonized the taproot and the lateral roots of tomato plants as soon as they emerged, but the fungi never colonized the elongation zone or the apex of the root.

The organic soil amendment provides improved saprophytic growth conditions, enhancing establishment of the endophyte in the rhizosphere. Park (1959) demonstrated the high degree of competitive saprophytic ability of F. oxysporum, which is important for the successful colonization and establishment of this fungus in the soil. The positive effect of the organic matter in enhancement of the control of root-knot nematodes by nematophagous fungi also was observed when waste organic material was mixed into the soil (Villanueva and Davide, 1984). 

At present, the use of tissue-culture banana plants is an attractive alternative for rapid replacement of planting material on commercial banana farms. Tissue-culture plantlets could be transplanted into a FO162 inoculated soil amended with organic matter and left to acclimatize and grow in a nursery before being planted in the field without a significant increase of labor costs. Additional inoculation of the planting hole could increase colonization over time and control of nematodes.

20.5 Effect of P. lilacinus or B. firmus on F. oxysporum colonization

The application of biological control organisms in combination has often yielded better results than the organisms applied individually. To achieve this effect, positive non-competitive interactions between the involved biological control agents must exist. The results of this study demonstrated that the combined application of the non-pathogenic FO162 with PL251 or Bf did not affect the endophytic colonization by FO162. Although, there were no significant differences, the presence of Bf slightly stimulated the colonization of banana root by FO162. 

To achieve synergistic effects on root colonization, the involved biocontrol agents must be present in the soil for their early establishment in the root or root zone. This was not the case in the present work, where PL251 or Bf was incorporated into the soil 4 week after FO162 inoculation in the seedling trays. Simultaneous application of different strains of F. oxysporum or P. lilacinus with arbuscular mycorrhizal fungi resulted in a better mycorrhization process (Al-Raddad, 1995; Garcia-Romera et al., 1998; Fracchia et al., 2000; Diedhiou et al., 2003; Rumbos et al. 2006). The compatibility of F. oxysporum strain 162 and the arbuscular mycorrhizal fungus Glomus coronatum was demonstrated by Diedhiou et al. (2003) in studies to control Meloidogyne incognita infection of tomato. The authors showed that both agents colonize the same habit within the rhizosphere and rhizosplane, and that FO162 stimulated the mycorrhization process. 

21 Conclusions

Successful colonization of banana roots by FO162 under different conditions was demonstrated in this study. The results led to the following conclusions:

No evidence of adverse effects of FO162, Pl251 or Bf on the growth of each other was observed in vitro. This demonstrated compatibility between biocontrol agents.

Root colonization by FO162 is a continuous process over the first four weeks after inoculation. After this time period, colonization did not increase significantly.

A clear relationship between inoculum density and percent root colonization by FO162 was demonstrated. The highest level of colonization was reached when plants were treated with 10 × 106 spores per plant. 

The application form has a clear effect on the level of root colonization by FO162. 

Better endophytic distribution of FO162 in the root was observed when the fungus inoculum was mechanically incorporated into the soil.

Additional organic matter improved FO162 saprophytic growth conditions, resulting in the highest level of root colonization.

The presence of PL251 or Bf did not affect the endophytic colonization by FO162 in vivo.
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BIOLOGICAL CONTROL OF THE BURROWING NEMATODE RADOPHOLUS SIMILIS IN BANANA BY SINGLE OR COMBINED APPLICATIONS OF THE ANTAGONISTS FUSARIUM OXYSPORUM STRAIN 162, PAECILOMYCES LILACINUS STRAIN 251 OR BACILLUS FIRMUS
23 Introduction

Nematode control requires integrated pest management strategies that are effective, sustainable and environmentally friendly. Management of banana nematodes in commercial systems is reliant only on highly toxic nematicides (Moens et al., 2004; Gowen et al., 2005), whereas, small farmers rely on the use of cultural methods what are not very effective (Speijer et al., 1999). Expansion of the management number of tools available for integrated control is therefore important if reliance on pesticides is to be reduced over time.

The use of the nematode antagonistic fungus, Fusarium oxysporum, a mutualistic endophyte of banana is considered an important alternative to enhance biological control of Radopholus similis and increase in yield (Pocasangre, 2000; Niere et al., 2001; Vu, 2005; Menjivar, 2005; Mendoza and Sikora, 2008). Vu et al. (2006) demonstrated that banana plants biologically enhanced with F. oxysporum strain 162 reduced the penetration of R. similis by induce systemic resistance. Similar effects were found in banana when other F. oxysporum strains were used for the control of R. similis (Pocasangre, 2000; Niere et al., 1999; 2001; Vu el at. 2006; zum Felde et al., 2004; Menjivar, 2005; Athaman et al., 2006).

Paecilomyces lilacinus strain 251, a well known fungal pathogen that attacks nematode eggs, as well as stationary and mobile nematodes is currently used as a biological control agent against plant-parasitic nematodes under glasshouse and field conditions. The use of Paecilomyces lilacinus 251 to control plant-parasitic nematodes has been studied extensively, in particular for: Meloidogyne incognita (Jatala et al., 1980; Davide and Batino, 1985; Dube and Smart, 1987; Kiewnick and Sikora, 2006), Meloidogyne javanica (Holland, et al., 1999; Siddiqui et al., 2000; Khan et al., 2006b), Meloidogyne arenaria (Gomes Carneiro et al., 1991); Radopholus similis (Sosamma, et al., 1994; Mendoza et al., 2004; 2007; Khan et al., 2006b; Mendoza and Sikora, 2008); Globodera rostochiensis (Davide and Zorilla, 1983; Villanueva and Davide, 1983) and Heterodera spp. (Nigh et al., 1980; Khan et al., 2006b).

Bacillus firmus isolated from an agricultural soil in Israel is the active agent of the bionematicide Bionem-WP (Keren-Zur et al., 2000). The efficacy of this bionematicide for the control of different nematodes, in particular root-knot nematodes in glasshouse and field conditions (Giannakou et al., 2004; Blachinsky et al., 2007; Mendoza and Sikora, 2008) and species of Helicotylenchus and Tylenchorhynchus in golf greens (Wick, 2006), Radopholus similis and Ditylenchus dipsaci in in vitro experiments (Mendoza et al., 2008) has been investigated.

The treatment of transplants with combinations of different biocontrol agents with different mode-of-action is an approach that could increase effectiveness of integrated nematode management program. For example, using: 1) fungal endophytes that adversely affect penetration, development and reproduction of nematodes in the endorhiza after penetration; 2) fungi that attack eggs, stationary and mobile nematodes in the soil and 3) bacteria that produce bioactive compounds that control nematodes in the soil to manage plant-parasitic nematodes have potential (Sikora et al., 2007).

The aims of the following studies were to:

1. Determine the dose-response of two formulations of B. firmus against R. similis.

2. Evaluate the effect of sequential applications of P. lilacinus strain 251 on R. similis root infection and reproduction.

3. Determine additive or synergistic effects of dual applications of F. oxysporum strain 162 with P. lilacinus strain 251 or B. firmus on biocontrol activity.
4. Determine additive or synergistic effects of combined applications of P. lilacinus and B. firmus on biocontrol activity.
24 Materials and Methods

24.1 Microorganisms

The mutualistic endophyte Fosarium oxysporum strain 162 (FO162) originally isolated by Hallmann and Sikora (1994), the product Bioact® WG based on Paecilomyces lilacinus strain 251 (PL251) and Bionem-WP (Bf) based on Bacillus firmus were used in this study (Chapter 2, section 1). A mixture of males, females and juveniles of R. similis, harvested from 6-8 week old carrot disks with sterile water were used as inoculum. R. similis was originally isolated from bananas roots in Uganda and reared on carrot disks (Chapter 2, section 2.1). 

In vitro propagated plantlets of banana, Musa AAA cv. ‘Grande Naine’, acclimatized for 8 weeks in a climate chamber and fertilized as required were used in all experiments (Chapter 2, section 3.1). In all the experiments, plants and inoculated soil were given 16 h supplemental artificial light per day and temperature was controlled automatically either in a climate chamber or glasshouse.

24.2 Substrate

Plastic pots (14 cm in diameter) filled with 1 kg autoclaved or pasteurized soil:sand mixture (1:1 v:v) passed through a 2 mm mesh sieve, were used in all experiments. The field soil was a silty loam (77.6% silt, 14.6% clay, 7.8% sand) with a pH of 5.2 and organic matter content of 0.97%. The soil:sand mixture, designated in this study as soil was autoclaved at 121°C at 1.0 atm. for 2 h or pasteurized at 70°C for 6 h, two weeks before experiment begin. In both cases, the soil was aired 48 h before use.

24.3 Extraction of nematodes from root samples and the pot soil

To determine nematode penetration, the root system of every single plant was gently washed with tap water to remove the soil and later dried with paper towels. The entire root system was separated from the shoot and fresh weight of the root and shoot was determined. The length of the banana roots was measured by using a scanner (AGFA, Model SNAPSCAN TPO) and the WinRhizo software (Ver. 5.1; Regent Instruments, Canada). Afterwards, the roots were submerged in a staining solution containing lactic acid and fuchsin at 0.1% and then heated in microware for 2 minutes to stain the nematodes inside the roots (Ferris, 1985). The roots were washed free of stain, chopped into small pieces of approximately 4 mm length and macerated in water using an Ultra-Turrax (IKA-WERKE, Staufen, Germany) at 11.000 U/min. The macerated solution was placed in a graduated cylinder and adjusted to 100 ml with tap water. The contents of the cylinder were shaken and an aliquot of 10 ml removed to count nematodes using a stereomicroscope at 100 × magnification. Nematode population density per root system and per gram of root was determined for each plant.

To extract R. similis from soil, 100 g soil from each pot of all treatments inoculated with R. similis were suspended in 250 ml tap water followed by wet sieving through a 20 (m sieve. Nematodes were collected, transferred to a counting chamber and enumerated with the aid of a stereomicroscope (100 × magnification).

24.4 Dose-response of R. similis to B. firmus
Two wettable powder formulations of Bacillus firmus, designated in this study as Bf-125 and Bf-106 were tested for the control of R. similis. Bf-125 and Bf-106 at a concentration of 0.5, 1.0, 1.5 g/k soil and 1.5, 2.0, 2.5 g/k soil, respectively, were mechanically incorporated into the autoclaved soil (Section 2.2) one week before planting banana plantlets. After incorporation, 1 kg soil was filled into 14 cm diameter plastic pots and moistened to field capacity. The pots were then inoculated with a 5 ml tap water suspension containing 1000 mixed stages of R. similis multiplied on carrot disks (Chapter 2, section 2.1). The nematode suspension was inoculated into four holes, each 1 cm diameter and 2 cm deep made near the center of the pot. Experimental pots were covered with plastic wrap to prevent drying and were incubated for one week at 28 ± 2°C in a glasshouse before transplanting bananas into the pots.

One, 8 week old acclimatized banana plantlet (chapter 2, section 3.1) was transplanted into each pot and the experiment arranged in a completely randomized design on a glasshouse bench with a daily mean temperature of 28 ± 2°C. Plants treated with water or only inoculated with nematodes served as controls. Treatments were replicated 8 times and the experiment was conducted twice. The plants were harvested 3 weeks after planting and fresh and shoot weight as well as nematode penetration were determined as described in section 2.3.

24.5 Effect of sequential applications of P. lilacinus on R. similis penetration

To determine the effect of successive applications of PL251 on R. similis penetration, 6 × 106 conidia/g dry sterile soil was combined in three treatments:
Pre-plant application: In all pre-planting treatments, PL251 was mechanically incorporated into a large amount of soil one week before transplanting.

Pre-plant and at-plant application: PL251 was incorporated into soil one week before as above and an additional 5 ml conidia suspension added into 4 holes at the time of transplanting.

Pre-plant, at-plant plus an additional seedling tray drench with 5 ml of the conidia suspension 24 hours prior to transplanting.
One thousand mixed stages of R. similis per 1 kg soil were inoculated immediately after the pre-plant application of Pl251 as described in section 2.4. The pots were moistened, cover with plastic wrap and incubated at 28 ± 2°C for one week in a glasshouse. Banana plantlets were then transplanted into the pots, and arranged in a completely randomized design on a glasshouse bench with a daily mean temperature of 28 ± 2°C. Plants treated with water and plants inoculated only with nematodes were included as controls. All treatments were replicated six times and the experiment was conducted twice. Plants were harvested 2 weeks after planting. Fresh root and shoot weight, root length, as well as nematode infection were recorded as described in section 2.3.
24.6 Effect of sequential applications of P. lilacinus on the second generation of R. similis
Sequential applications of PL251 at a rate of 6 × 106 conidia/g dry sterile soil were combined in a treatment. PL251 was applied as pre-plant, at-plant and as a plantlet drench as described in section 2.5. Immediately after the pre-plant application of PL251, each pot was inoculated with 1000 R. similis. Pots were moistened and acclimatized at 30 ± 1°C for one week in a climate chamber before transplanting. After transplanting the banana plants, pots were transferred to a glasshouse bench with a daily mean temperature of 28 ± 2°C. Plants treated with water or only inoculated with nematodes served as controls. Temperature at plants height was recorded and used to calculate the number of degree-days. Treatments were replicated six times and the experiment was conducted twice.

Plants were harvested after the required number of degree-days had been reached for R. similis to reproduce a second generation (Wilson and Barnett 1983). The hatch of juveniles from the eggs of the first generation occurred approximately 414 accumulated degree-days after transplanting, with a developmental threshold or base temperature of 20°C. Accumulated degree-days were calculated by subtracting the R. similis developmental threshold temperature of 20°C from the average mean glasshouse daily temperature.

	Degree-days =
	daily high + daily low tempertaure
	-  developmental threshold

	
	2
	


Banana plants were harvested and growth parameters and nematode infection were determined as described in section 2.3.

24.7 Effect of dual-applications of F. oxysporum, P. lilacinus or B. firmus on biocontrol efficacy

24.7.1 F. oxysporum and P. lilacinus
PL251 was applied at a concentration of 1.8 × 107 conidia/g soil and incorporated into the autoclaved soil one week before planting using an electrical hand mixer. One kg of the treated soil was filled into 14 cm in diameter plastic pots and moistened. Then 1000 mixed stages of R. similis in 5 ml of tap water were inoculated into four holes, each 1 cm in diameter and 2 cm deep and 2 cm from the center of each plastic pot. Pots containing soil treated only with water or inoculated only with nematodes were included as controls. The soil was then moistened to field capacity, covered with plastic wrap to prevent drying and incubated at 26 ± 3°C in a glasshouse for one week.

Banana plantlets growing in 35-well multi-pot trays were inoculated with FO162 at a rate of 5 × 106 spores/plant two and four weeks before transplanting. The inoculum was added to three holes, each 1 cm from the plant base. The 8 week old plants were transplanted into the 1 kg pot, which were then arranged in a completely randomized design on a glasshouse bench under the conditions previously described. Plants treated with water and plants inoculated only with nematodes or the fungi served as controls. Each treatment was replicated 8 times and the experiment was conducted twice. Plants were harvested 8 weeks after planting. Fresh root and shoot weight were determined. From each root, three 1 cm long segments were used to determine FO162 root colonization in the presence of Pl251 as described in chapter 4, section 2.2.

24.7.2 F. oxysporum and B. firmus
Bf-106 at a concentration of 2.0g/kg soil was applied and mechanically incorporated into a large quantity of autoclaved soil one week before introducing the banana plants. After incorporation, 1 kg of soils was added to 14 cm in diameter plastic pots and the soil moistened. A suspension containing 1000 R. similis in 5 ml of tap water was then immediately inoculated per pot as described in the previous experiment (section 2.7.1). The pots were then moistened to field capacity, covered with plastic wrap and incubated at 26 ± 3°C for one week in a glasshouse before transplanting of banana. 

Eight week old banana plants treated with FO162 were then transplanted into the pots and arranged in a completely randomized design on a glasshouse bench. Plants treated with water and plants inoculated only with nematodes, the fungus or the bacterium served as controls. Treatments were replicated 8 times and the experiment was conducted twice. Plants were harvested 8 weeks after planting. Fresh root and shoot weight, as well as nematode penetration were determined as described in section 2.3.

24.8 Simultaneous applications of P. lilacinus and B. firmus
This test was designed to determine the effect of combined applications of PL251 and Bf-106 applied at-planting and post-planting on R. similis control after 8 and 18 weeks using pasteurized soil.

The experiments consisted of six treatments: 1) control, 2) R. similis control, 3) Rs + PL251, 4) Rs + Bf, 5) Rs + PL251 + Bf and 6) Rs + Mocap 20G at a concentration of 0.01g a.i./kg soil. Treatments were replicated 8 times and the experiment was conducted twice. Pots were then moistened to field capacity and arranged in a completely randomized design on a glasshouse bench at 26 ± 3°C.

24.8.1 At-planting application of biocontrol agents
PL251 at a rate of 1.8 × 107 conidia/g dry soil and Bf-106 at a concentration of 2.0g/kg soil were applied and mechanically incorporated into soil. After incorporation of the biocontrol agent into the soil, 1 kg of soil was added to 14 cm diameter plastic pots and the soil moistened. Eight week old acclimatized banana plants were transplanted into the pots and immediately inoculated with a mixture of stages of 1000 R. similis in 5 ml of tap water. Nematodes were inoculated as described in section 2.7.1.
24.8.2 Post-planting application of biocontrol agents

This test was conducted to determine the effect of adding the antagonists after R. similis infection. Eight weeks old banana plantlets were transplanted into the pots, followed by inoculation of 1000 R. similis (section 2.7.1). One week after nematode inoculation a 5 ml conidia suspension of PL251 (1.8 × 107 conidia/g dry soil) or Bf-106 (2.0g/kg) soil were applied into four separate holes, placed 2 cm from the plant.

For both application times, plants were harvested 8 and 18 weeks after R. similis inoculation. Eight plants from each treatment were examined for fresh root and shoot weight, as well as nematode penetration as described in section 2.3.

25 Results 

25.1 Dose-response of R. similis to B. firmus
Regression analysis revealed a negative relationship (P < 0.0001) between nematode penetration and concentration of B. firmus. Plants treated at all rates of Bf-125 or Bf-106 prior to transplanting had significantly lower numbers of R. similis in the roots than in the control (Table 1).

In both studies, the highest level of nematode control per root system and per g of root was observed in plants treated with the highest rate of Bf-125 or Bf-106. However, no difference in R. similis control was detected between medium and high dose treatments. Nematode control with Bf-125 at concentrations of 0.5, 1.0 or 2.0 g/kg was 77.2, 89.4 or 96.7%, whereas control with Bf-106 at concentrations of 1.5, 2.0 or 2.5 g/kg soil was 64.4, 86.2 or 97.9% (Table 1). 

Table 1. Effect of pre-plant application of two bionematicide formulations based on Bacillus firmus (Bf-125, Bf-106) at increasing concentrations on the number of Radopholus similis per root system, per gram root and on percent control 3 weeks after planting.
	Treatments
	Concentration

(g/kg soil)
	R. similis/root

system
	R. similis/g

root
	R. similis reduction/ g root (%)

	Bf-125
	0.5
	390.7 a
	61.6 a
	77.2

	
	1.0
	106.3 b
	28.7 b
	89.4

	
	1.5
	28.5 b
	8.9 b
	96.7

	Control
	
	1273.2 c
	269.8 c
	-

	R2
	
	0.927***
	0.675***
	0.682***

	Bf-106
	1.5
	487.5 a
	96.0 a
	64.4

	
	2.0
	154.8 b
	37.2 b
	86.2

	
	2.5
	26.3 c
	5.7 c
	97.9

	Control
	
	1273.2 d
	269.8 d
	-

	R2
	
	0.946***
	0.804***
	0.814***


Means in the same column followed by the same letter are not significantly different according to the LSD test (P ≤ 0.05; n = 16). *** R2 is high significant at P< 0.0001.
Bf-125 at the lowest concentration caused a significant increase in root and shoot fresh weight and root length. However, plant growth promotion was negatively affected with increases in Bf-125 concentrations in the soil (Table 2). Phytotoxicity in the form of leaf yellowing was observed in the treatments at the higher rates.

Treatments with Bf-106 did not affect root fresh weight and root length. Shoot fresh weight increased in all treatments, however, only the lowest concentration was statistically significant compared to both controls. In both experiments, non significant differences were detected between the absolute control and the R. similis inoculated control.

Table 2. Effect of pre-plant applications of two bionematicide formulations based on Bacillus firmus at increasing concentrations on root and shoot weight and root length of banana plants 3 weeks after planting under glasshouse conditions.

	Treatments
	Concentration

(g/kg soil)
	Root fresh weight (g)
	Shoot fresh weight (g)
	Root length

(m)

	Bf-125
	0.5
	6.34 ( 0.9 a
	15.17 ( 1.1 a
	21.86 ( 1.7 a

	
	1.0
	3.71 ( 0.1 bc
	9.51 ( 0.7 b
	14.62 ( 1.1 b

	
	1.5
	3.19 ( 0.5 c
	8.99 ( 0.3 b
	17.90 ( 0.5ab

	Absolute control
	
	4.72 ( 0.4 b
	9.91 ( 0.5 b
	16.10 ( 0.9 b

	R. similis control
	
	3.61 ( 0.7 bc
	8.53 ( 0.6 b
	15.93 ( 0.7 b

	P-value
	
	0.005
	0.001
	0.01

	LSD
	
	1.49
	2.09
	5.36

	Bf-106
	1.5
	5.08 ( 0.5
	12.44 ( 1.0 a
	15.89 ( 1.6

	
	2.0
	4.16 ( 0.9
	11.62 ( 1.6 ab
	15.97 ( 1.1

	
	2.5
	4.64 ( 0.1
	10.47 ( 0.9 abc
	13.00 ( 1.3

	Absolute control
	
	3.61 ( 0.3
	8.53 ( 0.4 c
	15.93 ( 0.8

	R. similis control
	
	4.72 ( 0.1
	9.91 ( 0.7 bc
	16.10 ( 0.3

	P-value
	
	> 0.05
	0.035
	> 0.05

	LSD
	
	n.s.
	2.20
	n.s.


Means in the same column followed by the same letter are not significantly different according to the LSD test (P ≤ 0.05; n = 16).

25.2 Effect of sequential applications of P. lilacinus on R. similis penetration

Three weeks after single or multiple applications of PL251, all treatments caused a significant decrease in nematode penetration (Table 3). Nematode control by PL251 in experiment I ranged from 52% to 92% and in experiment II from 41% to 85%. Multiple applications of PL251 performed better than the single application in both experiments. However, the difference in control using pre-plant and at-plant application was not significantly increased with an additional seedling drench (Table 3).

Table 3. Effect of multiple applications of 6 × 106 cfu/g soil of Paecilomyces lilacinus strain 251 on Radopholus similis penetration in banana root after 3 weeks under glasshouse conditions.

	
	
	Experiment I
	
	Experiment II

	Treatment
	
	R. similis/g root
	Reduction

(%)
	
	R. similis/g root
	Reduction

(%)

	Pre-plant application
	
	193 a
	52
	
	88 a
	41

	Pre-plant + at-planting application 
	
	74 b
	82
	
	51 ab
	66

	Pre- and at-plant + seedling drench
	
	33 b
	92
	
	23 b
	85

	R. similis control
	
	402 c
	-
	
	148 c
	-

	Absolute control
	
	-
	-
	
	-
	

	LSD (P ( 0.05)
	
	86.53
	
	
	41.58
	


Means in the same column followed by the same letter are not significantly different according to the LSD test (P ( 0.05; n=6).

All treatments led to an increase in root and shoot weight and root length compared to the nematode inoculated control. However, only PL251 applied pre- and at-planting or pre- and at-planting together with a plantlet drench were significantly different when compared to the nematode inoculated control (Table 4).

Root length decreased slightly in all the treatments over the absolute control, but not significantly when compared to the nematode inoculated control in experiment I. In experiment II, the treatment effects on root length were more variable when compared to the nematode inoculated and absolute controls. There was also a great deal of variability in the results of PL251, regarding to root and shoot fresh weight with no clear effect measurable (Table 4).

Table 4. Effect of multiple applications of 6 × 106 cfu/g soil of Paecilomyces lilacinus strain 25 on root and shoot weight and root length of banana plants 3 weeks after planting under glasshouse conditions.

	Treatment
	Root fresh weight

(g)
	Shoot fresh weight (g)
	Root length

(m)

	Experiment I
	
	
	

	Pre-plant application
	1.63 ab
	3.26 ab
	6.36 a

	Pre-plant + at-planting application 
	2.34 cd
	3.90 c
	6.48 a

	Pre- and at-planting + seedling drench
	2.67 c
	4.16 c
	7.03 a

	R. similis control
	1.34 b
	3.09 b
	4.20 a

	Absolute control
	2.10 ad
	3.80 ac
	10.48 b

	LSD (P ( 0.05)
	0.55
	0.58
	3.37

	Experiment II
	
	
	

	Pre-plant application
	2.72 ab
	5.12 a
	5.69 a

	Pre-plant + at-planting application 
	2.99 abc
	6.36 b
	8.61 b

	Pre- and at-planting + seedling drench
	3.40 c
	6.60 b
	10.13 b

	R. similis control
	2.61 b
	4.92 a
	5.66 a

	Absolute control
	3.24 bc
	6.83 b
	8.64 b

	LSD (P ( 0.05)
	0.58
	0.79
	2.7


Means in the same column followed by the same letter are not significantly different according to the LSD test (P ( 0.05; n=6).

25.3 Effect of sequential applications of P. lilacinus on the second generation of R. similis
When comparing the effect of single versus multiple applications of PL251 on the population dynamics of R. similis over time, significant control was detected in the number of nematode eggs per gram of root in all treatments compared to the nematode inoculated control (Table 5). In addition, significant differences in numbers of eggs per gram of root were found between single and the three multiple application treatments. Also, the number of nematodes recovered per g of root was significantly reduced compared to the single application of PL251 and the nematode inoculated control. The reduction of R. similis using pre-plant and at-plant application was not significantly increased with an addition seedling drench.

Table 5. Effect of multiple applications of 6 × 106 cfu/g soil of Paecilomyces lilacinus strain 251 on the reproduction and penetration of Radopholus similis in banana root under greenhouse conditions after 414 degree-days.

	Treatment
	Eggs/g root
	R. similis/g root
	Nematode

reduction (%) Y
	Reproductive 

index Z

	Pre-plant application
	2237.1 a
	5962.2 a
	3.9 a
	86.0 ± 33.5 a

	Pre-plant + at-planting application
	1534.5 ab
	3776.1 b
	39.1 b
	63.9 ± 27.5 b

	Pre- and at-planting + seedling drench
	943.6 b
	2970.0 b
	52.1 c
	5.8 ± 26.7 c

	R. similis control
	3295.0 c
	6201.8 a
	-
	105.2 ± 44.0 d

	LSD (P ( 0.05)
	951.0
	1752.9
	
	


Means in the same column followed by the same letter are not significantly different according to the LSD test (P ( 0.05; n=12).

Y
The percentage reduction was calculated using the number of R. similis/g root in the nematode-inoculated control as 100% penetration.

Z
Final number of R. similis (Nf) divided by the number inoculated (Ni).

The reduction of R. similis per g root was significantly different between treatments and ranged from 3.9% in the single application to 52.1% in the multiple application of PL251 (Table 5). Lowest numbers of R. similis per g of root were found for the two multiple application treatments. The decrease in nematodes and eggs was accompanied by a statistically significant reduction in the reproductive index (Table 5).

After seven weeks (414 degree-days at 28± 2°C) single or multiple applications of PL251 had no effect on root or shoot weight among all the treatments inoculated with R. similis. 

Table 6. Effect of multiple applications of 6 × 106 cfu/g soil of Paecilomyces lilacinus strain 251 on root and shoot weight of banana plants after 414 degree-days under greenhouse conditions.

	Treatment
	Root fresh weight (g)
	Shoot fresh weight (g)

	Pre-plant application
	15.4 a
	39.6

	Pre-plant + at-planting application 
	16.9 ab
	41.6

	Pre- and at-planting + seedling drench
	18.6 bc
	45.4

	R. similis control
	16.9 ab
	45.4

	Absolute control
	19.0 c
	44.7

	LSD (P ( 0.05)
	2.0
	n.s.


Means in the same column followed by the same letter are not significantly different according to the LSD test (P ( 0.05; n=12).

25.4 Effect of dual-applications of F. oxysporum, P. lilacinus or B. firmus on biocontrol efficacy

25.4.1 F. oxysporum and P. lilacinus 

Eight weeks after nematode inoculation, the number of R. similis per gram of roots was significantly reduced by FO162 and PL251 alone or in co-applications (Figure 1).
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Figure 1. Effect of single and sequential inoculation of Fusarium oxysporum strain 162 (FO) and Paecilomyces lilacinus strain 251 (PL) on Radopholus similis (Rs) penetration per gram of banana roots 8 weeks after transplanting under greenhouse conditions . Vertical bars represent standard error of the mean values. Columns with different letters are significantly different according to the LSD test (P ≤ 0.05; n = 16).
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Figure 2. Percent reduction of Radopholus similis density in banana roots treated with single or sequential applications Fusarium oxysporum strain 162 (FO) and Paecilomyces lilacinus strain 251 (PL) 8 weeks after transplanting under greenhouse conditions. Vertical bars represent standard error of the mean values. Columns with different letters are significantly different according to the LSD test (P ≤ 0.05; n = 16).

25.4.2 F. oxysporum and B. firmus
Application of FO162 and Bf-106 alone or in combination before transplanting gave significant control of R. similis (Figure 3). All treatments showed significant differences in the number of nematodes per gram of root compared with the nematode inoculated control, except the treatment where FO162 was applied alone and in a low concentration (5 × 106 spores/plant). Between low and high concentration of FO162 applied alone or in combination with B. firmus no significant differences on R. similis penetration were found (Figure 3).
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Figure 3. Effect of single and sequential inoculation of Fusarium oxysporum strain 162 (FO) and Bacillus firmus (Bf) on Radopholus similis (Rs) penetration in banana roots 8 weeks after transplanting under greenhouse conditions. The two concentrations of FO are expressed in spores/plant. Vertical bars represent standard error of the mean values. Columns with different letters are significantly different according to the LSD test (P ≤ 0.05; n = 16).

The greatest reduction in R. similis infection was achieved when FO162 was co-applied with Bf-106 (Figure 4). FO162 applied alone at the low or high rates reduced R. similis 32.7% and 43.3% respectively over the control. Where FO162 at both rates was applied with Bf, control of 77.1% and 86.2% was obtained respectively. R. similis densities were reduced significantly by 63.7% when Bf was inoculated alone.
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Figure 4. Percent reduction of Radopholus similis density in banana roots treated with single or sequential applications Fusarium oxysporum strain 162 (FO) and Bacillus firmus (Bf) 8 weeks after transplanting under greenhouse conditions. The two concentrations of FO are expressed in spores/plant. Vertical bars represent standard error of the mean values. Columns with different letters are significantly different according to the LSD test (P ≤ 0.05; n = 16).

Co-application of FO162 and Bf-106 before planting has no significant effect on root fresh weight among treatments with antagonists. A significant reduction in root fresh weight compared to the absolute control however was observed (Table 7). Shoot fresh weights were significantly higher in the combined FO162 and Bf-106 treatment than in the absolute control or nematode inoculated control. Bf alone increased shoot weight significantly only over the nematode inoculated control.

Table 7. Effect of individual or sequential applications of Fusarium oxysporum strain 162 and Bacillus firmus on root and shoot fresh weight of banana plants after 8 weeks under glasshouse conditions.

	Treatments
	Root fresh weight (g)
	Shoot fresh weight (g)

	Absolute control
	10.8 ( 0.9 a
	20.2 ( 0.9 a

	R. similis control (Rs)
	7.0 ( 0.6 b
	17.1 ( 0.4 b

	B. firmus (Bf) + Rs
	6.9 ( 0.6 b
	20.5 ( 0.9 a

	F. oxysporum (FO 5 × 106 spores/plant) + Rs
	6.9 ( 0.3 b
	18.8 ( 0.8 ab

	F. oxysporum (FO 1 × 107 spores/plant) + Rs
	6.4 ( 0.2 b
	18.4 ( 1.1 ab

	FO 5 × 106 spores/plant + Bf + Rs
	8.2 ( 0.5 bc
	25.7 ( 0.7 c

	FO 1 × 107 spores/plant + Bf + Rs
	9.2 ( 0.5 ac
	25.8 ( 0.7 c

	P-value
	< 0.0001
	< 0.0001

	LSD
	1.56
	2.26


Means in the same column followed by the same letter are not significantly different according to the LSD test (P ≤ 0.05; n = 16).

25.5 Simultaneous applications of P. lilacinus and B. firmus 

Individual or combined application of PL251 and Bf-106 applied at-planting or one week after transplant reduced significantly the number of R. similis in the soil and in the banana root 8 and 18 weeks after nematode inoculation. Chemical control with Mocap G20 also controlled R. similis in all tests (Figures 5 A-B; Figures 6 A-B).

25.5.1 At-planting application of biocontrol agents
PL251 and Bf-106 applied simultaneously at-planting caused significant reductions in R. similis density in the soil or per g of root 8 and 18 weeks after nematode inoculation. The results obtained with simultaneous applications, were always higher than the individual application of each biocontrol agent. (Figures 5 A-B). Individual application of PL251 or Bf-106 had a significant effect on reduction of R. similis in soil and root compared to the nematode inoculated control. However, non significant differences were detected between individual applications of both biocontrol agents. 
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Figure 5. Effect of individual or simultaneous at-planting applications of Paecilomyces lilacinus strain 251 (PL) and Bacillus firmus (Bf) on Radopholus similis (Rs) in the roots of banana plants and in the soil (A) 8 weeks and (B) 18 weeks after nematode inoculation under greenhouse conditions. Vertical bars represent standard error of the mean values. Columns having the same small or capital letters are not significantly different according to the LSD test (P< 0.05; n = 16).

The nematicide Mocap G20 caused the highest level of nematode control at both harvesting time. However, the effect of this chemical nematicide was not significantly different from the effect obtained by the combination of PL251 or Bf-106 (Figure 5 A-B).

Root fresh weights and root length at both harvesting time were negatively affected by R. similis and those treatments involving biocontrol agents (Table 8). 

Table 8. Effect of individual or simultaneous at-plant applications of Paecilomyces lilacinus strain 25 and Bacillus firmus on root weight, shoot weight and root length of banana plants under greenhouse conditions at 26± 2°C.

	Treatment
	Root fresh weight

(g)
	Shoot fresh weight

(g)
	Root length

(m)

	8 weeks after application

	R. similes control (Rs)
	9.6 ( 0.90 ab
	20.9 ( 2.10 a
	13.3 ( 0.50 ab

	P. lilacinus 251 (PL) + Rs
	8.5 ( 0.64 bc
	21.2 ( 2.34 a
	11.5 ( 1.08 b

	B. firmus (Bf) + Rs
	6.5 ( 0.74 c
	32.5 ( 2.38 b
	6.4 ( 0.80 c

	PL + Bf + Rs
	8.7 ( 0.62 ab
	34.2 ( 2.73 b
	6.6 (0.82 c

	Mocap + Rs
	10.6 ( 0.80 ad
	25.1 ( 1.87 a
	14.8 ( 0.88 a

	Absolute control
	12.1 ( 0.52 b
	23.0 ( 1.44 a
	14.2 ( 0.53 a

	P-value
	< 0.0001
	0.0025
	< 0.0001

	LSD
	1.99
	6.77
	2.25

	18 weeks after application

	R. similes control (Rs)
	12.6 ( 1.00 a
	30.0 ( 3.20 a
	17.4 ( 1.34 ab

	P. lilacinus 251 (PL) + Rs
	12.7 ( 0.96 a
	30.9 ( 3.18 a
	15.4 ( 1.61 ab

	B. firmus (Bf) + Rs
	11.6 ( 0.75 a
	41.8 ( 3.02 b
	10.7 ( 0.49 c

	PL + Bf + Rs
	12.9 ( 1.28 a
	46.2 ( 3.71 b
	14.2 ( 0.89 b

	Mocap + Rs
	17.1 ( 0.72 b
	31.7 ( 1.12 a
	17.8 ( 1.17 a

	Absolute control
	17.5 ( 0.77 b
	32.2 ( 2.40 a
	18.6 ( 1.21 a

	P-value
	< 0.0001
	0.0003
	0.0001

	LSD
	2.65
	8.17
	3.31


Means in the same column followed by the same letter are not significantly different according to the LSD test (P ( 0.05; n=16).

Z)
This treatment received nematodes, but no PL251or B. firmus.
Application of Bf-106 alone or simultaneosly with PL251 caused significant increases in shoot fresh weight after 8 and 18 weeks compared with both controls (Table 8). Neither the nematicide Mocap nor PL251 altered plant growth parameters compared with both controls.

25.5.2 Post-planting application of biocontrol agents

The individual or simultaneous application of PL251 and Bf-106 one week after transplanting in a soil infested with nematodes gave significant control of R. similis in the soil and in the root after 8 and 18 weeks. At both harvesting times, the combination of the biocontrol agents significantly increased the control of R. similis over the individual application. Between the simultaneous application treatment and the nematicide Mocap G20, no significant differences were observed (Figure 6 A-B).
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Figure 6. Effect of individual or simultaneous post-planting application of Paecilomyces lilacinus strain 251 (PL) and Bacillus firmus (Bf) on Radopholus similis (Rs) in the roots of banana plants and in the soil (A) 8 weeks and (B) 18 weeks after nematode inoculation under greenhouse conditions. Vertical bars represent standard error of the mean values. Columns having the same small or capital letters are not significantly different according to the LSD test (P< 0.05; n = 16).

Root fresh weight and root length significantly decreased 8 and 18 weeks after nematode inoculation when compared with the absolute control (Table 9). However, after 18 weeks no significant differences were observed.

Table 9. Effect of individual or simultaneous post-plant applications of Paecilomyces lilacinus strain 25 and Bacillus firmus on root weight, shoot weight and root length of banana plants under greenhouse conditions at 26± 2°C.

	Treatment
	Root fresh weight

(g)
	Shoot fresh weight

(g)
	Root length

(m)

	8 weeks after application

	R. similes control (Rs)
	14.3 ( 0.70 ab
	23.5 ( 1.10 ab
	19.1 ( 1.15 a

	P. lilacinus 251 (PL) + Rs
	14.2 ( 0.54 b
	23.0 ( 1.43 b
	18.7 ( 1.53 a

	B. firmus (Bf) + Rs
	16.8 ( 1.21 ac
	39.0 ( 2.36 c
	17.3 ( 1.38 a

	PL + Bf + Rs
	19.2 ( 1.14 ad
	40.7 ( 1.49 c
	20.3 ( 1.49 a

	Mocap + Rs
	17.5 ( 0.51 ad
	23.7 ( 1.15 ab
	24.1 ( 1.73 b

	Absolute control
	20.0 ( 0.99 d
	27.6 ( 1.54 a
	24.7 ( 1.77 b

	P-value
	< 0.0001
	< 0.0001
	0.0023

	LSD
	2.56
	4.46
	4.32

	18 weeks after application

	R. similes control (Rs)
	23.1 ( 2.60
	33.7 ( 3.90 a
	19.7 ( 1.46 ab

	P. lilacinus 251 (PL) + Rs
	23.0 ( 1.54
	39.8 ( 2.97 a
	20.7 ( 1.64 a

	B. firmus (Bf) + Rs
	24.0 ( 3.05
	39.9 ( 3.93 a
	14.7 ( 1.45 c

	PL + Bf + Rs
	28.5 ( 2.81
	59.2 ( 3.41 b
	16.5 ( 1.20 bc

	Mocap + Rs
	26.2 ( 2.48
	39. 5( 3.38 a
	18.7 ( 1.11 ab

	Absolute control
	25.2 ( 2.20
	37.3 ( 3.20 a
	20.9 ( 1.57 a

	P-value
	>0.05
	0.0001
	0.0182

	LSD
	n.s.
	9.87
	4.01


Means in the same column followed by the same letter are not significantly different according to the LSD test (P ( 0.05; n=16).

