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Abstract

The ability for biocontrol and plant growth promotion of three Pseudomonas bacterial isolates
namely Pseudomonas fluorescens (UMB20), Pseudomonas aeruginosa (KMB25) and
Pseudomonas asplenii (BMB42) obtained from rice plants was investigated. Fungal growth
inhibition by the isolates ranged from 86.85 to 93.15% in volatile and 100% in diffusible
metabolites test. Among the isolates, BMB42 showed fungal growth inhibition significantly in the
volatile metabolite test. Isolates UMB20 and BMB42 were able to synthesis chitinase with
chitinolytic indices of 13.66 and 13.50, respectively. In case of -1,3-glucanase, all the isolates
showed activity to produce this enzyme at varied levels and isolate KMB25 showed significantly
highest activity (53.53 ppm). Among the three isolates, KMB25 showed positive response to
protease production and all of them were negative to pectinase and lipase and positive to the
production of siderophore, and HCN, and were able to solubilize tricalcium phosphate. All the
three bacterial isolates were capable of forming biofilm at different levels. Above results suggest
that phylloplane Pseudomonas bacterial isolates have potential for antifungal activities and plant
growth promotion.
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Introduction

Bacteria having capacity of exerting the effects on
disease suppression and plant growth (Mubarik ez al., 2010)
directly or indirectly are known as plant growth promoting
rhizobacteria (PGPR). Effects of these agents on disease
suppression are related to exclusion of phytopathogens by
aggressive colonization of root environment, or by
production of broad spectrum of extracellular lytic enzymes,
diverse antibiotics, hydrogen cyanide or by activation of
plant defence mechanisms (Jamali ez al., 2009). Influence of

PGPR on plant growth depends on the production of either
phytohormones or by enhancing nutrient uptake (Bai et al.,
2003). Some genera of bacteria such as Bacillus,
Pseudomonas, Azospirillum, Azotobacter, Bradyrhizobium
and Rhizobium (Wahyudi ef al., 2011) have demonstrated
PGPR activities in different crops. Among them,
Pseudomonas is one of the most important group that
possesses almost all PGP traits. The beneficial effect of
fluorescent pseudomonads have been attributed to
production of chitinase, 3-1,3-glucanase, hydrogen cyanide
(HCN), siderophores, antibiotics, phytohormones,
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solubilization of phosphate and induction systemic resistance
against a broad diversity of pathogens (Podile and Kishore,
2006). These characteristics make them good candidate as
biocontrol agents for suppressing plant pathogens. Particular
isolates of Pseudomonas like P. fluorescens, P. putida, P.
aeruginosa and P. aureofaciens have drawn worldwide
attention for their potential suppression of soil-borne
pathogens through different mechanisms (Karthekeyan ez al.,
2006).

Although R. solani is a soil-borne pathogen and for
effective control and plant growth promotion biocontrol
agents should be obtained from rhizosphere.Several
researches have demonstrated the efficacy of phyllosphere
bacterial strains on crops from different genera including
Pseudomonas against different soil-borne pathogens (Sato et
al.,2014; Kishore et al., 2005). Among others, Pseudomonas
bacteria are common inhabitants of rhizosphere and
phyllosphere and are able to cope with wide range of
environmental conditions. So far, most of the Pseudomonas
isolates were obtained from the rhizosphere, but only few
from phyllosphere. Plant growth promoting traits of
Pseudomonas isolates originating from phyllosphere need to
be investigated. Hence, the present study was undertaken to
determine the biocontrol and plant growth promoting
activities of selected phylloplane Pseudomonas bacteria
under laboratory conditions.

Materials and Methods

Microorganisms and culture conditions : Bacterial isolates
Pseudomonas fluorescens (UMB20), Pseudomonas
aeruginosa (KMB25) and Pseudomonas asplenii (BMB42)
and sheath blight pathogen Rhizoctonia solani were collected
from Plant Protection Department, Faculty of Agriculture,
Universiti Putra Malaysia, Malaysia. Bacterial isolates were
identified by Biolog identification system and selected for the
study, based on the results of dual culture test (Akter et al.,
2014). They were preserved in King’s B Broth (KBB) broth
in 50% glycerol at -20 °C refrigerator and were revived from
frozen condition prior to each experiment.

