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ABSTRACT: Pure cultures of bacterial antagonist, Pseudomonas fluorescens were isolated from different locations in Kuttanad
for screening against rice sheath blight disease. Three effective strains, viz., PF43, PF46 and PF47 were tested individually and also
in combination against sheath blight under field conditions. Combined application of PF43, PF46 and PF47 was found to be effective
for sheath blight disease management during rabi 2009-10, kharif 2010 and rabi 2010-11.
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Sheath blight of rice (Oryza sativa L.) caused by
Rhizoctonia solani (Kuhn) is a serious disease in Kuttanad,
the rice bowl of Kerala. Kuttanad lies about 0-3 m below
MSL and enjoys a warm humid climate with fairly uniform
temperature throughout the year ranging from 21°C to
36°C. Humidity in general is very high all through the
year, which is highly favourable for sheath blight
occurrence. The disease can cause yield loss of 5.2 -
50 per cent depending on environmental conditions and
crop stages at which the disease appears (Rajan 1987;
Sharma and Teng, 1996). Overuse of nitrogen fertilizers
(Roy, 1978), closer planting (Kannaiyan and Prasad, 1983)
and high relative humidity (Dath, 1990) favour the disease
development. The disease can effectively be controlled by
use of systemic fungicides, but these cause environmental
pollution and human health hazards. In this context,
fluorescent pseudomonads can be considered as an
ecofriendly strategy for managing R. solani infection on
rice. Many fluorescent Pseudomonas spp. have been
reported to induce systemic resistance (Pieterse
et al., 1996), and many workers have used antagonistic
bacteria against sheath blight disease (Mew and Rosales,
1986; Gnanmanickam ez al., 1992; Krishnamoorthy and
Gnanamanickam, 1997). The present study was undertaken
to test the efficacy of different fluorescent pseudomonads
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either alone or in combination to manage sheath blight
disease in Kuttanad.

Rhizoctonia solani was isolated from rice leaf
sheath (cultivar MO 16) showing typical sheath blight
symptoms. The pure culture of the pathogen was obtained
by the single hyphal tip method (Rangaswami, 1972) and
maintained on potato dextrose agar slants at 4°C.
Antagonistic bacteria comprising fluorescent pseudomonads
were isolated from rhizosphere soil of healthy rice plants
from different locations in Kuttanad. The isolated colonies
were purified and observed under UV light for fluorescence
confirmation. Antagonistic potential of the native
Pseudomonas isolates to R. solani was detected by dual
culture technique (Dennis and Webster, 1971) on King’s
B agar plates with three replications for each isolate
using appropriate control. A mycelial disc of about 5mm
diameter was placed at one end of a sterilized Petri
plate and Pseudomonas isolate was streaked opposite to
it at a distance of 7 ¢cm. In the case of mixed isolates,
streaks were made one over the other at the same
time. Observations were recorded following six days
of incubation at 25°C by measuring the diameter of
mycelial growth of the fungal pathogen. The percentage
of inhibition of mycelial growth over control was calculated
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by using the formula C-T/C x100 where C — mycelial
growth on Control; T — Mycelial growth on treatment.
Talc based formulations were prepared for PF43, PF46
and PF47 and PF43+PF46+PF47 mixed strains following
the method described by Nandakumar ez al. (2001) and
used for field experiments.

Field experiments were conducted consecutively for
three seasons during rabi 2009-10, kharif 2010 and rabi
2010-11 at Rice Research Station, Moncompu, using
individual and mixed strains of PF43, PF46 and PF47.
Each treatment included seed treatment (10g kg~ of seed),
soil application (1kg acre™! at 35 DAS) and foliar
application (2% at 55 DAS) of the particular strains. P1
culture recetved from College of Agriculture, Vellayani
and systemic fungicide hexaconazole (0.2%) were used as
standard check. The experiment was laid out with ten
treatments replicated four times in a randomized complete
block design (RBD) using MO 16 (Uma) as the test
variety. Pre-germinated seeds were used for direct sowing
in plots of 5 x 4 m? Fertilizers were applied @ 90: 45: 45
NPK kg ha. The pathogen was multiplied on autoclaved
paddy straw and artificially applied at the base of the crop
at tillering stage. Observations on sheath blight incidence
and severity were recorded 25 days after foliar application.
Percentage of disease incidence was calculated on 25 plants
per sampling unit, by counting the number of infected
tillers. Degree of severity was graded (0-9 scale) based on
height of the plant portions affected by the
disease as per IRRI (1996). Grain yield of each plot was
recorded and converted in kg ha™' for analysis. Data on
percentages were transformed to arcsine and analysis of
variance was performed with transformed values.
Significance among mean treatments was determined
according to Duncan’s multiple range test (Gomez and
Gomez, 1984).

In vitro studies showed that all the tested isolates
recorded significant (P<0.05) inhibition in mycelial growth
of R. solani in dual culture studies (Table 1). The highest
reduction (58.49%) was achieved by PF43+PF46+PF47
followed by PF43+PF46 and P 1 on King’s B agar
plates. Mycelial growth reduction recorded in case of
PF43, PF46, PF47, PFA3+PF47 and PF46+PF47 were
statistically on par with each other. Antagonistic effect of
P. fluorescens against R. solani have been reported earlier
by Rabindran et al. (1996). Growth inhibition caused by
antagonists in the present study might be due to production
of antibiotics by P. fluorescens as reported earlier by
O’ Sullivan and O’Gara (1992).

