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Abstract

Aim: The present study was conducted to investigate the biocontrol potential of fluorescent
pseudomonads in- vitro and in-vivo responsible for causing sheath blight of rice.

Methodology: Indigenous isolates (20 nos.) of fluorescent pseudomonads, collected from the
rhizosphere of basmati paddy fields from different locations of Jammu province, which were further
characterized for their bio-control activity against Rhizoctonia solani causing sheath blight of rice under
laboratory and glasshouse conditions at Division of Plant Pathology, Faculty of Agriculture, SKUAST-
Jammu, Chatha.

Results: On the basis of biochemical tests, isolate Fpl, Fp2, Fp4, Fp5, Fp6, Fp7, Fp9, Fpll, Fpl7 and
Fp18 were able to grow at 4°C and were identified as Pseudomonas fluorescens, whereas, isolate Fp3,
Fp8, Fpl0, Fpl2, Fpl3, Fpl4, Fpl5, Fpl6, Fpl9 and Fp20 which grew at 41°C and utilized the
acetamide were identified as Pseudomonas aeruginosa. Under in vitro conditions, out of ten isolates
(Fpl- Fpl0), Fp6 showed maximum per cent inhibition (84.09 and 86.66) of mycelial growth of R.
solani, followed by Fp1 (81.81and 84.89), whereas, minimum inhibition was observed by Fp8 (43.40 and
64.00) on PDA and NA media, respectively, using dual culture assay. All the isolates reduced the
germination of R. solani sclerotia with range of 49.05-90.87% and also enhanced the vigour index of the
rice seedlings ranging from 595.05 to 1683.27. In detached leaf assay rice leaves treated with suspension
of Fp6 isolate significantly showed minimum lesion length (12.66 mm) with maximum per cent
reduction of lesion (81.91%) as compared to untreated control (70.00 mm). The treatment T4 (P.
fluorescens) and T8 (P. aeruginosa) (seed soaking + seedling dip +foliar spray) showed disease intensity
of 10.94 and 14.06 per cent with 42.19 and 39.07 per cent disease reduction, respectively, as compared to
untreated control.

Interpretation: Due to dominance of fluorescent pseudomonads (P. fluorescens and P. aeruginosa) in
the rice rhizosphere and diverse mechanism of action, it had the potential for reducing sheath blight
incidence of rice caused by R. solani.

Keywords: Bio-control, fluorescent, pseudomonads, sheath blight

Introduction

Sheath blight of rice, caused by Rhizoctonia solani Kihn [Teleomorph: Thanatephorus
cucumeris (Frank.) Donk.] was first reported in Gurdaspur, India (Pracer and Chahal, 1963)
[38 is responsible for causing yield loss of 4-50 per cent (Bhunkal et al., 2015) 1. The
pathogen has a very wide host range viz., Maize, Wheat, Jowar, Bajra, Ragi, Torpedo grass,
Crowfoot grass, Swollen fingergrass, Jungle rice, Jointed goatgrass, Viper grass, Knot grass,
Bermuda grass and Hairy crab (Chahal et al. 2003; Nagaraj et al. 2017) [*2 301, Genetic sources
of resistance against this disease are not adequate and current management strategies mostly
involve application of chemical fungicides (Bhuvaneswari and Raju, 2012) [, The application
of fungicides is expensive and has adverse effect on the environment as well as human health.
In order to reduce the application of chemical pesticide for sustainable agriculture, use of plant
growth promoting rhizobacteria (PGPR) has gained momentum in recent decades.

Fluorescent pseudomonads are one of the most promising groups of PGPR, which can control
various plant pathogenic micro-organisms (O’Sullivan and O’Gara, 1992) %1, The fluorescent
pseudomonads are motile (one or several polar flagella), non-sporulating rods with Gram
negative reaction having 58-69 per cent GC content included all Pseudomonas species with the
ability to produce fluorescent pigment viz., P. aeruginosa, P. syringae, P. putida and P.
fluorescens (Bossis et al. 2000) 1%, Because of their diverse mechanisms of action, high level
of genetic variability and competitiveness in soil, they emerged as effective and economical
bio-inoculants for use in integrated disease management. The bio-control mechanism of
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fluorescent pseudomonads normally involves the production
of antibiotics (Nagarajkumar et al. 2004) B lipopeptide,
antibiotic viscosinamide, 2,4-diacetylphloroglucinol (Nielsen
et al. 1998) B34, secondary metabolites and phytohormones
(Keel et al. 1992) 22 volatile compounds such as HCN
(Kulkanisky-sobral et al. 2004) 4 siderophores (Neiland,
1995; Rachid and Ahmed, 2005) 33 3 and also cell wall
hydrolysing enzymes such as protease, chitinase and
glucanase (Kumar et al. 2013) I, Plant growth-promoting
ability of these bacteria is mainly because of the root
colonization, production of indole-3-acetic acid (Patten and
Glick, 2002) B cytokinins, gibberellins and phosphate
solubilising activity (Kapoor et al. 2012) *1, Besides these,
PGPR stimulate plant growth through transforming,
mobilizing and solubilising the nutrients (Hayat et al. 2010)
191 Diverse population of fluorescent pseudomonads provide
better resources for the improvement of plant growth
promotion and biocontrol ability, as different strains possess
varied modes of action and survival in diverse environmental
conditions (Kumar et al. 2002) [?6],

