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Abstract 

Eighl isola1cs of fluorescent pseudomonads were isolated from the disease suppressed and identified and 
characterized by physiological and biochemical and bac1eriological tests. LPK2 aligned to same clus1er (100% boois1rap 
value) with reference slrains of Pseudomonasjluorescens. All 1he strains of P.jluorescens LPK2 showed IAA production, 
phospha1e solubilisa1ion, siderophore production and HCN production. Chi1inase activity and P-1,3-glucanase activity 
was also pronounced in P. j/uorescens LPK2. In dual culture technique, all the slrains of Pseudomonas (LPK I lo LPK8) 
inhibiled the in vitro growth of F. udum. Maximum inhibition of F. udum recorded in the case of f'.f/uorescens LPK2. Cell 
free culture filtrale of also restricted lhe hyphal g,owth of F. udum. Scanning electron microscopic studies on morphological 
fcal~r~s in the hyphae of F. udum in lhe form of fragmentation and degradation of mycel ia and loss of structural integrity of 
conid,a of F. udum were clearly observed. In iron supplemented (3011M Fe' ') medium inhibi1ion of the pathogenic fungi was 
reduced. Under iron-deficient condition, P.fluorescens LPK2 inhibited F. udwn by 65% The inhibition of the pathogen by 
P.f/uorescens LPK2 under iron-sufficienl conditions was 51%. · 
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Introduction 

India is a principal Co Janus cojon growing country 
contributing nearly 90% of to1al world's produc1ion. Several 
biotic and abiotic factors constrain the produc1ivi1y of 
pigeonpea under different cropping conditions responsible 
for its low produc1ivi1y (700-800 kg/ha) against potential 
yield of2500-3000 kg/ha. Pigconpea, is anacked by more 
than JOO pathogens (Nene et of., 1996). The disease of 
considerable economic importance at present is fusarium 
wilt (Fusorium udum). It infests the seeds and such seeds 
either failed to germinate or produce diseased seedlings of 
low survival potential. 

The chemical fungicides and pesticides are known 
lo be highly effective and promo1e in controlling fusarium 
wilt bul have various constraints. An altemalive to these 
chemicals is the use of cenain bio-conlrol agents which are 
inexpensive and eco-friendly and have no harmful effects 
on human population. The plant-associated, fluorescent 
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pseudomonads have drawn considerable attention world 
wide because oflheir plant growth promoting and disease 
suppressive nature. Pseudomonads rapidly and 
aggressively colonize the roo t system and suppress 
pa1hogenic microorganisms improving plant growth and 
grain yield (Schippers et al., 1987; Weller, 1988). In this 
s1udy, the main aim is to inves1igate lhe potential fluorescent 
pseudomonads and their role in suppression of F. udum 
causing wilt in C. cajan. 

Materials and methods 

Fluorescent bacteria were isolated from lhe disease 
suppressed rhizosphere of the tomato (Lycopersicon 
esculentum) plant cultivated al a farmer's field in Badgaon, 
Betul dis1ric1 (M.P.), India. Plants were gen1ly uprooted 
and loosely adhering soil was carefully removed from the 
roots. The roo1s were cut into 2 cm long segmen1s. Root 
segments (lg) with tigh1ly adhering soil were shaken in 9 
ml of Slerile dis1illed water for 30 minutes on a rotary shaker. 
The suspens ion was serially di luted to spread on 
Pseudomonas isolation agar(Himedia; M406) plates. Plates 
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The morpholog,ca c aracters of F. udum such 8 1 . . s co ony 
growth, colour p1gmentat1on in substrate, mycelial 
characters, and m1~ro and macro conidia production were 
considered for the 1dent1ficat1on of fungi as given by Booth 
(1971). 

/AA Production 
To observe IAA production exponentially grown 

· cultures (IO'cells ml·') of the each bacterial isolate were 
strains were incubated separately. The 24 h cell free culture 
supernatancs of the strains were analyzed for IAA 
productio_n after measuring wavelength at 530 nm using· 
I.N-VIS spectrophotometer (Shimadzu, Model UV-1601. The 
calibration curve of pure IAA was used as a standard 
following the linear regression analysis. 

Phosphate Solubiliwtion 
Phosphate solubili:iation ability was detected by 

spotting the culture (24 h) on Pikovskya's agar plates. The 
quantitative estimation of phosphate solubilization was 
carried out according to modified method 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 

detennined by modified method of Bakker and Schippers 
( 1987). For these exponentially gro~n bacte.rial cultures (IO· 
'cells ml·') of each isolate was examined for putative HCN 
production. 

Effect of HCN on fungal growth: The strains of 
Ouorescent f'seudomonas were •rown on Petri plates 
containing NAM for 12 h. An aga;discs (5 mm diam) cut 
from 5 day old cultures of F. udum was placed at the center 
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Radial growth of the test fungi was recorded. 

Sidtroplrore Production 
Siderophore production was determined on 

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

Sideroplrore Assay: For siderophore production 
by bacteria, a special siderophore production liquid culture 
was prepared which contained rvl!M9 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 hat 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. Af\erreaching colour 
equilibrium the absorbance of the mixture was measured at 
630 nm. The concentration of sidercophore in cultures was 
detennined.by using a calibration curve orhydroxalamine 
as a standard under the same conditions and following the 
linier regression analysis. 

