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Abstract

Eight isolates of fluorescent pseudomonads were isolated from the disease suppressed and identified and
characterized by physiological and biochemical and bacteriological tests. LPK2 aligned to same cluster (100% bootstrap
value) with reference strains of FPseudomonas fluorescens. All the strains of P fluorescens LPK2 showed 1AA production,
phosphate solubilisation, siderophore production and HCN production. Chitinase activity and -1,3-glucanase activity
was also pronounced in P. fluorescens LPK2. In dual culture technique, all the strains of Pseudomonas (LPK1 to LPK$)
inhibited the in vigro growth of £ wdum, Maximum inhibition of £ udum recorded in the case of I fluorescens LPK2. Ce||
free culture filtrate of also restricted the hyphal growth of £ wdum. Scanning electron microscopic studies on morphological
features in the hyphae of £ udum in the form of fragmentation and degradation of mycelia and loss of structural integrity of
conidia of £, udum were clear] y observed. In iron supplemented (30 M Fe*') medium inhibition of the pathogenic fungi was
reduced. Under iron-deficient condition, P fluorescens LPK2 inhibited £ udum by 65%. The inhibition of the pathogen by
F. fluorescens LPK2 under iron-sufficient conditions was 51% . '
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Introduction pseudomonads have drawn considerable attention world

India s 8 principal Cafanus cajan growing country wide bcca_use of their plant growth promoting aF.d disease
A . A suppressive nature. Pseudomonads rapidly and
contributing nearly 90% oftotal world's production. Several aggressively colonize the root system and <
biotic and abiotic factors constrain the productivity of Y i y | uppress
pigeonpea under different cropping conditions responsible graain iield [Schipp-frs el ﬂ? TLP;:” Ergdj anlt ggarsnwih a;:-d
for its low productivity (700-800 kg/ha) against potential study, the main aim is to iIth’S‘ﬁ s I.j‘l ¥ :r't. 'l .l this
yield of 2500-3000 kg/ha. Pigeonpea, is attacked by more - d ds and thei WAt e oy i W Liovespl
than 100 pathogens (Nene et al, 1996). The disease of P o nmu_n &,5 o : eir role in suppression of £ udum
considerable economic importance at present is fusarium causing wilt in C. cajan.
wilt (Fusarium wdum). It infests the seeds and such seeds M .
either failed to germinate or produce diseased seed] ings of aterials and mtthud.s .
low survival potential. F|Ll0rf::5£&l1l bacteria were isolated from the disease
The chemical fungicides and pesticides are known ~ SUPPressed rhizos phere of the tomato (Lycopersicon
to be highly effective and promote in controlling fusarium esctilentum) plant cultivated at a farmer's field in Badgaon,
wilt but have various constraints. An altemative to these ~ Detul district (M.P.), India. Plants were gently uprooted
chemicals is the use of certain bio-control agents whichare ~ 2"d loosely adhering soil was carefully removed from the
inexpensive and eco-friendly and have no harmful effects  0°!s- The roots were cut into 2 ¢m long segments. Root
on human population. The plant-associated, fluorescent  S€BMents (1g) with tightly adhering soil were shaken in 9
ml of sterile distilled water for 30 minutes on a rotary shaker.
“Corresponding author e-mail The suspension was serially diluted to spread on
kamlesh.chaure@gmail.com Pseudomonas isolation agar (Himedia; M406) plates. Plates
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ubated at 28+ 1%C for 24.48 I
; colonies. The blue preey ﬂuand observed for

worescen i . Orescent pj
ﬂ'uduﬂi"g pacterial columcf;l Were carefy| 9 picke jllug;mn;
: ' ] ¥ i
maintained O King's B medium (KB sjyp at 4'C for

further Sﬂrc'_:ﬂing' Bmtljcdnucat Ch“mﬂltrimliun of the
pacteria strains e WI'T": Oul according 1 Holt ¢ gf
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were inc

tion and -’:fﬂlf?i:ﬁﬁﬂﬂ :f Sunp
samplﬂ of diseased rpo parts an

randomly collected and fungal pathogen was?sz:fa; :;m
infeccted roots of pigeon pea (Cajamus cajany foj1owin “:I‘I
waler agar technique. After incubation g 28°C for one 1r\Eev.=:I:I>
plates were observed for the appearanee o fungal
pathogen. The fungal 15"?'“‘“ Were grown on the potato
dextrose agar (PDA) medium and cultures were maintain d
on potato dextrose agar (PDA) medium ang chnracteriz:d
following illustration and description of standarg
mycological literature after comparing with standarg
cultures obtained from the Division of piap Patholo
indian Institute of Pulses Research (IIPR), Kanpur, mdg-l:'
The morphological characters of £ udum sych as .t:o]un:,-'
growth, colour pigmentation in substrate, mycelial
characters, and micro and macro conidia production were
considered for the identification of fungi as given by Booth
{1971).

sl al pathogen

IAA Production
To observe 1AA production exponentially grown
~cultures (10°cells mI™) of the each bacterial isolate were
strains were incubated separately. The 24 h cell free culture
supernatants of the strains were analyzed for 1AA
production after measuring wavelength at 530 nm using
UV-VIS spectrophotometer (Shimadzu, Model UV-1601. The
calibration curve of pure IAA was used as a standard
following the linear regression analysis.

