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Abstract

BACKGROUND: Maize is one of the staple food crops grown in India. Fusarium verticillioides (Sacc.) Nirenberg is the most
important fungal pathogen of maize, associated with diseases such as ear rot and kernel rot. Apart from the disease, it is capable
of producing fumonisins, which have elicited considerable attention over the past decade owing to their association with animal
disease syndromes. Hence, the present study was conducted to evaluate ecofriendly approaches by using a maize rhizosphere
isolate of Pseudomonas fluorescens (Trev.) Mig. and its formulation to control ear rot disease and fumonisin accumulation,
and also to study the capacity to promote growth and yield of maize. In vitro assays were conducted to test the efficacy of
P. fluorescens as a seed treatment on seed germination, seedling vigour and also the incidence of F. verticillioides in different
maize cultivars. The field trials included both seed treatment and foliar spray. For all the experiments, P. fluorescens was
formulated using corn starch, wheat bran and talc powder. In each case there were three different treatments of P. fluorescens,
a non-treated control and chemical control.

RESULTS: Pure culture and the formulations, in comparison with the control, increased plant growth and vigour as measured
by seed germination, seedling vigour, plant height, 1000 seed weight and yield. P. fluorescens pure culture used as seed
treatment and as spray treatment enhanced the growth parameters and reduced the incidence of F. verticillioides and the level
of fumonisins to a maximum extent compared with the other treatments.

CONCLUSION: The study demonstrates the potential role of P. fluorescens and its formulations in ear rot disease management.
The biocontrol potential of this isolate is more suited for fumonisin reduction in maize kernels intended for human and animal
feed.
c© 2009 Society of Chemical Industry
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1 INTRODUCTION
Maize is an important cereal crop grown in India. It is attacked
by several fungal diseases, and, among these, ear and kernel rot
caused by Fusarium verticillioides (Sacc.) Nirenberg is the most
devastating, responsible for significant crop yield losses. Fusarium
verticillioides is capable of producing several mycotoxins in maize,
and fumonisins are the most important contaminants. Fumonisins
were discovered in 1988 and are produced by F. verticillioides,
F. proliferatum (Matsushima) Nirenberg and several uncommon
Fusaria.1,2 Fumonisins have been found to be very common
contaminants of corn-based food and feed in the USA, Asia,
Europe and South America.3 They are toxic and are known to
cause encephaloamalacia in horses.4 Exposure to F. verticillioides-
contaminated maize has been linked to elevated rates of
esophageal cancer.5 The Fusarium-infected maize seeds have poor
germinability, and the toxin makes the grain unfit for consumption.
Studies on the control of fumonisins in major food crops such as
maize are still at a relatively early stage. To date, fungicides such
as thiram and carbendazim are used as seed treatments to control
the disease in India. There has been little success with these
fungicides, and the problem of pesticide residue in seeds/grains is
becoming increasingly acute, in addition to the fact that they are

expensive. Therefore, there is a serious need for alternative control
practices of Fusarial disease in maize. Among the many practices,
biological control with bacterial or fungal isolates may be an
alternative approach. Therefore, in the present study an attempt
has been made to employ Pseudomonas fluorescens (Trev.) Mig.,
isolated from rhizosphere of maize, and to evaluate its efficacy
in reducing the disease caused by F. verticillioides and the toxins,
thereby increasing the seed quality of maize.
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2 MATERIALS AND METHODS
2.1 Source of maize seeds
Maize cultivars, namely Mysore sweet corn (susceptible to Fusarium
species), Kanchan (moderately resistant) and Pioneer (resistant),
were obtained from the All-India Coordinated Maize Research
Centre, Nagenahalli, Mandya District, Karnataka, India.

