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ABSTRACT
Pseudomonas oryzihabitans, a bacterium associated with the entomopathogenic nematode Steinernema
abbasi acted as a biopesticide against the soil-borne pathogens Fusarium oxysporum and root-knot
nematodes (Meloidogyne spp.), when applied in the absence of the nematode vector. We investigated the
role of bacterial and bacteria cell- free culture filtrates in biocontrol in vitro assays and the synthesis of
secondary metabolites. Bacteria cell- free culture filtrates showed antifungal and nematicidal activity against
F. oxysporum and Meloidogyne spp. respectively in vitro. Bacterial cells produce diffusible secondary
metabolites in vitro and suppress fungus (F. oxysporum) disease in planta. An amount of phenazine-1carboxylic acid (PCA) synthesized from P. oryzihabitans was detected in vitro. Moreover the inhibition of
the fungal growth in cultures and beneficial effects on tomato plants infected with the fungus and nematodes
is demonstrated.
Keywords: Biocontrol, soil-borne pathogens, antagonistic bacteria, secondary metabolites
carboxylic acid (PCA) an antibiotic (secondary
metabolite) that might be a component of the
biocontrol.

INTRODUCTION
A species of an entomopathogenic nematode
Steinernema abbasi isolated from soil in the
Sultanate of Oman (Elawad et al., 1997), has been
shown to carry the bacterium Pseudomonas
oryzihabitans (Elawad et al., 1999) but not in the
same manner as members of the genus Xenorhabus
(Boemare 2002). Pseudomonas oryzihabitans or its
toxic secretion has been shown to cause insect
mortality when injected into the nematode
haemocoel. This bacterium has potential as a
biological control agent not only for insects but also
for other target organisms. In particular, P.
oryzihabitans and its metabolites have been reported
as promising biological agents towards various plant
root pathogens, such as Fusarium oxysporum f. sp.
lycopersici, Rhizoctonia solani (Vagelas et al.,
2002; Vagelas et al., 2003) and the plant-parasitic
nematodes of the genus Meloidogyne (Vagelas et
al., 2007) and Globodera rostochiensis (Andreoglou
et al., 2003).
Based on the idea that biological control of
soilborne plant pathogens by antagonistic
microorganisms may offer a practical or alternative
control method to existing disease management
strategies that depend heavily on chemical
pesticides, we investigated the mechanisms of such
bacteria and bacteria cell- free culture filtrates in
vitro. Moreover in this research we demonstrated P.
oryzihabitans bio-activity against the soil-borne
pathogens F. oxysporum and root-knot nematodes
(Meloidogyne spp.). Beneficial effects of bacterial
cells on seeds and plants are also discussed. Further
we reported here the biosynthetic phenazine-1-

