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Abstract

Eight isolates of rhizobia were isolated from pigeonpea nodule

—

and identified and characterized by physiological

and biochemical tests, Isolate KCCS showed maximum potential antagonistic characters. Phylogenetic analysis of 168 rDNA

sequences of KCCS5 with other reference strains, Form this ana
=obium fredii. All the strains of Pseudomonas Spp-

with reference strains of Sinarhi

lysis, KCC3 aligned to same cluster (100% bootstrap value)

were positive to IAA production and

phosphate solubilisation. Only KCC2 and KCCS were produced siderophore. KCCS produced maximum quantity of siderophore.

In dual culture technique, maximum inhibition of . udtum
restricted the hyphal growth of £ udum. Morphological
zone of interaction during dual culture were observed by
loss of structural integrity of conidia of F. udum were clear
supplemented (30 pM Fe™) medium inhibition of the

condition KCCS inhibited maximum vegetative growth of F. udum
Key words: Fusarium, Rhizobium, Psendomonas, phosph

recorded
abnormalities in the hyphae of Fusarium
light microscopy- Fragmentation and degradation of mycelia and
ly observed under scan ning
pathogenic fungi

ate solubilisation,

free culture filtrate of KCC5 also
welum obtained from the

inthe case of KCCs. Cell

electron microscopic analysis. In iron
was reduced. 1t was found that under iron-deficient
as compared to under iron-sufficient conditions.

[AA production.

Introduction

Pigeonpea (Cajanus cajan) is one of the impor-
tant pulse crops and a very popular food in developing
tropical countries. India is principal pigeonpea-growing
country contributing nearly 90% of total world's produc-
tion and it is widely grown in almost all the states. F. udum
is the most important soil-borne disease of pigeon pea
causes fusarial wilt. Biological control of F. udum has at-
tracted the attention throughout the world. In general, now-
a-days, the idea of controlling soil bome plant pathogens
including F. udum with chemical pesticides or fungicides
has been shifted to the option that biological control can
have an important role in agriculture. The beneficial effect
of Rhizobium in legumes in terms of biological nitrogen
fixation has been a main focus in the recent years. Obvi-
ously, rhizobia are known (o increase nodulation and nod-
ule weight in legumes along with increase in host plant
growth and development besides, Rhizobia are reported
10 inhibit several soil-borne ph ytopathogenic fungi includ-
ing Macrophomina phaseolina (Perdomo ef al., 1995;
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Arora el al., 2001), Fusarium oxysporum (Antoun et al.,
1987; Nautiyal, 1997), Rhizoctonia bataticolaand Pythium
sp. (Nautiyal, 1997). The antagonistic activities of rhizobia
are mainly due to the production of secondary metabolites
such as siderophores (Rioux eral., | 986; Arora er al., 2001;
Deshwal et al., 2003), antibiotics (Breil et al., 1996), HCN
(Beauchamp et al., 1991; Antoun el al. 1998), and
phytoallexin production (Chakraborty and Chakraborty,
1988: Deshwal et al., 2003).

The present study investigates the diversity of
fast growing rhizobia of pigeonpea nodu les based on varia-
tions in partial sequences of the 16S rRNA gene, analysis
of morphological, physiological, biochemical data, assess-
ment of secondary metabolite production and antagonism
against Fusarium udun.

Materials and methods

Rhizobium isolates

Pigeonpea nodulating bacteria were isolated from
nodules of pigeonpea plants grown in farmers field of Betul
district (M.P.), India in July and August. This area comes
under a temperature range of 18°C (in winters) (0 41°C(in
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summers). For the isolation of the root nodulatin g bacteria,
method of Vincent (1970) was followed, ¢ cajan seedlings
were uprooted carefully and root nodules were collecied
and washed with the sterile distilled water followed by sur-
face treatment with 95 % ethanol (2 ml) and again rinsed
with sterile distilled water. Washed nodules were surface
sterilized quickly (2-3 min} with 0.1% mercuric chloride
(HgCl,) and again cleaned for at least 6 times with sterile
distilled water 50 as to remove the traces of HzeCl. The
nodules were crushed in a half filled culture whe v:ith 5a-
line water (0.85% NaCl) with the help of sterile glass rod. A
milky bacterial suspension obtained was serially diluted
and streaked on pre-incubated yeast extract mannitol
(YEM)agar (Vincent, 1970) plates. Plates were incubated at
28 = 1°C for 4-5 days and observed for specific features of
rhizobia. Intotal eight isolates were obtained from Cajanus
cajn which were maintained separate ly on YEM agar slants

at 4°C, for further. These were named as KCC (Cajanus
cajanrhizobia).