Phosphate Solubilization

Phosphate solubilization ability was detected by
spotting the culture (24 h) on Pikovskya's agar plates. The
guantitative estimation of phosphate solubilization was
carried out according to modified methed of Jackson (1958).
The data was recorded by comparing with the standard
curve in the similar set of conditions.

Cyanogen Determination

HCN (hydrogen cyanide) production was
determined by modified method of Bakker and Schippers
(1987). For these exponentially grown bacterial cultures (10

"cells mI') of each isolate was examined for putative HCN
production,

Effect of HCN on fungal growth: The strains of
Muorescent Pseudomonas were grown on Petri plates
containing NAM for 12 h. An agar discs (5 mm diam) cut
from 5 day old cultures of F; wdum was placed at the center
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of bottom part of another plate containing PDA. The plates
inoculated with fungi were placed in an inverted position
over the other plate, containing already grown culture of
the fluorescent ’sendomonas. The plates were made airtight
by pasting with adhesive cellophane tape. The plates with
NAM without fluorescent Pseudomaonas served as control.
Radial growth of the test fungi was recorded.

Siderophore Production

Siderophore production was determined on
Chrome-azurol S (CAS) medium following the method of
Schwyn and Neilands (1987). The bacterial isolates (24 h)
spotted separately on CAS medium and incubated at
28£1°C for 48 h. The siderophores production was
determined by evaluating the absorption spectrum of 48 h
supernatant at 400 nm, spectrophotometrically.

Siderophore Assay: For siderophore production
by bacteria, a special siderophore production liquid culture
was prepared which contained MM9 salts, tris buffer,
casamino acids (0.3%), L-glutamic acid (0.05%), (+) biotin
(0.5 ppm) and sucrose (0.2%). Bacterial cultures were grown
in this medium for 48 h at 28°C under rotating conditions
and its cell density was monitored spectrophotometrically
at 610 nm. After incubation, culture supernatant (0.5 ml)
was mixed with 0.5 ml of CAS assay solution. An un-
inoculated medium served as reference. After reaching colour
equilibrium the absorbance of the mixture was measured at
630 nm. The concentration of siderophore in cultures was
determined by using a calibration curve of hydroxalamine
as a standard under the same conditions and following the
linier regression analysis.

Time course of siderophore production:
Following the above method of quantification of
siderophore production, samples from the bacterial broth
were withdrawn at every 24 h intervals up to 168 h for the
quantitative determination of siderophore. A plot was

prepared comparing siderophore production with respect
to time.

Lytic Enzymes Production

Chitinase activity was observed by the method of
Renwick et al. (1991) in a defined medium having colloidal
chitin as sole carbon source. The bacterial cultures were
spolted on the surface of defined medium and ineubated at
28+1°C for 6-7 days. p-1,3-glucanase activity was assessed
using the same medium except colloidal chitin was replaced
by laminarin (Sigma). Bacterial cultures were streaked and/
or spot inoculated directly on to the plates. Chitinase activity
was identified by the development of clear halo around the
colonies or bacterial spots, while [3-1,3-glucanase activity
was confirmed with the bacteria growing on the medium
having laminarin as a sole source of carbon (Rangel-Castro
el al., 2002).

For the preparation of colloidal chitin (Berger and
Reynoldes, 1988), 10 g of crab shell chitin (Sigma) was slowly
dissolved in one liter of concentrated HCI under stirring
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conditions at 4°C temperature, The resultant viscous mixture
wils 1|.1cuhntrcd on waterbath at 37°C until the viscosity of
Tl‘[ﬂ mixture is decreased, To this mixture, 4 liters of sterile
distilled water was added and len overnight at 4°C. The
supernatant was slowly decanted and the precipitale was
cullc:'t_-:ri in a filter paper. This precipitate was then washed
extensively with sterile distilled water to attain a natural pH
[?.ﬂ], The saturated colloidal chitin was air dried and was
dissolved in 250 mi sterile distilled water prior (o use.

Biochemical quantification of chitinase:
Extracellular chitinase activily was assayed by measuring
the release of N-acetyl-D-glucosamine (Glc Nac) from
colloidal chitin as a substrate. The assay mixture consisted
of ﬂ':’. mlof 1 M sodium acetate buffer (pH 5.3), 0.5 ml of 2%
Cﬂ"ﬁ]d:ll chitin and 0.25 ml of bacterial supernatant. The
reaction mixture was incubated in a water bath at 37°C for
60 min and the reaction was stopped after boiling it for 15
min. The mixture was centrifuged at 5,000 rpm for 20 min
and the concentration of released Gle Nac was assayed at
330 nm spectrophotometrically from the aliquots following
DNS sugar estimation test using Glc Nac as standard. One
unit of chitinase activity was defined as the amount of
enzyme that liberated | pM of Gle Mac per h during these
conditions.