Z)
This treatment received nematodes, but no PL251or B. firmus.
Post-plant application of Bf, alone or in combination with PL251 increased significantly shoot fresh weight after 8 and 18 weeks over the controls. The individual applications of PL251 or Mocap were not significantly different when compared with the R. similis treatment or the absolute control (Table 9). The nematicide Mocap did not affect significantly the growing parameters when compared to the nematode inoculated control or the absolute control after 8 or 18 weeks.

26 Discussion

26.1 Dose-response of R. similis to B. firmus
Effective control of R. similis on banana at different application rates of both Bf formulations was clearly demonstrated in this study. In both cases, a clear dose-response relationship was observed between the concentration of Bf applied to the soil one week before transplanting and the level of nematode suppression after 3 weeks. 

Similar results were obtained by Giannakou et al (2004) after testing different concentrations of the same bionematicide based on Bacillus firmus. The authors demonstrated that pre-plant application in the range of 1.25 to 1.75 g per kg soil (calculated from 50-70 g of product applied in a 1 x 0.2 m band and incorporated into the upper 20cm) was needed to reduce root-knot nematode population density and increase yield. 

Bacillus is an industrially important genus capable of producing many different hydrolytic enzymes including cellulose, chitinase, collagenase, protease, as well as a number of antibiotics, aminos acids, pectides and proteins (Cody, 1998). Nematicidal activity demonstrated in this study is most likely due to inhibitory secondary metabolites produce by Bf. Wei et al. (2003) and Qiuhong et al. (2006) also showed the effects of secondary metabolites produced by Bacillus sp B16, B. nematocida and B. thuringiensis on the suppression of plant-parasitic nematodes, egg hatching and juvenile survival, as well as direct killing of nematodes. There is also a possibility that Bf established in the soil or organic matter produced further bioactive metabolites. This mechanism of control is considered important during the nematode infection process. The stimulating effect of adding organic amendments on the soil microbial activity was also reported by Giannakou et al (2004).

26.2 Effect of sequential applications of P. lilacinus on R. similis penetration and reproduction

Multiple applications of PL251 clearly increased control of R. similis. The highest reduction in nematode infection was achieved when 6 × 106 cfu/g soil was applied 3 times (before planting, at-planting and with an additional drench). Kiewnick and Sikora (2003; 2004) demonstrated that a concentration of 1 × 106 cfu/g soil or higher of PL251 applied at-planting was required to achieved a sufficient reduction in root-knot nematode damage. Rumbos et al. (2008) demonstrated that the application rate of PL251 does not affect the persistence of this biocontrol agent in the soil. The author suggested that repeated applications of PL251 are essential to maintain a population density high enough to achieve long term biocontrol.

The results of the present study demonstrated that multiple applications of PL251 before transplanting reduced significantly the number of nematodes surviving in the soil and resulted in reductions in the second generation of R. similis in banana with no associated phytotoxicity. Similar effects against different nematodes were observed in in vitro experiments (Cayrol et al., 1989; Zaki, 1994), greenhouse (Gomes and Cayrol, 1991; Khan et al., 2001; Devrajan and Rajendran, 2002; Mendoza et al., 2004; 2007; Khan et al., 2006b) and field conditions (Jatala et al., 1980; 1981; Davide, 1987; Davide and Zorilla, 1983; Gaspard et al., 1990). 

Apparently, P. lilacinus, as soon as it germinates and establishes in the soil, grows and disseminates quite rapidly, initiating biocontrol where it is applied before decreasing. Although P. lilacinus is considered mainly an egg pathogenic fungus, studies have showed that italso kills different stages of plant-parasitic nematodes (Jatala, 1986; Fatemy, 2000; Khan et al., 2006a; Mendoza et al., 2007).

26.3 Effect of dual-applications of F. oxysporum, P. lilacinus or B. firmus on biocontrol efficacy

26.3.1 F. oxysporum and P. lilacinus 

Results presented in this study clearly showed that co-application of the antagonistic endophyte FO162 and the egg pathogenic PL251 provided enhanced nematode protection and improved the consistency of R. similis biological control in banana. The results also demonstrated that co-application of biocontrol agents with different modes-of-action increased nematode control.

Enhanced nematode control of plants pre-inoculated with FO162 has been reported for banana (Vu, et al., 2006; Mendoza and Sikora, 2008) and tomato (Halmann and Sikora, 1994; Dababat et al., 2006). However, the combination of this strain with others biocontrol agents has not been studied. In this study, the co-application of FO162 and PL251 did not result in clear synergistic nematode control. Both biocontrol agents applied in combination however caused greater control of R. similis as compared to their individual effects. This is to be expected since FO162 inhibits nematode penetration in the root, facilitating the continued attack of P. lilacinus, which control eggs, stationary and mobile nematode in the soil. 

26.3.2 F. oxysporum and B. firmus
Co-applications of FO162 and Bf-106 controlled most effectively R. similis root infection, particularly in the dual application experiment in which FO162 was applied at high rates. The control of R. similis by the co-application of both agents might be explain first, by the presence of bioactive secondary metabolites in the applied product produced by Bf that have the potential to kill nematodes in soil. Second, the endophytic presence of FO162 inhibited nematodes penetration and development. Finally, those nematodes that remained alive in the soil, due to the presence of FO162 in the root were exposed to metabolites produced by Bf in the soil.

The co-application of both biocontrol agents not only resulted in better control of R. similis or minimized R. similis damage to the root, but also improved considerably shoot weight. FO162 did not promote banana growth in the present study. Similar results were presented earlier for other endophytic F. oxysporum isolates on banana and tomato (Pocasangre, 2000; Niere, 2001, Dababat, 2006; Vu et al., 2006).

The level of nematode control was not improved significantly by increasing the dose of FO162 from 5 × 106 to 1 × 107 spores/plant alone or in combination with Bf. Similar results were reported by Dababat (2006) who tried to improve the biological control of Meloidogyne incognita in tomato with increasing doses of FO162.

26.4 Simultaneous applications of P. lilacinus and B. firmus
26.4.1 At-planting application of biocontrol agents
PL251 and Bf-106 applied alone reduced nematode penetration significantly when compared to the nematode treatment. The combination of both biocontrol agents reduced nematode infection significantly over that achieved by PL251 or Bf when applied individually. It is interesting to note that PL251 and Bf-106 applied alone or together at-planting, markedly reduced nematodes in the root and in the soil after 8 and 18 weeks. The time of fungus introduction is as important factor in governing its efficacy. Cabanillas and Barker (1989) have also reported that P. lilacinus is more effective in protecting tomato against M. incognita when it is delivered before transplanting and or at transplanting than after plants are infected by nematodes. Similar results were obtained when tomato plants, immediately before transplanting, were dipped in P. lilacinus spore suspensions for 5 minutes Rao et al. (1998) or when the spore suspension was incorporated into the soil against M. incognita (Ekanayare and Jayasundara, 1994).

26.4.2 Post-planting application of biocontrol agents

A higher number of nematodes were recovered in treatments where PL251 and Bf were applied alone one week after transplanting banana plants. There results were expected since the establishment of a biocontrol agent in the root rhizosphere soil is a prerequisite for the control of endoparasitic nematodes. In previous studies, pre-plant and at-plant application of P. lilacinus strain 251 gave better control of R. similis than a post-plant application of the biocontrol agent in banana (Mendoza et al., 2007). In contrast, the interaction of PL251 and Bf-106 seems to insure the prevalence of both biocontrol agents in the root rhizosphere over time, which results in improved control of R. similis. It is interesting to note that PL251 and Bf-106 applied together post-planting, markedly reduced nematodes in the root and in the soil after 8 weeks and this inhibitory effect was still significantly detectable after 18 weeks. Similar results were obtained by Siddiqui et al (2002) with the combined application of the fungus Fusarium solani and the rhizosphere bacterium Pseudomonas aeruginosa for the control of Meloidogyne javanica in tomato over 6 and 12 weeks. Khan et al. (2006b) demonstrated capability of P. lilacinus and Monacrosporium lysipagum applied together to control R. similis in banana plants when the biocontrol agents were applied 2 and 10 weeks after nematode inoculation. In their experiment, the combined application of both biocontrol agents reduced R. similis up to 54% after ten weeks and 94% after eighteen weeks.

Studies conducted by Dube et al. (1987) demonstrated the effectiveness of combined applications of P. lilacinus and Pasteuria penetrans for the control of Meloidogyne incognita on tomato, tobacco and pepper. They regarded the combination of both agents with different mechanisms of action as the reason for the high suppression of M. incognita. Combined applications of P. lilacinus and Trichoderma harzianum for the control of M. incognita was investigated by Khan et al. (1997) and Khan et al. (2001). The authors proved that both nematophagous fungi applied in combination provide better control of M. incognita on tomato than the individual applications. 

The insecticide-nematicide Mocap G20, also effectively controlled R. similis infection. However, control was not statistically greater than the combination of two biocontrol agents. Similar finding were reported by Generalao and Davide (1986) and Tandingan and Davide (1986). The authors demonstrated that P. lilacinus controlled R. similis comparable to, and in some cases better than the nematicide Nemacur10G at 100 ppm.

Combinations of biocontrol agents for R. similis management, as demonstrated in this study, will be for example of interest to the growing of organic crops. For commercial banana producers, multiple applications of biological control agents to seedling could give effective control during the first cycle. However, other tools must be used to reduce nematode density in further plant cycles. Further experiments are needed to determine if multiple applications for enhanced nematode biological control is effective under field conditions over multiple cycles.

27 Conclusion

The biological control activity of individual or combined application of F. oxysporum strain 162, P. lilacinus strain 251 and B. firmus was studied. The result of this study led to the following conclusions:

1. A single application of Bf-125 or Bf-106 prior to planting was sufficient to reduce significantly R. similis penetration in banana roots. 

2. The level of R. similis reduction was improved by increasing the rate of B. firmus.

3. An increase in dose level over 0.5g or 1.5g of products Bf-125 or Bf-106, respectably, produced negative effects on plant growth.

4. Multiple applications of PL251 before and at-planting improved biocontrol of R. similis without affecting root or shoot fresh weight.

5. Sequential applications of FO162 with PL251 or with Bf-106 resulted in higher levels of control of R. similis than single applications of the biocontrol agents.

6. The level of R. similis control was not improved significantly by increasing the rate of FO162 from 5.0 × 106 to 1.0 × 107 spores per plant.

7. Simultaneous applications of PL251 and Bf-106 resulted in improved control of R. similis in the soil and in the root than individual application.

8. In all case, B. firmus alone or in combination with FO162 or PL251 increased significantly shoot fresh weight.

9. In general, the results obtained in this study demonstrated the validity of the hypothesis that combined application of biocontrol agents with different modes-of-action increase control efficacy and stability over time.
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EFFECT OF SUBSTRATE TYPE AND THE PRESENCE OF THE ANTAGONISTIC BACTERIA BACILLUS FIRMUS ON THE PERSISTENCE OF PAECILOMYCES LILACINUS STRAIN 251 OVER TIME

29 Introduction

Biological control of plant pests or pathogens is closely related to the establishment and persistence of the antagonistic organism at the target site (Larkin and Fravel, 1999; Howell, 2003). Therefore, understanding the population dynamics of a biological control agent in soil is an important aspect to predict the success of a biological control agent (Thomas et al., 1997; Savchuk and Fernando, 2004; Rumbos et al., 2008). 

The egg pathogen P. lilacinus strain 251 is one of the most studied biocontrol agents for the control of plant-parasitic nematodes (Jatala et al., 1980; Villanueva and Davide, 1984; Kiewnick and Sikora, 2003; 2004; 2006; Mendoza et al., 2007). The persistence of this biocontrol agent in soil under controlled conditions is generally low (Rumbos et al., 2008), therefore maintaining a threshold density of 1 × 106 cfu g-1 of soil is needed for effective biological control of root-knot nematodes in tomato and Radopholus similis in banana (Kiewnick and Sikora, 2003; 2004; Mendoza et al., 2007).

Many studies have demonstrated the possibility to manage plant-parasitic nematodes by combined applications of P. lilacinus with other important biocontrol agents, such as: mycorrhiza (Rao, et al., 1998; Rumbos et al., 2006), Monacrosporium lysipagum (Khan et al., 2006), Beauveria bassiana (Ekanayake and Jayasundara, 1994); Cylindrocarpon destructans (Freitas et al., 1995); Verticillium chlamydosporium (Gaspard et al., 1990a; 1990b); Simplicillium lamellicola (syn. Verticillium lamellicola) (Rodriguez-Kabana et al., 1984); Trichoderma harzianum (Khan et al., 2001); Pasteuria penetrans (Dube and Smart, 1987); Bacillus polymyxa (Khan and Akram, 2000) and Bacillus firmus (Mendoza and Sikora, 2008). The activity of PL251 in the soil, amended with chicken manure (Oduor-Owino and Waudo, 1996) and chitin (Culbreath et al., 1986), as well as the persistence of PL251 in the presence of nematodes and plants (Cabanillas et al., 1989; Rumbos, 2005; Rumbos and Kiewnick, 2006) also has been studied. However, limited information is available concerning the persistence of PL251 in different substrates when co-applied with other biocontrol agents. 

A strain of Bacillus firmus, isolated from soil in Israel, is the active biological agent in the commercial non-chemical nematicide, registered under the trade name BioNem-WP in Israel (Keren-Zur et al., 2000). The biocontrol effect of B. firmus against different plant-parasitic nematodes has been demonstrated under different conditions (Keren-Zur et al., 2000; Giannakou et al., 2004; Wick, 2006; Blachinsky et al., 2007; Mendoza et al., 2008). The combination of this antagonistic bacteria with other biocontrol agents with different mode-of-action could be considered as promising approach (Mendoza and Sikora, 2008).
The effect of sand and clay soil amended with different amounts of organic matter and the presence of the antagonistic bacteria B. firmus on the persistence of PL251 in soil is an important aspect that has not been studied. Therefore, the present studies were carried out to investigate: the effect of substrate type on the persistence of P. lilacinus strain 251 and the influence of B. firmus on the persistence of P. lilacinus strain 251 under controlled conditions.

Materials and Methods

29.1 Re-isolation of P. lilacinus
Samples of 10 to 15 g of the substrates were collected for every pot using a 10 mm diameter cork borer. At each sampling date, the substrate samples from all replicates of each treatment were pooled and a 5 g sub-sample was used to determine fungal density. The 5 g sub-sample was transferred to flasks containing 50 ml sterile demineralized water and shaken on a horizontal rotary shaker for 30 minutes at 170 rpm (Rumbos and Kiewnick, 2006).

Fungal population dynamics in the tested substrates were determined using a dilution plating method. Colony forming units (cfu) numbers were determined by plating 37.3 µl onto OHIO agar (Johnson and Curl, 1972) using a spiral plater (Eddy Jet, IUL Instruments, Germany). Three dilution plate replicates were prepared for each substrate sample. Following incubation for 5 and 10 days at 25 °C the number of PL251 colonies was counted and the cfu number per gram dry soil calculated. Identification of PL251 was based on morphological characteristics. No PL251 contamination was detected in the controls.

29.2 Effect of sand amended with organic matter on the persistence of P. lilacinus 

Sterile sand only and sterile sand amended with 0.5, 2, 5, 10, 25 and 50% (v/v) sterile seedling substrate as a source of organic matter (Einheitserde, Type ED 73; Gebr. Patzer KG, Sinntal, FRG, Germany) was used. The sand (<1 mm in diameter) and the seedling substrate passed through a 5 mm mesh sieve were autoclaved at 121 °C for 60 minutes. Two weeks after autoclaving, plastic bags containing the different substrates were opened to allow the substrate to dry at room temperature for 48 hours before experiment begin.

A powder formulation of PL251 containing 1.8 × 107 conidia per gram dry product weight was mechanically incorporated into sand or sand amended with different amounts of organic matter. 12 cm diameter plastic pots were filled with 630 g of each substrate and arranged in a randomised block design on a glasshouse bench for 210 days with a daily temperature average of 27.5 °C. Pots were watered daily to maintain soil moisture. Untreated substrates served as controls. Each treatment had three replicates and the experiment was conducted twice.

PL251 population dynamics in the substrates were monitored once a week over a period of 20 weeks and once again after 30 weeks. Samples were collected and cfu determined as described in section 2.1.

29.3 Effect of B. firmus on the persistence of P. lilacinus in sand amended with organic matter

The effect of Bf-106 on the persistence of PL251 was investigated in sterile sand or sand amended with 0.5, 2, 5, 10, 25 and 50% (v/v) sterile seedling substrate as described above (section 2.2).

A powder formulation of Bf-106 at a concentration of 2 g/kg soil was incorporated into the soil simultaneously with PL251 at a concentration of 1.8 × 107 conidia per gram dry soil. After the incorporation of both biological control products, 12 cm diameter plastic pots were filled with 630 g of each substrate. Pots were arranged in a randomised block design on a glasshouse bench for 210 days as described in section 2.2. Untreated substrates served as controls. Each treatment had three replicates and the experiment was conducted twice.

PL251 population dynamics in the substrates were monitored once a week over a period of 20 weeks and once again after 30 weeks. Samples were collected and cfu determined as described in section 2.1.

29.4 Effect of clay soil amended with organic matter on the persistence of P. lilacinus
Non-sterile clay soil passed through a 2 mm mesh sieve was amended with 0.5, 2 and 5% (v/v) non-sterile organic matter from composted banana waste. To produce this compost, leaves, shoots and roots from discarded banana plants were cut in small pieces and mixed with 1% seedling substrate (v/v) (Einheitserde, Type ED 73; Gebr. Patzer KG, Sinntal, FRG). The substrate was mixed mechanically once a week over 6 months and moisture was maintained approximately to 50% field capacity. After the materials were composted, the resulting organic matter was sieved through a 5 mm mesh to remove large particles and debris. 

PL251 at a concentration of 1.8 × 107 conidia per gram dry soil weight was mechanically incorporated into clay soil or clay soil amended with different amount of organic matter. Pots were filled with 630 g of each substrate and arranged in a randomised block design on a glasshouse bench for 210 days with a daily temperature average of 27.5 °C. Pots were watered daily to maintain soil moisture. Untreated substrates served as controls. Each treatment had three replicates and the experiment was conducted twice.

PL251 population dynamics in the clay soil were monitored very two weeks over a period of 20 weeks and once again after 30 weeks. Samples were collected and cfu determined as described in section 2.1.

29.5 Effect of B. firmus on the persistence of P. lilacinus in clay soil amended with organic matter

The effect of Bf-106 on the persistence of PL251 was investigated in non-sterile clay soil or clay soil amended with 0.5, 2 and 5% (v/v) non-sterile organic matter from composted banana waste as describe in section 2.4.

A powder formulation of Bf-106 at a concentration of 2 g/kg soil was incorporated into the soil simultaneously with PL251 a concentration of 1.8 × 107 conidia per gram dry soil. After the incorporation of both biological control products, 12 cm diameter plastic pots were filled with 630 g of each substrate. Pots were arranged in a randomised block design on a glasshouse bench for 210 days with a daily temperature average of 27.5 °C. Pots were watered daily to maintain soil moisture. Untreated substrates served as controls. Each treatment had three replicates and the experiment was conducted twice.

PL251 population dynamics in clay soil were monitored very two weeks over a period of 20 weeks and once again after 30 weeks. Samples were collected and cfu determined as described in section 2.1.

29.6 Statistical analysis

Values of cfu g-1 dry substrate were logarithmically transformed to ensure linearity of the decline data. Since all the data were normally distributed and the variance of the log cfu g-1 values were homogeneous, the data from the two experiments were pooled and one-way analysis of covariance (ANCOVA) was performed to compared the linear regression of the decline of the PL251 density in the different substrates (Zar, 1996). To determine significant differences between the regression coefficients of the linear regression, Turkey test was performed at P ≤ 0.05. When no significant differences between the regressions of the treatments were found, data were pooled and a common linear regression was generated to produce figures.

30 Results 

The population density of PL251 in sand or clay soil alone or amended with organic matter with or without B. firmus declined over time. Proliferation of PL251 was not observed and the decline in fungal density was strongly negatively correlated with time (Table 1 and 2). A linear model showed the best fit to describe the fungal population decline pattern.

30.1 Effect of sand amended with organic matter and the presence of B. firmus on the persistence of P. lilacinus
In the absence of B. firmus, the decline of PL251 was not improved by the amount of organic matter applied. There also were no significant differences between the regression coefficients of the linear regressions after the application of Bf-106 to organic matter amended substrates and the control. Coefficients of determination (R2) ranged from 0.866 to 0.930. The reduction of PL251 in cfu numbers recovered when compared to initial densities ranged from 81.7 to 99.0% after application to substrate with low and high amount of organic matter after 30 weeks, respectively (Table 1).

In the presence of B. firmus, the decline of PL251 was significantly reduced when the sand was amended with 50% organic matter (Table 1). The other treatments with different percentages of organic matter did not show significant differences compared control. The coefficients of determination (R2) ranged from 0.817 to 0.931 in the different treatments. The percent reduction of cfu numbers compared to initial densities ranged from 74.7% to 99.6% between the higher amount of organic matter and pure sand when B. firmus was present, respectively (Table 1).

Increasing the amounts of organic matter, in both experiments, reduced the PL251 decline in sand (Table 1). This effect was most evident in the treatments inoculated with B. firmus. However, significant differences were observed only in the treatments with 25 and 50% organic matter compared with its respective treatment in the absence of B. firmus (Table 1).

	Treatment
	Experiment without B. firmus
	
	Experiment with B. firmus
	OM & OM + B. firmus d

	
	Slope a
	R2 -value
	Reduction b (%)
	Control & O.M. c
	
	Slope a
	R2 -value
	Reduction b (%)
	Control & O.M. c
	

	Sand 100%
	-0.0384
	0.866
	99.0
	-
	
	-0.1354
	0.870
	99.6
	-
	n.s.

	Sand + 0.5% O.M.
	-0.0816
	0.937
	97.4
	n.s.
	
	-0.0796
	0.913
	97.1
	n.s.
	n.s.

	Sand + 2% O.M.
	-0.0704
	0.902
	94.2
	n.s.
	
	-0.0806
	0.936
	92.8
	n.s.
	n.s.

	Sand + 5% O.M.
	-0.0600
	0.880
	93.2
	n.s.
	
	-0.0782
	0.948
	89.9
	n.s.
	n.s.

	Sand + 10% O.M.
	-0.0569
	0.891
	89.6
	n.s.
	
	-0.0652
	0.947
	86.7
	n.s.
	n.s.

	Sand + 25% O.M.
	-0.0493
	0.927
	87.9
	n.s.
	
	-0.0588
	0.891
	84.0
	n.s.
	*

	Sand + 50% O.M.
	-0.0038
	0.929
	81.7
	n.s.
	
	-0.0500
	0.919
	74.7
	*
	*


Table 1. Effect of sand amended with different amounts of organic matter (O.M.) in the presence and absence of Bacillus firmus on the persistence of Paecilomyces lilacinus strain 251 over 210 days at 25 ( 4 °C.

R2
Coefficient of determination; * Significant at the 95% confidence level (P ≤ 0.05, n = 6); n.s. = not significant.

a
Regression coefficient (slope) of the linear regression describing the decline in the density of Paecilomyces lilacinus strain 251. 

b
Percent reduction in cfu numbers of Paecilomyces lilacinus strain 251compared to the initial density after 210 days.

c
Comparison between regression coefficient describing the dynamic of Paecilomyces lilacinus strain 251 in sand supplemented with different amount of organic matter versus sand 100%.

d
Comparison between the regression coefficient of organic matter and the organic matter plus Bacillus firmus experiments.

30.2 Effect of clay soil amended with organic matter and the presence of B. firmus on the persistence of P. lilacinus
Increasing the amount of organic matter resulted in a slight increase of PL251 population density recovered in the clay soil. However, no significant differences were observed between treatments (Table 2). The coefficients of determination (R2) and the reduction of PL251 in cfu numbers recovered compared to initial densities ranged from 0.411 to 0.531 in the different treatments and from 53.9% to 64.9% with the low and high amount of organic matter, respectively (Table 2).

The presence of B. firmus hat no significant effect on the persistence of PL251 in clay soil only or in clay soil amended with 0.5, 2 or 5% organic matter (Table 2). The coefficients of determination and the reduction of PL251 in cfu numbers recovered compared to initial densities ranged from 0.311 to 0.769 in the different treatments and from 55.4% to 67.4% with the low and high amount of organic matter, respectively (Table 2). 

Table 2. Effect clay soil amended with different amounts of organic matter (O.M.) in the presence and absence of Bacillus firmus on the persistence of Paecilomyces lilacinus strain 251 over 210 days at 25 ( 4 °C.

	Treatment
	Experiment without B. firmus
	
	Experiment with B. firmus
	OM & OM + B. firmus d

	
	Slope a
	R2 -value
	Reduction b (%)
	Control & O.M. c
	
	Slope a
	R2 -value
	Reduction b (%)
	Control & O.M. c
	

	Soil 100%
	-0.0492
	0.436
	64.9
	-
	
	-0.0468
	0.311
	67.4
	-
	n.s.

	Soil + 0.5% O.M.
	-0.0481
	0.495
	53.9
	n.s.
	
	-0.0562
	0.769
	55.4
	n.s.
	n.s.

	Soil + 2% O.M.
	-0.0432
	0.531
	58.7
	n.s.
	
	-0.0424
	0.631
	55.9
	n.s.
	n.s.

	Soil + 5% O.M.
	-0.0327
	0.411
	59.4
	n.s.
	
	-0.0310
	0.316
	61.7
	n.s.
	n.s.


R2
Coefficient of determination; * Significant at the 95% confidence level (P ≤ 0.05, n = 6); n.s. = not significant.

a
Regression coefficient (slope) of the linear regression describing the decline in the density of Paecilomyces lilacinus strain 251. 

b
Percent reduction in cfu numbers of Paecilomyces lilacinus strain 251compared to the initial density after 210 days.

c
Comparison between regression coefficient describing the dynamic of Paecilomyces lilacinus strain 251 in sand supplemented with different amounts of organic matter versus sand 100%.

d
Comparison between the regression coefficient of organic matter and the organic matter plus Bacillus firmus experiments.

31 Discussion

31.1 Effect of organic matter content and the presence of B. firmus on the persistence of P. lilacinus in sand or clay soil

Maintaining a threshold population density of a biological control agent long enough to protect the plant is important for efficient biocontrol (Paulitz, 2000). For PL251, previous studies have shown that a concentration of 1 × 106 cfu g-1 soil or higher of PL251 is required to achieve a sufficient reduction in root-knot nematode populations (Kiewnick and Sikora, 2003; 2004) and Radopholus similis damage (Mendoza et al., 2007). This suggests that repeated applications of the biocontrol agent are needed to maintain a population density high enough to achieve long-term biocontrol. The results obtained in this study demonstrated the low persistence of PL251 over time in sand or clay soil supplemented with different amounts of organic matter. 

The persistence of PL251 decreased over time in pure sand and in sand supplemented with organic matter. Previous studies with entomopathogenic fungi in sand and soil rich in organic matter substrate also have shown poor persistence (Ferron, 1981; Studdert et al., 1990; Li and Holdom, 1993). However, in this study, increasing the organic matter content reduced the speed of fungal density decline. This effect was more intense when 50% sand:organic matter was inoculated with B. firmus. These findings support the finding of Kiewnick et al. (2005) that high contents of organic matter might slow down the rate of decline of P. lilacinus in soil. The persistence of PL251 has been positively correlated with the content of silt and negatively correlated with the content of sand in the field (Gaspard et al., 1990b) and under glasshouse condition (Kiewnick et al., 2005).

In the presence of high amounts of organic matter in this study, Bf-106 had a positive effect on the persistence of PL251. This could be related to higher nutrient content of the organic substrate that may have favoured the growth of PL251, through additional nutrients released by bacterial multiplication on the organic matter.

Persistence of fungal conidia is influenced by the physical, chemical and biological properties of the substrate (Vänninen et al., 2000; Rumbos, 2005). The presented data demonstrate that PL251 persisted longer in the clay soil or clay soil amended with organic matter or/and B. firmus. Increasing the content of organic matter in the clay soil clearly increased the survival of the fungus. Clay soils are generally considered to prolong the longevity of fungal conidia in comparison to other soils, because conidia are not triggered to germinate (Milner et al., 2003). Rumbos et al. (2006) demonstrated that P. lilacinus strain 251 population density decreased faster in silty soil and silty soil amended with sand than in a clay soil. Clay-coated conidia of B. bassiana showed increased longevity compared to non-coated spores (Studdert et al., 1990). The effect of clay soil on the persistence of Fusarium oxysporum f.sp. lini population was also demonstrated by Amir and Alabouvette (1993). 

32 Conclusion

1. A positive correlation between the persistence of PL251 and the content of organic matter in sand was established. 

2. Persistence of PL251 was positively correlated with the content of organic matter in clay soil. 

3. PL251 persisted longer in clay soil than in sandy soil. 

4. The presence of B. firmus did not adversely affect the persistence of PL251 in any case.

5. The use of organic matter amendment at planting could therefore be used to prolong PL251 activity.
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		0				4.2		4.2

		0				2		2

		0				6.2		6.2

		0				11.8		11.8

		0				8.2		8.2

		0				7.6		7.6

		0				7		7

		0				4		4

		0				10.2		10.2

		0				4		4



Pots

Root pieces from the plant base (cm)

Number of root piece colonized

R2 = 0,7509
                    y = -0,9903x + 36,398



		0		4		4

		0		6.2		6.2

		0		3.8		3.8

		0		3.1		3.1

		0		5.6		5.6

		0		3		3

		0		15.6		15.6

		0		8		8

		0		3		3

		0		8.4		8.4

		0		2		2

		0		7.2		7.2

		0		4.2		4.2

		0		4		4

		0		1		1

		0		1.8		1.8

		0		2.2		2.2

		0		4.2		4.2

		0		0.2		0.2

		0		0.4		0.4

		0		0.6		0.6



Pots

Colonization (%)

Number of root piece colonized

R2 = 0,859 ***
                    y = -2,328x + 44,503



		0		8.4		8.4

		0		4.2		4.2

		0		2.6		2.6

		0		4		4

		0		1.8		1.8

		0		4.6		4.6

		0		7.2		7.2

		0		6.2		6.2

		0		5.2		5.2

		0		7.8		7.8

		0		9.8		9.8

		0		4.2		4.2

		0		2		2

		0		6.2		6.2

		0		11.8		11.8

		0		8.2		8.2

		0		7.6		7.6

		0		7		7

		0		4		4

		0		10.2		10.2

		0		4		4



Pots

Root pieces from the plant base   [cm]

Colonization [%].

R2 = 0.751***



		0		8		8

		0		12.4		12.4

		0		7.6		7.6

		0		6.2		6.2

		0		11.2		11.2

		0		6		6

		0		31.2		31.2

		0		16		16

		0		6		6

		0		16.8		16.8

		0		4		4

		0		14.4		14.4

		0		8.4		8.4

		0		8		8

		0		2		2

		0		3.6		3.6

		0		4.4		4.4

		0		8.4		8.4

		0		0.4		0.4

		0		0.8		0.8

		0		1.2		1.2



Pots

Root pieces from the plant base   [cm]

Colonization [%]

R2 = 0.965***



		

		Rep		Root colonization (%)										Rep		Nematode reduction (%)

				2.5 × 106		5.0 × 106		7.5 × 106		10 × 106						2.5 × 106		5.0 × 106		7.5 × 106		10 × 106

		1		28		23		45		45				1		3		23		69		40

		2		29		36		23		55				2		15		28		21		55

		3		9		34		47		52				3		6		20		46		23

		4		23		12		34		67				4		25		15		32		76

		5		31		15		29		36				5		8		31		38		86												1		2		3		4		5		6		7		8

		6		46		27		55		69				6		12		55		26		24																												1

		7		27		32		36		71				7		21		29		29		68																												2

		8		26		55		40		37				8		3		31		25		57																												3

		9		39		36		32		25				9		15		52		49		38																												4

		10		10		32		42		56				10		4		23		53		23																												5

		11		18		29		21		32				11		9		55		21		45																												6

		12		20		21		20		69				12		2		6		22		60																												7

		13		23		26		34		67				13		6		36		45		27																												8

		14		21		42		42		36				14		15		45		48		35																												9

		15		15		26		39		51				15		10		11		12		59																												10

		16		12		47		52		63				16		11		42		52		46																												11

		Average		23.6		30.8		36.9		51.9				Average		10.3		31.4		36.8		47.6																												12

		SEM		2.5		2.8		2.6		3.8				SEM		1.7		3.8		3.9		4.8																												13

		Min.		9		12		20		25				Min.		2		6		12		23																												14

		Max.		46		55		55		71				Max.		25		55		69		86																												15

																																																		16

																																																		17

																																																		18

		1		28																																														19

		1		29								1		2		3		4		5		6		7		8				1		2		3		4		5		6		7		8						20

		1		31																								1																						21

		1		23																								2																						22

		1		31																								3

		1		46																								4																						1

		1		27																								5																						2

		1		26																								6																						3

		1		19																								7																						4

		1		10																								8																						5

		1		18																								9																						6

		1		20																								10																						7

		1		23																								11																						8

		1		21																								12																						9

		1		15																								13																						10

		1		12																								14																						11

		2		23																								15																						12

		2		36																								16																						13

		2		34																								17																						14

		2		12																								18																						15

		2		15																								19																						16

		2		27																								20																						17

		2		32																								21																						18

		2		55																								22																						19

		2		36																																														20

		2		32																								1																						21

		2		29																								2																						22

		2		21																								3

		2		26																								4

		2		42																								5

		2		26																								6

		2		47																								7

		3		45																								8

		3		23																								9

		3		47																								10

		3		34																								11

		3		29																								12

		3		55																								13

		3		36																								14

		3		40																								15

		3		32																								16

		3		42																								17

		3		21																								18

		3		20																								19

		3		34																								20

		3		42																								21

		3		39																								22

		3		52

		4		45

		4		55

		4		52

		4		67

		4		36

		4		69

		4		71

		4		37

		4		25

		4		56

		4		32

		4		29

		4		67

		4		36

		4		51

		4		63





		0		2.5149034938		2.5149034938

		0		2.7872010303		2.7872010303

		0		2.6020324588		2.6020324588

		0		3.791952828		3.791952828



2.5 × 106

5.0 × 106

7.5 × 106

10 × 106

2.5 × 106

Number of spores/plant

Colonization   [%]

a

ab

c

b

R2 = 0.953 ***
              y = 9.0875x + 13.125



		0-1		8		8

		2		12.4		12.4

		3		7.6		7.6

		4		6.2		6.2

		5		11.2		11.2

		6		6		6

		7		31.2		31.2

		8		16		16

		9		6		6

		10		16.8		16.8

		11		4		4

		12		14.4		14.4

		13		8.4		8.4

		14		8		8

		15		2		2

		16		3.6		3.6

		17		4.4		4.4

		18		8.4		8.4

		19		0.4		0.4

		19-20		0.8		0.8

		Tips		1.2		1.2



Pots

Root pieces from the plant base   [cm]

Colonization   [%]

R2 = 0,859
                  y = -4,656x + 89,006

72

87

86

91

85

65

53

49

27

21

32

29.5

12

19

11

13

15.4

12

9

3

1.7



														1		two inoculation in the seedily trays

		Rep		Application method										2		two inoculation in the pot

				Trays		Pots		Soil		Soil+O. matter				3		One inoculation in the salty soil

		1		38		23		45		75				4		One inoculation with organic matter

		2		49		36		38		45

		3		31		34		61		65

		4		39		45		34		57

		5		31		43		42		66																								1		2		3		4		5		6		7		8

		6		35		27		60		69																																								1

		7		66		32		35		37																																								2

		8		26		55		40		77																																								3

		9		39		36		52		35																																								4

		10		40		32		42		46																																								5

		11		58		29		73		42																																								6

		12		20		61		78		69																																								7

		13		52		26		45		67																																								8

		14		29		42		42		81																																								9

		15		34		35		39		73																																								10

		16		21		47		52		68																																								11

		Average		38.0		37.7		48.6		60.8																																								12

		SEM		3.2		2.6		3.3		3.7																																								13

		Min.		20		23		34		35																																								14

		Max.		66		61		78		81																																								15

																																																		16

																																																		17

																																																		18

		1		38																																														19

		1		49								1		2		3		4		5		6		7		8																								20

		1		31																								1																						21

		1		39																								2																						22

		1		31																								3

		1		35																								4																						1

		1		66																								5																						2

		1		26																								6																						3

		1		39																								7																						4

		1		40																								8																						5

		1		58																								9																						6

		1		20																								10																						7

		1		52																								11																						8

		1		29																								12																						9

		1		34																								13																						10

		1		21																								14																						11

		2		23																								15																						12

		2		36																								16																						13

		2		34																								17																						14

		2		45																								18																						15

		2		43																								19																						16

		2		27																								20																						17

		2		32																								21																						18

		2		55																								22																						19

		2		36																																														20

		2		32																								1																						21

		2		29																								2																						22

		2		61																								3

		2		26																								4

		2		42																								5

		2		35																								6

		2		47																								7

		3		45																								8

		3		38																								9

		3		61																								10

		3		34																								11

		3		42																								12

		3		60																								13

		3		35																								14

		3		40																								15

		3		52																								16

		3		42																								17

		3		73																								18

		3		78																								19

		3		45																								20

		3		42																								21

		3		39																								22

		3		52

		4		75

		4		45

		4		65

		4		57

		4		66

		4		69

		4		37

		4		77

		4		35

		4		46

		4		42

		4		69

		4		67

		4		81

		4		73

		4		68



10 × 106

7.5 × 106

5.0 × 106

2.5 × 106

5.0 × 106

7.5 × 106

10 × 106

2.5 × 106

Fungal application method

Colonization   [%]

a

a

c

b

Trays

Pots

Soil

Soil+O. matter

38

3.2067636853

3.2067636853

37.6875

2.6326772653

2.6326772653

48.625

3.2912446987

3.2912446987

60.75

3.7411005511

3.7411005511



		0		3.2067636853		3.2067636853

		0		2.6326772653		2.6326772653

		0		3.2912446987		3.2912446987

		0		3.7411005511		3.7411005511



2.5 × 106

5.0 × 106

7.5 × 106

10 × 106

Injected

Incorporated

2.5 × 106

Fungal application method

Colonization   [%]

b

c

a

a



		0-1		8		8

		2		12.4		12.4

		3		7.6		7.6

		4		2		2

		5		11.2		11.2

		6		6		6

		7		31.2		31.2

		8		16		16

		9		6		6

		10		16.8		16.8

		11		4		4

		12		14.4		14.4

		13		8.4		8.4

		14		8		8

		15		2		2

		16		3.6		3.6

		17		4.4		4.4

		18		8.4		8.4

		19		0.4		0.4

		19-20		0.8		0.8

		Tips		1.2		1.2



Pots

Root pieces from the plant base   [cm]

Colonization   [%]

R2 = 0,859
                  y = -4,656x + 89,006

72

87

86

91

85

65

53

49

27

21

32

29.5

12

19

11

13

15.4

12

9

3

1.7



		2.5 × 106		2.5149034938		2.5149034938

		5.0 × 106		2.7872010303		2.7872010303

		7.5 × 106		2.6020324588		2.6020324588

		10 × 106		3.791952828		3.791952828



2.5 × 106

5.0 × 106

7.5 × 106

10 × 106

2.5 × 106

Number of spores/plant

Colonization   [%]

a

ab

c

b

R2 = 0.953***
              y = 9.0875x + 13.125

23.5625

30.8125

36.9375

51.9375




_1265546359.xls
Chart1

		1		0.7453559925		0.7453559925

		2		1.7126976772		1.7126976772

		3		4.7609522857		4.7609522857

		4		7.7028133389		7.7028133389

		7		3.0411985941		3.0411985941



Colonization

Time in weeks

Colonization   [%]

a

a

b

c

c

R2 = 0.973***

3

9

24

39

44.4



Colonization

				F. Oxysporum strain 162 colonization ability

								Rep.		Colonization				Average								Colonization (week)										Average

				Treatments						B. firmus		PL251		B. firmus		PL251						1		2		3		4		6

				Fo162		1		1		29		32.0										8		10.0		30		55		32.0

						2		1		42		32.0										4		10.0		10		20		32.0

						3		1		49		50.0										3		8.0		10		40		50.0

						4		1		44		48.0										2		2.0		50		70		48.0

						5		1		32		60.0										0		19.0		20		80		60.0

						6		1		45		40.0										2		10.0		20		40		40.0

						7		1		55		55.0										1		16.0		50		45		55.0

						8		1		27		37.0										5		8.0		20		20		37.0

						9		1		25		50.0										4		4.0		20		10		50.0

						10		1		30		40.0		37.8		44.4						1		3.0		10		10		40.0		3.0		9.0		24.0		39.0		44.4

						1		2		39		60.0

						2		2		42		30.0

						3		2		49		40.0

						4		2		44		20.0

				FO162 + R. similis		5		2		33		60.0										1		8

						6		2		45		20.0										1		4

						7		2		55		40.0										1		3

						8		2		27		60.0										1		2

						9		2		27		20.0										1		0

						10		2		30		20.0		39.1		37.0						1		2

						1		3		35.0		25.0										1		1

						2		3		40.0		40.0										1		5

						3		3		60.0		20.0										1		4

						4		3		35.0		35.0										1		1

				FO162 + PL249		5		3		43.0		30.0										2		10

				or		6		3		40.0		40.0										2		10

				B. firmus		7		3		52.0		20.0										2		8

						8		3		53.0		30.0										2		2

						9		3		45.0		40.0										2		19

						10		3		40.0		40.0		44.3		32.0						2		10

						1		4		43.0		30.0										2		16

						2		4		24.0		20.0										2		8

						3		4		40.0		20.0										2		4

				FO162 + PL251		4		4		55.0		40.0										2		3

				or		5		4		40.0		40.0										3		30

				B. firmus		6		4		50.0		40.0										3		10

				+		7		4		45.0		35.0										3		10

				R. simili		8		4		43.0		30.0										3		50

						9		4		40.0		20.0										3		20

						10		4		40.0		40.0		42.0		31.5						3		20

																						3		50

																						3		20

																						3		20

								Colonization rate (%)														3		10

								Average		S.E.												4		55

																						4		20

				FO				44.4		3.0												4		40

				FO + Rs				37.0		5.6												4		70

				FO + PL				32.0		2.6												4		80

				FO + PL + Rs				31.5		2.8												4		40

																						4		45

				Weeks				Colonization														4		20

				1				3.0		0.7												4		10

				2				9.0		1.7												4		10

				3				24.0		4.8												5		32

				4				39.0		7.7												5		32

				7				44.4		3.0												5		50

																						5		48

																						5		60

				FO				37.8		3.3												5		40

				FO + Rs				39.1		3.0												5		55

				FO + Bf				44.3		2.6												5		37

				FO + Bf + Rs				42.0		2.5												5		50

																						5		40

		1		2		3		4		5		6		7		8				1		2		3		4		5		6		7		8

																		1

																		2

																		3

																		4

																		5

																		6

																		7

																		8

																		9

																		10

																		11

																		12

																		13

																		14

																		15

																		16

																		17

																		18

																		19

																		20

																		21

																		22

																		1

																		2

																		3

																		4

																		5

																		6

																		7

																		8

																		9

																		10

																		11

																		12

																		13

																		14

																		15

																		16

																		17

																		18

																		19

																		20

																		21

																		22





Colonization

		0		3.0411985941		3.0411985941

		0		5.5876848714		5.5876848714

		0		2.6034165586		2.6034165586

		0		2.7938424357		2.7938424357



Treatments

Colonization   [%]

n.s.