Phenotypic characterization of isolated bacteria
Marphological and physiological characteristics
were determined for eight test isolates and the type strains
of Sinorhizobium meliloti. Gram's staining of the isolates
was done to provide information on presumptive tests of
isolates. Colony morphology of nodule isolates (colony
color, colonial form, elevation and colonial margins) were
determined on YEM agar plates containing congo red dye
using standard bacteriological techniques (Vincent, | 970).
For the biochemical tests of log phase cultures (10° cells
ml') of root nodule isolates were used. They were sepa-
rately inoculated in YEM broth as well as on YEMA and
incubated at 28°C. All the tests were carried out in tripli-
cates and at least three times.” Motility was examined fol-
lowing hanging drop method. Generation time of each iso-
iates was measured. The isolates (single colony of each)
were inoculated in 50 ml of YEM broth in conical flasks and
incubated at rotary shaker (150 rpm at 28+1°C) for 48 h. The
growth (turbidity produced) was measured by O.D. method
by O.D. at 610 nm after every 6 h in UV-VIS spectropho-
tometer (Shimadzu, Model UV-1601. The generation time
was calculated by following formula: Generation Time= (T2
-T1)3.3 ("log OD,-OD ), where, (T2 - T1) is time interval
taken at any two points in the log phase of growth and
("log OD,- "log OD,) is difference between the log values
of ODattime T, h to *log value of OD at time T, h. Growth
on/in glucose peptone agar (GPA) (Klezkowska ef al., 1968),
Hofer's alkaline broth (HAB8) (Hofer, 1935), 2% NaCl
(Sadowsky etal., 1983), calcium glycerophosphate (Hofer,
1941}, catalase activity (Graham and Parker, 1964), Oxidase
Aclivity (Kovaks, 1956) gelatin hydrolysis (Sadowsky ef
al., 1983), hydrolysis of urea {Lindstrom and Lehtomaki,
1988), citrate utilization (Kosar, 1923), in presence of KNO,
(El- Idrissi et al., 1996), acid production {Arora er al., 2000),
hydrogen sulfide production (Zobell and Feltham, 1934),
MR-VP test, utilization of carbon sources (El-Idrissi et af.,
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1996), poly hydroxy butyrate (PHB) accumulation (Navarini
et al,, 1992) were checked for each isolated bacteria.

fsalation of fungal pathagen

The cropping areas of Badgaon, Betul district in
Madhya Pradesh, India were surveyed and wilt prone area
were marked. Samples of diseased root parts and seeds
were randomly collected and fungal pathogen Fusarium
udnm was isolated from infected roots of pigeon pea
{Cajanus cajan) following the water agar technique (Mus-
ket and Malone, 1941). This technique was used for the
isolation of external and internal mycoflora of the discased
seeds and infected roots showing reddish brown lesions
on the hypocotyls. The external surface mycolora was
isolated by directly placing the seeds and infected plant
material on the water agar medium containing 2% agar and
penta-chloro-dinitrobenzene (PCNB). For the isolation of
internal mycoflora, seeds and diseased roots were surface
sterilized by soaking them in 0.5% sodium hypochlorite
solution for 3-5 min, Samples were then rinsed in several
changes of sterile water to remove the traces of sodium
hypochlorite, and placed on the surface of pre-incubated
water agar plates, After incubation at 28°C for one week,
plates were observed for the appearance of various fungi.

Identification of fungal pathogens

Different fungal isolates from infected seeds and
plant materials were grown on the potato dextrose agar
(PDA) medium, The fungal cultures were maintained on
potato dextrose agar (PDA) medium and characterized fol-
lowing illustration and description of standard mycologi-
cal literature and comparing with standard cultures obtained
from the division of Plant Pathology, Indian Institute of
Fulses Research (IIPR), Kanpur, India. The morphological
characters of F wdum such as colony growth, colour pig-
mentation in substrate, mycelial characters, and micro and
macro conidia production were recorded and compared with
those as described by Booth (1971). Isolated fungal cul-
tures of £ udum, with their known cultures from lIPR,
Kanpur, was maintained on PDA medium at 4°C.

144 praduction

To observe IAA production exponentially grown
cultures (10'cells mI") of the strains were incubated sepa-
rately on broth medium for 24 h. Supematant of the strains
were collected by centrifugation at 10,000 rpm for |5 min at
4°C and 2 ml supematant of each was transferred sepa-
rately toa fresh tube to which 100 pl of 10 mM O-phospho-
ric acid and 4 ml of Salkowaski reagent (1 ml of 0.5 mM
FeCl, in 35% HCIO,) were added. The mixture was incu-
bated at room temperature for 25 min, and the absorbance
of pink colour developed was read at 530 nm using UV-VIS
spectrophotometer (Shimadzu, Model UV-1601. The con-
centration of IAA in cultures was determined by using a
calibration curve of pure JAA as a standard following the
linear regression analysis.



N

Kamlesh Choure, Rakesh Bhargava, R. C. Dubey and D. K. Muliestwwari, Indian Journal of Arid Horticulture. 2009 4(1): 26.35

Phosphate Solubilization

Phosphate solubilization ability of isolated sirains
was detecled by spotting them scparately on Pikovskya's
agar plates. Plates were then incubated at 28+ 1°C for 3d,
and observed for the clearing zone around the colonics
{tl;iur: to the solubilization of inorganic phosphate by bacte-
r]ﬂl. The quantitative estimation of phosphate solubiliza-
tion was carried out after modified method of Jackson,
(1958). Exponentially grown ( 10*cells ml"') cultures were
incubated in Pikovskya's broth supplemented. After 48 h,
supematants were collected by centrifugation of cultures
passing through 0.45 um millipore filter membrane. Obser-

vations were made by comparing with the standard curve
in the same conditions.

