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INTRODUCTION

Sugarcane (Saccharum officinarum x spontaneum L.) is one
of the most important agricultural crops cultivated globally.
Sugarcane is grown in over 110 tropical and subtropical
countries with 50 per cent of global production generated in
Brazil and India. Red rot is the most common disease of
sugarcane, caused by the fungus Colletotrichum falcatum
Went. It causes severe loss in yield and quality of the
susceptible cultivars in the Indian subcontinent (Satyavir, 2003;
Duttamajumder, 2008). It can reduce cane weight by up to
29% and loss in sugar recovery by 31% (Hussnain and Afghan,
2006). In India, the estimated loss in sugarcane production
due to fungal diseases is about 18-31% (Jayashree et al., 2010).

The presence of bacterial endophytic microorganisms in
sugarcane plants can be harnessed for improving the crop
growth and production. Distinct microbial communities have
been found in various plant organs such as roots, stem, leaves,
flowers, fruits and seeds or even during various stages of plant
development (Berg et al., 2005; Okunishi et al., 2005)
indicating different capacities of bacterial strains to colonize
various plant compartments.The observed microbial
diversities inside plants could be explained by the ability of
diverse endophytes to enter into and persist in plants

(Rosenblueth and Matinez-Romero, 2006). Although the
presence of bacterial endophytes in plants is variable and,
occasionally, transient (van Overbeek and van Elsas, 2008),
they are often capable of eliciting drastic physiological changes
that modulate the growth and development of the plant. The
non-uniform endophytic bacterial colonization along the plant
roots can be explained by different factors such as bacterial
flagella, Nod genes, cell-wall degrading enzymes,
detoxification mechainsms, type IV pili, twitching motility and
LPS; which are collectively termed as endophytic competence
(Compant et al., 2010).

Proper isolation and identification is mandatory before
deducing the novel characteristic features of any microbial
isolate. Most recently, the protein profiling of intact bacterial
colonies using, Matrix-Assisted Laser Desorption/Ionization
– Time Of Flight Mass Spectrometer (MALDI-TOF MS), has
proven to be a reliable approach (Sauer et al., 2008). By this
method, bacteria of independently prepared groups can be
most accurately classified and identified using unsupervised
(hierarchical clustering analysis) and supervised (genetic
algorithm) approaches which possess the capability to identify
bacteria in the minimal number of cells and mixed flora.
Hence, applying bacterial colony directly to MALDI-TOF MS
is a simple and reliable method of protein profiling and the
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selection of a panel of m/z values instead of the whole spectra
reduces the dependence on spectrum consistency which
ultimately achieves higher bacterial identification rates
(Carbonnelle et al., 2011).

Endophytic bacteria are reported to favour plant protection
by providing induced systemic resistance. The use of an
endophytic strain for inducing systemic resistance is more
beneficial in vegetatively propagated crops like banana,
sugarcane and tapioca, because, when the endophytic
bacteria are introduced into the vegetatively propagated seed,
the bacteria survives and moves in the vegetative part and
subsequently the propagative seed will also have the
introduced bacteria, thus minimizing the need for frequent
application of bacterial strains (Ramamoorthy et al., 2001).
Recently, there has been considerable interest in developing
biological strategies using endophytic bacteria with
antimicrobial activities for controlling pathogens (Wang et al.,
2010).  Thus endophytic bacteria living in the healthy tissues
of plants are relatively unstudied (Dalal et al., 2013).
Occurrence of strains belonging to Pseudomonas sp., in the
rhizosphere of crops such as chilli, cabbage and potato were
found to possess antagonistic activity against Rhizoctonia
solani (Adam et al., 2014) and the isolate Pseudomonas
fluorescens isolated from rhizosphere of Chickpea was
evaluated against Fusariumoxysporum f.sp. cicero (Madhumita
and Sobitasimon, 2015). In the present research work isolation
of the endophytic bacteria from sugarcane plants was done
followed by identification and screening for their antagonistic
activity on fungal pathogens.

MATERIALS AND METHODS

All the laboratory experiments were carried out in the
Department of Agricultural Microbiology, Tamil Nadu
Agricultural University (TNAU), Coimbatore and partly in the
Department of Soil Science and Agricultural Chemistry, TNAU,
Trichy.  All the glasswares were sterilized in a hot air oven at
180ºC for 4 hours. The growth media and water blanks were
sterilized in an autoclave at 121ºC, 15 psi pressure for 20
minutes. The antibiotic used was filter sterilized using
nitrocellulose membrane filter (0.22 µm). Isolation, purification,
inoculation and other microbiological works were carried out
in laminar airflow chamber available.  All the chemicals used
in the study were of AR grade and HPLC grade chemicals
were used whenever required. All the experiments were done
in triplicate to ensure the results obtained.

Collection of sugarcane plant samples
Sugarcane root and stem samples were collected from three
different sugarcane growing districts in Tamil Nadu viz.,  Trichy
district (Lalgudi, Kumulur, Vayalur, Navalurkuttapattu,
Manachanallur, Thottiyam and Sugarcane Research Station);
Coimbatore district (Sugarcane Breeding Institute, AC andRI,
Perur and Thondamuthur) and Villupuram district
(Ulundurpet, Cinnasalem and Kallakurichi). From each
location, samples were collected from the sugarcane fields
with standing crop at different phases of their growth (i.e.
formative (4 months) and grand (8 months) phases). The
collected samples were stored in sterile polythene bags at 4ºC
in a refrigerator for further studies.

