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Rhizobacteria and their potential to control Fusarium verticillioides:
effect of maize bacterisation and inoculum density
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Abstract

Fusarium verticillioides is the most important seed transmitted pathogen that infects maize. It produces
fumonisins, toxins that have potential toxicity for humans and animals. Control of F. verticillioides colo-
nisation and systemic contamination of maize has become a priority area in food safety research. The aims
of this research were (1) to characterise the maize endorhizosphere and rhizoplane inhabitant bacteria and
Fusarium spp., (2) to select bacterial strains with impact on F. verticillioides growth and fumonisin B1

production in vitro, (3) to examine the effects of bacterial inoculum levels on F. verticillioides root colo-
nisation under greenhouse conditions. Arthrobacter spp. and Azotobacter spp. were the predominant genera
isolated from maize endorhizosphere and rhizoplane at the first sampling period, whilst F. verticillioides
strains showed the greatest counts at the same isolation period. All F. verticillioides strains were able to
produce fumonisin B1 in maize cultures. Arthrobacter globiformis RC5 and Azotobacter armeniacus RC2,
used alone or in a mix, demonstrated important effects on F. verticillioides growth and fumonisin B1

suppression in vitro. Only Azotobacter armeniacus RC2 significantly reduced the F. verticillioides root
colonisation at 106 and 107 CFU g�1 levels under greenhouse conditions.

Introduction

Fusarium verticillioides (synonym. Fusarium moni-
liforme Sheldon; teleomorph Gibberella monilifor-
mis [synonym. Gibberella fujikuroi mating
population A]) is a seed-transmitted pathogen that
infects maize (Nelson 1992; Nelson et al. 1993).
F. verticillioides produces several toxins that have
potential toxicity for humans and animals. The
most significant of these toxins are the fumonisins
(Nelson et al. 1993; Desjardin et al. 1995). Since

the fumonisins have been detected in symptomatic
and asymptomatic maize kernels, control of
F. verticillioides colonisation of maize has become
a priority area in food safety research (Brown et al.
2001). Infection of F. verticillioides can start
through airborne spores infecting the silks. An-
other infection pathway is systemic through the
seed. The fungus moves from the roots to stalk
and kernels (Kedera et al. 1992; Munkvold et al.
1997). The systemic infection leads to fumonisin
contamination. Control of F. verticillioides can
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probably be achieved by indigenous bacteria.
Many regions of young roots are exposed to
microbial colonisation. These root sites give many
niches in which a wide range of bacteria belonging
to the genera Arthrobacter, Azotobacter, Bacillus,
and Pseudomonas could develop. These bacteria
inhibit deleterious microorganisms. There are
numerous reports of rhizobacteria that exert ben-
eficial effects on plant growth that have often been
attributed to the displacement or repression of
pathogens (Lambert et al. 1987). Colonisation of
the rhizosphere and production of antifungal
substances are two factors important to this bio-
control.

The aims of the present study were: (1) to cha-
racterise the maize endorhizosphere and rhizo-
plane inhabitant bacteria and Fusarium spp., (2) to
select bacterial strains with impact on F. verticil-
lioides growth and fumonisin B1 production
in vitro, (3) to examine the effect of bacteria inoc-
ulums levels on F. verticillioides root colonisation
under greenhouse conditions.

Materials and methods

Sampling

Samples from a commercial maize field (Morgan
M401, Argentina SA, Buenos Aires, Argentina)
were collected during seedling stage (15 days) and
at harvest time (120 days). The field soil was loa-
my sand. Twenty plants were randomly chosen
and removed. Plants were lifted together with
adherent soil into plastic bags, transported to the
laboratory within 12 h and analysed the same day.

