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At present, the greatest interest resides with the development and application of specific biocontrol
agent for the control of diseases on plant and this form the focus of this work. Several soil bacteria
were evaluated in vitro for their effectiveness on the basis of their ability to suppress fungi in plate
inhibition assays. 51 strains of 12 bacterial species were performed against 12 strains of 10
phytopathogenic mould species. Almost all soil bacteria species; but about 50% of the bacteria strains,
showed an antagonistic activity against at least one phytopathogenic fungus. Sphingomonans spp was
the only specie that did not show any antagonistic effect to all fungi. Bradyrhizobium japonicum could
highly inhibit the mycelial growth of five moulds (Botrytis cinerea, Phoma medicaginis, Fusarium
verticilloides, Rhizoctonia solani and Phytophtora infestans) with a growth inhibition varying between
12.38 and 37.61%. 12 Bacillus strains and five Pseudomonas strains were antagonistic to the major
phytopathogenic moulds used in this trial. Bacillus subtilis exhibited strong antagonism against fungi
both from cultural medium and from sterile filtrate. Results show that bacterial suspension and
bacterial supernatant did not operate in the same way. Supernatant from bacterial strains seemed to be
efficient against phytopathogenic moulds. The mycelial growth of R. solani, P. medicaginis and F.
verticilloides was inhibited by 12-fold dilution of the supernatant from B. japonicum. The latter draws a
conclusion that bacteria isolated from soil are promising natural biocontrol agents and should be
further studied and tested for the control of numerous plant diseases. Additional studies are required to
definitively determine their mode of antifungal action, safety and biocompatibility.
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INTRODUCTION

In Tunisia, farmers have to use chemicals to control the
diseases of crop plants. Chemicals create environmental
pollution and health hazards. In this regard, certain
studies have shown that some fungicides widely used in
agriculture may potentially alter the normal development
of human reproductive organs and can also reduce the
populations of beneficial mycorrhiza (Brimner and Boland,
2003; Blystone et al., 2007). On the other hand, poor
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farmers do not purchase costly chemicals, that is why the
development and application of environmentally safe
biopreparations and most of all, biological agents, are of
particular importance in the contemporary methods for
plant diseases control (Ahamad and Srivastava, 2000;
Deacon and Berry, 1993; Grosch et al., 1999; Montesinos,
2007; Nunes et al., 2001; Phae et al., 1992).

Soil is a very complex system that comprises a variety
of microhabitats with different physicochemical gradients
and discontinuous environmental conditions where micro-
organisms adapt to microhabitats and live together in
communities interacting with each other and with other
components of the soil biota (Trabelsi et al., 2009). Bacterial
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Table 1. Bacterial and fungal species, and strains used in the antagonistic activity screening. Each bacteria strain possesses a code number.

Bacteria species Strain number Code Fungus species Strain number
Bacillus subtilis 15 1;3;7;10;14;15;16;18;23;25;28;34;40;41;45  Botrytis cinerea 1
Bacillus simplex 8 4; 6; 8;13; 19; 24, 43; 49 Fusarium culmorum 2
Bacillus cereus 1 9 Fusarium graminearum 1
Pseudomonas fluorescens 10 2;5;11; 12; 20; 27; 33; 42; 46 ;47 Fusarium oxysporum 1
Pseudomonas aeruginosa 4 21; 26; 36; 44 Fusarium verticillioides 1
Stenotrophomonas spp 1 17 Phoma medicaginis 1
Sinorhizobium meliloti 1 22 Phytophtora infestans 2
Sinorhizobium etli 1 39 Phytoptora nicotianae 1
Bradyrhizobium japonicum 2 29; 30 Rhizoctonia solani 1
Microbacterium spp 3 31;32; 48 Sclerotinia sclerotiorum 1
Bordetella spp 2 35; 38

Sphingomonas spp 3 37; 50; 51

biocontrol agent originally obtained from soil has been
demonstrated previously to inhibit a broad range of soil
borne fungi (Utkhede and Sholberg, 1986; Utkhede and
Smith, 1997). Substantial interest of microbiologists in
rela-tion to rhizosphere bacteria, reporting variable anti-
fungal properties and soil phytosanitary effect, resulted in
the occurrence of different methods aimed at studying
their fungistatic and growth-stimulating activities
(Minaeva et al., 2008).

