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Plant growth-promoting rhizobacterial strains belong-
ing to fluorescent pseudomonads were isolated from
the rhizosphere of rice and sugarcane. Among 40
strains that were confirmed as Pseudomonas fluores-
cens, 18 exhibited strong antifungal activity against
Rhizoctonia bataticola and Fusarium oxysporum,
mainly through the production of antifungal metabo-
lites. Genotyping of these P. fluorescens strains was
made by PCR-RAPD analysis, since differentiation by
biochemical methods was limited.

PLANT growth-promoting rhizobacteria (PGPR) improve
plant growth in two different ways, directly or indirectly.
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The direct promotion of plant growth by PGPR is
through production of plant growth-promoting sub-
stances' or facilitation of uptake of certain nutrients from
the soil’. On the other hand, PGPR can also prevent the
proliferation of phytopathogens and thereby support plant
growth. One of the mechanisms involved here is through
their ability to produce siderophores for sequestering
iron’. The secreted siderophores binds to the Fe’" that is
available in the rhizosphere, and thereby effectively pre-
vent growth of pathogens in that region. For example,
Pseudomonas fluorescens belonging to the PGPR class
produces siderophores and control Pythium ultimum®.
Some other PGPR synthesize antifungal antibiotics, e.g.
P.  fluorescens produces 2,4-diacetyl phloroglucinol,
which inhibits growth of phytopathogenic fungiS. Certain
PGPR degrade fusaric acid produced by Fusarium sp.
causative agent of wilt and thus prevents the pathogene-
sis®. Some PGPR can also produce enzymes that can lyse
fungal cells. For example, Pseudomonas stutzeri pro-
duces extracellular chitinase and laminarinase which
could lyse the mycelia of Fusarium solani’. In recent
years, fluorescent Pseudomonas has been suggested as
potential biological control agent due to its ability to
colonize rhizosphere and protect plants against a wide
range of important agronomic fungal diseases such as
black root-rot of tobacco®, rootrot of peag, root-rot of
wheat'?, damping-off of sugar beat''? etc.

Soil samples were collected from 31 different locations
representing rhizosphere of mainly rice and sugarcane
around Madurai. The rhizosphere samples were plated on
King’s B-medium (Pseudomonas isolation agar medium,
Hi-Media, Mumbai) and the plates were incubated at
37°C for 24h. Colonies that fluoresced under UV light
(A=356nm) were selected and further purified on the
same medium. Among the isolates, 40 were confirmed as
P. fluorescens based on biochemical tests such as arginine
hydrolysis, catalase activity, production of fluorescing
compounds, gelatin liquefaction and growth at 4°C and
42°C. Plant growth-promoting properties of the selected
18 strains were confirmed with their ability to produce
indole acetic acid, phosphate solubilization and inhibition
of fungal phytopathogens.

Preliminary screening for antifungal activity was per-
formed on PDA medium without supplementation of
FeCls, Under this condition, fungal growth inhibition
could be either due to production of siderophores or anti-
fungal metabolites. Pathogen used were Fusarium oxy-
sporum Foxl and Rhizoctonia bataticola Rbal (obtained
from Tamil Nadu Agricultural University, Coimbatore)
and antagonism was tested on PDA with and without
FeCls (100 ug ml' ).

An agar plug (4 mm dia) taken from an actively grow-
ing fungal culture was placed on the surface of the PDA
plate. Simultaneously, P. fluorescens strains were
streaked 3 cm away from the agar plug at sides towards
the edge of petri plates. Plate inoculated with fungal agar
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Table 1. Comparison of antifungal activity of Pseudomonas fluorescens strains on R. bataticola and

F. oxysporum in the presence and absence of FeCls

R. bataticola F. oxysporum

Strain Presence of FeCl; Absence of FeCls Presence of FeCl; Absence of FeCls
JAT1 +++(12) +++(12) +(2) +(2)
JAI2 +++(11) +++(11) +(2) +(2)
JAI3 - +++ (13) - ++(10)
JAIS +++(12) +++(12) +(3) +(3)
JAI6 +++(12) +++(12) +(4) +(4)
JAIB +++ (14) +++ (14) +(4) +(4)
JOS - - ++(9) ++(9)
MKU3 +++(11) +++(11) - -
PAON2 +++(12) +++(12) +++ (13) +++(13)
PAON3 +(5) +(5) +(3) +(3)
PNC1 +++(11) +++(11) +(3) +(3)
PUJAL +++ (14) +++ (14) +++(11) +++ (11)
PUJA3 +++(11) +++(11) +++(11) +++(11)
SOCO6 +++ (13) +++ (13) +++(12) +++(12)
SOCO12 ++ (10) ++ (10) +(3) +(3)
TS4 +(2) +(2) +(4) +(4)
TVM2 - - ++(8) ++(8)
V35 ++ (10) ++ (10) - -