Production profile of chitinase in P fluorescens
LPK2: Exponentially grown culture (10%ells ml") of strains
were incubated separately on broth medium at 28 °C and
130 rpm on a rotary incubator shaker and the samples were
aseptically withdrawn after every 24 h. Supematant of the
strains were collected by centrifugation at 10,000 rpm for
15 min at 4°C and quantity of chitinase in the supernatant
in the form of Glc Nac was determined following above
mentioned method, and the production profile was observed
by correlating the quantity of Glc Nac with time.

DNA isolation

For the isolation of DNA from fluorescent
Pseudomanas spp. were grown in Luria Bertani (LB) broth.
The bacterial pellets were washed with 50 mM
ethylenediamine tetraacetic acid (EDTA, pH 8.5). The
washed cells were lysed by suspending in 0.5% sodium
dodecyl sulphate (SDS) for 10 min at 60°C. The resulting
lysate was cleared from cell debris by centrifugation at
10,000 rpm for 10 min, The supernatant was taken and
protein was removed by the addition of proteinase K
followed by addition of ethanol to collect the DNA, The
DNA solution was prepared by the addition of | ml phenol-
chloroform mixture. To the DNA extract 50 pg ml” RMase
was added and incubated at 37°C for 30 min. This was
followed by the addition of tris-phenol and centrifupation
at 12,000 rpm for 15-20 min at 4°C. The supemnatant was
heat sterilized and 100 pl, 0.3 M sodium acetate and | ml
cold isopropancl was added with continuous vortex. Finally,
the DNA was purified by the addition of phenol-chloroform
followed by the centrifugation at | 5000 rpm.
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168 rRNA Gene Amplification

Universal  eubacterial  primers FD|

i%{iﬁﬁhﬁCGTCGﬁCMCAGAGﬂTGﬁTCCT GGCTC
; and

5'CCCGGGATCCAAGCTTA AGGAGGTGATCCAGE(?;.
were used for amplification of 1492 bp region of the |65
rRNA gene on PTC 100 (M.J. Research, USA) thermal cycley
A 50 pl reaction mixture inclyded 5-10 ng of bacterial DNA:
as template, | plofeach primer, 1U of Tag DNA polymerase
(Banglore Genei, India) and 100 pim dNTPs, The reactign
conditions were: initial denaturation of 7 min at 94°C followeg
by 29 cycles of denaturation of 1 min at 94°C, extension of
I min at 72°C and annealing temperatures 54°C for 7 cycles:
53°C and 52°C for one cycle each, 51°C for 20 cycles and;'.
final extension of 10 min at 72°C. Amplified gene was
visualized in 0.8% agarose after electrophoresis.

165 rRNA gene sequencing:

Partial 165 rRNA gene sequencing was performed
in the same reaction mixture and following the same
amplification conditions as described in full 165 rDNA. The
only difference was in primers. In the partial gene
amplification, primers fl and r1 were used. The PCR
products were analyzed on 1.2 % agarose gel in TAE bu ffer,
run at 50 V for 2 h. Gels were stained with ethedium bromide
and visualized as described above. The amplicons were
purified with Banglore Genei, PCR purification kit and
quantified spectrophotometrically at 260 nm compare with
calf thymus DNA. The cleaned partial 16S rDNA amplicon -
was sequenced with DNA sequencing system.
Sequence analysis of 168 rDNA sequences using
biginformatics tools:

The PCR products were purified and sequenced. Theses
all sequences were subjected for phylogenetic analysis.
The homology of partial sequences were compared with
the sequences from the DN A databases and similar
sequences showing above 95% were retrieved by
nucleotide BLAST (basic local alignment search tool)
program at NCBI BLAST server (www.ncbi.nlm.nih.gov/
BLAST). Multiple sequence alignment of retrieved
sequences was done by EBL ClustalW server
(www.ebi.ac.uk.clustal/index.html). Phylogenetic tree
constructed by using  genebee  server
(www.genebee.msu.ru/services/phtree-reduced.html).
Phylogenetic tree obtained with bootstrap values in cluster

-~ algorithm, phylip format and topological algorithm
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Antifungal activities of Pseudomonas fluorescens LPK2

Antagonistic properties of Pseudomonas
Suorescens LPK2 was tested against £ udum on PDA plates
using dual culture technique (Skidmore and Dickinson,
1976). Five days old mycelial discs (5 mm diameter) were
placed in four corners of solidified medium in plates
containing modified PDA by addition of 2% sucrose.
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gxponentially grown culture (108 ml-1) oF L) 22 was spotted
5 em juxtﬂpﬂﬁfd from the ﬁ‘.mg_al dise and incubatud ot
28+10C for 5 days. Growth inhibition was cajculated by

measuring the distance between the bacterial and fungal
colonies a3 ccmparﬁ:.i o cunt.rol. Growth inhibition was
calculated by measuring thlr: distance between the edge of
bacterial and fungal colonies. The zone of inhibition was
recorded by using given below formula: Inhibition (94) =
(C)~(T)/(C)x 100, where, C=Radial growth in control and
T=Radial growth in dual culture,

