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ABSTRACT
Bacterial wilt caused by Ralstonia solanacearum is the important dangerous diseases
in chili. Until now this disease has been difficult to control; while the bacteria attack
the xylem vessel they cannot be reached by any bactericide. Biocontrol is potential for
controlling this disease. One group of important biocontrol agents is the plant growth
promoting rhizobacteria (PGPR). Based on in planta screening method, we have found
13 indigenous rhizobacterial strains from healthy chili’s rhizosphere, which have the
ability to control bacterial wilt and to increase growth and yield of chili. This research
is aimed at characterizing the direct mechanisms of selected indigenous rhizobacterial
strains as biocontrol agents of R. solanacearum in vitro. The physiological characters
of indigenous rhizobacterial strains as biocontrol agents had been observed, including
production of antibiotic, siderophore, HCN, haemolysine, protease, and biosurfactan.
For root colonization rifampicin mutants of indigenous rhizobacterial strains had been
the results of in vitro analysis showed that those selected rhizobacterial strains had
various physiological characters as biocontrol agents. Not all biocontrol tested
characters have been produced by indigenous rhizobacterial strains. Only RZ2.1AP4
strains showed the positive on 3 characters. All indigenous rhizobacterial strains
produced biosurfactant but only Pseudomonas hibiscicola strain RZ1.1AG4 showed
the highest viscosity. All rifampicin mutants of indigenous rhizobacterial strains have
colonized chili roots on rhizoplane and in the root tissues (endophyte) from nursery
until 9 days after planting. RZ2.1AP2 and Klebsiela michiganensis strain RZ1.3AG4
showed the highest bacterial population on chilli roots. The bacterial population was
higher in root tissue (endophytes) than on the root surface (rhizoplane) from seedling
stage until 9 days after transplanting.
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INTRODUCTION
Bacterial
wilt
caused
by
Ralstonia
solanacearum is one of the important serious
vascular diseases of chilli crop causing
maximum crop losses (Basu, 2014), ranging
between 15 to 55% around the world (ElArgawy and Adss, 2016). Control is difficult
due to high variability of the pathogen, limited
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possibility for chemical control, high capacity
of the pathogen to survive in diverse
environments and its extremely wide host
range. Biological control is desirable because
control with other methods gives variable
results (Nguyen and Ranamukhaarachchi,
2010). Since biological control is a key
component of integrated disease management,
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it is important to search for plant growth
promoting rhizobacteria (PGPR) active against
specific pathogens and evaluate the
antagonists for wider application (Nakkeeran
et al., 2006).
Several PGPR as antagonists have been
evaluated to control R. solanacearum with
variable success, such as P. fluorescens
(Seleim et al., 2011), and Stenotrophomonas
maltophilia (Messiha et al., 2007) on potato.
Bacillus-based biocontrol agents are quite
important to control bacterial wilt on mulberry
(Ji et al., 2008) and tobacco (Maketon et al.,
2008). Nguyen and Ranamukhaarachchi
(2010) reported two bacterial antagonists
isolated from soil (Bacillus megaterium and
Enterobacter cloacae) that showed high
potential for bacterial wilt disease suppression
on chilli and also increased fruit weight,
biomass and plant height. Furthermore, Yanti
et al. (2017) reported 13 strains of
rhizobacterial from chili rhizosphere showing
high potential for bacterial wilt disease
suppression. Two strains also increased
growth and yield of chili.
PGPR suppresses pathogens, mediate several
mechanisms of biological disease control,
most of which involve, 1) Directly,
competition for niche and nutrient (Haas and
Défago, 2005), the production of metabolites
which affects the pathogen directly, such as
antimicrobial compounds (Bashan and de
Bashan, 2005), lytic enzymes (Van Loon,
2007; Lugtenberg and Kamilova, 2009; Glick,
2012; Bashan and de Bashan, 2005). 2)
Indirectly by induced systemic resistance
(ISR) in the host plant (Compant et al.,
2005a). It is noteworthy that different
mechanisms may be found in a single strain
and can act simultaneously (Kloepper et al.,
1992).
Competition for nutrition, such as iron is one
of the resources that can limit growth of plant
pathogens. Many bacterial isolates used for
biocontrol have the ability to produce ironchelating compounds, siderophores (Schippers
et al., 1987; Dowling and O'Gara, 1994).
Competition for niche such as colonization
had been shown by experiments of many
authors as follows, mutants of biocontrol
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strains that are deficient in the production of
antimicrobial substances are almost as
efficient in biocontrol as the wild type (Kempf
and Wolf, 1989; Kraus and Loper, 1992;
Maurhofer et al., 1994). When the bacterial
colony reaches a certain critical density, there
is a change in the expression of genes that are
regulating for instance the production of
secondary metabolites and formation of sexual
pili (Swift et al., 1996). This shift in the
expression of genes is referred to as quorum
sensing. The mucigel formed both by the plant