Analysis of physico-chemical properties and available
nutrient status of the rhizosphere soil of the sugarcane plant
samples
The rhizosphere soil sample from the sample sugarcane plants
were collected from the top soil layer at 15-20cm depth and
were stored in sterile polythene bags at 4ºC in a refrigerator for
further studies. Estimation of pH and Electrical Conductivity
(EC) was done by the method given by Jackson (1973). The
available nitrogen in soil was estimated by alkaline potassium
permanganate method described by Subbiah and Asija (1956).
The available phosphorus in soil was estimated by modified
Bray No. 1 method (Bray and Kurtz, 1945) for acid soils and
Olsen’s method (Olsen et al., 1954) for neutral or alkaline
soils. Estimation of available potassium in soil was done by
the method followed by Stanford and English (1949).

Isolation of bacterial endophytes from sugarcane
Isolation of bacterial endophytes was done by using Tryptic
Soy Agar (Leavitt et al., 1955) and Potato Dextrose Agar
(Dobereiner et al., 1995) media both supplemented with 0.1mg
ml-1 of cycloheximide. The samples stored in polyethylene
bags were washed thoroughly in tap water to remove the
adhering soil particles. Root and stem pieces of 0.5 cm length
were cut, surface sterilized by sequential washing in 70 per
cent ethanol for 1 min, 2 per cent (v/v) sodium hypochlorite
for 3 minutes and 70 per cent ethanol for 30 s and 2 rinses
with ample sterilized distilled water.  Surface sterilization was
verified by plating aliquots (100µl) of the sterile distilled water
used in the final rinse onto the plated media. The surface
sterilized root and stem segments were separately grounded
using a sterile pestle and mortar by using 2ml of PBS buffer
and 1 ml aliquots were plated following dilution plating (Allen,
1953) on the media. Plates were incubated at 28ºC and the
colonies were observed after 48 h. The colonies were purified
by streak plate technique in nutrient agar slants, in duplicates
and maintained in refrigerator after sufficient growth.  The
bacterial isolates were numerically numbered, with the prefix
as ESR (Endophytic isolate from Sugarcane Root) and ESS
(Endophytic isolate from Sugarcane Stem) with respect to the
plant part from which they were obtained. All the bacterial
isolates were neatly labelled and stored at -80ºC in nutrient
broth containing 50 per cent (v/v) glycerol.

Identification of the bacterial endophytes by using Matrix-
Assisted Laser Desorption/Ionization – Time Of Flight Mass
Spectrometer (MALDI-TOF MS)
The fresh 24 h old bacterial isolates streaked individually on
Petri dishes were used for identification. Cell extraction for
MALDI-TOF MS analysis was performed according to Freiwald
and Sauer (2009). For this, a small amount of the cells was
washed in 300 µl of deionized water (Milli – Q).  To the
washed cells, 900 µl of absolute ethanol was added and the
bacterial suspension was centrifuged for 3 min at 14,000 rpm.
After removing the supernatant, pellets were resuspended in
50µl 70 per cent formic acid and 50 µl of acetonitrile.
Remaining cell debris and intact cells were removed by
centrifugation for 3 min at 14,000 rpm.  The supernatant
containing the extracted proteins was used for MALDI-TOF
MS analysis. One µl of freshly prepared cell extracts was
spotted on a 384 Opti –TOF stainless steel MALDI target plate
(AB Sciex, The Netherlands) and let to dry at room temperature.
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One µl of a 0.5 per cent (w/v) á-cyano-4-hydroxycinnamic
acid (á –CHCA) in 50:48:2 acetonitrile: water: trifluoroacetic
acid solution was then added and allowed to dry. All cell
extracts were analyzed at least in duplicate. The spectra were
then acquired by the mass spectrometer and were compared
by using the MALDI Biotyper software. Measurements were
performed on a Microflex LT instrument (Bruker Daltonics
GmbH, Leipzig, Germany) with FlexControl (version 3.0)
software (Bruker Daltonics). Spectra were recorded in the
positive linear mode (laser frequency, 20Hz; ion source 1
voltage, 20 kv; ion source 2 voltage, 18.4 kv; lens voltage,
9.1kv; mass range 2 to 20kDa) (van Veen et al., 2010). The
matching of unknown spectra to the reference database is
based on produced score (point) values. This value is used for
calculating the final score, according to which the identification
results are evaluated as follows: if the logarithmic value of the
final score is between 2.3 and 3, the isolate is identified at the
level of species; for values between 2 and 2.3, the identification
is secure at the level of genus; for values between 1.7 and 2,
the identification at the level of genus is probable; and for
values lower than 1.7, the identification is not successful.

Screening of the bacterial endophytes for antagonistic
activity on fungal pathogens (Dennis and Webster, 1971)

Antagonistic activity of all the bacterial isolates was tested
against fungal pathogen viz., Colletotrichum falcatum (Cf671),
the red rot casual organism in sugarcane obtained from  red
rot type culture collections in the plant pathology section of
the Sugarcane Breeding Institute, Coimbatore, maintained in
oat meal agar. The isolate which shown maximum antagonistic
activity was further tested against fungal pathogens viz..,
Sclerotium rolfsii, Macrophomina sp., Fusarium sp., Pythium
sp. and Rhizoctonia sp. obtained from type culture collections
in the Department of Plant Pathology, TNAU, Coimbatore on
potato dextrose agar. The pathogenic fungal disc (9.0 mm)
was placed in the centre of Petri dish containing sterile agar
medium. The 48 h old bacterial isolate to be tested was streak
lined at 2 cm away from the fungal disc on either side. The
plates were incubated at room temperature (30 ± 2ºC) for
four days and the radial mycelial growth (mm) of the pathogen
was recorded. Per cent inhibition of the mycelial growth was
then calculated by using formula as follows,