Therefore, the current study was conducted to evaluate the
potential of fluorescent pseudomonads for its bio-control
potential against sheath blight of rice.

Material and Methods

Isolation, identification and characterization  of
fluorescent pseudomonads: Thirty soils samples were
collected from the rhizosphere of basmati rice crop from
different locations of basmati rice growing regions of Jammu
(Chatha, R.S. Pura, Kathua and Vijaypur). Each soil sample
was performed for serial dilution up to 10 dilution to isolate
fluorescent pseudomonads on Luria-Bertani (LB) agar
medium (Manivannan et al. 2012) 71, Colonies showing
fluorescence under UV light were picked up and streaked on
King’s B agar medium for purification and subjected for bio-
chemical test for further identification. Further, the molecular
characterization of P. fluorescens isolates were confirmed by
using  species  specific  primers  (16SPSEfluF  5°’-

TGCATTCAAAACTGACTG- 3 16SPSSER 5’-
AATCACACCGTGGTAACCG-3"),
Screening of fluorescent pseudomonads against

Rhizoctonia solani: The antagonistic activity of fluorescent
pseudomonads isolates against Rhizoctonia solani was
conducted by dual culture technique (Dennis and Webster,
1971) %1 and per cent inhibition of pathogen growth was
recorded (Vincent, 1947) 1491,

Evaluation of fluorescent pseudomonads on the
germination sclerotia of Rhizoctonia solani: Sterilized
sclerotia (2.0 per cent sodium hypocholrite) of R. solani were
inoculated into flasks containing 50 ml King’s B broth of 24
hr old culture of fluorescent pseudomonads (2x10°cfuml?)
isolates and kept on a rotary shaker at 175 rpm at 26+2 °C for
24 hrs. The sclerotia were later gently removed with sterile
forceps, dried on a blotter paper, placed onto pre-poured PDA
plates and incubated for 5 days in B.O.D incubator at 25 °C.
Germination of sclerotia and inhibition of mycelial growth
from germinated sclerotia were measured (Kazempour, 2004)
21 Sclerotia incubated in sterile nutrient broth served as
control.

Effect of fluorescent pseudomonads on the germination
and vigour index of rice seedlings: Surface sterilized (2.0
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per cent sodium hypochlorite) rice seeds (cv. Basmati 370)
were soaked in the suspension of fluorescent pseudomonad
(2x10°%cfu/ml) isolates for 24 hours (Meera and Balabaskar,
2012) and then placed on moist sterilized filter paper in petri
plates (14 cm). Seeds were later incubated in B.O.D incubator
at 26 °C for 7 days. Seeds soaked in sterile distilled water
served as control. Per cent germination of seeds, roots and
shoot length of seedlings were measured to record the vigour
index (Ameer Basha et al. 2013) 2,

Effect of fluorescent pseudomonads on sheath blight of
rice (detached leaf-assay): A loopful of 24 hr old culture of
selected fluorescent pseudomonads was inoculated into 250
ml flasks containing 50 ml of nutrient broth and incubated for
24 hr on a rotary shaker at 175 rpm maintained at 26 °C. The
leaves of 60- day old rice plant (cv. Basmati 370) were cut
into 10 cm long pieces and dipped into the suspension
(2x10%fu ml) of fluorescent pseudomonads. The inoculated
leaves supported by clean glass slides were placed in plastic
tray (20 cmx20 cm) containing moistened filter papers. Week
old mycelial bits of R. solani were placed on the surface of
leaves (Dath, 1987). For control, the leaves were suspended in
sterile distilled water and the mycelial bits of R. solani were
placed. The trays were covered with plastic sheet and placed
in BOD incubator at 252 °C. The observations on lesion
length around the mycelial bits were recorded after 6 days of
inoculation. The disease intensity was calculated as Highest
Relative Lesion Length (HRLH) = highest lesion length/ leaf
length x 100