MATERIALS AND METHODS
Microbial cultures: The pathogens used in this
study were an isolate of F. oxysporum f. sp.
lycopersici and a mixed culture of Meloidogyne spp.
The bacterium P. oryzihabitans, a bacterium
associated with the entomopathogenic nematode S.
abbasi, was isolated from the haemolymph of
infected wax moth larvae (Galleria mellonella),
which has been infected with infected juveniles of S.
abbasi as described by Andreoglou et al. (2003).
Pure colonies of P. oryzihabitans were multiplied in
3% nutrient broth No2 (Oxoid) shaken for 48 h at 28
o
C (150 rpm/min in the dark). The bacterial
suspension was centrifuged at 3100 g for 17 min in
250 ml tubes and the bacterial pellets were diluted
with sterile tap water. Bacterial concentrations were
determined using a spectrophotometer adjusted to
the 600nm wavelength.
Bioassay: Petri dish tests: Inhibition of F.
oxysporum f. sp. lycopersici mycelia by P.
oryzihabitans was assayed in vitro on nutrient agar
(NA) plates. Dual cultures were set up in 85 mm
diameter Petri dishes by placing mycelial plugs, 5
mm in diameter, on one side of the dish and at the
opposite side, parallel streaks of P. oryzihabitans.
Zones of colony growth inhibition were recorded
after 120 h and were estimated using the formula:
100 x (R1-R2) / R2, where R1 = fungus radius
growth towards bacterial streak and R2 = fungus
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radius growth away from bacterial streak (Ahmed et
al., 1999). Ten replicates per treatment were used.
Culture filtrate tests: a. Effects of P. oryzihabitans
on F. oxysporum mycelia and spores: The effect on
mycelium growth and spore germination of F.
oxysporum f. sp. lycopersici were tested in the
presence of bacterial culture filtrates. Fungus was
grown on solid malt extract medium (MEA) for
seven days at 25 oC in the dark. Three 3-mm agar
blocks were then placed in 250 ml conical flasks
containing 100 ml Czapek-Dox Broth. Two
concentrations (1 and 10%) of culture filtrates of the
bacteria were selected and diluted in sterile distilled
water (SDW). Treatments and controls were placed
in a shaking incubator (150 rpm) and incubated at
28 oC in the dark. After 6 days, fresh and dry
weights of mycelium were recorded. Each treatment
was replicated 4 times and the experiment was
repeated twice. In addition, a 10 l drop of treated
and untreated fungus spores was placed onto 2%
water agar used as germination medium. After 6
hours incubation at 25 oC, fungistatic properties of
the bacterial filtrates were assayed by examining the
drops under a microscope (x 200). There were 5
replicates per treatment and each plate was repeated
4 times.
b. Effects of P. oryzihabitans on Meloidogyne spp.
hatching: Bacterial cultures were filtered through
0.2 m syringe filters. Bacteria cell-free culture
filtrates were diluted with SDW to prepare given
concentrations (1, 10, 25 and 50%). Three mature
Meloidogyne spp., egg-masses were exposed to
bacterial cell-free culture filtrates plus the control
(SDW) in 8ml solution in 60 x 15 mm Petri dish
plates and incubated at 28 oC (Sudirman and
Webster, 1995). The nematode hatching was
recorded after 3 and 5 days. Test had 3 replicates
and contacted twice.
c. Suppression of Fusarium-disease with bacterial
cell-free culture filtrates in vitro: Tomato seeds (cv.
Moneymaker, Ailsa Craig susceptible to F.
oxysporum and the resistant cv. Roma) were surface
sterilized by immersion in 2% sodium hypochlorite
for 30 min, washed thoroughly three times in sterile
distilled water and dried under sterile conditions in a
laminar flow cabinet. Seeds were separated into
three batches, from the first batch, three seeds from
each variety were placed at 20mm distance from a
5mm F. oxysporum plug on malt extract agar
(MEA) amended with P. oryzihabitans cell-free
culture filtrates (10% v/v). The second batch was
placed on un-amended MEA. The third batch was
placed on MEA without the F. oxysporum plug.
After 144 h the fungus growth, morphology, and
number of seeds infected were recorded. The
following F. oxysporum isolates were used; F.
oxysporum f. sp. lycopersici (Fol IMI and Fol GR1,2
and 3 from Greece). There were 6 replicates per
treatment.