100X
C

T-C
control over hibition in  Percent =

where, C- Mycelial growth of pathogen in control

T- Mycelial growth of pathogen in dual plate

Siderophore production of the endophytic bacterial isolates
The Chrome Azurol S (CAS) agar plates were used to check
the production of siderophores by bacteria. It is based on the
high affinity of siderophores towards ferric iron (Fe3+) whereby
ferric iron bound to dye, is complexed and released from the
dye. The presence of siderophore is indicated by a colour
change of the medium from blue to yellow. Production of
siderophores by the bacterial isolates was estimated
qualitatively by plate assay (Schwyn and Neilands, 1987). The
ternary complex chrome azurol S / Fe3+ / hexadecyl trimethyl
ammonium bromide served as an indicator. The 48 h old
bacterial isolates were streaked individually on to the agar
plates amended with indicator dye prepared. The formation

of bright zone with yellowish fluorescence in the dark
coloured medium indicated positive for siderophore
production. The result was scored either positive or negative,
based on the colour change of the medium from blue to
fluorescent yellow while no colour change marked the absence
of siderophore production. The quantitative estimation was
done by growing the isolates in nutrient broth for 3 days and
centrifuged at 200 rpm for 10 minutes. The pH of supernatant
was adjusted to 2.0 with 0.1N HCl and equal quantity of ethyl
acetate was added in a separating funnel, mixed well and
solvent fraction was collected. This process was repeated three
times to bring the entire quantity of siderophores from the
supernatant. The solvent fractions were pooled, air-dried and
dissolved in 5 ml of ethanol (50 per cent). The 5 ml of solvent
fraction was mixed with 5 ml of Hathway’s reagent (1.0 ml of
0.1 M FeCl3 in 0.1 N HCl to 100 ml of distilled water + 1.0 ml
of potassium ferricynaide). The salicylate type siderophore
was estimated by measuring the absorbance at 560 nm (UV-
VIS spectrophoto meter) and a standard curve was prepared
using sodium salicylate and to measure catechol type of
siderophore, the absorbance was determined at 700 nm (UV
– VIS spectrophoto meter) with 2, 3-dihydroxy benzoic acid
as standard. The quantity of siderophore synthesized was
expressed as µg mg-1 of microbial cell (Reeves et al., 1983).

Hydrogen Cyanide (HCN) production of the endophytic
bacterial isolates
Production of HCN was determined using the modified
procedure of Millar and Higgins (1970). The 48 h old bacterial
isolates were streaked separately on nutrient agar medium
supplemented with 4.4 g glycine l-1 and filter paper discs soaked
in picric acid solution (2.5 g of picric acid; 12.5 g of Na2CO3 in
1000 ml of distilled water) was placed in the lid of each Petri
dish. Dishes sealed with parafilm were incubated at 32º±
2ºC for 48 h. A change in colour of the filter paper discs from
yellow to light brown, brown or reddish brown was recorded
as an indication of weak, moderate or strong in producing
HCN by each strain, respectively. The estimation of HCN
production was done by growing the bacterial isolates in 250
ml flask containing nutrient broth and incubated at 32 ± 2ºC.
Filter paper was cut into uniform strips of 10 cm length and
0.5 cm wide saturated with alkaline picrate solution and
placed inside the conical flasks in a hanging position. After
incubation at 30 ± 2ºC for 48 h, the sodium picrate in the
filter paper was reduced to a reddish compound in proportion
to the amount of hydrocyanic acid evolved. The colour was
eluted by placing the filter paper strip in a clean test tube
containing 10 ml of distilled water and absorbance was
measured at 625 nm (UV – VIS spectrophotometer). The
quantity of HCN synthesized was expressed as µg mg-1 of
microbial cell (Sadasivam and Manickam, 1992).

Identification of antifungal lipopeptides from the endophytic
isolate Bacillus sp. ESR 7
The isolate Bacillus sp. ESR 7 that showed maximum growth
inhibition of Colletorichum falcatum, was incubated from a
seed culture medium into a 500 ml shake flask with 200 ml
Luria Bertani broth, at 30æ%C, 150 rpm for 60 h. After cultivation,
the culture was centrifuged at 8000 rpm for 10 minutes. In
order to adjust to pH of 2.0, 6 M HCl was added to cell-free
supernatant, then stored at 4æ%C overnight (Yao et al., 2012).

ISOLATION, IDENTIFICATION AND SCREENING
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The precipitate was collected by centrifugation at 8000 rpm
for 10 minutes at 4æ%C and dried to completion in a rotary
evaporator. The metabolites were suspended in methanol
(HPLC grade, Sigma) and filtered through a 0.2 µm pore size
membrane filter (Sartorius). The identification of the lipopeptide
was done using High Pressure Liquid Chromatography (HPLC)
(Spectra System P1000, Thermo Electron Corporation) with a
C18 colummn (4.6x150mm, Nacalai Tesque, Inc. Japan). A
sample volume of 20 µl was injected into the column with a
mobile phase of 90 per cent methanol and 10 per cent water
along with 0.1 per cent TFA at a flow rate of 1.0 ml.min-1 with
a column temperature of 28 ± 1ºC. The elution was monitored
by the UV absorbance at 210 nm. The sample was run for 10
minutes. The surfactin and iturin lipopeptides present in the
sample was identified by comparing retention time and
absorption spectra with that of known surfactin and iturin
standards (HPLC grade, Sigma). The quantity of lipopeptides
produced was calculated by the formula,