and the bacteria, might aid the bacterial spread
on the roots. It has been shown that
biosurfactants are important and commonly
produced by rhizobacteria (Nielsen et al.,
2002). The physical characteristics of
surfactins increase the benefits as biocontrol
agents of Bacillus spp. (Bacon and Hinton,
2011). Fermentation studies were carried out
with the Bacillus isolates that showed the
highest antimicrobial and hemolytic activities,
to follow up growth and production of
bioactive and surfactant compounds (Monteiro
et al., 2005).
Rhizosphere competence of biocontrol agents
comprises
effective
root
colonization
combined with the ability to survive and
proliferate along growing plant roots over a
considerable time period in the presence of the
indigenous microflora (Lugtenberg and
Dekkers, 1999; Parke, 1991; Weller, 1988;
Whipp, 1997). PGPR colonizing the root
surfaces and the closely adhering soil
interface, the rhizosphere (Kloepper and
Schroth, 1978; Kloepper et al., 1999). Some of
these PGPR can also enter root interior and
establish endophytic populations (Gray and
Smith, 2005). Reinnhold and Hurek (1998)
reported that endophytes either become
localized at the point of entry or are able to
spread throughout the plant and can live within
cells, in the intercellular spaces or in the
vascular system. Many of them are able to
transcend the endodermis barrier, crossing
from the root cortex to the vascular system,
and subsequently thrive as endophytes in stem,
leaves, tubers, and other organs (Bell et al.,
1995; Compant et al., 2005b; Gray and Smith,
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2005).
The extent(Coleoptera:
of endophytic
colonization
Rhizobacteria
Chrysomelidae:
of host plant organs and tissues reflects the
Bruchinae)
ability
of bacteria to selectively adapt to these
specific ecological niches (Gray and Smith,
2005).
The production of metabolites which affect the
pathogen
directly,
are
antimicrobial
compounds
like
diacetylphloroglucinol,
pyrrolnitrin, phenazine-1-carboxylate, HCN
(Bashan and de Bashan, 2005), pyoluteorin
(Bashan and de Bashan, 2005); lytic enzymes
(Van Loon, 2007; Lugtenberg et al., 2009;
Glick, 2012) like hydrolytic enzymes such as
chitinase, laminarinase, Q-1,3-glucanase,
protease, and lipase (Bashan and de Bashan,
2005).
From our previous research, based on in planta
technique we have found 13 selected PGPR
strains to control R. solanacearum and
increase growth rate of chili plants in planta
Yanti et al. (2017). The aim of this research
was to detect physiological characters of the
selected PGPR strains as biocontrol agents of
R. solanacearum in vitro (production of HCN,
siderophore, biosurfactant, protease and
antibiotic) and in planta (root colonization).
MATERIALS AND METHODS
Bacterial strains and culture conditions
Pathogenic bacteria R. solanacearum and 7
selected PGPR strains were used from our
culture collection (Yanti et al., 2017). The
selected PGPR strains were as follow: P.
hibiscicola
strain
RZ1.1AG4,
K.
michiganensis
strain
RZ1.3AG4,
A.
xylosoxidans strain RZ1.3AP1, C. lactis strain
RZ1.4.AG4, A. insolitus strain RZ1.4AP4,
RZ2.1AP2, and RZ2.1AP4. All selected PGPR
strains were streaked on Nutrient Agar (NA)
and incubated at room temperature for 48
hours. R. solanacearum isolates were streaked
on Tetrazolium Triphenyl Tetrachloride (TZC)
and incubated with the same methods. These
inocula were prepared in order to be used in
vitro tests of the selected PGPR strains and for
their colonization on chili roots in planta.
In vitro characterization of selected PGPR
strains as biological agents
Hydrogen cyanide detection was performed
according to the method developed by Bakker
and Schippers (1987). Briefly, selected PGPR
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strains were streaked onto tryptic soy agar
(TSA) supplemented with 44 % (w ⁄ v) glycine
and the Petri plates were inverted. A piece of
filter paper impregnated with 5 % picric acid
and 2% sodium carbonate was placed in the lid
of each Petri plate. Petri dishes were incubated
at 28 0C for 96 hrs. Decolouration of the filter
paper to orange-brown indicated production of
cyanide. Protease activity was expressed as
clearing zones on LB-medium amended with 2
% skim milk powder (Nestle´) after incubation
at 28 0C for 48 hrs.
Siderophore Production
Production of siderophore was determined by
Chromazurol Sulphonate (CAS) agar method
(Alexander and Zuberer, 1991). Briefly, the
bacterial inoculum was spotted into the center
of a CAS agar plate. After incubation at 28 °C
for 5 days, siderophore production was
assayed by the change in the color of the
medium from blue to orange.
Hemolytic assay
Hemolytic activity was determined by agar
diffusion technique. One microliter of PGPR
suspension was placed on the surface of plates
containing blood agar medium and incubated
at 37 ºC for 72 hrs (Monteiro et al., 2005). The
plates were visually observed for clearing zone
(hemolysis) around the colony.
Production of antibiotic by selected PGPR
strains against R. solanacearum.
The selected PGPR strains were grown on
Potato dextrose broth (PDB) medium. The pH
of the medium was adjusted to 7.0 before
sterilization. The PGPR culture were
incubated at 28 0C for 6-7-days. The bacterial
suspension was centrifuged at 4000 rpm for 20
min. The supernatant was filtered through a
0.2 mm pore size membrane filter (NC 20cellulose nitrate). Sterile culture filtrate (CF)
