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ABSTRACT

Bacterial blight is one of the most important yield-reducing diseases of Bt cotton caused by Xanthomonas

axonopodis pv. malvacearum. The present work was undertaken to search for efficient biocontrol agents from
resident microflora of soil as an alternative for chemical management. 114 resident rhizobacterial isolates were
screened in vitro antagonistic activity against bacterial blight pathogen using cross plate technique. Among the
tested rhizobacterial isolates, six isolates showed antagonistic activity. The highest antagonism was exhibited by
rhizobacterial isolate RLS19. Based on the inhibitory activity, the rhizobacterial isolate RLS19 was selected for
further investigation. The rhizobacterial isolate RLS19 was later identified as Bacillus amyloliquefaciens subsp.
amyloliquefaciens by 16S rRNA sequence analysis. To study antagonistic mechanism, the rhizobacterial isolate
was evaluated for production of non-volatile metabolites and volatile metabolites. B. amyloliquefaciens subsp.
amyloliquefaciens was able to produce non-volatile diffusible metabolites and showed 32 mm zone of inhibition
around the well. Also, the GC-MS analysis of cell free culture filtrate reveals the presence of three volatile
metabolites i.e. Pyrrolo[1,2-a] pyrimidine-2,6-dione, hexahydro- , 2,5-Piperazinedione, 3,6-bis(2-methylpropyl)-
N-methyl-N-[4-(3-hydroxypyrrolidinyl)-2-butynyl]-.
amyloliquefaciens subsp. amyloliquefaciens can be served as good microbial control candidate for control of

and Acetamide, Based on these results Bacillus

bacterial blight pathogen of Bt cotton.
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INTRODUCTION

Bacterial blight of cotton is one of the most important
yield-reducing diseases caused by Xanthomonas
axonopodis pv. malvacearum [1]. The bacterial blight
disease occurs to all cotton-growing areas throughout
the world [2, 3] almost every year and was shown to be
a serious limiting factor of fiber production. In India, the
disease is known to occur all the cotton growing areas
with annual losses up 32.2 % [4], 45 % [5] 53.67 % [6]

depending on the cultivar, stage of crop infection and

environmental condition. In Maharashtra state, the
entire cotton growing districts are affected by the
bacterial blight of cotton.

For the management of bacterial blight disease, the
different methods are in practice which includes the
destruction of infected crop residue, crop rotation, use
of resistant verities and use of different synthetic
agrochemicals. In India, the farmers are attracted
towards chemical treatment due to easy availability of
synthetic chemicals in the market and not the severity
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of the disease. The arbitrary use of synthetic chemical
leads to the killing of non-target insects, killing of the
beneficial microbial flora of soil, increasing farming risk,
increases production costs, lowering the yield and
ultimately decreases in fertility of the soil and creates
environmental hazardous issues.

The microbiological control using resident rhizospheric
antagonistic microorganisms will be a potential
alternative approach for the management of plant
diseases. There are some evidences, that Trichoderma
harzianum [7,8,9] Pseudomonas fluorescens
[8,9,10,11,12] and Bacillus subtilis [9,11,13,14] were
isolated from cotton rhizosphere soil and tested
individually for their effectiveness in controlling cotton
diseases, including bacterial blight of cotton. Seed
seed

treatment with these bioagents enhanced

germination, limited growth of Xanthomonas
axonopodis pv. malvacearum, and induced systemic
resistance in plants [9]. The present investigation has
been made to focus on interactions of rhizobacterial
isolates with bacterial bight pathogen for searching
efficient microbial biocontrol agents, following
objectives were set i) screening of resident rhizospheric
bacteria against bacterial blight pathogen of cotton ii)
the

antagonistic rhizobacteria.

finding biocontrol mechanism of efficient

MATERIAL AND METHODS

Bacterial blight pathogen

The bacterial blight pathogen of cotton used here was
taken from the earlier research work conducted in the
department of microbiology, Sant Tukaram College of
Arts and Science, Parbhani.

Isolation of resident rhizospheric bacteria

114 resident rhizobacterial isolates were isolated from
healthy Bt cotton rhizospheric soil by dilution plate
technique. These isolates were labeled as RLS1 to
RLS114.