Siderophore production

Siderophore production was determined on
Chrome-azurol S (CAS) medium following the method of
Schwyn and Meilands (1987). For the preparation of CAS
assay solution, 6 ml of 10 mM HDTMA solution was di-
luted upto 100 ml with double glass distilled water and a
miixture of 1.5 ml iron (111) solution (1 mM FeCl,.6H,0in 100
mM HCI) and 7.5 ml of 2 mM aqueous CAS solution was
slowly added under stirring. Anhydrous piperazine (4.307
g) was dissolved in water and 6.25 ml of 12 M HCI was
carefully added to it. This buffer solution (pH 5.6) was
rinsed into the volumetric flask which was than filled with
water to afford 100 ml of CAS assay solution. The CAS
shuttle solution was obtained by adding s-sulfosalicylic
acid to the above solution at a concentration of 4 mM. The
bacterial strains (24 h old cultures) spotted separately on
CAS medium. Plates were incubated at 28+1°C for 48 h.
Formation of orange to yellow halo around the colonies
showed the production of siderophore. Presence of
hydroxamate type of siderophores was determined follow-
ing the method of Giibson and Magrath (1969) evaluating
the absorption spectrum of 48 h supernatant at 400 nm,
spectrophotometrically.

Siderophore Assay For siderophore production
by bacteria, a special siderophore production liquid cul-
ture was prepared which contained MM salts, tris buffer,
casamino acids (0.3%), L-glutamic acid (0.05%), (+) biatin
(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-inocu-
lated medium served as reference. After reaching colour
equilibrium the ahsorbance of the mixiure was measured at
630 nm. The concentration of siderophore in cultures was
determined by using a calibration curve of hydroxalamine
a5 a standard under the same conditions and following the
linier regression analysis.

Time course of siderophore production: Follow-
ing the above method of quantification of siderophore pro-
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Juction, samples from the bacterial broth were withdrgy,

at every 24 h intervals up to 168 h for the '-'I'lamnau,,n
determination of siderophore. A plot was prepared fﬂmt
paring siderophore production with respect to time, .

DNA iselation
For the isolation of DMA from Muorescen

Psendomonas Spp. WETe grown in Luria Bertani (LB) hu-mhl
The bacterial pellets were washed with 50 mM ethylene di;
amine tetraacetic acid (EDTA, pH 8.5). The washed ce|js
were lysed by suspending in 0.5% sodium dodecy] sy).
phate (SDS) for 10 min at 60°C. The resulting lysate wag
cleared from cell debris by centrifugation at 10,000 rpm foy
10 min. The supematant was taken and protein was re.
moved by the addition of proteinase K followed by add;.
tion of ethanol to collect the DNA. The DNA solution was
prepared by the addition of | ml phenol-chloroform mix.
ture, To the DNA extract 50 pg ml' RNase was added and
i cubated 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 pl, 0.3 M sodium acetale and | mlcold isopropanol was
added with continuous vortex. Finally, the DNA was puri-
fied by the addition of phenol-chloroform followed by the
centrifugation at 15000 rpm.

165 rRNA gene amplification

Universal eubacterial primers FD1 5*CCGAATTCGTCG-
ACAACAG AGTTTGATCCTGGCTCAG3" and RDI
5 CCCGGGATCCAAGCTTAAGGAGGTGATCCAGCCY
were used for amplification of 1492 bp regicn of the 163
rRNA gene on PTC 100 (M.J. Research, USA) thermal cy-
cler. A 50 pl reaction mixture included 5-10ng of bacterial
DNA as template, 1 plofeach primer, 1U of Tag DNA poly-
merase (Banglore Genei, India) and 100 pm dNTPs. The
reaction conditions were: initial denaturation of 7 min at
94°C followed by 29 cycles of denaturation of | m inat94°C,
extension of 1 min at 72°C and annealing temperatures 54°C
for 7 cycles; 53°C and 52°C for one cycle each, 3 1°C for 20
cycles and a final extension of 10 min at 720C, Amplified
gene was visualized in 0.8% agarose after electrophoresis.

|65 rRNA gene sequencing

Partial 165 rRNA gene sequencing was performed
in the same reaction mixture and following the same ampli-
fication conditions as described in full 16SrDNA. The only
difference was in primers. In the partial gene amplification.
primers f1 and rl were used. The PCR products were am;
lyzed on 1.2 % agarose gel in TAE bufTer, run at S0V for=
h. Gels were stained with ethedium bromide and visualiZ
as described above. The amplicons were purified i
Banglore Genei, PCR purification kitand quantified SPE
trophotometrically at 260 nm compare withtcalf thym :5
DNA. The cleaned partial 168 rDNA amplicon W25 ;
quenced with DNA sequencing system.

s S
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Sequence analysis of 165 rDNA sequences using
bhivinformatics tools