Determination of metabolites : Inhibitory potential of
bacterial isolates against R. solani via production of
diffusible metabolites was determined following the
methodology of Vidaver (1976) with modifications. Double
layered petriplates comprising of two layers of different
media were used in this test. The bottom layer of potato
dextrose agar (PDA) was separated from the upper layer of
nutrient agar (NA) by an overlaid sterilized filter paper
(Whatman no. 1). Bacterial isolates were streaked on NA
surface and incubated at 284+2°C for 2 days. After incubation,
filter paper with NA was removed. Subsequently, mycelial
plugs of R. solani were placed at the center of the plates and
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incubated at 28+2°C for 5 days. Control plates were
maintained by streaking sterilized water on the medium
likewise bacterial cultures. The assay was run in a completely
randomized design with 5 replications and repeated once.
Percent inhibition of diameter growth values were calculated
as described by Trivedi ez al. (2008).

To determine the volatile metabolites, the
methodology of Dennis and Webster (1971) was employed
with slight modifications. Bacterial isolates were inoculated
on bottom lid of petriplate containing KBA medium amended
with glycine (4.4 g I"). The other bottom lid of the petriplate
inoculated with fungus was placed face to face and sealed
with parafilm to prevent leakage of volatiles produced from
the plates. The assay was run in the same manner as diffusible
metabolites test.

Lytic enzyme activities Chitinase production was
qualitatively detected following the methodology of Chernin
et al. (1995) using chitin medium (Kamala and Indra Devi,
2012). Chitinase activity was identified based on the
formation of purple coloured zone. Chitinolytic index (CI)
was calculated by the formula of Wahyudi ez al. (2011).

Quantitative determination of chitinase was carried
out using liquid medium by following the methodology of
Velusamy et al. (2011). The activity of b-1, 3-glucanase was
assessed by the method of Pan et al. (1991). Production of
extracellular protease was tested according to Maurhofer et
al. (1995). Cellulase (Teather and Wood, 1982), pectinase
(Gerhardt et al., 1994) and lipase were detected (Smibert and
Krieg, 1994) as per methodologies.

Determination of plant growth promotion traits
Production of indole 3-acetic acid (IAA) by the test bacterial
isolates was detected by adopting the method of Gordon and
Weber (1951). Phosphate solubilizing activity was
investigated on National Botanical Research Institute‘s
Phosphate (NBRIP) growth medium (Nautiyal, 1999).
Presence or absence of visible clear halo zones around
bacterial colony on the plates was noted and expressed as
phosphate solubilizing index (PSI) using the following
formula: [(d clear zone + d colony) + d colony where, d =
diameter]. The methodology described by Castric (1975) was
used to detect hydrogen cyanide. After incubation for a week
at 30°C, the colour change in the filter paper was noted and the
HCN production potential of the antagonists was graded as
mentioned by Kremer and Souissi (2001).

Siderophore production of bacteria was qualitatively
detected using iron deficient succinate agar medium
amended with Fe-CAS dye solution at 20% (v/v). Each
bacterial isolate was streaked separately on the surface of
medium and incubated for 48 hr at 28 °C. The production of
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siderophore was indicated by orange halos around the
colonies. Biofilm formation by the bacterial strains was
assessed using 96-well microplate by adopting the method of
Harvey et al.(2007).

Statistical analysis : Quantitative data were subjected to
statistically analysis using SAS software version 9.2. The
treatment means were compared using the least significant
difference (LSD) testat Pd 0.05.

Results and Discussion

In volatile metabolite test, all the bacterial isolates
showed fungal growth inhibition ranging from 86.85 to
93.15% (Table 1). Significantly high percent growth
inhibition of R. solani was obtained by BMB42 (93.15%)
which was followed by UMB20 (88.70%) and KMB25
(86.85%). As compared to the results for controlling of
Phytophthora capsici reported by Diby et al. (2005), results
obtained in the present study with Pseudomonas are much
more promising. In the present study, test isolates exerted
more potency in diffusible metabolites activities which was
evident by complete inhibition of fungal growth. Getha and
Vikineswary (2002) reported antagonistic bacteria as
biocontrol agents by producing non-volatile compounds.
These results are in accordance with the results obtained by
the test bacterial isolates on production of non-volatile
metabolites which inhibited the growth of R. solani.