Microbial population studies

Bacterial isolation and identification
To obtain bacterial populations from the maize
rhizoplane, roots were gently washed in phosphate
buffered saline (PBS, Oxoid, Ltd., London, UK)
for 2 min to remove the adhering soil, and shaken
for 5 min in PBS containing 0.025% Tween 20.
Three-fold dilution of the homogenates was plated
on tryptic soy broth plus 2% agar (TSBA) and
King’s medium B (King et al. 1954). Plates were
incubated for 24–48 h at 28 �C. Total counts and
counts per colony type were made. One colony per

colony type was isolated and purified on TSBA.
To quantify the endorhizosphere populations,
maize roots were washed and dried between sheets
of tissue, weighed and surface sterilised by gently
shaking in 70% ethanol (1 min), 20% household
bleach (5 min) and thiosulphate Ringer solution
(5 min) (Oxoid Ltd., London, UK). Samples were
macerated in 90 ml of PBS with a mortar pestle.
Three-fold dilution was plated on TSBA. Petri
plates were incubated for 24–48 h at 28 �C. Total
counts and counts per colony type were made. One
colony per colony type was isolated and purified
on TSBA.

Bacterial identification was performed accord-
ing to Bergey’s Manual of Systematic Bacteriology
(Krieg 1984; Sneath 1986).

Fusarium species isolation and identification
Fusarium strains were isolated from the same roots
as used for bacterial recovery. Three-fold dilution
of the homogenates was plated on Nash–Snyder
agar. Plates were incubated for 7 days at 28 �C.
Total counts and counts per colony type were
made. One colony per colony type was isolated
and purified on carnation leaf agar (CLA). Fusa-
rium strains were classified according to Nelson
et al. (1983).

Toxigenic ability of endorhizospheric F. verticillio-
ides strains
Sterile Petri dishes (120 · 20 mm) containing 50 g
of sterilised maize seeds (gamma irradiation at
25 �C, 1200 krad) and adjusted with sterile dis-
tilled water to achieve a 0.97 water activity were
inoculated with 1 ml of 106 spore ml�1 of each
strain of F. verticillioides separately. Cultures were
incubated for 25 days at 25 �C in a chamber with
controlled relative humidity of 97% with K2SO4

saturated solution. To avoid changes in the equi-
librium relative humidity, the saline solution was
replaced daily with fresh solution. Maize kernels
(25 g) were extracted with 50 ml of methanol and
water (3:1, v/v) and shaken for 30 min on an
orbital shaker. The extracts were filtered through
filter paper (n�4, Whatman, Inc., Clifton, NJ,
USA). Aliquots of the extracts (10–50 ll) were
diluted (1/100 or 1/50, respectively), with acetoni-
trile–water (1:1, v/v). The diluted extracts were
quantitatively determined by a modified HPLC
method proposed by Shephard et al. (1990) and
modified by Doko et al. (1995). An aliquot (50 ll)
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of each extract was derivatised with 200 ll of o-
phthaldialdehyde (OPA). The OPA solution was
obtained by adding 5 ml of 0.1 M sodium tetrab-
orate and 50 ll of 2-mercaptoethanol to 1 ml of
methanol containing 40 mg of OPA. The fumon-
isin OPA derivatives (20 ll solution) were analy-
sed using a reversed-phase high pressure liquid
chromatography/fluorescence detection system
(HPLC). The HPLC system consisted of a Hewlett
Packard 1050 pump (Palo Alto, CA, USA) con-
nected to a Hewlett Packard 3395 integrator.
Chromatographic separations were performed on
a stainless steel Supelcosil LC-ABZ, C 18 reversed-
phase column (150 · 4.6 mm i.d., 5 lm particle
size; Supelco). A methanol 0.1 M sodium dihy-
drogen phosphate (75:25) solution, adjusted to pH
3.35 with orthophosphoric acid was used as the
mobile phase at a flow rate of 1.5 ml min�1. The
fluorescence of fumonisin OPA derivatives was
recorded at excitation and emission wavelengths of
335 and 440 nm, respectively. Fumonisins quan-
tification was performed by peak height measure-
ments and comparison with reference standard
solutions. The standard solution was obtained by
dissolving pore fumonisin FB1 (Division of Food
Science and Technology, Pretoria, South Africa) in
acetonitrile–water (1:1) at concentrations of
100 lg ml�1 for FB1. The detection limit of the
analytical method was 1 lg g�1.