2.2 PCR amplification of Fusarium verticillioides
The toxigenic strain of F. verticillioides used in the present study was
isolated from maize cv. Mysore sweet corn.6 The identification of
toxigenic F. verticillioides was done by fumonisin-producing F. ver-
ticillioides specific primers VERTF-1 5′ GCGGGAATTCAAAGTGGCC
3′ and VERTF-2 5′ GAGGGCGCGAAACGGATCGGG 3′, and the PCR
amplification was carried out in 25 µL of the reaction mixture.7 The
fungus was maintained on potato dextrose agar (PDA). Inoculum
was prepared from eight-day-old cultures, and suspensions were
adjusted to 108 conidia mL−1 by haemocytometer for further use.

2.3 Isolation, mass multiplication and preparation of Pseu-
domonas fluorescens
The antagonistic strains of P. fluorescens were isolated from
the native soil, maintained on King’s B medium (KBM) and
identification confirmed through polymerase chain reaction using
flagellin gene specific primer for P. fluorescens.8 Pseudomonas
fluorescens was used both as pure culture and as a formulation.
Cell suspension (100 µL) of P. fluorescens was inoculated into
sterile 1000 mL Roux bottles containing 125 mL of KBM. The
bottles were placed horizontally and incubated at 26 ± 2 ◦C
under a 12 : 12 h light : dark photoperiod. The culture in KBM
(48 h old) was centrifuged at 10 000 × g for 5 min. The pellets
were resuspended in sterile distilled water, washed twice and
suspended again in sterile distilled water. The density of the cells
in the suspension was adjusted to 109 cfu mL−1 with the help of a
UV-visible spectrophotometer (Hitachi, Japan).9

The production of P. fluorescens on different solid substrates
such as wheat bran and corn starch was carried out as described
below.

Substrates of corn starch and wheat bran were collected from
local markets of Karnataka. A quantity of 20 g of each substrate was
placed in a 250 mL flask containing distilled water. The contents
were mixed thoroughly with the help of a glass rod until all the
substrate particles were evenly moistened and no clumps were
present. Flasks were than inoculated with 1 mL of P. fluorescens
containing 109 cfu mL−1. The contents were shaken well to
disperse the inoculum evenly, and the inoculated flasks were then
incubated at 26±2 ◦C under a 12 : 12 h light : dark photoperiod for
14 days. The initial weight before incubation was noted, and
changes in the subsequent weights were noted periodically.
Samples (1 g) were drawn from each flask and suspended in
9 mL of sterile distilled water containing 0.2 g L−1 Tween-20.
The cell concentration of P. fluorescens was assessed using a
spectrophotometer.

2.4 Talcum formulation
Pseudomonas fluorescens formulation (18 × 107 cfu g−1) was
prepared by aseptically mixing 100 mL of P. fluorescens suspension
and 25 g of talcum powder under sterile conditions. Carboxy
methyl cellulose (CMC) (2.5 g) was also added to 250 g of
formulation and stored in the form of talc packed in polythene
bags under ambient conditions until further use. Surface-sterilised
maize seeds were mixed with the formulation at 10 g kg−1 seed.

Seed treated with talc powder amended with CMC served as an
untreated control.

2.5 Seed treatment with Pseudomonas fluorescens
Bacterisation of the seed was achieved by soaking seeds in
P. fluorescens 109 cfu g−1 suspensions (1 g 25 mL−1), prepared as
described in Section 2.3, and amended with 2 g L−1 sterilised CMC
as a sticker. The suspensions were incubated at 26 ◦C in a rotary
shaker for 6 h to facilitate attachment of bacterial cells to the seed
coat. Later, the seeds were allowed to dry in an incubator at 30 ◦C.
Seed treated with sterilised distilled water amended with CMC
served as an untreated control.

Carbendazim (Bavistin WP; BASF India Ltd), a standard fungicide
recommended for maize seed protection in India, was treated at
2 g kg−1 of seeds for comparison. Untreated seeds were used as
control.