Numbers in the parentheses indicate the zone of inhibition in mm.
‘~’, No inhibition; ‘+’, Low inhibition (1 to 5 mm); ‘“++°, Medium inhibition (6 to 10 mm); “+++, Strong

inhibition (11 to 15 mm).

plugs alone was used as control. The plates were incu-
bated at 37°C until fungal mycelia completely covered
the agar surface in control plate. Strains that inhibited
mycelial growth of F. oxysporum and R. bataticola on
plates with FeCl; were identified.

Among 40 strains of P. fluorescens, 17 inhibited the
mycelial growth of R. bataticola and F. oxysporum on
PDA in presence and absence of FeCls (Table 1). Strains
JAI3 inhibited fungal growth only in the absence of
FeCl;, suggesting siderophore mediation. Greater number
of strains inhibited growth of R. bataticola than F. oxy-
sporum. Strains PAON2, PUJAl, PUJA3 and SOCO6
strongly inhibited growth of both fungal pathogens.
Strains MKU3 and V35 inhibited growth of R. bataticola
only, while strains TVM2 and JO5 inhibited growth of F.
oxysporum only. This suggested that various isolates of
P. fluorescens produce different antifungal compounds.
These strains were not further distinguishable based on
biochemical tests; therefore genotyping was performed
by PCR-RAPD analysis.

Chromosomal DNA from cultures grown in nutrient
broth at 37°C for 16 h was extracted according to the
method of Byun et al’*. To confirm strains as fluorescent
Pseudomonas, 16S-235 rRNA intervening sequence-
specific primers ITSIF (AAGTCGTAACAAGGTAG);
ITS2R (GACCATATATAACCCCAAG) were used to
get an amplicon size of 560 bp. The random primers pgs2
(GTTTCGCTCC), pgs3 (GTAGACCCGT) and pgs4
(AAGAGCCCGT) were used for RAPD analysis. All
primers were synthesized and obtained from Microsynth,
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Switzerland. PCR reactions were carried out in 20pul
reaction containing 10 x buffer (with 2.5 mM MgCl),
2ul; 2mM dNTP mixture, 2 ul; 2puM primer, 5pl; Tag
DNA polymerase, 3U; H,O, 8ul, and 50 ng of template
DNA samples were amplified on DNA thermalcycler
(DNA engine, MJ Research, USA) using the PCR condi-
tions 92°C for 4 min, 28°C for 1 min and 72°C for 2 min.
The total number of cycles was 40, with the final exten-
sion time of 10 min. The PCR products were resolved on
2% agarose at 50V, stained with ethidium bromide
0.5ug ml™) and photographed and analysed using Gel
documentation system (Biorad, USA, model 2000, Quan-
tity One software).

PCR-RAPD analysis was repeated at least three times
and fingerprints were compared. The RAPD bands which
appeared consistently were evaluated. Calculation of the
pair-wise coefficient similarity based on the presence and
absence of bands and cluster analysis with unweighed
pair group method arithmetic mean (UPGMA) were used
to generate similarity matrix.

The 165-23S ITS region from all 18 strains of P. fluo-
rescens (one strain sid’, others ant’, sid") gave a single
amplicon of size of 560 bp, which confirmed that all 18
strains were P. fluorescens. Similar PCR protocol has
been employed for the detection of 16S rRNA genes of
the genus Pseudomonas in environmental sarnplesm.

The pgs4 primer did not provide sufficient RAPD
bands for analysis and therefore they were not taken into
further consideration. The primer pgs3 provided several
bands, including a unique band with size of 800 bp (Fig-
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ure 1a). Sequence analysis of this unique band from a
type strain P. fluorescens NRRL B10 (obtained from
Northern Regional Research Laboratory, Peoria, USA)
revealed that it belonged to 23S rRNA gene. The sequence
was submitted to GenBank (Accession No. AF369903).
Other amplicons obtained with pgs3 primers were too
small for analysis, while amplification with primer pgs2
gave greater number of clear bands (Figure 1 ).

