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ABSTRACT

Aims: This study was carried out to evaluate the antagonistic effect of ten isolated characterized
Rhizobium sp. and three referenced strains against aggressive phytopathogenic fungi Fusarium
spp., Aspergillus spp., Penicillium spp., Alternaria spp., Humicola spp. and Cladosporium spp.
isolated from infected and wilted plants in vitro and in vivo.

Study Design: First, we have ten strains of rhizobia isolated from leguminous and characterized,
after that, some strains of fungi were isolated from infected and wilt plants, such as Fusarium,
Aspergillus, Penicillium, Alternaria, Humicola and Cladosporium. Finally, The investigation of the
potential of the isolated rhizobia and three referenced strains was evaluated in dual culture, in pots
experiments and on seeds.

Place and Duration of Study: The study was carried out at the Department of Microbiology,
Faculty of Nature and Life Sciences, Laboratory of Applied Microbiology, between April and
November 2016.

*Corresponding author: E-mail: lina.kanouni@yahoo.com;
E-mail: mezaic2002@gmail.com;
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Methodology: Rhizobia isolates were identified upon their phenotypic traits as: the morphology of
the colony, of the physiological characters (growth temperature, salt tolerance, resistance to
antibiotics, metabolism of carbon source, generation time...) and also the production of extracellular
metabolites as siderophores and proteases. Fungal isolates were identified by their macroscopic
and microscopic characters. The antagonistic effect of rhizobia against phytopathogenic fungi was
examined in vitro by: confrontation in Petri dishes and inoculation of seeds; and in vivo by
inoculation of plants.

Results: The isolated rhizobia were resistant to penicillin and amoxicillin with generation time
ranged from 1.9 to 6.4 h, they were able to grow at temperatures from 4°C to 37°C, tolerate salt
concentration (0.5 —2%) and produce siderophores and proteases. The results demonstrated the
effectiveness of the rhizobia isolates and the referenced strains against the fungi isolates in vitro
and in vivo. In dual culture, all rhizobia isolates inhibited the mycelial growth of the pathogens. The
best disease control was obtained with isolate F3 from faba bean which inhibited the fungal growth
with more than 70%. The highest inhibition growth was obtained against Alternaria spp.2,
Penicillium spp.2, Cladosporium spp. and Humicola spp. with an inhibition rate ranging from 90 to
96%. In pot experiments, Rhizobia isolates from chickpea, lentil and faba bean reduced significantly
all disease incidence with more than 75%; where the best fight was observed in lentil plants, while
in faba bean no wilted plants were observed. Seeds inoculated with rhizobia and fungi in Petri
dishes showed that isolates from faba bean and lentil were the most effective in reducing fungi
disease incidence.

Conclusion: Rhizobia have a high potentiality to inhibit the growth of tested pathogens and could
be fielded within an integrated disease management package.

Keywords: Biological control; leguminous; phytopathogenic fungi; Rhizobium; seeds treatment.
1. INTRODUCTION Rhizobium group have shown to play a major
role in plant pathogenic fungi biocontrol with a
great potential [6]. The Rhizobium group, have
been used successfully against several
pathogens belonging to the genera
Macrophomina, Rhizoctonia, Pythium, Fusarium,
Alternaria, Phytophtora, Ascochyta, Botrytis and
Aspergillus [7,8,9,10,11,12].

Fungi are pre-eminent as plant pathogens.
Roughly 70% of all the major crop diseases are
caused by fungi (Oerke, 2006). Phytopathogenic
fungi infect all aerial plant parts and destroy
different agricultural crops. A large number of
phytopathogenic fungal species have been
described such as Alternaria, Fusarium and
Penicillium [1]. Microbial biocontrol agents may act against plant
pathogens by three different ways: competition
for space and/or nutrients [13], direct antagonism
by antibiotics, enzymes and siderophores [7,14];
or induction of host plant defense mechanisms
[15,16].

These fungi became problematic because of the
lack of effective control means, such as chemical
products or some cultural practices (fumigation,
seeds treatment, crop rotation,...) or the use of
resistant plant varieties as insertion of genes or

Genetically Modified Organisms... [2,3], while  The objective of this study was to evaluate the

they were considered uneconomic, with harmful
impact on environment. So it is important to find
other control approaches which will make it
possible to continue to fight against
phytopathogens and decreasing the use of
chemical products as it would be a cheaper
method. Biological control of fungi by
antagonistic agents constitutes an alternative
method to control plant diseases.
Microorganisms that can grow in the nodule of
leguminous are ideal to be used as biocontrol
agents, and can be protect host plants against
pathogens attack [4,5]. In the last decade the

potential of Rhizobium sp. strains isolated from
leguminous species to control phytopatogenic
fungi.

2. MATERIALS AND METHODS
2.1 Bacterial Strains

The thirteen rhizobia isolates used in this study
were recovered from nodules of leguminous
grown in soils from different sites in Algeria.
Three referenced isolates, Rhizobium Sullae sp.,
Rhizobium  Sullae  RHF and  Rhizobium



leguminosarum were isolated from Hedyasarum
and chickpea, these strains were gifted by
Professor Benguedouar (University of
Constantine, ALGERIA). These can grow
between 4 and 50°C and tolerate salt from 0.5 to
2%. One isolate F3 was isolated from faba bean
field from M’sila, and nine strains were isolated
from root nodules of Pea, lentil, faba bean and
chickpea collected from experimental farm of
Sétif 1 University (Algeria).

2.2 Isolation of Rhizobia

First ten Rhizobium were isolated and selected
from faba bean, chickpea, pea and lentil roots.
Nodules were detached from roots, washed in
tap water to remove the adhering soil particles,
and then nodules were dipped in alcohol followed
by washing with 0.1% mercuric chloride (HgCl,)
solution for 30 s. Later the nodules were washed
successively four times with sterilized distilled
water and crushed with sterilized glass rod to
obtain a milky suspension. An aliquot of this
suspension was plated on Yeast Extract Mannitol
Agar (YEMA) and incubated at 28°C for 72 h,
then purified with several sub culturing on the
same medium. The isolates were conserved and
kept on YEMA medium containing 3 g of CaCO;,
and stored at 4°C as source cultures [17].

2.3 Identification of the Rhizobium
Strains
2.3.1 Morphological and physiological

characterization

Colony morphology was characterized on YEMA
according to [18], on the base of to the color,
shape and Gram staining. While physiological
characterization was determined as follows; by
studying the use of carbon sources, the effect of
temperature and salinity, the resistance to
antibiotics, the time of generation and the
production of proteases and siderophores.