standared the of Area
sample the of Area X standard the of ionconcentrat

sample the of ionConcentrat =

Phylogenetic analysis of the endophytic isolate Bacillus sp.
ESR 7
The genomic DNA from the endophytic isolate Bacillus sp.
ESR 7, which showed maximum antifungal activity against
red-rot pathogen Colletotrichum falcatum, was extracted using
the standard protocol of hexadecyl-trimethyl ammonium
bromide (CTAB) method as given by Melody (1997) with minor
modifications and the isolated genomic DNA was stored at -
20ºC for futher studies. Full length 16S rRNA gene (1500bp)
was amplified from the stored genomic DNA using the
universal eubacterial forward primer FD1(5’ AGAGTTTGA
TCGTGGCTCAG 3’) and the reverse primer RP2 (5’
ACGGCTACCTTGTTACCACTT 3’) (Weisburg et al., 1991).
The PCR amplification was conducted in a PCR thermal cycler
(MyCycler, Bio-Rad Laboratories Inc., USA). The amplified
products were purified and sequenced by Bioserve
Biotechnologies (India) Pvt.  Ltd. (Hyderabad, India). The
identity of 16S rRNA gene sequence was performed by
similarity search using BLAST tool (http://
blast.ncbi.nlm.nih.gov/Blast.cgi). To identify the bacterial strain,
16S rRNA gene sequence was compared with published
sequence of closely relates species, strain on NCBI GenBank
(Altschul et al., 1997) and the sequence was deposited in
GenBank for accession number. The phylo genetic tree was
constructed using existing 16S rRNA gene sequence database
of few other endophytic Bacillus species, strains in Genbank.
The 16S rRNA gene sequences were aligned using CLUSTAL
W (Thompson et al., 2013). A phylogenetic tree was
constructed by using MEGA 6.0 (Tamura et al., 2013), in which
an evolutionary distance matrix was generated as described
by Jukes and Cantor (1969). The evolutionary tree for the
dataset was inferred from the neighbor-joining method of Saitou
and Nei (1987). The stability of relationships was assessed
using boot strap analysis of the neighbor-joining data based
on 1000 resamplings.

Statistical analysis
Basic statistical parameters were calculated using XLSTAT
Version 2010.5.05 in Microsoft Excel of Windows 2010.
Statistical significant differences among the treatments were
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analysed using ANOVA (Analysis of Variance) and multiple
comparison test was done using DMRT (Duncan’s Multiple
Range Test) where the significance was evaluated at p < 0.05
for all tests.

RESULTS  AND DISCUSSION

In the present study, bacterial endophytes were isolated from
sugarcane root and stem samples, from three different
sugarcane growing districts in Tamil Nadu. The influence of
rhizosphere soil parameters on the presence of endophytic
bacterial community in the sugarcane plant was studied (Table
1). The soil samples collected shown pH ranging from 6.5 to
7.49, EC ranging from 0.23 to 1.79, available N (kg ha-1)
ranging from 127.98 to 432.21, available P (kg ha-1) ranging
from 19.89 to 43.12 and available K (kg ha-1) ranging from
128.90 to 389.78.  It’s been understood that, plants growing

A

B

C

Figure 1 : Representative spectra profiles (with score values > 2.0)
of the endophytic bacterial isolates associated to sugarcane root and
stem samples
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in low-nutrient environments employ root exudates in ways
other than as symbiotic signals to soil microorganisms involved
in nutrient acquisition (Dakora and Phillips, 2002). There is
enormous plant–micro organism interactions in the
rhizosphere for carbon sequestration, ecosystem functioning
and nutrient cycling in natural ecosystems as well as in
agricultural and forest systems (Singh et al., 2004), which is
why it is crucial to understand the soil factors influencing the
microbial communities in the particular habitat. In contrast to
what we know about the biodiversity of macroorganisms, the
microbial biogeography is controlled primarily by edaphic
variables, especially by pH (Fierer and Jackson, 2006). Plants
grown above ground, affect these indigenous microbial
populations in soil and each plant species is thought to select
specific microbial populations. Root exudates are a driving
force in this process where the composition of root exudates
varies from plant to plant and affects the relative of
microorganisms in the vicinity of the root (Haichar et al., 2008).
Using Tryptic Soy Agar medium and Potato Dextrose Agar
medium, 28 isolates were obtained from root and stem samples
of sugarcane plants at their formative and grand phases of

growth. The endophytic isolates were identified via the method
of Matrix-Assisted Laser Desorption/Ionization – Time Of Flight
Mass Spectrometer (MALDI-TOF MS) and MALDI Biotyper
(Table 2). Among the 28 endophytic bacterial isolates, 10.71
per cent of isolates were identified with highly probable species
identification, 28.57 per cent with secure genus identification,
35.72 per cent with probable genus identification and 25 per
cent were not identified. Four different bacterial genera have
been found to be pre dominantly colonizing the sugarcane
plant sample, irrespective of the place of sample collection
and growth stage of the sugarcane plant. They are Bacillus sp.,
Enterobacter sp., Klebsiella sp. and Paenibacillus sp.
Representative spectra profiles (with score values > 2.0) of
the endophytic bacterial isolates associated to sugarcane root
and stem samples are shown in Fig. 1. Whole-cell matrix-
assisted laser desorption ionization (MALDI) time-of-flight (TOF)
mass spectrometry (MS) or intact-cell MALDITOF (ICM) analysis
(Dieckmann et al., 2005) is a power ful tool for rapid and high
resolving identification of micro organisms. This approach is
a fast alternative for the identification of bacterial species and
has been successfully applied to identify several
microorganisms including fungi (Stevenson et al., 2010) and
viruses (Franco et al., 2010). The technique is based on
detection of molecular weight of most abundant cell molecules
(presumably proteins and peptides) and using the mass spectra
information as a fingerprint for a particular organism (Sauer
and Kliem, 2010). Most of the recorded peaks in whole-cell
mass spectra were assigned to ribosomal proteins. Although
variability in the spectral profiles due to different factors have
been reported, the method is reproducible for a given species
(Welker and Moore, 2011). Minimal sample preparation and
the speed of data acquisition combined with the high through
put and sample processing automation, make MALDI-TOF
MS a valuable screening and identification method (de Bruyne
et al., 2011).
Spectrum of antagonistic activity of the isolated bacterial
endophytes was determined based on the per cent of mycelial
growth inhibition of Colletorichum falcatum, the red rot
pathogen of sugarcane (Table 3). In this study, bacterial
endophyte Bacillus sp. ESR 7 shown maximum inhibition per
cent against C. falcatum (62.09) (Fig. 2), which was found to
be 18.54 per cent more than that of the standard Bacillus

