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In this study forty strains of Rhizobium, 95 isolates of Pseudomonas (60 isolates of P. aeruginosa and
35 isolates of P. fluorescens) and 2 fungus (Aspergillus niger AS4 and Penicillium citrinium PS12) were
studied for their antagonistic activity against fefteen (15) isolates of P.syringae pv.Savastanoi the
causative agent of the olive knot disease. This allowed us to select 69 inhibitory isolates (22 isolates of
Rhizobium and 45 of P. fluorescens) and two fungus. The results revealed that the two inhibiting agents
that which is produced by strain of Rhizobium RNU9 and isolate of P. fluorescens PN52 are bactericidal,
thermolabile, sensitive to the SDS, Tween 80 to Tween 20 and proteases. The two agents showed
resistance to pH (6, 7 and 8) but sensitivity to pH (9 and 10) and pH (2). In addition these same inhibiting
agents showed a resistance at 50°C and 80°C but sensitivity at 100°C, 0°C and + 4°C. The selection of
technological performance isolates useful for our agriculture could solve phytopathological problems and
finally constitute a collection of the bacteria preserved.
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INTRODUCTION

Olive-trees are among the oldest cultivated
fruit trees in the mediterranean including Algeria
(Benjama, 2003). This one occupies a very
important part in the agricultural economy of some
mediterranean countries.
However the intensification of olives growing puts
a number of problems as for example the infection
of trees by phytopathogenesis bacteria among
others kinds Pseudomonas (Mavrodi et al.,
2001).P.syringae pv.Savastanoi , it is considered
a phythopathogenesis bacteria causing tumors to
olive trees what causes economic loses in this
sector (Senhadji, 2005). Since the appearance of
this bacteria in the west Algeria : Ain Temouchent
and Sig (Mascara), the bacterial knot take more

and more scale. So the fight against this diseases
becomes a priority.The fight against this disease
by chemical treatments becomes painful because
the health of the consumers and the high cost of
the fungicides, elements which do not favor the
development of this chimical control
(Benchabane, 2002, Neresen M. Abd EI-Ghany
al., 2017 and Syed Imran Ali, et al., 2019), it
incites researchers to opt for a biological control
studies showed that the inoculation of plants by
means of some strains of Pseudomonas have an
effect on the protection of plants against the
pathogenic microorganisms (Digat, 1994, Chin,
2003 and Duhoux, 2004).

These bacteria can cause an increase at the
level of resistance of plants to the various
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diseases sorts of Pseudomonas which colonize
the rhizosphere and several intrinsic
characteristics and make them particularly
intereting a use as agents of biological fight. In
the first place, their capacity to colonize roots and
to maintain a strong density of population there is
remarkable (Haas and Défago, 2005).This big
rhizocompetence comes probably of their growth
rate higher than that of most of the other
rhizobacteria and their capacity to metabolize
effectively several compounds of roots exudates
(Chin-A-Woeng et al., 1998 ). More than these
bacteria are very easy to isolate and cultivate in
laboratory.

This work is centred on isolation of new
isolates of Pseudomonas from several ecological
niche in Algeria. The selection of new isolates
could solve problems and finally to establish a
collection of bacteria.

MATERIALS AND METHODS

Samples

In the present study, 100 soil samples were
collected: 60 samples in the region of Ain
Temouchent and 40 in the region of Sig located in
the west of Algeria. A total of 80 galls were
collected, 40 at the twigs and 40 galls at the level
of the leaves of olive- trees. After collection,
samples were transported to the laboratory to be
analyzed.

Bacterial strains and culture media

In this study forty (40) Rhizobium strains, and
2 fungi (Aspergillus niger AS4 and Penicillium
citrinum  PS12) were studied for their
antagonistic.These strains are part of the bacterial
collection of the Laboratory of Production, Plant
and Microbial Valorization (LP2VM) of the
department of Biotechnology, Faculty of Sciences,
University of Oran (USTO M.B), Algeria.