FO distribution

		0		0.7453559925		0.7453559925

		0		1.7126976772		1.7126976772

		0		4.7609522857		4.7609522857

		0		7.7028133389		7.7028133389

		0		3.0411985941		3.0411985941



Colonization

Time in weeks

Colonization   [%]

c

c

b

a

a

R2 = 0.973***

0

0

0

0

0



FO Rate

		FO		3.3025242871		3.3025242871

		FO + Rs		3.0384572109		3.0384572109

		FO + Bf		2.6078939992		2.6078939992

		FO + Bf + Rs		2.5473297566		2.5473297566



Treatments

Colonization rate   [%]

n.s.

37.8

39.1

44.3

42



Appl. method

		

		Colonization (week)

		1		2		3		4		6				Pots		Root N°		SEM		Trays		Root N°		SEM

		8		10.0		30		55		32.0		1		62.0		31		8.4		72.0		36		4				8

		4		10.0		10		20		32.0		2		65.0		33		4.2		87.0		44		6.2				12.4

		3		8.0		10		40		50.0		3		63.0		32		2.6		86.0		43		3.8				7.6

		2		2.0		50		70		48.0		4		69.0		35		4.0		91.0		46		3.1				6.2

		0		19.0		20		80		60.0		5		65.0		33		1.8		85.0		43		5.6				11.2				1		2		3		4		5		6		7		8

		2		10.0		20		40		40.0		6		62.0		31		4.6		65.0		33		3				6																				1

		1		16.0		50		45		55.0		7		63.0		32		7.2		53.0		27		15.6				31.2																				2

		5		8.0		20		20		37.0		8		61.0		31		6.2		49.0		25		8				16																				3

		4		4.0		20		10		50.0		9		67.0		34		5.2		27.0		14		3				6																				4

		1		3.0		10		10		40.0		10		59.0		30		7.8		21.0		11		8.4				16.8																				5

		3.0		9.0		24.0		39.0		44.4		11		42.0		21		9.8		32.0		16		2				4																				6

												12		49.5		25		4.2		29.5		15		7.2				14.4																				7

												13		42.0		21		2.0		12.0		6		4.2				8.4																				8

												14		39.0		20		6.2		19.0		10		4				8																				9

												15		41.0		21		11.8		11.0		6		1				2																				10

												16		46.0		23		8.2		13.0		7		1.8				3.6																				11

												17		35.4		18		7.6		15.4		8		2.2				4.4																				12

												18		56.0		28		7.0		12.0		6		4.2				8.4																				13

												19		34.0		17		4.0		9.0		5		0.2				0.4																				14

												20		29.0		15		10.2		3.0		2		0.4				0.8																				15

												Tips		4.3		2		4.0		1.7		1		0.6				1.2																				16

														52.5						39.6																												17

														69.0						91.0																												18

														4.3						1.7																												19

										1		2		3		4		5		6		7		8																								20

																										1																						21

																										2																						22

																										3

																										4																						1

																										5																						2

																										6																						3

																										7																						4

																										8																						5

																										9																						6

																										10																						7

																										11																						8

																										12																						9

																										13																						10

																										14																						11

																										15																						12

																										16																						13

																										17																						14

																										18																						15

																										19																						16

																										20																						17

																										21																						18

																										22																						19

																																																20

																										1																						21

																										2																						22

																										3

																										4

																										5

																										6

																										7

																										8

																										9

																										10

																										11

																										12

																										13

																										14

																										15

																										16

																										17

																										18

																										19

																										20

																										21

																										22





Appl. method

		0				8.4		8.4

		0				4.2		4.2

		0				2.6		2.6

		0				4		4

		0				1.8		1.8

		0				4.6		4.6

		0				7.2		7.2

		0				6.2		6.2

		0				5.2		5.2

		0				7.8		7.8

		0				9.8		9.8

		0				4.2		4.2

		0				2		2

		0				6.2		6.2

		0				11.8		11.8

		0				8.2		8.2

		0				7.6		7.6

		0				7		7

		0				4		4

		0				10.2		10.2

		0				4		4



Pots

Root pieces from the plant base (cm)

Number of root piece colonized

R2 = 0,7509
                    y = -0,9903x + 36,398



		0		4		4

		0		6.2		6.2

		0		3.8		3.8

		0		3.1		3.1

		0		5.6		5.6

		0		3		3

		0		15.6		15.6

		0		8		8

		0		3		3

		0		8.4		8.4

		0		2		2

		0		7.2		7.2

		0		4.2		4.2

		0		4		4

		0		1		1

		0		1.8		1.8

		0		2.2		2.2

		0		4.2		4.2

		0		0.2		0.2

		0		0.4		0.4

		0		0.6		0.6



Pots

Colonization (%)

Number of root piece colonized

R2 = 0,859 ***
                    y = -2,328x + 44,503



		0		8.4		8.4

		0		4.2		4.2

		0		2.6		2.6

		0		4		4

		0		1.8		1.8

		0		4.6		4.6

		0		7.2		7.2

		0		6.2		6.2

		0		5.2		5.2

		0		7.8		7.8

		0		9.8		9.8

		0		4.2		4.2

		0		2		2

		0		6.2		6.2

		0		11.8		11.8

		0		8.2		8.2

		0		7.6		7.6

		0		7		7

		0		4		4

		0		10.2		10.2

		0		4		4



Pots

Root pieces from the plant base   [cm]

Colonization [%].

R2 = 0.751***



		0		8		8

		0		12.4		12.4

		0		7.6		7.6

		0		6.2		6.2

		0		11.2		11.2

		0		6		6

		0		31.2		31.2

		0		16		16

		0		6		6

		0		16.8		16.8

		0		4		4

		0		14.4		14.4

		0		8.4		8.4

		0		8		8

		0		2		2

		0		3.6		3.6

		0		4.4		4.4

		0		8.4		8.4

		0		0.4		0.4

		0		0.8		0.8

		0		1.2		1.2



Pots

Root pieces from the plant base   [cm]

Colonization [%].

R2 = 0.965***



		

		Rep		Root colonization (%)										Rep		Nematode reduction (%)

				2.5 × 106		5.0 × 106		7.5 × 106		10 × 106						2.5 × 106		5.0 × 106		7.5 × 106		10 × 106

		1		28		23		45		45				1		3		23		69		40

		2		29		36		23		55				2		15		28		21		55

		3		9		34		47		52				3		6		20		46		23

		4		23		12		34		67				4		25		15		32		76

		5		31		15		29		36				5		8		31		38		86												1		2		3		4		5		6		7		8

		6		46		27		55		69				6		12		55		26		24																												1

		7		27		32		36		71				7		21		29		29		68																												2

		8		26		55		40		37				8		3		31		25		57																												3

		9		39		36		32		25				9		15		52		49		38																												4

		10		10		32		42		56				10		4		23		53		23																												5

		11		18		29		21		32				11		9		55		21		45																												6

		12		20		21		20		69				12		2		6		22		60																												7

		13		23		26		34		67				13		6		36		45		27																												8

		14		21		42		42		36				14		15		45		48		35																												9

		15		15		26		39		51				15		10		11		12		59																												10

		16		12		47		52		63				16		11		42		52		46																												11

		Average		23.6		30.8		36.9		51.9				Average		10.3		31.4		36.8		47.6																												12

		SEM		2.5		2.8		2.6		3.8				SEM		1.7		3.8		3.9		4.8																												13

		Min.		9		12		20		25				Min.		2		6		12		23																												14

		Max.		46		55		55		71				Max.		25		55		69		86																												15

																																																		16

																																																		17

																																																		18

		1		28																																														19

		1		29								1		2		3		4		5		6		7		8				1		2		3		4		5		6		7		8						20

		1		31																								1																						21

		1		23																								2																						22

		1		31																								3

		1		46																								4																						1

		1		27																								5																						2

		1		26																								6																						3

		1		19																								7																						4

		1		10																								8																						5

		1		18																								9																						6

		1		20																								10																						7

		1		23																								11																						8

		1		21																								12																						9

		1		15																								13																						10

		1		12																								14																						11

		2		23																								15																						12

		2		36																								16																						13

		2		34																								17																						14

		2		12																								18																						15

		2		15																								19																						16

		2		27																								20																						17

		2		32																								21																						18

		2		55																								22																						19

		2		36																																														20

		2		32																								1																						21

		2		29																								2																						22

		2		21																								3

		2		26																								4

		2		42																								5

		2		26																								6

		2		47																								7

		3		45																								8

		3		23																								9

		3		47																								10

		3		34																								11

		3		29																								12

		3		55																								13

		3		36																								14

		3		40																								15

		3		32																								16

		3		42																								17

		3		21																								18

		3		20																								19

		3		34																								20

		3		42																								21

		3		39																								22

		3		52

		4		45

		4		55

		4		52

		4		67

		4		36

		4		69

		4		71

		4		37

		4		25

		4		56

		4		32

		4		29

		4		67

		4		36

		4		51

		4		63





		0		2.5149034938		2.5149034938

		0		2.7872010303		2.7872010303

		0		2.6020324588		2.6020324588

		0		3.791952828		3.791952828



2.5 × 106

5.0 × 106

7.5 × 106

10 × 106

2.5 × 106

Number of spores/plant

Colonization   [%]

a

ab

c

b

R2 = 0.953 ***
              y = 9.0875x + 13.125



		0-1		8		8

		2		12.4		12.4

		3		7.6		7.6

		4		6.2		6.2

		5		11.2		11.2

		6		6		6

		7		31.2		31.2

		8		16		16

		9		6		6

		10		16.8		16.8

		11		4		4

		12		14.4		14.4

		13		8.4		8.4

		14		8		8

		15		2		2

		16		3.6		3.6

		17		4.4		4.4

		18		8.4		8.4

		19		0.4		0.4

		19-20		0.8		0.8

		Tips		1.2		1.2



Pots

Root pieces from the plant base   [cm]

Colonization   [%]

R2 = 0,859
                  y = -4,656x + 89,006

72

87

86

91

85

65

53

49

27

21

32

29.5

12

19

11

13

15.4

12

9

3

1.7



														1		two inoculation in the seedily trays

		Rep		Application method										2		two inoculation in the pot

				Trays		Pots		Soil		O. matter				3		One inoculation in the salty soil

		1		38		23		45		75				4		One inoculation with organic matter

		2		49		36		38		45

		3		31		34		61		65

		4		39		45		34		57

		5		31		43		42		66																								1		2		3		4		5		6		7		8

		6		35		27		60		69																																								1

		7		66		32		35		37																																								2

		8		26		55		40		77																																								3

		9		39		36		52		35																																								4

		10		40		32		42		46																																								5

		11		58		29		73		42																																								6

		12		20		61		78		69																																								7

		13		52		26		45		67																																								8

		14		29		42		42		81																																								9

		15		34		35		39		73																																								10

		16		21		47		52		68																																								11

		Average		38.0		37.7		48.6		60.8																																								12

		SEM		3.2		2.6		3.3		3.7																																								13

		Min.		20		23		34		35																																								14

		Max.		66		61		78		81																																								15

																																																		16

																																																		17

																																																		18

		1		38																																														19

		1		49								1		2		3		4		5		6		7		8																								20

		1		31																								1																						21

		1		39																								2																						22

		1		31																								3

		1		35																								4																						1

		1		66																								5																						2

		1		26																								6																						3

		1		39																								7																						4

		1		40																								8																						5

		1		58																								9																						6

		1		20																								10																						7

		1		52																								11																						8

		1		29																								12																						9

		1		34																								13																						10

		1		21																								14																						11

		2		23																								15																						12

		2		36																								16																						13

		2		34																								17																						14

		2		45																								18																						15

		2		43																								19																						16

		2		27																								20																						17

		2		32																								21																						18

		2		55																								22																						19

		2		36																																														20

		2		32																								1																						21

		2		29																								2																						22

		2		61																								3

		2		26																								4

		2		42																								5

		2		35																								6

		2		47																								7

		3		45																								8

		3		38																								9

		3		61																								10

		3		34																								11

		3		42																								12

		3		60																								13

		3		35																								14

		3		40																								15

		3		52																								16

		3		42																								17

		3		73																								18

		3		78																								19

		3		45																								20

		3		42																								21

		3		39																								22

		3		52

		4		75

		4		45

		4		65

		4		57

		4		66

		4		69

		4		37

		4		77

		4		35

		4		46

		4		42

		4		69

		4		67

		4		81

		4		73

		4		68



10 × 106

7.5 × 106

5.0 × 106

2.5 × 106

5.0 × 106

7.5 × 106

10 × 106

2.5 × 106

Fungal application method

Colonization   [%]

a

a

c

b

Trays

Pots

Soil

Soil+O. matter

38

3.2067636853

3.2067636853

37.6875

2.6326772653

2.6326772653

48.625

3.2912446987

3.2912446987

60.75

3.7411005511

3.7411005511



		0		3.2067636853		3.2067636853

		0		2.6326772653		2.6326772653

		0		3.2912446987		3.2912446987

		0		3.7411005511		3.7411005511



2.5 × 106

5.0 × 106

7.5 × 106

10 × 106

Injected

Incorporated

2.5 × 106

Application methods

Colonization   [%]

a

a

c

b



		1		8		8

		2		12.4		12.4

		3		7.6		7.6

		4		6.2		6.2

		5		11.2		11.2

		6		6		6

		7		31.2		31.2

		8		16		16

		9		6		6

		10		16.8		16.8

		11		4		4

		12		14.4		14.4

		13		8.4		8.4

		14		8		8

		15		2		2

		16		3.6		3.6

		17		4.4		4.4

		18		8.4		8.4

		19		0.4		0.4

		20		0.8		0.8

		Tips		1.2		1.2



Pots

Root pieces from the plant base   [cm]

Colonization   [%]

R2 = 0,859
                  y = -4,656x + 89,006

72

87

86

91

85

65

53

49

27

21

32

29.5

12

19

11

13

15.4

12

9

3

1.7



		2.5 × 106		2.5149034938		2.5149034938

		5.0 × 106		2.7872010303		2.7872010303

		7.5 × 106		2.6020324588		2.6020324588

		10 × 106		3.791952828		3.791952828



2.5 × 106

5.0 × 106

7.5 × 106

10 × 106

2.5 × 106

Number of spores/plant

Colonization   [%]

a

ab

c

b

R2 = 0.953***
              y = 9.0875x + 13.125

23.5625

30.8125

36.9375

51.9375
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Chart3

		Trays		3.2067636853		3.2067636853

		Pots		2.6326772653		2.6326772653

		Soil		3.2912446987		3.2912446987

		O. matter		3.7411005511		3.7411005511



2.5 × 106

5.0 × 106

7.5 × 106

10 × 106

Injected y

Incorporated z

2.5 × 106

Application forms

Colonization   [%]

b

c

a

a

38

37.6875

48.625

60.75



Colonization

		

								Rep.		Colonization				Average								Colonization (week)										Average

				Treatments						B. firmus		PL251		B. firmus		PL251						1		2		3		4		6

				Fo162		1		1		29		32.0										8		10.0		30		55		32.0

						2		1		42		32.0										4		10.0		10		20		32.0

						3		1		49		50.0										3		8.0		10		40		50.0

						4		1		44		48.0										2		2.0		50		70		48.0

						5		1		32		60.0										0		19.0		20		80		60.0

						6		1		45		40.0										2		10.0		20		40		40.0

						7		1		55		55.0										1		16.0		50		45		55.0

						8		1		27		37.0										5		8.0		20		20		37.0

						9		1		25		50.0										4		4.0		20		10		50.0

						10		1		30		40.0		37.8		44.4						1		3.0		10		10		40.0		3.0		9.0		24.0		39.0		44.4

						1		2		39		60.0

						2		2		42		30.0

						3		2		49		40.0

						4		2		44		20.0

						5		2		33		60.0										1		8

						6		2		45		20.0										1		4

						7		2		55		40.0										1		3

						8		2		27		60.0										1		2

						9		2		27		20.0										1		0

						10		2		30		20.0		39.1		37.0						1		2

						1		3		35.0		25.0										1		1

						2		3		40.0		40.0										1		5

						3		3		60.0		20.0										1		4

						4		3		35.0		35.0										1		1

						5		3		43.0		30.0										2		10

				or		6		3		40.0		40.0										2		10

				B. firmus		7		3		52.0		20.0										2		8

						8		3		53.0		30.0										2		2

						9		3		45.0		40.0										2		19

						10		3		40.0		40.0		44.3		32.0						2		10

						1		4		43.0		30.0										2		16

						2		4		24.0		20.0										2		8

						3		4		40.0		20.0										2		4

						4		4		55.0		40.0										2		3

				or		5		4		40.0		40.0										3		30

				B. firmus		6		4		50.0		40.0										3		10

				+		7		4		45.0		35.0										3		10

				R. simili		8		4		43.0		30.0										3		50

						9		4		40.0		20.0										3		20

						10		4		40.0		40.0		42.0		31.5						3		20

																						3		50

																						3		20

																						3		20

								Colonization rate (%)														3		10

								Average		S.E.												4		55

																						4		20

				FO				44.4		3.0												4		40

				FO + Rs				37.0		5.6												4		70

				FO + PL				32.0		2.6												4		80

				FO + PL + Rs				31.5		2.8												4		40

																						4		45

				Weeks				Colonization														4		20

				1				3.0		0.7												4		10

				2				9.0		1.7												4		10

				3				24.0		4.8												5		32

				4				39.0		7.7												5		32

				7				44.4		3.0												5		50

																						5		48

																						5		60

				FO				37.8		3.3												5		40

				FO + Rs				39.1		3.0												5		55

				FO + Bf				44.3		2.6												5		37

				FO + Bf + Rs				42.0		2.5												5		50

																						5		40

		1		2		3		4		5		6		7		8				1		2		3		4		5		6		7		8

																		1

																		2

																		3

																		4

																		5

																		6

																		7

																		8

																		9

																		10

																		11

																		12

																		13

																		14

																		15

																		16

																		17

																		18

																		19

																		20

																		21

																		22

																		1

																		2

																		3

																		4

																		5

																		6

																		7

																		8

																		9

																		10

																		11

																		12

																		13

																		14

																		15

																		16

																		17

																		18

																		19

																		20

																		21

																		22





Colonization

				3.0411985941		3.0411985941

				5.5876848714		5.5876848714

				2.6034165586		2.6034165586

				2.7938424357		2.7938424357



Treatments

Colonization   [%]

n.s.



FO distribution

				0.7453559925		0.7453559925

				1.7126976772		1.7126976772

				4.7609522857		4.7609522857

				7.7028133389		7.7028133389

				3.0411985941		3.0411985941



Colonization

Time in weeks

Colonization   [%]

c

c

b

a

a

R2 = 0.973***



FO Rate

		FO		3.3025242871		3.3025242871

		FO + Rs		3.0384572109		3.0384572109

		FO + Bf		2.6078939992		2.6078939992

		FO + Bf + Rs		2.5473297566		2.5473297566



Treatments

Colonization rate   [%]

n.s.

37.8

39.1

44.3

42



Appl. method

		

		Colonization (week)

		1		2		3		4		6				Pots		Root N°		SEM		Trays		Root N°		SEM

		8		10.0		30		55		32.0		1		62.0		31		8.4		72.0		36		4				8

		4		10.0		10		20		32.0		2		65.0		33		4.2		87.0		44		6.2				12.4

		3		8.0		10		40		50.0		3		63.0		32		2.6		86.0		43		3.8				7.6

		2		2.0		50		70		48.0		4		69.0		35		4.0		91.0		46		3.1				6.2

		0		19.0		20		80		60.0		5		65.0		33		1.8		85.0		43		5.6				11.2				1		2		3		4		5		6		7		8

		2		10.0		20		40		40.0		6		62.0		31		4.6		65.0		33		3				6																				1

		1		16.0		50		45		55.0		7		63.0		32		7.2		53.0		27		15.6				31.2																				2

		5		8.0		20		20		37.0		8		61.0		31		6.2		49.0		25		8				16																				3

		4		4.0		20		10		50.0		9		67.0		34		5.2		27.0		14		3				6																				4

		1		3.0		10		10		40.0		10		59.0		30		7.8		21.0		11		8.4				16.8																				5

		3.0		9.0		24.0		39.0		44.4		11		42.0		21		9.8		32.0		16		2				4																				6

												12		49.5		25		4.2		29.5		15		7.2				14.4																				7

												13		42.0		21		2.0		12.0		6		4.2				8.4																				8

												14		39.0		20		6.2		19.0		10		4				8																				9

												15		41.0		21		11.8		11.0		6		1				2																				10

												16		46.0		23		8.2		13.0		7		1.8				3.6																				11

												17		35.4		18		7.6		15.4		8		2.2				4.4																				12

												18		56.0		28		7.0		12.0		6		4.2				8.4																				13

												19		34.0		17		4.0		9.0		5		0.2				0.4																				14

												20		29.0		15		10.2		3.0		2		0.4				0.8																				15

												Tips		4.3		2		4.0		1.7		1		0.6				1.2																				16

														52.5						39.6																												17

														69.0						91.0																												18

														4.3						1.7																												19

										1		2		3		4		5		6		7		8																								20

																										1																						21

																										2																						22

																										3

																										4																						1

																										5																						2

																										6																						3

																										7																						4

																										8																						5

																										9																						6

																										10																						7

																										11																						8

																										12																						9

																										13																						10

																										14																						11

																										15																						12

																										16																						13

																										17																						14

																										18																						15

																										19																						16

																										20																						17

																										21																						18

																										22																						19

																																																20

																										1																						21

																										2																						22

																										3

																										4

																										5

																										6

																										7

																										8

																										9

																										10

																										11

																										12

																										13

																										14

																										15

																										16

																										17

																										18

																										19

																										20

																										21

																										22





Appl. method

						8.4		8.4

						4.2		4.2

						2.6		2.6

						4		4

						1.8		1.8

						4.6		4.6

						7.2		7.2

						6.2		6.2

						5.2		5.2

						7.8		7.8

						9.8		9.8

						4.2		4.2

						2		2

						6.2		6.2

						11.8		11.8

						8.2		8.2

						7.6		7.6

						7		7

						4		4

						10.2		10.2

						4		4



Pots

Root pieces from the plant base (cm)

Number of root piece colonized

R2 = 0,7509
                    y = -0,9903x + 36,398



				4		4

				6.2		6.2

				3.8		3.8

				3.1		3.1

				5.6		5.6

				3		3

				15.6		15.6

				8		8

				3		3

				8.4		8.4

				2		2

				7.2		7.2

				4.2		4.2

				4		4

				1		1

				1.8		1.8

				2.2		2.2

				4.2		4.2

				0.2		0.2

				0.4		0.4

				0.6		0.6



Pots

Colonization (%)

Number of root piece colonized

R2 = 0,859 ***
                    y = -2,328x + 44,503



				8.4		8.4

				4.2		4.2

				2.6		2.6

				4		4

				1.8		1.8

				4.6		4.6

				7.2		7.2

				6.2		6.2

				5.2		5.2

				7.8		7.8

				9.8		9.8

				4.2		4.2

				2		2

				6.2		6.2

				11.8		11.8

				8.2		8.2

				7.6		7.6

				7		7

				4		4

				10.2		10.2

				4		4



Pots

Root pieces from the plant base   [cm]

Colonization [%].

R2 = 0.751***



		0		8		8

		0		12.4		12.4

		0		7.6		7.6

		0		6.2		6.2

		0		11.2		11.2

		0		6		6

		0		31.2		31.2

		0		16		16

		0		6		6

		0		16.8		16.8

		0		4		4

		0		14.4		14.4

		0		8.4		8.4

		0		8		8

		0		2		2

		0		3.6		3.6

		0		4.4		4.4

		0		8.4		8.4

		0		0.4		0.4

		0		0.8		0.8

		0		1.2		1.2



Pots

Root pieces from the plant base   [cm]

Colonization [%].

R2 = 0.965***



		

		Rep		Root colonization (%)										Rep		Nematode reduction (%)

		1		28		23		45		45				1		3		23		69		40

		2		29		36		23		55				2		15		28		21		55

		3		9		34		47		52				3		6		20		46		23

		4		23		12		34		67				4		25		15		32		76

		5		31		15		29		36				5		8		31		38		86												1		2		3		4		5		6		7		8

		6		46		27		55		69				6		12		55		26		24																												1

		7		27		32		36		71				7		21		29		29		68																												2

		8		26		55		40		37				8		3		31		25		57																												3

		9		39		36		32		25				9		15		52		49		38																												4

		10		10		32		42		56				10		4		23		53		23																												5

		11		18		29		21		32				11		9		55		21		45																												6

		12		20		21		20		69				12		2		6		22		60																												7

		13		23		26		34		67				13		6		36		45		27																												8

		14		21		42		42		36				14		15		45		48		35																												9

		15		15		26		39		51				15		10		11		12		59																												10

		16		12		47		52		63				16		11		42		52		46																												11

		Average		23.6		30.8		36.9		51.9				Average		10.3		31.4		36.8		47.6																												12

		SEM		2.5		2.8		2.6		3.8				SEM		1.7		3.8		3.9		4.8																												13

		Min.		9		12		20		25				Min.		2		6		12		23																												14

		Max.		46		55		55		71				Max.		25		55		69		86																												15

																																																		16

																																																		17

																																																		18

		1		28																																														19

		1		29								1		2		3		4		5		6		7		8				1		2		3		4		5		6		7		8						20

		1		31																								1																						21

		1		23																								2																						22

		1		31																								3

		1		46																								4																						1

		1		27																								5																						2

		1		26																								6																						3

		1		19																								7																						4

		1		10																								8																						5

		1		18																								9																						6

		1		20																								10																						7

		1		23																								11																						8

		1		21																								12																						9

		1		15																								13																						10

		1		12																								14																						11

		2		23																								15																						12

		2		36																								16																						13

		2		34																								17																						14

		2		12																								18																						15

		2		15																								19																						16

		2		27																								20																						17

		2		32																								21																						18

		2		55																								22																						19

		2		36																																														20

		2		32																								1																						21

		2		29																								2																						22

		2		21																								3

		2		26																								4

		2		42																								5

		2		26																								6

		2		47																								7

		3		45																								8

		3		23																								9

		3		47																								10

		3		34																								11

		3		29																								12

		3		55																								13

		3		36																								14

		3		40																								15

		3		32																								16

		3		42																								17

		3		21																								18

		3		20																								19

		3		34																								20

		3		42																								21

		3		39																								22

		3		52

		4		45

		4		55

		4		52

		4		67

		4		36

		4		69

		4		71

		4		37

		4		25

		4		56

		4		32

		4		29

		4		67

		4		36

		4		51

		4		63





				2.5149034938		2.5149034938

				2.7872010303		2.7872010303

				2.6020324588		2.6020324588

				3.791952828		3.791952828



2.5 × 106

5.0 × 106

7.5 × 106

1 × 107

2.5 × 106

Number of spores/plant

Colonization   [%]

a

ab

c

b

R2 = 0.953 ***



		1		8		8

		2		12.4		12.4

		3		7.6		7.6

		4		6.2		6.2

		5		11.2		11.2

		6		6		6

		7		31.2		31.2

		8		16		16

		9		6		6

		10		16.8		16.8

		11		4		4

		12		14.4		14.4

		13		8.4		8.4

		14		8		8

		15		2		2

		16		3.6		3.6

		17		4.4		4.4

		18		8.4		8.4

		19		0.4		0.4

		20		0.8		0.8

		Tips		1.2		1.2



Pots

Root pieces from the plant base   [cm]

Colonization   [%]

R2 = 0,859
                  y = -4,656x + 89,006

72

87

86

91

85

65

53

49

27

21

32

29.5

12

19

11

13

15.4

12

9

3

1.7



														1		two inoculation in the seedily trays

		Rep		Application method										2		two inoculation in the pot

				Trays		Pots		Soil		O. matter				3		One inoculation in the salty soil

		1		38		23		45		75				4		One inoculation with organic matter

		2		49		36		38		45

		3		31		34		61		65

		4		39		45		34		57

		5		31		43		42		66																								1		2		3		4		5		6		7		8

		6		35		27		60		69																																								1

		7		66		32		35		37																																								2

		8		26		55		40		77																																								3

		9		39		36		52		35																																								4

		10		40		32		42		46																																								5

		11		58		29		73		42																																								6

		12		20		61		78		69																																								7

		13		52		26		45		67																																								8

		14		29		42		42		81																																								9

		15		34		35		39		73																																								10

		16		21		47		52		68																																								11

		Average		38.0		37.7		48.6		60.8																																								12

		SEM		3.2		2.6		3.3		3.7																																								13

		Min.		20		23		34		35																																								14

		Max.		66		61		78		81																																								15

																																																		16

																																																		17

																																																		18

		1		38																																														19

		1		49								1		2		3		4		5		6		7		8																								20

		1		31																								1																						21

		1		39																								2																						22

		1		31																								3

		1		35																								4																						1

		1		66																								5																						2

		1		26																								6																						3

		1		39																								7																						4

		1		40																								8																						5

		1		58																								9																						6

		1		20																								10																						7

		1		52																								11																						8

		1		29																								12																						9

		1		34																								13																						10

		1		21																								14																						11

		2		23																								15																						12

		2		36																								16																						13

		2		34																								17																						14

		2		45																								18																						15

		2		43																								19																						16

		2		27																								20																						17

		2		32																								21																						18

		2		55																								22																						19

		2		36																																														20

		2		32																								1																						21

		2		29																								2																						22

		2		61																								3

		2		26																								4

		2		42																								5

		2		35																								6

		2		47																								7

		3		45																								8

		3		38																								9

		3		61																								10

		3		34																								11

		3		42																								12

		3		60																								13

		3		35																								14

		3		40																								15

		3		52																								16

		3		42																								17

		3		73																								18

		3		78																								19

		3		45																								20

		3		42																								21

		3		39																								22

		3		52

		4		75

		4		45

		4		65

		4		57

		4		66

		4		69

		4		37

		4		77

		4		35

		4		46

		4		42

		4		69

		4		67

		4		81

		4		73

		4		68



10 × 106

7.5 × 106

5.0 × 106

2.5 × 106

5.0 × 106

7.5 × 106

10 × 106

2.5 × 106

Fungal application method

Colonization   [%]

a

a

c

b

Trays

Pots

Soil

O. matter

38

3.2067636853

3.2067636853

37.6875

2.6326772653

2.6326772653

48.625

3.2912446987

3.2912446987

60.75

3.7411005511

3.7411005511



				3.2067636853		3.2067636853

				2.6326772653		2.6326772653

				3.2912446987		3.2912446987

				3.7411005511		3.7411005511



2.5 × 106

5.0 × 106

7.5 × 106

10 × 106

Injected y

Incorporated z

2.5 × 106

Application forms

Colonization   [%]

a

a

c

b



		1		8		8

		2		12.4		12.4

		3		7.6		7.6

		4		6.2		6.2

		5		11.2		11.2

		6		6		6

		7		31.2		31.2

		8		16		16

		9		6		6

		10		16.8		16.8

		11		4		4

		12		14.4		14.4

		13		8.4		8.4

		14		8		8

		15		2		2

		16		3.6		3.6

		17		4.4		4.4

		18		8.4		8.4

		19		0.4		0.4

		20		0.8		0.8

		Tips		1.2		1.2



Pots

Root pieces from the plant base   [cm]

Colonization   [%]

R2 = 0,859
                  y = -4,656x + 89,006

72

87

86

91

85

65

53

49

27

21

32

29.5

12

19

11

13

15.4

12

9

3

1.7



		2.5 × 106		2.5149034938		2.5149034938

		5.0 × 106		2.7872010303		2.7872010303

		7.5 × 106		2.6020324588		2.6020324588

		10 × 106		3.791952828		3.791952828



2.5 × 106

5.0 × 106

7.5 × 106

10 × 106

2.5 × 106

Number of spores/plant

Colonization   [%]

a

ab

c

b

R2 = 0.953***
              y = 9.0875x + 13.125

23.5625

30.8125

36.9375

51.9375
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Diagramm2

		Rs		63.4770299662		Rs		63.4770299662		67.883702471		67.883702471

		PL + Rs		44.4234672718		PL + Rs		44.4234672718		29.3295417225		29.3295417225

		Bf + Rs		21.0528435662		Bf + Rs		21.0528435662		84.5488050358		84.5488050358

		PL + Bf + Rs		10.1847380373		PL + Bf + Rs		10.1847380373		11.1787851689		11.1787851689

		Mocap		0.3399346342		Mocap		0.3399346342		5.0697481283		5.0697481283



R. similis in 100 g soil and per g root

R. similis in 100 g soil

R. similis / g root

Treatments

d

c

b

a

d

A

B

B

C

C

474

682.3184352974

328

352.6119188041

169

261.6098252306

49.8

47.4312394653

0.6

26.8884448316



Pooled data (8wks)

		Effect of Individually and co-applications P. Lilacinus and B. firmus against R. similis in banana after 8 weeks

		Pooled data of experiment 1 and 2

		Alexander Mendoza

		Harvested: 07.06.2007

								Fresh root		Fresh shoot		Root length		Nematodes in

		Treatments		Rep.				weight (g)		weight (g)		(cm)		100g Soil		Root system		R.similis/g root		100g Soil				Root system				R.similis/g root

		Control		1		1		19		25.1		21.4

				2		1		25.9		35.4		34.8

				3		1		18.3		26.4		23.7

				4		1		15.7		19.4		14.8

				5		1		22.1		29.7		29.7

				6		1		23.7		29.1		27.3

				7		1		16.9		20.7		21.8

				8		1		20.7		31.8		28.7

				9		1		18.2		28.9		22.5

				10		1		19.5		29.7		21.8

		Ino. Control		1		2		14		20.5		20.40		270		6300		450.0

				2		2		16.3		26.2		22.28		210		6100		374.2		Average		Reduction		Average		Reduction		Average		Reduction

				3		2		15.9		30.2		17.69		305		6300		396.2

				4		2		13.1		22.6		16.25		260		7000		534.4

				5		2		10.8		18.6		14.83		359		7210		667.6

				6		2		16.9		23.4		25.69		418		6500		384.6

				7		2		13.8		24.3		21.71		251		4100		297.1

				8		2		15.2		20.2		15.49		265		5600		368.4

				9		2		16.5		27.6		21.02		401		4300		260.6

				10		2		10.1		21.8		15.61		248		6300		623.8		298.7				5971.0				435.7

				1		3		16.7		30.3		18.61		95		6780		406.0

				2		3		13.5		22.9		25.24		148		4340		321.5

				3		3		14.2		19.7		17.49		190		6790		478.2

				4		3		13.4		25.8		19.90		110		8960		668.7

		PL251		5		3		16.1		30.6		15.49		180		4200		260.9

		+		6		3		14.1		23.4		10.52		210		3640		258.2

		R. simili		7		3		13.2		19.1		25.53		90		4550		344.7

				8		3		15.7		18.6		21.60		160		4130		263.1

				9		3		14.5		20.7		19.71		180		3780		260.7

				10		3		10.7		19.1		13.05		150		3780		353.3		151.3		49.3		5095.0		14.7		361.5		17.0

				1		4		13.7		19.9		14.19		165		4200		306.6

				2		4		19.7		41.3		14.95		48		4690		238.1

				3		4		12.7		44.1		20.04		135		3920		308.7

				4		4		11.7		44.3		10.39		120		3710		317.1

		B. firmus		5		4		20.1		38.7		23.78		65		3990		198.5

		+		6		4		17.9		34.3		20.84		92		4060		226.8

		R. simili		7		4		13		43.7		12.50		40		4480		344.6

				8		4		18.3		41.9		21.45		94		3570		195.1

				9		4		23.3		37.5		15.71		38		3780		162.2

				10		4		17.3		43.9		19.07		61		3850		222.5		85.8		71.3		4025.0		32.6		252.0		42.2

				1		5		18.5		43.8		18.20		30		1470		79.5

				2		5		17.7		39.9		23.46		40		3360		189.8

				3		5		23.3		34.9		26.58		80		1190		51.1

				4		5		13.1		35.1		14.15		12		2135		163.0

		PL251		5		5		15.1		46.1		19.30		25		1980		131.1

		+		6		5		17.6		39.9		15.33		50		2030		115.3

		B.firmus		7		5		18.3		37.8		18.27		10		1220		66.7

		+		8		5		22.1		46.4		20.01		35		2275		102.9

		R. simili		9		5		24		46.5		28.90		5		1590		66.3

				10		5		22.2		36.3		18.33		20		1940		87.4		30.7		89.7		1919.0		67.9		105.3		75.8				199.8955282697