2.6 Screening for Fusarium verticillioides incidence
Four hundred seeds of maize cv. Mysore sweet corn, Pioneer and
Kanchan were screened to record the percentage incidence of
F. verticillioides by a standard blotter method.6

2.7 Germination and vigour index test
Maize seeds treated with or without P. fluorescens as described
in Section 2.5 were subjected to a germination test according
to the paper towel method.6 Seedling vigour was analysed and
calculated at the end of 7 days incubation.10

2.8 Field studies
Field trials were conducted at Nagenahalli Research Station
(All-India Coordinated Maize Improvement Programme, Govt of
India) located at Srirangapatna, Karnataka, India. Field trials were
conducted for three consecutive years during the crop seasons
of 2004–2005, 2005–2006 and 2006–2007. In each experiment
there were three different kinds of treatment: (a) seed treatment;
(b) foliar spray; (c) seed treatment + foliar spray. The experiment
also had an untreated control and chemical control.

Pure culture and formulations of P. fluorescens were applied as
spray treatments at different stages of plant development such
as boot leaf stage, anthesis stage, milky stage and physiologically
mature stage at a rate of 18 × 107 cfu g−1. Powder formulation
(1 g) was dissolved in 100 mL of distilled water, and each ear head
was sprayed completely from the tip of the ear head at all stages.11

The chemical fungicide carbendazim (2 g L−1) was also sprayed,
and plants sprayed with distilled water served as control.

There were five replications per treatment. Each replication
was a single row of 5 m length and was hand seeded with
100–150 seeds per row. The field was maintained according to
recommended growing condition (red loamy soil, irrigated once
in 15 days, with thinning done after 21 days.)

2.9 Field emergence test
The field experiment was conducted to determine the effect
of P. fluorescens suspensions and powdered formulations on the
growth of maize. Treatments were the same as described in Section
2.8. Pseudomonas fluorescens-treated seeds were hand sown, and
there were five replications per treatment. Each replication was a
single row of 5 m length, hand seeded, with 100–150 seeds per
row. The field was maintained according to the maize growing
conditions (red loamy soil, irrigated once in 15 days and spacing
done after 21 days). No chemicals or fertilisers were used. At
30 days after seeding, plant height was recorded.

www.interscience.wiley.com/journal/ps c© 2009 Society of Chemical Industry Pest Manag Sci 2009; 65: 769–775
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2.10 Ear rot disease incidence
The plants were observed for ear rot disease development and
rated for disease when they showed any one of the typical ear
rot/kernel rot symptoms such as a powdery or cottony-pink mould
growth on the infected kernels. The data were consolidated at
60 days after sowing. Experiments were conducted twice. The
disease was rated on a 0–7 scale by following the method of Reid
et al.12

Ear rot incidence was determined by counting the total number
of cobs and total number of infected cobs per plot. Data on
percentage incidence of ear rot were analysed by analysis of
variance, and the least significant difference test13 was used for
evaluating the significance of differences between the control and
the treatments.

2.11 Effect on yield
After complete maturity, maize cobs were harvested, dried and
threshed separately. The grains thus obtained were weighed
separately, and the grain yield in the sprayed plots with different
treatments was compared with that of the unsprayed control plots.

2.12 Screening of maize cultivars for resistance to Fusarium
ear rot and fumonisin production
A toxigenic strain of F. verticillioides isolated from maize seed
was inoculated into the maize cultivars by injecting a conidial
suspension of F. verticillioides into the silk channel inside the husk
cavity and above the cob. The inoculation was done 4–7 days after
silk emergence when there is a peak in expression of susceptibility.
Inoculum (2 mL) was injected into the silk channel of each primary
ear using a 10 mL hypodermic syringe. Secondary ears were not
inoculated as they were not present in all genotypes and they
often mature later than primary ears. Disease severity ratings were
recorded on a 1–7 scale, where 1 = no infection and 7 = >75%
of the kernels visibly mouldy.

2.13 Fumonisin production
Seeds of two resistant (Pioneer and Kanchan) and one susceptible
(Mysore sweet corn) maize cultivars were collected from plants,
challenge inoculated with toxigenic F. verticillioides and treated
with pure culture and formulations of P. fluorescens as described
earlier, and untreated control and carbendazim-treated seeds
were tested for total fumonisin level using commercially available
quantitative ELISA assay kits (Neogen Corp., Lansing, MI) according
to the manufacturer’s instructions.