Effect of culture filtrates on the inhibition of pathogenic
Sungi o

Antagonistic bacteria were inogulated in
respective broth cultures and incubated i rotary incubator
shaker at 150 rpm and 280C for 7 days. Afier incubation
broth culture of the strains were collected by centrifugation
at 10,000 rpm for 15 min at 40C and passed through Millipore
filter (0.45 pm). Such culure supernatants were poured in
the wells of the fungal challenged plates. After incubation
at 280C for 5-7 days, inhibition of the pathogenic fungi was
recorded.

their

Antagonism in iron-deficient and iron sufficient
conditions

Invitro test for antagonism of P fluorescens LPK2
was made under iron-deficient and iron-sufficient (30 and
60 pM Fe3+) conditions towards the Fusarium udum. Iron
deficient medium was prepared by treating bacterial broth
(250 ml) with 8-hydroxyquinoline solution in 100 ml
chloroform (up to final concentration (0.1%). It was then
vigorously shaken. Excess of hydroxyquinoline was
removed by chloroform extraction until the disappearance
of yellow color. Medium was boiled to remove the smell of
chloroform. Agar (2%) was added and the content
autoclaved at 15 Ib /inch-2 (1210C) for 20 min. Antagonism
was carried out by following the methodology mentioned
as before. Bacterial broth supplemented with 30 and 60 pM
Fe3+ was used to carry out in vitre fungal assay under iron
sufficient condition. Methodology for antagonism study

was adopted as mentioned above.

Compound microscopy of post-interaction evenfs in
Jungal mycelia

Fungal mycelia growing towards the zone of
inhibition were processed for microscopy. Fungal mycelium
were picked up from the zone of inhibition with the help of
sterile needle and transferred to a drop of lacto-phenol on
the clean glass slide. Specimens were examined under a
light compound microscope (Olympus BX 51 TRF) for
fungal morphological abnormalities occurred due to
antagonism mediated by the rhizobial strains. Images of

fungal deformities were captured by using Image Analyser
(Biovis),
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Scanning electron microscopy (5 EM) of post-interaction
al mycelia

rents m‘{ﬁl::intagﬁist and the test organism are grown

in pure cultures, Agar disc (5mm dia.meter}l are 1o be cut

from the actively growing margin of the co]j:rm:s and p]:a-fcd

3cm apart on the surface of the Petri dishes containing

freshly prepared, sterilized and solidified potato Dextrose

agar medium, Incubamd Petri dishes at 25°C w:_lh

continuous light after incubation of 4 days collect m:,rlr:chal

sample from the region of interaction. For preparation of
SEM samples, the mycelia were collected with the help of
micro-niddle in sterile environment from the zone of
interaction with bacteria on the surface of gelled agar in
Petri plate. Then it were fixed overnight at 4°C in 4%
glutaraldehyde in 0.05 M phosphate buffer (pH 7.3) and
washed three times (10 min each) in phosphate bu ffer. Afier
three 10 min rinses in distilled water, samples were
dehydrated through 70, 80, 90 and 100% ethanol (3 min in
each stage) and three changes in 100% ethanol at room
temperature, Ethanol was then replaced by liquid CO, and
the samples were air dried. Then samples were mounted on
stubs and coated with gold. These coated specimens were
observed at 15 kV in a LEQ 485 VP Scanning Electron
Microscope. Photo-micrographs were recorded by the same
machine.

Results
Mycelia were hyaline, branched and felted. Aerial
mycelia were usually less developed and with profuse
development of sperodochia (macroconidiophores), long
creeping, slender, septate and measured 3-5 pm in width on
PDA. Conidia were formed from simple or verticillately
branched conidiophores and each conidiophore had
monophialides on the ultimate tips of which conidia were
produced. Microconidia were single or double celled
hyaline, ovoid, fusoid, reniform, mostly curved and
scattered, whereas macroconidia were produced in masses
on pionnotes sporodochia. Macroconidia were hyaline, thin
walled, falcate, septate slightly curved or sickle shape.
Eight isolates of fluorescent pseudomonads were
obtained from the disease suppressed rhizosphere of the
tomato (Lycopersicon esculentum) based on production
of water soluble fluorescent pigment on Psendomonas
isolation agar (PIA). The isolates were abbreviates as LPK |
to LPK3. All the isolates were Gram-negative, non-spore
forming, non-capsulated, motile and rod shape structures.
They were fast growers with average mean generation time
of 1.2 to 1.4 hours (Table 1). Although the optimum
temperature was 28°C but growth occurred at wide range of
temperatures from 5°C to 42°C. On NAM the colonies were
smooth, translucent, large, low convex, 2-4 mm in diameter
with regular spreading edge. Greenish blue fluorescent
pigment was produced by the isolates which turned into
brown colour in old cultures, On MacConkey’s agar, pale
colourless colonies were formed. The isolates were positive
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for catalase, oxidasc, and urease activities but negative for
MR, VP tests and H,5 production. PHB accumulation was
absent while citrate utilization was shown by all the
fuorescent pseudomonad isolates (Table 1).