2.3.2 Temperature tolerance

The ability of bacterial strains to grow at high and
low temperatures was monitored at 4, 37 and
50°C on YEMA plates as described by [19]
and [20]. The control plate was incubated at
28°C.

2.3.3 Salt tolerance

For salt tolerance, the YEMA medium was
supplemented with NaCl at 0.5, 1 and 2%, and
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growing isolates were observed after 72 hour at
28°C. While YEMA control contained 0.1% of
NaCl [21].

2.3.4 Intrinsic antibiotic resistance

The intrinsic resistance was determined on
YEMA containing the following antibiotics;
ampicillin, penicillin G and amoxicillin. Each
antibiotic was aseptically added to sterile YEMA
medium at a concentration of 100 pg.ml"1,
inoculated with bacteria and incubated for 3 days
at 28°C. Control plates contained no antibiotics
[22].

2.3.5 Carbon substrate

Three carbon sources used by bacteria were
tested on YEMA, where mannitol has been
replaced by glucose, galactose or saccharose.
The growth was observed after 3 days of
incubation at 28°C [23].

2.3.6 Generation time

Generation time was determined by inoculating
rhizobial isolate in 50 ml sterilized YEM broth and
incubated at 28°C for 24 h with stirring at150
rom. The growth in term of turbidity was
measured by taking the absorbance of the
culture sample at 610 nm every 2 h, and
generation time was calculated using the
following formula:

Generation time = (T2-T1)/ 3.3 (log10 OD2-
log10 OD1)

Where (T2-T1) is the difference of two time
intervals at any two point in log phase in growth
curve; (log10 OD2- log10 OD1) is the difference
between the log10 value of OD2 at time T2 and
OD1 at time T1 [24].

2.3.7 Production of proteases

Production of proteases was tested by
inoculation of Rhizobium on milk agar medium
and incubated at 28°C for 72h. The presence of
a halo zone around the colony revealed positive
protease. Protease production reflects the
antagonistic activity of Rhizobium [25].

2.3.8 Production of siderophores

Siderophore production was highlighted using 50
ml of solution of Chrome Azurol Sulfate CAS
[26] in 2.5 ml Ferric perchlorate reagent, poured
onto rhizobia plates, orange color would appear



if the test is positive or blue if the test is negative
[27].

2.4 Fungal Isolation

Fungal strains were isolated from infected plants
showing diseases symptoms: wheat, olive,
almond, eucalyptus, faba bean, quince,
raspberry, grape, ivy and violet flowers collected
from Sétif (east) and Béjaia (north-east of
Algeria). Tissue sections were surface-
disinfected by immersion in 5% sodium
hypochlorite solution for 30s then rinsed twice in
sterile distilled water, dried on sterile filter paper
and placed onto potato dextrose agar (PDA) in 9-
cm Petri dishes. Dishes were incubated at 28°C
for 7 days. Fungal cultures of the pathogens
were purified and stored in tubes containing PDA
at 4°C. The solates were identified
morphologically from microscopic and
macroscopic characters according to [28].

2.5 In vitro Antagonistic Activities
against Phytopathogens

The antagonistic effect of the selected strains in
addition to the referenced strains towards fungi
was estimated in vitro by confrontation, and in
vivo in pots experiments and on seeds.

In vitro inhibition of fungal mycelia growth by the
bacterial isolates was tested using the dual
culture technique described by [29] and [30].
Four discs from 72h culture of rhizobia were
equidistantly placed on the margins of PDA
plates and incubated at 28°C for 24 h, and then
an agar disc of fungal mycelia from 7 days old
cultures was placed at the center of the PDA
plate and incubated at 28°C for seven days.
Plates without bacteria containing only the
fungus served as control.

Percent fungal growth inhibition was calculated
using the formula of [31]:

Inhibition (%) = (R - r/ R) x100

Where r is the radius of the fungal colony
opposite the bacterial colony and R is the
maximum radius of the fungal colony in the
control.

2.6 In vivo Antagonism of Rhizobium
towards Fungal Isolates

All bacterial isolates which induced more than
50% inhibition of mycelia growth in vitro assay
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were selected for the in vivo evaluation. The
experiments in vivo were performed as follows.

Chickpea, pea, lentii and faba bean seeds
surface were sterilized with 5% sodium
hypochlorite for 1 min and rinsed five times with
sterile distilled water, and soaked in distilled
water for 1 h. Then seeds were inoculated with
bacteria (108ufc/ml, soaked in YEM liquid
medium containing strains) and transplanted in
plastic pots containing sterilized soil for 21 days.

After 21 days, plants were inoculated with
pathogens by depositing some drops (3 to 4) of
spore  suspension  (4x10%spore/ml)  overall
surface of three different leaves of each plant.
Two batches of seeds were used. The first batch
received rhizobia suspension (10%ufc/ml) and
plants were inoculated with fungal spores
(4x10%spore/ml), the second batch plants were
inoculated with fungal spores only and watered
as needed.

One to two weeks after leaves inoculation,
virulence of the pathogen was evaluated as
previously described by [32] from 0 to 4 where: 0
healthy plant (0%), 1 slight yellowing (25%), 2
high yellowing (50%), 3 wilting (75%) and 4
death (100%).

2.7 In vitro Seedling Germination Tests

An in vitro seedling assay was performed as
previously described by [33] and [34], to test the
ability of the Rhizobium sp. isolates to suppress
the effect of fungal isolates on seedling
germination. Seeds were sterilized as described
earlier and then they were soaked in
the10%ufc/ml bacterial suspension. A total of 4
seeds were aseptically placed on plates with filter
paper impregnated with sterile distilled water and
incubated at 28°C for one day. One day after,
seeds were inoculated with some drops of spore
suspension (4x10° spores.ml-1), after 7days of
incubation at 28°C the degree of root necrosis
was scored as previously described by [35] from
0 to 4 where:

0 healthy seedlings (0%), 1 necrosis of the
extremity (25%), 2 root cutting (50%), 3 reduction
of cotyledon (75%), 4 severe necrosis (100%).

All the tests in this work were in triplicate.

2.8 Statistical Analysis

Data were analyzed by the one way analysis of
variance (ANOVA) for comparing means of 3 or



more treatments/doses, to estimate the effects of
rhizobia on fungi inhibition and to avoid the error.
The test with P<.05 was considered as
statistically significant. This was followed by
Fisher's test when the number of treatments was
under than 5 and over 2 (leaf and seed
treatments).