Toxicity tests on tomato seeds: Two bacterial
concentrations 104 and 106 cells/ml were tested (1
ml of cell suspension was used in each treatment).
Fifty-tomato seeds cv. Craigella were added to 100
ml bottles containing 50 ml of the appropriate
mixture plus SDW. Bottles only with SDW or
amended with spores of F. oxysporum f. sp.
lycopersici (2 ml 2 x 106 spores/ml) were used as
controls. Treatments were shaken for 2 days and the
length of radicle was recorded. Germinating and
non-germinating seeds were planted in sand for
further studies.
Association of Pseudomonas oryzihabitans and
Fusarium oxysporum f. sp. lycopersici on tomato
roots: Tomato (cv Craigella) seeds were germinated
on 2% MEA in the dark at 25 oC. The seedlings
were planted in 7-cm plant pots containing an
autoclaved mixture of loam:sand 3:1 (v/v) and
placed in the glasshouse at 25-30 oC. Each pot was
inoculated with 10 ml of a 104 cells/ml suspension
of P. oryzihabitans and with 20 ml mycelia (4%) of
F. oxysporum f. sp. lycopersici plus the bacteria.
After 25 days, the plants were harvested, their root
systems washed free of all but the most closely
adhering soil and the colonization of the tomato root
system by bacteria was estimated using dilution
plating techniques (Vagelas et al., 2002) and by
calculating the colony-forming units (cfu) per g
fresh root weight. Each treatment was replicated 8
times. The mode of action of the bacteria cells
isolated from roots was further examined by
applying them to NA plates and challenging with
fungal plugs in dual culture tests.
Suppression of Fusarium wilt disease in pot
assays: Pots (3 litre), containing a mixture of soil
loam-peat:sand 4:1 (v/v), were placed in a
glasshouse at 25-30 oC and inoculated with 60ml of
a microconidial suspension of F. oxysporum f. sp.
lycopersici in Czapek-Dox broth (giving a final
concentration of 106 spores/ml substrate). Pots were
left in the glasshouse for 30 days in order to obtain
chlamydospores (De Cal et al., 1997). Seeds of
tomato cv. Craigella were planted in an autoclaved
mixture of loam:sand 3:1 (v/v) in Jiffypots. Jiffypots
including seedlings (2 true leaf stages) were placed
in the pots. Before transplanting, half the plants
were inoculated with 10 ml of a 104 cells/ml
suspension of P. oryzihabitans. After 32 days, plant
growth was assessed. Each treatment was replicated
10 times.
Impact of Pseudomonas oryzihabitans to
Meloidogyne spp., in soil: Tomato plants cv. Tiny
Tim were grown in 9 cm diameter plastic pots in
soil 3:1 loam/sand mixture (free of pathogens).
Plants at the 2-leaf stage were infected with 1000
juveniles per pot. At the same time, 20 ml of
bacterial cell suspensions, prepared in sterile water
at concentration 104 and 0 cells/ml were applied to
the soil surface. There were 12 replicates for each
treatment.
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Assessment of phenazine metabolites synthesis
produced by Pseudomonas oryzihabitans: The test
was done in vitro. The bacteria was grown in
shaking (180rpm) liquid cultures of nutrient broth
No2 (Oxoid) with a) 2% glucose or without
(Thomashow and Weller, 1998) and b) 1,5%
glucose or without (Timms-Wilson et al., 2000), for
24h and 48h (incubation time). After that time P.
oryzihabitans cell densities were determined a) at
OD349.5nm (Thomashow and Weller, 1998) and b) at
OD340nm (Timms-Wilson et al., 2000), for
phenazine-1-carboxilyc acid (PCA) production.
According
to
above
authors,
absorbance
measurements at 349.5 nm will be zero if
Pseudomonas sp. produced any phenazine
metabolites.
Statistical analysis: Analyses were performed
employing the SPSS 10.1 statistical programme.
ANOVA and multiple range tests (Tukey’s multiple
comparisons) were applied to assess differences

between treatments and identify statistical
differences between means, respectively.
RESULTS
Bioassay: Petri dish tests: The bacteria cells
produced freely diffusible compounds that inhibited
fungal growth (Table 1). Culture filtrate tests
a. Effects of Pseudomonas oryzihabitans on
Fusarium oxysporum mycelia and spores: Mycelial
fresh and dry weights, hypha extension and
sporulation of F. oxysporum f. sp. lycopersici were
significantly reduced in all bacteria cell-free filtrate
treatments (Table 2).
b. Effects of Pseudomonas oryzihabitans on
Meloidogyne spp. hatching: Bacteria cell-free
culture filtrates had significant effects on
Meloidogyne spp. egg hatch (Table 3). From day 3
to day 5 increases were observed in egg hatching in
1% concentration of cell-free culture filtrates
compared with other filtrate doses. There was no
egg hatching after 3 days or 5 days in the 10% cell free culture filtrate.

Table 1.

Effect of bioactive compounds produced by Pseudomonas oryzihabitans on mycelial growth
(cm) of Fusarium oxysporum f. sp. lycopersici
Treatment
Zones of inhibition
(Fungus challenged with bacteria)

F. oxysporum f. sp. lycopersici
** Standard Deviation

R1 (radius growth
bacteria streak)
0.98 ± 0.042 **

towards

R2 (Control)
2.8 ± 0.094 **

Table 2.

