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ABSTRACT

Ten isolates of Pseudomonas fluorescens isolated from fields of banana based cropping system
were evaluated for hydrogen cyanide and siderophore production, phosphate solubilization, antagonistic
potential against fungal pathogens infecting tobacco and genetic diversity. Isolates varied in production of
antifungal and plant growth promoting substances and in their ability to inhibit growth of tobacco pathogenic
fungi, Phytophthora, Rhizoctonia and Fusarium. The isolates producing both high and low HCN showed
similar type of inhibition of mycelial growth of pathogens in vitro indicating possible involvement of other
biocontrol mechanisms. Similarity coefficients based on RAPD banding pattern among 10 isolates ranged
between 0.26 and 0.78 with an average of 0.52. The clustering pattern reflected HCN producing and to
some extent phosphorous solubilizing traits of the isolates. No correlation between RAPD banding pattern

and antagonistic potential of isolates was found.
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The beneficial effect of plant growth promoting
rhizobacteria (PGPR) has been attributed to their
ability to produce various compounds which have
been reported to prevent proliferation of
phytopathogens, thereby supporting plant growth.
Fluorescent pseudomonads are effective candidates
for biological control of soil borne plant pathogens
owing to their versatile nature, rhizosphere
competence and multiple modes of action (Diby et
al. 2001). The mode of action of the antagonistic
organisms against various soil borne pathogenic
fungi can be mainly attributed to the production of
secondary metabolites like antibiotics (Weller,
1988), volatile and non-volatile metabolites,
siderophores and cyanides (Kloepper et al. 1980)
and hydrolytic enzymes (Kumar and Gupta, 1999).
The pseudomonads also produce plant growth
promoting substances (Patten and Glick, 1996) and
solubilise phosphorous (lllmer and Schinner, 1995).

Productivity of tobacco is limited by soil borne
diseases mainly caused by species of Phytophthora,
Fusarium and to a lesser extent by Rhizoctonia.
Some of these diseases form a complex with plant
parasitic nematodes and insect pests as well. These
pathogens are difficult to manage because of their
soil borne nature. Restriction on the use of chemicals
in tobacco also necessitates development of
alternative and holistic disease management
strategies for these diseases. The main objective
of the present work is to assess the genetic diversity

and in vitro antagonistic potential of Pseudomonas
fluorescens isolates obtained from banana based
cropping system against Fusarium oxysporum. f.
sp. hicotianae, R. solani and Phytophthora parasitica
var. nicotianae infecting tobacco.

MATERIAL AND METHODS

Soil samples from fields of banana based
cropping system were collected from different
locations of West Godavari district, Andhra Pradesh.
Isolates of P. fluorescens were obtained using King’s
B medium (King et al., 1954). Colonies that showed
fluorescence at 365 nm were selected and further
purified on the same medium. Pure cultures of
pathogens viz., F. o. f. sp. nicotianae, R. solani and
P. parasitica var. nicotianae infecting tobacco
available in the Central Tobacco Research Institute,
Rajahmundry were used in this study. Isolates of
P. fluorescens were tested against these pathogens
in vitro by dual culture technique where a 5 mm
disc of pathogen grown on PDA was inoculated at
the center of the plate and the bacterial isolates
were streaked triangularly at a distance of 2 cm
from the pathogen. Periodical observations on the
growth of pathogens were recorded.

Production of volatile inhibitor compound,
HCN was estimated by the method outlined by Wei
et al. (1991) with slight modification. The filter paper
strips soaked in picric acid solution were suspended
thus exposing them to growing P. fluorescens
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isolates in 150 ml conical flasks containing 25 ml
liquid medium for 6 days. After incubation, the filter
paper strips were soaked in 40 ml water for 10 min
for complete leaching of the brown colour from the
filter papers and the OD of colour solution was read
at 515 nmin Spectronic 20. Siderophore production
was estimated by the method of Lone Gram (1996).
Ability of these isolates for phosphorous
solubilization from calcium triphosphates was
estimated (llimer and Schinner, 1995). For all the