Figure 2 : Colletotrichum falcatum mycelial growth inhibition
exhibited due to antagonistic activity of endophytic bacterial isolate
Bacillus sp. ESR 7

ISOLATION, IDENTIFICATION AND SCREENING

S. No. Place of the sample pH ECdSm-1 Available N (kg ha-1) Available P (kg ha-1) Available K (kg ha-1)

1 Trichy - Lalgudi 6.88b(0.03) 1.79j(0.03) 140.09b(0.02) 20.34a(0.04) 356.78g(0.01)
2 Trichy - Kumulur 7.20bcd(0.03) 1.2h(0.01) 234.23d(0.03) 23.12ab(0.01) 278.12e(0.02)
3 Trichy - Vayalur 7.09bc(0.04) 1.4i(0.02) 369.15i(0.01) 25.34c(0.02) 389.78h(0.03)
4 Trichy - Navalurkuttapattu 7.64d(0.03) 1.75j(0.04) 213.12c(0.03) 20.45a(0.03) 289.70ef(0.01)
5 Trichy - Manachanallur 7.12bc(0.06) 0.75f(0.04) 432.21j(0.030 26.12c(0.02) 345.24f(0.03)
6 Trichy - Thottiyam 7.22cd(0.05) 0.88g(0.03) 389.76h(0.03) 19.89a(0.03) 213.17bc(0.01)
7 Trichy - SRS  7.49de(0.03) 0.64de(0.01) 348.90g(0.02) 20.14a(0.01) 217.89bc(0.02)
8 Coimbatore -  SBI 7.13bc(0.06) 0.67e(0.02) 207.20c(0.04) 20.12a(0.02) 342.12f(0.01)
9 Coimbatore - AC&RI 7.16bc(0.08) 0.58cd(0.01) 234.76d(0.01) 28.50cd(0.03) 387.13h(0.02)
10 Coimbatore - Perur   7.49de(0.30) 0.60cd(0.01) 203.45c(0.02) 35.12f(0.01) 256.01d(0.01)
11 Coimbatore - Thondamuthur 7.17bcd(0.03) 0.44b(0.01) 127.98a(0.03) 32.12e(0.02) 129.02a(0.03)
12 Villupuram - Ulundurpet 6.54a(0.20) 0.42b(0.01) 210.01c(0.03) 32.60e(0.01) 212.30bc(0.02)
13 Villupuram - Chinnasalem 7.09bc(0.04) 0.23a(0.01) 312.13f(0.01) 43.12h(0.01) 128.90a(0.01)
14 Villupuram - Kallakurichi 7.35cde(0.02) 0.57c(0.01) 256.34e(0.02) 37.81g(0.01) 198.90b(0.02)

Table 1: Physico-chemical properties and available nutrient status of the rhizosphere soil of the sugarcane plant samples

Values are mean (±SE) (n=3) and values followed by the same letter in each column are not significantly different from each other as detected by DMRT (pd”0.05)
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S. No. Isolate Identification usingMALDI-TOF MS* Score Plant Growth Place of the sample collection
Code value sample phase

16 ESR16 Bacillus sp.(Bacillus atrophaeus DSM 5551) 1.511 Root Formative Thondamuthur, Coimbatore
17 ESR17 Enterobacter sp.(Enterobacter cloacae DSM 6234) 1.989 Root Formative Ulundurpet, Villupuram
18 ESR18 Bacillus megaterium(Bacillus megaterium DSM 32T) 2.300 Root Grand Ulundurpet, Villupuram
19 ESR19 Paenibacillus sp.(Paenibacillus illinoisensis DSM 11733T) 1.700 Root Grand Chinnasalem, Villupuram
20 ESS20 Bacillus sp.(Bacillus megaterium DSM 32T) 1.498 Stem Grand SBI, Coimbatore
21 ESS21 Bacillus sp.(Bacillus subtilis ssp subtilis DSM 5660 ) 1.987 Stem Grand AC&RI, Coimbatore
22 ESS22 Klebsiella sp.(Klebsiella pneumoniae 37924 PFM) 2.109 Stem Grand AC&RI, Coimbatore
23 ESS23 Bacillus sp.(Bacillus atrophaeus DSM 2277) 1.516 Stem Grand Thondamuthur, Coimbatore
24 ESS24 Bacillus sp.(Bacillus amyloliquefaciens CIP 103265T) 1.711 Stem Grand Ulundurpet,Villupuram
25 ESS25 Enterobacter sp.(Enterobacter cloacae ssp cloacae DSM 30054T_QC) 2.023 Stem Grand Ulundurpet,Villupuram
26 ESS26 Enterobacter sp.(Enterobacter cloacae DSM 6234) 2.183 Stem Formative Chinnasalem, Villupuram
27 ESS27 Klebsiella sp.(Klebsiella pneumoniae ssp pneumoniae 9295_1 CHB) 2.011 Stem Formative Chinnasalem, Villupuram
28 ESS28 Enterobacter sp.(Enterobacter cloacae 20105_2 CHB) 2.065 Stem Grand Kallakurichi, Villupuram

Table 2 : Continue..