Fungistatic activity of Pseudomonas oryzihabitans culture filtrates on Fusarium oxysporum f.
sp. lycopersici
Treatment
Mycelial fresh weight Mycelial
dry Sporulation
(mg)
weight (mg)
Index1
F. oxysporum (Untreated)
1148b
290b
5
F. oxysporum + 1% filtrate
459a*
96.2a
3
F. oxysporum + 10% filtrate
318a
95.7a
2
LSD 0.05
94
24
1
Sporulation index 0-5; 0 = no sporulation, 1 =1 -20% germination; 2 = 20-50% germination; 3 =
50-70% germination; 4 = 70-100% complete germination; 5 = 100% complete germination with
abundant mycelium.
* Values within a column followed by the same letter do not differ significantly (P=0.05) according
to Tukey’s multiple comparisons test.

Table 3. Effect of bacteria cell-free culture filtrates on Meloidogyne spp. eggs hatching after 3 or 5
incubation days
Meloidogyne spp. J2s recorded
after 3 incubation days
after 5 incubation days
Cell-free
culture
1st Replicate
2nd Replicate
1st Replicate
2nd Replicate
filtrates applied
Median ±StD*
Median ±StD
Median ± StD
Median ± StD
0 (Control)
134 a ± 76.03
127 b ± 37.87
257 a ± 114.27
302 a ± 69.14
b
a
ab
1%
17 ± 24.85
42 ± 21.78
54 ± 99.79
29 b ± 13.58
b
a
b
10%
1 ± 0.58
0 ±0
1 ± 0.58
1 b ± 0.58
b
a
b
25%
0 ±0
0 ±0
0 ± 1.15
0 b ± 0.58
b
a
b
50%
0 ±0
0 ±0
0 ±0
0b±0
LSD 0.05
29.94
29.48
51.42
57.36
* StD : Standard Deviation ** Values within a column followed by the same letter do not differ significantly
(P=0.05) according to Tukey’s multiple comparisons test.
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c. Suppression of disease with bacterial cell-free
culture filtrates in vitro: Tomato seedlings grown in
non-amended P. oryzihabitans cell-free culture
filtrates were highly susceptible to all F. oxysporum
isolates except the F. oxysporum f. sp. lycopersici,
from Greece [Fol (GR1)] which was moderately
susceptible (Table 4). The fungus developed rapidly
and multiplied abundantly on tomato seeds
producing massive, coloured mycelia and penetrated
the host epidermis by 72 - 96 h after inoculation.
Table 4.

When exposed to the medium amended with P.
oryzihabitans cell-free culture filtrate, the pathogens
grew slowly and had not reached the seedling after
94 – 144 h. In all treatments, except those with the
F. oxysporum Fol (GR1), the fungus produced a white
mycelium. In all cases tomato seedlings grew well
in the control plates. Tomato seedlings grown in
control plates and those amended with P.
oryzihabitans cell-free culture filtrates had similar
germination and developed rootlets (data are not
presented).
Effect of cell-free filtrates of Pseudomonas oryzihabitans to Fusarium oxysporum f. sp.
lycopersici isolates on tomato seedlings growing on malt agar at 25 ºC for 144 h
Treatment
Treatments **
Percent (%) infection
(1
2
3 ) ***
Fol (IMI)
100d
92e
88d
+
33b
13b
13b
Fol (GR1)
78c
67cd
50bc
+
0a*
0a
0a
Fol (GR2)
100d
94e
87d
+
52c
47c
23b
Fol (GR3)
100d
96e
78d
+
39b
17ab
6a

* Values within a column followed by the same later do not different significantly according to StudentNewman-Keuls tests (P=0.05). Values are the mean of 6 replicates (3 variety seeds per replicates) measured
144 h after inoculation with Fusarium oxysporum.* (-) treated only with SDW, (+) treated with bacterial
cell-free culture filtrates. ** Tomato tested variety (1: Money Maker, 2: Ailsa Craig and 3: Roma)
Table 5.