was used without dilution and tested against R.
solanacearum. The agar well diffusion assay,
as reported by Tagg and McGiven (1971), was
used for determination of antagonistic activity
of the crude extract. R. solanacearum plated
on NA. After medium has solidified, three
separated holes (5 mm) were made by borer in
every plate. 200 µL of culture filtrate was
poured into these holes. The last hole was
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filled with sterile distilled water as a control
and the whole procedure was repeated twice
for each species. The plates were kept in the
refrigerator at 3 0C for 24 hrs to promote
diffusion of the culture filtrate. Petri dishes
were then transferred to an incubator at 28 0C
until inhibition zones around the holes
appeared as a result of inhibition of growth of
R.
solanacearum
demonstrating
the
antibacterial metabolites present in the culture
filtrate secreted by the selected PGPR strains
(Klement et al., 1990; Zeller and Wolf, 1996).
Biosurfactant
Detection of biosurfactant production by the
selected PGPR strains was tested using the
drop collapse technique as described by Jain et
al. (1991). To determine the surface tension,
the bacteria were grown in liquid KB-medium
for 48 h. The cells were pelleted and the
surface tension of the cell-free culture
supernatants was measured with a viscometer.
Root colonization of rifampicin-resistant
(Rif) mutants of selected PGPR strains.
The selected PGPR strains were grown
overnight in NB broth at 28 ± 2 0C in a rotary
shaker at 240 rpm. After centrifugation at
5000 rpm for 5 min, the pellet of each strain
was dissolved in 10 mL of sterile 0.1 M citrate
buffer (pH-5.0). After washing two times with
citrate buffer, the pellet was dissolved in 100
ml of citrate buffer containing 60 µg mL-1
rifampicin (Sigma, USA) and incubated for 2
hrs in a rotary shaker at 28 ± 2 0C. After the
incubation, the cells were pelleted down and
washed twice with 0.1 M phosphate buffer
(pH 6.7) and the pellet was resuspended in 100
ml of phosphate buffer and serially diluted up
to 10-4 in phosphate buffer and 100 mL each
of the dilutions of 10-3 and 10-4 were plated
onto nutrient agar plates containing 60 mg mL1
rifampicin, amount sufficient to inhibit the
growth of other bacteria. The mutants were
purified and checked for stability by
transferring them four times from TSA-rif to
TSA and TSA-rif plates (Shanmugam et al.,
2011).
PGPR inoculated chili roots were partially
collected at seedling stage (14 and 21 days
after sowing) and 3, 5, 7, and 9 days after
planting (DAP). For rhizoplane colonization,
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one gram of roots was added in sterile normal
solution (NSS), and 0.1 mL of serially diluted
extract was placed on TSA-rif plates and
incubated at 37 ± 1°C for 72 hrs. For
endophyte colonization, one gram of roots was
surface sterilized and crushed in NSS, and 0.1
mL of serially diluted extract was placed on
TSA-rif plates and incubated at 37 ± 1 °C for
72 hrs. These plates were placed on a Quebec
colony counter to count the bacterial colonies.
Colonies falling within the 30-300 range were
selected and multiplied by the reciprocal
dilution factor to obtain the number of
bacterial colonies (Klement et al., 1990)
represented as colony forming units (CFU) per
gram of root (Akhtar et al., 2010).
RESULTS
Characteristics of the selected PGPR strains
Our previous study demonstrates that based on
in planta technique, 13 selected PGPR strains
inoculated chili could control R. solanacearum
100 % without wilt symptom and improve the
growth of R. solanacearum-inoculated chili
plants (Yanti et al., 2017). The present study
had demonstrated biocontrol characters of the
selected PGPR strains as follows: all selected
PGPR trains showed negative for the
characters siderophore, HCN, and antibiotic
(Table 1).
The negative characters of selected
rhizobacterial strains for siderophore and HCN
support the report of Maji and Chakrabarty
(2014) that only one from five rhizobacterial
strains produced siderophore and HCN and
was not responsible for the growth inhibition
of R. solanacearum Tom 5. Our result also
showed negative character for antibiotic
production by of selected rhizobacterial
strains, could support our previous research on
in planta screening to explore the biocontrol
agents of plant pathogens (Habazar et al.,
2011; Yanti et al., 2017). Hemolytic activity
of the PGPR strains presented by lipopeptides
can be used for selecting lipopeptideproducing
microorganisms.
Therefore,
hemolytic activity tests were performed to
investigate the possible role of these
compounds in the antimicrobial activity of the
selected PGPR strains. Only two strains
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showed
hemolytic
activity; Chrysomelidae:
they were P.
Rhizobacteria
(Coleoptera:
hibiscicola strain RZ1.1AG4 and RZ2.1AP4.
Bruchinae)
Most
of the selected PGPR strains showed
protease activity. Only one Pseudomonas
hibiscicola strain RZ1.1AG4 produced
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biosurfactan; it enhanced the viscosity higher
than the others.
The lack of correlation between in vitro and in
vivo effectiveness of biological control had
already been observed by Ran et al. (2005),
who reported that fluorescent Pseudomonads
Table 1. Characteristics of selected PGPR strains as biocontrol agent of R. solanacearum.
PGPR strains