Microorganisms
From all bacteria identified, six bacterial strains,
Arthrobacter globiformis RC1, Azotobacter arme-
niacus RC2, Azotobacter armeniacus RC3,
Arthrobacter globiformis RC4, Arthrobacter globi-
formis RC5, Azotobacter armeniacus RC6 were
selected. They belong to the predominant genera
able to colonise the maize endorhizosphere. Thir-
teen toxigenic strains of F. verticillioides from
endorhizosphere were used.

In vitro studies

Antifungal activity
Culture medium was 2% maize meal extract agar
(MMEA). The water activity (aW) of the basic
medium was adjusted to 0.982, 0.955 and 0.937 aW
with glycerol (Dallyn and Fox 1980). About 10 ll
with 109 spores ml�1 of each F. verticillioides
strain were separately inoculated in the centre of

the plates. About 10 ll with 108 CFU ml�1 of the
bacterial suspensions were placed around the
fungal inoculum. Plates were incubated for up to
10 days at 25 �C in polyethylene bags. The anti-
biosis was determined by measurements of the size
(mm) of the zone of inhibition formed between the
edge of the colony of F. verticillioides to the edge
of a bacterial colony on the plate. Control plates
consisted of F. verticillioides placed alone.

Influence on growth rate
Before cooling, MMEA (10 ml) adjusted to dif-
ferent water activities (0.982, 0.955 and 0.937 aW)
was combined with 100 ll (108 cells ml�1) of each
antagonist and poured into the Petri dishes
(60 · 10 mm). Each strain of F. verticillioides was
inoculated in the centre of the plates with a spore
from monosporic culture. Cultures were incubated
for 20 days at 25 �C in polyethylene bags. The
radius of F. verticillioides colony was measured
daily with a ruler. The growing radius of the cul-
tures containing both microorganisms was com-
pared with the control cultures. For each colony
two radii, measured at right angles to one another,
were averaged to find the mean radius. All colony
radii were determined by using three replicates for
each test. The radial growth rate (mm h�1) was
subsequently calculated by linear regression of
linear phase for growth and the time at which the
line intercepts the x-axis was used to calculate the
lag phase in relation to bacterial antagonists and
water activity (González et al. 1987). The experi-
ments were carried out three times. After growth
was evaluated, all samples were frozen for later
extraction and FB1 quantification.

Determination of inhibition of fumonisin B1

production
Toxins were extracted with acetonitrile–water (1:1,
v/v) by shaking the cultures media and mycelia
from co-inoculated and control cultures with the
solvent for 30 min on an orbital shaker (150 re-
v min�1) and then filtering the extracts through
filter paper (no. 4; Whatman) (Etcheverry et al.
2002). The extracts were frozen and stored at
�20 �C until analysed. An aliquot of the extract
(1000 ll) was taken and diluted with acetonitrile–
water as necessary for high performance liquid
chromatography. The fumonisin content of the
OPA derivative was evaluated by HPLC, as
described above.

181



Greenhouse studies

Arthrobacter globiformis RC5 inoculums and
Azotobacter armeniacus RC2 inoculums were
prepared separately from 25 �C overnight culture
in tryptic soy broth medium (TSB) and harvested
by centrifugation. Cells were re-suspended in
spore suspension (sodium laurylsulphate 0.01%,
w/v). Serial decimal dilutions were done to obtain
106 and 107 cells ml�1. The concentration of cell
suspensions was determined by using a haemo-
cytometer. Viability was confirmed by standard
plate count method using TSBA. Antagonistic
treatments were prepared: (1) Az. armeniacus
RC2 at 106 cells ml�1, (2) Az. armeniacus
RC2 at 107 cells ml�1, (3) Ar. globiformis RC5
at 106 cells ml�1, (4) Ar. globiformis RC5
at 107 cells ml�1, (5) Ar. globiformis RC5–
Az. armeniacus RC2 in a mixture, at
106 cells ml�1, (6) Ar. globiformis RC5–Az. arme-
niacus RC2 in a mixture, at 107 cells ml�1, (7)
control without antagonists.