Toxicity of bacterial cells and cell-free culture filtrates to tomato seeds in sterile distilled
water (SDW) and sand
Treatment
Seed radicle
Shoot fresh weight
length (mm) in SDW
(mg) in sand
Pseudomonas
oryzihabitans
106 0.6 a*
14.2 a
cells/ml
P. oryzihabitans 104 cells/ml
13.0 bc
317.5 b
Fusarium oxysporum f.sp lycopersici
12.7 b
71.7 a
SDW
12.6 b
338.3 b
LSD 0.05
0.92
56
* Values within a column followed by the same letter do not differ significantly (P=0.05) according
to Tukey’s multiple comparisons test.
Toxicity tests on tomato seeds: Bacteria at assays: Bacterial cells applied to soil significantly
106cells/ml were phytotoxic to tomato seedlings increased tomato shoot and root dry weights
(Table 5). Tomato phytotoxicity was recorded in the compared with the pathogen treatment (Table 7).
P. oryzihabitans sand treatments at the highest The data suggested that the applied bacterial dose
concentration (106 cells/ml). Growth of tomato caused no phytotoxicity to the plants compared with
seedlings was less in the F. oxysporum treatment the untreated controls (Table 7). Impact of
(Table 5) confirming the pathogenic nature of the Pseudomonas oryzihabitans to Meloidogyne spp.,
fungus. Association of Pseudomonas oryzihabitans in soil: The nematode’s parasitic phase (females)
and Fusarium oxysporum f. sp. lycopersici on and the non-parasitic phase (egg masses) were
tomato roots: There was a significant difference in affected by the bacterium P. oryzihabitans (Table
the colonization of P. oryzihabitans on tomato roots 8). However, there was no effect of the bacterium on
grown in the presence and absence of F. oxysporum egg production (Table 8).
(Table 6). This indicates a direct and active Assessment of phenazine(s) synthesis of
interaction between P. oryzihabitans, root and the Pseudomonas
oryzihabitans:
Pseudomonas
fungus. Pseudomonas oryzihabitans isolated from oryzihabitans produced a detectable amount of
roots produced (in dual cultures) fungistatic effects phenazine metabolites (Table 9). The phenazine-1when challenged with F. oxysporum plugs.
carboxylic acid (PCA) was detected in the culture
filtrates after 48 h of incubation (Table 9).
Suppression of Fusarium wilt disease in pot
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Table 6. Bacterial density in the rhizosphere challenged with or without fungus mycelia
Bacterial cells density log 10
Treatment
cfu/g fresh root
Pseudomonas oryzihabitans 104 cells/ml (applied alone)
3.52 ± 0.349 **
P. oryzihabitans 104 cells/ml (challenged with F. oxysporum)
4.82 ± 0.032 **
** Standard Deviation
Table 7.

The effect of application of Pseudomonas oryzihabitans to soil infested with Fusarium
oxysporum f. sp. lycopersici (Fol) on the growth of tomato.
Treatment
Shoot dry weight (mg) Root dry weight (mg)
Untreated (C)
796b*
73 ab
(C) with P. oryzihabitans
759 b
72 ab
F. oxysporum f. sp lycopersici (Fol)
160 a
42 a
(Fol) with P. oryzihabitans
683 b
101 b
LSD 0.05
55.3
5.2
* Values within a column followed by the same letter do not differ significantly (P=0.05) according
to Tukey’s multiple comparisons test.

Table 8.

Meloidogyne spp developmental stages in roots, after inoculation with or without Pseudomonas
oryzihabitans cells
Nematodes in the roots
Nematodes on the roots
Inoculum level
Females
Egg masses
Eggs per egg mass
No Bacteria applied
214 b*
121 b
P. oryzihabitans 104 cells/ml
68 a
62 a
LSD 0.05
59.8
47.4
* Values within a column followed by the same letter do not differ
according to Tukey’s multiple comparisons test.

245
238
Not significant
significantly (P=0.05)

Table 9.
Spectrophotometrically measurmets of phenazines biosynthesis by Pseudomonas oryzihabitans
Broth used
Incubation
OD620
OD349.5
time (h)
Method used by Thomashow and Weller (1998)
Nutrient Broth
24
0.205
-0.001
48
0.747
0.404
Nutrient Both with 2% glucose

Nutrient Broth
Nutrient Both with 1.5% glucose

24
0.161
48
0.480
Method used by Timms et al., (2000)
OD620
24
0.051
48
0.466
24
0.073
48
0.510

Conclusions: The results in this study indicate that
Pseudomonas oryzihabitans produces antifungal and
nematicidal compounds able to inhibit Fusarium
oxysporum f. sp. lycopersici and Meloidogyne spp.
in vitro. Cell-free culture filtrates of P.
oryzihabitans even at 0.1% dilution, show strong
antifungal and nematicidal properties in vitro. The
minimum inhibitory dose for F. oxysporum and for
Meloidogyne spp. in liquid culture was determined
to be 0.1% of bacterial sterile cell-free culture
filtrates respectively. At the 0.1% dose level, hyphae
grew slowly and produced fewer spores than the

