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“
ABS'I RACT. Nine selected bacteria were tested ftor their antagonistic activity against

Fusarinm moniliforme, causing bakanae disease of rice. The bacteria significantly suppressed
the growth of the fungus in dual culture. The bacteria produced varying amounts of lytic
enzymies (chitinase and b-1-3-glucanase), siderophores, salicylic acid and hydrogen eyanide.
In greenhouse experiments, the antagonist B-44 was most effective in reducing the bakanae
disease infected seedlings followed by PF-9 and PF-13.
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INTRODUCTION

Bakanae discase caused by Fusarium
moniliforme Sheld. {teleomorph: Gibberella
Jujikuroi (Swada) Ito} has become an important
disease of rice in many rice growing areas (Singh
and Sunder, 1997). Diseased seedlings are lanky,
pale yellow in colour and taller than the healthy
ones. Such seedlings die cither betore or after
transplanting. Diseased plants have less tiliers and
their leaves dry out one after another, wilt and die
within few wecks. Under tavorable conditions the
yield loss due to this discase may go up to 90 per
cent (Singh and Sunder, 1997). The pathogen is
seed borne as well as soil borne in nature. However,
the seed borne infection is more important as soil
borne inoculum is rapidly reduced with time (Ou,
1985). Host plant resistance offers an important
method of management of the discase (Krishnaveni
efal., 2002). However, the most common method of

managing the disease is sced treatment with
fungicide. But, the excessive use of chemicals is
not desirable and resistance of this pathogen to
various {ungicides has also been reported (Ogawa,
1988). There are many reports of success in
biological control of plant pathogens using fungal
and bacterial antagonists {Reddy e¢r «af., 2005).
Fluorescent - pseudomonads have been
successtully used lor the control ol Fusariim
moniliforme (Rosales and Mew, 1997, Ahamed and
Srivastava., 2002). The present study reports the
efficacy of antagonistic bacteria (Pseudomonas

fuorescens and Bacillus subtilis) against bakunae

disease of rice.
MATERIALS AND METHODS

i.  Organisms

The fungus Fusarinm moniliforme was
isolated from inlected rice plant and maintained
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on potato dextrose agur (PDA) slants at 4 °C.
Antagonistic bacterta were isolated from difterent
sources viz, farmvard manure, rice seeds, rice
using

phyttosphere and vice rhizosphere
Pseudomonas  Agar  Fluorescein (PAF)

mediam. Both fluorescent and non-fluorescent
colonies were picked up and maintained in PAF
stunts at 4 "'CL

ii. Dual culture

The antagonism of bacterial strains to £
monitiforme was tested in vitro by dual culture
weehnique on PAEF and PDA medium, Bacterial
antagonists were streaked on both sides of the plate
at bem away from periphery. The plates were then
co-inoculated at the centre with a 5 mm diameter
plug of 7-day-old growth of F moniliforme. Plates
moculitted with fungus only served as control.
Observations were recorded on the radial growth
of the fungus after 7 days of incubation at 28 £ 2°C.

Testing for production of lytic enzymes and
antirnicrobial compounds

iti. Chitinase

Bacterial antagonists were grown at room
temperature (28 = 2°C) for 96 h on a rotary shaker in
250 ml conical flasks containing 50 ml of chitin-
peptone medium (glucose 0.5 %, peptone 0.2 %,
colloidal chitin 0.2%, K,HPO, 0.1 %. MgS04,7H20
0.05 % and NaC10.05 %, pH 6.8) (Limeral.. 1991).
The cultures were centrifuged at 10,000 rpm for 10
min at4” Cand the supernatant was used as enzyme
source. Colloidal chitin was prepared from chitin
flakes according to Dhingra and Sinclair (1985). The
reaction mixture contained 0.25 mi of enzyme
solutton, 0.3 ml of I M sodium acetate bufter (pH
5.3)and 0.5 mlof colloidal chitin (0.1 %). The reaction
mixture was incubated at 50°C for 4 h in a water
bath. Chitinase activity was determined by
measuring the release of reducing sugars by the
method of Nelson (1944). One unit of chitinase was
determined as 1 nmol of GleNAc released per minute
per mgof protein. Protein contentin all the samples
was determined as described by Lowry er al. (1951 )
using bovine serum albumin as the standard.
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iv. b-1-3-glucanase