Screening for the antagonistic activity against bacterial
blight pathogen:

Screening for the antagonistic potential, 114 resident
rhizobacterial isolates were screened against bacterial
blight pathogen by cross plate technique [15]. The
actively growing antagonistic rhizobacterial isolates
were streaked in a narrow band across the centre of the
plates containing Nutrient agar and incubated to allow
the growth. After 24 h incubation, Xanthomonas
axonopodis pv. malvacearum was then streaked from
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the edges of the plates without touching the central
growth and then incubated for 48 h. The distance over
which the growth of Xanthomonas axonopodis pv.
malvacearum has been inhibited by antagonistic
rhizobacterial isolates were noted.

Identification of antagonistic resident rhizobacterial
isolate:

An effective antagonistic resident rhizospheric bacterial
isolate  obtained through screening  against
Xanthomonas axonopodis pv. malvacearum, was
identified with the help of 16S rRNA sequencing at
Agharkar Research Institute (ARI) Pune, Maharashtra.
In vitro antagonistic mechanism of microbial control
agent:

To characterize the mechanism of microbial control
agent, the efficient rhizospheric isolate was tested to
produce non - volatile diffusible metabolites and
volatile metabolites.

Detection of non - volatile antibacterial diffusible
metabolites:
Antibacterial diffusible metabolites produced by
efficient rhizobacterial isolate, B. amyloliquefaciens
blight
pathogen, X. axonopodis pv. malvacearum was studied
by slightly modified Agar well Diffusion Method [16] on

Muller Hinton agar plates. Antimicrobial activity (mm)

subsp. amyloliquefaciens against bacterial

was expressed as the difference between the diameter
of inhibition zone and diameter of agar well [17].
Detection of volatile metabolites by GC-MS

Detection of volatile metabolites was carried out by
using Gas Chromatography-Mass Spectrometry (GC-MS)
analysis of Cell Free Cultural filtrate performed
Mumbai. The

volatile metabolites were identified by comparison of

commercially in IIT Bombay Powai,

their mass spectral data with those from the library of
National Institute of Standards and Technology (NIST)
2007.

RESULTS AND DISCUSSION:

Screening for the antagonistic activity against bacterial
blight pathogen

All the 114 resident rhizobacterial
screened against the bacterial blight pathogen of Bt

isolates were

cotton by cross plate technique. Among these, six
isolates (RLS19, RLS58, RLS76, RLS96, RLS102 and
RLS114) showed considerable antibacterial activity
(Table 1). The pathogen was unable to grow around a
narrow band of antagonistic bacterial isolate at the
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centre. The growth of pathogen was inhibited which
was clearly seen in the Nutrient agar plate (Fig.1). The
highest antibacterial activity was shown by rhizospheric
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isolate RLS19. Based on the inhibitory activity the
efficient rhizobacterial isolate RLS19 was selected for
further investigation.

Fig.1: Screening of antimicrobial activity of rhizobacterial isolates against X. axonopodis pv. malvacearum

Table 1: Screening of antagonistic activity of rhizospheric isolates against Xanthomonas axonopodis pv.

malavacerum

Rhizospheric isolate

Antagonistic activity

RLS19
RLS58
RLS76
RLS96
RLS102
RLS114

+++
++
++
+

+

+

+++ = Efficient; ++ = Satisfactory; + = Average; - =Negative

Table 2: Biochemical compounds identified in cell free culture filtrate of Bacillus amyloliquefaciens subsp.

amyloliquefaciens
Retention time  Compound Formula Mol. Wt.  Biological activity Reference
g/mol

16.73 Pyrrolo[1,2-a] pyrazine-1,4-  C7H10N202 154 Anti-microbial [22]
dione, hexahydro- Algicidal

25.07 2,5-Piperazinedione, 3,6- C12H22N202 226 Anti-fungal [23]
bis(2-methylpropyl)-

25.42 Acetamide, N-methyl-N-[4- C11H18N202 210 Anti-microbial Anti-  [24]

(3-hydroxypyrrolidinyl) -2-
butynyl]-

inflammatory

Identification of antagonistic resident rhizobacterial
isolate:

The resident Rhizobacterial isolate RLS19 showing
excellent antibacterial potential in opposition to X.

axonopodis pv. malvacearum was identified as Bacillus
amyloliquefaciens subsp. amyloliquefaciens by 16S
rRNA sequencing with GenBank accession number
DSM7T/FN597644 (Fig.2).
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Fig.2: Phylogenetic tree of Bacillus amyloliquefaciens subsp. amyloliquefaciens DSM7T/FN597644