-0.04
0.325
OD340
-0.02
0.355
-0.03
0.349

control. Total hatching of Meloidogyne spp. was
significantly reduced at 10%. Phase one bacteria
from entomopathogenic nematodes completely
inhibited mycelial growth of Botrytis cinerea,
Ceratocystis ulmi and Pythium coloratum in vitro
was reported (Chen et al., 1994).
Further, the idea of secondary metabolites involved
in biocontrol was suggested and nematicidal
metabolites produced by Photorhabdus luminescens
(bacterial symbiont
with entomopathogenic
nematodes) in vitro against root-knot nematodes
were reported (Hu et al., 1999). Antibiotic
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compounds, named xenorhabdins and xenocoumacis
1 and 2 were isolated from cultures of Xenorhabdus
spp., bacteria symbiotically associated with insectpathogenic nematodes (McInerney et al., 1991a,
1991b). The idea that PCA, a broad-spectrum
antibiotic, might be involved in biocontrol is
indicated in this study. The effectiveness even in
small amounts of PCA against soilborne diseases
(fungal root pathogens) is well known (Mavrodi et
al., 1998; Thomashow et al., 1990; Slininger and
Jackson, 1992; Bakker et al., 2002). Other workers
have shown that in the tomato rhizosphere, P.
chlororaphis or other Pseudomonas strains exhibit
biocontrol against F. oxysporum by producing
phenazine-1-carboxylic acid (PCA) (Chin-A-Woeng
et al., 1998; 2001a; 2001b). Similar to our research
the results provide evidence thus PCA is a
biologically active factor, probably involved in
biocontrol, secreted even by P. oryzihabitans an
entomopathogenic bacterial strain.
It appears that in the tomato rhizosphere,
Pseudomonas oryzihabitans colonized mycelia of
Fusarium oxysporum and increased in populations.
Similar results were demonstrated in our previous
work (Vagelas et al., 2007), using immunological
techniques to detect root colonisation of P.
oryzihabitans on tomato roots in which it was
shown that the bacteria cells will adhere to tomato
roots and that P. oryzihabitans could be deployed
for the protection of seedlings against attack by
root-knot nematodes. This result explains another
mechanism of P. oryzihabitans acting as a
biological control agent against fungal root
pathogens.
Fusarium wilt or root-knot diseases were
significantly reduced when soil was treated with 10
ml of a 104 cells/ml suspension of Pseudomonas
oryzihabitans. These results together with the data
presented by Vagelas et al., (2002) follow the
protocol proposed by Baker and Cook (1974), which
is to seek effective antagonists in which the target
pathogen is present but produces little or no disease
in spite of the presence of a susceptible host and
apparently favorable environment.
Pseudomonas oryzihabitans bioactivity against
soilborne pathogens and consequent beneficial
effects on tomato plants was demonstrated.
Antagonistic bacteria such as Pseudomonas spp.
have received particular scientific attention
concerning their activity as biopesticides or plant
growth promoters (Lemanceau and Alabouvette,
1991; Burr et al., 1978; Kloepper et al., 1988).
Detailed studies on the bioactivity of Pseudomonas
oryzihabitans, a bacterium associated with
entomopathogenic nematodes Steinernema abbasi,
in the absence of the nematode vector have not been
previously conducted. These results provide
evidence
that
bacteria
isolated
from
entomopathogenic nematodes could have a broadspectrum bio-activity in soil. Probably such a