*Matched pattern given in parenthesis

Table 3: Antagonism of bacterial endophytes against Colletotrichum falcatum using dual  culture technique
S. No. Isolate Code Identified isolate Per cent inhibition
1 ESR1 Bacillus sp. 45.50 m(0.17)
2 ESR2 Bacillus sp. 43.38 l(0.13)
3 ESR3 Bacillus sp. 23.49 d(0.04)
4 ESR4 Escerichia sp. 0.00 a(0.00)
5 ESR5 Bacillus sp. 36.30 h(0.36)
6 ESR6 Bacillus sp. 33.40 f(0.25)
7 ESR7 Bacillus sp. 62.09 s(0.04)
8 ESR8 Sphingomonas sp. 0.00 a(0.00)
9 ESR9 Enterobacter sp. 13.57 c(0.33)
10 ESR10 Acidovorax sp. 10.47 b(0.33)
11 ESR11 Bacillus sp. 36.64 h(0.14)
12 ESR12 Bacillus megaterium 49.33 p(0.27)
13 ESR13 Bacillus sp. 36.67 h(0.11)
14 ESR14 Arthrobacter sp. 0.00 a(0.00)
15 ESR15 Klebsiella pneumonia 34.22 g(0.23)
16 ESR16 Bacillus sp. 45.49 m(0.18)
17 ESR17 Enterobacter sp. 40.13 i(0.01)
18 ESR18 Bacillus megaterium 48.54 o(0.19)
19 ESR19 Paenibacillus sp. 40.70 ij(0.28)
20 ESS20 Bacillus sp. 43.31 l(0.09)
21 ESS21 Bacillus sp. 36.67 h(0.28)
22 ESS22 Klebsiella sp. 32.26 e(0.10)
24 ESS24 Bacillus sp. 57.47 r(0.21)
25 ESS25 Enterobacter sp. 40.63 ij(0.30)
26 ESS26 Enterobacter sp. 41.37 k(0.09)
27 ESS27 Klebsiella sp. 36.38 h(0.11)
28 ESS28 Enterobacter sp. 40.89 jk(0.06)
29 Std Bacillus amyloliquefaciens 50.58 q(0.20)

Values are mean (±SE) (n=3) and values followed by the same letter in each column are not significantly different from each other as detected by DMRT (pd”0.05)

Table 2 : Details of the bacterial endophytes isolated from sugarcane root and stem samples at different phases of growth from various
locations in Tamil Nadu

S. No. Isolate Identification usingMALDI-TOF MS* Score Plant Growth Place of the sample
Code value sample  phase collection

1 ESR1 Bacillus sp. (Bacillus subtilis ssp subtilis DSM 5660 ) 2.149 Root Formative Lalgudi, Trichy
2 ESR2 Bacillus sp.(Bacillus subtilis ssp subtilis DSM 10T ) 2.081 Root Formative Kumulur, Trichy
3 ESR3 Bacillus sp.(Bacillus mojavensis DSM 9205T ) 1.723 Root Formative Vayalur, Trichy
4 ESR4 Escerichia sp.(Escherichia coli MB11464_1 CHB) 1.516 Root Formative Vayalur, Trichy
5 ESR5 Bacillus sp.(Bacillus pumilus DSM 1794) 1.754 Root Formative Manachanallur, Trichy
6 ESR6 Bacillus sp.(Bacillus subtilis ssp subtilis DSM 5660) 1.940 Root Formative Thottiyam, Trichy
7 ESR7 Bacillus sp.(Bacillus amyloliquefaciens CIP 103265T) 1.700 Root Formative SRS, Trichy
8 ESR8 Sphingomonas sp.(Sphingomonas sp B605 UFL) 1.300 Root Grand SRS, Trichy
9 ESR9 Enterobacter sp.(Enterobacter cloacae ssp dissolvens DSM 16657T ) 2.047 Root Grand Lalgudi, Trichy
10 ESR10 Acidovorax sp.(Acidovorax temperans DSM 7270T HAM) 1.408 Root Grand Kumulur, Trichy
11 ESR11 Bacillus sp.(Bacillus altitudinis CS 809_1 BRB) 1.738 Root Formative SBI, Coimbatore
12 ESR12 Bacillus megaterium(Bacillus megaterium DSM 32T) 2.301 Root Formative AC&RI, Coimbatore
13 ESR13 Bacillus sp.(Bacillus mojavensis DSM 9205T ) 1.712 Root Formative Perur, Coimbatore
14 ESR14 Arthrobacter sp.(Arthrobacter ramosus IMET 10685T HKJ) 1.310 Root Grand Perur, Coimbatore
15 ESR15 Klebsiella pneumonia(Klebsiella pneumoniae ssp pneumoniae 9295_1 CHB) 2.300 Root Grand Thondamuthur, Coimbatore
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Table 4 : Quantitative estimation of siderophore and HCN production by the endophytic bacterial isolates

S. No. Isolate Identified Per cent Siderophore type HCN(µg
Code isolate inhibition Salicilate(µg mg-1 Catechol(µg mg-1 mg-1 of cells)