66 | Bacillus atrophaeus JCM 9070T/AB021181

68 RLS19

Bacillus tequilensis KCTC 13622T/AYT001000043

64| Bacillus mojavensis RO-H-1T/JH600280
7

1g| Bacillus methylotrophicus KACC 13105T/JTKJ01000077
Bacillus vanillea XY 18T/KF986320
Bacillus amyloliquefaciens subsp. amyloliquefaciens DSM 7T/FN597644

Bacillus amyloliquefaciens subsp. plantarum FZB42T/CP000560
Bacillus siamensis KCTC 13613T/AJVF01000043

Bacillus vallismortis DV1-F-3T/JH600273
Bacillus subtilis subsp. subtilis NCIB 3610T/ABQL01000001

Brevibacterium halotolerans DSM 8802T/AM747812

21| Bacillus subtilis subsp. inaquosorum KCTC 13429T/AMXN01000021

24|

5 Bacillus subtilis subsp. spizizenii NRRL B-23049T/CP002905
| Bacillus licheniformis ATCC 14580T/AE017333

99— Bacillus sonorensis NBRC 101234T/AYTN01000016

oot
Detection of non - volatile antibacterial diffusible
metabolites
The antibacterial diffusible metabolite production was
tested using Agar well diffusion method. The inoculated
plates after 48 h showed a clear zone of inhibition

around the well compared to control. The zone of
inhibition produced by Bacillus amyloliquefaciens
subsp. amyloliquefaciens by secreting non — volatile
antibacterial diffusible around well was measured 32
mm in diameter (Fig.3).

Fig.3: Production of antibacterial diffusible metabolite by B. amyloliquefaciens subsp. amyloliquefaciens against

bacterial blight pathogen (a) Control (b) Test

The different researchers have been reported that
rhizobacterial isolates able to produce non-volatile low-
molecular-weight diffusible antibiotics that suppress
the growth of plant pathogens [18]. It has been reported
that Bacillus subtilis and Pseudomonas aeruginosa
inhibited the growth of bacterial blight pathogen by 22
mm and 15 mm respectively [19]. In vitro antibacterial
activity of seven strains of Pseudomonas fluorescence
against bacterial blight pathogen of cotton was tested.
Among these, Pseudomonas fluorescens strain MMP
and Pfl were most effective showing 10 mm zone of

inhibition [20]. The antagonistic potential of twenty-one
rhizobacterial isolates belonging to Pseudomonas and
tested
pv. malvacearum.

Bacillus sp. were against Xanthomonas

axonopodis Among these,
Pseudomonas fluorescens strain Pf32, Pf93 and Bacillus
subtilis B49 were found effective in inhibiting the
bacterial blight pathogen in 26.7, 25.4 and 6.1 mm
[11].

Paenibacillus were evaluated for antagonistic activity

respectively Similarly, fourteen strains of

against Xanthomonas axonopodis pv. malvacearum.
Among 14 isolates, Paenibacillus strain 4 and strain 8
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had inhibitory effects and was measured 11 mm and 8.5
mm respectively against the phytopathogen [21].

study B.
amyloliquefaciens showed 32 mm zone of inhibition

In  Present amyloliquefaciens  subsp.
which was greater than the isolates tested by previous
rsearchers [11, 19, 20, 21].

Detection of volatile metabolites by GC-MS

Int J Pharm Biol Sci.

the GC-MS chromatogram (Fig.4). Based on the
abundance of peaks, three peaks of chromatogram
were compared to mass spectral data from NIST (2007)
library. The GC-MS spectral data compared with library
search successfully enabled the identification of three
compounds namely Pyrrolo [1,2-a] pyrazine-1,4-dione,
3,6-bis(2-