Management of sheath blight of rice by fluorescent
pseudomonads under glass house conditions: Sowing of
rice (cv. Basmati-370) was done in pots on second fortnight
of June, 2013. The treatment group was as in, first and second
treatment prior to sowing, the seeds were dipped into the
suspension (2X10° cfu ml?t) of Pseudomonas fluorescens
(Fp6) and P. aeruginosa (Fp10) isolates. The third and fourth
treatments involve seedling treatment by dipping the roots
into the suspension of P. fluorescens, Fp6 and P. aeruginosa
isolates Fpl0. In the fifth and sixth treatments foliar
application of P. fluorescens Fp6 and P. aeruginosa Fpl0
isolates were conducted. Combination of treatments (seed
treatment followed by seedling root dip and foliar application
by P. fluorescens isolate Fp6 and seed treatment followed by
seedling root dip and foliar application P. aeruginosa isolate
Fpl0) were also maintained. A seed treatment with
carbendazim 50% WP @ 2g kg™ seed and foliar application
with carbendazim 50% WP @ 0.1 per cent were also
maintained along with control. The experiment was conducted
in completely randomized block design (CRBD) with three
replications for each treatment. The disease intensity was
recorded on 0-4 scale (Tiwari and Trimurty, 2009) 8 and the
experimental data were statistical analysed for analysis of
variance (Gomez and Gomez, 1984) 7],

Result and Discussion

Out of the total fifty isolates, twenty isolates (67%) were
identified as fluorescent pseudomonads on the basis of
morphological and biochemical characteristics such as
fluorescent pigment production under UV light on King’s B
agar medium, Gram negative reaction, growth at different
temperatures (4 and 41 °C) and utilization of acetamide.
Growth at 4 °C confirmed that 50 per cent isolates (Fpl, Fp2,
Fp4, Fp5, Fp6, Fp7, Fp9, Fpll, Fpl7 and Fpl8) as
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Pseudomonas fluorescens. whereas growth at 41°C along with
utilization of acetamide by changing the colour of the medium
from yellow to pink identified the isolates Fp3, Fp8, Fpl0,
Fpl2, Fpl3, Fpl4, Fpl5, Fpl6, Fpl9 and Fp20 as P.
aeruginosa (Table 1). Production of fluorescent pigment on
King’s B agar medium, Gram negative reaction and growth at
4°C are the ideal characteristics for the identification of P.
fluorescens (Soesanto et al., 2011; Belkar and Gade, 2012) “7
8, Species-specific primers, 16SPSEfluF and 16SPSER
amplified the DNA fragment of 850 bp in ten isolates, which
confirmed that the isolates belong to P. fluorescens
(Scarpellini et al., 2004) 151, Therefore, the present findings
are in agreement with the previous findings where population
of fluorescent pseudomonads were found to be dominant in
the rhizosphere of rice crop (Rangarajan et al. 2002; Raimam
et al. 2007, Kapase and Sawant, 2015) [“*- 201, Torres-Rubio et
al. (2000) reported that the rhizosphere of rice cultivars show
the presence of beneficial microbes, among which 51 per cent
were Pseudomonas spp., such as P. putida, P. aeruginosa, P.
fluorescens and P. citchori.

Under laboratory conditions, out of twenty isolates of
fluorescent pseudomonads, ten isolates (Fpl-Fpl10) showed
antagonistic activity against R. solani. The isolate Fp6 was
most effective in reducing the mycelial growth t014.00 and
10.00 mm of R. solani on PDA and NA media, respectively,
with per cent inhibition of 84.09 and 86.66 per cent, as
compared to control (Table 2). The results of the present
study in agreement with Anand et al. (2010) B! who reported
that P. fluorescens isolate Pf4 showed maximum inhibition
(84.37%) of mycelial growth of R. solani. Reddy et al. (2010)
43 also reported that the mycelial growth of R. solani in
PGPR challenged plates ranged from 2.0 to 8.1cm with
maximum inhibition of 77.80 per cent by Pf003 isolate.
Biocontrol activity of fluorescent pseudomonads are due to
the production of different types of cell wall degrading
enzymes like chitinase, protease and B-1,3glucanase, which
degrade cell wall of various bacterial and fungal plant
pathogens (Ruchi et al. 2012) (44,

The germination of R. solani sclerotia was significantly
inhibited (49.05-90.87%) by all the tested isolates (Fp1-Fp10)
(Table 2). Isolates Fp6 and Fpl showed the maximum
inhibition of 90.87 and 88.21 per cent over control. Pandey
and Pudhir (2013) 3¢ observed that the invasion of sclerotia
by the cells of antagonistic bacteria had resulted in the
disintegration of outer and inner layers which ultimately
reduced the viability of sclerotia.