Considering the potential environmental and health
haz-ards and drawbacks in the chemical measures of
plant disease control, this study was aimed at screening,
the in vitro antagonism of soil bacterial against fungal
plant pathogens. Thus, the development of a new bio-
control agent based on using new rhizobacterial strains
not only possessing pronounced antagonistic activity
against phyto-pathogens but also as good nitrogen fixers,
is recommended and their use is not associated to
ecological risks on the indigenous microbial community.

MATERIALS AND METHODS
Bacterial strains

51 bacterial strains (Table 1) were isolated from Tunisian soil and
bacterium taxonomy was identified with 16S partial sequencing
(Trabelsi et al., 2009). Media used were Lysogeny Broth (LB) [1.0
Bacto Tryptone, 0.5 yeast extract (Difco), and 0.5% NaCl
(Mallinckrodt)], and Tryptic Soy Broth (TSB-pH 7) [1.7% Bacto
Tryptone, 0.3% Bacto soytone, 0.25% D-glucose (pH 7.0), 5 mM
sodium chloride and 5 mM potassium phosphate]. Solid media
con-tained 1.5% Bacto agar.

Fungal strains

12 fungal strains (Table 1) were obtained from the cryptogamy
laboratory collection (National Institute of Agricultural Research of
Tunisia). The media used was potato dextrose broth (PDB) (Difco).
The solid media contained 1.5% Bacto agar, and PDA.

In vitro antagonistic activity of bacterial strains against fungal
strains

In vitro screening of bacterial strains for inhibiting effect against
phytopathogenic moulds was conducted by the methods described
by Gupta et al. (2006) with some modifications. The screening was
tested with a bacterial suspension and a bacterial extract.

Agar plugs (5 mm diameter) from 5-old day fungal culture was
placed in the center of the PDA agar plate. Four wells were made 2
cm apart from the pathogen. The single colony of bacterial strain
was mixed with 10 ml of LB fresh medium. After two days of
incubation at 150 rpm and 28°C, the bacteria were grown in an
incubator shaker at 28°C with 150 rpm. One-old day fungal culture
plate was filled with three replicates of 30 pl of bacterial suspension
in each and the 4th with 30 pl of sterile medium. Three different
media (LB, TSB and PDB) were used for each bacterium. Growth
inhibition was calculated by measuring the distance between the
edges of the bacterial and fungal colonies by using the formula:

100 x (C—T)
C

C is the radial growth of fungus in control and T is the radial growth
in dual culture.

Bacteria strains showing a high antagonistic activity were tested
with their bacterial supernatant. The bacteria were grown in medium
in which they have shown the best inhibitory activity. Bacterial sus-
pensions were centrifuged at 10000 rpm for 20 min. The
supernatants were collected and filtered through 0.2 um Nalgen
sterilized filter. Various concentrations (8.3, 12.5, 16, 25, 50 and
100%) of culture supernatants were tested to determine the
minimum inhibitory con-centration (MIC) which was defined as the
minimal concentration that inhibited fungal growth (Islam et al.,
2008). Here the disk-diffusion method was used. 5 mm diameter of
the filter-paper disk (Whatman filter-paper), impregnated with 100 pl
of the bacterial supernatant (triplicate for each samples), was
placed on the agar surface.

The supernatant diffused out from the filter paper into the agar.
The concentration is higher next to the disk, and decreases
gradually as distance from the disk increases. If the compound is
effective against fungi at a certain concentration, no mycelium will
grow wherever the concentration in the agar is greater than or
equal to that effective concentration. This region is called the "zone
of inhibition." Thus, the size of the zone of inhibition is a measure of
the bacterial supernatant effectiveness: the larger the clear area
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Figure 1. In vitro screening of antagonistic activity of bacterial suspension against fungal strains.

around the filter disk. The control test was impregnated with 100 pl
of sterile medium.

Statistical analysis

Data were analyzed by the basic module of STATISTICA 6.0 (Stat-
soft, 2001). Means, standard errors, and variance were calculated
for all data, and per replication. Analyses of variance (ANOVA)
were computed for the continuous variables to indicate the
significance between strains, media and bacterial supernatant
concentration (Dowdy and Wearden, 1991).