To isolate bacteria of the genus
Pseudomonas, several selective and non-
selective culture media have been used. We used
King's medium (A and B) (King et al., 1954),
cetrimide medium (Azad et Cooksey, 1995),
Hektoene agar (King et al.,, 1954), BCP agar
(Nickerson, 1953) and Nutrient Agar (Lapage and
Mitchell, 1970) were used to isolate and cultivate
Pseudomonas sp (anonymous, 2001). YEM
(Yeast Extract Mannitol) medium (Vincent, 1977)
to cultivate Rhizobium.The Sabouraud medium
(Sabouraud, 1910) to cultivate Aspergilus niger
and Penicillium citrinium.These environments
have also served as a basis for some

identification tests and for other biochemical
studies of bacteria. Other cultural medium were
also used: medium Levane (Surico et
Lavermicocca, 1989), Tween 80 medium (Bien et
al., 1990), Pectinase medium (Hildebrand, 1971),
Hildebrand Pectin (PH) medium (Hildebrand,
1971), Mdéeller's medium (Moeller, 1955), Clark's
and Lubs  medium (Clark, 1915), Mannitol-
Mobility medium (Van Schothorst and Van beek,
1987), medium MEVAG (Medium Carbohydrate
Attack Pathway) (Takao et al.,, 1994) and the
sunflower milk medium (Vincent, 1970).

Isolation and counting of bacteria

Our study began with the isolation of
Pseudomonas isolates (A total of 180 samples
were collected).

The bacterial isolation technique is described
by Vincent in 1970, Somasegaran and Hoben
(1985 and 1994).

A series of dilutions (10! to 10%) of the soil
samples is performed in NaCl (0.9%). A volume of
100 pL of each dilution is spread over several
solid culture media (selective and non-selective).
The cans are then incubated at 30°C for 24 hours.

Freshly washed galls are used directly, while
those stored by desiccation are rehydrated by
placing them in water for 24 hours in the
refrigerator at +4°C, then for 1 hour at room
temperature.

The surface of the galls of the twigs is first
washed with water to remove soil particles and
then rinsed three times with sterile distilled water
(Belaskri, 2006). The superficial tissues of the
galls are stripped with a sterile scalpel. The galls
are then crushed and mixed with sterile distilled
water. After crushing and obtaining a cloudy juice
(crushed), wusing a platihum handle, the
suspension is spread according to the four dial
technique (Vincent, 1970) on the agars cast in
boxes, after the boxes are incubated at 30°C for
24 to 72 hours.

The necrotic leaves were first washed with tap
water and then superficially disinfected by
immersion for 30 minutes in a solution diluted with
50% commercial bleach (12°) (Belaskri, 2006).
After disinfection, the rest of the disinfectant
solution is removed by three successive washes
with sterile distilled water.

The fragments of the necrotic leaves were cut
in half and seeded on culture medium with a loop.
The Petri dishes were labelled and incubated at
30°C for 24 hours. All this handling is done near
the Bensen burner, under a laminar flow hood.
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Identification and characterization of isolates

The isolated have been characterized and
identified by microbiological, and biochemical
methods.The biochemical tests used during this
study are:

In the first steep the LOPAT test and the Api
20 NE Galleries to identify the isolates of the
Pseudomonas group secondly the biochemical
tests and Api 20 E, to identify the subspecies P.
syringae pv.Savastanoi.

The LOPAT test consists of Levane (Schaad,
1988): Polymerization of fructose to poly fructose
on Levane medium, oxidase (Schaad, 1988):
Demonstration of the presence of the enzyme
oxidase, pectinase (Rathore et al.,, 2000):
Demonstration of the presence of the pectinase
enzyme, arginine dehydrolase (Schaad, 1988):
Demonstration of the transformation of arginine by
the enzyme  arginine dehydrolase and
hypersensitivity of Tobacco (Rathore et al., 2000):
Demonstration of the pathogenicity of a bacterium
by drying out the inoculation zones on tobacco
leaves. All these tests are performed from a pure
culture of 24 hours at30°C.