 of cells) of cells)
1 ESR1 Bacillus sp. 45.50 m(0.17) 21.70 r 11.28 m 11.43 m

2 ESR2 Bacillus sp. 43.38 l(0.13) 16.14 p 10.30 jkl 15.68 o

3 ESR3 Bacillus sp. 23.49 d(0.04) 15.12 o 13.01o 13.32 n

4 ESR4 Escerichia sp. 0.00 a(0.00) 0.00 a 0.00 a 0.00 a

5 ESR5 Bacillus sp. 36.30 h(0.36) 9.34 e 10.61l 9.31 jk

6 ESR6 Bacillus sp. 33.40 f(0.25) 8.23 d 6.31 b 6.30 fg

7 ESR7 Bacillus sp. 62.09 s(0.04) 12.13 k 11.49 mn 9.14 ij

8 ESR8 Sphingomonas sp. 0.00 a(0.00) 0.00 a 0.00 a 0.00 a

9 ESR9 Enterobacter sp. 13.57 c(0.33) 10.56 h 9.44 gh 10.55 l

10 ESR10 Acidovorax sp. 10.47 b(0.33) 0.00 a 0.00 a 0.00 a

11 ESR11 Bacillus sp. 36.64 h(0.14) 11.13 i 10.49 kl 8.79 i

12 ESR12 Bacillus megaterium 49.33 p(0.27) 9.44 ef 8.7 ef 5.45 d

13 ESR13 Bacillus sp. 36.67 h(0.11) 9.40 ef 7.06 c 7.44 h

14 ESR14 Arthrobacter sp. 0.00 a(0.00) 0.00 a 0.00  a 4.53 bc

15 ESR15 Klebsiella pneumonia 34.22 g(0.23) 11.45 j 8.25 e 9.66 k

16 ESR16 Bacillus sp. 45.49 m(0.18) 10.97 i 9.67 hi 7.57 h

17 ESR17 Enterobacter sp. 40.13 i(0.01) 11.12 i 6.46 b 5.26 d

18 ESR18 Bacillus megaterium 48.54 o(0.19) 12.37 l 9.80 hij 4.33 bc

19 ESR19 Paenibacillus sp. 40.70 ij(0.28) 10.12 g 9.11 fg 7.33 h

20 ESS20 Bacillus sp. 43.31 l(0.09) 19.12 q 10.02 ijk 6.04 ef

21 ESS21 Bacillus sp. 36.67 h(0.28) 14.76 n 11.34 m 6.59 g

22 ESS22 Klebsiella sp. 32.26 e(0.10) 9.56  f 8.57 e 7.27 h

23 ESS23 Bacillus sp. 47.30 n(0.57) 9.45 ef 7.26 ed 6.61 g

24 ESS24 Bacillus sp. 57.47 r(0.21) 9.33 e 7.62 d 5.34 d

25 ESS25 Enterobacter sp. 40.63 ij(0.30) 8.13 d 6.29 b 4.05 b

26 ESS26 Enterobacter sp. 41.37 k(0.09) 7.34 c 6.44 b 4.71 c

27 ESS27 Klebsiella sp. 36.38 h(0.11) 8.11 d 7.37 cd 5.26 d

28 ESS28 Enterobacter sp. 40.89 jk(0.06) 7.06 b 7.44 cd 5.59 de

29 Std Bacillus 50.58 q(0.20) 14.12 m 11.93 n 10.19 l

amyloliquefaciens
Values are mean (±SE) (n=3) and values followed by the same letter in each column are not significantly different from each other as detected by DMRT (pd”0.05)

Table 5 : Antagonism of bacterial endophytic isolate Bacillus sp. ESR 7against fungal  pathogens using dual culture technique

S. No. Pathogen Per cent inhibition
Bacillus sp. ESR 7 Bacillus amyloliquefaciens (Std)

1 Sclerotium rolfsii 10.50 b(0.17) 30.70 a(0.17)
2 Macrophomina sp. 60.38 e(0.13) 55.18 c(0.13)
3 Fusarium sp. 25.49 c(0.04) 60.44 d(0.04)
4 Pythium sp. 0.00 a(0.00) 49.12 b(0.00)
5 Rhizoctonia sp. 42.12 d(0.03) 56.78 c(0.05)

Values are mean (±SE) (n=3) and values followed by the same letter in each column are not significantly different from each other as detected by DMRT (pd”0.05)

amyloliquefaciens strain (50.58), obtained from the Department
of Plant Pathology, TNAU, Coimbatore. The bacterial isolates
that shown least or nil anti  fungal activity were Escerichia sp.
ESR 4, Sphingomonas sp. ESR 8 and Arthrobacter sp. ESR 14
and all the three isolates were obtained from sugarcane root
samples. The isolate Bacillus sp. ESS24, a sugarcane stem
endophyte has shown 57.47 per cent inhibition, second next
to Bacillus sp. ESR 7, and both these isolates are from different
growth phases of the crop, from different places of sample
collection. From the study we could find that majority of the
endophytic isolates belonging to the genus Bacillus, were
found to exert antifungal activity against the red rot pathogen
Colletotrichum falcatum. Bacillus sp. have been pursued for
the specific production of various chemical entities such as
polyhydroxyalkanoates (Singh et al., 2009), isobutanol (Li et
al., 2012), antibacterial polyketides macrolactin, bacillaene
and difficidin (Arguelles-Arias et al., 2009), cyclic lipopeptides

surfactin, iturin A and fengycin as well as the iron-siderophore
bacillibactin (Singh et al., 2014). It has also been extensively
investigated as plant growth promoting agent for both;
biofertilization applications and/or biocontrol applications
(antibiosis, secretion of lytic enzymes and induction of
systemic resistance in host plant) (Kumar et al., 2011). One of
the way to examine mechanisms by which the bacteria elicit
induced systemic resistance of plants is to search for bacterial
determinants of elicitation. In our study the endophytic
bacterial isolates were tested for siderophore and HCN
production (Fig. 3) and the estimation of the production was
also done. The results in Table 4 indicated that the isolate
Bacillus sp. ESR1 produced maximum (21.70 µg mg-1 of cells)
salicylate type siderophores, isolate Bacillus sp. ESR 3 produced
maximum (13.01 µg mg-1 of cells)  catechol type siderophores
and isolate Bacillus sp. ESR 2 produced maximum (15.68 µg
mg-1 of cells) HCN. The isolate Bacillus sp. ESR 7 which shown
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Figure 3: Siderophore and HCN production by the endophytic bacterial isolate Bacillus sp. ESR 7

Peaks 1,2 & 3 represent Surfactin homologs ;Peaks 4 & 5 represent
Iturin homologs
Figure 4: HPLC Chromatogram of lipopeptides surfactin and iturin
compounds extracted from endophytic bacterial isolate Bacillus sp.
ESR 7