RESULTS

In vitro screening of the antagonistic activity of
bacterial suspension against fungal strains

About 50% of the bacterial strains were antagonistic
against, at least, one phytopathogenic mould. B. subfilis
(10) showed an antagonistic activity against all the fungi
(Figure 1). It was shown that both B. japonicum (29) and B.
subtilis (10, 16 and 45) strains exhibited very broad
spectra of action (Figure 1) with an efficient antagonistic
activity (Figure 2). B. subtilis strain (10 and 16) showed,
respec-tively: (a) maximum of 47.5 and 32.02% of F.
culmurum and (b) mycelial growth inhibition. B. subfilis
strain (45) and B. japonicum strain (29) exhibited,
respectively, a maxi-mum of 40.79 and 37.61% of B.
cinerea mycelial growth inhibition. It is worth noting that
the three strains of Sphingomonas spp and
Stenotrophomonas spp did not show any antagonistic

activity against the fungi used (Figure 2).

Media effect on the antagonistic activity of the most
efficient bacteria strains

In this trial, only the most antagonistic bacteria [B. subtilis
(10, 16 and 45) and B. japonicum (29)] was tested, as
suspension culture in different media against the phyto-
pathogenic moulds (Figure 2). Three media were used:
LB, TSB and PDB.

B. subtilis strain 10, cultivated in LB medium, produced
and secreted an antifungal compound able to inhibit more
than 30% the growth of five different phytopathogenic
fungal strains. This strain, cultivated in TSB medium,
could inhibit more than 30% the growth of just one phyto-
pathogenic mould, F. verticilloides with growth inhibition
of 45.83%. No fungal strain growth was inhibited at more
than 30% when B. subtilis strain 10 was cultivated on
PDB medium (Figure 2).

B. subtilis strain 16, cultivated in LB medium, produced
and secreted an antifungal compound that was able to
inhibit 32.02% the growth of F. culmorum (b). This bacte-
rium strain, grown in TSB medium, was able to inhibit
22.81% the growth of R. solani. For the other phyto-
pathogenic moulds, the growth inhibition did not exceed
12% with any medium culture (Figure 2).

B. subtilis strain 45, cultivated in TSB medium, could
produce and secret antifungal compound able to inhibit
more than 30% the growth of four different
phytopathogenic moulds. Cultivated in LB medium, this
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Figure 2. Comparison of the antagonistic activity of B. subtilis strain code 10, 45 and 16, and bradyrhizobium japonicum
strain code 29 cultivated in three different media (LB, TSB and PDB).
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Figure 3. In vitro extract antagonistic activity of the most efficient bacteria: B. subtilis strain 10 cultivated in LB
medium, B. subtilis strain 45 cultivated in LB medium, B. subtilis strain 16 cultivated in TSB medium and
Bradyrhizobium japonicum strain 29 cultivated in TSB medium.

strain inhibited 40.79% of B. cinerea mycelia growth; for
the other fungi, the growth inhibition did not exceed 25%.
The bacteria suspension in PDB medium was unable to
inhibit the growth of the phytopathogenic fungus more
than 17% (Figure 2).

B. japonicum strain 29, cultivated in TSB medium,
could inhibit the mycelia growth of B. cinerea, P.
medicaginis, F. verticilloides, R. solani and P. infestans
(a) with a growth inhibition of 37.61, 29.06, 18.80, 16.24
and 12.38%, res-pectively. This strain, cultivated in LB
medium, was able to inhibit the mycelia growth of nine
phytopathogenic moulds, but the growth inhibition did not
exceed 12%. The sus-pension of B. japonicum strain 29
in PDB medium could inhibit the growth of 2 fungi; P.
medicaginis and R. solani with a growth inhibition of
24.79 and 17.1%, respectively (Figure 2).

In vitro antagonistic activity of bacterial extract
against fungal strains

Supernatant from B. subtilis strain 10 did not inhibit the
growth of F. graminearum and P. medicaginis. Three
fungi were not inhibited by the extract from B. subtilis
strain 16 and strain 45 suspentions; they were F.
culmorum (b), P. nocotianae, S.  sclerotiorum, P.
infestans  (b), F. graminearum, F. culmorum (b),

respectively. Extract from B. japonicum suspension did
not inhibit the growth of P. infestans (a) (Figure 3).

Low concentration (8.3 and 16%) of the supernatant
from B. subtilis strain (10) could inhibit the growth of eight
phytopathogenic moulds and the growth of two fungi was
inhibited by a high concentration of the extract (full con-
centration, and % dilutions). The growth of R. solani, P.
infestans (a) and P. medicaginis was inhibited by a low
concentration of the extract from B. subtilis strain (16),
12.5, 12.5 and 8.3% respectively; in contrast, the growth
of P. infestans (a) and F. culmorum (b) was inhibited by a
high  concentration, 50% and full concentration,
respectively. The growth of F. verticillioides, R. solani and
B. cinerea was inhibited by a low concentration (8.3 and
12.5%) of the supernatant from B. subtilis strain (45) and
B. japonicum strain (29) suspensions. A 12-fold dilution of
the extract from B. subtilis strain (45) and from B.
japonicum strain (29) could inhibit the growth of P.
infestans (a) and P. medicaginis, respectively (Figure 3).