3. RESULTS AND DISCUSSION

3.1 Results

3.1.1 Physiological characteristics

3.1.1.1 Morphological Characteristics of rhizobia

The isolates are Gram-negative and rod shaped.
Colonies are circular translucent vyellow to
creamy, raised with smooth edges, slimy, and did
not absorb red color when cultured in YEMA
containing Congo red.

3.1.1.2 Determination of growth temperature

Maximum growth of all tested strains was
ranked between 4° and 37°C, the percentage of
isolates that grew decreased to reach 30% at
50°C. Although 70% of the isolates that tolerated
4 to 50°C were isolated from faba bean, while
other strains (from pea, lentil and chickpea) were
able to grow between 4 and 37°C.

3.1.1.3 Determination of carbon sources

Most of the isolated rhizobia strains were able to
use the tested carbon substrates. All tested
strains grew on glucose, galactose and
saccharose.

3.1.1.4 Determination of salt tolerance

Chickpea, pea, faba bean and lentil rhizobia
exhibited a wide diversity in their salt tolerance
and all isolates grew on the medium containing
0.1% of NaCl. All the tested rhizobia continue to
grow between 0.5 to 2% of NaCl.
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3.1.1.5 Determination of antibiotic resistance

The evaluation of resistance of rhizobia to
antibiotics showed that most of the isolates
exhibited high resistance to penicillin G and
amoxicillin. In the presence of ampicillin 70% of
isolates were resistant. Eighty eight to 92% of
rhizobia from faba bean, pea, lentil and chickpea
were resistant to the tested antibiotics. Almost
67% of chickpea and faba bean strains were
resistant to ampicillin.

3.1.1.6 Time generation, production of proteases
and siderophores

The isolates have doubled their population
between 1.9 and 6.4 h (Table1). On the basis of
their generation times, 92% of the isolates were
considered as fast growers (GT< 6 h), and 08%
as slow growers (GT > 6 h).

Several isolates show a translucide haloes on
milk agar corresponding to proteolytic activity
(Table 1). Otherwise all of the isolates showed
orange haloes indicating siderophores
production.

3.1.2 Fungi characteristics

The cultural and microscopic characteristics (Fig.
1) of fungal strains indicate that the isolated
pathogenic fungi belong to different genera: two
species of Alternaria spp., two species of
Fusarium spp., two species of Penicillium spp.,
one species of Cladosporium spp., one Humicola
spp. and one Aspergillus spp.

3.1.3 In vitro antifungal activity of rhizobia

Different results and behavior were obtained
according to each antagonist-pathogen
combination (Table 2). The highest inhibition
growth was 90 to 96% obtained with faba bean
isolates against Alternaria spp. 2, Penicillium
spp.2, Cladosporium spp. and Humicola spp.,
whereas no inhibition growth (0%) was observed

Table 1. Generation time and production of protease and siderophores by strains of Rhizobia

Strain A6 Sam12 F Fi Frm Fmd P P3 Pd Pcx Pcd Pc; L
Gt(h) 222 3.46 278 2.39 4 29 518 53 31 198 641 28 52
Protease + + - + + + + + - - + - +
Siderophore + + + + + + + + + + + + +

(+): production, (-): no production, Gt(h): generation time in hour; A6, F, Sam12 are referenced strains from
respectively Hedyasarum and chickpea; Fs ,F.m and Fmd: strains from faba bean ; P ,P3; and Pd: strains from
pea; Pcx ,Pcd and Pc 3: strains from chickpea; L: strain from lentil.
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Fig. 1. Microscopic characteristics of fungi isolates
a. Alternaria spp., b. Fusarium spp., ¢. Penicillium spp., d. Aspergillus spp., e. Cladosporium spp.,
f. Humicola spp.

against Penicillium spp.2 with one isolate from
pea (Pd) and two isolates from chickpea(Pcx and
Pc3).

The F; strain from faba bean showed a
significant reduction in growth of all fungal strains
by an average percentage of 70%, however
inhibitory effect of the pea strain Pd was only
42%.

In the other hand, the best average reduction
percentages of fungal growth by all rhizobia were
found against Alternaria spp. 2 and Humicola
spp. (77%). The lowest percentages were found
against Fusarium spp.2 and Penicillium, 41-44%
respectively. The referenced strains A6 and F
isolated from Hedyasarum inhibited respectively
Penicillium spp.2, Humicola spp. and Fusarium
spp.1 from 52% to 95%.The average percentage
of all mycelial growth inhibition induced by the
rhizobial isolates in dual culture test was 60%.

3.1.4 In _vivo antagonism of rhizobium

towards fungi

Almost 75% of chickpea plants inoculated by
chickpea rhizobia and faba bean plants
inoculated by faba bean rhizobia looked healthy
showing no symptoms. Almost 20% of plant
showed yellowing color in chickpea caused by
Aspergillus spp. and Cladosporium spp., also

25% with black color in faba bean caused by
Fusarium spp.1, Penicillium spp.2 and Humicola
spp., while 5% of wilting by Alternaria spp.2 and
Fusarium spp.1 appeared in chickpea but no wilt
in faba bean (Figs. 2 and 3).

In our study, almost 35 % of pea rhizobia
protected completely the host plants. While 45%
of plants looked yellow, caused by Alternaria
spp.1, Fusarium spp.1 and Humicola spp., and
20 % of wilting caused by Alternaria spp.2 and
Humicola spp. (Fig. 4). However, the referenced
strains A6 and F isolated from Hedyasarum
showed the best results in chickpea, faba bean
and lentil but fail to protect pea plants (Fig. 5).

3.1.5 In vitro antagonism of Rhizobium
towards fungi inoculated on seeds

Rhizobia isolates had variable and significant
effect on germination of chickpea, pea, faba
bean and lentil seeds inoculated with spore
suspension. Interestingly, application  of
Rhizobium sp. isolates significantly reduced the
wilting. Disease in inoculated seeds with
Fusarium spp.1, Cladosporium spp. and
Humicola spp. was significantly reduced and the
inhibition rate varied from 16 to 90% (Figs. 6 to
9) with the best suppression of fungi observed in
faba bean (90%) and lentil (81%).
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Table 2. Inhibition percentage of phytopatogenic fungi by rhizobia

Bacteria A6 Sam12 F F3 Fom Fmd P P; Pd Pcx Pcd Pc; L APIB

Fungi

Alternaria spp.1 63 72 61 65 55 65 66 65 69 62 74 70 58 65
Alternaria spp.2 75 87 72 95 90 82 77 77 77 75 70 50 85 77
Fusarium spp. 1 62 67 85 72 62 67 62 75 62 65 50 87 80 68
Fusarium spp. 2 50 50 52 35 50 52 57 25 97 32 50 37 15 41
Penicillium spp.1 22 55 37 44 44 77 20 40 33 55 44 37 55 43
Penicillium spp.2 95 24 52 60 20 44 84 96 0 0 72 0 32 44
Cladosprium spp. 16 70 29 91 91 16 37 25 33 58 70 91 83 54
Humicola spp. 85 75 75 95 92 90 92 82 0 77 80 75 92 77
Aspergillus spp. 67 75 59 78 72 75 60 40 70 70 74 81 69 68
APIF 59 63 63 70 64 63 61 58 42 54 64 58 63 60