To identify the subspecies P.syringae pv.
Savastanoi biochemical tests were made : Methyl
Red test (RM) (Clark, 1915), the OF test
(Oxidation / Fermentation), coagulation of milk
(Lelliott and Stead, 1987), ability of P.syringae
isolates to survive for 10 days in media containing
different percentages (%) from sodium (0,1%,
1%, 5% and 10%) and 5% from sucrose (Schaad
et al., 1988), hydrolysis of Tween 80 (esterase
test) (Bien et al.,, 1990), catalase test and
alkaline reactions of isolates on sunflower milk
(Vincent, 1970).

Research for the serotypic type

The research for the serotype type of
Pseudomonas isolates is performed using a rapid
agglutination test. We used the kit (Slidex
Pseudo) (Bio-Rad F-92430 Lot 4 J2027) reserved
for the grouping of Pseudomonas (P. aeruginosa
and P. fluorescens) because there is no kit for
serotyping P.syringae. Pseudomonas isolates
most often have group-specific antigens that can
be extracted and identified with antiserums. The
reagents consist of latex particles sensitized with
antibodies directed against the group antigens.
The presence of the corresponding antigens

the corresponding latex reagent is agglutinated, if
the antigen is absent the latex reagent remains in
homogeneous suspension.

Testing for resistance to antibiotics

The method we used to perform the
antibiogram is that of Bauer and Kirby (1966), it is
recommended by OMS. Two standards (NCCLS
and SFM) have been applied. The measurement
is compared to criteria established by the National
Committee for Clinical Laboratory Studies
(NCCLS) or that established by the French
Microbiology Society (SFM). We studied the
behavior of bacteria against 24 antibiotics
marketed by Pasteur Institute of Algeria. The
reference strain P. aeruginosa ATCC 27853 was
used for the control of the antibiogram (analytical

catalog of antibiograms extracted from a
document on the standardization of the
antibiogram, 4% edition 2005). As well as the

natural resistance of Pseudomonas to antibiotics :
Ampicillin (Am., 10 pg), Amoxicillin (Amx., 25 pg),
Cefalotine (Cf., 30 pg), Cefazolin (Cz., 30 ug),
Oxaciclline (OX., 01 pg), Streptomycin (S., 100 pl)
and nalidixic acid (Na., 30 ug). These antibiotics
were also tested on isolated Pseudomonas
strains.

Bacterial interaction
In this study forty (40) Rhizobium strains, 95

Pseudomonas isolates and 2 fungus (Aspergillus
niger AS4 and Penicillium citrinium PS12) were
studied for their antagonistic activity against 15
isolates of P.syringae pv.Savastanoi the causative
agent of the disease of the knots of olives.

The inter-bacterial inhibitions are realized by
two methods
Direct method (confronting bacteria or fungus /
bacteria) (Fleming et al., 1975) and indirect

method (bacterial supernatant / bacterium
confrontation) (Barefoot and Klaenhammer,
1983).

In order to determine the nature of the inhibitory
agents the one which is produced by the strain
Rhizobium RNU9 and the isolate of P. fluorescens
PN52, the supernatants were characterized with
respect to the temperature, the pH, the detergents
(SDS, Tween 80 and Tween 20) and proteases.
The mode of action of the antibacterial agent is
also investigated.

results in visible agglutination of the latex

particles.The specific antigen of the group RESULTS

contained in the wall is identified by the particles The culture of samples from several

of latex made sensitive in a body anti-antigen of a ecological niches in Algeria on different

goup of Pseudomonas. If the antigen is present, environments allowed to observe bacterial
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colonies with the morphological characteristics of
the Pseudomonas reported in the literature
(Botelho and Leda, 2006): whitish, creamy,
bulging colonies on nutrient agar and bluish in the
form of flat eggs on the Héktoé agar, bulging
bluish colonies that characterize lactose-negative
bacteria on BCP agar. These colonies have a
regular or irregular outline with & diameter of 0.5
to 1.0 ym over 1.5 to 5.0 ym (or more) in length
depending on the culture medium. We also noted
the presence of fluorescent pigments on King's
medium (A and B) and cetrimide agar.This
indicates that the isolates do not belong to the
same species (Botelho and Leda, 2006).