Time course of sideroplrore production: 
Following the above method of quantification of 
siderophore production, samples foom 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. 

lJ•tlc Enzymes Procluction 
Chitinase activity was observed by the method of 

Renwick et al. ( 1991) in a defined medium havin<> colloidal 
chitin as sole carbon source. The bacterial cul;;,rcs were 
spotted on the surface of defined medium and i~cubated at 
28± 1 'C for 6-7 days. ~-I ,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 ~-1,3-glucanase activity 
was confirmed with the bacteria growing on the medium 
having laminarin as a sole source of carbon (Rangel-Castro 
et al., 2002). 

For the preparation of colloidal chitin (Berger and 
Reynoldes, 1988), IOgofcrabshell chitin(Sigma) was slowly 
dissolved in one liter of concentrated HCI under stirring 
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conditions at 4'C tcmrcruture. The resultnnt viscous mixture 
was incubated on wnterbnth nt 3?"C until the viscosity of 
the mixture is decreased. To this mixture, 4 liters of sterile 
distilled wmer wns added nnd 1cn overnight nt •l'C. The 
supcmatant was slowly decnnted nnd the precipitutc was 
collected inn filler pn11er. This prccipitnte wns then washed 
extensively with sterile distilled wn1cr to attain n nnturnl pH 
(7.0). TI,c saturated colloidal chitin was air dried ond wns 
dissolved in 250 ml sterile distilled wntcr prior to use. 

Blt>chemica/ </Ull11tlflclltlo11 of chlll1wse: 
Extracellular chitinase activity was assayed by measuring 
the release of N-ncetyl-O-glucosamine (G lc Nae) from 
colloidal chitin as a substrate. The assay mixture consisted 
of0.3 ml of I M sodium acetate buffer (pH 5.3), 0.5 ml of2% 
colloidal 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 Glc Nae was assayed at 
530 nm speclrophotometrically from the aliquots following 
DNS sugar estimation test using Glc Nae as standard. One 
unit of chitinase activity was defined as the amount of 
ertzyme that liberated I µM ofGlc Nae per h during these 
conditions. 

Product/011 profile of chili11ase in P. jluorescens 
LPK.2: Exponentially grown culture ( I 01cells ml·') of strains 
were incubated separately on broth medium at 28 'C and 
150 rpm on a rotary incubator shaker and the samples were 
aseptically withdrawn after every 24 h. Supernatant of the 
strains were collected by centrifugation at I 0,000 rpin for 
I 5 min at 4°C and quantity of chitinase in the supernatant 
in the form of Glc Nae was determined following above 
mentioned method, and the production profile was observed 
by correlating the quantity ofGlc Nae with time. 

DNA isolation 
For the isolation of DNA from fluorescent 

Pseudomonas spp, were grown in Luria Benani (LB) broth. 
The bacterial pellets were washed with 50 mM 
ethylcncdiaminc tctraacctic acid (EDTA, pH 8.5). The 
washed cells were lysed by suspen<ling in 0.5% sodium 
dodecyl sulphate (SOS) for 10 min at 60'C. The resulting 
lysate was cleared from cell debris by centrifugation at 
I 0,000 rpm for IO min. The supernatant was taken and 
protein was removed by the addition of proteinase K 
followed by addition of ethanol to collecnhe DNA, The 
ONA solution was prepared by the addition of I ml phenol­
chloroform mixture. To the DNA extract 50 µg ml·' RNasc 
was added and incubated at 37°C for 30 min. This was 
followed by the addition of tris-phenol and centrifugation 
at 12,000 rpm for 15-20 min at 4'C. The supernatant was 
heat sterilized and 100 µI, 0.3 M sodium acetate and I ml 
cold isopropanol was added with continuous vonex. Finally, 
the DNA was purified by the addition of phenol-chloroform 
followed by the centrifugation at 15000 rpm. 

l6S rRNA Ge11c Ampl/flcatlo11 
Universal cubactcrial primers FOi 

5'CCGAA"ffCGTCGACAA.CAGAGTTTGATCCTGGCTc 
AG3' and RD1 
5'CCCGGGATCCAAGC11'AAGGAGGTGATCCAGCCJ• 
were used for amplification of M92 bp region of the 16S 
rRNA gcneon PTC I00(M.J . Research, USA)thermalcycl 
A 50 µI reaction mixture included 5-10 ngofbacterial DNe~ 
as template, I µ I of each primer, I U ofTaq DNA polymerase 
(Banglore Genei, India) and I 00 µm dNTPs, The reaction 
conditions were: initial denaturation of7 min at 94°C followed 
by29 cycles of denaturation of I 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 IO min at 72'C. Amplified gene was 
visualized in 0.8% agarose after electrophoresis. 