In the field trials, treatment PF43+PF46+PF47 (T,)
gave the maximum reduction in disease incidence (6.17%)
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Table. 1. Efficacy of Pseudomonas cultures on mycelial
growth of Rhizoctonia solani under in vitro

condition

Treatments Mycelial growth | (%) reduction in
(cm)* (mycelia growth

PF43 470 46.79

PF46 473 46.72

PF47 497 43.77

PF43+PF46 440 50.19

PF43+PF47 4,63 47.55

PF46+4PF47 543 3849

PF43+PF46+PF47 3.67 5849

P 1 (Std) 4,60 47.92

Control 3.83 00.00

CD (P < 0.05) 0.89

*After six days of inoculation; data are means of three replications

followed by hexaconazole (8.21%), PF43+PF46 (8.28%),
P1 (10.54%) and PF43+PF47 (11.17%). With regard
to sheath blight severity, PF43+PF46+PF47 reduced
the disease effectively (0.59) when compared with
PF43+PF47 (1.11), PF43+PF46 (1.18) and hexaconazole
(1.64) and P1 (1.86). Highest yield (5531 kg ha™) was
recorded by the treatment T, followed by standard check
isolate P1 (5269 kg ha™), hexaconazole (5210 kg ha™)
and PF43+PF46 (5019 kg ha'). Even though the
standard isolate P1 showed the highest yield during
kharif 2010, the pooled data of three seasons revealed that
the treatment involving the consortium of three isolates
(PF43+PF46+PF47) was significantly superior to all other
treatments involving single isolates. Fukui et al. (1994)
reported that a single biocontrol strain may not grow
equally well in a variety of environmental conditions.
In the current study, the combination treatment
PF43+PF46+PF47 showed maximum reduction in sheath
blight disease incidence followed by P1, hexaconazole,
PF43+PF46 and PF43+PF47 as compared with the
application of single isolate (Table 2). The mixed cultures
of PF43+PF46 and PF43+PF47 also performed better
during all the seasons compared to the individual isolates
and they were on par with standard check P1 and
hexaconazole in restricting the sheath blight incidence and
severity. Van Loon (1998) has emphasized the use of
combination of different treatments of biocontrol agents
to give better disease suppression. Our results also support
the earlier observations that a combination of biocontrol
agents with different mechanisms of disease control will
have an additive effect and result in enhanced disease
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Table 2. Effect of Pseudomonas fluorescens cultures on sheath blight discase incidence, severity and grain yield during rabi
2009-10, kharif 2010 and Rabi 2010-11 at Rice Research Station, Moncompu (Pooled data for 3 seasons)

Treatments Mean discase incidence (%) Mean discase severity (0-9 scale) Grain yield (kg ha™)
Rabi Kharif | Rabi Mean Rabi Kharif | Rabi Mean Rabi Kharif Rabi Mean
2009-10 | 2010 [2010-11 2009-10 ( 2010 {2010-11 2009-10 | 2010 ] 2010-11
PF43 9.43 24.16 12.99 15.53) 1.8 3.05 1.45 2.1 5420 3545 5016 4660
PF46 (17.85) | (2947)| (21.33) | (23.18)
PF47 12.10 24.08 | 29.37 21.85 1.83 3.65 1.75 2.41 5650 3613 4455 4573
PF43+PF46 (20.36) | (29.40) | (32.83) | (27.90)
PF43+PF47 16.35 34,17 | 33.97 28.16 2.43 3.98 1.96 2.79 5590 3225 4463 4426
PF43+PF47 (23.89) | (35.79) | (35.67) | (32.08)
PF43+PF46+ 10.60 6.62 7.63 8.28 1.75 1.03 0.75 1.18 5830 3485 5741 5019
PF47 (19.00) | (14.89) | (16.00) | (16.74)
P1 (Std) 13.18 7.18 13.16 11.17 1.32 0.88 1.13 1.11 5570 3870 5418 4953
Hexaconazole (21.30) | (15.56) | (21.30) | (19.55)
Control 14.43 20.68 | 10.32 15.14 2.83 2.98 1.65 2.49 5610 3893 5203 4902
(22.30) | (27.06) | (18.72) | (22.87)
5.01 3.17 10.33 6.17 0.76 0.5 0.5 0.59 6340 3825 6429 5531
(12.92) | 10.30) | (18.72) | (14.42)
9.65 10.51 11.46 10.54 2.03 1.53 2.03 1.86 6300 4240 5268 5269
(18.15) | (18.91) | (19.82) | (18.91)
6.68 7.67 10.28 8.21 1.38 0.95 2.58 1.64 6128 4128 5375 5210
(15.00) | (16.11) | (18.72) | (16.64)
45.70 58.06 55.53 53.10 4.35 7.03 4 5.13 4170 2668 3655 3498
(42.53) | (49.66) | (48.13) | (46.78)
CD (0.05) 9.12 1.38 555.25

Mean of four replications; figures in parentheses are angular transformed values

contro] compared to their individual application (Guetsky
et al., 2002). Nandakumar et al. (2001) reported that the
mixtures of PGPR strains gave better suppression of sheath
blight in rice than when they are applied singly.

The present study also proves the efficacy of three
isolates (PF43+PF46+PF47) in reducing the sheath
blight disease of rice and thereby increasing the yield.
Therefore combined application of .the above strains of
P. fluorescens can be recommended for achieving
an ecofriendly management of the disease in Kuttanad,
Kerala.
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