		Mocap		1		6		18		29.9		22.95		0		70		3.9

				2		6		17.2		21.6		20.14		0		50		2.9

				3		6		16.7		24.5		20.89		0		210		12.6

				4		6		20.8		29		29.23		0		70		3.4

				5		6		16.6		21.2		31.23		0		140		8.4

				6		6		15.9		26.1		20.22		0		0		0.0

				7		6		17		22.2		22.16		0		70		4.1

				8		6		18.8		18.7		34.90		0		0		0.0

				9		6		18.9		21.1		26.47		0		190		10.1

				10		6		15.5		22.5		18.85		0		0		0.0		0.0		100.0		80.0		98.7		4.5		99.0

						Fresh root w (g)				Fresh shoot w (g)				Root length (cm)

						Average		SEM		Average		SEM		Average		SEM				R. similis in 100 g soil				Root system				R. similis / g root

		Control				20.00		0.99		27.62		1.54		24.65		1.77				Average		SEM		Average		SEM		Average		SEM

		Rs				14.26		0.7		23.54		1.1		19.10		1.15				298.70		22.2		5971.00		327.4		435.69		42.4

		PL + Rs				14.21		0.54		23.02		1.43		18.71		1.53				151.30		13.04		5095.00		565.93		361.50		41.17

		Bf + Rs				16.77		1.21		38.96		2.36		17.29		1.38				85.80		13.67		4025.00		110.06		252.02		19.68

		PL + Bf + Rs				19.19		1.14		40.67		1.49		20.25		1.49				30.70		7.07		1919.00		199.90		105.31		14.22

		Mocap				17.54		0.51		23.68		1.15		24.70		1.73				0.00		0.00		80.00		24.27		4.53		1.40
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Pooled data (8wks)

		Rs		61.8969645231		Rs		61.8969645231		65.6006030789		65.6006030789

		PL + Rs		11.771713228		PL + Rs		11.771713228		32.8946684656		32.8946684656

		Bf + Rs		33.5683006433		Bf + Rs		33.5683006433		37.1015361399		37.1015361399

		PL + Bf + Rs		11.2899123651		PL + Bf + Rs		11.2899123651		6.8539228978		6.8539228978

		Mocap		0.4993682878		Mocap		0.4993682878		1.9729143251		1.9729143251



R. similis in 100 g soil and per g roo [± SEM]

R. similis in 100 g soil

R. similis / g root

Treatments

d

a

b

bc

cd

D

CD

BC

B

A

369.5833333333

286.6702233485

174.1666666667

162.378037462

140.8333333333

114.2114623911

52.5

46.8647551263

0.5833333333

3.6166081297



Pooled data (18wks)

		0		22.247122161		0		22.247122161		42.3501344843		42.3501344843

		0		13.0435595006		0		13.0435595006		41.1700778425		41.1700778425

		0		13.6738192665		0		13.6738192665		19.6803845951		19.6803845951

		0		7.0664308137		0		7.0664308137		14.2173663539		14.2173663539

		0		0		0		0		1.4007752893		1.4007752893



R. similis in 100 g soil and per g root
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		Effect of Individually and co-applications P. Lilacinus and B. firmus against R. similis in banana after 18 weeks

		Pooled data of experiment 1 and 2

		Alexander Mendoza

		Harvested: 07.08.2007

								Fresh root		Fresh shoot		Root length		Nematodes in

		Treatments		Rep.				weight (g)		weight (g)		(cm)		100g Soil		Root system		R.similis/g root		100g Soil				Root system				R.similis/g root

		Control		1		1		25.1		52		31.9

				2		1		15.9		22.8		19.4

				3		1		38.4		42.8		21.3

				4		1		16.8		22.3		16.1

				5		1		24.8		51		16.7

				6		1		23.8		31.2		16.9

				7		1		19.8		34.8		16.8

				8		1		29.7		39.7		24.9

				9		1		32.5		37.1		23.7

				10		1		24.7		39.7		20.9

		Ino. Control		1		2		16.2		34		20.45		560		7425		458.3														1375		22275

				2		2		11.1		11.2		14.06		480		6900		621.6		Average		Reduction		Average		Reduction		Average		Reduction		1865		20700

				3		2		22.3		28.4		17.07		350		18000		807.2														2422		54000

				4		2		24		41.1		22.02		150		13950		581.3														1744		41850

				5		2		11.2		22.9		11.69		390		6150		549.1														1647		18450

				6		2		26.9		39.8		25.61		410		10800		401.5														1204		32400

				7		2		33.7		43.1		21.29		860		28800		854.6														2564		86400

				8		2		25.4		41.9		25.31		650		20340		800.8														2402		61020

				9		2		35.8		52.1		22.24		300		22500		628.5														1885		67500

				10		2		24.1		22.2		17.17		590		27000		1120.3		474.0				16186.5				682.3				3361		81000

				1		3		30		52.8		21.06		320		10080		336.0														1008		30240

				2		3		21		45.7		31.01		460		7950		378.6														1136		23850

				3		3		19		24.6		13.92		250		5670		298.4														895		17010

				4		3		29.3		40.3		23.28		190		8490		289.8														869		25470

		PL251		5		3		28.8		46.7		23.92		240		11520		400.0														1200		34560

		+		6		3		20		29		15.15		640		10950		547.5														1643		32850

		R. simili		7		3		19.9		48.5		20.80		180		7500		376.9														1131		22500

				8		3		23.6		37.2		16.90		275		6030		255.5														767		18090

				9		3		15.9		43.4		23.82		325		6600		415.1														1245		19800

				10		3		22.2		30.2		16.59		400		5070		228.4		328.0		30.8		7986.0		50.7		352.6		48.3		685		15210

				1		4		24.8		36.6		7.82		270		4590		185.1														555		13770

				2		4		32.6		48.6		13.12		240		2250		69.0														207		6750

				3		4		13.8		24.6		15.81		190		2070		150.0														450		6210

				4		4		12.1		23		14.78		120		1710		141.3														424		5130

		B. firmus		5		4		27.7		36.7		10.44		150		1890		68.2														205		5670

		+		6		4		15.3		37.8		11.49		250		14040		917.6														2753		42120

		R. simili		7		4		23		35.1		13.24		90		3600		156.5														470		10800

				8		4		17		39.8		18.97		90		9360		550.6														1652		28080

				9		4		42		64		17.69		120		8640		205.7														617		25920

				10		4		31.4		52.7		23.61		170		5400		172.0		169.0		64.3		1224.0		92.4		261.6		61.7		516		16200

				1		5		30.9		53.6		17.46		25		1440		46.6														140		4320

				2		5		20.9		44.3		20.30		70		720		34.4														103		2160

				3		5		39.3		68.7		21.71		10		990		25.2														76		2970

				4		5		42		76.4		20.21		25		1620		38.6														116		4860

		PL251		5		5		38.2		68.3		17.21		84		1170		30.6														92		3510

		+		6		5		27.7		47.5		9.56		36		1080		39.0														117		3240

		B.firmus		7		5		22.2		62.3		16.48		22		1890		85.1														255		5670

		+		8		5		27.7		60		12.25		59		630		22.7														68		1890

		R. simili		9		5		18.9		46.7		15.77		112		360		19.0														57		1080

				10		5		17.6		63.9		14.00		55		2340		133.0		49.8		89.5		5355.0		66.9		47.4		93.0		399		7020

		Mocap		1		6		28.2		41.1		21.17		0		270		9.6														29		810

				2		6		35.3		55.6		23.72		0		630		17.8														54		1890

				3		6		25.9		34.6		18.41		0		720		27.8														83		2160

				4		6		12.4		19.8		14.86		0		270		21.8														65		810

				5		6		30.8		37.4		17.95		0		1620		52.6														158		4860

				6		6		13.5		27.1		15.44		0		90		6.7														20		270

				7		6		22.7		39.2		12.76		0		900		39.6														119		2700

				8		6		33.6		50.4		22.38		2		1170		34.8														104		3510

				9		6		29.1		48		20.43		3		1350		46.4														139		4050

				10		6		30.6		41.9		20.29		1		360		11.8		0.6		99.9		738.0		95.4		26.9		96.1		35		1080

						Fresh root w (g)				Fresh shoot w (g)				Root length (cm)

						Average		SEM		Average		SEM		Average		SEM				R. similis in 100 g soil				Root system				R. similis / g root

		Control				25.15		2.20		37.34		3.20		20.86		1.57				Average		SEM		Average		SEM		Average		SEM

		Rs				23.07		2.6		33.67		3.9		19.69		1.46				474.00		63.5		16186.50		2654.5		682.32		67.9

		PL + Rs				22.97		1.54		39.84		2.96		20.65		1.64				328.00		44.42		7986.00		713.09		352.61		29.33

		Bf + Rs				23.97		3.05		39.89		3.93		14.70		1.45				169.00		21.05		5355.00		1298.09		261.61		84.55

		PL + Bf + Rs				28.54		2.81		59.17		3.41		16.49		1.20				49.80		10.18		1224.00		192.19		47.43		11.18

		Mocap				26.21		2.48		39.51		3.38		18.74		1.11				0.60		0.34		738.00		162.55		26.89		5.07
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		Rs		61.8969645231		Rs		61.8969645231		65.6006030789		65.6006030789

		PL + Rs		11.771713228		PL + Rs		11.771713228		32.8946684656		32.8946684656

		Bf + Rs		33.5683006433		Bf + Rs		33.5683006433		37.1015361399		37.1015361399

		PL + Bf + Rs		11.2899123651		PL + Bf + Rs		11.2899123651		6.8539228978		6.8539228978

		Mocap		0.4993682878		Mocap		0.4993682878		1.9729143251		1.9729143251



R. similis in 100 g soil and per g root [± SEM]
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		Rs		5.0572943448		5.0572943448

		FO + Rs		2.8462219028		2.8462219028

		PL + Rs		0.7045938858		0.7045938858

		FO + PL + Rs		0.9461872084		0.9461872084
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Exp. 1

		Individually and combined applications of FO162 and P. Lilacinus  against R. similis in banana

		Experiment 1

		Alexander Mendoza

		Harvested: 26.07.2005																												correcciones

								Fresh root		Fresh shoot		Root length		Nematodes				Average		Average												Nematodes				Average				Reduction (%)

		Treatments		Rep.				weight (g)		weight (g)		(cm)		Total		(g) root		root		shoot						Treatments		Rep.				Total		(g) root		Total		g root		g root		total		g root		Plant

		Control		1		1		12.4		24.3																Ino. Control		1		440		640		51.6

				2		1		8		20.7																		2		580		780		97.5

				3		1		7.8		16.6																		3		240		540		69.2

				4		1		8.4		20.1																		4		320		520		61.9

				5		1		11		20.7																		5		440		640		58.2

				6		1		9.9		21.3																		6		580		780		78.8

				7		1		8.8		19.5																		7		440		640		72.7

				8		1		9.9		16.2								9.5		19.9								8		420		620		62.6		645.0		69.1

		Ino. Control		1		2		4.7		16.9																		1		400		400		58.8										-14.0		37.5

				2		2		8.8		13.5																		2		400		400		39.2										59.8		48.7

				3		2		8.3		18.3																FO162		3		200		400		55.6										19.8		25.9

				4		2		11.8		19.2																+		4		240		340		36.2										41.6		34.6

				5		2		13.4		20.1																R. similis		5		458		458		50.9										12.5		28.4

				6		2		10		19.7																		6		240		440		52.4										33.5		43.6

				7		2		3.7		16																		7		200		420		45.7										37.2		34.4

				8		2		4.7		16.4								8.2		17.5								8		240		340		42.5		399.8		47.6		31.0		38.0		32.1		45.2		27.8		37.3

		FO162		1		3		12.3		19.5																		1		300		300		30.0										41.9		53.1

				2		3		7.3		14.1																		2		200		200		27.8										71.5		74.4

				3		3		5.7		15.5																PL251		3		200		300		31.6										54.4		44.4

				4		3		6.9		16.3																+		4		260		300		29.7										52.0		42.3

				5		3		6.5		18.8																R. similis		5		340		200		27.4										52.9		68.8

				6		3		11.7		20.5																		6		200		300		33.0										58.2		61.5

				7		3		8.8		16.8																		7		200		200		32.3										55.6		68.8

				8		3		8.6		20.5								8.5		17.8								8		340		440		30.3		280.0		30.3		56.2		56.6		51.5		29.0		54.8		55.3

		PL251		1		4		11.9		18.5																		1		167		240		20.5										60.3		62.5

				2		4		16.8		23.9																FO162		2		180		180		18.8										80.8		76.9

				3		4		13.4		23.6																+		3		200		180		18.6										73.2		66.7

				4		4		6.6		19.3																PL251		4		200		200		19.2										68.9		61.5

				5		4		9.4		19.8																+		5		240		200		23.5										59.6		68.8

				6		4		5.5		12.1																R. similis		6		200		200		23.8										69.8		74.4

				7		4		12.8		19.4																		7		340		240		25.0										65.6		62.5

				8		4		7.6		12.6								10.5		18.7								8		140		140		18.7		197.5		21.0		69.6		69.4		70.2		77.4		68.5		68.8

				1		5		6.8		17.9

				2		5		10.2		22.3

		FO162		3		5		7.2		14.9

		+		4		5		9.4		19.3																		R. Similis/g root				R. Similis/plant

		R. similis		5		5		9		21.5																		Average		S.E.		Average		S.E.		Reduction (%)

				6		5		8.4		15.8

				7		5		9.2		15																Inoculate control		69.1		5.1		645.0		33.8		g root		S.E.		plant		S.E.

				8		5		8		20								8.5		18.3						FO162 + Rs		47.6		2.8		399.8		15.0		27.8		7.8		37.3		2.9

				1		6		10		17.7																PL251 + Rs		30.3		0.7		280.0		28.8		54.8		2.9		55.3		5.6

				2		6		7.2		15																FO + PL + Rs		21.0		0.9		197.5		11.6		68.5		2.4		68.8		2.3

		PL251		3		6		9.5		20.8

		+		4		6		10.1		18.7

		R. similis		5		6		7.3		15.8

				6		6		9.1		21.5

				7		6		6.2		15.4																Rs.		FO162 + Rs		PL251 + Rs		FO + PL + RS

				8		6		14.5		21								9.2		18.2

				1		7		6.1		17.5

				2		7		5.3		17.5

		FO162		3		7		9.1		18.1

		+		4		7		3.6		9.6																R. similis (Rs)		F. oxysporum + Rs		P. lilacinus + Rs		FO + PL + Rs

		PL251		5		7		9.7		18.3														Average		69.1		47.6		30.3		21.0

				6		7		12.1		24														SE		5.1		2.8		0.7		0.9

				7		7		5.3		15.2

				8		7		8.4		16.8								7.5		17.1								R. Similis/g root				R. Similis/plant

				1		8		11.7		23.4																		Average		S.E.		Average		S.E.

		FO162		2		8		9.6		20.5																Rs		69.1		5.1		645.0		33.8

		+		3		8		9.7		16.8																FO + Rs		47.6		2.8		399.8		15.0

		PL251		4		8		10.4		22																PL + Rs		30.3		0.7		280.0		28.8

		+		5		8		8.5		18																FO + PL + Rs		21.0		0.9		197.5		11.6

		R. similis		6		8		8.4		17.6

				7		8		9.6		18.6																								GRAFICAS USADA EN LA PUBLICACION Y THESIS

				8		8		7.5		19.1								9.4		19.5

																																																						1

				Fresh root w.				Fresh shoot w.																																														2

				Average		S.E.		Average		S.E.																																												3

																																																						4

		Control		9.5		0.6		19.9		0.9																																												5

		Inoculate control		8.2		1.3		17.5		0.8																																												6

		FO162		8.5		0.9		17.8		0.9																																												7

		PL251		10.5		1.4		18.7		1.5																																												8

		FO162 + R.s.		8.5		0.4		18.3		1.0																																												9

		PL251 + R.s.		9.2		0.9		18.2		0.9																																												10

		FO162 + PL251		7.5		1.0		17.1		1.4																																												11

		FO + PL + R.s.		9.4		0.5		19.5		0.8																																												12

																																																						13

																																																						14

																																																						15

																																																						16

																																																						17

																																																						18

																																																						19

																																																						20

																																																						21

																																																						22

																				1		2		3		4		5		6		7		8				1		2		3		4		5		6		7		8
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		0		5.0572943448		5.0572943448
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		0		0.9461872084		0.9461872084
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Exp. 2

		0		7.7864693437		7.7864693437

		0		2.9286575285		2.9286575285

		0		2.4401266136		2.4401266136



g root

Treatments

Reduction of R. similis [%]

a

b

b



Pooled data

		Individually and combined applications of FO162 and P. Lilacinus  against R. similis in banana

		Experiment 2

		Alexander Mendoza

		Harvested: 26.07.2005

								Fresh root		Fresh shoot		Root length		Nematodes				Average		Average												Nematodes				Average				Reduction (%)

		Treatments		Rep.				weight (g)		weight (g)		(cm)		Total		(g) root		root		shoot				Treatments		Rep.						Total		(g) root		Total		g root		g root		total		g root		Plant

		Control		1		1		18.1		31.3														Ino. Control		1		1		600		600		33.1

				2		1		20.7		31.8																2		1		375		375		18.1

				3		1		24.7		32.8																3		1		675		675		27.3

				4		1		27.9		32.4																4		1		525		525		18.8

				5		1		26.2		31.1																5		1		450		450		17.2

				6		1		27.9		37.6								24.3		32.8						8		1		675		675		24.2		550.0		23.1

		Ino. Control		1		2		26.1		35.6																1		2		350		350		18.0										45.6		41.7

				2		2		18.4		31.7																2		2		400		400		18.4										-1.8		-6.7

				3		2		19.4		33.3														FO162		3		2		260		260		12.7										53.4		61.5

				4		2		16.1		30.8														+		4		2		350		350		16.1										14.7		33.3

				5		2		19.3		31.9														R. similis		5		2		450		450		20.5										-19.6		0.0

				6		2		27.2		33								21.1		32.7						8		2		500		500		26.2		385.0		18.7		19.3		30.0		-8.2		25.9		14.0		26.0

		FO162		1		3		18.2		35																1		3		400		400		17.2										48.0		33.3

				2		3		21.6		37																2		3		385		385		13.6										25.2		-2.7

				3		3		22.7		31.2														PL251		3		3		281		281		14.2										48.1		58.4

				4		3		22.9		33.9														+		4		3		290		290		10.9										41.8		44.8

				5		3		22.3		34.4														R. similis		5		3		320		320		12.9										25.2		28.9

				6		3		21.1		32.6								21.5		34.0						8		3		360		360		13.2		339.3		13.7		40.9		38.3		45.3		46.7		38.9		34.9

		PL251		1		4		19.1		29																1		4		280		280		13.8										58.4		53.3

				2		4		22.7		28.9														FO162		2		4		230		230		8.6										52.8		38.7

				3		4		26.2		35.3														+		3		4		205		205		9.0										67.1		69.6

				4		4		19		27.8														PL251		4		4		210		210		7.6										59.6		60.0

				5		4		19.1		30.6														+		5		4		240		240		9.8										42.7		46.7

				6		4		14.6		26.8								20.1		29.7				R.s.		8		4		160		160		7.9		220.8		9.4		59.2		59.8		67.4		76.3		58.0		57.4

				1		5		19.4		30.4

				2		5		21.7		39.4

		FO162		3		5		20.4		40.5

		+		4		5		21.8		34.4																		R. Similis/g root				R. Similis/plant				g root				plant

		R. similis		5		5		21.9		32.3																		Average		S.E.		Average		S.E.		Reduction (%)		S.E.				S.E.

				6		5		19.1		31.5								20.7		34.8						FO162 + R.s.		18.7		1.8		385.0		34.5		14.0		12.1		26.0		10.5

				1		6		23.2		32.3																PL251 + R.s.		13.7		0.8		339.3		20.3		38.9		4.4		34.9		8.6

				2		6		28.4		28.2																FO + PL + R.s.		9.4		0.9		220.8		16.4		58.0		3.8		57.4		5.8

		PL251		3		6		19.8		25.9

		+		4		6		26.5		32.6

		R. similis		5		6		24.9		26.9

				6		6		27.2		33.8								25.0		30.0

				1		7		21.6		35.3

				2		7		23.6		35.3

		FO162		3		7		17		30.4

		+		4		7		30.7		34.9																R. similis (Rs)		F. oxysporum + Rs		P. lilacinus + Rs		FO + PL + Rs

		PL251		5		7		23		34.6														Average		0.0		18.7		13.7		9.4

				6		7		18.3		31								22.4		33.6								R. Similis/g root				R. Similis/plant

				1		8		20.3		30.6																		Average		S.E.		Average		S.E.

		FO162		2		8		26.9		36.5																R. similis (Rs)		23.1		2.6		550.0		50.0

		+		3		8		22.8		31.9																F. oxysporum + Rs		18.7		1.8		385.0		34.5

		PL251		4		8		27.6		36.2																P. lilacinus + Rs		13.7		0.8		339.3		20.3

		+		5		8		24.4		30.6																FO + PL + Rs		9.4		0.9		220.8		16.4

		R. similis		6		8		20.3		28.5								23.7		32.4

				Fresh root w.				Fresh shoot w.

				Average		S.E.		Average		S.E.

		Control		24.3		1.6		32.8		1.0

		Inoculate control		21.1		1.8		32.7		0.7

		FO162		21.5		0.7		34.0		0.8

		PL251		20.1		1.6		29.7		1.2

		FO162 + R.s.		20.7		0.5		34.8		1.7

		PL251 + R.s.		25.0		1.3		30.0		1.4

		FO162 + PL251		22.4		2.0		33.6		0.9

		FO + PL + R.s.		23.7		1.3		32.4		1.3





Pooled data

		0		2.5712109916		2.5712109916		0		50		50
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		Individually and combined applications of FO162 and P. Lilacinus  against R. similis in banana

		Experiment 1 and 2

		Alexander Mendoza

																																correcciones

								Fresh root		Fresh shoot		Root length		Nematodes				Average		Average														Nematodes				Average				Reduction (%)

		Treatments		Rep.				weight (g)		weight (g)		(cm)		Total		(g) root		root		shoot						Treatments		Rep.						Total		(g) root		Total		g root		g root		total		g root		Plant

		Control		1		1		12.4		24.3																Ino. Control		1		1		440		440		35.5

				2		1		8		20.7																		2		1		580		580		72.5

				3		1		7.8		16.6																		3		1		240		240		30.8

				4		1		8.4		20.1																		4		1		320		320		38.1

				5		1		11		20.7																		5		1		440		440		40.0

				6		1		9.9		21.3																		6		1		580		580		58.6

				7		1		8.8		19.5																		7		1		440		440		50.0

				8		1		9.9		16.2								9.5		19.9								8		1		420		420		42.4

				1		1		18.1		31.3																		1		1		600		600		33.1

				2		1		20.7		31.8																		2		1		375		375		18.1

				3		1		24.7		32.8																		3		1		675		675		27.3

				4		1		27.9		32.4																		4		1		525		525		18.8

				5		1		26.2		31.1																		5		1		450		450		17.2

				6		1		27.9		37.6																		6		1		675		675		24.2		482.9		36.2

		Ino. Control		1		2		4.7		16.9																		1		2		400		400		58.8										-65.8		9.1

				2		2		8.8		13.5																		2		2		400		400		39.2										45.9		31.0

				3		2		8.3		18.3																		3		2		200		200		27.8										9.7		16.7

				4		2		11.8		19.2																		4		2		240		240		25.5										33.0		25.0

				5		2		13.4		20.1																		5		2		458		458		50.9										-27.2		-4.1

				6		2		10		19.7																FO162		6		2		240		240		28.6										51.2		58.6

				7		2		3.7		16																+		7		2		200		200		21.7										56.5		54.5

				8		2		4.7		16.4								8.2		17.5						R. similis		8		2		240		240		30.0										29.3		42.9

				1		2		26.1		35.6																		1		2		350		350		18.0										45.6		41.7

				2		2		18.4		31.7																		2		2		400		400		18.4										-1.8		-6.7

				3		2		19.4		33.3																		3		2		260		260		12.7										53.4		61.5

				4		2		16.1		30.8																		4		2		350		350		16.1										14.7		33.3		g root		Plant

				5		2		19.3		31.9																		5		2		450		450		20.5										-19.6		0.0

				6		2		27.2		33																		6		2		500		500		26.2		334.9		28.2		22.1		30.7		-8.2		25.9		15.5		27.8

		FO162		1		3		12.3		19.5																		1		3		300		300		30.0										15.5		31.8

				2		3		7.3		14.1																		2		3		200		200		27.8										61.7		65.5

				3		3		5.7		15.5																PL251		3		3		200		200		21.1										31.6		16.7

				4		3		6.9		16.3																+		4		3		260		260		25.7										32.4		18.8

				5		3		6.5		18.8																R. similis		5		3		340		340		46.6										-16.4		22.7

				6		3		11.7		20.5																		6		3		200		200		22.0										62.5		65.5

				7		3		8.8		16.8																		7		3		200		200		32.3										35.5		54.5

				8		3		8.6		20.5								8.5		17.8								8		3		340		340		23.4										44.7		19.0

				1		3		18.2		35																		1		3		400		400		17.2										48.0		33.3

				2		3		21.6		37																		2		3		385		385		13.6										25.2		-2.7

				3		3		22.7		31.2																		3		3		281		281		14.2										48.1		58.4

				4		3		22.9		33.9																		4		3		290		290		10.9										41.8		44.8

				5		3		22.3		34.4																		5		3		320		320		12.9										25.2		28.9

				6		3		21.1		32.6																		6		3		360		360		13.2		291.1		22.2		38.6		39.7		45.3		46.7		35.8		36.0

		PL251		1		4		11.9		18.5																		1		4		167		167		14.3										59.8		62.0

				2		4		16.8		23.9																FO162		2		4		180		180		18.8										74.1		69.0

				3		4		13.4		23.6																+		3		4		200		200		20.6										33.0		16.7

				4		4		6.6		19.3																PL251		4		4		200		200		19.2										49.5		37.5

				5		4		9.4		19.8																+		5		4		240		240		28.2										29.4		45.5

				6		4		5.5		12.1																R. similis		6		4		200		200		23.8										59.4		65.5

				7		4		12.8		19.4																		7		4		340		340		35.4										29.2		22.7

				8		4		7.6		12.6								10.5		18.7								8		4		140		140		18.7										56.0		66.7

				1		4		19.1		29																		1		4		280		280		13.8										58.4		53.3

				2		4		22.7		28.9																		2		4		230		230		8.6										52.8		38.7

				3		4		26.2		35.3																		3		4		205		205		9.0										67.1		69.6

				4		4		19		27.8																		4		4		210		210		7.6										59.6		60.0

				5		4		19.1		30.6																		5		4		240		240		9.8										42.7		46.7

				6		4		14.6		26.8																		6		4		160		160		7.9		213.7		16.8		53.5		55.7		67.4		76.3		52.7		52.2

				1		5		6.8		17.9

				2		5		10.2		22.3

				3		5		7.2		14.9

				4		5		9.4		19.3

				5		5		9		21.5																		R. Similis/		g root		R. Similis/		plant

				6		5		8.4		15.8																																g root				plant

		FO162		7		5		9.2		15																		Average		S.E.		Average		S.E.								Reduction (%)		S.E.				S.E.

		+		8		5		8		20								8.5		18.3						R. similis (Rs)		36.2		4.3		482.9		34.4						F. oxysporum + Rs		15.5		9.7		27.8		6.1

		R. similis		1		5		19.4		30.4																F. oxysporum + Rs		28.2		3.5		334.9		27.5						P. lilacinus + Rs		35.8		5.4		36.0		5.5

				2		5		21.7		39.4																P. lilacinus + Rs		22.2		2.6		291.1		19.0						FO + PL + Rs		52.7		3.8		52.2		4.9

				3		5		20.4		40.5																FO + PL + Rs		16.8		2.2		213.7		13.7

				4		5		21.8		34.4

				5		5		21.9		32.3

				6		5		19.1		31.5

				1		6		10		17.7

				2		6		7.2		15

				3		6		9.5		20.8

				4		6		10.1		18.7

				5		6		7.3		15.8

		PL251		6		6		9.1		21.5

		+		7		6		6.2		15.4

		R. similis		8		6		14.5		21								9.2		18.2

				1		6		23.2		32.3

				2		6		28.4		28.2

				3		6		19.8		25.9

				4		6		26.5		32.6

				5		6		24.9		26.9

				6		6		27.2		33.8

				1		7		6.1		17.5

				2		7		5.3		17.5

				3		7		9.1		18.1

				4		7		3.6		9.6

		FO162		5		7		9.7		18.3

		+		6		7		12.1		24

		PL251		7		7		5.3		15.2

				8		7		8.4		16.8								7.5		17.1

				1		7		21.6		35.3

				2		7		23.6		35.3

				3		7		17		30.4

				4		7		30.7		34.9

				5		7		23		34.6

				6		7		18.3		31

				1		8		11.7		23.4

				2		8		9.6		20.5

				3		8		9.7		16.8

				4		8		10.4		22

		FO162		5		8		8.5		18

		+		6		8		8.4		17.6

		PL251		7		8		9.6		18.6

		+		8		8		7.5		19.1								9.4		19.5

		R. similis		1		8		20.3		30.6

				2		8		26.9		36.5

				3		8		22.8		31.9

				4		8		27.6		36.2

				5		8		24.4		30.6

				6		8		20.3		28.5

				Fresh root w.				Fresh shoot w.

				Average		S.E.		Average		S.E.

		Control		9.5		0.6		19.9		0.9

		Inoculate control		8.2		1.3		17.5		0.8

		FO162		8.5		0.9		17.8		0.9

		PL251		10.5		1.4		18.7		1.5

		FO162 + R.s.		8.5		0.4		18.3		1.0

		PL251 + R.s.		9.2		0.9		18.2		0.9

		FO162 + PL251		7.5		1.0		17.1		1.4

		FO + PL + R.s.		9.4		0.5		19.5		0.8





		0		0		4.2706084389		4.2706084389		34.4410401023		34.4410401023

		0		0		3.5347041997		3.5347041997		27.5215913526		27.5215913526

		0		0		2.6318532839		2.6318532839		18.9545022466		18.9545022466

		0		0		2.2375584561		2.2375584561		13.7242980851		13.7242980851
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		FO162 + Rs		FO162 + Rs		9.7430432255		9.7430432255		6.0777506389		6.0777506389

		PL251 + Rs		PL251 + Rs		5.3890551204		5.3890551204		5.4885582667		5.4885582667

		FO + PL + Rs		FO + PL + Rs		3.8248545538		3.8248545538		4.8707383822		4.8707383822
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		Rs		22.247122161		Rs		22.247122161		59.4132616374		59.4132616374

		PL + Rs		13.0435595006		PL + Rs		13.0435595006		41.1700778425		41.1700778425

		Bf + Rs		13.6738192665		Bf + Rs		13.6738192665		19.6803845951		19.6803845951

		PL + Bf + Rs		7.0664308137		PL + Bf + Rs		7.0664308137		15.4390334879		15.4390334879

		Mocap		0		Mocap		0		1.4007752893		1.4007752893
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Pooled data (8wks)

		Effect of Individually and co-applications P. Lilacinus and B. firmus against R. similis in banana after 8 weeks

		Pooled data of experiment 1 and 2

		Alexander Mendoza

		Harvested: 07.06.2007

								Fresh root		Fresh shoot		Root length		Nematodes in

		Treatments		Rep.				weight (g)		weight (g)		(cm)		100g Soil		Root system		R.similis/g root		100g Soil				Root system				R.similis/g root

		Control		1		1		19		25.1		21.4

				2		1		25.9		35.4		34.8

				3		1		18.3		26.4		23.7

				4		1		15.7		19.4		14.8

				5		1		22.1		29.7		29.7

				6		1		23.7		29.1		27.3

				7		1		16.9		20.7		21.8

				8		1		20.7		31.8		28.7

				9		1		18.2		28.9		22.5

				10		1		19.5		29.7		21.8

		Ino. Control		1		2		14		20.5		20.40		270		9300		664.3

				2		2		16.3		26.2		22.28		210		6100		374.2		Average		Reduction		Average		Reduction		Average		Reduction

				3		2		15.9		30.2		17.69		305		6300		396.2

				4		2		13.1		22.6		16.25		260		7000		534.4

				5		2		10.8		18.6		14.83		359		9210		852.8

				6		2		16.9		23.4		25.69		418		6500		384.6

				7		2		13.8		24.3		21.71		251		4100		297.1

				8		2		15.2		20.2		15.49		265		5600		368.4

				9		2		16.5		27.6		21.02		401		4300		260.6

				10		2		10.1		21.8		15.61		248		6300		623.8		298.7				6471.0				475.6

				1		3		16.7		30.3		18.61		95		6780		406.0

				2		3		13.5		22.9		25.24		148		4340		321.5

				3		3		14.2		19.7		17.49		190		6790		478.2

				4		3		13.4		25.8		19.90		110		8960		668.7

		PL251		5		3		16.1		30.6		15.49		180		4200		260.9

		+		6		3		14.1		23.4		10.52		210		3640		258.2

		R. simili		7		3		13.2		19.1		25.53		90		4550		344.7

				8		3		15.7		18.6		21.60		160		4130		263.1

				9		3		14.5		20.7		19.71		180		3780		260.7

				10		3		10.7		19.1		13.05		150		3780		353.3		151.3		49.3		5095.0		21.3		361.5		24.0

				1		4		13.7		19.9		14.19		165		4200		306.6

				2		4		19.7		41.3		14.95		48		4690		238.1

				3		4		12.7		44.1		20.04		135		3920		308.7

				4		4		11.7		44.3		10.39		120		3710		317.1

		B. firmus		5		4		20.1		38.7		23.78		65		3990		198.5

		+		6		4		17.9		34.3		20.84		92		4060		226.8

		R. simili		7		4		13		43.7		12.50		40		4480		344.6

				8		4		18.3		41.9		21.45		94		3570		195.1

				9		4		23.3		37.5		15.71		38		3780		162.2

				10		4		17.3		43.9		19.07		61		3850		222.5		85.8		71.3		4025.0		37.8		252.0		47.0

				1		5		18.5		43.8		18.20		30		1470		79.5

				2		5		17.7		39.9		23.46		40		3060		172.9

				3		5		23.3		34.9		26.58		80		930		39.9

				4		5		13.1		35.1		14.15		12		2135		163.0

		PL251		5		5		15.1		46.1		19.30		25		1980		131.1

		+		6		5		17.6		39.9		15.33		50		2030		115.3

		B.firmus		7		5		18.3		37.8		18.27		10		1220		66.7

		+		8		5		22.1		46.4		20.01		35		2275		102.9

		R. simili		9		5		24		46.5		28.90		5		590		24.6

				10		5		22.2		36.3		18.33		20		1940		87.4		30.7		89.7		1763.0		72.8		98.3		79.3				228.1071872802

		Mocap		1		6		18		29.9		22.95		0		70		3.9

				2		6		17.2		21.6		20.14		0		50		2.9

				3		6		16.7		24.5		20.89		0		210		12.6

				4		6		20.8		29		29.23		0		70		3.4

				5		6		16.6		21.2		31.23		0		140		8.4

				6		6		15.9		26.1		20.22		0		0		0.0

				7		6		17		22.2		22.16		0		70		4.1

				8		6		18.8		18.7		34.90		0		0		0.0

				9		6		18.9		21.1		26.47		0		190		10.1

				10		6		15.5		22.5		18.85		0		0		0.0		0.0		100.0		80.0		98.8		4.5		99.0

						Fresh root w (g)				Fresh shoot w (g)				Root length (cm)

						Average		SEM		Average		SEM		Average		SEM				R. similis in 100 g soil				Root system				R. similis / g root

		Control				20.00		0.99		27.62		1.54		24.65		1.77				Average		SEM		Average		SEM		Average		SEM

		Rs				14.26		0.7		23.54		1.1		19.10		1.15				298.70		22.2		6471.00		548.5		475.64		59.4

		PL + Rs				14.21		0.54		23.02		1.43		18.71		1.53				151.30		13.04		5095.00		565.93		361.50		41.17

		Bf + Rs				16.77		1.21		38.96		2.36		17.29		1.38				85.80		13.67		4025.00		110.06		252.02		19.68

		PL + Bf + Rs				19.19		1.14		40.67		1.49		20.25		1.49				30.70		7.07		1763.00		228.11		98.33		15.44

		Mocap				17.54		0.51		23.68		1.15		24.70		1.73				0.00		0.00		80.00		24.27		4.53		1.40
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Pooled data (8wks)

		Rs		61.8969645231		Rs		61.8969645231		65.6006030789		65.6006030789

		PL + Rs		11.771713228		PL + Rs		11.771713228		32.8946684656		32.8946684656

		Bf + Rs		33.5683006433		Bf + Rs		33.5683006433		37.1015361399		37.1015361399

		PL + Bf + Rs		11.2899123651		PL + Bf + Rs		11.2899123651		6.8539228978		6.8539228978

		Mocap		0.4993682878		Mocap		0.4993682878		1.9729143251		1.9729143251



R. similis in 100 g soil and per g roo [± SEM]

R. similis in 100 g soil

R. similis / g root

Treatments

d

a

b

bc

cd

D

CD

BC

B

A

369.5833333333

286.6702233485

174.1666666667

162.378037462

140.8333333333

114.2114623911

52.5

46.8647551263

0.5833333333

3.6166081297



Pooled data (18wks)

		0		22.247122161		0		22.247122161		59.4132616374		59.4132616374

		0		13.0435595006		0		13.0435595006		41.1700778425		41.1700778425

		0		13.6738192665		0		13.6738192665		19.6803845951		19.6803845951

		0		7.0664308137		0		7.0664308137		15.4390334879		15.4390334879

		0		0		0		0		1.4007752893		1.4007752893



R. similis in 100 g soil

R. similis / g root

Treatments

R. similis in 100 g soil abd per root.

d

a

b

c

d

D

D

C

B

A



		Effect of Individually and co-applications P. Lilacinus and B. firmus against R. similis in banana after 18 weeks

		Pooled data of experiment 1 and 2

		Alexander Mendoza

		Harvested: 07.08.2007

								Fresh root		Fresh shoot		Root length		Nematodes in

		Treatments		Rep.				weight (g)		weight (g)		(cm)		100g Soil		Root system		R.similis/g root		100g Soil				Root system				R.similis/g root

		Control		1		1		25.1		52		31.9

				2		1		15.9		22.8		19.4

				3		1		38.4		42.8		21.3

				4		1		16.8		22.3		16.1

				5		1		24.8		51		16.7

				6		1		23.8		31.2		16.9

				7		1		19.8		34.8		16.8

				8		1		29.7		39.7		24.9

				9		1		32.5		37.1		23.7

				10		1		24.7		39.7		20.9

		Ino. Control		1		2		16.2		34		20.45		560		7425		458.3														1375		22275

				2		2		11.1		11.2		14.06		480		6900		621.6		Average		Reduction		Average		Reduction		Average		Reduction		1865		20700

				3		2		22.3		28.4		17.07		350		18000		807.2														2422		54000

				4		2		24		41.1		22.02		150		13950		581.3														1744		41850

				5		2		11.2		22.9		11.69		390		6150		549.1														1647		18450

				6		2		26.9		39.8		25.61		410		10800		401.5														1204		32400

				7		2		33.7		43.1		21.29		860		28800		854.6														2564		86400

				8		2		25.4		41.9		25.31		650		20340		800.8														2402		61020

				9		2		35.8		52.1		22.24		300		22500		628.5														1885		67500

				10		2		24.1		22.2		17.17		590		27000		1120.3		474.0				16186.5				682.3				3361		81000