/6s rRNA ge11e seque11cing: 
Pa11ial 16S rRNA gene sequencing was performed 

in the same reaction mixture and following the same 
amplification conditions as described in full 16S rDNA. The 
only difference was in primers. In the partial gene 
amplification, primers fl and rl were used. The PCR 
products were analyzed on 1.2 % agarose gel in TAE buffer, 
run at 50 V for2 h. Gels were stained with ethedium bromide 
and visualized as described above. The amplicons were 
purified with Banglore Genei, PCR purification kit and 
quantified speclrophotometrica lly at 260 nm compare with 
calf thymus DNA. The cleaned panial 16S rONA amplicon 
was sequenced with DNA sequencing system. 
Sequence analysis of I 6S rDNA seque11ces using 
bioi11formatlcs 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 ON 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 EB! ClustalW server 
(www.cbi.ac.uk.clustal/index.html). Phylogenetic tree 
constructed by using gene bee server 
( www.genebee.msu.ru/serv ices/phtree-reduced. html). 
Phylogenetic tree obtained with bootstrap values in cluster 

· algorithm, phylip format and topological algorithm 

Antifungal activities of Pseudomonas jluorescens LPK2 
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Antagonistic properties of Pseudomonas 
j/uorescens LPK2 was tested against F. 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, 

• 

-



--
Komfe,h Chourt. Rakesh Bhargava, R. c. D bey & D. K. M, 

Expancntiallygrownculturc (I 08 ml-I) of LI '2 was spo~od 
2 clT'I j uxtaposed from lhc f~n~al disc nnd incub.:.t1:d al 

28:!:iOC for 5 d~ys. Growth 1nh1bition was calculated by 
measuring the d,stance between the bacterial and fungal 
colonies as compare~ to cont_rol. Growth inhibition was 
calculated by measuring th_e distance between lite edge of 
bac1erial and ~ngal_colon1es. The zone of inhibi1ion was 
recorded by usmg given below fo'."'ula: Jnhibilion (%) = 
(C)-(T) / (C}• I o_o. where, C=Rad1al growth in con1rol and 
r ~Radial growth on dual cuilure. 
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Sco1111/11g eltetro11 microscopy (Sf. , o, p 

Effect of c11/11trefiltrates 011 the i11hlbitfo11 o/par/,oge///c 
fungi . . . 

An1agon1s11c bacter_,a were inoculated in their 
respec1ive broth cultures and incubated in rotary incubaior 
shaker al I 50 rpm and 280C for 7 days. After incubation 
broth culture of the strains were collected by centrifugation 
at 10,000rpm for 15 min at40Cand passed Jhrough Millipore 
fi lter (0.45 µm). Such culture supematants were poured in 
ihe wells of the fungal challenged plates. After incubation 
at 280C for 5-7 days, inhibition of the pathogenic fungi was 
recorded. 

Antagonism i11 iro11-deficlent a11d iron sufficient 
co11ditions 

In vitro test for antagonism of P. fluorescens LPK2 
,vas made under iron-deficient and iron-sufficient (30 and 
60 µM 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 lb/inch-2 (121 OC) for20 min. Antagonism 
was carried out by following the methodology mentioned 
as before. Bacterial broth supplemented with 30 and 60 µM 
Fe3+ was used to carry out in vitro fungal assay under iron 
sullicient condition. Methodology for antagonism study 
was adopted as mentioned above. 

Compou11d microscopy of post-lnteractio11 events in 
fungal mycelia 

Fungal mycelia growing towards the zone of 
inhibilion 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 defonnities were captured by using Image Analyser 
(Biovis). 

""'"" lnf,mgal mycelia . 
The antagonist and ihe test organism are grown 

in pure cultures. Agar disc (5mm diameter) are to be cut 
from the actively growing margin ofU,e _col_onies and pla~ed 
3cm apart on the surface of the Petr! d,shes con1a1nong 
freshly prepared, s1erilized and sohdohed potato Dextr~se 
agar medium. 1 ncuba1ed Petri dishes at 25•C w1_1h 
continuous light after incubatibn of 4 days collect myc.ehal 
sample from the region of interaction. For ~reparauon of 
SEM samples, the onycclia 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 phospha1e buffer (pH 7 .3) and 
washed three times (IO min each) in p'hosphate buffer. After 
three IO min rinses in distilled water, samples were 
dehydrated through 70, 80, 90 and I 00% ethanol (5 min in 
each stage) and three changes in I 00% ethanol at room 
temperature. Ethanol was then replaced by liquid CO, and 
the samples were air dried. Then sam pies were mounted on 
stubs and coated with gold. These coated specimens were 
observed at 15 kV in a LEO 485 VP Scanning Eleclron 
Microscope. Photo-micrographs were recorded by the same 
machine. 

Resul ts 
Mycelia were hyaline, branched and felted . Aerial 

mycelia were usually less developed and with profuse 
development of sporodochia (macroconidiophores), long 
creeping, slender, septa1e and measured 3-5 µmin width on 
PDA. Conidia were fonned 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, rcniform, 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 Pseudomonos 
isolation agar (PIA). The isolates were abbreviates as LPK l 
to LPK8. 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 I). Although the optimum 
temperature was 28'C but growth occurred at wide range of 
temperatures from s•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 fonned. The isolates were positive 
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