Seventy-five maize seeds were submerged in
100 ml TSB in 250 ml Erlenmeyer flasks for each
bacterial treatment. Control seeds were submerged
in 100 ml of TSB. Flasks were incubated at 25 �C
on a rotatory shaker for 2 h at 70 rpm, to allow
bacterial cells to adhere to seeds. After incubation,
excess inoculum was removed and seeds were
immediately planted in the plastic tubes.

Ar. globiformis RC5 and Az. armeniacus RC2,
alone and in a mixture, were tested for their ability
to inhibit the F. verticillioides root colonisation
with a modification of the tube assay described by
Weller and Cook (1986). Plastic tubes 2.5 mm in
diameter · 16.5 cm long were filled with 2 cm of
field maize soil. One treated seed was placed on
top of the soil and covered with 2 cm of sand-
vermiculite (1:1, v/v). Non-treated seeds were
planted as control in each assay. After planting,
racks of tubes were covered with aluminum foil,
kept in dark for 5 days at 20 �C, then uncovered
and kept at 20 �C with a 14 h photoperiod. Sev-
enty-five seeds were used for each treatment (with
and without antagonists). Five replications for
each treatment were made. This assay was done
twice.

Statistical analysis
Data analysis were performed by analysis of var-
iance. To compare means of antibiosis and growth

rate treatments, Duncan multiple range test was
made. Bacterial and Fusarium spp. counts were
transformed to log10(x + 1) to obtain the homo-
geneity of variance. Means of populations count
treatments were compared using Fisher’s protected
LSD test. The fumonisin B1 data obtained were
transformed using a logarithmical function
log10(x + 1) before applying the analysis of vari-
ance. The Scheffé test was used to determine the
significant differences between the control and
co-inoculated cultures (Quinn and Keough 2002).
The analysis was conducted using PROC GLM in
SAS (SAS Institute, Cary, NC).

Results

Bacterial populations on maize roots

Seven bacterial genera were isolated from rhizo-
plane and endorhizosphere (Table 1). Bacterial
populations ranged between 105 and 109 colony
forming units per gram of root tissue (CFU g�1)
throughout the first sampling period (15 days)
with Arthrobacter and Azotobacter as predominant
genera. During the second sampling period
(120 days), the population counts ranged between
109 and 1010 CFU g�1 of root tissue in the rhi-
zoplane and between 105 and 1010 CFU g�1 of
root tissue in the endorhizosphere. Arthrobacter,
Agromyces and Pseudomonas were the predomi-
nant genera in the endorhizosphere samples.

Table 1. Rhizobacterial plate counts from maize roots at

different sampling periods

Rhizobacterial

genera

Rhizobacterial counts (log10 CFU g�1 of

root tissue)a

Rhizoplane Endorhizophere

15 days 120 days 15 days 120 days

Arthrobacter 9 10 9 10

Azotobacter 8 1 7 1

Agromyces 1 9 6 9

Bacillus 6 9 6 5

Microccoccus 5 1 5 1

Pseudomonas 5 9 6 8

Listeria 1 10 1 1

aValues are the means ± SD (standard deviation) of three

repetitions.
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Fusarium species populations on maize roots and
toxigenic ability of endorhizospheric F. verticillio-
ides strains
Table 2 shows the Fusarium species populations
obtained from rhizoplane and endorhizosphere at
the two sampling periods previously mentioned.
F. verticillioides showed the highest counts on
rhizoplane and endorhizosphere at the first sam-
pling period (15 days). This species was not iso-
lated in significant counts in the endorhizosphere
at day 120. Fusarium proliferatum, Fusarium
subglutinans, and Fusarium nygamai were isolated
at high counts from the endorhizosphere at the
first sampling period while significant counts of
Fusarium oxysporum and F. solani were obtained
in the rhizoplane at the second sampling time
(120 days).

Table 3 shows the fumonisin B1 levels produced
by 13 F. verticillioides strains in maize cultures.
The strains were isolated from maize endorhizo-
sphere at the first sampling period. They showed a
great potential to produce fumonisin B1. The val-
ues ranged between 708 and 20,897 ng g�1.