APIF: Average percentage of inhibition of each fungi; APIB: Average percentage of inhibition of each bacteria; Fs,Fom and Fmd: strains from faba bean; P,P3 and Pd: strains
from pea; Pcx, Pcd and Pc 3,Sam12 : strains from chickpea; L: strain from lentil; A6 and F: strains from Hedyasarum and they are referenced strains with Sam12.
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Fig. 2. Effect of rhizobia on chickpea wilt incidence
0: healthy plant, 1: slight yellowing, 2: high yellowing, 3: wilting; Pcx, Pcd and Pc 3: strains from chickpea; A6, F and Sam12: referenced strains respectively from Hedyasarum,
and chickpea; Pct: control plant of chickpea.
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Fig. 4. Effet of rhizobia on pea wilt incidence
0 healthy plant, 1 slight yellowing, 2 high yellowing,3 wilting; P, P3 and Pd: strains from pea ; A6 and F:
referenced strains from Hedyasarum, Pt: control plant of pea.

3.2 Discussion

Plant pathogens especially fungi are the most
important agents causing serious losses world-
wide to agricultural products. Biological control is
the most promising and viable method using
microbial agents to suppress diseases [36].
Rhizospheric microorganisms are perfect for use
as biocontrol agents; since the rhizosphere
adduces the front-line defense for roots against
pathogenic fungi.

The present study was conducted to isolate
efficient  fungal inhibitory rhizobia from
leguminous. Rhizobia have special physiological

characteristics. [37] Mentioned that Rhizobium
strains failed to absorb Congo red stain.
Polysaccharide production is another
characteristic of rhizobia which is implicated in
important processes as infection and nodule
formation [38]. The isolated rhizobia were
viscous, because of exo-polysaccharides
production. There would be formation of long
viscous filaments [39,40]. Polysaccharides are
involved in the protection of rhizobia against
deleterious biotic and abiotic stress factors in the
soil [38] and in the protection of the nitrogenase
against oxygen diffusion through the nodule cells
[41].
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Fig. 6.Effect of Rhizobium inoculation on fungi suppression of chickpea seeds
0: healthy seedlings, 1: necrosis of extremity, 2: root cutting,3: reduction of cotyledon, 4 :severe necrosis; A6, F
and Sam12: referenced strains respectively from Hedyasarum and chickpea; Pcx,Pcd and Pc 3: strains from
chickpea; Pct: control of chickpea.

[19] found that generation times (GT) in rhizobia
of chickpea was ranged from 50 min till 9
hours, while GT for isolates obtained from
chickpea in our study were ranked from 1.98 to
6.41h. [42] reported a GT between 1 and 8 h in
Mesorhizobium. [43] showed that GT of
Sinorhizobium is ranked between 3 and 5 h, that
why some of our isolates(Sam12,F,m,Pd) may
belong to Mesorhizobium or Sinorhizobium
according to their GT. Whereas, [37] showed that
GT of rhizobia strains isolated from Acacia
legume tree growing in South Riyadh, is ranged
between 2.07 and 3.85 h. The GT for the tested
strains (A6 and F) from Hedyasarum a legume

tree growing in Algeria were 2.22 and 2.78 h
respectively. Moreover, GT for our isolates from
faba bean were similar to those of [44], where
they detected in faba bean isolates a GT of 1.9 to
4.3 h. Also [24] found that root nodulating
bacteria isolated from pea plant had an average
GT between 3.0 to 3.6 h; while our strains have
a GT between 3.1 to 5.3. High amount of EPS
production is mostly by the fast growing strains
and lowest amount produced by the slow
growing strains. However, intermediate values
were also obtained with few fast and slow
growing strains [41].



Several studies showed that Rhizobium can grow
at 45°C and more [45,46,47,48]. However [37,44]
noted that rhizobia isolates grew at temperatures
from 15 to 35°C,while [49] showed that some
rhizobia were also able to grow at 4°C (55%)
and at 55°C (22%), few isolates of rhizobia grew
at temperatures of 5 and10°C [44,50]. Earlier
[51] suggested that rhizobial strains isolated from
hot areas might be able to survive at high
temperatures better than the strains isolated from
cooler regions. The regions of isolation of our
rhizobia are hot (Temperatures for Setif and
M’sila are ranked from 38 to 44°C) that why our
isolates tolerate high temperatures.

Biocontrol agents are more efficient in the
inhibition of the mycelial growth from the same
agro-ecological origin [52]. Earlier [4] rules
that rhizobacteria is most effective in the control
of plant diseases affecting the host plant of
these.

The inhibition rate of the tested rhizobia in our
study was more than 80% against Fusarium
spp.1 and 90% against Alternaria spp.2 (Table
2). R. leguminosarum have a lethal effect on the
conidies of Fusarium oxysporum [13]. [6]
Showed tip deformation, abnormal intercalary
swelling, cytoplasm degeneration and hyphae
lysis in pathogenic fungi such as Sclerotinia
sclerotiorum, Macrophomina phaseolina
Rhizoctonia solani and Fusarium oxysporum,
during interaction with rhizobia. In another way,
[53] showed that among the 21 isolates of
Rhizobium examined from chickpea, 19
prevented the growth of Fusarium oxysporum,
fourteen gave inhibition more than30% and four
more than 50% inhibition of growth in vitro. [54]
found that rhizobia inhibit Fusarium in wheat with
more than 60%, also [9] reported an inhibition of
36% of Fusarium sp. and 54% of Alternaria
alternata.

The basic mechanisms behind such a protection
may be due in part to the produced metabolites
cited previously (Table 1). Rhizobia may act by
some way of competition for nutrients by
displacing the pathogens [7] as iron by
production of siderophores [6,8,41] due to lack
of iron required for “sclerotia” germination and
hyphal growth [55] secretion of antibiotics [6,8]
HCN [6] [55] antifungal [56] direct parasitism by
proteases acting as cell wall degrading enzymes
[8]; or influence of the plant defense mechanism
by stimulating the production of phytoalexins [6]
or phenolic compounds by plants. These latter
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are the determinants of ISR in Rice induced by
Rhizobium against pathogenic attack of
Rhioctonia solani [56]. ISR was also obtained by
co-inoculation of Pseudomonas fluorescens and
Rhizobium leguminosarum in faba bean (Vicia
faba L.) against faba bean yellow mosaic virus
[57]. Otherwise, induced systemic resistance was
attributed to LPS produced by Rhizobium elti in
potato plants infected by the Cyst Nematode
Globodera pallida [58]. Different studies
underline the potential of the bacterial
antagonists by the suppression of plant disease
and inducing mechanisms of plants defense
[9,59,60,61,62].