The enzyme degrades b-1-3-glucan, which iy
one ol the major constituents of fungal cell wall,
Powder ol dry mycelivm ol £ moniliforme was used
as the source of b-1-3-glucan. Bacterial antagonists
were grown at room temperature (Z8+2" Cy forva iy
on arotary shaker in 250 mt conical fTasks containing
50 ml of peptone medium containing dry mycclial
powder (0.2 9%). The cultures were then centrifuged
at 10,000 rpm for 10 min at4°C and the supernatant
was used as enzyme source. The reaction mixture
cotained 0.25 ml of enzyme solution, 0.3 miof' (.1
M phosphate buffer (pH 3.5) and 0.5 miof 0.2 %
suspension of dry mycelial powder (Limer al., 1991).
The reaction mixture was incubated at 40°C tor2 h
in o water bath. b-1.3-glucunase activity was
determined as | nmol of glucose relcased per minute
per mg of protein. Protein content in all the samples
was determined as described by Lowry er «f. (1951)
using bovine serum albumin as the standard.
v Salicylic Acid

Bacterial antagonists were grown al room
temperature (28 £ 2°C) for 48 h on a rotary shakerin
250 ml conical flasks containing SO ml ol the King's
B broth medium. Ceclls were then collected by
centrifugation at 10.000 rpm for 10 min and 4 mlof
cell free culture filtrate was acidified with 1 N HClo
pH 2.0 and SA was extracted in chioroform (2x2 mh).
To the pooled chloroform extracts, 4 ml of distilled
water and 5 ml of 2 M FeCl, were added. The
absorbance of the purple iron-SA complex, which
was developed in the aqueous phase, was read at
527 nm in a Spectrophotometer. A standard curve
was prepured with SA dissolved in King’s B broth
medium. The quantity of SA in the culture filtrate
was expressed as mg ml™' (Meyer ez al., 1992).

vi. Siderophore

Bactertal antagonists were grown in King's B
broth for 3 days at room temperature (28 = 2 °C)and
centrifuged at 10.000 rpim for 10 min and the
supernatant was collected. The phl of the
supernatant was adjusted to 2.0 with IN HCI and
cqual quantity of ethyl acctate was added i a
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separaling funnel, mixed well and ethy! acetate
fraction was collected. Five mi of ethyl acctate
fraction was mixed with 5 ml of Hathway s reagent
(The reagent was prepared by adding I mlof 0.1 M
terric chloride in 0.1 N HCI to 100 ml of distilled
water, and to this | ml of 0.1 M potassium
ferricyanide was added). The absorbance for
dihydroxy phenols was read at 700 nm in a
Spectrophotometer (Reeves er ad., 1983). A standard
curve was prepared using dihydroxy benzoic acid.
The quantity of siderophore synthesized was
expressed as m mol benzoic acid ml of culture
filtrate.

vii. Hydrogen cyanide

Production of cyanide as one of the volatile
metabolites by the bacterial antagonists was tested
using the method of Lorek (1948). Bacteria were
inoculated on PAF or PAF medium supplemented
withglycine (4.4 g/litre). Sterilized tilter paper strips
soaked with freshly prepured picric acid solution
(2.5 g picric acid, 12.5 g sodium carbonate and 1000
ml sterile distilled water) were carefully placed in
the upper lids of the Petri-plaies. The plates were
then sealed with parafilm and incubated at 28 C tfor
48-72 hours. A change of colour from yellow to light
brown, brown or reddish brown was recorded as
weak, moderate or g[rona HCN production,
respectively. The eftfect of volatile secondary
metabolites produced by bacterial antagonists on
the growth of £ moniliforme was studied by paired
Petri-plate technique. Bacteria were inoculated on
PAF or PAF supplemented with glycine (4.4 g/litre).
The fungus was inoculated on PDA. Each PDA
plate with the fungus was paired with a Petri-dish
containing the bacteria (lower) and sealed with
pa{raﬁim. Plates inoculated with fungus only. paired
withun-inoculated PAF or PAF with glycine served
as control. The diameter of the tungal growth was
measured after 7 days of incubation at 28 °C.