The PCR products were purified and sequenced.
Theses all sequences were subjected for phylogenetic
analysis. The homology of partial sequences were com-
pared with the sequences from the DNA databases and
similar sequences showing above 95% were retrieved by
nucleotide BLAST (basic local alignment search tool) pro-
gram at NCBI BLAST server (www.nebi.nlm.nih.gov/
BLAST). Multiple sequence alignment of retrieved se-
quences was done by EBI ClustalW e
(wwiw.ebi.ac.uk.clustal/index html). Phylogenetic tree con-
structed 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

Antifungal activities of Sinorhizobium Jredii KCC5

Antagonistic properties of Sinorhizohium fredii
KCC5 was tested against £ udum on PDA plates using
dual culture technique (Skidmore and Dickinson, | 976). 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. Exponentially grown cul-
ture (10" ml') of KCCS was spotted 2 cm juxtaposed from
the fungal disc and incubated at 28+1°C for 5 days. Growth
inhibition was calculated by measuring the distance be-
tween the bacterial and fungal colonies as compared to
control. Growth inhibition was calculated by measuring
the distance between the edge of bacterial and fungal colo-
nies. The zone of inhibition was recorded by using piven
below formula: Inhibition (%) = (C)—(T)/ (C)* 100, where,
C=Radial growth in control and T=Radial growth in dual
culture.

Effect of culture filtrates on the inhibition of pathogenic
fungi

Antagonistic bacteria were inoculated in their re-
spective broth cultures and incubated in rotary incubator
shaker at 150 rpm and 28°C for 7 days. After incubation
broth culture of the strains were collected by centrifuga-
tion at 10,000 rpm for 15 min at 4°C and passed through
Millipore filter (0.45 pm). Such culture supernatants were
poured in the wells of the fungal challenged plates. After
incubation at 28°C for 5-7 days, inhibition of the patho-
genic fungi was recorded. :

Antagonism in iron-deficient and iron sufficient condi-
tions

In vitro test for antagonism of S. fredii KCC5 was
made under iron-deficient and iron-sufficient (30 and 60
UM Fe'") conditions towards the Fusarium udum. lron
deficient medium was prepared by treating bacterial broth
(250 ml) with 8-hydroxyquinoline solution in 100 ml chloro-
form (up to final concentration (0.1%). It was then vigor-
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ously shaken. Excess of hydroxyquinoline was removed
by chloroform extraction until the disappearance of yellow
color. Medium was boiled 10 remove the smell of chloro-
form. Agar (2%) was added and the content autoclaved al
15 1b/inch®(121"C) for 20 min. Antagonism was carried oul
by following the methodology mentioned as before. Bac-
terial broth supplemented with 30 and 60 pM Fe'* was used
to carry out in vilro fungal assay under iron sufficient
condition. Methodology for antagonism study was adopted
as mentioned above.

Compound microscopy of posi-interaction events in fun-
gal mycelia

Fungal mycelia growing towards the zone of inhi-
bition 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 fun-
gal morphological abnormalities occurred due to antago-
nism mediated by the rhizobial strains. Images of fungal
deformities were captured by using Image Analyser
(Biovis). i

Scanning eleciron microscopy (SEM) of post-interaction
events in fungal mycelia

The antagonist and the test organism are grown
in pure cultures. Agar disc (Smm diameter) are to be cut
from the actively growing margin of the colonies and placed
3cm apart on the surface of the Petri dishes containing
freshly prepared, sterilized and solidified potato Dextrose
agar medium. Incubated Petri dishes at 25°C with
continuous light after incubation of 4 days collect mycelial
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 buffer, After
three 10 min rinses in distilled water, samples were
dehydrated through 70, 80, 90 and 100% ethanol (5 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 LEO 485 VP Scanning Electron
Microscope. Photo-micrographs were recorded by the same
machine.

Results

All the isolates of pigeonpea nodules were
characterized by morphological, physiological and bio-
chemical means (Table 1). All the isolates (KCC1 to KCC8)
were Gram-negative, non-sporing, and non-capsulated
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' ia from Cajfam
Table I Morphological, physiolagical and biochemical characters of root nodulating bacteria from Cajanus

cajan var. Manak isolates

. .

Characieristes KCC KCC KCC KCC KCC KCC KCC KCC MTCC '*1’{_]‘?3‘-" MSSP MTCC

| 2 3 4 5 b 7 8 L) — 100
Gram reacimn = . - B . a E = "
Growihar 8°C + + + + . * % o T 4: T 4