In vitro studies

We studied the percentage of F. verticillioides
strains inhibited by antifungal activity, growth
rate, fumonisin B1 production and fumonisin B1

accumulation and percentage of fumonisin B1

reduction in co-cultures. Each of 13 F. verticillio-
ides strains was paired with each bacterial strain

(three Ar. globiformis and three Az. armeniacus) in
dual cultures.

Antifungal activity
At 0.982 aw, Az. armeniacus RC2 and Az. arme-
niacus RC3 application showed inhibition of the
highest percentage of F. verticillioides strains (80
and 100%, respectively). At 0.955 aw, Az. arme-
niacus RC2 and Ar. globiformis RC5 application
inhibited between 71 and 80% of F. verticillioides
strains, respectively (Table 4).

Influence on growth rate
The percentage of F. verticillioides strains inhibited
on growth rate ranged between 54 and 100% at
0.982 aw. This percentage was higher than 0.955
aw. It ranged between 31 and 69%. None of the
rhizobacteria were able to inhibit the F. verticil-
lioides growth rate at 0.937 aw (Table 4).

Percentage of F. verticillioides strains inhibited on
fumonisin B1 production and fumonisin
B1 accumulation reduction
At 0.982 aw level, the fumonisin B1 accumulation
by F. verticillioides strains ranged between 1166
and 7382 ng g�1. At 0.955 aw, these values ranged
between 2702 and 10,810 ng g�1. At 0.937 aw, the
fumonisin B1 accumulation was not detected.

In the presence of bacterial antagonists, at 0.982
aw, 7–36% of F. verticillioides strains showed
reduction on fumonisin B1 ability production. The
fumonisin B1 accumulation ranged between 933
and 10,484 ng g�1. The fumonisin B1 reduction

Table 2. Fusarium species plate counts from maize roots at

different sampling periods

Fusarium species Fusarium species counts (log10 CFU g�1 of

root tissue)a

Rhizoplane Endorhizophere

15 days 120 days 15 days 120 days

F. verticillioides 3 3 3 1

F. proliferatum 1 1 3 1

F. subglutinans 1 1 3 1

F. nygamai 1 1 3 1

F. oxysporum 1 3 2 1

F. solani 1 3 1 1

Other Fusarium

spp.

3 3 1 4

aValues are the means ± SD (standard deviation) of three

repetitions.

Table 3. Fumonisin B1 concentrations in maize cultures of

F. verticillioides strains isolated from endorhizosphere of maize

F. verticillioides strains Fumonisin B1 (ng g�1)

1 1210

2 1335

3 708

4 792

5 20,897

6 3132

7 1410

8 1108

9 1899

10 1573

11 927

12 7377

13 14,380
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percentage ranged between 6–96%. Az. armeniacus
RC2 and Ar. globiformis RC5 produced the lowest
fumonisin B1 accumulation levels that ranged be-
tween 933–4365 and 1255–4490 ng g�1, respec-
tively. At 0.955 aw, the percentage of strains
reduced on fumonisin B1 production was higher
than at 0.982 aw level (14–43%). The fumonisin B1

accumulation ranged between 1351–9865 ng g�1.
Percentage of fumonisin B1 reduction ranged be-
tween 20 and 75%. Az. armeniacus RC2 and
Ar. globiformis RC5 were reliable microorgan-
isms that exerted this effect. These antagonists re-
duced the fumonisin B1 accumulation levels that
ranged between 1351–6756 ng g�1 and 2831–
6756 ng g�1, respectively (Table 4). At 0.937 aw,
fumonisin B1 was not detected. The bacterial
antagonists did not stimulate fumonisin B1 accu-
mulation.

Greenhouse studies

According to the results obtained with the in vitro
assays, Az. armeniacus RC2 and Arthrobacter
globiformis RC5 were selected as the best antago-

nists to test the maize root colonisation of F. ver-
ticillioides at two inoculum sizes under greenhouse
experiments.