P. hibiscicola
K. michiganensis
C. lactis
A. xylosoxidans
A. insolitus
RZ2.1AP2
RZ2.1AP4
Control

HCN
production

Protease
activity

Siderophore
production

-

+
+
+
+
+
+

-

sometimes succeeded as a biocontrol agent in
vitro or under controlled conditions but failed
under pot experiments and field conditions.
The same result has been reported by Nguyen
and Ranamukhaarachchi (2010) on bacterial
wilt disease incidence in capsicum was higher
with antagonist strain TR15 and in tomato
with strain TR2 and 52.1 and 56.3%.
respectively with TR10 and TR7). Thus, these
antagonists showed high antagonism in vitro,
but were not effective in vivo under
greenhouse
conditions.
According
to
Ramadasappa et al. (2012), from 297
antagonistic bacteria were isolated through
dual culture inoculation technique, out of
which forty-two antagonistic bacteria were
found positive for phlD gene. This gene is the
key gene as it is essential for synthesis of
antibiotic 2, 4-diacetylphloroglucinol (DAPG)
(Raaijmakers and Weller, 2001; Landa et al.,
2002). Only ten isolated phlD bacteria were
able to suppress infection of bacterial wilt
disease in tomato plant and the PGPR (phlD)
isolates s188, s215 and s288 was observed to
be effective plant growth promoter
(Ramadasappa et al., 2012).
The widely recognized mechanisms of
biocontrol mediated by PGPR were analyzed
by (1) competition for an ecological niche or a
substrate, (2) production of inhibitory
chemicals, and (3) induction of systemic
© 537

Biosurfactant
production
Viscosity (ƞ Enhanced
= Poise)
(%)
0.7991
49.09
0.5977
11.51
0.6329
18.09
0.5753
7.33
0.5801
8.23
0.5521
3.00
0.5816
8.51
0.5360
0.00

Antibiotic
production
-

Hemolytic activity
+
+

resistance (ISR) in host plants to a broad
spectrum of pathogens (Bloemberg and
Lutenberg, 2001). This study showed, that
direct mechanism of selected PGPR strains
have not played important role to control R.
solanacearum on chili. This bacterium infects
plants through root wounds or at sites of
secondary root emergence, then colonizes the
xylem vessels and spreads rapidly to aerial
parts of the plant through the vascular system.
In xylem vessels, the bacterial population can
multiply extensively and rapidly reach very
high levels (>1010 cells/cm of stem in tomato)
(Araud-Razou et al., 1998; Vasse et al., 1995).
In this case, the pathogens could not have
direct contact with biocontrol agents such as
selected PGPR strains, because they have not
the same niche. The main facets of altered host
metabolism were the induction of a structural
response at the sites of pathogen entry and
abnormal accumulation of electron-dense
substances in colonized areas. PGPR is known
to suppress diseases by the inhibition of
pathogens via diffusible or volatile products,
induction of resistance in plants, aggressive
root colonization, and stimulation of plant
growth (Weller, 1988; Siddiqui and Mahmoud,
1999; Siddiqui, 2006). In addition, induced
systemic resistance by PGPR is also
considered a mechanism for the biocontrol of
plant pathogens (Wei et al., 1996).
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Root colonization
All strains show this ability to colonize both
external and internal (endophyte) of chili
seedling’s root, and decreasing trends based on
days after introduction on chili seeds.
Although, some strains still show their ability
to maintain populations, such as RZ2.1AP1
and
Klebsiela
michiganensis
strain
RZ1.3AG4. According to Patriquin et al.,
(1983) and Okon, (1985) PGPR colonizes
plant roots externally and internally. The
selected PGPR strains colonized chilli roots at
seedling’s stage until 21 days after sowing at
variable amounts: log103.6 CFU g−1 root log10 5.33 CFU g−1 root CFU/g roots on
rhizoplane (Fig 1).
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et al. (1999) that PGPR could colonize the
roots externally and to a lesser extent
internally. After transplanting, generally the
population densities of selected PGPR strains
were increased on chili’s rhizoplane until 3
DAP and after that decreased until 9 DAP.
Numbers of cfu of selected PGPR strains on
the rhizoplane were varied between log103.60 log106.43 CFU g−1 root (Fig. 3).
Figure 3. Rhizoplane colonisation of chili root’s
by selected rhizobacterial strains

Figure 1. Rhizoplane colonisation of chili roots at
seedlings stage by selected rhizobacterial strains

The numbers of cfu of selected PGPR strains
in the root tissue were between log104.23 log106.38 CFU g−1 root (Fig. 4).
Figure 4. Endophytic colonisation of chili root’s
by selected rhizobacterial strains

and log104.20 CFU g−1 root - log105.61 CFU
g−1 root in internal root tissues (Fig. 2).
Figure 2. Internal colonisation of chili roots at
seedlings stage by selected rhizobacterial strains

Most of the bacterial population was higher in
internal root tissues than rhizoplane. This
result is different from that in a report of Mia