"o - 2l a4

Matility + + + + + i2 = - " + :
Capsule + + g by & * - ' .
Endospore - - - N :_ _;_ + : '_
PHI accumulation + + . + + + +
Generatian time (h) 26 25 28 25 26 24 25 15 27 29 16 2.4
Catalase 4 + + + + ¥ = - : : A .
Oxaidase - 4+ + - + + ™ b ks
Hs: & _ i + i + . ; - .
Gelatin hydrolysis 4 A 8 = - . +
Surch hydralysis a = . + - ¥ X N :
Citrate u}lll.'lim:iu" + " + + + ¥ + + + + + +
Growthan Gpa i = + 4 + i * + - o .
Growth in H AR . g s + + - +
2% MaCl tolerance + ¥ 4 + + + 4 + + * + +
8% KNO . talerance B . 5 . b s :
Ca- glye . : + + - 4
Utilzation of:
Arabinose + +* ' : . + + + + + + +
P alanine . % 3 + + + + . . + + :
Sucrose + + + + + + + + + ¥ > +
Glucose + + + + & +* + + + + + +
Mannital + b § + ¥ ¥ + + T + + +
meso-lnasitol - * n - + + + + + + + +
Laclose n + _ +* + + 3 + + + 4

Abbreviations: + positive, -, negalive, GPA- glucose peplone agar; HAB- Ho

butyrate: Ca- glye, precipitation in

fler’s alkaline broth; PHB- poly hydroxyl

Calcium glycerophosphate; Sinerhizobium  mealiletf MTCC-100; Rhizobium

legum inasarum MTCC-99; Mesorhizobium lori M TCC-2378, Burkholderia sp.

MSSP (Pandey and Maheshwari, 2005)

which were motile with s ngle sub-polar flagellum. The iso-
lates formed red, semi-translucent, rounded, smooth, mu-
coid colonies on CrY EMA with 2 to 4 mm diam after 48 h of
incubation.

All the isolates were fast growers with average
mean generation time of 2.9 h showing catalase and oxi-
dase activities and produced yellow colour to bromothymal
blue indicated acid production. Almost all the isolates were
positive for urease and gelatinase production, utilized cit-
rate and precipitated calcium glycerophosphate, Except
KCC5, all the isolates were negative for starch hydrolysis.
Isolate KCCS5 was negative for urease, while KCC4 was
unable to utilize citrate and arabinose. The isolates failed
to grow on GPA but were able to grow in HAB and could
tolerate 8% KNO, as well as 2 % NaCl (Table 1). All the
isolates utilized dextrose, glucose and glycerol when the
carbon sources replaced mannitol in YEMA. Isolates KCC|
and KCC2 were unable to utilize cellobiose and KCC?2 and
KCC3 were negative for lactose utilization, The characters
of isolates were compared with standard rhizobial strains
viz., Sinorhizobium fredii MTCC-1 00, Rhizobium
leguminosarum MTCC-99 and Mesorhizobium loti MTCC-
2378 and most of them possessed characteristics similar to
S. fredii MTCC- 100 (Table 1),

After amplification of 165 rRNA gene with uni-
versal fd] and rd1 primers, the amplified products were

compared with low range ruler DNA (Banglore Genej, In-

30

dia) and observed that total length of amplicons was ap-
proximately 1500 bp (1.5 kb) which represented the amplifi-
cation of nearly full length 168 rRNA gene from all the
Cajanus cajan isolates. The size of the PCR product corre-
sponded with the size of the 16S rRNA genes among all
eight isolates. _

Neighbour-joining dendo grams were penerated
(based on cluster algorithm and topological algorithm) us-
ing 165 rDNA sequences of cajanus cajan root nodulating
isolates and representative rhizobial sequences from EMBL/
Gen Bank/DDBJ/PDB (Fig. 4). The 16S rDNA sequence of
the following strains (type strains unless otherwise indi-
cated) were obtained from GenBank: Sinorhizobium fredii
S8 (EF506208), Sinorhizobium Jfredii 525 (EF506206),
Sinorhizobium Jredii S42 (EF506204). A nei ghbour-joining
dendogram was generated using the sequence from Rhizo-

“bium sp. KCC5 and representative Sinorhizobium fredii

sequences from GenBank (Fig. 5). Form this analysis, KOCS
aligned to same cluster (100% bootstrap value) with other
reference strains (Fig. 5). This analysis has revealed that
Cajanus cajan nodu lating isolate KCC5 can be named now
as Sinorhizobium fredii KCCS,

Except KCC4 all strains of Rhizobium spp. (KCC
| to KCC8) were positive for JAA (indole acetic acid) pro-
duction as evidenced by the development of pink colour
of the cell free supematants (Table 2). Rhizobium sp. KCC5
produced maximum 1AA and its production was induced in
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Table 2 Plant growth-promoting and antifun
Strains IAA"

Phosphate solubilization

al properties of Rheobium srains
T HCN®_ Siderophore’ Antagonism against F. udum

KCC 1 T ++ " e i

KCC2 - + . - .

KEC 3 +* = = + +
KCC4 + + . + +
KCCS - + & - ++
KCC6 + + g -+ +
KCC7T + + = + +
KCC8 .- + k i -

Standard strains

MTCC 100 B " .