				1		3		30		52.8		21.06		320		10080		336.0														1008		30240

				2		3		21		45.7		31.01		460		7950		378.6														1136		23850

				3		3		19		24.6		13.92		250		5670		298.4														895		17010

				4		3		29.3		40.3		23.28		190		8490		289.8														869		25470

		PL251		5		3		28.8		46.7		23.92		240		11520		400.0														1200		34560

		+		6		3		20		29		15.15		640		10950		547.5														1643		32850

		R. simili		7		3		19.9		48.5		20.80		180		7500		376.9														1131		22500

				8		3		23.6		37.2		16.90		275		6030		255.5														767		18090

				9		3		15.9		43.4		23.82		325		6600		415.1														1245		19800

				10		3		22.2		30.2		16.59		400		5070		228.4		328.0		30.8		7986.0		50.7		352.6		48.3		685		15210

				1		4		24.8		36.6		7.82		270		4590		185.1														555		13770

				2		4		32.6		48.6		13.12		240		2250		69.0														207		6750

				3		4		13.8		24.6		15.81		190		2070		150.0														450		6210

				4		4		12.1		23		14.78		120		1710		141.3														424		5130

		B. firmus		5		4		27.7		36.7		10.44		150		1890		68.2														205		5670

		+		6		4		15.3		37.8		11.49		250		14040		917.6														2753		42120

		R. simili		7		4		23		35.1		13.24		90		3600		156.5														470		10800

				8		4		17		39.8		18.97		90		9360		550.6														1652		28080

				9		4		42		64		17.69		120		8640		205.7														617		25920

				10		4		31.4		52.7		23.61		170		5400		172.0		169.0		64.3		1224.0		92.4		261.6		61.7		516		16200

				1		5		30.9		53.6		17.46		25		1440		46.6														140		4320

				2		5		20.9		44.3		20.30		70		720		34.4														103		2160

				3		5		39.3		68.7		21.71		10		990		25.2														76		2970

				4		5		42		76.4		20.21		25		1620		38.6														116		4860

		PL251		5		5		38.2		68.3		17.21		84		1170		30.6														92		3510

		+		6		5		27.7		47.5		9.56		36		1080		39.0														117		3240

		B.firmus		7		5		22.2		62.3		16.48		22		1890		85.1														255		5670

		+		8		5		27.7		60		12.25		59		630		22.7														68		1890

		R. simili		9		5		18.9		46.7		15.77		112		360		19.0														57		1080

				10		5		17.6		63.9		14.00		55		2340		133.0		49.8		89.5		5355.0		66.9		47.4		93.0		399		7020

		Mocap		1		6		28.2		41.1		21.17		0		270		9.6														29		810

				2		6		35.3		55.6		23.72		0		630		17.8														54		1890

				3		6		25.9		34.6		18.41		0		720		27.8														83		2160

				4		6		12.4		19.8		14.86		0		270		21.8														65		810

				5		6		30.8		37.4		17.95		0		1620		52.6														158		4860

				6		6		13.5		27.1		15.44		0		90		6.7														20		270

				7		6		22.7		39.2		12.76		0		900		39.6														119		2700

				8		6		33.6		50.4		22.38		2		1170		34.8														104		3510

				9		6		29.1		48		20.43		3		1350		46.4														139		4050

				10		6		30.6		41.9		20.29		1		360		11.8		0.6		99.9		738.0		95.4		26.9		96.1		35		1080

						Fresh root w (g)				Fresh shoot w (g)				Root length (cm)

						Average		SEM		Average		SEM		Average		SEM				R. similis in 100 g soil				Root system				R. similis / g root

		Control				25.15		2.20		37.34		3.20		20.86		1.57				Average		SEM		Average		SEM		Average		SEM

		Rs				23.07		2.6		33.67		3.9		19.69		1.46				474.00		63.5		16186.50		2654.5		682.32		67.9

		PL + Rs				22.97		1.54		39.84		2.96		20.65		1.64				328.00		44.42		7986.00		713.09		352.61		29.33

		Bf + Rs				23.97		3.05		39.89		3.93		14.70		1.45				169.00		21.05		5355.00		1298.09		261.61		84.55

		PL + Bf + Rs				28.54		2.81		59.17		3.41		16.49		1.20				49.80		10.18		1224.00		192.19		47.43		11.18

		Mocap				26.21		2.48		39.51		3.38		18.74		1.11				0.60		0.34		738.00		162.55		26.89		5.07

																																														COPIA DE SEGURIDAD
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		Rs		61.8969645231		Rs		61.8969645231		65.6006030789		65.6006030789

		PL + Rs		11.771713228		PL + Rs		11.771713228		32.8946684656		32.8946684656

		Bf + Rs		33.5683006433		Bf + Rs		33.5683006433		37.1015361399		37.1015361399

		PL + Bf + Rs		11.2899123651		PL + Bf + Rs		11.2899123651		6.8539228978		6.8539228978

		Mocap		0.4993682878		Mocap		0.4993682878		1.9729143251		1.9729143251



R. similis in 100 g soil and per g root [± SEM]

R. similis in 100 g soil 
R. similis in / g of root

R. similis in 100 g soil

R. similis / g root

Treatments

d

a

b

bc

cd

D

CD

BC

B

A

369.5833333333

286.6702233485

174.1666666667

162.378037462

140.8333333333

114.2114623911

52.5

46.8647551263

0.5833333333

3.6166081297



		0		63.4770299662		0		63.4770299662		67.883702471		67.883702471

		0		44.4234672718		0		44.4234672718		29.3295417225		29.3295417225

		0		21.0528435662		0		21.0528435662		84.5488050358		84.5488050358

		0		10.1847380373		0		10.1847380373		11.1787851689		11.1787851689

		0		0.3399346342		0		0.3399346342		5.0697481283		5.0697481283



R. similis in 100 g soil

R. similis / g root

Treatments

cd

bc

b

a

d

A

B

BC

CD

D



R. similis in 100 g soil and per g root

R. similis in 100 g soil and per g root

R. similis in 100 g soil

R. similis / g root

Treatments

d

a

b

c

d

C

C

B

B

A

0

63.4770299662

0

63.4770299662

67.883702471

67.883702471

0

44.4234672718

0

44.4234672718

29.3295417225

29.3295417225

0

21.0528435662

0
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84.5488050358

84.5488050358

0

10.1847380373

0

10.1847380373
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0
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0
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		2.5 × 106		2.5149034938		2.5149034938

		5.0 × 106		2.7872010303		2.7872010303

		7.5 × 106		2.6020324588		2.6020324588

		10 × 106		3.791952828		3.791952828



2.5 × 106

5.0 × 106

7.5 × 106

1 × 107

2.5 × 106

Number of spores/plant

Colonization   [%]

b

c

ab

a

R2 = 0.953 ***

23.5625

30.8125

36.9375

51.9375



Colonization

		

								Rep.		Colonization				Average								Colonization (week)										Average

				Treatments						B. firmus		PL251		B. firmus		PL251						1		2		3		4		6

				Fo162		1		1		29		32.0										8		10.0		30		55		32.0

						2		1		42		32.0										4		10.0		10		20		32.0

						3		1		49		50.0										3		8.0		10		40		50.0

						4		1		44		48.0										2		2.0		50		70		48.0

						5		1		32		60.0										0		19.0		20		80		60.0

						6		1		45		40.0										2		10.0		20		40		40.0

						7		1		55		55.0										1		16.0		50		45		55.0

						8		1		27		37.0										5		8.0		20		20		37.0

						9		1		25		50.0										4		4.0		20		10		50.0

						10		1		30		40.0		37.8		44.4						1		3.0		10		10		40.0		3.0		9.0		24.0		39.0		44.4

						1		2		39		60.0

						2		2		42		30.0

						3		2		49		40.0

						4		2		44		20.0

						5		2		33		60.0										1		8

						6		2		45		20.0										1		4

						7		2		55		40.0										1		3

						8		2		27		60.0										1		2

						9		2		27		20.0										1		0

						10		2		30		20.0		39.1		37.0						1		2

						1		3		35.0		25.0										1		1

						2		3		40.0		40.0										1		5

						3		3		60.0		20.0										1		4

						4		3		35.0		35.0										1		1

						5		3		43.0		30.0										2		10

				or		6		3		40.0		40.0										2		10

				B. firmus		7		3		52.0		20.0										2		8

						8		3		53.0		30.0										2		2

						9		3		45.0		40.0										2		19

						10		3		40.0		40.0		44.3		32.0						2		10

						1		4		43.0		30.0										2		16

						2		4		24.0		20.0										2		8

						3		4		40.0		20.0										2		4

						4		4		55.0		40.0										2		3

				or		5		4		40.0		40.0										3		30

				B. firmus		6		4		50.0		40.0										3		10

				+		7		4		45.0		35.0										3		10

				R. simili		8		4		43.0		30.0										3		50

						9		4		40.0		20.0										3		20

						10		4		40.0		40.0		42.0		31.5						3		20

																						3		50

																						3		20

																						3		20

								Colonization rate (%)														3		10

								Average		S.E.												4		55

																						4		20

				FO				44.4		3.0												4		40

				FO + Rs				37.0		5.6												4		70

				FO + PL				32.0		2.6												4		80

				FO + PL + Rs				31.5		2.8												4		40

																						4		45

				Weeks				Colonization														4		20

				1				3.0		0.7												4		10

				2				9.0		1.7												4		10

				3				24.0		4.8												5		32

				4				39.0		7.7												5		32

				7				44.4		3.0												5		50

																						5		48

																						5		60

				FO				37.8		3.3												5		40

				FO + Rs				39.1		3.0												5		55

				FO + Bf				44.3		2.6												5		37

				FO + Bf + Rs				42.0		2.5												5		50

																						5		40

		1		2		3		4		5		6		7		8				1		2		3		4		5		6		7		8
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																		2

																		3
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																		9
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																		11

																		12

																		13

																		14

																		15
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																		17

																		18
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																		20

																		21

																		22
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																		11
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																		13

																		14

																		15

																		16
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Colonization

				3.0411985941		3.0411985941

				5.5876848714		5.5876848714

				2.6034165586		2.6034165586

				2.7938424357		2.7938424357



Treatments

Colonization   [%]

n.s.



FO distribution

				0.7453559925		0.7453559925

				1.7126976772		1.7126976772

				4.7609522857		4.7609522857

				7.7028133389		7.7028133389

				3.0411985941		3.0411985941



Colonization

Time in weeks

Colonization   [%]

c

c

b

a

a

R2 = 0.973***



FO Rate

		FO		3.3025242871		3.3025242871

		FO + Rs		3.0384572109		3.0384572109

		FO + Bf		2.6078939992		2.6078939992

		FO + Bf + Rs		2.5473297566		2.5473297566



Treatments

Colonization rate   [%]

n.s.

37.8

39.1

44.3

42



Appl. method

		

		Colonization (week)

		1		2		3		4		6				Pots		Root N°		SEM		Trays		Root N°		SEM

		8		10.0		30		55		32.0		1		62.0		31		8.4		72.0		36		4				8

		4		10.0		10		20		32.0		2		65.0		33		4.2		87.0		44		6.2				12.4

		3		8.0		10		40		50.0		3		63.0		32		2.6		86.0		43		3.8				7.6

		2		2.0		50		70		48.0		4		69.0		35		4.0		91.0		46		3.1				6.2

		0		19.0		20		80		60.0		5		65.0		33		1.8		85.0		43		5.6				11.2				1		2		3		4		5		6		7		8

		2		10.0		20		40		40.0		6		62.0		31		4.6		65.0		33		3				6																				1

		1		16.0		50		45		55.0		7		63.0		32		7.2		53.0		27		15.6				31.2																				2

		5		8.0		20		20		37.0		8		61.0		31		6.2		49.0		25		8				16																				3

		4		4.0		20		10		50.0		9		67.0		34		5.2		27.0		14		3				6																				4

		1		3.0		10		10		40.0		10		59.0		30		7.8		21.0		11		8.4				16.8																				5

		3.0		9.0		24.0		39.0		44.4		11		42.0		21		9.8		32.0		16		2				4																				6

												12		49.5		25		4.2		29.5		15		7.2				14.4																				7

												13		42.0		21		2.0		12.0		6		4.2				8.4																				8

												14		39.0		20		6.2		19.0		10		4				8																				9

												15		41.0		21		11.8		11.0		6		1				2																				10

												16		46.0		23		8.2		13.0		7		1.8				3.6																				11

												17		35.4		18		7.6		15.4		8		2.2				4.4																				12

												18		56.0		28		7.0		12.0		6		4.2				8.4																				13

												19		34.0		17		4.0		9.0		5		0.2				0.4																				14

												20		29.0		15		10.2		3.0		2		0.4				0.8																				15

												Tips		4.3		2		4.0		1.7		1		0.6				1.2																				16

														52.5						39.6																												17

														69.0						91.0																												18

														4.3						1.7																												19
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Appl. method
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Pots

Root pieces from the plant base (cm)

Number of root piece colonized

R2 = 0,7509
                    y = -0,9903x + 36,398
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				3.8		3.8

				3.1		3.1
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				8		8

				3		3
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				4.2		4.2
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Pots

Colonization (%)

Number of root piece colonized

R2 = 0,859 ***
                    y = -2,328x + 44,503



				8.4		8.4

				4.2		4.2

				2.6		2.6

				4		4

				1.8		1.8

				4.6		4.6

				7.2		7.2

				6.2		6.2

				5.2		5.2

				7.8		7.8

				9.8		9.8

				4.2		4.2

				2		2

				6.2		6.2

				11.8		11.8

				8.2		8.2

				7.6		7.6

				7		7

				4		4

				10.2		10.2

				4		4



Pots

Root pieces from the plant base   [cm]

Colonization [%].

R2 = 0.751***



		0		8		8

		0		12.4		12.4

		0		7.6		7.6

		0		6.2		6.2

		0		11.2		11.2

		0		6		6

		0		31.2		31.2

		0		16		16

		0		6		6

		0		16.8		16.8

		0		4		4

		0		14.4		14.4

		0		8.4		8.4

		0		8		8

		0		2		2

		0		3.6		3.6

		0		4.4		4.4

		0		8.4		8.4

		0		0.4		0.4

		0		0.8		0.8
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Pots

Root pieces from the plant base   [cm]

Colonization [%].

R2 = 0.965***



		

		Rep		Root colonization (%)										Rep		Nematode reduction (%)

		1		28		23		45		45				1		3		23		69		40

		2		29		36		23		55				2		15		28		21		55

		3		9		34		47		52				3		6		20		46		23

		4		23		12		34		67				4		25		15		32		76

		5		31		15		29		36				5		8		31		38		86												1		2		3		4		5		6		7		8

		6		46		27		55		69				6		12		55		26		24																												1

		7		27		32		36		71				7		21		29		29		68																												2

		8		26		55		40		37				8		3		31		25		57																												3

		9		39		36		32		25				9		15		52		49		38																												4

		10		10		32		42		56				10		4		23		53		23																												5

		11		18		29		21		32				11		9		55		21		45																												6

		12		20		21		20		69				12		2		6		22		60																												7

		13		23		26		34		67				13		6		36		45		27																												8

		14		21		42		42		36				14		15		45		48		35																												9

		15		15		26		39		51				15		10		11		12		59																												10

		16		12		47		52		63				16		11		42		52		46																												11

		Average		23.6		30.8		36.9		51.9				Average		10.3		31.4		36.8		47.6																												12

		SEM		2.5		2.8		2.6		3.8				SEM		1.7		3.8		3.9		4.8																												13

		Min.		9		12		20		25				Min.		2		6		12		23																												14

		Max.		46		55		55		71				Max.		25		55		69		86																												15

																																																		16

																																																		17

																																																		18

		1		28																																														19

		1		29								1		2		3		4		5		6		7		8				1		2		3		4		5		6		7		8						20

		1		31																								1																						21

		1		23																								2																						22

		1		31																								3

		1		46																								4																						1

		1		27																								5																						2

		1		26																								6																						3

		1		19																								7																						4

		1		10																								8																						5

		1		18																								9																						6

		1		20																								10																						7

		1		23																								11																						8

		1		21																								12																						9

		1		15																								13																						10

		1		12																								14																						11

		2		23																								15																						12

		2		36																								16																						13

		2		34																								17																						14

		2		12																								18																						15

		2		15																								19																						16

		2		27																								20																						17

		2		32																								21																						18

		2		55																								22																						19

		2		36																																														20

		2		32																								1																						21

		2		29																								2																						22

		2		21																								3

		2		26																								4

		2		42																								5

		2		26																								6

		2		47																								7

		3		45																								8

		3		23																								9

		3		47																								10

		3		34																								11

		3		29																								12

		3		55																								13

		3		36																								14

		3		40																								15

		3		32																								16

		3		42																								17

		3		21																								18

		3		20																								19

		3		34																								20

		3		42																								21

		3		39																								22

		3		52

		4		45

		4		55

		4		52

		4		67

		4		36

		4		69

		4		71

		4		37

		4		25

		4		56

		4		32

		4		29

		4		67

		4		36

		4		51

		4		63





				2.5149034938		2.5149034938

				2.7872010303		2.7872010303

				2.6020324588		2.6020324588

				3.791952828		3.791952828



2.5 × 106

5.0 × 106

7.5 × 106

1 × 107

2.5 × 106

Number of spores/plant

Colonization   [%]

a

ab

c

b

R2 = 0.953 ***



		1		8		8

		2		12.4		12.4

		3		7.6		7.6

		4		6.2		6.2

		5		11.2		11.2

		6		6		6

		7		31.2		31.2

		8		16		16

		9		6		6

		10		16.8		16.8

		11		4		4

		12		14.4		14.4

		13		8.4		8.4

		14		8		8

		15		2		2

		16		3.6		3.6

		17		4.4		4.4

		18		8.4		8.4

		19		0.4		0.4

		20		0.8		0.8

		Tips		1.2		1.2



Pots

Root pieces from the plant base   [cm]

Colonization   [%]

R2 = 0,859
                  y = -4,656x + 89,006
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49

27
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12

19

11

13

15.4

12

9

3

1.7



														1		two inoculation in the seedily trays

		Rep		Application method										2		two inoculation in the pot

				Trays		Pots		Soil		O. matter				3		One inoculation in the salty soil

		1		38		23		45		75				4		One inoculation with organic matter

		2		49		36		38		45

		3		31		34		61		65

		4		39		45		34		57

		5		31		43		42		66																								1		2		3		4		5		6		7		8

		6		35		27		60		69																																								1

		7		66		32		35		37																																								2

		8		26		55		40		77																																								3

		9		39		36		52		35																																								4

		10		40		32		42		46																																								5

		11		58		29		73		42																																								6

		12		20		61		78		69																																								7

		13		52		26		45		67																																								8

		14		29		42		42		81																																								9

		15		34		35		39		73																																								10

		16		21		47		52		68																																								11

		Average		38.0		37.7		48.6		60.8																																								12

		SEM		3.2		2.6		3.3		3.7																																								13

		Min.		20		23		34		35																																								14

		Max.		66		61		78		81																																								15

																																																		16

																																																		17

																																																		18

		1		38																																														19

		1		49								1		2		3		4		5		6		7		8																								20

		1		31																								1																						21

		1		39																								2																						22

		1		31																								3

		1		35																								4																						1

		1		66																								5																						2

		1		26																								6																						3

		1		39																								7																						4

		1		40																								8																						5

		1		58																								9																						6

		1		20																								10																						7

		1		52																								11																						8

		1		29																								12																						9

		1		34																								13																						10

		1		21																								14																						11

		2		23																								15																						12

		2		36																								16																						13

		2		34																								17																						14

		2		45																								18																						15

		2		43																								19																						16

		2		27																								20																						17

		2		32																								21																						18

		2		55																								22																						19

		2		36																																														20

		2		32																								1																						21

		2		29																								2																						22

		2		61																								3

		2		26																								4

		2		42																								5

		2		35																								6

		2		47																								7

		3		45																								8

		3		38																								9

		3		61																								10

		3		34																								11

		3		42																								12

		3		60																								13

		3		35																								14

		3		40																								15

		3		52																								16

		3		42																								17

		3		73																								18

		3		78																								19

		3		45																								20

		3		42																								21

		3		39																								22

		3		52

		4		75

		4		45

		4		65

		4		57

		4		66

		4		69

		4		37

		4		77

		4		35

		4		46

		4		42

		4		69

		4		67

		4		81

		4		73

		4		68



10 × 106

7.5 × 106

5.0 × 106

2.5 × 106

5.0 × 106

7.5 × 106

10 × 106

2.5 × 106

Fungal application method

Colonization   [%]

a

a

c

b

Trays

Pots

Soil

O. matter

38

3.2067636853

3.2067636853

37.6875

2.6326772653

2.6326772653

48.625

3.2912446987

3.2912446987

60.75

3.7411005511

3.7411005511
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2.5 × 106

5.0 × 106

7.5 × 106

10 × 106

Injected

Incorporated

2.5 × 106

Application methods

Colonization   [%]

a

a

c

b



		1		8		8

		2		12.4		12.4

		3		7.6		7.6

		4		6.2		6.2

		5		11.2		11.2

		6		6		6

		7		31.2		31.2
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		17		4.4		4.4

		18		8.4		8.4

		19		0.4		0.4

		20		0.8		0.8

		Tips		1.2		1.2
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		2.5 × 106		2.5149034938		2.5149034938

		5.0 × 106		2.7872010303		2.7872010303

		7.5 × 106		2.6020324588		2.6020324588

		10 × 106		3.791952828		3.791952828



2.5 × 106

5.0 × 106

7.5 × 106

10 × 106

2.5 × 106

Number of spores/plant

Colonization   [%]

a

ab

c

b

R2 = 0.953***
              y = 9.0875x + 13.125

23.5625

30.8125

36.9375

51.9375
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Colonization

				F. Oxysporum strain 162 colonization ability

								Rep.		Colonization				Average								Colonization (week)										Average

				Treatments						B. firmus		PL251		B. firmus		PL251						1		2		3		4		6

				Fo162		1		1		29		32.0										8		10.0		30		55		32.0

						2		1		42		32.0										4		10.0		10		20		32.0

						3		1		49		50.0										3		8.0		10		40		50.0

						4		1		44		48.0										2		2.0		50		70		48.0

						5		1		32		60.0										0		19.0		20		80		60.0

						6		1		45		40.0										2		10.0		20		40		40.0

						7		1		55		55.0										1		16.0		50		45		55.0

						8		1		27		37.0										5		8.0		20		20		37.0

						9		1		25		50.0										4		4.0		20		10		50.0

						10		1		30		40.0		37.8		44.4						1		3.0		10		10		40.0		3.0		9.0		24.0		39.0		44.4

						1		2		39		60.0

						2		2		42		30.0

						3		2		49		40.0

						4		2		44		20.0

				FO162 + R. similis		5		2		33		60.0										1		8

						6		2		45		20.0										1		4

						7		2		55		40.0										1		3

						8		2		27		60.0										1		2

						9		2		27		20.0										1		0

						10		2		30		20.0		39.1		37.0						1		2

						1		3		35.0		25.0										1		1

						2		3		40.0		40.0										1		5

						3		3		60.0		20.0										1		4

						4		3		35.0		35.0										1		1

				FO162 + PL249		5		3		43.0		30.0										2		10

				or		6		3		40.0		40.0										2		10

				B. firmus		7		3		52.0		20.0										2		8

						8		3		53.0		30.0										2		2

						9		3		45.0		40.0										2		19

						10		3		40.0		40.0		44.3		32.0						2		10

						1		4		43.0		30.0										2		16

						2		4		24.0		20.0										2		8

						3		4		40.0		20.0										2		4

				FO162 + PL251		4		4		55.0		40.0										2		3

				or		5		4		40.0		40.0										3		30

				B. firmus		6		4		50.0		40.0										3		10

				+		7		4		45.0		35.0										3		10

				R. simili		8		4		43.0		30.0										3		50

						9		4		40.0		20.0										3		20

						10		4		40.0		40.0		42.0		31.5						3		20

																						3		50

																						3		20

																						3		20

								Colonization rate (%)														3		10

								Average		S.E.												4		55

																						4		20

				FO				44.4		3.0												4		40

				FO + Rs				37.0		5.6												4		70

				FO + PL				32.0		2.6												4		80

				FO + PL + Rs				31.5		2.8												4		40

																						4		45

				Weeks				Colonization														4		20

				1				3.0		0.7												4		10

				2				9.0		1.7												4		10

				3				24.0		4.8												5		32

				4				39.0		7.7												5		32

				7				44.4		3.0												5		50

																						5		48

																						5		60

				FO				37.8		3.3												5		40

				FO + Rs				39.1		3.0												5		55

				FO + Bf				44.3		2.6												5		37

				FO + Bf + Rs				42.0		2.5												5		50

																						5		40

		1		2		3		4		5		6		7		8				1		2		3		4		5		6		7		8

																		1

																		2

																		3

																		4

																		5

																		6

																		7

																		8

																		9

																		10

																		11

																		12

																		13

																		14

																		15

																		16

																		17

																		18

																		19

																		20

																		21

																		22

																		1

																		2

																		3

																		4

																		5

																		6

																		7

																		8

																		9

																		10

																		11

																		12

																		13

																		14

																		15

																		16

																		17

																		18

																		19

																		20

																		21

																		22





Colonization

		0		3.0411985941		3.0411985941

		0		5.5876848714		5.5876848714

		0		2.6034165586		2.6034165586

		0		2.7938424357		2.7938424357



Treatments

Colonization   [%]

n.s.



FO distribution

		0		0.7453559925		0.7453559925

		0		1.7126976772		1.7126976772

		0		4.7609522857		4.7609522857

		0		7.7028133389		7.7028133389

		0		3.0411985941		3.0411985941



Colonization

Time in weeks

Colonization   [%]

R2 = 0.973
             y = 11.28x - 9.96

0

0

0

0

0



FO Rate

		0		3.3025242871		3.3025242871

		0		3.0384572109		3.0384572109

		0		2.6078939992		2.6078939992

		0		2.5473297566		2.5473297566



Treatments

Colonization rate   [%]

n.s.



Appl. method

		

		Colonization (week)

		1		2		3		4		6				Pots		Root N°		SEM		Trays		Root N°		SEM

		8		10.0		30		55		32.0		1		62.0		31		8.4		72.0		36		4				8

		4		10.0		10		20		32.0		2		65.0		33		4.2		87.0		44		6.2				12.4

		3		8.0		10		40		50.0		3		63.0		32		2.6		86.0		43		3.8				7.6

		2		2.0		50		70		48.0		4		69.0		35		4.0		91.0		46		3.1				6.2

		0		19.0		20		80		60.0		5		65.0		33		1.8		85.0		43		5.6				11.2				1		2		3		4		5		6		7		8

		2		10.0		20		40		40.0		6		62.0		31		4.6		65.0		33		3				6																				1

		1		16.0		50		45		55.0		7		63.0		32		7.2		53.0		27		15.6				31.2																				2

		5		8.0		20		20		37.0		8		61.0		31		6.2		49.0		25		8				16																				3

		4		4.0		20		10		50.0		9		67.0		34		5.2		27.0		14		3				6																				4

		1		3.0		10		10		40.0		10		59.0		30		7.8		21.0		11		8.4				16.8																				5

		3.0		9.0		24.0		39.0		44.4		11		42.0		21		9.8		32.0		16		2				4																				6

												12		49.5		25		4.2		29.5		15		7.2				14.4																				7

												13		42.0		21		2.0		12.0		6		4.2				8.4																				8

												14		39.0		20		6.2		19.0		10		4				8																				9

												15		41.0		21		11.8		11.0		6		1				2																				10

												16		46.0		23		8.2		13.0		7		1.8				3.6																				11

												17		35.4		18		7.6		15.4		8		2.2				4.4																				12

												18		56.0		28		7.0		12.0		6		4.2				8.4																				13

												19		34.0		17		4.0		9.0		5		0.2				0.4																				14

												20		29.0		15		10.2		3.0		2		0.4				0.8																				15

												Tips		4.3		2		4.0		1.7		1		0.6				1.2																				16

														52.5						39.6																												17

														69.0						91.0																												18

														4.3						1.7																												19

										1		2		3		4		5		6		7		8																								20

																										1																						21

																										2																						22

																										3

																										4																						1

																										5																						2

																										6																						3

																										7																						4

																										8																						5

																										9																						6

																										10																						7

																										11																						8

																										12																						9

																										13																						10

																										14																						11

																										15																						12

																										16																						13

																										17																						14

																										18																						15

																										19																						16

																										20																						17

																										21																						18

																										22																						19

																																																20

																										1																						21

																										2																						22

																										3

																										4

																										5

																										6

																										7

																										8

																										9

																										10

																										11

																										12

																										13

																										14

																										15

																										16

																										17

																										18

																										19

																										20

																										21

																										22





Appl. method

		0				8.4		8.4

		0				4.2		4.2

		0				2.6		2.6

		0				4		4

		0				1.8		1.8

		0				4.6		4.6

		0				7.2		7.2

		0				6.2		6.2

		0				5.2		5.2

		0				7.8		7.8

		0				9.8		9.8

		0				4.2		4.2

		0				2		2

		0				6.2		6.2

		0				11.8		11.8

		0				8.2		8.2

		0				7.6		7.6

		0				7		7

		0				4		4

		0				10.2		10.2

		0				4		4



Pots

Root pieces from the plant base (cm)

Number of root piece colonized

R2 = 0,7509
                    y = -0,9903x + 36,398



		0		4		4

		0		6.2		6.2

		0		3.8		3.8

		0		3.1		3.1

		0		5.6		5.6

		0		3		3

		0		15.6		15.6

		0		8		8

		0		3		3

		0		8.4		8.4

		0		2		2

		0		7.2		7.2

		0		4.2		4.2

		0		4		4

		0		1		1

		0		1.8		1.8

		0		2.2		2.2

		0		4.2		4.2

		0		0.2		0.2

		0		0.4		0.4

		0		0.6		0.6



Pots

Colonization (%)

Number of root piece colonized

R2 = 0,859 ***
                    y = -2,328x + 44,503



		0		8.4		8.4

		0		4.2		4.2

		0		2.6		2.6

		0		4		4

		0		1.8		1.8

		0		4.6		4.6

		0		7.2		7.2

		0		6.2		6.2

		0		5.2		5.2

		0		7.8		7.8

		0		9.8		9.8

		0		4.2		4.2

		0		2		2

		0		6.2		6.2

		0		11.8		11.8

		0		8.2		8.2

		0		7.6		7.6

		0		7		7

		0		4		4

		0		10.2		10.2

		0		4		4



Pots

Root pieces from the plant base   [cm]

Colonization [%].

R2 = 0.751***



		0		8		8

		0		12.4		12.4

		0		7.6		7.6

		0		6.2		6.2

		0		11.2		11.2

		0		6		6

		0		31.2		31.2

		0		16		16

		0		6		6

		0		16.8		16.8

		0		4		4

		0		14.4		14.4

		0		8.4		8.4

		0		8		8

		0		2		2

		0		3.6		3.6

		0		4.4		4.4

		0		8.4		8.4

		0		0.4		0.4

		0		0.8		0.8

		0		1.2		1.2



Pots

Root pieces from the plant base   [cm]

Colonization [%].

R2 = 0.965***



		

		Rep		Root colonization (%)										Rep		Nematode reduction (%)

				2.5 × 106		5.0 × 106		7.5 × 106		10 × 106						2.5 × 106		5.0 × 106		7.5 × 106		10 × 106

		1		28		23		45		45				1		3		23		69		40

		2		29		36		23		55				2		15		28		21		55

		3		9		34		47		52				3		6		20		46		23

		4		23		12		34		67				4		25		15		32		76

		5		31		15		29		36				5		8		31		38		86												1		2		3		4		5		6		7		8

		6		46		27		55		69				6		12		55		26		24																												1

		7		27		32		36		71				7		21		29		29		68																												2

		8		26		55		40		37				8		3		31		25		57																												3

		9		39		36		32		25				9		15		52		49		38																												4

		10		10		32		42		56				10		4		23		53		23																												5

		11		18		29		21		32				11		9		55		21		45																												6

		12		20		21		20		69				12		2		6		22		60																												7

		13		23		26		34		67				13		6		36		45		27																												8

		14		21		42		42		36				14		15		45		48		35																												9

		15		15		26		39		51				15		10		11		12		59																												10

		16		12		47		52		63				16		11		42		52		46																												11

		Average		23.6		30.8		36.9		51.9				Average		10.3		31.4		36.8		47.6																												12

		SEM		2.5		2.8		2.6		3.8				SEM		1.7		3.8		3.9		4.8																												13

		Min.		9		12		20		25				Min.		2		6		12		23																												14

		Max.		46		55		55		71				Max.		25		55		69		86																												15

																																																		16

																																																		17

																																																		18

		1		28																																														19

		1		29								1		2		3		4		5		6		7		8				1		2		3		4		5		6		7		8						20

		1		31																								1																						21

		1		23																								2																						22

		1		31																								3

		1		46																								4																						1

		1		27																								5																						2

		1		26																								6																						3

		1		19																								7																						4

		1		10																								8																						5

		1		18																								9																						6

		1		20																								10																						7

		1		23																								11																						8

		1		21																								12																						9

		1		15																								13																						10

		1		12																								14																						11

		2		23																								15																						12

		2		36																								16																						13

		2		34																								17																						14

		2		12																								18																						15

		2		15																								19																						16

		2		27																								20																						17

		2		32																								21																						18

		2		55																								22																						19

		2		36																																														20

		2		32																								1																						21

		2		29																								2																						22

		2		21																								3

		2		26																								4

		2		42																								5

		2		26																								6

		2		47																								7

		3		45																								8

		3		23																								9

		3		47																								10

		3		34																								11

		3		29																								12

		3		55																								13

		3		36																								14

		3		40																								15

		3		32																								16

		3		42																								17

		3		21																								18

		3		20																								19

		3		34																								20

		3		42																								21

		3		39																								22

		3		52

		4		45

		4		55

		4		52

		4		67

		4		36

		4		69

		4		71

		4		37

		4		25

		4		56

		4		32

		4		29

		4		67

		4		36

		4		51

		4		63





		0		2.5149034938		2.5149034938

		0		2.7872010303		2.7872010303

		0		2.6020324588		2.6020324588

		0		3.791952828		3.791952828



2.5 × 106

5.0 × 106

7.5 × 106

10 × 106

2.5 × 106

Number of spores/plant

Colonization   [%]

a

ab

c

b

R2 = 0.953 ***
              y = 9.0875x + 13.125



		0-1		8		8

		2		12.4		12.4

		3		7.6		7.6

		4		6.2		6.2

		5		11.2		11.2

		6		6		6

		7		31.2		31.2

		8		16		16

		9		6		6

		10		16.8		16.8

		11		4		4

		12		14.4		14.4

		13		8.4		8.4

		14		8		8

		15		2		2

		16		3.6		3.6

		17		4.4		4.4

		18		8.4		8.4

		19		0.4		0.4

		19-20		0.8		0.8

		Tips		1.2		1.2



Pots

Root pieces from the plant base   [cm]

Colonization   [%]

R2 = 0,859
                  y = -4,656x + 89,006

72

87

86

91

85

65

53

49

27

21

32

29.5

12

19

11

13

15.4

12

9

3

1.7



														1		two inoculation in the seedily trays

		Rep		Application method										2		two inoculation in the pot

				Trays		Pots		Soil		Soil+O. matter				3		One inoculation in the salty soil

		1		38		23		45		75				4		One inoculation with organic matter

		2		49		36		38		45

		3		31		34		61		65

		4		39		45		34		57

		5		31		43		42		66																								1		2		3		4		5		6		7		8

		6		35		27		60		69																																								1

		7		66		32		35		37																																								2

		8		26		55		40		77																																								3

		9		39		36		52		35																																								4

		10		40		32		42		46																																								5

		11		58		29		73		42																																								6

		12		20		61		78		69																																								7

		13		52		26		45		67																																								8

		14		29		42		42		81																																								9

		15		34		35		39		73																																								10

		16		21		47		52		68																																								11

		Average		38.0		37.7		48.6		60.8																																								12

		SEM		3.2		2.6		3.3		3.7																																								13

		Min.		20		23		34		35																																								14

		Max.		66		61		78		81																																								15

																																																		16

																																																		17

																																																		18

		1		38																																														19

		1		49								1		2		3		4		5		6		7		8																								20

		1		31																								1																						21

		1		39																								2																						22

		1		31																								3

		1		35																								4																						1

		1		66																								5																						2

		1		26																								6																						3

		1		39																								7																						4

		1		40																								8																						5

		1		58																								9																						6

		1		20																								10																						7

		1		52																								11																						8

		1		29																								12																						9

		1		34																								13																						10

		1		21																								14																						11

		2		23																								15																						12

		2		36																								16																						13

		2		34																								17																						14

		2		45																								18																						15

		2		43																								19																						16

		2		27																								20																						17

		2		32																								21																						18

		2		55																								22																						19

		2		36																																														20

		2		32																								1																						21

		2		29																								2																						22

		2		61																								3

		2		26																								4

		2		42																								5

		2		35																								6

		2		47																								7

		3		45																								8

		3		38																								9

		3		61																								10

		3		34																								11

		3		42																								12

		3		60																								13

		3		35																								14

		3		40																								15

		3		52																								16

		3		42																								17

		3		73																								18

		3		78																								19

		3		45																								20

		3		42																								21

		3		39																								22

		3		52

		4		75

		4		45

		4		65

		4		57

		4		66

		4		69

		4		37

		4		77

		4		35

		4		46

		4		42

		4		69

		4		67

		4		81

		4		73

		4		68



10 × 106

7.5 × 106

5.0 × 106

2.5 × 106

5.0 × 106

7.5 × 106

10 × 106

2.5 × 106

Fungal application method

Colonization   [%]

a

a

c

b

Trays

Pots

Soil

Soil+O. matter

38

3.2067636853

3.2067636853

37.6875

2.6326772653

2.6326772653

48.625

3.2912446987

3.2912446987

60.75

3.7411005511

3.7411005511



		0		3.2067636853		3.2067636853

		0		2.6326772653		2.6326772653

		0		3.2912446987		3.2912446987

		0		3.7411005511		3.7411005511



2.5 × 106

5.0 × 106

7.5 × 106

10 × 106

Injected

Incorporated
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Exp. 1

		Individually and combined applications of FO162 and P. Lilacinus  against R. similis in banana

		Experiment 1

		Alexander Mendoza

		Harvested: 26.07.2005																												correcciones

								Fresh root		Fresh shoot		Root length		Nematodes				Average		Average												Nematodes				Average				Reduction (%)

		Treatments		Rep.				weight (g)		weight (g)		(cm)		Total		(g) root		root		shoot						Treatments		Rep.				Total		(g) root		Total		g root		g root		total		g root		Plant

		Control		1		1		12.4		24.3																Ino. Control		1		440		640		51.6

				2		1		8		20.7																		2		580		780		97.5

				3		1		7.8		16.6																		3		240		540		69.2

				4		1		8.4		20.1																		4		320		520		61.9

				5		1		11		20.7																		5		440		640		58.2

				6		1		9.9		21.3																		6		580		780		78.8

				7		1		8.8		19.5																		7		440		640		72.7

				8		1		9.9		16.2								9.5		19.9								8		420		620		62.6		645.0		69.1

		Ino. Control		1		2		4.7		16.9																		1		400		400		58.8										-14.0		37.5

				2		2		8.8		13.5																		2		400		400		39.2										59.8		48.7

				3		2		8.3		18.3																FO162		3		200		400		55.6										19.8		25.9

				4		2		11.8		19.2																+		4		240		340		36.2										41.6		34.6

				5		2		13.4		20.1																R. similis		5		458		458		50.9										12.5		28.4

				6		2		10		19.7																		6		240		440		52.4										33.5		43.6

				7		2		3.7		16																		7		200		420		45.7										37.2		34.4

				8		2		4.7		16.4								8.2		17.5								8		240		340		42.5		399.8		47.6		31.0		38.0		32.1		45.2		27.8		37.3

		FO162		1		3		12.3		19.5																		1		300		300		30.0										41.9		53.1

				2		3		7.3		14.1																		2		200		200		27.8										71.5		74.4

				3		3		5.7		15.5																PL251		3		200		300		31.6										54.4		44.4

				4		3		6.9		16.3																+		4		260		300		29.7										52.0		42.3

				5		3		6.5		18.8																R. similis		5		340		200		27.4										52.9		68.8

				6		3		11.7		20.5																		6		200		300		33.0										58.2		61.5

				7		3		8.8		16.8																		7		200		200		32.3										55.6		68.8

				8		3		8.6		20.5								8.5		17.8								8		340		440		30.3		280.0		30.3		56.2		56.6		51.5		29.0		54.8		55.3

		PL251		1		4		11.9		18.5																		1		167		240		20.5										60.3		62.5

				2		4		16.8		23.9																FO162		2		180		180		18.8										80.8		76.9

				3		4		13.4		23.6																+		3		200		180		18.6										73.2		66.7

				4		4		6.6		19.3																PL251		4		200		200		19.2										68.9		61.5

				5		4		9.4		19.8																+		5		240		200		23.5										59.6		68.8

				6		4		5.5		12.1																R. similis		6		200		200		23.8										69.8		74.4

				7		4		12.8		19.4																		7		340		240		25.0										65.6		62.5

				8		4		7.6		12.6								10.5		18.7								8		140		140		18.7		197.5		21.0		69.6		69.4		70.2		77.4		68.5		68.8

				1		5		6.8		17.9

				2		5		10.2		22.3

		FO162		3		5		7.2		14.9

		+		4		5		9.4		19.3																		R. Similis/g root				R. Similis/plant

		R. similis		5		5		9		21.5																		Average		S.E.		Average		S.E.		Reduction (%)

				6		5		8.4		15.8

				7		5		9.2		15																Inoculate control		69.1		5.1		645.0		33.8		g root		S.E.		plant		S.E.