bacteria will be important for further studies as a
promising biopesticide.
REFERENCES
Ahmed, A.S., Perez-Sanchez C., Egea, C. and M.E.
Candela (1999). Evaluation of Trichoderma
harzianum for controlling root rot caused by
Phytophthora capsici in pepper plants. Plant
Pathology 48: 58-65.
Andreoglou, F.I., I.K. Vagelas, M. Wood, H.Y.
Samaliev and S.R. Gowen (2003). Influence of
temperature on the motility of Pseudomonas
oryzihabitans and control of Globodera
rostochiensis. Soil Biology & Biochemistry
35: 8: 1095-1101.
Bakker, P.A.H.M., D.M.C. Glandorf, M. Viebahn,
T.W.M. Ouwens, E. Smit, P. Leeflang, K.
Wernars, L.S. Thomashow, J.E. Thomas-Oates
and L.C. van Loon (2002). Effects
of Pseudomonas putida modified to produce
phenazine-1-carboxylic
acid
and
2,4diacetylphloroglucinol on the microflora of
field grown wheat. Antonie van Leeuwenhoek
81: 617-624.
Burr, T.J., M.N. Schroth and T.W. Suslow (1978).
Increase potato yields by treatment of seed
pieces with strains of Pseudomonas
fluorescens and P. putida. Phytopathology 68:
1377-1383.
Chen, G.G.B. Dunphy and J.M. Webster (1994).
Antifungal activity of two Xenorhabdus
species and Photorhabdus luminescens,
bacteria associated with the nematodes
Steinernema species and Heterorhabditis
megidis. Biological control 4: 157-162.
Chin-A-Woeng, T.F.C., G.V. Bloemberg, A.J. Van
der Bij, K.M.G.M, Van der Drift, J.
Schripsema, B. Kroon, R.J. Scheffer, C. Keel,
P.A.H.M. Bakker, H.V. Tichy, F.J. De Bruijn,
J.E. Thomas-Oatesand and B.J.J. Lugtenberg
(1998).
Biocontrol
by
phenazine-1carboxamide
producing
Pseudomonas
chlororaphis PCL1391 of tomato root rot
caused by Fusarium oxysporum f. sp. radicislycopersici. Mol. Plant Microbe Interact 11:
1069-1077.
Chin-A-Woeng, T.F.C., D. van den Broek, G. de
Voer, K. M. G. M., van der Drift, S. Tuinman,
J.E. Thomas-Oates, B.J.J. Lugtenberg and
G.V. Bloemberg (2001a). Phenazine-1Carboxamide production in the biocontrol
strain Pseudomonas chlororaphis PCL1391 is
regulated by multiple factors secreted into the
growth medium. Mol. Plant Microbe Interact
14: 969-979.
Chin-A-Woeng, T.F.C., J.E. Thomas-Oates, B.J.J.
Lughtenberg and G.V. Bloemberg, (2001b).
Introduction of the phzH gene of Pseudomonas
chlororaphis PCL1391 extends the range of
37

biological ability of Phenazine-1-Carboxylic
Acid producing Pseudomonas spp. strains.
Mol. Plant Microbe Interact14: 1006-1015.
De Cal, A., S. Pascal and P. Melgarejo (1997).
Infectivity of chlamydospores vs. microconidia
of Fusarium oxysporum f. sp. lycopersici on
tomato. Journal of Phytopathology 145: 231233.
Elawad, S., R. Robson and N.G.M. Hague (1999).
Observations on the bacteria symbiont
associated with the nematode, Steinernema
abbasi (Steinernematidae: Nematoda). In:
Entomopathogenic nematodes – Taxonomy,
phylogeny and gnotobiological studies of
entomopathogenic
nematode
bacterium
complexes, eds N.E. Boemare; P. Richardson
& F. Coudert, pp. 105-111. COST 819
Luxembourg, Belgium, Office for Official
Publications of the European Communities.
Elawad, S.A., W. Ahmad and A.P. Reid (1997).
Steinernema abbasi sp. n. (Nematoda:
Steinernematidae) from the Sultanate of
Oman. Fundamental and Applied Nematology
20: 435-442.
Hu, K., J. Li and J.M. Webster (1999). Nematicidal
metabolites produced by Photorhabdus
luminescens (Enterobacteriaceae), bacterial
symbiont of entomopathogenic nematodes.
Nematology 1: 457-469.
Kloepper, J.W., D.J. Hume, F.M. Scher, C.
Singleton, B. Tipping, M. Laliberte, K.
Frauley, C. Kutchaw, R. Simonson, I. Lifshitz,
I. Zaleska and L. Lee (1988). Plant growth
promoting rhizobacteria on canola (rapeseed).
Plant Dis 72: 42-46.
Lemanceau, P. and C. Alabouvette (1991).
Biocontrol of fusarium diseases by fluorescent
Pseudomonas and non-pathogenic Fusarium.
Crop Protection 10: 279-286.
Leontopoulos, S.V.S.R. Gowen, I.K. Vagelas and
F.T.
Gravanis
(2003).
Influence
of
Pseudomonas oryzihabitans on the growth of
tomato plants and development of root-knot
nematode Meloidogyne javanica. The BCPC
International Congress: Crop Science and
Technology, Volumes 1 and 2. Proceedings of
an international congress held at the SECC,
Glasgow, Scotland, UK, 10-12 November
2003. British Crop Protection Council,Alton,
UK: 635-638.
Mavrodi, D.V., V.N. Ksenzenko, F.R. Bonsall, R.J.
Cook, M.A. Boronin and S.L. Thomashow
(1998). A Seven-Gene Locus for Synthesis of
Phenazine-1-Carboxylic Acid by Pseudomonas
fluorescens 2-79. J Bacteriol. 180: 2541-2548.
McInernery, B.V., R.P. Gregson, M.J. Lacey, R.J.
Akhurst, G.R. Lyons, S.H. Rhodes and D.R.J.
Smith (1991a). Biologically active metabolites
from
Xenorhabdus
spp.
Part
1.
Dithiolopyrrolone derivatives with antibiotic

