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Abstract

Fusarium wilt of date palm caused by the fungus F oxysporum
f.sp. afbedinis (Kill and Mayor) Malengon known under the name of
"bayoud", is generally considered one of the most dangerous and
menacing disease of date palm in the north Africa, In Algeria,
several famous commercial varieties and clones of very high fruit
quality were extinct and others can disappear because of their
susceptibility towards the bayoud disease. In order to preserve
these plants, one strategy to control Fusarium wilt is the use of
antagonistic root-colonizing Pseudormonas spp. It has been
demonstrated that different strains of these bacteria suppress
disease by different mechanisms. Application of these biocontrol
strains in interaction with the flax, who is often used as an
indicating plant in the place of date palm, which requires one
longer period to have the appearance of symptoms of bayoud. The
ability to suppress Fusarium wilt of flax was tested /7 vivo in
presence and absence of indigenous microflora {disinfected soil and
original soil) in presence of F.o.In (=F oxysporum f.sp. liniy. The
strains used of different origing showed a beneficial effect in the
suppression of disease. Antagonistic activities of DN20 strain
isclated from the date palm and the strain of reference D2 strains
in presence of Fusarium oxysporum f.8p. finiis very brought closer
under the conditions of our experiments. The effect of antagonism
in the original soil (not disinfected) for a going rate of inhibition
from 94.45% to 100% more outstanding remainder, whereas in the
disinfected soil, it is of about an 18.43% to 42.12%. A good
antagonistic activity was recorded for DN20 strain under the two
conditions of our experiments; on the other hand the antagonistic
activities noted for the D2 strain are variable in the two types of
tests. This indicates the beneficial effect of DN20 strain and the
necessity of their application on his plant origin (the date palm).
Key words: Fusarium wilt, date palm, bayoud, flax, F oxysporum
f.sp.  albedinis, F. oxysporum fsp. flini, Pseudomonas spp.,
biological control.

INTRODUCTION
The "bayoud" which is a disease of date palm, it is endemic.in the North of
Africa and was initially announced in 1870 in Morocco. In Algeria, the "bayoud”
prevails in several palm plantations of Algerian south in particular in the areas of
Gourara (Timimoun), Touat (Adrar) and Mzab (Ghardaia) (Tantaoui, 1996) where it
destroyed more than three miilion palm trees (Fernandez and a/, 1997). The causal
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agent of fusarium wilt of date palm is F oxysporum f.sp. albedinis (Kill and Mayor)
Malengon. The first symptom of this disease manifest by the appearance of a gray
colouring ashed on the level of a palm of the average crown, which takes a ieaded
aspect. Thereafter, the leaflets and the spines of this palm desiccate unilateral way
gradually upwards and are folded up towards the rachis {attacks hemiplegics) while
taking a blank colour from where the Arab name of bayoud (Louvet, 1972; Djerbi,
1988). Drying continues other with dimensions of the palm while progressing this from
top to bottom time. The desiccated palm takes the aspect of "wet feather" and
becomes hanging along feather-grass (Bounaga—Rivielle, 1985 ; Djerbi, 1988). The
diseasé then extends to the others rachis, which show brownish scratchs. The central
bouquet formed by the young palms remains green. At an advanced stage of the
disease, the totality of the final bud is desiccated thus resulting in the death of the
tree {(Louvet, 1974).

The fight against this disease, it is not always easy. The systemic nature and the
epidemic and infectious character, limit the possibilities of fight and prevention against
this disease. The use of systemic fungicides remains the means more used to fight
against the latter in spite of the risk of appearance of resistant strains. The biclogical
control using the potentialities of the antagonism of Pseudomonas spp. fluorescent
with respect to the populations of F oxysporum to fact the object of several research
tasks (Kio_epper and &/, 1980; Alabouvette, 1990; Duijff and a/, 1991; Lemanceau
and Afabouvette, 1991; Lemanceau and &/, 1992; Lemanceau and Alabouvette, 1993
; Alabouvette and a/, 1993; Benchabane and &/, 2000}. This work completed under
experimental or natural conditions showed the effectiveness of fluorescent
Pseudormonas spp. in the presence of special forms of Fusarium oxysporum (Scher
and Baker, 1982; Van Peer and 4/, 1990). Pseudomonas spp. fluorescent belong to
the group of PGPR (= "Plant Growth Promoting Rhizobacteria") which are known for
their intervention in the improvement of the growth of the plants like in the biocontrol
of soil-born pathogens agents. They stimulate the growth of plants by the
improvement of their mineral food and by the synthesis of substances of growth
(direct action). Moreover, they intervene in the biccontrel of soil-born pathogens
agents by their nutrient competition and the phenomenon of antibiosis (indirect
action).