The same trend on seedlings stage, some
strains still showed its ability to maintain its
populations, such as RZ2.1AP1 and Klebsiela
michiganensis strain RZ1.3AG4. The same
was the result on seedlings stage; most of the
population densities of selected PGPR strains
in chili’s root tissue (endophyte) were higher
than on the rhizoplane. The present results
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demonstrate
that(Coleoptera:
chili plantsChrysomelidae:
treated with
Rhizobacteria
selected rhizobacterial isolates as seed and
Bruchinae)
seedlings
treatment followed by application of
pathogens protected chili plants against the
pathogens. Intense colonization is one of the
reasons for the reduction in bacterial wilt on
chili. The present results confirm the
colonization of chili roots by selected
rhizobacterial isolates and additionally support
the current concepts that rhizosphere bacteria
are active inducers of plant disease resistance.
The results showed that selected rhizobacterial
isolates are a very good root colonizer, offers a
general biocontrol system that works against
the pathogens of root tissues. Similar result
had been reported by Gomathinayagam et al.
(2006) the rapid colonization of seeds and
roots of rice IR50 variety by P. chlororaphis
and by Anderson and Guerra (1985) with the
reports of effective colonization of roots and
other parts by P. putida and P. fluorescens, as
the restriction of pathogens infection of
bacterized plants is attributed to the blocking
of penetration of pathogens to the outer root
tissues by the root colonizers (Piga et al.,
1997).
Based on the properties of selected PGPR
strains shown only a little effect of direct
activities related to biocontrol, whereas from
previous research (Yanti et al., 2017), those
strains were best biocontrol activity against R.
solanacearum and caused no wilt symptoms.
Based on these results, it can be concluded that
the ability of all selected PGPR strains to
control R. solanacearum are not related to
directly mechanisms, but perhaps by indirect
mechanisms such as induced systemic
resistance (ISR). According to Kloepper et al.,
(1999), induced systemic resistance might be
one of the most important operating
mechanisms when dealing with biocontrol of
systemic plant pathogens. PGPR protect plants
from soil-borne pathogens by antagonistic
mechanisms (Bais et al., 2004); Lugtenberg
and Kamilova, 2009). Such bacteria colonizing
on the roots can also induce systemic
resistance in aerial plant parts, which are
spatially separated from the inducing PGPR.
This mechanism of induction of systemic
resistance by root colonizing rhizobacteria in
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aerial plant parts is referred to as induced
systemic resistance (ISR) (Rudrappa et al.,
2010). Further research will recommend to
characterize the mechanisms of induced
systemic resistance as response chilli against
inoculation of the selected PGPR strains, such
as physiological and biochemical aspects.
Our result showed that all selected
rhizobacterial strains had been detected at
rhizoplane and in the root tissues as
endophyte. According to Kloepper et al.
(1980),
rhizobacteria
are
rhizosphere
competent bacteria that aggressively colonize
plant roots, are able to multiply and colonize
all the ecological niches found on the roots at
all the stages of plant growth, in the presence
of competing microflora. During the process
of root colonization bacteria multiply in the
spermosphere (region around the seed) in
response to seed exudates rich in
carbohydrates and amino acids, then these get
attached to root surface and colonize the
developing root system. Reinnhold and Hurek
(1998) reported that endophytes either become
localized at the point of entry or are able to
spread throughout the plant and can live within
cells, in the intercellular spaces or in the
vascular system.
The conclusion of this research is as follows:
not all biocontrol characters by direct
mechanisms have produced by the selected
PGPR strains and all selected PGPR strains
colonized rhizoplane and internal (endophyte)
of chili’s roots.
ACKNOWLEDGEMENTS
This research was funded by Hibah Guru
Besar Universitas Andalas, Padang, West
Sumatra,
Indonesia,
Contract
No.
38/UN.16.17/PP.HGB/LPPM/2017 on March
21, 2017. The authors would like to sincerely
thank the Rector of Andalas University.
REFERENCE
Akhtar, M. S., Shakeel, U. and Siddiqui, Z. A.
2010. Biocontrol of Fusarium wilt by
Bacillus
pumilus,
Pseudomonas
alcaligenes, and Rhizobium sp. on lentil.
Turkish Journal of Biology 34:1-7.
Alexander, D. B. and Zuberer, D. A. 1991.
Use of chrome azurol S reagents to evaluate

Nalini Singh Chauhan and Satwinder kaur Sohal
siderophore production by rhizosphere
bacteria. Biology and Fertility of Soils. 2:
39-45.
Anderson, A. J. and Guerra,D. 1985.
Responses of bean to root colonization with
Pseudomonas putida in a hydroponic
system. Phytopathology. 75: 992-995.
Araud-Razou, I., Vasse, J., Montrozier, H.,
Etchebar, C. and Trigalet, A. 1998.
Detection and visualization of the major
acidic exopolysaccharide of Ralstonia
solanacearum and its role in tomato root
infection and vascular colonization.
European Journal of Plant Pathology 104:
795-809.
Bacon, C. W., and Hinton, D. M. 2011.
Bacillus mojavensis: Its endophytic nature,
the surfactins, and their role in the plant
response to infection by Fusarium
verticillioides. Maheshwari DK (ed.),
Bacteria in agrobiology: Plant growth
responses, DOI 10.1007/978-3-642-203329_2, Springer-Verlag Berlin Heidelberg
Bais, H. P., Fall, R. and Vivanco, J. M. 2004.
Biocontrol of Bacillus subtilis against
infection of Arabidopsis thaliana root by
Pseudomonas syringae is facilitated by
biofilm formation and surfactin production.
Plant Physiology, 134: 307-19.
Bakker, A. W. and Schippers, B. 1987.
Microbial cyanide production in the
rhizosphere in relation to potato yield
reduction and Pseudomonas spp. -mediated
plant growth stimulation. Soil Biology
Biochemistry 19: 451–457.
Bashan, Y. and de-Bashan, L. E. 2005.
Bacteria: Plant growth promoting. In:
Encyclopedia of soils in the environment.
(D. Hillel, Editor-in-Chief), Elsevier,
Oxford, U.K. 1: 103-115.
Basu, A. 2014. Bio-efficacy of Pseudomonas
fluorescens (7% WP and 5% SC
formulations) against bacterial wilt disease
of chilli. Asia Pacific Journal of
Sustainable Agriculture, Food and Energy,
2(2): 36-40.
Bell, C. R., Dickie, G. A., Harvey, W. L. G.
and Chan, J. W. Y. F. 1995. Endophytic
bacteria in grapevine. Canadian Journal of
Microbiology, 41: 46–53.