3 RESULTS
3.1 PCR amplification of Fusarium verticillioides
PCR assays with F.verticillioides specific primer VERTF-1 and VERTF-
2 primers yielded a single PCR product at 400 bp. Overall, the PCR
assay confirmed that F. verticillioides is toxigenic in nature (Fig. 1).

3.2 PCR amplification of Pseudomonas fluorescens
PCR assays with PAFP-1 and PAFR-1 primers amplified a single
fragment of about 858 bp when DNA from an isolate of
P. fluorescens was used (Fig. 2).

 

400 bp

Figure 1. PCR amplification using primers VERTF-1/VERTF-2 and DNA from
fumonisin-producing strains of Fusarium verticillioides.

 

858 bp

Figure 2. PCR amplification using primers PAFP-1/PAFR-1 and DNA from
the Pseudomonas fluorescens isolate used in the present study.

3.3 Effect of Pseudomonas fluorescens on incidence of
Fusarium verticillioides
The effects of pure culture and different formulations of
P. fluorescens on the incidence of F. verticilliodes in treated seeds
compared with control are presented in Table 1. Pure culture
of P. fluorescens at a rate of 109 cfu g−1 reduced F. verticillioides
incidence by 82%. Different powder formulations of P. fluorescens
also reduced the incidence: talcum powder formulation by 76%,
cornstarch formulation by 66% and wheat bran formulation by
59%. Carbendazim also reduced the incidence of F. verticillioides
by 61% over control.
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Table 1. Effect of Pseudomonas fluorescens on the incidence of
Fusarium verticillioidesa,b

Maize cultivars %
Fusarium incidence

Treatment Kanchan Pioneer sweet corn

P. fluorescens (109 cfu mL−1)
Pure culture 5.12a 3.34a 11.77a

Talc formulation 10 g kg−1 7.12b 5.42ab 15.21b

Corn starch formulation 10 g kg−1 9.98c 6.78b 17.12bc

Wheat bran formulation 10 g kg−1 14.19d 9.32c 23.12d

Carbendazim 2 g kg−1 12.01cd 7.37d 17.75c

Control 29.91e 18.77e 46.18e

a Mean from three repeat experiments with four replications and 100
seeds per replication in each experiment.
b Means within columns sharing the same letters are not significantly
different according to Tukey’s HSD test at P = 0.05.

3.4 Effect of seed treatment with Pseudomonas fluorescens
on seed germination and vigour index
In comparison with the untreated control, P. fluorescens treatment
significantly enhanced both seed germination and seedling vigour
in all cultivars of maize (Table 2). Treatment of maize seeds with
pure culture of P. fluorescens significantly enhanced germination
and seedling vigour by 35 and 68% respectively, whereas the
talcum powder, corn starch and wheat bran formulations increased
germination by 26, 23 and 18% respectively, and seedling vigour
by 62, 60 and 58% respectively. Carbendazim treatment increased
the germination and vigour by 18 and 60% respectively.

3.5 Effect of seed treatment with Pseudomonas fluorescens
on field emergence
Maize seeds treated with pure culture of P. fluorescens increased
field emergence by 22%, and talc, corn starch and wheat bran
formulations by 13, 9 and 8% respectively. Carbendazim treatment
increased the field emergence by 6% (Table 3).