The microscopic examination of the isolates
(after Gram coloring) showed that all the isolates
are bacilli to straight purposes Gram negative.
They appear mostly isolated or in diplobacilli,
devoid of spores and capsules, mobile (after
culture on mannitol medium-mobility).

This study confirmed the morphological
characteristics of Pseudomonas cited in the
literature (Philippe, 2007). One hundred and ten
(110) isolates of Pseudomonas 60 of P.
aeruginosa 35 isolates of P. fluorescens, and 15
of P. syringae were identified and characterized.
In addition , the LOPAT test performed on the 110
isolates classified the isolates into three different
species by comparing our results with those
described by Young and Triggs in 1994.The
characteristics of Pseudomonas species is shown
in Table. 1

We have therefore distributed our isolates as
follows:

Fifteen (15) isolates of P. syringae coded: PN1,
PN6, PN9, PN13, PN21, PN28, PN40, PN52,
PN55, PN60, PN64, PN68, PN71, PN75 and

PN80. These isolates have the ability to
polymerize fructose to polyfructose on the Levane
medium, do not possess an intracellular oxidase
enzyme and sometimes even the enzyme arginine
dehydrolase (ADH), capable of degrading pectin
present in culture media (Pectinase and Pectin
Hilderbrand) and their pathogenicity on tobacco
leaves is positive.

Sixty (60) isolates of P. aeruginosa coded: PN2,
PS3, PN4, PE6 ,PS11, PS12, PE13, PS14, PS16,
PS17, PN18, PN19, PS21, PN23, PS24, PS25,
PS26 ,PN27, PS30, PN31, PS32, PE34, PE36,
PS37,PE39, PS40, PN43, PS44, PS45, PS46,
PN47, PS49, PS50, PN51, PS53, PS56, PS58,
PS60, PN62, PS66, PN67, PS71,PS72, PS75,
PN77, PN78, PN79, PS81, PS82, PS83, PS85,
PS86, PS89, PS90, PS92, PS94, PS96, PS97,
PS98 and PS100.These isolates are unable to
polymerize fructose to polyfructose on the Levane
medium, have an intracellular oxidase enzyme
and an arginine dehydrolase (ADH) enzyme,
capable of degrading pectin present in culture
media (Pektinase and Pektin Hilderbrand), and
their pathogenicity on tobacco leaves is negative.
Thirty five (35) isolates of P. fluorescens coded:
PS1, PE2, PE4, PS7, PE9, PS10, PE12, PS14,
PS15, PE18, PS19, PE21, PS23, PE25, PE28,
PN29, PE30, PS31, PE33, PS38, PE40, PS47,
PS50, PS54, PS59, PN63, PS67, PS70, PN73,
PN76, PS80, PS84, PS87, PS95 and PS99.
These isolates have the ability to polymerize
fructose to polyfructose, possess an intracellular
oxidase enzyme and the enzyme arginine
dehydrolase (ADH), which is unable to degrade
pectin present in culture media (Pectinase and
Pectin Hilderbrand) and their pathogenicity on
tobacco leaves is negative.

Table 1 : Identification sheet for Pseudomonas of the fluorescent group according to Young and

Triggs in 1994,

Test Levane | Oxydase | Pectinase Arginine Hypersensitivity | Fluorescence
deshydrolas on tobacco
isolates
P.syringae + - + -/+ + +
P.aeruginosa - + + + - +
P.fluorescens + + - + - +

(+) : Positive reaction.
(-) : Negative reaction.
(-/+) : Variable reaction depending on the isolates.
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Subsequently, and in order to investigate the
subspecies P.syringae pv.Savastanoi responsible
for the disease of olive tree knots, the 15 strains
of P. syringae (PN1, PN6, PN9, PN13, PN21,
PN28, PN40, PN52, PN55, PN60, PN64, PN68,
PN71, PN75 and PN80) were identified by other
biochemical tests

All  biochemical test results for the
identification of the subspecies P.syringae pv.
Savastanoi confirms that our isolates of
P.syringae were indeed isolates of Pseudomonas
phytopathogens.

The confirmation of the identification of the
isolates of Pseudomonas sp was carried out by
API tests.