experiments, three replication were
maintained.
Genomic DNA extraction and PCR

amplification

The genomic DNA was extracted by the
modified method of Byun et al. (1986). A total of 20
decamer primers belonging to different series
(Operon Technologies Inc, Alameda, CA, USA) were
screened in RAPD analysis. Of these, 15 primers
were selected based on repeatability. The PCR
amplification conditions were as described by
Williams et al. (1990) with minor modifications.
Amplifications were carried out in a 25 ul reaction
mixture containing 25 ng template DNA, 0.5 units
of Tag DNA polymerase, 0.2 mM of each dNTP and
20 ng of each primer. Amplification was carried
out in a DNA thermal cycler (PTC-100, Peltier
Thermal Cycler, M.J. Biotech, USA) programmed
to run the following thermal profile: initial denaturation
at 94°C for 5 min, 40 cycles of 94°C x 1 min, 37°C x
1 min, 72°C x 2 min, followed by final extension at
72°C for 10 min. Amplification products were
resolved on 1.4% agarose gel at 50 V and gels
were documented in gel documentation system
(Gene Genius, Syngene Bio-imaging System, U.K).
Size of the fragments was estimated using Gene
Ruler 100 bp DNA ladder plus (MBI Fermentas,
Lithuania) marker.

Data analysis

All the isolates were scored for presence or
absence of RAPD bands. Only intense bands and
those repeatedly amplified were scored visually. The
data were entered into a binary matrix as discrete
variables, 1 for presence and 0 for absence of the
character and this data matrix was subjected to
further analysis. The Excel file containing the binary
data was imported into NT Edit of NTSYS-pc
software version 2.02 (Rohlf, 1998). The 0/1 matrix
was used to calculate similarity as DICE coefficient
using SIMQUAL subroutine in Similarity routine. The
resultant similarity matrix was employed to construct
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dendrogram using Sequential Agglomerative
Hierarchial Nesting (SAHN) based Un-weighted
Paired Group Method with Arithmetic Means Average
(UPGMA) to infer genetic relationships.

RESULTS AND DISCUSSION

All P. fluorescens isolates tested inhibited
growth of the test pathogenic fungi infecting tobacco
(Table 1). However, isolates significantly differed in
their antagonistic ability against R. solani while no
significant differences among isolates were recorded
against P. parasitica var. nicotianae and
F. oxysporum f sp nicotianae. Inhibition was between
92% and 98% after 6 days of incubation for
P. parasitica var. nicotianae, 85% and 90% for
F. oxysporum f sp nicotianae and 95 to 100% for
R. solani. On the second day of incubation, inhibition
of the mycelial growth of pathogens by the isolates
varied from 25.75 to 46.97% (data not presented),
but with increase in incubation period, inhibition
increased. Isolate Pfbr8 caused total inhibition of
R. solani while lowest inhibition (94.9%) was
recorded with Pfbr2 after 6 days of incubation.

Isolates varied in their HCN producing ability;
Pfbr1 and Pfbr9 produced maximum HCN content
whereas Pfbr4 and Pfbr8 produced minimum (Table
2). Differencesin HCN production though significant
did not reflect in the antagonistic potential of
P. fluorescens isolates as the differences in
inhibition of pathogens by isolates in general were
only marginal. Voisarad et al. (1989) reported that
some P. fluorescens isolates produced volatile HCN,
which helped to suppress black root-rot of tobacco
caused by Thielaviopsis basicola. Volatile
metabolites and HCN have been reported to play an
important role in the biocontrol of plant diseases by
antagonistic bacteria (Dowling and O’Gara, 1994).
Nagaraj Kumar (2003) also reported variations in the
HCN production potential of P. fluorescens.

Siderophores were shown to be a part of the
arsenal of the bilcontrol agents in disease
suppression by fluorescent Pseudomonads (Leong,
1986). Many P. florescens isolates are known to
secrete fluorescent and yellow-green, water soluble
siderophores under iron-limiting conditions. These
siderophores will have high affinity for ferric iron and
form ferric-siderophore complexes and make it non-
available to other organisms but the producing
organism can utilize these complexes (Buyer and
Leong, 1986). In the present investigation, all isolates
produced siderophore in varied amounts (Table 2).
The isolates Pfbr1 and Pfbr3 produced higher
siderophore content whereas, Pfbr2 produced
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Table1. Inhibition (%) of fungal pathogens by P.fluorescens isolates after 6 days of incubation.