MTCC 99 - ¥ . 5

MTCC 2378 - + 2

Abbreviations: A -, IAA negative, +, IAA positive; B -, Phosphate solubilization negative; +, phosphatc
solubilization positive, C-, HCN negative, +, HCN posilive; D -, Absence of halo formation; +, small halos <0.5 ¢m
wide surrounding colonies: ++, medium halos > 0.5 cm wide surrounding colonies; +++, lage halos >1 Dem wide
surrounding colonies: Sinorh & obium melifoti MTCC-100; Rhizobium leguminosarum MTCC-99; Mesorhizobium foli

MTCC-2378

presence of tryptophan. In KCCS, the IAA production
was started after 18 h of inoculation. The IAA production
increased corresponding to incubation period and reached
maximum after 168 h of incubation (Fig. 2). During phos-
phate solubilization all strains of Rhizobium spp. formed
clear halos around their spot inoculation by solubilizing
tricalcium phosphate on the Pikovskya's agar. All strains
solubilized inorganic phosphate (Table 2A). Lowest pH
recorded was 3.8 subjected after 7 d incubation. No acidic
phosphatase activity was recorded. Phosphate solubiliza-
tion was started afier 24 h of incubation in all the strains
and maximum in Rhizobium sp. KCC5 at 7* d of incubation
(Fig. 2B). None of the strains of Rhizobium spp. was able
to produce cyanogens (Table 2). All the strains were
screened for siderophore production on CAS agar, Rhizo-
bium sp. KCC2 and Rhizobium sp. KCC5 showed

siderophore activity as revealed by orange halo around
their colonies (Table 2). Secretion of side rophore by both
the strains started after 12 h of incubation. On further incu-
bation up to 5 days, siderophore production got increased
but later on production got declined. To know the type of
siderophore, 48 h old supemnatant of the strain (Rhizobium
sp. KCCS) scanned at 400 nm showed major peak. This
peak corresponded with hydroxamate type of siderophore.
None of the strain was able 1o develop wine colour in the
reaction mixture following the methods of Amow (1937)
which ruled out the possibility of catechol-phenolic type
siderophore.

All the Rhizobium strains were screened for an-
tagonistic activity against Fusarium udum. Only Rhizo-
bium sp. KCC2 and Rhizobium sp. KCCS5 inhibited the
growth of both pathogenic fungi on PDA plates at 28°C
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Fig 1. Time course of [AA production (A), siderophore production (B) and phosphate solubilization (C) by
Sinorhizobium fredii KCCS (C) (Values are means of standard deviation of three replications)
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(Table 2). Increase in gl inhibition corresponded to
incubation period. Strain KCC'S was able to inhibit 56 % of
F wdum after 6 days of incubation. (Fig. 3). None of the
standand strains Sinorhizobium melifori MTCC-100, Rhizo-
hivm leguminorarum MTCC-99, and Mesorhizobium lot
MTCC-2378 inhibited & wdum (Table 2). Cell free culture
liltrates of Sinorhizohium Jredii KCCS also restricted de-
velopment of £ ucdum. It was observed that fungal inhibi-
tion by Sinorhizobium Jredii KCC5 was more pronounced
in dual culture conditions in comparison to that of cell free
culture filtrates (Fig. 3),

To find out the siderophore-mediated inhibition
of E udum, Sinarhizobium JSredii KCC5 was examined to
inhibit it on modified YEM medium supplemented with 30
and 60 uM Fe™', In this experiment, the mycelial growth of
the pathogen significantly got decreased by the antago-
nist with respect to conirol in iron-deficient conditions.
Inhibition of the pathogen was reduced in iron supple-

af Aridd Harticulture, 2009 4¢¢ ): 26.34

mented (30 pM Fe*') mcd:'unz. However, inhibitign Was Jgy
pronounced on the 60 pM Fe™! supp!emcnh:d Medium j,
comparison to normal cm:urlltmns. Sinorhizobiym Jredy
KCC5 showed 56% inl:il:'ntmn of . udwm in 3p UM Feo
supplemented medium (F{g:. 4) after 6 days. D”“‘}“hmjun_
Under iron-deficient conditions rcmﬂrkabl::lrnhihitiun of £
walum was observed and under Isucl:n ;_:rrevalhng “““ditiun,.
Sinorhizobium fredil KCCS |1nhrhu¢d 489 vegetativ:
growth £ udum, respectively (Fig. 4!, 1

Morphological abnormalties in the hyphae of
Fusarium udum obtained from the zone n{‘ interaction il
ing dual cultures was observed by light Microscopy and i
scanning electron microscopy, revcalcdllolss of structyrg
integrity of the mycelium of £ udum. Tw:stln g hyphal pe.
forations, lysis and empty cell I‘urm_auon, septation, frap.
mentation and degradation of mycelia of £ udum were o,
served under light microscopy (Fig 5). Fragmentation ang
degradation of mycelia and loss of structural integrity of