viil. Glasshouse evaluation

For glasshouse evaluation of antagonistic
bucteria against bakanace disease. the lungus /2
moniliforme was mass multiplied in sterilized rice
husk: oat mixture (1:3) for 15 days (Sunder and
Satyavir, 1998). The inoculun was then mixed with

QY

the soil (25g/pot) one day belore sowing.,

‘ The
bacterial antagonists were

multiplicd on PAF
medium. Secd bacterization was carried out by
soaking the seeds {cultivar-TN1) with bacterial cells
suspended in one percent (W/V) carboxy methyd
cellulose (Na- salt) for 4 hours. The seeds \\c;‘c
then air dried on laboratory benches overnight.
Seeds without bacteria served as control. Sceds
were sown @ 15 seeds/pot and three replications
were Kept for cach treatment. Plants were also
grown on pots where
added.

no fungal inoculum was
To compare the cflicacy of antagonistic
bacteria with fungicide. sceds were also treated with
fungicide carbendazim @ 2 g/ ko of sceds.
were

Pots
watered daily. Observations were taken 45 days
afler sowing by recording the number of infected
seedlings.

RESULTS AND DISCUSSIONS

Out of one hundred und thirteen different
bacteria isolated rom four different sources, viz
Farmyard manure, rice seeds, rice rhizosphere and
rice phyllosphere, nine bacteria were selected for
their antagonistic activity against I moniliforime.
The selected bacterial isolates PF-2, PYF-6.PE-7.PE-
9 and B-7 were isolated from farmyard manure, Pl
13 and PF-C-1 from rice rhizosphere and B-44 and
B-45 were from rice phyllosphere. Out ol these, six
were fluorescent pseudomonads (PF-2, PH-6. PF-7,
PF-9. PF-13 and PF-C-1). The lluorc
pseudomonads were identil‘ied according to Stotp
and Gadkari (1981). All the fluorescent bacterial
antagonists were gram negative, rod shaped and
all produced yellowish green pigment on King’s B3
medium (King eral., 1934). All were gelatin liquetiers
and oxidase- and arginine dihydrolase positive and
were identified as Pseundomonas fliuorescens. The
bacilli (B-7, B-d44 and B-45) were idenuficd according
to Schaad (1988). All the bacilli were gram positive,
produced spores (central in position), grew at 43°C.
pH 5.7 and 7 percent Sodium chlor ide concentration.
They utilized citrate, produced acid from ‘uabmosc
xylose and mannitol and hyd rolyscd starch. Alto
them were positive for Voges Proskauer test dlld
negative for anaerobic arowth in glucose broth. All
the bacilli were identified as Bacillus subiilis. There
wils @ wide variation among the bacteria i their

sseent
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Table L.

In vitro inhibition of growth of F. moniliforme by antagonistic bacteria

Bacterial strains Inhibition of radial growth (%) ]
PAF PDA

Pscudomonas fluorescens -PE-2 72.6(58.5) 5214620 .
Psendomonas flieorescens -PF-6 62.4(52.2) 19.8(26.1)
Psendomonas fluorescens -PFE-7 53.8(47.2) 27.2(30.8y
Pseudomonas flivorescens -PF-9 61.6(51.7) 48.6(44.2y"
Pseudomaonas fluorescens -PF-13 63.2(52.7) 49.7 (44. 8"
Psendomonas flitorescens -PF-C-1 46.9 (43.3) 32.2(34.25~
Bacillus subiitiy-13-45 8.3 (44.0y SL.oe )y
Bacillis subtilis-B-44 57.7¢49.4)~ 584 (49.9y

Bacillus subtilis-13-7 594 (50.4) 58.4(49.8»

* Figures in the parentheses indicate the arc-sine transformed values.
** Figures in a columm followed by the sume letters are not significant by DMRT at 5 % level of

significance.