Isolate Rhizoctonia Fusarium Phytophthora
Pfbr 1 96.2 (79.1)* 89.6 (71.3) 96.5 (79.8)
Pfbr 2 94.9 (77.1) 85.9 (67.9) 95.9 (78.6)
Pfbr 3 96.9 (80.2) 86.8 (68.7) 97.2 (82.2)
Pfbr 4 95.8 (78.4) 85.9 (67.9) 98.3 (82.9)
Pfbr 5 99.2 (85.6) 86.0 (68.1) 98.1(83.9)
Pfbr 6 99.2 (85.8) 85.1 (67.5) 92.1(73.8)
Pfbr7 99.1 (85.4) 85.9 (68.0) 97.8 (81.6)
Pfbr 8 100.0 (90.0) 85.3 (67.6) 94.3 (75.9)
Pfbr 9 98.8 (84.8) 88.2 (69.9) 94.3 (76.0)
Pfbr 10 95.7 (78.2) 86.9 (68.8) 95.0 (77.2)
CD (5%) 6.2 NS NS

NS: Non significant

* figures in parentheses are arc sin transformed values
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Table 2: Production potential of secondary metabolites and phosphorous solubilization by P. fluorescens

Isolate Cyanide (OD) Siderphore(OD)  Phosphorous (ppm)
Pfbr 1 1.534 0.851 12.62
Pfbr 2 0.870 0.459 13.45
Pfbr 3 1.332 0.823 18.50
Pfbr 4 0.062 0.690 37.42
Pfbr 5 0.273 0.635 4411
Pfbr 6 0.033 0.721 33.43
Pfbr7 1.370 0.655 14.13
Pfbr 8 0.062 0.630 13.22
Pfbr 9 1.480 0.560 14.55
Pfbr 10 0.268 0.748 45.02
CD (5%) 0.072 0.031 1.46
Table 3. Data on RAPD analysis
Primer Total no.of  No. polymor Polymorphism
bands phicbands (%)

OPAB2 8 4 50

OPAB10 1M1 8 73

OPP1 10 7 70

OPP3 1 9 81

OPP4 14 8 57

OPP5 10 6 60

OPC3 8 6 75

OPC8 13 8 62

OPL2 14 11 79

OPL3 8 5 63

OPL4 12 8 67

OPM6 9 7 78

OPM10 10 9 90

OPM13 8 5 63

OPM19 6 5 83
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Fig 1. PCR amplification by RAPD primer OPM19 among the isolates of P. fluorescens. Lanes: 1.
Pfbr1, 2. Pfbr2, 3. Pfbr3, 4. Pfbr4, 5. Pfbr5, 6. Pfbr6, 7. Pfbr7, 8. Pfbr8, 9. Pfbr9 and 10. Pfbr10.

M= DNA ladder

Table 4 Similarity matrix among the P. fluorescens

1
1.00 2
0.54 1.00 3

0.26 0.52 1.00 4

0.30 0.45 0.55 1.00 5

0.38 0.46 0.60 0.54 1.00 6

0.50 0.59 0.47 0.72 0.60 1.00 7

0.28 0.38 0.40 0.38 0.34 0.47 1.00 8

0.57 0.66 0.47 0.63 0.54 0.78 0.40 1.00 9

0.58 0.66 0.44 0.50 0.55 0.62 0.37 0.62 1.00 10
0 0.45 0.47 0.42 0.50 0.43 0.57 0.60 0.50 0.52 1.00
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1. Pfbr2, 2. Pfbr10, 3. Pfbr3, 4. Pfbr4, 5. Pfbr7, 6. Pfbr6, 7. Pfbr9, 8. Pfbr8, 9. Pfbr5 and 10. Pfbr1
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Fig 2. Dendrogram showing the genetic relationship among the P. fluorescens isolates based
on UPGMA analysis.
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minimum. Although the isolates varied widely in
siderophore production, their pathogen suppression
ability in vitro differed only marginally.