LT EYSEE
= - i TREE L Wi
=1 [y - =gy .]..I.l‘m ' ?H?J'nq.q“_-r- _1;]-“'.__’ : ; ’ : ' i :
i : i H ' AN 1 : ‘ " ' | f ] 1
- l' i 0 0 s : " : i : Z ' ] . El N H
L - N - SN S Y T S SR
] v 5 = = T . T - B - T ] ] O g ] .
| ] | : ! ! | r . 1 ] . ¥ ¥ ." ¥ p
] 1 ] I I = i ' i i
1 | i ] . " ] 1 [ I 1 v 5 . : .
1 ' [ [ T . . '
I i ! . ! I ! : ! J' ¥ ! ! . i [
Il I I 1 : 11 : " i o ! . [ ; ' . | inarbiaskium e edll 0
[l s
P : ' Vo : 1 P | I 1 | . . 'l
¢ v i [ ! ' ! 1 . 1
] ¥ I o ¥ ¥ i [ § H
¥ 1l ] [ ] 1 i . I i i - ¥ H :
: L] 1 ! i . [ I g ] 1 ! N ] # d 4
! 5 ! 1 i " r ! ' ! " i ! 5 H
] I I = ' I | ] ¥ 1 ' i i " i e Bhmar b bl beadl] $25
R KRS R WA
1 0 . # & F] ] ] [ i\ 1 i 1 | 8 i s
P sy p it | G PR
i #
S EBESNEEN RS e =
r i . | v * =
I IR S { 1 ! | ] p i i P Simerhibakbum tredll &2
o o4 0z pa ! pa 05 08 0.7 0.8 0.8 1

Fig 2. Phylogenetic relationship between bacterial strains of Rhizebium and representing species (A) and Rhizobium

sp. KCC5 and representing species (B) based on
algorithm. Bootstrap values arc indicated
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. Incubation time (h)
Fig 4. Antagonism between Fusarium udum and

Sinorhizobium fredii KCCS under iron sufficient and iron

dleﬂr.:ienl conditions (Values are means of standard devia-
tion of three replications)
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Fig 3: Posl interaction events in Fusarium udum duc o
Sinorhizobiwm fredii KCCs, control (A) hyphal degrada-
tion (B) halo cell formation, hyphal perforation and diges-

tionof fungal cell wall (C) Syloplasm coagulation (D) (see
arrows)

Fig 6: Scanning electron microscopic photographs show-
ing mycelial and conidial destruction by antagonistic in-
leraction effects of Sinorhizobium fredii KCCS; hyphal
lvsis (A and B). lysis of conidia (C and D) (sce arraws)

conidia of £ udum were clearly observed under Scanning
electron microscopic analysis (Fig 6). These features of
mycelia may be due 1o production of siderophore by strains
Sinorhizobium fredii KCCS.

Discussions

Rhizobia are a-protecbacteria able 1o establish
symbiotic interactions with leguminous plants leading to
the formation of root nodules where they fix atmospheric
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nitrogen. All the isolates from Cajanus cajan were fast
growing with average generation time 2.6 I All isolates of
from Cajanus caja n were Gram-negative. acrobic. non-
spore forming and cocci inshape (Holt et af . 1994). Colony
morphology of Rhizobium has been demonstrated to play

an important role in process of svinbiotic nitrogen [ixation
(Vincent. 1972). Most of the strains were positive for cata-
lase and oxidase activity and utilized citrate. The strains
precipitated calcium glycerophosphate. All strains failed

to grow on GPA but able to grow in HAB and tolerated 8%

KNO, and 2% NaCl. The characlers reported in the present

study of all bacterial strains arc similar to those as de-

scribed by Holt et al, (1994).

The strains were able to utilize wide range of
carbohydrates including hexoscs, pentoses. disaccharides
and trioscs. This is also in accordance with the earlier find-
ings that sinorhizobia with other fast growing rhizobia arc
capable of growing on varicty of carbon substrates (Jor-
dan, 1984; Elkan, 1992). Further. the morphological and
physiochemical characters of the strains were found to be
similar to that of genus Sinorhizobium genera Holl et al..
(1994), :

Out of eight strains of Rhizebim spp. (KCCI 10
KCC8) isolate KCC5 was found most potential antagonist
against £ uelum. Therelore, it was further characlerized by
165 rDNA sequence homology. In Phylogenetic iree based
on 165rDNA homology Rhizobium sp. KCC3 is placed in
the Sinorhizobium fredii clade.. The use of TDNA gene
analysis has become promising. Polymerase chain reac-
tion (PCR) amplification of DN A gencs from environmen-
tal DNA sanples, combined with fingerprinting techniques
such as denaturing gradient el electrophoresis (DGGE).
terminal restriction fragment analysis (T-RFLP), amplified
rDNA restriction analysis (ARDRA). cloni ng and sequenc-
ing. provide detailed information about the species com-
position of whole communitics (Nicol et ai., 2003 Torsvik
and Ovreas, 2002). This is realized that 165 tDNA homal -
ogy allows a firsl Phylogenctic afTiliation of new isolate,
Molecular microbiological characteristics have been car-
ried oul to characterize differcnt groups of bacteria by us-
ing 165 rDNA sequencing, Recently, Pandey et al. (2005)
have also characterized Burkholderia spp. MSSF from reol
nodules of A imosa pudicaon the basis of 168 rDNA analy-
5i5.