Rhizobium leguminosarum from bean was the
most effective isolate on three fungal genera with
percent inhibitions ranged between 14.65 and
16.03% for Rhizoctonia solani isolates, 14.62 to
30.35% for Pythium ultimum isolates and 14.58
to 29.75% for Fusarium oxsporum isolates [8]. [7]
showed that two rhizobia isolates were able to
inhibit a widely occurring plant pathogen;
Macrophomina phaseolina that causes charcoal

rot in groundnut by siderophores
production. Also Rhizobium meliloti inhibited
the growth of Macrophomina phaseolina,

Rhizoctonia solani and Fusarium solani in
vitro [63]. Other experiments showed that strains
of rhizobia were able to prevent growth of
Fusarium oxysporium and Rhizoctonia solani
[64].

Rhizobium strains of chickpea tested in vitro
prevent Rhizoctonia solani growth and reduce
their development from 50% to 70%, with
observed inhibiting halo that suggest the
presence of fungistatic metabolites secreted and
change of mycelial color between the end and
the center of the colony of Rhizoctonia solani.
While microscopic observations revealed the
deformation of their apex [65]. Similar results
were observed in our study with strain Fom from
faba bean against Cladosporium spp. [10]
showed that Rhizobium leguminosarum had
antagonistic effect on Fusarium oxysporum and
Phytophthora megasperma by 66.3 and 62.1%,
respectively. However an isolate of Rhizobium
leguminosarum in our study inhibited Fusarium
spp. by 50 to 67%. In the same way Rhizobium
isolates inhibited the strongly growth of
Ascochyta pisi moderately Bolrytis cinerea and
only slightly Fusarium graminearum [11] and also
the growth of Aspergillus niger and Fusarium
oxysporum [12].
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Fig. 9. Effect of Rhizobium inoculation on fungi suppression of faba bean seeds
0 : healthy seedling, 1 : necrosis of extremity, 2: root cutting,3 :reduction of cotyledon ,4: severe necrosis; A6 and

F: referenced strains from Hedyasarum; F3, Fom and Fmd : strains from faba bean; Ft: control of faba bean.



Several studies noted benefits of the rhizobia on
the growth of plants and reduction of diseases
incidence [66,67]. [68] reported that treatment of
broad bean seeds with Rhizobium
leguminosarum resulted in significant reduction
in damping-off caused by different fungal

pathogens such as Fusarium oxysporum,
Fusarium solani, Macrophomina phaseolina,
Rhizoctonia solani and  Sclerotium  rolfsii.

Rhizobium species significantly reduced fusarial
foot [69] and root rot in chickpea [69,70,71] in
common bean [70,71]; wilt in chickpea and bush
bean [53,72].

Also, the results of [60] indicate that five trains of
rhizobia inhibited Rhizoctonia solani in chickpea
whose looked healthy with no symptoms and the
inhibition of the fungi growth by some isolates of
Rhizobium varied from 60 to 87%. In addition,
Rhizobium leguminosarum reduced disease
severity of Phytophtora megasperma,
Rhizoctonia solani, Fusarium oxysporum and
Sclerotium rolfsii by 52.9, 50, 67.9 and 52%,
respectively [10]. Also Fusarium solani and
Macrophomina phaseolina and their interaction
with rhizobia, in pots, improved seed germination
percentages and reduced the root rot disease
index significantly [73]. The best disease control
almost 90% was obtained with isolate from lentil
(L) on lentil plants (Fig. 5). [74] have shown that

the wilting index was 2 when lentil plants
pathogen-inoculated were treated with
Rhizobium sp.

F3 inhibited in dual culture Alternaria spp. 2 and
Humicola spp. growth with more than 90%, and
was also effective in vivo. Pc3 showed similar
results in vivo against Cladosporium spp.
However the isolate P from pea was mostly
performing in vitro than in vivo (Table 2 and Fig
4). In contrast to the isolate Pd which was better
in vivo than in vitro. Experiments of [53]
indicated that four isolates of rhizobia were
effective in vitro but were completely or partially
ineffective in vivo. On the other hand, they
observed that two of the isolates carried out
better in vivo than in vitro. Our results would be
in agreement with the idea that antagonistic
micro-organisms carrying out are best in vitro but
not in vivo and vice versa [75].

The treatment of seeds by rhizobia and fungal
pathogen in vitro is not studied despite of their
importance. In our work seeds necrosis varied
from 10 to 45% according to the tested pathogen
Fusarium spp. 2, Penicillium spp.1, Penicillium
spp. 2 and Aspergillus spp. [65] found that the
isolates of rhizobia have a variable and a
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significant effect on the germination of chickpea
seeds inoculated with Rhizoctonia solani. The
percentage of germination varied from 40 to
90%. These rhizobia improve seeds germination
of chickpea and reduce necrotic root with 80%.
However, few studies have been carried out on
the effect of rhizobial strains and phytopatogenic
fungi on seeds germination in vitro.

In addition to the nitrogen supply Rhizobia
promote growth of the plant as a symbiotic
partner in several ways, such as mobilization of
nutrient, enhancement in stress resistance,
solubilization of phosphates, production of
phytohormones and siderophores. Siderophores
act as iron source for the plant under iron
depleted conditions [41] Siderophore production
for rhizosphere colonization has also been
recorded as one of the important mechanism by
certain PGPRs (Bradyrhizobium japonicum,
Rhizobium leguminosarum and Sinorhizobium
meliloti) [76,77] to promote plant growth activity.
Some of them have been earlier reported as bio-
fertilizers as: Allorhizobium, Azorhizobium,
Bradyrhizobium, Mesorhizobium, Rhizobium and
Sinorhizobium [78].

Increased population of Mesorhizobium loti MP6
in the rhizosphere reflects its potentiality to use
root exudates as energy source which facilitate
its rhizosphere colonization. The antagonistic
nature and relative adherence give MP6 the
protection during fungal infection that helps in
establishing and resisting against preexisting
deleterious microorganisms occupying the
microbial niche in the rhizosphere [55]. On the
other hand, Rhizobium protect non-host/non-
nodulating plants (rice) against pathogenic fungi
(R. solani), and increase their productivity [56].