Pseudomonas fluorescens isolates varied
significantly for phosphate solubilization ability from
tricalcium phosphate. The liberated phosphate
content ranged between 12.62 and 45 ppm (Table 2)
suggesting wide diversity among the isolates for this
trait. The isolate Pfbr10 released the highest
phosphorous from tricalcium phosphate, whereas
Pfbr1, Pfbr2, Pfbr7, Pfbr11 and Pfbr8 could liberate
lower contents. Phosphate solubilisation is an
important growth promoting activity of fluorescent
Pseudomonads which has been found to vary among
isolates (llimer and Schinner, 1995).

All the 20 primers used were polymorphic.
However, reproducible pattern was obtained with 15
which generated 152 bands of which 106 (69.73%)
were polymorphic (Table 3). The generated bands
were in the size range from 0.2 to 2.6 kb. The total
number of fragments amplified per primer was
between 6 and14 with an average of 10.13. Level of
polymorphism detected with different primers ranged
from 50 to 90%. The primers: OPP3, OPM10, and
OPM19 were highly polymorphic (Fig. 1).

Based on RAPD profile, the pair-wise similarity
coefficients for isolates were between 0.26 and 0.78
with an average of 0.52 (Table 4). The lowest genetic
similarity was observed between the isolates Pfbr2
and Pfbr3 (26%) whereas, the highest (78%) was
between isolates Pfbr6 and Pfbr8.

Clustering analysis by un-weighted pair group
method on arithmetic mean averages (UPGMA)
grouped the isolates into three major clusters with
the isolate Pfbr2 linked independently to the main
cluster (Fig. 2). The cluster 1 was formed of two
sub-clusters. The isolates Pfbr5 and Pfbr10, which
are low HCN producers grouped in sub-cluster 1a
while the isolates Pfbr4, Pfbré and Pfbr8, which are
very low HCN producers formed sub-cluster 1b. The
isolates Pfbr3 and Pfbr7, which produced higher levels
of HCN and having lower phosphorous solubilising
ability formed the cluster 2 with 60% of genetic
similarity. The cluster 3 was constituted with very
high HCN producing isolates Pfbr1 and Pfbr9 with
60% genetic similarity. The isolate Pfbr2, which
produced moderate levels of HCN linked
independently with the main cluster. The high HCN
producing isolates Pfbr1 and Pfbr9, shared 3540
% genetic similarity with lower HCN producing
isolates Pfbr4, Pfbr6 and Pfbr8. The clustering
formation to some extent was based on HCN
production and phosphorous releasing capability of
isolates. Reddy and Rao (2009) reported 0 to 83%
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genetic similarity among the 8 isolates of fluorescent
pseudomonads collected from rice rhizosphere and
some genetic relatedness among the isolates
collected from different geographical areas. PCR-
RAPD analysis revealed wide genetic variation
among 18 isolates of florescent pseudomonads from
rice and sugarcane rhizosphere that exhibited similar
antifungal activity (Ramesh Kumar et al., 2002). Ellis
et al. (2000) studied genetic variations among
P. fluorescens isolates and reported that the
organisms with similar properties may share some
genetic relationship among themselves irrespective
of geographical location. Although there are several
environmental factors which influence production of
antifungal compounds, the isolates cannot be
differentiated based on biochemical tests alone.
Molecular analysis using PCR-based RAPD method
is thus useful to differentiate such strains at the
intra-specific level.

In the present study, the P. fluorescens
isolates showed high variation in the production of
antifungal and plant growth promoting substances.
None of the isolates was found to possess the ability
to produce high HCN and siderophore, and
phosphorous solubilization capacity. Even though
large variation in the production of HCN among the
isolates existed, the isolates producing maximum
HCN (Pfbr1) and minimum HCN (FPfbr4) showed
similar type of inhibition of mycelial growth of
pathogens in vitro indicating possible involvement
of various other processes in biocontrol of pathogens.
The clustering pattern was in accordance with HCN
production and to some extent phosphorous
solubilizing traits. RAPD could hence be a useful
tool for differentiating P. fluorescens isolates with
primers that give reproducible banding patterns.
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