DISCUSSION

The need to produce innocuous food crops and reduce
the pollution generated by synthetic pesticides has led to
a search for biocontrol agents against pathogens which
are safe for both the crops and for human consumption.
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A variety of microorganisms with different modes of
action has demonstrated substantial biocontrol activity
against phytopathogens. These biocontrol agents have
different mechanisms of action which reduce the effects
of the pathogens such as: induction of defense
responses in the host plant (both local and systemic
resistance) (Herr, 1995; Cordier et al., 1998), parasitism
(Howell, 2003), and production of metabolites which
inhibit pathogen growth (Shen et al., 2002; Robles-
Yerenaa et al., 2010).

From these results obtained from the conducted
studies, we can summarize that approximately all soil
bacteria species, but about 50% of bacteria strains,
showed an antagonistic activity against at least one
phytopathogenic fungus. Sphingomonans spp was the
only specie that did not show any antagonistic effect to all
fungi (Table 1 and Figure 1). Bacterial isolates consisted
mainly of genera Bacillus, (by far the most frequent),
Pseudomonas, Micro-bacterium, Sinorhizobium,
Bordetella, Sphingomonas and Stenothrophomonas
(Table 1). 12 Bacillus strains and five Pseudomonas
strains were antagonistic to the major phytopathogenic
moulds used in this trial (Table 1). Several publications
also reported the broad-spectrum antagonistic activity of

bacteria (Bacillus and Pseudomonas), isolated from the
rhizosphere, against wide range of fungal pathogens
(Anjaiah et al., 1998). Jonathan and Stefan (2001) found
that several strains P. fluorescens known to produce
antifungal metabolites were able to induce substantial
laccase production by Rhizoctonia solani. P. aeruginosa
has been reported as strong antagonist of Fusarium
oxysporum (Gupta et al., 1999) and Sclerotinia
sclerotiorum (Gupta et al., 2006). Loper and Gross (2007)
showed that the genome of P. fluorescens Pf-5 was cha-
racterized by the presence of at least nine gene clusters
for secondary metabolite production. Four of these gene
clusters specify the biosynthesis of antibiotics with a well-
established role in biological control, and the organization
and sequences of the biosynthetic, transport, and
regulatory genes therein are very similar to those
described in other strains of Pseudomonas spp. Loper
and Gross (2007) mentioned that Pseudomonas spp. are
prolific producers of antibiotics, and the availability of
genomic sequences for several Pseudomonas spp. now
opens the door for discovery of novel natural products
with potential roles in the ecology and plant growth-
promoting properties of these bacteria. In this survey, P.
aeruginosa strain 22 was antagonistic against six fungi
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which were among them F. oxyporum and S.
sclerotiorum (data not shown).

In this study, three species and 24 strains of the
Bacillus genus were used to test their antagonism activity
against 12 strains of ten different phytopathogenic mould
species. 13 Bacillus strains including 12 B. subtilis
inhibited the growth of a large number of fungi. This
corroborate with the finding of Tabbene et al. (2009), who
noted that many species and strains of the Bacillus
genus produce more than 70 different antibiotics and B.
subtilis is one of the most important antifungal meta-
bolites against a number of phytopathogenic micro-
organisms. B. subtilis is an antagonist for many mould
fungi, suppressing their growth in both in vitro and in vivo
(Sevdalina and Lubka, 2009). It is effective against B.
cinerea (Touré et al., 2004), Fusarium sp (Chan et al.,
2003), F. oxysporum (Ortega et al., 2009) and R. solani
(Asaka and Shoda, 1996). Besides, the isolated Bacillus
strains exhibited inhibitory action not only against single
species but against all the investigated species during the
screening moulds. Most pronounced antagonism was
observed with three of Bacillus isolates which were
identified as B. subtilis and designed as strain 10, 16 and
45. These strains exhibited strong antagonism against
fungi both from cultural medium and from sterile filtrate.
This is probably due to the production of antibiotic
substance with antifungal action. The spectra of the
antifungal action of the three strains were close but not
identical. This clearly indicates that the antibiotic sub-
stances produced by them are, probably, close by nature
but not the same.