Siderophore production by root nodulating
rhizobial sirains has been well documented (Smith et al.,
1985 and Carson et al., 2000). Various strains of rhizobia
have been reported to produce a wide range of
siderophores such as rhizobactin, citrate, catechol.
anthranalate under iron deficicnt conditions (Smith e af .
1985: Guerinal et al., 1990 and Deshwal er af. 2003). In the
present study, Sinorhizobium fredii KCC5 produced
hydroxamate type of siderophore. Earlier, Arora et al, (2001 )
and Deshwal er al. (2003) reported hydroxamate and cat-
echol type siderophores from S. meliloti RMP] and




Bradyrhizobiym (Arachis) sp. respectively. Hydroxamate
type of siderophore production appears to be confined (o
R fcj_{u.rm'nn.-::rrmu as reported carlier by Patel ef al. (1988)
and in Bradvrhizohinm by Guerinot (1991). Gibson and
Magrath, (1969) stated the presence of hydroxamate type
of siderophore in majority of rhizabia, Prabably this was
due to study of limited host range of leguminous plants
(Young, 2003). In rhizobia, the ability 1o synthesize
siderophores is restricted Lo a limited range of strains, rather
than wide distribution (Carson e af.. 2000). These results
were also complementary with the study of Arora ef al.
(2001) wha tound on ly 20% ol rhizobial isolates produced
siderophares.

Inhibitory effect of S. fredii KCCS was observed
against £ udum under iron sufficient conditions. It was
found that inhibitory activity of strains S, fredii KCCS5 was
strongly neutralized when iron was supplemented to their
respective medium. Significant reduction in the fungal in-
hibition has also been evidanced by Fuhrmann and Wollum
(1989). Micrabial siderophore production generally seems
1o be switched on when the Fe** concentrations is less
than 20uM (Lynch, 1990), optimal at 5-10uM Fe™ and in-
hibited beyond this concentration (Neilands, 1981). In the
present study, KCCS examined for inhibition of F. udum
under iron (30 pM 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 findings were obtained by Derylo and
Skorupska (1993) who reported that 60 M Fe** suppressed
the siderophore production in Psewdomonas sp. This gives
evidence that one of the mechanisms for the inhibition of
F udnum was due to the involvement of siderophores pro-
duced by S. fredii KCC5 Similarly, reduced inhibitory ac-
tivity of rhizobacteria due to siderophores was observed
under iron rich conditions as supported by Lynch (1990),

Microscopic abnormalities in fungal pathogens un-
der the influence of S. fredii KKCCS5 clearly showed degen-
eration and degradation of the hyphae of F udum. Abnor-
mal hyphal swelling. digestion of fungal cell wall, cyto-
plasm coagulation, hyphal perforation, hyphal tip degra-
dation and halo cells formation appeared in mycelia of £
udum were caused 5 fredii KCCS5, Losses of structural
integrity of conidia were also observed. Thus, it showed
the hyphal wall interaction with bacterial cells rapidly ly-
sed the hyphae, causing leakage of the fungal cytoplasm.

In vitro, fungal growth inhibition assay by S. fredii
K.CC5 revealed significant reduction in radial growth of F,
udum. Inhibition zones between the test organisms viz., 5.
Sredii KCCS against F udum mainly due to production of
siderophore and nutrient competition, However, role of other
inhibitory metabolites such as toxins and proteolytic en-
zymes in the inhibition process of fungal pathogens can
not be ruled out (Dunne e al., 1998). Antagonistic strains
of Rhizobium sp. (Perdomo e al., 1995), B. japonicum

34

Kamlesh Clioure, Rakesh Bhargava, R. C. Dubey and D. K. Maheshwari, Indian Journal of Arid Horticulture, 2009 47 ): 26.36

(Deshwal et al., 2003), S. fﬂem"uﬁ (Aroraeral, 200 )inkg
ited M. phaseolina and its disease incidence in diff ib.
crop plants. Inhibition of Fusarium OXYSPOrim l:aur?m
wilt disease in chickpea have also been reported 1 :s|ng
involvement of Rhizobium sp. NBRI9S 13 (Nautiy) i}'}; e
and S. mefifori (Antoun e al., 1998). S. fredij ke Cs Sih::. 7
inhibition of £ ucfum in cell free culture filirg : Di“ﬂ‘-‘ﬂtd
bacteria imparted varying degrees of inhibitiop, of gmmn

and conidia germination of phytopathogenic fung; du':‘lh
production of antifungal compounds in culture ey o
(Skidmore and Dickinson. 1976: Upadhyay ang Rai mﬂl_;és
There are several factors involved in the microbia) . L

e ; . aMtagg.
nism which including staling growth products, pH of me
dia, gmwrh rate of interacting microbes, com ;

i - COMpetition for
nutrients and space, competitive colonization, nayyr, "
chemical composition of growth media, ionic or Nutrieny
imbalance caused due to nutrient impmrerishmem and
physical factors, Isolate of pigeonpeanodule, S, fregi; KCCs
have been proved a great potential in controlling phyto.
pathogenic fungus F. udum. Further work is in progresg .
interaction studies for preparation of combination of two

or more than two biocontrol agents fur better contro| of F
i,
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