The research of type serotype of
Pseudomonas isolates is performed by a rapid
agglutination test. The results of the agglutination
tests show that the strains have different
serotypes, for example the P. fluorescens isolate
PS7 has the P1 serotype and the P. fluorescens
isolate PS8 has the P3 serotype.

Among the 110 isolates tested, 57 showed
sensitivity to almost all of the antibiotics tested.
This sensitivity varies according to the species
and strains of the same species. For example the
diameter of the zone of inhibition to Colestine
(CS) is 21 mm in the isolate of P. fluorescens PS3
and of 24 mm in the isolate P. fluorescens PS11
and the diameter of the zone of inhibition of
Colestine (CS) is of 24 mm in the isolate of P.
aeruginosa PS9 and 23 mm in isolate
P.aeruginosa PS34

The antagonism was sought by two
interactions realized by two methods. A direct
method and an indirect method. In the case of
inhibition, light areas appear as a halo around the
keys or wells of bacteria tested.

The direct method made it possible to identify
inhibitions and select strain pairs
(inhibitors/indicators).

The confrontation bacteria / bacteria:

The isolates of P. syringae pv. Savastanoi
were inhibited by Rhizobium and of Pseudomonas
(fluorescens and aeruginosa) isolates. This is the
case of the isolate P. syringae pv. Savastanoi
PN15 have been inhibited by strains Rhizobium
RNU1 and RNU2 and the isolate of P. syringae pv
savastanoi PN15 and PN32 have been inhibited

by the isolate P. fluoresens PS5.

The zones of inhibition were observed during
the interaction between the Pseudomonas
isolates (aeruginosa and fluorescens) and the
Rhizobium strains. This is the case of the strain of
Rhizobium RNU9 which inhibits the isolate of
P.aeruginosa PS39 .While most P. fluorescens
have been inhibited by a large number of
Rhizobium strains this is the case, for example, of
the strainof Rhizobium RNB11 which inhibits the
isolates of P. fluorescens PS5, PS30, PN46,
PS67, PN82 and PN101.

We can note that zones of inhibitions of 5
mm, 4 mm and 3.5 mm were observed in the
couples of isolates (P. fluorescens PN52 / P.
syringae PN33), (Rhizobium RNU9 /P. aeruginosa
PN32) and (Rhizobium RNU4 / P. syringae PN58)
respectively.

The fungus / bacteria confrontation:

The fifteen (15) isolates of P. syringae were
inhibited by the fungus Penicillium citrinium PS12
shown in figure. 1 (A) and by Aspergilus niger
AS4 shown in Figure. 1 (B).

Inter-bacterial inhibitions caused by inhibitory
agents of Pseudomonas isolates and Rhizobium
inhibitors have been observed. We searched for
the physico-chemical nature (sensitivity to heat,
cold, detergents, and different pH values,
sensitivity to proteolytic enzymes and the mode of
action of the antibacterial agent), which led us to
select 69 Dbacteriocinogenic isolates 22
Rhizobium strains and 45 P. fluorescens and
both fungi.

The results revealed that the two inhibitory agents
are bactericidal, thermolabile, sensitive to SDS,
Tween 80 to Tween 20 and proteases. Two
agents showed resistance to pH (6, 7 and 8) but
sensitivity to pH (9 and 10) and pH (2). In addition,
these same inhibiting agents showed resistance
at 50°C and 80°C but sensitivity at 100°C, 0°C
and + 4°C.

(A) : Mass strains are the isolates of P. syringae
(PN7, PN14, PN15, PN27, PN32, PN33, PN38,
PN43, PN48, PN51, PN58, PN63, PN72, PN77
and PN96).

(B) : Mass strains are the isolates of P. syringae
(PN7, PN14, PN15, PN27, PN32, PN33, PN38,
PN43, PN48, PN51, PN58, PN63, PN72, PN77
and PN96).
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Penicillium citrinium
PS12

(A)

DISCUSSION

The characterization of inhibitory agents was
performed on supernatants of Rhizobium RNU9
strains isolated from Retama monosperma
nodules (Kebaili, 2010) and P. fluorescens PN73
isolated in this study from olive tree necrosis.
These isolates were chosen for the rest of this
work because they showed an antagonism to the
15 strains of P. syringae.