21
Bloemberg, G. V. and Lutenberg, B. J. J.
2001. Molecular basis of plant growth
promotion and biocontrol by rhizobacteria.
Current Opinion in Plant Biology 4: 343350
Compant, S., Duffy, B., Nowak, J., Clement,
C. and Barka, E. A. 2005a. Use of plant
growth-promoting bacteria for biocontrol of
plant diseases: Principles, mechanisms of
action, and future prospects. Applied
Environment Microbiology 71 (9): 49514959
Compant, S., Reiter, B., Sessitsch, A., Nowak,
J., Cle´ment, C. and Barka, E. A. 2005b.
Endophytic colonization of Vitis vinifera L.
by a plant growth promoting bacterium,
Burkholderia sp. strain PsJN. Applied.
Environment Microbiology, 71:1685–1693.
Dowling, D. N. and O'Gara, F. 1994.
Metabolites of Pseudomonas involved in
the biocontrol of plant disease. Trends in
Biotechnology 12: 133-141.
El-Argawy, E. and Adss, I. A. 2016.
Quantitative gene expression of peroxidase,
polyphenoloxidase
and
catalase
as
molecular markers for resistance against
Ralstonia solanacearum. American Journal
of Molecular Biology, 6 (02): 88.
Glick, B. R. 2012. Plant Growth-Promoting
Bacteria: Mechanisms and Applications.
Hindawi
Publishing
Corporation,
Scientifica: PP 15.
Gomathinayagam, S., Kamalanalini, S.P. and
Lalithakumari, J. 2006. A novel bacterium
for biocontrol of broad spectrum of
pathogens. In: Proceeding of Biocontrol of
Bacterial Plant Diseases, 1st Symposium
2005. PP 314-319
Gray, E. J. and Smith, D. L. 2005. Intracellular
and extracellular PGPR: commonalities and
distinctions in the plant-bacterium signaling
processes. Soil Biology and Biochemistry.
37: 395–412.
Haas, D. and Défago, G. 2005. Biological
control of soil-borne pathogens by
fluorescent
pseudomonads.
Nature Reviews Microbiology 3: 307-319.
Habazar, T., Nasrun, Dachryanus, Suharti, N.
and Yanti, Y. 2011. In planta technique, for

In Vitro Characterization of Selected Indigenous
screening rhizobacteria
as biocontrol
agents
Rhizobacteria
(Coleoptera:
Chrysomelidae:
of bacterial wilt on ginger. Paper presented
Bruchinae)
at 1st SIB International Conference on
Biodiversity, Solo (Indonesia) 23-24 July.
Jain, D. K., Thomson, D. K., Lee, H. and
Trevors, J.T. 1991. A drop-collapsing
technique test for screening surfactant
producing microorganisms. Journal of
Microbiology Methods 13: 271-279.
Ji, X. L., Lu, G. B., Ciai, Y. P., Zheng, C. C.
and Mu, Z. M. 2008. Biological control
against bacterial wilt and colonization of
mulberry by an endophytic Bacillus subtilis
strains. FEMS, Microbiological Ecology,
65(3): 565-573
Kempf, H. J. and Wolf, G. 1989. Erwinia
herbicola as a biocontrol agent of Fusarium
culmorum and Puccinia recondita f. sp.
tritici on wheat. Phytopathology 79: 990994.
Klement, Z., Rudolph, K. and Sand, D. C.
1990. Methods in phytobacteriology.
Budapest: Academia Kiado.
Kloepper, J. W., Rodriguez-Ubana. R.,
Zehnder, G. W., Murphy, J. F., Sikora, E.
and Fernandez, C. 1999. Plant rootbacterial interactions in biological control
of soilborne diseases and potential
extension to systemic and foliar diseases.
Australasian Plant Pathology. 28: 21–26
Kloepper, J. W. and Schroth, M. N. 1978.
Plant growth-promoting rhizobacteria on
radishes, p. 879–882. In Station de
pathologie vegetale et phyto-bacteriologie
(ed.), Proceedings of the 4th International
Conference on Plant Pathogenic Bacteria,
vol. II. Gilbert-Clarey, Tours, France.
Kloepper, J. W., Tuzun, S. and Kuc, J. 1992.
Proposed definitions related to induced
disease
resistance.
Biocontrol Science
and Technology 2:349–351
Kraus, J., and Loper, J. E. 1992. Lack of
evidence for a role of antifungal metabolite
production by Pseudomonas fluorescens Pf5 in biological control of Pythium damping
off of cucumber. Phytopathology 82: 264271.
Landa, B. B., Olga, V. M., Raaijmakers, J. M.,
Gardener, M. S., Thomashow, L. S.,
Weller, D. M. 2002. Differential ability of
© 537