ability to inhibit the growth of £ moniliforme. For

fluorescent pscudomonads, the growth inhibition
was, tn general, more in PAF medium than in PDA
medium (Table 1). This may be due to the fact that,
PAF is comparatively rich and preferred medium
for fluorescent pseudomonads and thus enhances
the production of secondary metabolites by
fluorescent pseudomonads. Whereas the fungal
growth inhibition by bacilli was more or less equal
in both PAF and PDA. Among the Pseudomonas
fluorescens isolates, PF-2 was most effective,
followed by PF-13 and PF-9 in reducing the growth
of F-moniliforme. Among the Bacillus subitilis
1solates, B-7(59.4% in PAF and 5S8.4% in PDA) and
B-44 (57.7% in PAF and 58.4% in PDA)Y were most
effective in reducing the growth of £ moniliforme
(Table 1).

In the experiments on lytic enzymes and
antimicrobial compounds involved in suppression
of fungal growth by antagonistic bacteri 1a, we
studied the production of lytic enzymes viz.,

chitinase and b-1-3- glucanase, siderophore
(microbial iron transport agent), salicylic acid and
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hydrogen cyuanide. Among the nine antagonistic
bacteria studied. PF-2 wuas found to produce
maximum amount of chitinase and b-1-3-glucanase
(Table 2). The isolate PF-2 was also most effective
in suppressing the myeelial growth of F maoniliforme
in PAF medium. High glucanasc activity was alsov
recorded in PF-6, B-44 and B-7. Production of
chitinase and b-1-3-glucanase have been f‘ouncf
involved in the suppression of Fusarium solani
by Pscudomonas stutzeri (Lim ef al., 1991) and
Rhizoctonia solani by Pscudomonas fluorescens
(Velazhahan er al., 1999). Many reports Suggcsi
the production of siderophore as one ol the
mechanisms of discase suppression by 11 uores.cefﬂ
pseudomonads (Leong, 1986). All the bactenain
our study produced siderophore (Table 2). However.
the amount of siderophore | )mduccd varied among
the isolates. Production of salicylic acid by
antagonistic bacteria has been mponcd to be
involved in the induction of plant defense rCSPOl}S@
and discase suppression (Whipps. 2()()[).‘ t I?C
isolate PR-7 produced maximum amount of salicylic
acid. However, no correlation was found between
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Table 2. Production of secondary metabolites by bacterial strains antagonistic to F. moniliforme

Buacterial strains Chitinase Glucunase Siderophore Salicylic HON
Actlvlt){ Activily Production Acid (SA) Production®
(nmol 7/ min/{nmol / min/} {4 mo} Production
mg protein) | mg proteind}  benzoic (mg / ml) PAT PAY +
acid/miy Glveine
Psendomonas fluorescens -PF-2 2% 3.47# .09+ 4.5 —+ —
. .: +
Pseudomonas flitoreseeits -PE-6 .39 1.97" §.720 4 13m y .
Pseudomonas fliorescens -PE-7 0.61° 7 3an 6.55m 1425 . s
Pseudomonas fluorescens -PF-9 ().390 0.03" RCREES 2 45 4 N
Pseudomonas fluorescens -PEF-13 0.61"° (.04 5,180 2 )7 iy St
Psewdomonas fhirorescens -PF-C-1 .28 .06 .06 S.0° + +
Bacillus subtilis-B-45 (0.39k (.08 5.3 212 + +
Bacitluy subtilis-B-44 .13 2,330 19.76% 3,25 + +
Bacittus subtilis-B-7 0.66" 2.230 g.1O" 1.08! + +

Figures in a column followed by the same
level of significance.

#4 The intensi Cde - - . - ~ : _—r
The intensity of developed brown colour due to HCN production was indicated by +. ++, +++.
light brown. ++ indicates brown, +++ indicates reddish brown. respectively.

disease suppression and high amount of salicylic
acid production by isolate PF-7.