‘ After amplification of 165 rRNA gene with
universal fd] and rd| primers, the amplified products were
compared with low range ruler DNA (Banglore Genei, India)
and observed that total length of amplicons was
ﬂPPrPximﬂ[cly 1500 bp (1.5 kb) which shows the
amplification of nearly full length 168 rRNA gene from all
pseudomonads. The size of the PCR product corresponded
1o the size of the 165 rRNA genes among all eight isolates.

Neighbour-joining dendograms were generated
(based on cluster algorithm) using 165 rDNA sequences of
1solated pseudomonads and representative FPreudomonas
5Pp. sequences from EMBL/Gen Bank/DDBJ/PDB (Fig. 1).
The 165 rDNA sequence of the fallowing strains (type
strains unless otherwise indicated) were obtained from
GenBank: Psendomaonas aeruginosa PT121 (EF515832),
Psendomonas aeruginosa PAW (EF434506), Pseudomonas
NMuorescens 2R37 (EF178447), Pseudomonas fluorescens
0st5 (DQ439976), Pseudomonas fluorescens AEI
(AY247063), Pseudomonas aeruginosa ATCC 15692
(EF178445), Psendomonas fluorescens ATCC 17386,
Pseudomonas fluorescens MM-B16, Psendomonas
Sfluorescens AU2039A, Pseudomonas aeruginosa
MCCB103 Pseudomonas aernginosa PT121 (EF515832).
Phylogenetic analysis of 165 rDNA sequences of
pseudomonads (LPK 1 to LPKS5) with other reference strains
revealed LPK 1 and LPK3 belong to same cluster with 100%
bootstrap value and maximum similarity with LPK4 {100%5),
E aeruginosa PT121 (94%) and I aernginosa PAW (94%)
(Fig.13. LPK2 and LPKS showed maximum similarity with £
Sluorescens strains (Fig. 1), A neighbour-joining dendogram
was generated using the sequence from Pseudomaonas sp.
LPK2 and representative Psendomonas Tuorescens
sequences from GenBank (Fig. 2). Form this analysis, LFK2
aligned to same cluster (100% bootstrap value) with
reference strain Psendomonas fluorescens 2R37 (Fig. 2).
This analysis has proven that LPK2 is strain of Psendomonas
JMuorescens and can be designated as Psendomonas
Juorescens LPK2.
All the strains of Pseudomonas spp. (LPKI to
LPKR) were positive to IAA production with the
development of pink colour with and without the addition
of tryptophan into the culture media (Table 2). Tryptophan
supplementation in the medium induced IAA production.
This trend was common in all the strains of Pseudomonads,
Most of the Psendomonas strains produced HCN as
evidenced by the change of the colour of filter paper from
yellow to moderate and reddish brown (Table 2).
Psendomonas sp. LPK2 produced deep reddish colour
as well as good activity of HCN, while LPK7 was negative
for HCN activity (Table 2. In the presence of glycine and
FeCl,, the deep brown colour of filter paper was observed,
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that was clear indication of induced HCN production by
bacterial strains. All the strains of Prendomanas spp. were
screened for siderophore production on CAS agar. A
the strains of Pseudomonas spp. produced siderophores
forming orange halos around their spots on the CAS agar
(Table 2). Maximum size of orange halo was produced by
P. fluorescens LPK2. Secretion of siderophore by p
fluorescens LPK2 started after 12 h of incubation ang
lasted up to 5 days but on further incubation the
production was declined (Fig. 2a). To know the type of
siderophare, 48 h old supernatant of the strain LPK2
scanned at 400 nm showed major peak, corresponded with
hydroxmate type of siderophores.

Chitinase activity was determined by the
development of clear halo around the colonies or bacterial
spots, while p-1,3-glucanase activity was confirmed by
appearance of bacterial presence in the medium
supplemented with laminarin as a sole source of carbon,
Pseudomonas spp. LPK2, LPK4 and LPKS showed
chitinase activity (Table 2). Pseudomonas sp. LPK2
showed the maximum chitinase activity followed by LPK§
(Table 2). Chitinase formation was started after 24 h of
incubation by Pseudomonas sp. LPK2 which reached
maximum at 120 h and on further incubation its activity
was declined (Fig. 2b).

In dual culture technique, all the strains of
Psendomonas (LPK1 to LPK8) inhibited the in vitro growth
of £ welun (Table 2). Maximum inhibition of E udum recorded
in the case of P fluorescens LPK2. 1t was recorded as 83%
higher in comparison to control after 168h of incubation
(Fig 3). Cell free culture filtrate of Psendomonas spp. LPK2
also restricted the hyphal growth of F wdum (Fig, 3).
Morphelogical abnormalties in the hyphae of Fusarium
udum obtained from the zone of interaction during dual
cultures was observed by light microscopy and in scanning
clectron microscopy, revealed loss of structural integrity
of the mycelium of £ udum. Twisting, hyphal perforations,
lysis and empty cell formation, septation, fragmentation
and degradation of mycelia of £ udum was observed under
light microscopy (Fig. 4). Fragmentation and degradation
of mycelia and loss of structural integrity of conidia of F
udum were clearly observed under Scanning electron
microscopic analysis (Fig. 5).-These features of mycelia
may be due to production of lytic enzymes by strains LPK2.