3.6 Effect of Pseudomonas fluorescens on yield
All the treatments increased maize yield in comparison with
carbendazim and untreated control (Table 4). Among different
treatments, seed+spray treatment with P. fluorescens pure culture

Table 3. Effect of biological agents on field emergence of maizea,b

Maize cultivars %
Field emergence

Treatment Kanchan Pioneer sweet corn

P. fluorescens (109 cfu mL−1)
Pure culture 89d 90d 80d

Talc formulation 10 g kg−1 80c 86c 73c

Corn starch formulation 10 g kg−1 74a 83c 72ab

Wheat bran formulation 10 g kg−1 75b 80c 70b

Carbendizim 2 g kg−1 75b 76b 70b

Control 71a 72a 65a

a Values are means from three repeat experiments with four replications
and 100 seeds per replication in each experiment.
b Means within columns sharing the same letters are not significantly
different according to Tukey’s HSD test at P = 0.05.

gave the maximum increase in yield by 33.8% in comparison with
control. Powder formulations of talc, corn starch and wheat bran
used as seed treatment followed by spray treatment increased the
yield by 21%. The chemical fungicide carbendazim increased the
yield by 13%.

3.7 Effect of seed treatment with Pseudomonas fluorescens
on ear rot disease incidence
Under field conditions, significant reduction in ear rot disease was
observed in the test rows raised from seeds treated with both pure
culture and formulations of P. fluorescens, in comparison with the
fungicide-treated and untreated control rows (Table 5). The results
showed that there was significant reduction in the incidence of
ear rot disease in all the cultivars with seed treatment followed
by spray treatment using pure culture and powder formulation
of P. fluorescens. Seed treatment followed by spray treatment
of pure culture of P. fluorescens reduced the incidence of ear
rot disease by 83%. Powder formulations of talcum, cornstarch
and wheat bran reduced ear rot by 81, 79 and 77% respectively.
The chemical fungicide carbendazim applied as seed treatment
followed by spray treatment also reduced the disease incidence
by 77% compared with the untreated control.

Table 2. Effect of Pseudomonas fluorescens on seed germination and vigour index in maizea,b

Maize cultivars % Germination Maize cultivars Vigour index

Treatment Kanchan Pioneer sweet corn Kanchan Pioneer sweet corn

P. fluorescens (109 cfu mL−1)
Pure culture 96e 97a 94d 1977d 2198d 1889d

Talc formulation 10 g kg−1 90d 93b 86c 1901d 2119d 1824c

Corn starch formulation 10 g kg−1 87c 89bc 84c 1878c 2087c 1802b

Wheat bran formulation 10 g kg−1 80b 86b 79b 1782b 2002b 1780b

Carbendazim 2 g kg−1 84b 89bc 78b 1799b 2065c 1792b

Control 71a 82a 68a 1278a 1586a 1120a

a The values are the mean from three repeat experiments with four replications and 100 seeds per replication in each experiment.
b Means designated with the same letter are not significantly different according to Tukey’s HSD test at P = 0.05.
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Table 4. Effect of Pseudomonas fluorescens treatments on yield in
three different cultivars of maizea,b

Maize cultivar (q ha−1)

Treatment Kanchan Pioneer Sweet corn

P. fluorescens (109 cfu mL−1)
Seed treatment (ST) 88.1a 101.1a 57.4b

Foliar spray (FS) 81.3b 96.5b 47.5a

ST + FS 94.2c 109.2ab 61.7c

Talc formulation 10 g kg−1

Seed treatment 85.2b 98.6ab 53.5ab

Foliar spray 80.4a 95.4a 52.1a

ST + FS 89.6c 104.2c 55.7c

Corn starch formulation 10 g kg−1

Seed treatment 82.2b 96.4b 50.6b

Foliar spray 78.3a 94.2a 47.7a

ST + FS 87.3c 101.5c 54.2c

Wheat bran formulation 10 g kg−1

Seed treatment 79.2b 90.1ab 47.3b

Foliar spray 77.2ab 89.7a 45.7ab

ST + FS 83.5d 96.8d 48.8c

Carbendazim 2 g kg−1 82.0c 95.0c 49.2d

Control 76.4a 89.2a 45.0a

a Based on the weight of seeds collected from the central two replicates
and converted to quantity per hectare by the procedure of Williams
and Singh.31

b Means within columns sharing the same letters are not significantly
different according to Tukey’s HSD test at P = 0.05.