The 'object'we of this study is based on the effectiveness of some strains of
Pseudomonas spp. fluorescent for the suppression of special form of F oxysporunr. F
0. fsp. /An/ In interaction with the flax, who is often used as an indicating plant in
the place of date palm, which requires one longer period to have the appearance of

the symptoms of bayoud. The test is carried out in presence and absence of
indigenous microflora (disinfected soil and original soil),
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MATERIALS AND METHODS

Biological material

The fluorescent strains of Pseudomonas spp. were isolated from the environment
rhizospheric of tomato, date palm and a naked soil. These strains assembled a
significant antagonistic capacity /7 vitro. The pathogenic agent is 7 O. f.sp. /inf comes
from the collection of laboratory of biology of soil in Dijon—France. The plant host is
the flax (Linum usitatissinum var. opaline). The soil used disinfected and not
disinfected (naturai) is taken on the level of a parcel under greenhouse of ITCMI
(Staoueli - Algeria). The D2 strain was used as a reference strain (Table 1).

Table 1. Strains selected for this study

Strains - Plant host Origin
Laboratory of Biotogy of scil (INRA- Dijon
D2 Flax
France).
Foln (=F oxysporum f.sp. Laboratory of Biology of soil {INRA Dijon,
Flax
find) France).
Date palm
DN20 Laboratory of Biology of soil Blida
{Algeria).
S5 Naked soil Laboratory of biology of soil Blida (Algeria).
Laboratory of biology of the soil Blida
TRS24 Tomato
(Algeria}.

Experimental device: The test /7 sifv of antagonism was carried out under
greenhouse of glass according to an experimental device in complete random blocks
with four repetitions. Each block contains the six treatments:
- T1: witness seedlings (witness negative) inoculated with distilled water sterilised
- T2: Seedlings inoculated with DN20 strain and the pathogen.
- T3: Seedlings inoculated with the S5 strain and the pathogen.
- T4: Seedlings inoculated with TRS24 strain and the pathogen.
- T5: Seedlings inoculated with the D2 strain and the pathogen.
- T6: witness seedlings (witness positive) indculated with the pathogen.
Each treatment contains three seedlings is on the whole (3 x6) 18 seedlings per
block. Thus, each
Treatment is illustrated in the device by (3 x4} 12 seedlings is on the whole {12

x6} 72 seedlings.
Soil preparation: The soil comes from a parcel under greenhouse of TTCMI
(Stacueli-Algeria). It was used in a natural state with its indigenous flora and after its



19.8 POWERFUL STRAINS OF PSEUDOMONAS SPP. FLUORESCENT TESTED ON
FLAX UTILISED IN THE BIOLOGICAL CONTROL OF BAYOUD

disinfection at 120°C during two hours twice of continuation separated by 24 hours.
The disinfected soil or not was distributed in 100g/ pot.

Bacterial inoculations: The seeds of flax are disinfected during 20 minutes with
bleach titrating 6°, then they are rinsed with sterile distilled water, then they are dried
and sown at a reason of two seeds per pot. The sown pots are deposited under a
greenhouse of glass and are sprinkled daily with sterile water. After three weeks, the
seedlings of flax are bacterised on the level of the snare by bacterial suspensions
having a concentration of 5 X 10 > CFU/g of soil. These suspensions were prepared
from bacterial creams of 24 hours old cultivated in the medium KB (King et &/, 1954)
then transferred in 100 ml from plug Mgs04, 7H;0.