4. CONCLUSION

In accordance with the obtained results from all
the conducted tests, we concluded that
Rhizobium isolated from the east of Algeria
provides a high level of protection against the
studied pathogenic fungi belonging to different
genera, without  specificity.  Furthermore
Rhizobium would be a good element to reduce
infestation and the use of these strains will help
farmers at combating diseases in field and to
prevent fungal attack.

ACKNOWLEDGEMENT

The authors thank the Ministry for Higher
Education and Scientific Research of ALGERIA
for the financial support.



COMPETING INTERESTS

Authors have declared

that no competing

interests exist.

REFERENCES

1.

10.

Broggi LE, Gonzalez HHL, Pacin SLRYA.
Alternaria alternata prevalence in cereal
grains and soybean seeds from Entre
Rios, Argentina. Iberoam Micol. 2007;24:
47-51.

Rubiales D, Alcantara C, Pérez-de-luque
A, Gil J, Sillero JC. Infection by crenate
broomrape (Orobanche crenata) in
chickpea (Cicer arietinum) as influenced by
sowing date, weather conditions and
genetic resistance. Agronomie. 2003;23:
359-362.

Abbes Z, Sellami F, Amri M , Kharrat M.
Effect of Sowing Date on Orobanche
foetida, Infection and Seed Yield of
Resistant and Susceptible Faba Bean
Cultivars. Acta Phytopathol Entomol
Hung. 2010;45:267-275.

Weller DM, Homei WJ, Sok RJ.
Relationship between in vitro inhibition of
Gaeumannomyces graminis var. tritici and
suppression of take-all of wheat by
fluorescent Pseudomonad. Phytopatho-
logy. 1988;78:1094-1100.

Bowen GD, Rovira AD. The rhizosphere
and its management to improve plant
growth. Adv Agron. 1999;66:1-102.
Deshwal VK, Pandey P, Kang SK,
Maheshwari D K. Rhizobia as biological
control agent against soil borne plant
pathogenic fungi. Indian J Exp Biol.
2003;41:1160-1164.

Arora NK, Kang SC, Maheshwari DK.
Isolation of siderophore producing strains
of Rhizobium meliloti and their biocontrol
potential against Macrophomina
phaseolina that causes charcoal rot of
groundnut. Curr Sci. 2001;81:673-677.
Ozkoc |, Deliveli MH. In vitro inhibition of
the mycelial growth of some root rot fungi
by Rhizobium leguminosarum biovar.
phaseoli isolates. Turk J Biol. 2001;25:
435-445.

Sharif T, Khalil S, Ahmad S. Effect of
Rhizobium sp. on growth of pathogenic
fungi under in vitro conditions. Pak J Biol
Sci. 2003;6:1597-1599.

Ozgonen H, Gulcu M. Determination of
mycoflora of pea (Pisum sativum) seeds
and the effects of Rhizobium

Kanouni et al.; ARRB, 22(6): 1-16, 2018; Article no.ARRB.38161

13

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

leguminosorum on fungal pathogens of
peas. Afr J Biotechnol. 2011;10:6235-

6240.
Akhter SH. Interactions between
Rhizobium, antagonistic bacteria and

fungal pathogens in fababean. Master's
Thesis. Swedish University of Agricultural
Sciences. Department of Forest Mycology
and Plant Pathology. Swedish; 2014.
Vaishali A, PawarPooja R, Pawar Ashok
M, Bhosale Sourabh V, Chavan. Effect of
Rhizobium on Seed Germination and
Growth of Plants. J Acad Ind Res. 2014;
3:84-88.

Essalmani H, Lahlou H. [In Vvitro
antagonistic activity of some
microorganisms towards Fusarium

oxysporum f.sp.lentis. Cryptogamie-Mycol.
2002;23:221-234.

Carrillo GC, Del Rosario VM. Comparative
study of siderophore like activity of
Rhizobium phaseoli and Pseudomonas
fluorescens. J Plant Nutr. 1992;15:579-
590.

Abdelaziz RA, Radwansamir MA, Abdel-
Kader M, Barakat MA. Biocontrol of faba
bean root-rot using VA mycorrhizae and its
effect on biological nitrogen fixation. Egypt
J Microbiol. 1996;31:273-286.

Pieterse C, van Pelt JA, van Wees SCM,
Ton J, Léon-Kloosterziel KM, Keurentjes
JJP, Verhagen, BWM, Knoester M, van
der Sluis |, Bakker PAHM, van Loon LC.
Rhizobacteria-mediated induced
resistance: Triggering, signaling and
expression. Eur J Plant Pathol. 2001;107:
51-61.

Vincent JM. A manual for the practical
study of the root nodule bacteria, Oxford
Edition; 1970.

Ahmad MH, RafiqueUddin M, Mclaughlin
W. Characterization of indigenous rhizobia
from wild legumes. FEMS Microbiol Lett.
1984;24:197-203.

Maatallah J, Berraho , Sanjuan J, Lluch C.
Phenotypic characterization of rhizobia
isolated from chickpea (Cicer arietinum)
growing in Moroccan soils. Agronomie.
2002;22:321-329.

Hung M, Bhagwath AA, Shen FT,
Devasya RP, Young CC. Indigenous
rhizobia associated with native shrubby
legumes in Taiwan. Pedobiologia. 2005;49:
577-584.

Sadowsky MJ, Keyser HH, Bohlool BB.
Biochemical characterization of fast- and
slow-growing rhizobia that nodulate



22.

23.

24.

25.

26.

27.

28.

290.

30.

31.

32.

33.

soybeans. Int J Syst Bacteriol. 1983;33:
716-722.

Alexandre A, Laranjo,M, Oliveira S.
Natural populations of chickpea rhizobia
evaluated by antibiotic resistance profiles
and molecular methods. Microb Ecol.
2006;51:128-136.

Jordan DC. Family Il. Rhizobiaceae. In,
Bergey’s manual of systematic
bacteriology. | (eds. By N. R.Krieg and J.
G. Holt Williams and Wilkins Co. Baltimore,
M .D). 1984;232-242.

Deshwal V, Chaubey A. lIsolation and
Characterization of Rhizobium
leguminosarum from Root nodule of Pisum
sativum L. J Acad Ind Res. 2014;2:464-

467.

Naik PR, Sakthivel N. Functional
characterization of a novel
hydrocarbonoclastic Pseudomonas sp.

strain PUP6 with plant-growth-promoting
traits and antifungal potential. Res
Microbiol. 2006;157:538-546.