Volatile compounds produced by Pseudomonas
sp. LPK2 exhibited antagonistic activity when challenged
against £ wdum after 5 days of incubation. This strain
caused 45% reduction in vegetative growth of # udum (Fig.
6). On further incubation zone of inhibition of fungal
pathogen decreased. Mycelial growth of both the
pathogens decreased significantly in dual cultures by the
antagonists with respect to control in iron deficient
conditions (Fig. 7). In iron supplemented (30 uM Fe")
medium inhibition of the pathogenic fungi was reduced. In
this case, Pseudomonas sp. LPK2 reduced fungal growih
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.11:.,»;inmll}'. However, pcrcr:nlt i“hibiliun was lowered in 60
WM Fe! supplemented medium in comparison to normal
conditions of the medium. Under iron-deficient conditions
remarkable inhibition of /- udunt was recorded. It was found
(hat under iron-deficient condition Psendomonas sp. LPK2
inhibited 65% vegetative growth of - udym (Fig. 7), On the
ather hand, the inhibition qf the pathogen b o B i
sp. LPK2 under iron-sufTicient conditions was 51% (Fig, 7).

Discussion

Fusarium is a group of filamentous fungi widely
distributed in various seil types. This is a large
cosmopolitan genus of imperfect fungi and is of primary
jnterest because MUMErous species are important plant
pathogens (Nelson, 1991). Fusarium spp. occur frequently
among the fungal microflora associated with secdling
disease, and wilt is a major cause of plant mortality in many
important crops (Minton and Garber, 1983). Isolates of
Fusarium produce colony growth with fluffy, appressed or
intermediate types of mycelium. Key macroconidial
characters are shape, size and septation that distinguish
{he isolates from each other.

Due to wide distribution of different Psewdomonas

spp. inthe soil environment and relatively easy cultivation,
genus Psewdomonas is among the best-studied bacterial
group worldwide (reviewed by Kumar et af,, 2005). Some
noble strains of Psendomonas aeruginosa were isolated
from our group from the rhizosphere of potato (Guptaeral.,
2002) and Sunflower (Bhatia et al., 2005). Keeping this fact,
more strains of fluorescent pseudomonads having PGP
characters, were isolated from the rhizosphere of tomato
(Lycopersicon esculentum),
A number of workers (Gupta ef al., 2001; Validov er al.,
2005) isolated, identified and characterized fluorescent
pseudomonads from the rhizesphere of agricultural crops
such as potato, tomato, cotton and tea. [nitially, Kloepper
ef al. (1988) identified it as plant growth promoting
thizobacteria (PGPR) due to its rapid and aggressive
rhizosphere colonization that proved as most powerful
inoculants to improve plant growth and grain yield (Lucy
ctal., 2004),

The morphological, physiological, and biochemical
characteristics for the identificatibn of rhizospheric
pseudomanads (L.PK | to LPK8) followed the characteristics
mentioned by Palleroni (1984) and Holt et al. (1994). The
strains identified as fluorescent pseudomonads belong to
Pseudomonads fluorescens and P. aeruginosa showed blue
gf:t:n fluorescent colour due to the presence of pyocynin
Pigment (Paulitz and Loper, 1991). The organism losses its
Pigment production under iron sufficient condition due to
inhibition of siderophores production such as pyoverdin
(Paulitz and Loper, 1991 ).

Five strains of Pseudomonas spp. (LPK1 and LPK5)
were characterized according to 165 rDNA sequence
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rains were showing maximum sequence
pective cluster ol reference strains.
based on |65 rDNA homology

Pseudomonas sp. LPK2 is placed in F‘“””drmf":m
f16S rDNA gene analysis has
fluorescens clade. The use o peaihe
become promising. This is realized that | 65 rDrH:Lw uir:nlaf:f
allows a first P]'!ylug,‘lzﬂﬂﬂc arﬁ]:-?gtllig hivcnheen carried
Molecular microbiological characte o D
out to characterize different groups of bacteria by using
165 rDHf\r;:g?ri:f ;ﬁm growth occurs due to Indole ﬁc:u:
Acid (IAA) production (Chabot et al., 1998), phosphat
il ival er al., 2000), siderophores
solubilisation (Nautiyal er al., o A
production (Gupta ef al, 2001) and HCN production (An
et al, 1998), whereas indirect plant growth-promotion occurs
due to growth restricting conditions by producing
antagonistic substances such as antibiotics (Kang ef al.,
2004), Iytic enzymes (Lim and Kim, | 995). A bacterium can
affect plant growth by one or more of lhESB‘rI‘IEChaI'I I_ErITIS
and used different abilities for growth-promotion at various
times during the life cycle of plants (Sessitsch er al., 2005).