Our result shows that B. japonicum could highly inhibit
the mycelial growth of five moulds from 12 tested which
are B. cinerea, P. medicaginis, F. verticilloides, R. solani
and P. infestans (a) with a growth inhibition varying
between 12.38 and 37.61% (Figure 2). A little is known
about the antifungal activity and the bioactive compound
that could be excreted by this bacterium. In fact, B.
Jjaponicum are known to be important in symbiosis
(Dunlap et al.,, 1996). One hypothesis is that they
increase resistance against low osmotic conditions
(Spaink, 2000); while the other is that they serve as
supramolecular  transporters for other signaling
compounds (Morris et al.,, 1991). They have been
hypothesized to act as suppressing agonists that inhibit
defense reactions and could be important factors in the
successful establishment of symbiosis (Jorn, 2004) and
synergistic effects of arbuscular mycorrhiza fungus, and
B. japonicum have a high potential to improve the nutrient
supply of soybean including phosphorus and soil quality
(Mukesh et al., 2008). Fabio et al. (2002) showed that B.
Jjaponicum bacteroids could excrete alanine which is
known to occur in bacterial cell walls and in some peptide
antibiotics. This compound also has a significant
antimycotic effect against phytopathogenic fungi such as
Phythium ultimum, B. cinerea and R. solani (Werner et
al., 1994). Flavia et al. (2009) mentioned that 35% of
Pythium aphani-dermatum mycelial growth was inhibited by

B. japonicum suspension. In this study, it is clear that
bacterial suspension and bacterial extract did not operate
in the same way. Indeed, B. subltilis strain 10
suspensions could inhibit the growth of F. graminearum
and P. medicaginis but it was not done with the extract
fraction. It was the same with the other strains. The
development of three fungi was impeding with strain 16
and 45 suspension but it was not with the extract fraction.
Likewise, B. japonicum strain 29 suspension impeded the
expansion of P. infestans (a) but it was not done with the
extract fraction (Figure 3). In this case, the fungi inhibition
was not due to the bioactive substance that could be
released by the strains but it may be a com-petition for
nutrients mainly the carbon in the solid PDB media.
Competition for nutrients occurs when one organism
attempts to obtain a limited food resource for itself at the
expense of other organisms competing for the same
resou-rce. Competitive success may result from a faster
growth or a greater capacity to metabolize organic
molecules. Microbes generally compete with each other
for carbohydrates, growth factors, nitrogen, iron and other
micronutrients  (Salvatore and Alessandro, 2008).
Minaeva et al. (2008) showed that growth inhibition of fungi
Fusarium and Bipolaris by rhizosphere bacteria was
caused mainly by competition for the nutrient substances
necessary for the growth and development in the
restricted habitat.

Supernatant from bacterial strains seems to be efficient
against phytopathogenic moulds. Low concentration
(between 8.3 and 16.6 %) of the supernatant from B.
subtilis strain 10, 16 and 45 could inhibit the growth of 8,
3 and 4 fungi, respectively. The mycelial growth of R.
solani, P. medi-caginis and F. verticilloides was inhibited
by 12-fold dilution of the extract from B. japonicum.
Antibiosis phenomenon consists in the production of
antibiotics (example, toxins) or other compounds that are
toxic for the pathogens or which cause fungistasis
(Salvatore and Alessandro, 2008). Cell wall lysis is well
established in the biocontrol of fungal pathogens by
rhizosphere bacteria (Gabriele and Hallmann, 2006).
Pleban et al. (1997) analyzed the importance of Iytic
enzymes in antagonism of Bacillus cereus strain 65
towards the soil borne fungal pathogen R. solani. Addi-
tionally, chitinolytic B. subtilis strains were able to reduce
symptoms of Verticillium dahliae in several host plants
(Tjamos et al., 2004). Douglas et al. (1990) indicated that
extracts have the advantage of greater stability in storage
than whole-cell preparations; they lacked detectable pro-
tease activity and exhibited minimal loss in potency over
four to six weeks when kept at 4°C.

Antagonists are naturally occurring organisms with the
potential to interfere with pathogen infection, growth and
survival (Chernin and Chet, 2002). A better under-
standing of the spectrum of indigenous antagonistic
bacteria will (1) increase our knowledge of plant/
endophyte interactions, (2) facilitate screening efforts for
effective biocontrol orga-nisms, (3) allow breeding of
cultivars supporting a high level of antagonistic bacteria,



and (4) may even lead to management strategies for
increasing the antagonistic potential of rhizosphere
bacteria.
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