We note that two inhibiting agents are
resistant to pH (6, 7 and 8) and that these same
agents lose their activity at pH (2) and pH values
(9 and 10).

The results there fore show a better stability of
the inhibitory activity at pH values between 6 and
8. These same results have been obtained by
other researchers (Hirsch, 1979 and Rodelas et
al., 1998) who have worked on bacteriocins from
Rhizobium strains or on bacteriocins produced by
other bacteria (Kacem et al., 2006). The effect of
pH on the activity of bacteriocins produced by
bacteria is related to the electrostatic interaction
that occurs between the bacteriocin and the
susceptible bacteria (Schved et al., 1994). Indeed,
since the wall (peptidoglycan) and the membrane
surface of the latter are negatively charged, the
bacteriocin must be positively charged in order to
come into contact with the bacterial cells. Yang
(1992) reported that the adsorption of several
bacteriocins is a function of pH and that the lower
the pH, the higher the concentration of
bacteriocins in the bacterial wall and the greater
the lethal effect. The effect of pH on bacteriocin
activity may be related to a solubility problem:
bacteriocins or antibiotics are not active when
they are not in solution (nisin which is active in an
acid medium and not very active or not active at

(B)
Figure 1. Antagonism between the two fungi against Pseudomonas
Fluorescens and Syringae) in solid medium.

isolates (Aeruginosa,

basic pH) (Lavermicocca et al., 1999).

We note that the inhibitor agent is heat-
resistant since it retains its inhibitory activity at
50°C and there is slight resistance at 80°C
compared to controls and no resistance at 80°C in
the P. fluorescens inhibitor PN73. At 100°C no
activity was observed for both strains. The
inhibiting agents produced by the Rhizobium
strain RNU9 and the P. fluorescens isolate PN73
are thermolabile because they do not resist
100°C. The same results were obtained by
Sridevi, Mallaiah and Kazouz in 2008 who noted
that when there is an increase in temperature,
there is a decrease in inhibitory activity.

The inhibiting agent of the Rhizobium strain
RNU9 does not resist at +4°C and 0°C. These
results indicate that the inhibiting agent is
cryosensitive. This result does not match the one
found by Kazouz (2008). Indeed, this author
showed that the substance produced by the
Rhizobium strains is resistant at +4°C and 0°C
while the P. fluorescens inhibitor PN73 has a
slight resistance at +4°C and does not resist at
0°C.

The inhibitory activity of the inhibitory agent of
the Rhizobium RNU9 strain  disappears
completely in the presence of Tween 80 and 20,
these detergents act on proteins that have an
oligomeric structure. This tends to dissociate
these complex molecules into their constituent
subunits, resulting in a total loss of inhibitory
activity of these substances (Tagg et al.,, 1976;
Kacem et al., 2006 and Ali et al., 2009).

The effect of Tween 80 and Tween 20 on the
inhibitor agent causes a total disappearance of
the inhibitory activity, which confirms that at least
part of the molecule of these inhibitors is of a
lipidic nature. These same results were obtained
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by (Tagg et al., 1976) and Kazouz in 2008, on the
other hand, the inhibitory agent of P. fluorescens
PN73 shows a slight resistance in the presence of
Tween 20 and Tween 80.

We have found that the inhibitory activity of
the Rhizobium RNU9 inhibitory agent disappears
at 1% SDS. While the P. fluorescens inhibitor
PN73 has a slight resistance to 1% SDS. On the
other hand, at 0.1% and 0.5% SDS, the two
agents keep their inhibitory activities almost
identical compared to the control.

SDS is known to be a protein denaturing
agent. Similar results have been reported by
several authors such as Sridevi and Mallaiah in
2008. Bacteriocins are generally characterized
with regard to denaturing agents (detergents:
SDS, Tween 20,...) (Kacem et al., 2005; Kazouz,
2008 and Sridevi et al., 2008).