3.8 Effect of Pseudomonas fluorescens seed treatment on
fumonisin level in maize samples
The results showed that there was significant reduction in the
level of total fumonisins in all the cultivars subjected to seed
treatment followed by spray treatment with pure culture and
powder formulation of P. fluorescens. Seed treatment followed by
spray treatment with pure culture of P. fluorescens reduced the
incidence of fumonisins by 88%, followed by talcum powder
formulation (82%), corn starch formulation (75%) and wheat
bran formulation (77%). Carbendazim treatment also reduced
the fumonisins by 77% over control (Table 6).

4 DISCUSSION
Mycotoxin control measures have been implemented for agri-
cultural commodities entering international trade or located in
countries with centralised or large-scale buying and distribution
systems. However, in developing countries, where local food con-
sumption or subsistence agriculture is practised by as much as
70% of the population, such measures would be difficult to im-
plement. Because of the stringent mycotoxin control measures
being maintained by those countries importing food grains and
oilseeds, and because of the need for exporting countries to earn
foreign exchange, the best of the commodities are often sold
abroad, while the substandard or contaminated commodities are
retained for domestic use. After four decades of research in maize,
there is still no obvious solution in sight with respect to fungal
contamination and elaboration of toxins.3

Table 5. Effect of Pseudomonas fluorescens treatment on incidence
of ear rot disease in three different cultivars of maizea,b

Maize cultivar % Disease incidence

Treatment Kanchan Pioneer sweet corn

P. fluorescens (109 cfu mL−1)

Seed treatment 6.00b 5.77b 5.92ab

Foliar spray 7.25c 6.27c 6.18c

ST + FS 4.91a 3.27a 5.22a

Talc formulation 10 g kg−1

Seed treatment 6.37b 5.92b 6.31ab

Foliar spray 7.61c 6.46c 7.38c

ST + FS 5.21a 4.81a 6.01a

Corn starch formulation 10 g kg−1

Seed treatment 6.87b 6.01b 7.21b

Foliar spray 7.74c 6.71c 7.94c

ST + FS 5.66a 5.18a 6.61a

Wheat bran formulation 10 g kg−1

Seed treatment 7.07b 7.21b 8.40c

Foliar spray 8.01c 7.41bc 8.85d

ST + FS 6.12ab 5.79d 8.17b

Carbendizim 2 g kg−1 5.59a 6.10a 7.14a

Control 19.1d 13.0d 32.0d

a Percentage protection is the mean from three repeat experiments
with four replications and 100 seeds per replication in each experiment.
b Means designated with the same letter are not significantly different
according to Tukey’s HSD test at P = 0.05.

In the present study, three different maize cultivars, Kanchan,
Pioneer and Mysore sweet corn, which were considered as moder-
ately resistant, resistant and susceptible, respectively, to Fusarium
sp., and having different ranges of F. verticillioides-infected seeds,
were treated with P. fluorescens and its formulations and eval-
uated for F. verticillioides incidence, effect on seed germination,
seedling vigour, field emergence, grain yield and fumonisin accu-
mulation. The results varied with different treatments; the pure
culture of P. fluorescens was more effective in reducing the inci-
dence of F. verticillioides and increased the seed germination and
vigour compared with the recommended carbendazim treatment
in maize seeds. Similar results have been reported in sorghum14

and in rice.15 Several researchers have reported that application
of fluorescent Pseudomonas to seed,16 soil17 and foliage18 – 20 has
also controlled several plant diseases.

Pure culture and formulations of P. fluorescens were also used
under field conditions as seed treatment and spray treatment
alone and in combination to evaluate seed quality parameters
such as field emergence, ear rot disease, grain yield and level of
fumonisin production for three consecutive years. The present
results revealed that P. fluorescens significantly controlled ear rot
disease and also improved field emergence and grain yield and
reduced the level of fumonisins in maize grains.