Interestingly, all the strains of Psewdomonas spp.
produced siderophore which was agreement with the
findings of Bhatia ef al. (2005). The study further su pported
by Sindhu et al. (1999) who found 83% the fluorescent
pseudomonads as siderophores producer while their
quantities, in the form of orange halo vary. P fluorescens
LPK2 showed hydroxamate type of siderophores
production. In case of LPK2 absorption maxima was
recorded at 400 nm. Similar observations especially from
Muorescent psendomonads have been made by several
workers (Gibson and Magrath, 1969). Iron in the soil is
unavailable for direct assimilation by microbes because of
its unavailable form i.e., ferric iron or Fe'*, which is prominent
in the soil and sparingly soluble about 10" M at pH 7.4
(Neilands and Nakamura, 1987). Siderophores secreted by
PGPRs have been shown to have a very high affinity for
iron and bind most of the Fe!* that is available in the
rhizosphere, and prevent the pathogens present in
immediate vicinity from proliferation because of lack of iron
(O’ Sullivan and O" Gara, 1992),

Inhibitory effect of P. fluorescens LPK2 was
observed against F. udum under iron-sufficient. It was found
that inhibitory activity of strains of P fluorescens LPK2
was partially neutralized when iron was supplemented to
their respective medium. Significant reduction in the fungal
inhibition has also been evidanced by Fuhrmann and Wollum
(1989). Microbial siderophore production generally seems
to be switched on when the Fe*' concentrations is less
than 20uM (Lynch, 1990). In the present study, LPK2
examined for inhibition of £’ udum under iron (30 uM Fe*")
supplemented conditions showed reduction in inhibition
against both the fungal pathogens. On increasing the
concentration of iron to 60 pM Fe*’, more inhibition was
recorded in comparison to normal iron condition. Similar

homology. All the st
homology with their res
In Phylogenetic tree
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findings were obtained by Derylo and Skorupska (1993)
who reported that 60 uM Fe'* suppressed the siderophore
production in Piendemonas sp. This gives evidence that
one of the mechanisms for the inhibition of F maliime was
due to the involvement of siderophores produced by r
STnorescens LPE2
Harrison et al., {1995) cbserved HCN production
in Psendomonas aureofaciens and one strain of P putida
from take-all suppressive soil. HCN is formed
stoichiometrically in an oxidative reaction catalyzed by HCN
synthase and its aclivity induced by glycine the precursor
of HCM (Castric, 1981). Glycine amendment in the culture
media of P fluorescens LPK2 enhanced the quantity of
HCN production showed its induced behaviour. HCN is a
secondary metabolite produced by some Gram-negative
bacteria such as P fluorescens and P aeruginosa,
Chromobacterium violaceum (Askeland and Morrisom,
1983) and have a deleterious efTect on growth of pathogens.
HCM and other volatile compounds produced by
F. flugrescens LPK2 exhibited antagonistic activity on the
growth of F, udum and caused growth inhibition of F, wdum.
The mode of action of HCN in disease control is partially
understood but it is believed that cyanide ions derived
from HCM are the potent inhibitor of many matelo-enzymes,
especially copper-containing cytochrome C oxidase (Blumer
and Haas, 2000) which are critical in respiration of living
beings.

' In our observations, P fTuorescens LPK2 released
extracellular chitinase and f-1.3-glucanase enzymes.
Chitinolysis plays an important role in biological control of
plant diseases and has been substantiated with increased
disease control by chitin-supplemented application of
chitinolytic biocontrol agents. Chitinase and ji-1, 3-
glucanase are key enzymes in the decomposition of fungal
hyphal wall (Rangel-Castro ef al., 2002). In the present
study, It is thought that cell wall lysis occurred by concerted
action of both chitinase and -1,3-glucanase. chitinase since
chitin and i-1,3-glucan are known to be the major
components of most fungal cell walls (Lim and Kim, 1995).
It has been also demenstrated that extracellular chitinase
and laminarinase synthesized by Psendomonas stuizeri
digestand lyse mycelium of £, salani (Lim et al., 1991).