The production of volatile cyanide is very
common among the rhizosphere microorganisms
especially fluorescent pseudomonads (Bakker and
Schippers, 1987; Dowling and O’ Gara, 1994).
Among the antagonistic bacteria tested, PF-2, PF-6
and PF-13 were found to be moderately cyanogenic
while others were weak in cyanide production (Table
2). The production of volatile cyanide was more
when the PAF medium was supplemented with
glycine (4.4 g/litre). This may be due to the fact that
glycine is the direct precursor of microbial cyanide
production (Askeland and Morrison, 1983). The
effect of volatile metabolites on the radial growth
f)fF moniliforme was done by growing the bacteria
i two medium viz., PAF and PAF supplemented
with glycine. The growth suppression was more
pronounced when the antagonists were grown on
_qunc supplemented medium (Table 3). This
md!cjates that pronounced growth suppression on
glycine amended PAF medium was probably duc
1o greater production of cyanide. Volatile metabolites
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letters are not significantly different from cach other by DMRT w 3%

where + indicates

and hydrogen cyanide have been reported to play
an important role in the biocontrol of plant discases
by antagonistic bacteria (Dowling and O Gara, 1994).
Voisard ¢r af. (1989) reported that cyanide
production by Pseudomonas fluorescens strain
CHAQO played an important role in the suppression
of black root-rot of tobacco caused by Thiclaviopsis
basicola.

Under greenhouse condition all the bacteria
except PF-7 significantly reduced the percentage
of bakanae-infected seedlings. The bacterium B-44
(Bacillus subtilis) was most effective in reducing
the disease incidence (Table 4). Among the
Psendomonus fluorescens isolates, PF-9 was most
effective followed by PE-13 and PF-6 (Table 4). The
data also revealed that many antagonistic bacteria
were superior to the check lungicide carbendazim.
The present data reveal that the antagonistic
bacteria tested could successfully reduce the
bakanae disease. Suppression of plant diseascs by
antagonistic bacteria has been reported by many
workers (Reddy er al.. 2005). Our study
demonstrates that Bacillus subtilis isolate B-4d and
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Table 3.

Inhibition of fungal growth by the volatiles produced by the antagonistic bacteria

Bacterial strains

Percent Inhibtion of fungal growth by volatiles

PDA+PAF PDA+PAF-G
Psevdomonas fluorescens -PF-2 22.6(28.3) 39.6 (38.8)
Pyetdomonas fluarescens -PF-6 6.8 (14.1)~ 22.8(28.5)
Psendomonas fluorescens -PF7 6.3(11.2y 2.1 3.3y
Pseudomaonas fluorescens -PF-9 16.1(23.6)" 46.5(43.0)
Pscucdomonas flivorescens -PFE-13 I.8(HES)Y 259 (30.6)°
Pyeudomonas fluoreseens -PFE-C-1 2.7 (154~ 0.0 0.0
Bacitius subtilis-B-45 15.1(22.7y* [0.1 (18.5)*
Bacitluy subtilis-B-44 12.2(20.3y"% 15.9(23.5)
Bacitlus subtilis-B-7 12.2(20.2y" 25.3(30.1)"

¥ Figures in the parentheses indicate transformed values
* Figures ina colunmn followed by the same letters are not significantly difterent from each other by

DMRT at 5% level of significance.

Table 4.
scedlings of rice in glass house

Effect of seed bacterization with antagonistic bacteria on the reduction of bakanae infected

Buacterial strains

Percent reduction of bakanae disease

Pseudomonas fluorescens -PF-2

46.9 (42.2)"™

Pseudomonas fluorescens -PF-6

54.5(47.6)"

Pseudomonas flilorescens -PF-7

0.83. 1y

Pseudomonas fluorescens -PF-9

76.3 (65.9y"

Pseudomonas fluorescens -PF-13

64.7 (53.7)"™

Pseudomonas fluorescens -PF-C- |

33.3 (34.9)

Bacillus subrilis-B-45

33.9(35.6)

Bacitius subrilis-B-44

86.7(76.9y

Beacillies subtilis-13-7

8.9(25.5y

Carbendazim (2 g/Kg)

32.9(33.6)

* Figures in the parentheses indicate transformed values

" Figures in a column followed by the same letters are not significantly different from each

DMRT at 5% level of signiticance
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Pseudomonas fliiorescens isolates like PF-9, PF-13
and PF-6 can be considered as an impeortant input
in the integrated management of the bakanae
disease of rice.
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