				8		5		8		20								8.5		18.3						FO		47.6		2.8		399.8		15.0		27.8		7.8		37.3		2.9

				1		6		10		17.7																PL		30.3		0.7		280.0		28.8		54.8		2.9		55.3		5.6

				2		6		7.2		15																FO + PL		21.0		0.9		197.5		11.6		68.5		2.4		68.8		2.3

		PL251		3		6		9.5		20.8

		+		4		6		10.1		18.7

		R. similis		5		6		7.3		15.8

				6		6		9.1		21.5

				7		6		6.2		15.4																Rs.		FO162 + Rs		PL251 + Rs		FO + PL + RS

				8		6		14.5		21								9.2		18.2

				1		7		6.1		17.5

				2		7		5.3		17.5

		FO162		3		7		9.1		18.1

		+		4		7		3.6		9.6																R. similis (Rs)		F. oxysporum + Rs		P. lilacinus + Rs		FO + PL + Rs

		PL251		5		7		9.7		18.3														Average		69.1		47.6		30.3		21.0

				6		7		12.1		24														SE		5.1		2.8		0.7		0.9

				7		7		5.3		15.2

				8		7		8.4		16.8								7.5		17.1								R. Similis/g root				R. Similis/plant

				1		8		11.7		23.4																		Average		S.E.		Average		S.E.

		FO162		2		8		9.6		20.5																Rs		69.1		5.1		645.0		33.8

		+		3		8		9.7		16.8																FO162 + Rs		47.6		2.8		399.8		15.0

		PL251		4		8		10.4		22																PL251 + Rs		30.3		0.7		280.0		28.8

		+		5		8		8.5		18																FO162 + PL251 + Rs		21.0		0.9		197.5		11.6

		R. similis		6		8		8.4		17.6

				7		8		9.6		18.6																								GRAFICAS USADA EN LA PUBLICACION Y THESIS

				8		8		7.5		19.1								9.4		19.5

																																																						1

				Fresh root w.				Fresh shoot w.																																														2

				Average		S.E.		Average		S.E.																																												3

																																																						4

		Control		9.5		0.6		19.9		0.9																																												5

		Inoculate control		8.2		1.3		17.5		0.8																																												6

		FO162		8.5		0.9		17.8		0.9																																												7

		PL251		10.5		1.4		18.7		1.5																																												8

		FO162 + R.s.		8.5		0.4		18.3		1.0																																												9

		PL251 + R.s.		9.2		0.9		18.2		0.9																																												10

		FO162 + PL251		7.5		1.0		17.1		1.4																																												11

		FO + PL + R.s.		9.4		0.5		19.5		0.8																																												12

																																																						13

																																																						14

																																																						15

																																																						16

																																																						17

																																																						18

																																																						19

																																																						20

																																																						21

																																																						22

																				1		2		3		4		5		6		7		8				1		2		3		4		5		6		7		8





Exp. 1

		0		5.0572943448		5.0572943448
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		0		0.9461872084		0.9461872084
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Exp. 2

		0		7.7864693437		7.7864693437

		0		2.9286575285		2.9286575285

		0		2.4401266136		2.4401266136
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Pooled data

		Individually and combined applications of FO162 and P. Lilacinus  against R. similis in banana

		Experiment 2

		Alexander Mendoza

		Harvested: 26.07.2005

								Fresh root		Fresh shoot		Root length		Nematodes				Average		Average												Nematodes				Average				Reduction (%)

		Treatments		Rep.				weight (g)		weight (g)		(cm)		Total		(g) root		root		shoot				Treatments		Rep.						Total		(g) root		Total		g root		g root		total		g root		Plant

		Control		1		1		18.1		31.3														Ino. Control		1		1		600		600		33.1

				2		1		20.7		31.8																2		1		375		375		18.1

				3		1		24.7		32.8																3		1		675		675		27.3

				4		1		27.9		32.4																4		1		525		525		18.8

				5		1		26.2		31.1																5		1		450		450		17.2

				6		1		27.9		37.6								24.3		32.8						8		1		675		675		24.2		550.0		23.1

		Ino. Control		1		2		26.1		35.6																1		2		350		350		18.0										45.6		41.7

				2		2		18.4		31.7																2		2		400		400		18.4										-1.8		-6.7

				3		2		19.4		33.3														FO162		3		2		260		260		12.7										53.4		61.5

				4		2		16.1		30.8														+		4		2		350		350		16.1										14.7		33.3

				5		2		19.3		31.9														R. similis		5		2		450		450		20.5										-19.6		0.0

				6		2		27.2		33								21.1		32.7						8		2		500		500		26.2		385.0		18.7		19.3		30.0		-8.2		25.9		14.0		26.0

		FO162		1		3		18.2		35																1		3		400		400		17.2										48.0		33.3

				2		3		21.6		37																2		3		385		385		13.6										25.2		-2.7

				3		3		22.7		31.2														PL251		3		3		281		281		14.2										48.1		58.4

				4		3		22.9		33.9														+		4		3		290		290		10.9										41.8		44.8

				5		3		22.3		34.4														R. similis		5		3		320		320		12.9										25.2		28.9

				6		3		21.1		32.6								21.5		34.0						8		3		360		360		13.2		339.3		13.7		40.9		38.3		45.3		46.7		38.9		34.9

		PL251		1		4		19.1		29																1		4		280		280		13.8										58.4		53.3

				2		4		22.7		28.9														FO162		2		4		230		230		8.6										52.8		38.7

				3		4		26.2		35.3														+		3		4		205		205		9.0										67.1		69.6

				4		4		19		27.8														PL251		4		4		210		210		7.6										59.6		60.0

				5		4		19.1		30.6														+		5		4		240		240		9.8										42.7		46.7

				6		4		14.6		26.8								20.1		29.7				R.s.		8		4		160		160		7.9		220.8		9.4		59.2		59.8		67.4		76.3		58.0		57.4

				1		5		19.4		30.4

				2		5		21.7		39.4

		FO162		3		5		20.4		40.5

		+		4		5		21.8		34.4																		R. Similis/g root				R. Similis/plant				g root				plant

		R. similis		5		5		21.9		32.3																		Average		S.E.		Average		S.E.		Reduction (%)		S.E.				S.E.

				6		5		19.1		31.5								20.7		34.8						FO162 + R.s.		18.7		1.8		385.0		34.5		14.0		12.1		26.0		10.5

				1		6		23.2		32.3																PL251 + R.s.		13.7		0.8		339.3		20.3		38.9		4.4		34.9		8.6

				2		6		28.4		28.2																FO + PL + R.s.		9.4		0.9		220.8		16.4		58.0		3.8		57.4		5.8

		PL251		3		6		19.8		25.9

		+		4		6		26.5		32.6

		R. similis		5		6		24.9		26.9

				6		6		27.2		33.8								25.0		30.0

				1		7		21.6		35.3

				2		7		23.6		35.3

		FO162		3		7		17		30.4

		+		4		7		30.7		34.9																R. similis (Rs)		F. oxysporum + Rs		P. lilacinus + Rs		FO + PL + Rs

		PL251		5		7		23		34.6														Average		0.0		18.7		13.7		9.4

				6		7		18.3		31								22.4		33.6								R. Similis/g root				R. Similis/plant

				1		8		20.3		30.6																		Average		S.E.		Average		S.E.

		FO162		2		8		26.9		36.5																R. similis (Rs)		23.1		2.6		550.0		50.0

		+		3		8		22.8		31.9																F. oxysporum + Rs		18.7		1.8		385.0		34.5

		PL251		4		8		27.6		36.2																P. lilacinus + Rs		13.7		0.8		339.3		20.3

		+		5		8		24.4		30.6																FO + PL + Rs		9.4		0.9		220.8		16.4

		R. similis		6		8		20.3		28.5								23.7		32.4

				Fresh root w.				Fresh shoot w.

				Average		S.E.		Average		S.E.

		Control		24.3		1.6		32.8		1.0

		Inoculate control		21.1		1.8		32.7		0.7

		FO162		21.5		0.7		34.0		0.8

		PL251		20.1		1.6		29.7		1.2

		FO162 + R.s.		20.7		0.5		34.8		1.7

		PL251 + R.s.		25.0		1.3		30.0		1.4

		FO162 + PL251		22.4		2.0		33.6		0.9

		FO + PL + R.s.		23.7		1.3		32.4		1.3





Pooled data

		0		2.5712109916		2.5712109916		0		50		50

		0		1.8465346924		1.8465346924		0		34.5205252953		34.5205252953

		0		0.8432773951		0.8432773951		0		20.3333333333		20.3333333333

		0		0.9288203071		0.9288203071		0		16.3511807253		16.3511807253
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		0		0		12.1370191621		12.1370191621		10.4900955602		10.4900955602

		0		0		4.4462809747		4.4462809747		8.6340641182		8.6340641182

		0		0		3.8047244732		3.8047244732		5.7621398589		5.7621398589
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		Individually and combined applications of FO162 and P. Lilacinus  against R. similis in banana

		Experiment 1 and 2

		Alexander Mendoza

																																correcciones

								Fresh root		Fresh shoot		Root length		Nematodes				Average		Average														Nematodes				Average				Reduction (%)

		Treatments		Rep.				weight (g)		weight (g)		(cm)		Total		(g) root		root		shoot						Treatments		Rep.						Total		(g) root		Total		g root		g root		total		g root		Plant

		Control		1		1		12.4		24.3																Ino. Control		1		1		440		440		35.5

				2		1		8		20.7																		2		1		580		580		72.5

				3		1		7.8		16.6																		3		1		240		240		30.8

				4		1		8.4		20.1																		4		1		320		320		38.1

				5		1		11		20.7																		5		1		440		440		40.0

				6		1		9.9		21.3																		6		1		580		580		58.6

				7		1		8.8		19.5																		7		1		440		440		50.0

				8		1		9.9		16.2								9.5		19.9								8		1		420		420		42.4

				1		1		18.1		31.3																		1		1		600		600		33.1

				2		1		20.7		31.8																		2		1		375		375		18.1

				3		1		24.7		32.8																		3		1		675		675		27.3

				4		1		27.9		32.4																		4		1		525		525		18.8

				5		1		26.2		31.1																		5		1		450		450		17.2

				6		1		27.9		37.6																		6		1		675		675		24.2		482.9		36.2

		Ino. Control		1		2		4.7		16.9																		1		2		400		400		58.8										-65.8		9.1

				2		2		8.8		13.5																		2		2		400		400		39.2										45.9		31.0

				3		2		8.3		18.3																		3		2		200		200		27.8										9.7		16.7

				4		2		11.8		19.2																		4		2		240		240		25.5										33.0		25.0

				5		2		13.4		20.1																		5		2		458		458		50.9										-27.2		-4.1

				6		2		10		19.7																FO162		6		2		240		240		28.6										51.2		58.6

				7		2		3.7		16																+		7		2		200		200		21.7										56.5		54.5

				8		2		4.7		16.4								8.2		17.5						R. similis		8		2		240		240		30.0										29.3		42.9

				1		2		26.1		35.6																		1		2		350		350		18.0										45.6		41.7

				2		2		18.4		31.7																		2		2		400		400		18.4										-1.8		-6.7

				3		2		19.4		33.3																		3		2		260		260		12.7										53.4		61.5

				4		2		16.1		30.8																		4		2		350		350		16.1										14.7		33.3		g root		Plant

				5		2		19.3		31.9																		5		2		450		450		20.5										-19.6		0.0

				6		2		27.2		33																		6		2		500		500		26.2		334.9		28.2		22.1		30.7		-8.2		25.9		15.5		27.8

		FO162		1		3		12.3		19.5																		1		3		300		300		30.0										15.5		31.8

				2		3		7.3		14.1																		2		3		200		200		27.8										61.7		65.5

				3		3		5.7		15.5																PL251		3		3		200		200		21.1										31.6		16.7

				4		3		6.9		16.3																+		4		3		260		260		25.7										32.4		18.8

				5		3		6.5		18.8																R. similis		5		3		340		340		46.6										-16.4		22.7

				6		3		11.7		20.5																		6		3		200		200		22.0										62.5		65.5

				7		3		8.8		16.8																		7		3		200		200		32.3										35.5		54.5

				8		3		8.6		20.5								8.5		17.8								8		3		340		340		23.4										44.7		19.0

				1		3		18.2		35																		1		3		400		400		17.2										48.0		33.3

				2		3		21.6		37																		2		3		385		385		13.6										25.2		-2.7

				3		3		22.7		31.2																		3		3		281		281		14.2										48.1		58.4

				4		3		22.9		33.9																		4		3		290		290		10.9										41.8		44.8

				5		3		22.3		34.4																		5		3		320		320		12.9										25.2		28.9

				6		3		21.1		32.6																		6		3		360		360		13.2		291.1		22.2		38.6		39.7		45.3		46.7		35.8		36.0

		PL251		1		4		11.9		18.5																		1		4		167		167		14.3										59.8		62.0

				2		4		16.8		23.9																FO162		2		4		180		180		18.8										74.1		69.0

				3		4		13.4		23.6																+		3		4		200		200		20.6										33.0		16.7

				4		4		6.6		19.3																PL251		4		4		200		200		19.2										49.5		37.5

				5		4		9.4		19.8																+		5		4		240		240		28.2										29.4		45.5

				6		4		5.5		12.1																R. similis		6		4		200		200		23.8										59.4		65.5

				7		4		12.8		19.4																		7		4		340		340		35.4										29.2		22.7

				8		4		7.6		12.6								10.5		18.7								8		4		140		140		18.7										56.0		66.7

				1		4		19.1		29																		1		4		280		280		13.8										58.4		53.3

				2		4		22.7		28.9																		2		4		230		230		8.6										52.8		38.7

				3		4		26.2		35.3																		3		4		205		205		9.0										67.1		69.6

				4		4		19		27.8																		4		4		210		210		7.6										59.6		60.0

				5		4		19.1		30.6																		5		4		240		240		9.8										42.7		46.7

				6		4		14.6		26.8																		6		4		160		160		7.9		213.7		16.8		53.5		55.7		67.4		76.3		52.7		52.2

				1		5		6.8		17.9

				2		5		10.2		22.3

				3		5		7.2		14.9

				4		5		9.4		19.3

				5		5		9		21.5																		R. Similis/		g root		R. Similis/		plant

				6		5		8.4		15.8																																g root				plant

		FO162		7		5		9.2		15																		Average		S.E.		Average		S.E.								Reduction (%)		S.E.				S.E.

		+		8		5		8		20								8.5		18.3						R. similis (Rs)		36.2		4.3		482.9		34.4						F. oxysporum + Rs		15.5		9.7		27.8		6.1

		R. similis		1		5		19.4		30.4																F. oxysporum + Rs		28.2		3.5		334.9		27.5						P. lilacinus + Rs		35.8		5.4		36.0		5.5

				2		5		21.7		39.4																P. lilacinus + Rs		22.2		2.6		291.1		19.0						FO + PL + Rs		52.7		3.8		52.2		4.9

				3		5		20.4		40.5																FO + PL + Rs		16.8		2.2		213.7		13.7

				4		5		21.8		34.4

				5		5		21.9		32.3

				6		5		19.1		31.5

				1		6		10		17.7

				2		6		7.2		15

				3		6		9.5		20.8

				4		6		10.1		18.7

				5		6		7.3		15.8

		PL251		6		6		9.1		21.5

		+		7		6		6.2		15.4

		R. similis		8		6		14.5		21								9.2		18.2

				1		6		23.2		32.3

				2		6		28.4		28.2

				3		6		19.8		25.9

				4		6		26.5		32.6

				5		6		24.9		26.9

				6		6		27.2		33.8

				1		7		6.1		17.5

				2		7		5.3		17.5

				3		7		9.1		18.1

				4		7		3.6		9.6

		FO162		5		7		9.7		18.3

		+		6		7		12.1		24

		PL251		7		7		5.3		15.2

				8		7		8.4		16.8								7.5		17.1

				1		7		21.6		35.3

				2		7		23.6		35.3

				3		7		17		30.4

				4		7		30.7		34.9

				5		7		23		34.6

				6		7		18.3		31

				1		8		11.7		23.4

				2		8		9.6		20.5

				3		8		9.7		16.8

				4		8		10.4		22

		FO162		5		8		8.5		18

		+		6		8		8.4		17.6

		PL251		7		8		9.6		18.6

		+		8		8		7.5		19.1								9.4		19.5

		R. similis		1		8		20.3		30.6

				2		8		26.9		36.5

				3		8		22.8		31.9

				4		8		27.6		36.2

				5		8		24.4		30.6

				6		8		20.3		28.5

				Fresh root w.				Fresh shoot w.

				Average		S.E.		Average		S.E.

		Control		9.5		0.6		19.9		0.9

		Inoculate control		8.2		1.3		17.5		0.8

		FO162		8.5		0.9		17.8		0.9

		PL251		10.5		1.4		18.7		1.5

		FO162 + R.s.		8.5		0.4		18.3		1.0

		PL251 + R.s.		9.2		0.9		18.2		0.9

		FO162 + PL251		7.5		1.0		17.1		1.4

		FO + PL + R.s.		9.4		0.5		19.5		0.8
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		FO 5×10		9.949493874		9.949493874

		FO 1×10		9.9853585992		9.9853585992

		Bf		9.352277904		9.352277904

		FO 5×10 +    Bf		2.9686545036		2.9686545036

		FO 1×10 +    Bf		1.7418123343		1.7418123343
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Exp. 1

		Individually and combined applications of FO162 and B. Firmus against R. similis in banana

		Experiment 1

		Alexander Mendoza

		Harvested: 22.05.2007

						Fresh root		Fresh shoot		Root length		Nematodes/		Average		Average										Nematodes/				Average				Reduction (%)

		Treatments		Rep.		weight (g)		weight (g)		(cm)		g root		root		shoot		Nematode				Treatments		Rep.		Total		g root		Total		g root		g root		Total

		Control		1		11.8		21.4														Ino. Control		1		1380		209.1

				2		8.7		16.3																1		1080		111.3

				3		11.0		22.9																1		1380		226.2

				4		10.3		20.5																1		1340		227.1

				5		10.4		19.0																1		1560		283.6

				6		7.6		15.4						10.0		19.3								1		1080		207.7		1303.3		210.9

		Ino. Control		1		6.6		19.6				1380												2		620		70.5

				2		9.7		14.3				1080												2		600		80.0

				3		6.1		16.7				1380										B. firmus		2		640		68.1

				4		5.9		15.6				1340										+		2		660		74.2

				5		5.5		15.9				1560										R. simili		2		680		87.2

				6		5.2		18.0				1480		6.5		16.7		1370.0						2		600		87.0		633.3		77.8		63.1		51.4

				1		8.8		20.3				520												3		940		123.7

				2		7.5		24.4				500										Fo162   5x106		3		1050		136.4

		B. firmus		3		9.4		23.4				640										+		3		870		207.1

		+		4		8.9		23.2				460										R. simili		3		1020		136.0

		R. simili		5		7.8		23.1				460												3		860		119.4

				6		6.9		21.2				500		8.2		22.6		513.3						3		1090		151.4		971.7		145.7		30.9		25.4

				1		7.6		17.5				640												4		800		109.6

		Fo162   5x106		2		7.7		18.8				560										Fo162  10x106		4		680		117.2

		+		3		4.2		15.0				500										+		4		700		125.0

		R. simili		4		7.5		16.5				420										R. simili		4		640		79.0

				5		7.2		21.3				260												4		940		134.3

				6		7.2		23.3				480		6.9		18.7		476.7						4		744		158.3		750.7		120.6		42.8		42.4

				1		7.3		22.4				400												5		980		121.0

		Fo162  10x106		2		5.8		16.6				480										Fo162   5x106		5		420		55.3

		+		3		5.6		19.6				700										+		5		280		36.8

		R. simili		4		8.1		19.5				640										B.firmus		5		500		90.9

				5		7.0		21.9				940										+		5		320		38.1

				6		4.7		17.9				644		6.4		19.7		634.0				R. simili		5		820		122.4		553.3		77.4		63.3		57.5

				1		8.1		22.8				980												6		340		38.2

		Fo162   5x106		2		7.6		28.9				420										Fo162  10x106		6		380		39.2

		+		3		7.6		22.7				280										+		6		340		47.9

		B.firmus		4		5.5		22.6				500										B.firmus		6		440		48.9

		+		5		8.4		26.2				320										+		6		380		54.3

		R. simili		6		6.7		26.1				820		7.3		24.9		553.3				R. simili		6		400		55.6		380.0		47.3		77.6		70.8

				1		8.9		29.8				340

		Fo162  10x106		2		9.7		26.6				500

		+		3		7.1		23.9				540

		B.firmus		4		9.0		24.3				640												R. Similis/g root

		+		5		7.0		21.9				480												Average		S.E.		Reduction (%)

		R. simili		6		7.2		25.6				400		8.2		25.4		483.3

																						Inoculate control		210.9		22.9		g root		plant

												75.4				S.E.						B. firmus + Rs.		77.8		3.4		63.1		51.4

												53.7				4.0						FO162 (rate 1) + Rs		145.7		13.1		30.9		25.4

												60.9										FO162 (rate 2) + Rs		120.6		10.8		42.8		42.4

												52.2										FO162 (rate 1) + B. firmus +Rs		77.4		16.1		63.3		57.5

												69.2										FO162 (rate 2) + B. firmus +Rs		47.3		3.0		77.6		70.8

												73.0

																								R. Similis/g root

																								Average		S.E.		Reduction (%)

																						Rs		210.9		22.9		g root		plant

																						FO162 (rate 1) + Rs		145.7		13.1		30.9		25.4

																						FO162 (rate 2) + Rs		120.6		10.8		42.8		42.4

																						BF+ Rs.		77.8		3.4		63.1		51.4

																						FO162 (rate 1) + BF+ Rs		77.4		16.1		63.3		57.5

																						FO162 (rate 2) + BF + Rs		47.3		3.0		77.6		70.8
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Exp. 1

		0		22.8869083827		22.8869083827

		0		13.1185490303		13.1185490303

		0		10.7855425915		10.7855425915

		0		3.3578792325		3.3578792325

		0		16.1101938345		16.1101938345

		0		2.9922016717		2.9922016717



Treatments

R. similis penetration / g root [± SEM]



Exp. 2

		In. control		5.0572943448		5.0572943448

		FO + Rs		2.8462219028		2.8462219028

		PL + Rs		0.7045938858		0.7045938858

		FO + PL + Rs		0.9461872084		0.9461872084



g root

Treatments

R. similis penetration / g root

d

c
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a

69.0714583356

47.6483748988

30.2533600983

21.0069866269



Pooled data

		Individually and combined applications of FO162 and B. Firmus against R. similis in banana

		Experiment 2

		Alexander Mendoza

		Harvested: 22.05.2007

						Fresh root		Fresh shoot		Root length		Nematodes

		Treatments		Rep.		weight (g)		weight (g)		(cm)		Soil		Root

		Control		1		4.7		16.7

				2		15.8		21.9

				3		13.2		18.2

				4		10.1		23.8

				5		13.7		21.6

				6		12.5		25.2								Average

		Ino. Control		1		4.4		18.7						1440

				2		10.3		16.4						1100

				3		5.6		16.4						680

				4		7.5		18.8						980

				5		6.4		17.4						1080

				6		10.9		17.2						940		1036.7

				1		7.9		19.2						460

				2		3.4		17.4						480

		B. firmus		3		2.8		16.7						240

		+		4		6.4		20.1						260

		R. simili		5		6.3		14.9						480

				6		6.4		22.4						320		373.3		64.0

				1		8.0		23.7				100		670

		Fo162  10x106		2		8.0		19.3				120		690

		+		3		8.0		16.8				320		620

		R. simili		4		5.1		16.3				140		560

				5		8.0		17.9				210		610

				6		5.5		9.0				240		550		616.7		40.5

				1		5.8		25.7						150

		Fo162   5x106		2		11.9		29.9						360

		+		3		8.5		26.4						170

		B.firmus		4		9.8		24.2						320

		+		5		10.2		27.3						590

		R. simili		6		8.1		25.9						230		303.3		70.7

				1		7.7		23.9						30

		Fo162  10x106		2		8.8		25.7						110

		+		3		11.1		30.1						250

		B.firmus		4		11.2		24.7						760

		+		5		10.5		27.7						150

		R. simili		6		12.7		25.5						270		261.7		74.8





Sheet1

		Individually and combined applications of FO162 and B. Firmus against R. similis in banana

		Experiment 1

		Alexander Mendoza

		Harvested: 22.05.2007

								Fresh root		Fresh shoot		Root length		Nematodes/		Average		Average										Nematodes/				Average				Reduction (%)				g root		Plant

		Treatments		Rep.				weight (g)		weight (g)		(cm)		g root		root		shoot		Nematode				Treatments		Rep.		Total		g root		Total		g root		g root		Total

		Control		1		1		11.8		21.4														Ino. Control		1		1380		209.1

				2		1		8.7		16.3																1		1080		111.3

				3		1		11.0		22.9																1		1380		226.2

				4		1		10.3		20.5																1		1340		227.1

				5		1		10.4		19.0																1		1560		283.6

				6		1		7.6		15.4																1		1480		284.6

				1		1		4.7		16.7																1		1440		327.3

				2		1		15.8		21.9																1		1100		106.8

				3		1		13.2		18.2																1		680		121.4

				4		1		10.1		23.8																1		980		130.7

				5		1		13.7		21.6																1		1080		168.8

				6		1		12.5		25.2						10.8		20.2								1		940		86.2		1203.3		190.3

		Ino. Control		1		2		6.6		19.6				1380												2		520		59.1										71.7		62.3

				2		2		9.7		14.3				1080												2		500		66.7										40.1		53.7

				3		2		6.1		16.7				1380										B. firmus		2		640		68.1										69.9		53.6

				4		2		5.9		15.6				1340										+		2		460		51.7										77.2		65.7

				5		2		5.5		15.9				1560										R. simili		2		460		59.0										79.2		70.5

				6		2		5.2		18.0				1480												2		500		72.5										74.5		66.2

				1		2		4.4		18.7				1440												2		460		58.2										82.2		68.1

				2		2		10.3		16.4				1100												2		480		141.2										-32.2		56.4

				3		2		5.6		16.4				680												2		240		85.7										29.4		64.7

				4		2		7.5		18.8				980												2		260		40.6										68.9		73.5		g root		Plant

				5		2		6.4		17.4				1080												2		480		76.2										54.9		55.6

				6		2		10.9		17.2				940		7.0		17.1		1203.3						2		320		50.0		443.3		69.1		63.7		63.2		42.0		66.0		54.8		63.0

				1		3		8.8		20.3				520												3		940		123.7										40.8		31.9

				2		3		7.5		24.4				500										Fo162   5x106		3		860		111.7										-0.3		20.4

		B. firmus		3		3		9.4		23.4				640										+		3		870		207.1										8.4		37.0

		+		4		3		8.9		23.2				460										R. simili		3		820		109.3										51.9		38.8

		R. simili		5		3		7.8		23.1				460												3		860		119.4										57.9		44.9

				6		3		6.9		21.2				500												3		980		136.1										52.2		33.8

				1		3		7.9		19.2				460												3		800		114.3										65.1		44.4

				2		3		3.4		17.4				480												3		910		131.9										-23.5		17.3

				3		3		2.8		16.7				240												3		980		136.1										-12.1		-44.1

				4		3		6.4		20.1				260												3		780		141.8										-8.5		20.4

				5		3		6.3		14.9				480												3		640		95.5										43.4		40.7

				6		3		6.4		22.4				320		6.9		20.5		443.3						3		860		110.3		858.3		128.1		32.7		28.7		-27.9		8.5		20.6		24.5

				1		4		7.6		17.5				640												4		700		111.1										46.9		49.3

		Fo162   5x106		2		4		7.7		18.8				560										Fo162  10x106		4		480		82.8										25.7		55.6

		+		3		4		4.2		15.0				500										+		4		700		125.0										44.7		49.3

		R. simili		4		4		7.5		16.5				420										R. simili		4		640		90.1										60.3		52.2

				5		4		7.2		21.3				260												4		940		134.3										52.7		39.7

				6		4		7.2		23.3				480												4		644		96.1										66.2		56.5

				1		4		7.0		16.0				700												4		670		95.7										70.8		53.5

				2		4		6.9		19.9				910												4		690		115.0										-7.7		37.3

				3		4		7.2		17.5				680												4		620		103.3										14.9		8.8

				4		4		5.5		18.9				780												4		760		149.0										-14.0		22.4

				5		4		6.7		17.9				640												4		610		76.3										54.8		43.5

				6		4		7.8		23.3				860		6.9		18.8		619.2						4		750		115.4		683.7		107.8		43.3		43.2		-33.8		20.2		31.8		40.7

				1		5		6.3		22.4				400												5		480		59.3										71.7		65.2

		Fo162  10x106		2		5		5.8		16.6				480										Fo162   5x106		5		420		55.3										50.4		61.1

		+		3		5		5.6		19.6				700										+		5		280		36.8										83.7		79.7

		R. simili		4		5		7.1		19.5				640										B.firmus		5		300		54.5										76.0		77.6

				5		5		7.0		21.9				940										+		5		320		38.1										86.6		79.5

				6		5		6.7		17.9				644												5		420		62.7										78.0		71.6

				1		5		7.0		23.7				670												5		250		43.1										86.8		82.6

				2		5		6.0		19.3				690												5		360		30.3										71.7		67.3

				3		5		6.0		16.8				620												5		370		43.5										64.2		45.6

				4		5		5.1		16.3				560												5		320		32.7										75.0		67.3

				5		5		8.0		17.9				610												5		390		38.2										77.3		63.9

				6		5		6.5		9.0				550		6.4		18.4		625.3				R. simili		5		230		28.4		345.0		43.6		77.1		71.3		67.1		75.5		74.0		69.8

				1		6		8.1		22.8				980												6		140		15.7										92.5		89.9

		Fo162   5x106		2		6		7.6		28.9				420										Fo162  10x106		6		150		15.5										86.1		86.1

		+		3		6		7.6		22.7				280										+		6		210		29.6										86.9		84.8

		B.firmus		4		6		5.5		22.6				500										B.firmus		6		240		26.7										88.3		82.1

		+		5		6		8.4		26.2				320										+		6		280		40.0										85.9		82.1

				6		6		6.7		26.1				820												6		310		43.1										84.9		79.1

				1		6		5.8		25.7				150												6		230		29.9										90.9		84.0

				2		6		11.9		29.9				360												6		210		23.9										77.7		80.9

				3		6		8.5		26.4				170												6		250		22.5										81.5		63.2

				4		6		9.8		24.2				320												6		360		32.1										75.4		63.3

				5		6		10.2		27.3				590												6		150		14.3										91.5		86.1

		R. simili		6		6		8.1		25.9				230		8.2		25.7		428.3				R. simili		6		270		21.3		233.3		26.2		86.2		80.6		75.3		71.3		84.7		79.4

				1		7		8.9		29.8				340

		Fo162  10x106		2		7		9.7		26.6				500

		+		3		7		7.1		23.9				540

		B.firmus		4		7		9.0		24.3				640												R. Similis/g root

		+		5		7		7.0		21.9				480												Average		S.E.		Reduction (%)

				6		7		7.2		25.6				400

				1		7		7.7		23.9				30

				2		7		8.8		25.7				110

				3		7		11.1		30.1				250

				4		7		11.2		24.7				760																R. Similis/plant

				5		7		10.5		27.7				150																Average		S.E.

		R. simili		6		7		12.7		25.5				270		9.2		25.8		372.5

																								Inoculate control		190.3		23.4		1203.3		76.6		g root		plant

														75.4				S.E.						B. firmus + Rs.		69.1		7.5		443.3		33.1		63.7		63.2

														53.7				3.9						FO162 (rate 1) + Rs		128.1		8.2		683.7		27.2		32.7		28.7

						Root				Shoot				60.9										FO162 (rate 2) + Rs		107.8		6.2		443.3		31.5		43.3		43.2

						Average		S.E.		Average		S.E.		52.2										FO162 (rate 1) + B. firmus +Rs		43.6		3.4		345.0		21.7		77.1		71.3

														69.2										FO162 (rate 2) + B. firmus +Rs		26.2		2.7		233.3		19.4		86.2		80.6

		Control				10.8		0.9		20.2		0.9		71.3

		Inoculate control				7.0		0.6		17.1		0.4

		B. firmus + Rs.				6.9		0.6		20.5		0.9

		FO162 (rate 1) + Rs				6.9		0.3		18.8		0.8														R. Similis/g root				R. Similis/plant

		FO162 (rate 2) + Rs				6.4		0.2		18.4		1.1														Average		S.E.		Average		S.E.		Reduction (%)

		FO162 (rate 1) + B. firmus +Rs				8.2		0.5		25.7		0.7

		FO162 (rate 2) + B. firmus +Rs				9.2		0.5		25.8		0.7												In. control		190.3		23.4		1203.3		76.6		g root		S.E.		plant		S.E.