Strains JAT1, JAI2, JAI5, JAI6 and JAIS isolated from
the same rhizosphere showed similar antifungal activity;
however there was a wide genetic variation (Figure 1b).
However, isolates from different locations showed strong
similarity. For example, strains JAI6 and MKU3 isolated
from different locations showed similar RAPD pattern.
Strain JAI5 was found to be similar to strain PAON3, and
JAI2 similar to PNCl. RAPD analysis revealed that
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RAPD analysis of (a) primer pgs3 and (b) primer pgs2
amplified DNA fragments of antifungal compound producing Pseudo-
monas fluorescens.

Figure 1.
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Figure 2. Genetic relatedness between antifungal compounds produc-
ing Pseudomonas fluorescens.

strains JAI2, JAI5 and JAI6 formed distinct groups com-
pared to other strains and showed maximum similarity
with strains PNCI, PAON3 and MKU3 respectively,
which were isolated from different locations (Figure 2).
Similarly, strains SOCO6 and SOCO12 isolated from the
same area were placed in separate subgroups. Strain
SOCO6 shared greater similarity (>50%) with strain
PAON2, thus confirming that bacteria isolated from
entirely different geographical areas can also share some
genetic relatedness. Ellis et al’® used a collection of 29
fluorescent Pseudomonas involved in the suppression of
P. ultimum to fatty acid profiling and RFLP analysis of
the ribosomal DNA operon (ribotyping), to determine the
genetic diversity of the organism possessing similar func-
tions. A small group of genetically related Pseudomonas
sp. was identified; each isolate was confirmed to produce
diffusible bioactive product; therefore organisms having
similar properties may share some genetic relationship
among themselves irrespective of geographical location.
In the present study, PAON2 and PAON3 isolated from
the same ecological niche were strongly antagonistic to
phytopathogens, but shared genetic homology with
SOCO6 and JAIS, isolated from entirely different regions.
Although there are several environmental factors which
can modulate the production of antifungal compounds,
the producers cannot be differentiated based on bio-
chemical tests. Molecular analysis using PCR-based
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RAPD method is thus useful to differentiate such strains
at the intraspecific level.

The production of antimicrobial agents in soil is influ-
enced by several environmental factors such as soil
chemistry and microbial population. For example, pres-
ence of Zn>" in soil increases the production of Phenazine
(PCA)16 and low temperature (12°C) influences produc-
tion of 2,4-diacetyl phloroglucinol (DAPG) by Pseudo-
monas sp.S. It is however not possible to differentiate the
strains based on the antimetabolites production. Accord-
ing to Manceau and Harvais'’, the relationship among
strains at the genetic level can be analysed by genomic
fingerprinting techniques such as PCR-RAPD, repetitive
sequence-based PCR (rep-PCR), and amplified 16S ribo-
somal DNA restriction analysis (ARDA). For example,
the genetic diversity of P. syringae var tomato has been
studied by PCR-RFLP analysis of rRNA operonlg.

In summary, strains JAIl, JAI2, JAIS, JAI6 and JAIS
isolated from the same rhizosphere and strains PNC1 and
SOCOI12 isolated from different locations showed similar
antifungal properties. Similarly, strains PAON2, PUJAI,
PUJA3 and SOCO6 isolated from three different loca-
tions showed similar antifungal properties. Such strains
synthesizing similar antifungal compounds could not be
differentiated by biochemical tests; however they could
display considerable genotypic differences. Therefore,
differentiation of these strains was possible with the use
of PCR-RAPD methodology.
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Acacia sinuata shows leaf-fall, flushing and flowering
during dry season. The flowers are small, massed into
globose heads and function as units of reproduction.
The plant is self-incompatible and exhibits synchro-
nous flowering to facilitate cross-pollination. The
flowers are hermaphroditic and monostylous, offering
both pollen and nectar as floral rewards. Foragers
included bees, wasps, flies, butterflies and thrips.
Thrips acted as mere foragers, while all others acted
as pollinators while foraging different conspecific
flowers in succession. Additionally, sunbirds made
occasional visits for feeding on extra-floral nectaries
located at the base of leaf petioles. The pod-set rate
was 2% only. The low pod-set rate is attributed to a
variety of factors. The study suggests that pod and
seed yields may be enhanced by introducing manage-
able bees together with their nesting requirements.

THE forests in India yield a large number of products
which play an important role in the economy of the coun-
try. Among these, timber and firewood are known as
major forest products. The minor forest products may not
be of great economic importance individually, but collec-
tively their value is immense. Large quantities of these
products are consumed locally. They support a large
number of indigenous industries besides finding their
way into external trade. There are a number of other for-
est products which have not come into the market so far;
but are likely to gain economic importance, if properly
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