Treating rice seeds (Basmati-370) with fluorescent
pseudomonads significantly induced enhancement in per cent
germination, shoot length, root length and vigour index in 10-
day-old rice seedlings (Table 3). Highest germination
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(83.33%), shoot length (11.10cm), root length (10.0cm) and
vigour index (1683.27) was recorded by Fp6 isolate, followed
by Fpl and Fpl0 isolates. Adhikari et al. (2013) ™M also
observed that vigour index based on the germination
percentage, root and shoot length was maximum by P.
fluorescens isolates. P. fluorescens has been shown to
enhance seed germination, root and shoot length and vigour in
several crops (Ramamoorthy et al., 2001; Khalid et al 2004;
Egamberdiev, 2008) [41.23.16],

The data in Table 4 reveal that the rice leaves treated with the
suspension (2x10%fu/ml) of Fp6 isolate significantly lowered
the lesion length (12.66 mm) with the per cent lesion
reduction of 81.91, as compared to untreated control (70.00
mm). Choi et al. (2006) [° observed that successful
colonization of the bacterial cells and production of antifungal
compounds on the hydrophobic rice sheath surface was one of
the important traits of fluorescent pseudomonads for the
management of sheath blight of rice due to exo-
polysaccharids production, biofilm formation and swarming
motility.

The integrated application of P. fluorescens, Fp6 and P.
aeruginosa Fpl0 as seed + seedling dip + foliar application
and foliar application of carbendazim 50% WP (0.1%)
significantly reduced the intensity of sheath blight of rice
(Table 5). The maximum reduction in disease intensity
(42.19%) was observed in integrated application of isolate
Fp6 of P. fluorescens as seed dressing, seedling dipping and
foliar application, followed by 39.07 per cent by combined
application of P.aeruginosa (Fp10) as seed dressing, seedling
dipping and foliar application, and 36.57 per cent in foliar
application of carbendazim (0.1%). Tiwary and Trimurty
(2009) 8 also reported that under field conditions, seed
treatment along with two foliar sprays of P. fluorescens
resulted in minimum disease severity (23.10%), followed by
seed treatment with P. fluorescens (23.50%), foliar
application of carbendazim 50% WP (37.10) as compared to
49.90 per cent in untreated control. Neha et al. (2016) 2 also
recorded that seed treatment with P. fluorescens @ 10 ml kg
along with seedling dipping of roots @ 3.0 | ha! significantly
enhanced the germination (75.82%), plant height (25.52),
number of tillers (16.99) and grain yield (48.23 g pot™). Due
to the production of secondary metabolites such as antibiotics,
soil has untapped potential of antagonistic microbes, which
are helpful in reducing pathogen population through different
modes of action such as competition for nutrients and space,
antibiosis, mycoparasitism, production of siderophore,
volatile metabolites (HCN), extracellular lytic enzymes,
phytoharmones and induced systemic resistance (Gupta et al.,
2002; Ashofteh et al., 2009) 1871,

Table 1: Description of fluorescent pseudomonads isolates collected form rice rhizosphere in rice growing regions of Jammu

. Growth of fluorescent .
S. No. | Isolates Place .Of Geogrgphlc Fluorescence Gra_m pseudomonads Acetamide
collection location reaction S S Agar
4°C 41 °C

1 FP-1 Chatha 32.58N/75.00’E + - + B B
2 Fp-2 Chatha 32.58N/75.00°E + - + ~ B
3 Fp-3 Chatha 32.58N/75.00’E + - _ + +
4 Fp-4 R. S. Pura 32.63'N /74.73'E + - + _ B
5 Fp-5 R.S. Pura 32.63'N /74.73E + - + B B
6 Fp-6 R. S. Pura 32.63'N /74.73'E + - + B B
7 Fp-7 R. S. Pura 32.63'N /74.73'E + - + _ B
8 Fp-8 Kathua 32.17N /32.55’E + - _ + +
9 Fp-9 Kathua 32.17N /32.55’E + - + _ _
10 Fp-10 Kathua 32.17N /32.55’E + - _ + +
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11 Fp-11 Kathua 32.17N /32.55’E + - + _ _
12 Fp-12 Kathua 32.17N /32.55’E + - _ + +
13 Fp-13 Kathua 32.17N /32.55’E + - _ + +
14 Fp-14 Vijaypur 32.58N/75.00’E + - _ + +
15 Fp-15 Vijaypur 32.58N/75.00’E + - _ + +
16 Fp-16 Vijaypur 32.58N/75.00°’E + - _ + +
17 Fp-17 Vijaypur 32.58N/75.00’E + - + _