JBiopest 11(1):14-24 (2018)

22
genotypes of 2,4-diacetylphloroglucinolproducing Pseudomonas fluorescens strains
to colonize the roots of pea plants. Applied
Environment Microbiology 68: 3226–3237
Lugtenberg, B. J. J. and Dekkers, L. C. 1999.
What
make
Pseudomonas
bacteria
rhizosphere
competent?
Environment
Microbiology 1: 9–13.
Lugtenberg, B. and Kamilova, F. 2009. Plantgrowth-promoting
rhizobacteria.
Annual Review of Microbiology. 63: 541–
556.
Maji, S and Chakrabarty, P.K. 2014.
Biocontrol of bacterial wilt of tomato
caused by Ralstonia solanacearum by
isolates of plant growth promoting
rhizobacteria. Australian Journal of Crop
Science, 8(2): 208-214. ISSN:1835-2707
Maketon, M., Apisitsantikul, J., Sirizweekul,
C. 2008. Antagonism of Bacillus subtilis
AP-01 and Trichoderma harzianum AP-001
in
controlling
tobacco
diseases.
Brazilian Journal of Microbiology, 39(2):
96-300
Maurhofer, M., Keel, C., Haas, D. and Defago,
G. 1994. Pyoluteorin production by
Pseudomonas fluorescens strain CHAO is
involved in the suppression of Pythium
damping off of cress but not of cucumber.
European Journal of Plant Pathology, 100:
221-232.
Messiha, N. A. S., van Diepeningen, A. D.,
Farag, N. S., Abdallah, S. A., Janse, J. D.
and van Bruggen, A. H. C. 2007.
Stenotrophomonas maltophilia: a new
potential biocontrol agent of Ralstonia
solanacearum, causal agent of potato
brown rot. European Journal of Plant
Pathology 118: 211-225.
Mia, M. A. B., Shamsuddin Z. H. and
Mahmood, M. 2010. Use of plant growth
promoting bacteria in banana: a new insight
for
sustainable
banana
production
International
Journal of
Agriculture
and Biology 12: 459–467.
Monteiro, L. L., Mariano, R. de L. R. and
Souto-Maior. A. M. 2005. Antagonism of
Bacillus spp. against Xanthomonas
campestris pv. campestris. Brazilian

Nalini Singh Chauhan and Satwinder kaur Sohal
Archives of Biology and Technology, 48(1):
23-29.
Nakkeeran, S., Kavitha, K., Chandrasekar, G.,
Renukadevi, P. and Fernando, W. G. D.
2006. Induction of plant defence
compounds by Pseudomonas chlororaphis
PA23 and Bacillus subtilis BSCBE4 in
controlling damping-off of hot pepper
caused by Pythium aphanidermatum.
Biocontrol Science and Technology, 16(4):
403-416
Nguyen, M. T. and Ranamukhaarachchi, S. L.
2010. Soil-borne antagonists for biological
control of bacterial wilt disease caused by
Ralstonia solanacearum in tomato and
pepper. Journal of Plant Pathology, 92(2):
395-406.
Nielsen, T. H., Sørensen, D., Tobiasen, C.,
Andersen, J. B., Christophersen, C.,
Givskov, M. and Sørensen. J. 2002.
Antibiotic and bio-surfactant properties of
cyclic lipopeptidesproduced by fluorescent
Pseudomonas spp. from the sugar beet
rhizosphere. Applied and Environmental
Microbiology, 68: 3416–3423.
Okon, Y., 1985. Azospirillum as a potential
inoculant
for
agriculture.
Trends
Biotechnology, 3: 223–228
Parke, J. L. 1991. Root colonization by
indigenous and introduced microorganisms,
PP. 33–42. In Keister, D. L, and Gregan, P.
B. (ed.), The rhizosphere and plant growth.
Kluwer Academic Publishers, Dordrecht,
The Netherlands.
Patriquin, D.G., Dobereiner, J. and Jain, D.K.
1983. Site and process of association
between diazotrophs and grasses. Canadian
Journal Microbiology, 29: 900–915
Piga, P. M., Belanger, R. R., Paulitz, T. C. and
Benhamou, N. 1997. Increased resistance to
Fusarium oxysporum f. sp. radicislycopersici in tomato plants treated with the
endophytic
bacterium
Pseudomonas
fluorescens strain 63-28. Physiological
and Molecular Plant Pathology. 50: 301320.
Raaijmakers, J. M. and Weller, D. M. 2001.
Exploiting genotypic diversity of 2, 4diacetylphloroglucinol-producing