activity. Journal of Natural Products 54: 774784.
McInernery, B.V., W.C. Taylor, M.J. Lacey, R.J.
Akhurst and R.P. Gregson (1991b).
Biologically
active
metabolites
from
Xenorhabdus spp. Part 2. Benzopyran-1-one
derivatives with gastroprotective activity.
Journal of Natural Products 54: 785-795.
Slininger, J.P. and M.A. Jackson (1992). Nutritional
factors regulating growth and accumulation of
phenazine 1-carboxylic acid by Pseudomonas
fluorescens 2-79. Applied Microbiology and
Biotechnology 37: 388-392.
Sudirman and J.M. Webster (1995). Effect of
ammonium ions on egg hatching and secondstage juveniles of Meloidogyne incognita in
axenic tomato root culture. Journal of
Nematology 27, 346-352.
Thomashow, L. S. and D. M. Weller (1988). Role of
a Phenazine antibiotic from Pseudomonas
fluorescens in biological control of
Gaeumannomyces graminis var. tritici. Journal
of Bacteriology 170: 3499-3508.
Thomashow, S.L., M.D. Weller, F.R. Bonsa and
L.S. Pierson (1990). Production of the
Antibiotic Phenazine-1-Carboxylic Acid by
Fluorescent Pseudomonas Species
in
the
Rhizosphere of Wheat. Appl Environ
Microbiol. 56: 908-912.
Timms-Wilson, T.M., R.J. Ellis, A. Renwick, D.J.
Rhodes, D.V. Marvodi, D.M. Weller, L.S.
Thomashow and M. J. Bailey (2000).
Chromosomal insertion of Phenazine-1Carboxylic Acid pathway enhances efficacy of
damping-off diseases control of Pseudomonas
fluorescins. Mol. Plant Microbe Interact. 13:
1293-1300.
Vagelas I.K., F.T. Gravanis, M. Wood, K.G. Davies
and S.R. Gowen (2002). Antifungal activity of
Pseudomonas oryzihabitans a bacterium
symbiotically associated with Steinernema
abbasi towards Fusarium oxysporum and
Rhizoctonia solani. Proceedings of the BCPC
Conference - Pests & Diseases 1: 85-90.
Vagelas, I.K., F.T. Gravanis, and S. R. Gowen,
(2004). Antifungal activity of a bacterium
symbiotically associated with Steinernema
abbasi towards Fusarium oxysporum. Bulletin
OILB/SROP. International Organization for
Biological and Integrated Control of Noxious
Animals and Plants (OIBC/OILB), West
Palaearctic
Regional
Section
(WPRS/SROP),Dijon, France27: 1, 271-277.
Vagelas, I.K., B. Pembroke, S.R. Gowen, and K.G.
Davies (2007). The control of root-knot
nematodes
(Meloidogyne
spp.)
by
Pseudomonas
oryzihabitans
and
its
immunological detection on tomato roots.
Nematology 9: 363-370.
38