Among the test isolates, UMB20 and BMB42 were
positive in terms of chitinase production as illustrated by
purple zones around the bacterial colonies. Average

chitinolytic indices were 13.66 and 13.50 for isolates
UMB20 and BMB42, respectively (Table 2). All the test
strains were able to produce [3-1,3-glucanase at varying level.
Isolate KMB25 showed negative test. In terms of protease
production, isolates UMB20 and BMB42 were negative,
while KMB25 was positive. All the test isolates were able to
produce cellulase. None of them produced pectinase or lipase
on their respective media (Table 2). Pseudomonas bacteria
have been reported as the producer of these kinds of enzymes
in many studies (Gupta et al, 2006; Saraf et al., 2013).
Among the hydrolytic enzymes, chitinase and b-1,3-
glucanase are the most important enzyme substances and
impart strong antifungal activity against pathogens (Shali et
al., 2010; Singh et al., 2010). Wide range of bacteria have
been reported to synthesis these enzymes. Among these
strains, KMB25 did not produce chitinase enzyme, but
showed positive response to protease production. Synthesis
of protease by P. fluorescens has been reported by different
researchers (Saikia et al., 2005; Ajit et al., 2006). Some
bacteria are recognized as chitinase non-producers while
others cannot produce this enzyme. In this study, cellulase
activity was common to all the bacterial strains. In many
reports, Pseudomonas bacteria were also reported as
cellulase producers (Saraf et al., 2013). Pectinase and lipase
activities were not observed in any of the strains which can be
regarded as desirable traits of beneficial bacteria (Cattelan et
al., 1999).

Among the 3 test isolates, UMB20 and BMB42
showed IAA production activity, (of 51 and 52 ppm), (Table
3). Indole 3-acetic acid (IAA) is one of the most important

Table 1 : Effect of volatile and diffusible metabolites produced by bacterial isolates from phyllosphere on growth of Rhizoctonia solani

Bacterial isolate Volatile metabolites Diffusible metabolites
Fungal growth (mm) % Growth inhibition Fungal growth (mm) % Growth inhibition

P. fluorescens(UMB20) 10.17b 88.70b 0.00 100
P. aeruginosa (KMB25) 11.83b 86.85b 0.00 100
P. asplenii (BMB42) 6.17¢c 93.15a 0.00 100
Control 90.0a - 90.0 -
Mean of four replication. Mean values within columns followed by same letter are not significantly different (P d0.05)
Table 2 : Production of hydrolytic enzymes by bacterial isolate from phyllosphere
Bacterialisolate Production

Chitinase (ppm) (CI) b-1,3- glucanase (ppm) Protease Cellulase Pectinase Lipase
UMB20 62.66(13.66) 31.45c£1.42 - + . -
KMB25 - 53.53a+0.20 + + - -
BMB42 65.66(13.50) 36.87b+0.53 - + - -
Control - - - - - -

Mean values within columns followed by same letter are not significantly different at LSD (P d” 0.05): +=positive response; - = negative response (all the

values are the average of 6 replications) and + represents standard errors
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Table 3 : Production of growth related hormone and metabolites by bacterial isolates from phyllosphere

Bacterialisolate Production and response

TAA (ppm) PS(SI) HCN Siderophore Ammonia
UMB20 +(51) +(1.94) - + +
KMB25 - +(2.51) + + +
BMB42 +(52) +(1.78) -+ + +
Control - - - - -

IAA =Indole acetic acid; PS = Phosphate solubilization; SI = Solubilization Index; HCN = Hydrogen cyanide; += positive response; +++ = strong; - =no

response

phytohormone related to plant growth and development.
Production of indole 3-acetic acid in Pseudomonas bacterial
isolates from rice was also observed by Ramezanpour et al.
(2010). Karnwal (2009) screened fluorescent Pseudomonas
bacterial isolates based on IAA production. In the present
study, both IAA producing bacterial strains produced more
than 50 ppm [AA. Recently, Anitha and Kumudini (2014)
reported that some Pseudomonas bacteria isolated from
rhizosphere soil of different crop fields were able to produce
TIAA. However, the level of TAA produced by them were
lower than from the levels obtained by phyllosphere
Pseudomonas strains in this study.