Figure 5: Macrophomina sp. mycelial growth inhibition exhibited
due to antagonistic activity of endophytic bacterial isolate Bacillus
sp. ESR 7

maximum antifungal activity against Colletorichum falcatum
pathogen, produced 12.13 µg mg-1 of cells, 11.49 µg mg-1 of
cells  and 9.14 µg mg-1 of cells salicylate type, catechol type
siderophores and HCN respectively. The maximum antifungal

activity of the isolate Bacillus sp. ESR 7 may be due to the
production of lipopeptides and their activity.  Many strains
from the genus Bacillus have shown the potential to produce
structurally diverse antimicrobial compounds (Stein, 2005;
Jacques, 2011 and Malfanova et al., 2012). Most active and
useful among these compounds are the cyclic lipopeptides of
three families: surfactin, iturin and fengycin. These lipopeptides
not only show anti fungal and biocontrol activity but play vital
role in root colonization of Bacillus (Ongena and Jacques,
2008). Due to their amphiphilic nature, surfactins can readily
associate and tightly anchor into lipid layers, and promote
colonization (Bonmatin et al., 2003). Recent studies have
shown that surfactin could induce plant systemic resistance
(Jourdan et al., 2009). Iturins induce anti fungal activity by the
formation of pores in the fungal cell membrane which cause
leakage of potassium ions. They interact with sterols and have
been shown to form aggregates in the phospholipid membrane
(Moran et al., 2009). Iturins are also biosurfactants and they
display strong in vitro and in vivo antifungal activities (Fickers
et al., 2009). Their fungitoxicity relies on their membrane
permeability. Iturin derivatives enhance the invasive growth
of the producing strain, and thus, by these two mechanisms
participate in plant protection against plant pathogen (Leclere
et al., 2005).
The identification of antifungal lipopeptides from the
endophytic isolate Bacillus sp. ESR 7 using HPLC (Fig. 4),
revealed the presence of two main classes of lipopeptides:
iturins and surfactins (iturin homologs: 1.7833 min (peak4)
and 2.7833 min (peak5) and surfactin homologs: 3.8000 min
(peak1), 4.0833 min (peak2) and 4.2833 min (peak3)), which
had same retention times as did two standard reference
lipopeptides (iturin and surfactin, respectively). From the
chromatogram it was calculated that the isolate produced
1.5mg l-1 iturin and 2.0mg l-1 surfactin. Thus the HPLC results
showed the production of lipopeptides iturin and surfactin by
the endophytic isolate Bacillus sp. ESR 7 thereby which can
be the reason for its maximum antifungal activity against
Colletotrichum falcatum pathogen despite of lower production
of siderophores and HCN when compared with other isolates.
In our study the isolate Bacillus sp. ESR 7 tested for antagonistic
activity on various other fungal pathogens shown maximum
per cent of growth inhibition of Macrophomina sp.(60.38)
which was found to be 9.42 per cent more than that of the
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Figure 6: Neighbor-joining tree based on 16S rRNA gene sequences
showing relationship between strain Bacillus amyloliquefaciens ESR
7 (Accession No. KR139938) and other plant endophytic bacterial
species.

standard  Bacillus amyloliquefaciens strain (55.18) (Table 5
and Fig. 5). Biocontrol activity of Bacillus strains against
multiple plant pathogens have been widely reported (Kloepper
et al., 2004).  Their antagonistic activity is associated with
their ability of producing lipopeptides which exhibit wide
spectrum antifungal activity, regulate attachment of microbes
with various surfaces and enhance survival in the habitat (Sun
et al., 2006). The Bacillus strains exhibiting pronounced
antagonistic activity in sugarcane plants in vivo (Hassan et al.,
2010) were found to be surfactin producer. There are many
studies showing the antifungal activity of Bacillus sp. against
fungal pathogens that cause plant diseases. Pankaj Kumar et
al. (2012) has reported that the Bacillus sp. BPR7 isolated from
rhizosphere of common bean in Uttarakhand, strongly
inhibited the growth of several phytopathogens such as
Macrophomina phaseolina, Fusarium oxysporum, F. solani,
Sclerotinia sclerotiorum, Rhizoctonia solani and Colletotricum
sp. in vitro. The coproduction of chitinase, fengycin and
surfactin was considered to contribute to inhibition of F.
graminearum by Bacillus subtilis strain SG6 (Zhao et al., 2014).

The 16 S rRNA gene sequence of the elite endophytic isolate
Bacillus sp. ESR 7 was submitted as Bacillus amyloliquefaciens
ESR 7 in GenBank and the Accession No. KR139938 was
obtained. It was found to have highest percentage (99%)
similarity to Bacillus sp. LS 513 (Accession No. KJ601748),
Bacillus sp. LS 005 (Accession No. KF870420), Bacillus sp. LS
505 (Accession No. KJ601740), all the three isolates reported
as cultivable rice endophyte. The 16S rRNA gene sequence
based phylogenetic tree analysis involving 17 nucleotide
sequences of plant endophytic bacterial species, revealed that
the isolate Bacillus amyloliquefaciens ESR 7 (KR139938)
belonged to the family Bacillaceae and grouped with Bacillus
amyloliquefaciens clade (Fig. 6). Sequences of the 16S rRNA
gene is a powerful and most commonly used tool in bacterial
identification at both genus and specific levels and inferring
phylogenetic relationships. 16S rRNA gene sequence analyses
were used in identification of many plant endophytic bacteria
(Govindarajan et al., 2007, Han et al., 2009, Mbai et al., 2013
and Ashraf et al., 2016).

Thus in conclusion the research yielded 28 sugarcane
endophytic bacterial isolates mostly belonging to the genus
Bacillus, of which the isolate Bacillus sp. ESR 7 exhibited the
maximum inhibition activity against the red rot pathogen
Colletotrichum falcatum, which was probably due to the
production of lipopetides, iturin and surfactin. The isolate
was identified as Bacillus sp. ESR 7 using MALDI-TOF MS
which on further phylogenetic studies was identified as Bacillus
amyloliquefaciens ESR 7 (Accession No. KR139938). Studies
pertaining to the antifungal activity of the extracted lipopeptides
and its structural analysis were required to support the cause
of obtaining the endophytic bacterial isolate Bacillus
amyloliquefaciens ESR 7 as the one which could favour
sugarcane plant protection by providing induced systemic
resistance.
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