Seed bacterisation with Az. armeniacus RC2 at
106 and 107 cells ml�1 and Ar. globiformis RC5 at
106 cells ml�1 inhibited F. verticillioides counts
at rhizoplane and endorhizosphere levels (treat-
ments 1–3). The F. verticillioides CFU counts did
not show differences from the control when treat-
ment 4 was applied (A. globiformis RC5 at 107

cells ml�1) at the rhizoplane level. On the con-
trary, this treatment significantly reduced the
F. verticillioides CFU counts at the endorhizo-
sphere level. The bacterial mixture treatments
showed a significant impact on F. verticillioides
CFU counts at endorhizosphere level. There was a
total inhibition of F. verticillioides colonisation
when the bacterial mixture at 106 cells ml�1 was
applied (Table 5).

To analyse the behaviour of Az. armeniacus RC2
at 106 cells ml�1 inoculum level between in vitro
experiments (antifungal activity; 0.982 aw) and
greenhouse studies (F. verticillioides CFU root
counts), the Pearson correlation coefficient index

Table 4. Bacterial antagonism on F. verticillioides strains in vitro

Rhizobacteria aw Percentage of F. verticillioides strains inhibited

(%)

Fumonisin B1

accumulation

(ng g�1)

Reduction of

fumonisin B1

accumulation (%)
Antifungal

activity

Growth

rate

Fumonisin B1

production

F. verticillioides strains

(control)

0.982 1166–7382

0.955 – – – 2702–10,810

0.937 ND

Ar. globiformis RC1 0.982 35 69 7 933–7181 6–39

0.955 60 54 29 2780–7061 29

0.937 11 NG ND ND 0

Az. armeniacus RC2 0.982 80 89 36 933–4365 50

0.955 71 54 43 1351–6756 56–75

0.937 14 NG ND ND 0

Az. armeniacus RC3 0.982 100 100 21 1483–7270 14

0.955 60 54 29 1450–9459 20–63

0.937 20 NG ND ND 0

Ar. globiformis RC4 0.982 71 69 7 1826–10,484 22–96

0.955 57 64 29 2702–9865 20–63

0.937 7 NG ND ND 0

Ar. globiformis RC5 0.982 50 61 14 1255–4490 8–22

0.955 80 69 35 2831–6756 43–75

0.937 21 NG ND ND 0

Az. armeniacus RC6 0.982 64 54 14 1940–7203 13–23

0.955 40 31 14 2830–9459 38–43

0.937 21 NG ND ND 0

NG: no growth; ND: not detected.
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was applied. Both experiments showed a positive
correlation (r = 0.9364; p<0.001). There was an
important antifungal activity in vitro assay (50–
60%). Moreover, a similar behaviour in green-
house trials, where the colonisation inhibition
reached high values (90–98%), could be observed.
These results showed that in vitro antagonistic
ability was maintained in the greenhouse study
(Figure 1).

Discussion

The selection of indigenous bacterial communities
naturally associated with maize root systems to
study the effect of individual rhizosphere isolates
on native maize F. verticillioides was carried out.

In this study, Fusarium species from maize rhizo-
sphere were isolated. F. verticillioides was the most
prevalent Fusarium species present in the maize
rhizoplane and endorhizosphere. Different studies
have identified the same Fusarium species isolated
here (Ocamb and Khommedahl 1994; Windham
and King 1983) and demonstrated their ability to
colonise the maize endorhizosphere.

All rhizosphere F. verticillioides strains isolated
in this study were able to produce fumonisin B1

in vitro. This result indicates their potential to
produce fumonisin B1 in maize kernels.

Additionally, the diversity and size of maize
rhizosphere bacterial populations were deter-
mined. They were in the same order as those re-
ported for other crops (Hagedorn et al. 1989;
Chiarini et al. 1998). Among these organisms,
Arthrobacter and Azotobacter genera represent the
predominant genera at the early growing period of
maize at the rhizoplane and endorhizosphere lev-
els. Our studies demonstrated that Arthrobacter
globiformis RC5 and Azotobacter armeniacus RC2
were able to exert an effective control on in vitro
and fumonisin B1 production under harsh envi-
ronmental conditions given by different water
activities. This is one of the most important char-
acteristics necessary for biocontrol agents that
must survive and exert its biocontrol activity at
field level.