Fungus inoculations: The suspensions of conidia were obtained starting from
fungus of 10 days old cultivated on PDA medium. The concentration of the
suspensions of conidia prepared in the plug MgSQ, 7H;0 is adjusted to 10
conidia/m!. The inoculation of F.o.In. was carried out 24 hours after the contribution
of the bacteria [augh at a reason of 5 ml per pot.

Estimation of the level of infection of fusarium wilt of flax: The level of
infection was carried cut using a scale given by Fuchs and Defago (1991). This scale
comprises five degrees of notation.

- 0 = No symptom

- 1 = partial Yellowing

- 2 = wilting of the top in the form of arc Shepherd's Crook

- 3 = wilting of half of the plant

- 4 = wilting of the whofe plant

- 5 = Died of the plant.

Daity observations on the health state and the degree of infection of seedlings
were carried out for 12 weeks. The index of disease and its severity were then
estimated according to the method used by Fuchs and Defago (1991). The index of
disease expressed as a percentage was calculated according to the following report:

I = [A number of sick seedlings/a total number of seedlings 1 X 100

The severity of disease was evaluated according to the equation given below
which takes into account the degrees of notation of the scale of Fuchs and Defago
(1991):

S=3%{E.a/NT)x 100

where

S = the severity of the expressed as a percentage disease

E = the varying degree of notation from 0 to 6 for the flax.

A = the number of sick seedlings of the degree of notation 6.

N = the number of sick seedlings.
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T = the value of the highest degree of notation which is 6.

In the case of significant difference, the comparison of the treatments was carried out
according to the smallest significant amplitude of test of Newman and Keuls to the
threshold of risk of error & = 5% (Dagnelie, 1975).

RESULTS

Antagonistic activity in the disinfected soil

Index of infection: The number of sick seedlings is less significant compared to the
positive witness. The enumeration of the sick seedlings is carried out two weeks after
the fungus inoculation for the sick witness as well as the treatments associated with
the bacterial strains S5, TRS24 and D2. For the treatment [DN20 +F.o.In.]}, counting
began three weeks after the fungus inoculation, to reach its maximum at the end of
the test (Table II). After twelve weeks of inoculation, the sick witness showed an
index of infection of about 83.33%. For the bacterised treatments, the highest index
of infection (75%), was noted for the bacteriat strain S5 and the lowest rate of
infection (58.33%) is obtained in interaction with the bacterial strain D2 (Table II).
The comparison of the indices of infections showed a significant difference. The test of
Newman and Keuls to the threshold o = 5%, made possible to classify the treatments
studied in three homogeneous groups. The sick witness and treatment [S5 + F.0.In. ]
are classified in group A, and the other treatments in the group B, the group C
contains the healthy witness (Table II).

Table II: Evolution of the index of the fusarium wiit (%) on the seedlings of the flax
according to time

Treatment Week After The Inoculation Nurmbers
s 1 [ 2] 347 5 6 | 7 ] 8] o Jw]n]|
Sick 833
witness 0 205' 33.3 538‘ 833 | 833 | 833 | 833 | 833 | 833 833' 3
T (A)*
66.6
DN20+ g 1 g0 | 83 |18 | 167 | 333 | 583 | 583 | 667 | 667 | % | &
F.o.n. 7 7
(By*
75.0
5+ o | 417 |58 | 750 | 750 | 750 { 750 | 750 | 750 | 7> | 0
F.o.ln. 7 3 0
(A)*
: 66.6
TRS24+ 1 o | g3 333 | ?> | 333 | 333|583 | 667 | 667 | 667 | & | 6
F.oln. 3 7
(B)*
58.3
b2 + o loo| 83 || 167 | 250|333 | 5835835835 3
F.o.n. 7 3 (B)*
Healthy 00.0
witness | 0 | 00 | 00 |00 00 | 00 | 00 | 00 | 00 | 00 |00 | o
(T) ©*

*: Values fallowed by the same letter are not significantly different according to the test from Newman and