Schwyn B, Neilands. Universal chemical
assay for the detection and determination
of siderophores. J Anal Biochem.
1987;160:47-56.

Carson KC, Holliday S, Glenn AR, Dilworth
M J. Siderophore and organic acid
production in root nodule bacteria. Arch
Microbiol. 1992;157:264-271.

Leslie JF, Summerell BA. The Fusarium
Laboratory Manual. Blackwell Professional
Publishing. 2006;385.

Landa BB, Hervas A, Bethiol W, Jimenez-
Diaz RM. Antagonistic activity of bacteria
from the chickpea rhizosphere against
Fusarium  oxysporum  f.sp.  ciceris.
Phytoparasitica. 1997;25:305-318.

Idris EES, Iglesias D, Talon M, Borriss R.
Tryptophan dependent production of
indole-3-acetic acid (IAA) affects level of
plant growth promotion by Bacillus
amyloliquefacien sFZB42. Mol Plant
Microbe Interact. 2007;20:619-626.
Whipps JM. Effect of media on growth and
interaction between a range of soil-borne
glasshouse pathogens and antagonistic
fungi. New Phytol. 1987;107:127-142.
Omar I, O’'Neill TM, Rossall S. Biological
control of fusarium crown and root of
tomato with antagonistic bacteria and
integrated control when combined with the
fungicide carbendazim. Plant Pathol.
2006;55:92-99.

Mesterhazy A. Breeding wheat for
resistance to Fusarium graminearum and

Kanouni et al.; ARRB, 22(6): 1-16, 2018; Article no.ARRB.38161

14

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

F. culmorum. Z. Pflzichtung. 1983;91:295-
311.

Brennan JM, Fagan B, Van Maanen A.
Studies on in vitro growth and
pathogenicity of European Fusarium fungi.
Eur J Plant Pathol. 2003;109:577-587.
Rafin C, Tirilly Y. Characteristics and
pathogenicity of Pythium spp. associated
with root of tomatoes in soilless culture in
Brittany. Plant Pathol. 1995;44:779-785.
Heydari A, Pessarakli M. A review on
biological control of fungal plant pathogens
using microbial antagonists. J Biol Sci.
2010;10:273290.

Shetta ND, Al-Shaharani TS, Abdel-Aal M.
Identification and characterization of
Rhizobium associated with woody legume
trees grown under Saudi Arabia condition.
Am Eurasian J Agric Environ Sci. 2011;10:
410-418.

Teixeira FCP, Borges WL, Xavier GR,
Rumjanek NG. Characterization  of
indigenous rhizobia from caatinga. Braz J
Microbiol. 2010;41:201-208.

Dupont I. Molecular Identification of strains
of lactobacillus and comparison of the
production of exopolysaccharides by three
of these strains. Doctorate Thesis. Laval
university, Départment of Food science
and nutrition, Canada; 1998.

Gharzouli R, Benahmed A, Benhizia Y,
Benguedouar A. |Influence of carbon
source on the production of
exopolysacharides by Rhizobium sullae
and on the nodulation of Hedysarum
coronarium legume. Afr J Microbiol Res.
2012;6:5940-5946.

Bhargava Y, Murthy JSR, Rajesh Kumar
TV, Narayana Rao M. Phenotypic stress
tolerance and plant growth promoting
characteristics of rhizobial isolates from
selected wild legumes of Semiarid Region,
Tirupati, India. Adv Microbiol. 2016;6:1-12.
Kamble PM, Singh A, Kshyap LR.
Characterisation of intrinsic variability of
Mezorhizobium ciceri isolates of cultivated
fields. Indian J Exp Biol. 2006;44:671-674.
Abdelaziz RA, Al-Barakah FN, Al-Asmary
HM. Genetic identification and symbiotic
efficiency of  Sinorhizobium  meliloti
indigenous to Saudi Arabian soils. Afr J
Biotechnol. 2008;7:2803-2809.

Belay Z, Assefa F. Symbiotic and
phenotypic  diversity of  Rhizobium
leguminosarum bv.viciae- from Northern
Gondar, Ethiopia. Afr J Biotechnol.
2011;10(21):4372-4379.



45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Nour SM, Cleyet-Marel JC, Normand P,
Fernandez MP. Genomic heterogeneity of
strains  nudulating  chickpea  (Cicer
arietinum L.) and description of Rhizobium
mediterranium sp. nov. Int J Syst
Bacteriol. 1995;45:640-648.

Abdelgadir AH, Alexander M. Procedures
to enhance heat resistance of Rhizobium.
Plant and Soil. 1997,;188:93-100.

Graham PH, Vance CP. Legumes:
Importance and constraints to greater use.
Plant Physiol. 2003;131:872-877.

Legesse S, Assefa F. Symbiotic and
phenotypic characteristics of rhizobia
nodulating Faba Bean (Vicia faba) from
Tahtay Koraro, Northwestern Zone of
Tigray Regional State, Ethiopia. Int J Tech
Enhanc Emerg Engin Res. 2014;2:15-23.
Berrada H, Nouioui |, Iraqui Houssaini M,
EL Ghachtouli N, Gtar M, Fikri Benbrahim
K. Phenotypic and genotypic
characterizations of rhizobia isolated from
root nodules of multiple legume species
native of Fez. Afr J Microbiol Res. 2012;6:
5314-5324.

Quslim S, Merabet, C, Boukhatem ZF,
Bouchentouf L, Bekki A. Phenotypic and
symbiotic diversity, of nodulating rhizobia
associated with bean (Vicia faba) in West
Algeria. Inter J Technol Enhance Emerg
Engen Res. 2015;3:130-138.

Ahmad MH, Eaglesham ARJ, Hassouna S.
Examining serological diversity of “cowpea
rhizobia” by the ELISA technique. Arch
Microbiol. 1981;130:281-287.

Abed H, Rouag N, Mouatassem D,
Rouabhi A. Screening for Pseudomonas
and Bacillus antagonistic rhizobacteria
strains for the biocontrol of Fusarium wilt of
chickpea. Eurasian J Soil Sci. 2016;5(3):
182-191.

Arfaoui A, Sifi B, Boudabous A, El-Hadrami
I, Cherif M. Identification of Rhizobium
isolates possessing antagonistic activity
against Fusarium oxysporum f.sp. ciceris,
The causal agent of Fusarium wilt of
Chickpea. J Plant Patho. 2006;88:67-75.
Hmissi |, Gargouri S,Sifi B. Attempt of
wheat protection against  Fusarium
culmorum using Rhizobium isolates. Tunis
J Plant Prot. 2011;6:75-86.