In phosphate solubilizing test, all the isolates were
able to solubilize tri-calcium phosphate in NBRIP medium
with phosphate solubilizing index ranging from 1.78 to 2.51.
Highest index (2.51) was obtained with isolate KMB25.
While the lowest (1.78) was recorded with BMB42. The
ability of bacterial strains to solubilize tricalcium phosphate
in vitro suggested their applicability in crop fields. Many
species of rhizobacteria have shown their ability to solubilize
inorganic phosphate in agar plate assay (Saranya Devi and
Sowndaram, 2014). According to Sarkaret al. (2014)
Pseudomonas spp. having potential to solubilize phosphate
in vitro significantly enhanced seedling growth and nutrient
content in wheat plants.

Response of bacterial isolates for HCN production
showed changing colour of filter paper from yellow to orange.
Isolate UMB20 and BMB42 changed the colour of paper to
completely orange, while KMB25 changed it to brick colour.
Pseudomonas spp. is known to produce HCN and fungal
activity of HCN was observed by Paramageetham and Prasada
Babu (2012) to be produced by Pseudomonas bacteria.
According to Kumar et al. (2012) production of HCN is a
primary mechanism for biocontrol in many Pseudomonas
bacteria. In this study, production of HCN by the strains might
contribute to effective inhibition of mycelial growth of R.
solani which was evident in volatile metabolite test.

In siderophore test, all isolates were positive showing
orange halo around their respective colonies. Siderophore
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Fig. 1 : Abilities of bacterial strains from phyllosphere to form biofilm in
1% crystal violet after 24 hours of incubation in Luria-Bertany broth
(vertical bars represent the standard error)

production was determined by the colour change of Fe-CAS
dye in agar medium. It has been reported that Pseudomonas
fluorescens can secrete fluorescent, yellow-green water
soluble siderophores under iron-limiting conditions
(O’Sullivan and O’Gara, 1992). Belimov et al. (2005)
reported that three Pseudomonas strains AY197010,
AY197006 and AY197009 had the ability to produce
siderophores. Rasouli et al. (2005) isolated 201 of
Pseudomonas spp. from Iranian soils which were
siderophore producers in CAS-agar medium.

Another important trait of beneficial bacteria is
production of ammonia that influences plant growth
indirectly. In the present study, all the 3 test strains showed
positive test for ammonia production. Synthesis of ammonia
has also been observed by Anitha and Kumudini (2014) in
fluorescent pseudomonads. Yadav et al. (2010) also
observed ammonia production by plant growth promoting
bacteria in in vitro study in chick pea plants

All the 3 bacterial strains were capable of forming
biofilm and showed different levels of biofilm formation
(Fig. 1). Strain BMB20, UMB25 and BMB42 showed optical
density of 0.23, 1.44 and 2.32, respectively. Highest optical
density (2.32) was observed with strain BMB42 followed by
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1.44 which was obtained by KMB25. Lowest optical density
(0.23) was noted in strain UMB20. Auto aggregation and
biofilm formation help to survive and colonize and also
increase host plant resistance against antimicrobial
compounds (Bogino et al., 2013). Biofilms cause beneficial
effect on plant growth promotion (Seneviratne et al., 2009).
Pseudomonas sp. form biofilm and was primary model of
biofilms research (Parsek and Fuqua, 2003).

The present study was an attempt to demonstrate the
multifunctional property of Pseudomonas fluorescens
(UMB20), Pseudomonas aeruginosa (KMB25) and
Pseudomonas asplenii (BMB42) isolated from rice
phylloplane. The broad antagonistic activity of these isolates
helped them to establish and to confront against
phytopathogens which occupy the similar microbial niche.
Their ability to produce siderophore and release
antimicrobial compounds reflect their rhizospheric
competitiveness that can be beneficially combined with plant
protection and their PGPR traits help the enhanced plant
growth.
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