Keuls to the threshold o = 5%.
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-Severity of the fusarium wilt: The symptoms of this disease appeared two weeks
after the fnoculation for the sick withess and the treatments bacterised with S5 and
TRS24 strains, after three weeks for the treatment associated with DN20 strain and
after four weeks for the bacterised seedlings with the D2 strain (Table II1I). On the
majority of the seedlings, we have observed at the beginning of the appearance of
symptoms, of partial yellowing, which spread thereafter. Total wilting and the death of
seedlings were noted with the sick withess. Twelve weeks after the fungus inoculation,
the sick witness showed a rate of severity of fusarium wiit of about 63.33%. In the
case of the interactions with the bacterial strains, the rates of severity of the disease
are weak compared to the sick withess. The highest rate (51.66%) was noted with the
55 strain and the lowest rate (36,66%) was recorded with D2 and DN20 strains (Table
III). The comparison of the rates of severity of the vascular wilt shows a significant
difference. According to the test of Newman and Keuls to the threshold o = 5%, the
treatments are classified into four homogeneous groups. The sick witness is affiliated
with group A. The treatments associated with TRS24 and S5 strains are classified in
the group B, whereas the group C presents the treatments associated with the D2 and
DN20 strains. The healthy witness is classified in the group D (Table III; fig 1).

Table ITI : Evolution of the severity of the fusarium wilt (%) on the seedlings of the
flax according to time.

Treatments Week After The Inoculation Numbers
1 2 3 4 5 6 7 8 9 10 11 12
Sick witness _ 63.33
0 | 50| 83 | 167 | 3331400500 ! 50015331 583} 617
(T+) (A~
DN20 36.66
0 0.0 1.7 3.3 33 6.7 117 | 150 | 233 | 36.7 | 36.7
+F.0.ln. (©*
. 51.66
S5 +F.oln 0 33 ) 117 (150 | 30,0 | 30.0 | 30.0 | 41.7 | 43.3 | 450 | 483
(B)*
TRS24 + 45.00
0 117] 83 8.3 83 | 107 | 250 | 283 | 28.3 | 40.0 | 43.3
F.0.ln (By*
36.66
D2 + F.o.n 0 00| 00 3.3 33 83 | 11.7 | 16.7 | 23.3 | 350 | 36.7
{Cy
Healthy 00.00
¢] 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
witness (T-) {D)*

*: Values followed by the same letter are not significantly different according to the test from Newman and

Keuis to the threshold o= 5%. F.c.In. Fusarium oxysporum fsp. lind
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Figure 1, Symptoms of wilting of the flax. A: wilting of the top.

B: Generalised wilting. C: Died of the seedlings. D: Healthy seedling,

The rates of inhibition of the severity of vascular wilt are variable according to
bacterial stralns tested. According to the test of Newman and Keuls to the threshold o
= 5%, the bacterised treatments are classified in three homogeneous groups of which
first is consisted the treatments associated with the bacterial strains DN20 and D2,
which showed the highest rate of inhibition (42.12%). The second group comprises
the treatment [TRS24 + F.o.n. ] who showed a rate of 28.95%. The third group is
consisted the treatment [S5 + F.o.n. ], the rate of inhibition is about 18.43% (Table

V).
Table IV: Rate of inhibition of the severity of the fusarium wilt on the seedlings of the
flax.
Severite Of The Disease | Rate Of Inhibition Compared To The Temaoin [+
Treatments
(%)
Dn2¢  + F.O.Ln 36.66 42.1200%
55 + F.O.Ln 51.66 18.43 (C)*
Trs24 + F.O.LN 45 28.95(B*
D2  +FOln 36.66 42.12(80"

*: Values followed by the same letter are not significantly different according to the test from Newman and
Keuls to the threshold = 5% F.o. In, Fusarsiom axysporo Tsp. fnd
~Antagonistic activities in the original soil

~-Index of infection: We noticed that the fusarium wilt of flax began dice for the first
week for the sick witness where the index of infection is about 8.33%. The number of
sick seedlings increased considerably to reach its maximum at the end of the test is
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twelve weeks (Table V). The appearance of symptoms at the freatments associated
with the bacterial strains S5, TRS24 and D2 was observed after the sixth week of
inoculation. The index of infection followed a constant rhythm untii the twelfth weeks.
Cn the seedlings bacterised with DN20 strain, any typical symptom of disease was not
observed during all the experimental pericd (Table V).