Seeds treated with biological agents under field conditions were
analysed for fumonisin production. The amount of fumonisins was
significantly reduced throughout the treatments, but especially in
seeds treated with pure culture of P. fluorescens as seed + spray
treatment, compared with another seed treatment and the
untreated control which showed high accumulation of fumonisin
in seed samples. These experiments indicated that P. fluorescens

Pest Manag Sci 2009; 65: 769–775 c© 2009 Society of Chemical Industry www.interscience.wiley.com/journal/ps
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Table 6. Effect of Pseudomonas fluorescens treatments on fumonisin
level in cultivars of maizea,b

Total fumonisins (µg g−1)

Treatment Kanchan Pioneer Sweet corn

P. fluorescens (109 cfu mL−1)

Seed treatment 81.4b 12.1b 128.07b

Foliar spray 92.2c 18.1c 167.40c

ST + FS 65.7a 08.3a 102.24a

Talc formulation 10 g kg−1

Seed treatment 96.5b 19.10b 189.32b

Foliar spray 99.2c 23.42c 207.10c

ST + FS 79.9a 12.55a 153.21a

Corn starch formulation 10 g kg−1

Seed treatment 116.4b 19.14b 189.26b

Foliar spray 123.4c 24.54c 212.30c

ST + FS 104.9a 14.77a 169.15a

Wheat bran formulation 10 g kg−1

Seed treatment 123.1c 23.23b 209.12b

Foliar spray 135.7d 26.92c 237.21c

ST + FS 119.4b 20.15a 201.18b

Carbendizim 2 g kg−1 109.2a 22.43ab 186.65a

Control 234.0d 34.80d 878.45d

a Values are means from three repeat experiments with four replications
and 100 seeds per replication in each experiment.
b Means designated with the same letter are not significantly different
according to Tukey’s HSD test at P = 0.05.

prevented fumonisin production by reducing the accumulation of
F. verticillioides in maize.

A combined application of different formulations to seed and
foliage was the most effective method for the control of disease in
the field. Possibly both rhizosphere and phyllosphere populations
of P. fluorescens helped to control disease. Both direct inhibition of
the pathogen and systemically induced resistance in maize plants
could be involved in control. Similar observations were also made
in rice plants21 in the case of P. fluorescens.

Increase in maize yield owing to P. fluorescens has been reported
in several crops.22 – 25 Pseudomonasfluorescens is known to produce
several plant growth regulators such as gibberlins, cytokinins
and indole acetic acid,26,27 although effective control and yield
increase appear to be dependent on method of treatment and
the amount of biocontrol inoculum used. Lower disease incidence
and resultant yield increase in seeds treated with microbial agents
might be attributed to rapid multiplication of antagonists in the soil
and its colonisation in the roots of seedlings, thereby preventing
the establishment of the pathogens in the rhizosphere. The overall
performance of P. fluorescens under field conditions was consistent
during the study. In all 3 years of the study, seed treatment followed
by foliar applications showed a considerable reduction in disease
epidemics and fumonisin production compared with untreated
seeds.

The present study demonstrated that P. fluorescens meets
several criteria essential for an effective biocontrol agent. One
feature is that the biocontrol agent must colonise the substrate or
plant part targeted by the pathogenic organism. The inoculation
of F. verticillioides and the isolated biocontrol agents into maize
plants fulfilled another criterion, in that the biocontrol agent must

be active under natural environmental conditions such as pH
and temperature, so that growth of the biocontrol agent and
antagonist coincide. However, previous studies have indicated
that species of Pseudomonas may be more effective in certain
ecological niches, such as specific soil types and temperature.28,29

Further, the biocontrol potential for this isolate is more suited for
toxin reduction in maize kernels intended for animal feed. The
successful activity of the fungus on kernels in field and storage will
depend on air, moisture and temperature requirements for this
isolate. The present results provide the first evidence for activity
of a P. fluorescens species as a suppressor of fumonisin synthesis.
These results also support earlier reports that certain strains of
P. fluorescens inhibit F. verticillioides growth.30 The present study
has shown that P. fluorescens is ecofriendly and much more
effective against F. verticillioides and fumonisins and can be used
as an alternative to fungicides to control toxigenic moulds.
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