18 Fp-18 Vijaypur 32.58N/75.00’E + - + _ _
19 Fp-19 Vijaypur 32.58N/75.00’E + - _ + +
20 Fp-20 Vijaypur 32.58N/75.00°’E + - _ + +

Table 2: In vitro screening of fluorescent pseudomonads isolates against Rhizoctonia solani and effect on germination of sclerotia of
Rhizoctonia solani

Isolate Potato Dextrose Agar medium Nutrient Agar medium Radial Per cent
Radial growth (mm) | Inhibition (%) | Radial growth (mm) | Inhibition (%) | growth (mm) | Inhibition
Fp-1 16.00 81.81 11.33 84.89 10.33 88.21
Fp-2 32.00 63.63 19.67 73.77 31.00 64.64
Fp-3 38.00 56.81 22.67 69.77 32.67 62.74
Fp-4 41.66 52.65 24.33 67.56 41.00 53.23
Fp-5 43.66 50.38 33.00 56.00 44.67 49.05
Fp-6 14.00 84.09 10.00 86.66 8.00 90.87
Fp-7 21.00 76.13 14.67 80.44 24.67 71.86
Fp-8 49.80 43.40 27.00 64.00 40.33 53.99
Fp-9 43.80 50.22 28.33 62.22 32.67 62.74
Fp-10 17.00 80.68 12.00 84.00 13.67 84.41
Control 88.00 75.00 87.67
CD (P=0.05) 4.238 3.126 2.392
SE+ (m) 1.436 1.059 0.810
Table 3: Effect of fluorescent pseudomonads on germination and vigour index of rice seedlings
Isolate Germination (%) Mean shoot length (cm) Mean root length (cm) Vigour index
Fp-1 80.56 10.20 8.50 1466.19
Fp-2 61.11 7.00 6.10 996.09
Fp-3 55.56 6.30 6.50 927.85
Fp-4 44.44 5.50 5.10 679.93
Fp-5 38.39 5.20 5.30 595.05
Fp-6 83.33 11.10 10.0 1683.27
Fp-7 63.89 7.50 6.50 1066.96
Fp-8 47.22 5.60 5.50 741.35
Fp-9 58.33 6.20 6.70 985.78
Fp-10 77.78 8.90 8.00 1454.49
Control 36.11 4.70 5.00 548.87
CD (P=0.05) 1.805 2.243 1.902 323.542
SE+ (m) 0.661 0.760 0.644 109.607
Table 4: Effect of fluorescent pseudomonads on sheath blight of rice (detached leaf-assay)
Isolate Highest lesion length (mm) Reduction in lesion length (%)
Fp-1 13.33 80.95
Fp-2 24.33 65.24
Fp-3 32.00 54.28
Fp-4 41.00 41.42
Fp-5 42.33 42.38
Fp-6 12.66 81.91
Fp-7 21.00 70.00
Fp-8 44.30 36.71
Fp-9 33.30 52.42
Fp-10 14.66 79.05
Control 70.00
CD (P=0.05) 3.857
SE+ (m) 1.307
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Table 5: Management of sheath blight of rice

Treatment Per cent Disease intensity Reduction in disease intensity
To= Control 53.13
T1= Seed treatment of Fp6 (P. fluorescens) 31.06 22.07
T2 = Seedling treatment of Fp6 (P. fluorescens) 30.13 23.00
Ts = Foliar application of Fp6 (P. fluorescens) 25.81 27.32
Ta=Ti1+ T2+ T3(Fp6) 10.94 42.19
Ts = Seed treatment of Fp10 (P. aeruginosa) 34.25 18.94
Te = Seedling treatment of Fp10 (P. aeruginosa) 31.19 21.94
T+ = Foliar application of Fp10 (P. aeruginosa) 26.19 26.94
Ts=Ts+ T+ T7 (Fpl0) 14.06 39.07
To = (Seed treatment with carbendazim @ 2g/kg of seed) 27.32 25.82
Tio = (Foliar application with carbendazim @ 0.1%)) 16.56 36.57
CD(P=0.05) 8.747
SE+ (m) 3.01

I Management of Sheath Blight of Rice I

Fig 1: Molecular characterization of fluorescent pseudomonads isolates (850bp). L= ladder, Fp1(a), Fp2(b), Fp4(c), Fp5(e), Fp6(f), Fp7(q),
Fpa(h), Fp11(i), Fp17(j), Fp18(m), R, (ATCC), R.(ITCC).
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