The number of seediings of the fiax attacked by the vascular wilt is more
significant for the sick witness. This last showed an index of infection of about 75%
largely exceeding the rates recorded for the other treatments. The seedlings
bacterised with S5 and TRS24 strains showed indices of infection of about 8.33%, and
the treatment associated with the with D2 strain of reference showed an index of
about 16.66%. For the treatment [ F.oJn.+ DN20 ] no sick seedling was chserved
(Table V). A significant difference is given between the treatments tested energy in
absence of disezse at a rate of 75% of infection. The test of Newman and Keuls to the
thresheld o= 5%, make it possible to classify these treatments in four homogeneous
groups or group A is represented by the sick witness. The aroup B is consisted the
treatment associated with the D2 strain. The group C include understand the
treatments bacterised with the TRS24 and S5 strains. The healthy witness and the
treatment related to DN20bstrain are affiliated with the group D {Table V).

Tahle V Evolution of the indey cf the fusarium wilt (%) on the seedlings of the fiax
according to time.

Week After The Inoculation Numbers

Treatine
nts 1 1213 4 | 5| 6 7 8 9 10 | 1 12
Sick .

. 832 )41, {41615 ! 75.00
\;\_rlltness 3 5|7 6 0 75 75 75 75 75 75 (A)*
{(T+)

DNzQ 00.00
+F.0.In. 0 0 E 0 0 0 0 0 0 0 ¢ 0 (D)y*
S5 + ! , 08.33
E ol o lo| 0 0 | 0 1833833833833 833|833 ()
TRS24 + 08.33
Eoln. o |olo 0 |0 |833]|833)833]|833]8.33]8.33 (©)F
D2 + 16.6 | 16.6 | 16.6 | 16.6 | 166 | 16.6 | 16.66
Fon, | 00101 970 s 16| 6]l 6 16| 6| ®*
Healthy
witness | 0 1ol ol o lolo ool o oo [P0
(T) | _

*. Vaiues followed by the same letter are not significantly different according to the L:est from Newman and
Keuls to the threshold u= 5%. F.0.In. Fusarium oxysporum fsp. Lind )

-Severity of the fusarium wilt: For the sick witness, the symptoms are noted
dice the third week after the inoculation of pathogen [ F.o.ln. ] with an index of
severity of about 1.66%. For the treatments bacterised by the S5, TRS24 and D2

strains, the severity of disease began dice the sixth week and remains constant until
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the end of the test. No symptom of vascular wilt was observed on the seedlings of the
flax bacterised with DN20 strain during a!i the probation period (Tabie VI}. The
severity results in the appearance of yeilowing partial foliowed by uniiateral wilting at
the bacterised plants. The severity recorded in these last presents a definitely
significant difference compared to the sick witness for whom the severity generated
the mortality of some seediings (Table VI).

On the basis of rate of severity, tite test of Newman and Keuls with the
threshold a = 5% gather the treatmeants tested in three omoganeocus groups. The
sick witness is classified in group A for a rate of 60%. The group B is consisted the
treatments associated with the bacterial €5, TRS24 and D2 strains, which show,
respectively, of rates of apout 1.66%, 1.66% and 3.33%. The healthy withess and the
treatment [ F.o.in. -+ DN20C } are affiliated with the groun C (Tabie V1)

Table VI Evolution of the severity of the fusarium wilt (%) on the seediings of the fiax
according to time.,

| ! -
Treatment Week After The Inoculation Humbers
T T H
s ' :
tl2] 214516 7 8 9 | 10 5‘ 1 12
Sick ! i
1. 5 ! 1L | 11 36. 4 | 55, | 60, 60.00(A) !
Witriess 30.0 L 41,7 | 417 | 56.0 | | i
70l 7 | 7 7 ¢ | S
(T+) S S S '
|
Dn26 + ! i | ! 00.00{C)
01 0 0 8 0 Lot o 0 0 oo
F.O.Ln i ; *
T ‘I !
55 + | 01.66(B}
0!l o 0 0 0 1.7 | 7 1.7 | 17| 17 b7
F.O.Ln *
Trs24 + i 01.66(B) |
: 010 0 0 0 1.7 1 17 1.7 | 17 17017
F.O.ln * ]
D2+ | 03.33(8) |
01! 0 0 C 0 33| 33 33 | 33| 33 | 33
F.0.Ln 1 *
T
Healthy !
! 00.00
Wwitness 0 4] 0 0 a + 0 0 0 0 G V]
(S
L (1) ‘ ! B

*1 Vaiues foilowedl by the same lefter are not significantly different according to the test from Newman and
Keuls to the thrashoid o= 5% F.0.In. Fusariumr oxysporum £, sp. Liri.