23
Pseudomonas spp. characterization of
superior root colonizing P. fluorescens
strain Q8r1 M-96. Applied Environment
Microbiology, 63: 881–887
Ramadasappa, S., Rai, A. K., Singh Jaat, R. S.,
Singh, A., Rai, R. 2012. Isolation and
screening of phlD+ plant growth promoting
rhizobacteria antagonistic to Ralstonia
solanacearum.
World
Journal
of
Microbiology & Biotechnology
28:1681–
1690. DOI 10.1007/s11274-011-0975-0
Ran, L. X., Liu, C. Y., Wu, G. J., Van Loon,
L. C. and Bakker, P. A. H. M. 2005.
Suppression of bacterial wilt in Eucalyptus
urophylla by fluorescent Pseudomonas spp.
in China. Biological Control 32: 111-120.
Reinnhold, H. B. and Hurek, T. 1998. Life in
grasses; diazotrophic endophytes. Trends in
Microbiology, 6(4): 139-144.
Rudrappa, T., Biedrzycki, M. L., Kunjeti, S.
G., Donofrio, N. M., Czymmek, K. J., Pare,
P. W. and Bais, H. P. 2010. The
rhizobacterial elicitor acetoin induces
systemic resistance in Arabidopsis thaliana.
Communicative & Integrative Biology 3 (2):
130-138; Landes Bioscience
Schippers, B., Lugtenberg, B. and Weisbeek,
P. J. 1987. Plant growth control by
fluorescent pseudomonads. Chapter 2 in:
Innovative approaches to plant disease
control, edited by I. Chet. John Wiley &
Sons Inc., New York, USA. ISBN 0-47180962-4. PP. 19-39.
Seleim MAA, Saead FA, Abd-El-Moneem
KMH, Abo-Elyousr KAM. 2011. Biological
control of bacterial wilt of tomato by plant
growth promoting rhizobacteria. Plant
Pathology Journal 10 (4):146-153.
Shanmugam, V., Kanoujia, N., Singh, M.,
Singh, S. and Prasad, R. 2011. Biocontrol
of vascular wilt and corm rot of gladiolus
caused by Fusarium oxysporum f. sp.
gladioli using plant growth promoting
rhizobacterial mixture. Crop Protection 30
(7): 807-813.
Siddiqui, Z. A. 2006. PGPR: Prospective
biocontrol agents of plant pathogens. In:
PGPR: Biocontrol and Biofertilization

In Vitro Characterization of Selected Indigenous
(Siddiqui ZA (ed):
PP 111-142,
Springer,
Rhizobacteria
Coleoptera:
Chrysomelidae:
The Netherlands.
Bruchinae)
Siddiqui
Z. A. and Mahmood, I. 1999. Role of
bacteria in the management of plant
parasitic nematodes. A Review. Bioresource
Technology, 69: 167-179.
Swift, S., Throup, J. P., Williams, P.,
Salmond, G. P. C. and Stewart, G. S. A. B.
1996. Quorum sensing: a populationdensity component in the determination of
bacterial
phenotype.
Trends
in
Biotechnology Sciences, 21: 214-219.
Tagg, J. R., McGiven, A. R. 1971. Assay
system for bacteriocins. Applied Microbiol,
21: 943.
Van Loon, L. C. 2007. Plant responses to plant
growth-promoting rhizobacteria. European
Journal of Plant Pathology 119: 243–254.
Vasse, J., Frey, P., Trigalet, A. 1995.
Microscopic studies of intercellular
infection and protoxylem invasion of
tomato
roots
by
Pseudomonas
solanacearum. Molecular Plant-Microbe
Interactions 8: 241-251.
Wei, G., Kloepper J. W., Tuzun, S. 1996.
Induced systemic resistance to cucumber
diseases and increased plant growth by
plant growth promoting rhizobacteria under
field conditions. Phytopathology, 86: 221224.

© 537

JBiopest 11(1):14-24 (2018)

24
Whipps, J. M. 1997. Developments in the
biological control of soil-borne plant
pathogens.
Advances
in
Botanical
Research. 26: 1–133.
Yanti, Y., Astuti, F. F., Habazar T., and
Reflinaldon Nasution, C. R. 2017.
Screening of rhizobacteria from rhizosphere
of healthy chilli to control bacterial wilt
disease and to promote growth and yield of
chilli. Biodiversitas 18(1): 1-9.
Zeller, W. and Wolf, B. 1996. Studies on
biological control of fire blight. Acta
Horticulturae 411: 341-345.
Trimurti Habazar1*, Yulmira Yanti1,
Reflinaldon1,
Yaherwandi1,
Chainur
Rahman Nasution2, Srimano Felia3
1
Department of Plant Protection, Faculty of
Agriculture, Andalas University, Padang, West
Sumatera, Indonesia 25163, Tel. +62-75172773,Fax.:+62751-72702,
2
Post Graduate Student Department of Plant
Protection, Faculty of Agriculture, Andalas
University, Padang, West Sumatra, Indonesia
25163
3
Alumni of Agroecotechnology Department,
Faculty of Agriculture, Andalas University,
Padang, West Sumatra, Indonesia 25163
*Corresponding author
E-mail: trihabazar@gmail.com /
trimurti@agr.unand.ac.id