Chandra S, Choure K, Dubey RC,
Maheshwari DK. Rhizosphere competent
Mesorhizobium loti MP6 induces root hair
curling, inhibits Sclerotinia sclerotiorum
and enhances growth of Indian mustard

Kanouni et al.; ARRB, 22(6): 1-16, 2018; Article no.ARRB.38161

15

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

(Brassica campestris). Braz J Microbiol.
2007;38:128—-130.

Mishra RPN, Singh RK, Jaiswal HK,
Kumar V, Maurya S. Rhizobium-mediated
induction of phenolics and plant growth
promotion in rice (Oryza sativa L.). Curr
Microbiol. 2006;52:383-389.

Elbadry M, Taha RM, Eldougdoug KA,
Gamal-Eldin H. Induction of systemic
resistance in faba bean (Vicia faba L.) to
bean yellow mosaic potyvirus (BYMV) via

seed bacterization with plant growth
promoting rhizobacteria. J Plant Dis
Protect. 2006;113(6):247—251.

Reitz M K, Rudolph 1,Schroder S,

Hoffmann-Hergarten J, Hallmann RA,
Sikora. Lipopolysaccharides of Rhizobium
etli strain G12 act in potato roots as an
inducing agent of systemic resistance to
infection by the cyst nematode Globodera
pallida. Applied and Environmental
Microbiology. 2000;66(8):3515-3518.
Kloepper JW, Tuzun S, Kuc JA. Proposed
definitions related to induced resistance.
Biocontrol Sci Technol. 1992;2:349-351.
Perdomo F, Echavez B, Alamed M,
Schroder EC. In vitro evaluation of bacteria
for the biological control of Macrophomina
phaseolina. World J Microbiol Biotechnol.
1995;11:183-185.

Ongena M, Daayf F, Jacques P, Thonart
P, Benhamou N, Paulitz TC, Cornélis P,
Koedam N, Bélanger RR. Protection of
cucumber against Pythium root rot by
fluorescent pseudomonads; predominant
role  of induced resistance over
siderophores and antibiosis. Plant Pathol.
1999;48:66-76.

Siddiqui ZA, Ehteshamul-Haque S, Zaki
MJ, Ghaffar A. Green house evaluation of
rhizobia as biocontrol agent of root
infecting fungi in Okra. Acta Bot. 2000;53:
13-22.

Ehteshamul-Haque S,Ghaffar A.Use of
Rhizobia in the Control of Root Rot
Diseases of Sunflower, Okra, Soybean and
Mungbean. J Phytol. 2008;138:157-163.
Hossain Md Shakhawat. Potential use of
Rhizobium spp. to improve growth of non-
nitrogen fixing plants. Master's Thesis.
Swedish  University  of  Agricultural
Sciences, Department of Soil Sciences,
Swedish; 2007.

Hemissi |, Mabrouk., Abdi N, Bouraoui M,
Saidi M, Sifi B. Effects of some
Rhizobium strains on chickpea growth and



66.

67.

68.

69.

70.

71.

biological control of Rhizoctonia solani. Afr
J Microbiol Res. 2011;5:4080-4090.

Smiley RW, Taylor PA, Clarke RG,
Greenhalgh FC, Trutmann P. Simulated
soil and plant management effects on root
rots of subterranean clover. Aust J Agric
Res. 1986;37:633-646.

Hussain S, Ghaffar A, Aslam M. Biological
control of Macrophomina phaseolina
charcoal rot of sun flower and mung bean.
J Phytopathol. 1990;130:157-160.

Shaban WI, El-Bramawy M A. Impact of
dual inoculation with Rhizobium and
Trichoderma on damping off, root rot
diseases and plant growth parameters of
some legumes field crop under
greenhouse conditions. Inter Res J Agric
Sci Soil. 2011;3:098-108.

Hossain I, Jalili MA, Khan MAI,
Aminuzzaman FM. Seed treatment with
Rhizobium and N P K nutrition on disease
incidence and vyield of chickpea (Cicer
arietinum L.). Bangladesh J Seed Sci
Technol. 2000;4:1-6.

Akhtar MS, Siddiqui ZA. Effects of Glomus
fasciculatum and Rhizobium spp. On the
growth and root rot disease complex
chickpea. Arch Phytopathology Plant
Protect. 2007;40:37-43.

Arfaoui A, El Hadrami A, Mabrouk Y, Sifi B,
Boudabous A, ElI Hadrami |, Daayf F,
Cherif M. Treatment of chickpea with
Rhizobium  isolates  enhances the
expression of phenylpropanoid defense
related genes in response to infection by
Fusarium oxysporum f.sp. ciceris. Plant
Physiol Biochem. 2007;45:470-479.

Kanouni et al.; ARRB, 22(6): 1-16, 2018; Article no.ARRB.38161

72.

73.

74.

75.

76.

77.

78.

Khalequzzaman KM, Hossain |. Effect of
seed treatment with Rhizobium strains and
biofertilizers on foot/root rot and yield of
bush bean in Fusarium solani infested soil.
J Agric Res. 2007;45:151-160.

Al-Ani RA, Adhab MA, Mahdi MH, Abood
HM. Rhizobium japonicumas a biocontrol
agent of soybean root rot disease caused
by Fusarium solani and Macrophomina
phaseolina. Plant Prot Sci. 2012;48(4):149-
155.

Akhtar MS, Shakeel, Siddiqui ZA.
Biocontrol of Fusarium wilt by Bacillus
pumilus, Pseudomonas alcaligenes, and
Rhizobium sp. on lentil. Turkish J Biol.
2008;34:1-7.

Chérif M, Sadfi N, Benhamou N,
Boudabous A, Boubaker A, Hajlaoui MR,
Trilly Y. Ultrastructure and cytochemistry of
in vitro interactions of the antagonistic
bacteria Bacillus cereus X16 and B.
thuringiensis 55T with Fusarium roseum
var. sambucinum. J Plant Pathol. 2002;
84:83-93.

Carson KC, Meyer JM, Dilworth MJ.
Hydroxamate siderophores of root nodule
bacteria. Soil Biol Biochem. 2000;32:11—
21.

El-Tarabily KA, Sivasithamparam K. Non-
streptomycete actinomycetes as biocontrol
agent of soil-borne fungal plant pathogens
and as plant growth promoters. Soil Biol
Biochem. 2006;38:1505—-1520.

Vessey JK. Plant growth promoting
rhizobacteria as biofertilizers. Plant Soil.
2003;255:571-586.

© 2018 Kanouni et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sciencedomain.org/review-history/22842

16