The treatments bactericed with the S5, DN20, TRS524 and D2 strains show
significant rates of inhibition of severity of the disease compared o the sick witness.
The test of Newman and Keuls to the threshold ¢.= 5% class these treatments in only

one group. The treatment associated with DN20 strain records the highest rate of
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inhibition (10096}, The seedlings pacterised by 55 and TRS24 strains show a rate of
inhibition of abou97.24%. A rate of 94.45% Is noted for the treatment | F.o.ln + D2 |

{Table VII}.
Table VII Rate of inhibition of severity of the fusarium wilt (in %) on the seedlings of
the flax.
Severite Of Disease Rate Of Inhibition Of Disease Compared To The Sick
Treatments
(%) Temoin (T+)
Dn20 + F.O.Ln. Q 100.00 (A*
S5+ F.O.Ln, 1.66 97.24 (A)*
Trs24 + F.O.Ln. 1.66 97.24 (A}
D2 +F.0OLn, 3.33 94.45 (A)* ]

Values followed by the same letter are not significantly different according tc the test from Newmnan and
Keuls to the threshold*: o= 5%. F.o.n. Ausarium oxysporum fsp. linl.

A phenomenon of nanism is observed on the whole of the seedlings of the flax
cultivated on an original seil (not disinfected). The average size of these seedlings
about 17 ¢m to 42 ¢cm is compared with the seedlings of the flax of healthy witness,

which have an average size of about 65 cm (Fig.2).
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Figure 2 . Nanism observed on the seedlings of the flax led in original soil  A:
Healthy seedling., B: Sick seedling.

DISCUSSION

Antagonistic activities of DN20 and D2 strains in the presence of Fusarium
oxysporum f.sp. finf is very brought closer under the conditions of our experiments,
The effect of antagonism in the original soil (not disinfected) for a going rate of
inhibltion from 94.45% to 100% more outstanding remainder, whereas in the
disinfected soil, it is of about an 18.43% to 42,12%. A good antagonistic activity was
recorded for DNZ20 strain under the two conditions of our experiments; on the other
hand the antagonistic activities noted for the D2 strain are variable in the two types of
tests.

The test /n vivo of antagonisms live has screw of Fusarium axysporum £.sp.
/inj, made it possible to note a very apparent variability at the bacterial strains tested
according to the experimental conditions. This type of observation at summer brought
back in several work which takes into account the influence of the biotic and a-biotic
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factors on exteriorization of antagonistic activities {(Misaghi and &/, 1982 | Weller,
1988 ; Leeman and &/, 1991 ; Van Peer and &/, 1991 ; Toua, 1996 ; Toua and
ar.,1997).

The effect of antagonism exerted in the rhizosphere of the flax revealed that
DN20 strain isolated from the rhizosphere of date paim, presents a significant activity
with respect to Fusarium oxysporum f.sp.  find with an inhibition of exteriorisation of
the symptoms in an originai sail.

_These results show that the antagonistic activity noted in the original soil is
higher compared to the dicinfected soil, which explains the influence of the telluric
microflora on the heneficial effects exerted by the fluorescent strains of Fsevdomonas
spp. So the biolcaical characteristics of the soil are determining {Lemanceau, 1952).
In absence of pathogenic micro-organisms, a strain of Pseudornonas whose mode of
action is microbiai antagonism wili not modify the growth of the inoculated plant.
Thus, the badierisation of potato tubers cultivated in a soil presenting a reduced
noxious microfiora with WCS358 strain is not accompanied by a significant increase in
the output of culture (Bakker and &/, 1986). It is necessary thus that the limiting
facter on which the bacterium acts is effective so that the effect of the bacterium is
visible. A strain of Pseudomonas aiso remains without effect when the reduction of
outpul of the witness plants is due to a pathogenic micro-crganism insensitive with
the bacterial antagonistic activity {(Weller, 1988). In additicn, the mixture of a purified
soll resistant of pathogenic micro-organisms to a soil treated beforehand with heat
allowed the flora of Fusarivm sp. introduced with the substrate to limit the re-
colonization by the pathogenic agent by the means of a competition will intrageneric
to specify the importance of the ratio density of the population of total Fusarium
oxysporum pathogenic / density of the population of Fusarium oxysporum
[(Couteaudier and &/, 19853).