We have noticed that the inhibitory agent
produced by the two strains (Rhizobium RNU9
and P. fluorescens PN73 lose their inhibitory
activities completely in the presence of trypsin, a-
chymotrypsin, proteinase K and Pronase E.

Based on these results, we can suggest that
both inhibitors are protein-based. This is one of
the characteristics of bacteriocins produced by
Rhizobium strains and Pseudomonas (Roslycky,
1967 and Schwinghamer, 1975) in particular and
for other bacteriocins in general (Tagg, 1976 and
Klaenhammer, 1988).

Agar fragments collected at the inhibition
zones were seeded on the surface of the King B
medium for Pseudomonas and the YEM medium
for Rhizobium. After prolonged incubation at 28°C
for Rhizobium and 30°C for Pseudomonas, no
bacterial growth was observed. This shows that
inhibiting agents have a bactericidal action on
strains of P. syringae pv.Savastanoi. The method
of (Toba et al., 1991) therefore revealed that both
inhibiting agents have bactericidal activity. This is
consistent with the results obtained by (Tagg et
al., 1976). This is also consistent with the results
obtained by (Tagg et al., 1991) and (Braun et al.,
1994), which speak of a bactericidal effect of
bacteriocins. In the literature, bacteriocins are
often described as a substance with bactericidal
activity (Hirsch, 1979; Selami, 2001 and Kazouz,
2008).

CONCLUSION

This study focuses on the isolation of
Pseudomonas isolates from soil, olive necroses
grown in Algeria (Ain Temouchent and Sig
regions). This allowed us to isolate 60 isolates of
P. aeruginosa, 35 isolates of P. fluorescens and

15 isolates of P. syringae. The isolated have been
characterized and identified by microbiological,
and biochemical methods.

In this study forty (40) strains of Rhizobium,
95 isolates of Pseudomonas and 2 fungus
(Aspergillus niger AS4 and Penicillium citrinium
PS12) were studied for their antagonistic activity
against fifteen isolates of P. syringae pv.
Savastanoi the causative agent of the disease of
the knots of olive. This allowed us to select 69
inhibitory isolates : 22 Rhizobium strains, 45 from
P. fluorescens and two fungus.

In order to determine the nature of the
inhibitory agents that which is produced by
Rhzobium strain RNU9 and P. fluorescens
isolates  PN52, the supernatants were
characterized with respect to temperature, pH,
detergents (SDS, Tween 80 and Tween 20) and
proteases. The mode of action of the antibacterial
agent is also sought. The results revealed that the
two inhibitory agents are  bactericidal,
thermolabile, sensitive to SDS, Tween 80 to
Tween 20 and proteases. Two agents showed
resistance to pH (6, 7 and 8) but sensitivity to pH
(9 and 10) and pH (2). In addition, these same
inhibiting  agents  showed  resistance at
temperatures of 50 ° C and 80°C and sensitivity at
temperature of 100°C, 0°C and + 4°C.

In our study we bring the inhibition of P. syringae
pv.Savastanoi isolates (agent responsible for olive
galls) by two fungus (Penicillium citrinium and
Aspergilus niger) as well as by inhibitory agents
produced by isolates of Pseudomonas and
Rhizobium. This opens up prospects for the bio-
control and conservation of plants and especially
their protection (towards the phytopathogenic

bacteria).
It remains to be verified first that the
bacteriocin-producing by isolates of

Pseudomonas and Rhizobium produce these
bacteriocins stably and in sufficient quantities and
active "in natura" against isolates of P. syringae
pv. Savastanoi in the edapho-climatic conditions
of our Algerian environment.

These preliminary results are original. Indeed
the two strains of fungi (Penicillium citrinium PS12
and Aspergilus niger AS4) have an inhibitory
action against the fifteen (15) isolates of P.
syringae pv. Savastanoi and show no inhibitory
action towards isolates of Pseudomonas
(aeruginosa and fluorescens). Unlike those that
have been reported so far in the literature to know
that Pseudomonas sp attack fungus by these
antifungal molecules this hypothesis deserves to
be verified in the context of subsequent research.
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