																				5.0 × 106				FO 5×10		128.1		8.2		683.7		34.5		32.7		9.9		28.7		7.1

																								FO 1×10		107.8		6.2		443.3		38.0		43.3		10.0		43.2		4.5

																								Bf		69.1		7.5		443.3		33.1		63.7		9.4		63.2		1.9

																								FO 5×10 +    Bf		43.6		3.4		345.0		21.7		77.1		3.0		71.3		3.0

																								FO 1×10 +    Bf		26.2		2.7		233.3		19.4		86.2		1.7		80.6		2.5

																																		22.5
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R. similis in 100 g soil
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Exp1 (8 wks)

		

		Experiment 1

		Alexander Mendoza

		Harvested: 17.05.2007

						Fresh root		Fresh shoot		Root length		Nematodes

		Treatments		Rep.		weight (g)		weight (g)		(cm)		Soil		Root

		Ino. Control		1		10.3		27.2		13.94		200		1190

				2		8.7		28.5		13.50		400		1030

				3		13		27.3		13.44		215		1490		Root				Soil

				4		8.1		23.6		10.51		150		1230

				5		12.4		26.5		14.73		350		1050		Average		Reduction		Average		Reduction

				6		13.6		31.2		15.30		200		1300		1215.0				252.5

				1		14		34.3		13.53		170		640

				2		9.2		22.8		9.82		240		570

		PL251		3		8.9		24.3		8.26		310		520

		+		4		9.3		30.9		7.73		60		380

		R. simili		5		8.6		28.3		9.60		90		700

				6		7.7		28.3		6.60		70		590		566.7		53.4		156.7		38.0

				1		8.2		36.4		5.70		15		150

		B. firmus		2		4.4		27.7		2.42		45		350

		+		3		5		23		4.50		30		150

		R. simili		4		8.3		40.5		5.38		100		740

				5		7.4		34.2		5.84		110		790

				6		8.7		35.6		10.09		30		410		431.7		64.5		55.0		78.2

				1		5.9		27.6		3.29		30		440

		PL251		2		7.8		45.1		4.48		10		600

		+		3		11.9		34.9		4.50		20		310

		B.firmus		4		8.8		43.3		6.15		40		330

		+		5		9.7		45.3		4.13		30		650

		R. simili		6		6.3		45.9		2.62		20		490		470.0		61.3		25.0		90.1

				1		7.9		25.4		10.03		0		10

				2		14.1		33.6		10.79		0		0

		Mocap		3		14.5		31.2		15.31		1		50

				4		7.7		30.9		7.08		0		20

				5		8.7		28.6		9.06		0		0

				6		13.4		26.3		16.62		6		30		18.3		98.5		1.2		99.5





Exp2 (8wks)

		

		Experiment 2

		Alexander Mendoza

		Harvested: 22.05.2007

						Fresh root		Fresh shoot		Root length		Nematodes

		Treatments		Rep.		weight (g)		weight (g)		(cm)		Soil		Root

		Ino. Control		1		11		19.3		12.89		480		2280																				200

				2		6.4		14.1		13.56		640		3680																				400

				3		4.8		10.7		9.53		520		3740		Root				Soil														215

				4		11.7		17.4		15.22		840		3520																				150

				5		5.5		10.5		13.75		200		2360		Average		Reduction		Average		Reduction												350

				6		10		15		13.49		240		4680		3376.7				486.7								462.7						200

				1		7		12.5		19.71		120		2100																				480

				2		9		19.7		14.01		160		2000																				640

		PL251		3		7.3		16.1		9.85		120		1800																				520

		+		4		4.4		12.2		9.86		150		1600																				840

		R. simili		5		7.3		14.7		13.00		190		1850																				200

				6		8.7		10.3		15.31		110		1720		1845.0		45.4		141.7		70.9						298.0		35.6				240

				1		1.6		3.4		4.02		160		670																				170

		Pl 251		2		3.5		10		5.39		380		1200																				240

		+		3		8.3		19.5		9.94		310		370																				310

		R. simili		4		10.5		28.4		10.10		240		360																				60

				5		5.3		10.8		3.45		120		350																				90

				6		7.3		24.9		9.38		150		680		605.0		82.1		226.7		53.4						383.8		17.0				70

				1		13.1		40.8		10.07		20		540																				120

		PL251		2		9.6		28		10.84		60		630																				160

		+		3		8.1		28.7		8.42		80		220																				120

		B.firmus		4		7.7		22.9		6.70		120		220																				150

		+		5		8.4		26.9		9.92		120		110																				190

		R. simili		6		6.7		20.6		7.92		80		180		316.7		90.6		80.0		83.6						293.3		36.6				110

				1		6.7		14.1		9.07		0		20																				15

				2		10.2		25.6		12.62		0		30																				45

		Mocap		3		10		21.7		12.26		0		10																				30

				4		13.4		21.5		17.32		0		10																				100

				5		12		29.2		13.74		0		300																				110

				6		8.5		13.1		14.45		0		10		63.3		98.1		0.0		100.0						0.0		100.0				30
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Pooled data (8wks)

		

		Pooled data of experiment 1 and 2

		Alexander Mendoza

		Harvested: 17.05.2007 and 22.05.2007

								Fresh root		Fresh shoot		Root length		Nematodes in

		Treatments		Rep.				weight (g)		weight (g)		(cm)		100g Soil		Root system		R.similis/g root		100g Soil				Root system				R.similis/g root

		Control		1		1		10.9		25.3		12.8

				2		1		11.0		21.9		13.9

				3		1		11.1		27.6		13.6

				4		1		14.0		22.8		15.4

				5		1		9.9		30.8		11.3

				6		1		10.1		15.2		12.4

				7		1		10.8		17.6		12.8

				8		1		12.0		28.7		14.1

				9		1		12.0		24.9		13.9

				10		1		13.5		19.2		16.2

				11		1		15.4		16.8		17.8

				12		1		14.3		25.4		15.7

		Ino. Control		1		2		10.3		27.2		13.94		200		1190		115.5

				2		2		8.7		28.5		13.50		400		1030		118.4		Average		Reduction		Average		Reduction		Average		Reduction

				3		2		13		27.3		13.44		215		1490		114.6

				4		2		8.1		23.6		10.51		150		1230		151.9

				5		2		12.4		26.5		14.73		350		1050		84.7

				6		2		13.6		31.2		15.30		200		1300		95.6

				7		2		11		19.3		12.89		480		2280		207.3

				8		2		6.4		14.1		13.56		640		3680		575.0

				9		2		4.8		10.7		9.53		520		3740		779.2

				10		2		11.7		17.4		15.22		840		3520		300.9

				11		2		5.5		10.5		13.75		200		2360		429.1

				12		2		10		15		13.49		240		4680		468.0		369.6				2295.8				286.7

				1		3		14		34.3		13.53		170		640		45.7

				2		3		9.2		22.8		9.82		240		570		62.0

				3		3		8.9		24.3		8.26		110		520		58.4

				4		3		9.3		30.9		7.73		160		380		40.9

		PL251		5		3		8.6		28.3		9.60		190		700		81.4

		+		6		3		7.7		28.3		6.60		170		590		76.6

		R. simili		7		3		7		12.5		19.71		220		2100		300.0

				8		3		9		19.7		14.01		160		2000		222.2

				9		3		7.3		16.1		9.85		220		1800		246.6

				10		3		4.4		12.2		9.86		150		1600		363.6

				11		3		7.3		14.7		13.00		190		1850		253.4

				12		3		8.7		10.3		15.31		110		1720		197.7		174.2		52.9		1205.8		47.5		162.4		43.4

				1		4		8.2		36.4		5.70		15		150		18.3

				2		4		4.4		27.7		2.42		45		350		79.5

				3		4		5		23		4.50		30		150		30.0

				4		4		8.3		40.5		5.38		100		740		89.2

		B. firmus		5		4		7.4		34.2		5.84		110		790		106.8

		+		6		4		8.7		35.6		10.09		30		410		47.1

		R. simili		7		4		1.6		3.4		4.02		160		670		418.8

				8		4		3.5		10		5.39		380		1200		342.9

				9		4		8.3		19.5		9.94		310		370		44.6

				10		4		10.5		28.4		10.10		240		360		34.3

				11		4		5.3		10.8		3.45		120		350		66.0

				12		4		7.3		24.9		9.38		150		680		93.2		140.8		61.9		518.3		77.4		114.2		60.2

				1		5		5.9		27.6		3.29		30		440		74.6

				2		5		7.8		45.1		4.48		10		600		76.9

				3		5		11.9		34.9		4.50		20		310		26.1

				4		5		8.8		43.3		6.15		40		330		37.5

		PL251		5		5		9.7		45.3		4.13		30		650		67.0

		+		6		5		6.3		45.9		2.62		20		490		77.8

		B.firmus		7		5		13.1		40.8		10.07		20		540		41.2

		+		8		5		9.6		28		10.84		60		630		65.6

		R. simili		9		5		8.1		28.7		8.42		80		220		27.2

				10		5		7.7		22.9		6.70		120		220		28.6

				11		5		8.4		26.9		9.92		120		110		13.1

				12		5		6.7		20.6		7.92		80		180		26.9		52.5		85.8		393.3		82.9		46.9		83.7

		Mocap		1		6		7.9		25.4		10.03		0		10		1.3

				2		6		14.1		33.6		10.79		0		0		0.0

				3		6		14.5		31.2		15.31		1		50		3.4

				4		6		7.7		30.9		17.08		0		20		2.6

				5		6		8.7		28.6		19.06		0		0		0.0

				6		6		13.4		26.3		16.62		6		30		2.2

				7		6		6.7		14.1		19.07		0		20		3.0

				8		6		10.2		25.6		12.62		0		30		2.9

				9		6		10		21.7		12.26		0		10		1.0

				10		6		13.4		21.5		17.32		0		10		0.7

				11		6		12		29.2		13.74		0		300		25.0

				12		6		8.5		13.1		14.45		0		10		1.2		0.6		99.8		40.8		98.2		3.6		98.7

						Fresh root w (g)				Fresh shoot w (g)				Root length (cm)

						Average		SEM		Average		SEM		Average		SEM								Root system				R. similis / g root

		Control				12.08		0.52		23.02		1.44		14.16		0.53				Average		SEM		Average		SEM		Average		SEM

		Rs				9.63		0.9		20.94		2.1		13.32		0.50				369.58		61.9		2295.83		372.8		286.67		65.6

		PL + Rs				8.45		0.64		21.20		2.34		11.44		1.08				174.17		11.77		1205.83		197.14		162.38		32.89

		Bf + Rs				6.54		0.74		24.53		3.38		6.35		0.80				140.83		33.57		518.33		88.06		114.21		37.10

		PL + Bf + Rs				8.67		0.62		34.17		2.73		6.59		0.82				52.50		11.29		393.33		54.67		46.86		6.85

		Mocap				10.59		0.80		25.10		1.87		14.86		0.88				0.58		0.50		40.83		23.91		3.62		1.97
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Pooled data (8wks)

				61.8969645231				61.8969645231		65.6006030789		65.6006030789

				11.771713228				11.771713228		32.8946684656		32.8946684656

				33.5683006433				33.5683006433		37.1015361399		37.1015361399

				11.2899123651				11.2899123651		6.8539228978		6.8539228978

				0.4993682878				0.4993682878		1.9729143251		1.9729143251
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Exp1 (18wks)

				61.8969645231				61.8969645231		65.6006030789		65.6006030789

				11.771713228				11.771713228		32.8946684656		32.8946684656

				33.5683006433				33.5683006433		37.1015361399		37.1015361399

				11.2899123651				11.2899123651		6.8539228978		6.8539228978

				0.4993682878				0.4993682878		1.9729143251		1.9729143251
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Exp2 (18 wks)

		

		Experiment 1

		Alexander Mendoza

		Harvested: 20.06.2007

						Fresh root		Fresh shoot		Root length		Nematodes

		Treatments		Rep.		weight (g)		weight (g)		(cm)		Fl. Nem.		Soil		Root

		Ino. Control		1		14.4		36.2		16.18		3540				1940

				2		17		42.4		12.30		1620				2600

				3		11.5		42		10.95		720				1520

				4		15.5		42.2		12.09		420				1600

				5		15.8		38.6		15.98		210				3600				Reduction

				6		8.6		33.6		17.43		690				2360		2270.0

				1		20.4		44.2		9.68		540				780

				2		14.1		38.5		13.46		1350				460

		PL251		3		13.1		40.8		12.59		1215				400

		+		4		11.7		31.9		10.25		810				940

		R. simili		5		11.3		37.6		13.30		2175				920

				6		14.4		45.9		10.26		2385				880		730.0		67.8		Comparar esto con los valores en el exp. Con PL.251

				1		8.1		41.9		8.90		3210				380

		B. firmus		2		6.9		34.9		9.33		1290				360

		+		3		10.5		55.1		8.93		3750				380

		R. simili		4		12.2		53.6		11.45		1200				200

				5		14.4		48.7		12.54		1485				480

				6		15.4		58.1		8.05		960				500		383.3		83.1		Comparar esto con los valores en el exp. Con PL.251

				1		10.1		54.7		11.88		2895				140

		PL251		2		14.5		64.8		17.38		930				140								27.71%

		+		3		12.3		50		14.18		1635				100

		B.firmus		4		9		49		14.20		1905				160

		+		5		20.8		62.9		12.26		1740				100

		R. simili		6		9.5		58.1		12.93		1170				140		130.0		94.3

				1		17.4		31		12.65		30				40

				2		20.8		38		13.02		90				40

		Mocap		3		18.7		33.8		16.05		180				40

				4		18.6		39.3		17.29		150				70

				5		17.9		29.8		14.69		45				20

				6		15.5		31.1		13.81		75				20		38.3		98.3





Pooled data (18wks)

		

		Experiment 2

		Alexander Mendoza

		Harvested: 04.07.2007

						Fresh root		Fresh shoot		Root length		Nematodes

		Treatments		Rep.		weight (g)		weight (g)		(cm)		Fl. Nem.		Soil		Root

		Ino. Control		1		11.2		19.3		14.51		640		16		1360

				2		15.8		33.3		18.63		1130		13		1080

				3		9.6		17.1		20.18		1070		9		1240

				4		12.4		23.9		22.53		1460		8		1200

				5		14.4		18.8		23.38		183		11		1400				Reduction

				6		5.2		12.4		25.09		610		6		1720		1333.3

				1		8.2		16.6		11.96		390		1		795

				2		15.4		35.2		12.88		1040		4		520

		PL251		3		10		18.9		25.80		850		7		440

		+		4		10.9		18.5		21.04		2030		8		240

		R. simili		5		9		17.5		19.39		1490		2		960

				6		14.1		25.3		23.55		1560		3		240		532.5		60.1		Comparar esto con los valores en el exp. Con PL.251

				1		13.6		31.6		13.83		600		2		420

		B. firmus		2		11.1		25.9		10.93		1080		5		400

		+		3		14.8		46.2		12.28		1500		3		400

		R. simili		4		11.2		36.6		10.80		1600		2		320

				5		11		31.8		10.90		860		8		480

				6		10.4		36.8		10.71		760		4		280		383.3		71.3		Comparar esto con los valores en el exp. Con PL.251

				1		10.5		40.6		11.64		2850		2		200

		PL251		2		10.8		27.5		12.70		2780		4		200								27.71%

		+		3		11.2		41.6		11.31		4360		5		180

		B.firmus		4		22.7		45.5		21.47		1080		3		160

		+		5		13.1		32.8		17.58		1160		2		160

		R. simili		6		10.5		26.8		12.74		1120		2		200		183.3		86.3

				1		17.1		31.5		23.33		0		0		0

				2		15.9		25.4		21.64		10		0		20

		Mocap		3		14.1		30.3		23.53		0		0		40

				4		11.8		29.6		19.62		10		0		40

				5		19.9		32.5		15.89		0		0		40

				6		18		28.2		21.82		0		0		40		30.0		97.8





		

		Pooled data of experiment 1 and 2

		Alexander Mendoza

		Harvested: 20.06.2007 and 04.07.2007

								Fresh root		Fresh shoot		Root length		Nematodes IN

		Treatments		Rep.				weight (g)		weight (g)		(cm)		F.l. Nem		100g Soil		Root system		R.similis/g root		100g Soil				Root system				R.similis/g root

		Control		1		1		19.8		37.1		18.1

				2		1		12.9		25.9		14.3

				3		1		14.8		32.4		11.9

				4		1		17.1		36		19.3

				5		1		20.4		43.1		24.5

				6		1		13.8		18.7		12.8

				7		1		19.5		24.3		18.7

				8		1		20.7		44.8		25.8

				9		1		16.6		21.3		17.4

				10		1		18.7		36.4		19.8

				11		1		16.3		30.1		18.9

				12		1		19.8		36.6		21.3

		Ino. Control		1		2		14.4		36.2		16.18		3540		263		1940		134.7														337

				2		2		17.0		42.4		12.30		1620		508		2600		152.9		Average		Reduction		Average		Reduction		Average		Reduction		382

				3		2		11.5		42.0		10.95		720		248		1520		132.2														330

				4		2		15.5		42.2		12.09		420		480		1600		103.2														258

				5		2		15.8		38.6		15.98		210		614		3600		227.8														570

				6		2		8.6		33.6		17.43		690		546		2360		274.4														686

				7		2		11.2		19.3		14.51		640		600		1360		121.4														304

				8		2		15.8		33.3		18.63		1130		730		1080		68.4														171

				9		2		9.6		17.1		20.18		1070		900		1240		129.2														323

				10		2		12.4		23.9		22.53		1460		800		1200		96.8														242

				11		2		14.4		18.8		23.38		183		1100		1400		97.2														243

				12		2		5.2		12.4		25.09		610		600		1720		330.8		615.8				1801.7				155.8				827

				1		3		20.4		44.2		9.68		540		36		780		38.2														96

				2		3		14.1		38.5		13.46		1350		90		460		32.6														82

				3		3		13.1		40.8		12.59		1215		81		400		30.5														76

				4		3		11.7		31.9		10.25		810		54		940		80.3														201

		PL251		5		3		11.3		37.6		13.30		2175		145		920		81.4														204

		+		6		3		14.4		45.9		10.26		2385		159		880		61.1														153

		R. simili		7		3		8.2		16.6		11.96		390		100		795		97.0														242

				8		3		15.4		35.2		12.88		1040		400		520		33.8														84

				9		3		10.0		18.9		25.80		850		700		440		44.0														110

				10		3		10.9		18.5		21.04		2030		800		240		22.0														55

				11		3		9.0		17.5		19.39		1490		200		960		106.7														267

				12		3		14.1		25.3		23.55		1560		300		240		17.0		255.4		58.5		631.3		65.0		53.7		65.5		43

				1		4		8.1		41.9		8.90		3210		214		380		46.9														117

				2		4		6.9		34.9		9.33		1290		86		360		52.2														130

				3		4		10.5		55.1		8.93		3750		250		380		36.2														90

				4		4		12.2		53.6		11.45		1200		80		200		16.4														41

		B. firmus		5		4		14.4		48.7		12.54		1485		99		480		33.3														83

		+		6		4		15.4		58.1		8.05		960		64		500		32.5														81

		R. simili		7		4		13.6		31.6		13.83		600		200		420		30.9														77

				8		4		11.1		25.9		10.93		1080		500		400		36.0														90

				9		4		14.8		46.2		12.28		1500		300		400		27.0														68

				10		4		11.2		36.6		10.80		1600		200		320		28.6														71

				11		4		11.0		31.8		10.90		860		800		480		43.6														109

				12		4		10.4		36.8		10.71		760		400		280		26.9		266.1		56.8		383.3		78.7		34.2		78.0		67

				1		5		10.1		54.7		11.88		2895		93		140		13.9														35

				2		5		14.5		64.8		17.38		930		62		140		9.7														24

				3		5		12.3		50.0		14.18		1635		109		100		8.1														20

				4		5		9.0		49.0		14.20		1905		127		160		17.8														44

		PL251		5		5		20.8		62.9		12.26		1740		116		100		4.8														12

		+		6		5		9.5		58.1		12.93		1170		78		140		14.7														37

		B.firmus		7		5		10.5		40.6		11.64		2850		100		200		19.0														48

		+		8		5		10.8		27.5		12.70		2780		50		200		18.5														46

		R. simili		9		5		11.2		41.6		11.31		4360		100		180		16.1														40

				10		5		22.7		45.5		21.47		1080		50		160		7.0														18

				11		5		13.1		32.8		17.58		1160		100		160		12.2														31

				12		5		10.5		26.8		12.74		1120		100		200		19.0		90.4		85.3		156.7		91.3		13.4		91.4		48

		Mocap		1		6		17.4		31.0		12.65		30		20		40		2.3														6

				2		6		20.8		38.0		13.02		90		120		40		1.9														5

				3		6		18.7		33.8		16.05		180		120		40		2.1														5

				4		6		18.6		39.3		17.29		150		100		70		3.8														9

				5		6		17.9		29.8		14.69		45		30		20		1.1														3

				6		6		15.5		31.1		13.81		75		50		20		1.3														3

				7		6		17.1		31.5		23.33		0		0		0		0.0														0

				8		6		15.9		25.4		21.64		10		0		20		1.3														3

				9		6		14.1		30.3		23.53		0		0		40		2.8														7

				10		6		11.8		29.6		19.62		10		0		40		3.4														8

				11		6		19.9		32.5		15.89		0		0		40		2.0														5

				12		6		18.0		28.2		21.82		0		0		40		2.2		36.7		94.0		34.2		98.1		2.0		98.7		6
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						Average		SEM		Average		SEM		Average		SEM				F. L. nematodesin 100 g soil										Root system				R. similis / g root
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Exp1 (8 wks)

		Effect of Individually and co-applications P. Lilacinus and B. firmus against R. similis in banana after 8 weeks

		Experiment 1

		Alexander Mendoza

		Harvested: 17.05.2007

						Fresh root		Fresh shoot		Root length		Nematodes

		Treatments		Rep.		weight (g)		weight (g)		(cm)		Soil		Root

		Ino. Control		1		10.3		27.2		13.94		200		1190

				2		8.7		28.5		13.50		400		1030

				3		13		27.3		13.44		215		1490		Root				Soil

				4		8.1		23.6		10.51		150		1230

				5		12.4		26.5		14.73		350		1050		Average		Reduction		Average		Reduction

				6		13.6		31.2		15.30		200		1300		1215.0				252.5

				1		14		34.3		13.53		170		640

				2		9.2		22.8		9.82		240		570

		PL251		3		8.9		24.3		8.26		310		520

		+		4		9.3		30.9		7.73		60		380

		R. simili		5		8.6		28.3		9.60		90		700

				6		7.7		28.3		6.60		70		590		566.7		53.4		156.7		38.0

				1		8.2		36.4		5.70		15		150

		B. firmus		2		4.4		27.7		2.42		45		350

		+		3		5		23		4.50		30		150

		R. simili		4		8.3		40.5		5.38		100		740

				5		7.4		34.2		5.84		110		790

				6		8.7		35.6		10.09		30		410		431.7		64.5		55.0		78.2

				1		5.9		27.6		3.29		30		440

		PL251		2		7.8		45.1		4.48		10		600

		+		3		11.9		34.9		4.50		20		310

		B.firmus		4		8.8		43.3		6.15		40		330

		+		5		9.7		45.3		4.13		30		650

		R. simili		6		6.3		45.9		2.62		20		490		470.0		61.3		25.0		90.1

				1		7.9		25.4		10.03		0		10

				2		14.1		33.6		10.79		0		0

		Mocap		3		14.5		31.2		15.31		1		50

				4		7.7		30.9		7.08		0		20

				5		8.7		28.6		9.06		0		0

				6		13.4		26.3		16.62		6		30		18.3		98.5		1.2		99.5





Exp2 (8wks)

		Effect of Individually and co-applications P. Lilacinus and B. firmus against R. similis in banana after 8 weeks

		Experiment 2

		Alexander Mendoza

		Harvested: 22.05.2007

						Fresh root		Fresh shoot		Root length		Nematodes

		Treatments		Rep.		weight (g)		weight (g)		(cm)		Soil		Root

		Ino. Control		1		11		19.3		12.89		480		2280																				200

				2		6.4		14.1		13.56		640		3680																				400

				3		4.8		10.7		9.53		520		3740		Root				Soil														215

				4		11.7		17.4		15.22		840		3520																				150

				5		5.5		10.5		13.75		200		2360		Average		Reduction		Average		Reduction												350

				6		10		15		13.49		240		4680		3376.7				486.7								462.7						200

				1		7		12.5		19.71		120		2100																				480

				2		9		19.7		14.01		160		2000																				640

		PL251		3		7.3		16.1		9.85		120		1800																				520

		+		4		4.4		12.2		9.86		150		1600																				840

		R. simili		5		7.3		14.7		13.00		190		1850																				200

				6		8.7		10.3		15.31		110		1720		1845.0		45.4		141.7		70.9						298.0		35.6				240

				1		1.6		3.4		4.02		160		670																				170

		Pl 251		2		3.5		10		5.39		380		1200																				240

		+		3		8.3		19.5		9.94		310		370																				310

		R. simili		4		10.5		28.4		10.10		240		360																				60

				5		5.3		10.8		3.45		120		350																				90

				6		7.3		24.9		9.38		150		680		605.0		82.1		226.7		53.4						383.8		17.0				70

				1		13.1		40.8		10.07		20		540																				120

		PL251		2		9.6		28		10.84		60		630																				160

		+		3		8.1		28.7		8.42		80		220																				120

		B.firmus		4		7.7		22.9		6.70		120		220																				150

		+		5		8.4		26.9		9.92		120		110																				190

		R. simili		6		6.7		20.6		7.92		80		180		316.7		90.6		80.0		83.6						293.3		36.6				110

				1		6.7		14.1		9.07		0		20																				15

				2		10.2		25.6		12.62		0		30																				45

		Mocap		3		10		21.7		12.26		0		10																				30

				4		13.4		21.5		17.32		0		10																				100

				5		12		29.2		13.74		0		300																				110

				6		8.5		13.1		14.45		0		10		63.3		98.1		0.0		100.0						0.0		100.0				30
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Pooled data (8wks)

		Effect of Individually and co-applications P. Lilacinus and B. firmus against R. similis in banana after 8 weeks

		Pooled data of experiment 1 and 2

		Alexander Mendoza

		Harvested: 17.05.2007 and 22.05.2007

								Fresh root		Fresh shoot		Root length		Nematodes in

		Treatments		Rep.				weight (g)		weight (g)		(cm)		100g Soil		Root system		R.similis/g root		100g Soil				Root system				R.similis/g root

		Control		1		1		10.9		25.3		12.8

				2		1		11.0		21.9		13.9

				3		1		11.1		27.6		13.6

				4		1		14.0		22.8		15.4

				5		1		9.9		30.8		11.3

				6		1		10.1		15.2		12.4

				7		1		10.8		17.6		12.8

				8		1		12.0		28.7		14.1

				9		1		12.0		24.9		13.9

				10		1		13.5		19.2		16.2

				11		1		15.4		16.8		17.8

				12		1		14.3		25.4		15.7

		Ino. Control		1		2		10.3		27.2		13.94		200		1190		115.5

				2		2		8.7		28.5		13.50		400		1030		118.4		Average		Reduction		Average		Reduction		Average		Reduction

				3		2		13		27.3		13.44		215		1490		114.6

				4		2		8.1		23.6		10.51		150		1230		151.9

				5		2		12.4		26.5		14.73		350		1050		84.7

				6		2		13.6		31.2		15.30		200		1300		95.6

				7		2		11		19.3		12.89		480		2280		207.3

				8		2		6.4		14.1		13.56		640		3680		575.0

				9		2		4.8		10.7		9.53		520		3740		779.2

				10		2		11.7		17.4		15.22		840		3520		300.9

				11		2		5.5		10.5		13.75		200		2360		429.1

				12		2		10		15		13.49		240		4680		468.0		369.6				2295.8				286.7

				1		3		14		34.3		13.53		170		640		45.7

				2		3		9.2		22.8		9.82		240		570		62.0

				3		3		8.9		24.3		8.26		110		520		58.4

				4		3		9.3		30.9		7.73		160		380		40.9

		PL251		5		3		8.6		28.3		9.60		190		700		81.4

		+		6		3		7.7		28.3		6.60		170		590		76.6

		R. simili		7		3		7		12.5		19.71		220		2100		300.0

				8		3		9		19.7		14.01		160		2000		222.2

				9		3		7.3		16.1		9.85		220		1800		246.6

				10		3		4.4		12.2		9.86		150		1600		363.6

				11		3		7.3		14.7		13.00		190		1850		253.4

				12		3		8.7		10.3		15.31		110		1720		197.7		174.2		52.9		1205.8		47.5		162.4		43.4

				1		4		8.2		36.4		5.70		15		150		18.3

				2		4		4.4		27.7		2.42		45		350		79.5

				3		4		5		23		4.50		30		150		30.0

				4		4		8.3		40.5		5.38		100		740		89.2

		B. firmus		5		4		7.4		34.2		5.84		110		790		106.8

		+		6		4		8.7		35.6		10.09		30		410		47.1

		R. simili		7		4		1.6		3.4		4.02		160		670		418.8

				8		4		3.5		10		5.39		380		1200		342.9

				9		4		8.3		19.5		9.94		310		370		44.6

				10		4		10.5		28.4		10.10		240		360		34.3

				11		4		5.3		10.8		3.45		120		350		66.0

				12		4		7.3		24.9		9.38		150		680		93.2		140.8		61.9		518.3		77.4		114.2		60.2

				1		5		5.9		27.6		3.29		30		440		74.6

				2		5		7.8		45.1		4.48		10		600		76.9

				3		5		11.9		34.9		4.50		20		310		26.1

				4		5		8.8		43.3		6.15		40		330		37.5

		PL251		5		5		9.7		45.3		4.13		30		650		67.0

		+		6		5		6.3		45.9		2.62		20		490		77.8

		B.firmus		7		5		13.1		40.8		10.07		20		540		41.2

		+		8		5		9.6		28		10.84		60		630		65.6

		R. simili		9		5		8.1		28.7		8.42		80		220		27.2

				10		5		7.7		22.9		6.70		120		220		28.6

				11		5		8.4		26.9		9.92		120		110		13.1

				12		5		6.7		20.6		7.92		80		180		26.9		52.5		85.8		393.3		82.9		46.9		83.7

		Mocap		1		6		7.9		25.4		10.03		0		10		1.3

				2		6		14.1		33.6		10.79		0		0		0.0

				3		6		14.5		31.2		15.31		1		50		3.4

				4		6		7.7		30.9		17.08		0		20		2.6

				5		6		8.7		28.6		19.06		0		0		0.0

				6		6		13.4		26.3		16.62		6		30		2.2

				7		6		6.7		14.1		19.07		0		20		3.0

				8		6		10.2		25.6		12.62		0		30		2.9

				9		6		10		21.7		12.26		0		10		1.0

				10		6		13.4		21.5		17.32		0		10		0.7

				11		6		12		29.2		13.74		0		300		25.0

				12		6		8.5		13.1		14.45		0		10		1.2		0.6		99.8		40.8		98.2		3.6		98.7

						Fresh root w (g)				Fresh shoot w (g)				Root length (cm)

						Average		SEM		Average		SEM		Average		SEM				R. similis in 100 g soil				Root system				R. similis / g root

		Control				12.08		0.52		23.02		1.44		14.16		0.53				Average		SEM		Average		SEM		Average		SEM

		Rs				9.63		0.9		20.94		2.1		13.32		0.50				369.58		61.9		2295.83		372.8		286.67		65.6

		PL + Rs				8.45		0.64		21.20		2.34		11.44		1.08				174.17		11.77		1205.83		197.14		162.38		32.89

		Bf + Rs				6.54		0.74		24.53		3.38		6.35		0.80				140.83		33.57		518.33		88.06		114.21		37.10

		PL + Bf + Rs				8.67		0.62		34.17		2.73		6.59		0.82				52.50		11.29		393.33		54.67		46.86		6.85

		Mocap				10.59		0.80		25.10		1.87		14.86		0.88				0.58		0.50		40.83		23.91		3.62		1.97

																														1				Nota.

																														2

																														3				El tamaño de todas las graficas es:
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																		Usada para la thesis
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Pooled data (8wks)

		0		61.8969645231		0		61.8969645231		65.6006030789		65.6006030789

		0		11.771713228		0		11.771713228		32.8946684656		32.8946684656

		0		33.5683006433		0		33.5683006433		37.1015361399		37.1015361399

		0		11.2899123651		0		11.2899123651		6.8539228978		6.8539228978

		0		0.4993682878		0		0.4993682878		1.9729143251		1.9729143251



R. similis in 100 g soil 
R. similis in / g of root

R. similis(Rs)

B. firmus +
(Rs)

R. similis in 100 g soil and per g root [± SEM]

R. similis in 100 g soil

R. similis / g root

Treatments
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Exp1 (18wks)

		0		61.8969645231		0		61.8969645231		65.6006030789		65.6006030789

		0		11.771713228		0		11.771713228		32.8946684656		32.8946684656

		0		33.5683006433		0		33.5683006433		37.1015361399		37.1015361399

		0		11.2899123651		0		11.2899123651		6.8539228978		6.8539228978

		0		0.4993682878		0		0.4993682878		1.9729143251		1.9729143251



R. similis in 100 g soil

R. similis / g root

Treatments

R. similis in 100 g soil and per g root.
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Exp2 (18 wks)

		Effect of Individually and co-applications P. Lilacinus and B. firmus against R. similis in banana after 18 weeks

		Experiment 1

		Alexander Mendoza

		Harvested: 20.06.2007

						Fresh root		Fresh shoot		Root length		Nematodes

		Treatments		Rep.		weight (g)		weight (g)		(cm)		Fl. Nem.		Soil		Root

		Ino. Control		1		14.4		36.2		16.18		3540				1940

				2		17		42.4		12.30		1620				2600

				3		11.5		42		10.95		720				1520

				4		15.5		42.2		12.09		420				1600

				5		15.8		38.6		15.98		210				3600				Reduction

				6		8.6		33.6		17.43		690				2360		2270.0

				1		20.4		44.2		9.68		540				780

				2		14.1		38.5		13.46		1350				460

		PL251		3		13.1		40.8		12.59		1215				400

		+		4		11.7		31.9		10.25		810				940

		R. simili		5		11.3		37.6		13.30		2175				920

				6		14.4		45.9		10.26		2385				880		730.0		67.8		Comparar esto con los valores en el exp. Con PL.251

				1		8.1		41.9		8.90		3210				380

		B. firmus		2		6.9		34.9		9.33		1290				360

		+		3		10.5		55.1		8.93		3750				380

		R. simili		4		12.2		53.6		11.45		1200				200

				5		14.4		48.7		12.54		1485				480

				6		15.4		58.1		8.05		960				500		383.3		83.1		Comparar esto con los valores en el exp. Con PL.251

				1		10.1		54.7		11.88		2895				140

		PL251		2		14.5		64.8		17.38		930				140								27.71%

		+		3		12.3		50		14.18		1635				100

		B.firmus		4		9		49		14.20		1905				160

		+		5		20.8		62.9		12.26		1740				100

		R. simili		6		9.5		58.1		12.93		1170				140		130.0		94.3

				1		17.4		31		12.65		30				40

				2		20.8		38		13.02		90				40

		Mocap		3		18.7		33.8		16.05		180				40

				4		18.6		39.3		17.29		150				70

				5		17.9		29.8		14.69		45				20

				6		15.5		31.1		13.81		75				20		38.3		98.3





Pooled data (18wks)

		Effect of Individually and co-applications P. Lilacinus and B. firmus against R. similis in banana after 18 weeks

		Experiment 2

		Alexander Mendoza

		Harvested: 04.07.2007

						Fresh root		Fresh shoot		Root length		Nematodes

		Treatments		Rep.		weight (g)		weight (g)		(cm)		Fl. Nem.		Soil		Root

		Ino. Control		1		11.2		19.3		14.51		640		16		1360

				2		15.8		33.3		18.63		1130		13		1080

				3		9.6		17.1		20.18		1070		9		1240

				4		12.4		23.9		22.53		1460		8		1200

				5		14.4		18.8		23.38		183		11		1400				Reduction

				6		5.2		12.4		25.09		610		6		1720		1333.3

				1		8.2		16.6		11.96		390		1		795

				2		15.4		35.2		12.88		1040		4		520

		PL251		3		10		18.9		25.80		850		7		440

		+		4		10.9		18.5		21.04		2030		8		240

		R. simili		5		9		17.5		19.39		1490		2		960

				6		14.1		25.3		23.55		1560		3		240		532.5		60.1		Comparar esto con los valores en el exp. Con PL.251

				1		13.6		31.6		13.83		600		2		420

		B. firmus		2		11.1		25.9		10.93		1080		5		400

		+		3		14.8		46.2		12.28		1500		3		400

		R. simili		4		11.2		36.6		10.80		1600		2		320

				5		11		31.8		10.90		860		8		480

				6		10.4		36.8		10.71		760		4		280		383.3		71.3		Comparar esto con los valores en el exp. Con PL.251

				1		10.5		40.6		11.64		2850		2		200

		PL251		2		10.8		27.5		12.70		2780		4		200								27.71%

		+		3		11.2		41.6		11.31		4360		5		180

		B.firmus		4		22.7		45.5		21.47		1080		3		160

		+		5		13.1		32.8		17.58		1160		2		160

		R. simili		6		10.5		26.8		12.74		1120		2		200		183.3		86.3

				1		17.1		31.5		23.33		0		0		0

				2		15.9		25.4		21.64		10		0		20

		Mocap		3		14.1		30.3		23.53		0		0		40

				4		11.8		29.6		19.62		10		0		40

				5		19.9		32.5		15.89		0		0		40

				6		18		28.2		21.82		0		0		40		30.0		97.8





		Effect of Individually and co-applications P. Lilacinus and B. firmus against R. similis in banana after 18 weeks

		Pooled data of experiment 1 and 2

		Alexander Mendoza

		Harvested: 20.06.2007 and 04.07.2007

								Fresh root		Fresh shoot		Root length		Nematodes IN

		Treatments		Rep.				weight (g)		weight (g)		(cm)		F.l. Nem		100g Soil		Root system		R.similis/g root		100g Soil				Root system				R.similis/g root

		Control		1		1		19.8		37.1		18.1

				2		1		12.9		25.9		14.3

				3		1		14.8		32.4		11.9

				4		1		17.1		36		19.3

				5		1		20.4		43.1		24.5

				6		1		13.8		18.7		12.8

				7		1		19.5		24.3		18.7

				8		1		20.7		44.8		25.8

				9		1		16.6		21.3		17.4

				10		1		18.7		36.4		19.8

				11		1		16.3		30.1		18.9

				12		1		19.8		36.6		21.3

		Ino. Control		1		2		14.4		36.2		16.18		3540		263		1940		134.7														337

				2		2		17.0		42.4		12.30		1620		508		2600		152.9		Average		Reduction		Average		Reduction		Average		Reduction		382

				3		2		11.5		42.0		10.95		720		248		1520		132.2														330

				4		2		15.5		42.2		12.09		420		480		1600		103.2														258

				5		2		15.8		38.6		15.98		210		614		3600		227.8														570

				6		2		8.6		33.6		17.43		690		546		2360		274.4														686

				7		2		11.2		19.3		14.51		640		600		1360		121.4														304

				8		2		15.8		33.3		18.63		1130		730		1080		68.4														171

				9		2		9.6		17.1		20.18		1070		900		1240		129.2														323

				10		2		12.4		23.9		22.53		1460		800		1200		96.8														242

				11		2		14.4		18.8		23.38		183		1100		1400		97.2														243

				12		2		5.2		12.4		25.09		610		600		1720		330.8		615.8				1801.7				155.8				827

				1		3		20.4		44.2		9.68		540		36		780		38.2														96

				2		3		14.1		38.5		13.46		1350		90		460		32.6														82

				3		3		13.1		40.8		12.59		1215		81		400		30.5														76

				4		3		11.7		31.9		10.25		810		54		940		80.3														201

		PL251		5		3		11.3		37.6		13.30		2175		145		920		81.4														204

		+		6		3		14.4		45.9		10.26		2385		159		880		61.1														153

		R. simili		7		3		8.2		16.6		11.96		390		100		795		97.0														242

				8		3		15.4		35.2		12.88		1040		400		520		33.8														84

				9		3		10.0		18.9		25.80		850		700		440		44.0														110

				10		3		10.9		18.5		21.04		2030		800		240		22.0														55

				11		3		9.0		17.5		19.39		1490		200		960		106.7														267

				12		3		14.1		25.3		23.55		1560		300		240		17.0		255.4		58.5		631.3		65.0		53.7		65.5		43

				1		4		8.1		41.9		8.90		3210		214		380		46.9														117

				2		4		6.9		34.9		9.33		1290		86		360		52.2														130

				3		4		10.5		55.1		8.93		3750		250		380		36.2														90

				4		4		12.2		53.6		11.45		1200		80		200		16.4														41

		B. firmus		5		4		14.4		48.7		12.54		1485		99		480		33.3														83

		+		6		4		15.4		58.1		8.05		960		64		500		32.5														81

		R. simili		7		4		13.6		31.6		13.83		600		200		420		30.9														77

				8		4		11.1		25.9		10.93		1080		500		400		36.0														90

				9		4		14.8		46.2		12.28		1500		300		400		27.0														68

				10		4		11.2		36.6		10.80		1600		200		320		28.6														71

				11		4		11.0		31.8		10.90		860		800		480		43.6														109

				12		4		10.4		36.8		10.71		760		400		280		26.9		266.1		56.8		383.3		78.7		34.2		78.0		67

				1		5		10.1		54.7		11.88		2895		93		140		13.9														35

				2		5		14.5		64.8		17.38		930		62		140		9.7														24

				3		5		12.3		50.0		14.18		1635		109		100		8.1														20

				4		5		9.0		49.0		14.20		1905		127		160		17.8														44

		PL251		5		5		20.8		62.9		12.26		1740		116		100		4.8														12

		+		6		5		9.5		58.1		12.93		1170		78		140		14.7														37

		B.firmus		7		5		10.5		40.6		11.64		2850		100		200		19.0														48

		+		8		5		10.8		27.5		12.70		2780		50		200		18.5														46

		R. simili		9		5		11.2		41.6		11.31		4360		100		180		16.1														40

				10		5		22.7		45.5		21.47		1080		50		160		7.0														18

				11		5		13.1		32.8		17.58		1160		100		160		12.2														31

				12		5		10.5		26.8		12.74		1120		100		200		19.0		90.4		85.3		156.7		91.3		13.4		91.4		48

		Mocap		1		6		17.4		31.0		12.65		30		20		40		2.3														6

				2		6		20.8		38.0		13.02		90		120		40		1.9														5

				3		6		18.7		33.8		16.05		180		120		40		2.1														5

				4		6		18.6		39.3		17.29		150		100		70		3.8														9

				5		6		17.9		29.8		14.69		45		30		20		1.1														3

				6		6		15.5		31.1		13.81		75		50		20		1.3														3

				7		6		17.1		31.5		23.33		0		0		0		0.0														0

				8		6		15.9		25.4		21.64		10		0		20		1.3														3

				9		6		14.1		30.3		23.53		0		0		40		2.8														7

				10		6		11.8		29.6		19.62		10		0		40		3.4														8

				11		6		19.9		32.5		15.89		0		0		40		2.0														5

				12		6		18.0		28.2		21.82		0		0		40		2.2		36.7		94.0		34.2		98.1		2.0		98.7		6

						Fresh root w (g)				Fresh shoot w (g)				Root length (cm)

						Average		SEM		Average		SEM		Average		SEM				F. L. nematodesin 100 g soil						R. similis in 100 g soil				Root system				R. similis / g root

		Control				17.53		0.77		32.23		2.40		18.57		1.21				Average		SEM				Average		SEM		Average		SEM		Average		SEM

		Rs				12.62		1.0		29.98		3.2		17.44		1.34				1024.42		263.2				615.75		70.6		1801.67		211.1		389.38		23.0

		PL + Rs				12.72		0.96		30.91		3.18		15.35		1.61				1319.58		184.65				255.42		73.46		631.25		79.56		134.31		8.82

		Bf + Rs				11.63		0.75		41.77		3.02		10.72		0.49				1524.58		280.14				266.08		61.94		383.33		25.09		85.53		2.82

		PL + Bf + Rs				12.92		1.28		46.19		3.71		14.19		0.89				1968.75		302.26				90.42		7.25		156.67		10.10		33.52		1.45

		Mocap				17.14		0.72		31.71		1.12		17.78		1.17				49.17		17.99				36.67		14.16		34.17		4.99		5.05		0.30
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		0		70.5697725874		0		70.5697725874		23.045253701		23.045253701

		0		73.4603024453		0		73.4603024453		8.8203940021		8.8203940021

		0		61.9374633698		0		61.9374633698		2.8190257365		2.8190257365

		0		7.2513931089		0		7.2513931089		1.4451161809		1.4451161809

		0		14.1599805969		0		14.1599805969		0.29815264		0.29815264



R. similis in 100 g soil

R. similis / g root

Treatments

R. similis in 100 g soil and per g root.
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		0		211.1219428375		211.1219428375