Under the natural conditions, the severity of the vascular wilt varies from a soil
to another. Several studies showed to the existence of naturaliy resistant soils due to
the presence at the same time of strains of Psewvdomonas spp. fluorescent antagonists
and of the isolates of nonpathogenic Fusarium oxysporum {Lemanceau and a/, 1988;
f.emanceau and Alabouveite, 1991; Bao and Lazarovits, 2001).

The beneficial effects of the bacterisation result at the same time from the
specific activities of the tecteria and their density in the rhizosphere of the plant host.
Thus the effectiveness of fluorescent strains of Pseudormonas spp. depends on their
aptitude to produce certain metabolites (Siderophores, antibiotics, HCN growth
hormones and lipopolysaccharides) to reinforce the resistance and to improve the

growth of the plant (Lemanceau, 1992).The weak rhizospheric competence of the
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introduced bacteria can generate a ioss in the beneficial effects waited (Lemanceay,
1992). Indeed Baker and Cook {1974} sucgest that the rhizospheric microflora is
made up of a whole of micro organisms in equilibrium; If the intreduced strain does
not colonize the rhizosphére in an aggressive way, its beneficiat activity cannct be
expressed because microbial equitibrium former to the inoculztion is restored quickly.
This report was checked in a series of work based on the use of certain strains of
Pseudomonas spp. flucrescent ready to deveicp on the root systemnn (Burr and a/
., 1978 ; Kloepper and Schroth, 1978; Kloepper and a/, 1980; Stutz znd &/, 1986).

The selection of powerful strains of Fseudomonas spp. fluorescent should not be
however limited te these only activities which would be little of ulility if the bacteria
are not ready to be maintained and to colonize the rhizosphere of the piant host
(Lemanceau, 1992).

Accordino to Bahme and Schroth (1987); Weller (1988) good rhizospheric
cornpetence is conditioned by the characteristics of the bacterium which are related to
the aptituce of the strains for:

To stick to the root
To move along the root
To enter in effective competition of way with the microflora resident.

The attachment of the bacteria to the rcot results from physicochemical and
biological interactions between the bacteria and the root ¢of the piant host. This
specificity and affinity result from the presence of characters genoctypic in the
bacterium having a certain compatibility with certain genotypes of the plant host
(Benizri and al 2001). The colonization of Pseudomonas spp. fivorescent is alsc
influenced by their localization on the level of the root. Thus, the bacteria endophyts or
endorhizospheric would be less prone to the competition than those located outside
the root. Indeed, the density of the bacterial populations and the intensity of the
competition are more reduced inside than has the outside of root (Van Peer and &/,
1990). The aptitude of certain strains to colonize the endorhizosphere is correlated for
their aptitude to bind it self under the action of agglutinins roots. These strains are
also characterized by the nature of their lipopolysacharids and their membrane
proteins (Van Peer and a/, 1990). |

To study roots colonization of fluorescent strains of Pseudomonas spp.,

Lagopodi and &/ (2001) tested bacterial strains marked and known by their effect of
biocontrol, WCS365 strain of £. fluorescens and PCL 1391 strain of 2. chiororaphis

were inoculated on tomato seedlings in interaction with Ausarium oxyspoium f.sp.
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Hecopersiciinocuiated directly in the soii or the roots of tomato. Thase micro-
organisms occupy the same ones quote, but Pseudomonas spp. fluarescent more
quickly colonize the roots and in an intensive way.

In conclusion these results show the effectiveness of DN20 strain in the
suppression of the fusarium wilt of the flax under the two conditions. Thus, itis
necessary to apply it to the date palm with an aim of realized a biclogicat fight against

the bayoud.
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