Microscopic abnormalities in fungal pathogens
under the influence of P fluarescens LPK2 clearly showed
degeneration and degradation of the hyphae of F udum.
Abnormal hyphal swelling, digestion of fungal cell wall,
cyloplasm coagulation, hyphal perforation, hyphal tip
degradation and halo cells formation appeared in mycelia
of F ndum were caused by P fluorescens LPK2 mediated
by HCN and chitinolytic enzymes. Losses of structural
integrity of conidia were also observed. Thus, it showed
the hyphal wall interaction with bacterial cells rapidly lysed
the hyphae, causing leakage of the fungal cytoplasm. Gupta
et al. (2001) have been demonstrated the loss of sclerotial
integrity, hyphal shriveling, mycelial and sclerotial
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deformities and hyphal lysis in M. phaseoling by
Pseudomonas GRC,,. Microscopic studies revealed the mog,.
of the action of antagonistic activity and help to localize
site of interaction between antagonists and fungy)
pathogens. In vitro, fungal growth inibition assq,
suggested that antagonistic nature of Jf'. ﬂuoresc-fmlg LPK2
against F. udum mainly due to production of antimicrobia)
substances, such as chitinolytic enZymes, HCHN, antibioties,
siderophore and nutrient competition. I-!nwem:r. role of othey
inhibitory metabolites such as toxins and proteolytic
enzymes in the inhibition process of fungal pathogens cap
not be ruled out (Dunne ef al., 1998). P fliorescens LPK2
showed inhibition of £ udum in cell free culture fltrates,
There are several factors involved in the microbia|
antagonism which including staling g:ruwth pmdum: FH
of media, growth rate of interacting mlcmbels. competition
for nutrients and space, competitive colonization, nature
and chemical composition of growth media, lonic or nutrient
imbalance caused due to nutrient impoverishment and
physical factors. Many researchers I_mw: a_tl:mpted the
development of biocontrol agents against soil-bome plant
pathogens since the discovery ofthe PGPR by Kloepper o/
al. (1980}
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Fig 4: Compound microscopic photographs of post
interaction events in F udum due to P fuorescens
LPK2; hale cell formation and hyphal perforation (A).
hyphal tip degradation (B), digestion of fungal cell wall
(C) and halo cell formation (D) (see arrows)
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Fig §: Scanning electron microscopic photographs of mycclial and conidial destruction by antagonistic interaction
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(sec arrows)
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Fig 7: Antagonism between F. udum and P, fluorescens
LPK2 under iron sufTicient and iron deficient conditions
(Values are means of standard deviation of three
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Fig 6: EMfect of volatile compounds ol P2 fluorescens
LPK2 on the growth inhibition of /£ welum [Valuesare
means of standard deviation of three replications]
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iochemical characters o f fluorescent ps.n:udomornds

Table 1 Morphological, physiological and b
il i PR LFK7 LPKS 1934 102 3
Chlaract oristics LPFk1 LPFK LPK LPK LPKS L
1 3 4 6 = g E—
Giram renct on . - - - K - a : ) & E:
Growthat:  4°C E : E - - + i ; & . )
H1°C + + + + + = N i i . 5
Muotiliny + * * + + +
+ (b -
Fliorescentdiffusible  +(bg) +(bg) +ibe) +(tg) +() +Hy) +ig) +(bg) (be) Hy)
pigment i
MNon-Mluorcscent nan- . . : . - - = -
diffisille pigment i
Capsule . . i i ) ) g 5 _
Endospon: : . . : . - . . =
PHDB accumulation i A " i o = - - |‘1 I']- |‘]
Generation time (h) 1.4 13 13 14 1.4 1.3 I.4 1.2 :
Calalase i + + + + + + * * s +
Oidase + + + + + + + b M = b
Ureale + + + + + + + + + + +
H,5 produciion . - 5 i 3 i . = = = &
M. R_test - . . . . - - = = -
V. P st : . . . & N . = . - .
Celatin hj'l;ﬂ‘ﬂlyg's_ + + + + " + + ¥ + + +
Starch hydrolysis + + - + + + + * g + +
Arginine hydrolysis + 4 + + + + + + + - +
Citrate wlil ization it + + + + + + * + + +
Utilization of* :
Glumse + : + + + + + + + + +
Meso-Inasitol . v & . . . A _ < i "
Maltose + + + = + + + + + - +
Mannita| + + + + + + + + + + +
Mannose B : . z - - . N . - s
Hibose + + + + T + + + + + +
Trehalose = s g = = . - . - + +
Abbreviations: +, posilive; -, negative; PIB- poly hedroxyl butyrate; HaS- hydrogen sulfide; MR- methyl red; VP-vogs
proskaur, bg- blue green; - yellow, Pseudomonas aeruginosa MTCC-193; P, puiids MTCC-102 and P. fluorescens MTCC-
103
Table 2 Plani growth-promating and antfungal properiies ef P seudomonas spp. sirains
; . " E i . Apfsgoaniam
Strains 1AA " ::.I:;%:::::‘ﬂn ‘5_|il rephore !I'I(:N Chitinase P ld-glucanase ety e r.
» wdlw m
LPE 1 * + + + + + -
LPK 2 + o+ -+ +++ ++ + " g
LPK 3 i . + . 2 + i
LFK 4 + + + - . .
LPK 5 + o + +# " .
LFK & - * + . .
LPK 7 .+ +4 +e . + . n
LPK & - + + a <
Standard siraing
MTCC - + . "
1934
MTCC - + z T .
o2
MTCC B g . )
103

Abbreviations: A - 1A A negative, *, IAA positive; B -, Phosphate solubilization negative, + .phosphate
solebilizavion P05j|_i"=- C = Absence of halo formation; +, small halos <0.5 cm wide surrounding
colonies; ++, medium halos > 05 cm wide surrounding colonies; +++ large halos >1.0cm wide
surrounding colonies; D -, HCN negative. +, HCN positive; E -, chitinase negative, + chilinase positive
small hales <05 ¢m wide surrounding colonies; ++, medium halos > 0.5 cm wide surrounding colanies;
F - B-1.3-glucanase ncgative, +, f-1 I-glucanase positive, Prevdomonas aeruginosa MTCC-1914; P.

fluorescens MTCC-103: P purida MTCC-102
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