		0		79.5587380684		79.5587380684

		0		25.0857116561		25.0857116561

		0		10.1005050379		10.1005050379

		0		4.9936828781		4.9936828781



F. L. nematodesin 100 g soil

Treatments

Free living nematodes in 100 g 
[± SEM]

d

a

b

bc

cd



		Rs		61.8969645231		Rs		61.8969645231		65.6006030789		65.6006030789

		PL + Rs		11.771713228		PL + Rs		11.771713228		32.8946684656		32.8946684656

		Bf + Rs		33.5683006433		Bf + Rs		33.5683006433		37.1015361399		37.1015361399

		PL + Bf + Rs		11.2899123651		PL + Bf + Rs		11.2899123651		6.8539228978		6.8539228978

		Mocap		0.4993682878		Mocap		0.4993682878		1.9729143251		1.9729143251
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R. similis in / g of root
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R. similis in 100 g soil and per g root
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369.5833333333

286.6702233485
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114.2114623911

52.5

46.8647551263

0.5833333333
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		Rs		22.8869083827		22.8869083827

		FO 5×10		13.1185490303		13.1185490303

		FO 1×10		10.7855425915		10.7855425915

		Bf		3.3578792325		3.3578792325

		FO 5×10 +    Bf		16.1101938345		16.1101938345

		FO 1×10 +    Bf		2.9922016717		2.9922016717



R. similis penetration / g root  .

Treatments

a

b

b

c

bc

c

190.2653024813

128.1068443124

107.8431280348

69.0750235903

43.5716800145

26.20322036



Exp. 1

		Individually and combined applications of FO162 and B. Firmus against R. similis in banana

		Experiment 1

		Alexander Mendoza

		Harvested: 22.05.2007

						Fresh root		Fresh shoot		Root length		Nematodes/		Average		Average										Nematodes/				Average				Reduction (%)

		Treatments		Rep.		weight (g)		weight (g)		(cm)		g root		root		shoot		Nematode				Treatments		Rep.		Total		g root		Total		g root		g root		Total

		Control		1		11.8		21.4														Ino. Control		1		1380		209.1

				2		8.7		16.3																1		1080		111.3

				3		11.0		22.9																1		1380		226.2

				4		10.3		20.5																1		1340		227.1

				5		10.4		19.0																1		1560		283.6

				6		7.6		15.4						10.0		19.3								1		1080		207.7		1303.3		210.9

		Ino. Control		1		6.6		19.6				1380												2		620		70.5

				2		9.7		14.3				1080												2		600		80.0

				3		6.1		16.7				1380										B. firmus		2		640		68.1

				4		5.9		15.6				1340										+		2		660		74.2

				5		5.5		15.9				1560										R. simili		2		680		87.2

				6		5.2		18.0				1480		6.5		16.7		1370.0						2		600		87.0		633.3		77.8		63.1		51.4

				1		8.8		20.3				520												3		940		123.7

				2		7.5		24.4				500										Fo162   5x106		3		1050		136.4

		B. firmus		3		9.4		23.4				640										+		3		870		207.1

		+		4		8.9		23.2				460										R. simili		3		1020		136.0

		R. simili		5		7.8		23.1				460												3		860		119.4

				6		6.9		21.2				500		8.2		22.6		513.3						3		1090		151.4		971.7		145.7		30.9		25.4

				1		7.6		17.5				640												4		800		109.6

		Fo162   5x106		2		7.7		18.8				560										Fo162  10x106		4		680		117.2

		+		3		4.2		15.0				500										+		4		700		125.0

		R. simili		4		7.5		16.5				420										R. simili		4		640		79.0

				5		7.2		21.3				260												4		940		134.3

				6		7.2		23.3				480		6.9		18.7		476.7						4		744		158.3		750.7		120.6		42.8		42.4

				1		7.3		22.4				400												5		980		121.0

		Fo162  10x106		2		5.8		16.6				480										Fo162   5x106		5		420		55.3

		+		3		5.6		19.6				700										+		5		280		36.8

		R. simili		4		8.1		19.5				640										B.firmus		5		500		90.9

				5		7.0		21.9				940										+		5		320		38.1

				6		4.7		17.9				644		6.4		19.7		634.0				R. simili		5		820		122.4		553.3		77.4		63.3		57.5

				1		8.1		22.8				980												6		340		38.2

		Fo162   5x106		2		7.6		28.9				420										Fo162  10x106		6		380		39.2

		+		3		7.6		22.7				280										+		6		340		47.9

		B.firmus		4		5.5		22.6				500										B.firmus		6		440		48.9

		+		5		8.4		26.2				320										+		6		380		54.3

		R. simili		6		6.7		26.1				820		7.3		24.9		553.3				R. simili		6		400		55.6		380.0		47.3		77.6		70.8

				1		8.9		29.8				340

		Fo162  10x106		2		9.7		26.6				500

		+		3		7.1		23.9				540

		B.firmus		4		9.0		24.3				640												R. Similis/g root

		+		5		7.0		21.9				480												Average		S.E.		Reduction (%)

		R. simili		6		7.2		25.6				400		8.2		25.4		483.3

																						Inoculate control		210.9		22.9		g root		plant

												75.4				S.E.						B. firmus + Rs.		77.8		3.4		63.1		51.4

												53.7				4.0						FO162 (rate 1) + Rs		145.7		13.1		30.9		25.4

												60.9										FO162 (rate 2) + Rs		120.6		10.8		42.8		42.4

												52.2										FO162 (rate 1) + B. firmus +Rs		77.4		16.1		63.3		57.5

												69.2										FO162 (rate 2) + B. firmus +Rs		47.3		3.0		77.6		70.8

												73.0

																								R. Similis/g root

																								Average		S.E.		Reduction (%)

																						Rs		210.9		22.9		g root		plant

																						FO162 (rate 1) + Rs		145.7		13.1		30.9		25.4

																						FO162 (rate 2) + Rs		120.6		10.8		42.8		42.4

																						BF+ Rs.		77.8		3.4		63.1		51.4

																						FO162 (rate 1) + BF+ Rs		77.4		16.1		63.3		57.5

																						FO162 (rate 2) + BF + Rs		47.3		3.0		77.6		70.8
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Exp. 1

		0		22.8869083827		22.8869083827

		0		13.1185490303		13.1185490303

		0		10.7855425915		10.7855425915

		0		3.3578792325		3.3578792325

		0		16.1101938345		16.1101938345

		0		2.9922016717		2.9922016717



Treatments

R. similis penetration / g root [± SEM]



Exp. 2

		In. control		5.0572943448		5.0572943448

		FO + Rs		2.8462219028		2.8462219028

		PL + Rs		0.7045938858		0.7045938858

		FO + PL + Rs		0.9461872084		0.9461872084



g root

Treatments

R. similis penetration / g root

d

c

b

a

69.0714583356

47.6483748988

30.2533600983

21.0069866269



Pooled data

		Individually and combined applications of FO162 and B. Firmus against R. similis in banana

		Experiment 2

		Alexander Mendoza

		Harvested: 22.05.2007

						Fresh root		Fresh shoot		Root length		Nematodes

		Treatments		Rep.		weight (g)		weight (g)		(cm)		Soil		Root

		Control		1		4.7		16.7

				2		15.8		21.9

				3		13.2		18.2

				4		10.1		23.8

				5		13.7		21.6

				6		12.5		25.2								Average

		Ino. Control		1		4.4		18.7						1440

				2		10.3		16.4						1100

				3		5.6		16.4						680

				4		7.5		18.8						980

				5		6.4		17.4						1080

				6		10.9		17.2						940		1036.7

				1		7.9		19.2						460

				2		3.4		17.4						480

		B. firmus		3		2.8		16.7						240

		+		4		6.4		20.1						260

		R. simili		5		6.3		14.9						480

				6		6.4		22.4						320		373.3		64.0

				1		8.0		23.7				100		670

		Fo162  10x106		2		8.0		19.3				120		690

		+		3		8.0		16.8				320		620

		R. simili		4		5.1		16.3				140		560

				5		8.0		17.9				210		610

				6		5.5		9.0				240		550		616.7		40.5

				1		5.8		25.7						150

		Fo162   5x106		2		11.9		29.9						360

		+		3		8.5		26.4						170

		B.firmus		4		9.8		24.2						320

		+		5		10.2		27.3						590

		R. simili		6		8.1		25.9						230		303.3		70.7

				1		7.7		23.9						30

		Fo162  10x106		2		8.8		25.7						110

		+		3		11.1		30.1						250

		B.firmus		4		11.2		24.7						760

		+		5		10.5		27.7						150

		R. simili		6		12.7		25.5						270		261.7		74.8





Sheet1

		Individually and combined applications of FO162 and B. Firmus against R. similis in banana

		Experiment 1

		Alexander Mendoza

		Harvested: 22.05.2007

								Fresh root		Fresh shoot		Root length		Nematodes/		Average		Average										Nematodes/				Average				Reduction (%)				g root		Plant

		Treatments		Rep.				weight (g)		weight (g)		(cm)		g root		root		shoot		Nematode				Treatments		Rep.		Total		g root		Total		g root		g root		Total

		Control		1		1		11.8		21.4														Ino. Control		1		1380		209.1

				2		1		8.7		16.3																1		1080		111.3

				3		1		11.0		22.9																1		1380		226.2

				4		1		10.3		20.5																1		1340		227.1

				5		1		10.4		19.0																1		1560		283.6

				6		1		7.6		15.4																1		1480		284.6

				1		1		4.7		16.7																1		1440		327.3

				2		1		15.8		21.9																1		1100		106.8

				3		1		13.2		18.2																1		680		121.4

				4		1		10.1		23.8																1		980		130.7

				5		1		13.7		21.6																1		1080		168.8

				6		1		12.5		25.2						10.8		20.2								1		940		86.2		1203.3		190.3

		Ino. Control		1		2		6.6		19.6				1380												2		520		59.1										71.7		62.3

				2		2		9.7		14.3				1080												2		500		66.7										40.1		53.7

				3		2		6.1		16.7				1380										B. firmus		2		640		68.1										69.9		53.6

				4		2		5.9		15.6				1340										+		2		460		51.7										77.2		65.7

				5		2		5.5		15.9				1560										R. simili		2		460		59.0										79.2		70.5

				6		2		5.2		18.0				1480												2		500		72.5										74.5		66.2

				1		2		4.4		18.7				1440												2		460		58.2										82.2		68.1

				2		2		10.3		16.4				1100												2		480		141.2										-32.2		56.4

				3		2		5.6		16.4				680												2		240		85.7										29.4		64.7

				4		2		7.5		18.8				980												2		260		40.6										68.9		73.5		g root		Plant

				5		2		6.4		17.4				1080												2		480		76.2										54.9		55.6

				6		2		10.9		17.2				940		7.0		17.1		1203.3						2		320		50.0		443.3		69.1		63.7		63.2		42.0		66.0		54.8		63.0

				1		3		8.8		20.3				520												3		940		123.7										40.8		31.9

				2		3		7.5		24.4				500										Fo162   5x106		3		860		111.7										-0.3		20.4

		B. firmus		3		3		9.4		23.4				640										+		3		870		207.1										8.4		37.0

		+		4		3		8.9		23.2				460										R. simili		3		820		109.3										51.9		38.8

		R. simili		5		3		7.8		23.1				460												3		860		119.4										57.9		44.9

				6		3		6.9		21.2				500												3		980		136.1										52.2		33.8

				1		3		7.9		19.2				460												3		800		114.3										65.1		44.4

				2		3		3.4		17.4				480												3		910		131.9										-23.5		17.3

				3		3		2.8		16.7				240												3		980		136.1										-12.1		-44.1

				4		3		6.4		20.1				260												3		780		141.8										-8.5		20.4

				5		3		6.3		14.9				480												3		640		95.5										43.4		40.7

				6		3		6.4		22.4				320		6.9		20.5		443.3						3		860		110.3		858.3		128.1		32.7		28.7		-27.9		8.5		20.6		24.5

				1		4		7.6		17.5				640												4		700		111.1										46.9		49.3

		Fo162   5x106		2		4		7.7		18.8				560										Fo162  10x106		4		480		82.8										25.7		55.6

		+		3		4		4.2		15.0				500										+		4		700		125.0										44.7		49.3

		R. simili		4		4		7.5		16.5				420										R. simili		4		640		90.1										60.3		52.2

				5		4		7.2		21.3				260												4		940		134.3										52.7		39.7

				6		4		7.2		23.3				480												4		644		96.1										66.2		56.5

				1		4		7.0		16.0				700												4		670		95.7										70.8		53.5

				2		4		6.9		19.9				910												4		690		115.0										-7.7		37.3

				3		4		7.2		17.5				680												4		620		103.3										14.9		8.8

				4		4		5.5		18.9				780												4		760		149.0										-14.0		22.4

				5		4		6.7		17.9				640												4		610		76.3										54.8		43.5

				6		4		7.8		23.3				860		6.9		18.8		619.2						4		750		115.4		683.7		107.8		43.3		43.2		-33.8		20.2		31.8		40.7

				1		5		6.3		22.4				400												5		480		59.3										71.7		65.2

		Fo162  10x106		2		5		5.8		16.6				480										Fo162   5x106		5		420		55.3										50.4		61.1

		+		3		5		5.6		19.6				700										+		5		280		36.8										83.7		79.7

		R. simili		4		5		7.1		19.5				640										B.firmus		5		300		54.5										76.0		77.6

				5		5		7.0		21.9				940										+		5		320		38.1										86.6		79.5

				6		5		6.7		17.9				644												5		420		62.7										78.0		71.6

				1		5		7.0		23.7				670												5		250		43.1										86.8		82.6

				2		5		6.0		19.3				690												5		360		30.3										71.7		67.3

				3		5		6.0		16.8				620												5		370		43.5										64.2		45.6

				4		5		5.1		16.3				560												5		320		32.7										75.0		67.3

				5		5		8.0		17.9				610												5		390		38.2										77.3		63.9

				6		5		6.5		9.0				550		6.4		18.4		625.3				R. simili		5		230		28.4		345.0		43.6		77.1		71.3		67.1		75.5		74.0		69.8

				1		6		8.1		22.8				980												6		140		15.7										92.5		89.9

		Fo162   5x106		2		6		7.6		28.9				420										Fo162  10x106		6		150		15.5										86.1		86.1

		+		3		6		7.6		22.7				280										+		6		210		29.6										86.9		84.8

		B.firmus		4		6		5.5		22.6				500										B.firmus		6		240		26.7										88.3		82.1

		+		5		6		8.4		26.2				320										+		6		280		40.0										85.9		82.1

				6		6		6.7		26.1				820												6		310		43.1										84.9		79.1

				1		6		5.8		25.7				150												6		230		29.9										90.9		84.0

				2		6		11.9		29.9				360												6		210		23.9										77.7		80.9

				3		6		8.5		26.4				170												6		250		22.5										81.5		63.2

				4		6		9.8		24.2				320												6		360		32.1										75.4		63.3

				5		6		10.2		27.3				590												6		150		14.3										91.5		86.1

		R. simili		6		6		8.1		25.9				230		8.2		25.7		428.3				R. simili		6		270		21.3		233.3		26.2		86.2		80.6		75.3		71.3		84.7		79.4

				1		7		8.9		29.8				340

		Fo162  10x106		2		7		9.7		26.6				500

		+		3		7		7.1		23.9				540

		B.firmus		4		7		9.0		24.3				640												R. Similis/g root

		+		5		7		7.0		21.9				480												Average		S.E.		Reduction (%)

				6		7		7.2		25.6				400

				1		7		7.7		23.9				30

				2		7		8.8		25.7				110

				3		7		11.1		30.1				250

				4		7		11.2		24.7				760																R. Similis/plant

				5		7		10.5		27.7				150																Average		S.E.

		R. simili		6		7		12.7		25.5				270		9.2		25.8		372.5

																								Inoculate control		190.3		23.4		1203.3		76.6		g root		plant

														75.4				S.E.						B. firmus + Rs.		69.1		7.5		443.3		33.1		63.7		63.2

														53.7				3.9						FO162 (rate 1) + Rs		128.1		8.2		683.7		27.2		32.7		28.7

						Root				Shoot				60.9										FO162 (rate 2) + Rs		107.8		6.2		443.3		31.5		43.3		43.2

						Average		S.E.		Average		S.E.		52.2										FO162 (rate 1) + B. firmus +Rs		43.6		3.4		345.0		21.7		77.1		71.3

														69.2										FO162 (rate 2) + B. firmus +Rs		26.2		2.7		233.3		19.4		86.2		80.6

		Control				10.8		0.9		20.2		0.9		71.3

		Inoculate control				7.0		0.6		17.1		0.4

		B. firmus + Rs.				6.9		0.6		20.5		0.9

		FO162 (rate 1) + Rs				6.9		0.3		18.8		0.8														R. Similis/g root				R. Similis/plant

		FO162 (rate 2) + Rs				6.4		0.2		18.4		1.1														Average		S.E.		Average		S.E.		Reduction (%)

		FO162 (rate 1) + B. firmus +Rs				8.2		0.5		25.7		0.7

		FO162 (rate 2) + B. firmus +Rs				9.2		0.5		25.8		0.7												Rs		190.3		23.4		1203.3		76.6		g root		S.E.		plant		S.E.

																				5.0 × 106				FO 5×10		128.1		8.2		683.7		34.5		32.7		9.9		28.7		7.1

																								FO 1×10		107.8		6.2		443.3		38.0		43.3		10.0		43.2		4.5

																								Bf		69.1		7.5		443.3		33.1		63.7		9.4		63.2		1.9

																								FO 5×10 +    Bf		43.6		3.4		345.0		21.7		77.1		3.0		71.3		3.0

																								FO 1×10 +    Bf		26.2		2.7		233.3		19.4		86.2		1.7		80.6		2.5
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				F. Oxysporum strain 162 colonization ability

								Rep.		Colonization				Average								Colonization (week)										Average

				Treatments						B. firmus		PL251		B. firmus		PL251						1		2		3		4		6

				Fo162		1		1		29		32.0										8		10.0		30		55		32.0

						2		1		42		32.0										4		10.0		10		20		32.0

						3		1		49		50.0										3		8.0		10		40		50.0

						4		1		44		48.0										2		2.0		50		70		48.0

						5		1		32		60.0										0		19.0		20		80		60.0

						6		1		45		40.0										2		10.0		20		40		40.0

						7		1		55		55.0										1		16.0		50		45		55.0
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						10		1		30		40.0		37.8		44.4						1		3.0		10		10		40.0		3.0		9.0		24.0		39.0		44.4

						1		2		39		60.0

						2		2		42		30.0

						3		2		49		40.0
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						10		2		30		20.0		39.1		37.0						1		2
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						8		3		53.0		30.0										2		2
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R2 = 0.973***
        y = 11.28x - 9.96
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FO Rate

		

		Colonization (week)

		1		2		3		4		6				Pots		Root N°		SEM		Trays		Root N°		SEM

		8		10.0		30		55		32.0		0-1		62.0		31		8.4		72.0		36		4				8

		4		10.0		10		20		32.0		2		65.0		33		4.2		87.0		44		6.2				12.4

		3		8.0		10		40		50.0		3		63.0		32		2.6		86.0		43		3.8				7.6

		2		2.0		50		70		48.0		4		69.0		35		4.0		91.0		46		1				2

		0		19.0		20		80		60.0		5		65.0		33		1.8		85.0		43		5.6				11.2				1		2		3		4		5		6		7		8

		2		10.0		20		40		40.0		6		62.0		31		4.6		65.0		33		3				6																				1

		1		16.0		50		45		55.0		7		63.0		32		7.2		53.0		27		15.6				31.2																				2

		5		8.0		20		20		37.0		8		61.0		31		6.2		49.0		25		8				16																				3

		4		4.0		20		10		50.0		9		67.0		34		5.2		27.0		14		3				6																				4

		1		3.0		10		10		40.0		10		59.0		30		7.8		21.0		11		8.4				16.8																				5

		3.0		9.0		24.0		39.0		44.4		11		42.0		21		9.8		32.0		16		2				4																				6

												12		49.5		25		4.2		29.5		15		7.2				14.4																				7

												13		42.0		21		2.0		12.0		6		4.2				8.4																				8

												14		39.0		20		6.2		19.0		10		4				8																				9

												15		41.0		21		11.8		11.0		6		1				2																				10

												16		46.0		23		8.2		13.0		7		1.8				3.6																				11
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												18		56.0		28		7.0		12.0		6		4.2				8.4																				13
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														52.5						39.6																												17

														69.0						91.0																												18

														21.3						1.7																												19

										1		2		3		4		5		6		7		8																								20

																										1																						21

																										2																						22

																										3

																										4																						1

																										5																						2

																										6																						3

																										7																						4

																										8																						5

																										9																						6

																										10																						7

																										11																						8

																										12																						9

																										13																						10

																										14																						11

																										15																						12

																										16																						13

																										17																						14

																										18																						15

																										19																						16

																										20																						17

																										21																						18

																										22																						19

																																																20

																										1																						21

																										2																						22

																										3

																										4

																										5

																										6

																										7

																										8

																										9

																										10

																										11

																										12

																										13

																										14

																										15

																										16

																										17

																										18

																										19

																										20

																										21

																										22



FO162 2nd inoculation
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R2 = 0.751***
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								0.9457507306		0.9457507306		1.3333333333		1.3333333333		5.3959861626		5.3959861626

								5.1940136482		5.1940136482		4.6362101381		4.6362101381		2.8450737151		2.8450737151
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Chart5

		FO		3.3025242871		3.3025242871

		FO + Rs		3.0384572109		3.0384572109

		FO + Bf		2.6078939992		2.6078939992

		FO + Bf + Rs		2.5473297566		2.5473297566



Treatments

Colonization  [%]

n.s.

37.8

39.1

44.3

42



Colonization

				F. Oxysporum strain 162 colonization ability

								Rep.		Colonization				Average								Colonization (week)										Average

				Treatments						B. firmus		PL251		B. firmus		PL251						1		2		3		4		6

				Fo162		1		1		29		32.0										8		10.0		30		55		32.0

						2		1		42		32.0										4		10.0		10		20		32.0

						3		1		49		50.0										3		8.0		10		40		50.0

						4		1		44		48.0										2		2.0		50		70		48.0

						5		1		32		60.0										0		19.0		20		80		60.0

						6		1		45		40.0										2		10.0		20		40		40.0

						7		1		55		55.0										1		16.0		50		45		55.0

						8		1		27		37.0										5		8.0		20		20		37.0

						9		1		25		50.0										4		4.0		20		10		50.0

						10		1		30		40.0		37.8		44.4						1		3.0		10		10		40.0		3.0		9.0		24.0		39.0		44.4

						1		2		39		60.0

						2		2		42		30.0

						3		2		49		40.0

						4		2		44		20.0

				FO162 + R. similis		5		2		33		60.0										1		8

						6		2		45		20.0										1		4

						7		2		55		40.0										1		3

						8		2		27		60.0										1		2

						9		2		27		20.0										1		0

						10		2		30		20.0		39.1		37.0						1		2

						1		3		35.0		25.0										1		1

						2		3		40.0		40.0										1		5

						3		3		60.0		20.0										1		4

						4		3		35.0		35.0										1		1

				FO162 + PL249		5		3		43.0		30.0										2		10

				or		6		3		40.0		40.0										2		10

				B. firmus		7		3		52.0		20.0										2		8

						8		3		53.0		30.0										2		2

						9		3		45.0		40.0										2		19

						10		3		40.0		40.0		44.3		32.0						2		10

						1		4		43.0		30.0										2		16

						2		4		24.0		20.0										2		8

						3		4		40.0		20.0										2		4

				FO162 + PL251		4		4		55.0		40.0										2		3

				or		5		4		40.0		40.0										3		30

				B. firmus		6		4		50.0		40.0										3		10

				+		7		4		45.0		35.0										3		10

				R. simili		8		4		43.0		30.0										3		50

						9		4		40.0		20.0										3		20

						10		4		40.0		40.0		42.0		31.5						3		20

																						3		50

																						3		20

																						3		20

								Colonization rate (%)														3		10

								Average		S.E.												4		55

																						4		20

				FO				44.4		3.0												4		40

				FO + Rs				37.0		5.6												4		70

				FO + PL				32.0		2.6												4		80

				FO + PL + Rs				31.5		2.8												4		40

																						4		45

				Weeks				Colonization														4		20

				1				3.0		0.7												4		10

				2				9.0		1.7												4		10

				3				24.0		4.8												5		32

				4				39.0		7.7												5		32

				7				44.4		3.0												5		50

																						5		48

																						5		60

				FO				37.8		3.3												5		40

				FO + Rs				39.1		3.0												5		55

				FO + Bf				44.3		2.6												5		37

				FO + Bf + Rs				42.0		2.5												5		50

																						5		40

		1		2		3		4		5		6		7		8				1		2		3		4		5		6		7		8

																		1

																		2

																		3

																		4

																		5

																		6

																		7

																		8

																		9

																		10

																		11

																		12

																		13

																		14

																		15

																		16

																		17

																		18

																		19

																		20

																		21

																		22

																		1

																		2

																		3

																		4

																		5

																		6

																		7

																		8

																		9

																		10

																		11

																		12

																		13

																		14

																		15

																		16

																		17

																		18

																		19

																		20

																		21

																		22





Colonization

		0		3.0411985941		3.0411985941

		0		5.5876848714		5.5876848714

		0		2.6034165586		2.6034165586

		0		2.7938424357		2.7938424357



Treatments

Colonization rate  [%]

n.s.



FO distribution

		0				0.7453559925		0.7453559925

		0				1.7126976772		1.7126976772

		0				4.7609522857		4.7609522857

		0				7.7028133389		7.7028133389

		0				3.0411985941		3.0411985941



Colonization

Time after inoculation  [weeks]

Colonization rate  [%]

c

c

b

a

a

R2 = 0.973***
        y = 11.28x - 9.96

0

0

0

0

0



FO Rate

		

		Colonization (week)

		1		2		3		4		6				Pots		Root N°		SEM		Trays		Root N°		SEM

		8		10.0		30		55		32.0		0-1		62.0		31		8.4		72.0		36		4				8

		4		10.0		10		20		32.0		2		65.0		33		4.2		87.0		44		6.2				12.4

		3		8.0		10		40		50.0		3		63.0		32		2.6		86.0		43		3.8				7.6

		2		2.0		50		70		48.0		4		69.0		35		4.0		91.0		46		1				2

		0		19.0		20		80		60.0		5		65.0		33		1.8		85.0		43		5.6				11.2				1		2		3		4		5		6		7		8

		2		10.0		20		40		40.0		6		62.0		31		4.6		65.0		33		3				6																				1

		1		16.0		50		45		55.0		7		63.0		32		7.2		53.0		27		15.6				31.2																				2

		5		8.0		20		20		37.0		8		61.0		31		6.2		49.0		25		8				16																				3

		4		4.0		20		10		50.0		9		67.0		34		5.2		27.0		14		3				6																				4

		1		3.0		10		10		40.0		10		59.0		30		7.8		21.0		11		8.4				16.8																				5

		3.0		9.0		24.0		39.0		44.4		11		42.0		21		9.8		32.0		16		2				4																				6

												12		49.5		25		4.2		29.5		15		7.2				14.4																				7

												13		42.0		21		2.0		12.0		6		4.2				8.4																				8

												14		39.0		20		6.2		19.0		10		4				8																				9

												15		41.0		21		11.8		11.0		6		1				2																				10

												16		46.0		23		8.2		13.0		7		1.8				3.6																				11

												17		35.4		18		7.6		15.4		8		2.2				4.4																				12

												18		56.0		28		7.0		12.0		6		4.2				8.4																				13

												19		34.0		17		4.0		9.0		5		0.2				0.4																				14

												19-20		29.0		15		10.2		3.0		2		0.4				0.8																				15

												Tips		21.3		11		4.0		1.7		1		0.6				1.2																				16

														52.5						39.6																												17

														69.0						91.0																												18

														21.3						1.7																												19

										1		2		3		4		5		6		7		8																								20

																										1																						21

																										2																						22

																										3

																										4																						1

																										5																						2

																										6																						3

																										7																						4

																										8																						5

																										9																						6

																										10																						7

																										11																						8

																										12																						9

																										13																						10

																										14																						11

																										15																						12

																										16																						13

																										17																						14

																										18																						15

																										19																						16

																										20																						17

																										21																						18

																										22																						19

																																																20

																										1																						21

																										2																						22

																										3

																										4

																										5

																										6

																										7

																										8

																										9

																										10

																										11

																										12

																										13

																										14

																										15

																										16

																										17

																										18

																										19

																										20

																										21

																										22



FO162 2nd inoculation

Treatments

Colonization rate   [%]

n.s.

0

3.3025242871

3.3025242871

0

3.0384572109

3.0384572109

0

2.6078939992

2.6078939992

0

2.5473297566

2.5473297566



FO Rate

		0				8.4		8.4

		0				4.2		4.2

		0				2.6		2.6

		0				4		4

		0				1.8		1.8

		0				4.6		4.6

		0				7.2		7.2

		0				6.2		6.2

		0				5.2		5.2

		0				7.8		7.8

		0				9.8		9.8

		0				4.2		4.2

		0				2		2

		0				6.2		6.2

		0				11.8		11.8

		0				8.2		8.2

		0				7.6		7.6

		0				7		7

		0				4		4

		0				10.2		10.2

		0				4		4



Pots

Root pieces from the plant base (cm)

Number of root piece colonized

R2 = 0,7509
                    y = -0,9903x + 36,398



Appl. method

		0		4		4

		0		6.2		6.2

		0		3.8		3.8

		0		1		1

		0		5.6		5.6

		0		3		3

		0		15.6		15.6

		0		8		8

		0		3		3

		0		8.4		8.4

		0		2		2

		0		7.2		7.2

		0		4.2		4.2

		0		4		4

		0		1		1

		0		1.8		1.8

		0		2.2		2.2

		0		4.2		4.2

		0		0.2		0.2

		0		0.4		0.4

		0		0.6		0.6



Pots

Colonization (%)

Number of root piece colonized

R2 = 0,859
                    y = -2,328x + 44,503



		0		8.4		8.4

		0		4.2		4.2

		0		2.6		2.6

		0		4		4

		0		1.8		1.8

		0		4.6		4.6

		0		7.2		7.2

		0		6.2		6.2

		0		5.2		5.2

		0		7.8		7.8

		0		9.8		9.8

		0		4.2		4.2

		0		2		2

		0		6.2		6.2

		0		11.8		11.8

		0		8.2		8.2

		0		7.6		7.6

		0		7		7

		0		4		4

		0		10.2		10.2

		0		4		4



Pots

Root pieces from the plant base   [cm]

Colonization   [%]

R2 = 0.751***
               y = -1.9806x + 72.797



		0-1		8		8

		2		12.4		12.4

		3		7.6		7.6

		4		2		2

		5		11.2		11.2

		6		6		6

		7		31.2		31.2

		8		16		16

		9		6		6

		10		16.8		16.8

		11		4		4

		12		14.4		14.4

		13		8.4		8.4

		14		8		8

		15		2		2

		16		3.6		3.6

		17		4.4		4.4

		18		8.4		8.4

		19		0.4		0.4

		19-20		0.8		0.8

		Tips		1.2		1.2



Pots

Root pieces from the plant base   [cm]

Colonization   [%]

R2 = 0.859***
             y = -4.656x + 89.006

72

87

86

91

85

65

53

49

27

21

32

29.5

12

19

11

13

15.4

12

9

3

1.7



		

		Rep		Root colonization (%)										Rep		Nematode reduction (%)

				2.5 × 106		5.0 × 106		7.5 × 106		10 × 106						2.5 × 106		5.0 × 106		7.5 × 106		10 × 106

		1		28		23		45		45				1		3		23		69		40

		2		29		36		23		55				2		15		28		21		55

		3		9		34		47		52				3		6		20		46		23

		4		23		12		34		67				4		25		15		32		76

		5		31		15		29		36				5		8		31		38		86												1		2		3		4		5		6		7		8

		6		46		27		55		69				6		12		55		26		24																												1

		7		27		32		36		71				7		21		29		29		68																												2

		8		26		55		40		37				8		3		31		25		57																												3

		9		39		36		32		25				9		15		52		49		38																												4

		10		10		32		42		56				10		4		23		53		23																												5

		11		18		29		21		32				11		9		55		21		45																												6

		12		20		21		20		69				12		2		6		22		60																												7

		13		23		26		34		67				13		6		36		45		27																												8

		14		21		42		42		36				14		15		45		48		35																												9

		15		15		26		39		51				15		10		11		12		59																												10

		16		12		47		52		63				16		11		42		52		46																												11

		Average		23.6		30.8		36.9		51.9				Average		10.3		31.4		36.8		47.6																												12

		SEM		2.5		2.8		2.6		3.8				SEM		1.7		3.8		3.9		4.8																												13

		Min.		9		12		20		25				Min.		2		6		12		23																												14

		Max.		46		55		55		71				Max.		25		55		69		86																												15

																																																		16

																																																		17

																																																		18

		1		28																																														19

		1		29								1		2		3		4		5		6		7		8				1		2		3		4		5		6		7		8						20

		1		31																								1																						21

		1		23																								2																						22

		1		31																								3

		1		46																								4																						1

		1		27																								5																						2

		1		26																								6																						3

		1		19																								7																						4

		1		10																								8																						5

		1		18																								9																						6

		1		20																								10																						7

		1		23																								11																						8

		1		21																								12																						9

		1		15																								13																						10

		1		12																								14																						11

		2		23																								15																						12

		2		36																								16																						13

		2		34																								17																						14

		2		12																								18																						15

		2		15																								19																						16

		2		27																								20																						17

		2		32																								21																						18

		2		55																								22																						19

		2		36																																														20

		2		32																								1																						21

		2		29																								2																						22

		2		21																								3

		2		26																								4

		2		42																								5

		2		26																								6

		2		47																								7

		3		45																								8

		3		23																								9

		3		47																								10

		3		34																								11

		3		29																								12

		3		55																								13

		3		36																								14

		3		40																								15

		3		32																								16

		3		42																								17

		3		21																								18

		3		20																								19

		3		34																								20

		3		42																								21

		3		39																								22

		3		52

		4		45

		4		55

		4		52

		4		67

		4		36

		4		69

		4		71

		4		37

		4		25

		4		56

		4		32

		4		29

		4		67

		4		36

		4		51

		4		63





		0		2.5149034938		2.5149034938

		0		2.7872010303		2.7872010303

		0		2.6020324588		2.6020324588

		0		3.791952828		3.791952828



2.5 × 106

5.0 × 106

7.5 × 106

10 × 106

2.5 × 106

Number of spores/plant

Colonization   [%]

b

c

ab

a

R2 = 0.953***
              y = 9.0875x + 13.125



		0-1		8		8

		2		12.4		12.4

		3		7.6		7.6

		4		2		2

		5		11.2		11.2

		6		6		6

		7		31.2		31.2

		8		16		16

		9		6		6

		10		16.8		16.8

		11		4		4

		12		14.4		14.4

		13		8.4		8.4

		14		8		8

		15		2		2

		16		3.6		3.6

		17		4.4		4.4

		18		8.4		8.4

		19		0.4		0.4

		19-20		0.8		0.8

		Tips		1.2		1.2



Pots

Root pieces from the plant base   [cm]

Colonization   [%]

R2 = 0,859
                  y = -4,656x + 89,006

72

87

86

91

85

65

53

49

27

21

32

29.5

12

19

11

13

15.4

12

9

3

1.7



														1		two inoculation in the seedily trays

		Rep		Application method										2		two inoculation in the pot

				Trays		Pots		Soil		Soil+O. matter				3		One inoculation in the salty soil

		1		38		23		45		75				4		One inoculation with organic matter

		2		49		36		38		45

		3		31		34		61		65

		4		39		45		34		57

		5		31		43		42		66																								1		2		3		4		5		6		7		8

		6		35		27		60		69																																								1

		7		66		32		35		37																																								2

		8		26		55		40		77																																								3

		9		39		36		52		35																																								4

		10		40		32		42		46																																								5

		11		58		29		73		42																																								6

		12		20		61		78		69																																								7

		13		52		26		45		67																																								8

		14		29		42		42		81																																								9

		15		34		35		39		73																																								10

		16		21		47		52		68																																								11

		Average		38.0		37.7		48.6		60.8																																								12

		SEM		3.2		2.6		3.3		3.7																																								13

		Min.		20		23		34		35																																								14

		Max.		66		61		78		81																																								15

																																																		16

																																																		17

																																																		18

		1		38																																														19

		1		49								1		2		3		4		5		6		7		8																								20

		1		31																								1																						21

		1		39																								2																						22

		1		31																								3

		1		35																								4																						1

		1		66																								5																						2

		1		26																								6																						3

		1		39																								7																						4

		1		40																								8																						5

		1		58																								9																						6

		1		20																								10																						7

		1		52																								11																						8

		1		29																								12																						9

		1		34																								13																						10

		1		21																								14																						11

		2		23																								15																						12

		2		36																								16																						13

		2		34																								17																						14

		2		45																								18																						15

		2		43																								19																						16

		2		27																								20																						17

		2		32																								21																						18

		2		55																								22																						19

		2		36																																														20

		2		32																								1																						21

		2		29																								2																						22

		2		61																								3

		2		26																								4

		2		42																								5

		2		35																								6

		2		47																								7

		3		45																								8

		3		38																								9

		3		61																								10

		3		34																								11

		3		42																								12

		3		60																								13

		3		35																								14

		3		40																								15

		3		52																								16

		3		42																								17

		3		73																								18

		3		78																								19

		3		45																								20

		3		42																								21

		3		39																								22

		3		52

		4		75

		4		45

		4		65

		4		57

		4		66

		4		69

		4		37

		4		77

		4		35

		4		46

		4		42

		4		69

		4		67

		4		81

		4		73

		4		68



10 × 106

7.5 × 106

5.0 × 106

2.5 × 106

5.0 × 106

7.5 × 106

10 × 106

2.5 × 106

Fungal application method

Colonization   [%]

a

a

c

b

1

2

3

4

38

3.2067636853

3.2067636853

37.6875

2.6326772653

2.6326772653

48.625

3.2912446987

3.2912446987

60.75

3.7411005511

3.7411005511



		0		3.2067636853		3.2067636853

		0		2.6326772653		2.6326772653

		0		3.2912446987		3.2912446987

		0		3.7411005511		3.7411005511



2.5 × 106

5.0 × 106

7.5 × 106

10 × 106

Injected

Incorporated

2.5 × 106

Fungal application method

Colonization   [%]

a

a

c

b



		0-1		8		8

		2		12.4		12.4

		3		7.6		7.6

		4		2		2

		5		11.2		11.2

		6		6		6

		7		31.2		31.2

		8		16		16

		9		6		6

		10		16.8		16.8

		11		4		4

		12		14.4		14.4

		13		8.4		8.4

		14		8		8

		15		2		2

		16		3.6		3.6

		17		4.4		4.4

		18		8.4		8.4

		19		0.4		0.4

		19-20		0.8		0.8

		Tips		1.2		1.2



Pots

Root pieces from the plant base   [cm]

Colonization   [%]

R2 = 0,859
                  y = -4,656x + 89,006

72

87

86

91

85

65

53

49

27

21

32

29.5

12

19

11

13

15.4

12

9

3

1.7



		2.5 × 106		2.5149034938		2.5149034938

		5.0 × 106		2.7872010303		2.7872010303

		7.5 × 106		2.6020324588		2.6020324588

		10 × 106		3.791952828		3.791952828



2.5 × 106

5.0 × 106

7.5 × 106

10 × 106

2.5 × 106

Number of spores/plant

Colonization   [%]

a

ab

c

b

R2 = 0.953***
              y = 9.0875x + 13.125

23.5625

30.8125

36.9375

51.9375