It is assumed that many biocontrol agents first
colonise the spermosphere and rhizosphere to
protect the plant. A pathogen may germinate and
colonises the root within a few days of planting;
rhizobacteria can be metabolically active during

Table 5. F. verticillioides roots counts from rhizoplane and endorhizosphere at 20 maize growing days

Seed treatments F. verticillioides counts (log10 CFU g�1 of root tissue)a

Rhizoplane LSD test Endorhizosphere LSD test

Untreated control 4.7103 ± 0.5271 ab 3.6028 ± 0.0062 a

1. Az. armeniacus RC2 106 cells ml�1 0 c 0 c

2. Az. armeniacus RC2 107 cells ml�1 0 c 0 c

3. Ar. globiformis RC5 106 cells ml�1 0 c 0 c

4. Ar. globiformis RC5 106 cells ml�1 4.3904 ± 0.5204 ab 2.0275 ± 0.0480 b

5. Az. armeniacus RC2 106 cells ml�1 + 4.2466 ± 0.5503 a 0 c

Ar. globiformis RC5 106 cells ml�1

6. Az. armeniacus RC2 107 cells ml�1 + 5.0088 ± 0.5368 a 2.0916 ± 0.0088 b

Ar. globiformis RC5 107 cells ml�1

aValues are the mean ± SD (standard deviation) of five replicates. The letters in common are not significantly different according to

Fisher’s protected LSD test. Values were transformed to log10(x + 1).
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Figure 1. Correlation coefficient between in vitro and green-

house experiments on antifungal activity on F. verticillioides

strains.
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that time period. In view of their potential appli-
cation as biocontrol agents, Ar. globiformis RC5
and Az. armeniacus RC2, alone or in a mix, could
compete and exclude the highly competitive
indigenous F. verticillioides strains, and colonise
the plant roots during this critical period when the
protection against pathogens is required. This fact
may be critical in order to inhibit the colonisation
or to suppress the plant pathogen before it enters
the roots.

Application of bacteria to seeds has been used
for the biological control of soil-borne plant
pathogens that affect many host plants (Hebbar
et al. 1992; Reddy and Hynes 1994). There are few
data about inhibition of F. verticillioides by bac-
terial isolates. Hinton and Bacon (1995) reported
that one isolate of Enterobacter cloacae associated
as endophyte with corn roots, stems and leaves is
antagonistic to F. moniliforme and other toxic
fungi associated with corn. Motomura et al. (1997)
obtained Gram positive bacilli with anti-Fusarium
moniliforme activity from soil and corn. More
recently studies involving F. verticillioides and
Bacillus subtilis showed promising reduction for
mycotoxin accumulation during the endophytic
growth phase (Bacon et al. 2001). In this study we
demonstrated that Ar. globiformis RC5 and
Az. armeniacus RC2 were able to totally inhibit the
endorhizosphere colonisation at 106 cells ml�1

whereas a bacterial mixture, at the same inoculum
size, exerted the same effect in the endorhizo-
sphere. Only Az. armeniacus RC2 totally reduced
the F. verticillioides rhizosphere colonisation under
greenhouse experiments, at the two inoculum and
root levels tested. The expression of antagonism by
a microorganism towards a pathogen in culture
media cannot be regarded as evidence that the
microorganism will have the same role in con-
trolling the pathogen in the field (Reddy and Hy-
nes 1994). In this research, a high correlation
between antagonisms recorded in vitro and under
greenhouse trials was obtained. In contrast, other
researchers (Hagedorn et al. 1989; Bevivino et al.
1998) found a very poor interaction when antag-
onism in vitro and in greenhouse studies was cor-
related.

In conclusion, Az. armeniacus RC2 has a
potential as maize inoculant to inhibit the F. ver-
ticillioides root colonisation. Research continues
to develop this bacterium as a biocontrol agent in
field trials.
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