hexahydro-, 2, 5-Piperazinedione,

Gas Chromatography-Mass Spectrometry (GC-MS) methylpropyl)- and Acetamide, N-methyl-N-[4-(3-
analysis of «cell free cultural filtrate of B. hydroxypyrrolidinyl)-2-butynyl]- (Fig.5, Fig.6, Fig.7). The
amyloliquefaciens  subsp. amyloliquefaciens was active principles with their retention time (RT),
performed to detect the novel compounds and molecular formula, molecular weight (MW), and
secondary metabolites responsible for the antibacterial  biological activity are presented in Table 2.
activity. The cell free cultural filtrate showed 6 peaks in
Fig.4: GC-MS Chromatogram of cell free culture filtrate of B. amyloliquefaciens subsp. amyloliquefaciens
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Fig.5 : Mass spectrum of Pyrrolo[1,2-a] pyrazine-1,4-dione, hexahydro- with Retention Time (RT) = 16.73
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Fig.6 Mass spectrum of 2,5-Piperazinedione, 3,6-bis(2-methylpropyl)- with Retention Time (RT)= 25.07
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Fig.7: Mass spectrum of Acetamide, N-methyl-N-[4-(3-hydroxypyrrolidinyl)-2-butynyl]- with Retention Time (RT)
=25.42
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Some microorganisms have ability to produce low piperazinedione produced by Lactobacillus plantarum
molecular weight volatile metabolites which are AF1 showed the antifungal activity against Aspergillus
responsible for inhibition of bacterial growth. The flavus ATCC 22546 [25]. Characterization of the crude
bioactive = compound  3,6-bis(2-methylpropyl)-2,5- secondary metabolites of Streptomyces sp. indicated
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the presence of chemical compounds that were present
in GC-MS chromatogram of B. amyloliquefaciens subsp.
amyloliquefaciensi.e. Pyrrolo[1,2-a] pyrazine-1,4-dione,
hexahydro, and derivative of Pyrrolo[1,2-a] pyrazine-
1,4-dione, hexahydro- i.e. Pyrrolo[1,2-a] pyrazine-1,4-
dione, hexahydro-3-(phenylmethyl) but not 2, 5-
Piperazinedione, Cyclohexanecarboxylic acid, property
with different levels of activity against Gram positive
and Gram negative pathogens [26]. In another kind of
analysis where the ethyl acetate extract of
Pseudomonas plecoglossicida by analyzed using GC- MS
and reported the presence of Pyrrolo[1,2-a] pyrazine-
1,4-dione, hexahydro- ; 2,5-Piperazinedione, 3,6-bis(2-
methylpropyl)- with antimicrobial activity [27]. To find
the metabolite and mechanistic basis of antifungal
exhibited by

amyloliquefaciens BmB 1, the crude extract analyzed for

property endophytic  Bacillus
the presence of volatile compounds by GC-MS analysis
and confirmed the presence of, benzene acetic acid,
Pyrrolo [1, 2- a]pyrazine-1, 4-dione hexahydro-,
Pyrrolol[1, 4-dione hexahydro-3-(2-
methylpropyl), octadecanoic acid, 2, 5-piperazinedione,

2-a]pyrazine-1,

3-benzyl-6-isopropyl, Pyrrolo[1, 2- a] pyrazine-1, 4-
dione hexahydro-3-(phenylmethyl), diisooctyl phthalate
[28]. Similarly, the crude extract of the Bacillus sp.WG4
analysed by GC-MS reveals the presence of Pyrrolo[1,2-
a] pyrazine-1,4-dione, derivative like
[1,2- a]
(phenylmethyl) as a basis of antifungal activity against

hexahydro -

Pyrrolo pyrazine-1,4-dione, hexahydro-3-
Pythium myriotylum [29].

All these reports indicate that the volatile compounds,
Pyrrolo [1, 2-a] pyrazine-1, 4-dione, hexahydro-, 2, 5-
Piperazinedione, 3, 6-bis(2-methylpropyl)- and
Acetamide,  N-methyl-N-[4-(3-hydroxypyrrolidinyl)-2-
butynyl]- as produced by B. amyloliquefaciens subsp.
amyloliquefaciens and confirmed by GC-MS, displayed
importance in the inhibition of the bacterial blight

pathogen of Bt cotton, X. axonopodis pv. malvacearum.

Int J Pharm Biol Sci.

volatile metabolites. The GCMS analysis of crude extract
reveals the presence of Pyrrolo pyrazine compound and
their derivatives. The inhibitory activity observed is the
cumulative effect of diffusible metabolites, volatile
metabolites and

enzymes secreted by Bacillus

amyloliquefaciens subsp. amyloliquefaciens. These
results indicate that the isolate can serve as an effective
microbial control agent for controlling the bacterial
Further

siderophores, cell wall degrading enzymes and study the

blight disease of cotton. production of
microbial control ability in vivo are needed to be
investigating for preparation of commercial microbial
control agent.
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